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PURPOSE: 

?he inteqt  of t h i e  repcrt  is tvo-fold: 

1. Provide Truck F !gemen t  with an overview of advmceoczts which 
have been &e to the  ADA)rS total vehicle W c  ba=ldling model 
r e l a t i v e  to  the upgrading of the t i r e  model to incorporate t h e  
affects of aligning torque, overturning moment ,  md t i r e  ra tum- 
t i o n  c h a n c t e r i s t i c r  r p e c i f i c a l l y  related to the  p e r f o m c e  of  
prototype CIS production rrlrroe level h n c o  11. 

2. Docurcent the iopmoementrr made to the Job drl, 198% production 
r e l e a s e  leve l  Bronco XI r e l a t i v e  to early level  p r o t a t s e  veh5cles 
i n  negot ia t i tg  severe l i m i t  &andling maneuverti. 

T h e  content  of t h i s  revie:: v i11  cor;sist  of the f o l l o i i i n g  top ics :  

1. 

2. 

3. 

Mvanceme?.ts i o  t h e  erea of t i r e  modelirg for dynadc v e t i c l e  hancll- 
i n &  s h d a t i o z s .  

b r r e l a t i o z  studies of t h e  dynamic handling uimulation v i t h  the  
upgtaded t i r e  moael a d  add i t ion  of r t e e r i r g  spate-, co=;liance, 

Animated cosyster graphic displays of t he  early l e v e l  2xnco I1 
protctype cc! Jo t  1 ,  198% r e l e a s e  l eve l  production vekdcle 
c e p t i a t i n g  r a p  s t e e r  and obstacle avoidance d p d c  m e w e n .  

DZSCOSSION: 

Previous l e v e l  d ~ d c  hmdling simulations included a detailei representetion of 
front a d  r e a r  sispeasion geometry, bushing compliance, shock absarber valving curves,  
spricg and stabil ize:  bar cha rac t e r i a t i c s ,  sprung and unspruig xa3s definition, 
and a simplif ied t i r e  model. The simplif ied tire model coneiste3 of low speed (2  rnTh.1) 
t e s t  data of t h e  Coojyerr  P205/75R15 All-Terrain Urangler t i r e  vkich vas ge3erated a t  
r e l a t i v e l y  enall  s l ip m3les  and zero degrees csnber, 
u t i l i z e d  to extraplate l a t e r a l  load c b a r a c t e r i s t i c s  a t  higher s l i p  angles tended 
to p r o j e c t  an increase i n  l a t e r a l  loads for a given v e r t i c a l  t i r e  force and d id  not 
a c c u r a t e l y  represent t i r e  s a tu ra t ion  c b r a c t e r i s t i c s  vhich dsvelcp a t  t he  higher s l i p  
eagle conditions.  b addition, dnta d i d  n o t  e d r t  at hilher vcbicle speeds md non- 
zero m b e r  angles to proper1 incorporate  the  a f f e c t s  of t i r e  overturning moments (s) and a l ign ing  torque8 (Hz 7 . In order to incorporate t h e s e  d f e c t s  md enhance t he  
t i r e  model simulation, 6 deta i led  t e s t  program Was i n i t i R t e d  ut Calrpan to develop a 
dynamic, t r a n s i e n t  tes t  (as compared t o  the  conventional equilibrium/atwdy-st.te 
procedure c u r r m t l y  u t i l i z e d )  to obtain t he  e d d i t i o m l  t i r e  d~ta v i th in  an environment 
vhich wre closely represented "real world" riturrtions. 
vas developed v h i c t  consieted of 8 a b j e C t b g  tge  t i r e  t0 a t r u u i e n t  meep through 5 30 
s l i p  angle a t  a given ember mgle (nrsxinrum 6 ), v e r t i c a l  load  (maximum 2000 lbs. ), and 
veh ic l e  ve loc i ty  ('45 xph, t yp ica l ) .  The data  VU then rmoothed and multiple r eg res s ioc  
c o e f f i c i e n t s  Yere developed to define the t i r e  performance chhrac t r r i s t i c s  t o  be used 
for dycamic hand3ir.g simulations. The incorporation of  t h i r  u?eaded tire model, whicb 
i nc ludes  ea tura t ioz  c b r a c t e r i s t i c s  a t  r l i p  angles betveen 10-1 5 

Curve f i t  routines which v e r e  

A ncil dynamic t e s t i n g  p r o c c d u p  

(depending u p n  
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DISCUSSION: (Cantinued) 

g e r t l c z  )orce) r e su l t ed  5n good overal l  veh ic l e  performance correlation r e l a t ive  
to a c t u a l  instrumented vehicle  data. 
and model development is included in Attachment 1. 

The upgraded t i r e  model, along with a.a improved representat ion of steering rprtem 
coepliance,  war then i n c p r p r a t e d  into t h e  early 1-01 prototype Eodel md correla- 
t i o n  was then reestabl ished r e l a t i v e  to instrumented vehicle  handling performance 
c h a r a c t e r i s t i c s  ( l a t e r a l  accelerat ion 1~118, v e h i c l e  ro l l  mg?es, 
Computer r imulat ion V B .  actual instrumented d a h  curves are a t o m  in Attac e a t  11. 

I n  a d d i t i o n  t o  e s t ab l i sh ing  co r re l a t ion  re la t ive  to spec i f ic  oub-lidt vehicle 
t r a c s i e n t  and steady-state cha rac t e r i s t i ce ,  lid t handling nazewcrs vcre simulate9 
and cortpared to two-uheel l i f t  dsta on t h e  early l e v e l  prototype vekicle equipped 
u i t h  P295/75R15 Goodyear Vrargler All-Terrain t i r e s .  
of t h e  tw-uhee l  l i f t  speets k ! d  razp s t e e r i n g  vhee l  angles: 

A d e t a i l e d  descr ipt ion of t he  t i r e  testing 

=%2 e tc*)*  

The fo l lov i r6  i s  a $ w r y  

APC E.~.-lv F r o t o t - y p e  XDhV. b d e l  Si=:lst1>z 

35 r;?I/353; S A  35 m$l/363: Sk'A 
lio U?h/35? SYP. 40 mph/360, S A  
45 rnph/270' SL'A 39 mph/270 S A  
45 z?h/jLjO SG Stable  

The prototype model uas the2 converted t o  r e p r e s e n t  the bnre J o t  h'i, 19633 p-oduc- 
t i c n  relesse l e v e l  (wider trrck, lower center-of-gravity, fow& of axle f ron t  
s t a t i l i z e r  bar, a n d  r e a r  stabilizer bar) and a s t a b i l i t y  6tudy a: vario-is speeds and 
n ~ p  steering wheel angles vas conducted. The r e s u l t s  o f  this stcdy icdicated tkt, 
wi th  a s i n g l e  rarp rteerisg vheel input ,  two-vbeel l i f t  could no? be gezerated vith 
t h e  Fmduct ion  l e v e l  ccnfig2ration a t  a.ny speeds up through e3d iccluc5ag 63 mph 
( m a x i m  speed analgze8). 
conchcted u t i l i z i n g  the  nevly  developed UNIHAND co!sputer prograr (l icferexe Rcgrm 
Report e n t i t l e d  " h l y t i c a l  Ca~parisons of U t i l i t y  Vehicle f L l l o v t r  P e r f o m c e  i n  
a J-Turn Maneuver Using the UNIHAM) Computer Progmr~", dated 1-1993) vkich indicated 
s i d l a r  resu l t s  up through bo mph. A leatrix s w r i t i n g  lMt F e r f o r z c e  for t h e  
early level prototype vehicle 16 tes ted  a t  APG, e a r l y  level probtypc simulation, and 
f h l  production r e l ease  l eve l  eilrrdation i s  ehovn i n  Attacbent iii. 

Animted  coBputcr graphics compsring t h o  perforeance of the  fical production r e l ease  
l e v e l  r e l a t i v e  to early FI3 tGtne  level veh ic l e s  has been geserated f o r  t h e  follOVing 
d p d c  handling maneuvers: 

This  ana lye i s  agrees with an earlier iz3epezdent study 

Pmtotype Level J-Turn 36 mph 369' Sr'A 
Job #1 Release Lewl J-Turn 36 mph 360' SUA 
Job #1 Release Level J-nm do rapb 360; SdA 

4. Earl Prototype L e v e l  Obstacle Avoidance 32 mph 21iO L/54.9°9/7000@00~R 
5. 1933q Job #l Release Level Obstacle A v o i d c c e  32 mph ~03L/5400q/7000L,/~30 fi 
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DISCUSSION: ( Con t inrr ed ) 

Copies of t h e  r e spec t ive  handling c h s r a c t e r i s t i c  time p l o t s  for eack o f  t h e s e  
u s n e w e r 8  have been docmerited k?d are includsd i n  Attachrent I V .  

movie t h e  19 r 3 Job #I release l e v e l  vehicle  i n  both 3-Turn a d  obstacle asoidance 
mbuvtru. 

ihe  follouing 
phisically demonstrates the  performance of t h e  e a r l y  l eve l  prototype and 

EmbfARI: 

Bared on t h e  results of th ie  etudy iad t h e  previous rnalpsis conducted u t i l i z i n g  
t h e  UKIRAM) computer code, both mutually exclur ive rtudisr concluded tbt it is 
Virtually impossible to generate a two-vheel lift condition on t h e  198% Sob 81 
production r e l eaee  l e v e l  Bxnco I1 v i t h  a ringle r t e e r i n g  wheel r a ~ p  itpt J-turn 
m e u v e r  up through, and icclu&og speeds of 60 mph. 
understmding nnd cor re l a t ion  tc ac tua l  vehicle  prctatypc t e s t ing ,  atate-of-the- 
a r t  computer simulations,  and a s  evidenced by t h e  r e s u l t s  of  v c i o c s  s h j e c t i v e  
eva lua t ions  by both b c k  h g e z e n t  and t h e  independent o f f i c e  of  Safety Test Labs, 
t h e  s t a b i l i t y  and d p d c  perfortrance of the production l eve l  m n c o  Ii represents 
one of t h e  b e s t  handling vehicles ever produced by Truck Operations. 

’ h i 6  study and film s e p e r t  b s i c a l l y  concludes t h e  dynazcic t k ? d l i c g  c a l y s i s  being 
conducted r e l a t i v e  to the konco 11. 
conjunction v i t h  t h e  VI& tstrrl vehicle  dynmiic model to dwelsp  aC:.r.cezents i n  
sub! e c t i v e  vs. ob jec t ive  ha7dling simulations and corre la t ions .  

FLT‘rn P U S S  

The major i ty  of fu to re  1 3 f l . d ~  hazeling a?alyses w i l l  be directed tovard the  V?&. 
Although a l h i t e d  ammount o f  ana lys i s  v i l l  be conducted to cos i rm axd.doraent  
t he  W t s  c h a r a c t e r i s t i c s  rr.8 s’hbility i n  f-turn type ~ a n e ~ z e r s ,  ~-i”-ary ezpkasis 
w i l l  be placed on optimizing “dwn-the-road ” s t a b i l i t y  and k - d l f n g  performance. 
Nev a r d y t i c a l  methods vi11 be developed t o  rimulhte current ILght Tnck bevelopmezt 
procedures euch as s ing ie  and double l lne  change m e u v e r s ,  serpeatine (pylon) 
rcmeuvers, pgrtioss of the  h a c 3 i n g  course, ctc. 
maneuver8 will be developed and co r re l a t ed  r e h t i v r  to the  VI& AD&!! =del, V% pmb-  
type v e h i c l e  (pending a v a i l a > i l i t y ) ,  Bronco 11 ADRMS model a=d pro2x t ion  l e v e l  ve f i c l e s .  

The VN!i model has been completed mnd i s  c a r r e n t l y  being v d l i h t e d  r d a t i v e  t o  f r o n t  
and r e a r  suspension u d  s t ee r ing  geometry, burrhing rates, ehock valving, etc.  
Modificatioris t o  r e f l e c t  rcceziit cbr-ges i n  progrm d i rec t ioz  v i l l  k iccorporated 
and meetings w i l l  be scheduled v i t h  the  front m ~ p n n i o n ,  rMr auusptnsion, snd rteeri^-& 
r e c t i o n s  to rev iev  the deta i led  modela mad i nd iv idua l  mpplicatione. 
evaluat ions v i l l  be sirmlatcd u t i l i z i n g  t h e  VI& total vehicle model. 

Tbe following animated p?apbAcs of the 
tow v e h i c l e  model has been generated to demon8tr8ts ruspos ion  k i n c u t i c e  and 
response .E it  negotiated 3 inch deep, o f f s e t  potholes.  
no t  i nc lude  a enveloping t i r e  slld i r  meant to demonstrate t he  froont and rear turpc7S~on 
k i n m a t i c s  only) .  

As a res l i l t  o f  our increased 

This m d c l  vi11 con tbue  t o  be exercised i n  

Simulation o f  su5jectioe handling 

Prrliminarg h d i u  

fmnt rurptnsion, r ea r  nipension,  md 

( b t e  that the model doe6 
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Attachaent I 
Page 1 

LIGHT TRUCK DYX!-'.:IC TIFX TESTING b!TD MODELING DEVEWK!Z 

PREVIOUS TIFS M93EiIKG 

T r a d i t i o n a l l y ,  vehicle  d p d c  simulations have u t i l i z e d  a r e l a t ive ly  narrow 
range of t i r e / road  in t e rac t ion  parameters: 

. k t e r c l  Force . b b e r  Thrust . Aligning Torque . Vertical  LaaZ/Deflection 
.. . ., . . ---- 

Each o f  t hese  p a m e t e r s  Was'aBswned to be independent of eac3 o ther  and l i n e a r l y  
a d d i t i v e .  
na t r ix  t h a t  held the  cecber and/or s l i p  angle a t  zero. 
cmber a r e  s.ml7, t t i s  f o d a t i o n  i s  adequate,  m d  gives rezszr.pt.lo c o r r e l e t i o n  
with v e h i c l e  t e s t s .  
t h e  use  of steady-state t e s t  values  and t h e  l i n e e r l y  addi t ive  8ss;rrption ca.v.ot 
be j u s t i f i e d .  h a t h e r  p x b l e m  which r e s u l t e d  from t h e  use o f  csnveztional t e s t  
data and 6eta reduction rout ines  wes t he  r e v e r s a l  o f  t he  aecor.5 d e ~ i v s t i v e  of 
t i c  l a t e r a l  fo rce  vs.  slip angle curve which r e su l t ed  in e? c--.:salistic t i r e  t h e t  
does m t  s a h r e t e  i n  corzering. (See Page 5 )  

The incorporatior, of  t t e  DLXS code f o r  aralyzina and predictic: t c t e l  v e h i c l e  
becdlir ,g p e r f o m n c e  cpezec', up a new f r o r i t i e r  ic t he  a r t  of  t j . ~ . ~ . i c  sir::latiun. 
Tne c o r r e c t  tra3sier.t v&Jes of  s l i p  ang le?  camber tingle and p s i t i c r .  of eech 
i n d i v i d u a l  t i r e ,  u d e r  the e f f e c t  of roll ~ t e e r ,  Xckemar,, ateering cozF l imce  
and cocpl iezce s t e e r ,  becsne a v a i l a b l e  a t  each time s t e p  i n  the  dpzr . ic  i n t e g r a t i c r .  
Unen t h e  conventiocei cerpet p l o t  t i r e  t e s t  data was u t i l i z e d  t i s  i n j x t  t o  t h e  
s o p h i s t i c a t e d  ADUS rodei,  c o r r e l a t i o n  wi th  t e s t  d a t a  a t  liet ser,eq2vero (near  
100$ l a t e r a l  weight t r c s f e r  and s l i p  ang le s  i n  t he  range of 23 t o  30 degrees )  
was sooewbat diseppoisting. 
thrust was dele t$d ,  E:? the l a t e r a l  f o r c e  curves were a r t i f i c a l l y  adjusted to 
proviee core reesore5ie values. 
as being r i g i d ,  pentr6tir.g t h e  road a8 required t o  m a i n b i z  tb proper loaded 
vertical. wheel center  t o  ground distance.  

With t h e s e  modificatiocs, good c o r r e l a t i o n  wa8 obtained u d  valueble s t u d i e s  
were conducted t o  o p t i d z e  t h e  dynamic handling cha rac t e r i s t i c s  of t h e  Bronco 11. 

Steady-state t e s t  values  were determined i n  a l i k t e f  pereceter  
R e 3  ro l l ,  s l i p ,  ar.d 

Fheve r ,  for performance i n  aevere and l i z i t  ksneuvers, 

As a temporary measure, two steps were tdcer.: ceafjer 

As an a d d i t i o n e l  expediezcy, t k e  t i r e  v:es r ?ee l e2  

IMPROvfD TIPS MODEL 

, 
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IMPROVED T I P 2  W D E L  (Continued) 

Eirst, a c r e a t i v e  new tire t e s t  procedure had to be established t o  more 
a c u r a t e l y  simulate &=d8 handling maneuvers. 
extended t o  b t  least t 9 
i n  t h e  l i n e a r  region as u e l l  18 i n  the lateral f o r c e  s a t u r a t i o s  mne. 
h r i n g  t h e  t e s t  procedure, beat build-up, pressure rise u d  t i r e  wear had 
to be minimized, or  incdrwistent data would be col lected. .  h e t e a d  of t h e  
standard data  s e t  o f  l a t e r a l  f o r c e  and aligning torque, i t  seeme5 reasonable 
to desire t h e  full complement of the three force and three mment components 
as a f u n c t i o n  of  t h e  dn",amic slip angle, camber angle  a d  n l l i c g  radius .  
(See Pg. 6 for t h e  SA3 convention and definit ion of terns.) 

The data range hed t o  be 
s u p  angle m d  ca.aber thrust bad to be included 

Secozld, nev a l p r i t h s  ked to  t>e int roduced for data analysis. 
bi-cubic f o z d e t i o n  t h e t  i s  used to generate  cur ren t  c = x e n t l c - i l  c a r s e t  
p l o t s  ues not  t r u l y  r e p r e s e t t a t i v e  of dynamic t i r e  p c r f o m n c e  a t  r e l a t i v e l y  
high slip angles ,  o r  when coEbined s l i p  and camber angles a re  p-esent, A 
Ford ECC prcgrar  wes develop& for car engineering t i r e  p a r z e t e r s  d e f i n i t i e n ,  
howeve? t t l s  ,p ro&re i  is l h i t e d  t o  lov slip angles ,  and t r e a t s  l a t e r a l  f o r c e  
a d  c a b e r  t k x s t  e5 l i z e r r l y  adCit ive.  
d e f i n i z g  ger .erd lDrd/te:lectioz r e ~ e t i o n s .  
o v e r t x m i n g  csieats anii r o l l i l l g  r e s i s t a n c e  vas evELuate2 f o r  strai,-?,t e h e s ~  
d r i v i n g  or-ly. h'eJ algorithm !uid t o  be developed to Eore efficiently hens ie  
t h e s e  nor,-lineer c k r e c t e x d s t i c s  er.d provide f o r  a m r e  sophis t icate2 t i r e  r 'odel 
r e p r e s e n t a t i v e  of lpnarlc tire behavior, u i t h o u t  oveI-.+9elAr.E I?,? slc.:leticr. 
w i t h  l i t e r h i l y  thouserds of raw date poin ts  f o r  each t i r e  cor-: ..-, t i o n .  

R e  KTS 

m e r e  vas no F-3cet.ire a v e l l a 5 l e  Icr 
These p:og~ez~ regiecte? t h e  

T i n a l l y ,  s ince  the  f r x t  sp indles  would now be supports: bj' e six degree o f  f r e e -  
dom nodel  instead of a r i g i d  t i r e ,  unique rou t ines  had k be v r i t t e n  t o  provide 
t h e  besic AD&% code with t h e  p a r t i a l  d e r i v a t i v e s  bof t k e  t i z e  forces w i t h  r e -  
spect t o  the  m d e l ' s  generalized coordinates .  (This re::Lra=er.t pcinted o u t  a 
d e f i c i e n c y  in t h e  cnrrezt  B D M G  code. 
is cooperat ing with ECZ and Advanced Chassis t o  ertharxe the A535 code s o  t h e t  
external forces ac t ing  betveen defined k i n e a a t i c  l i d s  c a  be ~ 1 ~ p l y  ir iput 
through user defined P-sub 6 t a t e n e r . t ~  ). 

?E%' TIFS TEST PFL3CE!lU?Z 

fn o r d e r  to obtain representa t ive  dynamic t i r e  data, t h e  capabi l i t i es  o f  t h e  
Cnlepan t i r e  t e s t  m s c h h  a& i t s  deiLicuLed curppuiu~~ vrre  st;l&eG, a d  l he  
f o l l o v i n g  t e s t  procedure uaa establ!.shed and executed: 

As a r e s u l t ,  Eg: : t  T r ~ c k  S.isper.siorr Gesig?. 

1. V a n  up snd loosen t i r e  by running for 15 miicctes a t  45 mph 
under 100% of t h e  T&RA r a t e d  load. 

2. S e t  the  Eacki&ne to the spec i f ied  ember angle,  with the s l i p  
angle a t  -10 and t h e  b e l t  nusning ct t h e  specified speed. 
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E$ TIRE TEST PF.XE9UF.E (Continued) 

3. 

4. 

5.  

6. 

7. 

8. 

9. 

10. 

h a d  t i r e  t o  f i r s t  s p e c i f i e d  load  (usua l ly  500 lbs . )  and 
commence s l i p  angle sweep. 

&eep a t  a r a t e  of 5' per second f r o m  -10' to +30° back 
to - 9 0  md return to +50. 
-100 to 00 and t h e  final 00 to 1.50 were spec i f i ed  to assure 

transient mode-: 

The ove r l ap  of t h e  initid 

t h a t  full 5 300 data would be obtained wi th  the  .. t i r e  . . 
_. 

0 Take readings every 0.3 seconds ( a p p r o d m t c l y  every 1.5 1. 

Maintain t h e  spec i f i ed  load throughout t he  run. 

Maintain the  v a n  up t i r e  p res su re  ( spec i f i ed  cold i n f l a t i o n  
p l u s  3 p s i )  throughout the r u n .  

'It, reduce the cost  and total number of m s ,  u t i l i z e  ozly 
10 of t h e  31 channels a v e i l a b l e .  (The c o q x t e r  c m  s t c r e  
a m  a x k u  of 7530 d a t e  i t e s s  per  nx). 

Repeat s t e a s  2 through 8 for t h r e e  a d d i t i o n a l  v e r t i c e l  b a d s  
up to 1505 cf rf i ted chpbzity. 

Repeat steps 2 through 9 f o r  nev camber angle. 

The 10 s t e p  prccedure ou t l ined  a b v e  is c l a s s i f i e d  a s  a s i z z l e  t e s t  i=zd 
results in t e s t  data  f o r  2 camber engles  and 4 v e r t i c a l  lo& conditi3r-E. 
f o r  c l i p  angles  from -303 t o  i300. 
prov ide  oae conplete s e t  of data f o r  a given t i r e .  

TEST FESGSTS 

TVO such t e s t s ,  e t  a cost o f  ezch, 

- _. - 

A typical s e t  of rav t e s t  d a t a  i s  shown i n  f i g u r e s  7 to 14, 
i n d i c a t i n g  that: 

1. Tire v e r t i c a l  sp r ing  r a t e  is n e a r l y  l i n e a r  a t  zero d i p  angle,  
bu t  decreases v i th  load a t  h ighe r  s l i p  angles 

2. Lateral force curves (Pg. 9) shov clear s a t u m t i o z ,  v i t h  a 
n e e  1;=opr d e c r e ~ ~ e  i n  loci35 cubeequent t o  t h e  peak valve,  
a s 0  mtevclrthq: is t h a t  tha s&%idiZt:sil slip angle iiic;-easaa .;itk 
load, 
f o r c e  is conputed (Pg. 10). 
t i r e  fo rces  perpendicular to the v e l o c i t y  vector. 
t h a t  causes the  v e h i c l e  to t u r n  and have a l a t e r a l  accelerat ion) .  

This s a t u r a t i o n  become8 even more evidsnt  vhen the  cornerinR 
(Cornering f o r c e  is  the r e s u l t a n t  o f  t he  

It ie t he  f o r c e  

, 

00000 1622 
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TEST PZSYLTS (Continued) 

3. The mepitude of the  overturning moment (Pg. 12) VU 
surpr i s ing ly  high, reaching a value of 35 Ma ft. l b s .  a t  
2390 l b s .  v e r t i c a l  f o r c e ,  and i n d i c a t i n g  2.1 inches of 
l a t e r a l  t i r e  d i s t o r t i o n .  
i n  the  data ,  which can be a t t r i b u t e d  to In -and4u t  
f l u c t u s t i o n s  of t h e  t i r e  sidewall at3 different tread blocks 
and erooves rotate into poaition to form the tire patch.. .. 

There va8 considerable eca t te r  

4. The aulignicg brqtle d a b  (Pg. 14) ahows even more SCetter than 
t h e  data. This is a t t r imtable  to t h e  c o n t i n u 7  
chsng1r.g d i s t r i h t i o n  of tne slip/adhesion sones vit ' r ic the t i r e  
patch. 

As previously s te te5 ,  new 6 e t s  reduct ion a l g o r i t b s  had to he developed t o  
red>ice t h e  egitifi? of raw t i r e  data. 

First, t h e  I!?S/CIC estehlishecl d a t a  region b u n d r i e s  were re;lece2 b7 Rev 

Second, t he  bi-cukic m l t i p l e  l i n e a r  regress ion  d g o r i t h a  was i z x i  i o  6 
cubic-qusdratic is s l i p  engle (elpfia) and v e r t i c a l  f o r c e  (F?) i n  t h e  central 
four regions, 5r.d t o  a bi-quadratic a t  t h e  two high s l i p  angle regions. 
This  l a t t e r  p e e s c e  e l h i n e t c d  t h e  tendency of slope reversel  e: h i g t  slip 
angles  while cainteining h m l t i p l e  c o r r e l a t i o n  c o e f f i c i e n t  cf over 0.99. 
Tt..ird, the  v e r t i c e l  forco/def lect ion curve was represented by e cubic- 
quadre t ic  equptlo- i n  elyhe arLd radial d s f l e c t i o o ,  modified t o  el i r i r ,Ets  
pure alpha t e rns .  
slip engle  regions. 
c o e f f i c i e n t  of 0.9999. 

bL*,t.ies L ' . . - A  - - >  - - - =  t : ~ r ~ ~ r i = . + , e l . y  descriDtive o f  t!Ie tes: dzts (?g. 15)  _ _  - C . . _ "  -_  - 

Xgairi, t h e  caiic terns i n  alpha were droppe? i n  the k i g h  
This f o r n u l e t i o n  gave an exce l len t  f i t  v i t h  a c o r r e l a t i o n  

Indiv idua l  t e s t  rxs/caZber  range da ta  yas  ex t rac ted  from t h e  t e s t  tepe, ssooth22, 
divided i n t o  overlepping regions,  and processed through the =. i l t iple  linear 
regression rozt ines .  
t i re  d a t a  files, an3 contain a l l  the  data required f o r  t he  ADkU simulation. 
€or vis ja l  inspection of t h e  r e s l d t i a g  m e 8  which a r e  d e f k e d  by these  
c o e f f i c i e n t s ,  routines were w r i t t e n  t o  p l o t  these charac te r i s t ic  curves on 
local Tektronix graphics tubes. T!-iis d a t a  i t l  presented i n  Flotted forn on 
pages 24 through 27 . 
616 f o r  moments. 

The regress ion  c o e f f i c i e n t s  were wri t ten in* coiiposite 

Average devia t ion  f r o m  t e s t  data i s  25 f o r  forces  and 

In total, twelve computer programs were developed for t h e  full aequence of 
data reduct ion and p l o t t i n g  rout ines .  

\ 
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