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I INTRODUCTION AND OVERVIEW®*

The . NATO Reference Mobility Model ( NRMM) is a
collection of equations and algorithms designed to simulate the
cross-country movemeht of vehicles. It was developed from several
predecessor models, principaily AMC-T74 (Jurkat, Nuttall and Haley
(1975)). This report, in several volumes, provides some background and
motivation for most aépects of the model, and presents documentation
for the coded version now available through the U. S. Army

Tank-Automotive Research and Development Command (TARADCOM).

A. Background

Rationalkdésign and seiection of military ground vehicles
requires objective:evaluation of an ever-increasing number -of vehicle
system options. Technology, thfeat, operational requirements, and cost
constraints changé'with time. Current postures must be reexamined, new
options evaluated, and ﬁew trade-~offs and decisions made. In the
single area of combat vehicles, for example, changes in one or another
influencing factor might require trade-offs that run the‘gamut from
opting for an air or ground system, through choosing wheels, tracks or

air cushions, to designating a new tire.

The former Mobility Systems Laboratory of the then U. S. Army
Tank-Automotive Command (TACOM) and the U. S. Army Engineer Waterways

Experiment Station (WES) are the Army agencies responsible for

* This chapter is adapted from Jurkat, Nuttall and Haley (1975).
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conducting grdund mobility research. In 1971, a unified U. S. ground
mobility program, under the direction of the then Army Materiel .
Command (AMC), was implemented that specifically geared the

capabilities of both laboratories to achieve common goals.

As a first step in the unified program, a detailed review was
made of existing vehicle mobility technology and of the problems and
requirements of the various engineering practitioners associated with
the military vehicle life cycle. One basic requirement was identified
as common to all practitioners surveyed: the need for an objective
analytical procedure for quantitatively assessing the performance of a
vehicle in a specified operational environment. This is the need that
is addressed to a substantial extent by the INRMM and its

predecessors.

In theory, a single methodology can serve some of the needs of
all major practitioners, provided it relates vehicle performance to
basic characteristics of the vehicle-driver-terrain system at

appropriate levels of detail.

Three principal categories of potential users of the

methodology were identified: the vehicle development community, the
vehicle procurement community, and the vehicle user community (Figure
I.A.1). The greatest level of detail is needed by the design and
development engineer (vehicle design and development community) who is
inierested in subtle engineering details--for example, wheel geometry,

sprung masses, spring rates, track widths, etc.--and their
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VEHICLE DESIGN AND ' VEHICLE PROCUREMENT VEHICLE USER

DEVELOPMENT COMMUNITY COMMUNITY COMMUNITY
Fs’tep;{r.act;:n osf Evaluation of Strategic
> -%%%:—';-a%n— Competitive Designs Selection of Mix
A
s o Y
Vehicle Design B _ Tactical
and A - 1. Route Selection
Development " : 2. Estimation of
{ Engineer Support
Vehicle Tes!
and
Evaluation

‘ PROSPEC‘TI'VE USERS OF VEHIC,‘LE PERFORMANCE PREDICTION METHODOLOGY

FIGURE I-A-1

interactions with soil strength, tree stems of various sizes and
Spacings, approach angles in ditches and streams, etc. At the other
end of the spectrum is the strategic planner (user community), who is
interestedvin_such highly aggregated characteristics as the average
cross-country speed of a givenAvehicle throughout a specified
region--the net resﬁlt of many interaétions of the engineering details
with features of the total 6perationa1 environment. Between these two
extremes, is the berson responsible for selection of the vehicles who

must evaluate the effect of changes of major subsystems or choose from
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concepts of early design stages. To be responsive to the needs of all '’

three user communities, the methodology must be flexible enough to .
provide compatible results at many levels and in an appropriate

variety of formats.

Interest in a single, unified methodology applicable to the
needs of these three principal users led to the creation of a
cross-country vehicle computer simulation combining the best available
knowledge and models of the day. Much of this knowledge was collected
in Rula and Nuttall (1971). The first realization of the simulation
was a series of computer programs known as the AMC-T71 Mobility Model,
called AMC-71 for short (US ATAC(1973)). This model first became
operational in 1971; it was puplished in 1973. It was conceived as the
first generation of a family whose descendants, ﬁnder the evolutionary
pressures of subsequent research and validation testing results, .
application experiences, and growing user requirements, would be
characterized by greater accuracy and applicability. A relatively

current status report may be found in Nuttall, Rula and Dugoff (1974).

The first descendant, known as AMC-T4, is the basis for the
INRMM. It is documented in Jurkat, Nuttall and Haley (1975). The

following is a description of this model.
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B. Modeling Off-Road Vehicle Mobility

In undertaking mobility modeliﬁg, the first question to be
answered was the seemingly easy one: What is mobility? The answer had
been elusive for many years. Semantic reasons can be traced to the
beginnings of mobility research, but there was also a pervasive
reluctance to accept the simple fact that even intuitive notions about
a vehicle's mobility depend greatly on .the conditions under which itv
is operating. By the mid-196os, however, a consensus had emerged that
the maximum feasible speed-made-good¥* by a vehicle between two points
in a given terrain was a‘suitéble measﬁre of its intrinsic mobility in

that situation.

This definition not only identified the engineering measure of
mobility, but also its dependence on both terrain and mission. When,»
at a suitably high resolution, the terrain involved presents the |
identical set of impediments to vehicle travel throughout its extent,
mobility in that terrain (ignoring edge effeéts) is the vehicle's
‘maximum straight-line Spéed as limited only by those impediments. But
when, as is typically the case, the terrain is not so homogeneous, the
problem immediately becomes more complex. Maximum speed-made-good then
becomes an interactive function of terrain variations, end points
specified, and the path selected. (Note that the last two constitute
at leasl part of a detailed mission statement.) As a way to achieve a

useful simulation in this complicated situation the INRMM deliberately

¥Speed-made-good between two points is the straight-line distance
between the points divided by total travel time, irrespective of path.
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simplifies the real areal terrain into a mosaic of terrain units

within each of which the terrain characteristics are considered .
sufficiently uniform to permit use of the simple, maximum

straight-line speed of the vehicle to define its mobility in, along,

or across that terrain unit. A terrain unit or segment specified for a

road or trail is, similarly, considered to have uniform

characteristies throughout its extent.

Maximum speed predictions are made for each terrain unit
without concern for whether or not distances within the unit are
adequate to permit the vehicle to reach the predicted maximum. This
vehicle and terrain-specific speed prediction is the basic output of
the model. The model, in addition, generates data that may be used to
predict operational vibration levels, mission fuel consumption, etc.,
and can provide diagnostic information as to the factors limiting .

speed performance in the terrain unit.

The speed and other performance predictions for all terrain
units in an area can be incorporated into maps that specify feasible
levels of performance that a given vehicle might achieve at all points
in the area. At this point, the output is reasonably general and is
essentially independent of mission and operational scenario
influences. The basic data constituting the maps must usually be
further processed to meet the needs of specific users. These needs
vary from relatively simple statistics or indices reflecting overall
vehicle compatibility with the terrain, to extensive analyses

involving detailed or generalized missions. None of these so called
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‘ post-processors is included as part of the INRMM.
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C. Overall Structure of the INRMM

In formulating AMC-71, it was recognized that its ultimate
usefulness to decision makers in the vehicle development, procurement,
and user communities would depend upon its realism and credibility.
(See Nuttall and Dugoff (1973).) These perceived requirements led to
saveral more concrete objectives related to the overall structure of

the model. It was determined that the model should be designed to:

1. Allow validation by parts and as a whole.
2. Make a clear distinction between engineering predictions and

any whose outcome depends significantly upon human judgment,

with the latter kept visible and accessible to the model
user.

3. Be updated readily in response to new vehicle and
vehicle-terrain technology.

4, Use measured subsystem performance data in place of
analytical predictions when and as available and desired.
These objectives, plus the primary goal of supporting decision
making relating to vehicle performance at the several levels, clearly
dictated a highly modular structure that could both provide and accept
data at the subsystem level, as well as maké predictions for the
vehicle as a whole. The resulting gross structure of the model is

illustrated in Figure I.C.1.

At the heart of the model are three independent computational
modules, each comprised of analytical relations derived from
laboratory and field research, suitably coupled in the particular type

of operation. These are:




R-2058, VOLUME I
Operational Modules

FIGURE 1.C.1 - GENERAL ORGANIZATION OF THE INITIAL
NATO REFERENCE MOBILIYY MODEL

rT - T T -0
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Table of RMS vs, Speed at
glven Absorbed Power
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vs, Vertlcal Acceleration

l

|
L

Geometric Interference .I

Average force
Maximum Force

foree |

REPEAT FOR VARIOUS OBSTACLE
SHAPES TO FORM:
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Table of Qbstacle Shaﬁes Vs,
Geometric Interference

VEHICLE DAYA FiILE

Average Force
Maximum Force

Terrain Data File
. Scenarlo Control {Areal Patches, Road
Flle File Segments, and Linear
. Features)
[ NRMM -- Control and 1/0 Module |
VPP I tee )
Vehlcle Preprocessor ] Terraln Preprocessor
Py
t t
AREAL ROAD 0 ent
Areal Road near reature
Terraln Module Module Module
Unlt vs,
Speed
etc.,
1. The Areal Module, which computes the maximum feasible speed
for a single vehicle in a single areal terrain unit (patch).
2. The Linear Feature Module, which computes the minimum

feasible time for a single vehicle,

aided or unaided,

to

cross a uniform segment of a significant linear terrain
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feature such as a stream, ditch, or embankment (not currently

available). .

3. The Road Module, which computes the maximum feasible speed of
a single vehicle traveling along a uniform segment of a road

or trail. '
These Modules and the Terrain and Vehicle Preprocessors are collected

in a computer program called NRMM and are described in this volume.

These three Modules may be used separately or together.
Alternately, INRMM has the ability to simulate travel from terrain
unit to terrain unit in the sequence given by the terrain input file.
In this mode, known as the traverse mode, sufficient output data can
be provided so that the user may calculate acceleration and
deceleration times and distances between and across terrain unit
boundaries, and thereby determine actual travel time and

speed-made-good over a chosen route. .

All three modules draw from a common data base that describes
quantitatively the vehicle, the driver, and the terrain to be examined
in the simulation. The general content of the data base is shown in

Table I.C.1.
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Terrain, Vehicle,

Terrain

Surface Composition

Type
Strength

Surface Geometry
Slope
Altitude
Discrete Obstacles
. Roughness
" Road Curvature
Road Width '
Road Superelevation

Vegetation
Stem Size
Stem Spacing

~Linear Geometry

Stream cross section
- Water velocity
. Water depth’

TABLE I.C.1

Driver'Attributes
Data Base

Vehicle

Geometric
characteristics

Inertial
characteristics

Mechanical
characteristics

Page 11

Characterized in INRMM

Driver
Reaction Times
Recognition distance

Acceleration and
impact tolerances

Minimum acceptable
speeds
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D. Model Inputs and Preprocessors

1. Terrain

For the purposes of the model, each terrain unit is described
at any given time by values for a series of 22 mathematically
independent terrain factors for an areal unit (including lake and
marsh factors), 10 for the cross section of a linear feature to be :
negotiated, and 9 to quantify a road segment . General-purpose terrain
data also include separate values for several terrain factor values
that vary during the year. For example, at present such general data
for areal terrain include four values for soil strength (dry, average,
wet, and wet-wet seasons) and four seasonal values for recognition
distances in vegetated areas. Similar variations in effective ground
roughness, resulting from seasonal changes in soil moisture (including .
freezing) and in the cultivation of farm land, can be envisioned for

the future. Further details on the terrain factors used are given in

Rula and Nuttall (1975).

As discussed earlier, the‘basic approach to representing a
complex terrain is to subdivide it into areal patches, linear feature
segments, or road segments, each of which can be considered to be
uniform within its bounds. Besides supplying actual values for the
terrain factors, this concept may be implemented by dividing the range
of each individual terrain factor value into a number of class
intervals, based upon considerations of vehicle response sensitivity

ani practical measurement and mapping resolution problems. A patch or
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‘a segment is then defined by the condition that the class interval
designator for each factor involved is the same throughout. A new
patch or segment is defined whenever one or more factors fall into a

new class interval.

Before being used in the three computational Modules, the basic
terrain data are passed through a Terrain Data Preprocessor, called
TPP, in the Computer Program NRMM. This preprocessor does three
things:

1. Converts as necessary all data from the units in which they
are stored to inches, pounds, seconds and radians, which are
used throughout the subsequent performance calculations.

2. Selects prestored soil strengths and visibility distances
according to run specifications, which are supplied as part
of the scenario data (see below).

3. Calculates from the terrain measurements in the basic terrain

data a small number of mathematically dependent terrain
variables used repeatedly in the computational modules.

2. Vehicle

The vehicle is specified iﬁ the vehicle data base in terms of
its basic geometric, inertial, and mechanical characteristies. The
complete vehicle characterization as used by the performance
computation modules ihcludes measures of dynamic response to ground
roughness and obstacle impact, and the clearance and traction
requirements of the vehicle while it is negotiating a parametric

series of discrete obstacles.
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The model structure permits use at these points of appropriate
data derived either from experiments or from supporting stand-alone
simulations used as preprocessors. Available as modules of the INRMM
is a two-dimensional ride and obstacle croséing Dynamics Module for
obtaining requisite dynamics responses (currently called VEHDYN and
described in Volume III) and an Obstacle Module for computing obstacle
crossing traction requirements and interferences (currently called
OBS78B and described in Volume II). Both derive some required
information from the basic vehicle data base, and both, when used,

constitute stand-alone vehicle data preprocessors.

There is also a Vehicle Data Preprocessor called VPP (integral
to NRMM) which, like the Terrain Data Preprocessor, has three

functions:

1. Conversion of vehicle input data to uniform inches, pounds,
seconds, and radians.

2. Calculation, from the input data, of controlling soil
performance parameters and other simpler dependent vehicle
variables subsequently used by the computational modules, but
usually not readily measured on a vehicle or available in its
engineering specifications.

3. Computation of the basic steady-state traction versus speed

characteristics of the vehicle power train, from engine and
power train characteristics.

As in the case of dynamic responses and obstacle capabilities,
the last item, the steady-state tractive force-speed relation, may be

input directly from proving ground data, when available and desired.




R-2058, VOLUME I Page 15
Operational Modules : ‘

3. Driver

The driver attributes used in the model characterize the driver
in terms of his limiting tolerance to shock and vibration and his
ability to perceivg and react to visual stimuli affecting his
behaviour as a vehicle controller. While these attributes are
identified in Figure I.C.1 and Table I.C.1 as part of the data base
INRMM provides for their specific identification and user control so
that the effects of various levels of driver motivation, associated

with combat or tactical missions, for example, can be considered.

4, Scenario

Several optiohal features are available to the user of the
INRMM (weather, presdmed driver motivation, operational variations ihv
tire inflation pressure) which allow the user to match the model |
predictions to features or assumptions of the full operational
scenario for which predictions are required. Model instructions which.

select and control these options are referred to as scenario inputs.

The scenario options include the specification of:

1. Season, which, when seasonal differences in soil strength
constitute a part of the terrain data, allows selection of
the soil strength according to the variations in soil
moisture with seasonal rainfall, and

2. Weather, which affects soil slipperiness and driving
visibility, (including dry snow over frozen ground and
associated conditions).

3. Several levels of operational influences on driver tolerances
to ride vibrations and shock, and on driver strategy in
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negotiating vegetation and using brakes.

4. Reasonable play of tire pressure variations to suit the mode .
of operation--on-road, cross-country, and in sand.
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E. Stand-Alone Simulation Modules

As indicated above, the Model is implemented by a series of
independent Modules. The Terrain and Vehicle Preprocessors, already
described, form two of these. Two further major stand-alone simulation

Modules will now be outlined.

1. Obstacle-crossing Module-0BS78B

This Module determines interferences and traction requirements
when vehicles are crossing the kind of minor ditches and mounds
characterized as part of the areal terrain; it is described fully in
Volume II. It is used as a stand-alone Preprocessor Module to the

Areal Module of INRMM.

The Obstacle-crossing Module simulates the inclination and
position, inte;ferences, and-traction requirements of a
two~dimensional (vertical center-line plane) vehicle crossing a single
obstacle in a tfapezoidal'shape as a mound or a ditch. The module ‘
determines a series of static equilibrium positions of the vehicle-as
it progresses across the obstacle profile. Extent of interference is
determined by comparison ef the obstacle profile and the displaced.
vehicle bottom profile. Traction demandlat each position is determined
by the forces on driven running gear elements, tangential to the
obstacle surface, required to maintain the vehicle's static position..

Pitch compliance of suspension elements is not accounted for but frame

articulation (as at pitch joints, trailer hitches, etc) is permitted.
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The Obstacle-crossing Module produces a table of minimum
clearances (or maximum interferences) and average and maximum force .
required to cross a representative sample of obstacles defined by
combinations of obstacle dimensions varied over the ranges appropriate
for features included in the areal terrain description. This

simulation is done only once for each vehicle. Included in the INRMM

Areal Module is a three-dimensional linear interpolation routine
which, for any given set of obstacle parameters, approximates from the
derived table the corresponding vehicle clearance (or interference)
and associated traction requfements. Obviously, the more entries there

are in the table, the more precise will be the determination.
2. Ride Dynamics Module~ VEHDYN

The Areal Module examines as possible vehicle speed limits in a ’
given terrain situation two limits which are functions of vehicle
dynamic perceptions: speed as limited by the driver's tolerance to his
vibrational environment when the vehicle is operating over
continuously rough ground, and speed as limited by the driver's
tolerance to impact received while the vehicle is crossing discrete

obstacles. It is assumed that the driver will adjust his speed to

ensure that his tolerance levels will not be exceeded.

The Ride Dynamics Module of INRMM, called VEHDYN and described
in Volume III, computes accelerations and motions at the driver's
station (and other locations, if desired) while the vehicle is

operating at a given speed over a specific terrain profile. The
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profile may be continﬁously, randomly rough, may consist solely of a
single discrete obstecle, uniformly spaced obstacles of a specific
height or may be anything in between. From the computed motions,
associated with driver modeling and specified tolerance criteria,
simple relations are developed for a given vehicle between relevant
terrain measurements and maxihum toleraﬁle speed. The terrain
measurement to which ride speed is telated is the root mean square
(rms) elevation of the ground profile (with terrain slopes and
1ong-waveleﬁgth components removed). The terrain descriptors for

obstacles are obstacle height and obstacle spacing.

The terrain parameters'involved, rms elevation and obstacle
height and spacing, are factors quantified in each patch description,
and rms elevation is specified for each road segment. Preprocessing of
the vehicle data in the ride dynamics module provides an expedient
means of predicting dynamics-based speed in the patch and road segment

modules via a simple, rapid table-~lookup process.

The currently implemented Ride Dynamics Module is a digital
simulation that treats vehicle motions in the vertical center-line
plane only (two dimensione).llt is a generalized model that will:
handle any rigid-frame vehicle on tracks and/or tires, with any
suspension. Tires are modeled using a segmented wheel representation,
(see Lessem (1968)) and a variation of this representation is used to
introduce first-order coupling of the road wheels on a tracked vehicle

by its tracks.
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a) Driver model and tolerance criteria.

It has been shown empirically that, in the continuous roughness
situation, driver tolerance is a function of the vibrational power
being absorbed by the body. (See Pradko, Lee and Kaluza (1966).) The
same work showed that the tolerance limit for representative young
American males is approximately 6 watts of continuously absorbed’
power, and the research resulted in a relatively simple model for
power absorption by the body. The body power absorption model, based
upon shaping filters applied to the decomposed acceleration spectrum
at the driver's station, is an integral part of the INRMM

two-dimensional dynamies simulation.

In the past, only the 6 watt criterion was used to determine a
given vehicle's speed as limited by rms roughness. More recent
measurements in the field have shown that with sufficient motivation
young military drivers will tolerate more than 6 watts for periods of
many minutes. Accordingly, INRMM will accept as vehicle data a series
‘'of ride speed versus rms elevation relations, each corresponding to a
different absorbed power level, and will use these to select
ride-speed limits according to the operationally related level called
for by the scenario. The Ride Dynamies Module will, of course, produce

the required additional data, but some increased running time is

involved.

The criterion limiting the speed of a vehicle crossing a single

discrete obstacle, or a series of closely, regularly spaced obstacles,
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is a peak acceleration at thé driver's seat of 2.5-g passing a 30-Hz.
filter. Data relating the 2.5-g speed limit to obstacle height and
spacing can be developed in the ride dynamics module by inputting

appropriate obstacle profiles.

INRMM requires two obstaclé impact relations: the first, speed
versus obstacle height for a single obstacle (spacing very great); and
the second, speed versus regular obstacle spacing for that single
obstacle height (from the single obstacle relation) which limits
vehicle speed to a maximum of 15 mph. For obstacles spaced at greater
than two vehicle lengths, the single-obstacle speed versus obstacle
height relation is used. For closer‘spacings, the least speed

allowable by either relation is selected.
3. Main Computational Modules - NRMM

The highly iterative computations required to predict vehicle
performance in each of the many terrain units needed to describe even
limited geographic areas are carried out in the three main
computational modules. Each of these involve only direct arithmetic
algorithms which are rapidly processed in modern computers. In INRMM,
éven the integrations required to compute acceleration and
deceleration beﬁWeen obstacles within an areal patch are expressed in .

closed, algebraic form.

Terrain input data include a flag, which signifies to the model

whether the data describes an areal patch, a linear feature segment,
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or a road segment. This flag calls up the appropriate computational

Module.
a) Areal Terrain Unit Module

This Module calculates the maximum average speed a vehicle

could achieve and maintain while crossing an areal terrain unit. The
speed is limited by one or a combination of the following factors:
1. Traction available to overcome the combined resistances of
soil, slope, obstacles, and vegetation.

2. Driver discomfort in negotiating rough terrain (ride comfort)
and his tolerance to vegetation and obstacle impacts.

3. Driver reluctance to proceed faster than the speed at which
the vehicle could decelerate to a stop within the, possibly
limited, visibility distance prevailing in the areal unit
(braking-visibility limit).

4. Maneuvering to avoid trees and/or obstacles.

5. Acceleration and deceleration between obstacles if they are
to be overriden.

6. Damage to tires.

Figure I.E.1 shows a general flow chart of how the calculations of the

Areal Module are organized.

After determination of some vehicle and terrain - dependent
factors used repetitively in the patch computation (1),* the Module is
entered with the relation between vehicle steady-state speed and
theoretical tractive force and with the minimum soil strength that the

- vehicle requires to maintain headway on level, weak soils. These data

* Numbers in parentheses correspond to numbers in Figure I.E.1.
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are provided by the vehicle data preprocessor. Soil and slope
resistances (2) and braking force limits (4) are computed, and the
basic tractive force-speed relation is modified to account for
soil-limited traction, soil and slope resistances, and resulting tire
or track slip. Forces required to overfide prevailing tree stems are
calculated for eight cases (3): first, overriding only the smallest
stems, then overriding the nextblargest class of stems as well, etc.,

until in the eighth case all stems are being overridden.

Stem override resistances are combined with the modified
tractive force-speed relation to predict nine speeds as limited by

basic resistances (5). (The ninth speed corresponds to avoiding all

tree stems.)

Maximum braking force and recognition distance are combined to
compute a visibility-limited speed (6). Resistance and
visibility-limited speeds are compared to the speed limited by tire
loading and inflation (7), if applicable, and to the speed limit
imposed by driver tolerance to vehicle motions resulting from ground
roughness (8). The least of these speeds for each tree
override-and-avoid option becomes the maximum speed possible between

obstacles by that option, except for degradation due to maneuvering

(9).

Obstacle avoidance and/or the tree avoidance implied by limited

stem override requires the vehicle to maneuver (or may be impossible).
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Using speed reduction factors (derived in 1) associated with avoiding
all obstacles (if possible) and avoiding the appropriate classes of
tree stems, a series of nine possible speeds (possibly including zero,

or NOGO) is computed (10).

A similar set of nine speed predictions is made for the vehiclé
maneuvering to avoid tree stems only (10). These are further modified

by several obstacle crossing considerations.

Possible‘NOGO interference between the vehicle and the obstacle
is checked (12). If obstacle crossing proves to be NOGO, all
associated'végéﬁation override and avoid options are also NOGO. If
there are no critical ‘interferences, the increase in traction required

to negotiate the obstacle is determined (12).

Next, obstacle approach speed and the speed at which the
vehicle will depart tﬁe obstacle, as a result of the momentarily added
resistance encountered, are computed (13). Obstacle approach speed is
taken as the lesser of the speed between obstacles, reduced for
maneuver required by each stem override and avoid option, and the
speed limited by the driver to control his crossing impact (11).
Speeds off the obstacie are computed on the basis solely of the
soil-and slope-modified tractive force-speed relation (22), i.e.
before the tractive force speed relation is modified to account for
. vegetation override forces, the traction increment required for
obstacle negotiation; or'any kinetic energy available as a result of

the associated obstacle approach speed (13).




R-2058, VOLUME I Page 26
Operational Modules

Final average speed in the patch for each of the nine tree stem
override and avoid options, while the vehicle is overriding patch
obstacles, is computed from the speed profile resulting, in general,
from considering the vehicle to accelerate from the assigned speed off
the obstacle to the allowable speed between obstacles (or to a lesser
speed if obstacle spacing is insufficient), to brake to the allowable
obstacle approach speed, and to cross the obstacle per se at the

computed crossing speed.

Following a final check to ensure that traction and kinetic
energy are sufficient for single-tree overrides required (and possible
resetting of speeds for some options to NOGO) a single maximum
in-patch speed (for the direction of travel being considered relative
to the in-unit slope) is selected from among the nine available values
associated with obstacle avoidance and the nine for the obstacle
override cases. If all 18 options are NOGO, the patch is NOGO for the
direction of travel. If several speeds are given, selection is made by

one of two logics according to scenario input instructions.

In the past the driver was assumed to be both omniscient and
somewhat mad. Accordingly, the maximum speed possible by any of the 18
strategies was selected as the final speed prediction for the terrain
unit (and slope direction). Field tests have shown, however, that a
driver does not often behave in this ideal manner when driving among
trees. Rather, he will take heroic measures to reach some reasonable
minimum speed, but will not continue such efforts when those measures

involve knocking down trees that he judges it imprudent to attack,
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. even though by doing so he could go still faster. In INRMM, either
assignment of maximum speed may be made: the absolute maximum which
addresses the vehicle's.ultimate potential, or a lesser value which in

effect more precisely models actual driver behavior.

If the scenario_data specify a traverse prediction, the in-unit
speed and other predictions are complete at this point, and the model
stores those results specified by the user and goes on to consider the
next terrain unit (or next vehicle, condition, etc). When a full areal
prediction is called for, the entire computation is repeated three
times: once for the vehicle operating up the in-unit slope, once
across the slope; and once down the slope. Desired data are stored
from each such run prior to the next, and at the conclusioﬁ of the
third run, the three speeds are averaged. Averaging is done on the
assumption that one-third of the distance* will be travelled in each

direction, resulting in an omnidirectional mean.

* the average speed, V_,, is the harmonic average of the three
speeds,i.e.

Vay = 3/0QC1/Vyp) + (1/Vaeposs) + (1/Vgoun)]
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b) Road Module

The Road Module calculates the maximum average speed a vehicle
can be expected to attain traveling along a nominally uniform stretch
¢f road, termed a road unit. Travel on super highways, primary and
secondary roads, and trails is distinguished by'specifying a road type
and a surface condition factor. From these characteristics, values of
tractive and rolling resistance coefficients for wheeled and tracked
vehicles on hard surfaced roads are determined by a table look-up. For
trails, surface condition is specified in terms of cone index (CI) or
rating cone index (RCI). Traction, motion resistance, and slip are
computed using the soil submodel of the Areal Module, with scenario
weather factors used in the same way as in making off-road

predictions.

The relations used for computing vehicle performance on smooth,
hard pavements are taken from the literature (Smith (1970) and Taborek

(1957)) .

The structure of the Road Module, while much simpler, parallelé
that of the Areal Module. Separate speeds are computed as limited by
available traction and countervailing resistances (rolling,
aerodynamic, grade, and curvature), by ride dynamics (absorbed power),
by visibility and braking, by tire load, inflation and construction,*
and by road curvature per se (a feature not directly congidered in the
Areal Module). The least of these five speeds is assigned as the,

maximum for the road unit (for the assumed direction relative to the
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specified grade).

The basic curvature speed limits are derived from American
Association of State Highway Officials (AASHO) experience data for theg
four classes of roads (AASHO (1975)) under dry conditions and are not
vehicle dependent. These are ap?ropriately reduced for reduced
traction conditions; and vehiclé dependent checks are made for tipbing

or sliding while the vehicle is' in the curve.

At the end of a éomputat%on, data required by the user are
stored. If the model is run in £he traverse mode, the modél returns to
compute values for the next unip; if in the areal mode, it
automatically computes performahce for both the up-grade and
down-grade situétions and at the conclusion computes the bidirectional
(harmonic) average speed. Scenafio options are similar to those for

the Areal Module.
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ITI ALGORITHMS AND EQUATIONS

The INRMM has been implemented in a computer program called
NRMM, written iﬁ FORTRAN Extended, version 4.6, for the CDC 6600
computer. The description of the Operational Modules which follows

occasionally refers to particular aspects of this implementation.
A. Control and I/0 Module

The Control and I/0 Module (C&I/0) of NRMM consists of a main
program and several subroutines which control the flow between vehicle .
and terrain input and the two operational modules for pétches (Areal
terrain units) and roads. It is also responsible for output. An
overall illustration of the Control and I/0 Module is given in Figure

II.A.1.

After initialization and setting of variables to their default
values, the progfam opens the files required. It then calls subroutine
SCN to read the control variables, which determine how the program is
to operate, and the scenario variables, which determine conditions of

the simulation.

The program then calls subroutine VEH, which reads the vehicle
data; and subroutine VPP, the Vehicle Preprocessor, which calculates
vehicle descriptors derived from the vehicle input data, some of which
depend on values of scenario variables. Details of these calculations

are given in the next section, Section II.B.
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exit

" terrain unit loop

DETAIL:18

exit exit
FIGURE 11.A.1 == Structure of Control and 1/0 Module

The program then enters the terrain loop; that is, it reads the
descriptors of the terrain unit under control of subroutine TERTL and
its subroutines MAPT1, MAP?M, MPRD74, calculates several terrain
descriptors derived from the primary terrain input data, some of which
also depend on values of scenario variables. The program then selects
the appropriate operational module, AREAL or ROAD, and calculates the
speed the vehicle could be expected to go on that terrain unit. The
program returns to TERTL and repeats these calculations if there is

more terrain data. If not, the program exits.
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There are two options that restrict the loop to a single
terrain unit other tﬁan if only one terrain unit is present in the
terrain input file. Settingvcontrol variable SEARCH to 1 indicates
that a single terrain unit, whose terrain dnit number is given by
NTUX, is to be sought in the terrain input file and that the mobility -
model calculations afe to be performed for that one unit only. Control
variable DETAIL indicates to what level of detail the output is to be

written. The following actions are taken for various values of DETAIL.

1. DETAIL = 1: only the output from BUFFO is written - this
consists of terrain unit identification, grade,
and maximum and selected speeds only.

2. DETAIL = 2,3 or 4: above output is written. Also control,
scenario and vehicle input is echoed, and output
from the vehicle Preprocessor is written.

3. DETAIL = 5 : results from almost all intermediate
calculations are written. A printer-plot of the
tractive effort vs. speed relationship is
generated and program execution is terminated
after the vehicle preprocessor.

4. DETAIL = 10: Results from almost all intermediate

calculations are written.

Setting DETAIL to 10 results in a large volume of output. A check is
made in the C&I/0 Module and if DETAIL = 10 an exit is made after

execution on one terrain unit.

The individual subroutines of the C&I/0 Module will now be

described briefly.
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1. Subroutine SCN -~ Scenario and Control Input .
This subroutine sets default values for the scenario variables

(see Section III.D) and then reads the control variables. These

consist of flags controlling writing of output for the entire program

and individual routines, and the single terrain unit search described

above. Then the scenario variables are read, echoed if the appropriate

flag (KSCEN) was set to 1, and converted to standard units as

necessary.
2. Subroutine VEH - Vehicle Input

This subroutine reads the vehicle parameters as described in

Section III.B.1 below and echoes them if the flag KVEH is set to 1.
3. Subroutine VPP - Vehicle Preprocessor Control

This is the Vehicle Preprocessor control program. It consists
solely of a series of calls to Subroutines II1, IIZ2,...,II17 and
output statement executions as the flags KII?1, KII2,...,KII17 are set.

If DETAIL = 5, a printer plot describing the vehicle power train is
written using Subroutine PLTSET.

4. Subroutine TERTL -~ Terrain Translator

This subroutine controls the terrain data inputs. Since terrain

files are often large and the results of long and expensive effort,
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/’\\
ENTRY MAP:? \>_¢ —
\ /
\\j//'
SPEE R |
/USER ROUTINE ) C MAP 71
\\____r___’/
WRITE MAP 7L WRITE MPRD 74 | [ WRITE RESULTS? [WRITE MAP 71
RESULTS IF RESULTS IF | OF USER ! [RESULTS IF
KMAP = | KMAP = | | ROUTINE IF / KMAP = 1
‘ ‘ [ KMAP = 1 /
{
FIGURE I1.A.2 -~ STRUCTURE OF RETURN
SUBROUTINE TERTL
WRITE TPP
RESULTS IF RETURN
KTPP = 1

users will be reluctant to re-format their existing data to use the
NRMM. Instead, the user may write a FORTRAN subroutine which reads
the existing files and adjusts the data to satisfy the terrain data
requirements of NRMM., Calls to these subroutines are controlled by a
Control/Scenario variable called MAP. Three terrain data input
routines are currenﬁly part of NRMM:

i) Subroutine MAP71, called if MAP is not equal to one of the
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values below,
ii) Subroutine MAPTY4, called if MAP = T4,

iii) Subroutine MPRD74, called if MAP = 11.

If the user writes a terrain input routine, called MXXXXX, for
an existing data file, a unique, new value of MAP must be assigned and
an appropriate IF, CALL aﬁd echo write (if desired) need to be added
to Section 2., ALGORITHM, in Subroutine TERTL. Care must be taken
that this new subroutine, MXXXXX, provides values for the complete

list of terrain variables required by NRMM,

Each of the terrain data input subroutines must contain a check
for end of terrain data. The existing routines use the CDC run-time
FORTRAN function subprogram called EOF which returns a value of 1 if
the READ tried to read a record but found an end-of-file instead. 1In
this case the terrain input subroutines set the flag IEOF = 1 which is
passed through TERTL to the C&I/0 main program; whereupon the NRMM run

will terminate.

If another terrain unit was read, TERTL will call Subroutine
TPP, the Terrain Preprocessor, described in Section II.C. below, and

Wwill write the results if the flag KTPP is set. TERTL then returns.
a) Terrain Input/Translation Subroutine MAPTY

This subroutine reads a record for each terrain unit consisting

of actual terrain descriptors. These include various values for cone
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index, grade, obstacle geometry and spacing, surface roughness,
spacing of vegétation in eight stem diameter classes, and various
values of recpgnition distance. The particular value of cone index and
recognition distance chosen depend on the scenario variables ISEASN
and MONTH, respectively. The format of the data to be read by this

subroutine is described ih Section III.C.Z2.

The input record also contains NTU, the terrain unit number.
If SEARCH = 1 (that is, a particular terrain unit is sought), MAP74
will continue to read terrain unit records, discarding those for which
NTU differs from NTUX. Only when a record is read for which NTU =

NTUX will MAP7Y4 return to TERTL.
b) Terrain Input/Translation Subroutine MPRDT7Y4

This subroutine was designed to read records describing roadway
units, including trails compiled for a particular study. For this
study the speed limits imposed by horizontal curvature were included
as terrain data. Since the Road Module required road curvature as the
descriptor, this routine translates the curvature speed 1limit back to

curvature.

The routine first establishes a table relating curvature to
maximum speed for four classes of roads: superhighways, primary
roads, secondary roads, and trails. Then MPRD74 reads a record of
actual values describing the roadway, including cone indexes, grade,

recognition distances, surface roughness, curvature speed 1limit,
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coefficient of friction, superelevation, and a surface condition

factor. The curvature vs. speed table is then interpolated to set a .
curvature based on the curvature speed of the actual roadway unit. The
format of the data to be read by this subroutine is described in

Section III.C.3.

The input record also contains NTU, the terrain unit number.
If SEARCH = 1 (that is, a particular roadway unit is sought), MPRD74
Wwill continue to read roadway unit records, discarding those for which
NTU differs from NTUX. Only Qhen a record for which NTU = NTUX is read

will MPRD74 process the data and then return to TERTL.
¢) Terrain Input/Translation Subroutine MAPT1

This subroutine was designed to read terrain data as class ‘
interval designators and to translate these designators into actual
terrain descriptors. This is the format of the terrain data files

read by an earlier mobility model, AMCT71.

The entire range of possible values for each of the terrain
descriptors is divided into a sequence of intervals from which a
single number, the interval répresentative, is used for all terrain
units whose actual value of that descriptor falls within that
interval. This interval is given an integer as its designator. The
terrain files read by MAP71 consist of records, one for each terrain
unit, containing one or two digit integers designating those intervals

into which the terrain descriptors fall.
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The subroutine first establishes tables, one for each terrain
descriptor, of representatives for each designator. This is done by
DATA statements. Then records are read, tests are made for end of
input file (and NTUX if SEARCH = 1) and the class interval
representatives are loaded into the terrain descriptors by simple
~table lookup procedures. The format of the data to be read by this

subroutine is described in Section III.C.1.

A test is made to check the compatability of obstacle
parameters and flags are set for those stem diameter classes not

present in thé‘terrain unit. The routine then returns to TERTL.
5. Subroutine AREAL - Areal Module Control

This subroutine is the control program for the Areal Module.
It consists solely of a sequence of CALL's to subroutines named IV1,
Ive,...,I1v21, each call followed by a test of the corresponding flag
KIvi, KIV2,...,KIV21 to determine if the results of that subroutine
are to be written. The Areal Module is described in section II.D

below. The subroutine then returns to the C&I/0 main program.

6. Subroutine ROAD -~ Road Module

Since the Road Module is considerably smaller than the Areal
Module no separaté control program was written. This subroutine is

the entire Road Module and described in Section II.E below.
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7. Subroutine BUFF0 -~ Basic Output

This is the basic output subroutine of the C&I/0 Module. The

particular outputs are described in Section III.E.

s
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B. Vehicle Preprocessor

The Vehiecle Preprocessor Module consists of a sequence of
subroutines named II1, II2,...,II17, and some additional subroutines
named TRAIN, AUTOM, STICK, LINEAR, FIT, APPROX, SOLVER, LINES, RESIDU,
PLTSET, SCAL, LIMITS, FIXER and CURPT called by II16. These routines
adjust dimensions and calculate derived vehicle descriptors, including

the tractive effort vs. speed relationship.

The tractive effort vs. speed relationship, at this stage
(i.e., without attenuation for soil limits or slip) also known as the
rim pull curve of the vehicle, is fitted by a sequence of quadratic
curves for various ranges of speeds. If the program encounters
difficulties with the curve fit procedure it will print/plot the
points and the curves for user analysis and intervention. Alternately
the user may wish to have the points and curves plotted in any case by

setting the switech DETAIL to 5.

The individual subroutines comprising the Vehicle Preprocessor

will now be described.
1. Subroutine II1 -~ Units Conversion Routine

This routine changes those vehicle parameters that are not
entered in the units of 1lbs, inches, radians and/or seconds into these
units. One exception is the engine revolutions per minute which are

converted to revolutions per second, not radians per second.
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Those users describing their vehicles in SI units will be
required to modify this routine extensively or perhaps write a 'l'
separate program to change the vehicle data into the U.S. Customary

units used in NRMM.

2. Subroutine II2 - Gross Combined Weight

The weight on each suspension assembly is given as part of the
vehicle input. In addition, the flag IP(i) = 1 indicates that
assembly i is powered and the flag IB(i) = 1 indicates that assembly i
is braked. This subroutine sums the weights on all the assemblies
into GCW and the weight on the powered and braked assemblies into GCWP
and GCWB, respectively. The weight on the non-powered, GCWNP, and

non-~braked, GCWNB, assemblies 1is also calculated.
3. Subroutine II3 - Maximum Tire Speed
This subroutine calculates a maximum speed which a wheeled

vehicle could travel without destroying the tire. This speed,

VTIRE(j), calculated |

for J = 1 fine grained soil 3
J = 2 coarse grained soil
J = 3 highway

depends primarily on tire size, construction, and inflation pressure.¥*
The formulas are, for each assembly i,
5 = (bti - Ubpj)/.75

¥ For further explanation on how inflation pressure is used in this
Model see Section II.D.3.
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h = (4.32/52-38)0(W;/n;)(1/(dpies)) 117"

where bi; = section width of tires
b.; = width of fims
‘Wi = load on entire assembly
N; = number of tires
d. ; diameter of rims.

For radial tires (ICONST(i)# 1)
Vtij= 100'(pij/b)2 in miles per hour
and for bias ply tires (ICONST(i) = 1)

Ve ge 70-(Pij/h)2'25 in miles per hour

where Pjj = pressure used in tires on assembly i for
j = 1 fine grained soil
J = 2 coarse grained soil
j = 3 highway

Vtij = maximum safe speed for tires on assembly i at

pressure j.

Vtij is converted to inches per second in II3. The maximum safe

tire speed for the vehicle is then
VTIRE(j) = min {Vtij for all i}

for tire pressure j.

These relationships are patterned after Eklund (1945) with

modifications.
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4, Subroutine II4 - Maximum Path Width

In this subroutine the maximum path width of the suspension
assemblies is found by subtracting the clearance between the left and
the right suspension assembly elements from the tread width and

finding the largest such number.
5. Subroutine II5 - Tire Deflection Ratio

For each wheeled assembly i the variable 6ij: or DFLCT(i,j),
gives the deflection of the tire at the pressure used for j = 1 fine
grained soil, j = 2 c¢oarse grained soil, and j = 3 highway. This
routine calculates the deflection ratio, DRAT(i,j), as the ratio of
the deflection and the section height, hi-

6. Subroutine II6 - Characteristic Length

In this routine the characteristic length, lij or
CHARLN(i,j), of a suspension assembly i is set to the track length

TRAKLN(i) of assembly i if tracked or

lij = 20655 dgy - 5§j)1/2 if wheeled

where aij = DFLCT(i,j)

d

ti diameter of tire on assembly i
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7. Subroutine II7 - Ground Contact Area

In this routine the grouﬁd contact area, GCA(i,j), for the
elements on suspension i is set to

2 * characteristic length * track width if tracked
or

characteristic length * section width if wheeled
Since the characteristic length depends on tire pressure j, so does

the ground contact area.
8. Subroutine II8 - Controlling Lateral Distance

In this roUtine, the minimum lateral distance, WTMAX, from the
center of gravity to the supporting element of each suspension
assembly is found. This represents the maximum lateral support base.

Thus for wheeled vehicles

WIMAX = min {t;/2 - ycg + (bi/2)*ID; for all i}

where t; = tread width of suspension i
Yeg = lateral distance of center of gravity from vehicle
center
b; = section width of tires on suspension I
ID

0 if singles

[
1]

1 if duals

and for tracked vehicles

WTMAX = min {t;/2 - yeg for all i}
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9. Subroutine II9 - Maximum Rolling Radius

The rolling radius of the tire is calculated from the

revolutions per mile, REVM; which is an input parameter, as

RR = max (12%5280)/(2 *REVM,)

10. Subroutine II10 - Maximum Braking Force

This subroutine calculates the maximum braking force the
vehicle can support by summing the product of the braking coefficient,
XBRCOF, entered as part of the vehicle data, and the weight on each

suspension element for those suspension elements which are allowed to

be braked [IB(i) = 1].

This force is to represent the vehicle's ability to arrest its
running gear regardless of the running gear ground surface traction

coefficient.

11. Subroutine II11 - Horsepower/ton

Here the net horsepower, HPNET, entered as part of the vehicle
data is divided by the weight of the vehicle supported on the powered

traction elements, CGWP, converted to tons.
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12. Subroutine II12 - Vehicle Cone Index in Fine Grained Soil

This routine calculates the single pass Vehicle Cone Index for
fine grained soil (VCIFG) for each suspension assembly by applying the
equations for all-wheeled and tracked vehicles to a single axle or a
pair of tracked elements. For wheeled axles, a separate VCIFG is
calculated for the three tire pressures, possibly different,
recommended for fine grained soil, coarse grained soil, or roads.

For wheeled axles, the following calculations are made:
Contact Pressure Factor: CPFFG = W;/(njbidj/2)

where for each axle i

=
"

weight on axle
i = number of tires
b; = section width
d; = outside diameter of tire
Weight Factor: WF = .553 W;/1000. if Wi<2,000 1bs
= .033 W;/1000. + 1. if 2,000<Wi<13,500
= 142 Wy/1000. - .42  if 13,500<Wj<20,000
= .278 W;/1000. - 3.115 if 20,000<Wj
Tire Factor: TF

(10 + b;)/100.
Grouser Factor: GF = 1.00 without chains (ICHAINi = 0)
= 1.05 with éhains (ICHAIN: = 1)
Wheel Load Factor: WLORF = (W;/1000)/(nj/2)
Clearance Factor: CLFlﬁ CLRMIN; /10
Engine Factor: EF = 1.00 , if less than 10 hp/ton
= 1.05 if 10 hp/ton or more
Transmission Factor: TFX = 1.00 for automatic (ITVAR = 0)
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= 1.05 for manual (ITVAR £ 0)
Tire Deflection Factor: TDFiJ- = [((1 - sij)/bi)/.85]1‘5 » .
where 61j = deflection of the tire on axle i when inflated

with pressure recommended for

j=1 fine grained soil
j=2 coarse grained soil
j=3 roadway

Mobility Index: XMI = [(CPFFG*WF)/(TF*GF) + WLORF - CLF]®EF*TFX
Vehicle Cone Index (Wheeled, Fine Grained Soil)

VCIFGij = [11.48 + .2 XMI - 39.2/(XMI + 3.7H4)]TDFj;
For a left- right pair of tracked suspension elements, the following
calculations are made:

Contact Pressure Factor: CPFFG = W;i/(213b;)

where for each left-right pair of tracked elements i .
W, - weight supported by pair
1; = length of tracked element in contact with
ground

b, = width of tracked element

Weight Factor: WF = 1.0 if W:<50,000
WF = 1.2 if 50,000<W;<70,000
WF = 1.4 if 70,000<W;<100,000
WF = 1.8 if 100,0005Wi

Track Factor: TF = bi/100

Grouser Factor: GF

1.0 if grouser height less than 1.5 in.
GF = 1.1 if grouser height is 1.5 in. or more

Bogie Factor: WLORF = W;/10/N;/Agj

where  N. = total number of road wheels on tracks in
contact with ground
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Ay = area of one track shoe (in?)

Clearance Factor: CLF = CLRMIN;/10

Engine Factor: EF 1.00 if 10 hp/ton or more on element i

1.05 if less than 10 hp/ton on element i
Transmission Factor: TFX = 1.0 if automatic (ITVAR # 0)

TFX 1.05 if manual (ITVAR = 0)

Mobility Factor: XMI = [(CPFFG*WF)/(TF¥GF) + WLORF - CLF]*EF¥*TFX
Vehicle Cone Index (Tracked, Fine Grained Soil)

VCIFG = 7 + .2 XMI - 39.2/(XMI + 5.6)
13. Subroutine II13 -~ Vehicle Cone Index in Coarse Grained Soil

This routine calculates the single pass Vehicle Cone Index for
coarse grained soil (VCICG) for each suspension assembly by applying
the equations for an all-wheeled and tracked vehicle to each single
axle or éach pair of left-right tracked elements. For wheeled axles,
a separate VCICG is calculated for the three tire pressures, possibly"
different, recommended fof fine grained soil, course grained soil, and
roads.

For wheeled axles, the following calculations are made:

Wheel Diameter Factor: WDF

2. if by/d.i>2.4
WDF =z 5, if bi/dri<2'u

where bi‘- nominal tire width

drj = rim diameter
Contact Pressure Factor:
CPFCG = .607pij + 1.35[(117.%ply rating)/(WDF¥*b; + dpi)]
- 4.93




R-2058, VOLUME I Page 52
Operational Modules

where Pij = pressure of tire on assembly i recommended

for j = 1 fine grained soil

J 2 coarse grained soil

J 3 roadways
Contact Area Factor: CAF = log1o(wi/chCG)
where W, - weight on axle i
Strength Factor:
STF = .0526(n; + .0211pj 3) - .35CAF + 1.587

where N, = number of tires on axle i

Vehicle Cone Index is then 10 raised to the power STF:
STF
VCICGij = 10
For tracked assemblies, the VCICG is set equal to zero since it is not

used in further calculations.

14, Subroutine II14 - Vehicle Cone Index for Muskeg

This routine calculates the single pass Vehicle Cone Index for
muskeg (VCIMUK) as follows:
VCIMUK = 13 + .535 W;/(b; +dj*n;) for wheeled axles

where W, - weight on axle i

o
n

section width of tires on axle i
di = outside diameter of tires on axle i
i = number of tires on axle i

VCIMUK = 13 + .0625 wi(bi + 14) for tracked

assemblies

where bi = track width

1; = track length on ground
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The use of these relationships to model vehicle performance on
muskeg is included primarily for comleteness. It is a simplistic model

based on data of a single study, Schreiner(1967).
15. Subroutine II15 - Combined Contact Pressure Factor

This subroutine finds the maximum contact pressure factor
across suspension assembly. For wheeled assemblies a separate maximum -
is sought for each pressure setting, j = 1 fine grained soil, j = 2

coarse grained soil, and j = 3 roadway.
16. Subroutine II116 - Power Train

This subroutine controls the calculations used to specify the

power train of the simulated vehicle.

The driving, as oppbsed to braking, characteristies of the
vehicle are modeled by a tractive effort vs. speed of vehicle
relationship. This relationship is given by a series of quadratics

F(v) = epv@ + by + ap
where different values for the constants ¢, by, a,p are used for
different "gears"; n. For computational purposes the gears are really
speed ranges. Thus, if Voz0<Vi<vo<. . .SV, is a
non-decreasing sequence of speeds that represent the "gear" intervals,

the tractive effort relationship given by the above formula applies

for v _q<vivy.
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The precise manner of selecting the sequence {Vn=
n=0,1,...,NG } and the number of gears, NG, consists of several

discrete steps. The logic of this calculation is shown in Figure

I1.B.1.

The first step depends on whether the tractive effort vs. speed
was entered as part of the vehicle data. If so, Subroutine FIT is

entered immediately to calculate NG, the Vp's, and the coefficients

an, bp, and cy,.

If the table of tractive effort vs. speed is to be constructed,
it is constructed from basic power train descriptors such as engine
torque at given RPM, the torque converter characteristics, the
transmission and differential and/or transfer case ratios, and the
radius of the drive sprocket or wheels. These calculations are

controlled and performed by Subroutine TRAIN and the Subroutines AUTOM
and STICK.

a) Subroutine TRAIN - Construction of Tractive Effort vs.

Speed Curves

This routine controls the calculations to construct a table of
tractive effort vs vehicle speed values. Since no slip or surface
characteristics are used, this may be called the "rim pull curve".
This routine first loads the speed array, POWER(SPEED,N), with values
of forward speed from zero to 100 MPH in half mile-per-hour

increments. The variable SPEED is declared integer and given a value 1




R-2058, VOLUME I
Operatlonal Modules

Page 55

ENTER
DOES 1668
CALCULATE ENGINE DATA
PEED VS. TE FROM S EXIST IN VEHICLE \NO ERROR:
ENGINE DATA? . FILE? MAPG = 3
MAPG = 1 IAPG # 2
NO YES
28 ‘ 300
DOES
SPEED Vs, TE O, ﬁﬁﬁgR; h TRAIN >
CURVE EXIST? _ =
APG # 0
YES (:TAUTOM STICK :)
LINEAR
SOLVER
- FIT )
FIGURE 11.8.] == POWERTRAIN
CALCULATION LOGIC OF
SUBROUTINE 11 16 APPROX .

On input MAPG = 1 indicates tractive
effort vs. speed curve is
to be calculated from
powertrain data

RESIDU

MAPG = 0 indicates the
tractive effort vs. ( LINES )

speed data is to be used

SET:
TOP SPEED
NUMBER OF POINTS

IAPG = 0 indicates only powertrain data exists in file

IAPG = | indicates both powertrain and tractive effort vs. speed
data exists in vehicle file

IAPG = 2 indicates only tractive effort vs.

vehicle file

speed data exists in

|

RETURN
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and used for clarity. POWER(FORCE,N) is initialized at zero. Here

the variable FORCE is also declared integer and given the value 2 and

used for clarity.

The engine torque vs. engine speed relationship is stored in
the array ENGINE where the speed values are located in ENGINE(RPM,N)
and the torque in ENGINE(TORQUE,N). Here RPM =1 and TORQUE = 2, both
declared integer. If the vehicle is fitted with an
engine-to-transmission transfer gear box, this relationship is
modified to represent the torque vs. speed at the output shaft of this

gear box.

Subroutine TRAIN then calls AUTOM for simulation of an
automatic transmission or STICK for simulation of a manual ‘

transmission. Upon return, diagnostic output is written if called for.

(1) Subroutine AUTOM - Tractive Effort vs. Speed of Vehicle with

Automatic Transmission and Torque Converter

The following calculations are performed for each transmission

gear ratio and vehicle speed:

The routine first converts the vehicle speed to torque
converter output speed by dividing by 2pi times the wheel/sprocket
radius and multiplying by the final drive and transmission gear

ratios. A trial value of engine RPM is then chosen and the resulting
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torque converter speed ratio‘is calculated. From the input data, a
torque converter input speed is estimated (by linear interpolation Qf
the torque converter input speed vs. speed ratio data). The square of
the ratio of this torque converter input speed to the engine output
speed [which physically must be one but may not be due to the trial
value of engine speed not being physically realizable] is then
multiplied by the input torque at which the torque converter
relationships apply to yield a torque converter input'torque. From
the engine data, an engine output torque is estimated by linearly
interpolating the engine speed vs. torquebrelationship (also input
data). The mismatches between engine output torque and torque
converter input torque and engine output speed and torque converter
input‘speed (physiéally both of which must be the same) are used to

ad just the estimated engine speed higher or lower. This adjustment is

performed by following‘a binary;iteration scheme.

Once én ehgine speéd at which both the engine output torque
matches fherestimated torque converter input torque and the engine
output Speed matches the torque converter input speed has been
determined, the torque converter torque ratio at the specified speed
ratio is used to calculate a torque eonvefter output torqué which when
' multiplied by gear ratios and efficiencies of the transmission and
‘final drive and diQided by the moment arm of the driving

wheel/sprocket yields a driving force (tractive effort).

For each gear, the above calculations are done for every speed

in the vehicle speed array. For each speed, the maximum tractive
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effort among those for various gears is chosen.

(2) Subroutine STICK -~ Tractive Effort vs. Speed of Vehicle with

Manual Transmission

For each speed and each gear, the vehicle speed is transformed
into an engine speed by dividing by the circumference of the driving
wheel/sprocket and multiplying by the final drive and transmission
gear ratios. An engine torque is then estimated by linearly
interpolating the engine speed vs. torque relationship. This torque
is then transformed into a driving force (tractive effort) by
multiplying by the transmission and final drive gear ratios and
efficiencies and dividing by the moment arm of the driving
wheel/sprocket.

®
For each speed, the maximum tractive effort among those for the

various gears is chosen.

b) Subroutine FIT -~ Quadratic Curve Fit to Tractive Effort vs. Speed

Relationship

The Tractive Effort vs} Speed relationship above may be
visualized as a sequence of points on a plot of those two variables.
This routine determines the coefficients of a sequence of quadratics

F za+ bv + ¢cv2 and the minimum and maximum speeds for which each
of these quadratics fit the relationship plotted above. Each speed

range for which a different set of coefficients (a,b,c) must be used
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FIGURE 11.B.2 -- Plot of Tractive Effort vs. Speed Array

will be called a "gear" since for some vehicle transmissions the speed
range may actually correspond to the speeds for which a particular

transmision gear 1is used.

From the plot it is immediately apparent for what speed ranges
each gear should be defined. This is due to the powerful pattern
recognition capability of the human eye and_brain. An efficient
computer algorithm which. has the same capability for a seduence of
number pairs stored in computer memory is difficult to develop.
Although the algorithm of this subroutine is capable of successfully

distinguishing maximum and minimum speeds for each gear for large




|

R-2058, VOLUME I Page 60
Operational Modules

class of engine/transmission combinations there are still occasional

tractive effort vs. force relationships for which the quadratic fit ‘l'
procedure will not be satisfactory. 1In these cases the program will

terminate and print-plot the relationship for human intervention.

The procedure used here is, starting with three points, to
sequentially fit quadratics using a least squares criterion and to
test if the next point falls within a range of 2% of the tractive
effort predicted by extrapolation of the fitted curve. If it does,
this (next) point is included in the current gear and the procedure is
repeated for the following point. If it does not, a new gear is

started.

When all the points "belonging" to gear n have been found the
coefficients of the least squares fitted quadratic (ATF,BTF,CTF) are .
calculated by use of a matrix inversion routine called SOLVER and the
minimum, VGV(n,1), and maximum, VGV(n,5), speeds of the gear are set.

Three speed values are interpolated at regular spacing [VGV(n,2),
VGV(n,3), and VGV(n,4))] and the values of tractive effort for these
five speeds are calculated [TRACTF(n,1),...,TRACTF(n,5)]. A new gear,

n+1, is then started from the last speed value VGV(n,5).

When these calculations are complete a subroutine called APPROX
calculates the difference between the quadratic approximation to the
points and the straight lines fitted between any two adjacent points
within the speed range of the gear. Subroutine LINES and RESIDU aré

used here. RESIDU checks if the difference is large and sets an error




R-2058, VOLUME I ) : Page 61
Operational Modules

indicator if it is. This test is used to avoid anomalous fits such as

illustrated in Figure II.B.3.

Tractive
Effort

Vehicle Speed

FIGURE I1.B.3. == Possible Anomaly in Quadratic Equation
Fit to a Gear '

When this occurs, the program produces a pkint-plot of the
tractive effort vs. speedlrelationship (both points and fitted curve)
and writes a message indicating where the problem occured and a
suggestion that additional points be included in the tractive effort
vs. speed array. The subroutines which are used to produce the print -

plot are PLTSET, PNTRLT, SCAL, RESCAL, LIMITS and CURPLT.

If the basic tractive effort vs. speed relationship was
originally entered as point pairs, all that is required is that
additional point pairs be inserted as indicated. Otherwise, a possible
solution is to enter the tractive effort vs. speed pairs as read from
the printer-plot produced above as vehicle input data with the

additional points inserted and to set MAPG to O.
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17. Subroutine II17 - Rotating Mass Factor

This routine calculates a factor which simulates the inertial
mass of the rotating parts which have to be accelerated when the
entire vehicle is accelerated. The factor varies depending on the
gear in which the transmission is engaged. The formula is

Rotating Mass Factorys -1+ mpq + mpo*(ryg)2

where NG = gear number

.14 if there is a tracked assembly on the vehicle

ME

.03 otherwise

[.008(id) " *%8n 1/n W

i

)

2 if the engine is a two cycle diesel

1 otherwise

d = displacement in cubic inches

Ne = number of engines
N, = number of cylinders
W = gross combined weight of vehicle
rng = (Fygry)/(MQy)
Fyg = tractive effort at center speed of gear NG

ry = rolling radius of driving wheel or sprocket

radius
M = .7 if there is a tracked assembly
= ,9 otherwise

Qm = maximum torque of engine regardless of gear.
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C. Terrain Preprocessor

The Terrain Preprocessor is a short subroutine whose primary
purpose is to adjust dimensions of the incoming terrain data, to
select specific terrain values from optional ones based on scenario
variables, calculate somé derived terrain descriptors and adjust the

terrain for a snow cover if so called for.

First the obstacle dimensions, recognition distance, radius of
curvature, and stem spacing are converted to inches. Grade and
obstacle approach angle are converted to radians. One of the RCI's
given for dry, normal and wet season is selected based on the value of

the scenario variable ISEASN.

An elevation correction factor for engine performance is
calculated using the equation
ECF = 1 - .0U4e/1000.

where e = elevation of the terrain unit in feet, an input variable.

There are terrain situations where, even though the input data
indicates obstacles are present in the patch, their effect on vehicle
performance is negligible. In this case a flag, I0BS, is set to 1

indicating a patch bare of obstacles. This is done when

1. obstacle spacing is greater than 197 feet

2. obstacle approach angle is from 179 to 181 degrees.
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Several parameters describing obstacle spacing are given by the
equations below. A test is made to determine the consistency of the
three input obstacle parameters in case of a mound since the class
interval method of obstacle definition (e.g. as read by MAP71) could
result in obstacles that cannot be physically realized. In this case

the obstacle base width, OBW, is altered to be consistent with the

other two parameters o  and h,. The resulting obstacle base width

is designated here by w,.

The ground level width of the obstacle:

Wog = Wo + 2hoABS(coseg/sineg) for trenches
= W, for mounds
where W, - base width of obstacle
h, = obstacle height
o5 = obsﬁacle approach angle

pe— W
o-—o‘

ot
ho
i

\
.

FIGURE |1.C.1 -- Side View of an Obstacle

The top of a mound or bottom of a trench is the minimum obstacle

width.

Wo = W for trench

= Wy - 2h, * ABS(cosz/sindo) for mound
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The maximum extent across an obstacle:

2 2 y1/2
do + 1o )

(Wog

where 1

o length of obstacle

It is assumed here that the ground level plan of the obstacles base is
rectangular with width w, and length 1,. |
- The mean obstacle approach width:

Woa = 2(1g + Wog)/m
It is assumed here that the Eectangle represented by the base of the
ocbstacle may be oriented at any angle to the approach path of the
vehicle and that this approach-angle is uniformly distributed between

0 and T/2. The mean approach width is derived by:

j>>;BSTACLE BASE
_ RECTANGLE

—_— = w_(8)
DIRECTION OF ca- a 4 sin 8
VEHICLE sin
APPROACH

" _J A 4 \\\\(//////

“59 cos O a

FIGURE 11.C.2 -- Vehicle Approach to Obstacle

where W5a(85) = obstacle approach width

a = vehicle approach angle
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/2
“oa = (2/™) [ woa(e)de

Note that for obstacle crossing, both in the Obstacle Module and in
the Areal Module, it is assumed that 9, = 90 degrees. The
calculations here are used in the calculations of speed reduction due
to maneuvering around obstacles in Areal Module Subroutine IV1.
Average Terrain Unit Area per Obstacle:

A

o = M(Sg/2)°

i

where So

average obstacle spacing.

This average spacing is calculated by counting the number of obstacles
in a large circular area of diameter D. Obstacle spacing is then
S, = [(T/N)(D/2)211/2
where N = number of obstacles in a circular area of diameter D. 3§,
is an input terrain variable. Since S, can be interpreted as the

circle diameter which on average contains one obstacle, the area per

obstacle is given by the above formula.

For regularly spaced obstacles which cannot be avoided

If the scenario variable ISNOW calls for a snow cover of zg
inches, the "snow machine" is used. This is a portion of code which
sets the surface/soil type to signal snow (IST = U4), feduces the
height of obstacles z Y/.8 where Y= snow specific gravity, and
attenuates the surface roughness by a factor of vy /.4 for snow depth

below twice the surface roughness, RMS, and by a factor of

1 - 1/2(1 = Y/.4) (zg/RMS)
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for snow depths above twice RMS.

No snow is permitted on water covered terrain units and the
above obstacle attenuation is not performed for roads and trails

(which have no obstacles). The Terrain Preprocessor then returns to

the Control and I/0 Module.
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D. Areal Module

The Areal Module, similar to the Vehicle Preprocessor, is a
series of subroutines which are called sequentially by subprogram
AREAL of the Control and I/0 Module. This section will describe these

subroutines in the order that they are called.

1. Subroutine IV1 - Obstacle Spacing and Area Denied

This subroutine calculates data for factors which are used in
Subroutines IV2,IV15,IV16,IV17 and IV18 to model the average speed
lost due to the increased time it would take a vehicle to maneuver
earound obstacles and vegetation. This speed loss is related to the

size of the vehicle and the density (inverse spacing) of the obstacles

and vegetation.

Vegetation, in NRMM, is categorized into NI categories and
ranked from small to large stem diameter values. For the data files
read by MAP71 and MAP74, NI = 8 and the spacing for a class is that
for all the vegetation in that and higher classes. The data files
yield a value for the average spacing of the vegetation in each stem
diameter class. (The word "class" has been in common use for
"category" in this field.) The vehicle/driver speed will be selected
from those achieved under a variety of possible avoidance and override
strategies. These strategies are all combinations of avoiding and
overriding obstacles and avoiding or overriding vegetation in certain

size classes as described below.
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Within the program these various speed estimates are indexed by
stem diameter classes i = 1,2,...,NI. Thus, SRFV(i) stands for the
speed reduction factor due to Qverriding vegetation in stem diameter
classes 1,2,...,i-1 and avoiding stem diameter classes i,i+1,...,NI.
Furthermore, SRFO(i) stands for the speed reduction factor due to
avoiding obstacles while overriding vegetation in stem diameter
classes 1,2,...,i-1 and avoiding those in classes i,i+1,...,NI.
Eventually these 2NI factors will be applied (although not as
explicitly calculated variables in the program) to 2NI speeds for each 
of 3 slope crossing conditions (uphill, level and downhill) if cross
country simulation is called for (NTRAV = 3). This results in 6NI
speed estimates. If NTRAV = 1, only one slope crossing condition is

estimated and 2NI speeds are calculated.

This calculation of these speed reduction factors is based on
the concept that each obstacle or tree to be avoided can be translated
into an area of the terrain that is denied to the vehicle, or more
precisely above which the CG of the vehicle cannot go. For instance,
for a tree with a diameter of d and a vehicle with a width w the area
denied by that one tree is a circle of radius (d+w)/2 centered at the
tree. If many of the areas denied are scattered at random over the
terrain unit, any one traverse will be forced to deviate from a
straight line for maneuvers around the scattered obstructions. The
length of the path is increased when the density of the obstructions
and/or the size of the vehicle is increased. Both of these factors
increase the area denied. For purposes of NRMM an empirical relation

between speed reduction and overall area denied is used to account for
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obstruction avoidance.

In this routine the area denied due to the obstacles, ADO, and
the area denied due to avoiding vegetation in classes i,i+1,...,NI,
PAV(i), are calculated. Several checks are made for various

conditions.

Obstacle avoidance is considered first. If the terrain unit is
bare of obstacles, NEVERO is set to 2 indicating that the obstacle
override calculations are to be skipped and ADO = 0, indicating no
area is denied due to obstacles. The routine then considers

vegetation avoidance.

Alternately, if the obstacles are so arranged that they are
unavoidable, such as in rice paddies, ADO = 100. and the effective .

obstacle spacing OBSE = OBS, the actual obstacle spacing.

If obstacles are potentially avoidable, consideration is given
as tc whether they are small enough to fit under the vehicle or must
be bypassed. The variable WI represents the minimum width between
running gear elements of the vehicle, i.e., an obstacle no wider than
WI will fit under the vehicle if it is no higher than CL, the ground
clearance of the vehicle. If the obstacle is wider than WI it will not
fit between the running gear and the effective width of the obstacle,
EWDTH, is the width of the vehicle, WDTH, plus the width of the
obstacle, OAW. The effective obstacle spacing is then OBSE =

AREAO/EWDTH, the area assigned to each obstacle divided by the
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effective obstacle width.

If the obstacle fits between the running gear elements, the
effective width of the obstacle is the path width of a single running
gear element, PWTE, plus the obstacle width, OAW. The effective
obstacle spacing is then calculated as above. A check is made if the -
obstacle 1is higher than the ground clearance; if it is, NEVERO = 1 to
indicate no obstacle override since the obstacle is too narrow to
support the vehicle and too high to fit under it. Then the effective

width and spacing is calculated from the full vehicle width, WDTH.

The area denied by the obstacles is then calculated by
ADO = 100 (area denied by a single obstacle)/(terrain unit
area per obstacle).
The terrain unit area per obstacle is modeled as a circle whose
diameter is the effective obstacle spacing. This area is

m(OBSE/2)2.

The area denied by a single obstacle is modeled by surrounding
the recpangular obftacle base by a band the half-width of the vehicle
and summing the areaé of all the regions indicated in the figure |
IT.D.1.

Thus the area denied by a single obstacle is
OBL*WA + 2(OBL*WDTH/2) +2(WA*WDTH/2) + m(WDTH/2)2.
The last term is the sum of the four quarter circles which form a full

circle of radius WDTH/2.
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FIGURE 11.D.} -- Area Denied Due to an Obstacle

),

To calculate the area denied by the vegetation to be avoided
the density of stems in each stem diameter class is calculated first.
Since the input data gives the average spacing of vegetation in a stem ‘
diameter class and greater, the spacing of individual classes has to
be separated. This is given by:
d; = (u/m)1/s% - 1/s58,4] iz 1,...,NI=1
where d. -

j = density of stems in stem diameter class i

S; = average spacing of stems in stem diameter classes

i,i+1,...,NI.

4

NI

number of stem diameter classes

The percentage of the area denied by avoiding stems in stem diameter

classes i, i+1,...,NI is given by




R-2058, VOLUME I Page 73
Operational Modules

NI NI
PAV, = 100/5%[;§%dvj d 5/ jZ% dj - WDTH]

where dyj = diameter of stems in stem diameter class j

WDTH = width of the vehicle.

The total area denied due to avoiding obstacles and stems in
stem diameter classes i,i+1,...,NI is given by
| ADT; = ADO + PAV;(100-AD0O)/100
This formula takes some account of the possibility that the vegetation
grows on obstacles. No additional area would be denied dﬁe to

avoiding such vegetation. .
2. Subroutine IV2 -~ Land/Marsh Operating Factors

This routine accounts for terrain units which may be water
covered. The effect of the water may be to support part of the weight
of the vehicle, reducing the effective normal forces on the running
gear needed for traction. At the limit, the vehicle may be fully

supported and will be swimming.

The routine first screens the terrain unit type. If it is dry,

the float indicator is set to zero, (WRATIO in the code) 1is

Twater
set to one indicating the full load of the vehicle is on the running
gear, and the under water drag area (DAREA) is set to zero. The

routine then sets the tire pressure indicator, JPSI, and exits.
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If the terrain unit is not dry, a test is made to determine if
the water is sufficiently deep to prohibit fording. This can occur for
a nonswimming vehicle and will result in a no go indicator, NOGOWD, to
be set indicating the vehicle cannot proceed across this terrain unit.
For a swimming vehicle this will result in a fully floating operation
for which the selected terrain unit speed is set to the swimming
speed, VSS, modified by vegetation avoidance. Water covered patches

are assumed bare of obstacles.

If the vehicle can ford, that is, when the water is
sufficiently deep to be noted but not deep enough to lift the vehicle
clear off the ground or to stop its progress, the buoyancy is
calculated by linear interpolation in a table of water depth (WDPTH)
vs. weight reduction ratio (WRAT) yielding a value of r_.i.,. below
1.0 which, when applied to vehicle weight terms will reduce ground
contact pressure. A final calculation results in the frontal area of
the vehicle subjected to the water drag forces for later incorporation
into the driving/braking force calculations. Before exit this routine
sets JPSI, the tire pressure index. See description of the next

routine for an explanation.

3. Subroutine IV3 -~ Pull and Resistance Coefficients

In this routine the draw-bar pull over weight (DOW) and
resistance over weight (RTOW) coefficients for the given vehicle and
the soil of the current terrain unit are calculated. Separate pull

and resistance coefficients are calculated for each suspension
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assembly, thus allowing the simulation of half tracks and tracked
vehicles pulling wheeled trailers as well as combinations with large
weight variations between axles. Also, different resistance
coefficients are calculated for each assembly when it is braked and/or:
powered (DOWPB,RTOWPB) as opposed to towed in a free wheeling mode
(RTOWT). The basic equations are included in Rula and Nuttall (1971).

with revisions by Turnage (1972)..

Four surface types are included: fine grained soils, coarse
grained soils, muskeg and snow. For fine grained soils, provisions
are made to simulate the effect on traction of slippery soii surface
conditions due to recent rainfall, flooding and or standing water.
Separate slipperiness effects aré included for CH soils, which are
largely impervious to water, and for other, more pervious fine grained
soils. Coarsé grained soils, muskeg and snow are assumed to never
have slipperiness conditions caused by standing water, flooding or

rainfall.

- Where soil is very soft (soil strength exceeding vehicle cone
index by at most 20) slipperiness is not a factor. If this excess
(RCIX) is greater than 20 the pull coefficients are .reduced by an
exponential relationship detailed below. At a certain level, given by
RCIX > RCIS, the reduction factor becomes constant indicating a
"skating condition"von an extremely hard surface. The routine also
accounts for the presence (NPAD = 1) or absence (NPAD = 0) of track

road pads.
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As described in the various routines of the Vehicle
Preprocessor above [Sections II.B.3, I1I.B.5, II.B.6, II.B.7, II.B.12,
and II.B.13], allowance is made for vehicles with central inflation
preésure systems by allowing changes in tire pressure due to various
soil conditions. The input data may contain up to three different
tire pressures for use on fine grained soils, coarse grained soils,
and highways. The scenario variable NOPP indicates how these should
be used. If NOPP = 0, a vehicle which can change its inflation
pressure is being simulated and the pressure appropriate for the
terrain surface is used. On fine grained soil, muskeg, snow and water
covered terrain units the fine grained soil pressure is used. If
NOPP is not 0, the tire pressure 1is set to the inflation pressure to
be used for all terrain units regardless of the type. The variable
JPSI, set in routine IV2, indicates the pressure to be used: JPSI = 1
for fine grained soil pressure, JPSI = 2 for coarse grained soil

pressure, and JPSI = 3 for highway pressure.

In the current subroutine, JPSI indexes the value of VCIFG,
DRAT, CPFFG, CHARLN, and GCA to be used. These are, respectively, the
vehicle cone indices for fine grained soil, the tire deflection ratio,
the contact pressure factor for fine grained soil, the characteristic
lengths of the traction elements, and the ground contact area. All of

these values depend on tire deflection which depends on the inflation

pressure.

This subroutine uses three other subroutines, FGSTR, FGSPC, and

FGSPR. These will now be described.
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Subroutine FGSTR calculates the fine grained soil towed motion
resistance (RTOW) for a suspension assembly. The routine first checks.
if the assembly is both powered and braked. If so, the assumption is
méde that it will never be free rolling (towed) so RTOWT, the returned
coefficient, is set to.zero. If the assembly may be towed and is
tracked an error list is written on unit LUN1 and the program is
halted since tdwed, tracked assemblies are not simulated. For towed,
wheeled assemblies

W' = Wi ryater/ni

where W.

i weight on axle i

ruater = Wweight reduction ratio due to buoyancy

(=1. for dry terrain units)
N; = number of wheels on axle i
Then '
B = [RCIbjq; (6;4)1/21/[W' (1 - .5b3/4;)]
where RCI

rated cone index for assembly

b; = section width of tire
d; = outside diameter of tire
5ij = deflection ratio for pressure j
and
RTOW = 1 - .34128 for B <2
RTOW = .04 + .2/(B - 1.35) . for B >2

This concludes Subroutine FGSTR.

Subroutine FGSPC calculates the fine grained soil pull
coefficient (DOW). It depends on the contact pressure factor (CPF)

and the excess rating cone index (RCIX) as follows:
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RCIX = RCI - VCIFGij
For tracked assemblies and CPF < 4
DOW = .544 + .O463RCIX
- [(.544 + .O463RCIX)2 - .0702RCIX]1/2

for RCIX < 0, DOW = .076RCIX
For tracked assemblies and CPF > 4
DOW = .455 + .0392RCIX
- [(.455 + .0392RCIX)2 - .0526RCIX]1/2
for RCIX < 0, DOW = .056RCIX

For wheeled assemblies and CPF < 4
DOW = .3885 + .0265RCIX
- [(.3885 + .0265RCIX)2 - .0358RCIX]1/2
for RCIX < 0, DOW = .O46RCIX
For wheeled assemblies and CPF > 4
DOW = .379 + .0219RCIX
- [(.379 + .0219RCIX)2 - .0257RCIX]11/2
for RCIX < 0, DOW = .033RCIX
This concludes Subroutine FGSPC.

Subroutine FGSPR calculates the motion resistance coefficient
(RTOWPB) of a powered/braked assembly. Similarly to the previous

routine, it depends on excess RCI and the contact pressure factor as

follows:
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For tracked assemblies:

RTOWPB = .045 + 2.3075/(RCIX + 6.5)

for RCIX < 0 and CPF < 4 RTOWPB = .4 - .0T72RCIX

for RCIX < 0 and CPF > U4 RTOWPB = .4 - .052RCIX
For wheeled assemblies and CPF < 4 |

RTOWPB = .035 + .861/(RCIX + 3.249)

for RCIX < 0 RTOWPB = .3 - .O43RCIX .
For wheeled assemblies and CPF > 4

RTOWPB = .045 + 2.3075/(RCIX + 6.5)

for RCIX < 0 RTOWPB = .4 - .029RCIX

This completes Subroutine FGSPR.

Returning to Subroutine IV3, initially a test is made to
determine the soil type and a transfer is made to the appropriate

portion of code which is described next.
a) Fine Grained Soil

For fine grained soils the excess RCI is calculated with
respect to the VCIFG,; for assembly i and tire pressure j (if
wheeled).

RCIX = BCI - VCIEGij

For an assembly never driven nor braked the powered resistance
(RTOWPB, ) and pull coefficient (DOWPB;j) are set to zero and the
towed resistance coefficient (RTOWT;) is calculated by a call to

Subroutine FGSTR. For powered or braked assemblies and a dry terrain
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unit successive calls to FGSPC, FGSPR and FGSTR are used to calculate

DOWPB;, RTOWPB; and RTOWTj, respectively.

If the terrain unit is wet, the value of NSLIP indicates the
extent of surface water according to Table II.D.1. For wheeled
assemblies, the factor

X = b45/.4 - .375
where 6 jj = deflection ratio of tires on assembly i at inflation
J, 1s used to account for the beneficial effects of high inflation
pressure, which helps to maintain the "circular" shape of the tire and
thereby improves the tire's ability to break through the slippery

layer,
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Table II.D.1
Slipperiness Conditions and Parameters
NSLIP Meaning

less than 1" rain with no free water

less than 6 hours rain with no free water

more than 6 hours rain with no free water

less than 1" rain with free surface water

less than 6 hours rain with free surface water
more than 6 hours rain with free surface water

CVUT o 1V -

CH Soils Impervious to Water

Tracked Assemblies Wheeled Assemblies
NSLIP DOWCS RCIS DOWCS RCIS
1 5. 200 ' .35 300
2 .3 150 .25x% 150
3 .3 200 . 2X 200
L .1 . 200 . 15x% 150
5 .1 300 . 15x 150
6 .15 500 - .15 100

All Other Fine Grained Soils

Tracked Assemblies Wheeled Assemblies

NSLIP DOWCS  RCIS DOWCS  RCIS
1 .45 100 .3 80
2 .3 100 1 80
3 .2 100 1 80
y 1 100 . 1x 80
5 1 100 .1 80
6 .15 100 1 80

These relationships are not used for excess rating cone index,
RCIX, less than or equal to 20. In that case the assumption is made
that the soil is weak and plastic in relation to the load to be
imposed on it by the vehicle and therefore surface water will not have

a significant effect on traction and resistance. The coefficients

DOWPB; , RTOWPB; and RTOWT; are calculated by calls to
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subroutines FGSPC, FGSPR, and FGSTR, respectively.

For a soil/vehicle combination where the excess rating cone
index (RCIX) exceeds 20, values for comparison rating cone index
(RCIO) and pull coefficient (DOWCO) are set as follows:

Tracked Assemblies: RCIO = 18. DOWCO = .4

Wheeled Assemblies: RCIO = 20. DOWCO .55

and RCIS and DOWCS are set according to Table II.D.1.

If RCIX exceeds RCIS (from the table) and the assembly is

wheeled, the pull coefficient is set to the table value of DOWCS and

RTOWPB; and RTOWT; are calculated using subroutines FGSPR and
FGSTR, respectively.

In case of a tracked assembly (and RCIX greater than or equal .
to RCIS), a further distinction is made for the presence of track road
pads. If track pads are present (NPAD =1) the same calculations as
for wheeled assemblies are made (under the observation that in both
cases a rubber/soil interface exists). If there are no pads (NPAD =
0), in order to include the effect of grouser action when no pads are
fitted the pull coefficient (DOWPBi) is set to the average of DOWCS

(from the table) and D (as calculated by subroutine FGSPC). The

resistance coefficients are again calculated by subroutine FGSPR and

FGSTR.

For excess rating cone index (RCIX) less than RCIS (from table)

the pull coefficient (in this case DOWS) is calculated by the
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log-linear relation
(log DOWS - log DOWCS)/(log DOWCO - log DOWCS) =
(log RCIX - log RCIS)/ (log RCIO -log RCIS)

For tracked assemblies with track pads, DOWS from this equation is
averaged with the pull coefficient D from Subroutine FGSPC to form
DOWPB; | oOtherwise DOWS becomes DOWPB;. The resistance
coefficients RTOWPB; and RTOWT; are calculated by subroutines
FGSPR and FGSTR. |

b) Coarse Grained Soil

This portion of Subroutine IV3 calculates the pull and
resistance coefficients for each assembly when the terrain unit
contains coarse grained soil. Dimensionless numerics developed by
Turnage (1972) are used.insteaq of the vehicle cone index (VCI).

A basic cone index gradient term is calculated from
G = .8645CI/3.
For tracked vehicles, the towed resistance is set to zero since the
NRMM does not model towed tracks. The pull coefficient is calculated
from the pi term
me = [.6G(byly) 1*21/W;

where W

weight on assembly i

track width

—
[=N
] ]

track 1ength'on ground
by
DOWPBi = .121 + .258108'nt for ﬂt_<_25
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DOWPBi = .339 + .109logm¢ for 25<m <100
DOWPB; = .481 + .038log"¢ for 100<m<1000
DOWPB; = .595 for 1000<T,

Then the powered/braked resistance coefficient is calculated from

RTOWPB;, - .6 - DOWPB;.

For wheeled axles, if the axle is never towed, the towed
resistance coefficient, RTOWT; is set to zero. If the axle can be
towed, the pi term is calculated by

m

G(bjdg) '+2 11/3/0(1-6 ;433 (14 by/ds)Ws/ny]

H

t

where W

it

i weight on axle

o)
i

number of wheels on axle
D; = section width of tires on axle
d; = diameter of tires on axle
i = axle number (from front)
6jj= deflection ratio for tires at inflation j
The towed resistance coefficient is then calculated by
RTOWT; = .44 - ,01m,

If the wheeled axle can be powered or braked the width and weight are

adjusted for the presence or absence of dual wheels. The pi term is
M4 = G(Bdi)'*58;5 Wi/

where the above notation is used with

B

b; for singles, 2bj for duals
W

Wi/n; for singles, 2W;j/nj for duals.
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‘ The pull coefficient is then given by
DOWPBi - .53 - ”05/(.” d + 3-7)
and the powered/braked resistance is

RTOWPBi = .6 - DOWPB;.
¢) Muskeg

This portion of the subroutine IV3 calculates the pull and
4resistance cbefficients for each suspension assembly when the surface
of the terrain unit is designated as muskeg or peat. The equations
used are basically those developed for fine grained soils when the

contact pressure factor is greater than or equal to 4psi, |

The excess rating index is calculated from

RCIX = RCI - VCIMUKi

‘ where RCI

VCIMUK, - vehicle cone index calculated for assembly i

rating cone index of terrain unit

A candidate resistance coefficient is calculated by

RT = 1. = if RCIX<~100
RT = 1. - .006(RCIX + 100.) if =100<RCIX<0
RT = .045 + 2.3075/(6.5+RCIX) if 0<RCIX

The towed resistance coefficient is set by
RTOWT; = RT if assembly may be towed
=0 if assembly is always either powered

or braked.
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The powered resistance coefficient is set by

RTOWPB; = RT if assembly may be powered or braked

0 if assembly can only be towed.
For unpowered assemblies the pull coefficient is set to zero. For

powered assemblies the following cases are distinguished:

DOWPB; = -1, if RCIX<-100.
DOWPB; = -1, 4+ .1(RCIX + 100.) if -100.<RCIXO
DOWPB, = 5464 + .1091RCIX

- [(.5464 + .1091RCIX)2 - .192RCIX]1/2
if O<RCIX and
the vehicle is tracked with contact pressure factor less than 4 psi
DOWPB; = .3537 + .02258RCIX
- [(.3537 + .02258RCIX)2 - .03071RCIX]1/2

in all other cases.

d) Shallow Snow

This portion of subroutine IV3 calculates the pull and
resistance coefficients for each suspension assembly when the scenario
variables indicate that the terrain unit is covered with a shallow
layer of snow. For this model shallow snow is defined as snow
covering frozen ground at a depth less than the characteristic length

of the tire or less than one third of the track length on ground.

Resistance is based on the force required for bulk movement of
snow whereas traction is based on the Coulomb equation. Thus the

towed resistance for wheeled vehicles is calculated from
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RT

(101;b3Y2g)/(Ndj1g 5)

where n

number of wheels on assembly i
N = total number of wheel axles on vehicle
b; = section width of tire on assembly i
d; = diameter of tire on assembly i
v = specific weight of the snow
Z5 = snow depth
lij = characteristic length of tire on assembly i

at inflation j (see Section II.B.6))
and for tracked vehicles from

RT

(yzg) /(215 3)
where lij = the characteristic length of the track.

For suspension assemblies that are never towed, RTOWTi = 0.
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For

assemblies that may be powered or braked the above equations are used

for RTOWPB, ,
The pull coefficients are calculated using

TOWMAX

1]

tan o+ (chAjing) /Wy - wheeled assembly
TOWMAX

tan g+ (cA;/W;) tracked assembly

where ©® internal angle of friction

c cohesion

Aj,Ajj = ground contact area
N = number of wheels on assembly i
W, = weight supported by assembly i.

The pull coefficient is then set to

DOWPB; = TOWMAX - RT.

In all cases (fine grained soil, slippery fine grained soil,

grained soil, muskeg or snow) Subroutine IV3 passes on

coarse
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RTOWT; = towed resistance coefficient
RTOWPB; = powered/braked resistance coefficient
DOWPB; = pull coefficient

for each suspension assembly 1i.
4. Subroutine IV4 - Summed Pull and Resistance Coefficients

In this routine the individual suspension assembly resistance
and pull coefficients are summed to provide overall, average vehicle

coefficients. The formulas concerning traction are:

RTOWP = sum of RTOWPB,#w,/GCWP for powered assemblies i
DOWP = sum of DOWPB, *W;/GCWP for powered assemblies i
RTOWNP = sum of RTOWT,*w,/(GCW-GCWP) for unpowered
assemblies i
where RTOWP = average powered assembly resistance coefficient
DOWP = average powered assembly pull coefficient
RTOWNP = average un-powered assembly resistance coefficient
Wi = weight supborted by assembly i
GCWP = weight supported by all powered assemblies
GCW = gross combination weight

RTOWPB; = powered resistance coefficient of assembly 1

DOWPB,

pull coefficient of assembly i

RTOWT, = towed resistance coefficient of assembly i.
The formulas concerning braking are similar to the above except that

the summation is over the braked and non-braked assemblies.
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5. Subroutine IV5 - Slip Modified Tractive Effort

This routine modifies the vehicle tractive effort vs. speed
relationship, calculated in Subroutine II16 of the VPP, for slippage
of the running gear in the soil. This relationship was stored as the
coefficients of a quadratic relating speed to tractive effort in a
"gear". Each gear was specified as an interval in the speed range of

the vehicle.

This subroutine calls four other subroutines named TFORCF,
VELFOR, SLIP, and QUAD5. These routines calculate
1. the soil limited maximum tractive effort (TFOR)
available to the vehicle [by TFORCF]

2. the maximum velocity (VX) achievable when just
' overcoming a given resistance [by VELFOR]

3. the slip of the running gear (SLIP) when operating
at a certain pull force coefficient [by SLIP]

4, the 1eést square fitted quadratic to five points under the
constraint that the fitted curve must pass through

the extreme points of the independent variable,
SPEED, [by QUADS].

Subroutine IV5 first retrieves the appropriate ground contact
pressure factor (either CPFCFGJ or CPFCCGj) and, in the case of
soil types other than snow, calls subroutine TFORCF to calculate the
maximum tractive effort (TFOR) available from the soil. 1In case of
snow cover this is calculated from the pull (DOWP) and powered
resistance (RTOWP) coefficients times the effective weight on the

powered wheels. The routine then performs the following calculations
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ENTRY
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FIGURE 11.D.2 -- SUBROUTINE IV5 -
Slip Modified Tractive Effort
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for each slope (9k) and gear (NG).

Gears do not necessarily correspond to real gears in the
transmission; they are intervals in the total speed range for which
the tractive effort vs. speed curve (rim pull curve) can be well

approximated by a quadratic.

F =ayg + bygv + eygve  for vy ng < v £ V5 NG
Five points {(vy ya, Fj ng)y 1=1,..+55% Vio1,NG £ Vi,NG»
i=2,...5} are given for the curve for each gear NG. A "vertical" gap,

as shown in figure II.D.2, at speed v is approximated as a

gear with V1,NG = ... = V5 NG and five values of F as indicated by

the figure. It is generally assumed that F1 NG is the maiimum
. ’

tractive effort in gear NG (i.e. F1,NGZF1,NG) and that F5,NG is

NG = 1. TFOR cos Gk

(F)

NB: The lines
represent rim
pull curve.
The entire gear
| | NG = 1 is represented
- by the point at v = 0.
v’ v
VEHICLE SPEED (v)

TRACTIVE EFFORT

FIGURE 11.D.3 -- Tractive Effort vs. Speed Modification
for Soil and Slope
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the minimum tractive effort in gear NG (i.e. F5 NGSFi NG) -
b - ’

The routine fetches the coefficients (aNG, byg, ceyg) and

the points (v, ¢, Fi NG) for each gear. These will be modified

for slip. First the total tractive effort available from the vehicle

in each gear NG, Fy NGecp, corrected by a terrain unit elevation

factor ecp, is compared to the slope modified maximum surface

traction TFORcos8, ., If not all the vehicle tractive force can be

applied (Fy ycecp > TFORcos8y) the minimum surface tractive

force FS,NGeCF is compared to the maximum surface traction. 1If

the vehicle tractive effort exceeds the maximum surface tractive force

throughout the gear (F5 ycecr > TFORcoSe,) the entire gear is

approximated by 100% slip, the speeds Vi NG are all set to zero and
’
the tractive effort is set to a constant TFORcosGk. The quadratic

then reduces to ay, = TFORcos®, with byg=cyg=0.

If the soil can support a tractive effort between the minimum

and i h
maximum of the gear NG (FS,NG < TFORcos8y < Fq yg), the
subroutine VELFOR is called to determine the speed v* in the interval

[

V1,NG:V5,NG] at which the vehicle produces the maximum surface
tractive effort. The interval representing the gear NG is now

adjusted to be [V1,NG = v*,v5 Ngl, the maximum tractive effort for

this gear is reset to

and five new values of tractive effort are calculated at equally

Spaced speed values from v¥*

{(

to Vg ng. These become the new gear

Vi,NG»Fi ng)» i=1,...,5: vVi,NG=V*}. If this gear was a
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vertical gear, the five points would be equally spaced from F1 NG toO
?

FS,NG all at vq G-

If the maximum available tractive effort in the soil, modified
for slip, is greater than the rim pull tractive effort, corrected for
elevation, everywhere in the gear (TFORcose,> Fi NGgecF) the
computations proceed directly to adjustment of the speeds Vi NG for

’

slip.

The above computations have the effect of limiting the tractive
effort vs. speed curve of the vehicle, the rim pull curve,‘by the
maximum tractive effort available from the terrain unit surface
material. Each of the five points (Vi,NG:Fi,NG) for each gear NG
are now individually adjusted for slip, altitude, and extra drag using
the equations below. The force coefficient is calculated by

y = (F; NG ecF ry)/(GCWPcosey) - CF
where r, = proportion of vehicle weight on running gear (=1
except possibly for water covered terrain units)

CF = slip curve correction factor (calculated in Subroutine
TFORCF)
GCWP = gross combination weight on powered suspension

elements.

This ratio is used by Subroutine SLIP to calculate the slip
required of the traction elements (SLIPX) to produce force F; ye for
’
the given vehicle and terrain unit. The vehicle speed is then

adjusted by
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Ve = vi NG (1. - SLIPX)
and the new point (Vc'Fi,NGeCF) replaces (vj yg,Fj ng) in

the tractive effort vs. speed curve for the current terrain unit.

For water covered terrain units a hyperbolic drag is calculated

from
Wp = (.00111Cp A vg@)/2
where  Cp = drag coefficient
A = submerged frontal area

and this drag is subtracted from Fi,NGeCF-
For terrain units designated as trails, a cornering drag for

wheeled assemblies is calculated by

Fc = Fe {sum of (WecosekViNG,MpH/111.1 R')2
[.75/n 21 (TFOR/GCWP) ] for all wheeled assemblies 1

where F superelevation factor given by

e =
Fo = 1 - 7.495R'e

e = superelevation angle
R' = radius of curvature in feet
v

iNG,MpH = speed vj NG in MPH

1}

1 weight on axle 1

number of wheels on axle 1

"1
o] = cornering stiffness of tires on axle 1

This force is subtracted from Fi,NGeCF'

The five new tractive effort vs. slip corrected speed points

for each gear are now fitted with a quadratic which is constrained to
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pass through the points for the minimum and maximum slip corrected
speeds of the gear using Subroutine QUAD5. Before returning,

subroutine IV5 sets the maximum available tractive effort value for
each slope, FORMX(K), and the speed at which FORMX(K) occurs,

VFMAX (K) .

a) Subroutine TFORCF - Soil Limited Tractive Effort

The drawbar pull.and traction vs excess rating cone index
relationships used in NRMM are based on tests conducted at 20% slip
(Turnage (1972)). Subroutine IV5 requires tractive effort at 100%

slip.

This routine calculates the slip curve correction factor, CF,
and the soil limited tractive effort, TFOR, according to the following
formulas:

Fine Grained Soil
Tracked Vehicles
'CF = DOWP - .758 + RTOWP for CPFC < 4

TFOR = (CF + .82)GCWP

CF = DOWP - .671 + RTOWP for CPFC > 4
TFOR = (CF + .T1)GCWP

Wheeled Vehicles
CF = DOWP - .674 + RTOWP : for CPFC < 4
TFOR = (CF + .76)GCWP
CF = DOWP - .585 + RTOWP for CPFC > 4
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TFOR = (CF + .655)GCWP
Coarse Grained Soil
Tracked Vehicles
CF = .074 for rigid track
TFOR = (CF + .568)GCWP
CF = .1 for flexible track

TFOR = (CF + .695)GCWP
Wheeled Vehicles
CF = DOWP - .56 + RTOWP

TFOR = (CF + .575)GCWP

Muskeg
Wheeled Vehicles and CPFC > 4
CF = DOWP - .68 + RTOWP
TFOR = (CF + .745)GCWP
All other cases
CF = DOWP - .88 + RTOWP
TFOR = (CF + .91)GCWP

b) Subroutine VELFOR -~ Maximum Velocity Overcoming a Given

Resistance

This routine finds the maximum velocity, v*, that a vehicle can
travel while overcoming a given resistance rrom the tractive effort

vs. spa2ed curve after adjustment for soil limited traction and driving

element slip.
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The tractive effort vs. speed curve is given by
F = ang + bNGV + CNGVZ’

a sequence of quadratics in various speed ranges (V1,NG <vX
V3,Ng), where NG indexes the speed ranges from 1 to NGR, the number
of speed ranges (or gears). Note that for this routine there are
three speeds given for each gear. This routine in effect solves for
maximum v given an F by solving the quadratic equation

CNGv2 + bygv + (ayg - F) = 0.

Let the discriminant be denoted by

2 . p 2 -
de = byge - 4(ayg - Fleyg.

For d2 < 0 it must be true that °NG £Z 0 and aNGg - F #£
0. Then the quadratic has no real solution. If CNG > 0, the
tractive effort vs. speed curve for the gear NG lies entirely above
the value F so the speed, v*,'that the vehicle can achieve is set to
the maximum in the gear, namely v¥* = V3 NG- If cyg < O the entire
curve for the gear is below the value F so the vehicle cannot overcome

the resistance in the gear NG and thus a lower gear is tested.

For d2 = 0 two cases can occur. For Cng # 0 there is a
unique intersection between the quadratic and the line F = constant.
Since a single point intersection (tangency) between the tractive
effort vs. speed curve and the line F = constant is, realisticaily,
similar to no intersection at all, decisions like those for the case
of d2 < 0 are made when CNG < 0 [seek a lower gear] and when cyg
> 0 [set v¥ = V3,NG]' When cyg = 0, then byg = 0 (since d2 =

0) and thus the tractive effort vs. speed curve for gear NG is a
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horizontal line through ays. If F < ayg the vehicle can proceed

at maximum speed in the gear [set v¥ = V3. NGl and if F > ayg the ‘
1
vehicle cannot overcome the resistance F in gear NG and thus a lower

gear is sought.

For a positive discriminant, d2 > 0, and Cyg = 0, the
tractive effort vs. speed curve in gear NG is a straight line. If the
intersection of this line with F = constant is to the right of the
maximum speed, V3 yo. in gear NG then if byg > 0 the curve is
below F = constant in the speed range NG and the vehicle cannot
overcome the resistance F in gear NG and thus a lower gear is sought.
If byg < 0 then the curve is above F = constant and v* = v3 yg.
If the intersection is to the left of the minimum speed, Vi NGy in |
’
gear NG then the reverse is true, namely that v¥* = V3 NG LIf byg > }
?
0 and a lower gear is sought if bNG < 0. For the case when the .
intersection occurs at (v,F) and Vi,NG < Vv < v3 NG then v¥* = v for

byg < 0 and a lower gear is sought for byg > 0.

For a positive discriminant and CnGg # O there are two real
roots for the quadratic equation, the greater being designated by v =
RH while the lesser by v = RL. Three cases may be distinguished, the
first for both roots negative. Then in the range of a gear the
tractive effort vs. speed curve is either entirely above (indicated by
Pyg > 0) or entirely below (indicated by byg < 0) the line F =

constant. The v¥* = V3 NG or lower gear is sought, respectively. In

the second case only one root is positive, then results similar to the

prior de > 0, ¢ = 0 case are used. The curves for positive v are
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not straight lines in this case but they are strictly monotoniec with
less and less curvature for increasing Q. In the third case when boih
RH and RL are positive a test is made as to their relationship to
V1,NG and v3 Ng. The cases are distinguished by the 'determination

of whether the tractive effort vs. speéd curve is above or below F =
constant. If it is above at V1, NG then the highest root in the
interval V1,86 < v < v3 NG is used as v¥. If the curve is above

at both V1,NG and V3’Nd, then v* = v3 yg. If the curve is below

at Vi,NG a lower gear is sought.

If the subroutine cannot find a gear for which the tractive
effort exceeds the resistance a final test against the maximum
tractive effort, FORMX, is made. If FORMX > F, the velocity v¥* =

Vmax, the velocity at which the vehicle exhibits its maximum

tractive effort. If FORMX < F, then v¥ = 0,

c) Subroutine SLIP - Powered Traction Element Slip for Given

Traction Coefficient

This routine uses empirical equations presented in Appendix A
of Rula and Nuttall (1971) to determine the longitudinal slip of the
powered traction elements in order to produce a given traction (pull)
coefficient, y. These relationships are given by the following:

Fine Grained Soil |

Traéked

wn
H

.0257y - .0161 + .01519/(.8353 -~ y) for CPFCK4

w2
t

.0733y - .0063 + .00734/(.7177 - y)  for CPFC>4
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Wheeled

S

.0621y - .021 + .01888/(.7794 - y) for CPFC<4
S

.084y - .016 + .01414/(.6697 - y) for CPFC>4
In case of wheeled vehicles with CPFC > 4 on fine grained soil the
slip is further redu;ed by dividing it by 1.1 if the vehicle is
equipped with a locking differential.

Coarse Grained Soil

Tracked
S = -.0083 + .005312/(.573 - y) for rigid tracks
S = 1.074y - .72
+ [(1.074y - .72)2 + .09y + .009]11/2
for flexible tracks
Wheeled
S = .0074y - .0061 + .00374/(.5785 - y)

This last value of S is further reduced by dividing by 1.1

if the vehicle is equippéd with a locking differential.

Muskeg
S = .0585y -~ .0106 + .01336/(.964 -~ y) for tracked
vehicle with CPFC < 4
S = .1024y - .00864 + .01062/(.7564 - y) all others

In the case of wheeled vehicles with a locking differential, S is
further reduced by dividing by 1.1.

Shallow Snow

S

301 - [1-y11/2) for y < 1
S =1 for y > 1
In all cases if S lies outside the interval 0 < S < 1 it is set to

1.
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d) Subroutine QUADS - Quadratic Fit to 5 Points

This subroutine uses the least square criterion to fit a
quadratic to fivebpoints under the constraints that the curve must
pass through the points with the lowest and highest value of the

independent vafiable.'
6. Subroutine IV6 - Resistance Due to Vegetation.

This subroutine calculates the resistance to vehicle motion
caused by vegetation when the vehicle attempts to override it. Since
vegetation is categorized into NI classes g the basis of stem
diameter, separate resistance forces are calculated for each class.
If the terrain unit is bare of vegetation all the resistances are set
to zero. All resistances are also set to zero for the smallest stem
diameter class. Otherwise, for each stem diameter class i beginning
at class 2 the force needed to override the largest tree in class 1 is
given by

Fy. is1 = (56/5.8)%d3p;
and the force against the vehicle pushbar exerted by such an override
attempt is given by

Fum,ie1 = (40 - bpp/2)d3p; -
The force required to override all the vegetation in classes i and
stem diameters is given by

Fy,i41 = 126100[sum of jd3j for j=1 to il
where dvmi = stem diameter of the largest stems in class i

dvj = stem diameter of representative stem in class j
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Ppp = push bar height of vehicle
w = width of vehicle
j = density of stems in class j.

These relationships may be found in Rula and Nuttall (1971) starting
on page 157.

7. Subroutine IV7 - Driver Dependent Vehicle Vegetation Override Check

This routine determines the maximum stem diameter class which
the driver will try to override. For each class not overridden an
indicator is set as to whether it was driver tolerance or pushbar
capacity that limited the override. The driver tolerance is based on
longitudinal acceleration and is currently limited by 2 g's. Thus if
for stem class i, F, . > Fppp, the indicator will be set to no
override [IMPACT(i)=1] due to pushbar weakness. If Fumi/GCW > 2.,
the indicator will be set to no override [IMPACT(i)=2] due to driver
limit. If both limits are exceeded IMPACT(i)=3. The maximum stem
diameter class to be overridden (indexed by MAXI) will be the largest

stem class for which neither limit was exceeded.
8. Subroutine IV8 - Total Resistance Between Obstacles

In this routine the resistance to vehicle motion due to soil,
slope and vegetation is summed to produce a resistance between
obstacles. For each slope (up,level,down indexed by k) the resistance

while overriding a single tree of stem diameter class i is given by

RTTki = GCWSinGk + (RTOWP*CGWP + RTOWNP*CGWNP)rwcosek + Fyii
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and the resistance while overriding

classes i-1 and smaller is

Rrgi = GCWsin®y + (RTOWP*GCWP +

where GCW
GCWP
GCWNP
O
RTOWP
RTOWNP

r
W

vi1i

vi

gross
gross

gross

slope

combined weight
combined weight
combined weight

angle
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all vegetation in stem diameter

RTOWNP*GCWNP)r cos8, + Fyj

on powered elements

on unpowered elements

powered elements resistance coefficient

unpowered elements resistance coefficient

proportion of vehicle weight on running gear

elements (=1 except possibly for water covered

terrain units)

force required to override the largest tree

in stem diameter class i-1

force required to override vegetation in stem

diameter classes i-1 and smaller.

9. Subroutine IV9 - Speed Limited by Resistance Between Obstacles

This routine uses Subroutine VELFOR (described as part of

Subroutine IV5 above) to determine the maximum speed the vehicle could

travel while overcoming the resistance RT1ki and RTki calculated

in Subroutine IVS8.
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If the resistance due to soil, slope and vegetation in a
certain stem diameter class is larger than that which the vehicle is .
capable of overcoming at any speed, the velocity is set to zero and
MAXI is lowered to reflect the fact that vegetation override will not
be attempted for that class. In traverse mode (NTRAV=1) all

velocities for slopes other than the designated slope are set to zero.
10. Subroutine IV10 - Speed Limited by Surface Roughness

Prior to runs of NRMM, a cross plot of speed vs. surface
roughness was made from repeated runs of VEHDYN (See Chapter 1.
Overview). Each of these cross-plots implies that, for the given
surface roughness, the speed given is the maximum speed the vehicle
can operate without subjecting the driver to vibrations exceeding a
certain level of absorbed power. INRMM allows for several of these .
plots, giving results for several levels of absorbed power, to be
entered as part of the vehicle data. The choice of which one to use

is indicated by scenario variable LAC.

In this routine the speed vs. surface roughness array is
searched and linearly interpolated for the maximum speed a vehicle
could travel without subjecting the driver to vibrations resulting in
an absorbed power greater than the limits implied by the choice of

LAC.
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11. Subroutine IV11 - Total Braking Force - So0oil/Slope/Vehicle

This routine célculates the total braking force available to
the vehicle., Two basic components are calculated. The first is the
braking force due to the resistance of the running gear which is
always present regardless of whether the brakes are on or not. This
force is estimated as

X; = (RTOWB*GCWB + RTOWNB*GCWNB)r,,
where RTOWB = resistance coefficient of braked running gear elementé
RTOWNB = resistance coefficient of unbraked running gear
elements
GCWB = gross combined weight on braked running gear elements
GCWNB = gross combined weight on unbraked running gear
elements
r., = proportion of vehicle weight supported by running
gear elements (=1 except possibly for water covered
terrain units).
The other component calculated is due to the retardation force when
the brakes are applied. The maximum retardation force available from
the terrain unit surface material is calculated by
X, = (DOWB + RTOWB)GCWBr,
where DOWB is the pull coefficient of the powered wheels. This force,
adjusted for slope, is compared to the maximum force the vehicle can
exert, Xgp, the lesser of the two being used. The total braking is
the sum of these two components plus or minus the force due to gravity

on slopes. Thus

Tprpg = GCWrysine, + Xq,cos®, + min[Xpp,X5c0s50,]
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where 8, = slope angle.

If Tgpy is negative [due to sinéy on downhill slopes] a no-go
indicator is set , NOGOBF=1, under the supposition that the vehicle
cannot be controlled without sufficient braking. Calculations are
continued since the situation being simulated may not actually stop
the vehicle, as for instance, on a long straight downhill slope for
which the next terrain unit is flat and sufficiently bare of

obstructions to allow run-out.

12. Subroutine IV12 - Maximum Braking Force -

Soil/Slope/Vehicle/Driver

In this routine the maximum braking force calculated in the
previous routine may be attenuated due to simulation of driver
actions. It has been observed that drivers do not always use the
maximum braking force available either due to choice or lack of skill.
In addition drivers may not even use all of that braking force,
preferring to always keep some in reserve for "safety's sake".

These actions are modeled by two vehicle inputs:

DCLMAX = the maximum braking force (in g's) a driver will
use due to comfort or skill (the "lunch
box" limit)

SFTYPC = the percentage of the theoretical maximum

the driver will actually use "for safety"
(e.g. to prevent lockup of wheels).
If the user wishes no restriction on the performance of the vehicle

due to driver imposed limits, the scenario variables DCLMAX and SFTYPC
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should be set to high values.

The braking used in further calculations is given by

Byxk = min[DCLMAX*GCW, Tppi*SFTYPC/100]

where k = slope index (1 = up, 2 = level, 3 = down).
13. Subroutine IV13 - Speed Limited by Visibility

In this routine the maximum speed at which a driver may proceed
to just stop within the visibility distance without exceeding the
braking force (calculated in the previous routine) is calculated.

The recognition distance is caléulated by:

D

where D

v = visibility distance

h driver eye height.

e

The deceleration due to the braking force the driver will actually use
is given by
sk = Bmxk 8/GCW

where g = acceleration of gravity

k = slope index (1 = up, 2 = level, 3 = down)

Byxx = maximum braking force actually used on slope K.

The maximum speed limited by visibility, Vi, is calculated from the
solution of the equation for recognition distance required to stop,
which is |

Dp = trVyk + VEK/(2Byxk)

where tr

reaction time between recognition and application of

brakes.
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If the braking force Byy, is nonpositive, the speed limited by
visibility is set to zero. In addition, if Vvk is positive but less .

than VISMNV, the minimum speed the driver will accept despite full

obscuration of his vision, then V,, is set to VISMNV.
14, Subroutine IVi4 - Selected Speed Between Obstacles

This routine chooses the minimum among the following speeds for
travel between obstacles. This selection is made for each slope -

vegetation override class.

VTIREJ = maximum safe tire speed at inflation pressure j
f‘ v . - » . . .
99% o SOIL,k,i = velocity limited by soil, slope
and vegetation resistance for slope

k overriding vegetation in classes

i-1 and smaller .
VRIp = velocity limited by surface roughness
Vvk = velocity limited by visibility and braking force

on slope k

A separate speed 1limit, Vttki’ is chosen for each slope k (1
= up, 2 = level, 3 = down) and overriding vegetation in class i-1 and
smaller. Less than 100% of VSOIL,k,i is used since the velocity -
dist . i
stance curve has an asymptote at vSOIL,k,l’ which means that a

vehicle can never accelerate up to VSoIL k.1i-
H 1
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15. Subroutine IV15 - Maximum Speed Between and Around

Obstacles

This routine calculates, for each slope k and vegetation
override index i, VBO.; 6 the maximum speed the vehicle can achieve
while traveling between obstacles, and VAVOIDki» the speed which the

vehicle can achieve in the terrain unit while avoiding all obstacles.

Between obstacles, VBO.; represents the maximum speed a
vehicle can travel while overriding vegetation in stem diameter
classes i-1 and smaller while avoiding all vegetation in stem diameter-
classes i and larger by maneuvering. This maneuvering will lower the
overall average speed due to path elongation and a variety of other
factors. The extent to which this speed is lowered depends on PAVi’
the percentage of area deniéd due to maneuvering around vegetation in
stem diameter clésses i and greater. The relationships are:

Tracked Vehicles
for PAV; < 3% no reduction (VBOgi = Vigki)
for 3% < PAV, < 7%
Syg = [(392.93 - Vigki)PAVi{1/4 + (TVigki - 3%392.93)/4
VBOkj = minlSyg,Vetkil
for 7% < PAV; < 52.5%
SMg = 453.2 - 8.603PAVj
VBO; = min [Syg, Vitkil
for 52.5% < PAV; set VBOgj = O
Wheeled Vehicles

for PAV; < 3% no reduction (VBOp; = Vigpi)
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for 3% < PAV; ¢ 7%

Smg = [(450.33 ~ Vigpi)PAV{1/4 + (TVigki - 3%450.33)/4

VBO,; = min [Smg, Vetkil

for 7% < PAV, < 41.3%

Smg = 542.11 - 13.112PAV;

VBOy; = min [Syg, Vigkil

Around and between obstacles, VAVOIDki represents the overall
maximum speed the vehicle can travel while overriding vegetation in
stem diameter classes i-1 and smaller and avoiding both obstacles and
vegetation in stem diameter classes i and greater. The equations used
to calculate VAVOID,; are similar to those used above to calculate
VBO, ; except that ADT;, the percentage area denied by avoiding
obstacles and vegetation in stem diameter classes i and greater, is .
used in place of PAV,,

VAVOIDk’i for k = 1,2,3 if NTRAV = 3
or k = 1 if NTRAV = 1
i=1,...,N
is the complete set of speeds calculated for driving strategy which
avoids obstacles. The next comparable set of speeds is VOVERki,
which simulates the driving strategy that overrides obstacles. From
these two sets of speeds the overall terrain unit speed is selected

with some modifications in the last two routines of the Areal Module,

Subroutines IV20 and IV21.
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16. Subroutine IV16 - Obstacle Override Interference and Resistance

This routine uses a simplistic three dimensional, linear
interpolation routine, subroutine D3LINC, on the arrays developed from
the Obstaqle Module, OBS7BB. prior to execution of the Operational
Modules of the INRMM. Thrée tables were developed from the Obstacle
Module

i) FOO vs OBH, OBAA, and OBW
i1) FooMax vs OBH, OBAA, and OBW
iii) CLEAR vs OBH, OBAA, and OBW
where OBH = obstacle height (denoted by hy in TPP)
OBAA = obstacle approach angle (denoted by @ in TPP)
OBW

obstacle base width (denoted by wog in TPP)

overall tractive effort to override obstacle

FOO
FOOMAX:= maximum tractive effort required during override
of obstacle
CLEAR = minimum clearance/maximum interference during
override of obstacle
The outputs of this routine are FOM, FOMMAX, and CLR, which are the
overall tractive'effort, maximum tractive effort, and
clearance/interference for overfiding obstacles in the current terrain

unit respectively.

If this routine determines that vehicle/obstacle interference

occurs, the flag NEVERO is set to 3.
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17. Subroutine IV17 - Driver Dependent Vehicle Speed Over Obstacles

:The routine linearly interpolates two arrays developed from the
Ride Dynamics Module, VEHDYN, prior to execution of the Operational
Modules of the INRMM. These tables give
i) VOOB vs OBH
ii) VOOBS vs OBSE

where  OBH = obstacle height (denoted by h, in TPP)

OBSE effective obstacle spacing (calculated in

subroutine IV1)

VOOB

n

maximum constant forward velocity during override

of an obstacle of height h0 which results in a

Vertical acceleration on the driver (or some other
critical location) limited by a certain g level.
Currently 2.5g at the driver's station is used.

VOOBS = maximum constant‘forward speed during the override

of obstacles whose spacing is OBSE. This maximum speed
is limited by both the absorbed power criterion and
the vertical acceleration criterion on the driver (or

some other critical location on the vehicle).

The relationship between VOOBS and OBSE is used here without
regard for obstacle height. Current practice is to generate this
relationship using VEHDYN with a constant obsﬁacle height for all
spacings. The height used should be éhat which limits the vehicle

speed to 15 mph. as determined from the single obstacle relation.
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The logic of the routine is that if the average distance
between obstacles (OBSE - WA) is less than the wheel base or track

length on the ground, only the second array (VOOBS vs. OBSE) is
interpolated and the resulting speed is used for VOLA, the maximum

obstacle approach speed.

If the distance between obstacles is between the wheelbase or
track length on the ground and twice the full wheelbase or track
length both arrays are interpolated and the lesser of the two speeds
is used for VOLA. If the distance between obstacles is greater than
twice the wheelbase or track length on the ground then only the firSp
array (VOOB vs. OBH) is interpolated and the resulting speed is used
for VOLA. |

18. Subroutine IVi8 - Speed Onto and Off Obstacles

This routine determines the maximum approach sbeed, VAki, at
the first contact with an obstacle and the exit speed, VXTki, when
departing the obstacle after overriding. Possible adjustments to the
speed between obstacles, VBO,.;, are also made. If the prior routines
of the Areal Module have determined that there cannot be override or
there can be ho>gain in speed due to override, an indicator NEVERO is

set to 1,2 or 3. In this case the routine sets all the speeds VAki =

VXTki = VBoki = 0-

If the obstacles are so closely spaced (TL > OBSE - WA) that

the vehicle essentially is always in contact with one of them then an
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assumption is made that the driver will choose to proceed at a steady
speed over the terrain unit (i.e., no acceleration/deceleration
between obstacles). This speed, Vttki; is determined to be the
maximum speed limited by the driver's comfort level overriding
obstacles (VOLA), the general roughness level (VRID)1 the
visibility/braking force limit (Vvk): the tire limit (VTIREj) if
there are wheeled suspension elements, and the soil/vegetation/
slope/obstacle resistance limit (VSOILki) calculated by VELFOR, a
subroutine described above in Section II.D.5.b). The resistance used
here is that of the soil/vegetation/slope for the terrain unit, plus

that resistance due to overriding the obstacle, FOM. The speed

"between obstacles", VBO,; is then calculated from Vi¢yi by
attenuating V ., ; due to possible maneuvering to avoid vegetation in
stem diameter classes i and greater. This calculation is the same as
that described in Subroutine IV15 above (Section II.D.15)). Then the
approach and exit speeds are all set to the same value as the speed
bgtween obstacles (VA ; = VXTp; = VBOg;). This will guarantee

that no acceleration/deceleration can occur since no speed changes

across and between obstacles will occur.

For the case where the vehicle can fit entirely between
obstacles (TL < OBSE - WA) it is theoretically possible that the
vehicle could accelerate to speed VBOki or some lesser speed after
leaving the obstacle at speed VXT i pefore braking in order to
reduce speed to VA ; when approachiag the next obstacle. In this

case the three speeds, VA ;, VXT,;, and VBO,; are calculated as
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follows.

The resistance of soil and slope is given by RTk1’ the
soil/slope/vegetation resistance avoiding vegetation in classes

1,2,...,NI. The use of this resistance makes the assumption that

obstacles are bare of vegetation.

For each vegetation class i and slope class k the approach

speed, VA ., is set equal to the lesser of the soil/slope/vegetation

limited speed (Vi . ;) and the human “olerance limited obstacle
impact speed (VOLA). A subroutine, called FORVEL, is used to evaluate

the tractive effort, F, available at speed VAki- This subroutine

searches the various speed ranges or "gears" and then evaluates the

appropriate quadratic. A force deficit is calculated by

AF = Rpygq + Fgp - F.

If AF < 0 then there is enough tractive effort available to
overcome both soil/slope and obstacle resistance hence no speed is

lost in crossing the obstacle. In this case VXT,; = VAL .

If AF > 0, there is not enough tractive effort available. A
check is made to see if the obstacle can be overcome by some of the
kinetic energy of the vehicle. A terminal speed exiting the obstacle

is calculated from

VZ - VA2 - AF(WA + TL)g/GCW

where WA obstacle width

TL

wheel base or track length on ground
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g = acceleration of gravity
GCW = gross combination weight.
If V% > 0, there is sufficient kinetic energy available to

override the obstacle and the exiting speed is VXT i = Vp.

If V§ < 0, there is not sufficient energy available
to override the obstacle when approaching it at VAki- Since there
usually is more tractive effort available at lower speeds, a test is
made to see if the obstacle can be overriden at any speed by comparing

FMax,k to Rrg1 + Foomax, where

maximum tractive effort available

Fuax, k
FooMax = maximum tractive effort required
during obstacle override
If Fuax,k < Rrkq + Foomax, override is not possible and

VA i = VXTyg = O.

If Fypax,k > Rrk1 + Foomax, override is possible and the

assumption is made that the vehicle will cross the entire obstacle at

the speed, Vpyax, which yields the maximum tractive effort. This is
calculated by Subroutine VELFOR. Then VA, -

= VXT3 = VpMax-
19. Subroutine IV19 - Average Terrain Unit Speed While

Accelerating/Decelerating Between Obstacles

This routine calculates the time it takes for the vehicle to

traverse various portions of the terrain unit and the distance it
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travels during this time. From this time and distance calculation an
average speed, VOVER_; is calculated. ' .

The various times and portions are specified by

T,,X%, time and distance during acceleration from

velocity VXT, ; after leaving an obstacle
T

B0 XBo time and distance during constant velocity

travel at speed VBoki between obstacles

Ty, Xp time and distance during deceleration (braking)

from VBO,; (or some lesser speed if
Tgo = Xgg = 0) to VAyy, the maximum
obstacle approach speed

T time and distance crossing the obstacle.

00:X00
If VBO.; cannot be reached before braking must begin then Tpg =

Xgg = 0. The various possibilities are indicated in Figure II.D.5.
The routine makes use of three other subroutines: .
ACCEL - which calculates the time and distance to accelerate
from one speed, V_,, to another Vp > V5. If
speed Vg cannot be reached by acceleration an error
flag, NV2FLG, is set.
TXGEAR - which is called by ACCEL and calculates the time and
distance required in oné gear during acceleration
VELFOR - the maximum speed achievable while overcoming a given
resistance (described as part of Subroutine IV5
above)
The above times and distances are calculated as follows:

X WA + TL

00
T

00 2XOO/(VAki + VXTki)
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VBOki
O
(7]
3
» VAki
VXTki
VBOki
o
0
& VA
VXTki
where
where

xoo Xa . xBo ‘ xb
0BSE

Distance

0BSE

Distance

FIGURE 11.D.5 -~ Possible Speed Profiles Across an Obstacle
[ ‘ and Between Obstacles

WA

obstacle width

TL wheelbase or track width on ground

XBO = OBSE - XOO - Xa - Xb
OBSE = effective obstacle spacing

TBO = XBO/VBOki if XBO 2 0
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Tpg = 0 if Xgpp < O
For any speed Vy > VAgi, .

where M

v = vehicle mass
MXK = maximum braking force
and

Xp = (Vy + VAR{)Tp/2

The overall average terrain unit speed while crossing obstacles is

then given by

VOVERki = OBSE/(TOO + Ta + Tb + TBO>
for slope k = 1 up, 2 level, 3 down if NTRAV 3

1

k = 1 if NTRAV

while overriding vegetation in stem diameter class i-1 and smaller and
avoiding vegetation in stem diameter class i and larger. These
relationships can all be calculated if X , T,, and the final speed .
after acceleration, denoted above by VM’ are known.

Several initial checks are made. If VXT,; - VBO.j, then
the speed between, onto and off the obstacle are all the same and the
overall terrain unit speed crossing obstacles is VOVER,; = VBOj.

If VApj = VXTyj = O then obstacles cannot be crossed and VOVERyj
= 0.

If VXT,; < VAgi, Subroutine ACCEL is called to determine if
the vehicle can accelerate from V_, - VXT,; to Vy = VAyj; that

is, can the vehicle when leaving an obstacle at speed VXTki

accelerate up to the maximum approach speed VAki in the distance
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between obstacles? If the distance to do so, Xa, is greater than

the space between obstacles, OBSE - WA -TL, or the flag NV2FLG is seﬁ,
it means the vehicie canhot accelerate to the approach speed VAki

and VELFOR is called to determine if there is any speed at which the
vehicle can overcome the soil/slope/vegetatibn and obstacle
resistance, given by Ry ¢ + Fgoomax (see Figure II.D.6 for the

speed profile). If such an override speed exixts, VOVER . js set to

this override speed; otherwise VOVERki = 0.

VBOki — _ .
VA, .’ » ~,
3 e S — =~
o VXT, .
a ki l 1
[72)
X 4 _ X . ) Distance
o0 a
0BSE

FIGURE 11.D.6 -~ Speed Profile when Obstacle Approach
Speed cannot be Attained

.Once it is known that there is enough distance between
obstacles and/or the vehicle has enough excess traction to accelerate
at least up to the approach speed of the next obstacle, Subroutine
ACCEL is called to deﬁermine if the vehicle can accelerate to VBoki,
the maximum speed befWeen obstacles, and'if so, the distance, Xa,
and time, T_, required. The time, Ty, and distance, Xy, to
brake from VBO ; to'VAki are also calculated and if the sum of
Xa and X, is less than the space between obstacles, OBSE - WA -

TL, then VOVERki is calculated from formulas at the beginning of
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this section. (See Figure II.D.5 for the speed profile of this case.)

If the distance, X,, to reach VBO.; plus the distance,

Xy, to brake back down to VAypj exceeds the distance between
obstacles, then the speed VBO,; can never be reached between

obstacles before braking has to begin. The lower speed profile of
Figure II.D.5 applies to this case. The distance-speed coordinates of
the point B have to be determined. The speed coordinate, to be called
VM, must have a value in the interval from VA, ; and VBOy; and

the distance coordinate, X5,y + X,, must have a value between Xpg

and OBSE -X,. Actually only one number among Vy, X5, and Xy

needs to be determined, since the others can be found from it and

other known values.

VM is the value sought. Successive approximations to Vy are
postulated by a binary search within the speed interval from VAki to
VBO. ;. For each such postulated value of Vy, the distance X, to
accelerate to Vy from VXT,; and the distance X, to decelerate
from Vy to VAgy are calculated. If Xpg + X5 + Xp > OBSE then
Vy is adjusted to a lower value; if Xgg + Xz + Xp < OBSE then

VM is adjusted to a higher value. Ten such adjustment are made
(corresponding to a speed precision of 2-10 of the difference

between VBO,; and VAp;).

The distance coordinate is highly sensitive with respect to the
final speed before braking, Vy, in the sense that a small difference

in vy can lead to a large difference in Xoo + X5. As a
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consequence, it may result that-evén though the speed precision is as
stated above, after 10 iterations the distance XOO +X5 + Xp is

still significantly different from OBSE.

If the final distance is larger than OBSE, VBOki is reduced
by 1 MPH decrements and the entire search for VM is repeated. If the
distance is smaller, no corrective action is taken since the result is
that there will be a distance between obstacle at which the vehicle
willvtravel at the constant speed VM- Any error caused by this are

considered negligible.

A value of VOVER,; is calculated for every combination of
slope k (up, level, down or traverse) and vegetation override/avoid
strategy i; for vegetation classes and/or obstacles which cannot be

overriden VOVERki = 0.

a) Subroutine ACCEL - Time and Distance to Accelerate from

One Velocity to Another

This routine calculates the time, T, and the distance, X,

required for the vehicle to accelerate from one speed, V1, to

another V, > v,. From the tractive effort vs speed curve, the

"gear" or speed range, ngq, of the initial speed Vq is found

(Vng1»1 £V £ Vng1,3)' Similarly, the gear, ng2 of the

final i
inal speed, V, js found (Vng2,1 < Vo £ Vng2,3)-




R-2058, VOLUME I

Page 124
Operational Modules

If ng4< ngp, the Subroutine TXGEAR is called repeatedly to

calculate the time and distance in each gear from ngl to nga. 1f,

within any gear, the vehicle cannot accelerate to the final speed of

the gear, Vn3: or the final speed to be reached, V2, an error
flag, NV2FLG, is set and the highest speed within that gear that the

vehicle can achieve is calculated by a Binary search.

b) Subroutine TXGEAR - Time and Distance in a Gear

In this routine the quadratic functions representing tractive

effort for vehicle speed are integrated to yield time and distance in

each gear.

For illustrative purposes, a single gear, or speed range

representing a fixed set of quadratic coefficients is shown on Figure

I1.D.7.

nl
Fn2

1

n3—

TRACTIVE EFFORT

l |

an v

n2 vn3
VEHICLE SPEED

FIGURE 11.D.7 -- Representation of Tractive Effort vs.
Speed Relation

For this gear, the relationship is given by
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F=a,+ by + cyve

for vpq < v < vps. Similar sets of constants (a,, by,
Cn) were calculated in Subroutine IV5 for all gears n=1,2,.
 NGR. |
The differential equation to be solved is given by

Mv 2 F - Rppy

where M vehicle mass

RTki = soil/slope/vegetation resistance to be overcome.
The excess force F - Ry ;i is the tractive effort being used to
accelerate from v, to v, within the gear n. Usually vq = vpq

~and v, = vy3 but it is possible for vpq < vq < vo <
Vn3.
The above differential equation is separated and integrated thus

\'
2
I - S (1/[epv? + by + (ap=Rpei)1)dv

t
5 (1/M)dt = t/M
0 .

If the discriminant d 2 = bn2 - 4eq(ap - Roky), then the

‘time to accelerate from Vi to vo in gear r is giv?n by

if dn2 <0
' 1/2 Vo
t = 2M/(—dn2)1_ arfctan[(2cnv + bn)/(_dn2)1/2] .
i 2 -
if d< =0

Vo

t = -2M/(2c,v + b,)-
. : v 1
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if d2 > 0 and d = +[d,211/2

. ®

Vi

t = M/(d;2)1/2 1nl(2c veby-dy)/(2epvby+dy) ]

These relationships may be read from tables of integrals, e.g.,

Abramowitz and Stegun (1965).

In the cases d 2 > 0, the distance to accelerate from v,

to V5> can be calculated directly. For dn2 > 0, the equation for

t can be solved for Vo to yield

Vo(t) = 1/2chl2d,/(1 - vie®n/™) - b~ g3

and this integrated to yield distance thus

X(t) -

st
Vo(t) dt
0 2

+ M In((1 - vy etdn/My/(1 - Vi)l
Similarly for dn2 =0

Vo(t) = 1/2cpl2M/(2M/(2¢pvy + by) - t) =~ byl

and

X(t)

st
Vo(t) dt
0 2

(M/cy1nl2M/(2M = t(2cpyvl + bp))] - bpt/2ey

In the case dn2 < 0, the equation for t can be solved for Vo(t)

in terms of Vv, but this formula cannot be integrated in closed form

to yield X(t). 1In this case the gear is approximated by two straight

lines fitted from (v, . F,4) to (vpo,Fno) and from

(V,5,Fpa) to (vn3,Fp3). For each of these lines the integral

equation
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Vo t
vy 0 :

(where the coefficients a and b stand for either set) is solved to
yield »
t = (M/b)ln[(bv2 + (a - RTki))/(bv1 + (a - Rrki))]

Vo(t) = (vq + (a - RTki)/b)ebt/M - (a - Rrgi)/b

t
X(t) SO Vo(t)dt

(1/62)[(bv1 + a = Ry, )M(eP8/M - 1)

- (a - Rypj)bt]
These latter relationships'are also used in the case where the
quadratic formula for a gear really was a straight line, namely c¢_ -

n
0.

The only other case for which formulas are neeeded is the case

where both én = b, = 0. Here the integral equation is

S [1/(ay - Rpgi)ldv = S [1/M]dt
vy /0
and

t = M[(vy - vqy)/(ay - Rrki)]

X(t) = [(an - RTki)tZ]/ZM + Vit

The various formulas above can, of course, yield negative
values if applied without concern as to whether the vehicle can really
accelerate from v, all the way to v, in gear r, and in fact
whether the vehicle can accelerate beyond Vq at all. NV2FLG = 1

will be used to represent the case where the vehicle cannot accelerate
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beyond V4 and NV2FLG = 2 will be used to denote the case where v)
cannot be reached. These questions can be resolved by considering the ‘

locations of the two roots of

F o= Cnv2 + byv + (ap - Rpgi) = 0.

As long as the quadratic on the left hand side represents

positive values of tractive effort within the domain Vi < v <

V5, there is excess tractive effort available for acceleration. To

determine whether the quadratic is positive within Vi< v < v

the coefficients can be tested; 27 combinations of ¢,, by, and

(an - RTki) being positive , zero or negativelcan result. Let
Ry = (-b, + dn2 )/2c, be the larger root and Ry = (a, -
Rrki)/ (cpyRp) be the smaller. Then NV2FLG = 1 will result from

¢, > 0, by, < 0, ap - Rrky £ 0 and vq < R

¢y > 0, by, < 0, a; = Rpgy > O o
and v, > Ry for d,2 > 0
or vy = Ry for dpy¢ = 0

€h > 0, by = 0, ap - Ryki < O and vq < Ro

¢y > 0, by > 0, ap - RTki £ O and vq < Rp

¢y £ 0, by < 0, ap - Ry £ 0 all cases

¢h < 0, by < 0, ap - Rrkj > O and vq > Ry

Ch = 0, by > 0, ap = Rk < O and vq < Ry

¢h = 0, by > 0, ap = Rrki = O and vq < O

¢y < 0, by < 0, ap - RTki > O and vq > Rp

¢, < 0, by > 0, a; - Rygj < O
and Vv, < Ry or vq > Ro.
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NV2FLG = 2 will result from
¢h > 0, by < 0, ap - Rrgi > O
and Vv, > Ry or vy < Ry
but not V4 > Rq when dn2 >0
or V5 = R4y when dn2 =0
¢y = 0, by < 0, a, - Rfki >0 and vy > Ry
¢h < 0, by < 0, an - Rrki > O and vp > Rp
h < 0, by > 0, ap - RTgi < 0 and v2 > Ro.
Subroutine TXGEAR performs a decision tree on Ch, bn,
dnz, Ri and Ry to determine if the flag NV2FLG needs to be 0,1

or 2 and then uses the appropriate formulas for t and X(t) to

calculate the time and distance in gear n.
20. Subroutine IV20 - Kinematic Vegetation Override Check

Various prior subroutines have calculated speeds limited by
various factors such as soil/slope/vegetation resistance, ride
roughness, obstacle‘résistance, maneuvering to avoid obstacles and
vegetation, etc. As each new factor was considered the possibility
arose that the prior haximum Speed for a given slope (up, level, down
or traverse) and vegetation override/avoid strategy the speed first
calculated on the basis of soil/slope/vegetation resistance had to be
reduced. A question now arises if at the final speeds VAVOIDki and
VOVER,; there is enough excess traction and kinetic energy to still
override vegetatioﬁ in the stem diameter classes i-1 and smaller.

This routine performs this test as follows:
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Subroutine FORVEL is called to calculate the excess traction
available at speed VOVER,; which is added to the kinetic energy GCW .
(VOVERki)Z/Zg, where GCW is the gross combination weight and g is
the acceleration of gravity. If this sum is less than the force

needed to override the largest stem diameter in class i-1, an

indicator NOGOVO,; is reset. If the force is sufficient, NOGOVOj

= 1. Similarly, NOGOVA,; = 1 if the excess tractive effort plus the

kinetic energy available at speed VAVOIDki is sufficient to override

the largest stem in vegetation class i-1; otherwise NOGOVAki = 0.
21. Subroutine IV21 - Maximum Average Speed

In this routine a speed, from all the VAVOIDki and VOVERy,
is selected according to several criteria which include:
1. for each k, select the maximum of all VAVOID_; and ‘
VOVER, ;

2. 1if the maximum speed is less than VWALK,the vehicle will
proceed at that maximum speed.

3. if the maximum is greater than VWALK and the resulting
acceleration due to overriding vegetation is less than one g
and the stem diameter class i is less than that designated by
IOVER, then proceed at the maximum

4, if the maximum is greater than VWALK but i > IOVER or the
acceleration is greater than g, continue to reduce the stem

diameter class to be overriden until the criteria of 3) are
met.

After the above are selected for each slope (up, level, down, or
traverse) the final speeds calculated are the harmonic average of the

individual speeds in each of the slopes. [If any of these individual

speeds is zero, the harmonic average is set to zero.] Two speeds are
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reported by this routine, the maximum speed (VMAX) regardless of
vegetation,override and the maximum speed (VSEL) which keeps the
acceleration below one g and does not override stems in c¢lass IOVER or

greater,
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E. Road Module

The Road Module of the INRMM calculates the maximum speed a
vehicle can travel if the terrain unit is a road or a trail. Roads in
the INRMM are terrain units characterized by a non-yielding surface
with a coefficient of friction and a surface condition factor as well
as curvature, superelevation, roughness and slope. There are no
obstacles or vegetation on roads. This Module is also used for trails,
which are terrain units characterized by yielding soils but otherwise

are similar to roads.

For both roads and trails it is assumed that each terrain unit
contains sections for up and down or just level or up or down travel.
In rolling terrain there are seldom stretches of road that would be

classified as distinct terrain units that contain both up/down and .

level parts.

The major portions of this Module calculate aerodynamic,
rolling, cornering and grade resistance, and from this find a speed
limited by these resistances. This speed is compared to that limited
by ride roughness, sliding and tipping on curves, and a
braking/visibility limit. An overall curvature speed limit derived
from tests conducted by the American Association of State Highway

Officials (AASHO) is applied before a final maximum speed is selected.

These portions are comparable to various subroutines in the

Areal Module. The Road Module, being shorter, was coded as a single
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subroutine with calls to appropriate subroutines of the Areal Module
for the yielding soil. These individual sections of the Road Module

will now be described.
1. Initialization

Various constants are set, some of which are needed only for

compatability with the subroutines of the Areal Module used for

trails.
2. Velocity Dependent Resistance

In this section the surface resistance, aerodynamic drag and

turning resistance are calculated.
a) Surface Resistance

This calculation differs between roads and trails.
For trails Subroutines IV3, IVY4, and IV5 of the Areal Module are
called to calculate |
RTOWxx - the resistance coefficient for powered (RTOWP) non-
powered (RTOWNP), braked (RTOWB), non-braked
(RTOWNB), powered and braked (RTOWPB), and towed
(RTOWT) running gear assemblies,
DOWxx - the pull coefficients of powered (DOWP), braked
(DOWB), and powered and braked (DOWPB) running gear

assemblies, and
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Tractive effort vs. velocity relationship adjusted for the
slip of the running gear. this relationship is given .
as a series of speed intervals (gears) for each of
which a quadratic curve (F = ¢ v2 + b, . ap)
represents the relationship.

See the description of these routines in Section II.D above.

For hard surfaces, primary and secondary roads, resistances are
calculated for each of the five velocity, force points of each gear
and subtracted from the tractive effort. (See description of
Subroutine IV5 in Section II.D.5). A new set of quadratics are then
fitted, by Subroutine QUAD5, to yield a resistance modified tractive

effort vs. speed relationship.

Initially the tractive effort, adjusted for altitude by the ‘ ‘
elevation correction factor ECF, is limited by the traction available
from the surface given by

Ts

n

Hj GCWP cos8)

where

b coefficient of friction for surface condition factor j
GCWP = gross combination weight on powered running gear

assemblies
8¢ = slope angle.

If T is less than tractive effort (rim pull curve) the tractive

effort vs. speed curve is modeled as a horizontal line at F = Ts

until such speed, v*, that the rim pull curve is exactly equal to

Ts' The gears are so adjusted that the first gear is a horizontal

line at T  for speed v such that 0 < v < v* and the next gear
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begins at Va1 = v¥., Five new (speed, tractive effort) points are

interpolated from 0 to v* and v* to Vg .

b) Aerodynamic Resistance

After adjustment fgr surface traction limit, the aerodynamic
drag at each velocity, Vais in each gear is calculated from

Fap = .0026 Cp Ap vpi2
adjusted so thét the units match

where  Cp =z drag coefficient

A 2)

F = frontal area. (ft.

c) Wheeled Axle Turning Resistance

First the superelevation factor is calculated from
e = 1 - 1”'95Rcea/12*'Vni2
where R, = radius of curvature

€, = superelevation angle.

The turning resistance for any wheeled assemblies is speed
dependent and calculated by

Fco = (e/njCq) Wy coséy vpio/111R 12

where i = running gear (wheeled) index

R, = radius of curvature

W; = weight on axle i

n; = number of wheels on axle i
C =

average cornering coefficient (slope at slip angle = 0
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in lateral force vs. slip angle relationship,Lbs./Deg.).
The units of Ca do not follow the INRMM standards in this formula.
Furthermore, the constant 111, which comes from the formula in Smith
(1970), implies that v ; is in miles per hour. The code in NRMM
makes a final ad justment to inches per second. Only‘terms for wheeled
assemblies are included in the sum for FCC- These two resistances
are subtracted from the tractive effort vs., speed relationship and a
new set of quadratics are fitted to the adjusted (speed, tractive

effort-resistance) points by Subroutine QUAD5.
d) Tandem Wheel Aligning Resistance

This resistance is calculated by

Fre = (e uj/ZRc)E:i(wi + Wi, q)by
where 1 = index of front axle of a tandem pair

b, = spacing between tandem axles.

3. Non-velocity Dependent Resistance

In this category are turning resistance on tracked assemblies

and rolling and grade resistance.
a) Tracked Turning Resistance

The resistance of tracked assemblies to turns is given by the

Merritt equation (Merritt (1946) or Ray (1970)) in terms of the width
to length ratio
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@3 = £i/14

where  t; = track of tracked assembly i

1y

length of track on ground of assembly i
A "Merritt constant" is calculated as
Mei = 1.0624 - .6999%; + .051848%;2 + .054887,3
and a radius factor as
+ .00003779(R,/12.)2 + 6.70476%10~8(R_/12)3)
The turning resistance is then calculated by

F TFOR/GCW2o; KqiW; + Fgg for trails

CT
=y z:i KqiWi + Fec for roads
where TFOR = maximum tractive effort available from surface

GCW = gross thicle weight.
b) Rolling Resistance

The rollihg resistance for trails (soft surface)‘is given by
Fp = S(RTOWP*GCWP + RTOWNP*GCWNP)cosey
where GCWNP = groSs combination weight on non-powered wheels
S = surface condition factqr;
For roads (hard surface)_the rolling resistance is calculated
separately for each running gear assembly i by
(.007.+'.d939/psi)wis for wheeled assemblies

Fri

-045W; g ' for tracked assemblies

~where psi = pressure in the tires on axle 1i.

The total rolling resistance is FR = E:FRi-
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¢) Grade Resistance

The grade resistance is simply

FGk = GCWSinek

for each slope angle Oy .

4y, Speed Limited by Resistance

The resistances calculated above are summed FT = Fgk + Fg

+ Fpo + Fcp and Subroutine VELFOR (See deseription of Subroutine

IV5 of the Areal Module) is used to calculate the maximum speed

achievable, Vp, overcoming FT.-

5. Speed Limited by Surface Roughness

Each road or trail unit description includes an RMS elevation
indicating microroughness of the surface. The VRIDE array, calculated
from the results of repeated runs of the Ride Dynamics Module (Vol.
III) is interpolated to yield the maximum speed, VR’ achievable over
the current road or trail unit keeping the driver absorbed power below
the level used in the cross-plots of the results of the Ride Dynamics
Module. These crossplots are part of the vehicle data file. (See

Section II.D.10.)
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6. Speed Limited by Sliding on Curves

For trails and secondary roads it is possible for banking (or
reversed camber) to be steep enough so that vehicles could slide on
curves at achievable speeds. This section calculates the maximum

'speed achievable before sliding by

Vg = [385.9R.(tan e; + TFOR/GCW)/
(1 - TFORtan ea/Gcwp)]1/2

for traiis,

<
1]

[385.9Ro(tan ez + ujy)/(1 - ujtan ea)]”2

for roads,
7. Speed Limited by Tipping on Curves

Similarly the maximum speed with which a vehicle could
negotiate a curve before tipping over is calculted by

v ]1/2

T [385.9Ro(ty, + hegtan eg)/(hgg - tytan ey)

where t maximum tread width

W

hCG = height of CG.
8. Speed Limited by Visibility

The speed limited by a driver being able to see an obstruction
in time to brake to a halt before striking it is calculated by a call
to Subroutine IV13 of the Areal Module. That subroutine requires the

maximum braking force available from the vehicle and surface, possibly
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attenuated by the maximum deceleration to which the driver will choose
to be subjected. The total braking force, FTBp available is .
calculated by Subroutine IV1i1 of the Areal Module in case the terrain

unit is a trail (soft surface). For roads (hard surfaces)

Frgk = GCWsiney + min [Xpp, ujGCWBcosek]

where  Xpr - maximum braking effort of the vehicle.

The program may call a NOGO (not completing the processing for

this terrain unit) if FTBk < 0 due to insuffient braking ability.*
When the total braking effort is available, the maximum braking effort

the driver will actually use is calculated by |

When the total braking effort is available, the maximum braking

effort the driver will actually use is calculated by

Fomax,k = min [Dpay GCW, Frpyg Sp/100.]

where Dmax

S
p

maximum deceleration which the driver will use .

percent of total braking effort driver will use
(simulating the effect that the driver will reserve
some percentage of the braking effort "for safety")
These driver limits may be overriden by setting Dc and sp to

higher values. in the Scenario inputs. FBMAX,k is the force used by

Subroutine IV13 to calculate speed limited by visibility, Vv-

¥ If post processors will concern themselves with
acceleration/deceleration between terrain units in traverse mode,
users may wish to change the code to allow all calculations in spite
of the lack of braking ability (this requires the elimination of the
two RETURN statements in Section 5B - Total Braking Hard Surface of
the Computer Program).
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9. Curvature Speed Limit

Since physical stability limits on vehicles are often far
greater than the self imposed ones exhibited by a driver, a set of
empirically derived curvature vs. speed limits are included in the
Road Module Of the INRMM. They are based on a curve published by
AASHO (1965) suppleﬁented by observations made at the USAEWES.

The relationships used are presented in Table I.E.1. This table is
currently an integral part of the terrain input routine MPRD74. If
user terrain input routines.are to be added which will read road or
trail data, this table (or others like it) will have to be included in

these new routines.
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Table II.E.1

Curvature Speed Limits .
Radius of Speed Limits (MPH)
Curvature Super- Primary Secondary
(feet) highways Roads Roads Trails
5730 100 100 70 55
1910 70 70 60 4q
1146 60 60 58 4y
819 54 54 50 42
637 48 48 43 39
458 41 41 ' 36 34
327 34 34 31 29
229 29 29 26 23
164 25 25 23 19
115 19 19 19 14
82 13 13 13 10

The curvature speed limit, V. is calculated by a linear

interpolation of this table. If the coefficient of friction, Wy, or
the surface limited pull ratio, TFOR/GCWP, is less than .7, the

curvature speed limit, V, is further attenuated by the square root

of the ratio of W3 or TFOR/GCWP to .7.

10. Speed Selection

The Maximum roadway speed is now chosen for each slope angle

8y to be the minimum of the following:

VTIREj = speed limited by tire at inflation pressure j

<
i

speed limited by resistance

p
VL = posted speed limits (scenario variable)
VT = speed limited by tipping
V., = speed limited by sliding on curve
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Vprp = speed limited by ride roughness
Vv

v speed limited by visibility/braking

Vo = speed limited by curvature.
In traverse méde, NTRAV = 1, only one speed for 8, is reported. For
bidirectional travel, NTRAV = 3, a speed for Bk and - Gk is
calculated and a harmonic average is taken as the selected overall

speed for the road or trail unit.
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F. Linear Feature Module

No code or description of the Linear Feature Module of the

INRMM is included at this stage of development.
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III INPUTS AND OUTPUTS
A. Introduction

When the time came to produce a FORTRAN implementation of the
Operational Modules of the INRMM, NRMM, following the AMC-74 Report
(which is essentially a coding specification) the decision was made
that the Vehicle and Terrain Preprocessors, Areal, Road and Linear
Feature Modules would be coded following the ANSI FORTRAN -66
standard, to allow poftability. However input and output would be paft
of the Control and I/0 Module which need not conform to the Standard.
The programmers have attempted, however, to use only those extensions
to the‘FORTRAN language which are commonly available. In particular in
NRMM, NAMELIST directed READ and WRITE are used for vehicle, scenario

and‘control input and most output.

To use the model, the sequence of operations may be organized

as follows:

1. Vehicle data are collected (or measured, estimated or
assigned by analogy) and organized into computer input files
in formats specified by Sections III.B, Vol. III, Vehicle
Data for the Ride Dynamies Module, and III.a, Vol. II,
Vehicle Data for the Obstacle Module, described below.

2. Terrain data are gathered (or measured, estimated, or
assigned by analogy) and organized into computer input files
in formats specified by Section III.C, Terrain Data for the
Operational Modules, described below.

3. The range of obstacle and surface roughness data present in
the terrain data files is used to specify the base values for
input to the preprocessor modules. These base values are
organized into input files in formats specified in Volumes II
and III.
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4, The Ride Dynamics Module, VEHDYN, is run using the vehicle
data file and a terrain profile exhibiting a value of the
surface roughness (RMS), obstacle height (OBH) of a single
obstacle or obstacle spacing (0OBS) for sequence of equally
spaced, identical obstacles. Successive runs are made
varying forward speed (V). Crossplots are made for RMS vs. V
for fixed value of absorbed power, OBH vs. V for fixed value
of maximum vertical acceleration, and OBS vs. V for fixed
values of obstacle height and maximum vehicle acceleration.
These three tables are made part of the vehicle input data
for the Operational Modules.

5. The Obstacle Module, OBS78B, is run using the vehicle data
file organized as in Section III.A, Vol. II and a table of
obstacles described by height (0OBH), approach angle (OBAA),
and width (OBW). For each obstacle, OBS78B will calculate
minimum clearance (CLRMIN), maximum force (FOOMAX), and

‘ average force (F00) during a simulated override of the

‘ obstacle. These sets of six numbers are organized into a
single table which is made part of the vehicle input data for
the Operational Modules.

6. The vehicle data, along with the results of Steps 4 and 5 or
equivalent data, above, is organized into a computer input
file in format as specified by Section III.B below.

7. The scenario/control file is constructed for each operational
module run as specified by Section III.D below.

8. The Operational Modules, organized into a source file called

NRMM, is run using the vehicle file from Step 6, the terrain

file from Step 2, and the scenario/control file from Step 7,
above.

The result of these eight steps will be a computer file giving
vehicle speed for each terrain unit which was included in the terrain
file of the Operational Modules. Other results beside speed are also
given. Usually, further computer programs which use this terrain unit
vs. speed file as input will be required ;o further evaluate the
vehicle performance. These other programs, éalled post-processor as a

group, will be developed by the user for his or her own purpose.
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Experienced programmers will notice that the coded version of
the INRMM is highly modular and coded so that a person reading the
code will have a good idea of what is being calculated. This approach
has resulted in a rather inefficient program, both globally and
locally.‘ Experienced programmers will undoubtedly want to enhance

program efficiency after the current code is understood.
B. Vehicle Data

The data used to describe the vehicle for NRMM consist of a
large number of vehicle descriptors together with outputs of the ride
dynamics and obstacle moduies. All these data are organized into a
single computer file and read from unit LUN3. The vehicle descriptors
are read using a NAMELIST directed read statement (NAMELIST VEHICL).
The descriptors which are included are listed and described in Table

III.B.1.

The data from the Obstacle Module is read using a formatted
READ statement which accepts the results as\produced by the Obstacle
Module program and described in Volume II. Sample input files are

contained in Appendix B.
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Variable
Name

ACD
ASHOE(I)
AVGC
AXLSP(I)

CD
CGH

CGLAT

CGR

CID
CL

CLRMIN(I)

CONV1(1,J)

CONV1(2,J)

CONV2(1,J)

CONV2(2,J)

DFLCT(I,J)

DIAW(I)

DRAFT

Table III.B.1
Vehicle Input Data - NAMELIST VEHICL .

Description

Aerodynamic drag coefficient
Area of one track shoe on track assembly I, (in2.)
Average cornering stiffness of tires (1b./deg.)

Distance from running gear assembly I to next assembly
(inter-axle distance) (in.)

Hydrodynamic drag coefficient
Height of CG of loaded vehicle above ground (in.)

Lateral distance of CG measured from centerline of
combination (in.)

Loaded horizontal distance from CG to centerline of
rearmost suspension assembly of prime mover (in.)

Displacement of each engine (in3.)
Minimum ground clearance of combination (in.) .:
Minimum ground clearance of assembly I (in.)

Input speed component of the torque converter speed
ratio versus torque converter input speed curve, (rpm)

Speed ratio component of the torque converter speed
ratio versus torque converter input speed curve at
constant input torque, TQIND

Torque ratio component of the torque converter speed
ratio versus torque converter torque ratio curve

Speed ratio component of the torque converter speed
ratio versus torque converter torque ratio curve

Deflection of each tire on axle assembly I under load
WGHT(I)/NWHL(I), in., at the pressure specified for
J=1 fine grained, =2 coarse grained, =3 highway

Qutside wheel diameter of unloaded tires on running
gear assembly I (in.)

Combination draft when fully floating (in.)
(0 if combination cannot float)
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Variable
Name
ENGINE(1,J)
ENGINE(2,J)

EYEHGT
FD(1)
FD(2)

FORDD

GROUSH(I)
HPNET

HVALS(N)

IAPG

IB(I)
ICONST(I)

ICONV 1T
ICONV2
ID(I)

IDIESL

TENGIN
IP(I)

IPOWER
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TABLE III.B.1 (Continued)
Description
Engine speed component of engine speed versus
engine torque curve, (rpm)

Engine torque component of engine speed versus engine
torque curve, (lb.-ft.)

Height of driver's eyes above ground (in.)
Final drive gear ratio
Final drive efficiency

Maximum water depth combination can ford (in.)
(Note: FORDD= DRAFT if DRAFT #0.)

Track grouser height of track assembly I (in.)
Net engine power (HP.)

Nth obstacle height in driver limited speed vs
obstacle height table for single obstacle crossing

0 if power train data available only,

1 if both measured tractive effort and power train
data given,

if measured tractive effort given only

N

if running gear assembly I is braked,
otherwise

if radial tires are on wheel assembly I,
if bias tires

R -] O -

Number of point pairs in the array CONV1(I,J)
Number of point pairs in the array CONV2(I,J)

0 if wheels on wheeled assembly I are singles,
1 if duals

2 if the engine is a two cycle diesel,
1 otherwise

Number of point pairs in the array ENGINE(I,J),

1 if running gear assembly I is powered,
0 otherwise

Number of point pairs in the array POWER(I,J)
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TABLE III.B.1 (Continued)

Variable Description
Name
IT(I) 0 if assembly I is not part of a tandem axle,
J if assembly I is the Jth of a tandem axle
ITCASE 1 if vehicle has engine to transmission transfer
gear box
0 otherwise
ITRAN 0 if transmission is manual with clutch,
1 if automatic transmission with torque converter
ITVAR 1 if transmission is mechanical,
0 if transmission is hydraulic
LOCOIF 1 if all powered running gear assemblies have locking
differentials,
0 otherwise
LOCKUP 0 if torque converter does not lockup,
1 if torque converter has lockup
MAXIPR Number of surface roughness values per tolerance level
- MAXL Number of roughness tolerance levels specified
NAMBLY Total number of running gear assemblies
NBOGIE(I) Number of road wheels on track assembly I
NCHAIN(I) 1 if chains are present on tire on assembly I
0 otherwise
NCYL Number of cylinders per engine
NENG Number of engines
NFL(I) 0 if track on assembly I is rigid,
1 otherwise
.NGR Number of transmission gear ratios

NHVALS Number of height values used in arrays VOOB and HVALS
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Variable
Name

NPAD(I)
NSVALS

NVEH(I)

NWHL(I)
NWR

PBF

PBHT

PFA
POWER(1,Jd)

POWER(2,J)

QMAX
RDIAM(I)

REVM(I)

RIMW(I)
RMS(N)
RW(I)

SAE
SAI

TABLE III.B.1 (Continued)

Description

1. if track on assembly I has pads,

0 otherwise

Number of obstacle spacing values used in arrays
VOOBS and SVALS

0 if running gear assembly I is tracked,
1 if wheeled

Number of tires on wheeled assembly I

Number of water depths between 0 and FORDD for which

‘weight ratios are given

Maximum force pushbar can tolerate (1b.)
Unit . pushbar height (in.)
Vehicle projected frontal area (in2.)

Vehicle velocity component of the tractive effort
versus speed curve (mi/hr. on input)

Tractive force component of the tractive force
versus speed curve (1lb.)

Maximum torque of each engine (ft.-1b.)

Rim diameter of wheel for tires on axle assembly I
(in.)

Revolutions/mile of tire element on assembly I,
(rev/mi)

Wheel rim width of assembly I, (in.)
Nth surface roughness value (in.)

Track thickness + bogie rolling radius for
tracked assembly I (in.)

Swamp angie (egress) (deg.)

Swamp angle (ingress) (deg.)
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Variable
Name

SECTH(I)

SECTW(I)
{(in.)

SVALS(N)

TCASE(1)

TCASE(2)

TL

TPLY(I)
TPSI(I,J)

TQIND

TRAKLN(I)
TRAKWD(I)
TRANS(1,J)
TRANS(2,J)
VAA

VDA

VFS
VOOB(I)

TABLE III.B.1 (Continued)
Description

Section height of tires on running gear
assembly I (in.)

Section width of tires on running gear assembly I

Nth obstacle spacing in driver limited speed versus
obstacle spacing table for successive obstacle
crossing

Gear ratio for gear between engine and transmission
(1. if no such gear)

Efficiency of gear between engine and transmission
(1. if no such gear)

Distance from front of first running gear assembly
to rear of last (in.)

Tire ply rating of tires on axle I

Tire inflation pressure of tires on axle I ( psi),
specified for j=1 fine grained, =2 coarse grained,
=3 highway

Constant torque converter input torque at which
torque converter performance curves are

measured, (1lb.-ft.)

Track length of track assembly I (in.)

Track width of track assembly I (in.)

Transmission gear ratio of gear NG

Transmission efficlency of gear NG

Vehicle approach angle (deg.)

Vehicle departure angle (deg.)

Vehicle fording speed

Maximum driver limited speed at which vehicle can
impact an obstacle of height HVALS(I) if obstacles

are spaced farther than two vehicle lengths
apart (mph)
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Variable
Name

VOOBS(I)

VRIDE(I,J)

VSS

VSSAXP

WC
WDAXP

WDPTH(N)
WDTH
WGHT(I)
WI

WRAT(N)

WRFORD

WT(I)

WTE(I)

XBRCOF
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TABLE III.B.1 (Continued)
Description
Maximum driver limited speed at which vehicle can
impact successive obstacles spaced SVALS(I)
apart (mph) :

Maximum speed over ground for surface roughness class
I at roughness tolerance level J (mph)

Maximum combination still water speed without
auxiliary propulsion (mph)

Maximum combination still water speed with auxiliary
propulsion (mph)

Winch capacity (1p.)

Water depth at which auxiliary power can
be used (in.)

Nth water depth (in.)

Maximum combination width (in.)

Weight on running gear assembly I (1lb.)

Minimum width between running gear elements (in.)

Ratio of vehicle weight on ground to total vehicle
vehicle weight at Nth water depth, WDPTH(N)

Proportion of combination weight supported by ground
when combination is operating at maximum
fording depth

Tread width of running gear assembly I (in.)
(Center to center plane if duals)

Minimum width between left-right suspension elements
(tires or tracks) on assembly I (in.)

Maximum combination braking coefficient per assembly
in 1b./1b. of load carried
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C. Terrain Input - Operational Modules

The user has several options in the organization of his terrain
input data. First, the data required to describe each terrain unit
var;es depending on‘its nature, areal, road or linear feature.
Secondly, over the years areal terrain data has been amassed in
computer readable form in two different structures and the current
computer program contains terrain data input/translation routines
which accept data in each of these arrangements and perform the
computations necessary to pass the expected data to the Terrain
Preprocessor and the Areal Module. Only a single organization of road
data is presently supported. Finally the user can, of course, prepare
a customized subroutine to acéept data in another format. The terrain
data organization is signaled by the control variable MAP. The three

organizations of data now implemented are described below.

It should be noted that the terrain input routines and the
output subroutine, BUFF0, are now coded to deal with terrain data

files which contain only areal units or road units, not a mixture of

the two types.
1. Areal Terrain Input File - Class Interval Values

The first option for representation of areal terrain data is
that used in the AMC-71 Mobility Model. For each of the 22 primary
descriptors of the terrain unit, the data file contains the [integer]

value of the factor class in which the descriptor lies.
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f‘ . Table III.C.1
Terrain Input File Structure
Variable Input - Description
Name Format '
NPAT I4 Terrain unit number (index)
IST 12 So0il type - 1 fine grained
2 coarse grained
3 muskeg
6 fine grained soil CH
relatively impervious
to water
IRCI1 I2 Soil strength class - dry season
IRCI2 I2 Soil strength class ~ normal season
IRCI3 I2 Soil strength class - wet season
IGRADE I1 Topographic slope class
IoA I2 Obstacle approach angle class
I0H I1 Obstacle height class
. I10W I1 ' Obstacle width class
I10L I1 Obstacle length class
I08 I1 Obstacle spacing class
I0ST 11 Ostacle spacing type

1 - potentially avoidable (random)
2 - nonavoidable (linear)

IRMS I1 Surface roughness class

ISTEM1 I1 Spacing class of vegetation in stem
diameter class 1 and greater

ISTEM2 I1 Spacing class of vegetation in stem
diameter class 2 and greater

ISTEM3 I Spacing class of vegetation in stem
diameter class 3 and greater
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Variable
Name
ISTEM4
ISTEMS
ISTEM6
ISTEM7

ISTEM8

IRD
AREA

Note: Area is not used in the Mobility Model.

les

Input
Format
I1

I

I1

I1

I

I

F10.3

Table III.C.1 (Continued)
Description
Spacing class of
diameter class 4

Spacing class of
diameter class 5

Spacing class of
diameter class 6

Spacing class of
diameter class 7

Spacing class of
diameter class 8

vegetation in
and greater

vegetation in
and greater

vegetation in
and greater

vegetation in
and greater

vegetation in
and greater

Recognition distance class

Area

of the existing terrain files and is included in the input and
reported in the output for convenience in further processing of the

output.
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stem

stem

stem

stem

stem

It is included in many
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2. Areal Terrain Input File - Real Values

The second option supported by the current program for input of
terrain data is a format used for a variety of studies performed in
the United States during the middle of the 1970 decade. This format
provides for input of actual values for various primary terrain
descriptors. The organizafion of the data for each terrain unit is

presented in Table ITI.C.2.

A few changes in the content of the terrain data should be
noted. First, a fourth soil strength value is included to extend to
‘an extremely wet seasonal condition, pfesently taken as the wet season
condition during a year when daily rainfall is 150% of the long term
average values‘for the area. Secondly, four recognition distances are
included to provide for the variation in this quantity with season
(primarily due to changes in vegetation). The value used is determined

from the scenario variable MONTH.

The organization of the data should be carefully noted. The
data for each terrain unit occupy two lines of the input file and some
of the positions on each line are not used. Most of the data are read
as four digit whole numbers with the decimal point omitted. To allow
the expected range of the values to fit reasonably with the implied
scaling a mixture of units is used, as noted in the table. 1In

particular the surface roughnéss value is multiplied by 10.
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Table III.C.2

Terrain Input File Structure - Real Values

Variable Input Description

Name Format

NTU 15 Terrain unit number

IST I2 Soil type - fine grained

1

2 course grained

3 muskeg

6 fine grained soil CH
relatively impervious

to water
20X Filler

RCIC(1) Iy Soil strength - dry (RCI)
RCIC(2) 14 Soil strength -~ average (RCI)
RCIC(3) I4 Soil strength - wet (RCI)
RCIC(Y4) 14 ‘ Soil strength - wet,wet (RCI)
GRADE 14 Topographic slope (%)
AA 14 Obstacle approach angle (deg.) .
OBH I4 Obstacle height (in.)
OBW Iy Obstacle width (ft.)
OBL 14 Obstacle length (ft.)
OBS 14 Obstacle spacing (ft.)
IOST Iy Obstacle spacing type

1 - potentially avoidable (random)
2 - nonavoidable (linear)

ACTRMS 14 10*3Surface roughness (RMS - 10%in.)
NOTE: The remaining data form the second line
5X Filler

S(1) 14 Mean spacing (in ft.) of vegetation
in stem diameter class 1 and greater

3(2) Iy Mean spacing (in ft.) of vegetation
in stem diameter class 2 and greater
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Variable
Name

S(3)
S(4)
S(5)
8(6)
ST
S(8)

RDA1
RDA2
RDA3
RDAY
~ AREA

NOTE: Area is not used in the mobility model.

Input

Format

Iy

I4

- I4

Iy

I4

I4

I4
I4
I4
I4
F8.4

Table III.C.2 (Continued)
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Description
Mean spacing (in ft.) of vegetation
in stem diameter ¢lass 3 and greater
Mean spacing (in ft.) of vegetation
in stem diameter class 4 and greater
Mean spacing (in ft.) of vegetation
in stem diameter class 5 and greater
Mean spacing (in ft.) of vegetation
in stem diameter class 6 and greater
Mean spacing (in ft.) of vegetation
in stem diameter class 7 and greater
Mean spacing (in ft.) of vegetation
in stem diameter class 8 and greater
Recognition distance - Winter
Recognition distance - Spring
Recognition distance - Summer
Recognition distance - Autumn
Area of the terrain unit

It is included in many

of the existing terrain files and is included in the input and
reported in the output for convenience in further processing of the

output.
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3. Road Terrain Input File

The terraih data input routine contained in the program is that
requried to accept the terrain data files which were prepared for
studies conducted in the‘mid 1970's using programs other than the NRMM
Road Module. These simple programs do not use the full collection of

road descriptors required for the NRMM Road Module.

Missing values are provided by the input/translation routine,
MPRD74. Furthermore, for the earlier studies, the road segment
curvature was preprocessed into a speed limit so that the curvature
must be computed from this speed limit (and the speed limit recomputed
in TPP!). The organization of data is much like that described for
areal terrain in the previous section. Soil strength is provided (for
trails) for our seasonal conditions, visibility recognition distances
for four seasons and most of the data is read as four digit whole

numbers like that described in the previous section,
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Table III.C.3

Terrain Input File Structure - Roads

Variable Input Description

Name Format

NTU 15 Terrain unit number

IROAD I2 Road type index

' 1 - super highway

2 - primary road
3 - secondary road
4 - trail

IST I2 Soil type (used for trails)
: 1 - fine grained

2 - coarse grained
6 - fine grained, CH,
relatively impervious
to water
IURB I2 Urban code
RCIC(1) 14 Soil strength - dry season (RCI)
RCIC(2) I4 | Soil strength - average season (RCI)
RCIC(3) T4 Soil strength - wet season (RCI)
RCIC(4) 14 Soil strength - wet, wet season (RCI)
GRADE T4 : Topographic slope (%)
RDA1 14 : Recognition distance - Winter (ft.)
RDA2 I4 Recognition distance - Spring (ft.)
RDA3 I4 Recognition distance - Summer (ft.)
RDAY Iy Recognition distance - Autumn (ft.)
ACTRMS 14 10%Surface roughness (RMS - in.)
CURVV Iy AASHO Curvature speed limit (mph)
DIST F8.4 Road segment length kmi.)

NOTE: Road segment length is not used in the mobility model. It is
included in many of the existing terrain files and is included in the
input and reported in the output for convenience in further processing
of the output.




R-2058, VOLUME I Page 162
Operational Modules

D. Scenario and Control Input Data

To provide flexibility to the user in the use of the NRMM many
options are provided through the scenario and control variables. The
control variables SEARCH and NTUX allow restriction of the operational
modules to a single terrain unit anywhere in the terrain file. The
variable MAP indicates the format of the terrain input file. The
remainder of the control variables allow the user to generate output

at any of the 41 breakpoints in the flow of data through NRMM.

The scenario variables provide an option to model some of the
operations which may be possible for a given vehicle on a fixed
terrain. Presently available terrain files contain soil strength and
visibility limits under different conditions which are specified by
ISEASN and MONTH. Shallow snow can be introduced using the indicator
ISNOW with the snow described by COHES, GAMMA, PHI and ZSNOW. For
roadways, an overall speed limit can be set by VLIM and recognition
distance variation due to weather (e.g. fog) can introduced by RDFOG.
Variables NSLIP and ISURF indicate surface moisture content for areal

and road terrain units respectively.

The variable NTRAV allows the model to be run in "traverse" or
"omnidirectional" modes. In the former mode the speed is calculated
only for the topographic slope value (which may be negative) in the
terrain data. In the latter mode, speeds are calculated with the
input slope, its negative and [for areal units] zero slope and then

the harmonic average of the speeds is computed and reported.
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Severél of the‘scenario variables describe the man-vehicle-
terrain relations. These include the roughness acceptance level, LAC,
speeds at which a driver will proceed regardless of lack of visibility
(which may be different on and off road), VBRAKE and VISMN, and the
driver's reaction time, REACT. Braking is controlled for comfort and
safety through DCLMAX and SFTYPC while vegetation override is set
through IOVER and VWALK.

The final scenario variables allow selection of the tire
pressure (including the possibility of using the optimal tire pressure
for each terrain unit as is possible on a vehicle equipped with a
proper central tire inflation system) and selecting between an input
(perhaps measured) tractive effort vs speed curve and one produced byv

the program from the power train characteristics.

The control and scenario variables are assembled into a single

input data file and input to the program through two NAMELIST directed’

READ statements located in subroutine SCN. In SCN, default values are
first set. Next most of the control variables are read using NAMELIST
"CONTRL". The output print controls are then set as determined by the
value of DETAIL. Finally, the remainder of the control variables and
the scenario variables are read using NAMELIST "SCENAR". It i

assumed that the computer self initializes variables to zero. The

control and scenario variables are described in Tables III.D.1 and
IIT.D.2. The variables are grouped in the tables as they are to be
grouped in the input data file. Thus the second table contains both

control and scenario variables. A sample data file is contained in
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the Appendix.
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TABLE III.D.1

: . : Control Input Data - Operational Modules
NAMELIST CONTRL
Variable Default | Description
Name Value -
DETAIL 1 Level of detail of output

1-Summary output together with any
detailed outputs specified through
the KXXXX variables described below.
2~Echoes of vehicle, control and scena-
rio inputs together with output for
each terrain unit of
a) terrain unit number and type
b) selected speed made good
c) average speed made good
d) speeds upgrade, on level and down
grade contributing to the selected
speed made good
e) speeds upgrade, on level and down
grade contributing to the average
speed made good
f) grade
g) terrain unit area
3,4-Presently, the same as 2
‘ 5-A11 output possible from the vehicle
‘ preprocessor together with a printer
plot of the tractive effort vs speed
curve - terminates execution after
the vehicle preprocessor
10-A11 outputs - in general, inputs
and outputs are reported at each break-
point in the flow of computation ‘
through the vehicle pre-processor
and areal modules - can only be run
on a single terrain unit (the effect
is the same as settinng all the KXXXX
variables to 1)

NTUX The number of the terrain unit when
output is to be produced for a single
terrain unit from a terrain input data
file with more than one terrain unit
(see SEARCH)

SEARCH " Search option flag:
0-Output desired for all terrain
units in terrain input data file
1-0utput desired only for a single
terrain unit specified by NTUX
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Variable
Name

Default
Value

Description

TABLE III.D.1 (Continued)
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Note: The remaining variables are the output controls. For each the
output described is produced if the variable

if the variable = 0.
written and set to 1.

KSCEN
KVEH
KII
KIIZ2
KII3
KII4
KII5
KII6
KII7
KII8
KII9
KII10
KII
KII12
KII13
KII14
KII15
KII16
KII1T
KMAP

KTPP
KIV1
KIv2
KIV3
KIVy
KIV5
KIV6
KIvVTY
KIv8
KIV9
KIV10
KIV11
KIviz

If DETAIL

=5

or 10,

1 and is not produced

all values read are over

Control and scenario variables
Vehicle input data is echoed

Input
Input
Input
Input
Input
Input
Input
Input
Input
Input
Input
Input
Input
Input
Input
Input
Input

and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and

output
output
output
output
output
output
output
output
output
output
output
output
output
output
output
output
output

of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of

subroutine
subroutine
subroutine
subroutine
subroutine
subroutine
subroutine
subroutine
subroutine
subroutine
subroutine
subroutine
subroutine
subroutine
subroutine
subroutine
subroutine

Terrain input data are echoed.
reported are those passed to the computa-
tional modules after any translation

required for the

Input
Input
Input
Input
Input
Input
Input
Input
Input
Input
Input
Input
Input

and
and
and
and
and
and
and
and
and
and
and
and
and

output
output
output
output
output
output
output
output
output
output
output
output
output

are echoed

II1
IIZ
I13
II4
II5
116
I17
II18
I19
II10
I111
II12
I113
II14
I115
II16
II17
The values

input file format

of
of
of
of
of
of
of
of
of
of
of
of
of

the terrain preprocessor

subroutine
subroutine
subroutine
subroutine
subroutine
subroutine
subroutine
subroutine
subroutine
subroutine
subroutine
subroutine

Iv1
Ive
IV3
Ivy
IV5
IV6
Ivy
IV8
IvV9
IV10
IV11
Iviz2

o
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Variable Default
~ Name Value

KIV13
KIV14
KIV15
KIV16
KIV17
KIV18
KIV19
KIV20
KIve1

Description

Input
Input
Input
Input
Input
Input
Input
Input

‘Input

and
and
and
and
and
and
and
and
and

output
output
output
output
output
output
output
output
output

of
of
of
of
of
of
of
of
of

TABLE III.D.1 (Continued)

subroutine
subroutine
subroutine
subroutine
subroutine
subroutine
subroutine
subroutine
subroutine

IVi3
IViy
IV15
Ivié
Iv17
IV18
IvVi9
Ivao0
Iv21

Page 167

Note: This table is organized in a (hopefully) logical rather than
alphabetical order - In particular, the KXXXX which provide output
control are grouped after the other variables and ‘are in order of use

in the program.
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TABLE III.D.2

Control and Scenario Variables - Operational Modules .

NAMELIST SCENAR

Variable Default Description

Name Value

COHES .05 Cohesion of snow (1lb./in2.)

DCLMAX .50 Maximum deceleration the driver will
actually accept (g's)

GAMMA .20 Specific gravity of snow

IOVER 9 The index of the maximum stem diameter

class to be overriden if the speed to do
so is greater than walking speed

ISEASN 1 Seasonal soil strength - 1 dry
(moisture) indicator for 2 normal
areal terrain 3 wet

4 wet,wet

ISURF 1 Seasonal surface traction - 1 dry

condition indicator for roads 2 wet
3 ice covered
ISNOW Shallow snow cover indicator 0 no snow
1 snow cover
LAC 1 Indicator of surface roughness absorbed
power acceptance level
MAP 71 Terrain input file format indicator
71 - <class interval values,
areal terrain .
74 - Real values, areal terrain
11 - Real values, road terrain
MAPG 1 Powertrain computation method
1=-Tractive effort vs speed data calculated
from engine & transmission characteristics
2-Input tractive effort vs speed data used

MONTH Month of year (1=Jan.,2=Feb.,etc. required
if MAP= 11 or T7U4)
NOPP 0 Operating tire pressure indicator

0-Tire pressure used for each terrain unit
determined by surface type in that unit
1-Tire pressure for cross-country
used for all terrain units
2-Tire pressure for sand
used for all terrain units
3~Tire pressure for highways used for all
terrain units
NSLIP 0 Surface moisture due to rain fall indicator
(for areal terrain)
0-No moisture to make surface slippery
1-Less than 1 in. of rain with no
free surface water
2-Less than 6 hours flooding with
no free surface water
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TABLE III.D.2 (Continued)

Variable Default Description
Name Value
NSLIP 3-More than 6 hours flooding with

no free surface water ;

J-l,ess than 1 in. of rain with free
surface water

5-Less than 6 hours flooding with
free surface water

6-More than 6 hours flooding with
free surface water

NTRAV 3 Operatlonal mode 1-Traverse
3- Omnldlrectlonal
NTUX Number of terrain unit to be examined
if SEARCH = 1 .
PHI 21.0 Internal friction angle of snow (deg.)
RDFOG 1000.0 Recognition distance on road, influenced
by weather (in.)
REACT .5 Driver reaction time (time from

recognition to initiation of decelera-
-tion) (sec.)

SFTYPC 90.0 Percent of maximum deceleration
available that the driver will actually
‘ use (%)
VBRAKE 5.0 Speed at which vehicle will proceed on

a road if visibility is entirely
: ‘ obscured (mph)
VISMNV 2.0 Speed at which vehicle will proceed in
' : areal terrain if visibility is entirely
obscured (mph)
VLIM 55.0 Speed limit on road (mph)
ZSNOW 3.0 Snow depth (in.)
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E. Output

NRMM has been designed to provide to its users a quantity of
output data which can vary from a single number, speed-made-good on
one terrain unit, to hundreds of pages covered with numbers (to a
printer and/or file). The selection of the data to be written during
the program execution from that which is possible is determined by the
input values of the control variables described in the preceding
section. Four choices of outputs are implemented in the NRMM computer

code at present through the control variable DETAIL.

If DETAIL = 1 only the basic output of the NRMM is written for
each terrain unit in the terrain input file. This consists of the

following for areal terrain units:

—
.

Terrain unit number, NTU

2. Terrain type, ITUT
1 - normally dry patch
2 - marsh or other water covered patch
11 - superhighway
12 - primary road
13 secondary road
14 - trail

3. The omnidirectional speed-made-good attainable by the vehicle
in the terrain unit, VMAX

4. The attainable speed-made-good going with the topographic
slope (up grade)

5. The attainable speed-made-good on level

6. The attainable speed-made-good going against the topographic
slope (down grade)

7. The selected omni-directional speed-made-good which considers
both the vehicle capabilities and human factors, VSEL

8. The selected speed-made-good upgrade
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9. The selected speed-made-good on level

10. 'The selected speed-made-good down grade

11. Grade (topographic slope)

12. Area of the terrain unit

All speeds are in miles per hour, grade (topographic slope) is
in percent and area is repeated from the input file. On roads, since
the selected speed-made-good is thé same as the attainable
speed-made-good, items 3.-6; are not included in the output, also, on
a road one can only proceed with or against the given grade so item 9

is omitted.

If DETAIL = 2, the basic output table described above is
preceded by listings of the values of the control and scenario
variables and the vehicle input data. This additional data is written

using NAMELIST, so that the. name of each variable precedes its value.

Setting DETAIL = 5 provides éomplete information about the
vehicle pre-processor. After each major subroutine of the vehicle
.pre-processor (II1 - II17) a NAMELIST is written which contains the
input and output of the subroutine. 1In addition, a line printer-plot
of the tractive effort vs. speed curve is output. This printer-plot
is also produced when errors are detected in the automatic
curve-fitting section of the vehicle pre-processor. The program
execution is terminated after the vehicle pre-processor (before any

terrain data is read) at this output level.
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If DETAIL = 10, all available data is written to the output
file. In addition to all the data described above (?xcept the printer .
plot), after each major subroutine of the Areal Modufe (IV1-1IV21) the
input and output of the subroutine is written. Again, this is done
through a NAMELIST so that each variable is identified. Detail level
10 output is not presently implemented for the Road Module. Since

this output is voluminous, the program terminates after a single

terrain unit.

The user of the NRMM who requires a different selection of data
from that written under one 6f the above options has two choices. The
42 control variables for writing of intermediate output KII1-KII17,
KIVi-KIV21, KMAP, KSCEN, KTPP and KVEH provide great flexibility for
production of desired output. Alternately, the output section of the
Control & I/0 Module, Subroutine BUFFO, can be modified to yield the ‘

desired results. Samples of output are included in the appendices.
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OO

L A IR T K Y

PROGKAM NRMM {

PAGE A-2

........ - o e " - -’-4*—".“_----—------.-.._‘c._--‘———----'------------

NATO REFERENCE ¥#CB IEITY MODEL

INPUT = 8],
QUTPUT = 137,
TAPElL = QUTPUT,
TAPE2 = 81,
TAPE3 = 81,
TAPE. = 81,
TAPES = 81,
TAPELIG = 512 )
TLITLE:
ORGANIZATION:

UeSe ARMY TANK AUTCNOTIVE RESEARCH AND DEVELOPMENT COMMAND

1. LABLED COMMON ASS LGNMENTS

COMMGN /10/
CAGMMON /10/
COMMON 710/
COMMON /10/
COMMON /10/
COMNON 710/
COMMON /107
COMMON /10/
COMNON /107
COMMON 710/
COMMON /107
COMNON 710/
INTEGER ,
COMMON 7/ INDEX/
iNT EGER

COMMON /INDEX/
INTEGER

COMMON / INDEX/
INT EGER

COMNON /INDEX/
INTEGER

COMMON / INDEX/
COMMON /INDEX/
INTEGER

COMMON /INDEX/
INT EGER

COMMON /INDEX/
INTEGER

COMMON /INDEX/
INT EGER

COMMON /INDEX/
INTEGER

COMMON /INDEX/
INT EGER

180F
KBUEF
LUN1
LUN2
LWUN3I
LUNe
LUNS
LtUNs
LWN7
LUNS
LUN9
1UN1 @
L4

#D
CGuWN
CEBWN
EEF
EEF
FORCE
FORCE
&R

GR
LEVEL
£ 1

N
FRM
REM
S®EED
SREEC
SR

SR

¥R

TR
TORQUE
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COMMON /INDEX/ TBKQUE

INT EGER us
COMMON /INDEX/ UR .
INTEGER MX

COMNMON /INDEX/ MX

COMMON /VEHICL/ ACD

COMMON /VEHICL/ ABHCE (20}
COMMON /VEHICL/ A¥GC

COMMON /VEHICL/ AXLS P {20}
COMMON /VEHICL/ cB

COMNON /VEHICL/ CGH

COMMON /VEHICL/ CBLAY

COMNON /VEHICL/ CBR

CGMMON /VEHICL/ 2 {v]

COMNON /VEHICL/ Ca

COMNON /VEHICL/ CLRMEN (201
COMMON /VEHICL/ Canvl (2,25)
COMMON /VEHICL/ Cahv2 (242510
COMMON /VEHICL/ CELCY (28,3}
COMNON /VEHICL/ Cian {20}
COMMON /VEHICL/ CRAFT
COMMON /VEHICL/ ERGINE 12450
COMMON /VEHICL/ - EXEHGT :
COMMON /VEHICL/. FB (2}
COMMON /VEHICL/ FORDD

COMMON /VEHICL/ GROUSH (28}
COMNON /VEHICL/ P¥ALS {25}
COMPMON /VEHICL/ ARPG

COMMON /VEHICL/ 18 (289
COMNMON /VEHICL/ 10 (2ed .
REAL IDIESL

COMMON /VEHICL/ TOdESL

COMMON /VEHICL/ 1ENGIN
COMMON /VEHICL/ IR (281
COMMON /VEHICL/ ICONST (2010
COMMON /VEHICL/ 1CCNV1

COMMON /VEHICL/ IGONV2

COMNON /VEHICL/ IROWER
COMNON /VEHICL/ 1t {281
COMMON /VEHICL/ TTCASE

COMMON /VEHICL/ ITRAN

COMMON /VEHICL/ IIVAR

COMMON /VEHICL/ Lecxkur
COMMON /VEHICL/ #AXIPR
COMMON /VEHICL/ rAXL

COMMON /VEHICL/ MNAMBLY

COMMON /VEHICL/ NBOGIE (20}
COMNON /VEHICL/ NCHAIN (201}

REAL MYL
COMNMON /VEHICL/ MOYL
REAL NENG

COMMON /VEHICL/ MBNG
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COMMON
COMNON
COMMON
COMNMNON
COM¥ON
COM MON
COMMON
COMMON
COMMON
COMMNON
C OMMON
COMMON
COMNON
COMNON
CUOMMON
COMNON
COMNON
COMMON
COMMON
COMNMON
COMMON
COMMON
COMNGN
COMMON
COMMON
COMMON
COMMON
COM¥ON
COMMON
COM¥ON
COMMON
COMMON
COMMON
COMNON
COM#ON
COMNON
COMMON
CGMNMON
COMKON
COMMON
COM MON
COMPMON
COMMON
COMMON
COMMON
COMMON
COMMUN
COMMON
COMMON
COMMON
CCMMON
CGMMON

/VEHICL/
IVEHICLY
JVEHICL/
IVEHICL/
JVEHICL/
/VEHICLY
JVEHICL/
/VEHTCL/
IVEHICL/
/VEHICL/
/VEHICL/
/VEHTCLY
/VEHICL/
IVEHICL/
/VEHICL/
/VEHICLZ
/VEHICL/
/VEHICL/
/VEHICL/
JVEHICL/
/VEHICL/
JVEHICL/
IVEHICL/

/VEHICL/

IVEHICL/
JVEHICL/
JVEHICL/
/VEHICL/
JVEHICL/
/VEHICL/
IVEHICL/
/VEHICLY
/VEHICL/
IVEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
JVEHICL/
/VEHICLY/
JVEHICL/
IVEHTCLY
JVEHICL/
/VEHICL/
/VEHICL/
IVEHICL/

JVEHICL/

/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
JVEHICLY/
JVEHICLY

HRNET
NeL
NER
MHVALS
NRAD
ASVALS
NMER
MHL
AR
FAF
PBHY

“PEA

PONER
CNAX

 RBJIAM

FEVNM
REMW
ENS
R
SBE

sel

SBCTH
SECTW
SMALS
TGASE
Tk
TRLY

T8s1

TQIND
TRAKEN
TRAKWO
TRANS

- VAA

VDA
VES
vEos
vEesss
VRIDE
123
NSSAXP
kC
WDAXP
WDPTH
wWATH
WEHT
WRAT
WAFORD
£}

WIE
WWAX P
XBRCCF
i

(20}

(20}

{209
120}

{2,201

{20}
(201
{20)
{28}
12813

(201

(201

(25)
{23

{200
{20430

(20%

{200
124 20)

(25}
{251
(28,43}

{29

(203
{20}

{20
(29}
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COMNON
COMMON
COMMON
COMMON
COMMON
COMNMON
CUMNMON
COMMON
CGMMON
COMNMON
COMMON
COMMON
COMPMON
CGMPMON
COMMON
COMMON
COMMUN
COMMON
COMNMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMNMON
COMMON
COMMON
CGMNON
COMNMON
COMNMON
COMNON
COMMON
COMMON
COMMON
COMNON
COMNMON
COMMON
COMMON
COMMON
CQMNMON
CGM¥ON
CAOMMON
COMNON
COMNON
COMMON
COMNMON
COMMON
COM#ON
COMMON
COMMON
COMMON

/VEHICL/
/IVEHICL/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/ -
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
{PREP/
/PREP/
/PREP/
/PREP/
{PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/08BS/
/G8S/
7085/
/085S /
/08S/
/08S/
/08S/
/08S/
/08BS/
/DERIVE/
/DERIVE/
/DERTVE/
/DERIVE/
/DERIVE/
/DERIVE/
/DERIVE/

LBCOIF
SHF

A

ATF

(3 ¢7
CHARLN
COFCFOG
CRFCCO
CR&ECC
LRFFG
C¥F
CRAT
€CA
€Cn
CCwb
CCWNB
CCWNP
GCWP
FRT
NOF
NVEHRC
PUTE

§

RMK

&R
TRACTF
TRAPSI
vCiIC G
VCIFC
VCIMUK
vgv

vl
VBIRE
ATMAX
X

XER
AMALS
CEEAFR
Foo
FEBMAX
EOVALS
NANG
NEHGT
ANDT b
AVALS
ADT
NCGOBF
CAREA
CONB
Lewp
CEuwPB
Fa

{ 394)
(280
{20)
(204 )
(3
{3)
{204 3)
{2093
(200
{20,43)
(28, 3)

{38)

(3]
{281

{ 28,5
(3)
(20,3
(20,3%
{20)
(20,51
{20 ,43)
(3}

{3

{142
(7514,5)
(7914950
{711445)
(7

{(s)
{9

{208)
{20,3)
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COMMON
COMMON
COM MON
COM MON
COMMON
COMMON
COMMON
COMMON
COMNMON
COMNMON
COMMON
COMNMON
COMMON
COMNON
COMMON
COMMON
COMMON
COMMON
COMMON
COMNMON
COMMON
COMMON
COMMON
COM¥ON
COMMON
COMMON
CGMMON
COMMON
COM¥FON
COMMON
COMMON
COMNON
COMMON
CGMMON
COMMON
COMMON
COMMON
COMMON
COM KON
COMNON
COMMON
COMMON
COMMON
COMNON
COM MON
COMMON
CaMMON
COMNON
COMNON
COMMON
COMMON
COMMON

/DERIVE/
/DERIVE/
/DERIVE/
/DERIVE/
/DERIVE/
/DERIVE/
/DERIVE/
/OERIVE/
/DEKIVE/
/DERIVE/
/DERIVE/
/DERIVE/

/DERIVE/

/DERIVE/
/DERIVE/
/DERTIVE/
/OERIVE/
/DERIVE/
/DERILIVE/S
/DERTVE/
/DERLVE/
/DERIVE/
/DERLVE/
/DERTVE/

/DERIVE/

/DERIVE/
/DERIVE/
/DERIVE/
/DERIVE/
/DERIVE/
/DERIVE/
/DERIVE/

/DERIVE/

/DERIVE/
/DERIVE/
/DERIVE/
/DERIVE/

/DERIVE/

/DERIVE/
JOERIVE/
/DERIVE/
JOERIVE/
/DERIVE/
/DERIVE/
/DERIVES
/DERIVE/
/OERIVE/
/DERIVE/
/DERIVE/
/DERIVE/
/DERIVE/
/DERIVE/

FAT
FAT1 -
F8

FC

FNT
FEM
FGMM AX
FERMX
1ELOAT

- INAX

JSAFE
T
MAXI
BEMX
NEVERQ
{85SE
PAY
RE¥0OWE
FIOWNB
RYCHNP
REOWP
FTOWPB
REQHT
STRALT
SRFQ
SRFV
SER
TBF
TBEN
TRES IS
NA&
NGGOVA
NAVOID
v8d
IMPACT
VELV
VEMAX
Vé
NEGOVO
VMAX
VRAX 1
VNAX 2
VBLA
VBVER
VRID -
VSEL
VSELI
NSELZ
VSQIL
22 )
VXT
»8GONO

179

{9
(91
(20,3}
{28,3)
(N

(3)

{3
{3

{33

{9)

{20%
{206

{20 43,30
{9

49)
{3,9)
{3)

{9}
{3,993
{3,9)
{349)
(3,9)
{349
{9

{3)

{3)
{204 34 3)
{349

.43

{3¢9)

{3,9)

{313

{3,495}
(3,9
{399)
{3,9)
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COMMIN /DERIVE/ WRAT IO
COMMON /TFRRAN/ AR

COMMON /TERRAN/ ACTRMS
COMMON /TERKAN/ 2REA

COMMON /TERRAN/  AREAC
COMMON /TERRAN/ cl

COMMON /TERRAN/ C4ST

COMMON /TERRAN/ EANG

COMNON /TERRAN/ ECF

COMMON /TERRAN/ EUEV

COMMON /TERRAN/ FNY {3)
COMNON /TERRAN/ GRADE
COMMON /TERRAN/ - 1GBS

COMMON /TERRAN/ @67
COMMON /TERRAN/ IRCAD
COMMON /TERRAN/ 1% {93
COMMON /TERRAN/ ST

COMNMON /TERRAN/  IJUR

COMMON /TERRAN/ Y

COMMON /TERRAN/ NEU

COMMON /TERRAN/ CAW

CUMMON /TERRAN/ CBaAA

COMMON /TERRAN/ ceH

COMMON /TERRAN/ CEL

COMNON /TERRAN/ cés

COMMON /TERRAN/ CBwW

COMMON /TERRAN/ CBMINK
COMMON /TERRAN/ CEIA

COMMON /TERRAN/ A¥AS HO
COMMON /TERRAN/ f40C

COMMON /TERRAN/ RC1I

COMMON /TERRAN/ fCIC (4)
CGMMON /TERRAN/ RCURV (11
COMMON /TERRAN/ RO

COMMON /TERRAN/ FEA t129
CCMMON /TERRAN/ S (9
COMNMON /TERRAN/ SC (9
CCMMON /TERR AN/ SOL {9

COMMON /TERRAN/ SURFF

COMMON /TERKRAN/ TANPHL

COMNON /TERRAN/ TRETA {3)
CGMMON /TERRAN/ VEWRYV (4, 11)
COMNON /TERRAN/ hé

COMNMON /TERRAN/ wC

COMNON /SCEN/ CEHES
COMMON /SCEN/ VMALK
COMMON /SCEN/ CCLNAX
COMMON /SCEN/ - 1GAMMA
COMMON /SCEN/ ‘TGVER
COMMUON /SCEN/ ISEASN
COMMON /SCEN/ ISURF
COMNMON /SCEN/ 1SNOW

180

PABE A-=7




R-2058, VOLUME 1

APPENDIX A - LISTING OF FROCGRAM NRMM

COMNON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMNON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMMIN /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMNMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMFMON /SCEN/
COMMON /SCEN/
COM¥ON /SCEN/
COMNMON /SCEN/
COMMON /SCEN/
CUMMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMNON /SCEN/
COMMON /SCEN/
COMNON /SCEN/
COMNMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
CGMMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COM¥ON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
INTEGEK

COMMON /SCEN/
COMMON /SCEN/
CGMMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/

KE11
KEI12
K13
KiT4
K#45
KET6
K17
ki18
K49
KE118
KEI11
K3I12
KE113
K¥114
KEILS
Killeé.
K17
KMAP
KSCEN
KEPP
K¥EH
KBVi
KEV2
K33
KEV4
KBV5
K&V
KIVT
K4V8
KEVY
K4V1®
KEV11
KEV12
KIVL3
KEV14
KIV1S
K@vle
KiV17
K#V18
KIV19
Kiv20

TKidy 21

LAC
CETAIL
CETAIL

VAP

MAFG
MENTH
\GPP
NSLIP
NERAV
NEUX
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COMMON /SCEN/ PE]
COMMON /SCEN/ REACT
COMMON /SCEN/ REFOC
INT EGER SEARCH
COMNGN /SCEN/ S EARCH
COMMON /SCEN/ SETYPC
COMMON /SCEN/ VERAKE
COMMON /SCEN/ VIS MAV
COMMON /SCEN/ Vi IM
COMMON /SCEN/ ZB6CW

c 2. INITILIZE PROGRAM VARIABLES
KBUFF =@

LUNT = 1
LUNZ = 2
LUN3 = 3
LUNG = &
LUNS = 5
LUNIZ = 18
MD = 2
DOWN = 3
EFF = 2
FORCE = 2
GR = 1
LEVEL = 2
MN = 1
RPM = 1
SPEED = 1
SR = 2
TORCUE = 2
TR = 1
UP = 1
MX = 3
c 3. INITIALIZE 1/0 CHANNELS

REWIND LUN2
REWINDO LUN3
REWIND LUNe
KEWIND LUNS
REWIND LUN1O

c 4. REAC SCENARIO PARANETERS
CALL SCN

c 5. REAC VEHICLE PARAMETERS
CALL VEH{ KVEH)

c 6. EXECUTE VEHICLE PRERROCESSOR
CALL VPP |

C 7. EXECUTE TERRAIN TRANSLATOR

2009 CONTINUE
CALL TERTL

C 8. EXECUTE AREAL OR RCAD #DOULE

IFCITUT +LE. 2) CAL& AREAL
TFCITUT «GE. 114 CAEL ROAD

C 9. OQUTPUT REQUESTKED LMNBECRMATION
TF(IECF .EQ. 1) GO F¥C 4009

182
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IF{(SEARCH .EQ.1 ) .OR; {DETAIL .EQ. 18)) GO TO 4d09

CALL BUFF@
GO TO 2026

4060 CONTINUE

END
SUBROGUTINE SCN

C - e DS M e S A

c SCENARIO INPUT ROUTINE

c e it Tt s

c |

c 1. LABLED CONMON ASSLGNMENTS

‘ COMMON /10/ TEOF

COMMON /107 KBUFF
COMMON /10/ LUn1
COMMON 710/ LUN2
COMNON /10/ LUN3
COMMON /10/  LUNG
COMMON /10¢ LUNS
COMMON /107 LUN6
COMMNON /10/ AUNT
COMMON /10/ LWNB
COMMON /107 LUNS
COMMON /107 LWN1E
COMMON /SCEN/ - CGHES
COMNON /SCEN/ VBALK
COMMON /SCEN/ . DELMAX
CCMMON /SCEN/ GCAMMA
COMMON /SCEN/ JGVER
COMMON /SCEN/ ASEASN
COMNON /SCEN/ ‘ISURF
COMMON /SCEN/ :1SNOW
COMMON /SCEN/ KE11
COMMIN /SCEN/ K12
COMMON /SCEN/ K&13
COMMON /SCEN/ Ki14
COMMON /SCEN/ KEI5
CCMMON /SCEN/ Kil6
COMMON /SCEN/ K¥17
COMKON /SCEN/ KEI8
COMMON /SCEN/ KEI9
COMNON /SCEN/ KE{18
COMNGN /SCEN/ - KEI11
CGMMON /SCEN/ Kdd 12
COMNMON /SCEN/ KEI13
COMMAIN /SCEN/ KEI14
COMMON /SCEN/ KFI15
COMMON /SCEN/ Kai16
COMNGN /SCEN/ KET17
COMMON /SCEN/ KMAP
COMMON /SCEN/ KBCEN
COMNON /SCEN/ KTPP
COMMON KYEH

{SCEN/
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COMPMON
COMNON
COMMON
COMMON
COMNON
COMMON
COMMON
COMMON
COMNMON
COMMON
COMMON
COMMON
COMMIN
COMMON
COMMON
COMMON
COMNON
COMMON
CGMMON
CUMMON
COMNMON
COMMON

INTEGER

COMMON
COMNON
COMMON
CGMNMON
COMNON
COMFMON
COMNMON
CUMMON
COMMON
COM¥ON
CGMNMON

INTEGER

COMNMON
COMMON
COMMON
COMMON
COMNON
CGMPMON

/SCEN/
/SCEN/
/SCEN/
{SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/ .
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/S5CEN/

/SCEN/
/SCEN/
{SCEN/
/SCEN/
{SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/

/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/

Kavli
Ki#ve
KJdvV3
KiVa
K&vs
KVe
K.3V7
(317%:]
KIV9
KEV1 €
KiV11
kZV12
Kd¥13
KEV14

- Kdi¥V15

kiv1é6
Kawl17?
KEV] 8
Kdv19
kiv2P
Kidv2i
L8c
CETAIL
CETAIL
MAP
mEPG
MBNT +
NGPP
NSLIEP
MIRAY
NEUX
Fhl
REACT
&£OFQ6
S#ARCH
S8ARCH
SkTYPC
VARAKE
VISMANV
VEIN
ZSNOW

SCENARIO INPUT PARANETERS
NAMELIST /SCENAR/
COHES o, CCLMAX
¢ ISNOW HLAC
o NSLIP LNTRAV
» SFTYPC LVBRAKE
NAMELIST /CONTRL/
DETAIL LKSCEN
oKIT3 K114
oKd I8 1 KI LS
eKII13 KIll4

+GANNMA L IOGVER L, ISEASN , ISURF
2 NAP ¢ NAPG s MONTH oNOPP
2 MTUX s PHI +REACT ,ROFODG
+MISMNV LVLIM o ZSNOW

oKVEH .K‘I'Il ,KUZ
.KLIS 'KI:I6 .K‘II7
¢KL118 'KIYL1 oKILI12
oKLI)S oKILERG oKII17
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+ 1 KMAP o KT FP oKV 1 2K1LV2
L4 21KIV4 1K IVS o KIVE . o KIV?
+ 1 KLV9 o KIV1G FKIVL1 oK1IVL02
+ 1KLVig 1 KIV1S oKLV 16 oKINE?
+ 2X1IVI19 1 KIV24 eKIV21 +NTUX
c 3. INLTIALIZE SCENARIC VARIABLES
COHES = «B5
VWALK = 4.00
DCLMAX = 59
GAMMA = o 20
TOQVER = 9
ISEASN = 1
ISNOW = b
ISURF = 1
LAC = 1
DETAIL = 1
MAP = 71
MAPG = 1
NGP P = 9
NSL IP = 8
NTRAV = 3
PHI = 21.89
REACT = «50
RDFCG =1000.00
SEARCH = a
SFTYPC = 90.60
VBRAKE = 5.00
VISMNV = 200
VLIM = 55,00
C 4. REAC CONTROL VARIAERES
REAC(LUN4,CONTRL) :
IF(CETAIL 4EQ, 1% &0 TO 339
IF{CETAIL LEQ. 2% 6C TO 3148
IF{CETAIL .EQ. 3) 80 TO 310
IFICETAIL .EQ« 4) GB8 YO 319
IF{CEYAIL .EQ. S) €0 10 3206
IF{ CETAIL .EQ. 18) GC TO 328
WRITE(LUN1,3490) DETAILL
STopP 1
GO YO 329
314 CONT INUE
KSCEN =1
KVEH =1
GO TO 338
320 CONTINUE
KSCEN = 1
KVEH = 1
KII1 =1
KIl2 =1
KII3 =1
K114 =1

185
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2KiV13
KIV1E
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KI5
Kile
KI17
KIts
Kil9
KILiy
Killl
KIillz
KII13
KI1l¢
KIIlS
KIilieé
KILL1?
KMAP
KTPP
KIV1l
Kive
KIvV3
KivVg
KIV5S
KIVé6
KIV?
KIVs
KIV9
Kivlg
KIvlil
KIvle
KIv13
KIV1ig
KIV1S
KIvleé
KIV17
KIVis
KIV19
Kivz@d
Kivel
33 CONTINUE
IFEKSCFN oFQe 10 WRITE(LUNMNL,CONTRL Y
C 5. REAC SCENARIO VARLABLES
REACI LUN4 ,SCENAR)
IF{ KSCEN +EQ. 1} WRETE(LUN1,SCENAR)

Pt sk ot gt pod put P fuak ud peab Pt fumt pud b put et Bt ook ok Pl umd (b el Pt et ot Pt P pead o ek Pt b d

U TR VI VO LI L OO VI A DO T VI I VOO N VT L T OO T T I I T O (L I [ I T L

C 6« UNITS CCONVERSION
PHI = PHI*3.14159265718¢.
VBRAKE = VBRAKE®17.6
VISMNV = VISMNV#17.48
VLIV = VLIM®1 7.6
VRALK = VWALK®17.,6
3983 FORMAT{1Xys31HINVAL 1D SPECIFICATION OF DETVAIL,i2)
RETLRN
END

SUBRGUTINE VEH{KVEH)

C - - e T G 4S W wn o A B e ey -
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c
C
C
c

VEHICLE PARAMETER INPUT RCUTINE

1. LABLED
COMMON
COMMON
CGMMON
COMMON
COMMON
COMMON
COMNMON
COMMON
COMMON
COMMON
COMNON
COMNON
CGMMON
COMMON
COMMON
COMMON
COMMON
COMMON
CGOM¥ON
CGMMON
CGMMON
COMMON
COMMON
COMMON
COMNON
COMNON
COMMON
COMMON
COMMON
COMPMON
COMMON
CCM¥ON
COMNMON
COMNMON
COMMON
CUMMON
COMNON
REAL
C OMMON
COMMON
COMMON
COMNMON
COMMON
CGMMON
COMMON
COMNMON
COMMON
COMNON

COMMON ASS LGNMENTS

710/
/107
/10/
/L0/
710/
/107
/107
/1067
/107
110/
/10/
/104
/VEHICL/
/VEHICL/
/VEHICL/
IVEHICL/
/VEHICL/
/VERICL/
J/VEHECL/
/VEHICL/
/VEHICL/
JVEHICL/
/VEHICL/
/VEHICL/
IVEHICLY
/VEHICL/
/VEHICL/
JVEHICL/
/VEHICL/
IVEHICL/
IVEHICL/
JVERICL/
IVEHICL/
/VEHICL/
J/VEHICL/
/VEHICL/
/VEHICL/

/VEHICL/
/VEHICL/
/VEHICL/
JIVEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/VEHRICL/
/VEHICL/
JVEHICL/

J80F
KBUFF
LNl
LUN2
LUN3
LNG
LUNS
LUNG6
LINT
LUNS
LENY
LUN] ¢
ALD
ASHKGE
ANGC
AXLSP
o

CEH
CHLAT
CGR
C4D
Ct
CERMIN
CENV1
CENVe
LELLCT
CRAW
DRAFT
EEGINMNE
EMEHET
FO
FERDD
CRGUSH
EMALS
18PG
iB

186
IBLIESL
4B4ESL
JENGIN
IR
TGENST
ICGGNVA
ICENV 2
4RCWER
1%
TLCASE
1TRAN

{201
(20)

{20
(2,25}
{2425)
{20y 3)
4203
{2450}
{2)

(203
{25}

{201
{20F

{289
{20)

{208y
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COMMON /VEHICL/  4TVAR

COMMON /VEHICL/  LECKUP

COMMON /VEHICL/  MAKIFR ’
COMMON /VEHICL/  #AXL

CGMMON /VEHICL/  NAMBLY

COMMON /VEHICL/  MEGIE  (28)

COMMON /VEHICL/ ~ NCHAIN {28}

REAL ACYL
COM®ON /VEHICL/ - NEYL
KEAL MENG

COMMON /VEHICL/ NENG

COMMON /VEHICL/ ERNET

LCOM¥NON /VEHICL/ NEL {24)
COMMON (VEHICL/ NBR

COMMON /VEHICL/ MaVAL S

COMNON /VEHICL/ MRAD (20)
COMNON /VEHICL/ NSVALS

COMNON /JVEHICL/ MEH (2
COMMON /VEHICL/ MéHL (201

COMNMON /VEHICL/ NWR

COMMON /VEHICL/ . #BF-

COMMON /VEHICL/ - PBET

COMMON /VEHICLY CEA

COMMOGN /VEHICL/ PONER (24201)
COMMON /VEHICL/ CAX

COMMON /VEHICL/ REBJAM (20)

COMMON /VEHICL/ REVM (20)

COMNMON /VEHICL/ REMW 124)

COMMON /VEHICL/ FHs {28 ,
COMMON /VEHICL/ fm 201 .

COMMON /VEHICL/ SAE

CCMNON /VEHICL/ Sad

COMMON /VEHICL/ SECTH (20%
COMMON /VEHICL/ SECTW (281
COMMON /VEHICL/ SVWALS (25%
COMNMON /VEHICL/ TCASE (2)
COMMON /VEHICLY T

COMMON /VEHICL/ TaLy (20}
COMMON /VEHICL/ T8S1 {20430
COMMON /VEHICL/ ~ TGIND

COMMON /VEHICL/ TRAKLN {20}
COMMON /VEHICL/ TRAKWO (20}
COMMON /VEHICL/ TRANS (24200
COMMON /VEHICLY/ VAA

COMMON /VEHICL/ NBA

COM#ON /VERICL/ VES

COMMGN /VEHICL/ vecs 125)
COMMON /VEHICL/ vegs s (259
COMMON /VEHICL/ VRIOE (20,3
COMFON /VEHACL/ NSS

COMMON /VEHICL/ VSSAXP

COMMON /VEHICL/ | 17
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aNeRale

aoO

LA B K SR B B T Y S e

.

COMMON /VEHICL/  NBAXP

COMMON /VEHICL/  WOPTH {20

COMMON /VEHICL/  METH

COMMON /VEHICL/  WBGHT {29

COMMON /VEHICL/  WRAT (20)

COMNMON /VEHICL/  WRFORD

COMMON /VEHICL/ W (20

COMMON /VEHICL/  WIE {201

COMMON /VEHICL/  WHAXP

CONNGN /VEHICL/  XEBRCOF

COMMON /VEHICL/ W2

COMMON /VEHICL/  LBCDIF

COMMON /VEHICL/ SHF _

CGM¥ON /0BS/ ANALS {14}

COMMON /08S/ CREAR (7,14,5)

COMMON /08S/ Feg 791445%

COMNON /0BS/ FECMAX  {7,14,5)

CGMFON /70BS/ +EVALS {7}

COMMON /0BS/ NANG ’

COMMON /08S/. NEHGT

CAMMON /0BS/ N\RDT H

COMMON /0BS/ WYALS {5)

VEHICLE INPUT PARANETERS

NAMELIST /VEHICLE/
ACD +ASHOE 8N¥GC  ,AXLSP 4CD
» CGR »yC10 oGl s CLRMIN ,CONV1
s LI AW +DRAFT  GENGINE ,EYEHGT oFD
» HPNET ,HVALS ,LEAPGC ,1I8 1D
» ICONST ,ICONV1 »#CONV2 ,iP » IPOWER
+ ITRAN 4 ITVAR kOCCIF 4LOCKUP ,MAX IPR
+ NBOGIE o NCHAIN oBCYL +NENG o NFL
o+ NPAD o, NSVALS ,NVEF  ,NWHL  oNWR
y PFA y POWER ,@MAX  ,RBEAM , REVM
o RW +SAE 2 SAI ¢ SECTH HSECTW
s TL #TPLY  FPSI  ,TQIND STRAKLN
» VAA s VDA «¥FS »VOOE  ,v08BS
¢ VSSAXP ,WC MDAXP  WOPTH ,L,wDTH
» RRAT  , WRFORD o7 JWTE o WWAXP

NAMELLST /BUMP/ ,

AVALS »CLEAR +FOC « FOOMAX

+ NANG +NOHGT #NWOTH wWVALS

REAC VEHICLE PARAMETERS

READ{LUN3,VEHICLE)

TFIKVEH 4EQ. 1)} WRIFE{LUN1,VEHICLEH

5D capy S A o D S 5 D P > - - -

OBSTACLE INTERFERENCE HISTCRY

----- G s o gy 4 ' WY g e -

REAC(LUY

N3,1288?

REAC(LUN3,2000y
REAC{LUN3,1042)

REAC(LU
REAC{ LU

N3, 2084083
N3,1008)

DU ANy
NOH&T
DURnY
NANE
DUINMRY

189 .

» COH

+ CONVZ2
» FORDD
s IDIESL
1T

» NGR
«PBF
pRIMW
¢«SVALS
2 TRAKWD
+YRIDE
» WOGHT

» XBRCOF

o HIVALS

PAGE A~16

« CGLAT
+ DFLCTY
» GROUSH
» IENGIN
2 ITCASE
osNAMBLY
» NHVALS
2 PBHT

s RMS

+TCASE
L TRANS
+VSS
oWl
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KEAC{LUN3,2408) NWCTH

REAC(LUN3,1008) DUMNY

REAC(LUN3,1480) DUMMY
lvge FORNAT(AL) '
2000 FORMAT(5X, 121

D0 3300 Nw=1l,NWCTH

0O 3614 NA=1,NANE
DO 3020 NH=1,ACHGT

READ{LUN3 ,4800)
. CLEAR(AH,NA, NW3,
¢ FOUMAKIRHeNA,NW 1,
. FOOUNH: KA, NH Y
* HOV AL S& BHY 4
v AVALSA M,
+ WVALSI MNX)
4808 FORMAT (F7,e29F1041,F10a1,F18¢2,Flde2,F18.2)
3622 CONT INUE
3610 CONT INUE
3640 CGNTINUE
C REAL{ LUN3,BUMP)
c IF{KVEH «EQ. 1)} WRITE{LUN1,BUMF)
RETURN |
END
SUBROUTINE VPP
C YO AR G RED G A DD D A A U A e e Dy
C VEHICLE PREPROCESSGR
C Lo B R L Bl Bl il Bl Rl Radie 2 ]
C
c 1. LABLED COMMUN ASSITGRMENTS
COMMON 710/ 16GF
COMMON 710/ KBUFF
COMMON 710/ 4N
COMMON /10/ LMN2
COMNON 710/ LUA3
CGMMON /10/ LUNG
COMMON 710/ LUN5
COMMNON /10/ LUN6
COMMON 710/ LUNT?
COMFON /10/ LWN8
COMNMON /10/ LUN9
COMMON /10/ LANLE
INT EGER 0
COGMMON /EINDEX/ e
INT EGER CEWN
CAGMMON /ENDEX/ COWN
INTEGER EFF
COMNON /INDEX/ 6§
INT EGER FERCE
COMMON /INDEX/  SERCE
INTEGER GR

CGMMON /INDEX/ GR
COMMON /INOEX/ LEVEL
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INTEGER

COMMON 7 INDEX/
INTEGER

COGMNON /INDEX/
INTEGEK

COMMON / LNDEX/
INTEGER

COMMON /INDEX/
INTEGER

COMMON 7 INDEX/
INTEGER

CAM¥ON /INDEX/
INTEGER

COMMON /INDEX/
INT EGER

COMMON /INDEX/
COMMON /VEHICL/
COMMON /VEHICL/
COM¥ON /VEHICL/
COMMON /VEHICL/
COGMMON /VEHICL/
COMMON /VEHICL/Y
COMMON /VEHICL/
COMEON /VEHICLY
COMMON /VEHICL/
COMMON /VEHICL/Y
COM¥ON /VEHICL/
COMNON /VEHICLY
COMMON /VEHICL/
COMMON /VEHICL/
COMMON /VEHICLYZ
COM¥ON /VEHICL/
COMMON /VEHICL/
CAMNMON /VEHICL/
COMMON /VEHICL/

COMMON /VEHICL/ -

COGMMON /VEHICL/
COMMON /VEHICL/
COMMON /VEHICL/
COMMON /VEHICL/
CGMMON /VEHICL/S
REAL

COMMON /VEHICLY/
COMMON /VEHICL/
COMMON /VEHRICL/
COMMON /VEHICL/
COMMON /VEHTICL/
COMFMON /VEHICL/
COMMON /VEHICL/
COMNON /VEHICL/
COMMON /VEHICL/
COMMON /VEHICL/

v

[ 1)
FRN
REN
SREED
SEEED
SR

SR

TR

TGRQUE
TERQUE

oy

Uk

X
MY
AGD
ASHOE
AMEBC
AXLSF
Cc8
CEH
CELAT

.C8R

)

Cch
CERMIN
cenvi
CBNV2
GELCT
LA
CRAFT

- BBGINE

EXBHCY
FB
FORDD
CREUSH
FYMALS
JOPG
I8

10
-JDIESL
JBLESL
TENGIN
1e
JOCNST
A€0ONV1
1ICGNV2
JBEOWER
18

. JUCASE

ITRAN

{28
{28}

{20}
{2425}
(2425)

(20,3

{200
12,5010
{2)

(203
(251

{201
(<0

(200
(209

- {203
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APPENDIX A - LISTING OF PRUGGRANM NRMM

COMNON /VEHICL/  IBVAR

COMMON /VEHICL/  LELKUP

COMMON /VEHICL/  WAKIPR .
COMMON /VEHICLZ  MEXL

COMMON /VEHICL/  NAMBLY

COMMNON /VEHICL/ NECGIE  (28)

COMMON /VEHICL/  NGHAIN (28}

KEAL NYL
COMNMON /VEHICL/ NEXL
KEAL NENG

COMMON /VEHICL/ MNENG

COMMON /VEHICL/ FENET

COMMON /VEHICL/ NEL (28
COMMON /VEHICL/ MER

COMMON /VEHICL/ NEVALS

CAOMMON /VEHICL/ ARAD (20)
COMMON /VEHICL/ NSWALS

COMNON /VEHICL/ MEH (28%
COMMON /VEHICL/ NHL (2@

COMMON /VEHICL/ AXR

COMMON /VEHICL/ Fef

COMMON /VEHICL/ FBRTY

COMMON /VEHICL/ FEA

CGMNMON /VEHICLY/ PBWER (242010
COMMON /VEHICL/ CNAX

COMMON /VEHICL/ RCIAV (28)

COMMON /VEHICL/  REVM  (28)
COMMON /VEHICL/  REMM (20)
COMMON (VEHICL/  FNS (29
COMMON /VEHICL/ N (201 o

COMNON /VEHICL/ SAE

COMNMON /VEHLICL/ Sad

CUMMON /VEHICL/ SECTH {209
COMFMON /VEHICL/ SECTW {20)
COMMNON /VEHICL/ SWALS (253
COMNMNON /VEHICL/ TEASE (2}
COMMON /VEHICL/ Tk

COMNMON /VEHICLY TRLY {2010
COMMON /VEHICL/ TRS1 {20 ,3)
COMMON /VEHICL/ TGIND

COMMON /VEHICL/ TRAKLN {20}
COMNMNON /VEHICL/ TRAKWD (2081
COMMON /VEHICL/ THANS 12,200
COMMON /VEHICL/ VAA

COMMON /ZVEHICL/ voa

COMNMON /VEHICL/ VES

COMNON /VEHICL/ VEGB (25»
COMMON /VEHICL/ vOoBS (25)
COMNON /VEHICL/ VRIDE (22,3
COMFMON /VEHICL/ ¥$S

COMMON /VEHICL/ VSBAXP

COMMON /VEHICL/ WG
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COMMON
COMMON
COM¥ON
COMMON
COM¥MON
COMMON
COMMON
COMMON
COMMON
CGMMON
COMMON
COMMON
COMNON
COMNMON
COMMON
CGMMON
COMMON
COMNMON
COMNMON
CUOMNMNON
COMMON
CGMMON
CAMVNON
COMMON
COMMON
COMNON
COMMON
COMMON
COMMON
COMMON
COMVFMON
COMMON
COMMON
COMPON
COMNMON
COMMON
C OMMON
CCMMON
COMMON
COMVNMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMNMON
COMMON
COMMON
COMMON
CUMVNON
COMNON

/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
JVEHICL/
/IVEHICL/
/VEHICL/
/VEHICL/
IVEHICL/

/IVEHICL/

{VEHICL/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PKREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/

NDAX P
WOPTH
WETH

 WEHT

WRAT
WRFORO
™

WIE
WRAX P
wERCOF
wi
LECDIF
ShF

¥

AT F
BFF
CHARLN
(RECFG
CRFCCG
CREFCC
CRFFG
{IF
LRAT
GEA
CCW
€EWB
iCCWNB
GCWNP
€CWP
AT
NCF.
NEEFC
FRTE

R

ENX

F ]
TRACTF
THRAPSI
VEdcCe
VEIFG
VCIMUK
VEV

NT
NTIRE
WEMAX
X

WER
CBHES
VALK
LCLMAX
GAMNMA
JEBVER

{20%

{293
(20

(20}
(201

(35 4)
(Zﬂ&
{26)
{20430
{3)
{3)
{20, 3)
(283
(281
{21 93)
{28, 3)

(38)

{3)
(201

{20,451
{3)
{20 43)
{2039
(28)
(20,59
{28 ,3)
{33

(33
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COMNMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMNMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMPON /SCEN/
COMMON /SCEN/
COMNON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMNMON /SCEN/
COMPMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMMGN /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMNMON /SCEN/
COMMON /SCEN/
COMNMON /SCEN/
COMMON /SCEN/
CGMMON /SCEN/
COMMON /SCEN/
CUMMON /SCEN/
COMMON 7/SCEN/
COMMON /SCEN/
COMNON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COM¥MON /SCEN/
CaMFON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
CGMFON /SCEN/
COMMON /SCEN/
COMNMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMNON /SCEN/
COMMON /SCEN/
COMNON /SCEN/
COMNMON /SCEN/
COMNON /SCEN/
COMMON /SCEN/
INTEGER

COMMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/

13 EASN
ISURF
JSNCW
Kadl

. KBI2

KiI3
Kil4

K3IS

KEL6
K47
Ki18
k449
KETLE
KEI11
kE112
Kdd13
KEL14
KEL15
KEIl6
KE417
KMAP
KSCEN
KT@P
KMEH
K8V1
KEV2
Kiv3

- Kiv4

K3VS
K&V 6
kW7

‘KEvVS

K3V9
KEV1@
KIV11
KV12
K#v13
KEV14
KIV1S
KéV1e
KIV17
KEV1S
KEV19
KEV2
Kival
LAC
CETAIL
CETAIL
AP
MAPG
PENT
NGPP
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VOLUME

I

o RPM
s YRIDE

+« IPDWER
o RPM
+VRIDE

o IB

+ 1B

s RIMW

o RIMW

COMNON /SCEN/ ASLIP
COMMON /SCEN/ ANTRAV
COMMON /SCEN/ NBUX
COMMON /SCEN/ Fh]
COMPMON /7SCEN/ REACT
COMMON /SCEN/ ROFQCG
INTEGER SEARCH
COMMON /SCEN/ SHARCH
COMNMON /SCEN/ SETYPC
COMMON J/SCEN/ VERAKE
COMMON /SCEN/ - VESMAY
COMNON /SCEN/ V& IM
COMNMON /SCEN/ 28NCW
2e ALGCRITHM
CALL LI
¢+ CONVY LENGINE ,IAPC 23 CONV1 LJENGIN ,IPBWER
+ ,NHVALS ,NSVALS , PFA »yPGWER  , QM:AX
+ L,TQINC LVAA + VDA +NVOCB + V00 BS
NAMELIST /Xiti/
+ L(ONY1 LENGINE ,1APG +ICONVY L IENGIN
+ HNHVALS oNSVALS , PFA +PBWER ,QOMAX
+ STQINC ,VAA 2 VDA + V0GB 2 VOOBS
IF(KII1 JEQ. 1) WRIGECLUNLI,XIIL}
CALL 112¢
+ GLW » GCWB 1 GCWAB ,GCWNP ,GCWP
+ +WGHT ) A
NAMELIST /XI12/
+ yWGHT '
IF(KIT2 <EQ. 1)
+ WRITE(LUNL, XYi2%
CALL TI3¢{
+ JCONST ,NAMBLY ,NVEE o NWHL 2RDI AM
t SVIIRE HWGHT ) :
NAMELIST /XIi3/
+ TCONST ,NAMBLY ,NVEE o NWHL +ROIAM
t SVTIRE , WGHT
IF(KII3 EQ. 1}
* WRITE{LUNL,XI13)
CALL 114
+ NAMBLY ,PWTE o WY oWTE )
NAMELIST /X1d4/ -
+ NAMBLY ,PWTE o WT JuTE
+ WRITE(LUNL, X1I14)
CALL Jis(

+ DFLLT ,DRAT  ,NAMBEY ,NVEH  oSECTH )
NAMELIST /XIIs/ ' .
+ DFLCT LDRAT . ,NAMERY ,NVEH +SECTH
IFIKII5 «EQ. 1) ‘ ,

+ WRITE{LUNL$XI15)

CALL Ii6d

1195

sMAXIPR
» SPEED
oVSS 3

+MAX PR
» SPEED
2VSS

2y IP

o IP

¢SECTW

o SECTHW

PAGE A-22

s MAXL
'T‘DRQUE

s MAX k
+TORQUE

+NAMBLY

o NAMBLY

»TPS 1
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¢+ CHARLN ,DFLCT oCIAW  oNAMBLY oNVEH  ,TRAKLN )
NAMELIST /7XIIb/
+ CHARLN ,DFLCT ,CIAWw  ,NAMBLY ,NVEH ,TRAKLN .
IF(KII6 «EQ. 1) :
+  WRITE(LUN1,XI16)
CALL IIT7¢(
+ CHAKLN ,GCA o NAMBEY SNVEH  oSECTW ,TRAKWD )
NAMELIST /XI117/
+ CHARLN ,GCA s NANEEY 4NVEH  ,SECTW ,TRAKWD
IF{KRIIT EQ. 1)
¢ WRITE{LUNL,XII7)

CALL 18
¢ L(GLAT ,ID s NAMBLY HNVEH oSECTH  GWT WTMAX )
NAMELIST /XIEs/
¢+ CGLAT L1ID s NAMBRY ,NVEH 1 SECTin o WT oWT MAX

IF(KIT8 LEQ. 1)
r WRITE(LUN1,XII8)

CALL IT9{
v 1P JNAMBLY ,NVEF  ,REVM  ,RR )
NAMELI ST / X119/
¢ 1P sNAMBLY ,NVEF  ,REVM  ,RR
1F( KII9 .EQ. 1 & WRLTEELUN1,XII9)
CALL d11u(
+ 18 s NAMBLY ,WGHT  ,KBRCOF ,XBR }
NAMELI ST /XLL16/
¢+ 18 +NAMBLY ,WGHT  ,XBRCOF ,XBR
IFL KIBle oEQ. 1 ) WRATE(LUNI,XII10)
CALL 1T11(
¢ GCWP  ,HPNET ,HFT &
NAMELIST /XIf11/ .

+ GCwP 'HPNET ""PT .
IFL KIT11 EQ. 1 ) WRITE(LUNL,XITI11)

CAaLLl Illat
+ ASHOE LCLRMIN ,CPFfE LOFLCT ,DIAW »+GROUSH . HPT »IB
+ ,1P » TEVAR  ,NAMEEY ,NBLGIE oNCHAIN ,NVEH o NWHL ¢ SECTH

¢+ JSECTw o TRAKLN ,TRAKWE ,VCIFG HWGHT )
NAMELIST ¢ XxIll2/
+ ASHOE LCLRMIN ,CPFF6 JDFLCT HDIAW s GROUSH oHPT »IB
+ 1P ¢ ITVAR o NAMBLY (NBCGIE oNCHAIN ,NVEH o NWHL +SECTH
¢ 4SECTW oTRAKLN o TRAK®D (VCIFG yWGHT
TA( KIT12 +EQe 1 ) WRIBE(LUN1,XII12)
CALL TI13¢
+ CPFCC ,1IB 2 IP o NAMBLY ,NVEH o NWHL
+ ,KOTAM ,SECTW ,TPLY 2 TPSIT s VCICG HWGHT )
NAMELIST /XI1it3/
+ CPFCG ,1B s IP o NAMBLY oNVEH o NWHL
+ JkDIAM LSECTW LTPLY o TPS1 oVCICG L HWGHT
IFL KIT13 .EQe 1 ) WRITE(LUNLILXII13)
CALL L1l4l
| 4 UTAW yIB  IP +sNAMBLY 'NVEH
+ yNWHL s SECTW ,TRAKEN JTRAKWD oVCEIMUK ,WGHT 3
NAMELI ST /XIIl4/
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o NAMBLY NV EH

+ DIAW v IB o IP -
+ JNWHL oSECTH  ,TRAKUN ,TRAKWD LVCIMUK
IF( KITi4 .EQ. 1 ) NR!JE(LUNIQX‘I‘QP
CaLL II15(
+ CPFCCG 4CPFCFG 4CPFLE LCPFFG L1B
t LIP o+ NAMBLY ,NVEE  ,NVEKC )
NAMELIST /XI115¢/ ' :
+ CPFCCG ,CPFCFG 4CPFCE LCPFFG LIB
+ L1IP s NAMBLY , NVEF ¢+ NV EHC
IF{ KII15 Q. 1 } WRABE(LUNL . XII15)
CALL 1Iial
+  ATF » BTF yCONVE - ,CONVZ LCTF
+ HJFORCE HGR » JAPC ¢ ICONV1 L, ICONV2
+ +ITRAN LKIIle LLOCKUWP LLUN1 1 MAPG
*+ JNGR +PE s FCWER . ,RR sR PM
+ ,TORQUE ,TQIND ,LTR e TRACTF oTRANS
+ ,TJERR(CR 1}
NAMELIST /Xille/
+ ATF o BTF 2CCGNV1I  L,CONV2  LCTF
+ L,FCRCE 4GR + AP +ICCNV1 o ICONV2
+ ,ITRAN LKITl6 SLCCKYP RLUN] 2 MAPC
+ yNGR » PE +FCWER HRR: yRPM
+ JTOURQUE »TQIND TR s TRACTF L, TFRANS
+ SJTERRCR ' o
IF{ KII16 EQ. 1 *» #HRITE{LUNIgXIL16)
CALL LI174 .
+ (CID s IDIESL , GCW » NAMBLY ¢#NCYL
+ oNGR + NVEH 2 CMA X 2 RMX sRK
NAMEL IST /7X1i1?/ »
+ CID s IDIESL JNCYL ¢ NENG oNV EH

IF(KLE17 .EQe 10 WRITELLUNL,,XEI17)
IF(({ DETAIL
CALL PLYSET{
NFTS 2VGV -~ SNER eATF
2T FOWER ,POWER ,TLBSPLL,LUNLD
STOP 3 »
CONTINUE
RET URN
END
SUBKOUTINE II1(
+ CONV1 L ENGINE , IAPC
+ JNHVALS ,NSYALS ,FFA
+ JoTQIND ,VAA » VDA

»BTF

- ¢+

108

s ICCNV1 , FENGIN
"9 POWER 5, QMAX
#VOCE »VO0BS

........ - e e o aswg  © Gl

LNITS CONVERSION ROUT IME

LR L DRt TR L R R L TR L

eleleoNaNalel

1. VARIABLE DECLARATICA
REAL CONV1  (2425)
REAL ENGINE { 2425}
INTEGER 1APG
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s WGHT

o EFF +ENGINE ,FD

, IENGIN ,IPOWER ,ITCASE
JSPEED SR +TCASE
» VGV .TOPSPD ,NPTS

» EFF »ENGINE ,FD

» LIENGIN o IERROR o ITCASE
JSPEED ,SR ,TCASE
VGV +TOPSPD oNPTS
,NENG

+TRACTF 1§

» QM AX s RM X

oNEs 5 ? «AND. { IERRGR .NEs 1 )3 GOTO 148

o CTF

» IPBWER ,MAXIPR (MAXE
yRPM +»SPEED ,,TORQUE
+VRIDE ,VSS )
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INTEGER ICONV1
INTEGER IENGIN
INT EGER IPOWER
INTEGER L
INTEGEK MAXIPR
INTEGEK MAXL
INTEGER RPM
INTEGER SPEEC
INT EGER TCRQUE
INTEGER N
INTEGEK NH
INTEGER NHVALS
INT EGER NR
INT EGER NS
INTEGEK NSVALS
REAL POWER (29201}
KEAL QMAX
REAL TQINC
REAL VAA
REAL VDA ‘
REAL voGB (543
REAL vooBs  (S4b
REAL VRIDE (58,10}
REAL VSsS
c 3. ALGCRITHM

114

120

130

135

149
148

VSS=VSS5e528B %1 ce/€8e/6Pe
DO 118 WNH=1,NHVALS
VOUB(NH)I=VOCEINt)I*5280.%124/60./00
CONTINUE
00 120 NS=1,NSVALS
VOUBSE{NS) =VOCLBS{4S5) #5280.%12./60./60.
CONTINUE
DO 135 L=1, MAXL
CO 138 NR=1, MAXI&R
VRIDE(NR,; L) SVRIDEANR,L3*5288.%12./68./60.
CONTINUE
CONTINUE
PFA=PFA®l44.
VAA=VAA®3.,14159265/L88.
VDA=VDA®3.14159265/38¢€.
IF{ TAPG EQ. 1 ¥ X8 TC 145
CO 140 N=lgIFCWER
POWER(SPEED, N+=PUWER{SPEEC,N}?{88./6U.4%]12.
CONT INUE
CON TINUE
IF{ IAPG .EQ. 2 ¥ GE TC 199
CO 154 N=1,I1ENGIN
ENGEINE(RPM, NIGENGINE(RPM,N}/60.8
ENGINE(TORQUEeNI=ENGCINE{TCRQUEsNI&®1 2.0
CONT INUE
CO i790 N=1,ICONV1
CONVI{RPM,NI=CONVI{ RPMyN) /604
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17¢ CONT INUE
CMAX =QMAX¢12.0
TQINDC=TQINC#*12.8
199 CONTINUE
RETURN
END
SUBRQUTINE 1I2(
+  GCw yGCWB sGCWAE  ,GCHUNP ,L,GLWP

+ 'IB 'Lp "\AME&Y 1“6&]’ '
L
CIMENS ION
+ 184 20¥ 1P (20 oWBHT (20)
( GRUSS COMBINED WEIGHT RCUTINE :
GCh=de¢
CCwP=£ .0
GCWB=8 .9

DG 216 I=1,NAMBLY
GCW=GCH+NGHT { 1)
GCWEB=GLWBeWGHT( 1) *FLCATI IE{I} )
GCWP=GCWP+WGHTL IV & FLOATL IP(I) )
<1 CONTINUE
GCANP=GCW-GCWP
GCWNB=CCW=-GCHWB
RETURN
END
SUBROUTINE IT3(
+ JCONST LNAMBLY s NEh # NWHL 2 RCLAM
¢ JRIMW  ,SECTW ,TPSI +MTIRE LWGHT 3

C
DIMENS ION | |
+  ICONST{ 2B) + NIEHT20) sNWHE( 28)
+  ,RDIAM(22} o FEMWA 20 +SECTHL 20%
¢ oTPST{20,3) o NV 200 3)
+ JVTIRE(3)  WBHT(20)

C MAXIMUM TIRE SPEED RCUTINE
DO 325 J=1,43 :
DO 320 I=1,NAMBLY
VTileJdis0.
IF{ NVEH(TI) JEQs @ ¥ GT TQ 315
S1={ SECTh{IWmB.4*RIMNII} V/0.75
HRY={ 4.,327{5kot2.,38))
+ ¥ {IWGHT{ IM/FLOATINSHLLII ) W/ARDIAM({ L) #S1) )%+ ]1,71)
IF{ ICONST(Id .EQ. 1 } GC 70 319
VT(1,31={100.¢5280.%12./36088.)

¢ #{ (TPSI4I,Ud/HWYIS22 }
GO Y0 329
3192 CCONTINUE :
VTEL o J)={ 70285288 4%1247 368040
t o {TPSI({leJb/HAYI®%2 .25 &
315 CONT INUE
32¢ CONTINUE

325 CONTINUE
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0O 348 J=1,3
VIIRE(JI=VT(1,4d)
0O 338 1=2,NAMBLY . .
IFIVT(I,d) oLTe. MTLRE(J})
¢ VTIRE( Jd=VT{Isub
339 CONTINUE
348 CONTINUE
RETURN
END
SUBROUTINE 114l
¢ NAMBLY oPWTE o T JMTE 2

D LMENS ION
¢ Wil 200 . oWNTEL2E)
C MAXIMUM PATH WIDTH OF COMBINATION®S TRACTION ELEMENTS
PWTE=WI{10-WTE(1)
DG 419 I=2,NAMBLY
IFCEWT( I -WTE(II} €T, PWTE)
+ PWTE=WT(1I=WTE( IA
419 CONTINUE
RETURN
END
SUBRUUTINE 1151
+ UFLCT LDRAT » NAMELY o NVEH +SECTH 3

D IMENS ION
¢ DFLCT(cLy3) »DRAT{ 28,3) oNVEHI 208)
+ HSECTH{ 20
C TIRE DEFLECTIGN RATIOS .
CO 528 J=1,3 .
DG 514 1=1,NAMBLY
YFONVEH( I} . EQ. @) GO TC S@0
ORAT{I,J)=0FLCT{1,J)/SECTHL 1D
5¢9 CONT INUE
514¢ CONTINUE
520 CONTINLE
RETURN
END
SUBRGUTINE 116
+ CHARLN ,DFLCT L, CIAW y NAMBLY (NVEH » TRAKLN )

D IMENS ION
+ CHARLN{ 20,3} #OFLCT (20,3 2 DIAN( 20}
+ JNVEH 28) sTRAKLN{28)
C CHARACTEKISTIC LENGHT CF BLEMENTS
CO 638 J=1,3
DG 629 1=1,NAMBLY
. IF( NVEH(TI) .EQ. 1 b GC TO 6180

¢ TRACKEG ELEMENT
CHARULN(L, JF=TRAKLNLI)
GO TO 628

el g CONTINUE
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c WHEELED ELEMENT

CHARLN(I,J0=2.0 _
+ ¢SQRT{ (CFLCTLIpdd=DIANLCIN)
+ “~(DFLCT{I,J)#BFLCTLI,40) &
629 CONTINUE
6382 CONTINLE
RETURN
END

SUBRGUTINE 1I7{
+ CHARLN ,GCA » NAMBEY SNVEH +SECTW  ,TRAKWD )

DIMENS ION '
¢ CHARLN(2d,3) - ¢GCAL28,3) NVEHL 28)
+ LSECTWl 20 ' aTRAKWE( 200
C GROUND CONTACT AREA OF ELEKEBTS
LG 736 4=1,

D0 728 1= I.NAMBLY
IFINVEH{TI) LEC« L2 GO TO 718

c TRACKED ELEMERNT
GCa(l,Jd)= CHAR&N‘I,J"TRAKHC(LQ*Z.
7190 CONTINUE
C WHEELED ELEMENT
GCA:19J3=CHARLN(§bJ5#SECTN(li
728 CONTINUE
739 CONTINLE
R ETURN
END
SUBROUTINE 118¢(
+ CoLAT LID s NANBLY oNVER oSECTW HWT » WT MAX )
C .
D LMENS ION _
+ 10{ 23} - oNVEHd 28) +SECTW{ 20)
+ 'WT(ZZ’
C CONTROLLING LATERAL DISTANCE ¥O C.G.
WTMAX=54@.

DO 838 YT=1,NAMBLY
IF{NVEH({I) .EQ. &) HC TO 819

v WHEELED ELEMENT
TEMP={ WT{i}/2. #=CGLAT
+ ¢ SECTW{Td/24 ¥eFLCAT( ILKIM )
GD YO 82¢
814 CONTINUE
C TRACKED ELEMENT
TEMF=( WT{id/2. »=CELAT
82¢ CONTINUE '
IF{TEMP .GE. WTMAX) 60 TO 825
hRTMAX=TEMP
825 CONTINUE
830 CONTINUE
RETUKRN
END
SUBROUTINE II9¢{ :
+ 1P ¢+ NAMBLY -NVER . ,REVM oRR )
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el aNalel

$1¢

cCOO00o

DIMENS ION
+  IPl20) oNVEH( 28} SJREVH( 20) .

R L P e PR Y P P R L L L L Y L L L LY 2

ROLLING RADIUS OF LARGEST POWERED TLIRE EL EMENT

L e P P T T R T R PR e T oL D L PR L

Kk=0.9
DC 910 1=1,NAMBLY ‘
IFC IP(Y) JEQ. & ¥ GO TO 910
RX=( 5283 e0%i2e& ¥/ 2.6¢3414159265¢RENMLE} )
IFC RR LT« RX ) RR=RX
CONTINUE
RETURN
END
SUBROUTINE 1110/
+ I8 s NAMBLY 4 WGHT +XBRCOF #X%BR )

OIMENS ION
+ 18(29) #WGHT { 20)

T R e Bl ot 1 bt Rl st Rt it chutmde Radealed DL oL L L X 24 X Ll L X D X 2

MAXIMUM BRAKING FORCE DEVELOPED BY BRAKED ASSEMBLIES

——————— - D G S an W R AR S P G P A DG D R AL G WD TGS W AD D HD WS D W R R W -

XBR=W. L
CC 1412 I=1,NAMBLY
XBR=XBR+XBRCOF* WGHTEI)oFLCATL IBLIF ¥ .

18186 CONTINUE

aNeNeNaNeNal

RETURN
END
SUBROUTINE 1IE11 |
t  GCWP +HPNET L FPT @

-y " W W e

HORS EPOWER/TON

HPT=HPNET/{GCWP/2884d.)

RETURN
END

SUBKGUTINE II12(
+ ASHUE (CLRMIN ,CPFFG oLDFLCY LCIAW s GROUSH o HPT o I8

r L1P JITVAR o NAMBLY oNBCGIE ¢NCHAIN ,NVEH  oNWHL ¢ SECTH
¢+ ,SECTWh oTRAKLN ,TRAKWL 4VCIFG ,WGHT #

C IMENS ION ’
+  ASHOE! 20} oCLRMIN(22) +CRFFG( 20,4 3)

¢ JDFLCT(28,3) JCLAW( 20) » GROUSHIL 28}
+ ,18B{20) e1PL20) o+ NBOGIE{28)

202
@




R=-2858, VOLUME 1
APPENDIX A -~ LISTING CF . FPRUGRAM NRMM

+ NCHAIN{ 24} ANVEHL 28} yNuHLA{ 2 9)
» SECTH(22) ‘ #SECTW (209 2 TOFL 3)

+ ¢ty

o WGHTL 28)

VEHICLE CCNE INDEX IN FINE GRAINED SOIL

- S DD TS 4D R G D O e W T DWW W W

OO eO

CO 1556 I=1,NAMBLY

IF{ IPUI) .EQ. 8 &ANDe IB(I} +EQe. ¥ ) GO TO 1555

IFL NVEH{I) JEC. & ) GO TO 1534
- g o g s e g o
WHEELED ASSENMBLY ROUTINE
0 o e = (o A o P e o o e
CCONTACT PRESSURE FACTOR
CPFFG{ I 1 ImWGHT( 1))
+ /7{ SECTW{IA#FLOATINWHL{ 1) )*DIANITV/ 2. )
: CPFFGIL 1,2¥1=CPFFGLI,1)
CPFFGL 1,3.0aCPFFGI(1,1)
C WEIGHT FACTOR
IFl WOGHT{44 +GE« 200840 ) GO YO 1519
WF=0.553®WCHT (11/1000.
GG TG 4d#le :
i518 CONT INUE
IF{ WGHT{d4& .GE« 1358€<¢ ) GO TO 1512
WF=0633%WCHT (1)/1000.0¢1.0
GO TC J%lé6
1512 CONTINUE
LF{ WGHT{dd .GE. 208000.0 » GO TGO 1514
WF=0.142%WCHT{13/1000.0~B.42

[aNeEaN g

' GC TO 1816 -
1514 ' CONTLNUE .
WF= ﬁ~d7£*hﬁﬁ71[5/1@ﬂﬁ-ﬂ 3+115
1516 CONTINUE
C : TIRE FACTGR
4 TF={10.0+SECTWII }}/10kL.0
C GROUSER FACTLR
IF{ NCHALNEIN LEC. O }+ GO TO 1518
GF=1.85
GO TC 152¢
1518 CONT LNUE
GF=1.0
1524 CONTINUE
c WHEEL LOAC FACTOR
WLORF=WGHT(d) /1088, B/FLOAT(NNHLLI3’/2¢
C CLEARANCE FACTCR
CLF=CLRMINdV/10.0
c ENGINE FACTGF
IF{ HPY +L%. 108 ) GO TO 1522
EF=1.0 »
GO TC 414824
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1522 CONT INUE
EF=1465
1524 CONTINUE
C TRANSMISSICN FACTQR
[F( ITVAR ~EQ. 8 ) GO TO 1526
TFX=1l.45%
GO TC 4528
1526 CONTINUE '
TFX=1.0
1528 CONT INUE
L TIRE CEFLECTJEN FACTOR

D0 1538 J=1,3.
TOF(JA=6L1aB=DFLCT{ Ly JM/SECTHLINI/D85)0%],5

1530 CONT INUE
C MOBIL ITY INDEX

XMI=(CPFFC&I,1) *WF/TF/GFewLORF~CLF)*EFeTFX
C VERICLE CCNE &NDEX

DO 1532 J43&,3
VCIFGU I ) ={ 114484829 XMI=39.2/{XMI+3,74)}
+ *sTDF&J
1532 CONTINUE
GC TO 1556
1534 CONT INUE
LA Dl Bl LA L EF DL A S L L 2
TRACKEG ASSENMBLY ROUTINE
Cmemetcecnceimmr e ey e
CONTACT PRESSURE FACTOR
CPFFGL Tl b=WCRTE I/ (2. *TRAKLN( T }oTRAKMD( 1))
CPFFG(1,2V=CFEFG{1,1)
CPFFGUI 3 1=CFRFG(L, 1)
C WEIGHT FACTCR
IF( WGHT{I) .BE. 50080.0 ) GO TO 15636
WF=1l.0
GO TO 1542
1536 CONT INUE ‘ '
IFl WOGHT( I} BE. 700088.0 » GO TO 1538
WF=1,2 ) "
GO TO 1542
1538 CONT INUE ’ ,
IF‘ HGHT‘I’ nBE. lﬂﬂﬂﬁﬂ.z s GO TD 159@
WF=1.4
GO YO 1542
15449 CONTINUE
1542 CONTINUE
c TRACK FACTCR .
TF=TRAKWC(I}/108.0
C GROUSER FACTCR
IFl GROUSK(L) LTe 1.5 ) GO TC 4544
GF=lal
GO TG 154¢
1544 CONTINUE

OO0
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GF=l.6
1546 CONTINUE
" BOGIE LOAD RANGE: FACTOR
WLORF=WGHT{ 1V41 6. ﬂIFLGATlNBOGIE(IAJ/ASHOE(I!
C CLEARANCE FACTOR
CLF=CLRMIN 1}¥1D.0
C ENGINE FACTOR :
IF{ HPT oLT. 0.0 ¥ GG TG 1548
EF=1.0
60 TQO 155¢
1548 CONTINUE
EF=1.45
1553 CONT INUE
C TRANSMESSIGN FACIOR
' : IF{ ITVAR LECL B ¥ GC TQ 1552
TFX=1i.25
GO TO 155%
i552 CONTINUE
TFX=1.0
1554 CONT INUE o
C MOBILITY INDEX
XMI={CPFRGI 1y B OWF/ TF/GF +WLGRF-CLF)SEF*TFX
C VEHICLE CONE JINCEX

VCIFGI Iy 1 1=7 ¢ 0..28XNI=39.2/(XM1+5.8)
VCIFG(I,23=V(RFG{d,1)
VCIFG(I,3)=VCHG(L, 1}

1555 CONTINUE
1556 CONTINGE
RETURN
END
SUBROUTINE II13(
+ CPFCG ,18 ¢ IP e NANMBLY ,NVEH o NWHL
+ JKCIAM LSECTW ,TPLY 2 TPS1 o VCICG SWGHT )
DLIMENS ION - .
* ﬁPFCG(2a13' %48!223 1!9(2“)
+ SNVEH{20) oOWHL L 24) : » RDI AM{ 20)
+ LSECTW(20) o #TPLY (28) yTOS 1{ 26,31)
+ LVCICG(28,3) wHMGHY{ 281
C .
C - 2 Dy > AP o v P gy oo’ gy o - -,
C. VEHICLE CCNE INDEX IN COBRSE GRAINED SOIL
C S o M D A D S A T D WD W S D ] O g D -
C

DG 167¢ 1=14NAMBLY
IF{ IP{I} . EQa £ LAND. IB{I) .EQ. U ) GO TO 1662
IF( NVEH(I) .EQe @ ) GC TO 1640
—meme -————- -l e w g - -
WHEELED ASSENBLY, ROUTINE
- o o o e ] o g
WHEEL DIAMETER FACTCR
IF( SECTWLEV/RDTIAMITID LT 4 24 » GO TGO 1618
NDF=2 o8 . .
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GC TC 1&2¢
16149 CONTINUE
) WOF=5.4
1620 CONTINUE
DU 1638 J=1,3
C CONTACT PRESSURE FACTOR
CPFCO( 1430=8,687¢TPSI(L,J)¢+
¢ 1e35a1117.0¢TPLY(1IV/
+ AWOFSSECTW(I)¢ROIAMI T )=4,93
c CONTACT ARGA FACTOR
CAF=ALCGIO{WGHT{TI) /CPFCC{ I, d0
c STRENGH FACTOR » .
STF=0,9826¢FLCATANWHL(LIre2,08211#TPSI(],4)
+ ~0+38€CAF¢1.587
C VEHICLE CCNE INDEX .
VCICG( 1480 =10.0¢9STF
1634 CONTINUE '
GO TO 1668
164¢ CONT INUE
C e > - o Winf 2wl Y -
c TRACKEG ASSEMBLY FACTOR
C L L PP P YRR ET T P

€O 1652 J=1,3
VCICGII, Ji=d .8
1659 CONT INUE
1608 CONTINUE
1670 CONTINUE
RETULRN
END
SUBROUTINE LIls |
+ DIAW » IB s IP s NAMBLY ,NVEH
+ oNWHL s SECTW ,TRAKEN ,TRAKWO o VCIMUK (WGHT )
DIMENS ION
DIAW(28) o1B( 20) 2 IPL 28)
yNVEHI 2€) eNWHLA 20 » SECTwW (20}
» TRAKLN( 20) «TRAKWC(20) 2 WBHTL 20)
VCIMIK(28) '

-+t e

e P m e a s w g Eg i e P ap aPiee

VELHICLE CCNE INDEX IN MUSKEG

D e D D G G AR D G AR TS GD A R R s ---pﬂ--

OO0

CO 1732 I=1,.NAMBLY
Il IP(I) .EQ. € .&ND. IB(I) .EQ. 9 ) GO TO 1720
IF{ NVEH{I) .EQ. 8 ) GC TO 1710
VCIMUKE L) =13..4¢B.535¢WGHT{ 1) _
¢ FC(SECTW{ 10 ADIAWC( IV V= FLOAT(NWHLIEI M)
GO TGO 1730 '
1718 CONT INVE
VCIMUK{I)=13.0¢848625%WGHT( I}
+ / (TRAKWOD{ 1) ¢+ TRAKLNL I 3)
1728 CONTINUE
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1738 CONTINUE
RETURN
END
SUBROUTINE §115 (
+ CPFCCG ,CPFCFG ,CPFCE LLPFFG  ,318

+ HIP o+ NAMBLY ,NVER ~ oNVEKC ¥
C
D IMENS ION , :
+ CPFCCGI3 : »CPFCGE23,3) s CPELFGL 30
t LCPFFG{2d,3) - +dBl28) 2 1PL 20}
+  GNVEK{ 24)
C
{ =weemrmrafmecccuprpencesppeqiddcecncacsonnan
C COMBINED CONTACT PRESSURE FACTUR ROUTINE
{ =mermeccrmrasmwnsccnnengdtfrieopr samrwmgra
C
N1=0@
Ne=8

DG 18482 I=1,NAMBLY
IFl NVEH{I) .EQe & % Ni=-]
IFU NVEHI{L) EQ. 1 & N&=1
1848 CONTINUE
NVEHC=N1¢N2
IF( NVEHC .NE. 1 } GO TG0 184¢
DO 1839 J=1,3 ’
CPFCFG( UV =0.0
CPFCCGL{UI=040
£0 1828 I=1,NAMBLY :
IFd IB{I) LEC/ A JAND. IP(I} LEQ. 0 ) GO TO 1822 '
IF( CPFFGUBeJ) «GTe CPFCFGL{J) ¥ LPFCPGIIV=CPFEGII4J)
IF( CPFCGUEy ¥ «GT. CPFCLGLJF ¥ CPFCCGIJI=CPFCGIT s

ibid CONRINUE
1829 CONT INUE
18348 CONTINUE

GG T0O 1899

1842 CONTINUE
D0 13882 J=1,3
CPFCFGLI=8.0
CPFLCGL N=0.¢
DO 1878 i1=1,NAMBLY
IF{ NVEH{I} NE. 8 ¥ GO TO 1860 »
IF! IB{L) +EGQe & <ANDe IP{(I) LEQ. 3 3 GO TO 1852
IF{ CPFFGA{R¢d ) J4GT. CPFLFG{JE )} CPFCRGLJI=CPFFGI I 4Jd)
IF( CPFCGAIpJd) <GT. CPFCLGLYD ) GPFCCGIII=CPFLG 144)
1859 CONTINUE .
18692 CONT INUE
187¢ CONTINUE
1888 CONTINUE
1892 CONTINUE
RETUKRN
END-
SUBROUTINE 1116 {
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¢ ATF BTF  ,CCNVI ,CONV2 ,CTE  ,EFF  JENGINE ,FD
+ JFGRCE 40K  14P6  ,ICONV1 ,JCONV2 , IENGIN ,IPOWER s#ITCASE
¢ oITRAN LKIL16 ,LGCKUP (LUN1  4MAPG
¢ JNGR L PE 2 PGWER  ,RR oRPN  ,SPEED SR #TCA SE
+ oTORQUE ,TQLND TR TRACTF ,TRANS ,VGV  ,TOPSPD ,NPT3
¢ (IERRCR )
C
C - 201 o o o o o g W P
C PGWER TRAIN SCENARIC LEBIC
c B Y e T
c
c 1. VARTABLE DECLARATICA
REAL ATF
REAL BTF
REAL CONV1 (2250
REAL CONE  { 2425)
REAL CTF
REAL ENGINE (2425}
REAL FD
INTEGER  1APG
INTEGER  ICONV1
INTEGER  ICONV2
INTEGER  IENGIN
INTEGER  IPCWEF
INTEGER  ITCASE
INTEGER  ITRAN
INTEGER  KIIlé
INTEGER  LOCKUF
INTEGER  LUNL1
INTEGER  MAPG
INTEGER  MD
INTEGER  EFF
INTEGER  FORCE
INTEGER  GR
INTEGER  RPM
INTEGER  SPEED
INTEGER SR
INTEGER  TORQUE
INTEGER TR
INTEGER  NGR
REAL PE -
REAL POWER (20201)
REAL KR
REAL TCASE d2bh
REAL TQING ‘
REAL TRACTF { 28e5)
REAL TRANS (2425)
REAL VGV 4 2de5)
PE=2.0
c 3. ALGCRATHM
IF{MAPG JNE. 1) GO T0 268

IF(IAPG EC. 2) GE TO 1090
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CALL TRAIN {

+ CONV] »OONV2 s ENGINE 2+ FC
¥ +EFF +&FORCE s GR + RPN
+ » SR +LORQUE 2 TR 2 NGR
+ 'RR ..K?CASE ’TQIND 'TRANS
* + POWER »EUN] o K1Ilbk
CALL FIT {
+ IPOWER +EORCE « SPEED
+ 'POWER "‘TF 'BTF ’CTF
t s NGR - o TRACTF P VGV o {ERROR .
GO TO 4ud :
1942 CONT INUE
MAPG=3
CALL FIT
. LPOWER o FORCE  oSPEED -
+ + NGR » TRACTF 2 VGV s TERRQR vLUN
GO TC 4082
24d CONTINUE
IF{ IAPG LEQe. 1) GG X0 3€8
CALL FIT {
+ IPOWER + FCRCE . 4 SPEED
v » PONER JATF  ,BTF  4CTF
+ s NGR +ERACTF L,VGV » IERRER s LUN1
: GO TC 409 :
3¢9 CONTINUE
MAPG=4
CALL TRAIN |
+ CONV 1 #CONV2 »ENGINE o FD » ICONV
+ v ICONV2 s LEAGIA o ITCASE ¢+ LTKAN s LOCKU
* o EFF » FORCE +6R o RPM »SPEED
+ » SR " yTORGUE TR ¢+ NGR 2 PE
+ » RR + TCASE s TQIND + TRANS +» IPOWE
+ s POWER y LUNM +KIIl6)
CALL FIT ( R
+ IPOWER s FORCE + SPEED
+ » NGR 2 TRACTF  4VGV o IERROR +LUN1
480 TOPSPD = POWER{SFPEEE, LFONERI®{60./88e0/12.
NPTS = INTL(TOPSPD 4,5004,
CONTINUE
RETULRN
END |
SUBRCGUTINE AUTOM | :
+ ENG INE 2 LENGIN «CONV1 2 ICGNV ] s CONV 2
¢ H1CONV2 yTQIND © wTRANS o NGR +FO
+ 4RR sPE w» FGWER » [POWER +RPM
+ LTORCUE #SR " aTR 2GR » EFF
+ LSPEED + FORCE sLUNL" rKIllo)
C
C B iy

22
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+ ICONV1
o LOCKUP
s SPEED
o PE

o IPORER

LUNL oKi116)

1 sKLI1l6)

2KII16)

1
P
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C AUTUMATIC TRANSMISSECh WiTH TCRQUE CONVERTER
C | =ececccece- - Sl f et et DS A bdd bl bl b d
C
C 1 VARTABLE DECLARATICN
REAL CONVY (2425
REAL CONV2 (24250
KEAL ENGINE ( 2425)
REAL ESMAX
REAL ESMIN
REAL €0 (zd
INT EGEK 1CCAV1
INTEGER I1CONV 2
INTEGER TENGIN
INTEGER IPOWER
INT EGER EFF
INTEGER FORCE
INTEGER GR
INTEGER RPM
INTEGER -~ SPEED
INTEGER SR
INTEGER TORQUE
INTEGER TR
INT EGER N
INT EGEK NG
INTEGER NGK
REAL PE
REAL POWER {2p201)
KEAL P1
REAL RPMIN
REAL RPMQOUT
REAL KR
REAL SPDINC
REAL SRATIC
REAL TF
REAL TORCEN
REAL TORQIN
REAL TQINC
REAL TRANS (2425}
REAL TRAYIC
C 2+ ALGCRITHM
DC 164 NG=1,NGR
CO 158 N=1,281
ESMINSENGINEARPM, 1)
ESMAX=ENGINE{ RPM, IENGIN?
RPMOUT=( FOWERISPEEC)NILC.0/3.L%159265/RR}
+ °FDIGR’*TRANS(GR'NGD
110 CONTINUE |
RPMIA—(ESP‘NOESHhX)IZ 0
SRATLO=RPMEBUT/RPMIN
IF{SRATIU ,LE, CCNV1(SR,ICONV1)) GO TO 128
SRATI0=CONV1(SR.,ICCNV 1}
1<% CONTINUE
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CALL L INEAR
+ CONvV1 #2ECONV1 » SR +RPM +SRAT IO
+ #SPOIND )

TGRQIN~TQIBD‘(RPPINISPDINDO*§2 9

CALL LINEAR {

+ "ENGINE »3ENGIN  RPM » TORQUE +RPMIN
+ o+ TORQEN )
I1F¢ ‘ESMAX%ES?IN} oLEs lad/68.0 ¥ 60 TQ 130
C EXIT LCGP
IF{TORCEN 4EC. TCRQIN} GO TO 130
C EXIT LCGP

TF(TORCEN wLT. TORQIN} ESMAX=RPHIN
IF(TORCEN #GT. TGRCIN) ESMIN=RPNIN
- GO TO 110
13¢ " CONTINUE .
P1=PE*TORCIN/ 120 .0
IF(  ABS{TGRCIN-TORCEN) 4GT. ABS(PL) ) GO TO 14¥
CALL L INEAR (.

¢ CONV2 | 3CCAV2 +SK TR +SRAT IO
+ +TRATEC ¥

TF=TQRCIN*TRATIO*TRANS{GR NG
+ STRANSIEFFINGI®FDIGRISFD( EFFI/RR

IF{ POWER{FORCE,N) LT. TFD POWER{ FURCE,N) =TF
IF{ IPCWER 4LT. N) IPOWER=N

149 CONT INUE
150 CONT INUE

168 CONTINUE

C 3.DIAGNOSTIC OUTPUT

1Fl KIIlé .NE. 1 ) GOVE 300
WRITE( LUN1,190)
198 FORMAT(1H1 y6H$AUTOM, /)
WRITE{ LUN1 4286
26¥  FORMAT(1HU,8HCONVI =)
| WRITE(LUN1,218) {{CCNVII,d)oI=RPM,SRI,d=1,ICUNV1)
218 FORMAT(18X4E1448,2X,E142842X,E14.8,2XsEl%e8y2XsE14 o8y 2XiE14e 81
WRITE{LUN1,228) '
228  FORMAT(1HJ,8HCONVZ =}
WRITE{LUN14238) {{CCAVa(L,dd e 1=TR4SR s J=1, ICONV2)
WRITE(LUN1,238) EFF
236  FORMAT (1H@,8HEFF 30 TR S
WRITE(LUN1 248)
248  FORMAT(1Hi 28 HENGINE =)
WRITE(LUN1,218) ({ENGAKE(Lsd ), I=RPM, TGRQUE),U=1, IENGIN)
" WRITE( LUN1,245) FD{EFF+,FD{GR}
245  FORMAT {1H2,8HFD s EldBs2XsE14.8)
WRTTE( LUNL 5258) FGRCE 26R, KCONV1 s I CONV 2, IENGIN, IPOWER NGR
¢58  FORMAT(1HO ¢BHFORCE =34y /s

+ 1 HE 48HGR =yBte /ol FEBy8HICONV] =,140/,
+ 1HE y8HICONV 2 =yf%e /g 1H2y BHIENGIN =, 1457,
+ 1H@ 98HIPOWER =4 045/91 2, 8HNGR =5 14)

WRITE(LUN1,268)
269 FCRMAT{iHY ,8HPOWER =1
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WRITE{LUN1,218) ({PCWER{BsJd¥yI=SPEED,FORCE},d=1,IPOWER)
WRITE{LUN1,278}) RK

279  FUORMAT (1H3 ,8HKR = ,844.8)
WRITF{LUN1,280) RPN,SFEED,SR,TORQUE, TR
284  FCRMAT (1H@ ,8HRPM S9d49 /o 1B BHSPEED =,144/4
+ 1HOB 4BHSR = =,344/91+3,8HTCRQUE =,144/,
+ 1H3,8HTR = ,484)

WRI TE( LUN1 ,299) :
299  FORMAT{1HB ,8HTRANS =1
WRITE{LUN1 ,2L0) {(TRANSEI 40, I=GR,EFFM,J=]1,NGR)
WKTITE(LUNL,313) TGIND o
310 FORMAT (1H? ,8HTQINL =,83448)
393 CONTINLE
RETULRN
END
SUBRGUTINE FIT(
+ ,POWER ,ATF » ETF +CTF +NGR +TRACTF
+ 4VGV » IERROKR 4 LUN1 WKIIl6)

LR L R P L L R L D

VARTABLE DECLARATICNS

L E T LR DL EE TR L XX PR L T

OO0

DIMENSION A {3 44)
DIMENSTION ATF (20}
DIMENS ION BTF t2g)
CIMENS ION CTF (c@)
DIMENSION POWER (2,203%
DIMENSION TRACTF{2845)
DIMENS ION VGV (22450
DIMENS ION X £3)
INTEGER = BEGIN
INTEGER FORCE
INTEGER END

INTEGER RIGHT
INTEGEF SPEEC
LOGICAL MEMBER

REAL LOWER

REAL MEOIAN

------- e g - g oy o il ® g

INITIALIZE PROGRAM INL&CRES

R L L L Y L T Ry ,-pi'-'”'ﬁ-;-q’

OO0
[}

PCT = 2.0

NGK=1

IERROR=3

FMAX=0 «

VMA X=0 .

0C 200¢ 1=1,1PONWER
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vod

OO0

2149

2185
<119

2128
212k
2l2e2

OO0 n

OO0

2139

IF( POHER(FORCE.Il,”QT. FMAX) FMAX=PBWER{FORCE,I}
IF{ POWERISPEED,I) 4GTe VMAX) VMAX=POWER{SPEED, I}
CONTINUE '

- - - g w P wn o w P g D G D T D GBS D NS W - -

BEGIN BY FITFING A QUACRATIC TG THE FIRST THREE POINIS

P el el et o A T R Y T R R T L F T T T T )

DG <145 N=1,IPOWER
IF{ FOWERI{FORCE, N> EC. POWER(FCRCE4#N¢1)Y 60 TO 21002
LEFT=N
RIGHT=LEFT+2
NEXT=RLGHT #1
BEGIN=LEFT
END=RIGHT
GO T0 2118 '
ATFINGRI=POWER( FOR(E,N413
BTF{NGR =0,
CTF (NGRI =2,
LEFT=1
RIGHT=N+] '
IF(PUWER‘FDRCE;hﬁli oNE. POWER{FORCE,N+24) GO TO 2172
CONTINLE
CONTINUE
D0 z1l IR=1,3.
0O 2128 1C=1,4
A(‘R’IC’=QQ
CONTINUE
CONTENUE
CONTINUE

- G wn D AR P R W S wn AR W 4D A e q‘-’-----—‘--------'---------------

BUILD THE "A“ MATRIX FOR THE LEAST SQUARES FIT PRUCEDURE

B e R R e R L L R TP E I DL DL P DL LR LR L LY L2

LO 2149 N=BEGIN4END
IF(N-1 4LT. 1% GO TO 213¢

-------- v, - T - - - g 0 -“b--qp S e e D D D D S D D P S D A W TR WD D WP TR B D S

CHECK hHETHER TWO ACJACENT PCINTS HAVE THE SAME VALUE OF
SPEFD AS MIGHT OCCUR AT A GEAR SHIFT POINT,

- e A D R S ap % =B @y -y*-q-._------ - WP i D TP s P pup B A Y AP B G G W Y

IF(POWER{SREEC)N) ~EQ. PUWERI(SPEEDyN-1)
«ANCe &EFV oLEe. N=3) GO TO 21868
IF(FOWER(SPEEC,N} .EQ. POMER{SPEED,N-1)
-wANC4 LEFT oEQe. N=2k GO 7O 2165
IF{:FENER{SPEEDyN) -EQ. POWER{SPEEDyN~1)
" «&ND. LEFT «EQ. N=E} GO TO 2174
Al344)=A{3,4 34PAWERI{FORCE,N)
Ad244) A1 2,4 )V 6POWER(FORCE,N M= (POWERISPEED,N}/1746)
Al1,6V=A{1,4)+POWER(FORCE,NM{ PCONERISPEED,N1 /17.6)8=2
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A(3,3)=A{3,3)xi.
AlL2,31=A( 2,308l PCWER(SPEEC,NK/17.6)
A(1930=A{143 MMUPOUMER{SPEEDsNI/1T.0) 422
AlloZb—Al1,2ld(PDUEF(SPEEC,N)II7.6DO‘3
ACl,10=A01,1 M LPOWER(SPEEC,NI/17.6) 804
2149 CONTINUE

Al2,1¥=A(1,2)

Al2,2V=A(1,3}

Al3,10=A01,3)

A3,20=A(2,3)

C
C ey - - o af iy oy T - - - W - - -
C CALL SUBROUTENE TO INVERT “A" MATRIX AND SOLVc FOR
L THE COEFFICIENTS TC YT+& RITTED QUACRATIC
L ewececceme= - - = e S A% T D W W oy Y =
C
CALL SOLVER (A, Xa
X{(2¥=X{21/17.6
X{1)=X{11/17+6/1B06
C
C e eca e e pe e geayn fN e r g PR naCeme oS-
C CHECK NEXT POINT AGALANST YHE MAXENUM NUMBER IN ARRAY
{  wececoce= B L T TR R Y ol < a2 s Bt ahatated
C
IF(RIGHT+l ,GT. IPCWER) GC TO 2E70
MEDIAN=X{3)¢X{ 2 VBFPOUNER{ SPEEC,NEXT 1 +X{ 1 1*POWER(SPEED 4NEXTI®®2
CIFFER=PCT*MECIAN/100.0
LOWER=MEDIAN-CLFBER
UPPER=MEDI AN ¢CIFEER
MEMBER=.TRUE»
IF(PGWER(FCRCE, NGXT) +LT. LOWER} MEMBER=.FALSE.
IF{POWERI{FORCE, MEXT ) .GT. UPPER) MEMBER=,FALSE.
IF{ .NOT. MEMBER) 6L TO 2179
" RIGHT=RIGHT+1
NEXT=RIGHT #1
BEGIN=RIGHT
ENC=RIGHT
GO TO 2122
C
c - g an - w w fp W - ge g
c STRAIGHT LINE GEAR
C - - -
C
2165 X(1)=0.
RIGHT=RIGHT =1
X(Zl-(PﬂwfﬂlfﬂRCE.RIGHT!-PDHER(FORCE.LEFTD!I
+ ( POWER( SREEC,RIGHT ) ~POMER(SPEELC,LEFT))
X(3l=POHER(FCFCE.LEFTI—X(ZQPPBHER(SPEEDaLEFTl
GO 1O 217w
2168 RIGHT=RIGHT~1
2174 CONTINUE :

ATF INGRI=X{3)
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BYFINGR 4=X(2)
CTFINGRI=X{1} o
2172 VGVI(NGR,1) =POWER(SREED,LEFTS
VGV {NGR,5) =PCWER{ SBEEE,RIGHT)
00 2176 L=2,4
VGVINGRoL)=VGV{ NGRoL=13 + (VGNINGR#S} = VGVINGR,1)1/4.,
2176 CONTINUE A :
DO 2177 L=1,5
TRACTFINGR,L)=ATEE NGR} ¢ BTFINGR} ® VGV NGRoL) +
+ CTE{NGR) ¢ VGVLNGRsLI # VGV.ANGRyL)
2172 CON TINUE , .
IF(CTFINGR) .EG. f.3 GC TC 2173
CALL APPROXf{
POWER ,FORCE ,SPEED . oNGR +LEFT
JRIGHT ,ATF 2BTF-  ,CTF .« TERROR
JFMAX  JVMAX  LLUNI
TF{CTF{NGRY .EQ. 8% GC TC 2172

* v

GO 70O 2173
c
C -q-‘-—-u—'rr*---q,-qq*‘p-—-------nr-?’-p----q---p-------’---_1q
C BACKUP TWO POINTS FCR BRTIFICIAL GEAR AT GAP IN TRACTIVE FORCE.
C - a0 19 e 2 W e ) e a4 S o ] o P P U P N P WP e WD W o
C
2l 74. RIGHT=RIGHT=~2
2173 IF{N=1 .LT. 1) GG TE 2175

IFULEFT «LEs N=2% GQ YO 2175

.-—p?---q-’-'-Q-—-Fq—h*q-‘-‘--------’---!---’----——-q----'.

1f A GAP IN THE TRACTIME FORCE DATA QOCCURS SUCH AS AT THE
SHIFT POLNY OF A MANUAE TRANSMISSION, INSERT AN ARTIFICIAL
GEAR WEICH IS A VERTLICAL LINE HAVING ZEROC COEFFICLENTS AND
MNs MD, WX SPEED VALUES EQUAL TO THE VALUE AT THE GAP. SET
THE MNy MX TRACTIVE FCRCE VALUES EQUAL TO THE END POINTS OF
THE DISCONTINUITY,, ANCT THE MO TRACTINE FORCE EQUAL TO THE
AVEAGE OF THE MN, MX ¥ALUES. PROCEEQ YO THE NEXT REAL GEAR.

DD e T > D T W W BD o G S A D AP G WP TN D D P G T BD iy WD G G WS WD G G W AR T e

OO0

JE{POWER{SPEED, N} JNE. POWER(SPEEC,N~-13) GO TO 2175

RIGHT=RIGHT ¢1

ATF(NGR)=93.

BTF{NGR)=¥.

CTFINGRI) =0,

€3 2178 L=1,5

VGVINGRyL I=PCMER(SPEEC, RIGHT)

2178 CONT INUE
TRACTFINGR 41V =POMER(FORCE,RIGHT~1)
TRACTF{NGR 5 2 =PCWER(FCRCE,RIGHT X
CO 2179 L=2,4

TRACTF{NGRyL 33TRACTFINGR yL=14 -

+ ~ dTRACTFINGRsl) = TRACTFINGR,S53) 7 4.
<179 CONT INUE : :
£175 IF{RIGHT+2 .GT. IPCRER) GC TO 2188
215
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183

OO OON

225w
2264

274

NGR=NGK+1
LEFT=RIGHT
RIGHT =LEFT+2
NEXT=RIGHT¢1
BEG IN=LEFT
ENO=RIGHT

GG To 2110

CONTINLE

PR L PR X T A XL L X T X g

TEST FINAL POINT, FIT ITRAIGHT LIMNE IF FINAL

- ol o - - W " - -

POINT LIES QUTSIDE CF PREVIOUS GEAR.

————— PR L P L AL PR LR LR L TP L L L S X2 L 2 L L X 23

NGR=NGR+]
LEFT=RIGHT
RIGHFT=LEFT+l
BEGIN=LEFT
END=RIGHT
X(li=0.

{PCWER) 60 TO <19¢@

X{2)={ PONER(FORLCE, ENC) -POWER{FCRCE, BEGINI )/
{ POWER(SPEEC, EDI-POWER(S PEEDSEEGIN)Y Y
X(31=POWER(FORCE, ENBI=-X{.2)V*POWER(SPEECT, END)

GO TO 2170
CCNTINUE

EXIT RCUTINE

CIAGNOSTIC OUTPUT

WRITE(LUN1,2195)

) GCTE 23089

FORMAT{1H]L ,4HS$FIT, /)

WRITE(LUN1,22680)
FORMAT {1 HO ,8HATF
WRITE{ LUN1,22100

FORMAT (10X pEl4 .8,

WRITE{LUN1,2220)
FORMAT{1HO,8HBTF
WRITE{ LUN1,22106)
WRITE{LUN1 ,2240)
FORMAT (1HB348HCTF
WRITE(LUN1,221@)
WRITE{ LUN1 42260)
WKRITE(LUNI ,22523)

=)
JATFIMG) gNG=14NGR)
C2XsE1BeB 92X 9gE1Ge 892X 9EL4aB8 42X yE144892XsEl4.89

=)
(BYRd bG',N(;:l'NGR'

=)
FCRCE
TERRCR

FORMAT{1HO ,8HIERRCR =,b4d

FGRMAT {1HO® 48 NFORCE

WRITE(LUNL 22700

=984
I FOWER

FORMAT(1HOBHIPOWER =,14)

WRITE{LUN1 ,2280}

NGR
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2284 FORMAT(1HB ,8HNGR  =,d%)
WRITE{ LUNL 42328) -
2320 FORMAT (1HE,8HPCWER =)
WRITE(LUN1,2218) ((PONBRIL ,N),L=1,2)N=1y]POWER)
WRI TE{ LUN1,2348) SPEEL
2340 FORMAT (1H2,8HSPEED = ,d4)
WKITE(LUN1,2350) .
2350 FORMAT (1H@ ,8HTRACTF =)
WKITE{ LUN1 221@) (UTRZCTF{NGyLIyk=1y5b,NG=1,NGRY
WRITE(LUN1,2378)
2370 FORMAT(1H@ ,8HVGYV =)
WRITE{ LUN1,2216) LAVGVONGSLsL=105 )y NG=12NGRY
238 CONTINUE
RETURN
END
SUBROUTINE SOLVER' {AyK}

MATRIX INVERSION SUBRCWTINE

- - 0 -y s wr o v gy o i

——————— L o L R R L T P

VuRIABLE DECLARATIGNS

ComMOaOOn0

CIMENS ION A(3,4)
DIMENS ION B(3,4)
DIMENSION X{3)
INTEGEF  COLUMN
INTEGER  ROW

DO 2¢ ROW=1,3
CC 10 COLUMN= 1,4 .
B{ ROWy COLUMN = A(RGH.CGtUMNI
16 CONTINUE
20 CONTINUE
DO 52 kP1vOT=l,2

C
C - L L rtrhﬂwvv-----—--—
C NORMALIZE W.R<T. PINGTAL ELEMENT
C e el b D o R D D Rt D T
C
NPIVOT=5-KPIVQT
DG 30 KCUNT=1,NFIVCI
COLUMN=5-KGUNT
B{KPIVAT, CGLUMN!#B(KPIVCT CCLUMNY
¢+ /BIKPIVAT,KPIVOT)
EY) CONTINUE :
KEL IM=KPIVOT ¢1
C :
c dabad dadoobeadobed b Xk bl L DL Bl D L T TRL L P
C PERFORM ELIMINATICA ON ROWS OF MATRIX A

217
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C - T - - D 0% VD S 45 WD - D - - -

C
DO 45 KCW=KELIM,3
[0 4@ COLUMN=KELBM,4
B (ROW , COLUMND=B({ROW 4 COLUMN)

+ = {B{RGW, KPIVOT M/ B{KPIVOT ,KPIVOTI)

¢ #B{K PIVOT , COLUMN}
48 CONT INUE
45 CONTINUE
58  CONTINLE
C
C ------- o rceeacnarpme cfedenqgeccanpe
C PEKFORM BACK SUBSTITUTEEN TO CBTAIN
c COEFFICIENTS X{13, X{2), K{3)
C  =-=--- e eec e s cccnn e o -
¢

X(33=B{3,4)/8(3,3)
CO 78 KBACK=2,3
ICOEFF=4~-KBACK
KTERMS=ICOEFF+]
0:6'
00 68 COLUMN=KTERMS#3
C=Qe¢B{ TCOEFF,COGLUNNISX{COLUMN)
60 CONTINUE _
X{ICUEFF)=(BlLCOEFF441~Q) /B(ICCEFF,ICOEFF)
7@ CONTINLE

RETURN
END
€
SUBRCUTINE APPROX
+ (POWER LFGRCE LSPEEd sNGR = (NLEFT ,NRIGHT
t JATF +BTF » CTH +dTERROR 4 FMAX
+ JVMAX s LUNLD
C
E --------- LI BT PR L E LR P L L L R P DL L LT
C COMPARISUN GF A SECCNLC CRDER POLYNCMIAL CURVE
¢ FITTED TO THE POWERTRAMBN CATA ANC A STRAIGHT
C LINE FITTED EXACTLY BEINEEN TWC ACJACENT POINTS.
C D e T w w - *“""""'PFF‘?4---.‘-----‘-------"-‘----_
C
C
C e L L L AR L T ) L
C 1. VAKRTABLE OECLARAT ICNS
C ERL TPt P L L R R e Xl
¢

DIMENSICN ATF {24
DIMENSION BTF {c@)
UEMENSION CTF {24l
DIMENSICN POWER (24281}
REAL LINE® {i1dd)
RE 4L LINE] (149}
INTEGER FORCE
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INTEGER SPEED
REAL QUADY
REAL QUAD1
REAL  QUAD2
REAL  XCOORD €241}
REAL YCOORD {2413

- . G . -

2. ALGCRITHM

OO OO0

00 208 N=NLEFT,NRIGHT
XCOORD{N) =PCWER (SPEED, N}
YCOORC(N) =POWER{BORCE, N3

283 CONTINUE

QUACB=ATF{ NGR)

QUAC1=BTF{ NGR)

QUAC2 =CTF{NGR}
CALL LENES{

PAGE A-é46

+ NLEFT oNRIGHT ,XCOCRB 2YCCCRD LLINER o LINEDY
CALL RESTIDU{
+ NLEFT ,NRIGHT , XCGCRC ,YCCORD ,LINEG ,LINEL
+ ,QUADZ 4QUADI 2 GQUALZ S IERROR ,FMAX
+ ,VMAX e LUND)
ATF(NGK)=QUAD®
BTF (NGR)Y=QUACL
CTFINGK)= QUADZ
CIUNT INUE
RETURN
, END
C
SUBROUTINE L INES
+ {NLEFT JNRIGHT ,ICCCRB pYCCGRD .LINEQ s LINEL)
C
C ------- ﬁ‘--‘---‘-’FF"‘-*‘--d-‘-—-------------
C EX“CT LINEAR FIT BETWEHEN TWO ADJAGENT PODINTS
C ----- hadit ittt ‘-------"'4-.-----"-'—-----..------
C
C
Cc e eme sa e ... . e o
C: 1. VARIABLE DECLAKATICAS
C el e L L L L R L R L)
C
REAL LENEG {1282
REAL LINE1l - {128}
INTEGER SEG .
INTEGER SEGA
INTEGER SEGH
REAL XCOORD (28 1%
REAL YCOORD d201%
C
C e e e - -
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C 2. ALGCRITHM
c meemam e |
¢ @
SEGA=NLEFT¢1 .
SEGE=NKIGHT
DO 208 SEG=SEGA,SECB
LINEL(SEGI={ YCGCRD(SEGI-YCOORCISEG-1))
+ /{XCOORGES ECI-XCQORO(SEG~143
LINEZ{SEG)=YCGORE(SEGI-LINEILSEGI®=XCAORD{SEG)
294 CONTINUE
RETURN
END
¢
SUBROQUTINE RESIDU
+ {NLEFT oNRIGHT ,XCOGRO ,YCCORD ,LINEZ ,LINE1
+ ,QUADZ ,OQUAD1 ,CQUALZ LIERROR ,FMAX
+ gV MAX o LUNL)
C
C Lt LA A2 2 L 22 S datd runfimccsonsnrererarteeanensan caenenw
C RESICUAL BETWEEN FIRST ANL SECEND ORECER POLYNOMIAL FIT
C ----- - smaapmececacnsgtnlacPum e ng e oe ey me e gl m oo e
C
C
L | we==- LR LR LR Lt Nl LY
C 1. VARIABLE DECLARATLCNS
C  mmcemccencca- —-—— -
C
REAL ERRGR (1208%
REAL LENPPA
REAL LENPPB ‘
REAL LINEB (128%F
REAL LINEL (12429
INTEGER SEG
INTEGER 2
INTEGER SEGA
INTEGER SEGB
INTEGER SEG1
INTEGER SEG2
REAL CUALS
KEAL QUAD1
KEAL QUAC2
REAL XCOOKD (2212
REAL YCOORD (2914é
C
C - - - - -
C 24 ALGCR{THM
C ----------
C
¢  em=-- —ewrr--
C A. FUNCTIGNS
C P ™
c
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c 1. FIRST ORDER FELYNOMIAL

ALINE(Z X 1=LINEB(ZI+LINEL(Z )X
C 2. SECOND ORCER ROLYNCMIAL

QUAD(X'-QbADﬂtQUADl*X#QUADZPX**Z
3, RESIDUAL
RESID(Z,X)=ABSLQUAD(XI-ALINE(Z ,X})

O

B, CIFFERENCE CALCULATION BETWEEN QUADRATHC CURVE
AND THE STRAIGHT LINE FITTEE BETWEEN TWO ADJACENT POINTS.

- - g i s ot @ 0 s T D T S DD DS D D € D WD P R IR W

OO0 H

PCT1=0.85

PCT2=0.01
SEGA=NLEFT +1
SEGB=NRIGHT

CO 258 SEG=SEGA,SEGB

- P -y - - - - '*,— LY U T - - WO 0D Y P > WD 4P > - - -

FINC THE VALUE CF X WHERE THE DIFFERENCE BETWEEN
THE QUADRATIC CURVE ANC THE STRAIGHT LINE VALUES
OF Y ARE A FAXIMUM.

L R et ril Ll » e et Stk bttt

OO0 N

XPOINT=({ LINEX{SEGI~-QUADIM/(2:2QUAD2)
IF(XPOINT oiFs XCOCRD{SEG-1F OR.
¢ XPOINT <GI. XCCCRD{(SEG)} GO TG 234

CALCULATE THE SLOPE BF THE QUAGRATLIC AT XPOINT

- ‘-qqpv—--—"-,-oq-'—‘ﬁ—’—-(-—----ppq,f.-q----q-—,-,,-

OO0

SLOPE=2.2RUAC2*XPOINT ¢ QUADI1

------------ o ;ppucqq---- - e Y e B W B D R S D D e Y - -

CALCULATE THE MAXTMdM DISTANCE EBETWEEN THE CURVE AND
THE STRAIGHT LIAE 1E THE MAXIMUM OCCURS BETWEEN
THE END POINTS CF THE LANE.

. S Y Nn R Y A G Se W -‘“q-----c—--_ L L LA L L L Ll Ll L Al L Rl

COOOOO0

ERRCR(SEGA=RESLL(SEGyXPOINT)
GO TO 2648

(e}

239 : LENPPA=RESLC#SEG,XCCORDISEG=14)
LENPPB=RESLLGSEGy XCOORDISEGHD

LRl DD S e o LD inf 2L B A DR L DOl L DAL L L il Ll bttt
CALCULATE DIFFERENCE BETWEEN CURVE ANT STRAIGHT LINE
If THE MAXIMUM CCCURS AT ThE END PBINTS OF THE LINE.

- - e - - Y D ED B S D D DD SR AR D G D A S D S 5 @p WD D gy WD D G G W e D e

OGO O

ERROR(SEGI=ANAX1{LENPPA,LENPPBI
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TFIERKCRISECA +EC. LENPPA) XPOINT=XCOORD(SEG-1)
IF(ERROR (SEGH «EQ. LENPPBI XPOINT=XCOORD(SEG) |
SLOPE=2. ¢QUAD2$XPOINT ¢ QUADI ®

C
C hbded dedadnt o b et DL DL L Dt o
o CALCULATE THE NCRMALIZED SLCPE
c FOR THE ENTIRE FOWERTRAIN CURVE
C badadald (L bl LA L XA LB 2o Ll LT ¥
C
240 SLOPEN=ABS{SLOPE®V VAX/FNAX }
C
=  ecoccacecwqecane= el e EEEL L R T PR S D LD L P R LI TR L LR R o0
c CHECK NHETHER CURVE EXTENCS BEYOND MAXIMUM TRACTIVE FORCE
C IF SOy FIT STRAIGHT LINE EETWEEN POINYS AT WHICH THIS OCCURS.
C R LS LD et B LR S T L Y e il St Stk Rl
c
QMAX=AMA X1 (CMABIXPCINT ), QUAD(XCOQORLC{(SEG=-1)3,
+ ~ CGUAD(XCOORD( SEGH) b
IF(QMAX .GT.. FMAX) GO TO 268
¢
C ---'~-!--0--—°~-1-.-'-U{--—-—----—-----‘—---ﬁ-----’
C CALCULATE ALLCWABLE ERROR BETWEEN QUACRAT IC
C CURVE AND STRAIGHhT L:INE WhICH INCLUDES VARIABLE
c ERRCR BASEC ON THE WORMALIZED SLOPE.
C b b LS LS bl Ll e L Bl L LI LEL I IS L L T
C ) .
ALLOW={ { CUACWXCOORC(SEG=1)) ¢ QUADIXCOOROISEGII4/2.32
+ PCT1 # SLCPEN®PCT2¢QUAC{XPGINT }
IFCALLOW .GT. ERRORISEG)) &O TO 258 .
SEG1=SEG = 1
SEG2=SEC = 2
WRITE(LUNL,2240) SEG1,SEG,SEG2, SEGL
1ERRQR=1
25¥ CONT INUE
GO TO 270
268 QUAD2 =i,
CUAD1=LINE1 {SEG)
QUADB=LINE@ASEG)
NR LGHT =S EG
22¢¢ FORMAT{ iXg32FCURVE FIT ERROR EXCEEDEO BETWEEN,1X,
+ - 12HDATA POINTS242434/
¢ 8Xy 3BHINSERT DAT A POINT BETWEEN DATA POINTS: 42I3)
278 CONT INUE
RETURN
END
SUBRCUTINE LINEAR  AFRAY,LARRAY , INC,MDEP.,X,Y )
¢
DIMENSION ARRAY{2,50)
o
C e mm pm g o - -
C LINEAR INTERPOLATICN SMBRCUTINE
C L R R R L e
22 2
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IF{ AKRAY{INDy1) LLE. ARRAY{ IND,IARRAY} )} GG TO 11¢
C THE VALUES 1IN ARRAY&:1,J) ARE NCT ASCENDING
STOP 4
114 CONTINLE ’
IF( X +GE. ARRAY(IND,d43 ) GO TO 120
Y=0 .9 .
GO T0 159
129 CONT ENUE
IF{l X oLE. ARRAY(IND.I‘KRAY! } GO TO 130
=i +0
GO T0 15¢
13y CONT INUE
NTEMPL =T ARRAY~-1
OC 148 N=1,NTEMP1
IF(  oNOT. ( (X <K8B. ARRAY{INO,N¥} LJAND.
+ {X ~LEs ARRAY{INDoN#18%) ) ) GO TO 149
Y=ARKAY{ MCEP ,Nh+& ARRAY{MDEP,N+1LV~ARRAY{MDEP,N} )»

+ { X=ARRAY{ INDypH) '/‘ ARRAY{INDyN#1 ) =ARRAY{ IND,N) )
GO 10 150
14 CONTINUE
C AKR &Y CANNDT BE INIERPLUATEB
sToP 5
i5¢ CONTINLE
RETURN
END
SUBRGUTINE STICK { :
+ ENGINE » IENGIN sTRANS » NGR s FO
t SRR s POWER  «IPOWEF ¢ RPM » TORQUE
+ 2GR 'EFF 'SPEED ¢ FGRECE 2LUN1
+ LKIIi6} -
C
C - - ] = - o il
¢ MANUAL TRANSMISSIGM RCUTINE
C LD R LR LR Rt e L L PR TR 22 T
C .
C 1, VARIABLE DECLARATLCN
REAL ENGINE {2425)
REAL . ESMAX
REAL ESMIN:
REAL FD { 2%

INTEGER  TENGINA
INTEGER  IPOWER

INT EGER  EFF

INTEGER  FOKRCE

INTEGER  GR -

INTEGER  RPM

INTEGER  SPEED
INTEGER  TORQUE
INTEGER N

INTEGER NG

INTEGER  NGR

REAL POWER (Zg2081)
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o

110
124

3dc

18
k15
125
139
149

15«

164

17¢

189

REAL RPFEN
REAL KR
REAL TF
REAL TORQEN

REAL TRANS  {,2e25)

2. ALGCRITHM
ESMIN=ENGINE(RFN,1)}
ESMAX=ENGINE(RPF;, LEMGIN}
DC 128 NG=1,NGR -
CO 110 N=1,2¢01
RPMEN={ PCWERHSPEED,N)/248/3414159265/RR ) *
FDi GRY#TRANSIGRyNG)
TF{RPMEN LT, ESPIN) GO TO 11¢
IF{ RPMEN 6T, ESMAX) GO TQ 126
EXIT LE&P 110
CALL L INEAR(ENGLINE) IENGEIN, RPMs TORQUE,RPMEN, TORQEN)
TF=TORCEN®TRANS(CRy NG I*TRANS{ EFF,NG}
sFD{GRISBFD{EFF)/RR
IF{POWER{ FARCEJN) LT . TF} POWERLFORCE,NI=TF
IF(IPOWER 4LT« N) IPOWER=N
CONTINUE
CUNTINUE
CC 300 N=2,1POWER
NN=IPOWER = N & }
IF(POWER{FCRCEoNN) EQ. W)
POWER{ FORCEy MD) = PCWER(FCRCE.NN®1)
CONVINUE

3. DIACNOSTIC QUTPUT :
iF {KI116 «NE. 1) GGOTC 218
WRITE( LUN1,1306)
RORMAT{1H]1 40 HS$STICK, /) -
WrITE( LUNI 4115) EFF
FURMAT{1HO ,8HEFF =yd4)
WFTITE{LUNL1,125)
FORMAT{1HO,8FENGINE =)
WRKITE(LUN1 91303 ({ENGIDME(IsJ)y I=RPMTORQUED ,J=14 IENGIN)
FORMAT(10X¢6{El4<82X )
WRITE(LUNL ,140) (FD(L)gI=1,2)

FURMAT(1H® ,8HFD =9dlE14e 8,2X))

WRITE{ LUN1,150) FGRCE.98Re IENGIN, IFOWER,NGR

FORMAT{1HU ,8HFORCE =ip¥49/91hd,8HGR =9lb4/y
1HO SHIENGIN =9B4¢/91hC,8HIPONER = 140 /e
1HO s8HNGR =9340

WEKITE{LUN1,168)
FURMAT{]1 HO 8 HPOWER =)

MWPITELLUNGL 91300 (U PCWER{L¢Jd I=SPEEC,FORCE) ,J4=1,IPOWER)

WhITE(LUNL »178) RPM

FORMAT{1HBy8HRPM =9 360
WRITE(LUN]1,180) RR
FGRMAT(1HB »8HRR 29Ble.81)

24
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| () 196

WRITE{LUNL ,196) SPEED
FORMAT{1HO,8HS PEED
WRITE(LUN1 ,200)

=n"§-"’

200 FORMAT(1HG ,8HTRANS =)

WRITE(LUN1,138)
21e CONTINUE
RETURN
END
SUBRGUTINE TRAIN { |
+ CONV1 s CONV2 »ENGINE o FC
+ L ICONV2 » LENGI N SATCASE s ITRAN
+  4SR ,TORQUE  J4TR » NGR
+  LRR »TCASE 2TQIND + TRANS
+ LPOWER #LUNIL @K1kl )
C .
C D e L T R T P
C CONSTRUCTION OF THE VEHICLE
c TRACTIVE EFFORT .VERSUS. SPEED CURVE
C FROM PCWER TRAIN CATA
C ———ftmge sy mm e aege e oo ane ancoeneee
C .
c 1. VARIABLE DECLARATILICN
REAL CONV1 1242513
REal CONV2 (2425)
REAL ENGINE (24291
REAL £0 - e
' INTEGER ICONV1
INTEGER 4 CONV 2
INT EGER IENGIA
INTEGER IPOWER
INTEGER ITCASE
INTEGEK  LOCKUP
INT EGEKR EFF
INTEGER FORCE
INTEGER  GR
INTEGER RPM
INT EGER SPEED .
INTEGEK SR
INT EGER TORQUE
INTEGER TR
INT EGER N
INT EGER NGR
REAL PE |
REAL POWER (cs281)
REAL RR '
REAL TCASE (et
REAL TQIND
REAL TRANS ( 2oR25)
C
c 2+ ALGCRITHM
IPOWER=0

225
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DC <@1@ N=1,201
POWERISPEED, N =FLCATIN-1120.58{B8./60+)2%12.0
FOWER{FORCE,N}=340

culp CONTINUE

C ----—-¢—-1'---~4-ﬂbﬂb4°9--*---‘---Q-\
c ADJLST TRANSMISSIGN INPUT FOR EMNGINE
C TO TRANSMISSICON TRAASFER CASE

C - - W W W e -

IF{ TITCASE .EC. 2 ) GO TO 2021
€O 2028 N=1, IENGAN
ENGINELRPM,NI=ENGINE(RPM;NI/TCASE( 6R)
ENGINEI{TORQUENIAENGINE(TORQUEGNI*TCASEL{ GRYSTCASELEFF)
2vc @ CONTINUE

£d21 CONTINUE

C --------‘--.-------).1.---
c CHOCSE TRANSMISSIGMN TYPE
c ‘---’--‘----'--.".*_’.'-

IF{ ITRAN LEC. &£ ) 60 TO 2040
CALL AUTOM |

+ ENGINE +TEAGIN +» CONV1 + {CONV1 s CONV2
v »ICONV2  ,TQIMD  oTRANS  4NGR +FD
+ +RR »PE »POMER » WPOWER » RPN
L4 'TORQUE DSR ¢ TR 'GR ,EFF
+ +SPEED +FCRCE »LUN1 211160
IF{ LCCKUP .EC. 4 ) GO TO 2858
2040 CONTINUE
CALL STICK
* ENGINE » FENGIN + TRANS + NGR o FD
+ + KR »POWER 2 IFOWER s RPM + TORQUE
+* » GR - .wEFF + SPEED ¢ FORCE ¢ LUNI
¢ KIT16)
2059 CONTINUE :
C
C 3. OIAGNOSTIC OQuYPeUT

IFt KIIl16 .NE. 1 ) GOTE 3P
WRITE(LUN1 ,190)
19¢ FUGRMAT (JH1,6H$TRAIN,/)

RRITE(LUNL,200)

ug FOURMAT (1HD ,8HCONV] =2
WRITE(LUN] ,2103 ({CGNVIL{LsJ8,]1=RPMN,SRI,4=1,ICONV1)

210 FORMAT (10X oEl4eBylXoE 180B92X 9E1408y2XsEl@eB8ycXgELl4.892XeEL4.81
WRITE(LUN1,228)

22¢ FORMAT(1HO,8HCONVZ =)
WRITE(LUN1,218) ((CONVRLEsJd41=TR4SRI9J=d,ICONV2)
WRITE(LUN1,2302) EFFf

23¢ FORMAT {1 HD 48HEFF =,14)
WRITE( LUN1 ,240)

240 FORMAT{1HO y8 HENGINE =2
WKTITEC LUNL ,210) ((ENGINE(I,40,1=RPM,TORQUEL,J=1,1ENGIN)
WRITE{ LUN1 y245) FOUEFFIpFO{GR)

245 FORMAT (1HB ,8HFD S9B14.8,2X9E14.8)
WKITE{LUN1,253) FORCE,BRyJICONV1e ICONV2, IENGIN, ITCASE, ITRAN,
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¢ IPCHERSLOCKU FoNGR

2549 FORMATI{1HE »8HFORCE =,344/%
* 1HOB y BHGKR ) =ws&il'1kE.8HICGNVI =g lidel/w
+ 1H@,8HICGONV2 ='&4gltlhﬂ,8HIEN6EN 30141lw
+ 1HO ¢BHITCASE =gdihe /o 1HE,BHITRAN =414470%
+ IHQQSHIPUWER =3y /9 1HB, BHLOCKU P =QIA%/1
+ 1H@ s BHNGR =84

WRITE(LUN1,260)

269 FORMAT{ 1HJ o8HPOWER =)
WRTITE(LUN] ,218) ({PCWEREI,J),I=SPEEC,FORCE},J=1, IPOWER)
WRITE(LUN14278) RR

279 FORMAT {1H@Z,8HKR Sy 8d4.8)
WRITEL LUNL 5288) RPM,SFREBsSRyTORQUE,TR

£8y FORMAT{1HB y8HRPM =y May iy LEC,8HSPEED =yltde/n
+ 1 HO y8HSK =11ﬂ41'1H2p8HTORQUE =ol§v/&
+ 1H2 ,8HTR . =ad4d

WRITE{LUN1 ,285) (TCASE®IM,1=2GR,EFF)

265  FORMAT{1HO ,8HTCASE =isd E1%«8,2X))

WRITE{ LUN1,290) '

298  FORMAT{1HU,B8HTRANS =1 . :
WRITE(LUN1,218) (LTRANS(I,Jd ,I=GR,EFF),J=1,NGR}
WRITE{LUN1,310) TQIND

318 FORMAT (1H3 ,8HTQIND =,El4 .8}

33 CONTINUE .
RETURN
END
SUBROUTINE I117¢( , -
+ CID »IDIESL. , GCW +sNANMBLY ,NCYL  ,NENG

+ yNGR 7NVEH yGMAm 'RMX WRR 'TRACTF )
C . .
C  w=mcw= - o g -
C ROTATING MASS FACTCRS
c eeeememecemcacoanaas
C - o
C 1¢ VARIABLE DECLARATICN
REAL IDIESL -
REAL MF1 ’
REAL MF 2
REAL NCYL
REAL NENG :
INTEGER NVEH 128%
REAL RMX - - {289
REAL TRACTF (28445)
C
C 2+ ALGCRITHMS
MF1 = 1.03
ETA = 8.9

DO 1710 I=1,NAMBLY
IFINVEHI 1) .NE. &) GO TO 1716

MF1 = 1.14
ETA = 6.7
GC V0 172¢

27
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1718 CONTINUE

1728 MF2 = (.088 L {ICLESE®CIDI#91.681/NCYL/GCWISNENG
0C 1732 NG=1,NGR .

CR = TRACTFUNG,3) ®RR/ET A/QMAX
RMX{NG) = MFL ¢ NF24GR*GR

1736 CONTINUE
RETLRN
END

SUBROUTINE TERTL

L ---------- B e e -

¢ TERRAIN TRANSLATCRS

C | =weceo=s L -

c

C

C 1. LABLED COMMON ASSLGRMENTS
COMMON /10/ 1EQF
COMMON /307 KBUFF
COMNON /10/ LUNL
COMMON 710/ LUN2
COMNON 710/ LUN3
COMMON /10/ LUNe
COMFON /10/ LNS
COMNON /10/ LUNG
COMMON /10/ LYN?
COMMON 710/ LUN8
COMNON 710/ LUNS
COMMON /107 1YM 8
INTEGER M :
COMMON /INDEX/ 0 ®
INT EGER CanN
COMMON 7 INDEX/ CeNN
INT EGER EEF
COMMON /INDEX/ EEF
INTEGER FORCE
COMNON / INDEX/ FERCE
INT EGEK 6R
COMMON /INDEX/ CR
CGMMON /INDEX/  LBVEL
INT EGER TS
COMMON /INDEX/ A
INTEGER FEM
CGMNON /INDEX/ RRM
INT EGER SREEC
COMMON /INGEX/ SQEED
INTEGER SR
COMMON /INDEX/ SR
INT EGER TR
COMMON /INDEX/ TR
INTEGER TERCUE
COMMON /INDEX/ TORQUE
INT EGER UFk

CCMMON /INDEX/ Uk
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INT EGER
COMMON
COMMON
COMMON
COMNMON
COMMON
COMPNON
COMMON
COMMON
COMNON
COMMON
COMMNON
COMMON
COMNON
COMNON
COMMON
COMMON
COMNON
COMMON
COMMON
COMMON
CCMMON
COMNMON
COM MON
COMMON
COMMON
COMNON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMAN
COMMON
COMNON
COMMNON
CGMMON
COMMON
COMNON
COMNON
C OMMON
COMMON
COMMON
COMNMON
COMMON
COMMON
COMMON
COMNON
COMMON

/INDEX/

/TERRAN/
/TERRAN/
/TERRAN/
JTERRAN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERR AN/
/TERR AN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERR AN/
/TERRAN/
/TERRAN/
JTERRAN/
/TERRAN/
/TERR AN/
/TERRAN/
/TERRAN/
/TERR AN/
/TERRAN/

/TERRAN/

/TERRAN/
/TERR AN/
/TERKAN/
/TERRAN/

/TERRAN/

/TERRAN/
JTERRAN/
/TERRAN/
JTERRAN/
/TERR AN/

/TERRAN/

/TERRAN/

/TERRAN/

/TERRAN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/

mX

X

A
ACT RMS
AREA
AREAC
4
CIST .
EANG
tCF

- ELEV
FNU

GRADE
1€85
46ST.
‘1RCAD
1T
ATUT
N
AZU
CEAA
€8H

- CeL

€85
CBN -
LBMINW
CoIA
AAS QO

“RADC

T .
RCiIC
RCURY
RE
FGA

g
SE
SEL
SURFF
TANPHI
ThETA

- ABURF

229

{3

19

{4
(1

{123
(9)
{9}
{91

i3}
{4011)
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COMMON /SCEN/
COMMON /SCEN/
COMNON /SCEN/
COMNMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMVMON /SCEN/
COMNMON /SCEN/
COMNON /SCEN/
COMMON /SCEN/

COMMON /SCEN/

COMMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMPMGN /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
CGMNON /SCEN/
COMNMON /SCEN/
COMMAN /SCEN/
COMNON /SCEN/
CGMMON /SCEN/
CGMMON /SCEN/
COMMFON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMMAN /SCEN/
COMNMON /SCEN/
COMMON /SCEN/
CCMMON /SCEN/
COMMON /SCEN/
CCOMMON /SCEN/
COMNON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMMGN /SCEN/
COMMON /SCEN/
COM#ON /SCEN/
CUMMON /SCEN/
INTEGER

COMMUN /SCEN/
COMFON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMMON /SCEN/
COMNMON /SCEN/
COMMON /SCEN/

ISNOW
ki1
Kil2
K3
KEI4
K#15
K316
KI47
KE18
KE19
KET1E
Kid11
KEI12
K4113

- k{1l4

K4415
Kiile
k$117
KMAP
¥SCEN
KiPP
KMEH
Kav 1
KIV2
Kdv3
kdVe
KAVS
K36

-KIVT

k3v8
KIvV9
Kivlg
Kdvii
kIVl2
Kiy1l2
KZV14
KIV1S$
kKIV16
KINY7Y
KW18
Kdv19
iveg
Kival
Lac
CETAIL
CETAIL
MAP
AP
MENT
MEPP
NSLIP
ANFRAV
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COMMON /SCEN/ NEUX
COMMON /SCEN/ Fad
COMMON /SCEN/ REACT
COMMON /SCEN/ RGFOG
INT EGER SEARCH
COMMON /SCEN/ SEARCH
COMMON /SCEN/ SETYPC
COMMON /SCEN/ VBRAKE
COMMON /SCEN/ VESMNV
COMMON /SCEN/ ViAM
COMMON /SCEN/ ZSNCW
¢ 2. ALGCRITHM

IF{ MAP LEQ. 74) GO T0 201¢
IF{MAP .EQ. 11) 60 TO 2815

C
C CLASS INTERVAL TERRAIN TRANSLATCR
CALL MAPT71{
+  AA » ACTRMS , AREZ  SELEV s GRAGE L 1EOF » IOST » IS
+ SIST » ITUT s LUNZ oNI 1w NTU + NTUX »0BH vOBL
+ #UBS » OBW ) RCILC +RD ’ S .SD ’SDL .SEARCH
+ WD )
C DIAGNOSTIC OUTPUT LIST
NAMEL IST /XMAPT1/ ’
+ AA + ACTRMS , ARE4A o ELEV »GRADE , LEOF ¢ 10ST oIS
+ LIST o ITUT s LUNZ 2 NI +oNTU oNTUX 20BH » 0BL
+ »0BS »OBMW ,RC IC +RD 1S »S D .SDL QSEARCH
+ 4WD )
IF{(KMAPLEQ.1) JANC4 C(IEOF.EQed)) WRITE{LUNL ,XMAP71)
GO TGO 2928
2019 COGNTINUE '
c
c NATURAL TERRAIN UNITS TRANSLATCR
C
CALL MAPT4{
+  AA +ACTRMS , ARER 2 EL EV +GRADE , LECF » 1OST o IS
+ LIST s ITUT o LUNZ2 s MONTH  oN1 o NTU sNTUX »0BH
+ ,0BL + GBS » CBW 2 RCIC +RD +RDA #RDAL +RDAZ
+ HKkDA3 +RDASG ) 230 1SOL »SEARCH ,WD )}
c DIAGNOSTIC OQULPUT LEST
NAMELLIST /7 XMAPT74/ _
¢+ AA y ACTRMS , ARE2 y ELEV »GRADE , I1EGF » I0ST s IS
+ LIST f ITUT s LUNZ +MONTH NI s NTV A NTUX v+ OBH
+ ,08L »0BS » CBW o RCIC +RO + RDA oRDA1 s RDAZ
+ JRDA3 s ROAS ¢S P 2 SOL +SEARCH WD
C DIAGNOSTIC QURPUT
IF((KMAPLEQo1lY +ANL4 (IEOFLEQe23¥) WRITELLUN] 4XMAPT741}
GO TO 2020
C
c ROAC NET TRANSLATOF
C
2815 CALL MPRD74(

231




S

R-c¥58, VOLUME 1 PAGE A-59
APPENDIX A = LISTING CF FROCRAM NRMM

¢ ACTRMS ,CURVV ,LCIST ,EANG  ,ELEV ,FMU  ,GRADE
¢ JIECF  LIKOAG ,IST  LITUT  <IURB  ,LUNZ  oNTU oNTUX
+ oNVASHO ,MONTH ,RACC  ,RCURV 4RC +RDA  ,RDFOG ,RCIC .
+ »SEARCH ,SURFF , VCURM )
C DIAGNOSTIC OURPUT 4BST
NAMELIST /XROAC/ -
¢ ACTRMS 4CURVV oCIST  oEANG oELEV ,FMU  ,GRADE
¢ (IEQF  ,IRGAD ,IST oITUT  LIURB  ,LUN2  ,NTU oNTUX
+ oNVASHO ,MONTH ,RADC  ,RCURV oRE +RDA  ,RDFOG ,RCIC
* oSEAKCH oSURFF ,VCURY

TFL(KMAP <EQ. 1) ,28D. C(IECF .EQ. @) WRITE(LUN1,XROAD}
2624 CONTINUE

IF{ IEQF .EQ. 1) GO TO «20¢

C
c TERKAIN PREPROCESSGR
c
CALL TPP{
+ AA + ACTRMS o AREAE ,C} +ECF » ELEV +GAMMA , GRADE
+ L,108S +ISEASN , ISNCH ,LIST o ITUT, oNI 2 0AW +O0BA A
+ L,0BH + OBL » CBMINN ,0BS 20 BW + OD1A s PHI s RADC
C DIAGNOSTIC OUTRPUT LEST
NAMELLST /XTPP/
+ AA » ACTRMS L AREF 4CI s ECF » ELEV »GAMMA , GRADE
+ ,108S » ISEASN , ISNOH  LIST L ITUT oNI1 +OAW +0BAA
+ 40BH »0BL 2 CBMIMY ,0BS QB »00D1A o PHI » RADC
¢+ JRCIY oRCIC » RO »S »TANPHL ,THETA WA s L SNOM
C DAAGNGSTIC OQUTPUT
IFCKTPP LEGC. 10 WMRITE(LUNL XTPP) .
C 4., TERMINUS
Y F] CONTINUE
RETLRN
END
SUBROUTINE AREAL
C L e T
C mwecmrm cnpm -
C
C
C 1. LABLED COMMON ASS IGNMENTS
COMMON 710/ 18CF
COMNMON /10/ KSUFF
COMMON 710/ LNl
COMMON /10/ LUN2
COMMON 710/ 1U&3
CGM¥*ON 710/ LHN4
COMMON 710/ LUNS
COMNMNON 710/ LUNG
COMMON /1047 LUN?
COMMON 710G/ LAINS
COMNON 710/ LUN9
COMMON /10/ LUNL2
INTEGER ' i
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COMMON /INDEX/
INTEGER

COMMON /INDEX/
INT EGER

COMMON /INDEX/
INTEGER

COMMON /INDEX/
INT EGER

COMMON /INGEX/
COMMON /LNDEX/
INTEGER
COMMON / INDEX/
INT EGER

COGMNMON /ENDEX/
INTEGER

COMMON / INDEX/
INT EGER

COMMON 7INDEX/
INTEGER

COMMON /EINDEX/
INTEGER |
COMMON /LNDEX/
INTEGER

COMMON /-INDEX/

INT EGER
CGMMON /INDEX/

COMMON /VEHICL/
COMMON /VEHECL/
COMMON /VEHICL/

COMMON /VEHICL/

COMMON /VERICL/
COMNMON /VEHICL/
COMMON /VEHICL/
CUMNON /VEHICL/
COMMON /VEHICL/
COMMON /VEHICL/
COMNON /VEHICL/
COMMON /VEHICKYZ
COMMON /VEHICL/
COMNMON /VEHICL/
COMMON /VEHICL/
COMMON /VEHICL/
COMMON /VEHICL/
COMMON /VEHICL/
COMMON /VEHICL/
COMMON /VEHICL/
COMMON /VEHICL/
COMMON /VEHICL/
COMNON ¢VEHICL/
COMMON /VEHICL/
COMMON /VEHICL/
REAL

MO
CEWN
COWN
BEF
E6F
FORCE
FORCE
GR

CR
LEVEL
MK

A
REN
REM
SREED
SEEED
SR

SR

TR
TR
TGRQUE
TGRQUE
L@

Ug

X

T MK
A0D

ASHOE (289
AVEC
AXLSE (20

© €8

CGH

CELAT

CGR

3 h)

Ch

C&RMIN (28}
CENV1 {2, 25)
CENV 2 (2,259
CHLCT (28,3}

CAAM {20)
CRAFT |
ENGINE (2,50
BYENGT

D (2»
FGRDD

. CROUSH (20}

FYALS {251

1406
18 (201
18 (20)
ISIESL
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COMMON /VEHICL/  IBHESL
COMMON /VEHICL/  TGNGIN

COMNON /VEHECL/ 18 (20 » @
COMMON JVEHICL/  14GNST  (28)

COMMON /VEHMICL/ . 1GGNVL

COMMON /VEHICL/  1GONV2

COMMON /VEHICL/  16CWER

COMNON /VEHICL/ 4z (20)

COMMON /VEHICL/  ATCASE

COMMON JVEHICL/  1TRAN

COMMON /VEHICL/  .IFVAR

COMMON /VEHRICL/ +LBCKUP

COMNON /VEMICL/  #AXIFR

COMMON /VEHICL/ AL

COMMON /VEHICL/  NANBLY

CONWON /VEHICL/  NHOGIE  (28)

COMMON /VEHICL/  MGHAIN  (20)

REAL NGYL
COMMON /VEHICL/ AYL
KEAL NENG

COMMON /VEHICL/Y AENG

CGMMON /VEHICL/ FANET

COMMON /VEHICL/ AFL (2013
COMMON /VEHICL/Z - AR

CUMMON /VEHICL/ MHVALS

COMMON /VEHICL/ NEAD (28)

CCMMON /VEHICL/ ASVALS

COMNON /VEHICL/ MEH (208}

COMMON /VEHICL/ Nkl (28) .
COMMON /VEHICL/ MWR-

CCMMON /VEHICL/ PEF

COMMON /VEHICL/ FBHY

COMMON /VEHICL/ PERA

COMMON /VEHICL/ FEWER (2,201)
CCMMGN /VEHICL/ CHAX

COMMON /VEHICL/ f01AM {20}

COMMON /VEHICL/ REVM 120
COMMON /VEHICL/ RiMw {20}
CCMMON /VEHICL/ RNS (28)
COMNON /VEHICL/ Fu (20%

COMMON /VEHICL/ SAE

COMMON /VEHICL/ Sal

COMPMON /VEHICL/ SECTH  (2@)
CCMNMON /VEHICL/ SECTHW {2e)
COMMON /VEHICLZ = SVWALS {25)
CCMMON /VEHICL/ TCASE (2)
COMMON /VEHICL/ Te

CCMMON /VEHICL/ TeLy (209
COMMON /VEHICL/ J&SI (20,30
CCMMON /VEHICL/ TQINC

COMMON /VEHICL/ TRAKLN (281
CCMMON /VEHICL/ TRAKWD {20}
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COMMON
COMMON
COMNON
COMMON
" COMMON
COM¥ON
COMMON
COMMON
COMNMON
COMMAN
COMNMON
CGMMON
COMMON
COMPNON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
CCMPMON
COMMUN
COM#ON
COMNMON
COMMON
COMPFON
COMMON
CGOMMON
CGMNMON
CGMMON
CGMPNON
COMPON
CCMMON
COMMON
CGMMON
COMMON
COMMON
COMMON
COMNMON
COMNMGN
" COMFMON
COMMON
COMMON
COMNON
COMMON
COMMON
CGMMON
CCMMON

/VEHICL/
/VEHICL/
/IVEHICL/
/VEHICL/
/VEHICL/
/VEHRICL/
/VEHICL/
/VERICL/
/NEHICL/
/VEHICL/
JVEHICLY/
/VEHICL/
IVEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
{VEHICL/
/VEHICL/
/VERICL/
/VEHICL/
/VEHICLY/
/VEHICL/
/PREP/
/PREP/
{PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
{PREP/
/PREP/
/PREP/

TRANS
VAA
NBA
vVEkS |
vacs
v8G0BS

- VRIDE

NISAXP
LY
WBAXP

- WBPTH

#8Th
WGHT
WRAT

WRFORD

Y

WEE

WHAXP
XBRCCF
wd
LECDTF

. SHF

F

ATF
BTF
CHARLN
CAFCFG
CRFCCG
LAFC6
CB8FFG
CIF
LRAT

CEA

GGu
€TWB
GLWNB
GGuNP
€0WP

I
- NBF

NUEHC
FATE

F

FNX
RR
TRACTF
TRAPST
NEICE
VEIFG
NCEMUK
NGV

235

(2,40

{25%
i25)
{28,3)

(21

201}
{201

(209
(202)

{3,4)
{20}
{(28)
{20,3)

430

{3}

(20,30

{20430
{281

£26,39
{20 ,3%

{38%

{3}
{20}

{26,5)
{3}
{20 ,3)
(23,31
{20}
(20,45
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CCMNON /PREP/ vl (20,3
CCMMON /PREP/ VIIRE {3
CCMMON /PREP/ WEMAX

COMMON /PREP/ X {3
COMMON /PREP/ X8R

COMNMON /0BS/ AVALS (14)
COMMON /0BS/ CEEAR - (74 14 5)
COMNON /085/ F6G (751445)
COM¥ON /GBS/ ;FOOM AK (7, 14,5)
COMNON /08S/ HEVALS {(n
COMMON /GBS/ NANG

COMMON /08S/ QEHGYT

COMMON /GBS/ NACT i

COMNMON /0BS/ - WV¥ALS (51
COMMON /QOERIVE ADT {9

COMNON /DERIVE/ NGGCBF

COMNON /DERIVE/ CAREA

COMMON /DERIVE/ oéwB

COMNON /DERIVE/ COWP

CCMNMON /DEKIVE/ CEWPB (201}

COMMON /DERIVE/ Fh (28,3
COMMON /UERIVE/ FAT (9}
COMMON /DERIVE/ FAT1 {9
COMMON /DERIVE/ k8 (28,4 3)
COMMON /DERIVE/ FC (2843)
COMMON /OERIVE/ FNT (9N

COMMON /DERIVE/ FEM

COMMON /DERIVE/ FENMAX
COMNON /DERIVE/ FERMX (31
CONMON /DERIVE/ IRLGAT
COMMON /OERIVEZ TMAX {3
COMMON /DERIVE/ ISAFE (3
COMMON /DERIVE/S J

COMMON /DERIVE/ rAX I

CGMMON /DERIVE/ BEMX (3
COMPON /DERIVE/ MEVERO
COMMON ¢DERIVE/ C(BSE

COMMON /DERILVE/ FAV {9}
COMMON /DERIVE/ ALCWE
CGMMON /DERIVE/ RBOWNB
COMMON /DERIVE/ FUDWNP
COMMON /DERIVE/ RECWP
COMMON /DERIVE/ FTOWPB 120%

COMMON /DERIVE/ RIOWT (201
CGMMON /DERIVE/ STRACT (2843 ,3)
COMMON /DERIVE/ SRFO (9
COMMON /DERIVE/ SR¥YV (9
COMNMON /DERIVE/ SIR (3,9
COMMON /DERIVE/ T8F (3}
COMMON /DERIVE/ TBEN (91
CGMMON /DERIVE/ TRES IS (3,9
COMMON /DERIVE/ va (3,9
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COMMON
CGMMON
CGOMMON
COMNON
COMNON
COMMON
COM¥ON
COMPFON
COMMON
COMMON
COMNMON
COMVMON
COMNMON
COMMON
COMPMON
COMMON
COMNMON
COMMON

- COMMON

COMNON
COMMON
COMMON
COMNON
COMMON
COMMON
COMMON
CGMMON
COMNON
COMMON
COMMON
COMNON
COMNON
COMMON
COMMON
CGMNON
COMNON
COMMON
COMMON
COMNMON
COMNON
COMMON
COMMON
CGMMON
COMKON
COMMON
COMNON
COMMON
COMMON
COMMON
COMMON
COMNON
COMNMON

/DERIVE/
/DERIVE/
/DERIVE/
/DERIVE/
/DERIVE/
/DERIVE/

/DERTVE/

/DERIVE/
/DERIVE/
/DERIVE/
/DERIVE/
/DERIVE/
/DERTVE/
/DERIVE/
/CERIVE/
/DERIVE/

/DERIVE/
/DERIVE/

/DERIVE/
/DERTVE/
/DER IVE/
/DERIVE/
/TERRAN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERR AN/
/TERR AN/
/TERRAN/
/TERRAN/
/T ERR AN/
/TERR AN/
JTERRAN/
/TERRAN/
/TERR AN/
JTERRAN/
/TERRAN/
JTERRAN/
/TERR AN/
/TERR AN/
/TERRAN/
JTERRAN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERR AN/
/TERR AN/
/TERRAN/

MEGGVA
VAVOID

- VEC
~INPACT
. VELV

NEMAX
Ve
NEGOVO
VNAX
VNAX 1
VHLAX 2
NELA
VEVER
VRID
VSEL
VIEL1

- IWEEL 2

NSGIL
MET
VXT
WDGONG
wWRAT 10
AR
AGTRMNS
AREA
AREAC
-
LISy

. EANG

ECF
ELEBV
FMU
GRADE
-14BS
1GST

TROAC

15T
BYT
N3

L% 2Y)
LW
CRAA
CBH

8L

as
CBu
CBMINW
COiIA
AMASHO

© RADC

[ 991

(3,9}
(3,9
{9

{3

(33
(209303
{3,9)

(3
{349}

{3,9)

{3)

{3,98)
3498

{3s9)

(3}

{91
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COMMON
COMMON
CCMPMON
COM¥UN
COMMON
COMMON
COMMON
COMNMON
CGMMON
COMMON
COMNMON
COMMON
C OM MON
COMMNON
COMNMON
COMMON
COMMON
CCMMON
COMNMON
COMNON
COMNON
COMNON
CGMMON
COMNON
COMMON
COMMON
COMMNON
CUMMON
COMNMON
COMNON
COMMON
COMMON
CCMMON
COMMON
CCOMEON
COMMON
COMMON
COMMON
COMMON
COMMON
CGMNON
COMNMON
CGOMMON
COMMON
CUMMON
CUMNON
CCMMON
COMMON
COMMON
COMMON
CUMPUN
COMNON

/TERR AN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERR AN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERR AN/
/TERR AN/
/TERRAN/

ITERRAN/ -

/TERRAN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/S5CEN/

RCIC
FOURYV
RC
RCA

S

SB
SoL
SMRFF
TaNPH1
ThET A
VLURV
Wi

Wb
CEHES
NRALK
CCLMAX
CAMMA
18VER
43EASN
TSURF
d3INOW
LY 291
Kdd2
KEI3
K4
k3 IS
Kd16
KEIL7
Kiig
k319
K3Iie
KEIll
K#i12
kE113

KAIl4

KETI1S
K116
kEI17
KMAP

KICEN

- KEPP

K¥EN

. KVl

KEV2
Kdv3
KVe
KIVS5
KaV6
KIV7
KIV8
KV 9
KIV1 @
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(4}
1119

(121
(9
{99
91

{3)
(4,11}
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C
+
¢+
4
) +
C
+
+
*
[
C
+
+
+
c

+

COMNON
COMPON
COMMON
COMMON
COMMON
COMMON
COMEON
COMMON
COMNMNON
COMMON
COM¥FON
COMMON
INTEGE
COMMON
COM¥MON
COMMON
COMMON
CGMMON
CCMKON
CGM¥MON
COMMON
COMMON
COM¥ON
COM¥MON

/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCENY
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
R
/SCEN/
/SCEN/
/SCEN/
/SCEN/
ISCENS
JSCEN/
{SCEN/

/SCEN/

/SCEN/
/SCEN/
/SCEN/

INTEGEK

COMMON
COMMON
COMMON
COMMON
COMNON
CGM¥ON
Z. ALGCRY
CALL 1
ADG
+NEVERQ
2001A
oWl )

/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/

THM

V1{

, ADT

NI

. PAV

KEV11
KIV12
KdV 13
KIV14
KdV15
KEV16
K&V17
K] 8
K:3V19
*KIV2 O

KdV21

LAC
CETAIL

. CETATL
MBP

- rAPG
#ONT
NEPP
NSLIP
NURAV
ANIUX
3.3

" REACT

- RDFCG
- SEARCH
SBARCH
SETYPC
VBRAKE
VESMNY
VﬁIK
ZSNOW

s AREAG LCL
¢+ CAN 20B2A

o PNTE *S

ODYTAGNOSTIC QUTPUT LB8T
NAMELLST /X1vl/

»ARERAG ,LCL

» CANW 2 0BAA

.EQ.

¢ PRTE R

1+ KRITE(LUNIL,

» CRAFF LFCRODD
e NOGCRD ,NOFF

ADG ¢ ADT

+NEVERO ,NI

+ODIA » PAV

v Wl '
DIYAGNOSTIC DUTRPUT

IF(KIVI

CALL 1vel

CcL + DAREA

L ITUT 'JPSIV

¢VSS + WD

cL

+DAREA ,LRAFT ,FGRED-

+ ROPTH #WOTH
CIAGNGOSTIC CUTRPUT LB8T
NAMELIST /Xive/

239

+EWDTH
»CBH
1SS0

+ EWOTRH
» 8Bk
2SD

XIV1h
»GRADE

» NWR
oWRAT.

+ GRADE

+ 108S
» OBL
o TDEN

+10BS
s OBL
¢« TOEN

o IFLOAT
e PWTE
tWRATLO

o IFLOAT

» IGSTY
+» 0B8S
2 WA

2 I0STY
2 0BS
o WA

»128S -
-+ SRFV
s WRFORD

» 1085
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t SITUT vJPSIT y NCGCMD 4NOPP s NWR
+ ,VSS 2 WD s WOPTH JWDTH L MR AT
C DIAGNGSTIC QUNRPUT
YF{KIV2 EQ. 1) MRITE(LUN]L, XIVZ2)k
CALL 1v3{ .
+ CHARLN ,CI o CCHES L CPFFG ,DLAW
+ ,GCA o IB s ID o IP 2 IST
+ oNPAD o NSLIP 4 NVEE o NWHL sRCI
+ ,TANPHI ,TRAKLN o,TRAKWLC L,VCIFG oVCIMUK
C DIACGNOSTIC OQURPUT LAST
NAMELIST /XIv3/
¢ CHARLN ,C1 y CCHES oCPFFG ,DlAW
+ ,GCA + 1B 'ID ' ’IP .lST
+ oNPAD sNSLIP L NVEF o NWHL s RCA
+ oTANPHI ,TRAKLN ,TRAKWD ,VCIFG HVCIMUK
C DLAGNGSTIC GUWRPUT
IF(KIV3 .EQ. 1) WRITE(LUNI,XIV 3)
CALL Lval <
+ DUOwWB .DOHP 'COHFB )GC“ .GC“B
+ oNAMBLY ,RTUWB o, RTGWAB yRTCWNP ,RTOWP
C DIACNOSTIC OUTPUT L&ST
NAMELIST /X1v4/
+ DOWB + DOWP o COWPE  HIGCW +GCW B
¢+ JNAMBLY ,RTOWB8 ,RTCWNB ,RTCWNP LRTOMP
C CIACGNOSTIC DUTPUT
IF{KIV4 LEQ. 1) WRIFE{ILUNL,XIV4)
CALL dV5{
+ ATF v AVGC ¢ BTF 1% + CPFCCG
+ oDOwWP » EANG - ¢ ECF o FA sFB
¢ JIFLOAT ,IST e ITUT 20PS1 sLOCDIF
+ oNTRAV NVEH s A\VVEFC o NWHL o RADC
+ ,THETA L,TRACTF ,VFMAX VG e VGV
c OIAGNOSTIC QUTPUT LIST
NAMELIST /XIVs/
+ ATF » AVGC s BTF - #CD 2 CPFCCG
+ LDOWP » EANG s ECF o FA oFB
+ JIFLOAT ,iST s ITUY vJPSI  LLOCOIRF
+ oTHET 2 LTRACTF ,VFEMAN NG 2 VGV
C DYAGNQOSTIC QuTeuT o
IF{KIVS +EGe 1) MRITVE{LUN1»XiVS)
CALL Tved '
+ FAT y FAT] o FMT NI s PBHL
+ oSDL » TDEN » WOTF )
C DIAGNOSTIC OUTPUT LIST
NAMELLST /X1Ive/
+ FAT s FATI s FNT o NI » PBHEL
¢+ 4WDTH
C DIAGNOSTIC QUTPUT

*

IF{KIVO <EQ. 1) WRITELLUN1,XIVED
Cact IV
FMT » GCW » IMPACT

sMAXI oNI

240

+PHIE
s+ WRAT 10

» OONP B
o JJPS [
2RTOAPB
s WGHT

+DOKPB
s 4PS1
+RTONPB
yWGHT

s GCWNP
+ RTOWPB

2. GCWP
s RTOWPB

¢« CPFCFG
s FC

« NAMBLY
o RTOWP
» WGHT

+ CPFCEG
» FC

o NAMBLY
o RTOWP
p WGHT

2 SO

eSL

»PBF )

e SRFY
s WRFORD

» DRAT
oLUN1
sRTONT
s WRAT IO

» DRAT
s LUN1
+RTOWT
JMRATIO

o18
s RTOMT

+18

sRTONT

olTF
» FORMX
eNFL
» STRACT

+WRAT 10

oCTF
» FORMX
o NFL
¢+ STRACT
+WRAT 10

s SOL
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»VSEK

» GAMNA
¢+ NAMBLY
+SEC Tu

¢+ ZSNGW )

s GAMNA
s NAMBLY
o SECTH
+ZSNGN

s 1P
+WGHT )

o IP
s WGHTE

+DAREA
2GCW R
#NGR
sTFOR
e LUNLE )

+DAREA
» GCHR
fNGR

 TFOR

«TDEN
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+

+

*

*

+

* &

DLAGNOSTLC OURPUT L#&ST
NAMELIST /XIV1/ :
FMT » GCHW ¢+ IMPACT ,MAXI

DYAGNQOSTIC OUTPUT

sNI

IF(KIVT .EQ. 1)  WRETEALUNL ,XIV7)

CALL Tvsd{ _
FAT JFATL  ,GCW  3GCWNP

+RTGWF ,STR » THETA LTRESIS

BIAGNOSTIC OUTPUT LIST
NAMELIST /XIV8/
FAT JFATL  ,6CW _ oGCWNP

2 GCWP
+MRAT IO

+GCWP

+RTCWPF ,STR + THETA L,TRESIS ,WRALIO

DIAGNOSTIC outeur

IF{KIVS .EQ. 1) WRITELLUNI,XIV8)

CALL Iv9d o
FA ' FB v FC 2 FORNX
oNI ¢ NTRAV  ,TRESAS ,VFMAX

DIAGNOSTIC OUTPUT LIST
NAMEL IST /XIV9/
FA o FB sFC ~ JFORMX
¢+ TRESIS ,VFMAX ,LVC »VSGIL
DIAGNOSTIC OUTRPLUT

o MAX I
VG

'MAXT

IF{KIV9 .EQ. 1) WRITB{LUN1,XIVS)

CALL Tvied
ACTRMS ,LAC o MAXIRR ,RMS
DIAGNOSTIC OUTPUT LIST
NAMELIST /XIV1d/ . 4
ACTRMS ,LAC » MAXLAR ,RMS
DIAGNOSTIC OURPUT

2 VRID

+VR1DE

IFIKIVI® -EQ. 1) uRlTE(thl,XIVlﬁl

CALL Ivil(
DOwWB » GCHW 1 GCWEB ~ yGCWNB
2RTCWE LRTOWNB 'TBF 1THETA
DIAGNOSTIC QUTPUT L3ST
NAMELLST /X1ivil/

DOKWB s GCW s GCWEB »GCWNB .

¢+ TBF s THETA vWRAI%ﬂiprR
DIAGNOSTIC QUTPUT -

,'NOGOEF
2 WRATIO

¢+ NOGOEF

IFIKIV11 .EQe 13 HF&TE(LUNI.X(VIID

CALL Ivia{

BFMX »DCLMAX oGCW 4y NTRAV
DIAGNOSTIC OUTPUT LIST
NAMELIST /Xivia2/ - o '

BFMX » DCLMAX 4GCW - ,NTRAV
DIAGNOSTIC OUTPUT

o SFTYPC

!SFTYPC

IF(KIV12 LEQ. 1} HRQTE(LUNI XIVIZI

CALL IV13{

BFMX .EYEHGT ’GCN ' ,NTRAV
DIACNOSTIC OUTPUT LB¥ST

NAMEL IST /xiv13/

BEMX  » EYEHGT ,GCW JNTRAV

DIAGNOSTIC OUTPUT
241

o RD

+RD

s PBF

'MAKI
)

2 MAXI

» NGR
»2VSOIL )

» NGR

»VRIDE

sVRID

s NTRAY
»XBR )}

s NTRAV

2+ TBF )

« TBF

+REACT

yREACT

s NTRAV

2 NTRAV

o NI

sRTOWB

«VELV

2 VELV

"PAGE A-638

»RTOMNNP

+RTO MNP

2 NTRAV

+RTOWNB

2VISENV )
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IFIKIV13 +EQ. 1% WFRATE{LUN]1,XIV13)

CALL Iviad :
+ JPSI  oNI JATRA¥  oNVEHC oVELV  »VRID ¢
b JVSGIL ,VTIRE LVIT &
¢ DIAGNGSTIC OUTPLT LIST
NAMELIST /ZXIVi4/ ,
¢ JPST  oNI JNTRAV ,NVEHC oVELV  »VRID ,VSOIL ,VTIRE
+ LVY
c DIAGNGSTIC OUT.PUT
{F( KIV16 oEQ. 1 3 WRITE(LUNLgXIV14)
CALL IV15(
¢ ADT  oNI LNTRA¥ NVEKC oPAV  ,VAVOID ,VBG  ,VIT
C NTAGNOSTIC OUTPLT LIST
NAMELIST /XIV15/
¢ ADT  oNI JATRAY  JNVEHC ,PAV  oVAVOID ,VBO  ,VIT
C DIAGNOSTIC OUTPUT

TE(KIVIS LEQ. 1) WRITE(LUNI,XIV1S)

calL Iviel ,
+ AVALS LCLEAR ,FCM JFONMAX ,FOO ,FOBMAX oHOVALS oNANG
+NEVERD ,NOHGT ,NWDTH ,B8B8A8  o0BH »OBMINW ,WVALS )
c DIACNOSTIC OUTPUT LAST

NAMELEST /XIV1e/
AVALS LCLEAR o FOM ,FOMMAX FOO » FOBMAX . HOVALS oNANG
+NEVERG ,NOHGT ,NWDTH ,0BAA  ,CBH » OBMINW ,WVALS

*

+ -

C DIAGNGSTIC OQUTRPLT
IF{KIV16 <EQ. 1) WERATE(LUN1,XIV16)
CALL #V17¢
+ HVALS ,NEVERG sMNHVALS ,NSVALS ,O0BH +OBSE
¢ ¢SVALS HTL oVCLA 'VGBCB +VOOBS , WA ) .
C DIAGNOSTIC OUTPUT L BST

NAMELIST /XIV17/

HVALS +NEVERO oNHVALS ,NSVALS ,08BH »GBSE sSVALS LTL
+VOLA » VOGB » VOGES WA

L J

c OIAGNOSTIC OUTPUT
IFIKIVIT7 «EQe 1) WRIE(LUNI,XIVI7)
CALL Ivis(
+ FA o FB 2 FC 2FON - FOMMAX o, FORMX ,GCW 2dPS ]
+ ZMAX] ¢+ NEVERO , AGR o NI oNTRAV ,NVEHC ,OBSE »SRF M
¢ SlL + TRESIS ,VA ' VBC +VELV tVFMAX (VG oVOL A
+ yVRLD pVSG‘L ,VTLFE 'VXT ’“A ]
C DIAGNOSTIC OQUTPUT L IST
NAMELIST /Xiviss
¢+ Fu o FB ¢ FC o FOM 2 FOMMAX ,FORMX oGCaW s JPS 1
+ 4MAXT » NEVERQO 4 AGR o NI oNTRAV ,NVEHC ,LOBSE + SRFV
+ oTL +TRESIS ,VA ' VBC o VELV s VFMAK  LVG s VOL A
+ ,VRID 'VSOIL ,VTIFE 'VXT 'HlA
C DIAGNOGSTLC QUTPLT
IFUKIVIS8 LEQ. 1) WHRITEJLUNL,XIV1ED
CALL Ivist
+ BFMX oFA s FB oFC e FOMMAX o FORMX oGCW sLUN1
+ ,NEVERO ,NGR e M +NTEAV  ,OBSE » RMX o STRACT ,LTL
+ ¢TKESIS ,VA 1 VBO 2VFVAX L VG o VOVER ,VXT oA b
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C DIAGNOSTIC OUTPUT L3ST
NAMELIST /XIV19/
¢+ BFMX  ,FA 2 FB +FC +FOMMAX , FORMX ., GCW  o,LUN1
+ JNEVERO 4 NGR Y oNTRAV  ,0BSE  ,RMX  ,STRACT ,4TL
¢ JTRESIS HVA yVBC  WVFFEX VG sVOVER 4 VXT sHA
c DIAENGSTIC QUTPUT
IF(KIV1® .EQs 1) WRATE{LUN1,XIV19)
LALL Iv2ed
¢ EA ) FB v FC o FORMX 4 GCW sMAXI  ,NGR  ,NOGOVA
+ ,NCGOVO ,NTRAV ,STR sVAVCID ,VG + VOVER )
c CIAGNOSTIC OUTPUT LIST
NAMELIST /X1v2d/ :
+ Fa +FB 2 FC oFORMX ,GCW  ,MAXI  ,NGR +NOGOVA
¢ JNCGOVO ,NTRAV ,STR  4VAVCID ,VG » VOVER
¢ OTAGNOSTIC OUTPUT
IF(KIV28 .EQ. 1) WRITE(LUN1,XIV28)
CALL Iv2i( = . . .
+ DOWN  oFMT  ,GCW  ,IMAX  LIGVER ,ISAFE LLEVEL NI
+ JNOGOVA ,NOGOVG o NTRAV 4UP fVAVOID 4VMAX  ,VMAX1 ,VMAX2
+ ,VOVER oVSEL  ,VSELl +VSEL2 ,VWALK ¥
c DIAGNOSTIC OURPUT LIST

NAMEL IST /7XIv2l/ '
+ DOWN s FMT  ,GCW 2 IMEX ¢IOVER L, ISAFE HLEVEL NI

*+ SsNOGOVA NCGQVC ,NTRA¥ 4UP »VAVOID »VMAX s VMAX1 ,VMAX2
+ JVOVER ,LVSEL 2 VSELE HVSEL2 HVWALK
C UDIACGNOSTIC QUTPUT
IF{KIV2]l +EQ. 1) WRITELLUN1,XIV21)
C 3. TERMINUS ' ,
CONTINUE
RETURN
END
SUBROUTINE MAPT7} -
¢+ (AA +ACTRMS ,AREZ s ELEV +GRADE , IEOF 2I0ST 1S
+ LIST e ITUT » LUNZ o NI +NTU o NTUX » OBH +OBL
+ LJ0BS + OBW +RCIC +RD sS +5D +SOL - +SEARCH
+ JWD ) o
[
C  =wemeaw - - - el T R R R e el el
C MAP LECGEND INPUT RCUTINE (AMCT1 FCRMATSH
{  emecmeccae=- -——— - e Y - - - -
C
C 1. VARIABLE DEFINITLCN
INTEGER IS {93
REAL RCIC {48
REAL. S {5
REAL SD {6k
REAL SOL (9%
INTEGER SEARCH
REAL FNAA {14)
REAL FNGRAC { 8%
REAL FNOBH (7}
REAL FNCBL (7%
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REAL FNOBS (83
KEAL FNGBW {5}
REAL FNRCI (14D
REAL FNRD 4 9)
REAL FNRMS (S}
KEAL FNSPAC { 8)
c 3. TERRAIN FEATURE CLASSES
C A. SUKFACE STRENGTF CLASSES  LB/SQEIN
CATA FNRCI(1) /3@82.9/,
+ FNRCI{2) /258,87,
¢ FNRCI(3) /198.8/y
' FNRCI{4) /138.97,
' FNRCI(5) 4 8&48/,
. FNRCI(6 )  50.8/,
¢ FNRCI(TY 4 36.8/,
+ FNRCI(8Y /7 29.9/,
¢ FNRCI9) ¢+ 28.8/,
+ ENRCI(1€) 4 14.0/,
¢ FNRCI{11} ¢+ 5.8/
C B. GRADE CLASSES  RERCENT
CATA FNGRAD(1) 4 1.8/,
’ FNGRAD( 20 4 3.5/,
. FNGRAC(3) 4 7.5/,
. FNGRAD{4) 415.8/,
N FNGRAD(S) 488.8/,
. FNGRADI 61 458,87
v FNGRAC(7)  465.8/,
. FNGRAD( 8) 47240/
c C. KECOGNITION CISTANCE CLASSES  FT
CATA FNRD{1) /1é4.0/,
. FNRD(2) -/1&1.87,
v FNRDI3) / 588/,
v FNRD(4) 7 3448/,
. FNRD(51 7/ Qh.6/y
¢ FNKD{6) / BTu4d,
¢ ENRD(Z) /7 32454,
. FENRDIBY /7 1.5/,
¢ FNRD(9) / 2.6
C D. CBSTACLE SPACING CLASSES  FT
CATA FNOBS(1) 7197.8/,
. FNOBS(2)  /B3L.2/,
. FNOBS{3) /¢ 51.2/,
. FNOBS(4) ¢ 31.5/,
. FNOBS(5) 7 22.37,
v FNOBS{6) 4 45.7/,
. FNOBS(7) / 18.8/,
. FNOBS{8) /7 3.9/
C E. CBSTACLE APPROACH ANGLE CLASSES  GEG
CATA FNAA(L1) /129.4/,
. FNAAL2) /181.6/,
v ENAA(3)  /137.084,
. FNAALG) /183.84 ¢
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4. REAC LEGEND
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IN

FT

FT

IN

FNAALS)H /133.@/3
FNAAL{G) /18T <0/
FNAALTY  /1684%<@/
FNAA(B) /18640/,
FNAA{9) /186.9/,
FNAALLB) 7206.27,
ENAALLLY 7162.0/,
FNAA(L2) /21884y
ENAA(L3 ) /1%2.0/7,
FNAA{14) /24BJ8/
CBSTACLE HEIGKT GLASSES
CAYA FNOBH{1l» / 34157
FNOBH{2) / 7.877,
FNOBH{3) /314817,
FNOBM{4) ¢35.75/,
FNOBMH(S5) /2@s83f 4
FNOBH{6) 428435/,
FNOBH{7) {4a3.46/
CBSTACLE WIDTh CLASSES
CATA FNOBW{1) /:1.88/7,
FNOBW(2) 7 3.48/,
FNOBW{3) /4 2.49/,
FNOBW(4) « d.51/,
FNOBW{S5) 7/ B.49/
CBSTACUE LENGTH GQLASSES
CATA FNOBL{1) / Bebb/s.
FNOBL{(2) 4 2.36/,
FNOBL{3) 4 5425/,
FNOBL{4) / 8.53/,
FNOBLIS) / 15.69/,
FNOBL(6) 4256.80/,
, FNOBL{ 7V 7492.8/ _
SURFACE ROUGFNESS CLASSES
CATA FNRMS{1) /@.257,
ENRMS (2)  Relifdy
FNRMS{3) /2,807,
ENRMS{4) J3.48¢,
ENRMS{5) /%.08e/,
FNRMS {6)  45.00/,
FNRMS{7) /&.084,
FNRMS{8) /3.087/,
FNRMS{9) J/8.00/
VEGATATION SFACINGE CLASSES FT
CAYA FNSPACI{1) ¥320.04,
FNSPAC(2) & 4546/,
FNSPAC{3) ¥ 51427,
FNSPAC(4) 4 31.5/,
ENSPACIS5? & 22e3/,
FNSPACI6) & 154774
FNSPACI 7)Y 2 10e8{4
FNSPAC(8) & 3.9/
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492 CONTINUE
IEQF = 2
READ(LUN2,4863 .
¢ NPAT  IST 24RC 11 » IRCI2 » IRCI3 \
¢+ ,IGRACE  ,I0A »30H oI0W JI0L
+ ,105 , 10ST » IRNS 2JISTEMI  , ISTEM2
v JISTE¥3  ,LSTEM&4  odSTEMS  LISTEM6  , ISTEMT
+ JISTEMS  LIRD . ,4REA
IR FORMATII4,6412,11p12,1511,F183)
IF(EOF(LUN2) WECJ 8) GO TO 420
1EQF = 1
GO TO 680
42¢ CONT ENUE
IF({SEARCH .EQ. 1} 4AND. (NTUX o NE. NPAT)) GO TO 489
C 5. CONVERT FROM CLASSE TO REAL UNLTS
594 CONTINUE
C A. TERRAIN UNIT NUNBER
NTU=NPAT
c Be TERRAIN UNIT TYFE
ITUT=1
C C. SOIL TYPE
c 1T
c C. SURFACE STRENGTH  LB/SQ-IN

RCIC{13=FNRCI(IRCI1)
RCIC{(23=FNRCI{IRCA2)
RCIC{3¥=FNRCI4LRCI 3

Ee« GRADE PERCENT
GRADE=FNGRAD{ IGRACE}

F. SURFACE ROUGKNESS IN .
ACTRMS=FNRMS(IRNS)

G. VISIBLLITY FT
f0=FNRD{ IRD)

H. CEPTH OF STANCINE WATER FT

wD=0 .0

I. ELEVATION FT

ELEV=0.0

CBSTACLE SPACINC FT

0BS=FNOBS{ICS)

L. OBSTACLE AVOIDABELEYY FCTENTIAL

10ST

M. CBSTACLE APPROACH ANGLE DEGREES
AA=FNAA(ICA)

Ne CBSTACLE HEIGHT IN
CBH=FNOBH( IQL}

0. CBSTACLE WIODTH  F7
OBW=FNOBW{ICW}

P. COBSTACLE LENGTH FY
CBL=FNOBLIIGL)

R. NUMBER OF STEM CLASSES
NI=8

S« MEAN SPACING OF STENMS
S(1Y=FNSPAC{ ISTENID

GO -

OO0 (2] [
?
-

(g]

[ N o B o B ]
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S{2)=FNSPACT ISTEN2)

S{3) =FNSPAC( ISTEN3D

S{4)=FNSPAC( ISTEN4 D
S{5) =FNSPAC{ ISTEN5 )
S{6V=FNSPAC{ ISTENG)

NRMM

SUTI=FNSPACI ISTENT M

S{8)=FNSPAC( ISTENS)

C T. MAXIMUM STEM DIJNET
SDLU19=8.98 -
SOL{2)=2,36
SDL{31=3,94
SDL{4)=5,51
SDL(5)1=7.89
SOL(6) =8 .66
SDL{7)=9 .84
SOL(8y=15.69

C Ue MEAN STEM DIAMET&F
SD{1)1=3.49
SD{2)=1.67
SD(3)=3.15
SD{4)=4.73
SDI5)=6.30
SD{6)=7.88 -
SD(?’=9025
SD(8)=12.42

ER iN

IN

C V. EARREN VEGATATICh FLAG

NI1=NI=-1
CO 548 1=1,4NI1

IFC SCIk <EQ. S(I*l) } GO TO 538

LS{I1Y=0
' GO TO 548
534 CCNTINUE
IS¢I)=1
541 CONT INUE
ISINIM=8
C 6. EXiT ROUTINE
604 CONTINUE
RETURN
END
SURRCUTINE MAPT4

+ (AA ¢ ACTRMS , AKES# +ELEV +GRADE L, IEQF s IGST

¢ LIST $ITUT - JLUNZ . s NMOMH ,NI o NTU sNTUX

+ L,0BL » OBS o GBW oRC IC + RO s RDA sRDAL

+ sRDA3 s RDA4 ¢ S ,SD .SDL ¢ SEARCH QND )
C
C - o o - R Ry T e L ey T
C MAP LEGEND INPUT RCUTIME (ANC74 FGRMAT)
C ==e=- cesdrpreprepeepyr sfen e cn e p -
C
C 1. GLOSSARY
C AA DEGREE @BSTACLE ~ APPROACH ANBLE
C ACTRMS IN AMS ROUGHMESS
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L AREA SQ. MI. AREA
C ELEV FT &LEVATION
< GRACE PERCENT SLOPE
€ I10BS # - BARREN CBSTACLE FLAG
C 1087 1-RANDCM EBSTACLE - SPACING TYPE
€ 2=LINEAR
C Istn # 8ARREN VEGETATION FLAGs CLASS I
C T1TUTY # EERRAIN UNIT TYPE
< IEOF # END OF ENFORMATEGN FLAG
C KMAP # CALL L IST OUMP FLAG
C LUNZ ¥ HBGICAL UNIT FLAG NUMBER 2, TERRAIN
< MONTH # #ONTH ( 1 THROUGH 12 )
C NI # NUMBER OF VEGET ATLION CLASSES
C NTU # - FERRAIN UNIT NUMBER
C 08H LNCH GBSTACLE =~ EKEIGHT
C GBL FEET GBSTACLE LENGTH
C aBsS FEET GBSTACLE - SPACING
C OBwW INCH OBSTACLE - WIDTH
c KCIC(1)» RCT SGIL STRENGTH = CRY
C RCIC(2) RCI SCIL STRENGTH = AVERAGE
C KCIC(3) RCI SOIL STRENGTH - WET
C RCIC(4) RCI SOIL STRENGTH = WET,WET
C kT FEET MISIBILITY
C S¢ 1) FEET STE¥ SFACING OF STEMS OF DIAMETER CLASS
c so{ IN MEAN STEM DJIAMETER, CLASS I
C soL (I IN NAXIMUM STEM DIAMETER, CLASS 1
C WD FEETY DEPTH CF STANDING WATER
C 2. VARTABLE ODECLARATL(M
INTEGER IS (s
REAL RCIC (4%
REAL RDA (12¥%
REAL S (5%
REAL SD {9}
REAL SDL €9
INT EGER SEARCH
INTEGER BATA { 241
¢ 4. ALGCRITHM
40ud CONTINUE
IEOF = ¢
READ(LUNZ 44 0@ INTHe IST,CATA, AREA
4¢p FORMAT( 15,12 428X912 45/ e5X9121yFB8.%)
LF(EOF(LUN2) .8Q. @) GO TO 4028
1EQF =1
GO 7O 53¢9
40248 RCIC(1) = DATALl1)
RCIC(2) = DATA(2)
RCIC(3) = DATAd3)
RCECI4Y = DATAL4)
GKAOE = DATSLS)
AA = DATAL6)
0BH = CATALT7)
oBwW = DATals8}
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OBl ./ 12.

0BW =
0BL = CATA(9)
0BS = DATA{10).
10ST = DATAL11}
ACTRMS = DAT&{12)
00 4885 1=1,8
81 = DATALI#12}
4495 CONTINUE
RDA1 = DATM 210
RO A2 = DATAL22)
RDA3 = DATA(23)
RD A4 = DATAK24)
CONT INVE
IF({SEARCH .EQ. 1} ,AND. (NTUX .NE.
KDA{1) = RDAlL
KDA(23 = RDAL
RDA(3) = RDA1l
RDA{4} = RDA2
RDA(5) = RDA2
KDA(6) = RDA2
RDA(7} = RDA3
RDA{B) = RDA3
RDA{9) = RDA3
RDA{12) = RDA4
kDA(11) = RDA4
RDA(12} = KDA4
ACTRMS = ACTRMS/18s0
ELEV = 0.8
T =1
NI = 8
N1 = NI-1
D0 4d4d I=1,NI1
IF{S{L) .EQ. SII41)) GC TO 4830
IS(I) = @
GO TO 4848
4638 CONT INUE
1S(I) = 1
4848 CONTINUE
IS(NIY = 8
RD = RDAIMCNT#¥
SD{1) = 8449
SB{2) = 1.67
SD(3) = 3.15
SD(ad = 4,73
SDIS) = 6,30
SD{6) = 7.88
SD{M = 9.25
SD(B) = 12.42
SOL{1) = @.98
SoLi2) = 2,36
SOL(3). = 3.9
SDL{4) = 5,51
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50 48

COOO OO0 OO0 00O CC OO OOn0

* 4+ >

SDL(5)
SDL{6)
SoOL(7)
SOL (8}
WD
CONTINUE
RZTLRN
END

7 QEQ
84606
.84
15.92
de

SUBRCUTINE MPRD74
(ACTRMS L,CURVVY LLIST
2 1EUF e {ROAD , IST
+NVASFO o MONTH LRADC
» SEAKCH ,SURFF ,VCUR

» EANG s ELEV s FMY » GRADE

dITUT +JURB r LUN2 o NTU

«RCURV  4RC +RDA ¢+ RDFOG
M)

- —— e e s P 1w w Wy WGP o

MAP LECFND INPUT RCUTINE (ROAC MAP AMC74)

- e ey - --------———-—1-—-------------——-

1. GLOSSARY
ACT RMS
CURVWY
DIST
EANC
ELEV
FMU{1)
FMUL2)
FMU(3)
GRACE
1RO AD
ITuT
1ST
IURR
NTU
NTU X
MGN TH
RADC
RD
kDal12}
RDF CG
RCIC(1)
RCIC(2)
RCIC(3)
KCICi{4)}
SURFF

INCH
MPH
MILES
DEGREE
FEET

#

#

H
PERCENT

TR RITER

FEET
FEET
FEET
FEET
RCI
RCI
RCI
RCI
8

AMS ROUGHNESS

AASHC CURVATURE SPEED LIMIT
ROAC S EGMENT LENGTH
SUPERELEVAT [ON ANGLE
SLEVATICN ABGVE SEALEVEL
CCEFFICIENT OF FRICTION = DRY
CCEFFICIENT OF FRICTION - WET
COEFFICIENT OF FRICTION - ICE
SLAPE

ROAC TYPE

ZERRAIN UNIT TYPE

SOIL TYPE

URBAN CGCE

TERRALN UNIT NUMBER

SPECIFIC TERRALN UNIT NUMBER
NONTH (1 THROUGH 120
RADIUS GF CURVATURE
MISIBLLITY CISTANCE
VESIBILITY CISTANCE PER MONTH
WEATHER RECOGNLTION CISTANCE
SGIL STRENGHT < DRY

SOIL STRENGHT = AVERAGE

S0IL STRENGTH = WET

JOIL STRENGTH - WET,WET

RCAC SURFACE ROUGHNESS FLAG

2. VARIABLE DECLARATICN

KEAL
REAL
REAL
REAL
REAL
INT EGER

RCIC Kad
RCURV - L 1E}
ROA (123
FMU (3¢
VCURV  (4gll)
RDATA (1n)
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INT EGER SEARCk

GO0

3. ALGCRITHM
A. AASHO TABLE RADI¥S GF CURVATURE FT
RCURVI1) =5738.
RCURVIZ2} =1510.
RCURVI3) =}l4be.
RCURV{4) = B19g
RCURVIS) = 637.
RCURV{6) = 458,
RCURVLTY = 327,
RCURV(B) = 229.
RCURVISY = l64.
RCURVI 1Y) = 115.
RCURVI11Y = 82.
C Be AASHO TABLE SPEES LIMIT SUPERHIGHWAYS MPH

VCURV{1,1} =1¢8d.
VCURV{1,2) =70
VCURVA{1,43) =b6C.
VCURV{1l 44} =54,
VCURV{145) =48
VCURVH{1 46) =4]d
VCURV‘ i 337 [} 33‘0.‘
VCURV41 ,8F =29.
VCURV{1,9) =25.
VCURVI1 414) =19.
VCURV{ 1,110 =13,
C C. AASHO TABLE SPEED LIMIT SECCNDARY RUADS MPH
VCURV(3,1) =7¢.
VCURV{3+2) =6
VCURV(3,3) =58,
VCURV(344) =58.
VCURVI(3,5) =43.
VCURVI(3,6) =3¢
VCURVI(3 ,7) =31,
VCURV (3 ,8) =26.
VCURV(j.‘i’g 723
VCURVI(3,13} =19,
VCURV{3,11}) =13.
C : De. AASHQ TABLE SPEES LIMIT TRAILS » MPH
VCURV{4,1) =55.
VCURVI4 923 =49.
VCURV{43) =444
VCURV {4, 4t =42,
VCURVI4 5% =39,
VCURV 4,60 =34,
VCURVI4,7} =29.
VCURV{4,+8) =23,
VCURVI{4 ,9+ =19.
VCURVL4 ,18) =14.
VCURV{4,11) =10.
C Ee. AASHD TABLE SPEEB L IMIT PRIMARY ROADS MPH
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6609

Y%

od2¢

CONTINUE
IEGF

VCURVI(Z,10
VCURVI(Z2,2}
VCURV{ 2433
VCURVIZ o4 &
VCURV(2,5)
VCURV(2,6}
VCURV(247)
VCURV{Z 48}
VCURVI(2,9)
VCURV{2,10)
VCURVI 2411

=9

[T | I PO T A [ I T IO |

VCURV(1y 1)
VCURVL1,2)
VCURVI1y 3}
VCURV(ig4hk
VCURV{1,45)
VCURV(1,6)
VCURVI1, T}
VCURV(1,8)
VCURV{1,9)
VCUkV(1410)
VCURVI{1,e 110

READ{LUNZ »68L) NTUoIRCAC,IST,LURB,KDATA,DIST
FORMATA:15,31251104,F8.4)
1F(EOF (LUN2)} LEQ. ¥) GO TO 6024

IEQF = 1
GO TO 780¢

RCIC{1) = RCATA(1)
RCIC(2) = RCATA(2)
RCIC(3) = RCATA(3)
RCICl4) = RCATAl4)
GRADE = RCATA4LSY
RDAI = RCATALls)
RCA2 = RCATA(T7)
RDA3 = RCATAL8)
kDA4 = RCATA(9)
ACTRMS = RCATA{(1D)
CURVY = RCATA(11)

CONT INUE

IF{ {SEARCH .EQ. 1) sAND. (NTUX oNE.

RDA{1) = RDAl

RCAL2) = RCAl

RDA(3) = RCAL

RDA{4) = RCA2

RDA(S) = RDA2

RDA{6Y = RCA2

ROA(7) = RCA3

ROA(8Y = RCA3

RDA{9)y = RDA3

RDA(1d8d = RLA4

ROA(11) = RCA4

KDA(12) = RCA4

ACTRMS = ACTRN§/1(¢.

ELEV = 9.

EANG T Ve

FMU(1} = @.75

FMU(2) = ©.35

FMU(3Y = d.1

ITUT = TRCAC ¢+ 10

SURFF = 1.

IFCITUT JEQ,

13% SURFF = 2,
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NVASHG = 11
LF(ITUT .EQ. 114 RCROAC = 1408.
IF{ ITUT +EQ. 12) RCRCAD = 5@d«
IF(LTUT <6C. 13) ROROAD = 258+
LF{ITUE .EQ. 14) RLROAD = 1504
RD = AMINL{ ROA{NGNTH} ,RDFGG,RORCAD}
TF(CURVY .GT. VCURV{IRCAD, 1k} GO TO 6860
IF(CURVV LT, VCURV{IRGAC,NVASHO)} GO TO 6870
DO 64838 N¥=2,NVASHO
TF(CURW .UT. VCURV( IROAD,NV})} GO TO 60380
'RACE = RCURVINV) + {CURVV = VCURVIIROAD,NV Wd®

. ARCURVINV) - RCURVINV-11)/
+ . { VCURV{ TROADoNVY = VCURV{ IRBAD,NV-1 1)
- GO ¥0 730¢
6630 CONTIMJE
GO TO 78¢8 .
6068 RADC = RCURVI1) # {CURVV = VCURV({ROAD,1))%
¢ {RCURVA 1% = RCURV(2)d/
N (VCURV{4ROAD, 1) = VCURV{IROAD,2))
GG TG 7000
6270 RADC = RCURVEBNVASHC) + (CURVV = VCURV( IRCAD,NVASHO 1#
. (RCURWINVAS FG) = RCURV LNV ASHO=11)/
’ { VCURMA LRDAC, NVASHG) = VCURV( IROAD,NVASHO=111
7086  CONTINUE
RETURN
END
SUBROUTINE TPP
+ (AA JACTRMS 4 ARE#B L1 ¢ECF  oELEV  ,GAMMA ,GRADE
+ o10BS  ,ISEASN , ISNCH ,IST JITUR NI » OAN »OBAR
+ ¢OBH , 0BL ,GBMINW ,08S 20BN »ODIA  ,PHI +RADC
+ JRCI JRCIC  oRD $S sTANPHI oTHETA ,WA sISNGW )
c
c PO R 4D WD W 4D WD iy O D WD AP G A W gy
c TERRAIN PREPROCESSCR
c S
C
c 1< VARIABLE DECLARATICN
REAL RCIC (44
REAL S (5t
REAL THETA (3%
C 3. ALGCRITHM
c A. UNLTS CONVERSIGHM
IF(ITUT .GE. 11) 6C TO 3045
1085= @
IF({ CBS .GEe 1978 ) ICBS = 1
IF{ AA .GE. 179+ JAND& 24 oLEa. 181. » I0BS = 1
CBL = 12.*0BL
(BS = 12.%08S
CBW = 12.¢GBW
3905 KD "= 12.6RD

RADC= 12.*RADC
TF{ITUT .GE. 113 GO ¥O 3415
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C0 3018 I=1,NI
S(L) = 12.¢5(4)

3914 CONTINUE o
c B. SLOPE ANGLE
3015 THETA(1) = ATAN{GRACE/108.)
THETA(2) = 0.8
THETA(3) = ~THETALL)
c C. CONE INDEX
C1 = RCIC(ISEASNG
c D. RATING CONE INCEX
RCT = CI
¢ E. ELEVATION CCRRECZION FACTOR

ECF = le-.84¢ELEVYY1080.
IF{ITUT .GE. 11) 6C TO 39340
C Fo OBSTACLE APPKRCATH ANGLE
JF{I0BS +EQ. 1) BC TG 38629
C G. CBSTACLE GEGFETFY VARIABLES
IF(AA .GT. 188.) 6O TO 3017
IFd(0BW/24) 8T, {GEH®ABS(COS(OBAA}/SIN{OBAANIIY

[ GO TO 3816
00BN = 2.%8BH®ABS{COS(CBAAN/SIN{OBAAY})
W16 OBMINW = OBW =~ 2.¢CBHeABS{COS{OBAAN/S IN(CBAAMN
WA = CBw
GC TO 3818
317 CBMINW = CBW
WA = 0BW ¢ 24¢0BH* ABS{COSIOBAAYN/S IN({OBAAY)
3318 AREAD = 3.14159265#0B5#0B5/%.
OAW = 2.%(COL * WAI/3, 14159245 .
UDIA = (GBL#*GBL ¢ WA*WAI*+3,5
GC TO 3839
3424 CONT INUE
kA = D0
oDl1A = 0.0
CANW = Dab
AREAQ = 0.8
30380 CONT INUE
¢ He SNOW MACHINE

IF{ JTUT .EQ. 23 8C TO 3468
TFEISNOW -EQ. 43 GO TO 3060

IST = 4
TANPHI = SINIRBIVNCCSCPHI)
C OBSTACLE ATTEMJAT EON

IF({OBAA GT« 3.14159265) «OR. (ITUT “GE. 11)) GO TO 3049
0BH = CBH~ZSNCW*GAMMA/Q.8
3849 CONT INUE
C SURFACE RCUGHWNESS ATTENUATION
IFCISNOW LT 2.0®ACTRMS) GU TO 3¢50
ACTRMS = AQTRNMS®( 1.08-(1.0~-GAMMAJU,.4) )
GO TO 30ee
3650 : CONTINUE
ACTRNS = ACTRNS®({1e=e5%(1a=GAMMA/ o4V ®{ZSNOW/ACTRMS)
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3960 CONTINUE
RETURN
END
SUBROUTINE 1Iv1 '
+ {ADQ » ADT + AREAE  ,CL 2 EWDT.K 4 108S 9 10ST « 1S
v oNEVERQO ,NI +CAN s OBAA +0OBH yOBL 2 08S #0OBSE
+ JODLA s PAV 2 PWTE S 280 » TOEN sHA +WDTH
+ Wl )
C
Cc R Ly L e L LT T R P T
C EFFECTIVE OBSTACLE SPAGING AND SPEED REDUCTIBN FACTORS DUE
C TO VEGETATION AND/GKR CBSTACLE AVOUICANCE
C S B = W W " Do @ T Win T go s Wy 0w o o P ]
C
< 1. VARIABLE CECLARATICN
REAL ADT (9%
INTEGER STEM
INTEGER IS Sk
REAL PAV 15k
REAL S {9
REAL SO - {93
REAL TDEN (5%
C 3+ ALGGRITHM
NEVERD = @ ,
C A, CBSTACLE SPACEINMG AND STUMP/BOULTER INTERFERENCE CHECK
IF{10BS .NE. 1) 60 TO 3418
C 1. PATCH BARE CF COBSTACLES
NEVERD = 2
ADC = Jde
GO TO 387¢
c 2+ PATCH CONTAINS GBSTACLES
301¢ CONTINUE
IF{ LOST +NE. 2) GO TC 3820
C A. OBSTACLE #ARE UNAVUIGABLE, UNABLE TO MANEUVER
OBSE = €8BS
ADO = 188.
GO TO 327¢
C Be. OBSTCLE ARE POGYENT JALY AVOIDABLE
3024 IF(ODIA «AJ« W14 GO TC 3030
C 1. OBSTACLS IS WIDER THAN MINIMUM WIDTH

RUNNING GEAR BLEMENTS.

EWDTHh = WOTH&CAW

GOB8SE = AREAG/EWOTH

GO TG 3468 .

2. OBSTACLE NARROWER THAN THE MINIMUM WIDTH

RUNNING GEAR ELEMENTS,

COGNTINUE

ENDTH = PWTE+GAW

OBSE = AREACG/EWDT K

IF( CB2A GE. 3.14159265 ) GO TO 39259

A. CBSTMCLE IS CONVEX,s { BOULDER/STUMP)

IF{ICL-CBHY .GT, B+ GO TO 3840
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3440
3058

3060

3010

3484

30690

31480

311¢

31389

3148

3158
3164
3210

3240

B

1, BELLY HANGUP
NEVERG = 1
EWOTE = WOT ReCAW
CESE = AREAOD/EWCTH
2. N2 BELLY INTERFERENCE
CBATINVE
Bs CBSTHCLE ES CONCAVEs (TRENCH/DEPRESSION)
CGNTANUE
AREA CENIEC CUE X0 AVGIDING OBSTACLES. (ADO)
CUNT INUE
ADO = 108.9(CELaA®(0BLaWAYSWDTHIWDTH#NDTH*3,14159265/4 ¢

+ /( OBSE*0BSE®*3.14159245/4. )

C.

c.

Fe

VEGETATION DENSATY
CONTINUE '
NMA = NI-1
NIB = NI+l
£O 3093 I=1,NIA
IFCES(I) oNEso 13 60 TO 33849
TOEN{I)=0.
GO TC 38%¢
TOEN(I) = (4831615526500 (14/S5(14#82-1,/5(1¢100%%2)
CONT INUE
IF(IS(NI)} «NE. 13 GO TC 310¢
TDEN{NII=¢ga
GC 7O 311@
TDENINI) = 4,/43.14159265¢S{NI)s#2)
TOEN(NIB) = Q.8
AREA DENIED BY VEGETATICN, PAV(I}
CONT INUE
£ 3168 1=1,MNI
SUMA = £,
DO 3134 STEM=Iy NIl
SUMA = SUMA*TODEN{STEM)
CONTINUE
IF(SUMA .NE. 860 GO TO 3144
PAVIY) = £,
GO TC 316k
CONTINUE
SUMB = 2.
DO 3150 STEM=k(NI
SUMB = SUMBASD{STEMI®TCEN{STEM)
CGNTINUE
PAVIINI=100.*4{SUMB/SUMA+KDTHI /S{ 1 ))ee2
CONT INUE
PAVINE®1) = Eo
TOTAL AREA CENIGE DUE TO OBSTACLES AND VEGETATION
CONT YNUE '
CO 3240 I=1,NiB
ADY{ IVv=ADQePAML 1 )#{ 1 k0.~ ADOV/ 100,
CONT INUE :
IS THERE ANY PENAMTY FCR OBSTACLE AVOILANCE
€0 32548 I=1,NIB

256

PAGE A-83




k=-2058, VOLUNE I ' PAGE A-84
APPENDIX A -~ LASTING CF FROIGRAMN NRMM v

IFLADT (I} JNE4 PAV(I}) GC TO 3269

3250 CONT INVE
NEVERD = 2
3260 CONT INUE
RETURN
END
SUBROUTINE Iv2
+ (CL +CAREA ,CRAF¥ ,FORBD ,GRADE , IFLOAT ,10BS  ,IST
¢ JITUT  ,JPST  NGGCHD +NGFF o NWR  ,PWTE  ,SRFV  ,VSEL
+ sVSS ) WO JWDPTH- ,WDTH  ,WRAT  ,WRAT1O ,WRFORD )
C
C -—--‘---'!--"!-"--F-QQP“‘Q---- :
C LAND/MARSH OPERATING FACTGRS
C - - ---v}---—‘-—-_--wﬂl‘-‘ﬂ'--"-r-
c .
C 1. VARIABLE DECLARATICA
REAL SRFV  {9b
REAL WDPTH {24}
| KEAL WRAT (240
c 3. ALGCRITHM
C A. SET OPERATION TY&E
NOGOWD = @

IF(ITUY .EQ. 1) &C TC 3218
IF(IST  JEQs 4) GC TO 3810
GO TO 3828
c 1, DRY LAND GPEFATICN
38123 CONTINUE
IFLOATY
WRAT IO 1.8
DAREA d.0
GC TO ¢14¢9
C ' 2. MARSH GPERATIGN
2824 CONTINUE
1CBS l
GRADE 6.2
IFd WD «LE. FORDD) GO TO 3840
C A. WATER TG CEEP TC€ FORD
IF(CRAFT WNEs B.8) GO TO 343¢
C 1. WATER T8 DEEP FOR GPERATIGN
NOGOWD = 4
VSEL % 0.0
RETURN
C 2. VEHICLE FULLY FLOATING
3836 CONTINUE
IFLCAT = © -
VSEL % VSS#SRFV(2)
RETURN'
C B. VEHICLE LS FCRDING
3¥40 CONT INUE
IFLOAT = 1
IF{WD 6GT. WOPTH{1)) GC TQ 3050
WRATLC A 1.4+#WD%*( WRAT{1d~1,0 »/WDPTH{1)

2

H#wnan
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3¢

[

307
3088

38949

2148

2i1@

31280

* e e

GC TC 34d9¢
CONTINUE
D0 3882 N=24NWR
IF(WD +8Y«+ WOPTHINI) GO TO 3879

PAGE A-85

WRATA8 = WRATIN-13e{WRAT (NI ~dRATIN=-101 2
+ (WD=-HWCPTHIN=1))/{ WDPTHINI=WOPTHIN=11)

GG V8 34950
CCNTINUE
CONTINUE -

WRATIO = WRAT{NWRI+(WRFORD-WRAT{N4R})*
t (WO-WEPTH{(NWRII/{FCRLE~WDPTE(NWRI}

CONT I NUE .
CAREA = Z40PWTE*WD

IF{wD .6T. CLY DAREA=wDTH®{WD~-CLI*2.0*PHWTE®CL

CONTINUE -

B« TIRE PRESSURE EINBEX
IF(NOPP .NE. 8) 60 TO <2119

JPSI = 2
TF{3IST .EQ. 1% JPSI =1
IF(IST oECe 34 JFPST =1
IF(IST .EC. 4» JPSI = 1
IF{IST .EC. 6% JFSI =1
GO TO 3122
CONTINUE
JPSI = NOFP
CONT INUE
RETURN
END
SUBROQUTINE IV3
{CHARLN ,CT . L COHES LCPFFG oCLAW » GONPB
+GCA 018 010 - LIP 2IST »JPSI
+NPAD oNSLIP oNVEF  ,NWHL sRCI +RTOWPB

s TANPHI »TRAKLN o TRAKUC (NCIFG VCIMUK oWGHT

- gn gy av --—’-"’--'--pq'-”q-p---—--

PULL AND RESESTANCE CCEFFICIENTS

AT LTI PR PR L T L T TR

1. VARIABLE DECLARATICN

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
ReAL

B
CHARLN (28s3)
CI

COHES

CPFFG (2@d¢3)
0

DIAW (2@
0OWCO

DOWCS

OOWPB (221
DOWS

ORAT.  (2@3y3)
G

258
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31692

4.

VCLUPNME |

{23,3)

(28}
{2d3
(2@

(244

(zdy
4249

(28
e

{2

)
(2@
{2dy3)
t2a)

(<}

PE

16 3149
T€ 3640
16 37¢0
1€ 3804
‘T8 3189

REAL GAMMA
REAL GCA
INTEGER 1
INTEGER 1B
INTEGER 1D
INTEGER 1P
INTEGER  IST
INTEGER  JPSI
INTEGER  KIV3
INTEGEK  LUNI
INTEGER  NAMBLY
INTEGER  NPAD
INTEGER  NSLIP
INTEGEK  NVEH
INTEGER  NWHL
KEAL PID
REAL PIT
REAL RCI
REAL RCIG
REAL RCIS
REAL RCIX
REAL RT

REAL RTOWPB
REAL RTOWT
REAL SECTW
REAL TANPHI
REAL TOWMAX
REAL TRAKLN
REAL TRAKWO
REAL VCIFG
REAL VCIMU K
REAL W

REAL WGHT
REAL WRATIC
REAL XK |
REAL XKDEL T
REAL XN

REAL XNVEH
REAL ZSNGW
DETERMINE SOIL TY
1F(IST .EQ. 1) GG
IR IST LEQ. 2) GC
IF(IST .EQ. 3) GO
IF{IST .EQ. 43 GO
IF(IST .EQ. 6b GO
STGP 6

FINE GRAINED SOIL

CONTINUE

FULL AND RES IST.ANCE COEEFICIENTS

DO 3414 I=1,NAMBLY,L
RCIX=RCI-VCIFG{ 14uPSL)

IF(LIP(IY JEGQ. Id L4OR. {IB(IV .EC. 133 GO TO 3132

RTOWPB{I) =

L«
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DOwWPB (1) = £40
CALL FGSTR |
DIAW {
» DRAT { JPST ¥
o IB (
1P {
+NVEH ¢
o NWHL {
RCI
+RTCGWT ¢
+SECTW |
s WGHT {
e WP ATIC
s LUN1 )
GC 10O 34le
3132 CONTINUE
IFENSLIP JNE. U) GO TG 3134
CALL FGSPC
CPFFG ( 3 4, JPSI b
oD .
+NVEH {3
#RCIX )
DOWPB{ 1}=L
CALL FGSPR {
CPFEG o
¢ NVEH
+RCIX
yRTOWPE
CALL FGSTR
DIAW
2 DRAT
0+ 1B
s 1P
¢» NVEH
» NWHL
s RCT
+RTOWT
'SECTH
¢ WGHT
¢WRATI(
+LUNY b
GO TO 3414
3134 CONT INUE
IFINVEH(TI) LEC. ¥ GO TO 3396
c A. TRACKEL SLEFPERY ROUTINE
RCIQ 2da 0
O0WCOo $e55
IFL RCIX 46T, 20.0 3 GO TU 3168
CALL FGSPC {
+ CPFFG (€ 1 , JPSI 1}
oD
* » NV EH {1

. e G PN e
- g N

. -
”» o

LR I B 2R AR O O B R

-

+ *r +t -

JPSI O

o-—

* 4+ e+

JPsSli )

_— e s B gu, e
B P o s fos B e P e

PN
[V
L _J

4+ * et T r e

»
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‘3168

3174

3182

31949

3198

2296

3214

3222
3224

VOLUNE !
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+sRCIX )
DCW FB{ 14=D
CALL FGSPR

CPFFG {4 1 4 J4PSI »
sNVEH { 1)
2 RC IX
+RTGWPE ( 1 B )
CALL FGITR W
DIAW
2DRAY
»1I8B
o AP
oNVEH
o NWHL
+RC1
s RTCWT
»SECTHW
s HWGHET -
+LUNL D
GO TO 3414
CONT INUE .
IF{IST .NEs 6¥ GC TO 3224
IFINSLAE JNE« 1) GG TQ 3182
OCWC3 = Q. ;
‘RCIS = = 284 .9
GO Tg 3252
IF{NSLAR NEs 20 GG TQ 3198
COnWCs = Be3
RCIS = 154.8
GO Tg 3252
IFINSLAE «NE. 3) GC TO 3198
COWCY = a3
RCLS = 2€6.4
GO T8 3252
IFCNSLAE JNE. 43 GC TO 3206
COWCY = el
RCLS = 2080.6
GO 19 3252
IFINSLAE JNE. 5) GG TGO 3214
LOWCS = Bl

JPST )

PN S P
u‘h;nhqncw
- e e e o

. -
- e

RCIS . = 3d0.9
GO TO 3252 ‘
IF{NSLIR «NE. 6) GC TO 3222
COWCS =  9.15
RCIS = 508.0
GO T@ 3252
STOP 7
CONT INUE

IFUIST oNE, 1) GC TO 3251
RCIS = 100.0
IFINSLIR «NE. 1) GC TQ 3239
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COWCS = Ba45
6O T8 3252
3234 IFINSLUIE «NEs 2) GO TO 3234
COWLS = 4.3
GO TG 3252
3234 IF{NSLIF «NE, 30 GC TO 3238
CCWCS = 0.2
GO Y8 3252 -
3238 IFEASLIE oNEe 4) GC TG 3342
. COWCS = d.1
GC 1@ 3252 .
3242 , IF(NSLI® «NE. 51 GO TO 3246
COWCS = g1
GO TB 3252
3246 JF(NSLIE «oNE. 6) GC TO 3250
COWCS = B.15
GC TG 3252
3258 STCF '
3¢51 CONT LNUE
STCF 18

3252 LF{ RCIX .GE. RCIS ) GO TQ 3282

XN=ALOG23{ DOWCO/DGWCS ) /7ALOGLIY{ RCIS/RCID )

XK=0CW SRRCES*oXN

DOWS=XK4L(1s/RCIXDI@EXN)

IF{ NPAB{I) &EC. @ ) GO TO 3274
COWPBL3V=DCWS
CALL FGSPR (

CPF&B L 1 ,
+NVEH. (L 1)
RTCHPB £ 1 ) )
CALL FGSTR

D1 AN
+DRAY.
218
o1P
+NVED
o NWEFE
sRC:I
+RT T
s SECTIN
2 WGHT

yWRATILC
+LUNLD
GO TA 3414

3274 CCATINUE

CALL FCSPC {4

CPFFG { I , JPSI )

+0

o NVEH { 1)

sRCIX ¥

DOWPB( 1422 .,54( D*DCWS ¥

262
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GO TO 3414
3282 IF{NPADII} .EC. 2} GO TO 329¢
DQawW FBL 13 =DCWCS
CALL FGSPR A

CPFFG ¢ 1 , JPSI )
+NVEH (11
v RCIX :
+RTCWPE L 1 & ]

CALL FEGSTR {

DIAwW 4
+DRAT {
218 {
1P A

{
4

+ @+ v+

JPST )

P e Wy g

+NVER

o NWHL
+RCI
+RTCKT
+SECTW
1 WGHT
yWRATILC
sLUNL D

. GO TO 3414

2296 CONT INUE _

CALL FGSPC «

CPFEG { . 4 JPSI )
D :
o NVEH { 4
+RCIX &

DOWPB{ IV =L 45¢( D*DOWS )

CALL FGS®F (

CPFFG { % 4 JPSI

"oNVEH {3 )
yRCIX :
+RTCWPB A § & )

CALL FGSTFR 4
DIAw =
+ DRAT {
2IB |

W IP {

i
{

[l R N e

— g,
Pt g guig
-

2R IR AR B AR AR I

*r e+

* T+

JPSI 1

s NVEH
e NWHL
'RCI
JRTONT (2
+SECTH ( 4
2 WGHT { €

+WRAT IC

s LUND)
GO TO 3414
3346 CONT INUE _
C B. WRHEELED SLIPFERY ROUTINE ,
XKDELT={ ORAT#I, JPSI)/0.4 1-9.375
RCIO=18480 '

G e i o
g P

L B B L R B BN B R
a*
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DCWC0=0.4
{F{ RCIX .GTo 208 A GO TO 3324
RCIX=RCIX=2.9
CALL FGSPC
CPFFG £ 1 4 JPSI
D ,
+NVEH ({ 1)
sRCEX
DOWPBl{IM=C
CALL FGSPF {
CPFFG ( 1 , JPSI )
s NVER ~ ( 4
+RCIX
+RTCHWPB ({ &) )
CALL FGSTER |
D1AW 1
" oDRAT ¢
» 1B ¢
o kP {
s NVEH {
{
i
A
{

* T+ +

¢ + 5

JPSI

Ganf Bent gy et gy et
- e wr w8 o

s NWhL

sRCI’

o RT CWT

o SECTHW

' WGhT

yWRATIC

“oLUNMNLY
GO TO 3414
3524 CONTINUE
IFLIST .NE. €) GC TQ 3378

IF(NSLIP .NE. 1) GO TO 3828

DOWCS & .35

+ T rE P TErPTELEPEYLTEYT
Mf—‘
-

3338

3346

3354

3362

3376

RCIS
GC TG
IF(NSL IP
DOwWCS
RCIS
GC TG
IF(NSL IP
COwWCs
RCIS
GG TG
IF(NSL IP
DOWCS
RCIS
GG TC
LFINSL IP
DOWCS
RCiS
GG TG
IF(NSL IP
Cawcs

32394

«hEs 2) GO TO 3346
A Ba25¢XKCELT

3 154.0

3394

+kEs 3} GO TO 3354

A Ba 2¢XKOELT

4 20448

3394

.KE. %) GO TO 3362
A @+ 15¢XKCELT

4 1590.2

3394

«MEe 5% GO TO 3370
4 Ba15¢XKCELT

4 1500

3394

<hE. 5) GO Tg 3376
2 .15
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RCIS. % 108.0
68 TQO 32394 '
3376 STGP 11
33178 CONT INUE
RC1S=8044
FF{NSLIP JNE. 1) G0 TGO 3386
O0WCS=3.3
GO TO 3394
3386 TFENSLIP oNE. 4) GO TO 3392
DOWCS=0.1+XKDELT
GO TO 3394
3392 CONTINUE
DOWCS = 0.2
3394 CONTINUE
IF{RCIX .GE. ACISH GC TO 3408 )
XN=ALOGLdd DCWCO/DOWCS 3/7ALOGIE{ RCES/RCIO
XK=DCWLS=RCIS*w XN
DOWPB{ Ii=XK/l RCIX®&XN )
CALL ECSPR {
CPFFG {
s NVEH {
s RCIX
_ +RTCOWPE
CALL FCSTE
DI AW
2 DRAT
oIB
o 1P
+ NVEH
sNWEL
+RCI
+RTYCWT-
o SECTH
PWGET
»WRAT 1C
s LUNLD
GO TGO 3414
3408 CONTINUE ,
NCWPB{I) = DCHCS
CALL FGSPR |
CPFEG |
+ NVEH {
#RCIX
+RTOWPE
CALL FGSTK
DIAW
» DRAT.
0 1IB
o IP
» NVEH
e NWHL
+ RCY

1 ,JPSI ¥
1)
1

* % ¢ ¢

JPSI

By B e B ey R g,
Aty P g gt g

o Sy

L I R T T SO
Tt Bt

4PS1 )

* + e
e ks
-/ W

oy
C
-

JPSI )

e g e B S gn, e
O ar W wr®

e o G i My W

+ 4+ttt
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¢ SRTOKT 4 5 )
+ ' SECTW { &)
' S o
L4 yLUNE D
3414 CUNTINUE
GO 7O 3999
C 5. COARSE GRAINEC Sﬂll PULL AND RESISTANCE CDEFFICIENTS
3699 CONTINUE

G = Cl#*,80645/3,
00 3632 I?l)NAMBLle
TFINVEH({ 1) .EQs @) GC TG 3624
C A. WHEELELC BLEMENT ALGORLTHM
IF{(UP{I) LEQ. O) .OR. (IB{IV .EQ. B)) GO T3 36180
RYOWT{ 1A = de.

GO TO 3412
361¢ CONTENUE
W = WGHTHLM/FLOAT{NWHL(IM

PIT = Ge{ASECTWI DIS0IAW(I) ) #el 500l FLOAT (s e{ 1./ 3u))
# /0 We ((1.0-DRAT(I JPSIII®63,2)0(1.80SECTW{LI/DIAN(IND )
RTOWTII) = B.44=0.01%PIT
¢ eSURT( ((B.44=0.010F§TI®02140,00824PIT+0408 )
3612 CONTINUE
IF((IPIL) ,EQ. 8) ANC. (LBLI) <EQ. £) GO TO 3618
IFCID(IM .EQ. 1) GO VO 36l¢
B = SECTW(I)
W = WGHTL F)/FLOAT (NWHLUTH
GO TG 3616
3614 CONT INUE ®
B = 2.84SECTW(I)
W = 2.86WMGHT( 13/ FLOAT (NWHL (109
3610  CGNTINUE |
PIC = G4({BeDIAW(EIdo01,.5)
PIC = Ge{(B*DIAW{I))s®]1,5)
+ S(DRAT(L,JPSI)}/ (e (FLCAT(IV#2845))
DGWFB 33 = .53-445/({PECe3.T)
RTCWPB(E) = o 6-DOWPB(L)
GG TC 3630
3618 CONT ENUE
DOWPE (L) & 8.8
RTOMPBLI) & @49

M

GO TO 363¢
C Be TRACKEC ELEMENT ALGCRITHWM
362 CONTINUE

RTOWT{ I} = Y8
TF{LIP{Yd .ECqe 1d LANC. AIB(LF LEQ«s 1M GO TO 3621
WRITE(LUN1,1080)
1840 FORMAT {
*# /¢37TH THERE IS NG SCIU PULL AND RESISTANCE,
+ /437H ALGORITHM FCR TOWEL TRACKEC ELEMENTS)
sTCe
3621 CONTINUE
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PIT = B.6¢G+{ ATRAKWD(IVSTRAKLNAI I $o21,5 )
¢ JWGHT(I) /2. |
IF(PIT 4GT. 28+) 6O TG 3622
DOWPBATY = .121+.25824LOGLA{PITH

GO TC 3628
3622 IF(PIT .GTy 10443 GO TO 3624
DOWPBL I} = 2339+.109¢ALOGLUIPIT)
GO TO 3628
3624 , IF(PIT .6T4 1000.) GO TO 3626
DOWPBI I} = +481+.838%ALOGIG(PIT)
, GO TG 3628
3626 CONT INUE
| DOWPB (1) # 4595
3628 CCNTINUE
RTOWPB{L)L # .6 - COWMPBII) ¢ .B45
3638 CONTINUE -
GO TO 3999 )
C 6. MUSKEG PULL AND RESISTANCE COEFFICIENTS
3762 CONTINUE :

DO 3728 I=1,NAMBLY .4
CRCLX = RCI-VCIMUKI)
IF(RCIX .GT. -1@8.) 60 TO 3710

RT = 1. .
GO TD 3714 A
371¢ IF(RCIX GYTs 2.3 GG TO 3712
RT = le=o 606 SIRCIX+10 )
GO TO 3714
3712 CONT INUE
RT = 045+2.3875/06.5¢RCIX}
37i4 IF(LIP{I) LEC. €3 oCRe {IBLI) LEQ. @) GO TOD 3716
RTOWT (I} = g4
RTOWPB( L)Y = ERI
G0 T0 3728
3716 IFLLIPLIY JECe 1% oCRs (IB{I) <EQs 1)) GO TQO 3718
KTOWT{1}» = RI ' ’ o
RTOWPBIIY) = @4
DOWPBLI) = 448
68 TO 3728
3718 CONT INUE
RTOWT (b = KX
KTOWPBEI) = RE
3726 IF(RCIX +GTe =1E@+) 60 TO 3722
DOWPBL{ I}k = =140
GO0 TO 3728
3722 IF{RCIX .GT. de2) GO TG 3724
DCWPBI I} = =id#Bl1o{RCIX¢100a)
GO TO 37248

3724 IF

PAGE A=94

+ ((NVEH({L) JEQ. B3 ANB. (CPFFGUI,JPSI) LT. 4400} GO TO 3726

COWPB(1I1=0,353 T+ B22583%RCIX ,
+ ={{{13537¢.02258¢RC.IXV482. V-, 030718 RCIX V=& ,5)
GO0 TO 3728
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3726 COWFBI 1) =B.5464 +4+1891 #RC IX
+ = ({0(5666+.1390i%RCIXAP*2, d={ ,192¢RCIXDI*# ;5)
3726 CONTINUE . .
GG TO 3999 '
c 7. SHALLOW SNOW PULL AND RESISTANCE COEFFICIENTS
310 CONTINUE
XNV EH = Uo@

DO 3885 I=1,NAMBLY
XNVEH = FLOAT{ MNMEH{I)} }+XNVEH
3805 CONTINUE
DG 3828 1=1,NAMBLY.»1}
IFINVEH(-TY .EQ. @) GC TC 381«
RT = 104 (FLCATINWHL{I) ) oSECTW{IV/DIAW(LY)
+ ®(GAMMA®ZISNOW/CHARUNIS,JFST I/ XNVEH
IFCLIP(IY JECq 6) «COR. (IB{I) .EQ. Bi) GO TO 3819
RTCWT(I} = 0.
RTOWPB{1) = RT
60 TO 3813 :
3819 IF(LIPCIY .EC4 1) JCR. (IB(L) .EQ. 1)) GO TO 3812
RTOWT{ I} = RT
RTOWPB(I) & 0.
DOwWPB{ I} 35 Q.

GO TC 3822

3812 CONTINUE o
RTOWT. {1} = RT
RTOWPB (I} 3 RT

38,3 CONTINUE |
TOMMAX = TANPHI®COHES®GCA( 1,JPSIN

N SFLOAT(NWHL {12 ) /WGHT { 1)

OOWPB( i} = TGWMAX=RT .
GO YO 3a824

3814 CONT iNUE

RT = 5.0¢GAMMA*{ZSNCW/CHARLNGT g 3PS TI=015)
IFIRT «GE. U.0% 60 TQ 3815
RT = 8.9
3815 IFELTIPLIY LEC. 8% CR. {IB(I) oEQa G4) GO TO 3816
RTOWY (1) = 4.
RTOWPB{ I} = R1

GO TO 3819
3816 IF{(IP(I) LEC. 13 +OR. (IB(I) .EQ. 1K) GD TO 3818
RTOWY (1) = &F
RTOWPB(IY = B4
DOWPB (1) = @4
GO TQ 382¢
3818 CONT INUE
RTOWT { LY = RY
RTOWPB{I) = RT
3819 CONTINUE
TOWMAX = TANPEY+4COHES#*GCAL{I,JPSIY/MGHTL])
CONPBLI) = TCWMAX-RY
38c¢0 CONTINUE
3999 CONTINUE
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RETURN
END
SUBROUTINE Iv4
+ {(O0wWB s DOWP » LOWFEB  ,GOM +GCW B 2 GCHP yIB o IP .
+ oNAMBLY ,RTOWB L RTGWBB SRTCWNP JRTCGWP HRTOWPB ,RTOWT WGHTF )
C
C mwmmge en e ppprenndenygaefiejeosecanoso®ense
C SUMMED PULL AND RESLSTANCE CCEFFICIENTS
c - . i gy o 40 g O o > W ) W g A o o s G Wy -
C
c 1. VARTABLE DECLARATILCN
REAL OonWPE {24
INTEGEBER ig 2@
INT EGER. Ie {28
REAL RTCOWPB (243
REAL RTOWT {24
REAL WGHT {24}
C 3< ALGCRITHM
COWE = Be¥
DOWF = Jdod
RTOwB = dek
KTOWwP = 3.9
RTOWNSB = 0.0
KTOWNP = 3.0
DO 3054 I=1,NAMBLY
IF(GCWP .EQ. &eid GC TC 30180 _
RTOWP = RTGWEAFLCAT(IPII))#RTOWPBLAI®WGHTL 1) /GCWP
DCOwWP = COWFeFLOAT{IPLI NI ¢00OWPBL I)eWGHT {13/GCuP
36160 IFL{GCW=-GCWP) o EGs Bu8) GO TO 3820
RTOWNP = RTOWKPsFLOAT(1-IP(IN)
+ “RTIOWT{LI*WGHT{ IV /{GCu=GCWPI
3920 IFIGCWB EQe B4€) GC TC 3838
RTOWB = RTOMWBFLCAT{IB( IF)e«RTOWPB( I} *WGHT{ I} /GCwWB
DOWB = CCWRBMFLCATULIBLI ) }*COWPBI TV PWGHT{ IV/ GCWB
3230 IF((GCW=-GLWB) .El8e P.0) GO TO 308480
RTOWNDB = RTOWAEB¢FLOAT{1-18(10)
¢ *RTOWT L) #WGHT{ LI /4G CH=GCW P
3049 CONT INUE
3¥5¢ CONTINUE
RETURN
END
SUBROUTINE IV5 :
+ (ATF » AVGC » BTF . oD yCPFCCG 4 CPFCFG ,LTF + DAR EA
t JOOWP + EANG s ECF oFA o FB o FC s FORMX LGCWR
¢ JIFLOAT ,IST 2 ITUT 2 JPSI +LOCCIF oNAMBLY ,NFL +NGR
+ JNTRAV ,NVEH ¢t NVEHGC o NWHL +RALC + RTONP ,STRACT ,TFOR
+ oTHETA LTRACTF ,VFMAX LVG VGV » WOHT oWRATID LLUNL )
C
C Ceapee et cnrenrancceq® ofoeogee
c Suip MCDLFIEB TRACTIVE EFFORT
(  eccacneccccwessemea=as LR L PR
c
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3p0d

3uSY

3B64

1. VAKIABLE DECLARATLCN

REAL
REAL
REAL
REAL
REAL
REAL
KEAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
KEAL

ATF
BTF

CPFCCC
CPFCFEC

CTF
FA

FATEMF

FB8

FBTEMF

FC

FCTEMF

FORMX

FQUADS

£T EMP

FTEMPC

INTEGER NVEH
INT EGER NWHL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

STRACT

THETA

TRACTF

VF MAX
VG

VGTEMF

VGV

VQUADS

VTEMP

VTEMPC

WOHT

3. ALGCRITHM

FCC = @

CPFC = CPFCFG(JPST)

{24)

{ za)
4.3%
{3
{2d@)

{ 2de 3
(24 3)
‘:.m' 3 ’
{2893}

(2dy3)

{ 24439
{3)
{5

( 2dy5)
{2@+5)
{ o8}
{(2d)
{2de3,
{39
{2iss5)
{3
{283
€ 2de3,

[2895)

{5%

{28¢5)
{ ide5)

{24}

3)

3
3)

IF (LST .EQe 2) CPFC=CRFCCGL JPSIY

IF (ISYT .€Q. 4) GO TO 39060

PAGE A-97

CALL TFGRCF(CF:CPFC‘DChP'GCHPolSTnNFLoNVEHCcRTG&P.TFOR LUNED

CO 360¢

K=1+NTRAV

COSXx = COS{THETA(KD}

IfF (IST +EQ. 4#)TFORI{(DCWP+RTOWPI*GCWPEWRATIO

NGl =
co

1

3060 NG=

1s AGR

FATEMPING K} % ATFING)
FBTEMP{ NG,K} 2 BTFING)
FCTEMPING,K? # CTFING)

0C 3859

VTEMP{NG,Ld =
FYEMP{ NG, L4 =

CONTINUE
L=1

L=145

DO 3060 L1=1,642

VGTEMP{NG Ao M) = VGVING,L1D

L=L+l

CONT INUE

VGVING, L}

. TRACTF(NG,L)

270



R-2958s VOLUME 1
APPENDIX A = LISTING CF FROGRAM NRMM

CO 3588 NG=1,AGR
IF( FTEMP(NG, 11*ECF 4LT. TFOR®COSX) GO TO 33028
IFCFTEMFINGsS#*ECF .LT. TFOR®COSX) GO TO 3200

188x AT TOP SPEED - IN GEAR

OO

NGl = NG1el
FCUNGy KA=0 .
FB{L NG. K3 = g
FAL NGy KA=TFUR®{0SX
00 31960 L=1,y:3
VGL MGyl yKI) = (o
- STRACTING,LsKI=FAING,K)
310¢ CONTINUE
GG TO 3548

198% SLIP AT CTHER THAN TQP SPEED

(aNaNel

3209 If (VIEMP{NGy5) «EQ. VTEMP{NGeld» GO TO 3260
FX = TFEReCOSX.
CALL VELFOR{FX, FATEMP,FBTEMP, FCTEMP,
v . FXgKy NGRoVX ,VFEMAX 4V 6T ENP)

168% SLAf

OO0

VIENMPI NG9 1) = VX

FTEMPINGel) = FX/ECF

XINT = OVTEMPING,53 = VTEMP{NG,1)) /4.

0O 3258  L=2,4
VTE&®I NG, L)
FTEMRING,L)

VIEMPINGsL=1) # XINT

RESET LGW POINT TO LCWEST SPEED THAT IS NOT

PAGE A-98

CTFINGI*VT EMP ING, L) OVTEMPING, L} +

+ BYFENGI*VTEMPING,L) # ATFING)

3250 CONTINUG
GC TC 2300

SPEEDS - EQUAL » LACREMENT ON FORCE

O e O

3264 FTENMPING, 1) TFOReCOSX
YINT {FTENPING, 1} - FTEMPING,5)) /4.

DO 338¢ k=2 ,4
FTYEMPING, LY = FTEMPINGoL-1} = YINT

3389 CONT INUE

[ ]

COMPUTE SLIP FGR ALL PCENTS IN GEAR

oy O

3548 DG 3440 L3145
VX = VTEMPUNG,L)
FX = FTEMPSAGL) ¢ECF
FSL = FX/LE6SX#WRATIC
YX = FSL/GCWP - (F
IF (EST <EC. 4)VX=FX/TFOR
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CALL SUIP(CPFCy ISToLCCCIF ¢NFLyNVEHC,SLIPX,YX)
VTEMPOUINGeLd = VX&{1l.~SLIPX}

WORAG = &5%,8¢111%CO®DAREA*VTEMPO(NG, L)#52 .
IF(ITUT .NE¢ 14) GC TO 3394 '

¢ DRAG CORNERING RESISTANCE FGR TRAILS (WHEELED)

FCC = 3.
FE le = 7.495%(RACCA12.)*EANG
DO 3358 J=1,NAMBLY
IF{NVEH{ 1) .LT. 1) GO TO 3358
F1 = ((WGHT{I)%COSXaVT EMPO(NG,L)®#2)/
+ (111.19RALCIMO( 12.7/17.6/17. 6)
FCGC = {{FESF10F1 )}/ (FLOATANWHL (1) VSAVGCID®
. «75/(TFOR/GCWP) & FCC
3350 CONT INUE
3390 FTENMPOLNG, L)
3480 CONTINUE

FX - FLOAT(1FLOAT)#WODRAG - FCC

COMPUTE NEW CGEFFICIENTS

la¥NeRel

IFCING oNEa 1) oCR.
+ {FTEMPINGE) NE. FTEMPING,5))) GO TO 3410
FAING, K} ATFANG) .
FBING, K} BYTFING)
FCING,Kd) = CTFING)
GO TO 3413¢
3410 D0 3429 L=1,5 .
FQUALSILY 5 FTEMPC(NG,LY
VQUADS (L) 3 VTEMPCING,LY .
342y CONTINUE
CALL QUACLS{VCUADS,FCUADS5,A,B,C?
FAING,K) A :
FB{NG,K} 8
FCING,K) c
34382 L =1
DO 3450 Ll=1e542
VOING, LK} = VTEMFOING,L1)
STRACT(NGolioKY = FCANG,KISVGINGs Ly K) *VGINGyL,K} ¢
+ ~ FBING,KI®VGING,Le K + FAING,K)
L= Lel
3454 CONT INUE
3528 CONTINUE
VFMAX{K}
FORMX{ K)
3648 CONTINUE
RETURN
END
SUBROUTINE LVé ,
t {FAT s FAT1 o FMT o NI 2 PBHT +SD s SOL +TDEN
+ JWDTH )

L]

VCINGCay1,KD
STRACF(NG1,1,k)
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RESISTANCE DUE TC VEGETATICN

LR T TR T T L Y R T R R o Yy Y

1. VARIABLE DECLARATION

alaNeoNaEal gl

REAL FAT {53
REAL FAT1 (s
REAL FMY {53
REAL sSD {9}
REAL SDL {5
REAL TDEN {5
REAL TFAT {93
C 3. ALGCRATHM
FAT {1}
FATHH 1)
FMT (1)
TFAT{1)
0O 39830 i
IFITDEN(I)Y .EC. #.0) 6C TO 3028

FATI1{1¢1l) = L5b./5.83SDLAT1N&03,

FMT (Ie1) A48 .~PBHT/24 )#SOLL1)*53,

TFAT{I¢1) = 248

DO 3016 K=1,1

rotas

.- s 0
Zuauas s

ity

TFAT(I¢1) 5 TFAT{1+1)¢TDEN(KI®*134,0¢5D(K)*e3

3618 CONTINUE
FAT (I1#1) = 13.*TFAT{1¢]1)ewDTH
60 TO 303¢
3% 28 CONT INUE
FAT1(Iel)
FMT (Ie¢1)
FAT {1e+1)
363¢Y CONTINUE
RETLURN
END
SUBROUTINE 1v7
+ [FMT e GLW

0.0
20
FATASY

L]

» IMPACT ,MAXI oNI » PBF )

LR L PR P R e 2 Y Y Y LU L L Ty ] - D s - - - -

CRIVER-DEPENDENT VEHICKE VEGETATICN @VERRIDE CHECK

- P oy - - o Wil e e w0 P g @ g ) P - - g -

OO O

1. VARTABLE DECLARATICX
REAL FMY d 54
REAL IMPACT ()
C 3. ALGCRITHM
NIl = NI#)
DU 3840 I=1.NI1
IMPACT(I) = @
IFCFMT{IV JLLEs FBF) GO TO 3210
IMPALT (3} = 1
3414 IFC(FMTIIVN/GCHWY 44E. 2.3 GO TO 3g¢28
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IMPACT(I) = INPACT(Id+2.

5929 IFLIMPACT(I) 4NE. 8.0 GO TO 3238
MAXI = I .
3039 CONT INUE
3¢49 CONTINUE
RETURN
END

SUBRGUTINE 1vs8

+ (FATY +FAT1 2 CChw s GCWAP  ,GCWP » MAKI » NTRAV

+ ,RTOWF ,LSTR s THETA LTRESIS ,WRATIO )

------- amegreaeecsopeefacgemoaosene s

TOTAL RESISTANCE BETWEEN CBSTACLES

----------- R L L P T s P ¥

OOCOOOO0O

1o VARIABLE DECLARATLCHN
REAL FAT (954
REAL FAT1 (27
RFAL STR { 349)
REAL THETA (33
REAL TRESIS (3¢9i
C 3. ALGCRITHM
CO 3320 K=1, hTRAV
CuMMY = GCH#SIB(IHETA(Kli
¢ ¢+{RTOWPEGCHP tRTOWNPOCTWAP Y& GCSATHET A(KI $oWRAT IO
CO 3210 I=1,MAX1 |
TRESIS(Ko1) = DUMNY ¢FAT (1)
STR (K, IV = DUMNY+FAT1(I)
3013 . CONTINUE
30 28 CONTENUE
RETLRN
END
SUBROUTINE IV9
+ {FA +FB ' FC o FORMX  oMAXE » NGR s NI
+ ,TRESIS ,VFMAX L, VG VSCIL )

...... o wwecancncpoangWiinpraqeonvcencesvcenseaevea

SPEED LIMITED BY RESISTANCE BETWEEN OBSTACLES

P e el T L L T T R L T X Y Y e gupmanee

GOOOOO

1. VARIABLE DECLARATILCN
REAL FA (28¢3)
REAL FB {28-3)
REAL FC (zd, 3)
REAL FORMX (3%
REAL TRESIS {(349)
REAL VFFAX {3}
REAL VG { 2803439
‘ REAL VSOIL { 3,9}

C 3. ALGCRITHM

M2 = MAXI

DO 3239 I=1,M2
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CALL VELFOR '
¢ {TRESIS{1,1),FA,FB,FCsFCRMX,1, NGR,VSOIL:l.!t,VFHAx.VGs
IFIVSOLL(1,1I) ..M 2.89 GO TO 3010
MAXI = I }
3019 IF(NTRAV .EQ. 13 GO VO 3924
CALL VELFCR
¢ {TRESIS{2s1),FAgFBoFCHFCRMX 32 ¢NGR,VSOTLE2,y I8, VFMAXyVG)
CALL VELFGCR
¢ (TRESIS{3 1) ,FAQFEy)FCAFORMX 93 ,NGRyVSOIL( 3, LY, VFMAX,VG)
3920 CONT INUE '

5838 - CONTINUE
M1 = MAX]edl
M2 = NI ¢l

DG 3858 I=M1,M2
VSOTIL{l,1) = deg
IFINTRAV .EQ. 1} GC TO 3040
VSCIL{2,1F = R.0
VSCILI{3,1) = 4B

3p4d CONT INUE
3656 CONTINUE
RETURN
END

SUBROUTINE 1V1d
+ [ACTRMS LLAC 2 MAX LER o RMS 2 VRIOD ¢ VRIDE )

C
C s ereprecerecceqepaeforenncacas o
C SPEED LIMITED BY SURFAQE KCUGHNESS
C - g o o o B 32w o i Y o o e w0 e oy
C
C 1o VARIABLE DECLARATICN
REAL RMS {2a
REAL VRIBE {<dy3)
C 3. ALGCRITHM
DG 3020 NR=2,MAXIPR
IF{ACTRMS .GE. RNS{NRYY GO TO 3010
VRID = VRIDEA(NR=1,LACI+{ ACTRMS~RMSI{NR~1})
+ &(VRICEINR,LACI-VRIDEGMR=1,LACI I/ {RMSANRI-RMS{NR=-1))
GC 7O 30634
3919 CONT INUE
362¢ CONTINUE »
VRIL = VRIDEC(MAXIPER4LAC)
36 39 CONTINUE
RETURN
END
SUBROUTINE IVil
+ [ DOWB ¢ GCW o GCWE +GCWNB 5 NOGOBF NTRAV SRIOWB
+ ZTBF y THETA L, WRATED ,XBR )
C
C TOTAL BRAKING FCRCE - SCIL/SLOPE/VEHICLE
C el Y s DO S L EL LR oD 22 R IR LT Sl
C
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c 1. VARTABLE CECLARATICN
REAL THETA {34
REAL TBF (3
c 3. ALGCRITHM

X1 = (RTOWB*GCWE+RTGWNB*GCWNBISWRATIO
X = {(DCWB¢#RTOWBI*CCWB*WRATIC
TBF {1} = GCH*SIN(TFET‘(I"*HRATIO*XI‘CUS(THETAII‘l
+ +AMINI{ XBR,X2*CCS{THETAL1I )
IF(NTRAV .NE. i) GC TO 302¢
IF(TBF{1) .GE. £40) GO T0O 3010
NOGOBF = ¢
GO TO 4908
3¢14 CONT INUE
NOGOBF = 1
GG TC 4ve0
38240 CONTINUE
TBF (2) = X1+¢AMINI{XBR,X21
THF{3) = GCWeSINTHETA(3IIIOWRATIGCeX1#COS{THETAL3))
+ ®AMINI{XBR,X2*COSATHETLA(3)))
IF{TBF{3) .GE. 2.00 GG TO 3239
NOGGBF = 1
GO TC 4049
3034 CONTINUE
NOGCBF = @
4o CONTINUE
RETLRN
END
SUBROUTINE IVl
¢t {BFMX ¢+ DCLMAX ,GCHW oNTRAV  ,SFTYPC ,TBF )

- W W W - - - - = - "«O------ﬂ-------q--"---—--

NAXIMUN BRAKING FCRCE = SCIL/SLOPE/VEHICLE/DRIVER

- — - - - - - meramopoepgefqgqeonvepacepeepREeRnEeeane®ee

OO

le VARIABLE DECLARATICA
REAL BFMX i3
REAL TBF {3
c 3. ALGCRITHM
BFMX{1) = AMIN] (DCLNAX®GCW o TEF(LKaSFTYPC/100.)
IF(NTRAV LEQ. 1) GC TC 38210
BFMX(€2)} AMINIADCLMAX®GCW o TBF(2)*SFTYPC/1008.)
BFMX{ 39 AMINLIBCLMAXSGCW 4 TBF{30&SFTYPC/108.)
3ulB CONTINUE
KET LRN
END
SUBROQUTINE V13
+* ‘BFMK ’EYEHGT 'GC“ 3NT5AV 'RD pREACI .VELV ,VIS"NV 3}

e R TR PR TR T -mm g S o oy

SPEEDC LIMITEO BY VISIEALETY

R AP Am TS AR D D AR Y D WD T G WD Wh WP G g G0 W o

OSSO0
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C 1. VARIABLE DECLARATICN
REAL BFMX (33
REAL VELV {33
C 3. ALGCRITHM

00 3838 K=1,NTRAV
IF(BFMX{K) CT, .08 GC TGO 30190
VELV(K) = @.¢ '
GO TO 383¢ -
3619 CONT INUE
RECOD
£CC
C

RO+EY EHGT /68 .
BFMX{ K}2#385.9/GCW
({REACT®ACCI®#2)+2,0%RECD® ACC
C ACCSRESCT
VELV(K} = ={C=-SCRT{DI}
IF{VELV(K) .GE. WISMNV) GO TO 3928
VELVIK) = VESMNY
3020 CONT INUE
3030 CONTINUE
RETURN
END
SUBROUTINE IV14
¢ {JPST NI oNTRAM SNVEKC oVELV  ,VRID oVSOIL »VTIRE
+ LVTT ) |

P Y L.t L L T P T Py LR L R L P P P L LR L P PR T L L T

SELECTED SPEED BETWEEN OBSTACLES LIMITED BY, VISIBILITY,
RILDE, YIRFS, AND SOTIL/SLGPE/VEGET ATION RESISTANCE.

L LR L Y L L e L) --‘-’--Q----‘p ey e w gy ol w2y > =

OO0

1. VARIABLE DECLARATICN.
REAL VELV  {3d
REAL VSCIL (349}
REAL VIIRE {38
REAL VTT £349)
C 3. ALGCRITHM ,
NE1 = NI+l
DO 3038 K=1,NTRAV
LO 3429 I=1,AL1
V1 = 99¢VSOILLK 10
IF(NVEHC .EQ. =1} GO TO 3018
VITIK, 1) = -
+ AMINL{VTTIRE(JPSI), Vlie VRIO, VELV(K)b
GO TO 382¢
3019 CONTINUE
VTT(K, I = '
¢ AMIN1{V1, VRID, VELVE#I}
3020 CONTINUE
3438 CONTINUE
RETURN
END
SUBKOUTINE IV15 |
+ (ADT NI~ ,NTRA¥M ~ ,NVEHC ,PAV »VAVOID ,VBO JVIT D
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------------------ ”“’\.f b AR X L LR DL L L Ll L T

MuXIMUP SPEED BETHEEN ANC ARQUND CBSTACLES

- D an 4P D D A @ B G T SR 4D O Y D - o

oo

1. VARIABLE DECLARATICN
REAL ADT (93
KEAL PAV  (5d
REAL VAVCIOD {349}
REAL VBO (3490
REAL VIT ([ 349)
c 3. ALGCRITHM
NT1 = NI+l
DG 3288 K=1,NTRAV
CO 3198 I=1,ML1
VBO(K, ) =VTT (K I3
VAVGID(K, Ib=VETUK, IV
IFIVTTIK, 1} .BGs @.) GO TO 3194
IFINVEHC .EC. 1 GO TO 3260

A, TRACKED VEHICEE ROUTINE FOR MANEUVERING ARJUND
AND BETWEEN (CBSTACLES

OO0

LF{PAV{I) oLE. 3.) GO TO 3¢30
IF(PAV(I) GE. 7.0 GO TO 3¢18
SNG=A839293-VITI(KyILhi/ba)®*PAVI])
+ #{7.0VTT Ky 1)=3.0392.93V/4.
VBCl Ke1l= ANINI‘SMG,VTT‘K,!)&
GG YC 3938
3p1¢ IFCFAVA 1) 6T, 52.5) GO TO 3020
VBGAK I )= AMINL (SMG,VTTIK, I})
GG TG 3838
302¢ VBOUKy [4=04
363w IF(ADT(L} JLE. 3.} GO TC 3190
IFLADTER) GE. 74) GO TO 38448
SMG=L {39293 -VTTIKoLAL/4)#ADTL])
+ *{T72VTTUKgIM=3,2392,93)/4.
' VAV CEDL Ko JI=AMINLESMGVITIK, 1))
€O TO 3190
T3] IF{ADT{E) «6T . 52.5) GO TO 3059
SMG=A53 ¢15-8.6@3¢ADT (I}
VAVCED{ Ky I V=AMINI{SMG,VTT(K, 1)}
GO 10 3199
3658 VAVCID{Ke I V=0,
GO T0 3198

C

C B. WHEELED VEHICLE ROUTINE FCR MANEUVERING AROUND
C AND BETWEEN CBSTACLES
C
3

g6 IFIPAV(L) .LEs 3.) GO TO 3892
IF(PAV(I) 4GE. 7.4 GO TO 3272
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SMG={{48833=-NVTT(K,1J 4/42*PAVI(I)
+ #l7.¢VTT{KgId=3.4%45033 /4
 VBOL{K, {IA=AMINI{ SMGy VITIK, I}
GO TO :898
379 IFIPAVII), »,6T+ 41439 GC TO 3882 )
SMG=542411~13.112%PAV (I}
VBO{K,HaA=AMIN 1{ SMG, VTT{K, 1))

_ GG 7O 3899
3680 VBO(Ky I13=@,
3¥ed IF{ADT(I) .LEeq 3.F% GO TO 3198

EF{ADT{1) JGEs 7<) GO TO 3108
SMG‘((4&0¢33°VTT(K:I!II44)*ADT(I!
+ T eeVTT UKy T h=34%458. 330 /4.
VAVGIDAK JI=AMINI(SMGaVTITLAK ¢ 1)
GG TG 31%49 :
3160 IF(ACT (I} 46T, 41.3) GO TO 3118
"SMG=542411=13.112¢A0T( 13
VAVCIDAK, II=AMINLLISMG JMTTUK I}

GC TG 3194
3118 VAVOLD(K.I&—Q.
319¢ CONTINUE
3208 CONTINUE
KETURN
END

SUBROUTINE V16 .
+ (AVALS ,L,CLEAR ,FL{M. »FOMMAX , FOO s FOBMAX ,HOVALS ,NANE
+ (NEVERO ,NOHGT LNWOTH ,0BAA sUBH 2OBMINW LWVALS )

C
C - e s o - "y - > g - . » .'.Nﬂ"*"'f'- .'."“1-!'--_---’--‘.-
C UBSTACLE OVERRIDE INTERFERENCE ANC RESISFANCE
C o S > U 90y G 20 A e A W = = P 4 P o o W
C |
C 1. VAR JABLE DECLARATELCN

REAL AVALS  (14d

REAL CLEAR 4 3414,5)

REAL CLR

REAL FOM

REAL FOMMA X

REAL FOU  12414,5)

REAL FOOMAX (7ddéy5)

REAL HOVALS {7}

INTEGER 1 o

INTEGER  II

INTEGER  J

INTEGER  JJ

INTEGER K

INTEGER KK

INTEGEK N

INTEGER NANG
INT EGER NEVERC
INTEGER NOHGT
INTEGER NWLCTH
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KEAL OBAA
REAL OBH
REAL OBMINW
REAL WVALS {54
C 3. ALGCRITHM . ‘
IFINEVERO .EQe @) GE TO0 3810
FOM = ke
FOMMAX = @.0
GO TC 315¢
3010 CONTINUE 7 :
IF{ (NOHGT .NE. 1) «4ND. {CBH .GT. HOVALS{13)) GO TG 3420
I =1
I1 =1
GO TO 3859
30249 CONTINUE
BC 383¢ N=2,NOHCT
IF{OBH oLE. FCVARSINI) GO TC 3040
3938 CONTINUE
' T = NOHGY
I1 = NOHGT
60 10 3@549
3w4d CONTINUE
T = N-1
II =N
3054 CONTINUE
IF{ (NANG NE. 1) <ANC. (OBAA 6T, AVALS{1)d} GO TO 39690
J =1
JJ =1
GO TO 309¢
3069 CONTINUE
00 3873 N=2,NANG
IF(DBAA .LE. AVALSI{N}) GO TQ 3888
3072 CONTYINUE
J = NANG
Jd = NANG
GO TO 30989
3489 CONTINUE
J = N-]
Jd = N
389¢ IF{{NWOTH NE. 1) JAND. (CBMIN®W +GT¢ WVALS{1)}) GO YO 3104
K =1 '
KK = 1
CO 70 3139
3100 CONTINUE
DC 3118 NaZ,NwDTH
IF(OBMINW .LE. MWALSINY)} GO TC 312¢
3119 CONTVINUE
K = NWDThH
KK = NWDTH
GO 7O 3138
3129 CONTINVE
K = N=l}
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3133

31490

3159

OO0

3v16
5424

3439

3048

KK = N
CONTINUE
CALL D3LINC
+ {CLR +CLEAR ,1 W11 . '
+ 9 Jd oK » KK oHOVALS LAVIALS
+ JWVALS ,QBH 2 CBAZ +OBMINK )
IFICLR «GEe. £.8) GC JO 3140
NEVERG = 3
G0 TG 3158
CONTINUE
CALL D3LINC
+ (FOMMAX L, FOOMAX ,1 11 o4
9 Jdd 2 K s KK yHOVALS ,AVALS
* SWVALS 9 OBH + CBAA +OBMINW )
CALL D3LINC
¢+ {(FCM » FOO o + 11 od
+ ,JdJd oK 2 KK sHOVALS 4 AVALS
+ JWVALS LOBH » CBAA +OBMINW )
CONTINUE
RETURN
END
SUBRQUTINE 1IV17 .
+ (HVALS ,NEVERG , AHVAXS ,NSVALS ,0OBNW » UBSE s SVALS ,TL
+ 4, VOLA ¢+ VOUOB +»VCCES JMA D
--,--'0—'-o--mrg-,..-i----n—rw-t“'!-b-*---------j-------—-'s
DRIVER~DEPENDENT VEHICRE SPEEL QGVER OBSTACLES
Temete cnpepens cesacansiietereccecpecqedyens era
1< VARIABLE DECLARATICN.
REAL HVALS (2%)
REAL SVALS {25}%
REAL voo8  { <5k
REAL vi0B8S (53
3+ ALGORILITHM
VOLA = .0 o
IFl NEVERO .NE. @ 3 GOIU 3090

IF({OBSE-WA} JLT, TLV GC TO 3939
DO 3620 NH=2,NHVALS
IF{OBH 4GT4 HVALSINHM) GO TO 3018
VOLAB = VGCBUNH=1h#{OBH-HVALSINH~1))
+ #(VCOBINH)I=VOOB(NK=1334{ HVALSINH)=HVALSENH=2) )
GO 10O 3838
CONTINUE
CONTINUE
VOLAB
CONTINUE
IFU{OBSE-WA) LT4 {246TLID GO TO 3240
VOLA = VOLAB
GO TO 3096
CONT INUE
LO 3268 NS=2,NSVALS

VCGBA MHVALS) |
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IF(OBSE .GT. SVALSENS)M GO TO 3050
VOLAS = VCEBSINS=1)#{ CBSE-SVALSINS=1))

¢+ 4{VOUBS (NSY=-VOOBS INS=51) /(SVALSENSI=-SVALS (NS-10) ‘
GG TO 3078
3952 CONTINUE
3u6@ CONT INUE
VOLAS = VOOBS{NSHALSH
307¢ CONT TNUE

IF((CBSE-WA} .LT4 TLY GC TO 3888
VOLA = AMINL4MGLAB,VOLAS)

GO TO 3099
308¢ CONT INUE
voLA = VOLAS
3u%8 CONTINUE
HET URN
END
SUBROQUTINE 1Ivils
+ (FA » FB s FC WFOM o FOMMAX o FORMX ,GCW 2JPS 3
+ ,MAXI +NEVERQ , AGR oNI sNTRAV  oNVEHC ,0BSE s PAV
+ sVRID o VSOTIL HVTIFRE LVXT oWA B
C
C ERE LR R L R L Bl L L £ L ER L L
C SPEED CNTO AND QFF GBS®EACLES
C e een ce e ce e ce e e cfen e
C .
C 1. VARJIABLE DECLARATICN
REAL FA (284310 ,
REAL FB 12843} _
REAL FC ( <y 3) .
REAL FORMX {3 '
REAL PAV {91
REAL TRESIS {349)
REAL VA {249
REAL VB0 (349%
REAL VELV (3}
KEAL VEMAX (3»
REAL VG {28:343)
REAL VSCIL {349}
REAL VTIRE I[3%
KEAL vTT H 3g9h
REAL VXT {343}
C 3. ALGCRITHM
NLi=NI+1
MAXTi=MAXI+] .
IF{NEVERD .EQe. vk GC TO 3L£3u
CO 30620 K=14NTR4V
DC 3016 1=1,4AB1
VBOI(K, I} = U
VA (Ko 1) = B4
VXT(K'I’ = @
3vla CONT INUE
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3624 CONT INUE

CO TO 315
3034 CONT INUE

IF{TL +LT. [CBSE#NA)) GC TO 309¢
C Ao MULTIPLE CBSTACLE RCUVINE

DO 3882 K=1,MERAV
00 3064 L=B,MAKI
RESTIST R TRESIS(K, I)+FOM
CALL VELFOFR
t (RESTSFyFAyFBy FCy FOR¥RGK yNGRy VSO ILAK y I hgV FMAX 4V G)
IFINVEFC LEQ. ~1) GC TO 3840
VITUK, 1) =
+ AMINI{VSOIL{K 1) 4 VRICSNELVEKI,VTIRE(JPSI),VOLAD
GC T8 3058
3640 CONTINUE
VIT{Ky3d =
+ AMINL{VSOLILIK o 1¥,VRIDHVELV(KI,VOLA)
36058 CONTINLE '
: VBO{K o da=VITd K, 1}
IF(VvBO4dw, k% EC. .0 GO T0O 3859
IF(NVEF@ uEQ- 1. GQ TO 30856

TRACKEt VEHICLE ROUTINE FOR HANEJVERING
,BETHEEB GBSTACLES

aNaXaNel

IFLFAVEI) .LE. 3.) GO TO 3059
IEIPAVI 1) +GEe 74) GO TO 3851
SHG-((392&93-VFT(K.IDDI#.l#PAV(I!
+ ' ' +t{TioVITIKe IV =3,¢392.93) /4.,
VBC(K I)SAFDN!CSMG:VTTLK,ID)
. GG TO 3859
3651 JBIPAVIIY «GTFa 52.5) GO TO 3852
'  SMG=453415-84623¢PAVIIN
VBOI K IV =AMENLL{SMGs VITW Ky I V)
: GC TC 30859
3852 VBOI{ Ky I =0,
- &8 T0 38259

c - WHEELEC VEHICLE ROUTINE FOR MANEUVERING
C BETWEEN BBSTACLES .

3856 IFLFAVIH) LE. 3.0 GO TO 3859
IFIPAVLIY .GE. :7«) GO TO 3¢57
SNE={{458.33-VITIK IV 8/4)*PAVIID :
+ . L7 +OVTTdK, 13-3,94504330/4.

VBBU K IV=AMINL{SMG, VTT{K, 1))
GG TO 3859 :

3451 . IFAFPAVL I} .GT. 41.3) GO TO 3458
SNG=5%2.11-13.112¢PAVI I}
VBE{Ke E1=AMINLISMG,VTT(K,I})
G8 TG 3659

3458 VBO‘&YQ:‘=G.
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3459 VA {K, 1a=VBQ( K, I}
VXT{K, Id=VBO{K,I}
3ded CONTINUE '
DO 387¢ LsMAXI1lNI1
VA (Ko 1) = Q2.
VXT (K rld = de
VBOI{Ky It = Ba
3979 CONTLNUE
3904 CONY INUE
GO YO 3154
C B. SINGLE OBSTALRE RGUTINE
3 CONTINUE
DU 3140 K = 14NTRAV
FORRQ = TRESIS{K,1)

NO 3130 1 5 1,MAXI
VA{K, L) AMINLI(V
CALL FCRVEL
* (F,FA,FB, FC7 FORMX s KgNBR, VAL K, 1)
FORCEF = FORRQ-F
IF( FCRLAF +GT. f.
VXTAK, 1) = VA{
GC T8 31380
CONTINUE
VBSC = VAlLKalda®2
IF(VBSC «GT« Pa)
IF
¢ {(FORMX{KI=-TRESIS (K, 12~-FOMMAX)
VAT (Kol
VA (K41d =
G8 TC 3139
CONT4NUE
CALL VELFOR
+{{TRESIS{K,1)¢FOMMAX) kA, FBy FC,F
VAIKSId = VXTH{
GG Y@ 313¢
CONTINUSG
VXT{K, 13 = SQRT({V
CONTINUE
D0 314¢ 1 3 MAXI1,NI
VXT{Ks Il = B
VAIK,L} = @
VBC {Ky¥) = 0.
CONT INUE
CONTINUE
DC 3178 K=1,NERAV
DO 3160 I=1,MAXI
IF( VA(KeI) «GTs
CONT INUE
CONTINUE
RETURN
END

319%¢

2119

31232

3138

3144
3154

3164
3174
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+ FOM
BC(Kya L) oVOLA)
s VFMAX,VG)

) GO 7o 31949
Kol

= FORCEF*(WASTL)*385.,9/GCHW

GQ TQ 3129

«GEs #.) GO TO 3114
6.

Be

QRMXgKyNGR ¢ VXTHU Ko [ ) o VFMAX VG
Kolbd

85¢Cé
1

VEOUK )Y VAIK, I}=VBO(K, I}
VALK , I VXTEK,Id= VAIK, I}
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SUBROUTINE 1IV19
+ (BFMX  4FA s FB o FC s FOMMAX 5 FORMX  4GCW
+ JNEVERO (NGR NI JNTRAV  ,0BSE o RMX +STRACT
¢ JTRESIS , VA 2+ VBC sVEVAX  4VG #VOVER  ,VXT

OO OOO

3613
3¢2¢

38490

- ,

EE LT R LR L AL L LA X L L Y PR LR L L R Y P T P L LT LYY

AVERAGE PATCH SPEEC ACCEL ERAT ING/ OECELERATING BETWEEN
CBSTACLES AND CROSSINCG CBSTACLES

s o fay W ) an o ® o A g o T W D, A ] S 8 D wp s WD = un D > un

1< VARIABLE DECLARATLCH

REAL BFMX (34
REAL FA (2443)
REAL FB { 2843}
REAL FC { 28, 30
REAL FORMX {3
REAL RMX (.24
REAL STRACT { 2@e3,3M
REAL C TRESIS {349)
REAL VA (3249
REAL VBO €339
REAL VFMAX 34
REAL VG { 280343
REAL VOVER (349}
REAL VXT {3390
3. ALGORITHM

NEL = NI+l - -

CO 3620 K = 1,NTRAV
DO 3812 1 = 14NI1
VOVER(Ks 1) = 0.
CONFINUE
CONT INUE
IF(NEVERG «NE. &) GO YO 4000
CONT INUE
WM = GCW/385.9 .
0O 3150 K = 1,NTRAV
DO 3148 I = 1aNLl

DETERMINE &F OBSTACLE EXIR® SPEEDs IS SPEED

BETWEEN OBSTACLES, IF SGC IT IS *VOVER*

r

‘!F‘VA‘K'I‘ oEQo ﬁ. _OANB. VXI‘KQI’ oEQo ﬁa"

>

GO T0 3142 .
LF{VBOIKy T4 «GTo VXT(KeI)) GO TO 3040
VOVER( Kyt = VXT{K,I¥
GG TC 31%0
CONT INUE .
DETERMINE ¥F THERE IS ENOUGH DISTANCE

PAGE

+LUN1
»TL
o WA I

+ BETWEEN OBSTACLES TC BLCELERATE TC OBSTACLE APPROACH SPEED.

TF{VXT{K, 1% <GEo VAIK,IM GO TO 3372
" CALL ACGEL
{FALF By FCoGCW o1 4K ,NGF4NGR, NV2FLG ,RMX s STRACT .,
TAWTRESIS, VXT{Ky 10 VASK yT3 gV2F,VGy XAy LUNT
1F

+
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¢t ((XA JLE. (OBSE-WA-TL#} _ANC. (NV2FLG .EQ. 84) GO TO 3060
OUMRY = TRESIS{ Kyl FeFOMMAX
IF(FGRMX.(K) .LT. DUNMY) GO TO 38590
CALL VELFOR
(DUMNMY gF AgFB,FCy FCRMAQK gNGRyVOVER(KgIVoVFMAXeVG)
JE{VOVER{Ke I} oGE. VXT(K, 1)) GO TO 3140
VOVER(KgI) = MXTUK,IW

*

GO TO 3148
3852  CONTINUE
VOVERIK,I) = 4.
GO 'TC 3148
30968 CONTINUE
3078 CONT ENUE
C ACCELERAT IGN/ CECELERATION REQUIRED; CETERMINE
c + IF *VBO® CAN BE REACHBL IN TIME TC CECELERATE TO »VA®
CALL ACCEL

L

(FAJFByFC,GCH s I oK yNGFoNGRyNVZFLGoRMX,STRACT,
TASTRESIS VXTIK, Tho VEEB(K, 1), V2F VG XA, LUNL)
LF(NV2FLG »EQ. 2V GO TQ 3998
¢ VB0 CAN BE REACHEC L
TB = VNS{VBO(KeIV=VALK,II}/BFMX.AK)
XB = «S8IVBO(KyIMeVAIKsLIRISTB
IF((XA+MB) .GT. {QBSE-WA-TL}) GO TO 32882
ENOQUGH SPACE BETWEEN OBSTACLES

*

(g}

1060 = 2o F(WASTLI/Z(VAIK, J1eVXTUK, L))
180 = (OBSE-WArTL~XA-XB) /VBO (Kol
VOVERIK,Ld = OBSE/(TA«TBO+TB+T00)
GO TC 31%8
308¢ CONTINUE"
3890 CONTENUE
c ACCELERAT IEBN/DECELERATION REQUIRED;
c ¢ DETERMINE VELOCITY WHaCh CAN BE REACHEC BEFORE
C + DECELERATION IS REQUIREC ANC TIME BETWEEN AND
C + OVER CBSTACLES. .
VLOW = VA4N, I
VHGH = VBL&K,J)
DO 3138 J 4 1,140.
VMIC = 4WLCWaVHGH) /2.
CALL ACCEL
¢ (FI\'F 8. FC'GCH 'I 'K .NG iJNGR' NVZFLG' RM“.ST'RACT'
¢ TA,TRESTS, VXT(K, Ibe VIO N2F,VGe XAg LUNLD
IF{NV2FLG .NE. 2) GC TO 3104
VHGH = VMIC
¢C Y€ 3130
31680 IF{ANV2FEG +NE. 1) GO TO 31160
VHGF = vLOW
VLCW = VAIK,ID
GG Té 3138
31le CONTLNUE

TB = VNRIVVNMID=-VALK, L) W/ BFMX{ KD
X8 = B.38{VMIDEVAL(K,])1eTB
IFL{XA¢XB) oLE. (OBSE-WA-TL)) GO TO 3120
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VHGF = VMIQ
' GO TG 3139
3129 CONTINUE
VLCW = ¥MID
31389 CONTINUE

LF{{XA+XB) oLE. {OBSE-WA-TL)) GO TO 3145
VBOAKgdd) = VBCI{K, [-1740

(s¥eleNaNeNal

A . 6C TG 3920
3145 TBO = {(OBSE-<WA~TL=-XA=XB)JIVMID
T0Q = 2. {WALTL MW {VALK, TV AVXT(K,1))
VOVER(K, I} = CBSE/(TA«TBO+TBeTUO)
3148 CONTINUE : '
3159 CONTINUE
4000 CONTINUE
RETURN
END
SUBRCUTINE Iv2d ,
¢« {(FA oFB o FC +FORMX ,GCW yMAXT 2 NGR +NOGGVA
+ oNGGOVO ,NTRAV ,STR ¥V AVCID VG o VOVER ) '
cmcepmpecapremccnnan o ne ..o
K INEMATLC VEGETATIGN CMERRIDE CHECK
dedndad dle MRl B 4 L A LAl D2 it L UL L E L T LY P
1.VARI ABLE DECLARATION
REAL FA {2€43)
REAL F8 {2843}
REAL FC d2843)
REAL FORMX  (3)

INTEGER  NOGCVA (3,83
INTEGER NOGOVC (3,4}

REAL STR (39)
REAL - VAVOLED (3%}
REAL = VG- {2243,3)
; REAL VOVER {3,923
c 3< ALGCRITHM

DO 3858 K = 1,NTRAN
DO 3040 1 = 1,MAXI
CALL FORVEL. (leA,FB,FC.FCRHX.K,NGR,VDVER(K.ll.VFMAXéVG)
DUMMY = Fe{ JS®CCWSVOVER(Ky 12002 1¢385.9
- IF{DUMMY G6T.. STRIK,I)) GO T0 3810
’ NOGGVO{K, 1% = &

: . GO TO 382¢
30148 CONTINUE

NOGOVOI K, I) = 1
3¢20 CONT INUE

CALL FORVEL L E,FA,FByFC, FORMX yKiyNGR4VAVO IDEK 1) ,VFMA X,VG)
DUMMY = F+{ J54GCW*V AVOIDIK, I)e22,)/385,.9
IF{DUMMY .GT. STR{K,I}) GC TO 34838
NOGCVA{KsIM = @
GO TO 385¢
v 39 CCONTINUE
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NOGGVA(K,T) = 1
3642 CONT INUE
3052 CONTINUE .
RETLRN : ;
END
SUBROUTINE IV21 ,
¢ (DOWN  ,FNT , GCW +IMAX  JIOVER +ISAFE LLEVEL NI
+ +NCGOVA .NGGOVG ,NTREW ,UP WVAVOID JVMAX  ,VMAX1 ,VMAX2
+ JVOVER oVSEL oVSEL} gVSEL2 oVWALK 9

C
C T e R, PT.T WP
v MAXINMUM AVERAGE SPEED BLGCRITHM
C e mgm e mEcanenenopeahpe oy oo
C
C 1. VARIABLF DECLARATICN
C
REAL A
REAL 8
INT EGER OOWN
REAL FMT 499
INTEGER 1
INT EGEKR ICVER .
INTEGBR ITMAX {3
INTEGER ISAFE €34
INTEGER K
INTEGER KIval
INT EGER LEVEL
INTEGER LUN1
INT EGER NI ,
INTEGER NIl .
INTEGER NOGGVA {349}
INTEGER - NOGOVC (349
INTEGER NTRAY
INTEGER ue
REAL VAVCIL (343
REAL VMAX
KREAL VMAX1 { 3%
REAL VMAXZ2 {34910
REAL VOVER (349}
REAL VSEL
REAL VSELLI (3
REAL VSELc {3,9)
REAL VWALK |
C
C 3. ALGCR1THM
C
NI1=NIel

DO 2220 K=1,NTRAV
€0 3010 I=1,MI1
A = VOVER {Ks- DV eFLOAT(NOGOVOLK,I)?
B = VAVOICI{K, JI#FLBAT(NOGOVA(K,Id)
VMAX2(K, I3 = AMAX1{ A,Bd
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3710 CONTINUE
3020 CON TINUE
DO 3870 K=1,NTRAV
0O 3868 1=1,NI1
IF(VMAX2({ Ks L) &G¥e VWALK) GO TO 3030
VSEL2{Koid = VMAX2(Kg I} |
GO TO 385¢
3238 CCNTINUE
IFCUFMTUIN/ GCMI oGT 41 .. OR.1.6E.IOVER) GO TO 3842
VSEL2{Ks E) = VMAX2(KoI)

: GO TC 3858
3049 CCONTINUE
VSEL2{KsL} = 6.0
3¢ 50 CONTINUE
369 CONTINUE
3¢79 CONTINUE
D0 3108 K=1,NTRAV
VMAX1{K} = VNAX.Z4K, 1}
IMAX(KE =1}

CO 3890 I1=2,NI1"
TFCVMAX1{KY 6E. VMAX2(K,Id) GO TO 3984

VMAX1{K) = VMNAX2(K,I)
: IMAX({KY = | -
3088 CONT.INUE
34960 CONT INVE

3184 CONTINUE
DO 3138 K=1,NTRAV ,
VSELLIK) = VSEL28Ke1)
ISAFE(K) = 1
CO 3128 .1=2,NI1 | ,
IFIVSEL1{K) .6E. VSEL2(K,I) GO TO 3110
VSELIC(K) = VSELZ2(K,I
ISAFE(K) = I :

3113 CONTINUE
3129 CONTINUE
3139 CONTINUE

C

IF{NTRAV .EQ. 13 GC TQ 3153
IF{VMAX1(UP) 4ECs 0.8) GC TO 3140
TFEVMAXI{LEVEL) LEQes 0.4} GC TO 3140
IF(VMAX1(00WAY SEC. B.0) GO TO 3140

VMAX = .
* 3.0/0{1/VMAXTEUP I ¢ dL o /VMAXI{ LEVEL Ko 1, /VMAXL{ DOWNY ))
GO TO 3168
3140 CONT INUE
VMAX = @.98
GO TC 3160
3150 CONTINUE
VMAX = VMAX1(Uu®P}
3100 CONTINUE :

IF{NTRAV .EQ. 13 GC TC 318¢

IF(VSELLILUP)  4LECQ. d.8) GO TO 3179
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IF(VSELI{LEVELY 4EC. 9.2) GG TO 3178
IF(VSEL1(COWMN 4EC. B.8) GO TO 3178

VSEL =
¢ 3.6/0(1o/VSELL(UP)¥'8€&o/VSEL1(LEVELD#d1o/VSELL{DOWNI })
GO TO 3198
3173 CONT INUE
VSEL = 9.8
GO TO 3190
3188 CONTINUE
VSEL = VSEL1(UP)
3198 CONTINUE
RET URN
END
' e Rl DL TR PP P
c ROADWAY MODULE - AMC 74
C  emeeeee- m—memeeececgen
c
c
SUBRGUTINE ROAD
c
INT EGER 71
COMMON /INDEX/ T
INTEGER CanN
COMNON / INDEX/ CEWN
INTEGER ERF
COMMON /INGEX/ EEF
INTEGER FBRCE
COMMON / INDEX/ FERCE
INT EGER GR
COMNON /INCEX/ R
COMMON /ENDEX/ L VEL
INT EGER K&
COMNON /EINDEX/ M
INTEGER REN
COMMON /INDEX/ RAM
INT EGER SREED
COMMON /INDEX/ SREED
INT EGER SR
COMMON /INDEX/ SR
INT EGER TA
COMMON /INOEX/ TR
INT EGER TERCUE
COMNGN /INDEX/ TBRQUE
INT EGER ue
CCMMUN /ZINDEX/ LR
INTEGER X
COMMON /INDEX/ N
CUMMON /VEHICL/  ACD

COMMON /VEHICL/
CGMMON /VEHICL/
COM#BN /VEHICL/Z
COMMON /VEHICL/

ASkOE (20)
ANCGC

AXLSP (20)
o
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COMNMON
COMMON
COMNON
COMMON
COMMON
COMMON
COMPON
COMMON
COMMON
CGMMON
COMMON
COMNMON
COMMON
COMMON
COMMON
COMMON
COMMON
CUMMGN
COMMON
COMMON
REAL

COMNON
COMMON
C OMMON
COMMON
COMMON
CUMNON
COMNON
CAMMON
COMMON
COMMON
COIMMON
CIMNON
COMMON
COMMON
CGMMON
COMNMON
COMMON
REAL

COMMON
REAL

COGMMON
C GMMON
COMNON
COMNON
COMNON
COMMON
COMMON
COMMON
COMMON
COMNMON
COMMON

/VEHICL/
/VEHICL/
/IVEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
JVEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/NEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/INEHICL/
IVEHICL/

JVEHICL/
IVEHICL/
/VEHICLY/
JVEHICL/
/VEHICL/
IVEHICL/
/VEHICL/
JVEHICL/
JVEHTCLY
/VEHICL/
JVEHECL/
JVEHICL/
IVEHICLYZ
/VEHICLY
/VEHICL/
JVEHICL/
IVEHICL/

JVEHTCL/

IVEHICL/
JVEHICL/
(VEHICL/
/VEHICL/
IVEHICL/
/VEHICL/
/IVEHICL/
/VEHICL/
JVEHICL/
JVEHICL/
/VEHICL/

CGH
CGLAT
C4R
CiD

Cis
CERNMIN
CGNV1

.. CBNY 2

CELCT
OdAW
CRAFT

ENGENE

-EMENGT

fD
FGROD
GROUSH

- FMAL 'S

1APG
18
18"
1GIESL

- ABIESL

JENGIN

dR

ACCNST

-ICONV1

-JGCNV 2
1&CWER
1T

4ECASE
IERAN

- TENAR

LECKUP
NAXIPR
MAXL
MAMBLY
NSOG.IE
ACHAIN
NOYL -
AEYL
NENG
NENG

C HRNET

ARL
NER
MNHVALS
hEAD
NSVYALS
MEH -
NaHL

- MR

FBF

291

(201

{24250

(24250

{28430
{281

(2458

(23

128}
{251

{20}
(20}

(201

(20°

{20}

{281
(29

{20)

{200

(20)
(263
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CCMMON
COMNMON
CGMMON
COMNON
COMNMON
COMMON
COMNON
COMMON
COMMON
COMMON
COMNON
COMNMON
COMNMON
COMMON
COMNMON
COMNMON
COMMUN
CCOMNON
LGMMON
COMNMON
COMNMON
COMMON
COMNON
COMNMAN
COMMON
COMMON
COMPFON
CGMMON
COMMON
COMMON
CUOMMON
CCMMON
COMNON
COMMON
COMNMON
COMMON
COMMON
COMPMON
COMMON
COMEON
COMNMON
COMNON
CGMMON
COMMON
CGMMON
COMMON
COMNMON
COMMON
COMNGN
COMNON
COMMON
COMMON

/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
JVEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/VERICL/
/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
IVEHICL/
/VEHICL/

IVEHICL/ -

/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/VEHICL/
/IVEHICL/

/VEHICL/

/VEHICL/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/

FEHT
£FA
FEWEF
CNAX
FOTAM
REVM
"
RNS

Fu

SAE
sal
SECTH
SECTW
SUAL S
TGASE
Tk
TRLY
T6S1
TQINC
TRAKLN
TRAK WD
TRANS
VAA
VBA
VES
VeGB
¥g0BS
VRLDE
vss
WSSAXP
WG
WOAXP
NBFTH
#0Th
WGHT
#RAT
WRFQRD
T

WIE
ANAXF
XBRCOF
Wi
LBCDIF
SHF

Y

ATF
BTF
CHARLN
CRFCFG
CRFCCG
CRFCG
CUFFG

292

(25,2010

{20
(28}
(20}
(20)
(2

{201
{29}
{25
{21

{20}
{20,430

{29}
{20}
12,200

(251
(251
(28,3}

(2013

(28
{20}

(20)
(203

- P g, e g
WD W
TS
- A

8930
}

(28, 3)
{28,31
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VCLUPME 1

COMNON
COMMON
COMMON
COMMON
COMNON
COMNON
COMMON
COMMON
CQMMON
COMMON
COMNON
COMMON
COMMON
COMNMON
COMMON
COMMON
COMNON
COMNON
COMMON
COMMON
COMMON
COMNON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMGN
COMNON
COMNMON
COMMON
CGMNON
COMMON
CGMMON
COMMON
COMNON
COMNON
COMMON
COMMON
COMNON
COMNON
COMNON
COMMON
CGMNON
COMMON
C GMMON
COMNON
COMNON
COMMON
COMMON
COMMON

/PREP/
/PREP/
/PREP/ :
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
JRREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
IPREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
/PREP/
JPREP/
/PREP/
/BERIVE/
/DERIVE/
/DERTVE/
/DERIVE/
/DERIVE/
/OERIVE/
/DERTVE/
/DERIVE/
/DERIVE/
/DERIVE/
/DERIVE/
/DERIVE/
/DERIVE/
/DERIVE/
/DERIVE/

JDERIVE/

/DERIVE/
/DERIVE/
/DERIVE/
/DERIVE/
/DERIVE/
/DERIVE/
/DERIVE/
/DERIVE/

/DERIVE/

/0ERIVE/

CLF

- ERAT

CGA
¢CW
CEWB
GOWNB
CEWNP
6CWP
HeT
NGF
AVEHC
FATE

F

RNX
RR
TRACTE.
TRAPS I
NGICC
VGIFG
VCIMUK
VeV
NE ‘
VIIRE
WIMAX
X

X8R
20T

NEGOBF

LAREA
LEnB

CeWp

LLuwre
FA
‘FAT
FAT1
FB .

F4

FNT
FGM
FEMMAX
FBRMX
18BL C AT
IMAX
ISAFE
Jd
MAX T
BEMX
MEVERG
CASE

- bRV

RICWB
FECGWAB

293

{28}
{28,3)
(20,3

{38%
(3)
(20}

(20,45}
{3)

{20,3)
{20433
{28

(20,5
(28,3)
(3)
{33

{9}

1261

(20,3)

(9
{9)
120,33
(20,3}
(9

{3
(3)
{31

(3

{9y
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CaM¥ON
COMMON
CCMMON
COMMON
COMNON
COMMON
CGMNON
COMMON
COMMON
COMMON
COMMON
CUMMON
CGMMON
COMMON
COMMON
COMMON
COMMON
COMNOGN
COMMON
COMNMON
COMNMON
COMNON
COMMON
COMNON
COMNON
COMMON
COMMON
COMNMON
COMNON
COMMON
COMPMON
COMNON
COMMON
COMNON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COM¥MON
COMMON
COMMON
COMNMON
CCMNMON
COMMON
LCOMMON
COMNON
COMVMON
CCMNMON
COMMON
COMNMON

/DERIVE/
/DERIVE/
/DERIVE/

/DERIVE/

/DERIVE/
JOERIVE/
/DERIVE/
/DERIVE/
/OERIVE/
/DERIVE/
/DERIVE/
/DERIVE/
/OERIVE/
/DERIVE/
/DERIVE/
/DERIVE/
/OERIVE/
/DERIVE/
JOERIVE/
/DERTVE/
/DERIVE/
/DERIVE/
/DERIVE/
/DERTVE/
/DERIVE/
/DERTVE/
/DERIVE/
/DERIVE/
/DERIVE/

/O0ERIVE/

/DERIVE/
JDERIVE/

/DERIVE/

/OERIVE/
/TERR AN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERRAN/

RTOWNP
FECWP
RTONPB
REONT
STRACT
SAFQ -
SRFV
STR
185
TBEN
TRES IS
VA
NGEOVA
NAVGID
vaa
LURACT
VLY
WEMAX
v
AGGOVD
VNAX
VNAX 1
VNAX 2
VELA
VBVER
VRID
MSEL

- VSEL]

VSEL2
V3CIL
NET
vxT
R86ONC
WRATIO
AA
AGTRMS
AREA
48EAD
Ci
cisT
EANG
ECF
ELEV

F
‘GRADE
168S
16ST
-IRGAC
IS

IsT
JTUT
N3

294

(28}
(201
(20,3, 30

- 49)

{93

(3990

{3
{9)
(3,9
{349)
(3¢ M)
{3,9)
(3,9}
{9
(3
(3)
(2043, 3)
{3,9)

i3)
{3,490

(3,9
(3)

(3,9
{3,9)

{3,%)
(3,h

{3

(91
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CGMPFON
COMMON
C OMMON
COMMON
COMNON
CGM¥ON
COMMON
COMMON
COMNON
COMMON
COMMON
COMFON
COMMON
CGMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
CGMMON
CGMMON
C CMMON
COMMON
COMNMON
COMMON
CGMMON
CCMMON
CGMMON
COM MON
COMMON
CCMNON
COMMON
COMNON
CGMMON
COMNON
CCMMON
COMMON
COMMON
COMMON
CGM¥ON
COMNON
COMMON
CCMNON
COMMON
COMMON
C OMMON
COMNON
CGMNON
COMNMNON
C OMMON
COMMON

/TERRAN/

/TERRAN/

/TERR AN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERRAN/
/TERR AN/
/TERRAN/
JTERR AN/
JTERR AN/
/TERRAN/
/TERRAN/
/TERR AN/
/TERKAN/
JTERRAN/
/TERR AN/
/TERR AN/
/TERRAN/
/TERRAN/
/TERR AN/
ITERR AN/
JTERRAN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
ISCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/.
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/SCEN/
/ SCENY/

NIU
CAM
CBAA
C8H
c8L
€es
Cau
GBMINW
CB1A
NYASFHC
FADC
ROT -
ROIC
RCURYV

" RE

REA

S

S&

'SBL
SURFF
TANPE]
THET A
VEURYV
L 1]

WL

COHES
VALK

- COLMAX

GAMM A
JOGVER
-ISEA SN
TTSURF
ISNOW
KE1
KEi2
kE13
K&is
KE15
K46
k317
k#is
KE19

K#d1¢

ki1l
K312
K#I13
Kiddle
k£115
K3dlé

K117 .

KNAP
kKSCEN

(&)
(11

{121
(9%
{91
{9}

{3)
{4, 11}
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COMFMON /SCEN/ KTPP
COMMON /SCEN/ KMEH
COMMON /SCEN/ K#¥1
COMMON /SCEN/ kW2
COMPMON /SCEN/ K&V 3
COMMON /SCEN/ KIVe
COMMON /SCEN/ K&VS
COMNMON /SCEN/ kW6
CCMMON /SCEN/ KaV7
COMNMON /SCEN/ KW8
COMMON /SCEN/ KIv9
COMF¥QON /SCEN/ kivlD
CGM¥ON /SCEN/ KdvV11l
COMNON /SCEN/ K12
COMNMON /SCEN/ K4Vi3
COMMON /SCEN/ K14
COGMMON /SCEN/ K15
COMNON /SCEN/ K&Vl 6
COMMON /SCEN/ Kivi?
COMNON /SCEN/ kW18
CGMMON /SCEN/ Ki#vl9
COMMON /SCEN/ KW24e
CGMMON /SCEN/ Kdva1l
CCMMON /SCEN/ LAC
INT EGER C&TAIL
COMMON /SCEN/ CETAIL
COMMON /SCEN/ VAP
COMNON /SCEN/ MAPG
COMNON /SCEN/ MONT k
COMMON /SCEN/ NEPP
COMMON /SCEN/ NSLIP
COMMON /SCEN/ NFRAV
COMNON /SCEN/ Naux
COMMUN /SCEN/ FHI
COMMON /SCEN/ REBACT
COMMON /SCEN/ RCFCC
INTEGER SE8ARCH
COMMON /SCEN/ STARCH
COMMON /SCEN/ SETYPC
COMMON /SCEN/ V8RAKE
COMMON /SCEN/ V. ESMNV
COMNMON /SCEN/ VEIN
COMMON /SCEN/ Z3INCW
c 1. VARIABLE DECLARATLCAS

REAL FATEMP (20,3}
REAL FBTEMP {208, 3%
REAL FCTEMP (20, 3}

REAL FTEMP

(20,5

REAL FTEMPC (23, 5%

REAL FGRADE { 3)

REAL FQUAD
REAL K1

296
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OO0

(@ OGO

6P &0
60¢5

OO0

L B 4

+

REAL  MERITK

REAL  VGTEMP { 205343)
REAL  VPOWER {3}

REAL  VEEMP {2054
REAL  VTEMPO (28453
REAL  VROAD {3
REAL  VQUAD (53
ALGCRITHMS

PAGE A-l24
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RCUTENE 1 - SPEED 4 EMITED BY AEROLYNAMIC, ROLLING, CBRNERINé
AND GRAEB KESISTANCE

- - - . s WS P - G . 4 T B W W D D e e T s W G I W W T W O & e o e P

SECTION 1A = INITIALIZATION

FCC = P
FCTRAK = 0.
FR = Q.
FTC = B
1GAP = 0
WTSP A = 8.
WRATIO =1

14,1 = SUPERELEVATAEN EFFECT FACTOR

FE le = 7.495%(RACL/12.43*EANG
DO 6865 NG=1,NGR

DC 6800 L=1,5

VTEMPINGoL} = MGVA{NG,L)
FTEMPING,L ) = TRACTF(NG,L)
CONY INUE
CONTINUE
IF{NCPP .NE. @) JPSI = NCPP
IF(NCPP .EQ. O% JPSI1 = 3
SECTION 1B - VELOCITY CDEPENDENT
18.1 - SOFT SURFACES {(TRAILS)
IF({ITUT .NE. 14) 6G XIC 6102
CALL 1v3d
CHARLN L1 +CCHES o, CPFFG
+GCA s 1B ' LC 1P
+ NP AD ¢NSLIP oNVEH s NWHL
o TANPHI oTRAKLN (TREKKT oVCIFG
CALL 1Ival
DOwB +DOWP »CCWPB 4 CCW
+NAMBLY LRTOWB HRTEWNE , RTGWNP
CALL IvsdH

297

RESISTANCES

wDIANW +D0WPB 9 DRAT e GAMMA

o IST »JPSI oL UN1 +NAMBLY
oRCI sRTOWPB HRTOWT LSECTW 7
o VL IMUK o WGHT oWRATID LZSNOW)

2 6CWB g QCWP s IB oIR
+RTCWP SRTOWPB ,RTOWT (WGHT )
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ATF 2AVGC »BTE oCD pCPFCCG oCPFLFG ,CTF #DAREA
» OOWP » EANG » ECE o FA +FB e FC o FORMX ,GCWP
e IFLOAT HIST » LTUT 24PSL +LOCOLF ,NAMBLY oNFL o NGR .
+NTRAV  ,NVEH o NVERC o NWHL +RADC o RTOWP o STRACT ,TEOR
¢ THETA JTRACTF SVFNAX oVG s VGV » WGHT +NRATIO ,LU¥NL )
GG TO 6161

L R L N 4

C
C 18.2 HARD SUKFACE (PRIMARY AND SECONDARY ROADS)
C
b

1d2 DO 6155 K=14NTRAV42

NGl =1

COSX COSE{THETA(K )

DO 6154 NG=1,AGR
FAING,KY = 4.
FBING,K¥ = Hde
FCING,K) = 8.
FATEMP( NG K& = ATFING)
FBTEMPING,Kb = BTFING)
FCTEMPI NG, K = CTFING?

1B, 2.1 - TRACTIVE EEFORT NCDLFIED ROR SURFACE TRACTION
ANC SPEED BEPENDEN RESLISTANCES

aAOCOO

IFITYRACTEANG,1)¢ECF LT. FMU( ISURFI*GCWP*COSX)

. GO TC o140
IF(TRACTFINGy 50¢ECF oLTe FMULISURFI*GCWP*COSX)

¢ GG TC bild

[aNeN el

MINIMUM GEAR LIMLETED BY SURFACE TRACTION .

NGl = NS1 + ]

FC‘NG.K. = B

FB"\G.K.‘ = Pa

FAING,K® = FMUCISURFI®*GCWP*COSX

DC 6185 ¢1=1,3
VGLAEeL14K) = B¢
STRACT(NG,L1,K} = FAING,K)

6165 CCNTINUE
GG TC &254

C SURFACE TRACTICN LEMIT SCMEWHERE WITHIN GEAR

6118 IF{VTEVMRENGy 1) .EQ. VTEMPING,5)) GO TO 6122
FX = FMU{ ISURF)*GCHWP#COSX
FORMIIKD = FX
L =12
CO 6341 L1=1¢542
VBTEMP(NGoyLyKd 3 VGYINGeL 1)
L=L ¢ 1
0lll CONTEINUE
CALk VELFOR{
+ FX ' oFATEMP FBTEMP , FCTEMP , FORMX
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AN

OO

6135

614

6141

oK s NGR VX s VFMAX sy VGTEMP )

RESET MINIMUM SFEEC IN GEAR TO THE POINT FHAT OCCURS
AT THE SURFACE TRACTIGN LIMIT

VTEMRING, 1) vx

FYEMBUNG, 1) FX/ECF

XINT = {(VTEMPING,5% - VTEMRING,113/4.
DC €115 L=2,64

o

VEBEMFLNG,L ) = VTENPING,L-1} + XINT
FEEMPANGs L) = CTFINGISVIEMPING,L) #22 ¢
BTRINGYSVIEMPINGsL ) +
‘ ATFING)
CGNTINUE
GO T4 6130

SPEEDS EQUAL, INCREMENT GN FORCE

- FTEMPING,1) = FMUL ISURFI*GCHPALOSX
YINT = IFTENP(NG-IK - RTEMP{NG,5)) /4.
00 6125 L=2,6

FTEMRINGyL) = FTEMPINGyL=11 = YINT
CONTINU#E

18.2.,2 = COMPUTE VELOCITY DEPENDENT RESISTANCES
DO 6142 L=1,45
1B.a2+42e1 = AERCCYNAMIC DR G

FCC 1 @.
FAD o +B3265ACOPFASVTEMP ING,LISVTEMPING, L) 4
1464./17.6/1746

DG &35 1=1,NAMELY
ZE(NVEH (I} .LT. 1) GO TO 6135

iBe2e2eé = TURNING RESISTANCE (WHEELED)

F1 = (EWGHT IM*COSX*VTEMPING,LI®*2)/
' (111.1%RADCHI#L 1247174641746}
FCC = (FE¢F16F10/{FLOAT NWHL{I}I ®AVGL Y +
FCC
.CONTHNUE
" FV = FAD + FCC
FTEMRG(NG,LA = FTEMPING,L) - FV
VIESGE(NGs L) = VTEMPING,L}
CONTINUE
IFLVGVIKG,1) NE. VGVINGe5)) GO TO 614l
IGAF = 1
GG TG 6152
IF{ (NG 4NE« 1) oOR.
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+ (FTEMPINGy1) ANE. FTEMP{NG¢5))) GD TO 6145
FAANBeK) = FTEMPOING, 1)
FC‘NG'K' = @

6O TO 6152
6145 D0 6158 L=1,5
FQUADBIL) = FTEMPGING,L#
VGUAB(L) = VTEMPO(NG,L)
6158 CONTINUE

CALL QUADS(VQUAD#FCUADrABeBl,C2)
FAUNG, K} = AR
FBING, K} = Bl
FCANG,Kd = L2

6152 L ‘ =1
: 0G 6153 t1=1,542
VG{NByL ,K? = VTEMPO(NGsL 12
STRACTINGoLoK) = FCUNGeKI®VGINGyL,K)®&2 &
¢ . FBINGyKI®VGINGyL oK) *FAINGyK}
L=t vl N
6153 CONTINVE
6154 CONT INUE
VFMAX(KY = VGINGls1eK?
FORMX(K) = STHRACT(NG1l,1,K)
6155 CCNTINUE
C
c 1C = NOUN-VELOCITY CHFENDENT RESISTANGES
C :
C 1Ce1 ~ DRAG FORCE SOR TANLEM ALIGNING (WHEELED?
C

NSPACE = NAMSBLY, ~ 1
DC 6168 1=1,NSPACE
IF(NVEH(L) .LTs 1) GC TO 6169
IF{IT(I) «NE. 14 GO TO 6160
WTSPA = MTISPA + {WGHTLIV &« WGHT{ I+1))&AXLSP( I}

6l6d CGONTINUE
FTC = FE®*(0.5¢FMLSISURFI*WTSPA/RALCCI
C
c 1C.2 - TURNING RESJISTANCE (TRACKED)
C
6161 DC 6165 [=1,NAMBLY
IFCANVEH{I3 .GI. @) «ORe (RACC/12. .GT. 385.3) GO TO 6165
ALPHA = WTLI)/TRAKLNI I
MERITK = l.d624 = B.6999*ALPHA »
+ 0=051648¢ALPHASALPHA ¢
+ B.8564848°AL PHAYALPHAC ALPHA
XK1 = 1o¥B = 0.00%8895¢RADL/12. +
+ 8 .88003779¢(RADC/ 120002 -
+ (64706476E~-08) *{RABC/12.4%%3
Ki = MERITKaXK]
IF(ITUT «NEp 14) GG TO 6164
C
C 1Ce2el = TURNING RESISTFANCE SOFT SURFACE ITRACKED)
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' _
FCTRAK = K1#{TFOR/GCWISMGHT (I} + FCC
GO TC 6185
C .
o 1C4 2.2 = TURNING RESESTANCE HARC SURFACE ITRACKED)
o
6164 FCTRAK = KI1AFMU{ LSURFISWGHTA{ §) + FCC
6165 CCNTINUE
o
c 1C.3 < ROLLING RESISTANCE
C
IF{LTUT oNE& 14% 80 TO 6179
C
o 1Ce3 el - SOFT SURFACE {TRAILSI
FR = (RTOWPSGCWP ¢ RTOWNP*GCWNP FCOS{ THET A} sSURFF
GC TO 6185 :
o o
c 1Ce34241 = HARLC SURFACE (WHEELED)
C . .
6174 DC 6178 I=1,NAMBLY
LF(NVEH{I4 .LT4 1} GC T0 6175
F3 = 4807 + «9939/7PSI1LpJdPSIH
FR = FOO*WGRTLIM*SURFF ¢ FR
G0 TO 6178 '
c s A
C 1Ce3 4242 - HARC SURFACE (TRACKEC)
C
6175 FR = (B45suGHTLAdV*SURFF & FR
6178 CGNTINUE : .
C o .
c 1Ce&4 = GRADE RESISTANCE
C .
6185 DC 6198 K=1,NTRAVg2
. FGRADEIKY = GCWeSINITHETA(K))
6199 CCNTINUE _ .
C , .
C 1Ce5 = TOTAL NGN-VELBCITY GEPENLENT RESISTANCES
c A
DC 6199 K=1,NTRAVa2
RESIST = RGRATHIKD + FR ¢ FTC & FCTRAK
c .
C "C = SPEED LIMITED BY TOTAL RES ISTANCES
C
IF{IGAP +NE. 1% GO TO 6198
DO 6197 NG=kyNGR :
IFEVOGVING, 1} 4NE. VGVING,5)) GO TO 6197
IFU(FTENPO{NGo 1) LT & RESIST) LOR.
’ (FTENPOING,53 o«GT« RESISTIN GO TO 6197
VEOWERL K) = VTEMPO{NG,14
€8 TO 6199
6197 CONTINUE :
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6198 CALL VELFCR{

¢ RESIST ,FA o8 oFC + FORMX

+ oK ¢ NGR #VEL ’VFMAX 2 VG ) .

VPONWER({K) = VEL

6199 CCNTINUE
C
C R R s PR TR L T T R e Y T S e T
C RGUTINE 2 - SPEEC LEMITED BY SURFACE ROUGHNESS
C - - ---------------"‘1---- ----- - e an AD b We WD WS ub 4 =D e a) W TS
C
6224 CCNT INVE

DC 6210 NR=¢ ,MAX IRR
IF(ACTRMS GE. RMS{NF)) GO TO 6210
VRID = VRICBINR=1,LAC) ¢ (ACTRMS - RMS(NR-1))s

* (VRIBE{ NReLACY) - VRICEENR=1,LACI)/
+ (RMS{NR) ~ RMS{(NR=1¥)
GO TGO 6308
6210 CCNTINUE
VRID = VRIDE( pAX 1&R,LIAC)
C
C e L Ll L L e e S R LR L L L L P L
C ROUTINE 3 - SPEED LIMLITED BY SLIDING ON CURVES
C -------- - e e " e ‘---‘------------—-------------
C
639 CONTINUE
TANG = TAN{EANG})
IF{ITUT JNE. a4) 60 TO 6305
C ‘ _
¢ 3A.1 - SLIDING CN CURVES SOFT SURFACES {(TRAdLS) .
C
VSLID = SQRT(385.9%RADC#{TANG * TFOR/GCWP )/
+ {de = (TFOR/GCHPI®TANG) Y
GO TQ 64xd
¢ .
C 3A. ¢ = SLIDING CN CWRVES HLARD SURFACES
C (PRIMARY ANLC SECONCARY RQOADS)
C
6345 VSLID = SQRT( 385 .93%RADC*(TANG ¢ FMU{ ISURF}I/
+ {ls « FMU(ISURFO‘TANGDD
C
o LR PR R L - o il am e - - - ELL D DL P LY P P
C ROUTINE 4 ~ SPEED LENITED BY TIPPING ON CURVES
C L L e O E Y B AP R R L P LR I A Sttt 3
C
o6 8 CCNTINUE
VIIP = SQRT{355.59RADC*{WTMAX ¢ CGH*TANG3/
+ {CGh < WTMAX*TANCG))
C
C LR T L PR P L P L L LR R L LR
C KOUTINE 5 = TGTAL BRAK ING FORCE
C = ewevco=- o - - oy fhuponccgenee
C
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o5

C
C

5198

65240

6539

540

[ EeXaiaXeXeX s

689

OGO

74

OCOOOON

CCNTINUE ,
TFOITUT JNEw 14) GO.TO 6510

5A - TOTAL BRAKING 30UFT SURFACES

CALL TIv1lld '
DCHB 2GCHW 9 GLWB +GCWNE oNOGOBF 3NTRAV
RT0WB ,RTOWNE ,TBF +THET A JWRAT IO ,XBR )
GC TO 6690

58 - TOTAL BRAKING BARD SURFACES

TBF(1) = GCWeSINITHETA(]I)) ¢
AMINI{XERSFMUL ISURFISGLWBSLOSETHETA(LI D)
I1FINTRAV .NE. 1) #6C TC 6530
IF{TBF(1d .GE. D«¥ GO TO €528

NOGOBF = 1
VSEL = e
: RETURN
NOGGBF = 3
60 14O 65689

TEF(3) = GCWeSIN{THETA{3)) ¢«
AMINI{ XERy FMUL ISURFI*GCWB*COSI{THET AL3)))
IF{TBF{3) .GE. €. GC TO 6548
NOGOBF 1 :
VS EL be
RETURN
NCGOBF = o

ROUTINE 6 - DRIVER GICTATED BRAKING LAMITS

CCONTINUE
BFMX{1) = AMINL(CELMAX®GCW,TBF{13¢SFTYPC/1384)

IFINTRAV .EQ. 1) 6C TQ 6709
BFMX{3) = ANIh}£0CLMAX*GCN,TBF(33#SFTYPC/IHB;3

L PR R T R L X L L L P L il Tt T

ROUTENE 7 - SPEEC LEMITED BY VISIBLLITY

----- q-----—f-—--rdﬂ---~—~--~ﬁ~fq‘-r-d—
CCNTINUE
CALL Ivii{ :
BFMX SsEYEHGT o CCW +!NTRAV
RC +REACT ,VELV . +VBRAKE )

-y e gy i - - - ----- - . an - s - . o

ROUTINE 8 = AASHG CURVATURE SPEED LIMIT
ADJUSTEB FOR SLIPPERY SURFACES

.............. EE T R TP L R L L T X T CL L O Y T 2
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680¢ CCNTINUE : :
IFIRADC/12+ «LT& RCURVANVASHGI GO TO 6815
IF(RADC/12¢.+ «G¥. RCURVI1)) GO TO 6825
DO 6818 NV=24NVASHO
IF(RADC/32. LT« RCURVINVF} GO TO 6810
VAASHE = AVCURVE TIROADYNV) ¢ {(RADC/12.-RCURVINVI}®
{VCURV (-]IRUAD,NV~1) = VCURV{IEROAD¢NV }¥/
XRCURVINV=1k = RCURVINVIII=1T7,.6
GC TC 6834
6818 CONTINUE
60 TO o83¢

6815 VAASHO = {VCURVU.IRGAD,NVASHOM + {RADC/12. = RCURVINVASHO })e

+ { VCURV{ IRCADs NVASHO) = VIURV{ IRQGAD,NVASHO-111/

+ {RCURV( NMASHO) - RCURV{(NVASHO-1131917,6

GC TO 830 '

6825 VAASHO = (VCUFY{IROAC,1) ¢ (RADC/12. -~ RCURV{l1) )=

+ (VCURM{ TROAD, 13 » VCURV(IROAD,2))/

¢ { RCURNEL M = RCURVIZ)IUE1T7.06
o821} IF{{(LTUT «NE. 14A « AND . ‘FMUJISURFJ oGte o713 LOR,

+ (CITUT JEQ. 148 JANDe (TFCR/GCWP «GEe 700) GD TD 69083

FFULITUT JNEo 140 oJAND. (FMU{ISURF) JLTa «70) GO TO 6840

+

8A ~ SOFT SURFACES

e Xe el

VAASHC = VAASHO®SURT((T FOQR/GCWPI/B.T7)
GO TG 6980

88 - HARD SURFACES

84 VAASHG = VAASHU*SQRT{FMU(ISURFY/B.7)

--------- LRI I Ll LS DL LE Ly
ROUTINE 9 = MAXIMUM RCADWAY SPEEC
e pemccereacap e ifqredde s g en-
el CONTINUE
VSEL = 0.
DC 6958 K=1,NTRAV42
IF{NVEHC .LE. @) VTIRE{JPSI}) = L7064,
VROAD(K) AMINLIS VAASHOGVELVIKY ¥R IDeVSLID,VTIP)
VSELL{K) AMINLIVLEM,VPOWER(KD) yVROAGIX) , VTIRE{JPSI M)
{F{NTRAV .NE., X3 GO TQO 6950
VSEL VS Exd (UP)
RETURN
0954 CCNTINUE :
TFROIVSELIIUP) LECq 4¢0 OR. (VSELL{(DOWNJ EQ. 2.3) GO TO 7890
VSEL = 2./ {14/7VSELL(UPY) & (1.4VSELL1{DOWNK})
7460 CONTINUE

OO0 00

RETURN
END
SUBROUTINE BUFF@
C
C -y = -

304




R-2458, VOLUME !
APPENDIX A - LISTING CF FROGRAM NRMM

OO O

1. LABLED

GUTPUT ALGORITHM

COMMON /10/
COMMON /507
COMMON 710/
COMMON /107
COMMON /10/
COMNON /104
CGMMON /107
COMMON 710/
CGMMON /10/
COMNON 710/
COMMON /10/
COMNON 710/
INT EGER

COMMON /INDEX/
INTEGER

COMMON / INDEX/
INT EGER

COMNMON /INDEX/
INTEGER
COMMON / INDEX/
INT EGER

COMMON /INDEX{
COMMON /INDEX/
INT EGEK

COMMON ZINDEX/

INTEGER
COMMON /INDEX/

INT EGER

COMMON /INDEX/

INTEGEK

CGMNON /INDEX/

INT EGEK

COMMON /INDEX/

INTEGER

COMMON /INDEX/

INT EGER

COMMON /INDEX/

INTEGEK

COMMON /INDEX/
COMMON /DERIVE/
COMMON /CERIVE/
COMNON /DERIVE/
COMFON /DERIVE/
COMMON /DERIVE/
COMMON /DERIVE/
COMMON /DERTVE/
COMNON /DERIVE/
COMMON ¢DERIVE/

COMMON ASS LGMNENTS

1 ROF

KBUFF

LiN]

LN2

L4N3

LG

LUNS

LUNG6

LUN7

1UN8

LUN9

41UNl 2

MD

D

CAwN

COWN

EBF

ESF

FORCE

FERCE

€R

R

LEVEL

N

MR

FEN

REM

SREED

SREED

SR

SR

TR

TR

TJ8KRCUE
TGRQUE

Uug

LR

X

¥X

ABT {91
NGGOBF

CAREA

£aOnB

CEWpP

COwPB {24)
L {28430
FAT (9
FAT1 {9
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COMMON /DERIVE/ FB (20+3)
CUMMON /DERIVE/ fC (2843)
CGMMON /OERIVE/ FNT {9

COMKMON /DERIVE/ Fev

COMMON /DERIVE/ FBMM AX

COMMON /DERIVE/ FERNMX {3}
COMNON /DERTVE/ I6LOAT

COMMON /DERIVE/ INAX (39
COMMON /DERIVE/ 19AFE (3
COMNON /DERIVE/ J

COMMON /DERIVE/ MAX]

COMMON /DERIVE/ BEMX {3
COMMON /OERIVE/ NEVERC

COMNON /DERIVE/ CBSE

COMMON /DERIVE/ PAV {91
COMMON /DERIVE/ REOWE

COMMON /DERIVE/ RECWNB

COMNON /DERIVE/ FTEWNP

COMMON /DERIVE/ FEOWP

COMMON /DERIVE/ FEOWPB {28}
COMMON /DERIVE/ RECHT {200
CCMNON /DERIVE/ STRACT (23,343

COMMON /DERIVE/ SRFQO {9)
CGMMON /DERIVE/ SRFY {9
COMMON /DERIVE/ SER (3490
CGMMON /OERIVE/ T.8F (33
COMMON /DERIVE/ . TEEN (91
CGMNON /DERIVE/ TRES IS (3,9
COMMON /DERIVE/ VA 13,9

COMMON /DERIVE/ N@GAVA (3,5
COMFON /DERIVE/ VANOID (3,9

CCMMON /DERIVE/ vBg (3,9
COMMON /DERIVE/ IMPACT (9
COMNGON /DERIVE/ VELY (3)
COMNMON /DERIVE/ VEMAX {3)
CCMMON /DERIVE/ VE (2043439

COMMON /DERIVE/ MaGOVO (3,9
COMMON /DERIVE/ VMAX -

COMMON /DERIVE/ VNAX1 (3N
COMMON /CERIVE/ VMAXZ (359
COMMON /DERIVE/ VEBLA

CCM¥ON /OERIVE/ VOVER (3,9
COMMON /DERIVE/  VRID

COMMON /DERIVE/ VSEL

COMMON /DERIVE/  VSEL1 (31

COMMON /DERIVE/  VSEL2 (3,%)
CUMMON /DERIVE/  VSGIL (3,9
COMMON /DERIVE/  w@T {349)
COMMON /DERIVE/  yXT (3,5)

COMMON /DERIVE/ hECGCOND .
COMMON /DEKRIVE/ WAATIO
COMMON /TERRAN/  AA
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ACTRMS

COMMON /TERRAN/
COMMON /TERRAN/-  AREA
COMMON /TERRAN/  AREAC
COMMON /TERRAN/  CI -
COMMON /TERRAN/  C#ST
COMMON /TERRAN/  EANG
CCMMON /TERRAN/  EGF
COMMON /TERRAN/  EHEV
COMMON /TERRAN/  FNU EY
CLMMON /TERRAN/  GRABE
COMMON /TERRAN/  18BS
COMMON /TERKAN/  <18ST
COMMON /TERRAN/  IRGAD
CGMMON /TERRAN/ IS . {9}
CCMMON /TERRAN/  IST
COMMON /TERRAN/  I1TUT
COMMON /TERRAN/ M
COMMON /TERRAN/  &FU
COMNON /TERRAN/  CAN
COMNON /TERRAN/  CBAA
COMMON /TERRAN/  C(8H
COMMON /TERRAN/  CBL
COMMON /TERRAN/  C8S
COMNON /TERRAN/  CBW
COMMON /TERRAN/  CBMINW
COMMON /TERRAN/  CGIA
COMNON /TERRAN/  NWASHG
COMMON /TERRAN/  R8BC
COMMON /TERRAN/  FGA
COMMON /TERRAN/  §EIC (4}
COMNON /TERRAN/  ROURV (11
COMMON /TERRAN/  RG
COMMON /TERRAN/ DA (121
COMMON /TERRAN/ S (9)
COMMON /TERRAN/  SG- (99
COMMON /TERRAN/  SBL (9
COMMON /TERRAN/  SURFF
COMMON /TERRAN/  TANPFI
CGMMON /TERRAN/  THETS (3)
CCMNON /TERRAN/  VCURV t4, 11
COMMON /FERRAN/  hé
COMMON /TERKAN/  WE

C e cmE. Reoe S0 e e -

¢ VARIABLE DECLARATECNS

C I T Y P L LR LN 2

c

' REAL MPH

IMPF1=MPH{VMAX)

IMPF2=MPH{VMAX1{UP}&
IMPH3 =MPH{VMAX1{LEVELA)
IMP H4=MPH{V NAX1{DOWAI)

IMPH5=M

PHIVS EL)
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IMPF6=MPHIVSELL1{UPIS
ZMPF7 =MPH{VSEL1{LEVELD)
IMPHB=MPHIVSELL{DGWA) ),
IF{ITUT .GE. 113 GC YO 2439
TF{KBUFF EQ. 1) GC TC 2822
KBUFF = 1
WRITE(LUNL, 28600
20@d FORMAT{78H1 NTU ITUT VMAX UP LEVEL DOWN VSEL UP LEVEL
+DOWN GRADE AREA, 7/}
C 3. DYNAMIC QUTPUR SECTEGN
2923 WRITE(LUNIG) NTU, LTUTyZMPHL , ZMPHR2 yZIMPH3 3Z MPH4 o ZMPH5,ZMP Hb,
+ ZMFPHT s AMPHB » GRADE, AREA
HKITF(LUNI.3GJGI NTU, ITUT yZMPH1 ,ZMPH2oZMPH3 9L MPH4 ¢ LMPH5 s ZMRHb,
+ ZﬂlH?slMPHB.GRADE AREA
GO YO 4009
2034 IFIKBUFF LEQ. i) GC TO 2849
KBUFF = 1
WRITE(LUN1,2540@) ‘
2969 FORMAT(42H1 NTU ITUT VSEL UP DOWN GRADE ODISTANCE,//)
cb4d WRITELLUN1,295400 NTUy BTUT Z2MPHS ¢ZMPHO 9 ZMPHS ¢ GRADES D IST
<954 FORMATI 1X,1443X,12 481Xy F5.20,1X,FB8a4}
3990 FORMAT{ 1Xg14 44 X211l 38{1XgF 5421 1XsF542¢1XyFoe4)
¢ 3. TERMINUS
4399 CONTINUE
RETURN
END
SUBROUTINE ACCEL
{FA oFB » FC 2 GCw ol
WK » NGF » AGR #sNV2FLG oRMX
+STRACT T » TRESES V1 V2
P V2F + VG » X sLUN1

------ -‘--—--——-----Q-Q-Q-----n--—---------—h-q-qp-p--oqq’--

TIME AND DISTANCE TO AGCELERATE FROM ONE VELGCLITY TU ANOTHER

Y LTS P YL PR P LR RY oL L L L L L LY L L L el b bl Lol Lol okl X el

T ¢+ v e

sRaNaNeRe

1« VAR JABLE DECLARATLCN
REAL Fa (28,3}
REAL F8 {2843}
REAL FC (249 3)
REAL RMX { 2@}
REAL STRACT Liide3,3)
REAL TRESIS {349}
REAL VG (43¢ 3,3}
¢ 3. ALGCRITHM
VM = GCW/385.9
¢ A, CETERMINE GEARS #NG1 ,NG2d} UF THE JINITIAL
+ AND FRINAL VELOCILITIES.
CO 3018 NG=1,NGF
IF(V] JLE. VG&NG43,Kd) GC TG 3820
52016 CONT TNUE
3429 CONTINUE
AG1 = NG

(@}
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00 32308 NG=NGl ,NER
IFIV2 JLE. VGENG,3,K)) GC TO 3844

3830 CONTINUE
3644 CONT INUE

AG2 = NG

IFINGL «NE. NG2) GO TO 38860
¢ Be SINGLE GEAR KOUTHNE

vL = Vi

VH = V2

NG = NG1

T = 0o

X = P

- CALL TXGEAR
+ {FAFRyFCyGCW o ToKyNGoBV2FLG aRMX g STRACT 9T T TRES IS VLo VH,VGoXX d
IF{NV2FLG .NE. €} GC TG 385¢
T =17
X = XX
GO TO 4@3¢
3ESE IF(NV2FLG JNE. 18 GC TC 3860
. GO YO 3268
3069 IFINV2FLG oNEe 2% GC TO 3072
GO TG 40820
3678 CONT INUE
’ GG TO 4885
C C. MULTIPLE GEAR RCMWTINE
3¢89 CONT INUE
T = .
x 8.
Ww = Vi1 o
VH = VGING1ly3,K}
CALL TXGEAR ’
t {FAFP FCyGCWo I oK yNG yBV2FLG yRMX o STRACT gTT ¢TRESTIS yVL g VHVG XX )
IFINV2FLG oNEe. €4 GC TO 313¢

LT |

T =77
VS = VG{NG1,33K)
X = XX
IF{NG2 .LE. {NGL+1)) GO TO 3892
GO TO 3leg
3399 CONTINUE
VL = VS
VH = V2
NG = NG2

CALL TXGEAR
t {FAFEyFC)GCW o1 ¢K JNGoBV2FLG o RMX 9 STRACT oTT yTRESIS»VL 9 VHe VG XX )
IFINV2FLG .NEs @) GO TO 3106
T = T+IT
X = X#XX
GO TO 4042
3140 IF{INV2FLG «NES 1) GC TO 3110
VFZ VﬁkNGl,B'K‘
NGF N
NV2FLG 2

ftoun
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GO TO 404
31i 4 IFINV2FLG «NEs 20 GC TO 3120
GO TQ 32682 .
3124 CONTINUE ,
GC TO 4065
3139 IF(NV2FLG .NE. 13 GG TO 314¢
GO TO «Qui
31492 IF(NV2FLG «NE. 2% GC TC 315¢
GO0 TO 326¢
3150 ’ CONT INUE
GO TO 4895
L D. ACCELERATE ThROUGH INTERMEOIATE GEARS
2169 CONT INUE
Ml = NG1l¢+l
M2 = NG2-1
CO 3200 NG=M1,M2
VL = VS ‘
VH = VG{NGy3,K)
CALL TXGEAR
¢ (FALFEgFCoGCW o1 yK yNGoBRV2FLG RMXgSTRACT oTT pTRESIS yVL gVHoVG XX}
IFINV2FLG «NE4 @) GO TU 3170
T =T + T1
VS = VGI{NGs3,K}
X = X ¢ XX
GO0 TO 320¢
3174 TF{NV2FLG -NEg 1) GO TO 3180
GO TO 3218
3184 IFI(NV2FLG JNE4 2) GO TO 3190

G0 TO 326¢
3192 CONTINUE . .

GO TO 4045
32448 CONTINUE
GO TG 3220
3214 CONT INUE
NGF NG=1
VZF VGINGF, 3,K)
NV2FLG 2
GO TO 4280
322¢ CONT INVE

NG

wohon

NG2
Vi VS
VH V2
CALL TXGEAR
* (FAsFB FLoGCW oI oK yNGoAV2FLG ¢RMX g STRACT g TT g TRESIS VL VHe VG XX b
IFINV2FLG oNE4 2) GO TO 3239
T T+TT
X X+ XX
GO TO 484¢
3238 IFINV2FLG «NEy 1) GC TO 3240
NGF NG=-1
V2F VGENGF, 3,K)
NV2FLG 2
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GO TO 4048¢
3249 IFINV2FLG «NE4 29 GC TO 3250
GO TO 3268
3259 CONTINUE -
GG TO 4P9Y5
C E. ERROR ROUTINE
3268 CONT INUE

VAV=[VL#VHI /2,
DO 3308 J=1,4
CALL TXGEAR
¢ (FAFBgFC,GCW o 14K gNG:yNV2FLG ¢RMX s STRACT oTT oTRESIS oVL yVAV,VGeX X3
TFINV2FLG +NE<L 8) GO TO 3274 '

VH = VAV
VAV = (Vis¥HI/2,
GO TO 338¢ .
3278 IF{NVIFLG «NE4 13 GC TO 3284
VAV = [VAVENHI/2.
GO TO 3392
3288 IFINV2FLG «NE4 2) GT TO 3294
VH = VAV
VAV = (VLAMH} /2.
GO TC 3342
3290 CGNTINUE
GG YO 4385
339¢ . CONY INUE
2 F = VAV
NGF = NG
NV2FLG = 2
T = T&TT
X = X+XX
C 4., TERMINUS
4830 CONTINUE
RETURN

4485 WRT TE(LUNL,46104
WRITE{LUNI,4222) .
WRITE{ LUN1 443380 ( FA{NGoK1,NG=1 ,NCGR}
WRITE(LUN1 j4348) -
WRT TE{ LUN1 94@33) { FB{ NE4K3,NG=1,NGR)
WRETE(LUNL 40852} R
WRITE(LUN1,4832) (FCINEWK ) 4NG=14 NGR)
WRITE( LUNL 443601 GChy KaNGR,.NV2FLG
WRITE{LUN1 ,4872)
WRITE(LUNL ,4838) {{STRACT{NG,M,K),M=1,33,NG=1,NGR}

WRITE(LUN1 ,4882) T +TRESISIK,IdsV1 oV2  ,V2F
+ + X

4819 FORMAT{1H] y6HS$ACCEL,/?
P28 FORMAT{/,1X,8HFA =)
4338 FORMAT{9X,S5{ELS5+8,5XH
4848 FORMAT{/,1X,8HFB =}
4053 FORMAT{/,1XysHFC =& ,
@68 FORMAT(/,1Xs8HGCHW =4E15484/,1X 48HK 9149/ 91X8HNGR o)

* 14, 791XsBHNV2FLG =484
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40746
4B Bd

FORMAT(/ 41 X BHSTRACT
FORMAT (/1 Xe8HT
¢ 1Xs8HV1
+ 1Xy8HV 2F
RETURN
END
SUBROUTINE C3LINC
¢« {D oA
+ Jd oK o KK s VALI
+ ,VALK e VI ' Vd VK )
iahd b R L E LS B e bt L B R B e L b | LT T Gy
THREE-CIMENSIONAL LINEAR INTERPGLATION SUBROUT INE
EXTRAPGLAT ION AT CCNSTANT LEVEL BEYOND LAST
ELEMENTYS OF ARRAY.

Cenerecaqenepmacepapg ifiepecearecceCtccaqetreec e "oe

=4
33E15489751X s 8HTRESAS
'=yEiS.8,/ ,lX,aHVZ
Z9E1548457,1X¢8HX

='E15.8’/'
=IE15.8|/.
=lE15.8'

o I o 11 od

oVALJ

OO0

1. VARIABLE DECLARATICN
REAL A {7814,5)
REAL VALE (7%
RZAL VALY (14} .
REAL VALK (sh
ALGCR IT HM
IF(1 NE.
ALL
ALH
AHL
AHH
GO TG
CONTLNUE
DUMMY
ALL
ALH
AHL

II) GO TC 20192
Al T, 4, K}
All, J,KK2
ALY, 44, K-
ALl o dJeKK)
2820

¢ 1@
(VI-VALI(IMM/ (VALI(IIVD-VALLLIN)
Al ]. J, K'tDU’“Y“NII' Js Ki=Al
Al I, J,KK1aDUMMYS{A(IT, JyKKi=A(
Al T,Jdy KIaDUMMYS{A(II,4J, K)=A(
AHH Al Lo ,KKISDUMMY S{ A{I1,JJ,KKI=AL
IF(J «NE. JJ) GC T€ 2839

AL = ALL

AH = aLH

GO TO 2049
CONTINUE
DUMMY

I, Jdy KW}
Iw JeKKI}
Ii'JJp K,"
{edJ KK}

ft uuw uun

eN2d

¢d3i
(VI=VALJILJ M AVALI(JIV=VALI( I
AL ALL«DUMMY = AHL -AL L)
AH ALH*DUMNMY & (AHH=ALH)
TF{K $NE. KK) GC TC 2452
€ = AL
CO 70 36439
CONTINUE
D = ALt{AH=ALM{VK-VALKAK I}/ (VALK{KKI=VALK{K))
TER MINUS
CONTINUE
RETURN
END
SUBROUTINE FGSPC

2d4¥

205u

34284
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+ (CPF s O 1 NEE  HRCIXD

- S N VR G T G0 Gp W D W W D WD ey -'*.---q—--,--’-—----- b o g

FINE GRAINED SOIL FULL CCERFICIENT ALGORITHM

- an wnws e Wy @ = --‘------0"-”---‘1;0 -y e W gy T o -

OO

1+ ALGORITHM
IF{NVEH +EQ. 1) GO TC 10846
TRACKED ASSEMBLY .
IF{CPF +GEe 4ob GO YO 10229
IF{RCIX .LT. 8.} 60 TC 1210
D = '
+ o544+ 3403%RCIX=((o5442.0463%RCEIXI*$2,-40T024RCIXISE,5
‘ GO TG 204¢
1210 CONTINUE
C D = +@856%RCIX
N = J876%RLLX
GO TO 2004
1628 IFARCIX LT, %oV GO TO 1830
D =
v L4554 ¢,0392%RCIX= ({49564 03G22RCIXI*¥2=0.0526*RLIXI**},5
G0 TO 20989
1830 CONTINUE
C = .856%RCIX
GO TO 209
1040 CONTINUE
C WHEELED ASSEMBLY
IF{CPF .GE. 4.) GO TO 1968
IFIRCIX JLTe Ba) GO TO 18580
D = ’ ’ :
t 23885-4B265%RCIX= {12885 40265%RCIXVI*42=,0358#RCIXISE,5
GO YO 2000
16582 CONT INUE
L = .246%RCIX
GO TO 20090
1860 IFCRCIX LT, B3 GC TC 1079
. D =
0379+ P21 9%RCTIX«{ {4 379+402195RCIXI®*E2-,025T4RCIXI 24,5
GO TO 2426
1478 CONTINUE
D = «B33%=RCIX
c 2. TERMINUS
2088 CONTINUE
RETURN
END
SUBROUTINE FGSPR
+ {CPF +NVEH +RCIX 1 RTCWP R

D T L T Y L L T T T T X T Ty

FINE GRAINED SGIL PUWERED ASSEMBLY MOT.IGON RESISTANCE

D e e e Tl ol X L T e aciveapdeo eeeereoaqmeEpSarteastheotcaneen

o

-+

OO0

1. ALGORITHM -
iFUNVEH «EQ. 1) GO 10 1039
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C TRACKED ASSEMBLY _
IFIKCIX LT, B.) GO TO 1210
RTOWPB = 64542.30875/(RCIX*¢6.5)
GG TO 2¥8¢Q
1010 IF(CPF .GE. 4.,) BO TO 1620
RTOWP B = 4=,872¢RCIX
60 TO 2842
1824 CONT INUE
RTCWPB = .4-=.0529RCIX
GO TO 20449
C WHEELEU ASSENMBLY
14349 IF(RCIX «LT. B.) GC TO 1658
IF{CPF .GEes 4¢3 B0 TO 1848
RTCHWPB = 0354.861/(RCIX ¢3.249)
GO T0O 2088¢
1643 . CONTINUE
GO TO 282¢
1658 IF{CPR .GE. 4.) GO ¥C 106¢
GO TO 200¢ '
1068 CON TINUE
RTOWPB = +64~.029%RCEX
c 2. TERMINUS
2004 CONTINUE
RETURN
END
SUBROUTINE FGSTR
+ [DIAw » DRAT » 18 o IP o NVEH
¢t JNWHL s RC1 s RTOMWT +SECTW oW GHT
+ JWRATIO ,LUNY )

R T ey bGP AR AP D WD e - -ﬁ-—----------------

FINE GRAINED SOIL TOWEL MCTICN RESISTANCE
B L Y R T Al L L S P P
2+ ALGORITHM
IF({IP .EQ. @) .ANC4 (IB .EQ. ¥d¥ GO TO 20140
NEVER TOWED ASSENBLY
RTOWT = @,
GO TO 3909
2019 CONTINUE
C TOWED ASSEMBLY
IFCNVEH (NE. @) GO TO 2428
C TRACKED ASSEMBLY
WRITE( LUNI 4,341 4)
WRITE{LUN1,3028) DIAW o+ CRAT o IB o IP o NVEH
* o NWHL +RC1 o RTOMT H,SECTH LWGHT
+ +MEAT 1G
3013 FURMAT (1H1,6H$FGSTR,/)
3020 FORMAT(/4+1X,8HDIAW =gF15.847+1 X98HORAT S9E15484/ ¢

OO0

o

+ 1X,8HIB =415 o/ 91Xy 8HIP =9k54/ »
+ 1 Xe BHNVEH =,IS ./.IX.SHNHHL =’150/'

+ 1Xs8HRCI SgEL5.8 9/ 2i XoBHRROWT =4E15.8,/4

314
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+ 1Xe8HSECTh =3E15.8,/91X s 8HWGHKT

=0€15.8','
3 1 Xo8HWRAT IO =9Ei5.81)
SsToP
28240 CONTINUE
c WHEELED ASSEMBLY
WPW = WGHT #WRAT 1C/ FRCAT{NWHL)
BETA =

+ (RCI®SECTW*DIAWDRAT#8.5)/{WFWo( 1. ¢SECTW/2./D1ANE)
IF{BETA «GT. 2.} GC TQO 2034
RTOWT = 1.~.3412<¢BETA

GO TO 3900
2¢319 CONTINUE
RTOWT = o8¢+ .,2/(BETA-1.35)
GO 10 3884
C 3. TERMINUS
3899 CONTINUE
RETURN
END
SUBROUTINE FORVEL
+ (F » FA y FB QFC 'FORMX
b K # NGR s V +VFFMAX  LVG )
C  emeca= -emmmanan e--- L E L L P Lt Ty T
C FGRCE AVALIABLE AT A CRVEN VELOCITY
C ------ s acecacaees -es dfqooaperenses e
C .
" 1« VARLABLE DECLARATICN
REAL FA {2643}
REAL FB { 28¢.3)
REAL FC {2dy3)
REAL FORMX 134
REAL VFMAX {3
REAL VG {2843,3)
c 2. ALGCRITHM ”
TF{V »GE. VFMAX{KE) GG TO 28619
F = FORMX{K)
GO TO 36249
2019 CONTINUE
DO 2038 NG=1,NGE
IFLV «GT. VGING,3,K3) GC TO 2828
£ = {FCING, KISV +FBING,K 3 3=V ¢FA(NG,K)
GO TO 3040 '
2629 CONT INUE
2438 CONTINUE
F = 0e
C 3. TERMINUS
3089 CONTINUE
RETURN
END
SUBROUTINE QUAD
+ (A s B »C
+ X1 o X2 +#X3

T 3 'Ye Y3

315
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+ .LUNl }

.......... - - -----—--*-—----—--- - D G D D W 4D WD W OB WD

QUAURATIC FIT THROUGH THREE PCINTS SUBROUT INE

R T L L L L ey wpeduefopuoccanenpganoPRe EEwme e

()

OO

1. ALGCRITHM
AA (Y2=Y1)/(X2=-X1¥
BB {Y3=-YL)/(X3-X14
cC (BB-AAd/{X3-X2}
A Yi-AA®X1+CCoX19X2
B AA-CCo{X1eX2}
C cc
C 2. CHECK TO INSURE THAT THERE IS NO OIVISION BY ZERO (@)
IF(‘X3"X’.' JEC.- Z. oORn (X3-X2' .EQ. ﬂ. .ORQ
+ (x2-X1V .EQ. B.) 6C TO 3999
GC TO 4009
3988 WRITE (LUN1,3910)
3919 FORVAT(1H1,39HDIVISIGM BY ZERG (0% IN SUBROUT INE QUAD, 7}
C 3. TERMINUS

oo ou

+004 RETURN
END
SUBROUTINE QUADS{X ,Y 4A ,B ,0)

c
C e T el al e o e et e D T Y
C LEAST SQUARES FIT THRCUGH FIVE POINTS PASSING
c THROUGH THE FIRST AND LAST POINTS. EQUATION
C OF THE FORM: Y= A ¢ BeX + (eXs02
C L BT L R e LI L L ELE L P L L Ll DL L el Ll LD DL
c
C 1. VARIABLE DECLARATICNS

REAL X (51

REAL Y {53

REAL A

REAL B

REAL C
C
C TRANSFGRM ARRAY INTQO THE UNIT SQUARE
C - e Epeeeccescepeccsefiegeqeeganceme
C

CX=x{5) = X{1)

cY=yi(5) - v(1)

XXSUM=0@,

XYSUM=0.

DO 243¢ I=1,5
XTI=( X1} = X{18}/(CX
YTI=Y(I) - Y{])
XYSUM=XYSUM ¢ YTI « XTle(CY
XXSUM=XXSUM + XTI*{XTI =~ 1)

2828 CONTINUE

C L L T LR L EPFP LY T LR 22X Y
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. UNIT SQUARE COEFFICIENTS

-q--q---dpﬂ----‘i--*d-’-

OO0

C3=XYSULM/XXSUM
Ce=CY = (3

- o 00 2 g o w w >w f>]

INTERMEDIATE TERM {(NCT A COEFFICIENT?

———-—ﬁ-—q--—----q-‘qqdf-§--wo-—~¢--q-

C4=14/ (CXe CX)D

-q-—qnu—q---~--—¢-_4qc‘npp-

FIVE PCINT FIT COEFFICBENTS

-4—--—p‘q--'f-—----qpqq—f~4

OO0 aAOOO0O0O

A=Y{1) ¢ X{1haCae{X(138C3 - CX*C2)
B=C4#{ CXSC2 = 2.&X{1)%C3)

C=C4sC3 .

RETURN

END

SUBRGUTINE SLIP ,
¢ (CPFC  ,IST JLCCCIF oNFL ~ ,NVEHC
+ S Y ,LUNA )

- SR A N D AR e W T

SLIP ALGORITHM
2+ ALGCORITHM .
IF{{IST .NE. 1) JANB. (IST .NE. odk GO YO 20689
A, FINE GRAINED SCIt
IFINVEHC .EQ. 1) GO TO 2828
C TRACKED
IF(CPFC .GEs 4.& GO TO 2418
S = 3257 2%~.0161¢.015i%/(+8353~Y)

OonO

‘s

GO TO 216%¢
2B : CONTINUE
.S = .9733*Y‘.6063*.¢0734/( 7127=~Y)
- GC TO 26 @
C WHEELED
20 28 IF(CPFC .GE. 4«) GO TO 2040

S = JP621¢Y=,321+.01888/(.7794-Y)
IFILOCDIF JNE4 1) GC TO 2630

S = S/1.1
2030 CONTINUE
GG TQ 21680
2049 CONTINUE

S = JB840Y=,016¢,81414/(.6697~Y)
[FILOCDIF «NE. 14 GC TO 2059

S = §/1.1
2850 CONTINUE
60 TC 2168
c06d IF{ IST JNE. 2) GC T& 2164
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C B. COARSE GRAINED SCIL
IF(NVEHC .EQ. 1) GO TO 2088
C TRACKED
IFINFL 4EC. 1» GC TC 287¢

C RIGID TRACK

S = -.00883#.085312/(.573~=Y,)

GO TQ 2168
2079 CONTINUE
C FLEXIBLE TRACK

YY = 1e4074%Y=472
S = YVel(YY0g2)+,09¢Y+,309)2%,5

GO TO 2160
2089 CONT INUE
c WHEELED

S = J00740Y~- 0064400374/ (.5785~-Y)
IF(LOCDIF NE. 14 GO TO 2098

S = S8/1.1
2¢90 CONTINUE
GO TO 2169
21008 TF{IST .NEe 3} GC TQ 21390
C C. MUSKEG

IFL{NVEHC <ECe 1t JEBRe (CPFC oGE. 4.)) GO TO <1190
S = «0585%Y~ ,A186+.21336/(<R64~Y)
GO TO <¢l6¢
2116 CONT INUE
S = 10248YV=-.00864¢.01062/(.7564-Y)
IF{(NVEHC .NE. 1% .CRe (LOCCIF .NE. 13} GO TO 2120

S = S/1.1
2129 CONT INUE
GO TC 21680
2138 IFLIST .NE. 4) GO T6 2158
C D. SHALLOW SNCw
IFLY «LT. 1) GC TO 2148
S =1, ‘ '
GO TO 2L6¢&
2149 CONT INUE
S = 38 1l.={le~Yipe,5)
GO TO 2166
C E. ERROR

ra 31" WY TE{ LUN1,22008)
WRITE{ LUN1,2218) CFFC = ,IST o LOCCLF HNFL » NVEHC

+ *S 'Y
2200 FORMATI1H1 s6H$STICK,/}
22106 FORMAT(/,1X,8HCPFC =gEl548,/91X o8HIST =415 o/
+ lx'SHLOCDIF =¢ld5 QI'IX'BHNFL ' =415 ./.
[ 4 1X,8HNVEHC 3‘15 p/,lX.&HS =1£15.8"'
+ 1X,8HY =gE15.8)
STOP
c Fe FUNCTLION LIMITS
2160 CONTINUE
IF{{S «GE. ©+) «ANC. (S oLE. led) GO TO 2170
S = 1.
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2.70 CONTINUE
C 3. TERMINUS
RETURN
END

SUBROUTINE TFORCF :

+ (CF +CPFC 2LCWF » GCWP s IST

t oNFL yNVEHC ,BTONR  LTFOR sLUNL
C 0 e o n e e ] 2 2 5 B P S B S e e
C SGIL LIMITED TRACTIVE EFFCRT ALGORITHM
C A S D D W N S T W S DD AR DA D D gy T U R D - W -
C 2+ ALGCRITHM
: IFC(IST oNE. 1) JANBe (IST (NE. 60} GO TO 2040
C A. FINE GRAINED

IF{NVEHC +EQ. 1) GG TO 2629
c TRACKED
IF{CPFC JGE4 Sed GO TO 2818
CF (DCMPr 758 1 #RTOWP
TFOR. (Cfﬁs&?i*GCHP
GO TO 344¢
24198 CONTINUE
CF = (DCHP“‘bll’fFTUNP
TFOR = (CFe&s720eGCHP
GO TO 34480
20824 CONT INUE
c WHEELED |
' IF{CPFC .GE. 44 ) GO TO 2039
CF = (DCWP=46T4) ¢RTOWP
TFOR = (CF*.7U'*GCHP
GO TO 383¢ :
2438 CONT INUE |
CF = {(DOWP=,585)¢RTOWP
TFOR = (CFe&, 655 )¢6CWP
GO TO 3088
20482 IF(IST .NE. 2% GO 18 2878
c B. COARSE GRAINED , .
IF{NVEHC +EQ. 1} GO TQO 24682
c TRACKED :
IFINFL JECs 14 G0 TO Zﬁsﬂ
C RIGID TRACK
CF = 0976 :
TFOR = (CF#.568)9GCHP
GO TO 3002
2658 CONTINUE
c FLEX TRACK
’ CF = .1
TFOR = (CF*.695Q‘GCHP
GO TO 3840
2064 CONT LINUE
c WHEELED :
: CF = RYOWP+D0WE~.56
TFOR = {CFe.5751¢60CNP
GO TQ 3000

Nll
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2679 IF( IST LNE. 3} GO T8 2€982
C C. MUSKEG
IFC{NVEHC JNEo 8% oORe dCPFC oGE« %.4) GO TO 20880
CF = RTCWPAB0WP~.88 '
TFOR = {CF+.S208CCHP
GO TO 3096
20840 CONT INUE .
CF = RTOUWP*DOWR=,68
TFOR = 4CF+, 745 08GC WP
GO TO 39e¢ :
2090 CONTINUE
C De. ERROR
WRITE{ LUN1,2104@)
WRITE{ LUN1,21106) CF s CPFC o LOWP » GCWP 9 IST
‘ + s NFL s NVEFC  LRTOWP LTFOR
2128 FORMAT (1H1 ,7THSTFCRCF, /) '
2119 FURMAT‘/:IX.&HCF :‘EISQB,/QIXOSHCPFC =¥EISOSQ/.
1Xy8HDOWP 2gE1548 /41X 98HGCHP 29 E15.84 7/,
1 XeBHIST 2415 ','IX.GHNEL =¢1I5 ol s
1 Xg8HNVEHC =415 2/01Xs BHREOWP =,E15.8,/,
iXy8HTFCR 2$E15481)
STOP 12
C 3. TERMINUS
3¢d8 CONTINUE
RETURN
END
SUBKOUTINE TXGEAR
+ (FaA o FB o FC oGCW ol
+ oK o NG s NV2FLE 4RMX 2 STRACT LT
+ kaESIS le 'VZ ’VG .X )

e W g D S S an wp w a San

TIME AND DISTANCE IN A GEAR

LA R DR PP LY B L DTy LT X T

* *t v+

OO O

1. VARIABLE DECLARATLGN
REAL FA 1280 3)
REAL FB {2y 3)
REAL FC {2@,3)
KEAL RMX  tz@d
REAL STRACT { 2Q¢3,3)
REAL TRESIS (2493
REAL VG (i8y3,3)
c 2. ALGCRITHM
c A. SET COMMON VALUES
VM {GCW/385.9 )¢ RMXING )
A FA{NG, K
B FBUNG oK)
C FCONGoK)
F TRESIS{Me 1)
£SQ BeB-4s04ArFIu(
N2FLG = Ba
c B. SOLUTION TREE

oMy gt
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IF(CY 269 179 1
1. POSITIVE CURVATURE
CAFLBY 2, 11, da
A. NEGATIVE SLOPE AT V=0.
CONT INUE
IF{A=-F) 3,3,4
1. NEGATIVEAZERO EXCESS TRACTIDN
‘R2={-B ¢+SQRT(DSCI I/ L24%CH
Rl=z={A-FB/{ C2R2)
IFIV1JCTLR2Y GO TO 36
N2FLG=}
RETURN
2. POSITIVE EXCESS TRACTION
IF{CSQ) 380845
A. FOSIFIVE DISCRIMINANT
R2={+B+#SQRTIDSQ )/ {2.2C)
R1=4{8=~F)/ {CeR2) .
IF{VA.LE.R1.0R.V1.GE.R2) GO TO 36
- IF{Vi=R1} "7,7,6
6 MNWIFEG=1
. - RETURN
7 NV2 FL.G=2
. RETLURN
C ' Bs ZERU DISCRIMINANT
8 - Re= ‘MB’SQRT‘GSQ}l,‘Zo*C‘
- Rl={A=F}/({C2R2)
IF{VE.GT.R1.0ReV2.LT.R1} GO TO 37
’ IFIVE=R1} 746,7 ’ .
C Cs NEGAF¥IVE DISCREMINANT
C Be ZERG SLGPE AT V=Q.
11 IF{A-F) 13412,38
C 1. ZERG EXGESS TRACTION
12 - T=vMs{14/VI=1l.4V2}/C
X= (VMICl*AL054VM/(VM-VI*C‘T')
RETURN -
C 2. POSITIVE EXCESS TRACTION
13 R<=SQRTLESQN/ L 2. 2C ).
: Rl1={A=FE/{C*R2}
IF{V1I.GF.R2) GO TO 36
NV2FLG=}
RETURN
C Ce POSIT{VE SLOPE AT v=0.
14 IF(A=F) 1515416 .
¢ l. NEGATIVE/ZERO EXCESS TRACTION
15 Ri={~=B=~-SCRT{DSQIV/(2.2C)
R2={A=-F¥/{C*R])} '
CIF{V1a€T.R2¥ GO TO 36
NV2FLG=2
RETURN . '
C 2. POSITIVE EXCESS TRACTION
i6 IF{LCSQ) 38,37,30
C 2+ LZERQ CURVATURE -

N OO

w O

Voo
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17 IF(B) 18,22,25
¢ A. NEGATIVE SELOPE AT V=0,
18 TF(A=F) 19419,20
C 1. NEGATIVE/ZERC EXCESS TRACTION
19 NV2FLG=1
RETURN .
c 2. POSITLVE EXCESS TRACT 10N
20 R1=={A=E)/B
IF(V1-Fk) 21,19,19
21 IF(V2.LT.R1+ GO TO 35
NY2FLG=2
RETURN
c B. ZERC SLOFE AT V=g,
22 IFLA=F) 23423,24
c 1. NEGATLIVE/ZERO EXCESS TRACTION
23 NV2FLG=1
RETURN
e 2. POSITLVE EXCESS TRACTION
24 T=VMe (V2-V1 3/ (A=F)
X=( (A=FAST/4 2, $VM) 4V1)eT
RETURN:
c C. POSITIVE SLOPE AT v=4.
25 IF(A-F.GE.B.} €0 TO 35
1=~{ A-KI/B .
IF{V1.€T.R1): GC TO 35
NV 2FLG =1 ,
RETURN
c 3. NEGATIVE CURVATURE
26 IF(B) 27,2743F
c A. NEGATIVE/ZERC CURVATURE
27 IF{A-F) 2828,29
c 1. NEGATLVE/ZERO EXCESS TRACTION
28 NV 2FLG=2
RETURN
C 2. PGSITIVE EXCESS TRACTION
29 R1={=B+3QRT{DSQI /{2, *C)

k2= (A<F&/(CeR 1)
IF(V1.L%.R2} GO TO 30
NV2FLG=1
RETURN

3¢ IFIV24LE.R2Y GO TO 36
NV2FLG=3
RETURN

C 6. POSITIVE CMRVATURE

31 IF(A‘F-GEW‘:‘QOR.CSQOGTQGQ. GO TO 32
NV2FLG=]
RETURN

32 R2=(~B-SQRT{DSQ) I/ {2.:*#C)
R1=(A=Fb/{ COR2) |
IF(Vl1.lE6.R1) GO TO 33
IF{V1.€8.R2) GO TO 33
GC TGO 3%
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33 NV2FLG=L
RETURN
34 IF{ V2. LE.R2) GC TO 36
NVZ2FLG=4
RETURN
c ’ C. #Hi## KOUTINE
35 T=(VM/B) ALOGIA BAV2+A=F ) /{ BoV1#A=-F))
X=={ A=FI&T/B+{VMI (BB V& (BAVISsA-FI&(EXP{TEB/VMI=1,)
RETURN
C D. LOG ROUTINE - PCSATIVE DISCRIMINANT
36 C=SQRT(DSQ)

VIBAR={2,#CoVI1+BnL) /(2 .9COV]1+B+D)

V2BAR={2 .,6L%Vy2¢EaDR/{2 . 2C0V 2¢B DY

T={VM/D) *ALCG{ V2BAR/V] BAR)

x-(.S*(D-BI#T-V*tALCG(ll.-VIBAROExP(RODIVM))/
(1.=V1iBARII/C

'Y

RETURN

C E. RECIPROCAL RCUT'INE =~ ZERGC DISCRIMINANT

37 T=2.8VNP(lo/7(2.%03V1eBl=1/(2.0CoV2¢B2 )}
X‘(VMICJ‘ALBG(Z.GVMI(24°VH-T*(2¢*C‘V1*B)3)- S5¢BeT/(
RETURN

C . F. NEBATLVE ROUTINE - FAKE TWO GEARS FITTED BYW STRAIGHT

C + LINES OUT GF ONE FITTEC BY A QUACRATIC.

38 SH={ STRACT(NG,3 sKI=STRACTUNG92¢KII/{ VGINGy 35 KI=VGING,2, K}

2H= (STRACT {NGy 29KV VG NGy 3, K 1=STRACT ING43 ,KFOVG{ NGy 2,K ) ¥/
AVGINGy3 s KF=VGING,2, K3}
SL={STRACT (NGg2o%)=STRACTING 1 K3/ {VGINGe 2sK)=VGINGy1, K1)
ZL=( STRACTINGy LK V®VG{ NG92 9 K}=STRACTUNG ; 2,K F*VGINGs1 oK) 4/
(VGINGy 2, KI=VGING g1¢KAJ
IF{V24GE.VG(NG, 24K} GO TO 39
S=SL
1=IL
GO TO 42
39 IFIV1.LE.VGING, 25K}) GO TO 48
S=SH
1=IH
GO TO 42
40 IF(V2.LE-AMAXL{={ZH=E b /SHo= (ZL=F1/SL}D GO TO 41
NV2FLG=2 .

*

*

, RETURN
41 TL{VM/SLY $ALOGRESL®VGING, 2,KeZL~F) /ISL =V ] ¢ZL~-F))
TH= (VM/SH) ¢ALOGIRSHOV 2 ¢ZH=F ) /{ SHOVGING) 25K ) # ZH=F ) )
X=(SLeV] 2L~ FISVMNS{EXP{SL&TL/VMI~1,.) 7ISLESLY)
* &{SH* VGINGe29K)¢Z2F=~FIAVME{ EXPI{SHSTH/VMI=1, B/ { SH¢SH)
¢ =(Z2L=-FhaTL/SL=-{ZH=-F}*TH/SH
T=TL+TH
’ RETURN
42 vl==-{2=-F) /S
IF(V2.LT.VZ) GO BTG 43
NV2FLG=0
’ RETURN
43 T={VM/SY*ALOG({SeV2eZ2=-FB/(SoV]ed~F))
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X={(SeV1+2=F eV MEEXP{ SAT/VMI=1)=(L~FIo56TH/(S*S)
RETURN
C 3. TERMINUS
END
SUBROUTINE VELFCR
+ [F s FA +FB oFC o FORMX
*t 4K » NGR s VEL s VFMAX VG b

. - an G P  h w D e o - -

MAXIMUM VELOCITY OVERCEMING A GIVEN RESISTANCE

OO

----------------- - o - -4—_--------- - G GR SD A WD WD W W B o

C l. VARIABLE DECLARATICN

REAL FA (2@e 3)

REAL FB {28,3)

REAL FC { 2d»3)

REAL FORMX (2

REAL VFMAX (3%

REAL VG ' [2d93,3)
c 2. ALGCRITHM
DO 18 INDEX=1,NGR
NG=NGR&#1-INDEX
DSQ=FBING yK1®824, SECINGos KIS FA(NG, Kd=F)
IF( CSQ) 1'2’4.
DISCRIMINANT, NEGATHVE
IFEFCINGeKMY 10,1820
CISCRIMINANT , ZERC -
IFIFCING,K)) 10,3, 248
DISCRIMINANT, PCSITIE
IF{FAING,KI=-F) 1€,<8,20
IFCFCINGeKIY 11 ,S¢lk
R==( ( FAING,KI=F V/FBING,K} 3
IF{ VGINGy1yK)=R) 7,846 o
IF(FBING,K)) 10,28428
IFIVGINGs34KI=R) 9.,98
IF(FBINGoKI)Y 30,10,1240
IF(FBING,K)) 28,1820
IF(FBING,K¥)} 12,124,383
R2=(=FBING, K)+SCRT(BSQIV/{2.#FLING,K)}
R1=(FAINGK}=F) /{RZ&FC(NG,K)}
GO T3 14
R1=(-FBINGyK)=SQRT{GSQI /7 (2. 4FCING,K))
R2=IFAINGy K)=F1/{ R14FCING (K?})
RL=AMIN1{(R] R2)}
RH= AMAX14{R1,R2)
IF{FCING,K)) 18,18,15
15 IFIVGING)le Ki=RL) 18416417
16 IF(VGINGe3 ,K}=RL) 28,20,48C
17 TFIEVGING )1 gy K) LGTLRLaANCVGBING, 14 KFLT.RHY GO TO 10

GO 70 20
18 IF(VGINGy Ly K)=RL) 1dy108,19
19 IF(VG(NGQLQK.jRH’ 2Pe2191 ¢
21 IF{VGINGg3 ,K)=Rh} 28y28,50
10 . CONTINUE

nwdPwono -0

[ -0 o ~dO
w [ S

[
F
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22

23
26

30

42
59

O OO0

e ¥ el

OO On

OO OO

IF({ FORMXIKI=F) ¢3,22,22
VEL=VFMAX(K) '
GO 70 69
. VEL=0.
GO TO 62
VEL =VG{ NGy 3 4 KK
GO TO 69
VEL=R
GO TO 69
VEL sRL
GG 0 680
VEL=RH
GO 70 60
34 TERNMINUS
CONTINUE
END ,
REAL FUNCTION MPH {(ARGH

e e SV WP WD

UNITS CONVERSION
1. VAKIABLE DECLARATICN
"REAL. ARG
2. ALGCRITHM
A. IN/SEC TO MPH
MPH = ARG / 17.6
RETURN
3. TERMINUS
END

SUBROUTINE PLTSET{ o
+ NPTS, VGV, NGR, ATF, BTF, CTF,
¢ POWER, TOPSPD,LUN1) -

- g e g0 0 o 0 e gy o] o o 0 e 00 A o B W 0 O
PRINTER PLOT OF POWER ELRAIN CATA AND
QUADRATIC CURVE FITTYEL YO THE DATA

REAL PCWER ({2,241
REAL ATF (28)
REAL BTF (208)
REAL CTF (28)
REAL VGV {28451

REAL Di {2,488)

REAL D2 (2,408}

NPTS = NUMBER CF PUENTS TO PLOT

VGV = GEAR MIN ANL MAX SPEEDS

NGR = MAX NUMBER Ck GEARS IN VEWICLE
ATF = A COEF. OF CUADRAT IC EQUATION
BTF = B COEF. (F C(NADRATIC EQUATHON

325
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CTF
4 POWER
POWER
TOPSPD
LUN1

{ COEF. GF CUWACRAT IC EQUATION

NUMBER OF TRACTIVE FORCE PQLNTS

TRACTIVE FORCE POINTS FCR MPH

TOP SPEED CF VEHECLE IN .25 MPH INCREMENTS
LOGICAL UNIT 1

wonHny

ROUND OFF PUWER ARRAY BY NEAREST <25 MPH

OO CO0O0

CALL RESCAL(IPDWER,POWERY ‘
CALL FIXER{NPTS,IPCWERyPOWER,C1)

RECONSTRUCT QUADRATIC CURVE CATA US ING COEF.
CALL CURPLT{NPTS,VGV,NGR,ATF,ETF,CTF,02)
PLOT THE DATA OGN PRINTER

G Oe OO0

CALL PNTPLT(D1,D2,NPTSoTOPSPL,LUNID
RETUKN
END

oo

SUBRUGUTINE PNTPLT( Co : T
* DAT AL, DATA2 + BETS, TGPSPD, LUND)

L P L L L L T R L o T P

ROUTINE TO DO A PKINT BLGT

OGOOOO

D IMENS ION DATAl(ZgéﬂﬂiaDATAZ(Z.éﬂﬂb,lPDlNTllQQ'.AXH‘13l
DIMENSION LABLY{«@0F,LINE(12)

DAT AL FIRST CURCE CATA POINTS

DAT A2 SECOND CURVE DATA PGINTS

ToPSPD = MAXIMUM MILES PER HOUR IN PLOT
LUN] LOGICAL UNIT i

H

aAOOOOO

CATA ICASH/1@Ht===cmarta/

DATA IBLANK/L12H /

DATA LABLY{S52) ,LABLY( 530 LABLY(S4 s, LABLYASS kLABLY(56),
LABLY(S570,LABLY.{58)4LABLY(59),LABLYL6UI,LABLYIS]),
LABLY (62) ,LABLY (630 ,LABLY(64),LABLYL65)4LABLY (66},
LABLY(67),LABLY(68)/
1FSelH 41HPylF o J1HEelH »1HEsIh o1bDelh %lH ,1H ,
1HM,1H ,1HP,1H , 1HH/

* *r e

INITIALIZE PRINT LINE TC ALL SPACES

e N aXe]

DG 5 K=1,129

IPOINT (K)=IBLANK
5 CONTINUE

D0 7 N=1,51
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LABLY(A) =IBLANK
€0 8 N=69,NPTS
LABLY {N¥=1BLANK

SET UP Y AXIS LABEL

DO 55 N=1,12
LINE{NI=IDASH

RESCALE PCINTS FOR .25 MFH LINCREMENTS

CALL RESCAL(NPTS,DATA.lA
CALL RESCAL{NPTS,DATA2)

COMPUTE MIN, MAX ANC SCALE FACTORS FOR X AXIS
CALL LIMLYSIDATAL,CATA2,NPTS ,BMIN,BMAX,SCALE}
PRINT X AXIS LABEL AND LABELED TIC MARKS

FORMAT{1H]1 44Xy 2BHTRACEIVE FCRCE = LBS,/)
wKITE( LUN1,888)

STRT=BMIN

00 33 N=1,13

AXH{N) =STRT : ,
STRT=STRT +({ BMAX-BNINDAL2,3
CONT INUE ' '
WRITECLUNL ,777) {AXHI NdgN=1,13)
FORMAT{1X,13({FB.0,2X)

WRITE{ LUN1,50) (LINE{NBoN=1,12)
FORMAT{6X,12A108,1H+}

INITIALIZE SPEED, FLAGS &ND INCEX VARLABLES
VSPEED=@.
1FLG=1 &8
INDEX1=1
INDEX2=1
NOW BEGIN PLOTTING LGOP
16 CONTINUE
BLANK PLCT STRING FOR NEN LINE

DG 28 N=1,120
280 TPOINT{(NI=IBLANK

GET ALL CATAl POINTS AT THIS SéEED INTO PRINT STRING

30 IF (DATAL(1,INDEX1V.NE,NSPEED) GOTG 4@
CALL SCAL{BMIN,SCALE,CATAL1(2,INDEX1)¢1, IPOINT)
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INDEX)1=INDEX1¢1
GOTO 3¢

NOw PUT CATAZ2 PCINT FCR THES SPEED INTQO STRING

[aNeNe!

40 CONTINLE
CALL SCAL{ BMINSCALE,CATA2{2 ¢ INDEX2) 924 FPOINT )
INDEX2 =INDEX2¢1

PRINT STRING, CHECK IFLC TO SEE IF MUMBER IS
NEEDED ON AXIS

OO0

IF (IFLG.LTL.28) GOTO 64
WRITECLUNL 010000 L ABL YCINDEX2-=1)oVSPEEC,LIPGINT (JV,,d=1,12)
1029 FOKMATI(1X,AlysF3.0,2H +p120A1)
IFLG=1
GOTO 7¢
68 CONTINUE
WRITE(LUN1,1018) LABLYOINDEXZ- I’O(IPOLNT‘J)¢J=I 1290
10160 FORMAT{1XsAle3Xy2H Bo120A1)
IFLG=IFLG¢1

BUMP VSPEED UP BY @.25 MEH
IF NOT FINISHED, REPEAT FROM 10 WITH NEW VSPEED ‘ |

aNesNaNel

70 CONTINUE |
VSPEED=VSPEED+@.25 ' g \
IF (INCEX2.LE«NPTS} GCTO 10
WRITE{LUN1,650 TGPSPDILINECNIN=1,12K . . \
65 FORMAT (1 X9 Foel g 1X,42A 1dg 1H®)
KRTTE{ LUNI ,644)

444 FORMAT (/321X g6 HLEGEND gy 21Xy b6Hm e ===y // 421X 91 THX = DATA POINTS
+94/y21%y25H¢ = FITTED CURVE POINTSy
t/7 4,21 X4 8HO - CCINC IDENT VALUES OF CURVE AND DATA PQINTS)
RETUKN
END
c
c

SUBROUTINE SCAL{
+ BMIN, SCALE, CATA, IFLG, LPOINT)

C
C cemcprppeeerpecee g odocess
C HORTZONTAL SCALE SUBRCUTINE
C LEL TR LI E R L LR LR LI AL oF 22
c
DIMENS ION IPOINT(120!8
DATA TEXsISTAR, IZERGC, T8LANK /1HX, 1H®olt0BylH ¢
C
C BMIN = MINIMUM VALUE FEGR X AXIS
C SCALE= SCALE FACTQOR FRGM *LIMITS*™
C DATA = VALUE OF DATA FEINT
C = PRINT FLAG

IFLG
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OOOOOOOO

(g N aXe!

18

oo

OOMOO0O OO

18

([a)

(g OO O

RETURNED

TPOINT

FORMATED LINE OF PLCT CHARS

COMPUTE SCALE FACTCR

IPT=INT(B.5+{{ DATA-BMINI/SCALE})

DETEMINE PRINT CHARACTER

IFCIPTLE.BLOR.TPT.GT.uk20) RETURN
IF{ IPOINT{ iPT) . EQ. IBL ANKY GOTO 18
IPOINTC(IPTI=FLERG

RETURN

JPOINT{IPTI=ISTAR

{F(IFLG.EQ. 1 lPGIhT(IRT!‘IEX
RETURN

END

SUBROUTINE RESCALI
+ NPTS, DATA)

- g . " o s ] 0 Y ) - e -

SUBRQUTINE TO RESCALE ¥CR .25 MPH INCR.

et empeerecsemenoemndefionoqecgenenampooy

DIMENSION DATA(2,488)
NUMBER OF PCINTS IN ARRAY

NPTS =
DATA = ARKAY BF POINTS TO BE ChANGED
AINCR = NUMBER CF DIVISIGNS PER NILE / HOUR

AINCR=4,

DG 1@ N=1,NPTS

ITEMP=INT{ .,S«AINCRSDATA(1,N} )
DATA{1 NV =FLOATUITEMP JJAINCR
CONTINUE

RETURN

END

SUBROQUTINE LIMITS{

'+ DATA1, DATA2, NATS, _ BMIN,  BMAX,

T ap o P s B e b W ShD A5 s W o I T g D D W - -

LOCATE MINIMUM MAXINUN + SCALE FACTGRS

EX LR P L TR R Y P T R P T T T T

DLMENSION DATAl(2,480.04DATA2(2,400)

329
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C DATAL = ARRAY GF RIRST DATA
C CATA2 = ARRAY QF SECEBND DATA
C BMIN = DATA MINIMUM VALUE

C EMAX = DATA MAXTIMUN VALUE

C SCALE = SCALE FACTCF

C

BMIN=9.9E99

BMAX==9.9E99

DG 18 N=1,NPTS

BMIN=AMINI{ BMIN, DATAL1.2,N)sDATA2( 2,N))

BMAX=AMAX] ( BMAX s DATAL (24 N}y DATA2( 2o NI M
1€ CONTINUE :

SCALE=ABS(BMAX-BMIN) /14d.

RETURN

END
C
C

" SUBROUTINE FIXER(
+ NPTS, IPOWER, FEBWER, C1)

c
C hatadedind b d "“'-.------q---q-“ﬂ"-P----.'
C SUBROUTINE TO RESCALE ROMER ARRAY
L |0 eecece- - e - LI ELE P L DR Y T P LTy
C

DEMENS ION POWER(2,281)40112,480)
c .
C NPTS = NUMBER CF FQINTS IN PLQT
C IPOWEK = NUMBER CF FGINTS IN POWER ARRAY
c POWER = POWER DATA NPH ANC TRACTIVE FORCE
c 01 = NEW ARRAY O& POWER POINTS IN <25 MPH INCEMENTS
C

DO 5 N=1,NPTS
5 D1{1.N)==1.

DG 1@ N=1,IPOWER

NN=N
c
C CONVERT FROM INCH /7 SEC TO MPH
C

D1(1,NN) = POWER(1,N) 4 17.6
D1(2oNN) =POWER{(2,4N)
19 CONTINUE

RETURN

END
C
C

SUBKROUTINE CURPLTI

+ NPT S, VGV, NGR, &TF, BYF, o D2}

C .
' L EL AT LT e anpefieomgecnspecaawe
C GENERATE CURVE FROM QUGORAT.IC EQUATION
C e mwcnarneon e ane gD o ooy ® gy
C
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REAL ATF {20)
REAL BTF {200
REAL CTF (20}
REAL VeV (20,5}

REAL D2 {2,4883
C N .
c NPTS = NUMBER GF 'fBINT IN CURVE
C VeV = GRAR SHIFT SPEEDS
¢ NGR = NUMBER CTF GEARS IN VEHICLE
c ATF = A COEF., CF SUADRATIC EQUATION
c BTF = B COEF. OF CQUADRATIC EQUATICN
C CTF = C COEF. OF QUADRATIC EQUATION
C
¢ KETURNED 3
C
C b2 = DATA ARRAY OFf CURVE PCINTS
C

VSPEED == 425

NG=1

CO 14 N=1,NPTS
3 CONTINUE

- VSPEED=VSPEED®.25

5 CONTINLE

IFI{NG.GT,NGR} GOTO 18
Y=ATFINGY ¢+ BTFINGISVSREED®17.6 & CTFINGI®(VSPEED#*17.6)%%
IF({ VSPEED #* 1746 b} 4uTs VGVING,53 » GOTC 28
NG=NG+ 1
GGTQ 5
20 CONT ENUE
D2{14N)=VSPEED
De{2eNi=Y
18 CONTINUE
' RETURN
END
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M69d, TANK, COMBAT, FULL TRACKED, 105MM GUN
HEAVE NATURAL FREQUENCY 1,38 CY/SEC
$ VEHICLE :
NAMBLY=1,

NVEH{ 1)=0,

WGHT(11=10980w .,

IP(I):I,

istli=1,

KEVM{ 11=832.0,

TRAKWD(1)=238,,

GROUSHI(13¥=1.5,

NPAD(1)=1,

ASHOE{ 11=194,,

TRAKLN(1)=167.,

NBOGYE(1)=12,

NFL{1)=1,

Frll)=15,.5,

WTE{1Y=87.,,

WY{(1)=115.,,

IAPG=1,

ACD=1.,2,

CD=1.2,

PFA=9 24,

HPNET =643 .,

CID=17%91,.,

TO1ESL=l,,

NCYL=12.,

NENG':lov

QMAX=1682.,

IENGIN=13,

ENGINE(lsi)= 1200+ 1610ey
13009 16454,
14Uley 16T 8ay
15084y 16824,
1600y 16884,
17ddey 16754,
1808., 16554,
19@@0’ 163@. (28
Z&M{d.p loawwv
2168+ 1560,
2200ey 15154,
€300 ey 16TKa,
2"@@.' 1‘02”-'

ITCASE=1,

TCASEL1)= ,.862, <98,

ITRAN=1,

ITVAR=2,

TQIND=930 .,

L1CONVZ=12,

CONV2(1l,1)= 3066")' ﬂo“,

34125' ﬁol’
24650, a2
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24228,
1.959,
l.6174,
1 420,
1.220,
1.459,
d.980,
#.970,
ﬂ 097ﬂ'
YCUNVI=12,
CONV1I{i.il= 18754,
1850,
1825.,
18154,
1830+,
18954,
1978
20304
21344y
221”0 ’
25004y
2881y
LOCKUP=P,
NGKR=2 ,
TRANS{1,1¥= 3.497,
1.2 50.
FO{ld= 5,08y QY8
XBRCOF=1.8,
TL=1670'
CL=15.,
CGH=54,25,
CGRzllgo 5'
CGLAT=0.d
PBHT=645,0,
EYFHGT=55.,
WDTH=143.,
WI=87..
WC=0.0,
PBF=218402.,
MAXL=1,
MAXIPKk=9,
EMS{lY= P25,
1eB
2.”'
340
lf.g'
Soﬁi
6.0
7 .Dv
8-@ ’
VRIDE{1,1)= 35.25,
34,608,

Ve 3y
delay
ﬁoS'
U.bp
Doy
u‘o&'
e85,
d490
1.40,

Qa0
Uel,
A.Z'
4.3,
Vel
3.5,
Jab o
55-7"
d.8,y
Ue85,
B.9,
1.9,

2.98,
3.98,
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R=-2858, VOLUME |
VEHICLE INPUT FILE FCGR PROGRAM NRMM = MHOAL1l TANK

NHVAL §=7,
voos(ll=

HVALS(1)=

NSVAL $=9,
SVALS(I)=

voassSi 1=

$END
NORGT
3
NANG
8
{NWOT H
| 3
CLRMIN
INCHES
'37.03
124442

21,13,
1‘0010!
llcggt
1be 75,
IECSGQ
lg' 25’
10.00.

13@0'
10844
120'
600
4.'
‘to'
‘Q..
L.2,y
9.0
1@.@,
12.08,
15.0,
Zg-g’
48.0,

10,
Scp
18 .,
254
SOy
160 .,
280y
‘Oﬂga'
62@0'
.08,
.39,
7,
1.93,
3 .86,
773,
15 .45,
30491,
46 36,

FCUMAX
PCUNDS
894845
27276 .2

FOO HOV ALS

P OUNDS INC RES

372.1 ©3.15

1842.0 15.75
335

AVALS

RADIANS
1.95
1.95

PAGE Bf4

WVALS

INCHES
5.88
5.88




Kk=2@58, VOLUME 1

VEHICLE INPUT FILE FOR PRGGRAM NRMM - M60BAL1 TANK

6.57
37,63
24438

672
37.03
24.56
11.43
36,90
24430
¢P.63
38.2¢
21.27

2.87
39.64
31.81
-1.3¢
"‘w‘a”
36.!‘3
20491
4@ .20
39.54
37.79
37.13
24.26

6.57
37.13

b .l

6.62
37.13
24.36
11.74@
36 .99
24451
20455
37.17
14,79

Z.gd
36.88
22 088

-11056
36.71
27.21

3,49
38 .65
35,01
37.17
24471

6.59
37.17
L4 ey

6.62

89773.8
8948.5
24473.2
5¢134,8
8§948.5
16569.2
32415.7
8456 .0
17646.6
30@44.5
8281.7
18699.8
36264.5
4126.4
13744.0
388l16.3
37157.17
13166.8
31678.1
1612.7
4149.3
5566.1
9272.2
12489 .¢
79647.8
927242
20€72.6
51346.5
9272 42
28378.4
308747
8456.0
15626 «4
30844 .5
8448,.1
18895.7
38844 .5
7248.2
31861.¢
34784.1
9361.9
20361.7
48386,.8
5964.9
7279.0
12253.2
9272.2
208l«.9
79704 .9
9272.2
35968.2
581546

5211.1

394.3 -

160448
3800.0
399.0
1396.5
30106.3
386.8
1259.3
2787.9
707.0
224643
2696.0
22441
1564 .9

264249

174.5
982.9
262645
3.6
145.9
=125.5
48444
‘316.4
497404
500.0
862.5
4362.5
5167
1717.9
3769.5
527.7
1465.5
3131.9
629.9
1864.3
3849.6
-219.2
22619

315248

180142
1637.8
452246
19641
-102.6
759.8
231.1
13604
446141
236.3
18610
364841

33 .46
3.15
15.75
33.46
3.15
15.75
33 .46
3.15
15,75
33 40
" 3.15
15.75
33.46
3.15
15.75
33.46
3445
15.75
33.40
3.15
15.75
33 .46
3.15
15.75
33 .46
3.15
15.75
33 .46
3.15
15.75
33 .46
3.15
15.75
33 .46
3.15
15.75
33 .46
3.15
15.75
33.46
3.15
15.75
33.46

3.15

15.75
33 406
3.16
15.75
33 46
3.15
15.75
33 .46

336

1495
248
2048
%8
2469
269
2469
2.86
286
2.86
3.42
342
3442
3.60
3.60
3.60
3.80
3.80
380
4433
4,33
4e33
1.95
1.95
1.95
2448
2448
248
269
269
2469
286
2486
2.86
E P4
3.42
3442
3.60
3.68
3.60
3.86
3.80
3.88
".33
4.33
4433
1.95
l .95
1.95
2e48
2a48
2.48

5.88
5.88
5.88
5.88
5.88
5.88
5.88
5.88
5.88
5.88
5 .88
5.88
5.88
5.88
5.88
5.88
5.88
5.88
5488
5.88
5.88
5.68

29.88
29.88
29 .88
29.88
29.88
29.88
29.88
29.88
29.88
29.88
2% .88
29.88
29.88
29.88
29.88
29.88
29.88
29.88
29 .88
29.88
29.88
29.88
29.88
29.88
iel.60

141.60

141.80

iel.68

161.62

141,60

PAGE 8-5




R=-2658,

VEHICLE INPUT FILE FOR PROGRAM NRMM = M6@Al TANK

37.17
24.40
11.59
2ba4b
28 .55
34 .93
22.76
20 .46
34,12
16 .75
9.38
33,89
12.,4¢
~1le83
33,91
19.99
~23.93

VOLUME I

9272.2
27693 .5
34288.9

8456 .0
18748.7
30244 .5

8295.3
19e12.2
38€44.5

932648
32341, 8
34368.4

9787 .3
38383, 1
45928 .4

84742
186269.4
79892.1

241.8
1767.9
334642

4299
182742
3862.1

471.2°

229544
3493,.,0

T4le4
2497.8
4266.5

282719

3741.5
608.2
95549

5167.6

3,15
15.75
33 46
3.15
15.75
33 .46
3.15
15.75
33 .46
3.15
15.75
33 46
3.15
15,75
. 33 .46
3.15
15.75
33.46

337

2469
2.69
2469
2.86
2.86
2.86

3442

3e42
3.42
3.60
3.62
3.60
3.8¢
3.8¢
3.80
4.33
‘ .33
4033

141,466
l41.6L
141,60
1el.60
i41.60
141.60
141 .68
i4l.6¥
141'-0 6@
141 .69
141,60
lal ,60
141,00
141.69¥
141 .60
141.60
141,69
141 .64
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R-2d58, VULUME 1

VEHILLE TNPUT FILE FOR PROGRAM NRMM = M151 JEEP

M151 JEEP

NATO MOBILITY MOUDEL

TEST VEHICLE
$VEHICLE

Wi=45.8,
LOCDIF=d,
NPHBLY=20
NVEH{1) =1,
NVEH({ 2} =1,

WGHT (10=1740 .4,
WGHT (21=16 68 o0y
IP{lY=1,
p(21=1,

18(1) =1,
Isl21=1,
RDIAM(1)=16.0,
RDIAM{2Y=16.0,
RIMW(1)=4,5,
RIMW(2)=4.5,
ICONST(1d=1,
ICONST(2V=1,
TPLY(1)=6.0,
TPLY(2)=6.8y
REVM{1}=72C.0,
REVM(2)=T72¢. @,
DIAW{11=32.8,
DIAW( 2)=308.8,
SECTW(1)=7,.,15,
SECTW(2)=7.15,
SECTH(11=7 .49,
SECTH{21=7 448,
TPSI(1,2¥=15.4,
TPSI(2420=15 40
TPSI(1,11=15.9,
TPST1(2,1)=15.0
TPSI{1.30=25.0,
TPSI(2,31=25.0,
DFLCT{(1,1)=1.31,
DFLCT(1,2)=1.31,
DFLCT(2,10=1,.14,
DELCT(2,2V=1 .14,
OFLCTI1,+3)=1.0,
DFLCT(2,34=1.8,
NwHL (1) =2,
NWHL(2}=2,
ID(1V=W,
1D(2Y=i,
CLRMIN( 1) =11.4,
CLRMIN(2¥=11.4,
wTE(1)=45,6,
WTE{ 2V=45.6,
WT{13=53.3,

338
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R=2058, VOLUME I PAGE B-8
VEHICLE INPUT FILE FOR PROGRAM NRMM - M151 JEEP

WT(21=53.4,
NCHAIN( 1¥=¢g,
NCHaIN(2V=¢g,
HPNET=730929

ACD=1 2

CD=1. 2'
AXLSP{1)=85.,
AVGC=123.,
CID=141,.5,
IDIESL=1.,
NCYL=4.,

NENG=1.,
gMAX=115.,
1T{1)=¢,

!T(Z"-'-'Ev

PFA=22.5,

IAPG=0,

IPOWER=1T7,
POWERI2,1) =2195,.8,
POWER{2,2)=2185.48,
POWERL2,3) =2054.0,
POWER(Z2+4)=1815.0,
POWER{2,5) =1285.0,
POWER(2161=1183-99
POWER(2,8)=870.0,
PONER‘2.9. %6”0”.
POWER{2,101=650.0,
POWER{2,11)=615.0,
POWER{2,121=568.0,
POWER(2,13)=420.4,
POWER(2,14)=385.42,
POWER{2,154=355.0,
POWER(2,i6)=343.98,
POWERI{LI 1)=0.8,
POWER(1,2) =4 .9,
POWER{1+3V=7.5,
POWER(1 +4) =10.0,
POWER(le)’-’IG.lv
POWER{1,6) =12.0,
POWNER{1.71=15.5,
POWER(1.,8)=19,8,
POWER(1+91=19.9,
POWER(]1 41 ¥=25.4,
POWER(1411)=30 .0,
YOWER(1,121=33 .4,
POWER(1,13)=33.1,
PONER(L p1a)=4L .0,
POWER(1,15)=45.8,
POWER(1 ,163=58 .1,
POWER(i+173=56.8,

339




R-2958, VULUME 1
VEHICLE INPUT FILE FOK PROGRAM NRMM - M151 JEEP

ITRAN=T,

IENGIN=13,
ENGINE(1,1)=800.0,
ENGINE{1,20=1260.0,
ENGINE(1,3)=1640.0,
ENGINE(1,41=2098.0,
ENGINE(15)=2404.9,
ENGINE({1i,63=28¢0.4,
ENGINE(1,7)=3248.0,
ENGINE(1,8)=3060.0,
FNGINS(1 ,91=4120.0,
ENGINE(1,182)=24400.0,
ENGINE( 241)=115.4,
ENGINE(Z429=115.0,
ENGINE(2930=11544,
ENGINE(Z2,4)=11548,
ENGINE(2,5)=112.0,
ENGINE(2+6)=108.8,
ENGINFE(2,7)=1063.4,
ENGINE{2+81=96.0,
ENGINE(2,91=88.0,
ENGINE(Z,12V=80.0,
ITCASE=u,
TCASE{l11)=] .0,
TCASE(2) =1.0,
NGR=4,
TRANS(1,1)=5.712,
TRANS(1,2)=3.179,
TRANS(143) =1.,674,
TRANS{1,4Y=1.,040,
TRANS(2,11=0.9,
TRANS{c +21=08.9,
TRANS(2,43) =0.9,
TRANS{2,41=0,.9,
FOlL1V=6 .86,
FD{Z,:dogf
LOCKUP=u,
XBRCOF=¥.7,

CL=9.1,

VAA=0b6.0y

VUA=3T7.4

TL=85.@ ’

WOTH=64.0,
CGH=18,. 3,

CGR=42.8,

CGLAT=0 .0,

PBHT =29 .0,
EYEHGT=52. 59
WC=ideldy

PBF=326R.9,

MAXL =1,

MAXIPR=9,

340
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R=2458, VOLUME I
VEHICLE INPUT FILE FOR PRGGRAM NRMM - MlSl JEEP

RMS(1V=¢.25,
RMS‘ Z'=1.U 14
KMS(3)3=2.3,
RMS({4¥=3.4,
RMS(51=4.0,
RMS(6)1=5.0,
RMS(T7)=6 .9,
RMS(8,=7.”!
kMS{91=8.0,
VRIDE{1l,11=76.5,
VRIDE{Z2,1) =1 oﬁ'
VRIDE(3,11=9,5,
VRIDE{(G4,1) =5.1,
VRIDE{(5,1)=2.8,
VRIDE{(b,,1) =2 .0,
VRIDE(7,iV=2.8,
VRIGE{(8 ,1) =2.0,
VRIDE(9,1) =2,
NHVAL S=7,
vooB(11=192.40,
veoB{21=24 .4,
vaoB{ 31=6. ¢,
vGoBla) =4, 2,
voUB(5)=2.¢,
vigs(et=1.€,
VOOB{ 71=1.1,
HVALS(1)V=g.01,
HVALS (2 )=64 .0,
HVALS{3)=8 .9,
HVALS(4)=12.8,
HVALS{(5)=1¢.8,
HVAL S(63=28.0,
HVALS(7)=4¢.0,
NSVAL S=16,
vuoBS{1)=15.,4d,
VaoBss{21t=15.0,
vVoUBS(31=15.8,
VO0BS{(41=15,.8,
voOBS(5)1=15.0,
VOOBS{6)=15.8,
vooBS(71=15.2,
vooBS{8)=15.9,
vouBsS(9i1=15,4,
vOOBS{1¥Y=15.0,
VOOBS{111=15.4Y,
VOOBS{12)1=15.0,
VOOBS(131=15.4,
VOOBS(143=15.0,
VOOBS({15¥=15.0,
vooBS{1le¥=15 .6,
SVALS(1)=1.2,
SVALS(2) =2 .08,

341
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k=258, VOLUME 1 ' PAGE B-11
VEHICLE INPUT FILE FOK PROGRAM NRMVM - M1S51 JEEP

SVALS(31 =3,.0,
SVALS(6) =4 .0,
SVALS(5)=5.8,
SVALS(6)=6.8,
SVaLS(71=7 .4,
SVALS(b6)=8.0,
SVALS (9)=9 .9,
SVALS(1@)=18.0,
SvaLs{iil=11.4¢,
SVAL S(121=12.0,
SVALS(133=13.4,
SVALS({14)=15.0,
SVALS(151=24d .0,
SVALS{16)=6d.4,

b
NOHGT
3
NANG
8
NWDTH
3
CLRMIN FOOMAX FUG HOV ALS AVALS WVALS
INCHES PCUNDS P QUNDS INCRES RADIANS INCHES
6«85 941.6 31ls2 3.15 1.95 5.88
-3,75 2179.6 127.1 15.75 1.95 5.88
=21.21 22845 237,5 33 .40 1.95 5.88
6 .85 1015.5 35.6 3.15 2e48 5.88
=3.54 1€ol.2 118.7 15.75 248 5.88
~13.36 96@.9 163.6 33 .46 2448 5.88
6.85 69b.l 25.5 3,15 269 5.88
-2431 696 .7 12449 15.75 2469 5.88
-3.95 64643 9842 33 .46 2469 5.88
Te45 411.2 34,3 3.15 286 5.88
2.93 444.9 69.7 15.75 2486 5.88
24061 799.3 98.3 33 .46 2486 5.88
719 417.7 48.9 3.15 3.42 5«88
5.5¢ 444.5 8847 15.75 342 5.88
3.10 799.3 143.9 33.46 3.42 5 .88
Te42 Td4e? 35.5 3.15 3.60 5.88
1.2v 757.6 135.1 15,75 3.60 5.88
~4.83 839.1 135.3 33 .46 3.60 5.88
8.20 66245 1643 3.15 3,84 S.88
« 88 1170.4 ‘180.3 154,75 3.89 5.88
-9.54 1341.5 2640.9 33 .46 3.89¢ 5.88
965 344.3 48 3.15 4.33 5.88
5479 1150.8 43e5 15.75 4.33 5.88
6.85 592.1 ~248 3.15 1.95 29.88
-3,75 2163 .4 99.1 15.75 1.95 29.88
6.85 18155 29.3 3.15 2+48 29 .88
-3.75 1252 .4 %8e4 "15.75 2.48 29 .48
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K=-2458,

VOLUNME 1

VEHICLE TNPUT FILE FOK PRUGRAM NRMM - M151 JEEP

"409Z
6 .85
«59
5¢
7.45
4.86
4,75
7259
5.4¢
4 .92
6.83
o 78
-2 .82
6.79
=2.46
-18.26
6.68
-3 0@1
-23.83
6 .85
~e59
-11.4¢
6.85
2.24
-.73
.85
44y
3,83
7.45
6.75
688
T.67
T.28
685
6.84
4,25
3.88
7.98
AL
=. 60
6.88
-+83
~15.4¢

1119.3
698.1
658 .9
837.9
411.2
799.3
417.6
444,5
8.6
761.3
842.2
SY1.4

1178 .4

1318.¢
575.1

24U1.8

2551 .4
541.3

24284

2556.1

1¢€93.9

117d.6

1364.9
Td7.5
58.7
837.9
416,38
443, 4
799.3
417.2
388.0
799.3
707 .1
Tod.1
839.,7

1694.¢

1168.7

1312.2

1131.4

239 7.¢

2549.8

lgv.8
2647
692
116.9
28.8
Sé.1
185.8
3l.1
51.9
188.6
39.9
119.2
137.9
34.9
145.1
195.9
4.9
157.0

228.7

“6.%
87+4
128.8
18.1
68.6
145,.9
16.9
75.1
132.5
17.0
65.4
183.9
18,1
65.9

146.8

2ol
T8.2
135.9
18.6
83.3
164.2
38.3
B3
147.3

33 .46
3.15
15.75
33 .46
315
15.75
33 46
3.15
15.75
33 .46
3,15
15,75
33.46
3.15
15.75
33 .46
3.15
15.75
33 .40
3.15
15.75
33 .46
3.15
15.75
. 3.1’5
15.75
33 .Qb
3.15
15 .75
33 .46
3.15
15.75
33.406
3 .15
15,75
33 .46
3.15
15.75
33 4406
3.15
15.75
33.46

343

2448
269
2469

2469

2486
286
2.86
3.42
3.42
3.42
3.00
3.69
3.68
3.84
3.8¢
3.89
4,33
433
4433
1.95
1«95
10495
2448
2e8
2448
2469
2.69
2eb9
2 «886
2.86
ZeB0
3eb¢
3442
3.42
3.69
3.60
3.69
3.89
3.89
3.80
4,33
4.33
4.33

29.88
29 .88
29.88
29.68
29.88
29 .88
29.88

29.88

29.88
29.88
29 .88
29.88
29 .88
29 .88
29.88
29.88
29 .88
29.88
29 .88
lal.60
141460
141,00
14} <60
i41.00
141.680
141.60
141,608
141,60
141,68
ihl .60
44169
141.0”
lal .60
141 60
lal.60
141.08
141,60
l4la64¢
i41 .60
141.060
l4l.62
141.69
isl.60
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APPENDIX C

TERRAIN INRUT FILES FGR PROGRAM NRMM
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K-2858, VOLUME 1

AREAL TEKRAIN INPUT FILE - CLASS INTERVAL FORMAT ~ FILE CKK

[
VO EoNIN D WN e

O N N N e T S O I O
POV VN NS WA -~

[ AV ¥}
o

Wwwwp v
[TV NI S V-2 - )

w W ww
~ O S

e Pew
NG O

F
[¥%)

&
)
b e bt et B b e s bt e ok e et gt Rk B et bt B et pod Bl s s el e e e N RO RO TN NN R e e s s e s s e e

L S O
Lo go

un
(]

——

—
B s e e e i e S Y R el o e e e Ll o R R e L - T T, - e s D O\

7

bt e

e

11 1111111114111131
51 1111111111111111
61 111111111i111.1K
81 1111111113111441
1 1113111141111121
12 11111111111114114
13 111111i1¢k1111421
14 1111111111111111
16 11111114111111121
17 1111111410111143
11 1111111311111141
51 1111111111111111
61 1111111111111111
81 11111i111%1111141

16101 1111111111111141

12 1111111111111131
13 11111111131111.144
14 1111411111111111
16 11111111111111421
17 111111i4111111141
11 11111111131:11131
11 1111113111111111
11 11111151111111x2
11 11i11171111111d1
i1 1111119111111111
i1 1111111666665551

11 1111111887655561

11 1111111666666661
41 1111111888876551
11 1111111888887651
1111433311666665551
5111433311887655551
5111433311666666661
1111433211887655551
5111433211666665554

1111135211111111121

1111135221111111111

11113352211111111k1

1111535221111111141
1111735221111111111
1113437221111111121
1113437321111111141
1113437821111111141
i1 11111111111111%2
11 1111111111111133
il 1141111111111146
51 11il1111i1i411122
51 111ivi1ri1411113
51 1111111111i411426
71 11114111121111118

345
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R-2458, VOLUME I
KOAD TERKAIN INPUT FILE

1 11 4 34¢ 586 344
¢ 21 4 3030 3064 340
321 4 30¢ 300 3wl
4 2 1 1 380 338 3040
5 31 & 3092 300 342
6 3 1 4 384 38¢ 309
7 31 4 300 33¢ 3089
8 31 « ¢508 190 83
Y 4 1 4 <50 198 3o
16 4 1 4 200 200 200
11 4 1 4 200 293 8¢
12 4 i 4 <50 <c@d 200
13 & 1 4 250 244 2vd
14 41 & 250 209 209

- FILE CKKFRO

30k 3109010001008100¢
309 7 502 508 50 S8P
309 7 58¢ 569 Suvd 59¢
300 3 500 500 500 580

300 3 2508 <50 250 258
388 15 508 500 5092 500
3¢9 3 500 500 560 500
80 3 2506 250 <59 25V
36 3 258 250 258 25¢
200 15 252 <50 <50 <59
88 15 252 250 250 250
209 3 250 250 250 25¢
2499 3 79 79 79 19
240 3 258 250 25¥ 25v
346

n
NN N~

74
40
55
25
55
55
0
49
55
55
55
49
3d

B.1008
P.110¢
2,120
¢.1300
Deldu
B.158¢
d.1680
9.1784¢
g.1890
d41900
2.2000
0.218¢9
B.2208¢0
Pe.2300

N —
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APPENDIX D
SAMPLE OUTPUT OF PROGRAM NRMM

This Appendix contains output generated by executing NRMM using
the vehicle and terrain input files of Appendices B and C. In all cases,
‘the control variable DETAIL was set to 2. This results in output of the
control, scenario and vehicle data through NAMELIST directed WRITE's.
This is followed by the speedeéde-good as described in Section II.E.

The control variable SEARCH was set to O,

For the Areal terrain, the scenario variables MAP and ISEASN were

set to 71 and 3 respeétively; For the Road terrain, the scenario inputs

were MAP = 11, ISEASN = 3 and MONTH = 1. The default values were used

for all other control and scenario variables.
These outputs are presented as examples. The terrain files are

artificial. They were made up to systematically exercise portions of the

Model.

347




R- 2058, VOLUME I | PAGE D-2
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$CONTRL
DETAIL = 2,
KSCEN = 1,
KVEH = 1,
KII1 = Do
KIIZ = Q'
KIT3 = 2,
KIig = B,
KIS = s
KIIb = ﬂ'
KI17 = @,
K1I8 = @,
KIIy = 9,
KITluW = @By
kKIIll = @,
KI1il2 = U
KII13 = B
KIIlg = g,
kKITl15 = B
KIT16 = U
KIT17 = By
KMAP = 0'
KTPO = B
Kiv1 = @,
KIvVe = B'
KIV3 = @
KI Ve = @,
KIivVs = By
KT vé = 0,
KIV7 = @,
KYvs = 0,
KIvV9 = @,
KIvVid = Yy
KIvVlil = 3,
KIviz = @,
Kivl3 = 2.
KIvia - ﬂ.
KIV1S = 7,
KIvie = 2y
KIv1l7 = 3,
KIVls = g,
KIV19 = B,
KIv2e = By
Kivzal = B
NTUX =1,
SEARCH = @,
$END
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$SCENAR

COHES ™ = +5€=01,
DCLMAX = .SEridl,
GAMMA = ,2E+008,
I0OVER = 9,
TSEASN = 3,
ISURF = 1,
ISNOW =g,

LAC = 1,

MAP = 71 ’
MAPG = 1,
MONTH = 1,

NUPP = @,
NSLIP = 9,
NTRAV = 3,

NTUX = 1

PHIT = J21Etf2,
REACT = JS5E+dQ,
ROFOG = 015’9‘09
SFTYPC = .9E+@2,
VBRAKE = .5E+6l,
VISMNY = .cE+fl,
VLIM = ,5%E+g2,
Z SNOW = «3E+01,
$END
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$CU?;TRL
DETAIL = 2,
KSCEN = 1, .;
KVEH = 1' ‘
KII1 = B
Kil2 = U
KII3 = B,
Kil& = ﬁ'
KILS = By
KIIb = @'
K117 = @,
KIT8 = B
KII9 = ﬁy
KIIl¢@ = P,
KIill = 8,
KIIle = @,
KIT13 = g,
KIIle = @
KIil5 = 2,
KIIlé = 0
KII17 = ¥,
KMAP = g,
KT PP = @,
KT V1 = B,
Kive = 9'
K1 V3 = @y
KIV4 = 29
KI VS = B,
KIVé = @,
KI V7 = @, .
KIv8 = @,
KI V9 = @y
KIV1lg = @2,
KIVll = @,
Kivlz = 2,
KIvVl3 = By
KIV1g = €
KIV1S5S = @
KIV1e = @2,
KIvl? = 8
Kivls = ‘Z.
KIVL9 = 2,
KIV29 = B,
kKivael = By
NTUX =1,
SEARCH = 8,
$END
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$SCENAR

COHES = JS5E-01,
DCLMAX = S5E+PQ,
GAMMA = J2E+00,
I0VER = 9,
ISEASN = 3,
ISURF = 1
iSNOW = 0

LAC =1,

MAP = 11,
MAPG = 1,
MONTH = 1,

NOPP = dg
NSLIP = 0,
NTRAV = 3,

NTUX = 1,

PHI = J21E¢B2,
REACT = J5E+PQ,
RDFOG = L1Etf4,
SFTYPC = ,9E+@2,
VBRAKE = .5E+f1,
VISMNV = L2E¢8l,
VLIM = -SSF*QZQ
Z SNOM = WJ3E+81,
$END
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$VEHICLE

WCD = J12E+01, ' '
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ﬁcg; GeDy el UuBy 0.0y Dol DBe 0.0,

Cco = L12E+¢01,

CGH = ,5425E+82,
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CL = 015E’620 i
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BeBo D0y Wade G.0y Jaly Vel D0, B.0,

’
CONV1 = J1B875E+DQ4, Doy «185E+D4, 1E+00, 1B25EMJ4s +2E*@Y,
«181SE +ij4, o3E+D8, J183E+B4, 4HE¢P@, .1895E¢084,
oSEtPLy «19T7TE+DG, SOE+0BB, 203E+B4y .TE*PDy «213E¢+D4, .8E 440,
\221E 404, .85E+U0, .25E404, .9E+DQ,
.28E0@4. «lE®d1l, E.B. B0, 0.8. ﬂoﬂ. ﬂ.ﬂ, ﬁqﬂ. ﬂ.ﬂ. 0.&, g0,
3.9, D@y JoW. @.ﬂp G-g' ﬂmﬂg goﬂp eaﬂv
9.0. ﬂ.ﬂ. ﬂo“’ goﬂd doa’ noﬂ' @oﬂ' ﬂ.ﬂ' ﬂ.ﬂ'
CONV2 = o366E¢01y By, «3125E#Bly J1E®Q0, 265E¢dl, 2E+030, .2228E+0)1,
J3Etul, +195E+B1l, JEeRd, .167E+21,
oSEFID, o142ErPl, SHE*B0, 122E¢dl, 7E+J0, .105E+01l, .BE+33,
YEBE+BD, .85E+0Jd, .97Ee¢dP, 9E+PO,
«FTE*GD, 1E*tBly LoBe Bly Db, .0, BeByg BB,y By Baly ‘-ﬂ'

Delly Velly Doy Lody DDy ﬂ.ﬂ. G0, Bats
Uczl uo”' ”o”, 00¢b H.E' B.ﬂ' UQGQ 0.0. 0.0'
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BeBy WoBy Baly B.Cs 0.0, 0.9, Leld, Pally 4.9, 2.0, DDy Geide
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Belo Vey Dol Bolleg DBy BBy B0y
vuoBsS = WBE=Uls «39E+U0B, BTE+UD, -193E+B1,
+1545E ¢ 2, 2 IBGIE+DB2, LbHIAGELP2y B0y Beoidy D0,
Boly Uobiy G.G,.Baﬂa Do, ﬂo“, 2.9, gaﬁ, Baidy ”00. Balds 8.0y
dady
VRIDE = ,3525E+02, .34E+Q24 J2113E+P2, .l141E+02,
.1@55*02’ Qlﬁst’EZj ’JE’OZ’ ﬂ.ﬂq ﬂng'
ﬁ.ﬂ. ol Z.B' ﬂ;Eg goﬁ) ﬂ.a' gdﬂ'
ﬁcgo @021 @di; ﬂnﬁ, ﬁ.dp @aﬁb goﬂ. ﬂAg’ BQB.
Cely Doy Boidy BBy Yol Yoy Dby Q,ﬂ.
Ballo Ueliy BeBs UolBe JoBy Doly Botly YuB, B0,y
. ‘ gaﬁg ”na’ ﬂ.ﬂ, 9.@4 gog. 000' 0.@'
VssS = Be8 .
VSSAXP = @.08,
WC = Jeths
WDAXP = el
WDPTH T Jaky Gelbe Doy Boald B0y YeBy Doty
Cello Doy ey Lely BBy Boedd Doy B,
WO TH = L143E+03,
WOHT = J1U9ErP6, LB, B84 ﬂ-ﬁg Baly Dabdy
CePly BBy Bele Belle Baly go@‘ ﬂ.ﬂ. goﬂ' B.0,
') = QBVE*EZO . ’
WKAT = delly D48y Le0y gauo Q3o goﬁ' Cely
ﬂ'ﬂn ﬁ.”' ﬁ.%. ﬂ.”' goﬂv goﬂ’ ”oﬂp ﬂ.ﬂ,
WRFURD = 2.8,
wl = L115E%@3, .8,y €l B0, B0, Coldy U0,
Doty Delly dody Uely Vably Lolp Dolly Dy Lol
WTE S JBTE*D2y U0y Qeliy Ually L0y L0y 2.0,
Cele Uoly Caly Doy B0, BBy B0y Uiy Datde
NNAXP = ﬂ.ﬂ'
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SAMPLE OUTPUT OF PROGRAM NRMN - VEHICLE: M68A1, TEKRAIN: CKKRD '

XBRCOF = .8E+ED,
$END
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R=2158,

VOLUNE 1
SAMPLE (L TPUT GF PRUGRAM NRwM ~ VERICLE: MéDAl, TERRAIN:Z CKKRD

NTU TTWUI
1 1
Z 1e
3 ic
& 1.
5 iz
6 1=
7 1>
8 13
9 14

14 la
11 i4
12 14
13 14
14 14

V SEL
24 .84
179.12
19.12

7 .30
18 .45
11 .47
15 .53
18 .45
11.12
12 .71
i1.68
17 .62
2¢ 485
3.94

uP

22 .64
14,65
14.65
6.47

i3 .88
25

13.88
13.88
Y4.54

8.28

7442

17.62
19.63
3'49

DOWN €RADE D ISTANCE

27.5¢
2758
27158
8.37
2150
2750
17 .62
27.568
13 .35
27.34
27 .33
17.62
27 3%

3.69
7.00
7 .00
3.68
3.8
15 .00
3.6
3.0
3.90
15.940
15499
3 .04
3.09

3.00

363

<1020
1160
1260
<1310
« 1460
«1500
21600
1780
+«1880
+194K
«2 6L0
«2 106
«2280
w2318
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SAMPLE QUTPUT OF PKOGKAM NR®N - VEHICLES MI51, TERRAIN: CKK

$CONTRL
DETATL = 2,
KSCEN = 1,
KVEH = 1,
KII} = B
KIIZ = @,
Kil3 = @,
Kila = P,
KIIS = 2
KITé = D
KII7 = 2,
KIIs = 2y
KII9 = @
KIT1g = Py
Killl = B,
KIIlz2 = @
KII1l3 = @,
KITie = D
KII1S = @2,
KITle = @
KII17 = &
KMAP = @
KTPP = QYo
K1Vl = Y
KIV? = @2,
KIV3 = @
KIVa = @,
KIVS = @y
KIVé = U
KT V7 = By
KIvs = @
KI VY = g,
KIV1d = @
KIvVil = B
Kiviz =
KIVls = B,
KivV1g = &
KIV1S = 2y
Kivlé = 2
KIV1? =z 0,
KIvis = 2
KIV19 = @y
KIVz2o = @,
Kivzl = &
NTUX = 1,
SEAKCH = 3,
$END

364




- R=2#58,
SAMPLE OUTPUT OF PROGRAM NRMMN -~ VEHICLE: M151, TERRAIN: CKK

$SCENAR
COHES
OCLMAX
GAMMA
IGVEFR
ISEASN
ISURF
ISNGW
LAC
MAP
MAPG
MONTH
NOPP
NSLIP
NTRAV
NTUX
PHI
REACT
RDFOG
SFTYPC
VBRAKE
VI SMNV
VLIM
ZSNOW
$END

VOLUME 1

L T It O | T | T T A T A T O S T U (S | N T N [ T O TR |

221E#B2,
«S5E+BU,
.1 E’g‘b ’
«9E¢Q2,
«SEHB1,
2E+Pl,
«5S5Ee32,
OBE"GI ?

365
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SAMPLE OUTPUT OF PROGRAM NKMM =~ VEHICLE: M151, TERRAIN: CKK

$VEHICLE
ACD = J12E+01,
ASHOE = 0.8, 0.8, .8, Bohs 80, Guby @B, 0a0, B0y 0B, 8.0, D.ds @
Jog. Babiy Baleo 0.“9 Woﬂ. e.g.‘ﬂ‘g' ﬂ.ﬂ. '
AVGC = J12E¢@3, '
AXLSP = J85E¢Q2, 0.8y B.0» Belo ﬂoﬁ' Eo“. Lelly Zn’g ﬁ&ﬂ. 19", I EOB‘
ﬂ.@. G.Z. QQGD G.E. goﬂ’ ﬂ.ﬂ. goﬂ. 5.0. B.ﬂ'
cD = J12E+21,
CGH = J1B3E+22,
CGLAT = Beky
CGR = 42E¢D2,
CID = L1415€E+83,
CL = ,91E+31,
CLRMIN = 114E¢82, 114E¢02) Bely £eBy £oBy 0.0, ded, B0y 0.0, B84
G.G. goﬁ’ 002. goﬂ' G.g' @.ﬂ. GOﬂ. 'nﬂt 0-09
gog’
CONV1 = Jekly Bedg Voo Bolp Doy Pe0g Doy WeByg Voby Golly B9y Doty

BQU' ﬁ.ﬂ' E.Z. Gog' Goa) EQGO l.a' ﬂ.ﬂp ﬂ.o.

Cely B0y Boty Q.04 P.9, Py ﬂ.ﬂ. " " I 6.6. Dedy ﬂoﬂ' 00"
@.0. @oﬂo ﬁ.ﬁ. DOE' 0.9, goﬂ, 0.2. Oogl 000!

”029 B.g' ﬂ.ﬂ. 0-“0 ﬂog. 0-9. ﬂ-ﬂ. GOQ. )
CONVZ2 = Yol Q:ﬂg ”nﬂ, g.%b ﬂ.@' goﬂ’ w.ﬂ. 000. @.9, ﬂ.ﬂ. Goﬂg Ve B
8.9, Qeks 2020 @.G. B.G. gdg‘ ﬂqﬂ. ﬂog' “og' .

M.Z' GCB' an' O.Bo ﬂ.ﬂ, “o“' ﬂ.ﬂ. 0.0. Bog' 0.“. “cﬂ' i.l'
goﬂ! Boﬁ' uod' ﬂ.ﬂ. ﬁo”. 0020 ﬂ.ﬂp 0.0’ ﬂoﬂ'

@.i. J.@’ @og’ GOQ. g.”l O-B' E.B. z:ﬂt .
DFLCT = ulB‘E'glt .114Eﬁﬂlo Béﬁ) G.ﬂ. QQEI Gpgg BOGQ G-GQ GQEQ ﬂ-aﬂ
doﬂo ﬂoﬁ' 2.2. “ngu ﬂ.ﬂ’ ﬂoB. E-G. g.“' E.E.

Boebly o131E+ 01y e114E+01y Vely BoBy Delg Doy Vb, LGy Deide .
go”’ ﬁ.ﬁo ﬁo@' ﬂ.ﬂ. gQﬂ' ﬂoﬂb ﬂ.ﬂ' 2-0’ ﬂ.ﬂ,

Eolly BBy JL1E®Pl, J1E*CLl, V.8, ﬂ.ﬂ, Loy 0.0, B0, By D48,

Ceids ey Bobly Dode 8.9 ey Le.0, 8.0,

080 d0, 8.8, A
DIAW = ,3UBE¢D2, 3LB8E*R2s B0y 0.0y Vely Buly 840y Wely DBy Falle
Joldy Botly Delle Velly BBy Baly Belly BeBy £uidy

Goﬂo
DRAFTY = E.El
ENGINE = L8E+03, 115E*83, 412E#D4, +115E+833, .16E*B4, .115E+03,
2E004, o1 15E+ @3, J24E#B4, 112E€83, +28E+@4,

«lJ8E+03, .32E*04, »1D3E+33, J36E#04e 96E+DB2, o4E+B4,
«-88E¢+82, b4GEV R4, BE®BR, V.0, Bal, 8.0, Lele

2.2, ﬁ.ﬂ. ﬂ¢G; B.Ba EGU‘ go'g RelbBy Bidy Bolg ﬂ-ﬂ. G.Gr 8.‘.
ﬁ-ﬂ' GQ@v 0.2. ”.gg ﬁog' ﬂ;nﬁ ‘00. ﬂoﬂd 0.0.

0.2. ﬂog' Goﬂ' GOE‘ O.B. GQGQ O.ﬂ. 5550 ‘cﬂo ﬁ-ﬂ. 0-@. ﬂo‘.
C.0¢ Dby L0, ﬂ.ﬂ. Y ) Qo‘. ﬂ-ﬂ. Bely Bely

ﬁoﬂo ﬂ.ﬂg d.ﬂ. 3620 000' 0.0, B.O. ﬂ.ﬂ. ‘oﬂ. ﬂ.ﬂ. ﬂ.ﬂ. O.I'
Q.ﬁ. ﬂ.ﬂ' Z.Eg 000' ﬂ.ﬂ. 2.2) 9.0' 000. 0.0y

Caly B0y QelBy £i8) 0.09 0e0¢ Dy Baly B0y Bl D0y Buie

do U'

EYEHGT = L,525E¢82,

Fis = akﬁbE#ﬂl. .95*05.
FUORDD = Pefly
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“SAMPLE OUTPUT OF PROGRAM NRMﬁ - VEF!CLE- M151y TERRAINI CKK
‘GRDUSH = ﬂqﬂ, B2, [ I Lold 2iBy Bolly Ba¥ly Duls Bady 8.0y gogi Defla
go“ﬂ Boﬂ. E.E. W.Q. ﬁ.ﬂ. ﬁ.ﬂl ﬂoﬁ' ﬂ.ﬂ. ’
HPNET = 073925*021 . . _
HVALS = QIE'GIQ ‘65*”1( .8‘*01. alZE‘”ZO'-lﬁE.GZb .ZE*GZQ QQE’QZQ ﬂoﬂ!
ﬂ.ﬂ., ﬂ.ﬁ: GQGI QQGI aos‘ ‘j" 0 a' De gl '
“oﬂv 0.0.'0.6.‘8.3$ ﬁ.ﬂ. B‘“' D-G. amar 8-0.
1APG = By .
is = 1y le @y O¢ 8y 8y Gs 8y 3y Oy 00 Gy By B4 Be O, By 0, Gy £y
iD = by By By By By U9 8y O By Oy Oy B9 Uy 04 O 0, By Uy Oy Qo
IDLESL = <1Ee@1, ‘ .
IENGIN = 10, “
ICONST = 1, la 2y ﬂp Q. ﬂ! '& Eﬂ Z. ﬂd Pe G " Ba 09 0O, e Oy ﬂ. B.
ICONVY = 2,
ICCNY2 = 2,
ip = 1y 1o By Bs By By Mo Do Q¢ G B¢ 2y 8By O O, 2, @9 B, By {»
IPOWER = 17,
IT = Py Be 2y 09 Q9 Oy Bo By Gy Oy Ko By Wy €y Oy 2, B By 3y B4
ITCASE = 2,
ITRAN = B
ITVAR = £y
LOCDIF = @,
LOCKUP = ¥,
MAXIPR = 9,
MA XL = 1,
NAMBLY = 2, |
NBOGIE = O, B. 2. ﬂ, ﬁ’ B. '. ﬂ. [ ﬂ. fe ﬂ. “' ﬁg “i @ 0. 3, ﬁg lu
NCHAIN = @y @y By D9 0; Dy 8 @g 85 By €y 0y By Gy By Dy B9 B9 By B
NC YL = J4EtB1l.
NENG = J1E+81,
NFL = @y Do Go Oy By By o Gy Ly By 05 Vg @e Lo Gy B By By Jy Re
NGR = 49 )
NHVALS = 7,
NPAD = By B¢ @s Oy Bo Do de Lo By B4 89 8, 8, By Dy By B, By 4y Ao
NSVALS = 16, *
NVEH = 1y lo & ﬂj B gb ‘w'mg ﬂj ﬂ. ﬁ. ﬁ. 6, ﬁp “' ﬁ' Dy 0. ﬂ' ‘b
NWHL = 2y 29 8y 0, 0, g. e ﬁq By By o Vo By Gy Uy Uy Uy 05 By By
NWR = By
PBF = W32E+04,
PBHT = to*EZ.
PFA = -ZZSE*GZ1
POWER = Bally «2195E+84 9 J49E+P1l,y 2185E484, ~T5EADLl, 205E¢04, 1E+82,
+1815E+84y 21U1IE+P2, 412385E+24y 12E¢@2,
<118E¢ka, J155E¢824 1085E+B4, 198E#22, .87E+d3, .199F¢y2,
«66E+B3, J25E#U2, 65E+L3, 4BE+B2, 615E¢L3,
«33E¢P2, «S6E+E3, ¢331EvL2, .42E*03, .4E+Q32, .385E+23,
4SE+G2 + 355E+§3, QSEQGZ' »34E+33, «56EMD 24 )
+31E*d3, B0, €04 8.0, 2.8, Bilip Bully Delds ﬂ-ﬂ, P8, V.03
Lelly E.ﬁ. Delly BB,y 2.0, 2.80 €0, ﬂo“. e,
. a.ﬁ' E.G, ﬂ;gp %mii ﬂéﬁr goﬂ' 0.2. ﬂn@.-ﬂ.ﬂ. 0-5' ﬁo@; Boﬂi
'ﬁ.ﬂ. ﬁbkp ﬁ.i. Enﬁ' G.ﬂ' 3683 g‘ﬁ. 3-0. 00“’
ﬁ-f' ﬁ.ﬁ. ﬂ.g' ﬁ.B. E.ﬂ. ﬂoﬂ. ﬁ-ﬂ. ﬂ-gm Eoﬂ. Delo B8, ﬂoic
ﬁnﬂ. @.ﬂ' EQGQ 0.8; 0.99 QOG' E.ﬂ'
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'SAMPLE OUTPUT OF PROGRAM NR¥M = VEHICLE: MIS51, TERRAIN: CKK

et
Py
Bel,
£elo
GelBo

I
QMAX
ROIAM
Be o

RE VM
E.M.

RIMK
2.9,

KMS
~TE+Y

W
delly
SAE
SAI
SELTH

Ve Z"

SECTHW

Coily
Cety
Pl
9.9,
ey
Galy

2.0,

Le

L.

J,

i

1,

Pe.¥

[ TR T T |}

£

Z.E. J.Z. Zoa. E.zi ﬂoﬂ' ﬂoﬂ. 0.9’ 600’ EQZD Eog. B.a. ﬂiil
EOQ. ”o”, Uog' EOE' goﬂ' E.B. 200.
BOGC ﬂ.ﬂ. B.@.'Mul% ecﬂ' G.Dn 0-9' ﬁJGO ﬂ.ﬂ. ﬂ.ﬂ. GQOm go‘o
E.Z, ﬂ.ﬂ. Eﬁg. ani O.ﬂj Z.G. B.gl
Be Lo ﬂcg' 0.9, G.U. 0.0. g.4d, ﬂ.ﬂ. E.ﬁ. Vel ﬁ.ﬂ, D.B, D.1,
@.ﬂo ﬁ.ﬂ, Qiﬂ. 0‘@. g‘gt ﬂ.ﬂ. 0.0:
Colo Delly, Dely Db BBy By BBy Vidp Bofy BBy D0y 2.4,
Calley Ualy Uoly Cebd Loy B0y Baby
G.E. Ood' E.ﬂ. 3.&1 E.D: G-G. “oﬂ, G~“' ﬂogg Bo" ﬂ.”’ 60‘9
0.29 ZQG. 0.0. Z.Go 050' ﬂoﬂi goﬂ'
Boly Uoelly Vely Koy L. .8y 0.0, 8.0, Culby ﬁ.ﬂ, ﬂ.g' Be2y 2.0
ﬂ-ﬂ. ﬂoﬂ) e-gg E.CS 200) 000. ﬂog'
Z.E. 0.0. Z.ﬂ. E.E) Boﬂn 809' GOO' 0.0. “og. ﬂ.‘f ﬂog. G.Eg
Doy 0oy 0e0y Dol Dady 0.0, 0oy
ey 0oy 0oy 0eBg DBy Valy Vodly Daby Goulo WeBy Daly B.4y
Z.B. E-ﬂ. U.ﬁ. B.B‘ OoU. ﬂoﬂ. 0001
Celly KLeBo Laly Dol D0y an’ @.0. QeBy .9, 2-0. Beldy “o“‘
E.B. ”o”, Bo@v B.Zt 9-”. Zog' Q.E.
Gely ﬂaﬂ' G.Ea Beli Labs GeBo 0.2. 9.0. 5-09 ﬂ.l. ﬂ.ﬂp G.B.
Z.Z. Eo”' Z.B. ﬂ.l& U.M. 600' ﬁ.@p
€oeQy B0y 24y Z.Ed ﬁog' Bethy Voby ely Bels Dol el aoit
0.2’ go@' 0.9. G.Z. 0.0! ﬂ.ﬂl 5.0'
ﬂab. B.ﬂ. ﬂ.ﬁ, BOQJ g.“' “-E. 0.01 ﬂbcp @.0. ﬁo" “QG' B-lq
@oﬁ' 0.0. ”-g' ﬂtﬁ’ ﬂ.ﬂn z.ﬁ. ﬂ-ﬁ.
Belly Voly Qelly Lolyp Doy L0y By Yol P.9, Belly G.8, beolly
2.2. ﬂ-ﬁp MQEp C-ed 000' “o”. %.ﬂ.
@ogl ﬁo“' w-ﬂl 032' EIEW E-B. E.ﬂ. ﬂ.ﬂ. 0.“’ 0-00 ﬂoﬂ. ”oa.
KLablle Lelos Culy ﬂ.ﬁ; B.0, ﬂ.ﬂ. ey
EQEI goﬁ' E.G, ZOZ' ﬂ.z' ﬂoﬂ. 0091 E.g' ﬂ.ﬂ. GOG' aoﬂi Doﬂ.

«115E¢83,

olewﬁZD -le*QZ' apﬂ. ﬁ.ﬂp EQGM z.ﬂ% ﬂo‘. Z.@. ﬂ.ﬂ. ﬂ.ﬂ, 300|
@0 2.6. ﬂ.g' 6‘3. Eaﬂ. ”se' ﬂo“'

Gats

07 2E43, o T2Et 3y @98y By Hheluw Lolle Lully B.00 Beidy bdaBy de8,
U. ZQGQ 0.0. ﬂcgp 2‘09 g‘ﬁ' ﬂag'

Vel '

QQSE’QIO OQSE’EIQ j’ﬁ' go@p 0.0. GQEU go“' 0.0. go”’ 9.3. ﬁoﬂ.
Ky B.0y 0.0 Deky l..' Palls 3.3.

go“' '

.ZSE’ﬂﬂQ -1&*519 QJE*BJ’ cBE’ﬂlb'o“E*”lO lSE’”l. .65’”1.

oBE 21l , ViDy 2uly B0y Py B.8, V.0,

E.E. ﬁa”) @.ﬂ. E.ﬂ"aoﬁt

Bebly Volly Coalle Voaly Lally 0By Boly DBy Loy Loy 00y D4Ry
Celn ﬂ.“. ﬂ.ﬂ, ﬂ.eo g.ﬁ' “oﬂ'

B8,

ace!

0745’01' .7‘E‘ﬁ1, ‘mgn ﬂaﬂ. 0.0’ uo”' O.ﬂ- B-Ep ﬂ-ﬁ- ﬁ.ﬂv aoz'
0. 2.0. gcﬂ' ﬂ.ﬁ, E&ﬂ. U.ﬂ. “.ep

Bels

e7115E+0@1l, <715E42 e Ucﬂ'_ﬂoﬂ' Cally Bnd, Bely D0y Belly Befle

ﬁ-w’ @-@. @-31 ”og' ﬁ.ﬂ. ﬂ.ﬁo ﬂo”. E.U. Enat
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SAMPLE QUTPUT OF PROGKRAM NRP@ - VEWICLE: M151s TERRAINS CKK
Q.E' ’
SVALS = oiEt@ly J2E¥B)l, 36401, 4E#D1y SE+E81ly <6E+31, 7E+@1,
+8E+Dl , «9Etdl,y J1EtB24 J11E+02, 12E¢02¢ «13E+02,
1SERD 2y < 2Etd2y w¥EtB2¢ B0y LBy DBy Bely P8y Doy Dofle
ﬁ.ﬁ, a».“’ N
TCASE = 015’“1’ alE’ﬂl’
TL = J85E+ed2, .
TPLY = ,bE+Q1, obEfglf Bma' 8.0, ”&“m ﬂkﬂa D0y Boa' 0.0. ﬁ.O. Daby
F' 1" ¥ Bels ECB, ﬂ.ﬂp ﬂOGW ﬁ‘ﬂb ﬁnﬁ’ ﬁoﬂj oo
0.2,
TPSI = J15E¢¥2y J15E€Q2% BpBe Dol Boly Loy Boally Veldy OBy BuBy DeBy
ﬂ.ﬁ. E;gt E.ﬂ. gaﬂo ﬂ.ﬁ. g‘gl ﬂ.ﬁa ﬁdﬂl
o8y o15E*0Cy o15EaBly B0y B0y 2.8y Colly B0y 009 0.0, VB,
deldy CelBly folly B.0, 2oty Riﬂ: Boiliy Doty .
BoBy Bally 425E+02:9 o25E+02, B uy B.0y 8.8, Pally VelBy D8, Dully
Calle ADy BBy 0.0, 8.0, 28, 8.2, 048,
Cully 0.0, £.0,
TQIND = ﬁoB. ' ‘ . . )
TKAKLN = B0 gc@y UeB, ﬂo”‘ B0 E.B.'ﬁéﬂg gnﬂ. 8.9, BBy Eog. zw“b
@.ﬁl @.ﬁ. ﬁOZQ QQGf Bog,'ﬂuﬂj z¢¢f EOG’
TRAKAD = Geby By UeBy Daidig Bally Coelly Bokiy Vely Valy Coelly B0y Bolly
Boldy Doy Cublly Qelly Delly Bule Ty Deubs :
TRANS = .57125*”1' oggfgﬁ.vbaljgﬁfﬂlp 09E.ﬁ“. ol‘?‘E*glg ¢9E*¢B,
lEtS1, +IECDD, B.8y Lielly Lobiy Q05 CreBy Ceoba
Z.G. ﬂ‘ﬂ. ﬂ.ﬂ. Ew@' adﬂp Q.ﬂ, amﬂp ﬂc”i ﬂogt Eoﬂ' ﬂ.B. aoﬂ"
”.w, GOgc 2.2. ﬁ.ﬂ. ﬁoﬁ’ Bo@& E.Uw GQBl ﬂ-ﬂg
8.2' ﬂ.ﬂ. ﬂ.ﬂ' ﬂnﬂ.vaoﬁt
VAA = ,b6E+D2,
VDA = J37E*02,
VFS = By .
vi0ob = J1E+034 J2E+82, «6E#81y 4E+D1l, S2E*81l, wlE*i1ly J1E+31, B4k,
Weldy Lollis BolBy B8, Bolly Polly Lolly Baldy
2.00 @4, Bely Bailyp B0y Bep, B.Ea Keid o debiy
voob S = o15E¢DLy J15FE¢g2, 15E+02, J1S5E*02, L15E¢32, J15E#02, .15E+82,
«15E+ €2, <15E+82: +15E#02, 15E+2,
l5E#U2, J15E+024 w1SErd2y 15E*82s J15E¢02, B¢ 0oy Teo
DdeBy Boiye @-EQ ﬁ.@, Qoﬁé ﬂ.ﬂi
VK IDE = oT6SEtP2, 21E082; »95E¢0i, «S51E+P1l, 2E4P1l, J2E+Pl, .2E+81,
o2E+tU] XE#BY, B.0, B0y gkﬂy BelBw Baly Balp
.8y 8.4, Cely @08) 5&@' Caly Eoﬂf Gy ﬁ.ﬁr.ﬂ'ﬂp ﬁogf Belln
JeBy Vak, 2.2. Woﬂ. ﬁ.gb Eo&i ﬁ.ﬁ, QIGi ﬂ&ﬂ, :
Pely Yely Uebly Billd L0y BolBy Daly Dby Oully 6By Gy Doy
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VSsS = Q‘Zt
VSSAXP = UBa€s
WC = J.ﬂ'
WDAXP = B0,
NDPTH = ﬂ.ﬂ. ﬂ.“. ﬂo”’ gue' ﬂ-e' z.ﬂ' ﬂnﬂ# wpg’ ﬂ.ﬂv 3.0, goe. 9.0%
Ualle Boells Lofin iy Dolly Colly B0y Uull,
WOTH . = 064E+ﬁ2'
HGHT = .1745’24' dl“bE*ﬂ“ﬁ “.gb an' Z-ﬁ. g.ﬂ' a.ﬁ' Eoﬁ' ﬁ.ﬂ. go‘l
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“46. ﬁtﬂ) 2020 ”na, g-g' 0.33 ﬂ.”' QOB' G.G'
2.2,

Wl = J458E+D2, @
hRAT = E.B. d.ﬂ. 00”, ﬁdﬂ% g‘ﬂ' ﬂoﬂ' “o“. ﬁhﬁn 0030 BQB' 0.0. ao.q '
w'a' ﬂ.“. ﬂdzc “00' ﬂoﬂ' Ed@b GQQQ @.3. ‘
WRFORD = .2y
WY = J53E¢02, S3EtL2, B.0y 8.0, 0.0y Ba0, D0y V.0, B.4, 2.9, .0,
@'U. Vel 2.@. Bels 0.6. 12-’. ﬂ.ﬁo “.ﬂ. '
Ko 2y
WTE = «456E¢t02, +456E¢02¢ 0aly By Baldy Pal, Yoy Dode Boidy, 0.8
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$END
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37.15
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37.15
37.15
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37.15
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37.15
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37.15
37.15
37.15
37415
37.15
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22 .95
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22 «83
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19é67
I2.76

935

.80
A7 15

37.15
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16,67 1,28
12.76 1.8¢8
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18.36 1.084
24.72 l.08
24472 1.49
37.15 1,083
37.14 1.04

deb® 1.v8

B.00 1.00
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$END
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SAMPLE UUTPUT CF PROGRAM NR#F - VEFICLE: M151, TERRAIN: CKKRD

2020 u‘u' 0.”9

DIAH = .SEBE*QZ. .3@8E*02‘ ﬂ.ﬂ. Eoﬂ. gé@' waﬂ. ﬂob. ﬂ-ﬂl ﬂ.ﬂg ﬂ.ﬂ;
Coeidy D09 Balley 0.8y ﬂqﬂp 0524 B9, Eoﬂ' ”J@g

.2,
CRAFT = J.8 '
ENGINE = +B8E+03, 115E¢€3, s12EaJ 4, +115E203, +16E¢R4, 115E*¥3,
2Evl4, «115E¢+83, J24C¥84, o112E%034 .28E+04e

el @BE*D3y 32E*Dly +LOBE+D3, +36E*P4y FSEE+D2y <4EtI4,
HBE®L 2, cuGECi4y SEALGL, Beldy Doy 0sidy Doy

Beky ﬂ.ﬂ. ﬂoﬂ.‘00£' ﬂaﬂ. ﬂou' ﬂ.ﬂ, Boﬂp z.d. ﬂog’ ey ﬂoﬁ.
Doy Delly Cally UoBy 0oy 2o Doloe Vs, Wby

2-@. @.Bp 9.0) 6;@5 ﬂoﬂ. B.D. ﬂ.ﬂ. ﬂ.ﬂ. @oﬂ' 6.0, 0-9. Goﬂ'
Zo@' g-ﬂ' E.Q. ﬂ.ﬁj @.ﬂ. ﬂig‘ @.0, ﬂo‘r ﬂoa'

00”1 ”oﬂ' ﬂ.ﬂ' ﬂ"‘ 0.3: B.G. Boﬂ. E.ﬂ. ﬂoﬂ. 00@, ﬂ.@' go'm
Zovﬂ. Umﬁ. »0.3' “.ﬂ. GOG' g.ﬁ‘ g.ﬁ’ ﬂoﬂ' a.e'

2.2. ﬂ'ﬁ. ﬂ.ﬂ. B.Eo Z.ﬂ. Eoﬂ. E.ﬂ. 0.6. @.ﬂ, E.ﬂ. d.Br E.Go

v-ﬂ'

EYEHGT = 4525E+£2,

FUO = 44 86E*U1l, .9ECLO,

FORDD = B8y

GROUSH = @ete 0oy 008y By Ledy Loy £eBs OBndy Leby €0y 004 U.ly
Eoﬂ’ a-”. Zoe' ﬂ.d, ﬂ.ﬂl Jo&z. acg. z‘”'

APNET = .7392E+82, .

HVALS = JlE-#l, «4E¢dl, J8E¢D], J12E®R2, <J10E+82, .2E 02, 4E+d2, d.D,

ﬁoﬂ' Eag' 2.!1; u.ﬂf 603’ 31‘: ﬂo@. ‘.ﬂ.
Baly Doy 0.8y Oole B.0, 0.0y B8, Doidy, D.0,

TAPG = 2y

Ib = lo 1o Do Oy Uy By Qb B9 Ky Q9 B8y By 0o B0 By 0y By 3y Oy s
iD = e By Lo By Ly By By By Gy By 0y Oy Do Do Yo B9 9, Iy By, &
IDEESL = L1E+P1, : :

IENGIN = 1Y,

ICONST = 1, 1o Bo Oy OBy Oy Mo Ve B¢ Uy 09 09 Oy 0% 0y 09 By O, Og Mo
ICONVYI = g, :

ICONVZ = B,

iP = 1y 1o e B¢ €y ﬂ, dy O 2, /1 B. @y 8, 89 4, B’ ﬂ. " ]9 ds Re
IPOWER = 17,

1T = By By Bo O, O, U, By Cy 2, Oy G, O, 8 O, Oy 0, B, 45, 3y &,
ITCASE = @,

ITRAN = @,

ITVAR = 0.

LOCDIF = g,

LOCKUP = #,

MAXIPKk = 9,

MA XL =1,

NAMBLY = 2,

NBCGIF = @By @y By By €y Uy 89 B9 By 0y 0y B9 Do Up Yy U, 8y 0, 9y 2p
NCHAIN = @y o €y By 0, By 8y Wy ¥y By €y 6, £y 0o 0, 0y B, 8, 8y %,
NCYL = LJ4EvBl,

NENG = JlEedl,

NFL = Wy Do 69 W Ko Bg Ue ¥e By By Ly Do By D¢ g Dy G, Dy ¥, 2y
NGk = Ly ’ .

NHVALS = 7,
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SECTw 2 ,715E%0le +T15E¢B1lp L@y 2.8y Co@r Dedy Bedy Ledy B.0, Be%0
beBo Goky Qoo Dolde Dady Dello 8.0y Uedy Bais
0.8,
SVALS 2 J1EtUl, +2E+01, 3E#01, J4E+Pl, <S5E*@l, w6E¢d]l, 7E+D],
o&E"_ﬁl' .9E.ﬂ1' OIE*‘GZ. O'IIE"BZ' .125*52. .135:“62’ .
olSE*ﬂZ. 025*021 .‘E.EZ. 8.‘. ﬁdﬁi ﬂ,ﬂ. 'o“' B.E. ”ogl GQE.
velley Bl
TCASE = «lE*tPly &41E+£1,
L = «BESE+UR,
TPLY 2 JbE+Bly +OFE*0]l 4 Lulle Poy Vely Boidy Boly, Hady By D8, 840,
6.0' uog. ﬂ.@. ﬂ.ﬂ. BQG' ﬂ.ﬂ-' EOGQ G-GO
Uelle "l‘
TPS1 = olSE*ﬁZo .ISEOEZ. H.ﬂ. GQUg ﬂ.ﬂ. g.‘b an. 303| ﬂ-ﬂo 9.0. 8.0.
de by Loy Roiby Baly Bualy ReB, 4.8, B.0,
Caly o1SE¢U2, «15E00ly UelBe Doy Jelp Doty Doy Devig d.0, Dl
el Deile €uloe BalBy, 0ok Li0y B0y Bubl,
g-ﬂg “cd, oZSE’“Z% 0255’229 ﬂoa’ goﬂ! ao" Uogo Boﬁq Z.B. B.gt
Eoﬁ, u.ﬂ. B.ﬂ. 000, ﬂo“i ZQG. Bae' 0.0.
Coke W0y Dol
TQIND 3 Bely ' :
TRAKLN ? G.Z. ﬂ-ﬂ' ﬂoﬂg ﬂo@. Q.B. ZOB. EMOO Dpﬁ' E.G' G.E. Ecﬂ, ‘.“0
ey G0, Paly Q.0, ﬂqg' Bale By BeB»
TRAK“D = 3.2. H.G. ”ig; @-ﬂ. ﬂ.g' ﬂ-ﬂ. ﬂ.ﬂ, g\ﬂ. ﬂ-@o “.0' 0.9. al“'
J-U’ V04 EOE' GQU. ﬂ.ﬁ.<ﬂ.ﬂ¢‘0.ﬂ. GQG:
TRANS = S5 T12E+0ly .9E¢00, 43179E+01, .9E®00, <1674E+01l, .9E¢3JI,
1E¢d1, +9E¢00, 0.0y VBuilp Loy 0a0y B.0y U.00
Lelo Qe @.ﬂ, B.E; g;“. znﬂj Bogp 0.0. el Belde D0, E-E.
Jele Daidy Kaky C.0, 2.3, E.E. Beoily B.B. ﬂog.
- 2. 20 ﬂoﬂ' D'og) ”o'ﬂ‘ aog'
VAA = +Ob6E+D2,
VDA = ,37E¢02,
VFS = B.E.
voos = J1E+B3) +2E¢P2, +6EBA#Zly .4E+t@l, J2E¢f1, L1E*B}1, .1E*B1l, 0,8,
Py BeBo KLoblhy 0.8, 2.8, B.0, L0, 0.9,
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SAMPLE GUTPUY OF PROGRAM NR¥X - VERICLES M151, TERRAINS CKKRD

Q.Q, 9.“. gog’ g.ﬂ. atﬁ' ”OE' @Sﬂ' “bz. ﬂaﬁ.

377

vugoBS = +iSE*02y J15E¢2) 415E¢D2, «15E¢02, ~15E#d2,
<15E¢ €2, .15E+@2, J15Eew2, .15E+@2,
«1SE#D2,y +15E+82, <1SE+02, «15E+§2, 15E+d2,
aogt G-Zo ﬂ.ﬁo @.ﬂ. ﬁoﬂ, ﬂ.ﬁi
VRIDE = oT6S5E*02, 21E¢82, «95E+Ll, «451E+01ls «2E#d),
«2E+ 31, «2E*31,y 8.0, 602' Egﬂ' B.B, ﬂde’ goﬂi )
2.21 ﬂcﬁ' ﬂ'g' gdgi ﬂdﬂ. Q.G, QOE' ﬂna' 3001
ﬁoﬂ’ @oﬁq Qogi ﬂo”' Go“j ﬂ.sd géﬂ’ Eogu E.@. )
E-ei Eoﬁ' ﬂoﬂ’ Q.Ea ﬂ.ﬁ. ﬂ.ﬂ. @oﬂ:'ﬂbﬂ. gdﬂj
ﬂ-ﬂ. .9, ﬂ.ﬂ. gcﬁr ﬂ.ﬁ, E;ﬂﬂ g-ﬂi Q.E. ﬂ.ﬂ, :
Celo DeBy Bally
VSssS = b.8y ’
VSSAXP = ﬁogc
wC = Yol
WDAXP = Yol
WDPTH = lele D.4, ﬂ.ﬂ' Lol Z-D. Bely Welly D40y Boely
Bely Vely BBy Uty Dol gtﬁ.Aﬂ.”' Bely
WOTH = J64EFUP2,
WOHT = 21T74E¢ib4y J146EB4y Doy Loy Laly 00040 L0,y
Celloe Lo ﬁ.@, Qiﬂj Ueby Bols Qely @-ﬂ. Loty
Baly
Wi = JS5BE+E2, .
#WR AT = Pele Uelle Dby Doy ﬂ.ﬂ, Geldy Raly Buly 2.8,
Delle BBy 0.8y Doy Loy Wk Loy .0,
WRFCRD = U.€, ‘
WT = W53EMD2y 4 53E¢E2e Mo, ¢
Palle Botin oo B,y Baly LBy VeB,y, 0.0,
E.E. '
WTE = J456E+t02, J456EFL24 Bille Bedy DuBy Enls D40,
Bally Bely Colly Gy D09 Puly .0y B8, Lo,
go“'
WWAXP = bels
XBRCOF = .7t+vid,
$END
NTU ETUT VSEL UP DOWNMN GRADE DISTANCE
1 11 54 .94 54 .87 55.00 3.80 « 1000
2 12 4000 48.00 40 .08 7T.00 o118
3 12 49.62 45.19 55.08 7T.88 <1200
4 12 25.00 25.00 25.00 3.80 . 1309
5 13 35.80 35.80 35.8¢ 3.08  «1480
6 13 32424 29.32 35.80 15.88 «1508
7 13 738 7230 7.38 B3.29 «1600
8 13 35.80 35.80 35.60 3.00 o1.708
9 14 35,39 34,99 35.80 3,40 «1800
10 14 284,22 23.29 35.80 i15.00 «1 580
11 14 28400 2299 35 .88 (6.¢E « 2000
12 14 738 7430 74380 3.09 «2100
13 14 21.80 21.9¢ 21 .00 3480 «2208
14 1@ 908 9.0¢ 900 3.0 23080
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APPENDIX E
POSSIBLE STOPS IN PROGRAM NRMM

The program NRMM can terminate execution prior to normal

completion for several reasons. In most such cases, an octal number

is available to indicate at which of the STOPs the program halted.
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Possible STOPs in Program NRMM

. NUMBER LOCATION REASON FOR STOP
1 SCN User erroneously specified control variable
DETAIL.
2 VEH Towed track elements indicated in vehicle data

are not permitted.

3 ‘ VPP Printer plot of tractive effort vs. speed has
been produced because either user specified
DETAIL = 5 level of output or the tractive
effort vs. speed curve fit error has been
exceeded.

4 LINEAR Interpolation routine LINEAR requires
powertrain data to be inserted in ascending
order of magnitude. '

5 LINEAR A calculated point is outside the bounds of
the array to be interpolated. (Check
powertrain data for errors.)

6 IV3 Terrain soil value, IST, does not conform to
the soil types addressed in the Model.
(Check terrain data.)

7 . IV3 For tracked vehicles, slipperiness scenario
. variable NSLIP is outside the range used
: (0-6). (Check scenario data.)
10 IV3 Same as 7 except for non-CH soil type.
11 IV3 Same as 7 except for wheeled vehicles,

12 TFORCF Soil type variable IST has erroneous value.

: Relationships for modifying the drawbar pull
curve at 20% slip vs. soil type are available
only for fine grained, coarse grained and
muskeg soils. (Trace passage of variable IST
and its value through the program.)
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