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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 II 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 

generated 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-74 (Jurkat, Nuttall and Haley 

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

motivation for most aspects of the Model, and presents documentation 

for the coded version now available through the U. S. Army 

Tank-Automotive Research and Development Command (TARADCOM). 

A. Background 

Rational design and selection of military ground vehicles 

requires objective evaluation of an ever-increasing number of vehicle 

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

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

options evaluated, and new trade-offs and decisions made. In the 

single area of combat vehicles, for example, changes in one or another 

influencing factor might require trade-offs that run the gamut from 

opting for an air or ground system, through choosing wheels, tracks or 

air cushions, to designating a new tire. 

The former Mobility Systems Laboratory of the then U. S. Army 

Tank-Automotive Command (TACOM) and the U. S. Army Engineer Waterways 

^   Experiment Station (WES) are the Army agencies responsible for 

* This chapter is adapted from Jurkat, Nuttall and Haley (1975). 
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conducting ground mobility research. In 1971, a unified U. S. ground 

mobility program, under the direction of the then Army Materiel 

Command (AMC), was implemented that specifically geared the 

capabilities of both laboratories to achieve common goals. 

As a first step in the unified program, a detailed review was 

made of existing vehicle mobility technology and of the problems and 

requirements of the various engineering practitioners associated with 

the military vehicle life cycle. One basic requirement was identified 

as common to all practitioners surveyed: the need for an objective 

analytical procedure for quantitatively assessing the performance of a 

vehicle in a specified operational environment. This is the need that 

is addressed to a substantial extent by the INRMM and its 

predecessors. 

In theory, a single methodology can serve some of the needs of 

all major practitioners, provided it relates vehicle performance to 

basic characteristics of the vehicle-driver-terrain system at 

appropriate levels of detail. 

Three principal categories of potential users of the 

methodology were identified: the vehicle development community, the 

vehicle procurement community, and the vehicle user community (Figure 

I.A.1). The greatest level of detail is needed by the design and 

development engineer (vehicle design and development community) who is 

interested in subtle engineering details--for example, wheel geometry, 

sprung masses, spring rates, track widths, etc.—and their 
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PROSPECTIVE USERS OF VEHICLE PERFORMANCE PREDICTION METHODOLOGY 

FIGURE   I-A-l 

interactions with soil strength, tree stems of various sizes and 

spacings, approach angles in ditches and streams, etc. At the other 

end of the spectrum is the strategic planner (user community), who is 

interested in such highly aggregated characteristics as the average 

cross-country speed of a given vehicle throughout a specified 

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

with features of the total operational environment. Between these two 

extremes, is the person responsible for selection of the vehicles who 

must evaluate the effect of changes of major subsystems or choose from 



R-2058, VOLUME II 
Obstacle Module 

Page 4 

concepts of early design stages. To be responsive to the needs of all 

three user communities, the methodology must be flexible enough to 

provide compatible results at many levels and in an appropriate 

variety of formats. 

Interest in a single, unified methodology applicable to the 

needs of these three principal users led to the creation of a 

cross-country vehicle computer simulation combining the best available 

knowledge and models of the day. Much of this knowledge was collected 

in Rula and Nuttall (1971). The first realization of the simulation 

was a series of computer programs known as the AMC-71 Mobility Model, 

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

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

first generation of a family whose descendants, under the evolutionary 

pressures of subsequent research and validation testing results, 

application experiences, and growing user requirements, would be 

characterized by greater accuracy and applicability. A relatively 

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

The first descendant, known as AMC-74, is the basis for the 

INRMM. It is documented in Jurkat, Nuttall and Haley (1975). The 

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

In undertaking mobility modeling, the first question to be 

answered was the seemingly easy one: What is mobility? The answer had 

been elusive for many years. Semantic reasons can be traced to the 

beginnings of mobility research, but there was also a pervasive 

reluctance to accept the simple fact that even intuitive notions about 

a vehicle's mobility depend greatly on the conditions under which it 

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

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

in a given terrain was a suitable measure of its intrinsic mobility in 

that situation. 

This definition not only identified the engineering measure of 

mobility, but also its dependence on both terrain and mission. When, 

at a suitably high resolution, the terrain involved presents the 

identical set of impediments to vehicle travel throughout its extent, 

mobility in that terrain (ignoring edge effects) is the vehicle's 

maximum straight-line speed as limited only by those impediments. But 

when, as is typically the case, the terrain is not so homogeneous, the 

problem immediately becomes more complex. Maximum speed-made-good then 

becomes an interactive function of terrain variations, end points 

specified, and the path selected. (Note that the last two constitute 

at 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 vehicle might achieve at all points 

in the area. At this point, the output is reasonably general and is 

essentially independent of mission and operational scenario 

influences. The basic data constituting the maps must usually be 

further processed to meet the needs of specific users. These needs 

vary from relatively simple statistics or indices reflecting overall 

vehicle compatibility with the terrain, to extensive analyses 

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

In formulating AMC-71, it was recognized that its ultimate 

usefulness to decision makers in the vehicle development, procurement, 

and user communities would depend upon its realism and credibility. 

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

several more concrete objectives related to the overall structure of 

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

1. Allow validation by parts and as a whole. 

2. Make a clear distinction between engineering predictions and 
any whose outcome depends significantly upon human judgment, 
with the latter kept visible and accessible to the model 
user . 

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

4. Use measured subsystem performance data in place of 
analytical predictions when and as available and desired. 

These objectives, plus the primary goal of supporting decision 

making relating to vehicle performance at the several levels, clearly 

dictated a highly modular structure that could both provide and accept 

data at the subsystem level, as well as make predictions for the 

vehicle as a whole. The resulting gross structure of the model is 

illustrated in Figure I.C.1. 

At the heart of the model are three independent computational 

modules, each comprised of analytical relations derived from 

laboratory and field research, suitably coupled in the particular type 

of operation.  These are: 



R-2058, VOLUME II 
Obstacle Module 

Page 9 

FIGURE I.C.I - 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. 

All three modules draw from a common data base that describes 

quantitatively the vehicle, the driver, and the terrain to be examined 

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

Table I.C. 1. 
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TABLE I.C.1 

Terrain, Vehicle, Driver Attributes Characterized in INRMM 
Data Base 

Terrain Vehicle Driver 

Surface Composition    Geometric Reaction Times 
Type characteristics 
Strength Recognition distance 

Inertial 
Surface Geometry characteristics   Acceleration and 

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

Vegetation 
Stem Size 
Stem Spacing 

Linear Geometry 
Stream cross section 
Water velocity 
Water depth 
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D. Model Inputs and Preprocessors 

1. Terrain 

For the purposes of the model, each terrain unit is described 

at any given time by values for a series of 22 mathematically 

independent terrain factors for an areal unit (including lake and 

marsh factors), 10 for the cross section of a linear feature to be 

negotiated, and 9 to quantify a road segment. General-purpose terrain 

data also include separate values for several terrain factor values 

that vary during the year. For example, at present such general data 

for areal terrain include four values for soil strength (dry, average, 

wet, and wet-wet seasons) and four seasonal values for recognition 

distances in vegetated areas. Similar variations in effective ground 

roughness, resulting from seasonal changes in soil moisture (including 

freezing) and in the cultivation of farm land, can be envisioned for 

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

Rula and Nuttall (1975) . 

As discussed earlier, the basic approach to representing a 

complex terrain is to subdivide it into areal patches, linear feature 

segments, or road segments, each of which can be considered to be 

uniform within its bounds. Besides supplying actual values for the 

terrain factors, this concept may be implemented by dividing the range 

of each individual terrain factor value into a number of class 

intervals, based upon considerations of vehicle response sensitivity 

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 and his 

ability to perceive and react to visual stimuli affecting his 

behaviour as a vehicle controller. While these attributes are 

identified in Figure I.C.1 and Table I.C.1 as part of the data base 

INRMM provides for their specific identification and user control so 

that the effects of various levels of driver motivation, associated 

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

4. Scenario 

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 

predictions to features or assumptions of the full operational 

scenario for which predictions are required. Model instructions which 

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

The scenario options include the specification of: 

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

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

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

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

As indicated above, the Model is implemented by a series of 

independent Modules. The Terrain and Vehicle Preprocessors, already 

described, form two of these. Two further major stand-alone simulation 

Modules will now be outlined. 

1. Obstacle-crossing Module-OBS78B 

This Module determines interferences and traction requirements 

when vehicles are crossing the kind of minor ditches and mounds 

characterized as part of the areal terrain; it is described fully in 

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 sample of obstacles defined by 

combinations of obstacle dimensions varied over the ranges appropriate 

for features included in the areal terrain description. This 

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

Areal Module is a three-dimensional linear interpolation routine 

which, for any given set of obstacle parameters, approximates from the 

derived table the corresponding vehicle clearance (or interference) 

and associated traction requrements. Obviously, the more entries there 

are in the table, the more precise will be the determination. 

2. Ride Dynamics Module- VEHDYN 

The Areal Module examines as possible vehicle speed limits in a 

given terrain situation two limits which are functions of vehicle 

dynamic perceptions: speed as limited by the driver's tolerance to his 

vibrational environment when the vehicle is operating over 

continuously rough ground, and speed as limited by the driver's 

tolerance to impact received while the vehicle is crossing discrete 

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

ensure that his tolerance levels will not be exceeded. 

The Ride Dynamics Module of INRMM, called VEHDYN and described 

in Volume III, computes accelerations and motions at the driver's 

station (and other locations, if desired) while the vehicle is 

operating at a given speed over a specific terrain profile. The 
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profile may be continuously, randomly rough, may consist solely of a 

single discrete obstacle, uniformly spaced obstacles of a specific 

height or may be anything in between. From the computed motions, 

associated with driver modeling and specified tolerance criteria, 

simple relations are developed for a given vehicle between relevant 

terrain measurements and maximum tolerable speed. The terrain 

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

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

long-wavelength components removed). The terrain descriptors for 

obstacles are obstacle height and obstacle spacing. 

The terrain parameters involved, rms elevation and obstacle 

height and spacing, are factors quantified in each patch description, 

and rms elevation is specified for each road segment. Preprocessing of 

the vehicle data in the ride dynamics module provides an expedient 

means of predicting dynamics-based speed in the patch and road segment 

modules via a simple, rapid table-lookup process. 

The currently implemented Ride Dynamics Module is a digital 

simulation that treats vehicle motions in the vertical center-line 

plane only (two dimensions). It is a generalized model that will 

handle any rigid-frame vehicle on tracks and/or tires, with any 

suspension. Tires are modeled using a segmented wheel representation, 

(see Lessem (1968)) and a variation of this representation is used to 

introduce first-order coupling of the road wheels on a tracked vehicle 

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

It has been shown empirically that, in the continuous roughness 

situation, driver tolerance is a function of the vibrational power 

being absorbed by the body. (See Pradko, Lee and Kaluza (1966).) The 

same work showed that the tolerance limit for representative young 

American males is approximately 6 watts of continuously absorbed 

power, and the research resulted in a relatively simple model for 

power absorption by the body. The body power absorption model, based 

upon shaping filters applied to the decomposed acceleration spectrum 

at the driver's station, is an integral part of the INRMM 

two-dimensional dynamics simulation. 

In the past, only the 6 watt criterion was used to determine a 

given vehicle's speed as limited by rms roughness. More recent 

measurements in the field have shown that with sufficient motivation 

young military drivers will tolerate more than 6 watts for periods of 

many minutes. Accordingly, INRMM will accept as vehicle data a series 

of ride speed versus rms elevation relations, each corresponding to a 

different absorbed power level, and will use these to select 

ride-speed limits according to the operationally related level called 

for by the scenario. The Ride Dynamics Module will, of course, produce 

the required additional data, but some increased running time is 

involved . 

The criterion limiting the speed of a vehicle crossing a single 

discrete obstacle, or a series of closely, regularly spaced obstacles, 



► 

R-2058, VOLUME II Page 21 
Obstacle Module 

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 

algorithms which are rapidly processed in modern computers. In INRMM, 

even the integrations required to compute acceleration and 

deceleration between obstacles within an areal patch are expressed in 

closed, algebraic form. 

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

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

Module. 

a) Areal Terrain Unit Module 

This Module calculates the maximum average speed a vehicle 

could achieve and maintain while crossing an areal terrain unit. The 

speed is limited by one or a combination of the following factors: 

1. Traction available to overcome the combined resistances of 
soil, slope, obstacles, and vegetation. 

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

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

4. Maneuvering to avoid trees and/or obstacles. 

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

6. Damage to tires. 

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

Areal Module are organized. 

After determination of some vehicle and terrain - dependent 

factors used repetitively in the patch computation (1),* the Module is 

entered with the relation between vehicle steady-state speed and 

theoretical tractive force and with the minimum soil strength that the 

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

* Numbers in parentheses correspond to numbers in Figure I.E.1. 
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are provided by the vehicle data preprocessor. Soil and slope 

resistances (2) and braking force limits (4) are computed, and the 

basic tractive force-speed relation is modified to account for 

soil-limited traction, soil and slope resistances, and resulting tire 

or track slip. Forces required to 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 is insufficient), to brake to the allowable 

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

computed crossing speed. 

Following a final check to ensure that traction and kinetic 

energy are sufficient for single-tree overrides required (and possible 

resetting of speeds for some options to NOGO) a single maximum 

in-patch speed (for the direction of travel being considered relative 

to the in-unit slope) is selected from among the nine available values 

associated with obstacle avoidance and the nine for the obstacle 

override cases. If all 18 options are NOGO, the patch is NOGO for the 

direction of travel. If several speeds are given, selection is made by 

one of two logics according to scenario input instructions. 

In the past the driver was assumed to be both omniscient and 

somewhat mad. Accordingly, the maximum speed possible by any of the 18 

strategies was selected as the final speed prediction for the terrain 

unit (and slope direction). Field tests have shown, however, that a 

driver does not often behave in this ideal manner when driving among 

trees. Rather, he will take heroic measures to reach some reasonable 

minimum speed, but will not continue such efforts when those measures 

involve knocking down trees that he judges it imprudent to attack, 
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even though by doing so he could go still faster. In INRMM, either 

assignment of maximum speed may be made: the absolute maximum which 

addresses the vehicle's ultimate potential, or a lesser value which in 

effect more precisely models actual driver behavior. 

If the scenario data specify a traverse prediction, the in-unit 

speed and other predictions are complete at this point, and the model 

stores those results specified by the user and goes on to consider the 

next terrain unit (or next vehicle, condition, etc). When a full areal 

prediction is called for, the entire computation is repeated three 

times: once for the vehicle operating up the in-unit slope, once 

across the slope, and once down the slope. Desired data are stored 

from each such run prior to the next, and at the 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, Vayf   ±s  the harmonic average of the three 
i speeds,i.e. 

Vav = 3/[(1/Vup) + (1/Vacross) + d/Vdown)] 
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b) Road Module 

The Road Module calculates the maximum average speed a vehicle 

can be expected to attain traveling along a nominally uniform stretch 

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

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

and a surface condition factor. From these characteristics, values of 

tractive and rolling resistance coefficients for wheeled and tracked 

vehicles on hard surfaced roads are determined by a table look-up. For 

trails, surface condition is specified in terms of cone index (CI) or 

rating cone index (RCI). Traction, motion resistance, and slip are 

computed using the soil submodel of the Areal Module, with scenario 

weather factors used in the same way as in making off-road 

pred ictions. 

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, F00, 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 I I.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. 



R-2058, VOLUME II 
Obstacle Module 

Page 36 

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 between 

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, assuming 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   I I.A.3   -  Hub  Profiles Across Mounds 

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

—*■ 

FIGURE I I.A.k -  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. 

All 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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FIGURE   I I.A.5  — Vehicle   Parameters 
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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. 

FIGURE I I.B.I — Vehicle Input Data Coordinates 

All 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 hitch and moves with 

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

FIGURE II.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, 9, , is in effect the angle the vehicle x-axis 

makes with the Ground Fixed Coordinate System. 

3-  Ground Fixed Coordinate Syst em 

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 
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right. See Figure II.B.3 

FIGURE II-B.3 -- Ground Fixed Coordinates 

4.  Vehicle Fixed-rround 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 II.B.if -- 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: 

rCG1 = -Fq1 - Fq2 

The x-coordinate of the empty vehicle CG: 

XCG1= -CFqlll + Fq2l2) /FgG1 

The empty trailer weight at the trailer CG: 

FCG2 = -Fq3 - Fh0 

The x-coordinate of the empty trailer CG: 

XCG2 = -Fq3l3/ FgG2 

The loaded weights at the combined CG: 

FCG1 = F£G1 -AWT 

FCG2 = F^G2 -
A W2 
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The coordinates of the combined vehicle/load CG: 

xCGi = (FBGi xgGi -AWidi)/ FCGi 
zCGi = (F8ci z8ci - AWiei) /FCG. 

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: 

«hi  = [x?Gi ♦ *gGl ]1/2 

9ohi = arctan(zCGi/xCGi) + n 

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

FIGURE I I .C . 1 -- Hi tch and Trai1er CG Location 

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

trailer CG. 

eohi is adjusted to lie in the interval [-", TT ]. 

The polar coordinates of the vehicle suspension support points 

rBCi = C Ui - xCGl)
2 + (ri " h - zCGi>2 ]1/2'   i=1'2 
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BCi   =   arctan[   (r-   -  h   -  zCG1)/   (li   -   xCG1)]   ,   i=1,2 

FIGURE   I I X .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: 

FIGURE   II.C.3— Wheel   Center  Locations  at  Bogie  Limit 
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^
X
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Z
B) 

are tne coordinates of the suspension support center with 

respect to the first unit CG. 

RLi1 =[(xB+(bi/2)cosßui -XCG1)
2 +(zB +(bi/2)sinßui -zCGi)

2]1/2 

RLi2 =[(xB-(bi/2)cosßdi -xCG1)2 +(zB -(bi/2)sinßdi -zCGl)
2]1/2 

TLi1 =arctan[(zB +(bi/2)sinßui -zCG1) /(xB +(bi/2)cosßui -xCG1>] 

TLi2 =arctan[(zB -(bi/2)sinßdi -zCG2) /(xB -(bi/2)cosßdi -xCG2>] 

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

the hitch: 

FIGURE II.C.k  -- Trailer CG and Suspension Support Locati on 

r      r 2       2   -.1/2 rh2 = [xCG2 + 
ZCG2 J 

90h2 = arctan (ZCG2 /   XCG2> 

rBC3 = [132 + (r3 "h)2 ]1/2 

9 BC o = arctan [(r? -h VI3 ] 
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FIGURE   II.C5   -- Trailer Bogie Wheel   Locations at  Bogie  Limits 

^xhB>zhß)   are  tne  coordinates  of  the  trailer   suspension   support 

point   in  vehicle  coordinates. 

L31 

L31 

?L32 

L32 

[(xnB  +(b3/2)cosßu3)2  +   (zhB  +(b3/2)sinßu3)2   ]1/2 

arctan[(znB  +(b3/2)sinßu3)/(xhB  +(b3/2)cosßu3)] 

[(xhB  -(b3/2)cosßd3)2  +   (zhB  _(b3/2)sinßd3)2]1/2 

arctan   [(zhB  -(b3/2)sinßd3)/(xhB  -(b3/2)cosßd3) ] 

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

calculations   is   set  to 

fci   =   ri for  wheeled   vehicle  unit 
rti   =   1/2(1-|   -  l2) for  tracked  unit  with   flexible 



R-2058, VOLUME II 
Obstacle Module 

Page 48 

track 

ti = rti - ri for tracked unit with girderized 

track. 

Since the use of rfci 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 = rti _ ri 

is used to lower the vehicle bottom profile. 

The vehicle bottom profile itself is specified in the input 

data 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. 

FIGURE I l-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: 

rcki =C *cki +(yCki - BPRFDL)2 11/2 

ffcki = arctan t(vcki ~ BPRFDL) / xcki^ 

where  k = 1 denotes the  prime mover 

k = 2 denotes the  trailer 

and 

for    i = 1,...,Nck 

where Nck 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, 0 ^ 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. 

2*3/ 

-L2 
10 

1- 

FIGURE I I.D.I  -- 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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., 5_ 

FIGURE I I.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, 

6g, 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 6'   Tv,a i   *.i» * 5   ifcxe os>  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 

AijX
2 + BijXZ + CijZ2 + DijX + EijZ + 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 _ Q  ancj  A   =cii = "• f°r arcs whereas  Aij= Bji = 

^i -j = 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) = RT0W(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) =F.  » = 

0, and XN(6) =Fhz,Q  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) the first wheel is positioned 1/10 inches before its second 

hub profile breakpoint 

xw11 = xn12 - -1 cos(e^) 

zw11 = zh12 - -1 sin(9£) 

b) for a single wheel first suspension element the bogie 

center is set equal to the first wheel center 

BC1 
t 

BC1 

x 

zw11 

w1 1 
T 

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 

w12 
i 

w12 

BC1 

BC1 

xw11 - t>1 cos(6£) 

z^i 1 - b-| sin(O^) 

(xw11 + xw12)/2 

(zw11 + xw12)/2 

ß! = arctan((zw11 - zw-|2)/ (xwn - XW12)) 
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c) the vehicle pitch angle is set parallel to the approach 

slope angle 

t 

9 1   =   arctan(D-|-|/ -E-|-]) 

the vehicle CG location is determined 

XCG1 = XBC1 " rBC1 cos(9BC1 +ei) 
if ? zr.r,i   =  ZRHI   -  rnn   sin(9ori   +9i) XG1 = ZBC1 " rBC1 

and the location of the second suspension bogie center is 

calculated 

XBC2 = XCG1 + rBC2 cos(eBC2 +9l) 

ZBC2 = ZCG1 + rBC2 sin(.9BC2 +8-,) 

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

wheel center is set equal to the location of the bogie 

center 

xw21 ■BC2 

zw21 = 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 

xw21 

7 ' zw21 

xw22 

7 ' zw22 

= XBC2 + (t)2/2) cos(9-| ) 

= zBC2 + (b2/2) sinOJ ) 

= XBC2 " (b2/2) COS(G] ) 

= zBC2 - (b2/2) sin(9-| ) 

e) the hitch is then located by 

xh = XCG1 + Rh1 cos(Qoh1 + e l) 
7 '        ' » h = ZCG1 + Rh1 sin(Ooh1 +9-,) 

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 

Xs = XCG1 + >"BC4 c°s(9BCi| + 9}) 

Zs = ZCG1 + rBC4 sin(9BC4 +el) 
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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 (Xg>Zg) ±s   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 

(z04 - z02 )/(x04 " x02 ) = s2- 

The slope of the front spridler hub profile element 1 is 

given by s1 = tane^ .  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   -   Zg)/(   x   -   xs) =   s-, 

(z   ~   zh42>/(x   -   XM2>   =   s2 

The distance the vehicle has to be moved back to just clear 

the obstacle is 

R = C(x; _x)2 + (z' _z)2 31/2 . 

The new value of the initial coordinates of the first wheel 
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are replaced by U'w11 -Rcos9s, z'w11 - RsinSg). 

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 

(xh,zh) and the length, rgQ^ , of the radius 

vector from the hitch to the trailer suspension support 

point, the subroutine WHEEL2 locates the trailer suspension 

support point (XgC3> Z£C3) on the hub 

profile of the trailer wheels.   For single wheel trailer 

suspension, the wheel center is set to the suspension 

support point 

xw13 = XBC3        single wheel 

zw13 = ZBC3 

For trailer with bogie suspension, the wheels are 

located  half a bogie arm before and behind the support 

point by 

Xw13 = XBC3 + (b3/2) cos(e^) 
»      i , 

zw13 = ZBC3 + Cb3/2) sin(62) 
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Aw23 = XBC3 

zw23 = XBC3 

where eA = 6* 

(b3/2) cos(92) 

(b3/2) sin(62) 

g) The trailer CG is located by 

XCG2 = xh +Rh2 cos( 9oh2 + e2> 

ZCG2 = zh +Rh2 sin ( 9oh2 +62) 

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

°ij = 9s for wheel j of suspension element i 
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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 

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 

( V '      ' 
oi> zoi ) while that of the vehicle frame 

breakpoints are given by  (x^kn> z^kn ). 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 

segments. 

Relation of Bottom Profile of Vehicle to 
Obstacle Profile 

The subroutine first calculates the (x'j.,- z\-) 

for the current position and attitude by 

xvi = *h + rcki cos( ek + <*cki) 

zvi = zh + rcki sin( e k + «cki> 

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 II.F.2). 

4. 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. 

FRAME 

FIGURE II.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 pivot 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 

initial 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,( F^ll) 

XN(3)= normal force under the first wheel of the  second 

suspension support,(F21) 

XN(4)= normal force under the first wheel of the third 

suspension support (if it exists),(Fj^i) 

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

(FHITCHx) and 

XN(6)= vertical force on the hitch of the trailer (FHITCHz^- 

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 

non-equilibrium 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 i: 

CTFij= XN(1)*P0WERRij*IPij        for XN(1) > 0 

or 

where 

:TFij= XN(1)*BRAKERij«lBij       for XN(1) < 0 

^TFii    = coefficient of tractive force 

POWERR.^ . _ Coefficients for distribution of tractive force 

among axles. The ratios of these coefficients 

in pairs define the force distributions. 

BRAKERj. = Coefficients for distribution of braking force 

among axles. The ratios of these coefficients in 

pairs define the braking force distribution. 

IPji = 1 , if wheel can be powered 

= 0 , otherwise 

IB^ ■ = 1 , if 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 II.F-3 -- Forces on a Single Wheel 

Fxi = FNij* (CTRij*cos(
Q/
ij) - sinCaij)) 

Fzi = FNij* (cosC^ij) +CTRij *sin(Q'ij)) 

Mi  = CTFij •FNij-rij 

where j=1 and i designates the  suspension support 

CTRij - Coefficient of rolling and tractive forces defined 

as:  CTRij = CTFij - CRRij 

FTRi ~ Sum °^ rolling resistance and tractive force 

FTRi = FNij*cTRij 
CRRij- Coefficient of rolling resistance 

»ij  - Slope angle under wheel 

FNii ~ Force under wheel normal to slope 

Fxi  ~ Force at wheel center in x-direction 
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^zi  - Force at wheel center in z-direction 

M^   - 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. 

i"j_j  - 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 

angular 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   M.F.Jf --  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: 

Fi1  =FNil/ cosCYn). 

The normal force to the bogie beam is: 

FNBi = Fi1 *cos(6n) 

where : 

ij = Vii +ßi " oaj 

ßj[= angle of bogie beam with horizontal 

ffi-i= under-wheel-slope. 
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The tangential force on the bogie beam due to the first wheel is: 

FTBi1= Fi1 * sinC6!!). 

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 Fi2 at the second wheel center is: 

Fi2 = FNBi/ cos(6i2). 

The tangential force for the second wheel is: 

FTBi2= Fi2 *sin( 6i2)- 

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: 

FTBi = FTBi1 + FTBi2 
Fxi  =-2FNBi »sin^J) +FTBi *cos(ß-) 

Fzi  = 2FNBi »cosCß!) +FTBi »sinCßi). 

Moment at pivot center is: 

Mi   =CTFi1 *FNi1 *ri1  +CTFi2 *FNi2 *ri2 

where 

•"ij =rolling radius of wheel j on suspension support i. 

Fxi'Fzi = forces at bogie pivot center 

Mj_    = 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: 

Fxi = "FNBi *sin(ßi) +FTBij *cos(ß!) 

Fzi = FNBi *cos(ßj) +FTBij *sin(ßi) 

Mi  = CTFij *FNij *rij ± FNBi *bi/2 

where: 

+  if front wheel of bogie assembly is on the ground (j=1) 

if rear wheel of bogie assembly is on the ground ( j = 2) 

b^ = bogie arm length 

Tractive force, rolling resistance force and reaction moments 

are calculated as follows: 

FTij = FNij * cTFij    Tractive force 

FRij = FNij * cRRij     Rolling resistance force 

M. .  - FT- • * r- •      Reaction moment, due only to the 
ij  " rTij    IJ 

tractive force 

where: 

FNi-  =  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 = Fx1 + Fx2 + FMCGx "Fhx 

Sum of the forces in z-direction for main unit 

FMz = Fz1 + Fz2 + FMCGz - Fhz 

Sum of the moments around hitch point for main unit 

MM = <M1 +Fx1 *z1 +Fz1 *x1> + <M2 +Fx2 *z2 +Fz2 *x2) 

" FMCGx *ZCGM + FMCGz **CGM 

where 

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

FMCGx>   FMCGz = Forces at center of gravity in x-direction 

and z-direction respectively (FMCGX = 0) 

Fhx> Fhz  =  Force at trailer hitch point (negative 

sign for main unit, for single unit, 

both are equal to zero ) 

XCGM> 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 

FTx = Fx3 + FTCGx + Fhx 

Sum of the forces in z-direction, for trailer only 

FTz =Fz3 + FTCGz +Fhz 

Sum of the moment around hitch point, for trailer only 

MT =Mi ~ Fx3 *z3 +Fz3 *x3 "FTCGx *ZCGT +FTCGz * XCGT 
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where FTCGx, FTCGz are the forces at the center of gravity of the 

trailer in the x and z directions respectively. 

These six unbalanced forces and moments FMxt   FMz, MM, 

FTx» FTz and MT are a11 driven fco zero by adjustments to XN(1), 

FN11. FN21> FN31>Fhx, Fhz (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 angular 

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 

XCG> ZCG  and Q\     for sin§le wheeled vehicle 

suspension elements and for those positions which yield all bogie arm 

positions at their limits.  If the suspension elements are bogies and 



R-2058, VOLUME II 
Obstacle Module 

Page 73 

their equilibrium position is between their angular limits, then one 

or two additional independent variables are ß 1 and/or ß 2, 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 

£(*CG1 + XPCG1)2 + (ZCG1 + ZPCG1)^1/2 =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 

NW(i) = I 
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(2)   on   both   wheels,   or 

v     CGI '     CGI ^ 

NW(i)   = 0 

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

NW(i) « 2 

FIGURE I J-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. 

NW(i) «= 3 

FIGURE II.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.  The small wheels are 

shown for illustrative purposes only.) 

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

suspensions which are modeled with a bogie.  (r 
BCi, wBCi  and 

Pi are passed to EQSOL to locate the supports.)  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 xAr.-, 
Ob I » 

» 
ZCG1»  ei and ^1 and/or ß2.  These returned values of 
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ß-] and/or ß2 
are checked to be within their limits:  ß^i <  ß^ 

i ß Ui , i = 1 and/or 2.  If 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, ß±   > ßui or ß±   < ßdi , a new entry 

is made to EQSOL, then the bogie of suspension i is replaced by a 

single wheel support with rßCi> eßcij p±     replaced by KLiu 

TLi1> ^ui or RLi2> TLi2> ^di 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.  If either one is below their hub 

profile, EQSOL is called again with the front support replaced by one 

located at  rßC4> eBC4  and/or the back support replaced by one at 

rBC5> 9BC5* 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 X£G1, zcG1, 9^ , ß-|, ß2, 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^ f   z^ . > x£Ci> z£c. 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, rßC3j 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 ( ß, _ ß _) 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 ( ß 3 = ß d3) using subroutine WHEEL2 with 

RL32 anc* ^L32*  ^ tne 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  ß~ in the 

interval [ ßdo, ß uo] 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 proper 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 

large. 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 and 

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 

II.B, above. Sample vehicle input data files for wheeled and tracked 

vehicles are contained in Appendix B. 



R-2058, VOLUME II 
Obstacle Module 

Page 81 

Line 
No. 

Variable 
Name 

1 TITLE1 
TITLE2 
TITLE3 

2 NUNITS 
NSUSP 

NVEH1 

NFL 

3 REFHT1 

HTCHFZ 

4 SFLAG(I) 
1=1,NSUSP 

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

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

7 EFFRAD(I) 
1=1,NSUSP 

10 

ELL(I) 
1=1,NSUSP 

BWIDTH(I) 
1=1,NSUSP 

BALMU(I) 
1=1,NSUSP 

TABLE III.A.1 

Vehicle Input File Format-OBS78B 

FORMAT  Description 

A5     This line contains alphanumeric 
A5     vehicle identification. The first 
A5     15 characters are printed in the 

program output. 

12     Number of units 
12     Total number of suspension supports 

for entire vehicle 
12     Vehicle type: 0-tracked 

1 or greater- wheeled 
12     Track type:  0- rigid 

1- flexible 

F7.2 Height of hitch above the ground when 
empty vehicle is at rest (in.) 

F7.2 Vertical force on hitch of trailer at 
rest (tongue weight) (lb.) 

1012   Suspension type at support I: 
0-independent single wheel 
1-bogie 

1012   Power indicator for wheel J of 
support I:  0-unpowered 

1-powered 

1012   Brake indicator for wheel J of 
support I:  0-unbraked 

1-braked 

10F7.2  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) 

10F7.2  Horizontal coordinate of suspension 
support point I with respect to 
hitch (in . ) 

10F7.2  Bogie swing arm width at support I 
(0. If no bogie)  (in.) 

10F7.2  Limit of angular movement in counter 
clockwise direction of bogie arm at 
support I (deg.) 
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Line    Variable 
No.     Name 

1 1 

12 

13 

14 

15 

16 

17 

BALMD(I) 
1=1,NSUSP 

EQUILF(I) 
1=1,NSUSP 

CGZ1 

CGZ2 

DEE1 

ZEE1 

DEE2 

ZEE2 

TABLE III.A.1 (Continued) 

FORMAT  Description 

10F7.2 

10F7.2 

F7.2 

F7.2 

F7.2 

F7.2 

F7.2 

F7.2 

DELTW1 F7.2 

DELTW2 F7.2 

NPTSC1 12 

NPTSC2 12 

XCLCKI) , 
YCLCKI) 
1=1,NPTSC1 

10F7 

Limit of angular movement in 
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.) 

Equilibrium load on support I when 
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)   (lb.) 

Vertical position from ground of 
center of gravity of unloaded 
first unit (in.) 
Vertical position from ground of 
center of gravity of unloaded 
second unit (in.) 

Horizontal coordinate of the first 
unit payload CG with respect to 
hitch (in.) 
Vertical distance to the CG of the 
payload of the first unit from the 
ground at rest (in.) 
Horizontal coordinate of the trailer 
payload CG with respect to hitch (in.) 
Vertical distance to the CG of payload 
of the second unit from the ground 
at rest (in.) 

Weight of the payload of the first 
unit (lb.) 
Weight of the payload of the second 
unit (lb.) 

Number of breakpoints used to describe 
the bottom profile of the first unit 
Number of breakpoints used to describe 
the bottom profile  of the second unit 

Pairs of X and Z coordinates of 
breakpoints of the bottom profile of 
the first unit at equilibrium with 
no payload. Five pairs are entered per 
line, as many lines as needed (in.) 
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Line 
■ No. 

18 

NOTE: 

19 

20 

Variable 
Name 

TABLE III.A.1 (Continued) 

FORMAT  Description 

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

XCLC2(I), 
YCLC2U) 
I=1,NPTSC2 

10F7.2  Pairs of X and Z coordinates of the 
breakpoints of the bottom profile 
of the second unit at equilibrium with 
no payload,five pairs per line with as 
many lines as needed (in.) 

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

SFLAG(I),       612 
IP(I),IB(I) 
1 = 4,5 

ELL(4) F7.2 

ZS(4) F7.2 

EFFRAD(4) F7.2 

ELL(5) F7.2 

ZS(5) F7.2 

EFFRAD(5) F7.2 

Suspension type, power and brake 
indicator (see lines 4,5,6) for front 
and rear spridler (1=4,5 respectively) 

Horizontal coo 
front spridler 
hitch (in.) 
Vertical dista 
center of fron 
Effective radi 
center to cont 
track thicknes 
Horizontal coo 
rear spridler 
hitch (in.) 
Vertical dista 
center of rear 
Effective radi 
spridler (in.) 

rdinate of center of 
with respect to 

nee from ground to 
t spridler  (in.) 
us (distance from wheel 
act point including 
s of front spridler (in) 
rdinate of center of 
with respect to 

nee from ground to 
spridler   (in.) 

us of rear 

FIGURE III.A.I -- Vphirle Innnf n^*,   r • • •i    venicie 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 obstacle 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 
No. 

1 

Variable 
Name 

LSIG 

GRADE 

TABLE III.B.1 

Terrain File Format-OBS78B 

FORMAT  Description 

12     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, the following line is skipped. 

NANG 
NOHGT 
NWDTH 

12 
12 
12 

OBH 
OBAA 
OBW 

F10.2 
F10.2 
F10.2 

Number of obstacle angles 
Number of obstacle heights 
Number of obstacle widths 
These three values are written in the 
output file for use by the Areal 
module. OBS78B does not need them. 

Obstacle height     (in.) 
Obstacle approach angle   (deg.) 
Obstacle width      (in.) 

NOTE: If LSIG=3, the file should contain a line in the above format 
for each obstacle to be traversed. In this case, the last 
line of the file should contain all 9's. (The program 
terminates if OBH > 99999-99) 
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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 LUN4 (i.e. the program contains FORTRAN 

"READ(LUN4,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 (F0RMAT-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 is also written at level 11 as 
well as a report on every call to the iterative 
non-linear equation solver. About 60% more output 
is produced than at 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 Output 

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 obstacle, 

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 designers 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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traversal, 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 

Header Originatin 
Subprogram 

Descriptive OBS78B 
Text 
TERR1 OBS78B 
NEW OBSTACLE OBS78B 
MBACKOFF OBS78B 
MINIT1 OBS78B 
MINIT2 OBS78B 
MAINC OBS78B 
MAIN1 OBS78B 
MAIN2 OBS78B 
MAIN3 OBS78B 
MAIN4 OBS78B 
MAIN5 OBS78B 
MAIN7 OBS78B 

OBGI OBGEOM 
  OBGEOM 
  OBGEOM 
K,I OBGEOM 

OBGEOM 
STEP SIZE OBGEOM 

CLEARO CLEAR 
CLEAR1 CLEAR 
CLEAR2 CLEAR 
CLEAR3 CLEAR 
04 CLEAR 
V1 CLEAR 
V2 CLEAR 
V3 CLEAR 
H1 CLEAR 
H2 CLEAR 
H3 CLEAR 
T1 CLEAR 
T2 CLEAR 
T3 CLEAR 
MIN CLEAR 

SSQ FORCES 
XN FORCES 
XPH FORCES 
X FORCES 
Z FORCES 
CGX(I),CGZ(I) FORCES 
ALPHA FORCES 
CGFX(I) FORCES 
CGFZ(I) FORCES 

Output  Headers - OBS78B 

Level 

1 or greater 

1 or greater 
1 or greater 
10, 1 1 
8-1 1 
8-11 
4,8-1 1 
10,11 
10,1 1 
8-11 
8-11 
8-11 
1 or greater 

10, 1 1 
10, 1 1 
9-11 
10, 1 1 
9-1 1 
1 or i 

Comments 

Echo of 
vehicle input 
Terrain input echo 
Terrain input echo 

Clearance history 

;reater 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

11 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

10,1 1 
10 
10 
10 

1 1 
1 1 
1 1 

9-1 1 

10, 1 1 
10,1 1 
10,1 1 
10, 1 1 
10, 1 1 
10, 1 1 
10, 1 1 
10, 1 1 
10, 1 1 
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TABLE III.D.1 (Continued) 

Header Originating 
Subprogram 

Level Comments 

FHX,FHZ FORCES 10, 11 
SFLAG FORCES 10,1 1 
NW FORCES 10,11 
RR FORCES 10, 1 1 
BE'TAP 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, 1 1 
TF FORCES 10, 1 1 
FX FORCES 10,1 1 
FZ FORCES 10,11 
PX FORCES 10, 1 1 
PZ FORCES 10,1 1 
PM FORCES 10, 11 

MOVE2 MOVEB 10,11 
MOVE3 MOVEB 10, 1 1 
MOVES4 MOVEB 10,1 1 
MOVES5 MOVEB 10,1 1 
MOVE11 MOVEB 10, 11 
MOVE 12 MOVEB 10,11 
M0VE21 MOVEB 10, 1 1 
M0VE22 MOVEB 10,11 
M0VEA3 MOVEB 10,11 
MOVEA4 MOVEB 10, 1 1 
MOVEA5 MOVEB 10, 1 1 
MOVEA5A MOVEB 10,1 1 
MOVEA5B MOVEB 10,11 
MOVEA6 MOVEB 10, 1 1 

ELEVAT1 ELEVAT 10,1 1 
ELEVAT2 ELEVAT 10,11 
ELEVAT3 ELEVAT 10,1 1 
ELEVAT4 ELEVAT 10,1 1 

WHEELSO WHEEL2 11 
WHEELS1 WHEEL2 11 
WHEELS2 WHEEL2 11 

WHEEL3/1 WHEEL3 11 
WHEEL3/2 WHEEL3 11 
WHEEL3/3 WHEEL3 11 

5&EQSOL EQSOL 11 
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C PRGGPAM   C6S78B 
C 
C 
L   VEHICLE-CbSTACLE   INTERFEREhCE   MOCEL    ICCDiNG   UNOPTiMIZED» 
C 
C   DETERMINES   INT ERFERENCiyCLBARANCE   BETWEEN   2-DIMENS-IQNAL 
C   VEHICLE   PRCFILE   AND   GBSTACfcE   PROFILE   CF   TRAPEZOIC   SHAPE. 
L   DETERMINES   TRACTION   FGRCE   P-ECUIREC   TG   SURMOUNT.   ACCOUNTS 
C   FOR   ARTICULATION   IN   PITCH   fLANE,   BOGIES   ALLOWED 
C   UN   ALL   SUSPENSIONS,   BASIC   ANALYSIS   PRCCECUREÄ   SOLUT ION  OF 
u   EQUAT1CNS   CF   STATIC   EQUILJBRIUM   FCR   SECUENTIAL   PLACE- 
C   MENTS   OF   VEHICLE   GN   GBSTA£tE   TO   YIELC  TANGENTIAL   FORCES 
C   ANC   PGSITICN   OF  VEHICLE   CLEARANCE   CONTOUR   WITH  RESPECT 
C   TO   OBSTACLE. 
C 
C   LOUT=DETAIL   IS   OUTPUT   DETAIL   LEVEL   INCICATCR 
C   DETAIL      =        k>     ONLY   G780UT   FILE   WILL    E£  WRITTEN 
C   DETAIL   .GE.   1      078DBG   FILE  WIU.   £E   WRITTEN 
C   DETAIL      = 4      CLEARANCE   >1STGRY   WRITTEN 
C   uETAIL      =        8      MAJOR   SUBSECTICN   RESULTS 
C   DETAIL      =        9      SUBROUTINE   TRACE 
C   DETAIL      =     10      ALL   VARIABLES 
C 
C 

PROGRAM  OBS78B   (INPUT = iSk5,OUTPUT-= 15kS,TAPE5=INPUT ,TAPE6=OUTPUT | 
+      TAPE1 = 15*3,TAPE2 0 = 15&,JAPE21=150,TAPE22 = 150» 

CüMMCN   ALPHA(5,2), 
*■      BALMCi3> .6ALMU4 31-, 
*■      BETA (3 I, BETAPI3I , BN>J J> » BR AK ERS 5 , 2 J, BTI 3, 2 ) #BWtDTH(3 > , 
<■      COSAi3,2»,C0Sb(3*,CCSGt3, 2),CGFX4 2*,CGFZ<2» , 
* CGXi 2i ,CGUZ) ,CGfyi 21,CRRi 3,21» CTF<3.,2), 
* EFFkAD<5>,ELL<5) , 
+      FHX,fHZ,FN(3,2), 
* HA(5»9»-,HB<5.9* ,fcC (5*9) ,HD i 5,9 I , HE.< 5, 91 ,HF 45, 9*, 
+      HFL< 5,9J ,HX(5,10>,hZ*5,10»>, 
* GAJ*M/U3,2J * 
••      IB* 5 ,21., IP 15,2», IHI5J2 I,, 
* L0UT,LUN6, 
*■      NSUSF,NUNITS,N*1 5) ,NW2J5>, 
* OA(9*,OFL(9),UX( 10» ,CZU0l , 
f PM(3 >,POWERPC,<i »,PXI3>,PXPCGO*,PZil3*,PZPCGi3» , 
+ RBC1 ,RbC2,RRJ 3,2), 
*■ SCALEUI ,SFLAGi5i,SUA<3,2),SINe<3>,STEP, 
+ TH£TBi,TH£TB2, 
♦• X(5l ,XPBC(5I ,XPW<5,2*« 
* lib ) ,ZPBCS5» ,ZPRCF< 5,2 J ,Z PWJ 5, 2 } 

C 
c 
c 

DIMENSION 
* CAW1H& I »CAW2S 15),CFW1(15 J,CRW2il5 ), 
*■      EOUILF451 ,EFTRADI5)-, 
* FMU(3>, 
* PGW(3,2), 

95 
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♦- RBC( 5) ,RHTCH(2» , PTGk.1 3 I , RW Li Ml J, 2 J * 
♦• THETA12» ,THETA0< 5» , ThET0H42*,TWLIM*3,2l* 
♦ XCLCU15»,XCLC2( 15 4 .XM6J tXPCG* 2>,XPRF(20J* 
+ YCLC1 (15*,YCLC2< 15» ,XPRFi2B>» 
♦ ZPCG(2»,ZS(5 » 

C 
c 

uUuBLE PRECISION VEFGAT 
INTEGER SFLAG,DETAIL 

REWIND 1 
REWIND 20 
REWIND 21 
REWIND   £2 
CALL   CCNNECI   5LINPUT    > 
CALL   CCNNEU   6LOUTPUT   » 

L   INITIALIZATION   OF   I/C   UNITS 
C   PRÜGRAM   SUMMARY   DATA 

LUN1=2 2 
C   TERRAIN   OBSTACLE   DATA 

LUN2=2 1 
C   VEHICLE   DATA 

LUN3=2fe 
C   CONTROL    INPUT   FILE 

LUN4=5 
C   EXECUTION   PEPuRT   FILE 

LUN5=6 
C   DIAGNOSTICS 

LUN6=1 
C 

PI = 3.1 Al 5*265 
PIM2=PI*2. 
PIC2=Pl/2. 
K1 = 0 
kAF=U.5 

C 
WRIT El LUN5,10) 

10 FCRMAH20H   PRINT   OUIRUT   LEVEL    > 
READILUN4,ilI    DETAIL 

11 FÜRMATU2) 
WPITE(LUN5,15 ) 
KEAD (LUN4,4020)    f MU ill » FMU ( 2 » » FMLU 3 > 
WRTTEI LUN5,16) 
READ (LUN4, 402 0»    RTGWil» , RTCW { 2 ) ,RTGW i 3» 

13 F0RMATIb4H   FRICT ICN   CCEFF I C I ENT S   BY   ASSEMBLY» 
16 FÜRMATU3H   RÜLLIf^G   FESISTANCE   CCEFFCIENTS   BY   ASSEMBLY» 

LOUT=DETAIL 
C   READ   IN   VEHICLE   DATA 
C 

HEAD (LUN3.40Ü0)    TITH1.T ITLE2#TITL£3 
WRITE< LUN5.4000)   TLTfc El ,TI TLE2,T ITLE3 

400d FÜRMATI3A5» 
4 010 FORMAT! 1 kJ 12) 
4020        FORMATU*5F7,2) 

C 96 
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READ(LUN3,4 010>    NUNUS,NSUSP,NVEH1 ,NFL 
REAC(LUN3,4020»   ütFUl »FTCHFZ 
READ (LUN3,41610»    (SFLAGU», 1 = 1,NSUSP» 
READ(LUN3,4010)    li If *I, J*, J= 1, 2 », 1= 1,NSUSP» 
READ(LUN3,4010)    (( IE (it J » . J-l*2». 1 = 1 tNSUSPI 
READ<LUN3,4020»    4 EFF* ADU»< ,1 = 1 , NSUSP» 
READ{LUNJ,40 20>    <ELLfllUi=l,NSUSP» 
REAC<LUN3.,4020»    I Brt 1ETMI* , 1 = 1, NSUSP* 
REAC(LUN3,4020>   i BAL*U!H »1*1 ,NSUSP* 
RtAD<LUN3,402 0»    (&ALKG1 I» ,1=1,NSUSP» 
READJLUN3.402 0»   iEQLlLF« I» ,I=1,NSUSPI 
READ (LUN3,4020»    CGZ1#CGZ2 
CGZ1=CGZ1-REFHT1 
CGZ2=CGZ2-REFHTl 
READ<LUN3*4 02 0>    CEE 1 »ZcEl,CEE2,ZEE2 
ZEEl=ZEEl-REFHTl 
ZEE«i=ZEE2-REFHTl 
READ(LUN3,40201,   CELT«1,DELTW2 
REAO(LUN3,4013».   NPT SCI , NPTSC2 
READ<LUN3,40201    ( XC LCiU» , YCLC1 U »-, I = 1.NPTSC1» 
DO   62   I=1,NPTSC1 

bfl YCLCltT)=YCLC1(IJ-REFhTl 
IF(NINITS.EQ.1»GC   TC  102 
READLLUN3,4020)    1XCIC2U»,YCLC2*I»,I=i,NPTSC2» 
DO   85   IM.NPTSC2 

ö5 YCLC2U.» =YCLC2(I»-RE*HT1 
1 k)0 CONTINUE 

IF<NVEH1„NE.0>   GCTG   115 
READllUN3,4010»     ISFLÄG< U , IP! I , 11« I Bi 1*1 1,1=4,5» 
REAOaUN3,4020»    i ELL-H >^,ZS< I» , EFFRADi I» , 1=4,5» 
ZS(4>=ZS14)-REFHT1 
ZS(5»=ZS{5»-REFHTi 

115 CONTINUE 
C 
C OBS7b   VEHICLE   PREPROCESSOR 
C 

IF(NUN1TS.GE.^>    GCTC   122 
HTCHFZ=W. 
EGUI LF( 3 » = iJ. 
CGMY12» - = 0. 
CÜFXUJ=0.. 
LGFZ12 »=0. 
CGX( 2» = *>. 
CGZT 2» =lc* 

1 2k) cGFZl=-EQULLFli»-ECUiLF(2> 
CGX1=-(EQUILF<1» *ELL41»+E0U1LF(2»!*ELL(2»»/CGFZ1 
CGFZ2=-EQUILF< 31-HTCHFZ 
CGX2=0 ► 
IFtNSUSP   .GE.   31   CGX2=-EQUILf<3 »»ELU3I/CGFZ* 
CGFZ(l»=CGFZl-DELTrtl 
CGX{ 1> = { CGFZ1*CGX1-CELTVJ1*C£E1 » /CGFZil » 
LGZ(11=(CGFZ1*CGZ1-CBLTW1*ZEE1I/CGFZ(1» 
CGFX(1»=0. 
CGI*Y(1» = 0. 97 
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KHTCH ll = SQRT(CGXt 1 i**2 *CGZt 11**21 

C   FOLLOWING   DISTANCES   ANC   AMJLES   WRT   CG 
C 

ACG= ATN2 1CGZ1 1>,CGX( lit 
THET2H<.i* = ACG+PI 

C 
C    SET   ANGLE   CF   VECTOR   FRCM   CC   TO   HITCH    EETWeEN   -PI   AND   PI 
C 

IFiTFETJHH .GE.fU   ThETiJH i 1 »-ACG-PI 
DU   122   1 = 1,2 
XB=ELL(Il-CGXil» 
ZS=-REFHTH-EFFRAC< H-»CGZU» 
KbC( I»=SORT( XB*XB*ZB-«ZBI 
THtTA0(I)=ATNzlZB,XE> 
RWLI N(I,l*- = KbC(I) 
TV>LIM I , ll=THETAlMI » 
RWLIMi I,2»=iü. 
TWLI M I .2) =<6. 
IFiSFLAGtIl.FQ.0)   GCTC   122 
bMLMU(I)=BALMU( I>«-Pi^a80. 
BALMC1 X*=ßALMD{ IK-PI/180. 
X1 = XB+.5*BWIDTH< n*ccs: EALNUJU » 
Zl =Z 6 «-. 5 »B WIDTHS I*-*SIlNi£ALI<UU>>> 
X2 = XB-.i>«'BWlüTH< I)«-CCS( eALFClI ) 1 
Z2=ZB-.5*BWIDTH( II *. SJN ( E AL PC (I *i 
TuLIMl I, 1J = ATN2( Zlf XII 
TV>LI*(I ,2)=ATN2{Z2,X_23 
RWLT f( ! ,1)=SQRH >1*X4»Z1*Z1I 
PWLIftI»2)=SQRT(*2**i+l2*Z2) 

122 CONTINUE 
IFXNVEH1.NE.   41-   GCTC   124 
DO   1 23   1=4 ,5 
EFTRADi I» = EPFRAD(I» 
XB = ELL< Ü-CGXU» 
Zb=ZS(I)-CGZ( II 
KBC( U=SÜRT( xB*XE*ZE«:ZBJ 
iHETMil l = ATN2( ZE.XE4 

123 CONTINUE 
m IFiNLNlTS.EQ.il    GCTC   125 

C 
C   ALL   TRAILER   OIST.   ANC   ANGLES   WRT   MTCI- 
C 

CGFZi2»=CGFZ2-DELTW2 
CGX< 21 =1 CGFZ2*CGX2-CfiLTW2*CEE2}/CGFZt2» 
CGZ(2)=ICGFZ2*CGZ2-C§LTW2*ZEE2>/CGFZ<2» 
CGFX(2) = «J. 
CGMY(2)=0.. 
RHTCF(2»=S0RT(CGX{2M*2»CGZ<2»*.*2I 
THET0H(2> = ATN2iCGZ.(2*,CGX{ 2)1 
XHB=ELL(3I 
ZHB = -REFHT1«-EFFRAD4 3* 
RBCi i) = SCRTI XHB*XFB**FB*ZHBI 
THETAkH J!=ATN2< ZHB,XhB» 

98 
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RWLIP(3,l)=RBCt3» 
TWLIM 3,1)=THETA0{3I 
RWLIM j,2)=0. 
T*LIN3t2J = 0. 
IF<SFLAG(3>.EQ.il   GCTC   125 
BALMU3* = BALMU(3F*P,U180. 
BALMC(3>=BALMD.(3>*PI/18tt. 
Xl^XhBf.5*BWlDTH<3»-*CCSiBALMÜt3)-* 
Zl = ZFB*.5*BWlDTHi3l*SlMBALMUl3 >» 
KWLlPi-if 1I=SQRT{X1*X1*Z1*,Z1» 
TuLlKO, 1I = ATN2{ Zl„Xil 
X2=XHB-.5*BWlCTH(i* *£CS (B AL MO I 3 I) 
Z2 =ZHB-. 5* BW I DTHi 3 J*S 1MB ALKD{ 3 H 
KWLI f(3.2> = SQRT<>2*><2+Z2*22) 
TfcLIM3,2»=ATN2<Z2,X2i 

125 CONTINUE 
DG   130   I=1,NSUSP 
EFTRADi I)=EFFRADJI> 
IF<NVEH1.EQ.0.ANG.I„NE.3*   EFT RACU * = . 5*( ELLI 1»-ELL < 2 1» 
IF(NVEHi.EÖ.Iö.ANC.NFl£»EC»iö.ANG«iI,NEi3* 

+      EFTRAD( I >=ELL( 1» -EL142» 
DÜ   130   J=l,2 
POWEHRU ,J)=1 .0 
bRAKFRl I , J 1 = 1.0 
RftU ,J» = EFFRAD(I I 
CRR(I,J)=RTOW( I I 
POH( I,J>=FMUU» 

13B CONTINUE 
apRFCL=y. 
IFtNVEHl.EQ.ifl»   U'FRFCfc^EFTRACtll-EFfRACil) 
DG   135   I=1,NPTSC1 
YCLCK L»=YCLClUl-BFftfDL 
iF(ABS< YCLCHI»» ♦ABS4ÄCLC1 (in*EG*0.J   GOTO   133 
LMWl (II = ATN2(YCLCM I»fXCLCl|in 
IF«AES(CAW1( I»)    -LE„   -01)    CAW1U» = 0. 
GOTO   135 

133 CAV*UI> = 0. 
1 3b CRWHI» =SQRT< XCLCH 1#**2+YCLC11 11**21 

IF(NlNiTS.LE.l)   CCTC   145 
DC   140   I=1,NPTSC2 
TFCAESiYCLC2< I>»+ABS4XCLC2<IH„EQ.0.»   GOTO   138 
CAh2 (I > = ATN2(YCLC2U»,XCLC2U»» 
IF<AES<CAfc2{ I* >    .LE-   • tfl*   CAW2U>=0- 
GCTO   140 

i3d CAW2U»=k.-'. 
140 CRW2i l» = SQRT( XCLC2C U**2*YCLC2I I >**2 I 

C 

c 
C 
C 

END   CF   VEHICLE   PREPROCESSCR 

ECHO   INPUT 

145 IF(LCJT.EQ.0>   GOTO   115 
ViMTEi LUNb,50iJ0>    T 1TLE1 ,T ITLE2. T ITLE3.NV EH1.NFL 

500k)        F0RMAT(1H1,37H  TFE   FÜLLCWING   IS   A   LIST  OF   THE   INPUT» 
99 
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«-      ilH   VARIABLES   /16H   7hE   VEhlCLE   IS   ,3A5/11H   FIRST   UNIT, 
*■     28h   TRACKEC/WhEELEC   JNCICATOK:    ,Ii|,lF., 
+      27H   FLEXIBLE   TRACK    IfcDICATDR   :, 12/) 

WRITE(LUN6,151»    CGX1*CGZ1,CGFZ1,C6K2,CGZ2,CGFZ2, 
♦ (CGXtll,CGZ< IJ,CGFXUI,CGFZUI,PHTCH< II ,THET,0Hi II, 1=1 ,NUNIT Sl 

151 FGRMAT(6H   OV PPF , 6F1243/6X,6F12 - 3/6*#6Fl2 .3 ♦ 
WRITE« LuN6f5 00 2)    MJMTS , REFHT 1 , FT CHFZ 

bZ^Z FCRM/JTU1H   ThIS    AS   A   *U»29h   UNIT   VEHICLE   WITH THE   HITCH   , 
*■      F6.2.24H   INCHES   ABCVi   THE   GROUN C/1X ,14HH ITCH  LOAD   IS   »F10.3I 

WRITE(LUN6,'5 004 >    NStiSf 
30*3^        FURM*TU7H   THE   VEHICLE   FAS    ,12, 21H   SUSPENSION   SUPPORTS    ,121 

WRITF(LUN6r5005> 
5005 FCRMATU7h   FOLLOWING   IS   A   LIST   CF   SUSPENSION   SUPPORT   DATA,/I 

ÜÜ   160   I=1,NSUSP 
WRITEUUN6,50061   SFLAC( II , EFFRAC (I I , EFTR ADl I» ,ELLI I) , 

♦ EQUILFU »,BALMUl I» , 6ALNCU » ,BWICTH»( II,FMUMI« 
♦ RTOWUI.RBCM» ,TFET^1 II 

WRITE<LUN6,5015>   i IFil ,J I, I EU * JJ tPMLIMf I, Jl ,TWL IMM, J I , 
♦ RR(I,J»,CRRU,JI ,PCW*I, J.J, J = lt2 » 

5 015        FüRM*T(3X,2I2,2Xt5F.18l.3/3X,2I2,2X,5F10-3i 
5006 FORMATU3,i2F10.3> 
löüJ           CONTINUE 

IF1NVEH1.NE.    0)    GOTC   163 
WRITE(LUN6,5009)    (SffcAGMt , IP ( I , 1*# IB« I , H»ELLUI, 

*•      ZS(I J.EFFRADU 1,RBC41I,THETA0(I»,1=4,51 
5009 F0RMATO2H  TRACKED   VEHICLE   BEING   SIMULAT ED/21 3 13,5F10.3/ » I 
lo3 CONTINUE 

WRITE! LU No,i> 007)    CG/1, DEE1 ,ZEE1 ,DELTW1 
5007 FORMAT« 37H0FÜR   UMT   H   VERT   DIST   HITCH  TO   CG   =   ,F7.3/ 

+      13X, 29HHCRiZ   DIST   HITCH   TO   PAYLOAD*   ,F7.3/ 
*■      13X,29H   VERT   DIST   H-IICH   TO   PAYLCAC=   ,F7.3/ 
«■      13X, 10H   PAYLÜAD=    ,F7^3) 

WRITE(LUN6,5010»    RAF 
5010 FORMAT!35H   THE  REBGUAC   ATTENUATION   FACTOR   IS   #F5.2,/> 

WRITE(LUN6,5011»   NP73C1 
5011 FORMAT(10H  THERE   ARE»I3,22H   POINTS   ON  THE  VEHICLE 

«■      1 8H   CLEARANCE   CONTOUR,/I 
OG   165   1=1,NPTSC1 
WR1TE(LUN6,5*>12)    I ,XCLCU 1 > , I, YCLC UI♦•CAW1 < 11 »CRW1 tl» 

5012 FURMAT(7H   XCLCi i , I2,3HI   = , F8. 2, 2X, 6HYCLC 1{, I2»3HI    =,F8.2, 
*■      <iF10.3> 

165 CONTINUE 
IFJNLNITS.EQ.il   GGTC   175 
WRITE« LUN6, 5013)   CGZ2,DEE2,ZEE2,CELTW2 

5013 FORMAT (18H0FOR   UMT   Ü   CGZ=   ,F7«;3/ 
«•      13X,29HHORIZ   DIS7   H ITCH   TG   FAYLCAC=   ,F7.3/ 
♦ 13X.29H   VERT   DIST   hITCH   TC   PAYLGAD=   ,F7.3/ 
♦ 13X.10H   PAYLGAD=   »F743/IX,2F10. 3) 

WRITE(LUN6,5014>    ISFTSC2 
501* PCRMATI10H   THERE   ARE*I3,23F   PCUTS   ON   THE   2ND   UNIT 

*■      18H   CLEARANCE   CONTGCR*/1) 
DO   170    I=1,NPTSC2 
WR IT El LUN6 ,5d 16»    I , XCLC2U >, I, Y CLC2I I ».# C AW2i I>,CRW 21 11 

5016        FORMAT<7H   XCLC2I , 12 , Jfel   = , F8.2 , 2X ,6FYCLC 2i • 12 , 3H)   =, 

100 
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*■      F8.Ä ,2F 1 kJ. 3 » 
170 CONTINUE 

C 
C   THIS   PROGRAM   DOES   NOT   HAVE   CLASS   INTERVAL   OBSTACLES 
C 
C   READ   IN   TERRAIN   CATA 
C 

175 CONTINUE 
NOBST=0 
READ(LUN2,4010»   LSiG 
hEAD(LUN2,4020*    GRAL6 
SLÜPE=ATAN(GRADE/102,) 
CSLOPE=COS(SL0PE» 
SSL0PE=SIN<SL0PE1 
IFILCUT.GE.   1»   WRITEi»LUN6,50181   LSIG,GRACE,SLOPE, 

+     CSLOFE.SSLOPE 
5 al 8        FOPMAH6H0TERR1, 12.4FI0.3» 

IF<LSIG.ECvl>GO   TO   2Ui 
IF(LSIG.EQ.2)G0   TO   1.85 
!F(LSIG.E0.3)GC   TC   18« 
WRITEILUN1, 5017) 

5iöl7        FÜRMATQ9H  TERRAIN   FILE   ERFCRI 
CALL   EXIT 

180 READ(LUN2,4040»    f*Af\ G#NCHGT ,NWOTh 
4040        FORMATO (8X.I2M 

C 
L   UBSTACLE   LCOP 
C 

185 READ (LUN2,4050»    OEh,GBAA„OBtf 
40513        FOkMAT(3F10.2> 

1F10EH.GE.99999*99»    CALL   EXIT 
RMC=OBAA*PI/180. 
IF(AES(SLOPE»*-ABS(i8il.-CBA^»*Pl/i80.,LT.PID2»   GOTO   195 
WRITF(LUNl,i911    CBH ,CBAA , GEW, GRACE 

191 FORMAT <50H   UBSTACLE   ANGLE-GRADE   COMBINATION   EXCEEDS   VERIICAU, 
¥      /4F10.3) 

GOTO   185 
1*5 TFU80.-OBAA   .LT.   0.*  OBH=-ABS4G6H> 

IFJLCUT.GE.   11   WRITE*LUN6,4030»   CBH,CBAArOBW 
403jci        FORMAT! 13H1NEW  OBSTACLE,4F10.21 

GO   TG   Z1U 
C 
C   READ   OR   CALCULATE   OBSTACLE   PROFILE   BREAKPOINTS 
C 

2 00 READ(LUN2,4010I    NPTSSF 
NTOTAL = t: 
TF(NPTSPR.EQ.99t)   CALfe   EXIT 
READ (LUN2»4k,201    4XFRIEU1 , YPRF< I »,I = L,NPTSPR1 
WRITtl LUN1.4B35»   LS 16 

4tf3i        FORMAT U2H  WRONG   CATA   MCCE   FOR   OBSTACLE   DESCRIPTION   ,18) 
CALL   EXIT 

C 
C   CALCULATE   OBSTACLE   AND   hUE   PROFILE 
C 
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210 CALL   CBGEUM   { BW i CT F* fiFTP AD , ELL, HA, bB, HC, HO*HE,hF ,HFL , 
♦ HX,HZ,L0UT,LUN6 ,NSUSP,NUMTS , NV EM» OAt-0 8/U» OBH, OBW,0 FL, 
♦ ÜX,uZ, SFLAG,bLCPE,STEipJ 

C 
C   STARTING   PCINTS   FOR   EC.   SCLVER 
C 

XNU)=RTÜW(1J 
XM<H = 0. 
Nl=NSUSP+i 
DO   Ü15    I=2,N1 
IM1= 1-1 

21b XNU ) = E0UILFMM1 §+.{ CiLTWH-EELTW2)/FLOAT! NSUSPI 
XN<5 1=0. 
XN(6)=ÜTCHFZ 

C 
C   INITIALIZE   STORAGE 
C 

NW<3)=0 
NWl4 ) = lo 
NW( 5 l=kJ 
DO   ilo   1 = 1,5 

2L6 NW2C I» =id 
CLRM lN=lk300. 
PGGMMX=lü- 
FQG=k3. 

C 
C   CALCULATE    INITIAL   POSITION 
C 
C   FIkST   SUSPENSICN 
C 

C=-HE(1,D/HFH 1,1» 
S=HÜ(1, 1I./HFL(1,1I. 
XPWt 1, 1I=HX( 1,2J-,1*Ü 
ZPW< 1,1)=HZ( 1 , 2)-.1 *S 
NW(1 * = 0 
IF(SFLAG(ll'.£Ü.l)   GCIC   22v 

C 
L   FIRST   SUSPENSION   BOGLE   CENTER 
C 

218 XPBCU» =XPW( 1 ,1» 
ZPBCil >=7PW( 1,11 
GOTO   2 3*; 

C 
C   FIKST   SUSPENSICN   BOGIE 
C 

22 0 XPW( 1,2)-=XPW( 1, 1 *-öfc|ÜTH< 1 1*C 
ZPM i, 21 =ZPW< 1,1 J-Bto-IDTm 1 i*S 
XTEMP=XP«(1, 11-XFWM#2). 
ZTEMP=ZPW( 1,1 )-ZPW( 1*2) 
BETAU )= ATN2 ( ZT ENP.X JEN PI 
XPBCill = .5*<XPW{ 1,1»*XPWU ,2 ) ) 
ZP3C (1 ) = .5<s( ZPW{ 1, 1 HZPW41 ,2) I 

C 
C   LOCATE   FIRST   UNIT   CG   FPCM   FIRST   SUSPENSION 
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C 
23k, THETm»=ATN2{HDU,l*,-FEl 1.1H 

IF(THEIA(1»-.LE..01»-   IFETA*1)=0. 
XPCG(U=XPBC(1 >-PBC.<U*eGS(THET/50in+THETAU»» 
ZPCGUI = ZPBC( l*-RBCUJ*SIN<THETA0il» »THETAU»» 
XPBCI2I = XPCGJ l) + RBCUJ*CCSlTHET/k:12»*THETAI 1»! 
ZP8C<2l=ZPCGi n«-RBC<2l*SIN<TF£TA0*2H-ThETAUM 

c 
C   CHECK   IF   TRACKED 
C   ■ 

IFiNVEHl .NE.   01   GCTC   235 
C 
C   CHECK   FKONT   SPROCKET/I CLE F   INTERFERENCE 
C 

XPS=XPCGU* «•RBC{4i*CCS<THETA0i4>*TFETAI IM 
ZPS=ZPCGUH-RBC(<t»*SfMTHETA0i4 I «THETAU tl 
CALL   WHEEL3   i Er HA , Hfc»J-E , FF ,HX , I H< 4, 1 >r4» LGUT.LUN6, 

♦      XPS» ^PS. ZPftOFU, IM 
IF(E .GE.-. II   GOTG   2 35 

C 
C INTERFERENCE - BACKOFF FIRST bhEEL - ASSUME MOUND 
C 

S1 = S/C 
S2=iCZ<4)-0Z<^>*/.4O«4l-0X{2H 
PISQ=(Sl**2+UI*{ZPS-»HZ(4,2) + S2*iHÄ{4,2»-XPS.n*»2/:Sl-S2»**2 
kI=SCRT<RISQI 
XPWl l,ll=XPwIi«l »-R1.*C 
ZPM 1,1»=ZPW(1,I>-RI*S 
IF(LCUT.GE.1*>    WRITE3LUN6,236)    XPS,ZPS» E , I til 4»1 l,Sl»S2t 

♦•      RISQ,RL,XPW(1 ,U tZP*<*l.l» 
236 FORM/ST19H   MBACKO FF, 3610 .3« 13,6F lid. 3 > 

IF( SFLAGdl.EO.l *   GCIC   21$ 
GOTO 21b 

C 
C SECOND SUSPENSION 

235 NW(2I=0 
IF<SFLAG<2I.EQ,1*   GCTO   240 

C 
C   SECOND   SUSPENSION   SINGLE   WHEEL 
C 

XPW<2, 1*=XPBC(2I 
ZPWi«:,l>=ZPBC<2> 
GOTO   250 

C 
C   SECOND   SUSPENSION   BOGIE 
C 

2 40 XPW<2,l)=XPbC(2) *.5*BWICTH12>*C0SITHETA(1» » 
ZPW< 2,1)=ZPBC<21 ».5 «8WICTH<2J*SIN4THETA< II» 
XPW{2,2 1=XPBC<2»-.5*ehILTH(2l*CCSiTHETAUn 
ZPW< 2,2J=ZPBC(2I-.5*8WICTH<2>*SLN<THETA<1M 
XTEMP=XPwi2,l»-.XFWi2*2» 
ZTEMf=ZPW<2,1 l-:ZFW>C2*2)- 
BETAi2> = ATN2UTEf<P,*IEMP) 
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C 
C   LOCATE   HITCH 
C 

^ 5fej XPH=XPCG(1* t-kHTCM 1 l«COS4T FET0H41 *>T-HETA4 1*» 
ZFH=2PCGill + RHTChi 1 >*S IM T FET0H (1 »«-TFETAUi > 
IF( NLNITS.EQ. 1»    GÜTC   284J 

C 
C   SECOND   UNIT   -   LOCATE   WFEELJßGGIE   CENTER 
C 

THETA4 2) = THETAU > 
RSQ=RBCI 3***2 
CALL   WHEEL2   ( EFFMD ,fcA, FC, F£. FF tfcX ,HZ.l, IHt 3» 11, 

*      3,LOLT,LUN6,UXfGZ,AlFHA<3,l ),PBC*3*,KSQ,XPH, 
^      XP8C (3»-,ZPH,ZPBC<3* » 

NWI 3)=ü 
IF(SFLAG(3».EQ.1»   GCTO   260 

C 
C   THIKD   SUSPENSION   SINGLE   aMEL 
C 

XPW(3,1)=XPBC<3» 
ZPK( 3, 1)=ZPBC.(3> 
GOTO   270 

C 
C   THIKÜ   SUSPENSION   BOGLE 
C 

26fc XP^{3»1»=XPBC(3)*.5*öWJ0TH{3)*CGS(TH£TAi2*i 
ZPWl 3,1) =ZPBC<3I »„5*fi*ICTH4 3l*SIMTHETA<2H- 
XPW( 3.2l=XPBC(3)--5*ßWlCTHi3»*CCS>(THETAt2M 
ZPWi 3,2» =ZP8C(3)-.5*BWIDTH43I*SIN(THETA( 2H 
XTEMP=XPWl J,l>-XFwI 3,2» 
ZTEMF=ZPWi3,l»-ZFW43#2> 
BETAU »=ATN2( ZTEr»P,*IEMPJ 

2 70 XPCG(2J=XPH«-RHTCM2 l*COS< T FET 0H( 21 +THETA4 2 11 
ZPCGUI = ZP H+RHTCh( 2.1*SINi TFETläHi 2 I+THETA l 211 

280 00   290    I =1 ,NSUSP 
ALPHAU, 1I=THETAUI 
IFi SFLAGUi.EQ.0»   GCTO   290 
ALPHA( I,2»=THfcTA(l I 

290 CONTINUE 
ILOC=0 
IF(LCUT .GE.8)    WR ITE ILUN6,2 91 >    X FH,,ZPH>, I XPC6X II , 

♦■      ZPCGU) ,THETA< I> ,!=.1#AUMTS» 
291 FURM/TJ7H   MINIT1 ,«F 1Ä-.3 » 

IFJLÜJT.GE.6I    WR ITE 4LUN6, 2 96*   < XPBC4 I F,Z PBCUI ,N«U* , 
*      l APW{ l, J»,ZPW( I, öl, /fcPHAi I,J),J=l,2i, I = 1,NSUSPI 

29 6 FORMAT 17H   MI N I T2 , 2-F lä . 3 ,1 3 ,6FU. 3/2 <,7X* 2*l&*3t I3.6F1 0*3/ >» 
C 
C   VEHICLE   MOVEMENT   LOOP 
C 
C   UALCOLATE   CLEARANCE 
C 

30«3 iL0C = IL0Ol 
CALL   CLEAR   { CAiil » C A*2,CRW'l ,CRfc2 , JCX,LOUT , 

«■      LUN6 ,CLRNC,NPTSC1,NFISC2,NCMTS,CX,Ü/,THETA,XPH,ZPH1 
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1F(CLRNC.GE.CLRMIM   GGTC   312 
IDXCLR=I£X 
LOCAIC=lLOC 
CLRMIN=CLRNC 

310 IF<( L0UT.E9.^>.0F.< IOUT.GE.8JI    fcRITE4LUN6,311»    ILOCCLRNC, 
*■     CLKMIN.ICX.IDXCLR 

311 FORMATUH   MAINC, I5,2F10.3, 2110) 
C 
C   CALCULATE   FORCES   UNDER   WHEELS 
C 

CGX4 1I=XPCG( D-XFH 
CGZ( 1>=ZPCG<1 >-ZFH 
IFtNUNITS.EQ.l »   GOT C   32fc 
CGXi 2»=XPCG(2 l-XFh 
CGZi 2>=ZPCG12»-ZPH 

320 IF4LCUT.GE.i0»   WRIT E*LUN6,32fc>»<   CGX( 1 >-,CGZ{ 11, 
*■      CGXU>,CGZC2> 

326 FGRM/T (bH   MA1N1,<«F12,J> 
IF(SFLAG(1> .EO.i 1   B EIAPU » =BETA {ll'»THETA( 1» 
IF(SFLAG(2>.EQ.l»   BEIAP(2»=EETA(2J*TFETAi1» 
IF<NSUSP.GE.i.ANC.SFLAGL3>.EQ.l »   BET API3 4 =BETA< 3» »-THETA.(2» 
DO   3^0    I=lt5 
Xil> =XPBCi II-XPH 
li I )=ZPBCi D-ZPH 
IF4LCUT.GE.10»   WKlTEiLUN6,336»   X<I>,£HI 

336 F0RMJH6H   MA I N2 , «tFl 0*3 I 
340 CONTINUE 

CALL   FORCES   ( XN, fAXUNTCT AL ,SSC ,XPHf ZPH» 
C 
C   CAPTLftb   OUTPUT 
C 

FSUM=0. 
OC   350    I=1,NSUSP 
DO   3 55    J=i»2 
FSUM=FSUP*FN( I , J »*CTCI It J » 
IF<LCUT.GF.8)   WRITE4«UN6,351>   ILCCFSUM, 

^      FNU,J),CTF( I,J» 
355 CONTINUE 
350 COKTINUfc 
351 FURMAT16H   MA ! N3 , 13 ,. 7FI2 .3». 

IF(FSUM.LE.FUOMAX)    GCTC   360 
LÜCATF=TLÜC 
FÜOM£X=FSUM 

300 IF< FSUM.LT.0, )    FSUN=RAF*FSUM 
F00=F0O+FSUM 
!F(SSO.GT.100.J'   GGTC   981 

C 
C   ADVANCE   VEHICLE 
C 

CALL   MOVEB   I CSLCFE, NfiCL ,NV EH l,RBClf 
*■     REfHTltKHTCH,RWLIM,S3LGPE,SSQM,THETAJTHETA0,THET0H,TWLIM, 

+      XPCG,XPH,ZPCG,ZPF) 
IF<SSQM.GT.100.1   GOTO  983 
1F1LCUT.GE.8»    WRITE JtliN6,3£6 >   X Fh„ZPBt4 XPCG( I» »ZPCGU» , 
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+     THETMi) ,1=1, NUMTS » 
366 FÜRMAJibh   MA IN4 , 8F.1 0.3 » 

iF(LCUT.LT.8>   GGTC    3.S1Ü 
DC   3 80    I=1,NSUSP 
WRITE(LUN6,3 71»    I, S Ft AG( i «,«NUit I >, XPEC (II ,ZPBC( I ) ,BET AI I», 

+     i XPW<I , J»,ZPW< I, J) , ALPHA* I,J),IM1, J», J=l, 2» 
371 FORMATibH   MAIN5,3I3,1F1F.3,2(3F10.3, 13») 
380 CONTINUE 
390 IF<XPW(1,1J.LE.HX(1*I£)>   GOTO   300 

G 
C   tNC   GF   VEHICLt   MUVnPENT   LCGF 
C 

FCC=FOG/FLOAT I ILCC) 
IFiLCUT.GT.0)    WRITE4LUN6,811J   LCCATC,CLRM IN, 

♦ TGXCLR,LCCATF,FGCNAX,FCC 
811 FÜKMAKbF   MAIN7, 15,fl«.3*110/6X , 15,2F1«,31 

G 
G   WRITE   AMC l*t   AREAL   MOCULE   INPUT   FILE 
C 

iPILSIU.eO.il   GOTO   S89 
IF<L5!G.EU.2)GG   TC   SSI 
IF<Kl*Etf.l»    GOTO   99 5 
WRITE( LUM ,9076»    NCFGT , NANG, NWCT H 

9 076 FCRH AT ( 5 HNOHGT, /, 5X, .12 , /„4HNANG ,/, 5X , I i,/#5HNWDTH,/,5X, 12» 
991 Kl=l 

«/RITEILUN1,90711 
9,371 FORMAT* /lX,bHCLRHA,%X,6HFCOMAX,4X,3hFOQf 7X,6HHGVALS, 

* 4X,5hAVALS,5X,5HwVALSJ 
WRITE« LUM ,90721 

9*172 FORMAT! 1 X, 6H INCHES , ^X,6 HPCUNGS,4X#6HP0UNDS,4X,6 HINCHES , 
♦■      4X,7FRADIANS, 3X, fcblN£*iESJ 

995 CONTINUE 
IF(LSlO.EU.ltGO   TO    584 
ÜBH=«£BS( GBH) 

981 WRITE(LUN1,9073)   CL FMN ,FGCK AX, FGO, GEH» R ADrGBW 
9073 FORM AT(iX,F6./,lX,F9wlr IX ,F9 .1 ,4X , F6 ±2. ,4X , F6 ..2, 3X.F7. 2» 

IF<SSQ.GT.i00. )    *RIT6*LUM,982 > 
Vd£ FORMAT < lhf,60X ,39h   ECSOL   CANNOT   SOLVE   FORCE   L  MOMENT   EQS„> 

GO   TC   983 
989 if (Kl.EO.llGü   TO   984 

Kl=l 
WkITE(LUM,9077) 

V0 77 FURM£n/lXf6FCLRMN»4X,6HFC0MAX,4X,3FFÜO» 
WK1TE(LUN1 ,9078» 

VÜ76        FORMAT! 1 X,6HINCHES,4X,6Ff>CUNDS,-4X,6HPGUNDS» 
984 WRITFILUM ,9079»    CL F NN »FCCMAX, FCC 
9 0 79 FORMAT! 1 X , Fo . 2 , 1 X, F 9 4 1 , IX , F9 .1 I 
9b3           NOBST=NOBST+l 

WRITEILUN5 ,985»    NCBST 
985 FÜRM AT( 1X,19H   ENG   Cf   CBSTACLE   fr   ,13* 

IFILSiG.EQ.l»    GGTC   Ziiii 
!F(LSIG.E0.2>    CALL    EXIT 
IF(LSIG.EQ«3»GG   TC   185 
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C   END   CF   CBS1ACLE   LOOP 
C 

END 
C 
C 

SLBKCUTINE   GEGEü*   iEW4DTH,EFFRAC,ELL,HA,hB#HC,HD,HE,HF,HFL, 
+      HX*HZ,LÜUT,LUN6^NSUSP,NU.NITS,NVEFl,,GAf€]eAA,0ßHfGßW,0FL, 

*      ÜX.OZtSFLAGtSLGPEfSTEP» 
C 

INTEGER   SFLAG 
DIMENSION   BWTDTHU» ,EFFRAD*5),ELL<5*,HA(5,9»,HB<5,91 , 

f      HC(5,9) tHD<5,9*,hE(5#9»f,HF(5,9>,HFU5r9>,HXi5#10»»HiU5,10>» 
f      UA<9).OFLi9l ,ÜXi 10K.ez«10»'tSFLAG<3)- 

C 
C OBSTACLE   AND   HUB   BREAK   POINTS   BEFORE   MAIN   SLOPE 

C 
OANG=( 18 0.->OBAAi*.i. 1415926 5/180. 
CANo2=GOS(OANG/2.» 
SANG2 = SINiOANG/2.>- 
TANG2=SANG2/CANG2 
CANG=COS<OANG> 
SANG=SIN(GANG> 
TANG=SANG/CANG 
WA=OEW+2.*OBH/TANG 
KUNL = ELLa»-ELLiNSUSB» 
TFi SFLAGil I.EO.l »   mJM.= RUNl* BWI CTH( 1 J/2. 
IF(SFLAG<NSUSP*.EG.1±   RUNL = RUNL'»BWIDTH{ NSUSPI/2« 
IF(LCUT.GE.10)   WRITEMiUN6,121l    GANG,GEH,OB«, 

♦•      SANG,CANG,T,ANGtWA,SL£'PE,RUNL 
12i FGRMfTi5H   OBG1 ,9 FLiä . 3» 

IFtOANG.LT.0«»    GCTO 1300 
C 
C MGUNC 
C SET   CBSTACLE   PCIMS 
C 

OXll 1 = -IRUNL-EF£RAC(.U*TANG2-1. 

IFINVEH1 .EQ.0>   OMihOXiJ» »ELL ( 1 »-ELL U* 
OH 1 1 = 0. 
ÜX(2 *=0. 
0 ZI 2 1=0. 
OXTJ » = 0. 
ÜZ< 3 1 = 0. 
OXU» = UBH/TANo 
OZUl = GbH 
0Xi5i=0X(4» 
ÜZI5 » = OBH 
ÜX(6I=WA-GX(4) 
ÜZ(6 )=OBH 
OX(7 )=ÜX (6) 
ÜZ<7 J=ÜBH 
OX(8 » = WA 
OZ4 8 1=0. 
ÜX(91 = WA 
OZJ9)=0. 

107 



R-20b8,    VULUNE    II PAGE   A-l 
LISTING   ÜF   PFOGRAM   U£S78c: 

ÜXÜ l2»=WAfri!jNL + £FFH/CiNSUSP»*TANG2 
IFINVEH1.EQ.0)   GX(1* I =CX( 1 fc > + ELU NSUSPi-ELU 5 ) 
ÜZ U £>=0 . 

C 
C SET   FUB   PkUFILE   PCIMS 
L 

no   120tf    K=l,5 
IF(K.GT*NSUSP.ANC-NVB«1-NE.0*   GOTO   I2ki0 
IFiK.EO. i* ANCNUMTS^EC.l)   GCTG   12tS0 
RK = EFFRACiM 
HXIK ,11 = CX(1 ) 
HZiK,l» = RK 
HXIK.5I- = CX(5» 
HZiK,5!=CBH+RK 
HX(K,6)=OX{&} 
HZ(K«6)=CBH+RK 
HX(K ,lifl»=CX<10) 
HZ(K,10>=RK 

C 
HZ(K ,<+» = CZi A» «-RK*CANC 
1FIH2(K,4).LT.RK)   GClC   11 0t) 
HX<K,<+) = 0X<4> -kK*SAN€ 
HXlK,3! = CX(3l-RK*TAf>62 
HZ(K,3)=RK 
HX(K,2 > = HX( K, 3 > 
HZ (K,,2)=RK 
HX<K»7I=CX(7»+KK*SAHG 
HZ<K ,7» = CZ(7» ♦■RKi'CANC 
HX(K ,8>=QX{8> *RK*TA|vG2 
HZ(K,8)=RK 
HXIK ,9»=HX(K,8> 
HZ:K,9)=RK 
GOTO   1200 

110b        HXlK,<»» = CX{4>-SQRT.(2i*RK*0eH-CeH*0EHI 
HZ<K,4J =RK 
HX<K,3 )=HX( K,4) 
HZ <K,3» = HZ(K,4l 
HX1 K,2J=HX(K,3» 
HZ(K,2>=HZ(K,3> 
HXiK ,71 =ÜX<6> ♦■SGRT{2i*RK*CfcH-ÜEF*GBHI 
HZ(Kf7»=RK 
HX(K ,8»=HX(K,7) 
HZ(K, 8) = RK 
HX(K,9)=HX(KtÖ) 
HZi K,9 J=RK 

1200   CONTINUE 
GUTÜ 180 0 

c 
L DITCF 
L SET   CBSTACLE   POINTS 
C 

1300 OX< 1 J=-RUM-1. 
Uli I l = k?< 
OX{2 1=0. 
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ÜZ{2>=0. 
ÜX(3» = 0. 
ÜZ(3>=0. 
ÜXU»=ÜBH/iTANG 
OZUI = GBH 
ÜXii> ) = UXU J 
OZ (5 ) = OBH 
ÜXi6 > = WA-OBH/TANG 
ÜZ(6>=OBH 
nX(7>=0X(6» 
UZ(7>=ÜBH 
0X18 )=\*A 
ÜZl8>=0. 
0X(9»=WA 
ÜZ(9» = 0. 
ÜX< l*!J=WA*-RUNL+t . 
ÜZU£>=0. 

C 
C SET   FUB   PROFILE 
C 

DO   1730   K=l,5 
IF<K.GT.NSUSP.ANCiNVEfcil.NE*0l   GCTO   1700 
IF(K.5Q.3. AND.NUMTS.EC.U   GOTO   1700 
RK=EFFRAD{K) 
HX.(K,1 »=CXU> 
HZIK,1>=«K 
HX(K,2)=0- 
HZ(K,2>=RK 
HX<K,9) = WA 
HZlKt9l=RK 
HX4K,101=OX(1JI 
HZ(K,10»=RK 
HX{K,3l=CX(3*~RK*SANiu 
HX(K,dlsOX<8!»RK*SANO 
IFiHXl K,3l«LT.HXiKf fill   GOT C   1400 

C 
C     CASE   1   -   hHEEL  TOUCHES   CESTACLE   PGINTS   3   PND   8 
C 

HX(K«3)=.5*(0Xi 3 H-GXiSi» 
HX(K ,4»>=HX{K,3> 
HX1K,5I = HX( K,3> 
HX(K,6)=HX(K,3> 
hXi K,7)=HX<K,3» 
HX(K,8»=HX(K, 3) 
HZ(K,3l = SCRT<KK*RK-4HX(K,3»-HXt K,2*l**2> 
HZ(K,4)=HZ(Kf3) 
HZ(K,5»=HZ(K, 3) 
HZ<K,6> = HZ< K,3> 
HZ<K,7I=HZ(K, 31 
HZ(K,8J=HZ(K,3> 
GOTO 1700 

140U        HZJK,3» = 0ZU) «-RK*CA»*G 
IFJHZ(K,3> *GT.CBHvRK4   GCTO   1500 
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C   CMSE 
c 

2   -   WHEEL   TOUCHES   POINT   3   AND   BOTTOM 

,3i=HX(K,21 «-SQRT4-2**RK*ObH-OBh*OBHJ 

C 
C 
C 

HX(K 
HZ<(K,3> =RK*OEH 
HX(K,*I=HX<K,Ji 
HZ(K,*»> = HZ<K,3>- 
HX(K ,5) = HX<K, i) 
HZ<K,5>=HZ<K,3> 
HX(K,8I=HX{K, 9<)-SCRT3-2.*RK*CBH-CBH*C8HI 
HZ< K ,8)=HZ*K, 3> 
HXJK ,7» = HX.'K,ö ) 
HZ IK ,7)=HZlK,6) 
HX(K,6» = HXi K,8> 
HZ {K,6)=HZ(K,8» 
GOTO   1700 
HZ(K,8)=HZ(K,3* 
H XI K ,4 ) = CX { 4 ) - R K *T A ItG* 
HX<K,7)=OX(7> *RK*TANG2 
IF4HXI K,4».LT.HX<K,7H   GGTC   1600 

CASE   3   -   WHEEL   TOUCHES   BOTH   SLOPES    BEFORE   BQJTOM 

HXIK ,4 I ={0X1 51 «-CX* 61 */2. 
HXIK ,5> = HXJK,^K 
HX«K,6J~ = HX(K,4l- 
HXI K,7 ) = HX( K,4 » 
HZ{K,4J=.5*(HZ(Kf3»*«ZlK,Ö ) «• (HX <K, 8*-HX< K, 31 J*TANG) 
HZ(K,5» = HZ1 K,<t) 

lb>00 

C 
C 
c 

HZ(Kf6)=HZ(K,4t 
HZ IK ,7I=HZ<K,^J 
GOTO   1700 

CASE   A   -   WHEEL   TOUCHES   SLCfES   AND   BOTTOM 

C 
c 
c 

i6tft) HXIK ,5*=HX<K,4» 
hXlK,6 J = HX( K,7>. 
HZ(K,^J=kK«-OBH 
HZ(K,5>=HZ4Kf4) 
HZ(K,6*=HZ(K,4» 
HZIK ,7» = HZ(K,<t> 

17n)0        CONTINUE 
1800 IFiLCUT.GE.101    rt HI T £*LUN6 , 1900 J.   4 QX< I>, I = 1*10J f lOli I I , 1 =1 ,1 ft , 

♦      UHX(K,I >»L=1, HI, (KZIK, I ) ,1=1 ,10>#K=1,5» 
1*30        FORMAT!/ 811 X,10F10»3JI V 

TRANSFORM   PROFILES   FOR   SLOPE 

DO   2 2316.   1 = 1,10 
RP=SCRT(OXM) **2»CZI Ji**2l 
PHI = ATN2lOZ< I> ,0X1 in 
OX(Il=kP*COS(PHI*SLCfiE» 
0Z< IJ=RP*SIN( PHI *SLC«E) 
DO   2 03*   K=l,5 
IFIK .GT.NSUSP.ANC.NV8J-1 .NE.0» 

110 
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IF(K,EG.3.AND.NUMTSjEGil>   GGTC   2000 
hP=SCRT( hXiK, l\**Z*.mK,1***2* 
PHl=ATN2iHZiK,I»,NX4 8#H* 
IF (ABSiPHIJ .LE^eil    Pbl=0. 
HXiK,I) = RP»CCSiPh.I«-SkGFEI 
hZ<K.n=RP*SIN(PHl>StCPE> 

20U0        CONTINUE 
IFILCUT.GE.9)    WR ITE<tUN6*l 900 i   i CXI 11,1 = 1,10J , LOH I), 1=1,10 1, 

f      UHXiK.I».1 = 1,10>,m4KfI>,1=1,ltf)fK=l,5» 

DO   2010    1=1,9 
2010        OFL< Il=SCRT( (OXU>lMOX(l> »**2MCZi J*ll-QZ,.iIM**2l 

DO   2150    K=l,5 
IF(K.GT.NSUSP.ANC.NV£H1.NE.0>   GCTO   2150 
!F<K.EQ.3.AND.NUNITS*EG.1»>   GCTC   2150 
RK=EFFRAD(K» 
!F<üANG.LT.0.i   GCTG   2100 

C 
C MOUNC 
C 

DO   2060    1 = 1,9 
IFUI.EO .4) .OR.U.EC6M   GCTQ   2040 

2030        HFLiK,n=bORT<(HX4K,l»n-HXlK,I M**2   »■ 
* (HZ<K,i*lJ-HZ(K,II-.)*«2   > 

GOTO   2060 
C 
C ELEMENT   CF   ARC 
C 

2 04 0        IFU HX( K,IU».EC.HX4K,I»l.AhD.lK4K,I*ll-EQ. 
+      HZIK.DII   GOTG   2lü30 

SPR0C=<HX(K,I«-1)-CX(*.*1U* <HX<K,IJ-OXMU* 
*    IHZ< K, i+i>-oz( i*m*tHz(K,i»-ozun 

ANGLE=ACOS(SPRQC/(RK«RKn 
HFL!K,IJ=RK*ANGLE 

2060        CONTINUE 
GOTO   2150 

C 
C DITC»- 
C 

2100        CONTINUE 
DU   2Kb    1 = 1,9 
IFM UE0.2» .OR.! J.EC48) >   GOTO   2130 

211rf        HFLIK,! »=SQRTUHX4K ,I*i>^HXiK,I U**2»4HZ*K,I «-Ii-HZIK,I» >**2i 
GOTO   2142 

C 
L ELEMENT   GF   ARC 
C 
2I3tf If M FX<K,I<*1 UEG.HX<K»I U./SND.4 FZi Kr 1*1 >-EQ, 

+     HZiK.m*   GOTO   2110 
S PRO C=( HXiK, 1*1 )-CX4 1*1 IJ * { HX,( K , II -OXU » »•+ 

►      (HZ<K, I*-ll-OZ (t*l») *iFZ<K, 1>-0Z (IJ*- 
ANGL E=ACOS(SPRCD/4RKSRKH 
HFL(K,Ii =RK*-ANGLE 
IFiLCUT.GE.lO)    WRI T Et>LUh6, 2145 »   K, I ,HX*K , 11 , HX { K , I Hl , 

♦ OXI 1 »,OXU*i >,HZtK,il,HZ*K,I + l> ,GZ<I*,OZI 1*1 J ,RK,S PROD 
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Zitui        UiNTINUF 
^15U        CONTINUE 
2145        FORM/STJ5H   K,I    ,2Xf2IJ,6FHX , 2 (2X , F12 .31 ,2X ,6H   ÜX , 

+      212X,F12.3»f/,6H   HZ        ,2<2XtFl2.3),6H   GZ        ,2i2X#F12»3», 
«■      1JH   RK.SPROD   ,2i2X, Fi2.3»* 

C 
C ÜEFIMTICN   OF   OBSTACLE   ELEMENTS 
C CJA   -   ANGLE   BETWEEN   ELEMENT   £ND   HORIZONTAL 
C 

OA<l»=SLÜPE 
OA<2>=,0. 
OA(3 >=SLCPE+OANG 

OA(5 )=SLOPE 
OA{6>=0, 
OA(7 l=SLGPE-OANG 
0**( 8»-0. 
OAJ9)=SLOPE 

C 
C DEFIMTION   OF   HUE   ELEMENTS   EY   QUADRATIC 
C 

Du   2M<d   K=l,5 
IFiK.GT.NSUSP.ANC.NVfiEl.NE.0)    GCTO   2300 
IF(K.EO.3.AND.NUMTS.EC.il    GOTO   2300 
KK=EFFRAC(K) 
DO   22ö0   1=1,9 
IF<HFL<K,H .EQ.ä.l    CGTO   2220 
IFiOFU I I.EQ.0.)    GÜTG   2-250 

L 
C ELEMENT    IS   LINE   SEGfENT 
C 

HA(K,I.) = it. 
HEU K ,1) =0. 
HC< Kfl 1 = 0. 
HD(K,I) = HZ(K, I *1 1    -   BZiKiWJ 
HE(K,II=   -   { HX<K,IM*   -   HXJKiin 
HF(K,I)=   -    <HD(K,II    *   HXtK,II    +   HEtK.H    *   HZiK.I»» 
GOTO   228 it' 

C 
C       ELEMENT IS POINT 
C 

122t) HA(K ,ll=k;. 
hEHK»II=U. 
HC(K,I>=0. 
HDIK,I)=0. 
HE(K,I> = 0. 
HF(K,I)=0. 
GUTU 2 2 8g 

C 
C ELEMENT   IS   ARC 
C 

125 J HA(K ,1 1 = 1. 
HB<K ,1) =ß. 
HCtK.I 1=1. 

112 
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HD<K»I> =   -2.*   OX(I» 
HECK. 11 =   -   2.*   CZm 
HFCK.I*=OXm    *   OX(H   *   CZm   *   OH IV  -.  RK   *   RK 

228(2        CONTINUE 
2 3-Ji3        CONTINUE 

IF(LCUT.GE.9»   WR IT E UUN6, 2500»   i(OFK I», 1 = 1.91 ,4 OAU» ,1 = 1.9» # 
* ( (HFLIK, II ,I=i#9» ,{J-A(K,I» ,i = l»9UtHBJK, U,I = 1,91, 
♦■      (HCiK.Il ,I=l»9»,tHC<«, 11,1 = 1,9>,<H£4K,I», 1-1,91 , 
* (HFl Kt<I >«I=i# 9 |,K-1»5I 

2300        FURM4T(9F10.3» 
C 
C CALCULATION   OF   STEP   SIZE 
C 

STEP =1020. 
DO 2400 K=1,NSUSP 

DO   <:400   I = lf9 
IF(HFL(K,Ii.EG.ii.»   GETC   2400 
IF« STEP.LE.HFUK.IM   GOTO   2<t00 
STEP=HFL(K,I> 

2400        CONTINUE 
STEP =AMAX1 ( -49*STEP .1.. > 
IF(LCUT,GE.1>   WRITE<tUN6,2550i    STEP 

2550        F0RMAT(12H   STEP   SIZE*   «F10.3/I- 
kfcTUFN 
ENO 

t 
C 

SUBROUTINE   CLEAR   (CAKi,CAW2.CRW 1,CRW2,I0X, 
♦ LOUT.LUNb, ^INCLR,NPTSCl,NPTSC2,NUNITS*OX,OZ,THETA, 
•■       XH,ZF> 

DIMENSION   CAW1(15>,CAW2U5 >t CLOl 20 I, CLV1 t 20I*CLV2< 20 > , 
^      CRWl U5I ,CRW2li5),CX*10»,OZa0l ,THFTA«2>, 
♦ XPV1 <20» ,XPV2t20 i,ZFV!ll 20» .ZPV2I20.» 

kF£L MINCLR 
C 
C       LOCATE VEHICLE POINTS 
C 

VPA1=THETAU> 
VPA2 =TH£TA<2> 
DO   110   I=1,NPTSC1 
XPVlU)=XHfCRWHI»*CGSiVPAl*CAWlH)l 
ZPViJ I» = ZH+CRWl( I»*SiNiVPM*CAWlUH 

110 CONTINUE 
IF<LCUT.GE.10»WRITEUUN6,111»   iXPVliIUI=i.NPTSC11 
IF<LCUT.GE.10lWkITE*LUN6tlll»    I ZPV 1U*. 1= WNPTSCl 1 

ill FURMfTUF   CLEAH0-.i3FJ0.3J 
IF(NÜNITS.LE..1>   GCTC   130 
DÜ   120   ! = 1,NPTSC2 
XPV2 (I l=XH*CRW2( II * CCS«VPA2 + CAW2(IH 
ZPV2 U» = ZHtCkW2i 1I-*SJN<VRA2*CAW2«!M 

120 CONTINUE 
IF<LCUT.GF.10»WRITE<LUN6,111>   «XPV2II»,1=1.NPTSC2» 
1F(LCUT.GE.101WRITEUUN6,111>   (ZPV2( 11,1 = 1»NPTSC2> 
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C CALCULATE   CLEARANCE   AEOVE   OBSTACLE   POINTS 
C 

130 DC   2*0   10=1,12 
CLÜ( Iü>=lß00. 
X=0X(IO> 
Z=OZUO) 

c 
C TEST    IF   VEHICLE   IS   A8CVE   OBSTACLE   POINT 
C 

IFUFVKll.LT.X»   GGTC   200 
lF(Xh.LE.X)    GOTO   lb 0 
IFiNLNITS.LE.l )    GOT C   200 
IF(XFV2<NPTSC2>.GE.X»   GCTC   200 

C 
C TKAI L5R   ABOVE   PO INT 
C 

IF<XPV2( D.GE.X)   GCTC   150 
VPZ=ZPV2( 1 »+(ZH-ZPV2*i *•»*< X-XPV2Ü »•!•/< XH-XPV li II* 
CLÜ( IJ>=VPZ-Z 
IF<LCUT„GE.10> WRITE4LUN6, 141J    IG.X., I ,VPZ ,CCO< 101 

1*1 FURMAT<7H   CLEAR1 ,I3,4F12.3 > 
GUTü   200 

150 DO   170    IV=2,NPTSC2 
IFUPV2< IV) .GE.X1   GCTO   1 7id 
VPZ=2PV^(IVI + (ZPV2( TV-1 J-ZFV2C IV M*( X-XPV2* IV* 1/ 

*       (XPV2UV-1>-XPV2(1VI* 
CLQI IO» = VPZ-Z 
IF(LCUT.GE.l*;>NRlTE(,LGN6,lfcl»    IG,X,Af VPZ , CLOUOI 

161 FÜRM/5T(7h  CLfcAR2*I3.*FlB.3l 
GOTO   2 00 

170 CONTINUE 
WRITE(LUN1,176I    IG»*tZ 

170 FURM0T(6H   QERR1, 13,2F10.3> 
CALL   EXIT 

C 
C VEHICLE   ABOVE   POINT 
C 

180 DC   190   IV=l,NPTSCl 
IFCXFVK IVt.GF.XI   GCTC   190 
VPZ = ZPV1 (IV» MZPVU>IV-1*-ZPV1(IVU*<X-XPVKIV> >/ 

♦ i XPVK IV-ll-XPVUIV 1* 
CLO( IQI=VPZ-Z 
!F(LCUT.CE.l0) 

♦ WRITEILUN6ri86)     10 , >U , IV , VPZ, CLCI IC } 
18b F0kMAT(7h   CL EAR 3 ,1 3 , 2F 10. 3 , I3,2F12w3 J 

GOTO   200 
190 CONTINUE 

VPZ=Zm-(ZPV/l( NPTSCl.l   -ZH)*CX-XF)/(XPVHNPTSC1I-XHJ 
CLO( IO) = VPZ-Z 
IF{ LCUT.GE.lk3lWRlTEiÜUN6,196)    IC»X»Z,VPZ,CLQ| 10! 

196 FCRMATt3H   04,1 3,4F12,3> 
2 00 CONTINUE 

C 
C CALCULATE   CLEARANCE   8EL0W   VEHICLE   POINTS 
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R-2fc)!>8,   VOLUfE   II PAGEA-22 
LISTING   OF   PROGRAM   OBS78B 

DO   240   7V=liNPTSCl 
CLV1UV> = 1500. 
X = XPV1(IV) 
Z = ZPV1< IV) 
IFiX.GE.CXll >»    GCTG  =220 
OPZ=CZ(l )fi(GZ(2)-C2(lJ»*IX-GX{ 1 > IV(OXI 2 l-OXi 1)1 
CLVK IV»=Z-OPZ 
IF(LCUT.GE.10»WRITE»(fcUN6,21ö)    I V.Xt Z ,GPZ , CLVU IVI 

216 FGRMAT<3H   V 1, 13, AF1 & 43» 
GOTO 240 

220    DC 230 10=2,10 
IF( X.6E.GX( 101 ) GGTC 23* 
0PZ=ÖZ{IÜ-lH-(0Z(10»-CZ{I0-in*(X-0XMü-l»)/i0XU0l-0XU0-Hi 
CLV1<IV>=Z-0PZ 
IF(LGUT.GE.10> 

♦      wkTTEl LUN6,226)    IV, >*l, IO*CPZ,C LV II LV» 
226 FOkMATUH   V2,I3,2F12.3, 13, 2F10.3» 

GOTO   240 
?3tf CONTINUE 

ÜPZ=CZ(9»+(ÜZ110 }-ÜZ49M*iX-CX(9Uy<CX(18»-0X{9>) 
CLV1 (IV>=Z-CPZ 
IF{LOUT.GE.10»*RITE*fcUNfc,236>   1V,X,Z,QPZ ,CLV1UV> 

236 F0RM*T(3h   V3,I 3,4F1£.3 ) 
240 CONTINUE 

C 
C CALCULATE   CLEARANCE  .BELGW   FITCH 
C 

CLH = 20K)0* 
IF{XF.GE.0X(1U   GGTC   261? 
OPZ=OZU )MGZ(2»-CZ*H >*IXH-OX( 1 J-WICX<2*-QX4 1»» 
CLH=ZH-OPZ 
IFiLCUT.GE.l«i»WRlTEItUN6»256)   XF,ZH,OPZ ,CLH 

2i>6 F0RM£Ti3H   H1.4F1Ä.3.» 
GUTU   280 

2b0 DO   270    10=2, 10 
IFlXF.GE.CXi IC»>   GOTO   270 
CPZ=CZUC-1»UGZ< 10 MCZ( IG-II J * 1XH-GX>(IG-<1 J »/J0XU0I-0X4 10- I) ) 
CLH = ZH-OPZ 
TF{LCUT.GE.i0»WRITElMJN6,2 66>   Xh,ZH, IO,OPZ,CLH 

Zbb F0RMATI3H   H2,2F1Ü.3,13,2F1Ü . 3» 
GOTO   280 

270 CONTINUE 
0PZ=CZ<9) + iOZ(10»-G2I9JY*iXH-CX49»1/<GX<10»-0X19» » 
CLH=ZH-OPZ 
I FC L CUT. GE. 10 I «R ITE1LUN6;, 2 761   X ¥,IH ,GPZ , CL H 

27b FORMATUH   H3f4Flfc.3J 
C 
C CALCULATE   CLEARANCE   BELCto   TRAILER   POINTS 
C 

2 80 IFiNUNITS.LE.il   GGTC   325 
DO   320   IV=1,NPTSC2 
CLV2UVJ = 2500. 
X=XPV2i IV»- 
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Z=ZPV2 (I VI 
IF( X.GE.CXl 1 > »   GCTC  J«e 
GPZ=CZ(1 >HÜZ(2)-OZ(lH*{X-GX(l H/{ÜXi,2)-OXUil 
CLV2 (IV)=Z-GPZ 
IF(LCUT.GE-10)WRITE(fcUN6»2 91 >   I V,X.,ZtQPZ »CLV21 IV J 

291 FORM/TiiH   Tl , 13 , 4F 12 „3), 
GCTÜ   324 

3 00 DU   3 l^J    IG=2,10 
IF{X.GE..CX( Iül ♦    GCTC   31fc 
ÜPZ = CZUC-1> MüZüüHCZi IC-l»»*<X-OX( lÜ-l»*/<<OX< IOI-OXl 10-1 >» 
CLV2iIVI=Z-GPZ 
IFi LCUT.GE.10) 

+      WRITE! LUNö, Sab)    IV, %,l, IC,CPZ.CLV2i IV I 
346 F0RM/STC3H   T2 , I 3 , 2F 1« ,<3, I 3 , 2F1 0. 3 I 

GOTO   32k3 
3114 CONTINUE 

UPZ=CZtVV + IOZJ lid l-C/4 9) )*i X-CXt *))/(ÜXU0l-QXi91» 
CLV2HV) =Z-GPZ 
IF(LCUT.GE.10»WRlTE4JtUN6,J16)    IV,X,2,ÜPZ,CLV21 IV) 

316 FORMET (3H   T3,13,4F.12»3) 
328 CONTINUE 

C 
C MIMfUP   CLEARANCE 
C 
325 MINCLR = CLG{ 1> 

IDX=1 
DC   330   IC=2,10 
IFiCLÜllCl.b&.FINCLFl   GGTO   330 
MINtLR=CLÜ(IG) 
IDX= 10 

330 CONTINUE 
DU   3 40    IV=1,NPTSC1 
IFICLV1(lV),GE.KINCL*t   GGTC   340 
MINCLR=CLV1<IV» 
IDX=130iöiö*IV 

343 CONTINUE 
IFiCLH.GF.MiNCLRl   GCIO   35k) 
MINCLR=CLH 
IDX=1111 

350 IF(NUNITS.LE.il    GOTC   370 
DG   360    I V = l »NPTSC2 
IF<CLV2(IVI.G6.H INCtM    GCTC   36fc! 

MINCLR = CLV2{ IV) 
IDX=100*IV 

360 CONTINUE 
370 IFJLCUT.GE.91    WRIT ElLUN6,371I   NINCtR 
371 FGRMAT(4H   MIN» Fl 2.3 , 110 1 

RETURN 
END 

C 
SUBROUTINE   FURCES   ( XN, PfiXC , NTOT AL ,SSC ,XPH ,ZPH) 
DIMtNSIÜN   AJINVl 6, b.t»W( 11 K I,XNI6) , FI 6 > 
DI VE NS ION   AL PH Ci J, 2 I *:BET AD l 3 > , FX ( 3, 2 ) ,FZ (3..21 ,RF ( 3,2 ) ,TF (3, 2 ) 
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C 
c 

CGMMCN   ALPHA(5»2l, 
+ BALMM 3lfBALMU(3 It ,„t„,,. 
f bfcTA(il-,bETAP(3l fBN(i),eRAKER(i>,2J»8Ti,3,2l-,BWlDTH(3lf 

* CUSAl3f2),COSB<3),C£SGi3«2J,CGFX(2ltCGFZ<2t, 
^ CoX<2),CGZ(2> ,CGNY<2i»CfRl3,21tCTFi3,2», 

f EFFRAD(5» .ELL15I , 
i- FHXfFHZ,FN(3,2> , ,      _ 
*■ HAI 5,9) tHB(5,9l,HC<5^9*>,HO(5.9i,HE4 5,9l-.HF|.5»9» , 

+ HFLi 5.9» ,HX(i>,lk5 I ,HZC5 , iJü >» 
* GAMMA(3,2», 
* IB(5#2», lP(5»2*t IHf 5*2), 
+ LCUT,LUN6t 
* NSUSF, NUMTS,NMt 5>, fsW2<5>, 
«• UA(9»,CFL(9),CX(Ufl».tOZ<10>-f „      k 
* PM(3l,PÜWERR(5,2>,f X*3»,PXPCGl3>.PZl3»,PZPCG<3», 
*■ RBC1,RBC2,RR(3,2» t 
*• SCALE16> fSFLAG<5*,SUA{3,2),SINE43i,STEP, 

+ THETB1 ,THETB2, 
¥ X< 5>  ,XPBC<51 ,XPHi5t2># 
+ Zi5> »ZPBGiS» tZPRCF4S»2>.ZPkU5.21 

C 
r 

INTEGER   SFLAG 
EXTERNAL   CALFUN 
ÜSTEP=.0i301 
0MAX=lk3k). 
ACC=1. 
MAXFLN=50y 
RACIAN=57.29ä72»51 
f)Q   1 M   I=1,NSUSP 
SINBII > = SlNl BETAFMJ» 
GüSBU» = CüS<BETAPU>* 
00   113»    J=lt2 
SINAU.«J»=SINULfhAM,jH 
CüSAtI, J» = C0S( ALFHA4 1#Jil 
IF(NW2 (Ji .Nt.0wANC.M<iJ)..EC-0l   XNU» = -4J1 

\M GONTINUE 
1F(NLN1TS   .EQ.   1)   N£C=3 
IFINUNITS   .EQ.   2*   NE6=6 
N=*3 
SALPHA=0. 
OC   150   1=1fNSUSP 
IFtNfci I) .E0.2JGCTC   1343 
N = N+ 1 
SALPHA = SALPHA»SINAi I#l 1-CRP4 I f 1» 
IF(SFLAG(IKEG*a-CR.fc.ta(l».EG.H   GCTG   150 

UJ N=N*-1 
SALPHA = SALPHA + S I hA( 1*2)-CRP( It 2» 

150 GONTINUE 
IFCN-EQ.0I    GOTG   18 0 
SGALEi 11=1. 
XN(n = SALPHA/FLGAT( N* 
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GOTO    19b 
180 WKIT ti LUN6 ,181 » 
181 FORM/iTiJlH   FORCES:    EKPOR   IN   NC.   CF   WHEELS) 

CALL   EXIT 
190 CONTINUE 

DÜ   2 20   L=2 ,NEQ 
IF(-.01.LT.XN(D -ANC-4XN(LJ.LT-.01I   XNJL1=.01 
I Fi XM L* -EO.0. >■   SCALEiL» = K 
IF(XN(L»-NE.fc.J    SCA*-E*L» = lfc.**iFIX*ALOC104ABSIXN{Ln )» 
XN(Li=XN<L»/SCALElLI 

2\W CONT INUE 
I PRl NT=LOUT-10 
CALL   ECSCL   ( NEC, XN„ f »A J INV, CSTEF ,C*AX , ACC, MAXFUN, 

^      W,tfAXC,LUN6,IFRINT,£/!LFUNJ 
NTOT0L = NTOTALH»AXC 
DO   300   L = lfNEQ 

300 XN(L1=XN(L»*SCAL£:IL » 
sso=e. 
DO   400   K=l,NEQ 

400 SSO = SSO+F-.(Kl*F<Kl 
IFiSSQ-.GT.lio0.» *RITiiLUN5,600» XN,F,SSQ 
IF(LCUT.LT.    10)    ftETUKfs 
DC   520   I=1,NSUSP 
BfcTACC I)=BETAP<I l*ftAEIAN 
DC   563   J=l,2 
TF1I , J) = FN< I, J)*CTFH,JJ 
RFU, J) = -FN( I,J) <-CkR4i,J* 
TFRF=TFt I, JH-RF( I, J > 
*=X< I.Jl = -FNUtJ» *SIMU,J» HFPF*CGSAU»J» 
FZU ,J> =   FN( I, J1*CCSAII,J) *TFRF*S1NA< I,J* 
ALPHCU ,JI =ALPHA{I,J»* RADIAN 

5«S0 CONTINUE 
kid a F0RMAT(16H   SSG   CVER   LIMIT    ,/,5H   XN=   ,6< 2 X»F12.3i ,/5H   F=      , 

♦      6( 2X,F12.3».,/,6H   SSC=   ,2X,F12..3» 
WRiTE(LUN6,90k,*   SSC . *AXC* NTCT AL 
IF(SSQ.GT.100.»    wRITElLUN6,910)   XN,F 
WRIT E(LUN6, 920 I   XFH,ZPH 
WftI TEiLUNö, 93«J»    (,Xi 1#, 1 = 1, NSUSP » 
WRIT Ft LUN6,94 0>    (Z(H,I = 1, NSUSP) 
WRITE(LUN6,950)    MCOi11 , CGZ{11 *,J = l,2» 
«kITE( LUN6,9 60*    (( ALFHOil, J) ,J=1,*»,1=1,NSUSPI 
WRITE(LUN6,970)    { (CiCCX ( 11 , CGFZ M II , I =1 *t V 
WRITE! LUN6 ,98 31    FhX.fhZ 
WRlTEiLUNö,9 90>    (SFLAGi I) ,1 = 1 , NSUSP» 
WKlTEi LUN6.1004)   ANfcH»,1=1,NSUSP» 
WRI TE< LUN6,1010)    U MU I, Ji ,J=1,2)»I=1,NSUSPJ 
DO   720   1=1,NSUSP 
! F(SFLAGC n.EC.1 )   GCTQ   800 

700 CONTINUE 
GÜTU   85 0 

800 WRI»TE(LUN6, 102*1    ( B EIAC i I> , 1 = 1, NSUSP* 
WRITE* LUN6,102 5)   4. oh WTH I1 , 1=1 ,NSUSP* 
WRITE(LUN6,10J^)    <BKiJ ,1=1,NSUSP» 
WPJTE(LUN6,104 0J   :(| ETC I , J i , J = 11 2 i , 1 = 1 ,NSUSP J 
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850 WR1TE(LUN6,1050 >   i < CRR{ I, J > , J=l • *», I=1»NSUSP » 
WKlTE(LUN6,10b01    HCTFi 1, J 1. J= L.21 , 1=1, NSUSP1- 
WRITE(LUN6f1070»    U FAU ,J1 , J = l , 2 1 , 1 = 1 ,NSUSPl 
rtk ITECLUN6,10 8(21    URfiltJl ,J = 1, 21* 1 = UNSUSP» 
WkITE(LUN6,1090>    i(TJ?tI,Jl , J=l #£fct I=1*NSUSP1 
rfRITEaUN6,1100»    UF*U,J>,J = l,2)bI = l,NSUSPJ 
wkITE(LuN6,11101    i(FZ,<I,J*,J = l,2*f I=l,NSUSPl 
WRITE(LUN6,1120>    < FXfill.,1 = 1 »NSUSPI 
WRITE(LUN6,1130»    < PZii» , I = 1, NSUSP1 
WRITE* LUN6,1140»   ( Pf41» , 1=1, NSUSP) 

9kJ0 FGRMAT16H   SSQ      , Fl<2 .J,4X, 7h   CALFUN,2X,14,4X,8H   TCALFUN,2X, 181 
910 FORMAT46H   KN        , bi 2X*F 12.3»/6H   F , 

«■      6<2X,F12.3l> 
920 FGRMATJ6H   XPH      , 2X, Fd2. 3* 8X ,6H   ZPH      ,2X,F12.3» 
930 F0RMATI6H   X , 101 2X,F 10« 2 »I 
9^0 F0RMATI6H   I , 10f<!X*F10 . 211 
95«J FORMAT(l<*H  CGXU I..C-GJ1 I). 8< 2X,F 10.2 » * 
960 FüRMAT(6h   ALPHA, 10< «£*., F 10. 2 1 1 
970 FÜRMATQ7H   CGFXl U.CSFZl I»    , 1 0< 2X, Fl 0. 11 1 
960 FORMAT (33H   FhX,FhZ   FORCES   AT   TRAILER   HITCH   , 2 <2X ,F 10 .2 I I 
990 FQRM*T(6H   SFL AGi liiM 2%, 110 *1 
1000        FORK/ST löH   NW , 10I2X, 110»» 
1010        FORMAT! bH  RR , ltoi 2X,F 10.21 ) 
1040 FORMATUH   BETAP,10J2X,Fi0.2>> 
102 5        FORMAT* 7H   BW I DTH , 10 UX, F10 . 2 » » 
1034        FÜRMATJ6H   BN        » 101 2X»FlJd.2 1) 
1 k)^*0        F0RMAT(6H   BT , 10 i 2X*F10 . 3 1 > 
1050 FORMATION CRR ,10<2X*F10*2)> 
1060 FGRMAT<6h CTF , ItiiZX« F10. 2 I > 
1070        FCRMAT(6H   FN ,10**X,F10.2>> 
1080        FGRMATibH  RF ,10 ( 2X.,F 10. 2 » » 
1090        FURMAH6H   TF , 10< 2X*F 1 k5 .2 l> 
1100 FORMAT(6H   FX , 10 < 2XJ.F 10 . 21 1 
1110 FORMATibH FZ , 101 iX',F 10. 2> » 
1120        FURMAT(6H   PX , lit, < 2%,F 10. 21» 
1130 F0RMAT(6H PZ » 1M2X+F 10.2 1 > 
1140        FORMATtbH   PM , 10 ( iX* F 10, 111 

C 
c 
c 

c 
c 

RETURN 
END 

SUBRCUTINE   NFORCE   ( >X»XXT,XZM,XZMT.ZZvZZT» 

CGMMCN   ALPHAI5.2», 
t faALMC(3>,BALMU(3>, 
*■ RETA<31 , BETA Pi 31 ,BN4 31, ERAKER4 5 ,2* ,BTU , 21 ,BUI DTHC 31 , 
♦ CUSA(3,2>,COSB(3*,CCSG<3,2 1, CGFX4 2 l.,£GFZ (21, 
*■ CGX( 21,CGZ<2»,CGNYt <1*CPR ( 3, 2 > , CTF,i3,21» 
♦ EFFRADi5 ),£LL( 5) , 
^ FHX,FHZ,FN<3,2», 
♦ HAl5,9»,HB(b,9», FCi 5 iSMHD* 5 ,9 I ,HEi 5 ,91-, HFi5 ,9 1 , 
♦• HFLl 5,9» ,HX(5,101,HZ45,101 , 
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♦ GAMM/!<3,2if 

* 16(5,2» ,IP*5 ,2» , IM5*.2*„ 
+ LÜUT.LUN6, 
♦ NSUSF,NUNITS,NWl5l,M«2(5)f 

«■      UAly »,ÜFL(9I,0X( 10.UCZÜ0», 
«■      PM<31.PÜWEKR(5,2l.,PXi3»,PXFCG(3>.PZ<3I.PZPCG<3Jf 
* KBC1,RBU,KR(3f2J, 

••      SCALE(6),SFLAGm<fSIMA<.3«2)rSINB<3l,STEP» 
+      THETei,THETB2, 
*•      X(5> ,XP8C(5) ,XPW(5,2K, 
«-      Z<51 fZPBC(5l ,ZPRCF<5.2J,ZPW<5,2>- 

C 
c 

INTEGER SFLAG 
DIMENSION ANGLE (2,2 J*CCSANG( 3, 2 », FORCEi 3,2,1 ,S INANG* 3,21 
XA=-FHX«-CGFX< II 
ZZ=-FHZ+CGFZ(1I 
XZM=CGFZ( H.*CGXlil~CßfXU**CGZ( U + CGMYI1I 
ÜU 50 1=1,NSUSP 

C       bET TU ZERO 
BN(I >=0- 
BT1 i ,1 > =u. 
BTi i ,21 = 0. 
FORCE! I,il =0. 
FORCE! I, 2> = 0. 

C IF   SINGLE   WHEEL   ASSEMBLY   GCTC   Ik! 

IF(SFLAG<II.. EG*rf.OR.I-SFLAG(I).EC.l.'ANC.NW(IKEQv31l   GOTO   10 
C IF   BCGIE   ASSEMBLV   IS   SUPPORTED   CN   EOTH  WHEELS   GOTO  20 

IF( I SFLAGI U.EG.    1». MD-4 NWf 11. EO.   0M    GOTO   20 
C IF   BCG4E   ASSEMBLY   IS   SUFPÜFTEC   GN   ONE   kHEEL   ONLY   GOTO  30 

!F<SFLAG(I» .EQ.l .ANC.I-NW« II.EQ.UOR.NW4M.EQ--2J»   GOTO   30 
WRITEILUN5.5»    1, SFL *G< 11 ,NM I » 

5 FORMAT* 42H   ERROR   IN   *frEEL   SUPPGPT   SPEC'.   I, SFLAG,NH*   , 
+      ^(2X, I3J J 

C SINGLE   WHEEL   ASSEMBLY 
10 J=l 

CTF( I.2)=y. 
CTR = CTFt I, J»-CRR(I,vJ* 
IF<FMI,Jl.LE.Ö. )   €TR=£. 
PXIII=FN(I, J»*CCCSAM,JI*CTR   -    SJNA<I,JII- 
PZ(I ) = FNU,J»*(CCSA(1,J)   *   SINAU,JI*CTRI 
PM<I »=FNII, J»*RfUI,g*$CTFI I, JJ 
GOTO  Hd 

C BUGIE   ASSEMBLY   SUFPCRTEC   ON   BOTH   KhEELS 
2tf DÜ   Lb   J=l, 2 

C ANGLE   OF   THE   VECTOR   4TTACHEC   AT   WHEEL   CENTER 
ANGL E( I, J)=G A MMA( I, Ji#-BETA F{ I )-/LPFAU,JJ 
S1NANGU ,J) =S IN< AN£Lfi< J,Jl > 
CÜSANG<I.J)=CGS( ANGLIII, JM 

25 CONTINUE 
J = l 
IF(NW2 (I > .EQ.2I    FM 1*1 I =.5*FN(I ,1 I 
FUKCEi I, J)=FM I, Jl/CGSGU, Jl 
IFrfFMI, JI.LE.0.1   FCRCEU,JI=FNU,JI 
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C NCRMAL   FORCE   CN   EOCli   BE*M(EQ.   FCR   BOTH  WHEELS) 
BN1! ) = FOPCE< It J>*CCSAISG< I. J> 

C TANGENTIAL   FORCE   ON   fiCGIE   EEAM 
BTU ,J) = FGRCEU, J1*SINANG< I,JI 

C NORMAL   FORCE   TC   THE   GPOUND   UNDER   WHEEL   J=2 
J=2 
FORCE!I,J»=BN( II/COSING(I.JJ 
FN4I ,J»=FCRCEU» J**C£SGiI»J» 

L TANGENTIAL   FORCE   UNCIR   WHEEL   J = 2 
BT(I ,J) = FGRCE« I,J»*S1NANG(I,J» 

C FORCES   ACTING   ON   PIVflT 
BN2= EN U)*2. 

C TOTAL   TANGENTIAL   FCFCE 
BTT=BT( Iilfc + BTU #2) 

C COMPONENTS   OF   THE   P IVCT   FORCE 
PX(I ) = -BN2*S INB( I) *EtT*COSB{I) 
Pill )=BN2*CÜSB«I l.*B.Ti#SIWBII» 

C MOMENT   AT   PIVOT 
PM1I l = FNU,i>*RRU, lJ-*CTFCIflH-FN(If2*.*KRII,2»*CTF{ 1,2) 
GOTO   40 

C BOGIE   ASSEMBLY   SUFPCRTEC   ON  ONE   WHEEL   ONLY   i   ON  OBST.) 
3k J = NWU » 

Bw=.5*BwIDTM i) 
iFiJ.EO.i»   K=2 
IF(J.EQ.2)   K=l 
FNU, JI = FN(Itl» 
FNU#K)=0. 
CTF(I,K)=0. 
IFU.EQ.2»    BW=-B« 
ANGLE( It J)=GAPMA< I* JM-BET AFU > - *LPHAi I, Jl 
SINANGU ,J)=S IN (ANGLE! I«U) > 
CÜSANG1 I ,J)=CCS{ ANC-LEUt'J) ) 
FGRCEi It J)=FNi I* J)/C6SGHf J) 
1FI FN( I, JJ .LE.0.1   FCP£EM,J1 = FN(I,J» 

t NORMAL   FORCE   ON   EGG IE   BEAMlEC.    FCR   BOTH   WHEELS* 
BNU »-FORCE{ i,J)*COSANGU, J) 

C TANGENTIAL   FORCE   CN   fiCGIE   EEAM 
öT(ItJ» = FORCE« I,J»*SJNANG( I,J) 
PXi I >=-BM I) *SIN&iI*4BTUt J)*CCSB4 I»» 
PZ(I >=BN(I)*COSBMMBT(. I«J»*SINEJ I» 
PM<I IsFNUi J)*RRCI» J**CTFi I,J»<ttNI I**BW 

U4 CONT INUE 
5U CONTINUE 

C SIGN   CONVENTION   FCR   tiENGTH   CF   THE   MOMENTS   ARMS 
C +   PRCM   HITCH   TO   THE   RIGHT   SIDE,    ♦   IN  UP   DIRECTION 
L ♦   FOR   MOMENTS   CCw. 

DO   i20   1=1.2 
XX=XX*PXU> 
ZZ=ZZ+PZU> 
XZM=>ZM*PX( I) *Z( I) * Uli »»Xlil+PfM ) 

ldki CONTINUE 
IF (NSUSP   »EQ.   2»   GOTG   2fc'0 

C FORCE   SUMMATION   FOR   TRAILER 
XXT=PX(3> +FHX«-CGFX( 24 
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ia = Pli 3 >*FHZ«-CGFZ4 Ik 
XZPT=-PX(3I*ZJ3»+PZ<JI*X43»+CGFZC2>*CGX{2)*PM(31-CGFXI 2>*CGZ(2 I 

*•      + CGMYI2) 
RETURN 

20*; XXT=£. 
ZZT=tf. 
X^MT=^J. 
RETURN 
END 

C 
L 
C 

c 
c 

c 
c 

SUdRCUTINE CALFUM,K.XN,F»- 
INTEGER SFLAG 

COMMLN   ALPHA{5,2 >, 
*■ BALMCU) ,BALMU(3), 
♦ bETAOJ ,BETAP13» ,BN4 3t , PR AKtF ( 5,2 I, BTii , ZI-,,BW IOTHI 31 , 
♦ COSA<3,2>,CGSBI3 i,CCSG<3,2 ) ,CGFX<2I,CGFZ(2 I, 
*■ CGX(2),CGZ<2) ,CG*Y{2l,OR<3, 2l,CTF.I3,2l , 
♦ EFFR£D< 3 >,ELL(5> , 
♦ FFX,FHZ,FN(3,2*, 
♦ HA15,9>,HB(5,9),HC1 5 |9 * f HO i 5,9 >>,Hi:{ 5 , 9,J , HF<5,9», 
♦ HFLl 5.9» ,HX(5,liä) ,HZ1S, It) , 
«■ GAMM/>(3,2I* 
«■ IB<5,2*,lP(5,2*,IHi5j2>, 
♦ LUUT,LUN6, 
*■ NSUSF,NUNITS,NW( 5>-,NM2<5>, 
♦ OA19 l,0FU9l,0X< 10.lt£Z<10>» 
•■ PM(3 ).PÜWERM5,2>,PXiö) , PXFCG <3 1 , PZ i3» »PZPCG ( 3» , 
♦ KBCI,RBC2,KR(3,2), 
*■ SCALE(6J.SFLAG<5),S1KA(,3»2I,SINB(31#STEP, 
♦ THETEl »THETB2, 
»■ X(5» ,XPBC(5) ,XPW<5,2*, 
♦ Li 51 ,ZPbCi5) ,ZPRLF4 5*2* ,ZPM5,2» 

DIMENSION   XN<6i, fib» 
CTFR=XN: *>*SCALEUI 
FN{ 1 ,1)=XN(2)*SCALE42» 

FN<2,1>=XN( 3)*SC/5LE(3.» 

FN(3,1I=XNU»*SCALEUI 
FHX= XN(5 >*SCALE<5 ) 

FHZ=XN(6)*SCALE<6) 
DO im   i = i,3 
p N ( I » 2 ) = kJ. 
DO    1fj    J=l,2 
IFICTFk.GE.iü.)    CTF( J#J) =CTFR*PQWERRU w J) *FiOAT i IP( I,JH 
I F< CTFK.LT,0. )    CTF« >U*J) =CTFR*BRAKER< 1, JX-FLÜAT4 IB< I,Jll 
GAMM/U I , JI = ATAN(CTf ( J, J *-CFR ( I f J ) » 
COSGd ,JJ=COS*GAM^AU,J»l 

li)v CONTINUE 
CALL   NFOkCE    (XX,XAT ,X*N,XZfT,ZZ,ZZT» 
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F(1)=XX 
F( 2) =11 
F(3>=XZM 
F<A> =XXT 
F(5>=ZZT 
F<6)=XZMT 
RETURN 
END 
SUBRCUTINE   MÜVEB   { CSLOP E., NECL , 

+      NVEHl,RBC,kEFFTl,kHTCF»RWLT^SSLGPE,SSQM,THtTA,THETA0,THET0Hf 

*■      TWLIM,XPCG,XPH,Z FCG.ZPH» 
C 
c 

CüMMCN   ALPHA(5,2 >, 
*■ bALMCC 3» f BALMUO *, 
♦ BETA 13) , BETAPC3» ,BM 3» , BRAKE«! 5 ,2) , BT43 t2 >* 3W IDTHi 3) , 
«- LüSA(3,2»,COSB{3l,CCSG(3,2»,CGfX{2lfCGFZl2*f 
«■ CGX< 2»,CGZ<2> ,CG*Y<42*,Ci«Ri3,2>, CTFI3,*!-, 
«• tFFRAD(5> ,ELL<5> , 
«■ f-HX,FH2,FM 3,2» , 
* HA(5,9> ,Hb(5,9>.,hC<5»9> ,HD{5,9l,HEI5.,9.»,HFJ5,9l, 
♦■ HFLC 5,9> fHX<5tl0*fHZ45,ltf *• 
+ GAMMAii.2», 
•■ !BC5,2),IP(5,2»-,IH-rSi2i, 
+ L0UT.LUN6, 
»• NSUSF.NUNITS , NW< 5* , l*W2i 51, 

■*■ ÜAi9),OFL(9) ,0X1 Ik)» .CZilüJt 
f PMO>.P0WEl4R<5t2lfP:X*3J,PXFCGO^,PZI3^PZPCG*3l ♦ 
«• RBC1 ,RBC2«RRi3,2», 
f SCALE16» ,SFLAGi5i,SItsAl3,2»,SINt<3) »STEP, 
+ ThETEltTHETB2. 
♦■ X(5> ,XPBC(5* ,XPW<5,2*, 
+ Z(i)J ,ZPBCI5>,ZPRCFt 5#2I tZPW(5,2) 

INTECER   SFLAG 

DINEISSION   AJINV(6,6.l(*ELEVi 51, 
+      KbC< 5» ,RHTCH12»,RW_i*<3,2» ,TH.ET A ( 2 >•, THET A B i 5 J» 
*■      THET0H(2»,TWLIM( 3, 2 I »Wi 11 .id ) ,XL< 5i , XPCGI2 *,ZPCGi2 I 

EXTERNAL   ELEVAT 
DO   10   1=1,5 
NU2U>=Nk<I) 
ÜSTEF=.0301 
DMAX=100. 
ACC=.1*STEP 
MAXFUN = 50*3 
PXPCGil» =XPCG(1> 
PZPCG( 1)=ZPGG(1I 
PTHETA=TFETAU > 
NEQL=3 
NAGAlN=0 
Nlrfd > = 0 
NW* 2 )=0 
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THETei = ThETAi?(l» 
THETB2=THETA3(2) 
KBC1=RBC(1I 
RBC2=RBC(2 I 
IF(SFLAG(1».EQ.0)    GCTG   20 
NECL=4 
XL(4) = BETA< 1) 

2 0 I FiSFLAG<2).EG.0 >   GClC   3 0 
NECL=NEQL*1 
Xl(NEQU=BETA(2l 

30 XL(1)=PXPCG(1)*STEP*CSLOPE 
XL (2 »=PZPCG( 1)*STEP#SSLGPE 
XL(3I = PTHETA 
IFaCüT.GE.10)   kRITE4lUN6f46l   NECL, 

♦■     THETfclfRdCl,THETE2,fieC2,j(XL{L)fL=l,,NECLI 
Üb F0KMAT<6H   M0VE1, U,14F8.3* 

LÜUT=LOuT+l 
CALL   ELEVAT   ( NEQL, X UELEV I 
L0UT=LCUT-1 
IPRINT=LGUT-10 
CALL   EQSGL    ( NEQL.,XL , BL EV, A J INV, LSTEP , 

*■      ÜMAXfACC,MAXFUN,W,,MAXC,LUN6, I PR INT , ELEVAT I 
LCUT=L0UT*1 
CALL   ELEVAT    <NEQL.XL^ELEV1 
LGUT=LUUT-1 
SSQM=0. 
DU   5 e   L=1,NEQL 

50 SSGM=i>S0MfELEV4L ***2 
XPCG(1»=XL(1I 
ZPCGU) = XL<2) 
THETAC 1)=XL( 3) 
IFUCUT.GE.10»   WRlTtiLUN6,61 J   XFCGU 1 tlPCGl 11 ,THET AJ II , 

<■      XPBCfl ).ZPBC( 1) , XPWtl,l),ZFWU, l*,lH<l,dl.,XPBC|21tZPBCI^», 
+      XPWJ 2,1) ,ZPW{2,1 l.tlhl2,lJ 

61 FORMATibH   M0VE2, 7Fl0«3,I3!,4F10.3fI3* 
lFiSSQM.GT.lk3.)    WR I T E< L UN5 ,66 I    SSCM,MAXC 

6o FORMAT{23H   SSQR   CVEF   LI^IT:   SSQN=, E15.17, 
♦      tfH,       MAXC=,lb > 

IF<NEQL.EQ.3)    GÜTü   3äQ 
C 
C UNE SUSPENSION ON UNIT 1 IS A 8CC1E 
C 

IF ( SFLAG U» .EO.l .ANC.4NWill »EQ.0 » GOTO 70 
BtTA(2) =XLC<f) 
GOTO 80 

70 BETAill=XL<4> 
IFiLCUT.GE.10)    WRiT-ElLUNb.71 I   E ET AU >,XPWI 1, 21 ,ZPW(1 ,2 I, 

«■      IHI1 ,2) 
71 FÜRMAT(6H   MÜV E3 , 3F1 üi-3 , 13 1 

IF{SFLAG(2).EQ.0.CR»NW(2).NE.0)    GGTO   85 
BETA£2)=XL<5) 

60 IFRCU.T.GE.ldJ    W RIT E*LUN6 , 8 i )    B ET A4 2 »rXPW( 2» 2) *ZPW (2 ,2 1, 
+      IH(2,2) 

81 FORMAT i6H   MÜVE4, 3fl2<i&, 13) 
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C 
C   CHECK   FIRST   SUSPENSION   ECClt   CUT   ÜF   LIMIT 
C    IF   SINGLE   AXLE   GR   BOGIE   CN   BOTH   WHEELS   LEAVE 
C   THETB1   AND   RBC1 
C 

B5 IF{SFLAGU».EO»a.CÄ-kW(ll»NE.d»   GOTO   190 
lFibETAii».GE.BALMUlUl   NW (11=1 
IF(8ET«< 1I.LE.BALMDIHJ   NWii) = 2 
IF(SFLAG(1>.EQ^^.GR.*SFLAGUI.EC.1.AND. 

«■      NW(1 J.EQ.0» >    GOTC   ISM 
IFISFLAGm.EQil.ANCiAWill .EQ.l »   GOTO   150 

C 
C FiRST SUSPENSION BOGIE CN PEAP WHEEL CNLY 
C 
c 

THETBi=ThLIM(1,2 * 
RBC1=RWLIMI 1,21 
BETA(ll=BALM0il) 
GOTO   170 

C 
C FIRST SUSPENSION BOGIE CN FRONT WHEEL CNLY 
C 
150    THETei = TWLlM(l,l I 

RBCl=RWLIMil ,ih 
BETAUI = 8ALMU(1 » 

170 IFINEQL.EQ.5»    XL H » =.*L(i5> 
NEQL=NEQL-1 
NAGAIN=1 

C 
C   CHELK   SECOND   SUSPENSION   EC€I£   OUT   OF   LIMIT 
C   IF   SINGLE   AXLE   OR   BOGIE   CN   BOTH   WHEELS   LEAVE 
L   THETB2   AND   RBC2 
C 

190 IF{SFLAG<2».EC.0.OR,.NW(2> .NE.0>   GOTC   280 
IF(bETAl2KGE.BALNU<2»>   NW(2>=1 
IF<BFTA<2* .LE.BAL*D(2> >    NW{2» = 2 
IFiSFLAGt2> .EO»0.OR»4>SFLAGi21.EC.l. AND. 

«•      NW(21.EO.0» »    GOTC   2&0 
IF<SFLAG<2> .FQ. 1 . ANC^Wi 21-. EO.l »   GCTO  250 

C 
C   SECOND   SUSPENSION   BOGIE   CN   REAR   WHEEL   ONLY 
C 

THETB2=TWLIM*(2,2 > 
RBC2=RWLiMT2,2> 
BETA12»=BALMD42» 
GOTO   270 

C 
L   oECGNu   SUSPENSION   BGGIE   CN   FRONT   WHEEL   ONLY 
C 

250 THETB2=TWLIM( 2,1 1 
*BC2 =RWL1M'<2 ,1 ) 
BETA12I = BALMU(2 » 

*70    NEGL=NECL-1 
NAGAIN=1 
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C 
280 IF<N/>G;AiN.EQ.0)    CÜTc   3d* 

NAGAIN=0 

GOTO   30 
C 
c 
C   UNIT    1   POSITIONED   CN   WFEELS   -   CHECK   F CR 
<,   SPKUCKET/ULEK    INT EHFtü EN.C S   IF   TRACKEC 
C 

3k!0 IF(NVEH1 .NE.3)    GOTC   «00 
C 
C   TRACKED   VEHICLE 
C 
C   «******.   IDLER   ANC   SPROCKET   SUPPORT   CHECK   HERE   **.***» 
C 

XSF=XPCG< 1* *kBCUI*CGS(T.HETAiSUUT*iETA41l<l 
ZSF=2PCGU)- + KBCi4}»SIMTHETA0(4)-«THETAt Hl 
CALL   WHEEL 3   < E,HA, HD*HE, HF ,HX,I Hi4«ll r4 , LOUT , LUN6, 

*■      XSF,2SF,ZPR0F<4, IM- 
IFJLCUT.GE.10)    WRITEIiLUK6,3Il )    XSF.ZSF^ZPROFiV, l)rIH<4, II, E 

311 FCRMAH7H   MOVES'* ,3FUU3 , 15 »F10.3» 
IF( E.GE.-. II    GOTC   <*£4 

C 
C   FRONT   SPROCKET/ICLER   I NT E F.EERENC £ 
C 

THETßi = rhETA0UJ 
KBC1= RBCK) 
lFKSFLAGi 1» . ECk$.OR;.NW( 1I.NE.0J,   GOTO   320 
IF(NEQL.E0.5 »    Xl(4l=XL<5> 
NECL=NEOL-l 

12-6 NAGAIN=1 
NW(1 1=3 

C 
<V0*3 XSR=>PCGU> <-RBC< i>i*CCS(THETA0(5 l+THETA<i 1 > I 

ZSR=ZPCGUI + R8C{5l*SJN4TFETAkM5l»ThETA<m 
CALL   WHtELJ   ( E»H/» ,hC#J-.t ,HF ,HX, I M 5% 1 t#5 ,LOUT ,LUN6» 

♦      XSF, ZSF„ZPROF(5, 111 
IF1LCUT.ÜE.10I    WRITE#LUN6,4ll J    XSK, ZSR,ZPftOF< 5 ,1 J , IHC5, 1 i , E 

«♦il FCRMAT(7h   MÜVES5 ,3F liJ(.3,.I5.F10« 3 I 
IF(E .GE. -.1 »    GOTC   5.124 

C 
L   HEAR   SPROCKET/IDLER    INTERFERENCE 
C 

THtTB2=THETA^(5J 
RBC2 =RBC(5 > 

1F(SFLAG( 2I.EQ.*J.CR»Mi 2J.NE.0)   GOTO   «*20 
NEGL =NECL-1 

GCTC   60t 

4 2t? MAGAIN=1 
N W < <f > = 3 

C 
5kJ0 IFINAGAIN.EQ.0» 

NAGAIN=0 
GOTO   30 
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C   ANGLE   UNDER   WHEELS 
C 

okJ0 IFtNfcU» .EQ.2»   GCTO   *10 
CALL   WHEEL1    C ALPhAU.I »•, HA, HC, HE, IH{ 1, 1» »l#OX,OZ , 

* XPWtl.l» ,ZPW(l,lM 
IFRCUT.GE.U»   WRLTEILUN6,6i3b)    XPW4 L,l K, ZPW(1,1> » 

* IH(1 , UtALPHAilf H 
t>06 FORM£T(7H   MOVEL1 »2F U. 3 ,14 tFl 0- 31 
bi\o IFINM H .EQ.l.GR.SFLJCaJ.EC.kJI   GOTO  62^ 

CALL   WHEEL1   ( AL PH A{ 1*2 ♦ , hb , bC,HE, IM1,2* . 1*0*, 01, 
+      XPWU,2J ,ZPW< 1,2*) 

IF(LCUT.GE.l<n    WR1TEILUN6.616»    XFW (1 , 21 ,ZPW 11 ,2 » , 
+      IHI1,2),ALPHA(1 ,2J 

t>16 FCRMAT17H   MOVE 12 ,2F U.3, 14 , F 10d 3 » 
620 IHNfc(2l.EQ.2)   GCTG   03 0 

CALL   WHtELl    (ALPhA(2il)»hA,hD,HE,IH{2rl»»2»0X,OZ , 

«■      XPW{ 2,1» »ZPWC2.1 H- 
IF(LCUT.GE.10>   WPITE4LUN6,626l    XPWl2,11*ZPWi211», 

* IH<2 ,1» ,ALPHA12,1> 
626 FORMAT (7h   MOV E21 ,2F Li.I» I<» »Fl 0 .3. > 
bid IFCNWU» .EQ.l .Gk.SFL*G«2l*EQ.0*   GOTO   640 

CALL   dHEELl   ( ALPhAt 2 *2 », HA , HD, HE, IH<2 ,2 ), 2, OX» OZ, 
* XPrt(2,2> ,ZPW(2,2n 

IFILCUT.GE.10»    WRIT EDLUNö,636»    XPWl2,2 I,ZPfeU 2,2 *, 
►      IH(2*2»,ALPHA<2,2* 

6J6 FUKM/ST<7H   MOVE22 ,2F 1 k3» 3 » I* , Fl 0-3 J 
64<J CONTINUE 

C 
C   LOCATE   HITCH 

XPH=XPCii{l»frRHTCMll*COS(ThET0H(ll*THETACl»* 
ZPH=ZPCG(1)-*RHTCH 1 )*SI MTFET0HC1 > »THET A( 1>) 
IF(NLNITS.EQ.1>    RETLRN 

C 
C   SECOND   UNIT 
C 

IF(SFLAG(il-EG.l»   GCIG   670 
C 
C   SINGLE   AXLE   TRAILER 
C 

KSQ=RW-LIMl3t D**2 
CALL   WHEEL2    ( EFF RAD , HA, FD, HE, HF , HX, HZ, iHi 2, U,IH{3,11 , 

♦•      3.LÜtT,LUN6,0X,GZ,ALftHA(3,l »,RWLIM13,1»,RSQ,XPH, 
♦•      XPM( 3,U ,ZPH,ZPW43,1M 

XPBC(3>=XPW(3,1» 
ZPBC(3)=ZPWI3, 1» 
A=ATN2I ZPBCl 3>-ZFH,X$BC(3l-XPH> 
THETA(2i=A-TWLlM43,1> 
XPCG(2l = XPH+RHTCFi2HCGS<TFET0H(2l-+THETA«2n 
ZPCG(21-=ZPH*KhTCK2»<iSiNiTI-ET0H<2)HhETA42l» 
IFILCUT.GE-.liJ)    WRIT E*iiUh6, 6561   XPH.Z PH, XPWI 3, 1» , ZPW* 3, 1 > , 

*      ALPH*<3,ll,XPBC(3».ZPÖC(3>,AfTHETA'l2»,XPCG«2>,£PCGI2> 
656 PURMAT(7H   MOVE A3., 11F10. 3 I 

RETURN 
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C 
C   BQGIt   AXLh   TRAILER   -   TEST    IF   CN   FRONT   WHEFL   ONLY 
C 

67K! RSQ-RWLIMO, 1>**2 
CALL   WHEELS    { EFFR /SD,fcA, HD, HE, HF tHK.t HZ, IH< 2, 1 t, IH{ 3, 11, 

«■      3,LOLT.LUN6 ,CX,CZ, ALPHM3, 11 , RWL iM<3, i I, RSQ, XPH, 
+       XPW( 3, 1 ),ZPH,ZPwU, HI 

«=ATN2 (ZPW(3,1»-ZPH,XPW<3, H-XPH) 
T=A-THLIN(3, 1 ) 
XPW< 3,^)=XPw(3,l»-El»JCTh(3)*CQS ibALMU13» «-T4 
ZPw(3,^>=ZPW( 3,1*-BW1DTF4 J)*SIN{EALMU{3> »T I 
CALL   WHEEL3    ( EL E„hA , HD, HE, HF, HX, IH{3,2 I-, 3, LÜUT , LUN6, 

♦■      XPWI3.2) rZPWi 3,2i,ZF*CFi3,2l) 
IF{ELE.LE.0. »    GGTC   69i6 

C 
C   TRAILER   BOGIE   CN   FnGNT   WHEEL   CNLY 
C 

NW(3 ) = 1 
BETA (3 > = BALMU(3> 
XPBC <3>=XPw(3 ,l>-*5*BWI.DTH(3>*CCSieALMUl3»+TJ 
ZPBC(3) = ZPW< 3,1I-.5*.BW!DTH<3J*SIN<EALMU<3»JH» 
THETM2»=T 
XPCG(2I=XPH+RHTCH2)*COS(TFET0H(2»*T> 
ZPCG<2> = ZPH + BHTCH(2»*SIMTHET0H(2>+T) 
IF(LCUT.GE. liü)    WRITE4,LUN6,6Ö6»    XPH.,2PHi, XPW 13* 11,ZPW ( 3, 1 ♦ , 

«■       ALPH^(3,ilfXPBC( 3),Z*6C13) , A, T, XPCG* 2»-, ZPCG< 21 , NW4 31 
68b FORMAT (7H   MOV EA4 , 11 Rift. 3, 2 I 3 ) 

RETURN 
C 
C   THALLER   BOGIE   NOT   CN   FFCNT   WHEEL   CNLY   -   TEST   IF   ON   REAR   WHEEL   ONLY 
C 
690 RSG=RWLIMi 3» 2)**2 

CALL   WHEEL2   i EFF RAD , HA, FC , Ht, HF , HX. HZ*, IH< 2# 11 , IH (3, 2 1, 
♦      3,LOLT,LUN6,CX,GZ,ALPHA*3,2> , RWL IMJ 3 »2 I, RSQ, XPH, 
«•      XPW<3»2» «ZPH^ZPW(3,2I.» 

A=ATN2< ZPW( 3, 2»-2FHfXFWl 3,2 »-XPHJ 
T = A-TWLIM(3f 21 
XPWl 3, il = XPW| jr2 UBWlÜTHi<3>*CO${6ALMU3)«-TJ 
ZPw( 3,1 >=ZP'W(3,2 >*B>WJDTF.f 3»*SIN(BALMC{3> «T 1 
GALL   WHEEL3    ( EL E , HA., HO, HE, FF, HX ,.IH< 3 , 1» , 3, LOUT, LUN6, 

*-      XPW (3, i I »ZPWI3, 1 ),Z-FPCF(3, II ) 
IF( HLE.LE.i). )    GGTC   720 

C 
C   TRAILER    BUGIE   CN   REAR   ^HEtt.   ONLY 
C 

NWi 3 1=^ 
BETA (3>=BALMD( 3) 
XPBCi3) = XPW(3,2l ♦«5*BWICTH(3)*CCS<BALMCI 3>>TI 
ZPBC <3> = ZPW( 3,2l*rf5*ÖWID.TH< 3i*SIM EALMCUH-T ) 
THETA(2)=T 
XPCU(2>=XPH+RHTCH(2 I «CCS ( T H ETöHi 2)*T 1, 
ZPCG(2)- = ZPH*-KHTCM2I«SIN(THET0H<21>T1 
TFILCUT.GE.10I    *R IT EllU N6, 71 6 )    XPH.ZPH, XPW< 3, 2» ,ZPW< 3, 2», 

♦      ALPHiM3,2i,XPBC(3» , Z SBC ( 3 >, A, J, XPCG<2 >,ZPCfiI 2» , NWX 3> 
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71o FüRM£T{7F   MOV EAi> * 11 Fi»«3, 2 I 3 ) 
RETUFN 

L 
C   TRAUER   BÜGIE   CN   BGTH   v»HEELS   -  SEARCH   CN   BOGIE   ANGLE 
C   UNTIL   BOTH   WHEELS   ARE   CN   HdE   PROFILE   TC   WITHIN   TOLERANCE 

C 
72* IF{AES(eLEI..LE..l)    GCTC   802 

BC2 = ,5*bwICThii » 
BETA(3»=BALMD(3I 
IF(LCUT.GE.il»    WBITE#LUN6,721»    ELE.BC2.BET A[3) 

7^1 FORMAT{8F   MÜV EA5 A, 3 Fl 0.3 1 
725 DELTe=ATN2<-ELE,e02» 

bETA<3)=BETAl3*+CELTB 
X2 = ELL(3)-6G2*CGS4BEIA{3»»-. 
Z2=-REFHT1«-EFFRAC43J*»BC2*SIM BETA4 3M 
RH2SG=X^*X2+Z2*Z2 
RH2=SQRTiRH2SQl- 
THET2=ATN2JZ2,X2> 
IFITFET2.GT.3.»    THET2=THET2-6.2 8 3185o 
CALL   WHEEL2    ( E FF RAD*hA, HD* HE, HF ,HX , HZ , IH{ 2 ,1 ) , IH( 3, 2 ) , 

+      3 fLUUT.LUN6,GX,OZ,ALPhAU,^),RH2,RH2SQ,XPH, 
♦ XPW(3.21,ZPH,ZPWi3,2*1 

A=ATN2 (i.PW(3,2»-ZPH,XPW(3, 2>-XPhJ 
IFtA.GT.0.)    A=A-6.2831353 
THETA(2>=A-THET2 
XP*(3,l)=XPM3,-2)*BteI£TH3>*COSUHETA(2) *BETA( 3)> 
ZPW(3,l)=ZPW(3,2)+BWlDTK3>*SIN(THETAl2»+BETAi3n 

CALL   WHEEL3   IELE»HA ,HC,HE,FF,HXfIHi3,11,3,LOUT,LUN6, 
♦ XPtef it LI»ZPto(3«l l»Z<Ff)£F43, 1)1 

IF(LCUT.GE.H)    WRIT EiLUNb, 75 1)   CELTB, BETAi31,X2,Z2,RH2S0, 
+      kH2,THET2,XPWl3,2r»*ßW{3,2L,A,ThETAi2l„XPWO,ll,ZPWi3fl),ELE 

751 FORMAT<8H   MOVEA5 E, 7f 4*ä.3/8X, 7F 1 it »3 ) 
IF (ABS (ELE I. GT.. II   GETC   72 5 

C 
C   BOTH   WHEELS   GN   HUB   PROFILE   TO   WITHIN   .1   INCH 
C 

bJ0 CALL  -«HfcELl   (ALPhAr2#l»,HA,HL,HE»IH<3,dii.3,OX,02f 
♦ XPW: 3,1» ,ZPW( 3,1)1 

NWt3l=0 
XPBC(3)= .5*1 XPWi 3,1 nncPW{3,2J ) 
ZPBC<3» = .5*i ZP* ( 3,1>*ZPWI 3 ,2») 
XPCG(2> = XPH+RHTCM2l*COSiTFET0H(2l*THETAi2M 
ZPCG42I=ZPH+RHTCH2 US IN* TFETüHI 2) +T HEIA 12 1% 
XTEMf'=XPWi3,l l-XFWi 3#2> 
ZTEMF=ZPWr3,ll-ZFW( 3*2» 
BETM(3I = ATN2( ZTEKP, XTEKFJ 
IF1LCUT-GE.1Ö)    wPJ.TEiLUN6t811)    XPCG (£ I ,ZPCG<2> ,THET A 12 > * 

♦ XPBC(3 ),ZPBC(3), f XPWi, J» ,ZPW(3 ,J) ,ALPHA(3, J) , 
♦ J=l,2>,XPH,ZPH,Nw(3> 

811 FGRM£T(7H   MOV EA6 ,5 F U2.3 Ui 3F 10. 3 ) , 2F10.3 ,13 > 
RETUFN 
END 

C 
C 
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+ 

+ 

SURKCUTINE   ELEVAT<NE€L,XL,fcLEV> 

CUMMCN   *LPHA(5,2», 
BALMCi 3) ,BAl_MU(3 »■-, 
bETA (3»,BETAP(3> ,BN (il . EF AKER I 5 ,2 1„BT (3,2 1*BWI DTH( 3 » , 
COS A (3,2 )fCOSB-( 3>fC£SG*3 ,2 > ,CGFX<2»-, CGFZC 21 , 
CGX(2> ,CGZ(2> ,CGf-YU*,CFR< 3,2 ), CTFU,2», 
EFFRAOC5),ELL(5> , 
FHX,FHZ,FN(3,2», 
HA<5 ,9) ,Hb<5,9l,hC(5,91 ,HDI5»9I,HE(5 ,91,HF<5,9> , 
HFL! 5.9) ,HX( 5 ,iki >,HZ*5>,13>, 
GAMMA(3 ,21 „ 
Ib(5,2J, IP(5,2 i,IH( 5*2» , 
LCUT.LUNb, 
NiUSF, NUNITS,NVi(5»».M*2l 5), 
0A(91,ÜFL(9),ÜX( ltil ,GZ(10» , 
PM(3 ),POWERR(5,2 ),PX*3 4 , PX FCGi 3 >-,PZ( J J-, PZPCG< 3» , 
RBC1,RBC2,RR(3r2>, 
SCALE! b> ,SFLAG(5*,SIftAI3,2>,SIN£i3»,STEP, 
THETE1.THETB2t 
XI5I  ,XPb€i5» , XPW<5,2*< 
Zi5l ,ZPBC* 5) ,ZPPCF(5*2i,ZPW(5,2 ) 

INTEGER SFLAG 

DIMENSION XL(3),ELEVt5J,XLL(5) 

XL(1)= X-PCSIT1CN CF CG DF UNIT 1 
XL(21= Z-PCSITION ÜF CC OF UNiT 1 
XL(3)=   PITCH   ANGLE   UF   UNIT   1   WRT   GRCUNC   CGCRCINATES 

XLU» =   PiTCH   ANGLE   CF   FCRWARC   MCST   BOCIE 
ASSEMBLY   ON   UNIT   1    WRT   VEHICLE   CCCRCLNATES 

XL(5» =   PITCH   ANGLE   CF   SECCAC   ECGIE 
ASSEMBLY   ON   UNIT   1   MR1   VEFICLE   CCCRDINATES 

ELEV(1>=   DISTANCE   OF   CC   FPljM   LAST   EQUILIERIUM 
PCSLTICN   MINUS   STSP 

£L£V(2» =   ELEVMTICN   CF   FIRST   WHEEL   WRT 
ITS   HUB   PRCFILE 

tLL:V(3»=   ELEVATION   OF    SECCfcC   WhEEL   WRT 
ITS   HUB   PRGFH.E 

ELEVU> =   ELEVATION   CF   ThIS£   WHEEL   (WHEN  PRESENT»   WRT 
ITS   HUB   PRCFUE 

ELEV(5>=   ELEVATION   UF   FOURIH   WHEEL    (WHEN   PRESENTl   WRT 
ITS   HUB   PROFILE 

uC   ie   L=1,NEQL 
«J XLL(L»=XLiL> 

*SG= STEP* STEP-( XLL4 2J-PZPCG(1I 1**2 
PLEV (n=XLL(ll-PXPC641l-SOkT{AeS(.XSQ»l- 
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THET=XLL13) 
C=COS( THETB1+THET* 
XPBCm=XLU 1>*RBC1*C 
S = SIMTHET31+THEO 
ZPBCU )=XLL( <i»+RECl*S 
C=COS( THETB2 + THET) 
XPBC(2)=XLLl11+RBC2*C 
S = SIMTHETB2*THET1 
ZPBC<2}=XLL(2»*-REC2*S 
IFtLCUT.GE.il»   WRITE0LUN6.21)   C,S ,X PBCU I» 

♦     ZPBCU»,XPBC(2l,2PBCt21,«XLU I» ,I=1,NEGL* 
21 FORMAT(8H   EL£VATl»Mfcia.3» 

IF<SFLAGUJ.EQ.1.ANC^W(1*-.EQ.0»   COTO   30 
C 
C   FIRST   ASSEMBLY   IS   UN   SlhGLS   WHEEL 
C 

iFlSfLAGm.EQJl .ANCNW41J..NE.3I   GOTO   23 
C«LL   WHEEL3    { EL EV< 2 » ih(< ,HD, FE» HS, HX, IH1 1, 1», 1» LOUT,LUN6 , 

+      XPBCll ) ,ZPBCil »»ZfRCFU . 1» » 
XPW( 1, D=XPBC(1» 
ZPW( l,:l) = ZPBCJ II 
GCTÜ   50 

,3 IFlNW( ll.EO»^»   GCTC  2? 
XPW{ i,i»=xPBcm 
ZPW(i,l> = ZPBU 1) 
CMLL   WHEEL3    ( EL EV < 2 UFA , HO ,FE . HF ,HX, IHil , 1 > > 1 ,LOUT , 

+      LUN6 ,XPW(1,1 >,2Pfeil ,U,ZPRCFU, Ü» 
BETA(1> = BALMU< 1« 
APBCtl )=XPW< i,l I--5*BWICTH«1»*CCS1E*LMUJ'1**THETJ 
ZP8C <ll=ZPW(l,l>-.5*8WlCThU»*SlN<ßALMU<l»*THETl 

GOTO   50 
11 XPW(.l,2»=XPBC(i) 

ZPWl 1,21=ZPBCU ) 
CALL   WHEEL3    (ELEV(2i#fcA,HD,HE,HFfttX,IHl 1»2111»LGUT, 

*■     LUNb.XPWil ,2» ,ZPM L92ltZPAOF41r2^i 
bETAUi=BALMDU» 
XPBC(l>=XPWl 1,2» + .5*eWICTHQ)*CCS*BALMOUH-THETI 
2PBC(l) = ZPrtl 1,21 **5*enICTHll »«-SIMiALMDd >*THET» 
GOTO   50 

C 
C   FTRST   ASSEMbLY    IS   BCGIE 
C 

i\ä RWl = .5*BWIDThU* 
C=COSi XLLU» + THET» 
XPWi l.L» =XPBCil-l+RWKC 
S = SiN( XLLU) «-THETJ 
2PW( 1.1) =ZPBC<l>*RWd«S 
CALL   WHEEL3   ( ELEV{ 2 UHA, HD, HE, HF,iHX, 1HU# 1 »* 1 tLOUT ,LUN6 , 

«-      XPw( 1,1> ,2PW.ll.l *,ZP80F(1,1»» 
XPfc( 1,2»=XPBC( ll-RW l*iC 
ZPWi 1,2>=ZPBCU >-RWl>*$ 
CALL   WHEEL3   ( ELEV{ 3 t#bA,HD,FE, HF, HX, IH,U, 2J , 1 ,LOUT ,LUN6 , 

*■      XPwl i,2» ,ZPW(1,2 *t2PRCF(l,2>) 
IFiLCUT.GE.il»   WRITE*LUh6,-4ii   C,S,4 XPWi I , J»% 

131 



n-2058,   VCLUCE    II PAGE  A- 
L! STING   UF   PROGkÄM   UBS786 

*■      ZPW< 1, J» , ZPKÜF( l,J»,,Ihjl 1*J >,J=l ,2) 
Al FURMAT(8H   ELEVAT2t2FiIfl.3/2(3Flfl;3,I3H 
bio TF(SfLAG{2),EQ.l . ANC^JVW ( 2) .EC.id)   GOTC70 

C 
C   SECOND   ASSEMBLY   iS   ON   SINGLE   WHEEL 
C 

IFiSFLAG(2J ,EQ*1 ./!NC;NW<2> .NE.3»   GOTO   53 
CALL   WHEEL3    ( cL E V( N EQL I ,HA , HO» HE, hF, FX, IH ( 2, II , 2, LOUT , LUN6 , 

*      XPBC(2l , ZPBC12 I,ZPRC€<2,1) > 
XPW12, 1»=XP6C<2> 
ZPW(2,1 ) = ZPBC(2> 
GOTO   6 0 

b3 IF1NM 2) .EQ.2J   GCTC  ,5i7 
XPW( 2,1»=XPBC(2) 
ZPW(2,1»=ZPBC(21 
CALL   WHEEL3   ( EL EVi N ECL ) , HA f hD, HE,HF, HX* IH (2, II ,2 ,LOUT f 

+      LLN6,XPW(2,1 »,ZPWi2 ,1I,ZPRCF<2, U) 
BtTA(2)=bALMU(2J 
XPBC(2)=XPW(2,1 »-.5«JWIDTH(2)*CGS<eALMU*2»-«THET) 
ZPBC L2> = ZPW(2,1>-.5*8WICTH{2>*SINIBALML1{2)>THET* 
GOTO   60 

57 XPW( 2,2»^=XPBC<2> 
ZPW(2.2)=ZPBC<2> 
CALL   WHEELS    ( EL EV ( N E CL ) ,HA, HO, HE.HF, hX| IHI 2» 2» , 2, LOUT, 

*■      LUN6fXPW<2,21 tZPH<2,2l,ZPROF(2,2H 
bETA(2»=BALMDi2» 
XPBCI2»=XPWi2, 2* ^5*EWIDTHUI*CCSI8ALMDi2l*-THET) 
ZPBC(2)=ZPW(2,2» ♦.5«8MICTH(2»*SIM B ALMD< 2 »+T HET > 

60 IF(LCUT.GE.11I   WRIT EiLUM>, 61»    < ELEV i II , I=I#NEQL » 
6 1 FORMAT(8H   ELEVAT3,5Fl0.3) 

RETURN 
C 
C   SECOND   ASSEMBLY   BOGIE 
C 

74 NM1=NEGL-1 
Rk2=.5*Bk»IDTH(2 ) 
C=CÜS(XLL(NECL»MFETI 
XPW{2, 1I=XPBC( 2)+RW2SC 
S=SIN(XLL(NEQL>*THET* 
ZPW4 2.1I =2PBU2> »Rw2*S 

.    NEGLM = NEQL-1 
CALL   WHEEL3    { t LE V< N ECL Ml > , hfi , HC ,HE,HF , HX , IHC 2,11 , 2,» 

* LCUT,LUN6, XPWi 2, 1>, 2I?W(2,1 1 , ZPRCF*2,1JI 
XPW(2.2I=XPBC{2)~R«2*C 
ZPW(2,2»=ZPBC(2»-RW2«S 
CALL   WH6EL3    < EL EV< N EQL >, HA ,PD , HE , HF,-HX# IH ( 2,2» » 2.LOUT ,LUN6. 

+      XPfct2,21,ZPW(2,21,ZFfi£Fi2,2J) 
IFCLCUT-Gt.ll»    WR1TE4LUN6,6l>    (ELEV<Ili,I= UN£QLI 
IFiLCUT.GE.il>    WRITEiLUN6,81)    C, S,( XPW4 2» J), 

* ZPW<2,J> ,ZPR0F(2fJI-f 1H<,2,J l,J=l,2» 
81 FORMAK8H   EL EV ATA,<: FJ0.-3/2 < 3F 10 .3 , 131-1- 

RETURN 
END 

L 
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L 

SUBRCUTINE   WHEEL!   4ANGL E,HA,HG, HE, IHUB.K ,QX,QL ,XW ,ZW I 

C 
C 

DIMENSION   HA(5,9l,hC45,«i-,HE(5,9l,OXMl8ltOZ(10» 

C 
C   SUBROUTINE   TO   FINC   ANGLE   LfciER   WHEEL    AT   XWfZU, 
C   OF   SUSPENSION   K   ON   HUB   fRCFlLE   ELEMENT   IHUB 

1FIHMK, IHUBI.EQ.iJl   GOTO   122 
C 
C   HUB   PROFILE   ELEMENT   A   LINE 

ANGL £=ATN2(HDi K, IHU 6A,-HE(K,IHUEM 
IF(AES( ANGLE» .LE.. 0-1*   ANCLE=iu. 
RETURN 

C 
C   HUB   PROFILE   ELEMENT    AN   ARC 
C  • 

i'äA A=ATN2IZW-OZ( IHU E >, XW-CX( IhUB) I 
IF{ AfcSi A».LE..01»   A=i». 
ANGLE=A- 1.57079o3 
RETURN 
END 

C 
c 
L 

SUBRCUTINE   WHEEL2   I ESFRAÜ, FA fhD,hE«,HFrHX , 
♦      HZ,ThUB,IH2,K,LGtT»,L«N6,GX,aZ,PSLP2,R12,R12S0,XPl,XP2,£Pl.Z«^» 

DIMENSION   EFFRAD15) ,fcA( 5* 9 »-rHDJ 5 ,9 » , H£t5 ,9 » , HFI 5 ,9» ,HX 

«•      (5.1 H ,HZ(5,ltf> tCXi 10»,CZJ10I 
C 
C   SUBROUTINE   TO   LOCATE   S ECOAC   WHEEL   GIVEN  GNE 
C   WHEEL   AT   XP1*ZP1 
C 

DO   U0   i=l,IHUB 
DSO=(HX(K,I»-XPi »<!<! 2*1 HZ4K.Ü-ZF l***s2 
IFiLCUT.EQ.il»   WRlTEiLUN6,963    I , CS C,R12SQ, HX4K, I», HZ« K, I» 

96 FÜRMATtÖH   WHEELS0» Ii#4F lt£« 3 » 
IFIDSO   .LE.   R12SC)    GCTG   110 

1Ü0 CONTINUE 
C 
C SECONO   AXLE   ON   HLB    PROFILE   ELEMENT    IHUB 
C 

IH2=IHUB 
GOTO   115 

UK) IH2=I-1 
iFdH2.LT.il    IH2 = 1 

115 U=SURTlüSO> 
IF(HA( K, IH2>    .EC-   1**   GCTO   16ti 

C 
I ELEMENT    <K,IH2»    IS    *   LINE 
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S=-HC(K, 1H2) /HE(K,Ih*l 
T=-HF( K, !H2I/HE( K, IE2 > 
A=S**2*-1 . 
b = S*(T-ZPl 1-XP1 
C= (T-ZP1 J**2 + XP1*«'2-*12SG 
BOA = 6/A 
COA=C/A 
IF(-eOA   .G£.   0.)   Xl--4BOAt-SQRH ECA*EÜA-COA» 
IFJ-BOA   .LT.   0.»    XI =-BQA-SCRT< ECA^EOA-COA) 
X2=CCA/X1 
Z1=S*X1+T 
Z2=S*X2+T 
iFi.Xl   .üT.    XP1»    XP2=X2 
I FIX«!   .GT.   XP1>    XP2=X1 
IF{X1   .GT.   XP1    .Cft.   *2   .GT.   XP1)   GCTC   150 
IH2P1=IH2+1 
IF(Xi.LT.HX( K,lH*>.C*.Xl.GT.HXi Kg-WZPlH   XP2=X2 
IF4X2.LT.HX< K,IH2).CP.X^.GT.HX(K,U-2Pin   XP2=X1 
TF( Xl.LT.HXi K»LH2>wC*.X2.LT.HXlK, Ih2J V   GOTQ   150 
IF(Xl.üT.HX(K,IH2Pl J ,CP.X2.GT.HX(K.,IH2P1 >)   GOTQ   150 
IF« Z1   .GF.   12)    XP2=Xl 
IF(Z2   .GT.   ZU    XF2=X2 

150 ZP2=S*XP2*T 
PSLP2=ATN2IHO(K, IH2 )*-HE*K,IH2* ) 
!F(A£SiPSLP2>    .LE.    -HI >   PSLP2=0. 
lFlLCUT.EO.il)   hPITEilLU 1^,1561    IH2 , C, S. T , A, B, C, BOA, COA, 

»•      X1»X2.Z1,Z2,XP2,ZP2,PSLP2 
156 FORM AU8HK)WHEELS1, I 3-.7F 10. 3/.8F10. J I 

RETURN 
C 
C ELEMENT    <K,Ifc2»    IS   Afy   AFC 
C 
lt'3 CHORC=SOh-T( (HX(K, IH241I-HX (K , lb 2 ) I **2M HZ <K,IH2+1» 

*      -HZ( K, IH2U**2» 
A=2.*ASIN( .S^CHCPD^EfFP/üDiKi » 
B=ATN2(HZ<K,IH2>-CZ<1F2>,HX{K,IF2*-OX<IH2> » 
IFdAES(B)    .LE.    .itll    B-=0. 
IF(B   .LE.   -1.570 7963267)   6=B*b. 283.1 853K7 
AHGH=B 
ALGW=B-A 
DÜ   180    1 = 1,6 
AMID = .5*(AHGH«-ALCW» 
HXM=CXUH2> f EFFRADt jO«CCSJ AMID» 
HZtf=CZ< 1H2) + EFFR/Iüi K-i *S INI AMID) 
kM2=<HXM-XPl)**2 »(HZN-ZPi>**2 
IFJRM2   .LE.    R12SU    GCTO   17(2 
AHGH=AMI D 
GOTO   180 

170 TF(R/«2    ,EQ.    R12SCI-    GGTC   190 
ALOW=AMiO 

180 CONTIiNUE 
190 XP2=HXM 

ZP2 = FZM 
KKPNG=ATN2(ZP2-CZ(1F21,XP2-GX< IH2» I 
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IFIABS(RKANG)    «IS.    .41*   RKANG=0. 
PSLP2=KKANG-1.5727963267 

19Ü CONTINUt 
IFUCUT.EQ.1H   WRITEU.UN6,196*    IH2.Ü,CHaRD*A*B. 

*      XP2, ZP2.PSLP2 
196 FüRMAT(8HjWH£tLS2,I3#7F10.3l 

RETURN 
END 

C 
c 
r 

SUBRCUTINE   WHEEL3   { ELEV,HA,HC,HE,HF,HX,lH,K,LOUT, 

4-  LUNb,XP.ZP*ZPROF»- 
DIMENSION HA(5,9),HC45,9),hE(5,9l,HFl5,91,HX{5,10» 

C 
C SUBROUTINE TO FiNC ELEVATJGN CF WHEEL CENTER 
C AT XP.ZP.WRT HUE PROFILE 
C 

00 2£ 1=1,10 
IF(HX(K,I).GT.XP)   GCTG   30 

2d CONTINUE 
IH=9 
GOTO   40 

30 IH=I-1 
'     1FÜH.LT.1I    IH=1 

C 
C FIND POINT ON PROFILE 
C 
40     IF<HA(K,IH).EG.1-) GGTO 60 

C 
c   PRCFILE   ELEMENT   A   LINE 
C 

S = -HC(Kf IH)/HE(K,IH» 
T=-HFiK, IHJ/HEiK.lHI 
ZPROF=S*XP+T 
J. FJLCUT.GE.il>   WRITE*LUN6,56»    I H,S ,T ,Z-PROF 

i>b F0RMAU9H   WHEE L3 /l t>l4»3Fl 0 .3 > 
GOTO   80 

C 
C   PROFILE   ELEMENT   AN   ARC 
C 

o0 B = .5 *HEC K, IH> 
C=XP*XP + hDlK, IHI *XP*«F:K, IH) 
D = B*E-C 
IFI-B.GE.0.»    Z1=-B+SCRT(D) 
IFi-e.LT.0.1    Zl = -B-«SC«T*Dl 
Z2=C/Z1 
IFUl.GE.Z^t    ZPRCF=ZI 
IF1Z1.LT.Z2*    ZPRCF=Z2 
IFiLCUT.GE.il»   WRITEILUN6.71»    Ih,B»CfDtZl, 

+      Z2.ZFRÜF 
71 F0RMAT{9h   WHEEL 3/2tli»oFl0.3> 

C 
C   ELEVATION 
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bt3 

86 

ELfcV=ZP-ZPROF 
IFiLCUT.bt.il I   wRlTE#tUN6,86»   Xf,ZP,K,IH, 
£LEV,ZPROF 
PURM*T<9H   wHEEL3/3.2fl0.3,2I3f2F10.31 
RETUhN 
END 

C 
c 

SUBROUTINE   MINV<*»N,£.»LtM) 
DIMENSION   Al ll,L(lMtl) 

C 
C 
L 
c 
c 

MATRIX   INVERSION   WITH   PIVOTING 

10 
15 

20 

C 
C 

25 

C 
c 

35 

J3 

SEARCH   FGR   LARGEST   ELEMENT 

0 = 1 .£ 
NK=-N 
OH   8 0   K*1,N 
NN=NK*N 
L( K» =K 
M(KI=K 
KK=NKfK 
BIGA=A(KKl 
DO   2 g   J = K,N 
IZ=N*{ J-U 
DO   2 0   I=K,N 
1 J=I 1*1 
IF   ( *BS( B!GA>-ABS<Ai IJIII    15,^0,^0 
BIGA=A(IJ) 
L( KJ =1 
M(K> =J 
CUNTINUE 

INTERCHANGE   RCWS 

J=LlK> 
1F4J-KI    3^,35,25 
KI=K-N 
00   3 Id   1 = 1,N 
K 1 = K I+N 
HÜLÜ=-A( KI) 
JT = K I-K+J 
A(KI >=A< JI> 
AlJI>=HÜLD 

INTERCHANGE   COLUMNS 

i=m to 
IHI-Kl    45,45,33 
JH=N*< 1-1 » 
DÜ   42   J = 1»N 
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JK = NK«-J 
JI=JF«-J 
HÜLÜ=-A(JK> 
AUK)=A( Jl) 

Ud A<JI»=HI)LD 

C DIVIDE   COLUMN   BY   fciNUS   PIVOT   (VALUE   OF   PIVOT    ELEMENT 
I S   CONTAINEC   IN   EJGA» 

C 
Ub TF(BIGA)    48,^6,^6 
4o D = 0.k! 

RETURN 
<tb DO   55   1=1,N 

IFU-KI    53,55*52 
50 lK = NKH 

AUK> = A( IK»/<-6IGA» 
55 CONTINUE 

C 
C REDUCE   MATRIX 
C 

DÜ   65   1= l.N 
IK = NKH 
HULD=A(IK» 
I J= I -N 
DÜ   6 5   J=1.N 
IJ=IJ*N 
IF(I-K) 60,65,60 

bt) IF(J-K)    62,65,62 
62 KJ = ! J-I+K 

A(IJ) = HOLD*A(KJ» *A( IJA 
o5 CONTINUE 

C 
C Di^/IDE   ROW   BY   FIVET 

KJ=K-N 
DC   7 5   J=1,N 
KJ = KJ+N 
IF(J-K J 70,75,70 

It AlKJ >=A( KJJ/BIGA 
75 CONTINUE 

C 
C PRODUCT   OF   PIVGTS 
C 

D=D*BIGA 
C 
C REPLACE   PIVCT   bY    BECIPRICAL 
C 

ACKK)=l.*ä/BIGA 
60 CONTINUE 

C 
C FINAL   ROW   ANC   COLUMN   INTERCHANGE 
C 

K=N 
IfA K=<K-1) 
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1F(K »    15,5,150,105 
1^5 I=L(K) 

IF   ( I-K)    120*120 »1 13 6 
1»;'8 JC=N«"(K-1) 

JR = N*( 1-1 ) 
DG   110   J = 1,N 
JK=JC+ J 
HOLO=A(JKJ 
JI=JR+J 
A( JK1 = -.A(JI1 

110 A( JI l=HÜLD 
120 J=M<K) 

I Fi J-Kl    100,U0,125 
125 KI=K-N 

00   UtJ    ! = 1,N 
KI=KI«-N 
HOLD=A(KT» 
JI=KI-K*J 
A(KI »=-A{ JI > 

1 3tö A(JI > =   HOLD 
GO    TC   liu0 

150 KETUFN 
END 

C 
C 

FUNCTION   ATN2(X,Y>- 
ATN2=0. 
IF(X .NF.0.,OR.Y.NE*e,»    ATN2=ATAN2(X,Yi 
RETURN 
ENG 

C 
C 

c 
C SUBROUTINE   ECSCL 
C 
Q     «"«■<■*<■'>«>«■«>«'*<■*«#<'«<«=«■ *<>* £{<.« *$.***#* t* «"<«** **X> #,*■*« *** <<<■«■<<<»<< »»#£«■ (•(•#* 

L SUBRCUTINE   ECSCL   -   FRON   M.J*D.    FCWELL   -A   FORTRAN   SUBROUTINE 
C FOR   SÜLVINC   NONLINEAR   /LCE8RALC   EQUATIONS 
C IN   NUMERICAL   METHODS   FCR   NONLINEAR   ALGEBRAIC   EQUATIONS 
C EO:   PHILIP   FABINCWITZ,   PUB:   GORDON   £   BREACH,    1970 

SUBKCUTINE   EQSOL   <N,4,F,AJ INV,ÜSTEP,CMAX,ACC,MAXFUN, 
1      W,MAXC,LUN6,IPRIM,£UFUM 

DIMENSION   X(N) ,F (M * JJ INV (N,N) y W<110l*L( 10», Hl 10» 
EXTERNAL   CALFUN 

C SET   VAKIUUS   PARAMETERS 
MAXC=0 

C "MAXC    CCUNTS   THE   NUMBER   OF   CALLS   CF   CALFUN 
NT=N »4 
NTEST=NT 

C «NT»    AND   •NTEST«    CALSE   A^   ERROR   RETURN   IF   F( XI    DOES 
C NOT   DECREASE 

DTEST=FLOATlN«-M -0.5 
C «DTEST«     IS   USED   TC   MIMAlh   LINEAR   INDEPENDENCE 
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NX = N*N 
NF=NX«-N 
NW=NF+N 
MW=NV»*N 

NO=NCC«-N 
L THESE   PARAMETERS   SEPARATE   THE   WORKING   SPACE 
L AKKA\   W 

FMliM=tf. 
C USUALLY   «FMIN'IS   THE   LEAST   CALCULATEC   VALUE   OF   F<X), 
C ANC   THE   BEäT   X   IS   Ih  MiKX+1)   TO   W(NX+Ni 

ÜO=0 . 
C USUALLY   DO   IS   THE   SCUARL   OF  THE   CURRENT   STEP   LENGTH 

uSS=LSTEP*OSTEP 
DM=D^AX*DMAX 
0MM=4.*CM 
IS = 5 

C MS«    CONTKOLS   A   »GO   TC    STATEMENT   FOLLOWING   A   CALL   OF 
L CALFUN 

TINC=1 . 
C «TlNC«    iS   USFD   IN  THE   CRITERION   TO   INCREASE  THE   STEP 
c LENGTH 
L START   A   NEW   PAGE   FGF   PRINTING 

I F <I PRINTU,1,85 
85 WRITE« LUN6,86> 
86 FÜRMATUFU 

C       CALL THE SUBROUTINE CALFUN 
1 MAXC-MAXCM 

CALL   CALFUN   (N,X,FJ 
C TEST   FOR   CONVERGENCE 

FSO = k>. 
UÜ   2   i=l,N 
FSC=FSQ*FIII*FiI V 

2 CONTINUE 
T F   ( FSO-ACCI3,3, 4 

C PROVIDE   PRINTING   CF   «4NAL    SCLUT ION   IF   REQUESTED 
:> CUNTTNUE 

IF   i IPRINT)5,5*o 
6 WRI TFC LUN6,7IMAXC 
7 FORMAT   (///8H*   ECSCIS/ 

1 bX,3 9HTHE   FINAL   SGLüIiON   CALCULATEC   BY   EQSOL 
2 8HRECUIRED, I5,2iF   CA4LS   CF   CALFUN,*NC   IS i 

WRITE(LUN6,8)     U ,X ( II , F ( I» * 1 = It N » 
6 FORMAT   ( //4XflHI,7X,4HX*I»t12X,4HFIII7/t I5«2E17.8n 

WRITEtLUNbf9)    FS£ 
9 FORMAT   (/:>X,21HTF£   SUN   CF   SQUARES   IS,E17.8) 
5 RETURN 

C TEST   FOP   ERROR   RETURfc   BECAUSE   FIX)    DOES   NOT   DECREASE 
L GO   TC   {lb. 1.1,11, l£t 11),IS 
IK] IF4FSQ-FMNI 15,22,22 
2t) IFiDC-USS» 12,12,11 
12 NTEST=NTEST-1 

IFJNTEST)13,14,11 
IU WRI TE< LUNo, 16»NT 139 



*-2id5b,   VÜLUNE   II PAGE   A- 
LISTING   üF   PF-ÜGKAM   uBS78E 

lo FORMAT* ///8H   *Eü) SOL :/5 X , 31 FERROR   RETURN   FROM   EQSÜL   BECAUSE» 15, 
1      47HCÄLLS   GF   CALFUN    FÄILEC   TC   IMPROVE   THE   RESIDUALS) 

17 DC   18   1=1,N 
NXI=NX+I 
NFI=NP*I 
XU)-W(NXI) 
F( I) =WiNFI). 

IB CONTINUE 
FSC=   FMiN 
GO   TG   3 

C ERROR   RETURN   BECAUSE   A   NEW   JACOEIAN   IS   UNSUCCESSFUL 
13 WRITE!LUN6,19> 
19 FÜRMATI///8H*    EOSOL:/ 

1 5X.36HERHUK   RETURN   FPQK   ECSCL   BECAUSE   FIX)-, 
2 39HF/ULEC   TO   DECREASE   USING   A   NEW   JHCGBIAN* 

GO   TC   17 
15 NTEST=NT 

C TEST   WHETHER   THERE   MV E   BEEN   MAXFUN   CALLS   OF 
C CALFLN 
il IF(MAXFUN-MAXC>2 1,,2 1#22 
21 wRITEi LUN6 ,23) MAXC 
23 FORMAT! ///8H*   EGSCLU 

1 bX,31HERR0R   RETURN   FRCM   ECSCL    BECAUSE 
2 16HTHERE   HAVE   BEEN    ,i5,15HCALLS   OF   CALFUN) 

I Fl FSQ-FNIN)3,17,17 
C PROVIDE   PRINTING    IF   REQUESTED 

22 IF ( IPRINT)24,2<*,25 
25 WRITE(LUNb,26i NAXC 
^6              FURMAT*//./8H%   EQSCL^ 

1      5X,bHAT   THE,I5„2f>HTH   CALL   CF   CALFUN   WE   HAVE) 
WRITE! LUN6,8) { t,X( I I *?l I I , 1 = 1 ,N > 
WRITEJ LUN6,9)FSG 

24 GO   TCI27,28,^9 ,87,3£»*IS 
C STCRE   THE   RESULT   OF   THE   INITIAL   CALL   CF   CALFUN 

3 0 FMIN=FSO 
DU   J 1   1=1, N 
NXI = NX*I 
NFL= NF + I 
W4NXT) =XU) 
<*(NF1)=FU> 

31 CONTINUE 
C CALCULATE   A   NEW   JACCBIAN   AFPRQX IMATION 

J2 lC = id 
1S = 3 

33 IC = IC*1 
X<1CI=X( ICIfrDSTEF 
GO   TC   1 

29 K=IC 
DC   J4   1=1,N 
NFI=NF+i 
»I Kl =1 Fl U-W4NFI H/CSTEP 
K = K+N 

3^ CÜNT INUE 
NXiC = NX«-IC 
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X(1C»= W(NXIC > 
LFi IC-N> 33,35,35 

C CALCULATE   THE    INVERSE   OF   THE   JACCBIAN   ANC   SET   THE 
C DIRECTION   MATRIX 

3b K=0 
DC   3 6   ! = 1,N 
DÜ   3 7   J= UN 
K=K*i 
NCK=ND + K 
AJiNWI.J»=W(Kl 
W(NOK» =0. 

37 CONTINUE 
NDCI=NDC »I 
NOCKI = NDCI*K 
WlNDCKll =1» 
W(NDCU = 1.*FLCAT(N-U 

36 CONTINUE 
CALL   MINVI AJINV, N,DA#L, M 

C START   ITERATION   EY   PREDICTING   THE   DESCENT   AND 
C NEWTCN   MINIMA 

38 DS=fc» 
DN=0 . 
SP = kJ. 
DC   3<>   1=1,N 
XI I »*«».. 
Fi i»=0. 
K = I 
00   4 65    J=1,N 
NFJ=NF*J 
XlI)=X(I»-WJ K »*W4NFw» 
F<I1=F(I»^AJINVU,JI*W(NFJJ 
K = K+N 

4«J CONTINUE 
OS=DS*Xl IHXill 
DN=ON«-F( IK-F< 1* 
SP = SP*-Xi I) *F(I » 

3 9 CONTINUE 
C TEST   WHETHER   A   NEARBY   STATIONARY   POINT   IS 
C PREDICTEC 

IF<FMIN*FMIN-DNM*DS »41,41,42 
C IF   SC   THEN   RETURN   CF   REVISE   JACCEIAN 

42 GO   TCU3 ,43,441 ,IS 
<♦<♦ WRITE: LUN6,45) 
45 FORMATI///8H*   EGSOL:> 

1 5X,33H5KROK   RETURN   FPOK   EGSCL   BECAUSE   A, 
2 *4HNF.ARbY   STATIONARY   POINT   Of   F<XI    IS   PREDICTED* 

GO   TO   17 
H3 NTEST=0 

DO   4 6   I=i ,N 
NXI=NX*-J 
X(II=W4NXU 

46 CONTINUE 
GO   TC   32 

L TEST   WHETHER   TC   *FPLY   THE   FULL   fEWTGN   CORRECTION 
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54 
55 

56 

C 
c 

c 
c 

THE   STEEPEST   CESCtNT   DIRECT IÜN 

V/LUE   CF   CD   HAS   BEEN   SET 

«♦1     1S=2 
!F(DN-DDU7,47,48 

47 DD=MMAX11DN,DSS> 
DS=0.25*ON 
TINC=1 . 
!F(DN-DSS)49,56,58 

HV     IS = 4 
GG TC 80 
CALCULATE   THE   LENGTH   CF   THE   STEEPEST   DESCENT   STEP 

48 K=^ 
OMLLT=U. 
DO   5 1   1=1, N 
Dw = 0, 
DO   52   J = l ,N 
K = K+1 
DW=D*fW(KI*X(J> 

5 2 CONTINUE 
DMULT=CMULT*CW*CW 

51 CONTINUE 
OMUL T=DS/DMULT 
DS=DS«'DMULT'>D^ULT 
TEST WHETHER TC USE 
IF{uS-DD>53,54,54 
TEST   WHETHER   THE    INITIAL 
IFIDCI 55,55,56 
uC=A«AXUDSS,A«MJCK»OS)l 
Dj-OS/<DMUi.T*DMULT)- 
GC   TC   41 
SET    THE   MULTIPLIER   CF   THE   STEEPEST   DESCENT   DIRECTJQN 
ANMULT=(J. 
OMULT = L)MULT>*SCRT<DO/£S* 
GO   TC   98 
INTERPOLATE   BETWEEN   THE   STEEPEST 
NEaTCN   DIRECTIONS 

53 $P=Sf*üMULT 
ANMULT = ( CD-DS)/* (SP-OS> »SCHTH SP- 

1      *(DÜ-DS)M 
ÜMULT=DMuLT*(l.-ANMLLTJ 
CALCULATE   THE   Ch/SNGE    IN   XAfvC   ITS 
FIRST   DIkECTICN 

9 8 DN=0. 
sp=a. 
DG   5 7   1=1,N 
t-i I» =DMULT* XI I >•«■ ANMULT*F< I ) 
UN=ON+F{ !J*F{ I ) 
NDI=NDH 
SP = SP«-F< I»»W( NÜI ) 

57 CONTINUE 
DS=fc.25*DN 
TEST   WHETHER   AN    EXTfA   STEP    IS   NEEDEO 
INDEPENDENCE 
IF< WINDC ♦U-DTESTJ 5 6>58,59 

59 !F(SP*SP-DS»60r5.8,5.£ 
TAKE   THE   EXTRA   STEP   AND   uPC/STE   THE   DIRECTION   MATRIX 

DESCENT   AND   THE 

■CC)**2 M CN-DDJ 

ANGLE   WITH   THE 

FQk 
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5J IS =2 
6 id DC   61   1=1. N 

NXl = NXU 
NCl=ND + I 
NDCI =NDCH 
XiII=WlNXll*DSTEF»W<hCl» 
W(NOCI) = wlNCCI*-i K+l . 

el CONTINUE 
W(NDJ=1. 
DC   ö2   1=1,N 
K=ND»I 
SP=W(K> 
DO   63   J=2,N 
KN=K+N 
rf(K>=W(KN» 
K = KN 

b3 CONTINUE 
W(K»=SP 

6 2 CONTINUE 

r FXPKFSS   THE   NEW   CIKECTTON   IN  TEHMS   OF  THOSE  OF   THE 
C DIRECTION   MATRIX ,ANC   UPCATE  THE   COUNTS   IN   w(NOC*H 

L ETC. 
5 3 SP=k). 

K=ND 
DU   6 4   1=1. N 
X(D=Drt 
OK=B . 
DO   65   J=ltN 
K = K«-1 
OW=DV^F*J> *W(K> 

65 CONTINUE 
GOTO   I6d,66> fIS 

6 6 NCCI=NDCH 
WlNOCI )=W(NDCI>+ 1. 
SP = SF«-Ow*DW 
IF   {SP-DS)64,64,67 

67 IS=1 
KK=I 
Xl l»=OW 
GU   TC   6<* 

6b X(I)=DW 
69 NDCI=NDC+I 

H(NDCI>=fc(NDCI+l)*l. 
64 UÜNT INUE 

C kELHCEP   THE   DIRECTILNS   SC  THAT   KK   IS   FIRST 
IF   I KK-l>7d,7k),71 

71 KS=NCC*KK*N 
DO   7 2   1=1, N 
K=KS*I 
SP = MK> 
00   7 3   J = .2,KK 
KN = K-iM 
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73 

Id 

7<4 

76 
75 

11 
C 
C 

8vJ 

C 

79 

78 

2.1 

82 

THE NEW   CRTttCGGNAL   DIRECTION   MATRIX 

W<K) =rt<KN)- 
K=KN 
CONT INUE 
W(K)= SP 
CUNTINUE 
GENERATE 
DC   7**   1=1 
NwI=NWU 
w(NWI» =£!. 
CONTINUE 
SP=X(1) *XU> 
K = ND 
DC   lb   1=2,N 
DS=SCRT{ SC*(SP«XH» «X-U )J ) 
DW=SP/OS 
ns=x (i )/DS 
SP = SP+Xt IJ*X( i) 
DG   7 6   J=1,N 
K=KU 
NbJ=\W + J 
KN=K*N 
«(N**JJ=W(NWJ> + Xi 1-1 MW( K) 
rt(KI=')W*W(KN) -OS*MN#J» 
CUNTINUE 
CONTINUE 
SP = 1 ./SQRTt DN» 
DO   7 7   1=1,N 
K = K*1 
W(K* =SP*F(l) 
CONTINUE 
CALCULATE   THE   NEXT   VfiCTCR   X,ANC 
HAND   SIDES 
FNP = *5. 
K=k5 
DO   78   1=1,N 
NX1 = NXH 
NFI=NF.+ 4 
NwI = |\WH 
X(II=W(NXI »+F(ll 
W(NWI) = W < N F I ) 
DÜ   79   J=1,N 
K =K *■ 1 
wiNWl>=*i Nrfl » +W( M *Ft J) 
CONTINUE. 
FNP=R\IP«-Vv( NWI ) *«2 
CONTINUE 
CALL   CALFUN   USING   TFE   NFW   VECTCR 
GO   TC    1 
UPDATE   TFt   STEP   SIZE 
DWULT = to.9*FMI-N*tJ ,l*fNP->FSQ 
IF    ( CMULTJ &c ,8i ,81 
JD = AyAXl ( CSS,0.:2 5>*QO* 
TINC=1. 
IF    ( FSQ-FWIN I 8^,28,2:3 
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LISTING   OF   PROGRAM   Q6S78E 

C TKY    IHE   TEST   Tu   CECiGE   WHETHER   TG   INCREASE   THE   STEP 
C LENGTH 

fal SP = 0. 
SS=k). 
DU   64   1=1,N 
Nwl=NW*l 
SP = SP«-ABS(fl I»*(F< IHW<NWI J»l 
SS*SS*IF.(I»-H{NWl»».t«2 

84 CONTINUE 
PJ = i.*D«ULT   /(SP*SC*«SP*SP*CMULT*SSII 
SP=AHN1(4.,TINC,PJ » 
TINC = PJ/SP 
DU=A»»INl<DMtSP*CC» 
GO   TC   8 3 

C IF   F(X>    IMPROVES   STCPE   THE   NE*   VALUE   OF   X 
67 IFiFSQ-F*!M83,5i2,,5£ 
8^ FMIN = i:SO 

OC   88   1=1,N 
SP=X(II 
NX! = NX*I 
NFI = NF«-I 
NhI=Nw*I 
xu»=w(Nxn 
W(NXI>=SP 
SP=F<I» 
Fi I) =W(NFI> 
W1NFI>=SP 
WlNWH=-W*NWl > 

66 CONTINUE 
!FiIS-1128,20,50 

C CALCLLATE   THE   ChANGES   IN   F   AND   IN   X 
I 8 DO   8 9   I = 1,N 

NXI = NXH 
NFI=NFH 
X(I»=X{I»-^<NXI» 

H I) =F( I>-W{NFI I 
89 CUNT INUE 

r UPDATE   THE   AP PBGXIM/IICNS   TC   J    J&ND   TC   AJ INV 
K=0 
DO   912   1 = 1,N 
MhI=MW<+I 
NWl=M*I 
w l y w I»= x 11 ♦ 
*<NWI»=F<I> 
DO   91   J=1,N 
W<MW7I=W{f«WI»-AJlNVU,J»*FiJJ 
K>=K>1 
W(NWII=    ta(NMl)-W(K)«XU) 

9 1 CONTINUE 
9t CONTINUE 

SP=0 . 
SS = 0. 
OU   9 2   1=1,N 
DS = itf . 
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9 3 

'il 

9A 
95 

97 
96 

DÜ   93   J=1,N 
DS=DS*AJINV( J,T )*X(J* 
CONTINUE 
SP=SF«-OS*F( I> 
SS=SS + X< U*X{ I ) 
F (I )=DS 
CONTINUE 
ÜMULT=1. 
IF   i ABS4SPl-0.l*SSiS4#95,95 
DMULT=J.8 
PJ = DKJLT/SS 
PA=DNULT/iOMLLT*SP+<1.-CMULT>*SS) 
K=0 
OU   96   1=1,N 
NWI=Mrf>I 

SP=PJ*W(NwJI 

DC   97   J=1,N 
K = K «■ 1 
w(KI=W(K> tSP*X(J) 
AJINWI, J)=AJINV(I, »l*SS*Fi JJ 
CONTINUE 
CONTINUE 
Gu   TC   38 
END 
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VEHICLE INPUT FILE FOR PFCGflM CBS78E - M6k)Al TANK 

MbdLiM2 
1   2   id   1 NUMTS#NSUSP,NVEH,NFL 
4U.              fb'. HITCH   HEIGHT   AND   LOAD 

i    1 BOGIE   INDICATORS 
1 1   i    1 PGWER   INDICATORS 
1111 BRAKE   INDICATORS 

17.3        17.5 ROLLING   RADIUS 
lB6.fc         d6.fc HITCH  TC   SUPPORT   CENTER 
33.3         33.3 BOGIE   WIDTH 
3k).              7. BCGIE   LIMIT-UP 
-7.        -30. BOGIE  LIMIT-GOWN 

bl246.    47754. AXLE  LO^C-EMPTY 
53.ü2           a. VEH.   CG   ABOVE   GROUND 
1^.2        53.62 4.              0.              LCAD   CG  WRT   GROUNC 

«J.           Ü. LOAC 
2 k VEH   BOTTOM   POINTS     NPTS Cl, NPTSC2 
273.5        4b. 0.           40.                                      XCLClUJfYCLClil» ,I = l,NPTSCi 
«   1   1   k?   1   1 SFLAGi I>,IPU,1 »,IB< 1,11,1=4,5 
253.31      4fc. 17.62      23.6        41.25      14.62                ELL(II,ZSfI>,EFFRADIU, 

1 = 4,5 
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NUNITS#NSUSP«NV EHl, NFL 
HITCH   HEIGHT   AND L3AD 
EOfilE  INDICATORS 
POWER   INDICATORS 
BRAKE   INDICATORS 
POLLING   RADIUS 
HITCH  TO   SUPPORT   POINT 
BOGIE   WIDTH 
BOGIE  LIMIT-UP 
BOGIE   LIMIT-DOWN 
/SXLE   LOAD-EMPTY 
VEH.   CG  ABOVE   GROUND 
LOAD   CG  WkT   GROUND 
LOAO 
VEH   BOTTOM  POINTS 

13.15 86. 12. 85.      i3«15 
lti. 0. 18. 

M151A2   - ^X4 
1   2   1    *> 

18. g. 
k:   Ü   2 
1   4   1   tf J 0 
1   i»   1   0 43 3 

14. 14. 0. 
113. 28. 0. 

b. 0. 0. 
0. (2. 0. 
0. £. 0* 

U4«S. lebe. 0. 
25. 18. 
56. ig. 4. ui . 

5ki0. tt. 
y  0 

13^ . 1 7. 123 . Id. 88 
47 . 14. 26 . A0„ 13 
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16 

IS 8 <)3 03 
3.15 112.44 5.88 

15.75 112.00 5.88 
33.46 ll-2.idk> 5 -ÜB 

3.15 142.00 5.88 
15.75 142. 0*5 5.88 
33.46 14 2 . 0 0 5 .88 
3.15 154.00 5,88 

15.75 154.00 5.88 
33.4b 15<*.00 5.48 

3.15 16<*.<50 5 .88 

15.75 164.00 5 .88 
33.4 6 164.043 5,88 
3.15 196.40 5.8 8 

15.75 196.0 k/ 5 -88 
33.46 19 6-00 5-£8 

3.15 206.00 5.8* 
15.75 206.00 5 .88 
33.46 206.0U 5 .88 
3.15 218.00 5 »8 8 

15.75 218.00 5-afl 
33.46 218.00 5 ,«8 
3.15 24 8.00 5.88 

15.75 248-00 5.88 
33.46 <:4ö.00 5-88 
3.15 112.00 29-88 

15.75 112.00 2 9.«8 8 
33 .46 112.00 29.0« 

3.15 142.00 29.88 
15.75 142.00 29.86 
33.46 14 2.0.0 29 .as 
3.15 154.00 2 9.88 

15.75 154.0ld 29.88 
33.46 154.00 29-88 
3.15 164.00 29.88 

15.75 164.00 29.68 
33.46 164.00 29.*8 
3.15 19 6.30 29.88 

15.73 196.%a 29.88 
33.4 6 196.00 29 .8 8 
J.15 2 06.0i) 29.8« 

15.75 206.0? 2 9.£ 8 
33.46 2<Ct>.4d 29-88 
3.15 218.00 29.88 

15.75 218.00 29 .88 
33.46 218.00 29-89 
3.15 248.0«) 29.88 

15.75 248..3 i, 29 .88 
J3.46 248.00 29-38 
3.15 112.00 141,.'60 

15.75 112.0J 141.££ 
33.46 112.3t 141,-010 
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3.15 142.00 141 .60 
15.75 142.00 141.-60 
33. 46 142. 0 0 141 .60 
3. 15 154.00 A41,60 

15.75 154.0u 141 .60 
3J.46 154.00 14:1 ,m 
3.15 164.30 141*6*3 

15.75 164.00 141 .6*) 
3 3.46 164.00 141 .64 
3.15 196.^0 141 .60 

15.75 19 6. «30 141.60 
33.46 196.40 141.60 

3 .15 ^«56.00 141.6« 
15.7a 2 06 .0*) 141.££ 
33.^6 z06.<50 141 .40 
3.15 21 8.00 141.60 

1 5 .7i> 218.00 141 .60 
33.46 218.00 141.-60 
3.15 248.00 141.6H 

1 5.75 2 <* 8 . 0 0 141.60 
33.46 248.00 141 .60 

'99999*.9999V9999.999999*99.99 

PAGE  C- 
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PAGE   D- 

NLHGT 

NANG 
8 

NWC1> 
3 

LLRMIN FCOMAX FCC HOVELS AVALS WVALS 
INCHES PCUNDS POUNDS INCHES PADiANS INCHES 

37 .163 8 94 8 . 5 372.1 3.15 1.95 5.88 
24.42 27276.2 1842.JO 15.75 1,95 5.88 
6.57 69773.8 5211 .a 33.46 1.95 5.88 

37.03 8948.5 394.3 3.15 2.48 5.88 
24.38 24473.2 1604.8 15.75 2.48 5.88 
6.72 50134 .8 3800*0 33.46 2.48 5.88 

'3 7.03 8948.5 399.0 3.15 2.69 5.88 
24.56 18S69.2 1392.5 15.75 2.69 5.88 
11.43 32415.7 3016..3 33 .4b 2.69 5.88 

■3b. 9,4 8456.0 380.8 3.15 2.86 5.88 
2 4 . 3 0 17646.6 1259.3 15.75 2.86 5.88 
20.43 3/) 844. 5 *781.9 33 .46 2 .86 5.88 
3 8.22 8281.7 707.0 3.15 3.42 5.88 
21 .27 18o99.8 2246.3 15.75 3.42 5.88 

2 .ö7 30«i44.5 2696.0 33.46 3.42 5.88 
39.6'» 4 124.4 224.7 3.15 3 .60 5.88 
31.01 13 144.6 1544.0 15.75 3 .60 5.88 
-1.3d 30 816. 3 2642.5 33 .4 6 3.60 5.88 
4fcJ.02 3757.7 174.5 3.15 3.80 5.88 
36.03 13166.8 982.9 15.75 3.80 5.88 
2kJ.kil 31b78.1 262o.5 33.46 3.80 5.88 
40 .«3 0 1612 .7 3fc..6 3.15 4 .33 5.88 
39.54 4149.3 14 5.9 15.75 4.33 5.88 
37.79 5566.1 -125.5 33 .46 4V33 5.88 
37.13 V £.1Z.<L 484.4 3.15 1.95 29.88 
24.26 12489.2 -316.4 15.75 1.95 29.88 

t>. 57 79647.8 4974. 4 33.46 1 .95 29.8 8 
37.13 9 272.2 50fc.0 3.15 2.48 29.88 
<:4.22 20672.6 8b2.5 15 .75 2.48 29.88 
6.62 51346.5 434*.5 33.46 2 .48 29.88 

37.13 9272.2 516.7 3.15 2.69 29.88 
24.36 20378.0 A717.0 15.75 2.69 2 9.88 
11.70 34 08 7.7 3769.5 33 .46 2.69 29.88 
3 6.99 8456.0 527.7 J.15 2.86 29.88 
24.57 15926 .4 1465.5 15.75 2.86 29.88 
2ld.55 30t>44.5 3131.9 33 .46 2.86 29.88 
37.17 6 44 8 . 1 629.9 3.15 3.42 29.88 
1 4. 7.9 1 8695,.7 1864.3 15.7b 3.42 29.88 
2.92 30 04*.5 3<j4 0.6 3.3 .4 6 3.42 29.88 

3 6.68 7208,2 -219.2 3 .15 3.Ö10 29.88 
2 2.08 31 861 .0 22t>i.9 15.75 J.6to 29.88 
11.56 34784.1 315 2.8 33.46 3.60 29.88 
36.71 9361 .9 100 1.2 3.15 .3 . 8*3 29.88 
«i7.21 20261. 7 16 3 7.8 15.75 3.80 29.88 

3.49 48386.8 4522.6 33.46 3.80 29.88 
38.68 5*64.9 196.1 3.15 
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J5.41 
J7.17 
24.77 
6.5* 

^7.17 
2<».44 
6.6 2 

37.17 
^««.40 
11.5* 
36.9 3 
24.46 
<:0. 5 5 
34.0 3 
22.7b 
2 0»% 6 
34.12 
lb. 75 
9.38 

33.89 
12.4* 
-1.83 
33.91 
ltf.90 

-23.03 

7279.0 
12253.2 

9272.2 
20814.9 
79704 .9 
9272.2 

35968.2 
52815.6 

9 27 2.2 
27603-5 
34 28 8.9 
8456.0 

1 8 74 0 . 7 
30644.5 
8*95. 3 

19*12.2 
30044.5 
9326.8 

32 341.8 
34 36 8.4 

9787.3 
38383.1 
48928.4 

6474.2 
1 b 26 9 .4 
79892.1 

-142.6 
759.8 
23 1.1 

1<2<*0.4 
4401*1 

236.3 
1861.0 
364 8.1 

241.8 
1707.9 
33w6.2 
429.9 

1827.2 
3062.1 
471.2 

2295.4 
34 9 3.4 
741.4 

2497.8 
4266.5 
452.9 

202 7.9 
3741.5 
608. £ 
955.9 

5167.6 

15.75 
3J.46 
3.15 

15 .75 
33 .46 

3.15 
15.75 
33.46 

3.15 
15.75 
33.46 

3.15 
15 .75 
33.46 
3.15 

15.75 
33.46 
3.15 

15.75 
33.46 
3.15 

15.75 
33.4 6 
3. 15 

15.75 
33.46 

4.33 29.88 
4.33 29.88 
1.95 141.616 
1.95 141.60 
1.9-5 141 . 0 tf 
2.4B 141.60 
2.48 141.60 
2.48 141.60 
2.69 141.60 
2.69 141.60 
2.69 141.60 
2.86 141.60 
2.86 141.60 
2.86 141.60 
3.42 141.60 
3.42 141 .60 
3.42 141.60 
3.60 141.60 
3*60 141.63 
3 »'60 141.60 
3.80 141.60 
3.80 141.60 
3.80 141.60 
4.33 141.60 
4.33 141.60 
4.33 141.60 
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ä-2«J5öt    VOLUTE    Ii 
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PAGE   D- 

NOHGT 
3 

N AN G 
8 

NUGTh 
3 *. 

CLRHIN FCOMAX £0ü HOVALS AVALS WVALS 
INCHES PCUNDS PGUNCS INCHES RADIANS INChES 

6. 65 941.b 3 1.2 3 .15 1.95 5.88 
-3.73 2179.* 12 7.1 15 .75 1.95 5.68 

-ll .21 2208.5 237.5 33 .46 1.95 5.88 
6.85 1E15..5 35.6 .3.15 2.48 5.88 

-3.5H 106 1.2 11 e.7 15,75 2.48 5.88 
-13.36 960.9 160.6 33.4b 2.48 5.88 

b .85 696.1 25.5 3.15 2.69 5.88 
-2.31 696.7 124.9 15.75 2.69 5.88 
-3.95 646 .3 9b.2 33.46 2.69 5.88 
7.45 411.2 34.3 3.15 2.86 5.Ö8 
2.93 404.0 69.7 15 .75 2.86 5.88 
2.61 799.3 9b. a 33.46 2.86 5.88 
7.1* 417.7 4 2*9 3.15 3,42 5.88 
5 .52! 444.5 38.7 15.75 3.42 5.88 
3.14; 799.3 1^3.9 33.46 3.42 5.88 
7.42 724.7 35.5 3.15 3.60 5.88 
1.22 757,6 135.1 15.75 3.6« 5.88 

-4.83 6J9.1 135.3 J3.46 3.64 5.88 
8.20 662.5 16.3 3.15 3.80 5.88 

.168 1176.4 1816,3 15.75 3 .80 5.88 
-9 .54 1 30 1. 5 24k;.0 33.46 3.80 5.88 

9.65 344.3 4.8 3.15 4.33 5.88 
5.79 115 0.8 43.5 15.75 4.33 5.88 
-U3 2 3 7 8 . 0 146.0 33.4o 4.33 5.88 
6.85 592.1 -2.8 3.15 1 .95 29.88 

-3.75 2 16 3.4 99.1 15.75 1.95 29.68 
-21.4b 2229.6 15(6.9 33.46 1.95 29.88 

6 .85 1015.5 29.3 3.15 2.48 29.68 
-3.75 1l?52 .4 9b.4 15.75 2.48 29.88 
-4.92 1 11«>. 3 10 9.8 33.46 2.48 29.88 

6 .05 698. 1 2 4.7 3.15 2.69 29.88 
.5 9 fc58.«J 69.2 15.75 2.69 29.88 
.5* 837.9 116.9 33.46 2.69 29.88 

7,t5 411.2 28.8 3.15 2.86 29.88 
4 .86 443 .4 5 k>. 1 15.75 2.86 29.88 
4.75 799.3 105.0 33 .46 2.86 29.8 8 
7.29 41 7.6 31.1 3.15 3.42 29.88 
5.4<J 444.5 57.0 15 .75 3.42 29.88 
<4 .9^ 799.3 10O.6 33.46 3.4 2 29.88 
6.03 73S.b 39.9 3.15 3.60 29.88 

.78 761 .3 119.2 15.75 3.6 0 29.88 
-2.82 842. 2 13 7.0 33 .46 3.60 29.88 
6.72 991 .4 34.9 3.15 3.80 29.88 

-2 .46 117 8.4 14 5.1 i 5 .75 3.80 29.88 
-10.26 1318.0 193.9 33 .46 3.80 29.88 

6.68 575 .1 4.9 3.15 4.33 29.88 
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-j.01 2401.a 157.0 15.75 4.33 29.88 

23.63 2551.4 228.7 33.46 4.33 29.88 

6.85 541.3 -6.0 3.15 i.95 141.60 

-.5it 2426.4 8 7.4 15.75 1.95 141.60 

11 .4 0 2 556.1 128.8 33 .46 1.95 141.00 

6.85 16593.9 16.I 3.15 2.48 141.60 

2 .04 1170.6 68.6 15.75 2.48 141.60 

- .73 1 304.9 145.9 33.46 2.48 141.60 

6.65 707.5 i6.9 3.15 2.69 141.60 

'**.**$ 756.7 7 5.1 15.75 2.69 141.60 

3.83 83 7.9 132.5 33.46 2.69 141.60 

7.<*5 410.8 17.0 j.15 2.86 141.60 

6-73 443*4 65.4 15.75 2.86 141 .60 

6.83 799.3 133.to 33.46 2.86 141.60 

7.67 417.2 19.1 3.15 3.42 141.60 

7.2 8 38 3.0 65.9 15.75 3.42 141.60 

Ö.85 799.3 10Ö.Ö 33.46 3.4* 141.60 

6.64 707.1 2 0.1 3.15 3.60 141.60 

4.25 760.1 7 8.2 15 .75 3.60 1^1.60 

3 .06 639.7 135.9 33.46 3.60 141.60 

7.06 1294.0 18.6 3.15 3.80 141 .60 

2.04 1168.7 8 3.3 15 .75 3.80 141.60 

- .60 1312.2 16^.2 J3.46 3.8 0 141.60 

0.80 1131.4 30.3 3.15 4.33 141.60 

- ,k>3 2 39 7.2 80..3 15.75 4.33 141.60 

■15.46 2 54 9.8 147.3 33. Hb 4.33 141 .60 
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