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ABSTRACT

Instructions in the organization and use of the computer programs which
implement the Initial NATO Reference Mobility Model (INRMM) are presented.
Volume Il is devoted to the INRMM Obstacle-Crossing Module. A brief description
of the mathematical equations and computing algorithms which predict the speed

of a vehicle over a variety of terrain, the input data required, and the outputs

cenerated is included. Some aid to the interpretation of various output vari-

ables is given.
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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-T4 (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 Deveiopment 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 tﬁat 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 1life cycle. One basic requirement was identified

as common to all practitioners surveyed: the need for an objective
analytical procedure for gquantitatively assessing the performance of a
vehicle in a specified operatiohal 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
interested 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 : .
- Specifications C EV?.I:J.BMOS of S Str‘ateglc ,
_EQEF;EH;— ompetitive Designs election of Mix
Y Y
Vehicle Design : Tactical
and 1. Route Selection
Development 2. Estimation of
’ Engineer Support
Vehicle Test
and
Evaluation

PROSPECTIVE USERS OF VEHICLE PERFORMANCE PREDICTION METHODDLOGY

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
crosé-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 seiected. (Note that the last two constitute
at least 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 thicle might achieve at all points
in the area. At this point, the output is reasohably general and is
essentially independent of mission and operational scenario
influences. The basic data constituting the maps must usually be
further processed to meet the needs of specific users. These needs
vary from relatively simple statistics or indices reflecting overall
vehicle compatibility with the terrain, to extensive analyses

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

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

the moadel. 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, pius the primary goal of supporting decision
making relating to vehicle performance at the several levels, clearly
dictated a highly modular structure that éould 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:
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FIGURE I.C.) - GENERAL ORGANIZATION OF THE INITIAL
NATO REFERENCE MOBILITY MODEL
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The Areal Module, which computes the maximum feasible speed
for a single vehicle in a single areal terrain unit (patch).

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 Volume I.

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.

A1l three modules draw from a common data base that describes
quantitatively the vehicle, the driver, and the terrain to be examined

in the simulation. The general content of the data base is shown in

Table I.C.1.
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Terrain, Vehicle,

-Terrain

Surface Composition

Type
Strength

Surface Geometry
Slope
Altitude
Discrete Obstacles
Roughness
Road Curvature
Road Width _
Road Superelevation

Vegetation
Stem Size
Stem Spacing

Linear Geometry
Stream cross section
Water velocity
Water depth

TABLE I.C.1

Page 11

Driver Attributes Characterized in INRMM

Data Base
Vehicle

Geometric
characteristics

Inertial
characteristics

Mechanical
characteristics

Driver
Reaction Times
Recognition distance

Acceleration and
impact tolerances

Minimum acceptable
speeds
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D. Model Inputs and Preprocessors

1. Terrain

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

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

new class interval.

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

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

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

3. Calculates from the terrain measurements in the basic terrain

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

2. Vehicle

The vehicle is specified 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.
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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. One supporting two-dimensional ride
and obstacle crossing Dynamics Module for obtaining requisite dynamics
responses(currently called VEHDYN and described in Volume III) and a |
second supporting Module for computing obstacle crossing traction
requirements and interferences (currently called OBS78B and described
in this Volume) are available as elements of the INRMM. 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 aqd 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

Several 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
prediétions 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.




R-2058, VOLUME II Page 17
Obstacle Module

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-OBST78B

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
this Volume. It is used as a stand-alone Preprocessor Module to the

Areal Module of INRMM.

The Obstacle-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 samble 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, &nd speed as limited by the driver's
tolerance to impact received while the vehicle is cfossing discrete
obstacles. It is assumed that the driver will ad just his speed to

ensure that his tolerance levels will not be exceeded.

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

operating at a given speed over a specific terrain profile. The
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profile may be 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,
simplé 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
piane 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.
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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 critefion 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 1is

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.
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
algoriﬁhms 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.
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 1limit).

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.




R-2058, VOLUME II
Obstacle Module

B!

|
I
|
I
|
!
|
I
|
I
|
|
!
|
|
|
!
|
!
|
|
|
|
|
!
1
I
!
|
I
|
|
l
|
|
|
!
|

7
<V
%
\/\7

DATA FROM RIDE DYNARICS
YODULE

DATA FROM OBSTACLE HLGOTIATION
MODULE

AREAL TERRAIN DATA

v

VEHICLE PARKMCTERS DERIVED
IN VERICLE DATA PREPROCCESSER

VEHICLE DATA

SCENARIO TnPuT

Ll [ LIFECTIVE “RSTACL[ SPACHIG, PANLUVER SPEED REDUCTION AND LAND/MARSH OPERATING FACTORS

i

SOIU A4b SUGME, TRACTTON
RESISTAL(E, SHIP

\/\/

</ (1)

Wﬁﬁlﬁﬁ%ﬂmmu I (D

(ARRAY FOR 8 STEM SiZES) Q

vémw ® ®

AV

LL‘ BRAKING FORCE

JltUII

D
BY VISIBH 11y

1t S SEEEDS LIGIRED BY
_RESICTASCE BiwN NRSTACLES (9)

i 4 IRIDE SPLEDl

TIkRE SPEE‘DI
9 SPEEDS REIHLHI NBSTACLES. W/D MANEUVER (9) ]

\'VV ,

I—;ol SPEED REPUCTIONS FOR MANEUVER TO AVOID OBSTACLES AMD/OR VEGETATION STEMS J

@vv@vv
n| R ] [ [
,@%@ﬂy

13| SPLEDS ON AND OFF OBSTACLES (9)

|62 lyy

Y VNN
14 AVERAGE SPEEDS (RTSING OBSTACLES (9)
(NITH AC/DC AND MANEUVER)

—

(v

DN,
15 ITRREN e cx

|

\/

L]a l MAXIMUM SPEED Ol SLOPE FOR PATCH BY STLECTED VEGETATION AYDID/OVERRIDE STRATEGY l

l

l. STORE SELECTED PESULTS

ALBEQT ubPAvP A o ?SNAL)

3. 1TERATE ON TERRAIN UNITS

FIGURE I.E.1 -- GENERAL FLOW OF INRMM AREAL MODULE

Page 23




R-2058, VOLUME II Page 24
Obstacle Module

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.)

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

obstacles by that option, except for degradation due to maneuvering

(9).

Obstacle avoidance and/or the tree avoidance implied by limited

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

or NOGO) is computed (10).

A similar set of nine speed predictions is made for the 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).
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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 1is insufficient), to brake to the allowable

obstacle approach speed, and to cross the obstacle per se at the

computed crossing speed.

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

one of two logics according to scenario input instructions.

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

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

effect more precisely models actual driver behavior.

If the scenario data specify a traverse prediction, the in-unit
speed and other predictions are complete at this point, and the model
stores those results specified by the user and goes on to consider the
next terrain unit (or next vehicle, condition, etec). 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, V
speeds,i.e.
Vav = 3/0C1/Vy0) + (1/Va0r0ss) + (1/Vgoun) ]

avs 1s the harmonic average of the three




R-2058, VOLUME II Page 28
Obstacle Module

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
and a surface condition factor. From these characteristics, values of -
tractive and rolling resistance coefficients for wheeled and traéked
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
A. Introduction

The Obstacle Module, OBS78B, is a stand alone program which
simulates the placement of the vehicle at a sequence of positions
across the obstacle and for each position calculates

1. the tractive forces under the running gear to maintain that
position,
and
2. the clearances/interferences between the frame of the vehicle
and the obstacle at that position,
and then
3. selects the maximum interference, CLRMIN, (or minimum
clearance if there is no interference) and the maximum
tractive effort, FOOMAX, and calculates the average tractive
effort, FOO, across the various positions.

Figure II.A.1 gives an overall view of the structure of the Obstacle

Module.

The obstacles are restricted to the "standard" trapezoidal
shape used throughout the INRMM. The effect of the predominant slope
may be included in OBS78B, but there are currently no provisions for
incorporating the predominant slope in combination with obstacle
crossing in the Operational Modules. Thus, for the Obstacle Module the

terrain input may be characterized as illustrated in Figure II.A.2.

There is a restriction in OBS78B that the combination of slope
and obstacle approach angle may not exceed the vertical for any

obstacle flank on which the vehicle may rest.
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FIGURE 11.A.2 - Obstacle Geometry

The vehicle is restricted to two units, a prime mover,
supported by suspension assemblies at two points, and a trailer,
Supported by a suspension assembly at one point with a hitch rigidly
attached to the prime mover about which the trailer may pivot. The
suspension assemblies are rigid (no springs or dampers) and may be
single wheeled or "bogied", which for the purposes of OBS78B means two
wheels attached to a rigid member which pivots about its center at the

Suspension support point. This motion is restricted by, possibly

different, pitch up and down limits with respect to the frame of the

vehicle. Any mix of single wheeled or bogie suspensions may exist on
the prime mover-trailer combination. The wheels are also assumed rigid

but need not have the same radii for all suspension assemblies.
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However, both wheels on a bogie have the same radius.

Tracked vehicles may be simulated by a double bogie wheeled
vehicle where the wheel radius is the road wheel radius plus the
thickness of the track. The bogie centers may be located anywhere the
user wishes; reasonable results have been obtained by using the
location of the second and second-from-last roadwheel centers. The
width of the bogie, defined as the distance between the centers of the
two wheels on the bogie, is also at the discretion of the user;
reasonable results have been obtained by choosing the distance betweeh
two road wheels. When the bogie center and width have been chosen, the
bogie angular limits should then be set to reflect the actual road
wheel displaced as if the track were present at its normal tension.
This will result in a large pitch up angular limit for the front bogie
and a smaller pitch down angular limit. The rear bogie will have the

reverse angular limits.

When the vehicle data has been read by the program, some
initial calculations are done. These are described more fully below.
The program then reads the obstacle shape and calculates hub profiles.
These profiles are intended to simulate the path taken by the wheel
centers across the obstacle, aésuming a rigid wheel and uninterrupted

contact. The program will use one of these two possible hub profiles

across a mound:
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FIGURE 11.A.3 - Hub Profiles Across Mounds

or one of these four possible hub profiles across a ditch:

FIGURE Il.A.4 - Hub Profiles Across Ditches
It may be observed that the vertical variation of the hub
profile may be attenuated when compared to that of the obstacle
profile; this effect may occur both for the net change in elevation

and/or the rate of that change. This attenuation increases as the

radius of the wheel increases with respect to the obstacle dimensions.

Tracked vehicles, in effect, attenuate obstacles as if they

were equipped with very large wheels. The exact equivalent wheel

diameter which attenuates an obstacle as does the tracked suspension
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element is not readily calculated, and for any one vehicle may not be
constant for all obstacles. In the Obstacle Module, two different
wheel sizes are used to simulate tracked vehicles:
1. for a flexible track the radius of the wheel used to
calculate the hub profile is set at one-half the distance
between suspension element support points, and

2. for a non-flexible (girderized) track the radius of the wheel
used to calculate the hub profile is set at the full distance
between suspension element support points. '

Figure II.A.5 shows the vehicle parameters used in the module and

indicates the vehicle configurations which can be simulated.

Tracked vehicles pulling trailers are not simulated.

A1l horizontal dimensions are positive to the right of the
hitch and negative to the left. All vertical dimensions are measured
with respect to the ground when the vehicle is empty and at rest on

level, hard ground. Vehicle motion is assumed from left to right.

N.B.: Either or both of the suspension elements of the prime mover
may be single wheel or bogie supports. The hitch may be located before

the second axle to possibly simulate a fifth wheel.

The wheels of a suspension element may be powered, braked, both
or neither. Suspension types may be mixed in any combination but
both wheels of a bogie suspension are assumed to have the same radius
and ability to be powered and braked. During execution of the program,:
however, at any position on the obstacle either all braked wheels are

braked or all powered wheels are powered.
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B. Coordinate Systems

Four separate coordinate systems are used in OBS78B, vehicle
input data coordinates, vehicle coordinates, ground fixed coordinates

and vehicle/ground coordinates. Each system is specified below.

1. Vehicle Input Data Coordinates

This coordinate system (Figure II.B.1) is centered at a point
on the ground directly under the hitch when the vehicle is resting on

a hard, flat surface and facing toward the right of the observer.

O———"T0—0

FIGURE 11.B.1 == Vehicle Input Data Coordinates

L
h e

A1l vehicle input data is given with respect to this coordinate
system. It is used only for the convenience of the investigator; all

data is immediately transferred to the Vehicle Coordinates.
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2. Vehicle Coordinates

This coordinate system is centered at the hitech and moves with

the prime mover. See Figure II.B.2.

FIGURE I1.B.2 =~ Vehicle Coordinates

The x-~axis is horizontal and fixed to the vehicle when the vehicle is

at rest on hard, flat ground. Thus the Vehicle Coordinates are
initially parallel to the Input Data Coordinates translated vertically
a distance of the height of the hitch for an empty vehicle. The pitch

angle of the vehicle, ¢ , is in effect the angle the vehicle x-axis

makes with the Ground Fixed Coordinate System.
3.. Ground Fixed Coordinate System

This coordinate system remains fixed to the ground and is.
centered at the first obstacle profile break point. Its coordinates
are designated with primed quantities. The z'-axis is positive up,

along the negative gravity vector, and the x'-axis is positive to the



R-2058, VOLUME II Page 42
Obstacle Module

right. See Figure II1.B.3.

X

FIGURE I1.B.3 -- Ground Fixed Coordinates

4. Vehicle Fixed-"round Parallel Coordinate System

This coordinate system is centered at the hitch and moves with.
the vehicle; however it remains parallel to the Ground Fixed
Coordinate System. Initially it coincides with the Vehicle Coordinates
when the vehicle is at rest on hard, flat ground. Its coordinates are

designated by a superscript F.

The relationship between the three program coordinate systems

is illustrated in Figure II.B.4.

C. OBS78B Vehicle Preprocessor

After the vehicle data is read, several derived vehicle
descriptors are calculated. These descriptors are given in terms of

the vehicle coordinates.
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FIGURE I1.B.4 -- Relation of Three Coordinate Systems

Since the vehicle load distribution is given for an empty

vehicle, a combined vehicle-load CG is calculated (superscript e means

empty vehicle).

The empty vehicle weight at the vehicle CG:
F8G1 = -Fq1 - Fgo

The x-coordinate of the empty vehicle CG:
 XCg1= -(Fgqqlq + Fgolp) /F8gq

The empty trailer weight at the trailer CG:

e
Feeo = -Fgq3 - Fpg
The x-coordinate of the empty trailer CG:
e
*Cc2 = -Fq313/ FEgp
The loaded weights at the combined CG:
cG1 = FGgy - oW,

cGge = FEgo -2 W5

F
F
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The cdordinates of the combined vehicle/load CG:

Xcgi = (Fggi xGgi - AWidi)/ Fcgi

Zcgi = (FGgi zGgi - AWiei) /F

CGi
where i1 for the vehicle, 2 for the trailer.
From now on these coordinates of the loaded vehicle will be called the

vehicle and trailer CG coordinates.

The radius vector from the CG to the hitch in polar coordinates:

Rii = [xfgy + z€gi 112

Oohi = arctan(zcgi/XcGi) £ T

where i=1 for the vehicle, 2 for the trailer.

FIGURE I1.C.1=- Hitch and Trailer CG Location

N.B.: Radius vector is from vehicle CG to hitch and from hitch to

trailer CG.

8ohi is adjusted to lie in the interval [-m, ™ ].

The polar coordinates of the vehicle suspension support points:

rpci = [ (13 - xggp? + (rg = h = zgg 2 1V/%, 1=1,2
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gBCi = arctan( (ri - h - ZCG1)/ (li - XCGT)] ’ 1:1,2

FIGURE 11.C.2 =- Vehicle Suspension Support Point Locations

The following are calculated for each suspension element which is
represented by a bogie:
The polar coordinates of the wheel centers when they are at their

limit position closest to the vehicle:

Lil

FIGURE I1.C.3 =- Wheel Center Locations at Bogie Limits
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(XB,ZB) are the coordinates of the suspension support center with

respect to the first unit CG.

Rpiq =[(xp+(bj/2)cosByi -xcg1)@ +(2Zp +(bj/2)sinpyy -ZCGi)2]1/2
Rpjp =[(xp-(bj/2)cospy; -xcg1)2 +(zg -(bj/2)sinpgi -zCG1)2]1/2
Ty i1 =arctanl(zg +(bj/2)sinpy; -zcgq) /(xg +(bj/2)cosByi -xcG1)]

T i, =arctan[(zp -(bj/2)sinByi -zcgpo) /(xB -(bj/2)cospgi -xcg2)]

For the trailer, these polar coordinates are given with respect to

FIGURE 11.C.4 -- Trailer CG and Suspension Support Location

the hitch:

2 2 1/2
"me = [XCgo + 2Cg2 ]

90h2 = arctan (ZCG2 / XCG2)

BC3

QBC3 arctan [(r3 ~-h )/13 1
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L31 L32
— é?}ii ~ iBUB | ‘*_zfr*jfi?él\\\\\\\\i{8d3 |

FIGURE I1.C.5 -- Trailer Bogie Wheel Locations at Bogie Limits

(XhB’ZhB) are the coordinates of the trailer suspension support

point in vehicle coordinates.

R31 = [(xpp +(b3/2)cospy3)2 + (z,p +(b3/2)sinpy3)2 11/2
T31 = arctanl(zpp +(b3/2)sinBy3)/(xpp +(b3/2)cospy3) ]

fL32 = [(xnp -(b3/2)cosy3)2 + (zup ~(b3/2)sinpq3)211/2
T 3o = arctan [(z,p -(b3/2)sinBy3)/(xpp -(b3/2)cospy3)]

The effective radius of the wheels to be used in the hub profile

calculations is set to

ti = ry for wheeled vehicle unit

1/2(11 - 12) for tracked unit with flexible

=
o
e
I
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track

ti = rei - ri for tracked unit with girderized

track.

Since the use of ri. may have the effect of raising the entire
vehicle far above the ground level, the result may be that no
interference between vehicle bottom and the ground will be recorded
when, in fact, it would actually occur. To avoid this difficulty, the
difference between the hub profile effective radius and the normal
radius

BPRFDL = ey - ri

is used to lower the vehicle bottom profile.

The vehicle bottom profile itself is specified in the input
daﬁa as the location of breakpoints given in the vehicle input
coordinates. These breakpoints are then shifted to the vehicle
coordinates. The preprocessor calculates the length and direction of
the radius vector to each of these breakpoints. The radius vector
originates at the hitch joint for both the prime mover and the

trailer.

\acl i

r

Fe2i cZi cli

FIGURE 11.C.6 =-- Specification of Vehicle Bottom Profile Breakpoints
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In Figure II.C.6, the bottom profile points are marked with heavy dots

and calculated as follows:

2 2 11/2
Foki =0 Xggi +(¥oki - BPRFDL) 1

ooki = arctan [(ygogi - BPRFDL) / xgij]

where Kk = 1 denotes the prime mover
k = 2 denotes the trailer

and

for i = 1,...,N

ck
where N, is the number of bottom profile breakpoints on unit k. The

hitch may, but need not be, included as a bottom profile breakpoint.

This completes the calculations of the OBS78B vehicle
preprocessor. The predominant slope, eé, is read and then the
program enters the obstacle loop. The set of three descriptors for
each obstacle is read; these are OBH, OBAA, and OBW as defined in

section III.B. The program then transfers to subroutine OBGEOM where

the hub profiles and the step size are calculated.

Before transfer to OBGEOM, a check is made to determine if the
sum of the predominant slope and the obstacle approach slope exceeds

the vertical. If it does, an error message is printed, calculations

for the obstacle are skipped and the next obstacle is read.
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D. Subroutine OBGEOM

This subroutine introduces the obstacle and hub profile index
scheme used throughout the program. For an obstacle/wheel combination.
such that all hub profile flanks are present it is illustrated in

Figure II.D.1.

5 6
h{" ——————— —o~_ 7
_ / \\
gl 2,3, 5 6,7 SN
r\\\_‘/J \ N /‘

‘ 2,3 | 8,9 " 10
1 //’\\‘ L 2 L /__\_:‘.IO
" R et 7
o ‘\ —

10
1 2%&,5______6,1//6,9
4,5 6,7
FIGURE I1.D.1 -- Obstacle and -Hub Profile Breakpoint Indices

Observe that all obstacle breakpoints except 1 and 10 have two
indices. This is to accomodate the hub profile breakpoint numbering
which may result in two profile elements for each obstacle breakpoint.
The obstacle and hub profile flanks are given the number of their left
end breakpoint index as shown in Figure II.D.2. For obstacle/wheel
combinations that give rise to hub profiles of fewer elements, some

hub profile breakpoints may have up to six indices.

The ground fixed coordinate system always has its origin at the

obstacle breakpoint 2.
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b2 .6
r'e
| 3/ \\\7'
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: \3 7/ ~
X — 9
5
FIGURE t1.D.2 -- Obstacle and Hub Profile Flank Indices

The approach and departure flanks, numbered 1 and 9
respectively, are set so that their slope is the predominant slope,
9§, and their length is sufficient to accomodate all suspension
elements simultaneously plus 1 inch. The vehicle is started on the
approach slope .1 inches from initial contact with a mound or with its
front wheel contact point .1 inches from hub profile element number 2

for a ditch.

Subroutine OBGEOM first calculates the X',z'-coordinates of the
obstacle and hub profile breakpoints for zero predominant slope. It
then rotates the location of these points about obstacle breakpoint 2
(the x'z' origin) through angle @5. The length of each of the
obstacle and hub profile elements is calculated. In addition, for each
obstacle element, the angle with respect to the x'-axis is also given.

For the hub profile elements, the coefficients of the general

quadratic

Ain2 + Bisz + Cijz2 + Dijx + Ejjz + Fij =0
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are calculated. Here the subscript j refers to the hub profile element
number and i refers to the suspension element whose wheels generate
it. Since hub profile elements are always either points, lines, or
arcs, Bij = 0 and Ajj =Cjj = 1 for arcs whereas Ajj= Bjj=

Cij = 0 for lines and points.

Finally, OBGEOM calculates STEP, the distance the first unit CG
will be moved from position to position across the obstacle. For this
version of the Obstacle Module, STEP is constant for a
vehicle/obstacle combination and is set to 49% of the shortest hub

profile element length or 1 inch, whichever is greater.

E. Initial Values and Position

When the vehicle and obstacle have been completely defined, the
initial position of the vehicle on the approach slope is calculated.
Also, initial values for the solutions of the force balance equations
are set. These variables (the solution variables for the force balance

equations) are defined as

XN(1) = overall traction coefficient
XN(2) = normal force on first suspension element
XN(3) = normal force on second suspension element
XN(4) = normal force on third suspension element
XN(5) = horizontal hitch force applied to vehicle
XN(6) = vertical hitch force applied to vehicle
For initialization, XN(1) = RTOW(1), the resistance over weight

coefficient of the first suspension element (an input number); XN(2),
XN(3), and XN(4) are set to the normal load on those suspension
elements when the vehicle is at rest on level ground; XN(5) =thv =

0, and XN(6) =th'o the initial hitch load when the trailer is at
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rest on level ground.

To position the vehicle, the following calculations are

performed:

a)

b)

the first wheel is positioned 1/10 inches before its second

hub profile breakpoint

?

Xw11 Xﬂ12 - .1 COS(gé)

?

Zw11 = 2612 - .1 sin(Gé)

for a single wheel first suspension element the bogie

center is set equal to the first wheel center

! '
XBC1 = Xyw11

1 [
2BC1 = Zy11

for a bogie first suspension element, the second wheel is
located one bogie width behind the first and the bogie

center is set between the two wheels

1

xw12

Xy11 - by cos(8y)

Zy12 = Zy11 - by sin(8y)

1
XBe1 = (Xy11 + Xyq12)/2

' ' .
“Bc1 = (211 + xyq12)/2

B = arctan((z&11 - zw12)/ (Xw11 = Xw12))
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¢) the vehicle pitch angle is set parallel to the approach

slope angle

6‘] = arctan(DH/ —E11)

the vehicle CG location is determined

1 1] 1
XcG1 = XBc1 - rBcq cos(®pcq1 +91)

' 1 . '
2cG1 = zpct1 - rpct sin(eggq +69)

and the location of the second suspension bogie center is

calculated

1 1] 1
XBco = Xgg1 + rBce cos(8gcp +99)

' ' . '
Zpc2 = 2¢cG1 + rBC2 sin(8pgp +87)

d) for a single wheel second suspension, the location of the

wheel center is set equal to the location of the bogie

center
x! -x'
w21l = “BC2
1
Zyp1 = ZBC2
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for a bogie second suspension element, the bogie angle is
assumed equal to the pitch angle of the vehicle and the two

wheel centers are located by

X421 = XBgp + (bp/2) cos(87 )

zho1 = 2Zpgp + (bp/2) sin(@q )

-+
Xwe2 = Xécg - (bp/2) cos(e; )
222 = Zécg - (by/2) sin(g% )

e) the hitch is then located by

Xp = X(6gq + Rpq c0s(9%pq1 + 0 )

Z

1

h = 2601 + Rp1 sin(8opq + 8 4)

For the simulation of tracked vehicles there is included,
as suspension elements 4 and 5, the front and rear
spridlers, respectively. In simulating a tracked vehicle,
front spridler/obstacle interference is checked after step
c) above. If interference is found, the vehicle is moved
away from the obstacle along the approach slope until no
interference is found. Thus the front spridler is located

by

= XCg1 + rpcy cos(Oggy + 99)

U = U -
1

]
2¢cg1 + rpcy sin(egey + 61)
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These two coordinates are passed to subroutine WHEEL3 to
calculate how far above or below the front spridler hub
profile the point (Xé,z;) is located.

If the result of WHEEL3 is negative the spridler is below
its hub profile which indicates interference. The vehicle
is moved backwards on the obstacle approach slope to the
point where hub profile element 3 intersects hub profile
element 1 of the front spridler. The slope of hub profile
element 3 is given by |

1 1 ] ]
(Zgy - 2gp )/ (xoy - xp2 ) = sp.
The slope of the front spridler hub profile element 1 is

given by s; = tan8g . The coordinates of the
point to which the front spridler center must be moved in
order to just touch the obstacle is given by the solution

of the following two equations

(Z—Z;)/( X—Xé) = S1

(z = 2pp)/(x - xpyp) = sp

The distance the vehicle has to be moved back to just clear
the obstacle is
R = [(xé —X)2 + (Zé _2)2 ]1/2

The new value of the initial coordinates of the first wheel



R-2058, VOLUME II Page 57
Obstacle Module

are replaced by (X', j; -Rcos@g, z'yqq - Rsin@g).

The calculations from b) on are then repeated.

f) once all the values describing the vehicle's initial
position have been calculated, the trailer (if there is

one) is located. Given the location of the hitch

, of the radius

!

(Xp,zp) and the length, rscs

vector from the hitch to the trailer suspension support

point, the subroutine WHEEL2 locates the trailer suspension
. 1 ] v

support point (Xpcs, zgc3) on the hub

profile of the trailer wheels. For single wheel trailer

suspension, the wheel center is set to the suspension

support point

1
Xw13 xéc3 single wheel

!
ZBC3

1
w13

For trailer with bogie suspension, the wheels are
located half a bogie arm before and behind the support

point by

Xw13 Xéc3 + (b3/2) cos(8))

n

1

Zu13 = zpc3 + (b3/2) sin(8))
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XJJ23 Xéc?) - (b3/2) COS(Qé)

Zy53 = Xpc3 - (b3/2) sin(ep)

' '
where 6, -8,

H

g) The trailer CG is located by

xé +Rp o cos(eoh2 +9é)

t
Xcge
L 1]

ZeG2 = Zn +Rpp sin (Gpp +82)

h) and the angle under the wheels is set to the approach slope

' .
ij for wheel j of suspension element 1i.
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F. Vehicle Movement Loop

This portion of the program calculates the clearance or
interference between the bottom frame of the vehicle/trailer and the
obstacle; calculates the forces between the wheels and the surface of
the approach slope/obstacle/departure slope required to maintain the
vehicle at the given position; and then moves the vehicle to a new
position on the approach slope/obstacle/departure slope such that the
distance of the CG at the new position from the CG at the previous
position is equal to STEP. The program then returns to the

clearance/interference calculations.

The movement loop is organized around three major subroutines
CLEAR, FORCES, and MOVEB. An exit is made from the loop when the front}i

wheel clears the departure slope.

1. Subroutine CLEAR

The relationship between the bottom frame of the vehicle and/or
trailer and the obstacle profile can be illustrated by Figure II.F.1.
Here the location of the obstacle profile breakpoints are given by

(Xéi, zéi ) while that of the vehicle frame

. . ] 1]
breakpoints are given by (kan, Zykn ). The

minimum and maximum clearance/interference between frame and surface
will be found directly under a vehicle frame breakpoint or directly

above an obstacle breakpoint. This is a consequence of approximating

both the frame profile and the obstacle profile by straight line
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FIGURE IV.F.1 =~ Relation of Bottom Profile of Vehicle to
Obstacle Profile

segments.

The subroutine first calculates the (kai’ Z&ki)

for the current position and attitude by

Xyi = Xp + Toki cos( @ + ooki)
1] [} . ?
2yi = Zp + roki sin( @ g + ooki)
where k = 1,2 is the vehicle unit number and i = 1,...,N designates

the points on the frame profile of unit k. The routine then simply
cycles through the obstacle breakpoints to determine if any part of
the vehicle is above each point and calculates the clearance by
linearly interpolating between the appropriate vehicle breakpoints.
Similarly, for each frame profile breakpoint, the obstacle flank under
the point is found and the clearance calculated. The minimum

clearance/maximum interference is then found for the current position

of the vehicle and an index is set pointing to that point which gave
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rise to the minimum clearance/maximum interference.

The determination of the overall minimum clearance or maximum
interference for all positions of the vehicle across the obstacle is
done with the code directly following the call to CLEAR in the main

program.
2. Subroutine FORCES

This subroutine is used to estimate the tractive forces needed
to overcome obstacles. This is done by evaluating the tangential
tractive forces at the wheel/ground interface required to maintain the
vehicle at the current position on the obstacle. Subroutine FORCES
makes use of the equation solving subroutine EQSOL and subroutines
NFORCE and CALFUN. The tractive force evaluation is performed for any
combination of single wheel suspensions and bogie suspensions

supported on both wheels or on one wheel.

To simplify and speed-up calculations eight assumptions were

made:

1. Tires and suspensions are rigid.
2. Bogie beams can rotate about the pivot, but do not deflect.

3. Bogie beams take only normal forces, the tangential forces
and torque are transmitted to the frame by parallel bars (A

schematic version of such a bogie suspension is shown in
Figure II1.F.2).

4y, The bogie pivot is in the middle of the line connecting the
wheel centers.
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5. Wheel radius is the same for all wheels on a bogie suspension

6. Each wheel can be powered, towed or braked as specified by
the input data.

7. No provision is made to power some and brake other wheels at
the same time.

8. Coefficients of power or brake forces can be specified by the
ratios (POWERR, BRAKER) in the input data to allow for
different soil conditions under each wheel.

FIGURE I1.F. 2 -- Schematic of Bogie Suspension

Based on the above, it is assumed that normal forces to the
bogie beam are equal for both wheels of the same bogie support. The

resulting system with any'two suspension supports on the main unit and
another on the trailer is statically determinant. The bogie assembly

transmits force to the frame only at the bogie pivoﬁ point.
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This routine uses the vehicle fixed-ground parallel coordinates
xF,zF. Linear dimensions are measured from the hitch point
parallel to the ground fixed coordinates xF and zF directions. The
hitch point is the origin of the xF,zF coordinate systems, where
the xF axis is always horizontal and the zF axis is vertical.
Dimensions forward of the hitch are positive. Dimensions in the
zF_direction above the hitch are positive, below the hitch are
negative. In the remainder of the description of Subroutine FORCES

the superscript F will be omitted.

Based on previously made assumptions, the bogie can be treated';
as a single statically determined support point. In this case even the
main unit with two bogie supports is statically determined. The sum of
the forces (ground reactions, hitch forces and weight) must be zero in
the x and z directions, and the moments produced by those forces about:
any given point also have to be equal to zero. For convenience the
point about which the moments are summed is the hitch. The hitch is a
common point for both units (main and trailer). For clarity, forces
are always shifted to the wheel center and rotated to be parallel to
the x-z coordinates. Forces at the hitch point are also resolved in

the x and z direction (the hitch does not transmit a moment).

As input to this routine the main program and subroutine MOVEB
supply the position of all wheels, bogie centers, bogie beam angles,
bogie beam lengths, wheel radii, surface slope angles under the

wheels, center of gravity locations and weights. Also entered are

ihitial estimates for
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XN(1)= overall coefficient of tractive force across all
wheels,
XN(2)= normal force under the first wheel of the first
suspension support,( FN11)
XN(3)= normal force under the first wheel of the second
suspension support,(F21)
XN(L4)= normal force under the first wheel of the third
suspension support (if it exists),(FN31)

XN(5)= horizontal force on the hitch of the trailer

(Fyrrcnx) and
XN(6)= vertical force on the hitch of the trailer (Fyircpg)-

N.B.: The last three terms are included only in the case of a vehicle
with a trailer.

Subroutine FORCES uses these values as initial values in an
iteration, controlled by EQSOL, which will yield new values for XN(1)
through XN(6) that result in the vehicle resting on the obstacle in a
force and moment equilibrium state. These iterations depend on
calculations performed by two subroutines, NFORCE and CALFUN, which
essentially evaluate unbalanced forces and moments caused by
nonQequilibrium values of XN. The separation of the calculation into
two subroutines is a matter of programming convenience. The
description of the equations below does not distinguish in which

subroutines the calculations are made.
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a) Coefficient of Tractive Force

For wheel j of suspension support 1i:

Crrij= XN(1)*¥POWERR; j¥IPj 3 for XN(1) > 0
or

CTFij= XN(1)¥*BRAKER; j¥IB; j for XN(1) < 0
where

CTFij = coefficient of tractive force

POWERRij = Coefficients for distribution of tractive force

among axles. The ratios of these coefficients

in pairs define the force distributions.

BRAKERij = Coefficients for distribution of braking force
among axles. The ratios of these coefficients in
pairs define the braking force distribution.

Ipij = 1, if wheel can be powered

= 0 , otherwise
, 1f wheel can be braked

= 0 , otherwise,

Note: At any position on the obstacle, a combination of some wheels

powered while others are braked is not modeled.

b) Force Relations for Single Wheel Support

" Given normal force, tractive force, rolling force,wheel rolling
radius and slope under wheel, the forces and the moment at the wheel

center indicated in Fig.II.B.20 are calculated as follows:
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FIGURE 11.F.3 -- Forces on a Single Wheel

Fei Fnij* (CTRij*cos(%ij) - sin(o5))
in = FNij* (cos(dij) +CTRij *sin(dij))

My

CTFij *FNij*rij

where j=1 and i1 designates the suspension support
CTRij - Coefficient of rolling and tractive forces defined
as: Crgpij = CrFij - CRRij
FTRi - Sum of rolling resistance and tractive force

Frri = FNij*CTRij

CRRij- Coefficient of rolling resistance

®jj =- Slope angle under wheel
FNij - Force under wheel normal to slope
F_. - Force at wheel center in x-direction

X1
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F.i - Force at wheel center in z-direction

Mi - Moment reaction reduced to wheel center. The moment

reaction is due to the tractive force shift.The rolling
force is shifted to the wheel center without a moment
component.,

rij - Wheel rolling radius

Note: For a single wheel, the above quantities are given for j=1.

The corresponding quantities for j=2 are not used.
c) Force Relations for Bogie Support

As described below in section II.F.3, subroutine MOVEB, the
vehicle may be located either with both wheels of a bogie assembly on
the ground or with only one of the pair on the ground when the bogie
anguiar motion limit is reached. The force relations are described

separately for these two cases.

(1) Both wheels of the bogie support on the ground:

Assuming that the normal force, tractive force coefficient,
rolling resistance coefficient and all needed geometry are known, the
normal and the tangential forces acting on the bogie beam at wheel

center are described as follows (see Fig.II.F.4):
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FIGURE I1.F.4 -~ Forces on Bogie Suspension When Both

Wheels Contact the Surface

The angle (interface friction angle) that the resultant force vector
under the wheel.makes with the normal to the under-wheel-slope is:
Yij :arctan(CTFij - CRRij)'
The magnitude of the force vector at the center of the front wheel
on the bogie is:
Fiq =FNiq/ cos(Yi1).
The normal force to the bogie beam is:
Fnpi = Fyq *cos(8i9)

where:

'
8 = vij *Bi -oij

[
!

i
B{: angle of bogie beam with horizontal

Gijz under-wheel-slope.
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The tangential force on the bogie beam due to the first wheel is:
Frpiq= Fiq * sin(®4q).

The equations for the normal force and the tangential force to
the bogie beam due to the second wheel are calculated next, based on
the previously made assumptions that the normal force to the bogie
beam is equal for both wheels.

Force F,;, at the second wheel center is:
Fio = Fypi/ cos(83p).
The tangential force for the second wheel is:
Frpio= Fip *sin(6;5).
The evaluated normal and tangential forces and moment on the
bogie beam are shifted to the bogie pivot center and rotated to the
vehicle fixed-ground parallel coordinates.

Forces at the pivot center are:

F

TBi = FrBi1 + FTBi?2 ,
in :-2FNBi *sin(B{) +FTBi *COS(Bi')
in = ZFNBi *COS(B{) +FTBi *sin(B{).

Moment at pivot center is:

Mj  =Crpiq *Fyjiq *ri1 +Crrip *Fyip *rip

where

rij zrolling radius of wheel j on suspension support i.

F = forces at bogie pivot center

Fyis zi
My = moment reaction reduced to bogie pivot center

Note: The same rolling radius is used for all wheels on a
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suspension support
(2) Only one wheel of the bogie support on the ground:

Forces at the wheel center are evaluated as before for two
wheel bogie support. The wheel in contact is designated by j. In the
program this is indicated by the variables SFLAG and NW. The final
force and moment equations reduced to the pivot center are:

Fei = -FyBi *sin(B{) +FTBi 3 *cos¢3i)
F,i = Fypi ¥*cos(pi) +FTBi j *5in(B{)
My = CTFij *FNij *rij + FNBi ¥bj/2
where:
+ if front wheel of bogie assembly is on the ground (j=1)

- 1if rear wheel of bogie assembly is on the ground ( 3:2)

b; = bogie arm length

Tractive force, rolling resistance force and reaction moments

are calculated as follows:

Frij = Fnij ¥ CTFij Tractive force
FRij = FNij * CRRij Rolling resistance force
Mij = Frij *rij Reaction moment, due only to the
tractive force
where:
Fyij = Normal force under the wheel

The above quantities are used for information only, they are not

needed by the rest of the program.
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d) Force and Moment Summation for Entire Vehicle

Sum of the forces in x-direction for main unit

FMx = Fyq1 + Fyo + FMcox -Fnx

Sum of the forces in z-direction for main unit

FMz = Fo1 + Fyo + Fycgz - Fnz

Sum of the moments around hitch point for main unit
My = (Mg +F.q ¥z +F,q *x9) + (Mp +Fyp *z5 +F,5 ¥x))

- Fucex *zcoM + FumcGz *xceM

where:

(subscripts: M-for main unit, T- for trailer )

FMcex s FMcgy = Forces at center of gravity in x-direction

and z-direction respectively (Fycqy = 0)

Faxs» Fhz = Force at trailer hitch point (negative
sign for main unit, for single unit,
both are equal to zero )

XcgMs ZcgM = X and z location of center of gravity with

reference to the hitch point ( vehicle fixed-
ground parallel coordinates )
The additional three equations for the main unit with a trailer are:
Sum of the forces in x-direction, for trailer only
Frx = Fx3 + Frcox + Fhx
Sum of the forces in z-direction, for trailer only
F

Tz =Fz3 + Fregz +Fnz
Sum of the moment around hitch point, for trailer only

Mp =My - Fyg *z3 +F,3 *x3 -Frogx *zcgT +FTeGz * XcGT
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where FTCer Frcgz are the forces at the center of gravity of the

trailer in the x and z directions respectively.

These six unbalanced forces and moments FMx1 Frzs MM,
Fr,, Fr, and Mp are all driven to zero by adjustments to XN(1),

Fn11s Fn21> FN31:Fhx, Fnz (the XN array) using the iterative
procedure of subroutine EQSOL described in Powell (1970).

3. Subroutine MOVEB

This subroutine advances the vehicle to a new position on the
obstacle profile and calculates the coordinates of the wheels, CG's,
hitch, trailer,‘the vehicle pitch angle and the angle under the

wheels, all at the new position and attitude.

MOVEB makes use of the equation solving routine EQSOL, also
used by FORCES, to calculate the position of the prime mover (the
vehicle) such that all the wheels are on their hub profiles (unless
they are elevated above the hub profile by restrictions on the angulat
movement of the bogie arm with respect to the frame) in such a way
that the new position of the CG is a distance of STEP away from the
prior position. The value of STEP was calculated and set in
subroutine OBGEOM. The independent variables of these equations are

XéG: ZéG and €] for single wheeled vehicle

suspension elements and for those positions which yield all bogie arm

positions at their limits. If the suspension elements are bogies and
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their equilibrium position is between their angular limits, then one
or two additional independent variables are 61 and/or (32, the

angle the bogie arm makes with respect to the vehicle x-axis.

Initial estimates for these three, four, or five quantities are
supplied to EQSOL; the equilibrium values of these variables are
returned by EQSOL such that

[(xggq + xpog)? + (20gq + zpeg1)@11/@ =STEP
and the vertical distance of each wheel to its hub profile is zero,

all within an overall tolerance of about one inch or less.

With a bogie suspension element, three possible states of

support exist:

(1) on the front wheel at its upper (toward the vehicle) limit

| []
(' ey 22

CG1
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(2) on both wheels, or

] 1
(x'cgye2 cm) {

(3) on the rear wheel at its upper limit.

!
1 [

Li2

NW(i) = 2

FIGURE 11.F.5

-=- Possible States of Support of Bogie Suspension Element
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(4) In addition, for tracked vehicles, support by a spridler

could be substituted for an entire suspension element.

"FIGURE 11.F.6 -- Spridler Interference for Tracked Vehicles

If the rear spridler is supporting the vehicle, then NW(2) = 3.

(In case (4), the "wheels" of the tracked vehicle that are used to

model the track are much larger than pictured.

shown for illustrative purposes only.)

The small wheels are

Upon entry to MOVEB, the program assumes case (2) for all

suspensions which are modeled with a bogie.

% are passed to EQSOL to locate the supports.)

0

(rgci, ®sci and

This may result in

up to five (NEQL = 5) independent variables and equations used to

locate the vehicle. Upon return from EQSOL, the following values

represent the location and attitude of the vehicle xéG1,

1
2cG1r 8] and 61 and/or 62. These returned values of
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P1 and/or B, are checked to be within their limits: Bgj < By
S Byi, 1= 1and/or 2. 1If no violations to these inequalities
occur,; the position and attitude of the prime mover is considered

final and the routine proceeds to calculate the position of the

trailer, if there is one.

If, for example, Bi > Sui or Bi < Bdi , a new entry
is made to EQSOL, then the bogie of suspension i is replaced by a

single wheel support with recis ®BCi, Bi replaced by Rpjq,

Tli1, Bui or Rpi», TLi2, Bqi depending on which limit is

exceeded. The number of independent location variables and equations .

is now reduced by one.

This procedure is repeated until no bogie angles exceed their
limits or all bogies have been, temporarily, replaced by single wheel

supports.

In case a tracked vehicle is being modeled, the location of
both spridlers is now calculated. 1If either one is below their hub
profile, EQSOL is called again with the front support replaced by one
located at scy, ®gcy and/or the back support replaced by one at

"BC5 eBCS- Degrees of freedom may be reduced if, as shown in

Figure II.F.6, the vehicle is being supported by a spridler rather

than a bogie.

Once the vehicle location and attitude are returned from EQSOL

all wheel and suspension support positions are calculated. This
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calculation, and the same ones performed during the equation solving

done by EQSOL, are performed by a subroutine called ELEVAT. Given

some set of xéG1, ZéG1’ e{, B1, Pp, flags indicating on what

suspension elements the vehicle is being supported, and the length

and direction of radius vectors from the CG to those vehicle support
points, ELEVAT calculates x&ij, Z&ij’ XBci, 2Zpci and ELEV(i), the vertica
distance between wheel center i and its hub profile for all suspension

elements on the prime mover.

When the above calculations and adjustments result in a
position and attitude of the prime mover which does not violate any
constraints and which has advanced the vehicle CG a distance of STEP
across the obstacle, all the surface angles under the wheel in contact
with the ground are calculated. This is done by a subroutine called

WHEEL1. The hitch location is then calculated.

If a single wheel trailer is present, subroutine WHEEL2 is used
to locate the trailer wheel on its hub profile maintaining the length
of the radius vector, rpc3, from the hitch to the trailer wheel
center. The pitch angle of the trailer and the location of its CG are

then calculated and a RETURN is made from MOVEB.

If a trailer is being modeled and it is fitted with a bogie
Suspension the trailer is first positioned on the obstacle with the

front wheel at its upper most position ( 53 - B u3) using

subroutine WHEEL2 with RL31 and TL31' If the second wheel is
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above its hub profile, it is concluded that this is the proper
position for the trailer, its bogie center, pitch angle, and CG

location are calculated and MOVEB exits.

If the second wheel is below its hub profile, the trailer is
positioned on the obstacle with the rear wheel of the bogie at its
upper most position (B 3 = B 43) using subroutine WHEEL2 with
RL32 and Ty 3p. If the first wheel is now above the hub profile,
it is concluded that this is the proper position for the trailer, its
bogie center, pitch angle, and CG position are calculated, and MOVEB

exits.

If the first wheel is below its hub profile, it is concluded
that the proper position of the trailer is such that both wheels of
the bogie are in contact with the ground. A search for 83 in the
interval [ B 43, B3] is conducted until both wheels centers are
on their hub profile to within 1/10 of an inch. It is concluded that
this is the propér attitude of the bogie whereupon the location of the
bogie center is calculated and thus the pitch angle and CG location of

the trailer are determined. MOVEB then exits.
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III INPUTS AND OUTPUTS
A. Vehicle Data

The data required to describe a vehicle for the Obstacle
Module, OBS78B, is listed below together with the file formats

required.

Most of the descriptions are self-explanatory. One should note
that the equilibrium load and center of gravity location (lines 12,13)
should be those of the empty vehicle. The weight and location of the
payload are entered separately (line 14,15). The payload weight may be

Zero.

The data used to describe a tracked vehicle requires special
attention. In OBS78B, the track is replaced by eight wheels, two bogie
pairs on each side, as discussed in section II.A.1. In order to obtain
the kind of path of motion expected at the CG, these wheels are quite
largé. In fact, the effective radius is the distance between the two
support points if the vehicle has a girderized track and half this
distance if the track is flexible. These wheels are placed on two
bogie suspensions whose horizontal locations, bogie arm width énd
limits of angular motion are those specified in the input data file
(lines 8-11). We have found that if the suspensions are too far apart
the resulting enormous wheels can contact the obstacle far fore and/or
aft.of the vehicle resulting in false clearance information. In

particular, the contact of the sprocket or idler (spridler) is not
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modeled in this case. If the suspensions are too close,the vehicle
motion is not properly modeled. For the M60A1, placing these
suspension supports over the second and next to last road wheels with
the bogie arm width equal to the road wheel spacing seems to give
reasonable results. To model the relative freedom of vertical motion
of the first and last road wheels, the limits of angular motion are
different in the clockwise and counter clockwise directions. For the
M60A1, we allow the outer wheels about four times the motion toward

the body of the vehicle allowed for the inner wheels.

The input file description forms Table III.A.1. The variable
names are those in the program. The coordinate system for the input
data is shown schematically in Fig III.A.1. An explanation of all the
coordinate systems used in the Obstacle Module may be found in Section
I1.B, above. Sample vehicle input data files for wheeled and tracked

vehicles are contained in Appendix B.
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Line
No.

10

Variable
Name

TITLE1

TITLE2
TITLE3

NUNITS
NSUSP
NVEH1

NFL

REFHT1

HTCHFZ

SFLAG(I)
I=1,NSUSP

IP(I,Jd)
J=1,2
I=1,NSUSP

IB(I,Jd)
J=1,2
I=1,NSUSP

EFFRAD(I)
I=1,NSUSP

ELL(I)
I=1,NSUSP

BWIDTH(I)
I=1,NSUSP

BALMU(I)
I=1,NSUSP
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TABLE III.A.1

Vehicle Input File Format-OBS78B

FORMAT

I2

I2

F7.2
F7.2

10I2

1012

10I2

10F7.2

10F7.2

10F7.2

10F7.2

Description

This line contains alphanumeric
vehicle identification. The first
15 characters are printed in the
program output.

Number of units
Total number of suspension supports
for entire vehicle
Vehicle type: O-tracked
1 or greater- wheeled
Track type: 0- rigid
’ 1- flexible

Height of hitch above the ground when
empty vehicle is at rest (in.)
Vertical force on hitch of trailer at
rest (tongue weight) (1b.)

Suspension type at support I:
O-independent single wheel
1-bogie .

Power indicator for wheel J of
support I: O-unpowered
1-powered

Brake indicator for wheel J of
support I: O-unbraked
1-braked

Effective (loaded) radius of wheels at
support I, i.e. the distance from the
wheel centers to the contact point
(including track thickness for a
tracked vehicle)

Horizontal coordinate of suspension
support point I with respect to
hitch (in.)

Bogie swing arm width at support I
(0. If no bogie) (in.)

Limit of angular movement in counter
clockwise direction of bogie arm at
support I (deg.)
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TABLE III.A.1 (Continued)

Line Variable FORMAT Description

No. Name

11 BALMD(I) 10F7.2 Limit of angular movement in
I=1,NSUSP clockwise direction of bogie arm at

support I (This angle is negative
if the front wheel is below the rear
wheel at the extreme position) (deg.)

12 EQUILF(I) 10F7.2 Equilibrium load on support I when
I=1,NSUSP vehicle is empty and at rest ( If
support I is a bogie, this is the sum
of the loads on the two wheels of the
bogie pair) (1b.)

13 CGZ1 F7.2 Vertical position from ground of
center of gravity of unloaded
first unit (in.)

CGZ2 F7.2 Vertical position from ground of
center of gravity of unloaded
second unit (in.)

T4 DEE1 F7.2 Horizontal coordinate of the first
unit payload CG with respect to
hitch (in.)

ZEE1 F7.2 Vertical distance to the CG of the
payload of the first unit from the
ground at rest (in.)

DEE2 F7.2 Horizontal coordinate of the trailer
payload CG with respect to hitch (in.)
ZEE?2 F7.2 Vertical distance to the CG of payload

of the second unit from the ground
at rest (in.)

15 DELTW1 F7.2 Weight of the payload of the first
unit .(1b.)
DELTW?2 F7.2 Weight of the payload of the second
unit (1b.)
16 NPTSC1 I2 Number of breakpoints used to describe
the bottom profile of the first unit
NPTSC2 I2 Number of breakpoints used to describe
the bottom profile of the second unit
17 XCLC1(I), 10F7.2 Pairs of X and Z coordinates of
YCLC1(I) breakpoints of the bottom profile of
I=1,NPTSC1 the first unit at equilibrium with

no payload. Five pairs are entered per
line, as many lines as needed (in.)




R-2058, VOLUME II Page 83
Obstacle Module
TABLE III.A.1 (Continued)

Line Variable FORMAT Description
No. Name

NOTE: IF A ONE UNIT VEHICLE IS BEING DESCRIBED, THE FOLLOWING LINE
(18) IS SKIPPED.

18 XCLC2(1), 10F7.2 Pairs of X and Z coordinates of the
YCLC2(I) breakpoints of the bottom profile
I=1,NPTSC2 of the second unit at equilibrium with

no payload,five pairs per line with as
many lines as needed (in.)

NOTE: THE FOLLOWING LINES (19 and 20) ARE INCLUDED ONLY FOR
TRACKED VEHICLES.

19 SFLAG(I), 612 Suspension type, power and brake
IP(I),IB(I) indicator (see lines 4,5,6) for front
I=4,5 and rear spridler (I=4,5 respectively)
20 ELL(Y4) F7.2 Horizontal coordinate of center of

front spridler with respect to
hiteh (in.)

ZS(4) F7.2 Vertical distance from ground to
center of front spridler (in.)
EFFRAD(4) F7.2 Effective radius (distance from wheel

center to contact point including
track thickness of front spridler (in)

ELL(5) F7.2 Horizontal coordinate of center of
rear spridler with respect to
hitch (in.)

Z5(5) F7.2 Vertical distance from ground to
center of rear spridler (in.)

EFFRAD(5) F7.2 Effective radius of rear

spridler (in.)

X

O——F0— 06

FIGURE 111.A.1 -~ Vehicle Input Data - Coordinate System
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B. Terrain Data

Although OBS78B is currently to be used as a preprocessor, the
program is designed to allow extension to in line use in the Areal
Module or possible expansion to linear feature size obstacles. For
these reasons, the topographic slope is included as a terrain input,
although for present purposes, it should be entered as zero. In
addition, data which describes the terrain vehicle interface is

included as described in section IIi.C below.

At the present time, the obstacle modeled is a symmetric
trapezoid and hence is defined by three numbers, the obstaclé approach
angle, height and width (see figure II.A.2). The user has the option
of entering a single obstacle or a sequence of obstacles. The first
line of the terrain file identifies the option selected. It is planned
to extend the number of options. The value of the option identifier
has been chosen to be consistent with those in data files existing at

WES and TARADCOM. A sample terrain input file is contained in the

Appendices.
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Line Variable
No. Name
1 LSIG
2 GRADE

TABLE III.B.1
Terrain File Format-OBS78B
FORMAT Description

Page 85

I2 - Signal of data entry mode

F7.2 Topographic slope (%)

NOTE: The only values currently allowed are LSIG=2 and LSIG=3.
If LSIG=2,a single obstacle is expected while LSIG=3 indicates
that the data contains a sequence of obstacles.

If LSIG=2,

3 NANG
NOHGT
NWDTH

4 OBH

OBAA
OBW

NOTE: If LSIG=3,

the following line is skipped.

12 Number of obstacle
I2 Number of obstacle
12 Number of obstacle

These three values

angles
heights
widths
are written in the

output file for use by the Areal
module. OBS78B does not need them.

F10.2 Obstacle height

(in.)

F10.2 Obstacle approach angle (deg.)

F10.2 Obstacle width

the file should contain a line in
for each obstacle to be traversed.
line of the file should contain all 9's.

terminates if OBH > 99999.99)

(in.)

the above format

In this case, the last
(The program
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C. Scenario/Control Data

For the nonce, variables to describe terrain/vehicle
interaction and those containing control information for the computer
system are read from unit LUNY (i.e. the program contains FORTRAN |
"READ(LUNY4,f) X" statements, with f the FORMAT label and X the
variables). When the program is run interactively, the variables are

entered from the terminal.

The first entry is DETAIL (FORMAT-I2), the output detail level
indicator. At present the following output levels are implemented.

0 Only the minimum clearance, maximum force and average
force for each obstacle are reported.

1 An additional output file is opened for detailed
output. At detail level 1 or greater, the vehicle and
terrain input data are echoed to this detailed
output file.

4 In addition to the level 1 data, the clearance history
is reported (i.e. the minimum clearance or maximum
interference at each step in the traverse and its
location on the vehicle or obstacle).

8 In addition to the level 4 data, intermediate
calculations at the end of each major subsection
(e.g. clearance computation, force balance, movement )
are reported from the main program. '

9 In addition to the above, the final computations in
the movement and clearance subroutines are reported.

10 At this level intermediate results are reported from
the subroutines as well as at the transition points
selected for lower levels. This is the level normally
required to debug the program. A complete report of
each step is available. Care must be used as traversal
of a single obstacle can produce more than 100 pages
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of output at this level.

11 All level 10 output
well as a report on
non-linear equation
is produced than at

is also written at level 11 as
every call to the iterative
solver. About 60% more output
level 10.

The final two lines are the vehicle/terrain interaction data.

First is a line containing the limiting coefficient of friction for

each assembly (FORMAT 3F7.2). In this edition of the Obstacle Module,

this data is not used. The last line contains the rolling resistance

coefficient for each assembly (FORMAT 3F7.2).

As this section is designed for interactive users, each of the

READ statements is preceded by a prompt.
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D. Output

The output of OBS78B consists of three files, one of which is
optional. These contain control/execution information, the basic model
output and detailed model output respectively. Each is described

below.

1. Control/Execution Report

Several lines of output are generated for the guidance of the
interactive users. These lines appear at the terminal or in a log file
in the case of a batch run. The first few prompt the user to provide
the scenario/control information described in the previous section.
Next the first identification line of the vehicle data file is output.
As each obstacle in the terrain file is completed, this is reported
so that the interactive user knows how far the program has progressed.
In addition, warning and error messages may be written. In particular,
in certain cases an informational message is given about the error
from the EQSOL subroutine although this error is relatively small and

the results are satisfactory.

2. Basic QOutput

The final results of OBS78B are the minimum clearance (or
maximum interference) between the vehicle and the obstacle during the
override, the maximum propulsive force required during the override

and the average propulsive force to override the obstacle. For ease in
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using this data as part of the vehicle data file for NRMM (see Volume
I, Section III.B) the first six lines of the output file will contain
the number of height values, angle values and width values from the

terrain input file (section III.B), when appropriate with identifiers.
Then a header is printed followed by the output and the corresponding

terrain input in the format required for the vehicle data file for

NRMM.
3. Detailed Output

As described before, the user of the Obstacle Module may choose
to obtain an output file containing some of the results of the
computations performed in modeling the override of the obstacle. The

intent is to allow:

1. Verification that the input data is properly formatted and
correctly read (level 1)

2. Examination of the clearance history to identify any points
on the vehicle which appear to be problems (level 4)

3. Examination of the flow of computation to understand the
geometry and force results and relate them to reality
(level 8)

4, Generation of sufficient data to permit program verification
and debugging (levels 10 and 11).

Care must be taken in selection of the output level for this
program and that for the Operational Modules, NRMM, since the higher
levels cause very large amounts of data to be written. We would
expect levels 8 through 11 to be selected only for a single Qbstacle,

not for runs with a multi-obstacle terrain file. An output level
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providing a force history is planned and several levels are unassigned
to provide for expansion. Most of the output records written to the
detailed output file contain an identification. These identifiers are
listed in Table III.D.1 together with the subroutine from which the |
record is written and the output levels at which the record would
appear. In the table, these identifiers are grouped by the
originating subroutine and further arranged in order of placement in

the program (which corresponds reasonably well to the order of

appearance in the output).

Since the detailed output is intended primarily for the
experienced analyst/programmer to use in uncovering anomalies, it
would normally be used with a copy of the program and it is felt that
the headers used as pointers to the appropriate place should suffice
as labeling. The clearance data which is produced in level 4 output,
however, is, hopefully, of potential use to vehicle designérs and

design evaluators.

This output (labeled MAINC) at each step is a line of five
numbers, viz. the variables ILOC, CLRNC, CLRMIN, IDX and IDC. The
first, ILOC, is the index of the step. The second is the minimum
clearance or maximum interference (in inches) at that step. CLRMIN is
the minimum clearance or maximum interference found at all steps from
the initial position to the current position. The last two numbers,
IDX and IDC are indices which contain, encrypted, the location (on
vehicle or obstacle) at which CLRNC and CLRMIN respectively are

obtained. As explained in section II.F.1, at each step of the obstacle
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tra?ersal, clearances are checked at the obstacle breakpoints, the
vehicle clearance array breakpoints and the vehicle hitch. The

minimum is the reported clearance, CLRNC. If this occurs at the Nth
obstacle breakpoint, the value reported in IDX is N. If the minimum
occurs at the Nth breakpoint of the first unit's clearance array, the
value of IDX is 10,000N. For a minimum at the Nth breakpoint of the
second unit's clearance array, the value of IDX is 100N. If, finally,
the minimum is found at the hitch point (which is checked separately);

the value of IDX is 1,111.
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TABLE III.D.1

Detailed Output Headers - OBS78B

Header Originating Level Comments
Subprogram

Descriptive 0BS78B 1 or greater Echo of

Text vehicle input

TERR1 OBS78B 1 or greater Terrain input echo

NEW OBSTACLE 0OBS78B 1 or greater Terrain input echo

MBACKOFF OBS78B 10,11

MINIT1 0OBS78B 8-11

MINIT?2 OBS78B 8-11

MAINC 0BS78B 4,8-11 Clearance history

MAIN1 0OBS78B 10,11

MAIN2 0BS378B 10,11

MAIN3 OBS78B 8-11

MAINY 0BST78B 8-11

MAINS 0OBS78B 8-11

MAINT7 OBS78B 1 or greater

OBGI OBGEOM 10,11

———— OBGEOM 10,11

———— OBGEOM 9-11

K,I OBGEOM 10,11

———— OBGEOM 9-11

STEP SIZE OBGEOM 1 or greater

CLEARO CLEAR 10,11

CLEAR1 CLEAR 10,11

CLEAR2 CLEAR 10, 11

CLEARS3 CLEAR 10,11

o4 CLEAR 10,11

V1 CLEAR 10,11

V2 CLEAR 10,11

V3 CLEAR 10,11

H1 CLEAR 10,11

H2 CLEAR 10,11

H3 CLEAR 10,11

T1 CLEAR 10,11

T2 CLEAR 10,11

T3 CLEAR 10,11

MIN CLEAR 9-11

SSQ FORCES 10,11

XN FORCES 10,11

XPH FORCES 10,11

X FORCES 10,11

VA FORCES 10,11

CGX(I),CGZ(I) FORCES 10,11

ALPHA FORCES 10,11

CGFX(I) FORCES 10,11

CGFZ (1) FORCES 10,11
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TABLE III.D.1 (Continued)

Header Originating Level Comments
Subprogram

FHX,FHZ FORCES 10,11
SFLAG FORCES 10,11
NW FORCES 10,11
RR FORCES 10,11
BETAP FORCES 10,11
BWITH FORCES 10, 11
BN FORCES 10, 11
BT FORCES 10, 11
CRR FORCES 10,11
CTF FORCES 10,11
FN - FORCES 10, 11
RF FORCES 10,11
TF FORCES 10,11
FX FORCES 10, 11
FZ FORCES 10, 11
PX FORCES 10,11
PZ FORCES 10,11
PM FORCES 10,11
MOVE2 MOVEB 10,11
MOVE3 MOVEB 10,11
MOVESH MOVEB 10,11
MOVES5 MOVEB 10,11
MOVE 11 MOVEB 10,11
MOVE12 MOVEB 10,11
MOVE21 MOVEB 10,11
MOVE22 MOVEB 10,11
MOVEA3 MOVEB 10,11
MOVEA4 MOVEB 10,11
MOVEAS5 MOVEB 10,11
MOVEA5A MOVEB 10,11
MOVEASB MOVEB 10,11
MOVEA® MOVEB 10,11
ELEVAT1 ELEVAT 10,11
ELEVAT?2 ELEVAT 10,11
ELEVAT3 ELEVAT 10,11
ELEVATY ELEVAT 10,11
WHEELSO WHEEL?2 11
WHEELS1 WHEEL?2 11
WHEELS2 WHEELZ2 11
WHEEL3/1 WHEEL3 11
WHEEL3/2 WHEEL3 11
WHEEL3/3 WHEEL3 11

%EQSOL: EQSOL 11
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PKGGRAM CBS788

VEHILLE-CBSTACLE INTERFERENCE MOLEL (CCDING UNGPTEIMIZED)

DETEKMINES INTERFERENCu/CLBARANCE BETWEEN 2-DIMENSIONAL
VEHICLE PRCFILE AND GBSTACLE FROFILE CF THAPEZOIC SHAPE.
DETERMINES TRACTEON FCRCE REQUIREC TG SURMOUNT, ACCOUNTS
FOK AKTICULATION IN PITCH #LANE, BUGIES ALLOWED

UN ALL SUSPENSIUNS, BASIC ANALYSIS PRCCECURES SOLUT ION-OF
EQUATICNS CF STATIC EQUIL4BRIUM FCR SECUENTIAL PLACE-
MENTS UF VEHICLE ON OBSTALKE TO YIELC TANGENTIAL FORCES
ANC PCSITICN OF VEHICLE CLEARANCE CONTQUR WETH RESPECT

10 UBSTACLE,

LOUT=DETAIL IS OUTPUT CETA#L LEVEL INCICATCR
DETAIL = & ONLY 0780UT £LLE WILL EE WRITTEN
DETAIL .Gte 1 O78DBG FLLE WILL EE WRITTEN

DETALIL = 4 CLEARANCE FHASTGRY WRITTEN
vETATL = 8 MAJOR SUBSEGTICN RESULTS
DETALL = 9 SUBROUTINE TRACE

DETAIL = 18 ALL VARTIABLES

[aEeEaNsRalesNaol ol eNeRaRaN ol ol ol i el o Rel e o ol o

PHROGRANM UBST88 (INFUT=154,0UTPUT=156,TAPES=INPUT ,TAPE6=0UTPUT 3
TAPEL=150+TAPE2R=152sTAPE21=15¢,TAPE22=15%)
COMMCN ALPHA(S5,2),

BALMCI{3) ,BALMU{ 3},

BETA{3),BETAP(3) ,BN{3),BRAKERI54239BT{3,2)4BWIDTH{3),
COSAL3,20,C0SBU34,CCS6H342),CGFXd2¥,CGFZL2),
COX{ 23 yCGZL2) yCGNMYL 2R,CERI3,2¥5 CTF(3,2),
EFFKADIS5) ,ELL{5),

FHXs FHZ9y FN(3,2),

HALS o9 o HB(S5 ,9) y hC(549) yHD{5,9) JHEL 54 9, HF £599),
HFLL 5,90 yHX(5,18Y,H265,12},

GAMME(3,2),

IB{S 420y IP(S5,24,IH(S42),

LOUT 4LUNG

NSUSFsNUNTITS JNul 5% , Mi2{5),

QA9 4, 0FLIL9) ,UX{ 1) oC24180,

PML3 Y, PUOWERR{S, 21, PXE3),PXPCGL{33,PZU3),PZPCGA3),
RBCL sRBC2yRR{ 392,

SCALE(6) ,SFLAGIS53,SIAA(3,2),SINR(3%,STEP,
THETBi,THETBZ,

X{5) JXPBCUSD g XPW{5,2%¥,

ZL5) 4ZPBCIS) yZPRLF{ S92) 4 PHiI542)

LA A B N T R S <

(e

UIMENSION

CAW1L15) yCAWCI 15),CENIL15),CANZI15),
EQUILF{S) ,EFTRAC{S),

FMUL 3D,

PGW{3e2%,

+ o
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RBCL5) KHTCHI 21 yRTChE3 ) g RWLIMI 3,20
THETA{2) ,THETAG(S5) g THETEH(2) ,TRLIM(3,2)0%
XCLC 14 151, XCLC2( 152 XN 60 4 XPLGL 2) o, XPRF(2D1 4
YCLC1(15d,YCLC2{15) ,¥YPRF {26},

LPCGLR2)Y,25(5)

* 4+ + + ¢

[ o

UOUBLE PRECISICN VEREAT
INTECER SFLAG,DETAIL
KEWIND 1
REWIND 2k
KewIND 21
KEWIND <2
CALL CCONNEC( SLINPUT )
CALL CCNNECLL 6LOUTPUT
C INITIALIZATION OF 1/C UNITS
C PRUGRAM SUMMARY DATA
LUNL1=22
C TERRAIN OBSTACLE DATA
LUNZ=21
C VEHLCLE DATA
LUN3=2¢
C CCNTROL INPUT FILE
L UN4 =5
U EXECULTION REPURT FILE
LUNS =6
C DIAGNGSTICS
LUNG6 =1

PI=3,14159265
PIM2=PI=2,
PIC2=P1/c.
Kl=g

KAF=L.5

WRITE(LUNS,1@)

1 FCRMAT(c@H PKINT OGUTRUT LEVEL )}
READ{LUN4,11) DETAILL

11 FORMAT (1 2)
WRITE(LUNS,15)
READ (LUNG,462@) FMU (L), FMU(2),FMUL3)
WRYTE{LUNS,16)
KEAD(LUN4, 49280 RTGW(1) yRTChi2) ,RTCW{ 3}

15 FURMAT{34H FRICT ICN CCEFFYCIENTS BY ASSEMBLY)

16 FORMAT(43H ROLLING FESISTANCE CCEFFCIENTS BY ASSEMBLY)

LOUT =DETAIL

C READ IN VEFICLE DATA

¢

KEAD (LUN3 ,4000) TITLHEL,TITLEZ,TITLES
WRKITE(LUN5,492988) TLTLE1,TITLE2,TITLE3
4ufu FGRMAT(345)
“@ly FORMAT(1pIR)
462w FORMAT (14¥FT7,.2)
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LISTING

OC O

1Y

85
104

115

12¢

VCLUME 11
OF PROGRAM UBS78E

KEAD(LUN3,4010) NUNITS,NSUSP,NVEH] ,NFL
KEAD(LUN3,4028) REFHTL ,+TCEFZ

KEAD(LUN3,4618) (SFLAG(Id, I=1,NSUSP)
KEAD(LUN3,4018) [{LF&Y,d3,4=1y2d,1=1,NSUSPI
KEAD(LUN3,4018) ({TEBGis,Jd),J=1224,1=1,NSUSPY
KEAD(LUN3,4020) LEFFRAD{LY,I=1,NSUSP}
READ{LUN3,4B208) {ELLGLI,I=1,NSUSP)
REAC{LUN3,64020) (BWi8TH{Id,I1=1,NSUSP}
KEAC(LUN3,4020) {BALRULTI),I=1,NSUSP}
KEAD(LUN3,402¢) (BALND(I),I=1,NSUSP)
READ{LUN3,4828) {EQUILF(I),I=1,NSUSP}

READ (LUN3,428) C(CGZ14CGL2

CGZ1=CGLZ1-REFHT1

CG22=CGZ2~REFHT]

READ{LUN3,4¥20) CEEl,2cEl,CEEZ2,ZEE2
LEEL=2EE1-REFHTL

LEE¢=ZEE2-REFHT1

READ(LUN3,4220) CELTW1,DELTW2

READ(LUN3,4¥14d) NPTSC1,NPTSC2

KEAD{LUN3,4826) (XCLTL{ I ,YCLL1ETI},1=14NPTSC1).
DO 82 I=1,NPTSC]

YCLCU{ YY) =YCLCLI(I)=REERT]

IFINLNITS.EQ.13GE TC 192

FEAD(LUN3,4026) 4XCLC2{I),YCLC2{13,1=1,NPTEC2)
DU 85 I=1,NPTSC2

YCLC2({LY=YCLC2{ID}=RE£HT]

CONT INUE

IF{NVEH1.NE. Q) GCTC 115

READILUN3,,4010) (SFLAG( I oIPIIos1)gIB{TuldsE=4,5)
KEADILUN3,422d) (ELL#db,Z2S4 1V, EFFRAC{ I}y I=%,5)
7S{4)=25(4)-REFHT1

Z5(534=2S(5)V-REFHT1

CONTINLUE

0BS7& VEHICLE PREPRCCESSCR

IF(NUNITS.GE«cd) GCTC 128

HTCHFL=yp .

EQUILF(31=4.,

LGFZ{2)=0Ve.

CGX(2)=9.

CeZ( 2 =k«

COFZ1==-EQUILLF(i) -EQUALF( 2}
COX1=={EQUILF{ 1) “ELLLIV+EQUILF( 2H*ELL(232/CGFL]
CGFZ2=-EQUILF{31-HTCHFZ

CGoXe=8«

[FINSUSP oGE. 3) CGX2==EQUILF(3I®ELLI3V/LGFLe
CGFZ(1)=CGFZ1-CELTWI

CoX{ 11 ={CGFZ1*CGX1-CELTW1%CEEL1) /CGFZLIi1)
LGZ(1V=(CGFZ1%CGZ1~CHLTWI*ZEEL1}/CGFZL1}
CGFX(1)=3.

PABE A-4
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RHTCH(11=SQRTECGXL 118¢2+4CGZL1V2%2)

FOLLOWING CISTANCES ANC AMNGLES WRY CG

OO C

ACG=ATN2(CGZLi11,CGX( kD
THETZ2H{1 d=ACG+P1

SET ANGLE (F VECTOR FRCM CC TC HITCH EETWEEN =PI AND Pl

IF{THFFTIF(1) .GELFI)» THETEH{1)=ACC~PI
DU 122 I=1,2
XB=ELL{TI3=-CGXx (1)}
18==REFHT1+EFFRACL 1)=CG6Z( 1)
RsC{IV=SQKT(XB&XB+ZB%IB)
THET24(I)=ATNc(ZByXE#¥
PWLINM(I,1¥=xkBC(I)
TWlIMOI,1V=THETARLI}
RWLIM{ Iy2V=i.
TWLIMIL,2)=0.
ITFESFLAGIIIFQad) GCIE 122
BaLMU(IVY=BALMU(IV=P id4d80.
BALMC( Yd=BALMU{ I}=FP]1/18¢.
X1=XB+ ,5«BWIDTH{ IY*LCSIBALNULIH)
211=72B¢.5«BWIDTHL I+« SEN{BALMU{T )}
X2=XB= o5 =BWIDTHI 13 CLS(EBALNC(TI N
12=0B=.S4BWIDTRHROIV&SIN(EALMCLIN)
TalIM(I, 1d=ATN2( 21, X1}
TwlIM(I,2)=ATN2{Z22,X2)
RWLINM(T,1)=SQRTL x1¢xp+21%71)
PWLIM I ,2)=SQRT{ X2%n3a+22472)

122 CONT INUE
IF{INVEHL1.NE., J¥ GCTC i24
DO 123 T=4,5
EFTRAD{II=EFFRADI(IY
XB=ELL(IV~-CGX{1)
IB=ZS(1)Y~CGZ (1}
KRBCLIV=SOQRT( xB=XB+ZE&ZB)
THETAX L A=ATN2{ ZBy,XEA

123 CUNT INUE

1c¢4 IF(NULNITS.EQ.1) CGCTL 125

C
C ALL TRAILER DIST., ANC ANGLES WRT KHITCH
C

CGFZic)=CGFZ2-DELTHWZ

CoX{ 2V ={ CGFZ24+CGX2=LBLTW2¢CEE2)/CGFLL 2}
CGZ( 2V =(CGFZ2%CGZ2-LELTW2*ZEE2) /CGFZA2)
CoEX(2)=3.

CGMY(2) =Y

RHTCH{ 21 =SQKTICOX{21422¢CGZ(21V%22)
THETPAH(2)=ATN2ICGZA24,LGX{ 2))
XHB=ELL(3)

IHB==-REFHT1 ¢EFFRAC( 3%

RBCI 3)=SGRT{ XHB=XhB+{EB*ZHB)
THETAS{ 33 =ATN2{Z+B, XhB?)

98
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125

13¢

133
135

1348
149
C

RWLINMI3,1)=RBC{3)

TWLINMI3,1)=THETABI3)

RWLIN(3,2)=0.

TulINM(3,2)=0.

IF(SFLAG(3).EQ.3) GCTIC 125

BALMUL 3) =BALMU( 3 kP 141842,
BALMLC(3)=BALMD(3)}*P1/18k.
X1=XhB+,5*BWIDTH{33=CCS{BALMU(3 ¥
21=2rB+, 5% BWIDTHI31#SINIBALMU(3I N
RWLIM{3,1)=SQRT{X1eX34Z1%21)

TulIN(3, 1I=ATN2{ 214 X1)
X2=XHB=o5«BWILTH{3) ¢CCS(BALMD{3})
12=7HB=.5*BWIDTH(3)$SINIBALME{3})
KWLINM(3,2)=SQRT(X2%»2+72%22)
ThLIMI3,20=ATN2(Z2,X2)

CONT INUE

DO 134 I=1,NSUSP

EFTRAD{IV=EFFKADII)
IFINVEH]L «EQed e ANGaIoNE.3 ) EFTRAC(I}=.5=(ELLL1)-ELL (22}
IF(NVEHL sEQe b ANCoNFUpECu U s ANDLTWNES3)
EFTRAD(IV=ELLU{1}-ELLL2)

DO 138 J=1,2

POWEHRR (1 ,J1=1.9

BRAKER(I,J)=1.¥

RELI »JV=EFFKAD(I)

CRR{ T, JI=RTOW(I)

POW(I,Jd¥=FMULI}

CONTINUE

BPRFCL=p .

TF(NVEH1.EQe) BFRFLCEEFTRAC(1V-EFFRAD(1)
DC 135 I=1,NPTSC1
YCLCL(L)=YLLC1{I}-BFRFLL
IF(ABS{YCLCL{I)) +ABSAXCLC1I{IddLEQ.Q.) GOTO 133
CAWL (ID2=ATN2CYCLCLL IR, XCLCUHIN
ITF{ABS(CAWI(IY) LLE. -91) CAwl{li=g.
GOTU 135

CAWl{Ii=d.

CRWIA I =SQRT{XCLCLIL 1d*x2+4YCLCL1( Y282}
IF(NLNITS.LEL1) CCTL 145

NG 148 I=1,NPTSC2
TF{ABS{YCLC2{ 1)) +ABSEXCLC2( 1)) JEQ.0.} GOTO 138
CAmwe (IV=ATN2 (YCLC2{ 1¥,XCLC2(1 3
IF(ABS{CAW2( 1)) .LE. ~9d1) CAW2(I}=0.
GCTU 149

CAW2{(TI)=k.

CRW2{LY=SQRT(XCLC2{ Ia=%2+YCLC2{ R )®p2)

L END GF VEHICLE PREPROCESSCR

C

C FCHO INPUT

C
145

530w

IF(LCUT.EQ.¥) GUTO 135

WRITE{LUNGSSG0) TLTLEL,TITLE2,TITLE3,NVEHI,NFL

FORMAT(1H1,37H THE FGLLCWING IS A LIST OF THE INPUT,
99
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+# 11H VAKIABLES /16F THE VEHICLE IS ,3A5/11K FIRST UNIT,
28h TRACKECD/WHEELEC ANCICATOKS: ,Iiblley
+ 27H FLEXIBLE TRACK IADICATCR 3,12/)
WRITE(LUNG 1510 CGX 194CGZ1,CCFZL1,C6X29C622,LGFZ2
+ (COXOID)oCOZ(T)yCCFXUT) COFZLID,RHTCHL IV, THETWHI I}, I=1,NUNITS)
151 FORMAT (6H OVPPF,6F1243/76X46F12e3/6%¢6F12 031
WRITE(LUNG6,52£2) NUNETS ,REFHT1 ,KFTCHFL
5Pu2 FCRMAT{11H ThIS AS A elcy29h UNIT VEHICLE WITH THE HITCH ,
¢t Fbele24H INCHES ABCVE THE GROUNL/Z1X,14HHITCH LOAD IS oFlde.31%
WRLTE({LUNG6s5 904 NSUSP
5004 FOKMAT{17H THE VERICLE +AS ,12, 21H SUSPENSION SUPPORTS ,I2)
WKITFILUNG ¢5645) :
S34¥5 FCRMAT(47H FOLLOWING dS A LIST C(F SUSPENSION SUPPORY DATA,/
DO 16¥ 1=1,NSUSP
WEITE(LUNG ,5006) SFLAG( IV, EFFRACIINLEFTRADII),ELLID),
¢ EQUILF(IV,BALMUCI) ,BALMCL{I) BWILTHALY FMUL{d ),
RTOWLIDN,RBCIT),THET £{ I
WKITE{LUNO 45¥15) {LFBI ,d)TELY o), RWLIMET, U ,TWLIM(I,4),
+ Rk(l,J'oCRR(I'J"PCW"I'JJ'J3112)
53915 FORMAT(3Xe21292Xe5F18e3/3X21292X95F18e3)
5¢06 FORMAT{13,12F10.3)
100 CONT INUE
IF{NVEH] .NE. 2) COTC 163
WRITE(LUNG6,52289) {SELAGILI) ,IP(1,138,LB¢(I,134ELLLID,
¢ IS{IDVoEFFRAD{I),RBCAEI , THETAL( 1) ,1=4,5)
SY69 FORMAT (32H TRACKELC VEKICLE BEING SIMULATED/2{313,5F10.3/70)
lo3 CONTINUE
WRKITE{LUNO,5807) CG2:,0EE1,ZEE]1,CELTW]
5467 FORMAT(37HUFOK UNLT 12 VERT DIST HITCH T0 CG = ,F7.3/
13X, 29HHCREZ DLST HITICH TO PAYLCAD= ,F7.3/
13Xy29H VERT DIST HIFBCKH TO PAYLCAD= ,F7.3/
13X, 19H PAYLOAD= ,F743)
WRITE(LUNO,5818) RAF
54010 FORMAT{ 35H THE KEBGUNC ATTENUATIGN FACTOR IS ,F5.2,/)
WRITE{(LUNG6,50119 NPTSCI1 '
5ull FORMAT(10H THEKE ARESY3,<2H POINTS ON THE WEHICLE
¢ 18H CLEAKANCE CONTOUR, /)
NC 165 1=1,NPTSC1
WKITE(LUNG6,Svw12) I ,XGLCI(L),I,YCLCI(I34CANWI{I) ,CRWILI)
Sdle FORMAT(7H XCLCi{ I293H) =, FB84292Xs6HYCLC1{wI2y3H) =, FB.2,
+  ¢Fl1¢.3) -
165 CONT INUE
IFINUNITS.EQ.1d CGGTC 175
WKITE(LUN6,50U13) CGZ2,DEE2,ZEE2,LELTNW2
5413 FORMAT (18BHYFOK UNILIT &2 CGZ= ,F723/
¢ 13X,29HHCORIZ DIST HITCH TG FAYLCAL= ,F7.3/
13X, 29H VERT DIST HITCh TG PAYLCAD= ,F7,.3/
+ 13X,108H PAYLUAD= oF743/1X,2F10e3)
WRITE(LUNG6,5L14) NFTSC2
5014 FCRMAT(12H THERE AREs13,23F FLCINTS ON THE 2ND UNIT
+ 18H CLEARANCE CONTGLRG/)
DO 176 1=1,NPTSC¢
WKITELLUNG6 950160 Ly XCLC2{IdoI,YCLC2{E)yCAW2{ I yCRW2{I)
5416 FORMAT{7H XCLLC2( ,1293bh) =,F842,2Xs6hYCLC2{o12,3H) =,

-

* + 4

»

100
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t FBecseFlie3)
178 CONTINUE
C
C THIS PROGKEM DUOES NOT FAVE CLASS INTERVAL GBSTACLES
C
C READ IN TERRAIN CATA
C
175 CONT INUE
NCBST=4
READ{LUNZ2,4012) LSIC
READ(LUN2,4828) CRALE
SLGPE=ATAN(GRADE/12¢,)
CSLOPE=COS(SLCPE}
SSLOPE=SIN{(SLOPE?
TF(LCUTWGE. 1) WRITEGLUNG,5218) LSIG,GRACESSLOPE,
+ (SLUPE,SSLOPE
Syl8 FORMET{6HBTERRY y1244F2u.3)
IF(LSIG.EQ.1YG0 TG 248
IF(LSIG.EQ.2VG0 TO 185
TF(LSIG.EQ.3)GC TC 18¢
WRITE(LUN1,5017)
5017 FORMAT(19H TERRAIN fILE ERRCR}
CaLL EXIT
i80 READ(LUNZ 4048 ) MANCGNCHGT (NWCTH
4dai FORMAT {3 (8X,12))

UBSTACLE LCQOP

ooc O

135 KREAD (LUNZ2,4654) OEBh,GBAA,OBW
4d5¢ FORMAT(3Flv.2)
IF{OEH.CEL.99999.59) CALL EXIY
Kal=CoAA®P1/180.
IF(ABSISLOPEI+ABS(18de=LBARIS*PL/iBBeelLT.PID2) GGTO 195
WRITE{LUN1,191) CBH,GBAA,CEW,GRACE
191 FORMAT{5YH OBSTACLE ANGLE-CRADE CCMBINATIUN EXCEEDS VERTICAL,
t /4F1€.3)
GUTO 185
195 TF{l 85 .-0BAA .LTa. Co% UBH=-ABSAGCGBH}
IF{LCUTL.GE. 1) WRITELLUMN 440309 CBH,CBAA,UBW
430 FORMAT({L3HINEW OBSTACLE,4F1£.2)

GO TC 219
c
C READ CR CALCULATE CBST ALLE PRCFILE BREAKPOINTS
c
23y READ(LUNZ,401060 NMPTSEER

NTOT AL=¢
TF(NPTSPR.EQ.99%) CALE EXIT
READILUNZ,4620) (XFRE(IV,YPRF{I},1=1,NPTSPR]
WRITE(LUN]1,4€35) LS 14

443> FORMAT (42H WRCNG CATA MCCE FUOR CBSTACLE CESCREPTION 41812
CALL EXIT

C

C CALCULATE COBSTACLE AND hUE PRCFILE

C
101
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el CALL CBGEUM (BWILThHeGFTRAD,ELL, FA,HB,HC,HDyHEshF 4HFL,
+  HXyHZyLOUT,LUN6 yNSUSReNUNITS )NV ER1 4 OAyGBAAy OBHe OBW,O FL,
+  UXsUZe SFLAG,O>LCPE,STEP)

C
C STARTLNG PCINTS FOK EG€. SCUVEK
C
XN({L)=RTCW(1)
XN{4d=¢.
NI=NSUSP+1
DO «¢i5 I=2,N1
IM1=]-1
215 AN(IDV=EQUILF{IMLIK{CELTWI+LELTW2)/ FLOAT{ NSUSP)
XN'(S )=4a
XN{6¥Y=HTCHFZ
C
C INITIALIZE STORAGE
C
NW{3)=¢
NwWi& )=y
NW(S V=i
DC ¢lo 1I=1,5
2L6 NwW2{ T4 =i
CLRM IN= 1064,
FCUMAX = »
FUC=¥e
C
C CALCULATE INITIAL PGSITION
C
C FIKST SUSPENSICN
C
C==HE{Ll,1)/HFL{1,1}
S=HD(1,13/HFL(1,412
XPW(leld=HX({Ly2Y=al®(
IPWl1ls1)=HZ(1,y2)=a12S
NW(l =6
TF{SFLAG(I1)».EQ.1) GLTC 22u
C
L FIRST SUSPENSION BCGLE CENTER
C
218 XPBC(1d=XPW(1l,1})
IPBCL{1II=7PnW( 1,1
GCTO 23¢
C
C FIKST SUSPENSICN BOGIE
C
229 XPWE 1,2)=XPW{lyl3d-BhEIDTH(101%(
IPwl AoV =ZPW{141)=BHWiDTH{1)%S
XTEMP=XPW(l,1i=XFfr{le2}
ITEMF=ZPW{1la1)=ZFWl 142)
BETAL1)I=ATN2{ZTENP 4 XTEMP)
XKPBCI13=,5¢{XPWw(1l,13¢XFW{l1,2))
ZPBL 1) =.55(2Ph{l,1047PWd1,2))
C

C LOCATE FIKST UNIT CG FRCM FIRST SUSPEASION
102
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Y17

CHECK

aXs s

CHECK

o CO

OO

236

(o]

THETA(LI=ATN2{HC (1 y1¥be=FE(1,10)
TF(THETA(1)oLEaa@l) THETA{1)=0.
XPCG{1¥=XPBC{1V-RBCAIV*COS(THETAGL 1A+ THETALL N
ZPCG{11=7PBCL1¥-RBCAII«SIN(THET AGI1) +THETA{1 N
XPBC{2V=XPCG{ 1)+RBC{2I*CCSITHET2Ld 2V +THETAL LI M)
IPBC(2)=72PCG{ L) ¢ RBC2¥=SIN{(THET ALK ZM+THETALL N

IF TRACKED

IF{NVEH] «NE. ©@¥ GCTC 235

FRONT SPRUCKET/ICLEF INTERFERENCE
XPS=XPCG{1) +RBC{I 4V« CCS{THETAD{ 4V ¢THETALL})
LPS=/PCLILI+RBCI4I = SENI THETAC{G I+THETALL 1)

CALL WHEEL3 (EshA bl tEsbF ) bX g Ih{G1 394y LOUTyLUNG,

XPSy £PSy IPROF(4,1})
IF(E .GE.=-. 1) GOTG 235

INTERFERENCE - BACKOFF FIRST WHEEL = ASSUME MOUND

$1=5/C

Se=lCZ{4)=-0Z{ )V /{CxBa)-0OX {2V}

PISQ=(S1%%2+41 V% {7ZPS4HZ492) 452 {HX{4 923 =XPSH)+22/{S1-52)#%2
KI=SCRT{RISQY

XPW(1,1V=XPW{lel)=R1&C

IPn( 1,14 =ZPW (1,1 )}=RI%NS

IF(LCUTLGE.lu) WRITEILUNG,2360 XPSoZPS)EsLH{4410,5i,52,
RISQRL XPA(l 1) 4ZPudl,ld

FORMAT{9H MBACKOFF,3Ed0.3,13,6F1c.3)

IF(SFLAGI1 ¥ EQ.1 ¥ GCIC 220

GOTOU 218

C SECONDL SUSFENSIGON
"

235

C

NW{21=¢
IF(SFLAG(2).EQ.1}+ GCTO 240

L SECUOND SUSPENSION SINGLE WHEEL

C

C

XPW{2, 14 =XPBL(2)
IPuic,1)=2PBC{2)
GOTOD 259

C SECUND SUSFENSIGN BGOGIE

L
240

XPW{2¢1)=XPBCI2) #.5%8WICTH{2VCOSITHETA(1))
IPW( 2513 =ZPBCC2) ¢ .S ¢BRNICTH{ZISSINATHETA( 1)}
XPW{2s2V=XPBCL2V = 5%BWILTH{23&«CCS{THETA{1 M)
IPWE 2,23 =2PBCL2) = S*BWIDTH(2) S INATHETA{L1))
XTEMP=XPW{2y1V=XFWlL2a2)
LTEMF=ZPWi2,1 ) =ZFWl 242}
BETA{2)=ATNZ{ZTEMP¥TEMP)
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C LOCATE HIT(H

C
5

O

THIKD

O

279

288

290

291

296
C

XPH=XPCG{1d ¢RHTCH{ 1 d@COSATHETUHAL I ¢THETAL 10}
ZPH=ZPCGL1V+RHTCHIIISSIMTFETOH(1IVTHETALLI D)
ITF{NUNITS.EQ. 1} COTC 28¢

SECOUND UNIT =~ LUCATE WHEELABUGIE CENTER

THETA{2)=THETA{1)}

RSQ=RBC{ 3) &=

CALL WHEELZ2 (EFFRADghA,FCytEgFFabXyHZydy IHI34 10,
3, LOLT , LUNG,UXy0OZ)ALEHAL3,1),RBC{3},R5Q, XPH,
XPBC (3¥,4PH,ZPBC(3))

NW{3)=p

[FISFLAG(3).,EQ.1) GCTIO 2068

SUSPENSION SINGLE wHEBEL

XPW{32,13=XPBC(3)
IPWl3,1)=7PBC(3)
GOTO 270

SUSPENSICN BOGLE

XPh{3,1)1=XPBC(3) +.,53oNICTH{2)*CUS{THETAL23)
IPW{ 3,1)=/PBC{3} ¢ . 59BNICTH(3) &S INTHETALZ2))
XPW( 3423 =XPBC(3)=aS5eBWILTH{3)*CLSL{THETAL 21}
IPWl 3,2V =ZPRC(3)~.5¢BWIDTH{(3¥eS IN(THETA{2))
XTEMP=XPWI3,1)=XFnl 3¢2)

LTEMF=ZPWi{3,1 ) -2Fni342)
BETALI3I=ATN2(ZTENP,RTEMP)
XPLG(2y=XPH+RHTCH{ 2 )eCOUS{TFETOH{ 2V +THETA{L{2M)
LPCGU2Y=ZPH+RHTCHL 292 SIN{THETQHIL 2V +THETAL[2M)

NC 294 1=1,NSUSP

ALPHAILL, II=THETA{1)

IF{SFLAG{I}.EQ.0) CCTCQ 290

ALPHAL{ 1,20 =THETA(1}

CONT INUE

1L0C =0

IF(LCUT «CGE-8) WRITE(LUNE,251) XFHeZPHp{XPCGI 1Y,
IPCGLIY o THETA{ 1) ,I=1,0NUNITSH

FORMATITH MINIT1,8F18.3)

TF{LCUTLGE8) WRKITELLUNE,2G660 (XPBCLTI¥,Z2PBCL{Id Nu(i),
(APHILy UV ZPW( 19 ud o EPHAM I 4J) pd=19cd, I=1 ,NSUSP)
FORMATITE MINITR2,2F 183413 ,6F1l223/247X42F1€84391356F1¢.3/1))

C VEHICLE MOVEMENT LOOP

C

C CALCULATE CLEARANCE

C
300

PLOC=1L0CH]

CALL CLEAR (CAnl yCAm2,CKIW1,CRW2, I0X,L0UT,
LUNG6 yCLRNCyNPTSC14,NFTSC2yNUNITS yCXyGZsTHET Ay XPH,ZPH)
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IF(CLRNCLGE.CLRMINY EOTC 310
IDXCLR=1ILX
LOCATC=1IL0C
CLRMIN=CLENC
319 TF{{LOUT eFQ.4) oORo{ LEUT LGEL8) WRITE(LUN6,311) ILOC,CLRNC,
+ CLRMIN,ICX,ICXCLR

311 FORMAT(6H MAINC, I5,2F1043,c1i8)
C
¢ CALCULATE FURCES UNDER WHREELS
C

CGX4 1) =XPCG(1)=XFH
CGZ(13=ZPCGA1V~-ZFH
IFINUNITS.EQ.1Y CCTLC 32¢
CGX12¥=xXPCG(2)=XFh
CGZ{2)=2PCG(2)-2FH
329 IFILCUTLGE.1U) WRITEGLUNG 93208 COX{1FoCGZ(1dy
+ CGX(edoCGZI2H
326 FGRMAT {(6H MAIN1y4F1@a3)
IFCSFLAG(1) EQal ) BETAP{1)=BETA(L)+THETAL L}
IF(SFLAG(2) JEQ.1 ) BETAP{2)=RETA(2)+THETALLD
IF{NSUSP sGE+3 e ANCoSFLAG(3).EQal) BETAPI{3I=BETA{3) +THETAL 2}
DU 348 [=1,5
X{I1)=XPBC{ I} -XPH
Zi1Y=2PBC{LY~-ZPH
IF{LCUT.GE.1¢) wWRITEGLUNG,3360 XEI),241)
336 FORMAT{6H MAIN2,4F1C43)
340 CONT INUE
CALL FORCES ( XNy MAXCaNTCTAL,SSC,XPH, ZPHI
C
C CAPTLRE QUTPUT
C
FSuM=g.
DC 3590 I=1,N5USP
00 355 J=1.2
FSUM=FSUN#FN{I,40¢CTEL1,J)
[IF(LCUT.GF«8) WRITE{#UN64351) ILCC, FSUM,
+ FN(I:J’vCTF(I’J)
355 CONTINLE
3549 CONT INUE
351 FURMAT (6 F MATIN3, 13,7F12.3%
IF(FSUMLLE.FUOMAXY CCTC 369
LOCATF=TLGC
FUCMAX=FSUM
304 T1F(FSUM.LT . +) FSUM=RAF=FSUM
FOO= FOU+ FSUM
TF{SSQ.GT.12A.% CGGTL 981
¢
C ADVANCE VEFRICLE
C
CALL MCVEB (CSLGFE,NHCL,NVEH1,KEC,
v REFHT1,KHTCHoRWLIM,SSLGPE,SSQM, THETA, THETAD, THETOH,TWLIM,
t  XPLG oXPH,ZPLG,ZPHY
IF{SSQM.GT.100.) GOTG 983
IF{LCUT.GE.8) WRITE{LUNE,366) XFFoZPHeAXPCGUI) 4ZPCG(I,
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366

371

380

39¢
o

C

+
811

C
C WKITE

(@)

9476
991

9471

9d72

945

981

9473

Y¥8c

989

Y77

978
984
9879
Ju83

985

R—ZQSBQ
LISTING UF PFOGRAM DHBS78E

VCLUNME 11 PAGE A~

THET (1Y yb=1,NUNITS )

FORMAT 6 h MAING,8F110,3)

IF(LCUT.LT.8) GCTC 38)K

DC 380 1=1,NSUSP

WRITE(LUNG6s3710 E,SFLAGLIN,NWL IV, XPBC{I),ZPBCII),BETALIY,
AXPWT g Jd 2P L3y ALPHAL I, ) Ik (19 ddyd=1, 2)

FORMATI{6H MAINS5,431I3,3F172.3,2(3F10.3,1310)

C ONT INUE

TR{XPA(1,1).LEHX{1422)) GUYO 308¢

C &NC OF VEHICLEe MUOVENMENT LLGP

FCC=FOG/FLCAT ( ILCC)

IFLLCUT o 6T o) WRITEALUNG,8110 LCCATC, CLRMIN,
TOXCLRyLOCATF, FGLNAXgFCL

FORMAT{oF MAIN7,15,Fl€e351108/6X,415,2F18.3)

AMC! 74 WREAL MOCULE ENPUT FILE

iF(LSIG.EQ.1) GOTG S85

TFILSTG.EQ.2)G8 TC 94l

IFIKl.EQ.1}Y GUTO %98

WRITE(LUNL »9376) NOFGTF, NANGoNWLTH
FGRMAT(SHNDHGT»/'SX132'/m4FhANG'/'5x'121/iSHNHDTH’,)SX'IZ,
Kl1=1

WNRITE(LUN1,90711)

FURMAT{/1X,06 HCLRNMIN %X, 6HFCOMAX y4X 9 3HFOQ 47X y 6HHOVALS ,
4XesSHEAVALS 5 X pSHWVALS)

WRITE(LUNL 498729

FORMAT{ 1 Xy 6HINCHES s 4 X6 HPLCUNLS y 4 X9 6 HPOUNDS o« X9 6 HINCHES
4Xys THRADIANS, 3X, €eLINLHES)

CONT INUE

IF{LSIL.EW.1)GU TU S84

UBH=£B8S(CBH)

WRITE(LUNL,9¢73) CLENIN,FOCMAX, FGO»OBHeRAC»OBW

FURMET (X gF 042 glXeFB4ly I1XgFF0l 44X 9F6452 04X 9Fb.e293XeFTa2)
[IF{55Q.CTaib¥s) WRITEILUNl,Y82}

FURMAT{1h¢,60X,39h EQSOL CANNOT SOLVE FORCE & MOMENT £QS.)
GO TC 983

IF(K1.EQ.13¥G0U TO 984

Kl=1

WRITE{LUN]1,967T)

FURMATLZ IXg6 ECLRMIN 94X 6HFCGMAX 4 X3 HFOO B
WKITE(LUNL,90781}

FORMATL 1 Xs6HINCHES @ X6 FPCUNDS,y 4Xy 6HPGUNDS)

WEITE(LUNL »98679) CLFNMINJFCLMAX, FCC

FURM&T‘IX'FOuZ' IX.FS..'I.IX,F‘;.II

NOBS T=NOBST+ 1

WRITEILUNS ,985) NCBST

FURMAT(1X,19H ENC CF CBSTACLE # ,13)

IF{LSLIG.EQ. 1Y GGTC 24¢

YTF(LSTIG.E0.2) CALL EXIT

IF(LSLG.ENa3IGE TC 185
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LISTING OF PFOGRAM OBS78E

C END CF CBSTACLE LOOP

C .
END

C

C

SUBRCUTINE URGEOM {BWIDTH, EFFRAD,ELLyHAyhByHC 4 KD oHE o HF o HFL,

+ HXeHZoLOUUT JLUNE yNSUSPoNUNITS,NVEF1,02,08AA,08H,08W,0FL,
¢ (Xy0Z,SFLAG,SLGPE,STEP)

INTECGCER SFLAG

DIMENSION BWICUTH{3)4EFFRAD{5),ELLL{ 5}, HA{549) 4HB(5,9),
+ HC(549) sHD{599Y s HE{ 599 o HF (5,593 HFL{S559} o HXI5 410V 9HZ{ 5, 101,
+ OM9),OFLI9) ,CX{ 1B FpEZL18»,SFLACI3)

OBSTACLE AND HUB BREAK PUINTS BEFORE MAIN SLOPE

NNl

OANG={ 180.~0BAA)*3.14159265/182.
CANG2=COS(OANG/ 2.}
SANG2=SIN{OANG/2.Y}
TANGZ2=SANG2/CANG2
CANG=COS{OANG)
SANG=S IN{OANG)
TANG=SANG/CANG
WA=0BW#+2,.#0BH/TANG
KUNL=ELL{1d=ELLINSUSE)
TF{SFLAGI1).EQel ) RUNL=RUNL+BWILTH{13/2.
IF(SFLAGINSUSP) . EQe1d RUNL=RUNL*EWIDTHINSUSP)I/2«
IF(LCUT.GE«12) WRITELLUNG,121) CANG,C0BH,0BW,
t  SANG CANG,TANGyWA,SLEFE, RUNL
12% FORMAT{SH 0OBGl,9F1ld.3?}
IF{UMNG.LTaB+) GCTO .130€

MGUNC
SET CBSTACLE PCINTS

[N i N o

UX (1 1==RUNL=-EFERAC{ 14*#TANG<c—-1.
IF{NVEH] LEQ.¥) OX{1i)s0X(1d ¢ELL{1)-ELL{4)
0Z{11=¢.

Ox{2¥=¢.

02(21=d.

0x{31=9,.

Q2 3)=y.

OX ({4 )=UBH/TANG

02{41=006H

OxX{5¥=0x1{4)

02{5)=08B¥F

OX{6¥=WA-CX(4)

02(6)=0BH

OX{71=0X(6)

0Z{73¥=08BH

OX{81=WA

OZ(S"‘”.

OX(9)1=WA

G2{9)1=0.
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LISTING

C
C
L

cCceo

119w

1290

13449

VUOLUNE 11
OF PROGRAM UESTBE

UX{1 @) =WA+RUNL+EFFRALENSUSPI*TANGE
IFINVEHIoEQ.8) CX{1lxd=CX{1Eg)+ELLANSUSPI=-ELLIS)

0z{12)=9.
SET HUB PRKOFILE FCINTS

NG 128 K=1,5

ITF(K GT.NSUSP.ANCSNVEH1NEG) GGTO 126@
IF{KuEQoa34 ANCANUNITSLEG. 1) GLCTO 12480
RK=EFFRACIK)

HX{K 1) =CX{1)

HZ{K ,1)=RK

HX{K ,548=CX{5)

HZ{K,5¥={BH+RK

HX{Kg63=0X{6)

HZ{K+6) =CBH+ KK

HX(K ,1ud=0Cx{1d)

HI{K 19 =RK

HZ{K ,43=CL{4) +RK#CANC
IFIHZ{K,4) LT JRK) GCIC 118¢
HXAK y4 ) =0X{4)-KK*SANE
HXIKy33=CX(3¥=-RK*TAME2
HZ(K13)=RK

HX{K,2)=HX{K,3)

HZ (K ,2)=RK
HX{K71=CX{ 7))+ RK&SANC

HZAK ,73¥=CZ{7) +RK&CANE
HX(K8)1=0X{8) #RK*TANG2

HZ (K ,8)=RK

HXEK »7)=HX{K,8)

HZIK9)=HkK

GUTO 12049

HXTK 04 )=0CX{4)=SQRT (2 4*RK&CEH-CEH*0OEH)
HZA{K o4 ) =RK

HX{K23)=HX{K,4)
HX{K 23 =HX(K,y3)
HZ{K12)=HZ(K03)

HXEK ,7)1=0X{6) +SCRT {2 j#RKk=CEtH-UEF*0OBHI
HZ{(KyT7)=RK

HX{K 48 ¥ =HX{K, 7)

HZ(K,81=KK

HX(K9)=HX{K,8)

HZI{k,9)=RK

CUNT INUE

GUTO 180¢

DITCFH
SET CBSTACLE PQOINTS

OX{1l)==RUNL-1.
vl ’=b".
OX{2)=¢.
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K=2056
L1STING OF PRUGRAM OBS78B

'alRER

eNeNe

CASE

1486

VOLUNE 11

02{2¥=0.

UZ(33=¢.
OX{4¥=0BHATANG
0{a)=0GBH
UXE5)1=0X {4

02 {51=08H
UXi6)=wA=-0BH/TANG
0Z2({63=0BH
OX{i7)=0X(06)

UZ (7 1=0BH
OX{8)1=hA

028 ¥I=P.

UX{9 1=WA

02 (9)=P.
UX{18)=WA+RUNL+L .
GZ{1iV=0d .

SET +UB PROFILE

DO 1738 K=1,5

IF(K GT,NSUSP.ANCSNVER] «NE

IF{K<S043. ANDNUNLTS,EC. 1)

"RK=EFRFRADB{K)

HX{K,14=CX{(1)
HLIK,1)=RK

HX‘K12,=Y§.

HZ{Ky2)=EkK

HX{K 79)'=WA

H2Z{K 9 }=RK
HX{K,183=0X{14)}
HZ{K,13) =RK

HX{K ¢3)=CX{3)1=-RK2SANG
HX{K,8)=0X{8) +RK*SANG

gy GCYG 1700
GGTO 1704

IFAHXIKy 3D aLT o HX{K,80) GCTC 140¢€

1 - WHEEL TOUCHES CESTACLE PCINTS 3 AND 8

HX(K $3)=,5%{OX{3 )+ X8
HX{K s b=HX{K,3)
HX{K ¢S I=HX( K,y 3)
HX(Kob)=HX{K,3)
HXIK 7 =HX{EK,3}
HX{K 48 =HX (K, 3)

HZ(K 93 3=SCRT{RKERK=AHX (K, 3)-HX{K, 232 %52)

HZ{Ky4)=HZ(K,3)

HZ LK 45 ¥ =HZ (K, 3)
HZ{K 6 1=HZ{K,3)
HZAK,7)=HZ(K,3}

HZ{K 483=HZ(K,3)

GOTO 174¢

HZ{K3)=02(3) +RK3CA MG
IF{H2{Ky3) 4GT . CBF+RKA GCTO
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C CASE 2 = WFREEL TUUCLHES PCINT 3 AND BOTTOM

C
HX{Ky3¥3=HX(K,2) +SQRT 4{-2.*RK*0BH-0BH*08H)
HZ{K ,3)=RK+0BH
HX{Kgad=HX{K,3}
HE(K 34 )=HZ{K,3 )
HX{K y5)=HX{K, 3)
HZ{K ,5)=HZ{K,3)
HX(K$81=HX(K,93-SCRTI=2 . #KK#*LBH=-CBL*CBHK)
HZ{K 8 =HZ{K, 3)
HX{K y7¥=HX{K,8)
HX{Ks6 1 =HX{K,8)
HZ (K6 1=H2[K,81)
GOTO 176

1oui HL(K ,8¥=HZ (K, 3}

HX{K o4 ¥=CX{4)-RK&T AN
HX{K»7)=0X{T7) +RK*TANG2Z
TEAHX(Kyad LT HXIK, 780 GCTC( 1608

C
C CASE 3 - WHEEL TOUCLHES BOTH SLUPES BEFCRE BOFTOM
C
HXEK o4 b={0X{SI¢+CX{6V}/2.,
HXIK 45 J=HX{K,4)
HXEK 96 3=HX(K , 4}
HX{Ke7)=HX(Kya)
HIZ{K 94)=,50(HZ(K 33 ¢HZ{K 8 )+ {hX{Ky8l=HX{Kyg3) }2TANG)
HZ{K 35 ¥y=HZ{ K,y &)
HZ(K 46 1=HZ (K ,4)
HIIK 27Td=HI(K,4)
GOYO 17¢0
C
C LASE 4 - WEHEEL TOUCHES SLCEES AND BOTTOM
C

Y HX{K ySd=HX{K, 4}
RX{K 46 4=HX{ Ky T ¥
HZ (K ,43d=RK+0OBH
HZIK 45 ¥=HZ{K ,4)
HZ(K ,6)=HI (K4 )
HZi{K y7V=HZ (K, 4}
1708 CONT INUE
1848 TFALCUT .GE21d) WRITESLUNG, 1900 {OX€13,1=14103 ,{02(1),1=1,14d),
+ {({HX{(Ky 1 ’-L=1.1ﬁ0'.(hZIK.IL.I=1 viﬂ’ipK:l'S}
1944 FURMAT (/8{1Xs18F1é.-34))

TRANSFORM PRCFILES FGR SLOPE

(N ale!

DO 2244 1=1,10

KP=SCRT(OX{(I) %*2 sCZ{ Fd%%2)

PHI=ATN2AOZ{I) ,O0Xx{1)%

OX(I1=RP«COS(PHE+SLCRE)

UZLI3I=RP#SIN{PHT ¢SLC®E)

DO <¢¥3x K=1,5

IFIK sGT.NSUSPLANC.NVEF]1.NE.@) GCTO 2¢2@
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21y

COn

2d3¥

[ ont

¢ Ly

2d6d

e

21404

2119

213¢

VCLUME a1l
OF PKOGRAM OES78E

PAGE A-18

IF(KEQ.3.AND.NUNITS4EGCe1) GLTC 28¢4d

RP=SCRT{HX{Ky I}%og®F2iK ,I1¥&22)

PHI= ATNZ2IHIAKy T ghiX{ K3 T 1)

IFIABS(PHI) LEL- 213 PhI=¥.

HX{K y11=RP&CCS{PhI ¢+SLGFE)

HZAK oIV =RP*SIN(PHI+SECPE)

CONT INUE

IF{LCUT.GE.9) WRITE(LUNG»196u) dCX1{I)pI=1,180,102(1),1i=1,18),
“(HX(K.I'.I"'l.lﬂ )'(}‘“K p'I "'1=l<)lﬂ)gK=1'5’

DO 2¢12 I=1,9
OFLLIV=SCRT((UX{I+#1) 40X {1V ¥ %228 (CZAT¢1V=-0Z 41 )0%2)
DO 2150 K=1,5

IF(KGT.NSUSPANC.AVEH1NELBY GCTO 2156

TF{K EQa3.ANDJNUNITS,EGQ.1¥ GCTC 2158

RK=EFFRADIK?

TF{OANG.LT.d.9 GLTC 214¢

MOUNC

DO cub®d 1=1,9

IFL{I.FQ +4) ORIl IECLH) D) GCTU 2x4P
HFLIK T ) =S5QRT{{HX Ky B¢l )=HXIK, I F)*22 ¢
(HZ(K.'lfli-HZ(K,IH'QZ )

GOTO 2¥68

ELEMENT CF ARC

TREOFXOK T +1 D JEQoHX Ko I $) S ANDal FZ{K, 1410 . EQ.
HZ{K,I11) GOTC 2630
SPROC=(HX(Ke I ¢1Y=CX {481 )& (EX{K, I3 -0X(Idd ¢
(HZA K, 14 1) =0Z(1¢ 1) 3 24HZ (K, 1V=-0Z4 1)
ANGLE=ACOS (SPROC/{RK&RK})

HFL{K, I} =RK&ANGLE

CCNT INUE

GOTO 215%

DITCH

CONT INUE

DU 214w 1=1,9

IF{{I.FQ.2Ve0kalIaEC4B8))Y GUTO 2134
HEL(KyTI=SQRTIAHX{K p B¢l ) =HX{K, T dde22 8{HZ{K, I #1)=HZ{K, 1)) *22)
GOT0 2149

ELEMENT GF ARC

IFLUFXAK gL+ 1 1uEQoHX{ Ko I 3) o ANDA FZAKsT#1)LEQ,
HZ{K,I)¥¥ GOTO 2118

CSPROC={HX{K, T#1)=CXL F#1 D) {HX(Ko II=OX{ 1} ¥+

{HZ{K, 1 ¢ 1) =CZ (L lb)s4bF2(K,y1)-0Z (13}

ANGL E=ACUS{SPRCD/ARKSRK})

HFL{K, IV =RK®ANGLE

IFILCUT .GEL1lY) WRITEHLUNG 921450 Kyl HXAK,, 10 ,HX{K,I#1)},
OXTE)yOX{L®i )y HZLA Ko IReHZA K I#1) p0Z{ L 240Z{1#1),RK,SPROD
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R=2358 4
LISTING

o0

O

2i6 ¢
2154
2145

2254

VOLUME I1

0OF PROGRAM OESTBE

CUNT INUE
CONT INUE

FORMATIS5H K,I
212X 9F1243d 4/ 6H HZ
1UH EK,SPROD

DEFIMTICN OF OBSTACEE ELENMENTS
a4 = ANGLE BETWEEN ELENENT AND FORIZONTAL

DAL 1I=SLJPE

OA{2i¥=Jd.

OA{3)=SLCPE+BANG

Unt s d=g,

DALS 1=SLUPE

Oa{6)=0,

CGA(71=SLCPE-OANG

Daldd=¢,

OA(9)=SLOPE

DEFINLTION UF HUE ELEMENTS BY QUADRATIC

DU 23408 K=1,5
TF{K «GToNSUSP.ANLCoNVERL aNELE)

KK=EFFRAL(K)
DO 228¢ 1=1,9
IF{HFLAK IV EQeuv o} CCTO 22290

IF{OFLITV.EQ.da)

ELEMENT IS

HA(K'[J=E0
HBIK .I)=VJ4
HC(K'I‘=Q§.

HO(K g I)=HZAK,I+1)

HE(K,,I1¥= =
HF(K,I)= =~
GOTO0 228«

ELEMENT IS

HA(K ,[l=k}.
HC(K'I,zgo
HD(K-I’=&§‘
HF(K'I’=wo
HE(KyId="a
GUTU 228¢

ELEMENT S
HA(K,I1=1,

HBLK 1) =C.
HCIK.I) =1,

LINE SEGNMENT

POINT

ARC

GOTE 2259

22 X322 13,6 HX
2212 XyF124.3) 468 0Z
221Xy Fl2e30%

- BZIlKyld
{HX(KLleld = HX{K,I))
{HD{K y I} % HX{K,Id + HE{K, I} * HZIK,1I})
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22(2X,F12430,2X6H OX
» 2{2XsF12.31,

GCTO 23vY
TF(K.EQe3.ANDSNUNITS,EC.1) GOTO 23099
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LISTING UF PROGRAM ULBS78E

O

o

OO

é28¢
2344

250¢

244¢

255¢@

11¢

i1l

12¢

+ *

HOEK 410 = = 2.% OX{I}

HE(K 1= = 2,% C4{1I)

HE(KeId=0X{I) = CX(d¥ & CZ(I) & GZA1) = RK #* RK

CONTINUE

CONT INUE

IE(LCUToGE9) WRITECEUNGL2500F AOFLL{ IbeI=1,90,40A{ 1) 41=1,90,
‘(HFL‘K,IQ'I=1,9)"fA(K11',lzlogaw‘HB(K'laal=119’j
(HC(K.I"I=l.93,(HD(H,I).I=1;9D,(HE4K,Il,131,93,
iHF(K'4’0L=1.9¥,K=l.5)

FURMAT(9FlP.3)

CALCULATION OF STEP S1ZEt

STEP =1bL L,

DB 24dk K=1,NSUSF

DO <429 1I=1,9
IF(HFL(KyLV.EQek4) CCTC 2400
IF{ STEP. LE.HFLIK 41¥) GOTQ 249U
STEP=HFL(K, I)

CCNT INUE

STEP =AMAX1 {4 495STEP yle ¥
IF(LCUT.GE.1) WRITE{LUNE,25508) STEP
FORMAT(12H STEP SIZE2 ,F12.3/%
KETUEN

END

SUBKCUTINE CLEAR (CAWl,CaW2,CRW1,CRW2,IDX,

LOUT JLUN6 4 MINCLRyNPTSC1 o NPTSC2 4 NUNITSsOX o UZ o THET Ay

XHeZ H)

DIMENSICN CAWLL15), CANZ(lS),CLU(ZE!pCLVl(ZGDyCLVZIZE!.
CRW1 {150 ,CRW2415) sCX&10),02410),THETAL2),
XPV1(20) o XPV2{200,2FV1L 26) ,ZPV2{20UJ

KkEaL MINCLR

LCCATE VEHICLE PCINTS

VPAL=THETA(1}

VP A2 =THETA{2)

OO 113 1=1,NPTSC1

XPVILI)=XH+CRWLE TV&CES{VPALeCAWLII})

ZPVA{IV=ZH+CRWI( )&= SEN{VPAL +CAWL(A D)

CONT INUE

IF(LCUTLGEL1 U IWRITE{RUNGE,111) {XPVId IV I=iygNPTSC1)

IF{LCUT.GE.l it d WK ITEALUNO,111) (ZPV1{Ike I=1,NPTSCT)

FURMATITH CLEARL 413 F&0.3)

IF(NUNITS.LE.1} COTC 13¢

DU 128 1=1,NPTSC2

XPV2 (IV=XH*rCRW2{ IV =CCS{VPAZ+CANZ LIN)

ZPV2ATF=ZH+CRW2{ THeSIN(VPAZ2+CAW2{INM)

CONT INUE

TF(LCUT.GFL1EIWRITE(LUNG, 111 {XPVZL Ihe I=1,NPTSC2)

LF(LCUTZGELIYIWRITELRUNG,111Y (ZPV2(I),1=1,NPTSC2)
113




k=2058
LISTING

130

oo

lal

159

161l

178

176

o OO

189

180

19¢

196
249

VULUNME 7
UF PROGKAM UBS788B

CALCULAYC CLEARANCE AECVE UBSTACLE PCINTS

NC ¢ced 10=1,12
LLOC 10)=1640.
X=0Xx (10}
Z=024(10)

TEST IF VEHICLE IS ABCVE OQOBSTACLE POINT

IF(XFVI{1VaLT . X) GCTC 28¢
IF(XF.LE.X) GUTG 18¢
IF{NINITS.LELL) CCOTC 244
[F(XEV2INPTSCZ) s CEaXd GCTGC 2089

TbaILER ABOVE POINT

IF{XPV2(1).GE.X) GGCTC 159

VPZ=IPV2(1V+(ZH=2ZPV cB1¥IEAX=XPV2{1)h/{XH=-XPV2( 1))
CLOCKY=VPZ-12

TR{LCUT SGEJT I WRITEALUNG, 1413 I0,XipZ4VPZ,CLOLICH
FURMAT{7H CLEAR1 L3 ,4F12.3)

GUTO 2v®

DO 478 IV=2,NPTSC2

[F{XPV2{IV).GEX) GLTG 174

VPZ= 2PV (LVI L ZPV2{ V=1 =~ZFV2L IV b#{ X=XPV2{ IV} )/
(XPV{IV=1)=-XPV2(iV)i

CLOL T0V=vPZ~Z

IF{LCUT.GEL1WIWRITEALUNGy 161D I1C,X92yVPZ,CLOLIOD
FURMAT(7F CLEAR2513 44F182.3)

GOTU 29¢

CONTINUE

WRITE(LUNLy176) IG,%el

FURMAT (6+ OEKR1, I3,2F13.3)

CAaLL EXIT

VEHICLE ABGVE POINT

DC 154 IV=1,NPTSC1

IFCXPVILIVILGELX) GCTC 199
VPZ=ZPVI(IVI#(ZPVYILAN=14=Z2FPV1(IVI¥S(X=XPVI{IVI)/
{XPVI{IV=1)=XPVI(IVIS

cLol1oV=vPL~-/

TFOLCUTLCEL10)

WRITEILUNG»186) IU X2 IVeVPZyCLCLIC)

FORMAT(7h CLEAR3,13,2F18.3,13,2F1.243)

GOTO 2¢¥

CONT INUE

VPZ=ZH«(ZPVI(NPTSC1) =ZHI®{X=XE)/{XPVI{NPTSC1)=XH)
CLOL 10)=vPZ-1

IF(LCUT.CE.I IWRITEALUNG6,196) 1C,X,2,VPZ,CLOM 10D
FCRMAT(3H 04,13,4F1043)

CONT INUF

CALCULATE CLEARANCE BELUW VEHICLE PGINTS
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LISTING OF PROGRAM 0BS788

216

224

226

230

256

26

206

2179

276

s Xek s

28p

N0 24% TV=1,NPTSC(C1

CLvilivi=159u.

X=XPvl(Ivk

2=ZPV1{ V)

IFIX GELUX(1)) GCTC 226

OPZ=CZ (114024 2)=CZ A=l X=-Cx{ 1) a/(OX{2)=-0X{ 1))
CLvi(Ivi=£-0PY

TF(LCUT,GE.14IWRITELRUN69210) IVeXeZ,0PZ,CLVILIV)
FORMAT{3H V1,13,4F1€43)

GUTO 24¢

DC ¢34 10=2,1¢

IF(X.,GE.CX(I0)) GOTL 23k
OPZ=L2{iU=-13#(CZ(I0CHICZ{I0-101 & {X-0X{IG-1»}/{OX{( 10}~ UXlIO-léi
CLvi(Ivi=2-0PZ

IF(LCUT.GE, 18}

WKTITE(LUN6,226) IVy)raZ,I10aCPZ,CLVILLVY

FORMAT(3H V2,13,2F10,3,13,2F1d.3)

GOT0 24¢

CONT INUE

UGPZ=CZA9 I +{ 0Z(10)V~U 2498 2{ X=-CX{ M2/ (CX{12)-0X{ 9))
CLVI(IV)=2-CPZ

TF{LOUTLCEL1UIWRITEAEUNE,2306) 1V 4X,Z,0PZ,CLVIL(IV)
FORMAT(3H V3,1394F1Ke3)

CONT INUE

CALCULLATE CLEARANCE BELCW KFITCH

CLH=20wi

IF(XF.GE.OX{1)}} COTL Zo6f
OPL=0Z{1)#(0Z 42V =CZL LI I=E{XH=UX (1 31/{CXL22-0Xd 1} ¥
CLH=ZH-0PZ .

TF{LCUT .GEl cIWRITEALUNG,256) Xt,ZH,0PZ,CLH
FORMAT(3H Hl,4F1¢.3)

GUTL 28¥

DU 278 1C=2,10

IF{Xk.GE.LX{ICH) (OT0 278
CPZ=CZA1C=-13¢{0Z(I0Y2CZLI0=-11)# (XH=CX{H0=132/4{OX{10~-0X{ 10~ 13)?
CLH=ZH=-0PZ

TF(LCUT.GELIYIWRITELRUNSE,266) Xh,y2H,10,0PZ,CLH
FORMAT(3H H292F1e3,83,2F1¢.3)

GOTD 28¢

CUNT INUE
OPZ=CZI9)+{0Z(14}=0249) y={ XH=-CXA9 ) M/ {OX{ 143 ~UX{ 9N
CLH=ZH=-0PZ

IF(LCUT.GE. 1) WRITEALUNG,276) XH,ZH,0PL,CLH
FORMAT(3H H3,4F1¢.3) '

CALCULATE CLEARANME BELCW TRAILER POINTS

IFEINUNITS.LELLY GCTC 325
DG 320 IV=1,NPTSC2
CLve{lIVvi=2504d.
X=XP\v2{IVh
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(@]

[aEaKe!

291

33¥

346

314

316
328

325

3349

340

359

364
374
371

L=PNv2 (I W

IF(X.GE.CX{13) GLTQ 3¢

OPZ=CZ {1+ (0Z 2V ~CZ {33 {X-0X(1)3/{0XL2V-0X(13}
CLve (Ivi=7-GPZ

IF(LCUT GE1JVWRITE{EUNG69291) IV, X92,0PZ,CLV2{dV)
FORMET{3H T1,1I3,4F1243)

GCTU 324

DO 314 1C=2,14

IF{XGELCX{Iudd GCTC 31k

UPZ=CZ(IC=1) +{0ZAI0I4CZ{IC~-1)a={X-OX(LO~-132d/40X{ 10V ~-0OX{ 10=-1))
cLva2{Ivy¥=Z-0°~PZ

IF{LCUT.GE.1¢)

WRITE{LUNG 9306) IV e Xed 10 CPZLyCLV2LIV)

FORMAT{3H Tcy13,cF1€,3,13,<F18.3)

GOTO 32%

CONT INUE

UPZ=CZ{9 ) +{0Z{ 18 1-L24691)=( X-CXL 9N ZLOXT12)-0X{9)
CLV2(IV)=Z2-0P7Z

TF(LCUT.CE.1@IWRITEA#UNG4316) IV,X,Z,0PZ,CLV2({1IV)
FORMEYT (3H T3,13,4F1L,3)

CONTINLE

MINIMUNM CLEARANCE

MINCLR=CLO(1)

IDX=1

DC 334 IC=2,14
[IF{CLO(10).6E.MINCLFS® GGTO 339
MINUCLR=CLO( IO

IDXx=10

CONT INUE

DU 344 IV=1,NPTS5C1
IFACLVIU{IVYGELMINCLEY GOTC 348
MINCLR=CLVI(IV)

I0X=1dddd*1V

CONT INUE

IF{CLHGE.MINCLRY GCIQ 35¢
MINCLR=CLH

I10x=1111

IF(NUNITS.LE.1Y €COTC 37¢

DC 364 Iv=1,NPTSC2
IF{CLV2(IVILGE.MINCLR) GCTC 368
MINCLR=CLV2(IV)

IDXx=1d8*1V

CUNT INUE

IFILCUT.GE.Y) WRITEALUNE,3713) MIANCLR
FORMAT(4H MIN,Fl2.3,410)

RETURN

END

SUBKCUTINE FURCES ( XNy MAXC ,NTOT AL ,SSCXPH,ZPH)
DIMENSIUN AJINVIG 0 eWl 11k ¥ XNIG),FI6)
DIMENSION ALPHC{3,2)15BETAD(31,FX(3,2V,FZ(3423,RF(342),TF(3,2)

116
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CCMMCN ALPHA(S 42,

BALMCL 31 ,BALMU(3),
thA(Bl,BETAP(3i,BN(J’,ERAKER(592’.87&392*,BHIDTH(31,
CUSA(3,2JoCDSB(3).C(SG(302’,CGFX(Z',CGFZ(23,
CbX(Z).CGZ(Z).CGFY{EQ.CFR(3:23'(TF(30230
EFFRAD{S ) ,ELLLI5},

FHX o FHZ yFN(3,2),
HA(5.9),HB(S,9I,HC45J9¥,HD(5.9¥,HE(5'9).HFLSb9l,
HFLI5 99 oHX{5,18),HLUS 1800

GAMMAL 3,23,

IB(S 920, 1P(5,20%,IH{ 542

LOUT 4LUNG

NSUS Fg NUNITS, NKL{ 53, NW215),
UA{9Y,0FLI9),CX{10),02(1Ld,
PM(B)oPUNERR(S:Z):FX‘33.PXPCG(3¥,PZ(3¥.?ZPCG‘3!,
KBCl ,RBCZJRK(3,2}),
SCALE(bi,SFL&G(S#,S1&#(3,2),SINE(3I.STEP,
THETRB1+THETB2

X{5) yXPBCUS) 9 XPWADy 2 b

7{5% ,ZPBCL{5) yZPRCF{ Ep2)9ZPn{5,42)

4-9+-v1-+¢1»+g-'r+'r-rv'r#?+

O

INTEGER SFLAG

EXTERN AL CALFUN

DSTEP=.0201

DMAX =1V »

ACL=1.

MAXFLN=580U

KACIAN=57.,2957%#951

NC 184 T=1,NSUSP

SINB(IY=SLNIBETAF{ 1)

CUSB(IN=COS{BETAP(I)®

DO 188 J=1,2

SINA{T 4J)=SIN{ALFRALD,J¥)

CUSA(T,J)=COS{ALFHALT,d )

IF(NW2 (J) NESZANC o NWEJILECLEY XNALI=2aW]
144 CONTINUE

IF(NLNLITS +EQ. 1) NEC=3

IFINUNITS .EQ. 2} NEG=6

N= 3

SALPHA=U.

DC 154 I=1,NSUSP

TF(NW 1) ,EQ.216GE6TC 139

N=N+1

SALPHA=SALPHA®STINAL 1310-CRR{1,1}

IF{SFLAG(I) +EQed «CRoNW(EILEG.1) GCTC 159

154 N=N¢l
SALPHFA=SALPHA+SIMA(-142)-CRR(1,2)}
158 CONTINUE

IFINLEG. @) GOTC 189
SCALE(1)=1.

XN(1)=SALPHA/FLCAT( N}
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i81

194

24y

3448

440

Sud
XYY

T¢49

8

VOLUME I
UF PROGKAM 08BS78B

GOTO 1vw

WRITE{LUNG ,i81)

FORMAT,{31H FORCES: EKROR IN NG. CF WHEELS)

CALL EXIT

CUNT INUE

DU 20d L=2 NEQ

IF (=00l o LT XNILY ANCGXN(L) wL T @1 XNI{L)=.61

ITFOXNILY FEQude ) SCALEiILY)=1,

ITFUXNIL) oNE& o) SCALBIL Y=l Lo« FIX{ALOGIOA ABSI XNI{L)) )

XN{LIY=SXNALY/SCALEIL D

CONT INUE

IPRINT=L0OUT-198

CALL ECGSCL (NEC) XNy tsAJINV,CSTEF,O¥AX,4CC,yMAXFUN,

WeMAXC yLUNG6, IFRINT L ALFUN)

NTOT AL=NTOTAL+NMAXC

DO 30 L=1s4NEQ

XNCLY=XN(LY=SCALE(L

S5Q0=¢.

DO 43¢ K=1,NEQ

$50=5S0+«FLKI®F(K)

IF{SSQ.GTelude) WRITE{LUNS,6080 XNoF,S55Q

TF(LCUTL LT, 12) RETURN

DC 524 I=1,NSUSP

BETACL ) =BETAP{I)&+RACIAN

DC 5¢3 J=1,2

TFRIT yII=FNL 14 JISCTF{E,4)

RF{Id)==FN(1,4J)*ChRidyd)

TERF=TF{ I, J0+RF(1,U)

EXAIpJ¥==FN{I4J)sSINA{L,J) +TFRF2COSA{I,J)}

FZLY,d0= FN(T, d)#CCSALT ,4) +TFRFESINALI,J}

ALPHC(I ,JV=ALPHA{I, Jh&RADI £N

CONTINUE

FORMAT (16H SSGQ GVER LAMIT 4/ 45H XN= ,602XyF12.33,/5H F=

6L2XeFl2.3by/46H SSEE ,2X,F12.3%

WREATE(LUNG 9¥wd SSGeMAXCYNTCTAL

TFISSQaGTLlBved ARITEALUNG,918) XN,F

WRITE(LUN6,92¢ ) XFH ,LFH

WRITELLUNG 4930} (X{ i8,1=1,NSUSP)

WRKITFILUNG6,948) (2{.13,1=1,NSUSP)

WRITE(LUNG6,958) {{CCHLIV,CCZ{I3R,1=1,2)

WRITE(LUNG 9630 ({ALFHDB{I,J),Jd=1,c¥,1=1,NSUSP)

WRITEILUNG ¢976Y {((CCEX( IV, CGFZLINd,I=14ch

WRITELLUNG ,989) FhX,fhZ

WRLTE{LUNO y994) [SFLAGL I) ,I=1,NSUSP)

WRITELLUNG6,1804) A Nw#id,1=1,NSUSP)

WRITE{LUNGLZ1B18) ({RRUT,dd yd=1,20,1=1,NSUSP)

DO 724 1=1,NSUSP

TFISFLAGLIV.EG.1) GLTO 880

CONT INUE

GUTU 85w

WRLITE{LUNG6,142¢) (BETAC(IY 4I=1,NSUSP}

WRITEILUNG,1025) ABWIDTH(Id,1=1,NSUSP)

WRITE(LUN6y1630w) (BNLd) ,1=1,NSUSP)

WRITE(LUNG y1843) (L ETLT,U) 2d=1928,1=1,NSUSP)
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LISTING OF PROGRAM ©BS78¢B

854 WRLITE(LUNG 41958 {( CRR{ I9J)9J=1ycdy E=19NSUSP)
WRITE(LUNG,1L630 {4 CTF{1,J09d=192),1=1,NSUSP}
WRITE(LUNG6,1078) ({1 FM 1,J)4J=1,2),1=1,N5USP)
ARITE(LUNG, 18820 ((RELI,d) 4d=1y209 I=1,NSUSPI
WKITE(LUNG6,1898) ({TFEI,J) ,J=1,2k, I=1,NSUSPI
WRITE(LUNG 11263 ({FX{I,0),d=1,20 I=1,NSUSPY
WKITE(LUNG 0111080 {(FZLI,d)4d=1523,1=1,NSUSPH
WRLTE(LUNG,1123) (FXLLY,1=1,NSUSP)
WRITE(LUNG6,1132) (PZ41),1=1,NSUSP)

WRITE{ LUN6,114y) {PMTI},I=1,NSUSP)

969 FORMAT(6H SSQ o Fl2 edpbXy7k CALFUN,2X,1454X,8H TCALFUNs2X,183%
914 FORMAT{6H XN y 6d 2XaF1l2.3)/6H F ’
+ 62X ,F1l2.3})
928 FORMAT{6H XPH 92XgFl2.398X,6H ZPH 42X,Fl2.3)
933 FORMAT{6H X 214 2%sFla2))
940 FORM&T{6H Z 2 104 2XeFl8.23)
954 FORMATI 14H CGX{ T 1sCGAL{L),B{2X,F108.2}))
961 FURMAT{6F ALPHA,18{cXeFlibacd)
974 FORMAT (1 7H CGFX( I2,CGFZ(TI) ,10{2X,Fl0.1))
964 FORMAT (33H FRX,FhZ FORCES AT TRAILER HITCH 42(2X,F18.21)
999 FORMAT(6H SFLAG, 18(2Xe 112D

199 FORMAT {oH Nw 2121 2X%, L1
1419 FORMAT{ bk KK e 16 EXeF10a20)
1829 FORMAT{6H BETAP, 18{ 2NeFiba2))
1925 FORMAT{7H BWILTH 184X, F18.2))
1030 FORMAT{6H BN 2 10{ 2%9Flwa2))
1946 FORMAT(eH BT 1 10{2XeF1ld.30)
1959 FORMAT{6H CRR 101 éXeF1042))
1469 FURMAT{6h CTF ,10(2XeFlide2i)}
1470 FORMAT{6H FN 2181 £XoF1lBa 2))
1480 FORM2T{oH RF 210({XeFike2))
1490 FORMAT{6H TF s 18{2XpF12.20)
1140 FURMAT (6 H FX 0 16l 2XWF 1042010
111¢ FORMAT(6H FZ 2 101 EXyF1€.2))
1124 FURMAT(6H PX 16 { CKyF 104 20)
1134 FORMAT{6H P2 2104 2X9F10a2))
1140 FORMAT{oH PM e 1B cXeFlda 13

RETURN
END
C
C
C
SUBRCUTINE NFCRCE ( XXp XXT g XZMg XZMT 3 ZZ9ZZT)
C
C

CUMMEN ALPHA(S,2),

BALMC(3) ,BALMU(3),

BETA(3) ,BETAP{3) ,BN{ 33, ERAKER{5,2%,8T{3,2),BWIDTH{3),
COSA(3,2),C0SBU33,CCSGI342)4CGFXI2¥,LGFZ(2),

COX{ 21 ,CGZ12) yCONY L c¥oCRR{3,2)CTFA3 420y
EFFRADISILELLIS),

FHXg FHZ,FN{3,2),

HALS5 091, HBL5 9y RCL S48 hsHD{5,9 )9 HELS5,94 HF{5,9),

HFL( 5993 yHX{ 5,18 ¥,HZ15,18),
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LISTING UF PROGRAM QOHES78E

GAMMA(3,23,

18(5'2) 'IP‘S'Z’. Ih‘syl},,

LOUT 4LUNG6 ,

NSUSF,NUNITS yNW{bd ,Nw2({5),

UMYV, 0FL{9Y,0XL 180 ,€2010),
PM(3'.PUWEHR(5.23,PX£33,PXFCG(3).PZ(3).PZPCG(33.
SCALE(6) ,SFLAGI5),SINA{3,2),SINB(3),STEP,
THETE1,THETB2,

XL{SY 4 XPBC{5Y ¢ XPhi (59 2k,

Z{5) yZPBC{5) yZPRCF{5223,2PW{5,2%

L SR IR I G

INTEGER SFLAUL
DIMENSION ANGLE( 2423¢CCSANGI(3,2),FORCEI302045S INANG( 3, 2}
XAx==FHX+CGFX(1)
L1==FHI+CGFZ(1)
XZM=COFZ{L1b=COX{1 ¥~ CEFXLL142CGZL 1)+ COMYL1 )
DU 52 1=1,NSUSP
C SET TU ZERO
BN{L =@
BTII 1) =0,
BY{d 123>
FORCE(LI,i)=V.
FORCE(I,2)=0¢.
C IF SINGLE WHEEL ASSEMBLY GCTC 1¢
FFOSFLAGIT) W EQed sORESFLAG(I)IZEC.1 o ANDNWIINLEQL3)) GOTO 192
C IF BCGIE ASSEMBLY 1S SUFPCRTED CN BOTH WHEELS GOTO 28
IFUISFLAGII).EQ. 13 .ANDANWITY.EQ. @)} GOTO 28
C IF BCGAE ASSEMBLY IS SUFPORTED CN CNE WHEEL ONLY GOTO 3%
TEFASFLAG(ID oEQel dANCoUNWE I EQu 1 GRNWAID.EQL2)) GOTO 39
WRETEJLUNS o5) 1, SFLAGL LY ,NW( 1)
5 FURMATI 42H ERKOR IN WREEL SUPPORT SPECH I,SFLAG,NuW= ,
+ 3(2X403))
SINGLE wiEEL ASSEMBLY
1¢ J=1
CTF{Ie2)=p.
CTR=CTFL Iy J)=CRR({I,u1
IF{FN{I,JVelLEaa) CTR=C.
PXIEII=FN(Ts JI*(CLSALTJISCTR = SINA{I,U} )
PLIIV=FNAI, JV*=(CLSA(Tedd & SINA{L,JIECTR)
PM{ET d=FN{I, Jd*RR{I,J#3CTFLI, )

o

GOTO 42
C BUGI E ASSEMBLY SUFPCKRTEC CN BCTH WREELS
P DO ¢5 J=1,2
C ANGLE Of THE VECTUR ATTACHEL AT WHEEL CENTER

ANGLE(Ty JI=GAMMA( L, JA+BETAF(I)=ALPHALLod)
SINANG({I ,J)=SIN{ANGLE( I,U})
COSANG(I»d)=COS{ANGLEIL,ud)

25 CONT INUE
J=1
IFANW2 (1Y eEQe2) FMIg1)=.5%FN(TI,1)
FURCECTLy JI=FNL Y, u»/CESGHI, )
IFAFN(I, U2 elEaded FLACEL I, )=FN{I,d)
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NCRMAL FORCE CN EOCIE BEAM(EQ. FCR BOTH WHEELS)
BN{II=FORCE{1,J)eCCSANG{ I, 4}
TANGENTIAL FORCE ON ECGIE EEAM
BY{] yJ)=FCRCEL 1, JI®SINANGL(I,J}
NCRMAL FORCE TC THE GROUND UNDER WHEEL J=2
J=2
FORCE(I,Jd)=BNLIV/COSANGII44)
FN(I ,Jy=FCRCELL, JA*CESGLL,d4)
TANGENTIAL FORCE UNCER WHEEL J=2
BT (I J)=FURCE(1,Jd«SINANGL{ 1,03
FUKCES ACTING ON FIVET
BN2=EN(I) %2,
TCTAL TANGENTIAL FOKCE
BIT=BT(1,1%4¢BT(1,2)
COMPCNENTS OF THE PIMCT FORCE
PX{IV==-BN2=S INB( I) +ELT+L0SB( 1)
PZIT)=BN2e¢COSB{I)+BTT*SINBLI)
MCMENT AT PIVOT
PMEII=FNII, 10 *RREI, 13oCTFLII, 10 eFN(TI,20#kRIT,20&CTFRLT,2)
GUTO 40
BOGIE ASSEMBLY SUFPCHTELC ON ONE WHEEL ONLY { ON 0BST.)
J=NW D)
BW=.5%BWIDTR{ i)
[F{J.EQs 1) K=2
IF(J.EQOZ) K=1
FN&I:J'=FN(111’
FN(IoKI=ids
CTRL I, K)=Y.
IF{J.EQ.2) BW=-Bhn
ANGLEL Ly JI=GANMMAC L db+ BETAF{I)=fLPhA{I,J}
SINANG (I ,J)=SIN(ANGLEL E,0))
COSANGH{ I ,J)=CCS{ANCLELT, ) )
FORCEL Lo dd=FNITe )/ CESGLI,J)
TF(FN{T,J) eLE.Be ) FCRLE(GIHIVI=FNLT,J}
NCRMAL FOKCE ON ELGIE BEAMIEC. FCR BOTH WHEELSS
BN(Id=FORCE(i,J)*CCSANGI(I, )
TANGENTIAL FURCE CN BGGIE BEAM
BT(IL ¢Jd=FORCE(I,JI=SINANG(T,3)
PXiT)==BN(TI) #SINE( IV 4BT{I, JI=CLSBLIM
PZ(13=BN{IV*COSBUIF+BT(1,J)&SINBLT)
PMUT I=FN( T, ) *RR {1y JI=CTF{I,,JH+EN{ IV 2BW
CONT INUE
CONT INUE
SIGN CONVENTICN F#CR #ENGTH CF THE MOMENTS ARMS
+ FRCM HITCH TO TkE RIGHT SIDE, ¢ IN UP DIRECTICN
+ FOR MOMENTS CCw.
NO 160 I=1ly2
XX=Xx#PX{L)
22=27+PZ{ 1)
XZM=XIM+PX{ I #Z0 DV £EB{IIX{)+P ML
CONT INUE
IF(NSUSP EQe ¢) GOTG 262
FCKCE SUMMATION fOk TRAJLER
XXT=PX{3)+FHX+CGFX(2A
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LLT=PLI3)YeFHI +CGFZ{ 24
XINT==PXU30*Z (3 14PZ{3V*X{ 30¢CGFZL2)#CGOX(21#PM(33=CGFX(2)%CGZ(2)
+  +CGMY(2)
KETURN
i XXT=(a
172T={.
XL{MT =4,
RETURN
END

o C

SUBRCUTINE CALFUNGN XN, F¥
INTEGER SFLAG

I

COMMUN ALPHA(5,2),

BALMC{(3) ,BALMU(31),

BETA{3) ,BETAP{3) ,BNLI yPRAKER{ 5528 yBT{3,20,8WIDTH{3),
CUSA{3,2),COSBI31,C(SG{3,2),CGFX{2V4CGFZ(2),
COX{2),C6GZ(2) yCONMY (20 oChR{3,2)V,CTF.U3,2),
EFFRADESY,ELL(S5Y,

FEXe FHZ,FN( 3,20,

HFL(5n9‘oHX(Srlﬁ’oHZLS!lﬁ,v

GAMMA( 3,20,

IB(SvZ’)lP(S'Z}OIH(SSZ’O

LUUT yLUNG6,

NSUSFoNUNITS yNR{5) o NH21{5),

OA{Y V1, OF L4S) ,OX( 100 4621182,

PM{3 1, POWERK (5,20 PXI{B)PXFCG{3),PZL{3)4PZPCGI(3),
KBC14RBC2yKR(3,2),

SCALE(6) 4SFLAGIS) oS INA(392),SINBI3),STEP,
THETBl , THETBZ ,

X{50 4XPBC(5) , XPW {5424,

LA5) 4ZPBCA5) y ZPRLFA{ 54,24 ,ZPh{5,2)

L B S T R T R N P SO T

O

DIMENSION XN{6),F{B)
CTFR=XN{ i) *SCALE{1}
FN(1o13=XN(2)2SCALENZ)
FiNE 2y 19=XN(33=SCALE{3)
FN{3911=XN{4¥3&SCALE {4}
FHX=XN{(5)1&SCALE(5)
FHZ=XN(6)1%SCALE(6)
DO 1Y I=1,3
EN(I,2)=9.
DO 1ed J=142
TFICTFRGE ) CTF(d43J) =CTFREPOWERRL I ¢JIOFLOAT L IP(1,4))
TFCCTFR LT 0a) CTF{ Ind) =CTFR&BRAKER( T, UV *FLOAT( IB{1,J))
GAMMA(T y JI=ATAN(CTF (J4J)=CRR{I,J))
COSG(I ,J)=CGS{GANMMALI,J)
lue CUNT INUE
CALL NFOKCE (XXgXAT oXIN ¢ XZNT L 22,227
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F1)=XX

Fl2) =42

F(3)=XIM

F{4) =XXT

F(s)=217

Fi6) =XIMT

RETURN

END

SUBRCUTINE MGVEB (CSLOPE,NEGL,
+ WNVEH1,RBC,KEFHT]1 ,RETCH4KWLIMySSLOPE,SSQM,THETA, THETA@,THET%H,
¢ TWLIMyXPLGoXPH,Z FCGyZFH)

[eNe

COMMCN ALPHA(5,2),

BALMCL 3) y,BALMU(3 },

BETA(3) ,BETAP({3) 4BN(3), BRAKERIS5,42) yBTd3,2)BWNIDTH{3),
CUSA(3,21,C05B(31,CCSG{3,2),C0FX{2¥,CGFZ(23,
CGX( 23 ,CGZL{2) yCONMYH c¥,CR{3,2), CTFI3,2),
EFFRAD(5) ,ELL{(5),

FHXy FHZ,FN{ 3423,

HA‘S ,9’ .Hb(s,q}" hC(S.Q).HD!S,‘Q’.HEIE.,‘N,HF(S,Q‘,
HFL{5¢9) yHX{ 5,10 ),H 245,10},

GAMMAl 3420,

TB{5,2) ,IP(5,2},IH{S542),

LOUT oL UNG,

NSUSFoNUNITS NW{5Sk, M 2{ 5},
UGAL93,0FLI{9) ,OX{ 1ok L2186,

PMd3 ), POWERRL 5,2} ,PX#3) 4 PXFLGL3},PZ(34,PZPLCL3),
RBC1 RBC24RR{342),

SCALE{6) ,SFLAGIS3,SINALI3,2),SINE(3) ,STEP,

THETBLl ,THETB2,

XE53 ,XPBCUSY s XPW{5,28,

2{53 ,ZPBCIS) 4 ZPRLFL E42) 4ZPhi5,2)

+ * 4 TP TP TE TS ST

INTECER SFLAG

(q)

DIMENSION AJINV{G,634ELENISH, :
+ KBC{5Y yRHTCH{2) ,RAL dNE3 920 ,THETA(2}, THETAKLS),
¢ THETEH(2), TWLIM{ 3,294W{118),XLE5),XPLGI2¥,ZPCGL2)
EXTERNAL ELEVAT
DO 12 1=1,5
le Nw2 (I =Nw{l)
DSTEF=,0021
DMAX=140
ACC=,1#oSTEP
MAXFUN=509
PXPCG{1d=xPCu(1}
PLPCG(LI=ZPLG( 1)
PTHETA=TKETA(1)}
NEQL =3
NAGA IN=¢
NW(l)=9
Nw{2)=y
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THETEL=THETAAL( 1)
THETRE=THETAZ(2)
KBC1=RBC (1)
F.BC2=KBC(2)
IF{SFLAG(1) ,EQ.d) GCTIC 2¢
NEGCL =4
XL(4 )=BETAL1Y
23 IF{SFLAGI2).EQ.d) GCIC 32
NECL=NEQL*1
XLINEQLI=BETA(2)
3 XL(1)=PXPCG(1) ¢STEP#CSLOPE
XL(24=PZPCG{ 1) +STEFP#ISLCPE
XL(3¥=PTHETA
IF(LCUT.GE.10) WRITE®LUMNS 460 NECGL,
t THETE1,RBCLly THETB2 4 RBC2 4AXL(LY,L=1,NEQL)
46 FGKMAT{6H MOVELl, 14, 14F8,3%
LOUT=L0uT+1
CALL ELEVAT (NEQLsXLeELEV)
LOUT=LCUT=-1
TPRINT=LOUT=-18
CaLt EQSOL (NEQLywXL oBLEV,AJINV,LSTEP,
¢ DMAX,ACC MAXFUN,WeMAXC, LUNO,TPRINT ,ELEVAT}
LCUT=LCUT+1
CALL ELEVAT (NEQLyXL$ELEV)
LOUT=LOUT-1
SSQM=d.
DU 5S¢ L=1,NEQL
5 SSCM=SSOM+EL EV(L dexy
XPCGL{1r=xL(1)
LPCG{LII=XL(2)
THETA{1)=XL(3)
IF(LCUT.GE.1¥) WRITEALUNGS,€1) XFCG(12,ZPCGL1)oTHETAL 1Y,
t XPBCU(1)eZPBCLL1) ¢ XPWALyi)yZFW {lgtdyIHC1 13 4XPBCL2),Z2PBCI2),
XPH{ col) yZPW{2y1 V0, 01F32,1)

61 FORMAT(oH MOVE2,7F12 43,13,4F13.3,13)
IF{SSQM.GT.10«) WRITE{LUN5,660 SSQCM,MAXC
6o FORMAT{23H SSQM GVEFR LIMIT: SSQM=,E15.7,

+  dH, MAXC=,106)
IFINEQL.EQ.3) GUTU 349
C .
C UNE SUSPENSIGN ON UNIT 1 IS A BOCIE
C
IF(SFLAG{L) JEQ.1 ANL4NW{1) LEQudd GDOTO 78
BETA(2)=XL{4)
GOTO 8¢
73 BETA{1)=XL{4)
IF(LCUT «GE.1¥) WRITESLUNMN,71) BETALIL ¥y XPWL 1420 oZPWi1,2),
t  IH{1,2)
71 FORMAT (6H MUVE3,3F1K43,13)
TF{SFLAG(2) s EQeUoCRAW(2).NE.B) CGCTO 85
BETA{2¥=XL{5)
8¢ TF{LCUT .GE.10) WRITE#LUNG,81) BETAL 2 ) yXPW {2420 yZPH(2,2),
+ IH(ZOZ,
81 FORMAT (6H MOVE4G,3F1Q 483, 13)
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ACOO0O e~

85

C FLIRST

C

¢ FLIRST
c

154

179

CHELK

CcCCoOoa0

199

¢

CHECK FIRST SUSPENSIGN BCCY¥i CUT CF LIMIY
IF SINGLE AXLE Gk BGGIE CN BOTH WHEELS LEAVE
THETB1 AND R8C1

IF{SFLAG(1) oEQud sCR.AWI1INEL0) GOTO 199
[F{BETA{1}.GE.BALMULL) ) NW(1)=1
TF{BETA{ 1. LE.BALMDELd) NW{id=2

IFISFLAGI 1) s EQad JCRASFLAGIL) . EQalAND.
NW{l)e.EQ.8¥) GOTC 154

TF{SFLAG(L).EQs1 -ANC4NW{1} .EQ.1 ) GOTO 158

SUSPENSION BOGLE CN FEAP WHEEL CNLY

THETBL=TwLIME1,2}
RB8C1=RWLIMI1,2)
BETA{13)=BALMD{1)
GOTO 178

SUSPENSIGN BOGLE CN ERGMY WHEEL CONLY

THETE1=TWLEM{ 1,1

RBC1 =RWL IM{1 41k
BETA{LY=BALMU(1)
IFINEQL.EQeSY XL {4d¥=XLL5)
NEQL=NEQL=-1

NAGAIN=1

SECOND SUSPENSIOMN ECEIE GUT COF LIMIT

IF SINGLE AXLE CR BGGIE CM BCTH WHEELS LEAVE
THETB2 AND RBC2

IF{SFLAG{2) JEQ. 4 ORNWl2)NELB) GUTC 28y
TF(BETAl2).GE.BALNMU(2}} NW(2)=1
IF(BETA{2) .LE.BALMD(2)) NW{2)=2
IF{SFLAGI2) .E0.P JORLUSFLAGI2).EC.1.. AND,
NW(21.EQ.8V) GCTLC 284

IF{SFLAG(2) .FQalANC4WI{2).EQe1d GCTO 250

C SECOND SUSFENSION BOGIE CN REAR WHEEL ONLY

C

C

THETB2=TwWLIM{2,2)
kBC2=RWL IM{ 2,2}
BETA{2)=BALMD{ 2)
GUTU 27¢

L SECONU SUSPENSION BCGIE CM FRUNT WHEEL ONLY

C
259

c1d

THETB2=TWLIM( 2,1
rBC2 =RWL IM{2 ,1)
BETA(2)=BALMU(2)
NEQL=NEGQL~1
NAGAIN=1
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8 IF{NAGAINLEQ.B) CUTw 3J¢
NAGA IN=y
GGTO 3¢

UNIT 1 POSITIONED CM WHEELS -~ CHECK FCk
SPRUCKET/ILLER INTERFERENCHE IF TRACKEC

o COe

3¢y [FINVEH] NE.3) GCTC 642

¢

C TRACKED VEFICLE

L

C 44eeay JDLER ANC SPROCKET SUFPPORT (HE(K HERE ssssss

C
XSF=XPLG{1) +KBC{4I=COS{THETAZ(4)+THETAL1 )
L5F=2PLG{LI+RBCIGIESIN{THETAGL 4 Y 6THETAL 1)) -
CALL WHEEL3 {(E,HAy HCwHEs HF yHX g I HI% »1 ) g4 , LOUT ,LUNG,

#  XSF,ISF,ZPRUF{ G, 10)

IFCLCUTLGEW10) WRITEGLUNG 311) XSFeZSFyZPROF{4y 109 IHL4, 1),E

311 FURMAT{TH MOVES4,3F10.3,15,F10.3)
IF(E.GE.=s 1) GOTC 4€4

C
C FRONT SPROCKET/ICLEK INTEFEERENCE
C

THETBLI=THETAL (&)

KBC1 =RBC(4)
FFOSFLAG( 1) JECWyY sORLANI 1) aNELO) GOTD 320
IFINEQL.EQ.5) XL {4d=XL{5)

NEGCL=NEQL-1

32¢ NAGA IN=1
NWw(l3=3
v
49y XSK=XPCGU1) ¢k BCISI*CCS(THETARISI+#THETAL 1))

LSK=7PCGU1V+RBC(SIESANITHETAY (5)+THETA{13)
CALL WHEEL3 (EsHA HCohE JHF yHX I F{ Sy 1355,L0UT 3LUNG»
+ XSF, ZSF:QZPRUF‘SvIQ’
IFILCUT W GEL10) WRITE®LUNG,411) XSHeZSReZPRUOF{(5,1),TH{S5,13,E
«il FCRMAT (7H MUVESS 4y3F 1de3+15,F10«3)
IF(E.GE. =41} GCTC 544

C
L KEAR SPROCKET/ZIDLER INTERFERENCE
C
THETB2=THETAL(54
RBC2 =RBC(5)
TF{SFLAGI2)eEQ.u.CRaNW{2).NE.Q) GOTO %20
NEQL =NECL~-1
4 2¢ NAGA IN=1
Nw{c =3
C
544 ITF{NAGAINLEQ.4Y) CCTC 60¢
NAGAIN=4
GGTO 3¢
C
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tISTING UF PROGRAM 0OBS7BE

C ANGLE UNDER WHEELS
L

OOy

(e}

oGO0

OO

obd

b 06
6ly

616
62y

626
634

6 36
644

IF(NWl 1) .EQ.2) GLTO 4619

CALL WHEEL1 (ALPRAC 1010, HA,KE,y KE, IH{1,1) 41,0X,0Z,
XPW{lel) yZPW(1ls1 M)

IF{LCUT.GE,1d) WRLTEELUNG, 80061} XPudLoldbyZPWil,12,
IH(1,1), ALPHA{Ll, 1}

FORMAT{7H MOVE1l,2F14.3,14,F10.3)

IF(NW 1) EQs1.CR,SFLAG({1).EQ.46) GOTQ 626

CALL WHEEL1 (ALPHA{liz‘jhA.hG,ﬁEaIh‘l’Z'iliGK,UL,
XPvi{l,2),ZPWi{l1,2¥)

IF(LCUT.GE.14) WRITELLUNGyOH16} XFW{1le2¥sZPh (12},
TH{1,2),aLPHA(L,2)

FURMAT(7H MOVE12,2F1ldn3,]14,F1d43}

IFINW(2),EQ.2) GCTC 430

CALL WHeEL1 {ALPHhALZ41) oA JHD HE,IH {2413 5240X,0Z,
XPW{291) oZPW{2,18)

IF(LCUT.6E.18) WRITELLUNG 62061 XPWi2al)ZPWi241),
TH{Z 41} ,ALPHA{ 2,1}

FORMAT (7Th MOVEZL y2Fl&e3piasFlid.3)
TF(NW{2) eEQ.1 «CR SFLAC{Z2? s EQ .8} GUTO 648

CALL wWHEELL (ALPHAL 24210 ,HA Do HEo TH{2,2),240X,04,
XPWl2,s2),2PWI2,20)

IF(LCUT.GEL18) WRITEQLUND 6360 XPW{2,20yIPWi2y2),
[H{2420, ALPHA{Z2,2)

FUKMAT{TH MOVE2¢Z 2F14,3414,F10.3)

CONT INUE

LOCATE HITCH

X PH= XPCG{1) ¢RHTCH{1V&MCCS{THETOH (1) ¢THETALIN)
IPH=ZPCG(1 )+ RHTCH IISSTNMITHETOH (1) +THETAL 1))
IFINUNITSEQ.1} RETLRNAN

SECOND UNIT

IF(SFLAG{3).EQ.1) GCIC 679

SINGLE AXLE TRAILER

650

KSQ=RWLIM{3,1)%%x?2

3, LOLT4LUNG yOX s CZe ALEHA(3, 13, RWLIMI3,13,RSQyXPHy

XPwl( 3,10 ,2PH,ZPW{3,18)

XPBC (31 =XPW{ 3,410}

ZPBC(3)=ZPW(3,1)

A=ATN2{ ZPBCL 3)=ZFH, X&BL (3 ) -XPH)
THETA( 23 =A=-TWLIM{3,1%

XPCGL2 V= XPH+RHTCH 20QCGSI THETOHI2 FeTRETA{2))
ZPCGI2V=ZPH¢KHTCH{2VESINITHETQH{ Z) ¢ THETA L)Y
TFILCUTeGEe1d) WRITEGLUNG 656D XPHoZPHeXPWI{3,1),ZPH{3,1),
ALPH2{ 3,13, XPBC{3342ZPRCI(3) A, THETAL2) ,XPCGLL¥,ZPCGI2)
FURMAT (7H MOVEA3,11Fid.3)

RETURN
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C
C BOGYE AXLE TRATLER = TEST ¥IF CN FRONT WHEEL ONLY
C
674 KSO=RWLIM 3, 1)*%n
CALL WHEEL?Z (EEFRAD,hﬂ.HD,hEoHF,HKWHZ.IH(Z,Il.IH{B,1).
+ 3.LULT.LUN6,DX.GZ,ALPhA(B,li,RwLIM(3,l}.RSO.XPH,
+  XPWi3,1),2PH,ZPW{3,1)
AZATNZ (ZPH(3 ,id~2Ph XPW({3, 13=-XPH)
T=A=-TnhlLIM(3,1)
XPW(392)=XPW (3, 10-BuiCTh(3)&C0OS {BALMU{3) T
IPW( 3,1 =ZPW(3,10=-BWIDTH{3)=SIN{EALMU(3) ¢T)
CALL WHEEL3 (ELEshA,HDyHE, FFoHX s IH 342093, L0UT ,LUNG,
v O XPWL342) yZPWL3424,2FRCF{3,2))
IF{ELE.LE«ds) GOTC 49y
C
C TRAILER BUGIE CN FAUNT WREEL CNLY
C
NW{3d=1
BETA(3)=BALMU(3)
XPBC (3)=XPW (3,1 =.5*BHEDTH(3)%CCS{ EALMUL3)+T)
LPBCI31=2PW(3,13 ~.5*BWTICTHE3)=SIN{RALMUL3) 0T
THET A(23=T
KPCOG{2I=XPH+RHTCH{2)#COS(TFETOH(2) +T)
LPLGI2)=ZPH+RHTCH{21RSIM T TFETEH(2)+T)
IFILCUT WGE.16) WRITELLUNG, 6660 XPH.oZPHe XPW {3413 ,ZPW (3,14,
+ ALPHA(3.1D,XPBC(3),2585(3),A,T,XPCG(Z&,ZPCG(Z),NHJ3)
686 FORMAT(TH MOVEAG4,11F1¥.3,213)
RETUKN

TRALLER BOGIE NCT CN FFCNT WHEEL CNLY - TEST IF ON REAR WHEEL ONLY

[N aNel

699 RSQ=FRWLIM{ 3,2} ®&
* 3.LOLTILUNOG s CX9CZoALPHAI3,2) yRWLIMIB3524,RSQy XPH,
b o XPWA{3,2) s LPHgLPW (3,200
A=ATN2LUZPWE 3, 2V = 2FH o X#W{ 3,2 )=XPF)
T=A~TuWlIM{3,2)
XPWE3, L) =XPWloy2 ) #BWIDTH{3 )= COS{BALMLL{3)¢T)
LPA(3,1)=2ZPW(3,2)+8nWIDTHI30*SIN(BALML(3) +T)
CALL WHEEL3 (ELE:HA¢HD,FE,%F,HX,IH(B.I),3,LOUT,LUN6,
O XPWI{3,4) ,ZPWI3,1),2FRCF(3,1))
TFOELELLELd.) GCTIC 722
C
C TRAILER BUGIE CN REAK wKEEL ONLY
C
NWl3d¥=¢
BETA(3)=BALMD( 3)
XPBCA3)=XPW(3,2) ¢o5*BWICTHE3)=COSH BALMGE 3) #T)
ZPBCA3Y=ZPW(3,2)+5¢8WIDTHL{ 31 &S INI BALME(3) ¢T)
THETA(2) =T
XPLGI2)=XPH¢ RHTCH(Z VRCGS(THETUH{ 2)«T )
LPCGU2V=ZPHERHTCH{2VRSIN(TFETUH(Z2) ¢T)
TFILCUTLGELI?) ARITEGCLUNG,T716) XPHeZPH) XPW{3,2),ZPW{3,2),
+ ALPHA(B,ZQ,XPBC(i),ZEBC(3)vA:TpNPCGlZ),ZPCG(Zi,NN!3)
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FURMAT(7F MOVEASs11Fivwe3,213)
KETU KN

TRATLER BUGIE CN BGTH whEELS = SEARCH CN BGGIE ANGLE
UNTLL BOTH WHEELS ARE (N FYB PROFILE TC WITHIN TOLERANCE

IF(ABSIELE)LEasl) CCTC BUE

BC2=5¢8nlCTh{3)

BETA(31=BALMD(3)

IF(LCUT.GEvsl) WRITE#LUNG6,7210 ELELBC24BETAI3)

FOKMAT {8+ MOVEASA,3Flie3)

NELTB=ATN2(-ELE,BO2)

BETA{3)=BETA(3 M+ CELTE

X2=ELL(3)-8B02%COS{BETA(3}

12 ==REFHT1 +EFFRACE 334B8C2*S IN{ BETA{ 3 M)
RHE2SGQ=Xc®X2¢Z22%1 2

RHZ=SQRT{RH25Q¥

THET 2= ATN2{Z24X2)

IFITFET2.6T.2.) THET2=THET2-6.283185>

CALL WHEEL2 (EFFRADyHA, HDy FEoHF gHX g HZ g IH{ 221 )5 IHI352),
3 LUUT oLUNG 3 GX 902 ALPEAL3 3¢ ¥ yRE2,RHLSQaXPHy
XPWl3,290ZPH,ZPW{3,2))

A=SATN2 (LPWI3,2V=ZPk XPW {3, 2)=XPhH)

IFIA.GTaPa) A=A-6.2831853

THETA(2)=A=THETZ2 :
XPW{(3,1)=XPwi{3,23 ¢BhICTHL{ 3)*COS{THET AL 2) #BETA(3))

ZPW( 3410 =ZPW (3, 2)+BWIDTH(3 1= SIN{THETAI2)+BETA{ 3))

CALL WHEEL3 (ELEwHA oFCyFE FFaHX g TH{ 3,103 ,L0UT yLUNG,
XPh{ 291) 9y ZPWi3413,ZLFRCF{3,1))

IF{LCUT.GE.11) WRITE{LUNG6,751) CELTB,BETAL3) 4X242294RH250,
RHZ,THETB,XPW£3,2!129Hl3,2i,A,ThETAiZ!»XPW(3'13yZPHi3,1l,ELE
FOKMAT{8H MOVEASE,T7€1843/8X,7F1k.3)

IF(ABS{ELEY . GTae 1} GETC 725

C BOTH WHEELS OGN HUB PROFILE TO WITHIN .i INCH

"
23]
+

811

o O

CALL WHEELLl (ALPHA{Zgld,HA,HL,HE9TIH{3,1)43,0%X,0Z,
XPW{ 3413 oZPW (3,1 )

NW{3)=¢

XPBCI33=.5¢{ XPR{ 3,1 34XPW{3,23)

ZPBCA3V=,5%{ ZPw(3,14£ZPWl3,233

XPCG(2)Y=XPHeRHTCHI 2)8CCSATHETGHI 2 V4T HETAL 2))
IPCGAzY=Z2PH+ RHTCH{ 2 VASINA THET RL 2D +THETA (232
XTEMF=XPW{3,11=XFnl 342)

LTEMF=ZPW{3,10=-2Fw( 3427

BEVA(3)1=ATN2(ZTENMP, XTEMF)

IF{LCUTLGE«10) WRITELLUNG6,E11) XPLG(2#,2PCGL2),THETAL2},
APBC(3),ZPBC{3),{XPhE3,J)3ZPW(3 ,0) 5 ALPHA( 3, ),
J=l.2),XPHgZPH.M~(3)

FOKMAT{TH MOVEA6 ,5F18.3/2( 2F10+3),2F18.3,13)
KETUERN

END
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K=2158, VCLUME il PAGE A-
LISTING UF PRUGKAM (CBST78H

SUBKCUTINE ELEVATINEGL, XL, ELEV)

CUMMON aLPHA(S5,2),

BALMCL 3 ,BALMU(3 ),
SETA(33,BETAP(3) ,BN(8)y ERAKEK(5,23,48T{3,2),BWIDTH(3),
CUSA(3,¢)4CUSBL3),LL8Gi3,2),CGFX{<¥,CCFZL2),
COXLZ) gCGZL2) yCOMYLZYCRRU392 V9 CTFL3,20
EFFRADIS) ,ELL(5),

FHXy FHEZ yFNU3 420,

HALS 490 yHBL5 ,98 yhCA 5593 yHDE549) JHE(5,9),HFI5,9),
HFLIS599) yHX(5 10 3,HZ45,18),

GAMMA( 3 ,2),

I{542),IP(542),1H1 5421,

LOUT4yLUNG,

NSUSFy NUNITS, NWlS) . Muci 5,

DA(Y I GFL{9),CXx{ 1) G218,

PM{3 )y PUWERRL5,2) ,PX&33 4 PXFCG{3),P2(3)4PZPLG{ 3},
RBC1 4RBLC2RRK{342),

SCALElLO) ySFLAGIS ¥,S:INAL3,2),SINEL{3),STEP,
THETB1,THETB2

XUE5) yXPbLI5) ¢ XPWLSy 24,

Z{5% ,ZPBCIS) ,ZPRCF(5422,ZPWi(5,2)

LR A R R B A IR A R S

INTECER SFLAG

c.

DIMENSIUN XL(S5),ELEVES) ,XLL(5Y

XL{1y= X=PLSITICN GF CC CF UNIT 1
XL{2)= Z-PCSITION UF CC OF UNIT 1
XL{3)= PITCH ANGLE UF UNIT 1 WKT GKCUNLC COCRDINATES

AL(4)= PITCH ANGLE CF FCRWAKC MOST BOCIE

ASSEMBLY ON UNIT 1 WRT VEFICLE CCGCROLNATES
XL(5)= PITCH ANGLE CGF SECCAL BCGIE

ASSEMBLY ON UNIT i MRT VEFICLE COCRLCINATES

ELEV(1)= DISTANCE OF CC FRCM LAST EQUILIERIUM
PCSLTICN MINUS STgP

ELEV(2)= ELEVATICN CF FIRST WHEEL WRT
ITS HUB PRCFILE

ELEV(3)= ELEVATION OF SECCAC WhEEL WRT
ITS HUB PKOFILE

ELEV(4)= ELEVATIGN CF ThIkG WHEEL (WHEN PRESENT) WKT
ITS HUB PRCFILE

ELEV(S5)i= ELEVATION UF FOURTF WHEEL (WEEN PRESENT) WRT
1 TS HUB PRUFILE

COCCOO0C 000 O CCOOCn

UL 1¢ L=1,NEQL

XLLL Ly =xL{L)
ASQ=STEPESTEP-(XLLEZA=PZPLCC(1D ) %x
FLEV(14=XLL{1YI-PXPCGLA I -SOKT{ABS{XSQI¥

130
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R=2258,
LISTING

3

27

TRST

oo
T

34

VCLUME Ti PAGE A-38
GF PRJGRAM UBS78B

THET=XLL(3)

C=COS{ THETB1+THET?}

XPBC({1)=XLL{1)Y+RBC1%*C

S=SIN THETB1+THET?H

LPBC{1I=XLL{ Y +RECL#*S

C=C0O S THETB2+THET)

XPBC(2)=XLL{1)+RBC2%(C

S=SINTHETB2+THET)

IPBCA2)=XLL{ 2 V1+REC24S

IF(LCUT.GEL11) WRITEOLUNG6,2L) €S, XPBC{1dy
2PBCI{1), XPBC(21,2PBC#2) ,AXLL{I},1=1,NEQLY
FORMAT (8H ELEVAT1,1.1£12.3)
TFISFLAGI10.EQ.1 ANC4NW(14+.EQ.0) GOTD 3¢

ASSEMBLY LS UN SINGLE WHEEL

IF(SFLAG(1) . EQul ANC4NWl 1) .NEL3) GOTU 23

Cabll WHEEL3 {ELEV{(2)4dbA HD,FE, hRsHXy IH{1, 144 1, LOUT,LUNG,
XPBC(1),2PBCL1),2¢fRLR(1,1))

XPW(1l,1)=xPBC(1)}

IPWl1,10=2PBCI1D

GCYU 5¢

IFINW 1) .EQacd GCTC 27

XPWE1l,13=XPBCI(1)

IPWli,1=ZPBCL{ )

CaLl WHEEL3 (ELEV(2V5FA,HD JFE, HF yHXy IHI1 #1941 ,L0UT,
LUN6 o XPWl1s1),2Phil 0¥y 2PRCF{1,10)

BETA(1)»=BALMU(1)}

APBC(1)=XPW{ 1,10 =u5¢BWILTH{1)*CCSIBALMULLY*T HET)
ZPBC{1)=ZPW(1,1) =25 ¢BWICTH{ 1) *SIN(BALMU{1 }ATHET
GOT0 58

XPW(l,2¥=xPBCLL)

IPWl1,2)=2ZPBC{1)

CALL WHEEL3 (ELEV(2) gbAsHD,)HEgHFoHXy IH{1,2091,L0UT,
LUNG o XPHi1l,2) 2Pl 1L ¢20,ZFROF4142H)

bETA{1d=BALMD{1}

KPBC{1)=XPW( 1,2} ¢, 50BWICTH{1)«CCS{BALMD{ 1 F#THET)
iPBC(L1Y=/Pul1,2) ¢o5¢BWILTHL1) «SINIBALME{ 1) #THET)
GGTO 59

ASSEMBLY IS BCGIE

KWl=a5%BWIDThH{1}

C=COSI{XLL{4dI+THET)H

XPWi1,1)=XPBCL{L)I+RW1%C

S=SIN{XLL{4)+THET)

LPW( 1,1V =ZPBC{1) +RWI&S

CALL WHEEL3 (ELEV{234HAHDsHE, HFyHXpIH{ 1,125 1,L0UT ,LUNG,
XPW(1s1) oZPWA1l,12,ZPROF(1e1M}

XPW(1,2V=XPBC(1)=~RW1eC

LPWl 1921 =ZPBC{1)=RWi%>

CALL WHEEL3 (ELEVI{3¥¢hAsHD,FE,HFHXy EH{1,28,1,L0UT,LUNG,

XPwWl 1,29 ,ZPW(1,2 b ZPRCFL1,2)

IF{LCUT.GE.11) WRITEDLUMNG p4i) (oSod XPHiloJddy
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L

C

53

57

6d
61

C

C
74

81

I\-2(558y
LTSTING

41
Sk

VOLUME 1
UF PROGKAM UBS76B

PAGE A-.

LPwl 1o d) g ZPROF(1,dhadhd 1odd,d=1,2)
FURMAT (85 ELEVATZ2,2F30.342(3F1643,13))
TRISFLAG(CYL.EQ.1 LANCNW(2) ,EC.8) GOTC 70

C SECONC ASSEMBLY 1S ON SINGLE WHEEL

IFISFLAG(2) .EQal «ANLJNWI2) .NE.3) GOTO 53

CALL WHEEL3 (cULEVINEQLY HA  FDoHEe hFy FXo IH{ 2y 13,4 2,LOUT,LUNG,
XPBC (21, ZPBCI2 )y ZPRLF(2,1))

XPW{ 2, 1¥=XPBC(2)

IPwl2,1)=2PBL(2)

UTO 66U

IFINW 2).EQ.2) GCTC &7

XPW( 2y1)=XPBC(2)

Pu{2,19=ZPBC(2)

CaLl WHEEL3 (ELEVINEQL) ,HAHD,HE,HF, HXeIH{2y14 42,L0UT,
LUNG o XPW(Z91 1, 2Pnl2 4%) g ZPRCF(2,1))

BeTA(2)=BALMU(2)
XPBC(2)=XPWl241)=o5¢BWIBTH{2)*COSCEALMUL2 ¥ T HET )
ZPBCA2)=2PW(2,1) ~.5¢BWICTH(2V¢SINIBALMU(2) ¢THET }

GOT0 6w

XPW{2,20=XPBC(2)

IPwWl2,2)V=2PBC{2)

CALL WHEEL3 (ELEVINEGL) ,HA,HDy HEoHFobhXy IHI2,2),2,L0UT,
LUNO oy XPW(2,2) yZPW{2,2)4ZPRCF.(2,20)

bETA({23¥=BALMD{ 2)
XPBCA2V=XPuW{2,2) +.5%BW IDTH{2)=CCS{ BALMB{2)#THET)
ZPBCU21=7PWl2,2) +.5¢BWICTH{2)¢S IN BALMEC( 21 +T HET)
TF{LCUT.GE. 110 WRITEALUNS,61) {ELEVIIN,I=1,NEQL}
FORKMAT {8H ELEVAT 3,5F1843)

RETUFRN

C SECUNU ASSEMBLY BUGIE

NMl=NEGL -1

Ri2=,5%BwIDTH(2)

C=COS{XLLINECLY+THETS

XPu{dy 1V=XPBC(2) +RW2#%L

S=SINIXLLINEQL) +THET#H

IPn{ 1) =2PBC{2) tRW24%S

NEGL MI=NEQL=~1

Call WHEEL3 {ELEVANEQLMIY yHAJHC JHE9HF KX IH{ 2,10, 2y

LCUT sLUNGs XPW{ 2, 1) 3 2FN(241 V4Z PRLF{ 2413}

XPWl2e2V=XPBL(2) ~RWzZal

IPW(2,2)1=ZPBC(2V=-RW24S

CALL WHEEL3 (ELEVINEQL) yHA,FD,HE,HFokXe IH(292) 92,L0UT ,LUNG o
XPinl 2920 4 IPW(R2,2),2FREF{2,2))

IF(LCUTGo11) WRITEALUNG,61) (ELEV{ IV I=1,NEQL)
TF(LCUT.GE«11l?Y WRITEALUNMNG 981) CoSo{ XPWi24dd,

LPW(2yJ) ,ZPROAF(24d ¥, 3,240 09d=1,2}

FORMAT(8H ELEVAT4,2Fi0e3/2{3F16e3,13)}

RETURN

END




R=2858, VGLUNE 17 PAGE A=49
LISTING OF PFOGRAM OBS78E

o C

SUBRCUTINE WHEEL1 {AMNGLE,HA HUgFE, THUBsK 0K ,DZ yXW yZW)

o

DIMENSIUN HA(5993sbL (5,91 ¢hE(5,90,6X{183,02(18)

SUBROUT INE TO FIND ANGLE ULALER WHEEL AT XWsiW,
NF SUSPENSION K ON HUB PRCFILE ELEMENT LHUE

OO

IF{HA(K, IHUB)cEQ.148 GCOTU 1¢¢

HUEB FROFLLE ELEMENT A LINE

N el e

ANGL E=ATN2{ HDA K, IHUEA,~HE{ K, IHUEB}I
IF(ABS{ANGLEY JLEWs31} ANGLE=W.
RETURN

HUB PROFLLE ELEMENT AN ARL

oo

14 A=ATN2(ZW=0Z( IHUBY, XW=-CX{ THEUEI)
IF(AESLAY JLE..Bid A=d.
ANGLE=A-1.57¢¥7%03
KETUFN
END

[l eX

SUBKCUTINE WHEEL2 {ERFRAD, FA,hD4HEyHFgHX,

+ HZ.IFUB:IHZ,K;LGLFpLU&b:EXyGZ,PSLPZ,RIZ.R12SQ.XPI.XPZ,ZPI,ZRZ&
DIMENSION EFFRAG(S) o&A(559V,HDI5,493, HELS 59, HFL5,9),HX

¢ (54183 ,H2(5,10),Cx(1dd,C2110)

SUBROUTINE TO LGCATE SECONG WHEEL GIVEN CNE
WHEEL AT XP1,ZIP1

DO 1k 1=1,1HUB

DSO=(HX(Ks IV =XPi D& 24t HZ{K IV =L F1)I8%2

IF{LCUT.EOQe11? WRITE&LUNE ,96) 1 ,0SCaR125Q,HXAK, 10y HZ(K, 1)
96 FURMAT(8H WHEELS®, L ce4Flia3)

1FIDSO «LE. K12SQ) GCYC 118
164 CONT INUE

C SECOND AXLE ON HUB FRCFILE ELEMENT IHUB

IH2=1HUB
GOTO 115
114 fH2=1]~1
[F{IH2eLTal) IHZ2=1
115 D=SQKTLDSQ)
IF(HALK, IH2) LEG. 13 GCTO 16&

FLEMENT (KolHe2) IS £ LINE

O CC.
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R=¢d58, VULUNE 11 PAGE A=«
LISTING UOF PROGRAM ORS78E

S=z=HC(Ky iH2) /HE(KoIF2}
T==~HF( Ky, THZ )/ HE{ Ky L+2
A=S&42¢],
b=S*(T=-ZP1)=-XP]
C=(T=-2P1 %24 XPl#&k2=K172SQ
BOA=B/ A
CoA=C/A
TF(=BOA +GEe Wo) X1=4BOA+SQRT{BLA®BUOA-LCOA)
IF{=-BOA .LTe Ue) X1=+BOA-SCRT{BCA®BOA-COA)
X2=CCA/X1
L1=S%X1+7
22=58X2+T
LF{X]1 «6T, XP1l) XF2=X2
TF{X¢ 6T, XP1) XxPZ2=X1
TF{X1 «0Ta XPl +CRa %2 +GT. XP1) GCTC 156
IH2P1=1Hz+1
IF(XaalToHXIK) LHe) S CRL X1 oGT HX{ KplH2PLI) XP2=X2
IFAX 2o LT o HX (K IH2 Y a CRUX 2o GTLHX (K, IF2P 1)) XP2=X1
TEIX1abLToHX{ KpLH2) s {R X2 o LT HXIK,IH2)} GOTO 158
IF(X1e6T HX(K yLH2P1 ) qCRaXK2.GT.HX(K\yIH2P1)) GOTQ 150
IFlZ]1 JGF. Z2) XFP2=x1
IF(Z2 oGT, Z1) XF2=xZ

157 IP2=S3XP2 T
PSLP2=ATN2I HO{K , IH2 )a~HE{K,IH21)
TF(AES{PSLP2) ,LE. .d1} PSLP2=0.
ITFILCUTLEQell) WRITELLUNMG,156) IH2,L,SeT,A,B,C,B0OA,COA,

b X1aXcoZl 9y Z294XP2,ZP2,ESLFP2

156 FCRMAT{BHUWHEELS1, 1347F 10 e 3/8F1ca3)
RETUKN
C
C ELEMENT (KyIH2Y IS AN ARC
C

lo2 CHGRE=SORTI(HX{K yTHZALI ) =HX (K, IHZ) V226 (HZ (K pIH2#+1)
+ ~HI{ Ko IHZ2ED &2}

A=2 + *ASIN{ 5 «CHCRD/ EEFRADIK I
B=ATNAHZI{KyIH2) =CZABF2) g HX{K I+ 20 =0X{IH2)}
IFLABS{B) JLE. +xl) B=p2,
IF(B JLE. =1.5707963467) b=B+6,2831853k7
AHGH=B
ALOW=B~-A
DO 188 I=1,6
AMID=.5%{AHGH+AL CW?
HXM=CX{IHZ2) +EFFRADE K}&=CCSLAMIL)
HIM=CZ{1HZ)+EFFRAL{ K3 %S INI AMID)
TKM2={HXM=XP1) &2 ¢{HIN=ZPL )&%
IF{RM2 .LE. K125€¢) GCTO 17¢
AHGH=AMID
GCTO 18y

170 TEF{RM2 .EQ. R12SCF CCTC 19¢
ALOW=AMID

138¢ CONT INUE

194 XP2=HXM
LP2=FIM
KKANG=ATN2{ZP2-CZ(I+2),XP2-CX{IH2))
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rR=-2458, VOLUVNE 11
LYSTING OF PRUGKAM 0BS788B

IF{ARS(RKANG) +LE, +d1) RKENG=@.
PSLP2=RKANG=-1.5727963267
195 CONT INUE
IF(LCUT .EQe11) WRITE{LUNS,196) IH2,0,CHORD9AWB,
+ XP2,2P2,PSLPZ

196 FORMAT (BHOWHEELS Ze 1 29 TF 1843
RETURN
END

C

C

L

SUBRCUT INE WHEEL3 { EXEV yHA hCoHE HFs#bXy THsKoLOUT
¢ LUNboXP,ZP4ZPROF}
" DIMENSYLON HA(S,9)yHL45,9) y FE{ Sy 9y HF (54909 HX{5,10)

SUBRCUTINE TO FLNC ELEVATIEN CF WHEEL CENTER
AT XP,ZPyWkT HUE PROFILE

OO0

DO 2¢ 1=1,10
IF(HX{K, 1) .GT.XP? GCIC 38
éd CONT INUE
IH=9
GOTO 49
39 - IH=1-1
IF(IH.LT A1) 1H=1
¢
¢ FLND POINT ON PROFILE
C v
49 © IF{HA(K,IH).EQ.14) CCTO 64

. PRCFILE ELEMENT A LINE

C
S==HO{K, IH)/HE(K,LH)
T==HF({K, TH)/HE{K,IH}
IPROF=S#XP+T
TF(LCUT .GE11) WRITE4LUNG,56) IHgS,T,2ZPROF

56 FORMAT (9H WHEEL3/1,13,3F1¢.3)
GOTO 8%

c

C PROFILE ELEMENT AN ARC

C

o B=a5 tHE{ K, IH)
C=XPEXP+hD{K, [H) ¢X F¢HF{K, [H)
D=B%E-C
IF(=B,GEade) Z1==B+SQRT(D)
IF{=E.LT.8.2 21=-B=SCRT{D)
22=C/21
1F(Z1.GE.2Z2) IPRCF=21
IF{71.LT.Z2) IPR(CF=22
TF{LCUT.GE.113 WRITE(LUN6,71) IH4ByCyDoZl,

+ 12,1FROF
71 FORMAT {9h WHEEL3/2913,6F18.3)

(el ont

ELEVATIUN
135
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R-2u584 VOLUNE I PAGE A=¢
LISTING Uf PROGRAM (OBS7&8¢H

L 3%] ELEV=ZP-ZPROF
IFJLCUT.0E.11) WRITESLUNG 9861 XFgpZPyKgeIH,
+ ©£ELEV,LPROF
656 FURMETI9H WHEEL3 /3 42F18.3,213,2F1¢0.3)
RETUBN
FND

v > .
¢ 0 00 40 0P Pe S PN .'.'"-...’.d..‘...\....'..."'.".‘.-.'...O..

O Ch

SUBRCUTINE MINVI{ZgN Lol M)
UDIMENSTION A{id,L{l13,MEL)

MATR IX ANVERSICN WITh FIVOTING

. ; 1 ;
e 598 50 408N G s ues .b....-v.l.’.v....‘.‘.‘..-..b,.}...n....‘.

SEAKCF FCOR LARGEST ELEMEN

A C G

D=1a.&
NK==N
N0 84 K=1,N
NK=NK+N
L{K} =K
MK =K
KK=NK+K
BIGA=A{KKI}
DO 2¢ J=K¢N
[Z=N#{J=-1)
NO 23 I=KeN
T1J=114+1]
14 I¥ ( ABSUBIGAY-ABSCAEF4N) 15, c0,<0
15 BIGA=A(1J)
LEKY =Y
MUK =4
22  CUNTINUE

INTERCHANGE RCWS

acCO

J=L (K}
IF{Jd=-K} 35,35,25
25 KI=K=N
NO 3¢ I=1,N
Kl=KI+N
HOLD==A(KI)
JT=KI=K+J
A(KIV=A(JD)
3 Al JT1=HOLD

¢ INTERCHANGE CCLUNNMS

35 [=M{ K)
IF{I-K) 45,45,33
33 JP=N*{TI~-1)
DU 482 J=1,N
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K=-¢458, VULUNME 11 PAGE A-44
LISTING UF PRUGKAM 0BST78bB '

JK=NK+ §
JI=JF+J
HOLD==A( JK)
AlJKI=AL AT
4 A{ JI=HULD

DIVIDE COLUMN BY NINUS PIVOT (VALUE GF PIVOT ELEMENT
1S CONTAINEL IN EJGA)

o0 O

45 TF{BIGAY 48,4648
4o D=@.ﬁ
KETURN
48 DO 55 [=1,N
TF{I=-K} 53,5545%
S¢ IK=NKe+?
' ALLKI=A{IKI/{=-BICA}
55 CONT INUE

REDUCE MATRIX

[al%

DU 65 1=14N

ITK=NK¢+]

HOLD=A( 1K)

IJ=1-=N

DU 65 J=1,N

1J=1J¢N

ITF(1=K) 60,659,608
%Y [IF{J=-K) 62465462
&2 Kd=T J=1+K

A{IJI=HOLD®A(KJ) #A( 1)
05 CONT INUE

DivIDE ROW BY FIVET

o

KJ=K=N
DC 75 J=1,N
KJ=KJ¢N
. IF(J=K) 78+75,72
T¢ AlKJI=A(KJII/BIGA
75 CONTINUE

PKODUCT OF PIVGTS

OO

U=U#*RIGA

REPLACE PIVCT bY RECIPRICAL

OO

A(KKI=1,4/BIGA
3% CONTINUE

FINAL ROW ANC COLUMN INTERCHANGE

cC O~

K=N
v K={K-1)
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K~2458, VOLUNFE 1 PAGE A-4¢%
LISTING OF PROGRAM (ORBRS78B '

TF(K)Y 1550153,1¢5

1v5 I=L{K}
IF (I=K) 124,120,188
148 JE=N&(Kk-1)
JR=N&{ I-1)
DC 114 J=1,N
JK=JC+ J
HOLD=A(JKi
JI=Jk+ J
A(JKI==A(J]D
1149 A{JdII=HULD
124 J=M{K)
TF{J=K) 1d8d4,14484125
125 KI=K=N
DO 139 T=1,N
KI=KI¢N
HOLD=A{KI)
JI=KI-K+J
AlKINI==A(JI)
130 Al4Id= HOLC
GO TC 1uws
154 RETUEN
END
¢
¢
FUNCTIUN ATN2{X,Y)
ATN2=4.
IFCX oNF o 0o aORaYNEwLod ATNZ2=ATAN2{X,Y}
RETURN
END
C
C
R T R TR R E N R T TR R L R R R
C
C SUBRCUTINE EGSCL
L
( #0Udpdud st aPet et Rt bQURIEUCHUUPCOCR/EERGER S DN L AR TS UT A GHG &
L SUBRCUTINE EQSCL = FRCM MoJdo.Ce FOWELL -aA FORTRAN SUBROUT INE
¢ FOR SOLVINCG NGNLINEAR ALGEBRALC cQUAT IONS
C IN NUMER ICAL METHUCLS FCR NONLINEAR ALGEBRAIC EQUATIENS
C ED: PHILIP F4BINCWITZ, PUE: GORDON & BREACH, 1974
SUBKCUTINE EQSOL {NyX,F,AJINV,OSTEP,CMAX,ACC,MAXFUN,
1  W)MAXC,LUNG, IPRINT , CALFUND
DIMENSTION XUINY,FINY yAJINVIN,NI o WLl133,L 1060V, MI1¢)
EXTERNAL CALFUN
L SET VARIUUS PAKAMETERS
MAXC =0
v *MAXC! CCUNTS THE NUMBEP OF CALLS GF CALFUN
NT =N ¢4
NTEST=NT
C *NT* AND 'NTEST' CALSE AN ERKGR RETURN 1IF F(X) DOES
C NOT CECKEASE
DTEST=FLOATIN+N) -0, ¢
C *OTESTY IS USED TG SAENTALMN LINEAR LNCEPENDENCE
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LISTING OF PROGRAM OBSTSE

NX=N %N
NE=NX+N
NW=NF+N
MW=Nh+N
NOC=Vw ¢y
ND=NCC ¢N
L THESE PARAMETERS SEFARATE TRE WCRKING SPACE
L AKKAY W
FMiin=24.
C USUALLY 'FMIN'LS THE LEAST CALCULATEC VALUE OF F{X),
C ANC THE BEST X IS IN WihX#1l) TG WINX#NP
DD=9 »
C USUALLY 0D IS THE SCUARE OF THE CURKENY STEP LENGTH
USS=LSTEP#DSTEP
DM=DNAX%=DMAX
NDMM=4,%CM
[S=5
C 11S?Y CONTKOLS A GG TC' STATEMENT FOLLOWING A CALL OF
¢ CALFUN :
TINC=1 .
C YTEINCY LIS USED IN THE CRITERICN TG INCREASE THE STEP
L LENGTH
C STAKT A NEW PAGE FGFR FRINTING
: IF(IPRINTI1 1,85
B85 WRITE{LUNO,68)
86 FORMAT(1F12
C CaLL THE SUBRCUT INE CALFUN
1 MAXC=MAXC#]
CALL CALFUN {NyXsF)
L TEST FOR CCNVERGENCE
FSQ=ua
VU 2 k=1,N
- OFSG=FSQEF{Id%FLIID
2 CONT INUE
TF (FSQ=-4CCY3,3,4
c PROVINE PRINTING CF FidNAL SCLUTION If REQUESTED
) CONTINUE
LF { IPRINT)S5 4540
(o) WRITF{ LUN6,T7IMAXC
7 FURMAT (//7/8h% ELSCLAY
1 9Xe3SHTHE FINAL SOLUFLiON CALCULATELC BY EQSOL
2 BHRECUIRED, 15,23+ CARLS CF CALFUN,ANC 1Sk
. WRITE{LUNG»8) {I,X{1d,F{I),I=14N)}
8 FORMAT (/76 X%Ko1HI  TX kXTI ,412Xy 4HF{L¥//11542E17.8))
WRITE(LUNG,9)Y FSQ

9 . FOKMAT (/5X,21HTHFE SUM CF SQUARES IS,E17.8)

5 RETURN
¢ TEST FOR ERROR RETURMN BECAUSE F{x) DCES NOT DECREASE
A GO TC {1luellisllsy12s130,41S

1y TF{FSW=-FNIN) 15028420

P3Y) IF{DE=DSSY 12,124 11

12 NTEST=NTEST-1

IF{NTEST)13,14,11
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VOLUNME 11 PAGE A-

LISTING GF PROGRAM UBST78E

lo

17

18

13
19

15

i1
21
23

¢l
25
26

24

32

31
32

33

29

34

FURMETL ///8H %EQSOL 3Z5X,31 FEKROR RETURN FROM EQSUL BECAUSE, 15,
4THCALLS GF CALFUN FAILEC TC€ IMFRCVE THE KESICUALS)
DC 18 I=1,N

NXI=AX+1]

NFI=NF&]

X{ D) =W {NXI)

FLIY=WINFI)

CONT INUE

FSe= FMIN

GO TC 3

EKRUOR RETURN BECAUSE A NEW JACOBIAN IS UNSMCCESSFUL
WRITE(LUNG6,19)

FORMAT(///8H% EQSGL :/

5Xe36HEKRUR RETURN FROM EQSCL BECAUSE FiX),
39HFAILELC TO DECREASHE USING A NEW JaCGBIAND
GO YC 17

NTEST=NT

TEST WHETHER THERE FAVE BEEN MAXFUN CALLS OF
CALFLUN

IF(MAXFUN=MAXCI21,2 1422

WR BT EL LUNG 2 3) MAXC

FOKMAT{///8H% EGQSCL 3.4

5Xy3IHERRUOR RETURN FRCM EQSCL BECAUSE
16HTHERE HAVE BEEN ,35415HCALLS OF CALFUN)
TFIFSO-FMINY3, 17,17

PRUV IDE PKINTING 1IF REQUESTEL

If (IPKINT)IZ4,y24,25

WRITE(LUNb,263 MAXC

FURMATA{///8H% EQSCL s

5XeoHAT THE,15,25HTH CALL CF CALFUN WE HAVE)
WRITECLUNO oB8YL L, X{Ld,F{IV,I=1,N}

ARITE{ LUN6,9)FSG

GO TC{27 22899987 ,328,1IS

STCRE THE RESULT GCF ThE INITIAL CaAkL CF CALFUN
FMIN=FSQ

DU 31 I=1,N

NXTI=hX4+T

NFL=NF+}

WINX T =xX{1)

WiINF D) =F( L)

CONT INUE

CALCULATE A NEW JACCBIAN AFFROXIMAT IUN

I1C=y¢

1S=3

IC=1IC+1

X{LC)=X(LCI+DSTEF

GU TG 1

K=1C

DE 54 I=1,4N

NFI=NF+1

wiKY ={ F{ Th=ndNFIIV/LSTEP

K=K+ A\

CUNT INUFE

NXLC=NX+IC




R‘ZJSBQ
LISTING

35

37

4

39

42
44
45

—

%3

46

VULUME 11
OF PROGKAM UBST78¢8

X{LC=WINXIC)
iIF{IC~-N)33,35,35

CALCULLATE THE LINVERSE OF THE JACGBIAN ANL SET THE
DIKECTIUON MATRIX

K=9

DC 36 1=1,N

DO 37 J=1.N

K=K+l

NCK=ND +K

AJINVII o J) =W (K}

WINOK) =,

CONT INUE

NDCI =NDC ¢I

NOCK I=NDCI ¢K

WINDCKID) =1,
WINDCLY=1.#FLCATI{N=1#
CONTINUE

CALL MINVIAJINV, N DAL, M)
START ITERATICN EY FREDICT ING THE CESCENT AND
NEWTCN MINIMA

DS=b.

DN=0 .

SP=y,

DC 39 I=1,N

X{ 1) =¢.

Flii=0.

K=1

DU 4¥ J=1,N

NFJ=NF+J
XEI)=X{ T )1=-WIKI*WdNF D
FOIV=F(I4=AJINVIIeJd ¥IEWINFI)
K=K+

CONT INUE

05=DSex{i Tdex{1)
DN=DAN+F(LYeF (1}
SP=SPexXt IV #F{ 1)

CONT INUE

TEST WHETHEK A& NEARBY STAT IGNARY POINT IS
PREDICTEC
IF{FRIN*FMIN=-DVMM2DS 141 ,41,42
{F SC THEN RETURN CFk REVISE JACCEIAN
GO TC(‘03 glfi p44" * IS
WRITESLUNG945)

FURMAT(///8H% EGQSCL ¢4

- $Xy33HERROR RETURN FRGM EQSLL BECAUSE A,

«GHNEAKBY STATIGMNARY PUINT OF F{X) IS PREDICTED}
G0 TG 17

NTEST=0

DO 46 1=1,N

NXI=NX*+]

XCI) =WINXT )

CONT INUE

GO TC 32 |

TEST WHETHEK TC AFPLY THE FULL MEWTON CORRECTION
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LYSTING GF PROGRAM 0OBS73E

41

41

4Y

48

52

51

54
55

56

53

94

57

[aNe

59

15=2

TF(DN-DDRV47,47,48

DO=AMAX1(DN,DSS)

DS=0.25%DN

TINC=].

TF(DN=-D5SS)49,58, 58

1S=4

GG TC 8w

CALCULATE THE LENGTF CF THE STEEPEST DESCENT STEP
K=¢

NMLL T=d.

DU 51 I=1,N

DwW=0g.

DO 52 J=1,N

K=K+ ]

Dwz=Dntw{K)I&X(J)

CONT INUE

OMULT=CMULT +Lw*Cw

CONTINUE

OMUL T=DS/DMULT

DS=DS*DMULT ¢DMULT

TEST WHETHER TG USE F®HE STEEPEST CESCENT UIRECT ION
IF{uS~-0D153,54,54

TEST WHETHER THE INITiAL VZLUE CF CD HAS BEEN SET
IF{DC¥55,55,56

UC=AMAXLT(DSS,ANMINL{CN,DS))

Da>=0S/{DNMULT =D MULT )

b TC 41

SET THE MULTIPLIEKR L€ THE STEEPEST DESCENT DIRECTION
ANMULT=y¢ .,

DMUL T=DMULT*SCRT(DOD/LS}H

GO TC 98

INTERPOLATE BETWEEN THE STEEPEST DESCENT AND THE
NEWTCN DIKECTICNS

SP=SFeOMULT

ANMULT={CD=-0S)/{(SP~0S) +SCET{(SP=LLY*%2 ¢{ CN-DD)I
*(DL=-DSI M)

UMUL T=DMULT®( 1., -ANMLLT Y

CALCULATE THE ChANGE IN XANC ITS ANGLE WITH THE
tIRST DIKECTICN

PG 57 1=1,N

F{ID =DMULT= X{I Y ANMUET2FL{ I)

DN=DA+F{ T3*F (1)

NCI=ND#]

SP=SP¢F(IIF=W{ND])

CONT INUE

DS=¢ «25*DN

TEST WHETHEK AN EXTHA STEP IS NEEDED FUK
{NDEFENDENCE

IF(WINDC +1)=-DTESTI56,58,59

IF{SP#SP-DS)60,58,5¢

TAKE THE EXTKA STEP AND UPLCATE THE DIKECT ION MATKIX
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LISTING UF PFROGRAM UBSTBE

54
6

€1l

©3

62

cCoo

53

65

6b

67

68
69

a4

7

Is5=2

DC 61 I=1N

NXI=NX+1

NCL=NDA1

NDCI =NDC +1
XLI)=W{NXIV+DSTEF*W{(NC L)
N{NDCII =wiNCCI®id+l,
CONT INVE

H( ND'=1 .

DC 02 1=1,N

K=ND ¢I

SP=Wi{K)

DO 63 J=2eN

KN=K+N

W lK) =W (KN

K=KN

CONT INUE

w(K¥=SP

CONTINUE

GO TG 1

EXPKFSS THE NEW CIRELTICN IN TERMS OF THOSE OF THE
DERECTIUN MATRIX,ANC UPCATE THE COUNTS IN WINDC+1)

£ETC.
SP=
K=ND
DY 64 I=1,N
X{L)=0w
Dw=0 .
DO 65 J=1,4N
K=K ¢l
DW=DWeFLJ) W (KD
CONTINUE
GOTO (6840660 ,15
NOCY =NLC #1
WINDCIV=W(NDLIV+ 1.
SP=SFP+UNW*DOW
IF (SP=DSVb4,64,67
1S5=1
KK=1
X{1)=DW
LU TC &9
X{1)=DW
NDCI=NDC+1i
WINDCI)Y=w{NDCI+1)+1.
VUNT INUE
AINDI=1.
KECRCER THE DIKECTICLANS SC TRAT KK IS FIRST
IF (KK=1170470,171
KS=NLCC +KK#N
DO 72 I=1.N
K=KS +]
SP=k(K)
KN=K=N
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76
75

17

84

19

78

27

82

W{K) =W{ KN}
K=KN

CONT INUE

W(K)=SP

CUNTINUE

GENERATE THE NEW CRTHCGUNAL LIRECTION MATK.IX
DC 74 I=14N

NWI=NW#+]

WiNWI =,

CONT INUE

SP=X{1)=X{1)

K=ND

DC 75 I=2,N
DS=SCRT{SPe(SP«X{IVvex{1)))
DW=SP/DS

NS=x({I17DS

SP=SF+ Xt IV &X(])

D3 7€ J=1,N

K=K¢+1

NWJ= NW+ J

KiN=K +N
niNwJJI=WINWII e XT I=-132W ([ K)
WIKY =DWEW (KN) =DS&W({ Nwdd
CONT INUE

CONT INuUE

SP=] J/SQRT(DN)

DO 77 I=1,N

K=Kel

WK =SP*F (L)

CONTINUE

CALCULATE THE NEXT VECTCR X,ANC PREDICT THE RIGHT
HAND SIDES

FNP=JO

K=¢

NO 78 I=1,N

NXI=NX¢1

NFI=NF#+{

NWI=NW#+]

XE D) =W {NXII+F (L)
WINWI)Y =W {NF])

DU 79 J=1.N

K=K ¢l
WINWII=wd NAT )+l KD &FG )
CONTINUE .
ENP=FNP+W(NWI) oz,

CONT INUE

CALL CALFUN USING THE NFW VECTCR OF VARIABLES
GO TC 1

JPDATE TrE STEP SIZE
DMULT=Us 9%FMEN+S L1 2ENF=FSQ
IF (CMULTIBC 81,81
JO=ANMAXL (LSS, 042500 )
TINC=1.

[F (FSQ-FMIN18s,28,28
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C TRY THE TEST TUO CEBC4GE WHETHER TC INCREASE THE STEP
C LENGTH
&6l SP=d.
SS=¥ .
DU o4 I=1,N
twl=NW+]
SP=SP+ABSIF{ IdX(FL I)miNWI )
§S=SSelF(IV=-wW{NWIL}) P2
84 CONT INUE
PJ=1.#DMULT JISP+SCRTL{SPESPHOMULT #SS )
SP=ANMINI1(4.,TINC,PJ)
TINC=P J/5P
DU=AMINL{(DM,SP&«L)
60 TC 83
" IF F{X) IMPRGVES STCRE THE NEw VALUE OF X
87 IF{FSQ-FMINIB3,54s54
83 FMIN=FSQ
DC 88 I=1,.N
SP=x(I¥
NXT=NX+1
NFI=NF#]
NnI=Nnel
X{I)=WINXI}
WENXT)=SP
SP=F (1)
FAIY=W{NFI}
WINFI}=SP
: WINWI) == ndNWI)
88 CONT INUE
TF{I1S=1)28428,59
C CALCLLATE THE CHANGES IN F AND IN X
a3 DO 89 I=1eN
NxI=NK#1
NFI=NF¢l
XEIdy=X{Id=A{NX])
FEIYsF(IV=WINFT)
89 CUNT INUE
C UPCATE THE APPRCXIMLTIICNS TC J AND TC AJ INV
K=@
DO 9E€ I=1,N
MhI=MA+ ]
NWI=AW+]
W{MWEV=X{ L)
WINWI =F{I}
DO 91 Jd=1,N
WMWY =W {MAT) = AJINVLI JIFTJI
K=K+ 1
WINAId= wINWI)=-W(K}EX[J)
91 CONT INUE
9 CONT INUE
sP=g.,
SS‘;J‘
NU 92 1=1,N
DS=¥.
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93

92

I4
95

97
96

DG 93 J=1,N
DS=DS+AJINVIJ,Td=X(Js

CONT INUE

SP=SF¢0S«F(1I)

SS=SS+X{I)ex(1)

F(I)=DS

CUNT INUE

DMUL T=1,

TF {ABS{SPI=¢.1%S5454,95,95
DMULT=4,8

PJ=DNULT/SS
PA=DNMULT/{CMULT#SP+{1.=-CMULT)4SS)
K=y

DU 96 I=1,N

NWI=AW+]

MWI=NM+1T

SP=P J*W{NWwI}

SS=P A& MW T)

DC 97 JU=1,N

K=K#¢]

WK =W (KY*+SPEX{J)
AJINV{I.JL=AJINV(I.ui0SS*F(J)
CONTINUE

CONT INUE

Gu TG 38

END

PAGE A
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K=2K5dy VULUME I1
VEHICLE INPUT FILE FOR PRCGFAM

M6 ALIM2
1 2 v 1

G Ge
11
1141
1 111

17.5 17.5

33.3 3343

3, Te
"'7. "3@0
cldubs 47754,
$3.02 Ca
law, 2 53,62 de 2
e e
2
2735 45, 0e 49,
g1 1 ¢ 11
<53.31 4L 17.62 23.6

PAGE B=2
UBS78E - M6WUAl TANK

NUNITS, NSUSP,NVEH,NFL
HITCH REIGRT AND LOAD
BOGIE INCICATOKS
POWER INDICATORS
BRAKE INCICATORS
RGLLING RACIUS
HITCH TC SUPPORY CENTEK
BOGGIE WICTH
BCGIE LIMIT-UP
BOGIE L IMIT-COWN
AXLE LOAC~-EMPTY
VEhs CG ABOVE GROUND
LCAD CG WRT GROUNCL
LOAC
VEH BUTTCM PUINTS NPTSCl,NPTSC2
XCLCLLIYoYCLCLAI) ,1=1,NPTSC}
SFLAGI IV IP{I,2),18(1,1),1=4,5
41425 14.62 ELLITYZSL 1) ,EFFRADIIY,
I=4,5
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APPENDIX B - VEHICLE INPUT FILE FCF PROGKAM 0BS78B - M151 JEEP

M151A2 - 4X&4
1 21 w
18« £e
¢ 9
1341 939
1wl €9 9
14. 14.
113. 28
be 2.
€. €e
° 6. 2.
1340 106 E,
25 . 18
56 . 3C€.
560 e
9 9
13¢. 17.
47 . 14

0e
Ue
Z.
?e
(7
2

123.
26,

16,
Lﬁn

88.
13.

149

NUNITSoNSUSPyNVEHL, NFL
HITCH HEIGHT ANC LJAD
BCCGLE ANDICATORS

PUWER INCDLCATORS

ERAKE INDICATORS
ROLLING RACIUS

HITCH TO SWPPORT POINT
BCCLE WIDTH

BOGIE LIMIT=-UP

BOGIE LIMIT-0OOWN

AXLE LOAD-EMPTY

VEF. C6 ABOVE GROUND
LCAD CC wKT GROUND
LOAD

VEF BOTTOM POINTS

13015 86. 120 850

18. e 18.

PAGE B-3
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k=258

K3

LY
3.15
15.75

3.15
1%.75
33.406

3615
15.75
33.40

3.i5
15.75
33.40

3415
15.75
33,46

3.15
15.75
33.46

3.15
1€.75
33.46

3415
15.75
33.46

3.15
15.75
33.46

3.15
15.75
33.406

3415
15.75
33 .46

3.15
15.75
33.46

3.15
15.75

33.46

3415
33.46
3.15
15.75
33 .46
3.15
15.75
33.406
315
15.75
33.46

VOLUNE 1T
SAMPLE TERRAIN INPUT FILE FER PFUGRAM 0BS78B

U3
112.94
112.49
142644
142e¢0
1a4c.4¢
154 .94
1564 .44
154.99
164240
164.9¢
lo4..00
196.84
196.30
266 .00
246400
266600
218,30
218,49
218.49
248.00
248,00
248,08
112.99
112.4%
11 2.2
142.00
142.2%
142,29
154 .49
154 .30
154,89
164 .88
164408
lea.d92
196.34
190ad0
196,329
2¢b 80
28640
2¢ 6249
218400
218e49
216,080
248,99
248430
248490
112.9%
112.89
112.4¢

43
5,88
5 .88
5.88
5 .88
5 .88
5.88
5.88
548
5.88
5 .88
588
5..88
5488
588
5«88
5 .88
5 .88
5«88
5 .88
5.88
5.88
5488
5.88

29.88
29 .88
29 .88
29 .88
29.88
27 .88
29.88
29 .88
29 .88
29 .88
29 .88
29 .88
29 .88
29 .48
29 .88
29 .88
29 « 88
29 .88
29 .88
29 .88
29 88
141 .69
141 .69
i41 .42
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SAMPLE TEKKAIN INPUT FLILE FLk PKGGRAM 0EST78E

3.15 l4c.d% i41 .68
15.75 142,49 141 .60
3.15 154.84 i4] 69
15.75 15‘*.%0 141 ot
35.486 154.40¢ 141 64
3.15 164.89 141 »68
15.75 164 .3¢ 141 of0
33.46 164.909 141 .68
3.15 196.0¢ 141 .6¢
15.75 196409 141 .69
33446 196 .09 141 .60
3.15 £vbadid 141 < 6%
15.75 266 00 141 J6€
33.46 cLbebi 141 «.86¢
3.15 218.8¢ i41 .69
15,75 218449 141 .66
33.4¢€ 218.0¢ 141 .67
3.15 248449 141 .40
15.75 248464 141 .60
33.4¢6 248ad ¥ 141 .6¢

Y999999.999999999.9999994%97 .99
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k=258, VOLUME 11 PAGE D=
SAMPLE CJUTPUT FRCM PhOGRAM CES78B - VEHICLE:MegAl TANK

NCHGT
3
NANG
8
NWCTH+
3
CLRMIN FCOMAX FLC ROV ALS AVALS WYALS
INCHES PCUNDS PGUNES INCHES RADIANS INCHES
37T ev3 894845 372.1 3.15 1.95 5.88
244l 27276 2 1842eu 15.75 1.95 5.88
6«57 §9773.8 52114 33 e46 1.95 588
37.¢3 8G48.5 394.3 3,15 248 5.88
24 .38 24473,2 162448 15.75 2.48 5.88
T 6.72 56134 .3 384¢.9 33446 248 5.88
27.03 B948.,5 395.0 3.15 2.09 5.88
24.506 1856942 139¢€.5 15.75 2469 5.88
11,43 32415.7 361643 33440 2ebY 5.88
36,94 8456. ¢ 3860.8 3415 2.86 5.886
24439 1764646 1259.2 15.75 2280 5.88
38.2¢ B2dla7 T07.0 3,15 3 .42 588
21.27 18699.8 224€.3 15.75 342 S.88
2487 30¢44e45 2696 .2 33,46 3e42 5.88
39.64 412444 224ad 3.15 3.60 5.88
3l.€1 1374446 1544.9 15.75 360 5.88
~1.3¢ 3U8l16.3 264249 33 .46 3.60 5.88
4¢.2e 3757.7 i74.5 3.15 3.88 5.88
36433 13166.8 982.9 15.75 3.89 5.88
‘el 310781 62065 33.46 3.890 5.88
G490 O 1612.7 366 3.15 4 .33 5.88
39.54 4149.3 14549 15.75 4433 5.88
37.79 5566,1 =125.5 33 .46 4433 5.88
37.13 YeéTl2e¢ 4844 3.15 1495 2Y .88
dbalb 12489.2 =316.4 15.75 1.95 29.88
64517 19647 .8 497444 33e4¢€ 1«95 29.88
37.13 9272.2 5Cre.d 3.15 2.48 29.88
chad cd T2 .6 862.5 1575 2+ 48 29.88
6262 5134645 4934205 33446 2448 29 .88
37.13 927242 516.7 3.i5 269 27.88
264,36 24378 .9 27179 15.75 2469 29.88
1174 34087.7 37695 33 .46 269 29.88
36.99 8456 .0 S27.17 3.15 286 29.88
24.51 15926 .4 1465.5 15.75 2+86 29.88
20455 34¢44 .5 3131.9 33 .46 286 29.88
37,17 0448,1 62949 3.15 3.42 29.88
14,79 18€695.,7 1864.3 15.75 3.42 29«88
2.92 3ik44«.5 364 e 23 .46 3,42 29.88
36.88 Te28 .2 ~219.2 3.15 3.0 £9.88
22.08 3i86l.9 2<61e9 i5.75 Iebw 29,88
-11.5¢ 34784 .1 3152.8 334406 3.60 29.88
36.71 9361.9 1¢8 1.2 3.15 3,8« 29.88
e7.21 <d261.7 163748 15.75 3.82 29,88
3449 48386.8 452 ce6 33 .46 3.80 2988
38,68 5%64.9 196.1 3.15 4433 29.88
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SAMPLE CUTPUT FRCM PKCGReM CBST8E - VEMICLE:MOGAL TANK

21.049
35,0l
37,17
244717
6459
37«17
24 o4
6ab2
37.17
L‘Qo‘tﬂ
11.5%
36.93
24 446
cBa5C
34,23
22e1¢C
28446
34.d2
16.75
9.38
33.89
12e4v
"1083
33.91
luas9¢
-¢3,¢3

7279 %
12253.2
9e72.2
24814.9
79784 .9
9¢72.2
35568.¢
52815.6
9clce2
7683 .5
34¢88.,9
8456. 4
18740.7
34464 .5
¥5¢95.3
19€12.¢
3d€49.5
932648
32341.8
34368.4
9787 3
38383.1
4892844
84742
18¢69 .4
79892.1

-li)Z-b
759.8
231.1

lédad et

4492141
23643

186148

3648.1
241.8

1787.9

33w bel
4259

1827.2

3%6c2.1
47142

2295.4

3493.0
Talal

249 7.8

426645
452.9

3741.5
bﬁB.d
45549

5167.6

i5.75
33.46
3.15
15.75
33 .46
3415
15.75
33.46
3.15
15.75
33 .46
3.15
15.75
33 .46
3.15
15.75
33 .4t
3.15
15.75
33 .46
3.15
15.75
33,46
3.15
15.75
33 .46
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4033
.33
1.95
1.95
1«95
2e4b
2&"8
248
2.6Y9
269
2.69
2 .86
2e 8D
286
3.42
342
3..42
3.6¢
3é6K
3J69
BQBﬂ
3.80
3 !8@
4433
4433
44,33

29.88

29.88
ihlebi
141460
141 .90
141.69
141,69
1641.60
141.69
141.68
141.69
i41.60
141.60
141.69
l«4l.60
141 0¥
14l .08
inl. 60
141.69
141.60
lélabl
141.60
l41.60
141.6¢
141.60
14l.60




R=¢uSs, VOLUME TH PAGE D-
SAMPLE CUTPUT FRCM PRLOGRAM (BS78B =~ VEHICLESMIS1 JEEP

NOHGT
3
NANG
8
NWOT¢+
3 ~
CLRMIN FCOMAX £00 FCOV ALS AVALS WVALS
INCHES PLUNDS POUNCS INCEES KADIANS INCHES
6085 S41a06 31.2 3.15 1.85 5«88
=-3.75 2179.% 127.1 15.75 1.95 5.68
~<¢l.21 22%8.5 237.5 33 .46 1495 5.88
6,85 1215.5 35.6 3.15 248 S5.88
~3.54 1261.2 1l1v.7 15.75 2e48 5.88
~13.36 S6¢.9 16L.6 33440 2.48 5.88
e85 696.1 25.5 3.15 2668 5.88
7+45 4l1.2 3443 3.15 2.86 5.68
2693 bbb 69.7 15.7> 286 5.88
2e61 79943 9843 33 .46 <86 5.88
Ts19 4l7,.7 4Ca.9 3.15 342 5.88
. 553 444 .5 387 15.75 342 5.88
3.1u 79943 1¥3e9 33.46 3.42 5.88
1.42 124 o7 35.5 3.15 3.069 5.88
l.28 7157.6 13541 15.75 3.00 5.88
-4 .83 #39.1 135.3 33 .46 3.6u 5.88
Beld 66,5 16.3 3.15 3.8¢ 5.88
k8 117¢ .4 18643 15,75 3 .00 5.88
~“9.54 13UIQS 24‘.@ 33046 3.8” 5.85
9.65 344 .3 4.8 3.15 4.33 Se.88
576 11545 43.5 15.75 4433 5.88
—Od.B 2.’78.2 1‘96.” 33.40 ".33 5088
b.85 592.1 -~ 2.8 3.i5 1.45 29,88
-3.75 2165.4 Y3.1 15,75 1.95 29.858
~21l.4b 282946 15¢.9 3346 1.95 29 .88
b.85% 1¢15.5 293 3415 26448 29,08
-3.75 1£25¢ .4 Sbea 15.75 248 29.88
~4.92 111v.3 1£G5.8 33.46 248 29 .88
6.85 698.1 24,17 3.15 2+69 29.88
5 €58.4 6942 15.75 269 29.88
Se §37.9 116.9 33 .46 £e6Y 29 .88
7.5 4il.2 28.8 3.15 2486 2988
4 .86 443, 4 Skail 15,75 286 29 .88
4.75 7199 .3 195.9 33 .46 2486 2Y .88
7429 4]l 7.6 31.1 3.15 3.42 29 .88
5.44 Ght o5 570 15.75 3.42 29.388
“4 49 ¢ 199, 3 lvo.6 33446 Ja.42 29.88
603 146,06 3949 3.15 3.6¢ 29.88
.78 761 .3 119.2 1575 360 2788
-2.82 B4cal 137.9 33 .46 Iabi 29.88
6e78 591 .4 3449 3.15 3.8¢ 29.88
-2 e4b 1178.4 i45.1 i5.75 348€ 29.88
~14.26 1318.0 195,96 33 .46 3.80 29.88
beb8 575.1 449 3.15 4 .33 27 .88
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k=2458, VOLUM 11
SLMPLE CUTPUT FRCM PRUGRANM (#5788 - VEHICLE:IMiS1 JEEP

‘Jo@l
-23.83
6485
-5¢
-11 i
6485

2 .04
"073
6.85

T h o4
3.83
Te4d
6.75>
6.88
7.67
7.238
0+85
G.84
4.25
3.88
Teb
204
-6
D89

~ w3
-15.4¢

24018
2551 .4
S41.3
2428.4
2556.1
1¢93.9
1176.6
12384.9
74745
75847
837.9
4lo.8
443 .4
799.3
417.2
388.06
199.3
767 »1
Ted.1
83947
1094.9
1168.7
131242
1131.4
2397.2
2549.8

157.9
228.17
-6.3
87 <4
128.8
1l
68e6
145.9
16.9
75.1
132.5
17.9
65.4
1236
1961
65.9
196.0b
20.1
T8.2
135.9
18.6
83.3
164,2
36.3
8L.3
1473

15.75
33 .46
3.15
15.75
33 046
3.15
15.75
B33 <406
3415
15.75
33 .40
3415
15.75
33 .46
3.15
15.75
33 ."b
3.15
15.75
33.40
3415
15,75
33 046
3.15
15.75
33 .46
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4.33
Le95
1.95
1.95
Le&B
2448
2«48
2+69
269
2269
Z-Bb
2«86
288
3.42
3442
3.{#“
3 .64
3.6¥
3.6¢
3.84
3.80
3.80
4.33
4433
4433

29 .88
29 .88
141.68
i4l.69
14l .60
141 .60
161.69
141.68
141 .00
14.06¢
l141.60
il 60
141 .68
14]1e 60
141 .60
i141.6¢
l141.68
141.60
141.00
141 .69
i4l1.89
141.682
141 .64
l41.6¢
141 .60
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