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INTRODUCTION 

Process  Eng inee r ing ,  I n c .  and Air Produc t s  p e r s o n n e l  have 

expressed  concern w i t h  r e g a r d  t o  e x c e s s i v e  r i d e  v i b r a t i o n  o f  t h e  

6500-ga l lon  l i q u i d  carbon monoxide t r a i l e r  i n  highway s e r v i c e .  

A t  t h e  r e q u e s t  of  P rocess  Eng inee r ing ,  HSRI p e r s o n n e l  have con- 

duc ted  a  b r i e f  t h e o r e t i c a l  examinat ion  i n t o  t h e  problem. This  

document i s  in t ended  t o  r e p o r t  on t h a t  a c t i v i t y  and i t s  f i n d i n g s ,  

I t  s h o u l d  be no ted  t h a t  a t  no t ime have HSRI p e r s o n n e l  had 

t h e  o p p o r t u n i t y  t o  s e e  t h e  s u b j e c t  v e h i c l e  o r  t o  examine i t  

e i t h e r  i n  t h e  l a b o r a t o r y  o r  on t h e  road .  Consequent ly ,  i t  i s  

n e c e s s a r y  t h a t  a l l  c a l c u l a t i o n s  and c o n c l u s i o n s  r e p o r t e d  upon 

h e r e i n  d e r i v e  from e s t i m a t e s  of t h e  p e r t i n e n t  pa ramete r s  i n v o l v e d  

and shou ld  be  viewed i n  t h a t  l i g h t .  

The remaining two s e c t i o n s  of  t h i s  document r e p o r t  upon t h e  

a n a l y t i c a l  a c t i v i t y  and t h e  r e s u l t a n t  conc lus ions  and 

recommendations,  r e s p e c t i v e l y .  

ANALY S I  S  

Ride d i s t u r b a n c e s  of  motor v e h i c l e s  d e r i v e  t h e i r  impe tus ,  

i n  v i r t u a l l y  a l l  c a s e s ,  from t h e  c o n t a c t  f o r c e s  a t  t h e  t i r e - r o a d  

i n t e r f a c e  which a r e  t r a n s m i t t e d  t o  t h e  sprung mass v i a  t i r e  and 

suspens ion  sys tems.  Al so ,  t h e y  t e n d  t o  show a  magnitude depen-  

dency on f requency d e r i v i n g  from t h e  n a t u r a l  f r e q u e n c i e s  o f  t h e  

v a r i o u s  mass / sp r ing  systems p r e s e n t  w i t h i n  t h e  v e h i c l e .  That  

i s ,  t i r e - r o a d  c o n t a c t  f o r c e  modula t ions  w i l l  be r e a d i l y  t r a n s m i t t e d  

t o  t h e  sprung mass i f  t hey  p o s s e s s  a  h i g h  f requency c o n t e n t  n e a r  

a  n a t u r a l  f requency of  t h e  sprung mass. 

T i r e  c o n t a c t  f o r c e  d i s t u r b a n c e  d e r i v i n g  from road  s u r f a c e  

i r r e g u l a r i t i e s  t end  t o  have r a t h e r  randomly d i s t r i b u t e d  f requency 

c o n t e n t .  On t h e  o t h e r  hand,  d i s t u r b a n c e s  a r i s i n g  from t i r e  

i r r e g u l a r i t i e s ,  such as  "out  of  round,"  "out  of  b a l a n c e , "  and 

r a d i a l  s p r i n g  r a t e  r u n o u t ,  w i l l  have v e r y  c o n c e n t r a t e d  f r equency  

c o n t e n t  dependent  on t h e  r o t a t i o n a l  v e l o c i t y  of  t h e  t i r e s .  



I t  was r e p o r t e d  t h a t  t h e  v i b r a t i o n s  o f  concern occur  a t  a  

v e h i c l e  speed  o f  approximate ly  40 m i l e s  p e r  hour .  S i n c e  t h e  

r o l l i n g  r a d i u s  of  t h e  common heavy t r u c k  t i r e  i s  approx ima te ly  20 

i n c h e s ,  t h e  t i r e  w i l l  b e  r o t a t i n g  a t  approximate ly  5 . 6  r e v o l u t i o n s  

p e r  second a t  a  v e h i c l e  v e l o c i t y  of  4 0  m i l e s  p e r  h o u r ,  Thus, i t  

can be assumed t h a t  a t  t h e  speed  of  i n t e r e s t ,  d i s t u r b a n c e s  w i t h  

a  h i g h  5 t o  6 H z  c o n t e n t  a r e  p r e s e n t .  I f  a  sprung mass n a t u r a l  

f requency i n  t h e  same range could  be  i d e n t i f i e d ,  i t  would 

c e r t a i n l y  appea r  t o  be t h e  s o u r c e  of  t h e  problem. 

This r a t i o n a l e  i s  s t r o n g l y  s u p p o r t e d  by t h e  e x p e r i m e n t a l  

f i n d i n g  r e p o r t e d  t o  P rocess  Eng inee r ing  by L i t t l e t o n  Research  

and Engineer ing  Corpora t ion  (Report  C-236, J u n e ,  1974) .  This  

r e p o r t  c i t e d  expe r imen ta l  d a t a  i n d i c a t i n g  t h a t  t h e  most s e v e r e  

v i b r a t i o n s  measured on t h e  sprung mass of  t h e  s u b j e c t  v e h i c l e  

occur red  n e a r  a  v e h i c l e  speed  of 40 mph and a t  f r e q u e n c i e s  r a r e l y  

o u t s i d e  a  4 . 5  t o  6 . 5  Hz r a n g e .  

I n  accordance  w i t h  t h e  p r e c e d i n g  d i s c u s s i o n ,  t h e  s u b j e c t  

v e h i c l e  was examined i n  o r d e r  t o  d e r i v e  e s t i m a t e s  o f  i t s  n a t u r a l  

f r e q u e n c i e s  i n  b o t h  t h e  p i t c h  ( i . e . ,  r o t a t i o n a l  motion about  a  

l a t e r a l  a x i s )  and bounce ( v e r t i c a l  l i n e a r  motion) modes. 

P i t c h  Mode A n a l y s i s :  With t h e  a i d  of drawings p r o v i d e d  by 

P rocess  Eng inee r ing ,  c a l c u l a t i o n s  were made i n d i c a t i n g  t h e  p i t c h  

moment of  i n e r t i a  of  t h e  sprung mass about  i t s  own c e n t e r  of  
2 g r a v i t y  ( I  ) t o  b e  approximate ly  860,000 i n - l b - s e c  . Data 

YY 
d e r i v e d  from l a b o r a t o r y  exper iments  conducted p r e v i o u s l y  by HSRI 

on t r a c t o r s  and t r a i l e r s  f i t t e d  w i t h  f o u r  s p r i n g  tandem 

suspens ions  i n d i c a t e d  t h a t  t h e  t o t a l  s p r i n g  r a t e s  of  t h e  t r a i l e r  

and t r a c t o r  r e a r  suspens ions  cou ld  be e s t i m a t e d  t o  be  28,000 l b / i n  

and 20,000 l b / i n ,  r e s p e c t i v e l y .  Given t h e  geometry o f  t h e  

t r a i l e r ,  a  t o t a l  s p r i n g  c o n s t a n t  ( K  ) f o r  r o t a t i o n a l  motion o f  
YY 

t h e  t r a i l e r  sprung mass about  i t s  c e n t e r  o f  g r a v i t y  o f  1.1 x  10 9  

i n - l b / r a d  was c a l c u l a t e d .  From t h e  e q u a t i o n  



a  n a t u r a l  p i t c h  f requency ( f  ) of 5 . 6  H z  was c a l c u l a t e d .  
YY 

Bounce Mode A n a l y s i s :  Process  Eng inee r ing  p e r s o n n e l  

i n d i c a t e d  t h e  t o t a l  weight  of t h e  s u b j e c t  v e h i c l e  t o  be  21,000 l b .  

Assuming t h e  unsprung weight  t o  be 3,000 l b . ,  t h e  sprung we igh t  

( W )  i s  18,000 l b .  Combining t h e  t r a c t o r  r e a r  and t r a i l e r  s p r i n g  

r a t e s ,  a t o t a l  v e r t i c a l  s p r i n g  r a t e  (KZ) of  48,000 l b / i n  r e s u l t s .  

From t h e  e q u a t i o n  

a n a t u r a l  bounce f requency ( f Z )  of  5 . 1  Hz  was c a l c u l a t e d .  

C O N C L U S I O N S  AND R E C O ~ I M E N D A T I O N S  

The above a n a l y s i s ,  suppor t ed  by t h e  d a t a  p r e s e n t e d  by 

L i t t l e t o n  Research (Report  C - 2 3 6 ,  J u n e ,  1974) , i n d i c a t e d  s t r o n g l y  

t h a t  t h e  r i d e  problem exper i enced  by t h e  carbon monoxide t r a i l e r  

d e r i v e s  from t h e  e x c i t a t i o n  of t h e  v e h i c l e  sprung mass by t i r e -  

road  c o n t a c t  f o r c e s  a r i s i n g  from t i r e  i r r e g u l a r i t i e s  and having  

a  h i g h  f requency c o n t e n t  n e a r  t h e  n a t u r a l  f requency of t h e  sprung 

mass i n  b o t h  t h e  p i t c h  and bounce modes, 

S e v e r a l  avenues of r e c o u r s e  appea r  t o  p r e s e n t  themse lves ,  

namely : 

1. Remove t h e  t i r e  i r r e g u l a r i t i e s  which p r o v i d e  t h e  

e x c i t a t i o n  f o r c e s .  



2. A l t e r  t h e  frequency c o n t e n t  of t h e  e x c i t a t i o n  

f o r c e s .  

3 .  A l t e r  t h e  n a t u r a l  f r e q u e n c i e s  of  t h e  sprung 

mass. 

Only t h e  t h i r d  remedy i s  promis ing .  

Of a l l  t h e  i r r e g u l a r i t i e s  of t i r e s  which may l e a d  t o  t h e  

c u l p r i t  e x c i t a t i o n ,  only t h e  m a t t e r  of  "out  of ba lance"  i s  

conven ien t ly  addressed  by t h e  v e h i c l e  owner. Given t h e  s t a t e -  

o f - t h e - a r t  of heavy t r u c k  t i r e  manufac tu r ing ,  one can s a f e l y  say 

t h a t  o t h e r  s i g n i f i c a n t  t i r e  i r r e g u l a r i t i e s  w i l l  be p r e s e n t ,  

r e g a r d l e s s  of c o r r e c t i o n  e f f o r t s .  

Frequency c o n t e n t  of t h e  e x c i t a t i o n  could  be a l t e r e d  by 

mounting s m a l l e r  d iameter  t i r e s .  Thus, t h e  c r i t i c a l  5 Hz  

e x c i t a t i o n  regime would occur  a t  lower v e h i c l e  v e l o c i t i e s  a t  

which t h e  v e h i c l e  presumably spends l e s s  t ime .  Given g ross  t i r e  

l o a d  c o n s i d e r a t i o n s ,  however, t h i s  r o u t e  does no t  seem too  

promising . 
The n a t u r a l  f r e q u e n c i e s  of t h e  sprung mass may be  a l t e r e d  

most conven ien t ly  by a d j u s t i n g  suspens ion  s p r i n g  r a t e s .  Although 

t h e  v a r i a t i o n s  which may be  accomplished by changing s t e e l  s p r i n g s  

on t h e  v e h i c l e ' s  e x i s t i n g  suspens ion  would be i n s i g n i f i c a n t ,  

conver t ing  t o  a i r  s p r i n g  suspens ion  would l i k e l y  be  most h e l p f u l .  

The s p r i n g  r a t e s  of t r u c k  a i r  suspens ions  a r e  cons ide rab ly  lower 

t h a n  those  employing s t e e l  s p r i n g s ,  such t h a t  t h e  sprung n a t u r a l  

f r e q u e n c i e s  might be expected  t o  be dropped t o  roughly  h a l f  t h e i r  

i n i t i a l  va lue  i f  a i r  suspens ions  were employed. 

Lowering t h e  n a t u r a l  f requency of t h e  sprung mass would 

r e s u l t  i n  t h e  t i r e  f o r c e  e x c i t a t i o n  f r e q u e n c i e s  be ing  "tuned" 

t o  t h e  sprung mass frequency a t  lower v e h i c l e  v e l o c i t i e s .  I f  

t h e  n a t u r a l  f r e q u e n c i e s  were c u t  i n  h a l f ,  one would expec t  t h e  

most seve re  v e h i c l e  v i b r a t i o n s  t o  occur  a t  v e h i c l e  v e l o c i t i e s  of 

a b o u t  2 0  mph, r a t h e r  than  40 mph. S ince  i t  might be expected  t h a t  



s u s t a i n e d  o p e r a t i o n  a t  20  mph would occur  v e r y  i n f r e q u e n t l y ,  t h e  

u s e  of  a i r  s u s p e n s i o n  cou ld  be a s a t i s f a c t o r y  s o l u t i o n  t o  t h e  

r i d e  problem. The most s a t i s f a c t o r y  per formance  would p r o b a b l y  

d e r i v e  from employing a i r  s u s p e n s i o n s  on bo th  t h e  t r a i l e r  and i t s  

a t t e n d a n t  t r a c t o r .  


