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PART I

MATHEMATICS
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MATHEMATICS

Inperforming ourdailyduties asshippersonnel, engineers, andcrewaboard-shipwe
often solve simple problems involving tank calculations, ship speed, horsepower, con
sumptions and mathematical calculation which need our basic fundamental learning
process in solving everyday problems:

BASICFUNDAMENTAL OF MATHEMATICS

MULTIPLICATION - is the process in which it is desired to know how much one
number is time another.

Examples:
2 x 6 = 12

432 x 19 = 8208
0.32 x 0.0046 = 0.001472
3.9472 x 43.16 = 170.36115

DIVISION - this is the process in which it is desired to know how many times one
number will go intoanother. -

Examples:
6 3 = 2 6/3 = 2 6 = 2

81 -;- 9 = 9 ,-
18653 . 18 = 1036.28-.
1121 . 3 3/4 = 298.93

ADDITION - adding numbers in similarterms and addthe numbers in each column
separately.

Examples:

81 + 5 + 12 = 98
6.5 + 3 + .5 = 10

2a + 7b + 3c 946.75
5a - 2b + 6c 8.42
7a + 5b + 9c .00842

955.17842

2
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SUBTRACTION-to subtractnumbers or algebraic terms, change the signof theterm
to be subtracted and then add.

Examples:

92 - 12 = 80
12 - 2.5 = 9.5
8x - (-5x) = 13x
8x - 5x = 3x

OPERATIONS WITHSIGNED NUMBERS

1. ADDITION
a. Fornumberswithsamesigns, addtheirabsolute values andprefixthecommon

sign to the sum.

Examples:

(+8) +
(-8) +

(+4)
(-4)

=
=

+12
-12 ./

b. Fortwo numbers withdifferentsigns, subtract the lower absolute valuefrom
thehigherabsolute valueandprefixthesignofthenumberwithhigherabsolute valueto the
difference.

Examples:

(+8) + (-4)
(-8) + (+4)

=
=

+4
-4

2. SUBTRACTION
a. Anytwonumbers withsamesigns, subtractthe lowerabsolute fromthehigher

absolute value and prefix the sign of the number with higherabsolute to the difference.

Examples:

(+4) - (+2)
(-4) - (-2)

= +2
= -2

b. Any two numbers with different signs,add the absolute valuesand prefixthe
sign of the numberwith the higherabsolute valueto the sum.

•

Examples:
(+4) -:- ('-2)
(-4) - . (+2)

=
=

+6
-6

•
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3. MULTIPLICATION
a. The product of two numbers having the same signs is always positive.

Examples:

(+6) (+3) = (+18)
(-6) (-3) = (+18)

b. The product of two numbers with different signs is always negative.

Examples:

(+6) (-3) = (-18)
(-6) (+3) = (-18)

4. DIVISION
a. The quotient of two numbers having the same signs is always positive.

Examples:

(+9) / (+3)
(-9) / (-3)

= (+3)
= (+3)

b. The quotient of two numbers with different signs is always negative.

Examples:

(+9) / (-3)
(-9) / (+3)

= (-3)
= (-3)

4

TEMPERATURESCALE CONVERSION

Subtract 32 from OF and divide remainder by 9 and multiply by 5.

Ex: 212-32 = 180+9 = 20x5 = 100°C

To convert 260 °C to OF

Divide by 5, mUltiplyby 9 and add 32

Ex: 260 + 5 = 52 x 9 = 468 + 32 = 500 OF

.... I •



DECIMALS- a number lessthan a whole number maybe expressed as a fraction or
as a decimal.

one tenth = 1 = 0.1

10
onehundredth = 1 = 0.01

100
onethousandth = 1 = 0'.001

1000
oneandthree tenths = 1 ...3.-= 1.3

10

When decimal number areadded together or subtracted, thedecimal pointmust
be placed one below the other.

Examples:

a) Add 4.3785 to 29.46,

4.3785
29.46

33.8385

..

b) Subtract 3.8648 from 48.82

48.8200
3,8648

44.9552

Conversion of Percent toOeclmal

Examples:

88% = 0.88
0.35 = 35%
1.58 = 158%

99.34% = 0.9934

5



Conversion ofFraction to Decimal

1/2 = 0.5
5/8 = 0.625
3/4 = 0.75

POWER - an index is a short method of expressing a quantity multiplied by itself a
number of times.

Examples:

=

27 (adding indices)
33 (a subtracting indices)
26 (multiplying indices)

ROOTS - is the opposite of a powerandthe root symbol is -r":

Examples:

the square root of 49
the cube root of 27

62 = 32

"2

= V49 =
= ~27 =
= 9

7
3

RATIO - isacomparison ofthe magnitude of one quantitywithanotherquantityofthe
samekind; it expresses therelationship ofonetotheotherandtherefore statedinfractional
form. The ratio sign is the colon:

Example:
The lengths of twobarsare250 millimeters and2 meters respectively, the

ratio of one to another expressed.

250 :
or 1 :

12000
8

note:both quantities mustbe same units

PROPORTION - is anequation of ratios, expresses that ratioofonepairofquantities
is equal to the ratio of another pair. The proportion sign is the double colon:

Examples:

5 10 .. 20 40..
or 5 10 = 20 40
or 5 = 20- -10 40

6
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Q. A pump takes 55 minutes to deliver 4400 liters of water. How long would It take
to deliver 6000 liters?

Let X = time in minutes to deliver 6000 liters.
Ratio of timestaken Ratio of quantities deliver

55 : x :: 4400 6000

X x 4400 = 55 x 6000

x = 55 x 6000

4400

x = 75 minutes.

METHOD OF UNITY - deals to proportion problems especially with compound
proportion with morethan two pair quantities.

Example:
A shiptravelling at 12 knots cancomplete a certain voyage in 16days. How

manydayswould the shiptaketo do the samevoyage at a speedof 15 knots?

At a speed of 12 knots, time = 16 days
At a speed of 1 knot, time = 16 x 12 days
At a speed of 15 knots, time = 16 x 12

15

= 12.8 days

PERCENTAGE - is another method ofexpressing a ratio in fractional formusing 100
as the denominator andsymbol %.

Ratio of 4 to 25

= 4 in fractional form
25

= 16 denominator of 100
100

= 16% in percentage form.

FACTORING - is thereverse ofmultiplying, it is theprocess of finding thenumbers
or quantities which, when multiplied together will constitute the expression given to be
factorized.

7



Example: 2 x 3 + 2 x 4 2 x 5
= 2 (3 + 4 5)

3x + 2xy xz
= x (3 + 2y - z)

y2 - 16

= (y + 4) (y - 4)

EVALUATION - is the process of substituting the numerical value of the algebraic
symbols and working out the value of the whole expression.

• Examples:

=
=
=
=

Evaluate 3 x y + X2 - 4 Y

when x =2 and y =3

3 xy + x2
- 4y

3 x 2 x 3 + 22 - 4 x 3

18 + 4 12

10

LOGARITHMS - purpose Is to be reduced the amount of labor and time involved in
multiplication and division and the solution of powers and root.

Examples:

1. Find the value of 0.04218 x 4750

Log of 0.04218 = 1.37489

Log of 4750 = 3.67669 (add)

Sum = 2.3018

antilog of 2.3018 = 200.4 ans.

=
= 2.3802

3.6380
= -1.2578

0.05524 ans.

2. Divide 240 by 4345

Log of 240

LOg of 4345

difference

antilog ot -1.2578 =

8



POWER - Find the value of (4.189)2

log of 4.189 = 0.6221

multiply by the power = 1

1.2442

antilog of 1.2442 = 17.55 ans.

ROOT - Find the square root of 7365

log of 7365 = 3.8672

3.8672 divide by 2 = 1.9336

antilog of 1.9336 = 85.82 ans.

EQUATION - is an expression consistiJlg of two sides. one side being;equal in
value to the other,

4x +

4x =
4x =
x =

10 =
18 

8
2

18

10

14x - 2x - 5x = 8 - 15 + 28

7x = 21

x = 3

Simplify the following equations:

a) (a + b)2 b) (a-b)2

Ans. a' + b a' - b

x a + b x a b

a2 + ab a2 - ab

+ ab + b2 ab + b2

a2 + 2ab + b2 a2 - 2ab + b2

b) Find the value of x and y in the following equations:

5x 

7x +
12x

5y =
5y =

=
x =

x =

9



Substitute:

5x - 5y = 50
5 (15)- 5y = 50
75 - 5y = 50

5y = 50 - 75

Y = -25

-5

Y = 5

c) Add the following mixed numbers.

5 3/8, 12 1/4,3 3/4

43 +

8
49 +-4 15

4

LCD 43 + 98 + 30
8

= 171

8

MATHEMATICS (ALGEBRA)

or 21.375

1. One number Is 8 times another number and their sum Is 45. Find the unknown?

Let x = smaller number

8x = larger number

x + 8x = 45

9x = 45

x = 45 = . 5 smaller number- 9

8 (5) = 40 bigger number

10



2. If a rectangle Is 4 times as long as Its width and Its perimeter Is 60 ft. Find the
length and the width. .

Let x = width 2(4x) + (2x) = 60

4x = length ax + 2x = 60

10x = 60

x= 6 width

therefore: 4x = 4(6) = 24 length

3. How 10ngtWlllit take Oscar and Bong, together to plow a field which Oscar can
do alone In~days, and Bong do the job In 8 days?

Let x = number of days Oscar & Bong can plow the field together.

1 = work done by Oscar & Bong in one day

x
1 = work done by Oscar in one day

5
1 = work done by Bong in one day

8
Equation:

1 + 1 = 1-
5 a x

LCD: 5 + a = 1

40 x

13 = 1-
40 x

13 x = 40 x = 40
13

\ X = 3.08 days

4. In,e sum of two consecutive number Is 26. What are the numbers.

Solution: Let x = 1st number

x + 1 = 2nd number

x + x + 1 = 26

2x + 1 = 26

2x = 26-1

x = 25

2

x = 12.5

11
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Q. When you add 5/8; 7/12 and 11/24, what will be the Sum?

~+.L+.11
8 12 24 Find: LCD = 24

15 + 14 + 11 = ~ or1 -2
24 24 3

Q. When you subtract 5/6 from 8/15, what will be the difference?

~_Jl LCD =30
6 15

25 - 16 = .9. or .a
30 30 10

Q. What Is the product of 5/8 and 4n?

.s, x ~ = ~ x.! = .s
8 7 2 7 14

Q. The quotient of 13 divided by zn Is:

13+.3.- .1.3. X .1. .9.L or 30 .1=7 1 3 3 3

Q. Solve for x In the equation 12x + 25 - 35 = 14x + 22x - 2

12x + 25 - 35 = 14x + 22x - 2

12x - 14x- 22x = - 22 + 35 - 25

12x - 36 x = 35 - 47

-24x = -12

x = ..=12
-24

x = ..1
2



Q. A wire is to be cut so that one piece is shorten than the other by 8 meters. How
long are the pieces If their combined length Is 24 meters.

x + x 8
2x - 8

2x

x

x
x - 8 = 16 - 8

CONVERSION FACTORS

= 24

= 24
= 24 + 8

= 32
2

= 16 meters longer wire
= 8 meters shorter wire

Temperature SCale:

1. Convert 1ooc of and 212°F DC

Ans. OF = 9 C + 32 DC = 2..- (OF 32)
-

5 9

= -i... x 100 + 32 = 5 (212 - 32)-
5 9

= 900 + 32 = ...E- (180)--
5 9

= 180 + 32 = 900--
OF = 212 9

DC = 100

2. Convert 3000C of Answer: 572.oF

4000F DC 204.44 OC

800C of 176°F

Measurements:

1. Convert the followings:

a) 60 milhr. - FtiSec, meter/sec.

b) 6.56 kmlhr. FtiSec.

c) 375 hp - watts

d) 700 mm - feet

13



Answer: a) 60 ml x 1.6 km x1000 m x 3.28 ft. x 1 hr. x 1 min.

hr 1 ml. 1 km. 1 m 60 min. 60 sec.

= 314880 = 87.47 ftIsec.
3600

= 87.46 ftIsec= 26.67 mlsec
3.28ft1m

b) 6.56 kmlhr x 1000m

1 km
x 3.28 ft. x

1m

1 hr

3600 sec.

= 21516.8 ft.

3600 sec = 5.98 ft./sec.

c) 375 hp x 746 watts
1 hp

= 279.750 watts.

d) 700 mm x 1 cm x

10mm.

= 2.30 ft.

1 Inch x

2.54cm. x

1 ft.-
12 In.

Q. A truck's speed Increases uniformly from 36 km/hr. to 108 km/hr.ln 20seconds,
determine the:

a) average speed (velocity)

b) the acceleration In meterlsec.

c) the distance Sin meter covered during this period.

14

Solution: 36 krnlhr = 10 mlsec
a) V = VI + Vo

2
= 30 + 10

2
= 20 mlsec.

V = 36 + 108
2

= 72 km./hr.

108 kmlhr = 30 mlsec.
b) a = VI - Vo

t
= 30 - 10

20

= 1 mlsec.2

c) S = Vt
= 20 (20)

S = 400m.



PYTHAGOREAN THEOREM 'or RIGHT ANGLE TRIANGLE

I

1. The baseof a triangle Is 5 ft. andaltitude Is 8 ft. WhatIs thehypothenuse of the
given triangle?

Figure

a = 8 ft.

b = 5 ft.
Formula:

C2 A2 + b2 ~"

=
= 82 + 52

C = "54 + 25
= Vi9

C = 9.43 ft.

2. Find the valuesof the threetrigonometric functions of anangle A If Its sine Is 315.
B

a=3

C
b = ?

Note: SOH - CAH - TOA
Sine = opposite = ale = 3/5

hypothenuse
Cosine = adjacent = b/c = 4/5

hypothenuse.
Tan = opposite = alb = 3/4

adjacent

By Phythagorean Theorem:

A'-------'

C2 = a2 + b2

b2 = C2-a2

b ="52
- 32

b ="25 - 9
b =V'16
b = 4

Q. Statethe PhytagoreanTheorem-expressedthat thehypothenuseIsequalto the
sum of the square of the two legs. It Is also called right angle whOse formula ca =
at + b2; and the angle sides are opposite, adjacentand base.

16



3. The dlamiteraf a'rounditeel bar IsSOmm. What Is the biggest slze!~fsquare
nut that can be madefrom the bar.

By: PhythBgoreBn Theorem.

a
a

= d2

= (50)2

= 2500
2

="1250
= 35.3555 mm.

size of the square a2 = 1250 m2

4. What Is the circumference of a circle whose radius Is 7 1/ 2 meters?

Formula: Circumference of a circle = 21rr

where r = 7 1/2 = 7.5

C = 2{3.1416) (7.5)

= (6.2834) (7.5)

= 47.13 meters

5. What Is the lateral area of a sphere whose diameter is 10ft.

Solution:

Area of sphere = 1102

= 3.1416 (10)2

= 3.1416 (100)

= 314.16

16



6. Find the area of a circle whose diameter Is 3 ft. What Is the area ,In. millimeter?

Ans. A = 1i' d2

4

= 3.1416 (3)2

4

= .7854 (9)

= 7.068 sq. ft.

= .7854 (914.4 mm)2

= 656694.42 sq. mm.

7. Find the height of a cylinder tank which hold 250 gallons and dla. 24 Inches?

Volume = .785402h 1 gal. = 231 cu. in.

height = volume

.785402

= 250 (231)

.7854 (24)2

= 127.6' approx. 10 1/2ft.

8. A cylindrical tank 12 ft. longholds 2600 gals when fUll, what Is the diameter of
the tank?

Volume

Diameter

= .7854 (0)2 H

= Volume

.7854 (H)

1 gal. = 231 cu. in.

02 = 2,600 x 231

.7854 (12x 12)

02 = 600600

113.09

o ="5310.81 inches

o = 72.87 inches

17
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9. A hexagonof equalsides Is InscribedIn acircle whosecircumference Is95 em.
Whatare the length of the sides of the hexagon?

Area = 2nR2

Circumference = 2 IT r
Radius = C

21T

= 95
2 (3.1416)

= 95
6.2832

= 15.12em.

Sincehexagon has 6 equal sides therefore length equal is 15.12em.

10. Theservice tank of a containership Is 15 ft. In diameteran~ 7 metershigh. How
muchfuel 011 can It accommodate If the specific gravity of a fuel Is 0.95 assuming no
volume expansion.

Given:
h = 7m = 22.96ft. Sp. gr. = 0.95
dia. = 15 ft.

Solution:
Volume = areaof base x height

= .7854 d2h

= .7854(15}2 x (22.96)

= .7854 (225) (22.96) (0.95)
Volume = 8354.5 ft.3

11. WhatIs the minimumdiameterof a roundstock necessaryto makeasquarekey
5" on each side?

By: Phythagorean Theorem.

x =V(5)2 + (5)2

="25 inc.2 + 25 inc.2

=V50 inc.2

x = 7.07 inches

..

18



12. FInd the volume of the given cylinder and Its content In metric ton of fuel 011
whose specific gravity Is 0.96 ?

dla = 5 ft. h = 5.25m where 5 ft. = 1.52m

I

Volume = Area of base x height

= .7854 (1.52)2(5.25)

= .7854 (2.31) (5.25)

= 9.52 m3 x .96s.g.

Volume = 9.145 MT

PUMPSPROBLEMS

1. A single acting power pump making 200 rpm has dimensions 5" x 6" x 4". Slip
Is 4.5%. What Is Its actual discharge in gallons per minute? (G.P.M.)

1 gallon = 231 cu. in.

GPM = vol. of cyl. x no. of strokes x Efficiency

231

= .7854 x 62 x 4 x 200 x 0.955

231

= 21601.64

231

GPM = 93.5

2. A double bottom tank holds 6530gallons. A duplex double-acting pump 8" x 6"
x 10" makes 35 double strokes per minute. Leakage 10%. How long will it take to
pump out the tank?

GPM = vel, of cyl. x no. of strokes x Efficiency

231

= .7854 x 62 x 10x(35 x 4) x .90

231

= 35625.74

231

GPM = 154.224

therefore 6530 + 154.224 = 42.34 minutes

19
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3. A duplex double acting pump 4" x 6" x 6" makes 25 RPM slip 4%. What Is Its
actual discharge In G.P.M?

4. A ship covers 242.6 actual miles In a day. Find the pitch of the propeller If
efficiency Is 87% and speed Is 98 RPM?

Formula:

Pitch = 6080 x observed miles

N x 60 x 24 x E

= 6080 x 242.6

98 x 60 x 24 x 0.87

= 1475008

122774.4

= 12 ft.

5. A ship travels 5742 miles In 26 days, 16 hour and 8 minutes. Find the average
speed In knots for the entire voyage.

No. of min. per voyage

= [(26 x 24)] + 16 x 60 + 8

= 640 x 60 + 8

= 38400 + 8

= 38408 min.

Mile per minute = 5742 miles = 0.1495

38408 mins.

Mile per hour = 60 x 0.1495

= 8.97 or 9 knots.

6. A ship makes an observed speed of 17 knots per hour. The engine speed Is 17.5
knots. What Is the propeller slip In % and how many nautical miles the ship makes
In 24 hours?

20



'If

% slip =ES - OS x 100

·ES
= 17.5 - 17 x 100

17.5

= 0.02857 x 100

= 2.857%

Nautical miles = observed speed x 24 hours

= 17 x 24 hours

= 408 knots or

= 408 NM

7. A merchant ship navigated a distance of 7,200 nautl~al miles In 22 days, 12
hours and 30 minutes. Compute the average speed for the whole voyage.

,

Ans. S

t

t
Ave. speed

= 7200 NM
= 22 days x 24 + 12 + .5
= 540.5 hours

= distance = 7,200 mi.

time 540.5 hrs.

= 13.32 knots.

8. A ship crane lifts a 1,500 Ibs. steel beam to a height of 44 ft. In 10 sec. Find the
power developed.

Given: F = 1500 lb. x 1 kg = 681.82 kg.

2.2 lb.

d = 44 ft. = 13.415 M

t = 10 sec.

Power = work done

time ellapsed

= force x distance

time

= 681.82 kg. x 9.8 m/sec.2 x 13.415 m.

10 sec.

= 8963~68 joule per sec. or watts

9. A wire 120 Inch long;with a cross section of 0.125 In2hang vertically when a load
of 450 Ibs. Is applied to the wire it streches 0.015 inch. Find Young Modulus of
Elasticity. ..
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y = Stress = F/A-
Strain AUL

y = 450 Ibs.1 0.125 in.2

0.015 in. 1120 inch.
y = 3600 psi

0.000125

Y = 2.88 x 107 psi or 28.800.000 psi

10. A ship left port with 12000 barrel of fuel 011 on boardat 18 knots, the consumption
Is 400 barrel per day,after the vessel has travelled 2,000 miles, what Is the steaming
radius?

Speed = 18 knots x 24
432 miles

Cons. of oil per 1 mile = 400 -:- 432

= .9259 barrel

Fuel cons. at 2000 mile = 2000 x .9259
=1851.8 barrel

Fuel on board = 12000 - 1851.8

= 10148.2 barrel
Remaining steaming radius = 10148.2

.9259

= 10.960 miles

11. A ships make 320 mllday at 70 RPM with propeller pitch of 21 ft. What Is the
propeller efficiency?

Propeller Eft. = ED x 6080 ft.
P x RPM x Time

= 320 x 6080
21 x 70 x 1440

= 1945600

2.116.800
= .9191 x 100

% = 91.91'

12. Yourengine consumes 130grams of fuel per BHP-HR. Howmanygallonsof fuel
will your engine developing 12000 BHP, consume dally with specific graVity of fuel
at .92?
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cons.lday

cons/day in gal

= 130gr.lBHP-HR x 12000BHP x 24
.92 x 1000.000 grms.

= 31449000
920.000

= 40.7 rna
= 40.7 x~ x 0.2642 gal.
~ 1L

= 10.752.94

13. Yourdally usefuel tank hasor diameter of 7 ft. Every 4 hours watchthe height
levelgoes down15Inches. Wl)at Is your average hourly consumptionIn liters?

Given:
Tankdia. = 7 ft. = 84 inches
Heightdiff. = 15 inches,..,.

Consumption Vol. = .!! 02h
4

= .7854(84)2 (15)
= 83126.736 in3 per 4 hrs.
= 20781.684 in3 per hr.

Cons. in liters = 20781.684 x 1 liter
61.0128 in3

= 340.611 Litersper hour

COMPUTATION FORFUELCONSUMPTION ON BOARD

1. MY DonaEvelynconsumes 20MY/daysailingwhose fuelspecificgravityat15°C
=.9730 and correction factor at 85°C heated Is .9542. Find the cons. In liters, per
watch hour and minutes.

Solution: 1. 20 MT x 1000L = 20,000 Liters
1 Ton

2. 29000 L
.9730(sg) 1500

3. 21,541 L
6 watch/day

= 20.554 = 21.541 Liters
.9542 (CF) at 8500

= 3590 Uwatch
= 897 L/Hr.
= 15Umin.
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2. Find the fuel consumption In GRMS-BHP/HR whose cons. per day Is 27.10 MT
(metric ton) and actual BHP Is 7109.52.

Solution: = 27.10 MT x 1000 kg = 27.100 kg/day

1 ton

= 27100 kg/day = 1,129 kglhr.

24 hr/day

= 1,129 kg x 1000 grms = 1.129•.166 grmslhr

Hr. 1 Kg

= fuel cons. in grms = 1.129.166

actual BHP 7109.52
@

= 158.82 gms-bhp/hr.

Q. Find the cylinder 011 In grm-bhp/hr. whose consumption 189.36 liters/day,
maximum BHP 8200; Specific gravity=.95; ave.rpm =141.30and shop trial rpm =150

Formula:

Cyl. oil cons. = Ne x Vd x Vax 1000 where Ne= shop rpm

N x nex 24 N = actual rpm

= 150 x 189.36 x .95 x 1000 ne = rated output
141.30 x 8200 x 24 Vd = cyl. oil cons.

= 26.983.800 vo =specific
27.807,840 gravity

Cyl. oil cons. = 0.970 grms-bhp/hr.

TANKS CALCULATIONS WHEN BUNKERING

Q. Your fuel tank on board capacity Is 1500 M3 (cubic meter) at 100%full. How many
metric tons are you required of fuel whose specific gravity is .9768 at 15°C If tank to
be filled up to 95% full of fuel whose temperature Is 45°C, coefficient of expansion Is
.000720 given data:

24

Formula:

Net vol. M3

First

Second

To be bunker

=
=
=
=
=
=

(T2- T1x coef. of expansion x vol. m3)

1500 m3x 95% = 1425 M3

1425 - (45°-15°x .000720 x 1425)

1425-30.78

1394.22 m3at 15°C (0.9768)

1361.87 MT



Q. Fuel Consumption per voyage distance?
How much fuel be consumed to cover the distance of 7,000 miles?

Given datas: Bore =680 mm: stroke =1250 mm; 6 cylinder mechanical efficiency =
85%, MEP=8.5 Kg/cm2; RPM=140; Pitch =3.15 M, F.O. cons. gr-BHP/Hr =156, F.O.
S.G. at 15DC =0.9700, Heating temp. of F.O. + 85DC, propeller slip =5%.

where: Bore =68 em ; Stroke =1.25 ; Area =3,631.689

Solutions:

1. cylinder constant = L x A = 1.25 x 3,631.68

4500 4500

= 1.0088

2. Prop. dist. = 3.15 M x 3.28 Ft. =10.33 Ft. = .00169736 Mile

6080 FtlMi.

3. BHP = cyl. constant x RPM x P. x ME x no. of cyl.

100

= 1.0088 x 140 x 8.5 x 85 x 6

100

BHP = 6122

4. F.O. Cons.lHr. = 6122 x 156 gms

= 955,032 -7- 1,000,000

= 0.95503 MT

Prop. distance/min. = .00169736 x 140 RPM =0.23762 mi.

Prop. distance.hour = 0.23762 x 60 = 14.25 mi.

Prop. distancelhr. with 5% slip

= 14.25 x .95 = 13.54 mi.
= 7000 miles

13.54 mi/hr.

= 516.~8 Hours.

Total consumption = (0.95503 MT/HR) (516.98)

= 493.74MT

Q. A 1,500 HP turbine operating at full load for an entire day requires the burning
of 6.5tons offuel 011. Calculate the fuel consumption in pounds per horsepower hour.

Given: Fuel cons. = 6.5 tons

HP of turbine = 1,500

6.5 tons x 2000 Ibs. = 13,000 Ibs.

1 ton

Fuel cons. = 13,000 Ibs.

1500 HP

= 8.666 lb. per horsepower-hr.
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Q. A ship travels 5700 miles In 26 days, 16 hours and 8 minutes. Find the average
speed In knots for the entire voyage.

Given:

distance
time

Ave. speed

= 5700 mi.

= 26 days, 16 hr. and 8 mins.

= 26 x 24 + 16 + .133
= 640.133 hrs.

= distance travelled

time ellapsed

= 5700 miles
640.133 hrs.

= 8.90 knots

Q. A revolution counter reads 69,985 at 8:00 am at 11:00 am the clock was
advanced 17 minutes and at noon the counter reads 87, 319. What was the average
speed on the 8 to 12 o'clock watch?

Formula:

Ave. Speed

Ave. speed

= advanced in counter reading
minutes in watch

= 87,319 - 69,985
3 hrs. (60) + 43 mins.

= 17334

223

= 77.73 RPM.

Q. A fuel 011 has a specific gravity of 0.948 at 24°C. What is Its specific gravity at
15°C? Correction coefficient is .00063 per1DC.

Given:
0.948

24.5°C

15°C
0.00063

=

=

=

SG =

T1

T2

corr. coeff.

Solution:

a. T1 - T2 = 24.5 -15 = 9.5°C
b. 9.5°Cx .00063 = .005985

c. 0.948 + .005985 = 0.9539 SG at 15°C
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Q. Specific gravity of diesel ollis 0.865 at 30°F. What Is Its gravity at 84°F? S. G.
correction Is .00037 per 1of.

Given:

0.865

30°F

84°F

0.00037 per 1°F
=
=

=

SG =
T1

T2

corr. coeff.

Solution:

a. T2 - T1 = 84-30 = 54°F

b. 54 x 0.00037 = 0.01998

c. 0.865 - 0.01998 = 0.8450 at 84°F

Q. DurIng Bunkering, how much shlpownner will lose If F.O. supplier supply you
F.OI1at $80 per MT.The supplier figures on the delivery receipt are S.G 0.9785at 15°C;
pumping temp. 25°C; total volume 515 m3• Your requirement Is 500 MT.Before
bunkering hydrometer test shows: S.G 0.9525at 35°Cafter bunkering sounding was
taken and found 511 m3 at 40°C after applying ship trim correction.

NOTE: Ship owner will lose if you use supplier figure, wJII not if you use interpolated
hydrometer figure:

Solution:

a. Supplier figure in Metric Tons:

MT = SG .9785 x 511 M3- [(40 - 15x .000720 x 511)]

= .9785x(511-9.198)

= .9785 (501.802)
MT = 491.01

b. Using Ship Figure by hydrometer test: S.G .9525 at 35°C

S.G at 15°C = .9525 + (35 - 15x .000720)

= .9525 + 0.0144
S.G = 0.9669 .

MT = .9669 x 511 - (40 - 15x .000720 x 511)

= .9669x511-9.198

= .9669 x 501.802

MT = -485.19 - Ship Figure

Therefore: 491.01 - Supplier figure

485.19

5.82 MT short of delivery

5.82 MT x $90m = $523.80 Losses
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c. Using All Suppliers figures:
MT = .9785 x 515 - (25 - 15x .000720 x 515)

= .9785 x 515 - 3.708

= .9785 x 511.292 m3

MT = 500.30

OwnerLosses = 500.30 - MTSupplier
- 485.19 - Shipfigure

15.11 MT x $90 = $1,359.90

Formula of fuel mixed with specific gravity:

MIXED S.G. = (Qty. Before Loading:ms>.lS.G·.) +'Oty.Received m3 x S.G.
Qty. Bef. Loading + Qty. Received m3

= 100 m3 (.950) + 200m3 (.960)

100 m3 + 200 m3

= 95 + 192

300

S.G. = 0.956

Q. A hydraulic Is fitted with a raised reservoir to prevent cavitation and gives a 6
meter column of all at specific gravity 910 kg/cm3• Determine the pressure worked
at the pump Intake port.

Pressure =

Solution:
I. Force

II.

= 6 x 910 x 9.81

= 53,562 N

Force = 53,562

Area 1 m2

= 53,562 Pa
= 53.56 KPa

Q. In a force multiplication system the area ratio Is 100:1.The large piston diameter
Is 150 mm and It move through a distance of 130 mm. If the small piston stroke 400
times. What,dlstance does It travel per.stroke.

Solution:
I. Volume to displace large piston in volume displace by a smallpiston:

A = 'ii'D2h

4
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= 0.7854 (0.15)(0.15)(0.13)

= .0022972 m3

II. Area of Small Piston = 1 xO.15xO.15xO.7854

100
= .0001767 m2

III. Total Stroke = Volume = 2.2972 x 10-3 m2

Area 0.1767 x 10-3 m2

= 13 meter

IV. Single Stroke = 13 m = 32.5 x 10-3m

400

= 32.5 mm

BOYLES LAW:

1. An accumulator In a hydraulicsystem Is precharged to 900 KPaand Is then filled
with hydraulic fluid until the gas pressure shows 2,700 KPa. How much 011 has been
pumped In, If the accumulator volume Is 0.4 m3•

V, =
P, =
P2 =

Formula:

Y.1.=
V2

0.4m3

900 + 101.3 KPa

2,700 + 101.3 KPa

P, V2 = V, P,
PI P2

= 1001.3 KPa x 0.4 m3

2801.3KPa

= 0.143 m3

CHARLES LAW:

2. A rubber gas reservoir has a volume of 0.1 m3 at -14OC.ltstemperature Is raised
to 90GC. What Is It volume Increase If the pressure remains the same?

V2 = V,x T2 = 0.1.m3 x (90 + 273)

T, -14 + 273

= 0.1 m3 (363)
259

= 0.14 m3

Q. Two days after a tank was filled with arrival ballast you check the 011 content In
the tank and found 0.5 em. of 011 on top of the water. Dimension of the tank L =43 m
B =21 mi d =22 m. Is It okey to maritime regulation the amount of 011 to discharged
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overboard? If no. What shall you do?

NOTE: By Regulation: Required_1of total oil volume by parts can be discharged
30,000

'itsea.
Solution:

I. Total volume of the tank = Length x Breadth x Depth

= 43 x 21 x 22

= 19,866 m3

II. Total volume of oil in the tank = 43 x 21 x 0.005 m

= 4;515 m3

III. By Regulation volume can be

discharged

~,~ .'

FOURTH ENGINEER - January 1989

= 19,866 m3

30,000

= 0.6622 m3

1. A trapezoidal plane figure with sides in meters measuring 8 3/4, 105/8,53/4 and
211/4. Find the perimeter. Give your answer in mixed number. What Is the area of the
above figure? The parallel sides are the 10 5/8 and the 21 1/4.

Solution:

a

b

Perimeter = 21 1/4 + 83/4 + 105/8 + 53/4

= 85 + 35 + 85 + 23-- ----
4 4 8 4

= 170 + 70 + 85 + 46

8
P = 371 or 463/8

8
Area = 1/2 (a + b) (d)

= (21 1/4 + 105/8) (53/4)

2
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= 85+8523- -
484

2

= 85 + 85 23- --
8 16 4

= 170 + 85 23
16 4

- 5865
64

A = 91 41 m2

64

2. At the start of your 4-hour watch, the reading of the revolution counter of the
main engine Is 996,430.At the end of your watch the reading Is 026,430.What Is the
average rpm. If the time will be advanced 20 minutes, during the watch, What will i)e
the reading at the end of the watch? "

Given: Previous reading = 996430

End of watch = 026430
Advanced 20 mins.

Solution:

Revolution before the counter set to 0 is 1,000,000

1,000,000 - 996,430 = 3570

Total revolution after the watch = 026430 + 3570

= 30,000 rev.
= 30,000 rev.

240 - 20 mins, advanced

RPM = 136.36

3. A lookout looking towards the bow of the ship is standing In the bridgewith the
level of his eyes about 50 meters above the water line. The distance of the bow from
the bridge Is 160 meters and its height from the lookout be able to see a floating
object? What Is the distance of the floating object from the bridge?

SOm
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By Similar Triangle:

50

160 + d

SOd
SOd
50 d

= 30

d

= (160 + d) 30

= 4800 + 30 d

= 30 d = 4800

20 d = 4800

d = 4800

20

d = 240 m distance from bow.

The distance of object from bridge:

= 240 + 160

= 400 M

4. A 12-knot ship eensumes 125 MTof fuel 011 per day. How many days will It take
her to navigate a distance of 6,280nautical miles and how many metric tons of fuel
(who) will she consume? If the unpumpable fuel Is about 3% and the allowance for.
delay due to bad weather that may be encountered Is 20%. What Is the fuel
requirement to complete the voyage?

Given: Ship speed = 12 knots

Fuel cons. = 125 MT/day

Distance = 6280 n. miles

3% = allowance for unpumpable

20% = allowance for delay and weather

Solution:

Days to navigate =

=

=
Total allowance =

Fuel consumed for the voyage =

=

32

6280 miles x 1 day

12 n.mlhr. 24 hrs.

6280 miles

288 hrs.

21.8 days

3 + 20 = 23%

21.8 x 125 ¥ 1.23

3351.75 MT



THIRD ENGINEER- January 1989

Q. What size circular bar Is required to make a hexagonal nutof 16mm sides along
the circumferences?· .~

~" 16mm

a = b = 16mm Sin 30°= 8
d = 2xa a

= 2 x 16 a = 8

= 32mm sin 30°

a = 16mm

2. The specific fuel consumption of the main engine rated at 12000 metric brake
horsepower Is 155 g/Bhp - hr. What Is the fuel consumption in metric tons to make
a voyage of 6,280 nautical miles at the speed of 14 knots? Allow 10% for the
unpumpable In the fuel storage tank. C

Given:
Bhp

Sp. fuel co

Distance
Ship speed
10%

Solution:

Fuel oil cons.

Day the ships trav~1

Fuel oil cons.

= 12000
= 155 g-bhplhl

= 6,280 nm
- 14 knots
= IIowance

= 1~g-BHP/HR x 12000bhp x 24 hr/day
1,000,000 grrnlton

= 44,640,000

1,000,000

= 44.64 M.T./day
= 6,280 n.m.. x 1 day

14 knots 24 hrs.
= 18.69 days
= 44.64 x 18.69 (1 + 10%)
= 44.64 x 18.69 x 1.1
= 917.98 MT.
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3. The revolution counter reading at the beginning of a 4 hour watch Is 996,430.At
the end of the watc~ the counter reading 026,430. During the watch the time was
retarded by 20 minutes. What Is the average rpm of the main engine?

996,430

= 026,430

previous reading =
end of watch

retarded 20 min.,

Given:

Solution:

\

The counter reset to 0 @ 1,000,000

Rev. before the counter reset to 0 =

, 1,000,000 - 996,430 = 3570 rev

End of watch eng. rev. = 026430 + 3570

= 30,000

RPM = 30,000 rev.

240 + 20 min. retard

RPM = 115.38

4. The main engine Is an 8 cylinder single ~ctlng, 2-stroke cycle diesel with a
cylinder of 650 mm bore x 1,350 mm stroke. What Is the cylinder constant. What Is
the Indicated horsepower If the indicated pressure Is 11" kglsq.jcm. at 110 rpm?

" \

Given:

No. of cyl. = 8 cyl. 2 stroke

Bore = 650mm = 65cm

Stroke = 1350 mm = 1.35 m

MEP = 11 kg/sq. cm.

Rpm = 110

Solution:

cyl. constant = Ii' 02 X L
-
4

4500

= Ii' (65)2 (1.35)

4 4500

= .7854 (4225) (1.35)

4500

cyl. constant = 0.9954

IHP = MEP x cyl. constant x Rpm x no. of cyl.

= (11 kg/cm2) (.9954) (110) (8)

IHP = 9635.47 HP.
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5. The pitch of the propeller of an ocean-going ship is3600 mm. What is the engine
mileage in 24 hours if the propeller makes 118 rpm? If the apparent slip Is minus 3%
What Is the observed speed?

Given: Pitch = 3600 mm = 3.6 m
RPM = 118
Slip = -3%

Solution:

Eng. Speed = Pitch x RPM x 60
1852

= 3.6 m x 118 x 60
1852

= 13.76 knots
Slip = Eng. Speed - O. Speed

Eng. Speed
-0.03 = 13.76 - OS

13.76
- 0.03 (13.76) = 13.76 -O.S.

OS = 13:76 + (0.03) (13.76)

= 13.76 + 0.41

Observed Speed = 14.17 knots.

SECOND ENGINEER-January 1989

1. A cylindrical water tank has a diameter of 3 meters at the base and 4 1/2 meters
high. How many metric tons of fresh water Is to be pumped into the tank In order to
have an ullage of 1 meter? If fuel oil of 0.86 specific gravity Is to be pumped Into the
tank, how many metric tons are required to have the same ullage?

J.. ,..- ....,
1m
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Solution:

= 1000 kg
m3

For a F.W. Sp. gr.

a) Volume of tank = 11 02 h

4

For an ullage of 1 m; h = 3 1/2 m
Vol. of tank @ 3 1/2 m height = 1i' (3)2 (3.5 m)

4
= .7854 (9) (3.5)

= 24.74 m3

= 1 ton

F.W. to be pumped = 24.74 m3 x 1 MT/m3

= 24.74 MT

b) Sp. gr. of oil = 0.86

M.T. of fuel oil = 24.74 m3 x 0.86 (S.G.)

= 21.28 MT.

2. A vessel makes an observed speed of 12 knots with an apparent slip of plus
120". The propeller turns 110 rpm. What Is the pitch of the propeller In mm?

Given:

Ships speed = 12 knots
Slip = 12%

RPM = 110
Solution:

Engine Speed = P x RPM x 60

1852

% Slip = ES-SEx100

ES

0.12 = ES -12 knots

ES
E.S. (0.12) = ES-12

E.S. (0.12) - E.S. = -12

- 0.88 E.S~ = -12

E.S. = -12
-0.88

E.S. = 13.63 knots·

E.S. = P x RPMx60

1852 m
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13.63 knots = Px110x60

1852 m
P = 13.63 (1852)

110 x 60

P = 25242.76

6600

P = 3.83 m = 3.830 mm.

3. A ship's provision is loaded on board from a motor launch by means of a
manually operated winch Which work on the same principle as the wheel and axle
machine. The revolving drum of the winch is 30 cm diameter and the crank attached
to the end of the drum Is 40 cm. long from the center of the drum. What force Is
required to 11ft the provision weighing 300 kg?

D~F

300 I<g.
Taking moment @ the centerof the drum:

F x 40 cm = 15 (300 kg)
F = 15 cm (300 kg)

40cm

F = 112.5 kg.

4. The mean indicated pressure of an a-cylinder 2-stroke cycle, single-acting
engine with a cylinder constant of 0.9954 Is 11 kg/sq. cm. What is Indicated
horsepower at 100 rpm?

Given: No. of cyl. = 8 cyl. 2 cycle. singleacting
Cyl. constant = 0.9954

MEP = 11 Kglcm2

RPM = 100 rpm
Formula: IHP = MEP x Cyl. constant, x RPM x No. of cylinder

= 11 Kg/cm2 x .9954 x 100 x 8

= 8759.52 HP

37



5. The specific fuel 011 consumption of the main diesel engine at 12,000 metric
brake horse power Is 155 g/BHP-hr. What Is the dally consumption In metric tons?
What Is the equivalent consumption In gram per kw-hr?

Given: Sp. fuel cons. = 155 gr/BHP-hr

BHP = 12,000

Solution:

a) Daily Cons.

b) grams
Kw-hr

= 155 gr. x 12,000 BHPx 24 hr/day

Bhp-hr

= 44,640,000 gr/day
1,000,000gr/ton

= 44.64 MT
= 155 gr/Bhp-hr

0.746 Kwl1 HP

= 207.77 gms/Kw-hr.

CHIEF ENGINEER- January 1989

1. The cross-section of a hollow brass shafting has an outside diameterof 50 mm
and an Inside diameter 25 mm. Its length Is 2 meters. What Is the weight of the
shafting If Its density Is 8 grams per cubic em.

Given:
Outside dia. = 50mm

Inside dia. = 25mm

Length =

Density =

Solution:

o = Weight
Volume

Volume = 1i' 002 -
4 4

= 1r(002 - 012) (L)
4

= 1i' (52 - 2.52) (200)

4

= .7854 (25 - 6.25) (200)

= .7854 (18.75) (200)
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= 2,945.24 cm3

Weight = Density x Volume

= 8 gr/cm3 x 2945.24 cm3

= 23,561.9 grams
= 23,562 kgs.

2. The cylinder block of a diesel engine Is held by 4 round mild steel tie rods. If the
load on each tie rod Is 66 MT, what Is the diameter of the tie rods. The yield point of
the rod Is 47,000 Ibs. per sq. Inch and the factor of safety Is 6.

Given:
No.of tie rods = 4
Load on each tie rod = 66MT.
Yield pointof the rod = 47,0001bslin2

Factor of safety = 6
Solution:

Working Stress = Yield point
Factor of safety

= 47000 psi
6

= 7,833.33 psi
Working Stress = Load

area of rod
Area = Load

working stress

= 145,200 Ibs.

7.833.33 psi

= 18.54in2

Area = 1i" D2-4
0.785402 = 18.54 in2

18.54
02 =

0.7854

= 23.6 in2

0 = 4.85 in
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3. A 12-knot ship left Manila on Jan. 19, 1989 at 2:00 a.m. for San Francisco, a
distance of 6,280 nautical miles. Find the ETA at San Francisco first by disregarding
the difference In time between the two ports and second by taking Into account the
difference In time. Give the date and time of arrival In both cases.

If the ship consumes 25 MT of fuel per day, what Is the quantity required to
complete the voyage. Allow25%for the unpumpable quantity In the storage tankand
delays that may be encountered due to bad weather.

Given:

Solution:

Ship speed
Time ofdep.
Distance

= 12 knots
= 2:00 pm-Jan. 19. 1989

= 6.280 N. miles

By disregarding time diff~rence

Time of voyage = 6.280 N. miles
12 N.M./hr.

= 523.33 hrs.
= 21.8 days
= 21 days and 19.2 hrs,

ETA = Feb. 10, 1989 @ 0900 hrs.
By taking difference in time- 16 hrs.behind

ETA = Feb. 10. @ 1900 hr.
-1600 hrs.

ETAby time difference Feb. 09 @ 1700 hr.
Ship cons/day = 25 MT/day
Voyage fuel cons = 25 MT (218 days) (1 + 25%)

day
= 25 (21.8) (1.25)

= 681.25 MT

4. Solve the metric Indicated horsepower of an 8-cyllnder, single acting, 2-stroke
cycle diesel propulsion engine with MEPof 11 kg/cm 2 at 145 rpm. The cylinder Is 650
mm bore x 1350 mm stroke.

If the specific fuel 011 consumption Is 153 grams per Indicated horsepower- hr,
What.ls the fuel consumption per day?

40

Given: No. of cyl.
MEP
Bore
Stroke
Sp. fuel cons.
RPM

= 8; 2 stroke
= 11 Kglcm2

= 650 mm = 65 em.
= 1350mm = 1.3!$ m.
= 153 gr/IHP - HR.

= 145



Solution:

IHP = MEP (L x A) N x RPM

4500

= (11 Kg/cm2) (1i' (65)2 (1i35) (145) (8)

4

4500

= 57161292

4500

IHP = 12,702.5 hp.
Fuel consumption:

= 153 gr.lIHP-hr. x 12702.5 hp x 24

1000000

= 466,435.80

1,000000

= 46.64 MT/day.

5. The pitch of the propellerof an ocean going vessel Is 3,600 mm. The main engine
directly driving the propeller makes 145 rpm. What Is the observed speed of the
vessel If the slip Is minus 3%.

How many nautical miles Is covered per day?

Given:

Pitch = 3,600 mm.
RPM = 145

Slip = -3%

Solution:

% Slip = Engine speed,- Ship speed

Engine speed

Engine speed = Pitch x RPM x 60

1852

= (3,600 mm x 1 m ) (145) (60)

1000 mm

1852

= 16.91 knots

- 0.03 = 16.91 - Ships speed
16.91

- 0.03(16.91) = 16.91 - Ship speed

- 0.5073 = 16.91 - Ship speed
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Ship speed = 16.91 + 0.5073

= 17.42 knots

Distance covered/day = 17.42 Nm/Hr. x 24 hrs.lday

= 418.08 NM

FOURTH ENGINEER - January 1990

1. The density of aluminum Is 2,699 Kg/m3• Convert this to grams per cubic
centimeter, and to pound mass per cubic foot•.

Solution:

2,699 kg x 1000 grm x
1m3 1kg

2,699 kg x 2.2 Ibs. x
1m3 1kg

1 m3 = 2,699 grmlcm3

1,000,000 cm3

1 m3 = 168.26 Ib/ft.3

35.29 ft3

2. A tank Is filled with water to a depth of 42feet 6 Inches. Find the pressure exerted
on the tank bottom?

Solution:

Pressure = height x 0.434

= (42 ft. x 0.5 ft.) (0.434)

= (42.5 ft.) (0.434)

= 18.44 psi

3. A 1D-knot slip has a 16 feet pitch propeller. If the speed Is 70 RPM.Find the slip.
Is the slip positive or negative?

Given: Pitch of prop. = 16 ft.
RPM = 70

Engine Speed = 10 knots
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Formula:

1. i;:ngine Speed = Pitch x Rpm x 60

6080 ft.
= 16 ft. x 70 Rpm x 60

6080 ft.
= 11.05 knots



% slip = enginespeed- observed speed x 100
enginespeed

% slip = 11.05knots-10 knots x 100
11.05

= 1.05 knots x 100
11.05 knots

% slip = +9.52

4. What Is the cross sectional area of a rubber o-ring packing whose Inside
diameter Is 49 mm and Its outside diameter Is 64 mm?

Given datas: insidedia.
outsidedia.

= 49mm
= 64mm

Find: Cross sectional area = 11 (do
2- d,2)

4
= .7854 [ (64)2 - (49)2]

= .7854 [4096 - 2401 ]
= .7854 (1695)
= 1331.25 mm2

5. Solve the following equation: 2x + 5y =20j Given y =5. Find the value of x?

Solution: 2x+5y = 20 If y=5
2x + 5(5) = 20 x=?

2x+25 = 20
2x = 20-25

x = -5--
2

x =-2.5

THIRD MARINE ENGINEER - January 1990

1. At a certain Instant, a ship was 4 miles south of a light house. The ship was
travelling westward and after 10 minutes Its bearing was S 25°15'Wfrom the light
house. Find the speed of the ship per hour.

Solution: tan 25°15' = b

a
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B tan 25°15' = b-4
b = (4 mi)(tan 25°15')
b = (4)(0.47163)

8=4 ml b = 1.886 miles

A ...... -..J C but time = 10 min

= 10 = 0.167 hr-
60

Speed = distance

time

= 1.886 mi
0.167 hr.

Speed = 11.29 knots

2. A wire 120 Inches long·wlth a cross section of 0.1251nch2 hangs vertically. When
a load of 450 Ibs. Is applied to the wire. It stretches 0.015 Inch. Find the young
Modulus of Elasticity.

Given: initial length = 120 in

cross-sectional area = 0.125 in2

force applied = 450 lb.

change in length = 0.015 inch.

Find: Young's Modulus of Elasticity (E)

Solution: 1. £ = longitudinal stress

longitudinal strain

= force/area
change in lengtMnitiallength
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2. stress = Force = 450lb = 3600 psi

area 0.125 in2

strain =' 41, = 0.015 in = 0.000125
J. 120 in

e = stress = 3600 psi = 28,800,000 psi

strain 0.000125



3. A force of 10 Ibs. Is used to move a box across a horizontal deck, a distance of
5 ftlf the force makes an angle of 30 degrees with the floor, how much work Is done?

Solution:

5 FT~
II

Work = Force x distance
= (F Cos30°) (5 ft.)
= (10 lb.) (Cos30°) (5 ft.)
= (10) (0.866) (5)
= 43.3 ft.-lb.

4. A house 15 meters high stands on one sIde of a street. What Is the angle of
elevation of the top of the house from the other side of the street, If the street Is 20
meters wide?

T .......
.....................

15 m .......
..............

1- 9- .......

20m

Formula:

= given side = trigo function.of
given side unknown angle

= 15 m = opposite = tan 9
20m adjacent

tan 9 = 15 m
20m

tan 9 = 0.75
8 = 36°52'
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SECOND ,MARINE ENGINEER - January 27, 1990
-,

1. The gauge pressure of water In the water mains Is 35lbsJlnch2• Howmuch work
18 required to pump 500,000 ft. 3 of water, at atmospheric pressure,lnto the mains?

Given: Pressure = 35Ib./in.2

Volume = 500,000 ft.3

Convert 500,000 ft.3 to in3

= 500,000 ft.3 x 1728 in.3 = 8.64 x 108 in.3

1 ft.3

Find: Work Req = (35 Ib/in.2) (8.64 x 108 in.3)

= 302.4 x 108 Ib-in.

Convert Ib-in. to ft-Ib.

= 302.4 x 108 Ib-in. x 1 ft. = 25.2 x 10S ft.-Ib.-12 in.

2. The hatch of a submarine Is 100 ft. under the surface of the ocean. If the weight
density of sea water 64lbsJft.3,Flnd the pressure at the hatch due to the water, and
the net force on the hatch If It Is rectangle 2 ft. wide and 3 ftlong. The pressure Inside
the submarine Is the same as that at the surface.

Given: height = 100 ft.

wt. of density = 641bs.lft.3

dimension of rectangle = 2 ft. x 3 ft. = 6 ft.2

Solution:

a) Pressure = .density x height

= 64 x 100

= 6,400 Ib/ft.2

b) Force = pressure x area

= (6,400 Ib.lft.2) (6 ft.!)

= 38.400 lb.

3. ~_~~~~Jenglr:'eJ~[I~Llrne~ 1/~_t~m ~f f~,1 011 per day, when It Is operating at full
load.When the unit Is·operatlng at half load,;the consumption per BHP Increases by
21%~Determine the full consumption rate per hour at one-half load, allowing 2,240
IbsJton In this case.

Given: Cons. = 1/2 ton/day at full load

Cons.~increase by 21% at half load

Find: Consumption rate per hour at half load
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Solution:

1/2 ton x 1 day x 2240 lb. = 46.67Ib./hr.

day 24 hrs. 1 ton

at one-half load: 46.67 Iblhr x 0.21 = 9.8 Iblhr.

TotaI:consumption at 1/2 load = 46.67 + 9.8
= 56.47Ib.Jhr.

4. The tension on outside of a belt Is 350 Ibs. and that on the other side Is 150 lbe.
The belt Is moving at 300 fUmln. Find the horse power delivered to the pulley.

Given: Total Force Acting = 350 + 1501bs. = 5001bs.

Speed = 300 ftJmin.
Find: HP delivered

Power = (500 Ibs.) (300 ft./min)

= 150,000 ft. Ib

min

Convert: Ft. Ib to HP-min.

= 150,000 ft.-Ib x 1 HP

min. 33000 ft.-Ib

= 150,000

33,000

= 4.5 HP

CHIEF MARINE ENGINEER - January, 1990

,
1. The cross section of the tube at point A 10 Inch2, and at point 8 Is 2 Inch2• If the
velocity of the steam and point A Is 12 ftJsec., What Is It at point 81

,/
= 10 in.2

= 2 in.2

12 ft.lsec.

?

Given: area at pt. A

area at pt. B

velocity at pt. A =

velocity at pt. B -

By ratio and proportion

area at A = velocity at A
area at B velocity at B

velocity at B = (area at,B) (vel. at A)

area at A
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= (2 in.2)(12 ft.lsec.)
10 in.2

velocity at B = 2.4 ft.lsec.

2. A refrigerated container ship's main engine Is consuming 74 tons offuel perday
at 21 knots; the ref. plant, aux. machinery and hotel load are consuming 10 tons per
day. What Is the nautical mile radius of travel? The ship has to travel 1,875 miles to
reach port, and only 275 tons of available fuel remain. Assuming that the consump
tion varies as the cube of the speed, can the ship make port with th~ fuel on board
If the speed Is reduced to 19 knots?

Given: cons. A = 74 + 10 tons/day Speed A = 21 knots
cons. B = ? Speed B = 19 knots
distance = 1875 mi.
fuel left = 275 tons

Find: Consumption B.
CA = SpeedA

Cs = Speeds
1.875 mi. x 1 hr. = 98.68hr. voyage left

19mi.

(21 knotS)3
(19 knotS)3
(84 tons) (19 knots)3

(21 knots)3
(84) (6859)

9261
62.21 tons/day

98.68 = 4.11 daysof voyage left
24 hr/day
62.21 tonsx4.11 days = 255 tons req.

day to reach port.
Therefore since fuel left is 275 tons, the ship
can reach portwith still enough fuel.

3. A barge Is 30 ft. long and 16 ft. wide, and has vertical sides. When two
automobiles are driven on board, the barge sinks 2 Inchesfurther Into the water. How
much do the automobiles weight? .

where 2 inch= 0.167 ft.
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Solution:
Weight of automobile = wt. of displace water

= (density of water) (volume of water)
= (62.4 Ib.lft3) (80.16 ft3)
= 5001.984lbs.



4. Find the specific gravity of API 18.5 at 60°F

Formula: API = 141.5
S.G. at 60°C - 131.5

18.5 = 141.5
S.G. at 60°C - 131.5

131.5 + 18.5 = 141.5
S.G.

S.G. = 141.5
150

S.G. = 0.9433

FOURTH ANDTHIRD ENGINEER
May 1991

Q. What Is the volume of a spherical tank whose diameter Is 10 feet.

Given:

Formula:

diameter

Volume

Volume

= 10 ft.

= 11' d3

6

= 3.1416 (10)3

6

= 3.1416 (1000)
6

= 3140
6

= 523.33 ft3

Q. A 11 knots ship has a 17 feet pitch propeller. If the speed Is 75 RPM. Find the slip.
Is the slip negative or positive?

Given: P~ch of propeller = 16 ft.
Rpm = 70
Engine Speed = 10 knots

Find: a) Engine Speed = Pitch x RPM x 60
6080 ft.

= 17 ft. x 75 RPM 60
6080 ft.
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= 17 ft. x 75 Rpm x 60
6080 ft.

= 76500
6080

= 12.58knots
b) % slip = Eng. Speed- Obs. Speed x 100

Eng. Speed

= 12.58 - 11 x 100
12.58

= 1.58 x 100
12.58

= 0.1255 x 100
Slip% = 12.55 (positive)

Q. The Indicated horsepower of an engine Is 15.448 and the brake horsepower Is 12
What Is the mechanical efficiency of the engine and what Is theMEP. "the cylinder Is 8
by 121n and speed Is 240 Rpm?

%

Find: Area = 11 02-
4

= .7854 (9)2

= .7854 (81)

= 63.62 in.2

IHP = PLAN
33.000

P = 33.000 x IHP
LAN

= 33.000 (15.448)
(1 FT.) {63.62} (240)

P = 33.38 kglcm2

60

..

Given Oatas:

Formula:

IHP = 15.448
BHP = 12
RPM = 240 Rpm
Mechanical Efficiency = BHP x 100

IHP
= 12 x 100

15.448
= 0.776(100)'
= 77.68



Q. A cylindrical tank Is 8' 4" high 3' 7" In diameter. How many gallons will It hold?

Given: diameter = 3' 7- = 43 inches
height = 8' 4- = 100 inches

Formula: volume of cylinder = 11 [)2 h
4

= .7854 (43)2 (100)
= .7854 (1849) (100)
= 145,220.46 cu. In.

231 in3/gal.

= 628.66 gallons

Q. If the average RPM for 24 hrs. and 18 mlns. Is 102, pitch of propeller Is 16.2 ft.
Distance by observation Is 360 miles, What Is the slip In percent.

Given: Pitch = 16.2 ft.
Obs.Dist. = 360 miles
Rpm = 102
Time = 24 hrs.+ 18 mins.

Formula:

=

Engine Distance

Slip%

= !Piitch x Ave. Rpm x Time
6080ft.

= 16.2 x 102 x 1458
6080 ft.

= 396.25 miles

= Engine Distance - Observe Distance x 100
Engine Distance

= 396.25 - 360 x 100
396.25

36.2 x 100
396.25

= 0.0913 (100)
I= 9.1%,

•
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Q. I. What are the four fundamentals of Mathematics

II. State the Phythagorean Theorem
III. Formulas of volume cylinder rectangular, temperature scales and absolute

temperature. See notes.

SECOND/CHIEF ENGINEER - May 1991

Q. Find the circumference of a circle whose diameter Is 19 Inches?

Given data:
Formula:

diameter = 19 inches
circumference = 11' 0

= 3.1416 (19)
= 59.69 inches

Q. Find the area of a 13 Inches diameter circle to one decimal place.

Formula: Area of a circle = 11 02

4
= 3.1416 (13)2

4
= .7854 (169)

A = 132.7 in.2

Q. A cylindrical tank 18 Inches In diameter, Is 4 ft. In height.
a. What Is the volume In cubic Inches?
b. What Is the capacity In gallons?

Given: diameter = 18 inches

height = 4 ft. = 48 inches

1 gal. = 231 cu. in.
Formula: a. Volume = .785402height

= .7854 (18)(18)(48)
= 12,214.54 in.3

b. Volume in gallons:
= 12,214.54

231
= 52.87 gallons
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Q. The stroke and bore of an 8 cylinder, 2 stroke diesel engine are 1350 mm and 650mm
respectively from the engine Indicator cards the IHPls 13,900 at 154 RPM. What Is the
Indicated mean effective pressure?

Datas: Length of stroke = 1350 mm = 1.35 m

Cylinder bore = 650 mm = 65 cm
IHP = 13,900

RPM = 154

Solution: a) Find the Area = 'IT 0 2

4
= 3.1416 (65)2

4
= .7854 (4225)

A = 3318.32 cm2

b) IHP = PLAN
4500

P = 4500 x IHP
LAN

= 4500 x 13,900

..•.1.35 x 3318.32 x 154

= , 62550000

689878.72

P = 90.66 kglcm2

Q. A tank Is filled with water to depth of 40 ft. 6 Inches. Find the pressure exerted on the
tank bottom?

Given data: 'Oepth;of tank = 40 ft., 6 inches = 0.5 ft.

Formula: Pressure = height x 0.434

= (40 ft. + 0.5 ft.) (0.434)

= (40.5 ~..) (0.434)
= 17.57' psi

Q. What Is the volume of a sphere whose diameter Is 70 Inches?

Given data: Diameter· = 70 inches-Formula: Volume of sphere =~
6
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4. Fuel on board

Solution:

1. Total speed/day

= 3.1416 (70)3

6
= 3.1416 (343.000)

6
Volume = 179.594.8 cu. In.

Q. What Is the lateral surface of a sphere 10 Inches In diameter?

Formula: Area = 'IT 02

= 3.1416 (10)2

= 3.1416 (100)

= 314.16In.2

Q. A revolution counter read 69895at 8:00 AM, at.11:00 AM the clock wasadvance 17
mlns. and at noon the counter reads 87,319.'\Vhaf"was the average speed on the 8-12
clock watch?

Solution:

Average RPM = Present - Previous reading

Time In watch-advanced

= 87319 - 69895
240-17

= 17424

223

Ave. RPM = 78.13

Q. A ship leaves port with 7200 barrel of fuel all on board. At 15 knots, the fuel
consumption Is 360 barrelslday. After the vessel has travelled 1642 miles, what Is the
remaining steaming radius?

= 15 knots, x 24 hrs~"

= .360miles -'
2. Cons. of oil/1' mile = 360 + 360

= 1.0 barrE\l,
3. F.O. cons at-1642 miles = 1642 x 1.0

. = 1642 'barrels

= 7200 - 1642

= 5558 barrels
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BOARD QUESTIONS

FOURTH, THIRD, SECOND, CHIEF ENGINEER

MATHEMATICS

1. When you add SIS;7/12 and 11/24, what will the sum be?

•....

A.: 1 and 213 B. 1 and 3/2 C. 1 and 1/3 D. 1/3

2. When you subtract 5/6 from SI15,what will the sum be the difference?

A. 1/5 B. 3110 C.2/6 D. 2/4

3. What Is the product of SIS-and 4n?

A. 4n B. 5/14 C. 10114 D. 4/6

4. The quotient of 13 divided by 3n Is:

A. 15 and 2/1 B. 30 and 3/6 C. 30 and 113 D. 2130

5. The quotient of 36.744 divided by 24 is:

A. 1531 B. 15.31 C. 1.531 D. 153.1



6. Multiply .397 by 41 the product Is:

A. 16.277 B. 162.77 C..16277 D. 1627.7

7. From 128 subtract 96.307, the difference is:

A. 31.693 B. 316.93 C..31693 D. 3169.3

8. Solve for x in the equation 12x + 25 - 35 = 14x + 22x - 22

A. x = 11 B. x = 12 C. x = 1/2 D. x=6

9. The quotient of 2.5 divided by .05 is:

A..50 B.50 C..05 0.5.0

10. -180 degrees farenheit in centigrade is:

A. 117.77 d. C B. -177.77 d. C C~ 68 d. C D. -68 d. C

11. Solve for x in the equation 8x - 22 = 12x - 18.

A. x =-1 B. x = 1 C. x=4 D. x =-4

12. The height of an indicator diagram measured at regular intervals along Its height
are as follows: 27,39,47,51,48,32,20, 11, 8, 5, mm. respectively. Find the
mean height of the diagram in millimeters.

A.288mm. B.2.88mm. C. 28.8 mm. D..0288 mm.

13. A pump can empty a tank in 12 hours, another pump can empty the same tank in 4
hours, and another can empty this tank in 9 hours. If all three pumps are set work
ing together on this tank, how long would it take to empty it?

A. 4/9 hours B. 2 and 1/4 hours C. 2 hours

14. -243 degrees fahrenheit in absolute is:

D. 3 hours

A.217d.A B. -217 d. A C.217.29d.A D. -217.29 d. A

15. -65 degrees centigrade in fahrenheit is:

A. -60 d. F B. 85 d. F C. -85 d. F D. 60d. F

16. Given 7.5 em. radius PI Is 3.1416. Find the circumference.
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A. 47.1238 em. B. 23.562 em. C. 47.124 em. D. 12 em.



17. Given 8 cm. diameter. Find the circumference.

A. 25.1328 cm. B. 12.5662 cm. c. -50.2656 cm. D.50cm.

18. Negative Forty million eleven minus Six thousand one is:

A. -40,006012 B. -39,994,010 c. 39,993,010 D. 40,006012

19. Solve for x in the equation -14x - 15x + 29 = 2x - 31 -11

A. x=-1 and 4/27 B. x=2 and 9/31 c. x =27/31 D. x=7

20. Negative Sixteen million one minus negative Nine hundred ninety-nine equals:

A. -15,999,002 B. 15,999,002 c. 16,000,901 D. -16,009

21. The distance covered by a ship on four successive days were 320, 300, 310 and
330 nautical miles respectively. Find the average days run.

A. 5040 naut. miles B. 2520 naut. miles C. 1260 naut. miles D. 315 naut. miles

22. An automobile battery supplies a-current of 7.5 amps to a headlamp with resistance
of 0.84 ohms. Find the voltage delivered by the battery.

A. 7.93 volts B. 6.3 volts c. 8.93 volts D. 6.395 volts

23. A wire is to be cut in such a way that one piece is shorter than the other by 8 meters.
How long are the pieces, if their combined lenght is 24 meters.

A. 16 m shorterpiece;8 m longerpiece B. 14 m shorterpiece;12 mshorter piece

C. 12 m longerpiece;12 m shorterpiece D. 16 m longerpiece;8 m shorterpiece

24. A revolution counter reads 69,985 at 8 am, at 11 a.m. the clock was advanced 17
min. and at noon counter reads 87,316. what was the average on the 8-12 o'clock
watch?

A. 135.6 rpm B. 77.71 rpm C. 78,1210 rpm C. 156.2 rpm

25. Find the value of a in equation: 2(a+3) + 3(2a-4) = 4(11-3a)

A. a = -2 1/2 B. a = 7 c. a = 2 1/2 D. a=4

26. A ship makes an observed speed of 17 knots per hour. The engine speed is 17.5
knots. What is the propeller slip in percent?

A.28.5% B.285% C..0285% D.2:85%
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27. 200 tonne of Oil werebought at oneport at $60 per tonne and600 tonne of 011 at
another port at $70 per tonne. Whatwas the average costof oil.per tonne?

A. $ 67.50 B. $ 67.85 C. $ 67.60 D. $68

28. A motorboattravels up-river against thecurrent from one pointto another at a speed
of6knots, andthen down theriverwiththecurrentback totheoriginal pointataspeed
of 9 knots, taking a total time of 2 and 1/2 hours. Assuming the speed of the current
remains unchanged, find thedistance between points.

A. 9 naut. miles B. 10 naut. miles C. 8 naut. miles D. 13 naut. miles

29. Howmuch watermustbe added to 400 liters of mixture that is 80% alcohol to
reduce it to a 60% mixture?

A. 80 liters B. 70 liters C. 20 liters D. 50 liters

30. A ship's hold, A, contains 250 tonne of cargo, another hold B, contains 620 tonne.
Howmuch cargo must be taken from B andput intoA so thatA will contain five
times as much as B?

A. 275 tonne B. 475 tonne C. 570 tonne D. 300 tonne

31. A shipcovers the measured mile (one nautical mile) against the current, In a 3
minutes 20 seconds, andthen In the opposite direction overthesame distance with
the current in 3 minutes exactly. Find in knots:

A. Thespeed gainstthe current
B. Thespeed with the current
C. The average speed

A. 1) 18.95 knots 2) 20 knots 3) 18 knots

B. 1) 20 knots 2) 18 knots 3) 18.95 knots

C. 1) 18 knots 2) 20 knots 3) 18.95 knots

D. 1) 2 knots 2) 13 knots 3) 18 knots

32. A rectangUlar Is to cutso thatthe lenght is four times the breadth andhaving an
areaof one square meter. Find the length andbreadth.

A. 3 and4 meters B.. 2 and .2 meters C. 1 and5 meters D. 2 and0.5 meters

33. The actual horsepower delivered by an engine was found to be approximately 12.5
the indicated horsepower from diagram was 15.36. Find the mechanical efficiency.
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34. A 56 in. diameter tank is 14 ft, 4 in..high and is filled to within 16 in. of the top with
water. How many cubic inches of water are in the tank?

A. 285,340,3673 B. 384,230.2464 C. 495,341.3575 D. 162,018,0242

35. A tank can be filled by two pipes in 4 and 6 hours respectively. It can be emptied
by a third pipe in 5 hours. In what time can an empty tank be filled in the three
pipes are open?

A. 4 2f7 hours B. 4 8/13 hours C. 44n D. 4.0 hours

36. There are two intake pipes to a large storage tank. Using the smaller pipe alone, It
takes twice as long to fill the tank as it does using the large pipe alone. The tank
can be filled in 12 minutes if both pipes are used. How long would it take using only
the smaller pipe?

A. 24 minutes B. 36 minutes C. 18 minutes D. 20 minutes

37. In 5 hours less time that it takes a certain ship to travel 330 nautical miles, another
ship which is 31/2 knot faster can travel 4 nautical miles further. What are the
speed of the two ships?

A. 1) 13.5 knots
2) 16.2 knots

B. 1) 13.9 knots
2) 16.1 knots

C. 1) 14.1 knots
2) 15.9 knots

D. 1) 13.2 knots
2) 16.7 knots

38. A ship travelling at 17.5 knots leaves one port bound for another 4 1/2 hours after
another ship whose speed is 16 knots leaves the same port set on the same course.
After how many hours and at what distance from port will the fast ship overtake
the slower one?

A. 1) 48 hours
2) 840 n.m.

B 1) 24 hours
2) 16. n.m.

C. 1) 16 hours
2) 12 n.m.

D. 1) 12 hours
2) 10 n.m.

39. An engine develops 2500 IHP and the BHP is 2000. What Is the mechanical
efficiency?

A) 12.5 or 12% B. 1.25 or 1% C..8 or 80% D..08 or 8%

40. A ship travel 9 miles in 45 mins. What is its speed in miles per hour?

A. 3 miles B. 6 miles C. 12 miles D. 2 miles

69



60

FORMULAS

Area of rectangle = length x width
A = Lx W

Area of circle = 11 R2

= 11' 02.-
4

Circumference of circle = 21i'r

= 1i'0

Area of square = side x side

= s x s

Area of triangle = 1ab
2

Area of Ellipse = 1rab

= 1r Od
4

Area of Trapezoid A = _1_ (b1 + b2) h
2

Area of Sector A = ...1. radius x arc
2

A = 1 r2 e-
2

Area of Parallelogram = base x perpendicular height

Area of Parabola = base x~height
3

Area of cylinder = circumference x height + area both ends

Area of sphere = d2x1r where11' = 3.1416

Volume of rectangular = Length x width x height
solid



v = LxWxH

Volume of cylindrical = area of base x height
vessel

V - .785402h-
V = 1i'R2 h

Volume of coal bunker (trapezoidal end)
V = Wr+ Wbx H x L

2

Volume of Spherical tank =

TEMPERATURE SCALES

°C =

Oeg.absolute =
Oeg. absolute =

Phythagorean Theorem I Right Angles:
C2 = a2 + b2

9 C + 32
5

i (OF- 32)
9
°C +273
OF+ 460

Trigonometric Functions:
sine. = 0 cosec e- = 1 = h

h sine 0

cos e- = a sece = 1 = h-
h cose a

tane = 0 cote = 1 a
a tane h

where 0 = opposite h = hypotenus a = adjacent

Physics, Strength of Materials formulas:

Torque = Force x Distance
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Average Speed = Distance travelled
Time ellapsed

Velocity = Distance ..!. = nVsec.FtJsec.mVh~

time t

Force = Mass x Acceleration

Work = Force x Distance

Power = Worked done
time

Acceleration = Velocitv
Time

Efficiency = Output
Input

KEenergy = -L MV2
2

Stress In Tube = P, x P2 X P
02x .7854

Volume = Weight
VolUme

7

Density = Mass
Volume

Specific gravity = 3.
V

Ideal Gasequation:
pV = mRT

Avogadro's Law:
VaMa = VbMb



Enthalphy
h = u + pV

Potential Energy:
Ep = mgz

Internal Energy:
du = CvdT

Boyle Law = V1 X P1 = VI X PI

Charles Law: V1 T1

-=
V2 T2

Gay-Lussac Law: P1 T1

=
P 2 T2

Pressure = Force (Nl
Area (m2)

Compressive = Pressure = P
Area Ii:

TensileStr$ss = Tensile = T-Area A

Strain Yield pt.
y

= =
Elastic limit L

ENGINE/LOG-BOOK REPORT FORMULAS:

Indicated horsepower:
IHP = PLAN

33,000

where: P = 33,000 x IHP
LAN

A = 33,000 x IHP
PLN



where: P = mean effective press
L = length of stroke
A = Area 1i' 02

4
N = Rpm

IHP/cylinder 4 stroke

IHP/cylinder 2 stroke

= MEP x cylinder constant x RPM
2

= MEP x cylinder constant x RPM

Cylinder constant ,(Metric) = length of stroke xarea
4500

Cylinder constant (English) = length of stroke x area
33,000

where: L = Meter
A = Cm'

where:L = FL
A = in.2

MEP = Average height of the'card xSpring constant
Where: Average height = (area) in.2

(length) in~

Slip = Eng. distance - Observed distance = ED-OD
Engine distance ED

Slip% = Engine distance - Observed dist. x 100
Erigine distance

= Engine speed - Actual speed
= TotallHP x Mechanical efficiency

BHP x 100

IHP

Actual Slip
Actual BHP
% Mech. Efficiency =

Output Ratio = Actual BHP
constant (BHP max. shoptrial)

Average RPM = Advanced in counter reading
Minutes in watch

Average Speed = Distance travelled in miles
Time in hr,

Engine Distance = {Pitch olthe propeller) {Ave. RPM) illme)
6080 ft. or 1852 m/miles
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Propeller Constant = (Pitch) (60)
6080 ft.

Propeller Speed = Propeller constant x RPM

Propeller Slip% = Prop. speed - ship speed x 100
prop. speed

PUMPS FORMULAS:

G.P.H. = MANS
231

G.P.M. = ALNE
231

G.P.H. = ALNE x 60
231

Taper formula for Lathe Work:

Taperper inch = 0 - d
L

Taperper foot =~-d x 12
L

M = min. in 1 hr.
A = area liquid cylinder
N = no. of stroke
S = length of stroke
E = efficiency

where:
o = diameter at largeend
d = diameter at small end
L = length in inches

CONVERSION TABLE

The Principal units of the metric System are:
1. The metric for lengths
2. The square meter for surface
3. The cubic meter for large volumes
4. The liter for small volume
5. Thegram for weights

-~ millimeter = 0.03937 inch
1 centimeter = 0.3937 inch
1 meter = 39.37 inches or 1.0936 yards
1 kilometer = 0.6214 mile
1 inch = 2.54 centimeters
1 foot = 304.8 millimeters; 0.3048 meter
1 yard = 0.9144 meter
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1 cubic inch
1 cubic foot

1 cubic yard
1 gallon U.S.

1 gallon British
1 gram

1 mile
10 millimeters (mm)
10 centimeters
10 decimeters
10 meters
10 decameters
10 hectometers
10 kilometers
1 square millimeter
1 square centimeter
1 square meter
1 hectare
1 square kilometer
1 square inch
1 square foot
1 square yard
1 square mile
1 liter
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= 1.609 kilometers
= 1 centimeters (cm)
= 1 decimeter (dm)
= 1 meter (m)
= 1 decameter (dm)
= 1 hectometer (hm)
= 1 kilometer (km)
= 1 myriameter
= 0.00155 square inch
= 0.155 square inch
= 10.764 square feet
= 107.640 square feet
= 0.3861 square mile
= 6.452 square centimeters
= 929 square centimeters
= 0.836 square meter
= 2.5899 square kilometers
= 61.023 cubic inches
= 1.0567 U.S. quarts
= 0.2642 U.S. gallons
= 16.383 cubic centimeters
= 0.02832 cubic meters
= 28.317 liters
= 07645 cubic meter
= 3.785 liters

= 4.543 liters
= 0.03216 ounce troy
= 0.03527 ounce Avoirdupois
= 15.432 grains

1 kilogram = 2.2045 pounds avoirdupois
1 metric ton = 2204.6 pounds
1 grain = 0.0648 gram
1 ounce troy = 31.103 grams
1 pound = 453.6 grams
1 U.S. ton of 2000 Ibs= 907.2 kilograms
1 barrel oil = 158.9828 liters
1 cubic meter = 1000 liters

..:1 cubic meter = 6.2899 barrels
1 long ton = 1.016 MT



COMPUTATIONS In VOLUME:

To get:BARRELS = m3 x 6.2899
MetricTon = m3 x S.G. x C.F.
LongTon MT • 1.016= •
Cubic Meter MT • S.G.= •

WEIGHTS & MEASURES

METRIC SYSTEM

LENGTH
1 kilometer =1,000meters =3,280 feet, 10 inches
1 hectometer =100 meters=328 feet, 1 inch
1 meter=100cm. =39.37 inches
1 centimeter = .01 meter = .3937 inch
1 millimeter =.01 meter=.0394 inch
1 micron =.000001 meter = .00039 inch
1 millimicron = .000000001 meter = .000000039 inch

SURFACE
1 sq. kilometer =1,000,000 sq. meters=.3861 sq. mile
1 hectare =10,000 sq. meters=2.47 acres
1 are = 100 sq. meters=119.6sq. yards
1 centare =1 sq. meters =1,550 sq. inches
1 sq. centimeter =.0001 sq. meter =156 sq. inch
1 sq. millimeter =.000001 sq. meter=.00155 sq. inch

VOLUME
1 kiloliter= 1,000liters =1,308cu. yards or 264.18gallons
1 hectoliter= 100 liters = 2.838bushels or 26.418gallons
1 liter = 1 liter = .908 quart or 1.057quarts
1 centiliter= .01 liter =.061 cu. inch or .338 ft. ounce
1 milliliter=.001 liter =.061 cu. inch or .271 ft. dram

WEIGHT
1 kilogram =1,000grams = 2.205 pounds
1 hectogram =100 grams =3.527 ounces
1 gram =1 gram =.035 ounce
1 centigram = .01 gram =.154grain (Troy)
1 miligram =.001 gr~m =.015grain (Troy)
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VOLUME
1 gal (U.S.) = 128ft. oz (U.S.)

= 231 cu. in.

= 0.833 gal. (Brit.)
1 cu. ft. = 7.48gal. (U.S.)

WEIGHT OF WATER
1 cu. ft. at 50°F weighs 62.41 lb.
1 gal. at 50°F weighs 8.34 lb.
1 cu. ft. of iceweights 57.2 lb.
Water is at its greatest densityat 39.2°F
1 cu. ft. at 39.2°F
1 cu. ft. at 39.2°F weighs 62.43 lb.

1 gal. (U.S.)
1 cu. ft.
1 lb.

WEIGHT OF LIQUID
= 8341b.x sp.g~

= 62.4 lb. x sp. gr.
= 0.12 U.S. g,aI. + sp. gr.
= 0.016 cu. ft. + sp. gr.
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FLOW
1 gpm = 0.134 cu. ft. per min.

= 500 lb. per hr. x sp. gr.
500 lb. per hr. = 1 gpm + sp. gr.
1 cu. ft. per min. (cm) = 448.8 gal. hr. (gph)

WORK
1 BTU (mean) = 778 ft. lb.

= 0.293 watt hr.
= 1/180 of heat required to change

temp. of 1 lb. water from 32°F
to 212°F

1 hp. hr. = 2545 BTU (mean)
= 0.746 kwhr.

1 kwhr = 3413 BTU (mean)

POWER
1 BTU per hr. = 0.293 watt

= 12.96 ft. lb. per min.
= 0.00039 hp.



1 ton refrigeration (U.S.) = 288,000 BTU per 24 hr.
= 12,000 BTU per hr.
= 200 BTU per min.
= 8333 lb. ice melted per Itr.

from and at 32°F
1 hp = 550 ft. lb. per sec.

= 746watt
= 2545 BTU per hr.
= 33,480 BTU per hr.

1 boilerhp = 34.5 lb. waterevap. per hr.
from and at 212°F

= 9.8 kw.
1 kw = 3413 BTU per hr.

= 1000 watt

MASS
1 lb. (Avoir) = 16oz. (Avoir)

= 7000grain
1 ton (short) :!:: 2000 lb.
1 ton (long) = 2240 lb.

OTHER USEFUL MEASUREMENTS
(Metric System)

LONG MEASURE
12 inches = 1 foot (ft.)
3 feet = 1 yard (yd.)
6 feet = 1 fath<>:m
51/2 yards = 1 pole TIME MEASURE
40 poles = 1 furlong 60 seconds = 1 minute
8 furlongs = 1 mile 60 minutes = 1 hour
3 miles = 1 teague 24 hours = 1 day
691/2 miles = 1 degree 7 days = 1 week

30 days = 1 calendar month
CUBIC MEASURE 12 months = 1 year
728 cubic inches = 1 cubic foot 365 days = .1 common year
27 cubicfeet = 1 cubicyard 366 days = 1 leapyear
128cubicfeet = 1 core of wd. 10 years = 1 decade
241/4 cubicfeet = 1 ph. of stone 20 years = 1 score

100years = 1 century
SQUARE MEASURE
144sq. inches = 1 sq. feet
9 sq. feet = 1 sq. yard
301/4 sq. yards = 1 sq. pole
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GENERAL CONVERSION FACTORS

Unit Conversionto Multiply by Reciprocal

Unear Measure
mil (0,001 inch) millimetre 0,0254 39,37
inch millimetre 25,4 0,03937
fool metre 0,3048 3,281
yard metre 0,9144 1,0936
mile kilometre 1,6093 0,6214
nautical mile kilometre 1,8532 0,5396

Square Measure
square inch square millimetre 645,2 0,00155
square inch square centimetre 6,452 0,155
square foot square metre 0,0929 10,764
square yard square metre 0,8361 1,196
acre square metre 4047, 0,0002471
acre square foot 43560, 0,00002296
square mile acre 640, 0,001562
square mile square kilometre 2,590 0,3863

Volume
cubic inch cubic centimetre 16,387 0,06102
cubic foot cubic metre 0,02832 35,31
cubic foot gallon (U.S.) 7,48 0,1337
cubic foot litre 28,32 0,03531
cubic yard cubic metre 0,7646 1,3079
ounce (U.S., liq.) cubic centimetre 29,57 0,03382
quart (U.S., Iiq.) litre 0,9464 1,0566
gallon (U.S.) gallon (Imperial) 0,8327 1,2009
gallon (U.S.) litre 3,785 0,2642
barrel (U.S. Petroleum) gallon (U.S.) 42, 0,0238
barrel (U.S. Petroleum) litre 158,98 0,00629

Mass
grain milligram 64,8 0,01543
ounce (oz) gram 28,35 0,03527
pound (Ibs) kilogram 0,4536 2,205
short ton metric ton 0,9072 1,1023
long ton metric ton 1,0161 0,9842

Work,Heatand Energy
British thermal unit(Btu) joule 1055, 0,0009479
foot pound-force joule 1,356 0,7375
calorie joule 4,187 0,2389
Btu foot pound-force 778, 0,001285
kilocalorie Btu 3,968 0,252
Btu kilogram metre 107,56 0,009297
Btuperhour watt 0,2929 3,414
watthour joule 3600, 0,0002778
horse power kilowatt 0,7457 1,341

Miscellaneous
pound pergallon (U.S.) gram per litre 119,8 0,00835
pound mole (gas) cubic foot(STP) 359, 0,00279
gram mole (gas) litre(STP) 22,4 0,0446
board foot cubic metre 0,00236 423,7
milliampere perfooe milliampere permetre2 10,76 0,0929
gallons (U.S.) perminute metre3 perday 5,451 0,1835
pound-force newton 4,448 0,2248
kilopond (Kp) newton(N) 9,81 0,102



PartD

ELECTRICITY and ELECTRICALLY
DRIVEN PROPULSION
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ELECTRICITY - the effect of electrons in moving from point to point or the excess or
lack of electron in a material. It may be produced thermally, mechanically or by chemic81
action. On board as engineer simply can be defined by its effects. Electricity consist
of a flow of energy in a wire that cause the wire to become hot, which produced magnetic
field around the wire and can be put to works like driving, pumps, auxialliarles equlpments
etc.

6 SOURCES OF ENERGY TIlAT ELECTRICI1Y CAN BE PRODUCED

1. Friction - charged caused by rubbing one material against another. Example:
wood/stone

2. Pressure - produced electricity by applying to a crystal of a certain, or by speaks
in telephone.

3. Heat - electricity produced by heating the junction of a thermo-couple.

4. Light - electricity produced by striking photosensitive material. Example: Iron,
selenium alloy.

5. Magnetism - produced by relative movement of a magnet and wire that result
in the cutting of line of force.

6. Chemical action - electricity produced by chemical reaction In an electric cell.
Example: Battery

DEFINITIONS AND FUNCI10NS OF ELECTRICAL TERMS GIVEN
TO ALL RANKS PREVIOUS EXAMINATIONS

ALTERNATING CURRENT - is a current that changes its direction rising from zero
to a maximum intensity and back to zero and cycle repeats.

AMMETER - instrument used to measure amperes/rate of flow.

AMPERE - unit of electrical current.

AMPERE TURNS - the strength of an electromagnet can be determined either by the
number of turns of wire or by the strength of the current.

APPARENT POWER - the power indicated by an ammeter and voltmeter readings.

ARMATURE WINDING - is to cut lines of forces passing between field magnets and
transmit the developed eletromotive force to the commutator.

ATOM - the smallest physical particle into which element can be divided.

AUTOMATIC CONTROL - a system in which the value of a process if compared against
a desired value and corrective action taken to correct the deviation without the use of
human help.

BALANCER SET - it is a motor generator, both units are ijlike, used in some wire,
W-voltage system to help, the load balanced between the two side of the circuit.
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BATTERY - a series of two or more cell that are capable of producing electricIty by
electrochemIcal means. It is charged by reversIng the current through the battery by
using DC to restore the material deposited in the electrolyte back on the plate in position.
Type of Battery: Primary - cannot be recharge., Secondary - can be recharged.

CAPACITANCE - when voltage across an electric current changes, the circuit opposes
this change called and measured in Farads.

CAPACITOR - is a device for storing' an electrostatic charge.

CIRCUIT BREAKER - a mechanical safety device that open a circuit when the current
in the circuit exceeds a pre-determined amount.

CONDUCTOR - it is a substance that offers a low resistance to the flow of current.
Example: Aluminum, Copper, Silver, Steel.

COMMUTATOR - is to convert the AC from the armature winding into direct current
and transmit it through the brushes to the external circuit.

CONVERTER - an electrical device used for converting alternating current to direct
current.

CONDENSER - a combination of conducting plate separated by an insulator.

CONTACTORS - consist of two broad flat copper surfaces that are pressed tightly
together to close the circuit.

COUNTER EMF - is counter voltage induced in a conductor or which opposes a change
in flow of the current in the conductor. In electrical motor, CEMF is the voltage generated
in the armature which opposes the supply voltage.

DC GENERATOR - is a mechanical power turn the armature and the moving armature
generates electrical power.

DC MOTOR - electrical power forces the armature to turn through mechanical system,
belts, gears which produced mechanical load,

DEAD BAND. - a zone within a change of value of an input signal does not cause
a change in the controller. If the dead band is too small, the steam valve may /1'I'lt.
If the dead band is too large, speed regulation will be poor.

DEAD SHORT - is a short circuit that has such low resistance that the circuit is made
inoperative.

DIRECT CURRENT - the current that flow only in one or constant direction.

EDDY CURRENT - induced circulating current in a conducting materials caused by a
varying magnetic field, Eddy currents are reduced by laminating the armature core.

ELECTRON - small negative charged particle of a nucleus (-).

ELECTROLYSIS - is the chemical action related to the conduction of electricity through
acid or salt solution.
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ELECTRO MAGNET - a piece of soft steel or iron that is magnetized by having a coil
of current carrying wire wrapped around it, when current is shut off, the iron or steel
becomes demagnetized.

ELECTROMAGNETISM - magnetism produced when electric current is passed through
a coil or wire.

EQUALIZER - a connection between two generators of different capacities running in
parallel so that the running load is divided proportionally between the two.

EXCITATION - the process of exiting current to the rotor of an A.C. generator, or the
supply of electrical current for the purposed of producing a magnetic field.

EXCITER - a small D.C. generator which supplies the exciting current to the A.C.
generator.

EXTERNAL CIRCUIT -. it is the part of the electrical circuit leading from the source
of supply back to the source of supply.

FARADAY LAW - states that if a magnet is moved past a wire, electrical current will
start through the wire. If the magnet is stopped near the wire, the current will stop.
Electricity will flow only when the magnetic field or magnetic lines of force are being
cut by the wire.

FREQUENCY - means the number of times per unit of time the cycle is repeated.

60 CYCLE - means the number of times which is 60 time per second a cycle is repeated.

FUSE - electrical safety device to break off the circuit in case of overload of current,
consit of low-melting metal in series with the line at predetermined temperature caused
it to melt thus breaking the circuit and stopping the flow of current.

GALVANOMETER - instrument to measure or detect smalll electric current by moving
magnetic coil in a magnetic field.

GENERATOR - it is a machine which converts mechanical energy into electrical energy.

GROUNDED CIRCUIT - a circuit that has come in contact with the earth either by
coming in contact somewhere itself or leak off to the ship hull directly. Typical signs
of a ground are abnormal amperage. voltage. resistance readings, also shock and
abnormal circuit performance.

GROUND LIGHTS - set of two lights which are used for r.hecking grounds or low
insulation of electrical circuits.

GROWLER - an electro magnetic device with two adjustable pole pieces for finding 
short circuited coils and for magnetizing and demagnetizing.

HORSEPOWER - unit of mechanical energy equivalent to 1 horsepower equal to 33,000
ft. Ibs. per minute.

HYDROMETER - instrument use for checking the charged capacity of a battery with
full charged approximately 1,300 S.G. and low 1,000 Specific Gravity.
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INDUCED CURRENT - consist of magnetic linesof force that cut a wire, electric current
is induced to flow in the wire.

INDUCTION COIL - operates on DC current and gives an instantaneous voltage when
the primary circuit is made or broken.

INDUCTION MOTOR - is an ACmotorwhose speed is not proportional to the frequency
of the system; Mostlysquirrel-cage typeconsist of statorwhich is outer, hollow, stationary
laminated steel, slotted for armature winding and having an inner cylindrical motor. It
is usually found on board where sources is alternating current.

IMPEDANCE - In an AC circuit with combined effects of resistance XI and Xc and
measured by ohms.

INTERLOCKS - operating levers are interlocked mechanically to prevent incorrect op
eration like reverses, astern or ahead.

INTERPOLES - used on DC motor in order to offset armature reaction and give better
commutation.

INSULATOR it is a substance that offers a high resistance to the flow of current.
Examples: rubber, cork, porcelain.

INVERTER - is a piece of electrical equipment for converting DC to AC.

JAMMING RELAY - fitted on motor serve as device that inserts resistance in series
with a motor armature in case of excessive overloads and overheating, thus motor
armature current is cut down to a safe value.

K.W. METER - electrical meter that shows the operator the amount of electrical power'
in Kw.

LENZ LAW - an induce current sets up a magnetic field which opposes the motion
that causes the current.

MEGGER - instrument used to measure the effectiveness of an insulation resistance
of electrical equipment.

MEGOHM - equivalent to one million ohms.

MILLIOHM - equivalent to thousand ohms.

MOLECULE - combination of two or more atoms.

MOTOR - a machine device which converts electrical energy Into mechanical energy.
NEUTRON - neutral particle in the nucleus consist of electron and proton.

OHM - unit of electrical resistance.
OHMETER - instrument used to measure consumption of electrical energy.

OHMS LAW - states that the current flowing in a electrical circuit is directly proportional
to the impressed voltage and inversely proportion to the resistance.
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OVERLOAD RELEASE - device automatically breaks the current If an excessive current
Is drown by the motor.

PARALLEL CIRCUIT - Is an electrical connection In which the various parts are so
connected together that there is more than one path for the flow of current or when
the apparatus are connected side by side.

PERMANENT MAGNET - a piece of steel that has been hardened and placed under
the Influence of a magnetic field. When removed. It retains Its magnetism of the field
through its life.

PHASE BALANCE RELAY - It act to trip out the circuit breaker on the transformer
and open the generator and motor field contactor, If unbalance excess of 25 percent
It shows short circuit If phase unbalance or ground In one phase.

POWER FACTOR - ratio between true power and apparent power. It is expressed
as a percentage of the apparent power.

PROTON - positive charged particle of a nucleus (+).

RECnFiER - an electrical device used to change altematlng current to undirectlonal current.

RIGHT HAND RULE - In every case where an EMF Is Induced by a conductor moving
through stationary lines of force. the direction of this EMF can be found as follows: Place
the right hand with the thumb. forefinger and middle finger all at right angles to one
another; P9int the 'forefinger along the lines of force and thumb along the direction In
which the conductor is moved. the middle finger will then show the direction the EMF
induced in the conductor.

RELAY - is a device that is operative, by a variation in the condition of one electric
circuit to control the operation of other devices in the same or another electric circuit.

RHEOSTAT- an instrument composed by a combination of resistance used for regulating
the strength of an electric current through the field windings of a generator.

RESIDUAL MAGNETISM - is the magnetism remaining in the field after all exciting
current is shut off. It is important because the D.C. generator could not built up a voltage
without it.

RESISTOR- a device in which the flow of electric current always produces heat.

REVERSE POWER RELAY - protects the generator from a power reversal.

ROTARY CONVERTER - used to convert AC to DC.

SERIES CIRCUIT - is one which all parts of the circuit are connected together so that
there is only one path for the flow of current.

SERIES-PARALLEL CIRCUIT - is one in which the parts are conneeted both in series
and parallel combination.

SHORT CIRCUIT - is a circuit with too low resistance 10the system caused by insulation
being damaged of two adjacent electric wires permit 'the current to --pass from positive
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to the negative wire without passing the usual resistance. Typical signs of short circuit
are blown fuses, increase heat, low voltage, high amperage and smoke or bum.

SLIP RING - purpose, Is to supply D.C. current to the field winding of the motor.

SOLENOID -an electro magnetic coil that contains a movable plunger.

STATOR - stationary part of an electric motor which produces the rotating magnetic
field.

SYNCHROSCOPE - an electrical apparatus used in synchronizing two or more D.C.
generator.

SYNCHRONOUS MOTOR - the average speed of normal operation Is exactly propor
tional to the frequency of the system which connected, and their main application In
marine work as main propulsion motor. Its construction Is similar as AC generator parts.

THERMOCOUPLE - two dissimilar metals are·joined together; when heated, a voltage
Is produced.

TRANSFORMER - it is an electrical device used for increased or decreased voltage
of alternating current

STEP DOWN TRANSFORMER - is one that lowers the AC voltage and increase the
ampere. The change In amperes is inversely proportional as the turns in the primary
are to the turns in the secondary.

STEP UP TRANSFORMER - is one that raises the AC voltage and decreases the
amperes. The change in volts is directly proportional, as turns in the primary are to
the turns in the secondary.

TRANSDUCERS - a device capable of converting pressure, temperature or level into
an electrical equivalent.

TRUE POWER - actual power as measured by watt-hourrneter.

WATT - unit of electrical power.

WATT HOUR METER - instrument used to measure consumption of electrical energy.

VOLT - unit of electrical pressure.

VOLTMETER - instrument used to measure volt/electrical pressure.

VOLTAGE REGULATOR - used to maintain the generator voltage within specified limits
at constant with different load.
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(1987-1991) QUESTIONS AND ANSWERS

FOURTH, THIRD, SECOND AND CHIEF ENGINEERS.

Q. Enumerate 10causes which may result to a poorcommutation of DCgenerator.

1. Overload
2. Hard or high resistance brushes
3. Rough commutators bars
4. High mica on the commutator grounds
5. Short circuit In the armature
6. Open circuit in the armature
7. Poor brush contact
8. Uneven air gap
9. Weak magnetic field
10. Inaccurate brush spring

Q. What are the causes of failures of a DC generator to build up?

1. Field connection reversed
2. Brushes are not In proper position
3. Wrong direction of rotation
4. Speed too low
5. Field circuit open
6. . Not enough residual magnetism
7. Machine short circuit

Q. Name the causes of low voltages In generator.

1. Overload
2. Low speed
3. Improper setting of brushes

Q. What are the causes of too high voltage?

1. Field too strong_
2. Speed too high (generator)

Q. What are the causes of hot commutators?

1. Sparking under brushes
2. Poor contact of brush
3. Near some hotter part of machine.

Q. Causes of sparking at the brushes?

1. Overload
2. Brushes setting is wrong
3. Poor brush contact
4. Rough commutator
5. Weak field
6. Armature winding broken or short circuited.
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5. Field circuit open.
6. Not enough residual magnetism.
7. Machine short circuited.

Q. causes of too low generator speed?

1. Overload
2. Brushes setting wrong
3. Excessive friction
4. Shoft or ground in armature
5. Too little field resistance

Q. causes of too hot field?

1. Overload
2. Damp windings
3. Too large field current
4. Short circuited coli.

Q. What general care should a generator receive while jn operation?

1. It should be kept clean and dry.
2. The bearing should be kept well oiled.
3. The governor should be kept in good condition.

Q. causes of too high generator speed?

1. Brushes setting too forward.
2. Open field circuit.
3. Wrong connection
4. Too much field rheostat resistance.

Q. What are the results of shorts In DC armature colis?

1. Overheating
2. Sparking at brushes.
3. Burning
4. Discoloration.

Q. What are some causes of failure of a generator to build up?

1. Field connection reversed
2. Brushes not In proper position
3. Wrong direction of rotation
4. Speed too low
5. Field circuit open
6. Not enough.resldual magnetism
7. Machine short circuited.

Q. Reasons Why a self-excited DC generator might fall to come up to Its rated
voltage when starting up?

1. Brushes not In proper position.
2. Field connection reversed.
3. WrDng direction of rotation.
4. Speed too low.
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Q. A generator Is vibrating. what check lips should be made before changing
any balance ·welghts. .

1. Misalignment
2. Spring shafting
3. Somethings changing the rotating element
4. Foreign matter shaft.
5. Loose bolts. foundation
6. Faulty speed governor.

Q. What are the advantages gained by rotating the field In an AC generator rather
than the armature?

1. The load current from the stator is connected directly to the external circuit
without using slip ring.

2. Only two slip rings are necessary to supply excitation to the revolving field.
3. The stator winding Is not subjected to mechanical stresses that are due to

centrifugal force. '

Q. What four things determine the amount of Induced voltages and amperes?

1. The strength of the field
2. The number of conductor
3. The speed of cutting the fields
4. The angle which the conductors have to the field.

Q. Name some generatorcheck..ups which should be made at least once a month.

1. Check load condition
2. Lubrication system operation
3. Governor action of prime mover
4. Bearing temperature and vibration

Q. Give the method of synchronizing by the use of bright lamp method.

In synchronizing by the use of the bright lamp method. the ,paralleling connection
should be completed at the instant that the lamp shines at their maximum brilliancy.

Q. Give the m~thod of synchronizing by the use of dark lamp method.

In synchronizing the use of the dark lamp method. the paralleling connection should
be completed at the middle of the interval between the disapperance of the last glow
and the time the same amount of glow reappear.

Q. Name the major parts of an AC and DC generator.

A. AC generator

1. The stator which contains the armature windings.
2. The rotor which contains the field windings.

B. DC generator.

1. The stator which contains the field windings.
2. The rotor which contains the armature windings.

80



Q. Name the kinds of AC and DC motors.

AC motors

1. Wound rotor motor
2. Universal series motor

3. Repulsion motor
4. Synchronous motor

DC motors

1. Series motor 3. Compound wound motor
2. Shunt motor 4. Universal series motor

Q. What are the types of transformer according to the method· of winding the
coli?

1. Core type
2. Shell type
3. H-type

Q. Upon what factors does generated voltage depends?

1. Speed that the magnetic lines of force are cut.
2. Strength of the magnetic field.
3. Number of turns of wire.

Q. What protective device are Installed In an electric drive system?

Fuses, circuit breakers, phase balance relays. reverse powerrelays, ground relays,
interlock alarms such as klaxons and bells.

Q. What are the Instruments used In synchronizing two or more AC generator?

1. Voltmeter
2. Synchronoscope

Q. Name the Instruments found In DC and AC switchboard panel.

Circuit breaker, voltmeter, ammeter, rheostat ground light, synchroscope, voltage
regulator, P.F. meter, Kw meter.

Q. What condition must exist In order that two ACgenerator will operate In
parallel? They must have:

1. Same voltage
2. Same frequency
3. Same phase rotation.

Q. What are the factors that effect resistance on a wire?

1. Length of wire. 3. Type of material
2. Cross sectional area of wire. 4. Temperature of wire.

Q. What are the conditions which woulc:k:ause an AC generator to overheat?

1. Overload 4. Dirty windings
2. Short circuit in coils 5. Fan or air cooler defective
~. Damp colis 6. Low DOWAr factor load
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Q. A generator Is vibrating. What check-up shoul~ be made before changing
any balance weights.

Misalignment, sprungshafting,something chafingthe rotatingelement, foreignmatter
on shaft, overloading, loose bolts, faulty speed governor.

Q. Name some generator check-ups which should be made at least once a day.

Check load condition, commutator condition, lubrication system operation, governor
action of prime mover, bearing temperature and vibration.

Q. What means are employed to prevent the outer circuit from overheating?

1. It must have a propersize of wire to the proper amount of current to be supplied.
2. Overload
3. Short circuited connection

Q. What are the factors to be considered when synchronizing two or more gen
erators?

They must have the following:

1. Same voltage
2. Same frequency
3. Same phase rotation and be in phase

Q. What happens when a 60 Hz motor load Is connected to a 50 Hz generator?

The motor rated capacity to drive will be underated or less to its rotational capacity
because of the generator frequency is low.

Q. Which motor (AC or DC) can be smoothly controlled In terms of speed and
why?

AC motor can be smoothly controlled in terms of speed. Unlike DC motors; AC
motors does not use commutators therefore most occured troubles encountered in the
operation of DC motors are eliminated.

Q. As a marine engine officer, you are dUty bound to maintain and preserve the
electrical power system on board your vessel. State briefly what you know
about electricity?

As a marine engineer officer my duties in regards to electrical equipment on
board ship are as follows:

By definition basically Electricitymay be defined as the effect of electron moving
from one point to point and exist in static form which may be produced thermally,
mechanically and through chemical actions.

Proper electrical maintenance methods of all generators, motors, and auxilliary
machineries such as checking for short and grounded circuit, overloading, megger
test for insulation resistances battery, wir~ng system for lighting and starting motor
etc.
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Checklist maintenance test and records should be done on board regarding
safety alarm test, Insulation records, overhauling and repairs. Instrumentation like
pressure and temperature gauges, alarms must be in good order.

Q. Advantages of turbO-electrlc drive ships.

1. Allows high speed prime mover and low-speed propeller at highest effieciency.
2. Allows full power of turbine when astern.
3. Less noise and vibration.
4. Does away with line shafting from turbine to propeller.
5. The electric Instruments indicate the power output and can be used to improve

operation.

Q. What Is meant by power factor? Express It mathematically.

Volt-Ampere
Watt

Power factor - is the ratio of true power to apparent power.
as a percentage of the apparent power.

P.F. = true power = Kw =
apparent power KVA

Q. How does the size of wire affects Its resistance?

It is expressed

The resistance of a wire is inverselyproportional to the square of the diameter,
the length remaining the same.

Q. Give 4 factors that affect resistance In a wire.

1. Length of wire
2. Cross sectional area of wire
3. Type of material
4. Temperature of wire.

Q. As the length of a wire Increases, what happens to Its resistance? If the
cross sectional area Increases, what happens to the resistance?

As the length of a wire Increases, the resistance remain the same.
As the cross sectional area increases, the resistance decreases.

Q. What kind of metal Is used for pole pieces of generator field.

Metal consist of round square and rectangular copper wire wrapped about a
soft iron core..

Q. Describe a series electrical circuit when resistance are connected In series.
What might be said about:

1. Current Flow 2. Voltage across each
3. Total voltage drop 4. Total resistance

1. The current in every circuit is the same.
2. The voltage across the. circuit equal to the sum of the voltage across each

separate resistance.
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3. Total,voltage drop Is equal to the total line current mUltiplied by total resistance.
4. Total resistance is equal to the sum of the individual resistance.

Q. Describe when resistance In parallel. What can be said about (1) the voltage
drop across the entire parallel circuit; (2) voltage drop across each branch;
(3) amount of current flow through each branch.

1. The voltage drop across the entire parallel circuit is the same as the voltage
across' each branch.

2. The voltage drop across each branch is the same.
3. The total current through the combination is the sum of the current through

each branch.

Q. What are the three things necessary to Induce a voltage In a wire?

a) Magnetic field
b) A conductor in a closed circuit
c) Relative motion between the two

Q. , Give some characteristics and applications of types of DC motor.

SERIES WOUND MOTOR - speed varies with the load, at no load It overspeeds,
at full load it decreases speed. This motor has a very high starting torque. Used
for street cars, cranes, elevators, locomotives.

SHUNT WOUND MOTO'" ., constant speed over load range, constant load over
speed range, has a good control and used mainly on machine tools where variable
speed is desired.

COMPOUND WOUND MOTOR- has desirable features ()fboth above types. Good
starting torque, flexibility of speed control, constant load speed application. Used
for centrifugal pumps, cargo winches, boat hoist, air compressor drive.

Q. Give some characteristics and applications of DC generator.

SERIES WOUNDED GENERATOR - which has its field coils wounded in series
with the armature. The field coils has a few turns of large wire. The voltage will
rise with an increase In load. They are not in general use, but may be used for
boosting voltage in transmission of D.C.

SHUNT WOUND GENERATOR - it Is a generator which has its field coli wounded
in parallel with the armature. The field coil wounded in parallel with the armature
consist of large number of turns of small wires. The voltage drops off with an
increase in load. Used for battery charging and A.C. generator excitation.

COMPOUND WOUND GENERATOR - has two fields on each pole' piece. One
of the coils is made up of a few turns or heavy wire and wounded in series with
armature. The other coils is composed of a great armature. This kind of generator
is used for almost general purposes where DC current is required and also voltage

• is fairly constant from no-load to the full-load.

Q. What are the two general types of AC motors? Describe their characteristics
and their uses?

1. Synchronous motor - has a rotating field with salient poles which are excited
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. by direct current speed is constant and torque is moderate. It is suited best
for ship propulsion.

2. Induction motor - has a stator, the stationary part and the rotor as the rotating
part. The speed is nearly constant, low starting torque and high starting current.
It is used for general purposes.

Q. What are the two different types of Induction motors, and Its applications?

1. SQUIRREL CAGE TYPE - has no winding but rather has bars and end rings
in the core of the rotor.

Uses - blower, machine shop motors, steering gear, motor generator and fans.

2. WOUND ROTOR TYPE - has windings on the wire of the rotor and slip rings
on the shaft which are used for Inserting resistances to vary its speed and
for starting.

Uses - Boat hoist, capstans, cargo winches and elevators.

Q. What Is the meaning of alternating current?

It is the current that between any two consecutive instants of time is either
increasing in strength, decreasing in strength, or reversing in direction.

Q. Describe one cycle of A.C.

Start at zero strength and Increases in strength to maximum in one direction,
decreases in strength in the same direction to zero, reverses direction, increases
in strength to maximum in the new direction, decreases in strength to zero, where
it reverses again to the original direction.

Q. What Is meant by frequency of A.C.? What Is 60 cycle A.C.?

Frequency means the number of times per unit of time the cycle Is repeated.
'60 Cycle A.C. means that the cycle Is repeated 60 times per second.

Q. What Is meant by "staggering the brushes" of a generator?

It means placing them on the commutator so that they are not In line, so as
to prevent them from grooving the commutator.

Q. What Is the effect of brushes ahead or behind neutral In a DC generator?

The voltage will not be its highest, more field current must be used to get
the required voltage thus heating up the field poles. Sparking at the brushes will
cause the commutator to run hot.

Q. Why do most DC motors designed to operate at various speeds have com
pensating colis and Interpoles?

These poles are placed midway between the main poles to induce the voltage
in the coil being commutated. This helps ina quick reversal of current in that coil
which reduces sparking.

Q. How does a DC generator differ from an AC generator?

The DC generator has a commutator, the AC generator has a slip ring.
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Q. Explain why compound wound DC generators are most commonly used on
ships and how Is the voltage controlled?

This type of generator develops a constant voltage at all loads. Voltage is
controlled by means of rheostat.

Q. State two ways to reverse the polarity and two ways to vary the strength of
an electromagnet

To reverse the polarity, either reverse the winding of the coli or reverse the
direction of the flow of current in the coli.

To change the strength, either change the number of turns of wire or change
the amount of current flowing through the wire.

Q. How would you reversethe polarity of a 4-polecompound wound DCgenerator?
Uft the brushes andplaces of cardboardundereach brush. Connectan outside

electrical supply either another generator or a battery, and throw In the switch for
a few seconds. Pull out the switch, remove the-cardboard and start the machine.

Q. How Is speed control obtained for direct current motors? Speed control for
DC motors obtained by:
1. Varying the strength of the field.
2. Varying the voltage in the armature.
3. The shunt field has a rheostat connected in series.

Q. Give some general rules to follow In the operation of a DC motor?
1. Keep the motor clean and the commutator smooth .
2. Keep the brushes in good condition,. properly space and on the neutral point.
3. Do not overload the motor.
4~ Use the proper voltage.
5. Use the motor only In the temperature which it is designed.

Q. How would you temporarily repair an open coli In an armature to prevent
sparking and flashing until the ship reaches port?

Isolate the coli completely by cutting both ends of the coil and tape thoroughly.

Q. If you found a generator had beenwet and had heavy moisture groundS,what
would you do to get the machine ready for service?

If heating grids are installed in the unit, use them. If not, run a low voltage
through the windings.

Q. How would you proceed to locate a ground shown by ground lamps on a
240 volt DC auxllllary power bus?

Cut out different line switches on the switch board until the ground disappears.
To locate the grounded cirCUit, go to that circuit box and cut out each Individual
switch until the ground disappears. Work along this final circuit until the ground
is located.

Q. In general, how Is the speed of DC motors controlled?

In general, speed of DC motors are controlled by a varying the strength of
the field or by varying the voltage In the armature. Usually, the shunt field has
a rheostat connected In series with It.
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Q. What Is meant by overload and no-load protection of a DC motor?

Overload protection means that the current Is automatically shut off If the load
becomes greater that which the motor Is built

No-load protection means that -if the load falls off, the current is shut off to
prevent the motor from running away and damaging itself.

Q. Suppose your motor failed to start, explain the sequence to correct the trouble.

1~ Look for broken leads to the motor, for the connection may be hooked up wrong.
2. . Field may be weak.
3. Motor maybe too overloaded
4. There maybe excessive friction In the bearings.

Q. What four things determine the amount of Induced volts and amperes?
1. The strength of field
2. Number of conductors
3. Speed of conductors through the field
4. Angle of conductor have to the field

Q. What care and maintenance would you give a lead acid battery?

1. Avoid high rates of discharge
2. Never discharge a bettery to a specific gravity less than 1.150
3. Never allow a battery idle in discharge condition
4. Use distilled water
5. Never add acid to electrolyte
6. Avoid charging cell' rapidly at high rate
7. While charging never exceed temperature of 110°F

Q. Describe an alkaline type storage battery?
One of the type of storage battery usually consist of nickel plates, caustic soda,

water electrolyte and rubber case. It has a longer life but a lower voltage and cannot
stand high current discharge rate.

Q. Describe a lead acid storage battery?
A type of storage battery where positive plates are lead peroxide, negative plate

are pure lead. The electrolyte are mixture of sulfuric and water and active material
are porous and have absorptive qualities similar to a sponge. The pores are filled with
electrolyte as the battery discharge acid contact, form chemica combination change into
lead sulfate. Thus result specllicgravlty decreases when fully charge material of positive
plates gain lead and negative:;p1ate pure lead.

Q. What causes short circuit In storage batteries and how are they detected?
Causes - by faulty separators, lead particles and metallic particles, forming contact

between positive and negative plates, buckling of plates, excessive sediment, crack in
partition, and use of impure water.

Short are detected by overheating, voltage drop, and low specific gravity of eleetrolyte.
Q. What are the five rea$CJns why a lead acid battery will not develop Its rated

capacity?

1. Continuous discharging at high rates
2. Longer age of service time
3. Sulfation will form l,ead sulfate
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4. Internal short circuit caused by impurities in electrolytes
5. Mechanical faults cause by poor connection, crack and bucked plates.

Q. What general care does a storage battery In operation required?

1. Keep cool and well ventilated
2. Maintain proper level of electrolyte at least 1/2 inch cover the plates.
3. Maintain proper specific gravity of electrolyte
4. Keep terminals clean.

TROUBLE SHOOTING OF ELECTRICAL COMPONENTS

Q. What are the causes for electrical equipment to breakdown?

1. Heat - increases the resistance of the circuit thus increases the current which
cause the material to expand, dryout, crack, and wear down much quicker
and sooner or later the device will breakdown.

2. Moisture - cause also circuit to draw more current and eventually breakdown.
Moisture like water and liquids cause expansion, warping and abnormal current
flow or short circuit.

3. Dirt and other contaminants - such as fumes, vapors, grease, oils etc that
cause electrical device to clog or gum up and operate abnormally until break
down.

4. Vibration - and physical abuse can cause also these .types of breakdown.

5. Poor Installation - which often work of unqualified personnel who Is careless
or in a hurry can cause also breakdown soon.

Q. What are the effects of breakdown causes' and their characteristics?

a. Open circuit - is the result of an incomplete circuit,which prevents the current
from flowing in a complete path. It has a infinite resistance reading and zero
current since its path has been broken when checkIng to instrument like mul
timeter.

b. Short circuit - often result when the current takes a direct path across its
source. It draws more current because the resistance in the circuit decreases
and as a result the voltage decreases. Typical signs of short circuits are:
blown fuses, increased heat, low voltage, high amperage and smoke.

c. Grounded Circuit - .result of a defect in me insulation or placement of a
wire or equipmentcomponentcausesthe currentto take an Incorrector abnormal
route in the circuit. It result also when part of the windings make electrical
contact in the frame of the motor or other equipment body. When grounded
in a circuit it shows the following signs. Abnormal amperage, voltage and
resistance readings, shock.

d. Mechanical breakdown - are often result of too much friction, wear or
vibration which moving parts like broken belts, worn contacts, worn bearing,
loose belts damage electrical controls are some examples of mechanical
problems,which you can determine by means of noise, abnormal, circuit failure
and visual inspection during operations through our senses. .
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Source Open wire

MOTOR GOOD
CIRCUIT

SHORTED MOTOR

OPEN MOTOR

GROUNDED MOTCDR

Q. What are the basic methods In troubleshooting an electrical or electronic
devices?

1. Voltage measurement - of a circuit is usually taken by using a voltmeter,
which zero voltage reading indicate an open circuit, while a low-voltage reading
may indicate a shorted component. Remember, always connect a voltmeter
in parallel with the circuit when measuring voltage.

2. Amperage measurement - of a circuit Is usually taken by an ammeter or
a "clam on" ammeter which indicate and locates common circuit faults, such
as short, open and grounds. Always remember, connect the ammeter in series
with the circuit when measuring current.

3. R~slstance measurement - an ohmeter is used to measure the continuity
resistance of a circuit or a component. It is used for locating shorts, grounds,
and open circuits. Remember, always shut off the power before measuring
resistance.

4. Substitution - is a technique of replacing a suspected faulty components with
a good spare component to save time and effort in locating faults. .

5. Bridging - when electrician suspects a component like a capacitor, to be faulty,
he '1umps" orplacesa known goodcomponent acrosssuspected faultycomponent
from the circuit, thus save time by bridging.

6. Heat - by means of applying heat, to a suspected thermal intermittent com
ponent will break and mostly using hot blower as device in order not to damage
component especially plastic type.
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7. Other methods of trouble shooting like freezing, signal tracing, using testers,
test lamp, resoldering, adjusting and by-passing method In locating faults of
every components In a circuit.

Note: One approach to troubleshooting is: define the problem Investigate the
problem (voltage, amperage, resistance readings), analyze the Information and
determine the cause of the problem, and question that should be asked like
when, what, which andwhere. Remember, stepby stepprocedure Is Important
when approaching a problem, with the aid of service diagrams available. See
figure below.

SWI

- - ...

+-- ~ +-- :~ LOAD v-- ~.-- -
Always connect a voltmeter In
parallel with the circuit.

s••

+--= BATTERY

+ AI--.....

I.OAD
Always connect the ammeter In
series circuit.

LOAD
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OPEN SWITCH

Checking a switch for continuity
using an ohmmeter

Checking a fuse for continuity
using an ohmmeter

Reversing therotation ofathree-phase
induction motorby switching the outer
two leads while dc motor simply
reverse the polarity either the field
or brushes.

...... --~-...

..........
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TROUBLESHOOTING AND REPAIR OF DC MOTORS

The symptoms encountered In defective de motors are given below.

1. If the motor falls to run when the switch Is tumed on, the trouble may be
a. Open fuse or protective device d. Open field circuit g. Wom bearings
b. Dirty or clogged brushes e. Shortedor groundedfield h. Groundedbrushholder
c. Open armature circuit 1. Shorted armature j. Defectivecontroller

2. If the motor runs slowly, the troublemay be
a, Shorted armature or commutator c. Open armaturecoils e. Overload
b. Wom bearings d. Brushesset off-neutral 1. Wrong voltage

3. If the motor runs faster than nameplate speed, the trouble may be
a. Open shunt-field circuit c. Shortedor grounded field
b. series motor running without a load d. Differentialconnection in a compoundmotor

4.. If the motor sparks, the trouble may be
a. Poor brush contact e. Shorted or grounded field i. Open field circuit
b. Dirty commutator f. Reversed armature leads j. High or low bars
c. Open circuit In the armature g. Wrong lead swing k. High mica
d. Wrong interpole polarity h. Brushes set off-neutral I. Unbalancedarmature

5. If the motor Is noisy In operation, the trouble may be
a. Wom bearings b. High or low bars c. Rough commutator d. Unbalanced armature

6. If the motor runs hot, the trouble may be
a. Overload b. Sparking c. Tight bearings d. Shortedcolis e. Too much brush pressure

The typical troubles occur In manual DC Controller are:

1. If the motor does not start when the handle is moved several points, the trouble may be:

a. Open fuse, breaker, or relay.
b. Open resistance unit test.by placing a 115-volt test lamp across adjacent contact

points; the .lamp should light if not, the resistance. between the two points is open.
c. Poor contact between the arm and the contact points; arcing may occur.
d. Wrong connection starter.
e. Broken wires may cause open circuits in the armature or field circuits.
1. Low voltage or excessive load.
g. Loose or dirty terminal connections.
h. An open holding coli in a three-point box: this will cause an open field circuit.

2. If the handle does not hold when it is brought to the last point, the trouble may be:.
a. An open holding coli, due to bum-out, broken leads, or poor contacts.
b. Low voltage d. Wrong connection.
c. Shorted coil e. Overload contacts open

3. If the fuse blows when the handle is moved up, the trouble may be:
a. Grounded resistance units, contacts or wires.
b. Handle brought up too quickly.
c. Open shunt-field circuit on starting boX;
d. Resistance shorted out.

4. If the starting box overheats, the trouble may be:
a. Overload motor.
b. Handle brought up too slowly.
c. Shorted resistance units or contacts.
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Procedure for using multlmeters:

1. Zero Correction of Indicator

Place the pointer on "0" on the left hand side of scale by turning the zero
corrector.

2. Red lead plug into positive (+) jack

Black lead plug into negative (-) jack connection.

3. Selection of Function and Range. Note: Put your selection first on high range.

a) DC volt (DCV)
0.1 V )
0.5 )
2.5 V )
10 V ) Figures show maximum volt reading for that range.
50 V )
250 V )
1000 V )

b) AC volt (AVC)
10 V )
50 V ) figures show maximum volt reading for that range.
250 V )
1000 V )

c) DC current (DCA)
50uA )
2.5 rnA )
25 rnA )
0.25 A )

d) Resistance
X 1 )
X 10 )
X 1K )
X 10 K )

4. Measurement

figures show maximum current reading for that range.

indicates multiplication of reading for that range.

For voltage and current measurement, care must be taken to ensure that the
range switch is first of all set to the highest range. It is then to be switch
down to lower ranges until optimum deflection is obtained.

a) Ammeter

1. Current must flow through ammeter.

2. To measure current break the circuit and insert the ammeter in the break.
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Note:

Themulti-meter must never beconnected in thecurrent ranges toavoltage
source thatcan supply a higher current than allowable maximum. If current
range Is connected for example, directly to 220 V mains, the apparatus
would be immediately destroyed. The operator would be in extreme
danger.

B) Voltmeter

A voltmeter is used to measure emf across 2 points In a circuit. Simply
prod the voltmeter across the voltage to be measured.

c) Resistance an 00 adjustment

1. Resistance measurement Is powered \by internal batteries. For
correct reading ofresistance, thesensitivity of theIndicatormust beadjusted
according to the voltage supplied by batteries.

To measure resistance the power supply to the circuit mustbe switched
offfirstbefore applying themultimeter. Make zero adjustmentwith multimeter
probes shorted.

2. The range selector Is placed at the range being used. With the + and
-com terminal shorted together, thepointer moving towards 00 is adjusted
by turning 0 0 ADJ to the right or left in order to place It exactly on
00 of the scale right. The pointer must be adjusted each time the range
Is moved.

o
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Enumerate some test equlpments and used In troubleshooting electrical circuit
and components.

1.

2.

3.

4.

5.

6.

7.

8.

9.

Digital multimeter - usually used for electronic technician who need extreme
accuracy in work and digital equipment testing and servicing. It measure correct
value of voltage, resistance and current.

Oscilloscope - used for measuring a visible display otwaveform, peak to
peak voltage, frequency, time periods, phase angles and frequency response.

Tube tester - is a fairly accurate way of testing electron tubes.

Transistor tester - used to check In accurate such as diodes and transistors
with their performance, and also measure transistor leakage, collector leads,
base and identify emitter.

capacitor tester - check the quality of the capacitor but also determine the
value of unknown capacitor. It also Identify power factor values, leakage, open.
Remember remove to the circuit to check the correct value and don't touch
the terminal of capacitor tester when the voltage is turned up. Severe shock
can result.

Frequency counters - are used to measure the frequency In hertz of an
electronic components. Usually used to adjust the frequency of radl6 receivers
and transmitters.

Megohmmeter - is an insulation-resistance meter, used to check the electrical
resistance of an insulator by indicating the resistance on a scale as it supplies
a voltage. It is a self-contained hand operated generator. or power supply
source.

Voltage testers - commonly used by electricians In measuring ac voltage.
These testers are portable, easy to use.

Growler - consist of two kinds: internal and external, are used to test
armatures and stators of electric motors, generators and other equipment.

10. Test lamp - is a simple test device used to check continuity of a circuit or
component which easily shows Illuminance of the bulbs.

11. Clam-on ammeter - used to measure the current on a circuit, conductor
without Interrupting the circuit.

12. Neon vol.tage tester - is used to check the presence of voltage in a circuit
which often used in troubleshooting housewiring.
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ELECTRICAL SAFETY

Electricity can be dangerous and even fatal to those who do not understand and
practice the sim~le rules of SAFETY. There are many fatal accidents involving electricity
by well-trained personnel who either thorough over-confidence or carelessness, violate
the basic rules of personal SAFETY.

Current that does the damage. Currents above 100 milliamperes or only one tenth
of an ampere are fatal. A workman who has contacted currents above 200 milliamperes
may live to see another day If given rapid treatment. Currents below 100 milliamperes
can be serius and painful. A safe rule: Do not place yourself In a position to get any
kind of a shock

Nlm~ rules for safe practice and to avoid electric shocks:

1. Be sure of the conditions of the equipment and the dangers present BEFORE
working on a piece of equipment. Many sportsmen are killed by supposedly
unloaded guns; many technicians are killed by supposed "dead" circuits.

2.

3.

4.

5.

6.

7.

8.

9.

Burns

NEVER rely on safety devices such as fuses, relays and Interlock systems
to protect you. They may not be working and may fail to protect when most
needed.

NEVER remove the grounding prong of a three wire Input plug. This eliminates
the grounding feature of the equipment making It a potential shock hazard.

DO NOT WORK ON A CLUTTERED BENCH. A disorganized mess of con
necting leads, components and tools only leads to careless thinking, short
circuits, shocks and accldents. Develop habits of systemized and organized
procedures of work.

DO NOT WORK ON WET FLOORS. Your contact resistance to ground Is
substantially reduced. Work on a rubber mat or an Insulated floor.

DON'T WORK ALONE. It's just good sense to have someone around to shut
off the power, to give artificial respiration and to call a doctor.

WORK WITH ONE HAND BEHIND YOU OR ON YOUR POCKET. A current
between two members crosses your heart and can be lethal. A wise technician
always works with one hand.

NEVER TALK TO ANYONE WHI~E WORKING. Don't let yourself be dis
tracted. Also, don't you talk to anyone, if he is working on dangerous equipment.
Don't be the cause of an accident.

ALWAYS MOVE SLOWLY when working around electrical circuits. Violent
and rapid movements lead to accidental shocks and short circuits.

Accidents caused by burns, although usually not fatal, can be painfully serious. The
dissipation of electrical energy produces heat.
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Four rules for safe practice and to avoid burns:

1. Resistors get very hot, especially thosethatcarryhighcurrents. Watch thosefive and
ten watt resistors. Theywill burn the skin off your fingers. Stayawayfrom them until
they cool off. .

2. Be on guard for all capacitors which may still retain a charge. Not onlycan youget a
dangerous and sometimes fatal shock, you may also get a burn froman -electrical
discharge. If the rated voltage of electrolytic capacitors is exceeded or theirpolarities
reversed they-may get very hot and may actually burst.

3. Watch that hot soldering iron orgun. Don'tplaceitonthebench where yourarmmight
accidentally hit it. Never store it away while still hot. Some innocent unsuspecting
studentmay pick it up.

4. HOT SOLDER can be particularly uncomfortable in contact with your skin. Wait for
soldered jointstocool. When de-solderingjoints,don'tshakehotsolderoffsothatyou
or your neighbour mightget hit in the eyesor on his clothes or body.

0-

SECTIONAL DIAGRAM OF INDUCTION MOTOR

PART LIST AND MATERIALS
TERMINAL BOX CAST IRON· 10 FRAME CAST IRON

2 LOCKNUT & WASHER MILD STEEL 11 STATOR CRAMPER MILD STEEL

3 FAN BOSS CAST IRON 12 ROTOR BAR COPPER

4 FAN MILD STEEL 13 END RING COPPER

5 COVER FOR COOLING FAN MILD STEEL 14 STATOR COIL INSULATION WIRE

6 END BRACKET CAST IRON 15 END BRACKET CAST IRON

7 ROTOR CRAMPER CAST IRON 16 BEARING COVER CAST IRON

8 ROTOR CORE SILICON STEEL 17 BALL BEARING CARBON CHROMIUM
BEARING STEEL

9 STATOR CORE SILICON STEEL 18 SHAFT CARBON FORGED
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Disassembly and Assembly

General Cautions
Below are the general procedures and Items of caution for disassembly and
assembly of motor. Be sure to read them thoroughly before starting the
disassembly/assembly.

1. Disassembly or assembly by one person is not only inefficient but is likely to
cause fatal damage to the machine. Hence, see to it that the job is carried
out by two or more people.

2. Keep the place of disassembly in good order and well arranged to prevent
mixing up of other parts and to improve the work efficiency.

3. Cover the disassembled parts, particularly the important rotating parts such
as bearing, etc., with vinyl or cloth to protect from dust.

4. Before pulling out or inserting the rotor from or into the stator, fit their shaft
centers so that the two may not come in contact. Take particular care not
to scratch the stator winding coil, rotor bar, shortcircuit ring, core, etc.

5. Lay the rotor on a stand, and be sure to cover with vinyl or cloth, and wrap
the bearing part of shaft with cloth for storage.

6. When separating the fan and fan boss, be sure to put fitting marks, and use •
these marks at the time of reassembly.

7. See the sectional drawings of the motor carefully to get the outline of the
construction before starting disassembly.

Disassembly
1. Remove all external cables connected to the motor.
2. Remove the direct coupling.
3. Remove the bolts connecting the motor with auxiliary machine stand.
4. Suspend the whole motor unit, and carry to the place of disassembly.
5. In the case of vertical type motor, lay the motor down horizontally.
6. Pull out the coupling.
7. In the case of motor with open type bearing, remove the grease nipple and

grease injecting pipe.
8. In the case of motor with external fan, remove the external fEin cover, and

unscrewthe lock nut tightening the fan boss before removing the external fan.
9. Remove the bearing covers on both the coupling side and the opposite side.

(Motor with small capacity may not have these covers.)
10. Remove the end brackets on the coupling side and the opposite side. When

these brackets are removed, the spigot joint detached and, at the same time,
the rotor drops down to the level equivalent to the air gap, causing the rotor
and stator to collide violently, and this may damage the core and winding coils.
Hence, support both ends ofJh~_sh~ftwi!h a crane or jack, or with hand (in
case of motor with small ~~a~_i!¥ bef~~rem~~!!'~t!he. end_~~a~ke~s_.

11. Pull out the rotor from the stator.

Assembly (Reassembly)

1. Carry out reassembly normally in the reverse order of disassembly. Before
reassembly, thoroughly wipe off the dust oil etc., from the disassembly parts.

2. Do not forget to replenish grease after installing the bearing.
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3. Remove the protectors I ,n I I section before installing the parts, and
after carrying out corre of direct coupling, make connection of
electric circuits. This ends tn~ ......ssembly.

Trouble

Troubleshooting

cause Countermeasure

Fails to start.

The rotation against
specified rpm is abnormal

Motor gets
excessively heated

•

Disconnection or shortcuircuit
of winding coli and lead wire

Slackening of connecting term
inals, etc.

Disconnection or misconnection
of starter

Inadequacy or unbalance
of supply voltage

Single-phase operation

Excessive over-load

Inadequate supply voltage

Variation in power frequency

Excessive slipping

Inadequacy or unbalance of
supply voltage

Excessive over-load

Shortcircuit between phases

Defective ventilation

Rewind or repair

Carry out additional
tightening of the
slackened portions.
Repairthe disconected
part or make change
accordi'ng to the con
nection diagram
Measure terminal volt
age and adjust it to
the specified voltage
If the motor snarls,
after the power is
turned on, but fails to
rotate, check for dis
connection and repair.
Check the auxiliary
machinery side.
Measure the terminal
and adjust to the
normal voltage

Measurethe frequency
and adjust to the
normal frequency
Check the rotor bar for
breakage on check the
joint of shortcircuitring.
Measure the terminal
voltage, and adjust to
the normal voltage.
Check the auxiliary
machinery side.

Rewind

Remove the obstruc
tion preventing the
ventilation, and clean
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Three-Phase Induction Motor

The 3-phase, cage-rotor, induction motor is the most commonly used motor onboard
ships. It is popular because it is simple, tough and required very little attention. It
is also readily controlled by simple, reliable direct-on-Iine contactor starters, and AC
sources available.

Construction

The induction motor has two main components, the stator and the rotor. The Stator
carries the 3-phase winding in slots cut into a laminated steel magnetic core. The ends
of the stator windings are terminated in the stator terminal box where they are connected
to the incoming 3-phase supply cables. The stator windings are wound for specific
numbers of pole-pairs and can be connected in either star or delta connection.

Stator slots to take the windings are cut around the inner surface. The slots are
semi-enclosed as shown, so as to distribute the magnetic flux as uniformly as possible
in the airgap, thereby minimizing the ripple that would appear in the emf waveform if
open slots were used.

The rotor of the cage induction motor has a core which Is buUt up of iron laminations.
The conductors consisting of copper or aluminum bars is inserted, without insulation, into
slots spaced evenly round the circumference of the rotor. The bars are short-circuited
at each end by rings or plates to which the bars are blazed or welded. The air gap between
the rotor and the stator is uniform and made as small as it is mechanically possible. The
reliability of the induction motor comes from having this type of simple, tough rotor which
has no insulation and does not troublesome bruches, commutator or slip-rings.

y

u
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STOP' lSI
BS 2
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Operation of Star-Delta Motor Starter Control Circuit-Schematic Diagram

Circuit breaker 52 Is closed.

WhenBS 1 start push button Is pressed relay coli 6 Is energised.

Contact sa closes and 6b opens.

Main contact 6 on motor supply line also closes.

Timer delay coil 19 and main contactor coil 88 get energised.

MaIn contactor 88 on the motor supply circuit closes and motor runs starconnected.

Auxiliary contact 88a also closes.

Instantaneous contact of timer relay 19 a closes. It is a holding contact when BSI
Is released.

After a prede~ermined time delay of 25/60 sec., delay contact 19b opens and 19a
closes.

Relay coli 6 gets energised and its contact 42 b opens and contacts 42a closes.

The main contactor 42 on the motor supply line closes.

Motor is now running delta-connected.

With 42b open, timer delay coil 19 gets de-energised and all its contacts return
to its original position.

Contact 42a now functions as a holding contact.

indicating lamp L is now on.

To stop the motor press 8S2.

COmparison of star delta and
dlrect-on-IIne starting methods: Advantages:

Direct On Line

1. starter at full phase voltage.

2. starting current 6 to 8 times full load
current.

3. starting torque about 1.5 times full
load torque.

4. motor can be started on full load if
required.

5. high acceleration torque so has low
starting time.

Star Delta

starter at reduced phase voltage V3.

starting current 2 to 2.5 times full load
current.

starting torque less than half full load
torque.

motor can be started only on no load or
light load.

lowacceleration torqueso has longstart
ing time.
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COMMON TROUBLES AND REPAIRS THREE PHASE MOTORS

The symptoms encountered In detective three-phase motors are given below.
Under each symptom are listed the possible troubles and remedies.

1. If a three-phase motor fails to start, the trouble may be'
a. Burned-out fuse (1). 1. Open rotor bars (6).
b. Worn bearings (2). g. Wrong internal connections (8).
c. Overload (3). h. Frozen bearing (9).
d. Open phase (4). i. Defective controller (10).
e. Shorted coil or group (5). j. Grounded winding (11).

2. If a three-phase motor does not run properly, the trouble may be:
a. Burned-out fuse (1). f. Open parallel connections (13).
b. Worn bearings (2). g. Grounded winding (11).
c. Shorted coil (5). h. Open rotor bars (6).
d. Reversed phase (12). i. Incorrect voltage (7).
e. Open phase (4).

3. If the motor runs slowly, the trouble may be:
a. Shorted coil or group (5) d. Overload (3)
b. Reversed coils or groups (8) e. Wrongconnection(reversed phase)(12).
c. Worn bearings (2) 1. Loose rotor bars (6)

4. If the motor becomes excessively hot, the trouble may be
a. Overload (3) d. Motor running on single phase (4)
b. Worn bearings (2) or tight bearing (9). e. Loose rotor bars (6)
c. Shorted coil or group (5)

1. Bumed-out Fuse. Remove fuses and test with test lamp, if the lamp lights, the
fuse is good. A burned-out fuse is indicated when the test lamp does not light.
To test fuses without removing them from the holder, a voltmeter must be used.
If a test light designed for 230 volts is mistakenly used on 460 volts, it will blow
out and may trigger a severe electrical explosion. If the fuse Is open, there will
be a line voltage read across it.

2. Worn Bearings. If a bearing is worn, the rotor will ride on the stator and cause
noisy operation. When the bearings are so worn that the rotor rests firmly on the
core of the stator, rotation is impossible. To check a small motor fQr',this condition,
try moving the shaft up and down. Motion in this manner indicateS a'worn bearing.
Remove and inspect the rotor for smooth, worn spots. These indi'Cate that the
rotor has been rubbing on the stator. The only remedy is to replace the bearings.

3. Overload. To determine whether a three-phase motor is 'ovetloaded, remove the
belt or load from the motor.and turn the shaft of the load by hand a broken part
or dirty mechanism will prevent the shaft from moving freely. Another method Is
to use an ammeter on each line wire. A higher current reading than on the nameplate

ay indicate an overload.



4. Open Phase. If an open occurs while the motor is running, it will continue to run
but will have less power. An open circuit may occur in a coil or group connection.
The motor will continue to run if a phase opens while the motor is in operation
but will not start if at a standstill. The conditions are similar to those of a blown
fuse.

5. Shorted Coli of Group. Shorted coils will cause noisy operation and also smoke.
After locating such defective coils by means of the eye or balance test, the motor
should then be rewound.

When the insulation on the wire fails, the individual turns become shorted and cause
the coil to become extremely hot and burn out. Other coils may then bum out,
with the result that an entire group or phase will become defective.

8. Open Rotor bars. Open rotor bars will cause a motor to lose power. One sign
of open bars is when a motor is connected to the right Yoltage at no load, it has
a very low amp reading. A light load will pull down the speed, and at full load
the motor will run below the nameplate speed.

7. Incorrect Voltage. Some T-frame motors are designed for a definite voltage. Thus
a motor designed for 208 volts will overheat when operated on 250 volts, and a
motor designed for 250 volts will not have enough power if operated on 208 Yolts.
If the motor is rate 208-220-440 volts on the nameplate, it will operate well on a
range of voltages.

8. Wrong Internal Connections. A good method of determin.ing whether or hot a
polyphase motor is connected properly is to remove the rotor and place a' large
ball bearing in the stator. The switch is then closed to supply current to the winding.
If the internal connections are correct, the ball bearing will rotate around the core
of the stator, if the connections are incorrect, the ball bearing will remain stationary.

9. Frozen Bearing. If oil is not supplied to the part of the shaft that rotates in the
bearing, the shaft will become so hot that it will expand sufficiently to prevent
movement in the bearing. This is called a frozen bearing.

10. Defective Controller. If the contacts on the controller do not make good contact,
the motor will fail to start.

11. Grounded Winding. This will produce a shock when the motor is touched. If
the winding is grounded in more than one place, a short circuit will occur which
will bum out the winding and perhaps blow a fuse. Test for a grounded winding
with test lamp and repair by rewinding or by replacing the defective coil.

12. ReversedPhase. This will cause a motor to run more slowly than the rated speed
and produce an electrical hum indicative of wrong connections. Check the con
nections and reconnect them according to plan.

13. Open Parallel Connection. This fault will produce a noisy hum and will prevent
the motor from pulling full load. Check for complete parallel circuits.
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TROUBLESHOOTING AND REPAIR AC CONTROLLERS

Low voltage.
Shorted coli.
Mechanical trouble.

1.
g.
h.

Assumed that the motor and fuse are in good condition. To make certain that
the motor is not at fault, connecta voltmeterat the motorterminalsand determinewhether
voltage is available when the contacts of the controllerare closed. If there is no voltage,
the trouble probably lies in the controller, like push button switch starters, drum, wye
delta, braking controllers.

Because there are many different kinds and makes of controllers, a general pro
cedure for locating the source of trouble is given.

1. If the motor does not start when the main contacts close, the trouble may be

a. Open overload heater coil or poor connection.
b. Main contacts not making the contacts become dirty, gritty or bumed.
c. Broken, loose, or dirty terminal connection.
d. Loose or broken pigtail connection.
e. Open resistance units or open autotransformer.
1. Obstruction on the magnet core, preventing the contacts from closing.
g. Mechanical trouble, such as mechanical interlocks, gummy pivots, and poor

spring tension.

2. If the contacts do not close when the START button is pressed, the trouble maybe

a. Open holding coil (This can be tested by connecting a voltmeter across the
coil terminals when the START button is pressed. If there is voltage when
the START button is pressed, but the coil does not become energized, the
coil is defective.)

b. Oirty START-button contacts or poor contact.
c. Open or dirty STOP-button contacts.
d. Loose or open terminal connections.
e. Open overload-relay contacts.

3. If the contacts open when the START button is released, the trouble may be

a. Maintaining contacts that do not close completely or are dirty, pitted, or loose.
b. Wrong connection of station to the controller.

4. If a fuse blows when the START button is pressed, the trouble may be

a. Grounded contacts. b. Shorted coil. c. Shorted contacts.

5. If the magnet is noisy in operation, the trouble may be:

a. Broken shaded pole causing chattering
b. Dirty core face

6. If the magnet coil is bumed or shorted, the trouble may be:

a. Overvoltage.
b. Excessivecurrentdue to a largemagneticgapcausedby dirt,grit,or mechanical

trouble.
c. Too-frequent operation.
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PROCEDURE OF SAFElY Or~~\.TIONS

SINGLE GENERATOR RUNNING

Before starting the engine for driving the required generator. confirm that the circuit
breakers for loads. air circuit breaker. etc.• are "OFF". Then start the engine.

By virtue of the under-voltage tripping device (UVC). the air circuit breaker (ACB)
has been put to its OPEN (tripped) state.

As the engine speed rises.
RUN pilot lamp "GL" (green) will light. Then, adjust the voltage to the rated on

the voltmeter by means of the voltmeter transfer switch (VS) and the frequence to the
rated value by means of the frequency meter transfer switch (FMS). The rated values
are indicated by red marks on the corresponding meters.

After the rated frequency and voltage have been reached. close the air circuit breaker
(ACB), and the pilot lamp "GL" (green) will light. Then, close the objective MCB to
feed power

When the ACB is closed, it the .breaker (MCB) of the feeder circuit is closed. the
generator will immediately be loaded. This instant, a .small voltage drop will be found.
However, there will occur a quick voltage recovery. So, there. is no need to worry about
it.

STOPPING OF GENERATOR

In order to stop the generator in operation, first unload it and then push the ACB
OPEN push button switch, for manual opening. Thereafter, stop the engine, in doing
so, it the ACB should be opened while the generator is loaded, there would occur such
adverse effects as an instantaneous rise in the engine speed. So, it is advisable to
lessen the load to a lower value (the lower the better) before tripping the ACB, because
the engine, the generator and the ACB will then be less affected and will be capable
of stable operation for a long time.

PARALLEL RUNNING

Start the second generator by following the same procedure as for starting the first
generator. After confirmation of the voltage of the second generator, align the voltages
of both generators by means of the voltmeter transfer switch (VS). Simultaneously match
the frequencies by means of the frequency transfer switch (FMS). Once the voltage
and frequency of both generators are identical, change over the synchroscope (SYS)
to the second generator and check the synchronous state by means of the synchroscope
(SY).

In accordance with the lighting and going off of the synchronizing lamp the pointer
needle will revolve. See the direction of the revolution, and if it is revolving to the "FAST'
side, inch the governor switch (GS) of the second generator to the "LOWER" side. If
the opposite is true, then inch it to the "RAISE" side.
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By means of this manipulation the lighting and going off of the lamp as well as
the revolution of the pointer will become slower, until the top lamp goes off and the
pointer comes to the top, showing the state of synchronization. The energize the air
circuit breaker (ACB) of the second generator Immediately. If the synchronous state
is not maintained, since the air circuit breaker (ACB) will trip by means of the reverse
power relay (RPR), repeat the above.

In energizing the generator, It Is Ideal to close the air circuit breaker (ACB) when
the index of the synchroscope tum toward the "FAST" mark side and closes on to the
black mark at the center, "SLOW' side turning may undesirably cause operation of the
reverse power relay (RPR). If the frequency difference between the two generators
in parallel operation exceeds 3Hz, the lamp alone will be going on and off, and the
pointer will not revolve. With this in mind, operate the governor switch (GS) to decrease
this difference.

Switch one of the frequency meters to the bus and the other frequency meter to
the after-running generator, and compare their readings.

LOAD SHARING

The parallel operation has been achieved by the procedure mentioned so far. Then
that should be done to have the load shared by the second generator. This Is ac
complished by increasing the Input of engine. This Is equal to saying that the revolution
number of the second generator has only to be Increased by means of the governor
switch "GS". In this case the first generator loses load and galnrevolutlon number causing
the frequency to rise. To prevent this the governor, switch "GS" of the first generator
must be turned toward the "LOWER" side. This action also cause the load to be
transferred to the first generator. Now, the generator has entered the stage of perfect
parallel operation. To stop the operation, reverse the procedure for load sharing.

Procedure for Parallel Running:

a Start the generator and allow the speed to rise to the rated value.

b. Raise the voltage to the rated value by means of the voltage regulator "VR"

c. Confirm that the bus voltage equals the voltage of the generator to be put
to parallel operation.

d. Confirm that the bus frequency equals the frequency of the second generator.

e. Set the synchroscope switch "SYS" to the side of the second generator

f. To synchronize, adjust the engine speed by means of the governor switch
"GS" and confirm the equality of voltage.

g. After the voltage has been equalized and the rotation of the Index slowed down,
close the air circuit breaker the moment the index closes on the position
indicating perfect synchronism.
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h. Inch the governor switch "G5" of the second generator toward the "RAISe
side to have a small portion of the load shared.

I. Inch the governor switch "G5" of the first generator toward the "LOWeR1ll side
to have a small portion of the load alleviated. By so doing, equalize tile load
of the two generators.

J. In stopping a generator, reverse the preceding procedure.

EARTH LAMP CIRCUIT

The earth lamp circuit makes It possible to examine on display lamps if the circuit
is earthed or not, by manipulating the pushbutton switch (ES). The circuit, the voltage
of EI 3 will be applied to each of the three lamps so that the lamp for each phase
will light up with the same brightness, which Is a little lower than that of other display
lamps (regardless of the earthing condition).

When theswitch Isset to "ON" theneutral pointof thestarconnection willbeearthed.
If this setting does not cause a change In the brightness of the lamps, the circuit Is
normal. Nowwe assume that the line of phase R is earthed. Then the lampfor phase
R will be supplied with a voltage of the same voltage of the same voltage and will go
off, which the voltage E Is applied to the lamps for phases 5 and T, which will therefore
become brighter.

It is rare that the circuit Is completely earthed (lamp off). The three lamps may
be different In brightness. However, by repeating change-over of the switch between
"ON" and "OFF" even slight earthing can be found. Make periodical checks. If, upon
the setting to "ON", any of the lamps has become less bright, even slightly, than When
the switch Is "OFF", the line of the phase can be considered to have been earthed.
50, proceed without delay to Inspection of the circuit.

INSTRUMENTS AND DEVICES INSTALLED

The generator panel are equipped with ammeter, voltmeter, frequency meter, watt
meter and running hour meter for measuring the output of the generator, the air circuit
breaker, reverse power relay, over current relay for generator protection, the discon
necting bar for main circuit, the protection fuse, the transformer, the space heater and
transferswitch, various types of signal lamps, etc. The external wireconnection terminals
are on the back side of the panel.

Thesynchronizing panel Is equipped withdouble frequency-meter, double voltmeter
andwattmeter for measuring the output of the generator, thevoltage relayandfrequency
relay for generator alarm, the instrument transfer switch and auxiliary equipment, the
synchroscopenecessary for parallel operation andthesynchronizing lamp, theprotection
fuse, the transformer, etc. The external wire connection terminals are on the backside
of the panel.

107



READING ELECTRICAL SCHEMATIC DIAGRAM OF FIRE PUMP
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METHOD OF OPERATION:

When circuit breaker or line switch 89 is put at ON position, lamp source LP glow,
introducing power at control circuit from 440V to 220V which is step-down by control
power transformer CPT.

To start, push button 3C energizes the contactor coil @, closing normally open
contacts 4/13-14,4/33-34 and 4/43-44 simultaneously, thus energizes the contactor coil
@ and closing normally open contactor @, then 3-phase motor is connected to supply
line 440V and running lamp L indicated on operation.

To stop, push button 3-0 is pressed, the contactor coil @) is de-energiZed, opening
the closed contacts 4/13-14, 4/33-34 and 4/43-44 simultaneously, thus de-energized
contactor coil @and opening the closed contact 88, and the 3-phase motor is discon
nected from supply line and running lamp off.

Symbols Designation

A, S, T
U, V, W
A1, A2
01, 02, - 10 
95,96

Standard marking for Supply source
Standard marking for Motor connection
Standard marking for Contactor coil
Designated number of Wires
Standard marklnq for normally closed Overload Contact
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FORMULAS FOR ELECTRICAL PROBLEMS
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where:

= amperes kw = kilowatts

E = volts kva = kilovolt: - amperes

eff = efficiency in decimals hp = horsepower ouput

pf = power factor in decimals

-- •~ ~ "~- R. : ~ Ra~ ; R,~>-"(10

+

1 = 1 1 1
+ - +-

R 10181 R, R2 ~

g) Laws on Series circuit:

Current Total = I, + 12 = 13

Resistance Tolal = R, + R2 + R3•..

Voltage Total = E, + E2 + E3...

h) Laws on Parallel circuit:

V Total

l tatal

=
=

E1

I,

=
+

E2 =
+

i) Frequency = no. of poles x rpm

120

Rpm

Poles

=

=

120 x frequency

poles

120 x frequency

rpm +:11--

tt, R,. s-.A .... A .-
-lJ ...... y'V 'vY ,

- .
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BASICSYMBOLS

SYMBOL. DESCRIPTION DESCRIPTION DESCRIPTION

ONECO~ORORAGROUPOF

'=m:~i= DISCONNECTING SWITCHORMOLDEDSEVERALCONDUCTORS ..
CASECIRCUITBReAKER

TWO CONDUCTORS
I iMULTILINEREPRESENTATION)

~TWOCO~.~~ MOLDEDCASECIRCUITBREAKER
I (MULTILINEREPRESENTATION

3'.~293-
(WITH SHUNTTRIP COIL)

,en n CONDUCTPRS
(SINGLE-LINE REPRESENTATION)

--@- UNDERVOLTAGETRIPPINGCOIL OF-+- CROSSING WITHOUT ELECTRICAL
CONNECTION CIRBUITBREAKER

I JUNCTIONOF CONDUcrORS ~ SWITCH.mENERAL)
SINGLE ROW

0 TERMINALCONNECTION OFCONDUCTORS -<>~
SWITCH(GENERAL)
DOUBLETHROW

.. 000... JOINTTERMINALS
_8

RESISTANCE ORRESISTOR TERMINALS

~ INDUcrANCE ORINDUCTOR - TERMINALMARK

1"-28 CABLE NO
-MNv- WINDING • p ~ • CABLE SIZE

--It-- CAPACITANCE, CAPACITOR ,0 0 0,

-0- RELAYCOIL,GENERALSYMBOL
-L~1- EQUIPMENT OFOUlSIDE

-='= HULL CONNECTION (EARTH)... r--~-- MECHANICALCOUPLING ~o_ 09- EQUIPMENT OFOTHERUNIT
GENERALSYMBOL

~ SWITCH, GENERALSYMBOL

-0'0- THREEPOLESWITCH, SINGLE
POWER & RELAYCONTAcrREPRESENTATION

tor 8 b
CIRCUITBREAKER -oo- -<0-0-

CONTAcr (GENERAL)OF
.-!n 5~gj: MANUALCONTAcr

\

~
CHANGEOVERCONTACT -L.. MANUALLYOPERATED
BREAKEBEFORE MAKE ~o- ........ AUTORESETCONTAcr

~ ~E BEFORE B~CONTAcr (WITHLOCKINGDEVICE)
OVERLAP CONTA .....

-u-- CONTACTOR NORMALLYOPEN(MAIN) ~o- -ea:t- MECHANICAL CONTAcr

~ CONTAcrOR NORMALLYCLOSE(MAIN - ......- HANDRESETCONTAcr-(J~

---00-- MAKE CONTACT(8 CONTAC1)
-0-0- RELAYCONTACTOR ORGENERALSYMBOL '1.JJ- AUX.SWITCHCONTACT--.....- BREAK CONTACT(bCONTACT)
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PROBLEM SOLVING

FOURTH ENGINEER· 1989-90 BO~RD BeAMS

'1. A generator Is producing 150 Amp. at 220 V. Find the KW output and total
external resistance.
SOLUTION:

P

R

=

=
=

=
=

Volts x Amperes

(150) (220)

33.000 watts 1000

33 Kw

P
V

= 33,00

(150) (150)

= 1.46 ohms.

2. A 150 BHP engine drives a 90 percent, efficient 22G-V generator. Find the
current produced.

SOLUTION:

hp output of gen. = Input x efficiency

= 150 x .9 = 135 hp

watt output of gen. = 135 x 746 = 100.710 watts

current
watt 100.710

= =
voltage 220

current = 457.772 amps.

3. A resistance of 18 ohms Is connected In Series with 3,4and 6 ohms In parallel.
What Is the total resistance?

SOLUTION:

1
R.

= 1+1+1 = 4+3+2
'! 4" '6 12

= 9
W-

=

=

12 =
9

Rs + R.

1.333
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4. Twenty 10o-W bulbs and Fourteen 60-W bulbs are In a 120-Y circuit. Find
the current. -

SOLUTION:

Total watts = ( 20 x 100 ) + ( 14 x 60 )

= 2,000 + 840 = 2840 W

I
Ampere = W = 2840 = 23.666 amp.

IV 120

Ampere = watt

voltage

= 2840

120

= 23.666 amp.

THIRD ENGINEER

1. A 100 HP,220Y motor Is 75 percent efficient. Find the current required to drive
It at full load?

SOLUTION:

output in watts

input in watts

current

= output in hp x 746
= 100x746
= 74,600 watts

= output = 74,600
efficiency .75

= 99,466.66

= watt = 99,466,66
volt 220

= 452.1212 amps.
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2. A 40 ohm resistor Is connected to a 20ohm relay. The operating voltage Is 120 V.
Determine the current and power In this relay circuit.

SOLUTION:

RT = R1 + R2

= 40 + 20
= 60 ohms.

a) Current = ~
Resistance

= .1.2Q
60

= 2 amperes

b) Power = current x volts
= 2 x 120
= 240 watts

3. A 50 HP engine drives a DC generator. If the generator has an efficiency of .
84%. How many a) Kw b) HP. does It deliver.

a) Kilowatt delivered

= 50 HP x 746 w x 1kw
1 HP 1000 w

= 50 x 746
1000

= 37.3 Kw

b) Horsepower delivered

= 50 x 0.84

= 42 HP

4. An AC generator Isratc;td at 227 KVA at 86% power factor. What Is the Kw
rating. '

Power Factor = Kw
KVA

Kw = Power Factor x KVA
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= .86 x 227

= 195.22
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SECOND ENGINEER - 1989-90 BOARD EXAMS:

1. A resistance of 12 ohms Is connected In series with 4,5 and 6 ohms In parallel.
What Is the total resistance?

SOLUTION:

1 = 1 + 1 + 1-
Ra R1 R2 R3

= 1 + 1 + 1
4 5 6

= 15 + 12 + 10
60

1IRa = 37
60

Ra = 60 = 1.62 ohms
'J7

RT = Ra + Rb

= 1.62 + 12

= 13.62 ohms.

2. Two 220 V, 50 Kw generators are In parallel. Find maximum current, voltage
and resistance.

SOLUTION:

Current in gen. =

Current total =
=

50 (.1000)

220

227.27 amps.

227.27 + 227.27

Resistance tdtal

V<,lltage Total

= 454.54 amps.

= V = 220

A 454.54

= -. 0.484 ohms.

= IT X RT

= 454.54 x 0.484

= 220 V
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3. Simple series circuit In which two batteries, whose emfs are 6 and 12
volts and two resistors of 4 ohms and 8 ohms. Neglecting the resistance
of the batteries, determine the current In the circuit.

GIVEN:

E1

E2

SOLUTION:

ET

= 6V R1 =

= 12V R2 =

= E - E12

= 12 - 6

= 6V

= R, + R2

= 12 ohms

4 ohms

8 ohms

Current Total = Er
RT

= 6-
12

Current Total = 0.5 amp.

4. Determine the required horsepower of a prlmemover having 80% effi
ciency to drive a 500 KW generator.

GIVEN:

Gen.output = 500 kw 1kw = 1.34 hp
Effeciency = 80%

Efficiency = output Checked:

input

= 80 = 500 Eft = 500 kw-- --
100 X 625 kw

X = 50000 = .8 x 100
80 = 80%

HP = 625 kw x 1.34

HP = 837.5 Required 80% of 625 = 500 kw

80% of 837.5 = 670 HP--
1.34

500 kw
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CHIEF ENGINEER

1. Resistance of 4,5 and 6 ohms are In series with another In a 220 V.
Circuit. calculate.

a) Total resistance
b) Line current
c) Voltage drop across each resistance
d) Total power consumed

SOLUTION:

a) RT = R1 + q2 = R3

=4 + b + 6

RT = 15 ohms.

b) A = V = 22;--
RT 15

= 14.66 amps.

c) V1 = 14.66 x R1 = 14.66 x 4 = 58.64 V

V2 = 14.66 x R2 14.66 x 5 = 73.30 V

V3 = 14.66 x R3 = 14.66 x 6 = 87.96 V

VT
;:; 219.90

d) Power = A x VT

= 14.66 x 219.90

= 3,223.7 watts.

2. A sIngle phase A.C generator supplies 400 amp. at 220 V with a P.F. of 0.95.
FInd apparent and true powef?

SOLUTION:

Apparent Power = V x A
10DO

= 220 x 400

1000

= 88 KVA

True Power
= app.power x power

factor

= 88 x .95

= 83.6 kw
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3. Three resistors of 100,120,150ohms are connected In parallel. Determine value
of current to parallel system which will make current In 120 ohms resistor.
equal to 1.0 amp.

GIVEN: Required:
R. = 100 It = ?
F\ = 120 a, = lb·Rb
RCl = 150 = (1) (120)
ICl = 1A Es = 120V

EB - Ea = Eo. Et = 120

Rt = RA Rs Rc
(RA Rs> + (Rs RJ + (Re RA)

= 100 (120)(150)

(100 x 120) + (120 x 150) +(150 x 100)

= 1800000 Iy = ET

12000 +18000 +15000 .r' Ry

= 1800000 = 120 V

45000 40

Rt = 40 Iy = 3 amps.

4. A storage battery of EMF 24 volt and Internal resistance R= 0.2 ohms Is
to be charged from 117 volt. Supply as shown In the adjoining
flgure.What resistance must be placed In series with the battery to limit
the charging rate to 15 ampere.

Solution:

Total potential drop in circuit clockwise for a to c = 117 V
Ir drop + potential drop due to opposing smf + IR drop = 117

(15) (0.2) + 24 15R = 117

3 + 24 + 15R = 117

27 + 15R = 117

15R = 117-27

15R = 90
R = 90/15

R = 6 ohms
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BOARD QUESTIONS

FOURTH ENGINEER

ELECTRICITY

1. If two generators are connected In series:

A.voltage Is added and current stays the same
B. current Is added,and voltage stays the same
C. both current and voltage stay the same
D. none of the above

2. A generator Interpole always has the same polarity as the:

A. pole preceding It C. opposite the main pole
B. pole following it D. none of the above

3. Interpoles are connected in:

A. sel"les with the armature
B. series with the shunt field

C. parallel with· the armature
D. parallel with the series field

4. A.DC .compound wound' generator that has a voltage drop from no load to full
load Is said to be:

A. under cempounded
B. over compounded

C. flat compounded
D. none of the above

5. The part of a D.C. generator Into which the worklng voltage Is induced is the:

A. yoke B. field poles C. armature D. commutator

6. The proper sequence for securing a D.C. generator In parallel operation Is to:

A. reduce current tQ near zero, open circuit breaker and switch and secure the
driving unit

B. open the circuit breaker, secure the driving unit and cut In resistance to the
field.

C. open the circuit breaker, reduce the current to zero and secure the driving unit
D. none of the above

7. Interpoles or commutatlng poles are connected in compound D.C. generators In:

A. series with th~ shunt field
S. series with the series field
C. series with the armatu-re
D. series with shunt and series field
E. series with the armature but In parallel with each other
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8. The only type of compound generator commonly used aboard ship Is the:

A. stabilized shunt C. over compounded
B. flat compounded D. cumulative compounded

9. What are commutators made of?

A. soft copper bars Insulated with mica
B. hard drawn copper bars Insulated with mica
C. soft solid copper with cutaw~y slots for mica
D. hard drawn solid copper with cutaway slots for mica

10. A shunt-wound generator is one in which the field windings are In parallel with
the:

A. armature B. brushes C. .commutator D. field poles

11. An "exciting current" Is required to:

A. build up a dead circuit
B. create a magnetic field

c. excite a synchronous motor
D. build up the voltage In a battery

12. Which of the following are not in a D.C. commutator and armature?

A. Interpole B. mica C. copper bars D. vee ring

13. If the brushes In a generator are not positioned to the neutral plane, sparking may
occur between the brushes and the:

A. yoke
B. commutator

C. armature windings
D. field pole windings

D. 35 percent

14. A rheostat is a device that regulates the strength of an electric current by:

A. varying the resistance In the circuit
B. varying the voltage In the circuit
C. increasing the magnetic field in the circuit
D. varying the current in the circuit

15. Which of the following is not found on a D.C. generator?

A. pigtails C. stationary armature
B. brushes D. brush holders

16. Which of the following will not cause a generator to Vibrate?

A. loose pigtails C. misalignment
B. loose bolts D. fruity speed governor

17. Most generators will withstand as overload of:

A. 15 percent B. 25 percent C. 30 percent
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C. allow for necessary air gap
D. allow for easy assembly

18. A series-wound generator has the field windings In series with the:

A. armature C. commutator
B. brushes D. field poles

19. The pole pieces mounted In a D.C. generator are built up of sheet steel
lamlnatlon~ riveted together to:

A. fit the curvature of the frame
B. reduce eddy current losses

20. What Is the primary reason for commutatlng poles In a D.C. generator?

A. prevent sparking of the brushes C. neutralize armature reaction
B. Increase field strength D. aid In a commutation

,21. Sparking and grooving of commutator may be caused by:

A. overload C. wrong type of brushes
B. strength of field D. any of the above

22. The voltage of a D.C. generator depends on which of the following?

A. speed of armature C. number of armature conductors
B. strength of field D. all of the above

23. To correct the polarity of a generator, you should:

A. Rotate armature
B. lift brushes and rotate armature
C. lift brushes and apply D.C.
D. lift brushes and run generator

24. Which of the following groups of motors are D.C. motors?

A. series, shunt and compound C. compound and synchronous
B. series and Induction D. Induction and synchronous

25. A series-wound motor is used to run a pump driven with a belt If the belt breaks,
the motor will:
A. overspeed and run out of control
B. stop
C. slow down
D. keep running at the same speed

26. AC circuits contain resistance, inductance and capacitance. The capacitive reac
tance of a circuit is expressed in:

A. ohms B. mhos C. henrys D. farads

27. A shunt motor would be best suited for:

A. constant speed results.
B. an anchor windlass

C. a cargo winch
D. any of the above
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28. If the resistance Is Increased In the shunt field of a motor, the motor will

A. speed up
B. slow down

C. run at the same speed
D. stop

29. Which of the following Is the distinguishing feature of a shunt motor?

A. it has a high starting torque
B. a lead will not affect it If running at high speed
C. It has a stable speed through a wide load range
D. it will not drop In speed if overloaded

30. Which of the following will not cause a hot motor bearing?

A. loose brushes C. overload
B. Insufficient lubrication D. misalignment

31. In an Induction motor, rotor currents are circulated In the rotor by:

A. slip rings and brushes
B. armature and brushes

C. inductive action of the rotating stator flux
D. external variable resistors

32. A devicewhich normallyprevents an action occurlng until all other required conditions
are met Is alan:

A. interlock B. monitor C. modulator D. limit

33. A cir.cuit breaker and a fuse are similar because they both:

A. can be reset to energize the circuit
B. should open the circuit when overloaded
C. burn out when an over current flows
D. any of the above

34. The electroplyte in a lead-acid storage battery consists of water and:

A. sulfuric acid C. hydrogen chloride
B. calcium chlorld D. muriatic acid

35. The state of charge of a lead acid storage battery is best Indicated by the:

A. specific gravity of the electrolyte C. Individual cell voltage
B. ampere hour capacity D. total cell voltage

36. Electrical leads and Insulation on a motor should be painted with:

A. InSUlating varnish C. heat-resisting enamel
B. heat-resisting aluminum D. insulating white lead

37. Voltage generated by most AC generators is brought from the machine to the bus
by means of:
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38. 1ft degree of control over the speed of a slip ring Induction motor can be obtained
by:

A. inserting resistance Into the rotor circuit
B. changing the number of phases to the motor
C. inserting resistance into the stator circuit
D. adjusting governor linkage

39. A circuit breaker differs from a fuse in that a circuit breaker:

A. melts and must be replaced
B. is enclosed in a tube of insulating material with metal ferrules at each end
C. gives no visual indication of having opened the circuit
D. trips to break the circuit and may be reset

40. The basic unit of inductance is the:

A. coulomb B. ohm C. farad D. henry

41. Battery rooms must be well ventilated to:

A. prevent sulphation during discharge
B. supply oxygen
C. dissipate explosive gases
D. prevent moisture formation

42. The alarm system for an engine order telegraph uses small selsyn motors attached
to the indicators. The alarm sounds when the rotors are:

A. not synchronized, current Is flowing, and the relays are closed
B. in synchronous position, no current is flowing and the relays are closed
C. not synchronized, current is flowing and the relays are open
D. In synchronous position, no current Is flowing and the relays are open

43. As a general rule, the first trOUbleshooting action to be taken In checking faulty
electric control apparatus is to:

A. draw one line diagram of the circuitry
B. test all fuses and measure the line voltage
C. take megger readings
D. insulate the apparatus from the ground

44. The most common type of AC service generator found aboard ship is the:

A. armature-rotating electromagnetic field type
B. electromagnetic field-oscillatory armature type
C. armature-oscillatory electromagnetic field type
D. electromagnetic field-revolving armature type

45. The rnaln purpose of the auxilliary winding on a split-phase single-phase motor
is to:

A. limit the starting current
B. Increase the starting current
C. start the motor
D. keep the motor running in the event the main winding should fail
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C. Insufficient circuit in a cell
D. A short circuit in a cell

46. When you are choosing a battery for a particular application major consideration
should be given to the battery's:

A. amp-hour C. stability under charge
B. terminal polarity D. ambient temperature rise

47. Ofwhat significance is ambient temperature in relation to the servicelife of electronic
components?

A. Ambient temperature should be as high as possible to drive off moisture
B. Increased ambient temperature decreases the service life of electronic com

ponents
C. Ambient temperature is not significant as long as the relative humidity Is kept

low
D. A reduced ambient temperature causes a corresponding reduced service life

48. Which device should always be connected in series with a circuit?

A. Ammeter C. Wattmeter
B. Megohmeter D. Voltmeter

49. A flickering ground detection lamp on a DC system would indicate a

A. ground in an armature coil of an operating machine
B. short between two adjacent bars of the generator commutator
C. multiple ground in· the distribution system
D. ground in a motor accompanied with a short

50. A fuse will "blow" if

A. the electrical current exceeds the rated value of the fuse
B. the flow of current to the device protect Is reversed
C. unequal resistors are connecte.d in parallel
D. an electrical motor Is stopped suddenly· by opening a switch

51. Which bus is normally located in the main switchboard?

A the 24 volt DC bus C. the emergency power bus
B. the shore power bus D. the lighting bus

52. Etched or burnedbandson the contactfaceson brushes In a direct currentgenerator
could be caused by

A. copper embedded in the bruShes
B. brushes improperly positioned
C. copper drag on the commutator
D. high mica segments

53. What Is indicated if a lead-acid battery begins to gas violently when It Is first put
on charge?

A. normal charging rate
B. excessive charging rate
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54. An accidental path of low resistance which causes an abnormal flow of current
is known as alan

A. ground reference point
B. open circuit

c. polarized ground
D. short circuit

55. When a megohmeter Is used to test insulation, the initial dip of the pointer toward
zero is caused by

A. the dielectric-absorption effect of the insulation
B. the leakage of current along the surface of nearby insulation
C. good insulation
D. the capacitance of the circuit

56. The main purpose of an electric space heater installed in a large AC generator
is to

A. prevent the windings from becoming brittle
B. prevent moisture condensation In the windings during shutdown
C. keep the lu~ oul warm for quick starting
D. prevent acidic pitting of the slip rings

57. When a flourescent lamp has reached the end of Its useful life, it should be replaced
immediately, or the resultant flashing may .

A. blow the lamp's breaker
B. explode, causing glasS to fly in all directions
C. short circuit the ballast transformer
D. damage the starter and the ballast

58. When you are choosing a battery for a particular application major consideration
should be given to the battery's

A. amp-hour capacity C. stability under charge
B. terminal polarity D. ambient temperature rise

59. What statement Is true concerning the cleaning of contacts?

A. the contact surfaces should be greased to increase contact resistance
B. Magnetic brushes should be used to remove metallic dust
C. Delicate parts should be cleaned with a brush and an approved safety solvent
D. Compressed air should be used to blowout metallic dust

60. What do you call values which can change continuously such as temperature,
pressure, or level?

A. digital values
B. humpless values

C. binary values
D. analog values

61. What type of battery charging circuit is used to maintain a wetceillead-acid storage
battery in a fullly charged state over long periods of disuse?

A. Normal charging circuit
B. High ampere charging circuit

c. Quick charging circuit
D. Trickle charging circuit
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62. The voltage of an operating 60 hertz alternator is generally adjusted by varying
the

A. number of poles
B. prime mover speed

C. number of series conductors
D. magnetic field strength

63. The total number of watts in one horsepower is

A. 746 watts C. 500 watts
B. 663 watts D. 1,000 watts

64. Why are transformer aboard ship used with AC generators?

A. to permit higher voltage for motor operation and low voltage for lighting circuits
B. to change frequency
C. to increase power output
D. to decrease power output

THIRD ENGINEER

1. When a lead-acid storage battery discharges, what would the effect be on the
electrolyte?

A. specific gravity decreases
B. specific gravity increases
C. specific gravity remains the same
D. none of the above

2. The lead plates in a storage batteries are separated by:

A. rubber
B. Wood

C. glass
D. any of the above

3. In cold weather the specific gravity of a battery:

A. rises
B. lowers

C. remains the same
D. none of the above

4. According to battery manufacturer's specifications what hydrometer reading will be
obtained from a fully charged portable lead-acid battery?

A. 1.280 to 1.300
B. 1.180 to 1.182

C. 1.100 to 1.150
D. 1.750 to 2.750

5. Dirty lead-acid type batteries should be cleaned off with:

A. soap and water
B. sodium chloride
C. baking soda (sodium bicarbonate)
D. potassium hydroxide
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6. A fully charged battery reads from:

A. 1.280 to 1.300
B. 1.025 to 1.075

C. 1.050 to 1.350
D. 1.200 to 1.500

7. A dead cell of a lead-acid battery is checked by:

A. megger
B. hygrometer

C. test light
D. hydrometer

8. How many 1.5 volt batteries are required to supply a load of 12 volts if the batteries
are connected in series?

A. 8 B. 6 C. 12 D. 10

9. How many 1.5 volt batteries are required to supply a load of 12 volts If the batteries
are connected in parallel?

A. 12 B. 6 C. 3 D. none of the above

10. The rating of a storage battery that delivers 15 amps for 12 hours is:

A. 180 ampere hours
B. 150 ampere hours

C. 27 ampere hours
D. 360 ampere hours

11. Which of the following items is necessary to keep a storage battery in good operation?

A. maintain proper specific gravity
B. keep cool and well-ventilated
C. maintain proper level of electrolyte
D. all of the above

12. What type of battery-charging circuit is used aboard ship to maintain storage batteries
in a condition of readiness over long periods of disuse?

A. trickle charging circuit
B. quick charge circuit

13. H2S04 is:

A. sulphuric acid
B. hydrochloric acid

C. 20-amp charging rate circuit
D. test discharge circuit

C. hydraulic acid
D. muriatic acid

14. The total voltage and amperage of two 50-amp 6-volt batteries connected in series
is:

A. 12 volts, 50 amps
B. 12 volts, 100 amps

C. 6 volts, 100 amps
D. 6 volts, 50 amps
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15.• The total voltage and amperage of two-50 amp 6-volt batteries connected in parallel
will be:

A. 6 volts, 100 amps
B. 6 volts, 50 amps

C. 12 volts, 100 amps
D. 12 volts, 50 amps

16. The voltage of a battery is equal to the:

A. voltage of a single cell times the number of cells in series
B. amperage of a single cell times the number of cells in series
C. efficiency of the nuniber of cells times the resistance
D. voltage of a single cell times the number of cells In parallel

17. Three 12-volt storage batteries connected In parallel will give you a total voltage
of:

A. 12 volts B. 24 volts C. 36 volts D. 48 volts

18. Indicate the proper procedure for mixing battery electrolyte:

A. use distilled water, add acid to water
B. use alkaline water, add acid to water
C. use distilled water, add water to acid
D. use alkaline water, add water to acid

19. D.C. generators are classified according to the manner in which:

A. they are used
B. the field windings are connected to the load
C. the armature circuit Is connected to the load
D. the field windings are connected to the armature circuit

20. The purpose of the commutator and brushed on a D.C. generator is to:

A. change A.C. to D.C. current
B. change D.C. to A.C.
C. neutralize armature reaction
D. carry current to the outside circuit

21. When two D.C.generators operate in parallel, they are protected against motorizing
by:

A. blowout colis
B. governor relay

C. undervoltage trips
D. reverse current trips

22. How is the rotation of a D. C. generator reversed?
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23. On la D.C. generator where Is the pigtail located?

A. feather spring
B. conductors

C. brush holder
D. spiral adjusting spring

24. Which of the following D.C. generators has the largest percentage of voltage drop
between no load and full load? .-

A. under compounded
B. flat compounded

C. shunt
D. stabilized shunt

25. A.D.C. generator that has a voltage rise from no load to full load Is said to be:

A. under compounded
B. over compounded

C. flat compounded
D. under flat compounded

26. If a D.C. generator was rotated In the wrong direction, It would fall to come up
to voltage because the:

A. armature field would oppose the field current
B. generator would burn out
C. brushes would bum out
D. circuit breaker would not energize

27. A generator operates on the principle that:

A. when a field revolves, current Is generated
B. when an armature revolves, a magnetic field Is Induced
C. voltage Is Induced when a conductor cuts a magnetic flux
D. a small voltage In the primary high voltage In the secondary because of the

large number of colis In the secondary

28. With an Increase In load on a flat-compounded D.C. generator, the voltage will:

A. remain the same
B. decrease'

29. D.C. generators are rated In

A. KVA
B. KwA

C. Increase
D. reduce to half

C. Kw
D. HP

30. The voltage output of a compound D.C. generator is adjusted by rheostat placed:

A. In series with the shunt field
B. In series .with the series field

C. across the series field
D. across the shunt field
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31. The electrolyte used In a nickel-cadmium battery Is hydroxide.

A. potassium
B. cadmium

C. sodium
D. calcium

32. The device which most commonly utilizes the principle of electromagnetic Induction
Is the:

A. transformer
B. diode

C. transistor
D. rheostat

33. A tubular fuse should always be removed from a fuse panel with:

A. a screwdriver
B. a pair of Insulated pliers

C. any Insulate object
D. fuse pullers

34. One of the factors which determine frequency of an alternator is controlled by the:

A. number of magnetic poles
B. number of turns of wire In the armature cell
C. strength of the magnets used
D. output voltage

35. Which of the following logic gates Is/are considered to be a BASIC building block
(basic logic gate) used In logic diagrams?

A. OR B. NAND C. NOR D. All of the above

36. Which motor is fitted with an instantaneous overload relay?

A. Winch
B. Pump

C. Fan
D. Machine Tool

37. A molded-case circuit breaker provides protection against short circuits by using
alan:

A. electromagnet
B. shading coil
C. arc quencher
D. burn away strip

38. The rated temperature rise of an electric motor Is the:

A;· normal temperature rise above the standard ambient at record hold
B. average temperature of any given latitude
C. average temperature rise due to resistance at 10% overload
D. permissible difference in the ambient temperature of the motor due to weather

39. The number of cells in a 12 volt lead-acid battery Is:
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40. The Wheatstone bridge is a precision instrument used to measure:

A. resistance
B. capacitance

C. inductance
D. amperage

41. The greatest detrimental effect on idle electrical equipment such as cargo pump
motors is:

A. loss of residual magnetism
B. absorption of moisture In the Insulation
C. insulation varnish flaking
D. dirt collecting on the windings

42. The frequency of an operating alternator is controlled by the:

A. relative speed of the rotor poles
B. number of turns of wire In the armature coli
C. strength of the magnets used
D. output voltage

43. What does a wound-rotor induction motor have which a squirrel cage motor does
not?

A. slip rings
B. end rings

C. a centrifugal switch
D. end plates

44. The current at which a magnetic-type overload relay tends to trip may be decreased
by raising the plunger further into the magnetic circuit of the relay. This action:

A. increases magnetic pull on the plunger and requires less current to trip the
relay

B. reduces magnetic pull on the plunger and requires less current to trip the relay
C. increases magnetic pull on the plunger and requires more current to trip the

relay.
D. reduces magnetic pUll on the plunger and requires more current to trip the

relay

45. Protection against sustained overloads in molded-case circuit breakers is provided
by an/an:

A. overvoltage release
B. thermal acting trip

C. thermal overload relay
D. current overload relay

46. Motorization of an alternator is undesirable because

A. it puts an additional load on the bus
B. all of the above
C. the alternator will be damaged \
D. high voltage pulses are induced it, the bus
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C. revolutions per second
D. coulombs per second

47. The unit "hertz" Is equivalent to

A. revolution per minute
B. cycles per second

48. How are fuses rated?

A. amps and volts B. amps only

49. The unit of electrical resistance is the

C. watts D. volts only

A. ohm B. watt C. amper D. volt

50. The line voltage generated by an alternator Is adjusted by varying the

A. prime mover speed·
B. equalizer bus
C. excitation voltage
D. residual magnetism of the field

51. The standard unit of wire cross-sectional area used In American wire tables is thl

A. AWG
B. square millimeter

C. cubic inch
D. circular mil

52. Which of the following characteristics Is most critical In determining the size of cable
to be used In a particular circuit?

A. voltage rating
B. current rating
C. Inductance per unit length
D. Weight per unit length '

53. A ground Is Indicated by the ground-detecting system. The first step In locating
the actual ground is to

A. Check circuit with a megohmeter
B. change over generators
C. close all switches In the distribution panel until the ground detector Indicates

normal
D. open the Indldual circuits one by one until the ground detector

54. A DC generator supplying direct current to maintain an generator field Is known
as alan

::A stator B. rotor C. armature D. exciter

55. The frequency of an AC generator Is adjusted by means of the

A. equaliZing reactor C. main alternator field rheostat
B. prime mover governor .control D. exciter field rheostat
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56. The Inductance of a conductor Is measured In

A. henries
B. volts ohms

c.' ohms
D. amperes

57. The voltage of an operating AC tUrbogenerator Is raised or lowered by adjusting
the
A. generator field exciter
B. phase sequence switch

C. generator governor controls
D. synchronizing switch

58. Undernormalconditions. storagebatteriesfor startingthe emergencydieselgenerator
are maintained In a charged state by which of the following methods:

A. trickle charging
B. reverse charging

C. equalizing charging
D. fear charging

59. A current-carrying conductor that makes electrical contact with a wiring conduit Is
indicated by a

~\. reading of 1.0 on the power factor meter
B. totally dark switchboard ground-detecting light
C. low switchboard wattmeter reading
D. high switchboard wattmeter reading

60. What statement is true concerning the cleaning of contacts?

A. delicate parts should be cleaned with a brush and an approved safety solvent
B. compressed air should be used to blowout metallic dust
C. the contact surfaces should be greased to increase contact resistance
D. magnetic brushes should be used to remove metallic dust

61. What Is the preferred method of cleaning dust and foreign particles from electrical
equipment?

A. wiping
B. cleaning solvent

C. compressed air
D. vacuum suction

62. Sparking at the brushes of a running motor could be an Indication of

A. normal operation
B. Increased brush capacity

c. a dirty commutator
D. water vapor absorption

63. What is the overall result of increasing the load on the secondary of a transformer?

A. decrease in the primary current
B. decrease in the primary voltage
C. Increase In the primary voltage
D. Increase In" the 'primary current
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64. What Is the process of reversing the direction of the current in an armature coil
as the commutator segments to which the coil is connected pass under a brush
called?

A. dynamic excitation
B. armature reaction

. C. commutation
D. slip

65. The air gap in induction motors should be checked periodically with a feeler: gauge
to guard against an unequal air gap and I

A. increased power factor
B. decreased motor magnetizing current
C. hysteresis loses
D. mechanical damage to the rotor

66. Which is a function of voltage regulators used with AC generators?

A. to cut in generators automatically as they are needed
B. to divide the KW load equally between generators operating in parallel
C. to cut out generators when they are no longer needed
D. to divide reactive current between generators operating in parallel

67. When a megger insulation tester is being used on a direct current machine. the
meter pointer will dip toward zero and then gradually rise to the true resistance
value if the motor insulation is

A. shorted B. dirty C. good D. grounded

\

68. W)lat should be used to measure the temperature of an electrolyte?
/

A. alcohol thermometer C. mercury thermometer
B. thermocouple pyrometer D. potentiometer

69. Voltage failure of an AC generator may be caused by

A. a tripped bus circuit breaker
B. excessive prime mover speed
C. failure of the exciter generator
D. higl1 mica segments on the stator bus bar

70. Why are transformer aboard ship used with AC generators?

A. to decrease power output
B. to increase power output
Co to permit higher voltage for motor operation and low voltage for lighting circuits
D. to~ange rrequency

71. When a battery is continuously exposed to low temperatures. the best procedure
to keep it from freezing is to:
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B. remove the battery caps

C. fully charge the battery
D. securely cover the battery



72. A three-phase, squirrel-cage, induction motor could run hot due to alan

A. high power factor
B. reversed commutating pole
C. improper brush position
D. shorted stator

73. The reversal of an AC, 3-phase induction motor is accomplished by:

A. changing all three motor leads
B. interchanging any two of the three motor leads
C. reversing the position of the slip rings
D. interchanging any two brushes

74. Brushes in a generator must be positioned in the neutral plane to avoid sparkling
between the brushes and the

A. commutator
B. yoke

C. field pole windings
D. armature windings

75. The cycles per second of the alternating current from the alternator aboard your
boat are determined by e

A. the resistance applied to the filed rheostat
B. the adjustments made to the voltage regulator
C. the speed of the engine driving the alternator
D. the synchronous speed of induction

SECOND ENGINEER

1. What happensin a seriescircuitwhen the voltage remainsconstantand the resistance
Increases?

A. current decreases
B. current increases

C. current remains the same
D. current increases by the square

2. The magnetic field around a current-carrying wire:

A. exists at all points along the length of the wire
B. is parallel to the current flow in the conductor
C. moves in the direction of current flow
D. exists only at the beginning of electron movement

3. Electric current is the flow of electrons through a conductor. This Is commonly
called:

A. voltage
B. amperage

C. coulombs
D. resistance
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4. One megohm is equal to:.

A. 1,000,000 ohms
B. 10,000 ohms

5. A multlconductor cable:

C. 100,000 ohms
D. 1,000 ohms

A. has a number of separate circuits
B. is a single circuit cable composed of a number of strands
C. is a flexible cable to carry motor current
D. is a special heating conductor

6. In D.C. circuits, power Is expressed as the product of:

A. volts and amperes
B. ohms and amperes

7. A mil is:

A. 1/10 inches
B. 1/100 inches

8. One kilowatt is equal to:

A. 1.34 horsepower
B. 1.25 horsepower

C. volts and coulombs
D. amperes and coulombs

C. . 1/1,000 Inches
D. 1/1,000,000 inches

C. 1.50 horsepower
D. 2.00 horsepower

9. Defects in wiring which permit current ot jump from one wire to another before
the intended path has been completed are called:

A. grounds B. shorts C. opens D. breaks

10. Which of the following Is not a good conductor of electricity?

A. mica B. copper C. sliver D. aluminum

11. One horsepower equals:

A. 1,000 watts B. 746 watts C. 100 watts D. 940 watts

12. An instrument often used to check the degree of motor shaft misalignment is the

A. Voltmeter
B. Clamp-on ammeter
C. Growler
D. Megohmmeter
E. Dial indicator
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13. The electrical power Is kilowatts used by a 220 volt motor drawing 15 amps Is:

It. 3.3 B. 3.6 D. 4.0

14. A horseshoe magnet has:

A. two poles
B. three poles

c. four poles
D. one pole

15. Retentivity Is the power a metal has to retain:

A. the current In a circuit
B. magnetic lines of force
C. electron flow within the circuit
D. electricity when moving at high speeds

16. When selecting the size of wire to be used in a circuit. the most important item
to consider Is the:

A. amperage of the circuit
B. voltage of the circuit

17. If a wire Is Increased In circular mils:

A. Its size Is larger In diameter
B. Its resistance Is lower per foot
C. Its size Is smaller In diameter
D. A and B
E. B and C

C. resistance of the circuit
D. amount of wire to be used

18. The following formula Is used to compute power:

A. P = 12R

B. P = R2E
C. P = E2R
D. P = E+R

19. High voltage and low current gain are characteristics of the:

A. common base circuit
B. common emitter circuit

9. common collector circuit
D. both A and C

20. Which of the following statements is true?

It. like poles repel each other
B. like poles attract each other

21. How is a lead-acid cell tested?

A. hydrometer
B. hygrometer

C. unlike pole repel each other
D. none of the above

C. hogometer
D. megometer
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22. A 24-volt lead-acid storage battery consists of:

A. 12 cells
B. 6 cells

C. 8 cells
D. none of the above

23. If the charging rate to a battery was too high, it would:

A. increase the terminal voltage
B. increase the specific gravity
C. Increase the rate of hydrogen liberation
D. decrease the terminal voltage

24. In a 12-volt battery there are how many cells?

A. 6 B. 4 C. 2 D. 8

25. If the specific gravity of a 12-volt battery at 800 is 1.225. the battery is:

A. dead
B. fully charged

C. shorted
D. partially charged

26. The state of charge of a nickel-cadmium battery is determined by the use
of alan

A. voltmeter
B. hydrometer

C. ammeter
D. potentiometer

27. The physical size of a resistor that determines the ability of the resistor to
absorb heat is rated in :

A. Ohms B. Volts C. Watts D. Farads

28. A circuit that has infinite resistance is called circuit.

A. A short
B. A ground

C. An Open
D. All of the above

29. What determines the voltage of a lead-acid cell?

A. the type of electrolyte C. the size of the plates
B. the strength of the electrolyte D. lone of the above

30. Salt water in contact with storage batteries will develop:
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B. nitrogen gas

C. carbon monoxide
D. carbon dioxide



31. Whld1 statement Istrueconcemlng themaintenance of solid-silver contacts in relays
and auxiliary control circuits?

A. When necessary, they should always be dressed with a wire wheel
8. They should be filed with a fine-cut file when projections extend beyond the

contact surface
- C. When blacksilver oxide Ispresent, Itshould always be removed from thecontact

surface with coarse sandpaper
D. If neCessary, theyshould be held together with moderate pressure while emery

paper Is drawn between the contacts

32. While youare starting a main propulsion synchronous motor as an induction motor,
the ampere meter pegs out at maximum and then returns to the proper value after
synchronization. this means the:

A. motor has started properly
8. field windings are grounded
C. slip rings are dirty
D. .power transmission cables are grounded

33. The purpose of a short. circuit forcing module (short time trip) installed in a branch
lI,:,e Is to provide:

A. high speed clearance of low Impedance short circuits In the branch
8. continuity of service on main bus under short circuit condition In a branch
C. isolation of short circuits by selective tripping of branch circuit breakers
D. all of the above

34. Electrolyte In a nickel-cadmium battery Is:

A. potassium hydroxide
8. sulfuric acid
C. slip rings are dirty

35. A SC)ft Iron core with wire coiled around it and direct current passing through the
wire Is the description of a simple:

A. magnetic shield
B. electromagnet

C. piezoelectric device
D. electromagnetic domain

38. To properly use a hook:.on-volt ammeter when checking current flow, you must
FIRST:

A. hook the jaws of the Instrument around the Insulated conductor
8. de-energlze the circuit to allow connection of the Instrument In series
C. connect the voltage test leads to the appropriate terminals
D. short the test leads and calibrate the Instrument to zero
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37. Autotransformer starters or compensators are sometimes used with polyphase
Induction motors to:

A. reduce the voltage applied to the motor during the starting period
B. Increase the voltage for "across the line starting"
C. ~rovlde a back-up means of voltage regulation for emergency starting
D. allow the voltage to be either stepped up or down depending on the application

to ensure full torque

38. A magnetic blowout could in a DC contactor function to:

A. prevent contact melting
B. open contact rapidly
C. adjust opening spring tension
D. provide "snap-action" In the contactor

39. In an AC synchronous motor Turbo electric power plant, propeller speed Is controlled
by varying the:

A. turbine speed
B. electric coupling field strength
C. number of energized main motor poles
D. propulsion generator field strength

40. A molded-case breaker provides protection against short circuits by using alan:

A. electromagnet
B. arc quencher

c. shading coli
D. holding coil

41. The method used to produce electron emission In most vacuum tubes Is:

A. photoelectric
B. secondary

42. A microprocessor is:

C. cold eathods
D. thermionic

A. Another name for a computer C. A name for a calculator
B. A CPU integrated circuit D. A small scale Integrated circuit

43. What device measures pressure and converts it Into an electrical signal?

A. transducer
B. reducer

C. transformer
D. rectifier

44. Grounds found in electrical machinery due to Insulation failure are usually caused
by:
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A. deterioration due to age
B. excessive heat

C. vibration
D. all of the above



45. The amount of voltage Induced In' the windings of an AC generator depends on:

A. the number of conductors In series per winding
B. the speed at which the magnetic field passes across the winding
C. the strength of the magnetic field
D. all of the above

46. The type~t'motor -that uses a rhe~~t In the rotor circuit to vary the speed is
called a:

A. wound-rotor Induction
B. regenerative braking

C. squirrel-cage Induction
D. synchronous

47. A motor controllercontainsthree pushbuttonslabeled"start","jog"and "stop". When
the jog button is pushed, the motor:

A. will run continuously after the "jog" button Is released
B. will run until the "jog" button is released
c. cannot start until both the "jog" and "start" buttons are pushed
D. cannot stop unless the "stop" button is pushed

48. , Which of the following precautions should you take when securing propulsion
generators and motors for an extended period of time?

A. Uft the brushes from commutator collector rings and use the built-In heater
to prevent moisture accumulation

B. Disconnect the brush pigtails from their contacts and discharge carbon dioxide
into the units to keep them dry

C. Disconnect the brush pigtails from their contacts and circulate air through the
units

D. Uft the brushes from commutator or collector rings and circulate cool dry air
through the units

49. Non-adjustable molded case circuit breakers are classified by frame size, ampere
rating and interrupting capacity. The frame size is expressed In: .

A. degrees centigrade
B. circular mils

c. amperes
D. volts

50. What is the purpose of the capacitors on the output of the power supplies
used in today's consoles?

A. They filter out ripple
B. They act as a permanent load
C. They prevent overloads
D. They increase the output frequency
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51. Automatic voltage regulators on DC generators detect voltage changes and adjust
the

A. speed of the prime mover
B. resistance of the armature

C. centertap of the balance coli
D. resistance In the field circuit

52. What condition Indicate (s) that a lead-acid battery Is being charged too qUickly?

A. unusually high electrolyte specific gravity
B. low plate potentials .
C. sparking at the positive terminal
D. exeesslve temperatures and excessive gassing

53. How should the shunt of an ammeter be connected~

A. In parallel with the load and In series with the meter movement
B. In parallel with .the load and In parallel with the meter movement
C. In series with the load and In parallel with the meter movement
D. In series with the load and In series with meter movement

54. Chattering of collector ring brushes on a generator may be remedied by

A. relnsulatlng the brushes
B. lubricating brush holders

c. cleaning the collector rings
D. Increasing length of pigtail

55. When an alternator govemor control switch Is moved to "ralseh
, this willi

A. lower the percentage of speed limit control
B. lower the no-load speed setting of the governor
C. raise the no-load setting of the governor
D. raise the percentage of frequency cycle

56. When you use a megohmeter to test Insulation, good Insulation will be Indicated
by:

A. a downward dip followed by a gradual climb to the true resistance value
B. the initial dip of the pointer .
C. slight kicks of the needle down scale
D. a gradual rise In the pointer reading at the outset

57. When electrical cables pass through watertight bulkheads.

A. A watertight stUffing tube capable of taking packing should' be employed
B. they must be bent to a radius of six diameters
C. they should be secured by a clamp
D. they should be grounded on either side of the bulkhead'
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58. The force that causes free electrons to move In a conductor as an electric current
Iscatled force.

A. die-electric
B. an electromotive

c. resistance
D. Inductive

59. The resistance In electrical wiring decrease as increase :in

A. temperature C. metal Impurities
B. cross sectional area D. length

60. What Is the first step In removing a generator from parallel operation?

A. remove the load from the _off going generator
B. trip the generator off the switchboard
C. tum off all electrical equipment
D. Increase the cycles of the generator staying on the line

CHIEF ENGINEER

1. A standard wire is given the same designation as a solid wire If It has the same:

A. crcss-secuonat area C. overall diameter
B. weight per foot D. strength

2. Counter electromotive force Is measured in:

A. volts
B. ohms

C. amps
D. coulombs

3. With other factor remaining constant. when the applied voltage Is doubled. current
flow in a given circuit will:

A. double
B. remain the same

C. be divided by two
D. be divide by four

4. The resistance of a copper wire to the flow of electricity:

A. lncreases as the length of the wire increases
B. decreases as the diameter of the wire decreases
C. decreases as the length of the wire Increases
D. Increases as the diameter of the wire Increases

\

5. Which of the following formulas would solve for amperage?

A. R divided by E
B. R times E

c. E divided by R
D. R minus E
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6. Which of the following expression correctly states Ohm's Law?

A. volts equal amps times resistance
B. amps equal volts divided by resistance
C. resistance equals volts divided by amps
D. all of the above correct

7. In a parallel circuit which of the following is the same throughout the circuit?

A. impendance
B. current

c. voltage
D. resistance

8. When using Ohm's Law, E divided by R would solve for:

A. amperage
B. voltage

C. resistance
D. watts

9. When using Ohm's Law, E divided by I would solve for:

A. amperage
B. voltage

10. A wire gauge is used to measure:

A. size of wire
B. insulation value

C. resistance
D. watts

C. current carrying capacity
D. tensile strength

11. The unit of electrical current flow is the :

A. amp B. volt C. watt D. ohm

12. The unit of the electrical resistance is the:

A. ohm B. watt C. volt D. amp

13. Volts times amps equals:

A. kilowatts B. watts
/'

C. ohms D. watt-hours

14. The unit of electrical pressure is the:

A. volt B. am c. watt D. ohm

15. If the temperature varies with such conductors as copper, silver, and aluminum, which
of the following statements is correct:

A. as temperature increases, resistance Increases
B. as temperature decreases, resistance decreases
C. as temperature Increases, resistance decreases
D. temperature has no effect on resistance,
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16. A circuit that does not provide a complete path for the flow of current Is:

A. an open circuit C. as series circuit
B. a closed circuit D. a grounded circuit

17. In a series of circuit the total current Is:

A. the' same as that of the largest branch circuit
B. the same throughout all parts of the circuit
C. the same as that of the smallest branch circuit
D. none of the above

18. Static electricity is most often produced by:

A. heat
B. pressure

C. magnetism
D. friction

19. The total resistance of a parallel circuit is always:

A. larger than that of the branch with the greatest resistance
B. equal to the sum of the individual branch resistance
C. equal to the reciprocal of the sum of the individual branch
D.. smaller than that of the branch with the lowest resistance

20. Dielectric strength Is the:

\

A. ability of the insulator to withstand a potential difference
. B. ability of a conductor to carry large amounts of current
C. opposite of potential difference
D. strength of a magnetic field

21. If the resistance of a circuit 'is doubled and the applied voltage kept constant, the
current will be:

A. doubled
B. quadrupled

C. the same
D. cut in half

22. If the length of a wire Is doubled and the cross-sectional area is reduced to one
half, the change In resistance will be:

A. quadrupled
B. halved

C. doubled
D. quartered

23. The purpose of a rectifier is to:

A. change A.C. to D.C.
B. change D.C. to A.C.
C. change the frequency of A. C. current
D. change the voltage of D. C. current .
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24. Which is the smallest diameter wire?

A. 18 B. 10 C. 6 D. 4

25. In a D.C, series circuit, all the conductors have the same:

A.. power expanded in them
B. voltage drop across them

26. An increase in current:

A. Increases temperature
B. decreases temperature

C. resistance to the flow of current
D. current passing through them

C. has no effect on temperature
D. will double the temperature

27'. The horse power of an 1,800 (kilowatt) motor Is:

A. 1,800 B. 2,142 C. 2,412 D. 2,421,

28.. Soft iron is the most suitable for use in a:

A. temporary magnet
B. permanent magnet

C. natural magnet
D..solld magnet

29. Residual magnetism is the magnetism:

A. in a field coil
B. In the motor
C. remaining in a substance after it has been removed from a magnetic field
D. gained in converting D.C. to A. C.

30. Magnetic flux is best insulated by:

A. ceramic D. porcelain
B. cambric E. Impossible to Insulate
C. rubber

31. A semi-conductor that decreases in a resistance with an Increase In temperature Is
known as a: :

A. resistor C. diode
B. thermistor D. thermopile

32. The shunt of ammeter should be connected In:

A. series with the load in parallel with the meter movement
B. parallel with the load and in series with the meter movement .
C. parallel with the load and in parallel with the.meter movement
D. series with the load and in series with the meter movement
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33. Brushless generators operate without the use of:

A. brushes
B. slip rings

C. commutators
D. all of the above

34. An operatingcharacteristics which appearson the nameplates of shipboardACmotors
Is:

A. temperature rise
B. input kilowatts

C. the type of winding
D. locked rotor torque

35. Low horsepower polyphase Induction motors can be started with full line voltage by
means of :

A. compensator
B. autotransformer

C. across-the-Iine
D. primary-resistor

36. What ItemIs normally Installedon a large turbine electrlc,propulslon alternating current
generator?

A. temperature detector colis Inserted In the stator slots for measuring stator
temperature

B. A C02 fire extinguisher system
C.' electric space heaters to prevent condensation of moisture
D. all of the above

37. What type of battery charging circuit Is used to maintain a wet cell lead-acid storage
battery in a fUlly charged state over long periods of disuse?

A.' normaL-eharglng circuit
B. quick charging circuit

C. trickle charging circuit
D. 'high ampere charging circuit

38. A ground can be defined as an electrical connection between the wiring of a motor
and Its:

A. metal framework C. shunt field
B. circuit breaker D. interpole

39. External shunt are sometimes used with ammeters to:

A. Increase meter sensitivity
B. permits shunts with larg~r resistance to be utilized
C. prevent damage to the 'meter movement from heat generated by the shunt
D. enable the .construction of a compact meter with a virtually unlimited range

40. The output voltage of a 440, 60 hertz, AC generator Is controlled by the:

A. exciter output voltage
B. prlve mover speed'

C. load on the alternator
D. number of poles

..

147

•



41. Any electric motor can be constructed to be:

A. short B. ground c. explosion D. overload

42. What is the main difference between a relay and a contractor?

A. Contractors can handle heavier loads than relays.
B. A relay is series connected; a contractor is parallel connected.
C. Contractors control current; relays control voltage.
D. Contractors are made from silver; relays are made from copper.

43. Which of the following is true concerning a polyphase synchronous propulsion motor?

A. The motor is started as an induction motor.
B. Resistance is gradually added to the rotor circuit.
C. The starting current is held below the rated current.
D. The field winding is energized for starting purposes only.

/

44.

45.

46.

Where a thermal-acting breaker must be used in an area of usually high, low, or
fluctuating temperatures, an ambient compensating element must be used consisting
a:
A. second bimetal element
B. conical spring on the contact arm
C. cylindrical spring on the contact arm
D. second electromagnet

What could be an application for a silicon controlled rectifier?

A. to provide power for a main propulsion motor
B. for use as a voltage reference diode
C. for sensing flame, is an automated burner
D. to eliminate power supply hum

When using an ohmmeter to Identify a short, the ohmmeter reading should'indicate:

A. zero C. 100 kilohms.
B. infinite D. 1 megohm

47. An accidental path of low resistance which passec .'I abnormal amount of current
is known as alan: ....

A. open circuit
,S. short circuit

C. polarized ground
D. ground reference point

48. An unknown resistance in a circuit is to be tested using the voltmeter method. The
meters should be connected such that:

A. the ammeter is in series and voltmeter is in parallel with the resistance
B. both meters are in parallel with the resistance
C. both meters are in series with the' resistance
D. the ammeter Is In parallel and the voltmeter is in series with the resistannl3
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49. How is the DC output obtained from a brushless exciter?

A. from collector rings mounted on the armature
B. from the semiconductor rectifier mounted on the exciter armature
C. directly from the commutator by indication
D. from a semiconductor rectifier mounted on the stator

50. In general. polyphase induction motors can be started on full line voltage by means
of starters:

A. across-the-nne
B. autotransformer

C. compensator
D. primary-resistor

51. The speed of a synchronous motor is varied by:

A. changing the voltage of the system
B. changing the input frequency
C. interchanging "any two of the three live leads
D. increasing the field excitation.

52. The frequency of an AC generator is adjusted by means of the:

A. equalizing reactor C. main alternator files rheostat
B. exciter field rheostat D. prime mover governor control

53. The true power indicated by the pointer movement of a wattmeter depends on the
current through the load. the magnitude of. the potential across the load and the:

A. power factor of the load C. inertia of the movable coil
B. angle of coil displacement D. high resistance from the load.

54. Which section of an emergency switchboard supplies power for alarm signals under
emergency conditions?

A. the 120 volt, 3 phase. 60 cycle bus
B. the generator and bus transfer section
C. the 450 volt. 60 cycle. 3 phase bus
D. the 24 volt. DC bus

55. Which insulation will begin to deteriorate first as a result of heat generated in the
conductor it surrounds?

A. vanished clothes
B. asbestos

C. rubber
D. silicon

56. Which could you use to locate a grounded field coil in a synchronous motor?

A. voltmeter C. frequency meter ..
B. multimeter D. megohmeter
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57. When the operating handle of a molded-case circuit breaker Is In the mid-position
it indicates that the circuit breaker Is:

A. off B. on c. trip... · D. reset

58. A milliameter with a full scale deflection reading of 100 milliamperes has an accuracy
of + or -2%. A meter reading of 10 milliamperes would Indicate a line currentbetween:

A. 9.8 and 10.2 milliamperes C. 9.8 10.0 milliamperes
B. 8.0 and 10.0 milliamperes D. 8.0 and 12.0 milliamperes

59. When the current through a copper wire Increases, its

A. temperature will Increase C. Insulation will burn
B. conductivity will increase D. resistance will decrease

60. Which type of flux should be used when soldering wire connection?

A. Rosin flux C. Acid flux
B. Solid flux D. Sliver flux

61. When placed In a magnetic field, what material will have the highest permeability?

A. glass C. aluminum
B. bakelite D. soft Iron

62. A shore power circuit breaker should be closed only

A. in a shipyard
B. when the shlp's generators have been removes from the bus
C. when the ship's generators have been paralleled to those on shore
D. if a quick disconnect coupling Is used

63. Which meter uses a shunt connected in series with the load and parallel with the
meter movement?

A. power factor meter C. voltmeter
B. ammeter D. wattmeter

64. When using an ohmmeter to test a diode.you find a low resistance In both the forward
and reverse bias directions.

A. open diode C. high power overspeeding
B. good resistance quality D. good capacity quality

65. The purpose of the reversed power relay In ship's service alternator panel Is to trip
circuit in the event of

A. alternator motorization C. high power overspeedlng
B. main circuit overload D. generator overspeeding

66. An Internal resistance would be placed In series with the meter movement of which
Instrument? .

A. AC ammeter
B. main circuit overload
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STEAM BOILERS

Q. What are the two types of boiler base on their working principle?

Fire tube - consist of largetubes for lowpressure heating plantsandtheproduct
of combustion passthrough the inside of the. tubes, andoutside thetubes Is
sorrounded by water. I

Water tube - constructed with small tubes and efficient production of higher
steam pressure, where thewateriscontained inside thetubes, withproduct
ofcombustion passing around the outside of the tubes.

A. USE OF STEAM ON MOTOR VESSEL

1. Heating duties: ME Fuel oil heater, Purifier heater, Oil tank heating, Cargo
heating, Airconditioning andheating plant, Calorifier, Galleysupply, sea-chests,
tracer lines for pipeline heating, etc.

2. Run Turbine Generators

3. Run Cargo pump turbines in Tankers

4. Drive steam driven deckmachineries like winches, etc.

5. Operate bilge, stripping and othersteam driven pumps

6. Drive boiler feed pump turbines

7. Evaporator/Fresh watergenerator heating media

8. Tankwashing in tanker ships andgeneral cleaning

9. For boilerSootblowing andfor the steam atomised burners

10. Fire fighting as used in steam smothering system

11. Main engine JacketF.W. preheater and luboil sumpanddrain tanks

12. Use in the waste oil, incinerator, slop tanks

13. Useas a steam ejector media for ejector pumps andvacuum devices

14. Main turbine propulsion (IF Turbine ship), etc.

152



CLASSIFICATION OF BOILERS

Classification For Steam ships For Motor Ships Additional
Criteria Information

Capacity High Capacity Lowor Medium Units in tonslhr
Capacity or,

100,000 kglhr 1,000-5,000 kglhr kglhour

Pressure High Pressure LowPressure Low pro on most
60 bars and 6-15 bars motorvessels;
above Medium Pressure Med. Pressure

17-30 bars used on tankers

Shape Drum Type, Cylindrical, Package, Tubular,
D-typ~ Vertical bothof Coil type are

Tanktype or, othershapes for
D-type on tankers Lowpr. units

Usage Main Propulsion Auxiliary Boiler; AssistPropulsion
Boileror Mn Blr Donkey boiler Hotel Purpose

Type of fuel Heavy fuel oil, . LightDiesel, Coal, Electric,
used Gas Heavy fuel, Gas Exhaust Gas

Working Watertube Firetube, Steam raising
Principle Watertube method

Circulation Natural Natural Tank& Drum;
Type Forced Exh Gas, Coil

BOILER TYPES

Main Boller - Propulsion of the vessel.

Auxiliary Boller - Aidsthepropulsion insome way;e.g., heating of heavy fueloil using a
steam heater, necessary forpropulsion would qualify thesupplying boilerto be referred to
as an auxiliary boiler.

Donkey Boller-Aboilerwhich isused onlyforthe "hotel" needs oftheship;e.g.,supplying
hot water to the galley.
Tank Boller - Aboilerwith largewatercarrying capacity where the shell is being used as
the pressure vessel. Mostlow pressure auxiliary boilers will come into this category.

Vertical Boller - Anyboilerwhere theshell isupright andthefurnace isusually contained
within the shell at the lowerhalf.

Horizontal aoller - Thisisalsoreferred to ascylindrical boiler; here, theboilercylindrical
shell is lyingacross its length parallel to the structure of the ship or the grouhd level.
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ExhaustGasBoller- Boileroperated byhotgasfrom engineorotherexhaustgassource&.
DrumTypeBoller- Water tube boilers employing steam and water drums. They arealso
known asbenttube type bOIlers.

Package Boller- FUlly automatic,· low capacity boilers packaged inside Iiboxtype casing,
capable ofquicksteam production and flexible inbeing positioned anywhere; could becoli
type or firetube type.

Q. Give the advantages and disadvantages of a Flretube

Advantages of FlretubeBoller:
1. Flretube boiler can use Impure water, without serious damage.
2. They contain a large amount ofwater, and donotrequire exacting supervision

as regards towater level. Also steam pressure is steadier.
3. Their firstcost is relatively low.
4. They are acceslble for maintenance.
5. Because fire IsontheInside ofboiler and issurrounded bywater radiation losses

are lower.

Disadvantages of Flretube boiler:
1. Because they contain alarge amountof water, they require along Intervaloftime

to raise steam and are notflexible as regards to changes inste~ demand.
2. They aremost susceptible toexplosion, and insuch asacase. the·large volume

of escaping water flashing Into steam upon reaching the atmosphere might
caUse serious damage to personnel.

3. High steam pressure would require extremely thickboilerplate. and thus flretube
boilerare notusually capable ofproducing steam at high pressure and tempera
ture.

4. They require large entrance Into thefire room because theyaregenerally
riveted Intheboiler ship and shipped In large section.

5. Typical efficiency is less than thatofwater tube boiler.

Advantages of watertube boiler:
1. They can produce steam at high pressure and temperature.
2. They areveryflexible asregards tochanges Insteam demand beC8Useof their

small volume of water.
3. Permit use of heat reclaiming devices and so arevery different.
4. Steam pressure can be raised In a relatively short time.
5. They arenotnable to explosion.
6. They are assembled In the fire room. and so large entrance Into thefire

room are not required.

Disadvantages of water tube boiler:
1. They must use pure water.
2. They must receive constant supervision as regards to steam pressure and

temperature.
3. Boilers must beheavily Insulated tominimize radiation losses.
4. To make repairs on tubes. boilers must be emptied.
5. First cost Ishigher than that of scotch boilers.
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SOME EXAMPLES OF POPULAR BOILER IN INDUSTRY

Medium Low Low Pressure: Low
Pressure: pressure: Tank type Pressure:
Water tube, Package 011 fired! Exhaust gas
Drum Type Coli type, \ Composite Forced

fire tube type circulation

Tanker All types of All Types of All types of
Vessel vessels vessels vessels
Babcock & Cochran Aalborg AalborgAV
Wilcox Chieftain AQ3,AQ9,AQ12 series
M11, M11M AQS,AQ2,AQ7
Foster Steambloc Sunrod Sunrod
Wheeler 04 CPH,CPOB PL,PT
Combustion Stone-Vapour Osaka
Engineering Howden-

Johnson
Kawasaki Clayton Hitachi Zosen

HV
Aalborg Miura VWS Spanner
AT4,AT8 Swirlyflo
IHI:AOM-6 IHI-eV

Cochran

Mltsublshl- Mitsublshl MC,
MAC Mc-e

Ust of Boller Mountings and Functions of Each.

SAFETY VALVE - Protects theshell ordrum against excessive pressure from building up
Ina steam boller, thus guarding theboiler from explosion.

MAIN STEAM STOP VALVE - Allows steam to leave theboilerto go Into the main steam
line,andfrom there, to the main engine or turbine.

AUXlUARYSTEAM STOP VALVE - Allows steam to leave the boiler to pass into the
auxiliary steam line,andfrom there, to pumps, generators, andotherauxiliaries.

WATER COLUMN - Provides a stilling space so that its water level will not be greatly
affected by pitching and rolling of the ship. Water In the column Iscooler than thatIn the
boil.,rshell ordrum. Thus, noactual boiling takes place Inthecolumn, andthewaterlevel
Is more easily detected.

GAUGE GLASS - Attached to thewatercolumn or to thedrum and indicates the level of
thewaterin the boiler.
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TRY COCKS - attached to the shell or to the water column, and are used to prove the
reading indicated by the gauge glass.

SURFACE BLOWVALVE- Allows lightimpurities, such as oil or grease, to be blown off
fromthe surface of the water in the boiler.

BOTTOM BLOWVALVE- Allows sediment to beblown off fromthe bottom of theboiler.
It also allows a rapid reduction of the water levelor a partial emptying of the boiler.

SALINOMETER COCK- Allows a sample ofwaterto bedrawnoff fromboilerso that the
densityof the water maybe measured.

MAINFEED-WATER STOP VALVE- Permits orprevents entrance of the feedwater into
boiler from the main feed-water line.

AUXILIARY FEED-WATER STOP VALVE- Has thesame function asthemainfeed-water
stop valve, but is located in the auxiliary feed-water line.

"MAIN FEED-WATER CHECK VALVE- Regulates theflowofwaterintotheboilerfromthe
main feedlineandprevents waterintheboilerfrombacking upin themain feedlineinevent
of failure of the main feed-water pump.

AUXILIARY FEED-WATER CHECK VALVE- Has the samefunction as the main feed
watercheckvalve, but is placed in theauxiliary feed-water linebetween the auxiliary feed
stop and the auxiliary feed-water pump.

AIRVENT- Allows airtobereleased from theboilerpriortocutting intheboilerontheline,
and to breakthe vacuum when the boilers is being emptied.

WHISTLE VALVE- Furnishes steam for the ship's whistle.

PRESSURE GAUGE - Indicates pressure beingcarried in the boiler.

FUSIBLE PLUG - Installed onSooth boileruseto givealarm when waterbecame too low,
made of bronze and melt, steam passes activate alarm.

--'

BELLY PLUG - Fitted onscotch boilers forttl'e purpose of allOWing waterto drainfromthe
boilers into the bilges.

HYDROKINETER VALVE - Found only on scotch boilers, and supplies steam to the
hydrokineter, which is used to speed up circulation andcause even heating of the boiler
when the latter is started up from cold.

Q. What are the additional accessories of modern marine boilers?

ECONOMIZERS - An economizer is a boileraccessory thatutilizes theheatin fluegases
to increase the temperature of feed waterbefore that feed waterenters the boilerdrum.
Irs construction eithersingle loopor continuous looptype with header for expansion and
maintenance repair.
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Advantages:
a) A saving in fuel from 5 to 18 percent results.
b) Reduction in thermal shock. Thehigher the temperature of feedwater, the less

will be the contraction stresses upon the injection of water into the hot steam
drum.

c) Increase in storage capacity. Thelarge quantity ofwatercontained in anecono
mizerprovides reserve space in the event of a sudden boileroverload.

Disadvantages:
a) Original cost is high
b) Increased maintenance costs
c) Space occupied by the economizer alsoneeded.

AIR HEATERS - Airheaters areoften installed onmodem boilers to heatthecombustion
air before the air enters the boiler furnace. The most common type consists of tubes
secured in a tube sheetat each end. A forced-draft fan, mounted at the top of theboiler,
forces air through thetophalfof thetube bankin onedirection andthenthrough the lower
halfof thetubes intheopposite direction. Thehotair then travel through anairductoutside
of the boilerproper, along theside,and then under thefurnace floor, delivered to fumace
chamber. .

Advantages:
1. It increases boilerefficiency, since the stacktemperatures are reduced.
2. It increases fumace efficiency, since hot air increases fumace temperature,

whichpromotes bettercombustion.

SOOT BLOWERS - areoften installed oneconomizer to keep thetubes free from carbon,
soots coming from exhaustgasoftheengine. It also fitted onmodem marine boiler located
in generating tubes, superheater tubes, and air heater in order to maintain the working
effeciency of heat transfer thereby producing a better output lof the boiler operating
performance. Ituses desuperheated steam forbetter cleaning method which startfrom top
air heater - economizer - superheater and generating tubes, for free passage of bumed
gases from fumace to funnel to prevent sootfires.

SMOKE INDICATOR
Thisis apparatus usually consist ofaseries ofmirrors so located thatthefiremen een

easily seethecondition of thestack. A strong lamp being placed ononesideof theuptake
to the side is parallel leading to boilercontrol room.

Q. What are boiler mountings founds on a modern water-tube boiler and function.

STEAM DRUM - acylindrical forged steel with both end fitted withmanhole cover forrepair
passage. Inside thedrum mounted with Internal 'fittings like drypipe, surface blowline,feed
waterlineand desuperheater onhigher pressure boiler. Ontypical lowpressure watertUbe
boilersame mountings on outside connection likesafety valves, main andauxiliary steam
stop valves, pressure gage, air valve, water level gage, surface blow valve, main and
auxiliary feed valves.
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WATER DRUM-Its main function aretoequalize thedistribution ofwatertothegenerating
tubes andtoprovide space fortheaccumulation ofscaleandothersolid orsludgewhich was
blown outby bottom blow-valve.

DOWN COMER- consist ofnipple tubes connected between steam drum andfrontsectlon
headers. where water leaves the drum. passes to headers for expansion without strain
occur.

DRYPIPE - Adrypipe Isa perforated orslotted pipeplaced Inthehigherpartofthesteam
space of aboilertoprevent priming. Thesteam outlet valves areconnected to thedrypipe.
Thesteam mustpass down through the holes (orslots) Into thedrypipe on its wayto the
steam. valves. 'On making these turns, themoisture Inthesteam Is thrown offby inertia.

WATERWALL - Awaterwall consists ofaseries ofvertical orInclined water tubes Installed
along oneor more walls of thecombustion chamber and exposed todirectradiant heatof
thefire. These tubes areconnected directly, orthrough headers and connecting nipples. to
thecirculatory system of theboiler.

Two purposes are served by the waterwall: (1) Added heating surface and boiler
capacity are secured. Revamping and adding waterwalls to an existing boiler may even
double Itscapacity. (2) MalnJenance of the refractory wall is reduced greatly.

FURNACE- Itprovide space I"whlch thefuel and airmix and atomize thus creating perfect
combustion. ItalsoIncreased total heattransfertothesorroundedwaterwallandgenerating
tubes.

FURNACE REFRACTORY -Is made of bricks or tilesfitted around lower base header In
order to maintain furnace temperature thus providing good combustion. It also serve to
transfer hot combustion gases through thebank of generating tubes andpreventing heat
from escaping to theatmosphere thereby maintaining boiler efficiency.

SUPERHEATERS - One of the most Important mounting on a modem boiler where It
receives steam from dryplpe and.thls steam, being heated by combustion gases passing
around outside ofthetubes, thereby Increased Intemperaturebutpressure remain constant.
Consist of first and second stage rows of superheated Installed near the furnace but
protected by rows of screen tubes Inorder to avoid direct contact of heat. Prime purpose
Is to use on main turbine engine thus eliminate erosion on turbine bladlngs.. prevent
condensation In steam lines, carry-over, less steam consumption thus Increases plant
capacity. Superheaters alsofitted with safety valve. to be set lower than the safety valve
on boiler drum.

DESUPERHEATER -Installed only on high pressure boiler, where superheated steam
.passes through piping to tubes that are Immersed In the water space of steam drum,
to reduce thetemperature equal to saturation steam to thedrum for auxllilaries equipment
likecargo pumps. soothblowers, feed'pumps etc. which useonlylowtemperature steam.
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GAS BAFFLES - usually fitted on three way pass boller, used to divert the path of
combustion gases from furnace to uptake.

STEAM BAFFLES - to prevent steam coming back through return tubes from blowing
directly Into the water In the steam to avoid turbulence effect.

SCUM PAN - fitted on steam drum where surface blow valve connected, to colleCt
the floating Impurities such as oil, grease to overboard.

Q. What are the requirements of efficient 011 burning In a boiler?

1. Proper amount of fuel
2. Proper amount of air
3. Proper atomization
4. Proper fuel and air temperature
5. High furnace temperature

Q. What are the methods by which the rate of combustion Is varied to meet
changed In the steam demand?

The rate of combustion may be varied by changing the following:
1. The size of the atomize used. .
2. The number of atomizer used.
3. The oil pressure used.
4. The fuel 011 back pressure.

Q. What are the causes of excessive 011 temperature?

1) Insufficient oil circulation
2) Improper viscosity of 011
3) Overloading
4) Overheated bearings
5) Jacket cooling system not effective
6) Late burning of fuel
7) Sludge coating on the crankcase
8) Oil cooler..clogged.

Q. What two parts does a burner consist? What Is the function of each part?

The burner consist of two parts:
1. Atomizer - it is used to atomize the fuel into tiny spray which completely fill the

furnace opening in the form of hollow cone.
2. Air register - .itallows.entryof a strong blast of Whirling air which catches the fuel

fog, mixes with it and enters the furnace where combustion takes place.
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Q. State four operating condition that decrease the life of the furnace refractory
linings.

The life of refractory lining of furnace is influenced by:
1. The high sustained furnace temperature
2. Rapid changes in temperature
3. Vibration or pan~ing of the boiler
4. Flame impingement.

Q. What causes panting In a watertube boiler?

1. Defficiency of air
2. Excessive oil temperature
3. Poor fuel-air mixture.

Q. What Information Is found on the name plate of a boiler?

Inspection Bureau Number; Tensile Strength ( ) Ibs. per sq. inc. (p.s.i.); Hydrostatic
test ( ) p.s.i.; Original Working Pressure ( ) p.s.l.: Built By; Steel By; Date and Inspector's
Initial.

Q. What Information Is stamped on the body of a safety valve?

Name or registered trademark of manufacturer; Serial number; Inlet diameter;
Operating pressure; Discharge capacity; Safe working pressure and Blowdown in psi.

Q. How would you make a hydrostatic test on a boiler?

1. Clean the boiler thoroughly both on the fire sides and the water sides.
~. See that all workers are clear.
3. See that all foreign matter, tools, rags, etc., are removed from the boiler,

and close up the manholes and handholes.
4. All valves on the boiler must be in good condition. All valves except those through

which the water for the test is to be let into the boiler should be closed.
5. The main steam line may be tested along with the boiler. In this case, it may be

necessary to put a blank at the far end of the line immediately before the throttle
valve to the main engine or auxiliary engines. If there are two stop valves in the
line, It may be unnecessary to blank off the line.

6. Hydrostatic pressure should not be put on one side of a valve which has steam
pressure on the other side. This is important when steam is up on one boiler or
on a donkey boiler while another boiler is being given a hydrostatic test. Blanks
have to be used if there are not two valves on the line. Two valves may
be considered sufficient.

7. Provision must be made for a test gage
8. The safety valves must be gagged.
9. The air vent (air cock) at the top of the boiler must be left open until water runs

out of it. Then it may be closed.
10. The pressure, applied by means of a pump, must be applied and released slowly.
11. A hydrostatic test must never applied to a hot superheater or boiler. '
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Q. What Is the procedure In lay-up the boiler?

Wetstorage: Used forshortlay-up of lessthanamonth andtheboilerismaintained
in a stand-by condition. Not suitable for boilers exposed to freezing conditions.

The boiler is completely filledwith hot distilled de-aerated alkaline water.The water
should overflow through the vent during filling-up. Daily checks are necessary to ensure
fullness and alkalinity are maintained.

Drystorage: Usedfor longerlay-ups ofmore thanamonth. Theboileriscompletely
driedout usingheaters or on lightfire or passing hotair through the boilerparts.When dry
completely, all theboileroutlets aresealed tightafterplacing dehydrant (such as Silicagel
at the rate of 2.7 kg/cu. metre) inside the boiler.

Q. What Is the meaning, function of the following terms?

Bollercapaclty- is theamount ofworkaboilercanproduce a steam expressed Inpounds
per hourdesigned to generate.

Prlmlng-carryoverofentrained waterwiththesteam intotheengines thataffecttheturbine
blade, breakcylinderheads, piston, valves.

Flareback - mostly occurduring Initial firing or attempting to relight a burner from a hot
brickwall withoutproper purging caused by explosion of mixture oil vapor or gas In the
furnace.

WaterHammer- consist of condense moisture in a steam line,whichform slug ahead of
steam flowing through that produce sounds like a hammer hitting a metal againstelbows,
fittings, valves. Itcanbeprevent bydraining andslowpre-heating of linebyopening by-pass
valves.

Foamlng- a process condition ofproducing steam bubbles from thewaterlevelIna boiler
to the steam spacecause by oil presence that feedwater carried over from machinery.

Pitting - is a form of local corrosion usually found on boilerwater line system.

Grooving - USUally found around seams rivetsheador where the metal has beenbentor
strained.

carry-over - consist of particles of water leaving the boiler with steam caused by high
alkalinity, high disolved suspended solids.

Gag-aspecial clamp tooJs forholding thesafetyvalves closed during ahydrostaticpressure
test.

Accumulation Test - the actual test of the abilityof the boilersafetyvalves to relieve the
boilerofallthesteam thatgenerate during firing atfullcapacity. Firing timeforfiretubeboilers
forced to maximum capacity Is12minutes while watertubeboileris 7 minutes, notexceeds
6% above maximum allowable working pressure.
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Hydrostatic test- filled upwith waterandpressure build upto boiler, to determine wether
theboiler is tightandcapable of safety holding Itsworking pressure.

Combustlon- is therapid combination ofoxygen withfuel, accompanied by theevolution
of fire.

RateofEvaporation-the amountofwaterevaporated Into steam persquare footofheating
surface per hour.

Rate of Combustion - the amount of fuel burned per square foot of heating surface per
hour.

TensileStrength- Istheability ofmaterial to resist stresses oftension, such asstretching or
pUlling It apart.

YieldPoint-sudden yielding ofthematerialwhile undertensile stress,without anyincrease
In load.

Elastic Limit - Is the maximum stress to which the material can be subjected without
causing Itspermanent deformation.

Elongation - is the Increase In length of specimen under tensile stress.

Galvanic action - is a formof corrosion Inwhich the metal Is eaten away by thegalvanic
action on non-homogeneous parts of iron andsteel.

caustic Embrlttlement-made ofmolecules thatproduce onmetal which usually occurred
on riveted jointswith higher concentration of alkalinity and mechanical stress.

Corrosion - is theprocess ofdeterioration onwearing away ofsome of themetal parts, for
which exists in three forms, pitting, rusting orwearing andgrooving. Twotypes of corrosion
aregeneral and local corrosions.

Ductility - is theproperty of a material which allows It tobedrawn, bypulling on itsendsto
a smaller diameter.

Factor ofsafety - is theratio of theultimate strength of a material to its maximum working
stress.

Annealing - consist of allowing material to cool, after forging or rolling, to a temperature
below the critical range, reheating it to proper temperature to refine the grain, and the
allowing it to cool in the furnace.

Normalizing - same method to annealing except thatafterreheating to refine thegrain, the
material is allowing it to cool In the air.

Riveting - method ofjoining metal plates. Acylindrical length ofmetal, called rivet, Isplaced
Into holes drilled Inthetwo plates to bejoined, then each of the rivetis forced intoa shape
of largerareathan the cross section of the rivetshank.
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SAFETY VALVES

The function of a safety valve is topreventexcessive pressure from buildingup in a
steamboiler, thusguarding the boileragainstpossible explosion.

TYPES OF SAFETYVALVES
Ordinary lift; High lift; Improved high lift; Full lift; Full bore;
Pilot-operated; and Electro-magnetic safetyvalve.

Example: Blr. Design Press = 10 bar
Test Press = 15 bar: + 50%
Operating Press = 8 bar
H. P. Alarm = 9 bar
Set Press SafetyValve 1 = 10 bar
Set Press SafetyValve 2 = 10.3bar: + 3%
Closed SafetyValve = 9.6 bar: 1 - 4%
Accumulation Press = 10.6bar: + 6%

Boilers with a heating surface in excess of 46.4 m2 mustbe fittedwith at leastTWO
safetyvalves.

Safety valves must be set to lift within the designed pressure of the boiler. Since
marineboilershavenormally twosafetyvalves, thesecond valvemaybe adjusted to lift at
a pressure of 3% above the boilerdesign pressure.

Normal blowdown range of safety valves: 1 - 4% of set pressure.

Topreventleaking or"weeping" ofsafetyvalves, theboileroperating pressure should
be lower than the design pressure.

The ideal lift for a safetyvalve is 1/4 of the valve (throat) diameter.

DESIGN FEATURES OF AN ORDINARY LIFT TYPEVALVE
1. Lift of this type of safetyvalvewill be 1/24of its throat diameter.
2. A splitcompression ring is fittedto fill thegapbetween the collarof the adjusting

nut (compression screw) and top of the valve cover bush. This prevents
any alteration of the valvesetting.

3. Through slots in the cap and spindle, a cotter canbe padlocked in place.
4. An easing gear fitted enables the valveto be lifted manually from eithera local

or remote position.
5. Adequate clearances are provided in the assembly so that the valve can open

freely.
6. A drain from the valve chest avoids the possibility of hydrostatic loadsactingon

the valve and seizure of the valve due to corrosion.

DESIGN FEATURES OF MODERN SAFETY VALVES

1. Increased valve disc area to promote valve lift.
2. Single ringblowdown control: Raising the ringtowards the valvedisc increases

the valve blowdown andvice versa. .
3. Upperandloweradjusting rings: Theupperringcontrols thevalveblowdown and

the lower ring promotes the popping action and removes the valve simmer.
(The clearance between both these rings control the huddling chamber pressure)

4. Aback-pressure controlvalvegivesa rough adjustment for thevalveblowdown.
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1 Body
2 Cover
3 Valve Disc Holder
4 Valve Disc
5 Seat Ring
6 Guide
7 Spindle
8 Blow Down Ring
9 SettingScrew
10 Valve Disc Ball
11 Spindle Ball
12 Spring
14 Dome
15 Adjusting Screw

17 Locknut
18 Spring Plate
20 Disc Retaining Clip
21 BodyGasket
23 Seat Securing Pin
24 Securing Pin Plug
26 BodyStud
27 BodyStud Nut
28 Nameplate
29 Nameplate Screw
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PROCEDURE FOR ADJUSTMENT OF SAFETYVALVES ON TANK BOILERS

1. At leasttwo pressure gauges, whoseaccuracy hasbeen verifiedrecently, must
be madeavailableto give the reading of boiler pressure.

2. Screw down the compression screw on the valves a few turns more than the
previoussetting.

3. Steampressure in the boiler raised and the boiler put on bankedfire.
4. Slowlybringuptheboilerpressure to thedesiredsetpressureof thesafetyvalve

being adjusted (adjust only one valve at a time).
5. Slacken the compression screw of the safetyvalve slowly till the valve blows.
6. Stop firingthe boiler, and note down the closing pressure of the valve.
7. Tryoutagainfor lifting(floating) of thesafetyvalveto checkthe setpressure and

to make minoradjustments to the compression screwas may be necessary.
8. The valvesettingis donewith a bit of trial anderrorprocedure andwith practice

can be achieved fairly quickly.
9. Onvalveswithblowdown control, theblowdown ring is initiallyset at a particular

position as per the maker's instructions and fine adjusted during the floating of the valve,
10. The safetyvalveadjusted shouldbe gagged(thegagmustbe finger tightonly),

and the other safety valve should now be floated and adjusted.
11. The gag from the first valve should nowbe removed.
12. Fire the boiler to confirm the satisfactory operation of the safety valves.
13. Split lock rings can now be made and fitted to lock the compression screws in

place.
14. Fit back the easing gears and lift the safetyvalves manually.

OPERATING TROUBLES

Chatter: Metallic hammering sound or vibratory noise. The reasons being bent
spindle, improper clearances, loose blowdown ring, improper position of upper and/or
lower adjusting ring positions, excessive back-pressure, etc.

Simmer: The first leakage of steam before the safety valve pops open, which is
allowedwithin 1.5 to 2% of popping pressure of the valve. Prolonged simmering may be
due to improperposition of adjusting rings, distorted valve parts, etc. (normal)

Leakage: Constanthissing sound. The reasons being damaged seating, defective
parts, scale or foreign matteron the sealing surfaces, distortion due to waste steampipe
fitting, interference from easing gear and spindle, etc.

Hang-up: Safety valve fails to re-seat. The reasons being improper blowdown
adjustment, mechanical interference from spindle, etc.

ROUTINE CHECKS

a. '. Check for leakages daily. Do not stop the leak by over-tightening of the
compression screw or gagging the valve. Try blowing the valvewith the aid of easinggear
and turn the spindle (if possible, for low pressure boilers only) alongwith the disc in both
directions to dislodgeforeign matter or scale from the sealing surfaces.

b. Manually lift the valves (when the boiler pressure is above 75% of working
pressure), to check that the valves are operational once a month.

c. Float the valves on steam every six months.
d. Overhaul the valvescompletely once a year.
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WATER LEVEL GAUGES

REGULATION

Every boiler is to be fitted with at leastTWO independent means of indicating the
water level in it; oneof which is to be a glassgauge. The othermeans is tobe eitheran
additional glassgauge or an approved equivalent device.

Watertubeboilers areto be fitted withTWOsystems of waterleveldetection which
aretobe independent ofanyothermounting ontheboiler. Both thesystems aretooperate
audible and visible alarms andautomatic shut-off device.

TYPES

I. Tubular gauge glass
II. Reflex plategauge glass
III. Double plategauge glass

TUBULAR TYPE GAUGE GLASS

Suitable for lowpressure boilers of design pressure below 17.5bar.
Safety features include a steelball valve onthewater-side connection toshutoff the

water in the eventof glassbreaking and a wire-insert glass cage to prevent injuryto the
personnel.

REFLEX PLATETYPE GAUGE GLASS

Suitable for boilers of design pressure below34 bar.
Makes useof the refraction of lightso thatwhen illuminated, theseriesof ribsat the

backof theglassplate cause the lightrays to bereflected backfrom thesteam space and
absorbed in the waterspace. Thisgives a brightsilvery appearance to the steam space
while the water space appears dark. The strong contrast between the two enables the
engineer to see clearly the position of water level.

To prevent etching of theglassplate by hot steam, a sheetof micais to be placed
between steamlwater space andtheglass. Due to theribsonthisglass, thereflex typecan
notmake useof this form ofprotection, andtherefore is notsuitable forhigherpressures.

DOUBLE PLATEGAUGE GLASS

Thisgauge assembly is suitable forusewhen thepressures arein excess of34 bar,
as the flat glassplates canbe.effectively protected .from erosion, by sheets of mica.

The assembly consists of a hollow centre piece fitted with two plates of toughened
glas§ heldinplacebymeans ofaclamp plate. A louvre plateatthebackof theglassdirects
the light rays at an angle to make the meniscus of the water level glow.

OPERATING INSTRUCTIONS FOR A REFLEX PLATEGAUGE GLASS
1. Valves andstopping devices to be operated slowly.
2. Turn the glass holder in the desired direction with the aid of rotatable glass

holders on the upperand lowerconnection pieces.

166



3. Whenever the boiler is put into operation after it has been cleaned, some foreign
matter could exist in the shut-off valves. Avoid eventual damage by frequently draining the
system via the drain valve.

4. Blowing-through procedure:
a. Close the steam and water side valves and open the drain valve.
b. Blow-through the steam side by opening the upper valve for 1-2 seconds

and close.
c. Blow-through the water side by opening the lower valve for 1-2 seconds

and close.
d. Close the drain valve.
e. Open both steam and water side valves by turning them slowly.

5. Replacement ofglass
a. Isolate the assembly by shutting-off the steam andwater connections and

by opening the drain.
b. Take off the screws of the glass holder and remove the pressure ledges.
c. Remove the glass insert with gaskets.
d. Spare glass surfaces to be cleaned thoroughly.
e. Install the black gasket, the spare glass with the grooves facing inwards, the

red gasket and finally the thin steel sheet.
f. Put on the pressure ledges and tighten the screws uniformly starting from

the middle and proceeding cross-wise up and downward,
g. Heat the new glass slowly by keeping the water side valve shut, the steam

side valve crack-open and the drain fully open.
h. After about 30 minutes, the screws should be tightened again by applying

a torque of 2.4 kp-m.
i. The assembly can now be put on load by shutting-off the drain and opening

the steam and water side valves completely.

6. Reasons for a false water level indication by a gauge glass
a. Choked valves and passages on the steam and/or water side by sediment,

scale, packing or use of a round glass which is too long.
b. Leaky drain valve or proffusive steam and/or water leakages from the

gauge assembly.
c. Foaming condition inside the boiler.

d. Sudden changes in steam demand.
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COMBUSTION AND EQUIPMENT

ROTARY CUP BURNER

The burner asssembly consists of a rotary cup atomiser, which is hinged to the air
register and the combustion chamberwith refractory lining. The rotary atomising cup is
fitted on the burner shaft, driven by an electricmotor through v-belts.

Thefueloil is metered intheoil compundregulatorandflowsthroughthe oil inletpipe,
the oil nozzle, and the oil distributor into the rotary cup. Here the fuel oil is spread out
uniformlyby centrifugal forceon the innerwall and flows to the edge of the cupwhere it Is
thrown off tangentially at high velocity (cup rotates at 4600 to 6000 rpm)

The atomising air (primary air) entersbetween the rotary cup and the cup shroud,
where It strikes the oil film directly as it leaves the cup.The oil film is broken into very fine
dropletsby the impactof the primaryair. Theprimaryair flow is controlled by a primaryair
damperactivatedby the compound regulator. Theprimaryair is normallydirected through
a swirl ringwhich rotates the air in the same direction as the rotary cup. A small quantity
of primaryair (Tertiary air) is directedto keep the burner cool during operation.

The secondary air is supplied to the wind box, where the uniformdistributionof the
secondaryair is achieved by a radial vane ring unitprovided with fixedguide vanes. The
combustion air is guided into the flame by individually adjustable air vanes. .

Correctcontrolof the secondary air is the most important factorwhich contributes to
the high combustion efficiency throughout the turn-down range of the burner. Draught
control is performed by means of a secondary air damperconnected to the compound
regulator.

Primary air

The primaryair representing less than 10%of the total air requirements, establishes
a stable primaryflame. Theprimaryair nozzle converts the highpressureprimaryair into
highvelocityair,which then flowsthrough swirlblades. The swirlblades rotatethe air flow
in the opposite direction to that of the oil cone delivered by the fuel burner.

Secondary air

Thesecondaryair flow,representing about90%of total combustion air requirements.
is usedto establish a suspended secondary flameof correctshapeanddimensionsto suit
the furnace shape, as discussed earlier. Swirl vanes deliver the secondary air to the
furnace in the desired mannerto promote complete combustion.

MAINTENANCE

Weekly: Clean the rotary oil cup (sharp edgein the front of cup mustbe clean and
smoothwlttiout any cuts. Do not use any scrapperor any hard too)
Monthly: Checkflamescannerfordirt,dustandcarbon depositsandclean.(Caution:
If the two cable connections are interchenqed, thephotocell will not functionI);

Primary &secondary air swltchss:
Test safety interlocks;
Clean the igniter tube &electrodes
Checkthe condition of refractory.

Yearly: Clean & lubricate burner motor/shaft bearings.
Clean all combustion air ducts.
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TROUBLE SHOOTING

Trouble Indication Possible cause Remedy

Ignition burner faulty. Check olValr setting
No Ignition/failure Dirtyelectrodes. Cleanlre-adjusl
of Ignition flame Toohigh sec. air press Close air damper.

Faulty bumercontrol. Check & repair.
Faulty transformer. Replace transformer.

Nopilotflame. Seeabove
Main flame failure Oil vlv notopened. Check air pressure.
dUring Ignition Oil prltemp - hlghllow. Check/adjust.

Blockage Inoil system Chec~ _and_rectify.

011 f10wltemp too low. Raise oil flowltemp.
Unstable main flame Toomuch primary air. Rs-adjustprimary air.

Cupdirtyor damaged. Clean or replace cup.

Improper oil templvisc. Check and re-adJust.
Black smoke /Incomplete Insufficient airsupply. Check and re-adJust.
combustion Increased furnace and/or Clean the gaspassage

uptake back pressure. to remove blockage.
Poorquality of fuel. Cannotbe eliminated by

adjustment.

PROBLEM

Problems In the boiler due to feed water can be categorised as:

1. corrosion
2. scale formation
3. carry-over

INTERNAL WATERSIDE CORROSION

ElectrochemIcal Corrosion

If the hydrogen ion concentration (lowph) is increased. the rate of corrosion would
increase since there would be more H+ ions to receive electrons atcathode.

The metal ion combines with the OH- ionsto form atoms of ferrous hydroxide which
dissolves in the water thus wasting the metal away.

Therefore. electrochemical corrosion cells withcathodic andanodic areas willhavea
current flowthrough theelectrolyte fromanode tocathode andbackthrough themetal from
cathode to anode; during thisprocess. material from anode is transferred to theelectrolyte
resulting in corrosion of the anode.

FORMS OF ELECTROCHEMICAL CORROSIONS

1. General Wastage
2. Pitting

a. Air bubble pitting

b. Scabpitting
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1. GeneralWastage Type Corrosion

General wastage is a term expressing electrolytic corrosion of a moreuniform nature
rather than selective attack by pitting. It Implies reduction In metal thickness over
comparatively largeareas in a fairlyuniform manner. Here, the anodic surface constantly
changes position, hence attackoccurs overawidearea. Ifdissolved oxygen ispresent. the
hydrogen polarising layer is destroyed by formation of water and even In the absence of
dissolved oxygen, this formof corrosion can takeplace when waterhaspH valuesbelow
6.5.

2. Pitting

Apart from the general wastage type of electrochemical corrosion, another form of
corrosion which form pits on the metal surface can be termed under corrosion due to
di~erential aeratlon,.oxygen absorption or simply pitting typecorrosion. There aretypesof
pitting corrosion:

(a) Air bubble pitting -found intheroofofsteam drumintheboiler. Intheairbubble
typepitting, an electrolytic action is initiated between the oxygen reach surface underthe
bubble andthe surrounding waterareas which are lessrich in oxygen. Byexperiment It Is
found that if a portion of a metal becomes partially inaccessible to oxygen, it becomes
anodic andso,differential oxygen levels onasurface cangiveriseto activecorrosion cell.

The ferric hydroxide as the corrosion product settle over the bubble, forming a semi
permeable membrane which permits free passage of ionsbut notoxygen. Whenoxygen
gets exhausted, a reversal of galvanic currents occur, thus causing the metalunderthe
acapa less nobleand hence highly localised corrosion proceeds.

(b) Scab pitting - A hard cap of corrosion product occurs In hotter areas of
generating surface; mostly found ontheside of the fire rowtubes. Thehard,blackscabIs
difficult to detect, remove and arrest, once initiated.

SCALE FORMATION IN BOILER & TREATMENT OF BOILER WATER

SCALE FORMATION IN BOILER

Scale formsinboilers duetothepresence ofvarious saltswhich come outofsolution
and depositbecause of the effects of temperature and density.

When steam bubble forms on a heating surface, the evaporation of water involved
causes local concentration of solids, some of which do not re-dissolve when the bubble
escapes, but remain, to form smatl circles of crystals on thesurface. Repeated formation
of these, build up the scale deposit, often forming in a series of layers of different
compositions. Therate ofscale formation increases bythepresence ofcorrosion products
andoil. The latterwill not onlyincrease the rate of scaling, but alsogive furtherInsulating
effect.
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Composition ofscales

Chemical analysis shows that the chief constituents of hard scales are calcium
suphate, andcalcium andmagnesium silicates, while thesofterloose sludge iscomposed
mainly of calcium carbonate and magnesium hydroxide. Corrosion products of iron and
copper are also found in scales.

ENects ofscaling

The serious results caused by scale deposition are:

i) The efficiency of the boiler reduces due to poor heattransferacross heating
surface.

ii) Lackof proper heat transfer, maycause overheating of tube metal with possibility
of distortion andfailure, in effect reducing the factorof safety of the boiler.

NATURE OF SCALE FORMING DISSOLVED SOLIDS

Dissolved solids in the water which can lead to the formation of deposits can be
dividedin the three hardness groups:

a) Alkaline hardness: or temporary hardness, is due to the bi- carbonates of

Calcium (Ca) & Magnesium (Mg), which areslightly alkaline in nature.
These decompose upon heating, forming CO2 andcorresponding carbonates which then
depositas a soft scale, or sludge. /

Ca(HC03) 2 _ CaC03 + CO2 + H20

b) Non-Alkaline Hardness Salts: also known as permanent hardness salts, are
due to the presence of sulphates, chlorides, nitrates and silicates of calcium and
magnesium.

With the exception of silicates andthe calcium sulphate, the permanent hard
nesssaltsareallverysoluble inwateranddonotnormaly produce scale, buttheyare
electrolytes and theirpresence, therefore, favours corrosion by galvanic action.

Calcium Sulphate (CaSO) is the worst scale forming agent in the water,
depositing asa thin, hardgrayscale at temperature above 140 deg.C,oratdensities
above 96,000 ppm.

Solubility of this saltdecreases with a rise in temperature of the water. When a
steam bubble isformed ontheheating surface the-evaporation process causes a·local
concentration of solids in the water surrounding the bubble. In the case of CaS04
saturation point is very quickly reached andthis solidprecipitate forms a hardgrey
scaleon the heating surface
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Magnesium Chloride issoluble undernormal boilerconditions butcantosome
extentbreakdown inside theboilerto form magnesium hydroxide (which deposits as
a soft scale) andhydrochloric acid-this can set upan active corrosion action with the
boilermetal.

MgCL2+ H20 =Mg(OH)2+ HCI

Calcium carbonate, which is an alkaline hardness salt,by itself, deposits as a
white sludge but with CaSO4 present, form a composite scale of carbonate and
sulphate. Greater percentage of carbonate makes the scaleprogressively softer.

Silica - is found in mostwaterandis also present in theplant, especially when
new, from erection detritus (dust particles), casting sand and welding flux. In low
pressure boilers Si02combines with Ca and Mg to form calcium and magnesium
silicates which can precipitate, and form hardscale. In high pressure boilers, silica
volatilizes with steam anddeposits in turbines, causing severe lossin efficiency; the
silicascales areglassy, extermely hard anddifficult to remove. At high peformance
boiler, ofsay 100 bar,mustnothave silicacontent over(highest value recommended
by DrewChemicals).

c) Non-Hardness Baits: These consist mainly of sodium salts which remain in
solution, anddonotdeposit under cormal boilerdensity. It can come outofsolution atvery
high densities above 225,000 ppmanddeposits as a soft incrustation.

Otherscaleforming saltsmaybepresent inthefeed waterinverysmallquantities and
can be generally neglected.

Nature of the scale deposit

The minerals mostoften found in scale deposits are:

(a) Calcium carbonate.
(b) Calcium silicate.
(c) Magnesium hydroxide.

(d) Magnesium silicate
(e) Calcium sulphate.

There isalsopossibility ofgetting a large amount of ironandcopper inascaledeposit.

Both copper and iron are picked up from the pre-boiler circuit; copper from the
evaporator condenser and iron from the service piping andstorage tanks.

TREATMENT OF WATER

Boiler andthe feed,system hasto be treated to inhibitcorrosion andscale formation
andallpossible contaminants in theform of metal salts, gas,oil,suspended particles must
be guarded against and this is done by both external and internal treatment.
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Contaminants that cause mosttrouble in the boiler:

Contaminants from Sources
External to the Ship

1. Calcium salts
2. Magnesium salts
3. Chlorides
4. Silica
5. Carbon dioxide
6. Oxygen

External Treatment

Contaminants from Sources·
Inside the Ship

1. Oil
2. Iron
3. Copper
4. Carbon dioxide
5. Oxygen

This refers to the treatment given before feed waterenters the boiler.
Inbothhighandlowpressure systems onboard, theboilerfeedwaterusedisnormally

good quality·distilled water obtained from evaporation of sea waterby the distiller. The
evaporation by itself is a process of getting rid of many harmful constituents but. the
make-:-up feed produced by the evaporator doesentrain some of thesalt waterparticles
andproduce an acid feed water rich in carbon dioxide. The feed system is alsoprone to
atmospheric contamination at various points of the feed system.

Even a verygoodquality distillate maynotproduce a pH of more than6.5andwould
contain certain amount of seasalts of Ca and Mgwhich maycause problem.

In high pressure systems above 20 bars, a mechanical deaeraton by having a
Deaeratorhelps in removing mostof theoxygen andthetreatment iscompleted withliquid
hydrazine dosing at thedeaerator outlet. Theproblem from CO2 andacidity is countered
by dosing amines (morpholine andmonocyclohexylamine or CHM) atanother pointin the
feed system anda mildly alkaline pH condition can be easily maintained.

For a lower pressure system, the feed system is of an 'open feed type and the
dissolved oxygen does not cause a serious problem provided correct alkalinity is main
tained.

Themake-upwatershould beagood quality distilled waterwitha lowT.O.S. andthe
system normally would have simple feed filters in thehotwell or thecascade tankto keep
contamination undercontrol. Thehotwell temperature should alsobemaintained above 60
to 70°C to promote oxygen deaeration through the open ventof the hotwell tank.

Insome auxiliary boilersystem, rawfresh watermake-upis used. Thiswatershould
be 'soft' and have minimum of 'hardness' salts of Ca and Mg.

Butin all auxiliary lowpressure system, theboilermayexpect to havecontaminants
of calcium andmagnesium salts plusa good amount of harmful gaseous products.

The recommended chemical parameter limits are more generous in a low pressure
boiler system due to the low heat rate and lower rates of evaporation prevailing; the
temperatures within thelowpressure boileralso remains moderate andsome of thesalts,
whose solubility decreases with higher temperatures constitute lessof a problem.

Thetreatment consists ofchemical injection intotheboilerandregular-blowing down
to remove the precipitated sludge deposits while keeping the boilerwaterwithin a safe
density or T.O.S.level.
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Internal Treatment

Thisrefers to thefinalstage of treatment given to theboilerwaterandthechemicals
are dosedinto the boilerproperfor the following objectives:

1. Keep boilerwaterinaslightly alkaline condition andremoval ofdissolved oxygen
and carbon dioxide. . ,

2. To precipitate anyscale forming saltswhich maybe in solution.
3. Keep the precipitated solids in a non-adherent sludge form so that theycanbe

easilyremoved by blowdown.
4. Prevention of carryoverand foaming.

Thechemicals which areinuse, serve thedualpurpose ofprecipitating hardnesss~
andcounteract anyacidity thatdevelops in thesystem. These include sodium hydroxi e,
various sodium phosphates andsodium carbonate. Apart from theabove chemicals fo the
prevention of scaling and corrosion, otherchemicals for conditioning sludge, removal of
slight oil contamination, preventing carry over and oxygen scavenging are also added
along with the phosphates and alkalis.

BOILER WATER TESTING

Boiler and feed water are tested regularly for Alkalinity, Chloride level, excess
phosphate and hydrazine and also for hardness, pH-value and total dissolved solids or
conductivity. -

Therecommended limits of boilerwaterconditions varyfrom onemaker to the other
but remaining generally within the given parameters mentioned in the following pages.

An increase of T.D.S. andchloride value indicates S.W.leakageand the solution is
to Identify the leakage source and isolate the leakage plus blow down to reduce the
dissolved solids. '

Lowalkalinity requires alkaline chemical dosing in theform of caustic sodaorsodium
phosphate. '

Lowhydrazine reserve indicate inferior de-aeration and further needof hydrazone
addition.

Hydrazlne Test

Hydrazine is a volatile compound and highly soluble inwater. Tosafeguard theboiler
system from O2- corrosion it is continuously added using a dosing pump. Thebulkof the
N2H4 turns into NH40H adding to the alkalinity of the boilerwater. However, if too much
dosage of N2H4 isadded, atboilertemp. above 175°C, it candecompose to formammonia.

3N2H4 ---- 4NH3 + N2

Ammonia can attack .copperalloys in the condensate system in the presence of
oxygen. So, presence of hydrazine in excess of 0.3 ppm $hould be guarded against.

Dissolved Solids

Thebasisof thisdetermination liesin thefactthattheelectrical conductance ofwater
is proportional to thequalityandnature of the substance dissolved in it.
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Conductivity in microhms per cm at 20°C x 0.67=10S in ppm.
Apermanently installed instrument can beused forthe above giving directreading for

TOS in ppm. Highly alkaline solutions tend to affect the above reading 'and for a more
accurate result. strong alkalis (N~COs) should be neutralized before the test

Methods ofDrawing Samples for Testing
Anywater samples fortesting must betruly representative ofthewhole. otherwise the

results would be misleading.
A sample cooler fitted with cooling coil is verygood for thispurpose.
Before drawing the sample. water from theboiler is run towaste for a time sufficient

to flush outthe sampling lines. The collecting 'vessels should be rinsed twice withwater to
be tested. Samples should be tested assoon aspossible afterdrawing.

Problems In Handling WaterTreatment and Testing Chemicals

Care should betaken indealingwith allchemicals used inwater treatmentand testing.

1. ConcentratedMineraiAcids. Can cause extensive damage to human tissue,
specially to theeyes.

2. Concentrated Alkalis . Caustic Soda can cause severe damage to human
tissue. Substantial heat is release when NaOH isdissolved ordiluted andsmall controlled
additions with constant stirring is recommended. Careful handling and storing is important
as spillage can cause damage to the ship structure.

Hydrazone isdestroyed bycontact with airand the fresh sample (after filtration,
if required.) should be immediately tested to avoid atmospheric contamination. Use of a
sample cooler to obtain water sample between 20 - 30 deg. C is good practice as the
sampled water and ambient temperature would be similar.

3. Alkalinity Test. The two part -p-alkallnity- and -rotal Alkalinity- tests reveal
presence of hydroxyl (OH). carbonate (COs). and bi-carbonate (HCOI ) . which are respon
sible for making boiler water alkaline.

TheP-test actually finds the presence ofOH. andhalfof carbonate andthenext
testpicks up tI:1e presence of the remaining carbonate andbi-carbonate.

In a sample, OH and HCOl cannot be present simultaneously. From the
respective readings. a fair judgement can be made of the identity of salts, (e.g. NaOH,
NazC01) responsible for alkalinity in the sample.

4. Chloride Test. This gives the quickest indication ofanysaltwater leakage into
theboiler and must be carried outdailly.

5. Phosphate Test. Presence ofphosphate in sample means there won't beany
hardness salts present. The N8sPO.! added to the boiler isveryefficient inprecipitating all
scale forming hardness salts of calcium or magnesium. Sowith a phosphate testdone,
there is no need to do a "hardnese" test.

6. pH-ValUe .Once the alkalinity has been measured with titration tests, there isno
need to check pH-value as alkalinity & pH':'value are proportional. However. as a quick
reference. a litmus strip can be used using raw sample and colour change compared
against the ones given on the litmus case to indicate the possible range of pH.
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RECOMMENDED CONTROL LIMITS

I

Boilers up to 32 bars In ppm Meansof Adjustment

Totalhardness < 1.0
P-alkalinity(CaC03) 100 - 150 GC
Total Alkalinity (CaC03) 200 - 300 GC
Phosphate 20 -40 Adjunct B
Hydrazine 0.1 - 0.2 Amerzine
Chiorides ~OO Blowdown
T.D.S. 500 - 550
pH-value 10.8 - 11.3
Conductivity 700 mmho/cm

ADVANTAGES OF CHEMICAL TREATMENT

The focus of anywatertreatment should be to minimize the above problems and try
to:

OH-
10-9 solution acldlc.. ph =5
10-7 solution NeutraL ph =7
10-5 solution Alkaline. ph =9

TEST PROCEDURE

CONDENSATE pH TEST: TEST IMMEDIATELY AFTER DRAWING SAMPLE.
1. Collect 50 mlcooled condensate sample and pourInto dish.
2. Add 3 drops phenolphthalein. Sample should tum pink
3. Add sulfuric acid N/10 dropbydropuntil pinkcolor disappears.
4. Refer to chart for dosage adjustment.
HYDRAZINE TEST
Prepare fresh Hydrazine Reagent every twoweeks.
1. Empty onecapsule of Amerzine Reagent A into amber bottle.
2. Measure 45 ml of Amerzine Reagent B in a graduated cylinder andadd to the

powder in amber bottle.

a.
b.
c.

1.

maintain a clean, scale-free heat-transfer surface.
prevent metal loss due to corrosion.
ensure efficient production of steam without priming, foaming or carry-over
contamination.

d. prevent formation of deposits in steam/condensate systems.
e. minimize heat lossthrough excessive blowdown from boilers.
1. achieve all of the above at minimum cost and bestefficiency.

pH-value is a measure of acidity or alkalinity in water. p(power) and h(H+ ion cone.)
makes the pH-value which is the logarithm of the reciprocal of the hydrogen ion concen
tration in water.

H+
10-5 x
10-7 X

10-9 X
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3. Shake to dissolve. Keep tightly closed Ina cOorplace':~ .:~ (J:"

Alternate Method: Measure 1plastic spoonful of Hydrazlne Reagent A.
Measure outandadd 45 ml ~ydrazlne Reagent B.

TEST PROCEOURE: TEST IMMEDIATELY AFTER DRAWING SAMPLE..

1. Collect a cooled boiler water sample andfill amerzine test tube to 5 ml mark.
2. Add prepared Hydrazlne Reagent to 10ml mark.
3. Compare color withstandards In block. Refer to chart for dosage adjustment.

3. EXCESS PHOSPHATE TEST

1. Collect andfiltercooled boiler water to 5 ml mark onphosphate test tube.
2. Add molybdate to 17.5 mlmark.
3. Add onebrass spoonful DryStannous Chloride.
4. Stopper and mixwell. allow to stand 3 to 5 minutes.
5. Compare color withstandards in block.
6. Referto chart for dosage adjustment.

4. PHENOLPHTHALEIN (UP") AlKALINITY TEST

1. Collect 50 ml. of cooled boiler sample.
2. Pour Into dish. Add fourdropphenolpthaleln.
3. Pink color Alkaline. Nocolor- lip" alkalinity.zero.
4. Add sulfuric acidN/10 until pinkcolor disappears.
5. Note the level of acidin buret. Convert ml to' ppm using chart at rightandrecord

result inppmasup" alkalinity. Keep sample foror alkalinity test. Refer tochartfor
dosage adjustment

5. TOTAL (Ur') AlKALINITY TEST
6. Add 3 drops Total alkalinity Indlcator-GP.
7. Addsulfuric acidN/10 until pinkcolor develops.
8. Note the level of acidInburet. Convert ml to ppm using chartat rightandrecord

. result Inppmas"Total Alkalinity". Keep sample forChloride Test. Refer to Chart
fordosage adjustments.

6. CHLORIDE TEST

9. Add onedropper full Potassium chromate'1ndlcator.
10. Add slivernitrate N/10 until firstpermanent yellow to redbrown colorchange.
11. Note levelofslivernitrate Inb.uret. convertmltoppmusing chartatrightandrecord

result Inppmas chloride. Refer to chart to adJu~~t bl~wdown.

7. CONDUCTIVItY TEST

1. SEE METER INSTRUCTIONS.
2. Fillcylinder to 100ml (top) markwithcooled boilersample.
3. Add 2 drbps phenolpthaleln andmix. ,
4. Add gallicacid to pinksample,w hllemixing, until color disappears.
5. Measure temperature of sample andadjust temperature dial.
6. Rotate conductivity dial until both lights remain lighted at thesame time.
7. Refer to chart to adjust blowdown.

-- -------- ..
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BOILER WATER TREATMENT - CONTROL ANDDOSAGE CHART

Steam Generating Equipment - Upto 32 kglcm2 (450 PS19, 3200 kN/m3)

CONDENSATE
PtfTEST

HYDRAZINE
TEST

PHOSPHATE
TEST

.1'" ALKAUN
I1Y

TEST
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MEANS OF TEST RESULTS (control Umits in Bluel DCW GE CALCULATION
ADJUSTMENT

NO PINK WITH PHENOLPHTHALEIN INCREASED BY 25%

SLCC-A PINK COLOR SATISFACTORY -
1-2DROPS N/10 ACID TO CLARIFY NO CHANGE

Condensate
Corrosion PINK COLOR-3 OR MORE DECREASED BY 2&%
Inhibitor DROPS Nll0 ACID TO ClARIFY

INITIAL DOSAGE 0.1& LTR (0.3 PT) X TONS:

LESS THAN 0.10 ppm INCR EASED BY 2&%

0.10-0.20 ppm SATISFACTORY-
AMERIZINE NO CHANGE

Corrosion OVER 0.20 ppm DECREASED BY 2&%
Inhibitor

INITIAL DOSAGE 0.1& LTR (0.3 PT)XTONS=

0-10ppm 30 gm (1 OZ) X TONS
'"

10-20 ppm 15 gm (0.5 OZ) X -TONS
ADJUNCT-B '"

Phosphate
20-40 ppm SATISFACTORY

Boiler Wllter
HIGH BLOWNDOWNTreatment 40+ ppm
REDUCE DOSAGE

INITIAL DOSAGE 30GRAM (1 OZ) XTONS:

MLSULFURIC PPM
ACID Nll0

0~0.3 0-30 0.15 Itr. (0.3 PT) X TONS '
'"

0.4-0:1 40-70 0.10 Itr. (0.2 PT) X TONS
'"GC 0.05 Itr (0.1) X TONS0.8-0.9 80-90
III

Concentrated
1.0-1.& 100-1&0 SATISFACTORYAlkaline

Uquid 1.5+ 1&0+ HIGH, BLOWNDOWN
REDUCE DOSAGE

TOTAL ALKAUNITY TEST IF NOT,oo:,: 1 LTR
We~OFGCRESULT MUST BE LESS THAN LESS OF THE

lWICE THE .1'" ALKAUNIlY. -po ALKAUNITY.
TEST AGAIN IN 2 HOURS

..



CHLORIDE
TEST

BLOWDOWN

SATISFACTORY ..... NO SlOWDOWN SLOWDOWN

mlN/10 0.1 0.2 0.3 0.4 0.& 1.0 1.5 2.0 2.& 3.0 3.5 4.0 4.2 OvER 4.2
Silver Nitrate

PPM 7 14 21 28 3& 71 106 142 178 213 248 284 3lIO OVER3lIO
Chloride

CondUctivity UP TO 700 J.IITIhos 7ooJ.llTlhos
inJ.llllhos ANDOVER

Blowdown should be carried outasperboilermanufacturer's instructions.
Slowdown is necessary to reduce dissolved and suspended solids. If
sspended solids are noticed inboBerwatersamples, blowdown regardless
of chlorides testresults. weekly flash blow is advisable to remove normal
sludges and to ensure clear operational lines.

NOTE:

UQUID COAGULANT - NO TEST REQUIRED

Dally dosage 28 ml (1.0 Ounce) per day for each ton of watercapacity to condition
suspended solids (oU and slUdge) for removal by bottom blowdown. Flash bottom blow
and scum blow several times at 20 minute intervals after dosing the liquid coagulant.
Dose for 2 weeks or until oil removal is compete. If severe contamination persists, the
possibility of continuing 011 leakage should be investigated and eliminated.

WASTE HEAT BOILER PROBLEMS AND MAINTENANCE

Problems Inexhaust gaseconomizer canbe classified under categories such as:

a. lowtemperature cold endcorrosion.
b. fOUling of thegas and thewater side.
c. tubefailure dueto vibration.

. Gasside fouling could bekeptundercontrol by widertubepitching or in-line fitting
of fins on to the tubes and use of regular soot-blowing at individ!Jal tube banks. Good
qualitycombustion goesa longwayin reducing theamount of sootdeposits; although the
quality of fuel is constantly deteriorating, proper centrifuging arid treatment would be
helpful in reducing the harmful combusnon products promoting fouling. Manyshipping
companies use some fuel treatment chemicals to keep the harmful contaminants under
control. Tubeexternals would stm getfouled andperiodic cleaning bywaterwashing isthe
mosteffective way of keeping the tube extemals clean. Cleaning is eitherdone through
fixed ·nozzles inside theboilerbanks ordonethrough spraynozzles andconnecting pipes
which aremoved around asrequired. Water atabout eooc should beusedforcleaning and
precautions should betaken to ensure thatthedrained waterwithhighacidcontent do not
flow Intothe mainengine exhaust duct.
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Water side scaling and corrosion is mainly.attributed to the poor quality,of feed
waterused. If the waterusedis alkaline with lowT.D.S. andhaslesscontamination from
oxygen. tubular boilertubes should run for longtime without givinganyproblem. But,the
waterused is normally thewaterfrom theopen feed system hotwel! andscaling/corrosion
problem wouJd be impossible toovercome completely. Certain improvements andreason
ablerunning period could howeverbeachieved bykeeping theT.D.S. contentandchloride
levellowbyregularblowdown andchemical treatmentand dosing ofappropriatechemicals
(e.g•• NaOH) would maintain thewaterin analkaline condition; oxygen leveloould be kept
within acceptable margin bychemical treatment (hydrazine) andkeeping thehotwel! temp.
high. Certain operational precautions like venting while starting. draining the boiler or
keeping it full up. as shutting down would help in reducing corrosion.

Fouled waterside could onlybe effectively cleaned by chemical cleaning.

Tube problem from vibration is sometimes a problem. Modem boilers are made
considerably large and takes up a sizable part of the uptake. The supporting box-type
casing built on a system of beams are made fairly rigid. If the arrangement is too rigid.
problem from fatigue failure is again possible. Heavily stiffened support steelwork and
casings doreduce theeffectofpulsating gasstream. There isnoeasysolution toavibration
problem if it starts. but this is a problem betterconsidered at the design stage.

Important malnte.nance steps

1. Regular sootblowing
2. Maintain good main engine combustion
3. Adhere to correct centrifuging and otherfuel treatment methods
4. Take advantage of additional chemical treatment on the gas side (e.g•• soot

sticks. etc.
5. Correct watertreatment and testing procedures
6. Maintain righthotwell temperature
7. Vigilant watchkeeping. particularly in monitoring exitgas tempfromthe EGE
8. Regular in port inspection and manuallwater wash cleaning of the gas side
9. Correct operation in terms of circulation. shutdown. by-passing. etc.

SURVEY AND MAINTENANCE OF BOILERS

Boiler are surveyed to maintain the classification of a ship. Regular internal and
externalexamination duringsuch surveyconstitute thepreventive maintenance schedule
the boilergoes through for a safe working condition.

FREQUENCY OF SURVEYS

Watertubemain propulsion boilers aresurveyed at2yearlyintervals. Allotherboilers
including exhaust gasboilers are surveyed at 2 yearly intervals until they are 8 yearsold
and then surveyed annually.

For auxiliary 'boilers of water tube type. the classification may allow the 2-year
lncldence to continue even after the expiry of 8 years period. '
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SCOPE OFSURVEYS

A complete boilersurvey allows usto check outif anybuild-up ofdeposits hastaken
place, anddeformations orwastage ofplatework, piping oranyof thevarious parts. which
may compromise the safe working order of the unit. The survey should include finding
reasons for anyanomalies found andshould alsoensure thatanyrepair carried outdoes
notaffectthesafeworking orderof theboiler. A complete survey means full internal and
external examination of all parts of the boiler and accessories such as superheaters.
economiser. air-heater and alt mountings. The examination may lead the surveyor to
require hydraulic testing of pressure parts or thickness gaugings of plate or tubes that
appeartobewasted andeventually assign a lowerworking pressure. Thecollision chocks.
seating stools androlling stays are alsoto be checked for goodworking condition.

Thesurvey is not complete until the boiler hasbeen examined understeam andthe
following items dealtwith: '

1. pressure gauge checked against a testgauge.
2. testing of water level indicators andprotective devices.
3. safetyvalves adjusted under steam to' blowoff at the required pressures;
4. the oil fuel burning system examined.
5. testing of remote control gear for oil fuel shutoff valves.

ARRANGEMENT BEFORE SURVEY

a. Boiler mustbe sufficiently cleaned anddried to make a thorough examination
possible. Sludge deposits continue to be the prime cause of non-operation of internal
controls and overheating of furnace in vertical boilers. Boilers should be manually
wire-brushed to clean the internal surfaces.

Incase ofdifficulty inmanual cleaning, achemical cleaning withhydrochloricacidplus
aninhibitor to prevent acid attacking themetal without affecting removal ofdeposits is the
bestprocedure.

For oil contamination, alkali boil-out using trisodium phosphate solution (which
produces a detergent action) is essential prior to acidcleaning. '

A thorough water flushing must be carried out after acid cleaning to avoid acid
concentrating in crevices andcaptive spaces.

b. All internals Which may interfere with the inspection has to be removed.
c. Wherever adequate visual examination is not possible, surveyor may have

to resort to drilling, ultrasonic or hydraulic testing.
d. All manhole doors and other doors must be opened for a reasonable time

previous to survey for ventilation.
e. If another boiler is under steam arrangement of locking bar and othersecurity

devices mustbeinposition preventing theadmission ofsteam orhotwatertothe
boiler under survey. The smoke trunking (separating device). exhaust-gas
shut-offs etc. mustalsobe in position and in properworking condition.

f. Ship's staffor repairer's staffshould stand by themanhole incase ofemergency
andto noteany repairs required. I

I

SURVEY OFSUNROD CPH -rANKBOILER

Poorcondition in this type of boilermaystem from:
- Poorworkmanship during construction or repair.
- Deterioration dueto leaks or deposits.
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- Local overheating.
- Combined effects of mechanical stress andcorrosion.

Damage condition wouldshowup inthe form of
- wastage, 'grooving' or 'pitting' corrosion or
- distortion or
- crack.

Survey Routes

Any boiler to survey, the inspector must plan out a route for his movement. Almost
always, theinspection muststartatthe furnace.Thereason being, thefurnace reveals the
quality of combustion and its effects and any distortion at the crown or the tube walls
signifying theproblems originating at thewaterside. Infact, a goodclean furnace withno
signs of distortion could assure the inspector that the boileris in goodrunning condition.
Thenextinsuccession should be theburner unit, thebottom headerandtheboilerbottom•
.Mounting attachments on the upper shell will follow before entry is made through the
manhole to inspect the water side of the steam space. Top mountings will be checked
before entering thegasspace through the inspection door for a lookat the sunrod tubes.
The inspection will endwith a check on thedismantled mounting partsarranged in order
for thepurpose. If indoubtofgassidecorrosion, checks onthegasuptake could bedone
as a final step in the survey route.

I. FURNACE

Overheating distortion onthefurnace crown is duemainly to adeposit of oil,scaleor
sludge deposits ontheheating surface orduetowatershortage. Direct flame Impingement
resulting in deformation of the crown or a local bulge in wall tubes opposite the burner
opening is alsopossible. If the lower section of the crown around the U-shaped area is
affected, it could be due to thesludge deposits on theboilerbottom causing overheating
distortion. In thesame areawhere the furnace U is connected to theshell, there mayalso
be welding cracks dueto rapid fluctuation of thermal andmechanical stresses, results·of
improper starting up/shutting down procedures.

Furnace crowns which have suffered a gradual deformation can be jackedback to
theiroriginal shape withorwithout heat. A sharper deformation mayrequire theplating to
be slotted so that the metal can extrude Into thegapduring heating andjacking. Theslot
is butt welded on completion. A much neater repairIs to bum out the affected area and
replace with a butt welded insert section cut from a salvaged furnace. For a severely
damaged furnace with a pronounced large belly, replacement could be the only answer.

...
Dry cracks in furnace mouth, crown or the furnace tubes caused by flame impinge

mentispossible duetoscale encrustations atthewatersideandforcing oftheboiler. Areas
suffering from poor circulations or relatively uncooled areas are also susceptible to the
~~e~~ffi. .

D'3ep cracks onplating should be stopped bydrilling a holeat each end,opening up
and then welding.
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Indifferent feed water maycause pitting of thefurnance crown. Acareful examination
through thebottom manhole doorwould be required to detect the above -grooving-

Furnace tubes must be inspected for correct alignment andthetubes together must
form a circular tube wall: anywhere the tubes are deformed, thefurnance shape willshow
up as missaligned. Distortion to a verysmall extent could be accepted. but beyond that
renewal of tubes will be mandatory.

Furnace tube. if damaged (cracked. holed ordeformed) need be renewed with new
tubes; only underemergency conditions. one could beallowed tooperate boileratlowload.
with plugged furnace tubes; plugging could becarried outwith tapered steel plugs oneach
tube ends. The bottom plug will have to be inserted through thebottom header; difficulty
in doing that may also compell cutting windows on tubes from the furnance end· and
manipulating the tapered plug in position (similar to that done in membrane wall boiler
panels).

Brickwork protecting thefoundation. if damaged, maycause distortion of thebottom
plating underneath the furnace. Damaged brickwork need be removed to inspect the
bottom plating for distortion before repairs to the brickwork is carried out.

Any sign of corrosion on plating should be chipped clean brushed clear. It Is also
possible to build up the weakened areas by means of electric welding. Pitted areas are
difficult to protect from further corrosion dueto thedifficulty in maintaining the protective
magnetic oxide layer.

II. BOTTOM HEADER

This contains the furnace tubes and the down comer tubes. No of handhole doors are
provided for internal inspection and repairs to thetubes. Inspection fordeposits ofsludge
must be carried out during the survey. Regular blowing down from.this header will be
necessary to keep it clear of sludge deposits.

III. SUNROD TUBES

Internalwastage duetowaterslde corrosion andpitting isthemain reason forrenewal.
It isdiffucult todetermine the condition oftubes byvisual examination andthetubes suffer
more atends towards thefire; Ametal rod inserted atthetube ends and worked upordown
may reveal a weaktube - a method sometimes employed to tubes selected at random.

The reason for corroded tubes is almost always thebadquality feed used giving rise
to heavy scaling andcorrosion.
Thermal cracks maydevelop at the tube ends at the hotgasentry zone.

Theelements could becorroded ontheoutside duetothehotgascontaining Sodium
(Na) and Vanadium (V). referred toashigh temperature corrosion; in thiscollection ofash
containing Naand V maypromote melting of oxide deposits across the tubes andcause
scoring of metal at the tube externals.

IV. SHELL

Internal examination is made for cracks. corrossion wastage or deformation of shell
plating.
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Any oil trace must be removed by alkali-boilout. Corrosion may be expected at
positions with poorcirculation andplaces which can harbour deposits.

Pitting corrosion inway ofwater level tobechecked for, speciallyonidleboilerswhere
liberated!dissolved gaswas not removed from the boiler with thesteam. Boilers left with
undisturbed water level for some length of time can develop serious pitting.

External corrosion can be caused by persistent leakage at mounting flanges and
manhole orhandhole doors. Engine room floor underneath theboiler may have occasional
bilge water and possess adamp atmosphere; there may also beoildepositand stored rags
or paints drums; these are all potential hazards.

The wasted shell plating may be reinforced by welding but in case of extensive
wastage, renewal of plating is the only remedy.

V. SUPPORT AND SECURING ARRANGEMENTS

Attachment between boiler and ship's structure should have adequate provision for
expansion. Restriction of movement imposes loads on the·connections and if thepart Is
unable to yield or bend. cracking will occur.

Welded attachments such as cradles, feet and rolling stay lugsshould always be
inspected carefully. Cracks due to stress concentration at the welded connections may
propagate intotheshell plating.

VI. MOUNTINGS AND FITTINGS

Major mounting are removed. dismantled and inspected. Gauge glasses. safety
valves, feedcheck valves, steam stop valves, .eallchecked forcorrosion. erosion. strength
and correct operations. Internal feed and chemical injection pipes are inspected foroxygen
pitting and corrosion. Waste steam pipes are hammer tested andalldrains intheexhaust
system checked. Soot blower nozzles are vulnerable to burning and to be checked for
correct sweep pattern. The airregisters are tobechecked andcleaned. Clearanpe at the
manhole and mudhole doors to be checked and should have a spigot clearance not
exceeding 1.5 mm all around. Leakage from manhole doors hasbeen cause of serious
shell wastage. Where this is exceeded, the clearance can be restored by building upthe
doorspigot with welding and hand~ressing to suit.

Wastage of manhole landing faces is difficult to rectify by welding - fitting a false
sealing ring could be the recommended repair.

Acareful check ismade forstrained door studs. stripped andslack nutsanddistorted
doors. A badly fitted doorcan cause a joint to blowout under pressure.

When under steam. the surveyor always checks if manhole doors have been pulled
upwhen hotand thedoors are correctly positioned.

Cracks can occur in valve- body due to water carry-over and quenching or may
originate from shrinkage defects in the castings propagating in service. Theonlypositive
solution isto replace themanifold entirelywith asimilar butfabricated construction. Repair
by welding the defects in thesteel castings is also possible butthispresents theproblem
of distortion.
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Parts:

1. Furnace
2. Burner
3. Bottom Header
4. Boilerbottom

5. Gauge Glassl F.d. Fan
6. Steam space
7. FurnaceCrown
8. Upper mountains

9. GasSpace
10. Verticaltube
11. Sunrodtube
12. Gas uptake

SURVEY ROUTE PROCEDURES
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BOILER OPERATION AND SAFETY

Before theboiler is put intoservice for the first time, it is to be boiledout for removal
of all protecting remedies and impurities in tubes anddrums.

BOILING OUT:

1. Boller is filled witha solution containing 4-5 kgTri-SodiumPhosphate (N~ POJ
per ton of boilerwatercapacity.

2. Addthe chemical through themanhole andtopupwithwateruntilthesolution is
just visible in the water level gauge.

3. Raise the steam pressure in the boiler to working pressure and maintain'
the pressure for 6-8 hrs with closed main stop valve, after which fat and
other impurities should be boiled from the interior surfaces of the boiler.

4. Make surethat thewater level is 20-30 mmabove the scum funnel andskimoff
the floating contaminants through scum blow.

5. After the boiling out operation has been completed, the water in the boiler
isblown out, theboilerinternal isflushed. Theboilerisnowfilledwithfresh treated
waterto a littlebelow normal water

6. If during service, the boilershows a tendency to priming, it is recommended to
carry out an extra boiling out. In any case, after a period of 2-3 months
aftercommissioning, another boiling outoperation is strongly recommended for
newboilers.

POINTS TO NOTE WHILE STARTING A BOILER: (with no "Superheater")

7. Check that the boiler is properly closed-up (afterrepairs).
8. Check (physically) that all appropriate valves are shut or openfor safe starting

of the boiler.
9. Boilerfilled to slightly belownormal level.

10. Starting treatment chemicals maynowbe added to theboilerwater.
11. Check and clearthe furnace of any flammable materials.
12. Ensure that the boileruptake passage is clear.
13. Pre-purging of furnace for a specified amount of time is necessary to clearthe

gas-side of flammable gases, to avoid starting explosionI
14. On a coldboiler, the firing-up mustnotbe speeded up too muchin ordernot to

overstrain theboilermaterial unnecessarilybyquick, uneven temperature raises.
15. Keep theboilervents open untilaheavy steam jet is flowing out (untila pressure

of 1-1.5 bar).
16. Before theboilerisputon load, blow-through thegauge glasses, test thesafety

valves using easing gearandtry out the safetycutouts.

POINTS TO NOTE WHILE THE BOILER IS ON LOAD:

17. Operate the boilerat a loadwhere its efficiency is the highest.
18. Maintain correct air/fuel ratio; under perfect conditions abrownish hazycolourof

exhaust smoke is noticed from uptake.
19. CO, CO2, 02 contents as monitored in the exhaust gas will indicate the

combustion condition Inside the boiler.
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20. Every morning mud isblown from theboilerthrough thebottom blow-off valves
and float chambers.

21. Ensure that all safety cut-outs are operational.
22. Maintain the feedwaterquality as recommended by the manufacturer.

BOILER DATAS

capacity
Operating f'ressure
Design Pressure
Feedwater temp.
Efficiency (F/Load)
F.O.Consumption
Water volume
Outside diameter
Height
Dry weight

BOILER DESCRIPTION

Sunrod CPH-45

45,000 kg/cm2

16.0bar g
18.0bar g
85-90OC
81.4%
3,440 kglh
17.1 m3

4,100 mm
9,660 mm
50,000 kg

Sunrod CPH-5

5,000 kg/cm2

6.0 barg
18.0bar g
85-900C

85.8%
360 kglh
5.7 m3

2,600 mm
5,720 mm
13.000 kg

1. Vertical design with2 combined steel compartments or cylinders
2. Lower cylinder contains the furnace
3. Upper cylinder used for steam evaporation
4. System ofpiping connects theupper andthelowercylinders forwatercirculation
5. Furnace is watercooled with riser tubes forming the wall
6. Ring shaped distribution header at the furnace bottom supplies water to the

furnace watercall
7. The lower end of the upper cylindrical compartment is dome shaped which

makes the furnace roof
8. Thebottom support for theboileris provided by thesupport ringandsteelplate

fabrication .
9. The support ring is welded to the distribution header

10. Flue gas flows through the vertical uptakes.
11. Vertical uptakes contain sunrod tubes which is connected to the waterand the

steam place
12. Each vertical uptake and itssunrod tubes makes onesunrod element, actingas

convection unit
13. Flue gas is discharged intofluegasreceiver andthen to theatmosphere via the

funnel
14. Downcomer tubes are fitted between the lowermost part of thepressure vessel

and the distribution header to improve the circulation

THESUNROD ELEMENT

1. Thesunrod element consists of a plain steel tube, enclosing a Sunrodpin tube
2. Large number ofsteelpinsarewelded around theoutside of theseamless steel

pin tube
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3. TheStuds increase the heating surface areaandalsocreates turbulence in the
gas flow, thereby improving upon the heat transfer and making the sunrod
element more efficient than a conventional plain tubing

4. The number of sunrod elements depends on the boilercapacity

CIRCULATION ANDSTEAM RAISING

1. Watercirculation is ontheprinciple of natural circulation ordensitydifference of
feed water

2. Wateroccupies the pressure vessel, the sunrod tubes. the furnace wall tubes,
the downcomer tubes and the distribution header

3. Understeady state operation of the boiler, the radiation heatof the furnace will
create steam wateremulsion within thewater-wall andthe fluidwill risethrough
the risers into the pressure vessel, drawing from the distribution header

4. Aswateris fed intotherisers from thedistribution header, a suction is created at
the downcomers which feed the header

5. The emulsion rises through the furnace roof and into the sunrod elements; the
waterat the sidesof the pressure vessel tends to be denserand flows downto
the downcomers

6. Bapld evaporation inside the elements and steam bubbles formed and the
greatlydecreased density fluid rises rapidly in the tube

7. Theupward flowofwater/steam mixture creates asuction effortat thelowerend,
causing the boilerwater to flow into the tube

8. Thesteamlwater mixture isdischarged intothesteam space, where the heavier
waterparticles separate from the steam andfall back into the water

9. 50%of thesteam generated is through theSunrod tubes andthe restby radiant
heat from the furnace

EMERGENCY AND ABNORMAL RUNNING CONDITIONS

The following are the guide lines for an engineer on duty to respond to emergency
situation in a boilerplant:

High water level:
a. Check and reduce firing rate.
b. Operate blowdown system.
c. Throttle feed checkvalves.
d. Ifbadwaterhammer duetocarry-over is experienced. close steam.outlet valve

to prevent damage to pipe Ijnes and machinery.

Water level below gauge glass:
a. Shut-off burner(if not cut-out automatically).
b. Take the boilerout of load.
c. Ensure no internal damage due to overheating.
d. Do not bring-up the water level in haste until the boilerparts are cooled down.
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Tube failure:
Small/eak:
1. More make-up feed required.
2. Drop in total dissolved solid content of feed water.
3. Difficulty in water level maintenance.

Large leak:
1. Water level vanishes.
2. Bursting noise.
3. Drop in steam pressure.
4. Flame may be put-off by steam.

Actions:
1. Put off fire (by stopping the burner if necessary).
2. Isolate the boiler.
3. Try and maintain the water level until the boiler is cooled.
4. Test and plug the tube as per the recommended procedure.

EMERGENCY OPERATION DUE TO FIRE

Fires can occur in the air heaters, economisers, superheaters and exhaust gas heat
exchangers. These heat extracting units are all situated in the path of combustion gases
and under certain conditions, fortunately rare, can experience disastrous fires. These fires
are two types:

1. Soot fire
2. Hydrogen fire

Soot Fires:
1. The ignition of an accumulation of soot immediately after Iighting-up or during

periods of light load operation.
2. Air heaters and pin-tube elements are prone to this fire.
3. Indicated by a very high uptake temperature of gases.
4. Shut-off fuel and air supply to the burners and close all dampers.
5. Flood the area with water and do not use water spray.

Hydrogen fires:
1. Steam breaks up into Hydrogen and Oxygen at a temp of 2500oC.

2. Ironwill burn insteamwith reproductionof free Hydrogenat much lower tempera-
tures of about 700°C.

3. Indicated by a tube rupture and very high flue gas temperature.
4. Cut-out the burner and stop feed water supply to the boiler.
5. A Hydrogen fire stops only when the supply of steamlwater is exhausted.

189



DrevJ
Chemical Use

Problem

0IlIseI englne alr CXlIorganIcdeposlta ACC4I alr COiIIer ClIeaner,
ClDlIIera, turbo- ACCICIRCU-KLEEN alr
charger. bdallXlD/enl, CDllIer ClIeaner
fiIlIiI8,eIIl.

Baller, lIlaam 011 organic HDE·777 haavy dl4y
lJIlIlIIIlIIDr and dIlposIla ernuJsI1Ier
8V8pClllIIIlIa scare, sIudgo and SAF-AClD descaIlng

cr.wtD8IDn DDIl1plIUIId

BuJIchealIs, dIlcIc8, Rust and conosIon AMEROlD RSR
IlIflIngs and CllIIlIr CXlIorganIc deposita oaGR oil and gre.ase
8IIIlllIuIaI 8llIfaaB8 (Heavy Duty) -,

DEGREASEA AP general
purpose dlgeaser
AIIEROID ows quick
separaIIng cIepIser.
EDGE haavy cillr c:Ieaner

LIghtcillr ENVIROIlATE 0 en purpose
ClIeaner

EJectrlcaI equIpmanI QJy deposita DREW ELECmUC motor
and paIl& (Fast DIy) paIl& cleaner

PIIrIlier/Sepanllor Petroleum llIlIdge AIIEROID DC else ClIeaner
cIscs dIlposIla

Er9ne CDllIlng WlII8r CXlIorganIc deposita HDE-777 haavy cillr
flW8lBm8 ernuJsI1Ier

LIght oil. llCIIIe and AIIEROlD oscCllIlHlleP
rust cleaner
scare and rust SAFoACID descaIlng

Er9ne pistons, rbtgs, ClIrbon d8posIIs, CARBON REIIOVERllDIvenI
--. paIl& YlmIsh and deaner
exposed CD gummy maIIlIr
cornbuslIan BUNKERSOL.-D sIudgo

soIvllntIdisperuant

Fuel healBra and ClllIorganIc deposita HDE-777 Ileavr duty
... oil COiIIer8 (oU ernuJsI1Ier.
side)

CARBONREUOVER llDIvenI
cleaner

... Prll!lSUI8 Ballerand feed
WlI!llr tr8Idment and ConIraI
PnIpn
AD.IUNCT-B phasphaIB bailer
WlII8r tr8aIIlIenI,
GCCCI_dillllld8llclllnB lIqUId,
AIEAZIN£corrosion1nhiIlIlDr,
Sl.CC-ACClIdeiIS8lll~
InhIIIillIr
IJQUID COAGULANT bailer
llIudglI -.IIIcnBr (up CD 42
k§lcm' -6OD psi anJr)

DEWr NC engine
WlII8r treaIInlInt

=~andfeed

CcmlSIon, scare and IIAXICIARD cIilIaaI engine
ClIvIlaIIon WlII8r treaIment

CcmlSIon and llCIIIe UQUDEWT CDllIlng WlII8r
treaIInlInt
NCL cIilIaaI engine WlII8r
treaIInlInt

Sludge, and 01
COill8lnblalloii'

scare
FoamIng and cany-

EXAMPLES OF MARINE CHEMICAL SELECnONGUIDE USE ON BOARD
System Problem Type System

Boller water Tre aunent Chemicals

MUD CONDITIONER ballast
tank WlII8r treaIment

NEVAllELT wire IlIp8
condiIioner

OSDILT oil spID dispersant

0ll/db1 and ENVIROMATE U en purpose
enwOlUildidal SDlls cleaner D1aTEflGElnj

Au. PURPOSE
plMIIfenld~

CorrosIon elL corrosion inhibitor

OIIIorganIc TC 14 tank ClIeaner
COiltandlllllioii AN/ROU. KLEEN tank

cleaner
0iII«aIerseparator AIIEROID owsquIcIc
aysmma separaIIng cIegreaser

Ballast Tanka and CorrosIon
Vold Spaces

Ballast Tanka SlIt and mud

WIr8ropes CorrosIon

Lay up Ballast CorrosIon

011 apIIIs(on WlII8r. CXlIpaIrDIeum
pier, eIIl.) organics

EDGE Ileavr cillr deaner
LAC liquidaDcaIlnll ClIeaner
TC 14 tank ClIeaner
ATW/ROLLKLEEN tank
cI8anlIr .
DErIRI!A8EATl<..., cillrFuel alIII and

VegetaIIIeand
anbnaJ DiIa

lIInIal Sludge buiIckIp ~ 222 fuel oil
CllIIldIliDner
IIUNICIlRSOL-DsIudgo
8DIvent/cIspenI
F.O.T. fuel oil treaIInlInt

IlIoIagIcaI AlERSTAT 10 fuel
CClllamblalion of mk:IDIlIoi:t$
dalIIIlIIB fueIa

IncornpIels AllERGY 1lll1O cornbuslIan
oamIIuaIIon In1prlMlr

cIlIposIlB and AIERGJZE dapasIt moclifIBrI
InDDmpIel8 oamIIuaIIon In1prlMlr
oamIIuaIIon

- 'Su!fIr/VanalIum IETONATE flrBaIde slag
aIagcI8pDslls and~ InhiIlIlDr...... Soot buiIckIp LT.SOO1'RELEASE llDCt

cornbuslIan CIlIIBIyat.

Soot buiIckIp SOOTST1CICB 8lIDI
ClIIlIIIuIlIon llIIIaIyat
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INTERNAL COMBUSTION ENGINE

Q. What Is the differences between the following?

INTERNAL COMBUSTION ENGINE - an engine in which the fuel is burned directlywithin
the working cylinder. Both gas and diesel engines are examples of internal combustion
en~n~ .

EXTERNAL COMBUSTION ENGINE - is one in which the fuel is burned outside of the
power cylinder. For example, in a steam engine the fuel is burned and heats the water in
a boiler which produces the steam that is sent into the cylinder.

'.- , .....

DIESEL ENGINE - is an engine which uses a low grade 011 for fuel and ignite It
directly in the cylinder by the heat of air compression. . .

GASOLINE ENGINE - requires high-grade gasoline for fuel which is ignited by an electric
spark after the gasoline has been mixed with air in a carburetor, injected into the cylinder.
and the mixture compressed.

FOUR CYCLE ENGINE - four stroke of the piston are required to complete one cycle or
series of events which must take place, in regular order, to operate the engine.

TWO CYCLE ENGINE - two strokes of the piston are required to complete one cycle or
series of events must take place, in regular order, to operate the engine.

SINGLE-ACTING ENGINE - is one in which the pressure produces the power stroke Is
exerted upon only one side of the piston.

DOUBLE-ACTING ENGINE - is one which operates similarly to a single acting engine.
except that pressure producing the power strokes is exerted first on one side of the piston.
then on the other end, which makes each piston stroke a power stroke.

c. X-type
d. radial
e. barrel type

7. As to method of cooling
5. As to general design a. liquid-cooling

a. single-acting b. air-cooling
b. double-actinga. As to method of supplying air

6. As to cylinder arrangement a. naturally aspirated
a. In line b. supercharged
b. V-type c. scavenged,

Q. Classification of Internal Combustion Engines.

1. As to power motion 4. As to ignition
a. reciprocating a. spark-ignition
b. rotary b. compression ignition

2. As to cycle used
a. otto
b. diesel
c. brayton

3. As to method of charging
a. two-stroke
b. four-stroke
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Q. What are the four strokes In the four cycle D.E.?

1. Intake stroke - means drawing or supplying air Into the cylinder
2. Compressionstroke - means compressthe air by upward motion of the piston
3. Power stroke - hot air and fuel mixed produce power by the burning

gases
4. Exhaust stroke - expel or release of product of combustion.

Q. List the series of events In the 4 stroke cycle D.E.

The series of events taking place in acylinder of a four-stroke cycle engine and making
upon complete cycle are the following:

1. First. the Inlet-air valve opens. permitting air to be drawn into the cylinder by the
downward stroke of the piston.

2. Second. the valve is closed and the piston start upward. compressing the air for
producing the heat needed to ignite the fuel.

3. Third. the fuel valves opens and the fuel oil is injected into the hot air where
it ignites.

4. Fourth. the burning fuel form gases which create pressure and send the piston
downward. this is the power stroke of the engine.

5. Fifth. when the piston has completed its power stroke. the exhaust valve open
and permits the burned gases to escape.

6. Sixth. the piston returning upward forces out the remaining gases in the cylinder.
The exhaust valve closes and the cycle repeats.

Q. What are the two strokes In a two cycle D.E.?

1. One stroke compresses air in the cylinder to ignite the fuel oil.
2. The other stroke is produced by the burning gases. It is the power stroke.

Q. List the series of events In the two-stroke cycle D.E.

1. Air. under slight pressure. is blown into and fills the cylinder through the
open valves in the head.

2. The piston is starting upward to compress the air for producing heat to ignite the
fuel.

3. The air is fully compressed and very hot.
4. The fuel valve opens and fuel oil is injected into the hot air where it ignites.
5. The burning fuel form gases which create a pressure and send the piston down

ward. this is the power stroke.
6. The scavenging and charging valves in the head then open and air under

pressure forces out whatever remaining gases maybe in the cylinders. leaving
clean air for the next compression.

Q. What are the relative advantages and disadvantages of a 2-cycle Diesel engine?

Advantages:
1. Less weight and space per horse power.
2. Greater horsepower per cylinder.
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3. More uniform turning effect.
4. Less complicated cylinder head.

Disadvantages:
1. Less volumetric efficiency.
2. Greater fuel consumption than the 4-cycle.
3. A scavenging air pump is required.
4. Trouble with cylinder liners due to intake or exhaust ports.

Q. What are the relative advantages and disadvantages of a 4-cycle Diesel engine?

Advantages:

1. Better volumetric efficiency.
2. Lower fuel consumption.
3. No air scavenging pump needed.
4. Less cylinder liner trouble, since there are no ports.
5. Higher engine speeds.

Disadvantages:
1. More weight and space than the 2-cycle.
2. More complex cylinder-head casting.
3. More valves and moving parts than the 2-cycle engine.

Q Describe the operating principle of an Opposed piston engine.

All opposed-piston engines are the 2 stroke cycle type. They have two pistons
in each cylinder and as they come together, air is compressed between them. When the
pistons reaches a point at which they are closest together, maximum compression
pressure is reached. This point is referred to as "compression dead center.· As the piston
approach the combustion dead center fuel is injected. Due to the heat of compression the
mixture of fuel and air burns and expands forcing the pistons outward to deliver the power.

Q. State the advantages and disadvant~gesof an opposed-piston engine.

Advantages: Light weight per horsepower; absence of complicated casting (no
cylinder heads); absence of valves and valve-operating gear; convenience and ease in
overhaul, repair and inspection, due to accessibility and fewer parts. (

Disadvantages: The principal disadvantage is the inaccessibility of the lower
crankshaft. The opposed-piston engin~ eliminates most of the difficulties, however,
encountered in design of double-acting engines, exposure of the piston rod to the
temperature of combustion, unsatisfactory combustion in the lower cylinder, piston cooling
and seizure of the piston rod in the lower cylinder-head stuffing box.

Q. Describe the Otto cycle?

The Otto cycle is a 4 stroke cycle in which the volume of the cylinder is constant at the
point of ignition. The first stroke (down) of the piston suct in the gas-air mixture and
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co.mpress it during the second stroke (upward) and ignite it at approximately top dead
center. The expansion of the ignited gas drives the piston downward again and on the
retum upward stroke forces the bumedgas from the cylinder.

Q. What are the two types of liner?

Dry Uner- usually a verythin liner, which doesnot come in direct contact with the
cooling water.

WetUner - a cylinder used on larger engines, which comes indirectcontact withthe
cooling waterandfitted some rubber sealing on top andbottom portion of the linerIn
ordertoprevent leakage ofcooling water Into theengine sump thatmightcontaminate
the lubeoil system.

Q. What are the types of piston usually used on merchant ship now?

Crosshead-type - fitted onslowandmedium speed engines, consist of a shortskirt
andhasapiston rodeither bolted orscrewed tothepiston. Thepiston rodIsconriected
to theconnecting rodat thecrosshead. Usually twostroke cycle engine builtthis type
likea main engine.

Trunk-type-plston-usually used onsmall high speed engines, which hasa long skirt
and connected rod directly attached to It by means of oscillating wristpln to the
crankshaft. Fourstroke cycle engine likeauxiliary engines design to It.

Q. What are the two major types of fuel Injection system?

Air In/ectlon type - an air compressor produce airat a constant pressure of 600
to 1000 psi to all spray valves on the engine. A fuel pump discharge enough amount
fueloil Into thespray valve chamber, atproper timeInthestroke, thevalve gearcauses
theneedle valve toopen andairblows the 011 inthechamberviolently intothecylinder,
breaking it up intoa finemistparticles.

MechanicalsolidIn/ectlon type-usually fitted onindividual fuel pumps each cylinder
of the engine=eonslst of plunger andbarrel, when the Injection check timing occurred
bythecamshaft, fuelInjection checkvalve open producing higherpressure leading Into
high pressure pipe to fuel Injector valve for atomization.

Q. Describe various method of piston-ring construction and Joints?

Compression rings - usually close-grained cast iron,square in sectionwith athick
nessof approxImately 1/40of the cylinder bore. It Isalsotapered on topof thecrown
vicinity to allowexpansion being Introduced to thehottest partwhere combustion take
place. Thepurpose Istohave gastightseal during theprocess"in ordertohave higher
engine output.

ScrBpetrlngs-isbeveled onthebottom toform ascraping edgeandanumberofsmall
holes drilled through thepiston skirt to drain off the oil scraped from the cylinder wall.
Fitted mostly on a trunk type, high speed 4 cycle engines.
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Piston ring design ends cut as follows:

a. Square butt
b. Bevel jointed
c. Stepcut
d. Overlapped

Q. What types of metal areused In the following diesel engine parts?

a. Bedplate - castIron or steel plate
b. Holding Down Bolts - high corrosion resisting steel
c. .Frames - alloyed castIron or welded steel frame
d. Crankshaft - castor forged steel
8.. Connecting rods - softsteel
f. Pistons, - larger engine: head forged steel, skirt- cast iron

smaller engine: aluminum alloy.

g. Uners - closed grain cast iron or cast steel
h. Water jackets - castIron
I. Cylinder head- castiron or aluminum alloy.
j. Fuelvalves - forged steel or cast Iron
k. Inlet- Exhaust-valves - cast Iron cage or carbon steel withstellite seats used.
I. Cams - forged steel
m. Cams roller- forged steel
n. Valve springs - spring steel
o. PIston rings - caststeel or castIron
p. Bearings - shell; cast Iron or·caststeel; surface babbitt or copper nickel alloy.

Q. Describe the operating principles of a governors; types and kinds?

Govemors -consist oftwoweights attached toaspindle, driven bytheengine. Asthe
engine speed upand slows down, centrifugal·force actuates thefuelcontrol linkage by
means ofattached weights, thereby control thefuel, measuring andstabilizing engine
speed by varying fuel flow.

Types:
a. Centrifugal
b. Inertia
c. Inertia andcentrifugal combined
d. Hydraulic

KINDS

1~ Isochronus Govemor - maintain constant speed from zero up to full load.

I

I

l

% Speed Reg. = no loadspeed - full loadspeed x 100
full loadspeed
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·Speed dropactuate governor rotating speed outputshaft (fuel control) to
move from full open to full closed. Momentary speed changed causes hunting
due to sensitivity andquickaction for correction.

2. ConstantSpeed Governor-single speed typefrom no loadsto full loadvice
versa.

3. Variable ~peed Governor - speed regulation can be selected from idling
(zero) to full (max) speed.

4. SpeedLimitingGovernor - control minimum to maximum speed.

5. Overspeed Type Governor - does not regulate the engine speed but it will
prevent the engine from exceeding a certain predetermined maximum
speed, usually found on main propulsion engines.

Q. Describe at least four different types of pre-combustlon chamber?

1. The antechamber-it isanadded chamber tothernaln .chamberinwhich thefuel
ispartially burned andthen injected intothemain chamber forcomplete burning.

2. The air cell- it ismodification oftheantachamber. It isplaced inthepiston crown
and furnished highly turbulent air to the combustion chamber on the upward
stroke of the piston.

3. The energy cell- used in theIanovasystem ofcombustion. It issimilarto theair
cell except that it is divided into two sections by a narrow throat.

4. The turbulence chamber - it is anauxiliary chamber that isplacedto onesideof
the cylinder headand is used to give increased turbulence.

What are the different parts of a modern diesel engines and operational functions?

I. BEDPLATE AND HOLDING DOWN ARRANGEMENTS

Bedplate is the mostheavily loaded (especially the main bearing saddle) structural
component of the main propulsion engine. Propulsion engine bedplates are fabricated
from mildsteel plates, cross girderis steelcasting andwelded together. Mainadvantage
of fabricated bedplate is lightness and lowercost. These areof deepbox pattern with flat
bottom.

Bedplate connected to engine seating through chocks which arepartofholding down
arrangement. Chocks areeithermade ofsteelor epoxyresin.Holding downarrangements
use long bolts with spacer. Engine uses sides and end chocks to take up side and end
loads. Boltsare free through the chocks, bedplate and tank top.

Mostheavily loaded partofthebedplate iscentral portion of thetransverse girderand
thejunction weldsbetween transverse girderandlongitudinal girder.All partsof bedplate
contribute to strenght. The cross girder is made of cast steel according to requirements.
The construction provides good resistance to twisting along its length. longitudinal
strength obtained by making the each side of thebedplate in the formof girder.Bedplate
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is supported through chocks along the longitudinal girder. It has no support at the centre
of the cross girder.

Following parts of bedplate require utmost care:

1. Central partof cross girderorbearing saddle which isveryheavily loaded andhasno
support;

2. Junction weldsbetween cross girderand longitudinal girder;
3. Allwelded joints;
4. All tightening holes, tie bolt holes.

Following parts of holding down arrangements require attention:

1. Bedplate holding down bolts often run loose;
2. Loose chocks (supporting, side andend);
3. Crackspacers;
4. Bolts are hydraulically tightened (never tighten in a running engine)
5. These are heavily loaded bolts, so bolt axisand nut seating to be normal;

II. FRAMES

Onlarge main propulsion engines frames arebasically transverse membersstradding
on each cross girder. They are strong transversely and to impart longituc;linal strength,
girder type of construction have been adopted in longitudinal direction.

Frames in way of guides areextremely heavily loaded during engine operation. The
side thrust due to the connecting rod angularity is transmitted through the guide to the
frame. Frames need to be strong longitudinally to give -the cylinder block a substantial
support so that cylinder liners remain at clamping points.

Frames are prone to cracking behind guides, in way of welds, any bolt holes, at
change of sections. Prone to fretting on top andbottom if tie bolts are running loose.

III. na BOLTS

The firing load from the cylinder covers is transferred through cover- studs to the
cylinder blocks orbeams. Thebeam transfers theloadthrough thetieboltnutsandtiebolts
to the bedplate cross girder. Tiebolts keep the structure undercompression.

Tiesbolts aresubjected to severe tensile loads on modern highlyrated engines. They
tendtovibrate excessivelyduring resonance zone, soguidebushes orpinching screws are
provided. Slacktiebolts mayresult in fretting andsevere structural misalignment.

Referto engine builder's manual for tiebolts' checking of pretension, slackening and
tightening. Slack tiebolts will result in severe structural damage. Tiebolt slackening,
tightening should always be done In stages, correct sequence and pairs. Start from
midship then athwarship, alternate from forward and aft. cylinders.
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IV. GUIDES

Guides arefitted in2 stkcrosshead type engine with high ·stroke • bore·ratio to take
up the side thrust due to connecting rod angularity. This side thrust is enormous which
makes the guides heavily loaded.

Guides keep the running gearaligned and take upside thrust dueto connecting rod
angularity. so in ideal cases liner will notbe subjected to side thrust.

Large main propulsion engine. guide and guide shoe clearances have very little
latitude. Improper clearance may result inguide shoe. crosshead bearing running hotand
resulting crankcase explosion. Itmay also result inpiston misalignment. excessive wearof
piston rodandstuffing box.

V•. BEARING

Bearing - Following parts require special attention:
a. Main bearing bottom half;
b. Bottom end bearing top half;
c. Crosshead bearing bottom half;
d. Bearing surfaces fordamage and marks;
e. Bearing clearance inadmissible range; (Excessive andless clearance. both are

detrimental)
f. Improper clearance may result in severe damage to theshaft. bearing surface

andeventual crankcase explosion.

VI. BEARING BOLTS

Following areas to be inspected:
1. Inwayof fillets and anychange of section;
2. Bolts surface for anydamage andscratch marks;
3. Overall stretch in thebolts by trammed gauge;
4. Healthy sound from the bolt.

VII. CYLINDER LINER

Cylinder liners are centrifugally castwith theupperendlikea flange castintegral with
the liner. Underside of theflange rests onthe cylinder block. Thecylinder cover holds the
linerinplace when thecover studs arehardened down. Lower portion ofthelinerisusually
of thinner section. Most of the modem engines have been using bore cooling to combat
both high mechanical andthermal stresses. Larger engine liners are of wet type where
cooling water comes directly Incontact with linermetal.

Cylinder liners of modem large highly rated engines burning extremely poorquality
residual fuel areSUbjected tosevere mechanical andthermal stresses andpossibilities of
cold corrosion is high if correct liner metal temperature andcooling water outlet tempera
ture notmaintained asspecified by makers. Liner flange is subjected to bending moment
especially if the cylinder cover unevenly tightened.
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7. piston ring clearance incorrect
8. inadeq!Jate oil supply
9. distortl'oo.cof cylinders

10. misalignment of piston
11. improper running-in of engine

During overhauling of units

1. Inspect linersurface without clearing, the state of linerlubricating oilspread, carbon
isation's hand pump lubricators toestimate lubricating oil flow through quills, carbon
lsatlon In way of scavenge ports, etc.

2. Clean thoroughly and check forcracks and burning marks at toppartof liner, cracks,
Inwayof scavenge ports, scoring marks on the surface, cracks Inwayof liner flange.

3. Calibrate linerthoroughly using maker's template giving special attention to the top
part (wear rate of liner should be < .1 mm/1000 hrs).

4. Incase the linerhas tobe renewed, follow engine builder's instructions stepbystep.

Example: Cylinder linerbore =900 mm; change should be 1% inside diameter of the
bore =9 mm. max.

For: Slow speed (liner wear) - 0.1 mm/1000 hrs.
Medium speed (liner wear) - 0.015 mm/1000 hrs.

Formula:
Wear rate =increase in die. (Jotal) x 1000

Running hrs. (total)

= _ mm/1 000 hrs.

Reasons for maximum wear

1. gas load behind ring minimum
2. cylinder hottest In this region
3. corrosive wear- cylinder temperature high but may lower than dewpoint
4. viscosity oil film minimum, film may breakdown
5. 2 stroke engine have higher wear above parts

Causes of excessive wear

1. lowsulphur fuel with high TBN cylinder 011
2. Inefficient combustion
3. scavenging air temperature too low
4. overloading engine
5. contamination of lubricating 011
6. unsuitable linermaterial

Cylinder Lubrication

Modern large engines are highly loaded and at the same time have been using
extremely poor quality fuel. Cylinder lubricating oil has to be thermally stable at high
temperature andatthesame time reduce the poS$ibilities ofcold corrosion. Role ofcylinder
lubricating oil in modern highly rated engines is extremely demanding. Oil with proper
characteristics, correct feed rate and at'the right time areessential. S.G. 0.948; Flash pt.
23800; Pour pt.-20°C; Viscosity 89-85, TBN 70.
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Lubricant Requirement

1. sliding friction minimum
2. adequate viscosity at high temperature
3. effective oil seal (ring and liner)
4. burn without deposit
5. neutralize corrosive acids

Lubrication Consumption

Depend on design, load, fuel construction, fuelquality, temperature gradient across
liner.

VIII. PISTONS

Pistons of large highly rated engines are subjected to very high mechanical and
thermal stresses. To combat the same, number of engine builders have beenusing bore
cooling. Modern approach has been also to use forged alloy steel for piston crown to
withstand high thermal stresses (nickel chrome steelor molybdenum steel).

During operation, the piston is subjected to very high compressive and tensile
stresses due to gas pressures, inertiaeffects and thermal stresses. Gas pressures and
inertial effects result in bending action of piston crown. Thermal stresses in piston set up
due to difference in temperature across a section. Hottest part of piston crown's at the
junction of sidewallandtopplate. Ideally, thepiston is not subjected to anyside thrustin
crosshead type engine.

During overhauling:
1. Inspect, without cleaning, piston crown andsidewallfor carbonisation, accumu

lation of oil, water, lubricating oil presence, ringmovement, etc.;
2. Thoroughly clean - inspect crown forcracks, burning, external contourwithtem-

plate, internal areafor coking, cracks;
3. Sidewall and ring grooves for cracks;
4. Wearridges on skirt, piston rods;
5. Piston rods for anyscratch andscoring marks.
Faults:
a. Crackin crown - thermaVmechanical stress.
b. Crackin piston wall - fluctuating gas load.

Reasons:
Material, scaling, inefficient cooling, local inpingement, pooratomization, water

in fuel.

IX. PISTON RINGS

Piston ringsareheavily loaded mechanically with maximum pressure, MIPgoingup
in engines. Ring grooves in cases have been chrome plated to increase wearresistance.

Generally, piston ring material ismade much harder thanmaterial ofthelinertocontrol
high wear rate compression rings exertconsiderable pressure on the linerwall in modem
engines (for 900 mm bore engine). Efficient lubricating 011 film is essential. " '

Overhauling internal issolong inmodern engines, it isadvisable torenew all therings
during overhaul.
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1. Thoroughly measure all new rings axially, radially and butt clearance in a
ring gauge;

2. Check ring grooves for wear giving special attention to uneven wear (in case of
excessive uneven wear, ring groove to be reconditioned);

3. Roll new ring around in the groove, make sure ring is not sticking out;
4. With rings in place. check with feeler gauge the axial clearance and make sure

in admissible range.

X. STUFFING BOX

It is mounted with a flange bolted to the bottom of the scavenge air box. Top set of rings
are sealing rings to prevent scavenge air flowing down the piston rod. Lower set of rings
scraper/case oil off piston rod.

During overhauling:
1. Uppermost scraper ring and sealing ring. sealing rings, lower scraper rings to be

checked for:
a. clearance between sealing ring section and groove;
b. clearance at ring ends;
d. total clearance

2. Check greater spring tension.

XI. CRANKSHAFT

Crankshaft of large main propulsion engine are mostly of semi-built type. Some of
modem engines. namely MAN - B&W have been using welded crankshafts. Modem
design has increased fatigue strength considerably by adopting continuous grain flow
method. Welded crankshafts are considerably lighter reducing the inertia forces.

Analysis of stresses on the crankshaft during operation are complex, it is better to
consider one unit of the crankshaft. The crank pin is subjected to tensile and compressive
stresses with complete load reversal. Similar nature of stresses are applicable to the webs.
The crankshaft is subjected to shear stresses in way of web and journal. This may result
in slipping. The web is subjected to bending due to connecting rod angularity. The
crankshaft is subjected to fatigue.

During Overhauling
1. Crankshaft deflection should be taken in a condition suggested by makers (De

flection readings are often over rated.)
2. Crankshaft deflection should be inspected forcracksinway of fillets, crankpins, pins,

central portion of webs, slipping in way of journals;
3. Pins to be accurately measured for ovality, scoring, rubbing marks;
4. No repairs to be taken up without owner's knowledge.

XII. CONNECTING ROD

Cross section adopted for connecting rod follows from study of the loads on
connecting rods and the cost of manufacture. Round section connection rods are adopted
for large engine. Connecting rod is considered as a struct, pin-jointed at each end and
subjected to lateral loading from inertia combined with thrust from end loading through pins.
These are made of forged steel.
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In operation, connecting rod is swing about the crosshead bearing, the swinging
movement being constrained by the bearing on the crankpin. The action set up Inertia
loads. Inslowspeed engines, round section connecting rods of normal length arestrong
enough tosustain thecorrected gasloading and theinertiawhiploading isnotofsufficient
consequence.

May fail from fracture or cracking in vulnerable areas or may buckle. Failure of
connecting rodinoperation extremely rare inslowspeed engines. Cases ofslightbuckling
have been found in same instances where water or oil leaked intocylinder spaces.

XIII.CROSSHEADS

In large slow speed engines, thegaspressure acting on the piston andthrough the
piston rod puts a load of approximately 600 tonnes on the crosshead pins when the
pressure in the cylinder Is at maximum value. Loads of this high value cause some
deflection•. Thepin and the bearing has to be kept aligned and modem engine pins are
designed to be rigid.

Crosshead pintobe inspected forscoring andrubbing marks atthebottom half. tobe
checked for ovality. Thoroughly to be inspected for anycracks.

XIV. CAMSHAFT

Camshaft is built with number of camshaft sections, joined together by means of
flange couplings using fitted bolts andnuts.

Each camshaft section hasfuel pump, exhaust valve andindicator drive cam.
Camshaft iscarried InlInderslung shell type bearings. Thebearing nutsarehydraulic

tightened. \
The coupling flanges and fuel and exhaust cams are shrunk onto the shaft by

heating.
Dismantling of flanges iseffected byforcing lubricating oilbetween shaftandflange.
Adjustment of fuel cam timing, oradjustment ofcamshaft forelongated chain Isalso

done by forcing lubricating oilbetween shrink fitted surfaces.
Camshaft rotates atsame speed ascrankshaft. During reversing, follower rollers are

displaced to alterthe pump timing.

XV. CHAIN DRIVE

The camshaft is driven by a chain drive.
Chain drive consists of two identical chains running over chain wheels fitted on

camshaft .and camshaft.
Chains are kept tightened by chain tightener placed between the crankshaft and

intermediate wheel.
From camshaft, a small chain drive operates cylinder lubricator,' dlstrlbuto~ and

governor.
Long free length of chains areguided by rubber clad guide bars.
Lubricating oil is supplied by spray pipes fitted at theguide barsandchain wheels.
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SCAVENGING

Pushing out exhaust gaseswith the helpof fresh air intake so thata freshcharge of
pure air is available for compression that follows.

TYPES

DIRECT SCAVENGING- in thedirectscavenging theinletports'are located onone·slde of
thecylinderopposite theexhaustPOr1$. Theflowpathofthescavenging air isfromoneside
to the otherside.

LOOP SCAVENGING- in the loopscavenging the intake andexhaust POrts are located at
oneside, theexhaust overtheintake POrts. Theflowpartofairis fromtheIntake portacross
to theopposite sideanduptowards mecylinder headandthen make a loopto theexhaust
po~ above the intake ports.

UNIFLOW SCAVENGING- intheuniflow intake portsarelocated at thesideof thecylinder
and exhaust at the cylinder head. The air enters the intake and moves up towards the
cylinder headwhere exhaust valve are installed.

The Actual Process

Consists partially of perfect scavenging, mixing andshort-circuiting.

Certain amount of combustion products is initially pushed outof the cylinder without
beingdiluted by fresh air.

Gradually, mixing and short-circuiting causes theoutflowing products tobedilutedby
more andmore fresh air until the situation is same as for perfect mixing.

So,thefirst-phase of scavenging process is Perfect Scavenging which thenchanges
into complete mixing process.

Scavenging Stages

1. Slowdown
2. Scavenging
3. Containing of air

Importance of Scavenging

1. Engine efficiency depends on scavenging ,
2. InEJffici~nt scavenging _gives less power output per weight
3. Incomplete scavenging results in increased fuel consumption per unit power
4. Incomplete scavenging leads to greater Piston ring and liner, wears.
5. Inefficient scavenging gives higher mean temperatures
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ADVANTAGES DISADVANTAGES Examples of Use

Cross Scavenge
*Simple *Short Circuit *Sulzer
*Less Maintenance *Lower Efficiency *RD, RND
*LowCost *Less BMEP

Loop Scavenge
*Higher Efficiency *Piston/Uner Distortion *M.A.N

due to Temp. gradient
from exhaust to
scavenge ports.

*Simple *Crankcase/under *RND-M Sulzer
piston space more
dirty.

*Less Maintenance *Exhaust port carboni-
sation excessive.

*Reliable *Uneven piston ring
wear.

*Simple Cylinder ~ can *Less efficiency due
sustain higherthermal to overmixing
stresses.

Unlflow Scavenge
*Noshort circuiting *More complex *B&W
*No overmixing *Higher cost *SULZER-RTA
*Veryhigh efficiency *More maintenance
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SUPERCHARGING

Process of pushing a higher pressure air charge Into the cylinder greater than
atmospheric pressure. thus Increasing power output of the engine.

Advantages Gained

1. Higher output
2. Better combustion
3. Less specific fuel consumption
4. Improved thermal efficiency
5. Less weight/space/cost to produce a particular power
6. Lower exhaust temperature

Disadvantages

1. Higher initial cost
2. Higher thermal loading due to higher maximum pressure

Methods of Supercharging

1. Independently driven compressor
2. Engine driven compressor
3. Underpiston supercharging
4. Exhaust gas turbocharging
5. Combination of the above

Types of Equipment that can be used

1. Positive displacement pump
2. Positive displacement blower (roots blower)
3. Centrifugal blower (electric driven)
4. Turboblower (exhaust gas driven)

Principle of Operation

1. Pulse system - ME
2. Constant pressure system - Generator

Valve timing periods

Scavenge ports open at approximately 35 degrees b.d.c, and close 35 degrees after
b.d.c, The exhaust valve will open ahead of the scavenge ports to give a blow down period
and close at some time to leave the correct amount of air in the cylinder for the combustion
of fuel. The open period for the exhaust valve will be about 80 to 90 degrees of crank
rotation and the valve will open about 45 degrees before b.d.c, It should be noted that
considerable variation may be found in valve timing figures for various engines.
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TURBOCHARGING
Very effective pressure charging. Utilizes 20% of waste heat in exhaust gaswhich
Contains 350/0 of fuel heat. It consist of two parts. the blower and exhaust
turbine side fltted In one motor shaft.

Advantages
1. Higher plantefficienci
2. Noseparate power $Ource required.
3. Power demand low/
4. Attempts to cater for overloading condition.
5. More efficient than other forms of supercharging.

PULSE SYSTEM

Exhaust Turbocharglng

PulseSystem

pylse operation needs:
1. Exhaust pipes short narrow - minimum bends - Losses inpipeminimum. Small

volume flow.
2. Exhaust pipes connection to same TC inletfrom different unitsto be arranged

such thatnointerference ofpulses happen - thismayotherwise affec~ scaveng
ing operation.

3. Period between discharge ofsuccessive cylinders intoacommon manifold tobe
more than 2400 fora4-stroke and1200 fora2-stroke engine toavoid interference.

Not more than 3 cylinders firing successively can be exhausted Into a
common manifold. Engines with more than 3 cylinders willhave more than 1TC
or 1 TCwith multi-entry arrangement.

Advantages
a. Highly responsive
b. Good turbocharger acceleration
c. Good low load and lowspeed performance
d. Scavenging assistance notnecessary
e. Better scavenging

Disadvantages
a. Poor turbine efficiency at high ratings
b. Turbine operation rough andinefficient
c. Exhaust piping complex
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TURBOCHARGER OPERATING PROBLEMS

SURGING

If due to any reason, the air pressure generated In the blower, falls belowdelivery
pressure, there will be a sudden breakdown of air delivery, followed Immediately by a
backward waveof air through the blower which will continue until the deliveryresistance
hasdecreased sufficiently for air discharge to be resumed. Thisperiodical breakdown of
air delivery is called "surging", and Is manifested as irregular howling noise from the
Turbocharger.

Stages ofsurging
I. Humming
II. Snorting
III. Howling

SYMPTOMS OF SURGING
1. Howling Noise
2. Rapid surges in scavenge air pressure
3. "Gulping" of air by blower
4. Repeated irregular violent thudfromair Intake to blower.
5. Alternate "suck-In" and"push-out" at blowerair Intake.

causes
1.
2.
3.
4.
5.
6.
7.
8.

Dirtyair filter
Power imbalance between cylinders
Engine racing
Faulty Injection
Fouled/damaged Turbine
Fouled Air Cooler
Overpressure at Scavo manifold
Mismatch of EnglnelTC.

Remedy/Control
1. Proper matching
2. Larger dia scav. manifold
3. Reduce speed andease pressure

4JNsr~N T P1e€ J:S({6 E

SySTEM

hew.

TURBO CHARGING SYSTEM
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TURBOCHARGER SURGING

Surging can be divided into two main categories

I. Restrictions in the air/gas system;
II. Variations in cylinder load.

CHECK THEFOLLOWING
1. Fuel oil system such as filters, fuel pump, fuel injector, fuel timing, air in fuel,

fuel viscosity, load distribution, etc.
2. Exhaust System. Back pressure, valve opening & timing, pressure fluctuation, etc.
3. Turbocharger. Fouled or damaged turbine or compressor side, fouled fitter.
4. Scavenge Air System. Fouled air cooler, choked scavenge ports, high scavenge

temperature, load variations.
5. Governor. Hunting

Q. What are the meanings, functions of the following terms?

Piston displacement - is the volume swept or travel by the piston from top dead center
to bottom dead center

Compression Ratio - the ratio of the piston displacement plus the clearance volume
to the clearance volume.

Flash point - the temperature at which flammable liquid will give off sufficient vapor
to support a flash flame but will not support continuous combustion.

SpecUlc gravity - the weight of a solid or liquid as compared with an equal volume
of water at 62°F.

calorific value - the highest amount of heat that can be produce from a given quantity
of fuel by complete combustion is called heat or calorific value.

Viscosity - is the internal friction or resistance to flow of a liquid at certain temperature.

Volumetric efficiency - the ratio of the weight of the air which is trapped in the cylinder
at the beginning of the compression stroke and the weight of air could be contained
in the cylinder under conditions of atmospheric pressure.

Counter weights - fitted to the crankshaft of the engine in order to balance the revolving
weight of the crankpins, webs, and the lower portion of the connecting rod thereby reduce
vibration.

Jacking gear - is an arrangement of gears used to rotate the engine crankshaft. Consist
of warm gear which engages a gear-toothed flywheel.

Shims - are pieces of metal or other material use for plating or equal spacing between
two connected metal parts like the engine frame, bearings and motor basement.

Pyrometer - is a millivolt calibrated in temperature units, attached through a selector
switch to each individual cylinder exhaust thermocouple.
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Thermocouple - Is made of 2 rods of different metals that are welded together at one
end, when heated at the welded junction, an electromotive force Is produced between
the terminals.

Isochronous - governing keeps an engine running at a constant speed regardless
of load. This gives perfect speed regulation and no speed drop.:'

Speed Droop -Is a decreaseIn thespeed of anenginefrom no load to full load conditions.

Sensitivity - is the change In engine speed before the governor makes Its corrective
change to the fuel control. It Is usually expressed as a percent of the normal or average
speed of the engine.

Stability - Is the ability of a governor to settle down to a steady after a change of load.

Hunting - is the unstable operation of a governor. It will not maintain a steady speed
caused by overcorrection.

Deadbeat - is the inability to changethe speed when a new load requiressuch a change.

all Mist Detector - fitted in the main engine crankcase, that give a more reliable and
quicker warning of oil mist formation, which connected pipe line sample air from each
crankcase compartment. The detector will give an alarm at a mist concentration of 2
5% of the inflammablequantity, for safety precaution, have ample time to stop the engine
before ignition of the mist can take place.

Q. When making an order or InqUiry for engine parts, what are the essential data
In order to supply you the correct parts for the Individual engines?

When ordering engine spare parts you should state the following:

1. Ship's name
2. Classification
3. Type of engines and numbers of cylinders
4. Engine numbers
5. Main engine builders
6. Name of parts required
7. Plate no. of engine parts
8. Item no. of engine parts
9. Quantity required.

Q. In modem main propulsion engines, what are the major parts of the engine
need proper maintenance and attention?

Modem crosshead type main propulsion engines are highly rated, super long stroke
andbearingextremelypoorquality residualfuel. Followingcomponentsofenginewill need
proper maintenance and attention:

1. cylinder liner top part subjected to severe mechanical and thermal stresses;
2. Frames and guides are subjected to high side thrust because of super long

stroke arrangement.
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3. Bedplate cross girders and at junction welds between longitudinal and cross
girders;

4. Holding down arrangements;
5. Exhaust valves, air springs and hydraulic actuating arrangements;
6. Piston crown arid top of side walls subjected to severe thermal stresses;
7. Crosshead bearings and guideshoes are heavily loaded;
8. Crankshafts arewelded type, special attention to fillets, webs and crankpins.

NOTE: No repairs specially involving welding, hot work to be carried out on major
engine components such asbedplate, frames,crankshafts etcwithout owner's knowledge
under anycircumstances.

Q. What are the desirable characteristics of a good fuel 011 (Diesel)?

1. A maximum heatvalue.
2. A maximum of water, sediment, sulphur, sand, andother impurities.
3. A fluidity such that it can be pumped without heating it too much.
4. The oil should notbe tooslow-burning, so as to cause delayed ignition in the

cylinder.
5. Theoilshould burn completely without leaving anycarbon residue intheform of

ash or soot.

Q. What factors would you say controlled combustion In a diesel engine?

Proper amount of air; proper amount of fuel; proper mixture of fuel and air and
proper temperature of Fuel and Air for ignition.

Q. Discuss ways of cleaning lube 011 In a diesel engine driven ship?

1. By settling method • used of gravity tank
2. By centrifuging - used of centrifugal purifiers
3. By filtering method - used of filtering material

Q. What are the effect of early and late fuel Injection?

Early fuel injection causes oil to ignite toosoon causing abackpressure onthepiston
and a resultant loss of power. Pre-ignition may cause damage to cylinder and cylinder
heads or even bent rod. Late ignition causes smoky exhaust, losses of power and
incomplete combustion. Incomplete combustion results in carbon accumulation which
affectpiston rings and valve stems. Will carbonizer also a silencer andmaycaused fire

Q. What Is the cause of "detonation" or "fuel knock" In a diesel engine cylinder?

During the ignition delayperiod injection of the fuel is contained so that there is a
greater amount of fuel in thecylinder priorto ignition. When ignition doestakes place the
whole accumulation burns vjolently. This rapid burning results in an extremely high
pressure in thecylinder accompanied bypressure waves. Thisrapid increase of pressure
andvibrating pressure waves results in a noise known as fuel knock.
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Q. If your engineshows avery blackandsmokyexhaust,wherewould you look for
trouble?

Find out if the engine is overloaded, check the exhaust pyrometer andseethat the
cylinders carry an equal amount of the load and adjust fuel valves and spray valves
accordingly. Check fuel oil for cleanliness andwater. Check fuel pumps and fuel lines for
entrapped air.Checkscavenging aironatwo-cycle engine. Checkinjection aironinjection
engines. A poorgrade of fuel oil may also cause smoky exhaust.

Q. Describean open cooling system?

The circulating pump take suction from the seaand circulate saltwater through the
engine and then overboard the engine being cooled directly by saltwater.

Q. Describe a closed cooling system?

Theengine is being cooled by fresh water from thestorage tankwhich is circulated
through theengine by afresh water pump. This water iscooled byaheatexchanger using
seawater as cooling medium.

ADVANTAGES:

1. Nodanger of scale formation
2. Nodanger of galvanic action due to seawater
3. Better efficiency since theengine can be operated at higher temperature.
4. These is bettercomrot of engine temperature

Q. Would you shut off the cooling water Immediately after stopping a diesel
engine? Explain.

No. The reason for keeping thecooling watercirculating aftertheengine is stopped
Is toprevent thelubricating oil from being evaporated from cylinder wallsandpiston rings.
In case the engine is cooled directly by saltwater, there wculdbe formation of scale on
account of excessive heataftertheengine is stopped.

Q. With respect to Jacket cooling waterof a dieselengine; which Is advisable;with
a higher temperatureor lower temperature?If so, why?

Withhigher temperature because diesel engine is acompression ignition engine and
it issusceptible tofrequent change oftemperature onmechanical parts from highertolower
temperature thereby to prevent stresses.

Q. Why Is 011 used Insteadof water for cooling pistons of a diesel engines?

Ifwateris used andleakoccured it would leakinto thecrankcase emulsifying theoil
andspoiling itslubricatingpropenles thus burning outbearings andcausing greatdamage
to the engine.
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Q. Whyshould the lube 011 pump be run beforestarting andafter stopping a diesel
engine?

Before starting toensure acomplete oilfilm onallbearings instopping adiesel engine,
thelube oilpump should run until thedifference intemperature between theinletandoutlet
is from 2°to 5°. Thisallows thebearing to cool evenly. '

Q. How many degrees Is the Intake valve open? How many degrees It Is
closed?

Intake valve opens a few degrees before topdeadcenteraround 5degreesbefore top
dead center (TDC) And closes ataround 5 degrees afterBDC. Duration ofopening is 190
degrees and closing duration is 170 degrees.

Q. What Is usual fuel valve timing for high speed diesel engine using light fuel?

Fuel valve timing isusuallystarted oropen at 12degrees before topdeadcenter. This
average.

Q. Whatare the usual angles between the cranks of 2 stroke cycle and 4 stroke
cycle having 3,4, and 6 cylinders?

2 cycle
3 cylinders-120°
-4 cylinders-90°
6 cylinders-60°

4 cycle
120°
180°
120°

Q. What Is the valve timing of the air starting valve of two cycle diesel engine?

Airstarting valve mustopen toadmit starting airto thecylinder atfive (5)degrees after
top dead center (TOC) and closes approximately 90 degrees.

Q. State the timing of the different valve of 4 cycle diesel engine In terms of crank
angle In reference to top deadcenter and bottom dead centers.

Intwostroke cycle engine, intake valve opens 48degrees before bottom deadcenter
andcloses 48degrees afterbottom dead center duration of 96degrees at open position.
Theexhaust valve opens at92.5 degrees aftertopdead center andcloses at 44.5degrees
afterbottom dead center. Exhaust valve is opened for a duration of 137degrees in the
crank angle. Injection valve opens at 17.5 degrees before TOC.

Q. Describeat least three methods of driving camshaft?

a) By a train of gear, which drive the camshaft gear on the crankshaft of an
intermediate gears and a driven gearon the crankshaft.

b) Bya chain which is driven from a gearon thecrankshaft and driven camshaft
gear.
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c) By gearanda vertical shaftthere is a level gearonboththecamshaft gear, and
crankshaft and a shaft has a pinion gearon each and is place between the
camshaft and camshaft gear.

Q. Name the types of wrlstpln and describe each

1. SECURED WRISTPIN - this type hasthewristpin secured tightlyin thebosses
of the piston casting. A screwed dowel is used to secure the pin.

2. FLOATING WRISTPIN - in this typewristpin is free to move in both eyeof the
connecting rod and the bosses of the piston casting. A spring clipretainer is
placed in grooves in each endof thepiston bossin orderto prevent thepinfrom
scraping the cylinder wall.

Q. Describe the various methods used to Introduce water or 011 Into diesel engine
pistons for cooling purpose.

1. Thepacked andunpacked telescopic pipe- in this tYPe the moving member of
thetelescope assembly isattached directly to theunderside ofthepiston andthe
stationary member to the engine housing or frame.

2. The swing-joint type - This type is being used on crossheadengines. The inlet
andoutletpipes from thepiston arefixed andleadto the crosshead then to the
outerendofthebracketbolted tothecrosshead where connection ismade tothe
moving member of the telescopic assembly.

Q. Name three methods of starting a diesel engine.

1. Electric motorrequiring that electric energy be readily available.
2. Auxiliary gas engine maybe attached directly to diesel engine.
3. Hand starting for small engines and compressed air previouslystored forthe

purpose of starting.

Q. Explain why the main Journal bearing caps on 4 stroke cycle engine are made
of heavier construction than those of the tWo stroke cycle engine?

The main journal caps of 4 stroke cycle engines are made of heavier construction
because during thelatterpartoftheeXha~st stroke there isanupward thrustonthebearing
caps due to the inertia and centrifuga'l orce of moving parts. In the 2 stroke cycle this
upward force is overcome by the comp ession of the air in the cylinder.

What are the method of reversing 4 cycle and 2 cycle engine?

4 cycle engines - can be revers~ by changing the timing through the insertion
of a set of reversing cam. The camshaft Is moved In such a mannerthat a
set of cams slide under the valves so that so that the firing of any cylinder
Is 180 degrees tolls former position with the ahead cam.

2 cycle engines - reversing method Is to rotate the crankshaft 30-40 degrees thus
putting the opposite flank of the cam under the fuel valves or pump similar
to Stephenson link meson u·sed In steam engines.
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Q. Describe the path of the fuel 011 from the storage tank to the engine cylinder?

The fuel is taken from the storage tank by means of oil transfer pump to settling
tank where oil is preheated and settled, passed through a centrifugal purifier for efficient
cleaning and deliver it to the service tank in operation, the oil is led to one of the two
electrically driven supply pumps, which deliver the oil under pressure through a flow
meter, then to fuelcirculating pumps passes it through the oil heater - viscosity regulator
- filters then supplied to individual fuel pumps each cylinder to the fuel injector valves
for combustion process.

Q. Trace the path of lube 011 sy~tem 2 cycle diesel engine.

Lube oil Pump draws the oil from the sumptank through suction filters, forces it
through the lube oil cooler, passing auto backwashing filter, before it deliver it to the
engine where it is divided into two branches: It supply to main part where oil is sent
to the piston cooling manifold, where it is distributed between piston cooling and bearing
lubrication. From the crosshead bearings, the oil flows through bores in the connecting
rods, to the crankpin bearings. The remaining oil goes to lubrication of the main bearings,
engine base and sump tank.

Camshaft lube oil system is separated from main lube oil system which is also
fitted a tank - suction filters - coolers to the main engine cam drive system, then back
to the tank passing magnetic filters.

Q. Trace the path of cooling water system 2 cycle diesel engine.

The fresh cooling water Is circulated through the cooler by means of fresh (Jacket)
water pumps where the water enters the engine through the bottom of 'each cylinder
jacket and upward to the cylinder head and exhaust valve if fitted; controlled by
thermostatically regUlating valve, such proportion that the temperature of the outlet water
from the main engine is maintained at specified normal temp.set point like 80 degrees
~ntigrade in order to avoid cylinder wear and condensation of sulfuric acid on the cylinder
walls. To prevent air accumulation to the system, a venting tank Is fitted on outlet piping
and expansion tank for make up the difference in the water volume at changes of
temperature or leaking.

Q. Describe cylinder lubrication system of a diesel engine.

The lubricator are usually supplied with oil from a day tank, through gravity which
equipp.ed with a built In float, strainers and stop valves. The oil is pumped Into the cylinder
by lubricator pump via non return valve, passing a number of lubricating orifice during
the Lipward strol<e:The oil feed rate or dosage should In accordance with the engine
builders recommendation and should be increased during starting, maneuvering and large
changes In engine load.

While on high speed diesel engine, cylinder Is lubricated by bearing oil thrown from
the crankpin, which Is splash method of lubrication found on a trunk type diesel engine.
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Q. What are the preparations for starting up engines after Installation, longer
standstill or major overhaul?

a) Crankcase should be cleaned well and all internal partswiped off if necessary.
Userags, notcotton waste. Adjustandsecure allinternalbolts. Beaware thatany
loose cotterpin,bolt, screw or nut mayhaveserious consequences, especially
when these cannot be adjusted during operation.

STARTING AIR:
b) Starting air bottle pipes should be blown free of any mud, dirt or water.
c) Check pressure of starting air bottles. It should be between 25 and30 kp/cm2•

d) Grease rollerbearing in starting air relay. . .

LUBE OIL
e) Before filling the lube oil, check oil sump, canals and pipes carefully. Remove

any mud and rust When wiping off use rags.
1) After longer standstill periods drain any water and mud from 011 sump.
g) With the pneumatic lube oil primer pump, 011 Is pumped through the engl:I'lEt

at the same time as the engine is turned. Check driving gear. See that··oq
Is forced through to all the lube points connected to the main lube all systerti~.

h) Check, and If necessary, clean the lube all filter. Check valve gear lube all
tank before filling it up. Remove any mud and rust;

o If the valvegear lube011 hasbecome mixed withfuel oil aftera longerstandstill
(during overhaul of the fuel all system), the oil should be changed.

FUELOIL:
j) Before filling fuel oil,check tanks and pipes carefully. Remove anymudandrust
k) Afterlonger standstill periods drain anywaterandmudfrom oil tanks. Check oil

level.
I) Disconnect fueloil pipes from filters and let the oil flowthrough until freeof dirt

from tank and piping. Check, and if necessary change afterelements.
m) Bleed all air from fuel oil system. Wheribleeding the fuel all system, the fuel

all primer pump can be used. One must avoid to dilute the valve gear lube
oil when the fuel injection pumps are bled.

STARTING OF ENGINE:
a) Open the fuel valve and/the cooling watervalve. Close indicator valve.
b) Remove the turning bar from the flywheel.
c) When theabove mentionedinstructions arecarried out, open themainvalveon

the starting airbottle andadmitair to the cylinders. As soon as the engine has
started, the main valveshould be closed.

d) Immediately after starting, check allmanometers, fortemperatures and pressures.

PREPARATION FOR STARTING UPAFTER SHORTER STAND STILLPERIODS:
a) If the engine has been out of operation for some time, it should be carefully

checked before starting. Priming the fuel oil system should not be necessary,
provided nothing hashappened thatwould admitair to the system.

b) Prime the lub.oil system, when turning the engine slowly, to admitoil to all the
lub. points.
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ATIENTION DURING OPERATION:
a) Checkthe engine speed, pressures and temperatures at regular intervals.
b) Aftereach start,checkthat the starting air pressure is above the lowerlimit, I.e.

15kp/cm2• If the pressure is lower, the starting air bottleshave to be charged.
c) At intervals drain the starting air bottle for condensation.
d) The lubeoil pressure in the main system after filtershould normally be 2.5 - 3.0

kp/cm2• For the valve gear lub. oil system 0.5 kp/cm2 minimum.
e) The lube oil temperature at outlet from engine shouldnormallybe 6OOC.
f) The cooling waterpressure should normally be 1.0 - 2.5 kp/cm2.
g) The cooling water temperature at outlet from engine must not exceed 80OC.

Normal outlet te~perature is 70·C. depend .~n ~nglne Instruction.
h) Thecharge air temperature mustnotexceed eooc aftercooler. Whenthecharge

air temperature increases, the exhaust gas temperature will also increase.
Checkthe charge air temperature at full load.

i) Instruction for turbocharger and intercooler, separate servicemanual.
j) Instruction for Woodward Governor see separate servicemanual.
k) Measuring of pressure in cylinder by taking power diagram.

Occasionally measure cylinder pressure of all cylinders to examine if there are any
faults with the fuel injection or the combustion. Measure compression and combustion
pressure everytime the chain, camshaft or fuel injection pumps havebeendismantled or
changed.

STOPPING ENGINE
a) Shorter interruptions of operation.

Run theengine onnoloadat idlespeed untilthetemperature arestabilized. Stop
the engine. Fuel oil and cooling watervalvesare closed, if needed.

If danger'for frost, all the water In the engine and thepipes has to be drained.
Faults observed duringoperation mustbe repaired. /

b) Longer interruption of operation.

Run the engine on no load at idle speeduntil temperatures are stabilized.
Stop the engine.
The starting air pipes mustbe blown through.
The indicator valves mustbe opened.
Starting air bottles are drained for condensed water.
The fuel oil and the cooling watervalveshaveto be closed.
If dangerfor frost, all the water in the engine and pipeshas to be drained.
Waterandmudaredrained off thefueloil andthe lubeoil tank.The lubeoilmust

be changed if necessary.
If the engine will be outof operation fora fewweeks or more, it mustbe cleaned

and all polished partsmustbe lubricated with an anti-corrosive oil.
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1. STARTING DIFFICULTIES AND TROUBLE SHOOTING:

A. The engine does not tum when starting air applied.

Possible causes:
1. Air pressure too low.
2. One or more startingair valve have stuck.
3. The startingvalve leaking in cylinder

B. The engine does not ignite or firing

4. Cloggedfuel nozzles.
5. Pilotvalve shut.
6. Startingdistributorvalve shut

1. Air In the fuel system.
2. The fuel oil filter or the fuel pipes are blocked.
3. Incorrect adjustment of the fuel injection pumps.
4. Clogged fuel nozzles.
5. Fuel By-pass open.
6. Booster fuel pump failure.
7. Air compression pressure too low

Possible causes:
Water in the fuel oil.
The compression pressure is too low caused by:

a. Worn or broken piston rings.
b. Leaking valves in cylinder cover.
c. Leaking gaskets between the cylinder covers and the cylinder liners.
d. Too thick gaskets between the cylinder liners and the cylinder block.

2. THE ENGINESTOPS

1. Air in the fuel oil system.
2. Faults in the fuel supply.
3. Water in the fuel oil.
4. Clogged pipe lines or fuel oil filter.
5. A piston has seized.

3. ENGINE RPM DROPS

1. Engine is overloaded.
2. Injection pumps are working irregularly. Air in fuel system.
3. A piston or a bearing has a breakdowndue toinaufficient lubrication or dirt in lube

oil.

Possible causes
1. One cylinder Afalls our',
2. Leakage between the cylinder liner and the piston.
3. Leakage in top gasket.
4. Clogged fuel oil filter.
5. The inlet and/or the exhaustvalves are leaking.
6. The valve clearances are too small.
7. Filter for turbo-charger is clogged.
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4. THE ENGINEKNOCKS

1. Injection is too early, due to incorrectpre-injection angle.
2. Faults in injection valves.
3. A piston becomes too hot and seize.
4. The gUdgeon pin or big end bearing have too big clearances.
5. Too big piston clearance. Worm cylinder liner.
6. Overloading
7. Poor fuel/air atomization

5. ABNORMAL EXHAUSTGAS

A. Too high exhaust gas temperature from one cylinder:

1. Too high admissionon fuel injection pump.
2. Injection is too late.
3. Injection valve has too low openingpressure.
4. Partial clogged fuel nozzle.
5. Injection valve leaks.

Possible causes
1. Valve clearances too big.
2. Clogged exhaust system.

B. Too low exhaust gas temperature from one cylinder:

1. Too low admission on fuel injectionpump.
2. Injection is too early.
3. Injectionvalve has too high opening pressure.
4. Clogged nozzle holes.
5. Water leakage in the cylinder.

c. Too high exhaust gas temperature In all the cylinders:

1. Engine is overloaded.
2. Injection is too late.
3. Too high temperature of charging air.
4. Charge air pressure is too low.
5. Clogged charge air filter.
6. Clogged exhaust gas system.

D. Black exhaust gas.

1. Engine is overloaded.
2. Some cylinders are overloaded.
3. Inlet or exhaust gas outlet valve is leaking.
4. Faults in the fu~1 injectionpumps or valves.
5. Ignition timing faulty.
6. Fuel Temperature too high.

218



Possible causes
1. Bad fuel oil.
2. Piston rings have stuck.
3. Injection is too late. .
4. Exhaust manifold or exhaust pipes are clogged.

£ Bluish exhaust gas.

1. Too much lube oil in one or more cylinders.

F. White smoky exhaust gas.

1. Engine is too cold.
2. Water in cylinder.
3. One or more cylinder not getting enough fuel.
4. Too low compression pressure.

6. LUBE OIL PRESSURE DROPS

A. Main system

1. Too little lube oil in circulation.The pump sucks air.
2. The lube oil filters are clogged.
3. Leakage in lube oil pressure pipes inside the engine. Loose main bearing bolts.
4. A bearing is damaged.
5. Oil temperature is to high. Oil cooler is dirty.
6. The oil relief valve on the bedframe or the safety valve on the pump is sticking.

B. Valvegear system.

1. Too little lube oil in tank.
2. Drain pipes to tank are clogged.
3. Lube oil is diluted with fuel oil.
4. The lube oil filter is clogged.

Possible causes
1. The lube oil pipe- is clogged.
2. The oil relief valve in the filter or the safety valve on the pump is sticking.

7. OVERHEATED BEARINGS

1. Clogging that prevents the oil supply.
2. Dirty filters.
3. Too low lube oil presure.
.4. Too narrow clearances.
5. Too high lube oil temperature.
6. The oil cooler is dirty.
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8. INSUFFICIENT COOLING

A. Thecooling water temperature on one cylinder Increases.

1. Clogged coolingwaterpipes.
2. Cylinder is overloaded.

B. Increase ofcooling water temperature on all cylinders.

1. Engine is overloaded.
2. Cooler. is clogged.
3. Air in cooling watersystem.

OPERATION PROBLEM AND HAZARDS IN ENGINE

"Prevention isbetterthan cure. "Problems andaccidentsjustdonot takeplacewithout
reason, theyarecaused. Incaseaproblem hasalreadytakenplace, youneedtothinkwhy
ithastakenplace,butyourimmediate taskshouldbe totakequicknecessarystepsso that
theplantdoesnotdeteriorate anyfurther. Forexample, if apistonrunshot-do something
quicklyso that it doesnot run hot anymore. Nowstart thinking whydid it run hot at all at
firstplace.

EMERGENCY PROCEDURE WHEN PISTON RUNNING HOT

1. Reduce engine speed immediately (dead slow)
2. Cut out fuel to the cylinder troubled.
3. Supply maximum quantity of the coolant to the piston.
4. Increase cylinder lubrication.
5. Higher cylinder cooling temperature, do not stop the engine immediately and allow

gradual cooling. If engine stop, turns by turning gear.

CRANKCASE EXPLOSIONS

Initiatedbya "hotspot"inthecrankcase which generated thevapour. Asthe"fuel:air
ratioreaches explosive limits, thesame"hotspot"provides thesource of heat. It could be
fatalto thehuman being andmachinery in theabsence of correct positive stepstoprevent
an explosion.

SBfety Features
a. Ctrankcase mistdetector
b. Ctrankcase reliefdoors
c. Strong Crankcase chamber

Steps to be taken Immediately In case ofan explosion
a. Stopengine immediately
b. Put turning gear "on"& start turning the engine to prevent seizure
c. Keep lubricating oil andcooling pumps on
d. Do not open crankcase door for at least 1/2houruntil the engine cools down
e. Investigate the cause and remedy
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AIR STARTING LINE EXPLOSION

The fuel comes from the air compressor lubrication through bottle and into the line in
the form of oil layer. If air is present, source of heat in the form of hot gases from leaky air
starting .valve, suddenly opened high pressure air in the line from air bottle result in
explosion.

Safety Device
I. Relief valve
II. Bursting Cartridges

Precautionary Measure
1. Keep air bottles free of oil by regular draining
2. Maintain starting line clean
3.· Maintain air starting valves

SCAVENGING FIRE

causes of fire In the scavenging air box.

1. Ignition of carbon deposits in scavenge Bir by means of prolonged blow-by
2. Slow combustion In the cylinder due to Incorrect atomization
3. Blow-back through scavenge air ports due to mcorreet adjusted exhaust cam

disc or back pressure

Warnings of SCavenge Fire

1. Increased in exhaust temperature of effected cylinder
2. Turbo. charger may surge
3. Smoke from the turbo chargers air Inlet filter
4. Hotter scavenging air box casing.

Measures to be taken

1. Reduce speed to slow and ask bridge for permission to step.
2. Stop the auxiliary blower if fitted.
3. Stop the fuel oil supply.
4. Put the scavenging air box fire extinguishing steam equipment into function.
5. After extinguish the fire, remove dry deposit and sludge from all the scavenge

air boxes.
6. Cleanand inspect respectivepiston rodand cylinderliner, their surfacesalignment

if affected.
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STEAM TURBINES

Q. What Is a steam turbine?

A steam turbine is a heatengine in which thepotential energy of a stearn Ischanged
Into useful work Intotwodistinctsteps:

1. Theavailable energy Isconverted Into energyofmotion, kineticenergy, bystearn
expansion in a nozzle or suitable passage, from which thesteam emerges at a
highvelocity.

2. this kinetic energy is converted into mechanical energy or useful work by
directing the steam jet against blades mounted ona revolving rotor, orbythe
reaction of the jet itself in the expanding passage if the passage revolves.

STEAM TURBINE - consist of motor wheel with blades secured to theshaft. A high
velocity Jet of superheated stearn Is directly to the nozzles In Impulse turbine or by
stationary blades In reaction turbine, against the blade row to produce. rotational
motion of theshaftwhich Isconnected to reduce reduction gearleading to propeller~
It Is mounted by apparatus and stearn·seals in order to prevent leakage of high
pressure stearn to the atmosphere and air Into the low pressure side.

Q. WhatSIre the two basic types of steamturbines with respect to the action of the
_-.m flow Inside the turbine casing, operating principle?

1. Rescdon turbine

a. Consist of one row of moving blades andone row of stationary blades.
b. Pressure drops as steam passes through the rows ofstatlonary,blade and

moving blades.
c. Steam velocity Increases In passage through stationary blades and de.

creases in moving blades.
d. Speed of reaction blades varies directly equal to the speed of steam.
e. It consist of several numbers of stages of moving and stationary 1han

Impulse turbine thereby occupying more cargo space.
f. It Is mosDy used on low pressure, low velocity, and large volume stearn

on power plant
g. Most fitted low pressure turbine are cross compound unit.

Ie' ImpUlse turbine

a. Steam expands Inthenozzles with a decrease inpressure. butan increase
In velocity before it strikes the motor blading.

b. The firststage on Impulse turbine often permitted to take more than equal
share of the available pressure drop, thereby its advantages are:
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1. casing Is subjected to lower striking pressure.
2. rotational losses Is lowered due to decreased steam density.·
3. fitted with high pressure seal.

c. Speed of Impulse blades rated varies as one half of the steam speed.
d. Itpermit use ofpartial admission ofsteam, onsteam chest fitted with no.

to increase efficient operation.
e. ImpUlse blade aregenerally attaChed directly tothewheels, made 10 longer

length attached.
f. ImpUlse blading Is heavier and stronger than reaction turbine.

Q. What are the normal operating procedure In starting a Turbine Unit?

Instarting anyturbine unitwithwhich heisnotfamiliar, theengineershould thoroughly
study the manufacturer's recommended procedure. The procedure given below isgener
alized and may differin minor details from thatfurnished by anyparticular manufacturer:

1. Startup the lubricating oilpump. Check gravity tank to see if oil supply Is
sufficient. See thatoilpressure isestablished onbearings andthatoil Ispassing
through sightglasses leading to.reduction gearhousing. If theoil temperature Is
less than, say, 65°, it must bepassed through theheater untilIts temperature
reaches 90 to 100°F.

2. Open tUrbine-casing and throttle-valve drains.
3. The turbine is then jackedover for. at leastone hourby using theturning gear.

Check with thebridge sothatthedeckofficer onwatch can investigate mooring
lines andwhether or not thepropeller is clear.

4. Start the circulating and condensate pumps. Open the recirculating valve
from feed tanktocondensersothatcondensate pump isassured awatersupply.

5. Check levelof waterin boilers. If the level is as it should be, openthe main
steam stopvalve.

6. Start thesecond-stage air ejector andbring vacuum up to approximately 15
inches of mercury.

7. If control valve is actuated by oil pressure, open valve thatadmits on to
governing mechanism.

8. Putsteam on sealing glands. Admit steam to steam seal regulator.
9. Remove jackinggear.

10. Openthrottle valve wide enough tostart the rotorturning immediately; then
throttle down until the turbine is turning over slowly. On gear-drlven
installations, steam should be firstadmitted"to theastern element.

11. Check the emergency-govemor mechanism. Trip the turbine out," reset, and '
readmit steam to turnrotor slowly.

12. Listen for unusual noises. .
13. On electric drive, keep rotor turning over slowly. Ongear drive, alternate

rotation of turbine slowly, ahead and astern.
14. Startup first-stage air ejectors andbring vacuum to normal.
15. Circulate sufficient cooling water through oil coolertomaintain temperature

of oil entering bearings between 110 to 120'F
16. Standby to maneuver. Observe pressure and temperature~to seethat they

remain normal. "
17. When underway, close recirculating valve andturbine drains.

Precaution. Proper warming upof theturbine is extremely important.
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Q. Explain how you would secure your turbine Installation after your voyage?

Steps to secure turbine Installation after voyage:
a. Startauxiliary condensate system andtransfer auxiliary exhaust andmake up

feedto the auxiliary condenser.
b. Use hand 'tripping device to shutt steam off main turbine then close throttle

and bulkhead stopvalve.
c. Secure the main air ejector andmain condensate pump.
d. Shuttoff gland seal steam and open turbine drain.
e. Rotate main turbine withturnfng gearuntil it cool offandthen secure turning gear

andthe main lubricating pump.
f. When main condenser hascool off, secure main circulating pump.

Q. What Is meant, function of the following mountings, fittings on steam turbine
unit?

TUrbine rotor -conslst of shaft, spindle rings or wheels and blading. The shaft Is .
a steelforging with Integral thrust collar. Wheels aresecured to theshaftand blades
dovetailed Into the wheels. Fitted also dummy piston and gland sealing secure on
high and low pressure end of the shaft.

Turbine casing - made In two halves housing that encloses the rotor; for low
pressure made of cast iron, and steel for high temperature. It has a space for
receiving steam sealing glands and extraction connection. The two halves of the
casing arebolted together with a metal to metal contact but required graphite before
assembly.

Throftle valves - provide hand control throttling of steam to Increase speed and
trip qUick closing valve either by hand or emergency governor.

Steam strainer - fitted between main turbine stopvalve andentrance of admission
valve to prevent scale or rust that cause erosion or breaking of turbine blade from
steam lines.

Gland Steam Seals - to prevent escaping of steam from high pressure end and
also eliminating air leakage Into the low pressure end while on standstill.

Reduction gears -It reduce the high speed turning of a turbine to the low efficient
speed of a propeller. It consist of thrust bearing collar, main reduction gear, and
pinion gears secured to the shaft. Double reduction gears mostly use In cross 
compound turbine either nested, articulated type.

Steam extraction - consist of flanged connection from turbine casing, used for
external purposes for feed water heating, evaporator steam supply, ships heating,
thereby Increasing overallplant efficiency by reducing theamount of cooling surface
need to thecondenser, also actas reducing valve to lower pressure andtemperature
used on auxiliary heatings.
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Diaphragms - found in Impulse turbine used to hold the nozzle blocks andprevent
steam leakage between the stages.

Turning gear - used to warm up the turbine, prOVide slow rotation, thereby per
mittinginspectlon of clearances and condition of reduction gear teeth.

Turbine bearings - fitted at the end of the turbine to carry the weight of the rotor
, assembly and absorb end thrust In reaction turbine.

I Flexible coupling - used to connect turbine and driven shaft for the following
reasons: Itprovide IneqUality Inbearing wear, permit axial adjustment of turbine rotor,
and allow differences In expansion. Types are: rubber bushing, pin and gear type.

Squealer ring - fitted on older type turbine device warn the engineer of less than
adequate axial turbine clearances later type turbine, now fitted with micro meter
gauges by which axial clearance may be checked.

Dummy or balance piston - used to counter act pressure difference across the
bladlngs In reaction turbine, which move the rotor axially toward the exhaust end,
and fitted on Inlet end of the rotor.

Nozzles - are fitted In Impulse turbine, to change thermal energy(velocity). Also to
direct jet of steam from nozzles against blades mounted on a wheel which Is
converted into work.

Stage - Is a part of the turbine unit in which a single pressure or velocity drop take
place.

Pressure stage - combination of nozzles with one or more rows of blades, which
single pressure drop occur between inlet to the nozzle and exit from the last row
of blades.

Velocity stage - speed of the steam flows through one set of vanes is reduced
without reduction of pressure.

Stationary blades - fitted on reaction turbine for the purpose of directing steam
flow to the next of moving blades.

.
Shrouding - Is a'strip metal secured to the ends section of blading, which adds
strength, lessen vibration, prevents steam leakage~ver blade tips.

Tip clearance - the distance between the tip of the blade and the casing. ,_

Static balance - the partto be balanced is place on knife edges has been leveled
and remove low and high spotwhich determine by force of gravity, certain amount
of metal.
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Dynamic balance - th,e unbalance force Isdetermine while the rotor In motion until
angle correction has been made, by means of dynamic balancing machine, after it
can be rotated at any speed within a safety factor of the material without apparent
vibrations. '

Critical Speed - At critical speed all the vibrations are In harmony, their sum
producing a total vibration which would cause the metal of the part to become
fatlgUJed, the tensile strength to be lowered.

Sentinel value - fitted or exhaust casing of a steam turbine, to warn or Indicate
excess steam pressure.

Bridgegage - anInstrument used to find radial position ofa crankshaft or rotor shaft.

Dummymicrometer-Instrumentused tomeaSure theaxial clearance ofaturbine rotor.

Torsion meter-an Instrument used todetermine theshaft horsepower ofanengine.

SCorIng - In reduction gear Is the result of scratches or gauges caused by foreign
materials In the 011.

Galling - caused by chafing of metal from one gear tooth and depositing It to the
mating tooth of another gear.

Q. What Is the difference between Isothermal expansion andadiabatic expansion
of gases?

Isothermal expansion isexpansion ofgaswhere itsvolume Increase but Itstempera
ture rem'ain constant. To maintain 'the temperature ousted the gas air expand must be
heated.

Adiabatic expansion isexpansion gaswhere InItsvolume Increases andItstempera
ture decreases.

Q. What are the advantages and disadvantages of steam turbine

Advantages

1. Better utilization high vacuum
2. Permits useof higher pressure and temperature
3. Lesser weight per'horse power
4. There are fewer wearin,g parts
5. Less vibration due to elimination of reciprocating parts
6. Can handle extreme overload capacity
7. Automatic oiling In turbine saves laoor and consumption /
8. Exhaust steam free from 011
9. Require less engine space per horsepower
10. Reliability
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Disadvantages

1. Breakdown are usually serious and requires shore expert and special
equipment.

2. Reduce power astern.

Q. Give the different types of Steam and define each.

1. saturated Steam - kind of steam produce by boiling water in a closed
vessel where steam is the same condition temperature and pressure as
thewater. Mostly produce bylowpressure fire tube boiler forheating purposes.

2. WetSteam - it is a saturated steam but is usually considered as containing
more entrained moisture by volume than is natural to its saturation pressure,
and temperature which sometime called wet saturated steam.

3. Dry Steam - condition is between wet and.dry saturated steam, which
contains little or no moisture dueto arrangement of theirdrypipes or heating
component parts.

4. Superheated Steam - type of steam required in steam turbine plant or
engine, where steam is being heated to a higher temperature above that
dueto its pressure. It consist of first andsecond stage of superheated tubes,
where saturated steam from boiler passes through stages and heated by
the boiler exhaust from furnace, thereby increasing its temperature by
eliminating moisture entrained to saturated steam but the pressure remain
the same. Superheated steam used to main turbine to avoid damage of
~Iades and other parts.

Types of superheater:

1. Radiant superheater - located in the furnace of a boiler, heat
transfer by radiation directly from the flame of the fire.

2. Convection superheater - fitted in the boilerso that It receives
all of its heat from the hot combustion gases by connection.
Protect by 2 or morerows of screen tubes to avoid directcontact
on burned hot gases from furnace. Usually installed on marine
boilers nowadays..

5. Desuperheater - a coils of piping device installed in the steam drum of
a boiler, submerged to water, connected from outlet of superheater and the
outlet pIping end connected to auxIliaries whIch cannot use superheated
steam, by reducing steam superheat to saturated or mildly superh.eated
steam called internal desuperheated steam used for sootblowers, atomizing
steam, feedwater pumps. Another method is external desuperheated steam
- directly contact of superheated steam and condensate water, thereby
producing saturated or wet steam at ,low pressure ar:'Id temperature for
cargo 011 pump and ballast pumps. Another term for desuperheater is
attemperator.
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Q. Whaft are the various devices for controlling speeds of turbines? Explain each
one.

1. Throttle Valve- Used in maneuvering or forminorchanges in speed. Varies the
steam chest presssure.

2. Nozzle Control Valves - Used to control speed andpowerrequirements without
throttling loss.

3. By-Pass - Used onlyforexcessive powerorspeed requirements. Withthrottle
andallnozzle control valves wide open, apointis reached where no moresteam
canpassthrough the turbine, the flowbeing limited to the cross-sectional area
of thefirststage nozzles. Inorder to increase theflow, valves areinstalled which
by-pass most of the steam around thefirststage admitting it to laterstageor
stages where thenozzle openings andblade areas are larger, thusdeveloping
more power.

4. SpeedRegulating Governor-Tomaintain revolutions constant, eithermechani
cal, mechanical hydraulic relayor directhydraulic.

5. Overspeed Trip - Prevents high damaging speeds, generally spring loaded
plunger builtintoturbine shaft. Centrifugal force causes plunger toflyoutandtrip
a trigger, releasing spring which closes throttle.

6. Hand Trip - Used in conjunction with overspeed trip.
7. LowOil Trip - When lube oil pressure is reduced to a predetermined point, a

hydraulic relaycauses throttle to close.
8. BackPressure Trip -Some units fitted withdiaphragm relay to trip throttle when

vacuum is reduced generally not installed on main propulsion units.

Q. What are the probable causes of Low Vacuum?

1. Insufficient circulating water. Thecirculator mayhaveslowed downor stopped,
or the pump may require speeding up owing to thevessel having entered a
stream of warmer water. Theseasuction mayhave become clogged with iceor
seaweed.

2. Improper flow through the condenser. Steam side of the condenser maybe
fouled withgrease (from reciprocating auxiliaries), thewatersidemaybecoated
with mud, or the division plate in the (two-pass) condenser maybe cracked.

3. Air leaks intothecondenser duetopoorly functioning low-pressuresteamseals
or to a leak at the connection between turbine and condenser.

4. Airejectormaynotbeoperating properly. Steam pressure maybetoolowormay
be fluctuating. Ejector nozzles or strainer maybe clogged up.

5. Condensate-pump speed may be so low that insufficient cooling water is
supplied toair-ejectorcondenser. Watermayhave been blown outfromtheloop
seal connecting the intercondenser to ths main condenser.

Q. What are the methods of gland seallngs on turbine?

Usually in steam turbine sealing gland are used on high pressure end-to prevent
leakage of steam to the atmosphere, at low pressure end-to prevent air leakage into
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the exhaust end of the turbine. Also at nozzle anddiaphragm.blocks fitted In impulse
turbine to prevent steam leakage along the shaft. Types of gland seals are:

1. Metallic labyrinth packing
2. Carbon ring packed gland

3.
4.

Water seal type
Stuffing box type

Q. What are the two major adjustments of the main propelling turbine.

The two methods of adjustment for fixing the rotor In Its proper radial and axial
position. Radial position of the rotor Is maintained by the main bearings.and axial
position by the thrust bearing. Instrument used to detect If any change In the height
of theturbine rotor. Theaxial clearance between rotating andstationary parts of turbine
Is controlled by the adjusting of thrust blocks. by using finger plate and clearance
Indicator methods.

Q. What are the different types of reduction gear?

1. Single reduct/on gear- consist ofsmall pinion gear. driven directly from theturbine
shaft. engages a larger main gear attached to the propeller shaft.
2. Double reduct/on gear - consist of two types. the nested and articulated type.
Have the same principle In operation. only fitted a second or Intermediate set of
gears Installed between the main turbine shaft and propeller shaft thus giving a
double reduction unit. It Is mostly Installed on cross - compound steam turbine.

Q. What Is the purpose and types of flexible coupling In a turbines?

Flexible coupling -are used toconnect turbine anddriven shafts toallows anydifferences
Inexpansion within limit. permit axial adjustment of turbine rotorandprovide clearances
to main bearing wear.

Three types of flexible coupling usually used:
1. rubber bushing
2. pin type

, 3. claw or gear type

Q. Namedifferent types of losses which prevent a steam turbine from being 100%
efficient.

1. Throttling loss. or pressure drop at throttling and governor valves.
2. Leaving loss. or exit velocity after steam leaves last row of blade and can

do no further useful work.
3. Exhaust loss. or turbulence In exhaust which does no useful work.
4. Gland leakage; loss of steam by leakage through gland packing and dummy

piston. '
5. Mechanical; friction loss. friction at the bearing.
6. Radiation loss; loss due to heat radiation from casing.
7. Nozzle and blade loss; losses due to steam friction and windage.
8. Interstage leakage loss; losS from onestage to another. overblade tipsor through

diaphragm packing.
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As engineer on board. the Immediate action should be done Is to slow-down the
turbine and make necessary Inspection or observation what Is the cause. If the cause
Is mechanical defect. that cannot be rectify onboard especially the turbine side. proceed
If possible or bring the vessel In port for repair which is duly authorized repairman of
the maker.

Q. How can you detect the turbine output Is reducing to normal standard base
on trial record?

1. Unusual noise of vibration
2. Increased In steam consumption
3. Changes In speed required
4. Unstable vacuum reading
5. Pressure and temperature reading shows abnormal limit than standard point

Q. What Is the procedure,with respect to agearedturbine vessel. when coming to
astop and the orders areto stand by for anIndefinite period. being readyto get under
way within 15 minutes.

1. Open thecirculating valve from thedeaerating feed tanktothecondenser. Itmay
alsobe necessary to open the circulating valve fromthe mainair ejector to the
condenser.

2. Secure thefirststage oftheairejectorandmaintainvacuum asobtained from the
second stage.

3. Maintain lubricating oil at the required temperature.
4. Crackturbine and throttle drains.
5. Slowdown main circulating pump to supply a flow of water justsufficient to

maintain desired vacuum.
6. Engage turning engine andkeep turbine rotorturning continuously. The above

can be accomplished in anysequence.

Q. Wha~ are the requirements In operation and maintenance In order to have
a good vacuum In steam turbine.

1. It must have a good condition of gland packing.
2. Sealing steam or water gland on both ends of turbine at low required pressure

at all times.
3. It must free from air leaks on exhaust trunks. condensers. joints. valves.
4. Keep air pump and ejector in working condition.
5. Main condensers must free from scales, dirt and mud.
6. Keep the temperature overboard discharge lower then vacuum temperature.
7. Avoid back pressure due to higher vacuum that require more heat energy to

the pumps and ejector.

Q. What are the advantages of the turbo-electrlc drive?

1. Better maneuverability.
2. Elimination of the astern turbine.

230



3. Increased economy at reduced powers. especiallywhentwoormoregenerators
areprovided.

4. Ifthemotor is located intheafterendoftheship. thereisaconsiderable reduction
of shafting.

5. Full astern poweravailable.

Q. What Is a Reciprocating Steam Engines.

ReciprocatIng Steam EngIne - consist of piston enclosed Inside the cylinder.
connected to crcsshead, thus reciprocating. motion transmitted through a connecting
rod to a crank which drive the rotary crankshaft which produced a rotary motion
of the propeller shaft. Steam valve gear actuated by the crankshaft. allows steam
to enter the engine cylinder and permits exhaust steam to leave the cylinder.

Q. What are the advantages and disadvantages of Reciprocating engine?

Advantages:

1. Simple In construction. can repair if any breakdown
2. Heavy duty construction stands up under terrific treatment.
3. Full power astern.

Disadvantages:

1. Restricted to lower pressure and temperature
2. Lower efficiency than turbine
3. Not reliable with superheated steam
4. Reduce heat transfer caused by re-evaporatlon and initial condensation

Q. What are the advantages In construction of multistage steam engine and types?

1. It prevent or reduce Initial condensation and re-evaPOration.
2. Higher mechanical efficiency dueto ratio of maximum pressure to mean effective

pressure is reduced each cylinder.
3. No flywheel is necessary to get the piston over dead center· position.
4. Weight of moving parts is less per cylinder.
5. Enough power develoPed each cylinder.

Multistage engines are generally consist of:

1. Compoundengine-used onsmall craft; liketugboat or ferries which expansion
taklng place In two successive cylinders.

2. Triple expansion engine - consist of a high. intermediate and low pressure
cylinder. Where expansion or steam Is taking place.

3. Quadruple expansion engine - is a four cylinder engine consists of one
hlgh-. two Intermediate-. and one low pressure cylinder. which steam expansion
take place at different stage pressure.
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Q. Wha~ are the purpose of the steam lap and exhaust lap In the slide valve a
reciprocating steam engine?

STEAMLAP - is that part of the valve which ovelaps the admission edge of
the port when the valve is In mid-position. The purpose of steam lap is to permit
cut off to occur so that steam within the cylinder may expand.

EXHAUST LAP - Is the part of the valve which overlaps the exhaust edge port
when thevalve is in mid-position. Thepurpose of exhaust lapis to stoptheexhausting
of steam at predetermined point and to trap a certain volume of steam within the
cylinder. thus permit the, formation of a steam cushion which prevent pounding when
piston reaches the end of its stroke.

Q. What are the factors that may prevent engine from starting?

1. No vacuum
2. Low pressure steam of the boiler
3. Engaged turning gear
4. Condensate and other foreign material In cylinder
5. Stuck-up or frozen bearings
6. The high pressure piston stopped at dead center
7. Crosshead strongback still in place
8. Loose mechanical parts

Q. What Is the purpose of stephenson linkage In reciprocating engine?

Stephenson linkage has two prime Important functions:

1. It permits reversal of the engine.
2. Allows distribution of work between the various cylinder of the engine.

Q. Give reasons for the use of reduction gears with turbines rather than direct
drive.

In orderto preserve the steam speed-blade speed ratio. turbines should operate at
high speeds. Propellers are efficient only at low speeds due to churning. eddies. and
cavitation. Withdirectdrive.theturbine shaftis joined directlyto thepropellershaftthrough
aflexible coupling. Therotormusttumveryslowly. making thesamerevolutions perminute
as the propeller. In orderthat the bladeperipheral speed ratio. the corresponding turbine
diameter must be enormous. To accommodate the high speed of the turbine to the low
speed of thepropeller. mechanical·reducing gearsareemployed. Sincedirectdrivehasno
outstaQding advantage overthegeared turbine butdoeshavemanydisadvantages such
as weight. space. and low economy. it has become obsolete.
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Q. What are the rotational losses In a steam turbine?

1. Blade loss - caused by friction as the steam passes over the blades.
2. Tip leakage loss - the loss of steam over the tips of both fIXed and moving

blades.
3. Leaving loss- the residual velocity of the steam passing through exhaust to the

condenser.
4. Mechanical friction loss - result of friction through the bearings, and reduction

gears.
5. Windage loss - caused by fluid friction as the turbine blades rotate in the

surrounding steam.

Q. What are the methods of determining the quantity of steam consumed by a
turbine?

1. By a steam flowmeter
2. By measuring the feed water
3. By measuring the condensate - usually best method to check the quantity

of steam for greater accuracy use on board.

Q. How can you determine the output of a turbine?

1. By mechanical means such as a pony brake or water brake, torsion meter
2. By measuring the output electrically through a dynamometer.
3. By a thrust meter.

Q. What are the causes of noise and vibration In turbines?

1. Misalignment
2. Loose couplings
3. Operating the critical speed range
4. Excessive bearing clearances
5. Insufficient thrust bearirig:clearances
6. Unbalance dues to loss blade, deposit of dirt, corrosion loose parts
7. Loose foundation bolts and nuts
8. Changes of load pressure and temperature
9. Bending of shaft or distortion due to rubbing of blades glands.
10. Insufficient lubrication on reduction gear.

Q. What are the effect of too much vibration and what action should be done
as engineer on board?

Effect of vibration are the following:

1. Breakage of rotor shaft, blades piping and linkages
2. Severe stress and cracked formation
3. Loosening of fitting joints
4. Damage to casing and foundation
5. Damage to instruments or gauges
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FOURTH - THIRD ENGINEERS

BOARD QUESTIONS

STEAM BOILERS, ENGINES, TURBINES,
INTERNAL COMBUSTION AND MACHINE SHOP

1. The result of a low alkaline boilerwater, the presence of free oxygen or both may
result In:

A. scale
B. corrosion

C. foaming
D. priming

2. Nozzle block bolted to the steam chest, which In tum Is bolted to base of the
turbine casing Is called:

A. turbine cylinder
B. diaphragm

C. wheel casing
D. dovetail roots

3. The "scleroscope" Is used to determine the:

A. "hardness" of the metal
B. "thickness" of the metal

C. "brittleness" of the metal
D. crack on the metal

4. Flash point of 011 Is the temperature at which:

A. fuel 011 will Ignite In the cylinder
B. fuel temperature above 1500F
C. 1500F
D. fuel must be heated to allow flammable vapors to form on Its surface

5. To determine the discharge capacity of the safety valve on boller$ Is known as

A. accumulation test
B. pop test

C. steam stop test
D. safety adjustment test

6. The inner sides of a combustion chamber of scotch boilers are stayed by direct
stays called:

A. girder stays
B. sling stays
C. diagonal stays
D. stay bolts

7. Rupture disk are Installed for emergency purposes on the
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A. steam turbines
B. air ejector

C. steam condenser
D. boilers



c. kilogram meter
D. foot-pounds per minute

8. The lap of a steam valve of reciprocating steam engine Is measured when the
valve Is In the

A. central position C. steam condenser
B. air ejector D. boilers

9. Kinetic energy Is the energy of the body has due to Its

A. position C. motion
B. temperature D. horsepower

10. Work Is col"!venlently expressed In:

A. pounds per minute
B. kilograms per minute

11. Power Is the work done as

A. 33.000 ft. pounds
B. 2450 kilograms

C. per unit of time
D. work times distance

12. Which of the significant combustible elements of fuelollis a major source of boiler
corrosion?

A. oxygen
B. SUlphur

C. hydrogen
D. carbon

13. What pumps are normally used for fuel oil service?

A. positive displacement rotary
B. two-stage centrifugal

C. explosion proof gear
D. non-vented plunger

14. Phenolphthalein Is used to test boiler water for:

A. hardness
B. alkalinity
C. hydrazine
D. chloride content

15. A waste heat boiler would produce maximum steam when used with which type
of diesel engine?
A. supercharged. four stroke
B. supercharged. loop scavenged
C. turbo-charged. cross-flows scavenged
D. turbo-charged retum flow

16. Waste heat boilers maybe equipped with vents on water heaters to

A. remove sediment
B. release excess pressure

C. allow for feedwater treatment
D. prevent air locks

235



17. A hydrazlne test Is· conducted 'on ·bODer water to check for:

A. sulfates
8. excess oxygen

c. phosphates
D. nitrates

18. How would you plug a leaky tube In a scotch boiler?

A. by welding
B. by metal lock
C. by two tapered plugs connected by a rod
D. cannot b8 repaired .

19. .What Is the purpose of stationary·blades In a reaction turbine?

A. to direct steam flow to the next set of moving blades
B. to Improve steam flow Inside the turbine
C. to give more steam power
D. to give more flexibility on steam flow

20. Maximum pressure developed byawaste heatboilerIsdetermined by engine exhaust

A. gascomposltlon C. timing
B. pressu~e D. gas temperature

21. Which of the significant combustible elements of fuel 011 Is a major source of air
pollution?

A. sulphur
B. nitrogen
C. carbon
D. hydrogen

22. What always results In dissolved oxygen carry over from the main condenser?

A. taking on make up feed
B. priming In the boiler
C. dumping auxllliary steam exhaust. to the main condenser
D. excessive temperature

23. A desirable property of boiler fuel Is

A. low residUal acid after combustion
B. low carbon content per pound·of fuel
C. high sulphur· content for complete combustion
D. high BTU content per pound of fuel

. .
24. Nozzle diaphragms are Installed In .pressure compounded pressure turbln"s to

A. suPporJ moving blades
B. support shrouding .
C. hold the nozzles of the stage
D. eliminate blade and nozzle losses
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25. Superheated steam Is used In the main propulsion turblne.·lnstead of saturated
steam. because superheated steam has

A. greater heat energy' per pound of steam
B. less specific gravity per pound of steam
C. higher pressure than saturated
D. less specific volume than saturated

26. When heated, brickwork In a boiler Is kept from 'buckling by installing

A. anchor bolts i C. expansion Joints
B. sliding saddles D. Insulating blOCks'

27. What refractory material can be used In an area directly expose to the highest
heat In the furnace?

A. firebrick C. baffle mix
B. Insulating'brick D. Insulating block

28. How can the proper speed of the propeller be reduced against the speed of the
turbine?

A. by reduction gear C. by Installation of'lnterm
B. by modified .turblne blades D. by reducing steam Inlet opening

29. What do you call the Instrument thatmeasure the radial position of the crankshaft
or rotor shaft?

A. shafting gauge
B. bridge gauge

C. spirit level gauge
D. dial gauge

30. Steam produced by a boiler should be separated from moisture
-/ .

A. before leaving boiler
B. by way of the superheater

31. Vacuum refers to pressures

A. 34 Inches of mercury
B. 31 Inches of mercury

C. through the dry pipe
D. In the turbine steam trap

c. below atmospheric
D. zero gauge

32. Specific heatofa substance Isdefined astheheatrequlred'to raise thetemperature
of

A. 1 lb. of It to 10C
B. 1 kg. of It to 10f

C. 1, Ib of It to 1°F
D. 10 Ibs of It to 1°F

33. Too high alkalinity of boiler water may cause

A. scale
B. corrosion

C. caustic embrlttlement
O. acidity
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34. The number of cubic feet of fresh water that will weigh one ton Is

A. 62 cu. ft. C. 24.5 cu. ft.
B. 35.84 cu. ft. D. 30.4 cu. ft.

35. The pressure due to a column of H20 one foot high Is

A. .491 Ibslsq. In C. .5 Ibs/sq. In
B. .434 Ibslsq. In D. .625 Ibs/sq. In

36. Speclflc heat of water Is:

A. 1 c. 1000C D. 2120F

'37. Latent heat of evaporlzatlon of water Is

A. 100 BTU per Ib
B. 212 BTU per Ib

C. 100 calories per
D. 970 BTU per lb.

38. 23OC· reads In absolute degrees Centigrade as

A. 1230 AC
B. 1460 AC

C. 276 AC
D. 2960 AC

39. Air starting valve-overlap In a 4-cyllnder 2 cycle air starting diesel engine

A. 250 B. 400 C. no overlap D. 100

40. Flash point of oil Is the temperature at which

A. fuel will IQnlte In the cylinder
B. fuel must be heated to allow flammable vapors to form on Its surface
C. fuel temperature above 1500F
D. 1500F temperature

41. In a 4 cycle engine the Intake valve begins to open while the piston Is on Its

A. exhaust stroke
B. power stroke

C. compression stroke
D. suction stroke

42. In a 4 cycle engine the exhaust valve opens'while the piston Is on Its

A. suction stroke
B. exhaust stroke

C. power stroke
D. compression stroke

44. In a natural aspirated 4 cycle diesel engine the exhaust valve Is open In the cycle
for a period of
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45. In a modem turbine Installation lube-oil system strainers are usually located In
the line:

A. pump suction
B. gravity tank overflow

C. bearing supply
D. gravity tank discharged

46. A unit of measure used to express the chloride content of boil water Is

A. PPM
B. salinometer
C. pH
D. micro-ohm

47. Temperature measurement Is an Indication of the:

A. total heat contained In any closed energy system
B. rate of heat transfer from one substance to another
C. total heat of a substance
D. level of heat Intensity

48. The most likely effect of water slugs In the steam supply of a ship service turbo
generator Is:

A. excessive shaft seal wear
B. contamination of the lube-oll
C. damage to the turbine blades
D. rapid erosion of labyrinth packing

49. What type of fuel pump Is usually used with a unit type auxllliary boiler?

A. centrifugal
B. propeller

C. reciprocating
D. rotary

50. In a turbine Installation, the condensate pump discharges to:

A. air ejector condenser
B. the hot well

C. overboard
D. the feed water heater

51. What constituent of the fuel oil determines the specific heat

A. hydrocarbons
B. oxygen

C. nitrogen
D. sulphur

52. A corbel In the furnace of a water tube boiler Is:

A. preformed burner arch section
B. formation of soot on' furnace floor
C. type of refractory anchor bolt
D. fillet of plastic refractory
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53.,." Serlous'tube leakage In the air ejectOr condenser assembly wDI Cause:
.A. loss of vacuum
B. fouled nozzles
C. clogged stearn strainers
D. faulty stearn pressure

54. A pressure reading of OO.Opslg Is theorttlcallyequal to

A. 14.7 psis C. 30.0 Inches of vacuum
B. 30.0 Inches of water D.oo.O pala

55. A corbel Is· used In the boiler fumace to

A. reduce gas turbulence
B. protect the expansion joints

C. direct the flow of gases
D. contain the furnace heat

56. What Is the purpose of counterbore In a cylinder?

A. to facilitate piston overhaul
B. to have good and effective, combustion
C. to prevent the piston ring from wearing a shoulder In the cylinder
D. to malotalri effective and good lubrication' system Inside the cylinder

57~ Thermal efficiency refers to heat engines and Is the ratio, of

A. Input to the output
B. output over Input

58. Vacuum refers to pressures as

A. 34 Inches of mercury
B. 32 In~es of mercury

C. horsepower over BTU
D. output over BTU

C. zerogauge
D. below atmospheric

59. How would you cut a boiler out of service

I. Secure main 011 valve
II. Secure stearn stop
III. Close all stearn line
IV. secure feed line

.'
A I, II and III
B. II, III and' IV

c. I, II and IV
D. I, III and IV

60. It Is a measure through which a definite quantity of 011 will flowoutandtheduration
of the flow can be timed .

A. flow meter
B. saybolt viscosimeter
C. flash point
D. densimeter
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81. Thlslndleates that the piston In a cylinder maybe excesslVely"htBted or needS"
lubrication .

A. pounding
B. binding

C. Injection
D. seizing

82. The main condensate pump .dlscharge· FIRST to the

A. DC heatervent~ridenser

B. main condenser hot well
C. air ejeclor aftercondenser
D. air ejector Inter condenser

63. When turbine rotor shafts extend through the· casing, seallng'steam Is used In
conjUnction with labyrinth packing to

A. maintain the rotor joumal temperature
B. provide a constant flow to the gland leak-off condenser
C. seal the casing during periods of high.casing pressure
D. seal the casing during periods of low casing pressure

84. Fresh water accumulating In the reduction gear"pump-maY be directly attributed
to alan

A. faulty turbine casing·drain valve
B. inefficient gland sealing $ystem
C. wire drawn nozzle control valve
D. fractured main condenser support sheet

65. Whatdoyoucallthevalve thatprevent steam pressure from exceeding theallowable
working pressure?

A. safety valve
B. steam regulator valve

C. steam v,.we
D. main valve "

66. A major difference between two-element and three-element feedwater regulator
control systems Is thatathree-element system willadditionally measure and transmit

A. steam flow to the regulating valve In the f..ulne
B. drum waterlevel to the regulating valve In the feedllne
C. 'fuel 011 flow to ,the regUlating valve; In the feedllne
D. feedwater flow to the regulating valve In the feedllne

67. Pumps normally used for fuel 011 service are pumps. _____

A. explosion proof gear
B. non-vented plunger .

C. two-stage centrifugal
D. positive dlsplaceme~ rotary
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68. The volume swept through by the piston In moving between the TOC and BOC
Is called:

A. stroke
B. piston displacement

C. piston
O. clearance volume

69. This occurs because of the lag In action of the control mechanism which may be
caused by Insufficient sensitivity or lack of power

A. hunting
B. stability

C. surging
O. all of these

70. What is the name of the valve fitted In the bottom of a scotch boiler used for
circulating the water while raising steam?

A. feeder valve
B. hydrokineter valve

C. bottom blow valve
O. circulating valve

71. A unit of measure used to express the chloride content of boiler water Is' the

A. pH
B. Micro ohm

72. What Is meant by water hammer?

At. condenser moisture In a steam line
B. pressure flow Inside steam pipe
C. all of these
O. uneven flow of steam

c. PPM
O. Salinometer

73. It Is the external combustion engine utilizing the beat given toa working medium
by an extemal source

A. boiler
B. heater

C. reciprocating steam engine
O. turbine

74. What type of strainer is used in a turbine lube-oilsystemto removemetallicparticles?

A. Simplex filter
B. Magnetic basket strainer

C. Metal edge strainer
O. Fullers earth filter

75. The third stroke of four-stroke cycle diesel engine Is called:
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A. compression stroke
B. power stroke

C. air stroke
O. expansion stroke



76. A sample of boiler water can be chemically tested by adding a few drops of a
specffic color Indicator and then slowly titrating a standard solution Into the water
sample until the:

I

A. desired pH has been .attalned In the sample
B. desired amount of standard solution has been added
C. color Indicator reveals a definite visual change In the sample
D. burette reading Is zero and the sample color changes .

n. The last stroke of two-stroke cycle diesel engine Is also called:

A. power stroke
B. air stroke

C.lgnltion stroke
o. compression .stroke

78. Parts of a boiler where a high temperature gas Is produced by burning mixture
of atomized fuel and air

A. firebox
B. steam operator

C. burner
O. air preheater

79. Design characteristics of a velocity compounded impulse turbine Include utilization
of

A. two or more simple Impluse stages
B. a single pressure stage with two or more velocity stages
C. a low velocity steam jet
O. one or more nozzles with one row of rotating blades

80. In solving the IHP developed in the cylinder the indicator card Is used to determine

A. compression pressure
B. firing pressure

C. mean effective pressure
O. mean height of diagram

81. In an engine cylinder there exist a certain average pressure throughout a stroke I

which Is called:

A. atmospheric pressure
B. mean pressure
C. absolute pressure
D. mean effective pressure

82. It Is a device for determlnil1g engine horsepower by the mechanical method of
measuring It directly at the shaft.

A. bridge gauge
B. piston area

c. length Of stroke
D. prony brake
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83. When you are 0p8raang with .the auxiliary feed line~ ftow 18 ~oIIed

A. manually by 8dJuStrnent of the auxiliary feedwater' reaulator spring __
B. manually by· throttling the ,auxmary feed stop-check.valve '.
C. automatically by the economizer bypass
D. automatically by the main feedwater regulator

84. Prior to lighting off. which system should you test .by ftIIIng an IdIeboOer?

A. Auxiliary fuel 00 system
B. all of these

I • /

c. AuxIliary Feed
D. Chemical feed

85. The ash content of a fuel 011 Is significant to the operating engineer beCaUse It:
;

A. Indicates the quantity of energy released by bumlnga unit amount of the fuel
B. Is useful for determining· proper atomization temperatures
C. reflects the overall thermalefftclency of the fuel 011 service system
D. Is an indication of the amount of non combustible mate.rIaIpresent In the oD.

,

86. The steam plantcomponent that lransforms the plantsheat energy Into mechanical
energy Is

A. turbine
B. pumps

'. C. deaerator"
D. condensed

87. What type of fuel pump Is.·usuany used WIth a unit type·auxmary boDer

A. Reciprocation
B. Centrifugal

C. PropeRer
D. Rotary

88. WIth the steam control valve, wide open during normal ope,.uon. the rate of 8team
flow from the at.OOllary exhaust steam line Into the DC h.ater IsaclUaOy controlled
by

A. rate of condensation In.the DC heater
B. spring pressure of the spray valves
C. rate of .evaporation lin the DC heater
D. water level In the DC heater reservoir

89. --The function of a feed booster pump Is to

A. Increase the net posItivesuetion head of the, main feed pump
B. Increase the main feed pump discharge pressure to above thesuperheatar

outlet pressure
C. Increase the main feed pump discharge pressure to'aboVe the steam drUm

pressure
D. maintain the'by-pass pressure retum
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90.' The fuel pump delivers acOnstant amount of fuel, slightly InexceSs of themaximum
requirement and the surplus Is dlsharged back to.the fuel tank through a spring
loaded valve called,

A. non-retum valve
B. pressure regulator

c. fuel rack
D. plunger

91. It Isessentially a record of the pressures existing Inthe cylinder atvacuum positions
of piston throughout the engine cycle:

A. timing diagram C. temperature diagram
B. Indicator diagram D. cycle diagram

92. Clearing a cylln~r of exhaust gases by forcing Into a current of airwhich provides
clean air for the next '~mpresslon stroke Is also call~:

A. expansion,
B. eompresslO[l, ,,'

C.scavenglng
D. cycle '

93. What Is the -driving forceD behind heat transl8r ~y conduction

A. The size of the heat sink for absorbing heat
B. The amount of heat available In the heat source
C. The temperature difference between hot and cold regions
D. The conductivity, of the heat transfer mechanism

94. It Is a series of, events which are repeated In 'regular order In the operation of,
an engine

A. cycle
B. two-stroke engfne

C. four-stroke engine
D. all of these

95~ 'it Is the actUal 'h~~~we~ delivered by the.engine,' JO the drive shaft.

A.power stroke
B. brake horsepower

C. number of cylinder
D.,m~ effective pressure

96. Row of tubes- Installed along the walls floor" and rOof of the fumace are called

A. downcomers
B. screen tubes

C. water headers
D. water: walls

97. Peculiar property pf Babblt,metal which makes It thebest lining metal,for crankpln
and main bearings, Is,

Ails soft and can ,t;»e ~easlly
B. It does not expand when heated
C. It can be scraped for easy fit
D. good conductivity for heat ..
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98. What should you do to re-establish the air ejector loop seal?

.A. Momentarily close the ,valve In the loop seal line re-open slowly
B. Shut off the steam to .the second-stage air ejector
C. Decrease the steam pressure to the air ejector jets
D. Increase the condensate flow through the air ejector

99. An Intermediate chamberIsusedin conjunction with labyrinth packingona compound
turbine for sealing steam

A. leak-off during periods of Internal vacuum
B. propulsion of peripheral water seals
C. supply during periods of low Internal pressure
D. supply during periods of high Internal pressures

100. The adjustment of the valves to open and close at the proper time to smooth
and efficient operation of the engine Is called

A. rocker arm
B. none of these

C. valve timing
D. tappet clearance

, 101. In a modem turbine Installation, lube 011 system strainers are usually located in
the line.

A. bearing supply
B. pump suction

C. gravity tank discharge
D. gravity tank overflow

102. A test being used for boilers to detect leaks and to check water tightness after
certain repairs:

A. efficiency test
B. hydrostatic test

C. temperature test
D. conductivity test

103. The water in a steaming· auxiliary boiler should be tested dally for

A. dissolved oxygen
B. dissolved nitrogen

c. chloride
D. sludge

104. The astern guardian valve must be open when a vessel is

A. loading cargo
B. at full speed

C. maneuvering Into port
D. running with a warm bearing

105. While preparing to get underway, you have steam downstream of the bulkhead
stops. You want to roll the turbines. What valve do you open next?,
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A. Sentinel valve
B. Main steam stop

C. Guarding valve
D. Nozzle valve
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SECOND"CHIEF ENGINEERS

1. The primary function of a waste heat boiler Is to

A. recover heat which otherwise would be lost
B. reduce engine back pressure
C. reduce engine exhaust noise
D. increase turbocharges efficiency

2. Relief valves in the fuel 011 service system discharge to either the service pump
suction or the

A. recirculating line
B. simplex fuel oil strainer

C. settling tanks
D. slop retention tanks

3. Testing boiler water for chloride content will Indicate the amount of

A. solids In the water from sea contamination
B. phosphate present In the water
C. total dissolved solids In the water
D. methyl orange that should be added

4. One advantage of installing water walls In a boiler furnace

A. reduced furnace temperature
B. decreased refractory maintenance

C. Increased furnace size
D. proper combustion

5. To maintain designdischargepressure froma centrifugal pump,the designclearance
must be maintained between the

A. shaft and impeller
B. shaft and shaft sleeve
C. casing and impeller wearing rings
D. mounth ring and impeller

6. Fine adjustments to a boiler combustion control system to bring about near perfect
combustion should be made by manually adjusting the

A. fuel 011 back pressure
B. .air volume regulators

c. fuel-air ratio knob
D. forced draft fan dampers

7. The purpose of the air chamberon the discharge of an emergency boiler feedsteam
reciprocating pump Is to

A. reduce pulsation In the feed line
B. facilitate draining of the cylinder

C. adjust the speed of the pump
D. provide for easy suction
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8. Which of the, following safety devices should be Installed on turbines?. . . ~,

A. lubrication low pressure stop mechanism
B. atmosphere relief valve

c. rupture disk
D. vacuum breaker

9. Which of the following Is the correct answer concerning the lubrication system for
a high power turbine flexible coupling

A. lube 011 Is directed from the bearings
B. 011 flowing Into an Internal groove at the periphery of the coupling Is directed

via axial passages to the coupling teeth "
C. they are greased with sc>lId grease
D. lubrlc;ltlon 011 Is malnt~lned In Its central zone

10. Turbo alternators turbine speed governors Include a devl~ to change speed droop.
What Is the purpose of' thiS device when

A. keep the alternator voltage constant
B. keep,the alternator electrical. load constant
C. divide the electrical load among alternators
D. eliminate the alternators variable speeds

11. Under normal conditions. howis thesuperheated stearn outlettemperature regulated?

A. by diverting part of the flow thruthe desuperheater
B. by varying the combustion ai,
C. by regulating the water supply temperature
D. by replacing the burners nozzles

12. When a boiler pressure tube fails, the following should be done:

A. keep burners at the minimal flow possible
B. if water level Is low open feed valve
C. open the superheater purger .
D. close forced draft blower

13. What is the purpose of jacketing steam cylinder?

A. standard operation procedure
B. to reduce condensation by keeping them hot at 'all types
C. for easy engine starting
D. to facilitate engine manuevers. especially astern rotation

14. Largest factor in preventing steam engine from attaining Ideal engine performance
is

248

A. radiation
B. friction

C; leakage past rings
D. cylinder condensation



C, leakage
D. condensation

15. The term applied to the reduction of steam pressure which occurs when stearn
.... thrpugh • partially closed valve Is

I

A. wire ·drawlng of steam
B. Incomplete eXJ)anslon

18. The weakening of boiler steel as the result Of Inner crystalline cracks Is known
as

A. exposure 8tr~ ..
B. caustic embrlttlement

C. alkalfne,stress
D. corrosion

17. Unequal distribution of combustion In the furnace Is known as

A. flame Impingement
B. furnace overload

C. temperature failure
D. un~ual firing

18. The. purpose of the steam lap In a reclJ)rocating'stearn engine Is

A. permit expansion of steam
II. permit cut off exhausting stearn
c. permit exhaus~ ~team to pass
D. permit cut o*'to occur so steam can expand In the cylinder

19. The purpose of the exhaust. lap In a reciprocating stearn engine' Is

A. permit the formation of a volume as steam CUshion to prevent pounding
B. permit cut off of exhausting steam only,
C. cut-off coming' In of the power stearn
D. allowing exhaust steam to.pass

• ,1' ,~~ ,

20. Thestearn turbine auxflliary Yor emergency'purposes In, case the torblne overspeeds
Ish'

A. rupture disk
I. overspeed trip

C. atmospheric relief valve
D. vacuum· breaker

21. Enthalpy Is the nUmb$r of heat energy a substance contains above

A. 1000c 8. 320F
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23. The basic type of reversing air starting system that can be used only on two-stroke
ported direct propulsion marine engines is the

A. rotating camshaft
B. reversing latch

24. Auxilliary boilers can be classified as:

A. fire tube boilers
B. water tube forced circulation
C. water tube natural circulation boilers
D. any of the above

C. sliding camshaft
D. distributor type

25. In addition to a nozzle, a fuel oil atomizer has which part?

A. ignition electrode
B. burner cone

C. orifice plate
D. air cone

26. Air leakage Into the packing gland of a condensate pump Is prevented by:

A. water seal line to the packing gland
B. special packing in the stuffing box
C. an air seal line from the compressed airline
D. the vacuum In the pump suction

27. In steam turbine and reduction gear units, lube oil coolers In the lUbricating system
are located between the

\

A. lube 011 pump and lube 011 pump
B. gravity tanks and main unit
C. gravity tanks and lube 011 pump
D. lube oil pump and gravity tanks

28. The flash point of a residual fuel oil should be used to describe the highest tem
perature to which the oil maybe heated

A. for atomizing
B. for centrifuging

C. in a storage-tank
D. In the recirculating line

29. In a segmentall pivoted shoe thrust bearing, the load among the shoes Is.equallzed
by the

A. leveling plates
B. 011 wedge

C. base ring
D. thrust collar

30. Carbon ring packing is secured In a turbo-generator gland by means of

250

A. garter springs
B. centering rings

C. steam pressure
D. labyrinth rings



31. Most auxialliary turbines do not require an external source of gland sealing steam
because they

A. operate at relatively low pressure
B. exhaust to pressures above atmospheric
C. utilizes carbon packing rings at the low pressure end
D. operate with only a small amount of axial thrust

32. There is a fusible plug Installed on a scotch boiler?

A. at or near the center of the crown sheet of the combustion chamber
B. at the shell approximately 1" below the normal water line
C. In the furnace approximately ,1 inch below the normal water line
D. 'In the furnace not more than 1 inch below the lowest permissible water level

33. Hydrostatic test on new boiler or on those which have extensive replacement of
pressure parts should be

A. twice the working pressure
B. 1 1/2 times the working pressure
C. 2 1/2 times the working pressure
D. 3 times the working pressure

34. A device used in power plant work to determine the calorific value of a fuel Is
known as

A. tachometer
B. bomb calorimeter

C. throttling calorimeter
D. pneumercator

35. A boiler forced draft pressure gauge reads 6 Inches of water.

A•.216 B..288 C..312 D..405

36. Additives commonly found in turbine lubricating oil include

A. oxidation Inhibitors
B. antlfoamlng agents

C. extreme pressure additives
D. all of the above

37. The element of a Kingsbury thrust bearing which transmits the 'thrust from the shaft
to the 011 film and shoes Is the

A. collar
B. lower leveling plate

C. upper leveling plate
D. base ring

38. When starting some types of turbogenerators, you must provide lube 011 pressure
to the unit by means of

A. a line from the other generator
B. a line from the gravity tank

C. hand operated pump
D. the main lube oil pump
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39. What part of the main feed and/water cycle separates the condensate system from
the feed water system?

A. deaeratlng feed tank
B. main condenser

C. boiler drum
D. atmospheric drain tank

40. For use In boilers the flash point of fuel 011 may be exceeded which

A. firing under maximum load
B. required for proper atomization
C. smokeless operation Is required
D. necessary to transfer fuel

41. Reduction gears on main propulsion turbines are lubricated by:

A. grease cups and gravity feed lines
B. 011 flinger rings mounted on the shaft
C. leak-off lines from the lube-oil cooler
D. spray nozzles at the gear meshing points

42. What part of a Kingsbury thrust bearing tilts to permit the formation of a wedge
shaped film of oil?

A. shoes
B. lower leveling plates

C. dowel disk
D. tilting plates

43. Which type of main propulsion turbine is most likely to require a dummy piston
or cylinder arrangement to counter balance axial thrust?

A. double flow Impulse turbine
B. double-flow reaction turbine

C. mUlti-stage Impulse turbine
D. single flow reaction turbine

44. When a waste heat boiler is Installed in the exhaust from a main propulsion diesel .
engine, the exhaust gas bypass would be used

A. at high loads to prevent overheating
B. at low loads to prevent corrosion in the boiler
C. during periods of high steam demands
D. when the turbo-charge is in use

. 45. The basic types of reversing air starting that can be used in both 4 and 2 cycle
,direct propulsion marine engines are: I - reversing latch, II - rotating camshaft,
II - sliding camshaft IV-distributor type, are
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46. A rhythmic variation of speed that can be eliminated by blocking the energy medium
supply manually or with a load limit control, but which re-appears when the engine
retums to governor control Is known as

A. compensation
B. non-stability

C. sensitivity
D. hunting

47. The ability of the engine governor to correct speed disturbance with a minimum
of false motions is known as

A. stability'
B. sensitivity

C. speed droop
D. compensation

48. The steam turbine auxilllary for emergency purposes In case the turbine overspeed
Is the

A. vacuum breaker
B. rupture disk

C. overspeed trip
D. atmospheric relief valve

49. The weakening of boiler steel as the result of Inner crystalline cracks Is known
as

A. exposure stress
B caustic embrittlement

C. alkaline stress
D. corrosion.

50. Unequal distribution of combustion In the furnace is known as

A. flame impingement
B. furnace overload

C. temperature failure
D. unequal firing

51. A mechanical and or hydraUlic action that prevents over correction of the energy
medium supply In a governor which produces transient speed droop during a speed
correction is known as

A. stability
B. compensation

C. dead band
D. sensitivity

52. In a diesel engine which uses a.continuous pressure pump, the fuel is introduced
Into the combustion chamber of the cylinder

A. hydraulically
B. mechanically

C. pneumatically
D. unit injector

53. To increase the firing pressure or maximum pressure in the cylinder of a diesel
engine using a,constant stroke fuel pump, the fuel pump timing is adjusted for an

A. early injection
B. early suction

C. late delivery
D. adjustment of plunger travel
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54. The part of the mechanical governor that is manipulated by the servo-motor to
Increase or decrease engine speed

A. linkage to fuel rack
B. sensitive band

C. compensating spring
D. dashpot

55. A narrow-band of speed variation through which the governor makes no correction
of the energy medium and refers to the sensitivity of the governor is known as

A. speed droop
B. sensitive band

C. dead band
D. isochronous

56. The part of the hydraulic governor which actuates the fuel racks controlling the
flow of fuel to the engine is the

A. speed sensitive section
B. power section

C. compensating section
D. dashpot

57. In solving for the J.H.P. developed in the cylinder the indicator card is used to
determine the

A. compression pressure
B. firing pressure

C. mean effective pressure
D. mean height of the diagram

58. In a 4 cycle supercharge diesel engine the exhaust valve is open in the cycle for
a period of

A. 2000 B. 2800 C. 2200 D. 2300

59. For maximum efficiency the speed of impulse blades of steam turbine varies

A. directly as the steam speed
B. one-fourth the steam speed

C. one half of the steam speed
D. as twice the steam speed

60. The steam trap which operates on the principle that hot water under pressure tends
to flash when the pressure is reduced is

A. float actuated trap
B. inverted bucket type trap

C. live steam separator
D. impulse steam trap

61. What pressure is usually carried on a gland sealing system?

A. 6 to 8 LBS gauge pressure
B. 4 to 5 LBS gauge pressure
C. 8 to 10 LBS gauge pressure
D. 2 to 3 LBS gauge pressure
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62. Low compression in one or more diesel engine pistons can be caused by:

I Gas leakage thru admission or exhaust valves
II. Gas leakage due to ring's corrosion
III. Bad quality fuel
IV. Oil contamination

A. I, II and IV
B. I, II and III

C. I, II and IV
D. II, 1\1 and IV

63. When a new cylinder liner is installed into a 2-stroke engine which of the following
steps should be taken

I. Increase the cylinder oil flow
II. Reduce the cylinder load
II. Reduce the oil flow

A. I, II C. II, III
B. I, II, III D. I, III

64. What is the purpose of a converging-diverging nozzle

A. all of these
B. to lessen the critical pressure

C. to control turbulence
D. to expand steam

65. What is apparent slip?

A. the difference between the speed of the propeller and speed of the ship
B. the difference between the developed engine RPM and speed
C. none of these
D. the difference between the speed of the shaft and the reduction gear

66. The temperature at which a vapor Iiquifies is called

A. dew point
B. condensation point

C. vaporation point
D. moisture point

67. What is the main function of additives in an engine cooling circuit?

A. to prevent scaling
B. to improve cooling fluid evaporation
C. to improve heat extraction
D. to increase circulation speed

68. As applied to dieselengine operation, it is the disturbance or agitation of the sprayed
fuel oil and the air within the combustion chamber or cylinder

A. drooping
B. surging

C. turbulence
D. knocking
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69. What Is caned "Neutral" when Its PH Is equal to:

A. 8 B. 7 C. 9 D. 7.5

-,

'10. It Is an energy function of a constant pressure In which the sum of the Intemal
energy and the work done:

A. enthalpy C. entropy
B. adiabatic D. isometric

71. It Is the process of passing the steam through a restricting orifice or a partially
opened valve which causes a wire drawing effect and reduce the pressure

'A. throttling C. heating
B. evaporating D. condensing

72. A back pressure trip on an aux~lIary turbine functions to secure the turbine If the

A. gland seal leak off pressure Is too high
B. oil pressure is too low
C. turbine exhaust pressure is above a preset limit
D. discharge pressure of a turbine driven pump is excessive

73. Under normal conditions of a steam engine plant, the engines consumes steam
at the same rate at which It is generated In the boiler therefore the steam Is generated
at:

A. constant volume
B. constant pressure
C. constant -temperature
D. constant temperature and volume

74. A reversible adiabatic process Is also called:

A. isobaric
B. Isometric

C. isentropic
D. isothermal

75. What Is the advantage of steam turbine compared with reciprocating engine?

I. Less space per horsepower
II. Low fuel 011 consumption
III. Less vibration
IV. Lower lube 011 consumption

A. I, III and IV
B. I," and III
C. I," and IV
D. II, III and IV

c
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C. silencers
D. head mufflers

77. The noises of exhaustgases of a diesel engineon a gasoline enginecan be reduced
by:

A. all of these
B. ear mufflers

78. What do you call the Instrument that measure the radial position of the crankshaft
or rotor shaft?

A. bridge gauge
B. spirit level gauge

C. shafting gauge
D. dial gauge

79. What method Is employed lri the design of waste heat boilers to obtain maximum
heat transfer while maintaining low overall weight?

A. steel fins are Installed on generating tubes to incfease the effective surface
area

B. an unfired exhaust gas preheater is added to Increase the heat transfer rate
C. an external superheated unit Is located above the boiler to the gas passages
D. Feedwater is preheated In a separately fired economizer

80. It is the amount of heat released by a substance during complete combustion of
unit of mass of that said substance

A. enthalpy value
B. thermal value

C. calorific value
D. entropy value

81. A 200 PSI new boiler should be subjected to a hydrostatic pressure of

A. 400 PSI B. 300 PSI C. 500 PSI D. 250 PSI

82. Steam which is in physical contact with the boiling water from which it has been
generated is termed:

A. unsaturated steam
B. pure steam

C. wet steam
D. saturated steam

I

I

83. What are the indications of excessive cylinder clearance !n a small dle~1 engine?

I. loss of power
II Misfiring
III. White exhaust smoke
IV. excessive consumption of lube 011

A. II. III and IV
B. I. III and IV
C. I, II and III
D. I. II and IV
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84. What are the advantages of the turbo-electric drive?

I. Better manueverability
II. Elimination of the astern turbine
III. Increased economy at reduce power
IV. Less fuel consumption

A. I, II and III
B. I, III and IV

C. I, II and IV
D. II, III and IV

85. It serves as the heat exchanger of the cooling system of the cylinder In which
the water is cooled by the forced flow of the atmospheric air around the pipes or
tubes carrying the water:

A. thermostat
B. water jacket

C. pump
D. radiator

86. The fusible plugs used in fire-tube auxlllary boilers are installed in the

A. end bell
B. furnace

C. stay tube
D. crown sheet

87. Which automaticboiler control should you test prior to lighting off an auxiliaryboiler?

A. voltage output of the ignition transformer
B. automatic bottom blow valve
C. insulation resistance readings in the ignition system high tension leads
D. low water level cutoff switch

88. What is the advantage of steam turbine compared with reciprocating engine?

I. Less space per horsepower
II. Low fuel oil consumption
III. Less vibration
IV. Lower lube oil consumption

A. II, III and IV
B. I, II and IV

C. I, III and IV
D. I, II and III

89. In a four strokecycle diesel engine,a four stroke of the piston is required to complete
one cycle which must take place in regular order,and the second stroke indicates:

.A. expels the burned gases
B. drawing of air in the cylinder
C. compression of air
D. power stroke
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90. Labyrinth seals, used to reduce le.
of

A. staged rubber composition seal stripping
B. spring bound carbon segments
C. machine packing strips or fins
D. braided asbestos covered core segments

91. Fractures on boiler refractory are normally due to:

I. Lack of expansion joints
II. Deposits of chemical agents
II. Sudden temperature changes

haft, are constructed

A. I and III
B. I and II

C. II and III
D. I, II and III

92. In which lube oil line should you expect to find an illuminated sight glass (bull's
eye)? .

A. Lube oil pump discharge
B. Gravity tank overflow

C. Lube oil pump suction
D. Gravity tank discharge

93. This tank is a small chamber located at the bottom of the fuel tank which has
a drain cock to allow sediment and water to collect and be drained

A. septic tank
B. service tank

94. Saturated steam is steam that

C. settling tank
D. Sediment tank

A. has temperature at boiling point
B. contains moisture
C. has temperature above boiling point
D. contains no moisture

95. Torque is a force which tend to produce

L

A. compressive power
B. work

96. Boiler horsepower is equivalent to

A. 33,000 ft. lb.
B. 33,475 BTUper hour

C. rotation
D. stress

C. 30,000 BTU per hour
D. 30,000 ft. Ibs. per minute
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97. A device used In power plant work to me-asure the moisture content of stl-im Is
known as

A. bomb calorimeter
B. throttling calorimeter

C. pneumercator
D. tachometer

98. What is the theoretical lift of a pump handling fresh water at atmosphericpressure

A. 33.9 ft. B. 40 ft. C. 24 ft. D. 26 ft.

99. The temperature at which air begin to liqulfies Is called

A. dew point
B. moisture point

C. vaporation point
D. melting point

100. Absolute pressure Is accurately indicated by

A. Bourdon gauge
B. mechanical gauge

C. manometer
D. barometer

101. The overspeed trip device installed on a auxilllary turbine is actuated by:

A. spring force
B. back pressure

C. centrifugal force
D. hydraulic force

102. Which of the following fuel·injection pump are used for constant speed machines
such as electrical generators?

A. common rail
B. constant stroke pump

C. variable stroke pump
D. mechanical system

103. The logical firing sequence for a 6-cylinder 4-cycle right hand rotation

A. 1-4-2-5-3-6
B. 1-5-3-6-2-4

C. 1-6-2-5-3-4
D. 1-2-3-6-5-4

104. Two results of supercharging are that

A. exhaust temperature is not significantly raised and brake specific fuel con-
sumption drop

B. power Increased and brake specific fuel increased
C. temperature Is raised and fuel consumption increased .
D. exhaust temperature is raised and power increased

105. An instrumentused to measure the contents of a tank in which it Is not convenient
to use a glass gauge or sounding rod Is

n
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PART IV

REFRIGERATION AND AIRCONDITIONING MACHINERY

What Is Refrigeration?

REFRIGERATION is a process that involves the removal of heat from an
area which is desired to be kept cool and the rejection of that heat to an erea
whose temperature remains practically constant.

Therefore in Marine Refrigerating plant, the area need to be kept cool like
Ice box where the ship provision are stored, or cargo hold in which perishable good
Is transported, thus, refrigeration able to preserve the food product by delaying the
ripeningprocess of fruits (liveproduct),preventingthe developmentof micro-organisms
and retarding the oxidation of fats like dead product.

AIR CONDITIONING is the method of controlling the temperature, humidity,
air movement and cleaning of air in a confined space like office, building etc and
refrigeration unit is the heart of the system.

What Is a Refrigerant?

Refrigerant is a chemical substance used for heat transfer in a refrigerating
system. It absorbs heat in evaporator by change of state from liquid to a gas,
and gives up this heat by condensing at a higher temperature and pressure from
gas to liquid state.

CHARACTERISTIC OF A GOOD REFRIGERANT

1. Latent heat of vaporization must be higher, lesser the mass required per
unit capacity.

2. It must be volatile, capable of being evaporated, low boiling point.

3. Safety in operating condition, non explosive.

4. Non-toxic and easy to detect by simple test.

5. It must have reasonable evaporating and condensing pressure.

6. CompressJon ratio must lower thus low power consumption required and
high volume efficiency.

7. Critical temperature should be well above condensing temperature.
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DIFFERENT KINDS OF REFRIGERANT

CHEMICAL SYMBOL BP at Atmospheric Freezing Point

1. Ammonia NH3 -28.0 of -107.9 of

2. Carbon Dioxide CO2 -109.3 of -69.9 OF

3. ETHYL CHLORIDE C2H5CL +54.5 OF -218.0 OF

4. FREON 12 CCL2F2 -21.6 OF -252.0 OF

5. FREON 22 CHCLF2
-41.4 OF -256. OF

6. ISOBUTANE (CH3) 3 CH +10.3 OF -229.0 OF

7. METHYL CHLORIDE CH3CL -10.8 OF -144.0 OF

8. SULFUR DIOXIDE S02 +14.0 OF -104.0 OF

A. Characteristic of Freon 12 (CCL2F2)

a. colorless, odorless

b. non flammable, non explosive

c. non irritating, non poisonous

d. non corossive to metal, excellent solvent

e. boiling point - 21.6 OF at atmospheric pressure

1. always available in the market

g. low power consumption at higher efficiency

h. soluble when mixed with oil at lower viscosity & pourpoint.

B. Characteristic of Ammonia (NHJ

a. colorless, corrosive

b. pungent odor

c. very soluble in water

d. combustible or explosive when mixed with air

e. health hazard due to exposure affect of lung tissues

1. Boiling pt, at atmospheric pressure -2SoF

g. required high power consumption which gas need to condensed.

h. solubility is fairly low when mixed with oil.
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C. Characteristic of carbory ploxlde (C02)

a. colorless, odorless

b. non corrosive, non poisonous

c. non explosive and very safe to health

d. boiling point at atmospheric pressure - 109.3 OF

e. high specific gravity

What Is the principle of Mechanical Refrigeration? Types?

Mechanical Refrigeration - is the process of absorbing heat under temperature,
compression, pressure and expansion and the working fluid, known as refrigerant

Types:

1. Absorption system of refrigeration - ability of one substance (the ab
sorbent) to absorb large volume amount of vapor of another substance
usuallythe liquid refrigerant. The essential parts are absorberand a generator,
expansionvalve,evaporatorcoil,and includealso analyzersor bubblecolumn,
rectifier, heat exchangers, liquid pre coolers for better efficiency performance
factor. This type is USUally used on domestic household refrigerator.

Advantages of Absorption System over CompresslpnSystem

1. saving in operating cost using low pressure steam
2. less heavy electrical load
3. automatic start/stop procedure
4. simple in operation and maintenance
5. less space required for large tonnage.
6. less fewer moving parts
7. more efficiency at all ranges of reduced ~oad

8. best application where waste heat or low pressure steam available

2. Compression System of Refrigeration - usually used three refrigerants
on merchant ship like Freon,ammonia and carbon dioxide.. and the method
of expansion system can be divided in two category either direct or indirect.
The system where the refrigerant, at low pressure and temperature, enters
the suction side of the compressor through a scale trap, compression take
place and refrigerant leaves the compressor,at high pressure and tempera
ture, passes through oil separation which remove oil from it. Then flows
through suitable piping of condenser where sea' water is circulated and
remove heat from the gas refrigerant, change into ·Iiquid form collected by
liquid receiver and passes out through king valve or liquid valve leading to
expansion valve, then absorbs heat and become gas or vapor, led back
again to the compressor and repeat the cycle.
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Difference between Direct and Uldlrect System of Refrigeration

Direct expansion system - the evaporation is in direct contact with the material or
space refrigerated or the refrigerant itself extracts the heat from the space to be cooled.

Indirect expansion system - the refrigerant is evaporated into the coils otthe evaporator,
which are in a brine tank, thus the brine secondary refrigerant is circulated to the coil
of the cold storage chamber to do the cooling instead the coli with the refrigerant inside.

- --- - --------------

G

1

DIRECT SYSTEM OF REFRIGERATION

A. Compressor E. Suction Valve

B. Condenser F. Discharge Valve

C. Expansion Valve G. tlquld Receiver

D. Evaporator coils

Note: Temperature produced in a refrigeration vapor-compresSion cycle
indicated

265



J t

-K
:r

6
A

8

D

266

INDIRECT SYSTEM OF REFRIGERATION

A. Compressor F. Evaporator coils

B. Discharge valve G. Suction valve

C. Condenser H. Brine cooler

D. Liquid Receiver I Brine Pump

E. Expansion valve J. Cooling coils

K. Cold storage room

What are the four processes of Mechanical Refrigeration Cycle?

1. COMPRESSION PROCESS:

a. The cold gas is withdrawn from the evaporator and compressed
to a higher temperature and discharged to the condenser.

b. The low pressure gas is changed into high pressure hot gas.

2. CONDENSATION PROCESS:
a. In this process, latent heat of the hot gas is removed by passing

it through the heat exchangercondensercooled by sea or fresh water.

b. The hot gas is changed its physical state into high pressure warm
liquid.
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3. EXPANSION PROCESS

a. In this process, the pressure of the refrigerant is reduced changing
its state into low pressure cold liquid particles.

b. Refrigerant changes its state into gas picking up its latent of evapo
ration thus loweringthe temperature to freezing cold temperature after.
It passes to the expansion control valve.

4. EVAPORATION PROCESS:

In this process, the liquid refrigerant absorbs its latent of evaporation
from the refrigerated space, change its state to a low-pressure gas leading
to the compressor.

Major Parts of Mechanical Refrigerations

I. COMPRESSOR

a) FUNCTION:

1. It acts as a pump, circulate the refrigerant through the system.

2. It maintain low pressure at the evaporating unit during operation

3. It compresses the low pressure gas to higher pressure and temperature
tJ'lereby raising the boiling point.

b) TYPES:

1. RECIPROCATING COMPRESSOR - consist of one or more piston and
cylinder combinations. The piston moves in reciprocating motion to draw
the suction gas into the cylinder on one stroke and to compress and
discharge it to the condenser on the return stroke.

2. CENTRIFUGAL COMPRESSOR - has a single or multistage high speed
impeller to set up enough centrifugal force within a circular causing to
raise the pressure of the refrigerant gas to condensing level.

3. ROTARY SLIDING VANE COMPRESSOR - is a positive-displacement
unit which trap a given volume of gas, compresses it, and ejects it from
the machine. It usually has a rotor revolving off-center in a cylinder with
sliding vanes forced against the cylinder wall, thus produces higher pres
sure from cylinder discharge line.

4. HELICAL ROTARY SCREW COMPRESSOR - another positive displace
ment unit which was used for refrigeration in the late 1950's, but because
of its simplicity it rapidly gain favor. It consist of two mating helically
grooved rotors, a male lobes and female grooves in a stationary housing
with suction and discharge ports.
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c) TYPICAL MOUNTING PARTS OF RECIPROCATING COMPRESSOR

1. CYLINDER HEAD - is divided up into a suction and pressure chamber
equipped witha built-in safety valve and open at prescribed set pressure.
The valves are tongue valve's and consist of an intermediate plate on
which suction and discharge valve plate are fitted.

2. CRANKSHAFT - is made of drop-forged special steel with excellent tensile
and wear resistant qualities where the piston connected in the Journal
drilled for proper lubrication.

3. PISTON AND CONNECTING ROD - The piston are made of an aluminum
alloy and fitted with a piston ring and a scraper ring. The connecting
rod are drop-forged fitted with supporting cups for the Journals.

4. MAIN BEARING - consist of rear and main bearing where the crankshaft
resting firmly and cannot dismount without use of draw tools. When
mounting use press-tools or heating in oil both that sustain heat up to
250 -c,

5. SHAFT SEAL - of the slide ring type or mechan.ical seal and its dUty is
to seal between the rotating crank shaft and the shaft seal cover. It divided
into two units, the stationary part with lapped surface contact and the
dynamic part rotating with the crankshaft respectively.

6. OIL PUMP - is a gear wheel pump with high effect and driven by the
crankshaft, suck oil from the crankcase, through oil filter, and deliver the
oil under pressure to various bearings and to the shaft seal through channel
in the crankshaft, while cylinder wall and piston pins are splash lubricated.

7. SUCTION STRAINER - mounted between suction stop valve and com
pressor, to prevent the impurities from the plant are carried with the gas
flow into the compressor.

II. CONDENSERS:

a. FUNCTION:

1. Act as heat exchanger between the hot gas. refrigerant and the cooling
medium

2. Remove the heat of compression and also the latent heat of condensation.

b. TYPES:

1. SHELL AND TUBE CONDENSER - consist of a shell, tube sheets and
tubes, water boxes and refrigerant connection. The refrigerant gas flows
into the shell and around the tubes while water flows through the tubes.
It has two types-vertical and horizontal shell and tube condenser.
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2. DOUBLE PIPE CONDENSER - has the condensing water tube Inside the
refrigerant tube. The refrigerant flows into space between the tubes while
water is pumped through the inner tube. Water flows in the opposite
direction to the refrigerant with the coolest water in contact with coolest
refrigerant and the warmest water in the warmest refrigerant.

3. EVAPORATIVE CONDENSER - combine the functions of a cooling tower
and a condenser. It consist of a cooling tower and a condenser. It consist
of a casing enclosing a fan or blower section, water eliminators, refrigerant
condensing coil, water pan, float valve and spray pump outside the casing.

4. AIR COOLED CONDENSER - almost all fractional horsepower unit are
eqUipped with air cooled condensers. It is commonly used in radiators
of automobiles consisting a bundle of finned tubes rolled or welded into
header. Advantages that air is always available, while water is not, less
cost of space require for cooling tower, pumps, piping chemicals etc.

III. EVAPORATORS:

a. FUNCTION:

1. Part of the system where the liquid refrigerant is evaporated.

2. It also function of transferring heat from the substance being cooled like
food, liquid in the icebox.

b. TYPES;

1. FLOODED EVAPORATOR - types are classified according to the type
of liquid feed. Consist of tank or a surge drum located above the coil
so that the inside of evaporator is full or flooded with refrigerant.

2. DRY EVAPORATOR - has a refrigerant control devices that admits only
enough liquid refrigerant to be completely evaporated by the time it leaves
the coil in a dry state.

IV. EXPANSION VALVES

a. FUNCTION

1. To regulate the flow of refrigerant to the evaporator from high side to
the low side of the system.

2. To reduce the pressure of the liqUid refrigerant, and adjustment by means
of thermostatic or by hand settling control.

b. TYPES:

1. CAPILLARY TYPES - consist of coil or length of fine tubing with small
orifice, high pressure is being force the liqUid and determine the amount
of liquid at a reduce pressure allow to flow to the evaporator. Inoperation
absolutecleanlinessof the refrigerantis necessaryin order to avoidclogging
of foreign materials to the system.
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2. HAND EXPANSION VALVES - a globe type valve with a needle s.
in the smaller sizes and a plug-type tapered seat in the larger sizes. Thfit
prime advantage are its simplicity and low initial cost.

3. AUTOMATICEXPANSION VALVES- Isa pressure reducing device, bellow
operated valve, that open and closed when compressor run, reduCIng the
gas pressure in the evaporator adjusting spring pressure pushes the
diaphragm down allow more refrigerant to flow in the evaporator, when
liquid pressure increases forcing the diaphragm upward and allowing the
valve to close.

4. THERMOSTATIC EXPANSION VALVES - also automatic expansion valve
with added device to correct the feed rate of the valve correspond to the
load on the evaporator. It is sometime known superheat valve - a force
needed to operate the valve is obtained from the superheat of the re
frigerant gas in the evaporator coil, and primary function is to .meter the
flow of refrigerant to the evaporator.

POINTS IN SELECTING A THERMOSTATIC EXPANSION VALVE:

1. load or tons of refrigeration.

2. pressure differential across the valve at operating condition.

3. size and type of inlet and outlet connection.

4. possible need for an external equalizer.

5. refrigerant type used in the system.

5. LOW SIDE FLOAT - made of hollow ball, pan, or inverted bucket connected
through linkages and pivot to open or close a needle valve. It maintain
a predetermined liquid level in an evaporator where linkage open the valve
to admit more refrigerant, then closes the valve reaches required setting
point. Advantages of low-side float, it gives very good control by main
taining the proper refrigerant level regardless of load changes, compressor
off cycles and other operating variables.

6. HIGH-SIDE FLOAT - has the same element of low-side float but It differ
location, it Is on the high pressure side of the system and that a rising
liquid level open the valve, mounted below the condenser and passes
the liquid refrigerant to the evaporation as rapidly as It is condensed. It
has a purge valve fitting for noncondensable gases present In the system
and usually use this type In domestic and small commercial system with
a single compressor, evaporator and condenser.



ACTIVATED ALUMINA

..., are the Refrigeration System accessories?

.. UQUID RECEIVER

FUNCTION:

1. Stores unused or excess refrigerant returning from the condenser.

2. Provide a place to store refrigerant when pumping out the evaporator
dUring maintenance operation.

3. Stores refrigerant to be evaporated by the expansion valve.

FITTINGS AND LOCATION: Uquld Receiver must have a return line from
the condenser, a relief valve, a gage glass to show the liqUid level, an equalizing
line to the top of the condenser; located between condenser and king valve
or liqUid stop valve.

b. DEHYDRATOR

FUNCTION:

1. It absorbs moisture that usually present in the refrigerant circulating to
the entire system.

2. It used for filtering and collecting foreign materials dUring charging re
frigerant.

LOCATION: - Between the liquid line and the service valve which Is
the outlet from the condenser or liqUid receiver, also sometime connected
between the suction line and suction service valve at compressor during
charging gas refrigerant side.

DEHYDRATING AGENTS:

Is a granular aluminum oxide that removes mols
ture by absorption method.

SILICA GEL - is a glasslike silicon dioxide which also removes moisture and
foreign material by abs~.!ion.

DRIERITE - Is an anhydrous calcium sulphate made by a granular white solid;
which remove moisture by chemical action.

CALCIUM OXIDE_AND CALCIUM CHLORIDE - remove water and acid pre
sent In the .system by cheml
cal action too.
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C. CHARGING CONNECTION

FUNCTION

1. It is used to add or charged refrigerant into the system.

2. Also used for removing excess or transfer refrigerant in a cylinder bottle.

LOCATION: Before drier which is liquid refrigerant valve to be used
in the cylinder, at high pressure side of the system.

3. Suction line before suction valve of the compressor, and gas refrigerant
valve should be open at low pressure side of the system.

D. SIGHT GLASS

FUNCTION:

1. It shows the amount of refrigerant, or oil in the system

2. Indicates the presence of gas bubbles in the liquid line.

LOCATION: At the liquid line between receiver and the expansion valve,
made of glass tube or glass window in the refrigerating
mechanism

E. PRESSURE GAUGE:

1. Used to measure or indicate the working pressure exerted into the system.

2. Type and Location

a. Suction pressure gauge - also called compound gauge consist of
two dials or graduations which represent the pressure and tempera
ture. The scale indicate vacuum from 0-30 inches of mercury and
from zero to the capacity of the gauge in PSI clockwise direction.

b. Discharge pressure gauge - fitted in the compressor should be
the pressure which corresponds to a temperature from 5-15 of higher
than the condenser pressure. It shows the pressure carried on the
condenser and liquid receiver and give warning when reaches a
dangerous point.

c. Inlet-outlet pressure gauge - used to indicate the flow of cooling
water medium into the condenser either seawater or fresh water.

F. THERMOMETER

1. Used to indicate normal and abnormal temperature of the entire system,
also shows the heat refrigerant leaving the refrigerant to the condenser.

2. Fittedat the suctionanddischargeside of compressor, liquid lines, chamber
box, and coolingwatersystem,and the unit expressedIndegreesfahrenheit
or centigrade scales.



G. CIRCULATING FAN

1. Used in the refrigerating chamber to circulate air evenly cooling while in
operation in order to absorbs heat.

2. Fitted mostly overhead the space to be cooled or near the evaporating
coils for defrosting method.

H. COOLING WATER PUMP

1. Classified as nonpositive, fairly low pressure pump unit used to supply
cooling water into the condenser directly and into the brine system in
directly like ammonia system.

2. Fitted on the cooling water piping system after the sea chest or in the
brine system. Usually used a centrifugal pump because they are simple,
cannot build up dangerous moistures, smooth, constant, non pulsating
discharge.

3. Fitted with strainer - used to separate foreign materials from the sea suction
to prevent clogging and reduce the efficiency of the pump.

CONTROL MECHANISM OF REFRIGERANT INTO THE SYSTEM

1. HAND EXPANSION VALVES - manually control the refrigerant liquid flowing to the
evaporator in the event of failure of the thermal expansion valve.

2. SUCTION-LINE REGULATORS - used to control the flow of refrigerant gas from
the evaporator coil

3. SOLENOID VALVES - usually fitted in liquid suction or discharge lines to interrupt
the flow on demand from anyone of the types of temperature or pressure-sensing
devices.

4. CHECK VALVES - used to prevent the flow of gas from the condenser back to
the compressor during off cycles. Also fitted in suction lines to avoid the flow of
high pressure gas from the other evaporator on the same circuit.

5. HOLD-BACK VALVES - used to limit the flow of gas to the compressor to prevent
surge or excessive loads from overloading compressor motor.

6. REVERSING VALVES - used in defrosting cycle or heat pump system to divert
the flow of refrigerant

7. HOT GAS DEFROST VALVES - fitted in modern multiplex system for method of
defrosting the entire system before the suction side of evaporator coil.
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ELECTRIC CONTROL DEVICES:

1. PRESSURE CONTROLLERS - control the flow In some portion of the sytem,
provide automatic defrosting and transfer of liquid from the system. Three basic
types of pressure controllers:

a. BELLOWS - consist of a flexible bellows connected to the pressure
line to be controlled, pressure In the line tend to expand the bellows but
is opposed by a spring with an adjusting screw and the motion of the
bellows transmitted through linkage to open or close electrical contacts.

b. DIAPHRAGM - employs a flexible dlaphgram that has the same function
as the bellows. Since the movement Is limited, large lever is n,eeded to
give enough movement to actuate the switching mechanism.

c. BOURDON TYPE - made of curved oval tube anchored at one end
and free to move toward or away from the switching mechanism at the
other end, linkage are neededd to open or closed electrical contact.

2. TEMPERATURE CONTROLLERS - control variable temperature have similar
designed with basic power elements bellows, diaphragm and bourdon tube that
are used In pressure control.

a. BIMETAL THERMOSTAT - a temperature sensitive device made up of
a thin Quplex strip of two dissimilar metals with different thermal expansion
coefficients. As temperature changes the difference in expansion create
a bending action that open or closes electrical contacts.

b. REMOTE-BULB THERMOSTAT - has sensitive bulb connected to the
control with a length of capillary tubing at some distance from substance
to be controlled outside the room being refrigerated. Types according
to bulb fill are fade-out or limited fill, high temperature fill and cross-ambient
fill.

SAFETY CUT-OUTS DEVICES:

a. HIGH-PRESSURE CUTOUT SWITCH - used as' a safety control on the discharge
line of compressor. Any abnormal rise of discharge pressure caused by condenser
failure, rise above a set point, the high-pressure cutout open the circuit stop the
compressor.

b. LOW-PRESSURE CUTOUT SWITCH - fitted on suction side of compressor. opened
the contact when the pressure fall below a set point also prevent the suction prevent
from falling to a point where damage occur due to low temperature such as freezing.
It also a device to stop the compressor when pressure & temperature cond1tion
have not been normal satisfied.
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c. LOW OIL-PRESSURE SWITCH - contacts are fitted into the compressor drive motor
circuit. when oil pressure falls below the preset point. open the circuit to stop the
compressor to prevent damage due to lack of lubrication.

d. WATER FAILURE SWITCH - it opened the contact and stop the compressor in
case failure of the cooling water system in the condenser.

e. FLOAT SWITCH - an electric control device designed to open or close the circuit
In response to the rise and fall of the liquid level in a vessel which uses in modem
refrigeration systems.

1. It operate liquid solenoid valves to maintain liquid level in suction accumulator
for a coli.

2. It control some pumps and actuate alarm lights or signal devices.

t
A

AUTOMAne CONTROL FREON REFRIGERAnON SYSTEM

o
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PARTS:

A. Compressor
B. Condenser
C. Uquid Receiver
D. Expansion valve-manual
E. Evaporator
F. Suction valve
G. Discharge valve
H. Oil trap
I. Uquid/King valve
J. Charging valve
K. Dehydrator
L. Sight glass

M. Solenoid valve
N. Thermo-expansion valve
O. S.W. outlet valve
P. S.W. inlet valve
Q. Purging valve
R. Compound (suction) gauge
S. LP cut-out switch
T.. HP cut-out switch
U. Discharge press, gauge
V. Low oil press switch
W. Water failure switch
X. S.W. in-out pressure

DEFINITIONS OF TECHNICAL TERMS:

ABSOLUTE PRESSURE - is the pressure in pound per square inch above a complete
vacuum, sum of gauge pressure and atmosphere pressure..

AMBIENT TEMPERATURE - the temperature of air in space, room temperature

ANALYZER - is a pressure vessel mountedabove the generator through which the vapors
leaving the generator in absorptionsystem, also called bubble columnwhich contains
a number of baffles or plates.

BAROMETER - instrument for measuring atmospheric pressure, expressed in pounds
per square inch or inches of mercury In column.

BTU - the amount of heat energy required to raise the temperature of one gram of water,
one degree Fahrenheit.

..
CALORIE - the quantity of heat required to raise the temperature of one gram of water

one degree celcius.

CALORIMETER - a device used to measure quantities of heat or determine specific
heats of a substance.
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~l. R - a heat exchanger in which low-pressure refrigerant boils or vaporizes thusCH~rbing the heat that was remove from the refrigeratedarea by the cooling medium
which is water.

COMPRESSION RATIO - ratio of the volume of the.clearance space to the total volume
of the cylinder. In refrigeration used as the ratio of the absolute low-side pressure
to the absolute high-side pressure.

COOLER - Is a heat exchanger which removes heat from a substance.

CRITICAL PRESSURE - compressed condition of the refrigerant which glve~ liqUid and
gas the same properties.

CRITICAL TEMPERATURE - temperature at which vapor and liquid have same properties
regardless of pressure.

CRYOGENIC - Is a field of engineering deals with the development, production and
use of equipment in the range of lowest temperature, liquifaction of gases In bulk
process.

DEHUMIDIFIER - a device found on airconditioning system used to remove moisture
from air.

DENSITY - The weight of a substance per unit volume

DEW POINT - temperature at which the water vapor at 100 percent humidity begins
to condense and deposit as liquid.

DYNAMETER - a device for measuring power output or power input of a mechanism.

ENTHALPHY - total amount of heat in one pound of a substance calculated from accepted
temperature range.

EQUALIZER - is a part or connection on thermostatic expansion valves to transmit
evaporator pressure to the underside of the diaphragm and classified in two types:
internal and external equalizer.

HEAT - is a form of energy, the quantity of heat depends on the quantity type of the
substance Involved expressed in BTU.

HEAT EXCHANGER - device used to transfer heat from a warm or hot surface to a
cold or cooler surface like evaporator and condensers are heat exchangers. The
cooling medium either seawater or fresh water.

HYDROMETER - floating instrument used to measure specific gravity of a liqUid such
as refrigerants, oil, lube oil.
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HYGROMETER - lnsnument used to measure degree of moisture in the atmosph8,..

LATENT HEAT - heat added or removed from a substance to cause a change ,ofstate
without a change of temperature such as solid, liqUid and vapor states.,

LATENT HEAT OF CONDENSATION - the amount of heat that must be removed frOm
a vapor to change It to a liquid state.

LATENT HEAT OF FUSION - the amount of heat needed to change a substance frOm
solid to liquid state, expressed in BTU per pound.

LATENT HEAT OF VAPORIZATION - the amount of heat required to change a substance
from liquid to the vapor state expressed in BTU per pound.

MANOMETER - instrument for measuring pressure of gases and vapors.

PSYCHROMETER - also called wet bulb hygrometer used for measuring the relatiYe
humidity of atmospheric air.

PYROMETER - instrument used for measuring higher temperatures.

RELATIVE HUMIDITY - ratio or difference between the amount of water vapor present
in air to greatest amount possible at same temperature.

SENSIBLE HEAT - The heat added or removed from a substance, measured by a change
in the temperature.

SPECIFIC GRAVITY - Is the weight of a liquid compared to water which is assigned
value of 1.0.

SPECIFIC HEAT - the amount of heat needed of a substance to raise the temperature
of one pound of that substance one degree Fahrenheit.

SUBLIMATION - condition of a substance changes from a solid to a gas without passing
the liquid state.

SUPERHEAT - the temperature of vapor above· its boiling temperature as a liquldat
that pressure. Also the difference between the temperature at the evaporator outlet
and the lower temperature of the refrigerant evaporating in the evaporator.

TON· OF REFRIGERATION - the cooling effect of one ton or 2000 Ibs of ice melting
in 24 hours. This is equal to 2000 Ibs multiplied by 144 BTU, result 288,000 BTUI
day; 12000 BTUlhour; 200 BTU/min.

WET BULB - a device used to measure the relative humidity. of air in space.
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F.IRST LAW OF THERMODYNAMICS - state that heat and work are mutually convertible
.. . to each other.

SECOND LAW OF THERMODYNAMICS - state that heat will flow from a body at higher
. temperature to a body of lower temperature.

OPERATION AND MAINTENANCE

I. STARTING PROCEDURES OF AMMONIA SYSTEM

1. . Open the valves and start the cooling water pump.

2. Open the compressor discharge valve.

3. Start the compressor.

.4. Open the suction valve of the compressor slightly until evaporator pressure
Is pumped down to about 20 PSI, then open It full.

5. Open the liquid valve and adjust the expansion valve to give the desired suction
pressure.

STOPPING

1. Close the liquid valve or king valve.

2. Close the suction valve.

3. Shut down the compressor motor.

4. Close the compressor discharge valve.

5. Shut off the cooling water system.

CHARGING AMMONIA SYSTEM:

1. First, raise the bottom end of the cylinder, dipper pipe points down, weighed
before and after charging.

2. Connect charging pipe between king valve and expansion valve loosely,
cracked open slightly until ammonia is smelled, which allow air to escape,
then tight.

3. Closed king valve, open cylinder valve and charging valve.

4. Charging ammonia pressure between king valve and expansion valve will
drop to suction pressure allow liquid ammonia to flow into the system.

5. When receiver gauge glass shows half full, stop charging. close charging
valve and open the king valve.
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PURGING PROCEDURE AMMONIA SYSTEM:

1. Close the liquid valve or king valve and allow cooling water to circulate
through condenser.

2. Keep the compressor running until suction gauge, is nearly zero.

3. Stop the compressor for about 12 hours with circulating water cooling
system

4. Attach hose to the purging valve and end of the hose Into a bucket of
water.

5. Open the purge valve which indicate bubble means expulsion of air.

6. Ammonia can be heard by crackling noise and by smell, then close the
purge valve

7. After system purged, open the king valve, start compressor for normal
operation.

Sources of noncondensable gas or air In the refrigeration syst.m

a. corrosion

b. breakdown of oil

c. decomposition of the refrigerant in contact with impurities

d. entering of air under vacuum operation or dUring maintenance work.

CHARGING OIL TO CRANKCASE OF AN AMMONIA MACHINE:

1. Close the liquid valve.

2. Run the compressor until pressure shows 5 inches vacuum.

3. Close suction valve and stop the unit.

4. Close discharge valve and open purge cock slowly.

5. Connecthose pipewith funnel to charging valve and pour Inwith oil closed
after normal level.

6. Start machine for purging to eliminate air in the system.

7. Open discharge valve and start to normal operation.

METHOD OF DETECTING LEAKS IN AMMONIA SYSTEM

1. Sulfur Candle Test- produced white smoke when fumes come In contact
with escaping ammonia.

2. Litmus Paper Test - place aroundthe piping joints, valve stem, etc., ammonia
leak will turn litmus paper to blue color.

3. A Soapy Lather - spread over joints or pipes will produce bubble when leak.
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II. STARTING PROCEDURES- OF FREON SYSTEM:

1. Check level of lubricating oil in the compressor, add oil if necessary and must
be visible in the sight glass.

2. Start the condenser cooling system and compressor cooling if applicable.

3. Open compressor discharge stop valve.

4. Set the capacity regUlator to minimum, and to avoid excessive pressure re
duction in the compressor when starting-up, the suction stop valve must be
opened a couple of turns to prevent the oil foaming.

5. Open the king valve or liquid valve.

6. Start the compressor motor - check suction and oil pressure.

7. Adjust the expansion valve until the suction pressure correspond to the
temperature desired for the icebox.

8. Check to ensure that level of oil is normal, while operation and oil return flow
from the oil separator is functioning.

9. Do not leave the compressor during first 15 minutes of operation until its
condition is normal.

STOPPING PROCEDURES:

1. Close the ·liquld supply to the evaporators a few minutes before stopping
the plant.

2. Stop the compressor.

3. Close the suction and discharge stop valves but leave expansion valve
open.

4. Allow to circulate cooling water through condenser and compressor jacket
till they are cool then shut off the supply cooling.

CHARGING METHOD OF FREON SYSTEM

1. First ensure air is evacuated. Rectify leak in the system.

2. Weigh the bottle refrigerant, hang it on a scale. slightly inclined.

3. Connect charging pipe to the charging valve either in two location points.
a. HIGH PRESSURE SIDE - LIQUID METHOD: before drier
b. LOW PRESSURE SIDE - GAS METHOD: suction line before valve

4. Remove, purge air from charging pipe by cracked open slightly until
refrigerant blow the air, then tight.

5. Open the compressor discharge and suction valves.
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6. Close liquid valve, then circulate cooling water in the condenser.

7. Run the compressor intermittently until the system is fUlly charged, can
be checked on gauge glass at normal level.

SOME INDICATION POINTS IF THE SYSTEM IS:

a. FULLY CHARGED:

1. Uquid level should be 1/3 or 1/2 while running on full load.
2. Sight glass full of bubbles
3. Suction and discharge pressure normal
4. Able to maintain required room temperature.

b. UNDER CHARGED:

1. Lower liquid level
2. Bubble in sight glass
3. Low suction and discharge pressure
4. Difficulty in maintaining room temperature.

ADDING OIL TO CRANKCASE OF FREON SYSTEM

Two Method of Charging oil to the system by means of pumping It or allowing
compressor suction to pull it in.

1. Using an oil charging hand pump proceeds as follow~.

2. Oil pump suction is placed in the oil can and discharge hose Is loosely
connected to the oil charging valve on the crank case.

3. Purge and eliminate air to hose and tight to prevent entrance of air into
the crank case.

4. Used hand pump to charge it until about 3/4 of the sight glass is filled
after oil charging valve is closed and disconnect hose discharged.

METHOD OF DETECTING LEAK ON FREON SYSTEM:

1. HALIDE TORCH TEST - used only for finding leaks of hydrocarbon re
frigerants, a normal blue flame will turn green in the presence of freon
gas.

2. SOLUTION of SOAPSUDS METHOD - In case of large leaks applied to
joints, pipings etc if there is a leak bubble produced.
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CORRECTION RUNNING CONDITIONS OF REFRIGERATION

In order to have optimum good performance of the system. It musthave the
following conditions: .

1. ·Correct level of refrigerant In the system.

2. Correct level of lubricating 011 In the crank case sump.

3. System circuit should be free of lubricating oil, air and moisture

4. Good performance of thermostatic valve and other control mechanism.

5. Free from foreign materials..

6. .Proper ~uantlty and flow of cooling water

7. Periodical defrosting.

8. Periodical overhauling of compressor.

9. Periodic check up of electrical controls.

WHAT ARE THE TWO PRESSURE AREAS IN THE REFRIGERATION SYSTEM?

A. FREON SYSTEM

1. High pressure sides - It·starts from the discharge of the compressor,
through thecondenser and liquid receiver, until theInletside oftheexpansion
valve.

2. Low pressure sides - absorbs the heat and starts from the discharge
of the expansion valve through the evaporator until the suction side of
the compressor.

B. AMMONIA SYSTEM:

1. High pressure sides -generator, condenser, expansion valve, liqUid receiver,
heat exchanger and analyzer.

2. Low pressure sides - evaporator, absorber.

NOTE: In ammonia absorption system replace the compressor In vapor
compression system tc? absorber and generator.

• The absorber take place the suction stroke of the compressor by
drawing the low pressure gas from the evaporator.

• The generator takes theplace of thecompression stroke - discharging
ammonia gasat high pressure andtemperature leading to condenser
and expansion valve of the evaporating coli same as compression
system.

283



A. METHODS OF DEFROSTING COIL IN REFRIGERATION SYSTEM

1. Electric Resistance Heating - a modern electric defrost cooler, designed
for low temperature commercial coolers or freezers in the medium & size
range, consist of heater fin slot or tubular heater fitted at the lower part
of the coils to improve heat transfer, thus reduce defrost time and kilowatts
required. Dip trays also provided with electric heating elements.

2. Hot Gas Method - built in piping unit used to divert gas from the com
pressor directly to the evaporator so therefore, hot gas defrost the coils
and heat remove prevent from freezing and fum to condense gas back
to the system.

3. Use of Warm Air - done in natural method which cool and isolate
temporarily from space or to the system at room temperature. Sometime
use blow-torch for emergency cases.

4. Water Method - defrosting the system by means of flooding the outside
of the coil ~ther warm or cold water until the frost is melted.

PROCEDURES TO D~ROST FREON OR AMMONIA SYSTEM WITH

A. HOT GAS METHOD

1. First hot gas line is connected from the discharge side of the compressor
to a point beyond expansion valve into the evaporating coils.

2. Close the liquid line stop valve ahead of the expansion valve.

3. Close the compressor discharge valve and liquid stop valve.

4. Open the valves in the hot gas line and start the compressor.

5. Open the hot gas valve slowly to prevent damage to the evaporator and
compressor.

B. ELECTRIC HEATING METHOD

Defrosting sequence will be as follows in automatic control.

1. The compressor stop and all solenoid valves in the system close.

2. The fan in the freezing room stop working, but the fan in the chilled rooms
continue circulation of the hot room air over the coolers to keep -full of
ice.

3. Then electric heating elements in the freezing room coolers are on.

4. As the temperature reaches the set point approx. + 100C, the heating
elements are switched by defrosting thermostat.

5. The compressor starts, and coil temperature reach below freezing point,
the fan start. The system is now back on the cycle again. Automatic
defrosting should be done at least once a day cycle, depend on set point
time interval.
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LUBRICATION SYSTEM:

Oil for lubricating. refrigerating machinery must be always in fluid at the lowest
temperatures of system in operation in order to prevent or reduce efficiency and
method of lubrication are classified in two methods.

SPLASH SYSTEM - the lubricating oil is splashed by reciprocating motion of
the compressor, to all bearings by cranks and connecting rod, dip into
oil and thrown into pockets that supply oil to main bearings piston pin,
bearing and shaft seal. The method must have a normal level on the
sight glass, and if the level is too high there will be excessive churning
of oil, high oil temperature, leakage and high oil consumption due to large
oil can escape into the high side of the system.

FORCED-FEEDSYSTEM- A shaftdriven-gearpump supplies oil under pressure
to the crankpin and piston pin bearings into the shaft seal, thus give good
distribution to all moving parts preventing foaming taking place on initial
starting cycle.

Method of draining 011 from Reciprocating Compressor.

1. Close the suction valve.

2. Start the compressor, then open the valve in the crankcase pump-out line
to create vacuum causes the refrigerant to boil out of the oil for several
minutes then stop the compressor.

3. Close the discharge valve, open bypass valve to equalize the pressure
above and below the piston.

4. Open the oil drain valve and drain the oil. Draining should be done at
least once a year or depending base on your routine observation that
might be oil is contaminated in a short running period of time.

5. Cleaned the crankcase and fitters thoroughly then take the procedure of
proper step in adding oil to the system.

BRINE SYSTEM OF REFRIGERATION:

Usually used in marine refrigeration system on a reefer vessel where a large
cold storage room or cargo hold to transport perishable cargoes. Also often installed
in commercial purposes like ice-skating rinks, and large power output of airconditioning
in building factory etc.

Indirect Absorption system of refrigeration which evaporator cool the brine, then
circulated by a pump to the cold spaces, lower the thermal efficiency of the brine, which
you can easily controlled.
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Advantages:

1. Require less expensive refrigeration

2. Can easily control the temperature.

3. No danger of leakage of poisonous In cold storage

4. Remain liquid, not freezing at lowest temperature

5. Corrosive effect to metals Is minimum.

6. Have specific heat, enough high to permit economical operation.

TYPES OF BRINE:

1. calcium Chloride - used more frequently on the system because It has
lower freezing point.

2. Sodium Chloride - Is used for Ice making storage

3. Magnesium Chloride - Is unstable when concentration Is high and tem
perature low, not usually used for large capacity system.

GENERAL PRECAunONS IN USE OF THE AIR CONDITIONER

• In order to enjoy comfortable cooling effect, please check the following conditions.

1. Is the suction gas pressure In the normal condition?

2. Is the discharge gas pressure In the normal condition?

3. Are the 011 pressure and temperature normal?

4. Is the air outlet of each room almost fully open?

5. Are the air filter and refrigerating machine oil not dirty?

6. Are the V-belts (used for the fan .and compressor) adjusted properly?

7. Cleaning of the condensertube and replacement of protective zinc at least
twice a year.

8. 011 level of the compressor - approx. 1/2 - 213 of level gauge (during
operation)

9. Uquld level of the condenser or receiver - approx. 1/3 - 1/2 of 011 gauge
(during operation)

10. Greasing Into the fan bearing section at least one two months

11. Insulation resistance of the electric apparatus, - 1 mil or higher

12. Adjustment of super heat degree of the expansion valve - Evaporation
temperature + (5 - 7 ·C)

13. Power source voltage - Rated voltage ± 10%
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14. Is there no uncondensed gas (air etc.) mixed Inside the equipment?

15. Is there no air remaining unpurged In the cooling water piping line?

16. Do the fan and compressor operate without abnormal VIbration?

17. Is the fresh/return air ratio satisfactory?

18. Are the doors and windows of each room Including the engine room
closed? Curtains of glass windows should preferably be closed.

19. Is there no gas leaking from each section? Check once every week.

Factors that affect the air conditioning load.

While In operations.

1. Heat transmission

2. Solar radiation or sun effect

3. People

4. Ught and power equipment

5. Ventilation air or Infiltration

6. Product load and miscellaneous

PROCEDURE FOR STARTING THE SYSTEM

A. Preparation for Drive

1) Start cooling sea waler through the condenser

2) Check opening and closing conditions. of the following valves.

a. Valves opened during operation are:

Compressor suction & discharge valve

Strainer Inlet & outlet valve

Valve for. each gauge

Cooling water Inlet & outlet valve for condenser.

Inlet & outlet valve of expansion valve (for central unit system)

b. Valvel? closed during operation are:

'Refrigerant supply valve

Refrigerating machine oil supply valve

Condenser air purge valve

3) Switch the crank case heater "ON" (about 2 hours before starting).
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B. Starting and Driving

1) Start the fan.

2) Start the compressor.

3) Change the liquid line solenoid valve to the automatic position. Refrigerant
flows, pressure increased from low and the compressor starts. (When
the low pressure is higher than specified, it may occur that the compressor
starts before the solenoid valve is open.)

To restart the compressor after a long period of suspension or after
stopping abnormally or stopping without returning the coolant to the
condenser, open the compressor suction valve, by degrees so as not to
allow liquid tum back.

c. Stopping

1) Close the liquid line solenoid valve. (In the case of central unit system,
close the condenser's or receiver's outlet valve.)

/
2) After a while, coolant in the piping and cooler is returned to the condenser,

pressure decreases and the DPS (low-pressure side) operates so that
the compressorstops automatically. After stop, it may happen that residual
coolant evaporates, pressure increases, the DPS (low-pressure side)
operates and the compressor restarts.

As the above process is repeated, coolant in the cooler and piping is
returned to the condenser.

3) Close the suction valve and discharge valve of the compressor.

4) Stop the fan.

S) Switch the crank case heater "OFP'

6) Stop the cooling water to the condenser.

METHOD OF AIR PURGE IN EQUIPMENT

A. Air purge In the system from the strainer Inlet valve to the refrigerating machine
discharge valve.

1) Close the strainer inlet valve and return the coolant in the system into
the condenser or receiver.

2) Electrically stop the compressor.

3) Close the compressor discharge valve.

4) Open the purge valve of the compressor and make pressure inside the
refrigerating machine and system equal to atmosphere pressure.

S) Operate the compressor while keeping the low pressure side of the DPS.
from working. Air and gas are removed from the purge valve.

6) After driving until the low pressure is nearly vacuum, stop the compressor
and close the purge valve simultaneously.
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B. Air purge In the condenser

1) Stop the compressor. Keep on running the cooling water for 20-30
minutes.

2) Open the purge valve provided in upper part of the condenser, and remove
air and gas until the high pressure gets saturated equivalent to the cooling
water temperature.

STEAM HEATER'S HEATING OPERATION

1. Drive the fan

2. Effect complete draining of the system. Absolutely avoid using a water hammer.

3. Make sure of the steam pressure.

4. There are two methods of automatic steam flow control, the electric valve control
system by thermostat and the automatic control system by automatic temperature
regulating valve. For manual control, the. opening degree of the needle valve is
adju~ted.

3. Humidification is effected by spraying through the spray nozzle. It is controlled
by either manual operation or humidistat operation.

6. For stopping, close the steam valve.

7. After stopping steam supply, drive the fan continuously for more than 20 minutes
to cool down the heater.

8. Open the drain cock of the drain valve panel.

9. In a frigid area, great care should be taken to drain the heat coil completely when
stopping heating, because congelation may break the coli.

PRECAUTIONS:

1. When steam pressure lowers during operation, the heating efficiency also
decreases. The strainer should be cleaned at times.

2. Clean the air filter, feed grease for the fan bearing, motor-bearing sections
and adjust the V~ belt
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29 Temperalureof the cooling water/air too high

30 Non-condensablegases In the condenser

31 Condensershouldbe cleaned

32 Too muchcoolingwater/air in the condensar

33 Watervalveout of operation

34 Expansionvalve externalequalizingclosed

35 Expansionvalve is partlaDy blockedby ice, dirt or wax

36 Expansionvalve has lost Its charge
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38 Leaky expansionvalve

39 Expansionvalvegives Insulficlemsuperheat

40
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Expansionvalve gives excessivesuperheat

Fittersin Iiquidlsuctionline clogged

42 Solenoidvalve In liquid/suctionline closed

43 Leaky~19noid valve

44 Evaporator, frozen or clogged '

45 Coolingair recirculates(shorted)

46 Plamload too high

47 Refrigerantcollects in cold condenser (closeby-pass)

48 Couplingmisalignedor loose

49 Defectiveoil pumps

50 ~ Bearingswornor defective

51 R Defectivepiston ringsor worn cylinder

52 R Dischargevalvesdefectiveor leaky

53 ! Suctionvalvesdefectiveor leaky

54 I Compressorby-pass open - leaky safety valve

55 I Compressoroil fitter clogged

56 I Defedive capacity regulator

57 I Excessivecompressorcapacityduring start-up

58 I Solenoidvalve in oil returnc10ggedlfaulty

59 I Fitterin oil returnclogged

60 I Compressorcapacity too large

61 I Compressorcapacity too small

62 I Heatingelement in crankcasedefective



TROUBLESHOOTER'S GUIDE TO REFRIGERATION PROBLEMS

Symptoms 'PrObable cause Recommended Action

Trouble: Compressor "Short-cycles"

1. Normal operation ex- 1. Intermittent contact in 1. Repair or replace faulty
cepttoo frequent stop- electrical control circuit electrical control
pingandstarting

2. Normal operation ex- 2. Low-pressure control- 2. Reset differential in
cept too frequent stop- lerdifferential set too accordance withproper
pingandstarting close jobconditions

3. Valve mayhisswhen 3. Leaky liquid linesole- 3. Repair or replace
closed. Alsotempera- noidvalve
turechange in refrige-
rant linethrough valve

4. Reduced airflow 4. Dirty or iced evapora- 4. Clean or defrost eva-
a. Dirtyair filters tor porator. Check filters
b. Broken fan belt andfandrive
c. Fan belt tension lrn-

properly adjusted
5. Excessively high 5. Faulty condensing 5. Check for waterfailure

discharge pressure or evaporative conden-
sertrouble

6. High discharge 6. Overcharge of refrige- 6. Remove excess refri-
pressure rant or nonconden- gerantor purgenon-

sable gas condensable gas
7. Normal operation 7. Lackof refrigerant 7. Repair refrigerant leak

except too frequent andrecharge
stopping andstarting
on low-pressure con-
trol switch

8. Highdischarge 8. Water-regulating valve 8. Clean or repair water
pressure inoperative or restricted valve

by dirt, or watertempe-
rature too high

9. Highdischarge 9. Waterpiping restricted 9. Determine cause and
pressure or supply water pres- correct

suretoo low
10. Suction pressure too 10. Restricted liquid line 10. Clean strainer

low-and frosting at strainer
strainer

11. Motorstarts andstops 11. Faulty motor 11. Repair or replace
rapidly motor

12. Compressor cutsoff 12. Fouled shell-and-tube 12. Clean condenser tubes
on high pressure 1 condenser
cutout

13. Compressor' cutsoff 13. FaUlty operation of 13. Determine cause and
on high pressure _ evaporative condenser correct
cutout
a. Nowater a: Fillwithwater
b. Spray nozzles lb. Clean spray
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clogged nozzles
c. Waterpumpnot c. Repair faulty pump

operating
d. Coilsurface dirty d. Clean coil
e. Air inletor outlet e. Remove obstruc-

obstructed tion
f. Fan notoperating f. Repair

Trouble: Compressor Runs Continuously

1. Hightemperature in 1. Excessive load 1. Check for excessive
conditioned area fresh air or infiltration.

Check for inadequate
insulation of space

2. Lowtemperature in 2. Thermostat controlling 2. Reset or repair
conditioned area at too Iowa tempera- thermostat

ture
3. Lowtemperature in 3. "Welded" contacts on 3. Repair or replace

conditioned space electrical controls in faulty control
motor short circuit

4. Bubbles in sightglass 4. Lack of refrigerant 4. Repair leakandcharge
5. High discharge 5. Overcharge of refri- 5. Purge or remove

pressure gerant excess
6. Compressor noisy or 6. Leaky valves in 6. Overhaul compressor

operating at abnor- compressor
mally lowdischarge
pressure or abnormal-
ly high suction pressure

7. Air-conditioned space 7. Solenoid stop valve 7. Repair valveor restore
too cold stuck open or held to automatic operation

open by manual lift
stern

Trouble: Compressor Loses 011

1. Oil level too low 1. Insufficient oil charge 1. Add sufficient amount
".of-proper compressor

oil
2. Oil level gradually 2. Clogged strainers or 2. Clean or repair and

drops valves replace
3. Excessively cold 3. Loose expansion 3. Provide goodcontact

suction valve or remote bulb between remote bulb
and suction line

4. Excessively coldsue- 4. ~d flooding back 4. Readjust superheat
tion. Noisy compressor to mpressor setting or check
operation remote bulbcontact

5. Too frequent starting 5. Short cycling 5. Defrost; checkpres-
andstopping of surecutout
compressor

6. Oil around compressor 6. Crankcase fittings 6. Repaifoilleak andadd
baseandlowcrank- leakoil proper refrigerant oil
caseoil level
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Trouble: Compressor Is Noisy

1. Coupling bolts loose 1. Loose compressor 1. Tighten coupling and
drivecoupling checkalignment

2. Compressor cuts out 2. Lack of oil 2. Addoil
on oil failurecontact

3. Squeak or squeal 3. Dryor scored seal 3. Check oil level
whencompressor runs

4. Compressor knocks 4. Internal partsof com- 4. Overhaul compressor
pressor broken

5. Abnormally cold suc- 5. Liquid "flood back" 5. Check and adjust
tion line. Compressor superheat. Valve may
knocks be too largeor remote

bulb loose on suction
line. Air entering eva-
porator too cold for
complete evaporation
of liquid

6. Watervalvechatters 6. Dirty waterregulating 6. Clean waterregulating
or hammers valve, too highwater valve. Install air cham-

pressure or intermittent ber ahead of valve
waterpressure

7. Abnormally cold sue- 7. Expansion valve stuck 7. Repair or replace
tion line. Compressor in openposition
knocks

8. Compressor or motor 8. Compressor or motor 8. Tighten motoror com-
jumpson base loose on base pressor hold-down bolts

Trouble: System Short of Capacity

1. Expansion valve 1. Flash gas in liquid 1. Add refrigerant
hisses line

2. Temperature change 2. Clogged strainer or 2. Clean or replace
in refrigerant line solenoid stopvalve
through strainer or
solenoid stopvalve

3. Reduced airflow 3. Iceor dirt on evapo- 3. Clean coil or defrost
rator

4. Short-cycling or con- 4. Expansion valve stuck 4. Repair or replace
tinuous running or obstructed expansion valve

5. Superheat too high 5. Excess pressure drop 5. Check superheat and
in evaporator resetthermostatic

expansion valve
6. Short-cycling or 6. Improper superheat 6. Adjustexpansion

continuous running adjustment valve. Check super-
heatandresetther-
mostatic expansion
valve

7. Short-cycling or con- 7. Expansion valve im- 7. Replace withcorrect
tinuous running properly sized valve

Troubl~: Disharge Pressure Too High
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1. Excessively warm 1. Too littleor too warm 1. Provide adequate cool
water leaving condenser water water, adjust water-
condenser regulalting valve

2. Excessively cool 2. Fouled tubes in shell- 2. Clean tubes
waterleaving and-tube condenser
condenser

3. Lowairor spray 3. Improper operation 3. Correct air or water
watervolume. Scaled of evaporative flow. Clean coil
surface condenser surface

4. Exceptionally hot 4. Airor non-eondensa- 4. Purge
condenser andexces- blegas in system
sivedischarge
pressure

5. Exceptionally hotcon- 5. Overcharge of 5. Remove excess or
denser and excessive refrigerant purge
discharge pressure

Trouble: Discharge Pressure Too Low

1. Excessively coldwater 1. Too much condenser 1. Adjust water-regulating
leaving condenser water valve

2. Bubbles in sightglass 2. Lack of refrigerant 2. Repair leakand
charge

3. Suction pressure rises 3. Broken or leaky com- 3. Remove head, examine
faster afterpressure pressor discharge valves, replace faulty
shutdown than 5 Ib/min valves ones

4. Lowdischarge pres- 4. Leaky relief bypass 4. Inspect valve to deter-
sureandhigh suction valve mine if replacement is
pressure necessary

Trouble: Suction Pressure Too High

1. Compressor runs 1. Excessive load on 1. Check for excessive
continuously evaporator fresh air or infiltration,

poorinsulation of
spaces

2. Abnormally coldsue- 2. Overfeeding of expan- 2. Regulate superheat
tion line. Liquid flood- sionvalve setting expansion
ingto compressor valve, see remote

bulbOKon suction line
3. Abnormally coldsuc- 3. Expansion valve stuck 3. Repair or replace valve

tion line. Liquid f1ood- open
ingto compressor

4. Abnormally coldsue- 4. Expansion valve too 4. Check valve rating,
lion line. Liquid flood- large replace if necessary
ingto compressor

5. Noisy compressor 5. Broken suction valves 5. Remove head, examine
in compressor valves, repair faulty

ones

Trouble: Suction Pressure Too Low

1. Bubbles in sightglass 1. Lack of refrigerant 1. Repair leak, then
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2. Compressor short-
cycles

3. Temp. change in refri-
gerant line through
strainer or solenoid
stop valve

4. Noflow of refrigerant
through valve

5. Loss of capacity

6. Conditioned space
toocold

7. Compressor short-
cycles

8. Lack ofcapacity

9. Too high superheat

2. Ught load onevapo-
rator

3. Clogged liquid-line
strainer

4. Expansion-valve
power assembly has
lost charge

5. Obstructed expansion
valve

6. Contacts oncontrol
thermostat stuck on
closed position

7. Compressor capacity
control range set too
low

8. Expansion valve too
small

9. Too much pressure
drop through evapo-
tor

charge system
2. Not enough refrigerant

3. Clean strainer

4. Replace expansion
valve power assembly

5. Clean valve or replace
if necessary

6. Repair thermostat or
replace if necessary

7. Reset compressor
capacity control range

8. Check valve rating
table forcorrect sizing
and replace if
necessary

9. Check forplugged
external equalizer

AIRCONDITIONING SYSTEM:

Factors affecting both physical and chemical conditions of the atmosphere within a
structure can be controlledby air-conditioning systems. They are temperature, humidity,
motionofair,airdistribution, airpressure, dust,bacteria,odors,toxicgases,andionization.
These are known under the acronym of HVAC (heating, ventilating, air conditioning).

Q. What factors affect the conditioning load?
A. A group of complex factors affect the conditioning load. They are (1) heat transmis

sion, (2) solar radiation or sun effect, (3) people, (4) light and power equipment, (5)
ventilation air or infiltration, (6) product load, and (7) miscellaneous.

Q. What Is meant by heat transmission?
A. Heat transmission is the heat flow throughwalls, floors, windows, ceilings,and roof.

It comes about from a temperature differencebetween the inside air-conditioned
space and the outside atmosphere. Heat flows in when the temperature is higher
outside.This unwanted heat must be removed by cool air.

Q. What should be known about outside temperatures?
A. Weather conditions make up most of the heat transmission load in conditioned

spaces. Local weather bureaus forecast valuable information on this subject. An
operatingengineercan use forecasts to plan operations ahead. Insulating spacesor
buildingsagainsttransmission loadsreduces the loadon air-conditioning equipment.
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Q. What effect does sunlight have on air-conditioned spaces?
A. Windows exposed to sunlight transmit most of the solar radiation. This in turn is

absorbed by furniture, fixtures, and flooring. Solar radiation can be reduced with
blinds, awnings, or light-colored paint on the outside of building walls. Painting roofs
aluminum or spraying them with water during sun periods reduces radiation.

STARTING AIR-CONDITIONING CENTRIFUGAL
COMPRESSOR SYSTEMS

BASIC STEPS FOR STARTING CENTRIFUGAL SYSTEMS

A. There are various types of systems and controls, but here are basic steps for starting:
1. Check oil levels in the compressor, drive, gear, and coupling to make sure they

are all right.
2. Start condenser-water flow. Be sure to avoid water hammer in the system.
3. Start brine circulating through the brine cooler. Again, avoid water hammer.
4. Check the air pressure of air-operated controls, if any.
5. Run the purge unit to rid the machine of air. Always do this before starting.
6. Close the suction damper only as far as necessary on synchronous-motordrives.
7. Warm the turbine on turbine-driven machines. Be sure to drain the system

thoroughly before starting the turbine.
8. Close the holding circuit for safety controls, if necessary for starting.
9. Bring the machine to full speed and be sure the seal-oil gages have the right oil

pressure.
10. Open the air supply to the controller on automatically controlled machines.
11. Open the supply valve in the water line to the oil cooler on the unit for drive and

reduction gears.
12. Run at high speed if machine surges. This accelerates purging. Centrifugal

compressor is usually installed for hotel and passenger ships.

TROUBLESHOOTER'S GUIDE TO CENTRIFUGAL PUMP PROBLEMS

Symptom

B. Pump does not
deliver rated
capacity
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Probable Cause

1. Wrong direction of rotation.
2. Suction line not filled with liquid.
3. Air or vapor in suction line.
4. Air leaks in suction line or through stuffing boxes.
5. Suction-line intake not submerged enough.
6. Available NPSH not sufficient.
7. Height from liquid level to centerline of pump too great.
8. Distance from suction-well liquid level to centerline of

pump too small.
9. Difference between suction pressure and vapor pres

sure too small.
10. Pump not up to rated r/min.
11. Total head greater than head for which pump was

designed.



C. Pump's discharge
pressure low

D. Stuffing boxes
overheat

E. Pump loses prime
after starting

F. Pump overloads
drive

G. Vibration

12. Foot valve too small.
13. Foot valve clogged with trash.
14. Viscosity of liquid greater than that for which pump was

designed.
15. Mechanical defects such as wearing rings worn, impeller

damaged, or internal leaks caused by defective gaskets.

1. Gas or vapor in liquid.
2. Pump not up to rated r/min.
3. Greater discharge pressure needed than that for which

pump was designed.
4. Liquid thicker than that for which pump was designed.
5. Wrong rotation.
6. Mechanical defects such as wearing rings worn, impel

ler damaged, or internal leaks caused by defective
gaskets.

1. .Packing too tight.
2. Packing not lubricated.
3. Wrong grade of packing.
4. Not enough cooling water to jackets.
5. Stuffing box improperly packed.

1. Suction line not filled with liquid.
2. Air leaks in suction line or through stuffing boxes.
3. Gas or vapor in liquid.
4. Air or vapor pockets in suction line.
5. Available NPSH not high enough.
6. Inlet to suction line not submerged far enough.
7. Height from liquid level to centerline of pump too great.
8. .Distance from suction-well liquid level to centerline of

pump too small.
9. Difference between suction and vapor pressure too

small.
10. Liquid seal piping to lantern ring plugged.
11. Lantern ring not properly placed in stuffing box.

1. Rlmin too great.
2. Total head lower than rated head.
3. Either the specific gravity or viscosity of liquid or both

different from that for which pump is rated.
4. Mechanical defects such as misalignment, shaft bent,

rotating element dragging, or packing too tight.

1. Starved suction, because of gas or vapor in liquid, avail
able NPSH not high enough, inlet to suction line not
submerged far enough, or gas or vapor pockets in
suction line.

2. Misalignment.
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H. Bearings overheat

I. Bearings wear
rapidly

3. Worn or loosebearings.
4. Rotorout of balance, because of the impellerbeing

plugged or damaged.
5. -Shaft bent.
6. Control valve in discharge Iin~ improperly placed.
7. Foundation not rigid.

1. Oil level too low.
2. Improper or poorgrade of oil.
3. Dirt in bearings.
4. Dirt in oil.
5. Moisture in oil.
6. Oil coolerclogged or scaled.
7. Various failures of oiling system.
8. Not enough cooling water.
9. Bearings too tight.
10.Oil seals fitted too closely on shaft.
11 ~ Misalignment.

1. Misalignment.
2. Shaft bent.
3. Vibration.
4. Excessive thrust resulting from mechanical failure

insidethe pump.
5. Lackof lubrication.
6. Bearings improperly installed.
7. Dirt in bearings.
8. Moisture in oil.
9. Excessive cooling of bearings.

MAINTENANCE

Common caution for dismantling compressors for repair.

Keep the following caution for dismantling and reassembling the compressors.

1. Becareful notto impairorscratch thepartswhen theyaredismantled or reassembled.
Special care shouldbe taken to the shaft seal when it is handled.

2. Use a clean tool.
3. Arrange the parts in orderas they aredismantled on a cleanplace. If it takestimeto

repair the compressor, apply the refrigeration oil to them for storage.
4. Use absolute alcohol of normal temperature to clean the parts.After cleaning, wipe

off alcohol completely.
5. Usesponge (morutoplane) which has no fibre to wipe off alcohol so as not to leave

strings on those parts.
6. Takespecial carewith partshaving similarform or forming a pair not to mix them up

with others.
7. Take special care that parts having insertion parts havepredesigned clearance.
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8. Besure to remove rust, dust,wateror foreign objects fromthe partsbefore being
reassembled. -

9. If packing adhere firmlyto metal surface, carefully remove them without impairing
packings andmetalsurface.lfthey areheard topeeledoff, tearthem intopieces. but
do not makeany scares on metal surface.

10. Before placing a packing. applyclean refrigeration oil to machined surface.
11. Remember where the clamp boltsare used when they are removed. as they have

similarformand measurements. However. they are made of different materials and
have different screwthread. In addition. do not forgetto attach thewashers if they
were attached.

CONVERSION FACTORS

Atmosphere (standard) =29.92 inches of mercury
Atmosphere (standard) =14.7pounds per square inch
1 horsepower =746watts
1 horsepower =33.000 foot-pounds of workper minute
1 British thermal unit=778foot-pounds
1 cubicfoot = 7.48gallons
1 gallon =231 cubic inches
1 cubicfoot of fresh water=62.5pounds
1 cubicfoot of saltwater=64 pounds
1 foot of headof water=0.434pound per square inch
1 inch of headof rnercury « 0.491 pound per square inch
1 gallonof freshwater=8.33 pounds
1 barrel (oz)= 42 gallons
1 long ton of fresh water= 36 cubicfeet
1 long ton of salt water=35 cubic feet
1 ounce (avoirdupois) = 437.5 grains

LiqUid

2 pints=1 quart
4 quarts=1 gallon =231 cubicinches
1 gallon (U.S.) =0.83267 British Imperial gallon
1 gallon (British Imperial) = 1.20095 U.S. gallons
42 gallons = 1 barrel (of oil)

THERM-HOUR CONVERSION FACTORS

1 therm-hour =100,000 Btu per hour
1 brake horsepower =2544 Btuper hour
1 brake horsepower = ~ = 0.02544 therm-hour

100.000
1 therm-hour = 100.000 = 39.3082 brake horsepower

2544 (40 hp is close enough)
1 therm-hour = 100.000 = 2.9873 boilerhorsepower

33,475 (3 hp is close enough)
Example: Howmanytherm-hours in a 100-hp engine?
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416.5 Ib/min.
41,650 ft. Ib.lmin.

=
=

60
100 ft.
1.26 hp.

24,9901bs.=

gal./min. x S.G, x head
3960 x Eft.

250 x 1 x 70
3960 x 0.65

=

Therefore:

~
1 gal.

Pumping for 1 hour 24,990 +
416.5 x

41,650 =
33,000

Q. Calculate the horsepower needed to drive a centrifugal pump to deliver 250 gal.l
min. of water against a 70 ft. head if the pump efficiency is 65 percent.

FORMULA:

hp =

PROBLEMS (PUMPS)

Q. How much heat Is needed to raise the temperature of 200 lb. of butter from 40
to 82°F and specific heat Is 0.64?

FORMULA:

H = WS (t2 - t,)
= 200 x 0.64 x (82 - 40)
= 200 x 0.64 x 42
= 5376 BTU of heat required.

Q. What horsepower Is needed to raise 3000 gallon of water to a height of 100 ft?

SOLUTION:

3000 gal. x 8.33

= 17.500
2574

= 6.8 HP

Q. Calculate the Kilowatt needed by the electric motor driving a centrifugal pump
used for pumping 250 gal./min. of water against a 1000-ft. head, efficiency of pump
Is only 50 percent, efficiency of motor is 80 percent. Data: 5308 constant, SG =1 H20 .

FORMULA:

Kw = gal./min. x Sp. gr. x head
5308 x Ep x Em

= 250 x 1 x 100
5308 x 0.50 x 0.80

= 25000
2123.2

= 11,775 Kw.
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1 cu. ft.=5cm
5cm

= 1.97 inch 1728 cu. in.
= 1.97 inch

Area x L x N"x Xn
1728

0.7854 x (1.97)2x 1.97 x 1500 x 2
1728

=

Vd =

Q. Find the refrigeration needed to cool 30,000Ibs. of lean beef from a temperature
of 95"Ft~ 35°FIn 24 hours. Specific heat of beef above freezing =0.77 BTU/LBS.

Q = mass x specific heat x temp-~_change
= (30,000 lb.) (0.77 BTU/lb.) (95 - 35)
= 1,386,000 BUT in 24 hours
= ,J,;;Hi~UU ~ I Ulday

288,000 BTU/day/tons
= 4.81 tons

Q. A compressor chills 100gal.lmln. of water through a temperature range of 20°F.
What Is the compressor capacity In this load?

C = 0.042 x gal./min. x temperature
= 0.042 x 100 x 20
= 84 tons

Q. calculate the piston displacement of a two cylinder compressor rotating at
1,500 RPM. If the diameter of the cylinder Is 5 em. and the length of stroke Is 5 em.

SOLUTIONS:

cyl. dia.
stroke

= 10.44 cu. in.

Q. Determine the shaft power required by the compressor If the theoretical power
required to drive the compressor Is 1.327Kw and overall efficiency of the compres
sor Is 80%.

Given: efficiency = 80% or.8
theo. power = 1.327 Kw

Output

FORMULA:

Efficiency = output
input

output = input x efficiency

shaft power = theo. power x efficiency

= 1.327 Kw x .8
= 1.0616 Kw

Q. If the volumetric efficiency of the compressor Is 76% end the theoretical
refrigerating capacity is 8.376 Kw. What is the actual refrigerating capacity?

Efficiency = output
input

= input x Efficiency
= 8.376 x 0.76
= 6.366 Kw.
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BOARD QUESTIONS

FOURTH ENGINEER
Refrigeration and Airconditioning Machinery

1. The process of changing a solid to a liquid Is called the latent heat' of

A. Vaporization
B. Evaporation

C. Fusion
D. Condensation

2. The purpose of the evaporator Is to:

A. Transmit latent heat of fusion C. Absorb latent heat of fusion
B. Transmit latent heat of evaporation D. Absorb latent heat of evaporation

3. Whichof the following wouldgive the mosttrouble when operating with hot condenser:

A. Freon - 12

B. Ammonia

C. CO2

D. Methyl Chloride

4. A liqUid receiver Is used to:

A. Separate the oil from the refrigerant C. Store the refrigerant
B. Cool the hot gases D. Receive the refrigerant on charging

5. The heat used to change a liquid to a gas Is called latent heat of:

A. Fusion B. Vaporization

6. A refrigerant gives up heat when It

A. Evaporates B. Condenses

c. Absorption

C. Vaporizes

D. Uquld

D. Bolls

7. When securing a system, the first step would be to:

A. Close king valve C. Close compressor high pressure valve
B. Open Solenoid Valve D. Open by pass valve

8. The lowest temperature of the system refrigerant Is at the

A. Evaporator C. Receiver
B. Condenser D. expansion valve outlet

9. Moisture In a vapor compression system will cause:

A. High suction temperature C. Faulty expansion valve
B. High suction pressure D. Low discharge temperature

10. A thermostat expansion valve can be tested by:

A. Holding Its bulb In ones hand C. Immersing Its bulb In Ice water
B. Immersing Its tube In hot water D. Shorting out the cut-out switch
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C. Temperature of machinery
D. Temperature of compressed gas

11. Primary reason for use of compressor In a vapor compression system:

A. To compress refrigerant gas
B. To save the expanded liquid so that It can be reused many times
C. Raise the .temperature of the gas
D. As principal part of the system

12. Ambient temperature means

A. Temperature of the body
B. Temperature of air in a space

13. Quantity of heat required to raise the temperature of one gram of water one degree
celsiUS Is

A. BTU B. Calorie C. Specific heat D. Latent Heat

14. The actual refrigerating or cooling effect Is produced by:

A. Pressure change of refrigerant
B. The boiling refrigerant changing to a vapor
C. Increasing pressure of refrigerant
D. Lowering pressure of refrigerant

15. To handle a 288,000 BTU load of cooling, if the cooling is to be done In 12 hours
you will need a:

A. 1 ton compressor
B. 2 tons compressor

C. 1 1/2 tons compressor
D. 3 tons compressor

16. Necessary property of all compression system refrigerant

A. Non-toxic B. Volatile C. Low-boiling pressure D. Non-acidic

17. The two main types of evaporators are:

A. Wet and dry C. Finned and tube
B. Dry and flooded D. Short and extended

18. The most practical material used as evaporator of ammonia system Is:

A. Copper B. Copper alloy C. Steel D. Brass

19. Test for leak for system containing methyl chloride:

A. Ammonia swab test C. Halide torch
B. Soap and water test D. SUlphur candle test

20. Primary function of the thermostatic expansion valve:

A. Control the superheat
B. meter the flow of refrigerant
C. Control the temperature In the evaporator
D. Control gas suction of compressor
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21. Unloader works on the compressor by:

A. Bypassing compressed gas
B. By preventing suction valves from closing
C. By controlling the temperature
D. Controlling pressure

22. The direction of flow of the refrigerant gas In a system using horizontal shell and
tube condenser Is

A. Bottom to top
B. Top to bQttom

C. Bottom to bottom
D. Top to top

23. The temperature at which the water vapor in the air begins to condense is:

A. Saturation point B. Dew point C. Flash point D. Cooling point

24. Latent heat is:

A. Heat add to change temperature of a substance
B. Heat removed to melt ice
C. Heat removed to change temperature of a substance
D. Heat removed to change state of substance

25. Solenoid valve controls the:

A. Amount of refrigerant entering the evaporator
B. Flow of refrigerant to the expansion valve
C. Pressure in the evaporator coils
D. Amount of circulating water to the condenser.

26. The greatest decrease in the temperature of the refrigerant Is at the

A. expansion valve B. evaporator C. condenser D. receiver

27. When there Is freon leaking from the system, halide torch flame will tum

A. blue B. yellow C. green D. orange

28. Tubing joints are:

A. brazed B. screwed C. welded D. silver welded

29. Closing of solenoid valve will stop compressor through the:

A. low pressure cut out switch C. high pressure cut out switch
B. bypass relief valve D. low water-pressure cut out switch

30. A receiver Is used to:

A. Separate to oil from the refrigerant
B. Store the refrigerant
C. Cool the hot gases
D. Condense the refrigerant
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31. The evaporator colis:

A. are placed In the top of the compartment
B. are secured to the slides of the compartment
C. have air completely surrounding them
D. are placed In front of circulating fans

32. Ambient temperature means

A. Temperature of the body C. Temperature of compressed gas
B. Temperature of air In a space D. Temperature of machinery

33. The temperature of the refrigerant Is highest just before it enters the:

A. Receiver B. Condenser C. Evaporator D. king valve

34. Moisture in a system will cause a:

A. low discharge temperature
B. high suction pressure

35. Zinc rods are found in the:

A. salt water side of the condenser
B. evaporator area

C. high suction temperature
D. faulty expansion valve

C. compressor crankcase
D. gas side of the condenser

C. 4-ton compressor
D. ~ ton compressor

THIRD ENGINEER
1. What effect does ammonia have on lubricants?

A. Will cause sludglng
B. Will lower the efficiency of the 011
C. Will not have any effect
D. Will form emulsion In the compressor crank case

2. Quantity of heat required to raise the temperature of the pound of water to 10F:

A. Calorie B. Specific heat C. Sensible heat D. BTU

3. What is the freezing point of water at atmospheric pressure?

A. 40 of B. 36 of C. 32 of D. 28 of

4. To handle 288.000 BTU load of cooling. If the cooling Is to be done In 4 hours.
you will need:

A. 3-ton compressor
B. 2-ton compressor

5. The actual refrigerating or cooling effect Is produced by:

A. Lowering pressure of refrigerant
B. Increasing pressure of refrigerant
C. The boiling refrigerant changing to a vapor
D. Pressure change of refrigerant
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C. 3-ton compressor
D. 4-ton compressor

6. To handle 144,000 BTU load of cooling: if the cooling Is to be done In 12 hours,
you will need:

A. 2-ton compressor
B. 1-ton compressor

7. What part of the ammonia compression system must the charge connection be
hooked up?

A. Between the evaporator and compressor
B. Between the king valve and the expansion valve
C. Between the compressor discharge and the condenser
D. Between the solenoid valve and the expansion valve

8. Test for leak for system containing sulphur dioxide

A. Halide torch C. Ammonia swab test
B. Leak tracing eye D. Sulphur candle test

9. General type of solenoid valves

A. Vertical and horizontal
B. Uquld and vapor

C. Direct-acting & pilot operated
D. electric and manual

10. Main types of evaporators

A. Plain and pipe C. Prime surface and extended
B. Dry and flooded D. Plain or corrogated

11. Purpose of starting bypass on compressors:

A. equalize pressure between discharge and suction side on starting
. B. to unload discharge pressure to liquid line

C. equalize pressure to the crankcase
D. protect-compressor from overload

12. If an ammonia compressor trip-out on cut-out, the solenoid valve Is closed by:

A. an electric release C. Bellows control
B. pressure and bellows control D. temperature & spring control

13. Excess refrigerant Is removed from the:

A. discharge side of compressor C. condenser vent
B. suction side of the system D. charging side of the system

14. Another name for the liqUid valve Is the:'

A. Freon valve. B. Master valve C. king valve· D. Main shut off vaIv8

15. The elements'of a thermostat controller switch are usually of the:

A. Diaphragm type B. Bellows type C. BI-metal type. D. Bourdon type
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C. with a vacuum pump
D. temperature of compressed gas

16.' EXcess frost on the evaporator colis

A. Keep Ice box cooler C. Lessen load on compressor
B. does not affect the system D. reduce efficiency of the plant

17. The suction pressure switch Is operated by

A. Electric current C. Cut-out relay
Be Pressure on a bellow D. Thermocouple

18. If frost forms on the cylinders, the cause would be:

A. leaky compressor discharge valve C. expansion valve open too wide
B. leaky compressor suction valve D. dehydrator-drier clogged

19. How Is the CO2 system purged?

A. The same as the ammonia system
B. The same as the freon system

20. Ambient temperature means

A. temperature of the body C. temperature of machinery
B. temperature of alr In space D. temperature of compressed gas

21. If a change of enthalphy can be sensed as a change of temperature, it is also
called as:

A. latent heat B. sensible heat C. heat of vaporization D. specific heat

22. Trouble of system: Discharge pressure too high
Symptom: exceptionally hot condenser and excessive discharge pressure
Cause:

A. Air or non-condensable gas in system
B. Fouled tubes In shell and tube condenser
C. Too little or too warm condenser water
D. Overfeeding of expansion valve

23. The mostwidely usedrefrigerant control because of its high efficiency and its ready
adaptability to any type of refrigeration application

A. Hand expansion valve C. Thermostatic Expansion valve
B. Automatic expansion valve D. Simple valve

24. The most widely used refrigerant. it is completely safe non-toxic. non-flammable
and non-explosive.

A. Sulfur dioxide B. Carbon dioxide C. Ammonia D. Freon 12

25. Name of the two methods of exercising the proper control of temperature in the
refrigeration and which are well known.

A. thermostat control C. electronic control
B. low pressure control D. both A and B
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26. The low-water cutout switch:

A. recirculates the cooling water when there is too much refrigerant in the condenser
B. stops the compressor when there is no refrigerant running to the evaporator
C. stops the flow of refrigerant when the condenser temperature Is too low
D. stops the compressor when there Is insufficient cooling water

27. What effect does ammonia have on lubricants?

A. Will lower the efficiency of the 011
B. Will form emulsion In the compressor crank case
C. Will cause sludging
D. Will not have any effect

28. It is the production and maintenance In space of temperature lower than that of
the surroundings:

A. refrigerant B. refrigeration C. humidification D. absorption

29. The agent usod in an Indirect reefer system Is

A. sodium chloride C. calcium chloride
B. potassium chloride D. A or C

30. Purpose of starting bypass on compressor:

A. to unload discharge presssure to liquid line
B. equalize pressure between discharge and suction side on starting
C. protect compressor from overload
D. equalize pressure to the crankcase

31. Chemical formula of Freon 12

A. CCIF3 B. CF4 c. CCL2F2 D. CCL3F

32. One of the disadvantage of carbon dioxide as refrigerant is that

A. it is toxic
B. it Is poisonous
C. its critical temperature Is 31DC. which falls within the range of sea water

temperature
D. it is corrosive

33. The boiling point of Freon 12.

A. -21.6 OF B. 28.9 of C. 26.8 of D. 29.8 of

34. The elements of a thermostat controller switch are usually of the:

A. Bi-metal type C. Bourdon type
B. Diaphragm type D. Bellows type
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35. What Is the absorption system of refrigeration?

A. It Is system which uses heat surgery to make a change In the condition required
in the ref. system

B. It Is the absorption within the system
C. It Is the system which uses mechanical energy to make a change In condition

req. In the ref. cycle
D. both A and B

36. Zinc rods are found In the:

A. compressor crankcase C. gas side of the condenser
B. salt water side of the condenser D. evaporator area

37. It expands the high pressure liquid to a mixture of low pressure liquid and gas
particles.

A. condenser
B. evaporator

c. expansion valve
D. compressor

38. The Indications of faulty freon compressor valve are:

A. low head pressure-high suction pressure
B. any of these
C. compression runs contlnously
D. gradual or sudden decrease in capacity

39. How Is the CO2 system purged?

A. The same as the freon system
B. back to CO2 tank
C. The same as the ammonia system
D. with a vacuum pump

40. It dispenses the heat absorbed from the low pressure side. It starts from the
discharge of the compressor through the condenser and receiver to the liquid until
the inlet side of the expansion valve

A; compressor
B. high pressure area

C. low pressure area
D. solenoid valve

I
L

41. A heat carrying mediums that absorb heat during their cycle in the refrigeration
system

A. refrigerant
B. heat exchanger
C. analyzer
D. heater
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SECOND/CHIEF ENGINEER

1. What takes the place of the suction stroke of the compressor In an absorption
system of refrigeration?

A. Absorber
B. Generator

C. liquefier
O. Refrigerant pump

2. What Is the absorber In the aqua-ammonia absorption system of refrigeration?

A. Water
B. Bromide

C. Ammonia
D. lithium

3. High latent heat Is desirable In a refrigerant so that:

A. smaller compressors can be used
B. will allow smaller pipings
C. will boll at low temperature
D. small amount of refrigerant will absorb large amount of heat

4. Two main types of evaporator calls are:

A. wet and dry
B. finned and tube

C. short and extended
D. dry and flooded

5. Temperature ranges used In the preservation and storage of perishable foods for
consumption:

A +28°F to +40°F
B. -10°F to -15°F

c. -20°F to 30°F
D. O°F to +15°F

6. System trouble: Compressor "Short Cycles"
Symptom: Normal operation, except too frequent stopping and starting
Causes:

A. low pressure controller differential set too close
B. leaky liquid line solenoid valve
C. Faulty condensing
D. dirty or Iced evaporator

7. Trouble of system: Discharged pressure too low
~Symptom: Bubbles in sight glass
Cause:
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8. Trouble of system: Suction pressure too low
Symptom: Too high superheat
Cause:

A. Clogged liquid line strainer
B. expansion vatve too small
C. Too much pressure drop through evaporator
D. Ught load on evaporator

9. What Is the maximum theoretical suction 11ft of a pump when the mercury barometer'
reads 28 inches?

A. 33 feet B. 32.5 feet c. 28 feet D. 31.6 feet

10. Test for leak for system containing sulphur dioxide:

A. Halide torch
B. Leak tracing dye

C. ammonia swab test
D. SUlphur candle test

11. Cylinder water Jacket cooling Is used on

A. Ammonia compressors
B. Methyl chloride compressors

12. General types of solenoid valves:

A. Vertical and horizontal
B. Uquid and vapor

C. Propane compressors
D. Butane compressors

C. Direct-acting and pilot operated
D. Electric and pressure

13. What takes.the place of the compression stroke of the compressor in an absorption
system?

A. evaporator pump
B. ab$orber

c. generator
D. condenser pump

14. When removing reusable refrigerant from a system. the line to the storage drum
must:

A. be made of copper
B. have no bends In It

c. contain a strainer-dryer
D. be above the level of the compressor

15. Does ammonia have any effect on lubricants?

A. will not have any effect
B. will cause sludglng

C. will lower efficiently of the oil
D. will cause emulsion
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16. To handle a 288,000 BTU load of cooling, if the cooling is to be done in 4 hours,
you will need:

A. 3-ton compressor
B. 4-ton compressor

C. 2-ton compressor
D. 6-ton compressor

17. What part of the ammonia system must the charge-connection be hooked up?

A. between the evaporator and the compressor
B. between the king valve and expansion valve
C. between the compressor and discharge and condenser
D. between the dehyrator .and expansion valve

18. Vacuum pumpand indicatorfor removing moisture in the new vapor compression
is hooked up between:

A. evaporator and compressor
B. compressor and condenser

19. When adjusting compressor V-belts:

C. condenser and receiver
D. receiver and expansion valve

A. Make as tight as possible
B. Allow 1/2" slack
C. Make belt just tight enough to turn pulley
D. Align pulleys

20. If brine has a high specific gravity:

A. it will freeze
B. it will crystallize

C. nothing will happen
D. it will solidify

21. A precooler is sometimes installed between the:

A. compressor and condenser
B. condenser and expansion valve
C. expansion valve and evaporator
D. evaporator and compressor

22. The boiling point of Freon-12 is:

A. -26°F
B. -32°F
C. -60°F
D. - 21.6°F
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23. Many pressure gauges on a Freon system have two dials or graduation on one
gauge. The two dials represent:

A. Pressure and temperature
B. Uquid pressure and gas pressure
C. Suction and discharge pressure
D. Cooling water inlet and outlet temperature

24. Calcium chloride is sometimes used in refrigeration systems as a

A. refrigerant
D. lubricant

D. secondary coolant
C. primary coolant

25. A refrigerating unit of one ton capacity can remove

A. 500 BTU per minute
B. 288 BTU per minute

C. 200 BTU can remove
D. 100 BTU per minute .

26. Frost in the high pressure side of a thermostatic expansion valve would probably
be caused by:

A. refrigerator box too cold
B. dirty expansion valve

C. condenser too cold
D. High head pressure

27. High temperature of cylinder heads and crankcase is caused by:

A. noncondensable gases
B. high head pressure

C. insufficient refrigerant
D. too much refrigerant

28. In every refrigeration installation, the cooling effect is produce in the

A. compressor
B. evaporator

C. condenser
D.liquid reservoir ..

\
29. If the thermal bulb becomes loose on the evaporator coils, it will cause:

A. an electrical short
B. flooding back of the refrigerant
C. improper operation of expansion valve
D. any of the above

30. External frost on inlet of expansion valve indicates:

A. expansion valve plugged or dirty C. refrigerating compartment too cold
B. head pressure too high D. air in system

31. The temperature of the refrigerant is highest just before it enters the:

A. receiver B. evaporator C. king valve D. condenser
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32. Subcoollng of the refrigerant results in:

A. lesscirculating waterneeded
B. effect of refrigerant increased

C.
D.

liquid less likely to vaporize
BandC

33. Absolute zero on Fahrenheit scale is:

A. 460° below zero
B. -273.150C

C. anyof these
D. +4600F

34. Name themethods of exercising theproper control of temperature in therefrigeration
and which are well known.

A. lowpressure control
B. electronic control

C.
D.

thermostatic control
both A andB

35. What is the compression system of refrigeration?

A. it is thesystem which uses heatenergy to make a change in the condo req.ln the
ref. cycle

B. botha andb
C. it is theabsorption of heatunder temp. compression. pressure andexpansion
D. it isthesystem which uses mechanical energy tomake achange inthecondo req.

in the ref. cycle

36. When securing a system the first step would be to:

A. open bypass valve
B. open solenoid valve

C. cutcompressor on high pressure
D. close receiver (king valve)

37. The purpose of providing hot-gas defrosting facilitates:

A. defrosting without raising compartment temperature above 320F.
B. thawing frozen colis
C. defrosting automatically
D. B or C

38. Trouble of system: Discharge pressure too low
Symptom: Bubbles in sight glass
Cause:

A. Lackof condenser water
B. Leaky relief - bypass valve

C. Lack of refrigerant
D. dirtyexpansion valve

39. It is the amount of heat absorbed by a pound of substance In changing from the
liquid to vapor form.
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40. Ammonia leaks In the condenser can be detected by:

A. adding 011 of p.,ppermlnt to the system and tracking the smell
.B. smelling the discharge water .
C. applying a soapy solution to the condenser heads and looking for bubbles'.
D. applying litmus paper to.the circulating water discharge

41. An automatically controlled Freon-112 compressor will stop when the:

A. expansion valve closes C. Solenoid valve closes
B. expansion valve opens D. Solenoid valve opens

42. The thickness of the head gasket Is Important because It may cause:

A. re-expanslon
B. the piston to strike the head
C. decreased efficiency' due to Increased clearance
D. all of these

.
43. It Is used to absorb moisture that may be present with the refrigerant.

A. evaporator coils B. charging valve C. 011 separator . D. dehydrator

44. If the compressor discharge becomes frosted, the probable cause would be.

A. expansion valve Improperly set
B. refrigerant flooding back
C. cuts out the compr8S$Or to maintain proper flow
D. regulates the king valve

45. A scale trap In a Freon system will befolJnd on the:

A. receiver B. discharge side C. suction side D. condenser

46. The compressor will run continuously If there ls:

A. tooheaVy.a load
B~ any, of these

C. air Inthesystem
D. Insufficient refrigerant

I

I

I

47. A hot suction line may be caused by:

A. excess refrigeration
B. Insufftclentcondenslng cooling water
c. B or C ,
D. lack of refrigerant

48. In the refrigeration cycle, the I~w .pressure side In the system Is located from

A. the outlet of the expansion valve tt) the suction of the compressor
B. the discharge of the compressor to the Inlet' of the expansion valve
C. the outlet "of the condenser to the Inlet of the expansion valve
D. the outlet of the condenser to the outiet of the expansion valve
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49. Humidity Is a measure of:

A. temperature C. latentheat
B. BTU D. water vaporcontent

50. What Is the other name of the brine-circulating system of refrigeration?

A. both A and B C. Indirect system
B. none of these D. directsystem

51. What Is the refrigerant In the lithium bromide cycle absorption system?

A. Uthlumbromide B. Ammonia C. BFomlde salt . D. water

52. What Is the absorber In the aqua ammonia absorption system of refrigeration?

A. Ammonia B. Water C. Bromide salts D. Uthlum

53. Why Is high latent heat desirable In a refrigerant?

A. smaller compressors can b$ used
B. small amount of refrigerant will absorb a large amount of heat
C. will boll at low temperature
D. will allow smaller evaporators

54. What part of the ammonia vapor compression system must the charging connection
be hooked up? .

A. between compressor and condenser
B. between condenser and condenser
C. between king valve and evaporator
D. between solenoid vlave and drier

55. In a refrigeration system, a fluid that serves only as a heat carrier Is called a:

A. Condensing refrigerant
B. Secondaryrefrigerant

56. Chemical Name of Freon 12

A. carbondioxide
B. dlchlorodlfluoromethane

C. Vaporizing refrigerant
D. Primaryrefrigerant

C. carbontetrachloride
D. carbon tetrachloride

57. The cooling component of a refrigeration cycle Is called:

A. a receiver C. a condenser
B. an evaporator D. a desiccant

58. When ordering an expansion valve which of the follOWing Information Is necessary?

A. size and pressure
B. ,Ize, tonnage, temperature and pressure
C. pressure and temperature
D. size and tonnage
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PART V

SECTION I

PRACTICAL ENGINEER GUIDES
FRESH WATER DISTILLER

AIR COMPRESSOR
PURIFIER

OPERATION AND MAINTENANCE

SECTION II

BOARD QUESTIONS
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ENGINE INDICATOR - is a device that indicates and records simultaneous values of
pressure andvolume within an engine cylinder, andconsists ofasmall piston lap-fitted
Inside the cylinder, a drum, clipsforholding cards, coiled spiral spring, cord lineand
stylus writing mechanism.

INDICATOR CARD- mostImportant useof Indicator Isto record anddetermine the mean
effective pressure, compression pressure, maximum firing pressure andatmospheric
lineIna cylinder during combustion process, tosolvethepoweroutput eachcylinder.

Method of measuring mean effective pressure:

1. Useof a planimeter vernier type
2. By means of ordinate method
3. Electronic,. digital planimeter

Procedures:

1. Using planimeter- isaninstrumentusedtomeasure theareaofIrregularflgures,
andconsist ofa fixed pointsecured atsome pointattached totheplanimeterarm.

a. Marka starting pointontheexpansion lineto locate startandstopposition.
It mustbe right triangle position.

b. Begin tracing from thestarting pointclockwise andcircumscribe thediagram
at even speed andnottoo slOWly.

c. Use goodillumination andif necessary use magnifying glassfor accurate
reading of thevernier

d. Thedifference inreadings isproportional totheareaoftheindicatordlagram.
e. To find MEP - divide thisareaofworking diagram by"e length of the card

andmultiply by the number stamped on the Indicator spring.

2. Mean - Ordinate Method:

a. Place an indicator card onsmooth flatsurface anddivide Its length Into ten
equal vertical spaces by drawing vertical lines equal distances apart.

b. Measure theheight of each center linerepresent the average heightof the
space andadded together.

c. The sum of 10 vertical lines divided by 10, represent the average height of
the card.

d. When the ave. height Is multiplied by the spring scale, the figured result Is
mean effective pressure.
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Atmospheric line

A. Ignition
B. Press-volume working diagram
C. Ignition stroke
D. Draw diagram
E. Topdeadcenter
F. Bottom deadcenter '\
G. Compression pressure
H. Max. combustion pressure
I. Opening Exhaust valve

~
I

ENGINE INDICATOR DIAGRAM

Procedures In taking the diagrams:

1. First. blown through byopening theIndicator cockpartially to release sootandoU
accumulate In the Indicator bore andprotect cockagainst burning.

2. Before use. theIndicator should be handwarm by placing It on cylinder coverfor
five minutes.

3. With theIndicator valve closed, tracetheatmospheric lineby pressing thestylus
against thepaper, while thedrum Is turned oneor two times, manually. .

4. •ConnectthecordlinetoIndicatordriveandopen theIndicatorcockvaJveandpress
the stylus against thepaper to the drum at moment It moves upwards and get
pressure-volume working diagram. _

5. After, release the cord from the Indicator drive, make a timing In taking.both
compression and maximum pressure ondrawdiagram, by simultaneously. pull
the cord Just qUickly enough to drawdiagram on each cylinder.
NOTf;:: .

Aftertaking thediagram Is·finished, theIndicatorheadshouldbecleanedand
bothcylinder, andpiston mechanism should be well lubricated withcylinder 011.
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Loaded fiX poslnt

USING THE PLANIMETE.R

Roller

@

Indicator dIagram
drawing pinsFasten with

or tape --------'-@
~ ...J

Tracer centre - .+__~:._.

Vernier

Adjustable arm

Counter

PLANIMETERING

Position the Indicator as Illustrated above.

Mark a starting point·· on the expansion line (toexaetly localize the start/stop
position of the diagram circumscription).

Begin tracing from the starting point. and circumscribe the diagram at even
speed. and not too slowly.

Employ good i1umlnatlon and. If necessary. use a magnifying glass for accurate
reading of the vernier. before and after circumscription.
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= 700 MM
= 2674 MM
= 7500 KgF.cm

= 1.02 kglcm2

MAIN ENGINE PERFORMANCE DATA

VesSel : MAPLE - NOS
GRT : 78,443 MT
ENGINE: MAN-B&W: 6570MC
BHP 20,940 at 88 Rpm
TYPE : 2 CYCLE, SUPERLONG STROKE, CROSSHEAD
FIRING ORDER: 153426 Built: 1991

c~ P-comp. P.Max Fuel P. Exhaust MEP IHP
No•. Ka/etn2 Kg/cm! Index Temp. Kaletn2
1 103 122 87 330 16.02 3175.4

2 103 122 86 330 15.69 3110.0

3 102 . 122 87- 335 16.02 3175.4

4 102 122 87 340 16.12 3195.3
5 102 123 87 340 16.12 3195.3

6 104 124 87 338 16.24 3219.0

Average 102.6 122.5 86.5 335..5 16.03 3178.4

A. To flnd: Mean Effective Pressure (each cylinder)

OATAS: Taken onIndicator diagram: cyI. No.1
Area ofworking diagram = 3.7~
Length of atmospheric Iino = 7.7 cm
Spring constant = 0.3

FORMULA: MEP = AaliL x1Q
Length 0.3

= a.z x1Q
7.7 0.3

= 16.02kglcrrt2

B. Cylinder~nstant • shop trial:

OATAS: Cylinder diameter
Piston Stroke
1 Horsepower
1 Bar

•

321

•



Formula:
Cylinder constant

Cyl. constant

= .1854 (cyI. dill (length of strokll (1.02)
60 (7500)

= .7854 (70,) UO) (267.4) (1.Q?J
60 (7500)

= 1..049.659.7
450,000

= 2.332

--

Average Rpmduring test at least1 hour.

Ave. Rpm = present reading - prevJoys readings
60mlns.

=41304210 - 41299110
60

Rpm = SS

IndicatedHorsepowereachcylinder (No.1)

Formula:

IHP = MEP x Cyl. constant x Rpm
= 16.02 x 2.332 x 85
= 3175.4

Actual Brakehorsepower

BHP = TotallHP x Mech. Efficiency
= 19,070 x 94.5%
= 18,021

Fuelconsumption In MetricTons,

a. Rowmeter reading 1 hr= 18650590 -18648160
= 2430 Uters

b. Corrected Specific Gravity: Service F.O. tank = sS-C
Sp Gr.at 15-C = .9886
Coefficient Factor per ,·C = .000654
T2 - r, = SS -15 = 70x .000654 = 0.0457
Sp. Grav. at SS·C = .9886 - 0.0457

= 0.9429

c. Fuel consumption In Metric Ton
2430 liters x 24hrs. = 58,320 L
58,320 L + 1000·= 58.32 fv13
58.32 x 0.9429 = 54.98 MT
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d. FuelconaumpUon In GrarnsIBHR-HR.

54.98 MT x 1000kgs. =54980 kglday
=54980 = 2,290 kglhr.

24hr

=2.290 x 1000 gmslkg. = 2.290,000 gmsIHR.
= 2,290,000

18,021 BHP
= 127.1 grmsJBHP-HR

G. To find cyUnder 011 consumption: grmslbhp- hr

·DATAS: BHP = 18021
S.G.= 0.92

CYLNo. = 6
1 LTR = 1000 grrns.

Time measured Incylinder lubricator pump No.1

~mlnslliter ~ 24.5mlns.
60

Therefore: 1 L(1000) x (.0.92)

"8021) x (~)
6 60

= jooO x 0,92
3003 x 0.4083

= 92Q.
1226

= 0.750 grrnsJ bhp-hr

= 2A49 gmsIHR x 6 x24

= 352.656 gmslday
1000 gmlltr.

= 352Uday

H. To find BHP/day base on Consumption:

54.98 MT x 1,000,000 grrnslton

= 54,980,000 grms,
127.1 x 24

=.54,980.000
3050.4

BHP = 18023 approx.

•

..
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fUEL· DIESEL· LUBE OIL INVENTORY

During ArrIval, Departure and Bunkering CondlUons:

Procedures:

1. Checkthe ship'sTrim condition: the differences of forward draft and aft draft In
meter.

Example: (Trim by head(-) : Trimby astem (+)

MT Birch - shiptrim at ballastcondition

8.50 m aft.

(-) ~m Frwd.

Trim byastem 3.00 m

2. Take tanks sounding, which can be done either Ullage orBottom sounding Incentimeter
ormeter unit.

3. Record each tank temperature reading, bunkers specl"c gravity at 15'C and compute
actual specific gravity atpresent temperature record. each tank.

4. Checksounding Incalibration table, equivalenttoactual sounding and trim InternS to metric
ton bymultiplying the actual S.G.

5. To determine the actual capacityofsubject tank corresponding tothe measufed sounding
valve byusing the linear Interpolation method and heeling corredlon.

HFOlanks: Ullage Temp'C SG@15'C Vol.m3 Cor.SG MetrIc tons

#1 stbd. tk 7.98 42 .9910 1076.0 0.9733 1047.27

#2 C.pttk 3.54 40 .9910 743.14 0.9746 724.25

##3 port tk 5.63 38 .9850 763.70 0.9699 740.71

setltk 4.08 70 .9850 75.65 0.9490 71.79

servo tk 3.10 .86 .9850 86.35 0.9392 81.10

Total R.O.B. 2665.12

• Diesel-Oil: ISoundlngkemp'c ~G@ 15' ci Vol.m3 ICor. sO IMetrIc tons

D.B. porttk 1.70 28 .8345 91.64 0.8260 75.70

D.B. stbd tk 1.30 28 .8345 67.86 0.8286 56.05

setltk 4.40 32 .8345 17.44 0.8234 14.36

servo tk 4.35 32 .8345 17.23 0.8234 14.18
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Computation:

A. HFO service tank:
Ullage sounding =310em = 86.35 m3
Temperature =85·C
S.G. at15·C = .9850
Coefficient factor 1·C = .000654
Trim byastern =+3 meter

1. Solve the comlctlon B.G. at85 ·C

Temp = T2 - T1
= 85·C - 15·C

, = 70 x .000654
= .04578

Corr. -S.G = .9850 - .04578
= ..s3S2

2. Volume In Metric Tons

MT = M3 x Corr. S.G at~ ·C
. = 86.35 M3 x .9392

MT = a1J.Q

3. Lubricating oilIn volume· metric ton

Uters + 1000 =mS
mS x S.G. (.90)= MT

INSPEcnON. MEASURING OF CYLINDER LINER
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Procedures: Mount themeasuring rod for measuring the cylinder liner. The cylinder liner Is to be
measured with an Inside·micrometer at the positions marked on the measuring rod.
longitudinal and transverse measurements shall be taken. Note down the measuring
results. Forward - Aft; Port - Stbd. points. Before starting, ensure that the micrometer
gauge Instrument has the same temperature as the liner, Maximum allowable wear of
cylinder liner from 0.4- O.SOk ofthe diameter bore.

Maintenance:

1. Check the condition ofthe cylinder liner and asses for scratches, mlcro-selze, wear
ridge, carbon deposits.

Carefully scratch over any scores ormarks on the cylinder liner running surface by
means ofarough grinding stone held In the hand.

2. By means ofagrinding tool bottom ofthe cylinder liner (where the piston rings tum
over) so that asmooth transition Is formed.

3. Check the lubricating points ofthe cylinder bymanually pumping cylinder 011 toeach
Individual lubricating point Clean any blocked lubricating duct

CHECKING OF PISTON RINGS - S/L 70MclMCE

B....-l
D-2

I
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1. Nominal Tolerance
Height

Piston ring +0.315
grooves 12 +0.290

-0.110
Piston ring 12 -0.135

2. Wom rings tobe renewed If radial width 0-2 Is
less than 20mm.
New piston ring D-1 =23 mm.
Worn piston ring D-2=20 mm.

3. Effect checking ofring gap In newcylinder orat
bottom ofused liner.
Minimum ring gapD-3.;.s mm.

...



D-5-::===~

4. Maximum permissible bum-away of piston top
0-4=20 mm.

Clearance In piston ring grooves: Measured
points: Fowd. Aft. Port and Stbd. Sides.

5. Maximum clearance. new piston ring and worm
ring groove 0-5=0.70 mm.
Vertical clearance. new piston ring and new or
reconditioned ring groove 0-6=0.40-0.45 mm.

CHECKING DEFLECTION-CRANKSHAFT

Procedures:
I

1. Place adial gauge opposite the crankpln onthe port punch mark point. and set
the pointer tozero.

2. Read the dial gauge atthe following points ofposition drawn above x-s~t-p-y. and
toget the bottom mean reading use the formula 112(x t y)= Z
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x = Bottom stbd - exhaust side
s = Starboard ..
P = Port
Y = Bottom port- crankshaft side

3. Record and checked crankcase temperature, ship's trim condition. .
4. Note: closing ofthe crank web Is considered as negative reading on the dial

gauge. Deflection reading In 1/100 mm and should be taken while the ship Is
afloat not while In dry-dock.

Example of deflection reading

CY1.No. & deflections
crank pOSItion

1 2 3 4 5 6

Necr bOttom, exhaUst SIde B. 0 0 0 0 0 0
EXhaUst SIde E 6 2 5 4 2 2
Top T 14 3 8 10 1 3.
camshaft Side C 7 2 5 4 -1 -3-
Near bOttom,. Camshaft side B. -1 2 -2 2 -1 -2

~ ~I 1 LiJ -1 rIBottom 1/2 lB. +B.)

CHECKING CLEARANCE INMAIN BEARINGS
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Ptot:edures:

1. Checked the clearance with kjaer feeler blade between the upper shell and the
journal, forward and aft sides.

2. Another method formeasuring, dismount the lubricating Inlet pipe on top of upper
bearing shell and make measurement through the hole. see above drawing.

3. For correct measurement of bearing wear, used bridge gauge on top of upper
shell bearing by using feeler gauge. Measure the pin of the bridge gauge and
the bearing journal. Result increase In measurement indicate wear of the lower
shell should be taken when the ship afloat.

4. Checking the crankshaft deflection indicates also the actual alignment of the main
bearings, should be done' under nearly same temperature and load condition.

CHECKING OF CROSSHEAD AND CRANKPIN BEARING CLEARANCES

D- 1

CROSSHEAO BEARING

1. Tum the crosshead to be measured to BOC - bottom dead center.
2. Measure the clearance in the crosshead bearing by means of a feeler gauge,

which Is to be applied at the top of the upper bearing shell
3. Measuring point should be forward and aft sides.

CRANKPIN BEARING

1. Turn the crankshaft to BOC
2. Check the clearance In the crankpin bearing by means of a feeler gauge.
3. Measure the clearance atthe bottom of the bearing In both sides - forward and aft.
4. Record the crankcase temperature.
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PARAMETER READINGS

A. Exhaust Temperature - Increasing onasingle cylinder Indicated:

a. Fuel valves need overhaul
b. Compression pressure too lowowing toexhaustvalve leakageorblow-bypastpiston

rings.

B. Exhaust Temperature -increasing onallcylinders indicates:

a. Air system fouled - airfilter, blower, cooler, scavenge ports
b. Exhaust system fouled - nozzle ring, turbine wheel, exhaust gas boiler.

C. Inlet Air Temperature -RIsing amblent'temperature will give Increasing exhaust tem
peratures.

D. Pressure Drop across airfilter/Increasing pressure Indicates fouling. Cleaning required
when pressure reach 50% greater than ontest bed.

E. Pressure Drop across aircooler.

a. Increasing pressure difference Indicates fouling ofalrslde.
b. Cleaning required 'when pressure difference Is50% greater than ontest bed.

F. Temperature Rise ofcooling water Increasing temperature difference Indicates reduced
water flow supply. .

G. Temperature difference air after cooler and at water inlet Increasing temperature
indicates fouled aircooler.

H. ScavengIng Air Pressure decreasing air pressure Implies decreasing airquantity and
indicates fouling of airorgas system.

I. Scavenging Air Temperature rising scavenge airtemperature will give Increasing ex
haust temperature.

J. Pressures andTemperatures incombustion chamberwill be reduced bypiston ring blow
by, burntpiston crown, cylinder Iinerwear,leaking exhaustvalve, defective fuel valves. etc.

K. Mean Indicated Pressure measured byIndicatorcards, which alsogive compression and
maximum combustion pressure each working cylinder forload output of the engine.

331



EMERGENCY PROCEDURES: PUTTING CYLINDERS OUT OF ACTION - B a W6570 MC

case A case B case C case D case E

Combustlon to Compression Combustion to All redprocat- All recrorocat-
Nature of be stopped and comcus- be stopped Ing parts sus- Ing parts out

emergency acnon non to be (due to faulty pended or out
stoPped exhaust valve)

Blow-by at Leaking cvnn- Exhaust valve, Quickest and Only of Interest
piston rings der cover or or exhaust safest mea- If spare parts

SOme reasons for or exhaust liner valve actuating sure In the not available
emergency aceon valve. gear, malfunc- event of faults

Reduction of tlon In large rnov-
load on Ing parts, or
bearings. cylinder cover
Faulty InJec- or cylinder
non equIp- liner
ment

Fuel pump with

roller guide
Wfted Ufted ufted Ufted ufted

Exhaust valve Working Held open Closed Closed Closed

Air for air spring Open Closed Open Open Open

Exh. valve actuator worklng OUt or Out or Out or Out or

with roller guide lifted lifted lifted lifted

all Inlet for actuator open Pipe dismantled Open Open Open

and blocked

Starting valve Working Blanked Working Blanked Blanked

Piston WIth rod MOVIng Moving Moving Suspended Out

Crosshead Moving Moving Moving Suspended Out

Connecting rod Moving Moving MOVIng Out Out

crankpln bearing Moving Moving Moving Out Out

all Inlet to crosshead Open Open Open Blanked Blanked

Cooling 011 outlet
Open Open

from crosshead
Open

Cylinder lubricator Worklng Working Working "Zel'O' delivery 'ZerO' delivery
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INTERPRETATION OF FAULTV INDICATOR DIAGRAMS

............ correct diagram
--.....,measured diagram

'., \

I \
I
I
I
I
I
I,
I
\
\
\

\

fig. 1. VIbrations In driVE;!.

Draw-diagram not affected.
Fig. 2. Lenght of cord too long.

T.D.e.-part missing.

----_-1"-----------,;:::.:~.::
Fig. 3. Length of cord too short.
B.D.e.-part melsslng.

Fig. 4. Frletlon In Indicator piston.

Draw-diagram also affected. This

fal1lt gIVes a too large working

diagram area.

5..~"

I,,,,,
\
\
\
\
\,,

" .... .... ..~-
Fig. 5. Spring too weak. Indicator
piston top end of cylinder.

Fig. 6. Indicator cock leaking.
Atmospheric line untrue.

•
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INFORMAnoN FROM DRAW DIAGRAMS

............ correct
--- measured

Fig. 1:
Fuel Injection too late,

- Fuel pressure too low,

- oerectIVe ruel valve(s) or nozzJes.
- oerectlve ruel pump suction

valve or shock absorber.
- exceptionally poor ruel

(bad Ignition properties)
- VIT Index wrong
- Fuel pump lead too little.

Fig. 2:

Fuel InjectiOn too early.

- VIT Index wrong.
- Feel pump lead too large.

Fig, 3

Leakages., Inaeased c:yI,
volume, or roullng.

- PIStOn ring blow-by.
- Exhaust valve leakage.
- Piston aown burnt
- Low scavenge pressure,

roullng or exhaust and/or
air system.
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FIg. 1 PnlIIIl low, but PCllII'lP normaJ
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FIg.2 Pma• high, but PCllII'lP normal
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FIg. 3 both Pemp and Pm.. are low.



INSPEcnON THROUGH SCAVENGE PORTS: PISTON AND UNER

Condition of
inspected part .- .

SatisfHctoty
Carbon Deposit
Burning
Leakage Oil
Leakage Wat.er

Oil film normal
100 much oil
1-00 dry
Very dry
Clover-leaf wear

___ Cy1. Liner
above Ports

Cyl. Liner
below ring
travel

Pialon
Topland

Piston Skirt ------~------__----J

Piston Bowl

/

f
-".

overall ~
partly

Intact
Broken, opposite ring gap
Broken, near ring gap
Broken in several pieces
Entirely missing

Clean, smooth
Vertical scratches
(abrasive particles)
Micro Seizures in spots
(local)
Micro Seizures, allover
t~cro Seizures still active
Old (nearly recovered) HZ
Wear ridges top of liner
Wear ridges near scavo ports
Corrosion

Satisfactory
Carbon Deposit
Thick carbon deposit
worn brighL by rUbbing
against cyl. liner

Loose
.Sluggish in groove
Sticking
Black running surface,
Bla~k running surface,
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MONTHLY REPORT RUNNING HOURS

Month: _ Ship: _

Main Engine

Running hrs from last month _

Running hill this month ...,' _

Running hrs end this month _

.Turbo Charsll8

No.1 (AFT) NO.2 (FWD)

Running hrs since last Overhaul Running hrs since last Overhaul _

Running hrs since last 011 Change Running hrs since last 011 Change,_' _

1098766432CYLNo'

At last Overheul

Since last Overheul

Max ~ r-;<,<,<,<,<,r-,<,<,I":CYL wear Cross

Since last Exh v/v change

~ (Flgurll8 within Parenthesis= Standard hours)

Running hrs since last Crankcase check _

Running hrs since last Crankshaft Deflection taken---------N-.!l1~
Running hrs since main bearing clearance taken ~~

Running hrs since big end bearing clearance taken ti.~.~~------
Running hrs since Crosshead bearing clearance taken __""":;.:;jlI.,E-
Running hrs since last Pressure test Fuel Injectors _

Running hrs since last 011 change In Govemor _

Pressure caRls taken date _

87432

Generator Englnll8

No.1
Running hrs from last month Running hrs this month Runnlng hrs tot81_-__---

6 6
~
Running hrs since last complate Overhaul

Running hrs since last change Cyl. Heads

Running hrs since last exh. Valves O/H

Running hrs since last Crankcase check _

Running hrs since last Crankshaft DefleCtIon Taken _

Running hrs since last check of main BearIngs _

Running hrs since last Pressure Testing of Fuel InJectors _

Running hrs since last change of 011 In Turbochargers _

Running hrs since last Overhaul of Turbochargers' _

Running hrs since last check of Clearance Inlet/Exhaust Valves _

Running hrs since last change of 011 In Govemor,, ~ _

RUMlng hrs since last change of Bottom end boite, _

336



OIL CONSUMPTION REPORT

Vessel Voyage from to

Voyage no Voyage dates from to

Draft fwd/aft IChiefeng.

Bunker consumption summary

Fuel oil Diesel oil

Main engine

Main engineper 24 ·h

Auxiliary engines

Boiler .-.\

Boiler cargo heating e. ()~"'"
Discharging cargo ...~",y

Tank cleaning '::Jl

Total consumption

ROB at start of voyage

Bunkered

ROB at end of voyage

Port of bunkering fuel/diesel oil ..

Lubrication 011 consumption summary

ME ME Aux.eng Hydraulic
Cylinder System oil oil

oil oil

ROB at startof voyage

Bunkered

Consumption total

Consumption per 24 h

ROB at end of voyage

Port of bunkering lub.-oil .

Remark8:
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Vessel: _

MAIN ENGINE PERFORMANCE DATA
Date _

Voyage No: From To _

CYL p.comp. P. Max Fuel P. Exhaust I.H.P.
No. Index Temp.

1

,2

3

4

6

6

7

8 .,
9 e. O~

10 ~'V

Average -:: I-

TEMPERATURES ICYLNO H/L

Jacket Cooling Inlet

Jacket Cooling Outlet 1//
PistonCooling Inlet

PistonCooling Outlet 1//
LubOUlnlet

SeaWater

Engine Room

Exh GasTC 1 In/Out

Exh GasTC2 In/Out

EXH. GASTEMP AFTER ECONOMIZER

CHIEF ENGINEER

338

RPM:

Total BHP.

Fuel Lever Pos.

Fuel Cons. Kg/Hr

Fuel Density at 16°C

Fuel Viscosity. Cst.

Fuel Me. InletTemp.-FuelSpec.Consumption G/BHPH

Cylinder 011 Consumption Kg/Hr

SystemallConsumption Kg/Day

SCAV.AIR

RPM FWDT/C

RPMAFTT/C

scavo Air Press In Receiver

scavo AirTemp In Receiver

Press DropCooler No 1

Press DropCooler No 2

Speed Log/OBS ->
Draft F/A

Combinator

. Slip

Wind/Sea Dir. Force I<::::J
Prop. Pitch



CRANKSHAFT DEFLECTION

~-----I~:~--:--. ----___�I:
+ Increased __ ClBrtl<_

- Decreased

L

Cranl<pIn DeIIecIIon In 1/100 mm
Max_ . --,

No Bottom Manoev side TQIl Backside Bottom

1 . ,

2 -
3

4 l"\.~
5

~
~~ "

6

7

8

9

10

l'

12

Remarks

e££



RECORD OF SHIP'S CERnFiCATES & SURVEYS

NATURE OF SURVEY DATE OF PLACE DATE OF REMARKS
ISSUE EXPIRY CONDITIONS ETC

Specialsurveyhull

Special surveyMechlnery

Tailshaftsurvey

Bottom survey

BoilersurveyPort
...

BoilersurveyStbd
Exhaustgaseconomlser

Sea valves

Annual general survey (tanker for 011 annual)

Tanker for 011 Intarmediate
International Loadllne Cert.

Intamationalloadllne Cert (aMual)

Safety Equipment Cert

Safety Equipment Cert (annual)

Safety ConstructionCert ,,~
Safety ConstructionCert (annual) n\.~ v

Radiosafety Cert e..~ ~

IOPPCert
..,

IOPPCert (annual)

Liferaft Inspection

C02 plant Inspectionbiannual

CO2measurementquantity

Foamfor deck fira extinguishing test

Fireextinguishers

UMS/EO

UMS/EO annual

RMC

SRMC

Cergogearquadrennial
Cergogearannual

Inert gasplant intermediate

Inert gasplant 5 year

US~GTVEL

REMARKS .
.........................................................................................................................................................................................................

....................................,................................ ....................................................................
Chief Engineer Master

Thisform isto besent in half yearly
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INTERNATIONAL MARITIME ORGANIZATION REGULATIONS

MARPOL 73/18

The International Convention for the Prevention of Pollution from Ships, 1973, was
adopted by the International Conference on Marine Pollution convened by IMO from
8 October to 2 November 1973, This Oonvention was subsequently modified by the
Protocol of 1978 relating thereto adopted by the International Conference on Tankers
safety and Pollution Prevention convened by IMO from 6 to 17 February 1978. In short
form, MARPOL 73/18 which regulations covering the various sources of ship-generated
pollution are contained in five annexes of the Convention listed summary below.

ANNEX I: REGULATION FOR THE PREVENTION OF POLLUTION BY OIL

Oil tanker means a ship constructed to carry oil in bulk in its cargo spaces and
includes combination carriers like Chemical or Gas tanker must meet and comply the
requirements of regUlation stated above. A vessel must have the followings:

a. Segregated Ballast Tank (SBT); Dedicated Clean Ballast Tank (CBT)

b. Crude Oil Washing (COW) System

c. Inert Gas System, Oil Interface Detector on Tank.

d. Oily-Water Separating 100 ppm for Tankers.

e.Oil Filtering Equipment for 15 ppm Designed.

1. Enough Fuel Tanks, Sludge Tank with Adequate Capacity Voyage.

g. Pumping, Piping, Discharge Arrangement and Safety System.

h. Control of Discharge Oil for Tanker within Special Areas, 50 Nautical miles
from Nearest Land and Proceeding Enroute.

Special areas - Mediterranean Sea, Baltic Sea, Red Sea, Gulf of Aden and
Antartic Sea.

i. Enough Reception Facilities for Oil Residues, Waste Oil, and Cargo Loading
& Discharging System.

j. Oil Discharge Monitoring and Control System, Sioptank and Ballasting &
Arrangement

k, Shipboard Oil Pollution Emergency Plan, Safety Hazard Equipment Required.

I. Oil Record Book Each for Machinery Space and Cargo Ballast Operation be
Recorded.

m. In:lernatlonal Oil Pollution Prevention Certificate (IOPP) approved and Endorse
by Administration and other Relating Documents.

n. Double Plating HUll, Bottom, are ReqUired to a New Constructed Vessel to
comply with R~gulation 13F effective July 1993.
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ANNEX II: REGULATIONS FOR THE CONTROL OF POLLUTION BY NOXIOUS
UQUID

SUBSTANCES IN BULK - Apply to all ship posing of harm to marine environment
which dMded into four categories like Chemical and Gas Tankers, It also applied
same as Annex I requirements on regulation to comply.

~tegory of Noxious Uquld Substances:

A - Substance which are bioaccumulated and liable to produce hazard to aquatic life
or human health which are highly toxic.

Ex: Alcohol, Butyl Benzyl, Coal Tar, Chlorinated, Paraffins Ether, Ethyl, Phospho
rous, Phosphate.

B - Substance which are bioaccumulated With a short retention of the order of one week
or less, liable to produce tainting of sea foods which are moderately toxic to aquatic
life.

Ex: Chloride, Butene, Camphor oil, Carbon Tetrachloride, Methyl Acrylate, Isobutyl,
Octene, Turpentine.

C- Substance which are slightly toxic to aquatic life.

Ex: Benzene, Calcium Hypochlorite, Coconut Oil, Ferric Chloride, Isoprene, Sodium
Carbonate, Sulfuric Acid.

0- Substance which are practically non-toxic to aquatic life but slightly hazardous to
human health.

Ex: Acetic Acids, Animal and Fish Oils, Citric Acid, Palm Oil, Vegetable Oil, Urea
Solution.

ANNEX III- REGULATION FOR THE PREVENTION OF POLLUTION BY HARMFUL
SUBSTANCE carried by sea In Packaged Forms or In Freight Containers. Party
should supplement detailed requirement on Packaging, Marking, Labelling, Documen
tation, Storage, auantity Umitation, Exception and Notification for preventing or mini
mizing pollution of the marine environment by harmful substance.

,

ANNEX IV- REGULATION FOR THE PREVENTION OF POLLUTION BY SEWAGE
FROM SHIPS. Provision shall apply to all ship 200 tons gross tonnage and above
carry more than 10 persons must fitted with sewage treatment plant and guidelines.

ANNEX V- REGULATION OF THE PREVENTION OF POLLUTION BY GARBAGE
FROM SHIP. The guidelines are dMded into seven categories to provide general
framework for educating and training of seafarers and others to comply the regulation
In method, handling, storage, use of shipboard and action to ensure compliance with
the regulation. (see page 575)
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SURVEYS, INSPECTIONS, CERTIFICATES REQUIRED BY IMO.

According to Marpol 73/78 Regulation 4 on Annex I stated that every oil tanker
of 150 tons gross and above and every other ship of 400 tons and above shall be subject
to the surveys specified below.

a. Initial Survey before the ship is put in service or before certificate reqUired
for the first time, include complete survey of its structure equipment, system,
fittings arrangement ship is covered that must comply with regUlation applied.

b. Periodical Surveys at interval specified by the law but not exceeding five
years, which shall be ensure that structure, equipment, system, etc. must fully
comply with the requirement. Five years Continuous Machinery Survey Program
of all machinery equipment are subdMded for 5 annual group survey and check
up.

c. A minimum of one Intermediate survey during the period of Validity of the
Certificate, that ensure all equipment and associated pump and piping systems
including oil discharge monitoring, control system, COW, IGS and separating
and filtering system must be in good order about 30 months period. Also include
Boiler, Economizer and Tailshaft Survey. The administration nominate a surveyor
that recognize by the organization to conduct surveys and inspection dUring
repairs require by the ship, carry out surveys and Inspections if requested by
the authorities of a port state.

d. Annual Survey within three months before ~dafter the day and month of
the date issue of the certificate which include general examination of structure,
fitting arrangements and material remain in all respect satisfactory for the
service of the ship carrYing Noxious liquid sustance like Chemical, Gas tanker
and other ship related hereto. Survey Checklist are: Maintenance Record
and Function Testings of Mechanical, Electrical Equipment, Fire safety, Function
Test of all Communication, Automation Control, Emergency Power Test, Black
out, Alarms, Fire Detection, Signal Devices.

CERTIFICATES

1. 10PPC - International'Oil Pollution Prevention Certificate shall be issued after
survey in accordance with regulation required and compliance to any oil tanker
of 150 tons above and any other ships of 400 tons gross tonnage and above
engaged in voyages to ports or offshore terminal under jurisdiction of other
parties to the Convention.

2. SaLAs· Safety of Life at Sea, 1974 Convention adopted by IMO, guidelines
for Inert Gas System, covering application and technical requirement for
satisfactory operating conditions applied to all ship concerned.
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3. STCW - Standard of Training, Certification and Watch Keeping for Seafarers,
1978 convention by IMO, such as Firefighting and Prevention; Ufeboat Han..
dUng, Survival Technique at Sea, First Aid, Tankerman Certification for Oil,
Chemical, Gas Carriers and Watchkeeping.

4. RegUlation For Prevention Collisions at Sea, 1972

5. Establishment of an International Maritime Satellite System, 1976

6. Prevention of Pollution of theSea by Oil, 1954

7. Maritime Search and Rescue, 1979 adopted by IMO

8. Load Une Certificate 1966

9. Tonnage Measurements of Ships 1969, ratified and enforce 1982, include all
ship from 24 meter above must have universal tonnage computed and new
certificate issued until July 1994.

10. OPA 190 and MARPOL - regulation require both on vessels should have on
board a 'Vessel Respon Plana or aOil Pollution Emergency Plana gMng detailed
instruction and guidelines on how to react to an accident with danger of oil
spill between shipboard personnel, operator, and local authorities enforced April
1993 for new ships, 1995 for existing ships.

11. GMDSS - Global Maritime Distress and Safety system; NAVTEX Navigational
Telex; EPIRB - Satellite Emergency Position Indicating Radio Beacon base
on Solas 1974 as amended, Chapter IV - Radio Communication, apply to all
ships, new and existing; date of entry into force August 1, 1993 until 1995.
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DEfNORSKE
VERiTAS

ANNEX TO REPORT OF
PERIODICAL SURVEY

SURVEY CHECK LIST

Nam. of .hlp

Onvc lei. No. Surv.vtime

TYPE OF SURVEY: Periodically Unattended Machinery Space - EO

Annual Survey

1. Maintenance/General Condition

r--
1)

Special Periodical Survey
Note: To b. p.rformed In addition to

r.qvlr.ment. for annual .urv.y

-
1)
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~ ~ ANNEX TO REPORT OF
~j

Name of .hlp

DEfNORSKE
PERIODICAL SURVEY

VERiTAS SURVEY CHECK LIST DnVC Id. No. Surveytlme

TYPE OF SURVEY: Boller/Steam Heated Steam Generator

MB = Main boiler 0
Type of boiler: SB = Steam heated steam generator 0
(Mark with an ·X· ABo = Auxiliary boiler oilflred 0
as appropriate) ABe = Auxiliary boiler exhaust- fired 0

ABoe = Auxiliary boiler combined 0
Give position: I I- ~

1. External/Internal visual survey 1) 1)

1.1 Water/steam drums and shells with 1.19 Oilburning unit(s)
internals

Casing and insulation
1.20 Forced circulating pumps f-or oil fired

1.2 boilers

1.3 Furnaces/combustions chambers

Brickwork
2. Tests

1.4

1.5 Headers
2.1 Safety valves boiler

1.6 Downcomers Set pressure: I Ibar

1.7 Tubes bar

1.8 Internal pipes
2.2 Safety valves superheater_.

1.9 Internal staY$

ISet pressure: I
bar

1.10 Outer stay and fastening bar

1.11 Superheaters
\ 2.3 Hydraulic test boiler

1.12 Desuperheater

I ISet pressure: bar

1.13 Air preheater bar

1.14 Economiser 2.4 Safety/alarm systems

1.15 Reheater 2.5 Remote control of safety valves

1.16 Attemperator 2.6 Boiler manometers

1.17 Mountings and fittings 2.7 Automatic control systems

1.18 Soot blowers

NB: Repairs to be reported on Form No. 40.9a.
Place:Remaining items and possible deficiencies to be

,given as recommendations on Form No. RPS 11.1.

1) Marks to be used: Date:
X =To the surv1Jor's satisfaction
N =Not surveye Itested (RS given)
R =Not in order (RC given> Surveyor:
NlA =Not applicable
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What do you understand of the following terms?

Tonnageofvessel-might besaid tobethenumberoftons she should carrywhen full cargo.
Itmightbe stated astheweight ofwater displaced when theshipis fUlly loaded minus
the weight of water displaced when all the cargo is out

Gross tonnage - is theInternal capacity of theenclosed spaces ofthevessel allowing 100
cubic feet to be equal to one gross ton.

Registered tonnage - is the term used in entering theshipon lloyd's register. It is equal
to the gross tonnage minus a percentage of the spaces used for propelling power,
bunkers, crewspaces, navigating spaces, etc.

Deadweight capacity - is the actual weight of the cargo carried by the ship.

centre of Gravity - is the point at which the whole weight of ship and cargo can be
assumed to act and is usually denoted by the letter G.

centre ofbuoyancy-is thecentre ofgravity ofthewaterdisplacedy theshipandisusually
denoted by the letterB.

Transverse metacentre - since we are considering the transverse section of the ship. If
we consider a longitudinal section of theshipandalterthetrima fewdegrees, weget
the longitudinal metacentre.

Metaeentrlc height - The metacentre is thepoint at theIntersection of thecentre line of the
shipthrough G andthevertical linedrawn through 81' andis denoted by the letterM.

Flush deck vesse/- asImplied in theterm, is a vessel having a continuous deckfore and
aft with no erections on it extending to shipside which would involve the sideplating
being extended upwards.

Three Island vessel - is one having three erections on deck extending to shipside and
necessitating theupward extension ofshipside plating. Thethree erections areknown
~ t.he forecastle at forward endofvessel, thebridge ormidship section andthepoop
aft. The sunk decks lying between forecastle and bridge, and bridge and poop are
known as well-decks.

Forecastle -makes a vessel more seaworthy in heavy weather, as not only does it give
added lifting power andbuoyancy but also prevents to a marked degree seas from
breaking over the bow and sweeping the deck.

Poop aft - provides a SUitably enclosed compartment for housing the steering engine in
addition to providing accommodation for the crew.

Length overall- Is measured between the extreme points of stem and astern.

• Length between perpendiculars - is the length from fore partof stem to after
partof rudder post, invessels having a straight stem. Invessel having a cutaway
stem the distance between perpendiculars is taken through the pointwhere the
front of stem intersects the upperdeck.

• Breadthmoulded isthemaximum breadth ofhullmeasured tooutside offrames.
• Breadth registered Is the maximum breadth measured to outside of plating.
• Depth moulded is thedepth measured amidships fromtheoutside of theframe

to the level of the top of main deck beam of gunwale or ship's side.
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Draught at anypartonthe length of theship is theperpendicular distance from
bottom ofshiptothewater level. Themaximum mean draught ismarkedontheside
of theship, for fresh water, and seawater, forwinter sailing, and summer sailing.

DEPTH OFHOLD - is measured from thetop of thetanktop planking to theunderside of
the holdbeams.

SPARRING - is the arrangement of boards fitted to inside edge of frames Inholdto keep
cargo from touching sides of ship.

TONNAGE OPENING -If a small partof the 'tween deckholdisplated offso as to reduce
themeasurements included when deciding thetonnage of avessel, thehatch leading
from thedecktothisspace iscalled thetonnage hatch andtheopening from thisspace
to the 'tween deckholdis called thetonnage opening.

ENGINE CASING - is the plating which forms the opening from the engine room through
the main andupper decks to the boatdeck. Thiscasing usually closed on top by the
engine-room skylights. Thisprovides for lighting andventilating engine room.

LIMBER BOARDS - are the boards covering the bilges in the ship's hold from the tank
margin plateto theship's sideandareusually fitted inclined to theship's side.These
boards keep the cargo from coming in contact with the bilge water.

CHAIN LOCKER - is a small compartment immediately below the windlass forward and
is used, as the name implies, to store the anchorchain.

BOATSWAIN'S STORE - is a compartment immediately usually forward forstoring hemp
and wire hawsers or ropes and shackles and ship's rigging material.

Q. The ship side has a disc marked on It, make a sketch of this and explain the
meaning of the markings. What name Is given to the disc and Why?

Thediscandothermarkings referred to,arecalled thePlimsoll mark, afterthename
of them who did so much in Parliament to have them made compulsory in the Merchant
Shipping Act.

lWNAr=:::;=:J
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The large dischasa linethrough Itscentre marked S, which Isthesummer freeboard
Inseawater, Wbeing thewinter time mark, andW.N.A. being winter, North Atlantic, Tropical
summer, andF.W. fresh watermark, which allows for the rise which takes place when the
shipgoesto sea andthemore buoyant seawater causes theshipto drawlesswater. The
F.W. markIssomanyInches above S mark, butItmust beunderstood or referto adistance
above all others for various conditions of loading.

TEMPLATE - a wire heavy cardboard or piece of wood that can be shaped or cut to a
specific design to be used as apattern when making newpiece, alsoIsanInstrument
used to measure the burn away part of the valve, top of the piston crown wear.

METALOCK -the process of emergency repairs of a certain crack metal or engine parts
by the process of drilling a hole on both ends of the crack and make a thread and fit
threaded bolt to prevent temporarily extended damage.

METAL FATIGUE - fatigue Is the phenomenon that gives rise to metal failure under
condition of repeated cycle stressing by forces less than these normally necesSary to
cause significant yielding.

STATIC BALANCE - theparttobebalance is placed onknife edge which havepreviously
been leveled, and the low spotwhich hasbeen determined by force of gravity to be
heaviest spot, marked andafterward lightened by the removal of a certain amount of
metal.

PROPELLER CAVITATION - when a propeller turns, causes a depression on the face
opposite the working face of the blade. At the endsof the blades where velocity Is
higher, a vacuum can beproduced which entrains tinyparticles ofvaporize waterthat
strike thescrew withgreatforce causing erosion and loss material on theblade, also
theformation andSUbsequent collapse ofbubbles ina liquid Inthepath ofafastmoving
propeller blade.

WELD REINFORCEMENT - a welded joint with a'doubler plate or some other type of
backing piece to addstrength.

THERMIT WELDING - Thermit is a trade name fora mixture of finely powdered aluminum
andiron oxide. An ignition powder, composed largely ofbarium peroxide is used and
Is started into reaction with a magnesium ribbon. The reaction produces one-half Its
weightof superheated molten steel anda molten aluminum slag at a temperature of
approximately 5000°F in less than a minute. To the basicmixtur~ are added oxides
of otherelements than iron and in this way the analysis of the steel and its physical
properties arecontrolled. It'samethod ofjoining ferrous metals bycasting molten steel
between abutting surfaces. The two surfaces are surrounded by mold coverwhich
Is suspended a crucible containing the Thermit mixture.

DYNAMIC BALANCE - the force of "unbalance" is measured while the rotorIs In motion,
and the angle at which the correction should be made is located. This is done on a
dynamic balancing machine and, afterthe parthasbeen properly balanced dynami
cally, it can be rotates at any speed within the safety factor of the material without
apparent vibration.
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CRrnCAL SPEED-at criticalspeed all the vibrationsare in harmony, their sum producing
a total vibration which would cause the metal of the part to become fatigues, the
tensile strength to be lowered, and the part of fly apart due to centrifugal force
If It was maintained at that speed for any length of time.

Q. What are the mechanical defects which can cause reduced compression pres
sure of each cylinder In the engine?

1. leaking piston rings
2. burnt piston crown
3. worn cylinder liner
4. burnt exhaust valve
5. Incorrect exhaust valve timing

Q. What are the fault parameters causing Increased exhaust temperature level
of the engine.

1. Fault In the Injection system - leaking or Incorrectly working fuel valves
such as defective spindle and worm seat.

2. Poor cylinder condition blow-by including leaking exhaust valves.
3. Reduced cooling capability of the air cooler often resulting from fouling

on the air side.
4. Operationat extremeambientclimaticconditionIncludessea water, engine

room temperatures.
5. Turbo charger fouling turbine side or gas side.
6. Fuel oil quality often result of Inadequate fuel oil cleaningoperationsystem.

Q. What are the main causes of Main Engine Turbo-charger Surging?

During normal operation, a few shots of surging will often occur at crashstop or
other abrupt maneuvering, and this sporadic surging is harmless, however should
be avoided, In order to avoid the risk of damaging rotor, compressor blade. All
cases of turbo charger surging can be divided into three main categories:

1. Malfunction In the fuel system - causes of low supply pump pressure,
air-waterin the tuel,low preheating temp,defectivesuctionplunger,spindle,
nozzles, crankshaft, timing faulty.

2. Restriction In the airl gas system - malfunction of exhaust valve, back
pressure before turbo charger, fouled or damage turbine and compressor
sides dirty air filter, bearing failure, dirty air cooler high receiver tempera
ture, coke In scavenge port.

3. Rapid variation In engine load - defective governor, propeller racing In
bad weather, also to rapid rpm change during maneuvering.

Q. What necessary measures to be taken when 011 mist has occurred In the
crankcase of the engine?

The foJlowlng steps should be followed:

1. Reduce speed to slow and ask bridge for permission to stop.
2. When engine stopped. close the fuel oil supply.
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3. Stop the auxiliary blowers, if fitted.
4. Open the skylights and leave the engine room.
5. Lock the casing doors and keep away from them.
6. Prepare the fire fighting equipment. Note: Do not open the crankcase until

at least20 mins. after stopping the engine. No naked light and do not smoke.
7. Stop the circulating 011 pump, cut off the starting air and engage turning gear.
S. Locate thehotspotby feel overby hand to all sliding surfaces suchas bearings,

thrust bearing, crossheads etc.
9. Rectify further hot spots by making a permanent repair.
10. Start the circulating oil pump and turn the engine by means of turning gear.

Check 011 flow to all bearings parts.
11. Start the engine after few mins. stop again and feel over look for 011 mist.

Q. Whattypes of metalsare usedIn the following Dlesel-englne parts: foundaUons,
holding-down bolts, frames, crankshaft, connecting rods, pistons, liners, water
Jackets, cylinder heads, cams, rollers, valve springs, piston rings?

1. FOUNDATJONS: May be considered from two angles. The foundation built
Into the ship to support the engine is of fabricated steel plate. The bedplate
is usually castiron. However, some modern engine builders areusing fabricated
steel plate for bedplate.

2. HOLDING-DOWN BOLTS: Are usually made of Grade A steel and corrosion
resisting steel (body-bound and very close fitting).

3. FRAMES: Are usually of alioyed cast iron. A recent development, however,
resulting from the trend toward light weight, is the welded steel frame.

4. CRANKSHAFT: Marine Diesel engine crankshaft are usually made of open
heart steel and In the smalier sizes turned from smaller~forglngs.

5. CONNECTING RODS: Areusually made of comparatively softsteel, wellsuited
to withstand shocks.

6. PISTONS: Pistons for the larger engineers are made in two parts. The head
is of forged steel and the shirt of cast iron. Forsmaller engines, manybuilders
use aluminum alloys instead of cast iron.

7. LINERS: Areusually of castiron (sometimes caststeel in newconstruction).

8. WATER JACKETS: Are usually of cast iron.

9. CYLINDER HEADS: Are usually of cast iron or an aluminum alloy.

10. VALVES: Ignition valves may be made of forged steel or cast Iron, but the
latter is generally used. Exhaust and inlet valve have a cast-Iron cage. The
valve itself is made of carbon, nickel or chromium-alloy steel in small engines.
With cylinder sizes above 16" or 1S", however, the valve size becomes so
large that it is found practicable to make the valve disc of chilled cast Iron
.and only the stem of steel. In some cases, carbon-steel valves with welded
stellite seats are used.

11. CAMS: Are usually made of spring steel, hardened all over, or the main body
of the cam may be of soft steel with hardened insert mortised in the toe.
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12. CAM ROLLERS: Are usually made of froged steel and hardened all over.
13. VALVE SPRINGS: Are usually made of spring steel.

14. PISTONRINGS. Areusually made ofcaststeel orcastlron withaninserted brass
ring to allow for wearing in.

Q. What are the normal operating procedure In starting a Turbine Unit?

Instarting anyturbine unitwithwhich heisnotfamiliar, theengineer should thoroughly
studythemanufacturer's recommended procedure. The procedure given below to general
izedandmaydifferdetails from that furnished by anyparticular manufacturer:

1. Startupthelubricating oilpump. Checkgravity tanktoseeifoilsupply issufficient See
thatoilpressure isestablished onbearings andthatoil Ispassing through sightglasses
leading to reduction gearhousing. If theoil temperature is lessthan, say,65°, it must
be passed through the heater until its temperature reaches 90 to 100°F.

2. Open turbine-casing and throttle-valve drains.

3. Theturbine is then jacked overfor at least onehourby using theturning gear. Check
with the bridge so that the deck officer on watch can investigate mooring lines and
whether or not thepropeller is clear..

4. Start the circulating and condensate pumps. Open the,recirculating valve from feed
tankto condenser so that condensate pump is. assured a watersupply.

5. Check level ofwaterinboilers. If the level i~ as it should be,open themain steam stop
valve. .

6. Startthesecond-stage air ejector andbring vacuum upto approximately 15Inches of
mercury.

7. If control valve is actuated by oil pressure, open valve admits oil to governing
mechanism.

8. Putsteam on sealing glands. Admit steam to steam seal regulator.

9. Remove jacking gear.

10. Open throttle valve wide enough to start the rotor turning immediately; then throttle
down untilthe turning overslOWly. On gear-driven installations, steam should be first
admitted to the astern element.

11. Check the emergency-governor mechanism. Trip the turbine out, reset, and readmit
steam to tum ~tor slowly.

12. Usten for unusual noises.
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13. On electric drive, keep rotor turning over slowly. On gear drive, alternate rotation
of turbine slowly, ahead and astern.

14. Start-up first-stage air ejectors and bring vacuum to normal.

15. Circulate sufficient cooling water through all cooler to maintain temperature of 011
entering bearings between 110 to 120°F.

16. Stand by to maneuver. Observe pressure and temperatures to see that they remain
normal.

17. When underway, close recirculating valve and turbine drains.
Precaution: Proper warming up of the turbine Is extremely Important.

D. TEST PROCEDURES ON BOARD SAFETY MAINTENANCE PROGRAM

A. Test of pressure alarm

Low pressure alarm
Connect the test equipment to the sensor's test cock. Increase pressure till

about 20% above given set point and decrease pressure slowly till action occurs.
Note the actuating point compare with given set point and previous note, readjust
If necessary.

High pressure alarm
The test to be done In the opposite way for the low pressure alarm. Increase

pressure slowly till action occurs. Note the actuation point compare with given set
Point and previous note, readjust If necessary.

B. Test of temperature alarm
Remove the sensor from the protecting well, and put it into the temperature

simulator.
Raise or lower the temperature slowly until the temperature contact works.
Check the temperature on the test equipment during the test If the set point

does not correspond with the previous setting, readjUSt.

C. Test of level alarm by level

Low level alarm
Empty the tank until alarm occurs, if this is not possible, operate the. test lever
on the level switch and note the time delay.

High level alarm
Fill the tank alarm occurs If this is not possible, operate the test lever on the
level switch and note the time delay.

D. Test of flow alarms
With the sensor In It's mounted position, gradually reduce the flow until the

aiarm sounds.
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E. Test of salinity alarm
Remove the sensing element from irs mounting and immerse It in a bath of

distilled water. Note reaction of the instrument, then immerse the sensor in a bath
with a known salinity corresponding to approximately half scale of the instrument.

Then adjustset point from hightowards lowsalinity, so that alarm sounds.

F. Test of fire detection system (smoke detectors I heat detectors)
The fire detection system for the engine room is to be realistically tested by

simulating fire in all potential fire hazardous areain engine room.
Heatdetectors in accommodation areato be tested by simulating fire.

G. Test of various alarm
Tosimulate supply faults remove fuses, breaklinesatjunction clipsordisconnect

from switch board or power source.

H. Test of st-by pump control system

- Testnormal operation bystarting and stopping each pump withvariable control
possibilities.

- Test automatic startof stand by pump.

• Bycutting power to therunning pump while theotherisstand-by position, or,
• By reducing the pressure to the press switch of the stand-by pump.

The set point is to be tested according to test method "A".

I. Test of viscosity
Theviscosity control system forthemain engine canbe tested bysimulating temp

increased or decreased. Viscosity indicator on E.C.A. console shallbe shown above
condition.

J. Test of differential pressure
Insulate system pressure on both side of the pressure sensor, connect the

pressure calibrator onthepressure side, theothersideof thepressure switch mustbe
open to atmospheric pressure. Increase pressure until alarm is initiated.

K. Safety valve popping test (Boller)
- Increase steam pressure to the predetermined set value of safetyvalve and

then confirm that the steam release thesafetyvalve.
- Afterevaporation the steam, the safety valve to be closed.
- Checksteam pressure at the timeof open andclose of the valve.

L Steamaccumulation test
- keep the boiler undermaximum load by means of closing of all stopvalve.
- Open safety valve 7 minutes andthen confirm thattheboilerpressure doesnot

exceed 10% of the design pressure.
- Aftercompletion of the test, stopthe burner andopen each valve.
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M. Alarm and safety system-

- Ignition failure
- Flame failure
- Fan or pumpstop
- Water level

Startboilerwith extracting photo sensorfrom boiler
Extract photo sensor, whileboiler running
Open fuseor circuit in sidepanel.
Usefeedwaterpump anddrain valve forthewaterupand
down.
Confirm water level in glassgauge when alarm occur.
Waterlevelhigh & low: alarm
Water leveltoo low: Burner trip.

N. Engine safety device test (Generator)

Over speed trip

- Start one of generators without load.
- Adjust governor manually at engine side until engine trips.
- Confirm that engine stops at 100% - 115% of rated R.P.M.

o. High cooling water temperature alarm and/or trip.

- Start one of generators without load.
- Remove cooling water temperature sensor from engine and then immerse the

sensor into the waterwhose temperature is monitored in temperature simulator
(waterpot)

- Increase the temperature of water in temperature simulator up to 95"C
Confirm that lamp for high cooling water temperature lights and audible alarm
sounds in engine room.

- Confirm thatengine shutdown at 95· C andthenlampfor 'aux'engine shutdown
lightsand alarm sounds in E/R.

P. L.O low pressure alarm and trip.

- Connect handpump (press simulator) to L.O pressure switch on test flange.
- Pressurize the switch (0) to (5) Kg/Cm2 using the pressure simulator.
- Start engine whilegenerator disconnecting to the bus bar.

Q. Insulation resistance measurement.

Measure Insulation resistance between conductorsandgroundusing500V.
D.C. megger.

- Confirm thatthemeasured value ofeveryoutgoing circuit is tobemorethanonce
(1) megohm and lor classification society requirement.

- .Measuring points are shown on attached test record.

- Statorwinding to earth
- Space heater to earth
- Governor motorto earth
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FRESH WATER DISTILLER
Alfa-Laval

Principles 01Operation:

The vacuum necessary for the evaporation Is established and maintained by the
combined a1r/brlne ejector. Cooling water pump.

The feed water enters the evaporator section through an orifice, and distributes
itself into every second plate channel (evaporation channels).

The jacket water distributes Itself Into the remaining channels this transferring Its
heat to the feed water in the evaporation channels.

Having reached theboiling temperature the feed water undergoes a partial evaporation.

The mixture of generated steam and brine enters the separator vessel, where the
brine is separated from the steam.

The brine is extracted by the combined airlbrine ejector.

Having passed a demlster (filter) the steam enters every second plate channel In
the condenser section

The sea water supplied by the combined ejector/cooling water pump distributes
itselfintothe remaining channels thusabsorbing theheattransferred from thestearn
during the condensation.

The produced fresh waterIs extracted andtransferred to the tankby the fresh water
extractionltransfer pump.

On the delivery side of the pump an electrode unit Is fitted, which, together with
the salinometer, continuously checks the salt content of the produced water.

The NIREX fresh water distiller Is a vacuum evaporation distiller, normally using
the waste heat from the fresh cooling water of a diesel engine as heating medium.
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FRESH WATER DISTILLER

The distiller consists of the following main components and their specific functions:

1. Separator Vessel
The separator vessel separates theproduced steam from thebrine.

2. Evaporatorsection
The evaporator section consists of a plate heat exchanger, and is enclosed in the
separator vessel.

3. CondenserSection
Thecondenser section iiketheevaporator section consists ofa plate heatexchanger.
and is enclosed in theseparator vessel.

~ CombmedA~/BrlneE~cror

The combines air/brine ejector extracts air andbrine from the separator vessel.
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5. Combined Ejector/Cooling WaterPump
The combined ejector/cooling water pump supplies sea water for the condenser, jet
water for the combined airlbrineejector, and feedwater for evaporation.

6. Fresh WaterExtractlonnransfer Pump
The fresh water extractionltransfer pump extracts the produced water from the
condenser, and transfers same to the fresh water tank.

7. Salinometer •
The salinometer checks continuously the salinity of the produced water. The alarm
point is adjustable.

AIR COMPRESSOR

A. Design and Safety:

1. The machine is a single cylinder, 2-stage single-acting water cooled air com
pressor. The first stageof the compressor is the lowpressure stage (LP) and the second
is the high pressure stage (HP).

All bearings arepressure lubricated by a gearpumpfittedto the endof thecrankshaft.

2. Two replaceable tube-type coolers are fitted in the compressor cylinderblock.
The first servesto cool the air after first-staQe compression. The second proceeds cooling
after second stage compression. The cooling water inlet and outlet are located so that
the water circulates through the cylinder block and ensure efficient cooling of the air
and compressor cylinder walls.

3. The compressor is designed with an electric motor, to compressor air from
atmospheric pressure to rated design pressure. It supply compressed air for engine
starting and for the operation of air power equipment and instrument.

4. Thecompressor fitted withtwosafety valves, oneafterthefirst-stage compression
and the other after second-stage compressor. The cylinder block cooling jacket is fitted
with safety plate which will blow-out if the cooling pressure is subjected to excessive
pressure, also fitted with thermostat, oil and water trap system.

5. A pressure switch is generally included in the automatic control system, which
serves to stop the compressor if the lube oil pressure falls below a predetermined
minimum. The compressors is shown in Figure, in cross sectional view. The letters
indicate:
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A - Suction filter
8 - LP suction valve
C - LP delivery valve
o - LP safety valve
c - LP cooler

F - HP suction
G - HP delivery valve
H - HP cooler
I - HP safety valve
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CROSS-SECTIONAL DRAWING AIR COMPRESSOR

B. Starting Procedures:

Before Innlsl starting up snd alter long periods out of use, carry out following
operations:

A. Check the 011 level.

B. Check the quality of the 011 has notbeen Impaired by water or other foreign matter.

C. Check compressor valves and lubricate the cylinders with 011.

D. Tum over the compressor by hand, with the suction valve relieved by means of
the manual valve opener.

E. Check cooling water circulation.

F. Check that the air line cock between the compressor and the air reservoir Is open.
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G. Open the manual drain cocks on the water trap.

H. Start the compressor and check lube oil pressure.
I. If everything is operating normally, close the drain cocks and set the valve opener

In the operating position. Allow the compressor to run for a few minutes before
loading it to maximum working pressure.

J. During normal operation pressures andtemperatures should bechecked andmonitor
by pressure switch for lube oil, thermostat for cooling watertemperature.

C. Stopping Procedures:

Stopping the compressor manually for short periods:

1. Operate the manual valve opener to relieve the LP suction valve.
2. Open thewatertrapdrain cocks.
3. Stopthe compressor.

Ifcompressor to be shutdown fora longperiod, e.g. when a shipIs tobe laid
up, the procedure are as follows:

1. Lubricate compressorvalves, non-return valves, cylinderwallsandexposed
crankshaft surfaces with corrosion-Inhibiting oil, suitable for the envisages
period of shutdown.

2. If there Is any riskof frost. drain the cooling water from the compressor.

3. Drain off old oil, clean the sump andrefill with newone.

4. Setthe manual valve opener in thehorizontal position to relieve the loadon
thesuction valve.

5. Turn overthe compressor manually once a month.

6. The starter cabinet andother electrical equipment should also be protected
from damage by corrosion.

D. Trouble Shooting:

The following are some of the faults that may arise In operation.

A. Compressor capacity Is low and/or compressor not supplying full pressure.
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Possible cause

1. Dirty, damaged or worn valves

2. Sticking piston rings

3. Leaking safety valves

Remedy

Clean andctleckall valves. Replace
defective parts.

Dismantle rings. Clean grooves and
rings. Replace defective parts. When
reinstalling, lubricatecylinderwallswlth
oil.

Overhaul safety valves, adjust to cor
reet lifting pressure.



4. Defective gasket between
crankcase and cylinder block

5. Air filter blocked

B. LPsafety valve blows.

1. HPvalves damaged or dirty

2. Non-return valve blocked

D. Valves require maintenance too frequently.

1. Overheating

2. Dirty intake air

3. Inferior lube oil

4. Incorrect tightening of compressor
valve

£ Overheating or knocking In crankcase.

Possible cause
1. Defective bearing

2. Insufficient lube 011 or lube oil
contaminated withwater.

F. Overheating and scoring piston.

1. Piston or gudgeon pin bearing
Incorrectly fitted.

2. Deficient cooling

Replace gasket

Clean filter

Check andclean valves•.Replace de
fective parts.

Remove and clean non-return valve.
Replace defective parts.

Check cooling water circulation and
temperatures. Inspectcoolerand clean
if necessary.

Check suction filter.

Change lube 011 type. See listofrecom
mended types.

Tighten valve clamping screws to
specified torque

Remedy

Inspect earnings, check clearances

Drain sump, clean andaddnewoil.

Replace defective parts, check piston
clearances, piston ring clearances and
gudgeon pin bearing.

Check cooling water circulation and
temperatures.

Replace piston rings.

Replace breather valve.

G. Excessive lube 011 consumption

1. Piston rings worn out

2. Defective crankcase breather valve

E. Maintenance Routines:

Routine A Daily
Check: - Lube oil pressure

- Lube oil
- Cooling watercirculation andtemperatures
- Automatic functions
- Drain condensate
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Overhaul

Overhaul:

Replace:

Routine B
Check:

RoutineF
Check:

Routine E
Check:

Routine C
Check:

Routine D
Check:

Every 500hours
- LPdelivery valve
- HPdelivery valve
- Compressor bedplatebolts

Every 1000 hours
- LPsuction valve
- HPsuction valve
- Cylinder through valve apertures
- Pipeconnections
- LP delivery valve
- HPdeliveryvalve
- Lube oil after cleaning crankcase
- Lube oil filter

Every3000hours
- Big-end bearings
- Piston andcylinder walls through valveapertures
- Flexible couping
- Safetyvalves
- LPsuction valve
- HPsuction valve
- Air filter (clean)

Every9000 hours
- Coolers (clean)

Every 12000 hours
- Main bearings
- Piston, gudgeon pin bearing
- Lube oil pump

Theabove maintenance schedule isintendedasaguideline forformal maintenance.
However, compressor operating conditions varywidelyfromInstallation to Installation and
it is therefore important to adapt the maintenance schedule to the experience of the
individual on board.

PURIFIER

Principle of centrifugal Separation:

Separation takes place in theseparator bowl which is driven by an electric motorvia a
worm gear transmission. The separator bowl rotates with very high speed generating a
substantial centrifugal force. Sludge andwater is then efficiently separated from the 011.

Unseparated oil is fed intothebowl through theoil inlet(1)and is forced inwards to the
distack (G). Theoil iscontinuously cleaned asit travels towards thecenter of thebowl. When
thecleaned oil leaves thediscstack, it rises upwards andflows overthe level ring (O)where
it enters theoilparing chamber (L). From there it ispumped bythenon-rotating oilparing disc
(N)and leaves the bowl through clean oil outlet (4).

Separated waterandsludge willbe accumulated in thebowlsludge space (H).
Under normal operation theupper paring disc(M) andflowcontrol disc(I<) areusedfor

internal oil circulation In the top of the bowl. This circulation is necessary for maintaining a
minimum temperature increase of theoil in theupper paring chamber (R). Seefigure below.
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VERTICAL SECTION OF SEPARATOR BOWL

Parts: 1. Oil inlet
4. Clean oil outlet
5. Wateroutlet
10 Displacement/conditioning

water inlet
15 Bowl opening water

16. Bowl closing water
B. Bowl spindle
G. Discstack
H. Sludge space
I. TopDisc
K. Flowcontrol disc

L Oil paring chamber
M. Upper paring disc
N. 011 paring disc
O. Levelring
R. Upperparing

chamber

Operations:

1. Before the separator Is started check the following In the system.

a. separator must correctly assembled.
b. Oil level correct
c. Brake is released
d. Control unit is ON and program setting and mode selector In correctposition.
e. Valve for feed pump, supply, delivery and recirculation tanks, must open.
f. Operating water tank is full and valve open.
g. Electrical mode for automatic are working like solenoid valves, safety alarms.
h. Air supply Is correct and open for operation.
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2. StBrtIng Procedure

a Start the 011 feedpumpfor circulation.
b. Start the heateruntil reach desired temperature.
c. Start the separator motor until reach desired speed. Check any vibration

occur: Stop Immediately.
d. Openair supplyto control mechanism.
e. Start the control program for automation.
f. At normal operation. checked regularly the olllnl$t temperature. 011 sump

level. soundor vibration of separator and control program.

3. Stopping Procedure:

a. Stop the control program and Initiated by.automatlc sludge and separator
stop.

b. Secure the heater.
c. Stopthe oil feedpump.
d. Shutoff air supplyandpoweroff to control.
e. Applybrakeafterstopping fewminutes before standstill.
f. Release thebrake andstartseparator manually using motorstarterandrun

It for about1 minute to empty the bowl. If necessary.

4. Trouble Shooting - Separating Operation:

causes:

a. Uquid flows out through bowl casing drain an~/or sludge outlet.

1. Sludge discharge or waterdraining Inprogress.
2. Strainer In operating water high pressure side. Clogged or water

pressure too low.
3. Hose between solenoid valve block (pos10) and separator kinked.
4. Control paring discdirty. ,
5. Seal ringat flow control discor small lock ring(pajlim 'chamber cove~)

defective.
6. Seal ring in sliding bowl bottom defective.
7. Bowl hood seal ringdefective orsealing surface of sliding bowlbottom

damaged.
8. Seal rings Incontrol paring disc device defective.
9. Valve plugsdefective.
10. SlUdge deposits on operating slide.
11. Bowl speed too low.

b. Bowl opens unintentionally during operation

1. Strainer in operating water low pressure side clogged.
2. Nowater in operating water tankor valve(s) closed.



3. Hose between solenoid valve block (pos.16) and separator kinked.
4. Nozzles In dosing ring clogged.
5. Seal ring In sliding bowl bottom defective.
6. Valve plugs defective.
7. Sludge deposits on operating slide.
8. Seal ring· in operating slide defective.

c. Bowlfalls openfor sludge discharge

1. Strainer In operating water high pressure side clogged or water pres-
sure to low.

2. Hose between solenoid valve block and separator kinked.
3. Dosing ring tightened too much
4. Nozzles In dosing ring clogged.
5. Seal rings In control paring disc device.
6. Valve plug defective.
7. Seal ring In operatingslide defective.

d. Unsatisfactory sludge discharge

1. Dosing ring tightened too much.
2. Sludge deposits in operating system.

e. Unsatisfactory separation result

1. Wrong separating temperature.
2. Thoughput too high.
3. Bowl disc stack clogged.
4. Sludge space In bowl filled.
5. Bowl speed too low.

f. Indicating pressure (in wateroutlet) toohigh

1. Throughput too high.
2. Valve(s) in oil outlet line cl()sed.
3. Wrong separating temperature.
4. Oil paring disc defective.
5. Bowl disc stack clogged.
6. Bowllncorreetly assembled.

5. Trouble Shooting - Mechanical Functions:
causes:

a. Separator vibrates

1. Bowl out of balance due to: bad cleaning. incorrect assembling.
2. Uneven sludge deposits In sludge space.
3. Height position of paring disc or bowl spindle is wrong.
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4. Bearing damaged orwom.
5. Bearing overheated.
6. Bowl spindle bent
7. Vibration - damping rubber washers womout.
8. Topbearing spring broken.

b. Run-up time too long

1. Brake applied.
2. Friction pads wom or oily.

c. Smell

1. Normal occurrence during start as friction blocks aresliding.
2. Brake applied.
3. Bearing overheated.

d. Noise

1. 011 quantity wrong.
2. Height position of paring discs or bowl spindle Iswrong.
3. Worm wheel and worm arewom.
4. Bearing damaged orwom.
5. Bearing overheated.
6. Wrong playbetween coupling pulley and elastic plate.

e. Speed too low I high

1. Brake applied.
2. Friction pads wom or oily.
3. Bowl notclosed or leaking.
4. Motor failure.
5. Bearing damaged orwom.
6. Bearing overheated
7. Wrong geartransmission (50 Hzgears for60 Hzcurrent orvice versa).

f.Water In worm gear housing

1. Bowl casing drain obstructed.
2. Leakage at topbearing.
3. Condensation



CLEANING PROCEDURES: ALPHA LAVAL PURIFIER

BOWL DISMANTUNG - FOPX 60S

~ Leh·hand thread

387

Loosen clamp screw (F) and
lower clamping stirrup (G).
Remove plug (A) and support
(B). Undo the coupling nuts of
inlet and outlet piping at the
pipe support.

Unscrew inlet pipe (C) using
the special pin spanner and lift
out the pipe.

Disconnect the oil outlet pipe
and remove support (D). Undo
water outlet coupling nut of
connection housing (E).

Remove connection housinq
and lift out frame hood (H). If
necessary. usea hoist.

Unscrow small lock ring (I)
using the specialspanner.

Force out flow control disc (K)
and upper paring disc (J) from
small lock ring.

A. Plug
B. Support
C. Inletpipe
D. Support
E. Connection

housing
F. Clamp screw
G. Clampipgsti"UP
H. Frame hood
I. Small lock ring

(with paringchambercover)
J. Upperparingdisc
K. Flow control disc

3.

hnportantl Neverstart dismantling
until the bowl has come to a
complete standstill.

The heavy bowl parts must be lifted
by means of a hoist. Position the
hoist very exactly. Usea lifting hook
with catch.

DOIl'.t place parts directly on the
floor. but on a clean rubber mat.
fibreboard or a suitable pallet.

4.

5.

2.

1.

ft=~IS)
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L. Large lock ring R. Wing insert
M. Bow/hood S. Bow/disc
N. Top disc T. Distributor
O. Lowerparing disc U. Capnut
P. Leve/rlng V. Distributing cone
O. Bow/disc
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6. Unscrew large lock ring (L)
using t~ special spanner.

7. Ease off and lilt out howl hood
(M) by means 01 tho special
lifting tool. Be careful not to
scratch the bowl hood sealrillt).

8. Remove top disc (N). 'l hen
screw inlet pipe (C) in lower
paring disc (0). located in lop
disc. Note. Left-hand
threadl

Put a piece of wood (;1)
between the tin hammerand tho
pipe and force out level ring (P)
and lower paring disc from top
disc.

9. Lift out distributor (T) wilh
bowl discs (O.S) and willg
insert (R). Usethe special liltinq
tool.

• Soak the bowl discs and
the wing insert in suitable
cleaning agent. see 7.1 .1 .

10. Unscrew cap nut (U).

11. Lift out distributing cone (V) by
meansof the special tool.
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12. Lift out sliding bowl bottom
(W) usiny thespecial tool.

a. Turn bowl body upside
down.

b. Loosen the Screws for the
spring support (YY)
successively a litto at a
time. Remove the screws.

14

12

Check for damage.
corrosion and erosion
prior to assembly.

Clean nozzles (ZZ) in
dosing ring with a soft
iron wire:

c. Remove spring support
and springs (Y).

d. Undo the screws of dosing
ring (Z).

c. Lift dosing ring and
operating slide (XX) with
two of the dosing ring
screws (a). If necessary,
prize loose the dosing ring
as shown in figure. Place
the operating slide with the
valve plugs (X) facing
upwards in order not to
scratch the scaling surface
of the plugs.

• Clean <III parts thoroughly
in suitable cleaning agent.

13. Unscrew tho three screws from
bowl body (WW).

14. Ease off bowl body with central
screw of lifting tool. When
necessary knock on spanner
handleWhen the bowl body
has come loose from the bowl
spindle taper. turn the central
screw of the tool another two
turns in order to avoid
damaging the control paring
disc when lifting the bowl body.

15. Remove bowl body. If
necessary. use a hoist.

16. To take apart the discharge
mechanism:

Y. Spring
YY. Spring support
Z. Dosing ring
ZZ. Nozzle

-+---~

W Sliding bowlbottom
WW.Bowl body
X. Valveplug
XX Operating slide
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BOWL ASSEMBLY:

370

1. Apply lubricating paste' on the
locating surfaces of oporating
slide (XX) and dosing ring (L)

2. Fit operating slide and dosing
ring.

• Note that only a thin film
of paste is to be applied on
the dosing ring screws. If
too much paste, the surplus
would collect between
operating slide and bowl
body with risk for
operating trouble,

• It is imperative to uSP. a
torque meter when
tightening those screws.
First tighten diametrically,
then all around. I he
tightening torque should
be 7 Nm.

3. Apply lubricating paste' on the
locating surface of the spring
support (YY). Fit springs (Y)
and spring support.

Tighten the screws of tho
support successively a little at a
time. Finally tighten firmly (by
hand).

4. Wipe ott spindle top and nave
bore in bowl body. Apply oil
onto the tapered end of the
spindle to prevent the bowl
seizing on the spindle. Usc a
few drops of oil only, smear it
over the surface and wipe it off
with a cloth.

5. Fit bowl body (WW) on the
spindle. Proceed as follows:

Central screw (<I) screwed
home. Lower bowl body until
central screw supports Oil

spindle top. If necessary, use a
hoist. Then screw lip the control
screw so that bowl body sinks
down on the spindle.

6. Rotate the bowl body slowly
and align it so that the screw
holes in its bottom are exactlv
above the holes in the operating
device. Tighten the bowl bodv
screws firmly. -

•

"......,-..-"..,.....---= 1

3



..

7. Apply lubricating paste' on the
locating surfacos of bowl body
(WW) and sliding bowl bottom
(W). Fit sliding bowl bottom.

8. Fit distributing cone (V). The
guide pins on underside of
distributing cone must enter
recesses in bowl body nave.

9. Screw cap nut' (U) on spindle.
Tighten firmly.

10. Slip bowl discs (5.0) and wing
insert (R) on to distributor (T).

Number of discs:
(5):40 (0):40 - 42

Fit distributor with disc stack in
bowl. Rocesses in underside of
distributor must fit over guide
pins of distributing cone.

11. Check that Lhe small hole (d)
on top disc (N) is not clogged.
Fit lower paring disc (0) and
lovel ring (P) in top disc. Be
sure to turn the parinq disc the
right way round. Fit top disc on
distributor (drill mark (0) on
disc must taco guide lug (b) of
bowl body.)

• These surfaces arc to be
primed with lubricating spray
Molvkoto 321 H with Major
Service (MS) - see Operator's
ServiceManual (OSM).

iJ Drill nuu« 011

distributing cone
b Guide lug in

bow/body
c Guide rib 01/

distributor
d Smallho/e

in top disc
e Piece of wood

371

..



12. PUI bowl hood (M) in place.
The guide lug on bowl body
must enter recess ih hood.

• The threads and surfaces
stuled are to be primed with
lubricating spray Molvkote
321 R with Major Service
(MS) - See (OSM).

~ Left-hand thread

14. Check that the small holes in
upper paring disc (J) and in
flow control disc (K) are not
clogged. Fit paring disc lind
flow control disc in small lock
ring (I).

Tighten small lock ring.

15. Put framehood (H) in place and
clamp it with the hinged bolts.
Then fit connection housing (E)
(note its angular position) and
connect water outlet pipe. Fit
support (D) and connect oil
outlet pipe.

16. Fit inlet pipe (C). Tighten the
pipe using the special pin
spanner.

17. Fit support (B) and plug (A)
and tighten clamp screw (F)
firmly. Tighten the pipes at the
pipe support.

13. Apply lubricatinq paste' on lock
ring threads. contact and
locating surfaces (see arrows in
figure). Tighten largo lock ring
(L) until bowl hood lies tightly
against bowl body. In a new
bowl assembly marks will nuw
be in line with each other - see
arrows in figure.

Note: The assemblymarksmust
never passeach other more than
25°.

Height position of paring disc
and disc stack pressure - see
Operator's Service manual
(OSM).

iSilicone greaseJMolykote 1000 Paste
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GENERAL TERMS:

PurlRCBfIon - Separation of twoInsoluble liquids withdifferent densities. and at thesame
time. removing of solids.

ClariRcation - Separation of solidcontaminants from a liquid.

VIscosity - Lowviscosity facilitates separation. Viscosity canbe reduced by heating.

DensityDI"er:ence - The greaterthedensitydifference between thetwoliquids. theeasier
theseparation. Thedensitydifference canbeincreased byheating. Alsocalledspecific
gravity ratio.

centrNugalseparation- Inarapidly rotating vessel gravity isreplaced bycentrifugal force.
which Increases thesettling velocity bya factor ofseveral thousand. Whattakes hours
underthe Influence of gravity takes onlyseconds in a high speed separator bowl.

separation bygravity - A dirtyliquid in a stationary vessel will clearslowly astheheavy
particles in the liquid settle to thebottom under the influence of gravity. In thecase of
Insoluble liquids the heavier liquid will place itselfunderneath the lighterliquid.

Solid contaminants in the liqUid mixture will settle andform a sediment layer(sludge)
on the bottom of settling tank.

Sludge - Separated contaminants and heavy water/oil emulsion.

Sludge discharge - Ejection of sludge from separator bowl.

Throughput - Oil feed to theseparator. Expressed in m3/h or l/h.

Back pressure - Pressure In separator clean oil outlet.

Indicating pressure - Pressure in separator wateroutiet.

DensIty - Mass pervolume unit. Expressed inkglm3 atspecified temperature normaJJy at15°C.---
VIscosIty - Ruid resistance against movement. Normally expressed incentistoke (CSt=lT1rn2/s).

atspecified temperature.

Displacement water - Addition of water to separator bowl to displace the oil prior to a
sludge discharge.

Conditioning water - Addition ofwater toseparator bowl afterasludge discharge. Incase
"dry"011 is being separated. Thewater will soften the sludge when passing thewater
to the bOWl periphery.
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·GUIDELINES WHEN ORDERING SPARE PARTS

AND CONSUMABLE ITEMS

When an order or inquiry for Main Engine, Diesel Engine Auxiliary Equipments
like pumps, boilers, etc. It is important that the following data are stated in your order
for spare parts, in order to ensure correct supply part for the indMdual engines.

1. Ship Name

2. Type of Engine and Cylinder number

3. Classification, Engine Number

4. Maker or Builder

5. Part name, Plate number, Item number

6. Capacity Design

7. Quantity required

Ex. Plate No. Item no. Quantity Unit

90801-73 540 2 set

90201-56 059 4 pes.

90201-56 096 1 set

Name

Oil cylinder

Piston rings, Right

Piston rod

When ordering through ISSA (Intemational Ship Suppliers Association) is a cata
logue of items used on board ship, coded and illustrated to ease identification between
shipowners or ship personnel and the ship supplier on shore, thus saving time, moneY
and preventing mistake and misunderstandings. Articles listed like Safety, Painting,
Nautical, Lavatory, Electrical and Welding Equipments; Measuring, Cutting, Pneumatic
and Electrical Tools; Clothing, Unen, Galley and Table Ware Products; Stationery, Hard
ware, Chemical, Fittings, Pipes, Valves, etc.

HOW TO ORDER: Using the specified code number, name of 'the items, sizes, type,
capacity, materials, weight, ranges and other data.

Ex.
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33-11-62

59-03-01

65-05-02

69-01-01

71-01-09

79-04-01

85-tO-31

Slotted V-gard safety helmet, white color - 6 pes.

Grinder, Angle, pneumatic Model USG-45 - 1 pc.

Caliper, veniers, stainless steel, 150 mm metric graduation - 2 pes.

Hexagon head bolt, steel M12 x 50 mm - 36 pes.

Pipe, Carbon steel, galvanize 50 A x 5.5 mtr. - 2 pes.

Lamp, navigation, E-26, 24 V, 40 watts - 3 dozens

Electrode holder, grip type 200 amp. - 1 pc.



lUBe Oil ANALYSIS: TEST ON BOARD PROCEDURE:

On board, oil analysis program should be done in order to eliminate or miriimize
catastrophic failure and extend the useful life service of expensive equipment.

Samples are to be taken while a system is operating and after the filter leading
to the engine. Most common system to be analyzed either ashore or onboard test kit,
are Main Engine, Aux. Engines, Stem Tube, Cargo Oil Turbines with an interval length
of every 3 months on shore test maintenance check.

COMMON DIAGNOSTIC TEST RESULTS ARE:

Appearance - significant darkening from normal color is an indication of contamination
or oxidation.

Water - presence of water may cause the oil to appear hazy or cloudy. Free water
is a prime cause of rusting, sludging and impaired lubrication, so the source should
be located and eliminated as soon as possible. Measured in %.

Viscosity - measure of the internal friction or the resistance to flow of a liquid. Measured
in centistokes at 400C.

Insolubles - amount of insoluble material remaining after the lube oil is mixed with
pentane. Measured in %.

Base number - measure of the alkalinity of an engine oil needed to counter slow speed
diesel engines operating with a sulfur content fuel oil. Measure in numerical values.

Total Acid Number - measure the level of acidity of the turbine, hydraulic or compressor
oil. Measure in numerical values.

Wear metal - analysis of metal measured in PPM present in the lubricant.

MOBIL WATER TEST KIT - is a unique tool to check water content present in the
system. Its action is base on the generation of a gas by the chemical reaction between
a powder (calcium hydride) and water present in the oil sample.

The volume of gas generated is directly proportional to the amount of water in the
oil. Thus, when the gas is allowed to displace kerosene from the container body of
the kit into the collector on the side, the amount of gas (and therefore the amount of
water) present can be determined by measuring the level of kerosene in the collector.

TEST RESULT:

a. When no kerosene is displaced the oils sample is, of course, free of water.
b. If all of the 150 cc of kerosene is displaced into the collector, this is and indication

that the sample contains more than 1.5% water. In normal circumst~ces this
will provide sufficient evidence for taking prompt action to detect and eliminate
the source of the water contamination.

c. It is recommended that any water is removed from the oil by purifying at 85
9()OC and a centrifuge throughput 18-22% of rated capacity for detergent trunk
engine oils and 25-30% for crosshead diesel system oils.
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AUTOCHIEF III CONTROL SYSTEM:

Autochlef III is a main engine control system for single plant with fixed propeller.
It is designed for engines having extensive pneumatic maneuvering equipment delivered
as a part of the engine, in order to get maximum benefit out of the engine standard
system.

Autochlef III is constructed to fit easily into the control consoles on bridge and
in engine control room. The maneuvering handle is built-into the bridge panel, and is
a combined telegraph and maneuvering lever. The engine room panel contains all the
electronic logic needed for this system.

Autochlef III is an electronic-pneumatic system, using electrical signal transmission
from bridge to engine room and between sensors and the central unit. Starting, reversing
and speed are controlled directly by a maneuvering handle on the bridge which also
has a built-in telegraph system. The speed control output, (4-20 rnA) Is given directly
to the digital governor system of converted into pressure-signal in the speed-set unit
giving signal to the woodward governor.

Its duty is to control and monitor the safety functions such as RPM, overspeed.
shut downs, slow downs, emergency stop and the cancelling functions.

DIGITAL GOVERNOR SYSTEM:

The Digital Governor System (OGS 8800) is a complete package which fulfills
all tasks for governing the speed of low-speed, long-stroke diesel engines. The speed
setting may be from two different systems, usually the bridge control system and the
engine-room control system.

The main purpose .ofthe OGS 8800 system is to regulate the position of the engine
fuel servo, in order to maintain an engine speed equal to a reference setting. The system
is composed of two separate and self-contained subsystems: the speed Regulating
Function (RF), and the fuel Actuating Function (AF).

RegUlating· Function

Speed reference computation.
Speed measurement and filtering.
Output and limit the command signal to the fuel actuating function.

In addition, the Regulating Function has several sub-functions, such as:

Displaying data values.
Programming user-dependent parameters.
On-line testing.
Off-line testing.
Selection of alternative mode operations.
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Actuating Function

The main purposes are:

Sense the fuel-rack position command from the Regulator.
Positi9ning the fuel-rack according to command value.

In addition, the Actuating Function contains several secondary functions:

Umiting speed of fuel-rack.
Outputting fuel-rack indication (option).
Displaying data values.
Automatic tuning of servo system.
Repeatedly testing of System failures.

The DGS 8800 Digital Governor System consists of five basic units:

Power Unit, Actuator Unit, DGU 8800 Digital Governor Unit, Scav Air Pressure
Sensor , and Speed Pick-Up Unit.

MANOEUVRING
UNIT

I

-J
I
I

.J '-----'--....
PITCH

CONTROL
SYSTEM

Digital Governor System 8800
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SYSTEM I

III

SYST&l I

STORAGE TANK

N01
PO"'WIR1JtllT

ELECTRO-HYDRAUUC STEERING GEAR SYSTEM

OPERAnNGINSTRUCnON
Condition Working Pump Work Cylinder Stop Valve By-Pass Valve Logic Valve Solenoid

AIBlclo 1-2 3-4 e f 9 h I J a b c d

Normal No.1

No.2 All 0 x o 0 x 0 o x x

Emergency No.1 &No.2

Emergency NO.1 No.1 &No.2 0 x x x x 0 o 0 0 x x 0

I,

(Automatic) No.2 No.3&No.4 0 x 0 o 0 x x x x 0 o x

Emergency No.1 No.1 &No.2 x x 0 0 o x 0 o x x

(Manual) No.2 No.3&No.4 0 x
0: Open O:ON

x: Shut O:OFF
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WORKING PRINCIPLE OF POSmONER

The signal pressure from the controller enters into the input chamber from the
connection opening SIGviaby-pass cock. Theflapper Isdisplaced bytheforcegenerated
through the difference of the effective areasof two sheets of diaphragm. The distance
between the nozzle andflapper is Increased, while the nozzle backpressure Is lowered.

Onthe otherhand, the supply pressure ie Introduced Inthe constant pressure room.
Therefore, the pilot· shaft (bleed fitting) Is moved to the right direction and pushes the
valve rod.

The output pressure is Introduced Into the diaphragm actuator·via by-pass coc:f<
and OUT 1, thus to move the valve stem.

The movement of the valve stem Is converted intothe rotation movement by means
of the lever. The relay lever, Which Is fixed at the level shaft, Is moved and then the
feedback lever is swayed via the relaypin. Thisswaying motion gives the displacement
to the feedback spring, and the stem is moved until the spring tension and the force
generated at the Input chamber come to the equilibrium. In this way such stem dis
placement is obtained as Is proportional to the.Input signal.

A. Direct PlugValvewithDirect
Action Diaphragm Motor

B. Reverse Plug Valve with
Direct Action Diaphragm
Motor

c. Direct Plug Valve with Re-
verse Action Diaphragm OUT I

Motor
D. Reverse Plug Valve with SIG

Reverse Action Diaphragm
Motor SUP

(Plugged)
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CALIBRATION OF INSTRUMENTS:

Formula:
Output = Input x K + Offset

X = VI< + Offset

where: X = output Y = Input
K = constant K = XIV

Offset = min. output from true zero

Problem:

1. If 50 OC Is the output In PT ·100 Thermocouple, what Is the mAmp?

Output current = 4-20 rnA.

y = 0-100 0 C Offset = 4 0 oc = 4 rnA

X = 4-20 rnA (DIN) 20 = 7.2

20-4 16 40 = 10.4
K = = = .16

100 - 0 100 50 = 12.0

60 = 13.6
X = 50 0 C (.16) + 4 80 16.8=
X = 8 + 4 100 DC 20 rnA=
X = 12 rnA

2. In calibrating Pressure Differential Transmitter .wlth a 3 bar range, what Is
output current In rnA?

K 20 - 4 16 5.33= = =
3-0 3

X = 0.5 (5.33) + 4

X = 2.665 + 4

X = 6.6 rnA

Input (bar) Output (current)

0.0 = 4 rnA
0.5 = 6.6

1.0 = 9.5

1.5 = 10.6

2.0 = 12.3

2.5 = 15.0

3.0 = 20 rnA
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SETIING/ADJUSTMENT OF INSTRUMENTS:

setting

The pressure and temperature controller is set by rotating the knob (5), at the same
time reading the main scale (9).

The differential is set by rotating the differential adjusting nut (19) to have the value
indicatedby the use of the nomogram. The maximum operating pressure and temperature
is thus the sum of the setting pressure and the differential.

Pressuretat

Connect the oil burner to terminals 1-2 of the pressure controller.
Set the pressure controller for 8.2 bar by rotating the knob (5).
Set the differential adjusting nut (19) at the figure 6 which is found by reading
the monogram.

Thermostat

Example:

It is desired to control the pressure in an oilfired steam boiler by the use of an
RT 116. Maximum pressure 9 bar. Minimum pressure 8.2 bar. Differential 9 -8.2 =
0.8 bar.

1.
2.
3.

Example

It is desired to control the size letter plus the temperature of an oil-fired central
heatingboiler by the use of an RT 101. Maximumtemperature76 oC. Minimumtemperature
70 00. Differential 76-70 = 600.

1. Connect the oil bumer to terminals 2-1 of the thermostat.

2. Set the thermostat for 70 oC by rotating the knob (5).

3. Set the differential adjusting nut (19) between figures 2 and 3, as indicated
by the monogram.
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PNEUMATIC CONTROL VALVE DESIGNATION

Alpahabets Designation Numbers

A, 8, C Working Ports 2,4,6

P Supply Ports 1

R, S, T Exhaust Ports 3,5,7

L Leakage Ports 9

X. V, Z Control Ports 10. 12, 14, 16

14

{Jr42~

3

•

A B
a b

R S

"

&/2 WAY VALVE
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SAFETY CHECKUST FOR WELDING

A. Equipment

1. Check that the power source functions correctly, Is correctly connected to mains. and that
you are familiar with Its operation.

2. Ensure that gas cylinders are properly secured, In upright position, and fitted with correct
and properly functioning regulators for the gas. Acetylene and Oxygen regUlators· shall
be fitted with flashback arrestors.

3. Hoses shall be in good conc:lltlon, without leaks or damage, and WIth correct color coding
for the gas. Red for Acetylene, Blue for Oxygen.

4. Cablesshall be of 011 resistant type with undamaged insulation and properly mounted cable
connectors.

5. Check that torches and electrode holders are In good working order, including check of
blowpipes, nozzles and Insulation.

6. Checkall gas connectors for leaks, including torch valves. Replace defectivegasketswith
original gaskets only-.

7. Keep hoses and cables clear of passage ways and protected from sparks. hot metal and
mechanical damage in doorways, hatches.

8. Both welding and ground.clamp cables should be stretched to the work place, and the
ground clamp should be fastened with good electrical contact directly on the work piece.

B. Work Place

9. TIdyuptheworkplaceandremove anyflammable rnaterlals,lIqulds and gasesfromworkplace
and adjacent spaces Including spaces above/below decks, behind bulkheads and Inside
pipes or containers which are to be worked on.

10. Cover any openings through which sparks may be led to other arep onboard which have
not been prepared for hot work.

11. If necessary, shield the work place to protect others from sparks and radiation form the
are, and post a warning sign that Welding Is In progress.

12. Ensure that sufficient and correct fire fighting equipment Is available at the workplace, and
that personnel familiar with Its use Is present.

13. Ensure that the work place Is properly ventilated, if necessary with special fume extraction
equipment.

C. Hot Work Procedure

14. Ensure that all relevant check lists, certificates and permits for hot work have been Issued.
15. If work is being done outside the ship's workshop an assistant protected like the welder

should accompany· him.
16. If work has been done Inside a confined space the assistant should be placed outside,

within view of the welder and with possibility to cut off gas and power supply.
17. When working, wear safety shoes and a proper boiler suit with long sleeves.
18. Welding gloves should always be used, and when necessary also use additional leather

clothing for protection against sparks, heat and electric shock.
19. Use head and face protection (helmet. shield, goggles) according to the job.
20. Where necessary use a dust filter or breathing apparatus to avoid Inhaling fumes and dust

from the welding process.
21. Never use Acetylene or Oxygen to blow away dust from yourselfor the workplace. Always

keep dry and keep the workplace dry, especially when you are welding.
22. Always remove coated electrodes from the electrode holder and swltch/c1ose off gas and

current at the source during short break.
23. Do not leave the workplace unattended. When hot work Is completed the work place shall

be Inspected at regular interval to ensure that no risk of fire remains.
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Welding current circuit
MaIns electricity supply

Welding cable

Welding machine

Aetumcable

Ground clamp

Arc

The welding current
circuit comprises:

- The welding power source.
- Welding cable and return cable.
• Cable connectors.
- Ground clamp.

- Workpiece.
- Electrode holder•
- Welding arc.
- Electrode.

WELDING TECHNIQUE

In order to obtain a good weld we must ensure that the following points are correct:

1. Current
Current output is the most Important factor in arc welding, and this Is where

most mistakes are made. It is a good rule to use slightly more current than required
rather than risk using too little. If the current output is insufficient, fusing with the
base material will be unsatisfactory. Slag may become embedded in the weld.

2. Length of arc
When arc welding with electrodes, it is important that the arc be kept as short

as possible in order to avoid the formation of pores and to prevent slag becoming
embedded in the weld. A short arc prevents the formation of molten slag ahead
of the moltenpool. This is of particular importancewhen welding with basicelectrodes.
The guiding rule is that the arc gap should be equal to the diameter of the wire
core of the electrode.

3. Electrode angle
The electrode must be held at the correct angle during the welding operation.

The angles to be used when w~!ding in the horizontal Welding position, is 60-80
degrees.

4. Electrode travel
Move the electrode at an even rate in the welding direction, with or without

weaving. Correct rate of travel is important to achieve a good weld. The Illustration
shows the -.,Its that can occur if the electrode is moved too quickly or too slOWly
In a fillet weld.,,;;"

When building up a flat surface, the electrode should be held at an angle of
60 degrees and weaved gently from side to side as the weld advances so that
the height of the deposited filler is about 1/3 of the width of each bead. When
starting the next parallel buildup run, the tip of the electrode should overlap the
previous bead by about 1/3 of the bead width. In this wayan even surface can
be built up without high spots or craters.
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1. CORRECT CURRENT VALUE

Welding surface appearance at different current values:

1(((

Rrflll)
1««<

2. CORRECT ELECTRODE TRAVEL

RATE OF TRAVEL
TOO HIGH

Edge faults

Poortuslon

Surface welded at correct current value.

Current value too low, uneven surface.

Current output too high, even. but
coarsely beaded surface.

RATE OF TRAVEL
TOO SLOW

Incorrect profile

3. CORRECT ELECTRODE ANGLE AND LENGTH OF ARC

~• • Iil!. • .-
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OPERATING INSTRUCTIONS FOR CUTTING TORCH

,
9

t
7

5

8

I

a. All valves are shut at the commencement of work: Cylinder valves (1 and 2) are
shut, the regulator adjusting screws (3 and 4) are screwed so far out that they
run freely on their threads, and all torch valves (5, 6, 7 and 8) are closed.

b. Select your cutting nozzle (9) to suit the type and thickness of the workpiece. The
reqUired nozzle arid working pressure for mild steel when using 5 mm hoses 10
m long are given in the cutting table. Other materials and hoses may require other
nozzles and working pressures than those given in the table.

c. Slowly open the cylinder valves for oxygen (1) and acetylene (2).
d. Fully open the torch.oxygen needle valve (5) and the valve for preheating oxygen

(7). Then press the cutting oxygen valve lever (8), and adjust the working pressure
by means of the oxygen regulator adjusting screw (3).

e. Release the cutting oxygen valve lever (8) and shut the valve for preheating oxygen
<:"'(7).

f. --:-:-- Fully open the torch acetylene needle valve (6), and adjUst the working pressure
by means of the acetylene regulator setting screw (4).

g. Slightly open the preheating oxygen valve (7) to provide a little extra oxygen to
prevent troublesome sooting when the torch is lit.

h. Ught the torch and adjust to neutral flame, using the valve for preheating oxygen
(7).

i. Press.down the cutting oxygen lever (8) and readjust to normal flame by means
of the valve for preheating oxygen (7). The torch is now ready for cutting. When
cutting, the torch oxygen needle valve must be kept fully open.

j. In the ev.ent of sustained backfire, which is recognized by a whistling or hissing
sound,firstclose the valve for preheatingoxygen (7) as quickly as possible, releasing
the cutting oxygen valve lever (8) at the same time. Then shut the torch acetylene
needle valve (6).

k. The torch Is normally extinguished by first closing the torch acetylene needle valve
(6) and then the valve for preheating oxygen (7). Finally, relieve the pressure In
tI.1e. hoses and close all valves.
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cumNG PROCEDURE

StartIng the cut from aneelge
1.DIrectthe preheating flame against

the starting point at the edge of the
plate.
Keep the flame cores 2 - 3 mm above
the steel plate and preheat until the
steel Is brightly red hot

2. Move the torch tip slightly off the
edge of the plate to ensure that·the
cuttiIng oxygen Jat passes the edge of
the plate.
Open slowly but fUlly for the cutting
oxygen by depressing the cutting
oxygen lever. Keep the nozzle at the
dIsIlJnce from the plate Indicated In
the cutting table (2 - 5 mm) and move
eie nozzle onto the plate.

3.Guide the torch steadily along the Une
to b9 cut Use a cutting speed within
the IIImIts given In the cutting table
and ensure that the slag blows
through completely resulting In a
steady stream of sparks downwards
from the bottom of the cut

StBrtIng a cut by piercing
1. OIrectthe preheating flame against the

starting point Keep the flame cores
4 - 5 mm above the steel plate end
preheatuntilthesteel Is red to whitehot.

2. Uft the nozzle to approximately 12 - 20
mm above the surface. Open slowly for
the cutting oxygen. Make sure that
spatter ofmolten metal does not reach
the nozzle tip. If necessary by Inclining
the tordt slightly so that the sparks fly
sideways.

3. WIth the cutting oxygen lever fUlly
depressed loWer the nozzle as the
cuttIntJ jet pierces the plate. Keep the
nozzIIeatcorrectdlstancefromtheplate
(see cutting table) and proceec:Iln the
dlrecllon to be cut.
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OPERATING INSTRUCTIONS FOR
BRAZING, WELDING AND HEATING TORCH

a. All valves are shut at the commencement of work: Cylinder valves (1 and 2) are
shut, the regulator adjusting screws (3 and 4) are screwed so far out that they
run freely on their threads and both torch needle valves ( 5 and 6) are closed.

b. Select your blowpipe (7) to suit the type and thickness of workpiece. The required
blowpipe and working pressure for mild steel when using 6,3 mm (1/41 hoses 10
m in length are given in the welding table. The working pressures relate to medium
strength flame.

c. Slowly open the cylinder valves for oxygen (1) and acetylene (2).
d. Fully open the torch oxygen needle valve (5) and adjust the working pressure by

means of the oxygen regulator adjusting screw (3).
e. Shut the torch oxygen valve (5).
1. Fully open the torch acetylene needle valve (6), and adjust the working pressure

by means of the acetylene regulator adjusting screw (4).
g. Slightly open the torch oxygen needle valve (5) to provide a little extra oxygen to

prevent troublesome sooting when the burner is lit.
h. Hold the torch so that the nozzle points away from flammable objects. Ught the

torch, and adjust to desired flame characteristics by means of the torch oxygen
needle valve (5). The torch is now ready for use.

i. In the event of sustained backfire, which is recognized by a whistling or hissing
sound, first close the torch oxygen needle valve (5) as quickly as possjble~ then
the acetylene needle valve (6).

j. The torch is normally extinguished by first closing the torch acetylene needle valve
(6) and then the torch oxygen needle valve (5). Finally, relieve the pressure In
the hoses and close all valves. (See Figure for cutting torch)

Standard arc welding equipment
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Unitor Safety electrode holder
with cableand cableconnectors.
Ground clamp (155 mm) with
cable and connector.
Chipping hammer.

Wire brush.
Face shield with head band and
glass.
Hand-heldface shieldwith glass.
Two pairs welding gloves



BASIC PRINCIPLE OF TlG WELDING

The Gas Tungsten Arc Welding (GTAW) process, (also called Tungsten Inert Gas
process, TIG) isbased on an electric circuit and requires proper grounding of the
workpiece with retum cable to the power source. The torch or electrode holder is supplied
with argon gas at a certain flow rate. The gas flows out through the torch nozzle,
surrounding the tungsten electrode.

When the arc is struck between the electrode and the workpiece the gas is ionized,
and a stable arc through which the welding current flows is established. The arc is
the heat source for the process. The gas flow protects the electrode and heated area
on the workpiece from the oxidizing effect of the surrounding air.

The tungsten electrode does not melt. Welding may be done by just using the
arc to melt the edges of the base material. If necessary, additional filler metal may
be supplied in the form of a separate filler rod, which is inserted into the molten pool,
and melts together with the base material.

Onboard applications normally require welding current up to max 200-250 ampere
direct current (dc).

The Unitor Welding Rectifiers are suited for GTAW welding based on the touch
start principle described under welding techniques. Remote control for welding current
should be used, as it is a definite advantage for the process. The large rectifiers also
have the possibility to select a current characteristic especially suited for GTAW welding,
ensuring optimal conditions.

Select the diameter of the wire according to the thickness of the workpiece. Clean
all rust, scale and old paint from the area to be welded.

In general, GTAW (fIG) and gas welding of unalloyed steel is suitable for thin sheets
and pipes of small diameters, wall thickness of pipes not exceeding 6 mm.

For larger dimensions it may be advantageous to use electric arc welding with
coated electrodes.

oc:::::J
- +

Equipment setup:
- Gas cylInder with supply to torch
- Torch connected to negative terminal of

DC powerSOIJfCfI
- Ground clamp 8ndretum cable fIOm

WOIkpleoe topositive terminal

TungSten

The GTAW-arc. basic principle

Gaspasssge

Electrode
clamp
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TYPICAL WELDING FAULTS

1. Root faults
When laying the first bead along the root in a butt joint, penetration at the root may

be irregularor Insufficient. WhencurrentIsexcessive, penetration willbe too high. Insufficient
penetration may be due to the current setting being too IQw, or the rate of travel too higb.
The electrode may also be too large for the groove to be welded.

2. Fusion faults
If the currentis too lowor rateof traveltoo high,fusionfaultsmayresult. i.e. insufficient

melting and fusion between the filler and the base metal.
Fusion faults may also occur If a small electrode is usedon a large area of cold base

material. A larger electrode diameter should be used, and the base material preheated.

3. Slag embedded In weld

Slag consists of non-metallic particles originating from the coating of the electrode.
All slag must be properly removed after finishing each weld bead. Use a chipping hammer
andwire brushfor this purpose. Slagembedded in the weldwill seriously affectthe strength
of the weld. Try to avoid buming cavities, as any slag deposited in such cavities will be
difficult to remove.

4. Bead edge defects

Bead edge irregularities can occur If current output is too high. Bead edge faults
may also occur at correctcurrentoutput If the arc is too long or If the electrode movement
is incorrect. When welding upwards on a vertical plane and using a weaving movement,
the electrode should be momentarily held stili at each side of the bead to obtain good
penetration andavoidedgedefects. Edgefaults mayact asfra~re indicators in the welded
connections.

6. Pores
Pores In the weld may be due to moisturecontent·in the electrode coating, especially

when welding with basic electrodes. Pores in the weld may also arise If the base material
to be welded is wet or damp. A porous weld will have reduced strength properties.

6. Heat cracks

Heat cracks may appear during or just after the cooling off period. There are two
main causes:

Impurities in the base material which have a tendency to segregate and may form
a layer In the middle of the weld.
Tension across the weld can cause heat cracks even If the base material does not
segregate in the weld.
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METAL IDENTIFICATION

A. SPARK TEST

This test may be carried out in the ship's workshop and is very useful for identifying
the type of steel and determining its approximate carbon content.

Hold a sample lighUy against the grindstone and note the shape, color and length
of the sparks. Unalloyed and low-alloyed steels are difficult to tell apart, but when tested
together it is comparatively easy to see the difference.

MILD STEEL
~~

The sparks separate at the ElfId

~ Into several smaD sparks (leaf
shaped). some sparks are short.

MANGANESE

(G~
The sparks split up and and In

STEEL stars.

HIGH-SPEED Weak red sparks, with forked
STEEL

~
ends.

STAINLESS Bright yellow sparks with pointed
STEEL ends.

---=2:::::...

CAST IRON

~
Weak red spreks, ending In
manypronged yeUowstars.

MONEL Weak red sparks, quickly
METAL ~ extinguished.

B.FlUNG TEST:

Type of steal
Low-earbon steel (mild stee~

Medium-carbon steel

High-alloy steel

High-carbon steel

Tool steel

Hardened tool steel

C. COLOR APPEARANCES:

Mild, Carbon Steel
Stainless steel
Cast Iron
Aluminum
Lead and white metal
Copper
Brass and Bronze

Resistance to file
No resistance, the file bites into the metal
UttIe resistance, the file bites .into the metal, but
the pressure has to be increased
Medium resistance. The file does not bite into
the metal and the pressure has to be Increased
High resistance. The metal can be filed, but with
difficulty
High resistance. The file leaves marks, but the
metal is almost as hard as the file
High resistance. The metal is harder than the
file; the file does not grip

Dark gray or rusty
Shiny sliver gray if polished
Dark gray or rusty
very light gray
white to gray, smooth velvety surface
red brown to green
yellow brown or green brown
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ELECTRODES RANGE AND ITS APPLICATION.

GPO Anall-aroundelectrodeof organic rutiletype for easyweldingof unalloyed
steel. Electrode sizes are 2.5, 3.2, 4.0, 5.0 mm respectively.

GPR GPR is a heavily coated rutile type of electrode for welding unalloyed
steel in all positions. Specially suitable for welding in flat position.

GPA A rutile type electrodefor easy weldingof unalloyedsteel. Goodwelding
characteristics in all positions and suitable for all types of weld.

HOP HOP is a high-recovery electrode of rutile type for welding unalloyed
steel in flat and horizontal vertical position.

A reliablebasicall-round electrodefor weldingunalloyed and low alloyed
steel. Particularly suitable for welding in vertical-up position.

LHV LHV in the fastest electrode for vertical welding. For use in vertical
down position.

LHT LHT is a heavily coated basic electrodefor welding low alloy steels and
cast steels which are subject to high working temperatures, up to 550
degree Celsius. Used for boiler plates and tubes.

TENSILE A high alloy chrome-nickel-manganese electrode with austenitic-ferritic
structure for welding of various steel alloys. Excellent for bUilding up
worn rocker arms and pushrods.

IMPACT Unital' Impact is a special electrodefor repairing and buildingup exhaust
valves.

NIFE Anelectrode for "cold welding" of cast iron in all positions. Also suitable
for malleable castings and welding cast iron to steel and copper alloys.
Good binding to oily cast iron. Welding in all positions.

NICKEL A universal electrode for "cold welding" of different types of cast iron.
High crack resistancy and good fusion. Suitable for joining cast iron to
steel, copper, alloys and stainless steel. Good binding to sulphurous
cast iron and oily cast iron.

TlNBRO A bronze electrode for welding bronze, copper and brass, and for joining
these metals to steel, cast iron and nickel alloys. Suitable for bUilding
up work.

ALBRONZE A bronze electrodefor building-up and joining copper, bronze, aluminum
bronze, brass, and welding these materials to steel and cast iron.

ALUMIN An electrode for welding sea-water resistant rolled, drawn and cast
aluminum in thicknesses over 2 mm.
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Gouging Technique

1. Hold the electrode vertically and
press lightly against the workpiece.
The arc will strike after a few
seconds.

2. Hold the electrode at an angle of
15-200to the workpiece.

3. Direction of travel.

4. Warning!
Do not cut down into the workpiece.
Should this happen inadvertently,
move the electrode back and lower
to the correct angle.

UNITOR CH-2 electrode for chamfering and forming welding grooves in
steel, stainless steel, cast iron, copper, copper alloys, aluminium and
aluminium alloys, or opening up cracks to be welded, and for removing
old welding beads.

5. Work downwards when cutting into a
vertical surface,

6. If a deeper groove is required,
proceed as in this sketch.

_Forehand welding Backhand welding Vert/cal backhand welding
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C. Keep the body cool
D. Raise the feet

An exccellent stimulant beverages for a person suffering from shock Is

A. Medicinal brandy B. Hot coffee C. Warm water D. Cold water

The allignment of coupling faces can be checked:

A. Inserting a feeler gauge between the coupling faces at various points around
the circumference

B. Using an inside micrometer
C. Inserting a thermocouple
D. Rotating and measuring to nearest permanent fitting

The pressure remaining constant a rise In temperaturewould cause a liquid to:

A. Condense B. Contract C. Vaporize D. Expand

If the buoyant force on a ship's hull Is equal to or greater than the displacement
tonnage, the ship wlll _

A. Sink C. Be down by the head
B. Require ballast D. Float

The annealing of a cutting bit Is usually done by what means?

A. Cooling of the cutting bit C. Heating of the cuttingbit from the grinder
B. None D. At the factory before you receive It

The proper treatment for shock is:

A. Raise the head
B. Give the victim warm liquids

If liquid freon should come in contact with your skin, you should:

A. .Wash with sterile minerai oil C. Treat It like any burn
B. Wash with salt and water D. Treat it like frostbite

What is the freezing point on the Centigrade thermometer?

A. 15 degrees B. 32 degrees C. 0 degrees D. 30 degrees

If you have to abandon ship in a life raft, your course of action should.be to _

A. get a majority opinion
B. remain in the vicinity of the sinking vessel
C. head for the closest land
D. head for the closest sea lanes

The tool to use In checking a workpiece mounted In a four-jaw chuck to see If It Is
accurately centered is a:

A. surface gauge B. dial Indicator C. center gauge D. micrometer

While you are fightinga fire Ina smoke-filledcompartment, one of your shipmates falls
and suffers severe laceration and ceases breathing. Your first response is to:

A. treat for shock C. remove him from the compartment
B. control the bleeding D. begin artificial respiration
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PART VI

DRAWING
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SCHEMATIC DRAWING OF PISTON ANDPISTON ROD
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A. Piston ring, right
B. Piston ring, opposite
C. Piston crown
D. Cooling 011 pipe
E. Piston rod
F. O-ring
G. O-ring
H. Piston Skirt
I. Lock nut
J. locking

K. Nut
L Washer
M. Stud
O. Screw
P. Lock washer
Q. Screw
R. locking wire
S. Lock washer
T. Screw
U. Shim

Pm't DescrIption of B & W Piston and Piston Rod

Screw

Cover

Piston

Valve housing'

Spring

Bushing

Sealing ring

Spindle

398

STARTING VALVE - B & W Engine



115 I 127

1.27 ~'39
514 1'---'40524

139

463
140

475

499,

152 '509

510164

379176

522

392
318

331

499

509
355

SCHEMAnc DRAWING OF CONNECnNG ROD AND FITTINGS
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019 Discharge pipe
020 Split pin
032 Nut
115 Stud
127 Guide shoe
139 Lock washer
140 Stop screw
152 Screw
164 Locking plate
176 Thrust piece
223 Distance piece
235 Bracket
247 Plug
259 Guide pin
260 Stud
284 Crosshead
296 Crankpln bearing shell In 2/2
318 Screw
331 Disc

343 Crankpin bearing shell In 2/2
355 Crankpln bearing cap
402 Crosshead bearing cap
414 Guide pipe
392 Nut
402 Crosshead bearing cap
414 Guide pipe
426 Nut
438 Locking plate
451 Stud
463 Shims, please state thickness

0.25-0.50mm
475 Guide pin
499 Stud
509 Guide pin
510 Connecting rod
522 Locking plate
514 Plug
524 Plug

Parts of B & W Connecting Rod and Fittings:

Parts:

A. Top Scraper ring
B. Cover-Pack Sealing ring
C. O-ring
D. Guide pin
E. Scraper ring

F. Stuffing housing
G. Spring
H. Screw, washer
I. Flange

PISTON ROD STUFFING BOX
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~~---A

c:::>r-- c
I-o+-...---D
~~---I!

l'-=:~---F

,S~=I~

FHC:~I--r

n---J
~\JI~l4lm

1---1\ Screw

I
- ·~-B· Protective cap

f:;::~~-c Nut

+---0 Stay bolt

Nut

+---2 Staybolt ring

.~F
~.

I

I. Thrust Foot
J. Holder
K. Spindle guide

complete
L. Nozzle
M. Union nut
N. O-ring

lt~~--L

Parts:
A. O-ring
B. Valve head
C. O-ring
D. Thrust spindle
E. Disc
F. Spring
G. Guide pin
H. Spring guide

FUEL INJECTOR VALVES ARRANGEMENT OF STAYBOLTS
ME B & W 870 MC

401
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Parts:
A. Grub screw
B. Uner, porlslde
C. Uner, stbd. side
D. Stud
E. Protective cap
F. Nut
G. Distance piece
H. Uner
I. Spherical washer
J.. Spherical nut

•

402

HOLDING-DOWN BOLTS (B & W)

Parts:
K. Nut
L. Uner
M. Spherical washer
N. Spherical washer
O. Nut

~~.,..::....._~-...lo~~~""'~~"""~""''''''''''''' P. Protective cap
Q. Stud.

ENDCHOCK BOLTS (B & W)

&
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129----

142

010 Plug Screw 105 Ball 191 Screw
022 Gasket 117 Valve housing 201 Pipe
034 O-ring 129 Cylinder liner 213 Clamp
046 O-ring 142 Cooling jacket 225 Screw
0581 Non-return valve 154 O-ring 237 O-ring
083 Thrust piece 166 Gasket 240 Plug screw
095 Spring 178 Flange

CYLINDER LINER
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FRAME

BEDPLATE

405



MAIN
PIED '-...l1llUl

FRONT VIEW OF seOTH BOILER

SIDE VIEW OF seOTH BOILER

406



FORCED DRAFT
BID'tWR

AIR - -
SIDEVIEW OF B & W STRAIGHT TUBE, CROSS DRUM

WATER TUBE BOILER - SECTIONAL HEADER

1OTT0tA
BLOW OFF

. -DUPLEX SAFETY VALVE

FIRE lOX
SIDEWALL

MUDDIWW
:· .•.::..:::·:····~:>5::::~.::::~·:·.· ~

! «-r • "HANDHOLE

FUEL OIL LINE

FRONT VIEW OF B & W STRAIGHT TUBE,
CROSS DRUM WATER BOILER

407-



(FLUE'

STEAM
SEPARATOR

STEAM DRUM
(COLLECTOR'

WATER ECONOMIZE~

STEAM
DESUPERHEATER

SMOKE BOX

STEAM
SUPERHEATER

WATER DRUM
(COLLECTOR)

SUPPORTS

DESUPERHEATED
STEAM

OIL BURNER

FURNACE

WATER
TUBES

INSULATION

REFRACTORY
MATERIAL

(FIRE BRICK'

(SLUDGE)

408

SCHEMATIC DIAGRAM OF MARINE BOILER



~ I
...,.....+------~ I

LOW PRE88URE ~ !I!
TUlUIINI! ..

7 e

HI8M SPEED SHAFT
FROM ASTERN AND
LOW PRE8SUA£

TURBINES

INTERMEDIATE
SHAFT

THRUST
BEARING

H18M.PRU8URII
TURBU•

PROPULSION
SHAFT

MAINPROPULSION STEAM TURBINE

STERN TUBE AND PROPELLER SHAFT
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410

FOUR STROKE ENGINE
TRUNK TYPE

TWO STROKE ENGINE
CROSSHEAD TYPE



TwoSTroke Cycle,Hydraulic, Supercharged, Superlong Stroke,
20590 BHP. In Ilne Engine

CROSS-SECTIONAL VIEW B & W 870 MCIMCE
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MA IN CONDENSeR
SCDOP

lCONOENSATE PUMPS

2nd STAGE

1---lP\..=t--..-=:.=..:_" ..-+---I HEATER

: TANK ,. :.;
:~ : Co~. q...:~ ~,
.".. @'".,' .. , .• .. '0 . 11... •. , ....... '0

seenon
FI"LTERS

F.D.
PUMPS HOT

FILTERS
OUPL.9J'

PORT BOILER STARBOARD
BOILER

412
~

SCHEMATIC DIAGRAM OFSTEAM TO WATER CYCLE



o

L. O. OIL OUTLET

S.W.INLET L. a. INLET

Parts:
A.
B.
C.
D.

CopperTubes
Oil Purging Cock
Bolt & Nut
EndCover

E. Inspection Hole
F. S.W. Drain Cock
G. Condenser Shell
H. Base

LUBE OIL COOLER- SHELL TYPE

VAcuuM ~YENT
C:ONt;..~«t~'ON

YENT
VAt.v£

WAlER
BOX

WIll
li"U'

TdE
SMarT

BOILau' FONNECTION~

COOLING WA tR INLET

TW~TAGE STEAM CONDENSER
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P8I18:
1.
2.
3.
4;
5.
6.
7~

8.
9.

Stemtube
Bronze bushing
Ugnum-vltae
Nut
Keeper
Retaining ring
Cap-screw
Propeller taper
Tall shaft

10. Continuous brass liner
11. Water service
12. Brass-bushing
13. Packing
14. Packing gland
15. Wood liner
16. Bulkhead
17. Coupling
18. Stem post

TAILSHAFT IN STERN TUBE

PIVOTED SHOE

SUPPORTING
OIL FILMWEDGE

STATIONARV
SEATFASTENED

TO HULL

THRUSTCOLLAR

THRUST

KINGSBURY THRUST BEARIN(;



COOLINCI
WATER
OUTLET

HANDHOLE
(MANHOLE I

ZINC ANODE
STEAM BAFFLE+

DRAIN COCK

8TIAM

.CONDENIATi1iOTWELL-=--::=- ---_.

VACUUM
IAUU (GAUl

~ :: ;<-- rh. -"d- WATER BOX

STOP
COCK

t •FRONT TUBULAR PLATI

SCOOP TYPE MAIN CONDENSER

•... #,","c' ,"";' .....,~- _;~ '~'_"~:""",:, ''i.~ <.:,-,,; .." "''''-.-.c-•..,. t,., .... -.... ,·· -:-. "-.-.;-.~'':'''' • ,;.•...,.._.-.,."::> .. ·,~x-·- 0;-' ~ ,<-,
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0)

• T~

GLAND
EXHAUST

CONDENSER

VENTTO
ATMOSPHERE

(VIA

1-'
GLAND rEXHAUST ..
STEAM•.~ ..VENT

.AFTER

CON0E1SER
SECOND STAGE

AlA EJECTOR

··..~u'~··~,.
I:~:

~: I'GAGE.. VACUUM
"DRAIN

INTER
CONDENSER

26-H6

~Ii
LOOP/ l
SEAL "~fI

FIRST STAGE
AIR EJECTOR

GONDENSI<re:
PUMP

AUX. STEAM
150 TO

275 P.S.I •

TWo-8TAGEAIREJECTOR SYSTEM
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rOSEA

t.; .

DISTILLED
On~DU--J)'--V1ATER

13

Parts:

1. Ejector
2. Salinometer 9. Separator
3. Solenoid Valve 10. Heater
4. Salinity Sensor 11. Brine Pump
5. Strainer 12. Diesel Engine
6. Meter 13. Ejector Pump
7. Distillate Pump 14. Circulating Pump
8. Condenser 15. Salt'Water Feed

r-l
III D-r-'-"'
I
I

) \I \ ---lrp...J~

I \
I \
I \
I \
I 12 \
I \L ..J

FRESH WATER GENERATOR (ATLAS)

·'IOM
·AlRIU.

aPO~ls IN
fILTER TANK

/
OYEaF.LOfl'

DRAIN

10 FEED PUMP ~.

I HOTWELL OR FEED AND FILTER TANK
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2ND EFFECT
SEPARATOR

FLASH
CHAMBER

....+t-AIR BAFFLE

:'11""--- 2ND EFFECT DRAIN
REGULATOR

1ST EFFECT
~EPARATOR.

VAPOR FEED
HEATER

SIGHT GLASS

1ST EFFECT
COILS

SOLO SHELL TYPE EVAPORATOR

FOUR STAGE FLOW- CLOSED FEEDWATER HEATER
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STOP

DISC (PLUGl

CASING (BODYJ

,-------~HAND WHEEL

NON-RETURN (CHECK) VALVE STOP (SHUT-OFF) AND NON-RETURN
(CHECK VALVE

FLAP
(BODYJ

~_ FLAP (CLACKJ

FLAP (CLACK) VALVE

(BODYl

--.-rr.r-. DiSC

HAND WHEEL

BUTTERF,LY VALVE

419



420

DISC (PLUG)

CASING (BODY)

SECTION THROUGH A GLOBE VALVE

END CLEARANCE

~ I I ~
(a) SQUARE CUT
END CLEARANCE

i 7i ~~
(b) ANGLE CUT

~ U
n ~

(c) SQUARE STEP CUTJOINT

i \l \1\
(d) ROUND STEP CUTJOINT

TYPES OF PISTON RING CUTS
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DIESEL ENGINE TIMING DIAGRAM
(Pressure Charged andlntercooled)

B.H.P. = 131. Cylinder diameter, 10.25 in. (260.5 mm.), (5 cylinders)
Stroke 14.5 in. (368 mm.) Revolutions = 600
Rrlng sequence, 1, 3, 5, 4, 2
Starting air valve opens, 10° B.T.C. } °
Starting air valve closes, 61° B.B.C. Open for 71
Fuel injection starts, 170 B.T.C. Pressure, 3,000 lb.
Inlet valve opens, 80

0

B.T.C. }
Inlet valve closes, 350 A.B.e. Open for 295

0

Exhaust valve opens, 45° B.B.e. }
Exhaust valve closes, 60° A.T.e. Open for 285

0

Scavenge perlode 800 + 60° = 1400

Inlet valve open = 80
0 + 180

0 + 35
0 = 295°

Exhaust valve open = 45° + 180
0 + 60° = 285

0
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DIESEL ENGINE TIMING DIAGRAM
(Normal Aspirated)

B.H.P. =68. Cylinder diameter, 10 1/4 in. (260.5 mm.), (5 cylinders)
Stroke 14.5 In. (368 mm.) Revolutions =600
Firing sequence. 1. 3. 5. 4. 2
$tartlng air valve opens, 10· B.T.C.} "
Starting air valve closes. 61° B.B.C. Open for 71
Fuel injection starts. 16" B.T.C. Pressure. 3.000 lb.
Inlet valve opens. 5" B.T.C. } "
Inlet valve closes, 25" A.B.C. Open for 295
Exhaust valve opens. 40" B.B.C.}
Exhaust valve closes. 15" A.T.C. Open for 285"
Overlapped period Inlet and exhaust = 5" - 15· = 20"
Air admission period =5" + 180" +25· =210~. .
Exhaust period = 40" +180" + 15" = 235"
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GENERAL CONSTRUCTION AND OPERATION OF A BBC TURBOCHARGER

In exhaust-gas turbocharging, the energy in the exhaust gases from the engine
(diesel or gas) is used to compress the air ledto the engine, resulting in increased power
output.

In the VTR turbocharger, exhaust gas from the engine flows through the gas inlet
casing (1),andexpands in thenozzle ring (2). It imparts energy to theblades of theturbine
rotor (3), and then passes via gas outlet casing (4) along an exhaust pipe to the
atmosphere.

The air required by the engine is drawn through a suction pipe or combined filterl
silencer (5) to the compress (6). It thenflows through thediffuser(7)andfinallyleaves the
turbocharger via the pressure pipeof the compressor casing (8).

A partition (9)withheatinsulating interspace separates theair chamber from thegas
chamber.

Sealing airforthelabyrinth glands oftheturbine rotorisobtained fromthecompressor
through passage X.Thisprevents exhaust gases from entering thebalance chamber Z or
the bearing housing.

Passage Zallows the pressures in the bearing space to be balanced and prevents
lossof oil.

The rotorruns in spring-mounted rolling-contact bearings, which are readily acces
sibleat both endsof therotor. Each bearing hasitsown lubricating andoil cooling system.
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FOURTH ENGINEER

DRAWING

EXERCISE 1988-1992

1. Draw a longitudinal section of the piston of a four-eycle diesel engine. Indicateand
label thefollowing parts: Compression rings.Oil or Scraper ringsan Wrist pin.

2. Drawa sectionalview of a gear type of rotarypump. Indicate and label the parts and
show with arrow the direction of flow of the liquid.

3. Sketch a cross-sectional view of a cross-head type piston and level its parts.

4. Sketch the four different types of piston ring cut and identify each type.

5. Sketch the operational flow of an oily bilge water separator.

6. Sketch a cross-sectional view of a trunk type piston assembly and level its parts.

7. Sketch the differentweldingsymbols for the following:
a. fillet weld
b. plug or slot welding
c. double vee welding
d. spot weld
e. flash or upsetweld

THIRD ENGINEER - EXERCISES

f. surfacing weld
g. backingweld or back
h. flare vee bevel groove
i. flange edge weld
j. melt through weld (one side)

1. Draw a longitudinal section of a steam driver air educator. Indicate and labelthe
following parts: Steam inlet. Steam nozzle, Air inlet and Air and steam outlet.

2. Drawasideviewofa lubricating oil coolerofthemaindieselengine. Indicate andlabel
the following parts:Cooling water inlet.Cooling wateroutlet.Tube nest.Oil inlet.Oil
outlet. Zinc anodesand End covers.

3. Sketch a cross-sectional view of a gear pumpshowing the direction of rotation and
level its parts.

4. Sketch a cross-sectional view of a fuel valve-solid injection and level its parts.

5. Sketch the operational flow of an oily bilge waterseparator.

6. Sketch the different.welding symbols for the following: Singleveewelding; Bevel
grooveweld; Flarebevelgroove; Flange edgeweld; Spotweld; Filletweld; Square.
groovewelding; SUrfacing weld; Flange comerweld and seam weld.

7. Drawa cross-sectionalviewof a Diesel watercooled exhaustvalvecagewith valve.
Labelparts.
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8. Draw a cross-sectional viewof a lub-oll cooler. shell andtube type. Show direction
of operational flowof oil andwaterby arrows. Label parts.

SECOND/CHIEF - EXERCISES

1. Draw the side view· of fire-tube scotch boiler. Show andlabel thefollowing parts:
Safety valves. main steam stopvalve. firetubes. stayrods. furnace andcombustion
chamber. gauge glassandoil burner.

2. Draw thelongitudinal section ofastemtubeshowing andrabeling thefollowing parts:
Tailshaft. stuffing boxandgland. packing andtailshaftbearings.

3. Draw a sectional viewof a 2-stage Air Compressor showing the pistons in tandem.
Label the characteristic parts.

4. Drawa longitudinal section viewofaFire Tube Bollerand label itscharacteristicparts.

5. Sketch a Shell Type Condenser and label its parts.

6. Sketch a Cross-Sectional view of a Centrifugal Pump showing their parts and
direction of rotation at normal operation.

7. Draw a sideviewof steam andwaterdrum of anauxiliary water tube boiler. Indicate
andlabel thefollowing mountings: Safetyvave. Aircock. Steam stopvalve. Main feed
and check valves andAuxiliary fe8(fand check valves.

8. Draw a longitudinal section of a tailshaft with the following parts labeled: Tapered
portion with keyway. Coupling flange and Continuous bronze liner.

9. Sketch a cross-sectional view of an ·atlas· fresh watergenerator (evaporator) and
level its parts.

10. Sketch across-sectional view ofasulzer-valvelesscylinderheads andlevel itsparts.

11. Sketch the operational flowof an oilybilge waterseparator.

12. Sketch a lubeoil cooler - shafttype and label its parts.

13. Sketch thedifferent welding symbols for thefollowing: Flash or upset; Meltthrough
weld; ·U· groove weld; Double vee welding; Fillet weld; Flange edge weld; Plug orslot
welding; Surfacing weld; Bevel groove weld; Flare veebevel groove.

14. Draw a piston ofa2-stageaircompressor. vertical-tandem. Label 1ststage and2nd
stage.

15. Draw a cross-s~ional view of an oilywaterseparator for bilge oil and water. Show
direction of ~rational flow of oil and water to outlets. andalso oilywater inletby
arrows. /
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CHIEF ENGINEER - EXERCISES

1. Draw a sideviewof a watertube boilerwith straight tubes and a cross drum. Locate,
andlabel thefollowing majorparts: Generatingtubes; Waterandsteamdrum; Uptake;
Furnace; Forced draft fan;Gauge glass; Steam stopvalue; Safety valve.

2. Drawa longitudinal section ofastemtube indicating thefollowing parts: Innerbearing
(lignum vitae); Outerbearing (llgnum vitae) and Sea water sealing arrangement
(stuffing box).

3. Sketch a cross~ectional view of the main reduction gear of a steam turbine main
propulsion showing thehigh andlowpinion gears indicating thedirection of rotation.

4. Sketch and indicate the partsof a -hoDow crankshatranda solid crankshaft.

5. Sketch the operational flowof an oily bilge waterseparator.

6. Sketch across-sectional viewofavalveless cylinder he,ad forsulzerengine andlabel
its parts.

7. Sketch thedifferent welding symbols for thefollowing: Double veewelding; Square
groove welding; Backing weld orback; Surfacing weld; Flange comer weld; Seam
weld; -J- grooveweld; Single veeweld; Spotweld and Plug slotwelding.

8. Draw apiston ofaktage aircompressor Vertical-tandem. Label 1ststage. 2ndand
3rd $tage.

9. Draw a cross-secnonal viewof an oilywater separator for bilge 011 andwater. Show
direction of operational flow of 011 and water to outlets~ 'and alsooilwaterinletby
arrows.

• ..
II.. I

10. Venturi diffuser

11. Nozzle

-I
12. Steam inlet

13. Steam chamber

14. Strainer

15. Nut cover

AIR EJECTOR
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SAFETY OF LIFE AT SEA

FIREFIGHTING

I. THEORY OF COMBUSTION

Oxidation isa chemical process inwhich asubstance combines withoxygen. During
thisprocess, energy is given off, usually in the form of heat. Rusting of ironandrotting of
wood are common examples of slowoxidation.

Fir~, or combustion, is rapid oxidation; theburning substance combines withoxygen
at a very high rate. Energy is given off in the form of heatand light. Because this energy
production is so rapid, we can feel the heatandsee the lightas flames

Burning

Burning israpid oxidation ofmillions ofvapour molecules. During thisprocess vapour
molecules break apart into individual atoms and recombine with oxygen to form new
molecules. Energy is released asheatandlightduring thebreaking recombining process.

Theradiant heatreleased from theoxidation process travels inalldirectionsandsome
of it travels backto the seatof the fire or theburning fuel.

Theheatthat is radiating backto the fuel is termed as Radiation Feed Backandthis
playsaveryimportant role tokeepthefiregoing. This heatreleases more vapourandraises
thevapour to itsignition temperature. Atthesame time airtravels in theareawhere vapour
and flames meet. So the newly formed vapour begins to burn resulting in increase of
flames.

The Chain Reaetlon

The burning vapour produces heatwhich radiates backto release and ignite more
vapour- thatis thestartofthechain reaction. Theadditional vapourburns producing more
heatandasmentionedearlier releases andignitesstillmore vapour. Thiscontinuesaslong
as there is plenty of fuel and oxygen. The vapour released from fuel would reach a
maximum rate afteracertain .time andwould produce asteady rateofburning. Thisusually
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continues till most of the fuel hasbeen consumed. At thisstage. there is lessvapour to
oxidize - so less heat is produced. The whole process starts to break down. A solid fuel
would leave an ash residue and smolder forsome time. Uquld fuel bums upcompletely.

I

II. SI(ETCHOF A FIRE TRIANGLE

a.

THETRIANGLE OFCOMBUSTION.

b.

THE FIRE TETRAHEDRON

a. Concept of Fire Triangle - One way of discussing combustion is in terms of the
triangle ofcombustion. (Refer tosketch No.1 above). It isconsidered thatforcombustion
to occur three factors arenecessary: heat. oxygen and a combustible substance or fuel.
Combustion will continue as long as three factors are present. Removal of one of them
leads to thecollapse of thetriangle and combustion stops.

b. Conceptof "Fire Tetrahedron" - Modem combustion theory.nowdepicts combus
tion as a tetrahedron. The 'fire triangle'. however. still accurately describes the ignition
process. Afourth factor isnecessary forfiretosustain itselfand increase insize.Thisfactor
Is the chemical chain reaction between the fuel and oxidizing agent. As process of
combustion continues. more fuel molecules will break down. enter into thechain reaction.
reach theirignitiOn Point. begin tobum. cause a temperature rise. draw additional oxygen
andcontlnueth~chain reaction.

F1sshPo/nt

Flash point is the lowest temperature at which there is sufficient vaporization of the
sUbstan~ to produce a vapour which 'will flash momentarily when a flame is applied.
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III. CAUSES OF FIRE ON CARGO HOLDS AND DECK

1. Smoking in the cargo holds or on deck.
2. Many materials thatarecarried ascargo aresubjected to spontaneous ignition.

Combustion occurs through the interaction of two or more substances, one
ofwhich isoften airorwater. Some cargoes thatpresent adangerof firethrough
spontaneous ignition are charcoal, cod-liver oil, com meal feed, fishme~,

linseed oil, oiled andvarnished fabrics and redskinpeanuts.

Some types ofcombustible cargo are
a. Chlorine, which catches fire in thepresence of organic materials.
b. Metal powders such as: magnesium, titanium, calcium and zirconium. These

oxidise rapidly in thepresence of air andmoisture.

causes ofFire In Accommodation
a Smoking is themaincauses of a fire in the accommodation.
b. Smoking in bed.
c. Smoking under the influence of alcohol.
d. Overloading of electrical applianceslwiring.
e. Jury-rigging to operate many electrical equipment from oneoutlet socket.

causes of Fire In the Engine Room
a. Vapours given off when fuel is transferred under pressure.
b. Overfilling of tanks andconsequent overflow of oil.
c. Leaks in the transfer system of oils.
d. Fire in' the bilge area due to vapour produced by excess accumulation of

oil underneath.
e. High temperature sparks and slags are thrown off when gas or arc welding

is carried out.
f. Gascutting is even more hazardous asmolten metal is removed in theprocess

and this can cause strayfires.

causes of Fire In Boller Room
a. Improperly maintained oil burner tipsand burning 'equipment.
b. Incomplete combustion offuelintheboiler. Ifthisaccumulates itcould eventually

ignite and cause a fire.

Causes ofFire In Storage and Work Spaces _
a. Examples of such spaces arepaintandrope loCkers, carpenter shops etcall of

which contain large amounts of flammable materials.
b. CarelesS disposal of storage material can leadto spontaneous ignition.

Note: The following is an explanation for spo~taneous ignition.

c. A rag soaked with vegetable oil or paint discharged together with otherbuH<y
material, may begin to oxidise - te.. react chemically with the oxygen I in
thesurrounding warm air. Oxidation produces heat. Heatcauses theremaining
oil to oxidise faster and produce more heat, and if this heat is not conducted
away, thetemperature raises gradually to thepointatwhich theragwillburstinto
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flames. This is known as spontaneous ignition.

causes ofRre due to Electrical NlachlnerylWlrlng
a. When electrical equipment wears out, misused or poorly wired it becomes

a source of ignition.
b. Short circuiting~

c. Over sized fuse wires.
d. Defective wiring.
e. Jury-rigging- - using ':'lany electrical component from one outlet socket.
f. On weather deck, high intensity flood lights have canvas or plastic covers. If this

covers remains in place when the lights are -on-fire can occur.
g. Improperly protected cargo light bulbs.
h. Improper use of hand lamps.
i. Faulty electric motors.
j. Motor winding becoming short circuited or grounded.
k. Overheating of motor bearings due to lack of lubrication.
I. Overloading of motor causes the motor to overheat.
m, Hydrogen accumulation in the storage batteries compartment.

causes ofFire In the Galley
a. Open flames, fuel lines.
b. Rubbish and grease accumulation.
c. Clothing, rags, towels etc may be ignited through carelessness.
d. Not using range battons.
f. Deep fryers being shifted due to ship's movement.
g. Leaving galley unattended.

BASIC WAYS OF PREVENTING FIRE

Elements of Effective Fire Prevention Programme
a. Training
b. Maintenance and use of portable extinguishers
c. Good housekeeping
d. Elimination and control of ignition sources
e. Safeworking procedures
f. Periodic inspections
g. Preventive maintenance and repair

a. Training Curriculum. The training should be focused primarily on the preven
tion of fires. A secondary goal should be to. teach the crew how to isolate and then
extinguish small fires.

b. Maintenance and Use ofPortable Extinguishers. Portable fire extinguishers
can control a fairly large fire if they are used promptly and properly. Through training,
crewmen should develop confidence in these appliances. They should check to see that
fire extinguishers are in their proper places, in good condition and ready for use.
Additionally, every crew member should be absolutely certain about the proper use of the
different types of extinguishers.
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c. Good Housekeeping. Basically this means cleanliness. Sadly kept storage
spaces, engine room etc., become a "breeding ground- for fire. However, from the fire
prevention standpoint it means theelimination ofsources of fuelfor fire. Almost every one
of them can be eliminated witha minimum of effort. Some are listed below.

1. Cleaning rags andwaste should be stored in covered metal containers.
2. Accumulation of oily rags should be placed in covered metal containers and

discarded as soonas possible.
3. Accumulations of packaging materials should be disposed of immediately.
4. Dunnage should be stored in the proper area only. Wood chips or shavings

should be disposed of properly.
5. Accumulations of flammables increw orpassengerquarters should be avoided.
6. Oil-soaked clothing should notbeworn bycrew men. They should be kept ifl

crew lockers.
7. Paints, varnish etc., should bestored in thepaintlockerwhen not in use - even

overnight.
8. Leaks inproduce, fuel-oll or lubricating oilpiping andspilled oilorgreaseshould

-be cleaned up. Oil in bilges or on tanktopsandfloorplates should be removed
without delay.

9. Kerosene andsolvents should be stored in appropriate containers.

d. Elimination andControl Ignition Sources. Cleanliness caneliminate sources
of shipboard fires. Good training, a goodattitude andalertness can assist immeasurably
ineliminating another necessary ingredient of fires, namely, thesource of heator ignition.

These can be eliminated by:
1. Notsmoking in restricted areas: discarding ashes, buttsandmatches carefully;

using onlysafety matches ontanks vessels; closely observing shore workmen
in holds.

2. Notoverloading electrical circuits; protecting circuits withproper fuses orcircuit
breakers; proper maintenance andrepair ofelectrical equipment; proper wiring.

3. Keeping flammable materials clear ofsteam pipes, lightbulbs andothersources
of ignition.

4. Observing all precautions when welding or burning.
5. Using approved flashlights and portable lights and nonsparkling tools ontank

vessels.
6. Notusing electricals where a fire hazard may exist.

e. Safe Working Procedures.

1. Working in confined spaces:
Knowledge ofthegases present inbaUast, fuel011 andfresh watertanks and

theireffects onhuman beings. Understand thesigns andinstructions relating to
confined spaces. Provide sufficient lighting and ventilation. Seekpermission to
enter confined spaces from responsible officer in charge. Keep a person in
constant attendance at the entrance to such spaces. Use approved electrical
appliances.
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2.

3.

4.

5.

6.

7.

8.

Performing hot work:
Seek permission trom the supervising officer. Check the workplace for

combustible materials. fuel oiland fuel oilventpipes. Find outthetypeofportable
fireextinguisherattheworkplace. Checkontheotherside forsludge. oilyresidue.
combustible materials. Wear shipping and welding goggles.

Working on 0/7 pipes:
Seek permission before starting the work on oil pipes. Insolate the pipel

pipes byclosing appropriate valves. Report 011 spillage tothesupervising officer.
Avoid theuseofcutting torch inplace ofspanners. Install drip-traysandprovide
adequate ventilation.

Working onmachines:
Switch off and isolate the machine concerned. Close the appropriate

valves. Seek permission before commencing thework. Replace all guards and
othersafety devices aftercompletion ofwork.

Working onpropulsion engine andpropeller shaft:
Seekpermission from theseniorengineerbefore starting thework. Engage

theturning gearand lockallcontrols. Lock thepropeller shaft. Before turning the
shaftwarn other workers, clear theshaftof tools. ropes etc, check for workers
inside the crankcase.

Working onboilers, steam machinery andsteam pipes: J
Allow boilers to cool before commencing work. Isolate theparticular ~i1er

in a multiple-boiler arrangement. Provide ventilation and lighting for furnace
uptake. Donotsetsafety valve without thepermission ofauthorised personnel.
Isolate and drain steam machinery and steam pipes.

Working on refrigeration machinery: ,
_Know the hazards of CO2, freon, ammonia. Do not use heat - producing

tools or equipment on refrigeration ma-::hlnel'y. Provide adequate ventilation.
Isolate thesystem or machinery.

Working atheights:,
Keep means of access free from obstructions.'Check andreport defect in

staging and scaffolding. Wear safety beltand anchor it to a lifeline. Keep tools In
suitable toolboxes. "

/
9. On completion of work:

Clean the workplace. Dispose of oil rags and combustibte materials.
Prevent obstruction ofpassage ways and means ofescape'bydismantling parts
of scaffolding. Fence or cover all openings. ' , ' "

f. Periodic Inspections. Inspection is one of the most important parts of the
shipboard fire prevention program. Its purpose is to find and eliminate fuels and Ignition
sources thatcould cause fires. Every crewmen should beaninformal inspector. checking
for fire hazards at all times. on and off duty. In addition. the master. chief officer. chief
engineer andseco~ engineer should make a jointformal inspection of the entire vessel
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at leastonce each week. Thisshould be acomplete inspection, from bowtostemandbilge
tobridge.Theformal inspection should besystematic; achecklistshould beusedtoassure
that no areaIs overlooked.

g. PreventiveMalntelJllnceandRepair. Thebasicelements ofapreventive main
tenance and repairprogram are lubrication and care, testing and inspection, repair and
replacement andrecord keeping. Thefirst three should beperformed according todefinite
schedules that depends on the equipmen~ in question. For example, some equipment
mightbe serviced at various intervals during each watch. Other equipment might require
maintenance once each watch, or daily or weekly, on up to annually or at even longer
intervals. The manufacturer's manual is the bestguide for establishing the schedules for
periodic maintenance procedures.

h. cargo Operation. Loading andunloading operations should be closely super
visedbyship'sdeckofficers. Leaking cargo should berejected immediately; anyliquid that
hasleaked intotheholdshould beremoved orotherwise rendered harmless. (Remember,
a vegetable oil that leaks onto baled cotton, rags or other fibrous material could cause
spontaneous ignition..) When cargo ishandled, it should notbe allowed to bump heavily in
theholdsothatthepackaging isdamaged. Such damage could goundetected andcause
serious problems after the ship leaves port. Even in home ports, loading and unloading
should be carefully observed. In other ports, especially foreign, vigilance and close
monitoring areof great importance.

i. Transferof fuel. When fuel is taken aboar-d, it is stored in doubled-bottom to
deeptanks. If necessary the fuel is heated, andthen it is pumped to the service tanks or
settling tanks. From there, it moves to a gravity or day tank, or to a fuel oil service pump,
fromwhich it is pumped to the fuel oil burners or diesel engines.

During this transfer of fuel under pressure, the liquid fuel itself is not a fire hazard if
there arenomistakes. However, thefuelvapors thatmaybegiven offareveryhazardous.
Both theoverfilling of fueltanks and leaks in thetransfer system can increase thedanger
of fire.

V. CLASSIFICATION OF FIRES

I. CLASS"A" - These are fires involving solid materials normally of an organic
nature (compounds ofcarbon), inwhich combustion generally occurs withtheformation of
glowing members.

Class -A- fires are the mostcommon and the mosteffective extinguishing agent is
generally water in the form of a j~ or spray.

II. CLASS"B" - These are fires involving liquids or liquefiable solids.
The extinguishing agents suitable to this category of fire are water spray, foam,

vaporising liquids, carbon dioxide anddry chemical powders.

III. CLASS"C" - These arefiresinvolving gases or liquefied gases in theformofa
liquidspillage. or a liquid spillage. or a.liquid or gas leak. and these include methane,

I
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propane, butane, etc.

Foam or dry chemical powder can be used to control fires involving shallow liquids
spills. Water in the form of sprayis generally used to cool the containers.

IV. CLASS"0" - These are fires involving metals.

Extinguishing agents containing water are ineffective, and even dangerous. Pow
dered graphite, powdered talc, soda ash, are"normally suitable for this Class aDa fires.
Special fusing powders havebeen developed for fires involving somemetals.

Electrical fires: Anyfire involving electrical equipment must, in fact, be a fire of Class
A, Bor D.Thenormal procedure in such circumstances is to cutoff theelectricity anduse
an extinguishing method appropriate to what is burning. Onlywhen this cannot be done
with certainty will special extinguishing agents be required. These include vaporising
liquids, dry powders and carbon dioxide.

VI. FIRE DRILL ANDFIRE PATROL

Firedrillsarecarried outregularly onships toensure thatthecrewunderstand andare
drilled in theduties assigned to them in theevent of a fireor emergency. At firedrills each
member of the crewshallbe required todemonstrate hisfamiliarity withthearrangements
andfacilities of theship, hisduties andanyequipment hemaybe called upon to use.For
this purpose, an outbreak of firewould be assumed to have occurred in somepart of the
shipanda mockattackmade. (Aseafarer upon joining a shipshould get acquainted with
the various alarm signals and his muster station at the earliest opportunitY.)

Firepatrols with properinstructions have a part to play in fire prevention as well as
early fire detection. They should have a good topographical knowledge of the ship, her
fire-fightingappliances andtheiruse,thefire-warning system andto beableto tacklean
incipient fire.Thepatrols should have a check-listandtaketo their rounds systematically
and when appropriate, e.g., upon ship leaving port especially where shoreworkers had
performed somework on board.

VII. METHODS OF EXTINGUISHING FIRES

Specific actions involved in extinguishing fire are as follows.

a. Cooling - Thisreduces thetemperature of thefuel tobelowits ignition temperature.
This is a directattackon the heatsideof the tetrahedron.

b. Smothering - This separates the fuel from the oxygen.

c. Oxygendilution - Thisreduces theamount of available oxygen to a levelbelowthat
is needed to sustain combustion. Thisisanattackontheoxygen sideof thefiretetra
hedron.
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d. Breaking chain reaction - Thisdisruptsthe chemical processthat sustainsthe fire.

Boundary Cooling, Boundary Sealing

Whilst an attack is being madeon the fire, the adjacentareas mustbe inspected for
signs of heatspread and if necessary boundary coolingor boundary starvation shouldbe

. commenced.

Bysuccessfully confininga fireto a singlecompartment orgroupof compartments, its
size and intensitywill be checked. The experienced fire-fighter would probablysay that
confining a fire within its bounds is as importantas attempting to put it out, as a fire so
confined is definitely under control.

Boundary Cooling. Intense heat radiated from a fire in a compartment will raise ~he

materials nearby or adjacent to the compartment to ignition temperature. Boundary
cooling, achieved by spraying water on the compartment walls/bulkheads or on the
materials, should be done to prevent this.

Boundary sealing/starvation. Boundary sealing is the exclusion of air by shuttingall
openings in the compartment and boundary starvation is the removal of potential fuel
(carpet, wardrobes, oil) that are lying nearbyor adjacentto the compartment on fire.

VIII. FIRE EXTINGUISHING MEDIA

1. Water
2. Foam
3. Carbon dioxide
4. Dry chemicals
5. Dry powders
6. Vapourising liquids.

Extinguishing capabilities of Water. Water is primarily a cooling agent. It absorbs
heat and cools burning materials more effectively than any other of the commonly used
extinguishing agents. It is most effective when it absorbs enough heat to raise its
temperature to 100oC. At that temperature water absorbsthe latent heat of vaporisation
and moves the absorbed heat away from the burning material. This quickly reduces the
temperature of theburningmaterial to belowits ignitiontemperature, andthefire goesout.

Water has an important secondary effect ie when it turns to steam, it expands in
volumeandsurrounds thefire anddisplacethe air.Thustheoxygen supplyto the fire is cut
off.

Thus water provides a cooling as well as smothering effect.

Advantages - It is available in large quantity. This can beeasilyhandled and
transported to the scene of fire.

Disadvantages - It is aconductorofelectricity. So itshouldnotbeusedonelectrical
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equipment It can cause damage to cargo andmachinery. It can
cause stability problem when used in large quantities.

Extinguishing capabilitiesofFoam.Foam isablanketofbubbles thatextinguishes
firemainly be smothering.

Foam available for fire fighting areeither chemical foam or mechanical foam.

Chemical foam isformed bymixing analkali (usuallysodium bicarbonate) with anacid
(usually aluminium sulphate) Inwater.

Mechanical foam is produced by mixing a foam concentrate withwaterto produce a
foam solution. Thebubbles areformed byturbulent mixing ofwater. foam solution andair.

Thefoam thus produced forms a blanket on thesurface of flamming liquid. including
oils. The blanket prevents flammable vapours from leaving the surface and prevents
oxygen from reaching thefumes.• thus making itdifficult forthefire toexist. Thewaterinthe
foam also has a cooling effect. which makes foam suitable for Class A fire also.

Advantages - Foam can be made with anytype of water except thewater that
iscontaminated with oil. Foam concentrates arenotheavy. Foam
does notbreakdown readily.

Disadvantages - Itshould be notused onelectrical equipment. It can damage the
cargo andmachinery. Aftera fire. it is verytedious to clean the
foam.

Extinguishing capabilities ofcarbon Dioxide. Carbon dioxide putsoff firemainly
by smothering~ It dilutes theairsurrounding thefire until the oxygen content is too lowto
support combustion. Carbon dioxide has avery limited cooling effect. TheCO2 concentra
tion must be maintained until all fire is out.

Advantages - Itwill notdamage delicate machinery or instruments. It is safe to
useonto electrical machinery. It is non-eorrosive. It leaves no
residue.

Disadvantages - It is highly asphyxiating and slightly toxic. There isadanger of
reignition if air is readmitted into thecompartment tooquickly.

...
Extinguishing capabilities of Dry Chemical. It puts off the fire by cooling. This

cooling takes place simply because the dry chemical is at a lower temperature than the
burning material.

Itputsoffthefirebysmothering. When drychemical reacts with theheat andburning
material. some CO2 andwater vapour areproduced.

Advantages - It is suitable for use on electrical equipment. It is non-toxic. It is
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non-corroslve.

Disadvantages - Itwillclogandbecome useless If it is allowed tobecome damp. It
leaves a residue. It doesnotofferproiectlonagainst reignition.

ExtInguishing capabilities ofDry Powders. Drypowders composed of graphite
cools the fire andcreates a heavy smoke that helps smother the fire.

Drypowders having sodium chloride base forms a crust on the metal andsmothers
the fire.

Dry powders having sodium carbonate forms acrustonthesurface ofburning sodium
to smother the fire.

Advantages - It can control metal fires without anyviolent reaction.

Extinguishing capabilities of Vapour/sing Uqulds. These puts off the fire by
breaking the chain reaction. '

IX. FlRE-FIGHTING APPUANCES
(THE MERCHANT SHIPPING SAFETY CONVENTION REGULATION, 1984)

Flre-flghtlng Appliances for CBrgoShip (10OD tons andabove)

Rre Pumps. Cargo ships of 1000 tons upwards must have at least two fire pumps
independently driven.

RreHydrant. Thenumber andposition ofhydrants shall besuch thatat least2 jetsof
waternotemanating from'the same hydrant, one ofwhich shall be from a single length of
hose. mayreach anypartof the ship.

Rre Hoses. In cargo ships of 1000 tonsandupwards the nuber of fire hoses to be
provided shall be onefor each 30m length of theshipandone spare but in no case less
than five in all. The total length of the hoses provided shall'not~ lessthan60%of the
length of the ship. This number does not include any hoses required in any machinery
space.

Fire hoses provided in compliance with these regulations shall notbe used for any
purpose other than forextinguishing firesortesting thefireextinguishing apparatus at fire
drillsandsurveys.

Nozzle andcoupling. Each hose shall beprovided with a nozzle andthenecessary
couplings. The standard nozzle shall be 12 mm, l.,mm. 19 mm or as near thereto as
possible.

Foraccommodation and service spaces, a nozzle size greater than 12mmneed not
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be used. All nozzles shall be of an approved dual purpose type (i.e. spray~et type
incorporating a shut off).

Portable Fire Extinguishers. The number of portable fire extinguishers shall not be
less than 5 in a ship of 1000tons and upwards.

Ineachspaceapprovedfoamtypefireextinguishers, eachofat least45litres capacity
or carbon dioxide extinguishers of at least 15 kg. capacityor dry powderextinguishers of
at least23 kg capacity, sufficientin numberto enablefoamor its equivalentto be directed
onto anypartof thefuel andlubricatingoil pressure system,gearingandotherfirehazards.
Inadddition,thereshall be provided a sufficientnumberof portablefoam extinguishers or
equivalentwhich shall be so locatedthat no point in the space is more than 10 m walking
distancefrom anextinguisher andthat thereareat least2 suchextinguishers in eachsuch
space.

In the case of domestic boiler of less-than 175 KW in cargo ships. there shall be a
receptacle containing 0.3 m3 of sand. sawdustimpregn~ted with soda. or other approved
dry material togetherwith a scoop for its distribution. An approvedportable extinguisher
may be substituted as an alternative.

X. FIXED INSTALLATION IN MACHINERY SPACE

In machineryspaces containing oil fired units shall be provided with anyone of the
following fixed fire extinguishing system:

1. Fixed Installation CO2 or Halogenated hydrocarbon system.
2. A high expansion foam system.
3. A pressurewater sprayingsystem.

Fireman's Outfit
A fireman's outfitshall consists of:
1. Protective clothingof material to protectthe skinfromthe heatradiating fromthe

fire and from bums and scalding by steam. The outer space shan be water
resistant.

2. Boots and gloves of rubberor other electricity non-eonducting material.
3. A rigid helmetproviding effective protection against impact,
4. A rechargeable electric safety lamp (hand lantern) with a minimum burning

period of 3 hours. It must be fittedwith meansfor easy attachmentto the user.
5. An axewith a short handleof wood or otherwell insulatedmaterial. and its head

shall have a pick as well as a cutting edge. A carrying belt should also
be provided.

Breathing Appratus
A breathing apparatus of an approved type which maybe either:
1. A smokehelmetor smokemaskwhichshallbe provided with a suitableairpump

anda lengthof air hosesufficientto reach fromthe opendeckwell clearof hatch
or door way, to any part of the holdsor machinery spaces. An air hoseof 36 rn
in length would be necessary.

440



2. Aselfcontained compressed airoperated breathing apparatus, thevolume ofair
contained' in the cylinders of which shall be at least 1200 Iitres, or other
self contained breathing apparatus which shall be capable of functioning for at
least 30 minutes. Two spare charges suitable for use with every apparatus
provided shallbe available onboardbutthetotalnumber of spare charges need
notexceed eight. Thenumber ofsparecharges sospecified maybe reduced by
50% if approved means provided with air free from contamination.

For each breathing apparatus a fire proof lifeline of sufficient length and
strength shall be provided capable of beingattached by means of a snap hook
to the harness of the apparatus.

All shipsshallcarryat least2 fireman's outfits, complying with the require
ments.

International Shore Connexlon

1. Shipsof 500 tonsand upwards shall be provided with at leastone International
shore connexion, complying with the provisions.

2. Facilities shall be available enabing such a connexion to be usedeitherside of
the ship.

XI. DETECTORS, EXTINGUISHERS & FIXED INSTALLATIONS

Rre Detectors

Firedetectorsworkondifferentprinciples anctare chosen depending onthenature of
fire expected, covered area, atmosphere in the space, etc. They can be categorised as
follows:

Heat Detectors. These detectors or sensors are usually of the bi-metallic type and
operate under.one of the following conditions -

1. At a fixed temperature
2. Dueto the rate of rise of temperature
3. A combination of (a) and (b).

Flame Detectors.These are usually 'Infra Red' flame detectors working on the
principle of flame radiation actuating a photc-eleetdccellwhich in turn actuates an alarm
system.

Smoke Detectors. Since smoke coulddevelop withoutthe evolution of muchheator
flame thesedetectors or sensors are very commonly used. They usually comprises of a
photo-elecmccell operating due to one of the following reasons -

1. Smoke obscuring a beam of light falling on the photo-electric cell.
2. Smoke scattering a lightwhich isshielded froma photo-electric cell andmaking

it fall on it.
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3. A combination of (a) and(b).

Combustion GasDetectors. These workon an ionization principle. Thecombustion
gasproduced duetoa firegives adifferent currentstength relative toairionization andthis
actuates an alarm.

Fire Mains System

In thissystem wateris supplied to a firemain, which is a pipecarrying seawater, by.
at leasttwo independently powered pumps in the engine room andan alternative supply.
which is the DEmergency Fire PumpsD installed outside the machinery space.

Thefiremain hasbranches leading to alldecks fitted withhydrants orvalves soasto
cover theentire ship. Anisolatingvalve isfitted intherising firemain, outside themachinery
space sothatincase ofaburstinthelineinside theengine room, watercanstillbesupplied
to the accomodation anddeckby the emergency fire pump.

There are twobasic layouts for this firemains sytem. viz-
1. TheSingle Main System
2. The Horizontal Loop Main System

The single main system as the name implies consists of a single main running the
length oftheshipthatis intheforeand aftdirection. Branches, both vertical and horizontal,
extend out from this to cover the various spaces.

The disadvantages of thistype is thatit cannot supply waterbeyond a pointwhere a
burstmayhave taken place.

Thehorizontal loopsystem comprises of twoparallel fire lines, onerunning on each
side, andjoinedatthefurthest pointfore andaft.Cross-connecting branch linesservethe
various spaces andisolating valves areprovided afterthehydrants.

The advantageofthisdesign isthatincase ofaburst, theeffected partcanbeisolated
andthe system still used for the restof theship.

XII. PORTABLE EXTINGUISHERS

Purpose ofProviding Portable Extinguishers

Portable extinguishers areprovided to fight a fire at the very initial stages. An early
detection and use of a correct type of fire extinguisher can put off the fire and thereby
damages to property or loss of lives can be avoided.

However, it must be remembered that portable extinguishers have limited
capacity and require a proper training in handling them. With the help of a portable
extinguisher it is possible to deposit the extinguishing agent on the right spot from a
distance.
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Method ofChecking Contents

All extinguishers mustbe so designed that it is possible to permittheir suitability for
operation to be verified at regular intervals. Extinguishers operated by means of a gas
cartridge (usually containing carbon dioxide) canbeopened upfor inspection andthegas
cartridge is normally checked by weighing to see if there is any loss of weight. Carbon

, dioxide and stored pressure extinguishers cannot be opened up for inspection; CO2
extinguishers arecheckedbyweighing andstored pressure extinguisher maybechecked
by:

1. weighing;
2. checking the internal pressure by an independent manometer;
3. a pressure gauge, if fitted.

Anypressure indicator should showwhen thepressure hasfallen belowthe levelfor
efficient operation andwhen recharging or 'replacement is necessary.

Corrosion

With the water (gas cartridge) type of extinguisher, there is a risk of corrosion by
electrolysis because of thedifferentnature of themetals of thegas cartidge andtheouter
container. Tocombat thistheoutercontainer, unless it ismade ofstainlesssteel, musthave
all surfaces completely coated with specified materials. Corrosion inhibitors may alsobe
added to the water in the outer container and alsonon-corrosive freezing point depres
santsandnon-corrosive wetting agents, butnone of theseadditives should produce toxic
fumes.

Hose and Nozzles

Allextinguishers withagreatercapacity than3kgorwithavolume ofmore than3litres
should be fittedwitha hoseandnozzle, the length ofwhich should notbe lessthan80per
cent of that of the extinguisher body. The hose should not be under pressure until the
extinguisher is operated and should be impervious to attack by the contents of the
extinguishers. If nozzles arefitted with a protective cap, this mustbeof a design so that it
is readily removed or fractured by the discharge of the contents.

Marking of &tIngulshers

Allextinguishers conforming totheBritish Standards specificationsareclearly marked
with the following information:

1. method of operation;
2. description of contents;
3. yearof manufacture;
4. testing pressure;
5. BS number.

Inaddition, Instructions regarding recharging, checking ofweightwhere appropriate,
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temperature range, classoffireforwhich theextingui~her is rated, dangers, if any,etc.,vim
befound on the extinguisher.

Soda AcidRre Extinguisher

Tooperate theextinguisher, theknob onthetop of thespindle is givena sharpblow;
thisbreaks bottleallowing acidto mixwiththealkaline solution, thuspromoting a chemical
reaction. The pressure of the CO2 so formed accumulates in the chamber and ejects the
contents. It hasan internal pipetherefore keep theextinguisher inan uprightposition while
operating.

Note:That no discharge will takeplace if this extinguisher is inverted.

Use. Soda-acidextinguishers areuseful oncarbonaceous fires, usually inaccommo
dation, involving wood, paperandfurnishings where theprimary purpose is to reduce the
temperature of theburning material without doingmore damage to thesurroundings than
is necessary.

COR and Water Fire Extinguisher

To operate the extinguisher, remove the locking pin. Hold the distribution hosewith
one hand; hold the extinguisher with the other hand and at the same-time squeeze the
handles. The squeezing action will lift the valve from its seat and the CO2 liquid will flow
through the intemal pipe,to theshort flexible or swivel hose. The liquid changes to a gas
and is spread evenlyover the burning surface, thus excluding the air.

Use. CO2 extinguishers are useful on fires involving electrical machinery.

Chemical Foam Fire Extinguisher.

Operating the extinguisher. Firstrelease thevalve from itsseatby turning thespindle
on the cap. Then invert-the extinguisher. Nowthe two solutions will mix and a chemical
reaction between theliquidswill ejectthechemical foam through thenozzle. Aimthenozzle
to a nearby obstruction so thatthefoam willgradually flowonto thesurface of theburning
oil.

Use. These aresuitable for oil fires.

Discharge time. Theminimum forwhich 6mjet must bemaintained is30seconds and
the maximum period of complete discharge of the expellable foam is 90 seconds.

Mechanical Foam Extinguisher.

Operating the Extinguisher. Remove the safety guard and strike the knob on the
plunger. Thisbreaks theCO2 cartridge. Thegasthusreleased mixes foam concentrate and
waterandexpelsthem through thediptube anddischarge tube.At theendof thedischa~ge

tubethere is a foam making nozzle. Air entrains at thisnozzle andfoam is produced. The
foam cannowbedirected to a nearby structure so that it flows gradually on to the surface
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of burning liquid.

Use. This is suitable for oil fires.

Dry Powder Extinguisher.

Operating the Extinguisher. To operate the extinguisher, first activate the CO2
cartridge breaker. Thisgaspressure expels thedrypowder through discharge hose. Hold
the no~le endandsqueeze gripon thenozzle to release thepowder. Directandaimthe
nozzle to the fire.

Diptube. Thediptube isprovided togiveaviolent motion inside thecontainer toinduce
the powder into the stream of gas.

Discharge Time. Thedischarge is very rapid andis completed in about.15seconds.

COR ExtIngUisher.

Operating the Extinguisher. To operate the extinguisher, first remove the safety pin
andthensqueeze therelease handle. Squeezing therelease handle will lift thevalvefrom
its seatandtheCO2 liquid isdischarged through a small flexible hose to a discharge hom.
At this discharge hom the liquid changes to a gasand is spread evenly overtheburning
surface, thusexcluding theair.While applying theCO2 to the firegivea sweeping motion
to the discharge hom across the surface of the burning material.

Internal Pipe. An internal pipe is fitted to ensure rapid release of liquidso that the
evaporation will nottakeplace in thebottle asthiswould cause icing duetheextraction of
latentheatcausing the formation of solidCO2•

Use. Suitable for fires involving electrical machinery.

Rxed Rre Rghtlng Installations

Forfighting large fires, ships areprovided withfixed firefighting installations such as
1. Firemains and hydrants
2. Sprinkler system
3. High pressure waterspraysystem
4. Carbon dioxide flooding system
5. Foam spreading system
6. Steam smothering system
7. Inertgassystem
8. Halon flooding system

XIII. SAFETY GEAR, PERSONAL SAFETY &BREATHING APPARATUS

Protective Clothing

Protective clothing should be worn as necessary to protect those involved in cargo
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operations from thehazards associated with thecargo. TheSuits, Gloves Boots, Goggles
andFace Shield, etc, should be suitable for the cargo. Many plastics become brittle and
crackwhen subjected to low temperatures, or can be dissolved by the cargo, though
clothing ofPVC orsimilar types ofmaterial is less susceptible toabsorption and should be
worn when exposure to vapour or liquid emissions is invorved. .

In particular, hand protection (e.g. gloves) should be worn when bandling cold
equipment, valves or slip tubes; face protection should bewomwhen there is thedanger
ofliquidemission. Respiratoryprotection should beprovided forcargo operations involving
toxic or asphyxiating gases. Cargo vapour may be absorbed into clothing In·sufficient
quantities to create a hazard if taken intoaccomodation, galley, smoke rooms etc.

Heat Resistant Suit

Fire protective clothing is made from a number of synthetic materials. The most
commonly used are Glass Fibre reinforced Modicryl andAluminised Rayon.

Fire fighters must be protected from both metabolic and environmental heal Meta
bolic heat is generated within the body. The human pain threshold is reached at 450C
(approx.) but fire fighters areexpected to carry outworkup to a temp. of 10000c. Latest
approved suitswill provide thisprotection.Suits made of Modicryl Beta GlaSs mixture are
light, flexible, waterresistant. It is notaffected byoils, most acids orpetrochemicals. Suits
can be washed or dry cleaned. '

Dangers associated with Asbestos for fire protective clothing have become well
known in recent years. There have been cases of Asbestosis, a fibrosis of the lung.
Asbestos haspoorthermal conductivity, itsstrength is drastically reduced if sprayed with
waterandU,ere is greatdanger of a wearer being literally boiled inside thesull

Fire fighter should never beoverprotected. One partof thebodyshould actas heat
sensor - protective clothing should be designed accordingly. Heat sensors currently
favoured are thighs.

Fire Proximity Suits are notsuitable fordirect entry intofireareas. Fire Entry suitsare
designed for fireareas.

Torches (Rashllghts)

Thetorch or flash lightshould be of approved type.

Approved Equipment. This is an equipment of a design that has been tested and
approved by an appropriate authority such asa government department orclassification
society. Theauthority should have certified theequipment assafe for usein a speQified
hazardous atmosphere .

It must be made sure that the equipment is maintained in good order. It should be
stowed in a safe, dry place so thatthe body or the internal parts do notgetdamaged.
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Respirators

Respirators are used for protection against harmful dusts and gases. Respirators
afford NO PROTECTION against oxygen deficiency or carbon monoxide and have very
definite limitations.

Respirators maybe divided intotwocategories:
1. DustRespirator. Apparatus having a particle filterto remove finely divided soiid

or liquid matter from the air inhaled by thewearer.
2. Gas Respirator.

Canister Type. Apparatus that remove limited concentrations of certain
toxicgases from theair inhaled by thewearer, by useof a filtercontained
In a replaceable canister connected to a full face piece.
Thistype mayalsoincorporate a particle filterto remove dust.
Cartridge Type. Apparatus that remove low concentration of certain rela
tively non-toxicgases and vapours from theair inhaled by thewearer, by
useof a replaceable cartridge filterusually fitted to a head mask. Thistype
also incorporates a particle filter to remove dust.

XIV.CONDmONS FOR ENTRY

Enclosed Spaces

Nooneshould enteracargo tank, Double Bottom Tankorsimilar enclosed spaces as
mentioned earlier without the permission to do so free a responsible officer who has
ascertained Immediately before entry thattheatmosphere there is inall respects s~tisfac~

tory for entry. The officer responsible should ensure that:
1. Effective ventilation is maintained continuously while men are in the compart

ment
2. A rEJsponsible member of the crew is in constant attendance .outside the

compartment and knows how to raise the alarm in an emergency. In no
circumstances should heenterthetankbefore helphasarrived. Thelinesofcom
munication fordealingwithemergencies should beclearly establishedandunder
stood by all concerned.

3. LIfe lines andharnesses are ready for immediate use.
4. Approved Breathing Apparatus and Resuscitating Equipment are in an easily

accessible position. .
5. A separate means of access should be available where possible for useas an

alternative means of escape in an emergency.

Cofferdams, Double Bottoms and Other Enclosed Spaces.

Oxygen content should be ensured by thorough ventillation andshould be checked
by oxygen meter.

"Toxic gas should always be suspected and same precautions as for cargo tanks
should be observed.
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Pumprooms

1. Ventillation. Shouldbe thoroughly andcontinuously ventilated and atmosphere
checked forpetroleumgasas longas menareatwork.Special attention should
be paidto levelsbelowthelowerplateform wherepetroleum gas is liableto accu
mulate.

2. Descent into Pumproom. No one shoulddescent into a pumproom at anytime
without first advising a responsible officer of his intention. Appropriate safety
measures shouldbetaken including means ofcommunication sothat immediate
helpwill be available if necessary.

3. Availability of Safety Equipment. Approved safety equipment shouldbe easily
available.

4. Opening of Pumps, Valves or Equipment. Responsible offficer should be .
informed. There is a riskthat unsuspected pockets of petroleum liquidor gas or
inert gas may be released when such equipment is opened up, even after
a tanker or tank has been cleaned andpronounced gas free.

5. Accumulation of Oil, Waste .etc. Tominimize fireandgashazards, bilgesshould
be kept clean and no oil shouldbe allowed to accumulate.

6. Pumproom Ughting. Integrity of the approved lighting system should be
maintained. If additional lighting is required, onlyapproved equipment shouldbe
used.

7. Pump Room Notices. Theseare usuallyas follows:
nDo not enter Pumproom if blowers are not ON.n
"lntorm responsible officerbefore entering pumproorn",

Non Gas Free and Suspect Compartments

It is stressed that entry into tanks or compartments which are not gas free or are
oxygen deficientshouldonlybepermitted in exceptional circumstances andwhenthereis
no practicable alternative. In this highlyhazardous situation, the personnel mustbe well
trained in the use of Breathing Apparatus and aware of the dangers of removing their
breathing apparatus while in the hostile atmosphere.

Work In Enclosed Spaces

General. All conditions forentryshouldbeobserved. No. loose scaleorsludgeshould
exist in the vicinitywhich, if disturbed or heated, couldgive off toxicor flammable gases.
Effective ventillation shouldbe maintained.

Opening up equipment and fittings. Whenever cargo pumps, pipelines, valves or
heatingCoils are to be opened, they should first be flushed withwater. Eventhen thereis
a possibility that somecargomay remain the line which maybe a source of gas. Special
care shouldbe taken and additional gas test shouldbe made.

Use of tools. Tools should not be carried by personnel but shouldbe lowered in a
canvas bag or bucket to avoid their being dropped. It must be made sure that the
atmosphere is gas free beforeany hammering or chipping is undertaken.
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Electric lights and electrical equipment. Unless the compartment is gas free for hot
work,that is the LFL is lessthan 1% andall sludge, scale, sediment have beenremoved,
no electric lightor equipment should be taken intothe compartment, otherthanapproved
type.

Removal of sludge, scale and sediment. Periodic gas tests should be made and
continuous ventilation should be maintained throughout the period menare at work.

Theremaybe increase ingasconcentration inthe immediate vicinity of thework, and
careshould be taken to ensure that the atmosphere remains safe for personnel.

Cold work. Testswith a combustible gas indicator should give a reading of NIL (not
higherthan 1% LFL) and it is advisable that anysludge, scaleandsediment is removed
fromthe areawhere, andbelowwhich, the work is to takeplace.

Hot work.

1. Immediately before hotwork the compartment should be ventilated andtested
as mentioned earlier.

2. All sludge, scale and sediment should be removed from an area of at least
3meters around theareaofhotwork (including reverse sideofframes, bulkheads
etc.).Otherareas which maybeaffected by hotworkshould becleaned e.g.the
area immediately belowthe placeof hotwork.

3. Periodic gas testsshould be made while the hotworkis in progress andbefore
restarting workafter it hasbeen stopped. A suitably trained firewatcher should
be in attendance in the compartment.

4. All pipelines to a tank being worked on should be isolated, and adjacent tanks
and spaces should be rendered safe by gas freeing, Inerting or Filling up
with water.

5. Checks should be made that there is no ingress of flammable gasesor liquids,
toxicgasesor inertgasfromadjacent tanks orspaces by leakages intothework
ing space.

6. It should be made surethatcommon bulkheads donot transfer heatand cr~ate

an explosion hazard.
7. Ifhotworkistobedoneonpiping, valves, heating coils, orotherequipment, they

should first be flushed and opened to ensure that they aregas free.
8. Pumping of cargo or ballast, tank washing, and other operations which could

produce flammable gas on deckshould be stopped.
9. Adequate fire extinguishing equipment should be laidout ready for immediately

use.
10. No.hot workshould be allowed when alongside a terminal.

Handling Chemicals

Chemicals maycause serious andpermanent damage to the skin and eyes.

It is extremely important that personnel involved in handling chemicals wearproper
protective clothing to coverwhole body.
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FIRE STATION BILL

Fire Team no. 1 SPECIAL DUTIES Fire Team no. 2

1. Leader: 2/0 In charge of fire team group 1. Leader: 3/0
2. Bosun Wear fireman's outfit 2. Pumpman

breathing apparatus ./
3. AlB no. 2 Provide nozzles and fire hose 3. AlB no. 3
4. OS no. 1 Carry portable fire extinguisher 4. OS no. 2

connect hoses to Fire Hydrant
5. Oiler no. 1 In charge of opening and closing 5. Fitter

of fire hydrant, hose tender

1. Chief Mate

2. 1A1Engr.

3. D/Cdt

Technical Squad, CoordlnatlonlTactlcal Team

/Jd the scene of emergency, in charge of fire on deck coordinate bridge,
Assist 1A1Engr. when Fire in the engine Room.

/Jd the scene of emergency. In charge of 'Are in the engine room. Assist
Chief Mate when Are on deck.

Messenger, Assist to Chief Mate and 1A/Engr.

Engine Room Emergency Power Supply Team

1. Leader: Chief Engr. In charge in the engine room.
2. 2A/Engr. Assist Chief Engr. in emergency fire pump.
3. Elect. In charge of Generator and main switch.
4. Oller no. 1 Assist the operation on engine room.

1. 3A1Engr.

2. ElCdt.

1. ~eader: C/Stwd
2. 2/Cook
3. Messman

Emergency Team

In charge of Halon or C02 and foam proportion room. Ventilation flaps,
doors, vents.
Assist operation to 3A1Engr.

First Aid Team

In charge of first aid team
Provide/carry First aid kit to the scene of emergency
Provide stretcher to the scene of emergency

GENERAL FIRE INSTRUCTION
Intermittent Sounding of Bells followed by:

1. One Prolonged Blast ..: Are on Deck.
2. Two Prolonged Blast Are on the accommodation room.
'3. Three Prolonged Blast Are on the Engine Room.

When fire Break out shout Fire for the other crew awareness, Inform the bridge and sound
the alarm located on alleyway and other station.

Gathered crew to appointed station and form Rre Aghting squad complete Are Rghtlng
gear under the supervision of responsible OffIcer.
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FIRST AID

FIRST AID- Isan Immediate relief and temporary care given to a victim of an accident
or sudden illness before the service of a ph~ician is or canbe obtained.

Roles ofFIrst Aid:
1. Firstaidbridges the gapbetween thevictim and the physician.
2. Firstaiddoesnotcomplete withthephysician.
3. Firstaid ends when doctors medical services begin.

Objectives of tlrst Aid:
1. To alleviate suffering.
2. To prolong life.
3. To prevent further injury.

Characteristics ofa GoodFIrst Alder
OBSERVANT
RESOURCEFUL
GENTLE
TACTFUL
SYMPATHETIC
CHEERFUL

should notice all signs andsymptons.
should make the bestuseof things at hand.
should not cause pain.
systematic and correct when giving firstaid treatments.
should be comforting.
a happy expression inspires confidence.

Values ofFirst AId TraIning
1. Makes a person safety conscious.
2. Medical expenses are lessened.
3. To know whatto do in case of injury or sudden illness.
4. To savea life.

GENERAL DIRECTION WHEN GIVING FIRST AID

Essentials ofFIrst AId
1. Plan youraction.
2. Gather needed materials.
3. Instruct helpers, if there's any.
4. Carry out firstaidprocedures.

Procedures
1. Keep victim in a comfortable position.
2. Examine andcare for the (3) "Hurry Cases" which arethe following:

Stoppage of breathing
Severe bleeding
Poisoning

3. Keep thevictim warm andguard against chilling.
4. Activate theemergency medical system withthe following informations:

The exactlocation.
The nature and extent of injury.
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The number of injured or ill individuals involved.
First aid given.

Some Do's In First Aid
1. Be calm and deliberate.
2. Keep on lookers away from the victim or vice versa.

To provide adequate ventilation to the victim.
To provide privacy, and,
To avoid confusion from wrong suggestions.

3. Talk to the victim to comfort and reassure him. Tell him what first aid steps y~u

are going to take and how they can help him.
4. Loosen any tight or constructing clothing.
5. Protect the victim from unnecessary movement and disturbance.
6. Remain incharge until help arrives.

Some Don't In First Aid
1. Don't try to arouse an unconscious person.
2. Don't give food and drink to unconscious victim.
3. Don't let the victim see his own injury.
4. Don't talk to bystanders about the condition of the victim.
5. Don't attempt to diagnose or judge the injuries or illness, just care for the indivi

dual.

Checking for Injuries

It is important that the first aider should make a systematic examination in order
to locate all possible injuries. The three hurry cases should be given top priority before
proceeding to other injuries. The following procedures should be observed when
checking for injuries:
1. Check for breathing and pulse and any severe bleeding.
2. Check for obvious signs and injury.
3. Examine the head for lacerations, contusions, swelling or depressions.
4. Continue by examining body surfaces of neck, chest, pelvis and extronites for

depressions or protrusions.

Sometimes it may be necessary to remove the victims clothing in order to
examine him better. In that case try to avoid unnecessary exposure.

RESPIRATION SYSTEM

SHOCK - is a sudden depressed of the vital function of the human body and circulatoiy
deficlency,

Kinds ofshock
TRAUMATIC SHOCK - resulting from a severe blow in the solar plexus or

testicles or from cutting a large nerve trunk or from severe injury. Lost of blood or blood
pressure.

CARDIOGENIC SHOCK - occurs after the victim suffers a severe heart attack.
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First aid measure - the same as traumatic shock.
ANPHYLACTIC SHOCK - due to allergen or allergy such as drugs, food, insect

bites and odor of solids and gases by inhalation.
NEUROGENIC SHOCK - results from injury to the brain or spinal cord.
PSYCHOGENIC SHOCK - due to lack of oxygen in the brain. (anoxia)
ELECTRICAL SHOCK - due to contact with an electrical current or lighting.
EMOTIONAL SHOCK - due to several factors as in witnessing a horrible

incident, extreme pain, fear, anxiety, or the receipt of shocking news.

Signs and symptoms ofshock
EYES - vacant, lack luster
PUPILS - dilated
BREATHING - irregular, shallow
SKIN - pale, cook, moist
PULSE - rapid, weak
MOUTH - nausea, vomitting

Rrst aid measure for shock
POSITION - keep the injured person lying down, shock position, feet position

higher than the head.
TEMPERATURE - conserve body heat, cover body with blanket.
FLUIDS - restore lost body fluids, or salt solution and salt tablets.

General First aid procedures for shock
S Sips of fluids should be given unless unwise (salt solution)
H Heat of the body should be conserved
o Oxygen supply should be maintained
C Clear the airway for possible obstruction
K Keep the victim in a comfortable position.

ARTIFICIAL RESPIRATION - is a procedure for causing air to flow into and out
of a man's lungs when his natural breathing is inadequate to support life.

I

Cases benefited byartificial respiration

Non-breathing but livingvictim of:
1. Drawing
2. Electrical shock
3. Gas poisoning
4. Compression of chest
5. Blue unconscious
6. Prolonged exposure to cold
7. Drug poisoning
8. Anesthetics
9. Excessive alcohol
10. Hanging
11. Choking
12. Puncture wound of chest
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CPR COMPARISON CHART

ADULT ADULT
ONE-RESCUER TWO-RESCUER CHILD CHILD

"Are you okey?" "Are you okey?" "Are you okey?" "Are you oQt/f'
Call for help call for help call for help call for help

Open airway Open airway Open airway Open. airway

Assess breathing Assess breathing Assess breathing Assess breaIItJng

PINCH NOSE MAKE PINCH NOSE MAKE PINCH NOSE MAKE MAKE SFAL OVER
SEAL OVER MOUTH SEAL OVER MOUTH SEAL OVER MOUTH MOUTH AND NOSE
Two Initial breaths Two Initial breaths Two Initial breaths . Two Initial breaths

CHECK CAROTID CHECK CAROTID CHECK CAROTID CHECK BRACHIAL
PULSE PULSE PULSE PULSE

COMPRESSIONS: COMPRESSIONS: COMPRESSIONS: COMPRESSIONS:

TWO-HANDED TWO-HANDED HEEL OF ONE HAND· 2-3 RNGERS

1 1/2" to 2" DEEP 1 112" to 2" DEEP 1" to 1 112" DEEp· ifl' to 1" DEEP
80-100 PER MIN. 80-100 PER MIN. 80-100 PER MIN. 100 PER MIN.

15 COMPRESSIONS 5 COMPRESSIONS 5 COMPRESSIONS 5 COMPRESSIONS
2 BREATHS 1 BREATH 1 BREATH 1 BREATH

4-CYCLE ASSESSMENT 10-CYCLE ASSESSMENT 10-CYCLE ASSESSMENT 1O-CVCLE·ASSESSMENT

.INFANT
1BREATH EVERY 3SECONDS

RESCUE BREATHIN. COMPARISON CHART ..
ADULT CHILD

1 BREATH EVERY 5SECONDS 1BREATH EVERY 4SECONDS

INFANT
4BACK BLOWS

4 CHEST THRUSTS
ANGER SWEEPf OBJECT

ISVISIBLE .
Attempt to venDlate

INFANT
4BACK BLOWS;

4 CHEST THRUSTS

ANGER SWEEP IF OBJECT
IS VISIBLE

Attempt to ventilate

ANGER SWEEP

Attempt to ventilate

OBSTRUCTED AIRWAY COMPARISON CHART
CONSCIOUS VICTIM

ADULT CHILD
HEIMLECH MANEUVER HEIMLECH MANEUVER

UNCONSCIOUS viCTIM
CHILD

6TO 10 ABDOMINAL THRUSTS
ADULT

6TO 10'ABDOMINAL THRUSTS
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CARDlo-PULMONARY RESUSCITATION - isa combination of artificial respiration and
manual artificial circulation that is recommended for usein case of cardiac arrest victim.

RESPIRATION ARREST - victim with pulse but do not have breathing

CARDIAC ARREST - victim hasnopulse andnobreathing.

First aid measure. For respiratory arrest victim only.
1. Position the victim on hisbackon a flat hard surface
2. Clearthe airway
3. Tilt the head backward to open airway
"4. Pinch the nose
5. Give the initial four(4) blows.
6. Startcounting. one(1)andtwo(2)andthree (3)andfour(4)andblow. repeat the

procedures untilthe victim breath or doctor arrives. 5 seconds onebreath.

PROCEDURES IN RESUSCITATION (CPR)

1. Lay the patient flat on hisback.
2. Open throat by tilting head back.
3. Look listen andfeel for breathing.
4. If no breathing, give4 short. hard breaths.
5.. Check for neckpulse. if no pulse. begin resuscitation (CPR) at once.
6. Two-person resuscitation - attherate of60chest compressions aminute. regu

lar,smooth, even, andwithout interruptions. Rate of onebreath between every
fivecompre~ions.

7. One-person resuscitation (CPR) - at the rate of 80 chest compressions per
minute. regular. smooth. even. and without interruptions. Rate of two quick
breaths within five seconds between each series of 15compressions.

8. Check thepulse and examine thepupil of theeyes to determine if resuscitation
(CPR) is effective. Keep going.

9. Continue as longas possible. until help arrives or pulse resumes beating.

CHOKING-is anobstructionwithin theairpassage which tends toimpairorstopbreathing.
Themostcommon causes of choking on food are:

1. Large, poorly chewed pieces of meat.
2. Laughing andbeing otherwise distracted when there is food in the mouth.
3. Moderate to heavy drinking of alcohol while eating.
4. Upper and lower dentures.

ACTION SEQUENCE FORCHOKING VICTIMS

If Victim isOonscious. Give4sharp blows between theshoulderblades. then 4strong
abdominal thrusts.'

If Victim isLying Down. Kneel then rollvictim onsideupagainst yourknees andstrick
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4 sharpblowswith the heelof yourhandbetween the shoulder blades.
.Kneel beside thevictim andusetheheel of yourpalm for 4 sharpabdominal thrusts.

If Victim is Unconscious. Tryto ventilate him.Give4 sharpblows to theback. Give4
deepabdominal thrusts. Probe the mouth for blocking matter. Remove.

If Victim doesnot respond. Don'tgive up. Keep repeating the above-stated4-step
sequence.

If Victim is Fat or Pregnant. Usechestthrust instead of abdominal thrusts.

Infants and SmallChildren. Infantmaybe held feet high, head low and face down
alongyour forearm as you slap.

If You areChokingandAlons. Useyourtwofistsforabdominal thrusts. Bend overthe
backof a chair, overedge of a sink,railing, etc.Exerthardandrepeated pressure to force
the blocking objectup. Push your fingers deepdown the throatto regurgitate.

WOUNDS ANDTHEIR CARE

ClassifIcations of wounds

CLOSED WOUNDS - are injuries sustained from a blow with a blunt objector
collision rupturing bloodvessels internally without penetrating the.skin.

OPENED WOUNDS - injuries sustained from ablowwith asharpobjectcausing
the skin to be tom open.

DEFINmON

WOUND - is a breakin thecontinuity of thetissues of thebody. eitherinternal or external.

Kinds of wound

1. Abrasion
Causes
Characteristics
Danger

2. Incision
Causes

Characteristics
Danger

3. Laceration
Causes
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Scraping or rubbing against rough surfaces.
Shallow wideslightbleeding, dirty .
Infection

Cut by blades of eharp instruments like knives,
razors, scissors, bolos, etc.
Clean cut, deep, severe bl~eding wound is clean.
Hemorrhage, Infection, Shock.

Rough edge instruments likebroken glasses, tin cans,



Accidents suchas motorvehicle, wreckgunshot, explo
sions, animalbites, and other body crushing.
Tissue is forciblyseparated or torn from victimsbody,
there is heavyand rapidbleeding.
Hemorrhage, Infection.

Penetrating, pointed instruments like nail, icepicks,
daggers,knives, bullets,pins, etc.
Small opening, deep, seriousslight bleeding, dirty.
Internal Hemorrhage, Infection, Shock.

Characteristics

Danger

4. Puncture
Causes

Characteristics
Danger

5. Avulsion
Causes

Characteristics

Danger

barb wires, .sharpnels, blunt instruments like pipes,
baseball bats, fist. .
Tom, irregular edges, serious bleeding, sometimes
slight dirty.
Hermorrhage, Infection,Shock

NATUREOF INFECTION

1. Germs enter into wound and thrive.
2. No matter how slight the wound nor how free from previous infection the victim has

been, there is definite danger in ever wound.
3. The most dangerous of all infectionsis tetanus.

FIRST AID

1. When bleeding is not severe
a. Wash the woundswith soap and water or possibleuse of antiseptic
b. Apply mild tincture of iodine (3%)
c. Apply dressing and bandage.

2. When bleeding is severe

Stop thebleedingby:

a. Directpressure - main help
1. Into the wound usuallywith thumb or palm of the hand.
2. With cloth material, the cleaner, the better.
3. Can be applied allover the body areas.

b. Digitalpressure
1. Definition - shutting off the artery feeding the wound.
2. There are many body areas where digital pressure cannot be applied

in bleeding control.
3. Directpressure mustalsobe applied. Digital pressure does not completely

457



stop bloodflow immediately.
4. The six digitalpressure points (location and control).

c. Tourniquet, as a last resort..
d. Elevate injured part as supplement.

THESIX DIGITALPRESSURE POINT

1. Temporal
Location:
Control ··

2. Facial
Location:
Control ··

3. Carotid
Location:
Control ··

4. Subclavian
Location:
Control ··

5. Brachial
Location:
Control ··

6. Femoral
Location:
Control ··

Directly in frontof the ear.
Bleeding fromthe head.

Aboutan inch fromthe angleof the lowerjaw towards the chin.
Bleeding from the face.

In the neck, beside the wind pipe.
Bleeding from the throatandthe upperneck.

Behind the collarbone, near its inner end.
Bleeding fromthe shoulder, armpitandpart of the upperarm.

Inneraspectof the upperarm.
Bleeding fromthe arm.

In the mid-groin
Bleeding fromthe leg.

FRACTURES ANDTHEIR CARE

Definition - A fracture is a breakor a crack in the bone.

Kind ofFractures
CLOSED (simple) FRACTURE - bones broken but no connecting woundfrom

, breakarea of the skin.

OPEN (compound) FRACTURE:

1. Broken bone, with connecting wound to surface. Bone itself may have
broken through theskinoramissile from outside mayhavepenetrated skin,
then struckandfractured the bone.

2. A compound break, because of entrance of germs is much moreserious
thansimple break.
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P18ventlon
1. Knowledge

The frequency of serious accidents such as fractures.
The price, especially to the victim himself and hisfamily. One serious
accident mayaffectthe entire life of a victim and the lives of the family.

2. Action
Creating a safeenvironment sothataccidents aren't likelyto happen. (Ust
some hazards.)
Learning andusing safemethods. Self-discipline is important forpersonal
safety.
Teaching others. Most important to the citizen himself is theteaching he
does in his own home andjob.

INJURIES RELATED TOSKELETAL SYSTEM

DISLOCATION - occurs at thejointof thebody. Thebones at a jointareno longer on Its
normal position. Properalignment ofthebones endmayrequire surgery andthefirstaider
should notattempt tosetanydislocation. Attempted oreven improperalignmentmayresult
Innerve, softtissue orbloodvessel injuriesorapermanentdeformity. Thefirstaidershould
handle dislocation as suspected fractures.

FlrstAJd
1. Immobilize the affected jointas a fracture.
2. Keep bandage firmly in place so it would notslip out.
3. Prevent andcarefor shock.
4. Seekimmediately medical attention.

SPRAINS- injuries ofthesofttissueswhich surround ajoint. Sprains mayoccuratanyjoint
inthebody, themostcommon being attheankle. Itoccurs when thejointis forced beyond
its normal range movement.

FlrstAJd
The objective Is topreventswelling andhemorrhage in theaffectedjoint.
1. Elevate the affected joint if possible.
2. Apply ice to the affected area. After10 minutes, apply hotcompress.
3. Immobilized the affected areaas a fracture.
4. Prevent andcare of shock.

STRAINS - when a muscle or group of muscles are overstretched. Strains differ from
sprains anddislocations Inthatthey donotaffect thebony structure of thebodybutrather
involve the muscles which allows forb~y movement.

FlrstAJd
1. During thefirst10minutes, puticeorcold cloths overtheswollen joint,thishelps

reduces swelling and shock.
2. Elevate the affected part if possible.
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3. Afterthe first 6 minutes usehot soaks or hot compress.
4. After the affected areaor muscles.
5. Seekmedical attention if pain persist or severe.

POISONING - a poison is anysubstance, liquid, solid, or gas that tends to impairhealth,
or cause death, when introduce into thebodyor into the skin surface.

Rrst Aid- Physician should be called in all cases.

GENERAL

1. Dilute thepoison immediately, administer fluidin large amount-four (4)glasses
or more.
a. Water- mostreadily available
b. Milk- protects the digestive tract-lining; slowsthe absorption of poison.
c. Baking SodaSolution - nauseating effect.
d. Milkof magnesia - preferable because it produces lessgas.

2. Induce vomitting; the important measure is theprompt production of vomitting.
a. Diluting fluid may cause vomitting, the larger the amount, the greater

the tendency to vomit.
b. Tickling thebackof the throat.
c. Repeat the dilution and induction of vomitting if poison still appears

to remain in the stomach.

3. Give/administer antidote:
a. If known, maybegiven aftervomitting hasoccured orwiththediluting fluid.
b. If not known, administer universal antidote.

1 partstrong tea
2 partscrumbled burnttoast
1 part milkof magnesia

BURNS

BURNS - is an injurycaused by dry heat.hotgases, hot liquids or chemicals.

Classification ofburns according to source
THERMAL BURNS - caused by hotgases, solids and liquids.
CHEMICAL BURNS - corrosive substances such as acids andalkalies.
ELECTRICAL BURNS - caused by electric current passing through the body.
RADIATION - caused by ultra rays or atomic radiation.

Classification ofbums according to degrees
1STDEGREE- reddening of the skin only.
2ND DEGREE - presence of blisters, deeper than the first degree.
3RD DEGREE - charring of the tissues.
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d. Elbow-knee bandaging
e. Crushed palm bandaging
f. Five overlap bandaging
g. Ankle bandaging

First Aid Measures
1ST DEGREE - apply skin lotion/skin cream/talcum powder
2ND DEGREE - do not puncture the skinlblisters. Apply bum ointment/vaseline/oil.
3RD DEGREE - undress the burned area.

- cut around the clothing sticking to the burned area.
- apply burn ointment /vaseline/oil.
- treat for shock.

Note: Give the victim as much water as he could drink.

HEAT CRAMPS - caused by prolonged physical exertion in high temperature due to lost
of large amount of body salt because of profuse perspiration.

Indicators ofHea,t Cramps
1. Victim complaining of severe abdominal cramps or in the muscles of lower limbs.
2. A feeling of thirst. .
3. Dizzy and nauseated.
4. Pulse strong
5. Spasm
6. Excessive perspiration

First Aid Measures for Heat Cramps
1. Stop him from physical activity
2. Let him rest in cool environment
3. Give one table of salt or 1/4tsp. of table salt after which one glass ofwater follows.

Injuries due to Colds
1. FROSTBITE- is a term usually applied to injuries resulting from exposure to dry

cold.

2. IMMERSION FOOT - a term usually applied to injuries of the part of the body in
cold survivors of shipwrecks especially in the feet due to sitting on life rafts with
feet in the water.

Rrst Aid Measures for Injuries due to Colds
1. If conscious and feet are affected, do not allow the victim to walk.
2. GEt patient to a moderately warm room. Undress him quickly and immerse him

at 36.5°C - 39°C to 10 minutes. (except the head)
3. Dry him carefully and place him on bed keep covered but don't permit the

covering to come in contact with the affected part.
4. Keep part dry and put dry sterile cotton between the toes and fingers.

Cravat Phase
a. Forehead bandaging
b. Eye bandaging

- bucaneer (loose)
-tight eye

c. Neck-forearm-leg bandaging
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METHODS OFRESCUE AND TRANSPORTATION OFVIC'nM

OneIIIIn CBrry
a. Assist to stand
b. Assist towalk
c. . Two-ann carry (lover's carry)
d. Pack strap carry
e. Fireman's carry

TwollenCsrry
a. AssIstto walk(2-man)
b. carry by extremeties
c. Four hand seat carry
d. Three hand seatcarry
e.Chair carry

-alongside
- front & back

T1II'ee lien CBrry
a. Hands as liter
b. Bearers along side

SIX1o EIght menCsrry
a. Alternate hands carry
b. Blanket carry
c. Improvised stretcher carry

- triangular bandage
-jackets
- empty jackets
- blankets asstre~ers
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SURVIVAL ATSEA

This guide Istoaid the seaman Inunde""dlngthesub/ectbyhimself. This wBlalso
serve asa refresher to those who areaboard.' .

SURVIVAL-Is theaction of IMnglonger or continuing lifebeyond and/or inthe presence
of difficult condition.

PREPARATIONS

Prior to the occurrence ofany emergency
1. Know whatsurvivalequipmentareavailable aboard yourship. Doyou have life

boats, Ilfejackets andIlferafts? How many lifeboats andwhatis thecapacity of
each? Do you have life rafts and what Is the capacity of each? How many
lifejackets areavailable foruseby thecrew? Foruseof thepassengers?

2. Know the location of the survival· equipment aboard your ship. Do you know
where thelifeboatsandIlferaftsare? Where arethelifejackets?Were youissued
onefor yourown use?

3. Knowhowtouse thesurvivalequlpmentaboardyourship. Everyoneaboardship 
should familiarize himself onhowto use~e Iifejacket Issued to him.

Survival EqUipment

LNe Jacket. Reports from survivors proved that the lifejacket Is the most Important
survival equipment forabandonshlp. Everyone must familiarize himselfwiththelifejacket
thathewill use; It maymean thedifference between lifeanddeath.

Inflatablelife,.."

Construction
1. When fullyInflated it is stable in a seaway.
2. Maybe dropped from a height of 18.3 meters without damage to It or its

equipment. .
3. Total weight not to exceed 181 kilograms.

Ufeboat

Specifications forefficiency
1. Constructid with rigid sides "" .

" 2. Of such form and proportion as to have ample stability in a seaway
3. Of sufficient freeboard when loaded with full complement
4. Sufficiently strong topermit safe lowering Into thewater with its fullcomplement

on board.
5. No less than 4.8 meters in length; not more than 20tons inweight when fully

loaded.
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Equipment _
1. Two (2) plugs for eachplugholea bailer, and two (2)buckets
2. A linebecketed around theoutside of theboatangrablinesfromgunwale togun

wale underthe keel.
3. Mastandsails colored orange andmarked with first and last letterof the ship's

name.
4. Efficient compass in binnacle with means of illumination
5. Sea anchor with painters; one secured forward with strap and toggle and

one firmlysecured to stem of the boat.
6. Two (2) lightbuoyant heaving lines.
7. Two (2) hatchets
8. Oil container with 4.5 literscapacity for useof sea anchor
9. Six (6) red handflares, four (4) parachute signals (gives bright red lightat high

altitude) two (2) smoke floats (giving a volume of orange colored smoke)
. one flashlight with spare batteryanda daylight signalling mirror.

10. Lamp with oil to burn 12 hours and two (2)boxesof matches
11. Jack knife with can opener, a hand pump or a dipper. Fishing line with

six (6) hook.
12. Approved first aid outfit in a watertight case.
13. Provisions foreach person mustremain inthe boatwhile. shipis atsea;3 litersof

fresh water, 450 grams biscuits, 450grams of barley sugar, 450gramsof con
densed milk.

FLOATSAM- any floating debriswhich is capable of supporting a certain weight in the
waterand will help save a person from exhaustion.

Initial actions on hearing emergency signal

Signals: Sounding ofalarm/or ship's whistle
1. Put onplentyofwarm clothing.Wooly clothing isbest;asmanylayers aspossible

with an anorak or oil skin as the outer layer.
2. Putonyourlifejacket. WithoutaIifejacketeven goodswimmerswillhave difficulty

in staying afloat incoldwaterbecause of thedisabling effects of coldshockand
cramps. A Iifejacketwillkeep youafloatwithout effortofswimming nomatterhow
much clothing isworn. Ifunconscious a Iifejacketwill keepyourmouth clearofthe
water.

3. Takewith you important articles for survival:
Waterproof flashlight;
Police whistle;
Knife;
Six-foot line tied underyourarm;
Wallet, money belt, 10, passport.

4. Go to your muster station in orderly manner.

PREPARATION FOR ABANDONING SHIP

Actions to take before leaving the ship
1. If possible, drink hot tea or coffee toward off the effects of coldwater.
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2. Test Iifejacket·valves and inflating tubes. (Inflatable types)
3. Stimulate circulation by deep and rapid breathing and by moving arms and

knees, DO NOTOVER EXERT.
4. KEEP CALM.

Follow Instructions
1. Follow instructions in preparing the ship's survival craft.
2. It mayor may not be necessary to abandon ship; the order to abandon ship will

be given by the Master/Skipper only.
3. In manycases the ship itself provesto be the best lifeboat.
4. Abandonship only when told to do so.

SYMPTOMS FOR HUMAN BODYDURING COLD WEATHER

TEMPERATURE

36.9OC .

30OC ............•.........

24°C -26OC .

WATERTEMPERATURE

OOC - (32°F)
4°C- (40°F)
10°C- (50°F)
160C - (600F)
210C - (70°F)
270C - (SOOF)

SYMPTOMS

1. Goose
2. Blood vessel contract
3. Muscles stiffen
4. Heart beat fast
5. Desire to sleep
6. Pulse rate slow
7. Rigid muscles
8. Heartbeat slow down
9. Lossof reflexes

•O. Heartbeat stop
Death (Hypothermia)

RESCUE TIME

Within one (1) hour
1/2 to 3 hours
1 to 6 hours
2 to 24 hours
3 to 40 hours
longer

EX.: 1. If sea water temperature is 15° Celcius - With shirt only, will survive about
2 hours.

2. Get into the survival craft as soon as possible. Otherwise get clear of the ship.
Thedangerofbeingstruckfrombelowby surfacing wreckage isgreaterthanthe
suction caused by the sinking ship.

3. Aftergettingclearof the ship do not swimaimlessly. Floatas still as possible in
your Iifejacket if you can not get into a survivalcraft. Swimming increases heat
loss.

4. Usethewhistleto attractattention. You maynotbe visible, but usingthewhistle
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will enable you to letothers know where you are.
5. If possible. form a group with other survivors in the water. There is safety

in'number. A group is more easily located.

HOTCUMATE

1. AbIHodied seaman stayoutofcrowded rafts andhang ontheside. Ropes 01
rafts should besufficiently I,oose to permit aneasy grasp.

2. If the sea is rough. breath as in swimming. inhaling through the mouth ~d
exhaling through thenose asbigwaves wash over you. I

3. Beware ofdrowsiness. which often comes between 15 to 45 minutes afteryou
enterthewater. Ifothers become drowsy. gettough with them. Make them dothe
same with you if you feel drowsiness coming on.

4. Shiveringsaps strength quickly. Deep. rapid breathing andmovingthearms and
legs will USUally stop it.

5. Encourage non-swimmerswho are most likely to lose heads andkeep talking to
them calmly andquietly.

6. STAY CALM.

UFEBOAT HANDUNG

1)fpes ofemergencysituations you mayencounterabtJardshlp -
1. FIRE
2. COLLISION
3. ABANDON SHIP

Spec1BI duties assigned to eachcrew member
1. Found Inthe Station Bill

a. Each person assigned specific duties
b. Everybody must Memorize hisduties by heart
c. Difference between fireandsurvival crafts alarms:

Fire Ship's BeIVRapid Ringing forat least 10seconds
Survival crafts station Ship's WhistlelSeven (7) Short Blast/One
LongS/ast

- -Alarm should be followed by Public Address System

Construction;Characterlstl(;S and Equipment ofsurvival craft
LHeboat construction - materials
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1./

1. METAL
2. WOOD
3. FIBER WOOD

Characteristics of efficient lifeboats -
1. Constructed with rigid sides and double--ended
2. Of such form and proportion to have ample stability in a seaway
3. Of sufficient freeboard when loaded to full complement
4. Sufficiently strong to permit safe lowering into the water with full complement on

board
5. No less than 4.8 meters in length; not more than 20 tons in weight when

fully loaded
6. Fitted with Internal buoyancy appliances -

a. Air cases of bouyant material not affected by oil
b. Total volume of internal buoyancy 10% of cubic capacity of boat plus buoy-

ancy required to float lifeboat with its full complement
When flooded
Open to the sea
Top of gunwale amidships not submerged

c. To carry more than 18 persons but not to exceed 150 persons

MUST BE MOTOR UFEBOAT

Equipment-
1. Two (2) plugs for each hole, Bailer and Buckets
2. A line becketed around the outside of the boat, life line with seine float
3. Mast and Sails (orange colored) marked with 1st and last letter of ship's name
4. Efficient compass in binnacle with means of illumination
5. Sea anchor with painter

a. one secured forward with strap and toggle
b. one firmly to the stem of the boat

6. A buoyant heaving line
7. 2 Single--edge hatchets
8. Oil container with 4.5 liter capacity of storm oil for use with sea anchor
9. Six red flares, four parachute signals (1) gives bright light at high altitude
10. Two smoke floats - gives a volume of orange colored smoke
11. Lamp with oil to bum for 12 Hrs., two boxes of matches, one flashlight wi~~ spare

battery and bulb, a daylight mirror for signalling
12. Jack knife with can opener, hand pump or dipper, fishing line with six (6) hooks
13. Approved first aid outfit in water tight case
14. Provisions (must remain in the boat while ship is at sea) for each person

a. Three (3) liters of fresh water
b. 450 grams biscuits
c. Candies of the non-thirst inducing type
d. Condensed milk

Floatsam - will help save a person from exhaustion
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UFECRAFTSINFLATABLE

1. Stowed on cannisters
2. Cannisters stowed in racks along ship's railings
3. Provided with hydrostatic release mechanism

a. automatically releases Iifecraft after certain depth is reach
4. Launching -

a. Be sure painter is secured to a strong point onthe ship
b. Throw cannister overboard
c. Painter will inflate raft by jerking or pulling.

Lauchlng survival crafts Into rough sea
1. Stop ship after heading up to a direction which she will lie the steadiest
2. Clear the lifeboats away and have boat rope ready as in fine weather
3. Get crew in and lower down to deck level
4. Keep boat well trapped in and held by the gunwale
5. Wait for favorable opportunity to launch

When ship rolls the right way
Let go frapping lines
Spread storm oil on water
Lower quickly and hophook boat falls

6. Steer off the side of the ship
7. Out oars and get a safe distance from the ship

Action to be after leaving the ship
1. Avoid remaining in the water for one second longer than necessary
2. Board a lifeboat or Iiferaft immediately

I
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Rescue by Helicopter
1. Not normally undertaken

at night
when wind velocity exceeds 45 knots

2. Can rescue up to 16 persons at a time
3. Can operate 180 miles from a base
4. To help pilot in locating ship/craft

Send smoke signals (smoke floats)
Use (Aldis lamps) in communicatingwith pilot
Use life boat heligraph (in bright sunlight)

Paint large white letter H on a stretch of ship's deck

Starting Instruction for life boat engines
When a makers Instructional manual is available, it should be carefully studied

but in the absence of this, the following routine should be followed:
1. Check engine oil level by means of a dip stick.
2. Turn on sea cock. If fresh water cooling is fitted, check water level in header tank.
3. Turn fuel.
4. Check that the reverse gear in neutral.
5. If starting a sea-water-eooled engine with boats in davits, turn water pump

greasers on or pump will dry run.



6. Setthrottleat leastonethirdopenandifstartingfromcoldtripexcessfueldevice
fitted to fuel pump.

7. Forhandstarting, setvalvedecompressor levertodecompress position ifengine
is fittedwith electric starting, it is not necessary to use the decompressor.

8. Engage starting handle andswingengine briskly. When it is running atmaximum
speed. pulldecompressed levelbacktofullcompressorwhich continuing tobring
as fast as possible.

9. Assoon as engines starts, closethe throttle.
10. Checkpressure gauge forcorrectoil pressure. Seethat cooling water is flowing

through the engin~.

11. If engine fails to start, it maybe due to anyone of the following reasons:
a. Air in fuelsystem or faulty injection
b. Lackof compression
c. Lubeoil too heavy

BOAT NOMENCLATURE

KEEL-Astrongtimberthatgoesforeandaftandunderneath thebottom sometimes called
the backbone of the ship.

STEM- The forward timber.

FOREFOOT - The rounded where it turns to meet the keel.

STEM HEAD- The top part that risesa little above the boat.

BINDING - A metalstrip to take any chafe or bump that could damage wood.

GUDGEONS - Two metalseyes fastened to stem post.

PINTLE- It is a long pin fittings form part of the hingeon which the RUDDER WORKS.

PLANKING - Going from the stem post to the stem; is the skin of the boat.

GRAB LINESOR SECKETS - Forsupporting person in the water.

BEAM- The widest part of the boat.

BOW- The slopingpart forward.

QUARTER - The sloping part aft.

KEELSON OR KEELSON BOARD- On the bottom, directlyabove the keel.

MASTSTEP- Intowhich the heelof the mast is shipped when sailing.

RIBS- Coming away from underneath the keelson are the ribs.
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BOTTOM BOARDS ORFOOnNG - Which support theweight ofequipmentand persons
overa large areaas possible. Metal. thickness mustbe that it should weighs at least18
ounce persquare feet.

BUOYANCY TANKS- Made of rustless yellow

THWARTS - Going across theboatsor seats.

SIDE BENCHES - Going around the sides or seatsround the boat.

KNEES - Curved metal brackets braced to the thwarts.

EYEPLATES - Use for securing thestays of the mast.

CRUTCH SOCKETS - Round holes with metal bush plate around thegunwale.

DRAINING HOLE- Passage for water.

BREAST HOOK- Connect the forward ends of theportandstarboard gunwale is a fork
shaped fitting of metal with its forkboltea intothegunwale andits narrower endbolted to
the stem.

GUNWALE - Wooden framing that forms the top edge of the boat.

RUBBER - A rounded beading fore andaft.

WATER LINE- Marker between the gunwale and the keel.

FREEBOARD - Distance between the gunwale andthewaterline.

MAST CLAMP - Use to holdmastwhen it is shipped.

-_oafetY__

FIRE EXTINGUISHER
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SAFETY EaUIPMENTS ON BOARDSHIP

TILLER

LIFELINES
FLOAT

~
GRAB LINES TO RIGHT

STERN ftOST ~~'I'7t"l7:""__

WATERTIGHT AIR CASESCTANKSJ

LIFEBOAT

STEM POST

WIND

OPENING

LIFE RAFT
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UFE RING

SELF CONTAINED COMPRESSED AIR BREATHING APPARATUS



Stbd. lifeboat

1. 2/0

2. Radio Officer
3. ClEngr.
4. 4/Engr.

5. Fitter

6. Bosun
7. AlB no. 1
8. O/S no. 1
9. D/Cdt
10. Oiler no. 2
11. ClStd

12. Messman

UFEBOATS STAnON

Master In command of an operation

DUTIES

In charge of Ufeboat no. 1
Take Nav. charts, logbook.
Radio transmltterllmportant documents
In charge of lifeboat motor
Provide air pressure to life· boat winch.
Start the motor.
In charge of emergency light and
searchlight of boat Deck.
In charge of lowering the lifeboat
Release Fwd lashing and Davit hook.
Release Aft lashing and Davit hook.
secure Fwd painter
secure Aft painter
Bring extra provision blanket
and drinking water
In charge of life boat ladder.

General life Boat Instruction

Port lifeboat

1. Chief. Officer
2. 3/0

3. 1A1Engr.
4. 2A/Engr.

5. Elect.

6. Pumpman
7. AlB nO.2
8. AlB nO.3
9. OS no. 2
10. Oller no. 1
11. 21Cook

12. Elcdt

ALARM SIGNAL: Continuous Sounding of Alarm Bell;
Seven short blasts followed by one long blast repeated on ship whistle.

Each crew should wear warm clothing, proper foot gear and life jackets and proceed to
the respective Boat StatIon.

Immediately upon hearing life boat alarm, each should perform specified duties as stated
In their respective station bill and extra effort to do other tasks unattended.

Order of abandoned shlo Mrn lid be given by the master of the officer In charge of the
lifeboat Note: This station serves as guidelines to other vessels.

VESSEL POLLUTION TEAM

The primary duties of the Pollution Emergency Team .Is to response to any Shipboard
Pollution emergencywith extreme caution must be exercised with respect to any action that has
a remote potential for affecting the stabUIty of the ship such as cargo, fuel or ballast transfer.
Also the proper communication procedures from ship to owner party and port authority about
the case incident

Master: Overhaul In charge of operations on board
Chief Off: Leading oU spill response group
Chief Eng: In charge of fire prevention, bunker operation
Radio Off: Secretary and communications
Deck Off: Assist Chief Officer
Eng. Off: Assist Chief Engr. prepare fire fighting
Deck Crew: Oil spDl response groups
Eng. Crew: Are prevention/repair groups
Cat. Crew: Assist 011 spill response groups

In case of any oil spill pollution or other hazards the team shall be activated immediately.
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SECTION II

TANKER SAFETY

Thepollution ofthemarine environment isreceived more andmore frequently. Among
the biggest problems, in this respect. are oil spillages and petroleum residues, whether
intentional or dueto negligence. This does nottake intoaccount theenormous ptoblems
caused by theoccasional oiltankers thatsink, spilling crude oiland affecting marine fauna,
floraand coasts. With regard to theeffect ofpollution, one of themost important factors to
keep in mind is thattheprOblem remains thesame whether refined products orheavy oils
aredischarged. Thespills ofh~products tend to be visible foragreater period of time.
On the other hand, the spills of the Iighte'r products, such as petrol (gasoline), tend to
evaporate ordissolve rapidlybutarejustasharmful tomarine life, even though theireffects
arenotvisible. Another problem to keep in mind is thattheprocess of pollution dueto 011
products Iscumulative especiallywhen it iscaused byspills ofheavyoils, insuch awaythat
thesmaller spills areadded to thepollution already existing in thewater, withoulallowing
sufficient time for thenatural process of recovery to take place.

CAUSES OFPOLLUTION

Among theprincipal causes ofpollution aredischarges from thebilges in machinery
spaces andthe cleaning of cargo tanks.

It is important topointoutthatwhile themajority of the large oilspills areinvoluntary,
thesmaller oil spills aredueto human error and notto breakdowns in equipment. These
arethe type ofdischarge thatshould be prevented and which is subject to many laws.

Today, thisproblem iscovered and regUlated bythe International Convention forthe
Prevention of pollution from Ships, 1973, and its Protocol of 1978 (MARPOL 73n8) and
subsequent amendments.

DISCHARGES FROM BILGES

In order for a ship to discharge water from the bilges at sea, there are a series of
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conditionswhichhavetobemet.Forthisreason, before carrying outanytypeofdischarge,
the responsible officermustb~ consulted.

CARGO AND BUNKERING OPERATIONS

Normal cargoand bunkering operations, leadto spillsanddropsofdirtyoilwhichare
picked up in collectors and transferred to spill tanks. Included in theseoperations are the
emptying and cleaning of tankscontaining oily mixtures. Since the law applies equally to
these cases, the same precautions should be taken to prevent spills of cargo oil or
accidental discharges as fromtankscontaining sludge anddirty ballast.

GENERALRECOMMENDATIONS

IfdUring loading operations, discharge, orbunkering, leaksoccurfroma hoseor any
otherconnections, theoperations mustbestopped. Should oneofthehosesburst,loading
or discharging muststop immediately.

Splllsshould be avoided when connecting/disconnecting the hoses. If the shipdoes
not have an appropriate system for picking up spills, a tray should be placed underthe
connections. It is advisable to have a container with sawdust or sand close to the hose
connections to use for spreading around the spill if necessary.

During operations involving derivatives of petroleum and bunkering, all scuppers
shouldbe plunged to preventspillsgetting into the sea.

Whenevertheshipisbunkering, orwhenloading anddischarging, regular Inspections
must be carried out of the ship's side discharges and of the surface of the water in the
vicinityof the sea water intake, in orderto detectandprevent any loss of oil.

Atall timeswhen discharging fromthebilges, sludge tanks andothersources, thesea
discharges should be inspected.

Theoilywaterwhich it ispermitted to discharge intothesea is recognizable because
it does not leavevisibletraceson the water.

Stopping polution is a -moral duty- for all the crew on board, whatever their rank or
rating, although some ranks mustassume a greater responsibility than others.

A lot of the pollution produced is the result of negligence, or failure to observe the
minimum precautions necessary for prevention with the resultthat:

Valves are improperly closed or closed at the wrong moment.
Jointsare fitted incorrectly.
Garbage is discharged in portwithout properauthorization.

CONSTRUCTION, EQUIPMENT ANDOPERATIONS OF OIL TANKERS

Hereunder follows a description of the construction, equipment and operational
requirements for oil tankers, designed to enable the ship to comply with the discharge
provisions andto minimize pollution in the event of collision andstranding.

As indicated earlier, the protection of the marine environment against pollution from
oil tankers Is approahced through:

construction requirements
equipment requirements
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operational requirements
survey andcertificate requirements
.control procedures
the imposition of penalties..

Theconstruction requirements reflect thedesire toprevent ballastwaterfromcoming
intocontact withcargo oil andhence to limitthegeneration of oily-water mixtures andthe
discharge ofoil intothesea.Theyalsoreflect thedesire togiveshipscarrying oil agreater
survival capability, to protect the oil tanksbyproviding voidspaces andto limit thesizeof
tanks in order to minimize the outflow of oil in the event of accident. The equipment
requirements areaimedat enabling theshiptocomply with·operational requirements. The
earlier pollution convention, OILPOL 54, also laid down operational procedures, but
without specifying the means to comply with them; this was though to be unsatisfactory.
MARPOL 73ns therefore notonly laysdown requirements, butalsorequires provision of
the means to operate in accordance with those requirements.

Segregated ballast tanks (SST)

Newcrude oiltankers.above·20,OOO tonsdeadweight andnewproduct tankers aboye
30,000 tons deadweight must be provided with segregated ballast tanks of sufficient
capacity so that it will not be necessary to take ballast water into cargo tanks except in
extraordinary circumstances. SBTreduce theneedforwashing andtherefore reduce oily
water mixtures, but only if they are of adequate capacity. Segregated ballast tanks are
defined astanks which arecompletely separated from thecargo oilandfueloilsystem and
which are permanently allocated to the carriage of ballast. Theyare served by their own
pumps andpiping adequate fortheirpurpose. Thecapacity should besuchthatatanytime
olthe voyage,

the draught amidships is not less than2.0 + 0.02Lmetres
(where L =length between perpendiculars);
the trim by the stem is not more than 0.015L;
full immersion of the propeller is obtained.

New tankers in this context are those built after 1.January 19S0. Less stringent
requirements applytoships builtbefore thatdate,in recognition ofthe factthat retro-fltting
segregated ballastsystems maybe costly and impracticable. Ships falling .into the latter
category may instead choose to:

operate with dedicated clean ballast tanks (CBTs), if product tankers;
be equipped and operate with a crude oil washing (COW) system, if crude
oil tankers.

Protective location ofballast tanks

In addition to providing sufficient ballast capacity resulting in the stipulated mean
draught and trim,SSTshould alsobe located so as to offersome degree of protection In
the eventof stranding or collision. Ideally, thiswould be a double skin anddouble bottom
of specified width and depth. In practice this is not necessary and partial protection is
accepted, provided the total areaof the protected side andbottom complies withcertain
parameters. Theregulations alsostipulate aminimum width of2 metres forthe wingballast
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tanksand a minimum height of 2 metres of B/15, whichever is the lesser, for the double
bottom ballasttanks(B~ maximum breadth of theship).There is no requirements for the
ratio of side and bottom protection, provided the total area complies with Annex I. In
practice this means that in the case of oil tankers the SBTarewingtanks, adjacent to the
ship'sshell' plating.

Umltatlon of tank size

This requirement concerns the construction of cargo tanksandis applicable to all oil
tankers. The provision aimsto limit the quantity ofoil which can escape into the marine
environment when the cargo tanksof an oil tanker aredamaged. The provision limitsthe
length andwidth ofcargo tanksand, for large tankers, limits thehypothetical outflow to less
than40,000 cubic metres in cases of assumed collision andstranding damage.

SUbdivision and stability

In order to ensure a certain survival capability in the eventof collision or stranding,
Annex I contains requirements for the subdivision andstability of oil tankers.

Collision or stranding damage of a given longitudinal, transverse andvertical extent
isassumed forthepurpose ofdeterminingsubdivision andstability. Furthermore, using the
ship's length as a parameter, a distinction is made between the location of the assumed
damage inrelation totheship'slength. Fortankers above 225metres in length, thedamage
is assumed anywhere along the length of theship. Forshorter ships, certain areas, such
as machinery and peaktank space, or damage involving a transverse bulkhead, arenot
considered in the damage assumption.

Taking account of the above damage and the resulting sinkage, heel and trim•.the
condition of the shipshould be such that thewaterline should be belowthe loweredge of
any opening through which progressive flooding might take place. In that condition the
stability should also meetcertain requirements.

Slop tanks

Slop tanks mustbe of adequate capacity, in orderto ensure that tankwashings and
. otheroilymixtures canbe retained on board for oil andwaterseparation andsubsequent
discharge of.the wateras part of the LOTprocedures. Annex I requires at leastoneslop
tank for shipsof less than 70,000 tonsdeadweight and at least two slop tanksfor larger
ships. The capacity of the slop tank is expressed as a percentage of the cargo-carrying
capacity, anddepends on the tankwashing mode used. Foropen cycle washing a larger
capacity is required thanforwashing intherecirculation mode. SBTandCOWtankers and
combination carriers alsomayhave smaller capacity sloptanks. Slop-tank arrangements
mustbesuch asto facilitate theseparation ofoil andwater.

Overboard piping

All discharges from cargo and ballast tanks must in principle b~. made above the
waterline so as to ensure thatbothdischarge andwatersurface maybe observed. Since



discharge above thewaterline maypose hazards in port forpersons working on lighters.
Jetti~. passing small craft. etc.•thedischarge ofclean andsegregated ballast ispermitted
below thewaterline when in port. Pipelines on board reflect these requirements. -

On large oil tankers (i.e.• from 20.000 tons deadweight upwards) it should also be
possible to drain the pump and lines. if necessary by connection to a stripping device. A
special small diameter lineshould beprovided to discharge these drainings to thesho~e•.

Operations' measures In lieu ofconstruction requirements

It is difficult. and maybe extremely costly. to modity an existing oil tankerso that It
complies withtheSSTrequirements. and ways hadto be found for suchoil tankers to be
exempted while posing no threat to the marine environment.

Inthecase ofcrude oil tankers. onemethod fordealing withthisproblems iscrude oil
washing (COW). It was nota novel-concept when itwas introduced into the rules and a
number of tanker operators were already practicing COW as a matter of routine. Reports
indicated that. when carried outeffectively. COW could considerably reduce oilyresidues
in cargo tanks. so much so that subsequently onlya waterrinse would benece~ to
prepare thecargo tanks forclean ballast. Theoily-water mixtures were reduced tosuchan
extent that theywere considered to pose littlethreat to themarine environment. Asfar as
existing oil tankers are concerned. COW was therefore accepted as offering protection
equivalent to thatprovided bySST. Infact. COW wasconsidered tobesobeneficial foithe
marine environment. particularlywithregard totheremoval ofsludge from cargo tanks. that
the requirement for COW wasextended to cover newcrude oil tankers aswell. .

Inthe case of existing product tankers. othermeans hadtobeagreed upon to give a
level of environmental protection similar to thatprovided by SST. A solution was fOUnd In
thededicated clean ballast tank(CST) concept. With thismethod. rather than provide the
shipwithSST. a number ofcargo tanks arededicated solely to thecarriage ofballast. The
capacity anddistribution of theclean ballast tanks aresuch as to fulfill the trimandmean
draught parameters that apply to SST and to ensure that the ship not be subject to
excessive stress forces when ballasted. The main difference between SSTandCSTIsthat
CSTshares the same piping and pumping arrangements as cargo tanks.

Crude 011 washing (COW)

COW offers the following advantages overwater washing of cargo tanks:
- reduction in pollution potential
- increased cargo outtum
- lessdeadfreight
- lesstime required in subsequent tankcleaning
- lesstime needed to prepare a tankfor repairs in dry-dock
- lesscorrosion because of less water washing.

Thedisadvantages of COW are:
-Increased workload
- prolonged discharge time
- costof COW equipment
- increased safety risks in port.
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COWoperations are usually carried out in the port of discharge. although it is also
possible to implement COW onpassage between ports. provided thatthere is stilla parcel
of crude oil In theship. Thesource of theoil for COW maybe thedischarge line. in which
case provisions have been made to bleed off oil for tank washing. Altematively. the
contents of thesloptankmaybe used in the recirculation mode. When thedischarge line
Isthesource of thewashing fluid, special measures maybenecessary toensure sufficient
preSsure onthewashing line, especially if backpressure from theterminal is low. Itmaybe
argued that the useof oil from thesloptankmeans re-using thesludge removed from the
cargo tanks. for further washing. In eithercase, it is important that sufficient crude oil be
available to complete the COW programme. -

In order to obtain the desired washing results, COW operations during subsequent
trading of theshipshould takeplace underthasame parameters asthose usedduring the
tests. Conditions influencing thewashing results are:

the number and location of.washing machines
nozzle diameter I
duration of washing ,
number and sizeof drainholes
effectiveness of the stripping system
stripping procedure 1

trim of the ship.

It should be noted tbat too many machines in use on a branch line could lead to
excessive fluidvelocity in the line, causing a pressure dropoverth~ lineandreducing the
effectiveness ofthemachines being served. It is therefore importantfor~he correct number
of tank washing machines to be used at all times.: -

DedIcated clean ballast tanks (CST)
. I

Aswith COW, the useof CBTlsa measure aimed at reducing t¥.generatlon of oiV
water. mixtures. Itmustbe practised ori oil tankers without SBT, which rryoilsotherthan
crude oil andhence areunable tocarryoutCOW. Inprinciple, anoil ta kerwithCBTis the
same as an SBTtanker. Because it carries its ballast water in tanks .esignat~ for that
purpose. there is no need to change ballast while underway to the 'loading port. The
capacity anddistribution of thetanks should ensure thatnoadditional ballastisneeded on
mostoccasions, andtheir location in theship's sides (where possible) should offersome
degree ofprotection against pollution arising fromcollision damage. Inaccordancewiththe
requirements of MARPOL73nS, CBT maybe used as an altemative to SBTon product
tankers of 40,000 tons deadweight and above built before 19S0. .

011 dIscharge tnonltorlng and control equipment .

Thedischarge provisions limitboth thetot~1 quantity ofoilthatmaybedischarged into
theseafromthecargo tankareaandtheinstantaneo~srate ofdischarge ofoil.Equipment
should beprovided foroil tankers toenable them tocomply. Thedischargeprovfsions also
stipulate thattheequipment should be inoperation when oil andwatermixtures arebeing
discharged into the sea.

Intematlonal specifications for the equipment have been established and only
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approvedtypes maybeusedonboard. Theequipmentmustcome intooperationwhenever
a discharge takes place. Thedischarge ofsegregated andclean ballast(except that from
CaT tankers) neednotbe monitored. Theequipment muststopthe discharge automati
callywhen thepermitted quantity of oil·or thepermitted number of litres of oil per mileare
beingexceeded.

An oil discharge monitoring andcontrol system consists essentially of foursystems:
anoilcontent metre abletoanalyse therelative contentofoil in thewaterstream,
expre$sed in parts per million (ppm);
a flow meterable to measure the flow rate of oily waterthrough·thedischarge
pipe;
a computing unitableto calculate theoildischarge ratein Iitres pernautical mile
and total quantity, together with dateand time identification;
an overboard valve control system ableto stopthedischarge when thepermis
sible limit is reached.

OIVwater Interface detector

When decanting sloptanks', anessential operation during LOT procedures, theheight
of theoiVwater interface mustbeestablished inorder toprevent thedischarge ofoil intothe
sea. Interface detectors areusually portable instruments, although permanently installed
equipment is also used. International specifications have' been established and only
approvef:i equipment maybe used.

'The equipment, inthiscase aportable instrument, coneists ofametal measuring tape,
an ampere meter, a zinc weight and an earthing clamp to connect the equipment to the
ship's structure. When theweight is suspended in saltwater, galvanic action between the
zincandthesteel structure of theshipgenerates anelectric current, which is indicated on
the meter. No current is generated when thezincweight is suspended in oil. By lowering
thezincweight andmeasuring the height atwhich thecurrent begins to flow it is possible
to determine the interface. Inpractice, theweight is lowered through theoil intothewater
first to clean the oil fromit. Theweight is then raised until Ie current ceases, when it will
again be at the interface.

\

ENTRY TO ENCLOSED SPACES

An enclosed space by definition is "anyspace that hasbeen closed or unventilated
for sometime;anyspace that may, because of thecargo carried, contain harmful gases;
anyspace which maybe contaminated by cargo or gases leaking through a bulkhead or
pipeline; anystore-roomcontaining harmful materials; anyspace which maybedeficient
in oxygen."

An enclosed space should not be entered unless authority has been given by the
Master of Officerin charge.

Before entering, find out if it is safe to do so. When it is known to be safefollowthis
procedure:

1. Obtain proper authority.
2. Ventilate the space.
3. Test the atmosphere for toxipity andoxygen deficiency.
4. Continue ventilation. .'
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5. Havebreathing appatatus standing by. .
6. Have resuscitation equipment at the entrance to thespace.
7. Haverescue equipment at the entryto thespace. .
8. Have a rescue team, properly led, readily available.
9. Have a manstanding by at theentrance watching for trouble andready to raise

the alarm.
10. Agree a system of COmmunication before entryis made.
11. Continue to ventilate and. test the atmosphere frequently.
12. Haveadequate illumination.
13. When you are in the compartment signal yourcondition at regular intervals.

If you feel unwell, come out at once.
If you are instructed to come out,do so at once.

When the atmosphere is known or suspected to be unsafe, follow the safety
precautions already listed and in.addition follow this procedure when using breathing
apparatus.

14. Ensure that the wearer is properly trained to use it.
15. Checkthe equipment thoroughly.
16. Checkthat face mask fits properly. , . .. .
17. The stand-by man should check the time of entry andensure that there is,

enough time to leave the space.
18. Check that air cylinders arefully charged.
19. When in the compartment, leave if the lowpressure audible alarm sounds, but

do not rely on it - lookat the gauge frequently.
20. Nevertakeoff your maskin an enclosed space.
21. Establish a communication system before entering the space.
22. Neverattempt to effecta rescue alone.

SAFETY CHECK LIST

Before entering any enclosed space all the appropriate safety checks listedbelow
mustbe carried outby themaster or responsible officerandby theperson whois to enter
the space.

.'

To be checked D by the master or responsible off·lcer

1. Has the space' been thoroughly ventilated and, where testing equipment is
available, has the space been tested and found safe for entry?

2. Have arrangements been made to continue ventilation during occupancy ofthe
space and at intervals during breaks? •

3. Are rescue and resuscitation equipment available for immediate use beside the
comparlmentenuance?

4. flave arrangements been made for a responsible person to be' in constant
attendance at the entrance to the space?

5. Has a system ofcommunication between me person at the entrance and those
In the space been agreed?
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6. Are access andillumination adequate?
7. Areportable lights or 'other equipment to be usedofan approved type?
When the necessary safetyprecautions in SECTION 1 havebeen taken, this card

shouldbe handed to the person who is to enter the space for completion.

To be checked D by the person who I.s to enter the space

1. Have instructions orpermission beengivenbythemasterora responsible officer
to entertheenclosed tank or compartment?

2. Has SECTION 1been coinpleted asnecessary?
3. Areyou aware youshould leave the space immediately in the eventoffailure of

theventilation system?
4. Doyouunderstandthe arrangementsmade forcommunicstion betweenyourseff

and the responsible person in attendance at theentrance. to the space?

Wherebreathing apparatus Is to be used, this section must be checked Jointlyby the
responsible officer and the person who Is to enter the space.

1. Areyou familiar with the apparatus to be used?
2. Has the apparatus been tested as follows?

Gauge andcapacity of air supply
Lowpressure audible alarm
Face mask - air supply andtightness

3. Has the means ofcommunication been testedandemergency signals agreed?

Where Instructions have been given that a responsible person be In attendance at
the entrance to the compartment, the person entering the space should show their
completed card to that person before entering. entry should tllenonly be permitted
provided all th~ appropriate questions have been correctly checked D . .

HOTWORKPERMITS

This form of permit is intended to ensure a high degree of'control and supervision
when it is required to carry out hot work in hazardous or.dangeruos areas.

Before the issueof such a permitis authorised the following conditions mustbe met:
- The area and any equipment to be worked on mustbe freeof flammable·material

and in a non-flammable atmosphere aswell as being isolated fromsources of hydrocar
bonsby means ofdisconnecting, blanking or inserting blinds. Noreliance shouldbeplaced
on closed valves.

- The workareamustbe clearof anycombustible material suchas oil soaked rags,
wood,sediments etc.

- Welding or other equipment being usedmustbe appropriately earthed.
- The degree of risk andpotential sitesof accidental release of hydrocarbons in the

areashouldbe fully assessed.
- Fire fighting equipment mustbe ready for immediately use.
- A gas free certificate mustbe issued.
- Thefrequency ofatmosphere monitoring shoul beestablished andthepossible use
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of portable continuous gasdetector alarms considered.
- Thereshould be effective means of containing and extinguishing welding sparks

andmolten slag. "
- Personnel involve~ mustbe briefed or trained as appropriate.
The"abOve considerations apply in principle to both shipboard and shore work, but

before permitting hotworkon board ship. additional hazards such as entryinto enclosed
spaces mayhaveto be considered.

Permit to Work on a Tanker Berth

Noconstruction. repair. maintenance. dismantling or modification of facilities should
becarried outona tanker berth without thepermission of theterminal manager. Ifa tanker
Ismoored attheberth. theagreementofthemastershouldalsobe()btained bytheterminal
representative.

Inall cases. except for routine workofa non-hazardous nature. thispermission must
be givenIn the written form of a permit towork.'

PUMPROOMS

General Precautions

Pumprooms. by virtue of their location. design and operation. constitute a particular
hazard andtherefore necessitate special precautions.

Pumproom bilges should be keptclean anddry. Particular care should be taken to
prevent theescape ofpetroleum products and/or hydrocarbon vapour intothepumproom.
Allpump seals. valve glands. drain cocks and mud boxes should therefore bemaintained
In good condition. In the event of a serious spillage. the application of a layer of fire
extinguishilig froth will help to control the generation of hydrocarbon vapour until the
situation is brought under control.

Ventilation

Theprobable presence of hydrocarbon gaswithin thepumproom requires theuseof
ventilation. Regulations require the mechanical expulsion of air and any petroleum gas
from the bottom of the pumproom.

Before anyone enters a pumproom. it should be thoroughly ventilated and the
atmosphere checked for petroleum gas. Ventilation should be maintained untilaccess to
the pumproom is no longer required.

Special attention should be paidto levels below the lower platform where petroleum
gas is liable to accumulate.

Isolation of the pumproom vent system in the event of fire requires the efficient
operation of dampers in the vent trunking. Theyshould therefore be well maintained.

Pumproom Entry

Nooneshould enter a pumproom atanytime without firstobtaining thepermission of
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a responsible officer.
It is the duty of the responsible officer in charge of cargo operations to ensure that

adequate ventilation of.the pumproomhasbeen accomplished, thattheatmosphere within
the compartment is suitable for entry, and that adequate communication procedures ar
established and maintained.

Notices should bedisplayed atthepumproom entrance prohibiting entrywithoutprior
permission.

The pumproom life lines and hamess should 'be rigged ready for immedlate'use.
Where possible an unobstructed directlift should be provided.

Approved breathing apparatus andresuscitation apparatus should beavailable inan
accessible location.

Opening of Pumps, Valves or Equipment

, Priortoanyoperation orrepair involving theopening upofpumps, c~go valves, cargo
piping or electrical equipment the following Procedures should be observed:

Theatmosphere mustbe tested for hydrocarbon andtoxicgas
A responsible officershould ensure thatthere aresafeworking conditions atthework

site. '
A workpermitshould be issued detailing the safety criteria to be observed and the

work to be performed. Thepermit should be limited to a period not exceeding 12hours.
Thecargo system should beflushed through withwaterpriorto opening up.Sections

should be water flusnedwhen opened to clearanypetroleum residue. Surfaces should
always be cleaned before work is carried out on them.

SUPERVISION AND INSPEcnONS:

1. RESPONSIBLE OFFICER -whois familiar with thearrangement of lines, valves
andventing system inthetankershould supervise andcontrol alleargohandling, ballasting
andbunkering operations.

2. INSPECTION OF TANKER BEFORE HANDLING CARGO OR BALLASTING
ORATSEA - before handling cargo orballasting begins, theresponsible officershould be
satisfied, as appropriate. that;

No unauthorized persons are on board the tanker.
.No unauthorized work is being carried out.
Nounauthorized craft is alongside.
No naked lights arebeing used.
Craftalongside areadvised thatcargo handling orballasting operations are
to begin and the necessary safety measuresare to be observed.
The agreed ship/shore communication system is working. '
Ship's portable RadiofTelephone sets are of approved design.
Warning notice aredisplayed as required.
Appropriate shipandshore personnel have been notified the cargo hand
lingor ballasting is about to begin.
When necessary adequate safe lighting is available.
Fireappliances are in good order.
Emergency towing-off lines are in place.
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Canvas covers are removedfrom ship'sfloodlights.
There is no smoking on boardexcept in places approved by the Master.
Cergo tanksto be used are open tc the atmosphere. via designed venting
system,
All cargo lineswhich arenot in useare isolated, if possible andappropriate
valveare closed.
All doors. and ports required to be closed.are closed andventilators are
suitably trimmed. . .
All valves to cargo andbunker lineswhich arerequired for useareproperly
set.
Scuppers are properly plugged.
All cargo tankslids,washing openings, ullage openings, sighting ports and
similarfittings are closed.
Any necessary shoreconnections are properly made and supported.
All sea and over board discharge valves. ,connected to cargo system are
closedwhen not in use. Inport, theterminal maypresent a safetychecklist
for mutual agreement.

3. INSPECTION AFTER LOADING - As soon as practicable after completion of
loading, a responsible ship'sofficershould seeand check all valves in the cargo system
toseethattheyareclosed, allappropriate tankopenings areclosed andallpressure valves
are correctly set.

FIREFIGHTING PROCEDURES ONTANKER

1. General - Personnel discovering anoutbreak of fireshould raise thealarm im
mediately meanwhile trying to give consideration to the following points:

, a. Try to fightby himself withwhatever extinguishing agentavailable at hand.
b. . If fire is lnslde a compartment or enclosed space, heshould try as much as

possiple to close all openings leading to thecompartment orspace, to exclude airfromthe
compartment.' ..

c. If the fire is in an enclosed space, no doors leading to such space be left
open until help arrives.. .

d. mechanical ventilation to the space should be secured immediately, the
principal aim being to:'

Limitthe areaof the fire.
-. Extinguishing the fire by denying oxygen.

Prevent re-ignition.
2. SolidFires- Usually associated with beddings, wood, clothing inside accomoda

tions and storerooms. Speed in the proper application of extinguishing agent is very
essential for speedy extil')guishment of thefire. Forthis typeof fire, waterwill be the most
effective agentto use. However; if thefire isdeep-seated, thewatershould be in theform
of solidstream so as to enable it to penetrate deeplnto the burning material.

3. LiquidFires-The mostserious firefighting problem inatanker. Foam isthemost
efficient agentfor thiskind of fire.Foam to be mosteffective must be applied so asto flaw
evenlyand progressively. over theburning surface, avoiding undue agitation.

Thiscanbestbe achieved bydirecting the foam jet against anyvertical surface
adjacent to the fire or by advancing the jet in an oscillating sweeps with the wind.

4. LiquefiedGasFires- Fires involving LPG, should were possible, beextinguished
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bystopping thegasflow. If theflowofgascan notstopped, it maybesafertoallowthefire
to continue to burn at the same time using watersprayto cool and control the effectof
radiant heat. Extinguishing theflame mayresult Inre-lgnition andawiderspread of flame
duetocontinued flowofgas. Inordertoreach andcrose thefuelvalve, it maybe necessary
to extinguish flames from small leaks In Itsvicinity. In thiscase, dry powder estingulshers
should be usedandnotwaterjet.

5. Electrical Equipment Fires- These maybecaused by short circuit, over-heatlng,
or the spreading of solidand liquid fires. The immediate action should be to de-energlze
thecircuitinvolved. When this isdone, anyappropriate extinguishing agentmaybe used.
If the circuit cannot be de-energized, CO2 or dry powder canbe used.

6. Cargo TankFires-With fireinacargo tankcontaining bulkpetroleum, thesmoth
ering system mustbe immediately turned on,andall accessible tankhatches ullage and
other openings should be closed. The smothering system to the tank on fire and more
remote from the fire should be closed. Water in the formof a jet or sprayshould be used
to cool thesurrounding decks, bulkheads orotherstructure. Inthecase of cargo tankfires
where the deckis ruptured or the hatch cannot be closed, foam injected intothe opening
maybe effective method of control.

7. Packed Cargo Fires- If a compartment containing packed cargo cannot be ex
tinguished by smothering agent, flooding should be attempted, provided that there is no
risk that burning liquid will overflow.

. 8. Pumproom Fires- Fire andexplosions inpumprooms areusually theresultofa
combination of three conditions:

a. Malfunctions of machinery such aspacking glands, hotbearings or other
points of excessive friction creating temperatures high enough to ignite
volatile gases or liquids.

b. Leakage ofpetroleum products intopumproom andcollection in bilges.
c. Insufficient ventilation to keep volatile fumes below the lower flammable

~~ ,

Aspumproom arenormally confined areas, fixed CO2, waterfog, highexpansion
foam system areveryeffective inextinguishing fires. Water foghasa cooling effectwillhelp
to protect anyone trapped in thearea. CO2 hasno cooling effect, it displaces oxygen and
anyone remaining in the areawill be asphyxiated.

9. Open Deck Fires- With fire on deck following a tank overflow, burst hose or
leaking pipeline, thesupply of fuelshould firstbe shutoff. Drychemical, foam, waterfog,
or waterspray should then be applied.

10. NearbyFires-If fireoccuronshore oronboard another vessel inthe immediate
vicinity, the ship's fire fighting organization should be made ready. All cargo handling,
ballasting, bunkering, gas-freeing, or tank cleaning should be stopped and all valves,
openings should beclosed. Allcanvas awnings and sunscreens should be furled orwetted
down. I
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SECTION III

INERT GASSYSTEM

The main reason for the Installation of an Inert Gas system on board a tankshlp
Is to minimize the danger of fire or explosion In cargo tanks.

This danger Is always existing, due to the fact that all three elements needed to start
a fire or explosion will be present.

Three elements are:

1. A combustible element, fuel, represented by hydrocarbon vapoUI'$ fromthe cargo.
2. Energy to start the combustion, represented by the sparks from various sources.
3. Oxygen to support the combustion, represented by the oxygen In the air, which

contains roughly 21% oxygen and 79% Nitrogen.

To set off a fire or explosion all three elements must be present simultaneously.

If 8I1Y of thethreeelements can beeliminated, thedamgerof explosion is alsoeliminated,
and this is the philosophy behind the Inert gas system.

When looking for the simplest element to remove, one will find that:

1. The fuel part can never be eliminated, due to the nature of the cargo which In Itself
Is highly Inflammable.

The cargo will always evaporate explosive hydrocarbon vapours, which will fill and
voidspacesIn the tanks, and mix-with the air entering the tanksthrough open hatches,
etc.

On the ballast voyage the empty tank Is also filled with a mixture of air. drawn in
when unloading and vapours from the cargo remain in the tank.

2. The energyspark to set off an explosion Is also very difficult to eliminate completely.

exhaustive studies have been made by maritime bodies worldwide. No exact con
clusion has been drawn. but It ls a recognized fact that the most dangerous source
of ignition is that of static electricity, which may be created In various ways inside
the tank.

The nature of this static electricity Is suchthat It is difficult to recognize, and therefore
almost Impossible to eliminate.

3. The only element left Is the oxygen to support combustion. this Is always present
as 21% of the earth's atmosphere.

However, the percentage of oxygen Inside the cargo tanks can be controlled, by
replacing the air with an Inert gas, namely, a gas with an oxygen content too low
to form an explosive mixture regardless of the amount of petroleum gas on the
atmosphere of the tank.
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EXPLOSIVE UMITS

The chemical composition of air Is basically:

Oxygen - 02 = 21% volume
Nitrogen - N2 = 79 volume

A mixture of hydrocarbon gas and air has two limits of exploslvlty.

The lower explosive limit (LEL), Is 20k of gas -(98% of air).
The upper explosive limit (LEL), Is, 100k ofgas-(900'{' of air).

Within these two limits, the mixture is Inflammable. Below the lower explosive limit,
the mixture Is too lean to bum. Above the upper explosive limit, the mixture Is too rich
too bum.

A. Hydrocarbon gas In a haseous mixture containing oxygen will only bum If the
content of hydrocarbon gas In the mixture lies between the upper and lower Umits
of inflammability. these limits which are, respectively, 10% and 20'{' In alr,vary
according to the oxygen content of the mixture. The gaps between then narrows
progressively as the oxygen content diminishes.

B. If the oxygen content of the gaseous mixture Is. BELOW' 11%, the hydrocarbon
gas contained In the mixture CANNOT BURN WHATEVER ITS CONCENTRA
TION MAY BE. An atmosphere containing less than 11% of oxygen Is considered
to be THEORETICALLY INERT. .

Quantity and Rate of Supply of Inert Gas

The most critical demand for Inert Gas Is during cargo discharge, when the supply
must at least equal the cargo discharge rate. Centrifugal car'go pumps have a
rated capacity against a nominal head, but on some occasions It Is possible to exceed
the rated capacity when discharging against a lower head.

To cater for such variations In discharge rate, the Inert Gas System capacity
has been sized on the nominal pumping rate multiplied by at least 1.25

IF THE CARGO DISCHARGE CAPACITY EVER EXCEEDS INERT GAS
CAPACITY, THE DISCHARGE RATE SHOULD BE REDUCED IN ORDER TO
MAINTAINE A POSITIVE INERT GAS PRESSURE.

Safe Oxygen Levels

During inert gas plant operations, it Is of utmost Importance to keep the oxygen
levels as low as possible, In order to have the greatest possible safety margin.
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Oxygen Levels:

11% Oxygen:

SOk Oxygen:

5% Oxygen:

MINIMUN OXYGEN LEVEL necessary to support combustion!
explosion, thislevel, however, Isnotconsidered safety, since there
Is no margin left for measurement errors.

MINIMUN OXYGEN LEVEL ALLOWED during Inert gas plant
operations. However, all necessary steps mustbe taken to ensure
oxygen level below 8%.

SATISFACTORY OXYGEN LEVEL.
this Is considered the normal maximum level that a good op
erating vessel shall maintain, even with the worst boiler load
condition.

Less than
3% oxygen: BEST OXYGEN LEVEL for a good operating vessel. The I.G.S

operations In the following sections refer to this level.

BASIC FUEL GAS COMPOSITION

O2 - content:
CO2 - content:
S02 - content:
N02 - content:

Approx. 3% by volume
Approx. 13% by volume
Approx. 3000 ppm
Balance

this means that during normal operation of oil tankers the following operational
modes frequently takeplace:

- Inerting of empty tanks
- Inening during loading andsimultaneous discharge to ballast
- lnerting during loaded seavoyage
- lnerting during discharging andballasting
- Inerting during tankcleaning
- Purging priorto gas freeing andused of the IGSduring gas freeing.

. SCHEMATIC DIAGRAM OF INERT GASPLANTS:
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PARTS:

1. Bollergas uptake 4. Suction valve 9. Back.flow valve 14. 02- analyser or
gasgenerator

2. Gas uptake valve 5. Fan 10. Isolating valve 14a.02- analyser and
recorder

3. SCrubber 6. Supply valve 11. Tank Isolating valve15. Pressure Indicator

3a. Cooling waterInlet 7. Pressure control 12.Ventilation (Riser) 15a.Pressure Indicator
valveand recorder

3b. Cooling wateroutlet 8. Waterseal 13. PNbreaker

MAIN FUNCTION OF EACH COMPONENT IN INERT GASSYSTEM

1. Gas uptake or Stackgassupply
gasgenerator

2. Gas uptake Isolating valves Isolation of Inertgas plantfrom boilers/generators.

3. Inertgas scrubber Cooling of gas andremoval Sulphur dioxide andsolid
particles.

3a. seawater Inert Cooling andwashing waterInletto scubber.

3b. seawateroutlet outletfrom scubber.

4. Isolating valve
suction side FanIsolating valvesuction side.

5. Fan Fanfor transport of Inertgas to tanks.

6. Isolating valve FanIsolating valvepressure side.

7. Deckwaterseal Prevent backflow of hydrocarbon gasesfromtanks
to engine room during shutdown.

8. Nonreturn valve Prevent backflow of hydrocarbon gasesor crude 011
Inthe eventof overfilling.

9. TankIsolating For Isolation of tanksfrom Inertgassystem
valve Incase of gas freeing, or If tank has to be opened.

10. Mastventilation For ventilation or relieVing of gas pressure fromtanks.

11. Pressurelvacuum A common pressurelvacuum valveIn addltlQn to
breaker Individual breaker plv-valves on tanks. Prevention of

damage to tanks Incaseof overpressure or under-
pressure Intanks.

12. Gas analyser Control of the Inertgas with respect to highoxygen
content.

12a. Gas analyser Oxygen content meterwith recorder

13. Pressure meter Pressure meterwith Indicator and recorder Indeck
main line.
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MAINTENANCE ROUTINE CHECK

Component Preventive maintenance Maintenance Interval

Fluegas Operatethe valve Before start-up and one week
isolating valves

Cleaning with compressed air Before operatingvalve
or steam

Dismantling for inspection Boilershut..(jown
andcleaning

Fluegas Water flush After use
scrubber

Cleaningof demlster Three months

Dismantling of level regulators Six months
and temperatureprobesfor
Inspection

Openingfor fullintemal Dry-docking
Inspection

Overboard Flushing wlth'scrubberwater After use
pipes and valve pump for about one hour
from flue gas
scrubber Dismantling of the valve for Dry-docklng/repalr

overhaul, Inspection of pipeline period
and overboard end

Blowers Vibration check While running

Flushing After use

InternalInspection through After flushing and six months
hatches

Dismantling for full overhaul Two years or more frequently If
of bearings,shaft tlghtenlngs requlredldry..(jocklng
and other necessary work,

Deck water seal Dismantling of level regulatorsl Six months
float valves for Inspection

Openingfor total Internal One year
Inspection

Overhaulof auto-valves One year

Deck mechanical Movingand lubricating the One week and beforestart
non-return valve valve if necessary

Openingfor Internallnspec1lon One year/18 months

Pressur&-vacuum Operating and lubricating the Six months
valves valves

Openingfor full overhauland One year
Inspection

Deck Isolating . Openingfor ,oyer~aul One year
valve :' 'J

I"
'f, ,
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Gaspressure
regulating system

Uquld-filled
pressure-vacuum
breaker

Removal ofcondensation In
Instrument. airsupply

Opening ofgaspressure
regulating valves for overhaul

Check liquid level when system
Isat atmospheric pressure

Before start

As appropriate

When opportunity permits and
every six months

STARTING PROCEDURES:

Starting up (engine room)

1. Open gas valves on blower uptakes.
2. Shutblowar discharge valve.
3. Switch gas regulating valve (if any) on"manual" and reduce diaphragm pres

sureto abt. 6 psig until indicator that shows "closed".
4. Open cooling watersupply to scrubber. Thepressure atscrubber inletshould be

abt. 5 kg/cm2• Drain the main andauxiliary blowers. Startthe main blowerandrecirculate
the gas to scrubber. The blower discharge pressure should be 0.22 - 0.25 kg/cm2.

5. Observe temperature on blowerhousing and reduce discharge pressure if the
blower temperature exceeds 65°C. The discharge pressure is reduced by reducing the
lever length on recirculating valve.

6. Observe thewater level in thescrubber. If all is in order, inform thedeckdepart
ment, that the plant is ready supply gas.

Starting up (deck)

1. Open draincocks in gas linesanddrainoff condensate which mayhave accu
mulated.

2. Drain non return valve (if fitted).
3. Check pressure/vacuum valves and ensure thatthevalves move freely andare

correctly adjusted.
4. Check oil levelin vacuum breaker (oil seal, if fitted), anddrainoff water.
5. Checkwaterlevel inwatersealondeck(if fitted) andthatthewater is discharg

ing overboard. When all is in order, open non return valve (or manual) isolating valve, if
installed).

Thewholepiping system il1 engine room andondeckunderpressure Corresponding
to the recirculating gasquicklyfrom blower to scrubber. Check gas 02 (or CO2) cOntent in
deck linesby usingportable 02 (or CO2) indicators.

Thegasquality in gas lineson deckshould be almost the same as canbe indicated
in boileruptakes.

If thegasqualities arethesameand02 content is high/adjust air/fuel ratio to burners.
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GENERAL MAINTENANCE

If the equipment shall give theprotection of thetanksystem is the intention with the
Installation, allcomponents must besystematically maintained inorder to give thehighest
possible reliability andefficiency.

IlechBnlC81 components

Daily
1. Tumthe main blowers.
2. Tum the auxiliary blower (if any).
3. Tumthe stationary cooling waterpumps.
4. Blow soot from boiler uptake valves and scoops. (If purge air is notused). The

upper sootblowlng connection should preferably bonded. Be sure that steam pressure
doesnotbuildup In thescrubber.

5. Drain offwaterfrom gas line Inengine room.
6. Drain offwaterfrom blower housing.

Weekly
1. Move boiler uptake valves and preferably in connection with sootblowing.

N.B. DO NOT SOOTBLOW FLUE GASLINES TO SCRUBBER WITH IDLER UPTAKE
VALVES CLOSED.

2. Check oil level in gas line vacuum breaker ondeckif any.
3. Check water level inwaterseal tanks through sightglass.

~fter each cargo voyage

1. Inspect one gas filter/demlster at top of scrubber. Flush with fresh water if
necessary.

2. Flush the upper (2nd) wetfilter in scrubber with fresh water afterconclusion of
tankcleaning.

3. Inspect thenon return valve ondeckthrough inspection opening. The valve disc
shallmove freely. .

Control and safety system

Daily
1. Check airpressure to airvalves forautomatic washing and maintain thecorrect

pressure required.
2. Drain offwaterfrom airpressure reducing valves to the instruments.

Weekly
1. Close non return valve on deck. This valve should always be closed when the

Inert gassystem is notoperated.
2. Open at least one boiler uptake valve. The blowers should neverbe started with

boileruptake valves closed.
3. Open cooling water supply to scrubber.
4. Startoneblower and be sure that the gas recirculation to scrubber. (Observe

blower temperature andauto-water seal is drained).
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5. Open blowerdischarge valveandgas regulating valve.
6. Shutoff watersupply to scrubber. If all is correct, the following should happen~

a) Visible and audible alarm for lowwaterpressure
b) The blowerstops.
c) The blowerdischarge valve closes.
d) Thegas regulating valvecloses.
e) The drain valveon waterseal closes anddropvalve opens.
f) The auto-water seal is filled.

Thesametest isdescribed in 1 through 6 should becarried outoncea month for
thethermostats in topofscrubber. Thethermostat sensorcanbetested Inwater
of 60 - 65OC, andthe effectof this testshould be the sameas described above

The same effect has also breaking of the contact in the water level switch In
scrubber shell.

Every 6 months.

1. Inspect internal partsof scrubber for:

a) Condition of spraynozzles andwaterpipings.
b) Wet filter condition.
c) Corrosion on scrubbershell and inletchamber.
d) If filtermass hasfallen tothebottom ofscrubbertodrain pipesorwater

seal in scrubber waterdrain line.
e) Corrosion in scrubber bottom, especially in weld seat.

2. Inspect internal partsof waterseal for:
(both auto-water seal and2ndwaterseal, If fitted)

a) Corrosion onwatersealshell.
b) Corrosion on the submerged pipe.
c) Corrosion on valve seats for dropand drain valve.

Ifcorrosion is observed onthecold parts ofscrubber inwatersealshell, the
corroded parts should be drycleaned withsteel brush andpainted with tar
epoxy.

Corrosion in the stainless steel parts of the scrubber be the result of
insufficient flushing ofthepartcorrosion occurs. It istherefore Important that
nozzles both in inlet chamber and in the main scrubber are In good
condition.

The flushing of the inletchamber can be checked t~e inspection covers.
,

IT IS IMPORTANT THAT THE SCRUBBER ISFLUSHED FOR SEVERAL
HOURS WITH COOLING WATER BEFORE CLOSING DOWN THE PLANT.
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THE SECOND WET FILTER AND ESPECIALLY ALONG THE SHELL
SIDES SHOULD BE FLUSHED WITH FRESH WATER.

INERTING OF TANKS

Inertlng ofemptygas free tanks

Startuptheinertgasplantaccording to instructions. Close all tankhatches andcheck
properfunction of O2 - analyser. Open lidsor hatch covers on standpipesor purgepipes
on tanks to be inerted.

Open fan discharge valve (6) and main isolating valve (10) (see Fig. 1)
If thegaspressure control valve (7) ison"automatic", thereis nowa riskof "overload"

of the scrubber due to a limited pressure drop in pipes and tanks. The "overload" of the
scrubber may result in "carry over" of wateror high temperature trip of the plant.

Because of the above, it is therefore sometimes necessary to control the pressure
manually to reduce thegasflowduringthefirstpartofthe inerting, untilaminimum gasback
pressure isestablished in thetanks. When thisminimum gaspressure for stableoperation
is established, the inertgas plant can be operated automatically at full capacity.

Fig. 1 indicates the plant in operation

Figure 1 Condition: Inerting of tanksfilledwith air

1. Bollergas uptakeor 6. Fan Isolating valves 13. Pressure/vacuum
Inertgas generator pressureside breaker (common)

2. Gas uptakevalves 7. Pressure controlvalve 14. PN valves (Individual)

3. SCrubber 8. Deckwaterseal 15. PN valve In ventilation line

4. Fan isolating valves 9. Non returnvalve 16. By-pass valve
suctionside 10. Deck line Isolating valve 17. Tank hatch

4a. Fresh air Intakevalve 11.Tank Isolating valves 18. Level Indicator
i

5. Fans 12. Ventilation mast (riser) 19. Purgepipe
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The oxygen--content in the tanks should be checked frequently, at least every half
hour. Theinerting should becontinued untilthegasleaving thetankhashada02-content
of lessthan8percent foraminimum of30 minutes.Thisisbecause ofthepossibilityof local
air pockets in the tanks.

When all tanks are satisfactorily inerted the tanks should be put under a slight
overpressure, normally 300-600 mm W.G., and the plant closed down according to
instructions and the tank isolating valves closed.

Inertlng during loading and simultaneous discharge ofballast water

The vessel is supposed to arrive at the loading portwith all cargo tanks inerted.
If theship is fitted witha central gasventoutlet, all tankstobe loaded areconnected

to the vent system.
Incaseonlythe local PN - valves arefitted, thevalves arechecked andadjusted for

gas evacuation through the high speed valves.
Itshould bechecked thatalltankhatches areclosed andpossible floatlevelindicators

are operable.

Discharge ofballast

Discharge ofballastcanbedone eitherbefore orduring theloading. During discharge
of ballast, before loading is commenced, the inerting procedure is the same as during
discharge of cargo. Seenext chapter.

At simultaneous loading of cargo and discharge of ballast the loading capacity is
flQ.rmaily higherthan the ballast waterdischarge capacity. This means that the inertgas
volume available in the ullage space above the oil level in the tanks beingloaded is more
than sufficient for the inert gas needed in the ballast tanks during discharge. By simply
connecting theballasttankto thecargo tanks withtheinertgaslinesondeck,inertgaswill
flow fromthe cargo tanks to the ballasttanks.

Theinertgassystem canbe operated if required, butwillnormally notdeliveranygas
to the deck lines.

If by chance the ballast discharge rate is higher thanthe loading rate, the inertgas
system mustbe in operation and the deck pressure adjusted sufficiently high to give a
positive outflow of inert gas through the ventilation mast (or the individual PN - valves
onthe tanks). This is to avoid air being sucked into the tank system by a possible
underpressure in the ballast tanks.

Inorderto start the loaded voyage withpositive pressure in thetanks.. the IGShasto
be started and tanks purged to a pressure of 300-600 mmW.6.

Loaded sea voyage

During the loaded voyage the cargo tanks should as far as possible be kept inerted
with a positive pressure.

This positive pressure may, however, be disturbed by several factors. The most
common are:

- leakages in valves and hatch covers
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- change of pressure in the tanksdueto temperature variations (Le. day andnight
andsea/airtemperature changes)

- rolling and heaving in rough sea.

The effect of the different conditions as mentioned above is partly a pressure drop
inthe tank (escape of inert gas) and partly the risk of ingress of air into the tanks
(temperature aspiration and local underpressure in tanksdue to rolling and heaving).

Consequently, the oxygen content and the tank pressure should be frequently
checked during the sea voyage. The frequency should depend on weather and deck
equipment conditions.

"Topping up"ofthetankinertgaspressure maybe donebystarting upof theinertgas
system, orby using a special "topping up"inertgasgenerator, if fitted, orbystarting upthe
1GB. The volume needed for this topping-up operation is normally small in loaded
condition. "Topping up" is demonstrated in Fig. 4.

Figure 4. Condition: "Topping up" of tanks

4a
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1. Boilergas uptake or 6. Fan Isolating valves 13. PressureNacuum
Inertgas generator pressure side breaker(common)

2. Gas ~ptake valves 7. Pressure control valve 14. PN valves (Individual)

3. SCrubber 8. Deckwaterseal 15. PN valveInventilation line

-4. Fan Isolating valves 9. Nonreturn valve 16. By-pass valve
suction side 1O. Deckline Isolating valve 17. Tank hatch

4a. Freshair Intake valve 11.Tank Isolating valves 18. LevelIndicator

5. Fans 12.Ventilation mast(riser) 19. Purge pipe



Discharging andballasting

Discharging. When the vessel arrives at the discharge port, the inert gas system
should be tested and ready for operation in due time for discharge.

Before cargooil pumping is started the inertgassystem should be in operation and
connected to the deck line,with the pressure control in the automatic position.

Since the ullage volume is normally small in loaded condition, thedesired overpres
sure is reached in a short time (minutes).

All decks openings and hatches should be closed, all PN-valves in the operating
position and by-pass valves closed.

When thepumping (discharge) starts thepressure intheullage volume willdrop.Now
thecontrol valve (7)willstartoperating andopen for inertgasto compensate thepressure
dropand keepa constant preselected pressure inthe tanks. Aftersome time the required
pressure isestablished. At thismoment thevolume delivered from theinertsystem isequal
to the cargo pumpdelivery. This condition is illustrated in Fig.5.

Figure 5. Condition : Discharge

4a

CARGO OUT

If for any reasons access to the cargo tanks is necessary during discharge the
following procedure should be followed:

1. Reduce the inertgas pressure by adjusting the pressure control valve set point.
2. When the tanks' inert gas pressure is reduced to near atmospheric pressure, a

suitable ullage hatch has to be opened carefully.
3. When reading is finished, thehatch maybeclosed andpressure raised if desired.
When discharge andstripping arefinished, thetanks should beputunderthedesired

positive pressure.
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Ballasting during discharge ofcargo

Normally, time maybe saved by taking in ballast while discharging. This is normally
done in the lastperiod (during stripping) of the discharge.

Thismeans thatsome tanks displace inertgaswhile some consume inertgas.During
the stripping of the last tanks, the discharge rate is normally less than the ballastrate. In
thiscasethere issurplus of inertgas,andtheinertgassystem may, ifdesired, bestopped.
Incaseof the reverse, the inertgassystem mustbe in operation to prevent air frombeing
sucked into the tanks. See Fig.6.

Figure 6. Condition. : Simultaneous discharge andballasting

.j
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~
N-

CARGOOUT-

1. Bollergas uptake or 6. FanIsolating valves 13. Pressurelvacuum
Inertgas generator pressure side breaker(common)

2. Gas uptake valves 7. Pressure control valve 14. PN valves(Individual)

~. SCrubber 8. Deckwaterseal 15. PN valveInventilation line

4. Fan Isolating valves 9. Nonreturn valve 16. By-pass valve
suction side 10. Deckline Isolating valve 17. Tank hatch

4a. Freshair Intake valve 11.TankIsolating valves 18. LevelIndicator

5. Fans 12. Ventilation mast (riser) 19. Purge pipe

Theprocedure for these operations is thesame asfordischarging cargo. Incasethe
ballasting rate exceeds thestripping rate, however, thebypass valve intheventilation must
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beopen(or in thecaseof individual PN-valves, thevalvesmustbeopened). The inertgas
pressure will in this case be reduced to atmospheric pressure.

Fig. 6 indicates the positions of the different main valves in the system during this
operation mode. The capacity of the inert gas system shouldalwaysbe adjusted to give
positiveoutflow of inert gas through the ventilation mast. This is done to preventair from
being sucked into the tanks.

Whenthe vessel is ballasted the by-pass valve should be closed and the tank inert
gas pressure raisedto the desired pressure before the main isolating valve is closed and
the inert gas plant stopped.

Ballast voyage

Afterthevesselhasleftthedischarge port,the inertgassystem shouldbe inoperation
forpurging ofall cargotanksto reduce theHC-gas concentration. Theoperation shouldbe
controlled by checking the HC-gas concentration in gas leaving the purge pipes, or with
tests taken at different levels in the tanks.

When the tanks have been purged and the He-gas concentration checked to be
belowabo 2.5percentbyvolume, thetanksshould bepressurized andtheinertgassystem
closed down.

The tankpressure andoxygen concentration shouldbe monitored duringthevoyage
as discussed in chapter 4, and new purging or "topping up" should be done when
necessary.

Tank cleaning

The oxygen Content in the tank atmosphere should always be checked before any
tank cleaning is started. No tank cleaning, eitherwith the cargo oil - Crude Oil Washing
(COW) - orwith water, should bestarted unless theoxygen content is 8percentbyvolume
or less measured in the tanks.

Fortankers withCrude OilWashing Systems thefollowing procedure istobecomplied
with.

Before each tank is crude oil' washed, the oxygen shall be determined at a point 1
metre from the deck and at the middle region of the ullage space and neither of these
determinations shall exceed 8 per centby volume. Where tankshavecomplete or partial
washbulkheads, thedeterminations should be takenfromsimilarlevelsin eachsection of
thetank.Theoxygen levelof theinertgasbeingdelivered duringthewashing process shall
be continuously monitored. If during crude oil washing:

(1) the oxygen levelofthe inertgas beingdelivered exceeds 8 percent by volume; or
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(2) thepressure of theatmosphere at thetanksisnolongerpositive, thenthewashing
mustbe stopped until satisfactory conditions are restored.

In Fig. 7 the conditions during tank cleaning areshown.

Figure 7. Condition: Tankcleaning
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Gasfree/ng

When acces to the cargo tanksis necessary to inspection, repaira.s.o. the inertgas
or inertgas/HC-gas mixture has to be replaced with fresh air. This replacement is called
"gasfreeing".

Thegasfreeing isnormally carried outbyoneormore of thefollowing three methods:

1. By portable tankventilators

2. Bypermanently installed tankventilators blowing air to tanksthrough the cargo
oil piping system.

\

3. By using the lnertg~ system fans with suction from fresh air instead of the
scrubber. .

\

Whenever amethod isbeing ~sed forgasfreeing thefollowing stepsshould betaken:

1. Hydrocarbon gas conce~tration to be measured in eachtank to be gas freed.
r

2. If the HC-gas concentration is 2.5%by volume or-less ventilation with fresh air
maystart immediately.
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Section I

MACHINE SHOP

Q. What is a machine shop?

A machine shop is a placein which metal partsarecut to the size required and
put together to form mechanical units or machine, the machine so madeto be used
directlyor indirectly in the production of the necessities and luxuries of civilization.

Q. What are the standard machine tools and safety operation?

LATHE- is a metal turning machine tool in which the work, while revolving on a
horizontal axis, is acted upon by a cutting tool which is made to move slowly in a
direction more or lessparallel to the axisof thework, or in a direction at rightangles
to the axis of the work operated by handor by poweras desired.

Safety Procedure:

1. Before turning on thepower, checkto see that the tailstock tool holder, and job
are properly clamped.

2. Usehandpoweronlywhen putting on a removing checkor faceplate.
3. Do not leave chuckwrench or anyother tool in the chuck.
4. Do not usewrench or revolving work or parts.
5. Nevertry to measure workor feel theedge or adjusta cutting toolwhen lathe is

running.
6. Do not take heavy cut on longslender work.
7. As a general rule, do notshlttor change gearswhile lathe is running.
8. Stand erect. This keeps headawayfrom flyingships.

DRILLING MACHINE-ordrill press isamachine toolused mainly forproducing holes
, metal. Inthis machine, thework issecurely heldwhilea revolving cutting tool is fell
rtc it.

afety Operations:

1. Usedrills properly sharpened to cut to the right size.
2. Small drillsshould revalue at high speed, largedrills at lowspeed.
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3. Chuck wrenches mustberemoved from drill chuck before starting themachine.
4. Never attempt to hold workunder thedrillby hand. Always clamp work to table.
5. If drill stops in work, shutoff motor andstartdrill by hand.
6. Keep your head backandwell awayfrom any moving parts of the machine.

SHAPER - isordinarily used forfinishing flatorpartlycurved surfaces ofmetal pieces
fewinnumberandnotusually overafootortwolong. Cutting toolsused intheshapes
aresimilarto the turning toolsused in the lathe.

Safety Operations:

1. Besure ram, tool head, work, etc. areproperly secured in place.
2. Aftersetting thestroke length andposition, check to seethat adjusting nutsare

tight.
3. Remove all wrenches from machine aftercompleting set-up.
4. Stand parallel to direction of stroke of machine when running.
5. Neverremove chips while ram is in motion.

PLANER- isamachine toolused intheproduction offlatsurfaces onpieces toolarge
or tooheavy orawkward toholdina shaper, Cutting toolsused in planer workarethe
sameas those used in the sheper,

Safety Operations:

1. Afterwork is fastened, check to seethat it clears crossrails, andserved clamps
in position.

2. See the feed rod and its attachmentare properly located and in properorder.
3. Do not reach overa moving job andnever ride the bed or platen.
4. Do not leave any toolsof any kind between ways.

MILLING MACHINE - is a machine tool in which metal is removed by means of a
revolving cutterwithmany teeth ,eachtooth have acutting edge remove share of the
stock.

Safety Operations:

1. Make sure cutterand arbor aresecured to clearthework.
2. Use only cutters that are correctly ground in goodcondition.
3. To avoid striking hands on cutter while setting up, move tablewithworkas far

awayfromcutteras possible.
4. Check speed and feeds, works against direction in which cutter is rotating.
5. Keep hands awayfrom workwhen machining.
6. Usea brush hot the hands to remove chips.

GRINDING MACHINE - is a machine tool in which an abrassive wheel is used as a
cutting tool to obtain a high degree of accuracy andsmooth finish on metal parts.
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Safety Operations:

1. Stand to one side out of line of wheel when starting it up especially wheel is new.
2. Work should be fed slowly and gradually.
3. Never use grinding wheel that is loose on the shaft.
4. Stop wheel if it chatters or vibrate excessively.
5. Use clamp or other suitable holding devices for grinding short pieces.
6. Always use goggles any time.

BORING MILL - consist of two types: the vertical and horizontal and method of
operation of enlarging a hole; usually by means of a single cutting tool and designed
primarily for the purpose of finishing holes that are not possible to other machines.

GENERAL SAFETY PRECAUTIONS IN SHOP:

1. Be sure that all machines have effective and properly working guards that are always
in place when running.

2. Replace guards immediately after any repairs.

3. Do not attempt to oil, clean, adjust or repair any machine while it is running. Stop the
machine and lock the power switch in the off position.

4. Do not operate any machine unless authorized to do so by the teachers or under his
supervisions.

5. Don't try to stop the machine with your hand or body.

6. Always see that work and cutting tools on any machine are clamped securely before
starting.

7. Keep the floor clean of metal chips or curls and waste pieces.

8. Get help for handling long or heavy pieces of material. Follow safe lifting practice -lift
with your leg muscles, not your back.

9. When working with another student, only one should operate machine or switches.

10. Don't lean against the machine.

11. Do not run in the shop no fooling around.

12. Concentrate on the work and not talk unnecessarily while operating the machine.

13. Get first aid immediately for any injury.

14. Be sure you have sufficient light to see clearly. Check with the teacher if you do not
have enough.
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SHOP TOOLS ANDTHEIR USES

BELT(HOLE) PUNCH- used for cutting the bolt holes in gasket materials or in leather
belting.

BOLTCUTTERS - made in several sizes from 18- 36 inches used for heavy dutycutting
jobs. Ithasspecial replaceable jawsof extra hard metal alloys-toavoid twisting
motion when material is brittle.

CALIPERS· are used for measuring diameters and distance or for comparing distances
andsizes. Types are:

Outside Calipers - used for measuring outside dimension.
Example: Diameter of a piece of round stock.

Inside Calipers - have inward curving legsfor measuring inside diameters.
Example: diameter of holes.

Hermaphrodite calipers - aregenerally used to scribe arcor marking gage in layout
work.

CENTER GAGE- edge of thisgagehave60°, useto check thegrinding of thread cutting
tools.

CHISELS - cold chisels are tool used for chipping or cutting cold metal. Classified
according to theirshape: Flat, Cape, Diamond and Round nose point.

Flatchisels - used anddetermined by thewidth of the cutting edge.

Cape chisels - used for cutting keyways where square comers ontheslotare
necessary.

Round nose chisels - usually used for cutting oil grooves in bearing.
Diamond pt. chisels - used for cutting AVA groove and inside sharp angles.

CLAMPS - when a visenotavailable, a clamp maybe used to holdpieces of material tag
while theyarebeing worked on.Types: hand screw, toolmakers, carriage screw
andbeam clamps.

COMBINATION CAUPERRULE-has jaws designed to make either inside or outside
measurements.

COUPLING & GEAR PULLER - a three jawpullersuitable for removing coupling, gears,
etc., from shafts which shows strong, uniform full to remove gearbearing for
convenient way.
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CUTIING & FLARING TUBES - consist ofa small tubing usedfor refrigeration linesand
similarpu~ses byusing tubing cutter. Flaring tubing used to expand theendof
the tubing c.-onnections.

CUmNG PIPE- usually cutwitha hand hacksaw, apower hacksaworapipecutter. Pipe
cuttermostpopular used onmostship, these areonlyadjusted andtightened by
turning the handle.

DEPTH RULE - hasnarrow blade which slidethrough aslotted locking arrangement, used
to measure the depth holes, slots, keyways, etc.

DIES - consist die and stock, before threading a piece of round stock its end should be
tapered orchamfered slightlywith afileorbygrinding, sothatdiewillstartcutting
moreeasily.

DRILLS - made of carbon steel or high speed alloy steel used for general purposes,
making asmaller to largerholes. Types: hand dries,andbreastdrill andcanuse
clamp blockto the piece of metal.

FILES - are used for cutting smoothing or removing smallamounts of metal, made in
various shapes, cut of teeth and length.

FUSE FULLERS - is designed for easyand safe removal of electric fuses,

HACKSAW - usedfor cutting metal. Types aresolidandadjustable. Solidholdonlyone
side of blade while adjustable type can be fitted with different length blades.
Hacksaw blade come in two forms - hard backand flexible back.

HAMMERS - consist of: Ballpen or machinist hammer usedfor general purposes:

Softhammers - used forhammering orworking ona finished surface inordernot
be marked.

Sledge hammers - made of heavy weight between 5 - 25 pound used for
producing heavy blows.

Scaling hammers - more often used as chipping hammers forremoving scale,
point, etc.

HANDSNIPS - usedfor cutting sheetmetal or otherthin pieces of metal, alsofor cutting
out circular pieces.

MICROMETER CALIPERS - is the most commonly used adjustable gage, and it is
important that the mechanic understands its mechanical principles, construction useand
care.

Types:

Outside micrometer - usedto measure outside dimension, suchas diameter of
a piece of round stock.

Inside micrometer - used for measuring inside dimension, example, inside
diameter of a tubeor hole, bore a cylinder.

508



NUTS, BOl1'$ ANDSCREWS - used for fastening or holding metal parts together in
assembly and disassembly, and that on occassion mustbe removed in taken
part. Capscrew andmachine screw arealways used without nuts.

OFFSET SCREWDRIVER - used for screws located in accessible places.

PACKINGTOOLS- areused toremove softpacking from thepacking glandofvalues and
pumps.

PHILIP SCREWDRIVER - used for Phillips type screws only.

PLIERS - used generally forgeneral purposes, electrical work and forbetter gripping.Types
arecombination, sidecutters, needle nose round nose, flat jawpliers.

Combination - has one arm of the slip joint slotted, can be slipped from one
position to another.

Sidecutting plier- used to a electrical work in stripping thewire insulation.
Needle nose plier- used to get intotightspaces or corners.
Flatjaw- used teeth for bettergripping of nutsandmeasure overall length.

PROTRACTOR - used in measuring or laying out angles, usually made of a transparent
substance. such as celluloid, semi circular shape upto 1800

•

PUNCHES - consist of several types depend on used for a variety of jobsdone.

Centerpunch - used tomake astarting markforadrillwhen holes aretobedrilled
in metal.

Prick punches - usually used for marking centers and lines in a layout work.
Starting punches - have long tapes from thetiptothebodyandcanstand heavy

blows used for knocking out rivets, bolts, etc. '
Pin punch - designed to follow through the holewithout jamming.
Alining punch - used to line up corresponding holes in adjacent parts of the

engine.

RATCHETSCREWDRIVER- averyhandytool, thatcan handle infirmgrasp anddoesnot
tum continually called standard screwdriver.

REAMERS - usedinprecision worktosmooth andenlarge holes to exactsize. Types are
expansion reamer, andtaperreamer. .

RIVETS - notthreaded form, areused for metal fasteners forpermanent andnotsubject
to disassembly or taken apart.

SCRAPERS - made in many forms, used for-scraping 'or removing high spotfrom flat
surfaces, to refit a bearing. Scraper design for flat scraper top and sides blades while
bearing scraper and three comerscraper for delicate parts.
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SCREWDRIVERS - generally has one purpose, to tighten or loosen screws. Types
are regular, offset, rachet and Phillips screw drivers.

SCREWGEARED CHAIN HOIST- a handy portable hoistwhich is lightandpowerful, that
holdsecurely andwill not lowerunless the chain is pulled.

SCREW PITCH GAGE- used tocheck thenumberofthreads onbolt, screwnut,etc.Each
blade or finger is stamped with the number of threads cut on it.

SCRIBER - used to make clean narrow lines onmetal, made upof tool steelhavesingle
anddouble end.

SHEET METALSCREW- used to holdtogether section ofsheetmetal, fiber, plastic etc.,
especially onboard for insulation purposes.

SPEED INDICATOR - indicate thenumber of revolutions per minute made by an electric
motor, turbine rotor, andotherrevolving equipments.

SQUARE& COMBINATION SET- used toscribe, measure andcheckangles, toconstruct
lineat rightangles to theedge ofa piece of material, to establish points for lines
parallel to the edge, andguide for otherinstrument.

TACHOMETER - differs from speed indicator, it directly registered revolutions of the
rotating shaft, no timing or computation being necessary.

TAPS- usually in setsof three for each diameter and thread series, set contain a tapes,
plugandbottom tap. Usually used for making an exacthole thread each job.

THICKNESS GAGE- or feeler gage is used for measuring distances or clearances
between twosurfaces. The number stamped on each blade is the thickness of
thatparticular blade in thousandths of an inch.

WIRE ANDSHEET GAGE- used to measure cross sections ofwireandsheetgageand
to determine the thickness of metal sheets.

WRENCHES - aretools for tightening or removing bolts, nuts, studs, etc.or for gripping
round material such as pipe, stud, round rod, classified in three heading 
adjustable, solidand open end. Also fortheirshape likeS-wrench, angle, pipe,
monkey, tap wrenches.
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Threaded Rod
r E Headstock

Tilting
Carriage

Tool Holder
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DEPTH RULE.

COMBINATION CALIPER RULE.

STEEL SQUARES AND COMBINATION SET.



FILE

.~.•
SQUARE 1'RIANlJUUA RbIIID

~ -HALf ROUND MILL FLAT

SHAPES OF FILES.

WIRE AND SHEET GAUGE

CENTER GAGE.

Sail peen

FACE SaJlpeen or Machinist

HAMMER

..

Chipping
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CENTER PUNCH

; x'Z",wt liig
STARTING PUNCH

::'
PIN PUNCH

&Ss~ •
STRAIGHT SHANK./'

<,
~1!olI!"-S~"lIlll!:s;s~~~a""',-,-,

"'-SIZE
STAMPED
HERE

, ../~-'--"""-C:;;::S;; 52]J'1I
TAPER SHANK

',3 's:~~
SQUARE SttANK
.USED IN BRACE)

TWIST DRILL SHANKS
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L

ADJUSTABLE WRENCH

MONKEY WRENCH

STILLSON WRENCH

BOX WRENCH

OFFSET

SOCKET WRENCHES
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CARRIAGE OR"ct
CLAMP

B

CLAMPS
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BOLT (HOLE) PUNCH

DRill VISE
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-- .TAP

~
TAP WIII!NCH

T
TAP WREJaI

TAPER TAP AND TAP WRENCHES

FLARING TOOL

r
0..J1'6

~t::I iPACKING TOOLS

A

i

~.. 19.· 1~lnIcm'
WB
~;;;;;;.~~~

C
OPEN-END WRENCHES: A. "S" WRENCH; B. CROWFOOT WRENCH; C.

BOILER OR SPUD WRENCH.
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, SCREW-GEARED CHAIN
HOIST

GEAR PULLER TUBE CUTTER

FUSE PULLER

STRAIGHT BLADE
SNIPS

a---s_-----J,
CHISEL
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HAND DRILL
TOOLIlEll1'

SAFETY-TYPE BENCH
GRINDER

STOCK AND ADJUSTABLE DIE

IPLIT.DII................
SPLIT OR ADJUSTABLE DIE

Adjustable hook .panner.

SPANNER WRENCHES

8
ALLEN WRENCH AND SET SCREW
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SLEDGE
HAMMER OR MACE
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THREAD COUNTER

VERNIER CALIPERS

MICROMETER FOR
EXTERIOR MEASUREMENTS

PORTABLE DRILL

PLASTIC HAMMER



REAMER

SCREW DRIVERS: A. REGULAR DRIVER; B. OFFSET DRIVER;
C. RATCHER DRIVER; D. PHILLIPS HEAD DRIVER

B

c:' ~:~)

c

D

RECENTERING A DRILL CUT

( : :;:s.-=: F:;J_ M ,,"'.<m ...:
.' . ~.

COUNTER BORE
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THICKNESS GAGE

o
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SCRIBER WITH DOUBLE ENDS

Bolt cutter.

BOLT CUTTER



e=-t.~ om-e-
HEXAGON FLAT BUTTON FILLISTER

HEAD HEAD HEAD HEAD

CAP SCREW

c~ FLATP~i~PO'NT

SQUARE HEAD SET SREWS

,

FILLISTER
HEAD

LAG
SOREW

OVJ\.L
HEAD

ROU~D
HEAD

T
flAT
HEAD

HEADLESS
SET SOREW

MACHINE SCREWS

TTTTT
TYPE ,.. SHEET METAL SCREWs

SELF-TAPPIHG SHEET M£TAL SCREWS

SHEET-METAL SCREWS.
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READING PIPING AND INSTRUMENT DIAGRAM IN ENGINE ROOM

F.O. GIRe· PUMP

F. O. MAIN SERVICE SYSTEM
Symbols of Instruments:

----.
~---

0
e-

526

SCrew Pump
Duplex StraIner
Simplex Strainer (angle)
Simplex Strainer
Globe Stp. Valve
SCrew down Stp. Check v/V
Quick Closing Angle v/V
Globe Stp. Angle v/V
Sight Glass
Control Air Pipe Une
Electric cable Une
Insulation
Local Indicator
Inside of Panel Mounted

IL
ZS
CP
PI
PS
PT
XS
XA
TI
DPS
PAH
VT
VI
VAH
VAL

Indicating Lamp
Umlt SwItch
Compound Gauge
Pressure Indicator
Pressure SwItch
Pressure Transmitter
Aux. Unspecified SwItch
On-Qff card
Temperature Indicator
Different Pressure SwItch
Pressure Alarm High
Viscosity Transmitter
Viscosity Indicator
Viscosity Alarm High
Viscosity Alarm Low



MARKING FOR IDENTIFICATION OF PIPING SYSTEM

Piping System Colours

Feed Water Blue

S$a water: cooling water Green

Ballast Green

Fresh water: Cooling water Blue

Domestic Water Blue

Compressed Air Gray

Bilge Black

Fuel 011: Heavy fuel 011 Red

Diesel 011 Red

Distinctive Marking

(]£II-a
~.~

(]£II .. ~

~ .. ~

[III- A

~.6

~"d
~ .. ~

(]£II .. a
C02 FireFighting

Refrigeration

Hydraulic Une

Air & Sounding

Lube 011

Steam

Condensate

sanitary

Red

White

Brown

Brown

Yellow

Sliver

Orange

Black

POINTS TO PONDER:

? IIf]

[}11• .. ~

(J£B" ~

~

~

~ .. ~

~"6

Arrangement, Numbering of fittings, Aux. Equlpments, Engln.

Starboard side Top Forward art No.1
Midship Middle Midship are No.2
Port ; Bottom Aft are No.3

Valves operation: clockwise/right tum direction
counter clockwlse/left tum direction

...

=
=

CLOSING
OPENING
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II. BASIC WELDING SYMBOLS

RlletWeld

Plug or Slot Welding

Square Groove Welding
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III. GAS/ELECTRIC WELDING
RECOMMENDED METHOD OF PROCEDURE:

TABLE FOR CUmNG:

Thickness of material- mm 2-6 6-13 13-25 25-50 50-75 75-100
Distance for tip of flame core 2 3 4 4 5 5
Acetylene press kglcm2 0.2 0.2 0.2 0.2 0.2 0.2

Oxygen press kgicm2 1.7 2.3 3.5 4.3 5.1 4.0
Cons. of gas LJHr. - Acetylene 460 520 690 690 690 810

Oxygen 1300 2150 4800 4900 6500 7800

TABLE FOR WELDING (BRAZINGlWELDING JOB)

Thickness of material in mm 0.5-1 1-2 2-4 4-6 6-9Brazing!
Welding Job

Sizeof welding torch 50 100 225 400 650 1000-
1300-1680

Acetylene & Oxygen press kglcm2 BOTH 0.3kglcm2

IV. FLAME TORCH CHARACTERISTICS:

OXYGEN SURPLUS
deposit brittle & burnt

ACETYLENE SURPLUS
deposit brittle & hard

NEUTRAL FLAME 
deposit normal

V. DISTANCE OF FLAME AND MATERIAL
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VI. METHOD OFWELDING:

'OVERHEAD BUTT
or FILLETWELD

VERTICAL-UP WELDING:
Also used for material thicker
4mm.

LEFTWARD WELDING:
useon material upto 4 mm.
Thewelding rodprecedes
the torch in the welding direction.

RIGHTWARD WELDING:
useon material thicker than
4 mm. Thewelding rod
follows thetorch in thewelding
direction.

During pre-heating the
torchshould be removed
in suchawaytimeuse
correct temperature.

VII. POSITION ELECTRIC WELDING

e9 ®
DOWNHAND BUTT OR (('\,. . VERTICAL-UP

FILLET WELD ~

£\ HORIZONTAL-o,a;RTICAL ~V BUTT WELD \I.V

530

HORIZONTAL-VERTICAL
FILLETWELD

VERTICAL-DOWN



section II

PUMPS
THEORY, OPERATION AND MAINTENANCE

DEFINITION OF PUMPS IN GENERAL:

A pump is a device which adds to the energy of a fluid causing an increase in its
pressure and movement. Also in Theory - Pump does not draw up a liquid, but rather
creates a vacuum on the suction side allowing atmo·spheric pressure to push the liquid into
the pump.

Two Main categories:

Pumps can be divided into two main categories
1. Positive Displacement pumps and
2. Rotodynamic pumps.

Basic difference between~e categories:

Positive displacement pumps are self-priming pumps whereas the rotodynamic
pumps are not.

Positive Displacement Pumps and their classification:
A. Reciprocating pumps.
B. Rotary pumps

Types:
1. Gear 3. Screw
2. Vane 4. Lobe

C. Rotary - Reciprocating pumps.
Types:

. 1. Radial Piston Pumps - Heleshaw pumps
2. Axial Piston Pumps - Swash plate pumps

Rotodynamlc Pumps and Their Classification:

A. Centrifugal pumps - volute and diffuses types.
Dynamo pumps with radial, axial and mixed flow

B. Regenerative turbine pumps - all turbine pumps.
C. Special Effect pumps - ejector, eductor, gas lift, jet pumps
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I RECIPROCATING PUMPS

Construction:
,SrI!! 1W1eM.1IIIt'- If£

• hIIIIl lWJII. '

Stearn CyI. to Piston
Exhaust Valve
Inlet Valve

.ShutlIe Valve

LubrlcatDr
Piston Rod
Valve ActvatIng Rod
Crosshead
Fulcrum
Lock rings
N:r vessel
Pet cocks
DeIlveryValves
DIscharge
ReDef Valve

---=SuctIon Valve

1==~-=Valve
Bucket
Uquld CylInder

General Characteristics:
Theyaresuitable andefficient fordealing withsmall volumes. candevelop high

differential pressure and can handle any viscosity. Also Positive displacement and
selfpriming.

Used 'on board tankers asstripping pumps fordefinite reasons andalsousedas
bilge pumps on many ships.

Maintenance and trouble shooting
Maintenance:
Steam side: Shuttle valve

1. Aux. slidevalve adjusted by liners for smooth lightmovement.
2. Shuttle - smooth movement inside bells.
3. Bells - axial movement .about 0.07mm.

Liquid side: Bucket rings
1. Suction/Delivery valve chest.
2. Pet cocks andSniftingvalves.

Trouble shooting:
1. Pump vibration;
2. Does notdeliver;
3. Pump shortstrokes, Pump hitscylinder cover;
4. Pump runs too fast. Pump stops;
5. Low discharge pressure, Discharge pressure fluctuates;
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II ROTARY PUMPS

Types:
1. Gear
2. Screw

General Characteristics:

3. Vane
4. Lobe 5. Other Geometric form pumps.

1. Suitable and efficient for handling, Intermediate range of pressure, volumes
and viscosities - like fuel, lube oil, diesel, and other commercial liquids.

2. Dueto rotation andclose clearancesa time-continuous liquid seal is maintained.
Hence, these pumps do not require suction/delivery valve chest arrangements
like reciprocating pumps.

GEAR PUMPS: Types

EXTERNAL GEAR PUMP

SCREW PUMPS: Types

INTERNAL GEAR PUMP

SINGLE SCREW PUMP
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DOUBLESCREW PUMP

TRIPLE SCREW PUMP

634

VANEPUMPS LOBEPUMPS



Part lists:

520
305
304
302
301
201/2
201/1
107

Mechanical Seal
Coupling Bolt & Nut
Coupling Ring
Coupling
Coupling
Bearing Metal
Bearing Metal
Key

106
105
104
103
102
101
003
002
001

Key
Key
Driven Gear
Drive Gear
Driven Shaft
Drive Shaft
Side Cover
Side Cover
Casing

SECTIONAL VIEW OF HORIZONTAL GEAR PUMP
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III ROTARY-RECIPROCATING PUMPS-

Types:

1. Radial Piston Pumps - Heleshaw pumps.
2. Axial Piston Pumps - Swash Plate pumps.

RADIAL PISTON PUMPS

These pumps aresocalled because theirplungers orpistons arepositioned radial to
themain axisof thepump. Each pump consists ofa fixed shaftwhich isstationaryandhas
aportatthetopandaportatthebottom. Around thisshaftisahollowshaftwhich iscoupled
to the prime mover andcarries the radially placed bores asshown in the diagram. Inside
each borefitsa lapped plungerwith gudgeon pinswhich can move in andoutrestricted by
the slot in the bore.

The gudgeon pins fit into segment shaped slippers which in tum are carried inthe
annular grooves of circular floating rings. Thefloating rings areconnected to an actuating
rodand its radial movement controls the stroke of theplungers.

AXIAL PISTON PUMPS

Thistypeis so named because theplungers arepositioned paranettc theaxisof the
pump. Here theshaftwhich is coupled to themotorcarries androtates a cylindrical block
which is keptpressed against a stationary valve plate. Thestationary valve platehastwo
segmental portswhich end in circular openings for the fitting of the suction anddelivery
pipes.

The cylindrical block has axial bores in which slide lapped plungers. Each plunger
ends in aballjointwhich fits ina socket ring, which intum isheldbya tiltingboxor -Swash
Plate- as shown. The shaft carries the socket ring and the 'swash plate on a dQuble
universal joint and the tilt of theswash plate determines thestroke of the plungers.

ROTODYNAMIC PUMPS

Types:

1. Centrifugal Pumps,
2. Turbine Pumps,
3. Special Effect Pumps.

General Characteristics:

Mostsuitable andefficient forhandling large volumes withmedium to lowheads
andviscosities.
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Factors affecting slip Rotary pumps: ...--- -.,

1. Clearances.
2. Pressures.
3. Speed.
4. Viscosity.

Rotary pump performance:

Displacement - Slip = Capacity

Volumetric Efficiency = Capacity x
Displacement

Brake Horse Power = Frictional HP~ +

Mechanical Efficiency = Hydraulic HP
Brake HP

100

Hydraulic HP

Clearances measured:
1. Between two meshing teeth at pitch point. (Backlash)
2. Between teeth and casing.
3. Between gearwheel andendplate/cover.
sectional View of One Rotor Screw Pump

Parts list:
001
002
003
004
OOS
101
102
103

Stator
Pump Stand
End Piece
Bearing Case
Bearing Cover
Rotor
Shaft
Connecting Rod

104 Key
110 Pin
112 Snap Ring
113 Sleeve (A)
114 Sleeve (B)
150 Bearing Nut
201 Bearing
202 Bearing

501 Gland Packing
504 Gland
515 Oil seal
516 Oil seal
530 "0" Ring
531 "0" Ring
532 Seat Packing
533 "0" Ring
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IV CENTRIFUGAL PUMPS
Construction: ------------------.
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Two Main Classes:

1. Volute Pumps,
2. Diffuser Pumps,

Impeller Classification:
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CONSTRUCTION

The model GVC pump is of the vertical single-stage single-suction centrifugal type.
Its rotating element is connected to an electric motor shaft through a flexible coupling
and constructionally its disassembling and assembling are easy.

PARTS UST:
1 Volute Casing
2 Volute Cover
4 Pump Bed
5 Motor Bed
7 Bearing Housing
9 Bearing Cover

14 Bearing Inner Case
16 Impeller
18 Impeller Shaft
19 Impeller Key
20 Coupling Key
22 Sleeve
29 Washer

30A Washer
30B Washer

31 Packing

34 Ball Bearing
38A Mouth Ring
38B Mouth Ring

41 Une Bearing
47 Gland
49 ,Coupling
50 Coupling
54 Gland Packing
55 Packing Ring
56 Packing Ring

318 Coupling Bolt Nut & Washer
319 Coupling Ring
351 Impeller Nut
353 Bearing Nut
354 Bearing Was~er

SECTIONAL VIEW OF CENTRIFUGAL PUMP
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A. PUMP CASING

The volute casing is split Into two halves along the vertical plane containing the
axis. and the removal half casing can be removed easily without disturbing the suction
and discharge pipes. both of which are provided In the stationary half casing.

B. IMPELLER

The Impeller Is of the single suction type and the balance holes prOVided near the
center of the back should serve to cancel the axial thrust due to the pressure water
on the back of the impeller.

C. BEARING

(1) For the upperball bearing is furnished to supportthe rotating element. Although
It Is fitted Into the solid Innercase. It can be taken out togetherwith the rotating
element if the bearing housing cap is removed. It is grease lubricated.

(2) The lower bearing is a line bearing fitted in the volute casing. For the bearing
material. goodself-lubricating abilityis usedand lubrication Iseffectedby means
of the pump's discharged pressure water.

D. ,STUFFING BOX SEAL

, This pump can be provided with either mechanical seal or gland packing for stuffing
box Sealing. which is its most important part.

1. Gland packing
'Gland packing of carbon fiber is provided and sealed by pressure water from
discharge side.

2. Mechanical packing
Unbalanced type mechanical seal is fitted and flushed by pressure water from
discharge side same as gland packing.

E. SELF PRIMING PUMP (If required)

The vacuum pump unit is provided for priming on starting pump. Vacuum pump
is driven by pump motor through the clutch.

During the pump operation vacuum pump is stopped automatically by taking off
clutch reflected by the pressure of handling water.

IL DISASSEMBLING AND ASSEMBLING

1. Disassembling
In order to replace impeller. sleeve. ball bearing. etc.• disassembling of pump
is carried out as follows.,
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1.1 Removal of volute cover

1. Remove pipe connecting volute cover (2) and volute casing (1).

2. Raise gland (47) or mechanical seal cover (146) after loosing gland
nuts or fixing bolts of mechanical ·seal cover.

3. Remove volute cover (2) forward by using two liftings bolts after
loosing fixing nuts for volute cover.

1.2 Removal of rotating element

1. Remove the coupling bolts (318).

2. Next, remove the bearing housing cap and take out the rotating
elements togetherwith the Innercase (14) and bearingcover-(9) with
paying attention to the mouth ring (38).

3. In this case, support the lower mouth ring together with the rotating
elements by hand test they should drop off and get Injured.

1.3 Removal of Impeller and sleeve

1. Remove the impeller nut (351) by turning It counterclockwise.

2. Then remove impeller (16) and sleeve (22A) successively.

1.4 Removal of mechanical seal

1. Remove rotating elements together with sleeve (22A).

2. Remove setscrew on stopper ring (54-7).

3. Remove floating seat (54-1) (carbon) by pushing It endwise by hand.
If It sticks remove scale by washing with kerosene, never hit with
hammer.

1.5 Removal of coupling

Remove the coupling (49) by pulling tool.

1.6 Removal of ball bearing

1. Removethe bearingcover (9), unbendone of the teeth of the bearing
washer (354) which Is bent Into one of the slots on the periphery
of the bearing nut as a rotation preventing device and remove the
nut (353).

2. Shift the bearing inner case (14) toward the Impelter side. ~Ince .the
ball bearing (34) Is lightly pressed onto the impeller shaft It can be
drawn off when the inner race is hit lightly.
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3. When replacing the old ball bearing with a newone it can be drawn
out of the shaft by hitting the outer race or together with the Inner
case (14), but If In case Is used again never hit on the outer race.
a strong shock given to theouter race will deform iIle ballsandroDlng
face, thus making the bearing unusable.

1.7 Motor
Since the motor Is aligned with the pump· axis and dowelled to the
motor bed It Is desirable not to remove It except troubles being
happened.

2. ASsembling

Assembling can be carried out by reversing order of disassembling and
attention must be paid to the following:

1. Cleanse each part thoroughly to remove rustandscale, andbe surethere
are no Injury and burr In flttlng parts.

2. Assemble fitting parts according to match marks if any.

3. Turn nuts for rotating parts securely and flx anti-rotation device without
fall.

4. Se sure to thoroughly cleanse the ball bearing with pure kerosene taking
care to keep off dust and foreign matter.

CAUTIONS FOR INSTALLATION AND PIPING

CLEARANCE AND LIMIT OF USE

The bigger the clearance between Impeller and mouth ring becomes, the morethe
counter-flow discharge side to suction side becomes, and consequently pump capacity
decreases.

In general, pump capacity decreases by 15-20% at the clearance of limit of use
compared with the clearance of new pump, even If the quantity of the counterflow Is
different at various discharge pressure.

Furthermore, Increase of the clearance between sleeve and line bearing makes
vibration and more leakage ·from· stuffing box, besides damage of seizure caused by
Impeller contacting with mouth ring Is expected, so that the parts are necessary to be
replaced.

Suction Piping

The piping on the suction side affects pump efficiency to a great degree and to
avoid troubles arising therefrom the following points must be noted.

1. No air pocket must be formed In the piping.
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2. All fittings in the piping must be perfecUy Ughtened to prevent air invasion.

3. Care mustbe taken to preventaJr leakage through glands of all valves In the
piping.

4. The suction piping must be thoroughly cleansed so that pipe scale, welding
beads and other foreign matters do not remain, otherwise seizure and other
troubles may result. -

.
AUg ,ment of Coupling - Centrifugal Pump:

1. Measurement of parallel misalignment connect the pump and motor together,
fix a dial Indicator on the coupling half on the motor side so that Its spindle
rests on the periphery of the coupling turn to both coupling h~ves at the same
Ume, and read the difference between the maximum and minimum readings
on the Indicator.

2. Measurement of angular misalignment , In the same way as above, give one
complete tum to both coupling halves at the same Ume, measure the gap
between the coupling faces (e.g. at each 90 deg.) using a feeler gauge, and
read the difference between the maximum and minimum measurements.

CHECKING

CI 9Cklng of alignment - Rotary pumps:

a.

b.

c.

d.

e.

f.

g.

h.

After removing coupling bolts as shown in Fig. 1 or Fig. 2 check alignment by
measuring and angular misalignment at4points, 90·apart, onthecoupling perlpehry.

For measurement on the shaft coupling periphery, a dial Indicator Is fixed, motor
end coupling and the pump end coupling periphery.

Forcomparing thedistance between coupling faces at fourpoints using a thickness
gauges, as shown in Flg.1 give the shaft one complete tum by hand•.

Ensure the direction of the motor rotation is correct

FIt the bolts to the coupling.

Rotate by hand to check for.smooth movement.

On completing- the adjustment of alignment. Insert dowel pins. Coupling periphery
and end faces shoOid be protected against rust damage. .

ForV-belt Drive. apply a scale to theendface of theV-pulleys and eliminate vertical
and horizontal discrepancies. (The scale should be applied obliquely). Most proper
tension of the V-belt will be obtained when it Is loosened up to the maximum before
getting to slip on the pulleys.
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I. At the proper tension, the belt is flexible up to an amplitude equivalent to the height
of the belt when perpendicularly pressed at the middle of the span. See fig. 3

Pumpend Motor end

Flg.1. Check with dial
indicator and thickness

gauge

Fig. 2. Check
straight edge and
thickness gauge

Fig. 3 Check Tension V-belt

III. CHECK BEFORE OPERAnON

A. When operating for the first time after Installation or overhaul and assembly, It
Is necessary to do as follows.

1. Take off dustpreventing tape placed on the partwhere thepump shaftpasses
through. Take care so that no foreign matter enters the clearance around the
shaft.

2. .Glve a few turns to the coupling by hand and see If It turns easily.

3. Confirm the turning direction of the motor, and If it is not correct change the
wiring.

4. See If the valve In the. suction piping Is fully open.

5. If the pump Is of the self-priming type with the attached vacuum pump, see
If the supply tank contains the specified amount of water.

6. When the pump is operated for the· first time after being overhauled and
reassembled, pour required amount of grease Into the ball bearing except the
sealed ball bearing.

B. cautions During Operation

1. Never throttle the suction valve during operation, otherwise troubles mayoccur
due to dry operation.

2. Never operate over 15 minutes with the discharge valve completely closed.
\ When a centrifugal pump Is operated without discharge, most of the power
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c. Starting

1. Close the discharge valve completely.

2. Open the suction valve completely.

3. Open the air vent at the top of the volute casing and If water comes out from
Itclose It and fill the pump with water.

4. If the pump is of the self-priming type with the attached vacuum pump, keep
the air vent close and open the check valve on the attached vacuum pump
line.

5. Start the motor.

6. When the discharge pressure has risen, open the discharge valve gradually
and, If the pump is of self-priming type with the attached vacuum pump, close
the check valve on the attached vacuum pump line.

D. Stopping

1. Close the discharge valve.
2. Stop the motor.
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MAINTENANCE CHECK LIST

Maintenance and check for the following can extend a life of the pump.

Item Inspection Procedure J=lemedy In case of trouble:
,

Check everyday if there Is no Stop pump Immediately.andSuction pres-
sure abnormal pressure dropandtake check suction line.

record.

Check and record every three
In the case of ambient temp.

Bearing temp. plus40·Cstop thepump ahd
days. eliminate the cause.

Grease Renew grease every 6000 hours. When deterioration oc.curs
(or 'supply every 3000 hours) earlier confirm if specified

grease Is used.

Check oil level byoil level gauge Supply 011 If level Is low.
lubricating 011 once a week.

Renew 011 every 3000 hours. When renewing 011 stop pump.

If abnormal noise occurs and

Ball bearing Cheqk for abnormal noise once besides there Is heating stop
a month. the pump, eliminate the

\ cause, renew theballbearing
If necessary.

Stuffing box Check for leakage, heating ab- Stop the pump Immediately
seal normal noise every three days. and remove cause

Check for heating in the pertl- Stop the pump and check If
Une bearing nent part, great vibration In the the lubricating water Is pass-

whole pump and heating In the Ing and ifthe line bearing c1ear-
ball bearing every three days. ance has become too great.

Vibration Check forvlbratlon'once a week. Check for pump alignmept

/ and line bearing clearance.

Make sureW~her co~lIng water
Cooling water Is supplied and'water tempera- Stop thepump and check the

ture Isnofabnormalln every two cooling water pipe line.'
days.
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TROUBLE SHOOTING

A. Pump cannot discharge - causes:

1.

2.

3.

4.

5.

6.

7.

8.

Pump not completely or insufficiently filled With liquid.

Much air leakage in suction line.

Air pocket in suction line.

Suction lift too high.

Wrong' direction of rotation.

Suction strainer and suction line clogged.

Speed too low.
,

Impeller clogg~.

B. Insufficient discharge
,

1. Air leakage.

2. Speed too low.

3. Discharge head too high.

4. Suction lift too high.

5. Suction pipe end nQt sufficiently submerged.

6. Suction strainer and suction line clogged.

7. Impeller clogged.

8. Wrong direction of rotation.

9. Clearance between impeller and mouth ring due to latter's wear down

10. Cavitation due to high liquid temperature.

C. Prime mover overload

1. Speed too high (power frequency too high)

2. Impeller touches mouth ring.

3. Rotating elements touch due to bent shaft.

4. Casing deformed.

5. Uquid specific gravity is greater than designed one.

6. Voltage too low (constant input, but increase in current)
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D. Overheating 01 bearing

1. Grease is too little.

2. Grease is too much.

3. Grease or 011 has Improper consistency or It Is deteriorated.

4. Misalignment Is great.

5. Shaft Is bent.

6. Injury or too much wear In ball bearing.

7. Too much thrust force.

E. AbnormBi noise In ball bearing

1. Injury In balls or roiling face.

2. Too much clearance due to abnormal wear.

3. Abnormal wear In retainer.

F. Vibration In pump

1. Misalignment.

2. Shaft bent.

3. Impeller partially clogged with foreign matter.

4. Incorrect installation.

5. Weak foundation.

6. Suction and discharge plpln'gs' not sufficiently secured.

7. Rotating elements touch stationary elements.

G. Leakage In Mechanical seal

1. Injury or excessive wear down in rubbing faces.

2. ForeIgn matter In rubbing faces.

3... Insufficient tightening of mechanical seEd cover.

4. Break down of "0" ring.

5. . Insufficient tightening. of screws. for stopper ring (54-1).

6. Injury or wear down of part of shaft or sleeve where rotary-rlng's -0" ring (54
5) contacts.

7. Scale sticks Ingroove for "0" ring (54-5),causingrotary ring to stickand rubbing'
faces to open.
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CAVITATION IN PUMPS:

We know that all fluids generally contain some air in a dissolved state in them. Also,
fluids will vapouHse when their pressure is reduced to the level of their vapour pressure.

The process or phenomenon of cavitation can be summarised as:

1. Creation or formation of low pressure.
2. Air coming out of solution or liquid vapourising.
3. Bubbles evolving, growing in size and then bursting.
4. Rattling noise, vibration, increase in temperature & pressure.
5. Disintegration of metal by erosion and fatigue.

Therefore circumstances favouring cavitation:

1. If pressure is too low in relation to the liquids vapour pressure at the prevailing
temperature.

Could be due to:
a. Highlbig suction lift,
b. Throttling of Suction valve,
c. Low submergence head.

2. If discharge rate is exceeded.
3. Incorrect angle of entry of fluid into the impeller eye.
4. Sudden expansions of pump passages.
5. Poor approach conditions for fluids entry into impeller.
6. NPSH available < NPSH required.

Distinguishing characteristics of a pump running under cavitation:

1. Rattling noise and vibrations.
2. High pressure surges.
3. Sudden "Drop-off" in pump capacity.

Effects of cavitation:

1. Vibration can cause bearing failure, shaft breakage and fatigue failures of the pump.
2. Collapsing of bubbles forces liqUid to enter the void so created at a high velocity

(surge pressures) - blasting out pantcles of material.

Regions attacked by cavitation:

1. Impeller vane inlets - where the change of direction takes place.
2. Impeller vane tips. . .
3. Impeller back face.
4. Diffuser ring.
5. Volute casing.
6. Sometimes carried over to the next stage.
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essential properties of materials to resist cavltatlonal erosion:

1. High tensile strength.
2. High hardness.
3. Good fatigue properties.

Conditions to be avoided to prevent cavitation occurlng:

1. Suction lift greater than that recommended.
2. Throttling of suction valve.
3. Uquid temperature higher than that designed for.
4. Pump speeds higher than that recommended.
5. NPSH available less than NPSH required.

Other circumstances favouring cavitation:

1. Cavitation due to internal recirculation (vane inlets &outlets).
2. Cavitation due to separation of liquid from vane walls.

Methods used to c.ounter cavitation & Improve NPSH available:

1. Use an Inducer, fitted before the main impeller.
2. Raise the liquid level.
3. Subcool the liquid.
4. Use slower speeds.
5. Use an oversized pump.
6. Use a double suction impeller.
7. Use an impeller with larger eye area.
8. Use a booster pump.

EFFICIENCY OF PUMPS & THROTTLING OF VALVES:

Basic Pump Terms:

HEAD - is the energy per pound/kg. of liqUid.

POTENTIAL ENERGY- is the energy due to its position.

STATIC PRESSURE HEAD - is the energy per poundlkg. due to its pressure.

VELOCITY HEAD - is the kinetic energy per poundlkg~' of liquid.

BERNOULLI'S THEOREM- is the energy that cannot be created or destroyed. The
sum of the three types of energy (heads) at any point in $ system is the same as at
any other point in the system.

STATIC SUCTION HEAD. Vertical distance from free surface of liquid to pump
datum, when supply is above the pump.
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STATIC SUCTION LIFT. Vertical distance from freesurface of liquidtopumpdatum.
when supply is below the pump.

NETSUCTION HEAD. Static suction head plus pressure onthesurface of the liquid
minus friction losses. (Could be + ve or - ve).

NETSUCTION LIFT. Sum of static suction lift plus friction losses. (A1ways - ve)

STATIC DISCHARGE HEAD. Vertical distance from pump datum to freesurface of
liquidin discharge tankor pointof free discharge.

NETDISCHARGE HEAD. Sum ofstaticdischarge head plus pressure onthesurface
of the liquidIn the discharge tankplus friction losses.

TOTALHEAD. (TH) Thenetdifference between totalsuction anddisch'8rge heads.
It is a measure of energy increase imparted to the liquid by the pump.

i

Forsuction above pump: TH =Discharge head - Suction head.
Forsuction below pump: TH =Discharge head + Suction head.

SPECIFICSPEED- isdefined asthespeed inrpm atwhich animpellerwould operate
Ifreduced proportionally insizesoastodeliveraunitcapacityagainstaunittotalhead.

(There is nodirectconnection between therotational speed ofa pump anditsspecific
speed; e.g.a large pumpofhigh specific speed mayhave a lowshaftspeed whereas
a smallpump of lowspecific speed could have a highshaftspeed.)

DESIGN POINT. It is a pointatwhich. when running at a particular speed. thepump
works at its maximum possible efficiency.

DUTY POINT. When a pump is regulated so that itsperformance confirms as nearly
as possible with the desired/specified conditions. it Is said to be working at Itsduty
point.

NETPOSITIVE SUCTION HEAD. (NPSH) It Is the amount of energy In the liquidat
the pump datum. To have any meaning it must be defined as either available or
required NPSH.

NPSH REQUIRED. (NPSHr) It is the energy needed for a pumpto operate satisfac
torilyi.e.tofill thepump afterovercoming friction andflowlosses sothatthepumpcan
nextadd more energy. NPSHr is a characteristic of a pumpand is supplied by the
manufacturer in terms of 'feef or 'metres'.

NPSH Available.(NPSHa) ltls theenergy available ina liqUid atthesuction ofapump
(regardless ofthetypeofpump) overandabove theenergyduetoitsvapourpressure.
NPSHa is a characteristic of thesystem andhasto be calculated.

NPSH available must always be equal to or greater than NPSH required for a
pump to work satisfactorily and prevent cavitation.
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Howto calculate NPSHa:

z

• _. -t"tNl'"'-'T_ ~

z.

-~- - - "- - -

NPSH = Pot. hd. energy + Static Pro hd. energy + Vel. hd. energy.

=

Since areaof liquid surface compared to suction pipe areais very large:

NPSH = ~ + ~

Since P is atmospheric pressure at liquid surface; we do not want the liquid to
vapourise in the suction line, hence we mustsubstract the vapour pressure of the
liquid (Pv).

NPSH = ~ + (P, - Py) x 2.31
Sp.gr.

ThisNPSH is at present at point1, butsince wewantItat thepump datum orpoint2,
therefore we have to subtract the friction losses:

NPSH = ~ + (P1 - Py) x 2.31 - h,
Sp. gr.

PRIMING OF CENTRIFUGAL PUMPS:

Since centrifugal pump are NOT self-priming pumps, theyneedtobeprimed to
function satisfactorily. Theycould eitherbeprovided withapositive suction orbefitted
with a priming device.

Priming devices used:

1. Ejectors
2. DryVacuum Pumps,
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section III

CONTROLAUTOMAnON

FINAL CORRECTING UNIT
OR CONTROL VALVE

SYSTEM

OR

PROCESS

TRANS ITTER

input SENSOR

---- - - - - -----_..---- ---
SIGNAL

output G NERATIN
UNIT

CONTROLLING UNIT

CONTROLLIN

ELEMENT o
SET POINT

BASICCONTROL LOOP

A. THEBASICCONTROL LOOP CONSIST OFTHEFOLLOWING PARTS:

I. System or Process:

8. level
b. pressure

c. temperature
d. flow
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II. Transmitter or Transducer - signal generating unit

a. Pneumatic - Flapper Nozzle
b. Electronic - potentiometer, magnetic flux, capacitance

III. Controlling unit - comparator (setpoint) + controlling element

IV. Controller valve - divided in two: controller output and final correcting unit.
(actuator - control mode)

NOTES: Points to Ponder?

1. What is the parameter that youwishto control?
2. Whydoesthis parameter (variable) change?
3. Set up a control loopand clearly.
4. Identify the components comprising the loop.

B. CALIBRATION OF AN INSTRUMENT:

A transmitter is often designed to accept different ranges of inputsignals andin
response to anyone of these ranges produces either one of standardized output
signal ranges. Before fitting any instrument in a given application, it is, therefore,
necessary to calibrate that instrument for the specific application. Standardized
outputsignalranges thathave been Internationally agreed are:Pneumaticsignals0.2
to 1.0bar;and,Electronic signals 4 to 20 mAdc. Calibration of an instrument entails
threesteps:

ZERO ADJUSTMENT - which means that when the sensor of the instrument is
exposed to oneendofthe inputrange, theoutputsignal produced shouldbethe lower
valueof theoutputsignal range. If thatbe notso, adjustment needbe made onZero
Adjustment knob or potentiometer orwhatever formprovided onthe instrument, until
the signal attains the desired value.

SPAN ADJUSTMENT - which means that when the sensor of the instrument is
exposed to the otherextreme of the chosen input range, it produces the higherend
value of the standard output signal range. If not, adjustment need be made on
provided Span Adjustment device until the desired·value of the output signal is
achieved.

Be.cause of the interaction between the above two adjustments, it is likely that Zero
adjustmentmay.havegoneoutbyasmall amount. Therefore, onemayhavetogoback
andf~rth a fe.w timesbetw~en Zer~ andSpan adjustments, at eachstepmaking finer
and finer adjustment, until such time that when the sensor is exposed from one
extreme endtotheother, theoutputsignal produced showstheminimal deviation from
the desired values.
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:OUTPUT

1.0

20 ~c~.

o

Proportional Band:

SPAN

;UNEAR,
I
I,

50% 100%

It is that range ofvalues of thecontrolled variable which operates the correcting
unit over its full range. It is usually expressed as a percentage of the scale range.

From the diagram it is to be noted that within the Proportional Bandthere is a
unique position of the correcting element for every value of the controlle~ condition.

Thisbandis adjustable in orderto obtain stable control underdiffering process
conditions. The PB setting required for any given application will depend on plant
characteristics and the various lags in the control loop. There is an optimum value
which will givestable control. If the PB is made too narrow, the process will become
unstable, whereas if it is made toowide, theprocess will be sluggish.

Usually, correcting element is 50% open when the process is at the normal
condition and the controlled condition is at the desired value.

Gain:

Gain of a component is defined as the ratio between the change in output to
change in input.

Applying thisdefinition to a controller andcomparing it with thatfor Proportional
Band, it can be easilyshown that one is the reciprocal of the other.

Expressed mathematically, Gain = 100
PB

LINEARITY CHECK - Once ZeroandSpan have been adjusted, all that remains is
to make sure that the twoendpoints areconnected in linearfashion, which is easily
established by exposing the sensor to one or more intermediate input values and
checking whether the produced output signal liesonthestraight linejoiningtheZero
and Spanpoints. .
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It is to be noted that of the above three steps. the first two are adjustments
whereas thethird is merely a check. Thereason for this is thatevery instrumenthas
provision for ZeroandSpan Adjustments. butbecause practically all modem instru
ments aredesigned onForce balance principlewhich inherently takes careof linearity
requirement between ZeroandSpan. there is no needfor any linearity adjustment.
However. linearity check is essential since mostof the tim~ the instrument operates
somewhere in'the middle of the range for Which it has'been calibrated. The control
system that we commonly come across are those that can mostly deal with linear
signals only.

SET POINT

CONTROL~ER OUtPUT

100 : REQUIRED FOR
INCREASED LOA I

I
r
I

REQUIRED IFOR
LO~D

I
I
I
I
I
J

50 CONTROLLED CONDITION

Proportional onlymode ofcontrol issuitable foronlythose applicationswhere the
process loadis fairlyconstant andthe requirement for accuracy is notstringent. It is
so because of the inability of proportioanl control to accommodate load changes
without sustained deviation.

Offsetis defined as sustained deviation or steady stateerror.

From the diagram. it can be seen that the magnitude and direction of offset is
related to the magnitude anddirection of loadchange.

Narrow-band. proportional onlycontrollers areoften used- in non--eritical single
temperature loops. suchas in maintaining a temperature in a tankto prevent boiling
or freezing.

Non--eriticallevel control applications having longtimeconstants can alsomake
useof proportional onlycontrollers. A floatoperated controller maintaining level in a
tank is an obvious simple example of the principle.
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CONTROLLER OUTPUT
1. 0 Bar

Kl=2.0,PB=50%

0.8

0.6

0.4

0.2
1 I

.---~f OFFSET
• 0.4 BAR

r-__~QFFSET ·O.lBAR

OFFSET 0.2 BAR

0.2
0%

0.4
25%

0.6
50%

0.8 1. 0 BAR
75 CONTROLLER INPUT

C. CONTROLLER ADJUSTMENTS

I. Proportional Bandor Gain- Time independent, error.actuated, percentage %
(P.S)'

Changed mode: To increase proportion action, decrease proportional band.

II. Integral Action nme (lAT)or Reset- repeat perminute, time dependent, Error
actuated.

Changed mode: To increase the integral action, decrease integral action time
setting.

III. Derivative Action nme (DAT)or Rate - constant, timedependent, anticipatory.

Changed mode: To Increase' derivative action increase derivative action time
setting. PB Increase, IAT decreases, OAT Increases

Controller Gain (Loop) = output =
input

100 = 2
PS (50%)

Proportional Sand = input
output
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D. PERFORMANCE

Proportional Action
When measured value becomes higher than thesetvalue (deviation). theupper

end of proportional levershifts to the right Thus the flapper approaches to nozzle
andthebackpressure of nozzle i.e.•thepressure charged upon pilot realy Increses.
Consequently valve In pilot relay opens and supply pressure flows Into control side
to Increase the pressure. At the same time, this pressure In charged upon pro
portional bellows and lifts up proportional lever an thus flapper Is detached from
the nozzle and control pressure Is set In proportion to such deflection. All of the
aforesaid actions occure simultaneously in the actual operation. When both pointers
overlap (deviation "0") control pressure becomes 0.6· kglcm2 (Intermediate point
of 0.2 - 1.0 kglcm2)·
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FRONT VIEW OF CONTROLLER

Controller can be applied to all possible fields of process control such as pressure,
differential pressure, temperature, liquid level, flow rate, viscosity etc. when used In
combination withdiaphragm control valves attheoperating end. It Isapneumatic controller
which can automatically regulate various process conditions at the optimum level.

Proportional - Integral Action:

Assuming that the controller is acting properly and measured value and set value
are inequilibrium, (thatis, thedeviation is "0"), andthesame pressure ascontrol pressure
Is sealed In the proportional bellows and reset bellows. If measured value becomes too
high as in the above case, P action immediately takes place and control pressure
increases. Thuscontrol pressure flows into the reset bellows through reset throttle valve.

As the pressure inside reset bellows increases, proportional level comes down and
flapper approaches to the nozzle and backpressure increases. Consequently.pilot relay
valve in opens to increase the control pressure and the Increasing pressure inside the
proportional bellows lifts up the proportional lever and causes the the flapper to detach
from the nozzle again. This resetting effect continues until control pressure increases
to such extent that the control valve opening enables the reversion of measured value
to the set value (that is, until deviation becomes zero).

Pressure of proportional bellows and reset bellows thus balances and the original
balance condition is established.
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PROPORTIONAL-INTEGRAL ACTION

Proportional - Integral - Deviation Action

Rate throttle valve and rate bellows chamber are connected In parallel between
the pilot relay and proportional bellows in the aforesaid P. and P.I. action, the Inside
pressure of proportional bellows is in proportion to the amount of deviation. Therefore,
when the measured value changes, control pressure flows in or out with the speed
corresponding to such changes, so that the pressure inside the proportional bellows
will synchronize with the change of measured value. Since the pressure re.duction taking
place as it passes through therate throttle valve is in proportion to thespeed of fluctuation
of measured value, pilot rel~y output l.e., control pressure also becomes largeror smaller
thanthe Internal pressure of proportional bellows to the extent of the differential pressure
at the rat$ throttle valve.

Rate bellows chamber ·Is provided to transmit control pressure to the proportional
bellows utilizing the volume change or rate bellows caused by its elasticity and to give
stability the system.

Therefore, when rate action is utilized, control valve opening can be adjusted more
quickly and it certainly gives convenience especially to the process where time lag is
great
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ENGINE ROOM AUTOMATION: THE CENTRAL OPERATION SYSTEM·

It permits a one manoperation of the powerplant through bridge control of the
propeller fromfullahead to full astern, a centralized areafor observing andoperating
the majorcomponents of the system anda simplified plant operation.

. Thebridge console contains veryfewdevices, onlytheessential displays anda
single operationg leverto maneuver and communicate with the engine room.

Theheartof theCOS is the engine room console. It centralizes allnormal watch
duties. Information displayed on the usual three main sections of the
console-propulsion-boiler and services is presented to the engine room watch
stander in three forms:

1. Continuous or demand display
2. Monitor and alarm
3. Logged date on a typewriter print-out

P.b·bulton
SMI....

TbWGltl. BrillIae 0Idft'
Control ".Ieanpll
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The basicblockdiagram of the engine room and bridge console control.
Besides theengine-room console andthebridge console the COS includes the

necessary sensors (such as thermometers, pressure gages, level indicators, etc.);
transducers (devices for transmitting temperatures, pressures, etc.,to the COS) and
thesystems engineering to coordinate withplantactuators such asvalves andmotor
controls.

While the small amount of information essential to controlling the propeller is
displayed on the bridge console, all information for control of the power plant is
displayed on the engine room console. Bringing all this information together in one
place (in the COS) increases operator efficiency and permits faster, mpreaccurate
decision making.

By continuous automatic surveillance and immediate alarms for off-normal
conditions, theCOS reduces thepossibility ofdangeroussituations andof inefficiency
due to poorplantoperation. .

Program controls provide automatic sequential operations by asingleoperating
command such as a push-button operation by the engineer. For example, a single
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push-button control can provide automatic synchronization and paralleling of a
turbine generator. Also start up and shutdown boiler feed pumps from a stand-by
condition. I

As the master control changes (such as main boiler steam pressure) the
sub-loopcontrolswillcutoutoradjust tocompensate forairandoilrequirements. The
various controls (sub-loop) permit the engineer to set the most efficient plant
operating level and then continuously regulate the controlled variable to provide
stable plant performance under widely varying operating conditions. -

TheCOS automatically records all bells and logsall otherimportant data,Qf the
plant. Thislogging isdonebyanautomaticprinterthus eliminating errors inrecopying
rough logs.

Inaddition tothevisual display acomplete up-to-the-minute logcanbeproduced
on demand bysimplypushing a print-out button.

Block Diagram of COS

ACTUATORS

Uir
Motors !'

v'alvee

P_re
oI

_-------SENSORS

~

CONSOLE DEVICES

Indicating Ught and Alarms. These lights are r8!i and will light up if an alarm
condition exists. Theywillflash onandoffuntiltheoperatoracknowledges bythrowing
the acknowledge button. When hedoesthis the lightwill remain lit until the operator
remedies thecondition atwhich timethe redlightwillgooffandthegreenlightwillgo
on.When the alarm conditions exists an alarm will sound. Thisalarm stopswhen the
acknowledge button is thrown.
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Acknowledge Button. Depressing this button will silence the audio alarm and stop
the indicating light from flashing. Do not deprepsthe acknowledge button until you
knowwhatisalarming. ----- . -. I
Status IndicatingLights. Theseare lights thatindicate whether apiece of machinery
is running or stopped or if a valve is open or closed. Theydo not flash. No alarm is
sounded. Generally the running or open condition is a green lightandthe stoppedor
closed condition is an amber light.
Push-button Stations. These are start and stop positions for motors or open or
closed positions for motor operated valves.
SelectorStations. These areswitches which permit avariety ofselections which the
operator mayrequire in orderto keeptheplantfunctioning. Forexample-if the main
circulatorbreaks down theoperatorcanswitch toafirepumporgeneral service pump.
If the #1 fuel-oil pump stops the operator can switch to the #2 pump, etc.
Continuous DisplayIndicators.These arepressure, temperature, liquidlevel,liquid
flow or position thatshowthe varying conditions at the COS at all times.
Demand Display Indicators. By depressing a button or dialing an address the
information requested is displayed at the COS.

Figure shows the control locations of level transmitters and controllers, temperature
and pressure indicators, etc., as connected to a deaerating feed tank.
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Section IV

ORGANIZATION OF THE ENGINE DEPARTMENT

This section covers all aspects having to do with the duties and obligations of the
Engine Department. especially with regard to watchkeeping activity.

. Watchkeeping is a fundamental partof shipboard duties. and it should be noted that
it isverydifferent depending onwhether theshipisoperating withanunmanned ormanned
engine room.

GUIDELINES ON ORGANIZATION AND RESPONSIBILITIES

Position

ChiefEngineer

FirstAssistant
Engineer:

Watch Officers:
Second. Third
Asst. Engineer
Electrician

Refrigeration
Technician
Boilermaker

Greaser-Qiler

Duties

In charge of Department,
Organization of watches
Planning of trip requirements
Organization of Maintenance
Spare parts control
Organization of off-watchwork
Control of overtime
Fuel reception
Keeping of watch

1/3of shifts
Maintenance of electrical plant
Electrical material. storeroom
Maintenance of refrigeration plant
Maintaning cargo in air-conditioned hold
Engine storerooms
Cleanup personnel
Tools control
Tankprobes
Watch assistant
Maintenance on off hours
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Wiper Cleaning In engine rooms
Painting in engine rooms
Common labor

USUAL SCHEDULE OFWATCHES IN ENGINE ROOM DEPARTMENT

From 0000 to 0400 hours
From 0400 to 0800 hours
From 0800 to 1200 hours
From 1200 to 1600 hours
From 1600 to 2000 hours
From 2000 to 2400 hours

Note:

Officer B .
Officer A
OfflC8r-C·
Officer B
Officer A
OfficerC

Officer A:
Officer B:
Officer C:

Themost experienced
Thesecond most experienced
The leastexperienced

--

The Chief Engineer is responsible for establishing all provisions relative to the
organization of thewatch, bothasregards itscomposition andits implementation. Tothat
end, heshall cons\dtwith theMaster regarding navigation aspects. Inaddition, Indeciding
on the composition of thewatch, he shall consider the following:

Thetypeof ship:

1. Thetype and condition of the engines.
2. The operating mode· imposed by weather conditions, the presence of ice,

pollutedwaters, shallow waters, emergency situations, damagecontrol andcon
tamination prevention.

3. Thecompetence andexperience of thewatch.
4. Thesafety of human life, of theship, of thecargo, aswell asportrequirements.
5. Compliance with international, national and local regUlations.
6. Maintenance of normal sh'ip operations.

TheChiefEngineer, afterconsulting withtheMaster and commenting upon the
details ofthetripcalculates ahead oftime therequirements forfuel, lubricants, spares
andanything else thatmaybe necessary.

Thisisatypical ob!igation oftheChiefEngineer, thatIsnottobedelegated toany
other crewmember.' .

Inaddition tothedutiesandresponsibilitiesvested theChiefEngineerbylaw,the
following arethe company's specific policies andrecommended ~utles:

1. Consult and/or coordinatewiththeMaster regarding bunkering schedules, shore
engine repairs, job-orders, disposition of fuel oils in thedouble bottom tanks andall
important matters concerning thesafety, efficient and economical engine operations.
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2. Implement overtime. leave of absence andresignations to be dulyapproved by
the master.

3. Consult the Masterbefore opening upanymachinery for inspection or overhaul
thatwill inabilitate the engine operation or propulsion.

4. Prompt submittal to the Master and agents the capacities andbunker diesels,
lubricating cylinder oils andfresh wateron hand on arrivals and departures.

5. Execute andrecord in engine log-bookall dailyconsumption anddateof noon
report at sea for submittal to thebridge.

6. Coordinate with the 1st Engineer all standing order, maintenance work and
assignments.

7~ Make dailyinspection of theengine room. steering room telemeter system. etc.,
at seato check the running conditions of all machineries andapparatus outside from
the engine room.

8. Check daily the engine room log-book for incidents entered and recorded by
watch Engineers.

9. Make a weekly inspection of all engine personnel's living quarters, toilet room,
reefer chambers and store rooms.

10. Prompt andaccurate submittal of engine reports at theendof each voyage, the
following reports are:

a. Portandseaabstract. All columns to be filled properly andadjustments of
thequantity of fuels asperCharterer's Surveyors mustbe recorded for the
Office record.

b. Diagram cards anddate.
c. Important maintenance andworkaccomplishment.
d. Tanksoundings andcapacities.
e. Detailed incidents andbreakdown report.
f. Lubricating oil. greases and compunds report. These figures are to be

recorded inthe"Miscellaneous Oils·columns of thePortAnd SeaAbstract.
g. Submittal to the office of personnel servic~ rating record.
h. Requisitions for the engine department, consummable and stores.
I. Requisitions for the engine department spars parts.
j. Job Orders and repair'S.

11. Prompt andaccurate submittal of the engine department inventory semi-annually

12. Periodical machinery continuous surveys must be maintained whenever pos
sible inportsto avoid delays in drydock. to be completed during the five-yearperiod
from the last special survey and keep up to date all surveys and inspections of
machineries in a record chartsheet.
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13. A graphing system will be keptto record all fuels and lubricants consumptions,
shipand engine data and main engine cylinder liner'wears.

14. Instruct all ranking Engineers including the Electrician andOilers- No 1 and No.
2 to familiarize themselves in the manipulation of the fire extinguisher system to all
ship's compartments. For this purpose, issue to all concerned "Operationallnstruc
tions" of the fire extinguisher system.

15. Afteraround every 1,000 hours ot mainengine operation, submitto the lubeoil
suppliers sample of the circulating lube oil for analysis including onegenerator lube
oil sample amd submit to the office one copy of the lubeoil service report.

16. Ifporttime permits, calibrate all main engine cylinder linerwears in oneportand
submit to the office all datafor graphing.

17. Instruct all engine personnel to report to the Master for his approval before
purchasing anyhigh priced article.

18. Ban strictly all forms of smuggling narcotics andgambling on board.

19. To keep betterunderstanding and harmony in the engine department, instruct
the First Engineer and .Oiler No. 1 to report any differences among the engine
personnel to the ChiefEngineer for arbitration andjustice.

20. To personally supervise the taking of bunkers at all times and must be most
particular ingetting thefuelweight, fuel analysis report, computations and samples of
the fuel received.

21. Enjoin all ranking Engineers to assist the Chief Engineer duringengine break
downs at sea to be acquainted on its repairs.

22. Implement strictly all memoranda andcirculars from theoperations department
of the Main Office issued from time to time.

23. Observe strictly the "STANDARD PROCEDURES OF MAINTENANCE,ROU
TINE OPERATIONS AND STANDING ORDERS" and the taking over of duties of
ChiefEngineer, memorandum supplied.

24. The ChiefEngineer will be, solely responsible to the Office for all tools, stores,
equipment and spare parts in theengine department by any engine personnel
disembarking.

25. The Chief Engineer is in charge of training all his subordinates for future
promotions. Recommendations for promotions will be based on efficiency, moral
character, engineering knowledge, behavior and discipline. Report tobesubmitted to
the Office every six months on the backpage of the service rating report.

TheWatch Officercontinues toberesponsible foroperations intheengine room areas
even though theChief Engineer ispresent inthose same areas, unless theChiefEngineer
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specifically advises himthathehasassumed responsibility andthat is clearly understood
by both of them. '

The Watch Officershallgive instructions to all othermembers of thewatch to advise
him of any potentially dangerous situation. At thesametime. members of thewatchhave
theobligation of informing theOfficerofanything thatmaybedangerous orraisesquestions
as to its potential danger.

Onshipswithmanned.Engine rooms. theWatch Officershall beavailable atall times
beprepared to operate the propulsion equipment in response to anyrequirements made
from the bridge as to changes of direction and speed.

On shipswithan unmanned Engine room. theWatch Officershall be available at all
times for any emergency.

The Watch Officer shall supervise the shutting down of all engines that are his
responsibility and those on which anywork is to be done.

Noonemaytakeanengine outofservlce without hisconsent. because otherwise the
Watch Officerwould lose control of the plarif.

All spares. toolsandstoresmustbecarefully stowed andtieddown. regardless ofthe
navigation situation. If this is notdone. they mayshift anacreate dangerboth to the ship
and the crew.

TheWatch Officershallnotturnoverthewatch to. thereliefofficerif hehasreason to
believe the latteris not in a position to carryouthiswatch dutiesefficiency. in which case
he shall advise the ChiefEngineer.

Before taking over the watch, the Officer coming on shall check the following
points, as a minimum:

'1. Thestanding orders andspecial instructions of theChiefEngineer relative tothe
operation of the ship'ssystems and engines.

2. Workthat is being performed on the engine, the personnel involved, and any
risks that maybe involved.

3. The level and condition of water in the bilges, as this isasignof losses and
flooding.

4. The level of the ballasts. fresh wateranddirtywatertanks, as well as existing
regulations on contamination for dumping.

5. Condition and levelof fuel tanks.

6. Regulations relative to the dumping of sewage.

7. Condition and operating mode of the main and auxiliary engines.
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8. Condition of control console equipment, with emphasis on knowing which
equipment is being manually operated.

9. Special saUing situations, such as heavy weather, ice and polluted or shallow
water.

10. Special operating procedures due to equipment failures and to conditions
unfavorable to the ship.

11. Tasks assigned to the engine room hands.

12. Availability of firefighting devices.

The Watch Officer is responsible for the periodic inspection of the engines. He
shall check that the following are in proper condition:

1. The main and auxiliary engines, the control systems, the indicator panels and the
communications systems.

2. The steering apparatus.

3. The level and condition of the bilges.

4. All pipes, especially the pressurized oil pipes and the control system pipes.

The Watch Officer shall indicate in the Engine room Log all maintenance work that is
done.

The Officer coming on watch shall not take over without examining the Engine room
Log and making sure that it agrees with his own observations.

The Watch Officer shall Immediately notify ·the bridge:

1. In case of fire:
Of the measures that are about to be taken in the engine areas and that can lead
to a slow down in the speed of the ship.

2. Any failure in the steering apparatus, a shutdown of the ship's propulsion system
or problem in electric power generation that are imminent.

3. Safety threats.
Wheneverpossible, suitable notice shall be given before making any changes so
that the bridge can have the maximum amount of time available to take all
possible measures to prevent the possibility of a maritime accident or loss.

The Watch Officer shall Immediately Info~mt~e Chief Engineer of:

1. Any damage or operating defects that decrease the safety factor in the ship's
operations.

2. Operating defects in the propulsion and auxiliary engines, and in the control and
steering systems.
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3. Any situations wherehe is in doubt as to the decision or steps to be taken.

Notwithstanding the foregoing obligation, the Watch Officer shall not hesitate to
immediately perform thosecorrective measures thatwill ensure thesafetyof theship and
the crew.

ENGINE ROOM INSTRUCTION

Basedon IMCO's ·International Convention on Standards of Training, Certification and
Watchkeeping for Seafarers·. 1978(STCW-Convention).

A. BASIC PRINCIPLES TO CONSIDER

I. General:

On everyship the Chief Engineer is responsible to ensure that the watchkeep
ing arrangements are adequate to maintain a safe engineering watch taking into
·consideration the following:

1. Type and condition of the machinery.

2. Special modesof operation dictated by weatherconditions, ice, polluted
waters, shallow waters, adverse ship operations, loss prevention or pollution
abatement.

3. Qualification and experience of the crew forming the watch.

4. Considerations concerning international, national and local regulations.

5. Underthedirection of theChiefEngineer, theengineer officers of thewatch
or on duty are responsible for the required inspections, operation andtestingof
all machinery and all equipment within their areaof liability.

6. In consultation with the Master, theChiefEngineer should plan in advance
the requirements needed for the intended voyage, such as fuel, water, lubes,
chemicals, expendable andotherspareparts,tools, supplies andotherpertinent
requirements.

II. Operation:

1. The engineer officeron watch or duty is to ensure that the watchkeeping
arrangements are adequate and are complied with.

2. Atthe commencement ofawatch, therequired operational parameters and
condition of all machinery should be confirmed. Any machinery not functioning

j
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properly or expected to malfunction or requires special serviceshould be noted
as shouldany action already taken. .

3. Theengineer officerincharge should ensure thatperiodicchecks aremade
of the propulsion machinery and the auxiliary equipment and that immediate
remedial steps are taken in the eventof any malfunction.

4. All bridge orders should be promptly executed. Changes in propulsion
machinery speedanddirection of rotation should be noted, unlessrecording is
loggedby special equipment.

Appropriate attention should be paid to the rpaintenance workof the entire
machinery equipment.

5. The Chief Engineer should ensure that the engineer officer in charge is
informed aboutallpreventive maintenance... itIspection or repairworkwhich is to
be carried out duringhis duty. All work performed is to be recorded.

6. Before going off duty, .the engineer officer should ensure that all events
retating to the mainandauxiliary machinery which hasoccured duringthewatch
or duty havebeen recorded.

7. The engineer officeron watchshould immediately notify the bridge in the
event of fire of impending actions that may cause reduction in ship's speed
imminent steerage failure, stoppage of theship'spropulsion system andsimilar

.. hazardous casualties.

8. Whenever ·standby· mode is requested, the engineer officer on watch
shouldensure that all machinery equipement involved with the manoeuvring of
the shipcanbeplaced in manual modes of operations whennotified andensure
that an adequate reserve of power is available for steering and other manoeu
vring requirements.

Watchkeeplng:

1. All watchkeepers should appreciate that the efficient performance of their
duties is necessary in the interest of safety of life and propertyat sea and the
avoidance of pollution of the marine environment. Each membershould have:

a. Knowledge of how to use appropriate internal communication sys
tems.

b. Knowledge about the engine room escapes.
c. Knowledge about the location of and how to use the fire fighting

equipment,

2. Thecomplement of thewatch should atall times, beadequate to ensure the
safeoperation ofallmachinery equipment involved withtheoperation of theship
andbe appropriate to theprevailing circumstances andconditions. Thefollowing
points are among those to be considered:



a. The condition, reliability andcontrol location of any remote operated
propulsion and steering equipment, and the complexities involved in placing
themin a supervised manual mode of operation in the eventof an emergency.

b. The location andmethods of employment of firedetecting andextin-
guishing apparatus and fire containment devices. .

c. Thestepsandprocedures necessary to maintain the conditions of all
machinery installations during all modes of shipoperation.

IV. Fitness for Duty:

Thewatch systems should be such that the efficiency of the engineer officeris
not impared by fatigue.

V. Protection of the Marine Environment:

All theengineer officers andengine room ratings should beaware of theserious
effects of pollution to the marine environment and should take all reasonable
precautions to prevent such pollution within the framework of existing international
and local regulations.

B. CHECK POINTS FOR SAFER OPERATION

Diesel engines
Run time- Periods of overhaul
Valve play - Abnormal sound
Turbo charger - Oil - Air filter
Speed governor - Oil
Lubricating oil - Quality

Alternators
Terminals
Carbon brushes'
Voltage regulation rectifiers I

Cooling
Cleaning/cleanliness
Distribution of load
Bearing lubrication
Overload

Electrical system
Fuses
Motorprotection settings
Insulation reading earth fault
Breakers, function
Priority release groups

Separators
Density, gravitydisc

Temperature
Counter pressure
Oil flow
Vibration (bowl)
Oil level
Coupling

Instrumentation
Pipe connections
Vibrations
Control instruments, set values
Function, linkage, lubricating
Periodical testing
Intervals, maintenance

Boilers
Burner equipment - Sizeof nozzle
Water levelgauges - Testing
Air supply Sootblowing .
Photocell - Flame guard
Oil leak
.Function safetyvalves
Fuel oil filters
Control equipment automanual
Feed watercontrol
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Pipe systems, Valves
Flange connection packings
Insulation
Leak detection
Corrosion attacks, anodes
Vibrations of pipe suspensions
Gland boxes, grease spindles

Compressors, Air systems
Intervals of start/stop, leakage
Oil level
Cooling
Bearings, lubrication, couplings
Vibrations
High and low pressure valves
Drainage

Heat exchangers
Temperature inlet/outlet Cooled media
Temperature inlet/outlet Coolant
Pressure drop
Tightness

Pumps, Motors
Shaft seals
Counter pressure
Couplings, bearings, greasing
Cavitation
Overheating, motor, bearing
Vibrations

Note: Always follow the manufacturer's instructions

c. SAFETY MANUAL FOR THE ENGINE ROOM

Examples of table of contents:
1. Instructions for the engineer officer of the watch or on dUty.
2. Instructions for calling the Chief Engineer.
3. Start-up of machinery equipment at arrival/departure.
4. Instructions for special equipment.
5. Manoeuvring in narrow or congested waters.
6. Measures at arrivals/departures with alternator(s) out of operation.
7. Measures in the case of tripping.
8. Measures in the case of black-out.
9. Measures in the case of grounding.
10. Measures in the case of fire.
11. Test routines of emergency equipment.
12. Testing of manoeuvre, alarm and stop functions.
13. Information concerning relieving an engineering watch.
14~ Information to new engine room personnel.
15. Recording in the engine log and oil record book.

Note: A clean engine room is a sater engine room.
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-----SwnmIl'J of MARPOLAnna V At S.'Garbage Disposal Llmltatl••-----

OutsMe tIie Mediterranean Sea BaIIIc Sea. inside Ibe Mediterranean sea Baltic Sea. OIIsboll PlatIonns· and
Black Sea, Red Sea, and iUIf Area Blaa sea, Red sea, ami bun Area Asspcllled Ships

Distance Type of Dunnage Permitted DJsIaDc8 ~JP8 of GarIJage Permitted Distance ~ype of Garbage Permitted
from Shore to be Dumped at sea . from Shore to bI Dumped at sea from Shore to be Dumped at Sea

25 nautical rmles Aoating. Uning Food Waste-Not Ground 12nautical rmles Food Waste-Not Ground
orrmre and Packing Material 12 nautical rmles or Comminuted or rmre or Comminuted

or rmIB Food-Waste-GlOlInd or
Food Waste-Not Ground Comminuted

AI sea DDm~nl12nautical rmles or Comminuted Type 01 Garbage ResIrlcUons pyorrmre All Other Garbage-Not AI sea DIi~,
Ground or Comminuted Type 01 Garbage RestricliODS Plastics Always

Food Waste-Ground or Plastics Always (Dumping Prohibited)

3 nautical nules Comminuted (Dumping Prohibited)
Aoating Dunnage. Always

orrmre All Other Waste-Ground or Uni and (Dumping Prohibited)Comminuted Aoating Dunnage. Always
Packing'\::"lIs

Uni~ (Dumping Prohibited)
AI Sea DumpIng Packing °als

Food Waste Less than 12 nautical
Type or GaJlJage ResblclloD Apply

Food Waste Less than 12 nautical Ground or Comminuted miles from shore

Plastics Always Ground or Qlmminuted rmles from shore Not Ground or Always
(Dumping Prohibited) Less than 12 nautical Comminuted (Dumpiing Prohibited)

Not Ground orQlmminuted miles from shore
Aoating Dunnage. Less than 25 nautical

All Other Garbage Always
All Other Garbage Always

Uning. ~d miles from shore Ground or Comminuted (Dumping Prohibited)
Packing Materials Ground or Comminuted (Dumping Prohibited)

A1kways Not Ground or A1kways
Food Waste Less than 3 nautical Not Ground orComminuted (DumpIng Prohibited) Comminuted (Dumping Prohibited)

Ground or Qlmminuted miles from shore

Less than 12 nautical
Most Stringent Most Stringent

No Ground or Comminuted miles from shore
Mixed Garbage Types RequiIBl'lllnts Apply Mixed Garbage Types Requirel'lllnts Apply

All Other Garbage Less than 3 nautical Plastics - including, but not limited to. synthetic· ropes. Offshore platforms end associated ships refer to fixed or
Ground or Comminuted miles from shore synthetic fishing net. and plastic garbage bags floating platforms engaged inexploration. exploitation. and

Less than 12 nautical Ground orcomminuted geJbage mustbe able topass throUgh
associated offshure prDcessing ofseabed mineral resoun:es

Not Ground or Comminuted from shore end all other ships when alongside orwithin 5lXI m8tlml
e screen with openings no greater than 25 mtlruni181S ofsuch p1atfurmso

Most Stringent
AD Other GaJbage - including paper prodlll:1l. IlIg8. glass. I IMixed Garbage Types Requirel'lllnts Apply
me181. bottIs. crockeIy. and simtlar refuse HELP srDP MARINE POu.unON



BUNKERING PROCEDURE

Whenever your vessel is scheduled to refuel at any port, especially in the United
States. the following has to be observed:

I. BEFORE REFUELING OR.OIL TRANSFER COMMENCES:

1. All drain pipes andall deckscuppers has to be plu;gged andcemented by the
carpenter or bosum.

2. TheChiefEngineer should prepare a bunkering plan indicating or identifying.
a. Fuel oil tanks to be filled.
b. Quantity of fuel to be loaded in each tank.
c. Sequence of loading.
d. Name, rankand duties of the engine crew involved inthe refueling opera

tions, which should preferably include;

TheChiefEngineerastheofficer incharge ofrefueling operations. (He
should be ready todiscuss with thecoastguard ormaritime authorities. and
alsowith the head althe terminal or delivery barge supplying the fuel, the
bunkering operations to be undertaken.)

The 1st Asst. Engineer incharge of taking sounding of barges when
refueling from fuel barges of taking meter readings when refueling from
shore installations.

The2ndAsst. Engineer to be stationed at the filling manifold valveat
the engine room during refueling operations.

The3rdAsst. Engineer/oilers atsounding pipes to takesoundings the
ships fueltanks tobeloaded and also tocheckandopen allairvents ofsuch
tanks.

Pumping pressure should notexceed three (3)kilogram/square centi
meter also depend on the construction design of everyship.

3. TheChiefMate should seeto it thatthe "NO SMOKING" signs areplaced in the
areas where filling hoses aretobeconnected andinthevicinity of thesounding pipes
of the tanks where fuel is to be loaded.

4. Electrician should hookupandtestthetelephone and/orcommunication system
bothatthefilling pipes station andthefilling manifold valve atengine room andshould
see to it in goodworking order.

5. If refueling atnight, Electrician should hookupthenecessary lightsin thevicinity
of the filling pipe, sounding pipeS' of the tanks to be loaded and in the vicinity of the
jacobs ladderin case of refueling from barges.

6. The bosun should make fast appropriate jacobs ladder in the side where fuel
barges aremoored including a life line of at leastone(1) inch circumference, Manila
rope.
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7. OilerNo.1 inspect andopen all fueloil air vents ondeck which mayhave been
missed by the oilers.

8. The Chief Officer orders the bosun to place portable fire extinguisher in the
vicinityof sounding pipesof the tanks being refueled.

9. The1stAsst. Engineerwillseeto it thatdrippansareplaced underthefilling pipe
and air vents. Thedrip pansshould be leastthe size of a halfdrum.

10. The 1st, Asst. Engineer should seeto it thatsawdust anddispenser areplaced
in the vicinity of fillingpipeand near the air ventsof the tanksto be loaded.

11. Allfirehosesshould beconnected totherespective firehydrantsbythe3rdmate.
II. LOADINGOPERATIONS

1. The Chief Engineer should hold a conference with the perscnlncharae of the
vessel delivering fuel or incharge of theshore facility, to ensure that the loading plan
is understood before refueling is commenced.

2. The Chief Engineer or 1st Asst. Engineer should sign the dectarancn of
inspection whenever required.

3. The Mate onwatch hoists International Flag "B"during day timeand red lightat
night, specifying vessel loading fuel andor dangerous cargo.

4.While loading, theofficeronwatch should make acontinuous round ofthe shipand
inspect vessel's mooring lines to be sure that theyare tight.

5. The 3rd Asst. Engineer is incharged of the telephone and/or communication
system and be ready at all times to relay instruction to the engineer at the filling
manifold valve.

6. 1stAsst.Engineershould inspect andseeto it thattheoverhead discharged and
W.B.T. suction valves connected to F.O. double bottom tanks are locked or closed
position.

7. 1stAsst. Engineershould supervise theconnecting ordisconnecting ofthe filling
hose. While loading heshould seeor it thattheoil transfer hoseisproperly supported
at all timeswith appropriate means to avoid unnecessary lagor kinds in the hoses.

8. 1st Asst. Engineer should see to it that the other.sides filling connections are
properly closed blindsand complete with bolts~nd nuts.

I
9. Inall shipswhere thefilling pipes areadjacent to thecabin, saloon, orgalley, the
Chiefofficershould see to it thatall ports holes of such cabins facing the fillingpipes
or sounding pipesand/orair ventsare closed anddogged. /

10. -NOSMOKING"ondeckandotheropen orexposed areas is tobeobserved until
refueling is completed.
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PRe-ENGINE DEPT-APPLICATION FOR ADMISSION

Requirements for:

FOURTH ENGINEER:

1. PRC Application Form

2. PRC Examination Record

3. Medical Certificate

4. Certificate of Service of 2 yrs. experience

5. Seaman'sbook orig. wI xerox copy

6. Three pes.2 x 2 pictures in uniformwI bars

7. ' AME DiplomalTRanscript of Records/S.O.

a. Certi~cation from the Company

THIRD ENGINEER:

1. PRC Application Form

2. PRC Examination Record

3. MedicalCertificate

4. Certificateof Serviceof one yr. experience as 4/E

5. Seaman'sbook,orig. wI xerox copy

6. Three pes. 2 x 2 pictures in uniformwI one bar

7. Residence Certificate

a. Certification from the Company

9. License as 4tE- wI xerox copy

SECOND ENGINEER:

1. PRC Application Form

2. PRC Examination Record
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3. Medical Certificate

4. Certificate of Service of one yr. experience as 3/E

5. Seaman's bookorlg. wI xerox copy

6. Three pcs.2 x 2 pictures in uniform w/2 bars

7. Residence Certificate

8. Certification from the Company

9. Ucense as 3/E wI xerox copy

CHIEF ENGINEER:

1. PRC Application Form

2. PRC Examination Record

3. Medical Certificate

4. Certificate of Service of 2 yrs. experience as 2IE wI xerox copy

5. Seaman's book orlg. wI xerox copy

6. Three pcs. 2 x 2 pictures in uniform wI 3 bars

7. Residence Certificate
I

8. Certification from the Company

9. AME Diploma I Transcript of Records I S.O. (Special Order)

10. Ucense as 21E wI xerox copy

PROGRAM OF THE MARINE ENGINEERING UCENSURE EXAMINATION TO
BE GIVEN BY THE BOARD FOR ENGINE OFFICERS OF

PROFESSIONAL ,REGULATION COMMISSION.

FOR CHIEF, SECOND, THIRD, FOURTH MARINE OFFICERS

DATE AND TIME
First Day of examination

SUBJECTS WEIGHT

8:00A.M. - 9:30 A.M.- MATHEMATiCS..................................... 10%
(Physics, Geometry and Strength
of Materials - For Chief and
Second Marine Engineer) (Arithmetic,
Algebra, Physics and Geometry - For
Third and Fourth Engineer)

10:30 A.M. - 12:30 P.M.- ELECTRICITY AND ELECTRICALLY
DRIVES PROPULSION 10%

1:30 P.M. - 5:30 P.M.- STEAM BOILERS, ENGINES, TURBINES
INTERNAL COMBUSTION AND
MACHINE SHOP 300/0
(Includes Fire FightlnglFlre Prevention)
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second· Day of Examination

8:00A.M. - .9:30 A.M.- 0 RAW I N G............................................... 100/0

10:30A.M. - 12:30 P.M.- REFRIGERATION AND AIRCONDITIONING
MACHINERY 10%

1:30 P.M. - 5:30 P.M.- PRACTICAL QUESTIONS .
(Includes Survival Craft (basic),
Personal Survival Technique,
First-aid at sea).
T·OiA.L .

300/0

100%

Note: 1. Books, notes, review materials and other examination aids not stated
on this program to be used during the examination shall not be
brought Inside the examination building.

2. Bring the following:

a) Two or more pencils (No.1) to be used Inblackening
or shading your Examinee Identification/Answer
Sheet Set.

b) One ballpen of one color of ink either blue, black
or blue-black to be used In accomplls.hing other
examination forms.

c) One piece of brown envelope

3. Secure your Instruction sheet onhowtoaccomplish and handle theExaminee
Identification/Answer Sheet Set (EIASS) and sample sheets for practice.
You may get these from the Application Division when you come back
for your room assignment.

4. Your room assignment will be posted at the school premises one or two
days before the examination.

5. Read carefully the Instruction In your NOTICE OF ADMISSION.

PLACE OF EXAMINATION:

MANILA - January and Other Dates
ILOILO - May
CEBU - September
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section V

CODE OF ETHICS

F~r the marine profession to progress and remain as an orderly and dignified
profession, and to furthermaintain its fruitful standard of practice for the interestof the
nation andgeneral public, theserulesof professional conduct arehereby formulated and
adopted as guidance for all its practitioner.

CODE OF ETHICS
FOR

FlUPINO MARINE OFFICERS

ARTICLE I
General Definition

1. A marine officershallmean anyperson whoholds a certificate as a deckofficer
and/oras a marine engineer of anygrade.

2. Amarine officershallbecoveredbythisCode even if heisundersuspension, but
this statusas a marine officershall cease if his license has'been revoked for anycause.

3. A marine officer is said to have performed as act unethical to the profession if
such action or actions are contrary to the established conduct hereforth mentioned.

ARTICLE II
Duty to the Profession

1. A marine officershallstrive to elevate, maintain andcontribute to thehonorand
'dignity of the profession.

2. Heshall conduct himself with the traditional decorum otan officer andgentleman,
restraining himself from all actscontrary to the established rules of morality andpersonal
discipline. .

3. Heshallcontinually improve hisprofessional competencybykeeping up-to-date
with the latesttechnological andscientific knowledge beingapplied in the marine fields.
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4. He shall all. continually conslder.the preservation of life. health and property.
even at the risk of his own life. to enhance the sense of public Interest that is an integral
obligation of the profession.

ARTICLE III
Duty to the State

1. A marine officer, in hiscapacity as a person of high technical potentialities and
delegated with leadership for the discipline of his men shall recognize and respect the
supreme authority of the state.

2. A marine officer shall strive to become an exemplary citizen by a devoted or
fruitful fulfillment of hiscivicduties.

3. He shall endeavor to assist and cooperate with the proper authorities in the
enforcement of maritime andcustom lawsandregulations.

4. Heshall perform hisprofessional duties in conformity with existing laws.

5. Heshallofferto thestate hisfullknowledge, experience andmaterial possesion
in time of national emergency.

ARTICLE IV
Duty to the Public

1. Every marine officershall compose himself as an officeranda gentleman. and
to act honorably when dealing with the general public.

2. Heshould beconcerned foremost withthesafety ofeveryman, woman andchild
who boards his vessel as a passenger by following all safety measures prescribed for
shipboard use.

3. He shall contribute- his professional knowledge for the general welfare and
comfort of the reading publicto gain their respect andconfidence.

4. It shallbe his obligation to keep himself in readiness for the nexthigher license
by constant reading. diligent studies andkeep observation of the shipboard activities.

5. He shall make financial gain secondary only to the service that the entire
profession can render to the economic growth of the country.

6. A marine officershall nothesitate toconsult hisfellow marine officers in matters
that will affectthe honor and integrity of the marine profession.

7. Heshallexpose. without fearorfavor. to theproperauthorities oftheprofession.
corrupt or dishonest conduct of member of the profession whose existing practices can
degrade the reputation of otherpractitioners.
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8. Many marine officer should aid in safeguarding the profession against the
admission to its rankpersons whoareunfitor unqualified in moral character ofprofession
training.

ARTICLE V
Duty to the Superior

1. Marineofficers in a subordinate capacity shallalways render traditional respect
to a superior officer.

2. Subordinates shall render the necessary assistance if possible above and
beyond the call of duty.so that theirsuperiors. or theentire organization. can be assured
of a successful operation or undertaking duly assigned to them.

3. A subordinate shall strive to gain the confidence and respect of his superior
through promptand efficient performance of his assigned duties.

4. A marine officershallpromptly andefficiently followandobeyall lawful orders of
his superior withoutquestioning his integrity.

5. A subordinate should always remember thathecanonlygive recommendation
to his superior and that finaldecision mustbe left to hissuperior's discretion.

6. Asubordinateshouldneveropenlycriticize theactuation ofhissuperiorandmust
give the properassistance within or beyond his specific duties.

7. A subordinate should never openly criticize the actuation of his superior with
othersubordinate officers moreparticularly with unlicensed personnel.

8. Intheeventof inquiries heshould onlystateactual factsbutneverhisopinion as
to whether his superior is rightor wrong.

ARTICLE VI
Duty to a Subordinate

1. Asuperiorofficershallalways conduct hims~1f withtheproperdecorum Inhisact
or deeds and thoughts to set an example for his subordinate be fitting his rank or
designation.

2. He should give the necessary training. guidance and opportunities for the
Improvementofhissubordinate'scompetency andespecially toovercome hisshortcoming
demanded by his license as a marine officer.

,
3. He should cdhtinually mold the character of his subordinate to impress the

importance of command responsibility.

4. He should give merits unselfishly when due. to inspire his subordinates to
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achieve greater result.

5. He should not hesitate to listen to advice of his subordinates but to exercise
discretion before implementation.

6. He should not hesitate to admit errors in his decision when it is obvious. but it
mustbe donewithin the circle of hisstaff.

ARTICLE VII
Duty to his fellow-Practitioner

1. Every marine officershouldworktogether inmutual cooperative andharmonious
relationship by sharing individual knowledge for professional advancement.

2. Heshould associate with hiscolleagues in anyreputable andrecognize marine
society to further broaden his knowledge.

3. Heshould neverattemptto issue statements tothegeneral publicconcerning the
short-comings of his fellow officer.

4. Thefollowing specified actsof a marine officer shallbedeemed to be unethical
as a breach of a professional ethics. subject to immediate disciplinary action;

a. Open criticism of a fellow officer without the knowledge of the other.
b. Spreading false information on theprofessional competency andabilityof

the otherpractitioner.
c. Degrading a colleague in order to acquire his position.
d. False recommendation on the competency of another officer.
e. Maliciously withholding information or knowledge to place other in a

controversial situation.
1. Tending to accept a position lower than his highest license to displace

another applying for the same.
g. Exerting political influence to displace a marine officer.
h. Certifying thathe can worked betteror could render service more satisfac

torily than another.
i. Openly expressing that he holds exclusive methods or practice or styleof

service.

ARTICLE VIII
Violation and Effectivity

1. Non-compuance withanyoftheprovision ofthisCode shallbedeemedsufficient
grounds for proceeding against a marine officer which may lead to suspension or
.revocation of his license.

584




