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1.0 GENERAL INFORMATION 

1 .1  Purpose of the Manual 

This document i s  a Programmer's Manual fo r  the d ig i t a l  computer- 

based mathematical simulation program e n t i t l e d  "HSRI Truck and Tractor- 

Tra i l e r  Dynamic Response Simulation - T3DRS: ~ 1 "  developed in 1979 b;/ 

the Highway Safety Research Inst i tute/Universi  ty  of Michigan. This 

manual provides a n  introduction t o  the simulation program with descrip- 

t ion  of i t s  internal  cha rac te r i s t i c s  su f f i c i en t  f o r  a user t o  understand 

the program operational flow a n d  t o  load, execute and debug simulation 

runs. A separate User's Manual describes the input/output data s t ruc-  

ture  of the program in fur ther  d e t a i l .  

1.2 Background 

Since 1971, HSRI has been conducting research under the  sponsor- 

ship of the Motor Vehicle Manufacturers Association (MVMA) t o  develop 

computer-based methods fo r  analyzing and predicting the direct ional  and 

braking response of commercial motor vehicles. The i n i t i a l  phase of 

t h i s  research dea l t  with modeling the braking performance of commercial 

vehicles and  was reported in Reference [I]* (Phase I ) .  The second phase 

extended vehicle modeling t o  a1 low for  direct ional  response and was 

reported in Reference [2] (Phase 11) .  The continuation of research into 

braking performance led to additional refinements in tlie braking simula- 

t ion  which were reported in Reference [3] (Phase 111). In t o t a l ,  t h i s  

research under the auspices of MVM led t o  four separate computer simu- 

la t ion  models: 

-Straight  Truck Braking Model (Phase I & 111) 

-Tractor-Trail e r  Braking Model (Phase I & I1 I )  

-Straight  Truck Directional Response Model (Phase 11) 

-Tractor-Trai 1 e r  Directional Response Model (Phase I I )  

Though a l l  programs evolved from the same approach t o  vehicle modeling, 

separate programs were prepared and mai ntained. 

- - 

*Cited References are  l i s t e d  in Appendix C of t h i s  Manual. 



I n  1977, t h e  Federal  Highway A d m i n i s t r a t i o n  (FHKA) con t rac ted  

w i t h  t he  HSRI t o  o b t a i n  b rak i ng  and d i r e c t i o n a l  response s imu la t i ons  

o f  t r u c k s  and t r a c t o r - t r a i l e r s  o f  t h e  form o f  t h e  Phase I, 11, and I 1 1  

models. Requirements t o  add one o r  two f u l l  t r a i l e r s  (doubles and 

t r i p l e s )  t o  t h e  t rac to r -semi  t r a i  1  e r  model were cause f o r  r e f o m u l  a t i n g  

t h e  computer s i m u l a t i o n  model f o r  t he  purposes o f :  

*Consol i d a t i n g  a1 1  v e h i c l e  combinat ions i n t o  one program 

Improv ing t h e  i npu t / ou tpu t  format  

* S i m p l i f y i n g  t he  model t o  i n c l u d e  o n l y  t h e  most r e l e v a n t  

aspects as determined f rom t h e  i n t e r v e n i n g  research, 

That  work l e d  t o  t h e  new s i m u l a t i o n  program us ing  t h e  same model, 

The program, descr ibed  here, i s  des ignated as "The Truck and T rac to r -  

T r a i l e r  Dynamic Response Simul a t i o n  - T3DRS:Vl." Any subsequent changes 

t o  t h i s  program w i l l  be des ignated by a  change i n  Vers ion number, 

1.3 Engineer ing U n i t s  

Throughout t h e  T3DRS:Vl program, t h e  Eng l i sh  system o f  u n i t s  i s  

used. With t h e  except ions l i s t e d  below, a l l  i n p u t  da ta  a re  g iven  i n  

u n i t s  o f  pounds, inches, degrees and seconds, Masses and weights  a re  i n  

u n i t s  of pounds, w i t h  a  g r a v i t a t i o n a l  cons tan t  o f  386 in /sec/sec assumed. 

The u n i t s  f o r  i n p u t  da ta  parameters a re  de f i ned  i n  t h e  i n p u t  da ta  echo. 

Except ions : 

1 )  I n p u t  f o r  t h e  i n i t i a l  v e l o c i t y  i s  g i ven  i n  u n i t s  o f  

f t / sec .  

2 )  I n p u t  d e s c r i b i n g  t r a j e c t o r y  p o i n t s  f o r  t he  path- 

f o l l  ower s t e e r i n g  mode a r e  de f i ned  i n  terms o f  f ee t  

1  a t e r a l  versus f e e t  1  ongi  t u d i n a l  . 
3 )  Long i t ud ina l  and l a t e r a l  road s lope  i s  def ined i n  

percen t  grade ( R i  se/Run) , 

4 )  C e r t a i n  tandem-ax1 e  parameters a re  descr ibed  i n  u n i t s  

of percent .  





O u t p u t  data units are defined on the printed o u t p u t  pages. In 
general , the same units are used throughout, a1 t h o u g h  the vehicle posi - 
t i  on ,  velocity and acceleration variables use the length dimension unit 
of " f t , "  





2.0 PROGRAM DESCRIPTIOM 

2.1 Program Identification 

The program has been assigned the identification title of "HSRI 
Truck and Tractor-Trailer Dynamic Response Simulation - T3DRS:Vl." To 

distinguish this particular simulation program from other simulation 

programs developed at HSRI, the code T3DRS:Vl has beon added to the 

title. This code is to be interpreted in the following manner: 

T3 - refers to the capability of simulating up to 
3 trailers. - - 

DRS - indicates the program is a 9narnic - response 
simulation. - 

V1 - identifies this program as - version 1. - 
Each FORTRAN statement in the program is identified by a unique 

statement identification number of the form "V1 XXXXX," where 

V1 - indicates - version 1 - 
XXXXX - is a five-digit number beginning with 00010 and 

sequentially increasing in value by increments of 

Since each computer system is capable of assigning different file 

line numbers and internal source numbers to the program, for standardi- 

zation and uniform clarity, a1 1 references to the source program should 
utilize the FORTRAN statement identification numbers. 

2.2 Program Structures 

The program is written in FORTRAN IV, level G, as described in the 
IBM pub1 i cation IBM System/360 and System/370 FORTRAN IV Lanauage [4]. 

Five support subroutines are used from the IBM Scientific Subroutine 

Package (SSP). These subroutines (HPCG, SMPY, GMADD, GMPRD, and LOC) 
are described in detail and the source code is 1 isted in the I B M  

publication Systen/360 Scientific Subroutine Package (360 A - CM - 036) 
Version I1 Proqrammer's Manual [j] . 





The T3DRS:Vl program consists  of a very shor t  main program and 

sixteen subroutines. By using t h i s  modular s t ruc tu re ,  fu ture  development 

and/or improvement of one aspect of the program ( f o r  example, suspension 
models, t i r e s ,  or brakes) can be eas i ly  undertaken w i t h  minimal recom- 

pi la t ion.  The modular s t ruc tu re  a l so  f a c i l i t a t e s  par t i t ioning of the pro- 
gram should overlay techniques be necessary to accommodate smaller in- 
house computers. As the user becomes more famil iar  w i t h  the program, a 
substantial  reduction of computer core requirements may be achieved by the 
se lec t ive  use and loading of subroutines necessary fo r  each simulation. For 
example, simulations tha t  do not use braking do not require the anti lock 
subroutine. Thus, by loading a "dummy" anti lock module, a savings of 
approximately 300K bytes can be achieved. Modules tha t  may not be needed 
under cer ta in  simulation conditions are:  TIRE1, TABIN, T A B L X Y ,  DRIVE1, 
TRAJ , A N T L K R ,  PRINT (see pages 32, 53, 46, 48, 51, 55, and 62,  respec- 

t i v e l y ) .  The following map of subroutine c a l l s  will a s s i s t  in the under- 
standing of the program s t ruc tu re  and program flow. (See Figure 2.1.) 
Each routine i s  described in more de ta i l  i n  Sections 2.3.1-2.3.17. 

Map of Subroutine Calls 

I ,  MAIN c a l l s  Subroutine INPUT 

A .  INPUT c a l l s  Subroutine TABIN 

B. INPUT ca l l  s Subroutine DRIVE1 if cl osed-loop s teer ing 
i s  used 

C.  INPUT c a l l s  Subroutine TANDEM 

1 .  TANDEM c a l l s  TABDIR (an entry point of TABIN) 
i f  nonlinear spring option i s  used 

D. INPUT c a l l s  Subroutine TIRINI 

1 .  TIRINI c a l l s  TABDIR (an entry point of TABIN) 

i f  e i t he r  or  both mu-x or mu-y tables  a re  used 

a )  TABDIR c a l l s  e i t he r  Subroutine TIREl or 
TIRDUP (entry  point of TIREl) 





E.  INPUT c a l l s  Subroutine BRAKE1 

1. BRAKE1 c a l l s  T A B D I R  ( en t ry  point of TABIN) i f  

pressure-torque tab1 es a re  used 

F. INPUT c a l l s  TABECH (ent ry  point  of TABIN) 

G. INPUT c a l l s  Subroutine ANTLKR ( i f  ANTILOCK option 

i s  used) 

H .  INPUT c a l l  s ANTLKW (en t ry  point of ANTLKR)  i f  ANTILOCK 

option i s  used 

1 ANTLKW c a l l s  Subroutine PRINT 

I .  INPUT c a l l s  Subroutine TABLE i f  nonlinear springs a r e  

used 

J .  INPUT c a l l s  DRIVE2 (ent ry  point of DRIVE1) i f  closed- 

loop s t e e r  option i s  used 

11. MAINcalls SubroutineFCTl 

111. MAIN c a l l s  Subroutine OUTPUT 

A. OUTPUT c a l l s  Subroutine TABLE 

IV. MAIN c a l l s  Subroutine H P C G  

A. H P C G  c a l l s  FCT ( en t ry  point of FCT1) 

1 .  FCT c a l l s  TANDIN (en t ry  point of TANDEM) 

2. FCT c a l l s  Subroutine LINE 

a )  LINE c a l l s  Subroutine T A B L E  i f  nonlinear 

springs a re  used 

3. FCT c a l l s  BRAKE2 (en t ry  point of B R A K E 1 )  

a )  BRAKE2 c a l l s  Subroutine TABLE 

b) BRAKE2 c a l l s  ANTILK (en t ry  point of A N T L K R )  

4. FCT c a l l s  TIRE (entry point of TIRINI) 

a )  TIRE c a l l s  ROAD i f  road option i s  chosen 

b )  TIRE c a l l s  Subroutine TABLXY 



5. FCT c a l l s  TANDYN ( e n t r y  p o i n t  o f  TANDEM) 

6. Return  t o  HPCG 

B. HPCG c a l l  s  OUTP ( e n t r y  p o i n t  o f  OUTPUT) 

1. OUTP c a l l s  Subrou t ine  TABLE o r  DRIVER ( e n t r y  p o i n t  

o f  DRIVE1) depending on s t e e r  mode 

a )  I f  DRIVER i s  c a l l e d ,  DRIVER c a l l s  Subrou t ine  

SMPY 

1 )  SMPY c a l l s  Subrou t ine  LOC 

b )  DRIVER c a l l s  Subrou t ine  GMDRD 

c )  DRIVER c a l l s  Subrou t ine  GMADD 

d) DRIVER c a l l s  Subrou t ine  TRAJ 

2 .  Return  t o  HPCG 

C. Return  t o  MAIN i f  t e r m i n a t i n g  c o n d i t i o n s  a r e  met 

V. MAIN c a l l  s  OUTPI ( e n t r y  p o i n t  o f  OUTPUT), i f  IHLF - > 11 o r  

V e l o c i t y  > 0 

V I ,  MAIN c a l l s  RERUN ( e n t r y  p o i n t  o f  INPUT) 



G l o b a l  o v e r v i e w  o f  T3DRS:V l  P r o a r a m  F l o w  

I MAIN p r o g r a m  c a l l s  ) 
i n  o r d e r :  I I N P U T ,  F C T I ,  

OUTPUT, HPCG, 
OUTPI ,  RERUN 

INPUT c a l l s :  
T A B I N  
D R I V E 1  ( o p t i o n )  
TANDEM 
T I R I I N I  
BRAKE1 
TABECH 
ANTLKR ( o p t i o n )  
ANTLKW ( o p t j o n )  
TABLE ( o p t i o n )  
D R I V E 2  ( o p t i o n )  

f o r  i n p u t ,  a n d  
e c h o  o f  p a r a m e t e r s ,  
i n i t i a l i z a t i o n s  o f  
v a r i a b l e s ,  u n i t  
c o n v e r s i o n s  a n d  
n o r m a l  l o a d  c a l c u l a  
t i o n s .  

F C T I  i n i t i a l i z e s  
v a r i a b l e s  f o r  u s e  
b v  FCT. 

i 

OUTPUT i n i t i a l i z e s  
t r a n s f o r m a t i o n s  
m a t r i c e s ,  a n d  s t e e r  
a n g l e s .  

HPCG p e r f o r m s  n u m e r i c a l  
i n t e g r a t i o n s  b a s e d  o n  
d e r i v a t i v e s  c a l c u l a t e d  
i n  FCT. When c a l c u l a t i o n s  
a r e  w i t h i n  g i v e n  t o l e r a n c e s  

1. HPCG c a l l s  OUTPUT t o  f i l l  
a z d  print b u f f e r  ( s e e  

r f i g u r e  2 . 2 )  When t e r m i n a t -  
i n g  c o n d i t i o n s  h a v e  b e e n  
m e t ,  HPCG r e t u r n s  c o n t r o l  
t o  MAIN c a l l i n g  p r o g r a m .  

I f 

FCT c a l l s  TANDIN a n d  L I N E  
f o r  s u s p e n s i o n  f o r c e s .  
If b r a k e s  a r e  u s e d ,  FCT 
c a l l s  BRAKE2 f o r  p r e s s u r e  

a n d  t o r q u e  v a l u e s .  FCT 
t h e n  c a l l s  T I R E  f o r  t i r e  
f o r c e s  a n d  TANDYN f o r  a x l e  
b o u n c e  a n d  r o l l  a c c e l e r a t i o n .  
FCT t h e n  c a l c u l a t e s  a c c e l e r a -  
t i o n s  a n d  r e t u r n s  t h e s e  
v a l u e s  t o  HPCG f o r  i n t e g r a -  
t i o n s .  

OUTP u p d a t e s  t r a n s f o r m a t i o n  
m a t r i c e s  a n d  s t e e r  a n g l e s .  
I f  r o a d  o p t i o n  i s  u s e d ,  
OUTP a l s o  u p d a t e s  s l o p e s  
a n d  g r a d i e n t s ,  OUTP a l s o  
p e r f o r m s  c a l c u l a t i o n s  a n d  
c o n v e r s i o n s  o f  o u t p u t  
v a r i a b l e s  t o  b e  s t o r e d  i n  
b u f f e r .  OUTP i s  a l s o  
r e s p o n s i b l e  f o r  p r i n t i n g  
b u f f e r ,  a n d  s e t t i n g  k e y  i f  
v e l o c i t y  m e e t s  t e r m i n a t i n g  
c o n d i t i o n  ( .It. . 0 0 0 1  f t / s e c )  

F i g u r e  2 . 1  
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Global Overview of T 3 D R S : V l  Program Flow (conft) 

If error return, or if 
vehicle has not stopped 
in given simulation 
time domain, O U T P I  
will print remaining 
data stored in output 
buffer 

RERU N  determines i f  
another data set is 
following. J f  not, 
program exits. 



Overv iew o f  H P C G  

C a l l  

O U T P  t o  u p d a t e  
v a r i a b l e s  and  

1 

I n t e g r a t i o n s  t i m e  s t e p  
i s  h a l v e d ,  I - 

I t o  d e t e r m i n e  

h a l v e d  more t h a n  
1 0  t i m e s  ? 

C a l l  

FCT t o  c a l c u l a t e  
d e r i v a t i v e s  u s e d  
f o r  i n t e g r a t i o n s  

v 

Check b o u n d a r y  l imi t s  
o f  i n t e g r a t i o n :  
x . I t .  t i m f ,  o r  h a s  

w h e t h e r  o r  n o t  

p r m t ( 5 )  been  s e t  t o  
n o n - z e r o  v a l u e  ? 

I 
A 

i 
Are i n t e g r a t e d  v a l u e s  

R e t u r n  t o  m a i n ,  R e t u r n  t o  main p r o g r a m  
E r r o r  c o d e  o f  no e r r o r  c o d e ,  t e r m i n a t i n g  

t o  s a v e  d a t a  i n  
b u f f e r ,  o r  t o  
p r i n t  b u f f e r .  

Y 
I n c r e m e n t  t i m e  

4 

' 

F i g u r e  2 . 2  
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w i t h i n  s p e c i f i e d  
t o l e r a n c e s  ? 

I ( t i m e  s t e p  t o  I 

1 s t e p  by , 0 0 2 5 ,  
r e i n i t i a l i z e  
i n t e g r a t i o n  



2.3 Program Subrout ines 

The f o l l o w i n g  17 s e c t i o n s  a r e  t o  a s s i s t  t h e  user  i n  unders tand ing 

t h e  l o g i c  and o p e r a t i o n a l  f l ow  o f  each of  t h e  subrou t ines  w r i t t e n .  

Each s e c t i o n  c o n s i s t s  o f  e i g h t  subsect ions:  

I .  Purpose - a  genera l  overv iew of t h e  s u b r o u t i n e ' s  

f u n c t i o n .  

11. Program f l o w  - a  n a r r a t i v e  d e s c r i p t i o n ,  l i n e - b y - l i n e ,  

o f  t h e  s u b r o u t i n e ' s  opera t ion .  (Re fe r  t o  Appendix B 

f o r  the  source l i s t . )  

111. Common b locks  found i n  t h e  subrou t ines  ( r e f e r  t o  

Appendix A  f o r  t h e  v a r i a b l e  d i c t i o n a r y  o f  arguments 

passed i n  common). 

IV, Arguments passed - t h e  s u b r o u t i n e ' s  c a l l  i n g  arguments 

and t h e i r  d e s c r i p t i o n .  

V. L i b r a r y  f u n c t i o n s  - a  l i s t  o f  f u n c t i o n s  used by t h e  

subrou t ine ,  assumed t o  be on-1 ine ,  o r  a c c e s s i b l e  

th rough  t h e  system 1  i b r a r y .  

V I .  Subrout ines re fe renced  - a  l i s t  o f  o t h e r  subrou t ines  

c a l l e d  by t h e  subrou t ine .  

VII. E r r o r  message - any e r r o r  message produced and t h e  

p o s s i b l e  cause o f  t h e  e r r o r .  

VIII.  F lowchar t  diagram. 

Throughout t h e  program, e x t e n s i v e  use o f  comment cards has been made. 

By u s i n g  t h e  program f l o w  n a r r a t i v e  and t h e  f l o w c h a r t  i n  c o n j u n c t i o n  

w i t h  t h e  source l i s t i n g  i n  Appendix B, t h e  user  shou ld  be a b l e  t o  

f a m i l i a r i z e  h i m s e l f  w i t h  t h e  program o p e r a t i o n a l  f l o w  w i t h  r e l a t i v e  

ease and expedience. 



111. 

IV. 

v .  

Main Program. 

Purpose : 

a) To assign 1/0 device numbers 

b) To initialize variables and functions used in 
HPCG 

c) To act as program supervisor 

Execute initializing call s to subroutines 

in proper order; turn control to HPCG; 
check return code from HPCG; check for 

continuation code. 

Program Flow 

a) Decl arations (Vl 00001 0 - V1000090) 
b) Set 110 devices (V1000100 - V1000120) 
c) Initial ize functions and to1 erances for 

HPCG (V100130 - 00220) 
d) Initializing call to Subroutine INPUT 

(V1000230 - V1000260) 
e) Set HPCG initial conditions (V1000270 - V1000530) 
f )  Initializing call to Subroutine FCTl 

(V1000540 - V1000580) 
g) Initializing call to Subroutine OUTPUT 

(V1000580 - V1000610) 
h) Turn control to HPCG (V1000620 - V1000650) 
i) Check return code and continuation code 

(V1000660 - V1000810) 
Common Blocks 

page, CGLOC, ROADD 

Library Functions 

None 

Arguments 
None 



Main Program Flowchart  

S t a r t  

i/ 
t 
D e c l a r a t i o n s  and 
1 /0  d e v i c e  a s s i g n -  
ments:  Read on 5 

Wri te  on 6 
I 

I n i t i a l i z e  H P C G  
f u n c t i o n s ,  and 
d e r i v a t i v e s ,  s e t  
i n t e g r a t i o n  
t o l e r a n c e s  

I n i t i a l i z e  v e l o c i t i e s  
and e r r o r  we igh t s  f o r  
i n t e g r a t i o n .  k- 
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o r  g rade  t o  b e  used? 
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c o n d i t i o n s  
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T- 
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VI. Subroutines Referenced 

INPUT, FCT1 y OUTPUT, HPCG, OUTPI, EXIT, RERUN 

VII. Error Messages 
IHLF = 1 1  : indicates unsuccessful integration by HPCG 

Probable causes : Limit maneuver causing rol lover 

or wheel lift off 

IHLF = 12 : indicates final time 1 imi t set to zero 

IHLF = 13 : indicates initial time limit < 0 

2.3.2 Subroutine INPUT. 

I. Purpose: 

a) Initialize variables to minimal/maximal values, 

b) Read and echo sprung mass parameters and simulation 
controls. 

c) Act as supervisor to call appropriate suspension, 
brake and tire routines for unsprung mass and brake 

parameter input. 

d) Supervise table echo and antilock I/O. 

e) Convert units from in., lb., deg., to ft,, 

slugs, radians. 

f) Compute sprung mass c,g. location and sprung 
weights (locate c.g. in relation to axles). Cal- 

culate change of c.g., inertia and mass due to 
pay1 oad. 

g) Calculate normal static loads. 

h) Initialize equilibrium point for nonlinear spring 

table. 

i) Calculate total mass center and locate in relation 
to each axle, 

j) Entry RERUN - determine if simulation program will 
continue with another data set, 





S u b r o u t i n e  INPUT F l o w c h a r t  

D e c l a r a t i o n s  a n d  
i n i t i a l i z a t i o n s  

Read HEAD(20)  f7 
o p e r a t i o n  

Echo  HEAD a n d  
s i m u l a t i o n  
o p e r a t i o n  
p a r a m e t e r s  

{ ~ e a d  S p r u n g  
mass p a r a m e t e r s  '+ 
Echo S p r u n g  
mass  p a r a m e t e r s  

TANDEM f o r  

a r a m e t e r  

( B R A K E I  f o r  J 
r a k e  p a r a m e t e r  

I 

TABECH t o  

Read ILOCK 
a n t i l o c k  k e y  

C a l l  \ 

n o  ANTLKR t o  r e a d  
I a n d  e c h o  a n t i l o c k  

c t i o n a r y  p a r a m e t e r  
C o n v e r t  u n i t s  t o  
f t . ,  s l u g s ,  r a d i a n s  , 1 

t 

~ i t h  r e s p e c t  t o  a x l e s  

1 
Compute  n o r m a l  s t a t i c  
l o a d s  on e a c h  a x l e  

Figure 2.4 
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S u b r o u t i n e  I N P U T  F l o w c h a r t  ( c o n ' t )  

Check f o r  n o n - l i n e a r  
s p r i n g s  on any a x l e .  
K ( i v e h , j s u s , k a x , l s i d e )  

Compute i n i t a l  s p r i n g  
l o a d  and e q u i l i b r i u m  I p o i n t .  I 

Compute and l o c a t e  t o t a l  
mass C G ,  t o t a l  mass 
yaw moment o f  i n e r t i a  

Echo t o t a l  mass c e n t e r  
c a l c u l a t i o n s  and 
no rma l  s t a t i c  l o a d s  

R e t u r n  0 

E n t r y  
R E R U N  

( Read N E X T  I 

E x i t  0 

Figure 2.4 (Cont.) 
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11. Program Flow 

a) Deceleration (V1000860 - V1001210) 
b) Initialization (V1001220 - V1001510) 
c) Read and echo simulation controls and sprung 

mass parameters (V1001520 - Vl003590) 
d) Call for axle, tire and brake input and echo 

(V1003600 - V1003790) 
e) Check for antilock (V1003810 - V1003840) 
f )  Echo tables (V1003800 - V1003880) 
g )  If antilock is used, read and echo parameters 

(V1003890 - Vl004050) 
h) Unit conversion (V1004060 - V1004330) 
i) Compute sprung weight + c.g., locate in 

relation to axles (both empty and loaded) 
(V1004340 - V1004860) 

j )  Compute normal static loads (Vl004870 - V1005190) 

k) For nonlinear springs, calculate initial loading 
and def 1 ection (V1005200 - V1005390) 

1 ) Calculate total mass c,g. location, total yaw moment 
of inertia and echo (Vl005400 - V1006320) 

m) Formats (V1006330 - V1007470) 
n) Entry RERUN - Check for another data set 

(V1007480 - V1007520) 
111. Common Blocks 

PAGE, KEY, ROADD, TAND, SPMASS, BRAKE, ANTLK, CGLOC, 
DRIVE, STATIC, TIRES, UNSPM, SPRINGS, WHEEL, INOUT 

IV. Library Functions 

None 





V .  Arguments 

INPUT (VEL,TIMF) 
VEL i s  i n i t i a l  velocity of power-train wheels. 
TIMF i s  maximum simulation time. These are used 
by MAIN t o  se t  boundary conditions of H P C G .  

VI . Subroutines Referenced 
A N T L K ,  BRAKE1 , DRIVE1, TABIN, T A B L E ,  TANDEM,  TIRINI 

VII. Error Messages 
System interrupt only 

2 . 3 . 3  Subroutine OUTPUT. 

I. Purpose: 

a )  Ini t i  a1 ize and update transformation matrices 

A and BZ which rotate axes from sprung mass t o  
iner t ia l  plane and from unsprung t o  sprung mass 

planes, respectively. 

b )  In i t ia l ize  and update s teer  angle of front 

t ractor  t i r e s ,  

c )  Calculate variables t o  be printed o u t .  

d )  Set u p  and print o u t  o u t p u t  buffer according t o  
user specifications. 

e )  Check i f  vehicle has stopped. If yes, s e t  key 
t o  exi t  from HPCG. 

11, Program Flow 

a )  Declaration (V1007660 - V1008210) 

b )  In i t ia l  ization (V1008220 - V1008370) 

c )  Set up  buffer keys (V1008380 - V1008870) 

d )  In i t i a l i ze  transformation matrices (V1008970 - V1009230) 

e )  In i t i a l i ze  s teer  angles (V1009240 - V1009330) 

ENTRY FROM HPCG (V1009400) 



S u b r o u t i n e  O U T P U T  Flowchart  - 

O U T P U T  n 
D e c l a r a t i o n s  and 
i n i t i a l i z a t i o n s  

Se t  u p  IPR a r r a y  - 
keys f o r  p r i n t i n g  
o u t p u t  b u f f e r  

I n i t i a l i z e  A ,  B Z ,  
t r a n s f o r m a t i o n  
m a t r i c e s  

1 
I n i t i a l i z e  s t e e r  
a n g l e s  

1 

Return ," 

Entry n 
Compute a c c e l e r a t i o n s ,  
s i d e s l i p  and t u r n  
r a d i i  f o r  each v e h i c l e  

I V E H  . I t .  2 ?  

Compute a r t i c u l a t i o n  
a n g l e s  of t r a i l e r s  I 
Compute wheel s p e e d ,  

Update t r a n s f o r m a t i o n  
m a t r i c e s  

Update s t e e r  a n g l e  o f  

Check t o  s e e  i f  t ime s t e p  
has  been incremented  enough 

o  p r i n t :  x . I t .  s t e p ?  
i 

I 

Figure 2 . 5  
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S u b r o u t i n e  OUTPUT F l o w c h a r t  ( c o n ' t )  - 

1 
I n c r e m e n t  b u f f e r  l i n e  
c o u n t e r  a n d  s t e p  

S e t  f i r s t  c o l u m n  o n  
e a c h  p a g e  t o  c u r r e n t  

F i l l  b u f f e r  p a g e s  f o r  
e a c h  v e h i c l e :  

P o s i t i o n s , v e l o c i t i e s ,  
a c c e l e r a t i o n s ,  a x l e  
s u m m a r y ,  b r a k e  s u m m a r y ,  
l a t e r a l  f o r c e s  a n d  
moment  s u m m a r y ,  a n d  
u n s p r u n g  m a s s  s u m m a r y  

e x i t  f r o m  H P C G  

E n t r y  
OUTPI 

-i I n c r e z e n t  o u t p u t  
p a g e  c o u n t e r  

F o r  e a c h  v e h i c l e :  
p r i n t  p a g e s  a c c o r d i n g  

I R e s e t  l i n e  c o u n t e r  1 

R e t u r n  6 

Figure 2.5 (Cont . )  
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a )  Compute acce l e ra t ions  - t o t a l  longi tudinal  and 

l a t e r a l  and mass cen te r  (V1009430 - V1009570) 

b )  Compute s i d e s l i p  + turn r a d i i  (V1009580 - V100970) 

c )  For t r a i l e r s ,  compute a r t i c u l a t i o n  angles 

(V1009790 - V1009880) 

d )  For do1 1 i e s ,  compute acce lera t ion  (V1009890 - V1010050) 

e )  Compute wheel v e l o c i t i e s ,  Mux ,  Muy (V1010060 - V1010230) 

f )  Update transformation (V1010240 - V1010570) 

g )  Update s t e e r  angles of t r a c t o r  f r o n t  t i r e s  

(V1010580 - V1010750) 

h )  Se t  up output buffer  (V1010760 - V1012150) 

i )  Check t o  s ee  i f  ( 1 )  vehic le  has stopped, ( 2 )  i f  

buf fer  i s  f u l l  and needs t o  be pr in ted  

(V1012160 - V1012220) 

j )  P r i n t  buf fer  a s  described by user code 

(V1012240 - V1013620) 

k )  Formats (V1013630 - V1015000) 

111. Common Blocks 

SPRING, STATIC, INOUT, TOUT, ROADD,  BOUT,  WSPD, UNSPM, 

SPMASS, TRANS, CGLOC , FCTOUT, CMACC, T U R N ,  DRIVE, B R A K E ,  

PAGE,  K E Y ,  T A N D ,  TIRES, PIN, WHEEL 

IV. Library Functions 

ABS, A T A N ,  COS, SIN, SQRT 

V ,  Arguments 

Entry OUTP1 ( X ,  Y ,  D E R Y ,  IHLF, NDIM, PRMT) 

X - Time s t e p  from H P C G  

Y - Function a r r ay  

D E R Y  Derivat ive a r ray  

IHLF - No. of time s t e p  d iv i s ions  

NDIM - No. of de r iva t ives  

PRMT - Tolerances of HPCG 



VI . Subroutines Referenced 

DRIVER, TABLE, ROAD 

VII. Error Messages 

System interrupts only 

2.3.4 Subroutine FCT1. 

I. Purpose: 

a) To compute derivative values for HPCG 

11. Program Flow 

a) Ini tializations and declarations (V1015040 - V1016560) 
b )  Nomenclature list giving the function of all Y(1) 

and some substitute names for them used in FCT 

(V1016600 - V1017030) 
c) Set up convenient variables to use in place of 

the Y(1) [V1017070 - V1017160) 
d) Compute suspension forces of all suspensions 

except the do1 ly. Procedure is as follows: 

1 )  The " Z "  position of the sprung mass at 

the suspension is located. This is SMS. 

2 )  The "Z" velocity of the sprung mass at the 
suspension is computed. This is SMSD. 

3) FCT calls TANDIN. This computes the " Z "  

velocity and "Z "  position of the axle at 

the suspension 1 ocation. 

4 )  FCT calls LINE which calculates suspension 

force based on the relative velocity and 

position of the suspension 

(V1017180 - V1018060) 
e) Compute derivatives based on straightforward 

kinematic relationships between certain state 
variables. For example, for inertial X, . 
X = u a(1,l) + v a(2,l) + w a(3,l) 
(V1018070 - V1018260) 



S u b r o u t i n e  F C T l  F l o w c h a r t  

D e c l a r a t i o n s  and  

R e t u r n  0 
E n t r y  ? 
S e t  work v a r i a b l e s  - 
s t a t e  v a r i a b l e s  t o  b e  
u s e d  i n  c a l c u l a t i o n s  
i n  p l a c e  o f  t h e  
Y v e c t o r  

/ 
For e a c h  v e h i c l e :  

L o c a t e  a x l e  and  
t i r e  p o s i t i o n s  and  
v e l o c i t i e s  

1 For e a c h  v e h i c l e :  1 
L o c a t e  s p r u n g  mass 
s p r i n g  c o n n e c t i o n s  

I 

F i n d  v e r t i c a l  p o s i t i o n  
o f  d o l l y  

C a l l  

T A N D I N  f o r  
S,SD - s u s p e n -  
s i o n  p o s i t i o n  

nd v e l o c i t y  

LINE t o  c a l c u l a t e  

C a l c u l a t e  t h e  k i n e m a t i c  
r e l a t i o n s h i p  be tween  t h e  
s t a t e  v a r i a b l e s  

Compute p o s i t i o n s  and  
v e l o c i t i e s  a t  e a c h  end  
o f  t h e  d o l l y  

F i n d  S t e e r  a n g l e  o f  d o l l y  I 
For  d o l l i e s  o n l y  
I v e h  . q e .  3 ? 

no 

Figure 2.6 



S u b r o u t i n e  FC'TI F l o w c h a r t  ( c o n '  t )  

Add i n  r o l l  s t e e r  
e f f e c t s  t o  s t e e r  
a n g l e s  

BRAKE2 f o r  

1 

C a l l  

T I R E  f o r  a l l  
t i r e  f o r c e s  

I 
T r a n s f o r m  t i r e  f o r c e s  
i n t o  t h e  i n e r t i a l  p l a n e  

1 

1 

C a l c u l a t e  a x l e  c o n s t r a i n t s :  
Sum a l l  f o r c e s  a n d  moments  
on s p r u n g  mass  

- 

1 
Add i n  c o n t r i b u t i o n  f rom 
a u x i l a r y  r o l l  s t i f f n e s s  
on e a c h  a x l e  

E s t i m a t e  e f f e c t s  o f  
t o n g u e  f o r c e s  on v e h i c l e  
b a s e d  on c o n s t r a i n t  
c a l c u l a t i o n s  

I C a l l  \ 
T A N D Y N  f o r  a x l e  
b o u n c e  a n d  r o l l  
d e r i v a t i v e s  

I v e h  . g t .  2  ? 

1 

moments a r e  c a l c u l a t e d  
b o t h  f o r  t h e  t r a c t o r  
a n d  t r a i l e r  

1 

Figure 2.6 (Cont.) 
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C a l c u l a t e  d e r i v a t i v e  f o r  
u s e  by H P C G  a c c e l e r a t i o n s  

I 

o r  t r a i l e r s  o n l y  R o t a t e  f o r c e s  t o  
v e h  . I t .  2  ? body a x e s  

no 



f )  Find the def lec t ion  and r a t e  of def lec t ion  of the  
dol ly  length fo r  use in the  "spring-dashpot" model. 

This i s  done by computing the i n e r t i a l  posi t ion and 

ve loc i ty  of the p i n t l e  hook and the turn table .  The 

posi t ion of the  turn table  i s  subtracted from the  

posi t ion of the p i n t l e  hook and stored in DOL(1). 

TONGLE i s  then s e t  t o  the  change from s t a t u s  in 

yaw plane length of the p in t l e - t ab le  dimension. 

The r e l a t i v e  ve loc i ty  ca lcula t ion  i s  p u t  o f f  unt i l  

a f t e r  the do1 ly  yaw angle i s  ca lcula ted .  

(V1018270 - V1018730) 

g)  Calculation of the dol ly  s t e e r  angle i s  next. This 

i s  done by f i r s t  computing the yaw angle of the 

dol ly ,  PSIDOL, assuming the dol ly  forces along a  

l i n e  from turn table  t o  p i n t l e  hook. The s t e e r  angle 

of the do1 ly  i s  the yaw angle of the do1 l y  minus the 

yaw angle of the  p u p  t r a i l e r .  (V1018740 - V1018860) 

h )  Calculate the component of the r e l a t i v e  ve loc i ty  of 

the ends of the dol ly  along the dol ly  ax is .  (Note, 

the  ends have ve loc i ty  along the dol ly  ax i s  due t o  
"s t re tch ing"  of the  spring-dashpot, and perpendicular 

t o  the  do1 ly  ax i s  due to  do1 l y  ro t a t ion . )  This 

ca lcula t ion  includes only the yaw plane components of 

the  ve loc i ty .  (V1018800 - V1018960) 

i) Compute the  fo rce ,  TFORAX, along the dol ly  ax i s  on the  

p i n t l e  hook. The force i s  the  dol ly  spring r a t e  times 

the yaw plane def lec t ion  plus the damping times the 

ve loc i ty  component along the dol ly ax i s .  (V1018970 - 
v1019030) 

j )  I n i t i a l i z a t i o n  of several parameters f o r  use below. 

Note DO loops s t a r t  here which go  over vehicle ,  

suspension and ax1 e  (V1019040 - V1019240) 



k )  Roll s t e e r  calculat ion.  This i s  the sum of the 

s t e e r  angle plus the input constant, RST, times the 

(body ro l l  angle - axle ro l l  angle) .  (V1019250 - 
V1019330) 

1 )  Call BRAKE fo r  calculat ion of brake torque fo r  each 

wheel (V1019350) 

m )  Call TIRE. All t i r e  s l i p  angles, forces and moments 

a re  calculated in TIRE. Each ca l l  t o  TIRE returns 

answers fo r  l e f t  and right s ide  of the axle. Tire 

forces a r e  then rotated into the body axis  coordinate 

system. (V1019360 - V119470) 

n )  Calculation of FX, FY, TZ. FX and FY contain the to ta l  

force in the yaw plane, x and y  di rect ions  from the 

t i r e s  on the vehicle. TZ contains the moment around 

the z axis of the forces and moments of the t i r e s  on  
each vehicle. TSUM(IVEH,3) i s  i n i t i a l i z e d  with t i r e  

aligning torques and dual t i r e  moments, (V1019480 - 
V1019660) 

p )  More i n i t i a l  izat ions (V1019670 - V19790) 

q )  Calculate forces and moments a t  the f i f t h  wheel. This 

i s  done by ( a )  calculat ing the i ne r t i a l  position of 

the t r a c to r  f i f t h  wheel, KPIN(1); ( b )  calculat ing the 

i ne r t i a l  position of the t r a i l e r  f i f t h  wheel, TKPIN(1) ; 

( c )  calculat ing the respective ve loc i t i e s ,  VKPIN(1) 

and VTKPIN(1) ; ( d )  calculat ing the i ne r t i a l  direct ion 

forces a t  the f i f t h  wheel, FPIN(1)-these are  the 

r e l a t i ve  positions times the spring r a t e ,  KPIN, and the 

r e l a t i ve  ve loc i t i e s  times the damping r a t e ,  CFW. These 

a re  then rotated in to  the yaw plane forces,  FPINX(1VEH) 

and  FPINY(1VEH). Note these a re  positions along body 

x  and y  axes. This loop a lso  contains the ro l l  moment 

ca lcula t ion,  XMOM. This i s  simply the r e l a t i ve  ro l l  

angle times the constant ,  MC5, plus the r e l a t i ve  ro l l  

velocity times the constant ,  CC5. Moments are  posit ive 



along the body x axes. Note MC5 = CC5 = 0 gives 
a "ball hi tch," and higher and higher values will 
tend to  keep t rac to r  and t r a i l e r  ro l l  angles closer 

and closer to  equal. Unreasonably h i g h  MC5 or  CC5 
values will cause numerical problems so one c a n ' t  
rea l ly  simulate a r ig id  ro l l  constant. 
(V1019800 - V120180) 

r )  FX, FY and TZ s to re  t i r e ,  and kingping forces and 
moments. FSUM and TSUM s tore  only kingpin forces and 
moments. This concludes the t r a c to r - t r a i l e r  hitch 
calculat ions.  (V1020190 - V1020380) 

s )  Calculation of forces and moments on semi and p u p  due 
to  the longitudinal dolly force. The force from the 
f ront  of the dolly on the semi i s  TFORAX,  a t  the angle 
GAMMA with respect t o  the semi, and DELT i s  the s t e e r  
angle of the dolly. This will be used in the sub- 
sequent estimation of constraint  force. I t  i s  assumed 
t ha t  the dolly i s  an integral  part  of the p u p  t r a i l e r .  
The forces are  added in to  FXSUM, the moments t o  TZ. 

(V1020400 - V1020850) 

t )  Obtains road gradients and transforms to  the body 
axes coordinate systems. (V1020950 - V1021060) 

u )  The yaw plane forces FX, FY and moments TZ are  
calculated, These are now used to  ca lcula te  the 
estimated accelerat ions for  the to ta l  mass center of 
each vehicle. (V1021070 - V1021100) 

v )  Calculate the forces acting on the vehicle sprung mass 
a t  each rol l  center .  The procedure i s  as follows: 

1 )  Estimate the acceleration of an unsprung mass 
center based on assumption of motion in yaw 
plane only. 

2 )  Force of constraint  between sprung and unsprung 
mass plus shear forces a t  t i r e l road  interface 



equal unsprung mass times unsprung mass 
accelera t ion .  This equation i s  used t o  
f ind the unknown cons t ra in t  force based on 
known shear force and estimated accelera t ion .  

The constrained forces computed a re  XAXFOR and 

YAXFOR, (V1021110 - V1021330) 

w )  The constrained forces and moments a r e  added t o  the 
sprung mass sums, These forces and moments a re  in 
the  "yaw plane" system, i  . e . ,  they a r e  yawed from 

i n e r t i a l  b u t  not ro l led  o r  pitched. Note t h a t  these 
do not include d o l l i e s  which have the  special ized 
a1 gori t h m  given next. (V1021340 - V1021440) 

x) The forces of cons t ra in t  between do1 ly-semi t r a i  l e r  
and dolly-pup are  calculated here, The forces on the 
do1 ly-semi t r a i  l e r  a r e  TFORAX, TFORAY, and TFORAZ. 

All of these a r e  in the  do1 l y  yaw plane body axis  system. 
TFORAX i s  known based on the tongue's  " s t r e t c h , "  and 
i s  calculated above. TFORAZ i s  found by summing 
moments about the  d o l l y ' s  y  axis  a t  the  tu rn tab le  f o r  
the  converter dolly only. TFORAY i s  found by summing 
moments about the z axis  a t  the  dolly turntable .  
(V1021450 - V1021780) 

y )  Add in the r o l l  moment due to  the  r o l l  of the sprung 
mass about the  r o l l  axis .  (V1021790 - V1021980) 

z )  Add in the r o l l  moment due t o  aux i l i a ry  r o l l  s t i f f n e s s .  
Note each axle has i t s  own independent aux i l i a ry  r o l l  
s t i f f n e s s .  (V1021990 - V1022150) 

aa)  Call TANDYN t o  ca lcu la te  a1 1 axle bounce and r o l l  
der iva t ives .  (V1021160 - V10222220) 

b b )  Translat ional  equations of motion a r e  calculated.  The 
BZ matrix transforms forces ,  FSUM, from the  unsprung 
mass coordinate system t o  the  sprung mass coordinate 
system. (V1022230 - V1022360) 



c c )  Longitudinal  and 1 a t e r a l  g r a v i t a t i o n a l  f o r c e s  due 

t o  road g r a d i e n t s  a r e  added t o  t h e  t r a n s l a t i o n a l  

f o r c e  terms. (V1022370 - V1022510) 

dd) Euler r o t a t i o n a l  equa t ions  a r e  c a l c u l a t e d .  

(V1022520 - V1022710) 

ee)  Program r e t u r n s  t o  HPCG. (V1022720 - Vl022730) 

111. CommonBlocks 

DUAL , K E Y  , TAND, SPMASS , BRAKE , T U R N  , ROADD, C G L O C ,  

STATIC, TIRE3, USPM, FCTOUT, PIN, CMACC, SPRING, 

TRANS, BOUT 

IV. L ibra ry  Functions 

ABS, ARSIN, ATAN, COS, SIN, SQRT 

V .  Arguments 

FCTl(Y) where Y i s  the a r r a y  o f  i n i t i a l  cond i t ions  

of H P C G  f u n c t i o n s  

FCT(X,Y,DERY) where X i s  s imula t ion  time s t e p  from H P C G  

Y i s  a r r a y  of f u n c t i o n s  from HPCG 

D E R Y  i s  a r r a y  of d e r i v a t i v e s  from H P C G  

VI . Subrout ines  Referenced 

BRAKE1 , LINE, TANDEM, TIRE1 

VII. Er ro r  Messages 

System i n t e r r u p t s  only  

2.3.5 Subrout ine  TANDEM. 

I .  Purpose: 

a )  Read and echo suspension and a x l e  parameters ,  conver t  

units from i n . ,  deg. ,  s e c . ,  t o  f t . ,  r a d i a n ,  s l u g s  

b) C a l c u l a t e  s p r i n g  d e f l e c t i o n s  and v e l o c i t i e s .  

c )  C a l c u l a t e  d e r i v a t i v e s  f o r  a x l e  bounce and r o l l  
equa t ions .  

11. Program Flow 

a )  Dec la ra t ions  (V1022760 - V1023130) 

b) I n i t i a l  i z a t i o n  of c o n s t a n t s  (V1023140 - V1023180) 



S u b r o u t i n e  T A N D E M  F l o w c h a r t  

TANDEM C 
D e c l a r a t i o n  and 
i n i t i a l i z a t i o n s  

s u s p e n s i o n  
p a r a m e t e r s  

Check f o r  n o n - l i n e a  
s p r i n g :  K . I t .  0 ? 

T A B D I R  t o  
i n d e x  t a b l e  

1 and s u s p 2 n s i o n  p-' 
p a r a m e t e r s  w 
r 0 n v e r . t  u n i t s  t o  
f t . ,  s l u g s ,  r a d i a n s  . 

E n t r y  
T A N D I N  

Given v e r t i c a l  p o s i t i o n  
and v e l o c i t y  o f  a x l e  and 
s p r u n g  m a s s ,  c a l c u l a t e  
s p r i n g  d e f l e c t i o n  f o r  each 
a x l e  

R e t u r n  n 
E n t r y  
T A N D Y  N 

C a l c u l a t e  d e r i v a t i v e s  
f o r  a x l e  b o u n c e  and 
r o l l  e q u a t i o n s  

Add t o  TSUM t h e  
c o n t r i b u t i o n s  from 
a x l e s  

R e t u r n  0 
Figure 2 . 7  
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c )  Read and echo parameters (V1023190 - V1024220) 

d) Conver t  u n i t s  (V1024230 - V1024390) 

e )  Formats (V1024400 - V1025140) 

f )  C a l c u l a t i o n  o f  d e f l e c t i o n s  and v e l o c i t i e s  

(V1025150 - V1025220) 

g )  C a l c u l a t i o n  of DERY's (V1025230 - V1025530) 

111. Common B locks  

BOUT, TAND, SPRING, TURN, PAGE, TIRES, SPMASS, KEY, 

STATIC, UNSPM, CGLOC 

I V .  L i b r a r y  F u n c t i o n s  

ABS, SIN, COS 

V, Arguments 

TANDEM (IVEH, ISUS) 

IVEH - U n i t  No. 

ISUS- Suspension: 1 = f r o n t ,  2 = r e a r  

E n t r y  TANDIN (IVEH ,ISUS,KAX,LSIDE,SFIS,SMSD,SIG!1) 

IVEH - U n i t  No. 

ISUS- Suspension: 1 = f r o n t ,  2 = r e a r  

KAX - A x l e  No.: 1 = l e a d i n g  tandem, o r  s i n g l e  a x l e ,  

2 = t r a i l i n g  tandem 

LSIDE - S ide  of A x l e :  1 - l e f t ,  2 = r i g h t  

SMS - Sprung Mass V e r t i c a l  Displacement,  P o s i t i v e  i s  

Down 

SMSD - d(SMS)/dt 

SIGN - - + 1 

E n t r y  TANDYN (IVEH, ISUS ,Y ,DERY ,XBAR,XXS) 

IVEH - U n i t  No. 

ISUS- Suspension 

Y - HPCG F u n c t i o n  A r r a y  

DERY - HPCG D e r i v a t i v e  A r r a y  

XBAR - Work M a t r i x  C o n t a i n i n g  P o s i t i o n s  o f  IVEH 

XXS - L o c a t i o n s  o f  A x l e  WRT C.G. 



VI. Subrou t ines  Referenced 

TABDIR 

VII. E r r o r  Messages 

System i n t e r r u p t  on ly  

2.3.6 Subrou t ine  TIRE1. 

I .  Purpose:  

a )  Read tire d a t a  i f  t i r e  t a b l e s  a r e  used.  

b) Dupl ica te  t i r e  d a t a  i f  t h e  same t i r e  t a b l e s  a r e  

used f o r  d i f f e r e n t  t i r e s .  

I I .  Program Flow 

a )  D e c l a r a t i o n s  (V1025580 - V1025850) 

b) Read d a t a  (V1025860 - V1026250) 

c )  Dupl ica te  d a t a  (V1026260 - V1026710) 

111. Common Blocks 

P A G E ,  SLOPES, TIRES, K E Y ,  W H E E L ,  TIRTAB 

IV. L ibra ry  Funct ions  

None 

V .  Arguments 

TIRE1 (IU,IS,IA,ILR,IXY) 

IU - Unit  No. 

IS - Suspension Location 

IA - Axle P o s i t i o n  

ILR - L e f t  o r  Right  S i d e  

IXY - Mu-x v s l i p  o r  Mu-y v a lpha d a t a  

IU - Unit  No. 

IS - Suspension Location 

IA - Axle P o s i t i o n  

ILR - S i d e  
IT1 0, JTlD, KT1 D ,  LTlD - Corresponding I n d i c e s  f o r  

Data t o  be d u p l i c a t e d  

IXY - Mu-x o r  MU-y d a t a  



S u b r o u t i n e  T I R E 1  F l o w c h a r t  

I 
D e c l a r a t i o n s  

I 
/ ~ e a d  t a b l e  

I 

d a t a  
1 

R e t u r n  0 

E n t r y  
T I R D U P  C 
p o i n t e r s  

A s s i g n  a r r a y  
v a l u e s  t o  c u r r e n t  

R e t u r  0 

Figure 2.8 
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VI. Subrou t ines  Referenced 

None 

VII. E r r o r  Messages 

System i n t e r r u p t  only  

2.3.7 Subrou t ine  TIRINI. 

I .  Purpose:  

a )  Read and echo a l l  t i r e  d a t a  - determine i f  t a b l e s  

a r e  t o  be used,  c o n v e r t  u n i t s  

b) Perform l o n g i t u d i n a l  and l a t e r a l  t ire f o r c e ,  

l o n g i t u d i n a l  wheel s l  i p  and a1 ign ing  moment 

c a l c u l a t i o n s .  

I I Program Flow 

a )  C a l c u l a t i o n s  (V1026730 - V1027300) 

b )  Zero i n i t i a l  i z a t i o n s  (V1027340 - V1027460) 

c )  Read and echo t i r e  d a t a .  I f  t a b l e s  a r e  used,  c a l l  

a p p r o p r i a t e  s u b r o u t i n e s  t o  read and echo t a b l e s .  

(V1027470 - V1028400) 

d )  Convert u n i t s  (V1028410 - V1028660) 

e )  Formats (V1028670 - V1029200) 

f )  Entry  p o i n t  f o r  t i r e  f o r c e ,  s l i p  and moment 

c a l  cul  a t i  ons (V1029220) 

g )  Var iab le  i n i t i a l i z a t i o n  (V1029230 - V1029280) 

h) Locate x-y l o c a t i o n  o f  wheel and o b t a i n  road s u r f a c e  

e l e v a t i o n  a t  t h a t  p o s i t i o n  i f  ROAD i s  used.  

(V1029290 - V1029470) 

i )  C a l c u l a t e  v e r t i c a l  t i r e  l o a d ,  l a t e r a l  and long i -  

t u d i n a l  wheel v e l o c i t i e s ,  and s i d e s l i p  ang le  of t i r e .  

(V1029480 - V1029700) 

j )  C a l c u l a t e  l o n g i t u d i n a l  wheel s l i p .  

(V1029710 - V1030000) 



S u b r o u t i n e  TIRINI F lowchar t  

TIRINI 0 
1 

D e c l a r a t i o n s  and 
i n i t i a l i z a t i o n s  

I 
( ~ e a d  t i r e  I 
I p a r a m e t e r s  I 

I 
C a l l  \ 

( TABDIR t o  index  ) 
\mu-y  t a b l e  / 

t i r e s :  CS . I t .  0 ? 

TABDIR t o  i ndex  
m u - x  t a b l e  

Echo t i r e  and wheel1 
p a r a m e t e r s  c 

Convert  u n i t s  
t o  f t . ,  s l u g s ,  
r a d i a n s  

Ent ry  0 
I n i t i a l i z a t i o n s  

I 

/ S l i p  l oop  c a l c u l a t i o n s  I 

S e t  u p  t a b l e s  - 
Compute s l i p  and s l o p e ,  
perform r o l l - o f f  
c a l c u l a t i o n s  

Return 0 
Figure 2.9 
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S u b r o u t i n e  TIKIN1 F l o w c h a r t  ( c o n ' t )  - 

Add i n  e f f e c t s  o f  d u a l  
t i r e s  and  a l i g n i n g  

R e t u r n  (5 

Figure 2.9 (Cont . )  
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Branch t o  660 o r  670 i f  1  i n e a r  t i r e  model i s  used. 

(V1030010 - V1030030) 

I n i t i a l i z e  dummy v a r i a b l e s  of tab1 e s e a r c h  

i n t e r p o l a t i o n .  

V1 = l o n g i t u d i n a l  wheel s l i p  (IXY=1) 

= t i r e  s i d e s l i p  ang le  (IXY=2) 

V2 = v e r t i c a l  t i r e  load 

V3 = wheel t r a n s l a t i o n a l  v e l o c i t y  

V4 = t i r e  s i d e s l i p  ang le  (IXY=l) 

= long i tud ina l  wheel s l  i p  (IXY=2) 

(V1030040 - V1030170) 

Search v e r t i c a l  load t a b l e s  f o r  upper and lower 

1  oads enc los ing  current 1  oad. 

(V103180 - V1030310) 

Search speed t a b l e s  f o r  upper and lower speeds 

enc los ing  c u r r e n t  speed. (V1030320 - V1030450) 

Determine number of loops requ i red  f o r  subsequent 

c a l c u l a t i o n s ,  (V1030460 - V1030590) 

Locate f o u r  lower bounds f o r  V 1  v a r i a b l e  ( l o n g i -  

t u d i n a l  s l  i p / s i d e s l  i p  a n g l e )  corresponding t o  each 

1 oad-speed combination (V1030600 - V1030950) 

Locate f o u r  upper bounds f o r  V1 v a r i a b l e .  

(V1030960 - V1031050) 

I n t e r p o l a t e  f o r  V1 v a r i a b l e .  Local s l o p e s  with 

r e s p e c t  t o  V1 v a r i a b l e  a r e  a l s o  c a l c u l a t e d  here.  

(V1031050 - V1031390) 

I n t e r p o l a t e  f o r  V3 t a b l e  v a r i a b l e  (wheel t r a n s l a t i o n a l  

v e l o c i t y )  a t  each load.  Slopes  with r e s p e c t  t o  V1 

a r e  a l s o  i n t e r p o l a t e d  a t  each load.  

(V1031400 - V1031530) 



t )  I n t e r p l a t i o n  f o r  V2 t a b l e  v a r i a b l e  ( t i r e  l o a d )  and 

c a l c u l a t i o n  of corresponding f r i c t i o n  c o e f f i c i e n t ,  

RMU. F inal  s l o p e s  wi th  r e s p e c t  t o  V1 a r e  a l s o  

i n t e r p o l a t e d  here .  (V1031540 - V131660) 

u )  Longi tudinal  r o l l  -o f f  t a b l e  f u n c t i o n  look-up f o r  

V1 and V4. Final  c a l c u l a t i o n  of l o n g i t u d i n a l  f r i c t i o n  

c o e f f i c i e n t  RMU us ing r o l l - o f f  t a b l e  f a c t o r s  ROLLX.  

Cur ren t  R M U  saved i s  RMUO f o r  wheel s l i p  c a l c u l a t i o n s .  

(V1031670 - V1031790) 

v )  C a l c u l a t i o n  of l o n g i t u d i n a l  t i r e  f o r c e  from t a b u l a r  

d a t a  (V1031800) 

w )  L a t e r a l  r o l l - o f f  t a b l e  f u n c t i o n  look-up f o r  va lues  

V4,Vl. Final  c a l c u l a t i o n  of l a t e r a l  f r i c t i o n  

c o e f f i c i e n t ,  R M U ,  us ing r o l l - o f f  t a b l e  f a c t o r ,  R O Z Y .  

(V1031810 - V1031870) 

x )  C a l c u l a t i o n  of l a t e r a l  t i r e  f o r c e .  (V1031880 - V1031900) 

y )  C a l c u l a t i o n  o f  a1 i  gni ng moment. (V1031930 - V1319340) 

z )  Check performed f o r  dual t i r e s .  (V1031960 - V1031970) 

a a )  C a l c u l a t i o n  o f  l a t e r a l  t i re  f o r c e  using l i n e a r  t i re  
model, Check performed f o r  dual t i r e s .  

(V1032020 - V1032220) 

111. Common Blocks 

P A G E ,  STATIC, SPRING, TURN, ROADD, SLOPES, TIRES, 

UNSPM, SPMASS, PIN, FCTOUT, K E Y ,  CMACC, W H E E L ,  WSPD, 

DUAL, TI RTAB 

IV, L ibra ry  Funct ions  

ABS, ATAN, COS, E X P ,  SIGN, SIN, SQRT 



V.  Arguments 

TIRINI (IVEH, ISUS) 

IVEH - Unit 

ISUS- Suspension Location 

Entry TIRE (IU,IS,IA,ILR,ISY,T,DT,SRS,XXS,DERY ,TALIGN,X) 

IU,IS,IA,ILR - Tire Location by Unit, Suspension, 

Axle and Side 

FXY - Mu-x or Mu-y Table 

T - Brake Torque 

XXSySRS Are Fore/Aft Locations of Each Wheel with 

Respect t o  Sprung Mass c.g. 

D E R Y  - H P C G  Derivatives 

TALIGN - Returned Value of Aligning Torque 

X - Time 

VI. Subroutines References 

ROAD, TABIN, TABLXY 

VII. Error Messages 

System interrupt  only 

2.3.8 Subroutine BRAKE1. 

I .  Purpose: 

a )  Read and echo brake parameter, convert units  

b )  Interpol a t e  fo r  tread1 e pressure and brake pressure. 

If antilock i s  used, cal l  ANTILOCK routine, return 

brake torque. 

11. Program Flow 

a )  Declarations (V1032270 - V1032550) 

b )  In i t i a l i za t ion  (V1032630 - V1032750) 



S u b r o u t i n e  BRAKE1 F l o w c h a r t  

i n i t i a l i z a t i o n s  

Read r i s e  t i m e  
a n d  l a g  t i m e  
p a r a m e t e r s  

Read B T Q  + 
i n d e x  t a b l e  yw 

\ 

h e c k  f o r  p r e v i o u s 1  
r e f e r e n c e d  t a b l e :  

n  . e q .  0 ? 
I Yes 

- -- 

T a b l e  i s  r e f e r e n c e d ,  
s e t  p o i n t e r s  a p p r o p r i a t e l y  

( ~ e a d  p r e s s u r e - t o r q u e  1 
A t a b l e  d a t a  1 

Echo a l l  b r a k e  d a t a  ,I 

E n t r y  
BRAKE2 

I 1 Yes 
f i h e c k  f o r  no  b r a k e  
\ o p t i o n :  IBK . e q .  1  ?/ 

I 

C a l l  \ 
T A B L E  f o r  t r e a d l e  

Compute b r a k e  l i n e  

Check f o r  a n t i l o c k :  
ILOCK . e q .  1 ? 

a n t i l o c k  

Figure 2.10 
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S u b r o u t i n e  B R A K E 1  Flowchar t  ( c o n t t )  

II 
heck f o r  l i n e a r  brak  
r e s s u r e :  B T Q  , g t .  0 

no 

Figure 2.10 (.Cant.) 

4 1 

S e t  t o r q u e  v a l u e s  f o r  
use  by F C T ,  T I R E ,  and 
L I N E  

i 



c )  Read and echo brake paraaeters (V1032770 - V1033420) 

d )  Convert units  (V1033430 - V1033520) 

e )  Formats (V1033530 - V1033850) 

f )  Find t readle  pressure, 

g )  Find brake pressure, check fo r  anti lock 
(V1033890 - V1034110) 

h )  Brake torque calculat ions (V1034170 - V1034380) 

111. Common Blocks 

PAGE, FCTOUT, CMACC, ANTLK, K E Y ,  WSPD, B R A K E ,  

TIRES, BOUT 

IV. Library Functions 

EXP 

V .  Arguments 

BRAKE1 ( IVEH) 

IVEH - Vehicle No. 

IU - Vehicle No. 
IS - Suspension 

IA - Axle 

ILR - Side 

XXS - Location of Axles WRT c.g. 

X - Time 

2.3.9 Subroutine LINE. 

I .  Purpose: 

To calcula te  suspension forces ( S F )  fo r  each side 

of each ax1 e. 

11. Program Flow 

a )  Decl arat ion (V1034430 - V1034520) 

b )  Check fo r  spring table  (V1034530) 





S u b r o u t i n e  LINE F l o w c h a r t  

i 
/ C h e c k  f o r  n o n - l i n e a r \  v e s  

p r i n g :  K . I t .  0 ? )l 
C o m p u t e  s p r i n g  f o r c e :  1 SF = X fS  * C*SP 1 

C o m p u t e  s p r i n g  
d e f l e c t i o n  

/ T A B L E  f a r  \ 
s p r i n g  f o r c e  
g i v e n  t h e  

\ c a l c u l a t e d  / 
d e f l e c t i o n  

'-I-' 
i 

I C o m p u t e  s u s p e n s i o n  1 
f o r c e :  
S F  = k * ( l o a d o -  F) 

+ C*SD 

Add c o n t r i b u t i o n  
d u e  t o  b r a k e  t o r q u e  
a n d  e f f e c t s  o f  
C o u l o m b  f r i c t i o n  

R e t u r n  v 

Figure 2.11 
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c )  I f  l i nea r  springs,  ca lcula te  spring force 

(V1034540 - V1034560) 

d)  For nonl i near springs,  f ind spring def lec t ion,  

in terpola te  to  f ina l  force by cal l ing TABLE 

(V1034570 - V1034650) 

e )  Add coulomb f r i c t i on  contributions,  contribution 
from brake torque. (V1034660 - V1034810) 

111. Common Blocks 

B O U T ,  T A N D ,  K E Y  , SPRING 

IV. Library Functions 

ABS 

V .  Subroutines Referenced 

TABLE 

VI. Error Messages 

System in te r rup t  only 

2.3.10 Subroutine T A B L E .  

I .  Purpose: 

Given a table  with X  values and corresponding Y  values, the 

routine will in terpola te  t o  find a Y '  value fo r  any X '  

value. If  X I  i s  outside the range of X ,  the l a s t  Y value 

i s  assigned to  X'. 

11. Program Flow 

a )  For a one-dimensional table ,  s e t  increments 

(V1034880 - V1034910) 

b )  For a two-dimensional t ab le ,  s e t  increments 

(V1034920 - V1034950) 

c )  Determine i f  X '  i s  within range of X .  I f  yes,  compute 

corresponding Y '  value and re turn;  i f  no, return l a s t  

Y  value. (V1034960 - V1035080) 



S u b r o u t i n e  T A B L E  F l o w c h a r t  

T A B L E  0 
One d i m e n s i o n  a r r a y :  

I n i t i a l i z e  i n c r e m e n t s  

i 
Two d i m e n s i o n  a r r a y :  1 

I I n i t i a l i z e  i n c r e m e n t s  I 
-7- 

X a r r a y  v a l u e s  

R e t u r n  v 
I 
1 2 0  , no L C x '  . l e e  x 9 l a s t  

I 

I n t e r p o l a t e  f o r  Y '  
I 
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111. Common Blocks 

K E Y  

IV, Library Functions 

None 

V.  Arguments 

T A B L E ( M , N , X , Y  , Z Y Q )  

T A B L E ( M , N , X , Y  , Z , Q , I V E H )  

M - i n i t i a l  point 

N - end point 

X - X array 

Y - Y array 

Z - value input X 

Q - returns Y 

IVEH - Vehicle No. 

2.3.11 Subroutine TABLXY.  

I .  Purpose: 

To return in terpola ted  values from r o l l  -off t ab le  given 

X Y R O L X  and XYROLY as functions of longitudinal and 

l a t e r a l  s l i p .  

11. Program Flow 

a )  Determine i f  X i  and Xi are  within range of table .  

(V1035140 - V1035200) 

b )  Compute returned values and re turn .  

(v1035210 - V1035550) 

I1 I .  Common Blocks 

None 

IV, Library Functions 

None 

V.  Subroutines Referenced 

None 

VI. Error Messages 

System in te r rup t  only 



S u b r o u t i n e  T A B L X Y  F l o w c h a r t  - 

T A B L X Y  3 
P e r f o r m  2 - d i m e n s i o n a l  
t a b l e  l o o k - u p  f o r  b o t h  
R O L L X  a n d  ROLLY a s  
f u n c t i o n s  o f  
l o n g i t u d i n a l  a n d  
l a t e r a l  s l i p  f o r  u s e  
i n  r o l l  o f f  c a l c u l a t i o n s  
i n  s u b r o u t i n e  TIRINI 

R e t u r n  0 

F i g u r e  2 . 1 3  



2.3.12 Subroutine DRIVE1, 

I .  Purpose: 

a )  Read, echo and i n i t i a l i z e  closed-loop s t e e r  

parameters. 

b )  Perform ca l cu la t ions  t o  achieve t r a j e c t o r y  as  

described by c l  osed-1 oop s t e e r  parameters. 

11. Program Flow 

a )  Declarations (V1035590 - V1035900) 

b) I n i t i a l i z e  var iab les  and c a l c u l a t e  simp1 i f i e d  

in t e rva l  vehic le  model parameters, 

(V1035910 - V1035960) 

c )  Read and echo program user input  parameters: 

t r anspor t  l a g ,  maximum time f o r  preview i n t e r v a l .  

(V1035970 - V1036090) 

d )  I n i t i a l  i z e  parameters,  (V1036100 - V1036340) 

e )  Update cu r r en t  vehicle  forward ve loc i ty  and 

check f o r  advance in  time s t ep .  

(V1036350 - V1036400) 

f )  Perform i n i t i a l  x-y path coordinate  t ransformation 

from incremented "small heading angle" coordinate  

system t o  the i n e r t i a l  system. (V1036410 - V1036440) 

g )  I n i t i a l  i z e  var iab les .  (V1036450 - V1036560) 

h )  Calculate  i n t e rva l  vehic le  model parameters and 

t r a n s i t i o n  matr ices .  (V1036570 - V1037260) 

i )  I f  vehic le  ve loc i ty  va r i e s  by more than 10 f t / s e c  

from in te rva l  vehic le  model, update in te rva l  model 

and t r a n s i t i o n a l  matr ices .  (V1037270) 

j) Update t ime, e r r o r  squared measure and "small heading 

angle" s t a t e  vec tor ,  Yc. 
(V1037280 - V1037310) 



S u b r o u t i n e  DRIVE1 F l o w c h a r t  

I D e c l a r a t i o n s  I 
i 

s t e e r  t i t l e  

J 

s t e e r  t a b l e ,  
taumem, t f f  

E n t r y  
DRIVE2 

I 

Re tu rn  n 
I n i t i a l i z a t i o n s  

E n t r y  
: D r i v e r  

- .  

heck i f  p a t h  a d j u s t m e n  
s n e c e s s a r y  

I C a l l  

TRAJ f o r  nen p a t h  
c o o r d i n a t e s  

I l ~ e t u r n  new f r o n t  a x l e  I I [ s t e e r  a n q l e s  
I 

F i g u r e  2 . 1 4  



k )  Update path coordinates  in  "small heading angle"  

coordinate  system i f  d i f f e r ence  between vehic le  

heading angle  and l a s t  "small heading angle"  

d i r e c t i o n  update i s  g r e a t e r  than 0.1 radians.  

(v1037320 - V1037390) 

1 )  Locate vehic le  pos i t ion  in "small heading angle"  

coordinate  system and update corresponding s t a t e  

vec tor .  (V1037400 - V1037420) 

m )  I n i t i a l i z e  va r i ab l e s  t o  zero. (V1037430 - V1037450) 

n )  Sampl ing r a t e  check. (V1037470) 

o )  Calcu la te  preview pos i t ion  e r r o r s  a t  NTF po in ts  

in  preview in t e rva l  and sum. (V1037480 - V1037650) 

p )  Ca lcu la te  closed-1 oop s t e e r i n g  angle.  Constrain 

ca l cu la t ed  s t e e r  l;o value <DMAX. > -DMAX. 

(V1037660 - V1037ti80) 

q )  Calcu la te  t r a n s p o r t  1  agged s t e e r  angle  response. I f  

input  l a g ,  T A U M E M ,  i s  spec i f i ed  too l a r g e ,  an e r r o r  

message wi 11 resul t with program terminat ion.  

(V1037690 - V1037E110) 

r )  S to re  cu r r en t  time f o r  time s t e p  and sampl ing r a t e  

checks. (V1037820 - V1037860) 

111. Common Blocks 

P A G E ,  SLOPES, K E Y ,  SPFIASS, TIRES, FCTOUT, STATIC 

IV. Library Functions 

ABS, COS, SIGN, SIN, SQRT 

V .  Arguments 
DRIVE1 ( ISTEER) 

ISTEER - t o t a l  number of points  in the  closed-loop 

t r a j e c t o r y ,  (Note: t h i s  number wi l l  be 

nega t ive)  



Entry DRIVER(X,Y ,DFW) 

X - current simulation time 

Y - a 5-vector containing the vehicle 's  current 

1 a tera l  posit ion,  l a te ra l  velocity,  yaw ra te ,  

heading angle and longitudinal position. 

DFW - calculate closed-loop s t e e r  angle returned t o  
the cal l  ing program. 

VI . Subroutines Referenced 

TIRE, TRAJ, GMADD*, GMPRD*, SMPY*, LOC* 

VII. Error Messages 

*****TAUMEM PROBABLY TOO LARGE***** 

Caused by user input fo r  driver transport  lag 

being t o o  large. 

2.3.13 Subroutine TRAJ. 

I. Purpose: 

a )  Calculate the l a te ra l  displacement of the desired 

p a t h  fo r  a given forward distance. The l a te ra l  path 

displacement i s  used by DRIVE1 subroutine t o  cal-  

cula te  preview errors  between the desired path and 

future estimates of vehicle position. 

11, Program Flow 

a )  Locate forward distance, X ,  in XT vector and 

interpolate t o  find YPATH. (V1037930 - V1038050) 

I 11. Common Blocks 

PAGE 

IV,  Library Functions 

None 

*IBM SSP Subroutines 



S u b r o u t i n e  TRAJ F l o w c h a r t  

1 
I n t e r p o l a t e  f o r  new 
x a n d  y c o o r d i n a t e s  
b a s e d  upon p r e s e n t  
p o s i t i o n ,  and  i n p u t  
p a t h  f o l l o w i n g  
c a p a b i l i t i e s  

R e t u r n  -0. 

F i g u r e  2 . 1 5  



V .  Arguments 

TRAJ(X,XT,YT,YPATH,V) 

X - spec i f ied  forward d is tance  

XT,YT - vector  p a i r  of coordinates defining 

desired path 

YPATH - ca lcu la ted  l a t e r a l  pos i t ion  returned t o  
c a l l  i ng program 

V - vehicle  forward ve loc i ty  

VI. Error Messages 

System i n t e r r u p t  only 

2.3.14 Subroutine TABIN. 

I .  Purpose: 

a )  Es tab l i sh  a d i r ec to ry  of t ab l e s  used, by number 

and type. 

b )  Se t  po in te rs  o r  dupl ica te  t ab l e s  as needed. 

c )  Echo t a b l e  input .  

11. Program Flow 

a )  Declarations and i n i t i a l  i za t ions  (V1038100 - V1038400) 

b )  Determine i f  a t a b l e  i s  1 i s t e d .  (V1038570 - V1038610) 

c )  I f  t a b l e  i s  not l i s t e d ,  l i s t  number and update 

counter.  (V1038620 - V1038840) 

d )  I f  t a b l e  i s  l i s t e d ,  re turn  pointer  values. I f  i t  i s  

Mu-x or Mu-y t a b l e ,  c a l l  TIRDUP. (V1038850 - V1038970) 

e )  I f  t a b l e  i s  i nco r rec t ly  categorized,  wr i t e  e r r o r  

message and terminate program. (V1038980 - V1039010) 

f )  Echo a1 1 t ab les .  (V1039040 - V1040970) 

111. Common Blocks 

P A G E ,  SPRING, B R A K E ,  TIRTAB 

IV. Library Function 

None 



S u b r o u t i n e  TABIN F l o w c h a r t  - 

List t a b l e  i n  
d i r e c t o r y  b y  t y p e ,  
number and  i n d i c e s  

Check f o r  mu-x o r  no + 
\mu-y t a b l e .  

TIRE1 t o  r e a d  
t i r e  t a b u l a r  

(da ta  , - -  ) 

T A B E C H  

Check t o  s e e  i f  
any  t a b l e s  e x i s t  R e t u r n  

i 
S ~ r t  t a b l e s  by t y p e  
and  d e t e r m i n e  how 
many o f  e a c h  t y p e .  

Echo t a b l e s  b y  

a s c z n d i n g  n u m e r i c a l  

R e t u r n  

F i g u r e  2.16 



V .  Arguments 

Entry TABDIR(TN,IVEH,JSUS,KAX,LSIDE,IV,IS,KA,LS,YN,ITYPE) 

TN - Table No. 

IVEH,JSUS,KAX,LSIDE - Vehicle indices passed t o  TABIN 

IU,IS,KA,LS - Vehicle indices returned 

Y N  - Duplicate key returned 

ITYPE - Table type 

VI. Subroutines Referenced 

TIRDUP, TIRE1 

VII. Error Messages 

*****ERROR RETURN***** 

*****ATTEMPT TO ASSIGN PREVIOUS T A B L E  TYPE X X  TO A 

TYPE Y Y  TABLE***** 

Cause: Table number has previously been used f o r  a 

d i f f e r e n t  type of tab1 e. 

2.3.15 Subroutine ANTLKR. 

I .  Purpose: 

a )  Read and echo anti lock parameter data fo r  each 

wheel or axle ,  

b )  For each time s tep ,  perform calu la t ions  f o r  

modulating brake pressure in response t o  wheel 

speed, processed by user-defined ant i  lock control 

logic and pressure modulator cha rac te r i s t i c s .  

11. Program Flow 

a )  Declarations (V1040980 - V1041560) 

b )  Check t o  see i f  the desired system i s  previously 

referenced. (V1041570 - V1041700) 

c )  Read anti lock data fo r  current  wheel. See Appendix C 

f o r  input stream order. (V1041710 - V1043190) 



S u b r o u t i n e  AN'TLKR F l o w c h a r t  

ANTLKR C 
Read  t a b l e  n o .  - 

I 
h e c k  i f  a n t i l o c k  i 

t o  b e  u s e d  f o r  t h i s  1 

TABDIR t o  
i n d e x  t a b l e  +-' 

1 
h e c k  f o r  p r e v i o u s 1  

r e f e r e n c e d  t a b l e :  1 

E q u a t e  a n t i l o c k  d a t a  
f o r  c u r r e n t  w h e e l  

R e t u r n  n 
e a d  s i d e  t o  s i d e  

O D  t i o n  k e y s  - 
R e a d  a n t i l o c k  d a t a  * 

R e t u r n  0 

E n t r y  

o f  a l l  a n t i l o c k  
i n p u t  d a t a  w 

R e t u r n  2 
E n t r y  

v- 

P e r f o r m  a n t i l o c k  
c a l c u l a t i o n s  a n d  
r e t u r n  b r a k e  l i n e  
p r e s s u r e  t o  
BRAKE2 f o r  u s e  
i n  c a l c u l a t i n g  
b r a k e  t o r q u e  

R e t u r n  0 

Figure 2.17 
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Check f o r  an t i l ock  data  dupl ica t ion .  

(v1043200 - v1043220) 

Dupl i c a t e  cu r r en t  wheel a n t i  lock data  with 

data  previously read. (V1043230 - V1044350) 

Variable i n i t i a l i z a t i o n .  (V1044360 - V1044390) 

P r i n t  out an t i l ock  d ic t ionary  of ava i l ab l e  var iab les .  

Echo t a b l e  of adapt ive an t i l ock  var iab les  and r u l e s  

s e l ec t ed  by the program user. Echo t a b l e  of non- 

adapt ive parameters s e l ec t ed  by the program user, 
(V1044400 - V1047690) 

Variable i n i t i a l i z a t i o n s  and forward time s t e p  

check. (V1047700 - V1047780) 

Side-to-side option checks. (V1047790 - V1047960) 

One-time va r i ab l e  i n i t i a l i z a t i o n .  (V1047970 - V1049130) 

Update var iab les  each time step. ( V  1049140 - V1049890) 

Permanent re turn  from a n t i  1 ock i f  demanded tread1 e 

pressure i s  l e s s  than 1 psi or vehicle  ve loc i ty  i s  

l e s s  than 7 f t / s e c .  (V1049900 - V1049910) 

Wheel speed sensor  cal  cul ations-two cascaded f i r s t -  

order  f i l t e r s  and d i f f e r e n t i a t o r  t o  der ive  in t e rna l  

wheel speed and wheel acce l e ra t ion .  

(V1049920 - V1049990) 

I d e n t i f i c a t i o n  of maximum and minimum wheel speed 

and acce l e ra t ion  values during the  l a s t  two cycles .  

(V1050000 - V1050360) 

Check f o r  log ic  sampling r a t e  con t ro l .  

(V1050370 - V1050500) 

Check f o r  pulse-width modulation opt ion.  

(V1050510 - V1050560) 



Pul se-width modulation option ca lcula t ions .  

(V1050570 - V1051220) 

Check f o r  "one-shot" option and associated 

ca lcula t ions .  (V1051230 - V1051600) 

Check f o r  general purpose counter option and 

associated G P V  eval uations. (V1051610 - V1051730) 

Check f o r  general purpose var iable  option and 

associated G P V  evaluat ions.  (V1051740 - V1051900) 

Update wheel speed and accelera t ion  storage locat ions 

and evaluate wheel 1 ock indicator/ t imes.  

(v1051910 - V1052020) 

Check f o r  current  pressure ON/OFF s t a t u s  and branch. 

(V1052030 - V1052050) 

OFFT = 1 => F i r s t  OFF inequali ty s a t i s f i e d .  TAU1 

i s  programmed lag in control logic  between f i r s t  and 

second OFF i nequal i t y  eval uati  ons. (V1052060) 

Return t o  c a l l  i ng program and save current  variable 

ca lcula t ion  in VARIB. (V1052070 - V1052750) 

Evaluate inequal i ty  expressions used in the  control 

logic.  

I = 1-4 : Pressure OFF conditions 

I = 5-8 : Pressure ON conditions 

(V1052760 - V1053050) 

Check f i r s t  and second "OFF" inequa l i t i e s  f o r  - > 

condition. Store r e s u l t s  in logic variables QL1, 

QL2. (V1053060 - V1053290) 

Evaluate 3rd and 4th inequal i ty  expressions f o r  - > 

condition. Store r e s u l t s  in logical  var iables  QL3, 

QL4. (V1053300 - V1053470) 



i i )  

Eval uate logical expression involving QL1.. . QL4 to 
determine value of QOFF. QOFF = TRUE => Release 

Brake 

Pressure 

(GO TO Statement 12) 
(V1053480 - V1053690) 
Store pressure and wheel spin conditions at 

initiation of current OFF command. (V1053700 - V1053810) 
Check brake pressure release transport lag and number 

of cycles > 1 condition. (V1053820 - V1053960) 
Variable initializations used in pressure calculation. 

(V1053870 - V1053890) 

Eval uate i nequal i ty expression associated with 

exponential pressure fa1 1. (V1053900 - V1054010) 
Eval uate inequal i ty expression associated with 1 i near 

pressure fa1 1. (.V1054020 - V1054130) 

Eval uate inequal i ty expression associated with tread1 e 

pressure modulation option. (V1054140 - V1054250) 
Assign exponential decay rate based upon evaluation 

of exponential inequal i ty expression. 

(V1054260 - V1054290) 

Assign linear pressure decay rate based upon evaluation 

of 1 inear pressure fall inequal i ty expression. 
(v1054300 - V1054330) 
Assign demanded pressure during pressure fa1 1. 
(V1054340 - V1054370) 
Store time and maximum pressure values from last two 
cycles at time of a new pressure release. 
(V1054380 - V1054430) 



Calculate returned brake pressure (release portion of 

cycle) using exponential and/or 1 inear terms. Limit 

lower bound of pressure t o  0. (V1054440 - V1054450) 

Set flags and check control logic delay TAU2. 

(V1054460 - V1054530) 

ONT = 1 => First  O N  inequality expression sat isf ied.  

TAU3 i s  programmed control logic delay between 

evaluation of f i r s t  and second ON inequality 

expression. (V1054540 - V1054550) 

Evaluate f i r s t  and  second control logic ON inequality 

expressions. Save results in logical variables QL5 

and  QL6. (V1054560 - V1054800) 

Evaluate third and fourth control logic ON inequality 

expressions, Save results in logical variables Q L 7  

and QL8. (V1054810 - V1054980) 

Evaluate complete ON logical expression involving 

QL5, QL6, QL7 ,  and QL8. Save resul t  in Q O N .  

QON = TRUE => Re-apply brake pressure. 

(V1054990 - V1055330) 

Elapsed time < transport lag for OM cycle; continue 

with pressure release calculation, (V1055340 - V1055350) 

In i t ia l ize  variables for  use in pressure r i se  

cal cul a t i  o n .  (V1055360 - V1055400) 

Eval uate inequal i ty expression associated with 

exponenti a1 pressure r i  se characteristic and assign 

exponenti a1 pressure r i se  rates.  (V10555410 - V1055520) 

Eval uate inequal i ty expression associated with 1 i near 

pressure r i s e  characteristic and assign linear pressure 

r i s e  rates.  (V1055530 - V1055640) 

Check tread1 e pressure modulation option key. If 
IPDKEY > - 1 ,  evaluate expression for treadle pressure 

modulation and assign as demanded pressure. 
(V1055650 - V1055770) 



x x )  Save time and minimum pressure values fo r  l a s t  two 
cycles a t  i n i t i a t i on  of new cycle. (V1055780 - V1055810) 

yy) Calculate returned brake pressure (pressure r i s e  

portion of antilock cycle) using exponential and/or 

l inear  terms. Limit upper bound of pressure t o  
demanded pressure. (V1055820 - V1055830) 

z z )  Set f lags and check control logic programmed delay TAU4. 

(V1055840 - V1055860) 

aaa) Prevent anti  lock operation for  demanded treadle 

pressure < 1.0 psi or vehicle velocity < 7.0 f t / sec .  

(V1055900 - V1055960) 

b b b )  Calculation of a l l  general form arithmetic expressions 

used by the antilock program except for  the eight  

inequal i ty  expressions used in the control logic.  Index 

I > 23 i s  an. e r ro r  condition. (V1055970 - V1056280) 

111. Common Blocks 

P A G E ,  ANTLK 

IV. ,Library Functions 

ABS, E X P ,  IABS, SIGN 

V .  Arguments 

Entry ANTLKR(IU,IS,IA,ILR) , Entry ANTLKW(IU,IS,IA,ILR) 

IU - Unit No. 
IS - Suspension location 

IA - Axle position 

ILR - Side 

Entry ANTILK(WLR,WRR,WV,WVD,DP,PP,PRET,IJK,T) 

WLR - Left wheel speed 

WRR - Right wheel speed 

W V y W V D  - Vehicle speed, acceleration 

PP - Current brake pressure 

PD - Current demanded treadle pressure 

PRET - Returned brake pressure 

IJK - Single d i g i t  integer representation of IU,IS,IA,ILR 

T - Simulation time 



VI . Subrouti nes Referenced 

PRINT, TABIN 

VII. Error Messages 

System i n t e r r u p t  only 

2.3.16 Subroutine PRINT. 

I .  Purpose: 

a )  Echo a n t i l o c k  input  va r i ab l e s  and t h e i r  s e l ec t ed  

c o e f f i c i e n t s  appearing in any an t i l ock  a r i t hme t i c  

expression.  

I I .  Program Flow 

a )  Declarat ions (V1056330 - V1056500) 

b )  Detect adapt ive c o e f f i c i e n t s  (V1056510 - V1056540) 

c )  P r i n t  d e s c r i p t i v e  name f o r  each new a r i t hme t i c  

expression.  (V1056550 - V1056590) 

d )  Branch t o  appropr ia te  code based on number of 

adapt ive va r i ab l e s  f o r  a  s p e c i f i c  c o e f f i c i e n t .  

(V1056600) 

e )  No adapt ive va r i ab l e s .  Echo c o e f f i c i e n t  and 

va r i ab l e  I  .D. code. (V1056610 - V1056650) 

f )  One adapt ive va r i ab l e .  Echo c o e f f i c i e n t s  and 

va r i ab l e  I .  D .  codes. (V1056660 - V1056710) 

g )  Two adapt ive va r i ab l e s .  Echo c o e f f i c i e n t s  and 

va r i ab l e  I  . D .  codes. (V1056720 - 1056760) 

h )  Se t  N E W  key t o  0; re turn .  (V1056770 - V1056780) 

111. Common Blocks 

PAGE 

IV. Library Functions 

IABS 



S u b r o u t i n e  P R I N T  F l o w c h a r t  

I P R I N T  Q 
D e c l a r a t i o n s  f - l  
D e t e r m i n e  a d a p t i v e  
c o e f f i c i e n t s  i 
Echo a p p r o p r i a t e  
c o e f f i c i e n t  a n d  
i d e n t i f i c a t i o n  , 

R e t u r n ,  /i 

Figure 2.18 
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V .  Arguments 
P R I N T ( B U F , I B F , I  , J , N E W )  

BUF - buffer with three adaptive coe f f i c i en t s  and 
two break points possible 

IBF - variable iden t i f i ca t ion  code appearing in 
user dict ionary 

I - ari thmetic expression index 

J - coef f i c i en t  order index 

N E W  - new expression f l ag  

VI. Subroutines Referenced 

None 

VI I ,  Error Messages 
System in te r rup t  only 

2.3.17 Subroutine ROAD. Subroutine ROAD i s  a  user-wri t t e n  
program which permits a  road surface,  Z ,  t o  be specif ied as a  function 
of X - Y  i n e r t i a l  coordinates. ROAD has two entry points:  ROAD and 
ROADDZ. Entry point ROAD ca lcula tes  the ve r t i ca l  ( i n e r t i a l  ) elevation 
of the road surface given an X - Y  horizontal locat ion.  Entry ROADDZ 

ca lcula tes  the  cross-sl ope and down-sl ope of the speci f ied  road surface 
a t  a  given X-Y horizontal locat ion.  

Arguments f o r  ROAD: X ,  Y ,  Z ,  T.  X i s  the i n e r t i a l  "x" 
(forward) coordinate a t  time, T ,  equal t o  zero; Y i s  the i n e r t i a l  "y" 

( l a t e r a l )  coordinate a t  T=O; and Z i s  the  calculated i n e r t i a l  " z "  

( v e r t i c a l )  coordinate of the road normal t o  the X - Y  plane. 

Arguments f o r  entry ROADDZ: X ,  Y ,  D Z D X ,  DZDY.  X ,  Y a r e  the 
i n e r t i a l  horizontal coordinates supplied by the ca l l  ing program; D Z D X  

and DZDY a re  the  calculated slopes of the road surface along the X 

and Y coordinate d i rec t ions  ( i n e r t i a l  ) . 
SUBROUTINE ROAD (X ,Y  ,Z,T) 

(User-written program calcula t ing  Z as  a  function of X,Y) 

RETURN 

ENTRY ROADDZ (X, Y , D Z D X ,  D Z D Y )  



(User-written program calculating the inertial  road 

slopes dZ/dX and dZ/dY, defined by the user in R O A D , )  

RETURN 

E N D  

2.4 Input/Output Structure 

2.4.1 I n p u t .  The simulation program has been designed for 

batch mode operations, requiring only one input device and one o u t p u t  

device. The I/O device assignments are set  in MAIN, As written, 

the program uses the device assigned t o  5 for Input and 6 for O u t p u t .  

The following tables of input variables will ass i s t  the user in 
structuring data sets .  More expl ici t  information pertaining t o  110 

structure can be found in the User's Manual [ 6 ] .  The user i s  also 
directed t o  Appendix B (source 1 i s t )  and Appendix A (variable 
dictionary). Note t h a t  a t  the end of each subroutine source l i s t  
a cross-reference index map of  a1 1 variables referenced in the sub- 
routine i s  printed. 



Tab1 e 2.1 . Parameter Data Formats. 

S u b s c r i p t  Range U n i t s  

(20 )  

Format 

20A4 ] 
V a r i a b l e  Name 

HEAD 

NVEH 
VEL 

ISTEER 

Closed-Loop O p t i o n  

XP,YP f t 

s ec 

sec 

TAUMEM 

TFF 

Open-Loop O p t i o n  

TURNX ,TURNY ,TURNY ( I+25 )  ( 5 0 ) ,  (50)  

NTP (292)  

XTP ,YIP (10 )  Y (10 )  

TIMF 

TINC 

sec, p s i  2F10.2 1 
sec F15.3 / 
sec F15.3 

Road O p t i o n  

I ROAD, DZDXO* , DZDY 0* 

IOUT 

Doubl e s / T r i  p l  es 

KDOLLY 

APHI 

WHBS 

SNL 

SNL 

DELTA 

V J 
P W 

Pay1 oad Op t ion  

P X 

PZ 

PJ 



T a b l e  2.1. (Con t . )  

V a r i a b l e  Name S u b s c r i p t  Range U n i t s  Format 
T r a c t o r - T r a i  1 er Opt ion  

D o u b l e s / T r i p l e s  Opt ion  

A3 ( 4 )  

P H (4) 

K E Y  ( 4 9 2 )  

Tandem Axle Opt ion  

T D ( 4 9 2 )  

FSPLIT ( 4 9 2 )  

FSH I FT ( 4 9 2 )  

Nonl i n e a r  S p r i n g  Opt ion  

NOSPR ( 4 9 2 , 2 , 2 , 2 )  
FORSPR,DEFSPR (3201,  ( 3 2 0 )  

C * 
CF* 

J A 

R C  I 

RST 

KRS 

SYI 

TRA 

ASW 

* S i d e - t o - s i d e  o p t i o n  - z e r o  o r  b l ank  e n t r y  o f  r i g h t  s i d e  w i l l  a s s i g n  
l e f t  s i d e  v a l u e  t o  r i g h t  - see S e c t i o n  2.4.7.  



T a b l e  2.1. (Cont . )  

V a r i  a b l  e Name 

DTS* 

CALF* 

S u b s c r i p t  Range - U n i t s  

(4,2,2,2) i n  

( 4 9 2 y 2 9 2 )  1 b/deg 

MU-Y vs. ALPHA O p t i o n  

NTABXY ( 4 y 2 9 2 y 2 9 2 , 2 )  

FZBRK (492y2,2 ,2 ,6)  

NTAB X Y  ( 4 , 2 , 2 , 2 ~ 2 ~ 2 )  

VBRK (492,29292) 

NMAXU1 (4,29292,693) 

N I RY 

X l  ROLY 

N2RY 

X2ROLY 

XY ROLY 

CS* (4,29292) 

MU-X vs. S l i p  O p t i o n  

Same as MU-Y vs. ALPHA 

CAM* 

CAT* 

KT* 

SRAD* 

WHEELI* 

TQ* 
BTQ* 

sec 

i n - 1  b / p s i  

Pressure-Torque Tab1 e O p t i o n  

NUM ( 4 ~ 2 ~ 2 , 2 9 2 )  

XX,YY (320)Y (320)  

ILOCK 

(See Appendix D y  U s e r ' s  Manual ) 
NEXT 





2.4.2 Output S t ruc tu re .  (Re fe r  t o  Sec t ion  2.3.3 "Subrout ine 

Output.) To accommodate t h e  m in im i za t i on  of ou tpu t  devices,  as t h e  

s i m u l a t i o n  progresses, va r i ab l es  t h a t  a r e  t o  be ou tpu t  a re  c a t e g o r i c a l l y  

s t o r e d  i n  one ou tpu t  b u f f e r .  When t h i s  b u f f e r  i s  f i l l e d  ( a f t e r  41 t ime  

increments s e t  by t he  use r ) ,  t h e  b u f f e r  i s  p r i n t e d  on to  t h e  ou tpu t  

device.  The program r e q u i r e s  a  p r i n t  dev ice  t o  be capable o f  p r i n t i n g  

132 charac te rs  per  l i n e ,  I f  t h e  s i m u l a t i o n  has n o t  met t e r m i n a t i n g  

cond i t i ons ,  t h e  b u f f e r  l i n e  counter  i s  r e i n i t i a l i z e d  and t h e  s i m u l a t i o n  

cont inues,  aga in  f i l l  i n g  t h e  bu f fe r .  When t h e  s i m u l a t i o n  meets t e r -  

m i n a t i n g  cond i t i ons ,  t he  p a r t i a l l y  f i l l e d  b u f f e r  i s  p r i n t e d  t o  assure 

t h a t  a l l  data  generated i s  output ,  Should a  f a t a l  e r r o r  occur  t h a t  

causes a  system i n t e r r u p t ,  t he  b u f f e r  does n o t  p r i n t  and any c o l l e c t e d  

da ta  w i l l  be l o s t ,  Under normal s i m u l a t i o n  cond i t i ons ,  t h i s  i s ,  however, 

u n l i k e l y  t o  occur.  

For each s imu la t i on ,  t h e  ou tpu t  o f  i n t e r e s t  t o  t h e  user  may vary.  

Thus, t he  program has a v a i l a b l e  an ou tpu t  o p t i o n  (see Sec t ion  2.5.5) 

which a l l ows  t h e  user  t o  e l i m i n a t e  t he  p r i n t i n g  o f  unnecessary i n f o r -  

mat ion.  

Program Opt ions 

The T3DRS:Vl program i s  w r i t t e n  i n  a  general  form which a1 lows 

t h e  user  many op t ions .  By h i s  cho ice  o f  op t ions ,  t h e  user  can vary  t he  

degree o f  s o p h i s t i c a t i o n  of t h e  s i m u l a t i o n  t o  bes t  s u i t  h i s  needs. The 

f o l l o w i n g  13 sec t i ons  descr ibe  each o p t i o n  and t h e  parameters i nvo l ved  i n  

t h e  s e l e c t i o n  o f  each op t ion .  More d e t a i l e d  i n f o r m a t i o n  about t h e  

parameter fo rmat  and da ta  f l o w  can be found i n  Sec t i on  2.4.1 and i n  

t h e  User 's  Manual [6], 

2.5.1 Veh ic le  Con f igu ra t ion .  The program has t h e  capabi 1  i t y  

t o  s imu la te  f o u r  d i f f e r e n t  v e h i c l e  c o n f i g u r a t i o n s :  

1 )  s t r a i g h t  t r u c k  ( o r  b o b t a i l  t r a c t o r )  

2)  t r ac to r - sem i  t r a i l  e r  

3 )  t r ac to r - sem i  t r a i l e r - f u l  1  t r a i l e r  (doubles)  

4) t r a c t o r - s e m i t r a i l  er - two f u l l  t r a i l e r s  ( t r i p l e s )  





The vehicle configuration i s  set  by the f i r s t  numeric input parameter, 

NVEH. The value of N V E H  corresponds to the total  number of t r a i l e r s  

t o  be simulated ( N V E H  = 0 implies a s t raight  truck).  If a configura- 

tion involving t r a i l e r s  i s  t o  be used, additional vehicle parameters 
must be entered, as well as additional suspension, t i r e  and brake data. 
Figure 2 . 1 9  shows the vehicle parameters necessary t o  describe a 

s t raight  truck. Figure 2.20 is  the vehicle parameter l i s t  of a tractor 

followed by a semi t r a i l e r .  Note that additional information describing 

the f i f t h  wheel must be included for the t ractor- t rai ler .  The addi- 

tional parameters are inserted f o l  lowing the payl oad parameters. These 

are: 

BB1 - distance of f i f t h  wheel ahead of tractor rear 
suspension ( i n )  

D - height of f i f t h  wheel above ground ( i n )  

MC5 - f i f t h  wheel s t i f fness  (in-lb/deg) 

When a full  t r a i l e r  i s  used (ei ther  for doubles or t r i p l e s ) ,  additional 
vehicle parameters must be included for the preceding t r a i l e r  as well 

as for the full  t r a i l e r .  The parameters t o  be added t o  the preceding 
t r a i l e r  (Figures 2.21, 2 . 2 2 )  describe the pintle hook location. They are 

inserted fol lowing the payl oad description parameters: 

A3 - distance from pintle hook t o  rear suspension ( i n )  

PH - height of pintle hook above ground ( i n )  

For a full  t r a i l e r ,  the following parameters describing the dolly must 

be inserted before the wheelbase (Figure 2 .23 ) .  

KDOLLY - dolly type: 1 for converter dolly, 2 for fixed dolly 

APHI - distance from pintle hook t o  turntable center ( i n )  
BB1 - turntable offset  ahead of dolly suspension ( i n )  

D - height of turntable above ground ( i n )  

2.5.2 Steer Mode. The simulation can operate in either open- 

loop or closed-loop steering modes by inputting either ( 1 )  a n  open- 
loop, time versus front-wheel steer angle table or ( 2 )  a closed-loop 
X - Y  path-follower table. The choice of open- or closed-loop steering 
i s  determined by the value of input variable ISTEER which i s  the steer 
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tab le .  I f  closed-loop s teer ing  i s  des i red ,  the  value of ISTEER should 
be negative. In addi t ion ,  two parameters t o  describe the dr iver  
t ranspor t  lag and the end of preview interval  ( T P P )  must be entered 
following the end of the  t ab le  data.  By s e t t i n g  the  value of ISTEER 
t o  zero,  no fu r the r  s t e e r  t a b l e  data need be entered and the program 
wil l  in t e rna l ly  generate a s t r a i g h t - l i n e  s t e e r  table .  (See Figures 
2.24, 2.25.)  

2.5.3 Brake Option. Following the s t e e r  t ab les ,  a time versus 
t r ead le  pressure t ab le  i s  entered (Figure 2 , ? 6 ) .  The option i s  avai lable  
t o  en te r  a zero f o r  the number of t ab le  e n t r i e s ,  implying t h a t  no braking 
i s  t o  be done, and no fu r the r  t ab le  data o r  brake descript ion parameters 
a re  entered f o r  any axle.  The parameters t h a t  describe the  brakes are :  

TQ(I,J ,K,L,l)  - lag time 

TQ(I,J,K,L,2) - r i s e  time 

BTQ(I ,J,K,L) - brake torque 

2.5.4 Road Option. The program allows three  options f o r  the 
user t o  describe the road upon which the  simulation takes place. The 
option selected i s  determined by the road key, IROAD. The three  
conditions are :  

IROAD = 0 implies a f l a t  road 

IROAD = 1 requires the user t o  include two addit ional  
parameters--one describing the  percent grade and 
one t o  describe the percent cross-slope of the 
road 

IROAD = -1 indicates t h a t  the user wi l l  give the road 
descript ion by using subroutine ROAD. (See Section 
2.3.17 and Appendix H of the User's Manual . )  
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2.5.5 O u t p u t  Page Select ion.  As explained in Section 2.4.2, 
the  program c o l l e c t s  output var iables  in a buffer .  When the buffer i s  

f i l l e d ,  or  when terminating conditions a re  met, the buffer i s  then 
printed.  However, the user may not have i n t e r e s t  in a l l  of the output 
generated. Thus, the  program a1 lows the user t o  s e l e c t  ca tegor ica l ly  
those output pages which contain the  data of i n t e r e s t .  The output 

se lec t ion  key IOUT i s  a seven d i g i t  code which i s  s e t  t o  suppress the  
p r i n t  of the  following seven categories of output (1 allows print, 0 

suppresses) .  (See Figure 2.27. ) 

1 )  Vehicle posi t ions 
2 )  Vehicle ve loc i t i e s  
3 )  Vehicle accelera t ions  

4 )  Vehicle t i r e  forces and moments 
5)  Vehicle brake summary 
6 )  Vehicle l a t e r a l  t i r e  forces 
7 )  Vehicle suspension summary 

2.5.6 Payload. Each u n i t  i s  capable of carrying a payload. If  
a payload i s  used, the following payload descript ion parameters must 
be entered.  ( I f  payload i s  not used, s e t  PW=O and no f u r t h e r  payload 
information i s  entered. ) 

PW - payload weight (1 b )  

P X - locat ion of payload c.g. forward rea r  
suspension ( i n )  

PZ  - locat ion of paylaod c.g. above ground ( i n )  

P J ( 1 , l )  - payload r o l l  moment of i n e r t i a  ( in- lb /sec2)  

P J ( I , 2 )  - payload pi tch moment of i n e r t i a  ( in - lb / sec2)  

PJ ( I ,3 )  - payload yaw moment of i n e r t i a  ( in - lb / sec2)  

Figures 2.  28 and 2. 29 show the use of the  payload option. 





2 . 5 . 7  Side-to-Side Options. To further extend the capabi 1 i t i e s  

of simulating actual conditions, side-to-side variation of certain 
suspension, t i r e  and brake parameters i s  a1 lowed. This option i s  

avai lab1 e on the fol lowing parameters: 

K - spring ra te  

C - viscous damping 

C F - coulomb f r ic t ion  

DTS - dual t i r e  separation 

CALF - l a te ra l  s t i f fness  

CS - longitudinal s t i f fness  

CAT - a1 igning torque coefficient 

CAM - camber coefficient 

SRAD - s t a t i c  radius of t i r e  

WHEEL1 - wheel polar moment of iner t ia  

TQ - brake r i se  and lag time 

BTQ - brake torque 

i f  t h i s  o p t i o n  i s  n o t  used, zero or blank entry of the right-side data 
will resu l t  in the internal assignment of the lef t -s ide parameter values 
to the right side. 

2.5.8 Tandem Axle Options. The program allows the user t o  

select  tandem axles or single axles , for  a1 1 rear suspensions and for  
the front  suspensions of fu l l  - t r a i l e r s  (do1 l y  suspensions). Tandem 
axle selection i s  made by set t ing the appropriate suspension key 

KEY(1,J) to  1 .  

i f  tandem axles are used, three additional parameters must be 
entered immediately fol lowing K E Y  t o  describe the tandem ax1 e suspensions, 

TAND(1 , J )  - separation between the leading and t ra i l ing  
ax1 es 

FSPLIT(1,J) - percent of s t a t i c  suspension load on leading 
ax1 e 

FSHIFT(~,J)  - percent of brake torque reaction acting t o  

t ransfer  load t o  leading axle, 





By varying FSPLIT and FSHIFT, the behavior of various tandem suspen- 
sions (walking beam, four spring, long load leveler, e tc . )  can be 
simulated. References [3] and [6] provide a more detailed discussion 
of the use of these parameters. When tandem axles are used, additional 

t i r e  and brake data need be entered. All tandem axle data should be 
entered leading axle data followed by t ra i l ing  axle data (see Figures 
2.30 and 3.21). 

2.5.9 Nonlinear S p r i n g  Option. Each axle simulated has the 

capacity for nonlinear spring rates.  To use th is  option, K(I,J,K,L) 
should be given a negative whole number value. If i t  i s  the f i r s t  time 
nonlinear spring tables are used, or i f  the table differs  from a pre- 
vious one, immediately following K(I ,J , K y L )  should be entered 
NOSPR(1 ,J , K , L , 2 ) ,  the number of data points (maximum of 10) and the 
pairs of data points (DEFSPR,FORSPR) that  describe the spring rate.  
Figure 2.32 shows a sample data structure for  th is  option. 

2.5.10 Cornering Stiffness ( M U - Y )  Table Option. Tabular 
cornering ( l a t e r a l )  force t i r e  data called by a negative CORNERING 
STIFFNESS value i s  entered in terms of a normalized la teral  traction 
coefficient,  M U - Y ,  as a function of t i r e  sideslip angle, ALPHA, for 
a t  least  one, and as many as three, different vertical t i r e  loads and 
velocities. M U - Y  i s  defined as the nondimensional ratio of t i r e  la teral  

force t o  the prevailing vertical load a t  zero longitudinal s l i p  ( f ree  
roll ing) . Two-way 1 inear interpolation i s  used by the program between 
entered table points. The format required for entering MU-Y tabular 
data i s  as follows (see User's Manual Appendix A for examples): 

(Define number of loads and velocities) 

Number of vertical loads, NL ( 3  max. ) (I2 format) 
Vertical load values (3F10.2 format) 
Number of velocities,  N V  (3  max. ) (I2 format) 
Velocity val ues (3F10.2 format) 

(Firs t  loadl f i r s t  velocity table) 

Number of t i r e  sideslip angles, N11, in 
f i r s t  ALPHA versus M U - Y  table (max. of 10) (I2 format) 
N11 1 ines of ALPHA (deg ) , MU-Y pairs (2F10.2 format, 
comprising the f i r s t  table each l ine)  
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( F i r s t  l oad lsecond  v e l o c i t y  t a b l e )  

*Number o f  t i r e  s i d e s l i p  angles,  N12, i n  ( I 2  fo rma t  
second ALPHA versus MU-Y t a b l e  (max. o f  10) 

aN12 l i n e s  of ALPHA (deg) ,  MU-Y p a i r s  com- (2F10.2 fo rmat ,  
p r i s i n g  t h e  second t a b l e .  each 1  i n e )  

( F i r s t  l o a d / t h i r d  v e l o c i t y  t a b l e )  

*Number o f  t i r e  s i d e s l i p  ang les ,  N13, i n  ( I 2  f o r m a t )  
t h i r d  ALPHA versus MU-Y t a b l e  (max. o f  10) 

eN13 l i n e s  of ALPHA (deg) ,  MU-Y p a i r s  com- (2F10.2 fo rmat )  
p r i s i n g  t h e  t h i r d  t a b l e .  

(Repeat f o r  second l o a d  c o n d i t i o n )  

(Repeat f o r  t h i r d  l o a d  c o n d i t i o n )  

Note: The t o t a l  number o f  ALPHA versus MU-Y t a b l e s  i s  

equal  t o  t h e  p r o d u c t  o f  NV x NL. Hence, a  maximum o f  

n i n e  ( 9 )  such t a b l e s  a r e  p e r m i t t e d  ( N V  = NL = 3 )  and a  

minimum o f  one ( 1 )  t a b l e  (NV = NL = 1)  i s  r e q u i r e d .  

Immed ia te l y  f o l l o w i n g  t h e  ALPHA versus MU-Y t a b l e s ,  a  " r o l  l - o f f "  t a b u l a r  

f u n c t i o n  which a l l o w s  f o r  r e d u c t i o n  o f  t h e  f r e e - r o l l i n g  t i r e  l a t e r a l  

f o r c e s  under l o n g i t u d i n a l  ( , b rak ing )  s l i p  c o n d i t i o n s  i s  r e q u i r e d .  I n  t h e  

even t  no b r a k i n g  occurs ,  a  s i m p l e  one-po in t  t a b l e  may be used. The 

" r o l l - o f f "  t a b l e  i s  a  two-way t a b l e  o f  t h e  parameter,  ROLLY, as a  

f u n c t i o n  o f  l o n g i t u d i n a l  s l i p  (SLIP)  and s i d e s l i p  (ALPHA) o f  t h e  t i r e .  

ROLLY i s  s i m p l y  a mu1 t i p l i c a t i o n  f a c t o r  f o r  MU-Y d e f i n e d  a t  t h e  s e l e c t e d  

SLIP and ALPHA va lues i n  t h e  t a b l e  and i n t e r p o l a t e d  elsewhere. ROLLY 

va lues  o f  1.0 s i m p l y  r e t u r n  t h e  f r e e - r o l l i n g  MU-Y va lue.  L i kew ise ,  a  

ROLLY v a l u e  of  0.75 would d i m i n i s h  t h e  v a l u e  o f  MU-Y by 25 p e r c e n t  a t  t h e  

s p e c i f i e d  l o n g i t u d i n a l / s i d e s l i p  p o i n t  i n  t h e  " r o l l - o f f "  t a b l e .  

The f o l l o w i n g  fo rma t  i s  used f o r  e n t e r i n g  l a t e r a l  " r o l l - o f f "  

f u n c t i o n  t a b u l a r  da ta :  

(Def ine arguments o f  t h e  t a b l e )  

Number o f  l o n g i t u d i n a l  s l  i p  ( S L I P )  p o i n t s ,  ( I 2  f o r m a t )  
NS, i n  t h e  " r o l l - o f f "  t a b l e  (10  max.) 

.NS l i n e s  o f  l o n g i t u d i n a l  s l i p  (SLIP) va lues (F10.2 fo rmat ,  
each 1  i n e )  

Number o f  s ides1  i p  (ALPHA) p o i n t s ,  NSS, ( I 2  f o r m a t )  
i n  t h e  " r o l l - o f f "  t a b l e  (10  max.) 



NSS l ines  of sides1 ip ( A L P H A )  values (F10.2 format, 
each 1 ine) 

NSS x NS matrix of R O L L Y  values defining (10F8.2 format) 
the " ro l l  -off" tabular function. NSS 1 ines 
containing NS ROLLY values/line as shown 
below. 

Slip, Sl ip2 etc .  
I ----------.---------------.------------------A 
1 

Alphal I I ROLLY l l  
I 
I 
I 

A 1  p ha2 I I ROLLY 21 
I 

I 
I 

. 
etc.  I . 

I 
1 
i 

. 

Note: The maximum size of the ROLLY table  i s  10 x 10 

(NSS = NS = 10).  Minimum size i s  1 x 1 

(NSS = NS = 1 ) .  

2.5.11 Longitudinal St i f fness  ( M U - X )  Tables. Tabular braking 

(longitudinal) force t i r e  data i s  entered in exactly the same format as 

used for  cornering data, This data must follow immediately a f t e r  the 

negative LONGITUDINAL STIFFNESS entry. M U - X ,  a  normalized longitudinal 

traction coeff ic ient ,  now replaces MU-Y as the dependent table variable 

and longitudinal s l i p ,  S L I P ,  replaces ALPHA as the independent table 

variable, M U - X  i s  defined as the nondimensional ra t io  of longitudinal 

t i r e  force t o  the prevailing vertical  load a t  a zero t i r e  sidesl ip angle. 

Like the la teral  force table d a t a ,  u p  t o  three vertical  loads and speeds 

may be specified. 

A longitudinal "rol l -off"  function i s  likewise required in the case 

of M U - X  tabular data. R O L L X ,  a mu1 tip1 icat ive factor analogous t o  R O L L Y  

for  cornering data,  i s  specified in a two-way table of longitudinal s l i p  

(SLIP) versus s idesl ip  (ALPHA) identical t o  that  format used for  the 

la te ra l  "rol l -off"  table. 





Sources of la teral  and longitudinal t i r e  force data for heavy 

trucks that are largely compatible w i t h  the T3DRS:Vl program, are 
contained in References [2, 7 ,  8, 9 ,  10, 111. 

2.5.12 Brake Torque Option. For simulating a braking maneuver, 
the user has the choice of a constant brake torque value per psi of treadle 
pressure or a pressure versus torque table. To use the pressure versus 
torque table option, the value of BTQ(I,J,K,L) should be a negative 
whole number. If i t  i s  the f i r s t  time that pressure torque tables are 
referenced, or i f  the table differs  from previously defined tables,  
immediately following BTQ(1 ,J , K , L )  should be entered NUM(1 ,J,K,L,2),  

the number of data points of the table (maximum of 10) and the pairs of 
pressure (psi ) versus torque (in-1 b/psi ) . 

2.5.13 Antilock Option. If the user wishes to simulate a braking 
maneuver with an antilock system, following the l a s t  vehicle i s  a key 
which, when se t  t o  01, will call for antilock input data to be read. 
The antilock routine allows for a number of modes t o  be simulated 
in varying degrees of cornplexi ty and sophistication. A detailed 
explanation of this  option can be found in Appendix D of the User's 
Manual. 





3.0 OPERATING ENVIRONMENT 

3.1 - MTS 

The simulation program was developed on The University of Michigan 
computer, an Amdahl 470V/7, whose overall system control i s  known as 
the Michigan Terminal System (MTS). 

The Amdahl 470V/7 i s  compatible with the IBM System/370 se r ies  
of computers. The major hardware components include the central processor, 
16 110 channels and 6 mil 1 ion bytes of main storage. Support hardware 
includes two IBM 2305 Model 2 fixed head f i l e  uni ts ,  each with a 
capacity of about 2301 pages of 4096 bytes and a disk storage system 
w i t h  a to ta l  capacity of about 4.8 b i l l ion  bytes. Both 9- and 7-track 
tape drive mounts are available (800-6250 BPI) w i t h  capabil i ty of using 
both EBCDIC and ASCII code. Plotting f a c i l i t i e s  include software and 
interfacing with Tektronics graphic terminals and a Calcomp Model 936 
drum p lo t t e r .  

Conversation usage of MTS i s  accommodated by over 300 terminal 
1 ines capable of interfacing w i t h  a mu1 t i  tude of commercially available 
terminals and CRT uni ts ,  

The MTS control system was developed a t  The University of 

Michigan fo r  both batch and in teract ive  processing u t i l i z ing  vi r tual  
memory and mu1 t i  lash techniques. Extensive f i  le-edi t ing faci  1 i t i e s  a re  
available as are  state-of-the-art  symbolic debugging capabi 1 i t i e s  f o r  
FORTRAN IV, assembly language and PL/I. 

3.2 Computer Requirements f o r  T3DRS:Vl 

3.2.1 Hardware Requirements. The program i s  a d ig i t a l  
computer-based simulation model requiring a d ig i t a l  computer with a t  
l e a s t  one input and one output device. If  the output device i s  a 
l i n e  p r in te r ,  the l i n e  needs t o  be capable of printing 132 characters. 
The program i s  written fo r  batch mode operations. I t  will accept i n p u t  
from any device assigned t o  f ive  (tape drive,  disk f i l e ,  card reader, 
e t c . ) .  I t  i s  conceivable tha t  a user could input variables in teract ively ,  
a1 though conversational prompting does not occur. 





3.2.2 Sof tware and Core Requirements. The core  requi rements  

f o r  l oad ing  t he  program on MTS are  approx imate ly  620,000 bytes.  I n  

a d d i t i o n ,  t he  program r e q u i r e s  ( f rom t h e  r e s i d e n t  system l i b r a r y )  a  

number o f  common t r i g o n o m e t r i c  f u n c t i o n s  (SIN, COS, TAN, e t c . )  as w e l l  

as f i v e  subrou t ines  f rom t h e  I B M  S c i e n t i f i c  Subrout ine Package (Sec t ions  

2,3,1, 2 -3 -17  and Appendix B l i s t  a l l  l i b r a r y  f u n c t i o n s  r e q u i r e d  f o r  

each subrou t ine ) .  

The T3DRS:Vl program i s  w r i t t e n  i n  FORTRAN I V  Level  G ,  and has 

been compi 1  ed on MTS bo th  w i t h  a  Level  G and Level  H compi ler ,  





4.0 MAINTENANCE PROCEDURE 

4.1 Programming Conventions 

4.1.1 Common Blocks. Throughout the program, the most important 
variables, both input and computed, are passed from one subroutine t o  
another by common blocks. This was done t o  minimize errors in 

addressing and allocation as sometimes occurs when numerous arguments 
are passed in call  statements. Appendix D l i s t s  these variables by 

block and contains a description of each one's function. A complete 

cross-reference index of variables may be found a t  the end of each 
subroutine source l i s t  in Appendix B. 

4.1.2 Subscripts. One of the major objectives of th is  program 
i s  to  accommodate a number of general configurations of vehicles. As 
such, many o f  the calculations for a multi-unit vehicle can be achieved 
by reiteration of the same calculation for each unit. Thus, numerous 
important variables are multi-subscripted to allow for the most general 
configuration. The subscripting holds to  the following convention: 

Variable (IVEH,JSUS,KAX,LSIDE,NOl ,N02,. . , N O . N )  

where 
Variable i s  the variable name 
IVEH i s  the unit No. 1 - < I V E H  - < no. of units 

JSUS i s  the suspension ( 1  = front,  2 = rear) 

KAX i s  the axle number on the suspension ( 1  = leading 
tandem or single,  2 = t ra i l ing  tandem) 

LSIDE i s  the side of the axle (1 = l e f t  s ide,  2 = right side) 

No, 1 . .  .No.N are numbers relative t o  the variable requirements. 

I n  general, subscripted variables will be of the following form: 

1 ) Variable (IVEH) Example: I n p u t  parameters per- 
taining t o  vehicle; V W ( 1 V E H )  , 
PW( I V E H )  , WHBS ( I V E H )  



2 )  Variable (IVEH,JSUS) Example: Ax1 e parameters 

KEY (IVEH,JSUS) FSPLIT(IVEH,JSUS) 

3 )  Variable (IVEH,JSUS,KAX) Example: Suspension parameters 

PSW(IVEH,JSUS, K A X )  

4) Variable (IVEH,BUS,KAX, Example: Ti re  parameters 

LSIDE) KT(IVEH,JSUS,KAX,LSIDE), or t i r e  

forces FXW(IVEH,BUS,KAX,LSIDE) 

5 )  Variable (IVEH,JSUS,KAX, Example: Brake parameters 

LSIDE,IJ) TQ(I,J,K,L,IJ) or  t ab le  indices 

As much as  possible, the variables IVEH, JSUS, K A X ,  LSIDE are  used as 

indices f o r  do-loop i t e r a t i o n s .  

4.2 Program Error Messages 

There a r e  two types of e r r o r  messages t h a t  the program can 

produce: 

1 )  User input e r r o r  messages 

2 )  Error return from H P C G  

4.2.1 Input Errors. There are  two e r ro r  messages t h a t  may occur 

during the input operation. I f  e i t h e r  e r ro r  message i s  printed,  the 

program will  terminate a t  tha t  point.  The f i r s t  possible input e r ro r  

message i s :  

*****TAUMEM PROBABLY TOO LARGEk**** 

This may occur during a closed-loop path-follower simulation. I t  i s  

caused by the value of TAUMEM being too large  t o  allow the path-follower 
t o  converge on the specif ied t r a j ec to ry .  User should consult the User's 

Manual fo r  more de ta i l  about the closed-loop s t e e r  mode. 

The second input e r ro r  message which may occur i s :  

*****ERROR RETURN***** 

*****ATTEMPT TO ASSIGN PREVIOUS T A B L E  TYPE X X  TO A TYPE X X  TABLEk**** 

This message occurs when using table  look-up options (see  Sections 
2.5.9-2.5.12 and the User's Manual), Each table  type must be assigned 

a unique number. 



The user should note t h a t  i f  these messages do not occur, the 
program wil l  simulate the vehicle t h a t  i s  described by the input 
parameters. However, t h i s  does not mean t h a t  a1 1 input parameters are  
necessari ly correc t .  The user should careful ly  check the input echo 
t o  ver i fy  t h a t  the maneuver and vehicle described comprise the  
desired simulation. 

4.2.2 HPCG Error Rerun Codes. Once the  simulation has begun, 
there a r e  two types of in te r rup t s  t h a t  one might experience: 

1 )  System Inter rupts  - Usually indica te  tha t  input data 
i s  incorrect-i , e . ,  the maneuver o r  vehicle descri bed 
cannot be simulated. The usual cause f o r  t h i s  i s  too 
large  values f o r  moments of i n e r t i a ,  too large brake 
torques, incorrec t  t i  r e  da ta ,  e t c ,  

2 )  H P C G  In ter rupt  - I f  t h i s  occurs, the e r ro r  message 
"IHLF = N "  will  be printed and execution terminated. 
If  IHLF = 12, the  f ina l  maximum real time f o r  simula- 
t ion  was i n i t i a l i z e d  t o  zero. If  IHLF = 13, the f ina l  
maximum real time f o r  simulation was i n i t i a l i z e d  t o  a 
negative number. If  IHLF = 1 1 ,  i t  indicates t h a t  the  

in tegra t ion  could not meet the s e t  tolerances.  This 
usually occurs a t  the  end of a l imi t  maneuver, or  when 
wheel l i f t - o f f  occurs. 

A1 though every e f f o r t  has been made t o  minimize the poss ib i l i ty  of e r r o r ,  
should the  user incur repeated in te r rup t s  or  e r r o r s ,  please contact 
the  Highway Safety Research I n s t i t u t e ,  Physical Factors Division f o r  
ass is tance .  



APPENDICES 



APPENDIX A 

VARIABLE DICTIONARY 

This appendix consis ts  of an alphabetical l i s t  of a l l  common 

blocks, subroutines in which each one i s  referenced, and a brief  

descript ion of type and function of each variable in the argument l i s t .  

A more comprehensive cross-index of variables may be found in Appendix 

B following each subroutine source 1 i s t ,  and more deta i led  descript ions 

of the input variables may be found in Section 2.4.1 and in the  User's 

Manual [ 6 ] .  

COMMON BLOCKS : 

I .  COMMON/ANTLK/IALOPT ( 3 2 ) ,  IOP ( 3 2 ) ,  ILOCK 

Referenced In: A N T L K R ,  INPUT, BRAKE1 

Variable TI!@ Description 

IALOPT Integer - Independent wheel system keys 
Input in ANTLKR 

IOP Integer - Indicator  key - systems ON/OFF 
Set  in ANTLKR 

ILOCK Integer - GLOBAL key 
Input in INPUT 

11. COMMON/BOUT/P (4 ,2 ,2 ,2) ,  PO (4 ,2 ,2 ,2) ,  TCST (4 ,2 ,2 ,2 ) ,  T (4 ,2 ,2 ,2 ) ,  PTRD 

Referenced In : FCT1, OUTPUT, TANDEM, BRAKEl, LINE 

Vari abl e L?!E 
P(I,J,K,L) Real - 

Set in BRAKE1 

p o ( ~ ~ J y K y L )  Real - 
Set in BRAKEl 

TLST(1 ,J , K y L )  Real - 
Set in BRAKEl 

T(I,J,K,L) Real - 
Set  in BRAKEl 

PTRD Real - 
Set i n  BRAKEl 

Description 

Brake l i n e  pressure f o r  t i r e  
(IYJYK,L) 
Previous brake 1 ine pressure 
a t  time X - A X  

Previous brake torque a t  
time X - A X  

Brake torque a t  t i r e  
(IYJYKYL) 
Treadle pressure a t  time X 



I I I .  COMMON/BRAKE/BTQ (4 ,2,2,2) ,  TQ (4,2,2,2,2),  MUM (4,2,2,2,2),  
XX (4,320), Y Y  (4,320), NTP ( 1 , 2 ) ,  XTP ( l o ) ,  YTP ( l o ) ,  IBK 

Referenced I n  : FCT1, OUTPUT, INPUT, BRAKE1 , TABIN 

Variable Ti& Description 

B T Q ( 4 , 2 , 2 , 2 )  Real - Brake torque per wheel. I f  
Input variable tables are t o  be used, value 

i s  negative ( in- lb/psi)  

TQ(4,2,2,2,2) Real - TQ(I,J,K,L,l) = Rise Time 
Input variable TQ(I,J,K,L,2) = Lag Time (sec)  

NUM(4,2,2,2,2) Integer - For brake tables only - pointers 
I n p u t  variable for data array 

X X  (4,320) Rea 1 

Y Y  (4 ,320)  Rea 1 

Brake table data array for 
pressure (psi ) 

Brake table data array for 
torque (in-1 b/psi) 

NTP(1 ,2 )  Integer Pointers for  time vs. treadle 
pressure table.  If 0 no brake 
data need be entered 

XTP(10) Real - X-array for time vs. pressure 
Input variable table - time i n  sec, 

YTP(10) Real - Y-array for time vs. pressure 
Input variable table - pressure in psi 

Integer - Brake key - 1 indicates no 
Ini t ia l ized i n  brakes. 0 indicates brakes used 
input 

IV. COMMON/CGLOC/Al ( 4 , 2 , 2 ) ,  BX ( 4 , 2 , 2 ) ,  ZZJ ( 4 )  

Referenced In: FCT1, OUTPUT, INPUT, TANDEM 

Variable Type Description 

A 1  (I,J,K) Real - Location of sprung mass c .g .  t o  
Computed in the ~ t h  axle of the ~ t h  
input suspension on the I t h  vehicle ( f t )  

BX(I,J,K) Real - Location of the total  mass c.g. 
Computed in t o  the ~ t h  axle of the ~ t h  
input suspension on the 1th vehicle ( f t )  

ZZJ(1) Real - Total yaw moment of iner t ia  
Computed i n  ( f t -1  b - s e ~ * * ~ )  
input 



V. COMMON/CMACC/XDDCM ( 4 ) ,  YDDCM ( 4 ) ,  PSIDD ( 4 ) ,  D B X  (41, D B Y  ( 4 )  

Referenced I n :  FCT1, OUTPUT, BRAKE1, TIRINI 

Variable Type Description 

XDDCM ( I  ) Real - Mass center  longitudinal 
Set in OUTPUT accelerat ion used f o r  cons t ra in t  

est imates 

YDDCM(1) Real - Mass center  l a t e r a l  accelera t ion  
Set  in  OUTPUT used f o r  cons t ra in t  est imates 

PSIDD(  I )  Real - Mass center  pi tch accelera t ion  
Set in OUTPUT used f o r  cons t ra in t  est imates 

DBX(I )  Real - Do1 ly  1 ongi tudi nal accelera t ion  
Set in OUTPUT in body axis  systems 

D B Y  ( I )  Real - Do1 l y  l a t e r a l  accelera t ion  in 
Set in OUTPUT dol ly  axis  system 

Referenced In : OUTPUT, INPUT 

Variable Type Description 

I  STEER Integer - Cl osed-1 oop s t e e r  key 
Input variable 

Referenced In: FCT1, TIRINI 

Variable Type Descri ption 

DUAL(4,2,2,2) Real - Dual t i r e  contr ibution t o  
Computed in axle forces and moments 
TIRINI 

VIII. COMMON/FCTOUT/XBAR ( 4 , 3 ) ,  PHIBAR ( 4 , 3 ) ,  UBAR ( 4 , 3 ) ,  P B A R  (4 ,3)  

Referenced In : FCT1, OUTPUT, DRIVE1, BRAKE] ,  TIRINI 

Variable Type Description 

XBAR(I,3) Real - I n e r t i a l  1 ocations of sprung 
Set i n  FCTl mass c ,g . :  XBAR(I,l)=X, 

XBAR(I,2)=YY XBAR(IY3)=Z 

PHIBAR(I,3) Real - Sprung mass Euler angles. 
Set in FCTl PHIBAR(1 ,1)=PHIY PHIBAR(I,Z)=THETA, 

PHIBAR(IY3)=PSI 



V a r i a b l e  LYJE. 
UBAR(I,3) Real - 

Set  i n  FCTl 

PBAR(I,3) Real - 
Set i n  FCTl 

D e s c r i p t i o n  

Sprung mass v e l o c i t i e s  i n  body 
c o o r d i n a t e s  UBAR(1,l )=U, 
UBAR(IY2)=V, UBAR(1,3)=W 

Sprung mass r o t a t i o n  r a t e s  abou t  
body X,Y,Z 
PBAR(1,l ) = P ,  PBAR(I,2)=0, PBAR(I,3)=R 

I X .  COMMON/INOUT/TINC, IOUT ( 7 )  

Referenced I n :  OUTPUT, INPUT 

V a r i a b l e  2.E D e s c r i p t i o n  

T I  NC Real - Time increment  o f  o u t p u t  
I n p u t  v a r i a b l e  b u f f e r  ( s e c )  

IOUT(7) I n t e g e r  - Output  page o p t i o n  key 
I n p u t  v a r i a b l e s  

X. COMMONIKEYIMVEH, KEY ( 4 , 2 ) ,  KDOLLY ( 4 )  

Referenced I n :  FCTl, OUTPUT, TABLE, DRIVE], INPUT, TANDEM, 
BRAKE1, TIRE1, T IRINI ,  LINE 

V a r i a b l e  US. D e s c r i p t i o n  

MVEH I n t e g e r  - Value i s  t o t a l  number o f  v e h i c l e  
I n i t i a l i z e d  u n i t s  (NVEH + 1  ) 

KEY(1,J) I n t e g e r  - D e s c r i p t i o n  o f  t h e  ~ t h  suspension 
I n p u t  v a r i a b l e  on t h e  1 t h  v e h i c l e .  0  = s i n g l e  a x l e ,  

1  = tandem 
KEY(1,l) = 0  by d e f a u l t  
KEY(2,l)  Undef ined by d e f i n i t i o n  

KDOLLY ( I )  I n t e g e r  - D e s c r i p t i o n  o f  t h e  d o l l y  on t h e  
I n p u t  v a r i a b l e  1 t h  v e h i c l e .  2  = f i x e d ,  

1  = c o n v e r t e r  
KDOLLY ( 1  ) , ( 2 )  Undef ined by d e f i n i t i o n  

X I .  COMMON/PAGE/NP, HEAD(20), R, W 

Referenced I n :  MAIN, OUTPUT, ANTLKR, PRINT, DRIVE], INPUT, TANDEM 
BRAKE13 TIRINIy  TABIN, TRAJ 

V a r i a b l e  Type D e s c r i p t i o n  

NP I n t e g e r  - Page coun te r  f o r  headings 
I n i t i a l i z e d  i n  
i n p u t  

HEAD 20A4 - T i t l e  header 
I n p u t  v a r i a b l e  



Variable Type Description 

R In teger  - Input device number 
I n i t i a l i z e d  
in MAIN 

In teger  - Output device number 
I n i t i a l  ized 
in MAIN 

XII. COMMON/PIN/FPINX ( 4 ) ,  FPINY ( 4 ) ,  FPIN (31,  X M O M ,  DELPIN, PSIDOL ( 4 ) ,  
TFORAX ( 4 ) ,  T F O R B X  ( 4 ) ,  TFORAY ( 4 ) ,  TFORBY ( 4 ) ,  TFORAZ, TFORBZ 

Referenced In: FCT1, OUTPUT, TIRINI 

Variable Type Description 

FPINX(4) Real - Pin forces  in  X d i r ec t ion  
Computed in  FCT 

FP I N Y  ( 4 )  Real - Pin forces  in Y d i r ec t ion  
Computed in FCT 

FPIN(3) Real - Pin forces  on t r a c t o r  
Computed in FCT (l=X, 2=Y, 3=Z d i r e c t i o n )  

X M O M  Real - Cross moment a t  f i f t h  wheel 
Computed in FCT 

DELPIN Real - Deflection of kingpin 
Computed in FCT 

PSIDOL(4) Real - Stee r  angle of do1 l y  
Computed in FCT 

TFORAX(4) Real - Tongue forces  on lead t r a i l e r  - 
Computed in FCT X d i r ec t ion  

TFORBX(4) Real - Tongue forces  on t r a i l i n g  t r a i l e r  - 
Computed in  FCT X d i r e c t i o n  

TFORAY ( 4 )  Real - Tongue fo rces ,  Y d i r e c t i o n ,  on 
Computed in FCT leading t r a i l e r  

TFORBY (4)  Real - Tongue fo rces ,  Y d i r e c t i o n ,  on 
Computed in FCT t r a i  1 i ng t r a i  1 e r  

TFORAZ Real - Vert ical  force  on  p i n t l e  hook 
Computed in  FCT 

TFORBZ Real - Vert ical  force  on tu rn tab le  
Computed in FCT 



XI I I .  COMMON/ROADD/DZDXO , DZDYO IROAD, XFRONT(4) y X B A C K ( ~ )  

Referenced In: MAIN, INPUT, OUTPUT, FCT1, TIRINI 

Variable u!E 
DZDXO Real * 
DZDYO Real * 
I ROAD Integer 

XFRONT(4) Real - 
Computed in FCTl 

XBACK(4) Real - 
Computed in FCTl 

Descriotion 

Percent grade of road 

Percent cross-slope of road 

Road key 

C . G .  location with respect 
to  a r t i cu la t ion  connections 

C . G .  location with respect 
t o  ar t icula t ion connections 

*Input Variable 

XIV. COMMON/SLOPES/SLOPEY (4,2,2,2)  

Referenced In: DRIVEl, TIRE1, TIRINI 

Variabl e Type Description 

SLOPEY ( I  , J  , K , L )  Real - drnu/da 
Set in TIRINI 

X V .  COMMON/SPMASS/WHBS(4), BB1(4), A3(4), APHI ( 4 ) ,  DELTA(4), VW(4), 
VJ(4,3), PW(4), PX(4), PZ(4), PJ (4 ,3 ) ,  SNL(4,2), D(4), PH(4), 
TOL(4), MC5 

Referenced In: FCT1, DRIVE1, INPUT, TANDEM, OUTPUT, TIRINI 

Vari a bl e 

*WHBS ( I ) 

*BB1 ( I )  

*A3(I) 

*APHI ( I ) 

Type 
Rea 1 

Rea 1 

Rea 1 

Rea 1 

Rea 1 

Real - 
Calculated in 
input 

Rea 1 

Description 

Wheel base ( in. ) 

Kingpinlturntable o f f se t  ( i n .  ) 

Pintle hook location ( i n . )  

Distance from p in t l e  hook t o  
t r a i l e r  f ront  suspension ( i n .  ) 

Sprung mass c.g. height above 
ground ( i n . )  

Sprung weight ( l b )  

Moments of ine r t i a  of sprung mass: 
( I  , I  )= ro l l  (in-1 b / ~ e c * * ~ )  
( I  ,2)=pi tch (in-1 b / s e ~ * * ~ )  
( I  ,3)=yaw (in-1 b / ~ e c * * ~ )  



Variable 

*PW(I) 

*PX(I) 

TyPe 
Rea 1 

Real 

Rea 1 

Rea 1 

*SNL(I , 2 )  Rea 1 

*D( 1 )  Rea 1 

*DH( I )  Rea 1 

T O L ( 1 )  Real - 
I n i t i a l i z ed  in 
input 

*MC5 Rea 1 

(See Figures A-1 , A-2) 

*Denotes input variable 

XVI . COMMON/SPRI NG/ 
ZAXLE ( 4 , 2 , 2 ) ,  
DEFSPR (320),  

S (4,2,2 
DZAXLE 

FORSPR ( 

Description 

Payload weight ( l b )  

Payload c ,g .  location,  forward 
of suspension center1 ine ( i n .  ) 

Payload c.g. height above ground 
( i n . )  

Payload moments of i ne r t i a  ( i  n-1 b/ 
s e ~ * * ~  ) 
( 1 , l )  = r o l l  
( I , 2 )  = pitch 
( I , 3 )  = yaw 

Base weights of each vehicle 
suspension, ( 2 , l )  = s t a t i c  
kingpin weight ( I  b )  

Height of f i f t h  wheellturntable 
above ground ( i n . )  

Height of p in t l e  hook above 
ground ( i n . )  

Unstretched tongue length ( i n .  ) 

Fifth wheel cross moment (in-1 b/deg) 

THETAX (4 
, 2 ) ,  NOSPR 
, XLOAD (4 

, 2 , 2 )  DTHAX 
(432,23292 

, 2 3 2 9 2 )  

Referenced In: F C T I ,  LINE, OUTPUT, INPUT, TANDEM,  TABIN, TIRIPII 

Variable Type Description 

S(I,J,K,L) Real - Vertical displacement of axle 
Set in TANDEM r e l a t i ve  t o  sprung mass 

SD(1 ,J,K,L) Real - Rate of change in ver t ica l  dis-  
Set in TANDEM placement r e l a t i ve  t o  sprung mass 

THETAX(I,J,K,L) Real - Roll angle of axle 
Set in FCTl 

DTHAX(I,J,K,L) Real - D/DT (THETAX) 
Set in FCTl 

ZAXLE(1 ,J,K) Real Vertical position of axle 

DZAXLE(1 , J  , K )  Real - D/DT ( Z A X L E )  
Set  in FCTl 
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Variable Type Description 

DV(4,2,2,2) Real - Coulomb f r i c t i on  "break point" 
Set in FCTl 

NOSPR(4,2,2,2,2) Integer - Used fo r  spring tables  - array 
Input variable pointers 

DEFSPR(320) Real - Deflection values of spring tables  
Input vari able 

FORSPR(320) Real - Force values of spring tables  
Input variable 

ZO(I,J,K,L) Real - I n i t i a l  spring displacement ( n o n -  
Set in INPUT 1 i near springs only) 

XLOAD(1 ,J,K,L) Real - I n i t i a l  spring load 
Set in INPUT 

XVII. COMMON/STATIC/NS (4 ,2 ,2 ) ,  FT(4), SF (4,2,2,2)  

Referenced In: FCT1, OUTPUT, DRIVE?, INPUT, TANDEM, TIRINI 

Variable Type Description 

NS(I ,J,K) Real - Normal s t a t i c  load on the K~~ axle 
Computed in input of the J th  suspension on the i th  

vehicle ( I b )  

FT(4) Real - Force of the tongue of the 1th 
Computed in input vehicle ( I b )  

SF(I,J,K,L) Real - Suspension force of the Lth s ide ,  
Computed in 1 ine ~ t h  axle ,  ~ t h  suspension, 

vehicle ( l b )  

XVIII. COMMON/TAND/FSPLIT ( 4 , 2 ) ,  FSHIFT ( 4 , 2 ) ,  TD ( 4 , 2 )  

Referenced In: FCT1, OUTPUT, INPUT, TANDEM, LINE 

Variable Type Description 

FSPLIT(1 , J )  Real - Value i s  percent of t o t a l  suspension 
Input variable s t a t i c  normal load on leading axle 

of the J th  suspension, 1th vehicle. 
FSPLIT(1,l) = 100, FSPLIT(2,l) i s  
undefined by defaul t .  If there a re  
no tandems, FSPLIT(1,l) = 100, 
FSPLIT(I,2) i s  undefined. 

FSHIFT(1 , J )  Real - Value i s  percent load t ransferred 
Input variable o n t o  leading tandem of the J~~ 

suspension, 1th vehicle during brakin 

TD(I,J) Real - Separativfi of leading anqhtra i l ing 
Input variable axles ,  J suspension, I vehicle 

(See Figure A - 3 )  
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XIX. COMMON/TIRES/SRAD ( 4 , 2 , 2 , 2 ) ,  C A L F  (4,2,2,2)  DTS (4 ,2 ,2 ,2 ) ,  KT ( 4 , 2 , 2 , 2 ) ,  
cs (4 ,2 ,2 ,2 ) ,  N (4 ,2 ,2 ,2 ) ,  CAT (4 ,2 ,2 ,2 ) ,  YT (4 ,2 ,2 ,2) ,  YTD (4 ,2 ,2 ,2 ) ,  
TSUM ( 4 , 3 ) ,  XAXFOR ( 4 , 2 , 2 ) ,  YAXFOR (4 ,2 ,2 ) ,  FYI (4 ,2 ,2 ,2 ) ,  FXI (4 ,2 ,2 ,2 ) ,  
FXW (4 ,2 ,2 ,2) ,  FYW (4 ,2 ,2 ,2) ,  ALFPRM (4 ,2 ,2 ,2 ) ,  SLIP (4,2,2,2)  

Referenced In: FCT1, OUTPUT, DRIVE1 , INPUT, TANDEM, B R A K E ] ,  TIRE1, 
TIRINI 

Variable 

*SRAD( I  ,J , K , L )  
Type 
Real 

Description 

S ta t i c  r  dius of t e t i r e  on the L t h  
s ide ,  K t R  axle,  J tk suspension, i t h  
vehicle 

Lateral force of the t i r e  on the ith 
side,  K t h  axle,  ~ t h  suspension, 1th 
vehicle. If CALF(I,J,K,L) i s  
negative, Mu-Y ALPHA t a b 1  es are used 

Real 

Real Dual t i r e  separation of t i r e  ( I , J ,K ,L . .  
DTS(1,1,1 , I ) ,  (1 , I  , 1 , 2 )  Defaul t=O 
Tire spring ra te  of t i r e  (I,J,K,L) Real 

Rea 1 Longitudinal force of t i r e  ( I  ,J , K , L ) .  
If negative, Mu-X V s l i p  tables are  
used 

Normal load on t i r e  (I,J,K,L) ( l b )  Real - 
Computed in TIREl 

Rea 1 Coefficient of aligning torque 
( f t -1  b-deg) 

Vertical position of t i r e  ( I  ,J,K,L) Real - 
Computed in FCTl 

Real - 
Computed in FCTl 

Vertical velocity of t i r e  (I ,J ,K,L) 

Real - Computed in 
FCT1, TANDEM 

Sum of moments about axle l=X, 2=Y, 
3= z 
Axle constraint  force in body X 
direct ion 

Real - 
Computed in FCTl 

Real - 
Computed in FCTl 

Axle constraint  force in body Y 
direct ion 

Tire forces in Y direct ion in 
ine r t i a l  coordinate system 

Real - 
Computed in FCTl 

Tire forces in X direct ion i n  
ine r t i a l  coordinate system 

Real - 
Computed in FCTl 

Tire forces in X direction in 
wheel plane 

Real - 
Computed in TIREl 

Real - 
Computed in TIREl 

Tire forces in Y direct ion in 
wheel plane 



Vari abl e Type Descri ption 

ALFPRM(I,J,K,L) Real - Tire sideslip angle 
Computed in TIREl 

SLIP(I ,J,K,L) Real - Longitudinal slip 
Computed in TIREl 

*Input variable 

XX. COMMON/TIRTAB/UXY (4,3,2,2,10,6,3), Vl BRK (4,3,2,2,6,3, lo), 
VBRK (4,3,2,2,6), FZBRK (4,3,2,2,6), XiROLX (10,4,3,2,2), 
XlROLY (10,4,3,2,2), X2ROLX (10,4,3,2,2), X2ROLY (10,4,3,2,2), 
XYROLX (10,10,4,3,2,2), XYROLY (10,10,4,3,2,2), NMAXVI (4,3,2,2,6,3), 
NTABXY (4,3,2,2,2,2), N1 ROLX (4,3,2,2), N1 ROLY (4,3,2,2), 
N2ROLX (4,3,3,3), N2ROLY (4,3,2,2) 

Referenced In: TABIN, TIRE1, TIRINI 

Vari able Type Description 

VXY(4,3,2,2,10, Real* 
6,3) 

VlBRK(4,3,2,2, Real* 
6,3,10) 

VBRK(4,3,2,2,6) Real* 

FZBRK(4,3,2,2,6) Real* 

X1 ROLX(1O94,3, Real* 
292) 

XlROLY(10,4,3, Real* 
292) 

X2ROLX(10,4,3, Real* 
232) 

X2ROLY (10,4,3, Real* 
292) 

XYROLX(10,10,4, Real* 
3,292) 

XYROLY(10,10,4, Real* 
3,292) 

NMAXV1(4,3,2,2, Integer* 
633) 

NTABXY(4,3,2,2, Integer* 
2 $ 2 )  

NlROLX(4,3,2,2) Integer* 

NlROLY(4,3,2,2) Integer* 

N2ROLX(4,3,2,2) Integer* 

NZROLY (4,3,2,2) Integer* 

Arrays for 

tire table 

data 

Indices for 

ti re tables 

*Input variables - see Sections 2.5.11, 2.5.12 



XXI . COMMOF4/TOUT/TALIGN (4 ,2 ,2 ,2)  

Referenced In: FCT1, OUTPUT 

Variable Type Description 

TALIGN(4,2,2,2) Real - Aligning moment of each t i r e  
Computed in TIRINI 

XXII. COMMON/TRANS/CPSI ( 4 ) ,  SPSI ( 4 ) ,  A ( 4 , 3 , 3 ) ,  BZ (4 ,3 ,3 )  

Referenced In: FCT1, OUTPUT 

Variable US. Description 

CPSI(1) Real - COS (PSI (1 ) )  
Set in OUTPUT 

SPSI(1) Real - SIN (PSI (1 ) )  
Set  in OUTPUT 

A(193,3) Real - Transformation matrix - 
Set in OUTPUT sprung mass t o  i n e r t i a l  coordinates 

BZ(I,3,3) Real - Transformation matrix - unsprung 
Set  i n  OUTPUT mass t o  sprung mass coordinates 

X X I  I I .  COMMON/TURN/NOTURN ( 2 , 2 ) ,  T U R N X  ( 5 0 ) ,  T U R N Y  (50) ,  DELT ( 4 , 2  , 2 , 2 )  

Referenced In: FCT1,  OUTPUT, INPUT, TANDEM, TIRINI 

Variable LYE 
NOTURN(2 $ 2 )  Integer - 

Input variable 

TURNX(50) Real - 
Input variable 

T U R N Y  (50) Real - 
Input variable 

DELT(4,2,2,2) Rea 1 

Description 

Array pointers f o r  s t e e r  t ab le  

Time array f o r  s t e e r  t ab le  ( sec )  

Tractor f ron t  wheels s t e e r  array fo r  
s t e e r  t ab le  (deg).  T U R N Y  (1-25) = 
l e f t  wheel, TURNY(26-50) = r igh t  
wheel . 
Steer  angles of each wheel ( r ad )  



XXIV. COMMONJUNSPMIK (4,2,2;2) ,  C ( 4 , 2 , 2 , 2 ) ,  JA ( 4 , 2 , 2 ) ,  RCI ( 4 , 2 , 2 ) ,  
SY I  (4 ,2 ,2 ) ,  TRA ( 4 , 2 , 2 ) ,  ASW ( 4 , 2 , 2 ) ,  ASM ( 4 , 2 , 2 ) ,  A X D E L T  ( 4 , 2 , 2 ) ,  
RST ( 4 , 2 , 2 ) ,  KRS ( 4 , 2 , 2 ) ,  AUXROL ( 4 , 2 , 2 ) ,  CF  (4 ,2 ,2 ,2)  

Referenced In: FCT1, OUTPUT, INPUT, T A N D E M ,  TIRINI 

Variable Type Description 

*K(I,J,K,L) Real 

*c( I  ,J , K , L )  Real 

*JA(I,J,K) Rea l  

*RCI(I , JYK) Rea 1 

*SYI(I,J,K) Rea 1 

*TRA(I , J , K )  Rea 1 

S pension  ring r a t e  f o r  11 A s ide ,  
K ax le ,  J  suspension, I 
vehicle. I f  < 0, t ab le  i s  used 
(1 b / in)  

Viscous damping per s ide  of 
axle ( l b )  

Polar moment of i n e r t i a  of axle 
( in-1 b - ~ e c * * ~ )  

Roll center  height of axle ( i n )  

Spring separation ( i n )  

Track width ( i n )  

*ASW(I ,J , K )  Real Unsprung weight (1 b )  

ASM(1 ,J  ,K) Real - Unsprung mass ( s lugs )  
Computed in TANDEM 

A X D E L T  ( I ,  J  , K )  Real - Sprung mass c.g. height above 
Computed in INPUT axle ( f t )  

*RST(I,J,K) Real Roll s t e e r  coe f f i c i en t  (deg/deg ) 

*KRS(I  , J , K )  Rea 1 Auxiliary r o l l  s t i f f n e s s  (1 b/deg) 

AUXROL(I,J,K) Real - Auxiliary r o l l  moment ( f t -1  b )  
Computed in FCTl 

*CF(4,2,2,2) Real Coulomb f r i c t i o n  ( 1  b )  

(See Figure A-4) 

*Input variable 

X X V ,  COMMON/WSPD/UW (4,2 ,2  $ 2 )  

Referenced In: OUTPUT, TIRINI, BRAKE1 

Variable LYE Description 

UW(I,J,K,L) Real - Wheel speed 
Set in TIRINI 
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