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This  i s  a  f i n a l  , r e p o r t  on a  research task e n t i t l e d  "Modi f ied 

A r t i c u l a t e d  Vehic le  Simulation," conducted by the  Highway Safety  

Research I n s t i t u t e  o f  The Un i ve rs i t y  o f  Michigan. This study was 

supported by the  Nat ional  Highway T r a f f i c  Safety Admin is t ra t ion  o f  

t he  U. S. Department o f  Transportat ion.  

The goal o f  t h i s  research task was t o  add t o  an e x i s t i n g  

s imu la t ion  t he  c a p a b i l i t y  t o  s imulate  the  Breeze j ackkn i f e  r e s t r a i n t  

device. This r e p o r t  documents t h e  add i t i on  as fo l l ows .  F i r s t ,  an 

overview o f  the  a n a l y t i c a l  problem i s  presented, fo l l owed by an 

exp lanat ion o f  the  k inemat ics and some d e t a i l s  o f  the  new software. 

The kinematics sec t i on  i s  c l ose l y  l i n k e d  t o  the  software by r e l a t i n g  

equations i n  the t e x t  t o  ' l i ne  numbers i n  t he  computer program. Next, 

sfme sample computer runs in t roduce the  inpu t /ou tpu t  ( I /O)  o f  the  

mod i f ied  s imulat ion.  A f l ow  cha r t  and a l i s t  o f  the  modi f ied program 

i s  given i n  t he  appendix. 





It should be emphasized t h a t  p r i o r  t o  t h e  work repor ted  here in ,  

a  s i m p l i f i e d ,  i n t e r a c t i v e  s imu la t i on  ( c a l l e d  the "TBS S imu la t ion" )  

f o r  p r e d i c t i n g  the b rak ing  and s t e e r i n g  responses o f  commercial 

veh ic les  was developed a t  the  Highway Safety  Research I n s t i t u t e  o f  

The U n i v e r s i t y  o f  Michigan under the  sponsorship o f  the  Motor Vehic le  

Manufacturers Assoc ia t ion [ 2 ] .  The TBS s imu la t i on  was based on a  

doc to ra l  d i s s e r t a t i o n  by Leucht e n t i t l e d  " D i r e c t i o n a l  Dynamics o f  

the  Tractor-Semi t r a i  l e r  Vehic le,"  The U n i v e r s i t y  o f  Michigan, 1970 

111. 

Th is  r e p o r t  g ives the  d e t a i l s  o f  t he  op t i ona l  a d d i t i o n  o f  the  

Breeze j ackkn i f e  r e s t r a i n t  dev ice t o  t he  TBS s imul 'a t ion.  I t  w i l l  

be assumed throughout t h a t  t h e  reader  i s  conversant w i t h  References 

1  and 2 .  

A schematic diagram o f  the  Breeze device i s  presented i n  

F igure 1. The "brake drum" a t  t he  lower  r i g h t  o f  t he  f i g u r e  i s  

mounted on t he  t r a i l e r .  As the  a r t i c u l a t i o n  angle increases, t he  

cable must be played out.  The j a c k k n i f e  r e s t r a i n t  i s  app l i ed  as 

t he  a i r  app l i ed  t o  t he  t r a i l e r  brakes i s  a l s o  app l i ed  t o  t he  brake 

drum, r e t a r d i n g  increased a r t i c u l a t i o n .  

One can f o l l o w  through t h e  equations o f  Leucht and show t h a t  

t ens i on  i n  t he  cables o f  t he  Breeze dev ice has t he  f o l l o w i n g  e f f e c t s :  

1. An equal and oppos i te  a d d i t i o n a l  f o r c e  a t  t he  

h i t c h  

2. Load t r a n s f e r  f o r  bo th  t he  t r a c t o r  and t r a i l e r .  

The cable  tens ion  and the  f o r c e  a t  the h i t c h ,  o f  course, form 

equal and oppos i te  couples on t he  t r a c t o r  and the  t r a i l e r .  The 

couples have components i n  t he  body r o l l ,  p i t c h ,  and yaw d i r e c t i o n s .  

The sense o f  t he  v e r t i c a l ,  o r  yaw, component o f  t he  couples i s  t o  

reduce the  a r t i c u l a t i o n  angle. 

The a d d i t i o n  o f  the  Breeze dev ice t o  t h e  sof tware has been 

implemented i n  t he  f o l l o w i n g  way. 



F i g u r e  1. A schemat ic d iagram o f  t h e  Breeze dev ice .  



1. The tension in the cable i s  assumed to  be a multiple 
of the desired* t r a i l e r  brake force. 

2.  This tension i s  then used to  compute the vertical 
component of the couple and the longitudinal and 
lateral  load transfers of the tractor and the t r a i l e r .  

3 .  The vertical component of the couple appears in the 
equations o f  motion. 

The additional software has been designed for inclusion 
into the TBS simulation with minimal changes to  the original 
program. This situation 'leads us to review the TBS simulation 
briefly before proceeding into the Breeze device. 

2.1 The TBS Simulation 

The equations of motion of the TBS articulated vehicle 
program are dynami cal ly coup1 ed i n  the fol l  owing way : 

where the four by four A matrix and F can be computed a t  ( t )  ( t >  
any time, t. The acceleration vector x i s  

where ; i s  the longitudinal acceleration, ; i s  the lateral  
acceleration, F i s  the rate of change of yaw rate ,  and i s  the 
second time derivative of the articul ation angle. The interested 
reader can find the equations of motion i n  [ I ] .  

"Desired force does not equal the actual force i f  a t r a i l e r  wheel 
locks. 
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The method o f  i n t e g r a t i o n  o f  equat ions o f  mot ion  i s  

r e l a t i v e l y *  s t r a i gh t f o rwa rd .  A t  t ime, to, t h e  A( to) and F 
( t o )  

a r e  computed and Equat ion (1)  i s  so lved f o r  t h e  i ,  which a re  

then i n t e g r a t e d  across ~ t .  The s o l u t i o n s  t o  t h e  i n t e g r a t i o n  

f a c i l i t a t e  t h e  c a l c u l a t i o n  o f  and F(to+At) f o r  use i n  

f u r t h e r  i n t e g r a t i o n .  

The a d d i t i o n  o f  t h e  Breeze h i t c h  t o  the  f o rmu la t i on  causes 

two changes i n  Equat ion ( I ) ,  namely, the  F and equat ions have 

a  Breeze moment term appear ing on t h e  r igh t -hand  s ide.  Thus we 

have, i n  t h e  n o t a t i o n  o f  t h e  computer program, 

.. 
~~i + A ~ C  + li + A15r = f 3 (  t )  + BT1 TBREEZE 

where TBREEZE i s  t h e  tens ion  i n  t h e  cable,  and BT1 i s  a f u n c t i o n  

o f  v e h i c l e  geometry. 

(The A's a re  g iven  i n  Fo r t r an  1 i n e  numbers 635 through 715 

and t h e  r igh t -hand  s ides a re  g iven  i n  For t ran  l i n e  numbers 

2235 t o  2310. See t he  l i s t i n g  i n  t h e  appendix t o  t h i s  r e p o r t . )  

Equat ion (3)  i s  ope ra t i ve  as l ong  as t he  system. i s  "unlocked," 

t h a t  i s ,  as l ong  as t h e  cable  i s  n o t  ho ld ing  t h e  a r t i c u l a t i o n  

angle  constant.  I n  t h a t  case, TBREEZE i s  a  s t r a i g h t f o r w a r d  

m u l t i p l e  o f  t h e  des i red  t r a i l e r  brake fo rce .  I f  t h e  cable  does 

h o l d  r f i x e d ,  however, then two cond i t i ons  must f o l l o w :  

- - - - - - - 

*One s i q n i f i c a n t  comp l i ca t ion  is,.the q u a s i - s t a t i c  l oad  t r a n s f e r ,  
which makes F  a  func t ion  o f  X ,  a  s i t u a t i o n  which is handled by 

. . ( t> 
us ing  "o l d "  X values t o  ge t  t h e  "new" F .  We will i gno re  these 

mat te rs  here because they a r e  no t  m a t e r i a i  t o  t he  present  d iscuss ion.  



2 )  TBREEZE, although limited by some maximum value, 
i s  unknown. 

Since the "lock value" of the cable tension TBREEZE i s  
limited b u t  unknown, i t ' s  not obvious a t  the s t a r t  of any ~t 
wide interval i f  the tension wil.1 be able to  hold the a r t i -  

culation angle frozen. To check for  lock, we f i r s t  look for small 
f .  (Fortran l ine  number 1455 will s t a r t  the lock check any time 
If1 i s  less than .03 radians/sec.) I f  lock i s  a possibil i ty,  then 
the TkREEZE necessary t o  provide lock i s  found. I f  t h i s  i s  less  

than the maximum allowed by the Breeze mechanism, r and are 
s e t  t o  zero. If  the tension necessary for lockup i s  higher than 
the maximum allowed by the Breeze mechanism, then TBREEZE i s  
reset to  a mu1 t i  p1 e of the desired t r a i l e r  brake force and 
Equation ( 3 )  i s  used. (This logic i s  handled a t  Fortran l ine 
number 2515.) 

To solve for the T B R E E Z E  value necessary for articulation 
lock, 

and the right-hand side of Equation ' (3 )  becomes 

fl ( t )  

The solution of this  modified form of Equation ( 3 )  now 
gives i, ;, t, and TBREEZE.  



I n  t he  next  section, t h e  kinematics o f  the  Breeze mechanism 

a r e  presented, and the moment around the h i t c h  i s  derived as a 

f u n c t i o n  o f  the cable tension TBREEZE f o r  use i n  Equations ( 3 )  

and (4).  



3.0 THE KINEMATICS OF THE BREEZE JACKKNIFE RESTRAINT 

The d e r i v a t i o n  o f  t h e  equat ions o f  t h e  Breeze j ackkn i f e  

r e s t r a i n t  make use o f  t he  nomenclature shown i n  F igure  2 .  

From F igure  2, i t  i s  apparent t h a t  t h e  a r t i c u l a t i o n  angle  

i s  r e l a t e d  t o  t h e  angle between t h e  Breeze cab le  and t he  frame 

r a i l s  by t he  f o l l o w i n g  r e l a t i o n s h i p :  

when 

(Th i  s corresponds t o  Fo r t r an  1  i ne number 1  245. ) 

I f  141 > e,  t he  cab les take  on t h e  c o n f i g u r a t i o n  shown i n  

F i gu re  3. I n  t h i s  case, t h e  vec to r  a long t h e  cab le  f rom t h e  

frame r a i  1  i s  g i ven  by 

- 
r = d ( - s i n  T i  - cos r j )  - B5i + A5j (6) 

The tangent  o f  4 i s  t h e  i component o f  7 d i v i d e d  by t he  j 

component o f  T, v i  z. : 

t a n  + = 
d  s i n  r + B5 
d  cos r - A5 

(Th i s  corresponds t o  Fo r t r an  1  i n e  number 1290.) 

We a l s o  need t o  compute t h e  angle  between t h e  cab le  t ens i on  

and t h e  t r a i l e r .  F igure  3 i n d i c a t e s  t h a t  t h i s  angle  i s  I$ - r .  

Now we wish t o  compute the  v e r t i c a l  ( i  .e., t h e  z )  component o f  

t h e  moment around t he  h i t c h  produced by t h e  tens ion  i n  t he  cables w i t h  

t he  a i d  of t he  f ree-body diagrams g iven  i n  F igure  4. On n o t i n g  t h a t  

t h e  vec to r  moment i s  g i ven  by 



fl Tractor Mass 
Center Tractor 

Rai 1 s 

% abl es 

Figure 2 .  Schematic diagram, Breeze hitch. 

J 



F i g u r e  3. Cable c o n f i g u r a t i o n  f o r  > e 



F i g u r e  4 a .  T r a c t o r  f r ee -body  d i ag ram,  1 < e 

Figure  4b. T r a c t o r  f r ee -body  d i ag ram,  > e 

b 



we f i n d  t h a t  f o r  141 r e (see ~ i ~ u r e  4a) 

i? = [(A5 + A6) s i n  $1. TBREEZ k (9) 

where k i s  t he  u n i t  vec to r  i n  t he  v e r t i c a l  d i r e c t i o n .  (The term 

i n  brackets  i s  computed i n  F o r t r a n  l i n e  number 1425.) 

For 141 > e, Eq. (8 )  y i e l d s  (see F igure  4b) 

= [ A 5 s i n $  t B 5 c o s  $ +, ] TBREEZ k  (10) 

where t he  abso lu te  va lue r e s u l t s  f rom t h e  necess i t y  t o  f l i p  s i g n  

on t h e  85 cos $ term f o r  + < 0. Note f o r  nega t i ve  4,  t h e  o the r  

frame r a i l  a t taches t o  t h e  cab le  and t h e  moment arm becomes -B5 

cos $. (The term i n  b racke ts  i s  computed i n  Fo r t r an  l i n e  

number 1335. ) 

F i n a l l y ,  we need c e r t a i n  p i t c h  and r o l l  moments t o  compute 

l o n g i t u d i n a l  and l a t e r a l  l o a d  t r a n s f e r .  Not ing t h a t  the  cab le  

i s  h o r i z o n t a l  a t  h e i g h t  ZBREEZ, t he  t r a c t o r  r o l l  moment about 

any p o i n t  i n  t h e  ground p lane  due t o  t h e  t ens ion  i n  the  cab le  

i s  -ZBREEZ TBREEZ s i n  4.  (Th i s  i s  computed i n  Fo r t r an  l i n e  

number 1700.) The t r a c t o r  p i t c h  moment about any p o i n t  i n  t h e  

ground p lane i s  ZBREEZ TBREEZ cos $. (Th i s  i s  computed. i n  

Fo r t r an  l i n e  number 1845.) 

The equat ions o f  Reference 1  r e q u i r e  t h a t  t h e  t r a i l e r  r o l l  

moment be c a l c u l a t e d  about t h e  h i t c h ,  and p i t c h  moments about 

t h e  ground plane. The t r a i l e r  r o l l  moment about t he  h i t c h  i s  

-TBREEZ s i n  (4-r )  (ZO-ZBREEZ). ( T h i s  i s  computed i n  Fo r t r an  

l i n e  number 1755.) The t r a i l e r  p i t c h  moment about t he  ground p lane 

i s  TZBREEZ cos ($- r )  ZBREEZ. (Th i s  i s  computed i n  Fo r t r an  

l i n e  number 1835.) 





4.0 SAMPLE RUNS 

This  sec t ion  presents an echo o f  the  i n p u t  t o  t he  TBS 

program, fo l lowed by three sample runs. I n  each sample run, 

a s tep 2" s teer  angle i s  app l ied  w i t h  the veh i c le  coast ing a t  

45 mph on a  high-u surface. Then a t  .5 second, 500 pounds brake 

fo rce  i s  "demanded" a t  each f r o n t  wheel, and 5000 pounds brake 

f o r c e  i s  "demanded" a t  each o f  the  t r a c t o r  r e a r  wheels and each 

o f  the t r a i l e r  wheels. 

Run 1 proceeds w i thout  a n t i l o c k  o r  Breeze r e s t r a i n t ,  and 

a j ackkn i f e  resu l t s .  

Run 2 proceeds w i t h  a n t i  lock operat ional  on a1 1 t r a c t o r  

wheels, prevent ing the  jackkn i fe .  

Run 3 proceeds using t h e  Breeze device. Again, j a c k k n i f e  

i s  prevented. Note t h a t  the  i n p u t  var iab les  t o  run 3 use the nomen- 
c l a t u r e  o f  t h i s  repor t .  HITCHT i s  t he  ga in  o f  t he  Breeze device 

i n d i c a t i n g  tha t ,  f o r  t h i s  run, the  a l lowable cable tens ion i s  

tw ice  the  desi red t r a i l e r  brake fo rce  f o r  one t r a i l e r  wheel. - 
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,FPS) 
hPI:.(. :SIMULATIOPi TIME FOR T H I  P GlJ1.i ?El:> 
M9X. APT 1l:IJLAT ION ciPi5LE ALLOIIIED 1:DES'r 
CORNER 1 Nf: ST 1FFNE::S OF T IFE' I'LE'2.j DEl:', 

CFILF (1 = 
CALF ('3') = 
IZALF (7 r = 

PEAK TIRE-POAD FPICTION COEFFICIENT 
r iup (1:) = 

SLIDINS TIF?E-FOHII FRICTION ~ E F .  
MUe (1, = 

S L I P  COPRESPONDINS TO PEAK MU 
SP (1) = 



BRkKE FORCE TRBLE 
NlJNBEcj OF LIHE' I :  3 

TINE DESIRED FOFCES: 
('SEC) F:XX (1, F:;:.; (zl, - . ,>  t.2) F:$:4 (4') F : ~ : A ;  1: 7') F 2 ;.<; I:: ;2 '1 F 'T -,.., .' ''7 ' 

STEER TAELE 
NUMBER CF L1NE:S: 2 

TIME :2TEER FIriGLE . iSEC) (DEE> 

0 . 0  0.0 
0 .  100i:I 2.  U[I 

CHANGE FAEiiMETEPS?' N 

BREEZE HITCH? VJ 

CHANSE BPHk'E FURCE TAELE? rl 
CHANCE STEEP TAELEP N 
ECHO STHTIIZ LOfiDZ:'? .r 

STATIC LflfiD'S i:LB?::l 
TRACTOR FPONT ir0.-.:LE: 7: > .7 ', - L.J 3 .  4,3 
TRACTOR LEA11 I!413 TR'.lT!EM: 4545~~. 02 

TRAILIPIG TA,,iDEM: 4536~~ , [IZ 
TRkILER N,::LE: 7964.46 

ENTER I N I T I S L  WTIC: .  4Pi13LE: 0. 
M I L L  RETIC:. Arli3LE E:E 'VHFIED'? r 
AN'( DkTA CHFiFi5E:S NOl,ls' N 

***. END OF INPUT +++ 



1.dOULD 'I'OU LIKE TO ENTEP NEhI SLIP POLL-OFF TRBLE? N 

' DO 'IOU hlANT A LIZT OF OlJTPlJT VAF'IHELES? Y 

1  X 0-COORD \ 

2 '(0-COCIRD 
3 p:: I 
4 GAMMA 

5 U-VEL 
6 V-VEL 
7 P S I  DOT 
8 GAMMF1DOT 

9 TCIRPI RAD 
10 SIDESLIP 

*+* T I R E  :SLIP AN5LE:J +++ 

ALFR 1+2 
RLFA '3+4 
ALF9 5+6 
ALFA 7+:3 
ALFHG+ 1 0 

U-DOT 
$1-DOT 

PSI -DDBT 
GAY-DDOT 
LOP115 ACC 
LRT. 3CC 

FX(1, 
FX (2) 
F:4 (3:) 
FX (4) 
FX ( 5 ,  
FX (6) 
F:4 (7, 
FK (8) 
FX (9:) 

FX f1 0:) 
FY (1) 
F'I (2) 

', F't (3') 
Fy f 4'> 
FY ( 5 )  
F'I ( 6 )  
F'I (7) 
F'I (8, 
F'tt9') 

F't t 1 0) 



**+ LOAD TPANSFERSg LONG. DF:Z (1) 9 LkT. DF'I (1) +** 
DFX (1) 
DFX (2) 
DFX (3:) 
DF:4 (4 ) 
ISF :4 is> 
DFX (4) 
DFX (7:' 
DFX (8:) 
11F:4 (#3':1 

DFX (1 0 )  
DF'I (1) 
DF'I (2) 
DF'f ('3) 
DF't (4) 
DF'I' f5) 
DF11<6) 
DF'1(7) 
DF'I ( 8 )  
DF'I' C 9 : r  

DF'i C 1 0) 

*++ INSTkNTkNEOlJS LORD FORCE' +** 

FSX i 1 > 
FSX (2) 
FSX (3) 
FSX (4) 
FS:i (5') 
FS:4 (6) 
FSX (73 
FSX ( 8 )  
FSX (3) 

F2X (1 01 

+++ HITCH FORCES +++ 

XH 
'IH 

TBFEEZ 



RUN #1 

PRINT OUTPUT DN FILE7 N 

ENTER TOTFIL FiUPIBEF! OF OlJTPlJT VflRIABLES (01-06) : 06 

ENTER NUPIPEF'S OF ?kPIAbLE:S '(OU IrlFiNT 
SEPRPHTE f'llJMFEF:3 B'( IZOMMFI'S- ( 0 1 r $4:) 
f)dt 08,14r2Oz;.1y84 

ENTER TIME INCPEMENT TO RE PRINTED OUT 
.1  

TIME 
0.0 
0.10 
0.22 
0.32 
0.42 
0.50 
0.60 
0.71 
0.81 
0.91 
1.01 
1.11 
1.20 
1.30 
1.40 
1.51 
1.61 
1.71 
1.81 
1.91 
2.01 
2.11 
2.21 
2.31 
2.41 
2.51 
2.61 
2.71 . 2.81 

DO YOlJ I?ltiriT 
STOP'? N 

GAMMH I~MMADOT 
0. 0 0.0 

-0.04 -1.20 
-0.52 -3. 2'3 
-0.70 -4.20 
-1 . lJ  -4.47 
- 1 52 -4. 3 3  - 1.97 -4:33 
-2.56 -5.0'-  9 2  d - ::: a 1 83 -i.iJ 
-'3.30 -7.5'3 
-4.6'3 -13.36 
-5.58 -'3. 36 
- 5  -1O.ZO 
-7.5;. -11.11 - :3 , 6, :? - - - 1 2 [I l:l 

-1 0. 05 -12.'?:3 
-1 1. -1'3. 84  
-12.%2 -14.62 
-1 4. '32 -15.:3-? 
-15.:39 -16.04 
-17.53 -16.67 
.-la3.%;2 -17.15 
-20. '36 -17.53 
-.?& 73 - 17.84 
-24.52 -17. $3'3 -&. 32 -17.94 
-28.1 [I -17.68 
-29. 35 -17.12 
-:31.51 -16.20 

ANY PIORE OIJTPUT? N 

LAT. ACC TBFEEZ 
0.0 0. 0 
3.29 I:I , i:i 
a .s e 
.2 . -0 -6 0 . 1:I 
:3. 93 0. 0 
4.64 ):I . I:I 
e -I. le ::I . 0 - . -  
A . b l J  i:i . i:~ 

4b.31 0.0 
5 
-1 . 0 4 is . 0 
5. 78 I] [:I 

6 .  c,~? 0.0 
7.44 ;:I , ;I - .  r3. 39 U. U - - -  
'5 . .:: 5 1:1 , 0 

10.2'3 I:{ . [I 
11 :?5 1:1 . 111 
l z . z .?  1.1. . 1.1 - 
1;:. ;.5 I:I . 0 
14.ll:l !:I . 0 
14. 0. 0 
15.&Cn 1). 0 
16.:34 0.0 
16.92 0. 0 
17.92 [I . [I 
17. 'y? 0. 0 
17..39 111 . 11 
17.11 0 . 1:l 
I<,. 56 0 . I:I 
15. e,;3 0.0 



RUN #2 

ENTEP PWPSRETED NI!YtEV TO EE CHITIHI?ED (01-42 i  
4 1  
4 1  AflTILOCk CODE (311):  110 

ENTEV I N I T I H L  U G T I C .  HY13LE: 0. 
AN',' nqTA I:H;(~V:E r~C',i: rr 

*** END OF ItiPIJT ++* 

PPlNT OIJTPUT CN FILE'  N 
ENTEP TOTkL riliwE'EP OF 3IJTpUT VfiPIHFLE3 01-068: 06 

ENTEV r(l.~rE.Ep': CF ::l iGI+? LE I ' iO lJ  l,lsrtT 
: ~ ~ l i ~ t i t ~  ~~I.IMEESI: E'; I :~~FPG:  - 01, 31 I 

049 0dr l? .ZdrZ l .  .34 

EHTEP TIME Ib4~:FEt'Er4T TO FE GFiIHTEE Gl!T 
.1 

TIME GHMWA 66mnkDOT 
0.0 0. 0 0.0 
0.10 -0.04 -1.20 
0.22 -0. ?? - ? . d r ,  
0.32 -0.71j -4.20 
0.43 -1.14 -4.4: 
0.50 -1.52 -4.33 
0.60 -!:?-I -3.73 
0.70 - -. a - 2;. - - 5  e c  - . -# -1 

0.411 -2.45 - 1 ~3 
0.?0 -2.52 - 111 * [I 7 
1.00 -2.47 1.03 
1.10 - 3  :> -. -- 1. ?? 
1.20 -2.03 ;.;3 
1.30 -1.79 3.23 
1.40 -1.43 2.32 
1.50 -1.03 4. 04 
1.60 -0.02 4.16 
1.70 -0.21 4.18 
1.80 0.21 4.14 
1.90 11.62 4. oa 
2.00 1. 02 3. da 
2.10 1. 3'3 3.6.3 
2.20 1.75 3.47 
8.30 2 0.3 2.22 
8.40 2. 3'3 2.,37 
2 . 5 0  2.67 2.55 
2.60 2.W 2.33 
2.70 3.14 1 .'39 
.?.en 3. 3.2 1.54 
3.90 3.47 1.30 
3.00 3. 5:3 0. '36 
3.10 3.66 0.63 
3.20 3.71 0.33 
3.30 3 . 7 3  0. it5 
3.40 3 - 7 2  - I:I . 1 ,a 
3.50 3. <.'+ -0.37 
3.60 3.65 -0.48 
3.70 3.10 -0.51 
3.80 3 . 5  -0.53 
3.90 3.49 -0.54 
3.94 3.47 -0.55 

DO YOIJ UAHT any  MOPE OUTPUT? N 

*** TPUCk HAS STOPPED I N  3.94 
STOP? w 

6;lV-FtgT LONG &I:C 
4.0 - 0 . 111 

- ;a.  3' -h. fi; 
-12 .7~1 -0.0; 

-C  ' - I  2.33 - ,.I . 111 : 
-0. $5 -i:1. 0; 

3 . ij 7 -3.33 
11.413 - i3. :n 
1 - 1 j . 2 3  
12.5(1 -1 3. :l:l 

11..;; -I,+ . := - -  
3, J +  -1.;. 24 
3.4: -11.16 
4 - 7 7  - 1  + *  i j  
3.53 -13.41 
1). ? j  -13.12 
1.31 -15.43 
0.51 -1e.44 

-0.03 -1,s. 4s 
-1.09 -19.43 ' 

-1.17 -1.5.42 
-I:?? -13.40 
-1. 30 -1.3. 2,3 
-2.56 -1?.36 
-5.54 - 1  +. :,:: 
-3.01 -1" 31 
-3.10 -I;.:.? 
- 3 . 3 3  -1?.25 
-3.4.3 -1Y.3 
-3.56 -1:.21:1 
-3.49 -1,a.1:3 
-'3.39 - l ? . l ?  
-3.23 -I,?. 16 
-?.,?,? -1 3 -15  
- >  * -  
i. .c -1'3. 15 

-2.14 -13. 1= 
-1.51 -I,?. 19 
-0.73 -13.17 
-0. 16 -I,?. 1:3 
-0.15 -19.13 
-0.16 -14.13 
- 0 .  17 -1.3. 1,3 



RUN #3 

CHANGE PAP4HETEPT7 Y 

EHTEP PHPWRETEP NIJRPEP TO BE CHFHlGED (01-42, 
41 
41  WTILOCY c o r E  '311): 000 
'0 
BPEEZE HITCH: Y 
ENTEP H I T C H T . D I I . E * T H E T G ~ D E I ? )  *kS.A6,BC,HCfl.ZEPEEZ 
SEPEPFITED par' connlrc. 
2 . 1 7 . ~ 1 . 5 r 4 5 . r 3 . ~ 1 . 5 ~ 1 . 5 * i i t 3 . 3 3 3  

n l t c H T  = 2.0nnn0 
DD - - - I I I I  FT 
E ;r . I : I I J  FT 
THE14 z 4S.ij;lCil:'B IlE5 
45  s 3 . j I I: I: I ST 
H i  1.50000 FT 
ES t I FT 
Rfi: W ; , ~I-I~I,.#,:I CT 
ZEFjEEt = i. 3: :,I:II:I CT 

CH4NGE PF'EEZE HITCH IlctT4: rc 
CHWNGE E.EAbE CCFI:E TABLE: PI 

CHkhdE :TEEP TFELE; * I  

ECHO ;TATIC LOliD:: t r  

ENTER I N I T I F ~ L  APTIC. 4rll;~E: 0. 
ilti'f D4TH CHhtiGE: Nt'*l: N 

PPINT O?ITPUT 9'4 FILE' r r  

ENTEP TOTkL '!.PqkEP Sc Ol.rTFI.:T t/WIfiELE: ( l ' l - J i ~  : 116 

ENTER TInE INCPERENT TO PE WINTED OUT 
. 1  

1jriMWfir10T 
3 . 111 

-1.20 
-3.2? 
-4. ZQ 
-4.47 
-4. :-.:. 
-3.53 
-1.73 - ,:I 1 7 
':I . a 
0. IJ 

0. 0 
0.0 
a. 0 
11. 0 
0.0 
?. 0 
I?. r) 
10. 0 
0.0 
I:! . 0 . 0 
0. 0 
0.0 
I?. 0 
0.0 
0.0 
I!. 0 
111 . 0 
1). 0 
l i  . f.1 
10. 0 
(1. 0  
0 . 0  
0.0 
0. 0 
0.0 
111 . 0 
0.0 
0.0 
11. 0 

OIJTPIdT: N 

Loru: ~I:I: - (I. I) 
-11.0' - n . I:! 7 - 11 . 411 7 
-0. 157 - .; 
- 2  - -  _.. 

.IL - 1 .?. :: 111 
-15 :,> .-. - 1 3 . 1, 111 
-19.35 
-13 :; . - .  
-19.33 
-I,?. 39 
-19.41:\ 
-19.41 
-19.42 
-I,?. 42 
-19.J: 
-19.42 
-1'3.42 
-19.41 
-I.?. 
-1". 37 
-19.'35 - 
-l,a.z,? 
-1.3.25 - 19.2; 
-19. 1:3 
-15'. I ?  

1: 
-I?'. (I? 
-19, 0'3 
-1,?.0: 
-I?. 117 
-19. 0.3 
-19.11 
-19.11 
-19.11 
-19.11 
- l a .  11 

LHT. AI:C 
#:I . (1 

j, 2,s 
2:. 35 
?..?? 
4.<4 
T .  l '? 
3.70 
4.2:: 
4 . 5 I:! 
4.47 
2.6.1 
4. i 7  
4.93 
5. 14 
5.34 
5.53 
5 .70  
C h .  :. TC 
5.'39 
.5 . 0':: 
6.13 
6.14 
.i. (1'' 
5.69 
f. '3> 
C C . . -4.a 
5. ?it 
4. .54 
4.5,? 
4. 1 0 1  - c >  

. . _ I _  

L .  +3 
I. 44 
1.90 
1.40 
0.?7 
0.56 
0.42 
0 . J  
0.42 
0.42 
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APPENDIX 

Th i s  appendix presents  a f l o w  c h a r t  and a source l i s t i n g  

for t h e  TBS program. Note t h a t  t h e  l a s t  two subrou t ines  i n  

t h e  source l i s t  a re  HPCG and SIMQ, b o t h  IBM subrou t ines .  HPCG 

performs t h e  i n t e g r a t i o n  and SIMQ so lves t h e  f ou r -by - f ou r  s e t  

o f  equat ions t o  uncouple t h e  acce le ra t i ons .  



MACRO LOGIC FLOW 

Input : I 
Read I n p u t  Parameters 
Brake & Steer Table 
Breeze Hitch 
Echo o f  I n p u t  Values 

1 I 

- 7 

Yes 

( Set Gamna(0) 1 
Load F(s) Table I ( t a l l  Fil ip) 

Read Time 
Increment r-. 



Do Integration 
(Call H P C G )  

I I 1 
FCT: Derivatives 

Tire: Tire Forces 
Antilock Option 

Breeze Hitch Loop 
SIMQ 
Hitch Forces 

Print Results 
(Call O u t p )  



c * r * * * t * e * * * * * * * * * * * z * * * c * * * t * * * * * t * t t * * t * * * * * * * * * * * * * * * * *  e~z t in r+ea  
C T R A C T O R - T R A I L ~ J R  R R E E Z E  H I T C P  PROGWAV RRZHeL,'05 

B R Z P P 3  1 C C * * * * * * * * * t * * * * * * * * * * * * t * * t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  , 
c . . 8 R Z H k l R 1 5  

i 

C  B R z h @ i ? 2 b '  b 
B R Z H F P 2 5  C  * r .  M A I N  P R O G R A M  R E G I K S  HERE 

C R R Z H n i ? 3 V  
c R R Z h C 7 3 5  

E X T E R 1 t A L  ~ F C G I F C T ,  n U T P  BRtH:q,tU&' 
PEbL ~ u , ~ \ ) ~ ~ v ~ ) ~ ~ I I I ,  I ~ I ~ U S I W U T I I R I I Y I I S L O P I T Q ? ~ I T  ~ Q Z I I P , ' ! ~ ~  
r , I f4E l .S I011  Y ( 9 )  r l ' E ' . ~ ~ ( 5 ) r f ' F i ( ' ~  ( P )  ~ ~ ! ~ ( ~ ~ , P ) , C I A ( ~ C ! ) I F Z ( ~ : ~ ) , F S X ( ~ ~ ) ,  RUZHI'i'SC' 

I D F Z [ ~ ~ ~ l r ~ ~ L f Z ( ~ ! ' l f f ~ ( l ~ ~ ~ F Y ~ l C ' )  P k 7 H h . 5 5  
COWHON ~ ~ r ~ 2 r ~ l 1 t ~ ~ 1 A ~ 9 1 C 1 ~ I H ~ 7 U ~ Z ~ ~ Z 2 ~ G ~ ~ ~ ~ G A H 2 ~ ~ ~ 5 ~ R A D 5 1 ~ E ~ 1 A ~ ~ ~ ~ h ~ ? b ~ ~  

1 T ~ l T ~ , T 3 l C I ~ l F S X , F Z l 1 ~ ~ 1 T l I ~ ~ I 2 ~ I ~ F : R X ( U ) ~ F ~ Z ( ~ ~ l ~ ~ L P ~ ~ ( ~ ~ l ~ ~ Z * ' ~ ~ ~ ' b 5  
i? ~ W I Y X , F Y l ~ F Z , P F ~ ~ ~ ~ ~ I ~ F ~ F ~ , D ~ ~ ~ ~ V E ~ ~ A b ~ I ~ ~ T l ~ ~ ~ ~ ~ ~ ,  n?ZHQi '7 ; '  
3 k U ( l O ) t A ~ l T E F F ( l ~  , z ) ,  I n ' ! ~ P I X O ~ u P , X O O F F ~ ~ ~ S ( l ? ) ~ ~ E ~ ~ ' ~ T ( ~ )  1 R p ? b 7 ; ' 7 5  
f ~ U S ~ ~ ~ ( ~ ~ I ~ ~ F T ~ ~ ~ ~ ~ ] ~ I T A ~ ~ ~ ~ X O ~ : D ~ T A R S ~ S T E E ( S ~ I I S  R f Z b ' ? p P ?  
b G A M ~ , G A ~ ' U , T R U C ~ ~  I D U I T  R R f  h p i ' R 5  

C O v f t Q k !  / I n / T R , I J  RFci)Hat'9,' 
OATA YES / * Y ' /  R E  ZHPta95 

c RRZh313P 
c * *  R E A D Y  T U  S T A R T  R E A D  I ~ P U T  ~ 4 1 4  A i i Z ~ ? l c g  
c Rk7t jV l  I ?  

308 COAiT  I q t I E .  B i - ( Z V : l 1 5  
I;::b R R Z t l F f 2 :  
1e.5 i?FiZn?1?5 

T i?UCK=Z Q P 7 W ?  1 7 -  

YI)II!: I BKZH? 1 3 5  
I 3 4 V = l  RPZHP 1 U ?  
~ x n ~ o l  R R Z ~ ; ? ~ ~ S  

C I g I T I 4 L I Z E  T A f * Q E q  AYLE F O R C E S  R Q 1 H a 1 5 : '  
099  c c r . ~ I t : ! ~ E  9 0 2 ~ 2  155 

Fk(51 : ' ,  B h Z H i 1 1 6 .  
FX(6)= '4 ,  P U 7 W P l h E  
F X ( 9 ) = 1 ,  R k Z h a 1 7 ;  

Fi( lq)::,', a r i Z t i T 1 7 5  

FY ( b I = ' . ' r  R k Z C . $ l A :  
FY ( 5 ) z r A ,  q h 7 1 1 ? l a i  
F Y  ( ( ? ) = : I ,  RPtH?19;* 
F Y ( ~ U I = C ! ,  q n z b z i s ~  
CALL IhdPIJT ( Y  , o E R Y  , P R M T 1  & D I M )  RRZHY2i ' : '  
IF (TRI . ICY ,EO,  9 . 1  G n  T O  I C ~ ~ S  R R Z H ? ~ ~ ~  
k R I T F ( l a , l T l )  R R Z H S Z ~  L! 

131 F U R H ~ T ( / / * ~ ' ~ , T ~ ~ * * * *  END OF I N P U T  ***'/I  MkZhP2 1 5  
on zm!tq 1 = i t 4  RH7hiri!?.' 

2 ~ 0 1  n c ~ x (  r ) = ~ ,  ~ ~ 7 ~ 0 2 2 5  
CALL H ~ C C ( ~ ' W ' ~ T ~ Y , D F R U ,  N O T * #  I H L F I F C T ~ O U T P I A I I X )  B R Z H Y Z  I : ,  
I F  (Pt?rtT(S) .En, 4,) G O  T O  75  8riZhJ2275 
I F  ( P s ~ r ( 5 )  , t q ,  5 , )  G o  T o  2 7 9  ~ R Z H P Z Q , '  
I F  ( P R p T ( S )  , G I a  d l  GO T O  7 1  S Q Z b f l 2 U S  
IF ( I~ICF , G T ,   PI G O  T O  7fl R H Z H R Z S :  

7 1 CbNT 1 MJE BHZH:3255 
I Y I T  t 3 R R Z H F Z ~ ; '  
G!I ~n W Q  ~ w z c l a i ? b 5  

70 k R 1 T E ( I f i r l f l 7 )  I H L F  RQfH227.' 

107 F O R f l A T ( r ~ * r r * * * *  E R R O R  R E T U R N I C O D E  J S ' r 1 3 , '  ****'I P Q Z h 3 2 7 5  
bKEY = Z ,  WRZHi3ZnZ 
CALL O U T P ( X ~ Y , ~ € R Y ~ I H L F ~ N O I M ~ P R M T )  R C ( I M R 2 ? 5  
60 T O  999 R R Z H a 2 9 ?  

75 W R I T E ( I ~ r l ~ @ 7 )  XOOFF FIRZHa295 



1ng7 F ~ R M A T ( ' ~ ' , ' * * *  T R U C K  H A S  S T O P P E D  I N ' # F b r Z , '  S E C O N D S  ***'I B R Z H B 3 P P  
ca  T O  7 1  R R Z H ~ ~ P S  

200 W R I T  E(!* , t?G\ l )  I O U I T  BRZH9 31 p 
Z P I  F O R W A T [ ' ~ A ' , ' + * *  C O H P I I T A T I O ~ ~ S  A R E  S T O P P F D  * * n e / '  *, B R Z H G ~ ~ ~ ~  

1 * * * * A R T I C U L A T I O N  A N G L E  G R E A T E R  TYGN',  B R Z H 3 3 2 ?  
2 Fb,2 , '  D E G R E E S  * * * ' / I  8 R Z H a 3 2 5  

C O  T O  7 1  9RZH@33v7 
1Pnb F O R f l 4 T ( *  ', ' * * *  SEE YOU h E X T  T R I P  * * * '  e R Z h ; 4 3 1 5  

1 / * * * *  rEFP 'IN T P l l C K I + 1 1  * * r e )  R P 7 H F 3 U C  
1PeA5 ~ Q I T € ( T I - ,  l " " 9 )  R R Z H f i 3 u 5  
1pt48 F O R ~ . A T ( / / ' R ~  F s  D A T A  S E T ? ' )  R R Z W T 3 F s  

R E A P ( I R ,  1 h  , ~ I A : ~ S  R R Z H ? ~ ~ S  

lfl0 F O R P A T ( A t 1  8 R Z h ; ' 3 6 i  
1 F ( a ~ s . f ( ~ , Y t S ) G o  T O  3n9 B R Z H C ~ ~ ~ S  
~ u ~ r ~ ( ~ ~ , i r r s )  R R Z H P ~ ~ ?  

E %D B R  t w o 3 7 5  
t RR7w73*7  
C R R Z b q 3 P S  
C t t t*********t******i***t***t****~**t***************  SRZCI239E  

S ' J P R O L I T I ~ ! ~  F C T  ( X , Y  ,pF.QY I RcZhp JaS  
C **L******C*************L***C***t********************** BY ZwqUP,'  
C R k 7 n 3 U 7 5  
c R R Z h P U  1 :' 

. D I M E h S I O N  Y ( B ~ ~ O F R Y ( S I ~ C I A ( ~ ~ ) ~ D E L ~ Z ( ~ G ~ ) , D F Z ( ~ ) : ~ X ( ~ ~ ~ ~  BkZn;!ol j 
1 F Y ( 1 f l ) , F Z ( ! : ' ) , F S Y ( l ? ) , r ! Y ( u ) , A A ( l h )  9 R z ~ ? U 2 . '  

R E A L  M J , ~ ~ v s , Y ~ , ~ ~ ~ L A " ~ , L ~ Y Z ~ L A ' ~ ~ I L A ~ ~ ~ :  I l,12. P R ~ C ~ A U ~ S  
REAL " U S L n P :  I O i J I T , ' I I S ,  '"JT ( l ? )  r ' j U  R R 7 t - 3 4 3 . 1  
CoMnou ~ l , h ~ ~ * f I " 2 , ~ p p 0 t , 7 ~ Y , Z ~ , Z ~ , Z 2 ~ C ~ ~ ~ , G A ~ 2 , ~ ( 1 5 , ~ A O S , ~ t L T A , ~ ~ 7 ~ ~ d 3 5  

1 T ~ ~ T , ? , f 3 , C T C r f  S W , F 7 , I ~ I l , I 1 , f ~ ~ ~ ) E R Y ( ' ~ ) ~ F ~ Z ( l " ) p ~ i ~ ~ A ~ 1 3 ) ~ L 7 ! + ; ' ~ ~ ~  
2 # & I t ~ Y l f Y , D F Z , C E L F Z , T T ~ 4 F , F X : I ) ~ f v ~ V F ~ I , A A ~ , 4 ~ T , ~ k ~  (u;, R % l h @ U & 5  
3 H u ( ~ @ ]  , A t l T E F F  ( ~ ? , ~ ) , T U I I  ' P , X D I I ~ ' P , X G ~ F F , ~ V S (  IP) , N E Y r i b 4 T ( 3 )  :RnZ* ' fdC. .  
5 Y U S L ~ P ( ~ ~ ) , ~ F T ( \ ~ , ~ ) , I ~ A Q ~ I X O ~ ~ : I T A R S , S T E F ( S V  M L Z k . 1 ~ 5 5  
6 GA'43, GA"11, TF 'JCK,  1 J " I T  @ C Z H ? U ~ :  

COt'POhi / I F /  I f i p  I.*i P * Z C A 4 6 5  
C O V l t n ~ ~  / H D F E Z / T I ~ ? F E Z ,  Y L Q F F Z , H I T  C H T , ~ ~ , E , T H F T A ,  A 5 0  Ab: fi5, AC" qri 7biqU7'1 

CO"b'Qh / K ~ ~ F Z / K ~ M F E Z , ~ . ~ ~ E E Z ~ ~ ( ~ E Y  GaZH 14 7 5  
C O V H O ' ~  / F C T O i J T / X L ,  YL, I? ' ( .CT R Y 7 k + A U E )  

c n k  7 h  ? * i n 5  
C * *  C A L C ! l L A T E  PARA+'ETERS FflW NEn O E R Y  V A L U E S  RFZh:'119.' 

c * *  PEGI~I WITH C A L C U L A T I O ~  ( IF T I ~ E  SLIP A t J G L E S  RFcZH2uQ'j  

c BRZhU5;'V 
4 I F  ( I h I T  #EL', 1 )  I N I T = @  8R Z ~ F ' j t 5  

C R R Z H g 5  1 2  
C **  C U M P U T €  DFLTA F R O V  S T E E R  T A P L E  BkZt4c5 1 5  
C ClkZtl9521' 

l F ( X , G T . S T t t R ( l T A M S I 1 l l G r )  T U  40@0 ~ ~ 7 1 i [ ~ 5 2 5  
no uav2 I= ISAV, ITARS 1 3 ~ ~ ~ ~ 7 5 3 7  
I F ( X . € ? , S l F F k ( T , 1 1 ) 6 n  T o  4 ~ 9 ~ 3  ElRZl1?535 
I F ( X ~ G T , S T E L R ( I : l l ) G O  TO o f l a ?  OkzH 'E5SP 
1Wt : I -1  R R Z H P 5 4 5  
D ~ / T ~ : l S T F E R ( I ~ ~ l ~ 9 T F f ~ ~ I ~ ! ~ 2 ~ ) / ( S 7 t E Q ( I ~ l ~  BRZH' r55 .9  

1 Q S T E L ~ ( T ~ ~ ~ , ~ I ) * ( X ~ S T ~ E R ( I ~ ~ ) ) + S T E F ~ ( I ~ ~ , Z )  8 2 Z H 3 5 5 5  
GO l n  RRZHf456b!  

4 ~ ~ 3  ~ E L T ~ Z S T E € P ( I , Z )  A R t H g 5 6 5  
C0 T O  U . ' 9 5  RkZH857.' 
C U N T I r l l ' C  R Q t r ( V 5 7 5  
GO TO (1/1(15 C19ZHRSPI' 

400U P E L t A : S T E E R ( I T A H S , Z )  R R Z H ' n 5 4 5  
GO T O  4L)Rh RRZHR5QC' 

4RHS I S A V t 1 - 2  Q W Z H Q 5 9 5  



C - .  - - 

c ** THE A 4  Y A T R I X  I S  STORED CnLUt4MHISE. A A ~ ~ ) * D F R Y ( ~ ) + A A ( ~ ) * O E U Y ( Z )  BkZt i : l62 i '  
C * *  + A A ( 9 ) r ~ ~ Q y ( 3 ) + 4 ~ ( 1 3 ) * r ? t ' ~ Y ( ~ l )  I S  THE F I R S T  OF FOUR EOUATIOb4S9kZb4P625 
c ** SdLVED PY THE SIkr3 QOIJTIraE R R Z H  Ab3P 
r 8QZh@635 

" 
C **  CO~PIJTATIOLI OF LOYGITUOINLL AND LATERAL FORCES Ull T I R E 9  
C .  

I F ~ X , G T , R F T ( I T A ~ , ~ ~ ) G O  t o  a p n 4  
00 go!!? 1 Z f  X O h j r  I T A R  
IF(X.€d,PFT(I,l))Gfl T O  3 0 ~ 3  
IF(X~GT,9FT(I,lI)GO T O  8@t42  
IMlrf-1 
DO 17L41 J = l , 6  
K = J +  1 
F S Y ( J ) : ( R F T ( I r K ) ~ B F T ( I ~ l , K I ) / ( R F T ( I ~ 1 ) - t ] F T ~ I ~ l ~ l ) )  

1 * ( X ~ h F l ~ l ~ ~ r l ) ) + ~ F T ( I ~ l r 1 0  
itlrli cosTIr:[lt 

GO Tn 9brQ5 
80(.!3 Cnr:T I r d J E  

DO 1 7 M 7  J = l e b  
KPJ+I 



f S X ( J ] = P F T ( I , Y l  
1702 CON1 I N L I E  

co ~ r l  Pllrns 
8Vd2 CON1 I N U E  

GO T O  9CA015 
8neu 00 17a3 ~ = i , b  

K s J t  1  
F S X ( J ) = b F T ( I T A R , Y )  

1733 CON1 ThllE. 
G O  T n  R, 'Pb  

~ P I J S  r x n l , = r - 2  
I F ( I r r l t  , L T ,  I ) I X ~ ~ = I  

R R P b  COtr l  I \ l I E  

F S X ( 7 ) = F S X ( 5 1  
FSX(S)=FqX(hl 
F S X t P ) = h  S X ( 5 )  
F S X ( ~ L + ) : F S Y ( ~ )  
F S X ( S ) = F S X ( 3 )  
F S X ( 6 ) = F S X ( u )  
lnlrrPt=or 
C O  3 7 1  1 : l t t "  
I F ( I e G ~ , U , ~ ~ ~ ~ e T . L T e 7 e ~ ' ~ D e K E Y f l l ~ I T e  !)GO TO 3 7 1  
T f t I e G T , ~ , A ~ ~ , ~ t Y ( 3 ) . L ~ , l l h 0  T O  3 7 1  
T F ( F S X ( l 1  , L T , . ' , , J I ~ ~ ~ I -  a : v E ,  I p L C T 1 ' * R I T E ( I 2 ~ , 9 c l 9 1  I 
I F ( F S ~ ( I ) ~ L T , : , ) X ~ I I ~ ~ P Z = ~  

373 rOb.T IFUE 
eP)9 F 0 R r ~ 4 T ( 5 Y , ' C ? " P l l T A T I n l u S  APE STOPPED RECAUSE F S X t ' ,  

1 12, ')  I S  ~ ~ E G A T I V E e * )  
C * * * * * * b  

C * * T b L  T I k E  FOQCES ARE hiO*  CALCLlLbTED 
C A L L  T f p E ( Y )  

C 
C  * *  C A L C U L A T I O b  OF F I F T w  k H t E L  l n R O U E  DUE TO S T F E L  Oh4 STEEL Cn4TACT 
C 
c 

l U  I F  ( A ? S ( Y ( f i I l  ,GI, ,?3 )  C C  T q  22 
T o y  ( R ) / , v 3 * (  (Ze *H114* I ! *wL?*C)Ar )S ) / ( 3 , * (C+r ! )  1 )  

T r !  2 h  3 
? Z  T = ( Y ( ~ ) / A @ S ( Y ( ~ l ) l ~ ( ( ? ~ * ~ U 5 * 0 * * 1 ~ * ~ A O 5 ) / ( 3 ~ * ( C * D ) ) )  

C 
C * * * * * k * * k * * * t * * t * * * * * * t * b * * * * * * * * k k * + * * * t * * * * k * * b * * * * k *  

c F 2 O V  HFWE To L T h E  ERZH1555 IS THE I b J I T T A L  R k f t Z t  LOOP 
C ****Z***Ck*******t*k**k**********************k*****t*** 

C 
C **  K K E Y : l  1 b t Y L I E S  BREEZE H I T C H  
C 

2bfl  I F  ( K K E Y  ,FIE, 1 I GO T O  26 
C  
C * *  KbREfZ:c4 8 RHEEZF H I T C h  UYLOCKED 
C  * r  R E 1  : R q E E Z E  H I T C h  L O C K F D  
C 
C 
c * *  R R E E Z E  ~ T T C H  Loop 
C 
C  * *  T E N S I O u  IN THE CABLES ONLY 
c 

I F  ( (  Y ( R I ' Y ( 7 1 )  eGT, "@I GO TO 2 3 1  
C 
C * *  N E X T  S T A . T E W N I  PREVEtdTS P H A h l T n H  UNLOCK DUE 
C * *  T O  HPCG INSPIRfLD Y ( R )  P E T E R P A T I O N S ~  THE ONLY 



C t*  v I A Y  7 0  Uhl-OrK A LOCYED H I T C H  1.5 T n  G O  THROUGH 
C r *  THE LP(lP, F I t i D  T H R t E Z  ,LT, b3, A N D  START O V F R ,  
C r *  SEE SThTE" t t 4T  3 9 U r 4  

I F  ( KAkFEZ ,Ena 1 1 GO T O  2 3 1  
C 

T9REFZ:v. 
GO T n  26 

C 
C r t  CONPUTE THE P l J L L  ANGLE A S S U M I W  SMALL  ANGLES 

2 3 1  P t t I = n D / L * Y (  7 )  
C 
C  * *  S E T  ThE C A P L E  T E h S I ! l b ,  4SSUUE V O  L O C K  

T B R E E Z = f l I T C H T * F S X ( 7 )  
c 

IF ( A S S ( P H 1 )  ,LT, THETA)  G f l  T O  6fl 
C 
C r* HANG f R O ! l  THE F R I H E  R A I L  
C 

P ~ I : A T A ~ ~ ( ( ~ D * S I ~ I ( Y ( ~ ~ ) + ~ ~ ) / ( ~ D * ~ O S ( Y ( ~ ) ] ~ ~ ~ ] )  
c 

SINPHI:SIN(PHII 
C ~ S P H I : C P S  (PI11 

c 
C t t  C O p P b l E  Trt F O R C E  D I R E C T I O t l S  IN THE T R A I L E R  SYSTEM 

f S P H I : S I ' ~ ( P ~ ~ - Y ( ~ ) )  
T C P P I : C I > S ( P ~ ~ - ~ ( ~ ) )  

' ~ ~ ~ : A ~ ~ ~ I N P H I + B ~ * C P S P H I * P H I / & Y S ~ P H ~ )  
C 
C  * *  P T j  I S  THE C Q F F I C I E ~ I T  OF THE CAELE T E h S I O h  
c A P P E A G I p a C  11, ?1GHf  HAhn S f n E  'IF Tblk QDRT E Q U A T I o N .  
C .Y71 IS TPL C I I E F F I C I E ' ! ~  1'' TUf: 5 A ~ Y 4 0 0 0 T  E O U A T I O ' ~  
c R T ~ ~ T ~ Q E E Z  TIlRbJS OUT 7 0  R F  THE M Q ! ~ ~ ' J T  A M Q U ~ T ,  T H L  HITCH 
C  

c0 T O  b l  
C  

bk? CON1 I f ! I IF.  
C 
C  * *  W 4 h 1 G  F Q C P  THE EYE 
c 

S I N P H I = S I ~ J ( P ~ ~ I )  
c o s P ~ I = C n s ( P ~ I )  
T S P V f : S I L I ( P H f - Y ( 7 1 )  
T C P H I r C O S ( P H 1 - Y ( 7 ) l  

C 
S T ~ : ( A ~ + A ~ ) * S I ~ ~ P H I  

C 
61 CONT1r:IIE 

C 
I F  ( K S R F E Z  ,En, 1 1 G O  70 62 

c 
I F  ( A S S ( Y ( R ) I  ,GI ,  0 ; ~ 5  ,OR, ( D E R X ( O ) * ~ ( S I )  ,LT, O ) Gn TO 26 

C 
C r *  ASSUME bREEZE H I T C H  LOCKEP 
c T H R f F Z  b f l n  k E P L h C E S  C A * f l h l ) n n T  As AN I l h Y b O d N  
C I N  T n E  4 * 4  OF h C C E L t R A T I O r ~ S  
c 
C REHEPRER TBREEZ I N  CASE H I T C H  I S  & O f  R E A L L Y  LOCKED 

bZ T H A R s I  S H E E Z  
C 



C GET R I D  n F  TBREEZ FOR RHS E Q U A T I O N S  8RZH 15Fe 
T B R E E Z = i 4 .  B R Z H l  Sn5 
X Y P r Y ( R 1  R R Z ~ 1 5 t p  
V ( A )  =?. B R Z H 1 5 1 5  
K B R E E t = l  . RRZw152;L 

C B R Z H  1525 
C  *r SET-UP & d f w  (4,u) T O  SOLVE FOR t 8 R E E Z  R R 2 r 1 5 3 r  
C B R t H 1 5 3 5  

A A ( 1 3 l = c ' ,  RRZhlSUp 
b a ( l q = / ,  RRZH15115 
A A ( 1 5 ) = - 3 7 1  b R Z M 1 5 5 1  
A A (  l h ) = f \ T  l BR ZH 1 5 5 5  

c 8RZti17hP 
C  ** I V I T I A L  b R f L 2 E  H I T C H  LO@P FIhISHED R R Z H l 5 6 5  
C 9 R Z H 1 5 7 V  
C  8RZH1575 
C * *  C O V P U T A T I 0 d  OF I N E R T I A  FORCES A T  CENTER nF b4ASS FOR TRACTCR AhD 9HZV15ab' 
C * *  TRAILEQ,  A L L  AXLES I N  BOTH X  A N D  Y COORDINATES 8 R Z H 1 5 R 5  
c R R Z H 1 5 9 2  

Z b  ~ A ~ ~ : ( - ~ ~ * ( D E ~ X ( ~ ) - ( Y ( ~ ~ * Y ( ~ ~ ) + ( W * ~ Y ~ ~ ) * * ~ ) ) ) * C @ S ( Y ( ~ ) ~ ~ - ~ ~ ~ * ~ ~ E ~ ~ ~ ~ Z ~ ~ ! S ~ ~  
1 ( 2 ) + ( Y ( i ! ) * Y ( h ) ~ - ~ h * l l t : f i % ~ 3 ) ~ ) * S I r ~ ( ~ ( 7 ) l ~ - ~ C + ~ ' 2 + ( Y ( ~ ) + Y ( P ) l * * 2 ~  Q G Z k l k ? :  
~ A ~ ~ = ( u ? * ( ~ ~ ~ ~ X ( ~ ) - ( ~ ( ~ ) + Y ( 4 ) ) + ( h ~ ( Y ( b ~ * * ~ ) ) ) ~ S l b ( Y ( 7 ) ~ ) - ~ M ~ * ~ C E P X ( ~ ~ Z ~ ~ 1 b J 5  

~ ~ ) + ( Y ( ? ~ * Y ( ~ ) ) - ( ~ * ~ ~ L U X ( ~ ) ] ) + ~ : ~ S ( Y ( ~ I ~ ) + Q X ~ + P X I  q + ( Z + l h l :  
C A ~ ~ = ( - " ~ * ~ D ~ Q X ( ~ ) - ( Y ( ~ I ) * Y ~ ~ ) ) + ( ~ * ( Y ~ ~ ) * * ? ) ) ) ) - ( C * ~ ~ * ( C E R X ( ~ ) + ~ E ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

~ ( ~ ) ) * S I ' ~ ( Y ( ~ ) ) ) ~ ( ~ * + ~ ~ + ( ( Y ( C , ) + Y ( ~ ) ) * * ? ) * C ~ ~ ( ~ ( ~ ~ ) ~  s v Z t l \ b ? i 1  
~ A ~ U : ( - ~ ~ * ( D E R X ( ~ ) ~ ( Y ( ~ ) * Y I ~ ) ) - ( ~ * ~ E ~ Z ~ ~ ~ ) ) ) - ( ~ * ~ ~ * ( ( Y ( ~ ) + ~ ( ~ ) ) * * Z ~ ~ ~ ~ ~ ~ ~ ~  

~ ) * S ~ ' : ( Y ( ~ ~ ~ ) ~ ( C * ~ ~ ! * ~ O E H X ( ~ ) + ~ E F : X ( U I ~ + ~ ~ S ~ Y ( ~ ~ ~ I  F\U71tlh3,' 
C******r BR7n1635  
c R R Z h 1 6 ? r 1  

37G IF (?uEY , E O ,  1.1 G O  TO 1 5  R R Z H l 6 U S  
I l U E Y g  1. RRZH165C '  

C R R 7 ~ l b S 5  
C  * r  C A L c l l ~ ~ T f u t !  OF L A T E 2 A L  L P A o  T R P h S F E H S  knTE,  THESF: ADO T O  Z E F O  R i ; 7 k l b b Y  
c z* Y ~ T E  n k s ~  A R E  T H E  L A G G ~ O  ACCFLEQITIOC V A L U E S  R R Z H l b 6 5  
C  t r  AhD X a k F E Z  I S  T d E  L 6 G G k O  C P Q L t  T E U S I O Q  RkZH 1 h7k1 
C  b P Z k l b 7 5  

37 F X 7 e Q l = F Y ( T l + F U ( R ) + F Y ( 9 ) + F  I!&) Q F 7 " l b A f '  
F Y ~ # ~ ~ : F V ( ~ ) + F Y ( ~ ~ ) + F V ( ~ ) + F V ( ~ : ~  P k 7 H l h P 5  
Y T ~ t 1 ~ : ( F ~ 7 R ~ t ) * ~ I ~ ~ ( Y ( 7 l ) + ( F ~ 7 ~ 9 1 ) * C C S ~ Y ( 7 l ) t X P ~ E E Z * S 1 ~ P ~ 1  9 2 7 t 4 1 6 9 ~ '  
Y L = L ~ ~ ~ L I + Y T E ' ' O  QWZHl69F;  
~ T S : Z ? R F F Z * X I ~ ~ F E Z * S ! ~ P M I  R R 7 H 1 7 i ? i '  
D E L F Z ( 1 l = ( G A ~ ~ l / ~ 2 , * T l l ~ + ~ ~ - Z ~ * Y L ~ t ~ 1 * ~ 1 ~ ~ D E R X ~ ~ ~ + Y ~ 2 ~ *  B R Z h 1 7 0 5  

R Y / b ) ) * Z T S l  R R Z t l l 7 1 C '  
O E L F Z ( ? l = - P F L F Z ( l 1  F R Z H l 7 1 5  
b E L F Z ( S l = ( C A ~ ~ / ( 2 , * T ~ ) l * ( ( - Z ' F * V L ) + Z 1 * ~ 1 * ~ D E R X ~ ~ ~ + Y ~ ~ ~ *  P R 7 H 1  7 ? i 1  

r v ( t , ) ) + t ~ s )  0~7141725 . - I F ( K F Y ( l ) , l  T , l ) G f l  TO 3PClU RRIHl73;' 
O E L F Z ( l ) = ~ F L F Z ( 3 l / Z ,  B R Z h !  7 1 5  
D E L F 2 ( 5 ) = I ' F L F Z 1 3 1  R W L H l 7 I 1 ~  
D E L F Z ( h ) = - ( ' E L F  Z(3) R R Z H 1 7 U S  

3R04 C € L F Z C u ) : - P E L f Z ( 3 1  PRtH l75CL 
O E L F ~ ( ? ) = ( - ( Z ~ - / ~ ) * L A W ~ + ~ ( ~ I F Y ~ ~ ~ ~ + ( Z C ~ - Z ~ ~ R E E Z ~ * X G ~ E E Z * T S P ~ ~ I )  8 k Z H 1 7 5 5  

b / ( Z , * T 3 I  R W 7 H 1 7 h P  
I F ( H E Y ( ~ ) , L ? .  1 1 ~ 0  T O  3 ~ ~ 5  R R Z H 1 7 6 5  
PELF Z(7):PFL F L (  ? I / ? ,  Bt( Zk 1 7  7,‘' 
D E I . F ? ( 9 J = n F L F Z  ( 7 )  R Q Z H 1 7 7 5  
O E L F Z (  1 ;  ) = - ~ E L F z ( ~ )  EIRZH17RZ 

3P05 D t L F Z ( R ) = - O F L F Z ( 7 1  R R 7 F 1 7 R 5  
c B k Z H f  7 q V  
c t t  C O M P U T A T I O N  OF LONGITUDINAL LOID T R A N S F E I S  NOTE, sun i s  Z E R O  ~ ~ ~ ~ 1 7 9 5  



C * *  THESE E n U A T I O I J S  M A Y  V A R Y  FRnq SOURCE E Q U A T I O h S ,  
'c 

X T E M P ~ ~ F Y ~ ~ ~ ~ ) * C O S ( Y ( ~ ~ ~ ~ ~ F Y ~ ~ O ~ ) * S I N ~ Y ( ~ ) ~ + ~ B R E E Z * ~ ~ ~ P H I  
L 

XL:LAH3+XTEMP 
f c 

C * *  DZ I S  THC DYNAMIC LOAD T R A h S F E Q R E n  ON TO THE H I T C H  
D Z = ( Z ~ * C A ~ ~ - Z P * ( X L * C ~ S ~ Y ( ~ ) ) + V C * S I ~ ( Y ( ~ ) ) ) ~ X P P E ~ Z  

B * Z G P F E ? * T C P M T ) / ( C + P I  
D F Z ( 1 ) = ~ t ~ ~ ( 2 e * ( ~ + ~ ) ) ) * ~ ~ A ~ ~ ~ * O Z ~ ~ l * ~ O E R ~ ~ ~ ) ~ Y ~ U ~ * Y ~ b ~ ~ * Z l + X L * Z @  

& - X P & F F Z * Z [ ~ ~ F F Z * C b S P w T )  
O F Z ( Z ) = f ~ F Z (  1 1  
P F ~ ( S ) : ~ ~ * ( A + ~ ) / ( A + F C ) - O F Z ( ~ )  
I F ( K E l ( 1 ) e L T e l ) G n  T O  3JU2 
F F Z ( 3 ) = 3 F Z ( 3 ) / ? ,  
D F t ( S I r r . F I ( 3 )  
DFZ( h l = l ' F Z  ( 3 1  

3 p p t  P F 7 (  ' l ) : r ~ F Z ( 3 )  
I F ( K F Y ( l ) e L T t l ) G f i  T O  3pk'b 
D F Z ( 3 1 = C F Z ( S ) - C A U 3 * ( F u ( 3 1 + F x ( 5 ) )  
D F Z ( U 1  t i , F i l ( U ) = C A ~ 3 * ( F X  ( ~ ] ) + F x ( ~ ) )  
D f Z [ 5 ) = J F Z ( 5 ) + G A ~ 3 * ( F X ( 3 ) + F r ( 5 1 )  
D F Z ( b ) = ~ : F Z ( b I + G A ~ ' 3 * ( F X ( ~ ~ ) t F X ( 6 1 1  

3016 CrlhJT 1 \ I lk 
O F Z ( 7 ) = - n Z / Z r  
I F ( K F Y ( 3 ) , L T , I l C O  70 39P3 
D F 2 ( 7 ) = 1 ~ F 2 ( 7 ) / 2 ,  
0 F Z ( 9 1 = 1  r Z [ 7 )  
O F 7 ( 1 . : ) = Q F Z ( 7 )  

36" 3 F Z ( P ) = E F Z ( 7 )  
I F ( ~ E Y ( j ) e L T e l l G ~  T Q  3a?R 
P F Z ( ~ ) : O F L ( ~ I - C A Y ~ ~ ( F X ( ~ ] + F ~ ( ~ ) )  
D F Z ( S ) = i > F L ( $ ) - G ~ ~ J * ( F  % ( Y ) + ~ x  t 13) 1 
O F Z ( Q ) = J F L ( ~ I + C & ~ ~ * ( F X ( ~ ~ ~ F X ( ~ ) )  
~ F Z ( ~ : ~ ) = ~ F Z ( ~ J ~ ~ C A ~ U ~ ( F X ( P , ) + F ~ ( ~ P ) )  

3P38 CO'IT l h l i k  
C 
C t *  C O M P ! l T A T I @ ~ l  OF INSTAP l lA tdEOUS LOADS 
C 

1Ollr*P:2 
D O  3.r l=ir lr j  
DUALrP, r 
I F ( I e G 1 e 2 e 4 ~ 0 , J e L T , 7 e A ~ ! ~ e K F , Y ~ 2 ) e G T ~ 0 ~ D U A L = j e f i  
I F ( I ~ C T , ~ ~ ~ ~ J ~ ~ K E ~ ( ~ ) ~ C T ~ ~ ) P I I ~ L = ~ ~ ~  
F Z ( I ) = ~ ~ ~ Z ( I ) + D F Z ( I ) + D E L F Z ( I ) I / ( ~ ~ + D I I A L )  
~ F ( I ~ C T ~ U ~ A ' ~ ~ ~ I ~ L T e 7 ~ ~ ' ~ ~ ~ a ~ E Y ~ ~ ) a L T a l ~ t ~  TO 30  
If ( l e G t , R r A P ~ ~ , K F y ( 3 1  t i l a  t 16n  1 3  3,) 
1 F ( F Z ( I J e L T ~ q e e A ' ~ D ~ I ~ e ' J t ~ I P L O T ) b ~ R I T E [ I W t 8 ~ ~ ) ~  
I F ( F Z ( T ) . L T . a , )  I D I J M P = l  

32! C OFIT I r r l !  t - 
I F  (1!71l"r"?,EO.l)  I O U M P r l  

$10 F U R P ' A T ( S X , * C ~ ~ ~ U T A T I P ~ ~ S  ARE STOPPED BECAUSE W H E E L  ' , I z ,  
1 ' L I F T S  OFF G H i 1 ! l h 0 , ~ )  

c 
C * *  IJSIhG TVE A R O V E  C A L C l J L A T l O t  S, PROCEFO TO E V A L U A T E  r!Ek D E R I V A T I V t  
C r t  V A L I J F  5 Fnu Y A T  T 1 r F  T ' J T F U V A L  x 
C * *  D C R v ( 1 )  IS THE S P E T P  IP4 THE I b J E R T I A L  A X I S , X  DIRFCTIO~J;,.Y(?) IS 
C * *  TI IE SPFFD I N  TYE RODY A X I S  X D I R E C T I O N ,  C L W Y ( 3 )  I S  T H F  S P F E D  
C **  I N  THE T ~ ~ E R T I 4 L  4 X I S t Y  D I R t C T I C r l e . , Y ( U )  I S  THE S P E C 0  J N  THE Hfi[)Y 
C **  A X I S  Y o I R E C T I O N ,  
C ** Y ( ~ ) = X P  bERY(1)cxa-nnT 



C fit Y ( i ) ) = U  O E R Y ( 2 1 e U - O O T  P R Z H 2 1 0 P  
C r *  ~ ( 3 ) : v n  D E R Y [ ~ ) : Y L ~ - D O T  8RZI421 P S  
C h* . / ( & ) s v  D E F Y  ( & I  =V- t?pT  B f i Z H 7 1 1 P  
c r* ~ ( 5 ) r o S T  D E R Y ( S l = P S T n O T  Pw7HZ1 1 5  
C r *  Y ( 6 ) : p S I D O T  DERY ( 6 )  t P S  I - D D O T  . RRZH212CI 
C r r  Y(7):C.AMb4A D E R Y ( I ) = C A ~ N A C ~ T  ' P R 7 h 2 1 7 5  
C e *  y ( ~ ) : ~ ; A ~ ~ ~ ~ A O O T  O E R Y ( B ) = G A M ~ A = O D O I  P K Z H 2 1 3 7  
C  RRZt+c'l3S 

15 C O N T I b I U F  BWZH2l 
c Rk '7H21Y5 
C **  T H r S E  L 4 Y  V A L U E S  WAVE D E R X ( I ]  R E M O V E D  F R O M  A80VE ( S T 4 T E V k N f  261 &Q7h2'15t1 
C *t L A p a  ~ 4 L l l t S ,  T I j E Y  F C h M  P A P 1  nF THE I IP  L E C T P R  11. AA*X:P@ E O L J A T I O N  q 4 7 l ~ 2 1 5 5  
C r *  d H I C n  h I L L  R E  S U L V f . n  R Y  SIPC HGZh?lD;' 
C RRZHZlb5 

LAb4? : c ? * ( ( - Y ( u ) * Y ( b l  t H * Y ( 6 1 * * 2 ) *  S I V ( Y ( 7 1 1  Y ( 2 ) * Y ( b l *  R 9 7 H 2 1 7 . I  
l C O S ( Y ( 7 1 ) l  R F . 1 2 ~ 2 1 7 5  

L A M )  :-142*( ( - Y ( u ) * Y  (6) + H * Y ( 6 ) * * 2 )  + C * ( Y ( b )  + V ( R ) ) * * 2 *  f tWZH?l  Rv! 
l C O S ( Y ( 7 1 ) )  6 k Z h Z l P S  

L 4 H u  = - M Z * t Y ( Z ) * Y ( b l  t C * ( Y ( 6 )  + Y ( A ) ) * * Z * S I N ( Y ( ~ I ) )  B 6 Z b ? 1 9 C  
c Qk7H2 195  
C * a  TI-!€ R W S  V A L U E S  ARF T P E  R I G H T  HAkD SIDE OF T h k  L E U C V T  E Q U A T I Q N S  k k Z H 2 2 7 2  
C t*  A S  S k O h h I  I h  THE 7 H t S l S  B G Z H ? ?  ' 5  
c R 2 7 P 2 2 1 ~ q  

4 1  F X ~ U ~ ~ = ~ X ( ~ ) + F X ( U ) + F X ( S ~ + F X ( ~ )  R 2 7 H 7 2 1 5  
F Y ~ u ~ ~ z F Y ( ~ ] + F Y ( ~ ) + F Y ( ~ ) + F Y ( ~ )  RW7b?2?\' 
F 3 5 ~ U h = F X ( 3 I + F X ( S ) - F Y ( J ) - F Y ( b )  9 * ' Z H ? 2 7 5  
F ~ ~ ~ ~ ~ ~ F x ( ~ ) + ~ ~ ( ~ I - F X ( ~ I - F X ( ~ ~ ~ ~  QPZrc?23, '  
R r S 1  = ( Y ( U ) * Y ( ~ ) ) + ( ~ / ~ ~ ! ) * ( L S ~ J + ( F Y ( ~ ) + F X ( ~ ) ) * C ~ S [ D E L T A )  S k T t - 2 2 3 5  
! + ( F Y ~ ! I ~ ~ ) + ( ( F X ~ R ~ ~ ) * C O S ( Y ( ~ ) ) ) - ~ ( F Y ( ~ ) ~ F Y ( ~ ) ~ * S ~ ~ ~ D € L ~ A I I  R k Z 4 7 2 o v  
2 - ( ( F r 7 8 9 1 ) * S I b ( Y ( 7 ) , ) 1  ~ 2 ~ 1 . 2 ~ ~ 5  

42 R H S 2  = - ( Y ( ~ ) * Y ( ~ ) ] + ( ~ / U ~ ) * ( L A M ~ * ( ( F X ( ~ ) + F X I ~ I I * S I P : ! C F L T A ) )  Qi.' ZU72Sv1 
1 ~ ( F W ~ P ~ ~ ) * S ~ ~ ~ ( Y ( ~ ) ) + ( F Y ( ~ ) + F Y ( ~ ) ) * ~ O S [ D E T ~ + F Y U ) + F ? ~  P " 7 ~ 2 2 5 5  
2 z r n s ( v ( 7 1 1 )  P C ~ Z H Z Z ~ C  

R H S 3  = ( I / ~ ~ ] * ( ( - H * L A ~ ' U ) ~ ( ~ * ( F X ( ~ ~ + F % ( ~ ) ) * S I ~ ~ ~ ~ L ~ A ~ ~  nk71172hF 
U  + ( T l * ( F x ( l ) - F X ( Z I  u d 2 H 2 ? 7  ' 
1 ] ~ C ' 1 5 ( r ! k L T L ) ) + ( T ? * ( F j 5 U U h ! ) - ( t ~ * ( F ~ 7 ~ Q 1 ) * S I ~ ! ( ~ ( 7 ) ) ) t ( A * ( F Y ~ 1 ) + C Y ( 2 ) - - 7 ~ ? 2 7 5  
Z ) * C r l f  ( l l t  l . T b ) ) - l T ! * f r Y [ l l - f  Y ( ? ) ) * I I I L . ' ( r F L 7 A ) ]  PCZb2217  
3 - ( ( F j - A A h / ? , ) * ( F Y (  S ) + F Y ( ~ I ) ) + ( ' \ + ~ A A / ? , ) * ( F Y ( ~ I + F Y ( ~ I ) I  d k  Z h ? L R ' ,  

4 - ( ) J * ( F Y ~ P ~ ~ ) * C ~ , S ( Y ( ~ )  I ) + T + - T I * T L * F F _ Z )  Q h Z k Z 2 9 7  
R H S 4  : ( t / I 2 ) * ( - C * L ~ ~ ' ? t T 3 c ( F 7 9 * ' ~ 1 )  R R Z h 2 2 9 5  

2 - ( ( C ~ D - A A T / ~ , ) * ( F Y ( ~ ) + F Y ( ~ ) ) + ( C ~ U + A A T / ~ , ) * ( F Y ( ~ ) + F Y ( ~ B ) ) ) - T  R F i Z b 2 3 7 r  
3 - B T t * T B R E € Z l  9 w Z H 2 3 P 5  

C R97N231L' 
43  H Q ( ~ I = R ~ S l * ~ l  9 U t H 2 3  15 

@ R ( Z I = ~ t * S 2 * ~ 1  9RZH232: '  
R 8 ( 3 ) s Q r 4 S 3 *  I 1  h 2 2 1 1 2 3 ; ? 5  
8 8 ( 4 ) t ~ ~ S ~ * I ?  RRzhz33! '  

c R R Z H 2 3 3 5  
( t t  SIMO S O L V E S  T H E  A A * X = S R  E7U47IONS F n R  T H E  A C C E L E R A T I O N S  hkZh2JUL' 
C *r S E k .  S i l r ; Q O l l f l t + E  S I ' 4 f J  FOR r > E r l r l L S ,  ' l o T E  SIwij R E T U K Y S  T Y t  S O L U T I O N  Q k 7 H ? 3 o S  
C r t  I N  T F F  9H V E L T f l R ,  AUD THE A A  Y A T R I X  I S  D E S T R O Y F D ,  RkZHZJS: ,  
C AR7ri2355 

528 C A L L  S I M Q ( A A b n R , U , K S )  Rn7bi?3b(' 
C H R Z l l t 3 h S  
C * *  C A L C l l L A T E  TrrE n t R I V A T I V E S  n s 1 ~ ? 3 7 . '  

0 0  1 I = 1 8 4  n R f H 7 3 7 5  
1 D E P Y ( Z * J l  = Bb(1) H k Z H 2 3 9 2  

F E R Y ( S I : Y ( b )  9 P Z H 2 3 R 5  
D E R Y ( 7 1 = Y ( R l  RfiZH239P 
DfRY(l)=Y(Z)*C~S(Y(5)l-V(41*SIV(Y(S)) BRZH2395  



O E R V ( ~ ~ = Y ~ Z ~ * S I ~ ( Y ( ~ ) ~ + Y ~ ( L I * C O S ~ Y ~ ~ I )  
C  
C 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c F R O M  HFHE TO L IFvE  HPZ f i , ?7D \ l  I S  T H F  SECOND F Q E F Z E  LOOP 
C .................................................... 
c 

- IF ( K K E V  ,En, 11 ) Gn T O  3 
C  
C * *  P S E E 7 E  H I T C H  L O C K ? ? ? ? ? ? ? ? ?  
c 

IF ( K P R C E Z  , E O ,  rn, GO T O  3 
c 
C s* PEUC WE C A L C U L A T E  O E R I V A T I V E S  AND T O R E E L  I F  H I T C H  I S  L O C k E D  
C 
C * *  A s S u v E  HPEFZE H I T C H  L O C K  

D E R Y ( P ) = v ,  
T B R t F Z : b R ( U )  

c 
c *t H I T C H  5uOIIl.n 9E O'JLOCKED TF G A U q A  d A q T S  T f l  GET S q 4 L L E Q  

I F  ( h B ( 4 )  ,LT ,  8, ,Af4D,  * O R E E Z  ,EO, 1 1 GO T O  6 7 2 4 1  
C 
c * *  CWECI( F P C  T F  . s ~ n v  F ~ R  B E Y O I A ~ )  C A P A C I T Y  

I F  ( ( b R ( 4 ) )  ,LT,  ( T d A 2 + b q r l )  ) GO f O  3 
C 
C * *  R a n  A ~ S I J ~ P T ~ O ~ ,  NOT ElzOUGH TI' KEEP Y I T C h  L O C K E D  

T b R E E Z = T R A f i  
G O  TO R 7 2 u 2  

c 
8 7 2 1 1  TbQEFZ=;1. 
t 
87242 K B P E E Z = i l  

Y [ B ) = I Y B  
C  
c 
( * *  G O  R A C K  7 0  O R I C l h A L  ( ~ r u )  

A n ( ! ]  = 1'1 + " ?  
L A ( ? )  n I,&' 
A b ( 3 1  = 7 , "  
A A ( 4 1 =  C * p ' ? * S I N ( Y ( 7 ) )  
AA(5) = p , i 7  

A A ( b )  = " 1  * b2  
AA(71 :  -H * "Z  
A A ( 8 )  : - C * ~ I Z * C C S ( Y ( ~ ) )  
A 1 ( 9 ) =  C * : ' Z * S I k 1 ( Y ( 7 )  
4 A ( l P ) : - 4 2 * ( H  + C * C I I S ( V ( 7 ) ) )  
A h ( l 1 ) :  Y Z * ( H * Y  + C * H h C l 1 f ( Y ( 7 ] ) )  + I 1  
A A ( 1 2 )  = 12 + C * + { ? * [ C + h * C O S ( Y ( 7 ) ) )  
A A (  I T ) :  C * * Z * S t h l ( Y  ( 7 )  1 
b A (  l U ) :  - C * ~ I ? * C O S ( Y ( ~ ) )  
A A ( 1 5 ) =  H * C * y 2 * C C S ( Y ( 7 ) )  
A A ( f h ]  = I2 + C*C*b12 

C 
C * *  F I X  I lP  R W S  Tn TVCLllDE THRE'FZ 

RhSltRuSl-Ti\aCFL*CnSPHI/tll 
R ~ S Z = ~ ~ * S ? - T ~ \ P E F . ~ * S I ~  ~ ~ t T / ' ' 1  
R M S 3 : R ~ ~ S 3 t ~ T  l *  T P q t F L / I 1  
R H S 4 : R H S U + R T Z * T R R E F Z / I Z  

C 
C * *  G O  B4CK TO Slp40 T O  F I N D  CAHI~ACJOT 



- 
c **, THESE C A L C U L A T I O b I S  G I V E  THE H I T C H  FORCES U S I t J G  D E R Y  RATHER THAN O E R R 7 ~ 2 7 2 5  
r FRZt42731' 

" 

C r *  P E R y  A R R A Y  t+Oh CDbiTAfb!S ALL  R E u  VALUES A T  T I F E  STEP X  RRZh276;! 

c *i S ~ ~ ~ O U T I ~ ! E  F T ~ I S H E O  RETIJRIJ T O  HPCG R R Z ~ J Z ~ ~ S  
5 a 5  C dP!T 7 'i:lt B R Z H 2 7 7 n  

RETLIP:I R U Z V 2 f  7 5  
E'iD BRZC127RCI 

c PFiZHZ795  
r. B R Z U 7 7 r ) V  
c R 2 2 H Z 7 Q 5  
c RWZHZB;.'$ 
c ~ * k * * t t * 2 * * * t * * t r * * + n t * e * * * * * * t * t * t * * * * * * * * * * k * * * * * * * * *  9 2 Z H Z T ; r S  

S J F k f ' l i T I h ' C  I ' IPI IT(Y , D t Q V t P 2 u T , ' : q I r " l  Rk7t'241(' 
c *******+**t*t*t**t**t******t**+z*******ec*****+******h** 9 V p 2 , 4 1 5  

WFElSII IN Y ( R ] r C W ~ ~ f ( ~ ) , A I . ! L ( ~ ~ ~ ~ ] ~ 9 k ~ Y ( ~ ] , C I ~ f l . 1 ~ ~ f 7 ( ~ ~ ~ ~ ~ ~ ~ ( ~ ~ ) ~  P I  , .  
RPZH?Q?; '  

1  O F Z ( ~ C ' ) ~ D E L ~ Z ( ~ : ! ) , F X ( ~ ? ) , F Y [ ~ ~ ~ ) , P ~ Y ~ ~ ~ C ~ ) ~ ~ ' A Q ~ ( ~ )  b q z h ? P 2 5  
P E A L  ~ ~ l j , ~ \ , i 5 , ' f \ , 8  2 ,  11, 12, ' . ' !1S,9,1T(1") , " ~ s L o ~ , I ~ l J ! T  P Q z p ? b 3 . '  
f 9 * T t C E R  C O R  ( 2 5 1  ?Fi7i~2".5 
C Q l t P C l t l  ; ~ ~ , , , , ~ ~ ! r f , ~ ~ 2 ,  A t R , C , b , U , 7 i \ , Z I , 7 ? r r J A M f ,  G A H ~ , ~ ~ I ~ , R A P ~ ~ ~ E L T A I ~ ~ Z I ' ~ ~ U ~ '  
I T l t T 2 t T 3 , C 1 b r k S ~ , ~ ~ t  I ~ ~ I T , I ~ , ~ ~ I D E ~ ; X ( ~ ) ~ F ~ ~ ( ~ ; ~ )  , A C D k A (  1 3 )  "'72-15 

2 r n ~ ~ X t f Y I D F Z , D T ~ T Z , ~ T ~ F I F ~ , , ~ ~ t Y , V E L L , ~ ~ A , A A T , ~ t Y ~ ~ l ~  
= 2 7 p 2 ~ L ; ?  

3 M U ( l ? ) r ~ ~ T ~ F ~ ( 1 . ? r ~ ) , I I ) I ! ~ P , X @ I I ~ P , ~ ~ ~ ~ F ~ ~ l ! S ( ~ ~ ) , ~ E Y t b i ~ ( 3 ) , ~ ~ ~ ~ * ~ ~ 5 5  
f ~ ! I ~ S L ~ P ( ~ ~ ) , U F T ( ~ ~ ~  7 ) , I T 4 9 ,  I x o ~ ~ ~ ~ T A @ s ~ ~ T F )  I S  q;Zd?Fh;:  
b 6AY3,  CA"11, T i ) l ) C K ,  1,:l:I T R;ZtiZchg 

c o r ~ n . 4  / ~ n / ~ s , ~ , l  ~ i k z 1 . 2 ~ 7 .  
C O M ! A O Y  / E R E E ~ / T ~ Q F ~ Z , X ~ ~ Q E F _ Z , V ~ T C ~ ( ?  , ~ C > , E ,  T H L J A , A ~ ,  ~ 6 ~ ~ 5 ,  A C ~  n i 7 b t ? i 7 5  
C O ~ " f i f (  / K H ~ E ~ / ~ E Q ~ : F Z ~ Z . ; ~ F E Z , K K ~ Y  R R Z h ? * R t '  

DATA Y E S / * Y * /  b a 7 H ; = F 5  

DATA I + L A G t O & C E , M U S L I P / D ~ ~ ~  ,.I/ e ? ~ b 2 5 ~ i *  

C Pi; 7 t ' ? & s S  

c * *  R E A D Y  10 S T A R T  PWZht?QO? 

c f 'RZPZq,.)S 

C R ~ Z H U  

WF=n R R Z H 2 9 1 5  
1 E=e R P 7 t 1 ? 9 ? ?  

~ R E P z * ?  f l R Z h 2 9 t 5  
I F  ( T f ? ! l C K  ,En, 1 1  IREP=l 4PZ~291: 
f F  ( T R E P  ,LO, 11 GO TO 1 PR7H2937 
~ R f T E [ I f i , 9 ~ 1  H W Z 1 4 2 3 l ) : '  

9Q I ' O R r A T ( * l * r  *YOI) ARE AUOUT TI7 H ! I : - I  THE H S R I  S f  M I J L A T I T ~ N  P R O G W A t f  FOk'/ f lL'?h?Q'15 
I *  # , * A  TPACTOR-TRAILFR r T T I - 4  RWEEZE H I T C H  I N  THE H O R I Z O F J T A L  P L A N E * ) h h 7 1 4 2 9 5 ?  

I t r P F Z t P  RHZti2955 
11C4Op FORPAAT ( * R P H I % T  PROGRAM € X P L A * J A T ~ O ~ S ?  ( Y  OR 14) : ' 1  Hl;7h?Qh; '  
1 i P r ' 2  k R I T F ( 1 . t  l l w " ' ~ )  FlrQZti?QhS 
3 3 P 5 3  P k A D (  I Q ~ ~ c ? )  d?ds R A 7 P ? O 7 ; !  
1 1 SHOJ:!q R h Z H 2 0 7 5  
1 1 ~ 1 ! 5  I F ~ A ' J S  ,FO,  Y E S )  1~tinw:l HRZti79R.'  
l f M i 4 6  I f ( l S ~ n *  e E O a  1 )  CALL E X P , L A t . ( l r I S H O W I  A R Z H Z q P S  

GO T O  2 8fiZtf?Q9? 
1 h R I T E ( I ~ , 9 1 )  BHZH2995 



91 F C ~ R M A T ( * % ' , * ~ T ~ P ? ' )  
11fl13 I F ( I S H Q ~  OEOa \ I  C A L L  EXPLAh(7,ISHOWI 

R E A 3 (  I q * 9 ? )  AIJS 
92  F O R M A T ~ A ~ )  

I F  (A'JS ,b:E, YES] Go To 2 
TRUCK=F,  P 
R E T U R W  '. 

2 T ~ l l C K = l , n  
I S A V = l  
I X G t r = 1  

4 Dh'tY=Cv, 
I F  ( I F F P  ,En, 11 G O  T O  ?nu 
W q j T E ( 7  I # u ? ~ )  

00k' F P Q " A T [ * 4 ' r ' L I S T  IMPUT PAPAPETEQS? ' )  
I l P a ?  J F ( I S f i o *  ,EG, 1) CALL E x P ~ ~ t . ( ~ , l s n O ~ )  

R E A D (  I ? r 9 2 )  At+S 
I F  ( 4 k 5  ,E3, Y E S )  YF=1  , 

W S I T E ( I * I ~ R )  
98 F O Q ~ A T ( o ~ ' l * U E A ~  D 4 T A  FROM F I L E ? ' )  

P E I D (  1 H 1 9 2 )  A ' 4 S  
I F  [Ab .S  .tdE, YES) G O  TO 37 
w R I T E ( 1 * , 3 8 )  

38 F U R u ~ T ( ' R ' o * E ~ l T t R  I Y P L T  D E V I C E  NUHRES 
P E A b ( 1 2 1 3 9 l  I P 4 T A  

39 F C R ? t T  (I21 
IE=1 
I O ( r l A l = I Q  
T R t ~ n b T A  

3 7  i h Q I T E ( I { ' # Q Q )  
99 F O R V A l ( ' 3 * t  'I** t 3 E G l N  I ~ J P U T  t t t ' )  

P A F ( 5 ) =  ', 
PAP ( 5 ) : " ,  
P A G ( ? 1 ) = P m  
P b P ( 2 2 ) = V o  
P A P ( ? h I = " *  
P A P ( ? 7 1 = 3 ,  
PAR ( 2 f i ) = q ,  
P P Q 2 (  1 ) = " *  
P i R z ( 2 ~ = ~ ,  
P A R Z ( ? ) = " ,  
I F  ( ' f  . t a m  13 ca T O  U ? ?  
W E A ~ ( I R , ~ . ~ ~ ~ )  ( K ~ Y A N T ( I )  1 = 1 * 3 )  

3RdZ F O P " ~ ~ T ( 3 1 1 1  
P E A ~ ( I Q , ~ ~ ~ ~ ) ( K E Y ( I I , I = ~ , U I  

3 e s i  F O ~ ~ ~ A T  ( o 1 1 1  
P A R (  1 9 ) = l ' i r  
DO 4 0 3  I:iloa 
I r f I  ,Fn, 1 9  ,Arbn, PAH(IS) . F o ,  n l  G O  
I F ( I l l \ 5 , A ~ ~ ~ , K t Y ( t ) . I T a  !)GO T D  uiq3 
I F ( I , C n , h m A ~ ~ o , K F Y f 3 1 , L f ,  t ) c i l  T O  0 ~ 3 3  
IF(I.E~.21,4~J3.~kY(l),LT,l)Gfl T O  4 n 3  
I F  ( I ~ E ~ ~ Z ~ . A ~ ~ P m K F Y ( 3 ) . I . T . l ) t n  T O  4 U 3  
I F ( I , ~ T , ? ~ , A ~ ~ U , I , L T ~ Z ~ ) ( ~ O  Tn sn0 
AhS='!O 
I F ( I . t f l , 3 2 ) ~ F A O ( I Q , 9 i ! l A ~ ~ S  
T F ( r t l S , t  ~ , Y E S ) M I J S L J P = ~  
IF(~I~~SI . IP,CT .~l)r ,n r o  u i t r  
R L A D ( 1 S r  1 ~ ! 3 )  P 4 P ( I )  
GO T O  11.13 

4 1 @  R E b n ( l R , 1 ~ 3 ) P A R ( 3 2 )  



R E A D ( I R ,  ! V S ) P A Q ( 3 S )  B R Z k 3 3 D i r  

R E A D ( ~ U , ~ V ~ ) P ~ ~ ( ~ ~ )  B R Z H 3 3 F 5  

GO rn u r i u  bRZti331 l! 

089 J = I - ? S  
B R Z H 3 3 1 S  

IF(KEVA~T (J) ,GT,P)READ(1SI ~ U O ) P A R [ I ] ~ P A R ~ ( J I  , 8WzH?3?c? 
u a 3  C ~ N T I N I I F .  R R Z H 3 3 2 5  

G O  T 0 11"'U BRZh3336 '  

Ub)2 CnhTI t i l ! L  8 R Z H 3 3 3 5  

w f l l ~ E ( T ~ , ~ 4 ? k ~ l )  BRZH33oL'  

f l f l O 8  I F ( I S H ? J  aEO, I )  CALL E X P L A N ( ~ I I S H O * )  
B R Z H t 3 U 5  

P F . A Q ( I Q , ~ , ; ~ A ~ )  ( K t v A r * T  ( I ) ,  I = l r 3 )  8 R T H 3 3 5 P  

I F ( l E a E , : i a  I ) w 3 1 T ~ ( i 4 ~ 5 i ~ * f ~ )  ( < E Y A N T ( I ) , I = ~ ~ ~ )  RRZb'3355 

w A I T E ( ~ ~ ' , ~ ~ ~ + ~ )  B U Z P 3 J b i '  
R E P ~ ( ~ P , ~ C : , ' ~ ) ( K E Y ( I ) ~ I = ~ ~ )  B R Z H 3 3 h S  

I F t I E a E ~ J . l ) ~ ~ l T F ( I ~ , 5 P ? l ~ ( K E y ( 1 ) ~ I = l ~ ~ )  A R Z c ( 3 3 7 ?  

P R U 1  F O R f 4 A T ( '  0 1  FhTER A t J T l L n C K  CC[!f. Fur TRACTOR FROkT, TRACTOR H E A R , ' / F ~ Z * ~ S ~ S  
1 '  AND T R A I L E R  A X L f S a C /  

RRZhS3R: 

2 '  r t t . 0  ANTTLOCK, ~ Z I ! J ! ~ E P E R D E Y J  ANTILOCK, FOQMAT=311a ' I  R G Z H 3 3 n 5  
L I R ~ E  F , ~ P ~ A T ( #  42 EIITEI? CODE F.CH Tnk:nErc A X L E S  T r l b C T t 2  REAR, DUAL T I ~ E S ' / H Q Z ~ 3 J q = '  

1 '  ~ R A C T ~ Q  REIS, fhr4nf.u r x ~ k s  T R A ~ L L W ,  D l l A L  T I R E S  T R A I L E q C /  F k Z b 3 3 7 5  
2 '  f8:kOI ~ Z Y F S ~  F O R M A T = U I ~ , '  1 

RWZH34Pi '  

5 P F i  F O R H & T ( ~ Y I ~ I ! I  R R Z ~ 3 l i ? 5  

50642 F O R " A T ( l X r 3 1 1 )  B W Z H ~ U ~ ~  

WRITE ( I b , l ? l )  P @ z h 3 4  15 
PAR(19) : )d .  82ZN3UZ;' 

L A P O ~ I = F  ec(zr3cr25 
DU 7fl I = t r u ?  

R R Z h 3 4 3 ?  

IF(I , E G .  19 ,AF,D, r~R(l$) ,E7. 8 , )  GO T O  7~ P i i z 1 1 3 0 3 5  

I F [ ~ , E ~ J , ~ , A ~ ~ ~ , ~ E Y ( ~ ) , I ~ T , ~ ) G ~ ~  Tn 7 V  
BR7u3UUP 

I F ( ~ ; ~ Q , ~ , A P . ~ ~ , K E ~ ( ~ ) & ~ ) G Q  T 9  73 
R F Z ~ 3 0 i l 5  

I F ( I a E ~ a ~ l r P " \ < E Y ( l ) , L T a ! I C n  T!) 71 
RFZH3U5; '  

l F ( I a E ! I , 2 Z , b b ~ D . k F Y ( 3 )  , L T a  l ) G ?  T O  70 B k Z h 3 0 5 5  

l l P f l 9  I F ( I  ,F(;, 79 ,A!:D, IShCb:  ,EC, 1 )  CALL ~ x P ~ h h t u 1 1 S ~ O k )  
RRZH3Uhr '  

f F ( I a t ~ F a 1 2 ) t r !  T I3  76:'c 
R U 7 h l U h 5  

~ F ( J E , F ~ : , ; ' ) ~ o R ~ T E ( f W , q P i ' l )  R X Z ~ ~ U ? ; ,  

9 0 8 1  F O R M ~ T ( ' ~ D U  ALL T I R t S  HAVE THE S A V E  MU-SLIP C U R V E ? ' )  
P F i 7 ~ 3 4 7 5  

R€bP(IQ,Q2) A ' J S  R U  ZH3Un'c' 

I F ( A k S , ' r E a Y E S ) G D  f D  7681  R R Z t i 3 L 8 5  

M u s L I r = i  
FjRZH3U9.' 

CALL d q I T E Y ( 3 2 1  8FZbi3495 

R E A b (  I R I  1 V 3 ) P A R  ( 3 2 1  RRZH3537 

I F ( I E , E ~ J . ~ I W ~ I T E ( I I ~ ,  ~ o u ) P A Q ( ~ ~ )  F!RZH35!'S 

C A L L  d Q I T t X ( 3 5 )  8 R Z H 3 5  1 ;.' 

R t A D ( I Q ,  j L 4 3 1 P A R (  351 B R I H 3 S  15 
l F ( I E a E r J a  l l r P I l t ( I ~ t I ~ ~ U ) P A R ( 3 5 1  R W  2,43522 

CALL k a I T E r  ( 3 8 )  B G t H 3 5 ? 5  

R E A D ( I R ,  I i ) 3 ) P A q ( 3 0 )  B R Z H 3 5 3 2  

I F ~ I E , C ~ , ~ > * R I T E ( ~ ~ I ~ ~ ~ I P A R ( ~ G )  ARZHTS35 
GO T O  / Id4 B ~ 7 H 3 5 ~ F  

76Rm C O N 7  IQ!IE. 
B i ( Z b 3 5 u 5  

J = I - ? S  9 R Z H 3 5 5 2  

f F ( I ~ I ~ T , ~ 6 a ~ ~ ~ T , C T ~ Z ~ ) G O  TO 7 6 g l  R R t t I S 5 5 5  
I F t u F Y A ~ r T ( J ) , L T a l l C o  TU 7 R  R F 7 w 3 5 6 1 '  

1 1 ~ 2 9  IF (LAPQLI  , h ~ ,  fl) GO ~n 1 1 0 3 1  BRZH3565 

ilV3P I F ( l S l t n h  ,EO, 1) CALL E X P L A N ( U , I S H ~ ~ I  B R Z H J ~ ~ ~  

l i c l ~ i  L A P U [ ~ = I  B R Z H 3 5 7 5  

7661 CON1 f tlllE RRZHSSPZ 

CALL n U l T E X ( 1 )  R R 7 H 3 5 A S  
I F  ( 1 E  (EOa I 1  GO TO 7 1  8 i i z ~ 5 5 9 a  

1F(IIGTa25.~~D,IaLT129)G0 TO 7 9 @ 8  RRZH3595 



G O  T O  72 
7 1 9 0  k k I T F ( I r d p i ? S ) P A R ( f ) , p A R Z ( J )  

7 2  CON7 I ' * ' JF  
I F  ( 1  ,~JF, 231  G O  T O  78 
vEL:P4P(231*52P; ' , /36pP,  
N R 1 T E ( I ~ ~ , l Z b )  VEL 

70 CUNT I Y U E  
c 
C I * .  BRAKE F O R C E  T A B L E  
C 

aeu CONT I'll!€ 
PO 177' I=lrlS 
DO 1 7 6 3  J = l , 7  

17EP PFT(1, J ) t b j , P  
c 
C r *  HEAD Ip4 TABLE 
c 

IF (&{F  ,€O, 1 )  CO T O  015 
REAP(IQ,f37) ! ' A R  
D O  U?b I = l r  I l k ?  
READ[IQ,lU~!I (BFT(I,JI,J=l,7) 

094 coLlr I'J~IE 
GO T r )  11 

o e s  conr trillr 
33011 I F  (IS'ifJd4 ( € 9 .  1) CALL E x P L A N [ s , I S H O ~ )  

W R I T E C l n , l 3 5 )  
R E b O t  IR, 1 3 7 )  I T A H  
IF(fE,Eo, 1)  ~ u T T E ( I \ ~ t  1361  ITAB 
W R I T E ( I ~ r l 3 H )  
DO 6 2  I = l r I T 4 Y  
R E A D  ( T K ,  lo 'J)  ( d F T f  I,J)rJ=1,71 
I f  ( l F , E ( d .  1 1  W R I T E ( I * r  l 3 q l  (HFT(I,J),J=!, 7 )  

6 2  CfJuT I ' J l IE  
IF (IE .FQ* i )  GO T O  1 1  
wRITE(T+, l ' J Z 1  

142 FURMAT~*X',*ECHO TaBLE? ' )  
R E A D [  I R e 9 Z )  A ' J S  
I F [ A N S . ~ ~ E , ~ F S l G b  70 1 1  
W R I T f  ( I q d ,  t 3 H I  
00 12 1:lrITAR 

12 W R ~ T E ( I ~ ~ , ~ ~ ~ ) ( ~ F T ( I I J ~ I J = ~ , ~ )  
I 1  C O N T I P J I I E  

C 
C * *  STEER TAHLE 
C 



DO 141n 1=1,25  
DO f U l f l  Jz l , ; !  

1 4 1 D  S T C E H ( I t J l = r r e f l  
IF (NF,FC,  11c;r) Tn l11uS 
S E A D ( I ~ ~ I J ~ ) I T A R S  
00 1nMb T=l , ITAF!S 
R E I D (  TR, 1 l o t v )  (STEER(1 ,  J l ,  J=1*2) 

j u ~ b  C ~ N T  I ' r l l F  
j 1 4 f i  F L I R r A T ( 2 F l i ~ , ~ l )  

G O  T O  2k'R 
14155 CON1 f '4UE 

I l P l i ?  IF(ISt+Oh , F o e  1 )  CALL c X P L 4 ~ ( 6 r  I S H O N )  
W R I T E ( 1 h r  l l  5 5 )  

1135 F O R M A T ( / / / T ~ ~ T , ' S T E E R  T A R L E ' / * L  NUMEER OF L I N E S :  '1  
R E A O ( l Q r 1 3 7 ) l T h H S  

l @ b Z  C O Q T  TL1lIF 
I F ( I F . F ~ , I ) G Q  T O  1911 
N R I T f  ( I * * ,  l * l Z )  
READ(IR,92)bbS 
I F ( A N S , f F , V f S ) G O  T O  l P l l  
W R I T E ( 1 n t  l l 38) 
D O  I = I , ? T A * I S  
k R I T E ( l a r  11'39) ( S T E E R ( I I J ) r J = : r Z )  

10.39 F O k " A T ( *  ' , F  l f l e ~ , F 1 ? , Z I  
1 g i  1 CON1 I f r u t  

C 
C * *  Ell0 OF I b p U T  
c 

zap  C'JNT I . J ~ L  
I F  ( T t  1 )  I R = l D A T A l  
r R I f E ( I ~ , ?  '51 

295  FOQMAT ('Re a *CPb t ,GE PARA~ 'ETEQS? ' )  
READ ( l ' r  92 1 AbS 
I F  (AkS . t J ,  YE51 GO T o  3PO 
GO T O  22131 

38A 
IRLP=  1 

297 F O P t ' 4 T ( ? u (  1 2 , l Y ) )  
ZAbB F O f ? ~ 4 1 ( ' ~ ' ,  * * * *  E R Y O R ,  OlJT OF RANGE *** ')  

W H I T E (  I . , ? s 7 R )  

2 f l R  F O R U A T ( ' ~ ' ~ ~ E ~ J T ~ Q  PAQAMFTEQ NUMBER TO 8 t  CHAYGED', ' ( ? 1 - 0 ? ) * )  
21fl R f A D (  IP ,2k '7 )  1 C O P  

I F ( I C n R , L T e l ) G O  T o  22131 
I F  ( I C n d  ,GT, U.21 Y R I T E ( I ~ B ~ ~ ~ Q )  
IF ( tcnK ,CT, a 2 1  GO T Q  2 1 1  
K=ICdP 
I F ( K o F Q e ' J 1 ) G Q  TO 151 
1F(K,Ene112tGn T O  152 
CALL n R I T t  Y ( K 1  
I F ( K , G T e ? 5 e A Q f l , K e L T , t 9 ? C 0  T O  15U 
READ (I)?, 1 - 3 )  P I 2 ( K )  
GO To  9151' 

150 JaK-25 I 



R E ~ ~ ( I P , ! U ~ ~ ) P ~ R ( K ) , P A R Z ( J )  
K E Y  A N i T  (J) =4 
I F ( P A R ( < )  ,h l t .d r  , O R , P A R ~ ( J ) ; ~ I E ~ ~ ~ ) K E Y A N T ( J ) = ~  

915fl COhT!NUk 
( K  , ~ J E ,  2 3 )  G O  T f l  211 

VEL=P12 (K) *5290 , / 36k l3 ,  
W R I T E ( T * * #  IZb) V t L  
co Tfl ? 1 !  

151  w R I T E ( ~ * r l l S l I  
1151 F ~ P ~ ' ~ T ( ' * . u ~  A ; d T f L O C K  CODE (3Tt)l'l 

R E b [ ) ( I H ,  3.4;12) ( < E Y A ' J T ( J ) ,  J = l e 3 1  
Dn 153 J = l r 3  
JP?5=?5+ J 
I F ( K E Y ~ ~ ' . T ( J I  #'!Em 11 G O  t D  1 5 4  
CALL ~ u l T E i ( J f ' Z 5 )  
PEAD(IQr14P) PAR(JPZSl,YAR2(J) 
G O  T O  153 

154 P A R ( J P ? 5 ) = J ,  
P A W Z ( J ) = R a  

153 C D ~ ~ T I N ~ J E  
63  T O  Z l t  

153 W R 1 T F ( l ~ # l t S ? l  
1152 F O R P A T ( * ~ U ~  T A V I ' E H  AXL€/OI IAL T I R E  C O R E  ( ~ 1 1 1 1 ~ 1  

R E A D ( I " ~ ; ! R I )  [ K t y ( J l , J = l ~ u )  
I F ( K F V ( I )  r p - ~ ,  I )  G D  T n  21~85 
CALL 4 3 1 T E X ( s )  
R E A o (  131 \ . 3 3 ) P 4 9  ( 5 )  
C A L L  c Q I T t x ( 2 i )  
R F A D ( I G ,  ic31 P A P ( Z 1 I  

2175  f3 ' lT1t11k 
I F ( K E Y ( ~ I  r C E ,  1) G O  T O  211 
CALL u Q  I T E X  l b )  
R E A D (  [2,1.'3) P A R ( b )  
crLL ~ ~ I T ~ X ( Z Z )  
RL A D [ I Q ,  !:131 P A 2 ( 2 2 1  

21 1 &7L!T I ' t ' t L  
h R I T r ( 1 4 # 7 1 2 )  

212 F G R u A T ( * % ? * I  
GrJ TO 219 

C 
c *t HFAD HREEZE H I T C H  PAREMETERS 
C 
22131 ~ R T l E ( l d e R R 9 3 )  

8893 F Q R t 1 i T  (8? , t {KEEZF H ITCV?  ' 1  
Kdf Y=4 
X R R E F Z = . l r  
K H R k E 7 r  ' 
R E A n ( I Q , 9 2 )  AN5 
IF ( A ~ J S  , R ~ ~ ,  Y t f l  CO T O  88213 
K K E Y = l  

C 
IF ( I R R F Z  ,Fn, 1 ) GO 10  8899  
I D R E Z = I  

C 
9 9 9 s  w Q 1 T E ( l P * 9 9 9 5 )  
6 8 9 5  F O Q " h T ( '  EVTER ~ ~ I T C H T ~ O O ~ E # T H E T ~ ( D E G ) ,  ~ 5 n ~ b g ~ 5 ,  AC"IZPPF:EZ'I/I 

8' S E P F Q A T t D  R Y  C O h b ! A ,  '1  
R € h n ( I r ? , 8 Y Q b )  ~ I T c Y T , D D , E ,  T ~ E T A ~ A s , A ~ ~ B ~ ~ A c M , Z H ~ E E Z  

Ad96 FURPAT ('4Flt7,S) 
C 



. . L 

C BRZFUSPk? 
k R I T E ( T , l r P R 9 7 )  H I T c H T , D D , E , T H E T A , A ~ , ~ ~ , ~ S , A C M , Z B R E E Z  BRf  HU'535 

8897 F O R t f A T ( / , T 3 , * H T T C q T  = * f F 1 ? . 5 , / r T 3 , * 0 0  = ' t F t f l e 5 ,  B R Z H U S l \ *  
1 3 ~ f * F T ' r / r T 3 r * E  = * , F l @ e 5 , 3 X , * F T * r / r T 3 , * T H E T A  = * , F l R e S ,  RRZHU51S 
ZZX,*DEG' , /cT3,*AS r * , F l P . S , J X , ' F T ' , / , T 3 , * A b  : ',FlP,Sr  e R Z H u 5 2 P  
3 3 ~ , * F T * , / r f S r  * Q 5  = * ,F19,5,1Xr *FT*, / ,T3,  *ACY : 5 B % Z ~ g 5 ? 5  
4 3 x I a F T  *, /, 1 3 ,  *7RR€EZ = ' ,FlP,5,3X, * F T * )  BHZHu53k? 

T H E T A : T i t F r 4 * 3 , 1 ~ 1 5 q /  t t (q ,  R R Z H 4 5 3 S  
C R R Z H ~ S ~ I '  
8699 vIWTTE( 11 , R Q 7 9 2 1  R R t t 4 ~ 5 4 S  

8 9 7 9 2  F u R ~ A T ( ' R C H A Q G F  e R E t Z E  H I T C H  DATA? * )  &HZh4551 '  
U E A D ( I ~ , Q ~ )  A I ~ S  8RZn/1555 f 
I F  ( A t l S  ,tiJe Y E S  ) GO TO 8 8 9 8  RRZHU5bb' i 
GO T O  2 1 3  B R Z H I ~ S ~ S  

C B R L ~ u 5 7 r '  
88213 l g a E Z = P  R R T H 4 5 7 5  

0 R Z h - 1 5 ~ 7  

. I  ! 

Tr3REEEsC. 
9R7hU5 '15  C 

C r r  8 R E E 7 E  r I T C H  IhJPUT T I R I I S H E D  B R ~ H U S Q :  ! 
C e r : z t l ~ 5 ~ 5  
c R R Z V u b , ' ?  

213 f i P I T F ( I * * , ? l ' J :  S R Z H U 6 ? 5  
2 1 U  F o H ~ A T ( * ~ * , ' C ~ A ~ G E  UPAYE FnUCE TABLE?' )  g W Z ~ f 4 l i '  

R t A O ( I 2 r 7 2 I  A'JS R R Z N 1 l b ( 5  

IF ( A K S  . t o ,  YES)  GO T O  3 ~ 1  8RZhUb2'C 
GO T O  3uf'P BWZbJb25 

3 7 1  ' q * t T F ( ?  ) , 2 1 5 3 1  R117~Ub3: 
~ l s e  F U R * A T ( * ~ * ,  * A D D  F J E A  LINLS?*I s ic l r *ob35  

R E A D (  1f ' ,92) A ' d S  RRZH114U7 
I F  ( A r . S  , h E ,  Y E S 1  60 T O  2 3 " 1  B R Z v U b u 5  
b f ? I T E ( I t  , 2 1 5 1 1  R R Z p U b 5 2  

2 1 5 1  F n U ' I A T ( ' % ' , * ~ C l d  " A P J Y  L I N E S  A A E  T O  BE A D D E D ? * )  R k l ~ i l b 5 5  
R E b D ( I P , l 3 7 )  I T A B Z  P R Z b l l 0 6 ?  
I T b t 1 3 = ? l b t 1 + I T A R 2  8 w z n U b b 5  
I F  ( I T A * \ 3  ,CT, 16) Gn TO 2155 R R Z r u b 7 , '  
W 2 T T E ( I * ? , ? l S ' J I  S w z b U b 7 5  
GO l n  3!11 B R t r b b h r '  

2 1 5 5  d H I T F ( T  ~ , Z 1 5 2 1  R R z ~ u b C 5  
2152 FnQ'tAT ( * 7 " r  * E r l T E n  NEW L I b t E S ; * )  P F i Z V c i 6 9 ~  

Dn 2153 I = l , I T A N ?  R R Z M 1 J 6 9 5  
2 1 5 3  R t A D ( l i t r  1 U b f )  ( q F T ( I T A 4 + 1 , J ) , J = 1 , 7 )  R R Z h u 7 P t  
2154 F ! J Y M A T ( * M ' ~ * * * *  T 4 Y L E  SIZL E X C E € D k C  t**'/' ' ,**** FhTER SMALLER q U q k Z h 4 7 C 5  

1MHEY * * * ' / I  B G l H U 7 1 r 1  
I T A R t I t  A:3+lTABZ BWZhlJ ' l lS  
W H I T E ( 1  + r  178) R R Z M ~ J 7 7 i  
W S I T E ( I r ,  1391 ( ( H F T  ( I , J I ~ J = 1 ~ 7 1 ~ 1 : 1 ~ 1 T A B ~  B R Z h 4 7 2 5  
N R I T E ( I k , Z 2 U )  ~ u ~ r c u l ' ~ : '  
REAO( IR,Q2)  Al+S B R Z H J 7 3 5  
I F  ( A Y S , E U ,  Y L S )  G f l  T O  3C400 RC17b(4711.1 
GO Tn 3k'f BHZnd7u5 

23U1 f l R I T E ( I b r 7 1 5 )  RRZHU75? 
2 1 5  F i l P M A T ( * S * r  * l 4 3 H  MAN! C I N E S  ARE TO RE CHAfdGEb?*I  R R Z H U 7 5 5  

R E A D ( I Q r 2 l h )  L N S  9R7Hc1767 
I F ( L N s . L T , ~ ~ ) C ~  TO 2 1 5 6  ~ r z ~ u 7 6 5  
~ R I T E ( I ~ ~ , ? ~ s ~ I  R U 7 H U 7 7 J  
G O  T O  ?3P1 R U Z h 1 I 7 7 5  

~ i s b  c n r J T t r . l j L  B R Z l l U 7 R ?  

216 F O R M I T ( I 2 )  R R 7 t c U 7 R 5  
W Y f T F ( I + ' , Z l f )  PRZH'A792 

217 FORHA~( 'R ' , *FVTEW L I M E  MJHflERS TO RE CHANGED) * I  R R Z H U 7 0 5  

0 







M U S L o P ( 3 + I l : ~ ~ S L O P ( 3 )  
~ u s ~ n r  (7+1)   USL LOP( I )  

48qiU COqT I N I I E  

no 3,439 J = I , ~  
A F i l t F F ( 3 + 1 ,  J l = A t i T E F F ( 3 , 5 )  

3R09 AhTF.FF( 1 t I t  J )=h t ;TEFF(7r  J) 
Clb(3+1)=CI~(3) 

3v58 C I A ( 7 t I I = C I A ( 7 )  
A l A = P A U ( ! i ) / l E ,  
A A T = P A R ( h ) / l ? ,  
I O I I I  f=PdR(ZS) 

c 
C * *  COPPUTE STATIC LOADS A I J U  t C H b  
C 

. 52 F ~ Z ( l ) r ( t R * h ! ) / ( Z , r ( A + B l ~ ) + ( ~ D t ( 9 - H ) * ~ ~ ~ / ( ~ , * ( A t P ) * [ C t ~ l l )  
F @ L ( 2 l = F ~ Z ( l )  
F 8 Z ( 3 ) = ( ( A * * l ) / ( ? , * ( A + B ) ) ) . + ( ( O * ( A t H ) * * 2 ) / ( Z , * ( A + R ) * ( C t ~ ) ) )  
I F ( U F Y ( ! ) , L T , l ) G n  TO 3 M l B  
F S Z ( 3 ) = F B 1 ( 3 ) / 2 ,  
FRZ(S) :FqZ(?)  
F b Z ( 6 ) = F n 2 ( 3 )  

3910 F P t ( U ) = F Y Z ( 3 )  
F R Z ( 7 I = ( C * * 2 1 / ~ 2 , ~ ( C t D ) )  
I F ( K E Y ( 3 ) , L T e l l G 0  7 0  3[411 

' FBZ(7) :FSZ(7) /? ,  
F P 2 ( 9 l = F R Z C 7 )  
F R 7 (  l b : 1 = F f 4 7 ( 7 )  

3 r l l  ~ n 7 ( a ) = ~ r l ( 7 1  
no s I:i,ir 

5 F Z ( I ) = F ~ ~ Z ( I I / ( l , + i ) l J A L I  
w R l T E ( I . , l ? Q )  

129 F n R * h T l v f , S C 4 f ?  STATIC L O A D S ? ' )  
R E A G (  1 E t Q 2 )  h k ! S  
IF(A ' :S, ' lE,VtS)GO 1 0  59 

C 
c *r ECHO L O A ~ S  
c 

F S A x i r ? , c F ~ Z ( l )  
FBAX?:?,*FhZ(3) 
FSAXI:?,*T;iZ ( 7 1  
W R I T E ( l * ' . , 7 3 ) F P d Y 1  

73 FORMAT(' ' , T h t * S T A T I C  LOAGS (LBSl ' /2X, 'TRACTOR F R O N T  AXLE: 
1 F1Z.Z) 
IF(KEY(11 ,E(J, 11 G O  TO 74 
N R I T E ( T ~ J ~ ~ ~ I F ~ A x ~  

75 F O Q I ~ A T ~ ~ X I  *TRACTOR REAR & % L E I  'eF1212) 
G O  TO 7 7  

74 W R f T F ( l # i , 7 6 )  FqAx2,FRAX2 
76  FOR! tA l t2Y , *TRACTf )P  L E A D I I J 6  TAIJOEMl'rF12,2/9X, 

1 'TRAII.IrIG T A h r l F M t ' , F l Z r Z )  
7 7  C O F I T  l ' ~ l l ~ f  

I f ( K F Y ( 0  , f Q e  1) G O  TO 78 
k ~ J T F . ( 1 ~ 1 , 7 9 1 F . f \ 4 x T  

79 F O R M ~ T ( i ? Y t * T R A I L C H  A X L E I ' , ~ R X , ~ ~ Z , Z )  
G O  Tn R V  

78 ~ R I T F ( T \  r R t ) F l ~ A X 3 r F t ~ A X 3  
81 F O R r 4 T ( ? Y r ' T R A l L C H  L E A O l t l C  T A N D E ~ I * ~ F ~ ~ , Z / ~ X ,  



C 
1 0 1  F O Q ~ ~ T ( * P * ~ * I ~ ! P U T  PAQAPETFR TABLE' / 'P ' , '  

1 p I P T l o ' ~ ' c  159, ' I ' i I T I A L  vbLL'E ' / / )  
1P3 F O Q p A T  (F 14.2) 
1 P U  F P R M ~ T ( * + * , ~ Y , F ~ ? , ~ )  
l J 5  FOkl4AT ( * + * ,  l X , 2 F b , 2 1  
$?6 FOHhAT(* * t T f l A , * [ F F ' S ) * r  u Y , F ~ u ~ ? )  
135  FnPb4AT( * ? * c T 7 ,  'HRAKE FOHCE TASLE*/ 'S 
136  F O R 1 4 4 1  ( 1  ? I  
117  F O Q M ~ T ( T ~ )  
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c W Q I T E ( l ~  ,6G\ba) RfiZH7 17 i !  
C 6 U P  FORhST('L' , 'PLnT ( Y  OR I ) ? * )  RPJH7 1 7 5  
C PEAO( l o t  lGpl ) A'JS PuZH7 1  R? 
c ~ F ( A K S . ~ ~ E , Y E S ) ~ ~  T O  4 7 0  R C ( 7 H 7  1  a 5  
C W R I T F ( T * ~ r  l v 3 1  RW ZH7 1 9 7  
C READ(IH,  l V u I  I P L O T  RWZH7 1 9 5  



C TrvvolPLc~T 
C GO TO lV2 

f P L u T z 1  "fl 
U7f l  w Y I T F ( l * , l f l ~ )  
108 ~ Q R " b t ( * l * c ' P d l ~ ' T  OUTPUT O Y  F I L E ? ' )  

R E A D ( l R r  f l , l )  ARS 
1 6 4 1  FOR'AT(A1) 

I F  ( A h : $  .PIE, Y E S )  G O  TO l Q 2  
~ R I T E ( I ~ . ,  I L \ ~ J  

ieS f O R h h T t ' P * t ' E ! , T L R  CllTPlJT D E V I C E  NUHBEW I N  1 2  FORHAT 8 ' )  
R t h O ( l r J ,  t;!u) IN* 
FORtqAT( I2 )  

1(?Z u W I T E ( T r r  I P S )  
185 FORt\AT(*R',*E!dTER TOTAL NUPBCR O f  OUTPUT V A R I A A L E S * ,  

1 ' (01 - .46)  : *I . 
R E A D ( I U ,  t c ~ i  I c n L  
WRITE( I+(, 136)  

lR6 F u R ~ ~ A T ( ' ~ * ~ * E ~ + T E R  N U Y E E R S  OF V A R I A B L E S  Y O U  k A N T ' / .  'I 
1 * S E P A R A T E  t , I I \ ! R E R S  R Y  C O W +  4 s -  ( P I l  8 U )  ' 1  

Q F A n ( 1 P t  1 " 7 )  ( \CnL( I )  I = l c l C O L )  
137 F ~ R p A T ( i ! f i ( I i ! c  lw))  

ng 5~ I = ~ ~ I C O L  
502 Y C O L ( I ) = ' C ( J L ( I ) + !  

C 
C **  :dCOL HAS NUYGEHS OF VARTARLES T O  RE OUTPUT 
C r *  S A V E  F!lq L 4 f E R  I ) S E  
c tt R f s n  ~ b d  TI"€ I Y C R E Y E ~ ~  
C 

k R 1 T I  ( 1 s t  1PR)  
IPF!  F C P ~ k T t ' ? ' r ' E ' I T F . R  T I M t  INCREUE'JT TO PE P R I Y T E D  O U T * )  

C 
c r r  P R l y y  ARRAY D I ~ E % S I O N E D  



C **  S I D E  S L I P  + TURN 9AO, 
c 

19 CONTI f IUE 
C 
c 

O E ~ ~ O ~ ~ ( Y ( Z ~ ~ ( D E R Y ( ~ ) + Y ~ ~ ~ * Y ~ ( ? ) ) ~ - ~ Y ~ U I * ( D E R Y ~ ~ ~ ~ Y ~ U ~ * Y ~ ~ ~ ~ ~  
I F  (nEt(r1" , E O ,  W I  G O  T O  22 
R A O I I ~ S ~ ( ~ Y ( ~ ) * Y ( ~ ) ~ + ( Y ( P ) * Y ( ~ ) ) ) * * ( ~ ~ ~ ~ / O E N ~ ~ ~  
GO T n  7 3  

22 RAPtIJSzi!,  
23 I F  ( Y O )  .€a. * , I  G O  T O  2 7  

IF ( n t : w ( o ) / v ( z ) )  , G T ,  ,21 G O  T O  223 
SSL1P:Y ( l l ) / Y ( 2 1  
GO T O  2 9  

2 2 ~  SSL IP  : A T L ~ ~ Y ( U ) / Y ( Z I I  
Go To a s  

27 S S L I P = 3 * t 4 1 5 9 / 2 ,  
29 CONT I ' JUE 

S S L I P  r S S L  I Y 1 5 7 . 2 9 5  
c 
C * *  CONTIrJi!E? 
C 

IF ( X  ;GE, T I Y F )  ~n T O  I 
I F  ( X  ,(;E, ( w I ~ x * ~ , ~ 1 1 )  GO T O  1 
I F ( I ~ U ~ ~ , E ~ , ~ I G C  l a  1 
I F  ( I tdk , % F a  0 1  I c t I Y N 1  
R t T l f 2 ' 1  

1 M l N X = , 4 j ?  X + n I V X 2  
L I t J F = L I f + E +  1 

C 
C * *  c O t , V E Q T  R A C I A F S  TO D t G R E t S  
C 

P H I t Y ( 5 ) * 5 7 , 2 9 5  
P S I = Y ! 7 ) t 5 7 , 2 4 5  
P H 1 O = Y ( h ) * 5 7 , ? q 5  
PSILJ=Y ( L i )  * 5 7 , ? 3 5  

L 
C * *  R E G I U  rJllTPllT SF.1 UP 
C * *  ICnL HAS k J ~ l d q F i 4  OF n U T Y U T  VARIARLES T O  RE P R I N T E D  
c * *  N C O L  H A S  w M f i F a  OF VPSIARLCS 
C * *  PRIFlT I S  3 DIPTFNSfDNAL AkHAl ,  K * I C O L  
C **  dHkWE K I S  NUqRER OF L I N k S r D E 7 E R h I ~ E D  BE LEYGTH OF R U N *  
C 

P R I N T ( L I k s E ,  1 ) = X  
P R I ~ J T ( L I ~ ~ E , ~ ! ) = Y (  1 )  
P R l N T ( L I t I E ,  3 ) = Y  ( 3 1  
P R I I ~ T ( L I ~ F I u I = P ~ I  
P k l t J T ( L I ~ ~ € ~ 5 l = ~ S I  
P R I t d T ( L I L I E ,  b ) = Y ( ? )  
P q I h T f I . I V f  l 7 ) = Y ( U ?  
P Q I N T ( L 1 h t t A ) = P n I D  
P R I N T ( 1  1:lf r 9 1 = P S I D  
P R I N T ( L l " I F ,  l d ) = H A D I U S  ' -  

P R I N T  ( L I N L r  1 1  ) = S S L I P  



P Y I ~ T ( L  INEI  t 2 l = A L P H A (  1 )  EtRZH7fl2fl  

PRIF'T(LI"EI 1 3 ) = 4 C p H 4 ( 3 1  RRZH7Pq5 

P R I N T ( L ~ u E I ~ u ) = A L P ~ ~ ( ~ )  B W Z ~ 7 @ 1 ~ ?  

P R I N T ( L I ~ E I ~ S ) = A L ~ ~ ~ ( ~ )  BRZH78 15 

P R ~ ~ T ( L I Y E I ~ ~ ) = A L P ~ A ~ ~ )  , BRZH7P2a1 

PRII ,T(LI~JF I l 7 ) = C E H Y ( ? l  8 R Z H 7 R 2 5  

P R I t l T ( t I ' 1 E r  l P ) = b F H Y [ U )  R R Z H 7 P 3 f '  

P R I ~ T ( L I U E ~ ~ ~ I = P E ~ Y ( W ~ ~ , ~ ~ ~  R R Z ~ 7 d 3 5  

P U I L T ( L I ' ~ E I Z ~ ' ) = ~ F R Y ( R ) * ~ ~ , ~ ~ ~  BRZH7h4P 
P R I ~ T ( L I K E , ~ ~ ) = A C ~  RRZH7bU5 

P Q I N T  ( L I ~ I E , Z ~ ) = A C Y  RRZH785t' 

D O  5 P  I = l r l P  R R Z H 7 8 5 5  

DUAL=3, r! 
8 k Z ~ 7 8 6 v 1  

I F  (J,f,T,?,A%D,f , L T ; ~ . A ~ ~ ~ , K F ~ I ~ ) , G T ~ ~ ) @ ~ J A L = ! ~ ~ ~  B R Z H 7 8 h 5  
f F ( I r G l , 6 , h ~ ~ D , K t Y ( ~ ) . G T e f l I O b A L = I e U  BRZH767i' 

P P I ~ I T ( C I % E ,  2 . ? + I ) = F X ( T l  , 
B R Z H 7 P 7 5  

P R ~ N T ( L I ~ E I ~ ~ + I I = F Y ( I I  RRZH789F 

P R I Y T ( L I ~ ! L , u ~ + I I = O F Z ( I )  R R Z n 7 P R S  

P R I N T ( L I ~ J E , ~ ~ + I ~ = D E L F Z C I )  qkZh7FQ: 

P R T ~ T ( L I + ~ E , ~ ~ + I ) = ~ Z ( I ) * ( O U ~ L + ~ , I  RRZH7895 

P R I ~ ~ ( C I ~ ~ E I ~ ~ + I ~ = F S X [ I )  
BRZH'l93C' 

5r CONTIIJ~IE 
RR7f47975 

P R I N T ( !  1 ~ E , 9 3 l = X L  BkZV791: 

P R I Y T ( C I ' J E I B ~ I = Y L  RR7H79 1 5  

P R I N T ( L I N E I ~ ~ ) = T ~ R ~ ~  R R Z F 7 9 2 2  

c RR 7 h 7 9 2 5 
RUZ"795V' 

C * *  fl1ITPI;T bRRAY NOW SET UP 
c RkZk7935  

C *t G E T  R E A D Y  T O  P R I k T  RRZh79U;'  

C 
BRZH79US 

1 1 I*!:? 8RZH7952 

kIt!:7 SiZZh7955 

SI.JSPG:PAGE BRZti79b;' 

IF ( ~ f s ( P S 1 )  ,LT, I Q \ I I T )  G O  TO 453  BRZkt79h5 

I F ( I I : , , ~ ~ Q .  IPLGT )GO T O  2 4 a r  i3Rzl4797" 

WQ]Tk( l  r l f 1 5 u )  X,PSI  RkZ~17975  

1154 F P P p A l  ( * 2 * r p * * * C O + t P U T A f  Igpa$ ARE S T n P P E D * * * / *  *, * * * *  71°F I S  * ,Fh ,2 f" *ZL*7Qai '  
~ ~ c q ~ n s  * * t * / f  # , * f i c t ~ ~ i ~ c ,  ANGLE I S  ' , F 6 , 2 , '  D E G R C E S  * * * * I  P k l l . 7 9 K 5  

GO TO 35'7 
9RZh799:' 

U 5 3  C o h ' T  I h I I E  
RkZH799S 

IF ( ~ 1 2 1  ,LE, n,g) ~o 70 3 e e  pRZ1iR02: 

f F  ( ( x t , ? ? )  , G E ,  I I U F )  G O  T O  3Q8 e R Z k R o q 5  

I F ( I ~ U Y P , E ~ , ~ I G O  t n  sw BkztiPrl i  v 
I F  ( I F I N  , N E ,  fi) I A = J F I h l  SRZHSV 15 

R E T U R Y  ARZHf ! !~~ ; '  

330 C O b / T  1 t ~ I f E  PRZHB'r?5 
l F ( Ih~n ,k f l ,  T?1 C T ) G 0  T O  ?bflP 

BRZHRc'3hr 

~ f f I T F ( I ~ ~ , U 9 1 )  T I T L E ( ~ I I  ( T I T L E ( ~ C O L ( J I I  , J = l ,  r t a L I  HRZHqk'35 

ZP,1@ t O N T I ' I l I f  f i R Z I t B L ' U 2  

! F ( I ~ ~ ~ , ~ ~ F , I P L O T ) G O  T O  20~49 R f 4 7 H 9 t : U S  

 RITE( lc12!+:!2) b R I H 8 d 5 :  
ZPaZ  FORPA l ( 3 X 1  ' - 1  .FC!' BRZHALJSS 

W H I T E ( I N ~ ~ ~ Z L ~ I  I )  RWf H6;'b;' 

2 p t t  F n W r l A r ( * n b - t l L T I P ~ f :  PLOT 2 - 8 1  ' 1  P R Z H R L ' % ~  

READ[TRn l P l l . 4 r l S  RRZbiRV'l'r! 

I F  ( a h ! S , € n , ~ F S l C o  TO 20fl9 P R Z t t 9 7 7 5  

h E I T F ( 1 r  l " U 1  I C b L  RFZH8t'9t! 

~~ITE( I~ ,  107 1 ( ~ C O L ( I I ~  1=1, I C ~ L ~  R R Z H 8 v 1 9 5  

ZPg9 C O k T  I r l I I E  R K Z H 9 1 ' 9 c '  

DO 257 K:l r L I E E  RRZHRC"95 



- - 
G O  1'3 757  

255 ~ R I T E ( I ~ ~ U P ~ I  P R I ~ T ( K , ~ ) , ( P R I ~ ~ T ( K ~ N C O L ( J ) ~ ~ J = ~ ~ I C O L )  
GO TO 757 

256 d Y I T E ( I h , U n R )  P P I N T ( U , ~ ) , ( P R I ~ T ( K ~ ~ C O L ( J ) ) ~ J = ~ ~ I C ~ ~ L )  
257 CONTIP'I IE 

I F ( I ! * * , ~ ~ E I O J  I * = I N W l  

H R I T E ( I ~ , ~ S Z )  
45~1 F O F I C ' A T ( * R ~ , ~ ~ ! J  Y O U  WANT AN'Y M O R E  OUTPUT?') 

READ(IU,1PI) A p J S  
I F  ( A p i S  ,t*E, Y E S )  G O  T O  3fl1 
wQITE(Th, 16'5) 
R E A D (  IR, lk411) I C O L  
W Q I l F ( I t ~ ,  l ? b I  
R E A D ( I Q , l w 7 )  ( ' j C O L ( I ) , I = l , I t D L )  
00 SR3  1:lrlCDL 

503 ~ ~ C C L ( I ) = ~ C ~ L ~ I I ~ ~  
I F ( I h r , l ~ E , P l  I * = I Y N  
G O  T n  3c.n 

331 COVTIh 'JE  
P S P ' T ( 5 ) = 1 @  
IF ( ~ ( 2 )  , L E ,  *,!') P Q M 7 ( 5 1 = 4 ,  
f F ( I ~ ~ * P , E ~ , i ) ~ ~ ~ ~ ( S ) = b ,  
J F  (114.4 , I + E ,  2) 1 ~ : I t l w l  
QETUR!.! 

C 



C 

14 C O N T  I K U k  e R Z H 8 5 ? ?  
I I = ?  B R Z H F I 5 2 5  
00 1 4 1  I = I I ! r I I Z  B k 2 W P 5 1 i '  
GO TP 7.21 R R Z W R 5 3 C ;  

141 c c r ; ~ I ' d ' €  ~ P Z H ~ ~ U , .  

GO T Q  ~ ! * n  B R Z H P S ~ ~  
c g R 2 H 6 5 5 ?  
C T I R E  F ? R C E S  8WZH9555 
c R C i 7 H 9 5 h ;  

2641 c n b r ~  I e i u E  F!wZt+95h5 
C FOR 2 T I C € ?  I F  O!lbL P R z b 9 5 7 t  

F X ( I ) = - F s X ( I )  R R z H U 5 7 5  
A L F ~ * s = c ~ A ( I ) * A ~ P H A ( I ) / ( ~ ~ I ( I ) * F ~ ( I ) )  . euz HRS?:' 
I F ( ~ A ~ ( ~ L F R A R ) . L E . ~ , ) ~  rc! 2 p 5  
F ~ ( I ) = . . ~ , I ( I ) ~ ~ ~ ( ~ ) ~ ( ~ L F F F A R - ( A L F H A ~ * A P S ~ A ~ ~ ~ A ~ ~ ) / ~ *  R R Z t i S S R 5  @ f i Z H 9 ' j o ?  

1 + ( A L F P ~ R * * ~ ) / ? ' / * ) * ( ~ , + E U ~ L )  B R Z N R 5 Q 5  
G O  T O  2.16 RRZHBhP? 

285 S G Q = l a "  OR/HRb.'5 
1) ( A ~ F R A R ~ c T . ~ , I S L ~ ~ = - I ~ ~  R R 7 H P b l l '  
F V ( I ) = - ~ ~ I J ( I ) * F Z ( I ) * ( ~ ~ + O ~ J A L ) * S ~ N  R R Z H R b l 5  

2Hb Ct)t!T I',I!€ B P Z H P h Z V  
p ~ , ~ r ~ ~ ( 1 ) : ~ 1 1 ( I ) r ( l . f l - 1 , 7 2 * ~ ~ ~ ( ~ L p ~ ~ ( l ) ) )  
~ F ( k l l t ! n R ( I )  , l . T , t ~ ' J S ( I l * C ~ S ( h l P  ~ A ( ~ ~ ) ~ M ~ ~ ~ ~ ( ~ ) ; ~ ~ I ~ ( ~ ] * C O S ( ~ L P ~ ~ A ( ~ ) )  "Zlr85?5 P W Z ~ S ~ J ; '  
I F ( P n S ( ~ X ( ~ ) ) l ~ ~ ~ ~ ! ~ * n ? l ~ ) * ~ t ( ~ ) * (  l . + D U A L ) ) G U  T o  ZuZ RRZl l9635  
H ~ ~ = - ( F X ( I ) / ( ~ , + D U A L ) ) / ~ Z ( I I  R R Z l + 0 6 U C 1  
S : ( ~ . ~ I ! ~ / ~ I J ( I ) I * ~ ~ ! I S L . ~ ~ P ( I )  RRZH8hlbS 
f y ( f ) = r ~  ( I I * F S l . I P ( S l  R R Z H B ~ S :  

GO T O  1 U 1  eRIHi3655 
Z ~ Z  C O Y T  I'JJE F I R ~ H R ~ ~ ~  

~ G ~ ~ T ~ ~ u E Y A N T ( I A X ) + ~  R k z H R h ‘ ~ 5  
G O  10 (2:!3,2@4, ? ~ 4 , 2 ? 4 # ~ ~ ~ ) t  1 G o T r f  q ~ ? Z H 9 6 7 ?  

2a3 eo%T I U ~ J F  
F~(~);."~S(I)*FZ(I)*COS(ALP~~A(I)~*.(~.'D~~L~ R R Z H R b 7 5  

* S I V ( A L P P A ( I ) ) * ( I * + O U A L )  
R R Z H R h n 7  

F ~ ( : ) : - ~ ! I J S . ( I ) * F Z ( I ~  PRZHAbP5 
GO T O  1 4 1  R R Z H S ~ Q V  

204 cor!T I W J E  
D L L T A l s F ~ ( I ) + ~ ~ j S t ~ j * ~ z ( ~ ) * s ~ h i t ~ ~ p ~ ~ ( 1 ~ ) ~ ( l * + ~ ~ * ~ )  R R Z H s b 9 5  



F ~ ( ~ ) : - ~ ~ I S ( ~ ) * F Z ( I ) * S ~ ~ I ~ A L P H A ( ~ ) ) * ( ~ ~ + ~ U ~ L ~ + A ~ T E F F ~ I ~ ~ ~ * O ~ L T ~ ~  
~ ~ L ~ A ~ : ( ~ ~ I I s ( ~ ) * c o s ( A ~ , P ~ A ( I ) ~ - ~ ~ ( I ~ ) * F ~ ( ~ ~  
F ~ ( I ) : ( - ~ L ! s ( I ) * F z (  I ) * C O S  ( A L P H ~ ( I ]  I ~ A ~ I T E F F C I ~  z I * O E L T A ~ I * (  l e + D u ~ L )  
GO TO 1 4 1  

5~16 C G Y T I ~ J ~ J E  
RETUR'4 \ 

EscD 
c 
C c * * * * * * * * * * * * * * * * * * * * * * * * t * , * * * * t * * * t * * * * * * * * * * * * * * * * * * * * *  

F U t v C T I O h  F S L I P ( S 1  
C ********************C*********Z*******t***t~*********** 

C 
c 

D l n E N S I o N  F ( b ) , f D I F F ( h ) , S L I P ( b l  
C O M M O h  / l o /  I Q p I w  

D A T A  Y E S  / ' y e /  
DATA SLIP / P e , , f + 5 t , ! I 8 r ,  1 5 r r Z J , * ? 5 /  
nATA F / 1 , ~ p ~ ~ H , e 6 ~ r , ~ 6 t ~ 3 3 , , 2 6 /  
D A T A  I K I T I A  / a /  

 RITE^ ~ * ~ , s n e )  
9k:@ FfiQuAt(*9,mPbLC YOU L I K E  T O  EVTER HEW S L I P  ROLL-OFF TABLE?')  

REAO(1RtPi 'U) bb1S 
pztq F l Q * ! C T ( h t ]  

I F ( C ' ~ S , r ~ F g Y E S I G f i  TO 1 
w 2 1 T F ( I h r Q : * l )  

9 ~ 1  F o R u A T ( ~ E + ~ T E A  F ( S 1  F O R  S L I P S  OF ~ , ~ , g B S t e l @ , r l S ~ a ~ ~ 1 r n 2 S * /  
1 * j E ? & Q b T t  6 t.l!wpEQS HY CPuuA! j , * )  
R € A o ~ I R , ~ ~ t I  ( F ( I I ,  r = t t b )  

Bbtl  FOQ.AT(hFlT,C4, 
1 CCkT I \ ' L l E  

SDTFF:,LIL~ 
F l ) fFF (  1 ) = . I ,  
00 5 I = l r 5  
J = I t l  

5 F O I F F ( J ) = F ( J ) - F ( I 1  
1 \ 1 1 ?  A=l  

10 CLINT I r11Jf; 
D O  2q l = i t  l f 4  
1 F ( S , E O , S L I P ( I ) ) G O  T O  39  
I F ( S a L T g S L I ~ ( I ) ) G O  T O  2 5  

2A C(]hIT I b ' I I C  

25 r f f I = r - t  
F s L I P = F ( I ~ ~ ) + ( S - S L I P ( I ~ ~ ) ] * F D I F F ( I ~ / S D I F ~  
PLTURPI 

3@ F S L I P = F ( I )  
R €  TUQN 
F NO 

c **t****************z******t*******a**************** 

C 
C 

CQYElON / I O /  IQ, I W  
O A T A  YES / * Y e /  

4 



C 
C 

, 

GO TO ( ~ , 1 3 ~ 1 3 r l ~ 1 1 S ~ ! b r 1 7 ~ 1 8 ~ 1 9 1 1 N U ~ 8 E R  
1 N R I T E (  I \ ? ,  l a i l a )  

RETURN 
1088 FORI'AT ( *  S I h C E  THE " E X P L A t J A T I f J N  f l P T I O N m  HAS R E E N  RFOUESTED,* /  

1 S( IPPLFME~ITAQY 1I . IF f lAMATIDY I S  P H I t J T E D  THE F I R S T  T I M E  THROUGII'/ 
;i * THE ~ X E C I I T I C F I  ( I F  TME PHCIGRAY TO A I D  THE USES I N  UUYERSTAFiO-' /  
3 ' I h G  THk PROGi?A'4,'/ 
5 '  11) RESPDVPING T n  A F < Y  Q I J E S T I ~ ~ I  FOLLOYIP !G,  A YES-RESPDNSE8/  
6 ' % I L L  9E ASSIIvECI I F  THE F I 7 S T  L E T T t A  OF T H E  RESPOGSE I S  " Y e n ' /  
7 ' A N Y  OTHE? RFQPOUSE f\E ASSUUED NUI'/) 

12 k ' d I T F f l ' * l ,  12PP;q) 
12v;Jn F o P ~ . A T ( / *  Y y  E h T F 2 I h G  n Y w ,  THE VALUE ENTFRED FOR EACH PAR-'/  

1 A!JETtR 15 P R E t t n t O  9Y I T S  I D E % T I F Y I N G  PARAPETER K U V B E Q ,  I T S ' /  
2 ' A ~ \ E W E V I A T I C I J ,  A F ! D  I T S  V.ER9AL D f S C R I P T 1 O N , * /  
3 ' R f V T F n  HFSPONSE: ' / I  

RFTl lRFJ 
13 k i e I T E ( I ; i r  13213k'I 

13F.:E F 9 R 1 ' A T ( *  I D f ! ! T I C A L  A V T I L O C Y  SYSTFYS 4 R E  ASSUMED F O R  TANDEH' /  
1 e g ~ u ~ ~ ~ ,  E ~ T E H  ANTILOCK  CODE^'^ 

RETbPb; 
14  b P I T E ( T + r  l d ' ' o 4 )  

k R 1 7 € (  J f  ,1453:;) 
1URCP F O R Y A T ( 1 °  T I R E  PARAMETECiS A N O  f ,D, ?r lJf l@ERSt  * /  

+ vU!!qEQS I N  PAREYTHF.SCS A S S ~ C I A T E D  & I T "  T I P €  pql;PER-'/ 
1 * T I E S  CALF l  ''ItP, !!IIS, A t  l) SP H E F E R  TO A  P A R T I C U L A R  T 1 R E e r /  
z ' THE T r s E s  A $ E  ~:I IHRLRED A S  F ? L L U ~ S : ' /  
3 ' A 2 :  TqACTf lH  L E F T  F20L4T A610 ? I d h T  F R n \ T , R E S P E C T I V E L Y , ' /  
4 * 3 A # , i @  4: T f b C T C H  L E F T  9 E A 9  A p J [ b  4 I t H T  Q F A R r  2 E S P t C T I V E L Y , * /  
5 t I F  TbdF fChCTOQ ,445 TAbllrEIq P X L E S ,  3 P:13 4 b?F .  TPE L E F T  A h D e /  
b ' R I G L I T  T I + E S t  R t S P E C l I V ~ C ' f ,  q'r THE L E A P I f J G  TAb!DkY,* /  
7 ' 5 &!lo T i7ACT02 L E F T  T P A l L I ' , i G  TAFJPEM A ' i l )  R I G H T  T P A l L I ' J C * /  
8 TANOf. '4t  S t S F F C T I Y F L Y ,  5 A t l D  h A9E I C t 4 0 R E D  IF S I ~ G L E  A X L E e /  
D ' O N  T R h C T O q  R F A ? , ' /  

9 l 7 AUD 8: T P h I L E K  L f F T  A L d  Q I G h T ,  RESPGCTTVELV,  I F  * /  
A * TRAJ[.FR H A 5  T L N D E Y  h X L F S ,  7 AND 8 ARL THE L E F T  A 4 n  P I G H T V /  
8 ' T I R F S ,  R E S P F C T I V C L Y ,  Oh! THE L f A P I t c G  T k t J n t p , * I  

145UP FURhiAT ( 
1 ' 9 4tJ5 108 T R A l L F q  L f F T  T R A I L I k l G  TANDEM AND Q I C h T  T R A I L I b d G ' /  
2 ' TAt ioLMl  HESPECTTVEL,V, 9 Ah?  1 0  ARE I G r i O K F O  I F  S I N G L E  A X L F t /  
3 ' ON T k d I L E Q , * / /  
9 ' V A L I . I ~ S  A R E  ~ ~ J T F R F D  P F R  TIWEI E V E N  IF I;!JALS A R E  INDICATED,~/ 
A ' T I P F S  1 A'ln 2 ARE b S S l . l l ' E C  t l 3 U ( V h L E t ~ T ~  T l P E S  3 ,  U ,  51 A b O * /  
8 ' 6 A R L  ASSlJplEn E 0 U T V h L F f : T ;  A'![> T I K E S  7 ,  R r  9 ,  At,O 1 c  ARE * /  
E ' ASS1Jr:EI) E O Q I V ~ L E " T ,  I F  ST' iGLE Y k l - 5 L J D  ClJuVF I S  OPTED,'/ 
c ' T I R E S  1 TO I i b V E  T h E  S A V E  M O W S L I P  CllUVE, I N  T H I S  * /  
0 ' CASE V A L U E S  F O R  T I R E  1, OYLY, ARE Et ITERED, ' / )  

R E T ~ J R I ~  
15 W R I T E C I ~ ! ~  i.52aa;!) 

15r400 F O R P A T ( / '  R W A K E  FORCE TARLEI ' /  
+ ' AT L E A S T  nr1E L I V t  r l l S T  R E  ~ N T E R E D ,  THE I N I T I A L  T I k f F ' /  
I ' P U S 1  RE AT T I M E  T:V, Y R A N F S  ARE N U M i F R E F  I N  THE S h u t  * /  
2 ' K A l l b t R  AS ARE T I d E S ,  b R A K E S  3 AND 5 ARE F Q U I V A L f N T  AS AMEe/  
3 ' 4 AI'D 6 ( T H l r ~ l G t !  R S A K t S  5 Ah0 h A q F  I G t J r l R t n  I F  T H E  T Q A c T O ~ ' * /  
4 ' HAS A S T t ' t L E  HEAR AXLE) ,  THFREFnRE,  TAt\UCAR DATA I S 0 /  
5 " F I ~ T  t f ! T F k E D  F 9 H  I I R A K E S  5 A t J r )  6 ,  THE S4Hf I S  THIJF. Fpk' T H E e /  
b ' TRAIL.FR h R A K f S ,  TA?I!LAW D d T E  I S  F b T t Q F P  FUR M R A K F S  7 Aun*/ 
7 ' 6 ONLY,  4AAKES O At lC  1fl hRf  4SSUMED I ' j E h T l C A L  TO I ,QAKES*/ 
8 ' 7 P L ! D  PI R E S P F C T I V E L Y ,  OR IGNOHkD I F  THE T R A I L C R  HAS A ' /  



9 ' S1FJCl.E AXLE, L I N E  1 FOR A S T E P  8 R A K E  I N P L I T  ~ 1 T H n l l T  S I D E ' /  
A T n  S I R E  I M b A L A Q C E  rAf HE8 tRr,flr,(!., l n t \ a , r  l P P O a ,  1 5 f l ? a t  1sd64,*) 

R E T L I P ~ I  
14 r n I T E  ( I : i ,  l b x P 3 1  

16FC4ij F O R N A T  ( / '  S T E E R  TARLE: ' /  
+ ' A f  L E A S T  b'JF L I V E  P l J S T  P E  E ~ ~ T E Q E D ,  AND T H F  F I R S T  L l k E ' /  
1 ' MIJST 9E AT T I k t  T:k!, E A C H  L I N E  C n U T A I b i S  T h E  T I ' f E  F P L L O W E I I e /  

' 2  ' B Y  T t 4 E  A V E R A G E  S T E E R  A L G C E  ( I N  OEGUEES)  OF THE T R A C T O R ' /  
3 ' F Q C N T  * w E E L S , ' )  

R E T l t Q + J  
. 17 ~ ~ I T F ( I ! G : ,  1 7 ~ 9 ~ 1 : ~ )  

~ ~ P L J , '  F f l R * A T ( / *  I F  Y9LI P ' ISkER " V "  TO T H I S  Q U F S T I l ) h r e  YOU H A Y  ENTFR A ' /  

1 ' ~H0l . f -  E I E ~  D A T A  S t 1  OH E L S E  T E R M I N A T E  ThE PROGRAM, A t I Y  '/ 
2 ' OTHFV H F S P O ' J S F   ILL A L L W  vnu rn  C H A I ~ ~ E  a ~ v  OF THE INPUT'/  
3 ' D A T A  n I T n r 3 t J T  E t . T t A I Y G  A hr40l.E M E 4  D A T A  SET, ' /  
4 'REb!TP:R R E S P O U S E : * )  

rsliOu=n 
R E T U Q N  

18  w Y I T E ( I ; q r l f i P @ i ' )  
18p.48 F @ P " A T ( / '  A "Y" -HESPf l t .SE  k T L L  4 L L O K  Y O U  T f l  E M T E R  Ar l  I q I T I A L  ' / 

1 ' A 9 T I C ,  d*:CLE wHEq Y D U  CHA'IfiF P A ' A P E T E Q S ,  O T l ' E R k I S C ,  T H k L /  
2 ' 1 t . J I T 1 4 L  ART I C a  AhGLE h 1 L L  BE 4 S S U M E D  g , @ / * b E N T E R  ~ L S P O ~ ~ S E ! ' )  

RETUQLI  
19 WRITE( I:.!, i9:7r!3) 

19CC7M F O R M A T  ( / *  A l : T I L O C k  EFFFCT IVENESS~ '/ 
+ ' T b 0  C C L F F I C I F f ~ l T S  AFE E1dTEf3E0 pERE- -TVE  L h T E q A L  C o E f - ' 1  
1 ' F I C I E r r T ,  F O L L o w E D  R Y  THE L ~ ~ ; G I T U D I N A L  C O E F F I C I E k T e * / l  

C T t l l " ,  . . 
F Y D  



' C ., HPCG 18 
c .  9 " . ,  1 I , .  . . . . .  ' . , ' , . . I ,  , ' . . . B Y  r 

HPCG 2k? 
C ~ * a ~ * * a * ~ * * a ~ ~ a a * ~ a ~ a ~ ~ ~ * ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ u ~ ~ a a a a s C G  T O  
C HPCG UP 
C SUBROUt IhE HPCC HPCG 5 0  
C HPCG br! 
C PURPLSE HPCG 7 @  
c 7 0  SOLVE A SYSTEM OF F I R S T  ORDER GROTNARY GENERAL HpCC 
C D I F F E R E K T I A L  E o U A T I O t l S  WITH G I V E N  I P d I T I A L  VALUES. HPCG 9 P  
C HPCG Ink? 
c USAGE H P C G  1 l C  
C  CALL HPCG (PQtkTIY,DERY , h n I M t  I H L F , F C T I O ~ l T P t A U X l  HPCG l ? P  
C PARAHETLRS FCT AND OllTP R k Q U I R E  Ah EXTERYAL STATEYEtvT, HPCG ! T I '  
C  

. 
HPCG !UP 

c OESCRIPTJO'J @F PARAMETERS HPCG 15c! 
c PRHT AN I h P l J T  A N D  nUTPUT VECTOR WITH O I ~ E k S l O ' ~  GRFATER HPCG f h ?  
C OR EQUAL T O  5 ,  N H I C H  S P E C I F I E S  THF P A R n r E T E Q S  CF UPCG 17F  
c THE I ~ ~ T F P V A L  A h i O  OF ACCURACY Ah9 W H I C H  SERVFS FOR M P C G  
C C O n n U N I C k T  IO', RETh'EEY OllTPUT SUBROUT Ir iE  ( F U R h T S r E D  H P C 6  19C 
c BY THE USER) A b l n  SUPROI IT INk  HPCG, EXCEPT P W r T ( 5 )  W P t G  2'1; 
c THE CDYQO'dEFlTS A9E IiOT DESTROYED BY SURROUT I h E  HpCG 21Q 
c HPCG AhD TbEY APE H P C R  32i' 
c P R M T ( 1 ) -  L @ d E R  hOUho CF THE I V T E R V A L  ( T k P U T ) ,  HPCG 2 3 ~  
c PRk' f (2 ) -  U p p E u  R0!1Q3 CF TYE I b i T t S V A L  ( I h P U T ) ,  HPCG 242 
C .  P R ~ T ( ~ I -  I~ IT IAL I ' J C Q E ~ E ~ I T  OF THE I ~ ~ D E P E ~ G E ~ T  VARIABLE HFCG 2 5 r  
C I (IF.CPUTlc HPCG 262 
c p q r f  (4)- UPPER SRWCIR Qntivo ( I ~ P ! J T ) ,  T F  ARSOL'JTE E a P n P  IS P P C G  2 7 2  
C CREAlEA T ~ ~ A u  P 9 H T ( U ) ,  Ib 'CRFYENT G E T S  bALVED,  4 p t G  2 P P  
c I F  I N C R E ~ l E ~ - T  T S  LESS ThAN PuuT(3)  AN@ AnSnLUTE H P C G  296' 
C E R R O R  LESS TbAt ;  PR"T ( 4 ) / 5 ; 1 ,  INCREUFI.lT G E T S  n r J l l dLED,  qPCG 3:'v 
c THE USER U~~ C + A ~ I G E  P R ~ I T ( U )  a y  M ~ A ~ S  OF YIS M P C G  3 1 7  
c OUTPUT SI jRPnuT I Y E ,  HPCG ~ Z Y  
c P R H T ( 5 ) -  NO I b I P ( J T  P A R A U F T t Q ,  SU6QOUTfNF H P C G  I m J 1 ~ I A L ~ Z E S  hPCG 3 3 2  
c PRRT(SI:k', I t  THE llSER *rAbJTS 1 0  lERL11YAT E HPCG 3 U 7  z 

c 3 U B R O U l I h F  UPCC 4 7  A ' l Y  niJTiJlJT POIh47 HF HAS T O  HPCC 3 5 ~  
c CHASJGF P R t 4 T ( S 1  TO h n h J - Z E R O  R Y  MFA+<S CF SIJRROUTIUE HpCG 3 h i '  
c OUTP, F t l k T h E r  COYPONERTS O F  VfCTfjQ PR"T & Q E  HpCG 37,' 

1 

c F E A S I w L E  I F  I T S  P I + ' E : I S I ~ F J  I S  n E f I b l L n  CREATEP HPCG 39CJ 
C THAW 5 ,  HOdEVE4 S 1 J d R n U T 1 L E  HPCG RPES NOT F k i J U I 4 F  r F . ' C G  39.1 

1 
c AND CHANGE TNEfl, YSVFPTHELESS THFY q A Y  PE U S E F U L  HPCG U F C  
c F O R  H h ~ ~ ~ I ' + G  AESLlLT VALbFS TO ThE Y A I k  PRnGRACI YPCG 4 1 0  
c (CALLI~.G ~ ~ P C G I  d - 1 ~ ~  A ~ F  O ~ T A I N E D  R Y  SPFCIAL W C G  U?P 
C H A t l I P U L A T T O ~ l S  * I T q  OIJTPIJT CATA I l i  SlJf!QnUTINS !lUTP, hPCG U3C 
C Y - INPUT VECTOR nF I h I I T I A L  V A L U E S ,  (DESTSOYFD) hPCG Uub? 
c LATER@,# Y IS THE Q E S U L T I ~ ~ G  V E C T O R  n~ C E P E Q D E N T  HPCG 452 
C V A R I A n L E S  C n " p ~ 1 T k D  AT I b ~ T E 2 h 4 E D I A T E  P C I t l T S  X ,  H P t G  u 6 u  
C DERY INPUT V E C T O R  OF ERNOR IJFICHTS, (DESTQOYED) HPCG U 7 C  

1 
C THE SLIP OF I T S  CO'iPflt iFNTS MlJST RE EQUAL TO 1 ,  HPCG 44L1 
C LATERON DERY I S  T H E  k€CTOR OF D E R I V A T I V E S I  A H I C H  Y P t G  4q7 
c M E L O l r G  TU FU:ICTIObI VALUES Y AT A Pn Ih rT  )(, HPCC 5 p V  
C N D I H  A N  Il!PLJT VALl lE, *HIGH S I J F C I F I E S  THE. NUMRER OF H p r G  51u 
c EOUATI9US I N  T h E  SYSTEM. HPCG 520 

1 
C I H L F  I A4 f l U l P l l T  V h l l f E c  NHICI~ S P F C I F T E S  ThF: NuPAER OF HPCG 5 3 P  

- C  B I S E C T 1 o k * S  OF THE I t l I T I A L  INCRE+'tNT, I F  I H L F  GFTS u P C G  5 4 ~  
C G R L A T F Y  T H A k  t n,  SIIPKnlJT I N €  HPCG R ~ T I I R ~ J S  W I T H  I IPCG 55? 
c LARf lH M E S S A C E  I H L F = 1 1  I V T O  M A I h  F R O G R A M ;  HPCG 566' 
C E R R f l 4  PESSAGt IHLF:l;! O R  I P ( . F = 1 3  APPEAHS I N  CASE UPCG 5 7 P  
C P R M t ( 3 l : i ~  09 I Y  CASE S1Gh(PR~T(3)J,NEaS1GY(PkMT(Z)-HPCG S R P  
c P R H T ( l l )  U E S P E C T I V t L Y .  HPCG 59pi 
c FcT THE NAME OF AN EXTERNAL SURROUTINE USED. I T  HPCG 6 0 ~ '  

, .. - .- - -- . - 



C O M P U T E S  THE R I G H T  HAND S I D E S  OERY OF THE SYSTEP HPCG 4 1 3  
. T O  G I V E N  V b L U F S  OF X AND Y ,  I T S  PARAPETER L I S T  UPCG 6251 

MUST RE X,YIDEPYa THE SlJBROlJTIbE SHnULD NOT HPCG 632 
DESTROY X At40 Y a  HPCG 6 U P  

O U T P  THE NAbE OF Au EXTERNAL OUTPUT SURQOUTINE USED, HpCG 651: 
Z t 

I T S  PAHAPFTFR L I S T  MUST R E  X , Y , n E R Y , I H L F , t J D I M , P R H T , H P f G  b6Ca 1 
NCNE OF THESE P A R b q E l E R S  (EXCEPT,  I F  'JECFSSARY, HPCG 6 7 2  % 

P R H T ( u ) I P R M T ( S ) , ~ , ~ )  SQnULD EF CHANGED MY HPCG 647 
SURRPUTI tJE 'JlITp, I F  P R H T ( S 1  I S  CHANGtD TO NON-ZEHdrHPCG b 9 P  
SUBROUTIb*E HPCG I S  TERMIhATED,  HPCG 7dF 

AU X - AN A U X I L I A R Y  STORAGE ARRAY N I T H  16 ROWS AND NDIH HPCG 7 1 V  

RFMARKS 
THE PROCEDURE T E R t + I N A T E S  A V O '  QETURNS TO C A L L I h G  PROGRAM, I F  
(1)  H n R E  THAI4 10 R I S E C T I O N S  OF TPE I N I T I A L  INCREMENT ARE 

NECESSARY TO GET SATISFACTORY ACCURACY (ERROR MESSAGE 
I H L f = l l l ,  

( 2 )  I N I T I A L  I h C H E U E N T  I S  ERUAL T O  GI OR HAS WROhG S I G N  
(ERROR MESSAGFS I H L F = 1 2  n R  I P L f = I 3 ) r  

( 3 1  THE WHOLE I N l E C H 4 T I O Y  I N T E R V A L  IS d 0 Q K E D  THSdUGH, (4) SlJS2OI IT INE OUTP HAS CHAQGEO P R M T ( S )  1 0  N O ~ - Z E R O ,  

HPCG 72L' 
HPCG 7 3 P  
HPCG 7 U t  
HPCG 75C 
HpCG 76C 
HPCG 776' 
HPCG 7PV 
HPCG 7 9 7  
HPCG B i l e  
HPCG 81P 
HPCG A 2 f l  
HPCG 61C 

SUBROIJTII.~ES AND Fu I ICT I~Y  S U S P R O G ~ A ~ S  REQUIRED H P C G  H O P  
THE EXTEGNAL SUBRDUTIhES FCT(X,Y,CERYI  bb1D HPCG 8 5 2  

' @ U T P ( X , Y , D E Y Y I I H L F I F ~ 3 1 * l P 2 u T )  MUST @F F U Q k I S H E D  BY THE USER,HpCt  86 i1  
HPCG 8 7 2  

H E T H O n  HPCG @ R P  
E V A L U A T I n t d  I S  DO'JE 6Y MEANS OF HAMMING$ " O n I F I E D  P R E D I C T O k -  HPCC e 9 t  
CORRkCTCR Y'ETH@D8 I T  IS 4 F01 'QTP 0 Q 9 E d  METHOD, \ l S I Q G  h ' F C t  qr?' 
P R E C E F D I  L J G  P O I t i T S  F D R .  COtLDI ITATIOt~I  OF A ~ E w  VECTOR Y OF THE HPCC 91;: 
DEPENOEtiT V b R j  AELES, HPCG 9 2 e  
FOIJRTH 09CFFi VilE!GF_-KtJTTA METHOD SUGGESTLD BY RALSTOLi  I S  HPCG 9 3 ?  
USED FnR A@JItSTrAC:bT OF THE I L 1 I T I A L  I Q C R E w E Y T  AhlD Fr lR HPCG Q U V  

CLlt !PlJTATI 0'1 OF STAQTT!:G VA(.uE.S, YPCG 9 5 2  
S U o R O g T I h E  HPCG A U T I ~ M A T I C A L L Y  ADJUSTS TbE I tdCPEHENT D U R I N G  HPCG 9hY 
THE dHOLE C O Y P L J T ~ T ? C U  Q Y  F A L V I Y G  OR DO\ lBL ING,  HPCG 9 7 7  
T O  GET FU1.L F L E x I ~ ~ L . I T Y  I N  UUTPUT, A!) OUTPUT SUSROUTINE HPCG 9 9 P  
MUST RE  CODED RY THE USER, HPCG 992  
FOR REFEQFk'CE, S f F .  H P C G l i l f i O  
(1) RALSlOq/+ i ILF,  PATMEYATTCAL METhODS F O R  D I G I T A L  HPCGI Z ' I P  

C O ~ P U T E ~ S ,  H I L E V ,  N F *  Y O Y K / L D b J U O N ,  1 9 6 M 1  P P e 9 5 - 1 8 9 e  HPCG1 k 7 2 V  
( 2 )  RALSTON, RUNG€-KUTTA VETHnDS W I T H  H IN IV ! I+ f  EqYOR BOUNCS,HPCG1P3C 

MTAC, VOL. l b ,  I S S a Y 9  ( 1 9 6 2 1 ,  P P e U 3 l w ~ J 7 ,  H P C G l P U P  

. . . . . .  , , . . . . , . . .  1 . .  t , . , , r . ,  . I . .  ' . . . .  t , . . ' 
WPCGt L15P 

# # # # # ~ . O ~ ~ ~ ~ # ~ ~ . # 8 # ~ # # ~ I # # ~ ~ # # ~ # ~ * # * I 8 . ~ # * * ~ * ~ # ~ ~ . 8 . # ~ # * O * ~ ~ * * * @ ~ * H p c G 1 n "  

H P C G l I f 7 Y  
HPCG1;CRi.' 
HPCG109,7 
H P C G l l P P  
H P C G l l  lr'  
H P C G l l Z t '  
HPCGI  13C' 
H P C G l l U ?  
H P C G I  1 5 3  
H P C G 1 1 6 t  
H P C G I  17:' 
HPCGI  i n ?  
HPCG1196' 
HPCGlZRM 



C E R R O R  RETUR~IS 
2 I H L F = l 2  

G O T O  4 

c cOCplJTAf 104  OF OERY FOR ST ART  IN^ VALUES 
4 CALL FCT(ArYpDEt4Y) 

CI 
L 

c R E C o R D I ~ ~ c  OF STARTINC VALUES 
CALL OlJTP(X, YtOERYt I ~ L F , ~ ~ @ ~ ~ , I ~ Q H T )  
1 F f P R A f  ( 5 ) 1 b t 5 , 6  

5 f F ( I H L F ) 7 p 7 , 6  
. 6 RETUQtt 

f 0 0  8 I = l r N O I M  
8 A U X ( P , I ) = D E 2 Y ( I )  

C 
C COPPUTATION OF AUXt2 , I )  

I S r r 1  
GOT0 l P i 3  

C 
9 xzxtrr 
. '00 i n  1= i ,u31n  
1B A U X ( i ? t I ) = Y ( I )  

r 

c INCRFfAFr; f  ) I  1s TESTED BY PEAkS OF BISECTIOY 
1 l I H L F = I H L F + l  

Y=X-H 
00 it? I = l t k D I M  

12 A U X ( 4 , I ) : A U w  ( 2 , r )  
H t , S t H  
r r t  1 
ISsr:? 
G O T 0  13;) 

c 
13 X = X + H  

CALL F C T ( X t Y t D E t i Y )  
N t  2 
00 14 l = f p ~ ~ D I "  
AUX(2 t  J)=Y(I) 

14 A U X ( 9 t  I ) = D E H Y ( I )  
1SW=3 
G O T O  198 

t 
C COHPUTATlflN OF TEST VALUE D E L f  

15 DELT=3, 
DO 16 ? = l t b ~ D I ~  

16 PFLT=OELT*A[IX( 15, I ) * ~ I ~ S ( Y ( I I - A U X ( U ,  I ) )  
DELT=,Pht.6ctbh7*l;€LT 
I F ( D E L T - p ~ H T ( ~ ) ) l 9 , l Q p l 7  

17 I F ( I H L F - 1 s )  l l , l 5 , 1 8  
C 

WPCG121P 
HPCG122\4 

, HPCGl23F 
HPCG 124.1 

. HPCG125? 
HPCG12bfl 
HPcGr271' 
HPCGlZe?  
HPCG129;! 
HPCGI 3?r1 
HPCG 1 3  11' 
HPCG132p 
HPCG133r4 
HPCGt3qr1 
HPCG135r7 
H p C G 1 3 6 ~  
H p C G 1 3 7 ~  
HPCG138v 
H P c G 1 3 9 ~  
H P c G l u ~ r  
H P C G t u l ?  
HPCG1 a 2 7  
HPCG 111 3 v  
MPCCl O U ?  
H P C L l u S p  
H P c G i u b t  
H p C G l 4 7 ~  
HPCGlURi* 
H p C G 1 4 9 ~  
HPCGlS?? 
H ~ C G 1 5 l i '  
wPCG15Zib 
HPCGl53.. 
HPCrJI5Ob1 
HPCGl5Li? 
HPCGl56;* 
HPCG1S7ia 
HPCGISQ? 
HPCG 1592  
HPCt l6?b :  
HPCGlbl!: 
hPCG162t '  
HPCGl b3k' 
H P C L l b o i '  

c SATTsFAcTORy LCCURACY AFTER ~~~!~IsEc~Io~J~' ,  ERROR M E S S A G E ,  HpcG 1 7 3 d  
18 I I1LF:l l  WPCGl 7 0 2  

X t X t H  HPCG175: 
G O T O  u H F C G I ~ ~ ,  

C HPCG177v 

l H E R E  1 5  S A T I s r A C T O R ~  ACCUPICY AFTER L E S I  THAI, I (  OISEC-,"NS, HPCG17J351 
19 X = X + H  " P C t  1 7 9 7  

H v C G l 8 0 ~  



CALL FCT(XIVIDESYI 
, DO ZF I = l , ~ D I H  

A U X ( 3 , 1 ) = Y ( I )  
2A A U X ( l i J r I ) = b E R Y ( I )  

N t  3 
1SW=4 
GOT0 l ? ~ ?  

21 N P 1  
X:X+H 
CALL F C ~ ( X I Y I D E R Y I  
XnPRwT ( 1) 
00 2 2  1=1,'13IN 
A U X ( ~ ~ I I ) = ~ E R Y ( I )  

z ~ ~ ? Y ( I ) = A ~ I x ( ~ I  1 ~ + ~ * ( , 3 7 5 1 A ~ ~ X ( @ , ~ ) + , 7 9 ~ 6 4 6 7 * A l ~ ~ ( 9 ~ ~ )  
~ - , 2 2 ~ 3 3 3 3 * ~ ~ ~ ( 1 ~ ~ , 1 ) + . ~ ~ 1 b b 6 6 h 7 * ~ ( 1 1 1  

23 X r X t H  
N g N t  1 
CALL FCT(%,YIOFRY) 
C A L L  f!l!TP(X,Y,DtQY, I ~ ~ L F , N D l ) . I , P R ' f T I  
I F ( P W ~ T ( 5 ) 1 6 , 2 U r h  

24 I F  (h-11) ? 5 1  ?f."', ?b?'t? 

25 oo 1 = i t ~ 1 o I ~  
r u x ( b i , r ) = y ( I )  

2 b . A U X ( h t 7 r I l = 9 E R Y ( I )  
l F ( h - 3 ) 2 7 1 2 9 r 2 @ ?  

THE F O L L O - I h G  P A R T  OF S V R H O U T I N E  HPCG COMPUTFS B Y  '4EAFdS OF 
RUNGF-KIjTTA '4ETl tnD S T A S T I h G  VALUFS FOR THE NOT S E L F - S T b R T I f d G  
PHEDIc TOP-CORRECTOR METHOD, 

10@ D O  I = l r b . D I H  
Z = H * A l l X  ( N + 7 ,  I )  
AIJX(5, I l = Z  
Y ( I ) = A U X ( N I I ) + , U * Z  
2 1s A l l  A U X I L I A S Y  STORAGE LCCATION 

H P C C l e t r r  
H P C G l F a s  
HPCG183:' 
HPCGIBUl1 
H P C G I F S ?  
H P C G I E 6 3  
HPCG187k1 
HPCGt 4RC.r 
H P C G l F Q ?  
HYCG19?bJ 
HPCG191? 
HPCC192:' 
H P C G l Q 3 r '  
HPCG19U(' 
H P C t l S S L '  
HPCG19bC 
HPCG197bA 
HPCG19Rp 
HPCGlQ9 i '  
HPCG???ra 
HPCGZ2 1 k 
hPCGEe2Z 
HPCG26:3c' 
HPC(;z,'U;' 
HPCG2ClSr' 
HPCG2(16;' 
H P t G 2 2 7 F  
HPCG??'8: 
HPCG?39? 
HPCGZ\?: '  
HPCG211:' 
HPCC,Z1?2 
HPCGZ 1 3 7  
HPCGZIU? 
HPCG215" 
HPCG2 1 hi' 
H p C G ? l 7 ?  
HPCT,,? l C r '  
HPCG2 19:' 
HPCG?Z't4 
HPCGZZl  r '  
HPCG2221' 
HPCG223: 
HPCC224; 
HPCG??5? 
HPCGZc?b;' 
HPCG2272 
HPCG22p7 
HPCG229? 
HPCG.232: 
HPCG23 1 ;' 
HPCG2327 
HPCG233.' 
H P C G 2 3 U l  
HPCG2352 
HPCG23h;' 
HPCC?37v1 
HPCG238? 
HPC t 2  39: 
HPCGZUOi 



193 Y ( I ) = A U X ( ~ ~ , I ) + ~ ~ ~ ~ ~ R P U * A U X ( ~ , ~ I ~ ~ , P ~ ~ B ~ ~ ~ * A U X ( ~ ~ I ) + ~ ~ ~ ~ ~ U ~ ~ * Z  
C 

2 r X + H 
C A L L  FCT(ZIYIDERYI 
00 1P4 I = l r k D I b '  

~ ~ ~ B Y ( ~ ) = A I I X ~ ~ ~ ~ ~ ) + ~ ~ ~ ~ ~ ~ P ~ * A ~ I X ( ~ ~ ~ ) ~ ~ ~ S ~ U F ~ ~ * A U X ( ~ I I I  
1 + l r ~ t 4 5 5 J 6 * A r l X ( 7 ,  I ) + ,  1 7 1  l A 4 F ! * ~ * O L R Y  (1) 

G O T o ( 9 1 1 3 r  1 5 1 2 1 1 1  I S "  
C 
c P O S S I B L E  B R E A K - P n I U T  F O R  L I h K A G E  
C 
c S T A R T  I ~ ( G  V A L U E S  A R E  COMPIITED, 

C k!ok S T  A R T  hA!tr I NGS WOUIFIkD PREDICTOF-CORRECTOR METHOD; 
206 I S T E P = O  

I C T  = 3  
201 I F ( & - 6 ) 2 7 Q r 2 ~ 2 , 2 ~ u  

c 
C  N3R CAUSES THE ROhS OF AUX T O  CHANGE THEIR S T O R A G E  L O C A T I O N S  

Z R ?  no 2 ~ 3  r 4 = z 1 7  

00 2P3 I=I~N@I'~ 
A U k ( N - ! , X ) = A U X ( t i , I )  

283 A I J Y ( ~ + ~ ,  1 1 : h ~ ~ X ( ~ 1 + 7 , 1 1  
Nz7 

C . .  
c N L E S S  THA'J 8 CAUSES N + l  1 0  GET tJ 

?&jll N=N+ 1 
c 
C C O P P I J T A T I O N  OF h E X T  V E C T O R  Y 

00 ? 3 S  I = l r k o I M  
A u x ( ' 4 - ~ 1 1 1 = Y t I ~  

295  L u % ( : l + c , , 1 ) = i > E ~ Y ( I )  
X = Y + H  

Zk?b I S T E P = I S T E ~ + l  
I C T : l C T + l  
Ffl 2 F 7  1 = 1 1 ~ ' p 1 ' ~  

P O E L T = A ~ ~ A ( ' ~ ~ U ~ I I + ~ , ~ ~ ~ ~ ~ ~ * H * ~ A U X ( N + ~ , I ) ~ A U X ( N + ~ ~ I ) - A U X ( C J + ~ , I ) +  
~ A J X ( ~ : + U ~  I ) + A u x ( ~ + ~ ,  1 1 )  

C . . 
C A L L  F C T ( X , Y ~ D E R ~ I  

C . b f . R l V A T I V C  OF Y U D I F I E D  PRLIJ ICTOR IS GEYERATED I c  OERY 
C 

00 2 Q U  I t f e f ~ D I I f  
@ n ~ ~ T = , l ? 5 * ( c l , f i A 1 1 ) I ( t l ~ l l  T ) - A I ~ X ( N = ~ , I I + ~ , * H * ( D E R Y ( I ) + A U X ( ~ ~ + ~ I I I +  
l A l l % ( ' i t t ~ ,  l ) - A b l %  ( 1 4 t 5 ,  1) 1 )  

A U X  ( 1 b ,  J )  = A L l X  ( 1 b ,  1)-Rt-Lf 
208  Y ( I ) = ~ ~ L T + ~ \ ' 7 ~ 3 8 f l 1 7 * h U X ( t b 1 1 )  

L 
c T E S T  WPETHER H M lJS l  RE  H A L V F O  OH DOUBLED 

DELT=:!, 
00 209 I = I , f i l D I w  

2a9 O ~ C T = ~ E L T ~ ~ ~ J X ( ~ ~ ~ I ) * A ~ S ~ A U X ( ~ ~ ~ I ) ~  
I F [ O C L T - P U H T ~ ~ ~  121@1,?2?1?22  

c 
C H MUST cloT t\E HALVEO, THAT M E A N S  Y ( 1 )  A R E  GOOD, 

Z1M C A L L  F C T ( X I Y , C F R ~ )  
C A L L  QIITP(X,Y,DERY, I I I L F , N D I ~ ~ ~ P R M T )  



T V ( P R q T ( 5 ) ) 2 1 2 , 2 1 1 , 2 ! 2  
2 1 1  If ( I H L F - t 1 ) 2 1 3 , 2 1 2 , 2 1 2  
2 1 2  R t T U R I 4  
213 I F ( ~ ~ * ( x - ~ ~ M ~ ( ~ ) I I ~ ~ u , ~ ! I Z ~  212 
210 1 ~ ( ~ ~ ~ ( ~ - ~ ~ ~ ~ ~ ( 2 1 ) - , 1 * ~ ~ ~ ( ~ l 1 2 1 2 ~ 2 1 ~ t 2 1 5  
215 I F ( ~ E ~ T ~ , ~ 4 2 ~ P ~ M T ( 4 1  1 2 1 6 t 2 1 6 , Z i l l  

C '  
c 
C H COllLD BE OOUqLED I F  A L L  NECESSARY PRECEEDIYG VALUES ARE 
c A V A I L A A L E  

216 I F ( I ~ I F ? ~ ~ 1 , ? i ' l , Z l P  
218 I F ( I S T E P - 3 ) 2 ~ 1 , 2 1 9 , 2 1 9  

-219  I " o o = I C T / Z  
fF(IC7-IM~O-l~0~12f11,220~Zf11 

220 H = ~ + H  
ICT=I r o o  
1HLF:IHl.F-1 
ISTIP::+ 
DO 2 2 1  I = l t h D I Y  
A U X ( ~ ~ m 1 ,  I l = 4 1 J x ( ' v m r ! ,  I) 
AUX(N-t, r ) = n l l r  (N -U ,  11 
A U X ~ ~ I - 3 ,  l : )=nur  OI-~,, 11 
A I J X ( ' d + h r  T1:nIlx ( h + S ,  I )  
LUX(' l+S, I I = A U x ( ' , t 3 ,  I) 
A U X ( ~ + J I I ) = A ~ I X  ( ' # t l ,  I )  
DELT=bUX(r .*h,  I ) + A l ~ x ( K t 5 ,  I) 
D F . L T = f ~ E L T + ~ F  C T  4 i ) E L T  

Z Z l f i A O X ( ! G ,  I ) = ~ , ~ ~ ? ~ ~ J * ( Y ( I ) - A U X ( ~ - ~ ~ I ~ ) - ~ ; ~ ~ ~ ~ ~ ~ * ~ * ( ~ E ~ ~ ~ I I + ~ E L T  
l + b l J X ( r 4 t u ,  I ) )  

GOT0 2 3 1  
C  
c 
c H PUS1 RF VALVED 

222  I h L F = I H L F + l  
r c T = I c T + t t r  
I F ( I H L F - l ~ ' I 2 Z 3 ~ 2 2 3 t  2le 

223 H:,5*H 
I S 1  EP='r 
00 2 2 U  I = l r N D I ' q  

Q Y ( I ) : , : l c ~ 3 9 V 6 2 5 * ( P T , t A U % ( 4 1 - ~ ,  1 ) + 1 1 5 , * A U X ( ~ l - Z ,  I ) + c l a , * A l J X ( ~ ~ - J ,  11. 
lAdX( ' ! - / l ,  1) l - ,  1  171@75* t6 .1 ;X(LL+6 ,  I ) - b , * A U X ( b ! t q ,  I I * A U h  ( P ~ + Q ,  1) )* I+ 
nAUX('j-/J, ~ ) = , ~ ~ 1 \ 9 P b 2 ' , * ( l ~ , t h i ~ ~ ( ' 1 - ~ ~ I ) t l ~ 5 ~ * A U X ( ~ ~ ? ~ I ) *  
l l f 1 8 , * h l l X ( N - 3 r  I ) + A I I X [ V - U ,  1 ) ) - , ~ 2 3 ~ 3 7 5 * ( A U X ( ~ + h ,  1 ) + 1 R , * A l l X ( ~ l t 5 , 1 ) -  
ZQ,*AVX(+J+U, I j ) * H  

AcrX(fij-3, 1 ) = 4 1 1 X ( r r - ? ,  I )  
224 A U X ( ' l + U ,  1 ) = 4 U X ( ' ~ * 5 ,  I) 

X r X - H  
D E L l = X - ( H + H )  
CALL FCT ( O E L T r  Y t  DERY 1 
00 225 I = l , ~ : O I M  
AUX( tJ -2 ,  I ) = Y  ( I )  
AlJX( 'J t5 r  I ) = b E M V ( I )  

225 Y ( l ) = A l J X ( ~ ~ - U t  I )  
DELT:DE\,T-( t l+H1 

CALL FCT(DELT,Y ,nFRYI  
00 2 2 6  ! = l r N D I M  
D E L T = A l 1 2 ( ~ + 5 , 1 1 t A I J X ( f 1 + U , I )  
DELT=rjELT t P E L T t f ) E L T  

nAllY(16, I ) = P , ? ~ ? ~ ~ ~ ~ ( A L ~ X ~ N L ~ , I ) - Y ( I ) ) * ~ ~ ~ ~ ~ ~ ~ ~ * ~ * ~ A ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ D E L T  
I + D E R Y ( I ) I  

HPCG315C: 
HPCG316C 
HPCG31 7c1 
wPCG319: 
HPCG319S 
H P t & 3 2 ? F  
HPCG32t* '  
H P C G 3 2 2 7  
H P C G 3 2 3 ?  
H P C C ~ Z U T  
HpCC325?  
HpCG32hcl 
HPC G327;' 
H P C G 3 Z n ; '  
H P C G 3 2 9 ?  
hPCG33?: 
HPCG331:' 
H P t G 3 3 2 b '  



226 A U X ( N + ~ ~ I ) = D E R Y ( I )  
G O T O  ZCIb 
END 



b 

c PURPOSE sIr*ra h ~ '  
C  O t i T A I k  S O L U T I O N  OF A SET OF S I H U L T d N E O U S  L I N E A R  F Q U A T I O N S ,  S I U O  7 3  
c A x t a  S I ~  n u  
r S I P 0  9 r  

U S A G E  
C A L L  S I H Q ( A , R , N t K S I  

O E S C H I P T I O v  OF PARAqETERS S I N 0  13;' 
A r q A T 2 1 X  OF C O E F F I C I E ' l T S  STnQED C O L U M h d I S E ,  THESE ARE S I " O  10: 

F F S T R O Y E o  I h  T w t  C O q P U T A T I O h ,  THE S I Z E  CF N A T R I X  A I S  S I V O  15)' 
N R Y  ti, S IWO 16: 

8 r VECTf iH OF O R I G I ? ~ A A L  CnYSTAr4TS (LENGTH Nl, T H E S E  APF S I Y O  17; 
R E P L ~ C F I )  e v  F I ~ I A L  SCIL\JTIO'J VAL IJCS,  V E C T C Q  X, s r w u  18:' 

N r 4 U P k E R  OF E @ U A T I @ b d S  4 N D  V A W I A R L E S ,  k MUST RE ,GT, ObdE, S I ~ O  
K S  - u U 7 P u T  O I C I T  SIMO ZP.' 

0 F O R  A h0Pf'Al. S O L U T I O Y  
1 F O R  A SJtvGULAR S E T  OF EOUATIONS 

REMARKS 
M A T R I X  A w i s T  ~f G ~ ' , F C ~ A L ,  
IF H A T P I X  1s S I I ' G L L L W  t Sf'LVTTDt+ VALUES A p i  " ~ A ~ ~ I ' J C L F S S ,  
A!; A L T C 7 k A T I V E  S O L U T I C ' .  M A Y  F E  O R T A I N l n  RY U S I N G  u A T Q I X  
y h v t k s l u ~ ~  ( M I N V )  Ab4b P A T R I X  P ? r D U C T  ( G r P R D ) ,  

- 

S I " @  32.7 
n ~ l t c ' 3 0  sIL1r. 3'3;' 

I4ETHOD CF SOLIJT IOb l  I S  Y Y  E L I " I ! : A T I O L i  U S t l J C  1-AAGEST P I V n T A L  S I u f  3c; 
d I V I S u G ,  EACH SIA( .E OF E L I Y ~ ~ A T I @ @ I  C f l t . S I S T S  OF I ~ T F ~ C ~ ~ ~ G I X L S I ' ' ~  352 
PONS a h E N  MECESSAPY T o  A V O I D  D I V I S I O ? J  f l y  Z E R O  O R  S M A L L  SIL".  3 h ?  
ELF'Ek+TS S I t ' ( 3  37: 
THE F O R A A ~ D  S O L U T I n ' l  Tfl n R T A T h  V b F I A f l L E  N I S  D Q L 4 E  IPd f j I " G  3"? 
N S T P G E S ,  T H E  R A C K  S f l L 1 J T I 3 l J  F O P  THF OTYER V A 2 I A ! ? L t S  15  S I W C  39:' 
C A L C L ~ L A T F O  f ! ~  SLJCCFSSIVE S G ~ S T I T U T  I g L ! s ,  F I ' J A L  SOLUT I n v  S I H n  0 7 3  
VALUES A R E  D F V F L Q P t f  1" VFiCToH 6 ,  wITh V A R I A R L E  1 I h  8 ( 1 ) ,  S I L ' C  ( l i t '  
V A R I b b L E  2 I L J  R ( 2 ) r * . , , , . , . ,  V A R I A ~ L E  I k  H ( k ) ,  SIW'! 4 2 7  
IF hO P I V O T  C A N  IIE F0lj6!p t X C E f n l M G  A T n L E Q A b C t  OF 4 . 9 ,  SIL'rJ u 3 ?  
T Y E  M A T i c l X  I S  C C p i S I D F _ p F l ~  - S I ' I ~ I I L A A  Ar:D U S  19  SET TO 1, T H I S  S 1 " C  U U ?  

T O L E R A I ! C E  C A N  RL M O D I F T t D  R Y  P E P L A C I N G  THE F I R S T  S T A f C Y € Y T ,  S I p c  u5: 
S I Y G  467 



,1J: J,I+ht 1 
RIGA=;\ 
1l:JJ-J 
DO 30 I = J , N  

C 
C SEARCH F O R  MAXIMUP C O E F F I C I E N T  I N  COLUBtJ 
C 

I J : I T + l  
IF(A@S(sIGA)-ARS(A(IJ)I) 2 q r 3 8 , 3 6  

2n R I G A = A ( I J )  
IHAX:I 

30 COh!T I W t :  
C 
c TEST FOR P I V O T  LESS THAN TOLERAYCE ( S I N G U L A R  M A T R I X )  

35 K S = 1  
RETURU 

C 
C I N T F k C h A t l G E  ROhS I F  hFCESSARY 
c .  

UB 1 i:J+h* ( J - 2 1  
IT:I ' !AX-J 
DO 5P K=J,h 
I l = I l + r l  
I Z = I i + l i  
S k V F = & ( I l l  
A ( I I I = ~ l I ~ )  
A ( I Z ) = S h V t  

c 
C 01 v I ? E  E O U A T  I O k  B Y  LEbOThG C C ~ F F T C I E ~ I T  
c 

5R A ( I ~ ) = A ( T I I / E I C P  
S A V F = R ( I M A X )  
R ( I P A X I = S ( J I  
f I ( J ) = S A V Z / 9 I G A  

C 
c E L I Y I M A T E  ~ E x T  V A R l A h L t  
C 

I F (  J-11) SSt  7 0 1  55  
55 I @ S r % * l  J - 1 )  

DO 65 I X = J Y , N  
1XJ :T~ IS t IX  
I T = J - I Y  
Dl? b ?  JX:JY,Y 
? X J x = ~ : * ( J X - l ) * l l  
J J X = l x J Y c l T  

6R A ( I X J X ) : A ( I X J X ) - ( A ( I X J ) * A ( , ~ J Y ) )  
6 5  B(Ix)=3fIX)-(b(J)*A(IXJ)) 

C 
c B A C K  s o l . u T I n v  
c 

7F N Y = N - I  
I T ~ k r t ~  
D O  B B  .I=!, hV 
1A:IT-J 
I B t t i - J  
I C r r r  
D O  B V  K t l l J  

R ( f U ) : B ( I B ) - A ( I A ) * A ( I C )  



IAt IA-N 
8P I C = I C - I  

R E T U R N  
END 


