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VEHICLE PARAMETER MEASUREMENTS 
OF AN LAV WITH 90rnm. CANNON 

I n e r t i a l  P r o p e r t i e s  

The L A V  was separated i n t o  i t s  two component p a r t s  ( v i z .  the  

" veh i c le "  less  the  t u r r e t ,  and the  " tu r i - e t "  equipped w i t h  a  90mm. cannon) 

f o r  i n e r t i a l  t e s t i n g .  For each o f  these two p a r t s ,  we ight ,  cen te r  o f  

g r a v i t y  p o s i t i o n  i n  the  v e r t i c a l ,  l a t e r a l  and l o n g i t u d i n a l  d i r e c t i o n s ,  

and the  r o l l ,  p i t c h  and yaw moments o f  i n e r t i a  about the  c.g. were 

measured. 

Weight, p l u s  cen te r  o f  g r a v i t y  p o s i t i o n  i n  the  p i t c h  p lane and the 

p i t c h  moment o f  i n e r t i a  o f  t he  v e h i c l e ,  were a l l  measured us ing  the  UPITRI 

heavy v e h i c l e  p i t c h  p lane i n e r t i a l  t e s t  f a c i l i t y .  R o l l  moment o f  i n e r t i a  

was measured us ing  a  s i m i l a r  compound pe!ndulum device.  The v e h i c l e ' s  yaw 

moment o f  i n e r t i a  was measured by o s c i l l a t i n g  the  v e h i c l e  i n  yaw aga ins t  

a  c o i l  s p r i n g  o f  known r a t e ,  w h i l e  the  v e h i c l e  was supported v e r t i c a l l y  

on " z e r o - f r i c t i o n , "  h y d r o s t a t i c  bear ings .  

The t u r r e t  was weighed us ing  a  s t r a i n g a u g e  load c e l l .  I t s  center  

o f  g r a v i t y  p o s i t i o n  was determined by suspending the  e n t i r e  assembly from 

an overhead crane and determin ing  the  plumb l i n e  from the  suspension 

p o i n t  w i t h  a  p r e c i s i o n  t r a n s i t .  Repeating t h i s  procedure us ing  severa l  

p o i n t s  o f  suspension i d e n t i f i e s  the  cen te r  o f  g r a v i t y  as the  s i n g l e  p o i n t  

i n  t he  body a t  which a11 plumb l i n e s  i n t e r s e c t .  R o l l  and p i t c h  moments 

o f  i n e r t i a  o f  the t u r r e t  were determined us ing  the  compound pendulum 

dev ice  used t o  measure r o l l  moment o f  t he  v e h i c l e .  Yaw moment o f  i n e r t i a  

o f  t he  t u r r e t  was measured us ing  a  m u l t i - f i l a r  ( t o r s i o n a l )  pendulum 

dev i ce. 

Resu l ts  o f  t he  i n e r t i a l  measurements a r e  presented i n  t he  f o l l o w -  

i n g  two tab les .  



Veh ic le  I n e r t i a l  Propert ies?:  

Weight 22,178 l b s .  

Center o f  G r a v i t y  P o s i t i o n  

L o n g i t u d i n a l  ( a f t  o f  f r o n t  a x l e  cen te r )  62.1 i nches 

V e r t i c a l  (above lower face o f  b e l l y  17.0 inches 
p l a t e  a t  f o r e / a f t  c.g. p o s i t i o n )  
(above ground i n  t e s t  c o n d i t i o n )  39.9 inches 

L a t e r a l  ( r i g h t  o f  cen te r )  2.0 inches 

Moments o f  I n e r t i a  about c.g. 

Yaw 

P i t c h  

294,990 i n -  1 b-sec 
2 

294,690 i n- 1 b-sec 
2 

R o l l  94,130 i n - l b -sec  
2 

*Less t u r r e t ;  i n c l u s i v e  o f  unsprung masses i n  s t a t i c  r i d e  h e i g h t  
p o s i t i o n ;  f u l l y  loaded ammo rack ;  f u e l  tank f u l l .  

T u r r e t  I n e r t i a l  Y r o p e r t i e s ~ ~  

Weight 4689 Ibs .  

Center o f  G r a v i t y  P o s i t i o n  

V e r t i c a l  (above p lane o f  lower face o f  3.88 inches 
t u r r e t  d r i v e  gear)  

L o n g i t u d i n a l  ( fo rward  o f  l a t e r a l  center -  4 .88 inches 
1 ine  o f  t u r r e t  d r i v e  gear) 

L a t e r a l  ( r i g h t  o f  l o n g i t u d i n a l  cen te r -  0.75 inches 
1 ine  o f  t u r r e t  d r i v e  gear)  

Moments o f  i n e r t i a  about c.g. 

Yaw 14,250 i n -  1 b-sec 
2 

P i  t c h  15,280 in - lb -sec  
2 

Rol 1 599.0 i n - l b -sec  
2 

*With 90mm. cannoq h o r i z o n t a l ,  e i g h t  dummy rounds i n  s to rage 
racks.  



T i  r e  P r o p e r t i e s  

A  v a r i e t y  o f  p r o p e r t i e s  o f  t he  L/1V t i  r e  were measured us ing  the  

UMTRl F l a t  Bed T i r e  Tes te r .  T i r e  p r o p e r t i e s  measured were: 

o  s tand ing  t i r e  v e r t i c a l  s p r i n g  r a t e  

o  s tand ing  t i r e  l a t e r a l  s p r i n g  r a t e  

o  t i  r e  s  i desorce response t o  s  1 i p ang 1 e  

o  peak f r i c t i o n  o f  the  s tand ing  t i r e  on a  concre te  su r face  
i n  the  l o n g i t u d i n a l  and l a t e r a l  d i r e c t i o n s  

As o r i g i n a l  l y  proposed, these p r o p e r t i e s  would have been measured 

f o r  two t i r e s ,  each a t  two i n f l a t i o n  pressures and th ree  v e r t i c a l  load 

c o n d i t i o n s ,  thus p r o v i d i n g  a  m a t r i x  o f  12 t e s t  c o n d i t i o n s  (two t i r e s  x  

two pressures x  t h ree  l oads ) .  By agreement w i t h  M. R i c k e t t s ,  t he  t e s t  

m a t r i x  was a l t e r e d  such t h a t  t he  t i r e  p r o p e r t i e s  o f  i n t e r e s t  were 

measured f o r  one t i  r e  removed f rom the  L.AV. Each p r o p e r t y  was de te r -  

mined under cond i t i ons  o f  0, 45 ,  and 6 5  p s i .  i n f l a t i o n  pressure and a t  

1500, 3500, 5500, and 7500 l b s .  v e r t i c a l  load.  Th is  m a t r i x  a l s o  prov ided 

f o r  12 t e s t  cond i t i ons  (one t i  r e  x  th ree pressures x  f ou r  loads) ,  and, 

t h e r e f o r e ,  an e q u i v a l e n t  volume o f  t i  re  data as o r i g i n a l  l y  proposed. 

The r e s u l t s  o f  the  t i r e  t e s t s  are conta ined i n  t he  s e r i e s  o f  

graphs which f o l l o w .  Note t h a t  the  f r i c t i o n  c o e f f i c i e n t  o f  the  s tand ing  

t i r e  was measured on new concre te  which was prepared w i t h  bo th  "smooth" 

and "rough" su r face  sec t i ons .  Moderate d i f f e rences  are  seen i n  the  

r e s u l t i n g  data.  Side f o r c e  data f o r  the u n i n f l a t e d  t i r e  i s  a l s o  o f  

i n t e r e s t .  Note t h a t  t h e  t i r e  behaves remarkably w e l l  a t  low l e v e l s  o f  

s l i p  ang le ,  b u t  above f o u r  degrees o f  s l i p ,  t he  s i d e  w a l l  appa ren t l y  

becomes uns tab le  and s i d e  f o r c e  1 i t e r a l  l y  "goes away." (The t i  r e  i s  

very  e r r a t i c  i n  i t s  behav ior  under these c o n d i t i o n s  such t h a t  the  data 

sampl i ng and averaging r o u t i n e s  employed may no t  be app rop r ia te .  

Accord ing ly ,  data i n  the  uns tab le  regime should be considered t o  be 

qua1 i t a t i v e  o n l y . )  D r i ve rs  should be aware t h a t ,  w i t h  f l a t  t i r e s  

( p a r t i c u l a r l y  a t  the  r e a r ) ,  the  v e h i c l e  [nay handle reasonably w e l l  a t  

low maneuvering l e v e l s  ( p o s s i b l y  p r o v i d i n g  a  f a l s e  sense o f  s e c u r i t y )  

b u t  may r a p i d l y  become uns tab le  a t  moderate l e v e l s  o f  maneuvering 

s e v e r i t y .  



Suspension P r o p e r t i e s  

The suspension p r o p e r t i e s  requested by the  re ference s o l  i c i  t a t  i on  

were measured us ing  UMTRl's heavy v e h i c l e  suspension t e s t  f a c i l i t y .  The 

v e h i c l e ' s  rearmost a x l e  was chosen as t:he " rear "  a x l e  f o r  t e s t ,  w h i l e  

t he  second a x l e  from the  f r o n t  was chosein as the  " f r o n t "  a x l e  f o r  t e s t .  

T i  res and wheels were removed from the  t :est ax les  and replaced w i t h  

" r i g i d "  sur rogates .  Thus, the p r o p e r t i e s  measured a re  those o f  t he  sus- 

pension o n l y ,  and do n o t  i nc lude  the  i n f l uences  o f  t i r e  compliances. 

Tes t  resu l  t s  a re  presented i n  the severa l  graphs which f o l  low. 

V e r t i c a l  r a t e  i s  shown over the f u l l  suspension t r a v e l ,  w i t h  bump s top  

e f f e c t s  c l e a r l y  ev iden t .  Coulomb f r i c t i o n  i s  r e l a t i v e l y  low i n  bo th  

v e r t i c a l  and r o l l  r a t e  da ta .  The rea r  suspension shows v i r t u a l l y  no 

r o l l  s t e e r  and l i t t l e  a l i g n i n g  moment ccmpliance s t e e r  as would be 

expected from t h i s  s t o u t ,  "pure" t r a i l i n g  arm suspension. F ron t  suspen 

s i o n  r o l l  s t e e r  i s  s i g n i f i c a n t ,  however, and f r o n t  suspension a l i g n i n g  

moment s t e e r  revea ls  a s u b s t a n t i a l  s t e e r i n g  system compliance. As i s  

t y p i c a l l y  the  case, the  f r o n t  a l i g n i n g  moment compliance s t e e r  data 

a l s o  revea l  s t e e r i n g  system lash ( i  .e . ,  the  more v e r t i c a l ,  c e n t r a l  por -  

t i o n s  o f  the data)  bu t  t he re  i s  a somewhat l a rge  l e v e l  o f  Coulomb 

f r i c t i o n  (evidenced by t h e  h o r i z o n t a l  spacing o f  t he  hys te res i s  loops) 

a l s o  apparent  i n  t he  data.  

I n  a d d i t i o n  t o  t he  data presented g r a p h i c a l l y ,  r o l l  cen te r  h e i g h t  

o f  bo th  suspensions was determined. As p r e d i c t e d  by theo ry ,  t he  r o l l  

center  o f  the  t r a i  1 i ng  arm rea r  suspension was found t o  be a t  t he  ground 

plane.  For the  f r o n t  suspension measured, r o l l  c e n t e r  he igh ts  were 

found t o  be as f o l  lows: 

T o t a l  Ax le  Load 
(pounds) 

Suspension R o l l  Center Height  35  75 
( i nches below reference*)  1 . / 36.5 / 36.75 1 

* V e r t i c a l  reference i s  the  sharp, o u t e r  body edge a t  the 
l o n g i t u d i n a l  p o s i t i o n  o f  t he  a x l e .  



T i  r e  P r o p e r t i e s  Graphs 

Standing T i r e  V e r t i c a l  Spr ing  Rate @ P=65 p s i  
Standing T i r e  V e r t i c a l  Spr ing  Rate @ P=45 p s i  
Standing T i r e  V e r t i c a l  Spr ing  Rate @ P=O p s i  
Standing T i  re  L a t e r a l  Spr ing  Rate on Smooth Concrete @ P=65 p s i  

Fz=7556 l b s .  
Standing T i r e  L a t e r a l  Spr ing  Rate on Smooth Concrete @ P-65 p s i  

Fz=5533 l b s .  
Standing T i r e  L a t e r a l  Spr ing  Rate on Smooth Concrete @ P=65 p s i  

Fz=3522 Ibs .  
Standing T i  r e  L a t e r a l  Spr ing  Rate on Smooth Concrete @ P=65 p s i  

Fz=1516 l bs .  
Standing T i r e  L a t e r a l  Spr ing Rate on Smooth Concrete @ P=45 p s i  

Fz=7542 Ibs .  
Standing T i  r e  L a t e r a l  Spr ing  Rate on Smooth Concrete @ P=45 p s i  

Fz-5517 l bs .  
Standing T i r e  L a t e r a l  Spr ing  Rate on Smooth Concrete @ P=45 p s i  

Fz=3534 Ibs .  
Standing T i r e  L a t e r a l  Spr ing  Rate on Smooth Concrete @ P=45 p s i  

Fz-1531 Ibs .  
Standing T i  r e  L a t e r a l  Spr ing  Rate on Rough Concrete @ P=65 p s i  

Fz=7561 1 bs.  
Standing T i  r e  L a t e r a l  Spr ing  Rate on Rough Concrete @ P=65 p s i  

Fz=5533 1 bs. 
Standing T i  r e  L a t e r a l  Spr ing  Rate on Rough Concrete @! P=65 p s i  

Fz=3543 l b s .  
Standing T i  r e  L a t e r a l  Spr ing  Rate on Rough Concrete @ P=65 p s i  

Fz=1531 l bs .  
Standing T i  r e  L a t e r a l  Spr ing  Rate on Rough Concrete @ P=45 p s i  

Fz-7532 l b s .  
Standing T i  re  L a t e r a l  Spr ing  Rate on Rough Concrete @ P=45 p s i  

Fz-5543 1 bs. 
Standing T i r e  L a t e r a l  Spr ing Rate on Rough Concrete @! P=45 p s i  

Fz=3.513 l b s .  
Standing T i  r e  L a t e r a l  Spr ing Rate on Rough Concrete @ P=45 p s i  

Fz=1508 l b s .  
Side Force Responses t o  P o s i t i v e  ST i p  Angles @ P=65 p s i  
Side Force Responses t o  Negat ive S l i p  Angles @ P=65 p s i  
Side Force Responses t o  P o s i t i v e  S l i p  Angles @ 45 p s i  
Side Force Responses t o  Negat ive  S l i p  Angles @ 45 p s i  
Side Force Responses t o  P o s i t i v e  S l i p  Angles @ P=O p s i  
Side Force Responses t o  Negat ive S 1 i p  Angles @ P=O ps i 
Standing T i  r e  - L a t e r a l  Peak F r i c t i o n  C o e f f i c i e n t  
Standing T i r e  - L o n g i t u d i n a l  Peak ' r i c t i o n  C o e f f i c i e n t  
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Sus~ens  i on  P r o ~ e r t  i es  G r a ~ h s  

S - 1  V e r t i c a l  Rate - Rear 
S-2 R o l l  Rate - Rear 
S - 3  R o l l  Steer  - Rear 
S-4 A1 i g n i n g  Moment Compl iance Steer-  Rear 
S-5 V e r t i c a l  Rate - F ron t  
S-6 R o l l  Rate - F ron t  
S - 7  R o l l  Steer  - F ron t  
S-8 A1 i g n i n g  Moment Compl iance Steer - F ron t  
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