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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 movement of vehicles. It was developed from several

predecessor models, principally AMC-74 (Jurkat, Nuttall and Haley

(1975)). This report, in several volumes, provides some background and

motivation for most aspects 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

* Rational design and selection of military ground vehicles

requires objective evaluation of an ever-increasing number of vehicle

system options. Technology, threat, operational requirements, and cost

constraints change with time. Current postures must be reexamined, new

options evaluated, and new 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 ground 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

inýerested 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

Preparation of Evaluation of Strategic
Specifications Competitive Designs Selection of Mix

RQC's etc.

Vehicle Design Tactical
and 1. Route Selection

Development 2. Estimation of
Engineer Support

Vehicle Test
and

Evaluation

* PROSPECTIVE USERS OF VEHICLE 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

interested in such highly aggregated characteristics as the average

cross-country speed of a given vehicle throughout a specified

region--the net result of many interactions of the engineering details

with features of the total operational environment. Between these two

extremes, is the person 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-71 Mobility Model,

called AMC-71 for short (US ATAC(1973)). This model first became

operational in 1971; it was published in 1973. It was conceived as the

first generation of a family whose descendants, under 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-74, 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 modeling, 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 it

is operating. By the mid-1960s, however, a consensus had emerged that

the maximum feasible speed-made-good* by a vehicle between two points

in a given terrain was a suitable measure 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 effects) is the vehicle's

maximum straight-line speed 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 Leasi. 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

characteristics 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
0

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.

(3ee Nuttall and Dugoff (1973).) These perceived requirements led to

several more concrete objectives related to thie 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 make 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:

.0
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FIGURE I.C.l GENERAL ORGANIZATION OF THE INITIAL

NATO REFERENCE'MOBILITY MODEL

-------------------7VEHICLE r7
SURFACEDATOSCL
PROFILESHP

Vehicle VEHY•- OBS788

Speed Ride Dynamics Obstacle Crossing
L Module Mdl

Absorbed a ePower I I

Vehicle Acceleration Average Force
Maximum Force _T T

REPEAT FOR VARIOUS SPEEDS REPEAT FOR VARIOUS OBSTACLE

AND PROFILES TO FORMi SHAPES TO FORM:

Ta ble of RMS vs. Speed at Table of Obstacle Shapes vs.

gIVen Absorbed Power Geometric Interference
Table of Ob stacle Heights •Maverage Force

vs. Vertical Acceleration '•lu oc

VEHICLE DATA FILE

Scenario Control (Areal Patches, Road
File File Segments, and Linear

features).

NRMM Control and I/0 Nodule

VPP TPPVehIcle Preprocessor Terrain Preprocessor

S AREAL ROAD
AreaL ROAD Linear Feature
k real Road Module,

Terrain Nodule Module
Unit 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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TABLE I.C.1

Terrain, Vehicle, Driver Attributes Characterized in INRMM
Data Base

Terrain Vehicle Driver

Surface Composition Geometric Reaction Times
Type characteristics
Strength Recognition distance

Inertial
Surface Geometry characteristics Acceleration and

Slope impact tolerances
Altitude Mechanical
Discrete Obstacles characteristics Minimum acceptable
Roughness speeds
Road Curvature
Road Width
Road Superelevation

VEgetation
Stem Size
Stem Spacing

Linear Geometry
Stream cross section
Water velocity

SWater depth

0C
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D. Model Inputs and Preprocessors 0
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

anA practical measurement and mapping resolution problems. A patch or

0
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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 in the vehicle data base in terms of

its basic geometric, inertial, and mechanical characteristics. The

complete vehicle characterization as used by the performance

computation modules includes 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.

L _ _ _ _ _ _ _
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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 crossing 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.
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* 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 perceive 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

SSeveral optional features are available to the user of the

INRMM (weather, presumed driver motivation, operational variations in

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-OBS78B

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 Obstacie-crossing Module simulates the inclination and

position, interferences, and traction requirements of a

two-dimensional (vertical center-line plane) vehicle crossing a single

obstacle in a trapezoidal 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 of the obstacle profile and the displaced

vehicle bottom profile. Traction demand at 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 requrements. 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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0 profile may be continuously, randomly rough, may consist solely of a

single discrete obstacle, 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 maximum tolerable speed. The terrain

measurement to which ride speed is related is the root mean square

(rms) elevation of the ground profile (with terrain slopes and

long-wavelength 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 dimensions). It 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.

0
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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 dynamics 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 Dynamics 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 the 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 obstacle 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.

O 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,

even the integrations required to compute acceleration and

deceleration between 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. S

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.

S
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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 override prevailing tree stems are

calculated for eight cases (3): first, overriding only the smallest

stems, then overriding the next largest 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.)

0
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).

0
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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 vehicle

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 vegetation 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 the 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 obstacle 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).0
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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 0
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 maximumspeed 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,

0
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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 conclusion 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, Vav, is the harmonic average of the three
speeds,i.e.

Vav = 3 /[(l/Vup) + (I/Vacross) + (I/Vdown)]
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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

of road, termed a road unit. Travel on super highways, primary and

secondary roads, and trails is distinguished by specifying a road type

eind 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, parallels

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 considered 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 the

four classes of roads (AASHO (1975)) under dry conditions and are not

vehicle dependent. These are appropriately reduced for reduced

traction conditions, and vehicle dependent checks are made for tipping

or sliding while the vehicle is in the curve.

At the end of a computation, data required by the user are

stored. If the model is run in the traverse mode, the model returns to

compute values for the next unit; if in the areal mode, it

automatically computes performance for both the up-grade and

down-grade situations and at the conclusion computes the bidirectional

(harmonic) average speed. Scenario options are similar to those for

the Areal Module.
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II ALGORITHMS AND EQUATIONS

The INRMM has been implemented in a computer program called

NRMM, written in 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/O Module

The Control and I/O Module (C&I/O) 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 patches (Areal

terrain units) and roads. It is also responsible for output. An

overall illustration of the Control and I/O Module is given in Figure

. II.A.1.

After initialization and setting of variables to their default

values, the program 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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FIGURE II.A.i -- Structure of Control and I/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 MAP71, MAP74, 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 than if only one terrain unit is present in the

terrain input file. Setting control variable SEARCH to 1 indicates

that a single terrain unit, whose terrain unit number is given by

NTUX, is to be sought in the terrain input file and that the mobility

model calculations are 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/O Module and if DETAIL = 10 an exit is made after

execution on one terrain unit.

The individual subroutines of the C&I/O 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.l 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 Ill, 112,...,1117 and

output statement executions as the flags KIII, K112,...,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,



R-2058, VOLUME I Page 37
Operational Modules

i \~

ENTRY MAP:74 MAP:I I MAP:?" yy
SMAP 74 MPRD 74 USER ROUTINE MAP 71

WRIT MAP74 WITE MPR 7 rWkIE REUL-TS-7WRITE MTPP 1

/RESULTS IF / RESULTS IF /lOF-USER REUTSI

/RESULTS IF RTR

KMAP - I KMAP =I /ROUTINE IF KMP

KMAP = I /

FIGURE I I.A.2 -- STRUCTURESBOTN OF TET IEOF:I RETURN

STPP

RSLSI RETURN

KTPP =I

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 currently part of NRMM:

i) Subroutine MAP71, called if MAP is not equal to one of the

0
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values below,

ii) Subroutine MAP74, called if MAP = 74,

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 and 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. In

this case the terrain input subroutines set the flag IEOF = 1 which is

passed through TERTL to the C&I/O 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

will write the results if the flag KTPP is set. TERTL then returns.

a) Terrain Input/Translation Subroutine MAP74

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 vegetation in eight stem diameter classes, and various

values of recognition 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 in Section III.C.2.

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 MAP74 return to TERTL.

b) Terrain Input/Translation Subroutine MPRD74

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 limit 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 limit,
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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

will continue to read roadway unit records, discarding those for which

NTU differs from NTUX. Only when a record for which NTU NTUX is read

will MPRD74 process the data and then return to TERTL.

c) Terrain Input/Translation Subroutine MAP71

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, AMC71.

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 representative, 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 the 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 IVI,

IV2,...,IV21, 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/O main program.

6. Subroutine ROAD - Road Module

Since the Road Module is considerably smaller than the Areal

Module no separate control program was written. This subroutine is

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

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

particular outputs are described in Section III.E.
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* B. Vehicle Preprocessor

The Vehicle Preprocessor Module consists of a sequence of

subroutines named 111, 112,...,1117, and some additional subroutines

named TRAIN, AUTOM, STICK, LINEAR, FIT, APPROX, SOLVER, LINES, RESIDU,

PLTSET, SCAL, LIMITS, FIXER and CURPT called by 1116. 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 switch 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 lbs, 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

separate program to change the vehicle data into the U.S. Customary

units used in NRMM.

2. Subroutine 112 - 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 is also calculated.

3. Subroutine 113 - 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

j = 2 coarse grained soil

j = 3 highway

depends primarily on tire size, construction, and inflation pressure.*

The formulas are, for each assembly i,

s = (bti - .4bi)/.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/s2.3 8 )[(Wi/ni)(1/(dri+s))] 1.71

where bti = section width of tires

bri = width of rims

wi = load on entire assembly

ni = number of tires

dri diameter of rims.

For radial tires (ICONST(i)i 1)

Vt 1j 100.(pij/h) 2  in miles per hour

and for bias ply tires (ICONST(i) = 1)

Vtij= 70.(Pij/h) 2 . 2 5  in miles per hour

where Pij = 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 113. 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 ( 1 9 4 5 ) 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 115 - Tire Deflection Ratio

For each wheeled assembly i the variable 8 ij' or DFLCT(i,j),

gives the deflection of the tire at the pressure used for j = 1 fine

grained soil, j = 2 coarse 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 116 - 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 = 2( 6 ij dti - j)112 if wheeled

where 6 ij = DFLCT(i,j)

dti = diameter of tire on assembly i
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. 7. Subroutine 117 - Ground Contact Area

In this routine the ground 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 118 - 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

WTMAX = min {ti/2 - YCG + (bi/2)*IDi for all i}

where ti tread width of suspension i

YCG lateral distance of center of gravity from vehicle

center

bi section width of tires on suspension I

IDi 0 if singles

1 if duals

and for tracked vehicles

WTMAX= min {ti/2 _ YCG for all i}

0
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9. Subroutine 119 - Maximum Rolling Radius

The rolling radius of the tire is calculated from the

revolutions per mile, REVMi, which is an input parameter, as

RR = max (12*5280)/(2 *REVMi)

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 1112 - 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 = Wi/(nibidi/2)

where for each axle i

Wi = weight on axle

ni = number of tires

bi = section width

di = outside diameter of tire

Weight Factor: WF ='.553 Wi/1000. if Wi(2,000 lbs

.033 Wi/1000. + 1. if 2,000<Wi<13,500

= .142 Wi/ 1 000. - .42 if 13,500<Wi<20,000

.278 Wi/1000" - 3.115 if 20,000<Wi

Tire Factor: TF (10 + bi)/100.

Grouser Factor: GF = 1.00 without chains (ICHAIN i 0)

= 1.05 with chains (ICHAINi = I)

Wheel Load Factor: WLORF = (Wi/1OOO)/(ni/2)

Clearance Factor: CLF = CLRMINi/1O

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)L __________________________________
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1.05 for manual (ITVAR • 0)

Tire Deflection Factor: TDFij = [((1 - 6 ij)/bi)/.85]1" 5

where bij = 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 + 3.74))]TDFij

For a left- right pair of tracked suspension elements, the following

calculations are made:

Contact Pressure Factor: CPFFG = Wi/(2libi)

where for each left-right pair of tracked elements i

Wi = weight supported by pair

ii = length of tracked element in contact with
ground

bi = width of tracked element

Weight Factor: WF = 1.0 if Wi<50,O00

WF = 1.2 if 50,000Wi<70,000

WF = 1.4 if 70,O00_Wi<100,00

WF = 1.8 if 1O0,O000<Wi

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 = Wi/10/Ni/Asi

where Ni = total number of road wheels on tracks in
contact with ground
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Asi = area of one track shoe (in 2 )

Clearance Factor: CLF = CLRMINi/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 1 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 1113 - 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 each pair of left-right tracked elements. For wheeled axles,

a separate VCICG is calculated for the three tire pressures, possibly

different, recommended for fine grained soil, course grained soil, and

roads.

For wheeled axles, the following calculations are made:

Wheel Diameter Factor: WDF = 2. if bi/dri>2.4

WDF = 5. if bi/dri<2.4

where bi = nominal tire width

dri = rim diameter

Contact Pressure Factor:

CPFCG = .607pij + 1.35[(117.*ply rating)/(WDF*bi + dri)]

- 4.93
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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 = log 1 0 (Wi/CPFCG)

where Wi = weight on axle i

Strength Factor:

STF = .052 6 (ni + .0211Pij) - .35CAF + 1.587

where ni = number of tires on axle i

Vehicle Cone Index is then 10 raised to the power STF:

VCICGij = 1 0 STF

For tracked assemblies, the VCICG is set equal to zero since it is not

used in further calculations.

14. Subroutine 1114 - Vehicle Cone Index for Muskeg

This routine calculates the single pass Vehicle Cone Index for

muskeg (VCIMUK) as follows:

VCIMUK 13 + .535 Wi/(bi +di*ni) for wheeled axles

where Wi = weight on axle i

bi = section width of tires on axle i

di = outside diameter of tires on axle i

ni = number of tires on axle i

VCIMUK 13 + .0625 Wi(bi + ii) for tracked

assemblies

where bi = track width

1i = track length on ground
1Q
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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 1115 - 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 1116 - Power Train

This subroutine controls the calculations used to specify the

power train of the simulated vehicle.

The driving, as opposed to braking, characteristics 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) = cnv 2 + bnv + an

where different values for the constants cn, bn, an are used for

different "gears", n. For computational purposes the gears are really

speed ranges. Thus, if vo=0<v 1iv 2•. . .<vn is a

non-decreasing sequence of speeds that represent the "gear" intervals,

the tractive effort relationship given by the above formula applies

for vnl<v•vn.
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The precise manner of selecting the sequence {vn:

n=O,1,...,NG } and the number of gears, NG, consists of several

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

II.B.I1.

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 vns, and the coefficients

an, bn, and cn.

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
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ENTER

CA LCU LA TE E. ,. SN IN A TA NO- ER OR
PEED VS. TE FROM S EXIST IN VEHICLE NOERROR

NO YES

2 DOES ERROR

SPEED VS.. TE 0 APGROR: TRAIN

SAUTOM STICK

L INEAR

FIGURE II.B.1 -- POWERTRAIN
CALCULATION LOGIC OF
SUBROUTINE II 16 APPROX.

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

MAPG = 0 indicates the LINES SET:
tractive effort vs. TOP SPEED
speed data is to be used NUMBER OF POINTS

IAPG = 0 indicates only powertrain data exists in file

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

IAPG = 2 indicates only tractive effort vs. speed data exists in
vehicle file
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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 of

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. torque relationship (also input

data). The mismatches between engine output torque and torque

converter input torque and engine output speed and torque converter

input speed (physically both of which must be the same) are used to

* adjust the estimated engine speed higher or lower. This adjustment is

performed by following a binary iteration scheme.

Once an engine speed at which both the engine output torque

matches the estimated 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 converter output torque which when

multiplied by gear ratios and efficiencies of the transmission and

final drive and divided 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. S
(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.

S
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 = a + bv + cv 2 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

S



R-2058, VOLUME I Page 59
Operational Modules

00
0

U-
W 0

00
o-

O0
• 00

• 0
• 0

0 0 0 0 o 0 0 0 0

VEHICLE SPEED (V)

FIGURE ll.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 is 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 sequence 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
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class of engine/transmission combinations there are still occasional

tractive effort vs. force relationships for which the quadratic fit

procedure will not be satisfactory. In 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,I), 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 are

used here. RESIDU checks if the difference is large and sets an error
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indicator if it is. This test is used to avoid anomalous fits such as

illustrated in Figure II.B.3.

J4~J

'UWPL
"I--

Vehicle Speed

FIGURE II.B.3. -- Possible Anomaly in Quadratic Equation
Fit to a Gear

When this occurs, the program produces a print-plot of the

tractive effort vs. speed relationship (both points and fitted curve)

O 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 0.



R-2058, VOLUME I Page 62
Operational Modules

17. Subroutine 1117 - 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 FactorNG =1+ mF1 + mF2*(rNG) 2

where NG = gear number

mF1 = .14 if there is a tracked assembly on the vehicle

= .03 otherwise

mF2 = [.008(id)1" 6 8 ne]/ncw

i = 2 if the engine is a two cycle diesel

= 1 otherwise

d = displacement in cubic inches

n e = number of engines

nc = number of cylinders

W = gross combined weight of vehicle

r NG = (FNGrw)/(PQm)

FNG = tractive effort at center speed of gear NG

rw = rolling radius of driving wheel or sprocket

radius

= .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 some 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 - .04e/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, IOBS, 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 uo and ho. The resulting obstacle base width

is designated here by w0 .

The ground level width of the obstacle:

wog = wo + 2hoABS(cosuo/sinuo) for trenches

= w0  for mounds

where Wo = base width of obstacle

ho = obstacle height

ao = obstacle approach angle

w

00

og

FIGURE I I.C.l -- Side View of an Obstacle

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

width.

wo 0 wo for trench

= W 0- 2ho * ABS(cos%/sinQo') for mound
00
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The maximum extent across an obstacle:

do: (Wog 2 + 102 )1/2

where 10 length of obstacle

It is assumed here that the ground level plan of the obstacles base is

rectangular with width wo and length 1o.

The mean obstacle approach width:

woa = 2(lo + wog)/TT

It is assumed here that the rectangle represented by the base of the

obstacle may be oriented at any angle to the approach path of the

vehicle and that this approach angle is uniformly distributed between

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

W

2
W 0

* /OBSTACLE BASE
RECTANGLE

DIRECTION OF oa a)

VEHICLE A sin B

APPROACH

e0

-. 2a co s
2 a

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

where woa(ea) obstacle approach width

a = vehicle approach angle

0
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TT/ 2
Woa = (2/TT) 0 Woa(e)de

Note that for obstacle crossing, both in the Obstacle Module and in

the Areal Module, it is assumed that @a = 90 degrees. The

calculations here are used in the calculations of speed reduction due

to maneuvering around obstacles in Areal Module Subroutine IVI.

Average Terrain Unit Area per Obstacle:

Ao = T(So/2)2

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

So = [(T/N)(D/2)2]I/2

where N = number of obstacles in a circular area of diameter D. So

is an input terrain variable. Since So 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

Wog = do =Woa = Ao = 0.

If the scenario variable ISNOW calls for a snow cover of zs

inches, the "snow machine" is used. This is a portion of code which

sets the surface/soil type to signal snow (IST = 4), reduces the

height of obstacles zsy/.8 where Y= snow specific gravity, and

attenuates the surface roughness by a factor of y/.4 for snow depth

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

1 - 1/2(l - Y/.4) (zs/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/O Module.
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D. Areal Module 0
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/O Module. This section will describe these

subroutines in the order that they are called.

1. Subroutine IVI - 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

around 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.

0
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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 overriding 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.

SThis 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

str-aight 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



R-2058, VOLUME I Page 70
Operational Modules

obstruction avoidance. 0
In this routine the area denied due to the obstacles, ADO, and

I

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 to 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

0
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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 is 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

TT(OBSE/2) 2 .

The area denied by a single obstacle is modeled by surrounding

the rectangular obstacle base by a band the half-width of the vehicle

and summing the areas of all the regions indicated in the figure

II.D.1.

Thus the area denied by a single obstacle is

OBL*WA + 2(OBL*WDTH/2) +2(WA*WDTH/2) + TT(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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WDTH/2 ILoci of Closest
__ Vehicle Center

Approach to

AObstacle Base Obstacle

OBL

FIGURE II.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:

di = (41.)[I/sf - 2/s?+1] i = I,...,NI-I

where di = density of stems in stem diameter class i

si = average spacing of stems in stem diameter classes

i pi+1,...,NI.

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
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SNI NI
PAV = OO Edvj* dj/ 1 d - WDTHJ

J=1 j=1

where dvj = 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

ADTi = ADO + PAVi(1OO-ADO)/1O0

This formula takes some account of the possibility that the vegetation

grows on obstacles. No additional area would be denied due 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, rwater (WRATIO in the code) is

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.

L _ _ _ __ _ _ _ _
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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 rwater 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 soil surface

conditions due to recent rainfall, flooding and or standing water.

Separate slipperiness effects are included for CH soils, which are

largely impervious to water, and for other, more pervious fine grained

soils. Coarse 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" on 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, II.B.5, II.B.6, II.B.7, II.B.12,

and II.B.13J, allowance is made for vehicles with central inflation

pressure 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 is 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, CFFFG, 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

made 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 LUNI and the program is

halted since towed, tracked assemblies are not simulated. For towed,

wheeled assemblies

W' = Wi rwater/ni
where Wi = weight on axle i

rwater = weight reduction ratio due to buoyancy

(=1. for dry terrain units)

ni = number of wheels on axle i

Then

P 8 =[RCIbidi (6ij)1/ 2 ]/[W' ( 1 - .5bi/di)]

where RCI rated cone index for assembly

bi =section width of tire

di = outside diameter of tire

8ij = deflection ratio for pressure j

and

RTOW = 1 - .3412P for 0 <2

RTOW = .04 + .2/(P - 1.35) for 0 >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 0
DOW = .544 + .0463RCIX

- [(.544 + .0463RCIX) 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 = .046RCIX

For wheeled assemblies and CPF > 4

DOW = .379 + .0219RCIX

- [(.379 + .0219RCIX) 2 - .0257RCIX] 1 /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:

0
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For tracked assemblies:

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

for RCIX < 0 and CPF < 4 RTOWPB = .4 - .072RCIX

for RCIX < 0 and CPF > 4 RTOWPB .4 - .052RCIX

For wheeled assemblies and CPF < 4

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

for RCIX < 0 RTOWPB = .3 - .043RCIX

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 VCIFGij for assembly i and tire pressure j (if

wheeled).

RCIX = RCI - VCIFGij

For an assembly never driven nor braked the powered resistance

(RTOWPBi) and pull coefficient (DOWPBi) are set to zero and the

towed resistance coefficient (RTOWTi) is calculated by a call to

O 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

DOWPBi, RTOWPBi and RTOWTi, respectively. S

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 = 6ij/.4 - .375

where 6 ij = deflection ratio of tires on assembly i at inflation

j, is 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.

S

S
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Table II.D.1

Slipperiness Conditions and Parameters

NSLIP Meaning

1 less than 1" rain with no free water
2 less than 6 hours rain with no free water
3 more than 6 hours rain with no free water
4 less than 1" rain with free surface water
5 less than 6 hours rain with free surface water
6 more than 6 hours rain with free surface water

CH Soils Impervious to Water

Tracked Assemblies Wheeled Assemblies

NSLIP DOWCS RCIS DOWCS RHIS

1 .5, 200 .35 300
2 .3 150 .25x 150
3 .3 200 .2x 200
4 .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 RHIS DOWCS RCIS

1 .45 100 .3 80
2 .3 100 .1 80
3 .2 100 .1 80
4 .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

DOWPBi, RTOWPBi and RTOWTi are calculated by calls to0WPiTWi
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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

RTOWPBi and RTOWTi 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 (D0WPBi) 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 HCIS (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

DOWPBi. Otherwise DOWS becomes DOWPBi. The resistance

coefficients RTOWPBi and RTOWTi 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 instead 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

It = [.6G(bili)l. 5 ]/Wi

where Wi = weight on assembly i

bi = track width

li = track length on ground

by

DOWPBi = .121 + . 2 5 8 1og0Trt for TTt<25
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DOWPBi = .339 + .1091og'9t for 2 5<Tt<1I00

DOWPBi = .481 + .038log't for I00<rTt<l000

DOWPBi = .595 for 1000<17t

Then the powered/braked resistance coefficient is calculated from

RTOWPBi = .6 - DOWPBi.

For wheeled axles, if the axle is never towed, the towed

resistance coefficient, RTOWTi, is set to zero. If the axle can be

towed, the pi term is calculated by

•t = G(bidi) 1 "5  ii/ 3 /[(1-8 ij) 3 (1+ bi/di)Wi/ni]

where Wi = weight on axle

ni number of wheels on axle

bi section width of tires on axle

di =diameter of tires on axle

i: axle number (from front)

8ij= deflection ratio for tires at inflation j

The towed resistance coefficient is then calculated by

RTOWTi = .44 - .01TTt

+ [(.44 - .01ft) 2 + .0002TTt + .08]1/2

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

TTd = G(Bdi)1"58 ij /W[i]I/12

where the above notation is used with

B = bi for singles, 2bi for duals

W = Wi/ni for singles, 2Wi/ni for duals.
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The pull coefficient is then given by

DOWPBi = .53 - 4.5/( Td + 3.7)

and the powered/braked resistance is

RTOWPBi .6 - DOWPBi.

c) Muskeg

This portion of the subroutine IV3 calculates the pull and

resistance coefficients 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 = rating cone index of terrain unit

VCIMUKi = vehicle cone index calculated for assembly i

A candidate resistance coefficient is calculated by

RT = 1. if RCIX<-100

RT = 1. - .006(RCIX + 100.) if -100<RCIX<O

RT = .045 + 2.3075/(6.5+RCIX) if O<RCIX

The towed resistance coefficient is set by

RTOWTi = RT if assembly may be towed

= 0 if assembly is always either powered

or braked.

0
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The powered resistance coefficient is set by

RTOWPBi = 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:

DOWPBi = -1. if RCIX(-100.

DOWPBi = -1. + .1(RCIX + 100.) if -100.<RCIX<0

DOWPBi = .5464 + .1091RCIX

- [(.5464 + .1091RCIX) 2 - .192RCIX] 1 /2

if 0<RCIX and

the vehicle is tracked with contact pressure factor less than 4 psi

DOWPBi = .3537 + .02258RCIX

- [(.3537 + .02258RCIX) 2 - .03071RCIX] 1 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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SRT = (10nibi*Yzs)/(Ndilij)

where ni = number of wheels on assembly i

N = total number of wheel axles on vehicle

bi = section width of tire on assembly i

di = diameter of tire on assembly i

y = specific weight of the snow

Zs = snow depth

lij = characteristic length of tire on assembly i

at inflation j (see Section II.B.6))

and for tracked vehicles from

RT = (yzs)/(21ij)

where lij = the characteristic length of the track.

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

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

for RTOWPBi.

The pull coefficients are calculated using

TOWMAX = tan p+ (cAijni)/Wi wheeled assembly

TOWMAX = tan cp+ (cAi/wi) tracked assembly

where c = internal angle of friction

c = cohesion

Ai,Aij = ground contact area

ni = number of wheels on assembly i

Wi = weight supported by assembly i.

The pull coefficient is then set to

DOWPBi = TOWMAX - RT.

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

grained soil, muskeg or snow) Subroutine IV3 passes on0
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RTOWTi = towed resistance coefficient

RTOWPBi = powered/braked resistance coefficient

DOWPBi = pull coefficient

for each suspension assembly i.

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 i*Wi/GCWP for powered assemblies i

DOWP = sum of DOWPBi*Wi/GCWP for powered assemblies i

RTOWNP = sum of RTOWTi*wi/(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 supported by assembly i

GCWP weight supported by all powered assemblies

GCW = gross combination weight

RTOWPBi powered resistance coefficient of assembly i

DOWPBi pull coefficient of assembly i

RTOWTi 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.

S
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5. Subroutine IV5 - Slip Modified Tractive Effort

This routine modifies the vehicle tractive effort vs. speed

relationship, calculated in Subroutine 1116 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 least 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. In 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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for each slope ( 6 k) 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 =aNG + bNGv + cNGv 2  for vl,NG _ v -< v5,NG.

Five points {(viNG, Fi,NG), i=1,...,5: vi.1,NG < viNG,

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 maximum

tractive effort in gear NG (i.e. FING>FiNG) and that F5,NG is

U_- TFOR cos Bk

0

o0L

:0 NB: The lines

represent rim
pull curve.
The entire gear
NG = I is represented

by the point at v 0.

v v

VEHICLE SPEED (v)

FIGURE II.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,NG•FiNG).

The routine fetches the coefficients (aNG, bNG, CNG) and

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

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

in each gear NG, FINGeCF, corrected by a terrain unit elevation

factor eCF, is compared to the slope modified maximum surface

traction TFORcosek. If not all the vehicle tractive force can be

applied (F 1 ,NGeCF > TFORcosek) the minimum surface tractive

force F5,NGeCF is compared to the maximum surface traction. If

the vehicle tractive effort exceeds the maximum surface tractive force

throughout the gear (F5,NGeCF > TFORcosek) 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 TFORcosek. The quadratic

then reduces to aNG = TFORcosek with bNG=cNG=O.

If the soil can support a tractive effort between the minimum

and maximum of the gear NG (F5,NG < TFORcosek < F1 ,NG), the

subroutine VELFOR is called to determine the speed v* in the interval

[vING,v5,NG] at which the vehicle produces the maximum surface

tractive effort. The interval representing the gear NG is now

adjusted to be [vING = v*,v5,NG], the maximum tractive effort for

this gear is reset to

F(v*) = aNG + bNGv* + cNG(v*) 2

and five new values of tractive effort are calculated at equally

spaced speed values from v* to v5,NG. These become the new gear

{(vi,NG,Fi,NG), i=1,...,5: v1 ,NG=V*}. If this gear was a
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vertical gear, the five points would be equally spaced from F 1,NG to

F5 ,NG all at vING.

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 (TFORcosgk> Fi,NGeCF) 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 = (Fi,NG eCF rw)/(GCWPcosek) - CF

where rw = 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 Fi,NG for

the given vehicle and terrain unit. The vehicle speed is then

adjusted by
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Vc = ViNG (0. - SLIPX)

and the new point (vc,Fi,NGeCF) replaces (vi,NG,Fi,NG) in 0
the tractive effort vs. speed curve for the current terrain unit.

For water covered terrain units a hyperbolic drag is calculated

from

wD = (. 0 0 1 1 1 CD A vc 2 )/2

where CD = drag coefficient

A = submerged frontal area

and this drag is subtracted from FiNGeCF.

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/nI aI(TFOR/GCWP)] for all wheeled assemblies 1

where Fe = superelevation factor given by

Fe = 1 - 7.495R'e

e = superelevation angle

R' = radius of curvature in feet

V iNG,MPH = speed vi,NG in MPH

W, = weight on axle 1

nI = number of wheels on axle 1

al = cornering stiffness of tires on axle 1

This force is subtracted from FiNGeCF.

The five new tractive effort vs. slip corrected speed points

for each gear are now fitted with a quadratic which is constrained to

0
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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 + .71)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 0
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 from the tractive effort

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

element slip.

0
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The tractive effort vs. speed curve is given by

F aNG + bNGv + cNGv2

a sequence of quadratics in various speed ranges (v 1 ,NG < v

v 3 ,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 + bNGv + (aNG - F) = 0.

Let the discriminant be denoted by

bNG2 - 4(aNG - P)cNG.

For d2 < 0 it must be true that cNG 1 0 and aNG - F i

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 cNG < 0 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 d 2 = 0 two cases can occur. For cNG 1 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, realistically,

similar to no intersection at all, decisions like those for the case

of d 2 < 0 are made when cNG < 0 [seek a lower gear] and when CNG

> 0 [set v* = v3,NG]. When cNG = 0, then bNG = 0 (since d 2 =

0) and thus the tractive effort vs. speed curve for gear NG is a

0
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horizontal line through aNG" If F < aNG the vehicle can proceed

at maximum speed in the gear [set v* = V3,NG] and if F > aNG the

vehicle cannot overcome the resistance F in gear NG and thus a lower

gear is sought.

For a positive discriminant, d 2 > 0, and cNG = O, 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,NG' in gear NG then if bNG > 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 bNG < 0 then the curve is above F = constant and v* = V3,NG.

If the intersection is to the left of the minimum speed, VING, in

gear NG then the reverse is true, namely that v* = v3,NG if bNG >

0 and a lower gear is sought if bNG < 0. For the case when the 0
intersection occurs at (v,F) and VING < v < v3,NG then v* = v for

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

For a positive discriminant and cNG 1 0 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

bNG > 0) or entirely below (indicated by bNG < 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 d 2 > 0, c = 0 case are used. The curves for positive v are

0
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not straight lines in this case but they are strictly monotonic with

less and less curvature for increasing v. In the third case when both

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. speed curve is above or below F =

constant. If it is above at vI,NG then the highest root in the

interval v1,NG < v < v3,NG is used as v*. If the curve is above

at both vING and v3,NG, then v* = v3,NG. If the curve is below

at v1,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

Tracked

S = .0257y - .0161 + .01519/(.8353 - y) for CPFC<4

S = .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 reduced 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]1/2

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 equipped 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 = .3(0 - [l-y]1/ 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.

0
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d) Subroutine QUAD5 - Quadratic Fit to 5 Points

This subroutine uses the least square criterion to fit a

quadratic to five points under the constraints that the curve must

pass through the points with the lowest and highest value of the

independent variable.

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 on the basis of stem

diameter, separate resistance forces are calculated for each class.

SIf 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 i is

given by

v,i+I = (56/5.8)*d3 mi

and the force against the vehicle pushbar exerted by such an override

attempt is given by

Fvm,i+ = ( 4 0 - bPB/2)dvmi.

The force required to override all the vegetation in classes i and

stem diameters is given by

Fv i+I = 12w100[sum of 3j 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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bpB = 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, Fvmi > FmPB, the indicator will be set to no

override [IMPACT(i)=I] due to pushbar weakness. If Fvmi/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

RTlki = GCWsinek + (RTOWP*CGWP + RTOWNP*CGWNP)rwcOsek + Fvli
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and the resistance while overriding all vegetation in stem diameter

classes i-I and smaller is

RTki = GCWsin9k + (RTOWP*GCWP + RTOWNP*GCWNP)rwcOsQk + Fvi

where GCW = gross combined weight

GCWP = gross combined weight on powered elements

GCWNP = gross combined weight on unpowered elements

ek = slope angle

RTOWP = powered elements resistance coefficient

RTOWNP = unpowered elements resistance coefficient

rw = proportion of vehicle weight on running gear

elements (=1 except possibly for water covered

terrain units)

Fvli = force required to override the largest tree

* in stem diameter class i-I

Fvi = force required to override vegetation in stem

diameter classes i-I 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 IV8.
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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 IV1O - 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.

0
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11. Subroutine IV11 - Total Braking Force - Soil/Slope/Vehicle

This routine calculates 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

XI =(RTOWB*GCWB + RTOWNB*GCWNB)rw

where RTOWB = resistance coefficient of braked running gear elements

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

rw 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

X2 = (DOWB + RTOWB)GCWBrw

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, XBR, 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

TBFk = GCWrwsinek + X1cosQk + min[XBR,X2cos9k]
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where ek = slope angle.

If TBFk is negative [due to sinek 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

BMXk = min[DCLMAX*GCW, TBFk*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 calculated by:

Dr = Dv he/ 6 0

where Dv = visibility distance

he = driver eye height.

The deceleration due to the braking force the driver will actually use

is given by

ack = BMXk g/GCW

where g = acceleration of gravity

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

BMXk = maximum braking force actually used on slope k.

The maximum speed limited by visibility, Vvk is calculated from the

solution of the equation for recognition distance required to stop,

which is

Dr = trVvk + Vk/( 2 BMXk)

where tr = reaction time between recognition and application of

brakes.
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If the braking force BMXk 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 Vvk is set to VISMNV.

14. Subroutine IV14 - 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

99% of VSOILk,i velocity limited by soil, slope

and vegetation resistance for slope

k overriding vegetation in classes

i-I and smaller

VRID = velocity limited by surface roughness

Vvk = velocity limited by visibility and braking force

on slope k

A separate speed limit, Vttki, is chosen for each slope k (1

up, 2 = level, 3 = down) and overriding vegetation in class i-I and

smaller. Less than 100% of VSOIL,ki is used since the velocity -

distance curve has an asymptote at VSOIL,k,i, which means that a

vehicle can never accelerate up to VSOIL,k,i"
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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, VBOki, 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, VBOki represents the maximum speed a

vehicle can travel while overriding vegetation in stem diameter

classes i-I 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 denied due to maneuvering around vegetation in

stem diameter classes i and greater. The relationships are:

Tracked Vehicles

for PAVi < 3% no reduction (VBOki Vttki)

for 3% < PAVi < 7%

SMG = [(392.93 - Vttki)PAVi]/4 + ( 7 Vttki - 3*392.93)/4

VBOki = min[SMG,Vttki]

for 7% < PAVi < 52.5%

SMG = 453.2 - 8.603PAVi

VBOki = min [SMG, Vttkil

for 52.5% < PAVi set VBOki = 0

Wheeled Vehicles

for PAVi < 3% no reduction (VBOki Vttki)
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for 3% < PAVi < 7%

SMG = [(450.33 - Vttki)PAVi]/4 + (7Vttki - 3*450.33)/4

VBOki = min [SMG, Vttki]

for 7% < PAVi < 41.3%

SMG = 542.11 - 13.112PAVi

VBOki = min [SMG, Vttki)

for 41.3% < PAVi set VBOki = 0

Around and between obstacles, VAVOIDki represents the overall

maximum speed the vehicle can travel while overriding vegetation in

stem diameter classes i-I and smaller and avoiding both obstacles and

vegetation in stem diameter classes i and greater. The equations used

to calculate VAVOIDki are similar to those used above to calculate

VBOki except that ADTi, the percentage area denied by avoiding

obstacles and vegetation in stem diameter classes i and greater, is

used in place of PAVi.

VAVOIDki for k 1,2,3 if NTRAV 3

or k 1 if NTRAV= 1

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.

0
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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 Obstacle Module, OBS78B. prior to execution of the Operational

Modules of the INRMM. Three tables were developed from the Obstacle

Module

i) FOO vs OBH, OBAA, and OBW

ii) FOOMAX vs OBH, OBAA, and OBW

iii) CLEAR vs OBH, OBAA, and OBW

where OBH = obstacle height (denoted by ho in TPP)

OBAA obstacle approach angle (denoted by ao in TPP)

OBW = obstacle base width (denoted by Wog in TPP)

FOO = overall tractive effort to override obstacle

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 overriding 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 IVI)

VOOB = 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 obstacle height for all

spacings. The height used should be that 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 first

array (VOOB vs. OBH) is interpolated and the resulting speed is used

for VOLA.

18. Subroutine IV18 - Speed Onto and Off Obstacles

This routine determines the maximum approach speed, 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, VBOki, are also made. If the prior routines

of the Areal Module have determined that there cannot be override or

there can be no 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), 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", VBOki is then calculated from Vttki by

S attenuating Vttki 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

between obstacles (VAki = VXTki = VBOki). 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 VXTki before braking in order to

reduce speed to VAki when approachiig the next obstacle. In this

case the three speeds, VAki, VXTki, and VBOki 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, VAki' is set equal to the les:;er of the soil/slope/vegetation

limited speed (Vttki) and the human t-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 = RTk1 + FO0 - 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 VXTki = VAki.

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

V2= 2ki - LF(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 Vb > 0, there is sufficient kinetic energy available to

override the obstacle and the exiting speed is VXTki = Vb"

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

FMAXk to RTk1 + FOOMAX, where

FMAX,k = maximum tractive effort available

FOOMAX = maximum tractive effort required

during obstacle override

If FMAX,k < RTkl + FOOMAX, override is not possible and

VAki = VXTki = 0.

If FMAX,k > RTkl + FOOMAX, override is possible and the

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

the speed, VFMAX, which yields the maximum tractive effort. This is

calculated by Subroutine VELFOR. Then VAki = VXTki = VFMAX.

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, VOVERki' is calculated.

The various times and portions are specified by

Ta,Xa = time and distance during acceleration from

velocity VXTki after leaving an obstacle

TBO,XBO = time and distance during constant velocity

travel at speed VBOki between obstacles

Tb,Xb = time and distance during deceleration (braking)

from VBOki (or some lesser speed if

TBO = XBO = 0) to VAki, the maximum

obstacle approach speed

Too,Xo0 = time and distance crossing the obstacle.

If VBOki cannot be reached before braking must begin then TBO

XBO = 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, Va, to another Vb > Va. If

speed Vb 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 one 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:

XO0 = WA + TL

Too = 2 Xoo/(VAki + VXTki)
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FIGURE Il.D.5 -- Possible Speed Profiles Across an Obstacle
and Between Obstacles

where WA = obstacle width

TL wheelbase or track width on ground

XBO OBSE -Xoo - Xa - Xb

where OBSE effective obstacle spacing

TBO XBO/VBOki if XBO > 0

0
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TBO = 0 if XBO < 0

For any speed VM > VAki,

Tb = [MV(VM - VAki)]/BMxK

where Mv = vehicle mass

BMXK = maximum braking force

and

Xb = (VM + VAki)Tb/ 2

The overall average terrain unit speed while crossing obstacles is

then given by

VOVERki = OBSE/(To0 + Ta + Tb + TBO)

for slope k = 1 up, 2 level, 3 down if NTRAV = 3

k = 1 if NTRAV = 1

while overriding vegetation in stem diameter class i-I and smaller and

avoiding vegetation in stem diameter class i and larger. These

relationships can all be calculated if Xa, Ta, and the final speed

after acceleration, denoted above by VM, are known.

Several initial checks are made. If VXTki = VBOki, then

the speed between, onto and off the obstacle are all the same and the

overall terrain unit speed crossing obstacles is VOVERki = VBOki.

If VAki = VXTki = 0 then obstacles cannot be crossed and VOVERki

=0.

If VXTki < VAki, Subroutine ACCEL is called to determine if

the vehicle can accelerate from Va = VXTki to Vb = VAki; 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 set,

it means the vehicle cannot 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/vegetation and obstacle

resistance, given by RTk1 + FOOMAX (see Figure II.D.6 for the

speed profile). If such an override speed exixts, VOVERki is set to

this override speed; otherwise VOVERki = O.

VBOki

VA ki

• VXT

X X Distance

OB SE

FIGURE II.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 determine if the vehicle can accelerate to VBOki,

the maximum speed between obstacles, and if so, the distance, Xa,

and time, Ta, required. The time, Tb, and distance, Xb, to

brake from VBOki to VAki are also calculated and if the sum of

Xa and Xb 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.) 0
If the distance, Xa, to reach VBOki plus the distance,

Xb, to brake back down to VAki exceeds the distance between

obstacles, then the speed VBOki 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 VAki and VBOki and

the distance coordinate, X0 0 + Xa, must have a value between XO0

and OBSE -Xb. Actually only one number among VM, Xa, and Xb

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

other known values.

VM is the value sought. Successive approximations to VM are

postulated by a binary search within the speed interval from VAki to

VBOki. For each such postulated value of VM, the distance Xa to

accelerate to VM from VXTki and the distance Xb to decelerate

from VM to VAki are calculated. If Xo0 + Xa + Xb > OBSE then

VM is adjusted to a lower value; if XO0 + Xa + Xb < 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 VBOki and VAki).

The distance coordinate is highly sensitive with respect to the

final speed before braking, VM, in the sense that a small difference

in vM can lead to a large difference in XO0 + Xa. As a

0
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consequence, it may result that even though the speed precision is as

stated above, after 10 iterations the distance XO0 +Xa + Xb 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

will travel at the constant speed VM. Any error caused by this are

considered negligible.

A value of VOVERki 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 V2 > V1 . From the tractive effort vs speed curve, the

"gear" or speed range, ngl, of the initial speed V1 is found

(Vngl,I _ V1 < Vng1,3 Similarly, the gear, ng2 of the

final speed, V2 is found (Vn g2,1 V2 -< Vng 2 ,3)"
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If ng1< ng2, the Subroutine TXGEAR is called repeatedly to

calculate the time and distance in each gear from ng!. to ng2. If,

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

II.D.7.

o Fn

W n2

~n3-

Vnl Vn2 Vn3

VEHICLE SPEED

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

For this gear, the relationship is given by
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F = an + bnv + cnv2

for vnl v < Vn3. Similar sets of constants (an, bn,

cn) were calculated in Subroutine IV5 for all gears n=1,2,.

NGR.

The differential equation to be solved is given by

M F RTki

where M = vehicle mass

RTki soil/slope/vegetation resistance to be overcome.

The excess force F - RTki is the tractive effort being used to

accelerate from v1 to v 2 within the gear n. Usually v, = vnl

and v2 = Vn3 but it is possible for vnl ý v1 < v 2 <

Vn3.

The above differential equation is separated and integrated thus

I = 2 (I/[Cnv2 + bnv + (an-RTki)])dv
ývI

t

= (1/M)dt = t/M

If the discriminant dn 2  bn 2 - 4cn(an - RTki), then the

time to accelerate from v1 to v 2 in gear r is given by

if d 2 < 0
n

t = 2M/(-dn 2 )1/ 2 ar.ctan[(2cnv + bn)/(_dn2)l/ 2 ] V 2

if dn2 = 0

t = -2 M/(2cnv + bn)j2

0 1
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if dn2 > 0 and dn = +[dn2] 1/2

t = M/(dn 2 )1/ 2  ln[(2Cnv+bn -dn)/(2cnv+bn+dn)] IvI

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

Abramowitz and Stegun (1965).

In the cases dn 0, the distance to accelerate from vI

to v2 can be calculated directly. For dn 2 > 0, the equation for

t can be solved for v2 to yield

v 2 (t) = 1/ 2 cn[2dn/(1 - vletdn/M) - bn - dn]

and this integrated to yield distance thus

It

X(t) = v 2 (t) dt

= /cn[(dn - bn)t/ 2

+ M ln((1 - vI etdn/M)/(1 -Vl))

Similarly for dn 2 = 0

v2 (t) 1/ 2 cn[2M/( 2 M/( 2 cnvI + bn) - t) - bn]

and

X(t) = v2 (t) dt

= (M/cn)ln[2M/(2M - t(2cnvl + bn))] - bnt/2cn

In the case dn2 < 0, the equation for t can be solved for v2 (t)

in terms of vI but this formula cannot be integrated in closed form

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

lines fitted from (Vn1,Fnl) to (Vn2,Fn2) and from

(Vn2,Fn2) to (vn 3 ,Fn 3 ). For each of these lines the integral

equation

0
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v 2 [1/(bv + (a - RTki))]dv = [I/M~dt

Vi0

(where the coefficients a and b stand for either set) is solved to
yield

t = (M/b)ln[(bv 2 + (a - RTki))/(bvl + (a - RTki))]

v 2 (t) = (vI + (a - RTki)/b)ebt/M - (a - RTki)/b

X~t) =

X(t) =: v 2 (t)dt

= (1/b 2 )[(bvl + a - RTki)M(ebt/M - 1)

- (a - RTki)bt]

These latter relationships are also used in the case where the

quadratic formula for a gear really was a straight line, namely cn

0.

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

Swhere both cn = bn = 0. Here the integral equation is

Vv2 [/(an - RTki)]dv = [1/Mldt

v10

and

t = M[(v 2 - vl)/(an _ RTki)]

X(t) = [(an - RTki)t 2 ]/2M + vlt

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 v2 in gear r, and in fact

whether the vehicle can accelerate beyond v, at all. NV2FLG = 1

will be used to represent the case where the vehicle cannot accelerate

0
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beyond v1 and NV2FLG = 2 will be used to denote the case where v2

cannot be reached. These questions can be resolved by considering the

locations of the two roots of

F = cnv 2 + bnv + (an - RTki) = 0.

As long as the quadratic on the left hand side represents

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

v2 , there is excess tractive effort available for acceleration. To

determine whether the quadratic is positive within v1 < v < v2

the coefficients can be tested; 27 combinations of cn, bn, and

(an - RTki) being positive , zero or negative can result. Let

R (-bn + dn 2 )/2cn be the larger root and R, = (an -

RTki)/ (cnR 2 ) be the smaller. Then NV2FLG = 1 will result from

On > 0, bn < 0, an - RTki - 0 and v, 1  R2

cn > 0, bn < 0, an - RTki > 0

and vI > R1 for dn 2 > 0

or v1 = RI for dn 2 = 0

cn > 0, bn = 0, an - RTki < 0 and v, < R2

cn > 0, bn > 0, an - RTki S 0 and vI < R2

cn < 0, bn < 0, an - RTki 0 all cases
On 0, bn < 0, an - RTki > 0 and v, R1

cn = 0, bn > 0, an - RTki < 0 and vI R1

cn = 0, bn > 0, an - RTki = 0 and v, 0

n < 0, bn 0 , an - RTki > 0 and vI > R2

cn < 0, bn > 0, an - RTki < 0

and vI 1 R, or v, > R2 .
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NV2FLG 2 will result from

cn > O, bn < O, an RTki > 0

and v2 > R1 or v, < R2

but not v, > R, when dn 2 > 0

or v2 = R, when dn 2 = 0

Cn = 0, bn < 0, an - RTki > 0 and v 2  R ,I

Cn < 0, bn < O, an -RTki > 0 and v2  R2

cn < O, bn > O, an RTki < 0 and v2 > R2 .

Subroutine TXGEAR performs a decision tree on cn, bn'

dn 2 , RI and R2 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 resistance, maneuvering to avoid obstacles and

vegetation, etc. As each new factor was considered the possibility

arose that the prior maximum 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

VOVERki there is enough excess traction and kinetic energy to still

override vegetation in the stem diameter classes i-I 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 VOVERki which is added to the kinetic energy GCW

(VOVERki) 2 /2g, 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-I, an

indicator NOGOVOki is reset. If the force is sufficient, NOGOVOki

= 1. Similarly, NOGOVAki = 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-I; otherwise NOGOVAki 0.

21. Subroutine IV21 - Maximum Average Speed

In this routine a speed, from all the VAVOIDki and VOVERki,

is selected according to several criteria which include:

1. for each k, select the maximum of all VAVOIDki and
VOVERki

2. if 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 class IOVER or

greater.

0

0
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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.

0
a) Surface Resistance

This calculation differs between roads and trails.

For trails Subroutines IV3, IV4, 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

0
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Tractiveeffort vs. velocity relationship adjusted for the

slip of the running gear. this relationship is given 0
as a series of speed intervals (gears) for each of

which a quadratic curve (F = cnv 2 + bnv + an)

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 = ýj GCWP cosek

where Pj = coefficient of friction for surface condition factor j

GCWP = gross combination weight on powered running gear

assemblies

Gk = slope angle.

If Ts 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 Ts for speed v such that 0 < v < v* and the next gear

0
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begins at Vnl = v*. Five new (speed, tractive effort) points are

interpolated from 0 to v* and v* to Vn5.

b) Aerodynamic Resistance

After adjustment for surface traction limit, the aerodynamic

drag at each velocity, vnit in each gear is calculated from

FAD .0026 CD AF Vni 2

adjusted so that the units match

where CD = drag coefficient

AF = frontal area. (ft. 2 )

c) Wheeled Axle Turning Resistance

First the superelevation factor is calculated from

e = 1 - 1 4 . 9 5Rcea/12*. Vni 2

where Rc = radius of curvature

ea superelevation angle.

The turning resistance for any wheeled assemblies is speed

dependent and calculated by

FCC : (e/niCy)[Wi cosek vni 2 /111Rc] 2

where i = running gear (wheeled) index

Rc = radius of curvature

Wi= weight on axlei

ni= number of wheels on axle i

C= average cornering coefficient (slope at slip angle = 00



R-2058, VOLUME I Page 136
Operational Modules

in lateral force vs. slip angle relationship,Lbs./Deg.).

The units of C do not follow the INRMM standards in this formula.

Furthermore, the constant 111, which comes from the formula in Smith

(1970), implies that Vni is in miles per hour. The code in NRMM

makes a final adjustment 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

FTC = (e ýLj/2Rc) i(Wi + Wi+1)bi

where i index of front axle of a tandem pair

bi =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

S
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0 ei ti/li

where ti track of tracked assembly i

length of track on ground of assembly i

A "Merritt constant" is calculated as

Mki 1.0624 - . 6 9 9 9 •i + .051848Vi 2 + .05488 i 3

and a radius factor as

K1i =Mki(1.1 8 - .0090895 Rc/ 1 2 .

+ .00003779(Rc/12.) 2 + 6.70476*10- 8 (Rc/12)3)

The turning resistance is then calculated by

FCT = TFOR/GCW~i KIiWi + FCC for trails

= ij 7i KiiWi + FCC for roads

where TFOR = maximum tractive effort available from surface

GCW = gross vehicle weight.

b) Rolling Resistance

The rolling resistance for trails (soft surface) is given by

FR = S(RTOWP*GCWP + RTOWNP*GCWNP)cosek

where GCWNP = gross combination weight on non-powered wheels

S = surface condition factor.

For roads (hard surface) the rolling resistance is calculated

separately for each running gear assembly i by

FRi = (.007 + .0939/psi)WiS for wheeled assemblies

= .045Wis for tracked assemblies

where psi = pressure in the tires on axle i.

The total rolling resistance is FR = ZFRi-

0
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c) Grade Resistance

The grade resistance is simply

FGk = GCWsinek

for each slope angle ek.

4. Speed Limited by Resistance

The resistances calculated above are summed FT FGk + FR

+ FTC + FCT and Subroutine VELFOR (See description 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.1O.)
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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

V s [385.9Rc(tan ea + TFOR/GCW)/

(1 - TFORtan ea/GCWP)]1/ 2

for trails,

Vs = [385.9Rc(tan ea + ýj)/(l - pjtan ea)]11/ 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

VT = [3 8 5 . 9 Rc(tw + hCGtan ea)/(hcG - twtan ea)]I12

where tw = maximum tread width

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, FTB' available is

calculated by Subroutine IV11 of the Areal Module in case the terrain

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

FTBk GCWsin9k + min [XBR, PjGCWBcosek]

where XBR 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

FBMAXk = min [Dmax GCW, FTBk Sp/ 1 0 0 . 1

where Dmax = maximum deceleration which the driver will use

Sp = 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 S p 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).

0
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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) supplemented 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.

0

0
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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 49
1146 60 60 58 44
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, Vc, is calculated by a linear

interpolation of this table. If the coefficient of friction, LLj, or

the surface limited pull ratio, TFOR/GCWP, is less than .7, the

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

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

10. Speed Selection

The Maximum roadway speed is now chosen for each slope angle

Gk to be the minimum of the following:

VTIREj = speed limited by tire at inflation pressure j

Vp = speed limited by resistance

VL = posted speed limits (scenario variable)

VT = speed limited by tipping

Vs = speed limited by sliding on curve
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VRID = speed limited by ride roughness

Vv = speed limited by visibility/braking

Vc = speed limited by curvature.

In traverse mode, NTRAV = 1, only one speed for ek is reported. For

bidirectional travel, NTRAV = 3, a speed for ek and - ek is

calculated and a harmonic average is taken as the selected overall

speed for the road or trail unit.



R-2058, VOLUME I Page 144
Operational Modules

F. Linear Feature Module

No code or description of the Linear Feature Module of the

INRMM is included at this stage of development.

0

0
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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 portability. However input and output would be part

of the Control and I/O 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 Dynamics 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 (OBS) 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 (OBH), approach angle (OBAA),
and width (OBW). For each obstacle, OBS78B will calculate
minimum clearance (CLRMIN), maximum force (FOOMAX), and
average force (FOO) 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 to further evaluate the

vehicle performance. These other programs, called post-processor as a

group, will be developed by the user for his or her own purpose.

0
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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 modules. 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.

0
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Table III.B.1

Vehicle Input Data - NAMELIST VEHICL

Variable Description
Name

ACD Aerodynamic drag coefficient

ASHOE(I) Area of one track shoe on track assembly I, (in 2 .)

AVGC Average cornering stiffness of tires (lb./deg.)

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

CD Hydrodynamic drag coefficient

CGH Height of CG of loaded vehicle above ground (in.)

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

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

CID Displacement of each engine (in 3 .)

CL Minimum ground clearance of combination (in.)

CLRMIN(I) Minimum ground clearance of assembly I (in.)

CONV1(1,J) Input speed component of the torque converter speed
ratio versus torque converter input speed curve, (rpm)

CONV1(2,J) Speed ratio component of the torque converter speed
ratio versus torque converter input speed curve at
constant input torque, TQIND

CONV2(1,J) Torque ratio component of the torque converter speed
ratio versus torque converter torque ratio curve

CONV2(2,J) Speed ratio component of the torque converter speed
ratio versus torque converter torque ratio curve

DFLCT(I,J) 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

DIAW(I) Outside wheel diameter of unloaded tires on running
gear assembly I (in.)

DRAFT Combination draft when fully floating (in.)
(0 if combination cannot float)
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TABLE III.B.1 (Continued)

Variable Description
Name

ENGINE(1,J) Engine speed component of engine speed versus
engine torque curve, (rpm)

ENGINE(2,J) Engine torque component of engine speed versus engine
torque curve, (lb.-ft.)

EYEHGT Height of driver's eyes above ground (in.)

FD(1) Final drive gear ratio

FD(2) Final drive efficiency

FORDD Maximum water depth combination can ford (in.)
(Note: FORDD= DRAFT if DRIFT 10.)

GROUSH(I) Track grouser height of track assembly I (in.)

HPNET Net engine power (HP.)

HVALS(N) Nth obstacle height in driver limited speed vs
obstacle height table for single obstacle crossing

IAPG 0 if power train data available only,
1 if both measured tractive effort and power train

data given,
2 if measured tractive effort given only

IB(I) 1 if running gear assembly I is braked,
0 otherwise

ICONST(I) 0 if radial tires are on wheel assembly I,

1 if bias tires

ICONVl Number of point pairs in the array CONV1(I,J)

ICONV2 Number of point pairs in the array CONV2(I,J)

ID(I) 0 if wheels on wheeled assembly I are singles,
1 if duals

IDIESL 2 if the engine is a two cycle diesel,
1 otherwise

IENGIN Number of point pairs in the array ENGINE(I,J),

IP(I) 1 if running gear assembly I is powered,
0 otherwise

IPOWER Number of point pairs in the array POWER(I,J)
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TABLE III.B.1 (Continued)

Variable Description 0
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

0
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TABLE III.B.1 (Continued)

Variable Description
Name

NPAD(I) 1 if track on assembly I has pads,
0 otherwise

NSVALS Number of obstacle spacing values used in arrays
VOOBS and SVALS

NVEH(I) 0 if running gear assembly I is tracked,
1 if wheeled

NWHL(I) Number of tires on wheeled assembly I

NWR Number of water depths between 0 and FORDD for which
weight ratios are given

PBF Maximum force pushbar can tolerate (lb.)

PBHT Unit.pushbar height (in.)

PFA Vehicle projected frontal area (in 2 .)

POWER(1,J) Vehicle velocity component of the tractive effort
versus speed curve (mi/hr. on input)

POWER(2,J) Tractive force component of the tractive force
versus speed curve (lb.)

QMAX Maximum torque of each engine (ft.-lb.)

RDIAM(I) Rim diameter of wheel for tires on axle assembly I
(in.)

REVM(I) Revolutions/mile of tire element on assembly I,

(rev/mi)

RIMW(I) Wheel rim width of assembly I, (in.)

RMS(N) Nth surface roughness value (in.)

RW(I) Track thickness + bogie rolling radius for
tracked assembly I (in.)

SAE Swamp angle (egress) (deg.)

SAI Swamp angle (ingress) (deg.)
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TABLE III.B.1 (Continued)

Variable Description
Name

SECTH(I) Section height of tires on running gear
assembly I (in.)

SECTW(I) Section width of tires on running gear assembly I

(in.)

SVALS(N) Nth obstacle spacing in driver limited speed versus
obstacle spacing table for successive obstacle
crossing

TCASE(1) Gear ratio for gear between engine and transmission
(1. if no such gear)

TCASE(2) Efficiency of gear between engine and transmission
(1. if no such gear)

TL Distance from front of first running gear assembly

to rear of last (in.)

TPLY(I) Tire ply rating of tires on axle I

TPSI(IJ) Tire inflation pressure of tires on axle I ,( psi),
specified for j=1 fine grained, =2 coarse grained,
=3 highway

TQIND Constant torque converter input torque at which
torque converter performance curves are
measured, (lb.-ft.)

TRAKLN(I) Track length of track assembly I (in.)

TRAKWD(I) Track width of track assembly I (in.)

TRANS(I,J) Transmission gear ratio of gear NG

TRANS(2,J) Transmission efficiency of gear NG

VAA Vehicle approach angle (deg.)

VDA Vehicle departure angle (deg.)

VFS Vehicle fording speed

VOOB(I) 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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TABLE III.B.1 (Continued)

Variable Description
Name

VOOBS(I) Maximum driver limited speed at which vehicle can
impact successive obstacles spaced SVALS(I)
apart (mph)

VRIDE(I,J) Maximum speed over ground for surface roughness class
I at roughness tolerance level J (mph)

VSS Maximum combination still water speed without
auxiliary propulsion (mph)

VSSAXP Maximum combination still water speed with auxiliary
propulsion (mph)

WC Winch capacity (lb.)

WDAXP Water depth at which auxiliary power can
be used (in.)

WDPTH(N) Nth water depth (in.)

WDTH Maximum combination width (in.)

WGHT(I) Weight on running gear assembly I (lb.)

WI Minimum width between running gear elements (in.)

WRAT(N) Ratio of vehicle weight on ground to total vehicle
vehicle weight at Nth water depth, WDPTH(N)

WRFORD Proportion of combination weight supported by ground
when combination is operating at maximum
fording depth

WT(I) Tread width of running gear assembly I (in.)
(Center to center plane if duals)

WTE(I) Minimum width between left-right suspension elements
(tires or tracks) on assembly I (in.)

XBRCOF Maximum combination braking coefficient per assembly
in lb./lb. 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

varies 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 accept 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, BUFFO, 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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Table III.C.1

Terrain Input File Structure

Variable Input Description
Name Format

NPAT I4 Terrain unit number (index)

IST 12 Soil type - 1 fine grained
2 coarse grained
3 muskeg
6 fine grained soil CH

relatively impervious
to water

IRCII 12 Soil strength class - dry season

IRCI2 12 Soil strength class - normal season

IRCI3 12 Soil strength class - wet season

IGRADE Ii Topographic slope class

IOA 12 Obstacle approach angle class

IOH II Obstacle height class

IOW Ii Obstacle width class

IOL Ii Obstacle length class

IOS Ii Obstacle spacing class

IOST Ii Ostacle spacing type
1 - potentially avoidable (random)
2 - nonavoidable (linear)

IRMS Ii Surface roughness class

ISTEMI II Spacing class of vegetation in stem
diameter class 1 and greater

ISTEM2 Ii Spacing class of vegetation in stem
diameter class 2 and greater

ISTEM3 1I Spacing class of vegetation in stem
diameter class 3 and greater

I.
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Table III.C.1 (Continued)

Variable Input Description
Name Format

ISTEM4 Ii Spacing class of vegetation in stem
diameter class 4 and greater

ISTEM5 Ii Spacing class of vegetation in stem
diameter class 5 and greater

ISTEM6 Ii Spacing class of vegetation in stem
diameter class 6 and greater

ISTEM7 Ii Spacing class of vegetation in stem
diameter class 7 and greater

ISTEM8 Ii Spacing class of vegetation in stem

diameter class 8 and greater

IRD Ii Recognition distance class

AREA F10.3 Area

Note: Area 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.

0
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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 organization of the data for each terrain unit is

presented in Table III.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, presently 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. In

particular the surface roughness value is multiplied by 10.

0
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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 12 Soil type - 1 fine grained
2 course grained
3 muskeg
6 fine grained soil CH

relatively impervious
to water

20X Filler

RCIC(1) 14 Soil strength - dry (RCI)

RCIC(2) 14 Soil strength - average (RCI)

RCIC(3) 14 Soil strength - wet (RCI)

RCIC(4) 14 Soil strength - wet,wet (RCI)

GRADE 14 Topographic slope (%)

AA 14 Obstacle approach angle (deg.)

OBH I4 Obstacle height (in.)

OBW 14 Obstacle width (ft.)

OBL 14 Obstacle length (ft.)

OBS 14 Obstacle spacing (ft.)

IOST 14 Obstacle spacing type
1 - potentially avoidable (random)
2 - nonavoidable (linear)

ACTRMS 14 10*Surface roughness (RMS - 10*in.)

NOTE: The remaining data form the second line

5X Filler

S(I) 14 Mean spacing (in ft.) of vegetation
in stem diameter class 1 and greater

S(2) 14 Mean spacing (in ft.) of vegetation
in stem diameter class 2 and greater
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Table III.C.2 (Continued)

Variable Input Description
Name Format

S(3) I4 Mean spacing (in ft.) of vegetation
in stem diameter class 3 and greater

S(4) 14 Mean spacing (in ft.) of vegetation
in stem diameter class 4 and greater

S(5) 14 Mean spacing (in ft.) of vegetation
in stem diameter class 5 and greater

S(6) 14 Mean spacing (in ft.) of vegetation
in stem diameter class 6 and greater

S(7) 14 Mean spacing (in ft.) of vegetation
in stem diameter class 7 and greater

S(8) 14 Mean spacing (in ft.) of vegetation

in stem diameter class 8 and greater

RDA1 14 Recognition distance - Winter

RDA2 14 Recognition distance - Spring

RDA3 14 Recognition distance - Summer

RDA4 14 Recognition distance - Autumn

AREA F8.4 Area of the terrain unit

NOTE: Area 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.
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3. Road Terrain Input File

The terrain 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 12 Road type index

1 - super highway
2 - primary road
3 - secondary road
4 - trail

IST 12 Soil type (used for trails)
1 - fine grained
2 - coarse grained
6 - fine grained, CH,

relatively impervious
to water

IURB 12 Urban code

RCIC(1) 14 Soil strength - dry season (RCI)

RCIC(2) I4 Soil strength - average season (RCI)

RCIC(3) 14 Soil strength - wet season (RCI)

RCIC(4) 14 Soil strength - wet, wet season (RCI)

GRADE 14 Topographic slope (%)

RDA1 14 Recognition distance - Winter (ft.)

RDA2 14 Recognition distance - Spring (ft.)

RDA3 14 Recognition distance - Summer (ft.)

RDA4 14 Recognition distance - Autumn (ft.)

ACTRMS 14 10*Surface roughness (RMS - in.)

CURVV 14 AASHO Curvature speed limit (mph)

DIST F8.4 Road segment length (mi.)

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.
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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.

0
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Several 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 by

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 is

assumed that the computer self initializes variables to zero. The

control and scenario variables are described in Tables III.D.1 and

III.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-All output possible from the vehicle0 preprocessor together with a printer

plot of the tractive effort vs speed
curve - terminates execution after
the vehicle preprocessor

10-All 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:
O-Output desired for all terrain

units in terrain input data file
1-Output desired only for a single

terrain unit specified by NTUX

0
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TABLE III.D.1 (Continued)

Variable Default Description
Name Value

Note: The remaining variables are the output controls. For each the
output described is produced if the variable = 1 and is not produced
if the variable = 0. If DETAIL = 5 or 10, all values read are over
written and set to 1.

KSCEN Control and scenario variables are echoed
KVEH Vehicle input data is echoed
KIII Input and output of subroutine II1
K112 Input and output of subroutine 112
K113 Input and output of subroutine 113
KI14 Input and output of subroutine II4
KII5 Input and output of subroutine 115
K116 Input and output of subroutine 116
K117 Input and output of subroutine 117
KII8 Input and output of subroutine 118
K119 Input and output of subroutine 119
KIIIO Input and output of subroutine II10
KII11 Input and output of subroutine II11
KII12 Input and output of subroutine 1112
KII13 Input and output of subroutine 1113
KII14 Input and output of subroutine 1114
KII15 Input and output of subroutine 1115
KII16 Input and output of subroutine 1116
KII17 Input and output of subroutine 1117
KMAP Terrain input data are echoed. The values W

reported are those passed to the computa-
tional modules after any translation
required for the input file format

KTPP Input and output of the terrain preprocessor
KIVI Input and output of subroutine IVl
KIV2 Input and output of subroutine IV2
KIV3 Input and output of subroutine IV3
KIV4 Input and output of subroutine IV4
KIV5 Input and output of subroutine IV5
KIV6 Input and output of subroutine IV6
KIV7 Input and output of subroutine IV7
KIV8 Input and output of subroutine IV8
KIV9 Input and output of subroutine IV9
KIVI0 Input and output of subroutine IV1O
KIV11 Input and output of subroutine IV11
KIV12 Input and output of subroutine IV12

0
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TABLE III.D.1 (Continued)

Variable Default Description
Name Value

KIV13 Input and output of subroutine IV13
KIV14 Input and output of subroutine IV14
KIV15 Input and output of subroutine IV15
KIV16 Input and output of subroutine IV16
KIV17 Input and output of subroutine IV17
KIV18 Input and output of subroutine IV18
KIV19 Input and output of subroutine IV19
KIV20 Input and output of subroutine IV20
KIV21 Input and output of subroutine IV21

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 (lb./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 74)

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)
O-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

4-Less 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 Operational mode 1-Traverse
3-Omnidirectional

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.)

0
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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:

1. 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

0
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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 the 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 writtený

using NAMELIST, so that the name of each variable precedes its value.

Setting DETAIL = 5 provides complete information about the

vehicle pre-processor. After each major subroutine of the vehicle

pre-processor (II1 - 1117) a NAMELIST is written which contains the

input and output of the subroutine. In 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.

0
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If DETAIL = 10, all available data is written to the output

file. In addition to all the data described above (except the printer

plot), after each major subroutine of the Areal Module (IV1-IV21) 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 of the above options has two choices. The

42 control variables for writing of intermediate output KII1-KII17,

KIV1-KIV21, KMAP, KSCEN, KTPP and KVEH provide great flexibility for

production of desired output. Alternately, the output section of the

Control & I/O Module, Subroutine BUFFO, can be modified to yield the

desired results. Samples of output are included in the appendices.
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PROGRAM NRMM I

+ INPUT = 81,
- OUTPUT = L37f
+ TAPE1 = OUTPUT@
#I TAPE2 = 81,
+ TAPE3 = 81,
4. TAPE'. = 81S
+ TAPE5 = 81,

TAPE10 = 512 1
C
C---------- ------ -- - ---------------eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

C TITLE:
C NATO REFERENCE I.8BI1ITY MODEL
C ORGANIZATION:
C U.S. ARMY TANK AUTCNOTIVE RESEARCH AND DEVELOPMENT COMMAND
C
C
C 1. LABLED COMMON ASSLGNMENTS

COMPON /10/ 1iOF
COMMON /10/ I(BUEF
COMMON I/Of LWN1
COMMON 11O/ LWU.2
COMPON /10/ LN3
COMMNON /10/ 4MWN4
COMMON /10/ LWN5
COMMON /10/ WUN6
COMPON /10/ 1.N7
COMMON /10/ LU.N8
COMMON /10/ LWN9
COMMON /10/ IWNII
INTEGER Mg
COMMON /INDEX/ pa
!NTEGER DOWN
COMMON /INDEX/ CIWN
INTEGER EEF
COMMON /INDEX/ EfF
INTEGER FORCE
COMMON /INDEX/ FeRCE
INTEGER AR
COMMON /INDEX/ GR
COMMON /INDEX/ LEVEL
INTEGER lt
COMMON /INDEX/ ON
INTEGER FRM
COMMON /INDEX/ RIM
INTEGER SEEED
COMMON /INDEX/ SGEEC
INTEGER S4
COMMON /INDEX/ SR
INTEGER TR
COMMON /1NDEX/ TR
INTEGER TORQUE
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COMMON /INDEX/ TGRQUE
INT EGERii
COMMON /INDEX/ up,
INTEGER o
COMPON /INDEX/ PK
COMMON /VEHICLf ACD
COMMON /VEHICL/ ASHOE (205
COMMON /VEHICL/ AW6C
COMMON /VEHICL/ AXLSP (201
COMMON /VEHICL/ CO
COMPON /VEH!CL/ CGH
COMMON /VEHICL/ M&AT
COMMON /VEHICL/ Cap
COMMON /VEHICLI CID
COMPON /VEHICL/ CIA
COMMON IVEHICL/ CURMIN 120t
COMMON /VEHICL/ CONVI 12,251
COMMON /VEHICL/ cehV2 12#251
COMPON /VEHICL/ CELCT 128t3)
COMM4ON /VEHICL/ Cl AWr 4205
COMMON /VEHICL/ CRAFT
COMMON /VEHICL/ E"IGhE 42*503
COMMON iVEHICL/ EYEHGT
COMMON /VEHICL/. F9 (.21
COMMON /VEHICL/ F000D
COMMON /VEHICL/ GRIOUSH (205
COMMON /VEHtCL/ W AL S £25)
COMMON /VEHICL/ .4AP G
COMMON /VEHICL/ 4B (205
COMNON /VEHICL/ 18 1205
REAL 1111E SL
COMMON /VEHICL/ I104E SL
COM14ON IVEHICL/ IINGIN
COMMON /VEHICL/ 40 (201
COMMON IVEHICL/ ICONST (201
COMMON /VEHICL/ ICOCNV1
COMMON /VEHICL/ IWONV2
COMPON /VEHICL/ HGOWER
COMMON /VEHICL/ 11 (201
COMMON /VEHICL/ 11CASE
COMMON /VEHICL/ ITRAN
COMMON /VEtIIICL / IIMAR
COMMON /VF-HICL/ LeCKUP
COMIPUN iVEH-ICL/ #AXIPR
COMM-ON /VEHJCL/ PAXL
COMM4ON /VEHICLI tiA18LY
COMMON JIVEHICL/ NBOGIE t205
COMMON /VEHICL/ NCHAIN 1201
kEAL KCYL
COMMON /VEH!CL/ PACYL
REAL NSNG
COMMON /VEHtCL/ th 5NG
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COMMON /VEHICL/ IPRNET
COMMON /VEHICL*' K'L (20t
COMMON /VE H.1CL / NGR
COMMON /VEHICLI AHVALS
COMVON /VEHICL/ NRAO (20)
COMMON /VEHICL/ "L$VAL S
COMMON /VEHICL/ NVEII (201
COMMON /VEHICLI lINHA 420t
COMMON /VEHICL/ NWR
COMMON iVEHICL/ *18F
COMMON /VEHICL/ FBhT
COMMON /VEHTCL/ ffA
COMMON /VEHICL/ POWER 12#2011
COMMON /VEHICL/ 04AX
COMMON /VEHICL/ RGIAM (201
COMMON /VEHICL/ F IV 1 (201
COMMON /VEHICL/ kAMW (201
COMMON iVEHICL/ FUS (20t
COMMON /VEHICL/ Fm 1201
COMMON /VEH!CL/ SAE
COMMON /VEHICL/ Sol
C OM MON /VEHICLI SSCTI- (201
COMMON IVEHICL/ SOCTW (201
COMMON /VEHICL/ SUALS (253
COMMON IVEHICL/ TG.AS E (.21
COMMON /VEHICL/ ~T&
COMMON /VEHICL/ TOL.Y 1201
COMPON /VEHICL/ 7051 120.31
COMMON ./VEH!CL/ TQIND
COMPON /VEHICL/ TRAML 4201-
COMMON iVEHICLI TRAKWO (201
COMMON /VEHICL'I T14NS I(2v201
COMMON /VEHICL/ VAA
COMMON /VEHICL/ VGA
COMMRON /VEHICL/ V(ES
COMMON /VEHTCL/ v~oB 1251
COMMON /VEHICL/ lv~BS (251
COMMON /VEHICL/ VRICE ( 2013)
COMMON /VEHICL/ V&S
COMMON /VEHICL/ VS.SAXP
COMMON iVEHICL/ t ~C
COMPON YVEHICL/ UGAXP
COMMPON /VEHTCL/ WOPTH (20)
COMMON /VEHICL/ UaTH
COMMON IVEHTCLY WGHT (208
COMMON /VEHICL/ biRAT (20t
COMM4ON /VEHICLI WdRFORO
COMMON /VEHICL/ 14% (201
COMMON /VEHICL/ UbrE (20)
COMMON /VEHICL/ ikWAX P
COMMON IVEkIICL/ XBRCCF
COMMON iVEHICLI hit
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COMMON /VEHICL/ LOCOIF
COMMON /VEHICL/ SHF
COMMON /PREP/ A (3,4)
COMMON /PREP/ ATF (201
COMMON /PREP/ Elf .(201
COMMON /PREP/ CWARLN (20,t31
COMMON /PREPi CPFCFG (34
COMMON /PREP/ CIFCCG (31
COMMON /PREP/ CRMCG (20,31
COMMON /PREP/ CERFFG (4.r 31
COMMON /PREP/ CTF (281
COMMON iPREP/ COAT (20,3i
COMMON IPkEP/ tCA (20,31
COMMON /PREPI cCW
COMMON /PREP/ 1WB
COMMON /PREP/ GCWNB
COMMON /PREP/ (CWNP
COMMON /PREP/ -GCWP
COMMON /PREP/ W-RI
COMMON /PREP/ NoF (38)
COMPON /PREP/ NVENC
COMMON /PREP/ PWTE
COMMON /PREP/ 1 (3)
COMMON /PREP/ RMK (201
COMMON /PREP/ IA
COMMON /PREP/ TRACTF (20951.
COMMON /PREP/ TORAPSI (3.1
COMMON /PREP/ VC4CG (20,31
COMMON /PREP/ VCIFG (20,31-
COMMON /PREP/ VCIMUK (201
COMMON /PREP/ VGV (20#5)
COMMON /PREP/ VT 120031
COMMON /PREP/ I VIRE (38
COMMON /PREP/ k1MAX
COMMON /PREP/ x (31
COMMON /PREP/ XR
COMMON /OBS0/ AALS t141
COMMON /OBS/ CtEAR (7t14,51
COMMON /OBS/ FOG (7,14,51
COMMON /OBS/ FGGMAX 17,14v 51,
COMMON OBS/ kI3VALS (71
COMMON /OBS f/ANG
COMMON /OBSI/ NHGT
COMMON OBSf hWOTI
COMMON /OBS/ 4VALS (51
COMMON /DERIVE/ AOT (9t
COMMON /DERIVE/ KCGOBF
COMMON /DERTVE/ C*REA
COMMON /DERIVE/ cOWB
COMMON /DERIVE/ CeWP
COMMON /DERIVE/ eCWPB (2081
COMMON /DERIVE/ FA 120,31.
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COMMON /DERIVE/ FAT 491
COMMON /DERIVE/ FATI (91
COMMON /DERIVE/ FB (20034.
COMMON /DERIVE/ FC (20,3)
COMPON /DERIVE/ fNT (9),
COMMON /DERIVE/ FEM
COMMON /DERIVE/ FQ#4MMAX
COMMON /OERIVE/ FCRMX (3)
COMMON JDERIVE/ IfLOAT
COMMON /DERIVE/ IMAX (3)
COMMON /DERIVE/ ISAFE (3)
COMMON /DERIVE/ tJ
COMMON /DERIVE/ MAXI
COMMON /DERIVE/ 8EMX 431
COMMON /DERIVE/ NiVERO
COMMON /DERIVE/ CSSE
COMMON /DERIVE/ PAV (9)
COMMON /DERIVE/ FTOWB
COMMON /DERIVE/ FIOWNB
COMMON /DERIVE/ RFCWNP
COMMON /DERIVE/ 0IOWP
COMMON /DERIVE/ 4;TOWPB 420t
COMMON /DERIVE/ PIOWT (201
COMMON /DER!VE/ STRACT (20,3,1)
COMMON /DERIVE/ SRFO (91
COMMON /DER'VE/ SRFV 491
COMMON /DERIVE/ SIR (3,91
COMMON /DERIVE/ T$f 43)
COMMON /DERIVE/ TOEN (91
COMMON /DERIVE/ TRESIS 43,9)
COMMON /DERIVE/ 13#A (391
COMMON /DERIVE/ NGGOVA (3,99
COMMON /DERIVE/ kAVOIo (3.91
COMMON /DERIVE/ Vio (3091
COMMON /DERIVE/ IMPACT (91
COMMON /DERIVE/ VILV (31
COMMON /DERIVE/ VfMAX (3)
COMMON /DERIVE/ VG. 420,3,33
COMMON /DERIVE/ NSGOVO 03,99
COMMON /DERIVE/ VKAX
COMMON /DERIVE/ VNAX1 . .431
COMMON /DERIVE/ VNAX2 (3ts)
COMMON /DERIVE/ VE3LA
COMMON /DERIVE/ VO•VER (3. 91
COMMON IDERIVE/ VVID
COMMON /DERIVE/ YSEL
COMMON /DERIVE/ VSELI (31
COMMON /DERIVE/ ASEL2 (3.$t
COMMON /DERIVE/ VSCTL (3,9)
COMMON /DERIVE/ VIT 13•19
COMMON /DERIVE/ VXT (3.9)
CONMMON /DERIVE/ WIGONO
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COvPJN /OERIVE/ ýRATIO
COMMON /TERRAN/ AA
COMMON /TERRAN/ ACTRMS
COMMON /TERRAN/ APEA
COMMON /TERRAN/ AREAC
COMMON /TERRAN/ C11
COMMON /TERRAN/ CIST
COMPON /TERRAN/ E ANG
COMMON /TERRAN/ E CF
COMMON /TERRAN/ EL.EV
COMMON /TERRAN/ FN&J 430
COMMON /TERRAN/ 6RADE
COMPON /TERRAN/ ICBS
COMMON ITERRAN/ fIOST
COMMON /TERRAN/ IPOAD
COMPUN /TERRAN/ is. (9
COMMON /TERRAN/ 1ST
COMMON /TERRAN/ HJUT
COMMON /TERRAN/ N4
COMPON /TERRAN/ Nlu
COMMON /TERRAN/ CAW
CUMMON /TERRAN/ CUAA
COM MON /TERRAN/ CeH
COMMON /TERRAN/ C.EL
COMMON /TERRAN/ C&S
COMMON /TERRAN/ cow
COM14ON /IERRANI CIBM1NW
COMMON /TERRAN/ CETA
COMPON /TERRAN/ NMASHO
COMMON /TERRAN/ fAoc
COMM4ON /TERRAN/ PCI
COM14ON /TERRAN/ KCIC (4)
COMMON /TERRAN/ RCkIRV till
COMMON /TERRAN/ RG
COMMON /rERRAN/ FEA (121
COMMON /TERRAN/ S (91
COMMON /TERRAN/ Sc (91
COMMON /TERfRAN/ SOL 493
COMMON /TERRAN/ SURFF
COMPON /TERRAN/ TANPI-il
COMMON /TERRAN/ THETA (3)
COMMON ITERRAN/ %fCiRV (*,Ili
COMMON /TERRANI i ~A
COMPON tTERRAN/ h c
COM14ON /SCENI CCHES
COMMON /SCEN/ VINAL K
COMMON /SCEN/ ECLNAX
COMMON /SCEN/ 6-04M A
COMMON /SCEN/ !6VEAR
COMMON /SCEN/ ISEASN
COMMON /SCEN/ ISURF
COMMON /SCEN/ ISNOW
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COMMON /SCEN/ 94,11
COMMON /SCENI K14 2
COMMON /SCEN/ Kil 3
COMPON /SCEN/ K114
COMMON /SCEN/ K145
COMNON /SCEN/ K116
COMMON /SCEN/ K+17
COMPON /SCEN/ 1(418
COMMON /SCEN/ 1(419
COM19ON /SCEN/ KIl 1
COMMON /SCEN/ K4'111
COMMON /SCEN/ 10112
COMMON /SCEN/ W1(113
COMMON /SCEN/ K1114
COMMON /SCEN/ K4,115
COMMON /SCEN/ 9:11 '6.
COMPON /SCEN/ 1(1-17
COMMON /SCEN/ KKAP
COMMON /SCEN/ KSCEN
COMMON /SCEN/ Kipp
COMMON /SCEN/ KVEH
CUMMON /SCEN/ KW.l1
COMMON /SCENI KtV2
COMMON /SCEN/ KIV.3
COMMON /SCEN/ K04V
COMNON /SCEN/ KIW 5
COMMON /SCEN/ K4V6
COMMON /SCEN/ KV0COMPON /SCEN/ K~iV8
COMPMON /SCEN/ KIV9
COMMON /SCEN/ KIVID
COMMON /SCEN/ NIVII
COMMON /SCEN/ K4V12
COMMON /SCEN/ KJIV 3
COMMON /SCEN/ KfV14
COMMON /SCEN/ NIVI15
COMMON /SCEN/ K4W16
COMMON /SCEN/ KIV17
COMMON /SCEN/ K*V18
COMMON /SCEN/ KlVI'9
COMMON /SCEN/ K6120
COMMON /SCEN/ K4V 21
COMMON /SCEN/ LAC
INTEGER LETAIL
COMNON /SCEN/ CET A IL
COMMON /SCEN/ PAP
COMMON /SCEN/ PAFG
COMMON /SCEN/ lvChT H
COMMON /SCEN/ hoPP
COMMON ISCEN/ KSL! P
COMMON /SCEN/ KTRAV
COMMON /SCEN/ NT~U X
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COMMON /SCEN/ Pk*l
COMMON /SCEN/ REACT
COMMON /SCEN/ REFOG
INTEGER SEARCH
COMMON /SCEN/ S fARCIH
COMMON /SCEN/ SETYPC
COMMON /SCEN/ VMAK E
COMMON /SCEN/ V:IS MIV
COMI.ON /SCEN/ lvtlM
COMMON /SCEN/ z&fi4 w

C 2. INITILIZE PROGRAM VARIABLES
KBUFF =0
LUNI 1
LUN2 2
LUN3 3
LUN4 4
LUN5 = 5
LUNIO 10
MD = 2

DOWN = 3
EFF 2
FORCE = 2
GR 1
LEVEL 2
MN = I
RPM = I
SPEED = 1
SR 2
TORCUE = 2
TR I
UP = 1
MX = 3

C 3. INITIALIZE I/O CIHANNELS
REWIND LUN2
REWINO LUN3
REWIND LUN4
kEWIND LUN5
REWIND LUN1O

C 4. REAC SCENARIO PARAMIETERS
CALL SCN

C 5. REAC VEHICLE PARAMETERS
CALL VEN KVEHI

C 6. EXECUTE VEHICLE PREAROCESSOR
CALL VPP

L 7. EXECUTE TERRAIN TRANSLATOR
2000 CONTINUE

CALL TERTL
C 8. EXECUTE AREAL OR R(CD #0ODULE

IF(ITUT .LE. 21 CAth AREAL
IF(ITUT .GE. 114 C.AkL POAD

C 9. OUTPUT REQUESTED LIKCGRMATION
TF( IEOF .EQ. 11 GO ig 4000
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CALL BUFFO
IFA(SEARCH .EQ.1 I OR. IDETAL .EQ. 101) GO TO 4000

GO TO 2000
4000 CONTINUE

END
SUBROUTINE SCN

C -----------------------
C SCENARIO INPUT ROUTLNE
C ---------------
C
C I.; LABLED COMMON ASSLG4NMENrS

COMMON /LO/ :IEOF
COMMON /10/ KBUFF
COMMON /T,/ tUNi
COMMON /10/ 'IMN2
COMMON /10/ LW(N3
COMON /i0i/ LtN4
COMMON /IO! LUN5
COMMON /10/ LUN6
COMMON /10/ ;tUN7
COMMON /10/ LWN8
COMMON /10/ tLUN9
COMMON /10/ tLWN e
COMMON /SCEN/ CGhES
COMJ'ON /SCEN/ VAALK
COMMON /SCEN/ OCLMAX
COMMON iSCEN/ ,GAMA
COMMON /SCEN/ ,1VVEER
COMMON /SCEN/ 4SEASN
COMMON /SCEN/ 4WIRF
COMMON /SCEN/ 4uow
COMMON /SCEN/ $(4I1
C C•M00 N /SCEN/ KiJk12
COMMON /SCEN/ KA 13
kOMMON /SCEN/ K1114
COMMON /SCEN/ (l.I.5
CCMOON /SCEN/ K.(16
COMMON /SCEN/ 1K.17
COMMON /SCEN/ K&I8
COMMON /SCEN/ K1(19
,OMRMON /SC-EN/ KJIIS

COMMON /SCEN/ • ( I I1
COMMON /SCEN/ K4;I 12
COMMON /SCEN/ 1I113
COMMON ISCEN/ K&I 114
COMMON /SCEN/ KIT-I1 5
COMMON /SCEN/ KiJ 16
COMMON /SCEN/ V4117
COMMON /SCEN/ KAAP
COMMON /SCEN KSC E N
COMMON /SCEN/ KIP P
COMMON /SCEN/ #kEH
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COMPON /SCEN/ KIVI
COMMON /SCEN/ fKIV2
COMMON /SC;EN/ KJV3
COMMON /SCENI P 1V4
COM0ON /SCEN/ KA-V5
COMMON /SCEN/ KEV6
COMMON /SCEN/ KJV7
COMMON /SCEN/ ik1V8
COMPON /SCEN/ KJWS
COMMON /SCEN/ I(LVI i
COMMON /SCEN/ KJV1l
COMMON ISCEN/ JQV12
C OM 14N /SCEN/ KJVI3
COMMON /SCEN/ &4
COMPON /SCEN/ KAV 15
COMMON /SCEN/ I1
C OMMPON /SCEN/ K" 17
COMMON /SCENI K-tvis
COMMON /SCEN/ KJV 19
C OM PON /SCEN/ I'JV2 0
COMPON /SCENI1 M2
COMMOUN ISCEN/ LAC
INTEGER M4AIL
COMMON ISCEN/ CFT A It
COMNON /SCEN/ MAP
COMMON /SCEN( +;AG
COMMPON /SCEN/ 11 TI
COMMON /SCENI hepp
COMPON /SCEN/ KSLIP
COMMON /SCEN/ AIRAV
COMMON /SCEN/ Ku
COMMON iSCEN/ FIol
COMPON /SCEN/ REACT
COMPON /SCEN/ JOf0FG
INTEGER SEARCH
COMMON /SCEN/ SIARCH
CUI4PON /SCEN/ SfT'%PC
COMMON /SCEN1 VBRAKE
COMMON /SCEN/ V.ISMNV
COMMON /SCEN/ VAIIm
COMPON YSCEN/ ZSNOW

C 2. SCENARIO INPUT. PAR414ETERS
NAMELIST /SCENAR/

+ COHES ,CCLMAX sGA1004 #IOVEP 9,ISEASN t1 SURF
+ ,ISNUW ,LAC ,MAP tMAPIG ,viONTH vNOPP

#I NSLIP vNTRAV ,ITUX tPH[ tRE.ACT ,RODFOG
+ ,SFTYPC 9VBRAKE *VI~SPNV ,VLIM vZSNOW

NAMELIST /CONTRL/
+ DETAIL vKSCEN wKVEH .KIIL1 tK(112
. ,KI13 9KI14 tK.I 5 pKLI,6 #KI17

+ .K416 .1(11.9 ,*Ktlo~ PKIIA.1 tK41-12
+ oKII13 9KI14 tK1115 ,KILI¶6 tK4117
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+ ,KMAP ,KTPP 994IV1 sKLV2 tK'V3
t -KIV4 rK IV5 wKIV6 tKIV7 *•KV8
+ tK!V9 .KI Vl 0 1KIV 11 9K'IVL2 oKVI i
f. rKLIV 14 tKI V15 tKUV 16 *KIW |7 PK•IVl a

+ ,KIV19 *KIV29 oKIV21 ONTUX ,SEARCH
c 3. INITIALIZE SCENARiC VARIABLES

COHES = .05
VWALK = 4.00
DCLMAX = .50
GAMMA = .20
lOVER = 9
ISEASN = I
ISNOW = 0
ISURF = 1
LAC = I
DETAIL I
MAP 71
MAPG 1
NOPP = 0
NSLIP = 0
NTRAV = 3
PHI 21.00
REACT = .50
RDFCG =1000,00
SEARCH = 0
SFTYPC = 90.00
VORAKE = 5.00
VISMNV = 2.00
VLIP = 55.00
ZSNOW = 3.00

C 4. REAC CONTROL VARIAEkES
R E AC ( LUN4t, CONTRL I
IF( CETAIL .EQ. 1) 60 TO 330
IFICETAIL .EQ. 2) SC TO 310
IFiCETAIL .EQ. 31 00 TO 310
IF(EETAIL .EQ, 43 GO TO 310
IFICETAIL .EQ. 51 60 TO 32W
IF(OETAIL .EQ. 1)0 GC TO 320
WRITE (LUN1,31600 DEIAIL
STOP 1.
GO TO 320

310 CONTINUE
KSCEN = 1
KVEH = 1
GO TO 330

320 CONTINUE
KSCEN = I
KVEH = 1
KI11 = 1
KI12 = 1
K113 = 1
KI114 = 1
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KI15 = I
I(IIb = 1Kilo = 1K117 = 1

WI18 = 1
Ki I9 = 1
KILi = I
KI1110= 1

K1(1112 1
KII13 I

KI1l4 = I
K1115 1
KI(16 = 1
Kill? = I
KMAP I
KTPP 1
KIVI = 1
X(IV2 = 1
KIV3 = 1
KIV4 =
KIV5 = I
1KV61 1
KIV7 = 1
KIV8 = 1
KIV9 = I
KIV10 = I
KIVIlI = 1
KIV12 = I
KIV13 = 1
KIVI4 = I
KIVI5 = I
KIV16 = I
KIV17 = 1
KIV18 = 1
KIV19 = 1
KIV20 = I
KIV2 1 = 1

33i CONTINUE
IFiKSCFN .EQ. 1i W,4TEELUhICONTRLt

C 5. REAC SCENARIO VARLWLES
REACI LUN4,SCENAR)
IFf KSCEN .EQ. 11 w RTE(LUNI#SCENARI

C 6. UNITS CONVERSION
PHI = PHI 03.141 iL592651180.
VBRAKE = VBRAKE*17T6
VIS 4NV = VISMNV*17.I8
VLiP = VLIM* 17.6
VhALK = VWALK*1,7.6

3000 FORMATfIX,31HINVALID SPECIFI(ATION OF DETAIL,121
HETLRN
END

SUBRCUTINE VEH(KVEhI
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. C VEHICLE PARAMETER INPUli RCUTINE

C 1. LA8J.EO COMMON ASSiGNKMENTS
COMMON /10/ 410F
COMMON /10/ X8UFF
COMMON /10/ LUN1
COMMON ILU/ 4.UN2
COMMON /10/ UJN3
COMMON /10/ LUA4
COMMON~ /101 LWN5
COMMON /10/ 4.UN6
COMMON /101 UiWN7
COMMON /10/ t~
COMMON /10/ IL~IN9
COMMON /10/ LWNl
CGMMON /VEHICL/ ACO
COMMON /VEHICL/ .ASliGE 1201
COMMON /VEHICL/ AvGC
COMMON /VEH11CL/ AX4.S F (20)
COMMON /VEHICL/ Co
COMMON /VEHICL/ CGH
COMMON /VEHILCL/ C6L AT
COMMON /VEHICL/ CGR
COMMON /VEHI1CL/ CID
COMMON /VEHICL/ Cti
COMMON /VEHICL/ CA.RM IN (201
COMMON IVEHICL/ CONV1 (292550COMMON /VEHTCL/ CCNV2 42*251
COMMON /VEHICL/ .ifLLCT (20,31
COMMON /VEH!CLI CAAW 40
CO0M 140N /VEHICL/ DR~AFT
COMMON IVE+IICL/ EkGINE f2,501
COMMON /VEHICL/ ENEWG
COMMON /VEHICL/ Fo 421
COMMON 1VE4HICL/ .fGADD
COMMON /VEHICL/ GCURASH (20&
COMMON /VEHICL/ I-VALS .(25ý
COMMON /VEH!CL/ lIAPG
COMMON /VEHICL/ 18 (20)
COMPON /VE-HICL/ 1e t205ý
REAL I-I1E SL
COMMON /VEfIICL/ 15-1E SL
COMMON iVEHICL/ di 66GIlN
CMOMON /VEHICL/ 'IR (204
COMMON iVEHICL/ IGCCST 1201
COMMON /VEHICL/ ICGNVJ.
COMMON IVEHICL/ 11CCNV2
COMMON /VEHICL/ IQGWER
COMMON /VEH!CL/ 11. 1 20t
COMMON /VEI4ICL/ 7ITCASE
COMMON /VEHICL/ ITRAN
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COMMON /VEHICL/ 4TVAP
COMMON /VEHICL/ i LCKU P
COMM4ON /V EH I CL / PAKIPR
COMMON /VEHICL/ ~X
C&MPON /VEHICL/ IN4MBLY
COMMON IVEH!CL/ NQCGIE 1201
COMMON /VEHICL/ tNCHAIN (201
REAL .tCYL
COMPON /VEHICL/ NCYL
i..EAL N
LOMMON /VEHICL/ X~ING
COMMON /VEHICLI IerET
L.OMPON iVEHICL/ NFL i2mb
COMMON IVEHICL/ NGR
COMMON /VEHICL/ NWALS
COMMON /VEHICL/ &@Ao (20)
COMMON /VEHICL/ hiVALS
COMMON /VEHICL/ tWEH (298
COMMON /VEHICL/ Wk4L (201
COMMON /VEHICL/ NWR
COMMON /VEHICL/. FSF-
COMMON /VEHiICL/ PFb&T
COMMON /VEHICL/ fFA
COM.MON /VEHICL/ 4PG3WEI (2j2011
COMMION /VEHICL/ C04AX
COMiMON 4IVE H ICL / R04AP (20A
COM MON /VEH TCLqf AIV m (201
COMMON /VEHICL/ RIAMW 4291
COMMON IVEH-ICL/ Otis (208
COMMON /VEHICI/ Aw 1120)0
COMMON /VEHICL/ SAE
COMMON /VEHICL/ Sl*I
COMPON /VE*IICL/ SECTHl (2018
COMMON /VEHICLI SICTW (200
COMMON /VEHICL/ SWALS 4258
COMMON /VEHTCLI- TE'ASE (28
COMMON /VEHICLi Uk
COMMON /VEHXCL/ .TRLY 120k
CGMMON /VEHICL/ IRSS (20,131
COMMON /VEHICL/ TGIND
COMMON IVEHICL/ TIPAKLN 4201
COMMON /VEHICL/ T FIAK WD (2018
COMMION /VEHICL/ TIPANS (2 vo2 0 1

COMMON /VEHICLi VAA
COMMON /VEHICL/ ~VIA
COMMvON /VEHICLi ves
COMMON /VEHICLI V~GB t.258
COMMON IV " I CL / VOOSS (258
COMMON /VEHICL/ VRIOE (28.138
COMMON / VEH4 CL/ M$Ss
COM MON IVEHICL/ VSSAXP
COMMON IVEHICLf ubO
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COMMON /VEHICL/ hiBAX P
COMMON /VEHICL/ kiOPTh (201ý
COMMON /VEHICL/ b1CTH
COMMON IVEHICL/ WONIT £201
COMMPON /VEHICL/ ikPAT (201
COMMON /VE'HICL/ WAiFORO
COMMON /VEHICLI UT (20),
COMMON /VEH-ICL/ blE (201
COMMON IVEHICLI %N-AXF
COMPUN /VEHICLI .'1AACOF
COMMON /VE*HCL/ W .
COMMON IVEHlICL/ LGCDIF
COMMON IVEHICLI SliF
COMJPON /OBS/ AAL S 4141
COMMON 108Sf CbEAR (7t14951
COMMON /OBS/ e (7v14,51,
COMMON Z08Sf FOGCMAX (.7, 14,5),
COMMON 08Sf iE.V AL S 17)
COMMON 10BSf fk2G
COMMON /085/ ýCHGT
COMMON /OBS/ *tWDTI4
COMMON /085/ %UALS 15)

C 2. VEHICLE INPUT PARAO(ITERS
NAHELIST /VEHICLE/

ACD ,ASHOE tAV/GC ,AXLSP %iCD .CGI vCGLAT
+ ,CGR ,CIo 9&L. vCL RM1 N 9CONVI ,CONV2 tOFLCT

+ LIAW tDRAFT v&NG71NE ,EYEHiGT 9FO vFORDD #GROUSH
+ HPNET ,HVALS *&APC .18 010~ t4OIESL #IENGIN
+ lCONST tICONV1 ,I4CONV2 tIP 91POWER v i1r ,IrCASE

+ ,*ITRAN ,ITVAR vt-OCCIF .LOCKUP v 1AX.I PR 14MAXL vNAMBLY
+ KNBOGIE ,NCHAIN .&CYL vNENG *NFL INGR ,NHVALS

4. thiPAO ,NSVALS 4,ftE1 ,NWdHL wNWR *PBF ,PBHT
+ ,PFA ,POWER t@NAX 9ROIAM aREVM tR-IMW PRMS

+ W ISA E ,vSAl ,SEC1IH ,SECTW #SVALS 9,TCASE
+ ,vL sTPL.Y &#ifSI tTQ~hO #;TRAKLN PTRAKWD ,TRANS

+ ,vAA ,VDA *WFS tvooe tVOOBS *VR.IDE #VSS
+ tVSSAXP *WC aUOAXP *WOP11i sWDTH p W GHT ,WI
+ , #ARAT ,WRFORD *WT ,WTE qWWAXP ,XBRCOF

C NAMELIST /BUMP/
L AVALS sCLEAR OFOC OFOOMAX NHiUVALS
C + t NANG tNObGT A~WOTH W4IVALS
C 3. RFAC VEHICLE PARAMEYERS

REAO( LUN3t VEHICLE)
TF(KVEH .EQ. 11 WRIZE(LUNI*VEHICL.Elh

C-- - - - - 1- 4- - - -
C OBSTACLE INTERFEREthOE ýFISTGRY
C ~- -

REAC(LUN3t1000l DU*NY
iREAC(UN3t20004 NO+AT
REACILUN3v,1000) OU110Y
kEAC(LUN3920I00) NANk
REAN LUN3 1~0001 DU*MY
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REA C( LUN3o, 211001 NW ClH
PEA1(LUN3gj0i)0) DU*#M#Y
REAC(LUKN3, W016- DUMMY

1000 FORMAT(All
2000 FORMAT(SX,121

D0 MOO0 NW1.iNWOTH
00 3010 NA=1,NAK,6

DO 3020 NH=1.,&CHGT
READ'LUN-3t"b001

CLEAR(t*KvKA, NW I'
+ FO0MAX'IbfriNAvhWlt
+ ~FGO(NH:.AA,NwI ,
4 HOV AL S4 IH3
1 AVALS4 NA4 t

+ WVALSZ Nki

3020 CONTINUE
3010 CONTINUE

3000 CONTINUE
C REAE( LUN398UMP)
C ME KVEiH .EQ. 11 WR JEIE4LUNI.*BUMF)

RETURN
END

SUBROUTINE VPP
C------------------------
C VEHICLE PREPROCESSCR

C
C

COMMON /101 IG
COMJ'ON /10/ KlUFF
COMMON /10/ 1W N
COMMON /10/ LN
COMMON /10/ Ih
COMPON /10/ LAWN4
COM MON 110i VIN5
COMMON 110/ IL#UN
COMM4ON 110/ 4Mt67
ComfO.N /10/ LWiN8
COMMON /10/ twN9
cam MON 110/ 4MI
INTEGER M
COMPON /INDEX/ fe
INTEGER I2GWN
C OM MON IINOEX/ CeHN
INTEGER EFF
COMMON /INDEX/ ff
INTEGER FGACE
CO1MMPON /INOEX/ (IORCE
INTEGER G
C04.DeON /INDEX/ G
COMMON /INOEX/ MIEL
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INTEGER
COMMON /INDEX/ toh
INTEGER F
COMMON /&NDEX/ FRM
INTEGER SSEED
COMMON /INDEX/ SGEED
INTEGER SR
COMMON /INDEXf SR
INTEGER TO
COMMON /LNDEX/ TO
TNTEGER TGR(CUE
COMMON /INDEX/ TERQUE
INTEGER UlR
COMMON /INDEX/ iJ
INTEGER oX
COMMON /INDEX/ MX
COMMON /VEHICL/ JO0
COMMON /VEHICLi AS•HCE (20#
COMMON /VEHICL/ AvC
COMMON /VEHICLI AXLSF (20k
COMMON /VEHICLI Co
COMMON /VEHICLI CCH
COMMON IVEHICL/ C.LAT
COMMON IVEHICL/ C6JR
COMMON /VEHICL/ cAD
COMMON /VEHICL/ C&
COMMON /VEHICL/ CLRMIN 4205
COMMON /VEHICLI CGNVI (2.253
COMMON /VEHICL/ C3NV2 (2,251
COMMON /VEHICL/ &E-LCT 120 , 31,
COMMON /VEHICL/ EtAAU 4205
COMMON /VEHICL/ C£AFT
COMMON /VEHICL/ 5 INE 42,50#
COMMON /VEHICL/ E*BHGT
COM14ON /VEHICL/ FO (2)
COMMON /VEH ICL / - •GRDO
COMMON /VEHICL( CA{GUSH (201
COMMON YVEHICLI I-VALS (255
COMMON IVEHICL/ *1SPG
COMMON /VEHICL/ 18 (201
COMMON /VEHICL/ 10 (20)
REAL I!DIESL
COMMON /VEHICL/ 11IESL
COMMON /VEHICL/ I ENGIN
COMMON /VEHICL/ Is (20M
COMMON /V Ef.I CL / ICCNST (201
COMMON /VEi ICL/ ICONVI
COMMON /VEHICL/ ICGNV2
COMMON /VEHICL/ JIOwER
COMMON IVEHICLI 43I (20)
COMMON /VEHICL/ 1 ZIICASE
COMMON /VEH!CL/ ITRAN
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6OMI4ON /VEHICL/ UIVAR
COMMON IVEHICL/ klOCKUP
COMM4ON /VEHICL/ tPA I PR
COMMON /VEHICLi *AXL
COMKMON iVEHICL/ 1%AMBLY
COMMON /VEHICL/ W8GIE (20.1
COM MON /VEIIICLi KHfA IN (201
kEAL K~YL
COMMON /VEHICL/ NUJL
fkEAL NENG
COMMON /VEHICL/ NiNG
COMMON /VEHICL/ )FAET
COMPON /VEHICLi N*1 (201
COMMON IVEH!CL/ Kf&
COMMON /VEHICL/ K%,AL-S
COMMON /VEH!CL/ DNRAD (20b
COMPON iVEHICL/ FhSWALS
coMOMN4JI~VEHICL/ KWEH (201
COMMON /VEHICL/ W~i(L (201
COMPON /VEHICL/ KWR
COMMON /VEHICL/ fFB
COMMON /VEHICL/ F BJT
COMMON /VEHICL/ OffA
C 0 M#0 0N /VEHiICL/ F&WER 12#2011
COMMON /VEHICL/ CMKAX
COMMON I VE H ICL/ R&IAP (201
COMMON /VEHICL/ RUVM 120A
COMMON /VEHICLi RAMW (210)
COMMON /VEHICL/ F145 (203
COMMON lVEHI.CL/ FoW t20)
COMMON /VEtIICL/ SA-E
COMPON /VEH-LCL/ SAl
CUMAPON /VEH!CL/ S'ECTH 1(201
COMPON /VEHICL/ SECTW (201
CO4MPOJ /VEHICL/ SWALS (25A
COMMON /VEHICL/ TCASE (2)
COMMON /VEHICL/ Tk
COMM~ON /VEH!CL/ TIRLY (208
COMMON /VEHICL/ 719Sl (20935
COMMON IVEH-ICL/ TOIND
COMMON /VEHICL/ IPAKLN 1201
COMMON /VEHICL/ TfiAKWO (201
COMMON /VEHICL/ t 1~ANS t(2 r20 1
COMMON /VEHICL/ .VAA
COMMON /VEHICL/ VG~A
COMPON /VEHICL/ ves
COMMON /VEHICL/ VCGB (251-
C OMMPON /V EiIHICL 4 VOOBS (251
COMMON /VEHICL/ VPIA 0E (20v3)
COMPON /VEHICL/ ýSS
COMMON /VEHICt./ YJSSAXP
COMMON /VEHICLI ibc
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COMMON /VEHICL/ 140AXP
COMMON /VEHICL/ *hQPT11 (2g
COMPON /VEH-ICLI 4miETH
COMMON /VEHICL/ twi8T (20)
COMMPON /VEHJ~CL/ A%#AT (201
COMOON /VEHICL/ WRFOAO
COMMON /VEHICL/ 41T (20)
COMMON /VEHICLI *TE (201
COMMON /VEHICL/ UWAXP
COMPON /VEHICL/ 'AIRCOF
COMMON /VEHICL/ i~a
COMMON /VEHICL/. CCCOIF
COMMON IVEHICL/ SI~f
COMMON /PREP/ -A (3941
COMMON /PREP/ AJF (201,
CGMMON /PREP/ el~f (201
COMMON /PREPi ChARIA~ (2 0 0.1
COMPON /PREP/ CRSCF)G (3)
COMMON /PREP/ CRFCCG (30
COMM4ON /PREP/ cF.Fc c ( 20* 3
COMMON /PREP/ CW.FG (20*3)
GOM#OA /PkEP/ (F(201
COMMON /PREP/ EftAT (2~0#31
COMMON /PREP/ 4GCA 420t3)
COMMON /PREP/ cw
COMPON /PREP/ W
COMMON /PREP/ iC-CWNB
COMMON /PREP/ IGCWNP0COMMON /PREP/ icw~p
COMPON /PREP/ #-P
COMMON /PREP/ uf.E (381
COMMON /PRE P/ KVEI-C
COMMON /PREP/ FUTE
COMMON /PREP/ F(3t
COMMON /PREP/ Ft4X (201
COMMPON /PREP/ A
COMMON /PREP/ TRACTF (20,51
CCOMMON /PREP/ T *APSI 1 3)
COMMON /PREP/ Vi C C (2003)
COMMON /PREP/ VC-IFG (20030
COMMON /PREP/ VC4MUK (201
COMMON IPREPI VGEV (20v51
COMMON /PREP/ N1(20,31
COMIPON /PREP/ VYTIRE (31
LOM MON /PREP/ htZMAX
COMMON /PREP/ X(31
COMMON /PREP/ xi
COMMPON /SCEN/ CGHES
COMMON /SCEN/ V&ALK
COMMON /SCEN/ CCLMAX
COMMON /SCEN/ 16MMIA
COMMON /SCEN/ ~I VE A

193



R-2056, VOLUVE I PAGE A-21
APPEND.IX A - LISTING OF FROCPAM RMklM

COMNON /SCEN/ JSEASN
COMMON /SCEN/ ISURF
COMPMON /SCEN/ JSNOW
COMMON /SCEN/ '4i
COMMON /SCEN/ K112
COMMON /SCEN/ K1
COMIPON /SCEN/ K114
COMMON /SCEN/ K115
COMMON /SCEN/ K116
COMMON /SCEN/ K4
COMMON /SCEN/ W
COMMON /SCEN/ K4,19
COMMON /SCENY K4 1-1
COMMON /SCENI K1111
COMMON /SCEN/ K1(A12
COMMON /SCEN/ K44L3
COMMPON /SCEN/ 1(1414
COMMON /SCEN/ K1115
COMMON /SCEN/ K(1116
COMMON /SCEN/ K(4417
COMMPON /SCEN/ KXAP
COMMON /SCEN/ KSCEN
COMMON /SCEN/ KTOP
COMMON /SCEN/ 9K0EH.
CUMMON /SCEN/ Kovi
COMMON /SCEN/ KIV2
COMMON /SCEN/ 1(W3
COMMON /SCEN/ KlW4
COMPON /SC.EN/ KIV5
COMMON /SCEN/ KfV6
COMMON /SCEN/ 91W7
COMMON /SCEN/ KItV8
COMMON /SCEN/ KAV9
COMMON /SCEN/ KIVlg
C OMMNON /SCEN/ olvii
COMMON /SCEN/ K4V12
COMMON /SCEN/ 94VI3
COMMON /SCEN/ KiV14
COMMON /SCEN/ K1V15
COMMON /SCEN/ K.&Vlb
COMMON /SCEN/ KIV17
COMMON /SCEN/ KI.V18
COMMON /SCEN/ 1(1V19
COMMON /SCEN/ Klv2kW
COMMON /SCEN/ KIV21
COMMON /SCEN/ LAC
INTEGER CETAIL
COMMON iSCEN/ CETAIL
GOMMON /SCEN/ PAR
COMMON /SCEN/ 0 AFG
COMPON /SCEN/ PGNtTIF
COMMON /SCEN/ hopp
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COMMON /SCEN/ NSLIP
COMMON /SCEN/ &TsRAv
COMMON /SCEN/ hlux
COMPON /SCEN/ F11
COMMON /SCEN/ RiACT
COMMON /SCEN/ FDFOG
INTEGER SEARCH
COMMON /SCEN/ SEARCH
COMMON /SCEN/ SETYPC
COMMON JSCEN/ VBRAKE
COMPON /SCEN/
COMMON /SCEN/ 'SLIM
COMMON~ /SCEN/ zsNKCW

c 2. ALGCRI.THM
CALL tIll(

+CONVI ,ENGINE .IAP.(, ,*ICCNVl ,IENGIN oIPOWER ,MAX1IPR *MAXL
+,NHVALS ,NSVALS tPFA r-P&WEfR *QMAX *RPM #SPEED ,TORQUE
+ TQINC ,VAA ,VDA ,v'OCB *VOOBS, vVRLDE .v4SS b

NAMELIST /Xl!1/
+CONVI ,ENGINE oIAPIG vICONV1 *IENGIN ,IPOwER 9MAXItPR tMAXk
+ NHVALS tNSVALS ,PFA ,POWER ,QMAX wRPM ,SPEEU ,TORQUit
4 TQIND ,VAA #VDA wVOCB SVOOBS rVRIDE ,VSS

CALL 41I21
4GCW tGCWB #GCWNB ,GCWNP 9GCWP *IB tip tNAMBLY
+ WGHT )
NAMELIST /X112/
+GCW tGCWB *GCW4\B vGCW~NP ,GCAP *is 9 !P 9NAMBLY

+. vWGHT
IF(KI12 .EQ. 1)

4. WRITEILUNI, X1121
CALL 113f

+ ICONST vNAMBLY KNVEI- ,NWdHL oRDIAM *RIMW .SECTw ,TPSE
,VTIRE ,WGHT

NAMELIST /X113f
fICONST ,NAMBLY thVE1- rNW-i tRDIAM *RIMW ,SECTW ,TPSI

+. .VTLRE ,hGHT
IF(KLI3 -EQ. 1)

W RITE(LUN1,X.It3)
CALL .114(

+. NAMi3LY ,P~iTE IT ,WTE)
NAMELIST IXI.14/

+ NAMBLY *PWTE ,WT ,WYE

+- WRI 7E(tUNIoX114
CALL .115(

+ OFICT rDR AT thAt'BkY ,NVEH *SECTH- )
NAMELIST /XII,5/

+ DFLCT 9ORAT , hA*MB& Y ,NVEH ,SECTH
IF(KII5 .EQ.:1)

+4 WRITE4'LUN1,X115)
CALL 116(
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"4 CHARIN tDFLCT ,(C AWb vN-AlBLY sNVEH tTRAKLN I
NAMELIST fXLIb/

"+ CHARLN .DFLCT #LIAit 9NAI4BLY *NVEH oTRAKLN
IF(KII6 -EQ. 1)

"4 WRITEILUNloX116)
CALL 117(

"4 CHARIN #GCA t N A#B& Y ,NVEH ,SECTW oTRAKWO I
NAMELIST /X117/

"+ CHARLN #GCA ,NAPEkY ,NVEH ,SEjCTW tRAKWO

4. RITEILUN1,XI171
CALL 118(

LGLAT ,ID #NAMELY #NVEH .SECTW *WT ,wTMAX
NAMELIST IXII~bl
+CGLAT v10 *N~AMELY ,NVEH PSECTiw vWT *,WTMAX
IF(KI!8 .EQ. 11

0. WRITE(LUN1,X118)
CALL 1194

4.IP ,NAMBLY NVIW. ,RE VM 'tRR I
NAMELI ST /IXL9I

+. IP tNAMWBLY ,NVEIl 9REVM ,hRR
IF( K119 .EQ. 1I WRLTEILUNIPXI196

CALL 41WkJ
+. 18 ,NAMBLY ,WGHT *t5fRC0E 9XBR I

NAMEWjST IXLLI&oI
4. B ,NAMBLY tWGHT #xBPCCF IX BR

I1F( Ki 116 EQ, 1 I WR41EE( LIJNI.XI 110
CALL 11114

+. GCbWP HIPNET tHFY d6
NAMELIST /XII11/

+ GCwP ,HPNET ,H'-T
IF( K1111 .EQo I I hRIIE(LUNIIXII11)

CALL 1112(
+. ASHOE vCLRMIN tCPf#6 qDFLCT oDIAW 9,GROUSH- .,HPT .15

+. ,IP T TVAR t NAM UY tNBCG IE 9 NGHAIN vNV EH 9NWHL 9SECCH
+. ,SECTh% tTRAKLN ,TRAKWiC ,VCIFG tWGHiT I
NAMELISr /XII12/

+. ASHCE ,CLRMlN tCPF16 vDFLCT vDIAW vGROUSH 9HPT ,iB
"4 ,IP o ,ITVAR 9 NAM8AUY *N9CGIE ,NCHAIN ,NVEH UNWHL ,SEr_ H
"4 ISECTI% ,TRAKLN ,TRAKbD *VCIFG .frGIHT

IF( K(1112 .EQ. 1 ) WRIIE(LUN1,XI1121
CALL -1113(

"4 CPFCC via VIP 9NAMBLY vNVEH tNWHL
"4 ,RIIAM ,SECTW ,TPLY *TPSI tVCICG tWGHT
NAMELIST /X1113/

"* CPFCG 9I 1IP ti NAlwBLY ,NVEH .NWHL
+ kOIAO #SECTW' t TPLv V TPSI tVCICG OWGHT
IF( K1113 .EQ. 1 I WRITE LUN1,Xl1I131

CALL 1114(
ulIAW ,IB tip tNAMBLY ,NVEH

+. NWHL ,SECTW tTRAOk6 tT RAKWD *.VCINUK ,W4GHT I
NAMELIST /XI.114/
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*D[AW O18 tip #NAMBLY rNVEH
4 NWHL *SECTW tTRAKkiN *1'RAKWO vVCIMUiK *WGHr
IF4 KII14 *EQ* 1 I WRIIEILUNI#XI114hý

CALL 1115(
+ CPFCCG *CPFCFG *CPFC6 o*CPFFG 48

tip ,NAMBLY tNVEf- ' NVEHIC I
NAMELIST /X11151
+CPFCCG tCPFCFG .CPFCk OCPFFG *18

+ tIP ,NAMBLY ,NVEI- j,NV ENC
1Ff KII15 .EQ. 1 1 W'Ri1EILUNI.XJl.5h

CALL 1,1161
+. ATF * BTF ,CONVI . CONVý? ,CTF oEFF .,ENGINE ,FD
+ *FORCE IGR ,IAPC ILCfJNVI OTCONV2 ,IENGIN ,IPOWER vITCASE
f. ITRAK ,KII16 ILCCKWiP *LUN1 *MAP&
+ ,NGR ,PE , CW ER, ,FRR tRPM 9SPEED sSR sTCASE
+,TORQUE ,TQLNO ,TR vTRACTF *TRANS tVGV 9TOPSPD ,NPTS
+ IERRCR I

NAMELIST /XI1I6I
4.ATf ,BTF 9CGNV.1 tCaNV2 *CTF 9EFF tENGINE ,FD

+ ,FCRCE tGR . IAPk sICCNV1 v ICONV2 s 1ENGIN ,IERROR .ITCASE
#- .ITRAN tKIT1b ,UCCKAUP *LUN1 ,I4APG
+ tNGR tPE t -W ER& 9RR ,RPM ,SPEED ,SR rTCASE

+ TORQLE ',TQIN& JTR tTRACTF T~RANS vVGV` .01OPS PD *NPTS
+ tIERRCR

IF( K 1116 .EQ. 1 7h *RITE4LUNI,0X1i163
CALL 1117(

+. CID ,IDIESL~ GCW 9NAKBLY WNCYL ,NENG
+. NGR ,NVEH jCA ,RMX vRR *TRACTF I

NAMELIST /XJ>11?/
+. CID ,tOIESk INYL iNENG ANVEH ,QMAX ,Rm4X

1Ff KIL17 .EQ. 1' WRITE4LUNleX11171
IMf DETAIL AN~ I * AND. I IEFRCrR .NE,. II GOTO 100
CALL PLTSET(
N. FTS *VGV ,N(i fi ATF vBTF *CTF

+. vTFO4ER ,POWER ,TCIRSPIs1LUNlt
STOP 3

100 CONTINUE
RETURN
END

SibfkOUTINE 111(
* CONVI ,ENGINE vIAPC ,ICCNV1 ,IENGIN ,.IPOWER MtAXIPR tMAXL
* ,NHVALS ,NSVALS #FFA ,4POWER #QMAX 4.RPM *SPEED *TORQUJE
* *TQINC ,VAA vVDA .VoCB *VgjaBS *VRIDE ,VSS I

C

C 1. VARIABLE DECLARATICh
REAL CONVi (Z2.L51
REAL ENGINE 42#25t
INTEGER IAPG
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INTEGER ICONVI
INTEGER IENGIN
INTEGER 1POWER
INTEGER L
INTEGER MAXIPP
INTEGER MAXL
INTEGER RPM
INTEGER SPEEC
INTEGER TORQUE
INTEGER N
INTEGER NH
INTEGER NHVALS
INTEGER NR
INTEGER NS
INTEGER NSVALS
REAL POWER, 12#2011
REAL QMAX
REAL TQING
REAL VAA
kEAL VOA
R EAIL VOGB 1541
REAL VOOBS (,53d)
REAL VRIDE t5giplg)
REAL VSS

C 3. ALGCRITHM
VSS=VSS*5280.*12.14S./60.
DO 110 NH=19NHVALS

VOOB (NH I=V0C E (N1- 52a.-*12 o/60 -/bO..
ilia CONTINUE

00 120 NS=1,,NSVALS
VOUBSt NS I=VOCBS 4 S) *5,2 6.*Ii*$~6-0.160.

12~0 CONTINUE
DO 135 L=I14AXL

CO 130 NR =,It AXI FS
VRIDE( NR, LI=viRI0E4NR.La*5280.*12./60../60.

130 CONTINUE
135 CONTINUE

PFA=PFA*144.
VAA=VAA*3.l41-59265:/L82.
VDA=VDA*3. I4159265d460.
IF( IAPG .EQ. 1 1 K-0 TC 145

GO 140 N=vIlFCWEiR
POWER( SPEEC, =-PLWER(SPEECN)ý*(88./6ki.J*12.

140 CONTINUE
145 COIJNINUE

iF, IAPG .EQ. 2 1 GC TC 199
CO 150i N=1,IENGItN

ENGI-NEL RPM,N)aENGINE(RPl4,NS/60.B
ENGINEIT0RQUE.NbzENCGINELTCROuEN)Mý2.io

11) idCONTINUE
CO 170 N=1.ICONVIZ

CCNV~l RPM.NI=-CGNVi( RPHN)/60.j
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170 CONTINUE
CMAX =QMAX*12.0
IQINC=TQINC*12. 0

199 CONTINUE
RETURN
END

SUBROUTINE 4LI2(
GCW ,1GCW8 ,AGCWNB vGCWNP tGLWP

+ rIB tip 9NAM~E1Y #WGNT I

CIMENS ION
+ Ialf20). #4P Uo 1 *WGHT(20)

L GRUSS COMeINED WEIGHT RC4.iTINE
GCW=O~g
GCcP=0 .0
GCWB=0.0~
DO .21fo 1=1,NAMBLY

GCW=GCWtWGHITI1
GCW.E=iGCWB*WGHT( I*FkCATl I El( 14
GCWP=,GCWP*WGHTti1*FL(3ATI IP(I)

x;116 CONTINUE
GCWNP=GCW- GCWP
GCWNB=CCW-GC;WB
RETURN

END
SUBROUTINE 113(
* ICONST *NAMBLY thVEi ,NWHL tkDLAM

+,RIMW . SECTW tTPSI ,VTIRE tWGHT I

DJIMENS ION
+ ICONSTI.20.) .uEk20) OWHE(201

I. RDIAM(201~ *F414Wt20) 1 SECTWI 20,
"* TPSI(2.0*3) *VN1112kv3 1
"+ ,VTiRE431 ,W~bT(20)

C MAXIMUM TIRE SPEED RCUTLtfi
00 325 J=1,3

DO 320 I=1,NAIOBLY
VT II,JI=O.
INI NVEH(I) .EQ. 0 1 GC TO 315

51=1 SECMh(IIi0.4,*RIMWtIý 1/0.75
HWY=t 4.32/ISIO #2.3 8).)

+*tZWGhTl 14,/FLOATiNWHLU*IJI/IRDiIAM(1.[.Sl)I**1.711
IFI ICONST(I) .EQ* 1 1 GC TO 312

VT ( .Is J W40.0o*52 80.012./ 3600. 1
*1lTPSi4IJIl~/HWYI'*,2 I.

GO TO 320
310 CCNTINUE

4. *1 (TPS-Itl#J&/j*JYI.*2s.25
315 CONTINUE
320 CONTINUE
325 CONTINUE
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CO 340i J=1,3
VTI FE (JI=VT( j,Ji
CO 330 1=29NAMBLY

JF1VT4IJ) .LT. -UTI.RE(J)i
VTIRE(Ji=VTtI#.U&

30 CONTINUE
340 CONTINUE

RETURN
END

SUBROUTINE 114(
+NAMBLY *PWTE ,kT tWTE I

C
0 IMENS ION

+ WT(201 oTE42e)
C MAXIMUM PATHi WLDTH OF COPOINATIONOS, TRACTION ELEMENTS

PWTE=WT( ll-WTE~ls)
DG 410 1=2tNAI4BLY

IF(fWT(15-WTE~fl)- QT. PWTE)
+ PWTE=14T( I -'WTEl IA

1410 CONTINUE
RETURN

END
SUBROUTINE 115(
+UFLCT *DRAT oNA44EIV #NVEH tSECTH a

C
1) MENS ION

+ DFLCT44"03) #DRATt2Zt3) oNVEH1L20)
* #SECTH12k0S

C TIRE DEFLECTION RATIOS
CO 520 J1l,3

DO 510 I=1,NAMBLY
!-FiNVEHIll .EQ. 63 GO TC 500

ORAT(IJ)=CFLCTl(qJ~iSECTHAlb&
500 CONTINUE

$1k7 CONTINUE
520 CONTINLE

RETURN
END

SUBROUTINE 116(
+ CHARIN tDFLCT , CIAi thAfi8LY vhNVEH ,TRAKLN I

C
DIMENSION

CHARLN120,31 jDFLCT(20g3b vDiAW(204
+ t NVEk 20 ) oTRAKLN1200

C CHARACTERISTIC LENGHT CF ILEMENTS
CO 630 J=1#3

00 620 11,tNAMBLY
IF( NVEHI .EQ, 1 b GC TO 610

L. TRACKED ELEM4ENT
L HARL N 11, J b-zT PAKLN( I I
GO TO 620

610 CONTINUE
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* WHEELED ELEMENT
CHARLN( I Jr 1=2.0

"*SQRT( (CfLCT44v.J*DIAWEIlI
+ -(DFLCT( I,:JI0FkCT(I,Jl il

620 CONTINUE
630 CONTINLE

RETURN
END

SUBROUTINE 1i7(
+ CHARLN ,GCA v hAP.kY 91VEH ,SECTW tTRAKwD I

DIMENS ION
CHARLN( 20,31 AGCA420t,31 tNVEH1201

+ ,SECTWZ201 .TRAKWC(201
C GROUND CONTACT AREA OF E.EMENTS

DO 730 J=1,3
00 720 I=1,NAMBLY

IFINVEH(I) .EC. 1D GO TO 710
C TRACKED ELEMENT

GCA(I,J)=CHARIi.NI,J•*TRAKWC( LJ*2.
710 CONTINUE
C WHEELED ELEMENT

CCAl IJ)=CHARLN(f*Jb*SECTW( I)
720 CONTINUE
73.2 CONTINLE

RETURN
END

SUBROUTINE 118(
+ C6LAT ,ID 9NAMELY *NVEiH .SECTW ,WT .WrMAX

C
DLMENS ION

+ IDi20) ,*,NVEH4 20) #.SECTW(201
#. vwT(201

C CONTROLLING LATERAL DISTACE TO C.G.
WTMAX= 500.
DO 630 T=INAMBLY

IF(NVEH(I) .EQ. k) 16C TO 810
L WHEELED ELEMENT

TEMP=l WTIO/2. 4-CGLAT
+4 SECTW4II/r/m Ik*FLCAT( 1141 A

GO TO 820
810 CONTINUE
C TRACKED ELEMENT

TEMF=( WT(IaI2. I--CGLAT
820 CONTINUE

IF(TEMP .GE. WTMAXI 60 TO 825
WITMAX=TEMP

825 CONTINUE
830 CONTINUE

RETURN
END

SUBROUTINE 1194
+ lP tNAMBLY vNVEh v.REVM AIR 0.

201
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DIMENSION
+ IP12k0) oNVEH(201 aREVM(201

C ROLLLNG R004US OF LARGEST V13WEAED TIRE ELEMENT

ikft0.k)
00 910 I1=1NAMBLY

IF( IP1I) *EQ. 3GO TO 910
RX=t 5280.0*i2.9 Si/l 2e003o14159265*REWJMi&1 I
IF( RR *LT. RX I RR=RX

910 CONTINUE
RETUkN

END
SUBROUTINE 11104

* .18 *NAMBLY W,WGHT stC8RCOF sXBR I

OIMENS ION
* IB( 201 *h1GIHT (20 J

c--------------w ~~4-------------------
C MAXJIMUM BRAKING FORCE DEVELOPEO BY BPAKED ASSEMBLIES

XBR=i6. e
CC 1010 I=19NAMBLY

XBIR=XBRtX8RCOFO~hGHTilJ!*FLCATI !Bd I)
1010 CONTINUE

R;ETUAN
END

SLBROUTLNE till4
f, GCWP *HPNET ,t-PT b

C
C
C----------------
C HORSEPOWER/TON

HPT=HPNET/ IGCWP/2001. I
RETURN

END
SUBikOUTINE 1112(

+ ASHUF *CLRMIN ,CPFFG ,0FLCT vCIAW tGROLJSH vHPT via
',IP tITVAR *tNAMBLY ,NBEGIE oNCHAIN ,NVEH ,NWHL ,SECIH
. SECTý *TRAKLN 9TRAýWG ,VCIFG pWGHT A-

C IMENS ION
+ ASHOE120& eCLPt4IN(201 9CPFFG(20m,31
6. 9FLCT42013) .ACIAW1201 tGROUSHt20t
+ 184 20) 01P 2 0) *NBOGIE4201

202
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*NCHAIM4201~ 01)V EM 2 id tNHLi20)
+ SECIH(201 *SECTW(200 9TOFd*3l

+ ,TRAKLN( 20. #TRAKWC(201 wVCJFGf21dt 34
+ W~'GHTt2O)

C
C ------------------------ I. . .

C VEHICLE CCNE INDEX IN FIN$ -GRAINED SOIL

CO 1556 41.NAMBLY
IFI IP(11, .EQ. 0 .iAND. IBM1 .EQ., id I GO TO 1555

IF I NV EH(L 4E. Qio I GO TO 15 34

C WHEELED ASSEPBLY ROUTINE
-- - -- - -

C CONTACT PRESSURE FACTOR
CP FF G4i 9 1 WGI4T t I I
/( SECTWt.1A6#FLOAT(NWHL~I1)*O(AW(i)/2. I

* ~CPFFG( I,2)1CPF.fG(I,1&
CPFFGI Ij,3.ICPFFG(I.1)

C WEIGHT fACTOR
IF( WGhiTUA .GE.. 2000,90 t. GO TO .1510

WF=0.5&iA#WCHT (I)/I2&0.
GO TC 4&16

~5l0 CONTINUE
I1~F WGInT(44 .GEW 1.3502,g ) GO TO 15.12

GO TO 1S416
1512 CONTLNUE

LF1 WGtT.14* .GE* 20000.0 1 GO TO 1514
WF=0. 142AWGHTiIl/IM0200-0.42
GO TO ý15:16

1514 CONTLMJUE
WFO .2 78*)AHTl01/1000.0-3*115

1516 CONTINUE
C TIRE FACTOR

TF=410.0*SECTWlI I)10k.0
C GROUSER, FACTCR

IFI NCHItN4IN .EQ, 0 I GO TO 15L,8

GO TO 11520
1518 CONTLNUE

GF=1.0
1520 CONTINUE
C WHEEL LUAG FACTOF

WLORF=W6;H144) /1~i0.0/FLOAT4NWHL 41) 1'2.
C. CLEARANCE FACTGR

CLF=CLRM~tF11 /10.0
C ENGINE FACTOF

IF( HPT .LTo 10.0 1 GO TO 1522
EF=1.0
GO TC ~16-24

0 203
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1522 CONTINUE
EF=1.05

1524 CONTINUE
C TRANSMISSICN FACTIOR

IF( LTVAR .,EQ. 0 1 GO TO 152i
TFX=1,AS
GO TC AS,28

1526 CONTINUE
TFX=I.B

1528 CONTINUE
C TIRE OEFLECT4I6hI FACTOR

O0 153Ji J=l.3.
T0F4Ji=tlA.S-OFLCT(I;, Jb/SECTH•I /0.85I**1.5

1530 CONTINUE
C MOBILITY INDEX

XMI-(-CPFFC- ,I) l*WFlTF/GF'#,WLORF-CLFI * EF*'TFX
C VEHICLE CCNE iiNDEX

DO 1532 J=2#3
VCIFG.JiUi=, 1 1.48+-.2*XMI-39.*2/4XMI+3.7414

+ *TDFVJN
1532 CONTINUE

GO TO 1556
1534 CONTINUE
C
C TRACKEC ASSEMwBL.V ROUTINE
C ......... .. . r v " "'r -
C CONTACT PRESSURE FACTOR

CPFFG( I,,l &:=WCkT( II)-42.*TRAKLN( II*TRAKWD4 M)5
CPFFG( 1 2 )=CFEFG( I 1)
CPFFG G ,13 ):C FFG(L. LII

C hE,IGHT FACTOR
IFI WGHTtI$I .GE. 50030.0 I. GO TO 1636

WF=l.fd
GO TO 1542

153b CONTINUE
IFi WGHTt II ,.1E. 70000.0 ) GO TO 1538

WF=I.2
GO TO 1542

1538 CONTINUE
1Fi WGHTII" ,.GE. 100004.0 1 GO TO 1540

WF= .4
GO TO 1542

1540 CONTINUE
WF=1.8

1542 CONTINUE
C TRACK FACTCR

TF=TRAKWG( II,10o.l0
C GROUSER FACTGR

IF( GROUSI-LI .LT. 1.5 1 GO TC J154.
GF:I.
GO TO 1546

154f4 CONTINUE

204
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GF=1.0~
1546 CONTINUE

C. EfiGIE LOAD RANGE-FACTOR
WLORFzWGHTI IIA10.0/FLOATINPOGIE4 I))/ASHOEI 11

C CLEARANCE FACTOR
CLF=CLRNINI tIM0.0

C ENGINE FACTOR
IF( HPT .LT. 10.I0 1 GO TG 154.8

EF= 1 0
GO TO 1559

1548 CONTINUE
E F=1.0i~5

1550 CONTINUE
C TRANSMISSIGN FACTOR

1FI ITVAR .E" 0 J- GC TO 1552
TFX=1.0.5
GO TO 1554

1552 CONTINUE
TFX=1 .0

1554 CONTINUE
C MdOBILITY INDEX

XML=t CPEFG( L,,IiJWF/TF/GF *WLCRF-CLF I*EF*TFX
C 'VEHICLE CONE LINCIM

VCIFGi It l =7.#+0,.2'Kt4I-39.2/(XM!.+5*6)
VCIFG(1.e2I=VCiW*G(;I1)
VCIFG(I, 3)=VCMFGiL,v13

1555 CONTINUE. ~1556 CONTINILE
R~ETUR~N

END
SUBROUTINE 1113(
+CPFCC- ,I 18 11IP tNAPBLY INVEH tNWHL

A- kCIA10 ,SECTW T1PLY ,TPSI .VCICG ,WGMTI-f
01MENS ION

LPFCG(20,3) iiB1820b 1 IP(20)
+ NVEH(20) ofiW.Ki 20) ,RDIAM(201
+ SECTW(201 #TPLY(201 gTPSI,12093i

+ ,VCICG120*3) ..o'GHTI 20)
C

Cý VEHICLE CCNE INDEX IN CORSE GRAINED SOIL

C

DO 1671 L1=1NAMBLY
1Ff IPMI *EQ. 2 -,AND. 18414 .EQ.ý d 1. Go To 1660

1Ft NVEH(I: *EQj. 0 1 GC TO 1640
C -- -- - -- - -

C WHEELED ASSEPRLY, ROUTINE
C
C WHEEL C.IA1ET:Ep FACTOR

IF( SECTW4JIIRDIAMCII .LT* 2.4 3GU TO 1610
WDF=2*2~

30
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GC TC 162e

16101 CONTINUE
WDF=5•0

1620 CONTINUE
DO 1630 J=19.3

C CONTACT PRESSURE FACTOR
CPFCG( LUI=0.607*TTPSIA4IJh.

Si~~,,35411 17.0*•T PLYI I /

÷ W WnFOSECTW(I I+RDI WAI I .bi-4,93
C CONTACT AR" FACTOR

CAF=AL(S10(WGHT(I /CPfCGiI.JRI
C STRENGh FACTOIF

STF=O. I26*FLCATINWHL4 L -,W-.10211 *TPSI( I tJ I
4 -0.35*CAFe1.587

C VEHICLE CCtNE INOEX
VCICG(.Id)=1i.0 *,STF

lb30 CONTINUE
GO TO 1660

1640 CONTINUE

C TRACKED ASSEMBLY FACTOR
C-------------------------•1 .. q-u ---

CO 1650 J=L,3
VCICG( I, J 1=0..g

1050 CONTINUE
16o0 CONTINUE
1670 CONTINUE

RETLRN
END

SUBROUTINE L114 0
- DIAW IB , IP ,NAMBLY .INVEH

4 ,NWHL ,SECTW tTRAI(gtb 9TRAKWO .,VC14UK *WGHT I
DIMENS ION

+- OLA{(20) ilB( 20 1 1P420J
+ ,NVEH-201 #NWHL-201 ,SECTW 1201
+ ,TRAKLN(201 oTRAKWC(201 ,WGHT120)

,VCI PUK( 20)
C
C
C VLHICLE CCNE INDEX IN MUSKEG
C --------------------------- o ~

CO 1730 1=1NAMBLY
If( IP II .EQ. £ ý.&I,. 18(I) .EQ. 0 1 GO TO 1720

IF( NVEH(I) .EQs. 1 GC TO 17•I
VCINUK4 I, =13,.4 .0S.5i35*WGHTI II

/U(SECTW( IbADIAW(II).*FLOAI(NWHL(1I 1-I
GO TO 1730

1710 CONTINUE
VC IMUKI I = 13.0 08'.,69250 WGHT( 11

/(TRAKWDI 1)TRAKLN II•I
1720 CONTINUE
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17.30 CONTINUE
RETURN

END
SUBROUTINE 1115 (

+ CPFCCG ,CPFCFG ,CPFCG ,CPFFG ,18
+ ,IP ,NAMBLY tNVEb vNVEfriC &

C

DIMENS ION
+ CPFCCG(3) *C PFCG(20. 3 k CPFCFG13l
+,CPFFG120v,3i 44812081 vIP120
+ ,NVE H 2wi

C
C
C COMBINED CONTACT PRESSURE FACTOR ROUTINE
C

N1=0
N2=0
DO 1809 I=INAMBLY

IFR NVEHMI) .EQ. 0 t.Ni=,-I
IF( NVEH(Il .EQ. I A N2=1

1800 CONTINUE
NVEHC= hl+N2
IF( NVEHC .NE. 1 1 GO ?TO -i40

00 1830 J=l3
CPFCFG( J I=0.0
CPFCCG( JI=0.0
CO 1820 I=I,NAMBtY

IFA IBM .EC 8 AND. IP( Ii EQ. 0 I GO TO 1820
IF( CPFFG.(1.J) ,*GT. CPFCFG4J) & CPFCFGJI--CPFEG&llJ)
IF( CPFCGlJ& J .GT. CFFCCG(J& i CPFCCG(J{=CPFCGlIJbi

ilbI CONTINUE
1820 CONTINUE
1830 CONTINUE

GO TO 1890
1840 CONTINUE

00 1889 J=193
CPFCFG(J)=0.0
CPFCCGI J)=0.0
DO 1870 1=L1NAMBLY,

!Fi NVEH(I& oNEý. 0 k GO TO 1860
IFt IBI ) .EC". 0 .AND. IP411 *EQ. J I GO TO 1850

IF( CPFFG4.I4J) .GT. CPFCFG(JJ I CPFCFG(Jl=CPFFGA{IoJh
IF( CPFCG.:]pbJO iGT. CPFCCG•J)I C PFCCGtJl=CPFCGdI.J)

1850 CONTINUE
1860 CONTINUE
1870 CONTINUE
1880 CONTINUE
1890 CONTINUE

RETURN
END.

SUBROUTINE 1116 (

* 207
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"÷ ATF ,BTF ,CCNVI vCONV2 ,CTF tEFF #ENGINE vFD
"+ *FCRCE ,GR ,fIP4G ,'ICONV1 ,1CONV2 ,IENGIN vIPOWER vITCASE
"÷ *ITRAN ,KII,16 ,LCC4i(P gLUN1 ,SMAPG
"* ,NGR ,PE ,PGWER ,RR ORPM• SPEED vSR 0TCASE
"* *TORQUE ,TQbND ,TR ,TRACTF *TRANS ,VGV ,TOPSPD tNPTS
"• rIERRCR I

C

C POWER TRAIN SCENARIO LE61C

C

C .1. VARIABLE DECLARAT.Ch
REAL ATF 2f|
REAL BTF (t2•)
REAL CONVI (24251
REAL CONV2 12.,25)
REAL CTF
REAL ENGINE l2,25)
REAL FO (,1
INTEGER IAPG
INTEGER ICONVI
INTEGER ICONV2
INTEGER IENGIN
INTEGER IPCWEP
INTEGER ITCASE
INTEGER ITRAN
INTEGER KII16
INTEGER LOCKU F
INTEGER LUNI
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 12#2011
REAL kR
REAL TCASE [21,
REAL TQIND
REAL TRACTF ( 28.5)
REAL TRANS 124251
REAL VGV 12i051
PF=2.0

C 3. ALGCR4THM
IFU'APG .NE. 11 GO TO 200

TF(,APG .EQ. 21 G0 TO 100

208

0



P'-2058t VOLUME Ii AEA3
APPENDIX A -LISTING OF FROICAAM N IRMMPAE-3

CALL TRAIN4
CONV1 4CO3NV2 ,ENGINE .C*ICONVI.

+ ICONV2 vJENGtLN sITCASE sITRAN #LOCKUP

+ ,EFF ,PRE G RPM4 rSPEED
4' SR *11ORQUE ,TIF sNGR tPE

+ 9.R qCASE ,TQINLJ #TRANS PIPOWER
+ #POWER vtU N I ,Kl1L16&

CALL FIT I
+IPOWIEk vAOMCE #SPEED

+ ,POWER vAT F t8TF tCTF
t. NGR ,ITRACTF 9VcV *IERROR 9LUNl K16

GO TO 400
10~ CONTINUE

MA PG =3
CALL FIT

1POWER v FORCE *SPEED
+ *POWER 9ATF selF 9,CTF
+ vNGR .TRACTf ,VGV t,IERROR *LUNI *KLI16)

GO TC 400
200 CONIINUE

[It IAPG .EQ. l) GC 'TO 300
CALL FIT

+ IPOWER ,FCRCE - SPEEDJ
4' POWER ,ATF 9 BTF iCTF

+ 9 NGR ,TRkACTF+ VGV #IERROR ,LUN1 sKI 116)
GO TO 40

3Z0 CONTINUE
MAP G=4
CALL ThA[N
t. CONVI wCONV2 ,ENGINE vFD *ICONVI

+ vICONV2 PIENGIN ,ITCAS E tITR AN ,LOCKUP
+ 9 EFF tFORCE ,-GR ,RPM #SPEED
+ 9 SR ,TOAQUE JT5 tNGR ,PE

+ vkR tTCASE rTQINO vTRANS #IPOWER
+' #POWER 9 LU d. .KII161

CALti FIT(
+ POWER PFGRCE #SPEED

i' POWER ,AT$ #BTF ,CTF
* NGR PTRACTf 9*VGV v IERROR tLUNI t KI11-6)

40 0 TOPSPO = POWERiSPEE~i.IfOWERI*(60./88.h/I12.
NPTS = INE(-ATOPSPD*,5b*4.h
CONTINUE
RET LRN
END'

SUBROUTINE AUTOM
+ ENGINE s,IENG~l\ OCONY1 91CONV1 t(C8NV2
I. PICONV2 vTQlNO oTRANS ipNGR ,Fc
+' iRR PPE wFOWER 91POWER .*RPM

9 ,ORCUE #SR oTR~ *GR sE4FF

C ,SPEED 9FORCE JLUNI 9111*1~

CC
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C AUTUMATIC TRANSMISSICN WITH TCRQUE CONVERTER
C ---------- ---------------------------

C 1 •VARIABLE DECLARATICel
REAL CONV1 (1225i
REAL CONV2 (.i 253
REAL ENGINE ( 2,v251
REAL ESMAX
REAL ESMIN
REAL Fu (it
INTEGER !CCNVl
INTEGER ICONV2
INTEGER IENGIN
INTEGER IPOWER
INTEGER EFF
INTEGER FORCE
INTEGER GR
INTEGER RPM
INTEGER SPEED
INTEGER SR
INTEGER TORQUE
INTEGER TR
INTEGER N
INTEGER NG
INTEGER NGR
REAL PE
REAL POWER i 2b 2 01 1"
14EAL Pi
REAL RPMIN
REAL RPMOUT
REAL RR
REAL SPOINC
REAL SRATIC
REAL TF
REAL TORCEIN
REAL TOROIN
REAL TQINC
REAL TRANS (-,o251
REAL TRATIC

C 2. ALGCRITHM
DC 16 NG=INGR

CO 150 N=1,201
ESMIN=EKGINERPUM i)
ESMAX=EKG IE( WPM;I ENGIN)
RPMOUT=( FIOWERISPEE(,NIA2.0/3.L*•159265/RRI

*'FDl G ,*TARANS4 GR ,NGI
110 CONTINUE

RPMIN= (ESP4NESMAXI/2.0
SRAT LO=RPI4CUT/RPMIN
LF(SRATIO ,LE, CCNVl(SR,,ICONVl) GO TO 120

SRATIOU=CNV1(SR.ICCNV I
lkf& CONTINUE

210
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CALL LINEAR (
+. CONVi VLCONVl ISR ORPM vSRATIO
+. *SPOING )

TOR QIN=TQlhl0#( RPOpINISFU~ND 1*#2 .0
CALL LINEAR

+. ENGINE .e)ENG1 N #RPM4 #TORQUE ,RPt4IN
tTORQEN I
IFf IESMA.X4ESPIN) .LEi I.J/60.0 1,IG13 TO 1.30

C EXIT LCU~
IF4Tl3RCEkA 4EQ. TCRQINt GO To 130

C EX IT L CUIP
IF(TORCEN *.LT. TORQIN) ESMAX=RPMIN
1Ff TORCEN mGT. TfCRCINI ESMINxRPH.IN
GO TO .110

130. CONTINUE
P1=PE*TGCRIN-diB0,0
IF( ABS(TCRCr4N-;TO)RCENJ .GT. ABS4PLI) I GO rO 141d

CALL LINEAR~ .
+CONV2 i#,CCNV2 t S P TR WSRATIO

+ *TRATIO I
TF= TOR CI N*TRATIO*TRANS(GR tNGJ

+ *TRANS "EF~f+NG).FDtGR)*FO4 EFFl/RR
IF(,POWERd&FRCEsN) .LT. TF& POWER(UORCEpN)=TF
LFIMPCWER .JLT* N) IPOWiER=N

140 CONTINUE
15 ko CONTINUE
160 CONTINUE
C 3.DIAGthOSTLC OUTPUT

1Ft KII116 .NE. 1 1 GOIG 300
hRITEi LLNI101I

190 FORMAT (1Hl .6H$AUTOIM,/
WRITE4 LUNi 920i1ii

2,00 FORMAT(l1HO 8HCONVI =J
WRITE(LUN1,aO0 I(CCNVUIIJI,I=RPM.SRJ9 J=1,iCJNVlI

210 FORMAT 41OX,*E14.8,2 Xt El14:8 e2XE14.8v,2XsvE14.8,2Xv El 4.8v2XiE14. 81
WR~ITEILUN192201

220 F0RMAT(iHO,8HCONV2 =1
IkRITE(LUN1#210I (LCCIVa4.Lt,J14l=TR;.SRIWtJ=1,ICONV2I
WiITE(LUhlt2301 EFf

2 3 0 FORM AT tIHO o8 HEFF = 1t
WIRITE( LUNI ,2401

240 FORMAT (lHiO8HENGINE =~
WRITE(LUN1,2101 f(ENG4EE(1,J1,1=FRPMTORQ&JE),tJ=1, IENGINI
WR!TEt LUN1,245) FD4EF.F4,tFUIGFý

245 FORMAT (IkiO,8HFD =,v~4eB#2X.E14-8)
kk~TE(HLUN1 #250) FCRCE:,GR9 ICONV1,IlCONV,2.,IENGIN,,IPOWERNGR

250 FORMATtlH0o8HFORCE =,)i4-i/v

+. H1H0,8WCONVi =,,f.4/IH0,8HIENGl-N #14!v/e
1HO98HIPWERwi =ý,14,/.,i-ev8HNýR ,4

WRITE( LUNI ,260 1
.260 FCRI4AT4ikI~p8HPOWER =1

211
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WRITE(LUNI,210) (I POWER( lvJl w=SPEED#FORCEl tJ=l pPOWER)
w~PITEI LUNI 270 1 RR

27t) FUkMAT IlHO 98HkRR =o. 8
WRITFL LU'I1,280) RP*~tSlfEEDtSRTORQUETR

280~ FCRMAT (lHklt8HRPM .r4.4v,tlh~s8HSPEE0 -,I*p .
+ 1H0vBHSR &*144,/,tl-08HTCRQUE =,14,t.v

4. HJ,SHTR =9f44
kRI TE( LUNI. 290)

291o FORMAT i HO SHTRANS =.1
WR!TEt LUN1 12LO) I (TRANI.J&i, I=GR 9EFF&,JzINGRI
kRITE(LUNIv3101 IQIND

310 FGRMAT QH0J,8HTQINC =*644*83
3031 CONTINLE

RETLRN
END

SUBROUTINE FIT(
+ POsWER ,FO-RCE ,SPEEi

+ #POWERP ATF *ETF 9CTF *NGR tTRACTF
+ ,VGV ,1ERROR ,LUNI ,KII1b)

c -- --------- q

C VARIABLE OECLARATICNS
C
C

OLMENSION A (3o4i
DIMENSION ATF 120)ý
DI1MENS ION BTF (20)
GIMENS ION CTF (2c)
01MEKSION POWER (2#201la
DIMENSION TRACTF(20,5)
DIMENSION VGV (20.51
DIMENSION X 43)
INTEGER BEGIN
INTEGER FORCE
INTEGEF END
INTEGER RIGHT
INTEGER SPEEC
LOGICAL MEMBER
REAL LOWER
REAL 14EDIAN

C

C

C INITIALIZE PRt3GRAM IN.L&CIES

C
PCT = 2.0
NGk=l
I ERROR=J
FMAX=0.
VMA X0.
00 200i I=1.1POWER
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IF( POWER(FORCE,{ 1.,GT. FNAX$ FMAX=PG40ER.(FORCE,IA
IF( POWERISPEEC,I) dGT. VMAX) VNAX=POWER(SPEEO, I

2100 CONTINUE
C
C -----------------------------eeeeeeeeeeeeeea e e e

C bEGIN BY FITIT.NG A QU'AGRATIC TO TIE FIRST THREE POINTS
C
C

DO 14',5 N=IIPOWER
IFZFOWERFFORCEPN .*EC. POWER(FCRCEsNd'11 GO TO 2100

LEFT=N
RIGHT=LEFT+2
NEXT=RLGHT4el
BEGIN=LEFT
END=RIGHT
GO TO 2110

2100 ATF(NGR)=POWER( FORCI:,qNtiJ
BTFiNGR 1=0.
CTF (NGRI=0.
LEFT=l
RIG$T= N+i
1FfPOWERIFORCEthll .NE. POWER4tFORCE,N÷211 GO TO 2172

2105 CONTINLE
2110 CONTINUE

DO 2121 IR=I,3
GO 2120 IC=.I1,4

Af LR,ICI=0.. 2120 CONTINUE
2i2 k CONTINUE
2122 CONTINUE
C

C BUILD THE "A" MATRIX FOR THE LEAST SQUARES FIT PROCEDURE
C-----------------------------.~~e
C

CO 2140 N=BEGINEND
IFIN-i .LT, I& GO TO 2130

C
Caaaaaaaaaaaaaaaaaaaaaaaaaa--- a -aaaaaaaaaaaaaaaa

C CHECK WHETHER TWO A0JACENT PCINTS HAVE THE SAME VALUE OF
C SPEED AS MIGHT OCCUR AS A GEAR SHIFT POINT.
C---------------------- ve...... --------eee

C
lF(POWERfSPEEC,,N) .EQ. POWERISPEEDN-1I

+ .ANC. FifT .sLE. N-.3& GO TO 2168
1F(fOGERISPEEt,NI .EQ. POW.ERISPEED, N-11

+ •.ANC4 LEFT oEQ. N-42' GO TO 2165
IFFGWER(SFEEONl .EQ. POWERISPEEDoN-ib

-..AND. LEFT aEQ. N-11- GO TO 2174
2130 A(3•4t=A(3t4 JI.GWERiFORCEtN#

A(2t4i=A(2,t4 )IPOWERIFORCE.Nb*( POWERISPEEDvNh/17.6)
A( 1,41 =A( 1,4)tPOWERiFORCE,tNiI POWERISPEEDONi/17*6)*02
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A(3,31 =A( 3,31*iii
Ad2o31=A( 2t3*AIP(WER4SPEECNk/17.6)
AU ,3)=A(*1,3)4,P()ER(SPEEO.N4/17.6)i*,2

Ai1,2l)A=,A(ll'IPCWER(SPEECtNb/1.7.6b'*4

2140 CONTINUE
A( 2 , 1)'=A( It2 1

A( 3,2)=A(2p3l
C
C -eeeeeeeeeeeeeeeeeeee

C CALL SLBROU1TLNE TO I.NVIRT '"AN MATRIX ANO SOLVE FOR
L. THE COEFFICIENTS TC Tfil FilTTE0 QUADRATIC

CALL SOLVER (A,*XA
X4 21=Xi 2)/17 .6
X1 1) X( 11 I11.6/11.b

c q~- -------

C CHECK NEXT POINT AGAINST THE MdAXIMUM NUMB8ER -IN ARRAY

IF(RiGHT#,l .GT. IPCWER) GC TO 2170
MEDIAN=X(3),X42,*FCbWERISPEEC.NEXTS.,X41)*POWER4SPEEDNEXT)**2
CI FFER=PCT*N EClAN100.j0
LOWER=MEDIAN-ClffiER
LPPEk=MEDI AN bCI'fER
I4EMBER=.TRUE.S
IFfPQWER(FGRCEtAIXT) .LT. LOWER), MEMBER=.FALSE.
I~PWRFREpAlT .GT. UPPEA)k MEMBER=.FALSE.

IF(.NOT. MEMBER) fiC TO 2170
RI GHT=R IGHT. I
NEXT=RIGHT'1
BEG! N=R!GHT
ENC=RIGHT

GO TO 2122
C
C-------- -
C STRAIGI-T LINE GEAR
C-- - - - - -

C,
2165 X(11=0.

R IGHT=RTGHT-,1
X (21=( POWiER(IiGRCE, RIGHT IPO)AERL FORCE. LEFT)S

( POWERt S8EEC.,AIGHTI-PUMER(SPEECLEFT)I
X(3,=POWER(FcPiCE.LEFTI-XL2).&poWERISPEEDLEFr,
GO TO 2171k

21b8 RIGHT=RDGHT-1
2170 CONTINUE

ATF (NGR )=X( 3)
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BTFdNGR #=X( 2b
CTF (NGR)=Xtll

2172 VGV(NGRt1) =POWER4(SPEEOLEFTI
VGV(NGR,51 =PGWER4S*EEEtRIGHT&
DO 2176 L=2,4

VGV(NGR*,L)=VGV(JNR#L-1i * (VGiNIGR.5) ". VGVINGR1lli/4.
2176 CONTINUE

DO 2177 L=1,5
TRACTFINGR,Lh=ATfifNG.RI + BTF(NGRI * VGV4NGRpLl +

. C.T•.lNGRI * VGVCNGRLi WGV4NGRLJ
2177 CONI1NUE

IF(CTF(NGR) .EQ. 0,.4 GO TC 2.173
CALL APPROXi

SPOwER ,FORCE ,SPEEO ,NGR .,LEFT
RRIGHT ,ATF .,-TF - ,CTF vIERROR

+ FFMAX ,VMAX ,LUNI I
IF(CTFINGRi .EQ. •.b GC TC. 2172
GO TO 2173

C
C ----eeeeeeeee . • --- - - a----.......------- ------- ------ - --.-

C BACKUP TNO POINTS FCR ARTIFICIAL GEAR AT GAP IN TRACTIVE FORCE.
C. -----------
C
2174. RIGFT=RIGHT-2
217.3 IFl N-1 .LT. 1) 60 .T 2175

IF( LEFT .LE. N-21. GO TO 2175
C

C IF A GAP IN THE TRACTIVfE FORCE DATA OCCURS SUCH AS AT THE
C SHIFT POLNT OF A ýMAtUA& TRANSMISSION, INSERT AN ARTIFICIAL
C -EAR WiFICH IS A VERTICAL LINE HAVING AZERO COEFFICLENTS AND
C MN. MD, OX SPEED VALUES EQUAL To THE VALUE AT THE GAP. SET
C THE MN, MX TRACTIVE FCIRCE VALUES EQUAL TO THE END POINTS OF
c T14E DISCONTINUITY,, ANt THE MD TRACTIUE FORCE EQUAL ro THE
C AVE,,AGE OF THE MN, MX VALUES. PROCEEG TO THE NEXT REAL GEAR.

Ceeeeeeeeeeeeeee-------------------------
C

.F(POWER(SPEEDth .ME. POWER(SPEECN-11) GO TO 2175
RIGHT=RIGHT *1
ATF(NGR)=0.
BTF(NGRI=O.
CTF(NGRI =O.
CO 2178 L=195

VGV(NGRL i=PCER(SPEED#RIGHTl
2178 CONTINUE

TRACTF(NGR I I=Pý4ER(FORCERIGHT-1)
TRACTF(NGR,5 J=PCU-ER(FGPCERIGHTkI
CO 2179 L=2,4

TRACTF(NGRL)4TRACTFINGRL-,, -

" iTRACTF(NGR1i5 - TRACTFINGR,5J 5. 4.
2179 CONTINUE
2175 IF(RIGHT*.2 .GTo. PCHER) GC TO 2180
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NGk=NGR.1
LEFT=RIGHT
P% IGHT =L EFT+2
NEX7hR IGHTt. I
B3EG IN=LEfT
ENOzRIGi~T

GO T0 2110
2180 CONTINLE

C------------------------------------------nnnnn
C TEST FINAL POINT.* FIT STRAIGI-T LIK~E IF FINAL
C, POINT LIES OUTSIDE (Cf AREV(US GEAR*

IF(kIGi-.T .GE. IPCWER) 60 TO i190
NGR NGft*1
LEFT=RIGHT
fRIGFTL EFT~l
BEG IN=L EFT
END=RIGHT
X(11=0.
XI 2 IzPOWER( FORCE, £%JCb-POWERI FCRCE.BEIGIN) a

+ ~(POWER(SPEEC.EbDI-POWER(SPEEOBeEGIN)J.
X(31=POWER(FORCE,,ENIB-XI,21*POWERISPEEC#END&
GO TO 2170

2190 CCNTINUE
C - - - - - -
C EXIT RCUTINE

IF( K1116 oNE. 1 I lGCTE 2300

C OXAGNOSTIC OUTPUT
C-- - - - -- - -

WRITEILUNI t21951
4~195 FORMAT(lH1,4H$FlT,/)

WRI TE( LUNI .2200)
22014 FORM AT IHOv8 HAT F

W'RITEi LUNI p22101I ~ATF,"t*GING=1.NGR I
22LJ FORMAT(10XE14.8,2XEI4.8,2XE14.8,2XEIA.8,2X ,El4.8,2XtE14.84

frR.ITEI LUN1,2220)I
2i24 FORMAT(1HO.8HBTF =1

bqRI TE LUNI 92210 1 ( BTFjE#hGlqNG=1,NG~A
WRITE(LUNI .22401

2240i FORMAT (lHO*8HCTF =1
WRITE(LUNlt22101 (CTF.lhGb#NG=INGR)
imRI TEI LUNI' *22601 FCRC E
WkITEILUNI*22501 IERRCkI

225a FORMAT(1H0,SHIERRGIP =,i14ý
2260 FfjRMAT.~jh@,bhFORCE =,v*41

WiRI T Et LUN1 v2 27 01 1 FGW E
iŽ270 FORMAT(lHO*8HIPOWEP ,4

WRITE( LUNI 2280) NGR
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2280 FORMAT (1 HO 8HNGR =04
WRITES LUN1 02320)

2320 FORMAT(lH0.8HPOWER =j
WkI4TE(LUNI*22101 ((OIIt)L1#2.N11OE-
WRY TELLUN1,2340) SfEEC

2340d FORNAT 41HO 8HSPEEO t1i44
itkITE4LUNI#2350)

2350 rFORMAT(lH0,8HTRACTe =1
WkITElLUN1.2k10) ((TRjOCTF(ANGLiLS1,58.,NG=1PNGRI
WRITE(LUNI,23701

2370 FORMAT41H0.8HVGV =
WRITEILUNlv22,101 I .- VNLý#=# i G1NR

23ý00 COlNTINUE
RETURN

END
SUBROUTINE SOLVERý tAwki

C

C MATRIX INVERSION SUBRC#IITINE

C

c VARIABLE DECLAkATIGNS

ELMENS ION A( 3,,41
DIMENSION 8(3,4)
OIMENSION X(31
INTEGEF COLUMN
INTEGER ROW

DO 201 POW=1,3
CO 10J COLUMN=1,,4

24 ROWo,COLUMN 3=ALR4fiW*CGLUMNl
10, CONTINUE
20 CONTINUE

DC 50 KPIVOT=l .2
c

c NORYALIZE W.RiT. PlUCTAL ELEMENT

NPI VOT=5-KPIVOT
Db 30 KCUNT=1*NF;IVCI

COLUMN=5-KOU NT
84 KP!VOT, COLUMN I-8L KPIVCTCCLUMNI

iB(KPIVOT, KPIVOT)
-ýo CONTINUE

KEL IM=K PIVOT 1l

C PERFORM ELLMINATIC#ý CN ROWS OF MATRIX A
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C

00 45 kCW=KEL!Mt3
CO 40 COLUMN=KE.tJ•M4

B (ROW COLUMN $-,4IB OW* COLUMN I
+ "IB( RGW. KPIVOTI/BIKP{iVOT 9KPIVOT•I

*•4K PIVOT ,COLUMNt
40 CONTINUE
45 CONTINUE
50 CONTINLE
C

C PEkFORM BACK SUBSTITUTION TO CBTAIN
C COEFFICIENTS Xillo X(21# X43)

C------------------------~~----

X01z B(3 ,4) B( 3 t3l

CO 70 KBACK=Z3
I COEFF=4-KBACK
KTE RMS= ICOEFF.-l
0=0.
00 60 COLUMNzKTERMSi3

C=Q*.B !COEFF,CGO4.UNI*X(COLUMNI
60 CONTINUE

X( I CuEFF)= ( B( LCGEFF,41-Qi dB(ICCEFFtICOEFFI
70 CONTLNLE

RETURN
END

C SUBRCUTINE APPk•OX

+ (POWER ,FGRCE *SPEEt5 9NGR ,NLEFT ,NRLGHT
t. ATF ,BTF ,CTFt ,'ERROR ,FMAX

,VMAX ,LUN11
C

C COMPARISON OF A SECCN£ CRDER POLYNCMIAL CURVE
C FITTED TO THE POWERTRAhN CATA AND A STRAIGH4T
C LINE FITTED EXACTLY BETWEEN TWC AGJACENT POLNTS.
C --- - --------

C
C

CCIME VANIABL E TECLARAT ICNS
C

DIMENSION ATF 120)
DIMENSION BTF i19
UIMENSION CTF 426
DIMENSION POWER (,2201)
REAL LINEO 1jae0
REAL LINEI (IaoI
INTEGE' FORCE
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INTEGER SPEED
REAL QUADO
FE-A L QUADI
REAL QUAD2
REAL XCOORD 121
REAL YCOORD 12,214

C
C
C. 2. ALGCRilTHM

00 200 N-NLEFT,NRlGIHT
)(COORD4 NI =PCW ER (SPEED N I
YCOOR0( N) =PCW~ERlffORCE,NA

200 CONTINUE
QUA CO=A TF NGR 1
QUAC1=gTFI NGRI
QUA£2 =C1FI NGRlý

CALL LINESI
NIEFI #NRIGHT *XCOCRO *YCCCRD .LINEli vLLNEll

CALL RESIOUI
NLEFT NhRIGHT ,XCOCRCt vYCOORD 1 lINEO vLINEI

+ QUA00 ,QUAD1 ,QUA1.2 91,tEORi ,FHAX
+ *,VMAX ,LUNI)

AIF (NGR I =QUADO
BTF (NGR )=QUACI
CTFINGk)=QUAD2

Cb'NT IN UE
RETURN

E N~D
C

SU8NkOU7INE LINES
+ NLEFT ,NRIGHT A~CCCRO ,YCCGRO PLINEO tLLNE11

C EXACT LINEAR FIT BETWEIN TWO ADJACENT POINTS
C - - - - - -f - - - - - - - - - - - - - - -
C
C

Cý 1. VARIABLE DECLARATIChiS
C

REAt LI~NEO 11201
REAL LINEl 112-01
INTEGER SEG
INTEGER SEGA
INTEGER SEGb
REAL XCOORO (2013-
REAL YCUORD 1201*

C
C - - - -
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C 2. ALGCRITHM

C SFGA=NLEFT 41

SEG E=NR LGHT
DO 200 SEG=SEGA#SEICB

LINE1(SEG)=(YCGC~iO(SEG)-YCOORC(SE.G-1 U
+ /( X CORGC4S E G -X COURD S EG-114

LI NE0(SEG I=YCGO PE S EGI-L INE 1I(SEGJ*XCQQROLS EGI
2 0 A CONTINUE

RETURN
END

SUBROUTINE RESIDU
+ (NLEFI ,NRIGHT oXCOGRO sYCCORD .LINEO ,LL-NEl
+ #QUAD0 #QUAD1 #CUAC2 *IERUROR *FMAX
+ VMAX tLUNI)

c

C RESICUAL BETWEEN FIRST ANt SECCND ORDER POLYNOMIAL FIT

c
C

C

REAL ERROR (1201
REAL LENPPA
REAL LENPP-B
REAL LINEO (12215
REAL LINE1 1i20
INTEGER SEG
INTEGER Z
INTEGER SEGA
INTEGER SEGB
INTEGEP SEGI
INTEGER SEG2
REAL QUADO
REAL QUAD1
AEAL QUAC2
REAL XCOORD 4201A
REAL YCOORO Qi2ih

C 2. ALGCR4THM
C - - - - - -
C
c-- - - - -

C A. FUNCTIONS
C - - - - - -
C
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C 1. FIRST ORDER FeLYNOMIAL
ALLNE(ZrXI=t:IhE0(Zl+LINEI(Zi*X

C 2. SECOND ORCER POLYNtCPIAL
QUAD(-XI =QUAD0tQU A01 !,X+ QUAD2 X'X**2

C 3. RESIDUAL
RESID(ZtX )=ABStQUAD(X)-ALINE(Z ,X1 )

C
Ceeeeeeeeeeeeeeeeeeeeeeeeeeee•"e" --- . . .-------------------

C B. CIFFERENCE CALCULATION BETWEEN QUADRATIC CURVE
C AND THE STRAIGHT LINE FITTE13 BETWEEN TWO ADJACENT POINTS.
C, - ------------- - - - - - - - -- e e

C
PCTI=0.05
PCT2=0.0l
SEGA=NLEFT +I
SEGB=NRTIGHT
CO 250 SEG=SEGA,,SEGB

C
C -I-----------------------------------------------

C FINC TkHE VALUE CF X WHERE THE ,IFFERENCE BETWEEN
C THE QUADRATIC ,CURVE AND TI-E STRAIGHT LINE VALUES
C OF Y ARE A PAXIAUM,.

C
XP4JI.NT=(LINEU|SEGh-QUAOlI4J2.*QUAD2)

IF(XPOINT .tl XCOCRD(SEG-iý .OR.
XPOINT.,(,*t, XCOCRD4SEGII GO TO 230

C

C CALCULATE THE SLOiPE OF THE QUAERATIC AT XPOINT

C
SLOPE=2.#OUAC2*XPOINT + QUADI

C

C.--------------------------
C CALCULATE THE MAX-Itwi$4 -DISTANCE BETWEEN THE CURVE AND
C THE STRAIGHT LINE IE THE .MAXIMUM OCCURS BETWEEN
L. THE END POINTS CF ThE LINE.

Ceeeeeeeeeeeeeeeeeeeeeeeeeeee------------eeeee
C

ERROR( SEk&.=RESlCl SEG.,XPOINT)
GO TO 24.0

C

23-0 LENPPA=RESIC6SEGXCCORD(SEG-1l,1
LENPPB=R ES LC0SEG1 XCOORDI SE•G•A

C - ----- ~ w -e--------- ----

C CALCULATE DLFFERENCi BETWEEN CURVE ANC STRAIGHT LINE
C IF THE MAXIMUMECCCURS AT ThE END POINTS OF THE LINE.

C
ERROR( SEGt =AMAX I1 LENPPALENPPBJ
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IFIERkOR(SECA e.EC. LENPPAJ XPOINT=xCOORO(SEG-1)
IffERROR(SE-6t 4EQ.. LENPPB) XPOINT=XCOORD(SEGO
SLOPEz2.*QUA02*X'POINT + QIJ.AO1

C CALCULATE THE NCRMkb.IZED SLOPE
C FOR THE ENTIRE FOWERTRAIN CURVE
C ----------------------. ~4-------
C
24 W SLO PE K=A 6S iStPE*V1v X /F.MJAX8
C
C------------- ---------- aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

C CHECK WHETHER CURVE EXTENCS BEVOND M4AXIMUM TRACTIVE FORCE
C IF SO, FIT STRAIGHT LINE EETWEEN POINTS AT WHICH THIS OCCURS.
C---------------aa
c

cmAX= AMA XI(CIAC (XPC INT ),,CQUAD (XCUORCiSEG-1 13
+ C#tJAO(XCOORO( SEG10 b,

If:(QMAX'.GT.. VNAA10 Ga TO 260
C
C - .-------------- -aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

C CALCULATE ALLCWABLE 'ERFOR EETWEEN QUACRAT IC,
C CURV~E AND STRAIGhT L2INE WHICH INCLUDES VARIABLE
C ERRCR BASE& ON THE 'AflRPALIZED SLOPE.
C -------------------------aaaaaaaaaaaaaaaaaaaaaaaaaaaa

C
ALLOW=l(CUAtdXCOORE(SEG-1l~b # QUADIXCOOR~gSEGI)4/2.)e'

+ PCT1 A SLCPEN*PCT2.Q4&AO41XPaINTl
MFALLOW I GT. EMROPISEGII 160 TO 250

SEG1=SEG I
SE&2=SE6 42
WRITE(LUNl,22110) SEGI*SEG*SEG29SEGI
IERRORSI.

2503 CONTINUE
GO TO 270

260 QUAD2=kJ.
CUAD1=LINEl *SEGI
QUA 00=1.1E ' E4SEGb
NRLGHT=SEG

2200FOkMAT4iX.oJ2K-UFVE FIT ERROR~ EXCEEDEDJ BETWEENt1Xs
+ 12HOATA POINTS:,92i3,r/
I. BX.38HINSEAT DATA POINT~ 8ETwEEN DATA PO)INTS:.*2I3b

270 CONT[NUE
RETURN

E Nb
SUBROUTINE LINEARt A AiFPAYstARRAYsINCvMDEP.XtY I-

C
OLMENSION ARRAY(2,50)

C
C-------------------------
C LINEAR INTERPOLATICh SUBROUJTINE
C ------- -------------- ---- ---
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IF( ARRAY(IND0lb *LE* ARRAY4INOIAkRAYI I GO TO ili
C THE VALUES IN ARRAY6•I,JI ARE NOT ASCENDING3

STOP 4
11 1 CONTINLE

IF( X .GE. ARRAY(IND,.l I GO TO 120
Y=0 .0
GO TO 150

12i CnNTINUE
IF( X .LE. ARRAY(IND,IARRAY) I GO TO 130

Y=1 .0
GO TO 150

1i0 CONTINUE
NTEMPI I AkRAY-1
DC 140 N=1,NTEMP1

IF( .NOT. ( tX .OE. AARAYMINON)).•ANO.
+ (X .LE. ARRAY(INDvOt'4 4  .1 ) GO TO 140

Y=ARRAYt MDEPN1 ARR AY MOEP* N+i-ARRAY (HDEPN1 1*
+ t X-ARRAYi IND.OS)bl 1/l ARRAY(IND,PN*,l)-ARRAY(INDNI I

GO TO 150
14k1 CONTINUE
C ARRAY CANNOT BE INTIRPLOATEC

STOP 5
150 CONTINLE

RETURN
END

SUBROUTINE STICK (
+ ENGINE ,IENGIh .TRANS ,NGR .FD
+ ,tRR tPOWER 04|PUMEF , RPM ,TORQUE
+ ,GR tEFF -SPEED ,fORCE vLUN1
+ ,KII161

C
C
C MANUAL TRANSMISSI[O! R(UTINE
C

C 1.; VARIABLE DECLARATL(h
REAL ENGINE .120251
REAL ESMAX
REAL ESI4iN
REAL F0 ( 2m&
INTEGEF, IENGIN
INTEGER IPOWER
INTEGER EFF
INTEGER FORCE
INTEGER GR
INTEGER RPM
INTEGER SPEED
INTEGER TORQUE
INTEGER N
INTEGER NG
INTEGER NGR
REAL POWER (;201I
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REAL RPt'EN
REAL Rk
REAL TF
REAL TORCEN
REAL TRANS t~i.25)

2. ALGCRITHM
E SM IN =E NG INE ( R P ',1
ESMAX=ENGINEtRP', LE~hGLNl
DC 120 NG=1,NGR

CO 110 N=lt2~1
RPMEN= ( PCW E646PEED, N) /24idY3S:4159265,/RR I*

+ FO'S GRI)#ERANS1G~sNG I
TF(RPMEN .LT. ESPOINI GO TO 110

IFIRPMEN .ET. ESMAX) GO TO 120
C EXIT LZOP 11.0

CALL L INEARiENIGNiEIENGI.N.RPMTORQLIERPMENTORQENI
TF=TORCEN,*TAIRANS( CRNG *TRANS( EFFNGA

+ ~*FD4iGR3Afif~EFF5/RR
IF IPOW~ER( Fl9RCE#N) .LT. TFI POWERAFORCEYNI=TF
FIMPOWER 40, NO IPOWER=N

110 CONTINUE
120 CUNIINUE

CC 300 N=2#IPOWER
NN=IPO&ER - N
IF( POWER( FCRCE*NNS -EQ. 10.1

+ PCWER(FORCE9ýb)e PC4WERiFCRCE,*NN~15
3Jk, CON U NUE

L 3. DIAGNOSTIC OUTPUT
IF I K1116 *NE* I1) GOTC 210
WkITEt LUN1.100)

10rý ftORMAT~kt1.6Ii$STICK,/.l
WrRI TE(LUN1 sl15 I EFF

115 FORMAT41H0,8HEFF =*h41
WPITE( LUNI,125)

125 FORMATt1H0,8)PENGINE =1
WKNITE(LUN1,1303) ((ENGýIaE(JtJ).1=RPM.TORQUJE),*J=1.ENGINI

130 FORMAT (IOX961E14*8 t2X 16
i'PITE4LUNI .140) (FOIL144=1,21

140 FuJRMAT41HO,8HFD =v.UEl4.8t2Xl)
hmi1TE:LUN19150) FGRCE,.9IR.ýIENGINIFPOWERN.NGR

15k; FtRMATt1Hid.8HFORCE =j~44./vlh0v8HGR 94*j
+ 1kI~.8HIENGItN =.4I4./,1him8H-IPO~jER ,=14'#/*

1H0,8HNGfR ttl
W~kiTE (LUN1 160 )

1birJ FuiRMAT4 1HO t8 HPOW ER
6P ITE( LUN~i tliO) ( tPCWE~4l lJ) s1=SPEECq FORCE I-J= 19 1POWER I
Wl% ITE( LUNI 9170) RPoM

17V FOIRM AT-(I HOt8 HR P 1 .v1
WF'ITE(LUN1,180) RR

I1akj F6RMAT(1HO.8HRR zt.#114*81
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WRITE(LUN1,190) SPEED
19k FORM AT 1H•i8HS PEED =,.I4)

wRI TE (LUN1 ,200)
200 FORMAT(IH0,BHTRANS =1

WRITE(LUN1,1301 ((7TRAt'S"i•,eIGR, EFFIbJ=1,N6RR•
210 CONTINUE

RETURN
END

SUBROUTINE TRAIN A
+ CONVi vCONV2 .ENGLNE ,FC sIGONVI
"+ ,ICONV2 ,lENGI h *4TCASE ,.ITRAN PLOCKUP
SEFF ,FORCE • GR ORPM ,SPEED

+ tSR tTORQUE JTR. t NGR VPE
+,RR 9TCASE T1QINO ,TRANS , IPOWER
+ ,POWER tLUNI 4 KIIi.61'

C

C --.----- - --

c CONSTRUCTION OF THE VEHICLE
C TRACTIVE EFFORT .VERSUJS,. SPEED CURVE
C FROM POWER TRAIN CATA
C --- i-•.•-*•- - .Iw .-? ------ , -• -w- -'.*---•.... .-
C

C 1, VARIABLE DECLARATICIN
REAL CONVI 2 is25)
RE.AL CUNV2 (242.51
REAL ENGINE 1(2ii25)
REAL FO 1,21-
INTEGER ICONVI
INTEGER ICONV2
INTEGER IEKGII!
INTEGER IPOWER
INTEGER ITCASE
INTEGER LOCKUP
INTEGER EFF
INTEGER FORCE
INTEGER GR
INTEGER RPM
INTEGER SPEED
INTEGER SR
INTEGER TORQUE
INTEGER TR
INTEGER N
INTEGER NGR
REAL PE
REAL POWER (Z2i01)
REAL RR
REAL TCASE 4 .i
REAL TQIND
REAL TRANS (;2.51

C
C 2, 4LGCRI.THM

IPOihER=0

225
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DC 2010 N~1 ,2fd
P~OWER~(SPEED, ho=FkGATI N-1)0*051*1 88,46i0.J12.0
FOWEiRL FORCE# hI =J0

21610 CONTINUE
C------------ -
C ADJLST TRANSIPISSIOK INPUT FOR ENG-INE
C TO TRAN~SMISS ION TRAWSER -CASE
C-:

IFI ITCASE .EG. 0 1 GO TO 2021
CO 2020 N=1#IENoGAN
ENGINEd RPMNI=k EN GINElRPM#NllTCASE( £R)
ENIETRUtlNfN(OCEptTA~GITAEEF

2x,.LoCONTINUE
i:0 .11 CONTINUE
C -------

C CHOCSE TRANSMILSSION TYPE
C---------------------r

IF( ITRAN *EC. i 1 .60 TO 2040
CALL AUTCH~

+ENGINE ,IlEN6f4N 9CONV1 ,ICONVI 9CONV2
+ ICONV2 PTQTIU veTRANS sNGR #FD

+ 'RR PPE v FOiWE P vW POWER IPPH
+ TORQUE tSR tTR *GR EF

+ ,SPEED ,FCFCE 9LUNI 94K1116.J
IF( LOCKUP .EC. A k G0 TO 2050

20.40 CONTINUE
CALL STICK4

+ENGINE .-#ENGIN ,TRANS ,NGR *FD
+ ,RR P~OWER aIfOWER v RP14 ,ORQUE
+ tGR .*EFF vSPEEI2 tFORCE vLthNl

+ oKIllbl
2050 CONTINUE
C
C 3. DIAGNOSTIC OUTPUT

IF( K1116 .NE. 1 I GOTO 364
WkI TE ( LUNI .1901

19, FURAT 11H I 6h$TRA I h./)
WRTE( LUNi, 2@0)

2wo FORMAT (IHO *8HCONV 1 =1
NPITE(LUN1,2101 (ICCNVJ(I,,JhItRPMSRIJ=1,ICONVII

2i0 FORM AT 1 OXE14. 8r2 XvE,14ý 8it 2X *E14.8 v2 XsE14,8si8,4E-14.8go2 XoE 14. 8
WRI TE(LUN1,2201

220 FORM AT (IHO v8HCONV2 =J
WRITE(LUNI,2101 ((CONV,4IJ*.I=TR.SR),JJ.*ICONV2I
hRkITE(LUN192301 EFf

231c FORMAT (1HO,8HEFF =,f4l
wR4 THd LUNi .240)

240 FORMAT IHO 98HENGINE =1
ýok~ITE4 LUNI,2101 (IENGIhiEdI.4a,1=RPM.TORQUE3,j=1,1ENGINI
hPI THd LUNI .2451I FD( EF~boFCI GFJ)

245 FORMAT(1H098NFD =,II4.*$t2X*E14*8)
Wf(ITEi LUNi .250) FORCE.,6R~lCONV1,1CONV2,IENGINo,ITCASE, ITRAN,

226
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#. ~I POWEROLOCKUF, NGR
250 FQRMATIIH498HFORCE =,414 #/*

+. HO98HGR =#J.4*ill2#8HICONVl =1,94/w
+ ~I HO t8HICCNV2 =,t14*l.*lk0v8HIENGlN =#14*.1,,
+ I HO 8HITCAS E =ti4**/*.1IHfj8HlTRAN -vI4ofiv

+ 1HO..8H!POWER =0t4s,#lHI~t8HL0CKUP -,044pI
+ 1HO,.8HNGR =,t441
i*RITE( LUN1,260)

2btJ FORMAT11H0,BHPOWER =j
WRITE(LUN1,.2101 4(PCWE9414I,J),=SPEE0,FORCEIJ=ltIPO)WERI
hRITE(.LUN1I.2701 RR

270 FOiRMAT41H0,8HkR 64E.4.8 1
WkITEl LUNi t28O) RFP#,S~fiEl0SRvT0RQUE*TR

281o FORMATf1HO,8HRPM =.,J41v'.1-vJ08HSPEED 9,14#/,#
+ 1H0,8HSFR .)v,14.t/*lHl8HTORQUE ,!44,/AV

+1Hi0,8HTR h1f4l
WR!TE(LUN1.2851 ( TCAS E64bit !GR tEFf t

285 FORMAT4 IHO tSHTCASE =,4J(E14o 8 t X I
WRITE( LUN1I*.290)

290 FORMAT IlHkl,BHTRANS =1
WRITF(LUNI,210) (4tTRANS*(z&J1 ,=GR.EFFI*J=1.NGaRý
4'iRITE(LUN19310) TQILD

310 f0RMAT(lH~,8HTQIND =*E14*8i
300 CONTINUE

RETUI.RN
END

SUBROUTINE 1117(
+ CID) IDIESL tGCWC S.AABLY ,NCYL ,NENG0 ,NGR ,NVEH r , M A~ ,RMX orRR sTRACTF I

C
C-- - - -
c ROTATING MASS FACTCRS
C

C 1ý VARIABLE DECLARATICN~
REAL IDIESL
REAL MF1
REAL MF2
R EA L NCYL.
REAL NENG
INTEGER NVEH (2-41
REAL RMX .(29-1
REAL TRACTF Q26 5)

C 2. ALGCRITHMS
MF1 = 1.03
ETA = 0.9
DO 1710 1 =1NA$B8LY

IFINVEHIU) .NE* -w) G0 TO 17 10
MF1 =1.14
ETA = 0.7
GO TO 1720
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1710 CONTILNU E
1720 MF2 = (. •8dh((ICLESk*CIDI01,.681/NCYL/GCW.b*NENG

IC 1730 NG=l ,NGR
CR = TRACTFONGO3 I)RR/ETA/QMAX
RMX(NG) = MFl4.r NF2*GR*GR

1731o CONTINUE
RETLRN
END

SUBROUTINE TERTL

C TERRAIN TRANSLATCRS
C
C
C
c 1. LABLED COMMON ASS148MENTS

COMMON /10/ O UOF
COMMON /10/ KBUFF
COMMON /10/ LUNI
COMMON /10/ 'LUt2t
COMMON /10/ -4Jih3
COMMON /10/ LU.N
COMMON /10/ LUN5
COMMON 110/ tLUt6
COMMON /10/ -LUN7
COMMON /10/ LUN8
COMMON I /10/ LUJN9
COMMON /10/ -LUN1Z
INTEGER PC
COMMON /INDEX/ *G
INTEGER CQWN
COMMON /INDEX/ CEFN
CNTEGER EEF
COM MON G IN.EX/ E E
INTEGER 'FORCE
COMMON /INDEX/ FQiCE
INTEGEk NGR
COMMON /INDEX/ CRE
CNGEMR0N /INDEX/ LSWEL
INTEGER As
COMMON /NDEX/ MWN
INTEGER /NX R
CGEMPN SINOEXI E
INTEGER SPEEC
COMMON /INDEX/ SQEE0
INTEGER SR
COMPON /iNDEX/ SR
INTEGER T P
COMMON /INCEX/ TR
INTEGER T1,CUE
COMPON /INDEX/ TORQUE
INTEGER UV
CCMMON /INDEX/ lJ
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INTEGER
COMMON /INDEX/ ex
COMMON /TERRAN/ AA
COM4IMON /TERRAN/ AOTAMS
COMPON /TERRAN/ AR~EA
COMMON /TERRAN/ A1FEAC'
COMMON /TERRAN/ -C4
COMMON /TERRAN/ LIST
COMMON /TERRAN/ LIANG
COMMON /TERRAN/ ECF
COMMON /TE1RRAN/ ELEV
COMNON /TERRAN/ FNU(3
COM MON /TERRAN/ 4RADE
COMMON /TEI(RAN/ WaZs
COMMON /TERRAN/ 4GST.
COMMON /TERRAN/ J I~OAD
COMMON /TERRAN/ 4s .49)
COMMON /TERRAN/ IST
COMMON /TERRAN/ 4ZJT
COMMON /TERRAN/ h~i
COMMON /TERRAN/ "~.U
COMMON /TERRAN/ L-AW
COM YON /TERRAN/ COAA
COMMON /TERRAN/ ESH
COMMON /TERRAN/ -£CO
COMMON ITERRAN/ CBS
COMPON /TERRAN/ -Caw
COMPON /tERRAN/ CBNMINW0COMMON /TERRAN/ C0lA
COMMON /TERRAN/ NWA'SI--
COMMON /TERRAN/' IADC
COMMON /TERRAN/ FG I
COMMON /TERRAN/ RCIIC 441
COMPON /TERkAN/ RCURV (ill
COMMON /TERRAN/ RE
COMMON /TE1RRAN/ f-C.A (121
COMMON /TERRAN./ S 495
COMPON ITERRAN/ S c 495
COMMON /TERRAN/ SOL (95
COCMMPON /TERRAN/ SURFF
COMMON /TERRAN/ TANPHI
COMMON /TERRAN/ T l T A 4-3)
COMMON /TERRAN/ .,VURV (49111
COMMON /TERRAN/ WA
COMMON /TERRAN/ tA
COMMON ISCEN/ C4iHES
COMMON ISCEN/ VWALK
COMi4ON /SCEN/ COLMAX
COMMON fSCEN/ 4AMMA
COMMON /SCEN/ 14v E R
COMPON /SCEN/ itEASN
COMM~ON /SCEN/ 4SURF

* 229
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COMPON /SCEN/ ishow
COMMON /SCEN/ Kill
COMMON /SCEN/ 1112
COMPON /SCEN/ KM1
COMMON /SCEN/ K(114
COMMON /SCEN/ K 145
COMPON /SCEN/ 91:16
COMMPON /SCEN/ Kill7
COJMMON /SCEN/ KI18
COMMON /SCEN/ K1(19
COMMON /SCEN/. K110
COMMON /SCEN/ Kli11
COMMON /SCEN/ K1112
COMMON /SCEN/ K4113
COM PON /SCEN/ 1(l1, 14
COMPUN /SCEN/ K.411 5
COMMON /SCEN/ K141-
COMMON iSCEN/ 91,1117
COMMON /SCEN/ KMAP
COMMON ISCEN/ 4(ICE N
COMMON /SCEN/ KIPP
COMMON ISCEN/ KVEH
COMPON ISCEN/ KMIW
COMMON /SCEN/ KIW2
COMMON ISCEN/ K4W3
COMMON /SCEN/ I'1V4
COMP'aN /SCEN/ 1(4V5
COMMON /SCEN/ KIV6
COMMON /SCEN/ *K.V7
COMMON /SCEN( IWOV
COMpON /SCEN/ KJY9
COM MON /SCEN/ K1vio
CCMMON /SCEN/ KAV I I
CUM MON ISCEN/ N"~12
CCOMON /SCEN/ K4V:13
COMMON /SCEN/ KI(I14
COMMON /SCEN/ K-IMlS
COMMON /SCEN/ NI'V16
COM4MON /SCEN/ KIMI7
COM MON /SCEN/ KWIWI
COMMON /SCEN/ KJVIS
COMMON ISCEN/ I2
COMMON /SCEN/ X1(V2 1
COMMON /SCEN/ t c
INTEGER CSTAIL
COMMUN iSCEN/ C IT AIL
COMPON /SCEN/ MAP
COMMON /SCEN/ 0N
COMMON /SCEN/ PCNTI-
COMMON /SCEN/ bef
COMiMON /SCEN/ NSILI P
COM MON /SCEN/ KTRAV
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COMMON /SCEN/ NZUX
COMMON /SCEN/ 14
COMMON /SCEN/ -1C
COMDPON /SCEN/ JR&FOG
INTEGER SAARCH
COMMPON /SC.EN/ Sr1ARCk1
COMMON /SCEN/ SLOT YPC
COMPON /SCEN/ VIRAKE
COMPON /SCENI VISMN
COMMON /SCEN/ -VU'IM
COMPON /SCEN/ ,ZSINCW

C 2. ALGCRITHM
IF( MAP .EQ. 74) GO TO 2019.

IFIMAP *EQ. Ilk~ 6O TO 2015
C
C CLASS INTERVAL TEiRRMJN TRANSLATOR
C

CALL MAP71(
+AA PACTRMS #AREA gELEV ,GRAGE 91 EOF tIOST 0 is

* 1ST PITUT ,LUN,2 ,NI I NTIJ tNTWX ,OBH r0BL
+. "CiBS ,OBw ,RCLC ,RD t5 *-so qSDL tSEARCH
+ twD )

C DIAGNOSTIC OUT~PUT LIST
NAt4ELIST /XMAP71,/

+AA 9ACTRMS ,AREA 9ELEV ,GRAOE 9IEOF .1051 v15
+. 1ST t.ITUT *LUNZ 9NI *NTU vNTUX ;9OBH rOBL
+. VoBss t08W *RCI. L RD tS s5 t* SDL ,SEARCH
+ sWD

IF4(KMAP.,EQ.1) .ANCI (1IEOF.EQ-0iiI W6RITEILUNloXMAP711
GO TO 2020

2010 CONTINUE
C
C NATURAL TERRAIN UNJIS TRANSLATCR
C

CALL MAP74t
+AA ,ACTRMS 9AREA 9 EL EV VGRACE o IEOF V IOST is5

+. IST fITUT , LU N2 ,I4ONTH ,tNI tNTUJ INTUX ,OBH
+ *OBL IOBS 9 CBW *RCIC 9RD *RDA PRDAI *RDA2
4. ,ftA3 ,ROA4 t5 9SD .501. tSEARCH vWD I

C DIAGNOSTIC OUTPUT 1.45T
NAMELLST /XMAP74/

+. AA ,ACTRMS ,AREA vELEV PGRADE PIEOF O.1051 vIS
+ 1ST ,ITUT rLUN2 ,I4ONTH vNI tNTW INTUX ,oBH

+ ,08L .085 , CBW 9RCIC #R0 ,RDA PROAl tRDA2
+. rRDA3 ,ROA4 Is .50 ,SDL *SEARCH *,WD

c DIAGNOSTIC OUT~PUT
IF((KMAPwEQ.I) .ANC., 4IEOF.EQ.011 *WRITE4LUN1.XMAP741

Go TO 2020
c
C ROAC NET TRANSLATOF
C
2015 CALL MPRD74(
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+ACTRMS ,CURVV tClST sEANG t ELEV qFMU *GRADE
0.rI E0F *IkOAG t1ST. qITUT 0 IURB tLUN2 vNTU tNrUA

+ ,NVASHO MtONTH ,fRACC ,RCURV ,iRC tROA vROlFOG ,RCI
+ ,SEARCH ,SURFF týCUPM I

C ODIAGNOSTIC OUTPUT 4.31ST
NAMELIST /XROAC/

+ ACRIRMS ,CURVV 9CIST ,EANG tELEV ,E14U rGRADE
f IEOF ,IROAD ,IST ,lTUT 1,IURB gLAJN2 tNTU vNTUA

+ #NVASHO MNONTH p RADC tRCURV laC ,RDA ,ROFOG t RCIC
f SEAKCH *SURFF *VCURV

IF4 4KMAP .EQ. 1) WAJ. WIECF .EQ. 01-1 WRITE(LUN1,XROADI
20~2h CONTINUE

IF( HOF .EQ. 11 GO 180 4900
C
C TER~AAN PREPROCESSCR
C

CALL TPPi
+ AA tACTRMS *AREAII ,CI sECF 9ELEV tGAMMA ,GRAOE
#- PIOBS 91SEASN ,!SN-CW t1ST strut ,NI vOAW ,OBAh
+ ,UBH ,OBL 6,CBMINW toes 9081 *ODiA 9PHI ,RAOC
+,RC.1 ,RCIC 0 PO tsTANPHI *THEPA vWA vZSNQW

C D&AGNOST&C, OUTPUT LiST
NAMELtST /XTPP/

+ AA .ACTRMS *AREAG iCI vECF tELEV *GAMMA 9GRASE
+ IOBS ,ISEASN tISNCi ,LST tITUT ,NI ,OAW 9013AA

+ 10&H 90BL v CB MilhW POBS -p08w 9004A vpHL 9RADC
+ RCI ,RCIc ,RO PS 9TANPHS rTHEIA ,WA IlSNOd

C DLAGNOSTIC OUTPUT
IF(KTPP .EC. 15ý WRITE(LUN1,XTPPI

C 4. TERMINUS
4000 CONTINUE

RET LRN
END

SUBROUTINE AREAL
C,
C,
C.
C
C. 1. LABLEO COMMON ASS-IAiNMENTS

COMPON /10/ IOCF
COMPOiN /10/ KSUFF
COMMON /10/ L~DIN
COMMON /10/ ILQN2
COMPON /10/ iW63
CaMfMON /10/ LUdN4
COM POON /10/ iUWi5
COMMON /J0/ Lb4N6
COMPON /101 LU'h7
COMPON /10/ LVN8
COMPON 110/ iwh9
COMMON /10/ LUjNIO
INTEGER 0
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COMMON /INDEX/ MC
INTEGER CGWN
COMMON /INDEX/ £GWN

INTEGER E&F
COMMON /INDEX/ EEF
INTEGER F•RCE
COMMON /INOEXi FORCE
INTEGER (R
COMMON /INDEX/ GR
COMMON /LNDEX/ L §iEL
INTEGER WN
COMMON /INDEX/ 1I
INTEGER f
COMMON /LNDEX/ ReM
INTEGER ,SREEC
COMMON /LNDEX/ SGEED
INTEGER SR
COMMON /INDEX/ SR
INTEGEk Tft
COMMON /INDEX/ TR
INTEGER TORCUE
(OMPON /I-NDEX/ TGRQUE
INTEGER Ais
COMMON /-INDEX/ u 9
INTEGER px
C6MMON /INDEX/ pwx
COMMON /VEHICL/ AGD
COMMON /VEHICL/ ASHOE (201
COMMON /VEHICL/ AVGC
COMMON /VEHICL/ AXLSF (42?0
COMMON /VEHICL. CO3
COMMON /VEHICL/ C(Il
COMMON /VEHICL,/ C6LAT
CUMPON iVEHICL/ CGR
COMMON IVEHICL/ CAD
COMMON /VEHTCL/ Ci
COMMON /VEHIICLj/ C6RMIN (201
COMMON iVEHICIL. CchV1 (21251
COMMON /VEHICL/ CeNV2 (2*251
COMMON /VEHICL/ CfLCT (20931
COMMON /VEHICL/ C4AW 1201
COMMON /VEHICL/ CRAFT
COMMON /VEHICL/ ENGINE (2,501
COMMON /VEHICL/ ExEhGT
COMMON /VEHICL/ FD (21
COMMON /VEHICL/ F.RD
COMMON /VEHICL/ (-0RUSH (201
COMMON /VEHICL/ 1-'VALS (251
COMMON IVEHICL/ IAPG
COMMON /VEHICL/ Is (201
COMMON IVEHICL/ '10 (201
REAL IGIESL

233



Ik-2~J58, VCLUMoE I PAGE A-61
APPENDIX A - LISTING CF FRGCCAM NRMM

COMMON /VEHICL/ 41DIESL
COMMON /VEH!CL/ UrNGIN
COM MON /VEHICL/ 16 (201
COMPON /VEHICL/ 14ONST (20)
COMMON /VEHICLI IGGNV1.
COMMON /VEHICL/ IUONV2
COMPON /VEHICL( 16CWER
COMPON /VEHICL/ 4i (201
COMWMON /VEHICL/ -11CASE
COMMON /VEHICL/ lI1RAN
COMMON /VEHICL/ TJWAR
COM#Otý /VEHICL/ 4LOCKUP
COMMON iVEHICL/ PAXIPR
COMMON /VEHICL/ PAXL
COMMON /VEHICL/ KIMBLY
COMMON /VEHICL/ N804GIE (20)
COMMON /VEHICL/ 14CHAIN (200
REAL NGYL
COMMON /VEHICL/ NKYk
kEAL hING
COM PON /VEHICLI kING
C GM MO N /VEHICL/ .1-ONET
COM PON /VEH!CL/ *%FL (204
COMMON /VEHICL/ NOR
COMMON IVEHICL/ NHVALS
COMMON /VEHICL/ KRAD (20?i
CCMMPON /VEHICL/ h3VALS
COMMON /VEHICLI NVEH (20)
COMMON /VEHICL/ I%~JtL (20)
COMMON /VEH!CL/ NWR
CCMIMON /VEHICL/ pa8f
COMMON /VIEHICL/ f BHT
COMMON /VEHICL/ PGA
COMMON /VEHICL/ 'FGWEP 128201A
CCOMMON /VEiIICL/ CMAX
COMMON /VEHTCL/ POTAM 4201
CUMMON /VEHICL/ FEVM i20?
COMMON /VEHICL/ qspw. (20)
(.CMPON /VEHICL/ p14 N 201
COMMON /VEHICL/ PW (201ý
COMMON /VEHICL/ SAE
COMMON /VEHICL/ SAI
COMMON /VEHICL/ SiCTH (20)
CCMMON /VEHICL/ SICTW (20)
COMMON /VEHICLI SWALS (25)-
COMMION /VEHICL/ TCASE (2)
COMMON /VEHICL/ Th
COMMON /VEHICL/ TPLY (21d
COMMON /VEH!CL/ II 1 .21 001-
COMMON /VE4H1CL/ TUNIC
COMMON /VEHICL/ T8AALN 4201
CLMMON /VEHIlCL/ TRAKIO 1201
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COMMON /VEHICL/ TIFANS 100
COMPON /VEHICL/ VAA
COMPON IVEHICL/ ?VsA
COMMON /VEHICL/ vis
COMPON /VEHICLl V2GO8 M25
COMPOON /VEHICL/ VOOB8S £25)
COMMON /VEHICL/ VOLDE (20031
COMYON /VEHICL/ V$S
COMMON /VEHICL/ AISAXP
COMPON /VEHICL/ hCG
COMMON /VEH!CL/ UBAX P
COMMON /VEHICL/ %8PTP (201
COMPON /VEHICL/ 43T kt
COMMON /VEHICL/ )WZ H T (
COMMON /VEHICL/ WRAT (0
COMMON /VEHICL/ URFOPD
COMMON /VEHICL/ Awl (20)
COMMON /VEH'!CL/ hiE (201
COMMON /VEIHICLi ~wAxp
COMMON IVEHICL/ XBRC CF
COMPON /VEHICLý/ lvJ
COM PON /VEHICL/ iSCOIF
COMMON /VEHICL/ SMPF
COMMON fPREPl A (3,43
COMPON /PREP/ Al(201
COMMON /PREP/ BTIF (201
COMPON /PREP/ .CJIARLN t20 r3)1
COMPON /PREP/ C-QfCFG (3l
COMPON /PREP/ t4FCCG (31
COMMON /PREP/ 'csFCG (0
COMMON /PREP/ -CEFFG (20-01
COMMON /PftEP/ C1TF (20)
COMPON /PREP/ C.RAT (2001)
COMMVON /PREP/ 'C-CA 120 t3)'
OGM IU N /PREP/ c
COMOON /PREP/ GCWB
COMMON /PREP/ .GCWNB
C OMMO00N /PREP/ CG&WNP
COMMON /PREP/ COW~
COMMON /PREP/ +9T
COMMON /PREP/ NF 18
COM)PON /PREP/ NV4EHC
COMMON /PREP/ FWTE
COMMON /PREP/ F431
COMMON /PREP/ Ft4X (201
COMMON /PREP/ i
COMMON /PREP/ 1RACTF (20,51
COMMON~ /PREP/ TRiAPSI 43)
COMMON /PREP/ vCIV(4C c (20,31-
COMMON /PREPI VCIFG 12003)
COMMON /PREP/ .V Cd MUK (2Wi
CCMPON /PREP/ VGV (20,51
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CGMMON /PREP/ VT (120,38
CCMMON /PREP/ VSIRE (31
COMMON IPREP/ hIMAX
COMMON /PREP/ x 1
COMION /PREP/ ,XIR
COMMON lOBS/ AIALS (141
COMMON OBS/ C8tEAR (7v, 14•51
COMMON 1OBS/ FG& (7,174,5
COMMON 10BS1 ;FeOM K (7.14,51
COMMON 1OBS/ I-QGV ALS 171
COMMON /OBS/ hANG
COMMON /OBSf 6GHGT
COMPMON I/BS/ NAMTI#
COMMON lOBS/ WVALS (51
COMMON /OERIVE/ ADT (91
COMMON iDERIVE/ heGCBF
COMMON /DERIVE/ CARE.A
COMMON IDERIVE/ CaWB
COMMON /DERIVE/ COWP
COMMON /DERIVEi LQWPB (201
COMMON /DERIVEi .f-A (20#31
COMMON /DERIVE/ FAT 19)
COMMON /DERIVE/ FhT1 191
COMMON /DERIVE/ F8 (20031
COMMON /DERIVE/ Fc (20-,31
COMMON /DERIVE/ FMT (91
COMMON /DERIVE/ FGM
COMMON /DERIVE/ ffiNMAX
COMMON /DERIVE/ fi6RMX (31
COMMON /DERIVE/ IrL.GAT
COMMON /DERIVE/ ItAX 1.38
COMMON /DERIVE/ ISAFE £31
COMMON /DERIVEI 4
COMMON /OERIVE/ #'AX I
COMMON IDERIVE/ B#4X (3)
COMMON /DERIVE/ IbVEAO
COMMON /DERIVE/ ESSE
COMMON /DERIVE/ .$AV 191
COMMON /DER!VE/ ARIOW B
CUMMON /DERIVE/ RoiIOr K 8
COMMON /DERIVE/ F60WNP
COMMON /DERIVE/ FIOWP
COMMON /DERIVE/ FTOWPB i20b
COMMON /DERIVE/ PECWT (2fol
COMMON /DERIVE/ SJrRACT (20,0303
COMMON /DERIVE/ SAFO (91
COMPON /DERIVE/ SpfV (91
COMMON /DERIVE/ SIR (3*91
COMMON /DERIVE/ ILF (31
COMMON /DERIVE/ TOEN (91
COMMON /DERIVE/ TRESIS 43,99
COMMON /DERLVE/ ,V.A (3v9#
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COMPOIN /DER IV El tGGGVA (3,p9)
COMMON /DERIVE/ JVAVO 10 (23egs
COMMON /DERIVE/ VIBC 13,99
COMMON /DERIVE/ iM4PACT (91
COMMON /DER!VE/ VELV (31
COMMON /DERIVE/ M48MAX 1311
COMPON /DERIVE/ VOG (20#3*31)
COMPON /OERIVE/ Ne~ova 13691
COMMON /DERIVE/ VMAX
COMMON /DERIVE/ VKAXI (30
COMMON /DEAMVE/ VMAX2 (3i9t
COM PON /DERIVE/ ,deL
COMMON /DERIVE/ VUVER ( 3r9)
COMMON /DERIVE/ VAR1D
COMMON /CER!VE/ YSEL
COMMON /DERIVE/ VSELI (31
COMMON /DERIVE/ NSEL2 t3,9)
C OM PON /DERIVE/ 43O!L .43,9 9
COMMON /OERIVEl WI (3 V91
COMPON /DERIVE/ VAT (3.9)
COMMON / DER IV E/ b~
COMMON /DERIVE/ WRATI1O
COMMON /TERRAN/ AA
COMMON /TERRAN/ *AGTRPS
COMMON /TERRAN/ -AREA
COMM~ON /TERRAN/ k1IREAC
COMPON /TERRAN/ CA
COMMON ITERRAN/ CIST
COMMON /TERRAN/ EANG
COMMON /TERRAN/ EcF
COMMON /rERRAN/ kh EV
COMMNON /TEWRRAN/ EmIJ (35
COMMON /TERRAN/ IGRADE
COMMON /TERRAN/ 4,98S
COMMON /TERRAN/ IGST
COM NON /TERRAN/ 1010AE
COMPON /TERRAN/ IS(91
COMMON /TERRAN/ 1ST
COMMON /TERRAN/ 14JT.
COMPON ITEIRRAN/ 'NJ
COMMON /TERPAN/ NkZu
COMPON /TEfRRAN/ CAW
COiMMON /TEIRRAN/ CIAA
COMMON /TERRAN/ [(8H
COMMON /T ERR Ahi CBL
COMMON ITERRAN/ c(OS
COMMON ITERRAN/ cow
COMMON /TERRAN/ CS!MINWi
COMMON /TER~RAN/ CUIA
COMMON /TERRAN/ N i4ASI-FU
COMMON /TERRAN/ RAVC
COMMON ITERRAN/ F Col
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COMMON /TERRAN/ PecI (4)
COM MON /TERRAN/ $OURV 411)
CCM PON /TERRAN/ PC 1
COM06N /TERRAN/ PCA (121
COMMON /TERRAN/ S (9)
COMMON /TERRAN/ 51 1191
CGOMON /TEARAN/ SGi ('91
COMMON /TERRAN/ 'SNAFF
COMMON /TERRAN/ TANPI'.I
COMMON /TERRANI T 'ET A (31
COMPON iTERRAN/ bLURV (4*113
COMMON /TERRAN/- WA
COMMON /rERRAN/ wel
COMtWON /SCEN/ CEIHES
COMPON /SCEN/ .VdALK
COMMON /SCENi ECLNAX
COMMON /SCEN/ (IM
COMPON /SCEN/ lQVEP
COMPON /SCEN/ 'ISEASN
COMMON /SCEN/ 113U AF
COMMON /SCEN/ daNOW
COMMON ISCEN/ hII-1
COMPON /SCEN/ 1(d412
COMMON /SCEN/ 1(113
COMMON /SCEN/ Ki144
COMMON /SCEN/ 1(115
COM;PON /SCEN/ K13,16
COMMON /SCEN/ 1(417
CCMMON /SCEN/ K18
COMMON /SCEN/ 0,419
COMOON /SCEN/ K-ji1e
COMPON ISCEN/ KUi1l
COMMON /SCEN/ K&112
'COMMON /SCEN/ $1113
COMPON /SCEN/ K4114
COMMON /SCENI 1(1115
COMMON /SCEN/ K1J16
COMPON /SCEN/ P,1117
COMPON /SCEN/ KP4AP
COMMON ISCENI i(SCEN
COMMON /SCEN/ KIPP
COMMON ISCEN/ 1(VEI4
COMPON /SCEN/ 9AIVIl
COMMON /SCEN/ 1(AV2
COMMON /SCEN/ KJV3
COMPON /SCEN/ 1(1V4
CCMPON /SCEN/ KJhI5
C 0MMVO N ISCENI XAV&
COMMON /SCENi KJV7
C OM MON /SCENI NUBV
CLMPUN /SCEN/ KAV9
COMMON /SCEN/ 1(Iv1 0
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COMMON /SCEN/ KIVil
COMPON ISCEN/ 11 V 12
COMPOfi /SCEN/ KJWi/3
COMMON /SCEN/ i(3V14
COMPON /SCEN/ K 4V 15
COMMON /SCENI JQV1 6
C0141ON /SCEN/ KAJ/17
COMMON ISCENI I(1V18
COMPON /SCEN/ K*4V19
COM14ON /SCEN/ fIV20
COMt'ON' iSCEN/ KJV21
COMMON ISCEN/ LAC
INTEGER CISTAIL
COMPON /SCENI C:IT AIL
COMPON iSCEN/ Mlip
COMMON /SCEN/ 'I.AfPG
COMMON /SCENI/ *GNTI-
CCOMION /SCENi N46PP
COMMON /SCE-N/ N's.I P
COMPON /SCEN/ NVRAV
COMMON /SCEN/ Klux
COMPON /SCEN/ F 1- I
COMPON /SiCEN/ ARIACT
COMMON /SCEN/ SFOFG
INTEGER S'EARCH
COMMON /SCEN/ S a'AC h
C M OMMN /SCEN/ SEiTWPC
COMMON iSCEN/ *VORAKE
COMMON /SCEN/ vaiSMiv
COMMON /SCEN/ V111I m
CUMPON /SCEN/ ZSNOW

C 2. ALGCRITHM
CALL IV-1(

+ ADO tAOT ,AREAG3 ,CL *EWOTH 91085 ,IOST *is
f Nr-VERO vK'I s,C AW .OBAA rC~ ,08 rL Voss ,OBSE
.vOOIA 9PAV 9 PWTE Is t50 9TDEN sWA *$DTH

+ ,jWd
C r'TAGNOSTIC OUTPUT t.IST

NAMELLST /XIV1/
ADOL vADT ,ARE .ADOLL tEWD1TH #1OBS 9LOST ,Is

+ PNEVERO INI tCAiq sOBAA 908H1 ,OiL VUBS tOBSE
,ODIA ,PAV *PWTE vs vSD vTOEN v.WA qWDTki
'WI

c DIAGNOSTIC OUTPUT
IF4KIVI .EQ. 1)- ARITEiLUN1,XIV1),

CALL '1V2(
CL ,OAREA tCRAF79 *FORDO tGRAOE 91FLOAT vI38S I1ST

+ ,ITJjT ,JPSI oh(]GCWD .NOI'P vNWR &PWTE tSRFV .VSEb
+ VVSS ,WO *hOPTb tWOTH *WRAT ,WRATIO ,WRFORD i

C CIAc-NOSTIC OUTPUT UIST
NAMELILST iXIV2I

+ CL ,DAREA ,ERAFT tfORO0- #GR~ADE .!ROAT t108S SISr
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* ITUT ,JPSI KGCGCWD #NOPP ,NW R *PWITE , SRFV tVSEk
+ t VSS two v kOPTH ,WDTH tWRAT 9WRATIO 9WRFORD

C DIAGNOSTIC OUTPUT
!F(KIV2 .EQ. 1) WRITELUN1.X1V2R

CALL IV3(
+CHARLN 9CI tCCHES tCPFFG tDIAW 9DOWPB ,DRAT tGA14NA
+ GCA tIB tID SIP t;ST tips I *LUNI tNAMBLY
f NPAD rNSLIP #KVEI' ,NWH. toCI vRT0sdPB qRrOWT tSECTA

+ ,TANPHI *TRAKLN ,TRAKVC ,VCIFG ,VC.INUK .WGHT #WRATIO tZSN6W I
C DIAGNOSTIC OUTPUT t4ST

N4MELIST /XIV3/
CHiARLN vCI C~CHES t.CPFFG 9OIAW tDIJWPB 9DRAT vGAMNA

+ .GCA ,IB *ID SIP .1ST q..PST tLUNI oNAMBLY
f.NPAD ,NSLIP , KVE~h tNWHL eRCri iRTOWPB ,RTOWT vSECIW
+ TANPHI tTRAKLN ,TRANWO ,VCIFG #VCIMUK ,WGH$T ,idRA 10 9SNO-W

c. OLAGNOSTIC OUTPUT
IF(KIV3 .EQ. 11 hWR11E(LUN1.XIV31
CALL tV4(

+ DOWB ,DOWP tCOWFJ tlGCW .GCWB ,GCWP *Is 9 1P
+ tNAMBLY ,RTOWB t RTOh G A&,RTCbNP ,RTOWP pRTOWdPB 9RTOWT 9WGH1D

c DIACNOSTIC OUT.PUT LIST
NAMELIST /X!V4/

+ DOWB ,DOWP gCOMP8 t.GCW *GCWB v.GC&P .18 tip
# NAMBLY tRTOWB tRTCUNB ,RTCWNP ,RTOWP ,RTOWPB ,RTDMT ,WGHi

C 01AC-NOSTIC OUTPUT
IF(KIV4 .EQ. 11 kiR!1EILUN19XIV41
CALL 4V5(

+ ATF ,AVGC 6~TF tCO ,CPFCCG *CPFCFG vCTF vDAREA
+ DOWP 9EANG ,ECF *FA tFB ,Fc vFORMX vGCWR
+ ,IFLOAT *IST .ITUT .JPSi .LOCDIF *NAMBLY rNFL giNGR
+ *NTRA'V ,NVEH ,VVEK- #NWHL vRADC ,RTOWP tSTRACT qTFOR
+,THETA ,TRACTF ,VFMAX 9UG qVGV ,WGHT oiWRATI10 tLJNI I

C UIAGNOSTIC OUTPUT LIST
NAMELIST /XIV5/

+ATF *AVGC ,BTF sCD 9CPFCCG .CPFC~iG *CTF tDARGA
+ UOjWP v EANG tECF t FA ,FB ,FC tFORMX tGCWR
+ IFLOAT t1ST sITUY vJPSl #LOCDIF ,NAMBLY tNFL fNGR
6.NTRAJ tNVEH . tVEIIG tNWHL SRACC tklOWP tSTRACT ITFDR

+ ,THETA #TRACTF .VFMAJI *VG 9VGV W Glif ,WRATIO
C DIAGNOSTIC OUTPUT

IFIK1V5 *EQ. 11' ARlTE(LUNlr'XlV5l
CALL 1V64

+ FAT ,FAll ,FMT tNI ,PBHT. tSD
f vSDL ,TDEN 0401~- 1

C DIAGNOSTIC OUTPUT LkST
NAMELLST /XIV6/

+ FAT 9 FAr1 ,FMT *NY 9PBHTI tSf ,SOL ,TDEN
#- WDTH

C DIAGNOSTIC OUTPUT
IFIKIV6 .EQ. 11 WRliECLUN1,XIV6&
CALL IV7(

FMT ,GCW ,IMPACT tMAXI tNI 'PbF )
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C DLAGNOSTLC OUTPVUT L4ST
NA?4ELTST /XIV1/

+FMT ,GCW #IAPAL&T ,MA)I ALI tP8F
c DIAGNOSTIC OUTPUT

IFIKIV7 .EQ. It1 WRITEILUN1.XIV70
CALL. IV84

+FAT ,FAT1 ,GCW IGCWNP tGCWP ,MAXI #NTRAV tRTO)dNP
* RTGWF 9 STR 9 ThETA *TRESIS ,WRATia i

C DIAGNOSTIC OUT PUT LIST
NAMELIST /XIV8/

+FAT tFAT1 ,GC+W PGCWNP ,GCWP *MAXI 9NTRAV *RTOI4NP
+,RTOWP ,STR sThEJA ,TRESlS *WRAT.IO

c DIAGNOSTIC OUTPUT.
IfIKIV8 .EQ. 11 WRllEtLUN1,KIV8W,
CALL IV91

+ FA ,FB tFC *,FORI4X vMA)I ,NGR
+ NI *NTRAV rTAEýS4S *VFMAX ,VG *VSGIL I

C DIAGNOSTIC OUTPUT 'LIST
NAMELLST /XIV9/

+ FA *FB tFC 9FORMX tNAXI ,NGR ,Nl *NTRAV
+ TRESIS ,VFMAX tVC ,+VSOIL

C DIAGNOSTIC OUTPUT
IF(KIV9 .EQ. 11 Wft;E6(LUNl,X-IV9)
CALL IVle(

+ACTRMS tLAC ,MAXMIR ,RMS vVRID 9VRIDE I
C DIAGNOSTIC OUTPUT LIST

NAMELIST /XiIOZ/
+ ACTRMS tLAC ikAXIAR ,RMS 9VRIDE ,VRIli

c DIAGNOSTIC OUTPUT.
!FHKIV10 -EQ, 1) WR.,TE(LUN1,X.IV101
CALL [Vl1(

+ OOWB tGCW t GCW 8 tGCWN8 vNOGOBF 9NTiRAV
+ *RTOWE- RTOWN8 rT8F: pTHETA *,NRATklO .XBR I

C DIAGNOSTIC OUTPUT 1-IST
NAMELLST /XIVllI/

+ DOWB ,GCW *GCWB ,GCWNB. #NOGOEF ,NTRAV ,RTOWS ,ikTOWNB
+ J8F ,THETA j,WRAT4C ,ABR

C DIAGNOSTIC OUTPUT
IFIKIV11 *EQ. I) WF4TElLUNI.XLVl11
CALL 1V121

+ FMX lDCLMAX vGCW tNTRAV vSFT~.jPC ,T8F I
C DIAGNOSTIC OUTPUT LIST

NAMEL-IST /XIV12/
+ FMX *DCLMAX CGCW ,NTRAV *SF-TYPC wTBF

C DIAGNOSTIC OUTPUT
IF(KIV12 .EQ. I) WRVTE(LUNI,XV1V21
CALL IV.134

+ 8FMX *EYEfiGT .CGCW qNTRAV vRD #REACT vVELV *V1ISMNV I
C DIAGNOSTIC OUTPUT 1.1ST

NAMELIST ZX1V13i
+ BFMX ,EYEHGT ,GCW tNT'RAV ,RD *REACT *VELV VVISt4NV

c DIAGNOSTIC OUTPUT
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IF( KIVI3 *EQ. 11 WFJTEfLUN1,XlIV3W
CALL 1V14(

+ PSI t NI *NTRAV4 #NVEHC tVELV ,VRID
+ VSGIL tVTIRE ,VTT e

c DIAGNOSTIC OUTPUT LIST
NAMELIST IXIV14i

+JPS! ,NI ,NTRAV tNVEHC ,VELV pVRIO ,VSOlL pVTIfRE

L DIAGNOSTIC OUTPUT
!F( KIV14 .EQ. 1.1 URlTEILUNlX1V14
CALL IV151

+ ADT .NI o NTR AV *NVEHqC vPAV tVAtJOIO ,VBO *VTT t
C flIAGNOSTIC OUIPLT LIST

IAMELIST /XIVI5/
+ ADT ,NI #NTP.AV ,NVEI$C tPAV *VAVOIO *VBO t~

C DIAGNOSTIC OUTPUT
!FIKTV15 .EQ. 1) WAITE(LUNIXIV151-

CALL IV161
AVALS ,CLEAR IFOM qFOMMAX tFOO 9FOGMAX tH3VALS ,NANG

+ NEVERO ,NOHGT ,NWOTH #,OBAP *OBH ,OBMINW ,WVALSI
C (J1AC-NOSTIC OUTP-UT LAST

NAMELIST /X1V16/.
+AVALS ,CLEAR ,FOM vFOYMAX tFOO 9FOOMAX *,HOVALS ,NANG

+ rNEVER0 tNOHGT tNWOTH ,OBAA 9OBI1 9OB14INW *,WVALS
C QIAGNUSTIC OUTPUT

IF(K!V16 .EQ* I) WF4TE(LUIN19XIV164
CALL IV171

+ HVALS #NEVERO 9KHV4t-S ,NSVALS ,OBH 9JOBSE
+ .SVALS vTL vVCLA oVGoB 'tVOOBS ,WA

C DIAGNOSTIC OUTPUT LIST
NAMELIST /XI V17/

+ HVALS .IIEVERO t-NHVAbS ,NSVALS tOBli .OBSE ,SVALS ,TL
+ *VOLA ,vooB tvcoes ,WA

C DIAGNOSTIC OUTPUT
IFf KIV17 .EO. 1) W9P)TEtlLUN1.XIV17)-
CALL 1V18(

+. FA ,FB tFC ,FOt4 PFOJMAX oFORMX PGCW tips I
* MAXI tNEVERO phGR *Nl *NTRAV tNVEHC tOBSE ,SRFIW

'TL TRESIS t VA ,VaC vVELV ,VFMAX tVG vVDL A
+ , VFI.O ,VS04L ,VTLFE wVX T 9WA I

C DIAGNOSTIC OUTPUT -LIST
f4AMELIST 1XIV18i

4FA oFB tFC OFOM 9FOMMAX *FORMX ,GCWi tiPSl
+ ,MtiX! ,NEVERO *NGR tNI qNTRAV tNVEHC 908SE oSRFVI
o.TL ,TRESIS tVA tVBc oVELV V F14AX #VG rVOLA

+ *VfIO , VSO!L tVTIIFE ,VXT qW.A
C D(AGNOSTLC OUTPUT

IFU(KV18 .EQ. lb WF-TE4LUlNI,XIlV181
CALL 1V19(

+ BFMX vFA tFB .FC wFOMMAX , FORMX tGCW vLUN I
+* NEVEPO ,NGR fI NTfAV *GBSE *RM4X *STRACT tTL
+ *TkESIS ,VA ,VBO ,VFPAX *VG 9VOVER -tVXT ,idA
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*C 0IAGNOSTIC OUTPUT LIST.
NAMELIST /XIVI9/

+BFMX ,FA *FB 9*,4FOMNAX PFORMX ..GCW #LLJNI
+,NEVERlO ,NGR *NI ,NT RAV #CBSE #RMY* sSTRACT jT L
+ TFESIS vVA YVBC 9VFPAiX #VG *VOVER .VXT vWA

C (]1ACNOSTIC OUTPUT
IF(KLV19 .EQ, 1lJ.WRATE4LUNlvX(V419l
CALL IV204A

+ FA tFB ..fc 9FOIRX ,GCW ,MAXI sNGR 9NOGOVA
#I *NCGOVO ,NTRAV ,STR vVAVCID *,VG 9VOWiER I

C CIAGNOSTIC OUT-PUT LIST
NAMELIST /XIV20i

+ A FB IFC ,vfofmx ,GCW ,t'AXI, ,NGR ,NOGOYA
+ NCGOVO DNTRAV tSTR tVAVCID ,VG 9VOVER

L 0IAGNOSTIC OUTPUT
IFf 14V20 .EQ. 1t WAiTE(LUNlvX1V20t
CALL IV21(

+ DOWN tFMT lc*wtIAAX ,IOVER ,LSAFE PLEVEL v~NI
+ 9NOG01VA ,NOGOV0 .&NTRtAd #UP 9VAVOID *VMAX( iVtAX1 IVMAX2
+ ,VOVER vVSEL i VS E L .I/SEL2 *VWALK I-

C DIAGNOSTIC OUTPUT LIST
NAMELLST' /X1V21/

+ DOWN , FMT , GCW *ImAX #IOVER .ISAFE *LEVEL ?NI
+ #NOGOVA vNCGOVO pKTRA,1-jU UP v V AVOI , 0VMAX #Vt4AX1 9VMAX2
+ VOVER ,VSEL ,VSEtl aVSEL2 vVWALK

C DIACNOSTIC OUTPUT
IF(KIV21 *EQ* 13 WRIJTE(LUNIvXIV211.C 3. TERM'INUS
CONTINUE
RETURN
END

SUBROUTINE MAP71
fAIA .ACTRMS ,AREA ,ELEV *GRADE ,iEOF tIOST *is

+ ,IST tITUT PL1JN2 sNI. ,TU tNTUX ,OBH *OBL
+. ,OBS ,OBW ,RCIC *RD #S *SD lfSDL tSEAACH

C MAP LEG-END INPUT RGUT:INE LAKC71 FCRMAT4,
C-- - - - - - - - - - -*- - - - - - - -
C
C 1. VARIABLE DEFI1YLTLCN

INTEGER is (9*
REAL RCIC (44A
REAL. S(S
REAL SD 1
REAL. SOL 49)
TNTEGER SEARCI-
REAL FNAA (1,43
REAL FNGRAC i~
REAL FNOBH 17t
REAL FNCBL 474-
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REAL FNOBS (86
kEAL FNGBW 151
REAL f:NRCI I LI)
REAL FNRD 491
REAL FNRMIS (55
REAL FNSPAC i8l

C 3. TERFAI1N FEATURE CLASSES
C A. SUkFACE STRENGTh- CLASSES LO/SGOIN

CATA FNRCL(Il 40 *.0 ./ #
+ FNRCI12) /,250.0/9
+ FNRC.I(3$ 0190-o0lo

+ ~ FNRC1141 1430*01/t
f. FNRCI(5) 4 V *1/
+ FNRCI1(6b 1' 5.00/0
f. FNRClt7) 4 3-6.0/1
+ FNRCI(80 / 2900/t
8. FNRCI(91 2: a. 0/ t
+ FNRCI(~ It .1C1114*0/o
+. FNRCI1l) i5,.0 1

C B. GRADE CLASSES GERCENT
CATA FNGRAO(1) A4ai/

+ FNGRAD( 21 A 305/,
+. FNGRAC( 3) A 7.5/*
#1 FNGRAO(,4i 1./
+ FNGRAD(5) 409.0/.
+. FNGRADI61 46.0/.,:

FNGRAC(71 A65.01.
+ FNGRAO(81 A372io/

C C. 6AECOGNITION ClS TAt4CE CLASSES FT
CATA FNRD41) 1164.0/,

4.FNRD(2) 1121. 01/,
+ FNROI3I / .501.21t
#. FNRD(4) 41 3.14 /v
+. FNRO(51 / "%. 61,/
+. FNkD(6) J.1 JL.7f149,

+ FNRD(7) / .i./
+. FNRD(81 '/ 7.5/9
+. FNRD(91 J 21&61

C D. CBSTACLE SPACING, CLASSES FT
CATA FNOBS(l) -/197.0/t

+. FNOBS42) dA.131.0/
+ FNOBS(3) t 51 .2/
+. FNOBS(4) dV 01.5 /,p
+. FNOBS45) / 22.3/o
+. 'NOBS(bi A 15.&7/,t
+ FNOBS(7) /10.8/.
+. FNOBS(8i 1 3.91

C E. CBSTACLE APPROACH ANGLE CLASSES DEG
CATA FNAA(I) iJ 19 .9,/,

+ FNAA121 /181.0/t
1. FNAA(31 /1.27. 04,
+4 FNAA(4# 1lG43 .01s:
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4.FNAAl 51I /1i3-3 *0
+. FNAA 6 1 [ a(d I ,

+ FNAA(810 1206.1g/,

4.FNAAI)' /.142..0/
+ FNAA(12) / 2-12 ./,
#. FNAA( 13 & /1,2.Of
+ FNAA( 141 /24,8*1/

c F. CBSTACLE ItEIGkriT GLASSES IN
CATA FNOBH( 1 '/1 3 .i1 5 1

+ FNOBHL21 / 7.87/,

+. INOBHr(4) 11,5.751,
+. FNOBH(51 /24 6 7/ #
t. FNOBH(61 i2843~51,
+ FNOBH47) diA3o46/

L G. CBSTACLE WIDTh CLASSES FT
CAJA FNOBWI1I /11.80/,

+. FNOBW(,21 i 3o481.
+ FNOBW13) / 2.4,9/,

+ FNOBW(4) 4 L.5a/t
+ FNOBW451 -1 0,419/

C H. CBSTALUE LENCTH CLASSES FT
CATA FNOBL41) / 0-.66/t

+. FNOBL421 I ai
+ IFNOBLI3.I * 5.25/,
+. FNaBL'(41 . 8.531,
+. FNOIBLI51 / 15.09/,
+. FNOBL(6) 42i5 6v.i00
+. FNOBLI71 /4,92.0/

C 1. SURFACE ROUGI-NESS CLASSES IN
CATA FNRMS11) :0, 2 51s

FNRMS(2) 41001
+. FNRMS43) 12&ah~I0
+. FNRMS44) 4*daJkO0/
+. FNRMSi 5). /4,40CIs
+. FNRMS(6). dS.00is
+ FNRMS(7) /60.00it
4. FNRMS(8) /3*.* O0/,
+. FNRMS19) J.i.S*001/

* J . YEGATATION SPAC1016 CLASSES FT
EATA FNSPACfl) X3400 o4A,

+ FNSPAC(2b 9 65.6,/,
+ 4 FNSPAC13) 1 51.2 /v

FNSPAC(4) *9 3.1.ý5 /,
+. FNSPAC(51 A1 22.3/,

+FNSPACt61 i*1./
+ F NS PAU7) A 10.8/,
+ FNSPAC(8) A 3,91

c 4. REAC LEGEND
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400 CONTINUE
lEOF =
READILUN214000ý

+ ,IGRACE *IOA 4-40H ,Icw , IOL
+ .10s pIOST slI~#4 ,I1STEMI4 tISTEbI2
* ISTEP3 ILSTEM4 *,dSTEM.5 sISTEM6 ,ISTEM7
+ *1STEPS OIRD *,AREA

IF4EOF(LUN2) '*.EC4 0) GO TO 420
IEOF = I
GO TO 6001

42iý CONTLNUE
IF(tSEARCH .EQ. 11 jAN~o: tNTUX .NE. NPATI)i GO TO 40W~

c 5. CONVERT FROM CLASSE TO REAL UNLTS,
500 CONTINUE

C A. TERRAIN UNIT NUIPSER,
tTU=NPAT

C 8. TERRAIN UNIT TYF6
!TUT~l

C C. SOIL TYPE
C 1ST
c C. SURFACE STREW~TI L8/SQ-IN

kCIC(1&=FNRCIl!fClI)b
RCIC(2S=FNRCI( IRC121
RCICI31=FNR(CI4lPCT3)

C E. CRADE PERCENT
GRADE= FNGRAOI IGRAVE I

C F. SURFACE lROUGlKNES9 4IN
ACTRMS=FNlRMS~1 eMSt

C 6. VIS1~IBILITY FT
I;D=FNRD4 IRD)

CH. CEPTH OF STANICNS WATER FT
WD ;0 . 0

CI* ELEVATION FT
ELEV=0J.0

c K. OBSTACLE SPACINIC FT
CBSzFNOBS4 ICSI

C L. OBSTACLE AVOIDA13ILLTY FOTENTIAL
C YOST
c M, CBSTACLE APPROACH ANGLE DEGRSES,

AA=FNAA(.ID)AI
CNo OBSTACLE HEIGHT IN

CBH=FNOBH4 IOH)
C 0. CBSTACLE WIDTH -FT

O8W=FNO8W( I C0
C P. OBSTACLE LENGTH FT

CBL=FNOBLtIlOL),
C R. NUMBER OF STE)4 CLASSES

NI=8
c S, MEAN SPACING OF STEPS

S( 1b=FNSPAC( ISTEN-1b
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S(2 l=FNSPAC( ISTEN.21
Si 33)=FNSPACd IST E N3k
S4 4)=FNS PAC ( IST EN4b
S15l=;FNSPAC4 ISTEM51
St 6 1=FN$PACI IST EK60
S( 71=FNSP ACI IST E%7)
S(81=FNSPAC( IS T E Re

C T, i(AX.IMUM STEM 01IAMETER IN
SDL( If=U.96
S0L42 1=2 .16
SDL( 313*94
SDL( 4i5.51
SDL( 51=7.09
SDL(61=8 .66
SDL( 7) =9. .84
SOL (8)1 5. 00

C U. MEAN STEM MIAKEUP IN
SDI11)0.49
SO(2)=1.67
SD(3t=3.15
SD(44=4.73
SD (5 1=6 30
SD(6 )=7.88
SD (71=9. 25
SD(8 )=12.42

C V. EARREN VEGATATICth FLAG

CO 540 11 7rNll0IF( SC.&iE~.Q~. St I'l11 1 GO TO 539
LS10[=2
GO TO 540

530 CCNTINUE

540 CONTINUE
154 NIJ-0

C 6. EXIT ROUTINE
60#4 CONTINUE

RETURN
END

SUBRRUTINE MAP74
+ (AA vACTRMS tAkEA 9ELEV *GRAC2E ,IEOF ,IGST vIS
+ ,IST tITUT 9LtJN2 tP()ITH ,NI 9NTU tNrLUX NOBH
+ ,OBL ,OBS #08W .iACIC tRO tROA ,RDAl *RDA2
+ ,ROA3 ,RDA4 11 S SD *SDL *SEARCH- *WD I

C -- --------- p ~----------------
C P'AP LECEND INPUT RCUTI.AE UAt4C74 FiCiMAT)
C--------4--*4-1.--.*--------
C
C 1. GLOSSARY
c AA DEGR EE eBSTACLE - APPROACH ANGLE
C ACTRMS IN AMS ROUGHMESS
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AREA SQ. MI. AREA
C ELEV FT ELEVATION
'c, GRACE PERCENT SLOPE

IC JObS # BARREN OBSTACLE FLAG
C IOST 1-RANDCM C:BSTACLE - SPACING TYPE
C 2-LINEAR
C IS(I # BARREN VEGETATION FLAG. CLASS I
C ITUT # TERPAIN UNIT TYPE
C IEOF # END O•F INFORMATIGN FLAG
C KMAP # CkLL LIST GUMP FLAG
C LUN2 # 16GICAL UNIT FLAG NUMBER 2, TERRAIN
C MONTH # MONTH ( 1 THROUG., 12 1
,C NI # kUMBER OF VEGETATLON CLASSES
C NTU # IERRAIN UNIT NUMBER
C OBH INCH OBSTACLE - iELGHT
C OBL FEET OBSTACLE LENGTH
C OBS FEET O3BSTACLE - SPACING
C OBW INC, H OBSTACLE - WIDTH
C RCIC(1) RCT SGIL STRENGTH - CRY
C RCIC(2) RCI SOIL STRENGTH - AVERAGE
C kCIC(3) RCI SOIL STRENGTH - WET
C RCIC(4) RCI SOIL STRENGTH - WETWET
C ,C FEET VISIBILITY
C SitI FEET STEN SFACING OF STEMS OF DIAMETER CLASS
C SO( I IN MEAN STEM DIAMETER, CLASS I
C SILX(I IN MAXIMUM STEI4 DIAMETER, CLASS I
C Wo FEET DEPTH CF STANDING WATER,
C 2. VARIABLE OECLARAT'C&

INTEGER IS (5s
REAL RCIC (40
REAL RDA (12)-
REAL S 49b
REAL SD ,9)
REAL SDL ( 91
INTEGER SEARCI-
INTEGER DATA (246

L. 4. ALGCRfTHM
40jud CONTINUE

IEOF =
READ4LUN2,400)NThWISTCATAvAREA

40fo FORMAII( 15,t12 *20X#I02 I.4 1o5X* L2 14#t F8.4 J

LF(EOF(LUN21 .*.EQ. 01 GO TO 4022
TEOF = 1
GO TO 50eO

4020 RCIC(1) = DATA41b
RCIC(21 = DATA421
RCIC13) = DAT4 31
RCC141 = DAT4.41
GRADE = DATlt5)
AA = DA TA 6
OBH = CATAX71
OBW = DATAIS8
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OBW = O8k / 1.2.
OBL =.CATA49)
085 DATA1i1)1
LOST = DATAII-)
ACTRMS = AUM1)-
D00 4J5 1=1#,8
Sti) = DATA(i+.12)

400~5 CONTINUE
RDA1 =0 A th2 11
RDA2 = DATA1,221
RDA3 = ATA(23J
RD A4 D ATA1241

CONT INUE
IFUiSEARCH *EQ. 1] v-AND-. (NIUX .NE* NTU),)- GO TO 40iJ$
RDAtll ROAI
kDA(21 = RDA1
RDA(31 RDAI
RDAW4) = RDA2
ROA{5) = RDA2
ADA(6) I RDA2
ROAM7 = RDA3-
ROA483 = RDA3,
ROA(9) = RDA3
RDA(101~ = RDA4
kDA(11) = RDA4
RDA4121 = RDA4.
ACTRMS = ACTR-MSIII,0
ELEV =0.
!TUT 21
NI 28

Ntl NI-i

IFESLL) .EQ. S(1411,i GC TO 4030
Is~i) =
GO TO 4042

4030 CONTINUE
I5(1) I

4044 COJNTINUE
ISINLI i6
RD 2RDA( MCN T+
SD(l 15 = w4'9
SD121 1.67
SDI(31 3.-15
SDt'.) 4.73
SD(5) 6*30
S016) 7.88
SD(71 9o25
SD(8) 12.42
SD1(1) 09~98
SOL(21 2.36
SOL(3). 3.94

SDL( 2 5.51
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SDL(5) = 7.09
SDL(6) = 8.66
SDL(71 = 9.84
SOL(81 = 15.00
Wo 0.

50JO CONTINUE
RETtRN
END

SUBRCUTINE MPRD74
(ACTRf'S .CURVV ,CIST 9EANG tELEV pFMU ,GRAOE

" *IEuF ,IROAD ,IST diTUT .IURB tLUhI2 ,NTU 9NTUX
" ,NVASIO @MONTH *RADC *RCURV rRC ,RDA vRDFOG *RCIC

" SEARCH ,SURFF tVCUFw )
C

CC MAP LEGEND INPUT RCUTINE (ROAC MAP AMC741
C -------------------------. 1-----------------------

C
C 1. GLOSSARY
C ACTRMS INCH AMS ROUGhNESS
C CURW MPH AASHG CURVATURE SPEED LIMIT
C DIST MILES ROAC SEGMENT LENGTH
C EANC DEGREE ,SUPERELEVATIiON ANGLE
C ELEV FEET ILEVATICN ABGVE SEALEVEL
C FMU4I) # CUEFFICIENT OF FRICTION - DRY
C FMUI1I # CCEFFICIENT OF FRICT1ION - WET
C FMU(31 # COEFFICIENT OF FRICTION - ICE
C GRACE PERCENT S9LOPE
C IROAD # POAC TYPE
C ITUT # .IERRAkN UNII TYPE
C IST 9 SOIL TYPE
C lURE 9 URBAN CODE
C NTU # IERPAIN UNIT NUMBER
C NTUX # SPECIFIC TERRAIN UNIT NUMBER
C MONTH # #NONTH (1 THROUGH 120
C RADC FEET RADIUS OF CURVATURE
L RD FEET $4SIBLLITY CISTANCE
C R0A412) FEET VISIBILITY CISTANCE PER MONTH
C RDFCG FEET WEATHER RECOGNITION CISTANCE
C RCIC(1) RCI SGIL STRENGHT DRY
C RCIC(21 RCI SOIL STRENGIHT - AVERAGE
C KCIC(31 RCI SOIL STRENGTh WET
C RCIC44i RCI SOIL STRENGTH - WET*WET
C SURFF N RCAC SURFACE ROUGHNESS FLAG
C
C 2. VARIABLE DECLARATICN

REAL RCIC 446
REAL RCURV C .11
REAL RDA (1-24
REAL FMU (13
REAL VCURV (40111
INTEGEP RDATA L11I
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0INTEGER SEARCI,

c. 3. ALGCRLTHM
L A. AASHO TABLE RADN'S (IF CURVATURE FT

RCURV(ll u6730.
RCURV12I =19 10.
RCURV(31 =1146.
RCURV14) = S819.:
RCURV(51 = 37w
RCURV16) 458.
RCURV(71 327.
RCURV(8) 229;.
RCURV(91 = 164.o
RCURV41101 115..
RCURV4111I 82.

C. B. AASHO TABLE SPEES LIMIT SUPERIUIGHWAYS MPH
VCURVL19d1 =190.
VCURVilt2i =70.
VCURV41931: 260-
VCURV( 1,94 ý=54.
VCURV(1 951 ;=484
VCURVtlo61 -41 ;
VCURV(1 971, =34.,
VCURV41,8t =29.
VCURV41991, =25.
VCURVi1,1IS) =19.
VCURVI 1 #1i1. 3.

C C. AASHO TABLE SPEED LIMIT SECCNOARY ROADS MPH

VCUiRV( 3 ,2 x7 e~.
VCURV(3*2t =58.;
VCURV(3p4l =58.

VCUIRV(3*51 =43m
VCUkV(3t6i =36.
VC.URV(Jt7l. =31.
VCURV(3#81! =26.
VCURV(4.'li) x2.3..
VCURV(3pk~l =194.
VCURV(3*llt =13.

c 0. AMSiO TABLE SPEES LIMIT TRAILS MPH
VCURV14glt -55.
VCURV(4o2) =49.:
VCURVt443ý ;44.ý
VCURV(4#4ý =42.
VCURV14#51ý -a39.
VCURV(4@61 =34.
VCURV'(4#7t =29.
VCURV(4t8) =23.
VCURV14P91 =19.
VCURVt4v4l0) =14.

c. E. AASHO TABLE SPEED LIM'IT PRIMARY ROADS MPH

251



k-2058t VCLUIVE I PAGE A-79
APPENDIX A - LISTING CF FRCC-PAM NRMM

VCURV(2,211 = VCURV~l.21
VCURV(2#21& = VCURV41@21
VCURVI293k, = VCURV(i.4b~
VCURV(2,*4 = VCURV(1*411
VCURV(2,6R = VCURV(1*5i
VCURV(2t,7) VCURV(1, 73
VCURV(2#7) VCURV(1.88
V CUR V (2, PS VCURV~l#9)
VCURV(2,p0) VCUHVII,108
VCURV(2.1IOI = VCUkV I 1., 101

6t~J~ CONTINUE
JEOF = 0
IFEAD(LUN2,600J ITU*IROACtISTtLURBvi.WATA.OIST

boo~ FORMAT4;I5v.3!411)J4#FB4)
IF(EOF(UUh2i *EQ* 0i3 GO TO 6020

lEOF = I
GO TO 7i009

b02ORCIC~l) = PCATAM1
SC-LC (2) = RCATA(2)
RCICE31 RC6TA(3&
RCIC141 = RCrATA141
GRADE = RCATA451
RDAi zRCATAX&I
RCA2 =RCATA(71
RDA3 R CATA18 J
kDA4 RCArA(9t
ACTRMS REATA110)
CURVV REITA4111

CONTINUE
!FifSEARCH .EQ. 11 vANO. (NTUX *NE* NTU))- GO T0 6~000

eRDAI) =RDA1
RDA42) = RCA1
RDA(31 RCA1
RDA14l RCA2
ROA(51 RCA2
RDA(61 =RCA2
ROAM7 z RCA3
ROA-(81 = REA3
RDA(91 = RDA3
RDA(101 REA'.
ROAM1) = RCA'.
kOA(121 = RCA'.
ACTRMS =ACTRPdS/10..
ELEV =0
EANG = .
FMU41) = 0.75
FMU(2) = 03
FMU(31 =0.1
ITUT = !RCAC e10
SURFF =1.

IF(ITUT .EQ, 133 SURFF =2.
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NVASHO =11

IF(ITUT 4 EQ. 1.1. RCROPC 1300*.
IF(UTUT -EQ. 121 RCRCAO = 50f6*

IFULTUT ,fiC, 1.31 ROROAO = 50-M
LffUTV .EQ. 141 RCROAD =150w

RD = AHIN1I RDA,(hIGNTH~tRDFOGtRCROADI
IF(CURtVV ..GT. VCIJRV,(1RCAO,1l~t GO TO 6906

IF.(CURVV L.Tv VCURV1IROACiNVASHiOJIý GO TO 6070
DO 60~30 NV=2vNVASHO

!FtCUFV#d .LT. VCURV(IdROA09NVI) GO TO 60.40O
RACZ = RCURV(NVI I CURVV - VCURVIIROAD,#NVIJ*

4RCURVtNVI - RCURVINV-111/
4. ~4YCUAVL IROADNVI - VCURViLROADNV-1 I,

GO TO 7200
60~30 CONTI WE

GO TO 7008
6060 R ADC RCURV1R I* I CURVV - VCURV(iRC1ADth)1#

#. (RCURV41* - RCURV(2310/
+ (VCURVdiROAO.1) - VCURV11ROAO,2)J

GG TO 7000
6070 RADC = RCURIVONVASHCI + ICURVV -VCURVILROAONVASHOI&O

+ IRCURP4NVASKI" - RCURVO.VASk$O-111/
+ (VCU~i(&R0ACsNVASHCR - VCURV(IROAO.NVASHO-111

7000 CONTINUE
RETURN
END

SUBROUTINE TPP
+ AA ,ACTRMS t AREIG vsCI tECF a EL EV tGAMMtA ,GRAOE0 4. IOBS ,ISEASN PISNC* v4ST *LTUT tN1 ,OAW 903AA

+. .OBH tOBL ,O8im~aw 9OBS scBw qOOIA PPHI tRADC
+. tRC1 ,RC&C, *RD oS UTANPH IT HET A vWA rZSNGW I

C,
C ------------

C TERRAIN PREPROCESSCR
C
C
C 1,. VARIABLE DECLARATL(N

REAL RCIC 144
REAL S (10&
REAL THETA (3 &

C 3. ALGCRITHM
C A. LNITS CONVERSICt'

IF(.ITUT .GE. III GC TO 3005
IOBSZ 0
IFf CBS .GE. 1974~ 1 ICBS 1

INL AA .GE. 179. 4ANCO. 04 .LE. 181. 1 lOBS 1
CBL =12.*OBI.
CBS =12*4OBS
CBW = 12 *OBW

3005 AD '= 12 :*RD
RADC= L2.*RADC
IF41TUT .GE. Ill IGO TO 3015
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CO 30-10 I=IKI
S(L) 12SEI

3010 CONTINUE
C B. SLOPE ANGLE
3015 THETA(1) = ATAN(G6iACE/100.1

THETAI2) = kI.0
7HETA(33 = -THETAIII

C C. CONE INDEX
CI =RCIC(SEASNA

C D, WAING CONE INCEX
PCI = C!

c E. ELEVATION CCRRECZ;ION FACTOR
ECF = Ie-*04*ELEVf1LQV0.
IFLITUT .GE* 111 60 TO 3030

C F, OBSTACLE APPROACh ANGLE
JFL lOBS *EQ. 11 GC TO 3020
CBAM = AA*3.I414I2654/189a

L G. CBSTACLE GEGOETFX VARIAELES
IF(AA .GTo 180.3 60 TO 3017

IFi(aaht2.1 .6-1. fQEH*ABS(COS(O8AA)/SLNtO8AAll)l
Ga TO 30-16
08W =2.088H*ABSiCOS(OBAA)/SlNl0BAAI)

3016 OBMLNW = OBW -2.*OCEHOAeSgCOSIOBAA,/SIN40BAAII

WA = C Bh
GC TO 3018

3017 CBMNtiW =CBW
WA = 08W + 2,49O84*ABS1COSEOeAA1ISLNIoj3AAgb

30J18 AREAO = 3.l4.i39A65*0BS*08S/4,6
CAW =2.*( OLe Wili/3,141,59265
ODIA = (GBL'*GBL *WA*WA&**gb5
GC TO 3030

3020 CONTINUE
hA 0.00
ODIA 0.0
CAW 0.0
AREAO .

3030 CONTLNUE
C H4 SNOW MACHINE

IFfiTUT .EQ. 21 fiC TO 3060
TFIISNOW .EQ* 01 GO TO 3060

IST = 4
TANPHI =SIN4RbIS(CCS(,PHIJ

C OBSTACLE ATTEMUATLON
IF140BAA .GT. 3.141592651, .OR* lILUT '.GE. 1111 GO TO 30416

OBH = C6H-Z6NCW*GANMAlio.8
3040 CONTINUE
C SURFACE RCUGI$NESS ATTENUATION

IF(ZSNOW .LT. 2*00.ACTRMSS GO TO 3050
ACTRMS = AiGIRPSO( 1.0-il1.0-GAMMAJO.41) I
GO TO 3069

3050 CONTINUE
ACTRt4S = ACTRM4S*(1.-.5*,(1.-GAMMA/.4S*LLSNOW/ACTRMS)I
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3060 CONTINUES RETURN
END

SUBROUTINE IVI
I fADO ,ADT # ARE.;A ,CL -,EW4OTH tLOBS ,IOST elS
tNEVEFO ,NI ,CAW *OBAA ,OBH ,OBL lOBS vOBSE

" ,ODA ,PAV ,PWTE eS t$O• TBEN .WA 9WDTH

C

C, ---- !a ---------- - --a --------- a

C EFFECTIVE OBSTACLE SPACING AND SPEED REDUCTION FACTORS DUE
C TO VEGETATION AND/OR BCSTACLE AVOICANCE
C---------------------------------- q ~4 -----------
C

1. VARIABLE DECLARATICh
REAL ADT t9,
INTEGER STEM
INTEGER IS5
REAL PAV I ilk
REAL S 194
REAL SD 1 9v
REAL TDEN is&

C 3. ALGCRITHM
NEVERO = 0

C A. CBSTACLE SPACELIN AND STUMP/BOWLCER INTERFERENCE CHECK
IFfIOBS .NE. I) 0G TO 3010

C I* PATCH BARE CF OBSTACLES
NEVERO 2
ADO =0.
GO TO 3079

C 2. PATCH CONTAINS CBSTACLES
3010 CONTINUE

IFILOST .NE. 21 GO TC 3020
C A* OBSTACLE AAE UNAVCIGAELE, UNABLE TO MANEUVER

OBSE = COS
ADO = 1iv.
GO TO 3079

C B. OBSTCLE AR9 PrTENTIALY AVOIDABLE
3020 IF(ODIA .. W-if GO TC 3030
C .1. OBSTACLE IS WIDER TIýAN MINI-MUM WIDTH
C + BETWEEN RUNNING GEAR ELEMENTS.

EWDTh = WOTH*CAW
OBSE = AREAOIEWOTI
GO TO 3A60

C 2. OBSTACtiE NARROWER THAN THE MINIMUM WIDTH
C BETWEFN RUNNING GEAR ELEMENTS.
3030 CONTINkJE

EWOTH x PWTE+CAW
OBSE = AREAO/EWDTb
IF( CBAA .0GE. 3.14159265 .1 GO TO 3050

C A. CBSTdACLE IS CONVEX, (BOULDERifSTUMPI
IFC•(L-OBHI *GT* 00. GO TO 3040
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C 1 . BILLY HANGUP
fhEVERG 1
EWOTI- =W OT 1, OAW
CASE = AR E A01EWCT k

C 2. *NO BELLY INTERFERENCE
30S40 CGAT, I NU E
C B. CBSTICLE IS CONCAVE, iTRENCH./DEPIRESSIONI
3050 C43NT.INUE
C. 8. AREA DENIED CUE 10 AVOIDING OBSTACLES9 (ADC11
3060 COJNTINUE

ADO = 10,(B~~tOtA*w~ WT.WTH.4452541&
ICOBSE*OBSE*3.L4159245/4o I

C C. VEIGETATION DENS'ItY
3,670CONTINUE

KA= NI-I
NIB = NI' 1
CO 3090 I=lN.LA

IFf LS (II .NEo II 6O TO 3'080
TOEN( 11=0.
GO TC 3099

30r8J ~ TDEN4I) (4.AJ.Ih155265a*(l14S4Ili3.2-1./S(Ilal**2.
3090 CONTINUE

IF(IS(NIl *NE. 14 GO TC 3100
TDEN4 NI)=O.
GO TO 3110

31.00 IDEN(NI) -A 4.f4-,14.159265*S(NI),**24
TDEN(NLB) =0&0

C C. AREA DENIED BY VE"ETATICN, FAV(I1
3110 CONTINUE

CO 3160 !=Itr'1
SUMA = 0.
DO 313id STE#441I.Ni

SUMA = SUPA*TOENISTEMI
ý130 CGNTINUE

IFISUMA .NE. 8,61 GO TO 3140
PAV41L) = 2v
GO TC 3169

1i140 CONTINUE
SUMB = 0.
DO 3150 STEM-k#NI

SUMB = SUPIAuSD(STEMOOTCEN(STEM)
3151d C&NTINUE

PAV(I )=10.*44i~JSUMB/SUMAIgOTHI/*SdlhIC02
31bo CONTINUE

PAV(NL~ll = 0...
C E. TOTAL AREA CENIE&6 DUE Ta OBSTACLES AND VEGETATION
.3210 CONT!NUE

CO 3240 I=1,NIB
ADTII I=ADGePAY41II(10$.id-,ADO/iiOl.

3240 CONTINUE
C F. IS THERE ANY PENALTY FCF OBSTACLE AVOll;ANCE

CO 3250 I=1,NIB
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IF(ADT(I) .NE, PAVIII) GO TO 3260
3250i CONTINUE

tNEVERO = 2
3260 CONTINUE

PETURN
END

SUBROUTINE IV2
+ (CL ,OAREA ,CRAftI vFORDD ,GRAOE ,IFLOAT ,IOBS vIST
+ ,ITUT ,JPSI ,pOGCWD ,NOFF tNWR ,PWIE ,SRFV 9VSE Ii

oVSS ,Wo ,WOPTH. ,WDTH tWRAT ,iWRATIO ,WRFORD I
C

C LAND/MARSH OPERATLIG FACTORS
C. . .-. . .- --

C
C 1. VARIABLE DECLARAT.lCh

REAL SRFV i9&
REAL WDPTH 4 2,91)
REAL WRAT 4241

C 3.: ALGORITHM
C A. SET OPERATION' TYGE

NOGOWD = 0
IF(ITUT .EQ. It. 6{ TO 3h10
!F(IST .EQ, 4- GG TO 3010

GO TO 3020
C 1. DRY LAND GPEFATICN
301J CONTINUE

IFLOAT = 0
WRATIO = 1.0
DAREA = .0
GO TO 2100

C 2. MARSH GPERAT..IIB
0 2,6 CONTINUE

lOBS = 1
GRADE = 0.0
IFiWD .LE. OCRDDI GO TO 3940

C A. WATER Ti CEEP TO FOiRD
IF(CRAFT .. NE. 9.01 40 TO 303W

C 1. WATER MID DEEP FOR OPERATION
NOGOWO D
VSEL ' 0.0
RETURN

C 2. VEHICLE FULLY FLOATING
30 3 f CCNTINIUE

IFLCAT 0 0
VSEL *; VSS*SRFV12)
RETURN

C B. VEHICLE LS FCPDING
3040 CONTINUE

IFLOAT = I
IF(WD .GT,. WOPTH1)) GO TO 3050

WRATLC A 1dJ*WD*( WRATIi,-1.0 I/WDPTHi1)
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GG TC 3490
3050 CONTINUE

DO 3080 N=2*NWR
IF(WD *E1* WDPTH(N1) 6O TO 30703

WRT6= WPATdN1&kd-WRAr(NI~-idATIN.11)*
+ (WD-WCPTH(N-1) )/1hDP7iLNi-WCPTNLN-1)ý

GO TO3 3090
30 70 CCNTINtiB
3080 CONTINUE

WRATIO = kAT4NWR).4WRF;OR0-WfRAT(,NWR~l'
(WO-WCPTH4NWRI)/(FCRCB-WiCPTh4INWR)8

3090 CONTINUE
CAREA = 2o*PWTE*'WO
IFIWD .GT. CLI OAREA=heDTI4Ul.WD-CL,.2.0*PWTE*CL

2100 CONTINUE
B . TIRE PRESSURE INDEX

IF(NOPP .NE. 0)- GO TO i110
JPSI =2
MFIST -EQ. lb JPSI = I
1Ff ST .EC* '3A JFSI =1
MIf ST *EC. 0b JPSI=I
IFIIST .EC. 66, JFSI 1
GO TO 3120

2110 CONTINUE
JFSI .NOFP

3120 CONTINUE

END FTR
SUBROUTINE 1V3
(CHARIN ,CI 9 CGH E* tCPFFG 9CLAW t0OWPB ,DRAT ,GAMI4A

+ ,GCA '16 #lD #IP *1ST PJPSI vLUNI *NAMBLY
a.,NPAD ,NSLIP qh`VEI ,NWdHL *,RCI ,RTOW~PB ,RTOWT *SECZW

+ tTANPHI ,TRAKLN ,TRAKLWC *MCIFG ,VCIMUK tWGHT *WRATIO vlSNOW I
C,

C PULL AND RESISTANCE CCEFFICIENTS

C 1. VARIABLE OECLARAT14Ct
REAL B
REAL CHARLN t(",0)
REAL CI
REAL COHES
kEAL CPFFG (21it3)
NEAL 0
REAL OlAW (2.41
REAL OOWCO
REAL DOWCS
REAL OOWPB (is$
REAL DOWS
REAL ORATS i4631
REAL G
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REAL GAMMA
REAL GCA (2.3 0
INTEGER I
INTEGER IB U21
INTEGER I 4,2I1
INTEGER IP 121)
INTEGER IST
INTEGER JPSI
INTEGER KIV3
INTEGER LUNI
INTEGER NAMBLY
INTEGER NPAD (1 240
INTEGER NSLIP
INTEGER NVEH (I-l
INT EGER NWHL I 2&J
kEAL PI1
REAL PIT
REAL RCI
REAL RCIO
REAL RCIS
REAL RCIX
REAL RT
REAL RTOWPB 42a)
REAL RTOWT l-81
REAL SECTW 1241
REAL TANPHI
REAL TOWMAX
REAL TRAKLN .•il
REAL TRAKWO 124,1
REAL VCIFG I li'31
REAL VCIMUK (24I
REAL W
REAL WGHT (.ill
REAL WRATIC
REAL XK
REAL XKDELT
REAL XN
REAL XNVEH
REAL ZSNOW

C 3. DETERMINE SOIL TYPE
IF( IST ,EQ. I), GC TS 31a0
IfI: IST .EQ. 2) GC TO 36A0
IFI ST .EQ. 3) GO.T{ 370
IFUIST .EQ. 4) GO 1E 3800
I F( JST .EQ. 61 GO TO 3180
STOP 6

C 4. FINE GRAINED SOIL FUiLL AND RESIST4NCE COEFFICIENTS
310-3 CONTINUE

Do 341.4 I=I*NAMBLY*I"
RCI X=RCI-VCIFG(IoQPSI.)
IF4IP(lI, 1 .EC. I& X3R. (IB(Il .EQ. 1i1 GO TO 3132

RTOWPBfI) 940
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DOWPB (I = 0*2

CALL FGSTR 4
DIAW 4 1,

+ ,DRAT I i ,JPSI I

+ ,tP i f I

. ONVEN 4 ;11 I,
+ ,NWHL ( i I
t. ,RCI
+ ,RTOWT ( .4 I
+ ,SECTW Ji
+ ,WGHT I i I
+ ,WRATIO
+ ,LUNI I

GO TO 3414
3132 CONTINUE

IFINSLIP .NE. 01 GO TO 3134
CALL FGSPC (

• CPFFG ( 1 , JPSI b
+ tD
f ,NVEH ({ I
+ ,RCIX )

DOWPBM I)=C
CALL FGSPR I

+ CPFFG 4 .1 , JPSI J
+ ,NVEH 4 1 8
+ ,RCIX
+ ,RTOWPE S I I

CALL FGSTR I
+ DIAW 4 1 I
+ ,DRAT 4, 1 t JPSI I
+ ,IB (9 1

+ *NVEH A I I
+ PNWHL 4 . I
+ ,RCI
+ ,RTOWT I 1 I
+ ,SECTW I I I
+• ,WGHT 4 a 5
+ ,WRATIC
+ ,LUN1 I

GO TO 3414
3134 CONTINUE

IF(NVEH(I) ,EQ,, 1- GO TO 3306
C A. TRACKEC St.FPERY ROUTINE

RCIO = 2A.0
OOWCO = 5.55
IFf RCIX .6]T. 20.0 1 GO TO 3168

CALL FGSPC I
4- CPFFG 4 1 t JPSI I

.,NVEH t 1 I
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,RCIX I
DGW FB( 44D0
CALL F•&PR 4

+ CPFFG t 1 9 JPSI I
#. ,NVEh 4 I I
+ ,RCIX
+ ,RTOWPE 1 1 i I

CALL FG$STR i
+ DIAW *1 1

,DRAT 4 1 , JPSI I
+ tiB 4 1 I
+ tIP 1 .1 1
+ *.NVEh 4 1 1
+ ,NWHL I• .
+ ,RCI
+ ,RTOUT 4 I I
+,SECTW A I I

s WG rT " I I I
+ ,WRATIC
+ ,LUI 1S

GO TO 3A14
3168 CONTINUE

IF( IST .,NE 4i 61 GC TO .322,4
3174 ,IFHhSLie .NE. 1) GO TO 3182

DGWC3 = 0.5
RCLS = 200.0
GO TO 3252

3 4182 1Ft hSL4.9 NIE. 21 GG TO 3190
COWCs = 0.3
RCIS = 15..
GO TO 3252

3190 IFINSL-IE .NE. 3) GC TO 3198
COWCs = 0.3
RCLS = 209.0

-GO TO 3252
3198 1FHNSLil ONE. 4# GC TO 3206

COWC$ = 0.1
RCLS = 200.0
GO TO 3252

J206b IF( NSL,6 .NE. 51 GC TO 3214
EOWCS 0.1
RCIS = 300.0
GO TO 3252

3214 IFINSLAR .NE. 6) GC TO 3222
cOWCs = 0.15
RCIS = 500.0
GO TO 3252

3222 STOP 7
3224 CONTINUE

MFfIST *NE. 1) GC TO 3251
RCIS = 100.0
IF(NSLIR .NE. 11 GC TO 3230
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COWCS =O4
GO TO 3252

j230 IF( 'SIIf .NE. 21 GO TO 3234
COWCS 0.3
GO T& 3252

3234 IFU'SLISl *NE. 31 GC TO 3238
CCWCS = 0.2
GO TO 3252

3238 1FI NSLIP .thE. 4) GC TO 3342
COWCS = 0.1
GC TO 3252

3242 MF KSL If NE* 51 GO TO .3246
CQwcs z 0.1
GO TO 3252

.5246 IF( NSLE *NE* 6) GC TO 3250
COUCS = 6.1i
GO TO 3262

325,0 STCI
3c'51 CONTMNE

STOF 10
3252 VF RCIX .4E. RCIS 1 6O TO 3282

XK=ALOGI.01 OaWCO/OOWCS )IALOGhI4 RCIS/RCID I
XK=CC~WSARICIS*OXN
COW SXK4A( 1./RCIXb**XN),
1F( KPABU4I) *:EQ. 11 1 GO TO 3214

LOWRP24 JZOCigS
CALL FGSPR d

+ CPF&S 4 1 t JPSI 1,
9NVEH ( I I

* ,RCD%
+. VATculpB I I)

CALL FGSTR4
4.DIAW 4 1

+. *DRAT- 4 1 , JPSI I

+. S I P 4 I I

6. ,NVEki 4 1 1
+ .NW J-k 4 I i

4. R CI
+ tRT CIT 4 I

6. ,SECTW I I
+ PWGKIt i I I

+ oWRAT.LC
+ ,LUN11

GO TO 3414
.ý274 CCTN~LE~

CALL FC-SVC .4
+ CPFFG 4 1 JPSI
+4

#- *NVEll I I1
+ tRCIX I

lOOWPB( iA-zO.5*( D*DCWS I
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GO TO ~3414
3282 IF(NPAO(11 .EC, ft GO TO 3296

DOW F81:1 H=OCWCS
CALL FGSPR 4

+CPFFG 1 9 JPSI I
+ NVEIh I I
+ ,RCIX

+ tRTCWPE 4 1 b
CALL FG.STR(

+. DIAw 4. 1 t
+ 9DRAT I I t JPS! I

+ tNVEI- I I j
+. NWHL I I I
+ ,RCI
+. ,iTCWT 4 1 1

*SECTW 4 1 &
+. tWGHT ( I I

+ tWRATLC
+. ,LUN1 1

GU TO 3414
-,296 CONTINUE

CA.LL FGSPC 4
+. CPFFG I J t JPSI I

+ rNVEh 4 1
+. ,RCIX

DOWPB(11=ko5*( DDOCWS I
.CALL FGSPF I

* CPFFG f t JPSI I
+. ,NVEH 4
+ tRCiIx
+ ARTCWPB 4( 1 t8

CALL FGSTF 4
+. DIAW i J1
+" iDRAT iI A JPSI .1
+. ,IlB i j1

tip (I 4
+. ,NVEH 4jJ
+. tNWHL I 3
+. tRCI
+ ,RTOWT (I
4. tSECT4I ( 4
+. *WGHT 4 4 1
+. tWRATIC
+. tLUN1II

GO TO 3414
330~6 CONTINUE

C B. WHEELED SLI'FFIRY ROUTIINE
XKDELT=1 f3RAT6+,JPSII/0.4 1-0.375
RCIO=18.ý0
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DCWCO=0.4
IFI RCIX .GTm. 20.I1d GO TO 3324

RCIX=RCIX-.2.0
CALL FGSPC I

+ CPFFG 4 i JPSI I
+ tD

+ ,NVEh I |
+ 9RCIX I

DOWPB( I,=C
CALL FGSPF I

CPFFIG I I , JPSI I
9 tNVEH * ( I I
+ ,RCIX
,,RTCWPB i I I I

CALL FGSIF I
+ OIAW I I I
SDRAT I I *JPSI I

lIB t I I
+ VLP I I I
f ,NVEH I I I
4. *NWIL ,{ I I

0. ,RClI
+ vTCWT A I 1
+ tSECTW 4 1 &
+ tWGhT i I i

+ ?WFkATL(
+. ,LU ISI

GO TO 3414
3324 CONTINUE

IFIST .NE. 61 GC TO 3378 0
IF(NSLIP.f4E. It GO TO 3338

OOWCS A 0.35
RCIS ; 300i.
GO TO 3394

3338 IF(NSLIP .HiE. 21 GO TO 3346
DOWCS A a. 25 4XKCELT
RCIS 4 1510.
GC TG 3394

3346 IFINSLIP .*E. 31 GO TO 3354
GOWCS 4 A ga2,.XKOELT
RCIS 4 200,0
GO TG 3a94

3354 IF(NSLIP .MEo ,1 GO TO 3362
DOWCS 4 0.15+.XKCELT
RCIS - 15000

GO TC 3394
3362 SF(NSLlP .AE. 51 GO TO 3370

DOWCS ,4 0.15+XKCELT
RCIS 4 150.0'
GO TO 3394

3370 IF(NSLIP .bE. O6 GO TO 3376
OOWCS 4 0.15
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RCIS u 100.00
GO 10 i394

3376 STOP 11
3378 CONTINUE

RCIS=80.0
MFNSLIP .NE* 11 00 TO 3386

DOWCS=O* 3
GO TO 3394

-J3 66IFNSLIP .NEý. 0 GO TO 3392
DOwaCS=0. 1 .+XKOELT
GO TO 3394

3392 CONTINUE
0OOWCS = 0.1

3394 CONTINUE
IFIRCIX .GE., AISh- GC TO 3408

XN=ALOG104 DCWCO/COWCS $/ALO3610( RCIS/RCIO I
XK=DCWCS* RCiS*#XN
OOWPB(I4=XI(/( IRCIX**XN J
CALL 1FGSPR I

+ CPFFG 1 .1 ,JFSI I
+,NVEh I 1 I
+ 9RC lx

,RTOWPe ( IL I I
CALL. FG-ST I

DIAW I I I
+- *DRAT I 1 0 JPSI I
+ V15 ( I &
+. tIP hIII0+ #NVEII I I I
+ t NWII. I A~ I
4 ,RC1
+ qRTCWT 4 1 0
4. *SECTW I I I
4+ vWGiT I I I
+. *WRATIC
+. tLUNI)1

GO TO 3414
3408 CONTINUE

Do0pB41) = OCWCS
CALL FGSPR

+ CPFrG ( I t AIPSA I
+. tNVEH ( 4 1
4+ tRClX
+. ,RTOWPB ( £i A

CALL FGSTR 4 -

+ DIAW I I I
DORAT ,it A JPSI I

o+ IB iI )
+ .IP (I A
+ sNVEH 4 -1 1
+ *NWHL A b
+ .RC!
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,RTOWT 1 .1 1
+ ,SECTW I 1 .1

,WGhT I lb
+ ,WRATIC

+ ,LUN1II
.3414 CUNTINUE

GO TO 3999
C 5. COARSE GRAINEC SOIL PULL AND RESISTANCE COEFFICIENTS
36ýO CONTINUE

G =Cl*.8645/3.
00 3630 11.PNAMBLY,,I

IFL NVEHI I) *EQ.; .9 GG TO 3620
C A, WHEELEC 61..I'MENT ALGORITHM

IFM4'P4Il 4 EQ. 01 .OR- 4EIBII' -EQ- Oil GO) T) 3610
RTOWT(I~ 1, zd
GO TO W62

3619 CONTINUE
w = WGHTIKI&/FLOAT (NWHL( 11-
PIT = CO*1A.SEC1fW1(I)*OIAWI 10)).*V.51*[fLOAT(1J*#1I./L))

+/( W*((1. DORAT(L.JPSIIl)*3.i10-I.1OSSECTW4Ll/OIAW(lI) I
RTOWTLI 13= .44-0.0li*PIT

+i6SQRT( ((0.44-0,0i*F$T1**2)40.8692*PIT*.0AI8 )
3612 CONTINUE

IF((0PUI ,.EQ. 01 .ANC.. t1BW1 .:EQ.: 06) GO TO 3618
IF( IDIb Ii EQ. 11 GO TO 3614

8 SECTWIIi
o WGHTdII/FL0AT(NWHL(IV1

GO TO 3616
361'4 CONTINUSB

B = 2.441SECTW(11
W = 2.0.*4G)TtI1/FLOAr(NWHL(1i4

361o CGNTINUE
PIC = G4((B*9IAWdIl1*01.5)
PIC = 6,44180DIAW4U)I*01.51

+ *(DRAT(L,JPSI))1/(§*(!fkCAT(I5**0.58'l
DGWFB t-11 = *53-4..5/I0iC+3.71
RTGWPBffi- = o6-DOWPe(L1
GO TG 3630

3618 CONTINUE
DOWPB 11,) 4 04~
RTOWPBU)1 4 090
GO TO 3634

C e. TRACKED ELEM~ENT ALGCRITHI'
3620 CONTINUE

RTOWTtU) = .
IM(IP(IiI .EC4 lt *AND. i(IB(ill -EQ.: 11-8 GO TO 3621

WPITE(LUN1 ,1000)
1000 FORMATA

+./,37H THERE -IS NG SCIIC FULL AND RESISTANCE,
+ /937H ALGORITHM FCA TOWEC TRACKEC ELEMENTS).

STOP
3621 CONTINUE
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PIT = Oo.6*G~l f(TRAKWD(I14TRA14LNlIlt**1.5 J0+ IWGHTII)/2,
IF(PIT .G1. 25.) GO ITO 3622

DOWPBl(t .121k.258sALoGl0(PITl
GO TG 362,8

3622 IF( PIT,.GTo IOL~ GO TO 36-24
DOWPBl1) = .3394.109*ALOG1~lPIT)
GO TO 3628

3624 IF(PIT *GXJ 1900o) GO TO 3626
OOWPB(l) = .481G.038*ALOGl0(PIT
GO0 TOC 362.8

3626 CONTINUE
DOWPB- (1.) 4 .1595

3628 CONTINU+E
RTOWPB(ti, A .6 - COWP{I-), + .045

3630 CONIINUE
GO TO 3999

C 6.. MUSKEG PULL AND RESISTANCE COEFFICIENTS
3 7 wo CONTINUE

DO 3728 I=lNAMt3LY,.&
ROIX = RCI-VCUIXJUIW.)
IF(RCIX .GTv -Wigi.) GO TO,3710

RT = 1.
GO TO 3714.

3710 IF(RCIX .GT. 0.)1 GC Ta 3712
RT = 1-ý6*RI~Z.
GO TO 3714O3712 CONTINUE
RY = .045+2.3475146.,5.RCIXI

3714 IF((lP(1I aEC. i 6 CR. (JBLIl oEQ, 041 GO TO 3716
RTOWTiIIý = go
RTOWPB(l) =F1
GO TO 3720-

,3716 IF11UI?1 *EC* I& *CR. lIB(1) *EQ* 1)) GO TO 3718
RTOWTM = RI
RTOWPB(ll = C
DOWPB(I), =94
GO TO 3722

3718 CONTINUE
RTOWT !0 F-1
RTOWPBd(i IRT

j70IF(RCIX .GT* i~ G;O TO 3122
DOWPB4II) -1
GO TO 3728

-3722 IFIRC!X .GT. fdai, Go To 3724
0CWPlIl =
GO TO 3728

3724 IF
((NVE.H1L) WEQ. 08 .AKID. (CPFFG~ilpPSIA .LT. 4.011 GO TO 3726

COWP8E( L8=0.35i7A.t.02256*RC.IX
+ . (.57.2.8Rl*#211001!CX$*5

GO TO 3728
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3726 COWPi3( TI'0.5464#.J.ýl.1091*RCIX
* -(((.54641i 109i*RCLXA*2,b-4.192*RCLXJ**,:5I

3728 CONTINUE
GO TO 3999

c 7, SHALLOWJ SNOW PULL AhO RESISTANCE COMFI1CIENTS
3800 CONTINUE

XNVEH = 0
DO 3805 !4,9NAM8LY

XNVEH =FLOAT( hVEH(sll 1*XNVEH
3805 CONTINUE

DO 3820 llI,NAMBLY.91
IfI(NVEH(Tl .EQ. 0I. GO TC 3'814

RT = lI)*(FLC&T(NWHL(1)I*SECT.Wii(IJDIAW(ItI

IF((P(Ib .Er..d h) OR. (Meil, *EQ. Oil GO TO 3810
RTOWT(Il- v 0.
RTOwP8UIIJ FIT
GO TO 3813

3810 LFUIP(I) .ECi 1) .CR. (Ie(Ltl EQ. IIJ GO TO 3812
RTOWTII)- R RT
RTOWPB(II i4 0.
DOwPBMI 4 0.
GO TC 3824

3812 CONTINUE
RTOWT. I I)-~ RT
RTOWPB4LI~ RT

3813 CONTINUE
TOWNAX TANPHI*COHES*GCA(I,#JPS II'

+ #FLOAT(NWHL(IJ,/WGHTf D
DOWPB( Il TOWMAX-RT0
Go To i,424

3814 CONTiNUE
RT = 5.0j*GAMdA*4.4sNCW/CHARLN(I.JPS-ii-0.151
IF(RT .GE. 0.05, 60 TO 3815

RI =04
3815 IF(I(IP(I) *EC. 06 eOR. (IB(ID e-EC.' O8- GO TO 3816

RTOWT (1) I.11
RTOWPBfI1 RX
GO TO 3819

3816 WU:(IP(fI) EC,.1-b 60R. ~1IB( -EQ. lit) GO TO 3818
RTOWT (1) =0
RTOWPBM = 0.i
DOWPB (I) = O
GO TO 3822

3818 CONTINUE
RTOWT :0 = FT
RTOWPBMI = ST

3819 CONTINUE
TOWMAX = TANPf%)dCOHES*GCA(IJPSJ)/WGHTlIS
COWPagz, = TCWMAX-PT

38216 CONTINUE
39j99 CONTINUE
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R ET URN
END

SUBROUTINE LV4
(OOWB VOaWP ,CGtF8 ,GCW OGCWB *GCWP tIB tip

+*NAMBLY IRTOW8 e#iTGbiB qRTCWNP tRTGMP oRTOWdPB ,RYOWT *WGH3

C

C SUMMED PULL AND RESLS1AVhCE CCEFfI(IENTS

C

C 1. VARIABLE DECLARATICN
REAL OOWPB 12.0)
INTEGER 18 1241
INTEGER, IP (201
REAL RTOWPB (2d)
REAL RTOWT (2.01
REAL wGHT 12i4)

C. 3. ALGCRITHM
DOWE! = 0. 0
OOWP = J.0
RTOI&B =0.iO
kTOWP = 0.0
RTO hNB = 0.0
kTdOfNP = J.0
DO 3050 1=19NAM8LY

IF(GCWP .EQ. 6*2 GE, TC 3410
RTOWP = RTGbig*j:LOATL ZPAI)IFRTQWPB4I1*WGHT( I)/GCWP
OOWP = CGWF*ILOAT(1P411i*COWP8U)4-WGHT(UI/GCWP

3010 IFU(GCW-GCWPI .E~o 0s,01 GO 'TO 3020
RTOWNP = RTOh"MP#FLGAT(1I-PlItl

+ r.RTOwT(li*wjGHT(liII/GCI*-GCWPI
J1620 IF(GCWB .EQ* 0 "'9 GC TC 3039

RTOWB = RTQN.I4FLCAT(1B(I))*RTOWPB(I)OWGHT(I)/GCWB
DOW8 = CCW e*FLCAT4 LBIRI *,COWPBX i#~WGHTtIII GCWB

3030 IFH{GCW-GCWB$ *fQm 0.0) GO TO 3849
RTOWNb = IITOihbe+FLOAT(1-184.14ý

*F RTOW1 ItI. WGHTtI) /4 GCW-GCW P3
3040 CONTINUE

3 05 0 CONTINUE
RET LRN
END

SUBROUTINE 1V5
+ (ATF ,AVGC ,ETF 'ta CPFCCG *CPECFG rCTF 9DAREA
t ,OOWP ,EANG *ECF OFA ,fB *Fc #FORMX tGCWR
#- IFLOAT I1ST ,!TUT VJPSI ,LOCCIF 9NAMBLiY ,NFL tNGR
",vNTRAV ,NVEH ,NVEIl ,t4WHL ,iRACC ,RTOWP 9STRACT ,TFDR

"I ITHETA 9TRACIF ,VFMAX 9VG wVGV ,WGHT ~WRAT13 *LUNI I
C

C SLIP MCOLFIED TRACTIVE EFFORT

C
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c 1. VARIABLE DECLARAT.LCN
REAL. ATF (244)
R~EAL 8TF (281.
REAL CPFCCC 4,3#
REAL CPFCFG 1 3k
REAL CTF 14201
REAL FA 120031
REAL FATEMF (2i493)
REAL FB C4iAm3 1
REAL FBTEMF (2a.031
REAL FC (.2.8,31
REAL FCTEMF 42.o3-1
REAL FORMX U3*
REAL FQUAD5 (4 5
HEAL FT EMP (24v5l
REAL FTEMPC 2128,5)
INTEGER NVEHi (28)
I NT EGER NWKL (2~il
REAL STRACT ( 24,A3, 3
REAL THETA 134
REAL TRACTF laafs5)
REAL VFMAX (3f
REAL VG 1 2943a3 1
REAL VGTEMP ;46 83 v31
REAL VGV 12A,65 )
REAL VOUAD5 45SI
REAL VTEf0P 128*51
REAL VTEMPC (28,51l
REAL WGHT l2.8

C 3. ALGORTTHK4
FCC = 0
CPFC = CPFCFG(JPSI)
IF (LST .EQ. 21 CPFC=CRFCCGiJPSII
IF (IST -EQ. 41 GO TO 3800

CALL 1FCRCF(CPCPFC.,DChP.GCWP.ISTNhFL.NVEHC.RTOWP#rFORP,LUN11
3000 CO 3609 K=1,NTRAV

COSX =COS4THETA4KA&
IIF 41ST *EQ. 41TFOF,:40CWP+iiTOWPI*GCWP*WRATIO
NG1 = 1

Co 3060 NGzlghSR
FATEMP(NG#K)ý * ATFING)
FBTEMPlNGI(1 4 BTFING1
FCTEMPfNG#KKI l CTF(NCG)
DO 305O L=145

VTEMPINGgL4 VGV(NG#Ls
FTE)4P(NG,LA TRACTIF(hGoLb

3 65 0 CONTINUE
LZ 1
DO 30~6I LI=1#6I,2

VGTEMP(NG.4A.14 VGVING,Lli
1=L+l

3060 CONTINUE
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CO 3500 NG=1,NGR
IF(FT-EMP(NG,1)*ECF &LT. TFCP.*CCSX) GO TO 33100

IF(FTEN~iN(#55)*ECF .LT. TfOROCOSXI GO TO 3200
C
c 100 % Al TOP~ SPEEC IN GEAR
C,

NG1 = NG1+1
FC( NG, 9 K4=0
FB(NGtKb 0.9
FA( ýG#KA=TFrR*COSX

00 31ki0 L=19:3
VG1tAG#LvK6 = 0.
STRACT( NG,,LtKlFA(NGfKl

3100 ~ CONTINUE
GO TO ~3300

C
C 100% SLIP AT CTHER THAN TOP SPEED
C

3zoib IF (VTEMP(KZO.51 *EQ.- VTEMI4PNG.Iilý GO TO 3260
FX = TFEROCOSX.
CALL V ELFCP4 FXt FAT EMPoEBTEMP, FCTEMP,

f. FXqK, NGiR*VXtVFMAX,*VGTEt4PJ

C RESET' LGW POINT TO LC4EST SPEED THAT IS NaT
C 100% SLIPF
C

VTEIMPih6*11 = VX
FTEtPPUN-41) = FX/ECF
XINT = VTEt4P(NG,5* - VTEMlPfNlGtl1)/4.
C0 3250 L 1294

VtEiw;*LNG#Ll = VTEMP 'NGL-1i + XINT
FTEPINR(NG,Ll CTFItNG)*VTEMPLNGLI*VTEM4P(NG,iLI4

+ BTFtNGi*VTEMPING*Ll o. ATF(NG)
3250 CON1INt.S

GO TG 3300
C
L SPEEDS-EQUAL - LNCREME;NT ON FORCE

3260 FTE1t'P(NG.Ifl TFCR*LOSX
YINT =(FrEMPING,11 - FTEMPING*515/4.
DO 3380 h*2 o4

FTEMP(tN490 FTEMP(N-GL1- - YINT
3380 CONTILNUE

C
C COMPUTE SLIP hCP ALL. fCIINTS IN GEAR~
C

DO 3400 LAN
VX = VTEM4PONG#Ll
FX= FTENftltG*L)*ECF

FSL = fX/CGSXOk4RATIO
YX =FSLIGCWP - CF
IF (1ST .,EC* 44YX=FX(/TFOR

271



k-2058* VOLUPE I PAGE A-99
APPENDIX A -LISTING CF FRGC4AP NRMM

CALL SLIP(CPFL., ISTLCCCIFINFLNVEHCSLIPXtYXI
VTE$PCINGLb = VX*i1.-SLIPXI
WORAG = *154.S01i1*CDbOAREA*V.TEMPO(NG.L)**2
IfIITUT .NEi '141 GC TO 3390

L DRAG CORNERiING RESISTANCE FOR TRAiLS (WHEELED)
C

FCC = 0.
FE =1I. - 7.495*dRACCl.12*-l*EANG
DO 3350 .1,1NAMBLY

IFINVEHM! .LT* It GO TO 3350
Fl - gIWGHT(L*PCOSX*VTEMPUINGLI**21/

+ 111.1*JRAfjCb)~412'.117.6/11.6J
FCC = 4AFE*F1*F1ý/(FLOATINWHL(I))*AVGCIh*

+ .75/IYFOR/GCWPI 41 FCC
3350 CONTINUE
3390 FTEMPOLNGilb = FX- FLOMT(IFLOATI OWDRAG - FCC
3400 CONTINUE

c
c COMPUTE NEW CGEFFiCIENTS

IFI(NG .NE. li *CR.
+ f4FTEMP(NG#.l .NE. fTEMPING5))) IGO TO 3410d

FA(NG,Kl = ATFING)
FBiNG,KI BTF4NG
FC(KG,pK$ CTFING1
GO TO 3439

3410 DO 3420 1.3.1.5
FQUAC5LL) -FTED4FC(NGYLI
VQUAD5(Ll 4 VTEt4PCING.Li

3421o CONTINUE
CALL QUA1;51VCUAC5vFCUAD5sA,#BiC)
FA:NGtK) = A
FBINGPKI B
FC(NGK) C

3430 L =1
DO 3450 Ll=I*6i.2

VG(NGIIL,,Kl = VTEI4PC(NGvLl)
STRACT(NG*&vKl FC4NGtK)-*VG(NGoLiKI*VG(NGvLtK)

+ FB(NGKl*VGlNGvLvKl FAtNGK)
L = L41

34516~ CONTINUE
3500 CONTINUE

YFI4AXIKI = VCI(NGCItKl
FORMXIKI = STRACT4NGI,1,vKi

36JO CONTINUE
P ElU RN

E ND
SUBROU71NE LV6
iFAT tFATI *FMT ,NI ,PBHT *sD @SOL qTDEN

+ ,WDTH I
C
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. C RESISTANCE DUE TC VEiE1•ATICN

C

C 1. VARIABLE DECLARATICtN
C

REAL FAT 451
REAL FATi Is
REAL F MT ( i,
REAL SD 191
REAL SDL (S9
REAL TDEN it4
REAL TFAT (9i

C 3. ALGCR4ITHM
FAT i1l = 0.0
FAT1:11 = 0.0
FMT (1) = 0.0
TFATtlf = 0.0
00 3030 I=l,NI

IF(TDEN(I) .EQ. @,0$ GC TO 3020
FAT1(1*i = 4Mb./5*8&SSOL(tI14#3(,
FMT (1*11 = 446.-PBHT/2,o *SOL 11*03.
TFAT(Itl) ' 0401
DO 3010 K=1•I

TFAT('I1 *, TFAT(Ii ).TDEN(K3*lji0,0*SD4K .*3
3010 CONTINUE

FAT (I1I1 = .1J•*TFAT(I#1b*w0TH
GO TO 30,30

3020 CONTINUE
FATI(I*) = 0.0
FMT (I11 = 0. 0
FAT (I#11 = FAT44I1

3030 CONTINUE
RETURN
END

SUBROUTINE IV7
+ IFMT rGCW ,IMPACT qMAXI .NI ,PBF I

C

C LRIVER-DEPENDENT VEHIChE VEGETATICN OVERRIDE CHECK

C

C 1. VARIABLE DECLARATLCIi
REAL FMT 4S4
REAL IMPACT 510

C 3. ALGCRITHM
NIL = NI.l
DO 3040 1=1,NII

IMPACT(IM = 0
IF(FMT1TII LE. F8F) GO TO 3010

IMPACT(11 = .1
30 10 IFI(FMT(II/GCWI A4E, 2.1 GO TO 3020
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It4PACT(Ul INPACT(14*2*
ý020 IFILMPACT(Li 4NE, 8.) GO TO 3930

MAXI =1
3,ý30 CONTINUE
3040 CONTINUE

RETURN
END

SUBROUTINE 1V8
" tEAT ,FATI ,cCCW' tGCWNP ,GCWP ,J4AXI ,NTRAV ,RTONNP

"4 RTOWF rSTR 9THETA ,TRESIS 9WRATIO I
C
C-- -- - - - -- - - -

c TOTAL RESISTANCE BETWEIA CBSTACLES
C - -- e ,-* -----

C
C 1ý VAR IABLE DECLARATL.CN

REAL FAT 154
REAL FATI ("st
RFAL STR I 3vg)
REAL THIET.A 431
REAL TRESIS 13.91

C 3. ALGCRITHM
00 3020 K=19NTRAV

CUMMY = GCW4SIN(lTHErA(K&l
+1 PT R*CP#R whoCCN 4CSI -T(J-WAI

CO 3010 I=,dPAX'1
TRESIS(Kipli OUl#Y.FAT fit
STIR lKyI) a OUivHY4FArlIII

30110 CONTINUE
3020 CONT&NUE

IRETLRN
END

SUBROUTINE IV9
"* FA *FB , FC tFOIRMX 9MAX9 .NGR vN1 vNTRAV
*TRESIS ,VFMAX v VG tVSCIL I

C
Caaaaaaaaaaaaaa -----------------------------------------

c SPEED LIMITED BY RESISTANCE BETWEEN OBST'ACLES
C------- ~
C
C, 1. VARIABLE OECLARATLCN

REAL FA 124im3i
REAL FB 128,31
REAL FC (i~t3l
REAL FORMX (3b
REAL TRESIS ('3#91
REAL VFPwAX (361
REAL VG ;*0
REAL VSOIL 1309b

C 3. ALGCRITHM
M2 = MAXI
DO 3030 11,M2
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CALL VELFOR
+ (TRESIS4i.HJ~AIFepFCiFCP~Mx,1NGR.VSOIL4Ii3,VFMAKVGI

IF(VSOLL(1,IS .. E O.0* GO 10.3010
MAXI = I

3010 IF(NTRAV .EQ. 14 GO TO 3020
CALL VELFGR

+ (TRES IS(29 I ,FA.FBFCJFCiPHX,2,NGRVSO!Li2, IhVFMAX*VGI
CALL VELFOR

+ TRESIS43,TISFA.P2Ff.PFOiPMX,3,NG~,VS0IL(3,L),VFMAX.VGI
3020 CONTINUE
-a030 CONTINUE

MI MAXI~l
142 z NI +1
DO 3050 1=M1,M2

MSOL(ltl) =
IFINTRAV .EQ. 14 GO TO 3040

VSCIL42I1ý = .0
VSC1L#'3*1) = oO

3040 CONT!NUE
3050 CONTINUE

RET URN
END

SUBROUTINE 1VIO
+ lACTR14S 9LAC 9 PAX LIR #-RtS .VRIO 0 VRIDE I

C,
C - - ~ ~ - -O C SPEED LIMITED BY SUR~FACE IFCUGHNESS

------------------------------

C. 1.ý VARIABLE OECLARATICN
REAL RMS 1 20)
REAL VR.IOE i963)

C 3.o ALGORITHM
DO 3020 NR=21 MAXIPR

IFIACTRMS .GE. FUSINR)l Ga TO 3010
VRIDO VRIDE~ttiR!-ILACI.(ACTRI4S-RMSINR-1))

GO TO 3032~
3010 CONTINUE
3w.;2ý CONTINUE

VRIC = VRIDE(MAXIPF.LAC)
3030 CONTINUE

k E T LRN
END

SUBROUTINE IV11
+ IDOW6 tGCW 0 cCbI e GCWKB vNO&OeF ,NTRAV .f!F0W8 wRTOWNB

,TBF tTHETA ,hRATJO ,XKf9 I
C
C ;4 - - - - - -
C TOTAL ERAKING FCRCE -SCIL/SLOPE/VEHICLE

C --- ----.-----------

C
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C 1. VARIABLE OECLARATICIN
REAL THETA (34
REAL TBF 131

C 3. ALGCRITHM
XI. = (RTOWB*GCWE,*R76kdNB*GChWNB,*WRATIO
X2 = (DCW84RTOh8I*(CWi8*WRATIC
TBF(1l GCW*'SIN(TI-ETA(1*)*WRATIO,41*COS(THETAL1*b

*AMIN1IXBRtX2*CCSiTHETA(18 I)
IF(NTRAV .NE, !I GC TO 3020

TF(TBffl) .GE. 0.01l GO TO 3910
NOGOBF =0
GO TO 4000

30.10 CONTINUE
NOGOBF =1
GO TO 4000

3020 CONTINUE
TBF421 = K14AMIN1(i(8RgX21
TbF(3) =GCwr*S~t(TI'TAL3h 10WRAT1CX1*COS(THETA( 31)

+*AMINI(XBRtX2*CQStTIIETA(3Mf
IF(TBF434 .GE. 0.01 GO TO 3030

NOý;GBF 1
GO TO 4000

3030 CON71NUE
NOGCBF = 0

4io0 0 CONTINUE
RET LRN
END

SUBROUTINE IV12
+IB~FMX tOCLMAX sGCW vN1RAV ,SFTYPC 9TBF I-

c r-------------------------~e e

C tPAXIMUP BRAKING FCRCE *SCIL/SL OP E/V ENICLE/ DRIVER
C ---------------------

C
C 1. VAR IABLE DECLARATLCh

REAL BFMX (36
REAL TBF 131

C 3. ALGCRITHM
BFMX1L 1) AMINI (OCttRAX*GCW * TeFlIS4SEFTY`PC/100.)
IF(ITRAV .EQ, 1) GC TC $010

BFMX(21 = AMIKN140CLM1AX*GCW t T8F(21*SFTY`PC/100.)
EFMXf3* = AMIN1l&CLlwAX*GCW -v T8Fi3-l*SFTYPC/l0id.1

.3k, 1 CONTINUE
RET LRN
END

SUBROUTINE IV13
+ fFMX 9EV'EHGT ,GCW *NT5FAV #RD vREACJ rVELV qVISNNV I

C
C ------------

C SPEED LIM~ITED BY VISIEILITY
C
C
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. C 1. VARIABLE DECLARATICfh
REAL BFMX (12
REAL VELV 131

C 3. ALGCRITHM
00 30i30 K=ItNTRAV

IF(BFMX(K) .;CT. 'A.01 GC TO 3010
VELV(K) .
GO TO 3039.

CONTINUE
F~ECD = RD *EY EAGT 16O
ACC = BFP.X( 91b,*385.9/'GCW
c = ((REAC1t.ACC1-*2)+2-0#RECD*ACC
C =ACC*RE#CT
VELV(K) = -t C-S CRTID1
IF(VELV(K4 .GE. WISfMthVi GO TO 3020

VELVI-K) V 4SMtMV
3020 CONTINUE
3030 CONTINUE

fkET URN
END

SUBROU11NE IV14
+ JPSI A,N #NTRAY ,NVElC qVELV vVRID .VSOIL tVT'LRE

+' VTT I
C
C -------------------------------------- 5

L SELECTED SPEED BETWEEt' OBSTACLES LiMiTED BY-v VISIBILITYt
C RIDE* 1IRFS, AND0 SOIL /$AXPE/VEGET AT ION RESISrANCE.

C 1.. VARIABLE OECLARATICN.
REAL VELV 4 34
REAL VSCLL (.3491-
REAL V T;IRE (.36
REAL VTT t3#I

C 3. ALGCRITHM
Nil = NL+l
DO 3030 K1,INTRAV

CO 3020 I=lIll
V1 9#i4-~t
IF(NVEHC -EQ,. -1) GO TO 301.0

VTT(Kf.II =
* AMINL4VTIRE(JPSII, Vli, VRIO,' VELV(0&)I

GO TO 30.2
3010 CONTINUE

VTT(K,P =

* AMINl(V1, VRIDt VELVAAMlI
3020 CONTINUE
3030 CONTINUE

RETURN
END

SUBkOUTINE IV15
* (AOT -vNI ,NTRAV ,NVEHC ,PAV ,VAVOID ,iV80 ,tvrl I
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C --- - - - -- - - -- -fe-- -----a

C, MAXIMUIP SPEED BETWEEN AND ARCUND CESTACLESS
c-------------- ----- ~--------------

I* VARIABLE OECLARATICN
REAL ADT 19k1
fkEAL PAV *154
REAL VAVCID 43*9)
REAL VBO (3491
REAL VTT 13*91

C 3. ALGCRITHM
NII N1I.,
DO 3200 K=1,NTRAV

Co 3190 I=1,hI1

IFIVTTIKeII *BC* got GO TO 319&J
IF( NVEHC .EC. 0) GO TO 3960

C
C A. TRACKED VEHI.CtE ROUTINE FOR MANEUVERING AROUND
C AND BETWEEN COSTACLES
C

LF(PAV(Ilt oLE* 3.8 GO TO 3030
IF(PAV(Ji ,GE* 7.5 GO TO 3018

SI'G=9#392.913-VTT (KivIW&4. )OPAVLIII
+ *(7.*V1'T4Kt 1)*-'3Ai92.1931/4.

V8C(9iol K1ANIN14 SMG, VTTiK, 114
GO TC 39308

3010 IFdFAV4l) .GT. 52.i5) GO TO .30410
SM6=4643.15-a.603.AVi 11
V8G4AI)=AMINl4SNG,tVTilKp I))
GC 7,6 3830

303io IF(AOT(Lt 4LE, 3.1 GO TO 3190
IFIAOT411 4GE. 7.b GO TO 3040

SMG=E4392.93-VTTAKLg)1/4.8#*ADT4 I,
#17.*VTTlKIb-3.*392.93)14.

VAVCJDlKI(ll 8AMINl4 SMGVTI(K, Ill
GO TO 3190

-IF(AOT4I) wGT, 52.5) GO TO 3050
SMG=*53s.15-8.6f03'ADT (1)-
VAV(ID( KL)=AMIN1ISMC.&VTTIK, 188
C-0 TO 3190

31v50 ~VAVC-10 49.I1=0,o
GO TO 3190

c
C B. WH4EELED VEHICL.E ROUTINE FCR MANEUVERING AROIP4D
C AND BETWEEN CBSTACLES

30)60 IF(PAV(ll .LEa 3,J Go TO 3090
IF(PAV(II 4GE. 7.4 GO TO 3070
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StMG=(4A!11@*33-'iTT(KvlJ k/4.ý-*PAV(40
+ *4 7.*VT:T(K-911-3.4145O'e'33 /4*

VBG4K, IA=AMINI( SMG.#VTT4KoIl#
GO TO 32090

30 70 LF(PAV(I11 *GTo 41.31 GO TO 3080

VB0(Kt4A=AMLN11 SMGvVTTlKI1l
GO TO 3890

30bi0 VBO (Ks I 4 9
309(d FtAOT(I& .Lf" 30,1 GO TO 3190

IFHADT(l.) JGE,4 7*1 GO TO 3100
SMG=(4 444jg33-VTT(KlbI/4d4*ADT(I

VAVCIDA*,,14AMINltSMG.VTT4Kvil I
GO TG 3190

31i60 IF(AIJT(It 46$T, 41.35 GO TO 3110
S MG=5424.11-13.oUŽ1*,AriT ( I
VAVCIO.(K., I WAtIN ( SMGVTT4KwIlI1
GO TO 1190

3110 VAVOID(Kv 160.
3190 CONTINUE
3200 CONTINUE

kETURN
ENO

StLBROUTINE LV16
+ (AVALS 9CLEAR ,FCM ,JFOMMAX tFOO ,FOOMAX #HOVALS, INANE
+ .NEVERO vNOHGT #NWD.TH #C8AA voBfi .OBPSINW ,WVALS I. C

C ------- - - - -------------------

c OBSTACLE OVERRIDE INTUfFERSNCE ANC RESISTANCE
C---------------------------------------
C

L 1. VAR IABLE DECLARATICN
REAL AVALS (,1*4
REAL CLEAR A 1j14t5l
REAL, CLR
REAL FOM
REAL FOI4MAX
REAL FOG 1,7,#1415)
REAL FOOMAX C I ji)495 1
REAL HOVALS (lb
INTEGER I
INTEGER II
IN~TEGER .j
INTEGER Ui
INTEGER K
INTEGER KK
INTEGEk N
INTEGER~ NANG
INTEGER NEVERC
INTEGER NOHGT
INTEGER NW[;TH
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REAL OBAA
REAL OBH
REAL OBMINw
REAL WVALS 564

C 3. ALGCRITHM
IF(NEVERO .EQ. 01 GC TO 3010

FOM = k'.a
FOMMAX = 0.0
GO TC 3150

3010 CONTINUE
IF(NOIHGT .NE. 1 ,*.ANC. 10SH .GT. HOVALS(UIMI GO TO 3020

I=
II = 1

GO TO 3050
3020 CONTINUE

DC 3030 N=2,NOHCT
IFiOBH .LEO. ICVAAS NJI GO TC 31040

3030 CONTINUE
! = NOHGT

IT = NOHGT
GO 10 3050

31ý40 CONTINUE
I = N-I
IT = N

3050 C&NTINUE
IF((NANG .NE. 1) ,.NC. IOBAA .GT. AVALS(I1bI GO TO 3d60

j =I
JJ = 1

GO TO 3090
3060 CGNTINUE

00 3070 N=2,NANG
IF(OBAA .LE. AVALStNil GO TO 308,0

3070 CONTINUE
J = NANG
JJ = NANG
GO TO 3090

3080 CONTINUE
J = N-1
JJ = N

309Z IF((NWOTH .NE. I .AND. (CBMINn .eGT,, NVALSL)II| GO TO 3100
K = 1

KK = 1
GO TO 3130

3100 CONTINUE
DC 3110 N=2,NWDIh

IF(OBMINW .LE. 6-MALSIN)l GO TO 3120
3110 CONTINUE

K = NWDTh
KK = NWDTH
GO TO 3130

3120 CONTINUE
K N"I
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KK = N
31ij CONTINUE

CALL 03LLNC
ICIR ,CLEAR t1 -'I I!

+J tE K K HOVALS tAVMAL S
+ ,WVALS 9OBH ,CBAt tOB14INWId

IFICLR *GE, 0.0), GC T0 3140
NEVERO =3
GO Ta 3150

3140 CONTINUE
CALL 03L!NC

(FOMMAX qFOOMAX 1 til v
,JJ tK tI(K tHOVALS ,AVALS
*WVALS ,O8H vCBAIA -OBMINW I
CALL D3LINC

(FCH tFoo ti. 111 9
+ ,JJ ,jK *i(K ,HOVALS -vAVALS
+ WVALS *OBH ,CBAA 908BIlNW i

3150 CONTINUE
RETURN
END

SUBROUTINE IV17
+(HVALS ,NEVER& .tNHVAk'S ,NSVALS 908H vOBSE ,SVALS ,TL

9 VO16A tVOOB *VCCES *WA I
C

C ORIVER-.DBPENOENT VEHIlChE SPEEC OVER OBSTACLES

0 C
C 1.g VARIABLE DECLA-RATICN

REAL HVALS ( 25)
REAL SVALS A 251-
REAL VOOB lisk
REAL VOOBS (iSi

C 3. ALGORITHM
VOLA = .0
IF( NEVERO .NE, 0 1 GOTO 3090

IF ((OBSE-14jA) *Llo TLlI GC TO 3030
DO 3020 NH=2,**VALS

1FIOBH o'G2Ti HVALS:NH~i GO TO 3010
VOLAB r-VGCBINH-1b*l08H-HVALSlNH-lil

+ (VCOBINH,-VOOB(Nhý-1.tuL(HVALSINHI-HVALS4NH-*)I
GO TO 39.30

3k~l@ CONTINUE
3020 CONTINUE

VOLAB VCG84W~VALSO
3030 CONTINUE

SFI(OBSE-WAI *LTw 42.;*TLII GO TO 3040
VOLA =VOLAB
GO TO 3090

3040 CONTINUE
CO 3060 NS=29NSVALS
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IF(OBSE .GT* SVALSINSIA 6O TO 3050
VOLAS = V(4C8SINS-11*1COSE-SVALSINS-11)

4v(VOUeS(NSI-VOOaS(NS-Jn/i(SVALSINSI-"SVAtS4NS-1a1
GO TO 3079

3050 CONTINUE
3W60 CONTINUE

VOLAS = VOOBSINSALSI
3070 CONTINUE

IF((CBSE-WAI .LT*4 TL* GC TO 3080~
VOLA = AMII%1-4klLAB#VOLASI.
GO TO 3090

3089 CONTINUE
VOLA = VOLAS

3 0'AO CONTINUE
NET URN
END

SUBROUTINE IV18
+ (FA , F8 ,FC, 9FOM tFOMt4AX *RJRMX *GCWd tips I
+ rMAXI rNEVERO NtGR #NI ,NTAtAV #NVEHC ,OBSE ,PAV
+ PTL tTRESIS tVA vVBc *VELV 9VFNAK ,VG tVOLA
+ tVRID *VSGIL rVTIIE ,VXT vWA1

C, SPEED CNTO AND OFF GBSIACLES

C, 1. VARIABLE DECI.ARATLCN
REAL F 'A (284,31
REAL F8 24631,
REAL FC"o3
REAL FORMX (3-4
REAL PAV (91.
REAL TRESIS t(3.91
REAL VA (i~w9 l
iRFAL VBa (3e9b
REAL VELV (31
REAL VFMAX (36
REAL VG 424#30 1
REAL VSCIL 43#9b
REAL VTIRE 1,31
REAL VTT 4 30+9b
REAL VXT 39

C 3. ALGCRITHM
NLI=NI+1
MAX II=MAXI#'A
IF(KEVERO .EQ. i6 GC TO 393k2

CO 3020 K=1,NTR4 AV
DO 3010 1=19kiI

VBO (K , P = hi.
VA lKt,!I =So
VXT(Kel 0.

3010 CONTYNUE
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3j62 0 CONTINUE
GO TO 315k0

30~30 CONTINUE
LFITL .LT. ICBSEPOWA~l GC TO 3090

C A* MULTIPLE CBSTAICLE RCUTINE
DO 3080 K=1,1IRAV

00 3064Z L=-&#MAi(I
RESIST %4% TIRESIS(Kv 114F01
CALL V EL-Fop

* 4RES! SbFFAIFB*FCIORWlS.NGPVSOIL(tKI).,VFMAX oVGI
IFIN~VE1C .EQ, -11 CC TO 3040

VTT4(K,.I) I-
+AM LNl VSO IUK .1) VRLCiIEL Vt Kb.VT IRE4JPSII, VOLA)

GO TO 3059
3040 CONTLNIU6

VTT(K.,Ih
+ AMINlIVSOLLUK.IhVR-LCiMEL~i/KleVOLA'b
3050 CONTINLJ4

V BOt K ti4,VTT4( K 9l1
IF(V8O4*,vl .EC. 0.1 6O TO 3059
IF( NVEK~ .EQ. 1b GC TO 3 056

C TRACKEE VEHICL.E ROUTINE FOR I4ANEJVERING
C BETWEEN OBSTACLES

C
.IFIPAVI"I3. .LE- 3.11 GO TO 3059

IFIAV() GE, 7a) GO TO 3051
SMG=L (392a93-VRT(K,111-/4.) *PAV(lII

+ti7.4VTT(K*11-3.-*392-93)/4-
VBClK, I)=AbLN1(-SMG#VTT4KrI1)
GO TO 3059

36i51 161PAVIl .GT* 52.5.) GO TO 4052
SttG453.tl5-84603*PAVI 11ý
V0OlKioIlAMIN14SMGVTTh(K, I)
GC TC 3059

3052 VBct K'sI 0=0.
6e TO 3959

C
C WHEELEC VEHICLE ROUTINE FOR MANEUVERING
C SEThtEEtt OBSTACLES

305b IF(PAV(4J .LE. 3.1 GO TO 3059
I.f4PAV(.) GlEo 7.ll GO TO 3057

SXG=114Sd.33-VTT( K.,II /4,*),*PAV(II&
+ .(7..4iVTTIIK# 1J-3**451dv331/4.

V86( K oI IAMI NI ISMG# VTTI Ko II
412 TO 3959

3057 1F4FAV(I* .GT. 41,34 GO TO .3058

V6C(K* I I=A4I NI(SMG#VTT4K, It
.Ge TfI 3059

3058 VBO (ky I 0,0
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3i559 VA 4Ktt4AzVEO(KvIb
VXT (Kv. Ih=VBO( K,11

3060 CONTINUE
DO 3079 Lx4AX I:,N 11

VA UK.!b = 0.
VXT'(Kr4{z d
VBGiKvIF= ..

3070 CONTINUE
30t~dCONTINUE

GO TO 3150
c E. SINGLE OBSTA~tE PLUTINE
301)~0 CONTINUE

DO 3140 K l..tJTRAV
FORRQ = IiPSISIKL5 + FOM
00 3130 1 -1 1tf4AxI

VA(Ktt) z AMIN1J(VBC(KttiL vVOLA)
CALL FCRVEL

+ (FvFAtFB, FC*FORMXKatGAdVAI Kti)VFMAX*VG)
FORCEF ig FORRQ-F
IF(FCRCUF .GT. 0,1 GO To 3100

YXTIvi = VA(KeI)
GC Te 3130

3100 CONTINIUl
VBSC = )iA( .~*-FOOF(ATL*8*/C
IF(VBSC .GT*; 0.) GO TO .3120

IF
+ 1fFORMX(K)-TRESIS(Kt.Ib-FO4MAX1 oIGE.,, 0.) GO TO 3110

VXT4Kt.,Ii = 0.
VA gKoII = 0.
GO TG 31.30

3i~m~CON14NUE
CALL VELFOf~

+((TRES ISIK, 1) 4FOMMAX) .1 A, FB, FCFOPNXgK~,NGRiV1I4 K, I),VFMAXJVGI
VA(K.Ibl = VXTIKtlII
GG TO 3130

3123 CONTINMS
VXT(K,i*J SQ'RTMVSCIý

31BO CONTINUE
00 3141d~ 1 4 NAXIItNIJ.

VXTIK,II. = h
VA(K.#t) 0.
VBC IK*1.iz 0.

314, 1 CONTINUE
i150 CONTINUE,

DC 3170g K=Il,NZRAV
DO il.(0 I1=.MAXI

IF( VA(**Il .GT. VeOLKr01 VA(KvI1=VBOjK#I0

31b~J CONTINUE
3173 CONTINUE

RETURN
ENO
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SUBROUTINE IV190 (BFMX tFA tFB FC vFO#4MAX ,FGRMX vGCW ,:LUNI
+ ,NEVERO #NGR Ort ,NTRAV sCBSE RMK4 ,STRACT rTL
+ ,TRESIS ,VA ,VBC vVF FAX PVG *VOVER ,VXT #WA 4

C
C eeeeeeeeeee- ------ *, -------------------

C AVERAGE PATCH SPEEG ACCELERATING/OECELERATING BETWEEN
C OBSTACLES AND CROSSING OBSTACLES
C---------------------------------
C

C I. VARIABLE DECLARATLUN
REAL BFMX 4 34
REAL FA I(2.4v 3
REAL FB 1 2i.31
REAL FC (I ;&] 3i
REAL FO1tMX 43.b
REAL RMX 4,2I$
REAL STRACT (24v,301
REAL TRESIS t 3o9l
REAL VA t3j9b
REAL VBO t3:#9)
REAL VFMAX 434
REAL VG I 2O# 3 v3
REAL VOVER (t.10b
REAL VXT 1 3, 9 1,

C 3. ALGORITHM
NL1 = NI+1
CO 3020 K = 1.,NTRAV

DO 3010 I = 10II11
VOVER(KeIl 04.

3•10 CONTINUE
3020 CONTINUE

IF(NEVERO .NE. 2i, GO TO 4000
CONT INUE
ýM = GCW/385.9
DO 3150 K = 1eNIRAV

DO 3140 I = -1I.N1
C DETERMINE 1F OBSTACLE E~tAL SPEED* LS SPEED
C BETWEEN OBSTACLES, IF SO IT IS "VOVER"

VFIVAK,II SEC. 0. .. ANC. VXIIK.II .EQ. 0*.)
f GO TO 3140

LF:VBC(K.I-A .GT. VXT(KtL[; GO TO 3040
VOVER(K#i1 VXT(KIt
GO TO 3140

3040 CONTINUE
C DETERMINE iF THERE IS ENOUGH OISTANCE
C + BETWEEN OBSTACLES TO ACCELERATE TO OBSTACLE APPROACH SPEED.

IF(VXTiK#II .GE. VA4K,•I) GO TO 3070
CALL ACCEL

S(FAFeFC,GCWIEKNGFJ4GRiNV2FLGeRMXSTRACT..
+ TA,T RE SI S, VXTIK.o IR, VXK ,I vV2FVG, XALUN1 I

IF
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((XA ;.LE. (O8SE-WA-TLl3 .ANC. fNV2FLG .EQ. i~hb GO T3 306~0
IDU**X~ = TRESIS4K,113*FOMMAX
IF(FQRMX.(Kl .LT* DUMMYS GO TO 3050

CALL VELFOR
+(DUMPYFAIFBFCFCRP*,KSNGRVCVER(K~i),#VFMAX*#VGI

IdUVOVER(K.II' GE. VXT(Kj3)J GO TO 3140
VOWER(K,13 = VMTKoI3
GO TO 3140

3050 CONTIh'UE
VcVERIK.Ib 0
GO TO 3140

3060 CONT11UE
3070 CONTINUE
c ACCELERATION/ CECELERAT!Oh REQUIRED; CETERMINE
C aIF *Veo-l CAN BE REACk1IC IN TIME TO OECELERATE TO "VAN

CALL ACCEL
tFAFB*FC,GCW ,1,KNýGýfdIGRNW2FLGRMXSTRACT-.

+ TATRESISVXTIKI3*ýVAIE(K.li3V2FVG9,XALUNII
IF(NV2FLG .EQ. 23 GO TO 3090

C V80 CAN BE PE4CHEE
TB, VI'44VB0(K,1I-VAAKlI33/BFMX.(KI
XB, .5*lVBGlKIh4VA(KI3'h-1B,
IF(IXA.*KE3 .GT. LOBSE-WA-TLO) GO TO 3080

C, ENOUGH SPACE BETWEEN OBSTACLES
TOO = 2.**WA4l1L*/fVAlK.Z)iVXTlKvll)
TBO = (OBSE-WA*.TL'-XA-XBl/VBO(K*13
VOVEN(KEKL = OBSE/(TA*jTBO+TB.TOOl
GO To 314i9

3080 CONTINJE-
3090 CONTINUE
C ACCELERAT IeN/IECELERATION REQUIREi3;
C t. DETExMINE VELOCITY WfI-40 CAN BE REACHEC BEFORE
C + DECELERATION IS REQUJREC ANC TIME BETWEEN AND
c + OVER CBSTACLES.

VLOW = VA4iiI)
VHGH =VBCAKvIl
DO 3130 J 1 1,1o..

VMIC -4*fLC,,*VHGHI/2*
CALL ACCEL

4(FA*FB*FCgGCWvI.K vNGPoNGR*NV2FLG..RMiWSTRACT,
+ T A, FE S ISt VXT 4 9, It t V%1,V2 F, VG9XALU N-1 I

fiF4NV2.FkG .NE. 21 GC TO 3100
VHGH = V#41 C
CC TO 3130

3100 1Ff NV2F&G .NE. 1b GO TO 3110
VHk= frLOW

VLCk = VA(K#43
GO TO 3130

3110 CONTt(%4E
T8 = V~flVt0IO-VAlKvIlk/8FMX(Kl
XB, = 0.5*lVN1OVA(lKI)i*T8
IF(IXA.,XB4 .LE. (0ESE-WA-TL)) GO TO 3120
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VHGI- VMIC
GO T4. 3130

3120 CONTINUG
VLCW = MID

3130 CONTINUE
LFiUXA*XBi .LE. AOBSE-WA-4TLIki GO TO 3145

VF8GIK.J) = VSCIK*11-17,ýf
ýGtG 391A80

3145 TBO = tOSSi-4WA-TL-XA-?X8dVIWAID
TOO =2.*(WA.TL)/(VAlKt ISAVXr(KtIl
VOVER(KtIl = CBSE/(TA*TBG4TB.TOOI

3140 CONTINUE
3150 CONTINUE
4000 CONTINUE

RETURN
END

SUBROUTINE IV20
"~ (FA F B *FC ,FORMX ,pGCW 9MAXI vNGR oNOGOVA
"4 ,NOGOVO ,NTRAV rSTR .*VAVCIC ~,VG #VOWEft I

C

-C KZNEMATILC VEGETATICA CVERPlOE CHECK

C
C I VARIABLE DECLARATION

REAL FA 12 943)
REAL FB 12 444
REAL FC 42943)
REAL fORMX (3l
INTEGER NOGCVA (3..l*
INTEGER NOGOVO (3,91
REAL STR (3,tgl
REAL VAVOLD 13;091
REAL VG, 12&2*3 3
REAL VOIVER 1 lVIA

C 3..ý ALGCRITHM
DO 3050 K = 1.NTRAV

DO 3040 I = 1,MAX1l
CIALL FORVEL (IWvFASFBWFCtPCRMXIK.NGRVOVER(K.iI.VFMAXVG$
DUMMY = +4.45*C-CW*VOVEfI4K61)ý.4.-g,*-385.9
IFiDUMAY GT2. STRIKil~l GO TO 30lid

NOGOVOlKII =a
GO TO 3024

3010 CONTINUE
NOGOVO(KwI) = I

3020 CONTINUE
CALL FORVEL 4F.VFA.FBFCP,FORI4XKKeNGRVAVOIO4KVI1,VFMAX,tYGI
DUMMY = F+4.54GCWh*VAVOID(Ks1k**.2../-35.9
IFt DUMMY .GT. STR4Kv111 GC TO 13a0

NOGCVAIKoll = 0
GO TO 3054e

~30 CCNTINUE
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NOGGVA(K#Ii, 1
304Z, CONTINUE
3050 CONTINUE

RETLRN
END

S~bROUTINE IV21
'(DOWN vFHT ,GCW 9-IMAX ,IOVEý ,ISAFE ,LEVEL ,NI
# NOGOVA thCGOVO tNTRAW tUP .,VAVOIO *VD4AX #VMAXI YVMAX2-

+ VOVER ,VSEL tVSELI .0VSEL2 aVWALK 4

C

k;MAX IMUP AVERAGE SPEED'ALGCRITHMP

C 1. ARIBLE------ IE

C

REAL A
REAL B
INTEGEfk DOWN
REAL FMT 49b 9
INTEGER I
INTEGER IOVER
INTEG6R IHMAX 10&
INTEGER ISAFE (34
INTEGER K
INTEGER KIV21
INTEGER LEVEL
INTEGER LUNi
IN~TEGSR NI
INTEGER Nil
INTEGER NOGOVA 11#91
INTEGER NGGOYC (3.95,
INTEGER NTRAV
INTEGER UP
REAL VAVGIC 43o~i
REAL VMAX
IkEAL VMAX1 43t

REAL VMAX2 (3095
REAL VOVER (3*91,
REAL VSEL
REAL VSELI (3)
REAL VSEL4 13*11
REAL VWALK

C
c 3.ý ALGCRLTHM
C

NII=l Nl4
DO 3020 K=19NTRAV

ED 30103 I=1,MI1
A = VOVER 4Kv.Jl*FLOAT( NOGOVO CKol I
B -VAVOIC4KiJ.o&Fu.CATINaCOVA(KlIh
VMAXZ(Kill AMAX1(A,Bi
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. H10 CONTINUE
.3e2 0 CONTINUE

00 307WJ K=1.NTRAV
CO 3060 11,tN12

IF(VMAX2(KsLJ j.GT. VlALKk GO TO 3030
VSEL2(K,1h = VMAX2(KvIb
GO TO 305t

3030 CCNTINUE
IF((FMT(,I)/GC*jIinGT~il..OR.I.6E*tOVERI GO TO 3040

VSEL24K9 15 V#4A)2(Ktli
GO TO 3050

3040 CCNTINUE
VSEL2(Kttl = 0.

31.50 CONTINUE
3060 CONTINUE

3k70 CON~INUE
00 3100 K=INTRAV

VMAXIIK) VPAX.2Kv.1)
IMAXtK0 = I
CO 3090 1=2pN-II

IFtVMAXltKt .,fE. VMAX2(K.?I)3 GO TO 3180
VMA)(1(KI = Vf4AX2(KoI)
IMAX(K) = I

3ý80 CONTINUE
3j9O CONTINUE

310.0 CONTINUE
fl0 3130 K=1.NTRAV

VSELI(K) =VSEL2I-Ke1)
ISAFE(K& 1.
CO 3120 .I=Zthl

IF(VSEL1KI1 .GE. WSEL.2(K.II$) GC TO 3110
VSE1..1I0 VSEL2tKtIb
ISAFEIKI I

3110 CONTINUE
.3120 CONTINUE
3130 CONTINUE
C

IF1(NTfRAV .EQ. 1)GC TO 3150
IFtVMAXI-(UP) AEC. 0.0) GC TO 3140
IFIVMAX1LEVELJi *EQ* 0.01 GC TO 3.14,0
IF(VMAX11DOWM~ ,iEG. 0.0) GO TO 3140

VMAX=
3.0/U1 l./VMAXIIUP).)~i.d1Vt4AX14LEVELI-3t61./Vt4AXI DOWN$)

GO TO 3160
3140 CONTINUE

VMAX = 0.0
GO TO 3160

3150 CONTINUE
VMAX = VMAX1LUP)

31b0 CONTINUE
IFfNTRAV .EQ. 11 GC IC 3180

IFf VSEL11UPS 4E~o 0.0) GO TO 3170
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IF(VSELl(LEVELI dEC. 0.0) GO TO 3170
IFtVSELl40OWKI iEC. 0.01 GO TO 3170

VSEL = O
3.9/(l(./VSELI(UPI&'*(I-S..VSELI(LEVELtbbo,4./VSELI0DOWNII

GO TO 3190
3170 CONTINUE

VSEL = 0.0
GO TO 3190

3180 CONTINUE
VSEL = VSELl(UPi

3190 CONTINUE
RETLRN
END

C -- , .. .- ,-. ..- •- - .-- ,-

C ROADWAY MODULE - AMC 74

C
C

SUBROUTINE ROAD
C.

INTEGER MO
COMMON /INDEX/ Ib
INTEGER COWN
COMMON /INDEXI CEWN
INTEGER ERF
COMMON /INDEXt EI F
INTEGER FORCE
COMMON /INDEX/ FARCE
INTEGER GR
COMMON /INCEX/ CR
COM#ON iINOEX/ 4.IVEL
INTEGER Mh
COMMON /INDEX/ tMN
INTEGER lPEN
COMMON /INDEXi RAM
INTEGER SQEEC
COMMON /INDEX/ SgEED
INTEGER SR
COMNON /INDEX/ SR
INTEGER TO
COMMON /INDEX/ TR
INTEGER TARCUE
COMON /INDEX/ T7RQUE
INTEGER Up
COMMUN /INDEX/ IL E
I N'T EG ER #X
COMMON /INDEX/ ox
COMMON iVEHICL/ ACO
COMMON /VEHICLi AShOE (281
COMMON /VEHICL/ AVwGC
COMPON /VEHICLI AXLSP (201
COMMON /VEHICL/ Ca
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COMMON /VEHICL/ CGH
COMMON /VEHICLI CGLAT
COMPON /VEHICL/ CGR
COMMON IVEHICLI CDo
COMMON /VEHICL/ Ch~
COMMON /VEHICLI C~fR I N (20)
COMPON /VEHICLi CCNV.1 (2025,
COMMON IVEHICL/ .Cit'V 2 (29251,
COMMON /VEHICL/ CILCT 120-93.
COMMON /VEHICL/ U~AW (283
COMMON /VEHICL/ CRAFT,
COMMON /VEHICL/ EfiG INE 4-2s50)
COMMON /VEHICL/ -EXEIGT
COMMON /VEH!CL/ fo (2)
COMMON /VEH'ICL/ flGROO
COMMON /VEHICL/ M~IUSH 1201
COMMON /VEHICL/ *~VAL S (25)
CJiMMON /VEHICL/ IAPG
COMMON /VEHICLI Is 4201
COM MON /VEHICL/ 113 420)
REAL IGI1ESL
COM14ON /VEHILL/ 418ESL
COMMON /VEHICL/ ]INGIN
COMM4ON /VEHICL/ .4R (201
COMMON /VEHICL/ 4-CCGNST (20b
COMMON /VEHICL/ ICONVI
COMMON IVEHICL/ V0CNV2
COMMON /VEHICL/ 44GUER
COMMON /VEHICL/ 411 (120&
COMMON /VEWICL/ 41CASE
COMMON /VEHICL/ IIRAN
COMMON /VEt4&CL/ FIVEAR
CaMNON /VEHICL/ ifCKUP
COMMON /VEHICL/f itAXIPFR
COMMON / VE I Ctl lAXL
COMMON /VEHICL/ ft~mBly
COMPON /VEHICL/ AlOGIE 420)
COMMON /VEHICLi hCHAIN (20)
REAL SCYL
COMMON IVEHICL/ 1NCYL
kEAL NIN G
COMMON /VEHICL( AUIG
COMMON /VEHICL/ 1#NET
COMMON /VEHICL/ hfi. (20b
COMMON /VEHICLf tN6R
COMMON /VEHICL/ f'HVALS
COMMON /VEI4ICL/ t*AD t2idl
COMPON /VEHICL/ ASVALS
COMMON IVEHICLl NW E H (200
COMMON /VEHICL/ t%*N. (201)
COMMON /VEHICL/ t'*R
COMMON /VEHICL/ FiEf
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CCMPON /VEHICL-/ FeHT
COMPON /VEHICL/ fFPA
COMMON /VENtLCL/ SEWEP (2r2011
COMNON /VEHICL/ 04AX
COMPON /VEHICL/ FW~AM 420b
COMMON /VEHICL/ RIVM (201
COMMON /VEHICLI 6pIw (20t
COMPON /VEHICL/ Fims (20)
COMMON /VEHICL/ PW (20)
COMMON /VEHICLi SAE
COMMON /VEHICL/ SAI
COMPON /VEHICL/ SJCTit 12161
COMMON /VEHICL/ SECTW 4201
COMMON /VE1IJCL/ SVAL S t251
COMMON /VEH!CL/ TCASE 421
COMMON /VEHICLI Ti
COMMON /VE+4ICL/ TPLY (201
COMMON /VEHICL/ TfSI (20,pil
GOMYON /VEHICL/ TQINC
COMMON IVEHICL/ TPAKLN 1201
COMMON /VEHICL/ l'lAK WD 12(d )
COMPON /VEHICL/ TXANS ta
COMMON /VEHICL/ VAA
COMMON iVEHICL/ VDA
COMMPON /VEHICL/ vsS,
COMPON /VEHICL/ VGCB d251
COMMVON /VEHICL/ b000S, (258
CGMMON /VE HI CIL/ VRtDE (20,3)
COMMON /VEHICL/ USS
COM14ON /VEHICL/ WSSAXP
COMMON /VEHICLI 44L
COMMON /VEHICL/ W!GAXP
COMMON /VEH!CL/ b6a0PrT - (204
COMMON /VEHICL/ .*Uh
COMMON /VEHICL/ WGHT (204
COMMON IVENICL/ ih AT t201
COMMON /VEH!CL/ WA FaPf
COMMON /VEi$ICL/ 41t (201
COMM4ON iVEHICL/ WIE (208
COMMON /VEHICL/ *N.AXF
COMMPON /VEHICL/ AIRCOF
COMMON /VEHICL/ W-1
CGM MON /VEHICL/ 4.aCD IF
COMMON /VEHICL/ SWoF
COMPON /PREP/ A (3041
COMMON /PREP/ AlF 0
COMMON /PREP/ eTf (208
COMMON /PREP/ CiiARLth ( 28,01
COMMON /PREP/ CRFCFVG (.31
COMMON /PRE-Pi CGFCCG (30
COMMON /PREP/ CRFCG (20*3)
COMMON /PREP/ CIFFG (2003.1
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COMMON /PREP/ ctf (20)

COMMON /PREP/ ERAT (20,31
COMMON /PREP/ .,A (20,31
COMMON /PREP/ GGW
COMMON /PREP/ C-(WB
COMMON /PREP/ 4OWNB
COMMON /PREP/ G4WNP
COMMON /PREP/ i {WP
COMMON /PREP/ I.GT
COMMON /PREP/ IF ,8'
COMI'ON /PREP/ *V-EHC
COMMON /PREP/ F*TE
COMMON /PREP/ F (3)

COMMON /PREP/ fift (201
COMMON /PREP/ Pi
COMMON /PREP/ TRACTF. t20,51
COMMON /PREP/ TIAPSI (31
CDMVON /PREP/ VaIC G (120,-3

COMMON /PREP/ V4IFG t20,31
COMMON /PREP/ VC.IMUK 420)
COMMON IPREP/ VGV (20,51
COMMON /PREP/ 1 420013
COMMON /PREP/ VTIRE (31
COMMON /PREP/ biMAX
COMMON /PREP/ x 43&

COMMON /PREP/ X8R
COMMON /DERIVE/ AOT 49)
COMMON /DERIVE/ • EOBF
COMMON /DERIVE/ LAMEA
COMMON /OERIVE/ C[WB
COMMON /DERIVE/ CeWP
COMMON /DERIVE/ CCWPe 4201
COMMON /DERIVE/ -FA (20,3.

COMMON /DERIVE/ 'FAT (90
COMMON /OERIVE/ FAT 1 49)
COMMON /DERIVE/ FB. (20,3t
COMWON /DERIVE/ UF (2,t3)
COMMON /DERIVE/ .FWT (91
COMMON /DERIVE/ FOM
COMMON /DERLVE/ FeMMAK
COMMON /DERIVE/ FORMX (3)
COMMON /DERIVE/ ;lfLQ AT
COMMON JDERIVE/ IX•AX (31

COMMON /DERIVE/ ISAFE (3)
CGMftON /DERIVE/ J
COMMON /DERIVE/ ,MAXI

COMMON /OERIVE/ B0MX (31
COMMON /DERIVE/ !• VERO
COMMON /DERIVE/ CaSE
COMMON /DERIVE/ •AV (91
COMMON /DERIVE/ FIGWB
COMMON /DERIVE/ FiTWtNB
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COMPON /DERIVE/ FIlOWNP
COMMON /DERIVE/ PIGWP
COMMON /DERIVE/ RTOWPB (201
COMMON /DERIVE/ FTCWT (201
CoMpON /DERIVE/ STRACT (20,3,31
COMMON /DERIVE/ SPFO (91
COMMON /DERIVE/ SRFV (9)
COMMON /DERIVE/ SIR (3r91
COMMON /DERIVE/ TUS (3)
COMMON /DERIVE/ TVEN (9)
COMMON /DERIVE/ TRESIS (3,91
COMMON /DERIVE/ VA 43?91
COMMON /DERIVE/ rI8GOVA (3.9)
COMMON /DERIVE/ VAYWID (3,9f
COMMON /DERIVE/ VSO (3$91
COMMON /DERIVE/ L*UACT (90
COMMON /DERIVE/ NIILV (31
COMMON /DERIVE/ VSiAX 431
COMMON /DERIVE/ V4 (20o3,31
COM14ON /DERIVE/ AIGOVO (3t9l
COMMON IDERIVE/ VNAX
COMMON /DERIVE/ VPAXI (3)
COMMON /!ERIVE/ VMAX2 (3,S5
COMMON /DERIVE/ VQLA
COMMON /DERIVE/ VGER (301)
COMMON /DERIVE/ VWRID
COMMON /DERIVE/ NSEL
COMMON /DERIVE/ VSELI (31
COMMON /DERIVE/ VSEL2 (301)
COMMON /OERIVE/ VS&IL (jo)91
COMMON /DERIVE/ MVUT 399
COMMON /DERIVE/ VXT (3itb
COMMON /DERIVE/ h"GO/v
COMMON /DERIVE/ WRAT IO
COMMON /TERRAN/ AA
COMMON /TERRAN/ A CTRMS
COMMON /TERRAN/ AREA
COMMON /TERRAN/ .REAO
COMMON /TERRAN/ Ci
COMMON /TERRAN/ CiST
COMMON /TERRAN/ EANG
COMMON /TERRAN/ ECF
COMMON /TERRAN/ ELEV
COMMON /TERRAN/ FNU (3&
COMMON /TEfRRAN/ GRADE
COMMON /TERRAN/ TIGBS
COMMON /TERRAN/ U•ST
COMMON /TERRAN/ I8CAC
COMMON /TERRAN/ IS (9)
COMMON ITERRAN/ IST
COMMON /TERRAN/ ,IttJT
COMMON /TERRAN/ Ih.3
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COMMON /TER'RAN/ -Nifl
COMMON /TERRAN/ CAW
C OM MON /TERRAN/ CMAA
COMMON /TERRAN/ CBH
COMPON /TERRAN/ CO1.
COMPON /TE1RRANI CES
COMMON /TERIRAN/ C BW
COMMON /TERRAN/ LB4INW
COMMON iTERRAN/ COIA
COMMON /TERRAN/ tVA$IO
COMMON /TERRAN/ f-4OC
COMMON /TERRAN/ Roil
COMMON /TERRAN/ Pac~1 (0b
CQMVON /TERRAN/ PCURV (III
COMMON /TERRAN/ RIB
COMMON /TEIRRAN/ #CA (121
CO0MMON /TERRAN/ S (91
COMMON /TERRAN/ SO (91
CO0M MON /TEIRRAN/ SUL 49l
COMMON /TERRAN/ SURPF
COMMON ITERIRAN/ TANPI'1
COMMON /TERRAN/ 4*ET A 13)
COMMON /TERRAN/ ýCURV (4@111
COMMON /TERRAN/ 10.
CQM*ON /TERRAN/ hfl
COMMON /SCEN/ (GHES
COMMON iSCEN/ ViWALK
COMMON ISCENt CdLkAX
CiGMD4ON iSCEN/ iG.JM4A
COMMON ISCEN/ Jidi/E P
COMMON /SCEN/ -ISEASN
COMMON /SCEN/ rISURF
COMPON /SCEN/ ISNOW
COMMON /SCEN/ Kill
COMMON /SCEN/ K112
COMMON ISCENI Ki 13
COMMON /SCENI KJ'14
COMMON /SCEN/ 1(115
COMMON /SCEN/ K,:1
C OM MON ISCEN/ iKI17
COMPON /SCEN/ 1<11 8
COMMON /SCENI K 19
COMMON ISCENI' K.il10~
COMMON /SCEN1, K1111
COMMON /SCEN/ 91412
COMMON /SCEN/ K1(1413
COMM4ON /SCEN/ K4,114
COMMON ISCEN/ KI115
COM5*ON /SCEN/ K It 16
COMMON /SCEN/ K(1117
COMMON /SCEN/ KHAP
COMMON /SCEN/ KSCEN
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COMMON /SCEN/ KTPP
COMMON /SO ENI KVdEH
COMMON ISCENi KJV 1
COMMON ISCEN/ 03V2
COM PON /SCEN/ KJY3
COMMON ISCENI KJV4
COMMON ISCEN/ KIV5
COMMON /SCEN/ 01W6
COMPPON /SCEN/ KJV 7
COM PON /SCENl K~w8
COMMON /SCEN/ KJJV9
COMMON /SCENI I'NiV1
COMMOft ISCEN/ K4ViI
COMMON /SCENI KIW12
C OM MON ISCEN/ KJV1.3
C OM PON ISCENI $;1V14
COMPON /SCENl KivW15
COMNON /SCENI f(kV1 6
C OM FON /SCENI KEVI7
COMMON I$CEN/ WI8a
CGMPON /SCEN/ KIW19
COMMON /SCENI 42
CGMIMON /SCEN/ K&U21
COMMON /SCEN/ LA
INTEGER CITAIL
COM PON ISCEN/ C&T AIL
COMMON /SCEN/ MWAP
COMMON /SCENI AF
CGM#OUN /SICEN/ MONTi
COMMON ISCEN/ A~pp 0
COMMON /SCEN/ 1N3LIP
COMMON /SCENI ýTRAV
COM-YON /SCENi KllJx
COMMON /SCEN/ fHI
COMMON ISCEN/ RRACT
COMMON lSCENi SCFCG
INTEGER SiARCkI
COMMON /SCEN/ StARCH
COMMON /SCEN/ SEIYpc
COMMON ISCENI VlRAI(E
COMPON /SCEN/ VIISMNW
COMMON ISCEN/ VbIM
COMMON /SCEN/ 23NOW

C 1. VARIABLE DECtARATIICkS
REAL FATEMP 120rl)
R EAL FSTEMP 1209 3+
fýEAL FCTEMP (209 31
REAL FTEMP (2095bh
REAL FTEMPL 12J.,.5)
REAL FGRADE 13l
REAL fQUAO (51ý
REAL Ki
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REAL MERITK
REAL VGTEMP (20r 3 43 )
REAL VPOWER (31
REAL VTEMP (20*54
REAL VTEMPO (209,5.:
REAL VROAO 43)'
REAL VQUAD (5)

C.
C 2. ALGCRITHI4S
C
C -e e e e--e e e e e---------a-----

C RCUTINE I - SPEED 4.14TEA2 BY AEROCYtNAt!C0 ROLLING, CORNERING
C AND GRAEB R~ESISTANCE

C~~--------------- ---------- ------ ------a~e e e e epa

C
C SECTION IA - INITIAILIZATION
C

FCC = 0.
FCTkAK =0.
FR = 0.
FTC = 0.
IGAP = 0
WTSPA =0.

WRATIO =1

C
C 1A.1 SUPERELEVAT'IGN EFFECT FACTOR
C

FE 1 ., - 7*495*(RACrI2~.f*EANG

DO 6005 NG=iNGR
DO 6000O L=1,5

VTEMP(NGPLI = VGV('NG,,L)
f:TEMP(NGLl.= tRACTF(NGPL)

6000 CONTINUE
6005 CONTINUE

IF fNCPP .NE. 0) JPS I =NOP P
IF(NCPP .EQ, 01t JPSI =3

C SECT10N 18 -VELOCITY CEPENDENT RESISTANCES
C
C 1B.1 -SOFT SURFACES (TRAILSI
C

IF(ITUT .NE. 14) -GG T.C 6,102
CALL IV34

4' CHARUN vCI *CCMES *CPFj:G wDIAW v 0W'P B tORAT ,GA4MA
tGCA via tic tip vIST ,jPSI #LUNI *NAMBLY

+ NPAD *NSLIP *NVEGH t NWHL 19RC I vRTDWPB vRTOWT S ECTbI
+ *TANPHI VTRAKLN *TfPAKWC *VCIFG vVC IMhK 9WGHT 9WRATID Z-SNOW I

CALL 1V4(
+ O 004 DOWP cCWiPB sc-CW q&CfrB 'fGCWP ,IB *IR

+ NAl*BLY ,RTOWB ,RTG1WN8 ,RT OW NP ,RT.CWZP vRTOWPB pRTOWT ,WG14T
CALL 1V5(
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+ ATF *AVGC ,BTfi wCO iCPFCCG @CPFCFG PCTF 9DAREA
* rcOWP ,EANG ,ECI v FA *FB v FO3RF4X #GCWP

* *LFLOAT *IST ,L*ITW vJPSl 9LOCOIF DINAMBLY PNFL vN6R
* NTRiAV vNVEh eN'i1bC vNWHL 9RADC vRTOWP oSTRACT 9TEOR

oTHETA *TRACTF ,V F AX s VG ,VGV , WGHT 9WRArIO *LWIJN I
GO TO 6161

C 18.2 HAR~D SUJkFACE AVRIF'ARY AND SECONDARY ROADS)
c
b1162 00 6155 K=1#NTRAV02

NGJ. = I
COSX =COSITHEIA4K#AI
DO 6154 NGz,1AGR

FAlNG#Kl = A
FB(NGPKIAIt
FC(NGPKI = 3.
FATEMP(tG.P4 ATFING)
FBTEMP(NGgKb BTFENGI
FCTEMP(AGp, z' CTFING0

C
C 18.2.1 -TRACTIVE EEFOAT PCDI.FIEC fiOR SURFACE TRACTION
c ANC SPEED DEPENDENT RESLSTANCES
C

IF(TFACT*4NG,1I*ECF .LT. PMU( 1SLRFI*GCWP*COSX)
* GO T C 6 148

lF(TRACI.f(NGi5$oECF .LTm FMUI(LSuRFJ*GCWP*COSXS
* GO TC 6)11

C
L MINIMUM GEAR LIMiTED 8Y SURFACE TRACTION

KG1 = fi6 + 1
FC(NG&Kb x 0.
FB(iG.KA - ,z
FA(NG#.Ki= FMUCISUPIPFUGCWP*CGSX
IDC 6195 &1=193

VlG(*,6*uLlgK) = o
STRACTtNGtLI,Kl = FAINGK)

61145 CCNTLNUJE
GO TC 6154

C
C. SURFACE TRACTICN LIMIT SCMEWHERE WITHIN iGEAR
C
6110 IF(VTE~PING911 .EQ. VTEI4P(NG9611- GO rO 6120

FX = FMUtISURFI'$GCWP.OCOSX
FORIPXKI = FX

CO 6L11 L1=1@592
YGTEMP(NGv-LvKl VGVING*L1)
L =L A-1

lbl11k CONT~iMJE
CAaLAh VELFOR(

+ FX ,FATEMP 9F8TEMP sFCTEI4P *FORMX

298



R-2058, VOLUM~E I PAGE A-126

APPENDIX A - LISTING CF fIROCRAM NR~M

+.tK ,NGR tVX tVFMAX pVGTEM4P 4

C RESET MINIMUM SiFEEC IN GEAR TO THE POINT THAT OCCURS

c AT THE SURFACE TRACVION LIMI1T
C

VTEIR8(NGs 14 VX
FTE~I'R(NG#1l = F/ECF
XINT - VTEMPING#5ý - VTEMeB"NG,111/4,
DC 6115 L-2.#4

VIEMFLNG90L= VTEJ4PtNG.rL-IS + XINT
F'TEMPtNGvL1 = CTFtNG)*VJENP(NGvL1*4 4

BTRL4Ntl#VTEMP( NGsLl +
Al P4NG)

6115 CONTJNUE
GO T4 6130

C
C SPEEDS EQUAL, INCREM4ENT Cfk FORCE
C
6120 FTEM4lINS91) =FMUL ISURP.1*GCWP#C.SX

YINT = A-FTEMP(NG.1k FTEMPANG,5)1/4.
DO 6125' 122,4

FTEDSP4NGsL).b= FTEI4PING*L-11 - YINT

6125 CONTINAJA
C
C 1B.2m.2 -COMPUTE VEIt&C1TY DEPENENT RESISTANCES

C
61303 DO 6142 L1=1-. C
C 1B.2,2,1 -AEROCYN-AM-IC DRAG
C

FCC 0.
fA0 4 .OJ26*ACO*PFA*VTEMP(NGtLI*VTEM4PLNGtL)I

* ~144,/i 7.6/17.t6
C

DG 6*35 1=1*NAMeLY
4A4NVEN(II *LT. 1) GO TO 6135

C iB.2o2oe TURNING 'AESISTANCE (WHEELED)
C

F1 = (WGH4Tilbt*COSX*VTEMP(NGLI**2b/
+ (111*I*RAOC1)#)(12./17.,6/17*6)

FCC =(FEOFL0*.1114FLOiAT INWHL tll *AVGC& I
+ FCC

6135 -CONTJJ4UE
FV ~= FAD:* FCC
FTE#jQG4NGtL& FTEMP(NG,,L) - Fv
VT E#4CfNG 9L I VTENP(NGtL)

6143 CCNflNUI
IF(VGV4#iG,) .NE. VGV(NG*5~) GO TO 6141

IGAT
GO T4 6152

6141 IF( (NG ;vNE. Ib IOR.
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+ (FTEMPANGsil i~NE* FTEMPING,,5Ib1 Go TO 6145
fA4N0,KI = FIEiMPOINGP1.)
F84&GvK4 0 G.S
FC(NG,KS 0.
GO 10 6152

6145 DO 615,0 L=:It5
EQU.4040 = FTEMfOING#Lk
VQUAID(Li VTEMPO(NGtLl

6150 CONTIN~UE
CALL QiJAD5(VQUADvFCUA~rA0i.B~wC21
FAI NG, 0 & sAO
FBING,K& 81
FCiNG#K46 C2

6152 L1
DO 6153 LIu

VG(.N64 1,Kl VTEIPPU(NGjL11
STRACT(NGe.LoKi = FC(NG*K).#*IGlNGoLtK)**2

L=L~i B(NG&.K)*VGINGtL#Kl 4FAING.OKI

6153 CONTINUJE
6154 CONTINUE

VFMAX(Kl = VGlNG1,1,K4
FOIRNX(I) = ST6flCT(hiGlrlvK&

6155 CCNTINUE
C
C 1C - NON-VELOCITY EIPENOENT RESISTANCES
C
C 1C.1 - DftAG FORCE 68R TANCEM ALIGNING (WHEELEDI

C NSPACE = NAMBLY, -I

DC 6160 1=1.NSPACf
IF(NVEHML .LT.6 1) GC TO 616,0

IFIMdIý .04E. It. 00 TO 6160
WTSPA = WJSPA + (WG~hTlI) * WG14TiI*1))*AXLSP(Il

6160 CCNTINUE
FTC =FE4li.5*FMtAiSURF)*WTSPA/RACCl

C
C 1C..2 -TURNING AES.JSTANCE (TRACKEDI
C
6161 DC 6165 l=1.N.AMBtV

IF(LNVEHII& .G44. .0) ORi. (RACCY12. GT1. 305,13 GO TO 6165
ALPHA = W 7411/TR AKLNI I
#4ERITK = 1.1A624 - 0.6999*ALPHA +

+ 0,m51b48*ALPHA*ALPHA +
+ 0.8,548*88*ALPHA*ALPHA4'ALPHA

XKI = 1.118 - 0.80US8950RADC/12.
+ 0.30S03179*(RADC/L2.±f#*2-
+ (64704276E-08) *(RAOC/12.#)003

KI = MERITK4AXKI
IF( ITUT .NE, 14) GG TO 6164

C
L IC.,.I - TURNING RM~STANCE SOFT SURFACE ITRACKED)
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C
FCTRAK Kl*(TFORl/GCWl#*JsGt4Tll + FCC
GO TC 61S5

C
C lCi2.2 - TURNING RE34STANCE NARC SURFACE (TRACKED)
C
6164 FCTRAK = K,14FMUA &SURF I*WGitTLI 1 FCC
6165 CCNTINUE
C
C 1C.3 -4ROLLING FESISTANZE
C

IF4tTUT *NE.2 141, So TO 6170
C
C IC,3.1 - SOFT SUIRFACS tTRAILS-1
C

FS~ = RTOWP*GCWLP A TOWNP*GCWiNPh-*COS(TkHETA4 *SURFF
GC TO 6185

C
c IC.3.2.1l - HARC SURFACE (Wl-EELeos
C
6170 DC 6178 I=1,NAMBtlJ

LF(NVEH~i8 .L.14 1t Go TO 6,175
FO = .007 * m9939/TPSI.ll.JPSI)
fR =F0*WIIGI¶TtlIl*SU9FF * fR
GO T0.61781

C.OC lC.3.m2.2 -HARC SURFACE (TRACKEC)
C.
6175 FR .045*IWGkT.Ail*SURFF 4 FR+
6178 CGNTINUE
c
C IC*4 - GRADE RESISTANCE
C
61B5 DC 6190 Kl,9NTRAIV42

FGRADE(Kt = 4CuI-*SLN( THETA (K)II
6190 CCNTINUE
c

tý IC.5 - TOTAL NGN-VELe.ClTY B3EPENCENT RESISTANCES
C

DC 619+9 K=1,NTRAVa2
RESIST = FGRALU4Kb * FR + FTC ib FCTRAK

C
C C SPLED LIM~ITED EX TOTAL RESISTANCES
C

IF1!GAP l.ýNE. I& GO TO 6198
DO 6197 NGzX#NGR

IFIVGV(NG,vIA iNE. VC;V(NG.9 5)-1 Ga TO 6197
IFl(FlEMPOdNGtll aLT.J RESIST) ,OR.

(f'EN4POlNG#5i u&GT*' RESISTbi, GO TO 6197
YVlOWER191 VTEMPOANGili
CC TO0 6199

6197 CONTINUE
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6198 CALL VELFCRI
t RESIST tFA ,F FC vFORMX

+ K NGR ioVEL tVFt4AX vVrG I
VPOWER(K) =VEL

6199 CCNTINU!E
C
L-------------- ----- ----------

L ~RCUTINCt 2 - SPEEG 4LiI4IfED BY SURFACE ROUG.HNE~S
Ceeeeeeeeeeeeeeee ---------------------------- ft-------

C
6200 CCNTINUE

DC 6210 NR=2#iAX1RR
IF(ACTRMS .GE. RMS4NF)) GO TO 6210

VRID = VRLI~fNR-lvLACl * (ACTRMS - RMS(NR-111*
+ ~(VRIDE(NR*LACI - VRICESINR-1,LACIII

+ (RMSU4+R) - AMIS(NP-'1I)
GO TO 6309

6210) CCNTINUE
VRID = VRIDE( 0AX I4R,PLACI

C
C ------------q- - -

L ROUTINE 3 - SPEED LIMITED BY SLIDING ON CURVES

b3kO CONTINUE
TANG = TANIEAKI.-G
IFlfITUT .NE. 141 GO TO 6305

L ýIA.l - SCIDING CN CURVES SOFT SURFACES (TRA4LS)

VSLID = SQRT(.3d5.9*RADC*ITANiG * TFORJGC-WPl/
+ 14. - lTF0R/!GCWPl*TANG)SS

GO TO 64&0

C3A.2 -SLIDING CN CURVES h-ARD SURFACES
C. (PRIMARY ANC SECONCARY FOADSi

C
63k)5 VSLIO = SQRT(385*.9*RADC*iTANlG & FmUdISURFJ,)/

4 41 4 F14U(ISURF I TANiGI I

C-------------------------
C ROUTINE 4 -SPEED 1I4HITED BY TIPPING ON CURVES

o4 00CCNTINUE
VTIP = SQRT.L3t5.SqRADC*(WTMAX + CiGH.*TANGf

(CiGh -4 WTD4AX*TANC-i5
C
C-- - -
C ROUTINE 5 - TOTAL BRAKING FORCE
C-- - - - - -

C
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05 01'b' CCNTINUE
I F( ITUT .NEw 14)- GO.TO 6510

C
C 5A - TOTAL BRAKING SOFT SURFACES

CALL IV114
+ DCWB 9GCW i6CW8a *GCWNe *NIJGOBF NTRAV

RTOWB oRTUWNE ,TAF ,THETA WbRArio xEBR I
GC TO 660v0

C
C 5B - TOTAL ERAKltWG *,ARD SURFACES
C
6510 TBF(li = GCW*SIN(T&HETA(li)+

+ AMINliXi~ulfMUdiSURFb*GCWB*COS(THErA(.1)I)
IF(NTRAV .NE. 11 iSC TO 6530

IFITBF(1) .GE. Lai GO TO 6520
NOGOBF = 1.
VSEL = B..
RETURN

6520 NOGOBF = 0
GO TO 6600

6530 TEF(3) = GCW*SLN(I,14ETAl3)1
+ AM N 11X ERo FkUt ISURF I*GCW~*,COSI THEr At31 AI

IF(T8F43) .GE. 004 GC TO 6540'
NOGO8F 1
VSEL = 0.
RETURN

6540 NCGOBF = 0
C,
C---------------4 '-*--- - -- --

C ROUTINE 6 -DRIVER ,LICTATED BRAKING LdMIMTS

C

t>6 00CCNTINUE
BFMX(18 AMI N1 ( L MAX *.GCW*T BFI 1*SFTY PC/130.41
1F(NTRAV .EQ. I* ItC TCl 6700

BFMX(,31 AMNt ILOCLMAX*GCwT83F43A-*SFTYPlC/100.b

C ~ROUT&NE 7 - SPEED LAiMITED BY VISIBLITY
C------------------
C,
670hj CCN TINUE

CALL IV131
BFMX iEYEHGT ,GUZMw tNTRAV I

a RD #REACT 9ViLV ,VBRAK(E
C
C -- , - - - - - - - - -

C ROUTINE 8 - AASHC CURVAITUPE SPEED LIMIT
C ADJUSTED FOR SLIPPERY SURFACES
C-----------------------4----- -------------
C
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6800 CCNTINUE
I[F(RADC/1.2. vL. RCURVANVASHCOI, GIO TO 6815

IF4RAOC/1ý. e.GI. RCURVIJ)) GO TO 6825
DO 6810 NV-;z2.NVASHO

IF(RADC/.U. $~LT. RCiJRVCNVbiI GO TO 6810
VAASIM = iVCURVd IltOADNV) + (ftA0C/12.-RCtJRV(NV)l*

4VCURVI-IROADoNV-11 - VCURVllIROAO.NVi8-/
KRCURV(NV-1Ibi RCURV4NV))h*17.6

GC TC 683,J
6812 CONTINUE

GO TO ba30
bblb VAASHO = iVCUAV(IIRfiAO,NVASHO$ I RADC/12. - RCURV4NVASHO)I*

+ LVCURVl lRGADvNVASHOI VCURVi IROAONVASHO-11)/
IRCURiWNVASHO) - RCURV(NVASHO-VJ)~*17.6

GC TO 6830
t)825 VAASHO = (VCUFV41ROAC,1) + (RADC,/12. - RCURV(11)*

+ LVCUFMLIRA~oll - VCURV41ROAD,92II/
f. 19 RCU AM4,1 l - JRCURV4219ibd,17*6

o810lFU(LTUT .NE. 144 .AND. IFMU4ISURF.) *.G. .11) aOR.
+ 441TUT .EQ. 141 .AND. (TFCIk/GCWP .G66 .71b) GO TO 6904

IF((TUT .'NEs 14.) ,AND. (FMU(ISURF) IL .711 GO TO 6840

C BA -SOFT. SURFACES
C

VAASHC =.VAASHO*SQR~i(TFO3RlGCWP5./0.7)
GO TO 6980

C
C 85 HARD SURFACES

0840VAASHC =VAASHO*SQRT4FMU(lSUAF)-/0*(7)

C
C------------- i-~4-----------------

C ROUTINE 9 - MAXIMUll RCAOWAY SPEEC
C
69100 CCNTINUE

VSEL =0.
DC 6950 K=1,NTRAV*2

lF(NVEIIC .LE. .2- VT.IRE(JPSIt = L-760.
VROAO(K) = AMhIAS~VLIIWI#SItTP
VSELIIK) = AOI4INIVLI4,MVPOWER(Kl,VROAO(KaVTIRE(JPSIbI
*IF(NTRAV NtE. li GO TG 6950

VSEL =VSEhI(UP)

RETURN
0950 CCNTINUE

liI:VSELI(UP) EC.4 .i*J *OR. (VSELI(DOWNJ :EQ. 0.11 GO TO 7000
VSEL= 2.l/4(1d/VSEL11UP)9 (I49VSEL1ADOWNI'hl

7000 CONTINUE
RETURN

END
SUB40UTINE BUFFO

C
C---------P--
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OC UTPUT ALGORITHM

C
C 1. LABLED COMMON ASShGbMENTS

COMMON /10/ 1IOF
COMMON /101 KBUFF
COMMON /10/ LWN1
COMiMON /LO/ LUN2
COMMON 110/ L.WN3
COMMON /10/ .I.Wt4
COMON /10/ LMIN5
COMIMON /TO1 tUN6
COMMON /10/ LUN7
COMMON /10/ -.Uts8
COMMON /10/ CMN9
COMMON /10/ 1Mt
INTEGER MO
COMMON /INDEX/ *,
INTEGER CGWN
COMMON /INDEX/ LeWN
INT EGER ElEF
COMMON /INDEX/ ElF
INTEGER FORCE
COMMON /INDEX/ FtCE
INTEGER 6R
COMMON IINDEX/ C-R
COMMON /INDEX/ LIVEL
I NT EGER MN
COMMON /INDEX/ MN
INTEGER F"
COMIMON /INDEX/ ARM
INTEGER SHEED
COMMON /INDEX/ SAEED
INTEGER SR
COMMON /INDEX/ SR
INTEGER TA
COMMON /INDEX/ 7R
INTEGER -T•kCUE
COMMON /INDEX/ TQRQUE
INTEGER U
LOMMON /INDEX/ CLA
INTEGER 41
COMMON /INDEX/ Pi x
COMMON /DERIVE/ A.DT (9)
COMMON /DERIVE/ NSGOBF
COMMON /DERIVE/ CAREA
COMPON /DERIVE/ COUB
COMMON /DERIVE/ C#WP
COMMON /OERIVE/ COWPB (21I
COMMON /DER!VE/ FA (20.3)
COMMON /DERIVE/ FAT (9)
COMMON /DERIVE/ FATI (9t
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COMMON /DERIVE/ FB (20,3)
COMMON /DERIVE/ FC (2I2.,031
COMMON /DERIVE/ .fNT (91
COMMON /DERIVE/ Fep
COMMON /DERIVE/ FGNMAX
COMMON /DERIVE/ FERMX 431
COMMON /DERIVE/ 1SLOAT
COMMON /DERIVE/ INAX (3)
COMMON /DERIVE/ ISAFE (31
COMMON /DERIVE/ *j
COM•ON /OERIVE/ MAXI
COMMON /DER!VE/ 8EXX ,43)
COMMON /DERIVE/ tIVVERO
COMMON /DERIVE/ CASE
COMMON /DERIVE/ PAV (91
COMMON /DERIVE/ HIOWE
COMMON /DERIVE/ RICINB
COMMON /DERIVE/ FATCWNP
COMON /DERIVE/ PIGWP
COMMON /DERIVE/ FIOWPB (20),
COMMON /DERIVE/ RIOWT (20#
COMMON /DERIVE/ SJRACT ( 2 0 #3 03 1
COMMON /DERIVE/ SRFO (95
CUMMON /DERIVE/ SRFV (91
COMMON /DERIVE/ SIR (3.98
COMMON /OERIVE/ T.ff (3)
COMMON /DERIVE/ TCEN (91
COMMON /OEftIVE/ I RESIS (3*91
COMMON /DERIVE/ 10A (3,9)
COMPON /DERIVE/ NQGOVA (3t~l
COMMON /DERIVE/ VA.VOID 43,91
C, OMMON /DERIVE/ VBO (3,9l
COMMON /DERIVE/ IMPACT 191
COMMON /DERIVE/ •I/LV (3)
COMMON /DERIVE/ VFINAX (3)
COMMON /DERIVE/ VG (20.,3,31
COMMON /DERIVE/ I6GOVU (3,91
COMMON /DERIVE/ ViMAX
COMMON /DERIVE/ VAAX1 (31
COMMON /DERIVE/ *VMAXi (3,rS
COMMON /DERIVE/ VILA
CCMMON /DERIVE/ .VOVER (3,91
COMMON /DERIVE/ •d VID
COMMON /OERIVE/ ,NSEL.
COMMON /DERIVE/ VSEL1 (31
COMMON /DERIVE/ ýSEI,2 13,ti
COMMON /DERIVE/ VSIL i, i
COMMON /DERIVE/ ;VZT 4309)
COMMON /DERIVE/ YXT (3,9l
COMMON /DERIVE/ 6k0GONO
COMMON /DERIVE/ k% WAT.1O
COMMON /TERRAN/ AA
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COMMON /TERRAN/ ACTOMS0OMN/ERA/ R-
COMMON /TERRAN/ 'AREAC
COMMON /TERRAN/ CREA
COMMON /TEkRAN/ CiS
COMMON /TERRAN/ EIST
COMPON /TEfRRAN/ EMGF
COMMON /TERRAN/ ELOF

COMMON /TERRAN/ FMAJ (31
CLMPvON /TERRAN/ fiRADE
COMMON /TERRAN/ IUBS
COMMON /TERRAN/ JOST
COMMON /TERPAN/. *IOAD
COMMON /TERRAN/ 'IS 191
CCMPON /TERRAN/, 1ST
COMMON /TERRAN./ TTuT
COMMON /TERRAN/ Ki
COMMON /TERRAN/ ~I
COMPON /TERRAN/ CAW
COMMON /TERRAN/ C. 8A A
COMMON /TEIRRAN/ C81F
COMMON ITERRAN/ (cat
COMMON /TERRAN/ Ces
COM14ON /TERRAN/ C8Ow
COMMON /TERRAN/ cam I %W
COMMON /TERRAN/ MIIA
COMOON /TERRAN/ t%'MAS IJO
COMMON /TERRAN/ $&cc
COMM-ON /TERRAN/ PFi
COMMON /TERRAN/ FICc 14t
COMPON /TERRAN/ ACURV till
COMMON /TERRAN/ RG
COMMON /TERRAN/ FDA (121
COMMON /TERRAN/ S 49l
COMMON /TERRANf. SO- (98
COMMON ITERRAN/ SOL (9)
COMMON /TERRANI SURFF
COMMON /TERRAN/. TANP8II
COMMON /TERRANI .T IET A (3)
COMMON /TERRAN/ VcUt V (4t,111
COMPON ITERRAN/ iA
COMMION /TERRAN/ INC

C
C VARIABLE OECLARATICNS

C
C

REAL MPH
ZMPPI=MPH(VMAXi
ZMP~I-2=MPH( VMAX11UPI&
ZMPH3 =MPH( VMAX1 4LEVlLt)
ZMPH4=MPHtVPAX11OOWt8)
ZMPHi5=MPH(VSEIJ
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ZI4Pl-6=MPH( VSEL1 {UPJ&
Z4P0-7=MPH( VS EL1i LEVfiLbI)
Zt4PH8=MPHI VS ELi4DtJWb)Ik
IF(ITUT .GE. III GC*TO 2030
IF(KBUFF .EQ, 11 GC TC 2020
KBUFF = I
IWRITE(LUNI,20J00I

20 0 0 FORMAT(70H1 NTU ITiUl VMAX -UP LEVEL DOWN VSEL UiP LEVEL
*DOWN GRADE AREA, ill

C 3. DYNAMIC OUTPUT SECTiON
20203 IRIT~iLUNIO) NTL,LTUjTZMPHIZMPH2.L14PH3,lMPH4,lMPH5tZMPH6.

+ ZMFH79AM PH89 GRADEt AREA
WRT7E(LUNIP3000b NTIJITUTtZMPHl.ZMPH2,LMPH3,LMPH4.LPIPH5.IMAH16,

+ lI'IH7vZMPH8tGADOEtAREA
GO TO 4000

20302 IF(KBUFF .EQ. I) GC TO 2040
KBUFF =1
kRITE(LUNl,25401

2900 FORMAT('.2HI NTU ITUT VSEL UP DOWN GRADE OISTANCEt//)
2040 WRLTEILUNI,29541 NTUIT4JTvMPHi5,L$PH6,ZMPHd.GRADE,-OIST
,ý9 50 FORMAT(lIX it4v3X t12 tit XpF5.2b i XtF8.4&
30,30 FORMATUIX,14,4X(.il.841XF.F5.2).IXF5.2.IXFo.4)

L. 3. TERMINUS
4000 CONTINUE

RETURN
END

SUBROUIINE ACCEL
+ 'fFA ,FB ,FC tGCw' #I

+ K ,NGF ,NGR #NV2FLG *RNX
+ ,STRACT tT ,TRES4S vVI. tV2
+ V2F ,VG 'x #LUKI1 I

C TIME AND DISTANCE TO ACCELERATE FROM ONE VELOCLTY TO ANOTHER

C 1. VARIABLE DECLARATLCN
REAL F 2O
kEAL FB 424931
REAL FC (lv3
REAL RMX 14
REAL STRACT Li.- 3 931
kEAL TRESIS ( 3.09).
REAL VG (i~,3s3b

L 3. ALGCRITHM
VM = CW/385.9

L A. CETERMINE GEARS #NGI #NG21 UF THE INITIAL
+AND FINAL VELOCITIES.

CO 3010 NG1, NGF
IF (VI .LE. VZ4NG*3jKAI GC TO 3020

3010l CONTINUE
30~20 CONTINUE

N'G1 = NG
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D0 303 0 NG=N Gl vNER
IFiV2 .LE, Vf(IiNGt3*K)) GC, TO 3040

3 0 30CONTINUE
304J CONTINUE

NG2 = NG
IF(NG1 .NE. WG21 GO TO 3080

L.B.. SINGLE GEAR ROUTINE
VL=VI

VH = V2
N'G = NGI

X 0.

CALL TXGEAR
+ (FAvF eFcGCW9 ItK~thGeAV2FLGIRMXSTF(ACT~rT.TRESIS,VL.VH,VG,XXI

IFINV2FLG .NE. e-) GC TO 3052
T TT
X =XX
GO TO 4030

3050 IF(NV2FLG *NE* 1-A GC TC 3069
GO TO 3260

.i06i IF(NV2f:LG KNE. 21 GC TO 3072
GO TO 4000

3072 CONTINUE
GG TO 46.05

L C. PYULTIPLE GEAR RCUTINE
3080 CONTINUE

T =0.

=0.

VL Vl
VH VGING193tKi
CALL TXGEAR

. FAtF2.FC,:GCWI.KNGAV2FLGtiRMX.STRACTTT ,1RESIStVLVHVGtXXI
IF(NV2FLG .NE. 94t GC TO 3130

T = TT
VS = VGINGI,,30K)
X = XX
IF.ING2 .LE* AN61i11. GO TO 3090

GO TO 31642
30'0 CONTINUE

VL = VS
VH = V2
NG = NG2
CALL TXGEAR

IFAtFE,FCGCWUiUK,NG,41V2PLGRMXSTRACTTT.TRESISDVLVHVGXXI
IF(NV2FLG *NE* Of GO TO 3100

T = T+TT
X =X+XX
GO TO 4M32

3100 IF(NV2FLG vKE4 1) GC TO 3,11.0
VF2 VGCNG1,3pKi
NGF NG1
NV2FLG =2
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GO TO 40l00
31io IF(NV2FLG •NE., 2b GC TO 31•0

GO TO 3269
3120 CONTINUE

GC TO 4005
3130 IF(NV2FLG .NE. 16 GO TO 3140

GO TO 40
3140 IF(NV2FLG .NE. 24 GO TO 3159

GO TO 3262
3150 CONTINUE

GO TO 4005
C D. ACCELERATE ThROUGGh INTERMEDIATE GEARS
.3160 CONTINUE

ml = NGI4*I
M2 = NG2-1
CO 3200 NG=MltM2

VL = VS
VH = VG(NG,3,tKI
CALL TXGEAR

(FA,F 2,FC ,GCW t I ,K PNGtbV2FLG tAMXr STR ACT ,TT TIRES IS ,VL ,-VH, VGXX I
IFINV2FLG .NE,. 01 GO TU 3170

T = T + TT
VS = VGtNGo3,KI
X = X . XX
GO TO 3209

3170 1FANV2FLG ,NE.h 11 GO TO 3180
GO TO 32L9

31bJ IF(NV2FLG .,tE, 21 GO TO 3190
GO TO 3261

3190 CONTINUE
GO TO 4005

3200 CONTINUE
GO TO 3220

321 d CONTINUE
NGF = NG-1
V2F = VGi1&.Ft3,Kh
NV2FLG = 2
GO TO 4000

3220 CONTINUE
NG = NG2
VL = VS
VH = V2
CALL TXGEAR

- (FA,FO,FLGCW ,IKNGAkV2FLGRMXtSTRACTTTvTRESIS,VL#VHPVG.XXb
IF(NV2FLG .NE4 0) GO TO 3230

T = T#-TT
X = X+XX
GO TO 4009

3230 IFINV2FLG .NE, 11 GC TO 3240
NGF = KG-1
V2F = VGINGFp 3,KJ
NV2FLG = 2
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GO TO 40Bi4
3240 [F(NV2FLG *hEJ 21 GC TO 325,0

GO TO .3260
3250 CONTINUE

GC TO 4005
C E. ERROR ROUTINE
3260 CONTINUE

VAV=IVL4.VH)/2.
DO 3300 J=1,4

CALL TXGEAR
(FAFB.:FC ,GCWIKNG:,NV2FLGRmx,*STRACT*TTTýRESIS9 VL.VAVVG*XXI

IFINV2FLG .NE4i 01 GO TO 3270
VH = VAV
VAV =(VA..sVH 12.
GO TO 3304

3270 IF4NVi-FLG *A\~E4 11 GC TO 3280
VAV = IVAV*VH4)/2.
GO TO 330.0

3280 IFINV,2FLG o'NE.4 21 GC TO 3291
VH =VAV
VAV =(VL&.YH 112.
GO TO 33AR

3290 CONTINUE
GO TO 4005

3300 CONT INU E
Vi2F = VAV
NGF = NG
KV2FLG =2
T =T T T

x X+XX
C 4. TERt'INUS
4030 CONTINUE

RETURN
4,405 WRITE(LUNIt4010t

WRITE(LUNI .40201
W~RI TEILUN1 940301 t(FAt bGv K~vNG=1,NC-Ri
iF.TE(LUNl v44401
WIiRTTE LUN1 v403J) ( i3(t G*Kl#NGzI,NGRl
kRITE( LUNlo4350)
Wk'7I TE(LUN1*4030) (FClN6&,K),NG1.tNGiR)
WRITE( LUN1 40601 G~vo Kot-GR.oNV2FLG
WRITE( LUNI .40701
WRITE(LUN1.40301 fiSTFACT(NG,t4,K1.M=1,31,NG=INGRI
hRl TE( LUNI 408hl T vTRESISlKvllvV.1 *V2 tV2F

+ f

4010 FORf'ATllH1,6H$ACCELq/l
4020 FORMATi/,1X,8HFA =
40330 FORMATt9X,5XE15.8,5Xlj,.I
4040 FORMATt/.,1XoSHFB
4050 FORMATt/,1XdHFC
406id FORMAT(/,ilXfSHGCW -=;E15.:89/,lXqBHK 114t/tlKt8H4GR

+ 14, it.lXo8HNV2FLG =.g144
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407o Fc*kMAT(/tlXt8HSTRACT =-
468 FOjRMAT U, 1X.BHT -JE15.'8v/p1X .8HTRESIS =*E15.89/o

+ XX8HV2F- ZrEI5.8p/vIX*8HX =tE15.81
RETURN
END

SUBROU71NE 031.INC
+ ID *A vII .
* ,Jj K 9K *VALI ,VALJ
+ VALK( VI ,Vi ,VK I

Cy4 - - ------ ~
C THREE-CIMENSIONAL LLNE4A9 INTERPOLATION SUBROUTINE
C EXTRAPCLAT ION AT CCNS7ANT LEVEL BEYOND LAST
C ELEMENTS OF ARRAY.

-- -.cf -----------nn n n n

C
C 1. VARIABLE OECLARATLCNl

REAL A 17*14951
kFAL VAI (17t
REAL. VALJ 414)
REAL VALK (.55

C 2. ALGORITHM
IF(I .NF. III -GO TC 2010

ALL = A(I J, K)
ALH = A~l, J,KKi
AHL. = A(IJJp KI
AHH =ALIIJ#XKK
GO TO 2020

20-10 CONTbNUE
DUMPY = IVI-VALI(I5&/(VALI(II5-VALL4Isi 0ýALL =A( I# Jg Kl.*DUvMNY*lA4I1, Jo KI-Al I, J, K)l
ALH = A( 1, JKK$*OUtMMY*AA(II. JKKI-A(ý Iv J@KK)).
AHL = A( I,JJ, KWtUNMlY*(A(1,lJJ, KI-Al IJJt Kil,
AHH = A( IvJJvKI't*DUp4Yo(A(ll,J.J,KK&-Al I*JJPKKI)

e-02 0 IF( J *NE. JJ) GE TC 2030
AL =AL L
AH =ALH
GO TO 2040

e ,030 CONTINUE
DUMP'Y = (VJ-VALJ(J 5544VALJ(JJ)-VALJ(J 5
A L = ALL+OUMPY*4AHL-ALL)
AH = ALH4.DUMPV*(AHH-ALkiS

2 J40 1F( K .,qE. KKI GC TC 21650
C = AL
G-O Ta 3030

205v CnNTINUE
O = AL#.(AH-AL5,*(VK-WALK4K&b/(VALK(KKJ.-!VALJ((KI)

L 3. TERMINUS
3000 CONTINUE

RETURN
END

SUBROU7INE FGSPC
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S*(CPF ,O , NV EI1 tRCIX)

C FLNE GRA*1NED SOIL FULL CGERFICIENT ALGOR.ITH1M
C

C I; ALGORITHM
INFNVEH .EQ. ii GO IC 1042

C TRACKED ASSEMBLV
IF(CPF .GE* 4,k GO TO 1020

IF(RCIX ,LT. 8.1 GO TO 110
D =

+ .5444.4463*RCIX- ((,544*0463*RCIX)**24--.071i2*RCIXI*i•,*5
GO TO 2002

1010 CONTINUE
C D z.056*FCIX

0 = .076*RCL.X
GO TO 2 000

i 20 IF4-RCIX ,LT, 0.1 GO TO 1030

;4554+.0392*RCIX-(144554÷.0392*RCIXI.**2-0.0526.*RCIXI*0•,5
GO TO 2000

1030 CONTINUE
C = .056*RCIX
GO TO 2000

1040 CONTINUE
C WHEELED ASSEMBLY

IF(CPF .GE* 4.) GO TO 1060
IFiRCIX *LT%. 0a) GO TO 1050

D =

+ .3885-.0265*RCIX-( | •885,..0265*RCIXI**2-.0356,RCIXI*,.5
GO TO 2000

1050 CONTINUE
C = .046*RCIX
GO TO 2000

10o0 IF(RCIX ,LT. 0.) G;C T 10170
0=

* ,379+" 021 9*RCI X-k( (,374.';0I•219*RCI X l*2- ,0257#RCI X I w, 5

GO TO 2000
1070 CONTINUE

D = .033*RCIX
C 2. TERMINUS
2000 CONTINUE

RIFTURN
END

SUBROUTINE FGSPR
+ 4CPF ,NVEH ,RCIX lRTGWPel

C-------------------------aaeI ---aa a a a a a a a a

C FINE GRAINED SGIL POWERED ASSEMBLY MOTION RESISTANCE
C
C
C I. ALGORITHM

IF(NVEH .EQ. 1) GO TO 1030
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C TRACKED ASSEMBL.Y
IFfkCIX .LT. 0.1 GO TO 1010

RTOWPB = .045*2.3075/(RCIX+6.5.
GO TO 20

1010 IF(CPF .GE. 4.1 60 TO 1020
RTOWPB .4-4.Oi2ORCIX
GO TO 200

1024 •CONT!NUE
RTOWPB = .4-.05 2,.RC IX
GO TO 2000

C WHEELEU ASSEMBLY
103 0 1F(RCIX .LT. 0. J GC TO 10 50

IFICPF .GE. 4.1 00 TO 1040
RTOWPB = .035,.861/(RCIX#3o249&
GO TO 20OZ

1040 CONTINUE
RTOWPB = .045+2.*A75/(RCIX+bo5#
GO TO 2000

1450 LF(CPF .GE. 4.1 GO TC 1060
RTOWPB = .3-.0434RCIX
GO TO 2000

1060 CONI1NUE
RTOWPB = .4-.029*RCfX

C 2. TERMINUS
2000 CONTINUE

RETURN
END

SUBROUTINE FGSTR
+ IDIAN ,DRAT ,18 tip ,NVEH
SNWHL kRCI ,9 TOWT ,SECTW 9WGHT
+ vWRATIO ,LUNI I

C-------------- ---.----------------eeeeeee
C FLNE GRAINED SOIL TGfiEC MCTICN RESISTANCE
C -"- -------- -- -f. -- m ..........--

C 2. ALGORITHM
IF((IP .EO. 0) .ANCq fIB .EQ- 04t GO TO 2010

C NEVER TOWED ASSE#NBLY
RTOWT = 0.
GO TO 3000

2010 CONTINUE
C TOWED ASSEMBLY

IF(t VEH .NE. 0) GO TO 2028
C TRACKED ASSEPBLY

wRITE( LUNI ,3010•

WRITEtLUN1,3020) DIAW *CRAT t18 e IP ,NVEH
4 ,NWHL RC! ,vRTOWT *SECTWl ,WGHT
+ ,WFAT I1

3010 FORMAT (I HI ,6H$FGSTR,/ I
*020 FORMAT(/,1X,BHDIAW =,E15.8,/,1X,8HL2RAT =tE15.8,/v

+ lX,SHIB =415 t/,IX,8HIP =0150/v
+ 1X,6HNVEH =.vI5 ,/. IX, 8HNWHL =,15,I,

IX,8HRCl = 1 El 5.8 ,/,1 X,8 HRT.OWT =,E15. 8,/,
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+ IX,8HSECT6 =4E15.8*1tIXp8HWGIT =#E15.&8/p
:a- 1X#SHWRATIO =,E!5.81

STOP
2020 CONTINUE
C WHEELEO ASSEMBLY

WPW = WGHT*WRATIC/F&CAT(NWHLi
BET A z

+ (RCI #SECTW*DI.AW*DRATO.51i(WFW*( 14 *SECTW/2.,/DLAWl I
IF(BETA ,GT. 2.) GC TO 2030

RTOWT = I.-. 3412,tBETA
GO TO 3000

2031 CONTINUE
RTOhT = 904+.2/(BETA-.*151
GO TO 300id

C 3. TERMLNUS
300J CONTINUE

RET LRN
END

SUBROUTINE FORVEL
+ (F ,FA ,FB 9FC tFORMX
+ ,K ,NGR , ,VFIOAX *VG I

C 0
C FORCE AVALIABLE AT A CIVEN VELOCITY
C-------------------------- - -

C
c 1. VARIABLE DECLARATLCN

REAL FA (20,931
REAL FB (20,31
REAL FC .i. 3 )
REAL FURMX 4 3)-
REAL VFMAX (3)
REAL VG ( 21,3v3

L 2. ALGCRITHM
!F(V ,GE. VFMAXtK&-) GO TO 2010

F = FORMXfKI
GO TO 3000

20 10 CONTINUE
DO 2030 NG=INGF

IFLV .GT. VG(KG*3,K)) GC TO 2020
F = (FC4NGCKI8IVFB(NGK)b'*V9FAiNGKI
GO TO 3000

2W20 CONTINUE
20 30 CONTINUE

F = 0.
C 3. TERMINUS
3000 CONTINUE

RETURN
END

SUBROUTINE QUAD
" (A ,B VC
" ,Xl *X2 .KX3
"4 Y1 ,Ye .PY3
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,LUN1 )

C QUA4UATIC FIT THROUGH XFREE PCINIS SUBROUTINE

C

C 1. ALGCRITHM
AA = (Y2-YM)/(X2-XIb
8B = (Y3-YI)/f(X3-X1A
CC = (BB-AAMI X3-X26
A = Y1-AA*XI+CC*XlVX2
B = AA-CC*( Xl*X21
C = CC

C 2. CHECK TO INSURE THAT THERE IS NO OWV$SION BY ZERO (0)
I Ft (X3-X II ,•E{ Ca, go.OR. i X3- X2 I EQ .•. OR.

(X2-Xl) .EQ. 0.1 6G TO 3900
GC TO 4000

3900 WRITE (LUN1,39101
3910 FDRIAT(1Hl,39HDIV!SICT BY ZEFG (M3 IN SUBROUTINE QUAD,,/)
C 3. FERMINUS
4000 RFTLRN

END
SUBROUTINE QUAD51X pY #A .1B PC)

C

C LEA.T SQUARES FIT THREUGH FIVE POINTS PASSING
C THROUGh THE FIRST AND LAST POINTS. EQUATLON
C OF THE FORM: Y= A + B*X O C*X**2
C ------- ------- ------

C 1. VARIABLE DECLARATICNS

REAL X (51
REAL Y 151
REAL A
REAL B
REAL C

C

C TRANSFORM ARRAY INTO THE UNIT SQUARE
C .... --- - - -----. ,... ~,,i .,' I-,-t , .- !-------------,--,

C
CX=X(51 - X(ll
CY=Y45) - Y(l)
XXSUM=O*.
XYSUM=0.
00 2000 1=1,5

XTI=IX1 II - X(I &ICX
YTI=Y(I) - Y(l)
XYSItN=XYSUM I- YTI ", XTI'CY
XXSLM=XXSUM + XTL*iXTI ", 1.)

20J0 CONTINUE
C
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* C UNIT SCUARE COEFFICIENTS
C --------- ---

C
C3= XYSLM/XXSUM
C2=CY - C3

C
C ------ - --- --

C INTERMEDIATE TERM 4NOT A COEFFICIENTi

C --- -------------- '-------

C
C4=.1 (CX* CXI

C
cl --- -------

C FIVE PCINT FIT COEFFIJCENTS
c -----------

C
A=Y(Il + X(1•*C4*1(X01C3 - CX*C21

B=C40*CXOC2 -. 2.*X( I0C31
C=C4*C3
RETURN
END
SUBROUTINE SLIP

+ ICPFC ,IST ,LCCCIF ,NFL ,NVEHC
+5 IY ,LUN,1 i

C SLIP ALGORITHM
C

* C 2. ALGORITHM
IF((IST .NE. I .ANIUS (1ST .NE. 04ll GO TO 20}60

A. FINE GRAINED SOIL
IFINVEHC .EQ. 1) GO TO 2020

C TRACKED
IFICPFC .GE. 4.) GO TO 2919

S = .,0 2 5 ?*• '. 061*.015ij/i.8353-YI
GO TO 21,60

2010 CONTINUE
S = .07.33*Y-.,4063-.'*0734/t.71.7-Y)
GO TO 2160

C WHEELED
2020 IF(CPFC oGE. 4.) GO TO 2040

S = .*6.21I*Y-z4.21•,,01888/1.7194-YI
IFILOCDIF NEi 1) GC TO 2030

S = S/1.1

2030 CONTINUE
GC TO 2160

2040 CONTINUE
S = .,84&Y-.016+,01414/(.6697-Yl
LF(LOCDIF .NE. 1A GC TO 2050

S = S/l.'I

2050 CONTINUE
GO TC 2160

,ýObO IFl IST ,NE, 21 GC TG 2110i
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C 8. COARSE GRAINED SCIL
IF(NVEHC .EQ. I$ GO TO 2080

C TRACKED
IFtNFL .EC. Iý GO TC 207e

C RIGID TRACK
S = -. 0083*.005.312/(.573-Y,)
GO TO 2L60

i07O CONTINUE
C FLEXIBLE TRACK

YY = lo074*Y-,72
S = YY+ ( YY *q2) +.09*V. 0091 *.5
GO TO 2L.60

2iodi CONTINUE
C WHEELED

S = .0074*Y-.00k.+,.Oi374/o.5786-Y)
IF(LOCDIF .NE* 1) GO TO 2090

S = S/1.1
20t90 CONTINUE

GO TO 2160
2100 !F41ST .NE. il GC TC 2130
C C. MUSKEG

IFI(NVEHC .EC. I& .GR. (CPFC .GE. 4.11 GO TO i.10
S = .0585*Y-"d106**01336/(,964-Y)
GO TO 2160

2110 CONTINUE
S = .1024*Y-.i30.864+.010621(.7564-YI
IF((NVEHC .NE. 14 *GR. (LOCCIF .NE. 131 GO TO 2120

S = S/1.1
2120 CONTINUE

GO TC 2160
2130 IFI IST .NE. 41, GO TG 2150
C D. SHALLOW SNCW

IFIY .LT. 1.1 GC TO 2140
S = 1.
GC TO 2L6C

2140 CONTINUE
S = .3*'j1-( 1.- ¥I*.5)

GO TO 2160
C E. ERROR

21•50 WFdIE(LUNI,2200&
WRITEILUN1,22101 CFFC .,1ST vLOCCLF ,NFL ,NVEHC

+" ,S y
2200 FORMATl1H1.6H$STICK,/l
2210 FORMAT/, 1XtSHCPFC =,vE15.8,/,lX#8HIST =015 p/s

+ IXSHLOCDIF =i*15  ,t/oXtSHNFL Zv15 2l/
#I 1X,8HNVEHC =415 t/,lXSHS =.,EI-5.btt
+ I X,8HY =VE15.81

STOP
C F. FUNCTLON LIMITS
2160 CONTINUE

IF:(S .GE. 0.) *.ANC,. IS .LE. 1.t GO TO 2170
S = 1.
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O 2170 CONTINUE
C 3o TERMINUS

RETURN
END

SUBROUIINE TFORCF
+ XCF ,CPFC I CCWJ: ,GCWP #IST
- ,NFL tNVEHC IAT Gi0 ,TFOR ,LUNI 1-

Ceeeeeeeeeeeeeeeeee- 4eee ------

C SOIL LIMITED TRACTJVE EFFORT ALGORITHM
C ------------------- 4---------------e
C 2. ALGORITHM

IF( (IST ,NE. 1) ,ANQ* U1ST ,NE, 611 GO TO 21640
C A. FINE GRAINED

IF(NVEHC .EQ. 1) GG.TO 2020
C TRACKED

IF(CPFC .GE.! 4.,) GO TO 2010
CF = (QCMPp.*758)*RTOWP
TFOR. = ICF**.82)*GCWP
GO TO 3Ad 0

2010 CONTINUE
CF (DCWP-46,)'l)*PTOWP
TFOR = (CF-.*7&.,I*GCWP
GO TO 3000

202 0 CONTINUE
C WHEELED

IF(CPFC .GE. 4.1 GO TO 2030
CF = (DCWP-e461A)"RTOWP
TFOR - (CFV*,,,76GCWP
GO TO 30J0

2030 CONTINUE
CF = (DOWP',.58.)RTOWP
IFOR = (CFfr.6551*iGCWP
GO TO 3000

2040 IF(IST .NE. 2) GO TO 2070
C B. COARSE GRAINED

IF(NVEHC *EQ. l GO TO 2060
C TRACKED

IF(NFL oEC. 1l GO TO 2050
C RIGID TRACK

CF = .076
TFOR = LCF§,,,568&*GCWP
GO TO 3000

2150 CONTINUE
C FLEX TRACK

CF = .1
TFOR = (CF.695•)*GCWF
GO TO 3000

2060 CONTI.NUE
C WHEELED

CF = RTOWP*DOWI?-,56
TFOR = |CF+.575iQAGCWP
GO TO 3000
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2 07 0 1Ff 1ST -NE. 3& GO TO 2e90
C C. MUSKEG

!F(INVEHC .NE. 00* OR* 4CPFC oGE. 4,tl GO TO 2080
CF = RTCWP4*OW~P-*88
TFOR = ICF#.92.IOGCWP
GO TO 3000

2080 CONTINUE
CF =RTOWP*DChR.-.68
IFOR = lCF...745l.AGCkP
GO TO 3000

2090 CONTINUE
C D. ERROR

IRI TEf LUNi ,21001
IWRITE4LUNlt21.10) CF 9CPFC 0 CO&P *GCWP tLST

I NFL tNVEl)C oRTOWP qrFOR
2100 FORMAT (IHI ,7H$TFCRCF*/k
2110t FORMAT(/o1X,8HCF =oEl15&w8.,itXv8HCPFC =*E15.8t/o

+ I~X98HDOWP coE15.8t/*lXt8HGCWP SeeE15 .8St/v
11. IX,8HIST T-1 5 9 / #IX v SNFL =v15 ,I,

+ IX98HNVEHC =*15 qlv1X#BHRTOWP =*E15*8f/t
4ixtBHTFCR z4PE15*8 I

STOP 12
C 3. TERPOINUS
3~0J CONTINUE

RETURN
END

SUBfkOUTINE TXGEAR
+ IFA 1,FB tEc #GCW 91
+ #K ,NG , NV2FLIG *RMX ,STRACT 9T
+ ,TkESIS , vi *V2 *VG oX a

C -"--p------- --. % n

C TIME AND DISTANCE IN A GEAR
C - - - -

C
C 1. VARIABLE DECLARATIGN

PEAL FA 1 29:t3R
REAL FB 12V3
REAL FC. 24231.
fkEAL Rmx .4281
REAL STRACT 121.3r3l
REAL TRESIS C 3,9)
REAL VG (i163 t36

C 2. ALGCRITHM
C A. SET COMMON VALUES

Vm = I GCW/3*5*9 1* RMX(NG)
A = FAiNGPK&
a = FB(NG@KA
C = FC(NG.Kb
F a TRESIS4N.II
CSQ = 80B-4.d'4A"FI-0C
KV2F LG =0.;

C B. SOLUTION TREE
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IFICI 26v 11, 1
C 1. POSITIVE CURVATURE

IF4~81 2t 11, 44
C A. NEGATIVE SL~OPE AT V=Oo
2 CONTINUE

IF(A-Fl 3v3,4
C 1. NEGATIVEAZERO EXCESS TRACTION
3 R2=1-8lSQRT(0S0)b/42~.aCi

R1=IA-F#Ii(C*R2)
IFIV14.GI~.R2t GO TO 36
NV2FLGIl
RET URN

C 2. POSITIVE :EXCESS TRACTION
4 IFICSQ 38,8*5
C A.. JOSIJIVE DISCRIVINANT
5 R2=48dBSQRTt DSQ ))/E2.*Cl

R1=44-Fi/(COR21
IN Vj2.LE.R1.OR.VI.ýGE4R2) GO TO 36
IF(Vl,-Rli 79,7t6

6 NV2FLG1l
RET URN

7 NV-2 FtG= 2
RETUJRN

CBo. ZERC DISCRIMINANT
8 12A',B+SQRT4OSQb4/( 2.*C)

R1=A-AE)/(C*R2)
IFfVl*GT.R1.OR.V2,LT.R1l Go TO 31
IF(VI-Rlb 7,6.7

c C.. NE~GATILVE DISCRI-MINANT
C B. ZERG. SLOPE, AT V=O.
11 IF(A-Fl 13,12,38
C 1. ZFRO EXCESS TiaACTI`ON
12 T =V M* C 1SV 1- 1. /V 21/C

X= '(VM/CIsALOG4VMII VM-~VI'C*Tbii
RETUR-N

C 2. POISITIVE EX.CESS TRACTION
13 R-ýSQRT-&0SQ~l-l2.'Cl.

Rl= (A-f */(C*R2i
IF(V1.GToR2t Ga TO .36
NVZ.FLG~l
RETURN

C C POSITIVE SLOPE AT V=O.
14 IF(A-F) 15,15,16.
c .1. NEGATIVE,/ZERO EXCESS TRACTION
15 Rl14-B-SQRTi DSQl 1/(2.*Ci

R2=(+A-.F/(C*Rl I
IF(V-1.&CT.R2bý GO TO 36
N V2 FL G-
RETURN.

C 2. POSITIVE. EXCESS TRACTION
16 IF(ESQ1 38t37,3b
C 2. ZERO CURVATUPE
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17 IFIB) 18,22,25
C A. NEGATIVE SkOPE AT V=.18 IFiA-Fl 19*19920

C 1. NEGATIVUEERO EXCESS TRACTION
19 NV2FLG=

RETURN
C 2. POSITI1 VE EXCESS TRACTION
20 R1=-t A-El/B

IF(VL-RFi 21,19,19
21 IF(V2,LV'.RIl& GO TO 35

NV2FLG=2
RETURN

C B. ZERC SLOFEAT V=O.
22 IF[A-F) 231239Z4
C 1. NEGATIVE9/ERO EXCESS TRACTION
23 NV2FLG=t

RETURN
C 2. POSITLVE EXCESS TRACT-ION
Z4 T=VM*( V2-V I/fA-'F)

X=( (A-F#•TI/2.*VM l*V l*T
RETURN-

C C. POSITIVE SLOPE AT V=O.
25 IF(A-F.GE'.6.ot 6O TO 35

R1=I =,(A-.Ie/B

IF(Vl.0T.Rll; GCTO 35
NV2FLG"l
RETURN

C 3. NEGATIVE CURVATURE
26 IF(BI 27,27,31
C A. NEGATIVE/ZERO] CURVATURE
27 IF(A-F) 28#28g29
C 1. NEGATlViE/ZERO EXCESS TRACTION
28 NV2FLG=l

RETURN
C 2. POSITIVE EXCESS TRACTION
29" R1=l-!84$QRTL OSQbO1,2.*Cl

k2= A-F&/( C*Rli
IF(V1.LI.P21 GO TO 30
NV 2 F LG =-I
RETURN

30} IF(V2..LE.R2F: GO TO 36
NV 2 FL G,=2
RETURN

C B. POSITIVE CURVATURE
ii IF(A-F.GE,.&..OR.CSQ.GT.o0. GO TO 32

NV2 FLG*=1
RETURN

32 R2=( -8-SQRT(DS ;) I/ I 42.*C I
RI= (A-F W( C*R21
4F(VI.La.Rl.b GO TO 33
IF(Vl..(.R2)" GO TO 33
GO To 3"
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33 NV 2 FLG1c
RETURN

34 IF( V2.-LlE.R2) GC TO 36
NV 2FL G J
RET URN

C C. #MROUTINE
35 T=(VMdB.I*ALCG~tBV2.A-F I/t B*V'V14A-F I

X=-t A-F I*T I +(VMd.(8*B1 l*(B4V1I.A-FI,*( EXP IT&B/vM I -II
RETURN

C D. LOG ROUTINE - PCSITIVE DISCRIMINANT
36 C=SORTt0SQ)

YIBAR= (2,*C*Vl14B"G) 11,2 OCOV I+B#D)
V2BAR=1 2PC* V2+.fr4Ob/l2.*COV 2 +BODO
T=L Vt4IDl *AL;GOl V26ARIVI EAR I
X=( .5*t 0-81A *T-V#p*ALCG( I I.-V1IBAft*EXP(t*fl/VM) I/

RETURN
c E. RECIPROCAL RCUTINE -ZERO DISCRIMINANT
37 T=2.*VMtl'(i./2.*C*V1*.B1-l/(.2.*C*V,2.8**

N=V/IAC(.,*M(.*MT1,**l8114**/
RETURN

c F. NEGATIVE ROUTINE -!.PAKE TWO GEARS FITTED BYW STRAIGHT
C + LINES OUT OF ONE FITTED. BY A QUACRATIC.ý
38 SH=(STRACT(NG,3,M)-STRACTING.2.Kh~itVG(NG,3tK)-VG4NG,2,K)h

ZH(TATNG2,K V~~3K-TATNC3~fGN99A/
"* *VG(NGp3,Kl*-VG(NG,2t,Kb5

SLZ(STRACT(NG,r2.tk)-STRACTINiG.1,sKi/:V4.LNG.2,K1-VGtNG1PICFlI
ZL=ISTRACT(NGo,iK1'VG(NG.2,K)-STRACTiNG,2.Ki*VG(NG,1,K)I/

"* 4VGlNG,2tKl-VG.(NG1 14 K.11
IF(V2-1 GE.VG(N+G,2jKll GO TO .39

S=SL
1=ZL
GO TO 42

39 IFlV1-LE*VG(NGv21K)l GO TO 4.0
S=S H
Z=ZH
GO TO. 42

40 IF(V2.LE.AMA)1LI-4ZI-.FbiSHg-fZL-Fid/SLýI GO TO 41
NV2FLG=2
RETURN

41 TL=IVMSL.I'ALOo(44SL*VGING,2,Ka'ozL-F)I,4SL*V1ZL-F,,
TH=(VM/SH)*ALOG(*kSH*V2eLH-FI/LISH*VG(NG$24K).ZH-F)I
X= (SL'Vl +ZL- F3*V##*(EXP (SLOTL/00-1, I/ SL*,SL 1

+ * SH* VG(NGv2v.Kl+,Z-Fef*VN*4 EXP4 SH*TH/V14)-1. kitSH#SHI
t-(i1-FlOTL/SL-(ZH-Fl*TH/SH

T=TL+TH
RETURN

42 =-ZF/
IF(V2.LT*VZ) GO TG 43

NV 2F LG=0
RETURN

43 T=(VM/Sb*ALOC.((S4V2*Z-Fb/IS*Vl1b-FblI
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X=i( S*V1.+Z-F i*V PwllEXPf SRT/VMI-.)LFl &,SOT6/1 SOS)
RETURN

C 3. TERMINUS

END
SUBROUTINE VELFCR
+ F sFA #FB VAC vFORMX

9K tNGa 9 VEL #Vf MAX *V G It

c MAXIMUt' VELOCITY GVERCGMING A GIVEN RESISTANCE
C ------------------- m----------------- el- S---

1. . VARIABLE DECLARATICN
REAL FA 1.26631
REAL FB (24t3l
REAL FC (29:931
REAL FORMX (3b
REAL VFMAX 13*
REAL VG 1J33

C 2. ALGCRITHM
DO 10 INDEX=1,NGR
NG=hGR.1-!-NDEX. E. GK* AN,8F

IF(CSQl 1#2,4
C DISCRIMINANT, NEGAT'(E
1 IF(FCfNGvKl) 10ol10.20
C CISCRIt4INANTt ZERC
2 IF IFC (N GsK)) 10 t3,24
C DISCRIMINANTt PCSITIVE
3 IF( FA4NGiKJ-Fý J0,Z@A,2@
4 lF(FC(NG*KlI 11950~1
5 R=-( ( FA(NGtK -F *IEB(NGoKbA

6 lIF(FB(NGK81 l0v20,vJA
7 IF(VG(14G#3,K)-Ri 9,tg8
8 IF (FBING*K) ) 30,t10,rid
9 IF( FBI NGt K) 12 0 10.310
11 IF(FB(NG,KI) 12t12,943
12 R2=(-FB(NGK).SCRT( QSQ)P/(2.*FtINGKiih

R1 (FA(NG*K)-Fl d(R2A*fC(JIGtKI
GO TO 14

13 Rl= (-Fb(NGvK1 -SORT (GS01 i./(2.d1FC4NGvK)4I
R2= (FA( NG, K)-Fl/( RlIFCI NGqKk

14 RL=A,41N1(RltR21
RH= AMAXItL RI,9 R2 )
IF (FC (NGrK 1) 18 o18,v45

15 IF(VG(NGv1,K)-RLk 14.16#17
16 if(VG0NGo 3 vK I-RL 1 246.Mt,40
17 F( MG(NG 91 9K) :GT. R1.(d ANC.V G(NG p19 K 1.1T RH I GO TO 10

GO TO 20

21 IFfVG(NGv3,K)-kR94 21.09,50

10 CONTINUE
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IF( FORMX(KI-Fi Z3.2,,22
22 VEL=VFMAX(K)

GO TO 60
23 VEL=-.,

GO TO 60
214 VEL =VGI NG, 3 , K

GO TO 60
30 VEL=R

GO TO 60
40 VEL=RL

GO 70 60
50 VEL=RH

GO TO 60
C 3. TERKqNUS
bo0 CONTINUE

END
REAL FUNCTION MPH (AR0

C UNITS CONVERSION

C I VARIABLE OECLARATICN
REAL ARG

L 2. ALGCRITHM
C A. IN/SEC TO MPH

MPH = ARG / 17.6
RETURN

C 3. TERMINUS
END

C
C

SUBROUTINE PLTSET(
* NPTS* VGV, NGR , ATf, BTt F CS.FO IPOWER,
* POWER, TOPSPDPLUN 1)

C

C --- - -- - - - ------- -

C PPINTER PLOT OF POWER tRAIJ CATA AND
C QUADRATIC CURVE FITTEC TO THE DATA
C

'REAL PCWER (2,201l
REAL ATF (20)
REAL BTF (20)
REAL CTF (20)
REAL VGV (20,5l
REAL Di (2,400)
REAL D2 (2,400)

C
C NPTS = NUMBER CF PCINTS TO PLOT
C VGV = GEAR MIN ANT MAX SPEEDS
C NGR = MAX NUMBER CE GEARS IN V.ElHICLE
C ATF = A COEF. OF WUADRATIC EQUATION
C BTF = B COEF. CF WUADRATIC EQUATION
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C CTF C COEF. OF CWACRRATIC EQUATION
C 4POWER = NUMBER OF TRACTIVE FORCE POLNIS
C POWER = TRACTIVE FORCE POINTS FCR MPH
L TOPSPD = TOP SPEED CF VEHICLE IN .25 MPH INCREMENTS
C LUNI = LOGICAL UNIT I
C

C ROUND OFF POWER ARRAY BY NEAREST .25 MPH
C

CALL RESCAL(IPOWERtPOkiRI
CALL FIXER(NPTStIPCWElPOWERqCl)

C

C RECONSTRUCT QUADRATIC CtAlVE DATA USING COEF.
C

CALL CURPLTiNPTSVGV,.MGRATFETFCTFtO2I
C

C PLOT THE DATA ON PRINTER
C

CALL PNTPLT(DltD2thPTSvTOPSPCLUNIN
RETURN
END

C

SUBRCJUTINE PNTPLT(
+ DATA1 v DATA2 ftINTS9 T40PSPDo LUNlI

C
C -- --

C ROUTINE TO DO A PRINT OLOT
C

DI0ENSION LABLY(4fi0#l,b)|NEt(121
C

C 0ATA1 = FIRST CURCE CATA POINTS
C DATA2 = SECOND CURVE DATA POINTS
C TOPSPD = MAXIMUM MILES PER HOUR IN PLOT
C LUNI = LOGICAL UNIT I
C

DATA ICASH/IH..----,,"/
DATA iBLANK/10H /
DATA LABLY152itLABLY(5i.)L4ABLY(54bLABLY1551iLABLY(56)t

+ L ABLY(571 v LABLYt 58J rLABLY( 591 t L ABLY4(60. LABLYI 611 t
+ LABLY(62),LABLY(631)LABLY(64OLABLWY.465). LABLY(661*
- L ABLY (167) LABLY.1 6.681+ L-Sv•iH *IHPt-lF ,ItE*IH tlHEq th *lkiO@h WIH *IH.
+" IHMtlH ,Ihp# IH ,I41H/.

C
C INITIALIZE PRINT LINE TC ALL SPACES
C

00 5 K=1,120
IPOINT (K)=IBLANK

5 CONTINUE
DO 7 N=1,51
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7 LABLY( KI=1IBLANK
00 8 N=69,NPTS

8 LABLY (N)=IIBLANK
C
C SET UP Y AXIS LABEL
C

DO 55 N=1,12
55 L-LNE(Nl=IDASH
c
C RESCALE PCINTS FOR .25 14F1i INCREMENTS
c

CALL RESCAL(NPTSDATA.IA
CALL RESCALINPTSIOATA2)ý

C
C COMPUTE MINg MAX ANC SCALE FACTORS FOR X AXIS
C

CALL LIMLTSIDATA1,cATAaN,NPTS.BMIN.BMAX.,SCALEI
C
C PRINT X AXIS LABEL AN~D ýLABELED TIC MARKS
C
888 FCRM.AT(lHls44X920ifTRACl'VE FCRCE -LBS,li,

WiUTE( LUN10888)
STRT= BMIN
DO 33 N=1,13
AXH(NR =STRT
STRT=STRT#-tiBMAX-BPI'N)J12.h

33 CONTLNUE
WkITEI LUN1 j7771 ~AXK'l N*,N=lo13)

177 FORM1ATIIX,13.(FS. 0,92X).1
WPITE(L~UN1,501 KtINE(h-N=,NI121

50 FORNIAT46XI2A1.gvlH4)
C
C INITIALIZE SPEED, FLAGS 4ND INCEX VARLABLES
C

VSPEED=0.
IFLG=1 90
INDEX1=1
INDEX2=1

C
C NOW BEGIN PLOTTING LOOP
C

10 CONTINUE
C
C BLANK PLCT STRING 'FOR NEIA LINE
C

00 20 N=1#120
20i IPC)INT(N)=IBLANI(

C
C GET ALL CATAl POINTS AT TJHIS SPEED INTO PRINT STRING
C

30 IF lOATAI(JllNDEX1I.NE*VSPEED) GOTG 40
CALL SCALit BMIN, SCALEY CATA 1(2 vINDEX1).1.toIPOINT)
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INDEXl=INDEXll-
GUDTO 30

C NOW PUT CATA2 PGINT FCR XHIS SPEED INTO STRING
C

40 CONTINLE
CALL SCALA BMINSCALEtCATA2(2,INOEX2I,,2,tIPOINTO
INDEX2 :INDEX2#,1

c PRINT STATNG, CHECK IFLG- TO SEE IF NU14SER iS
C NEEDED ON AXIS

IF (IFLG.LT,201 GOTO 69
WRITE(LUN1*10001 LA8LI4INVEX2-1IVSPE-EC4ilPOiNT4JIJz1,120I

1000 FOkMAT11X*Alv F3*0#2H *,#120.AlI
IFLG1l
GOTO 7C

60 CONTINUE
WRI TE( LUN , 1010 1 L ABL YdINDEX 2-1 1 PO LNTV J itJ=1,t1201

1010 FORMAT(1XvAI,3X,2H 1912.OA1)
IFLC,=IFLG#.l

C
C bUMP VSPEED UP BY 0.25 PRH
C IF NOr FINISHED, REPEAT FROM 10 WMT- NEW VSPeED

70 CONTINUE
'VSPEED=VSPEED.0.25
IF ITNCEX2.LE.NPTS) GCTO .10
kR[TEILUN1*653 TOPSPDI1LINE(NIoN=1#12b

65 FORMAT fIXvF4.tlXql2A1J,.1Hml
WRTTE-(LUN1,444)

444 FORMAT (/,21X,6HLEGEN,*.t2lx,,68------,/./,.21X,I17HX DATA POINTS
+,//~l~o5H- FITTED CURVE POINTSw

'//,21X,48H0 COINCIDENT VALUES OF CURVE AND DATA POINTS)I
RETURN
END

C
C

SUBROUTINE SCAL(
+ BMIN, SCALE, CATA, IFLG, TPOINTI

C

C HORIZONTAL SCALE SUBACUTINE

C
DIMENSION IPOINTf1201
DATA IEX,ISTARtIZERCe!OLANK /lHXt1H**11-!0.1h 4d

c
C BMIN = MINIMUM VALUE FCF X AXIS
C SCALE= SCALE FACTOR FFGM OLI.MTS-
C DATA = VALUE OF DATA FeGINT
C IFLG = PRINT FLAG
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C,
C RETURNED :
C

C IPOINT = FORMATED LINE OF PLCT CHARS
C
C COMPUTE SCALE FACTOR
C

IPT=IN I(0.5b((DATA-BMI•i/SCALE)I
C
C DETEMINE PRINT CHARACTEF
C

;IF(IPT.LE.0 OR.IPT.GT,.1201 RETURN
IFl IPOINTllPTl.EQ. IBLAtK) GOTO 10
I POINTVIPTI=IZ ERG
RETURN

10 IPOINT(IPTI=ISTAR
F( IFLG.EQ.Ul IPOIT.( IRT4=IEX

RETURN
END

C
C

SUBROUTINE RESCAL(
+ NPTS, DATA)

C
C - - -------------

C SUBROUTINE TO RESCALE ECR .25 MPH INCR.
L-------------------4*4

DOMENSION DATA(2.4001
C
C NPTS = NUMBER OF PCINTS IN ARRAY
C DATA = ARRAY OF POINTS TO BE ChANCIEO
C
C AINCR = NUMBER CF OIVLSIONS PER MILE H IOUR

ALNCR=4.
DO 10 N=1=NPTS
,ITEPP= INT( .5'.AINCR*DATA( ItNb 9
DATA(1 tNl=FLOAT4 ITEMPlIAINCR

10 CONTINUE
R ETURN
END

C,
C

SUBROUTINE LIMITS(
+ DATAlt, DATA2s NOrSt 8MIN* BMAXv SCALE$

C

C -- -- '-----------------

C LOCATE MiNIMUM MAXi/0L• + SCALE FACTORS
C
C

DLMENSION DATA1(2q400I*OATA2(2s4001
C
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C DATA1 = ARRAY OF FIRST DATA
C DATA2 = ARRAY OF SEC6#ND DATA
C BMIN = DATA MINIMUP VALUE
C EMAX = DATA MAXIMU,P VALUE
C SCALE = SCALE FACTCF
C

BMIN=9.9E99
BMA X=-9. 9E99
DO 10 N=19NPTS
BM.IN=APINI( BM.IN, DATA14.4, N 6OATA21 2 NI I
BMAX=APAX1 i BMAX, DATAI (2N19DATA2( 2sNJ N

10 CONTINUE
SCALE=ABS( EMAX-BM1N) /IJ~d.
RETURN
END

C
C

S"BROUTINE FIXER(
+ NPTS, IPOWERq FBWEP, Cl,

C
C-----------------A.. ~
C SUBROUTINE TO RESCALE ROWER ARRAY
C
C

DIMENSION POWER12,221dD1(294001
C
C NPTS = NUMBER CF MKNTS IN PLOT
C IPOWER = NUMBER CF FGINTS IN POWER ARRAY
C POWER = POWER DATA MPH ANC TRACTIVE FORCE
C Ol = NEW ARRAY OE POWER POINTS IN .25 MPH .INCEMENTS
C

00 5 Nzl.#NPTS
5 DltltNl=-l.

DO 10 N=1,IPOWER
NN= N

C
C CONVERT FROM INCH / SEC TC MPH
C

01(1,NNI = POWER(1.4KI 4 17.6
DI1 2,NN) =POWER(2t NI

10l CONTINUE
RETURN
END

C
C

SUdkOUTINE CURPLTI
+ NPTS, VGVt hGR, ATF, BTY, CIFs D21

C

C GENERATE CURVE FROM CLGGDRATIC EQUATION

C
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REAL ATF i20l
REAL BTF 4205
REAL CTF (201
REAL VGCV (2001)
REAL 02 (2,400;

C
c NPTS = NUMBER OF 4CINT IN CURVE
C VGV = GRAR SHIFT. SPEEDS
C NGR =NUMBER CF U~ARS IN VEH-ICLE
C ATF =A COEF. CF ýCUACRATIC EQUATION
c BTF =B COEF. OF QUJADRATILC EQUATION
c CTF = C COEF. OF QUADRATIC EQUATION
C
C RETURNED;t
C
C 02 =DATA ARRAY Of CURVE PCINTS
C

VSPEED=-&25
NG= 1
00 10 N=1,NPTS

3 CONTINUE
VSPEED=VSPEED,. 25

5 CONTINLE
IF(NG0C-T.NGRI GOTO 10
Y=ATFINGl + BTFENG)*VSQEED*17.6 +. CTFlNGl*lVSPEED*17*6)**2
IM( VSPEED * 17mi6 ..LT* VGViNGt5l J GOTO 22
NG=NG+ 1
GOTO 5

20 CONT&NUE
D2(1*N)=VSPEEO
D2( 2vN =Y

10 CONTINUE
RETURN
END
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M60d, TANK, COMBAT, FULL TR-ACKED, 105MM GUN
HEAVE NATURAL FREQUENCY 1.36 CY/SEC
3VEHI CLEF
NA MBLY= 1,
NVEH( I13=0#

IP(1) =19

kEVM( 11=832.0,
TR.AKWD (1 =2 8.,
GROUSH (I)=1 .5,
NPA[J 13=1,
A SHOE ( II= 19 4.,p
T RAKL N( 1) =167,
N BOG E (1 1 =1 2,
NFL( 1 =1,
F.W( 1) =1 5 .5,
WTE (11=87.,
WT(iI =115.,
IAPG= 1,
ACD=1.2,
C0=1.2,
PFA=9 2..t
H PNET =643.,
C1D=1791.t
O!DFSL=l1

NCYL=1 2..
NENG= 1.o
QMAX= 168 2.,
I ENGI N=13,

1300., 164.5. t
1400., 1670.9
15 00.,1 1682.,
16 00.,# 1680.,

1800., .1655.,
1900., 1630.,.

2100., 1560.,

2200., 142(d.,

ITCASE=1,
TCASE(i)= .862, .98,
ITRAN=1,
ITVAR=Ot
TQINO=900.9
LCONV2=12,
CONV2(1,1)= 3.bbo, 0.0,v

3.125, 0.1,
2.650p 0..2t
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1 .95id , .4,

1.670v 0.5,
1.420. 0.6o
1.2201 0.7,
I .05 v i, b,
,.980o 0. 85,
0.970v 0.90 ,
0 .970t 1. 0,

LCUNVI =1 2 v

CONVl&.i,1)= 1875., .O.,
1850.p 0.1,
1825., s.2,
1815., 0.3,
1 830., 0.4,
1895. 0 .5,
1 970., .6,
2030.. .7,
2134., i.8,
2214. 0.85 ,
25 0 0.v 0.9,
280wo, 1.0,

LOCKUP=?,
NGR=2 ,
TRANS(1,I= 3.497p 0.98,

1.25w, 0.98,
FDIII= 5.08, 1 .9u ,
X8RCOF=o.8,
TL=167.,
CL=15.,
CGH=54.25,
CGR= 119.5,
CGLAT=0.0.
PBHT=45. W,
EYFHGT=55.,
WDTH=143 ,
WI= 87.,
WC=}. 0,

PBF=2 180 J0.
MAXL= ,

MAXIPR=Q,
kMS(1 }= 0.25,

1.0,
2.0v,
3.0 ,
4.09,
5.0,

7.0,
8.0 ,

VRIDE( i,11= 35.25,
34.•0,
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21.13,
14.10,
11.000
1 4.75,
10.50,
10. 25,
1 0.00.

NHVAL S=7,
VUOB(lI= 100.,

100..

12.,
6.
4.,
4.,
4.,

HVALS( I= L.0,
9.0,

10.0,
1 2.0,

15.0,
20.0,
40.0,

NSVAL S=9 ,
SVALSI(= 1.I

5.,
10.
25.,

1 00.,
400.,
690.,

VOotS| 1 I= .08,
.39,
.77,

1.93,
3 .86,
7.73,

15.45,
S30.91,
46 .36,

SEND
NOHGT

3
NANG

8
NWDT H

3
CLRMI N FCUMAX FOO HOV ALS AVALS WVALS
INCHES PCUNDS POUNDS INCHES RADIANS iNCHES
3.7.03 8948.5 372.1 3.15 1.95 5.88
24.42 27e76.2 1842.0 15.75 1.95 5.88
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VEHICLE INPUT FILE FOk PRGGFAM NRMM - M60AI TANK

6.57 d9773.b 5211.1 33.46 1.ý95 5.88
J7.03 8S48.5 394.3 3.15 2.48 5.88
24.38 24473.2 1604.8 15.75 2.48 5.88
6.72 50134.8 3800.0 33.46 2.48 5.88

37.03 8948.5 399.0 3.15 2.69 5.88
24.56 16969.2 1390.5 15.75 2.69 5.8u
11.43 32415.7 3016.3 33.46 2.69 5.88
i6.90 8456.0 386.8 3.15 2.86 5.88
24.3i 17646.6 1259.3 15.75 2.86 5.88
40.43 30E44.5 2787.9 33.46 2.86 5.88
38.22 8281.7 707.f 3.15 3,42 5.88
21.27 18699.8 224 6.!3 15.75 3.42 5.88
2.87 30£44.5 1696.0 33.46 3.42 5.88

39.64 4124.4 224.7 3.15 3.60 5.88
31.01 13744,o 1544.0 15.75 3.60 5.88
-1.30 30816.3 2 64 2.9 33.46 3.60 5.88
4i.Oid 3757.7 174.5 3.i5 3.80 5.88
36.1c3 13166.8 982.9 15.75 4.8f0 5.88
20.01 31678.1 2626.5 33.46 3.80 5.88
40.00 1612.7 30.6 3.15 4.33 5.88
39.54 4149.3 145.9 15.75 4.33 5.88
37.79 5566.1 -125.5 33.46 4.33 5.88
37.i3 9272.2 484.4 3.15 1.95 29.88
24.26 12489.2 -316.4 15.75 1.95 29.88
6.57 79647.8 4974.4 33.46 1.95 29.88

37.13 9272.2 500.0 3.15 2.48 29.88
24.2i. 20072.6 862.5 15.75 2,48 29.88
6.62 51346.5 4342.5 33.46 2.48 29.88

37.13 9272.2 516.7 3.15 2.69 29.88
24.36 20378.0 1717.0 15.75 2.69 29.88
11.70 34087.7 3769.5 33.46 2.69 29.88
36.99 8456.0 527.7 3.15 2.86 29.88
24.57 15S26.4 1465.5 15.75 2.86 29.88
20.55 30044.5 3131.9 33.46 2.86 29.88
37.17 8448.1 629.9 3.15 3.4.-? 29.88
14.79 18895.7 1864.3 15.75 3.42 29.88

2.9d 31044.5 3044.6 33.46 3.42 29.88
36.88 72J8.2 -219.2 3.15 3.60 29.88
22.08 31861.0 2Ž261.9 15.75 3.60 29.88

-11.56 34784.1 3152.8 33.46 3.61h 29.88
36.71 9.61,9 1001.2 3.15 3*81 29.88
27.21 20061.7 1637.8 15.75 3.80 29.,88

3.49 48386.8 4522.6 33.46 3.80 29.88
38.6u 5964.9 196.1 3.15 4.33 29.88
37.04 7279.0 -102.6 15.75 4.33 29.88
35.ok1 12253.2 759.8 33.',6 4.-. 29.88
37.17 9.272.2 231.1 3.15 1.95 141.60
24.77 2081'..9 1 J4 0.4 15.75 1.95 141.60

6.59 79704.9 4401.•1 33.46 1.95 141.00
37.17 9272.2 -36.3 3.15 2.48 141.60
44.4,4 35968.2 1861.0 15.75 2.48 141.60

6.62 52815.6 36.48.1 33.46 2.48 141.60
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VEHICLE INPUT FILE FOk PROGfiAN NRMM - M6fJAI TANK

37.17 9272.2 241.8 3.15 t.a69 141,60
24.40 27603.5 17(7.9 15.75 2.69 141.60
11.59 34e88.9 J306,2 33,46 2.69 141,60
36.93 8456.0 429.9 3.15 2.86 141.61
24.46 18740.7 1827.2 15.75 2.80 141.60i
20.55 30044.5 3062.1 33 0.46 2.86 141.60
34.03 8295.3 471.2 3.15 3.42 141.60
22.76 1912.2 2295.4 15.75 3.4Z 141.6i0
20.46 30044.5 3493.0 33.46 3.42 141..60
34.12 9326.8 741.4 3.15 3.60 141.60
16.75 32341.8 2497.8 15.75 3.,6j 141.616
9.38 34368.4 42661.5 33.46 3.60 141.60

33.89 9787.3 452.9 3.15 3.80 14.1,bi
12.40 38383.1 2i2 7.9 15.75 3.80 141.60
-1.83 4,928.4 3741.5 33.46 3.&io 141.60
33.91 8474.2 6b08.2 3.15 4.3.3 11.60
i0.9 0 18269.4 955w9 15.75 4.33 141,60

-23.03 79892.1 5167.6 33.46 4.33 141-6o
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VL-HIi..LE TNPUT FILE FOR PROG1SAN NRdM1S M 151 .JEEP

M151 JEEP
NATO MOBILITY MODEL
TEST VEHICLE
$VEHICLE
WI=45.8,
LOCD 1F0,
NAMF3LY=2.
NVEH( 1)1,1
NVEH( 2)=1,
WGHT (1 )1740 .0,
WGHT(21=4?60 .io,
!P(1 ) =1
IP(2)1=

RDIAM41 =16.0,
RDIAM(2)1=16.0,
RT1MW (1) 24.5,
RLMW( 2) 24.5,
ICONST( 13=1*
ICUNST(21=1,
T PLY( 1) =6. O.
TPLY( 21=6.0.
REVM(.1)=72k.0,
PEVM(C2)=72e.0,
DIAWd(11=30 .8,,
DIAW( 2)=30.8,
SECTW ( 1) =7.15,
SECT W(2 3=7 .15,
SECTiI(11= 7.40,
SECTH (2) 2 7.4 0,
TPSI (1,,21=15.0,

TPSI (1,21=15.0,
TPSl (1e, 1)2 15 .0 ,

TPSIL1310125.0,
TPSI ( 2,31 =25 .0 ,
DFLCT( 1, 1) =1.3 1.
DFLCT( 1 t2) =1.31,
DFLCT (2,1)21=1.14#
DF-LCT(2,2)1=.14,
OFLCTL11.3) =1.0.
DFLCT (2, 3) =1 .0 ,
NWHL41) =,2,
NWHL (2)22,
ID(1 120,,
104 210,.

CLRMIN( 1)2=11.4 ,
CLRM IN(21= 11.4 ,
wTE( 1)2=45 .6,
WTE( 21=45.6,
WT(I1 =53j
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VEHICLE INPUT FILE FOR PROGR~AM N~RMIS M 151 JEEP

WT (2) =53 .0,

NCHAIN(e1=9,
HPNET=73.92,
ACD=1 .2t
CO=1. 2,
AXLS Pf1 1 =85..
AVGC=12 0.,
CID= 141 .5,p
[OIESL= 1.,
NOYL =4.,
NENG=1.,
QMAX= 115.,

IT(2)=0,
PFA= 2 2.5,
IA PG=0,
IPOWER= 17,
POWER(2#0)=2195.3,
POWER (2,21=21 185.0,
POWE Pt 2,p31 =2050. 0,
POWER ( 2,4) =1 815. 0,
POWER(2t5)=1205.0,
POWE R(2 #61=1 18 0.0,
POWERt.297)=1085.0,
POWER( 2,8) =8710.0,
eO~wER42#91 =660.0,
POWER(2,10 1=650.0,
POWER(2,11 )=615.0,
POWER( 2, 1, )=560.0t
POWER( 2,1ý 1=420.0,
POWER (2t14 )=385.09
POWE Ri 2,15 1 =35 5. 0,
PO WER ( 2, ib )=340. O,
POWER( 2 17 )=31 0. 0,
POWER(1,11=0.0,
POWE ( 1 21 =4 .9,9
POWER(I1,33=7.5,
POWER(1 .41 =10.0,
POWER( 1,51=10.1,
POWEP ( 1,6) =1 2 .0
PO 4ER ( 1.,73 =1 5.5t
POWER(1 .81=19.8,
POWER (1,9) =19.9,
POWEP(o1 ,1=I2;.o,
POWER( 1,11 330.W@
t)OWER( 1 121=33 .0,
POWER( (1, 13)=33.1 9
P'OWERI( i 1.) =4k .0,
POWER( 1,15 )=45 .0,
POWER(1 ,16)=50*),
POWER (! .17 )=56.0s
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R-2058, VOLUME I PAGE B-9
VEHICLE INPUT FILE FOK PROGR~AM NRMM -M151 JEEP

I TfAN=09
IENGIN=10,p
ENGINE(l1, =8010.0,
ENGINE4 1,2l=12k10.0,
ENGINE( 1,31=1bAO.0,
FNGINE( 1,4)=2vhJO0.k'
ENGINE(1 #5)=24016.0 t
ENGI NE( (,6 )28v0-0#.'
ENGINE( 1 971=3200.0*
ENGINE( 1,8 )=3b0kJ.0,
FNGINc(1 *91=4iM~.0,
FNGLNE( 1.101=44160.O,

ENGINE(.ý92 3115.0'.
r-NGI NF( z93 1=1 15.0 v
FNG NE ( i:P4 1=1I1 5.O,
ENGINE( 2951=112.0',
ENGILNE( 2,6)= 108.0',
ENGINE( 2,7)1=03.id,
ENUI NE ( 2 ,8 1=9b .0.,
FNG1 NEH 2,9 1=88.0,t
ENGINE( 9~1 2=80.0',
I TCASE=O,
TCASEI 1) =1 .0 ,
TCAS E( 2) =1.0,
NJGR=4 ,
TRANS(1,ell =5 .712t
TRANS( 1,2)=3.179,
TRANS( I t3) =1 6 4,t
TRANS( 194) =1*W40.
TRANS( 2 , 1 =0 .9,
TRANSte ,21I=0.9,
T RANS( 2 t3) =0.*9
TRANS( 2,41 =0.9,
FD( 1l =4 .86 o
FOI 2)e=.9,
LOCCKU P 10
XBRCOF=0.7,
CL=9.*1,
VAA= bb. 0,t
VUA= 3 7. J,
TL=85.01,
WDTI-1b4.*0,
CGH= 10.3.
CG=42 .09
CGLAT=0 .0',
PBH-T =20, 0 v
EYEHGT=52. 5,
W C=0.*0,
PBF=3200~ id ,
I4AXL 1 ,
MAXI PR=9,
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VEHICLE INPUT FILE Ft3k PROGRAM NRMM.- M151 JEEP

R MS ( 11)- 0.*25,
RMS( 2[1=.0.
KMS( 3)=2.0@
RMS(41=3 .0.
RMS( 51=4.09
RMS(61=5.(Ov
RMS( 7) 6.0.
RMS( 81=7.09
kMS( 9)=8.k0

VRIDE(2#1) =21.0,
VRIDE( 39119.5,
VRIDE(4#11 =5.1
VR IDE( 5,1)=2.0,#
VRID(6.1) z2.0,
VR1DE (7t11=2-0t
VRIDE(8,#11 =2.0v
VR1OE(9.i) 2.b#
NHVAL S=7
VOOB(11)102. 0,
VUO0B(2)=20 .0.
VOOB ( 31 =6. go
V0086(4) =4. Ot
VOUB ( 51 =2. ev
VLUOB(61=1 .e.
VOOB( 71=1.O,
HVAL S I 1=0 *Olt,
HVALS(e )=4 .0.
HVALS (3 1=8 .0,
HVAL S(4) =1 2. 0t
HVAL S(5) =1 6.0,t
HVALS(6 1=20.O,
HVAL S (7)=4 k. 0
NSVAL 5=1 6,
VUOB S 11)= 15.0.t
VOOBS( 21 =1 5. 0,
VOUiBS (3 ) =15. 0,
VIJOB S(4) =1 5.0 t
VOOBS(5)=15.09
VOOBS(6) =15.0,
VUO5S (7) =1 5m.0,
VQOBSI 8)=1 5.0,
VOuBS(9) =15.0,
VOOBS( 10 1 =15.*0
VOOBS(111=15.io,
vOQBS( 12 1 =15.0 o
VOOB S 131= 15 .0,t
VOOBS( 14) 15 .0 ,
VOOBS 15 1= 15 .0v
VOOBS{ lb 1 15 .0,t
SVAL S (II)1 .0.#
S VAL S 21 =2 .0,v
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VEHICLE INPUT FILE FOR PROGRAMKI NRMY - M151 JEEP

SVAL St 3 =3 .0
SVAL S(4) =4.0
sýVAL S (5) =5.0,
SVALS (6b=6.t
SVALS(71=7 .0,
SVAL S(b ) =8.0,
SVALS (9) =9 .0,
SVALS(10= 10.0,
SVALS(11)11 .= ,
SVALS( 12 1=12.0,
SVAL S( 131= 13.0.,
SVALS (141= 15 . 0,
SVALS (1 5 )= 20 .0.
SVAL S( 16 ) =4 .0,

NOHGT
3

NANG
B

NWDTH
3

CLRMIN FOOMAX FOG HOVALS AVALS WVALS
I NCtiE S PCUNDS P OU.IDS INChES RADIANS INCHES

6.85 941.6 3 1.41 3.15 1.95 5.88
-3.75 2179.6 127.1 15.75 1.95 5.88

-21.21 22018.5 237.5 13.4b 1.95 5.88
6.85 1015.5 35.6 3.15 2.48 5.88

-3.54 li1.2 1:18.7 15.75 2.48 5.88
-13.36 960.9 160.6 33.46 2.48 5.88

6.85 69b.1 25.5 3.15 2.69 5.88
-2.31 6'06.7 124.9 15.75 2.69 5.88
-3.95 646.3 98.2 33.46 2.69 5.88
7.45 411.2 34.3 3.15 2.86 5.88
2.93 404.0 69.7 15.75 2.86 5.88
2.61 799.3 98.3 33.46 2.86 5.88
7.19 417.7 40.9 3.15 3.42 5.88
5.5? 444.5 88.7 15.75 3.42 5.88
3.10 799.3 103*9 33.46 .3,42 5 .88
7.42 7d4.7 35.5 3.15 3.60 5.88
1.21o 757.6 135.1 15.75 3.60 5688

-4.63 839.1 135.3 .33.46 3.60 5.88
8.20 662.5 16.3 3.15 3.80 5.88
.0 1170.4 .180.3 15.75 3.80 5.88

-9.54 1301.5 240.0 33.46 3.80 5.88
9.65 344.3 4.8 3.15 4.33 5.88
5.79 1150.8 43.5 15.75 4.33 5.88
-. 23 2378.* 146.0 33.46 4.13 5.88
6.85 592.1 -2.8 3.15 1.95 e9.88

-3.75 2163.4 99.1 15.75 1.95 29.88
-21.46 eW29.6 150.9 33.46 1.95 29.88

6.85 1015.5 29.3 3.15 2.48 29.88
-3.75 1952.4 5L8.4 i5.75 2.48 29.8
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VEHICLE INPUT FILE FOR PROGF~A#4 NRMM - M151, JEEP

-4.9,Ž 1 110.3 10 9.e8 .33.46 2.48 29.88
6.85 698.1 24.7 3.15 2.69 29.88
.59 658.0 69.2 15.75 2.69 29 .8 8

.2 837.9 116.9 33.46 2.69 29.88
7.45 411.2 28.8 3.15 2.86 29.88
4.86 '443.4 5 i.o1 15.75 2.86 29.88
4.75 799.3 105.0 33.46 2.86 .29. 8B
7.29 417.6 .31.1 3.15 3.42 29.88
5.40 444.5 57.0 15 .75 3.42 29.88
4.9Že 799.3 108.6 33.46 3.42 29.88
6.83 708.6 39.9 3.s15 3.60 29.88
.78 761.3 119.2 15.75 3.60 29.88

-2.82 842.2 1,37.0 33.'¶b 3.60 29.88
6.7,0 991.4 34.9v 3.15 3.80 29.-88

-2.46 1178.4 145.1 15.75 3.80 29.88
-10.26 1318.0 195.9 33.46 3.80 29.88
6.68 575.1 4.9 3.15 4.33 29.88

-3fl 2401.8 157.0 15.75 4.33 29.88
-23.83 2551 .4 228.7 33.46 4.33 29.o88

6.d5 541.3 -6.0 3.15 1.95 141.60
-.0 2428.4 87.4 15.75 1.9~5 141.60

-11.40 ý556.1 128.6 33.46 i*195 141:00
6.85 1093.9 18..1 3.15 2.48 141.60
2.214 1170.6 68.6 15.75 2.48 141.60
-.73 1304.9 145.9 33.46 ý.48 141.60
o.85 70 7. 5 16.9 .3.15 2.69 141.60
4*4wb 75 t.7 75.1 15.75 2.69 141.60

.84 8.37.9 132.5 33.46 2.69 141.60
7.45 416.d 17.0 3.15 2.86 141.60
6.75 443.4. 65*4 15.75 2.86 141.60
6.88 799.3 103.~0 33.46 /-*86 116
7.67 4*17.2 19.1 3.15 3.4i~ L41abid
7.28 3886. i 65.9 15.75 3.42 141 .6 0
6.85 799.3 106.8 33.4b 3.42 141.60
6.84 707.1 Ž 1. 1 3 .15 3.60 141.60
4.25 760.1 78.2 15.75 3.6io 141 . O
3.88 839.7 135.9 33.46 3.60 141.60
7.08 1094.0 18.6 3.15 3.80 141,60

204 1168.7 83.3 15 .75 3 .8wa 14.1
-. 60 1312.2 164.2 33.46 3 Sio 141.60

6.O 1131.4. 30.3 3.15 4.33 141.60
-. 03 2 39 7. e 8 w.3 15.75 4.33 14 1.6 0

-15.46 2549*b 147.3 33.46 4.33 i41.60
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TERRAIN INAUT FILES FOR PROGRAM NRHM
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k-2058, VOLUME I PAGE C-2
AREAL TEkRAIN INPUT FILE- CLASS INTERVAL FORMAT - FILE CKK

1 1 1 2 11 I1II1IIiiii11J11

2 1 5 5 51 1111111111111111
3 1 6 6 61 11111111111-.L1,1
4 1 8 8 81 1.1111111-11.11i1
5 1101010 1 111.11 11-11 ll 1l11

6 1 1 1 12 111111111.1.11i
7 1 ± 1 13 1l1l11Ell11.1,11
8 1 i 1 14 1111111111111111
9 1 . 1 16 1111111111111.1,I1

11 2 1 1 11 1111.11.1111111-i11
12 2 ;• 5 51 11111111111I1111
13 2 b 6 61 -11-I111 11111.1
14 2 8 8 81 111111111111111
15 21•&01 1 1111111111111111
16 2 1 1 12 1111111111111111
17 2 1 1 13 1 ll1.1111,11
i18 2 1 1 14 11111111111i111-
19 2 1 1 16 111111111111111
20 2 1 1 17 llllllillllllll
21 1 1 1 11 11 111.111.111,11.1
22 1 1 1 11 1111113111111111
e3 1 1 1 11 1111115111111111
44 i 1 1 11 11 ill17111111111
25 1 1 1 11 1111119111I11111
26 1 1 1 11 11111116666655.1
27 1 i 1 11 1i11111i887655561
28 1 1 1 11 1111111666666661
29 1 1 1 s1 111i11188887656i
30 1 1 1 11 11 tl 111888887651.
31 1 1 1 1111433311666665 51
32 1 5 5 5111433311887655551
33 1 5 5 5111433311666666,661
34 1 1 1 1111433211887655551
35 1 5 5 511143321166666555,1
36 1 1 1 1111135211111111121
37 1 i 1 111113522 1111111111
38 1 1 1 1111335221111111111
39 1 1 1 11115 35221111.111141
40 1 ! 1 1111735221111111111
41 1 1 1 111343722111111.11,1
42 1 1 1 1113437321111111111
43 1 1 11134378211111111,11
44 1 11 11 1111I111I111112
45 1 "L 1 11 1111111111111143
46 1 ' 1 11 111111111111.11J 6
47 1 • 5 51 11i1.111111111112
48 1 L 5 51 1111l111°11111113
49 1 5 51 11i11111111i14,16
50 1 ' 7 ii 111111111111111.8
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krIAD TtR-kAIN INPUT FILE - FILE CKKFO

1 1 1 4 3i0 a90 3Z,• 30io 31000100010001000 1 70 0.1000
, 2 1 4 300 304 300 300 7 500 500 500 500 2 40 0.1100
3 2 1 4 300 300 3W1 300 7 500 500 50,0 5 J10 2 55 0.1260
4 2 1 1 300 300 300 .300 3 500 500 500 500 2 25 0.1300
5 3 1 4 300 30e 300 300 3 250 450 250 250 8 55 0,140w
6 3 1 4 300 300 300 300 15, 500 500 500 500 8 55 0.1500
7 3 1 4 300 3,69 300 300 3 500 500 500 500 25 40 0.1600
6 3 1 4• 50 190 80 80 3 250 250 250 250 8 41 0.1700
9 4 1 4 ý50 190 36 36 3 250 250 250 250 8 55 0.1800

10• 4 1 4 200 200 200 200 15,250 250 250 250 8 55 0.19i0
11 4 1 4 200 200 80 80 15 250 250 250 250 8 55 0.2000
42 4 i 4 i50 200 200 200 3 250 250 250 250 25 40 0.2100
13 4 1 4 250 200 260 200 3 79 79 79 79 10 30 0.220h
14 4 1 4 250 200 200 200 3 250 250 250 250 1i 9 0.2300
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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 speed-made-good as described in Section II.E.

The control variable SEARCH was set to 0,

For the Areal terrain, the scenario variables MAP and ISEASN were

set to 71 and 3 respectively. 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.
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R-2058, VOLUPE I PAGE D-2
SAMPLE OUTPUT OF PROGRAM NRMN - VEHICLE: M60Al, TERRAIN: CKK

$CONTRL
DETAIL = 2,
KSCEN =I,
KVEH =,
KIIl = 0,
K112 = 0,
K113 = 0,
KIi4 = 0,
KI15 = i,
K116 = 0,
K117 = 0,
K118 = 0,
KII' = 0,
KII10 = 0,
KII11 = 0,
Ki12 = 0,
KI113 = 0,
K1114 = 0,
KI1l5 = 0,
K1116 = 0,
K1117 = 0,
KMAP = 0,
KTP0 = 0O
KIVI = 0,
KIV2 = 0,
KIV3 = 0,
KIV4 = 0,
KIV5 = 0,
KT V6 = 0,
KIV7 = 0, 0
K! V8 = 0,
KIV9 = 0,
KIV10 = 0,
KIVI1 = 0,
KI V12 = 0,
KIV13 = Ot
KIV14 = J,
KIV15 = 0,
KIVlb = 0,
KIVl7 = o,
KIVI8 = 0,
KIV19 = 0,
KIV20 = 0,
KIV21 = 0,
NTUX = 1,
SEARCH = 0,
SEND
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.R-2058, VOLUME I PAGE 0-3
SAMPLE UUTPUT OF PROGRAM NRFM - VEbICLE: M60A14 TEkRAIN." CKK

$SCENAIf
CONES = .5E-01,
DCLMAX = .5EF0,
GAMMA = .2E÷00,
lOVER = 9,
! SEASN = 3,
ISURF = 1,
ISNOW = 0,
LAC = 1 ,
MAP = 71,
MAPG = I,
MONTH = 1,
NUPP = 0,
NSLIP = 0,
NTRAV = 3,
NTUX = 10
PHI = .2 IE +02p
REACT = .5EE+0,
RDFOG = .I Ei-4
SFTYPC = .9E+02,
VBkAKE = .5Ei-0I
VI SMNV = .2 E01,
VLIM = .55E+02,
ZSNOW = .3 E+01,
$END

0

0 349



R-20~58, VOLUME I PAGE 0-4
S4M~PLE OUTPUT OF PRUGRAM tNRO~ - VEHICLE: Mb.aAl., TEkRAIN: CKK

SVEH ICLE
ALL)0 = .1 2E o0 I*
ASHOE = .154E4-23, . 0.09 .0.0 0.0a 0 .0, Wo .f J.d 0.0, 0.0. 0.0, 0.1.

AVGC = 0 .0,p
AXLSP = 0.0, W~.00 0.0, 0.00 0.-00 0.0, 0.0, 0.0, 0.0. 0.8, 0.0, d.0.,
0.0, 0.0, g.0, 0.0, 0.16, 0.0, 0.0. 0.0.
co = .1icEflol
CGH = .5425E+02#
CGLAT = 4.2,
CGR =.1195E+03,
CID = .1791E+049
CL =.15E.02*

CL RM I i 0.2t 0.0v J.0, 0.0*. 0.0o 0.0, 0.0, 0.Ot 0.0v 0.0. 0.0. 16.4,

CONVI = .1875E'04o 0.0, .185E*04, .1E.00, .1825E.04o .2E5009
.1815E+04, .3Ef'00, .183Et04, s4EI00b,t *1895E*"044

.5E.IoOt .197E404, .6E400, .203E'04,t ,7Ee.00t .213E*04P *8E*00,
.221E.04t .85E'+009 .15EI04s .9E#-.00*

.28E+04# .IE'01l9 9.Ot 0.O 0.0, O.0. 0.0v O.k, i0.0, 0.0. 0i.O,
0.4.t 05.90 0 .4,6a 0.0,0 .0,r 0'.0,t 0.0, 0.0,

CONY2 =.366E*01o 0.O, .31.25E+019 .1E400* .265E.w01, .2E#400 .2228Eb-O1,
.3E+09, .195E*,31, ..4EA00t .167E401.

.5E.Owt *1'.2E'01. .6E+100, .122E+01,9 *7E~f6d, .105E+019 .8E+400,
.9BEt-00t .85E'00* .91Ea-00* .9E+00#

.97E+wJO, lE+01, 40.0 0.0, 0.4, 0.0v 0.0. 0.0. 0.0,t 0.0v 0.0,
0.0, 0.0, 0.0, 6.10, 0.0, 8.0, 0.0, 0.00

9-e, 0.0, 4.0. 0.0.d 0.0f 0.0. 0.0, 0.0, 0.0,
OF LCT 0. 1, to .0, 0.0, ta.of 0.0, 0.0, 0.0. 0.0. 0.f0,J 0 .0, 0.0. 0.41
.0. f6 0.0. 0. 0, 0.0 , 0.09 0.0. 0.0, 0d.0,I00

0.0. 06.0, 0.0, 0 Jlel.i f0 0.0.f 0.0, 0.0, 0.0, 0.0. 0.0, 0.0.
0.000 0.00, 9.. wo0, O.0, 0.24 0.0, 0:.0 0.0,

0. g. 0.0,t 0.0, 0.4. idvd. 0'r 0-.0,t1 0.0l 0.0, 4.00.i 0.a0. 0.00. 0.0,
0. (A 0 .0,1 0.0. 0.0, 0.0, 0.0.
DIAW 0.0. ., 0.0, 0.00 k 0.0 1..00 0.0. .t( 6rJaV 0.0. 0.040 b., 0.91,
hof0 0 .f, 0.0. 0.0. 4., 0.0. 0.0,f 0.0,0
ORAFT =0.0.

ENGLNE 1 .1E*04* *161E+014, .13E+04, -1645E+04#, .14E*04, o.L16E@4t4
*i5E+0'4, .1682E4-04, .16E+049 .lbBEe(64@ *17E.404,

.1675E+04, .18E.04io .1655E+04* *.19E+04P .16-3E+04t .2E+404.
.1 6Eiý41 .21E+04, *156E4044 .22E+04# m15,15LE04o

.23E+049 .147E*04,p .24E404t .142E404.o 0.O. 0.0t 0.0t 0.0, J.0,
0. i, g;.0. e.0. 0.09 14.0, W.0 .l0, 0.00.

0.e, 0.60, 0. w, 0.2.e 0.00. 0.0, 0.0, 0.0, 0.0. 0.0. Woof Well
0.0, 0.05, 3. e , 0.0 W.0 0#.0. .0, 0.0,6 0.0,

0., 0 .O0, 0 a , 0.0. 0.0. 0.0, 0.#90, d00, 0.0# 0.0, 0.00 0.0.

e.0, O.8. 0.0, 0.2.. 0.0. 0.0, 0.0. 0.0, 0.0, 0.0v 10.0, 0.6.
0.0, 0.0. 0. co 0 .16 0.0,6 0.90 0.0,
EYEH~GT =.55E+02#
FD = .5 Z8E+0lt *9 8E *00

350
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FORDU = 0.O,
*GROUSH = .15E.01,t 0.0, O.O, 0.0, o.j0, .0, 40.0t 0404 4.04 0.0, 0.04

0.0. 0.o, 0.0, 0.0,# 0.0, O'.5 0.0, 0.0. oe~ov
HPNET = .643E#.03,,
HVALS =0.0, .9E+Orlt lE+,029 *12E+02, .15E+02, .2E,+02.9 .4E+029 0.9,o
O'.0, 0040# g.at 0.0, 0.0, 0.0,d 0.0,r 0.0,# 0.,

4.0, 0.0, 0.0, 0.016 0.0,f 0.0,f +0.0, 0..
IAPG =1,
lb = 1, O, 0, o, 0, 0, 8. 0, O 0,0. Of Of 0, id, 0,0, 0, 0, o , a
ID = O, 0, 0,0, O , Of OR So 0,o Of 0R Of 0, Of Of a , 0, 0, 0, a .g
TDIESL = lE~fdl
IENGIN =13 ,
ICONST = O, J. O, J, t, 0, Or 0, O , O .OR Or id , OR O , O , 0, 0, O .at
ICONV1 = 12,t
ICONV2 = 12v
IP = 1, 0, 0,O 0, 0, 0, .&1 0,$ e, 0, 0, 0 0, 0,0, 0, 0.o 0.0, dot
IPOWER = 0,
IT = o. 0, Wit 0, 0, 0, a* 0, O, 0, of O, o, 0.f 0, .0, 0, 0, of A,
ITCASE = 1,
ITRAN = 1,
1TVAR = Of
LOCOIF =0,
LOCKUP = 0,
MAXIPR = 9,
MAXL = 1,
NAMBLY = 1,
NBOGiE = 12, k0, Wf O, 0, 0#,O O, O, O, 0. 0,o O, O, 0, OR O. O, O, 0,.NCHAIN = 0, 0.* 0,# 0, v0, 0, 9. 0.,9 O, 0, 0,. 0, OR O, O. 0 r 0, 0, It
N~CYL = .12E402,
NE NG - .1 E4-0l
NFL = 1, J, O. 0,9 0,00 , 9v 0e, at, 0, w, O, ids 0# OR, O, O, Of Or ,
NGR = 2,
NHVALS = 7,
NPAD = 1t OR 0, o, 0, 0, a,# O. Of Or O, 0R O, O. 0, Of a, a, 0, 19
NSVALS = 9,
NVEH = 0, at 0. 0,0, 0. O . 0t Or 0, 0, O , Of 0.e 0 O , a , fi , 0,t at.,
NWHL = id I, 10, A , I 0, 0, t .0, 0, 0. 0. 0.64W of of 0,i Of 0,e 0, at
NWik =0,r
P8F = .21BEf-06,
PBHT = .4 5E-f0 2,
PFA =.92E*02*
POWFR = 90.0 d.0, 0,4, 0.0. 0.0, 0.0, 0.0t, 0.0,t 0.0, 0.0, 0.0,t 0.9'r
0.0, 0o.iL 0.0, O.0, 0.0,o o614 000t 0.0,a 0.*0 ,

J.e, 0.00 0.0, O.0. 0-.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0,00, J.1,
Wo 00 0.0, Or0.a, 0.0,v 0.0, 0.04i 0.0. 0000 d.~00

0.16, 0.0, 0.0, O.0. 0.0. 0.0, 0.0s, o.0, W.0, 0.0, 0.0, 0.9's
W. o, 0.fO. id. i 0.+d, 40, 0.0, 0.0, 0.0? 0.0,

0., 1~0#0 0.0,# 0.04# 0.0, 0.0. 0.0, 0.0, 4.0. O.0, 0.0, 0.0,
P 101 0 0. Ici 0.0, 0.0,la 0.0.1 0.0,t 0.0,f 0.0,

16. 9 0.0, 0.0, 0.0. 0.0, 0.0, X'609 id.0, 0.0, 0.0, 0.0, 0.2,
0.0, O.0, 0.0. 0.0, 0.0, 0.99 W.0, .0, 0.0,t

9.0, 0.A, 0.0, 0.0., 0.0,* 0.0, 0.0, 04.0. 0.0, 16.0t 0.0, a.0,

351
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0.~ f~j ' #0, 0 t.4 0.0, 0.0, 0.0. 0.0. 0.0, . . 0 0 .8 . , 0 6

0.k1 00, oi 4 t.0 00~ 0.0.* 0.0,*W 0.ot 0.0, .0,0 0.0, 0d.0, 0.6..
0009 .0 0. i, 0.0#., 0 0.0, 1J.0, 0.0,
0.k, 0.so, 0.0j, 0.04 0.0,0 0.0, 0.0, 0.0, 9.0, 0.0, 0.0, o 0.3.#

0.10,0 0.4, 000, 0.v), 14.0, 0.0.9 0.0 i.0 0~ 0.0,
id.0,t J0t Jo 0.0 0.9.tJ 0 .0 00, w.0 f 0100 0.0, 0.0t,1 0.0 o .o6,

0..0.0. e .0i , 0.0, 4.0, 0. tid.0, 0 1.0. 0 .0,a 0 .0,f
0.0. 0.10, 0.0, 0.40~ 0.0. 0.0, 0.10 I. 00, 40.0 0.0. 0.0, 50. I

L.90.0 , 4.0,0 0. , itN 00J.0,f 0... 0 .0, J.0, 1-0.0,
0.#0.f 0 .i, 0.0, 0.0. 0.0, 0.09 0.0p 0.0, J 0.0t 0.0, 4.Ot . at.

O..o, 0 . 0, e. t0, .01 10.o,0. t. 0.0 , 0.0 , -tOO
14.g 0oid.0, r0.0,t 0.01, 0.0., 0.0, 0.0,0 0.0. f i.0O 0.0, 0.0. 06,9id

0 .o Of 16 of .0t 0.6. 0.40, 0.09 0.0,0t 0 .,00 .. 06

0. V, 0.0, 0.0, 0.0.. 0.0', O 4.0. .0 0.00 0.0.f 0.0, 0.0.d i0.,

V.,00 .i, 0.0, 0.0, 0.0. 0.0,t 0.0, 0.990. 0 .t00 .904
4.90,0g0k 0.0.t 0.0, 0.00; 0.0, 0.8t 0.0, f.,00 .0 .. 08

0.,I~,0.0, 0 .0, 0.0t 0.4, 0.0, 0 .0, .f0 0t00 0.0 -0a t
4.00 6t0.0, k0.0,00 .0, 0. 0i -0.0t 0.0, 0 ., f .0 f.,00 .. 06

0.0k, 0.00, 0 .0,f 0.0. 0.0, 0.5.d .0,0 0.0. 00.0, 0.5, 06.0, 0.6.t

RD1.0 =0, 060.0906, 0.0. 0.0.v 0.0, 0.00, .o 00, .. 000.0. .8

0.V e= .83Ei63 0.0, 0.0, 0.0, 0.0, 0 .0 f 4 f .09 J.0 4.0. 0.09 0.2,
0.0 .0, go. 1'0 0. 16f 0.0, 6.2, 0.6, 0.0. 0.0,

fMW =0.0. 6.0, 0.0,o *,Of 0-0,t 0.0,p 0.0,r 0.0, J.0, 0.0, 0.0. 0.0,*

.71 0, B.01, 0.0, 0.9, 1 OO g 0.0,t 0.0, 0 ., 0.
0.g. 0.00 0.0, .,00

RDIAM 0.155E0.0 0.0. 0.00 0.0 0tJ. 0 q. Of0 0.0,f k~0 -l 0.0, 0.0, 0.0.
.0,0 0.0,I 0.*0.q 0.0. 0.0, 0.. .0, 0.0 , 0 ..00,

kECTI1 = . 2.E0, 030, 0 .0,p 0 .10 0.0, 0.0,tOO id0 0.t 0.0,t 0.8,0 W.09 gage
0.0, 0.0, 0.2,f 0.0, 0.0, 60.9"o 0.0, 0.0, .O
RFTMW =009 0.00, 0.0, 092# 0.0. 0.0. 16.0.f 0'.09 J.0.t i6.0, t.00 0.6,
Z.* .0 4.6 0., .0. 0.0. 0.2, .0.0 0.0.

.7EL #0 .1 BE+01 , 0.5 Et 0 , g- 0.0 id .2E0 90 a 5E02. lot 0,

144.3 55E#- U, 0.0, 0.0. 0.0, 0.0, A;*0, 0.0,pWJ **OO -i
00 .t0.0, 0.0, 0.0. 0 . Z 0.0, 4.0, 0.0,0.0 4900

ICASE = 0.be2E00,.8*
STL = O.ObE'f

J.0,Y -A0 O.C, 0.0, ) 0.4, 0 .0. i 0.&a, 0.6,0.09..00 08 .. 0

SVAL = 1 E-01, .5E+0 # ~t52e 2E0@.E,2 E0@.E13
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l.OW0 0.0,6 Zo.e# 0.0f 0.0, 0.,04 a.0, 0.0.
* TPSI 0. 2., O.0, 0.0, 0*0400, id s 0.0, 0.0, 0.0.s 0.4, 0.0, 0.0, 0.3.

0.0, 1.00 0.09 .O .0. j4, 0.074 0.0, 0.0. 0.0,
3.0. o0, 1 r1.00 0.0,0 0.0t 0.0,t O.0 r 0.0, id.a, 0.0, 0.0o, 0.3,

0 .0 0.0. 1 0.0 , 0 .0, 0.00. si d.0 1 0.0, 0.0,
0.9, Y0.0 , 0.0, 0.00 0.09 0.0p 0.16, 0.ý0, 0.0, 0.0, 0.0, 0.0,

0.0, 10.O, 9. t, 0.3, 0.3,d 0.06
TOINO = .9E+03#
TRAKLN = .167E.03* 0.0, 0.0f 0.0, 0.0, id.0. 0.0,j 0.0, 0., 0.0,v 0.3,0

TRAKWD .28E'i02, 0.0, 33 0.0, sh. 0. 3-p .0,. 0.0, 0,0 0.O. 0.4d, 0,09,
0.0, 0.0, 0.0, 0.0, 0.0. 0.00, 0.,i 0.0, 0.0,
TRANS =.3497E#O1, .98E900,o .1A256EI21 *.98E+00, 0d.0, 0.0,p 0.0, fol.0.
0.0, Yi.O, 0.0, 0.0, O.Zo 0.10.0 0.O, 0.0t ib.0,

06.Z, 0.0, 6 0., 0.4.. 04.0, 660f .0,2 0.0, 04i0# .0,0 4*0p 0.0,
Oodo 0.0t 0.3,t *O 0.0, 0., .0. 0.0,t 0.0, 2.0,

0 4 0 0 0409
VAA = 0.0,
VEf A = 0.0,
VFS = 0.00
VOOB = .1lE+03, oIE.'43t . I2E*02, .6E'01, .4EA-01. .4EI901, .4E+01# 2,0#
0.0, 0.0, 0.10, 0.0, 0.0, 0.0, 0.0. 0.0,

0.0, 0.0, 0.0, 0.40. 0.0, 0.0, 0.0, 01.0, 0.0,
VuOBS U .E-01, .39E+00v *I7E*00* *193E'01s .386E'21, *773E'+0I,
.1545E+02, .3091E4-02t .463bE402, 0.2, 0,.0, 0.0,

.06.3, 0.01, 0.0, 0.3,s 0.0, 0.0. 0.2, 0.0, 0.Wo 0.O, 0.0, 0.4,s

VRIDE =.3525E4'029 .34E+02i o2l13E+02s .141E+02* .11E+029 .1075E932t
.105E#-02, .10S-5Er02* 4.1E'02t O3.4, 0.0.o

0. 0, 0.0, 0.0f,1 3.9i 0.16W 0.0, 0b.0a, 040s. W.O, iu., 0.0f 0. R',

.i 0 0. 63, 0.00. 0.09 900o 040p, 0.0, 0.0,0.0 .,03 .,03
3.0, f. t 0.w, 0.0 t .0, 0V, 9#0.#0?, 0.p0, *2. 10, 0 *900 sr0
0.010.010.0, 0.0, 0.0t 0.04v 0.0, 0.0, 0.0,

VSSAXP = .0v
WC = 0. 0
WDAXP = 0.0,
W[.PTH = 0.3, 0 .0,f 9.O 0, Y3 f 0.0, 0.0. 0.0, 0:0. C.0, 0.0, 0.0, 16.2p
06.0. 0.-., 0.0, 0.0, 0.0, 0.0.4 0.01 0.0,
WFPTH =.143E+03,

W~C-HT lg.19E+06* 14.0, 0.0, 0.0 # 0.0, O.0, 0-.0. .. 0, .0.0o 0.0s .0.1
4.*(0 .10., 0. 1t, 4.163., 0.0 , 4i .0,0.0 0.0 , .O

Wi~ .87E +02o
Wk4%T 0 .2. 0.0, e.0, 40 0.0 p J.0, 0.0 3.'W 0.0. 2.jo, 0.0f160.0,t 0.3,
0. of 0 .0, 11.0, 0.0, 0.0, 0.0. 0.0, 0.00
WiNFORD = 0.0,
wT = .115E*4d3t 0., ot..0. 0.0,9 0.0, 0.0, 0.0,1 0.0,f 0., 0.t 0, 0.3.s 4
0.0,f 0.,0.01.16 0.0, 0.0, 0.04 0.O, 0.0. .0,0lo
WTE = *87E*02, 0.0, ~ o 0414o 3.0, 0.0,t 0.*0, 0,*O~ 0.0, 0.0, i0.0#
0.0, 0.0. .0. 0 0.0, 0.0,p 0.401 kýo.0 0.0,9 0.0,
WWAXP 0.0,

0 353
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Yý'RCOF .B E-00,
~NO

0
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NTU ITUT VMAX UP LEVEL DOWN VSEL UP LEVEL DOWN GRADE AREA
1 1 27.07 27.07 27 .,• ZZ.07 27.07 27.07 27.,7 27.07 1.00 h.0.1,00
2 1 21.20 18.81 21.15 34.35 2Ž1.20 18.81 21.15 24.35 1.00 o,600
3 1 15.11 13.63 15.L6r 16.86 15.11 13.63 15.16 16.86 1.00 J.*Wif
4 1 8.09 7.68 a.,08 8.55 8.09 7.68 8.08 8.55 1.J0 0. J."O
5 1 0 .00 0.00 0.00- 0.00 0.00 0.0C 4.86 0.00 1.00 0.01000
6 1 23.86 19.29 27.07 27.047 23.86 19,29 27.07 27.07 3.50 J.000
7 1 19.56 12.58 27.07 Z7.07 19.56 12.58 27.07 27.07 7.5J 0.•000
8 1 15.54 8.39 27.07 27*0.7 15.54 8.39 27.07 27.07 15.00 0•.* 00
9 1 6.10 2.39 27.07 27.05 6.10 2.39 27.07 27.05 50.0h 0.0400

10 1 2.17 .77 27.07 19.17 2.17 .77 27.07 19.17 65.00 0.0J000
11 1 16.73 15.10 16.78 18.71 16.73 15.10 16.78 18.,71 1.00 0.0400
12 1 9.20 8.63 9.22 9.82 9.20 8.6i 9.22 9.82 1.0k. 0.9060
13 1 7.01 6.73 7.01 7.3ii 7.01 6.73 7.11 7.33 1.00 06400
14 1 5.48 5.28 5.49 5.7.1 5.48 5*28 5.49 5.71 1 .08 0.0200
15 1 3.92 3.74 3.92 4.11 3.92 3.74 3.92 4.1.1 1.00 OMOi
16 1 16.31 11.53 16.78 a6.5 * 16.31 11.53 16.78 26.54 3.50 0.i200
17 1 15.14 9.83 16.78 27.12 15.14 9.83 16.78 27.12 7.50 J.000
18 1 12.27 6.76 16.78 2?.12 12.27 6.76 16.76 e.7,i2 15.00 0.0000
19 1 4o66 1.82 16.78 s.7.11 4.66 1.82 i6.78 27.11 50.00 0.0000
20 1 2.47 .91 16.78 11.26 2.47 .91 16.748 17.26 65.00 0.0&00
21 1 27.07 27.07 27.07 a7.*07 27.07 27.W7 27.; 27.07 1.00 0•.•00
22 1 21.13 21.13 21.13 41,.13 21.13 21.13 21.13 21.13 1.01 0.0100
23 1 11.00 11.00 11.00 11.00 11.00 11.40 11.00 11.03 1.00 0.W0160
24 1 10.50 10.50 10.50 4•.50 10-50 10.50 10.50 lid.50 1.00 0 .0 &O
25 1 10.00 10.00d 10.00 .10.00 10.00 10a.00 10.i0 10.0a 1.04 0.0400
26 1 14.54 13.12 14.60 16.23 9.2,, 9.2o 9.26 9.26 1.00 0*. J800
27 1 14.30 12.90 14.36 15.,97 9.26 9.26 9.26 9.26 1.00 .O Od00
28 1 9.98 9.84 9.97 10.14 0.00 0*.0 0.00 0.00 1.00 0.0000
29 1 9.26 9.26 9.26 9.26 9.26 9.26 9.26 9.26 1.00 0.0000
30 1 5.37 5.17 5.37 5.59 5.37 5.17 5.37 5.59 1.010 0.0800
31 1 14.54 13.12 14.60 46.23 8.58 8.58 8.58 8.58 1.00 0•.•00
32 1 10.74 10.11 10.36 11.92 8.58 8.5w 8.58 8.58 1.00 0.0000
33 1 9.08 8.50 9.06 9.76 0*.00 0.0 0.00 0.00 1. *02.00
34 1 14.30 12.90 14.36 a5.97 9.44 9.4,4 9.24 9.24 1.00 J.0J•0
35 1 10.98 10.14 10.84 12.13 9.24 9.24 9.24 9.24 1.0iw 0.00000
36 1 27.07 27.07 27.07 27.07 27.07 27.07 27.07 27.07 1.*0 0.0400
3 7 1 27.07 27.07 27.07 2.7.07 27.07 27.0 7 27.407 2 7 .07 1.40 6.0100
38 1 10.45 10.28 10.44 41•63 10.45 10.28 10.44 10.63 1.00 0.0800
39 1 8.34 8.23 8.34 8.46 8.34 8.23 8.34 8.46 1.00 0.0000
40 1 8.09 7.99 8.09 8.2-0 8.09 7o99 8.09 8.20 1.00 0o0 OJO
41 1 6.54 8.42 8.54 0.66 8.54 8.42 8.54 8.66 1.01 0.0441
42 1 5.76 5.72 5.75 5.81 5.76 5.72 5.75 5.81 1.0 - .hi i0000
43 1 3.61 3.61 1.61 3.61 3.61 3.61 3.61 .. 'o61 1.00 0.0900
44 1 27.07 27.07 27.17 27.07 27.07 27.07 27.07 27.07 1.00 0.00
45 1 23.48 23.48 23.48 203.48 23.48 23.48 23.46 23.48 1 .0i 0.01000
46 1 10.90 10.90 10.90 18.90 10.90 18090 10.90 10.90 1.00 O.0iv
47 1 21.20 18.81 21.15 24.35 21.20 18.81 2,1.15 24.35 1.00 0.d000
48 1 20.97 18.81 21.15 23.48 20.97 18.81 -41.15 23.48 1.00 d.OZOO
49 1 10.90 10.90 10.90 19.90 10.90 10.90 10.90 10.90 1.00 .92100
50 1 6.04 6.04 6.04 6.04 6.04 6.0,* 6.04 6.04 1.00 0.0 J00
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SAMPLE OUTPUT OF PROGRAM NRYtM - VESICLE: MN,0Al, TERRAIN- CKKRD

$CjNTRL
DETAIL = 2,
KSCEN = It
KVEH = 1,
KIll = o,
K112 = Up
K113 =
K114 = 0,
K115 = 0,
KI!6 = 0,
KI7 = 0,
K118 = 0,

K1110 = 0,

Klill = 0,
KII12 = 0,
KI113 = 0,
KI!14 = 0,
K1115 = 0,
KIl6 = 0,
K1117 = o,

KMAP = o.
KT PP = 0,
KIVi = 0,
KIV2 = 0,
KI V3 = 0,
KIV4 = e,
KIV5 = 0.
KIV6 = 0,
KIV7 = 0,
KIV8 = 0,
KIV9 = 0,
KIVlO = 0,
KI V1l = 0,
KiV12 = 0,
KIV13 = 0,
KIVI4 = 0,
KIV15 = 0,
KIV16 = 0,
KIVI7 = 0,
KIV18 = 0,
K! V19 = 0,
KIV20 = 0,
KI V21 = 0,
NTUX = i,
SEARCH = Op
$END
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SAMPLE OUTPUT OF PROGRAM NFMt4 VEHICLE: M60A1, TERRAIN: CKKRD

$SCENAR.COHES = .5E-01t
OCLMAX = .5E+00t
GAMMA = 2*0
IOVER = 9,
ISEASN = 3,
ISURF = 1,
i SNOW =0
LAL = 1,
MAP = 119
MAPG = It
MONTH = 1,
NOPP = 6
NSLI P = 0
NTRAV = 3,
NTUX =1,
PHI = .21EI-02.
REACT = E*0
RDFOG = oEI-04,
SFTYPC = .9E+02,
VBRAKE = .5F+01,
VISMNV = .2Eekdlt
VLIM =.55F402P
ZSNOW = 3 E+01,
$IEND
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SAMPLE O3UTPUT OF PROGRAM NPt'N -VEhICLE: M616AI, TERRAIN: CKKRD

$ VEHICLE
ACD =.12E,-01,
ASHUE = .194E+03# 0.0, lg*is W.W. 9.0# 0.0. 0.0, 0.0. 0.89 b.0, 0.6.
0.0, 0.0, 0.00 0.0f 0.00 0.*0 w.o, 0.0r, 0.6,
AVGC = 0.9,
AXLSP = 0.0. 0.0, 0.0. 0.0* 0.0, 0.0, 0.0, 0.0. df W J 0f.0. 0d.0, 0.0v
,;.0,* 0.0, 0.0, 0.0, 0.0, 0.40 0.0, 0.0,
CD = .12E+01f
CGH =.5425E+029
CGLAT = 0.0,
LGR = .1195E+03@
CID) = .1791E+04,
CL = .15E*02*

0.00 0.0, 0.00 0.0, 0.0, 0.0. 0.0, 0.0,
CfJNV1 =.1875E+04t 0.0, .165Ei04,, lEi-00, .1825EA*04* .2E:008
o1815E404%, o3E4009 *18l8E404t .4E400p .1895E+041

.5E4016v *197E#,04, e6E+00# *203E'049 .7E+00, .213E+04* .8E-wiO,
.221E+04# .85E+009 21E+.04, .9E400o

.28E+04, .1E.01v go,1, 0.0. 0.O, 0O.O, 0.0, 0.0, 0.0, O.0, 6.0,
0.0, 0.0, Jowl 0.0, 0.0, .0.a 0.0, 0.0,

0.0,f 0 . f0. 0.0, * 0.6w A. t W., 0.90. ora.0 , 0.0,
Ci)NV2 o 366Ei.01o 0.fdo .3125E.01*,.1E4,00q .265E.91,p .2E+009 .2228E4+011

.3E~iu0, .195E+01t .4E&90t o-167E401,
.5E#iJ4, .142Et01, w6E400* .122E+Wltl .7E'00,, .1lO5Etwl. .8E+00p

.9i8Ee+00, .85E400t o97E400.t .9E*I00
.97Ee-00# .1EO-Ol C.0, 0.0. 0.2p 2.0o 0d.0, 0.0,, 0.0,o 0.0v Cool

0.0, 040t, 0.0,0.0,w .0, '9&00 0.0,9 0.0,
LILT =0.0. 0.0, .O 0. 461~ 9.0, a.9, 0.0. 0.0, 0.0p
OFLCT 0.90 0.oj0, Id , .1.2i,*0 0.0, 0.0, wooid 0 040 0.10, 0.0, 0W*1, 001st

0.10. 0d~ oft oz f 0.0,0 .040 000 Oat 0.0. 0.0,t
0.1it 0 .0, W0.0 0.0. Ii.0 0.0, 0.0, Joao 0.0o Woof o6*0, 0900

0.0, 0.0, 0.0, 0.0, 0.0, .0.101 0.0. 0.0, 0.0,
ke.2, 0 .0. 4.0, 0.00. 0.0, 0.0,9 0 .0jo. is.of 0.0. 0.0, 0.60, 0.8*

0.4, 0.09, 2.0, 0.0. 0.0, 0.10,
DIAW = W. O, 0 .0.i 0.0, 0.,0 .W v. 0.0. 0.0f, 0.0, 0.0, 0.169 0.0, 0.4t
0.00, 0.0, 0.t0, ev.0,o 0.a0, 0. 00034 0.0,i wo
CRAFT = 6. 00
ENGINE = .12E.',u4, .161E404* wI3E+04v *1645E*04* .14E+04# o167E404,
o15E+04s .1682E#404P .16E*84,p .168E+04t .17E*04e

.1675E'04t lBE#-04# .1655E+04* .19E+04s .163E+04., .2E404.o
.16 E+04, .21E+04# .1.56Ef.i',4 *22E404* .1515E,*04*

.23E#-04, .147Ei+04, .24EG-04, *142E+94, 0.0, J0.0 0.0, 0.0, 0.0,
0.0, V.4 0.0, 0.0, 0.0, e*M, 0.0, 0.0,

0.00, 0.0, 0.0, 0.2, 0.0, 0.6, **Of 0.0,t 0.0, 0.0, 090f 0.40
WOO. 0010t ice g 0.sid 0.0.0 0.la. 0.0. 0 .0,wo 10.80.

0.0 .0, 0 .k), 0. Op 2. 0.d 0.0m 0.0t 0.0, .O 0.0, 0.0, 0.0, 0.1.
.1., C.,09 14.go 0.0. 0.0, 0d.0. 0.00 . f 0.0 0.0,0

0. et 0.0, 0.0, 0.9a Z0.0 0.0t, 0.0, 0.0 , 0.0, fdf0. Id.fa 0. It
0.0f ookleic 0 0.0, 0.09 0.0. 0.0,
EYErIGT = .55E4-02o
FO = .508E.01o .98E +00-t
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SAMPLL OUTPUT OF PROGRAM~ AM~M - VEHICLE-* M6JA1, TERRAINZ* CKKRD

*FORDJO = io. ,
GROUSH = .l5Ei01, O.0, 0.0 0kt 0.0, 0,0,9 0.0l 0.0. ;0.0# 0.a, *0#0
0.0s 0.0, 0.0, 0.0, 0.0, o6.04 0.00, 0.8. 0.0,
HPNET = .643E#-d39
HVALS = 0.e, e9EI-0lt *lf0a .12E+029 .150,029 .2Ei402# *4E~jd2, 0.9.,
0.0, 0.0, 0.60, 0.0, 0.04, 0.0, 0.0. O00i 0.0,e

0.0, 0.0, 0.0, 0600, .0.0, 0.0, 0.00, 0.0,
iAPG it1
15 It Of 0, 0, 0'9 0, 0. J .fs t, hew 0, 0, O, 0f 0, 0,0,g O 0 s,
ID Ot 0, s o, f 0, o, Of O, 0, a, 0, 0, 00 o , a .iso 0, 0, a, 0 2.,
IOIESL = l1E+Olv
TENGIN = 13.e
ICONST = 9, 0,t 0, r, 0, 0,5 0, 0, 0. 0. v. he . 0, 0, 0,itk#0sa oa 0, go
ICONVi 12
ICONV2 = 12,
IP = 1, 0, 0,. 0, 0, 0, a. 0,i it Of 10 0, a , f~ 0, V 0,9 0, 0, Ora
IPOWSR = 0,v
IT =0, 0, 0o 0, 0, 0, JsOf, fg 0,,0,0, 0, a, 0,0, 0, 00 0, 0. at
ITCASE = It
ITRAN = 1,
ITVAR = 0,
LOCOIF = i,
LOCKUP = Op
MAXIPk = 9,
MAXI = It
iNAMBLY = 1,
NBOGIE = 12# O, 0, 0, 0, 0, he 0, 0, 0, 0, O, he as 0, he 0, 0, 0, 0,

*NL.HA!N = 0, 0, O, 0, OpO 0,9, i, 0,0. 0,o 0, 0 0.0, 0, 0, g , Oti I.
NCYL = .12E4062t
NENG = .1E#,01,
NFL 1,0, hei 0. 0,0 0"S to 2 0, 0,o 0. f0 09 0, f, of 0, 0,t do I*
NGk = 2,
NH-VALS =7,

NPAO 11 , w.k, 0, 09 0, go cot 0,0, 0, 4, 0, 0, 0,B 0, 0, i, as 90,
NSVALS =9,

NVEH 0, 0f 0, 0, 0, 0f,* O. f 0, at 0, 0, 0,0, Of 0, 4, 0, 0, idI
NWHL 2. 00,Of 0, 0, 0, 0F 0,# Of Of 0. 0, O, ob, Of 0, g, o, o, to
NWR 0,
P8F =.218E+06#

PBHT .45EI-02t
PFA =.92E+02#

POWER 902.4 0.0, 0.0, 0.0# 0.0, 0.0t 0.2i~ 0.0, 9.4v~ 0.0, 0.00 0.a.v
0.0. 0.0, 0.0, 0.0, 0.0, i0.2., 0.0, 0.0 o 0.0,f

0.0, 0.0, 0.0, 0.84. 0.0, 0.0, 0.0, 0.09, 0.0, 0.0, 0.0,t 0.0,
th.0, 0.0, 0.0, 0.0, 0.0, 0.04 0.0,J 0400 g.o.

0.0, 0.0, 0.0,r 0104 # 0.0, .0,0 0.0.. 0.00 0.00, W0.5 0.0, 0. a,
ý0.0, 10.0, to iO .0, 0. 0, t. 0.0 , 0.0 , 00 0.0,

e ., goiu.0 0 0.0, 0. 01 0.0, 0.0, 0.0,0 0.0, 0.0,r 0.0, 0.0, 0.0,
0*0 10vq0.0 0.0,so 0.0t 0.0.i 0.0, 0.0, 0.0,

0. k, 0.0, 0.0. 0 .0 0 0.0. 0.0v 0.0, 0.0o, J.0, 0.00 0.00. 10.0
'0.0, ki.0, 0. i, 0.0,v J.J0, 0004 0.0. 0.0,0 060t

0.90 0.0, J0.0 0.02, 0.0, 0.0,* i0.B, 0.0, 0.0. 0.0, 0.0, 04i,
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SAMPLE OuTPUT OF PROGRAM NRMNM - VEHICLE: M6JA1.v TERRAIN: CKKRD

O.id, 0.10, 0.k, 0.0, 0 .0,rO 0 v0 0.0, 0.0, 0.0.f

16. id 0.0. J., 0Ida.0.24O 0.0, 0.0, 0.0,0.0 h.0, 0.0, W00o @.go
0.0, 0.0t 0.0. 0.i0. 0.0, 0.00 0 .0t 0.0, 0.00,

k.k. 0.0p 0.0, 0--04 0.8, 0.0, goat 0.00 wool 0.0, 0.0, 0.0.

0.9 0.0 .O 0.0, 8.0, 0dbt 0.0. 0.0,0.0 0.,W.o00,00,00

0.8, 10.0, 0.id0, 0.2* 000t 0.8, 0. 0, 0.0, 0.0, .0.0p 0.0, 0.8.

00w 010. e, 0.-0, 0.0, 0 O!Ue 0.0, 10.0,0. Wo 0, 0.r00 .,00

0 * k, Oo~o OoW, Oo..e OoO, Oo~Oq o 0.9 0Op. 0.0, 00, 0.0 o 0.p;dt

1., .o 0.8 0 .0 f 0.0, A0o& 0.0, 0.0, 16.00, .0VW *0f
0..0.9ke 0.0, 0.0, 0.0,0 0.0, 0.0, 0.8.0* 0 .,00 .,00

.0. et8.0, 0.0,. 0b 810, 0.0 , 0.0, 80 0.0,tao o.ý0( 8.9,o 0.0. 0.0,

00 .90.0, wol.0, 00 0.0 OJ, .0, 0 .0, t.,00 .8 .,0
W.0 it1 000o0, 30.0, 0.0. 0.0, 0.0, Vi l .90.0 *s0 ~

J 1 0 id* 0.8. 0.40,vi 0.0,tJoa1109 o00

RO9 .'9, 0.0. f.0 0.09 0.0, 0.0, 0.0 , 0,0 02 v 0.0, 0.0,-.O 0.8i d.

0. of id 00. .0,0 0.0, 0.6*0 (d 1 0.00 .Ot00 06Be .00
9E0t 0.6 9.0f2.03, 0.0, O.0,v 0.0,0 0.0, 0.0, J0 .0 .,0..8

W.,0L .9, 0.0, 0.8, 040' 16.0, 0.0, 0.0,04s or0 00*9-0

RTW0.8,. 0.0, 3.0,r 0.8,0.0, 0.0 , 0 06.8, w0.0 0.0.w 0.0,9 0.0.9 0.i.
J.01 0 . 0 t .0, .09 0.0, 10.&01ý 0.0, 0.0, .O

07E0 $ 0.8E01 0..0 t 0.9.. I 0.0,$ 0.0, 0.0. 0.0#J. 0Sa@ 9 #J.
000 i o ol0.0 0.0,o- 0.0, 0.06 0.0, et i .

0.0 .155 02, 0.0, "0.0 ; 0.f0s, 0j., 0 ri.O0, 0.0, O.0, 0.0, O.0, 0.1a*
id0. OR.),o"I 0.0.tWO 0.0, .0, f 0.0.0 0.,0.0. 0.0,

SE =0. 1,0, 00
SMAT = 0.1 8, +4
SECTH = o0.16 0.0, 0.0, 000A 0.0, 0.0, 0.00, 0.0, Q.00 0.0, 16.0 f 8. ,
0.0. 0. . 0,0 .0, 0.0, 0.b0. 0.0. 03.0,

0.4, 0. .8, E0.0, 0.0, 0.1. 0.0t 0.0, eo .0iel01002

.E0 *j 09 .E030 0.09aI, i.0. 0d.0,t 0.09 0d. 0 t .

0 d00 0. 00, 0.0,t id.t0, 8.O2 0.0 1 .8 0.0. W.oo0 00
TCAsE .825E i+0 t 19E*WOp.EOt*3#Ot.E,19of-dt.E-~
.7E01 .8bE+01,, dIt06*00 .90A .-

TPLY = 0.0, 0.0, 0.0, 0d.0. 0.0,f.,08 ~J .,08 .,00

RW. 5E 0 J. d 0e dOtOOvid.0 0. s . 0Da36000.i
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SAMPLE OUTPUT OF PRCUGRAM NRHM - VEI-ICLE: MAOA1, TERRAIN: CKKRD

* I0.10t 0o-tj.e w.0, 0.0, 0.0# 00.0, 0.,0.,05,00,t

TPSI oa = ~ o 0.o, 0.0,0. 0.0, 2.0,l 0,0 0.0, 0.0, o~oO~ 0.0, 0.6 , .t o2
0.0, 0.0t 0.0, 0. 46, 0.0, 0d.ob0.0 0.0, oo 0.0,

0.KL e, .17E .03 0.0, 0,io#1.f 0.0, 0.09 0.0,t 0.0. i0.0, 0.0,09 O6,

Id.KWd* 0.28E1d-02.0 0.0, 0.0 0ýu .0, 0.0, 0.0t .,00 .,00
0.. .2 i00 0.0, 0.0, 0.0., 0.0, 0.0, 0.6f0, 0 oit00000 .

TRAKNS = .3497E4et01,.9E0p OO .12 .EO1 8.0oE00s 0.0o, 0.0, 0.0o 0.06
4.0, 0.6 , 0.0,000, 1.0.0t 0.0 , 0.0 , 0.0,t .O

TRAKO = 2.E0, .0 0.*0, 0.0s .0 0. 0,s e io .0,ouuv00 0.0, 0.0, 0.oOO .0.,
0.0, 0.0, 0.2, 0.0, 0.0, W8&09 o0., 0.0, 0.001

0.0. 0.0,
VAA = io.* o
VDA = 0.0,
VFS =0.0,
VOOB = .IE+io3t lE*.039 .12E0229 .6E*01j, .4E,001, .4E401. -.4E*01l. 10.9
0.0, 0.2, 0.0, 0.0, 0.00, 01.0t 0.00, 0.0,

0.0v 14.0, 0.0. 0.0. 0.0, 0.0, 0.0, al.0, 0.0,
VUCBS .8E-019 .39E+00* '.32E00, .193E401.p .386E4101, .773E.~idl
.1545E+02, .3091E+02, .46,36E+029 0.0, 0,.0, 0.0,

0.0,ý 0.0, 0.0, 2.0.0 o.o, 0.1i, 0.0,p 0.0, 0.0.0 0.0, 0.0, 0-000

VRKIDE =.3525E+029 .34E402# .2ll3E+02., .141E*02* .11E.02# .1075E+42,
.105E+029 .1025E+92--9 *1IEI02# 0.0,t 0.0.

10.0,t 0.0, 0.0, 0.49, 0.0.e 0.0, 0.Ad. 0.0. 9.0t O.0, 0.oo, 0.04
9.0, 0.0<, 0.6, 0.0, 0.A, 0.,R# 0.0, 0.0, 0.0,

0. o, 0.Or 0.0, 1 ooa 0.80. f.0, 046, 0j.0,2. 0.0 046 0.160, 0ti. 14
0.0, 0.01 4.0 . o46 0.0, 0.0, d.0,0.00, 0.0,

0.0, 0.0, 0.0. @.0.# 0.0, 0.0, 0.0,
VSS = W0.0,v
VSSAXP = 0.0,
WC = Z.0,
WDAXP =0.0,
WDPTH = 0.0 1, o.wo, 0.0, 0.01 o0.,id 0.0, 0.0,o~d 0.0,9 0.0. .0 0.0,9 0.16,

WD TH = .143E+039
WGHT = lk29E+06# 0.0, 0.0, 16.0, 0.0, 0.0, 0.,0, .Ooh 0.0. Wokis 0.8.
16.0. 0.Si, 0.2, 0.0,* 0.0, 0 12 0.0,0 0.0, 0.0s

.67+02

wkAT z. 91Q 0.0, 4d.i0 0.4. id0.0.0 j 2 o,.0, 0.0,9 k;.0, ., 0.0. 0.2.,t
Ia., 0 O.0, Q.0, 2.O, 0.0, 0. e. 0.0, 0.0,
WRFURD = 0.0v
iT =.115E+03# O.0, k*0.* 0,0, O.0. O.0, o..01 0.0. W.ol 0.0, 0.6,
0.4, 0.o, 0.16, 0.0, 0 .W0, LA. 0 .0. 0.0, i 4.e*
wTE =.87E*02, 0.0, 0.10,9 0., .0.(6 9.0-,t 0.10, 0.0. 0.0v 0.0, 0.0#
0.0. 0 ., f 0.04 0.0, 0.0,00 .014 0.0,1 0.0 , 0.0.
WWAXP =0.0,
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XBRCOF =
$END
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SAMPLE UIiTPUT OF PROGRAM NRAP - VEI]CLE: M•0AI 4 TERRAIN: CKKRD

NTU I TU] V SEL UP DOWN CRADE DISTANCE
I li 4.84 22.64 27.50 3.90 .1000
i 12 19.12 14.65 27o5k 7.10 .01116
3 -1 19.12 14.65 27.50 7.00 .1200
4 1• 7.30 6.47 8.37 3.00 .13kW0
5 i1 18.45 13.88 27.50 3.00 .1400
6 1., 11 .47 1.25 27.50 151400 .1500
7 1 15.53 13.88 17.62 3.600 .1600
8 1i 18.45 13.88 27.50 3.900 .1700
9 14 11.12 9.54 13.35 3o00 .1800

10 1'4 12.71 8.28 27.34 15.00 .19ok
11 14 11.68 7.42 27.33 a5.o0id .20f0
12 14 17.62 17.62 17.62 3.00 W2100
13 14 2 4•85 19.63 27.34 3.00 .2200
14 14 3.94 3.49 -4.53 3.00 .23WO

0
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SAMPLE OUTPUT OF PROGRAM NkPM - VEHICLE: M151t TERRAIN: CKK

$ (,0 ' TR L
DETAIL = 2,
KSCEN = 1,
KVEH = 1,

KII] = 0,
K113 0,
KI 14 - 0,
K1115 0,
KI 16 O,
KI 17 : 0,
KIIb 0,
KI19 : 0,
KI 110 =,
KII12 0,
Kil12 : 0,

KIi 13 : ,
KI114 =0.
KI115 : 0,
KIIIb : 0.,
K 11167 0KII1 17 J ,

KMAP 0,
KTPP 0,
KT VI
KI V2 0,
KI V3 : 0,
KIV4 = f,
K! V5 = 0,
KIV6 0.
KTV7 = 0,
KIV8 0,
KIV9 0,
KI Vlh Of

KI Vl I = 0
KIV12 = 0,
KI Vl:) = 0,

KIV14 = 0,
KI VI 5 = 0,
KIV16 = 0,
KI VI7 = 0,
KIVI8 = o,
KI V19 = 0,
KIV20 = 0,
K! V21 = 0,
NTUX = I,

SEARCH = O,
$EN)
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SAMPLE OUTPUT OF PROGRAM NRKPM - VEHICLE: 14151, TERR•AIN: CKK

$SCENAR
COHES = .5E-0l,
DCLMAX = .5E÷00.
GAMMA = .2E+00,
IOVEP = 9,
ISEASN = 3,
ISUR F I,
ISNOW = 0,
LAC = 1,
MAP = 71,
MAPG =1
MONTH = 1,
NOPP = 0,
NSLIP = 0.
NTRAV = 3,
NTUX = 1,
PHI = .21E&02,
REACT = .5E+O~,
RDFOG = IEf04,
SFTYPC = .9E#02,
VBRAKE = .5E+019
VISMNV = .2E+019
VLIM = .55E+02,
ZSNOW = .3Ef0I,
SEND
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SAMPLE OUTPUT OF PROGRAM KWAN - VEHICLE: M1519 TERRAiN: CKK

$ VEHICLE
AGO = .12E401,
ASHOE = 0.0. 0.0, 9.0, 10,A i .0. 0.0, .3 0.2t 0,O 0.0. 0.0, 0.0, 8.4.
0.0. O.ki, 0.2, 0.0, v.0oo 0.00,0.0,0 0.0.
AVGC = .12E'03,
AXLSP = .85Ef02t 0.0, 0.0, 0.0. 0.0, 9.0* 0.9, Opi. O.0, i8.0, g.@#
0.0, O.ý, 0.0, 0.0, 0.0, 0.0v 0.0. 0.0. 0.0,
CD =.12E+01,

CGH .103E+029
CGLAT 0.09
CGR =.42E'02P

CDO *1415E.03P
LL 9 91E*3I,
CLRMIN .114E#,02# .114E+02# 9.0. g.o, k.,0.09 m, o0.0 0.0* O0.0 0.1-.
0.0,0 0.0, 0.2. 0.0, 3.0, 0.0. 0.8. 3.0, 0.0,

0. 9,

9.OJ 0.0 0.9, 0.0 0ofI.0,d 0.0,s 3.av 00, 0.0.60, ss1*0 0006
00q0 0.9 egg# 0, 0009, 0.00 0.0,t 0.0. 0.0,0.9 .. 90 .,09

9. 9, 0.-0,t 0.0, 0.94 0.0. 0.9.0.1 Rior0.19ge .6 O 00
0.01p =.b 0.0, 0.0, O.0, 0.09 0.0, 0.0, 0.,00 00 ., .,03

0.,00,.e, O.0. 0.0, ' 0.9* 0.0, 0.8, 0.0, .0
CONV2 .0 0.0,9.9 0.09 oo jy#. 0.0,t 0.0, rWOO 0.0. @so#0, 0.0. i., .3,s

O-j O~s0.9, 0.0 0.00, 0.20 0.0, 0.0, .6 00.0
OFCT =.1Eef -01 J.11AEI0, .0,0 8.0. goof 0.0. 0.0,t 0.0, 0099 id.a,

0.01 0 0, .0, Woof 0.0, .0.0. 0.0, .0,fo .0.0

0., 0.0, 0.0, 0o.00 0.0'. 0.0. O.0, 6.90,00

j.O* 0.0.92, 0.0, 0.0,Ofa .90.0Oe
0.09 id .030E.02 ~, 0.3080.0* 8.8, 0.0, 41.8,0.0 9,00 .,0

0.0, 0.0, 0.0, 0d.0. 0.0. 0.0. 8.0, 0.of0.10f.
0.0,

DRAFT = .0.96
EN61NE = B8E+03* .1i5E.03t ia2E*049 el115E*03# *16E404,p .115E+03#

.2EoJ4* 115E'03# *24E*i49 *112E*039 o28E404.
.108E403t .32E*04* 1.13E+J3v 436E*94. .96E.E02, s4E*04s

.88Et02, .44E#,04a, o8E.B2t (6.0, Joao alas 0.0
0.9, .0 0.0 , 0 0.9 Oeg0s 0.3. 0.06 600m, 9 0.0 0.0, 0.0 .goofgoo

0.0, 0.0, 0.9. J.0, 0.0, 01.00 2.0. 0Ogvl 0.0,
0.20 0.0. 0.0. 0.0. 0.0, 0.0, 3.0, 0.0.1 8.0,00, wof8.0, J.44

0.0, 0.0, 0.0, 0.00 0.6, Joaow A-me 0.0,9 0.0,
8.i, 0.o, i0.0, 9.0. 0.0, g.0, 89.0 0.0, 90,0 a.@, 0.0, 91..

0.0. 0.0, 0.0, 0.0. 0.0, 8.9, 0.0, 8.0. 3.0,
0.0, 0.0.0.8 Olaf 8.44 ,o 0.,96 9.,0.0,so 0.0, 0.10, 0.0t, 0.0.

i0.Of
EYEHGT = .525E+02*
FL = *486E+891 .9E0,-O
FOROD = 0.9,
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.k-2053v VOLUME I PAGE 0-21
'SAMPLE OUTPUT OF PROGRAM NAA * VEFqCLE2 M151* TERRAIN,' CKK

OG RU SH 0*0.0 0.60t 2.4p 2*94 411 B 9g .0, 0.4i 000i 0.00 0.0, 0.00 0.90.
0.0. 0.0, 0.2. 0-0, 0.0, 0.40 8.0,V 0.0.
HPNET = .7392E*029
HVALS = IE-01l , 4E+0If i8001o. .12E*ki9, .1I&E*82i .2E+02# *4E402v O.0.
0.0,. O.0,0.0,.0, 0.0 . 5-0140*, 9.0, 0.,

(d. G @.Of 0.00. * ~il ~.90 0.0, goals Ltwo J.0,
IAPG = 0,
lB =1I 1. 0, 0.0, go a*S 0,9 of o, 0. 0. of 0. go 0f Or O. 0, aI
ID = 8, t, of ofO 0,0, Ov 0. Of 09, 0, 0.(d 0, Ois0,0 00 of 0.ofofg
IUIESL = IE.01*
IENGkN = 10,9
ICONST 1, 1, g, 0, Or 0r 1. 0to8 0, 0. Ow Or B Om Jo 0,' Or 0, 0. 9v
ICONVI =0,
ICCNV2 = 09
IP =, It It 0r 0f Ofa 41# a* of of a. 0,t of "~ 0t Of Of Of 01 1*
IPOWER =17,
IT = Of as Of 0, ofa*l 0, 0 at Of 0, * lit id, 90 00 0.8 0,0. Of iI'
ITCASE z 0,
ITRAN = 0,
ITVAIR = F,,
LOCDIF = 09
LOCK4UP = 0,
MAXIPR = 9,
MAXL =1I
NAMBLY = 2,
NBOGIE = 0, 0, k, 0. 0, as i. 0. 0# 0r Ow i. fir to 0. Or O , 0, O8,i
Nd-lAIN = 0, 0, 0.0 0, Ot *O 0 849 O0., i 0,9 .O. 0, 0, 0, 0, O, OtO .4.NCYL =.4E401*
NENG = .IE+01.
NFL =0, 0, a. 0,f0 0* go 0.. t, 0. 0. 0.. lag ~fc 0 is 0, 0, ids Is
NGP = 4,
NHVALS =7,
NPAD = 0, 0, 0, wt idt a* so 9. O, 0. O. 0, a, 0, 0,0, of Of 4, 1644
NSVALS =16,
NVEH =1, 1,t e, Of Of 0, t, 0,0. 0,l Of go 8,g 0.j, ofi, 0.0, 0, 8. i
NWHL 2, 2, t0. 0,t 0, 0, 6.o 0f 0f 0, 16* 9 0 .2 Or or 10, f ,O 0,9 at
NWR 0,
PBF .32E*04,
PBHT =.2E#-92,

PFA =.225E+020

POWER Mo0., *2195E#-949 .v4gEt*1q .2185E1944 ..7-5E.#01& .205E+04, .lE+02,
.1815E+04, *11IE'02# Ala0i5E+04j, .IZE*02.s

.:118E'k4* .155EAe22d .1085E404o *198E*02t .87E.03* .199E+02#
.66E+03,p .25E*029 s65E~io,3v 48E+J2, *615E403*

433E.02v .56E'03, 4331E&022 .42E*031 o4E402# .385E+039
.45E+1029 ...35SE*039 '*5EA02t .34E.03@ *56E*02*

.31E#-03,# 0.O, e.0. 9.0, 2.0t ,J 0.9..0, O.0.w O.0, 0.99 8d.01
zoo*. 0.8, 0.00 0.0, 0.0, 0.0., 0.0, 0.0. 0.0,

0.0, 0.0. 0.0. 4.k. oat, 0.S, 0.8,0 0..00 0.0, 0.0, 0.0, 0.4.
0., d.kt 0.i, 0.09 0.09 2.44 20.09 c.0, 002,

0d.e, wJ.0, 0.0, 8.O. 0.09 0.89, 0.. 0.0,9 0.0f 90.0 0.8, 0.1,v
0.0, 0.91, 0.0, 0.00 0.0, 0.8. 0.0,0 0.0. 0.0,

367



R-2085t VCLUVE 1 PAGE 0-22
SAMPLE OUTPUT OF PROGRAM NROM "-VEHICLE: N151v TERRAINA CKK

9.. k d.0, 0.8 0-02.10 0.0.t 0.0, 0.0, 0.0, 0.0. 0.0, 0.0, 0.1,f
e.'6, 0.&, 0.0f 000, 0.0, 2.9f 0.0. g.0. 0.8.

e0.0, 0.*0, 0.0 o~f*6. 0.0, 0a0. 0.0, 0.o8. 0.0. A.00 0.0., 0.1.4
9. id 0 0~ *0 19.0, 0.0. eas, 0.04, 0.0. 0.0. 80.0,

got. 0 .0,v 0.0, 0.00 0.0, 0.0t 0 .0, 0.0,9J.0 p. 0.6, 0.0, .0. 9
0.08, 0.0, i 0. 0, 0 ..,v 0.at 0.0. 0.0. 0.0. 0.0,

0.0. 0.00 0:. 0, .00 0.0. 0.0. 8.0, Oka* east 0.00, 0.0. 0..
h.0, 0#0f 6ýk .0,0 0.0. 0401 m.0, 0.0, 0d.1,

0 .C, 0.J8. 0.0, 9.46 0.0,6 0.0, td.0. 0 0.a s*s east 8.0./ 0., .1,

009.0*ot ,ae 90.0. .0. 9.80 0..0 .0 0.t 0.st solve8 00,0..

4.0. .0, .0, 0.0t W014 8.8.0 0.8, 0.6.090.9009OOt04
0.0904,0.90, .. .0 0*09-2.9 4 e8w 0.0, 8.8 0.0 t..20 08 ..
.0 .. ,0.ii. 0.0, 0.0, 0.9# 8.0. e.0. gos00.8, 0.t00' ..

0.jq000f 0.0,e 0.0, 000t o.ki. 0.0. 0.0, 8.0,

~..~ 0. el 0.0, 0.0, . 0. 8,eos d 0.8 106f0, 0 j0o 6.900 .1

to0 8.8V, 0 z . 0 t afe 0.8.0.0.es 0.0. 0-.09 0.0, 0.0, 0.0. 0.0,

ko0 ..4 k.f 0.0 t 0.0, .0.2, 0.0. 0.08, 0.8,00 .0 .90.904

k. e. 0.0, 0.00 0.01A 0.0. 0.0, 0.160. 0100' 0.0, 0.0, 0.0,f 0.1,

RDM =.6*1,.6~2 ..0.0t V.0, 0-99 0.0t 0.0, O0.. O.0, 00.0,00
4..~ 0.0 0.0.0. 0.09 0..8, 0.0, 0.0, at0.@4.6F 0j 60 .d

ROIa.7Ek3 0.721do80.88 0.0.4 *9eso.o 0.800.8 0.0t 8.@ , ost0 910,

0., 0k,0.0. 0.0. 0.0, .040. 0.0. 0.0, o#o0 .900 .001

0Wi 0,

RD L =.16E;S'02# .45E*921. .. 0, 0.0, ,.0,v 0.0. 0.8. 0.0. O0.1a 0.0. toot

a. wa i~o to 00 0. Za W0 ,0

R¶MS .72E.00.@ .72E*1,r .AldgJ 0.09 E.01, 9.4E0o mad 0.5E0v , A.E09 *
0.9 6.to. E01.0 ~0.00 0o 0.0, 0.0,0..0.

RIW = .4, 8.0l#. 4.0.k -fs 0.0, 00 0.29. 0.0s. 8.. 0. 0v6 0-0w 0-0vhoo
0.0, 0.8 t 0001 000, 0.0 10.0. 0.8.f 0.0,

SAE 0.09

.7E&4.01 .84E+01, 0.10.4, 1,.Af., 8.0. 0.0v .w 0.8-0,v..8..80
o.0, .0.0 .8 0.0p 0.0, 0d.0v .0.0,

SAE =0.0.

SEC Iw .7 15E.01t .715E,001. id.8, 0.0. 0.0. omO. 0.0, 0..0.0. 9.0. gl'
0.0? 0.0, 0.e, 0.00 0.0, 8.8. 0.0.o 0.0. k.90
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IK-20589 VOLUVE I PAGE 0~-23
SAMPLE OUTPUT OF PROGRAM NRP' - VEHCLE: t4151v TERRAIN; CKK

* ~SVALS .1E+01# .2EI+,.~E01, .4E+0.1, .5Et21. .6EkdIr e7E401,
.8E+01, .9E401t .EB.. IE*02. *1~2E402.. ,13E.+02,*

o15E*02, .2E+4629 jo4#tE+2, 0.0t O0i.s 0,.0, fd.0. g.0s 0.0, 0.9,0

TCASE olEi,-p .1E+01t
TL ;85E+02,
TPLY = .60-01, .6E+01, 2,.A-9 8.2, .0, 8.0 0*.8 0.0, 0.0. 0.0, 0,*0#

IPSI = .15E4f62# .15E~e24. too. 0.9. 0.2,9 0.0. 0.1de 0.0, 0.00. 8.0, 0.0t
o0.0. 1j.0* .0.0 0.0,t 0.0. 08, t0.o, av.0.o

0.0, .15E+02, .15E4062, 0.0, 0.0*, .04 goa 0.00.0 0.0, 0.0, C.0,9

09 :0.0, 9.00.0, 0.9iE402. .2E02,A 9. .. 00 .,00 .0. .0
2.,O.Ot 0.0, 0.0, 1.0,24 -25*02 8.8, B,*0.tO-tO,00vso
0.09 14.0. 6 0.0 0.0 ,1,me -o

TQIND = 0.0,
TkAKLN = 0.0# 0.0, 0.0. 0.0. 0.0, 0.0. Carhj 0.09 t.o& Moat WOO. 01-.4
0.0, O.at Z. to o 0.0, .0 .0.O 1.0, 0.0,
TRAKWD =0.0Z, 0.0, 0.0. 0 .4 0.0. 0.0, 8016. 01.00 0.00., 0.a, 0.0. 0.8#
0.0, 0.0, 0.e, 0.0, 0.f2, 2.0 0.0, 0.0,
TRANS S.5712Et01t .9E4006 103179E+Wl, *9Ee800 *1674E+01i- 9E+009

0.0, 0.0, 0.0. 2,.4,0 0.0. 0.0, o.0, 0.0 1.0. ;0.011 0.00 0.19.
kW.W, 0.0. 9.k. 0.0, 0.0, 0.0 10. O 0.1, 0.0.

0.2, 0 .0. 0.0,0 0.00 0.0..VAA =.6b6E+ 02,
VDA =.37E*02t
VFS = i.0.2.
VUOb = l1E+03* o2E+02t .6E,+819 .4E+0.19 42E+01, ,1iE*016, .1Ei+01# 0.04.
W &0. 2.019 Root 0.0, 0.4t void .0, .00 0.0,

@.e, 0.0, 0.0, O."o 0.0,. 0410t 0.0, Aaeio, 4jo,o
VUObS = .15E+02#, .15E4k2, 415E4+02# .1,5E*02# t.I5E#02, .15E6029 .15Ee02,o

.15Et02,t *15Et021 .16E0b02, .15Et02,9
.15EkO2,# .15E+02i, 1.15E#J2. .15E40W2., .15E+02# 0.0. 0.0., 0.2.

vk~fUE =.765E+02o .ZIE*022 P95E4+01t, 51E+01w ,*2&kii, i2E+0J,. .2E+219
.ZE+J1w .2E+01 t 0.0,, 0.0, 040t, 0.0, 0.2, 0.8,

0.0, 0.0, 0.0, al.f, .2.0, 0.0, 0.00. 0-0. IJ.0, 0.0, 0.0,- 0.9.
16.0, W-z, 0.0. id.0.a 0.0# .0..tOJ 9.0, 0.0. 0.0,

0.0, 0.0. id., 0.0 p 8e.0. 0.0. 0.0,* at-0, 0.0t. 0.66, W.0, 0.6,
0.0. (C.0, 0.2, 06.0, 0.0,t 0.2.0 0.0, 0.00, 0.0,JO, 40.960# 0.0,
VSS = 0 . ,
VSSAXP = .0,
WC = .0.
WDAXP = 0.0.
WDPTH 0.0. 0.00, 0.0,d C6.6 0909 10.0, 0.#001 , 0.0,Zfh 0.0. 0.0, 0.84
0.06 W~.V1. it.04 20. 06.0,0.0 0.0. 0.0.
WDTH, = .64E402,p
WGHT = .174E#.94, .1,46E404* .i 0.0, 8.0. 0.0. 2.8,O O.is 0.0. 0.4o
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R-2058,t VOLUtVE I PAGE 0-24
SAM4PLE OUT~PUT CF PAOGk~AM NROM - VdEIICLE: Ml.5.1.s TERRAIN: CKK

g~ot 0.0, k9 .000 .d ~d .000

WI = .458Et02,p
WRAT = 9.90 id.0, 0.0, Cgo 0.6.00,0 0.r0,9 0o.0.. .0. 0.0.o 0.0t W.A.,
k4.0, 0.0, J42f 0.0, 0.0, iZ8# 0.9. 0.0.
WRFORD = WC
WTI .5 3E + 02, .53E+92# .1.0, 0.0. 0.0, SOw0e Oidt 0.0. 0idt J.Os0 J.0t

0ý. e t
WTE *456E#-02t *456E4-OZ. 0..8,Od .0, .O, 0.0. Je0. 0.0.t 0.0, 0.94

WWAXP 0.0,f
XBRCOF .7E+00#
$E ND
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R-2058, VOLUME I PAGE 0-25
SAMPLE OUTPUT OF PROGRAM NR* - VEFICLE; M151, TEkRA4AIN- CKK

NTU ITLT VMAX UP LEVE•L DtWN VSEL UP LEVEL DOWN GRADE AREA
1 1 37.15 37.15 37.15 15.15 37.15 37.15 37.15 37.15 1.00 0.0200
,.1 1 37.15 37.15 37.15 -32.15 37.15 37.15 37.15 37..15 1.00 0O.i000
3 1 37.15 37.15 37.15 -7.15 37.15 .57.15 d7is7,l5 37.15 1.,00 0,6010
4 1 33.26 30.03 33v66 36.79 33.26 30.03 033 6b 36.79 1.Oid 0.0100
5 1 0.005 7.150 07.0 9.00 i7.0 ld 0.0 07.1io 0.00 1.00 . 0.000
7 1 37.15 37.15 37.15 X7.15 37.15 37.15 37.15 37.15 3.50 0.0400

8 1 30j91 23,113 37.15 37.15, 30.91 23.13 37.15 37.15 15.00 0.0800
9 1 18.99 11.26 37.15 A20.66 18.99 11.26 37.15 23.66 50.00 0.0000

10 1 0.00 0.00 37.15 120.26 0.00 0.00 37.16 10.,26 65.00 0.0•00
il 1 37.15 37.15 37.15 817.15 37.15 37.15 37,15 37.15 1.00 0,0 9J0
.12 1 17.64 16.67 17.71 18.67 17.64 16.67 17.71 18.67 1.00 1.0400
13 1 14,.72 12.67 12.72 12.76 12.72 12.6.7 12.,72 12.76 1.00 J.0000
14 1 8.90 8.45 8.92 9.35 8.90 8.;45 d.9,2 9.35 1.00 0.0100
15 1 0.00 0.000 0.00 98.0 0.00 0.00 0.00b 0.00 1.go 000,400
16 1 33.80 28.64 37.15 A7,;15 3.3.80 28'o64 37"16 37.15 3.50 0.0400
17 1 31.04 23.36 37.15 1 S.15 31.04 ,3.36 37.15 37.15 7.50 0.0110
18 1 29.41 20.76 37.15 32.15 ,9.41 201.16 37.16 37.15 15.00 0.*0J0
19 1 0.00 0.00 37.15 11.50 .0*0 0.08 eig 7.15 27.50 58.00 id.04,00
2i 1 0.00 0.00 37.15 11j5.7 0.00 /,its ,37.15 1.7.57 65.00 0.0000
21 1 37.15 37.15 37.15 37.15 37.15 37.15 37.1,5 37.15 1.00 0.02,0
22 1 9.50 9.50 9.50 9.50 9.50 9.50 9.5i0 9.50 1.00 •0•,.00
23 1 2.00 2.00 2.i00 24J21 2.00 2.00 2.00 2.00 1.00. 0.000
24 1 2 00 2.00 2.00 2.00 2.00 2.,0 2.0,0 2.00 1.00 0.0200
25 1 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 1.00 0.M01
26 1 ,4.73 24.73 24.73 24.73 24.73 24.73 24.73 24.73 1.00 0.04J0
27 1 24.73 24.73 24.73 J-4.774 4.73 24.73 24.73 244*73 1.00 0.0100
28 1 18.54 18.54 18.54 18.54 18.54 14,.54 18.54 18.54 1.00. 0.0#00
49 1 id.00i 0..100 0~w.00 a~e o 0.00 0.00 d 0.050.0 1.00 0.0000
30 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 J.00 1.00 0.0210
31 1 24.52 24.52 24.52 a4.52 24.52 44.52 24.52 24.52 1.00 0.0400
32 1 ?2.96 22.83 22.95 23.11 22.96 22,83 22.95 23.11 1.00 0.0••0
33 1 18.36 18.36 18.3b 18.36 18.36 1.8.36 18.36 18.36 1.00 0.0900
34 1 24.72 24.72 24.72 24.72 24.7, 24.72 k4.172 24.72 1.0a 0.0000
35 1 24.54 24.19 24.72 J4.72 24.54 2%.19 24.172 24.72 1.00 0.0100
36 1 37.15 37.15 37.15 41.15 37.15 32..i5 37.15 37.15 1.00 0.0090
37 1 37.14 37.14 37o14 .37. 14 37.14 37.14. 37.1'. 37.14 1.00 3.kJi-000
38 1 0.0 ( 0.0• 0.140 0.2w 0.00 9.do 0.00 0.00 1.6J0 0.0000
39 1 0.00 0.40 0.00 G 04 4.00 0.00 0.00 0.00 1.00 0.6000
40 1 0 .00 0.00 0.08 0.00 0.06 0o00 0.00 0.40 1.00 0.0100
41 1 0. 04 0.00 0•0.,0 (.04 0.00 8.00 0.00 0.00 1.O .o0500
42 1 0.00 0.00 0.o04 0.00 0.00 0.o0 0.00 0.00 1.00 00.405
43 1 0.00 0.00 0.00 0.00 0.00 0t.dwf 0.00 0.80 1.00 0.010A0
44 1 34.68 34.68 34.;68 -4. 6B 34.68 34Y.68 34.68 34.68 1.00 O.0900
45 1 42.;83 22,183 22.8-3 22.83 22.83 22.83 22.83 22.83 1.00 0.0-00
46 1 1J.57 10.57 10.517 .135•57 10.57 10.5,7 10.57 10.57 1.00 0.020w
47 1 34.68 34.68 34.6.8 34.6b 34.68 34.68 34.68 34.68 1.00 0.0400
48 1 22.83 42.i83 22.83 22.8w3 22.83 22.s83 22"3 22.83 1.00 0.0680
49 1 10.57 10.57 10.5-7 1U.55 1.57 10.257 10.5? 10.57 1.0 0. 0100
50 1 5.84 5.84 5.84 5.84 5.84 5.84 5.84 5.84 1.010 0.0.00
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R-20589 VOLUIVE I PAGE 0-26
SAMPLE OUTPUT OF PROJGRAM NR -N VEI-ICLE: 14151* TERAAIN: CKKRD

$CONTkL
DETAIL = 2t
KSCEN = :1,
KVEH = 1,
Killi = 0,
K(112 = 0.
K(113 = 4,
K114 = ,
KII5 = 0,
KI16 =00
KI17 = 0,
KILt = 0,
KI119 =0,
KI 1110 0,
KiIIl = ,
KII112 = 0,
KII13 = 0,
1(I114 = 0,
K1115 = 0,
K(1116 = 0,
KII117 = 0,
KMAP = 0.
KTPP =0,
KIVI = 0,
KIV2 = 0,
KIV3 = 0,
KIV4 = 0,
KIV5 = 0,
KIV6 = 0,
KIV7 = 0,
KIV8 = 0,
KIV9 = 0.
KIV10 = o,
KIVil = J,
KIV12 = 0,
KIV13 = 0.
KI1V14 = 0,
KTV15 =0,
KIV16 = 0,
KIV17 = at
KIV18 =0,
KIV19 = 0,
KIV2ki = 0,
KIV21 = 0,
NTUX = 1,
SEARCH = 0,
$E ND
$SCENAR
COHES = .5E-01,
DCLMAX =.5E.40,
GAMM4A =.000
IOVER = 9,

372



R-2058, VOLUME I PAGE 0-27
SAMPLE LUTPUT OF PROGRAM WNRI VE1I-CLE.3 M4151, TERAAI1NS CKKRD

!SEASN = 3s
LSURF = 1,
ISNCW z 0.
LAC = it
MAP = 11
MwAPG = i
MUNTH = 1,
NOPP =0,
NSLIP =g
NTRAV =3,
NTUX = 1.
PHI =.2 1E,+0 2
REACT = 5*0
RDFOG = *lE4049
SFTYPC = .9 E+02,
VBRAKE = 95E+019
VI SMNV = .2E*01
VLIM =.5 5E4d2t
zStCW .3E401t
SEND
$VEHICLE
ACO .12E*01t

AS.0E =d1 0.0,f 0.0, 0.0. 0..ei0J.A. 0.0,0.1,O.v08 08 .. 04

AV.GC =. I2E*0 3#
AXLSP = .85E+029 0.0v 0.0. 10.0. 2.0, i0 0.0 ýgs 0,04, O.0. 0.8s OoidA
j6.0, @.0. *0.0 0.0, 0.0. 0.10.ýLa 0.0, 0.0, 0.0,#
CD = .2+1
CGH = .103E*02o
CGLAT = .4.0
CGR = .42E+ id2,
CID = .1415E+93,
'CL =.91E*01s

0.0, 0.0, 0.2. 10.0. 0.0, 0.4.0 a.0, 0.0. .0,0
0. r,

CONV1 0.9,1.. 0.99 ,O 02,01 0.0 0.0, 0.01, 10.09 .*00 000(, 0.0, 0.9#,

0.0f 00.60.2 0.0, 0.0, e a.* 0.0, 0.0, 0.10.1.0
CN2 0.0,q 0.0, 0.0, 10 00 0 .0, 80.0, 0.2-t 0.0, J.of 0.0,o 0.0. 10.0,

0.10, 0.0p,0 .0. 0.0, 0.0t .a." 0.0, 10.0, 0.0,

0..01.0.0. 0.0, 0.0, 0.04. 0.0, 0.0, 0.We0, .0

0.00 0.2, 0.0,o 90.9, 'o e 0.0, 0'.0. f.~ i .0,

0.0, I0.00 e.eo 0.09 0.0, 0.9, 10.0, 0.0, 10.0,

DFLCT .0,E1 114EE+010 .l4E*j0 9.0, 9..0* 0.0,9 O.O. 0.0, 0.0i 10.8,p

id0 610.0.i 0.0, 2.0EO 0.E01 0.10, 100,00 .,00 0.0, ia

i&.00 2.1, 0.0, -0 0.0, 20.0 0.2. k.09 0.0.,
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SAMPLE UJUTPUT CF PROGRAM KROP - VEKICLES M151. TERRAIN: CKKRD

DTAW.30E-0, M .30Egi 0-a90 .06,d 00 &t *9Jl
9.tA 0.308E0.0 O.3ds08'e10 0.0. 2.00 .e00 .,00 .. 88

CRAFT =0.0o

ENGINE =.8E+03,. .115E+03, ýi.l2E*04. .1-15E#03# -16Ee04t .115E#03#
.2E*04, *115E403t o24EA104A .112E*03. #28E+04#

.i28E'03p .32E*04.w 10BEO-03s .36E&0ý4 .96E*+02* e4E#-il4o

6.0 .0.. .2, .00 0.0, .0.04- 01.0, 0. d0. 0.00 .0 ij'.900,.o

0.0, 0.0, 0 ., 0t o.6. 0.0t0. 0.6. 0.0. 0.0t id.:0,0
O.O, 0.0.oo ,1400 0.0. f. 0.0. a.6, 0.0, 0.0, 0.,...a.09 0.40

GRUH 0.20 0.0, 0.0. 0. R. 0.00 90.0 0.0. 0.00. 9.0p, .0 . 0.8, 0*84li

riPNE.T = .7392E+029
HVALS = .lE-91 , 4E.0l t .8Eo.8,t .12E'-02# *11E*02, 2OE #02 v .4E+429 4.0p
0.0,d 0.09 2.0, 0.0, 0.0,V 4409 0.0, J0.8

6a.e, 0.0, 6.0, 0.*0. 0.0, 0.0. 0.0,t 0.00. 0.0.
TAPG = 0,
lb = itIt of, 0. 0. of 0, Of. . v 0 O.f0 0. 0,0. 0, 0. 0, O 0f Of.i
ID = id. 0,9 io 0, o, 00 so 0. e 0. 0, 0. 0. 0.0, 0. of de at Of.g
IDIESL = .IE+0.1,
IENGIN = 1
ICONST =. 1t I .g 0, t, 0. Of 0t we O .Ids 0f 0. 0* (at 0f OF 0. Of 9.
ICONVI = Of
ICONV2 =0,
If' = 1. 1. r.0 6s of 0, O .00 O's 0.0, of o , O .10, i , 22 0f ON ids isg
IPOWER = 179
IT = 0. 09 Of Of O, O, id.O 0.0, 0f 0. 00, g, 0f 0, 0, 0, as o, at
ITCASE 0.O
I TR AN = 0.
ITVAR = ,
LOCDIF = 9,
LOCKUP = 0,
MAXIPR = 9,
MAXL = it
NAMBLY = 29
NBOGIF = 0. 0, 0, 0, 0, Ov As 8. O, 0, 0, 0. 0. 0o, O, ofr 0, Of 0. 91,
NCHAIN = 0. t. 0.- 8, 0. 0* lie We 6,t 0, 9,9 0. Jog 0. a. 0f 0, 0.t i,
NCYL = 4-l,
NENG = ilE'idl,
NFL = 0, 0. ids id. f.. O. -am 0.0. 0, k. 0. of O. We 0f a. 0s ids as
NGIR 4
NHVALS = 7t
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SAMPLE OUTPUT Of PROGRAM XRWM - VE8ICLEZ 14151, TERRAINZ CKKRD

.NPAD =, 0. 0, as OR of 8. 0. g. O, 0, 0 0.f O. Of 09 0.0, 0, 0 Of.Q
NSVALS =16.
NVEH = 1, 1., 0. 0f 0p 1, A# OR, e, 0. 0, a, 0, 0, 0, 0, 0, 0, 0,t 46
NWHL = 2t 2t ke 0, 0. 0, OR 0, O, 0, 0. 0, 8 0# 09 Of Oi 0. OR 0
NWR =a
PBF = .32E404,4
PBHT = .2E402t
PFA =.2 25 E+02.
POWER = 0.2, .2195E*04, i49E+0It .2185E9104,t 75EA01. .205E+04, .1E+02v

.1815E+04, .101E+162# .412(5E+04P s12E40d2*
,118E404t o1S5E9024 41085E+04.9 .;1'i8E4+02 .47E*03* .199E+02,

.66E+03, .25E+02, .65E+03+v 49E.02, .615t+03,
.33E4$2 , 56E+IL3,, .J31E+02. .42E*03,,p .4E+02# .385E+039:

.45E40ý# .355E+039 .5EAO2*, o34E403, *56EA+02t

.00.31. 0.0300 0.0, 9.0.#i 0.01,4 0.0, 0.0. wi avO.d .,O~
iý000 01i.0.1 0.0, 0.0, t0.0k 0.09 0.0, 0.0,0.o00..,00..,
.0 .,2.0, O.0, 0.0, 0.21 0.0, 0.0, 0.190, ilflsOOt00 ~i
OO0.f0.0. 0.0. 0.0* 0.2- 0.0, 0.0t 0.0,..,8.,00. 10
0.,0.,20, 0 ., 0t .0, 0.04 0.0, 0.0., 0.09a,otgo .0iýwO ~r
O.0, 0., 0o d.0.1 0.4 0, .0~ 90.0. 0.0, 0.0 0.0 at0 ., .,00

9*0 .0 .0. 0.0,* 0.0, 94:44 0.0, 0.0p col0.. .0 0.9OO,04
klo 90. k, 0.0, 0.0, 002,0- 0~009 .0.0. 0.0,10t 0 .,00 .. 0
.. 0.,0. 60, 0.0, 0.0, .0 0 a 40.0, 0.0. 0.0, 0000 .t1.004
0000..t0.k 0.0, 0.0, 0*.9, O.0. 0.0. 0.0.0.01.,00 .,00

?.it 0., . . t t.0 0.fi, 0.4;0. 0.0,0 0.0.t 0.0,v016i otd00tW. 9.0
O.t0 0vp.o, 0.0. 0.0f 0-00 0.0, 0.0. 0.,0.,0.,00,0o,01

g.0 k.0, .0. .0, 0.00 0.04 0.0. 0.0, oo .01,0 .69ofiV 0
0.o i .~ 0oi.0,t 0.0, 0.444 0.0,w d.0,f 0.0,0f.... 00.00 ..

C.i oo .2, 0.0, e.0, Roos 0.0, 0.00, 80,0 10 ga,201OO -
0it.0@.0, 0.0, W. idt C..OR 0.0 o 1.o.f 9..4 0.,00 .. 00 .
.00.,0.0, 0.0, to. 9, 0.0. 0.0, 0.0. 0.80 ,of090. Ot040
9 .0 .4 d19 .00 0.0 j f+ ~a 0.0. z.0. 0.,00.00 0..0.f00
0.4 .,0.0, 0ý.0.t 0.0, 0.104. 0.0,0 0.0. 0 . R0, 0 6.0v .0 .k
0At 0.r0,0 0.0. 0.Of 0.40 0.0. 0.0, i1.0. 0i..00 .,00 ..
k.J0.,0.0, 0.-0,r 0.01, 0.w0.0 .O 0 .O 0.0, &O .' .0 o0 -

0 )q00s10.0, 60.0 2., 0.91 0.0. 0.0, 0.0,00 .0 .. 0.o .r
2.,o0 .2. 0.0, 2.0, 0.1. 0.0, 0.0, 60 ' .i .8fo 0.40g

0 0 io0. 0.f o t0, 00 2. 0 t 0 o. g 10.0a. 0.0, 0.01,0. s.,0.,00,0r
0, .,0.0, 0.w0.0, O.0.0 1.0, go .0,oo 0.0, 00 .tOO -t04
0. 0 0. g, go.0.O 0.0, 2.0 * 0..0,og 0.0, 0 .0 0.. 0.,00 0..0
.00.,0.2, 01.0. 0.0,r 0.9., 0.0, 0.0, 0.'f0,0Osgo 00i o009
W.O.0. .0.0 , j. 0(d. 0 t 0.04. 0.0, 0.0, O.0,00 1i,0.,20 ..
0.1 .,0.0." 0.0, 0.0, 0 . 0 0.01, 0.0, WO.,0, 0 d ~ .6Ooa&

9. , 01.04 2.0, .0.0 0100.0.A 0.0, 0.0, i 01.0,4 of0 01.0tW. io t 0.0.

0.,0 0,.0t 0.0, 0.0, 0.0.g 0.0, 0.0,6 0.0,0tOi .1 .f0 ,04

OMAX = .1 15E+ 13 t
fkDLjAM = o 16E+029 s 16E'02,r 0.0, B.0. 0,.0, O.Ofr Emit i6.0, 0.01, 0.01, O.0,
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0.0, k6.or 2.0, 9..0f 0.0, 190t0 ;0.0. 0.0,r
0.k.

REVM .72E+039 .72E*~3~, 160t0 A.0, 90.e0..0-v 0.0, 0.0, 0.0, 0.0, 0.0.
0.8 09 .00 .0.8 0.w, 0.0. 0400 a.0, 0.0,

F IMW .45E+0io .45E~i1s 1,09 0.0. 0.0., 0.0., W.0.s 0.0v I6.0. d.fd. 0.0,

.0.k
fkms .25E#t08, .1E+01# .E+I .3EG01.. *4E*01, .5E.01, b~E+01p
.7Ei+019 .8E81,t 0.0t 2...Mý Q.0v 0.0 0.0, .00,

ia, et.00. 0.00 O002b 0.00.
ez0 0.9.8, 0.8.0.o 8.4,.-k 0.0. goes 8 i.. .8 .,0..08

SAE o.e
SAl = 0. z

SECTH = .74E+ojl, .74E+0l, .A0#0 0.0. 0.0,9 J.0b 0.d, 0.0. 80.69 0.0. .0

SECTW .7I5Et01.t .715E+0.Ie 2.8. 9.0, 0.0, 0F.09 8.id, 90t 0.0, 0*4.

0.0,

.8 E0 1.9E+01, IEE402# .11E402* .12E*02* .13644029
.1 5E#-02* .2E482v .4'E'02s a.4.v gatw Jogs 8.1. 0.0v 0.0. 0.2,

TCASE .1E'-21 .1E+01,
'1 - .851E+Wr29
TPLY - .6E48I, o6E+Ola gm.4. 0.0, 0.0, 0.4. 8.0.0 WoJ6.0 y .0 d.A. 0'10.

io~ov .8, 0.0, 0.0, 0.0. 0.0.p 8.0, 0.0.
ia. 2.

TPS I ij5EGwev .15E4i2v .8.8, 0.0. 0.0. 0.&4# 0.0. 0.0, 0.0. 80.0, 8.0v
A.9, k.161 90.0. i8.fo 0.9. 12,8. A0., 0.0.

0.it, .15E*02o. *15EC0it 0.0.v 0.0.. 4.0# Oe~ 11.0, @.hot .0, 40.0.
0.0, 0 8 .0. t.8. 0.08 O.0. CAN0 0.0. 0.0.

0.8. 0.0, .25E~m2,4 .25E412t 0.0.O-O .0, 8., 6.0, 0.8, 0.0, 0.0.
16 0.8,9 0.8.0 '.0f 0. k0 ,01 OO -04o8 90a.0,

TWIND W . 0.8
TfRAKLN -88 0.0s0s, 0.1,0.8 04 0.0 .0 .is0oft0,A 0,., 9.0p, 0.0, .0,v 6.60.
Z.0p 0., 0., e8.000, 46.0, Of.. 0.0,t 0.0,
TRAKWD =: . k 0.0, 0.0. 0.0s 0.0,p i.0. 0.0, 0ap.0,*0 0.0, 0.0. 0.8. 0.0.
how#, 00 8.0. 0.0.9 0.0r. 0.90. 8.2, 0.0.
TRANS =.5 712E+01 .9E*00, /*31179E+0i, .9E4'00* .kL674EA-WI 99E.8J.o
.lE161,v .9E+009 8.0, 1004, co4. 0.0, sl0. (6-00

k-90 0.0, O.8,.00 0.8. 05.0, 0.0. 0.0. 10-2p 0.0, 0.0. 0.0.
4*00 0.0, 16.k0 . .0,f 0.0, 0.0. id.id, 0.0t 0.0,

0.8. 0.0. 0.0, 0.20 0.0,f
V/AA z b6E+02,p
VDA =.37E+02,
VFS = .0.k
VOOB = .1lE+0~3v .2E*029 .48*01t o4E+81p ..2E+91, v1E*01v .1E401p idegs
J60. 6.0, 16.0-0 0.0. O.e, 0.0. 8.0, 8.0.
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SAMPLE -OUTPUT OF PROGRAM NR#'M - VEh-ICLE- 94151, TERRAIN-' CKKRD

*VU08S =.i5E*02t .15E*02, 4.5E+029 *15E'02o -15E&02t .15E+02,, .15EA*029
415F#-22. .15E*02t .15E~i022 .15E#,92P

.15E#-029 .15E+029 *15E+02t2 *15E402t o15E402* 0.0. io.0. 0.1.,
g.0& 6.k~, 0.2. 0.0, Oa.0, B00
VRIDE =.765E*fd2, .21E4022 .95E+219 o51E401, .2E*01, .2E401. .2E+01*

.20il .2.#l 0.0 0.0. k0.2 0.0. 0.0, 0.0i .0 .. 20 .. 02

.2..0. .0, wd 0.01 0.0. 0.0,i 0'.0 0.0. 10 4.tse 0.0,s wo.0 o.i
0.0, 0.0, 0.@v 0.0, 0.0', .62 ..0.# 40#.20.0# 0.09

J.0S 0.0 0.el0, .9 09 .1 .v00
VSSAX0.0= 0.0t

wCs = 0.e.

WDAXP = Wee.
wOPTH = 9.90 0.06 w.0, -id.2 # 0.0. 0 9W'fd 0. 4. i0f s0. 0.0. id.0. 0.2,s

WDTH = .64E e02.
W(IHT = .174E0494 .146E.04o 0.0, 0.0. 0.0v, 0*0, 9.0, 2.0, 0.0v .0.Q
g.0, 0.09 0.k, 0ý04, o.0, 0&0,1t 0.09 0.0. 0.0,f

0. e,
=.458iE+02,

W'RAT = .e, 0.6.9 0 . 2, 0 .,k 0.2, *a.0 9 go. 0.0.0.0.O 2.0, 20, ovi.1..

WRFCRD = 0.*0,t
wT = .5 3E#*029. .53E~i2. .8.6, 0.0, gi.0. 2-- 0.0, 0.6. 0.6, 0.0. 0.0,

WTE = .456E+02, .456E*02.j O&1 0 .'4 t0, lOt 0.0. e0.0 0.0t 0.0w 0.4.s
O.O, 0.0, e.20. .0, 0.0100.2i 0.0, O0a, 9.1,

0.0,
WWAXP =0. Zv
XBRCOF =.7Eoi
SEND
NTU I.TUT VSEL UP DOWN iGRADE DISTANCE

1. 11 54,94 54.87 55.0ko 3 .20 .1000
2 12 40.00 40.00 40 .0'0 7.00 011100
3 12 49.62 45.19 55,00 7.00 .1200
4 12 25 .0wi 25.00 25.00 3.00 .130fd

b 13 35.80 35.86 35.180 3.*00 .1420
b 13 32.24 29,32 35.80 1.5.000 .1500
7 13 7.30 7.30 7.3-0 3.0.0 .1600
8 13 35.80 35.80 35.,80 3.010 .1.700
9 14 35.39 34.99 35.86 3.00 .1800

10 14 28,22 23.29 35.80 15.00 '10
11 14 24b.00 22.99 35.886 26.0 e .2000
12 14 7.3.0 7.30 7.30 3.00 02.108
13 14 21.00 21.00 21.00 -3.00 .220.0
14 1'4 9.0 i 9.00 9 400 3.910 .23100
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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.

3
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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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