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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. 

Volune  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,   ehe  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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FOREWORD 

NATO AC/225 Panel II in 1976 recognized the need for 

standardized NATO techniques of comparing overall vehicle per- 

formance in terms of mobility, armor protection, and fire 

power.  The United States offered to help initiate this effort 

in the field of mobility models. 

Panel II accepted this offer and formed AC 225/Working 

Group I (WGI) in February 1977 to consider a NATO Reference 

Mobility Model. The membership of WGI was as follows:  Canada, 

France, the Federal Repuolic of Germany, the Netherlands, the 

''nitad Kingdom., snd tht 'united States of America. 

The first meeting of WGI was held in the United States 

6-9 June 1977.  WGI reviewed the US Army Mobility Model as a 

potential candidate. It was agreed that the US Army Mobility 

Model was acceptable as an initial model, pending improvements 

in certain submodels. 

Shortly after the first meeting the US furnished a 

magnetic tape to each member country containing the source code 

of the US Army Mobility Model, and the U.S. extended aid in 

implementing the model on the national computers of the member 

countries. 

L 
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WGI met the second time in Brussels 9-12 May 1978. 

The group identified certain shortcomings which had to be over- 

come before the Army Mobility f-lodel became acceptable as a 

NATO Reference Mobility Model.  The need for c User's Guide 

was strongly emphasized at that time.  *)GI proposed to Panel 

II that a Technical Management Committee be formed to maintain 

the model and to assess proposed revisions periodically. 

The proposed revisions and corrections were expected to evolve 

from mobility research and simulation work conducted by memoer 

countries and from continued use of the model. 

Panel II approved the recommendations, and WGI was 

then disestablished.  In its stead, the Technical Management 

Committee (THC) of the NATO Reference Mobility Model was 

formed with the same membership. Mr. Peter W. Haley of the 

US Army Tank-Automotive Research & Development Command was 

named manager of the model, and serves as the focal point for 

the uniform maintenance of the model and as custodian of the 

official version.  Panel II accepted the US Army Mobility Model 

as the "Initial NATO Reference Mobility Model". 

Curing the ensuing period, the member countries, 

especially the US, invested significant effort improving the 

model.  The obstacle module was improved; the on-road module 

was reworked; the acceleration routines were improved; 

I 
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maneuvering in vegetation was newly modeled,  finally, the 

vehicle dynamics, module, VEdDYN, wa^ substantially augmented. 

A draft of this guide was also completed. 

The first meeting of the Technical Management Committee 

took place in Frankfurt, Germany 6-Ö November 1979. The 

participating countries and the heads of delegations were as 

follows:  France (Mr. Grosjean), Germany (Mr. Schenk), the 

Netherlands (COL van Assenraad), the United Kingdom (Mr. Maggett), 

and the United States (Mr. Janosi).  Each country was represented 

by several additional officials and/or technical experts.  The 

Ccmmittes accepted the improved Initial Mobility Model as 

isscribed in ttis  report.  Therefore, this model is no longer 

referred to as the Initial NATO Reference Mobility Model.  It 

is now the NATO Reference Mobility Model, Edition I.  It will 

be "frozen" until the next TMC meeting.  (Note that the term 

"Initial NATO Reference Mobility Model" or "INRMM" is often 

used in this report because it was written prior to the first 

TMC meeting.) 

Members of the TMC agreed that orderly changes and 

extensions are desirable to meet future needs. Each country 

listed tasks vixich  would lead to such changes and extensions. 

It was agreed that the most important feature to be included 

into a future edition is tracked vehicle steering. 

i 



X 1 

Currently, ".he memDer countries are enqaqed in pertinent 

research work which will lead to further improvement and exten- 

sion of the NRMM. Canada's main contribution is expected to 

be in the area of improved simulation in mobility over snow, 

ice, and muskeg; trance is engaged in research concerning 

tracked vehicle turning; Germany is active in vehicle dynamics 

research, üield testing, mobility evaluation techniques, and 

on-the-road mobility simulation; the Netherlands is pursuing a 

study to improve the vehicle data preprocessor, and to develop 

a uniform vehicle data acquisition procedure; the United Kingdom 

developed an advanced power train simulation which may be in- 

corporated into n  later edition; the United States mobility 

research effort is concentrated mainly on vehicle agility modeling. 

The NATO community agreed to use this model as a 

common basis for communication with respect to quantifying off- 

road mobility performance.  Meanwhile steps have been taken in 

the US to introduce the NATO Reference Mobility Model into the 

initial acquisition process of military vehicles.  In other ./ords, 

quantitative mobility performance projections, analysis and 

evaluation by bidders and source seleccion boards will be based 

on the NRMM during the initial acquisition process. The degree 

of required details in the computational projections will depend 

on the scope cf the acquisition. 
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Potential  bidders  should  request  additional   information 

from TARADCOM,   DRDTA-2SA. 

Foreign companies with   legitimate  need  should send 

their  requests  through channel    established within  the  frame- 

work of  Data  Exchange Agreements between  the US Army and  the 

military establishment of  their country. 

We hope that the NATO community will find the User's 

Guide a useful tool in the vehicle research develooment and 

acquisition process. 

ZOLTAN   J.   .1 ANUS I 
TARAuCCM 
Chairman,   NATO Reference 
Mobility Model,  Technical 
Management Committee 

r 



I  INTRODUCTION AND OVERVIEW» 

The Initial NATO Reference Mobility Model (INRMM) is a 

collection of equations and algorithms designed to simulate the 

cros?-country movement of vehicles. It was developed from several 

predecessor models, principally AMC-7'* (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 fron 

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

air cushions, to designating a new tire. 

The former Mobility Systems Laborato-y of the then U. S. Army 

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

Experiment Station (WES) are the Army agencies responsible for 

i 
J • This chapter   is adapted  from Jurkat,  Nuttall and HO.ey (1975). 

C 
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conducting ground mobility research. In 1971, a unified U. S. ground 

mobility program, under the direction of the then Amy 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 

predece-jsors. 

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.I). 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 

IT 
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PROSPECTIVE USERS OF VEHICLE PERFORMANCE PREDICTION METHODOLOGY 

FIGURE  :-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 choos» from 
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Pile ~ 

concepts of early design sta&es. To be responsive to the needs of all 

three user coa•unities, the aethodolOIY muat be flexible enou&h to 

provide c~mpatible results at many levels and in an ~ppropriate 

variety of formats. 

Interest in a sin11e, unified aethodolOIY applicable to the 

needs of these th~ee principal users led to the creation of a 

cross-country vehicle coaputer siaulation coabininl the beat available 

knowledae and aodels of the day. Much of thia knowledle waa collected 

in Rula and Nuttall (1971). The firat realization or the siaulation 

was a seriea or coaputer pro1raaa known as the AMC-71 Mobility Model, 

c•lle~ AMC-71 for snort ( US ATAC(1973)). This •odel firat becaae 

oper~ti~n~l 1n ~971; it ~~s ~~blished in 1973. It waa conceived as .the 

first ie"eration of a faaily whoae deacendanta, under the evolutionary 

pressures or subsequent reaearch and validation teatinl reaulta, 

application experiencea, and 1rowin1 uaer requireaenta, would be 

characterized by 1reater accuracy and applicability. A relatively 

current status report aay be found in luttall, lula an4 Du1orr (197•>· 

Tbe tirat deacendant, known aa AMC·T•, ia the baaia tor the 

IIIMM. It ia docuaented in Jur~at, luttall and Iller (1975). The 

tollowtaa ia • deacrtption or tbia •odel • 
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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-19603,  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  it3   intrinsic mobility  in 

"■.hat   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  present!» 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 tne  last two constitute 

at least part of a detailed mission statement.)  As a way to achieve a 

useful  simulation  in this complicated situation the  INRNH 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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•unplifies  the  real   areal   terrain   into   a mosaic  of  terrain   units 

within  eacn 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 hove  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 

.T? mcdel.   T;i3 xodei     1.1   Jdditic.'!,   ^ener^tes  Jati  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 stat sties 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.     v-rall Structure of the INRMM 

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

jsefulness to decision makers in the vehicle development, pro urement, 

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 
uöer. 

3. ^c updated readiiv ir resoense tc njw vflhiole ami 
vehicle-terrain cec.nriolo^y. 

U.  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 level:, 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.I. 

At the heart of the model are three independent computational 

modules, each comprised of analytical relations derived from 

laboratory and field research, suitably coupled in the particular type 

of operation.  These are: 

0 
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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, wmch computes the maximum feasible speed of 
a single vehicle traveling along a uniform segment of a roac 
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 tu terrain unit in the sequence given by the terrain input file. 

In this mode, known as thj traverse mode, sufficient output data can 

be provided so that the user may calculate acceleration and 

leceleration times and distances between and across terrain ^nit 

boundaries, and thereby je'ermine actual "ravel 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.I. 

0 
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TABLE I.C. 1 

Terrain, Vehicle, Driver Attributes Characterized in INRMM 
Data Base 

Terrain 

Surface Composition 
Type 
Strength 

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

Vegetation 
Stem Size 
Stem Spacing 

Linear Geom«try 
Stream cross section 
Water velocity 
Water depth 

Vehicle 

Geometric 
characteristics 

Inertial 
characteristics 

Mechanical 
characteristics 

Driver 

Reaction Times 

Recognition distance 

Acceleration and 
impact tolerances 

Minimum acceptable 
speeds 
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D. Model Inputs and Preprocessors 

1. Terra in 

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 

mar^r.  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,   ana   wet-wet  seasons)   ^nd  fcur   seasonal   .dlues  i'zr  recognition 

distances   in  vegetated  areas.   SiJiilar  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 1 
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a segment is then defined by the condition that the class interval 

designator for each factor involved is the sane throughout. A new 

patch or segment is defined wnenever one or more factors fall into a 

new class interval. 

Before oeing 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, unicr. are supplied as part 
of the scenario data 'see below). 

1.  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 tne 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 

Ula  aenved   either   from  experiments  or   from  supporting  stand-alone 

iimuLations  used   as  preorocessors.   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 083783 and  described 

in    this   Volume)   are available  as  elements of the  IMRMM.  Both derive 

some  required   information   from  t^e  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)   wnioh,   like the  Terrain   Data   P-eprccessor.   has  thr-»e 

functloru : 

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 lust 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.I and Table I.C.I 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 

ure 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: 

.i 

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 ano using brakes. 

4.  Reasonable play of tire pressure variations to suit tlie mode 
of operatiori--on-road , cr'ss-country, and in sand. 

ft 
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E.   Stand-Alone  Simulation  Modules 

As   indicated   above,   the Mor1:!   is  implemented  0/  a  series  of 

independent  Modules.   The Terrair   and  Vehicle  Preprocessors,   already 

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

Modules  will  now be  outlined. 

1.   Obstacle-crossing  Module-0BS78B 

This Module determines  interferences  and  traction  requirements 

when vehicles  are  crossing  the kind  of minor  ditches and  mr-inds 

characterized  as  part  of the  area]   terrain;   it   12  deicriced   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  requireounts of a 

two-dinensional   (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. 

I 
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The   Obstacie-crossmg  Module   produces  a  table of minimum 

^Ledrances   (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   ircludea   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) 

jnd  associated   traction   requrements.   Obviously,   the more entries   there 

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

2.   Ride   Dynamics   Modul«-   VtHCYN 

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 

ii.    i 
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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, r-is elevacjon 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 notions 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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i) ./river model and tolerance criteria. 

It has been shown empirically that, in the continuous rou^riness 

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 r?presentatlve young 

American males is approximately 6 watts of continuously absorbed 

power, and the research resulted in a relatively simple aodel 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, 

li ... 
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is a peak acceleration at the driver's seat of 2.5-g passing a 30-Hz. 

filter. Data relating the 2.5-g speed limit to obstacle height and 

spacing can be developed in the ride dynamics module by inputting 

appropriate obstacle profiles. 

INRMM requires two obstacle impact relations: the first, speed 

versus obstacle height for a single oostacle (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 2 maximum of 15 mph. For obstacles spaced at greater 

than two vehicle lengths, the single-obitacle speed versus obstacle 

height relation is used. For closer spaclngs, ihe least so^ed 

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. 

il 
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or  a   road   segment.   This   flag  calls  up  the appropriate  computational 

Module. 

a)   Arc   .  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 decelente to  a  stop  within  the,   po^cibly 
limited,  visibility distance prevailing   in the  areal  unit 
(braking-visibility  limit). 

t.     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.I 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 coaputatlon  (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.I. 
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jre provided by the vehicle data preprocessor. Soil and slope 

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

Dasic 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 steins as well, etc., 

Lintil 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 

'jasic resistances (5). (The ninth speed corresponds to avcidlnp all 

cree ^ems . ) 

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 thot 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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Jsing speed reduction factors (derived in 1) associated with avoiding 

all obstacles (if possible) and avoiding tne 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 predictiono is made for the vehicle 

maneuvering to avoid tree stems only (10). These are further modified 

by several oostacle crossing considerations. 

Possible NOGO interference between the vehicle and the obstacle 

is checked (12). If obstacle crossing proves to be flOGO, all 

associated vegetation override and avoid options are ^Iso 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 fore« speed relation is modified to account for 

vegetation  . irride forces, the traction increment required fo- 

obstacle neg  lation, or any kinetic energy available as a result of 

the associated obstacle approach speed (13). 
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Finnl 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 speed? for some options to NOGO) a single maximum 

■'.n-patch speed (for the direction of travel being considered relative 

to tne in-unit slop») 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 somj reasonable 

minimum speeu, 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 mor-e 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 b;1 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 

fron 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 di3tance• will be travelled in each 

direction, resulting in an omnidirectional mean. 

• the average speed, VaV( i3 the harmonic average of the three 
speeds,i.e. 

Vav = 3/[(1/Vup) * (1/Vacro„) ♦ (1/Vd0Hn)] 
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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 conaition 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 terns of cone index. (CD or 

rating cone index (RCI). Traction, xotion resistdnce, and slip are 

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

weathe»" factors used in the same way as in making off-road 

predictions. 

The relations used for computing vehicle performance on smooth, 

hard pavements are taken from the literature (Smith (1970) and Taborek 

(1957)). 

The structure of the Road Module, while auch 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 

i i 



R-2058, VOLUME II Page I 
Obstacle Module 

specified grade). 

The basic curvature speed limits are derived from American 

Association of State Highway Officials (AASHO) experience data for th 

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 tippir 

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 t 

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 bidirection« 

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

the Areal Module. 

I 
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II  ALGORITHMS AND EQUATIONS 

A. Introduction 

The Obstacle Module, 0BS78B, 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 trjctive 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,   FOG,   across the various positions. 

Figure  II.A.I     gives an overall  view of the  structure of the Obstvcle 

Module. 

The obstacles  are restricted  to the  "standard" trapezoidal 

shape used  throughout  the INRHH.   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 slops 

^ and obstacle approach  angle may not exceed  the vertical  for any 

obstacle  flank on which the vshicle may rest. 
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FIGURE I I.A.? - 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 0BS78B means tw< 

wheels attached to a rigid member which pivots about its center at tht 

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 rigic 

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

Tracked vehicles may be simulated 'jy a double bogie wheeled 

vehicle where the wheel radiud is the road wheel radius plus the 

thickness of the track. The bogie centers nay be iDcated 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 t-he track wore cresent 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 da'-a has been read by the program, some 

initial calculationj 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  11.A.3 - Hub ProMles Across Mounds 

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

£.7-.-  ; 
\ / --^ 

:,/ 

4^4-' 

 /_X 

FIGURE   II.A.4 • Hub Profites Across Ditches 

It nay 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 ^hat 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 uith very large wheels.  The exact equivalent wheel 

diameter which attenuates  an obstacle as does the tracked suspension 
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plement 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 vemcle configurations which can be simulated. 

Tracked vehicles pulling trailers are not simulated. 

All horizontal dimension;? are pcsitive to the right of the 

nicch diid negdti,,e to tue left. Ail vertical diaensions are measured 

witn 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 nay 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 nixed in any combination but 

both wheels of a bogle suspension are assumed to have the same radius 

end ability to be powered and braked. During execution of the program, 

however, at any position on the obstacle either all braked wheels arc 

braked or all powered wheels are powered. 
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FIGURE   11.A.5 -- Vehicle Parameters 

c 
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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.l) 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. 

t> X 

FIGURE  II.B.l -- Vehicle input Data Coordinates 

All  vehicle input data Is given with respect to this coordinate 

system.   *t  is used  only for  the convenience of the  investigator;  all 

data  is  immediately  transferred to the Vehicle Coordinates. 

i 

I 
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2.  Vehicle Coordinates 

This coordinate system is centered at the hitch and moves with 

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

f|GUK£ 11.9.2 -- 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 verticall 

a distance of the height of the hitch for an empty vehicle. The pitch 

anple of the vehicle, «, , is in effect the angle the vehicle x-axis 

makes with the Ground Fixed Coordinate System. 

3. Ground Fixed Coordinate System 

0 

This coordinate system remains fixed to the grpund 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'-axls is positive to the 
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r ignt,.   See   Figure   I i. B. j. 

FIGURE   II.B.3  -- Ground  Fixed Coordinates 

4       Vehicle   Fixed-Ground   Parallel  Coordinate System 

This  coordinate  system   is   centered  at  die  hitch  and moves  with 

the vehicle;  however  it  remains  parallel  to the Ground  Fixed 

Coordinate System.   Initially   it coincides with the  Vehicle Coordinates 

wlien  the vehicle is  at  rest  on  hard,   flat ground.   Its coordinates  are 

designated by a superscript  F. 

The relationship between the three program coordinate systenu 

is  illustrated  in Figure II.B.U. 

C.  OBS78B Vehicle Preprocessor 

ATter the vehicle data  is read,  several derived vehicle 

descriptors are calculated.   These descriptors are given in terms of 

the vehicle coordinates. 

I 
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FIGURE   II.B.U -- Relation of Thiee Coordinate Systems 

Since the vehicle   load  distribution  is  given  for  an  empty 

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

empty vehicle). 

0 

i 

The empty vehicle weight at the vehicle CG; 

F5ci = -Fq1 - Fq2 

The x-coordinate of the empty vehicle CG: 

X5G1= "(Fqlll * Fq2l2) /^Gl 

The empty trailer weight at the trailer CG; 

F?C2 -  -Fq3 " Fh0 

The x-coordinate of the empty trailer CG: 

XCG2 ' -^^l'  F5c2 

The loaded weights at the combined CC: 

FCG1 z  FSGI -
AW

1 

FCG2 = F?G2 "^«2 
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The coordinates of the combined vehicle/load CG; 

xCGi : ^hi  *hi  -  ^W^i)/ FCCi 

zCGi   :   (F?Gi   zCGi   " AWiei)   /Frr. 

where   il   for   the  vehicle,     2   for   the  trailer. 

From  now on  these coordinates  of  the loaded vehicle will  be  called  t 

vehicle  and  trailer  CG coordinates. 

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

Rhi     vf^Gi   ^  ^Gi   11/2 

80hi   r  arctan(zCGi/xcGi) 1 " 

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

FIGURE   11 X. I -- HItch and Traller 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  *  Mli  - «CGl)2 ♦ <r1 - h - zCG1)
2  ]1/2,       i«1.2 

r. 
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BC i   :   arctan[   (r1   - h   -   ZQQ^)/   (IJ   -  *QQ]>]   .   i=1,2 

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

The  following  are  calculated  for  each suspension element  which  is 

represented  by  a  bogie: 

The  polar coordinates of the wheel  centers  when they  are  at  their 

limit  position closest to the vehicle: 

FIGURE  I I.C. 3— Wheel  Center Locations at Bogie Limits 

ll 
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'^Q,ZQ)   are  the coordinates of the suspension support center with 

respect to tne first unit CG. 

RLi1 r[(xB+(Di/2)coseul -xcGl)
2 •'■(ZB ♦(bi/2)3inßui -zcGi)2]1/2 

RLi2 =[(xB-(bi/2)co30di -XCGI)
2
 -^B -(bi/2)3in8di -zcGl)2]1/2 

TLil sarctan[(zB *•( bi/2)3in6ui -zcci) 
/{xB -»-f bi/2)co3ßui -XCGI)] 

TLi2 =arctan[(zB -(bi/2)3inByi -ZCG2) 
/(xB -(bi/2)co3ßdi -xcG2)3 

For the trailer, the3e polar coordinate3 are given with respect to 

tne hitch: 

FIGl'RE   II.C.U -- Trailer CG and  Suspension Support Location 

r 2     2   ,1/2 
rh2 = '1CCG2 * ZCC2 J 

•0h2 = arctan (ZCG2 / XCG2) 

rBC3 = C132 * (r3 -h)2 ]1/2 

«BC, s arctan [(r^ -h )/l3 ] 

r, 



R-2058, VOLUME II 
Obstacle Module 

Page 

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

(xhB,zhB)   are  the  coordinates of  the  trailer   suspension  support 

point   in  vehicle  cocrainates. 

RL31 = f(xhB Wb3/2)co3eU3)2 *  (2hB ,(b3/2)3in0U3)2  ]1/2 

TL31 = 3rctan[(zhB ^^^sine^/C xhB *(b3/2)co30u3) ] 

RL32 = [(«hB Mb3/2)co30d3)2 *  (zhB -(b3/2)3ined3)2]1/2 

TL32 = arctan  [(zhB -(b3/2)sinßd3)/(xhB -(b3/2)co3pd3)] 

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

calculations  is  set  to 

ti  «  fi for wheeled vehicle unit 

rti  s   1/2(1^  - I2)        for tracked unit with flexible 
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track 

rti   •-   rti   -   r\ for tracked  unit  with girdenzed 

track. 

Since  the  use of  rti  may have  the effect of  raising  the entire 

vehicle  far  above  the  ground  level,  the  result may be that no 

interference  between  venicle 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  bctccm ^"ofile  iiseif  is  specified  in tns  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  ehe  hitch  Joint  for both  the  prime mover and  the 

trailer. 

z 

'ell 

L-ecW"^—^- 
FIGURE   ll-C-6   -- Specification of Vehicle Bottom Profile Breakpoints 

Jl 
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4 In Figure II.C.6, the bottom profile points are marked with heavy dot 

and calculated as follows: 

rckl =[ xc
2
ki .(ycki - BPRFDU2 ]1/2 

acki = arctan [(ycki - BPRFDL) / xcki] 

where  k = 1 denotes the prime mover 

k = 2 denotes the trailer 

and 

for   i = 1 Nck 

where Ncl< i3  the number cf bottom profile breakpoints on unit k. The 

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

This completes the calculations of tne G3373B vehicle 

i preprocessor. The predominant slope, 9^ i3 read and then the 

program er,ters 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 OBGEOH, 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 tfie obstacle and hub profile index 

scneme used throughout the program. For an ob?tacle/wheel combination 

juch that all hub profile flanks are present it is illustrated in 

Figure II.D.1. 

6 

■ > ■ — 

FIGURE 11.0.1  — Obstacle and Hub Profile Breakpoint Indlce» 

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. f 

Jl 
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FIGURE 11.0.2 — 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. 

d's,   and their length is sufficient to accomodate ail 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 e^. 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'-axls is also given. 

For the hub profile elements, the coefficients of the general 

quadratic 

A^x2 * Bijxz ♦ Cijz2 * Dijx ♦ Eijz ♦ Fij =0 

I 
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jre calculated. Here the subscript j refers to the hub profile element 

number 3nd i refers to the suspension element whose wheels generate 

it.  Since hub profile elements are always either points, lines, or 

■ res, 3^. . Q 3nC| Ay iCjj = i for arcs whereas kljz  Bj«: 

Cjj : 0 for lines and points. 

Finally, OBGEOM calculates STEP, the distar.ce 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 491 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 variablej (the solution variables for the force balance 

equations) are defined as 

XN(1) s overall trrction coefficient 
XN(2) s normal force on first suspension element 
XN(3) = normal force on second suspension element 
XNCO s normal force on third suspension element 
XN(5) s horizontal hitch force applied to vehicle 
XN(6) s vertical hitch force applied to vehicle 

For initialization, XN(1) s RTOW(I), the resistance over weight 

coefficient of the first suspension element (an input number); XN(2), 

XN(3)r and XNCO are set to the normal load on those suspension 

elements when the vehicle is at rest on level ground; XN(5) sFu-' s 

0, and XN(6) =Fhz.0 the initial hitch load when the trailer Is at 

Jl 
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rest 3n 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 

xwn =   xh12 " ']   C03(83) 

zw11 = Zhl2 ' •' sin(fli) 

b) for a single wheel first suspension element the bogie 

center is set equal to the first wheel center 

XBC1 s xw11 

ZBC1 = zwn 

for a bogie first suspension element, the second wheel is 

located one bogle width behind the first and the bogie 

center is set between the two wheels 

^12 = 

^12 r 

'BCI S 

I 

!BC1 s 

«wll - b1 C03(9i) 

Zwll - *>1 sin(«i) 

("wll ♦ «w12>/2 

(zwn ♦ Xw12)/2 

Pi  =  arctan((zw11  - iv\2)S  («wll  -  Xw12)) 
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c) the vehicle pitch angle is set parallel to the approach 

slope angle 

9j = arctan(D1 y/  -lyy) 

the vehicle CG location is determined 

XCC1 = XBC1 " rBCl cos(ÖBC1 +Ö0 

ZCG1 = 2BC1 " rBC1 3in(öBC1 >ö1) 

and the location of the second suspension bogie center is 

calculated 

XBC2 = XCG1 ♦ rBC2 C03'9BC2 +ö:) 

ZBC2 = ZCG1 ♦ rBC2 3in(öBC2 •'•8l) 

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

wheel center is set equal l.o the location cf the bogie 

center 

xw2l s XBC2 

zw21 = 2BC2 

4 

I 



R-2058, VOLUME II 
Obstacle Module 

Page 

for a bogie second suspension element, the oogie angle is 

assumed equal to the pitcn angle of the vehicle and the ti 

wheel centers are located by 

*w21 

zw21 

xw22 

zw22 

XBC2 * (b2/2) co3(0 

ZBC2 * (^2/2) sin(9 

XBC2 * (b2/2) co3(9 

ZBC2 (b2/'?) 3in(8 

e) the hitch is then located by 

xh = XCG1 * Rh1 cos(öoh1 •'■ ö i) 

^h = ZCG1 ♦ hhl 3in(öoh1 * ö i) 

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 

o) above.  If interference is found, the vehicle is moved 

away from the obstacle along the approach slope until no 

interfe-Tice is found. Thus the front spridler is located 

b/ 

x3 = XCG1 ♦ rBCa C0S(aBC1 ♦ ai) 

ZS = ZCG1 + rBCH  3in(«BC« ♦ 8l) 

j] 
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These two coordinates are passed to subroutine WHEEL] to 

calculate how far above or below the front spridler hub 

profile the point (x^^) i3 located. 

If the result of WHEELS 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 

U0'4 " z02 )/(x0y - x02 ) :: 32- 

The slope of the front spridler hub profile element 1 is 

given by s, : 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 - zi)/( x - X;)   = 31 

(z " zh«2)/(x * xhU2) s 32 

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

the obstacle is 

R = [(*; .x)2 ♦ (z; .z)2 ]1/2 . 

The new value of the Initial coordinates of the first wheel 

J 
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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, rBc^ ( of the radius 

vector from the hitch to the trailer suspension support 

point, the subroutine WHEEL2 locates the trailer suspensi 

support point (XgC3i ZgC3) on ttie hL,b 

profile of the trailer wheels.   For single wheel trailer 

suspension, the wheel center is set to the suspension 

support point 

'wl3 = XBC3 

Jw13 = ZßCB 

single wheel 

( 

For trailer with bogie suspension, the wheels are 

located half a bogie arm before and behind the support 

point by 

xwl3 = XBC3 * (b3/2) cos(e^) 

zw13 = ZBC3 ♦ (»53/2) 3in(92) 

i 
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xw2j : XBC3 - (b3/2) cos(92) 

zw23 : XBC3 " (^3/2) 3in(82) 

whsre  Sp z^\ . 

g)  The  trailer CG is located by 

XCG2 = xh *Rh2 cos(eoh2 ♦»^ 

ZCG2 = zh ♦Rh2 sin ( ^2 ♦«2) 

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

^ij = "s        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 o 

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 th 

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 subroiitines 

CLEAR, FORCES, and MOVEB. An exit is made from the loop when the frei 

wheel clears the departure slope. 

1. Subroutine CLEAR 

C 

The relationship between the bottom frame of the vehicle and/( 

trailer and the obstacle profile cat be illustrated by Figure II.F.I 

Here the location of the obstacle profile breakpoints are given by 

^xoii zöi ) 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 approximatin 

both the frame profile and the obstacle profile by straight line 

I J: 
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segments 

FIGURE   M.F.I    " Relation of Bottom "rofile of Vehicle  to 
Obstacle  Profile 

The  subroutine  first  calculates  the  'xvkl,   Zykl) 

for  the  carrent   position   and   attitude  by 

xvi - xh ♦ rcki c03( 9 l< * ^cki) 

zvi : zh * rcki 3in( ö k * 'cki) 

whsre 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 siaply 

cycles through the obstacle breakpoints to detemine 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 mlnUium 

clearance/maximum interference is then found for the current position 

of the vehicle and an index is set pointing to that point which gave 

ji 
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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 thi 

v?hicie dt the current nosition on the obstacle. Subroutine FORCES 

makes use of th« 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. Bogle 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 uogie 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 suspensior 

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 ether wheels at 
the same time. 

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

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 anc 

another on the trailer is statically determinant. The tiogie assembly 

transmits force to the frame only at the bogle pivot point. 

I -I 
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This routine uses th» vehicle fixed-ground parallel coordinates 

x^.z'7. Linear dimensions are measured from the hitch point 

parallel to the ground fixed coordinates x^ and zF directions. The 

hitch point is the origin of the x^.z^ coordinate systems, where 

the xf axis is always horizontal and the z^" axis is vertical. 

DimensioriS forward of the hitch are positive. Dimensions in the 

z^-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, fore s 

are always shifted to the wheel center and rotated to be parallel to 

the x-z coordinates. Forces at ihn  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 boam lengths, wheel radii, surface slope angles vjnder the 

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

initial estimates for 

I 
( 
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XN(1): overall coefficient of tractive force across all 

wheels , 

XN(2): normal force undf  the first wheel of the first 

suspension support,( FN11) 

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.,.) 

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

(FHITCHx) and 

XN(6): vertical force on the hitch of the trailer (
F
HITCHZ^- 

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

with J 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 natter of programming convenience. The 

description of the equations below does not distinguish in which 

subroutines the calculations are made. 

i 



R-2058, VOLUME II 
Obstacle Module 

Page 

a)   Coefficient  of  Tractive  Force 

or 

where 

For wheel j of suspension support i: 

CTFij: XNCD^POWERRij^IPij       for XN(1) > 0 

CTFij: XN(l)
,BRAK£Rij»IB1j for XN(1) < 0 

'TFij coefficient of tractive force 

PQWERRi . : Coefficients for distribution of tractive force 

among axles. The ratios of these coefficients 

in pairs define the force distributions. 

BRAKER^ : Coefficients for distribution of braking force 

among axles. The ratios of these coefficients in 

pairs define the braking force distribution. 

IPjj = 1 , if wheel can be powered 

= 0 , otherwise 

IBiJ ; i , 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  rollir 

radius and  slope  under wheel,  the  forces  and  the moment  at the wheel 

center  indicated  in  Fig.II.B.20 are calculated  as  follows: 

ii 
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MGUPt   II.F.3  --   Forces on a  Slnaie  Wheel 

Fxi  =  FHij•   (CTRij'cosC^ij)  - 3in(flfij)) 

Fzl  =  FNiJ»   (cosC'ij)  .CTRij  •3in(»lj)) 

Mi     :   cTFiJ   ,FNij'rij 

where   jsl  and  i  designates  the     suspension  support 

CTRi1  - Coefficient of rolling and  tractive forces defined 

as:     CTRlj  .  cTFij - CRR1j 

F7Ri  - Sum of rolling  resistance and  tractive  force 

FTR1  »  FN1J,CTR1J 
CRR1J- Coefficient of rolling resistance 

»ij    - Slope angle under  wheel 

FNIJ  - Force under  wheel  normal to slope 

xl Force at  wheel  center In x-dlrection 

i 
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^zi - Force at wheel center in z-directton 

M^  - Moment reaction reduced to wheel center. The moment 

.•eaction is due to the tractive force shift.The rollin 

force is shifted to the wheel center without a moment 

component. 

r^ - Wheel rolling radius 

Note: For a single wheel, the above quantities are given for jsl. 

The corresponding quantities for J.J2 are not used. 

c) Force Relations for Bogie Support 

As described below in section 11.F.], subroutine MOVES, the 

vehicle nay be located either with both wn^eis of a nogie assembly on 

the freund or with only one of t.ie pair on the ground when the bogie 

angular motion limit is reached. Ihe 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.I): 

f 
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FIGURE   I I.F.l, - Forces on dogi>  S^pensicn When Both 

Wheel:- Contact tne Surface 

The  angle  (interface  friction  angle)  that the resultant  force vector 

under  the wheel makes with the normal to the under-wheel-slope is: 

Vij    =arctan(CTFij  - CRRij). 

The magnitude of the  force vector at the center of the front wheel 

on the bogie is: 

Fi1    «PNti/ cosCVn). 

The normal foro   to the bogie beam is: 

FNBi = Fi1 "coaCftn) 

where; 

«lj    = >ij ♦öl  -odj 

&[z angle of bogie beam with horizontal 
a [\s under-wheel-slope. 

J 
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The tangential force on the bogie beam due to the first wheel is: 

FTBn= Fil » sin(«i1). 

The equations for the normal force and the tangential force t 

the hogie beam due to the second wheel are calculated next, based on 

the previously made assumptions that the normal force to the bogie 

beam is equal for both wheels. 

Force F^ at the second wheel center is: 

Fi2 = fNBi/ 20S(6i2). 

The tangential force for the second wheel is: 

FTBi2= Fi2 •3in(5i2)- 

The evaluated normal and tangential forces and moment on :he 

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 •sinCPj) ♦FTBi »cos^i) 

Fzi  s 2FNBi •co3(0|) ♦FTBi »sin^i). 

Moment at pivot center is: 

Mi  'cTFi1  fFM11 ,ri1 ♦CTF12 '^12 •r12 

where 

rlj srolling radius of wheel J on suspension support i. 

Fxi'F2l s forces at bogie pivot center 

^1    = moment reaction reduced to bogie pivot center 

1 Note: The same rolling radius is used for all wheels on a 

* 0 

i 
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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 . ;is is indicated by the variables SFLAG and NW. The final 

force and moment equations reduced to the pivot center are: 

Fxi ■-  -FNBi #sin'S) *FTBij •<**$[) 
Fzi  r FNBi ,co3(6i) ♦FTBij •sin(ßi) 
Mi --  cTFij ^Nij •'"ij 1  ^Bi »bi/S 

where: 

* if front wheel of bogie assembly is on the ground (jsl) 

if rear wh^el of bogie aaaemui/ '3 on trie grouno ( J:2) 

b^ = bogie arm length 

Tractive force, rolling resistance force and reaction mcments 

are calculated as follows: 

FTlj = FNiJ * cTFij    Tractive force 

FRi1 s FNiJ * cRRi1    Rolling resistance force 

Mi1 s FTij * rlJ     Reaction moaent, due only to the 

tractive force 

where: 

Fm i : Normal force under the wheel 

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

needed by the rest of the program. 

i 
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d)   Force  and  Moment   Summation   for   Entire  Vehicle 

where 

Sum of the forces in x-direction for main unit 

FMx : Fxl ♦ Fx2 ■•• FMCGx -Fhx 

Sum of the forces in z-direction for main unit 

FMz z  Fzl   * Fz2 *  F"MCGz ■ F"hz 

Sum of the moments around hitch point for main unit 

MM = (M, >Fxl *l]   *Fz1 »xO > («2 >FX2 ^3 .F22 •x2) 

' FMCGx ,ZCGM * FMCGz ,XCGM 

I 

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

FMCGx» FMCGz : Forccj at center of gr^v^ty in x-airection 

and z-direction respectively (?urn    z  0) 

Fhy Fhz = Force at trailer hitch point (negative 

sign for main unit, for single unit, 

.    " both are equal to zero ) 

1(CGM» ZCCM = x an^ 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 ♦Phz 
Sum of the moment around hitch point, for trailer only 

MT =Mi " Fx3 ,z3 *Fz3 *x3 -FTCCx "ZCGT +FTCGz " XCGT 
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where ^JQQJJ , ?JCQZ  are the forces at tne center of gravity of the 

trailer in the x and z directions respoctively. 

These six unbalanced forces and moments FM  Fuz, Mu, 

^Tx» ^Tz and MT are a11 driven to zero by adjustments to XN(1), 

FN11; 
FN21» F"N31.irhx> 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 

obstacie Drofile and calculates the ooorai-v-'te? of the wheels, TJ'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 angul 

movement of the bogie arm with respect to the frame) in such $  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 0BGE0M. The Independent variables of these equations are 

XCG> ZCG and 81 for 3in8le wheeled vehicle 

suspension elements and for those positions which yield all bogle an 

positions at their limits.  If the suspension elecents are bogies am 

I 
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their equilibrium pos'tion is between their angular limits, then c 

or two iCditional independent variables are ß1 and/or ßp, the 

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

Initial estimates for these three, four, or five quantitiei 

supplied to EQSOL; tne equilibri'im values of these variables are 

returned by EQSOL such that 

[(XCG1 * *PCGl)2 * (2CC1 ♦ ZPCG1)2]1/2 =STEP 

and the vertical distance of each wheel to its hub profile is zerc 

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

Wi^ a bogie suspension tiement. three posaioie states of 

support exist: 

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

^'cGI'^CGl^ 

NW(I) - I 
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,2)   on   both  wheels,   or 

u'cGrz'cGr 

NW(i)   • 0 

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

NW{i) - 2 

FIGURE II.F-5 " Possible States of Support of Bogie Suspension Element 
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(4) In addition, for tracked vehicles, support by a spridl 

could be substituted for an entire suspension element. 

NW(i) - 3 

FIGURE ll.f.6 -- Spridler Interference for  Tracked Vehicle 

If the rear spridler is supporting the vehicle, then NW(2) : 

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

model the track are .uuch larger than pictured. The small wheels ar 

shown for illustrative purposes only.) 

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

suspensions which are modeled with a bogie, (f^rt     9nci    and 

Pj are passed to EQSOL to locate the supports.) This may result in 

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

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

represent the location and attitude of the vehioie x^G1, 

i 

ZCC1'  9i and pi and/or Pg' 'rhe3e returned values of 
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Pi and/or BT are checked to be within their limits: 5dl <  ei 

in 1 : 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, S> i  > eui or 0. < edi , a new entry 

is made to EOSOL, then the bogie of Suspension i is replaced by a 

single wheel support with rBCii 9BCii ß.  replaced by RLi 1, 

TLil' eui or RLi2' TLi2'ßdi 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 rQQn,  *bcn    ^6/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 

i 
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calculation, and the same ones performed during the equation solvin 

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

some set of x^G1j Z'QQ^,   9\,   0], 02» fla8s indicating on what 

suspension elements the vehicle is being supported, and the length 

and direction of radius vectors from the CG to those vehicle supper 

points, ELEVAT calculates x^, z^.  xeci, ZBCi and ELEV(i), the v 

distance between wheel cencer i and its hub profile for all suspens 

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 listance of S1Z'. 

across the obstacle, all the surface angles under the wheel in cont; 

with the ground are calculated.  This is done by a subroutine calle( 

WHEEL!.  The hitch location is then calculated. 

If a single wheel trailer is present, subroutine WHEEL2 is u: 

to locate the trailer wheel on its hub profile maintaining the leugl 

of the radius vector, rBC3( from the hitch to the trailer wheel 

center. The pitch angle of the trailer and the location of Its CG ai 

then calculated and a RETURN is made from HOVEB. 

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 aCits upper most position ( P ■, - P „3) using 

subroutine WHEEL2 with R. 31 and T^,.  If the second whe«l is 
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ibove us hub profile, it. is concluded that this : ^ 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 ( 0 , ; ö 43) usin8 subroutine WHEEL2 with 

RL32 and ^L^'  ^ the fir3t wtieel i3 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 orofile, i'; is ooncluded 

that the proper position of the trailer is such that both wheels of 

the bogie Ire in contact with the ground. A search for P, in the 

interval [ 0d-  
0    is conducted until both wheels centers are 

on their hub pr       within 1/10 of an inch.  It is concluded that 

this is the prop«    itude of the bogie whereupon the location of 

bogie center is calculated and thus the pitch angle and CG locatl 

the trailer are determined. MOVEB then exits. 

i 
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Ill   INPUTS  AND  OUTPUTS 

A.   Vehicle   Data 

The data  required  to describe  a  vehicle  for  the Obstacxe 

Module,   0BS78B,   is  listed  below together  with  the  file formats 

required. 

Most of the descriptions are self-explanatory. One should nc 

that the equilibrium load and center of gravity location (lines 12, 

should be those cf the empty vehicle. The weight and location of th 

payload are entered Separately (line 14,15). The payloaf weight ma) 

zero. 

The data  used  to describe a  tracked  vehicle  requires  special 

attention.   In   GBS78B,   the track  is replaced  by eight  wheels,   two  be 

pairs on each  side,  as discussed  in section  II.A.I.   In order to obt 

the kind of path of motion expected at the CO,  these wheels are qul 

large.   In  fact,   the effective radius  is  the distance between  the  U 

support points  if the vehicle has a glrderized  track and half this 

distance  if the track  is flexible.  These wheels are placed on two 

bogie suspensions whose horizontal   locations,  bogie am width and 

Units of angular motion are those specified  in  the  input data  file 

nines 8-11).  We have found that if the suspensions are too far apa 

the resulting  enormous wheels can contact  the obstacle far fore and 

aft of the vehicle resulting  in false clearance  Information.   In 

particular,   the contact of the aprocket or  idler  (spridler)   is not 
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molded in this case. If the suspensions are too close,the vehicle 

mution 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 roaa wheel spacing seems to give 

-•easonable 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 

me boay of the vehicle allowed for the inner wheels. 

The input file description forms Table III.A.1.. The variable 

names are those in the prograr.. The coordinate system for the input 

data is shown schematically in Fig III.A.I. 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. 

j 
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TABLE III.A. 1 

Vehicle Input File Fortnat-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 Uiiits 
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 
enpty 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 Eflective (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) 

I0r7.2 Horizontal coordinate of suspension 
support point I with respect to 
hitch (in.) 

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

10F7.2 Limit of angular movement in counter 
clockwise dirtctlon of bogie arm at 
support I !deg.) 

Line 
No. 

Variable 
Name 

1 TITLE1 
TITLE2 
TITLES 

2 NUNITS 
NSUSP 

NVEH1 

NFL 

i REFHT1 

HTCHFZ 

a SFLAG(I) 
Isl.NSUSP 

5 IP(I,J) 
Js1,2 
I=1,NSUSP 

6 IB(I.J) 
Jsl.2 
Isl.NSUSP 

7 EFFRADd) 
Isl.NSUSP 

8 ELL(I) 
Isl.NSUSP 

9 BHIDTH(I) 
Isl.NSUSP 

10 BALMUd) 
Isl.NSUSP 
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Line Variable 
No. Name 

1 1 BALMD(I) 
Irl.NSUSP 

12 

13 

ia 

15 

16 

17 

EQUILF(I) 
I=1,NSUSP 

CGZ1 

CGZ2 

DEE1 

ZEE1 

DEE2 

ZEE2 

TABLE III.A. 1 (Continued) 

FORMAT  Description 

10F7.2 

10F7 

F7.2 

F7.2 

F7.2 

F7.2 

F7.2 

F7.2 

DELTW1 F7.2 

DELTW2 F7.2 

KPTSC1 12 

NPTSC2 12 

XCLCKI), 
YCLCKI) 

I=KNPTSC1 

10F7 

Limit of angular mjvement 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 witn respect to 
hitch (in.) 
Vertical distance to 
payload of the first 
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 pcyload 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.) 

the CG of the 
unit from the 

i 
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TABLE ill.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: O-tracked 

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

1- flexible 

F7.2 Height of hitch above the ground when 
erapty 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:  O-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 ara width at support I 
(0. If no bogie)  (in.) 

10F7.2 Limit of angular movenent in counter 
( : Isl.NSUSP clockwise dirtction of bogie arm at 

support I ^deg.) 

Line 
No. 

Variable 
Name 

1 TITLE! 
TITLE2 
TITLES 

2 NUNITS 
NSUSP 

NVEH1 

NFL 

3 REFHT1 

HTCHFZ 

4 SFLAG(I) 
Isl.NSUSP 

5 IP(I,J) 
Js1,2 
Isl.NSUSP 

6 IB(I.J) 
Js1,2 
Isl.NSUSP 

7 EFFRAD(I) 
Isl.NSUSP 

8 ELL(I) 
Isl.NSUSP 

9 BWIDTH(I) 
Isl.NSUSP 

10 BALMU(I) 
Isl.NSUSP 
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Line 
No. 

Variable 
Name 

TABLE III.A.1 (Continued) 

FORMAT  Description 

NOTE: IF A ONE UNIT VEHICLE 
(18) IS SKIPPED. 

IS BEING DESCRIBED, THE FOLLOWING LINE 

18     XCLC2(I), 
YCLC2(I) 
I=1,NPTSC2 

10F7.2 

NOTE: THE FOLLOWING LINES 
TRACKED VEHICLES. 

Pairs of X and 1  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.) 

(19 and 20) ARE INCLUDED ONLY FOR 

19 

20 

SFLAG(I),      612 
IP(I,J), IB(I,J) 
1*4,3 

ELL(U) F7. 2 Horizontal 
front sprid 
hitch (in.) 

ZS(4) F7 2 Vertical di 
center of f 

EFFRA'J (4) F7 2 Effective r 
center to c 
track thick 

ELL(5) F7 2 Horizontal 
rear spridl 
hitch (in.) 

ZS(5) F7. 2 Vertical di 
center of r 

EFFRAD(5) F7 2 Effective r 
spridler (i 

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

coordinate of center of 
ler with respect to 

stance fro.r. groum to 
ront spridler  ( in.) 
adius (distance from wheel 
ontact point including 
ness of front spridler (in) 
coordinate of center of 
er witn respect to 

stance from ground to 
ear spridler   (in.) 
adius of rear 
n.) 

i 

FIGUKE   I I I.A.I   -- Vehicle   Input Oat« - Coordinate  System 
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B.  Terrain Data 

Although 0BS78B is currently to be used as a preprocessor, the 

program is designed to allow extension to in line ust i.i 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 definea by three numbers, the osstacle aporoach 

snjsi«, reight and width (see figure II.A.2). The user ha-i   tne ■j-cti-in 

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. 

i 
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TABLE III.B,1 

Terrain   File Format-OBS78B 

Line Variable FORMAT     Description 
No. Name 

1 LSIG 12 Signal  of  data   entry  mode 

2 GRADE F7.2 Topographic   slope   (X) 

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

3 NANG 12 Number  of obstacle  ingles 
NOHGT                          12 Number of obstacle  heights 
NWDTH                         12 Number of obstacle  widths 

Thi»se  three  values  are  written   in  the 
output   file   for   use  oy  the  Areal 
module.   03S78B  does  not  need   them. 

4 UBH F10.2       O'o3ta-:ie height (in.) 
OBAA F10.2       Obstacle  approach  angle       (deg.) 
OBW F10.2      Obstacle  width (in.) 

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

I 
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iceriino/Ccntrol Data 

For me nonce, variables to describe terrain/vehicle 

interaction and those containing control iriforraation for the computer 

system are read from unit LUNU (i.e. the program contains FORTRAN 

"READaUNU.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 DETAI  (F0RMAT-I2), the output detail level 

indiCEtor. 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 di.ta 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 I addition to the level 4 data, intermediate 
oa culatlons at the end of eacn 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  60X  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   "jection   is  designed   for  interactive  users,   each  of  the 

READ  statements   is  preceded   by   a  prompt. 

u 
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Output 

The output of OBS78B consists of three files, one of which is 

optional. These contain control/execution information, the oasic 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 uaers. These lines appear at the terminal or in a log file 

in Lne ciase 'if a batch run. The first few prompt the user to provide 

the seeaaric/control intonnaticr 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 complete:!, this is reported 

so that the interactive.user knows how far the program has progressed. 

In addition, warning and error messages nay be written. In particular, 

in certain cases an informational message is given about the error 

from the EQSCL 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 vel'icle 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 isection 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 Tiay 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 U) 

3. Examination of the flow of computation to understand the 
geometry and force results and relate them to reality 
(level 6) 

1.  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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P'-cwidint»   a   force   history   is   planned   and   several   levels   are   unassignei.1 

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.I   togetner   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 

experiencea   anal yst/prog'-ammer   to   use   in   uncovering  anomalies,   it 

woula   nor;.ially  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   IOC.     The 

first,   ILOC,   is  the  index  of the  step.     The  second  is the minimum 

clearance  or maximum  interference   (in  inches)  at tmt 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 0 
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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 cliarance, 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 Uie first unit's clAarance array, the 

value of IDX i5 IQ.OOON.  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  Ou tput  Headers - OBS78B 

Header Originating 
Subprogram 

Level Comments 

Descriptive 0BS78B 1 or greater Echo of 
Text vehicle input 
TERR! OBS78B 1 or greater Terrain input echo 
NEW OBSTACLE 0BS78B 1 or greater Terrain input echo 
MEACKOFF 0BS78B 10,11 
MINIT1 0BS78B 8-11 
MiNIT2 0BS78B 8-11 
MAINC 0BS78E 4,8-11 Clearance history 
MAIN1 0BS78B 10, 11 
MAIN2 0BS78B 10, 1 1 
MAIN3 0BS78B 8-11 
MAINU 0BS78B 8-11 
MAINS 0BS78B 8-11 
MAIN? 0BS78B 1 or greater 

03 GI ÜRGEOM 10 , i i 
_——_ OBGE'JM 10,11 
. _-_ OBGEOM 9-11 
K,I OBGEOM 10,11 

OBGEOM 9-11 
STEP SIZE OBGEOM 1 or greater 

CLEARO CLEAR 10,11 
CLEAR1 CLEAR 10, 1 1 
CLEAR2 CLEAR 10,11 
CLEAR3 CLEAR 10,11 
04 CLEAR 10,11 
VI CLEAR 10,11 
V2 CLEAR 10,11 
V3 CLEAR 10,11 
HI CLEAR 10,11 
H2 CLEAR 10,11 
H3 CLEAR 10,11 
Tl CLEAR 10,11 
T2 CLEAR 10,11 
13 CLEAR 10,11 
MIN CLEAR 9-11 

SSQ FORCES 10,11 
XN FGaCES 10,11 
XPH FORCES 10,11 
X FORCES 10,11 
Z FORCES 1C,11 
CGX(I)(CGZ(I) FORCES 10,11 ' 

ALPHA FORCES 10,11 
CGFX(I) FORCES 10,11 
CCFZ(I) FORCES 10,11 o 
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TABLE III.D.I (Continued) 

Header Originating 
Subprogram 

Level          Comments 

FHX.FHZ FORCES 10,11 
3FLAG FORCES 10,1 1 
NW FORCES 10,11 
RR FORCES 10,11 
3ETAP FORCES 10,11 
3WITH FORCES 10,11 
BN FORCES 10,11 
BT FORCES 10,11 
CRR FORCES 10,11 
CTF FORCES 10,11 
FN FORCES 10,11 
RF FORCES 10, 11 
TF FORCES 10,11 
FX FORCES 10,11 
FZ FORCES 10,11 
PX FORCES 10,11 
PZ FORCES 10,11 
PM FORCES 10,1 1 

M0VE2 MOVES 10,11 
MOVE3 MOVEB 10,11 
MOVESU MOVEB 10,11 
MOVES5 MOVEB 10,11 
MGVEll MOVEB 10,11 
M0VE12 MOVEB 10,11 
MOVE21 MOVEB 10,11 
MOVE22 MOVEB 10,11 
MOVEA3 MOVEB 10,11 
MOVEAU MOVEB 10,11 
MOVEA5 MOVEB 10,11 
MOVEA5A MOVEB 10,11 
MOVEA5B MOVEB 10,11 
MOVEA6 MOVEB 10,11 

ELEVATI LLEVAT 10,11 
ELEVAT2 ELEVAT 10,11 
ELEVAT3 ELEVAT 10,11 
ELEVAT4 ELEVAT 10,11 

WHEELSO WHEEL2 11 
WHEELS 1 WHEEL2 11 
WHEELS2 WHEEL2 11 

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

XEQSOL: EQSOL 11 
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vEtilcLF-CoSTACLE   INTERFERENCE   MQCEL    (CCOiNo  UNOPTiMIZEDI 

üETt 
VtMl 
uETE 
fOk 
DN  A 
EOUA 
HENT 
ANC 
10   Ü 

KMiNt'S   INTEKFEPtNCc/CLBARANCE   BETWEEN   2-0iM6NSIÜNAL 
CLE   PRCKILE   ANO   CBbrACLfc   FROfILt   CF   FHAPEZOIC   SHAPE. 

FCPCE   PECUIPEC   TC   SURMOUNT.   ACCOUNIS 
PITCH   ILANE,   BOGIES   AtLOhEO 
BASIC   ANALYSIS   PRCCECüRE^   SOLUTION  OF 
EQJJLJBRIUM   FCR   SECOENTIAL   PLACE- 
QBSTAffcE   TO   YIELC   TANGENTIAL   FORCES 

«MINES TRACTiDN 
AKT!CIJLAT!ÜN IN 
LL SLSPENSiJNS, 
TiCNS CF STATIC 
S   UF   VEHICLE   CN 
PLSITICN 
ESTACLE. 

OF  VEHICLE   CL8ARANCE   CONTOUR   WITH   RESPECT 

LOUT=CETAIL IS 
ütT/WL      = b 
UETAIL   .G6, 1 
DETAIL     = tf 
uETAR      = a 
DETAIL      = 9 

OUTPUT   DETAIL   LEVEL   INC1CATCR 
ONLY   OTttOUT   FILE   klLL    BE   WRITTEN 
0780BG   FILE  MIL«.   cE  WRITTEN 
CLEABANCF   J-ISTGPY   WHITTEN 
MAJÜK   SüBSEüTICN   KESULTS 
SUBÄCUTlNt   TRACE 

PFTAJL      »      lid      ALL   VARlAbLfcS 

PKOüRA^   UBS78B   aNP0T=15J,OUTPUT*15K,TAPE5=INPUT,TAP66«OUTPUT4 
TAPtl = l5i<J,TAPE2J»15i.IAPE2l=15a,TAPE22»l50l 
COMHCN   ALPHA(5,2», 
üHLMCI3).BALMU4 3t, 

ttETA<3l,BETAP(3» .BN4Jl,faRAKERJ5,2»,BTIi,2»»BWlOTHI 3», 
COSA|3,2l,CaSbl3»,CCSGI3*2).CGFX4 2*»CGFZI2», 
CGXJ 2» tCG2X2)«CG^YI2A«C^R(3t2I.CTF<3«2lt 

EFFkA0<5),ELLIS» . 
FHX,fHZ»FN<3»2», 
HAI5,9»tHB(5,9»fK(5.«),bü(5,9lfHE4 5,a«.HFl5,9fc, 
HFL< 5,91 ,Hm,ia>,h2»5,10^t 
GAf*M«(3«2l« 
IBIS ,2l,\PiS,ll, IHIUU* 
L0UT.LUN6, 
NSOSP.NtN!TS,NNtbl ,^W^I5>, 
ÜAI9».0FLI9itUXI iiO»,CZU0li 
PM(3V.PüWERRI5,^»tPXt3»,PXPCGlJ>tP«m#PZPCG<3»f 
HBCltRbC2fRR!J,2), 
SCÄLEI6I ,SFLAGI5»,SUAl3,il,SINei3lrSIEP, 
THETBl.THETBZ, 
XI5I ,XPBC(5I ,XPWl5,i»« 
USi .ZPBCIS) ,ZPRCFI£«21,2PW(S»2t 

ÜIMENSION 
CAMinbl .CAM^I 15^,CFkin5l,CRW2ll5)t 
EQUILFISI,cFTRACI5^, 
FMUI3», 
P0WI3,2I, 
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LlSTIMO   bf'   HrüGKAM   UBS7bü 

♦ Mtl bl ♦KhTCrK tl , HJ Ckt 3 > ,H*H*l i , it , 
f ThET^i 2 1 .ThtTAiM 5» , lh?T£h<<:) tm IH<3,2li 
♦ xtLC U ii», XLuC^i iS» .XM6J ,XPCG( 2},X?RFi2ii, 
* YCLLl(15».VCLC2< 151 ,«PRF<2M»t 
• ZPCG12»,ZSJ5» 

(. 
uÜOBLE   PHEClilCN  VfchfiAT 
INTEGER   SFLAÜ,DETAIL 

KbwlND   1 
RfcwiNO   2It) 
KCWINC   21 
KEniNO   <:2 
CALL   CCNNfcC(    5LINPUT    » 
CALL CCNNfci-i 6L0UTPur I 

u INITIALISATION OF I/C UM F» 
C   ^Ruii«AM   SUKMAfkY   DATA 

LIJN1=2 2 
C   TEKkAIN   GBSTACLE   DATA 

LIJN^=2 1 
c   VEtilCLc   ÜATA 

LüN3=i i 
C   CCUTHOI     INPUT    FiLt 

L UN^ =5 
L   EXECLTIQN   PEPuRT   FILE 

LUN5=6 
L   DIACNCSTICS 

LUN6»l 
C 

PI=3.lAl5,y265 
PIM2=P1»2. 
PIC2=Pl/^. 

kAFat<.5 
C 

WRITE! LüNi>»li3l 
1J FCPMirU0H  PKiNT   OUI8UI   LEVEL    t 

REAO(LUN<*«iil   DETAIL 
II FURMATU2> 

MRI.TE(LUN5t15 ) 
KEAD(LUN'.,4«)2 0>    FMü(l>,FMü(i>,PHUi3> 
HR»TtiLUN5»l6> 
KEA0(LUN4,<»^2t)»   (JTOWi » »RTCM2 > »RTCWl 3» 

13 FORMAT(3<«H   FRICTICN CCEFFICIENTS   BY   ASSEHBLYI 
lb FORMATU3h  ROLLING   F&S15TAKCE  COEFFCIENTS   BY  ASSEHBLYI 

LOUT»DETAIL 
C  KEAO   IN  VEI-ICLE   DATA 
C :" 

HEAD (LUN3.<»ÜO0)    TITLÜ.T H L£ 2(rTITLE3 
WRirE(LUN5.400ai   Tl7kEl.TITLE2tTITLE3 

UO'Av        FljRMAT(3ASl 
<t0iO        FORMATi 11)12) 
UieZa        F0RMATIi4F7.2> 

C 0 



ti-i^bü,   VCLUf-E   il PA6c   A-<» 
LiiTlNG   LF    PPÜiKÄM   UcbTäc 

KEAO(LUN3.4<)10)    MJN4rS«.SSUSP,NVEHl tNFL 
KEACiLUNJ.'.üit;')    »«cFHl il-TCI-FZ 
KcAO(LUNJ,^bl^»    (5 FLAG«!»#I=1,NSUSP» 
KEAü(LUN3>^013t    U lf4t • J* t J» lt «• *♦ la i iNSUSPI 
KEA0(LUN3.4ulk;)     (( IEU.J>.J = 1.2»,I»1.NSUSP» 
kEAOiLUNi,4^2JI    ( EF f MOU > , I = 1 , KSUSPI 
REAU;LUNj,<*()2k/>    <ELL<iH.l*l .NSüSPI 
RtALiLüHi^azSi    (B«iGTH(i)f i^l.NSUSP» 
kcAC«LUN3f%fcii}l    ioAltUl H »1 = 1 .NSUSP» 
Kc4C<LUN3t'»J2ii5»     (oALKO( U , i = l,NSUSP» 
^tAOdUNi^a^JI   iEQLlLFI 11 tI«l,KSUSP> 
kEAD «LUN3,<.t2«J»    CGZl.Cbi!2 
CGZ1 «CGZl-REFHTl 
CGZ4-CüZ2-REFHTl 
kEAD(LIJN3.^152 3»    C££l#Zc£i,CEE2,ZcE2 
ZEEl=ZEEi-h£FHTl 
ZtE^=ZEfc2-ReFnTl 
0 EA0(LUN3,4idia».   CELTNl.CELTb2 
REA0aUN3,<n;l Jl    NPTSC1,NPTSC2 
kEA0(LuN3,^iJiil;i    JXClCü It «YCLCIlU.l-UNPTSCll 
DO   be   I-i,NPTSCl 

Bk) VCLCU Tt = vCLCl I 1 i-«E*hTä 
iHNLlSlT j-EQ.lJGt.   IC   IM 
HcACtLUN      ^J2i.)    (AdCZi H ,YCLC2( 1» , 1-1,NPT5C2I 
OU   85   !=•    ,NPTSC2 

a5 YCLC21 L» »VCLU« I»-«E*HT1 
IiJId CONTINUE 

IF<NVtHl.Nfc.3»   bCTC   115 
PEADILUN3.^<)lt)t    iSftAÜ« ll, IPI 1» 1:« I Sl l« 1 lv i'4,5 I 
kFA0aUNi,4a2J»    iELi4i>>tZS<IttEFFRACiilt I»<»f 5» 
ZSU»«ZSl«.»-KEFHTl 
ZS(5» = ZS«5»-REFhTl 

113 CONTINUE 
C 
L UäSTb   VEHICLE   PRcPRCCESSCR 
C 

IF«NUNlTi.GE.t»   GCTC   122 
HTCHFZ»W. 
ECUUFOI«^. 
CUMYU»«B. 
CGFXU.I't;. 
LGFZ(2I>II). 

CUX(2)«tf. 
CUZI 21 «fc. 

12» cGFZl"-£UülLFUI-£CU4LF(2l 
CGX1—lEUUILFU» ♦ELm»*EOUiLF(2>*6LL(2JI/CGf£l 
':GFZ2--EQUILF(3*-HTCHFZ 
CUX2»*J. 
IF«N!USP   .GE.   Jl   CGXJ—EQUILFO MELLUl/CCfZi 
CGFZ(n»CGfZl-CELT*l 
CUXIll-<CGFZl*CGXl-CfcLTtal»CEEll/CGFZill 
uGZ« ll»«CGffZl»CGZl-C8LTWl»Z£?ll/CCFlUI 
CGfxui»a. 
cG^vm-e. 97 



*-cvbo,    VoLUK?    II 
LljTIMi   u'»-   PPQGRdM   ubSToS 

PAkE   A-5 

nMT^I-l ilsiUWTl LbAtl«1»2»CÜZtl»**£» 

L 
C 
L 

fOUOwii^   CliTANCES   ANC   A^CLES   hPT   CO 

ACG=4TN2KGZi 1 I • CGX ( ii » 
THFUrt« i »=ACü*PI 

StT   ANGLE   CF   VcCTQR   FRCM   CC   TC   HITCH   EETNcEN  -PI   MNO   PI 

IF«Tt->:TJI-U» .GE.fU   ThETt(JHm«ACG-PI 
üü   122   I-I.2 
Aa = ELH !l-CGxm 
Zä=-"FFH71»EFfRAC( 1I-CGZ1H 
KuCiI»=SOkT( xe^xe»£B«Z9» 
TH^iiijt i I^ATN*.ize.xe» 
^WLi K( I ,U = nöC( I > 
TuLIM I,l»=TMETAd4I » 

TWLI fl 1,^!) =14. 
IFibFLAGdl.EQ.J»   GCTC   122 
b».LMtin=BALMUl n»Piii8«J. 
»ALMCC T.isbALHul I>*P liia*. 
*i=xe*.5»8wioTH< i)»ccs: e^L^uii»» 
Zl«Ze*.5»iWlOTHl If^SINifiALMUlI»» 
X2»XR-.S«'b<ilüTH< 1 J*C»,S1 iAL/'C! I i • 
Z2»^t!-.5*Bi<lL)TH( IMSIKteALHCII« • 
r»LIM( I, li>ATN2( Zl,Xil 
TWLI*<(1,^)«ATN2IZ2.XJI 
RxLI»'! I,1»»SQRT< ^•Xi»21*£ll 
o*UH I ,2» »SORT; »t**i*l2*l2l 

12/ CONflNUE 
IFINVEH1.NE.   Jl    GCTC   12^ 
00  12i   !»<.,5 
ePJHAOlII=EPFRAO(I> 
Xb>ELL(I>-CGXIll 
Zb»zsin-CGZ( it 
KBC( II>SOKT( A8*xe»ZE^8) 
THETIj:n<'ATN2tZe.XEA 

123 CUNTINUE 
U4 1FINCNITS.EQ.1I   GCTC  US 

c 
C ALL   TRAILER  OIST.   ANC  ANGIE&  hRT  hlTCI- 

CCFZUI-CUF2 2-DEITU2 
CÜA1 21 >tCGF{2«CGX2-CKTto2*CEE2)/CCFZUI 
CCZUl'lCGFZ2*CG22-CILTta2*2EE2l/C6FZ<2l 
CGFX(2I*J. 
CGMY(2l>id» 
KHTCH2»»S0hT(CGX(2lO2»CCZ(2lM2l 
TH£T3H(2i-ATN2iCGi'i2«#CGX| 2>l 
XHB-ELLOi 
ZHB--REFHTl»EFFR4C* 3> 
KBCIi»»SCRTI ÄHB«>hß*4H8»IHei 
THETAÜi jl>ATN2i2l-BtXkB» 

96 
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^-^Jbb,   VCLUfE   II PAGE   A-6 
LISTING   GF    PfJGkAM   ÜBS/Ue 

HwLI "43 ,H =RBCt3» 
TWUH i, i» = THETAam 

IFiS^LA&täl.EQ.J»   GCIL   125 
bMLML.'3» =ÖALMU« i»-*? I>ia0. 
bALMC(3l=ÖALMD(i»»P l/lÖK. 
XlaXbB>.5»öH!OTH4 j»*CCS<B4LMOl3»-k 
2i»Z>-B*.5»!JWlDrHni»SIN<8AL>»U( 3 II 
INMLIM J, it SSOKT (xi*xi*u*zn 
rtitlf lit li-ATN^l ZUxit 
X2=XhB-.5*dWlCTh(ji »CCStBALMOli» » 
Z2»ZHa-.5*ÖWlOTH(3*«STMdALfC<3»» 
f^wLl f(3,2> = Sü«T( >2*>i«-Z2»Z2) 
ThLm 3,2I=ATN21Z2,X2I 

125 CONTINUE 
Of]   13J   1=1 .NSUbP 
EFTRAüi I l = EFFKAOiI) 
IF(NVEHl.E0.J.AN£.I.fci£.3»   EFT RACII *». 5*( EUil»- ELL (2 »I 
iF-(N\«tHi.EU.U.ANC.Nffe.EC.«.ANC.I.NE.3) 

♦     EFTKAOll » = ELL( l»-ELHi» 
OÜ   1iO   J=1.2 
POhEfRd .J» = l .a 
B^AKFPI I , ji = l.rf 
RK(i ,Ji = 6FFKAC<I» 
CRM I, JJ=kTOi.J I I 
"OUtI.J» »fMU( I» 

13id CONTIi>itE 

IFINVcMl.cO.^»   ÜFRFCkJ»EFTR<Cil>-EFfRAC41J 
DC   i 35   I=l,NPTSCl 
rCLClt L>-YGLCl(II-d^FCL 
iFues{YCLCiini»ABS4KCLCiiin.Ec.e.i GOTO las 
tMhi (n-ATN2(YCLCl(I»,XCLCllI>l 
iF(Aes(LMMi( in   .LE. .Jii c^wnii-e. 
GOTU  135 

133 CAttKII'tf. 
1 3t> CMWHIMSORTCXCLCH 1**«2*YUCII II»*2I 

IF<NtN4li,LE.l»   CCTC   HS 
OC   Uld   I-1,NPTSC2 
'^«AESI YCLC2( l>l*A8S4XCLC2U>l.6Q.ia,l   GOTO  13t 
CAh*: m>ATN2(YCLC2ll»»XCLC2(ll> 
IFiAeS*CA>»2i III    .LE.   «tfl»   CiU21I»«f« 
UCTU   l<.d 

i3tf CAM2ni>»-. 
UJ CIU2UI«SU*T(*CLC2I I k**2 »YCLC2i 1 >*»2 I 

C 
w   tNü  CF   VEHICLE   HHEPROC EiSCi» 
C 
C  FCHO   INPUT 
C 

U5 IFdCJT.b'O.JI   oQTO   IIS 
*.KlIEiLU.\6,5Jj0l   TinEl,TnLE2.TIILE3,NVIHitNFL 

5^(«W       FORM4T(lHl,37h  ThE   füLLCWlNG   IS   *  LIST  OF   TH«   INPUT, 
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n-<Ji,:>a.   VLLUfE   II PAfiE  A-7 
LISTING   UP   PfüGHfi»   CbS7oB 

•■      IIH   VAhl/JELES   /l6h   Th£   VthlCLE    IS   ,iA5/ilH   FIRST   UNIT, 
»     iüh    iHMLKEC/WHeELEC   i^Cl(.AT0^:    .Ukll-,, 
♦ 27H    FLEAIBLE   TRACK    IhOlCATCP    :, 12/I 

WHITE (LUN6 ,15i»    CGX 1«CGZ 1*C GFZ i ,CÜ«2«CGZ <! .CGFZk . 
♦ iL&XiU ,CGZl ?» ,CGFXlll,CGF2iI»,PHTCH( II,ThET«;H< I», 1 = 1 ,NUNI f S » 

Ibl FbhMAT (6H   ÜVPPF,6Fli,i/toX,<,fl2.J/6*r6fl2 .3» 
wPITtiLUKö.iaCi»    NUMTS.REFHIl ,hTCHFZ 

b.'^i        rCRMATIHH  THIS    IS   A   •It.^Sh  UNIT   VEMCL E   WITH T <iE   HITCH  , 
^     f-bmt.HH   INCHES   ABCVl   THE   GRUUNC/IX, Uhh ITCH  LOAD   IS  »Fi0.3» 

HRlTEUUNb, b^k* I   NSO^P 
5Jd*»        FÜHMAr(17h   THE   VEHCLE   »-AS    ,12* «IH   SUSPENSION  SUPPORTS   ,121 

WMTF( LUN6rl>K)a5l 
SJ.J5        FCRMAT(47H   FÜLLQWINC    IS   A   LIST   CF   SUSPENSION   SUPPORT   DATA,/I 

L»U   160   l = l,NSUSP 
^f-ITE(LUN6,5J06»    SFLAGf II , EFFR AC (H , EFTR ADC I» ,ELU D , 

♦ eCulLFH >.bALHU( I» .eALNCU).8MlCTK<l)(FNUU»« 
♦ KTOWdl.RbC: I) ,ThET^i I» 

Wk!TE(LUN6,5k)lSt   ( I f »I ,J » . I Ei I , JJ , PWL IM< I.Jl »TWL IMl I,J I , 
♦ kK( i »Jl ,CkR( I, Ji ,PC^I, JJ#J»i,2 i 

bJ15        P0RMAT(3X,2I2,2X.5Fii.J/3Xt2I2*2X,5FlJ.3l 
bcdo        FORMAT!!3.i2F10.j) 
lod CONTINUE 

IFiNVEHl.Nt.   3»    GGTC   163 
wRIT£{LUN6,5Ji9l    (S«LAüU> , IP < 1. 1»« 1B< I. i>vEL!.(n , 

*■      ZSII ),EFFRA0U),f<c>C4'it,THEI*(<t I>.I->>.5* 
5ii<J9        FCRM<T(3ih   TBACKEC   VihICLE   BEING   SiMUL^T ECV2I 3 IJ.SFld.i/» » 
loj CONTINUE 

WKlTElLUNoOkä.»?»   CCn,CEEl,ZEEl.CELTMl 
!>«»«7        FORMAT! 37HaFÜk   UMT   i:   VERT   CIST   hITCH   TO   CG   »   ,F7,3/ 

♦ 13X,29miCRiZ   OtSI   HIICH  TO   PAYLCAO«   ,F7.3/ 
»      13X,29H   VERT   DISI   KlICH   TO   PAYLCAO»   ,f7.3y 
♦ 13X, IkäH   PAYLOAO»   ,F743> 

MRITE(LUNä,5>)lri»   RAF 
SkJie       FakMAT(3SH   THE  HtBUitC   ATTEKUATICJ«  FACTOR   IS   «FS.2,/1 

HkITE<LUN6.53U»   NP13C1 
S«U        FORMAT! I0H THERE  ARE.I3 ,^2h  POINTS  ON  THE VEHICLE 

♦ 18H   CLEARANCE   CONTOUR«/I 
OC   16S   1»! .NPTSC1 
MKITE(LUN6, 5^121   1» XCLCK 1), I* YCLCU1*«CAW.1( I i ,CRW1 ID 

SJU       FURMITHH  XCLCii ,I2.1H»  «tF8.2,2Xt6HtaCll.I2,JHI   «.FS.Z, 
»     <Fltf.3l 

16» CONTINUE 
IFINLNITS.EO.I»   CCTC  ITS 
WRITE!LUN6»Srfl31   CGZ2,0£E2,IEE2»CELTb^ 

5413       FCRMATüSHifOk  UkiT  41   CGZ>  ,f1»3/ 
♦ liXt29HH0RIZ   0IS1   HllCh TC   FAYLCAC«   »F7.3/ 
»     13X,29H  VERT   QIST  hIICH  TC  PAYLOAO»   »F7.3/ 
♦ 13«,10H   PAYLOAO«   »F7ii/IX,<F10.31 

MRlT£(LUN^t5L'l«»    kFTSC2 
**!•»        FCRMATUZH   THERE   ARUI3f23F   PCUTS   ON  THE  2N0 UNIT 

♦ 18H   CLEARANCE   CONTOLN«/) 
Ü0   i 7t)   I-UNPTSC^ 
WklTEILUNfr,5^161   I , XCLC2U •♦ I, YCLC2£ I litCAw2H I ,CRW2< II -\ 

!^16       FCRMAT17H  XCLC2( fI2vJ»»  >VFC.2,2X«6HYCLC2(9I2(3HI   ■« .J 
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k-^dbb,   VULUHE   II PAGE  A-8 
LISTING   Üf   PRQGK^M   OebTbti 

17a CONTINUb 
L 
C   THIS   PKOGfUM   OüEi   NOT   hAvE  CLASS   INTERVAL  bflSTACLES 
C 
L   KtAO   U   TEHKAIN   CATA 
C 

I 75 CÜNTINUE 
NOBST=^ 
KEAO(LUN2.<•*)!*)   LSiC 
K£AÜ(LUN2,<.B2kJI    GKAti 
SLUPE'AT£N(GRAOE/10£,i 
CSLOPE*CÜS(SLCPE» 
SSLOP6=SIN(SLC^E» 
IFILCUT.GC.    1)   WHITEH.UN6,50181   LSIG.GRACE.SLOPE , 

♦     CSLUFE.SSLQPE 
Swlä        fCPM<T(6H«)TERRl . 12,^F1*.3> 

if<LiIG.EO.llGU   TCi   2«! 
IF(LSIG.EC.2)GO   TO   U5 
!F(LSIG.E0.3)GC   TC   lit 
HBITF.(LUNi,50171 

5017        FÜRMAT119H   TERRAIN   MCE   EHPCB» 
CALL   EXIT 

lot} kcACILUN^.^d^t»    NAhC.NCHGT.NMCTh 
WW        FORhATO (8Xr 12n 

C 
L   ubSTALLE   LCOP 
C 

ld5 KEA0(LUN2,^05«J>    GEh .CBAA.QbK 
^5»J        F0KMAT(ifl0.2 I 

IF<0fH.GE.^9999.'i9l   CALL   EXIT 
RuC'CdAA»»* 1/180. 
IF(AeS(SL0PE»*ABS(i8«i.-CBAAt*Pl/lbKi..LT.PI02l   GOTO  195 
HRirF(LUMti91l    CeH,C&AA,CEM,GRm 

191 F0RM«T(5idH  OBSTACLE   INCLE-CRADE   CQHBINATIUN   EXCEEDS  VERTICAL, 
»    /<»Fie.3) 

GOTO   185 
i*& TF(18».-0BAA   .LT-   0.*  OBHa-ABSiCBH» 

IFHCUT.UE.    II   WR|TEI.LUN6f4i30l   CBH*CBAArOBW 
<.4i»        FuSMATi liHlNE^  0 8SI ACl E »4P 1 g .21 

GO   TC   210 
C 
C   READ   OR  CALCULATE   CbSTJCLE   PROFILE   BREAKPOINTS 
C 

21*4 REAO(LUN2f4itfltf»   M'TSCS 
NTOTAL"» 
TF(NPTSPK.E0.99)   CALk  EXIT 
READ ILUN2.4k.20l    UFRf ( I) .VPRM I »tI-UNPTSPRI 
WRITE! LUM,4035»   LS 16 

^'JJa       FORMAT (42H WRONG  CATi   NCOE  FUR  CBSTACLE   CESCRIPTION  »181 
CALL   EXIT 

C 
C   CALCULATE   OBSTACLE   AND  HUE  fftOFlLE 
L 
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K-2iö5öf    VCLU^E   II PAie   A-9 
LISTING   np   PFuGfr^M   ucS7öt 

ilü LALL 
♦       HA 
t       ÜX 

LL   CbüEuM   I BvaCTl-,lfTfiAO,ELL, ^,he.HC,hO»ME.hF,HFL r 

.HZ.L0UT,LUN6 .NSUSB.NUMTS , NV EU • 0A,C84«, OBH, 08«,0 FL , 
,ul, bFLAGt^LCPE.bTiPt 

L   bTARTlNG   PCINTS   FOR   EC.   SCIVEfi 
L 

KNU i*KTLM( 1 I 

HIsNSUSP»! 
OC   ii5    1=2,Nl 
IMl= l-l 

^i!> XNH ) = EOuILFi IHIU( CILTWi^CELTM^t/FLQAKNSUSPt 
XN<5 >-<). 
XN(6l«MTCHFZ 

c 
L   1M1IALUE   STORAGE 
L 

^4w!<, is« 
NW(5 l-ki 
OC   clo   1=1,5 

216 Nri<!4 II ««, 
CLRH IN= l<3k)J. 

PGC=«J. 
C 
C   CALCULATE    INITIAL   POSITlOf* 
C 
L   FIRST   SOSPENSICN 
C 

C«-HEri,U/HFLU,lf 
S«HO<l, H/HFLlUn 
XPM( l,li*HXC l,di-.l»i 
2Ph(UU«H£(li2)-.l.*S 
NM(1 »«0 
IFiSFLACdJ-.EÜ.D   UCIC   22» 

C 
C   FIRST   SUSPENSION   BCO.E  CEMeR 
C 
218 XPBCUl'XPMU.ll 

ZPBCtll'/Prfl Uli 
GOTO  23«; 

C 
C   FIKST   SUSPENSION   BOGIE 
C 

22 U XPMl 1.4»*XPtf<l»ll-tt1llOTH|ll*C 
ZPfcZ 1*21 *£PW( Ul i-BHlOTHU l*S 
XTEMP>XPMU»1>-XFWU«2>> 
ZTEMP«ZPW< 1,1 l-lfm 1*21 
BETA41l«ATN2(ZTE^PtXlEMPI 
KPecni«.5MxPMn»iMXPwn «211 
ZPBCUi«.5«(ZPW(lvlltZPIt41»2ll 

C i) 
C   LOCATE  FIRST  UNIT   CG FDCM  FIRST   SUSPENSION 
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r^«!58.   VOLUME   II PAGE   A-10 
LlbTING   Of   P»OGK/»M   üdSTöE 

tit. THtTMl>=ATN2iHGil,l»«-HEl 1,1»» 
IFiT»-5TAill.L£..idn    IhETAU>-0. 
XPCG(U=XPBC(1 l-PBCill^COSdHET^iJl^ThETAtl»» 
ZPCG<ll = ZPeC(l>--PüC41i*SIN<THETA0n)»ThETAn»» 
APbC;2l = XPCGt l)»RBC(2i»CCS(THET/«;i2l»ThETAI 1 »I 
ZP8C(<i»=/PCG< lUfieCI^I*SINtT^crAei^k*ThETAIlM 

C 
C   CHtCK    IF   TRAGKtD 
c 

IF1NVCH1.N6.   0^   GCTC   2?5 
C 
c   CHECK   f«ONT   SPRüCKCT/ICLEF   IMEKFERENCE 
C 

XPS-yPCGd > MBCU»*CGS<THETAii;i<>»»rhETAf U» 
ZPS»/PCü:i»»ftBC(^»*SlN< THET4k;U»*ThETAmi 
CALL   WHEELS   i ErHA,HC«i-Et»-Ffl-X(IH(<»f l)v4»L0UrtLUN6t 

♦      XPSi ^PS, ZPhOFU, i^> 
IFiE.GE.-. 1»   OOTG  215 

C 
C   INTERFEREwCE   -   BACKUFF   FIRST   i.h£EL   -   *S50ME  MOUNO 
C 

51-S/C 
S^'iCZUI-OZl^t W4CX«4»-OXUII 
PISQ*(Sl**2M.I*(ZPSiHZUr2)*S;*{H«(4»2l-XPS)l**2/ISl-S2l**2 
KI«SCRTfRISOI 
<phi i,i>=xPw:i,i)-Huc 
ZPti( l.l)s2PW(l.l>-Rl«S 
IFCLCUT.GE.i^t   WftITEJLU^6,236»   XPStZPSk E • IHU»1 I »Si.S 2ff 

►     RlSO.KL.XP<«(i «ii,ZP«41«i» 
^lb F0RM«T(9H   H6ACK0FF, 3ii0.3« I3t6Flki. 3 I 

IF(SFLAG(ll.EO.i» 6CJ0 220 
GOTU 21a 

C 
C   SbCONb   SUSFENSICN 
\* 
tiS NM2I'J 

IF<SFLAU42).EQ.l»  GC10   240 
C 
L   SECUNO   SUSPENSION  SINGLE   ««EEL 
C 

XPW(2*14*XPBU2I 
ZPtal<,l»-ZPBC42» 
GOTO  250 

C 
C   SECOND  SUSFENSION   BOGIE 
C 

2k4 XPH(2,n«XPbCl2l *.b*tfMlDTH(2)*C0S(THETA(lll 
ZPW( 2.1»=ZPBCC2I ».5 vBMlCTHUMSIMTHETAt 111 
XPW(2.2tsXPBC<2l-.5*eiilLTH(2l*CCSITHETAUII 
ZPto(2.2)«ZPBC(2l-.5*IWlCTH12l*SLN4THETAIl)-l 
XTEMP««XPwt2tH-!lF*(i*2l 
ZTPMF«ZPWi2.1l-ZFw42#2^ 
bETAI2t>ATN2UTE^P»«Ul<Pl 
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n-^50,    vCLUKc   II 
LlbTING   üf-   P^UGfiAM   Ut;S7üe 

PASi  A-11 

LUCHTE   HIKH 

tSv <PH-»PCGn» »-HhTC 
ZFH=ZPCün URHTC 
I FINLNITS.EO.l» 

Kl KCOS^ThETfJHtil^FHtTAl 1*1 
hi I IOS;MTHET0h(ll>ThETAnJ) 
CUTC   2*t 

t 
C 
L 

SELliNH  UNIT   -   LUCATE  NKEL^fiCGIE   CENTER 

THETA^JsTHETAU 
i<SQ = RöC: 3> ••2 
CALL ^HEEL2 (£FF 
3t L0LT,LUN6.ijX»0 
XPQC Ot.^PH.ZPBC 
Ntai 3»»ü 
IFISFLAG(i».EO.l 

h40,aA,l-C»(-E.i-f tHX,hZtI,IHi3tn* 
Z.AlGhA(3tl ),(JeCm,K;>Q,XPH, 
(31 I 

)   GCIO   2tli 

THlhü   SUSP?NSJON   SINGLE  «»•iEL 

APrti 3,H=XP8C(3I 
ZPhlj.l»=ZP9Ci3» 
GüTü   £713 

THIKü   SUSPfNSILN   BQGiE 

ioB xPh< 3, ll=XPBC(3l 
2PNl3tl»»ZPBC«3» 
XPW« 3.2I=XPBC13» 
ZPtal3,2»»ZPBC13» 
XTEMP'XPhI j,l»-X 
ZTEMF»ZPWI3,1I-Z 
b£TAIiMATN2{ZTE 

<:7ld XPCG(2»=XPH»RHTC 
ZPCG(«il»ZPH»«lHTC 

«iSii OC   29^   1 »I *NSUSP 
ALPHAli, 1I«THETA 
IFI SFLAG4H.EO.0 
ALPH«( I,2l»THtTA 

296 CONTINUE 
I LOG«« 
IFILC'JT.GE.8)   MR 

►      ZPCGUl.THETAi II 
291 ccRM/TI7h  NINIT1 

fFlLCUT.GE.8l   MR 
♦       (APWUf JltiPMlIf 

296 FORMAT(7K   MIN1T2 

*.5*OMlOTH<3i*CGS(THETA(2i» 
#.5 ♦ISI.ICTH4 31 »S IM T MET Al ill 
-.5»8mCTHUI»C£S4THETA:2U 
-.5»BKI0TH4 3I*SIN(THETAI2U 
FH!3.21 
FMn*2> 
l»P»lilEMP» 
>■(2 «COS«T )-ET0H( 21 ♦rhETA12II 
hl2J«SlN<THET«H4 2l*THETAl2ll 

Ul 
I   GCIO 
(II 

290 

C 
c 
c 
c 
c 

lTEUUN6»29n   XPH«^PH»( XPCEI ü » 
,I>l#fUMTS» 

ITEUUNt>2 96l   < XP6C< I t«ZPBCUl f Ntf( U, 
wl»4kPH«< l,Jl,J'l,ik, I«1,NSUSP> 
,2f l«.3v13t6Fli.J/2l,7X«2l:lf.JtI3»6F10.3/ll 

VEHICLE   HOVEMENT  LOOP 

CALCULATE   CLEARANCE 

iVta ILOC'ILOC»! 
CALL  CLEAR   1 CAbl 

«-     LüN6,CLkNC»NPTSC 
,CA4U«CRWl .r.RU2 , ICX.LOUT, 
l,KyiSC2,NLKJTS,CX.,Oi,TH6T»,XPH.ZPM» 
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K-2iJ>b.   VuLUfE   il PAGE   A-12 
LIFTING    ÜF    P^ÜGKAH   U?S7dc 

iF(CLKM,.GE.(.LKMlN»   GCT C    31t 
IDXV.LR«1LX 

1.0CM1C=IL0C 

CLf«MlN=CLKNc 
JlQ IF(( LOUT.EO.<.).CP.( LOJT.GE.ail   kK IT EiLUN6, il 1)    iLOCtCLRNC, 

»      CLKHIN.ICX.ICXCLR 
311 i-OKM^TUH   MAINC, I5.2FiJ.3,<Ii0) 

L   CALCULATE   FühCES   UNCER   Wl-£iLS 

CGXi 1I=XPCGI 1»-XFH 
CGZJ 1»=ZPCG(1»-Zfh 
lF(NLNirS.EQ.lI   GCTC   i2t 
CGX4 4l*XPCG(2l-XFh 
CGZl 2I»ZPCG(2I-ZFH 

320 IFJLCUT.uE.lttl   WRIT t<LUf6v3<:ei   CG*< 1 »•,CGZ( 11, 
»     CGX(6»,CGZ(2I 

326 PCKM/T (bH  HAlNl.<«Fie,J) 
IF4SFLAG(lt .EO.i »   B EIAP4 H-BETAi 1> »THETA1 1) 
1F(SFLAG(2>.EQ.1 »   fi ElAP (2» «BETA« 2l*T»-2TAn » 
IFiNSUSP.GE.a.ANC.SftAGiif.EU.lI   eETAPI 3»»BETA! 31 tTHETA12t 
DO   J*«^   1=1.5 
X4I)»XPBC(II-XPH 
ZiI>»ZP8Cll»-ZPH 
IFiLCUT.GE.ie»   MKiTE«LUi«6*J36l   XIII.ZIII 

33t> FORM«T(bH   MA I N2 , <*F1 e^i ) 
14Ö CCMINUE 

CALL   FORCES   ( XNf l>AXC«NT CT AL tSSC(XPH, ZPH1 

C   CrtPKP.c   OUTPUT 
C 

FSUMs0. 
OC   35»   I«1,NSUSP 
00   3 55   J«i»2 
FSUHsFSUMt-FNC ItJ)*OTCIl»Jl 
1F(LCUT.GE.SI   t«RlTE(IUN6*3Sll   ILCUFSUM, 

»     FN<I,J).CTF(I,J1 
355 CONTINtE 
350 CUMlNUt 
3!>1 FURM4TUH  MAIN3, n^JFia.il- 

IFtFSUH.LE.FuOHAXl    GCTC   360 
LOCATF-UOC 
FuOM*X«FSUM 

iitid IF« FSUH.LT.Q.)   FSUMMP»FSUM 
FOO«FOÜ*FSU« 
!F|SSO.GT.IÜ0.I.   GCTC  981 

C 
C   ADVANCt   VEHICLE 
C 

CALL   MGVEÖ  ( CSLCFE» MGL ,NVEH1VRBC« 
* REffHTl,kHTCHfRWLIH,S3LQPE.SSQN,TH£TA«THETA0»THET0HtTtaLIM, 
♦ XPC&,XPHfZPCG,ZPH 

IF( SSOM.GT.100.)   GOTO 9 83 
IF(LCUT.GE.8I   WRITE (itN6.366i   Xf l-v/PH,4XPC6l H »IPCGt II « 
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rv-^ai,   VLLU^E   II PAGE A-13 
LIFTING   Of   PPOGKÄM   ues7at 

/ / 

♦ TK.T/l( n ,i.= 1 ,NUMTS J 
3öb cöRMflTiöh   MA1N<. .Bfl^.B) 

iFILCUT.LT.t» I   OCIC   39ki 
UL   5 oJ    1=1,^SUSP 
WhITt(LUNOf 371 t    1, S FLAG( il,,NM4 1 »,XPdCU» »ZPBC111 f 6ET Ai 11 . 

♦ 4 XPW< I ,Jt ,ZP*< l,J) »ALPhM I.J >. IMX« JJf J3l«2) 
371 FORM/JTUH   MA! N5 , 3 !3 , Ifl ?. 3 ,2 ( 3F1 0. 3, 13 »> 
3«.)          CGMINUh 
j*d !F< XP^( I, D.LE.H.UUlijn   GLTO   30e 

C   cNC   uF   VEhiCLc   MUVd^EM   LCW 
C 

FCC^FOG/FLCAf(ILCCI 
iFiLCJT.GT.OJ    WRiTE<UUN6,ail I   LCCAIC,CLRHIN, 

♦ TCXCLR.LCCATF.FCOAX.fCC 
Uli FÜKM/>T(oH   NAFN?, I5,FiK.3«nii/6X.(5(2FiU.3) 

L 
C   WHITE   AML« 7H   ARE4L   MOCULE   INPUT   FILE 

AMLSIo-ECl»   GOTO   SI9 
IF4Li!G.EÜ.2»Ga  TC   S^I 
IFiKi.EU.l»    ÖUT.0   '»9 5 
wRITtl LUM ,9J76»   NChfiT , KflNG, NWCT H 

^d?c        «-CKMAT ^5HN^-nuT♦/,5Xf4i./^.••r^ANG,/f 5X,Iit/#5HN«0Th,/,5X,i2J 

*KIT£(LuNI,9071» 
iZll        FuKMiTi/IX,oHCLRMN,*X,6HFLÜHAX,'!.X,3HFGO,7Kl6HHOVALSf 

*■      <»X.b>-AVALS,5X,5HNVAUi 
^RII£{ LUN1 ty«)?2» 

9^72        CJ^MK« I X,6HlNCHei,«»Xf6HPCUNÜS,^X,6HPOUN0S,*X,CHINCHES, 
<■      4X,7f-RA0IANS, 3X, tHUibES» 

9^5 CONTINUE 
IF(LSIu.EU.it GO   TÜ   984 
jeH»«dS(CBH» 

9ttl wRITE(LUNl,9vJ7i>   CLfMNtrcCMAX, FQCOEH.RACfOB« 
V(d7 j        FURH«T( iXtf6.<:rlX,F94l, IX ,F9,1 ,4XtF6i2 .<>X ,F6,2#3X,FT.2» 

IFiSSO.üT.ifciä.»   hRITE4LUM,^t»2 I 
tut FORM ATI lH»,60X,39h   EflSOL   CANNOT   SOLVE   FORCE £ MMENT  FQS.l 

GO   TO   9«i 
9d9 IFCKI.EO.UGO   TO   984 

K1<1 
HhITE<LUM,90771 

V y 77        FORM «Tl/1X,6 hCLR>IN ,«X,6HFCCMAX,4 X,3HfüO * 
WMJTE(LUNl,9k)78i 

f*):t        FORHATI 1 X.6HlNCHES,<>l«6HPCUN0S,4Xt6HfaUNCSI 
984 MhITE<LUNl,Vk>7«i   CL FKiN.FOC^AX, FCC 
^079        FURHATI lX.Fo.2» U,F9^1VU,F9.1I 
9b3 wOBST-NUbST*! 

WRlTEiLüN5,965)    KCBST 
V95 FüRMAT(IX,19H   ENC  CF   OBSTACLE   *   tli> ' 

IFUSlC.EQ.i)   GCTC   Hi 
!F(LSIG.E0.2>   CALL   EXIT 
lFaSlG.EQ-3»GC  TC   US ("\     i 

C s 
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LISTlNb 
VCL'Jf'P   II 
of    PPCGfUM 

PA&t   A-l<. 
0tJS7öE 

t 
r 

C 
C 

END   C^   CbSlACLE   LOOP 

tNO 

C 
C 
L 

C 
L 
C 

SLÖKCUTINE   OEGEÜ»»   ( eM4ClHf Ef FRAC.ELL t HArhBfHCf »-DtHE ,HF »rtFL, 
♦ HX.HZ.LOUT .LUN6,NSÜSF«NUM IS, NVEhl, 04,06 AAtObH,QdU ,OFL , 
»      UX.OZ.SFLAG,SLOPE,STEP» 

iHTECCR   SFLAÜ 
JIKEKSIQN   BW!CTHU» ♦EFFBA0(5),eLL<5>fH*45,-»»,H8<5,9» , 

»      HC(5,9»,H0(5,'i»,hE(5-9»,HF(5,St>,HFL{5r9».HKi5,li*»,HiI5,l«>l, 
»     ÜA(9i.0FL(9l ,0X< lÜ^eZt lK)^tSFLAGi3> 

ObSTACLE   AND  HUB   BREAK   POINTS   BEFORE  MAIN  SLOPE 

OANGM ld0.oOBAAI«j. Ui59265/1 80. 
CANu2«COStQANG/2.> 
SANÜ2»S1M0ANG/2.I 
TAN0^SANG<:/CANG2 
CANü»CQS(OANG> 
S AN*»'i IN (GANG I 
TMNGI^ANG/CANG 

v»Ä«Ge^*2.*0Bh/TANC 
KUNL>ELL1U-6LL1NSUS0I 
IF! SFLAGill.EO.l I   «UAL»PUNL* bW I CTh41 J/2. 
IF(SFLAG(NSUSP».EQ.ll   RUNL = f!UNL »By IOTh4NSüSPI/2 . 
lFiLCUT.GE.Ut   MP1TE1»LUN6.121I    CANCOBH.OBM, 

* SANü.CANÜ*T.ANGtMA,SLCfE,PUNL 
\^h          F0RM«T<5H  0BGl,9Fia.Jtl 

IFJDANG.LT.g.»   GCTO   1342 

MCUNC 
SET   CBSIACLE   POINTS 

OXll la-RUNL-EFFRAC{iAi»TANG2-i. 
IFINVEHI .EO.kt»   0*tiUOX<ai »ELL ( I »-ELL(4I 
OZllMtf. 
OX(2I'0. 
0Z12l*tf. 
0X13 )*0. 
0213 1«^. 
0XU»-ÜBH/TANG 
02<<. I'UbH 
0X{5l>0XUt 
02(5 »aQBH 
OXf6l>WA-0X(4l 
U2(6»=0BH 
OXl7isUX(6) 
UZ(7>>0BH 
OXCB l»MA 
OZlit)*^. 
UX(9I«WA 
OZ49)-tf. 
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r-2i)bd,    VJLUfE    II PAGfi   A-i5 

L 
L 

UJb 

1230 

iFÜniHi.EQ. ,3 I    CXI Uiscxl 11» ♦ EL L4 NSUSPI-6LH 5) 
JZ (1 ^)=rf . 

id   HUa   PHUFILt   PCIMS 

IFdK .GT.NSUSP.ANC.NViKl.NE.iS*   GOTO   I2i«0 
IFIK.EQ. J.dNC.NUMTS.EC.l»   GCTC   Utf0 
kKaEFFfUCilO 
HxtK ,i>=cxn) 
HZ;K ,II = HK 
MXIK .51 -CX(5> 
HZiK.SIsCBKURK 
HX(N,6»=0X(6) 
HZ( K,6) =CBH*f«K 
HX(K .liö»=CX( 13» 
HZ(K »iJlaRK 

HZU ,<»i=CZ(<.» «-RK^CANC 
IF(HZ(K,^I.LT .RK»  GCIC   lltfU 
HX(K,^!=0XJ^J-KK»SANfi 
HX^K,3*aCX(3>-RK•TA^6^ 
HZtN.3»=shK 
nX<K,2 ) = HX( K,3 » 
HZ (K,2)=PK 
HX^K,7I = CX(7)♦■PK•SA^G 
HZ(K ,7»aCZ(7l ♦•RK^CAN« 
HX(K ,ai*0X(a)frKK»TA^Q2 
H2(K ,8»=RK 
HXlK tV)=HXIK,8I 
HZ:K ,9»=nK 
GOTO   1200 
HX<K.<»»«CXU»-SQRT( < ^RK^CeH-CeH^OEHI 

HX(K,3 lsHX( Kt4» 
H2.<K(il«HZ(Kv<il 
HXIK,21>HX(K(3I 
HZ(K,2t>HZ(K*3l 
HXIK ,7lsux<6) «SCüKi^RK^OtH-üeH^OBHI 
HZ(K,7laRK 
HX<Kt8l*HX(Kf 7K 
H2(K,8l«t<K 
HX(K(9)«HX(Kftt> 
H21K«9I*RK 
CONTINUE 
GOTO   1800 

POINTS 

c 
c DITCh 
c SET   CBST4CLE 
c 

13J0 OXUI—RUNL-l 
uzm»«. 
ÜX(2l«0. 0 
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«-tübo,    VJLUfE   H PAGE  A-16 
LiSTiNU   Or    P Poü^ AM   ÜbS7(4B 

UZ(2» = k>. 
U^( j »=d. 
UZ (J »'li. 
ÜX|<» l«UdH/,TANG 
ÜZUUOBH 
JXii » = uxu» 
ÜZ (5 »=Odh 
JX16 »»v.A-UbH/TANG 
Ü/(6 » = Qbh 
nxl7»=OX(o» 
UZ(7»=üöh 
ÜX(8 t=»iA 
azi8>=». 
UX(9»»WA 
C)Z (9» = k). 
UX( UlskAt'KUNL«-! . 

c 
c 

UZ(1<>=.J. 

SET   HUB   PKQFILE 
c 

UÜ    1 läiä    K-l .5 1 
IF(K.GT.NSUSP.ANC.NVEhl.NE.Ül   GCTC   1700 
IH(K.3Q.3. ANO.NUMTS.EC.II   GOTO   170J 
KK>EFFhACIKl 
HXlK.l »»0X411 
HZ:K,I)SBK 

HX|K«2> '0. 
HZ(K,2»=KK 
HX(K,9»«WA 
HZ{K«9I«KK 
HXi*,l0»»OX(U> 
HZCK.UI «RK 
HÄ(K,il-«CX(3l-«K»S»Wi 
HXlK.dlsOXiSI *-RK*SA^Q 
lF4HX|K,i».LT.HXU,ill   GCTC   Ua0 

c 
C     GASE   1   -   ViHEEL  TOUCHES  CESTACLE   POINTS  3   AND   8 
C 

HX(Ka3)«.5*(0Xl3l*CX4gl I 
HX<K t<»»»HX(K»3> 
rtX4K,5>«HX( Kf 31 
HX(K,6)'HX(K*3) 
HXiKf7lsHX|K,i» 
HX(K«a)*HXUril 
HZ(K#3l*SCRT4HK*f>K-4HX(Kt3)-HX|K«2)l**2l 
H£(K(<k>«HZ(Kt 3> 
H£CK,5i«Hl(K(3) 
HZ(K.6t«HZf Kt3l 
HZ(K,7I«HZ(K,3» 
H2IK»ai«HZ(K«3> 
GOTO   1700 

l<*0ki        HZIK,3*»0Z(3> »RKtCAfG 
iF(H2(Kv3l.iGT.CBt-»RK4  GCTQ  1500 i 
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n-tii>0,   VCLUfE    li PAÜc   A-17 
LIFTING   uC    PMJGK^M   uab73d 

L   CH^P   t   -   'rtZL   TJUCH6S   PCIM   3    ANC   BOTTOM 

HXU,3i=hX(K,2» ♦SOftT4-2.»RK»CbH-CeH*UBin 
HZ( K,3 » =HK»0eh 
HXiK.-tl-HXtK, J» 
H^lKtO = HZ(K, a^ 
HX<K ,5>=HX<K ( JJ 
H24K,5»=HZ<K, 31 
nxCKtaisHXCK,1* »-SCRT3-2.>RK*CöH-CBI-»C8hl 
M2(K ,al -HHK, 3» 
HXiK ,7 t = HX: K , t) I 
Hm,7)=HZ(<fb) 
HXU.ö l = HXi K, d I 
H£ (K,ö.v " '-^|K,8» 
r.nio i7^n 

Ist/i; HZ(K .8)=hZ (K, i ^ 
MXtK.t t=CXi '♦»-KK»TA^0^ 
HX<K,7)=OX(7> ♦KK•TA^fi2 
IFiHXl K, 4*.LT .HX<Nf 7»»   GCTC   lbi»£ 

C 
C  C 4Ufe    3   -   wt-EfcL   TuUv-HtS   öGTH   SLÜPEi    dfcFC«<£   BQITOM 
C 

HXIK tb >=HX{K,,*»» 
HXIK ,6» »HX(K ,<**■ 
HXIK,7»=HX(Kf<» « 
HZ(K,4»a .!>*(HZ(K,3I ♦«ZtKti»)»(HX<K»8»-hK(K,3ll»TANG» 
riZ(K,5»»HZ( K,Hl 
rlZ(K ,6» = HZIK,4> 
HZIK t7l«HZI K,«*»- 
bOTQ   I7tf0 

L 
C   uAiE   A   -   WHEEL   TOuChtS   SLC6ES   AND   dOTTOM 
C 

ifeiJO        HX(K,5>«HX(Kt<i> 
H«(K,6lsHX(K»7)> 
HZtX.^^kK^OBH 
HZ(K.5»sHZiK,4) 
HZ(K.6i>HZ(Kt<»l 
HZ(K,7I «HZ(K,<»^ 

17i)0        CONTINUE 
UUid        IFtLCUT.GE.lidl   -HIT £ILUN6.19<>0 >   <OX< U,I<1«1MI t{0£< I) »I'l«! i^t 

♦      ((HXIK, il,l=i,l«i».(HilK.I »,I»1 ,1 0 UK-US k 
WM        PÜJ*MAT(/8nx,H>Fia.iJU 

C 
C TRANSFOk»«   PROFILES   FOB   SLOPE 

DO  2d3b   !>l.lld 
?iP«SCRT(OXn» ••2»UI|I**2I 
PH|«ITN210i< II .OMIl» 
axj|»»RP*COS(PHI*SLC«EI 
U2( U>RP*SIN( PHI »SLCCEt 
DO  ttim   K»lt5 
IHK.GT.NSliSP.ANC.NVIhl.NE.tf)   GCTC  2i0fl 
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*-cASa,   VCLUfE   il PAGE  A-18 
LIblING   UF    PhUGKAM   ÜLi7öo 

IFlK.E^.i.«NC.NUMTSrfEC.il   GLTC   2Ztd 
KP = !>CKTl hXiK, I »••<:♦ 1-ilK ,I»#»^» 
PHls4TN^(HZi K. II ,HX4«*I <! 
IF<AöS<PMl) .L£.-2il   f»hl=0. 
HXiK.I l=RP»Cl,SiPhI*ShCPE» 

.   HZ<K,n=RP»SIN(PHWSk.CPEI 
^JJd!       CONTINUE 

IF(LCUT.I,E.9I    rimTE(LUN6*19(.ul   <CX1 I )^ 1= I, lli.iOid 1, i'I, 10 I, 
* UHXiK.II ,I = U1J J,<U4K , n,I*l,lk;),K«if5l 

na  me1   1=1,9 
.dUlU        OFL( i»=SCRT( (UX( IMI-OXtiM'^i^tCZil^ll-CZil»»»*?! 

Oü  2 154J   Kai, ü 
IF U.OT.NSJSP.ANC.NViM.KE.a»   UCTO   2150 
TF<K.fc0.3.ANC.NUMTS.EC.l»   GCTC   2150 
RK»£FFPACiK» 
[HUANG.CT.d.i   bCTG   21J^ 

C 
C MOUNC 
C 

OU   tcöÄ    1=1.9 
IFUl.Eü .O .Oä.II.EUä»»  GCTü  2^.1* 

2«il^        HFL( K, I laiORT«<HX<Kt J»n-HXIK,I »»»»^    ► 
* (HZIK, I«-1»-H2;K,1M»<2   » 

GOTO   2 4bd 
C 
L SLEMENT   CF   Af»C 
C 
^4^        !H| MIK,I»U.EC.HX4K,I U . A^O.i hZC K, Uli . EO. 

t     NZ4K.1I > I   viOTC   2b30 
SPROC=<HX(K#i »ll-CXti>i)l«(hXfK#U-OXtI» I* 

* (H2< K, Ul»-OZ( I#ilM#HZ(K,Il-0£Ui» 
ANüLE«ACOS(SPROC/(kK«RKn 
HFL(K.N'RK»ANGtE 

2Jt>1i       CONTINUE 
GUTO   21545 

L 
C DITCI- 
C 

214d       CUNTlNUk 
OU   2 It»    T«U9 
II-in.EU.2».OR.i J.EC48II  GOTO  213« 

2114       HfUKiTI'SQRTf lHX4Kfl»l)-HA(K,I>»**2*iH£lKtI»ll-H£(KvIII**2l 
GOTO   21«»0 

t 
u ELEMENT   CF   ARC 
C 

213«)       lt'|(M(K,l.MI.£C.hX(K9ni.lN0.<»-2<Krl«l>.EQ. 
* HZU.IMI'  GOTO  2410 

SPMOIXHXiK, I»i»-CXl l*lli*(HXiKvII-OXlIII-« 
»     <HZ(K,l»ll-OZ(l»l»Mi»-£(Ktl)-0£(ll» 

ANGL E-ACUS t S PRC0/( RKt«K»l 
hFLil>»li>RK»ANCI.E 
IF(LCUT.GE.lrf)   WRITfitu^tiUSl  Kv I VHX|K , II (HX|K, I »II t 

* UXULOAU»! »»HZlK,UfHZlK»I»HtC2<HtOZ(UH»kK»SPR00 
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LliTINü   LF   PHCGKAM   ür.i7i E 
PAG«   A-19 

i 15 J CuM I'MUL 

^Ui FüHM<T<5H   K,I    ,«i*,^!J,6l-   HX        , 2 UA , F U . JI ,2X ,6» 
♦ <:: iJX^r 12 .jl ,/,öK  H^ « il 2 X , Fl 2 .3 » ,dH   OZ ,21 
► .JH   PK.SPKUC    ,2l^X, Fi2.3»» 

2.3», 

L 

t 

L 
t 

C 
C 

C 

c 

ütflMTICN  CF   OSSTACU   ELtJ-ENTS 
UA   -   ANGLE   btTwtEN   EL€NENT   tKQ  >ORIZUNTAL 

IJA< 1 )-6LüPE 

QA(3 »»SLCPE+'CANG 
ü«4 <• »f-i . 
OAlb » = SLüPE 

OA(7 l   SLGPE-GANG 

PAH »'SLCPE 

DfcFlMriCN   UF   hut   ELIMEMS   EY   OLAORAflC 

DL.   2JJ0    ««1,5 
IFU.GT.NSUSP.ANC.NvlH.NE.i;)   GCTO   23dtf 
IHIK.EC. i.ANC.NJMTS.EC.D   GOTO   2300 
*K-»tt-FflACU> 
OU   2.?3i?    T=i,9 
IF<hFL(Kf It .EC.».»    £CTO   222k) 
IFIQFKI I.eQ.J.)    GOTG  ii$9 

ELEMENT    tS   LINE   SEGMENT 

HA I K.ll»«;.      . 
nblK .1» »fcJ. 
HC«K,I»*0, 
HU4K,1)*HZ4K,1»1 I   -   hZlK«il 
HElK,U>    -    (HX(K,l».l*   -   HXIK.I»» 
hP(K,I)>   -   4HO(K,ll    •   HX1K,II   ♦   HE(K#|I 
f.UTU  2201.' 

•  HZXK,1M 

ELEHtNT   IS   POINT 

2^2«»        HA(K,II«V. 

HC(K«I>>e. 

HElKtI»>kf. 
Hf U»II«tf. 
GUIU   22de 

ELEMENT   IS   ARC 

<25i       NAIK.II-I. 
Hb<K ,ii •e, 
HCU«II-1. 
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*-2i;5d,   VCLUfE   11 PAGE   A-2a 
LlSTIf.u   Lf   P?OÜft«M   oeS7 8e 

HOiK ,1» =   -   2 .*   OX( il 
HP(R,n=   -   2.»   Ll{ I ) 
hFU,I»=Oxm    o   CX(1»   ♦   C21I)   •   ÜHiV   -   RK   •   RK 

ciiiii       CONlINLt 
2JJi>       UOMINUE 

IF(LCUT.Gt.9l    MkITEUUN6«2Sek)l-  40FL( I ►, 1 = 1,91 ,40441» ,1« 1,9» , 
♦ ( (Hf L(K,I),I=1 t9J,(*-A(K,n .i = l.<>)*lHB(K( tl.lsl,*», 
••      IHCiK.D ,l=l,9»»4HC4li,H.I;:1.9l,4HE<K,II,I = l,9l , 
♦ 1HF( K,U ,L*i,'* »,K=1 ,i> 

tttt       FÜHM4Tt9Fli}.3l 
C 
L CALCULATION   OF   STE?   iIZE 
C 

STcp sU^w, 
UO   24Jt   K=l,NSUSF 
OU  <<.J«)    I»l «9 
IF(HFL(K,ll.EC.i.l   CCTC   2400 
IFI blEP.LE.hfLCK .Ul   GOTC   20to 
STEP=HFL(K,I ) 

2<.4<5       CI.NTINOE 
STEP»AHAXl(.4»*STEP»l-> 
IF(LCUT.GE.1I    WRITE <«.UN6,255Wl    STEP 

2352       rOBHÄMUH   STEP   SIZEi   ,F10.3/> 
KkTUFN 
END 

t 
SUHKCUIINE   CLEAR   t CAHl ,UW2,CRH 1,CRW2 «IDX , 

♦ LOUT ,LUNbf l»lNCLR«NP1SCl«NPTSC2tNUNtT^v0XvOZvTHETA» 
♦ *H,2M 

DIMENSION   CAhl(15>,CA>»2<15l,CLO4 2i»»aVl(20l(,CLV^20l, 
»     LRrildSI ,CRn<:<15l,CA41iJ»,0ZIUI,ThFTAl2l, 
♦ KPVl(<>(;i,XPV2l2i)<,ZFtfll2tf»i2PV2l2Ui 

KE«L  MINCLK 
C 
C      LCCATE VEHICLE PClhTS 
C 

VPA1>THETAI1I 
VPA2>rHl:TA(2l 
UO   Hi   I>ltNPTSCl 
XPVUll«XH»CRWl< II*CSSiVPM»CAWU IH 
ZPVtai"/H^CRrtl( ll*SINiVP«UC«M14<llli 

Hi CONTINUE 
IF(LCUT.CE.lid»MRlTE(kUN6»int   ( XPVli 11« I«i«NPTSCll 
lF4LCUT.CE.10lMKJTE<kUN6vlUI   1ZPVIf !»# I«1VMPTSC1I 

ill FURMIT17H  CLEAHl»,l3fli.3J 
IF(NCNITS.LE.1»   COTC   UK 
Oü  12»   I*1.NPTSC2 
XPV2 (II>XH»CRW2I II*CCS(VP«2«C«K2(IM 
ZPV4MU-2H»CHM2i II-«5IK4VP«2'CAH2(I»t 

121« CONTINUE 
IF4LCJT.GP.lk)lWRITElLUN6.IU)   4XPV<( !*•« I "UNPTSCZ) 
lF(LCUT.UE.14IM<ITE4kUN6,llll   ( ZPV2i I1«I«1 •NPTSC2 ) 
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WwSa.    VbLUfE    I! PAGi  A-21 
LliTINL   ^f   pfiJOKAM   UbSTue 

CAtCUL«>Tc   CL':A^-^Cc   itCVE   LESTALLE   POINTS 

1 ->£ ^C   i<J   lU = i , u 
tLUI  1UI= UJt3. 
H=0X (iO 
Z=üZ(IQl 

\, 
L ^EST   IF   VEnlTLE    IS   A8CVE   OEST/CLE   PQiNT 
C 

IFIXPVKII.LT.XI   GCTC   2010 
IHXh.LE.X)    GUTü   la«! 
IF1NLNITS.LE.1 )    GCTC   2Ji; 
IP(XfV2(NPTSi,^« .GE.X»   GCTC   20«) 

I- TnAUEk   «ttOVt   POINT 
L 

IFUPVil ll.CE.XI   GCTC   150 
VPZ^PV^I n»<ZH-ZPV^il»-»»«X-XPV2( i»l/<XH-X«?V2» i»» 
LLQI kn=vpz-z 
!F<LLjT,GE.l»i»WkITfc4LUN6, I << 1)    I Ü tX.t £#VPZ ,Ct04 IO»- 

IHI FüKMATi 7H   CLfcARl ,13,^F1 2.3 I 
GDTU   2v4 

Ibid DU   i70   iV=2,NPTSC2 
lF(AhV2( IVI .iif.X I   GCTC    i'U 
VPZ-fPV'. ( IV.MZPV2{ l^-i I-ZFV2» IV »»■•< X-XPV24 IV* i/ 

»      UPVi<lV-i »-XPV2 ( IV»» 
CLOI IOI = VPZ-Z 
lFaC0T.G£.lii)MrtlTE(i.UN6vltl)   iC«X.«£«VPI .CLOI 101 

161 FüRMAT(7H  C LcAi<2 . 13 «-iif I i. 3 » 
GOTU   2 00 

173 CUNTINUE 
WRITE(LUM» l 76t    IG.*./ 

17o FURMiTlbt-   OcKRl, 13,2*10.3) 
CALL   EXIT 

C 
C VEHlLLc   ABGVE   POUT 
C 

190 OC   1?4   IV»1,NPTSC1 
IFIXPVK iVt.GP.XI   GCTC    190 
VPZ»ZPVlilVl»-(ZPVn4V-ll-ZPVUlVll»<X-XPVlUVll/ 

♦ »XPVIIIV-II-XPVHIVU 
CLOI IOMVPZ-Z 
IFILCJT.CE.ltfi 

♦ WRlTEILüN«»lB6)    lUvA»ZtIV,VP2tCiCUGi 
18o F0KMlTi7H CLEAR3 , U.iF 1B.3,13#iFl.|.3i 

GOTO  2ki0 
l<i*rf CONTINUE 

VPZ«ZH»JZP^1IKPTSCIJ   -ZhlMX-XM/IXPVUNPTSCll-xm 
CLO< iO»«VPZ-Z 
IF(LCUT.GE.1«)>MRITE4AUN6«196)   lG,XfZ,VPZ(CLOI 101 

m FChMAT(3M  0<», I 3, 4iFl |,a I 
2Ja CÜNTINUF 

0 i L 
C CnCULATk   CLEAÄA»CE   BELCH  VEHICLE   POINTS 
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h-iü$i,   VCLU^E    li 
LISTING   OF   PROGRAM   nBS78b 

HO  24Ü   TV=1,NPTSCI 

X=XPVl( IV> 
Z=ZPV1(IV» 
IFIX.GE.LXIII)   GCTC   12$ 
upzsczu (♦iü2i2»-cziiJ*»u-cx{ ni.y<ox(2i-üxi m 
CLV1CIV»=^-0PZ 
IFlLCUT.GE.l J»WkITE4»UN6,21oJ    I V.X.^.OPZ . CLV1 ( IVI 

216 FÜKMATOH   Vlfi3,<.flK4J» 
GülO  Zv«; 

22J OC <i4   IQ=2,li3 
iF(X.GE.ÜX( 101 i    GCTC   2ii 
OPZ«Uiiü-ll*(Ci(IQ>*Gi«IO-UI*iX-OliIU-lH/(OXUO»-OXnO-lU 
CLVi (IV» = Z-GPZ 
IFtLCUT.Ce.liJ» 

•■      MHTTEi LUN&.22b)    IVr>4iZ,I0*CPZ,CLVHlV» 
226 FüKMAT(jh   V2 .1 3, 2^1 e«i> 13« «Flld. Ji 

GOTO 2^1; 
'J«> CONTINUE 

c?iscn9i*i uzda »-ü2*9»-»*<x-cx(9>iy(cxi iei<-ox(9n 
CLVi (IV)=Z-CPZ 
IF(LÜUT.GE.l^»hRITE4tUNfc,2 3o»   IV#X#i,OPf »CLVlIIVi 

2J6 F0hh<T(3H   V3, lit^Fl£.3) 
Z^ld CONTINUE 

L 
C CALULATE   CLEARANCE   -flELCb   »-ITCH 
C 

CLH»20in>. 
1F(XI-.GE.0X(1 U   GCTC   i.t>£ 
UPZ'OZll >M0:i2»-CZ4l*K*|XH-ÜX(l*iyiCX42JH3Xllll- 
CLH»ZH-ÜPZ 
IF<LCÜT.GE.lt.IWRlTEItUN6«2S6)   Xh,ZH,OPt ,CLH 

d*ö FORMfiTlJH  Hl.^FU.J» 
GUlU  280 

20(9 OÜ  ild   10-2I 10 
IFtXh.GE.CXl ICM   GOIO  27*J 
CPZ«CZUC*1»»(0Z{I0MCZ( IG-in*UH-GX4iü-i.M/40XnOI-OX(IO-ii) 
CLH*ZH-OPZ 
tFdCUT.GE.idIWRITEf iUN6v266t   XHtZHt lO.OPZtCLH 

2t>6 FORMATOH  H2t 2F1^. i«idt 2FU.3> 
GOTO  280 

2 70 CONTINUE 
UPZ'CZi 9 )♦! OZ (1 d »-02I9I >♦< XH-CX49U/(aXl lM*-QXi 911 
CLH»ZH-ÜPZ 
IFRCUT.GE.lUlMRITEUUN6.»276i  XHUH,OPltCLH 

276 FORMATUH  Hif<.FU.3i 
L 
t CALCLLATE  CLEARANCE   BELCh   TRAILER  POINTS 
C 

2Mtf IF(NtNITS.LE.i)   GCTC   325 
Oü  320   IV>UNPTSC2 
CLV£(IVI>2S00. 
X>XPV21IVt- 
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.5o,    ^GLUf«:   I I PAGE  A-i3 

i=Z(J v2l I v» 
iFi A.oE.c^i mi CTC i^e 
UPZ=LZ (1 IHUt U' -C^ il»*»(X-OXl 1 »iyiUXUJ-OXi lit 
LLV^ IIV*=Z-CPZ 
if <LCJT.ÜE.i^»WR ITS (kü.Nfc,2 91 »    1 V ,A«Z,QPZ,CLV21 iV I 

GCTO   32<J 
i J«J JU   i 1J   IL-<it U 

IFiA.GE.CXi lu»l    GCTC   3U 
uPZ = CZlIC-n MüZnu»^CZ( IC-ll>*<X-OX(lO-l»»/4 0X« IOI-OXlIQ-l>» 
CLV2{IV»=Z-CPZ 
IFlLCJT.GE.lül 

♦      <<»1T E: LUNo.i^o)    IV ,XW, 1C. CPZ,CLV2( IV» 
i io FüKM«T(JH   Ti,I3,iFie.3, I3,*fia.3l 

bOTQ   itt 
3U CüNTlNUt 

uPZ=CZ:v »♦: QZUtf t-Gl«9i >•< X-CX1 üU/l UXI10I-3«| 9I I 
CLV2(IV>=Z-0PZ 
TF<LCUT.GE.lJIWRiTE4IUN6tilö)    I V,X,ZfUPZ. CLV2( IVt 

ilo rOhM^T(3h   T3,I3f4Fli,3» 
J2J CQNriNGE 

C HIMMJ^   CLEARANCE 
C 

i<i5 HJNCLH = CLÜ( 1 ! 
lD**i 
ÜC   33J   IC=2,id 
lFiCLUllC».uE.»*UCtf»   GOTO   33(4 
HINcLR»LLü( lUl 
I0X«IJ 

3ikJ CONTINUE 
UU 3^J 1V»1,NPTSC1 
IMCLVlUVl.GE.MNCLu»   GOTC   3<.d 
MINCLR'CUVH IV» 
IQX»IJ(M#MV 

j^i CUNTINUE 
IFICLM.GE.KINCLRI   GCIO   3$lt) 
HINCLR«CLH 
IOX-1111 

350 If (NUNiTS.LE.il    GOTC   J70 
DC  3 611   IV'1«NPTSC2 
IrlCmnvi.GE.PJKCtP)   GCTC   361 
MINCLR>CLV2(IV» 
IDX«100*IV 

360 CüNTlNUb 
37J IFILCUT.GE.y»   UA lTE(I.UN6t371 I   MINCift 
371 FOMMiTUH   HlN,FU.3,Ui» 

RETURN 
«=N0 

C 
c 

SUBkC'JTUE   PURGES   ( »»•MXCMTOT «L ,SSC**Ph,{PH) 
OlMbKSlUN  AJlNVi^feUWl liKt«XN|6ltFUl \'\ 
OI^EKSION   ALPHC(j,2l*eETA0m,FX(J(2l»FZ(J«2*,IIF(3a2),TF(3,2) -* 
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rv-<:058« 
Ll STING 

VCLüKE   II PAGE  A-2^ 
CESTf^ e 

L 
c 

LCMMCN   ALPHA(5»2>, 
bALMC( 31 ,6ALMU(3 I. 
btTA lir.oETAPOl ,8NtJ>,eRAKEk(i.2l,8T».3,2l,ÖWlOTH(3lt 

CUSA13J2^C0SB<3).CCSG13«21,CGFX(2>.CGFZ( 21, 
tüX(i>,CGZ(2» ,CoKyii»,C*:R(3,21»CTF(3,2», 
EFFR«0(5» ,ELLi5> , 
FHXtFH2,FN«3,2» , 
HA(5.9) ,HB(5,-y>fhC4Srf9l-,H0(5,9i,HE<5,9»,HF15»9» t 

HFLt5*9l.HXIbtltfl«H^fi5tl^l« 
GAMMMi»2», 
lB(5.2»,lP(^.-»t Ih( 5«il» 
LCUT.LUNö, 
NSUSF. NUMTS.NHi 5», hM2(5) , 
UA(9),CFL(9),CX( Ut.OZilk!» . 
PM(3»,PUk»FRRt5,2»,*;»*3l . FXPCOI 3^,C2t 3», PZPCG4 31 . 
RBCi,RBC4.RtU3f2». 
SCALE! 6» ,SFLMG«5*,SlAA(3,2l,SINeUl»STEP, 
THETei,ThETB2, 
XIS) ,XPbCä5» tXPw^.<l« 
Zi5» .ZPBUsl ,2?RCFi ;»2»,ZPw<bf2» 

1 Ji 

158 

INTEGER   SFLAG 
^XTEhNiL   CALPUN 
JSTEP».0<01 
UMAX«Uk>. 
ACt«l. 
HAXFlN'bidU 
KAC1AN»5 7.29377V51 
DC   1 2«»   Isl.NSUSP 
SINb(II«Sl.NlBETAF( HI 
CüSb411>CUS(BETAP( 1U 
00   lUt)   J*l,2 
SINAJI ,J »«SlMALFbAli,jH 
CüSAd, J»«C0SI ALFHAU.Jll 
IF<Nh2(JI.N£.0.AKC,M«4J),EC-IÄl   XNill'.tfl 
CUNTINUe 

II 
21 

.EQ. 

.EO. 
NfS*i 
KEi-6 

IfINLNITS 
IFINONITS 
N»J 
S«LPHA«I3. 
OC   15«   I»1,NSUSP 
IFINM II.E0.2tGCTC   lid 
N"NM 
^ALPhA-b ALPHA »SINAI I^U-CRP« 1,11 
IFISFLAun«.EC«id.CR..käCll.EC.ll   CCTO 
N«NM 
SALP^A»SALPHA»Si>A(4K2}-CRP(l,2l 
CONTINUE 
IF(N.EU.0l   GOTO   18ld 
SCALE! ll'l. 
XN(n-SALP.<A/FLCAT(N» 

158 
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-ISTTNG   JF   ^ÜGKAH   CbS7oB 
PAGE  A-25 

1 ^0 

2 'y 

JJJ 

•« JC 

5^0 

70J 

8diJ 

EHPCP    IN   NL.   CF   «HEELS» 

an xNiL««.*si 

UÜTü     Lit. 
**l T t( LUN6 ,idl I 
f-QKM*T;jlH   FCRCES. 
CALL   EXIT 
CUNT iNUF 
flu   ciii   Ls^ .NEC 
IF(-.Ol.LT.XNa) .ANC^XNtL) .LT. 
IFixNJ L>.Eq.J. >   SCALfilL^«U 
iF(XMLI .NE.t.J    SCA4.6ILU1 t .»*I FIXI ALU6104 ABSI XNl LM II 
XN<L»»XN4Li/SCALEiLI 
CONT INUE 
IPhINT=LOUT-ld 
CALL   ECSCL   ( NEC. XN» f ^A J INV, CST EF,C«iAXf^CCfHAXFUN. 
W,HAXC.LUN6. I FRlNT,C»t.FUNi 
NTOTäLSNTQTAL^AXC 

ÜÜ   ift'O   L = lfNEO 
XNa»=XN(L»*SCALE4L I 

00   4^0   K=l ,NEO 
bSO=iSO*F^K»»F(K t 
IFiSSU.ÜT.lod.l    »RiTIILUNS.öBK!»   XNtFfSSQ 
mLCUT.uT.    13)    METUKN 
DC   5d4   I=i.NSUSP 
AtTAZl !)=-aETAP< I i+kAH-lfl-h 
DC   5fe.^   J-1,2 
TFil,J» = FN1 I,JI*CTF<*»Jt 
KF<I,JJ = -FN(I,JI •Cn.fHitJh 
TFKF»TF< I, JI»RF( I, Jl 
fXlI.JJs-fNUf JI*SIM(X,JI »TFPF^COSAil^JI 
FZil tJ)x   FN( I. Jl •CCSilI*J) »TFRF*SINA< IfJ)> 
ALPHCd ,J»=ALfHA(l, J**ä*OWN 

CONTINUE 
i-ORMATdbH   SSC   OVER  LiMIT    ,/,5H   XN>   •öUKwf 12.31 f/5H   F- 
bl2X.Fl2.i»«/f6H   SSU   ,2X,fl2«3» 
MRiTE(LUNbv9rfto^   S5C.I»AXC» NTCT At 

MRlTflLUN6t91ii   XN.f 
XPH,4PH 
1X4 l»ti<l.KSuSPI 
J24 I««I>1,KSUSP) 
<(CCklll«CC2iII*»I«l(2i 
<IAl«HO(I,Jl,J«l,*l-rI'lfNS«S^I 
(CC<M( IIVCCFZMMVI>1V<» 
fhX»fH2 
(SFLAG4l)fl>l.NSUSfl 
4NI>»ilfi«l,NSUSP) 

IFf SSO.GT.U«».» 
MRlTE(LUN6r92rfl 
MfcITEfLUNftt9Jdl 
MKITFf LUN6,9<»tf I 
MRITEILUNb,95J) 
«hITE(LUNb*963» 
^ftITE(LUN6.V7(*l 
MKITEI LUN6#9ä3l 
WfaTEILUNo.994) 
NKirElLÜNO.iaii^) 
HNIIEILUN6V1J1I«I 
00   794   I'l.NSUSP 
IFtSFLAClD.EC.ll 
CONTINUE 
GUVü  «Sit 
WRlTE(LUN6»lrf2*l 
MKITE1LUN6,102S) 
WRITEfLUN6,liJj#» 
WRrTE(LUN6.1i<»0l 

GCJQ   800 

(BEIACdl fI»lrKSUSPI 
4 8fclOTH I»»I«l»NSUSP». 
<BM4Jfl>l,NSUSP) 
41eilI*J)#J«lr2ltI»I,MSUS»» 
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--<;J5d,   wuLüME   II 
LiSTTNG    Gf-   PhüGKAM   l.cS7öt 

PAGE  A-26 

33«j 

i 

9<,0 

V5J 
9«>J 
970 

1J10 

1«2 5 
UJf 

105? 

li47k) 
i jua 
1^9tf 
1100 
uitj 
1120 
mo 
114? 

c 
c 
w 

c 

«klTE(LUN6,1050 
^«ITEl LUNb.lL'oO 
«KlTE(LUN6.107to 
•<KlTE(LÜN6tl03i: 
MKITE(LüN6.1O90 

-RlT£(LUN6,llOk; 
•«Kir^iL'jNo.iue 
HRtTE(LUN6,il20 

MRITE( LUNä*li<tO 
^QRMATlöH  SSQ 
>-nRM4T46H   XN 
6(2X,FU.3n 
t-L8M4T(6H   XPH 
FQRM^TUH   X 
FüRH/TlöH   Z 
FU^M4TI 14H CGX( 
FuHM*T(feb   ALPHA 
FORMAT» 1 7H  CGFX 
FORMAT (3JH   FhX, 
FURM<TI6H   jFLAG 
':OkMM (oh   NW 
PORMATIoH kR 
FORMATSbh  8ETAP 
FQKMMTWH   BWILT 
FÜKMATI6H  bN 
FQhlMATIbH   BT 
F0RMAT(6H CRR 
PÜRMAfUh  CTF 
F0RHAT(6H  FN 
FOftMJTfoh  RF 
FURM^T<6H  TF 
FORMAT(6h FX 
FOHM^HbH  FZ 
FL.HMAT(6H  PA 
FCJRMArUH  PZ 
FOKMATIbH  PM 
KETURN 
END 

i   1( C?R( ItJitJ»l«*l,i-l»NSUSPl 
* ii CTf( l,J»,Jalt*.»tX = l.NSUiP» 
t   (IfAi 1,J),J=1,21,I=1,NSUSPI 
I    (lP€iI,J) ,J = 1.2)« 1-l.NSUSP) 
»   iiTFII.Ji .J=l»2l<»I-i,NSUSPI 
t    ((f»U,J>,J»lf 2>» I = 1,NSUSP« 
»   UFjtUJ^.J^U^^I-l.NSUSP» 
)   ( FXOD tl-liNSUSPi 
)    (PZU) ,l=i,NSUSP» 
I   IP»»*!» ,I=1,NSUSPJ 
,FU^,4y..7h   CALFUN,2X,K,4X,8H   TCALf UN,2X, U J 
,oi2X^Fl2.3)/öH   f , 

(2Xvfi2.3«8XtbH   ZPH      ,2X,F12.il 
,104 iX#FHJ.2n 
,lOi^X«Fi0.2n 
U,CQU l).8(2X,Fia.2M 
.10(^X«F1U.<:M 
( UtCGfH 11    ,i3(2X,F10.1ll 
fhl   fQtiCtS   AT  TRAILER   HITCH  , 2 (2X ,f 10.211 
mi** ne»-» 

,10l2X.ll4> > 
, Ibi «X«Fl0.2i) 
,10l2XtFi«U2l I 
H,lflUÄ,FI0.2n 

,10(2X«FlO.3n 
.101 2Ä.F10*2n 
»iO(2X«F10.2n 
. U(«XcFie.2>t 
,10UX«Fii:.2)l 
,10(2X>F10.2n 
. li)(2JU»Flt).2)l 
• 10UX>F10.2n 
,u( <^.Fi0.2n 
»10IiX«FItf.2n 
.ieux«Fi^.in 

SUttRCUTIKE   NFCBCE  1 >X»XXT »XZM, XZMT«22t*2ZT 1 

CLHMCN   ALPHAI5,2h 
bALMCI3l,UALMU(3l. 
HETAUI ,eETAP4 3I.BM3»,eRAXERI5,2»»6TIJ,2l-,8«I0THf 31, 
CUSA(3,il,COSB( J4,CCSG<3f2 »,CGFXl2»,CGfZ(2l, 
CGX( Zl.CCZiZI.CbfVf <»«CRRI3»^i.CTF(J,2H 
EFFRAOI5 t,ELL( SI, 
FHX0fHZ,FNI3t2t, 
HAI5.9I.H8(!>,9J,hCi 5 ^04»HO4S,9 • »HEIS^^, HF4S ,91, 
HFU5,9ifHX<5.10l,HZi6,l«l, 
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H-^Sb,   VULUf'E   I] 
LISTING   OF    PPOG84H   ObS78c 

PAGE  A-27 

1«5 

li* 

25 

lBi5,2t .IPiS.i» . IH:)«4>« 
LÜUT ,LUN6, 
NSUSP,NUhlITS.Nwi5l#Mi2<5», 
uAiV l,UFL(yl ,GXi 13l«Un0) t 
PM(3 •,PUWEKR(5,2»,Pxt3»,PXFCG(3»,P/<3».PZPCG<i», 
KöCi,Rau.i%ft(j,^J» 
SCALti(>»,SFLA0(iJ,SlNAt3,2»,SINei3)fSTEP. 
rHcTeUTHeTB2, 
Xl'jl ,XPflC«5l ,XPW(5,iK 
1(5» .ZPBCtSl ,£PRCfi5,2i,iPW(5,2)- 

DIKESSiON   ANGLE! i^UCCSANGO. 2 I, FORCEi 3,2.» ,S iNANG< 3, 2» 
XA=-fHX»CGFX< 1» 
ZZ=-fHZ*CGFZ(il 
XZM»CGFZ( l».*CGXU»-CfiFXtl»»LGZt 1I*CGMYI1» 
uu $^ i=i.NSUbP 
iEr   Tu  ZEHO 
BMI l-(). 
BTJ I ,11 an). 
far« i,2i = e. 
FCHCE( l.ii =10. 
^OKC £i 11 2>s'd • 
IF   SINGLE   WHEEL   ASSEKBLY   GCTC   \\i 
1 F( SFLAGIII. i.QU .0« .1 SFLAGU ) . ECU ANO.NHi IK6Q.3I»   GOTO 
IF  BCGIE   ASSEMBLY   IS  SüFPCPTEO   CN   BOTH KhEELS  GOTO  20 
IFKSFLAGl It.EO.    1 » .«A0-4Nh( II. EQ.   d»-»    GOTO   20 
IF   BCC4E   ASSEMBLY   IS  SUFPOf-TED   CN  ONE  KHEEL   ONLY   GOTO 34 
IFiSFLAGlIl.tO.l .ANCiNWl II.EQ. UOR.NM4n.EQ.2n   GOTO   30 
MhlTElLUNS.SI    i.SFL^6( l)«NW(II 
FÜRMATU2H   ERROR   IN  MbEEL   SUPPORT   SPEC.   ivSFLAGtNU«   , 
JUX,I3I i 
SINGLE  Mt-EcL   ASSEMBLY 
J«l 
CTf(U2»«a. 
CTR>CTFI I, JI-CftR(l,yl 
IF4FMl.J).LE.0.l  C1R>e. 
PXdXFNU. J)*(CCSA4I,JI>CTR  -   SJNAIUJl»- 
»Zd l'fN(i»JI*(CCSA(i»Jl   •   SINAIWJMCTRI 
PMni«FNn,Jt*RRn#W*»CTFl UJI 
GOTO  h^ 
BUGIE   KSSEMBLY  SUFPCRTEC  CN   BOTH HhEELS 
OÜ  45   J>1.2 
ANGLE  OF   THE   VECTOR   iTTACHEC  MT   WHEEL   CENTER 
ANGLEdi JI'GAKr'Ad, J«»eETA(-n)-^LP^A4I«Ji 
SlNANG(IfJ)'SIN(AN<ilU«Jl ) 
COSANGII.Jl»CCSIAKGLfI I, J*» 
LONTINUE 

10 

IF(NW2(n 
FUhCEIl, Ji 
IFIFNd, Jl 

.2»    FMi#ll«.5*FN(I,ll 
M I,.l-/CfiSG4IvJ> 
1.0.t  F<RC£(I,J»»FH4I-,JI 
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*-2<J5d,    VOLUME    11 PAGE  Ä-2Ö 

C i\C*M*L   FORCE   CN   tQG 11   OEMMIEQ.    FCR   aOTh  WHEELS» 
bNlI l = FOPCE< I, JI»CCS«NG( I, Jl 

C TANGENTIAL   FORCE   ON   «CGIE   BEAM 
bUI >J)-FCRCEil. Jl*SiNANG4 I,J» 

t NCRM/L   FChCE   TC   THE   GPOUNO   UNDER   WhEEL   J=2 
J=<! 
PGRLEt I,J»=oN( II /COSiNGU.J» 
rNtI ,JI«FCRCE»I# J«*CCSGil»J» 

t TANGENTIAL   FORCE   UNCIR   WbEfcL   J=2 
öT(I .JIsFOKCEJI,J»»SINANG(I,jl 

C FUKCES   MCTING   CN   FIVGT 
BN2=eN(I »»2. 

C TCTAL   TANGENTIAL   FÜfCE 
arT = clT( I,lfc»'8Tti,2» 

C COMPCNENTS   UF  THE   P 1WCT   FORCE 
PX(I I = -ÖN2»SINB1 II »ETT'COSBdJ 
PZII )»8N2»CüSEi IU8I"l.»SlNBtI> 

C MCKtM   AT   PIVOT 
PMUUFN(I,U»RKil# i^'CTFil.lJ^fNd^l'kRII.iloCTFI I,2> 
GOTO   4CJ 

L bGGIE   ASSEMBLY   SUFPi-HTEC   CN  UN E  WHEEL   ONLY   <   ON   OBST.) 
3i J = NW (1 > 

öW=.5*BWiOTh( i> 
iFiJ.EQ.i»   K=2 
IFU.EQ.i»   K-l 
FN<I,JI»FN(1,1I 
FNU.K»«^« 
CTF« ItK>=lJ. 
IFIJ.EQ.2»   bW^-BM 
ANGLE! I, J)-GAPHAIUJ^BETAF(II-«LP»iA( I,JI     ' " 
ilNANGd ,J)>SIN( ANGLE! i«J) I 
CUSANan,J>»CCS< ANClUI,sJU 
FORCE: I.J)>FN: I. JJ/CGSGM,J» 
IFIFM I, Ji.LE.Ö.» FCICE(I,J><fN(I,J» 

u       NORMAL FORCE ON EüG 1E BEAM! EC. FCR BOTH WHEELS»- 
dNm»HJRCEU,J)*CCSANG(I,J) 

C       TANGENTIAL FORCE CN ICGIE EEAM 
bT(I,JI«FüKCE(I.J»*SJNANG(I,J> 
PXi I l>-6M I) «SINE4 IMBTilt Jt*CCSB4 Il< 
P? I U» BN (11 »COSB (I » «IT ( I« J > «S INe{ I) 
PMil l»fNII,J>*RRil, J»»CTFn,J>->fcNU»»8W 

U4 CONTINUE 
b\J CONTINUE 

C SIGN CONVENTION   FCP   «6NGTH CF  Tl-E MOMENTS  ARMS 
L ♦   FRCM  HITCH  TO   Th£  RiGHT   SIDE»    ♦   IN UP  DIRECTION 
t ♦•   FOR  MOMENTS  CC». 

no i20   I-1.2 
xx»X)i»PX«ll 
U»ll*PHli 
XÜH'XZM »PX( I M2 ( 11 a f4f I |*X U I »PMU I 

Uid CONTINUE -       -. . 
IFINSUSP   i6Q,   2 1   GOTQ   2B9 

C FCHCE   SUMMATION   fOM   TRAILER ^ 
XXT>PX(3I»FHX»CGFXI 24 
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LlbTINo 
PAGE   A-29 

ucS78 o 

A^MTZ-PX« iJ»n3 MPZliMXi 3MCGFZU J*CÜXl 2UPM( 3I-CJFX( 2)»CGZ (21 
♦     ♦ C GM r ( 2 » 

ZZTSK;, 

XiMT-J. 

6ND 

C 
C 

SUdKCUTlNfc   CALFU^^>^tA^^F» 
TNTEGEk   SFLAG 

COMMLN   ALPHA(5,2 »t   ' 
UALMCO) »BALMUI3), 
oETAO) ,tiETAP(3t lBN4 i* . PR AKtK ( 5«2 I • BTti »<:i«BH IDTH« 31 , 
CUSA«3,2 J,C0SBIil,CC3G< 3« 2 I »CGFXU I , CGFZ (2 I. 
CGX( 2>»CGZ(2I .CGfYI il^C^RI 3, 2) . CTF.< 3,11, 
tFFR/)oi b »,ELLIS» , 
FHX.^HZ.FM 3,2* , 
HA(5fi».hö(S.9»f hf.l S^9* ,H'jl5-9 J^hcl 5 ,%», hFI5 ,9 >, 
HFL ( 5*91 ,HX(5fl<}i.HZi5«lb) , 
GAMM4( 3.2 1« 
ia(5,24,lP(3,;*,lH(<«i), 
LUUT,LUN6, 
NSliSF.NUNITS.NM(5) ,KN2»5», 
QA<9 •,ÜFL4'*«»GX( 10if£Z( 10»» 
PM(3).PüwEkK(5.2l*PXUI.PXFCGn>.PZi3tfPZPC6(3l , 
rv8Cl,RBC2,KKl 3,21. 
bCAi.£(6»,SFLAG(5>,SihA43,2»,SINej3ltSTEP, 
THETel,THETB2, 
X(5» ,XPBC(äl,XPM(S,il« 
US* UPbCiSl flPHi.f45*2lflPkiS,2k 

0IM6^SIUN   XN<6l,Fi6l 
CTFR«XN: 4>*SCALEUi 
FNI1#11-XN(2)*SCALEU) 
FN<i,lt«XN(3l*SC4LE(Ji 
FN(3,1I>XN<<,I*SC4LEUI 
FHX» yN(5 I*SCALE(SI 
FHZsXN(6l*$CAI.E(b) 
00   it)U   I-lti 
•:N(I,21 = iJ. 
UU   iüJ   Jsl,2 
IFICTFK.GE.o.l   CTC( J«JI=CTff)*Paw£Rft4I#Jt«FiOATl IPIUJ1I 
IFICTFH.LT.Ü.»   CTFlUyi>CTFH*BR4KER(I,J)*fL0AT< INI»J»I 
GAMH^d, J)«ATAN(CTf (J«JI-CPP(I.jn 
COSGil ,Jl«CGS»GA*MAUtjn 

IVv CUNT INGE 
CALL   NfOkCE   ( XXfXAT »XZ»',XZfT« ZZ«ZZT) 
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rv-2J58t   voLUHE    II PACE  A-3«) 

F(1» =XX 
P( 2» -Zi 
H( 31=XZM 
HAI »XXT 
F(5)=ZZT 
F< b) =XZMT 
KETURN 
END 
SuaKCUTINb   MGVfeb   «CSLOPE.NECL, 
NVEHl.RbCKcFt-Tl ,k>-TCh,fiWL!f«fi.SLOPE,SSOM,lHcIA,ThETA((J,rHETrfKt 

TwLIf.XPLÜ.XPh.ZFCG«iFH» 

LJHMCN   ALPHA(5,2 i, 
oALMCt 3) .ÜALHUiä »i 
HeTAl3J .BETAPOl ,BNt(J» .CIHAKEKJS,*:» ,eT43,x»«dWI0THC 31 , 
LüSA (3,^:»,COS8(3»,CCSÜ( 3,2 ) , CGI X ( 2 I , CGF2 (2*, 
CGX( 2t.CiiZ(2t ,Cbl>Y4 i*,ÜKRi3,2>, CTF( 3,<:l , 
cFFk40(b> ,ELL(5» , 
t-HX, FHZ,FNt 3,2! , 
hAl5,9» ,Hb< 5,9*',K(5.9»-,hC{5,*»,H6:b.,<i»,HF:5,9l, 
HFL I 5v9> ,HXi 5, ia»fHZt5,iU»-# 
GAMMA; j«2i. 
T3(5,2> ,IP15,2^,IH< 5*2» , 
LCUT,LUN6* 
N3USP.NUNITS .NHt 5» , ^W^( 51, 
UA<9>,0FL<9» ,ÜX( lü»,UUü>, 
PMm.P0^EMR<5.2ttPX4ii,PXPCG(jUPZ(i^PZPCG4 3» • 
köCl ,RBC2.?»ftl3,2», 
SCALE! 61 ,SFLAGi5*,SUA<3,2l,iINtl3l «STEP» 
ThETei,THETB2, 
Xt5> .XPBC(5I ,XP^<5,2*, 
2{>l .ZPbCISttZPHCFl £<2l .ZP^5,2» 

INTECEK   SFLAG 

DlH6^SiCN   AJlKVJ0,6i<cLEVi51, 
♦     KbC( 51 ,ftHiCHl21#£U.iM3*2) ,THET A(2 ^»THET AK1SI, 
•■     THETgHC 21 ,TWLIM( 3,2 t»Mi 11 Id I .XL! 5iv kPC6(2 )>*ZPCG12I 

EXTERNAL   ELEVAT 
00   IC   1*1,5 
NM2(IlsNh(I) 
üsiEF».»aai 
OHAXsl^k). 
ACC«.1»STEP 
M*XFUN»5k)J 
PXPCGMI =XPCG(U 
PZPCCUi»ZPCG(il 
PTHETA-ThETAllI 
NEQL>3 
NAC-AlN'kf 
NW(1 («id 
N«l<2}»W 
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>-2J'J<J,   VüCO^e   II PACE   A-ii 
LibTINu   09   PPOokiM   JüSTOE 

rHETt^ThETAc"! i» 
TM6Te«; = TMETA^( 2» 
^bCl=RdC(1» 
k3C2=KbC(2• 
IPCSFLA&UI .EO.O»   oCTL   2£ 

XKH » = bETA( II 
?.! Ir(SFLAG(2I.EC.J»   GCK  3J 

NECL=NEQLM 
XL<r.PCLJ=8ETA(2l 

3^ XLli i = PXPCG( 1) »STEPKSLOPE 
XL (2 »=PZPCG( D^STEP^XSLCPE 
XL(3 l = PTH6TA 
!F(LCuT.GE.IJI    taR IT E41U N6, <.b I   NECL, 

»      THETtltRdCl,THETe2,fleC2,iXL(L),L=l,NEflL» 
<*t> i=jitMÄTi6h   MÜVE1, 1^, i4F8.i»' 

LOUT=LUoT*L 
CALL   fLEVAT   < NEQL.XUELFV ^ 
LOUT=LCUT-l 
!PRI M = L0L)T-liJ 
U4CL   EOSOL    ( NEQL.XL.SLEV, AJINV.LSTEP, 

»■      UMAX,ACC,MflXFUN,w.,W4XC, tUNo.IPPINT »SLEVATI 
LCUT=LL;UT*I 
CACL   fcLEVAF    iNEOL.XL^cL EV » 
LCUT=LUUT-1 

Ou  5 2   L=i..NE«L 
5*; SSCM«bSOM*ELEV<L »••«! 

XPC6( n=XL(l I 
iPCG«!»=XL(2I 
THETAi 1»=XL( 3» 
IPtLC'JT.GE.lidl    WÄITULUN6#61)   XPCCil» .ZPCGi I I.THETAllI , 

r   xPBCd ).zpac( n ,xpw(i.i)*zPwn»i>»iHav-ifvxPBCi2itzpBC(<!)t 

♦    xPwi.i.D.zpw;^,! »,ihK.u 
•)1 FÜRHATloH   MaVE2,7Flä,3,I3,<iFlJ.J*I3) 

IFiSSOM.GT.lri.J    taRITEauK5,66*   SSCN»MIXC 
bu FÜRMATJ23H   SSQN   CVEf  LIHIT :  SSQC«iEl5»7» 

* <JH,      MAXC=»l6» 
IFINEQL.EQ.a)    GÜTU   34fl 

C 
t UNE SUSPENSION ON UNIT 1 13 A   BCCiE 
C 

1F(SFLAG(1) .£0.1 .AKC^^iii.EQ.tf » GOTO 70 
UtTA(2^«XLU) 
GOTO  dJ 

7a BETAU )«XL1<»> 
IF<LCUT.GE.l«n   WHlT£lLUh6,71 I   BET/kll »««PWl 1, 21 *£PWU»2I» 

»   iHn.2) 
71 FORMAT (6H   HüVE3»iFUü»J3) * 

IF(SFLAG(2S.EO.a.C«-Jk«(2I.H£-0l   GCTO  85 
bETAUI*XL«5l 

80 IFaCüT.GE.lrfl   WRITE4*LUN6,8it   8ETA42 »rXPW(2„'l »£;>M(2 *2 1» 
♦ IH(2,2> <  ) 

81 F0KH4T (6H  KaVE4,3F14Mi, Ul -, 
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H-Zdbi,   VLLUfC    II PAGE  A-32 
i.lSIiNLi   HF    PHuG»\AM   Ccb7öci 

C   CHECN   F1KST   SUSPENSION   KCClc   CUT   LF   LIMIT 
C    IF   SiNuLE    AXLfc   GA   bUGit   CS   bQTH   »HEELS   LtAVE 
L    lhcT3i   AND   KbCl 
C 

a6 IF(SFLAG( 1» .EC.d.CH.AWi D.NE.J»   GOTO   190 
IF; bETAl i» .GF.BALHUI IM   NMUI'l 
IF< dETMi II .LE.BALHOUn-   NW(i,)»2 
IF« 5CL AG1 i>.ECw<J.GB.*SFuaGm .FC.l. AMC. 

♦     Nw(l l.tO.^M   GCTC   1 S.i 
!FiifLAG(l>.EC.l.ANCiA».<l I ,EC.l »   GOTO   iSO 

L   FtHST   SLSPENSIUN   BOGIE   CN   PEAP  whEcL   CKLY 

THeT3i=T»LlMI 1,2> 
"BCl =RWLIM: 1,21 
BETAU I »bALHOt 11 
GOTO    173 

L 
G   rUiT   bUiPENSlCN   BOGIE   CN   EPÜM   WHEEL   CNLY 
L 

laJ TH£T£;iaTwLl.S( 1,11 
KbCi -HhL IMll .A )■ 
rtETA( U = BALMUH I 

1 7J IF(.NEOL.EU.S>    XL(4»»lLt5» 
NEOL>NEOL-l 
N   GA!N>1 

C 
C   CHEuK   SECOKÜ   SUSPENSIOK   cC<iE   GUT   CF   LIMIT 
C   IF   SINGLE   AXLF   CK   riuGIE   C^   BCTH  KhkELS  LEAVE 
C   THETä<:   ANU   RÖC2 
G 

190 lHSFLAG(2).EG.J,Ofc.r>M(2>.NE.lJ)   GüTC   264 
1F(bErM(2I.GE.bALKMi» *   NWUI'l 
1F«BFTÄ(2I .l.E.ÖAL^Oian   NW(2I»2 
IFISFLAGi.l.EQ.a.üR.»SfLAGC2».tC.l.ANO. 

*     NH(2».EQ.0M   GCTC  2M 
lF4SFLAG(.:».F0.l.AKC4*»W42l.e0.l»  CCTO  250 

I 
C   SEtONn  SUSFENSION   ÜOGIE  CK  REAR  NHEEL  ONLY 
G 

THETä2-TMLlMi2.2) 
kBC2"kk«L W{2,2I 
BETAI2l>bALHC«2l 
GüTü   27k> 

Ch   FRCNT WHEEL OKLY 
c 
L 
c 

t 

JECON ü  SUSPENSION   BCCI 

7J 

THfcTB2»TwLIMI2,l 
r%dC2>HWLiM42.1) 
aETAI2l>BAl.HU(2 t 
NEU.«NECL-l 
NAGAlN-1 
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k-2J5~. vJlu"E ~~ 
L4STJI\G .,,.: 1-firJG"AM -=~7dt: 

( 

c 
c 

"~~ IFC~, ,~ .. u.~.C:IJ.~I C~T'- JJ .. 
: • .,.GA 11 .. :..; 
li~TU J-' 

~ u~IT 1 POS!T&UNEC C~ ~tEEl~- LHECK FC~ 
~ )P"uC~ETIItlEk l~TckftMEh(l lf T~ACKEC 
c 

JtiJ l~li~YEHl .NE.Jt CiCTC all.t 
~ 
C TkAC~Eu Vt~iCLE 
~ 
~ -••••~ luLEA A~C SPkOC~ET 9UFFOAT ~HECk HeRE •••••• 
c 

~SF: ll'(. G l 1 I •k 8CC 4e t • C CS U ... ETA-' U a tTtl ET A4 Ul 
l~f•lPLG(ll•~bC,~I•6l~(lHET•~&~••T~ETAClll 
C.A~ WHtELJ Cf=,HA.,hCehE,HF,Hll,IH:«t.llr't,LOUT,LU,_, 

• ~~F,lSf,lPk~fC4,l•t· 

PAGE ol•Jl 

I F : l CUT • (, E • 1 ., I R ~ 1 T E k U ~ , ll 1 I • Sf el Sf- L P AOF.& 4, 1 I w l HI lte 11 , E 

~ 

~11 F~AMAJ&7H .. uYES~o1fl~.3,15,Fld.ll 
I f l t: • GE. •. 1 t c;CT C ~ 14 

~ iRC~T SP~OC~ff/ICLE" 1~JE~,E~£NC.f 

1.. 

T HET B 1: frET A IIi l "t 
k 8(1 •AdC. & • I 
&F&SflA~(lt,t;e;.,.ca.~wc lt.~E.IItt. GOTO Jll 
1HNEI!)L.E0.51 lll&4ti•.ILC5t 
l'o4E 'L •NfOL•l 

Jld ~aGAIN•l 

~~.' 1 •• ) 

4oJ.d •Sftl• )PC'-& 1t •f( E!C( , t •CC~ l THE T ~~( 5 I•T .. ET ~ l I I 
LSk•lPC~Cll•kBCC~t•s•~,T~ElAwC~I•T~ETAClll 
CALl •HttlJ CE,HiehC~c.hFtHlel~CS-l1,5,LOUf•LUN•• 

• ll~F,ZS~.,~ROFC5,lll 
lf&LCUI.uE.lll •RITEt~U~t4ll1 •SMeZSA.Z,.UFCS,llelHCS,&I,E 

-11 fCRMifC7h MOVESSelfl'-J,~5.~1 •• Ja 
lf&E.GE.·.ll G~TC 5 •• 

4olf 

THcT!Z•T .. ETA~C~t 
RICZ •RIICU I 
'FCSflAGCZI.EO.~.CR.~•CZJ.~E.IItl ~TO ~ll 
Nt4L •NECl•l 
~ACAIN•l 
14 .. &t 1-J 

c 
!tIll tFCN4GAl~.EO.IIf• GCTC •• , 

NA,AI"''•II 

' 
G'l TO lilt () 
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t-IbTlNG  uf   PPUGkAM   Cbi>7oc 
PACE  A-34 

L   ANGLE   UNCk(«   «MtELS 

)0i 

o 1 ö 

626 
6 }J 

O J6 

644 

IF(NR1it 
C ".LL   KHt 
xpwu.n 
IFRCUT. 
iHd.it. 
FükM*Tl7 
IFtNhJ 1> 
CALL   MHc 

IF(LCUT. 
iHil.^t, 
f-LKH«T(7 
Ir4Nh(2» 
CALL. ^Hc 
XPW(2.1) 
IFCLCJT. 
IHi^.lt . 
FORM IT J7 

CALL WHF 
AP*(2.2I 
i^acuT. 
lH(2.2i, 
FuhHlT I .' 
CUNTINU. 

.EO.-il   GCTQ   «id 
ELI    ( ALPhAi Uit-.HA.hC. ht, IN 1, l),l«QX,a£, 
.ZPKC U1H 
GE.IJI    MklTEIiUN6,6do»    XPMU • 1 »-«ZPMt 1,1) , 
ALPHA:;, I» 
H   MQVEU,<!Fli.3,U,F1^.3J 
.EQ.l.CR.SFLiCm.E(.<tl   GOTQo2k. 
ELI   ( ALPhAi Ui» ,hA,hC,hE, IhU,2»,i#Ü*,JZ, 
.ZPW( 1.2H 
GE.iJ)    ^RnElLüKö,6l6»    XFU (1 » 21 »ZP«ii *2 ». 
ALPHAd tii 
H   NOV':i2,2FU.i,K,FlJ*3» 
.EQ. 2)   GCTG   43 0 
ELI    (ALPhAUa>»i-AfHQ,HE.lHl2rU»2»OX.OZf 

,ZPMI2,11^ 
u£.13l   MPtT£iLUN6.626i    XPWi^»1)»ZPMX2tI>• 
ALPMAi2.l» 
h   MOVE^1.2FU.l,i<..Fl«t.l) 
.EQ.l .CK.SFLAG(2I.EU.tf»   GCiFO   6^4 
ELI   i ALPHA! 2 .2 I.HA,*0VME,IH<2,2),2«ax,02, 
• ZPW(2,2n 
GS.UI    -HTTEilt.U^t ,6361    äPW<2,2),ZPW42,2>. 

ALPHA<2,2> 
H   HOVE2^ ,^Flg,3,I<t,F10.3> 

LOCATE HITCH 

C 
C 
t 

C 
c 
c 

XPH* Xt>Cu 
ZPH-ZPCG 
IFCNLNIT 

SeC0N0  UNIT 

IPCSFLAG 

SINGLE   MXLE  TH 

U>»khTCKll«CCSr t-ETiHin^THETAIll» 
m^KHTCFi 1 JfS!MTFETidH«ll»TH£TA( 111 
S.EC.P    PEICilN 

(il.EQ.II   GCIC  «7J 

AIL ER 

NSC«ftWLI^iS»ll**2 
CALL  WHEEL2    ( EFF PAO.HA.HO, HE.Hf ,H)UNZ, IH< 2» II ,1H( 3,11 , 

»      1.LULr,LUN6»0X,CZ»ALChAtJ.ll,RWLiMlSvllfftSa(XPHv 
»     XPM( 3,l),ZPH,ZPriO,lM 

APBCI3l>XPw(i,ll 
ZPBCt3l«ZPMl3,ll 
A-ATN2( ZPUCI 3l-ZFHtx68Cm-XPHI 
THETAC2I-A-TML1M43,I» 
XPCG(2i>XPH*RHTC»-/2i«CCS4T»-Ei0Hl2>»THETA(2ll 
ZPCG(2»»ZPH#>KHTC»-UI*SiMT»-ETJHU>»TH€TA42ll 
IriLCur.UE.m   tofcITt*IUM>,656*   XPHV2PH»XPMI it II .ZPMt 3. 11 • 

*     ALPHII3.1l,XPBC(3l.ZPDC(3l.*,FHlTA42lfXPC6l^»,lPCC:2l 
6^0 ruRHAT(7H   M'JvEA3«UFiJ.3l 

RETURN 
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rs-t Jjä,   vCLU^^    II PAG£   A-35 
LISHNG   of   ^flüGKUrt   GdS7ie 

u   l>:UIt   4.tLi.    fnAlLcR    -    fcST     If   CN   Fr'JNT    NHfPL   üNLr 
L 

CALL   rtHEcLi    ( EFFR4C,hA,HC, hc»hF,H»lf HZ,IH42.H» IH< 3. U. 
► i.LULT.LUNo ,CX .CZ« ALftrAO, U , RWL iM4 3, 11 , RS0,XPH, 
♦ xPta( 3, 1 ) ,lPHtlP44i, IM 

«=ATN^ UPW(3,i»-£Ph,4PW<3, ll-XPh» 
r=A-TnLiM(3,l > 
Xr'Ml j,<:i=XPrt( 3, 1 »-e»iCTh{3> J .OS lOALHOlJI »Tl 
lPmii,t.)=l?*i i,l l-Bh|0T»-ii)*SINUA(.HU(3l »T I 
LALL   WhtEL3    ( ELE«hA,hO«hEf t-FiHX.iH(i,2^«3«UIUT(LüNb* 

► XP-iii.^J ,ZPwl B.^ifZ^UCFii.^n 
iFtEtE.LE-J.»   GCTC   6V4 

C   TRAlLEn   ÖbGIt   CN   Fr^üNT   W b 6 H.   CNLY 

NN<il«l 
oeTA(3 t = bALMU(3» 
«PBL m« *Pn(3 ,1>-.5*B>«IDTH(3)»CC:IEALMü:3»»TI 

Z^bClJ 1 = 2^^1 i ,l»-.5«eK!CTH|3»»SIN4eALMUl J»>T» 

TrtF.lA(^l=T 
xPCü(£» =xPH*KhrCK ? »♦CCS(ThETBh((EI »T > 
ZPCG12»«ZPH»HHTCH( 2 •«S!N4TfcTldH(2l»T» 
IFfLCUT .GE. lü»    WhITFXiJN*.cofc»    MPH^.PmUPW iJ, 1> ♦* P* ( 3, U , 

♦ ALPH«« 3 . i) *XPbC( 3) , J*6C;JU ,4,Tf XPCC4^»-tZPC4HiitMK4 3) 
bbo          cu«MAT(7h   MQVEA*, ilfj^. j, fcl?» 

hETjhN 
C 
t   TKAlLEf<   PGCIfc   NCT   GN  fPCNT   hHEEL   CNLY   -   TEST   IF   ON  REAR  aMEEL   ONLY 
L 
6^0 RSG=fcWHM< 3, 2)**2 

CALL   WhEEL2   I tFF h 40 ,f.A, »-C, fc, HF , HX.HZt I^< 2t 1» . IH<3,2 », 
♦ 3,LOLT,LLN6,CX,C2.AlPHA4 3,2»,B'»i.IM<3»2ltRS0#ÄPHf 
»      Af«(i,2l «ZPH^PM(3.2)> 

A»ATIS2UPW( 3,2»-2FH,X#-W< 3,2 1-XPH 
T*A-I«l.jH(3t^l 
XPMl 3.11 < XPtal j r2 )»ttk IOTH 3 )»COS ( eALHC« 3 l*T I 
ZPHl3«n*ZPM(3,2>*kMiJ0T»-4i»*SlN(eALMC(3l»TI 
CALL   MHEEL3   ( ELE.HA^HO, hE» t-F,hX , IH(3 , II • 3,LüUTvLUN«» 

»     XPWi3.it ^PWi3.1 I,/fPCf Id,ill 
!F(ELE.LE.i. I   GC1C   Id* 

C 
L   TKAILEM   BUblE   CN  REAR   •hEU  ONLY 
C 

BfcTA (3»»BALM0( 1» 
XfHCtSI'XPWI >(2I *.5*BWI(;TH| Jl*CCS4eALMCIil#~l 
ZPBC(3i>2PM( i^l*.5*ÜMlOTH4 3l*SIM eA(.NC(3l*7l 
THETAJ2I-T 
XPLUI2»>XPH*RHTC»-U MCCSl Tl-ETUH« 21 «iT k 
ZPCGr2»»/PH#«HTC*'(2l«SlNITMT(IH<2l »T I 
'FILCUT.CE.lfll   *«ir£ttUM»,7l6l   XPHv2PH»XPIHiv2ltZPWf 3»2I» ) 

♦ ALPM«(3,2l«XPBCiil ,ZIBCIJI*A«T,XPCC12l«ZPCAl2l>IMtSI 

128 



^-2j!>b,    vULUf':    II PAtiC   A-36 

71o FjHH^mt-   MJVEAa tilFlo.3, 2131 

v. 
ü   IRAlLfcK   BUGIE   CN   BGTH   »hEELS   -  SEARCH   CN   BOGIE   ANliL E 
L   UNUL   büTH   WHEELJ   ARE   CN   »-«6   FKOHLt   TC   WITHIN   TOLERANCE 
v. 

72« lF(Afcb(cLE».LE..ll    CCTC   ade 
nC<:s .5*oi»lCTHia » 
bETAt3»=bALMO(3t 
IMLCUT.ut.*!»   K«ITE»LtJ^,721»   EL E,8C2f dET A(3 ) 

7^1 rUhMtrOH   HÜV EA5 A , 3 f 1 k! .3 » 
7^5 r)ELTe=ATN2l-ELE,e02» 

bEIAn»=6£TAl3>*CELTd 
x2=ELL(Jl-öü2»CCS<B£lA(3»k 
Z2»-HEFHT1 »EFfRACA 3 »««bCi^S IN( BET AI 3»-» 

(^»SORTIKHiSG» 
ThET2=ATN2iZ2.X2l 
IFIThET2.GT.3.»    THET2»THF7 i-6.2 8il8äj 
CALL   WHEELS   ( EFFRAOt hA, HD« l-E,HF»HX,HZ, IHU,1»t IH( 3,2 I f 

* i .LülT.LüNb.GX.CZ. AL<?hA(3,i»,Rh2,RHiSO,XPH# 

»      XPW(3.21.ZPH,2Pw^3,211 
A=ATN2 («.»'WC 3 ,2»-ZPH tKPW<i. i>-XPH» 
IFlA.GT.k,',»    AaA-6.2iJld53 
THETA(2>=A-ThET2 
XPki( 3. II •XPM(3»2 I »BfclCTH 3>*C0S<THETA(^I »8ETA( 31 > 
ZP*.(3,n=ZPWU,2W8hIDTH3»»SINJTH6TAl2l*6£TAJ JM 
CALL   «HEEL3   I ELE .HA ,HCf H6,l-f »HX , 1H< 3, i>,i ,LOUI tLUN6 , 

* XPH( ;,! I ,ZPV.( 3#i »,Zf«CF<3, 1J> 
IFILCur.CE.lII    MKITE<LUNb*751>   CELTS, bETAt3l ,X2,Z2iRH2S0 , 

* kHi, IHET2,x»'rii),2l,2SwI3,2l,A,rHETjl<2l4XPWOf 1I,ZPW«3,1.I,ELE 
7SI           FOKHATOH   MUVEA5E, 7f Jd.3/8X, 7F1 k .J) 

IFUeSiELEI.GT.. I»   G£TC   72 5 
C 
C   BOTH   WHEELS  CK   HUB   PROFIL«   TC  tolTHlN   .1   INCH 
t 

btftt CALL   ^HtELl   (ALPHA«3#l»,HArKt,HEtIH(3,ila3,ax,0£. 
♦ XPIi( 3,1) ,ZPW(3,1 M 

NMl3l«tf 
XPBC(3»« .5*1 xPtil 3,1 l«VPM3,2) I 
ZPBCn»«.S*iZPi*(3.1l*2PMl3,2li 
XPCul2l«XPH*RHTCH<2l«CCSnHET«Hi2l»THErAl2M 
ZPCG12l-ZPH»i<HTCH2 » «SINTKTiJH 21 ♦THEf AI2 II 
XTEMf»XPw< 3,II-XFV,| i«2) 
ZTeMF«ZPh4 3,ll-ZF«l 3«21 
B6T«»(il««fN2UTE>P,)iTtPPl 
IFlLCUT.ÜE.ii»»   k»f)lTECLüN6,8in   XPCC t^l ,1 PCCI2) »THET A(2 I « 

♦ APBC(3),ZPBCm,<XPI44,J),ZPto(3 .Jl,ALPHA( itJ), 
♦ J*l,2t,XPH,ZPH,Kto( 3* 

811 FÜKMIH7H   M0VEA6 .Sf La.3/^nFltf.jl,2F10»ifI3l 
RfeTUFN 
END 

C 
c 
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LIFTING   jF   Pf-LiOfAf   CrtSTdb 
PA&£   A-37 

iUhkCJTINE   ELcVAT<NECL»>L,cLEV1 

CUHMCN   «LPHA(>,2»» 
öALMCl3>.SALMUlJ If 
atlA (3»,B£TAM<3> »üN(jl,cf AK£M5»21,aT(3,2>,B«I0TH(3J, 
CuiAl3,t >,CuSB( i>,CCiÜi3 .<: i .CGfXU*-, CGf Z( 21, 
uC-Xi» .CÜ2U> ,CüMrU»,CPS(i,4 J,CTF(Jt2lt 

LFPPAOiS ) ,£LL«5J , 
hHX,FrtZ,fN(J,2» . 
HAi5 ,i».1 .HB4 5 ,9»,hC< 5,9» ,HCJ5,9I ,he(3,9»,HP45^» , 
HFL.' 5,^» iHXi S .ii« »iH/ifS.U I, 

It3(5,2l . IP(5.2 I, iH( £#21, 
LUUT .LuNc« 
Nit)i.F, NUNITb, M*(5Jf><tN£(5), 
QM(V»,LFL<9>f t;X( It!« »GiCÜ» • 
MM (3 ),Pü*»EKRl 5,2 ),'PX*3J ,PX FCG4 3 »-.PZC Jl-, PZPCG4 J» , 
i^BCl ,kBC2,ftK(3r2>, 
SCALtlo» ,SFLAi,(5>,SIAAU,2),SIN£13)(STEPt 

THETei,THfcTB2, 
X( SI ,XPbC15» ,XPW45,2*« 
z;5» ,ZPHCI5» ,2P»»CF(5<2*,2PVii5.2( 

L 
G 
v. 
c 

c 

c 
w 
c 
c 
c 
V. 

c 
c 
c 
c 
c 
c 
L 
c 

ii^TEGtk   SfLAG 

ülMEKSlüN   XLtblfELEVtSltXLKSI 

XLll)= X-PCSIT1CN CF CC GF UNIT 1 
XU2I« Z-PCSIT1ÜN UF CC Of UN iT 1 
XL(3>=   P!TCH   ANGLE   UF   LNll   I   hKT CKGUKC  CQCflOINAJES 

XLUIs   PITCh  ANGLE   CF   FCRkJKC  MUST   UOCIE 
ASiEMBLr  ON   UNIT   1   MRT   VEHCLE  CCCACLNATES 

XL(SI<   PITCH   ANGLt   CF   SECCAC   PCGIE 
ASSEMBLY  UN   UNIT   1   MAT  VEHaE  CCCRCINATES 

ELEVdl«  Ü1STANCE  OF   CC  FPtiM  LAST  EQUlLI KRiUN 
PCSITICN  MINUS   Slf9 

cL£VI2)>  ELEVMTICN   CF   FIRSI   hhtEL  kiRT 
ITS   HUB   PROFILE 

tLEV(3>«   ELEVATION  OF   SECCIC  lihEEL  HRT 
ITS  HUB  PROFILE 

cLEVU»'   ELEVATION  OF   ThXüC  bFEEL   (WHEN PRESENT)  WRT 
ITS   HUB   PRCFUE 

hLEV(5l'   ELEVATION  UF   FQURI»-   Nf-fcEL   (MFEN  PRESENTI   URT 
I IS  HUB   PROFILE 

üL   It  L«l,NEQL 
1^ XLLILI'XLILI 

ASQ>STEP*STEP-(XLLi2l-PZPCCtllt**2 
cLEVUMXILdl-PXPCfiill-SOkTUeSlXSQU 
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K-2Jba,   VCLU^E    li PAGE   A-38 
L1STTNG   ÜF   PHJGHAH   ÜBS7BB 

THET=XLLlj) 
C=COSI THtTdl^ThET» 
XPBCll>=XLLi H*^öCl»C 
S = SIK<THE:91»TMtT> 
£PBC(H=XLLU •♦'UCl'S 
1.=CÜS( THETB2*ThET» 
XPBCU)=*LLl ll*KBCi»C 
SsSlMThET32*THET; I 
ZP8C<2»=XLL(2»»8EC2«S ' 
IPILCUT.GE.U >   *KITE«LüNo.ii)   CS.XPBCiU, , 

♦•     ZP8C<H, XPBCU)tZP8C*2»,IXLL( I» ,I=l,K£CLI 
tl FÜkMAKäH   £LcVATl,MUa.3» 

IFlSFLAG(U.EO.l.ANCiKW(i»-.£Ü.0l   GOTO   3» 
t 
L   FIRST   ftiSEMbLY    IS   UN   Sl^GLi  WHcEL 
C 

iFISl'l.AGf It.EOJI .4NC.NM4il.NE.il   GOTO   2i 
CMLL   HHEEL3    ( EL £V( 2 UiiA ,hO,hE, HR, HX, IH< 1, U, I, tOUT,LUN6# i 

♦ XPBCU) • ZHBCd ».ZfRCiU f IM I 
XPM( l.l)=XPdC(ll 
ZPM( l.il = ZPBCIll 
GCTU 5«; 

63 IFiNtil 11 .EO.^t   GCTC   ^J 
XPW» l.U -XPBCil» | 
ZPWU,1» = ZPBC{1 I 
LMLL   NHEEL3    (ELEV<2U»-A,HO,Ffc',rf »HXrlHiLUtiaOi«?, 

♦ LtN6.Xfwn>l ),iPkil ,i>,ZPPCF(l,iU 
foETA(l>-<bALMU(ll 
APBC(1I>XPW( 1,1 »-.5»e*ICTH(n»CCS<e4tMUimTHETl 
ZP9C (n = ZPH(l,ll-.i>«fi»<iCIh<ll»SlN(8ALMü<l»*THETI 
GOTO  Siä 

27 XPwn.2»«XP8Cm 
ZPWl U2l=ZP8Cn > 
CALL   MHEcLi    (ELEV«2l#«A,HO»HE.Mf,HXtiKll ,211l.LOUl. 

•■     LUNb.XPWil,2t ,ZPMl,2l»ZP«Of41r2>» 
bETAtll'bALHOUl 
XPBCn»*xPxl 1.2» *.S*eMlCTH(l>*CCS(eALMO(mrHETI 
^PBCI1I*/PM1 ii2l».3*ewICTHlli*SIN(£ALNQ(lUTHETi 
GOTO  5«) 

C 
C   ^»KST   AiSt^aLY   IS   tiCGIE 
C 

iU kWl*.5*BMlDTh(i« 
C»C0S1XWL(<»»*TH£TI 
XPW1 l(L)*XPBCiil*RWl«C 
S"S1NULL(4I*THETI 
i.PMl l.ll«ZPBC4 1>«flWa4S 
LALL   WHEELi   ( ELEVt 2 UHA,H0,kE, Hf, «X, IH4 1, il, l.LOUT »LUKlft , 

♦ XPN(1,H •£PM(l,l».2PM0F(lvllt 
XPM l,2l«XP8C(ll-RWHC 
ZPMI l.^lsZPBCdl-RMKS 
CALL  WHEEL3   ( ELEVO »«toA»HO«t-E# H(,HX« (HU# 21. 1 »LOUT ,LUN6» 

♦ XP«U,2I ,ZPWll.2*.«fRCFU,2n 
IFiLCUT.CE.llI   MRlTECLU^r^Ü   C,S»<XPW4 I , J.I, 
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(W-J5a,   vCLUf-E   11 PACE A-39 
LliTlNG   l»F   PPUGKAH   UdS7oö 

♦■      L'ni U J» iZPnUFi 1 tJ»,,lhi UJ J ,J = 1 ,i) 
4i foHM/iridh ELEvATi.^F.i^.a/iOf m.a.ijn 
b^ T rlSFLAGU) .E0.1 . ANC*Atal 2) .EC.«])   GOTC70 

C   SELONt   MSSEMüLY    iS   üh   SINGLE   WHEEL 
i 

IFlSFLAGm.c;.! .INNNMJil .NE.3)   GOTO  53 
CALL   WHEELS    UL EV< N £QL » ,hA , »-O.hE.hf, H(t In (2, II, 2,LaüT,U)N6, 

«-     XHBCU» , ZPBCt2 l,iPRtf<2,ii » 
XPWi2, 1»=XP6C(2I ' 
ZPWi2,1) = ZPBC(2 I I 
GLiTO   6k) { 

3J {PlNhl «;» .E<J.21   GCTC  S3 
x^w(2.11=XPBC(^1 
ZPM(2,1» = ZPBC(2 > 
CALL   WHEELi   (ELEVINECD ,HA,HC,h£,HF,hX»IH(2tlJ,2rLOUT, 

«■      LCN6»XPW(2.1 I.^Hhl2 .iltZPRCFU, Ul 
BcT'A(2)=bALMU<2l 
XPUC(2)-xPM(2.1l-.5*MICTHl2)*CCS<f:ALHÜi2> -  HET ) i 
ZPbC(2> = ZPH(2fl>-.5»a*» JCTH(2I*SIN(flALHÜ«2»»THETf i 
Guru biä 

bl XPW<2,2i=XP8C<2» 
ZPM(2.2>-ZPBC12t . 
CALL   WHEFLi    ( EL tV« N ECL > ,HA, HO, H£,hf, M» (HU»2I, i^LCUT , j 

bETAt2i=uALM0: 2» 
XPBC(2l*XPMi2,2) ».5*eMlCTHUl*CCS(fiALHO(2t»TH€TI 
ZPBCUi>ZPM<2,2i».S«lMlCTH4 2)*SIK<BALMCt2l»rHETl 

*4 IPaCUT.Gt-.il»   WMTElLUK4>t6U    < ELEViil , I#UNEQL> 
61 PUKHATt SH   ELEVAT J,5Fia.3i 

H^TOJ-N 
C 
C   SECQNL   -.SSEHBLV   dQ^IE 
C 

7J NH1-NE0L-1 
R^2«.5*BhIOTHI2l 
C»C0S(XLL(NECL»*1HETI 
XPli(21ll>XPBCl 2) «HW2tC 
S«SIK(XLL(NEUL)»THETft 
ZPI»«2,ll»2ß8C42> tRM2«S 
NEOLM-NEGL-1 
C".   MHEEL3   (tLEVtN£ia.»<l»fH#,HC,»iEtNF,HX,lHli,<llt2# 

»     '.    r.tUN6,X>Ml2,llf 2CW(2fl l(ZPPCF<2rin 
X-'«I2«2I«XPÖÜ(2I-AM24C 
ZPM12I2I>ZPBC12I-RW2«S 

CALL   MHEEL3   I SLEVlNCOL » , HA ,l-0,HE,HF#hX# lH(2f 21 ,2«LCWT ,La.M4. 
♦      XPM 2,2),ZP4H(2#2l,2FRCFi2,2n 

iF(LCUr.Gc.U>   MftlTElLUN6.6i)   ( ELEV 1II« i>l«NE0L» 
IFILCUT.Gfc.U»   W«irWLUK6,8ll   C, St4 XPM42« J), 

*■     ZPN(2,JI .ZPR3F(2,J^,Jh(,2«J)f J>U2» •- 
HI FOPMimH  i;i.EVAr<»WFi«.-3/2<3F10.3fI3»t 
• RETURN 

END «J 
c 
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^-<:J58,    VCLUfc   I1 PAGE A-«»ii 
LlSTINu   Li-   PROGRAM   GESTot 

L 
C 

SUBRCÜTINE   MHEELl   4 ANGL E,H4 ,m., HE, IHUB.K ,ÜK,OZ ,XX t£rt I 

ÜlMEKSIUN  HA(5V^I,HC15,9I (hE(5.9lfÜXUlil.02(lld) 

C   SüoKUUTlNt   TO   FINL   ANGLE   LhLif>   WktEL    4T   «W.ZM, 
C   HF   SuiHEiVSION   K  ON   HUB  fRCFlLE   ELEMENT   LhUB 

iFlH«(K, iHum.EG.i^l   GCTU    Uk! 
C 
L   HUb   FKÜFILE   ELEMENT   A   LINE 

ANGLE-AT N2(H0iKf iHU EAt-HEi K , IHU 6 I.I 
IF(«eS(AKGLEI.L£..dl»   ANGLE-». 
kETURU 

C 
C   HUB   FHOFILE   ELEMENT   AN   AW£ 

idJ A=ATN2UW-Qi( lMUe»,XM-CX( IKUtl I 
I^i AbSi Al .LE-.a*!   A--«**. 
ANGLF-A- l.S7U79oi 
HETUf-N 
ENO 

L 
C 
t 

SLBRCUTINE   HMEcLi   ( ESfRAO, l-Af hD,*iE^HFrHX , 
♦     HZ.IV-UB.Ih2,KtLCU,LUN6.CX,QZtPSLP2»i)12(RI2S0,XPl»XP2fZPllZ»^t 

DIMENSION   EFFRAC(5» ,toA< 5, 9 l,HCI 5 t9lf »"E15 ,9 I ,hFI t».9l ,HX 
»    (5.1 ei.HZ(s,ui fCxiidifCznai 

c 
C   SUbROuriNE   TO   LUCATE  SECONC  WHEEL   GIVEN  CN£ 
L   WHtEL   AT   XPUZPl 
C 

ÜC   U0   1>1«IHUB 
DS0>(HX(Kf I)-XPiM42«iH24KvII-£Fll*«l2 
IFaCUI.EO.il»   «RlTEitU^,96J   I ,CSC«Ml2S0»hX4K, II, Hi! K, II 

96 FURM*T(&h  WHEELS*» li^^FU.JI 
IflÜSO   .LE.   K12SC)   G6T0   110 

li)<l CONTINUE 
C 
C SECOND  AXLE   CN  htB   fKCFILE   ELEMENT   iHUi 
C 

1H2>IHUti 
GOTO   115 

11^ fH2«I-l 
iF(Ih2.LT.ll    1H2«1 

115 U'SUKTIQSOI 
IF|HA(K,IH2I    .EC.   1.4   GCTQ   16U 

v. 
L ELEMENT   (K.18.21    IS    /   tlNE 
C 
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«'LÜbi,    VuLU^E   II PAli£  A-41 
USTlNo   Hf    PPOUR^M   Ü!3S7Bfc 

T = -HFI K, !H<;)/hfc( K, LH2 » 
A=S»»2*l . 
D=SMT-ZP1 l-XPI 
U=(T-ZPI !*•,>♦ XP1 ••2-fUSi 

L04=C/A 
IF(-eOA   .Gt.   d.»    Xl*-«80A»SCRr ( ELA^eüA-COMl 
IFI-eOA   .LT.   4,)    Xl=«aQA-SCBT< EC^eOA-CQA» 
X2=CCA/X1 
Zi = S»Xl*T 
£2=S»X2»T 
IF! XI   .UT,    XPH    XF2=«,2 
IflXi   .oT.   XPll    XP23X1 
IF(X1   .C.T,   XP1    .CR.   U   .CT.   X^l»   GGTC   15M 
lri^Pl = IH2*l 
Ir( Xi.UT.HXl K, iH-tUCf.Xi.GT.HXi K,Ih2*>ln   XP^«X2 
IF< X^.LT .MX( K,iH^I.CH'.I^.GT.hX(K, Ih2Plll   XP2»Xl 
'F{ Xl.Lr.HX( K,IH2».C>.X2.LT.HX1 K,Ih2i->   GOTO   150 
IF(X1.4.T .HX(K ,IH2P1 ' ,Cfi.K2.GT.HX(K-tlH2Pl ) )   GOTO   153 
IFU1   .GF.   Z2>   XP2*XI 
IFiZt   .GT,   li)    XF2=X^ 

153 ^P2»S*XP2»T 
0SLP2=ATN2: MPiK, Ih2 »»-HfclK, Ih2l » 
!F(AfcS<PSLP2)    .LE.    .^1»    PSLP2*». 
1 r-ILCUT.&O.ll I   tvPITEiLU^, 15b)    IH2 t C* S«T, At a»Cf BOAtCOA» 

►      Al.X*,il,Z2.XP2,ZP2,fSL^2 , 
1^6 FCi<H«r(8HKltaHEELbl(I3«7Fll4.3/8FlK.4l 

KETUfN 
C 
C cLtMCNT    <K,Ih.2l    IS   Ah   ARC 
C 

loJ CHOROSOkT( (HX(K,IH24i)-HX (K f ihi »♦••2MHZ U,'lM2*ll 
♦      -h2(K, IH2^»*»2» 

A=2.»ASIN(.5"'.HCPD/£fFPoO:K)l 
BaATN2(H2<KtiH2l-CZf l>-2),hX{K,I»-<!l-OX<IH2M 
IFIAeSiBI   .LE.   .«11   ti«l3. 
IF(B   ,L6.   -1.5707963^67)   6«6*6.2Ö31853*7 
AHGH>B 
ALOM-B-A 
00   HU   !«l,6 , 
AHlC«.5*(AHCh»ALCMi 
HXM>CX(IH2)*'EFFRACI li»*CCSi AHIO) 
HZf««CZ(lH2)«'EFFRALIK4*SINXAMI0) 
KM2»f HXM-XPl) "2 »(H2N-ZP1 »»»^ 
tF(RM2   .LE.   R12SCI   GCTO  17t j 
AHGH>AMIO 
GOTO   18KI 

170 TF<RH2   .EO.   PI2SC»   GETC   190 j 
ALOM'AMiO 1 

144 CONTINUE ; 
190 XP2«HXM 1 

ZP2«»-ZM i) 
kKANG«ATN2IZP2-CZ(IF2l,XP2-0X(IH2) ) 
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-(-2J53,   VOLUME    II 
L'STINL,   l]F   fhdGKAM  QSSTBa 

PAGE  A-<*2 

IF( AdSiKKÄNÜ»    »LS.    UH   RK«NG30. 
^SL?2=KKANG-1.57279*3267 

Ik's LUNTlNUt 
IF(LCüT.E0.1ll   wRlTEaUN6, 1961    lh2f C, CHQRDf A*8, 

♦■      XP2, ZP^.PSLP^ 
ivi (-OKMAT(9hdMhEtLS2»ii#7PlJ.3l 

RETURN 
END 

L 
C 

SUBRCÜ71NE  WH6EL3   { EtEV,hA.hCvHE«hfrhX.(H,KvLOUT• 
♦•      LUN6.XP,ZP,iPR0F> 

OIHEKSIQN   riA(5,9>,HC^5t9) ,>-E(S*9>'f HF(5«9»<tHX(S,10l 
C 
C   SURCUTINE   TO   FINC   ELtVAUGN   Cf   WHfcEL   CENTER 
U   AT   XP.ZP.rtST   HUE  PROflLE 
C 

00  2i   I »1,13 
IF<H)i(K, II.GT.XP»   CCTC   3J 

tJ CONTINUE 
IH«9 
GOTO   «♦«} 

3J IH»I-1 
IFilh.LT.U   lH»l 

C FIND ^OINT ON PROFILE 
C 

<.,)     IF(HA(K,iHI.6C,l.> GCTO 64 
C 
w   PRCFILE   ELEMENT   A  LINt 
C 

S«-HCU,Ih»/HE<K,iHl 
T»-HFIK, IH»/HElKtlHI 
ZPROF-S^XP^T 
IFiLCJT.GE.lil   MflITE«LUK6»56)   lHfS,T,iPROF 

t>6 F0RMAT19H  WHEEL3/1, I^,3F1 tf .3 » 
GOTO  84 

C 
C   PROFILE   ELEMENT   AN  ARC 
C 

oid 4«.5 «HE! K,IHI 
C«>P*XP«hOU» 1H» *XP*toFIK, IHI 
o»B»e-c 
IFt-e.CE.d.) Z1»-B*SCRTJ0» 
IF(-fe.LT.a.i Zl--e-»SC«T<DI 
Z2»C/ZI 
IFUl.GE.2il    ZPRCF'lt 
lFtZl.LT.22»   ZPRCF>2a 
IFiLCJT.GE.lil   MRITEILUK6t71l   Ih,8.,C,C»Zi , 

♦      22,ZFRÜF 
71 FÜRMAT(9H  NHeEL3/2tl4«oF10.ai 

C   ELEVATION 
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LlillNG   Uf   PKUGKAM   üaS7be 
PAtiE  H-*i 

a J 

bö 

= LcV -IP'lPkQf 
IPiLruT.ufc.li J   i.hiT£*lUhö,öo l   Xf,2P,K,Ih, 

l-üKM<.n9H   «HecLi/3,2fii3,i,2I3,2fia.3l 
HETUfN 
tNO 

SOÖKCUTINe   MINV(/,NtC,LtM) 
UlHCNSIüN   Al il,UU,*Ml) 

HATK IX   iNVERSICN   WITH   PIVOTING 

SEAhCh   FCR  LARGEST   ELEMENT 

D = l.t 
NK=-N 
on dJ  K* i,\ 
NK«NKf^ 
LJ Kl =K 
.•((«.» -K 
•^K^NK^K 
bIGA=A(K^, 

DU  2fc   J=it,N 
IZ»N*(J-1J 
00   23   I=K,N 
I J=I ^1 

I.) 1»-   ( #8S( BIGAl-ASStAI iJlll 15»^£,^0 
15 blGA*A( Ui 

LiKt«! 
M(M=J 

2^ CUNIINUE 

c 

c 
c 

IKTERCHANUE   XCWS 

J'LIKI 
1F4J-K»    33,35,25 

25 Kl»K-N 
HO   ii   i«ifN 
Ki»K I*N 
MQLO*'A(Kl) 
JT»KI-K«-J 
A(Ki l»A( Jl» 

3" AlJI)«MÜLD 

INTERCHANGE  CCLUPftS 

35' IsHlKI 
Ic<l-K)   45,«,5,i3 

>3 JH»N*<I-l» 
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r,-t«158.   VULU^E    li PAGE  A-<»4 
LISTING   Jt-   »»HUGKAH   Ubb7öb 

JK=NK*J 
J!«J PfJ 
MULU=-A(JK) 
A4 JK UA( JiJ 

■u.i AiJllsHULO 
C 
w DIVIDE  COLUMN   BY   H*NUS   PIVOT   (VtfLLE   CF   PlVOl   ELEMENT 

i S   CONTA1NEC   IN   E JCA t 
I 

hb TF(BIGAI   UH,<4b*'*<i 
uo D=«.k; 

KETUKN 
«.o ÜQ   i»5   I=ltN 

IFIi-K»    i>J,55,52 
^P lK=NK*T 

A(iK»«At IKI/(-äUA^ 
bb     CONTINUE 

C 
C «EUUCE MATRIX 

UU   t> 5    I = 1. N 
lKsNK»T 
H(.JLO = A( I Kl 
IJ=I -N 
DO   6 5   J=1,N 
IJ=IJ»N 
IF(!-KI    6kJ,65,6K 

ÖJ IF(J-KI    b2.o5.62 
e2 «.J»! J- I*K 

A(IJ) = HOLO*A(KJ)*Al Ii4 
o5 CONTINUE 

0 
C OlViOE  ROW   BY   PIkCT 

KJ»K-N 
00   75   J = l.N 
K J«KJ»N 
IF(J-KI 70»75,7a 

7V! A(KJ)«A( KJt/BIGA 
75 CONTINUE 

C PhQOUCT   OF   PIVOTS 
C 

U»ti»«?IGA 
C 
C RkPLACE   PIVCT   bY   RECIPRICAL 
C 

A(KKI*l.^/BtGA 
bid CONTINUE 

C 
C FINAL   ROW   ANC  C01.UMN   INTERCHANGE 

KaN 
UJ K'<K-I) 
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-i-Sa,   vuLiJ«c   11 PAGfc  A-*5 

IUKI     15„,15J,1J5 
1 J5 I=L(KJ 

IF   ( !-K)    UJ,12J,lid8 
l.'d JC=N»(K-11 

Jk = N»l 1-1 I 
.i"rc   1 U  j = l,N 

JK= JC«- J 
HQLO-A(JK> 
JI=JK» J 
4( JK Is-AUI» 

ihi A« JI »=HuLO 
l^J. J»H(Kl 

IPiJ-KI    lJ^.UJt125 
125 K I »K -tN 

an  u.j   ' = I,N 
M=K IfN 
HÜLD = At KTJ 
Ji=K I-K«-J 
AlKl »s-Ai JI » 

liu «(JI»=   HÜLC 
GÜ   TC   1*0 

1?J ixETUFN 
ENO 

v- 

L 
fUNCTIUN   ArN2<X,y»- 
ATN^^J. 
IF4X.,Ne.ld..OK.Y.NE.rf,» 
RETURn 

•    CNC 

ATN2»ATAN2(X,y > 

c 

C 
C SÜBRCOTINE   ECSCL 

L bUBKCUTINE   EtiCL   -   FRCt»  *«.J.n.   PCMELL  -A   FORTRAN  SUBROUTINE 
C FOR   SÜLVTNC  NÜNLIKtAM   ^LGEäRAIC   cOUATIONS 

IN  NUMERICAL  METHOCS   FCR   NONLINEAR ALGEBRAIC  EQUMTIQNS 
C EOt   PHILIP  OABINCUITZ»   PUfiJ   GOKOON  t BREACH,   1970 

■    SUBnCUTINE   EOSQL   ( K«X, F,AJ INWvOSTEP,CNAXvACC«MAXFUN» 
1      W,MAkC.LUN6*IPRUT,CAtiFÜN» 

OIMEKSION   X(NI,F(M ,lJUV(N,Nl»WU18^LU0l,«ntt» 
EXTERNAL   CALFUK 

C SET   V4KIUUS   PARAMETERS 
HAXCs0 
•HAXC* CCJNTS THE NUMBER OF CALLS CF CAL FUN 
NT«N»<» 
NTEST«NT 

C 'NT»    ANC   «NTEST*    CALSE   AN   EPRGR   RETURN   If   F<XI   DOES 
C NOT   CECRE^SE 

OTEST«FLOATJN»M-a.5 
C »OTEST«    IS   USED   TG   MIMTAIK  LINEAR   INDEPENDENCE 

138 



K-^JSI.   VLLU^-c    li PAGE   A-Wo 
LlSf'NG   OF   HBÜGkAM   ü8S7bc 

NW=NF<-N 

NO=NCC»N 
L       THtSE PMKAMETEPS bEf*a»TE Tk-E WCPK4NG SPACE 
C        MKKAV * 

L USUALLY    'PMIN'IS   THE   LEAST   CäLÜJLATEC   VALUE   OF   F<X», 
C AMC    THE    ticiT    »   lb   ^   »4NX*l»    TC   MNX»N> 

UU»d . 
t 1,'SOALLY   20   IS   THE  StUAi<t   CF   THt   CURHENT   STEP   LENGTH 

uSS*LSTtH»OSTEP 
DP»C>'AX*CMAK 

IS»5 
C MS«    CUMHCILS    A   «GC   TC«   STATEMENT   FOLLUW INÜ  A   CALL   OF 
L CALFUN 

TINC=1 . 
L • T INC«    IS  USED   IN ThE  C>»ITfchICN  TC   INCREASE THE  STEP 

LENGTH 
L STAkT   A   NEW   PAGE   FCP   PRINTING 

IF<I FKINTI I , 1 , d5 
bS »<l*I IE< Luf       -S i 
^b FORM4TI IhU 

t CHCL   THE   SUBKCuIIKk   CALION 

1 MAXC*MAXC»1 
CALL   CALFUN   IN.X(F> 

L TcST   FOM   CCNVtRCENCE 
FSO«w. 
ÜU   2   WtN 
FSC*FSO»K4 Il»ftl» 

a CONTINUE 
?F   ( FSq-ACC» 3. J,<i 

C MHOVIOk   PRINTING  CF   ÜNAL   SCLuT IÜN   IF   REQUESTED 
t V.UNTTNUE 

IF   l lP8INTI!>,5»ö 
6 KRI TF| LUN6«7iMAXC 
7 FURHIT   t///»hl  ECSCU/ 

1 ?X,i<iHTHE  FINAL   COLUHON  CILCULATEC   BY   EQSOL 
2 SHRECUIREO»l5*2i»- CAtiS  CF   CALFUN,ANC   IS» 

MfUTE(LUN6.8)    (I,X( |I(F(P,I-1»NI 
b FORM<r   1 //«A,lHl,7X(«»iXni»UX,«HF(l^//l ISt2E17.IM 

wRITC(LUNö»9»    FSC 
V FOkHAT   4/XW1HTKE   SM#<  CF   SQUARES   IS#E17.I) 
5 KEToRN 

L TEST   FOR   e*ftOM   RETUÜfc   BECAUSE   FUI   OCES   NOT  DECREASE. 
t 1*0   TC   IU.U»ll,lJ.ni.IS 
id IFiFSU-F^lN» lS»2l»4t 
io IFtUÜ-USSi I2,U,V1 
li NTfcST»NT?Sr-l 

|FINTESTnj.I«,li 
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*-iu-io,   VJLO>"r    I! PAGc   A-<»7 
LlbTlNJ   Lf   PPOGnAM    . B S 7 (i E 

!o rbWNUT« ///3H   XEwSOL :^5Xf jll-EnKOR   REfURN   FROM   EOSüL   BECAUSE. 15, 
1      WHCäLLi   OF   CAcFLS   MUEC   TC   iMff-CVE   THE   KESICUALS) 

I / OL   I S   I- i.N 

x( 1) »*( N*i i 
p( I» »mNFii 

I» CONTINUE 
t-SC=   PMIN 
GO   TC   3 
(:K«UP   RcFjKN   BECAUSE   A   NEW   JMCOEIAN   IS  UNSUCCESSFUL 

13 HKUfcC LUNOrl^J 
li CQ^MAK/Z/IM*   EOSOL:/ 

1 5X.36HEhMÜK   «ETUf-N   f»ü*   EC3CL   BECAUSE   FIX», 
2 :HHFAiLt:L   TU   OcüREAiS   USING  A   NEW   JMCQBIANI 

r.O   TC   17 
IS "*r«:ST = NT 

TESI   WHP1HEH   Thkt<E   MVE   BEEN   MAXFUN   CALLS   OF 
t CALFLN 
il IF(MAXFuN-f,AXC>2 l,«il#i2 
2i *hlTE: LUN6 ,2i)HA*C 
.> FQnMATI///9H*   ECSCLJJ 

I      iX.ilHEKKCR   RSTUSN   FüCH   ECSCL    BECAUSE 
i.      loHThcRt   rtAVE   bc£N   ,J5,iiHCALLS   OF   cALFUN» 

' PI FSQ-FMlN)i,i7,17 
►'KCV iUE   Ch/.'iTINÜ   if   KtCCESTfC 

t6 i-UKMATi///6rt»   E3SCLi^ 
I      bX.ohAT   THe,l3,2t>MTh   CALL   CF  CA1FUN   WE   HAVE» 

wkl TEi ciJN6,tt)f Uxilt^Fd», I«1,NI 
«RITt: LUN6,9»FSC 

it        <,o ic( *:7 ,^a,*v,07,^1^13 
L STCHE   THE   RESULT   OF   THE   1MT1AL   CAiL   CF   CALFUN 

3^ t-MlN»FSO 
OU   J i    l-l,N 
NAI«M»! 

•««NX!» >Xi I» 
«(NFIOM il 

II CONTINUE 
C CAlCtLATE   A   NEW   JACC8IAK   AFFRQX1KATION 
ii IC-tf 

1S«3 
ii IC>IC»1 

XUC t"X( ICl^OSFEf 
GU rc i 

2«* R-IC 
llC   >*   I*1.N 
NF !•*?*! 
• <K» •« FlU-KtNFI M/CST6P > 

1<. CUNT INUt \ 
NliC-NX»»C ' 
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K-iJbo,   VuLUPE   II PAGE   A-<»ö 
w! STING   IJF   PPGGKJM   üGS7bti 

XI iC )=W( NXiL ) 
iH IC-N» 33,35,35 

v. CALCaAIE   THE    INVERSE   GF  THE   J*CLBlAN   ANU   Sei    Th 
L UlkfiCTIÜN   MATRIX 

i^ K=a 
OC   3 6   !=1,M 
00   37   J=1.N 
K=K* I 
NCRsNO^K 
AJiNVd. J> »«»K> 
•«(NCKi »id. 

^7 CCNTINUe 
NOCI»NOC »1 
NOCKi=NDCI«-K 
wtNOCKll»I. 
W(NDCl»«l.*fLCAT{N-U 

JO CQNTlNUb 
CALL   HINV: AJiNV,KvOAvL, Kl 

u STA^T   ITERATICN   cY   mEOICTING   Tht   CESCENT   ANÜ 
C NEWTCN   MINIMA 

3» OS«h. . 
ONsfc. 
SP«rf. 
OL   3'.   l»l,N 
*< It -«(. 
FJ il«0. 
K»I 
00   4M   J>1,N 
NPJ»NF»J 
Xdt >X( I I-M4KI*W4NF«I 
FCil'f (l>*AJlNVlIvJMM(KfJI 
H»lt»fc 

<••; CONTINUE 
0S>OS»R(I»*xn) 
üN■u^♦FU••F^ i> 
S»»«SP*X| 11 •Fill 

3V CONT iNufc 
C TEiT   t<H?THEk   A  NEARBY  STATIONARY  POINT   IS 
c PAE01CTEC 

If|FMIN»fMlN-0»'N»0SI4I.*l,<i2 
c IF  SC THEN  RETURN  CF   REVISE  JACCEIAN 

«2 GO  TCI*3.<»iv<i4^,I$ 
«•<• Mii|TE:LUN6.4SI 
«i5 FORMAT!///gHA   ECSCL M 

) I     •>X,3JHEHRUK   ReTüFN   fPLK  ECSLL   BfCAUSE   A, 
i I     •*<»HNCAH0V   STATICMRY   PuINT   OF   FIXI    IS   PREDICTED^ 

GO  TO   17 
-3 NTEST«!* 

no «6 I'itN 
S*\»h**l 
XlIlsWlNAl^ 

M CONT ISUfe 
GO TC  32 

i. TEST   UHETHCH   TC   AFPL«  THE  FULL   »EMTQK  CORRECTION 
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«-.?J5d,    VuLUf'c:   II PACE   *"*•» 
L'iUNCi   «.F    ^PQ^nAM   (JciTaC 

-I IS=^ 
' PI JN-ÜC><.7fH7,<.d 

^ 7 uC = ^f"AXl lüN.DSi» 
,
JS=J .25»ON 
TrNL=l. 

-^ IS = <. 
i,c rc do 
LALCUATE   THE   LfcNüT»-   CF   THE   STcEPEiT   DESCENT   STEP 

OU   5 1   1= UN 

DU  52   J = l ,H 

^ > CONrirjuE 
UHULT=CMüLT ♦ I:W*C«I 

31 CUNTINOE 
-»•ÖL T»OS/OMULT 
(^»Ob'OM'JLT »DfUCT 

C TdST   wHfcTHEn   TC  USE   Iht   STEEPEST   CESCcNT   ÜIRECTIUN 
IrJuS-oOJSi »iJ^fS^ 

C TEST  WHPTM5R   THE    IMIt4L   V/LUE   CF   CO   hAJ>   BEEN   SET 
5-« ;F(0Cl35,5>f'J6 

3«. L-usA^AXlUib, AMMi r?»,DSH 
jj'OS/tUf'Ucr •Cf'ULT > 

^C   TC  <*i 
u Ser   THE   f*ULTlPLlE»<   cf-   THE  STEEPEST   DESCENT   0IRECTJ3N 

!)6 Af4MUlT=kJ. 
nmjLT«JMULr»SCkT<CO/CS» 
GJ   TC   9tf 

b INTERPOLATE   BETWEEN   Tt-t   STecPEST   DESCENT   ANO  THE 
NFIITCN   U1K5CT ICNS 

53 SP»SP*üHl,LT 
ANMULT«( CO-Di»/l OP-OS» »SCtTi | SP-CC»*»2H CN-UOI 

1      MOU-DSJH 
JMüLT«OMuLT»«l.-ANHOfcT> 

C CALCULATE   THE   Ch^N^C    IN  AAKC   ITS   ANGLE  WITH THt 
C MRS1   OIKeCTICK 

Vo UN'O. 
SP«rf. 
no 57  l«i*N , 
r( II>OMULT*llf I»»ANMt4T»F||l 
l)N>UMf( 1l*F( II 
KCI>^»I | 
SP-SP»Ff IMH<Kül I I 

5 7 CONTINUE ' 
OS »«.2 5 »UN ■ 

C TEST   KHETHER   AN   EXT»A  STEP   IS   NECOEO  füR 
C JKOEfENOENCE 

IF(lHNOC»i»-OTfcSTI5l#5«t5f 
5* lF(SP*SP-0St6e*S8,5i H 

C TAKE   THE   EATKA   STEP   ANfi  üPCIt?:   '< hE  OIKECTION  MATRIX ^ 
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t--2J5ot   VOLUKE   1! PAGc   A-5«J 
LlSTlNü   UF   PPUGK/JM   u-S78e 

5>0 li««: 
b(J DC   (si   1 = 1 tN 

NXI=NX»I 

NüCI =N0C»I 
mi»=W(NXl l*DSTEF*MKri» 

t- 1 CtJNT INUE 
w(NÜ»»l. 
ÜC  o2   1=1,N 
KsNO»! 
SP>ta(Kt 
DO  63   J=<J,N 
KN»K«N 
M(K)SM(KNI 

K=KN 
ol CONT INUk 

b^ tONTINUE 
GU  TL   1 

C CäPKFSS   THC   New   ClKECTItN   IK TEHHS  OF  THOit OF   THE 
C uiPECTluN   MATRIX,ANC   üPCATE THE   COUNTS   IN  *(NCCM» 
L rTC. 
hi if*'a. 

K,»NO 
OU   Oi   1= UN 
X(I»»0<. 
On»«. 
00  65  J«i.N 

OWsDh»FiJl «WIKI 
<»5 CONTINUE 

uQTO  !6«tt06) t IS 
66 NCCI*NUC»I 

M(NOCI)*M(NDCII» i. 
^PaSP»UN*ON 
IF   (SP-0S»6<M6«,67 

67 IS»1 
*MI 

UU  TC  6V 
Mt X(lt>OW 
b«! NOCI»NOC*i 

rtiNüCll>N(NOCIMI*l. 
t>H V.ÜNT INUE 

^(N0I>1. 
i. HELMCER  THE   OlkECTJLfcS  SO ThAT   KK  IS  FIRST 

IF   (*KMt74v7tf»71 
71 KS*NCC»KK*N 

00   72   I-ltN 
K»KS»I 

DO   73   J>^*KK 
KN»K-N 
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r.~<..ibH,   vCLUf't.   1 i PAüE  A-51 
LIFTING   ÜH   »'(•OGkAH   ^^STot 

«*i Kl sill K,N>- 

^ = ^r^ 
73 CQNT iNUt 

rt(K»=SP 
7^ oUNIiNUF 

t GtNE^ATE   THE   NEW   CHThC^LNAL  uIRECflON  MATRIX 
i: Üu   7'.   l=i,N 

M(NH I) =kU 
7«. CÜMlNUc 

sp»xn »»xu» 

nü  75   l=i,H 
0S = SChT( St'^U^^X* I » M( 1 )i J 
n*=SP/0S 
ns=x(I »/US 
bP=iP»xi ii »xt n 
ÜJ  7fc   J= 1,.^ 

NNJ= Nrt ♦ J 
KU»K»N 
«t NitJI-k^NnJ^Xi 1-1 Mtal K) 

7ö CUNIINÜC 
7S CüNTlNoc 

^o»; ./SC^Ti UN» 
DO  7 7   I* UN 
<«K» 1 
W(KI »SP»F(t» 

/7 CONTINUE 
C CALLLLATE   THE   NEXT   ViCTC»   X,ANC   PREDICT   THE  ÄiGhT 
v- HAND   SIDES 

dd FNP»«). 

OU   7H   I»1,N 
NX1«NX»I 

XI lOWINXI l»F( 1 I 
i<lNwn »KlNFl» 
UU   7^   J>1.N 

»iHitU*mlH*l I *M( Nl'F^JI 
T-rf CONTINUE 

FNP»FNP»W(NWll»»< 
7* CONTINUE 

L CALL   CALFUN   USING  TU   NEW   VECTCR   OF  VARIABLES 
GO  TC   I 

v. jPOATe  T»-t   STEP   SIZf 
27 0MUL!»«i.V*FMUO,iMNf'«FSQ 

IF   I CMULTl8i,«i,8l 
82 J0'AKAXl(CSSt9<i2b*ÜOI 

r INC'l. 
IF   (FSO-FMINia>»2a*2J 
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D 

i<-kib6»    VOLUME   li PAGE  A-52 
L!STlNb   UP   ^ÜÜGKAM   üeS78 £ 

C IKY    IHE   TEST   TJ   CECJGt   WhEThER   TC   INCREASE   THE   STEP 
C LENGTH 

ol SP»^. 
SS>IJ. 
Ou  at*   I'UN 

SP>SP«-A6b(ff Il*< N DiM^tol 111 
SS«SSMMil-w< NMli i**i 

34 CONIINUE 
PJM.t-OMOLT   /I SP^SCfKSF^SP^CHULT^SSM 
SP'AHNl U,tTINCtPJ » 
UNCsPJ/SP 
JU'AP'INKOH.SP^tCI 
GÜ   TC   dJ 

L IF   F(X»    IMPROVES   STCRE   THE   Kim   VALUE   OF   X 
87 IF4FSJ-FMM83,5^5^ 
(Jl FMIN'CSO 

JC  8 a   I «UN 
SP»X(U 
M*!»M»I 
NFI»NFM 
NMI'NM»! 

v( II *W(NXi» 
wINXU «SP 
SP=F(H 
FU»«W<NFII 
MlNFll>SP 
M<NMlt«-«i4NWl » 

so CONTINUE 
rF(is-iiaa,^u,5«j 

L CALCLLATE   THE   CHANCES   U   P   AND   IN  X 
4:8 00  69   I»UN 

NJil'KX»! 
NFI*NF»I 
XlI)«xm-rf(NXl> 
Pi It «fl II-K(NFII 

t>V CUNT INUE 
C UPCATE   THE   APPHCXIH/IICKS   TC  J   INC TC  AJ INV 

oo ve I«UN 
HR|>Mtf*| 
NWl»M»l 
M(l>HII"X(il 
M4NMII«f<lt 
00 91   JM.N 
MiMlin«ta(HMll-AJlNV<i«JI*FfJl 

M(Ni<l»>   hiNnn-MlKMXIJI 
9 1 CONTINUE 
9 k CONTINUE 

SP«B, 
SS>J. 
OU  9i   I>UN 
ÜS-tf . 
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r.-^Jsa,   VCLUPE   II PAGE  A-53 

Jb^OSMj INV( J, T »»X J J* 
vj CUNFINUE 

SP=SF»OS*F(I» 
b>S=SS»KJ ! »»Xl I I 
p (n=os 

*^ CUNTINUe 
iJMUL T=l. 
IT   i A8bi SPI-kJ.l»Si* 44#95,V5 

^4 UMULT=J.8 
tb PJ=Ü^ULT/SS 

^M=üfULT/:CMULT»SP><I.-CHULTI»SS» 
KskJ 
ÜU   9 6   1 = 1 ,N 
^WI=^M»I 

SPsPJ>W(N«I» 
bS*P«»*.< Mull 
DL   V7   J=1,N 
K sK»l 
M(KISW(KI»SP*X(J i 
AJINW I . J>>AJlNV(If ..**SS*F( Jl 

^7 CONTINUE 
9o CÜNTI^UE 

Go   TC    ia 
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APPENCIX E 

VEHICLE INfur FILES FUP PBQGRAM Ü8S788 

t 
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VtHlCLE 
VOLUME   !! 
IN^UT   rlLE CCS   PPCGPiN   LBSTbt  -   MbrfAl   TANK 

PAGE   8-2 

1   2 
4J. 

*    1 
1    1 
1    1 
!7. 

Id6 . 
*), 
hi. 
-7 . 

:i<:*t6 
5J.O 
I'»«.. 

J. 
1 i 
2 73. 
ri   1 

^53. 

i^2 
j    1 

b * 

1 
1 

17.b 
d6> K 
iJ.3 

7. 
-3^. 

<.775<», 
^. 

bi.62 

5 «.b. 
1 it' 1 1 
31      <•*,. 

<3. 4^. 

17.62      23.6 

NUMTS,NSUSP,NVtH,r<FL 
HITCH   hUGhT   ANL   LOAD 
BUGIE   INCICATQRCS 

POWER   IKOiCATORS 
BRAKE   INCICATORS 
ROLLING   PACIUS 
HITCH   TC   SUPPORT   CENTER 
BOGIE   NICTH 

BCGIE LIMIT-UP 
BOGIE  L 1H1T-COWN 
AXLE  LCAC-tMPTY 
VEH.   CG  MbOVE   GROUND 
LCAO   CG  MRT   GROUNC 
LQAC 
VEH   BUTICM   POINTS     NPTSC1,NPrSC2 

xCLClU>,¥CLCUl»tIM,NPTSCi 
SFLAGI I», lPU,l»,lS(l,U,I=<»f 3 

^1.25      U.o2 ELLlll.ZSUI »EF^RAOdl» 
1 = 4,5 

148 O 

t»  . 



K-^5tJ, VOLUME II 
APPENDIX Ö - VEHICLE INPOI 

PAG£  3-3 
flLE   FCf-   PKOGKAM  UBS788  -   Mi51    JEEP 

MisiAi:   - <»x<. 
1^1» NUNITS.NSUSP.NVEHUNFL 

ia. k;. KITCh  hcIÜHT   ANC  L3A0 
i: ;< ^ BOGIE  4N0ICAI0RS 
i  a i  j J id POWER   INCICATORS 
l   w   1   Ü <} i BRAKE   INDICATORS 

l<f. I*. k). POLLING   RAC1US 
113. 28. k). HITCH TO SUPPORT POINT 

W. e. ^. eoeiE WIDTH 
0. i. <). BOGIE LIMIT-UP 
a. 2. v. BOGIE  LIHIT-OOUN 

l J<.«>. le^e. J. 4XLE LOAO-EHPTY 
^5. 18. VEK   CO  ABOVE   GROUND 
56. iS. «>. i). LOAD  CG  HkT   GROUND 

5i,0. Ü* LOAD 
V   «) VEH   BOTTOM  POINTS 

U*. 17. 123. U. 88. 13.15          86.           12.           85 
^.7. !<•. 2b. id. 13. lb.             4.           Id. 

13,15 
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AF^ENCIX   C 

SAMPLE   TEÄPAU   iNFUT   FILE   FCR   PROtiRAN  ÜBS78B 

0 
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K-^üö.   VULUfE   I! 
SAMMLE    TtKMAlN   INf'jT    F LL 

PAGE  C-i 
FCH   r^LÜPAM   0ES7äÖ 

i.i 
k3 . 

3,15 
15.75 
ii.<.6 

3.15 
15.75 

i.15 
15.75 
33.^0 

3.15 
15.75 
3J.<»o 
3.15 

15.75 
3i.<»6 

3.11» 
15.75 
33.<»6 
).l3 

15.75 
33.^»o 

3^15 
15.75 
i3.<»6 
3.15 

15.75 
33.<.6 

3.15 
15.75 
33.<»ö 
3.15 

15.75 

3.15 
15.75 
33.46 
3.15 

15.7? 
33.46 
J.15 

15.75 
a3.«6 
3.15 

15.75 
33.46 
3.15 

15.75 
43.46 
J.15 

15 . 75 
33.46 

(i3 
112.J^ 
1U.J<) 
Ui.Jo 
K2.<Jl<5 
142.du 

15<».aj 
154.JJ 
ISt.idJ 
16*.«0 
lö<«.k)ä 
Ib4.i3tf 
146.JO 
l^O.^K/ 

196.Ü0 
2i(Jo.«!0 
2ib.dw 
2^0.0k> 

214.J* 
^id.ae 
248.00 
248.00 

112.JJ 
112.J0 
U2.Ö0 
U2.00 
U2,2»»i 
142.0^ 
154.<J0 
iS4.au 
154.00 
164.00 
164.00 
164.00 
196.00 
19o.2tf 
196.0? 
2id6.0d 
2(96.0? 
2Kb.00 
218.00 
218.0» 
210.00 
24«.0iJ 
248.0« 
243.00 
112.00 
112.0.) 
112.0* 

•13 
5.da 
5.a8 

.  5.4B 
.5.88 

5 .Ü8 
5 .88 
5.8« 
5.88 
5.48 
5.88 
5 .88 
5.J8 
5.88 
5-«8 
5 «48 
5.8« 
5 .88 
5 .88 
5.88 
5 .da 
5 .48 
5.88 
5.88 
5.88 

29.88 
29.48 
29.«« 
29.88 
29,88 
29.48 
29.88 
2^.48 
29.88 
29.88 
29.88 
29.48 
^9.88 
29.88 
29.88 
29.8« 
29.«8 
29^88 
29.88 
29.8« 
29..1« 
29.46 
29.«8 
29.^8 

141.44 
141.40 
141«»M 

x 
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r-^Übö,    VCLUfE    11 
bßMPLE   IEKKAIN   INPUT HLE   FfH   rhL(j(-6M 

3,15 lH£»4t .41 .6t: 
15.75 U^.«)<) 141.oO 
33 .<»o U2.<) J A41 .6«) 

3. 15 l3<..dJ i41,ö«) 
13.75 ISH.OU 141 .£0 
3J.<.O 154.Je' 14 1 .£4 
3.15 io<*.^0 141.6e 

15.75 1Ö4.JJ 14l.4iW 
3j.<,6 U4.dJ 141 .6*3 
J.i5 1^6.»^ 141 .6k) 

15.75 19o.J(9 141.60 
3i.^6 1^6.«? 14 1.6«) 
3.15 i»JÖ»<J<« IM.4« 

15.73 2 ^fe.idü 141.61 
33.^b £ £ 6 . 1 (.' 141 Uit) 
3.15 2i8.df 141.60 

15.73 <!18.J<; 141 .64 
ii,<*t 213.4r i41.oi) 

3.15 2<t3.^ 141.619 
15.75 ^•»a.ibj 141.60 
33 .ht 2<»d.<j«j 141 .60 

i<fm99i.91<t<i 19*19,191 <*Si9'»9^.99 

Oti,78d 
PAGE  C-3 
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APfEKClX    C 

SAMPLE   CWIPUT   FPCH   PPCGJUK   tflSTgB 
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---'.'50,    VÜLüf'E   II 
>Af^LE    LjTPuT   fkLH   »'ACOKIM   C£S7ä3 V6MICLE:H«^A1   TANK 

PA&5   D-2 

\ AN 0 

i 
u u r< - l N FCOMAX rCC HÜV/LS AVALS MVALS 
.'SCHfcS PCJNoS POUSCb INC»-Eb MOiANS INCHES 

J7 .»-j a •»<♦ o . 3 J72.i 3.15 1.95 5.88 
<;<•.<•<; 27876.^ 1Ö4t.« 15.75 1.95 5.88 
6.57 .39773.fl 5211.^ 33.46 1.95 5.8a 

37.ei »•i^o. 5 394.3 3.15 2.46 5.89 
2<..J(J 24473.2 16*54.4 15.75 2.4« 5.38 
6.72 Stl34 .6 jödrf.a 33.46 2.4(1 5.88 

J7.«»J (3 948.5 3^*.0 3.15 2.o9 5.68 
^'•.Sö 18^64.2 139e.5 i5.75 2.49 5.88 
1 l.*i 32415.7 3«,i6.i i3.4ü £ .6^ 5.8a 
io .14 0456. i) 3(Jo.a 3,1J 2.8» 5.8a 
('•.it 17 646.0 125«)»,^ 15.75 2.8* 5.88 
^k?.43 j^e44.5 t7oJ.9 3J .46 2 .66 5.08 
58.2^ 6^41.7 7J7.J J.15 ^.-.2 5.88 
a .2 7 18o^9.tt 224t.3 15.75 3.42 5.88 
2.o/ 3Ui44.3 26^6.3 33.46 3.42 5.88 

i^.os 4 124.4 224.7 3.i5 i.ftti 5.88 
31.21 l'S 14«.* 1544.3 15.75 3 .6iä 5.83 
-1.3«; Jt) öl 6. i :.s^2.» 3 i . •» o 3.63 5.8ii 
^», . kJ 2 J 7i>7. 7 * 7H.> 3.13 i.<ikä 5.83 
JO .wi 131«6.o 992.* 15.75 3.8« 5.88 

<■ W • K 1 31o7b.l ^a2o.5 33.46 3.8i 5.88 
%«».<»<: 1612.7 3»*6 3.15 •».33 5.88 
39.54 4149.3 145.9 15.75 4.33 5.88 
J7.7V 5566.1 -125.5 33.•«6 4.33 5.88 
37.1 j **72.t 4*4.4 1.15 1.95 2».88 
t*.,iö 12489.2 -316.4 15.75 1.95 ^9.88 
e.57 79647.8 •»974.4 i3.46 1.95 29.88 
il.li lili.i 50».4 3.15 2.48 29.88 
Lh.ti i*kU,b 802.5 *5.75 2.48 29.88 
6.62 51346.5 434«.$ 33.46 2.48 29.88 

37.13 9272.2 5U.7 i.15 2.6« 29.88 
2<t.>6 24379.0 .717.^ 15.75 2.69 29.88 
11,li 34€»1.7 3769.5 >3.46 2.69 29.88 
Jb.^v «•♦$»•? $27.7 i.15 2.16 29.88 
2«..*7 15926.4 14*5.» 19.75 2.86 29.88 
2b.55 34^44.5 Jlil.9 J3.46 2.86 29.88 
17.17 »448.1 629.« i.15 i.42 29.8« 
i*.79 18195.7 1864.i 15.75 3.-2 2y.«8 
^.92 3 im*.5 ^■«4 8.4 .»3.46 3.4^ 29.88 

36.«a 7<f8.2 -219.2 3.15 3.*« 29.88 
22.es 31Ul.rf 2*6i.9 iS#7» Jmtm 29.68 

•11.5t »H 714.1 3152.» 33.46 3.611 29.18 
16.71 9361.9 1401.2 3.15 l.U 29.88 
tTUl ^Jt»1.7 1637.t 15.75 3.8f 29.88 

3.44 41iSö.l 452^.6 31.46 l.U 29.18 
»8,6« S>64.9 196.1 3.15 

154 

4.33 29.88 



«; JSd ,   ' ̂ LLU'*?    II 
►'PLE   I' jTHUT    FKCH PKCbw/f   C8S7i tti  -   vE 

j 1 ,*j-* 72?».* -1*2.6 i5.75 

jS.tl U253.2 759.d 3J.46 

J7.17 iclZ.i 231.1 J.15 

^.77 2J814.9 1242.4 15.75 

0.5* 797J4 .V 4401.1 33.46 

J7.I7 9<72.2 23b.i 3.15 

<:t.<i4 3!>968.^ ittöi.ia 15.75 

b.bt 5 2015.6 364«.1 33.46 

37.17 iilt.2 241.d 3.15 

*%,%^ 47683.5 17Z7.9 15,75 

11 .S1» 34ed8 .9 33»6.2 J3.46 

JO.» 3 ^«.56.« 429.9 3.15 

4H.4t> 1 9 74 2 . 7 1827.2 15.75 

«.j.s; 3«k44.5 3C6i.l 3 3.46 

i*,? i 9*95. 3 471.2 3.15 

<:<:.7e 19*U.i ^295.•♦ i5.75 

2^.40 i«!(i44.5 J493.4> 33.46 

H.ii 4 J26.b 741.4 3.15 

10.73 i2 34 1.8 2497.8 15.75 

f . 33 34 36b.H 4*66.5 33.46 

33.8V 9787.3 452.9 3.15 

ll»*» 38383.1 *:227.i 15.75 

-1.83 4b^2o,4 3741.5 33.4o 

>3.9i 0474.2 ©äs.* 3. 15 

U.9i 1«>*»9.H tSO.1» 15.15 

--:3.^3 79892.1 5167.6 33.46 

PAÜ?   Ü- J 
TANK 

*.J3 29.dd 
4,>3 29.88 
1.95 441.00 
1.95 i4l.6tf 
i.95 141.Jk, 
2.4fc 141.6^ 
2.48 141.6^ 
2.48 141.6d 
2.6« 141.6* 
2.o9 U1.6J 
2.69 141.6« 
2.86 141.62 
2.8o 141.6ld 
2.86 141.63 
3.42 141.04 
J.Hi 141 .Ob 
3.42 141.00 
3.61» 141.6J 
3.6« 141.63 
3.-60 141.6«; 
3.Stf 141.0« 
3.80 141.6J 
3.80 Ul.66 
4.43 141.6«! 
4.30 141.60 
4.3^ 141.64 
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--tuba,    VüLU^c    II 
ii^PLc    OUTPUT   i-KO   PKLGHIH   CES7bB VEHICL£:H131   JEEP 

PAGE   D--. 

NilhGT 

f,»NG 

ISWCT»- 

} 
> 

wLRfU FCDHAX fOU t-cms AVALb riVALS 
iNCMtS PCUNCS PCUNCS INChEi RADIANS INCHES 

o. oS sm.o MU 3.15 1.95 5.86 
-i.Ti <il74.c 127.1 15.75 1.95 5.68 

-<:i.a ^2J6.5 237.5 33.46 1.95 5.88 
6.65 Ui5.5 35.(. 3.15 2 .48 5.86 

-3.5-« 1?6 1.2 11 e.7 15.75 2.48 5.88 
-li.36 SbkJ.9 16 t.6 J3,4O 2.4« 5.88 

o .o5 6*6.1 25.5 3.15 2.69 5.88 
-t.3l 69Ö.7 iZk.i 15.75 ^.69 5.88 
-i.<iL. t<.6.i 96.2 33.46 2.69 5.68 
7.<,5 -U.2 3<..J 3.15 2.86 5.68 
.i.^J <•«!••: 69.7 15.75 2.86 5.88 
.c-M 79'*.3 96.i ij.A6 * .66 5.88 
7.W «.17.7 48.9 3.15 3.42 5.88 
5.5J ^V.S da.7 15.75 3.4i 5.88 
i.U 799.3 UJ.9 33.46 3.«.2 5.88 
7.«..: 7J<..7 i5.5 3.15 3.orf 5.88 
1.2/ 757.6 135.1 15.75 3.6» 5.ad 

-«..8 3 BJ9.1 ».35.3 J3   .H*» 3.6« 5.88 
i.«:.} fcfci.i 16.3 J.l'j 3.8«. 5.88 

.bd 1 17*.<. 18*.j 15.75 i.tfj 5.88 
-•».s*. 11W I. S 24».0 33.«.6 3.84 5.88 

9.63 j<«4».j 4.8 3.15 4.J3 5.88 
b.79 115<).6 43.i 15.75 4.33 5.88 
-.<: J 2J7tt.z l«.o,i 33.4o 4.33 5.88 
6.63 592.1 -2.8 3.45 1.^5 29.86 

-i.7!> 2 16-».«. >*.l 15.75 1.95 29.88 
-Hl.<** 2229.6 15k..9 33.46 1.95 29.88 

0.65 ltfl*.5 24.3 3.15 2.46 29.68 
-3.75 1«5^.<. 90.«. 15.75 2.4t 29.88 
-<..92 UU.3 U9.I ii,kt 2^8 29.88 
6.6* 6911.1 24.7 3.15 2.69 29.88 

.5» tit.d 6«.2 15.75 2.69 29.48 

.be IJ7.9 116.9 33.%6 im** 29.88 
7.«.5 «11.2 21.1 3.15 2.1* 29.88 
<..«6 ^3.4» 5c.t 15.75 2.66 29.88 
«..75 79V.i 10b.i 33.46 2.86 2».88 
7.2V «•17.* 31.1 3.15 3.42 29.81 
H4 M.%.5 57.U 15.75 3.42 29.88 
•*.9< 799.i ii0*.6 33.<>6 i.42 29.86 
6.*i 7Jt.o ^4.« 3.15 3.6« 29.88 

.78 761 .3 119.2 15.75 i.*rf 29.88 
-i,%i «<.-c.2 137.i 33.«.6 J.6tf 29.88 
*.1< 991.«. 44.9 3.15 3.8k; 29.88 

-t.*b U7I.4. l«.5.l 15.75 3.8K 29.81 
•I JW6 UU.M 193.9 33.16 3.81 29.88 

6.68 575.1 4.9 3.15 
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o 

K-iJ5b, VCLU^c   II 
S*.HPLE   CUIPUT   FRCM HhtGRA*-   C«S7 bfi -   VEHICLE:M*5. 

-J .<)i Mül.a 157.a 15.75 4.X> 

-^3.63 2 55:.4 ^28.7 33.-o 4.33 

6.65 sm.i -o.a 5.15 i..*5 

-.5i 2<i2a.<» 6 7 .4 15.75 1.95 

-u .<.«; 2 556.1 12b.8 33.46 1.95 

6.05 U<*i.9 lo.I 3.15 2.48 

i.iä'. I17kl.6 68.6 15.75 2.-8 

-.V3 i2k)^.y 145.9 J3.46 2.48 

o.tb 7J7.5 i6.9 3.15 2.69 

"•.Hrf 758.7 75.1 15.75 2.69 

3.8i 63 7.9 132.5 33.40 2.69 

T.tJ Mo.d 17.0 J.15 2.86 

0.73 443.4 65.« 15.75 ^•86 

0.0 9 799.3 123.B 33.46 2.86 

7.67 -17.2 19.1 3.15 3.42 

♦ 7.2d 388.kl 65.9 15.75 3.42 

o.85 7*9.3 10«.» 32.40 3.4* 

6,Ö«i 7i)7-l 20.1 3,15 3,60 

«i.25 762.1 70.2 15.75 3.610 

l.do bJ*. 7 135.9 33.40 3.6«) 

7.k»6 ie94.0 18.6 3.li 3.««1 

2.J«. 1168.7 8 3.3 15.75 3.6k, 

-,6J 1312.^ 16«t.2 J3.46 3.30 

■•>.3«( 1131.H 3b.3 3.15 tt,ia 
- .K j 2397,^ **..3 15.75 4.3i 

-lS,<.fc 2 549.8 147.3 3 3.'*6 4.33 

PACE  0-5 
Je?? 

29.06 
29.66 

141.60 
141.60 
141.a^ 
141.60 
141.60 
141.60 
141.62 
141 .0^ 
141.60 
141.60 
141 .60 
141.60 
141.60 
141.62 
141.60 
141.60 
1M.60 
141.60 
141 .60 
141.00 
141.60 
141.60 
141.60 
141.60 

157 
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instructions  in  th«? organization and use of   the  computer  programs 
vHich  implement the   Initial  NATO Reference  Mobility  Model   (INRMM) 
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