Downloaded from http://www.everyspec.com

MIL-HDBK-115(ME)
20 APRIL 1887

MILITARY HANDBOOK

US ARMY

REVERSE ENGINEERING HANDBOOK
(GUIDELINES AND PROCEDURES)

AMSC N/A AREA MISC

DISTRIBUTION STATEMENT A. APPROVED FOR PUBLIC RELEASE; DISTRIBUTION IS UNLIMITED.



Downloaded from http://www.everyspec.com

MTL~-HDBK~115 (ME)

DEPARTMENT OF DEFENSE

WASHINGTON, DC 20301

MIL-HDBK-115(ME)
US ARMY REVERSE ENGINEERING HANDROOK (GUIDELINES AND PROCEDURES)

A A ANEA V AAVES A S AT N em At AAdsanam AT Wl R AR S e A wr e R Swadoalivw? MAVL T AVWLJIVIAALD

20 APRIL 1987

1. This handboock was developed by the US Army Belvoir Research,
Development, and Engineering Center in accordance with
established procedures.

2. This publication was approved on 20 April 1987 for printing
and inclusion in the military standardization handbook series.

3. Beneficial comments {recommendations, additions, deletions)
and any pertinent data which may be of use in improving this
document shcould be addressed to: USA Belvoir Research, Devel-
opment, and Engineering Center, ATTN: STRBE-TSE, Fort Belvoir,
VA 22060-5606 by using the gself-addressed Standardization Docu-
ment Improvement Proposal (DD Form 1426) appearing at the end of
this document or by letter.



Downloaded from http://www.everyspec.com

MIL-HDBK-115(ME)

TABLE OF CONTENTS

SECTION ' TITLE PAGE
1.0 SCOPEB. v vsrnescsnasasrsocursnsnsrssan e s s 1
2.0 Introduction........ besaasennas v measraenn - 2
2.1 Background.....sevesaauasacessas s sesssaneaas 2
2.2 Definitlon/Ratlonale. ................ cre e 2
2.3 DOD Replenishment Parts Breakout

Program = DAR=S56..:veveverrencnrncncrenns v 2
2.4 Data Rights......... seeasssanas veraaseaneen s 3
3.0 The Reverse Engineering Process.............. 5
3.1 Functional/Economic Analysis........vievenvenn 6
3.1.1 Data Collection..... s eecr s e e irenasena 6
3.1.1.1 Alternate Data SOUICES. ...t stsssssrarrsnen 7
3,1.1.2 Screening of Requested Documentation......... 8
3.1.1.3 candidate File........cc.c00a.. trrrasaraareaa 8
3.1.2 Data Evaluation.......... G heceran s aaas oo 9
3.1.2.1 Missing Data Required.....v.ccvmieurencnnans 9
3.1.2.2 Hardware Required........ G heceeamr e been 11
3.1.2.3 Test Requirements.............. e v eaeeanaana i1
3.1.2.4 Reverse Engineering Cost-Estimate

and Schedule. .. . e erosrvsvarvranns e 12
3.2 Disassembly Procedures....cc.cestvraanrss o s 12
3.2.1 Initial Inspection and Testing............... 12
3.2.1.1 Physical Configuration Audit (PCA)........... 13
3.2.1.2 Initial Measurements......oc. it ensarsnnns 13
3.2.2 DigasSSemblyY. . cretineiatiisatiacsssosasnsansons 14
3.2.3 Parts Identification/Screening ........... cea 14
3.2.4 TDP RequirementsS...oresviossnasrarnsssncveenas 16
3.3 Reverse Engineering Management Plan.......... 16
3.4 Hardware Analysis.....ciiceiiiiironieennanns . 17
3.4.1 Dimensional Analysis.....ceeeiasiertnoasenssas 17
3.4.2 Material Analysis............. ceresacesanaas . 20
3.4.3 Electrical/Electronic Analysis......cceoenvan 20
3.4.4 Engineering Sketches and Specifications...... 2?2
3.5 Ievel 3 Drawings.....ccceveessanancanoes PPN 23
3.5.1 Producibility Study..cveevevsresvanvranonssas 25
3.6 Quality Control...i.veeersecurearesnnassannsa 28
3.6.1 Quality Assurance Provisions (QAPS).......... 28
3.6.2 Documentation Quality Control........cciars.n 29
3.6.3 Certificate of Compliance (documentation).... 30

ii



SECTION

[TV

) D L) L L W
VDR OODEOMEM-Tddd
A& W

Soboa b b s
O WWWNFO
(X

a3 "
- O

Appendix

Appendix
Appendix
Appendix
Appendix

monow >

Downloaded from http://www.everyspec.com

MIL-HDBK-115 (ME)

TABLE OF CONTENTS

{Continued)
TITLE
Production Review.......covuiannn rareena cens
Estimates....... ... W eetateesetses s e
Make-or-Buy........ G eessassenannene ceaamarres
Schedules......... fseaar st e et oo
Should-Cost............. e sse e .o
Prototype Production...........cvieeeennann
Procurement........ Wi esairaeras st nans
Parts Fabrication....cvsvevvearsvsovrnrennsan
Inspection and Quality Control........... vena
Assembly...... 00 B R
OB . s oo vttt censsssreasanraasansssssssnssessas
Certificate of Compliance........ . curevsns P
Finalize TDP.. ...t cvreranronanrsusoaanens veea
Follow-On Considerations...... ceeeenranas Ve
End-Item TDP Update...... vcicvnecaasnsnsnrn
Integrated Logistics Support (ILS)....... cann
Engineering Recommendations............. ...
"Product Improvement........... vecastesacaanans
Value Engineering.......cciiiiinaniannnn. e

Not Applicable...c.esrrnresertacsnsanasssnsranan

Notes a2 4 ® 8 & B ¢ ¢ F A & S 4% % % e 4B 4 g4 s s IR s E0E . ® 9w
Subject Term (Key Words) Listing ..... e

Acquisition Method Code/Acquisition Method
suffix Code, Dafinitions..... ciesecacenunnns
Data Rights, Definitions and Valid Legends...
Engineering Drawings (Levels/Type/Content).
Acronyms..... e reereenseaatertar Aty “enn
Reference Documents........... vesrsesaann e

iii

as
s

39
42
49
57
59



FIGURE

Figure
Figure
Figure

Figure

.Downloaded from http://www.everyspec.com

LIST OF ILLUSTRATIONS

TITLE

The Reverse Engineering Process {3.0)}..
Sample Data Call Sheet (3.1.2.1).......

Sample Test Plan Format (3.1.2.3)......

e \

L YRR SRS . P N R Sy 4 8. wr_ - Y -
LOoSu-RSsuimaning wrae ngs 1L (J.1.

(8

Value Engineering Study and Value
Engineering Proposal {4.3.2).icvcnnnns

iv

F LY
-



Downloaded from http://www.everyspec.com

MIL-HDBK-115(ME)

REVERSE ENGINEERING HANDBOOK

(Guidelines and Procedures)

1.0 SCOPE

The Competition in Contracting Act of 1984 (CICA)
emphasizes the necessity of competition in all procurements. The
competitive reprocurement of spare partes is dependent upon the
availabjlity of complete and unrestricted Technical Data Packages
(TDPS) . When competition is obstructed by restricted or defi-
cient TDPs, the technical documentation required for production
purposes may be developed through reverse engineering.

This HANDBOOK provides the guidelines. and procedures for
perforning reverse engineering, and can be employed by in-house
personnel, engineering services contractors, and manufacturing
contractors performing reverse engineering. The HANDBOOK was
created using current applicable laws and Knowledge gained during
a trial program from July 1985 to April 1987, and is based on
experiences obtained from military and industry participants.

The Introduction (para. 2.0) provides pertinent information
concerning Background, Definition/Rationale, the DOD Replenish-
ment Parts Breakout Program - DAR-56, and Data Rights.

The procedures and guidelines for performing reverse
engineering are arranged sequentially, in the same order that a
Raverse Engineering Process (para. 3.0) could be conducted. The
figure titles contain cross-references (in parentheses) to the
pertinent subsections invelved.

Upon completion of the Reverse Engineering Process, the
Follow~-on Considerations (para. 4.0) will include recommendations
for End-~Item TDP Update, Integrated Logistics Support (ILS), and
Engineering Recommendations.

The Appendices provide additional “information designed to
facilitate understanding of the process.
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2.0 INTRODUCTION '

2.1 Background

Defense contractors who supply systems, equipment and spare
parts during the initial production phase of a weapon system
acquisition in which they have performed the development,

frequently become the "sole-source" for follow-on procurements.

The cost of items procured under these sole source conditions are

sometimes inflated beyond their <true value. Conseguently,
procurement costs for spare parts consume an increasingly larger
share of the defense dollar. Recent emphasis on the prices paid
for spare parts dictates the need for competition.

congress and the Department of Defense (DOD) directed the
military services to increase competition in an effort to reduce
the cost of spare parts. The Defense Acquisition Regulation
Supplement No. 6 (DAR-S6), dated 1 June 1983, titled: DOD
Replenishment Parts Breakout Program ({see Para. 2.3 below}, was

promulgated to encourage competition and reduce restrictive
features which limit competitive procurement.

2,2 Definition/Rationale

one method of controlling the high costs of replenishment
spares is by reverse engineering. Reverse engineering 1is the
process of duplicating an item, functionally and dimensionally,
by physically examining and measuring existing parts to develop
the technical data (physical and material characteristics)
required for competitive procurement.

The Reverse Engineering Process may be performed on speci-
fic items which are currently purchased sole-source. This may be
due to 1limited data rights, an ilnadequate TDP, a diminished or
non-existent source of supply, or as part of a Product

Improvement Program (PIP). Normally, reverse engineering will

not be cost effective unless the items under consideration are of
a high dollar value or are procured in large quantities. Such
items may be reverse engineered if an economical savings over
their acquisition 1life cycle iz demonstrated: and 1f other

methods of acquiring the necessary technical data for competitive

reprocurement are either more costly or not available.

TO BE A CANDIDATE FOR REVERSE ENGINEERING
ALL OTHER EFFORTS TO OBTAIN ODATA MUST BE
EXHAUSTED.

2.3 DOD Replenishment Parts Breakout Program - DAR-S56

This paragraph is included in this handbock to emphasize
the importance of exhausting all possible sources of data
acquisition before considering reverse engineering.
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The objective of the Breakout Program is to reduce costs by
breakout of parts for purchase from other than prime contractors,
while maintaining the integrity of the systems and equipment in
which the parts are to be used. The Acquisition Method Code/Ac-
gquisition Method Suffix Code (AMC/AMSC), assigned in accordance
with the DAR-S6, indicates the competitive status of the part and
defines the various encumbrances to competitive procurement.
Examples of encumbrances are inadequate, missing, or restricted
data; source control; or annual buy value {(ABV) less than $10,000
or a dollar amount set by current requirements.

Upon completion of the breakout screening and coding pro-
cess, candidates for reverse engineering are identified as items
which have been assigned a competition-restrictive AMC/AMSC code
based on unavailable technical data. Spare parts with AMC/AMSC
codes which are in a suspensed status (pending further investiga-
tion, resolution, or recoding) will not be considered as candi-
dates for reverse engineering until the breakout process has been
completed, Candidates may alsoc be recommended for breakout when
the item demonstrates a 25% increase in unit price over the pre-
vious year,.

Regardless of AMC/AMSC codes and unit price, when a part
cannot be procured but is mission critical, all efforts must bhe
made to obtain the spare part. This may include reverse engi-
neering even when it is uneconomical

Appendix A provides a listing of the AMC/AMSC codes and
definitions, and is included for information purposes.

2.4 Data Rights

Reverse englneering is a LEGAL and ETHICAL method of design
replication and is deemed proper when:

a. The procurement contract does not contaln any clauses
prohibiting reverse engindering, either specifically
or by implication

b. . The organization performing the reverse engineering
effort is supplied with the candidate and only with
data which is in the public domain

c. The engineers and technicians involved in examination
of the part or preparation of drawings do not have
access to proprietary data

d. The organization performing the reverse engineering
effort does not have any employees who were recently
employed by the manufacturer of the part, and those

W
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i the item must not have had access ¢t
proprietary data

e. Visits to the manufacturer's plant are not made by any
personnel involved in the actual performance of
reverse -engineering. .

All documentation delivered for reverse engineering
purposes must be carefully screened by the Government/Tasking
Agency prior to delivery, to ensure that no restricted or

proprietary data is included. Any additicnal data subsequently

requested by reverse engilneering personnel from sole-source or
prime vendors must be delivered via the Government/Tasking
Agency, to preclude 1inadvertent access to restricted or
proprietary data. The technical data developed through reverse
englneering should be delivered to the Government with "unlimited
rights", When a subassembly has been reverse engineered and one
or more pieces within the subassembly remain sole source for
economic or other reasons, it/they remain as limited rights
piece(s).

Unauthorized disclosure or. access to proprietary data for
competitive procurement purposes disqualifies the candidate from
reverse engineering. In the case where the reverse engineering
effort is performed by contractor support, 1if the contractor
gains access to restricted data concerning a specific candidate,
that contractor is liable if he performs reverse engineering
function for that candidate. However, the Government may select
a different contractor who has not had access to the restricted
data to perform the reverse engineering function for the
candidate in question.

Reverse engineering candidates with existing patents
require formal Government authorization for the contractor to
reverse engineer such items {including piece-parts or
components). This formal authorization must include the official
(dated) 'Authorization and Consent' clause (Appendix B).

Reverse engineering candidates with "Patents Pending" or
“Patents Applied For" also require formal Government authoriza-
tion for the contractor to reverse engineer such items (See
‘Authorization and Consent' clause - Appendix B). Patent
restrictions are of no force and effect until a patent is actu-
ally issued, and many patents take years to be formally issued.
Each case should be individually examined with respect to patent
status,

Appendix B provides detailed information concerning Data
Rights, and includes samples of valid restrictive or proprietary
legends.
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3.0 REVERSE ENGINEERING PROCESS

The primary objective of reverse engineering is the
development of unrestricted technical data, adeguate for
competitive procurement, through engineering evaluations of
existing hardware. The nominal Reverse Engineering Process is
depicted in Figure 1, and detailed procedures are described in
Subsections 3.1 thru 3.9. In Process Reviews (IPRs) should be
performed at the end of each principal phase of the Reverse
Engineering Process (See Figure 1) to assure compliance to the

process and to evaluate the need for continuing reverse

n:u\ja.u‘:t:a. ring on the itenm.

a. A Functional/Economic Analysis (para. 3.1) is required
to collect available documentation, determine missing
data requirements, determine testing requirements, and
develop the Reverse Engineering Cost-Estimates and

Schedules:

b. A Disassembly Procedure (para 3.2) is required'for each
candidate to ensure functional integrity is maintained
to allow for a viable analysis and documentation:

Y alaoat QiiCaryTlas QI WVERRAETRIILGE =LV

c. A Reverse Engineering Management Plan (para 3.3) is
required for each candidate to ensure a logical
sequence of events to prevent delays or
misinterpretations in the overall program objectives;

d. A Hardware Analysis (para 3.4) is performed to develop
the missing data required for Level 3 Drawings;

' .
e. Level 3 Draw

Reverse Engine
parameters n
candidate;

™
H

1 fnara 1 K\ ars ths ragult oaof the

\paca L N | Gat i a s

gs
ering Process and contains the documented
ecessary to reproduce the selectegd

£f. A Quality CcControl study (para 3.6) is performed and
documented on the Level 3 drawings and prototypes of
candidates to certify their compliance with original
candidate specifications; '

~ a L T el ok Wale Datiace sy A ic
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determine the economics of production f the reverse
engineered item;

h. Prototype Production {para 3.8) involves the

manufacture and testing of prototypes to determine if
they meet all required specifications; and

i. A Finalized TDP (para 3.9) is formulated and delivered
to the Government/Tasking Agency requesting the reverse

engineering of the candidate item.
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As a result of the reverse engineering effort, Product Im-
provements or Value Engineering Changes may be recommended (para
4.3). These alternatives may be considered during the Reverse
Engineering Process and may be incorporated prior to completion

of the process.

3.1 FUNCTIONAL/ECONOMIC ANALYSIS

required to collect

.

A Functional/Economic Analysis is
available documentation, determine missing dsta regqulrements,
determine testing requirements, and develop the Reverse
Engineering Cost-Estimates and Schedules.

3.1.1 Data Collection

A competitive TDP includes all the documentation to
describe the design configuration, manufacturing, quality
assurance, testing, and packaging requirements of the equipment.
The- TDP for a reverse engineering candidate may include
restricted or inadequate end-item documentation and drawings
which must be developed through engineering analyses of existing
hardware.

The purpose of the Data Collection phase is to secure all
the unrestricted documentation available, to preclude unnecessary
duplication and to facilitate the development of technical
documentatioh through reverse engineering.

The following data is desirable:

o Next Higher Assembly : provides information on
input/output parameters, mating parts, end-use,
etc.;

o Specifications : Test Specifications; Acceptance

Test Procedures; Purchase Descriptions, etc.;

o Parts List/Data List: identifles all parts and
indicates 1i1f they are standard National Stock
Numbers (NSNs), Military standard (MIL-STD) parts,
etc. The Data List establishes tha applicable
drawings and specifications required, and provides
valuable information on specific specifications
that must be researched to remove restrictive re-
quirements;

o Schematics: provides basic information for the
Physical configuration Audit (PCA), verifies the
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Parts List, and saves time in tracing circuitry
{(i.e., Printed Circuit Board (PCB) wiring);

o Master Pattern Drawings: providing copies of the
mylars saves time, and the cost of re-drafting; and

o Next Lower Assembly : ldentifies interfaces,
Input/output parameters, mating parts, etc.

3.1.1.1 Alternate Data Sources

Some of the technical documentation required for reverse
engineering may be obtained from the Configuration Management

System, Engineering/Readiness Commands, Item Managers,
Procurement Officers, Data Repositories, or Vendors/
Manufacturers. Some of the typical documentation required are:

System Technical Manual

Operation/Maintenance Manual

Illustrated Parts Breakdown
" Maintenance Allocation Chart

Next Higher Assembly Drawing

Lower Assembly Drawing

Part Drawings

Qualified Parts List

System Test Requirements

Where-Used Data

Commercial Catalogs/Sales Brochures

000DOOOOOODOO

For reverse engineering candidates with unavailable or
inadequate technical deta, as much verbal input as possible
should be obtained to define application, end-use. This will
help to establish the specifications of input/cutput parameters
required; identify critical items which may require additional

test criteria over/beyond standard military or NSN
and which mav be calied aout on Selected Item

SEressaa a2Vl

Drawings; or help in performing analysis to define criteria.
Technical Manuals may be obtained from:

Department of the Army
U.S. Army Adjutant General Publications Center

1655 Woodson Road
St. Louis, Missouri 63114

The cognizant command for the item should be determined,
and if technical manuals are not available the following major
subordinate command may be contacted for information, as

applicable:

o
"
¢
H
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Commander,
Armament, Munitions, and Chemical Command (AMCCOM)
Rock Island, Illinois 61201

Commander,

Aviation Systems Command (AVSCOM)
4300 Goodfellow Boulevard

St. lLouls, Missouri 63120

Commander,
Communications Equipment Command (CECOM)
Fort Monmouth, New Jersey 07703

Commander,
Missile Command (MICOM)
Fort Monmouth, New Jersey 07703

Commander,
Missile Command (MICOM)
Redstone Arsenal, Huntsville, Alabama 35898

Commander,
Tank Automotive Command (TACOM)
Warren, Michigan 48397

Commander,

Troop Support Command (TROSCOH)
4300 Goodfellow Boulevard

St. Louls, Missouri 63120

3.1.1.2 Screening of Requested Documentation

All recquested technical documentation must be delivered via
the Government/Tasking Agency, for screening, to exclude any
restricted or proprietary data. The unvrestricted documentation
may be reviewed for pertinent data such as design specifications
and drawings; parts lists; form, fit and function; next higher
and lower assemblies; pertinent Military/DOD Specifications and
Standards; etc. (See Appendix E.)

3.1.1.3 candidate File

Establish a candidate file to include all the technical
documentation collected, as well as the records, findings,
results of the reverse engineering procedures performed
throughout the process.
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3.1.2 Data Evaluation

The purpose of the Data Evaluation phase is to identify the
nmissing data required, develop the Reverse Engineering Cost-
Estimates and Schedules, and establish an economic point of
diminishing returns for re-evaluation of the effort throughout
the reverse engineering process. The objective is to review the
documentation so that the tasks nhecessary to complete the TDP may
be itemized and scheduled.

3.1.2.1 Missing bata Required

Review the available documentation to determine the
technical data provided and identify the missing data required.
Assume that, unless specific missing data is requested, it may
not be included in the available documentation which can be
provided., The following technical decumentation will facilitate
the process and lower the reverse engineering costs:

Engineering Specifications

Schematics

Wiring Diagrams

‘Parts Lists

Applicable MIL-STDs and Specifications
Illustrated Parts Breakdowns
Manufacturing Instruction Sheets
Purchase Descriptions

Quality Assurance Provisions
Acceptance Test Pracadures

Test Specifications

Test Equipment/Fixtures

Pertinent Engineering Changes/Revisions
Next Higher Assembly Drawings

Lower Assembly Drawings

0000QOQOO00CQOQOCO0OO0OO

Considerations during the Data Evaluation sub-phase are:

a. Are all required manufacturing materials specified in

LT Bi11 ~nE b aed P R o b e Tar T
wilite A A LA St b WL HiJVLTOoOo

specifications, or elsewhere within <the applicable
data? (Specify any deletions or omissions.)

Y e Yt Y] md 1 4oy
MALTL Lu*a’ lIULGD, Adi L L WOl

b. Are all parts completely dimensioned or otherwise fully
defined? (Specify any deletions or omissions.)

c. Are all processes, finishes, material specifications,
and other necessary elements noted in the data?
(Specify any deletions or- -omissions. Notes should be
made of any conflicting information or potential errors
in the data.)
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Does the data indicate that the 1item or components
thereof are "Source Controlled", "Altered Item¥,
"Selected Item", or otherwise source restricted? (If
50, identify the applicable restriction and the
source(s).) Are acceptance test requirments noted? (If
so0, identify such requirements.)

Are all inspection requirements which would be required
by normal industry engineering practices noted in the
available data; such as, dye penetrant, hardness tests,
etc.? (If not, identify the type of missing infor-
mation.) :

Does the data indicate that the part is critical or has
critical characteristics? If so are the critical
£4

I
karantaristics identified and de nada? < "mmnrivn the
hllﬂ&ﬂhl—':'-l.&ah.l.k-:l AUTI I L LAk ST it WA LT L

findings.}

Does the manufacture of the item requlire a loft or
contour drawing? If so, is the drawing identified or
the required contour adequately described? (If contour
or loft drawings are reguired for manufacture of <the
item, but are not contained within the data, this fact
should be noted.)

Is the part made from & forging or casting? If so, are
the forging or casting drawing numbers set forth in the
data? (If the casting or forging drawings are

available, they should be included in the package. The
absence of necessary forging or casting drawings should
be noted in the evaluation. Whether the available data
restricts forging or casting sources to particular
firms should also be noted.)

If the part is to mate with other parts, such as hole
patterns, are the mating parts identified in the data?
(If not, a note should be made concerning the absence

of such information.)

Does the manufacture of the item require the use of
master or coordinated tooling? If so, 1s the master or
coordinated tooling identified in the data? (The use
of jigs or fixtures to ease manufacture or assembly is
not to be considered master toeling.)

Can a Military or Federal Specification or Standard or
more preferably an Industry Standard be substituted for
the prime contractor's specification or standard set
forth in the data? (If s, note the applicable
potential substitution.)

10
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1. Is proprietary data necessary to manufacture the part?
(If so, note the absance of the data and identify the
proprietary data to the extent possible, based on the
unrestricted data available.) .

Generate Data Call Sheet (Figure 2) to be included in the
candidate File.

3.1.2.2 Hardware Required

It is important that adequate hardware be avallable as
early as possible to develop the necessary data through reverse
engineering. The number of parts required varies greatly with
the complexity of the part and the testing requirements. The
quantity of hardware required for reverse engineering should be
determined depending upon complexity and risk assessment.
consideration should be given to the possible destruction of an
item during disassembly and material analysis. Whenever
possible, only new items from ILnventory should be used as it is
difficult to establish performance criteria or tolerances on used
parts. The use of new items from inventory precludes the Reverse
Engineering Process from resulting in an unsuitable part, due to
existing defects. It may be necessary, at times, to obtain the
hardware from other sources such as field units or commercially

3.1.2.3 Test Regquirements

The test requirements to be determined include initial
inspection and testing of the hardware provided for reverse
engineering, and for inspection and acceptance of the prototype
to be built and tested in accordance with the preliminary TDP.
Special testing and test equipment/fixture requirements should be
identified and a test plan developed.

The objective of the test plan 1is to verify adherence to
the requirements delineated in the applicable specifications and
standards, including verification of performance, determination
of reliability and endurance, and verification of structural
integrity.

If the available documentation lacks sufficient test data,
a worse case analysis should be performed to develop testing
criteria and procedures, including critical failure modes and
limitations. Experts in the field should be contacted to
identify common failure areas. The tests for item failure
limits, such as, overload, fatigue, vibration, and temperature,
are the most convincing means of ensuring equivalence of
manufacture. The Acceptance Test Procedures should define these
requirements and speclfy the test procedures in accordance with

11



Downloaded from http://www.everyspec.com

MIL-HDBK-115 (ME)

the applicable specifications and standards. A sample Test Plan
Format is provided in Figure 3.

3.1.2.4 Reverse Engineering cOst-Estiﬁate and Schedule

Cost estimates and schedules previously generated should be
reviewed. Most of these estimates were based on a best guess, at
the time, without benefit of hardware availability.

The Reverse Engineering Cost-Estimate and Schedule is based
on the complexity of the item and the number of plece-parts/
components involved. The total effort involved is dependent upon
the technical data available versus the amount of data to be

developed.
A sample Cost-Estimating Guide is provided in Figure 4.

These are only guidelines and most data was derived during
the trial program; however, the estimates for drawing
preparation, producibility studies and quality control reviews
are based on years of experience.

The Reverse Engineering Cost-Estimate and Milestone Chart
should be developed and included in the cCandidate File. The
values for prototype production and testing may be estimated at
this time, and revised later in the process when actual bids are
received from the manufacturers.

Establish a dollar value for a point of diminishing returns
and monitor the estimated cost to complete throughout the
process., The TDP preparation costs will not change significantly,
however, as tolerances are develcoped and tooling requirements
identified, it may affect the cost of reverse engineering.

3.2 DISASSEMBLY PROCEDURES

A Disassembly procedure is required for each candidate to
ensure functional integrity and to allow for a viable analysis
and documentation.

The nertinent data abhtained as a result of the disassemhly

procedures should be included in the Candidate File.

3.2.1 Initial Inspection and Testing

To preclude the replication of defects, the hardware
provided for reverse engineering must be inspected for possible

12
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damage in shipment. The necessary documentation for control of

Government Furnished Equipment (GFE), i.e., Damage Reports or
Failed Item Reports (Form DD-1149}, should be generated as
required. An initial operating test should be performed to

ensure the item functlions in accordance with established
performance specifications.

The hardware should be photographed prior to and during

disassembly since, in some cases, no other record of the item
exists. In addition, since the piece-parts will be identified

by bagging and tagging, their position in the assembly should be
noted.

3.2.1.1 Physical Confiquration Audit (PCA)

The PCA is the formal examination of the as bullt version
of a configuration item against its technical documentation in
order to establish the configuration item's product baseline.
The PCA should be performed in accordance with MIL~-STD-1521A
procedures and requirements. A Functional Configuration Audit
(FCA) 1s conducted to ensure the item performs in accordance
with established performance specifications.

The hardware provided for reverse engineering should be
examined against the unrestricted technical documentation
available, such as, manuals, drawings, specifications, etc., to
ensure ‘the hardware is accurately reflected by the
documentation. The hardware should be compared for uniformity of
components, . particularly fabricated parts. In the event that
discrepancies or inconsistencies are discovered, the hardware
should take precedence over the existing documentation for
reverse engineering purposes, and all discrepancies should be
reported to the cognizant command. Often electronic assemblies
wlll use components of a higher reliability class and a declsion
will be required on which takes precedence, the hardware or the
existing documentation. This should be done by the project
engineer familiar with the initial testing of the item Quring
the acquisition cycle. ‘

-

3.2.1.2 1Initial Measurements

Prior to disassembly, all dimensions and electronic data
should be recorded, such as, input/output parameters,
clearances, torque values, and assembly critical dimensions that
would be unobtalinable after disassembly. On PCBs in particular,
‘pads' or other information may be destroyed during disassembly.
The measurements should be taken on all meving parts, and their
working envelope, including rotation angles, clearances between
close tolerances, and non-critical dimensions.

12
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3.2.2 Disassembly

when disassembling the hardware, record notes for possible
assembly procedures to be included in the TDP. As they are
dlisassembled, create a list of all piece-parts/components,
including quantities and special part markings which may
indicate that the part is either commercially available or a
Military Specifications part. A layout of the parts, marked
with the assembly sequence, is useful for creating the assembly
drawing and for reassembly of the itemn.

During disassembly, identify each piece-part/component
(bagged and tagged) to facllitate control of parts.

Examine each piece-part/component to determine any markings
which could identify the actual manufacturer, 4i.e., trademark,
FSCM number, manufacturer's name, part number, patent mark, molad
mark, etc. Where lubricant is applied, 1loock for markings on
grease fittings which may indicate the lube 0il requirements.
Take samples of the grease or lubricant for future
identification prior to cleaning the disassembled parts.

When disassembling electrical assemblies, review all
terminal markings. If the terminal and pin location, or FROM-TO

data, is not stamped on the wires, clearly mark each end and
create a wire=run 1list. Clearly mark the photographs with all

plug and terminal designations.

Treat items that are Dbonded, velded, or otherwise
permanently Jjoined as an inseparable assembly. Dastructive
disassembly may not be required. If possible, perform all non-
destructive testing of hardware prior to destructive testing.

3.2.3 Parts Identification/Screening

After disassembly, research each piece-part/component to
identify existing NSNs, commerclially avallable hardware, MIL-STD
parts, and non-standard parts, considering the parts control
program MIL-STD-965.

Perform an economic analysis on all sole-source and
non-standard plece-partsg/components to determine the cost-
effectiveness of reverse engineering the pilece-part/component.
Perform a 1limited screening process . to DAR-S56 on thesge
components. Properly screen all data supplied by the component

s o - Yo i - - e - l-T-13 0Kk o ~ne = cremrmanrm d wer T e ey oy L Y ol
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proprietary data prior to providing it to the agency/contractor
performing the reverse engineering. This is discussed in depth
in the Data Rights section of this handbook (para. 2.4).

=
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Conduct research concerning the existence of Specification
or Source Control Drawings. A similar item drawing could exist
and a simple tabulation drawing could be re-created to add the
new part to the system. Most configuration contrecl systems
include a listing of parts and related drawings.

A search may be made via a Master Cross Reference List
(MCRL) to screen the pertinent nomenclature and part number.
The MCRL accesses the Technical Logistics Reference Network data
bases which provide the exchange of technical information on
parts and components, as follows:

© Enables identification and 1location of components, sub-
assemblies, and assemblies which are already used and
supported in the Federal Supply Systems

o Identifies components and plece-parts having multiple
use across different systems and Services

¢ Allows searches by technical characteristics

0 Identifies like-items used by all the Services
o Jdentifies alternate manufacturers

The Government-Industry Data Exchange Program (GIDEP) may
be researched for additional information to ldentify items which
could be included in a list of diminishing manufacturing sources
or supply. The GIDEP may also be used to determine which off-
the-shelf items and parts are out of production, which items
have low reliability, and which 1items can be successfully
completed in 1lieu of sole-~source procurement. The GIDEP

provides additional data, as follows:

Metrology data
Engineering study reports
Failure analysis data
Dimension source data
Test data

00000

The GIDEP is an important tool in the Reverse Englneering
Process. Many commands have GIDEP representatives and
membership may be obtained by contacting:

officer in Charge
GIDEP Operation Center
Corona, California 91720

Additional data may be obtained by searching:

15
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Vendor Catalogs

Military/Federal Standards/Specifications
Military Handboaoks :
bata Item Descriptions

MS Drawings

Qualified Parts Lists

CO000C0CGO

3.2.4 Technical Data Package Requirements

Datermine the number and size of drawings, specifications,
and assoclated lists required to complete the TDP, and request a
block of drawing numbers from the cognizant Command. Request
tha format requirements, including. drawing media and special
notes or procedures unicue to that Command.

3.3 REVERSE ENGINEERING MANAGEMENT PLAN

A Reverse Engineering Management Plan is required for each
candidate to ensure a loglical sequence o¢f events to prevent
delays or misinterpretations in the overall program objectives.

A Reverse Englneering Management Plan may be developed at
the beglinning of the process. This plan may not be complete,
howaver, until hardware and data are reviewed. This management
plan may include In-Process Reviews and possible economical
cut-off points. Upon completion of the disassemble process and
a better knowledge of the parts is obtained, a tasking plan may
bea developed. .

The tasking plan maf define the tasks necessary to complete
the TODP, and the management control and monitoring procedures
required to ensure the objectives are achieved in a timely
manner. This may include the following:

o Define the specific tasks to.be accomplished

o Establish the order in whicﬁ the tasks must be
performed

o Specify the resources (personnel, materials, and
costs) required to complete each task

o Establish the starting and completion times for
each task

16
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A Program Evaluation and Review Technique (PERT) Chart is
useful for monitoring the activities and events that nust be con-
pleted in a specified sequence to achieve the objectives, and to
identify those activities which can be accomplished concurrently.

Where necessary, identify the 1long lead time items and
recommend the procurement of these items prior to completion of
the complete process. These items may be provided as GFE during
the prototype phase. Also investigate the possibility of
furnishing items that may currently be in the federal supply
system.

3.4 HARDWARE ANALYSIS

A Hardware Analysis is performed to develop the missing
data required for a TDP.

In those cases where the existing technical documentation
is either 1incomplete or unavailable, hardware  analyses
(dimensional, material, electrical/electronic) will be performed
‘to develop the technical data (product baseline} required for
production. The data developed by physically examining,
measuring and analyzing the existing hardware will be included in
the end-item drawings and specifications.

All test equipment should be calibrated prior to use in
ordar to detect and adjust any variation in the accuracy of the
instrument being checked. The calibration of all measuring and
test equipment should be performed in accordance with
MIL~STD-45662.

3.4.1 Dimensional Analysais

The dimensions define the size and shape of the part and
locate all part features. Tolerances describe the dimensional’
limits to facilitate manufacturing while ensuring proper fit and
function of parts or assemblies. Conduct a dimensional analysis
on all hardware piece-parts/components. If required to establish
the dimensional data, parts that could not be disassembled
previously may be cross=-sectioned and cut away.

17
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Consider the following when performing the dimensional

analvgisg:

iR aySa=s
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Note bearing housings and shaft fits and, where they
are not 1in accordance ’'with standard recommended
practices in the bearing manufacturer's catalog,
additional bearing seats and tolerances should be
reviewed and investigated. The variation could be a
manufacturing error or done deliberately for scme
engineering purpose
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turers often produce unique threads to prevent others
from copying them or substituting standard threaded
parts. Measure and compare the pitch diameter to the
classes provided in Federal Standard H-28

Note all clearances measured, to assist in the
tolerancing of individual parts. These should
include, but are not limited to, the following:

Lateral movement

Backlash (gears and splines)

Torque

Operating loads (i.e., handlas)

Keyway clearances

Q0000

Cross sectionh welded joints to determine the depth of
penetration and the preparation treatment which may
have to be performed and the length and size of
fillets and bevels used :

When parts have features which appear to be of no
useful function for the item's intended use, consid-
eration should be given to the manufacturing processes
involved. A hole or protrusion could have been
designed to facilitate the manufacturer's require-
rents. Note such features and, when the final drawing
is prepared, indicate those features as optional for
manufacturing purposes

In many cases, manufacturing methods dictate dimen-
sicnal requirements, as in the following examples:

o Punchedq Parts. Normally, items that are sheared
or punched do not require a good surface finlsh
on the sheared edge. However, in some cases,
the manufacturer will intentionally punch a hole
with a minimum of ' clearance between the punch
and the die. This is done to create a larger
‘straight land' in the hole, which may be

18
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required as a load bearing surface or to
minimize wear on mating parts. When reverse
engineering a punched hole, note the
'land-width', If it is more than 25% of the
length of the hole, it could be intentional

o Injection Molded, or Investment Cast Parts. In
addition to the draft and parting lines, note
ejection-pin 1locations, for inclusion in the
final drawing as an allowable feature.

g. Joining methods such as riveting or spot-welding may
require testing to determine the strength
requirements. Many spot-welded items are controlled
at the weld by pull-tests and, if necessary, review
annlicahla gpnac i Flipatrinng fnr i neinn i'n fhn Finxl
applicable specifications for nclusion final
TDP

h. Evaluate heat treatment, using creoss sections =as
required to determine case depth, grain structure and
other metallurgical requirements. Note grain flow on
forgings

i. Whenever a pressed-in bushing exists, ensure concen-
tricity of that bushing to the diameter securing it

3. If dowel pins are used to align mating parts, ensure
. the location of the pins at the projected distance to
assure the fit of those parts

K. Check surface finishes on all mating surfaces, whether
or not a gasket is used

1. Examine casting surfaces subject +to wear for grain
structure varlances caused by special casting
mrmmarmmem 3 VIl AT T T dom Hks\-ﬂn—n" T o et e e
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that particular area

m. Measure electrical wire diameters and note insulation
type and thickness. Duplicate the length of the wire
even 1f it appears to be excessive. Shortening a wire
length could change the electrical characteristics of
the end item

A manufacturing process variation can produce some strange
numbers for part or assembly dimensions. Unless the dimensions
or specifications for the next higher assembly are known,

“nominalizing® of interface dimensions is not recommended.
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If possible, perform a dimensional analyses on not less
than two items. The results of each may then be compared to
determine the possible existence of manufacturing variances as an
aid to establishing tolerances, and to ensure they are identical
as the probability of randomly selected items with identical

defects is negligible.

If possible, determine whether items were manufactured in
the same lot and note accordingly for the producibility study.

Parts manufactured in the sane lot may have very slight
dimensional differences, may not accurately depict the allowable
tolerances and may have identical defects.

3.4.2 HateriaL Analysis

The material analysis, including chemical and metallurgical
analysis, 18 performed to determine the composition, surface
treatments, finishes, hardness, and heat treatments pertinent to
each plece-part/component.

Spectrographic samples should be submitted for composition
analysis and identification of elements. The suggested sample
size is: 1" x 1" x 1", as smaller-sized samples are less cost
efficient and may prohibit the use of instrumental analysls. The
material analysis for plastic parts usually requires as much as
cne month additional time.

Where possible submit samples for metallurgical analysis in
their entirety. Improper 'cutting of the sample could affect the
hardness readings or the interpretation ef the heat treating

process.

3.4.3 Electrical/Electronic Aﬁalysis

The electrical/electronic analysis defines the input/output
parameters, component characteristics, circuit paths, materials,
crating and bonding necessary to reproduce the candidate through
reverse engineering. The documentation available on the candi-

date may range anywhere from complete to nonexistent.
validate documentation.

To verify:

o
)
o
i)
|
<
o)
W
H
[+]
H
o

b. Prescribed test procedures

¢. Confiquration and dimensional tolerance data
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d. Producibility of a like 1item at reduced cost not
using restricted or proprietary information

e. QC/QA information

TF +hna ahava ~Aanm ho as~
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be formulated on the like item.

If documentation on the c¢andidate is incomplete or not
available, a more rigorous apprcach must be taken:

a. Input/output parameters have to be determined using
data from the next higher assembly

b. Circuit paths have to be documented

c. Circuit components have to be identified and
functional characteristics ascertained

d. Determination must be made of where substitute
items may be used without changing circuit
parameters

e. An equivalent circuit of the candidate under
consideration must be designed

Design validation of the reverse engineered circuitry may
consist of one or both of the two major electronic circuit
disciplines, analog and/or digital. Documentation should include
the classical engineering tools and definitions.

a. Analog circult designs should be checked for:

Circuit stability

Step response

Frequency response

Gain and phase linearity

S5low rate

Non~linear characteristics
Thermal characteristics

Ripple and noise

Input/output parameter and impedances
Power consumption (max/min)
Specialized functional parameters

C0000CO0O0OOOCQO

b. Digital circujt designs should be checked for:

Input/output level (with and without stimull)
Proper bias levels

Rise and fall time of signaling pulses

Clock fraequency and duty cycle

Q000
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Circuit interaction and component characteristic

o

¢ Thermal characteristics

o Input/output impedances

o Functional parameters of circuitry and effects
of fault simulation

o Power consumption of circuitry (max/min)

@ Speclalized functional parameters.

Environmental requirements should be thoroughly documented
and tested for shock, vibration, temperature, humidity and any
EMI/RFI requirement).

In conjunction with the above circuit analysis and design
validation, component performance characteristics should be
examined to dguarantee that input/output parameters can be
realized to meet the specifications and reliabllity requirements
n# +ho ~andidata

Rrhdi elilivna luARL Wi

All specifications and component characteristics should be
included in the parts list and/or appropriate drawings.

- a A Yiem omr e mm e s o mm e | o e
3.4.4 Engineering Sketc

The englneering sketches and specifications developed at
this time will be used to draft the Level 3 Drawings, Control
Drawings, and other technical documents required for the

Preliminary TDP.

The engineering sketches and specifications should provide
the complete technical data requirements and circuit drawings,
parts 1listings, component parameters, all input/ocutput data,
special requirements, special wave form drawings and timing
information, and circuit layout required for end item production
of all assemblies, subassemblies, plece-parts/components, to
produce a prototype of the item under consideration.

Test Requirement Specifications ﬁay include:

a. The scope of the requirement, which states the purpose
of the specification to be established

b. Applicable documents which include the end item Specs

- (applicable service, Army, Navy, Alr Force, etc),

Military Standards, Drawings, publications and non-
government documents

c. Requirements containing the functional characteristics
of the circultry, with applicable drawings and
functional data which represents the overall opera-
tional parameters

22
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4. Quality Assurance Provisions which contain the
inspection criteria and complies with the specified
military standards and end item specifications for the
specified design. This includes functional and
environmental test procedures as called for by

military and end-item standards

e. All military standards, end-item specifications and
test findings

£. An acceptance test will be formulated and
documentation of standards and specifications used
will be included.

3.5 LEVEL 3 DRAWINGS

Level 3 Drawings are the result of the Reverse Engineering
Process and contain the documented parameters necessary to
produce the selected candidate.

one of the final results of a Reverse Engineering Process
is the preparation of a drawing to be used for competitive
procurement. DOD-D-1000 and DOD-STD-100 fully describe the
requirements of a Level 3 drawing.

A reverse engineered item may result in the use of several
types of - drawings. In accordance with DOD-D-1000, Level 3
Drawings consist of engineering drawings and associated lists
which provide sufficient definition for manufacturing and
production without resorting to additional product design ef-
forts, additional design data, or recourse to the original de-
sign activity. The Level 3 Drawings should:

o Provide requirements which permits replication of
the original item except for characteristics
changed as a result of Value Engineering, Product
Improvement and other formal design change actions

© Provide the engineering data for support of
quantity productiocn

o Provide the necessary data to permit competitive
procurenent.

Based on . sound engineering judgment concerning the
complexity and engineering sophistication of the design, the
types and number of drawings required to satisfy the function

should be prepared in accordance with DOD-STD-100. The
engineering drawings should consider, for exanmple, the
following:

23
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Details of unigque processes

Performance ratings .

Dimensional and tolerance data

Ccritical manufacturing assembly segquences
Input/output characteristics

Diagrams ’

Mechanical and electrical connections
Physical characteristics including

form and finish :

Details of material identification
Inspection, test, and evaluation criteria
Calibration information

Quality Control data

Interface characteristics

Critical safety items

Electrostatic discharge sensitive items
Part marking items

Coo0oo0Cc0DOCO
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Appendix ¢ provides additional information concerning
engineering drawings and definitions.

All Level 3 Drawings sghould be prepared on the media and
formatted in accordance with cognizant command requirements.
Pre-printed format paper and designated blocks of drawing
numbers may be requested from the cognizant command.

The Level 3 Drawings should be developed using the
engineering sketches and specifications described in para.
3.4.4. As many subassembly drawings as possible should be
prepared so that the top assembly drawing is easier to read and
build. A drawing tree for each assembly should be prepared
prior to drafting to facilitate completeness and accuracy of
drawings.

The preparation of detail and assembly drawings using
Computer-aided Design/Drafting (CADD) equipment versus
traditional drafting methods, may facilitate rapid and accurate
input/output, updates/revisions, and storage/transmission of
pertinent technical data. However, unlike drawings produced by
conventional methods where lines can be blended and
approximations made, computer-generated drawings require more
accurate inputs. For example, lnaccuracies will become visible
on plotted drawings if tangent arcs, circles, etc., are not
defined to 3-or-more decimal places. '

The use of library files which include standard symbols;
commen parts such as bolta and washers; and standard notes,
eliminates the task of re-drawing these items continucusly. To
ald in monitoring costs and complling parts lists, input data

may be extracted from drawing files.
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The drawing references to specifications, either military,
federal or commercial, should be backed up in a reference note-
boock or file. This 1list of references can be used to compile
the data list when all drawings are complete.

When submitting a package to Quality Control (QC) for
review, it should be accompanied by a book or folder of copies
of all the specifications used or referenced on the drawings.
This may expedite the review by approximately 50%.

Copies of the drawings, associated 1lists, and technical
data developed during this phase of the process should be
included in the Candidate Flle (see para, 3.1.1.3).

3.5.1 Producibility Study

The purpose of this study is to verify the adeguacy of the
preliminary TDP for competitive procurement, and to ensure
legibility, accuracy, and completeness of the drawings and
specifications developed through reverse engineering, as
follows:

© Review for other engineering considerations such
as Product Improvement and value Engineering (see
para. 4)

© Determine adequacy of the technical documentation
for production competition (manufacturing)

0 Determine adequacy of drawings and specifications
with respect to the manufacturability of parts or
assemblies

0o Verify the tolerances and ensure the interchange-
ability of parts at assembly (%)

¢ Ensure that the drawings are completely
dimensioned and toleranced in accordance with
applicable standards

o Ensure that the drawings meet the requirements of
the specified level in accordance with DOD-D~1000.

(*) The next higher assembly drawings and manuals may be
used to verify tolerances, Actual measurements on
next higher assemblies may be required.

Consider the following areas when ©performing a
producibility study.

25
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Dimensions/Tolerances . Tolerance analysis is
performed to ensure that the dimensional limits are
sufficiently controlled so that the form, fit and
functional requirements are met, and to minimize any
potential manufacturing difficulties in the
machining, forming, assembly, and inepection

Anaratrianc Tha mavimim tnlarance alloawances shonuld
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ba deternined to permit manufacturers to use

‘alternate fabrication techniques to minimize costs.

Dimensioning and tolerancing are to be in accordance
with Amerlican National Standards Institute (ANSI)
Y14.5M unless otherwise specified

Materials . The materials specified should be
reviewed for impact on availability, cost,

producibility, and function of the part. A range of
materials equivalent in strength to the material to
be used in the prototype should be specified to
permit bidders to estimate manufacturing costs based

on their best in-house process

Heat Treatment . The capability of materials to
respond to specified heat treatments should be
verified and specified in accordance with the
applicable specification (MIL-H-6088 or MIL-H-6875)

Finishes. The impact of finish on function and cost
should be evaluated. The most economical finish that
will satisfy the functicnal requirements should be
specified. If machine finishes are required, the
highest roughness acceptable should be specified for
the designed function

Cleaning and Joining Methods. The proper joining
methods such as, mechanical fasteners, metallurgical
welding, brazing, soldering, and chemical adhesives,
should be specified and evaluated for applicability,
ease of access during the joining process, and
alternate method of joining for cost reduction. For
example:

0 Welding: MIL-STD-22
ANSI/AWS A2.4
ANSI/AWS A3.0
AWS B3.0

o Soldering: DOD-STD-1866

© Brazing: MIL-B-7883

© Riveting: MIL-STD-403
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Coatings. The proper coatings, surface treatments
and finlishes should be specified in accordance with
MIL-STD-171, including proper paint specifications
and pre-treatments

Selection of Standard Parts/Components. The parts

defined by Milltary standard (MS), Army-Navy (AN),
National Alrcraft Standards {NAS), or other
Government standards, should be used wherever
possible for compliance with the requirements of the
applicable standards

Quality Assurance Provisions. Where applicable, the
drawings should list the appropriate data concerning
acceptance of detail parts or assemblies, as follows:

o Dynamic Tests : pertinent c¢ycling, torsional
deflection capabilities, and gear backlash

o Electrical : electrical parameters and
characteristics, continuity checks, dielectric
data, and durability

o Electronic : circuit parameters and character
istics, circuit path checks, input/output param
eters, special functions, wave form analysis, and
layering and bonding requirements

"o Enclosure Requirements : pressure and leakage

allowance (MIL-E-2036)

o Liguid Penetrant Inspection : inspections in
accordance with MIL-E-2036 or MIL-XI-25135, as
applicable; personnel certification in accordance
with MIL-STD-410

o Magnetic Particle Inspection : inspections in
accordance with MIL-I-6868, MIL-M-11472, or
American Society for Testing and Materials (ASTM)

E125; personnel certification in accordance with
MIL-STD-410

o Radiographic Inspection : inspections in
accordance with MIL~C-6021, MIL-STD-1264,
MIL-STD-1265, MIL-R-11470, or MIL-STD-453, as
applicable
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o Clearance and Fit: interchangeable, moving and
mating parts should be reviewed to ensure proper
dimensions of close .fitted 1items using ANSI Ba.l
as a gulde

All drawings and specifications should be revised as re-
quired, to reflect any changes or corrections resulting from the
producibility study. Upon completion o©f <this update all
documentation will be placed in the candidate file for use in
the production of the Level 3 Drawings.

3.6 QUALITY CONTROL

A Quality Control study should be performed and documented
on the Level 3 Drawings and prototype of candidate to certify
their compliance with original candidate specifications.

A quality controel plan should be developed to ensure that
the product conforms to drawings, specifications, inspections,
tests, and task order requirements.

MIL-I-45208: Inspection System Requirements, applies to the
procurement of supplies and services, as follows:

o Engineering services contracts wvhere software/
_documentation deliverables are required

o Minor 1limited production or prototype hardware
contracts where inspection 1is the major quality
control factor.

MIL-Q-9858: Quality Program Requirements, applies to
complex supplies, components, equipment and systems required for
major hardware production contracts and when MIL-1-45208 is
inadequate to provide the needed quality assurance.

3.6.1 Quality Assurance Provisions (QAPs) -

The Quality Assurance Provisions (QAPs) included on the
Government drawings are the documented reguirements, procedures
and- criteria necessary for demonstrating that designs conform to
user requirements; and, ‘that material and associated services
conform to approved designs. The QAPs establish a quality
baseline by providing the means to audit the product to assure
contractor’s production capability to meet various requirements
in the Technical Data Package. The QAPs nust meet the
requirements of AMC-R-702-10: Quality Assurance Provisions for
Army Materiel.
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The QAPs are normally prebared for inclusion on component,
subassembly and assembly drawingg.

QAPs are not required for the following:

o 'Components, subassemblies, or assemblies that are
not required for installation in the maintenance or
repair of an end-item, subassembly, or ‘component
(except those destined for use in mOdlflCatanS,

reconditioning, or retrofit programs)

o Commercial, proprietary, or off-the-shelf items,
unless modified, or where specific performance
requirements are necessary for the military
application

© Simple items such as nuts, bolts, washers, locks,
hinges, etc., except when these items are employed
for critical usage or high accuracy is regquired

o Items not supported by detail drawings whose
requirements are contained in a detail specifi-
cation

o Components, such as, springs, gears, etc., having
like characteristics and which are applicable to a

c;E;gB;;-—;E-;;i;E;a items. 1In such cgg;gj_ghe QAP
should be included in the specification for those

items

Each characteristic on the drawing must be classified as
critical, major or minor, as applicable, in accordance with
MIL-STD-105: Sampling Procedures and Tables for Inspection by
Attributes. Classification of a characteristic is determined by
analyzing the effect on the end item, if only that characteristic
was dlscrepant. This analvtical procedure identifies those

characteristics whose conformance will verify the design
objectives. The classification of characteristics is applied to

drawings prior to approval for production. All pertinent QAP

data should be entered on each specific drawing. The engineering
notes should include all pertinent QAP data reguired.

3.6.2 Documentation of Quality Control

A quality control review should be conducted for adequacy
of all ﬂrau‘lnnn test data, and quality assurance provisions. A
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check-list should be prepared for each drawing to ensure that all
elements pertaining to the item have been fully delineated.

The drawings should be inspected wusing the "limiting
quality method" of MIL-STD-105. Drawing defects are defined as
follaws:
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o Maijor Defect: An error in the drawing that, if not
corrected, could cause a hardware defect that would
affect form, fit, Ffunction, production contract
cost, or scheduled delivery. Illegibility and
nonreproducibility are classified as major defects

o Minor Defect: An error in the drawing, other than
a major error, which is 1in violation of the
standard or specifications for the drawing require-
ments

A limited PCA should be performed to ensure that the docu-

mentation developed through reverse engineering conforms to the
actual item.

The rejection criteria should be determined and all dis-
crepancies should be resolved and corrected prior to final ap-
proval of the drawings and specifications.

3.6.3 cCertificate of Compliance

A certificate of compliance should be placed in the
candidate File certifying that the enclosed documentation 1is
correct and meets all applicable specifications and requirements

and all corrections and/or changes have been completed.

3.7 PRODUCTION REVIEW

A Production Review is performed to determine the economics
of production of the reverse engineered item.

The objective of the Production Review is to determine
pertinent prototype production data based on actual quotes from
competent manufacturers, as described in paragraphs 3.7.1 through
3.7.4. )

3.7.1 Estimates

Obtain quotations from three or more sources for prototypes
and one, two, and three year quantity requirements based on
average annual buy guantity.

3.7.2 Make-or-Buy

Where necessary, depending upon contractual agreements, a
make or buy decision may be required by the government or
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contractor based on prototypes. validation of the TDP during
prototyping is important.

3.7.3 Schedules

Develop new schedules based upon delivery times cquoted for
both the prototypes and production quantities.

3.7.4 Should-Cost

Should cost data can be developed using actual gquotations

from suggested sources of supply developed during the procurement
process. )

The Reverse Engineering Cost Estimate and Schedule (para.
3.1.2.4), should be updated to reflect the actual costs and
schedules resulting from the Production Review.

The Candidate File should be updated to include the results
of the Production Review.

3.8 PROTOTYPE PRODUCTION

Prototype Production involves the manufacture and testing
of the prototype to determine if it meets all required specifi-
cations.

b4 |
All prototype manufacturing shoculd be sub=cont

prove the adequacy of the preliminary TDP. When assembly and
testing procedures are part of the TDP, the entire assembly
should be completed. Testing that is not a normal function of
the manufacturing industry may be sub-contracted. .

A record shall be maintained eof all subcontractor requests
for walver or deviation, and the cognizant engineer should review
all such requests. All discussions with the vendors should
include participation by the cognizant contracts or procurement

perbonnex .

3.8.1 Procurement

A decision to procure the individual prototypes for test,
as opposed to a First Article Test in a production run, should be
the result of an economic analysis considering delivery times and
tooling costs.
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31.8.2 Parts Fabrication

when an item is a relatively simple assembly consideration
should be given to procuring the parts individually and as-
sembling the items in-house.

3.8.3 Inspection and Quality Control

All prototype parts and assemblies should be inspected in
accordance with the incoming inspection policy. The decision to
accept, reject, or rework the item should be made by the
cognizant engineer, and all appropriate documentation should be

completed.

The gquality control plan should define procedures for
controlling procurement, manufacturing, assembly, inspection,
Lesting, rejection, rework, and approval of the prototype built
in accordance with the developed drawings and specifications.
Each item should be inspected in accordance with disciplines
such as mechanical, electrical, welding, material, ' dimensioning
and tolerancing, as applicable.

3.8.4 Assembly

During the assembly c¢ycle, care should be taken to
duplicate the requirements annotated on the assembly drawing and
ensure that lubricants and fluids meet <the  applicable
specifications (this includes all clearance and torqueing
requirements).

3.8.5 Test

Prototype testing may be used teo validate concepts for
function and producibility; prove out production concepts; and
demonstrate adequacy to meet user requirements. Testing may not,
depending upon a risk assessment, be required for simple items
such as nuts and bolts.

Prototype testing may be conducted.in accordance with the
developed test plans, and will focus on _conformance to relia-
bility, availability, and maintainability requirements; support-
ability; survivability; human factors; and safety.

3.8.6 Certificate of Compllance

A certificate of compliance should be placed in the
Candidate File certifying the product complies with workmanship
standards and that all requirements and/or . changes have been
completed and the prototype is an acceptable replacement for the
candidatae.

32



Downloaded from hﬁp://www.everyspec.com

MIL-HDBK-115({ME)

3.9 FINALIZE TDP

A finalized TDP 1s formulated and delivered to the agency
requesting the reverse engineering of the candidate item.

After approval of the prototype, all édata changes requlred
as a result of the manufacturing phase shall be included in the

final TDP.

The procedures for finalizing the TDP, such as, monodetail
o multidetail drawings and associated lists, ghould he in
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accordance with AR 70-37 Confiquration Management, and the
engineering practices of the cognizant command.
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4.0 FOLLOW-ON CONSIDERATIONS

The Reverse Engineering Process as described earlier in
this handbook does not address additional engineering and
logistics considerations, The newly acquired technical knowl-
edge, gained by reverse engineering, allows us to re-evaluate
the design for maintenance philosophy, reliability, cost, and
other changes that may affect the logistics support requlrements

Paragraphs 4.1 through 4.3 describe these follow-on
considerations.

4.1 END-ITEM TDP UPDATE

The newvw TDP, including drawings, parte lists,
specifications, specification change notices, drawing change
notices and notices of revision must be incorporated into all
affected documentation using the configuration management
procedures required by the individual commands.

A review should be made of the Level of Repair Analysis
(LORA) based upon the new technical data available. Due to lack
of repair, items that are currently throw aways may now be
reclassified as repairable.

The requirements of the parts control standard, MIL-STD

965, apply to all new parts, entered into the Logistics Support
System, as a result of the review.

4.3 ENGINEERING RECOMMENDATIONS

4.3.1 Product Improvement

The items, as documented during the Reverse Engineering
Process, may not have been previously considered for product
improvement because of inadequate data.

Using the new data developed during the Reverse Engineering
Process, an engineering evaluation may be conducted and product

improvements made.
It should be remembered that it may not be in the best

interest of the current supplier(s) to improve the reliability of
their products, thus reducing the requirements.
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Examples of areas with prodhct improvement potential are:

o Bearings operating beyond manufacturers
reconmendations

o Electronic components operating at peak capacity

o Use of lnadequate materials and protective coatings
o Use of older technoclogy

o Use of non-standard components

4.3.2 Value Engineering

A Value Engineering {VE) review of reverse engineering
candidates may reveal cost drivers over and beyond the sole

source restrictions. Some probable high cost drivers are:
excessive material requirements, design defects, over design,
functional redundancy, tolerance restrictions, excesslive

performance requirements, etc. When these or similar conditions
are noted, consideration should be given to performing Value-
Engineering studies prior to the completion of the Reverse
Engineering Process. value Engineering studies should be
conducted in strict accordance with current DOD procedure for
conducting Value Engineering studies.

A VE Study and VE Proposal form is provided in Figure 5.

The results of all studies conducted should be documented
in a format suitable to support the inclusion of the dollars
saving into the DOD Value Engineering accountability system.
The documentation must include, as a minimum, the fecllowing:

o Originating individuals name, title, - signature,
official symbol and phone number

o Item, component or part studied

o National/Federal Stock Number

o Major end item/system/program

o Appropriate code & program element

o Results from the five phases of the VE job plan:
1) Information Phase

2) Function Phase
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3) Speculation Phase

4) Evaluation Phase

5) Developnmnent Phase

Estimated cost of change(s) recommended
Estimated net saving to the government

Unit savings

A cost analysis summary to suppert the ahove
asterisked items.

The Logistice Support Analysis and the Logistics Support

Analysis

Record could be affected by these changes and

appropriate action taken to update these documents.

Manuals should be reviewed and changes resulting from the

creation

of the technical data package and possible new mainte-

nance procedures incorporated.
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6.0 NOTES

6.1 SUBJECT TERM (KEY WORDS) LISTING

Reverse Engineering Procedures
Reverse Engineering Guidelines

Preparing Activity:

Custodian:
Army=-HE

Army-ME

Review Activities: Project MISC-A079

Army-AM, AL, AT, AV, CR, MI
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APPENDIX A

ACQUISITION METHOD CODE/
ACQUISITION METHOD SUFFIX CODE
(AMC/AMSC)
DEFINITIONS
ASSIGNMENT/CONDITION

Suitable for competitive acquisition.
suitable for competitive acgquisition for the first time.

Acquire directly from the actual manufacturer, whether or
not the prime contractor 1s the actual manufacturer.

Acquire, for the first <time, directly from the actual
manufacturer rather than the prime contractor whec is not
the actual manufacturer.

Acquire only from the prime contractor although the engi-
neering data identifies the Commercial and Government
Entities (CAGE) and part number of a source other than
the prime contractor,

ASSIGNMENT/CONDITION

The Government's rights tc use data in 1its possession is
questionable. (NOTE: This code is only applicable to
parts under immediate buy requirements and only as long
as rights to data are still under review for resclution
and appropriate re-coding.) valid AMCcs: 1,2,3,4,5.

Acquisition of this part is restricted to source(s)
specified on "“Source Controlf, "Altered Item", or
H“Selected Item" drawings/documents. Valid AMCs: 1,2,3,4.

This part reguires engineering source approval by the de-
sign contrel activity in order to maintain the cuality of
the part. An alternate source must qualify in accordance
with the design control activity's procedures, ag
approved by the cognizant Government engineering
activity. Valid aMCs: 1,2,3,4.

{Reserved)
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(Reserved)
(Reser?ed)

The Government has unlimited rights to the technical
data, and the data package is complete. Valid AMCs: 1,2.

The Government physically does not have in its possession
sufficient, accurate or 1legible data to purchase this

part from -other than current source(s). (NOTE: This
code is applicable only to parts under immediate buy
requirements and only as long as the deficiency is under

review for resolution and appropriate re-coding.) Valid
AMCs: 1,2,3, 4,5.

(Reserved)

This part must be produced from Class lA castings (e.q.,
Class 1 of MIL-C-6021) and similar type forgings. The
part must be procured only from sources which use
castings or forginqs obtained from approved (controlled)
source(s). Valid AMCs: 1,2.

The annual buy value of this part falls below the
screening threshold of $10,000 but it has been screened
for known source(s). (NOTE: This code shall not be used
when screening parts entering the inventory. It shall
not be assigned in preference to or supersede any other
AMSC.) Valid aMcs: 1,2,3,4,5.

Master or coordinated tooling 1s required to produce this
part. This tooling is not owned by the Government or,
where owned, cannot be made availlable to other sources.
valid AMCs: 1,2,3,4.

This part requires special test and/or inspection facili-
ties to determine and maintain ultra-preclision quality
for its function or system integrity. Substantiation and
inspection of the precision or dquality cannot be
accomplished without such speclialized test or inspection
facilities. Vvalid AMCs: 1,2.

The rights to use the data needed to purchase this part
from additional scurces are not owned by the Government
and cannot be purchased. Vvalid AMCs: 1,2,3,4,5.

- (Reserved)

The data or the rights to use the data needed to purchase
this part from additional sources are not owned by the
Government and it has been determined <that .it is
uneconomical to purchase them. Valid AMCs: 1,2,3,4,5.
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(Reserved)

Acquisition of this part is controlled by QPL procedures.
valid AMCs: 1,2. :

The cost to the Government to breakout this part and ac-
quire it competitively has been determined to exceed the
projected savings over the life span of the part. Valid

AMCs: 3,4,5.

This part has been designed a high reliability part under
a reliability program. Probability of fallure would be
unacceptable from the standpoint of safety of personnel
and/ or equipment. The cognizant engineering activity
has determined that data to define and control
reliability limits cannot be obtained nor is it possible
to draft adequate specifications for this purpose. Valiagd

AMCs: 3,4,5.
(Reserved)

The design of this part 1s unstable. Englneering,
manufacturing, or performance characteristics indicate
that the required design objectives have not Dbeen
achlieved. Major changes are contemplated because the
part has a low process yield or has demonstrated marginal
performance during tests or service use. These changes
will render the present part cohsolete and unusable in its
present configuration. Limited acquisition from the
present source is anticipated pending configuraticn
changes. Valid AMCs: 3,4,5.

{Reserved)
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APPENDIX B

DATA RIGHTS

PDEFINITIONS AND VALID LEGENDS

If the item, component or process depicted by the technical
data was developed by the contractor at Government expense, that
results in "unlimited rights" to the Government for the data in-

volved.
a. The DOD regulationé clearly indicate that 100% of R&D

funding must be at private expense in order to resolve
the data rights question in favor of the contractor.

b. In cases where there is an investment mix of private and
Government funds, the data rights will not be allocated
onn a percentage basis. The data rights will be 100%

"ynlimited rights" to the Government.

" ¢. If the Government funds modification of a portion of
equipment with "limited" data rights, the Government will
have "unlimited rights" to the technical data depicting
only those enhancements, unless the modification is of
such proportion that the original equipnent is unrecog-

en d oo mt

ll.l.l;QUJ.B .

There 1is no time 1limilt on the Government's right to chal-
lenge the contractor's use of a restrictive legend. The contrac-
tor must be notified 1n writing that he has 60 days in which to
demonastrate that the markings are authorized. The contractor is
obligated to prove that the limited rights legend 1s proper and
in accordance with DAR/FAR regulations, by providing records
showing when the data was developed and that the contracter
funded creation of the end-item for which the data was generated

O e N i S Uy P

entirely at contractor expense,

The lack of restrictive legends invalidates <the proprietary
claim and such unprotected data vests "unlimited rights" to the
Government for the data involved.
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DEFINITIONS

UNLIMITED RIGHTS. This means the Government has rights to use,
duplicate or disclose technical data in whole or in part, in any
manner and for any purpose whatsoever, including competitive
procurement, and to have or permit others to de s0. Where data
is published without proprietary legends, any proprietary
character is 1lost and the Government may use data with unlimited
rights, which includes "Breakout" of items. Where a contract
stipulates an option for unlimited data rights or indicates
substantial research and development (R&D) at Government expense,
the Government may acquire wunlimited rights in the item, com-
ponent or system.

LIMITED RIGHTS. This is the basic DOD policy which requires a
contractor to furnish all technical data which is designed for
delivery under the contract terms, but permits the contractor to

protect his 1legend. The burden falls upon the contractor to
identify every piece or page of data to which he asserts a
proprietary claim. The limited rights policy allows the

Government to use data internally (i.e., for maintenance, repair,
or operation of equipment) but does not give the Government the
right to use or disclose data to anyone for purposes of
manufacture, Breakout, or reprocurement, if a proper legend is

affixed to a drawing.

PROPRIETARY DATA . This is technical data which embodies trade
secrets developed at private expense, such as design procedures
or techniques, chemical composition or materials, or
manufacturing methods, processes, or treatments, including minor
modifications thereof, provided that such data:

(1) Is not generally known or available from other
sources without obligation concerning their
confidentiality:

{2) Has not been made avallable by the owner to
others without obligation concerning its
confidentiality; and

(3) Is not already available to the Government with-
out obligation concerning their confidentiality.
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"FORM, FIT, AND FUNCTION" DATA . This 1is technical data
pertaining to end-items, components, or processes for the purpose
of identifying sources, size, configuration, mating, and
attachment characteristics, functional characteristics, and
performance requirements (i.e., specification control drawings,
envelope drawings, etec., in accordance with DOD-STD-100).
DAR/FAR policy requires that form, fit, and function data be

furnished without any proprietary legends.

PATENT. A patent is a right granted to an inventor by the
Government to exclude others from making, using or selling
his/her invention to the public for a periad of 17 years
(extensions are permitted only in certain areas). Whoever
invents any new process, item or composition of matter (includes
micro-organisms), may obtain a patent. An issued patent contains
the specifications and drawings submitted with the patent
application. This patent right is not the positive right of the

inventor to make, use, or sell the invention, but a grant to
exclude others from so doing. All the inventor obtains is the
right to sue.

Example:

Assume a patent "O" is granted to an inventor for a
comblnation of steps or means for performing a speci-

fied function 1illustrated as means: 1 + 2 + 3. A
second patent "P" is issued subsequently, which pro-
vides an improvement over "O". The “P" patent clainm

contains the following means: 1 + 2 + 3 + 4. If the
making, wusing, or selling of the items embodying
patent "p" infringes patent "0", the owner of patent
0" may enjoin the owner of patent "P" from making,
using, or selling the "P" invention. While patentee
upn yould own his invention, he could not use his
invention with out permission from patentee "O", 1In
these circumstances, if patentee Y“O" desired to
license his invention to “P", it would not be logical
to grant #p¥ the right to make, use, or sell the
invention, e.q., the right "to practice" the
invention. Rather, the license would more correctly
contain an agreement by "O" not to sue if "P" made,
used, or sold the "p" invention.

Patent vs. Technical Data - What if data is stamped
“Patented"? Patent legends and restrictive-use legends are
treated differently. A patent excludes other parties from
making an inventor's items for seventeen years. There is
complete disclosure of the invention when the patent is
filed with the US Patent/Trademark office. If a patented
invention is used by the Government without the inventor's
authorization, the only remedy for the inventor is
compensation for the use of the patented item (money
damage) . Title 28 of the U.S. Code, Section 1498 (a),
allows the Government to infringe a patent. The patent
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owner cannot stop the Government from its use, nor can the
patent owner stop a Government contractor from using the
invention if the Government authorized it. By such author-
ization, the Government is responsible for whatever reason-
able compensation has to be made.

Example .of Authorization Clause:

The type of YAuthorization and Consent" ‘clause
incorporated in a contract will depend upon the type of
contract. The following clause is inceorporated in
contracts calling for experimental, developmental, or

avivev T o -~ cavulima oaanteanto whors
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rasearch and development is the primary purpose of the
contract:

AUTHORIZATION AND CONSENT ( date }

(a) The Government authorizes and consents to
all use and manufacture of any invention de-
scribed in and covered by a United States patent
in the performance of this contract or any
subcontract at any tier.

(b) The Contractor agrees to include, and re-
quire inclusion of, this c¢lause, suitably modi-
fied to idemnify the parties, in all subcontracts
at any tier for supplies or services (including
construction, architect-engineer services, and
materials, supplies, models, samples, and design
or testing services) expected to exceed $25,000;
however, omission of this clause from any subcon-
tract, undar or over $25,000, does not affect
this authorization and consent.

The following clause is included in all contracts for
supplies except when complete contract performance and
delivery is to be outside of the United States, its
possessions, and Puertec Rico, or where the research and
development clause 1is required. This clause is wore
restrictive than that for R & D contracts.

AUTHORIZATION AND CONSENT { date )

(a) The Government authorizes and consents to
all use and manufacture, in performing this con-
tract or any subcontract at any tier, of any in-
vention described in and covered by a United
States patent (1) embodied in the structure or
composition of any article the delivery of which
is accepted by the Government under this contract
or (2) used in machinery, toocls, or methods whose
use necessarily results from compliance by the
Contractor or a subcontractor with (i) specifica-
tions or written provisions forming a part of
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this contract or (ii) specific written instruc-
tions given by the Contracting Officer directing
the manner of performance. The entire liability
to the Government for infringement of a patent of
the United States shall be determined solely by
the provisions of 'the idemnity clause, if any,
included 1in this contract or any subcontract
hereunder (including any lower-tier subcontract),
and the Government assumes 1liability for all
other infringement to the extent of the
authorization and consent hereinabove granted.

(b} The Contractor agrees to include, and re-
quire inclusion of, this clause, suitably modi-
fied to identify the parties, in all subcontracts
at any tier for supplies or services (including
construction, architect-engineer services, and
materials, supplies, models, samples, and design
or testing services expected to exceed $25,000;
howeveyr, omission of this clause from any subcon-
tract, under or over $25,000, does not affect

this authorization.

In contrast with patent legends, a restrictive-use
legend on technical data claims rights in a trade secret or
item developed by a company at private expense, which is
not disclosed to the public.

Bottom Line . Thé patent right excludes others from
manufacturing an invention already disclosed to the public,
but the Government may infringe the patent. Proprietary
rights in technical data are asserted by a restrictive-use

.
legend toc prevent disclosure of data applicable to an iten

which is either a trade secret or developed by a company at
private expense. The DAR/FAR regulations prohibit
disclosure of such data ocutside the Government.

COPYRIGHT. This is an exclusive privilege granted to an author

to praint, publish, or copy his literary, artistic, or
intellectual productions. It is a right given to authors in an

effort to advance the arts. The copyright term is the 1life of’
the author plus 50-years after the author's death.

TRADE SECRET . This is any formula, pattern, device, or
compilation of information, which is used in one's business, and
which gives him an opportunity to obtain an advantage over
competitors who do not know or use it. It may be a formula for a
chemical compound, a process of mnanufacturing, treating or
preserving materials, a pattern for a machine or other devices,
or a list of customers. Trade secrets are protected property
unless acquired by proper means. Proper means include:
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(1) Discovery by independent invention:;

(2) Discovery by "ravarse engineering" that is, by
starting with the known product and working back-
ward to find the method by which it was
developed. The acgquisition of the known product
must, of course, also be by falir and honest
means, such as purchase of the item on the open

market, for reverse engineering to be lawful;

(3) Discovery under a license from the owner of the
trade secret;

(4) Observation of the item in public use or on
public display; and

{5} o©Obtaining the trade secret from published litera-
ture. .

PREDETERMINATION/PRENOTIFICATICON OF RIGHTS . This procedure
allows for a predetermination of both limited and unlimited
rights, to be used in cases where the parties can avoid later
disputes by agreeing on their rights before contract performance.
This should only be used when the rights in data can be "practi-
cally identified“. The procedure may be initiated by the con-
tracting Officer or the contractor during the negotiation of a
contract and is not mandatory.

SPECIFIC ACQUISITION. This term applies when the Government
purchases the rights from the developer of the item and uses the
data as the basis for competitive procurement. .These purchases
are included as a separate line item in a contract with a
separate price and requires that such rights shall not be
acquired unless:

(1) There is a clear need to reprocure the item:
(2) There is neo suitable alternative;

{3) The item can be manufactured through the use of
the technical data by the competent vendors; and.

{4) The anticipated net savings will exceed the

acquisition cost of the technical data and rights
therein.
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" - VALID RESTRICTIVE-USE LEGENDS

LIMITED RIGHTS LEGEND: (*)

" CONTRACT NO.:
CONTRACTOR:

THéSE PORTIONS OF THIS TECHNICAL DATA INDICATED AS LIMITED
RIGHTS SHALL NOT, WITHOUT THE WRITTEN PERMISSION OF THE
ABOVE CONTRACTOR, BE EITHER (A) USED, RELEASED OR DISCLOSED

IN WHOLE OR IN PART OUTSIDE THE GOVERNMENT, (B) USED IN
WHOLE OR IN PART BY THE GOVERNMENT FOR MANUFACTURE, OR, IN

WVAR W ddds  Wr kN aav AL a - RELSVILILT

THE CASE OF COMPUTER SOFTWARE DOCUMENTATION, FOR PREPARING
THE SAME OR SIMILAR COMPUTER SOFTWARE, OR (C) USED BY A
PARTY OTHER THAN THE GOVERNMENRT, EXCEPT FOR: (I) EMERGENCY
REPAIR OR OVERHAUL WORK ONLY, BY OR FOR THE GOVERKNMENT,
WHERE THE ITEM O©CR PROCESS CONCERNED IS NCT OTHERWISE
REASONABLY AVAILABLE TO ENABLE TIMELY PERFORMANCE GF THE
WORK, PROVIDED THAT THE RELEASE OR DISCLOSURE THEREOF OUT-
SIDE THE GOVERNMENT SHALL BE MADE SUBJECT TO A PROHIBITION

AGAINST FURTHER USE, RELEASE OR DISCLOSURE; OR (II) RELEASE
T0 A FOREIGN GOVERNMENT, AS THE INTEREST OF THE UNITED
STATES MAY REQUIRE, ONLY FOR INFORMATION OR EVALUATION
WITHIN SUCH GOVERNMENT OR FOR EMERGENCY REPAIR OR OVERHAUL
WORK BY OR FOR SUCH GOVERNMENT UNDER CONDITIONS OF (I)
ABOVE. THIS LEGEND, TOGETHER WITH THE INDICATIONS OF THE
PORTIONS OF THIS DATA WHICH ARE SUBJECT TO SUCH LIMITATIONS
SHALL BE INCLUDED CON ANY REPRODUCTICN HEREOF WHICH INCLUDES
ANY PART OF THE PORTIONS TO SUCH LIMITATIONS."

(*) A proper legend in accordance with DAR/FAR regulations.

COMMERCIAL PROPRIETARY LEGEND: (%+)

(**}

" ( name of contractor )
PROPRIETARY INFORMATION

THIS PRINT OR DOCUMENT, AND THE INFORMATION AND KNOW-HOW 1T

CONTAINS ARE PROPRIETARY TO { nanme of contractor ) AND
MAY NOT BE USED OR REPRODUCED OR DISCLOSED TO OTHERS
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WITHOUT THE PRIOR WRITTEN PERMISSION OF ( name of
contractor ). PERMITTED REPRODUCTIONS, 1IN WHOLE OR IN
PART, INCLUDING BORROWER'S SHOP DRAWINGS, SHALL BEAR THIS
NOTICE. RETURN COF THIS PRINT OR DOCUMENT AND ALL COPIES
THEREOF MUST BE MADE TOC ( name of <¢ontractor ) UPCH
REQUEST."

Variations/improperly worded legends do not necessarily

invalidate a proprietary claim. The contractor may be
offered the opportunlty to properly combly, within sixtv

Wl AL T WiiE WA WL wuldia W B S e e e SR A F W oa eea —e iy

days, in order to protect "his technical data due to
inadvertent error.
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" APPENDIX C

ENGINEERING DRAWINGS

(Levels/Type/Content)

ENGINEERING DRAWING LEVELS

Engineering drawings and associated data are acquired in

accordance with DOD-D-1000 in one or more of three levels, as

follows:
o LEVEL 1: Conceptual and Development Design Data;
o LEVEL 2: Production Prototype and
Limited Production Data; and
o LEVEL 3: Production Data.
<> Level 1 Drawings . Level 1 engineering drawings and

<>

<>

associated data will disclose, as a minimum, engineering

design information sufficient to evaluate an engineering
concept. They may also provide information sufficient teo
fabricate developmental hardware. Layout drawings and
combinations of types of engineering drawings may be used
to convey engineering concepts so that the information 1is
understandable to cognizant Government engineers and
scientists. This information should also enable
fabrication by the design contractor of developmental

hardware for test or experimentation.

Level 2 Drawings . level 2 engineering- drawings and
associated data will disclose a design approach suitable to
support the manufacture of a production prototype and
limited production models. Engineering drawings will
include, as applicable, parts list, detail and assembly
drawings, interface control data, diagrams, performance
characteristics, critical manufacturing limits, and details
of new materials and processes. Special inspection and
test requirements necessary to determine compliance with
requirements for the item will be - defined on the
engineering drawings or referenced to a document acceptable

to the Government.

Level 3 Drawings . Level 3 engineering drawings and
associated data will provida engineering definition
sufficiently complete to enable a competent manufacturer to
produce and maintain quality control of item(s) to the
degree that physical and performance characteristics are
interchangeable with those of the original-design. These
characteristics will be obtained without resorting to
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additional product design effort or design data; and
without recourse to the original design activity. Level 3

engineering drawings will:
o Reflect the end-product;

¢ Provide the engineering data for the support of
quantity production; and

o In conjunction with other related reprocurement
data, provide the necessary data to permit
competitive procurement of items substantially
identical to the original item(s].

ENGINEERING DRAWING PRACTICES - DOD-STD-100

DOD-STD-100 prescribes the general requirements for the
preparation and revision of engineering drawings and associated
data prepared by or for DOD departments and agencles. Reverse
Engineering personnel should become familiar with the various
types of engineering drawings found in the drawing repositories,
and with their impact when used for competitive acguisition. 1In
developing adeguate Technical Data Packages (TDPs) for wuse in
competitive acquisition, the data appearing on engineering
drawings and their relationship to manufacturing should be
understood. DOD-STD-100 has standardized the types of drawings,
and has designated standard Government/Industry practices for
depicting information on the drawings.

TYPES OF ENGINEERING DRAWINGS

An engineering drawing is a docurent that discloses
(directly or by reference) the physical and functional end-
product requirements of an item through pictorial or written
presentation, or combinations of both.

Engineering drawings are normally procured from end-item
contractors (manufacturers and designers) as part of the end-item

acquisition. The Army receives, inspectse and agtores these
drawings at deslignated data repositories.

An original engineering drawing, and a Type I, Class 1
microfilm copy, are procured as delliverables under a production
contract. Drawings and other technical data are acquired for two
main purposes: for use in repair and installation of the system
or equipment, and for use in procuring replenishment parts in
support of system or equipment repair.
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DOD-STD-100 defines dozens of various types of engineering

drawings, but only the major types of drawings will be discuseed

here,

<>

<>

<>

<>

<>

<>

as follows:

Detail Drawings . This ‘drawing depicts the complete
end-item requirements for the part(e) delineated on the
dral‘.'ring' exce?t when additional end-nroduct reduirements

are accomplished on inseparable assembly drawings.

Assembly Drawing . This drawing depicts the assembled
relationship of:

a. Two or more parts;

b. A combination of parts and subordinate assehblies:.

or

c. A group of assemblies regquired to form an assembly
of higher order.

An assembly drawing contains sufficient views to show
the relationship between each subordinate assembly and part
comprising the assembly depicted.

Datajled Assembly Drawing . This drawing depicts an
assembly on which one or more parts are detailed in the

R . =

assembly view, or on detail views.

Matched Parts Drawing. This drawing depicts parts that are
machine-matched or otherwise mateqd, and for which
replacement as a matched set or pair is essential.

Schematic or Electrical Diagrams . These diagrams show, by
means of graphlic symbols, the electrical connections and
functions of a specific circuit arrangement. They

facilitate tracing the circuit and its functions without
regard to the actual physlcal size, shape, or location of
the compecnent devices or parts. '

Control Drawing. This is an engineering drawing that
discloses configuration and configuration limitations,
performance and test requirements, weight and space
limitations, access clearance, pipe and cable attachments,
etc. The required level of detail is that necessary to
allow the development or procurement of an item on the
commercial market, or the installation and co-functioning
of an item with related items. Control drawings are
identified in four categories: Specification cControl,
Source Control, Altered Item, and Selected 1Item Drawings,
as follows:
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<> Specification cControl Drawing . A Specification

Contral Drawing depicts an existing commercial item
or vendor developed item which is advertised or
cataloged as available on an unrestricted basis, on
order as an o©off-the-shelf 4item, or as an item
which, while not commercially available, 1is
procurable on order from a specialized segment of
an industry. The drawing, under the heading
"Suggested Sources(s) of Supply", lists. the name
(address if known), manufacturer's CAGE number, and
item identification number of two or more Known
sources unless, after search of vendor data for
similar products, it is determined that there is

only one source. In addition, the notation
"gpecification Contrel Drawing® appears above the
title block. The manufacturer's (vendor's) part

number is the item identification. The following
appears in the body of the drawing:

“IDENTIFICATION OF THE 'SUGGESTED SOURCE(S) OF
SUPPLY' HEREON IS NOT TO BE CONSTRUED AS &
GUARANTEE OF PRESENT OR CONTINUED AVAILABILITY
AS A SOURCE OF SUPPLY FOR THE ITEM(S)}."

A Specification Control Drawing discloses, as

applicable configuration, envelope dimensions,
nounting and mating dimensions, interface dimen-
sional characteristics, and limits these
dimensions. As necessary, it also discloses
inspaection and acceptance test reguirements and
performance, reliability, maintainability,

environmental, and other functional requirements,
to ensure identification and adequate reprocurement

of an interchangeable itenm. If an electrical or
electronics (or other engineering) circuit is
dmermnTund a ol amad i andA Aoannant {4 an ~r At

LV L VG P L FA ST A= o A A0Na e A AT N b WA LS . Wl L
appropriate dlaqrammatic diseclosure is included or
raferenced on the drawing to provide sufficient
information for making external connections.

In dealing with Specification Control
Drawings, you should be aware of the following:

o The suggested sources listed on a
Specification Contrel Drawing are not
as o

fmbrarmAnd &~ repr v e J-l-....
Cillw wllo

intended to repr nly sources for

the item H
¢ Qualification testing of commercially or

vendor developed items in advance of a
procurement action is not a prerequisite
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for 1inclusion on a Specification Control
Drawing. If such testing or approval is
esaential, the item is normally a candidate
for Source Control Drawing coverages;

o Vendor developed items are those products
of industries which normally provide

customer application engineering services

for a commaercial product line; their
products are commercially available from. a
specialized segment of an industry.
Typlical examples are special motors,
synchros, transformers, potentiometers,
hydraulic valves, carburetors, potted
servo-amplifiers, keyboards, tape readers;

o Altered items, selected items, and items
depicted in Federal, Military, and recog-
nized Industry Association Standards or
Specifications, are hot delineated on
Specification Control Drawings;

o Specification Control Drawings are not used
to depict commercially developed or vendor
developed items upon which a design
activity has placed requirements in
addition to those normally provided by
vendors. These kinds of items are depicted
on either Selected Item Drawings or Altered
Item Drawings, as appropriate;

o This standard, by itself, should not cause

preparation of Specification Control
Drawings for all applicable vendor items.
Preparation criteria for engineering

drawings are governed by the contract or
order; and

o Specification Control Drawings may be used
for competitive acquisition. A specifica-
tion control number is a control number and
should not be used as a part idéntification-
number.

<> Seource Control Drawing. These deplet an existing
commercilal or vendor item which exclusively
provides the performance, installation, and
interchangeable characteristics required for one or
more specific critical applications. A quality
conformance inspection and approval procedure is
stated on the drawing or in a document referenced
on the drawing. The drawing includes the following
statement:
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MONLY THE ITEM DESCRIBED ON THIS DRAWING WHEN

DRASITRI'N TDAM THR UYRPNhWMRIC) I.TSTEN HEREAN TC
ERVwULL RN adidh VANLALDLL O Ak S A L SRALANLLW AN T

APPROVED BY (name and address of cognizant
design activity) FOR USE IN THE APPLICATION(S)
SPECIFIED HEREON. A SUBSTITUTE ITEHM SHALL NOT
BE USED WITHOUT PRIOR APPROVAL BY (name of
cognizant design activity) OR BY (name of
Government procuring activity).

IDENTIFICATION OF THE APPROVED SOURCE(S)
OF SUPPLY HEREON IS NOT TO BE CONSTRUED AS A
GUARANTEE OF PRESENT OR CONTINUED AVAILABILITY

a0 3 OAMIMIAT AN OoTIIDIDT W AR MU TMDY nbhoroTooR
A0 N SUVURLL VU JUrrlui LYin LIl AL1L0F ViowihviDLU

ON THE DRAWING."

Source Control Drawing numbers are part
identification numbers. When more than one vendor
i 1listed on a Source . Control Drawing for items
that are repalrable and the repair parts are not
interchangeable, each vendor's item 1is assigned a
dash~number of the Source Control Drawing.

The drawing includes, under the heading *Approved
Source(s) of Supply", the name and address or
manufacturer's CAGE number, and item identifica-
tion number of each item that has been tested and
approved for use 1in the specific applications

stated on the drawing. In addition, "SOURCE
CONTROL DRAWING" is shown adjacent to the title
block. Thea 1ltem(s) thug disclosed will be

identified in all subsequent actions (including
procurenment) by the Source Control Drawing number.
When another vendor's item is qualified for stated
applications, or when a new critical application is
found, and all vendor ltems cited on the drawing
are approved for use in the new critical
application, the drawing may be revised, rather
than a new drawing issued to show the vendor or
application. Each new vendor added must be
approved for all stated applications.

Note that altered items, salected items, and items
depicted 1in Federal, Military, and recognized
Industry Association Standards or Specifications
are not delineated on Source Control Drawings.

A Source Control Drawing discloses, as applicable,
configuration, dimensions of envelope, mounting and
mating dimensions, interface dimensional
.characteristics, and 1limits to these dimensions.
As necessary, it alsc discloses inspection and
acceptance test requirements, performance, reli-
ability, maintainability, environmental, and other
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functional regquirements, to ensure ldentification
and adequate reprocurement of an interchangeable

item, If an slectrical or slectronics (or other

engineering) circuit is inveolved, a schematic and
connection or other appropriate diagrammatic
disclosure is 1included on the drawing {or
referenced thereon), thereby providing sufficient
information for making extarnal connections.

Altered TItem Drawing . The design activity
responsible for an alteration to a completed item
prepares an Altered Item Drawing. (When a vendor
activity document is referenced, the vendor data is
submitted along with the Altered Item Drawing. If
vendor or original design activity data is un-
obtainable, the Altered Item Drawing will contain
the necessary information required to define the
requirements for that item before its alteration.)
An Altered Item Drawing delineates complete details
of the alteration. The drawing will include the
necessary information for identifying the tenm
before its alteration, including the original
identifying part number and, if it is a
commercially or vendor developed item, the name
(address if known), and manufacturer's CAGE nunber
of the source of the original part. The name and
address of the source do not need to be furnished
if the original part is a Government or Industry
standard item. The notation "ALTERED ITEM DRAWING"
appears adjacent toc the title block. .

Note that alterations may be shown on Detail
Assembly Drawings in lieu of a separate drawing,
providing the above requirements are met and the
altered item is noted as an "ALTERED ITENM".

Selected Item Drawing. It defines an existing
standard or design or vendor activity item with
further required selection or restriction of tha
item for fit, tolerance, performance, or
reliability within the range or limits prescribed
for that item. (When a vendor activity document is
referenced, the vendor data is submitted along with
the selected item drawings. If vendor or original
design activity data 1s unobtainable, the Selected
Item Drawing contains the necessary information
required to define the requirements for that item
prior to selection.) Although physical modifica-
tion is not performed on the item, Dby virtue of
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the selection technique employed, it is demonstra-
tively different than those identified on the
document from vwhich selection was made. In
addition, the drawing includes all necessary
information ¢to identify the item prior to its
delimited selection including the original
identifying part number and, if it is a
commercially or vendor developed item, the name
(address if known), and manufacturer's CAGE number
of the original source. The notation "SELECTED ITEM
DRAWING" appears adjacent to the title block.

<> Associated Parts Lists. A Parts List is a tabulation of all

parts and bulk material (except those materials which
support a manufacturing process) used in the item to which
tha list applies. The Parts List may be integral or
separate from the drawing. Generally, engineering drawings
for electronic components sauch "as transmitters, receivers
and power supplies are prepared with a separate Parts List.
When separate Parts Lists are required, a note "SEE SEPARATE
PARTS LIST" is located above the title block of the parent

2ilg Llletel L18
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APPENDIX D
ACRONYMS
AA Aluminum Association
ABV Annual Buy Value
AMC Army Materiel Command
AMC/AMSC Acquisition Method Code/Acquisition Method Suffix Code
AMCCOM Armament, Munitions, and Chemical Command,
Rock Island, I11.
AN Army-Navy (Standard)
ANSI American National Standards Institute
ASTM American Society for Testing and Materials
ATP . Acceptance Test Procedure
AVSCOM Aviation Systems Command, St. Louis, Mo.
AWS American Welding Soclety
CADD Computer-aAided Design and Drafting
CAGE Commercial and Government Entities
CECOM Communications Equipment Command, Fort Monmouth, N.J.
CICA The Commission in Contracting Act of 1983
DAR Defense Acqulsition Regulatlon
DAR~56 Defense Acquisition Regqulation St Pp}.Eﬁer No. 6
DC Direct Current
DOD Department of Defense
EMI Electro-Magnetic Interference
FAR ~ Federal Acquisition Regulation
FCA Functional Configuration Audit
FSCM Federal Supply Code for Manufacturers
GFE Government Furnished Equipment
GIDEP Government-Industry Data Exchange Program
ILS Integrated lLoglstics Support
IPR In-Process Review
IS0 International Organization for Standardization
LORA Level of Repair Analysis
MCRL Master Cross Reference List
MICOM Missile Ccommand, Redstone Arsenal, Huntsville, Ala.
MIL-STD Military Standargd
MS Military sStandard
NAS National Aircraft Standards .
NBS Naticnal Bureau of Standards
NSN National Stock Number '
PCA Physical cConfiguration aAudit
PCB Printed circuit Board
PERT Program Evaluation and Review Technique
P1P Product Improvement Program
QA Quality Assurance
QAP Quality Assurance Provisions
QcC Quality Control
QPL Quallified Product List
REMS Reverse Engineering Management System
RFI Radio Frequency Interference
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APPENDIX D

ACRONYMS
(Continued)

SAE Society of Automotive Engineers

SME Society of Manufacturing Engineers
TACOM Tank Autamotive Command, Warren, Mich.
TDP Technical Data Package :

TROSCOM Troop Support Command, St. Louis, Mo.
VE value Engineering
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J-C-30
J-C~580
GG-P-455
TT-1-1795

TT-L-26

MIL-T-27
MIL-P-514

MIL-T-704
DOD-D-1000
MIL-E-2036

MIL-C-3432
MIL-D-5480

MIL-C-6021
MIL-H-6088
HIL-S-6090

MII-W-6858

MIL-I-6866
MIL-I-6868
MIL-S-6872
MIL-H-6875
MIL-H-7199

MIL-W-8611

Downloaded from http://www.everyspec.com

MIL-HDBK-115 (ME)
APPENDIX E

REFERENCE DOCUMENTS

Federal Specifications

cable and Wire, Electrical Power Fixed
Installation,

Cord, Flexible, and Wire, Fixture,
Electrical 0 to 600 Volt Service.

Plate and Foils, Photographic Photosensitive
Anodized Aluminum.

Ink, Marking Stencil, Opaque, for
Nonporous Surfaces, Metals, Glass, etc.

Lacquer, Cellulose Nitrate, Brushing, Gloss

Military Specifications

Transformers and Inductors (Audio, Power, and
High Power Pulse), General Specifications for.

Plate, Identification, Instruction and
Marking Blank.

Treatment and Painting of Material.

Drawings, Engineering and Associated Lists.

Enclosure for Electrical and Electronic Equipment,
Naval Shipboard.

Cable and Wire, Electrical Pcower and Control,
Flexible and Extra Flexible, 300 and 600 Volts.

Data, Engineering and Technical, Reproduction
Requirements for.

Castings, Classification and Inspection of.

Heat Treatment of Aluminum Alloys

Steels Used in Aircraft Carburizing and Nitriding,
Process for. '

Welding, Resistance; Aluminum, Magnesium,
Non-Hardening Steels or Alloys, Nickel Alloys,
Heat Resisting Alloys, and Titanium, Spot and
Seam.

Inspection, Penetrant Method of.

Inspection Process, Magnetic Particle.

Soldering Process, General Specification for.

Heat Treatment of Steels.

Heat Treatment of Wrought Copper-Beryllium Alloys,
Process for (Copper Alloys: Numbers 170, 172,

amA 17TRY
QNG 475 »

welding Metal Arc and Gas, Steels, and Corrosion
and Heat Resistant Alloys, Process for.

[+
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MIL-Q-9858
MIL-G-10944
MIL~-P-11268
MIL-R-11468
MIL-R-11469
MIL-R-11470
MIL-M-11472
MIL-M-11473

MIL-C-12044
MIL-W-12332

MIL-S§-12515
MIL-M=-13231
MIL-5-19500
MIL-P-198234

MIL=-W-21157

MIL-W-22248
MIL-I-25135
MIL-V=38352
MIL-I-45208
MIL-W-45210

MIL-W-45223
MIL-T-50301

MIL-T-60530

FED~-STD-66
FED-STD-151
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APPENDIX E

Military Specifications
{Continued)

Quality Program Requirements.

Gages, Dimensional Control.

Parts, Materials, and Process Used in
Electronic Equipment.

Radiographic Inspection, Soundness Regquirements
for Arc and Gas Welds in Steel,

Radiographic Inspection, Soundness Requirements
for Steel Castings.

Radiographic Inspection, Qualifications of
Equipment, Operators and Procedures.

Magnetic Particle Inspection, Process, for
Ferromagnetic Materials.

Magnetic Particle Inspection, Soundness
Requirements for Weldments.

Chests, Plywood.

Welding, Resistence, Spot, Seam, and Projection;
for Fabricating Assemblies of Low Carbon Steel.

Surface Hardening: Flame Induction.

Marking of Electronic Items.

Semiconductor Device, General Specification for.

Plates, Identification, Metal Foil,
Adhesive Backed.

Weldment, Steel, Carbon and Low Alley Yield
Strength, 30,000 - 60,000 PSI.

Weldments, Aluminum and Aluminum Alloys.

Inspection Material, Penetrant.

Value Engineering Program Requirements.

Inspection System Requirements.

Welding, Resistance, Spot, Weldable
Aluminum Alloys.

Welding, Spot, Hardenable Steels.

Technical Data: Quality
Requirements for.

Technical Data Package for AMC Materiel.

Control Systen

v

Federal Standards

Steel: Chemical Composition and Hardenability.
Metals; Test Methods.
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MIL-S5TD-12

MIL-STD-22
MIL-STD-29
MIL-STD-34

DOD-STD-100
MIL-STD-102

MIL-STD-105
MIL-STD-120
MIL-STD-130
MIL-STD-143

MIL-STD-171
MIL-5TD-195
MIL-5TD-198
MIL-S5TD~199%9

HMIL-5TD-205

MIL-5TD-210 .

MIL=-STD=410
MIL-STD-419

MIL-5TD-423

MIL-STD~453
MIL-STD-454

MIL-5TD-470
MIL-S5TD=471

DOD-STD=-480

MIL-STD-616

MIL~-STD-645
MIL-STD-681
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APPENDIX E

Military Standards

Abbreviations for Use on Drawings, Specifications,
Standards and in Technical Documents.

Welded Joint Designs.

Springs, Mechanical; Drawing Requirements for.

Preparation of Drawings for Optical Elements and
Optical Systems, General Requirements for.

Engineering Drawing Practices.

anti-Friction Bearing Identification Cade

c

Sampling Procedures and Tahles for Inspe

UHIIIH-I-J.II” e s Ve S N el Sl e R
Attributes,.
Gage Inspection.
Identification Marking of U.S. Military Property.

Order of Precedence for the Selection of
Standards and Specifications.

Finishing of Metal and Wood Surfaces.

Marking of Connections for Electrical Assemblies.

Capacitors, Selection and Use of,

Resistors, Selection and Use of,

X et e el Miadacn Demsmiriad ame FAar
D.L.LHSJ.LIIH Gllu J..I.I:I..I.UWN ELWY AD LWLl L Wi

Tying Down Military Equipment.
Climatic Extremes for Military Equipment.
Non-Destructive Testing Personnel Qualifications
and Certification.

Cleaning and Protecting Piping Tubing and Fittings
for Hydraulic Power Transmission Equipment.
Chain, Roller, Conveyor, Standard and Large
Rollers, Flat Link Plates, Double Pitch, Single
Strand, Connecting Links and Attachment Links.

v g A e Ol b

Cuuiu, Roller, Power Transmission Offset Sidebars,
Single Pitch.

Inspection, Radiographic.

Standard General Requirements for Electronic
Equipment.

Maintainability Program Requirements.

Maintainabillty/Verlflcation/Demonstratlon/
Evaluation,

configuration Control - Engineering Changes,
Deviations and Waivers.

Configuration Control - Engineering Changes
Deviations and Wavers (Short Form).

Extinguishers, Fire, Monobromotrifluoromethana,
Portable, Hand and Wheeled Types, Capacities
and Cylindrical Dimensions.

Dip Brazing of Aluminum Alloys.

Identification Coding and Application of
Hookup and Lead Wire.

tion bv
~i
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MIL-STD-690
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MIL-STD-721

MIL-STD-756
MIL-STD=-757
MIL-STD-781

MIL-STD-785
MIL-STD-790
MIL-STD-882

MIL-STD-889
MIL-STD-961

MIL-STD-1261
MIL-STD-1272
MIL-STD-1285
MIL-STD-1472

MIL-STD-1474

MIL-STD-1521

MIL-STD-45662
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APPENDIX E

Military Standards
{Continued)

Failure Rate Sampling Plans and Procedures.
Ligts of Standard Semiconductor Davices.

T CAL AT e WA A o ARE e W R SR W e e

Definition of Effectiveness Terms for Reliability,
Maintainability, Human Factors, and Safety.

Reliability Prediction.

Reliability Evaluation from Demonstration Data.

Reliability Design Qualification and Production
Acceptance Tests: Exponential Distribution.

Reliability Program for Systems and Equipment
Development and Production.

Reliability Assurance Program for Electronic
Parts Spacifications.

System Safety Program Requirements.

Dissimilar Metals.

Outlina of Forms and
Preparation of Specifications
Documents.

Welding Procedures for Constructional Steels.

Door Hardware, Vehicular.

Marking of Electrical and Electronic Itens.

Human Engineering Design Criteria for Military
Systems, Equipment, and Facilities.

Noise Limits for Army Material.

Technical Reviews and Audits for

" Equipment, and Computer Programs.
Calibration System Reguirements.

Instructions for the
and Associated

Systens,

1411
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APPENDIX E

Industry Standards

Aluminum Association (AA) :
Aluminum Standards and Data.

American National Standards Institute (ANSI)

ANSI B4.1l Preferred Limits and Fits for Cylindrical Parts.

ANSI B29.1 Precision Power Transmission Roller Chains,
Attachments, and Sprockets.

ANST B46.1 Surface Texture.

ANSI C37.2 Manual and Automatic Station Control, Supervisory,
and Associated Telemetering Equipments.

ANSI Y14.1 Drawing Sheet Size and Format.

ANSI Y14.5 Dimensioning and Tolerancing for Engineering

Drawings.

ANSI Y14.17 Fluid Power Diagrams.

ANSI ¥32.10 Graphic Symbols for Fluid Power Diagrams.

ANSI Y¥32.16 Reference Designations for Electrical and

Electronic Parts and Equipments.

American Society for Testing and Materials (ASTM)

ASTM A400 Standard Recommended Practices for Selection of
Steel Bar Compositions According to Section,

ASTM A576 Special Quality Hot Rolled Carbon Steel Bars,
Specification for.

ASTM B108 Aluminum Alloy Permanent Mold Castings,
Specification for.

ASTHM B211l Standard Specification for Aluminum Alloy Base,
Rods and Wire.

ASTM E380 Standard for Hetric Practice.

Society of Automotive Engineers (SAE)

SAE J403 Chemlcal Compositions of SAE Carbon Steels.

SAE J414 Estimated Mechanical Properties and Machinability
of Hot Rolled and Cold Drawn Carbon Steel Rods.

Saciety of Manufacturing Engineers (SME}
Designing for Economical Production, Chapter 6.
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MIL-HDBK-53
MIL-HDBK-108

MIL-HDBK-132
MIL-HDBK-139
MIL-HDBK-204
MIL-HDBK-217
MIL-HDBK-223
MIL~-HDBK-472
MIL-HDBK-6391

NBS Monograph

FED-STD-H28

AMCP 702-3
AMCP 706-100

[ty Y r 3 WA T e

AMCP 706-104
AMCP 706-125
AMCP 706-133
AMCP 706-134
AMCP 706-195
AMCP 706-196
. AMCP 706-197
AMCP 706-198
AMCP 706-199

AMCP 706-200
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Military Handbooks

Guide for Sampling Inspection.

Quality Control and Reliability Sampling
Procedures and Tables for Life and Reliability
Testing Based on Exponential Distribution.

Protective Filnishes.

Plastics, Processing of.

Inspection Equipment Design.

Reliability Prediction of Electronic Equipment.

Coded List of Materials.

Maintainability Prediction.

Adhesives.

U.5. Department of Commerce
National Bureau of Standards (NBS)

a8 Heat Treatment and Properties of Iron and

Steel.
Screw-~Thread Standards for Federal Services,

AMC Pamphlets

Quality Assurance Reliability Handbook.

DeEi"'“ Guidance for Praducibhilitv
Guidanc Producibhility

Value Engineering.

Electrical Wire and Cable,

Maintainability Engineering Theory and Practice.
Maintainability Guide for Design.

Design Guide for Reliability, Part One.

Design Guide for Reliability, Part Two.

Design Guide for Reliability, Part Three.

Design Guide for Reliability, Part Four.

Design Guide for Reliability, Part Five.

Design Guide for Reljability, Part Six.
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APPENDIX E

Miscellaneous Publications

DOD-HDBK 5010.8-H
DLAM B200.1

DOD 4140.26M VOL.I

DAR

DAR SECTION 1
DAR SECTION VII

DAR SECTION IX
DAR SECTION XIII
AR 70-37

AR 715-5

AMCR 70-8

AMCR 70-46

DARCOM~-HDBK 700-1.1

DARCOM 700-2.1
DARCOM(R) 702-10

MECOM REGULATION 702-10

DARCCHM SUPPL 1 TO AR 70-37
MERADCOM REGULATION 10=-1

MERADCOM REGULATION 702-6
MERADCOM SUPPL TOQO AMCR 70-8

WMEPDANAMAY COITDDT 1T MmN
Fiaivil/lWil IV D L A F

DA PAMPHLET 5-4-5
™ 38-750

AR TM—"7
i\ LR - F

RADC-TR-69-458

-Defanse

‘Value Engineering.

Procurement Quality Assurance
Manual.

Defense Integrated Material
Management Manual for
Censumable Item, Vol.I
Commodity Oriented Item.

Acquisition
Regulations.

General Provisions.

Contract Clauses & Solicitation
Frovisions

Patents, Data, and Copyrights,

Government Property.

Research and Development
Configuration Management.

Department of Defense
Priorities and Allocations
Manual.

DARCOM Value Engineering
Program.

Technical Data Package for
Procurement and Production
of AMC Material.

Integrated Logistics Support
Primer.

Logistics Support Analysis

Quality Assurance Provizions
for Army Material.

Inspection Equipment Design,
Supply, and Maintenance.

Configuration Management Plan.

organization Mission and
Functions Manual.

Product Assurance Program.

DARCOM Value Engineering
Program.

ranfimivarimm Moanasmamant
LONIiIguIavilll mallagSliciiv.

Value Engineering Handbook.

The Army Maintenance Management
System.

Rome Air Development Center
Non-Electronic Reliability
Notebook.

International Organization for Standardization

IS0 R468
ISO R1938
ISO R1l051

System of Limits and Fits for Metric Units.
Rivet sShank Diameters.
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Miscellaneous Publications

DOD-HDBK 5010.8-H
DLAM 8200.1

DOD 4140.26M VOL.TI

DAR

DAR SECTION I
DAR SECTION VII

DAR SECTION IX
DAR SECTION XIII
AR 70-37

AR 715-5

AMCR 7Q0-8

AMCR 70-46

DARCOM-HDBK 700-1.1

DARCOM 700-2.1

DARCOM{RY 702-10

A e R L

MECOM REGULATION 702-10

DARCOM SUPPL 1 TO AR 70-37
MERADCOM REGULATION 10-1

MERADCOM REGULATION 702-6
MERADCOM SUPPL TO AMCR 70-8

L ¥ o [ 2 Yal oty b1 b b §
MERADCOM SUPPL 1 TO AR 70

DA PAMPHLET 5-4-5
™ 38-750

="'
T

RADC~TR-65-458

‘Value Engineering.

Procurement Quality Assurance
Manual.

Defense Integrated Material
Managemenht Manual for
Consumable Item, Vol.I
commeodity ©Oriented Item.

Defense Acquisition
Regulations.

General Provisions.

Contract Clauses & Solicitation
Provisions

Patents, Data, and Copyrights.

Government Property.

Research and Development
Configuration Management.

Department of Defense
Priorities and Allocations
Manual.

DARCOM Value Engineering
Program.

Technical Data Package for
Procurement and Production
of AMC Material.

Integrated Logistics Support
Primer.

Logistics Support Analysis

Quality Assurance Provisions
for Army Material.

Inspection Equipment Design,
Supply, and Maintenance.

Configuration Management Plan.

organization Mission and
Functions Manual.

Product Assurance Program.

DARCOM Value Engineering
Prbgram.

configuration Management.

Value Engineering Handbook.

The Army Maintenance Management
System.

Rome Air Development Center
Non~-Electronic Reliability
Notebook.

International Organization for Standardization

[, T

System of Limits and Fits for Metric Units.

IS0 R4oB Surface Roughness.
ISO R1938
IS0 R1051 Rivet Shank Diameters.
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REVERSE ENGINEERING
MANAGEMENT PLAN 3.3

pai——

DISASSE Hlt“' PROCEDURES
2

HUNCTIONAL 1 ECONOMIC
ANALYSIS 11

Data Collection lrutial Inspection and Testing Tasking Plan

rhysical Configuration
Audit [PCA)
tnitial Measurements

Alternate Data Sourier
Screerung of Requested
Documentation
Candidate File 5
Disassembly

Bemw Djta Evaluation
Parts dentification

Missing Data Required
Hardware Required
Test Requirements
Neverse Engineering
Cost-Estimate

and Sthedule

TOP Requirements

LEVEL 3 DRAWINGS
13

HARDWAII'! ANALYIIS
K

Quality Assuranct Provisions {QAPL)
Documentation Quality Control
Certificate of Documentation

Producibility
Value Engineering
#roduct Improvement

Dimensional Analyiis
Material Anatysis
flectrical-Electronic Analysis
Engineering Sketches and
Spetications

[ ——

PRODUCTION REVIEW
3.7

PIOTO"'!,FIDDUC“ON FINALIZE TOF
R 39

Estimates
Rigke-or-Suy
Sthedules
Should-Cost

Cenificate of Compliance

Figure l: The Reverse Engineering Frocess (2.0)
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MIL-HDBK-115 (ME)
DATA CALL SHEET

NSH:

NOMENCLATURE:

PART NUMBER:

UNIT PRICE:

REPAIR CODE:

AVERAGE YEARLY DEMAND:

ANNUAL BUY VALUE:

QUANTITY IN STOCK:

QUANTITY DUE IN:

NUMBER ITEMS IN FIELD:

PRICRITY:

REASON:

NEXT HIGHER ASSEMBLY:

LOWER ASSEMBLY:

CURRENT AMC/AMSC:

CURRENT SOURCE:

ITEM MANAGER:

OTHER PERTINENT FACTORS:

Figure 2: Sample Data Call Sheet (3.1.2.1)
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MIL~HDBK-115 (ME)
TEST PLAN

NOMENCLATURE :
NSN:
DATE
1.0 PURPOSE
The purpose of this Test Plan is to ensure that the
{nomenclature) conforms to the contractual
requirements, applicable Government Standards and

Specifications, and the Technical Data Package (TDP)
developed for competitive procurement.

REFERENCED DOCUMENTS

(number and title)

No. , Acceptance Test Procedure for (nomenclature)

MIL~-STD-45662, Calibration System Requirements

DEFINITION OF TEST PLAN

Introduction

The (nomenclature) will be tested as an (assembled
unit -or- subassembllies -or component parts) in accordance
with the Acceptance Test Procedure (ATP), No.

, developed as part of this Test Plan.

Definition of Terms

TDP - Technical Data Package
ATP - Acceptance Test Procedure

Test Schedule

Each (nomenclature) manufactured to the Technical
Data Package (TDP) will be tested upon receipt from the
supplier.

Figure 3: Sample Test Plan Format (3.1.2.3)
: {Page 1 of 3)
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TEST PLAN
(Continued)

Test Procedure

An ATP will be prepared for the (nomenclature)

The ATP will include: Table of Tests; Test Equipment and
Test Fixtures required; specific Test Methods to accomplish
the tests; and Test Data Sheets. The test methods will be
a step-by-step process to be utilized to accomplish the
tests required. The test data sheets will define the
acceptance/ rejection criteria for all test parameters as
well as provisions for recording actual measurements and

pass/fail notations.

Test Equipment

All test equipment used for measurements during acceptance
testing will have evidence of current calibration in com-
pliance with the requirements of MIL-C-45662. The specific
equipment and test fixtures will be listed in the ATP
Number -

Equipment to be Tested

Each of the prototype units will be subjected to 100% test
for all of the characteristics listed in the test data
sheets of the ATP.

Classification of Defects

Departure from the limits specified in the ATP and the test
data sheets are considered to be major defects. Any defect

discovered during the performance of the acceptance test
will result in rejection of the unit under test.

DISPOSITION OF REJECTED MATERIAL

Units which fail the requirements of the Technical Data
Package (TDP) or the ATP will be evaluated and returned to

tho cemreca far roanairs ranl acemant Nanandant ~n +thao

A A D Tl e et A P A - o e e e S k. A e Rer ki A d e # e A=t R Le =3 § L Sras Ll i

nature of the failure/rejection, failure analysis and/or
corrective action may be required for both the hardware and
the TDP.
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TEST PLAN
(Continued)

RECORDS

Test data sheets will be completed for each unit

fabricated.
All records generated for this task will be retained for

not less than nine (9) months after completion of the task.

CORRECTIONS TO THE TECHNICAL DATA PACKAGE (TDP)

when the test faillure 1is attributed to an error or
deficiency in the TDP, the discrepancy will be recorded and
submitted to the Quality Control Department for approval,
prior to updating the TDP.

70
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MIL~-HDBK-115(ME)

REVERSE ENGINEERING ECONOMIC ANALYSIS

MECH ELEX
HOURS HOURS
ITEM PER PER EST. NO. TOTAL
NO. FUNCTION 1TEM - ITEM OF ITEMS EST. HRS.

RECEIVE ITEM & ENTER IN
REVERSE ENGINEERING

i

MANAGEMENT SYSTEM (REMS) 2 2 1
2 REVIEW GFE & RETRIEVE
ADDITIONAL DATA 8 8 1
3 IDENTIFY/REVIEW TEST DATA.
VALIDATE OR DEVELOP TEST
PROCEDURES 40 120 1
4 IDENTIFY PARTS AND
DRAWINGS REQUIRED 8 24 1
5 DISASSEMBLE-CONDUCT PCA 24 24 1
6 DEVELOP SCHEDULE AND REVERSE
ENGINEERING PLAN .8 3 1
7 CONDUCT DIMENSION
ANALYSIS 2 4
8 DEVELOP LEVEL THREE
DRAWINGS 16 16
9 CONDUCT PRODUCIBILITY
AND Q/A ANALYSIS 12 24
10 REVIEW DRAWINGS AND
PROTOTYPE COST W/CUSTOMER .5 1.0
11 INITIATE PROCUREMENT
ACTION FOR PROTOTYPE AND/
OR PARTS 3 3
12 RECEIVE PROTOTYPES,
INSPECT, ASSEMBLE, TEST 8 24
13 PREPARE REPORTS {TECH)
PER REPORT 2 2

TOTAL HQURS FOR REVERSE ENGINEERING FUNCTIONS

Figure 4: Sample Cost-Estimating Guide (3.1.2.4)
Page ) of 5

71



Downloaded from http://www.everyspec.com

MIL-HDBK-115 (ME)

REVERSE ENGINEERING COSTS

1.

2.
3.

REVERSE ENGINEERING PROCESS TOTAL HOURS x

COMPOSITE RATE =
COST OF RENTAL EQUIPMENT FOR ANALYSIS & TEST
LABORATORY COST (MATERIAL ANALYSIS)
DELAMINATION OF COMPLEX ELEX BOARDS

PROTOTYPE COST (AT LEAST ITEM UNIT COST)

T N Lt b

X UNLL QUANIILILX =
SPECIAL TOOLING COST (BEST ESTIMATE)
TOTAL ESTIMATED COST TO REVERSE ENGINEER

ESTIMATED PROCUREMENT COST

1.
2.
3.

ESTIMATED ANNUAL SAVINGS AFTER ENGINEERING

ESTIMATED PROCUREMENT COST PER UNIT

ANNUAL BUY QUANTITY

PRE-REVERSE ENGINEERING ANNUAL BUY VALUE
(B.1 x B.,2)

(25% x B.3)

ESTIMATED ANNUAL BUY VALUE AFTER REVERSE

ENGINEERING

FIRST YEAR COST AFTER REVERSE ENGINEERING

(B.3 - C)

(A.7 + D)

MINIMUM ESTIMATED COST (SAVING OR LOSS5) OVER

ESTIMATED REMAINING SERVICE LIFE OF

YEARS

(B.3)
Pre-Reverse
Engineering

Annual
Buy Value

(A.7)
Reverse
Engineering

Cost

Figure 4:

X Years MINUS

(D)
Est. Annual Buy
+ Value After Reverse b4

Engineering

Sample Cost-Estimating Guide (3.1.2.4)
Page 2 of 5

|
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SAVINGS CONSIDERING COST OF MONEY OVER SERVICE
LIFE OF YEARS .

(Using Interest Rate Of 10%)

Monthly Payback of Amount of (F) from Interest Table X
12 Mo. x Years. : =

Figure 4: Sample Cost Estimating Guide (3.1.2.4)
Page 3 of 5
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TERM

AMOUNT
]
100
200
00
£00

00
0o
roo
"0e
_ Yoo

1000
7000

I
YEAR

4.40
.40
LT.5¢
{1}
35. 17

43. 94
52.75
61.5%
1034
79.13

ar.%2
175.04%
263.75
351 .61
439.58

527.50
515.42
703.32
191.25

ave _1A
-]

Treal

947.04
1055.00
114271
1230.83
1318.74

LaDbobb
1494.50
1582.49
1670.41
1758.32

luas.l4
1934.15

Ay AT
aVERsw T

2109 .97
219T.%0

2205.02
2373.73
2481 .43
2549.517
2637.48

2125.40
2813.31
2901.2)
298%.1%
1017.08

144 AR
2185 =

3252.89
3340. 81
3a20.72
3SLa.84

3604.58
Jar2. 4T
3700Q.37
38468.30
3958.22

404414
4132.05
4219.97
4307.88
4395.80
4835.18
52T4.%4
5714.54
8154.12
65%3.70

7013.28
Tal2.8b
1912.4)
8352.01
87%91.5Y

N
YEARS

2.31
4,42
?.2)
13.85
L.44

23.08
21.49
32.31
36.92
41.54

48,15
”?.29
138, 44
184,58
230.73

2T6.07
323,02
3sT. 16
415.31
48145

£07.40
553,74
597,47
645,03
8%2.18

738,32
Thé .47
830.41
ars. T8
922.90

969.08
101519
1107.48
1153, 63

119977
L1245.92
1292.06
1338.21
1384.33

1430.50
14T0. 54
1522.71%
1568.93
1615.08

1.22

14641.22
1107.317
1753.51
1799.6b
1845,80

891,95
1938.0%
1964,24
2030.310
2076.5)

2122.617
21a8.82
2214, %6
226111

207 3%
Frw et d

2531.724
2768.70
2999.4)
3230.15
Jaso. it

1691, 60
3v22.12
4153.05%
Adad. 17
anls, 50
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MONTHLY

PAYMENT REQUIRED TO AMORTIZE ALOAN

1
YEARS

1.82
3.23
6. 46
.69
12.M

16.14
19.37
22.59
.82
29.0%

2.2
bh.54
95.01
129.07
161.34

193.61
225. 488
250.14
290,41
322.88

154,94
387,28
IR RLY
451.175
404.01

51¢.28
545.55
580.81
413.00
645.35

617,42
709.88
142,16
TT4. 42
804.58

034,95
aT.22
203.4%
915.175
Y54.02

1000.29
1032.56
1044.02
1097.0%
1129.3%
114142
159389
1226.14
1258.4)
12%0. 4%

1322.%
1355.2)
1387.49
1419, 76
1452.03

1484.30
151 8.56
1548.8)
1501.10

1413,
tTre. 10
1934.04
20%1.37
2258. 71
420,04

2581.38
2142.T2
2904.0%
1045. 3¢
3226.12

Figure 4:
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l.27

507.26

532. a2
557.98
583. 34
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834,07

859, 43
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T10.14
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740,88
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Sl1.6)
436,97
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1115.98
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3 ] 7
YEARS YEARS YEARS

1. 07
.12
%.25
6.38
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10.63
12.75
14, 88
17.00
19.13

21.25
82.50
3. 75
a4. 99
106,24

121.49
148.7)
169.9¢
191.2)
212.48

233. 12
254,97
278.22
291,48
ne. 7

3IMLY
381.20
382.45
403. 10
424,95

6.0

431,42

454.84
419,91
TOL. 14
122.40
743,438

A49. 89

8Th.113
892,38
13,63
934. 07
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1274, 03
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1698, 17
1806. 0V
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46403
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815, k4
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© 92810
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1ill.54
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16.61
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Sample Cost Estimating Guide
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MONTHLY 10.060%

PAYMENT REQUIRED TO AMORTIZE A LOAN

4 (A 1L] 7 i 17 Xt Pl i R

TERM [AJ X «
YEARS YEARS VYFARS YFARS YFARS VYEARS YEARS VYEARS YEARS YEARS YEARS YEARS

AMOUNT
50 «58 « 54 « 54 - 53 «52 «50 «50 49 48 ah4 43 «43
100 1.15% 1.11 i.04 1.0% i.03 1.68 -9 ¥7 . ¥ 88 ) 85
200 2.30 2.22 2.15 2.10 2.0% 2.00 1.97 L.94 .82 1.76 le72 1.70
100 3.45 LY 5.23 314 3.01 3.00 2.%5 2.%0 L1 2.64 2.58 2.5%
400 4,80 4.44 4.30 4.1% 4.0% 4.00 3.%3 3.7 .64 3.52 .44 3.40
300 5.7% 5.5% 5.38 5.23 S.11 5.00 4.91 4.03 4,55 4.3% 4.30 4,25
00 4.00 [ 1] [T 4. 28 6. 1) 5.00 5.09 5.80 S.0d 5.27 5.1 $.10
109 1,04 1.16 1.9} 1.1 T-13 T.00 [T 2} 6.74 .37 #e15 $.02 5.3
.19 .07 2.40 .37 8.17 4.00 T.46 .13 T1.27 7.03 6. 80 6. 80

vo0 10.34 .98 1.68 L AL H v.20 1.00 8,84 g.6¢ a.18 7.90 T.14 7.85

100
1600 11.a8 11.00 10.75  10.48 10.22 10.00 .82 V.48 V.09 .78 8.60 8.50
22.96 22.17  21.50 20,92 20.43 20.00 1V.42 19.31 18.18 17.58 1T.20 16.9%

2000 Tileh 33.25  32.26  31.30  30.64  30.60 29.44 2896  21.27 2633 25.40  25.48

_ ic a3 Ak AN A3_an &) _ A Af_AS an_nh 3.3 Ad.bL 1418 AL it 119 31.4%

4000 Srarm et 14 =257 &l 2% *2= 22 =220 =2  22=H1

$000 SY. 40 55.42  S3.74 52,30 SL.00  50.00 AV.OT  Ad.26  al.a4 ANLBD A2.91  AZ.4

000 48,09 66.50 44 40 42.76  41.28  &60.00 S8.88 ST.%1 54.5) 52.86 51.59 50. 4%
7000 80,35 17.58 T15.23 M. 22 T1.49% 49,97 60.89 AT.56 4b}.61 bl.44  p0.180 59.45
1000 91.83  88.84  05.9) #3808 8170 Te.9% TALS) 1121 T2.10  TYo.21 60,780 AT.9%
000 103,31 99,74 0.72 %404 0.9 9,17 0.3 BN 81,79 18.%9 M. 78,43
114.79 110,83 107.47 10460 102,13 .97 95.13 15,31 0,88 BT.TS 15.97 8492

hooo 126,27 121,90 1J4.21 115.0% 112,34 1CR.9% 107.94 106,06 99,98  98.54 9457 13,4l
137.7% 132,89 128.%6 125.51 122.55 1i9.99 117.7¢ 1J5.81 10%5.55 105.31 103.17 161.90
1000 149.23 Te4.0T 139.70 13597 132.78 129,98 127.$7 125.48 116,16 114.09 111.T6 110.39
10000 180,70 155.85 150,45 1eé.43 FA2.9F 13090 JIN.38 135,11 127.22 )22.87 120.3% 11b.4Y
15000 172,18 188.2% 181.20 156,89 153,19 149,90 1AT.19 1aa, 78 134,31 i31.84 128.94 121.38

163,40 159.90 J57.01 154,41 145,40 140.42 137.55 135.47
17000 95,08 iBd.A0 i§E.87 I73.60 1a5.98 16&.82 165,06 154.48 (a9.19 1e6.15 144.38
19000 206.42 199.48 193.43 183,82 LTP.%8 LT7d.463 173.71 14d.5T I5T7.%7 154,73 )452.90%
19000 218,10 Z10.56 204.18 196,73 194.03 189,98 1dé.44 183.38 172,86 166.T4 143,34 1l&l.34

10000 229,57 221.45 214.93 209,19 204,25 19%.%1 190,286 1%3.01 181,75 175.52 171.%4 10Y.B)

11000 261,05 232.73 225.4T 219.84 214.4& 200.%Y 208,07 202.88 170.23 14,30 120.54 178.31
12000 252.51 245,81 234,47 230,10 224.467 219,97 215,88 212.31 199.92 193.0T7 199,13 Q86,02
13000 264,01 254.8% 247.lé 240.% 23483 229.97 225.6% 221.56 205.01 201.85 1%7,.73 195.3
14000 2715.4% 245,97 257.%1 251.02 245.10 23v.97 215.51 23l.41 218.09 210.462 206.3) 203.80
13008 286,97 217,04 2eh.bd 24,48 255.31 249,97 245.32 24l.26 220,10 219,40 214,92 212.29

24000 298.45 280.14 . 279,40 2T1.94 285.52 259.9% 235.1) 250.91 234,27 228.11 223.%2 220.M0
17000 309,92 299.22 290.15 282.40 275.73 249.%6 264.%% 260.54 245.35 736.95 232,12 22%.27
18000 321,40 MO.30 300,09 292.88 205.%4 279.%6 2T4.Té 270.21 254.64  245.T3 240.71 23T.M7
Ty000 332,80 321.30 Jii.66 303,37 296.06 28%.%% 284,57 2TV.80 26).53 254.50 24%.)1 244.24
10000 344,36 33Z.4T 322.3% 31078 J06.3T7 299,95 29438 289.51 2T2.62 2483.20 257.%1 254.15

15000 183,68 177,32 1Tl.%4

1000 355,84 343,55 333,13 324,23 314,58 30v.96 304.20 299,16 281.70 272,05 244.50 263.24
1155 357,32 354,83 3488 A34.8% 324.79 319.95 J14.01 30881 2%0.7% 280.8) 275,10 .2T71.7)
13000 378.79  365.71 354,82 345,15 J37.00 329,95 323.82 Jl0.4s  299.88 209.60 201,70 200.22
Jap00 390,27 3TH.TY 365.37 355.481 347.22 339,95 333.43 328.01 308,96 2%0.30 292.29 20A.11
35000 A0L.75 307.88 378.12 346.07 357,43 34%.95 343.45 337.T6 318,05 3I0T.146 300.8y 291.21

14000 413,23 394,98 38e.056 376,53 36T.64 359.95 351,28 34T.4L 327,14 315.93 30%.ar D05 N0
11000 424.T1 410.04 397.61 306,99 IT7.85 Jev.95 343.07 357.04 336.22 324.7T1 318.08 3la. 00
38000 436, 1% 421,12 408.35 3%T.45 306,04 379,95 3T2.48 384 TL MS.A1 333.48  326.68 322.48
37000 44T, 67 432,20 419,10 407.91 390.24 349,99 JA2.70 3T6.34 354,40 342,28 335.28 M. 17
40000 459,04 AR 29 A20.05 ALKIT A0 AY 3NV INZL51 86,01 363,47 351.03 Q4387 INNGG

11089 470,62 454,37 440,59 428.02 A1A.TO 409,94 402,12 X95.86° 312,57 35%.01 252,47 348,15
11000 402,00 465.45 451.34 439,28 AZB.T] 419.9%F 412,13 &0S5.31 38L.44 348,59 381.07 3%6.45
41000 49,58 476,51 462.09 44V T4 43001 429,94 20,95 414,98 90,75 3TT1.34 dev.04 3eS.14

dmE ML am® 48 AT®m an - Asm 1 rL %1 ¥ b 2
15000 5G5.08 487.51 ATI.83 A00.20 45%.3% 439,95 S31.76 SI4.60 39T.E3 3§s.14 37826 272,82

3000 518,54 AB.TO A@3.SE 470,86 @59.55 449,93 SAL.ST 434,26 40E.52 394.91 34e.dé 32.12

wooo 328.02 S09.T8 ata.32 a1 12 st T 4S9.8)  A3ML38 XL ALS.0L 40349 395,45 IV0.ML
47000 539,49 820,04 505.07 AL, 58 ATY.PT 449,93 481,20 ASI.AT 427,09 Al2.4b6 404.05 399.10
43000 $50.97  S31.%4 515,82 S502.04 490.19 479,93 AT1.00 453,22 436,18 A21.24 412.8% 4(1.60
avp0q  S62.45 543,02 528.56 S12.50 S500.40 489.93 480.82 4T2.07 44527 A30.02 A21.24 16,09
so000  STILTI  5Sa, il 53T 31 522,96 SL0.61  A9%.9) AR0.43  402.52 AS4.34 430.TT e29.m4 424.50

335000 #31.32 409.32 591.04 575,25 361.6T 549,92 S3IV.T0 SI0.TF  4v9.7% A82.8T7 ATZ.82 4aT.04
680,71 884.93 SA4.TT &27.5% 612,73 S599.%1 S5808.T6 ST9.02 545,21 52¢.55 51%5.81 S5CH.40

15000 Tas. 11 720,34 %0.%0 479.04 BAX.T7Y 449,90 AIT.A2 827.21 S%0.ak 5TO.43 S54.TF  551.9%
15000 $03.50 TIS.TS  T52.23 TI2.tA TIALBS A9Y.vD B84BT 475.52 434.10 &l4.D1 01,78 39ALAL

75000 840.89 B3 L4 BOS.96  TEa. a3 TAS. 9L JAV. Y T15.95  TZ3.TT A81.53 AS50.10 MM Te 4D4.06

10000 208,28 GAG.57 25Y.6% E3&. T3 BIA.YT 799,88 MA5.01 T12.02 TIo.91 Y0Z.06 G8T7.Te  47V.)2
#5000 975.08 Fai.98 3i3.42 89,07 868.03 &a5.87 535.88 820.27 I72.50 755.9s 730.73 n21.12

songg  1033,07 9913 sat.1% 9al. 32 IV 0% g9d. 60 BA3.1A BAA.SY2 BIT.as TET.AZ TINTL YeA.2b
vigoo 1090.46 1052,80 1020.48 943,41 970.15 w9, B 932.20 Y1676 843,27 833.10 M1lb.&Y BOA, 89
100000 L147.85 LI08.21 10T4,61 LOAS, 1 10Z1.22 999,85 81.26 945,03 Y0071 B77.50 439,48 04913
Figure 4: Sample Cost Estimating Guide (3.1.2.4)
Page 5 of 5
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VE STUDY AND VE PROPOSAL

(FOR USE OF THIS FORM, SEE SROEC SOF J0-N

VE s8TUDY OR PROJECT NO:

DATE:

ORIGIMATOR'S HAMNE, TITLE, SIGMNATURE:

OFFICE:
STARE-

PHONE HO:

v ITES/ICOMPONENT/FARY STUDIRD:

PART KO (KER, FER)

1. MAJOR ENO ITEM/SYSTEM/PROGRAM:
AC:

re:

a. APPROPRIATION CODE & PROGRAM ELEMENT (JAW AR 37-100-B4l1:

ust AODITIONAL PAGES Al MECEORART!

3. INFORMATION PHAYE: (PROVIOE CATA AS TO PRISEINT COSTS. UIRQSZ, YOLUME, PROCURENENT HIATORY, OTHER URES, £TC.

4. PUNCTION OF ITEM BEING STUDIED:
YEAS;

5. SPECULATION PHASED (LIST OTWIR iTquS, PRGCEOURES
PROCEIRTES, THAT PRGYIOL NAME FURCTION)

ITEM

$. EVYALUATION PHASE: (LIST abvANTAQER/DISADYANTAGES FOR ZACH ITEM IN al0CK 4,

UL ADDITIONAL FAGER AS WACERRARY

ADVANTAQES

OISAOVANTAGES

r. BAVELOPIZEST PHASE:

a. NEED FOR CHAMGE;

b. AECOMMENDED ALTERNATIVE/CHANGE AND REASON FOR RELECTION:

(ADSRESSE &, b, o, BIFERATELY, UETI ADOCITICRAL FACIS A MEICERIARAY]

c. COMYRACTE ArrFegrED: Hg no: ng:
5. CHANGE COST ESTIMATE 9. ERTIMATED NET RAVINGS 10. UNIT BAVINGS
TO THE GOVERNMENT
ENQINEERING _ INSTANT BAVINGSR
INDIVIOUAL UNIT
TESTING CO§T OF CHANGE COST BEFORE CHANGE
PROTOTYPE SUR TOTAL INOIVIDUAL UMIT COST
AFTER CHANGR
OTHER . tad YA SAVINGE -
INDIVIDUAL UNIT
ToTAL Ire YR BAYINOS wsAvINGS
1, OIRPOSITION: SUPERVIBOR ZIGNATURE/TITLE: DATE:
v L) DISAPPROV {1

STABE FM 13-8 AREVIRED JAN 40 .
Figure 5: Value Engineering Study and Value
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INSTRUCTIONS FOR PREPABATION OF VE STUDY
SUMMARY AND VE PROPOSAL

1. General. In accordance with AR 5-4, all in-house VE proposals must be the
results of a Value Engineering Study. This form was designed to combine the two
functions of documenting the astudy effort and presentation of the VE proposal.

2. Proposal Preparation. Instructions for preparation of STRBE-FM 13-8,

Block: VE STUDY QR PROJECT MO - Obtain Ffrom the BRDEC VEPM,

Biock: ORIGINATOR'S MAME, TITLE, SIGNATURE - Wame of person(s) responsible
for the proposal.

Block: DATE, QFFICE, PRONE NO - Self explanatory

" Block (1) - Provide the name of the item or part being studied, plus part
ac. if available.

Block (2) - Provide the name of the major end item, process or system for
item being studied. Ex. Engine-Driven Generator.

Block (2a) - List appropriation code, program element number I[AW AR
37-100-84, Ex, AC: OMA, PE: 644714.19400,

Block (3) - INFORMATION PHASE. Record all pertinent informaticn and data
you have gathered; anything that has an influence oa the item being studied.

Block (4) - FUNCTION. Describe the primary function of the item being
studied in the verb—noun focmat; e.g. The primary function of a file cabinet
may be to "organize files"™, :

Block (5) - SPECULATION PHASE. List (at least two) alternative solutions
being considered, one of which will be selected for the VE proposal.

Block (6) - EVALUATION PHASE. 1In brief terms describe advantages and disad-
vantages of each alternative listed in Block 5, above.

Block (7) - DEVELOPMENT PHASE,

8. Heed for Change. Enter either the pyoblem the VEP intends to
correct, or the nev capability the VEP intends to provide.

b. 1Indicate selected alternative and why it was selected.

c. Liat known contracts which will be affected by this change.
Block (B) * - List all costs required to implement the alternative/change.
Block (9} * - Eﬁtimated savings.
Block (10) * ~ Unit savings,

* Cost estimates should be supportable and documentation furnished.

Block (11) - DISPOSTION. Approval/disapproval must be indicated, Signature
of immediate supervisor.
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STANDARD!ZATION DOCUMENT IMPROVEMENT PRCPOSAL

[Se2 [netrictions — Rfm'z Side)

1. DOCUMENT NUMBER 1. DOCUMENT TITLE

MIL-HDBK-115(ME)

Reverse Engineering Handbook (Guidelines & Procedure

3a MAME OF SUBMITTING ORGANIZATION

k

5. ADDAESS (Street, City, Stata, ZIF Cods)

4. TYPE OF ORQANIZATION (Mardk one)

——
I l MANUPACTUALR

[[] ornen apect:

[« PEOHLY A YEAS

& Faregratst - unbar and Waording:

& RAscommendsd Wardlng:

r. Rassan/Aationsts for Recommendastion:

8. AEMARKS

- ——— i . it —

T 7o NAME OF SLIBMITTEA MLast, Firet, NI) - Optionst

b, WORK TELEPHONE MUMBER firciuds 4 v
Codd) — Optional

3. CATE OF AUBIBRION (YYMUDD)

= T 24

N v

< TAATLING ADORAEES (Bireel, Clry, Biam, ZIP ¢ rm: Loptions
g CEREN & AVENC. WD [ A,
FORM “ FRE VAU i
oD 2o 1426

B AN W AR I Sl R



