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The goa ls  o f  t h i s  research  p r o j e c t  w,ere t h r e e f o l d ,  namely, ( 1 )  t o  
e l u c i d a t e  t h e  mechanics o f  c o m b i n a t i o n - v e h i c l e  b r a k i n g  (where "comb ina t ion  
v e h i c l e s "  r e f e r s  t o  passenger c a r - t r a i l e r  and p i c k u p  t r u c k - t r a i l e r  combina- 
t i o n  v e h i c l e s ) ,  ( 2 )  t o  s t r u c t u r e  a  r a t i o n a l e  f o r  measur ing t r a i l e r  
b r a k i n g  p r o p e r t i e s ,  and ( 3 )  t o  f o r m u l a t e  a  s e t  o f  g u i d e l i n e s  by wh ich  tow 
and t r a i l i n g  v e h i c l e s  can be p r o p e r l y  matched t o  p r o v i d e  accep tab le  combina 
t i o n - v e h i c l e  b r a k i n g  performance.  The r e p o r t  d e s c r i b e s  a n a l y t i c a l  and 
e m p i r i c a l  work aimed toward a t t a i n i n g  t h e s e  goa ls ,  i n c l u d i n g  parameter  
s e n s i t i v i t y  s t u d i e s  employ ing d i g i t a l  computer s i m u l a t i o n  and f u l l  - s c a l e  

t r a c k  t e s t i n g  o f  f i v e  tow v e h i c l e s  and f i v e  t r a i l e r s .  Parameter 
measurements o f  t h e  t e s t  t r a i l e r s  were a l s o  i n c l u d e d .  
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measure t o  de te rm ine  a  minimum w e i g h t  tow v e h i c l e  f o r  a  g i v e n  t r a i l e r  wh ich  
w i l l  p r o v i d e  reasonab le  assurance o f  a c c e p t a b l e  comb ina t ion  v e h i c l e  b r a k i n g  

i r e s  t h e  assumpt ion t h a t  t h e  tow 
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1.0 INTRODUCTION 

T h i s  document c o n s t i t u t e s  a  f i n a l  summary r e p o r t  on a  research  

s tudy  e n t i t l e d  " T r a i  1  e r  Brake Performance" which was conducted by 

t h e  Highway Sa fe ty  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  

Mich igan.  The s tudy  was supported by  t h e  N a t i o n a l  Highway T r a f f i c  

Sa fe ty  A d m i n i s t r a t i o n  o f  t h e  U.  S .  Department o f  T r a n s p o r t a t i o n  

under Con t rac t  DOT-HS-5-01152. 

The goa ls  o f  the  research were t h r e e f o l d ,  namely: 

a)  t o  e l u c i d a t e  t h e  mechanics o f  combinat ion v e h i c l e *  

( C V )  b r a  k i  ng , 

b )  t o  s t r u c t u r e  a  r a t i o n a l e  f o r  measuring t r a i l e r  

b r a k i n g  p r o p e r t i e s  , and 

c )  t o  f o r m u l a t e  a  s e t  o f  g u i d e l i n e s  by which tow 

and t r a i l i n g  v e h i c l e s  can be p r o p e r l y  matched t o  

p r o v i d e  acceptab le  combinat ion v e h i c l  e  b r a k i n g  

performance. 

The n e x t  s e c t i o n  o f  t h i s  r e p o r t  g i ves  an overview of t h e  

p r o j e c t  o b j e c t i v e s ,  p r o v i d i n g  a  r a t i o n a l e  f o r  o u r  i n t e r e s t  i n  t h e  

b r a k i n g  performance o f  t r a i  1 e rs  taken a1 one. 

F o l l o w i n g  t h i s  background i n f o r m a t i o n ,  a b r i e f  rev iew o f  t h e  

methodology used i n  t h e  s tudy  w i l l  be g i ven .  Both a n a l y t i c a l  and 

e m p i r i c a l  work w i  11 be cons idered.  

HSRI's v iew o f  a p p r o p r i a t e  g u i d e l i n e s  f o r  t h e  matching o f  

tow and t r a i l i n g  v e h i c l e s  t o  ensure a  minimum l e v e l  o f  combinat ion-  

v e h i c l e  b r a k i  ng performance i s  presented i n  S e c t i o n  4.0. Conclusions 

and recornendat ions a r e  presented i n  Sec t ion  5.0. 

*Throughout t h i s  document, t h e  te rm "combinat ion v e h i c l e "  w i l l  be 
used t o  r e f e r  t o  passenger c a r - t r a i l e r  and p i c k u p  t r u c k - t r a i l e r  
types i n  which t h e  tow v e h i c l e  i s  commonly equipped w i t h  an 
hyd rau l  i c  brake system. S p e c i f i c a l l y  exc luded a r e  t h e  l a r g e r  
a r t i c u l a t e d  v e h i c l e s  i n  wh ich b o t h  tow v e h i c l e  and t r a i l e r  comnonly 
employ a i r  brake systems. 





2.0 THE OBJECTIVES 

NHTSA has s ta ted  two p r imary  ob jec t i ves  f o r  t h i s  research 

study , namely : 

1 )  To determine t he  cha rac te r i s  t i c s  o f  t h e  towed 

and towing veh i c l e ,  i nc l  uding geometry, brake 

design fea tu res ,  and usage f a c t o r s  which have a  

major i n f l uence  on the brake performance o f  t he  

v e h i c l e  combinat ion.  

2 )  To develop and recommend a  s p e c i f i c a t i o n  and t e s t  

r a t i o n a l e  by which s a t i s f a c t o r y  brake performance 

o f  the combination can be assured by c o n t r o l 1  i n g  

the brake performance o f  the towed v e h i c l e  i n  a  

s a f e t y  standard.  

I n  t he  I n t r o d u c t i o n  t o  t h i s  r e p o r t ,  these two ob jec t i ves  were 

res ta ted ,  d i v i d i n g  the  second i n t o  two elements, namely, t he  

measurement o f  t r a i  1 e r  brake performance and a  r a t i o n a l e  f o r  the  

matching o f  combinations. 

From the  onset,  i t  was q u i t e  c l e a r  t h a t  t he  f i r s t  NHTSA 

o b j e c t i v e  cou ld  be met. The s t a t e  o f  t h e  a r t  o f  veh i c l e  dynamics 

i s  s u f f i c i e n t l y  advanced such t h a t  t h e  t o o l s  r equ i r ed  t o  

s a t i s f a c t o r i l y  meet t h i s  goal a re  ava i l ab l e .  But  i t  was n o t  

obvious, a  p r i o r i  , t h a t  NHTSA's second s t a t e d  o b j e c t i v e  would 

y i e l d  t o  s a t i s f a c t o r y  s o l u t i o n .  I n  p a r t i c u l a r ,  t h e  p o s s i b i l i t i e s  

f o r  success i n  meeting t h i s  second o b j e c t i v e  h inge on t he  

f i n d i n g s  assoc ia ted w i t h  t h e  f i r s t .  

Consider two extreme p o s s i b i l i t i e s .  F i r s t ,  t h a t  many 

c h a r a c t e r i s t i c s  o f  towed and towing veh ic les  m igh t  be found t o  

have a major i n f l u e n c e  on t h e  b rak i ng  performance o f  t he  combina- 

t i o n  veh ic le .  I n  t h i s  case, t h e  p o s s i b i l i t y  o f  success i n  meet ing 

t h e  second o b j e c t i v e  would be severe ly  l i m i t e d .  Any proposed 



guide1 i n e  w i t h  s u f f i c i e n t  t echn i ca l  complex i ty  t o  s imul taneous ly  

deal w i t h  several  impor tan t  f a c t o r s  would l i k e l y  prove t o  be 

imp rac t i ca l .  Conversely, a  g u i d e l i n e  o f  s u f f i c i e n t  simp1 i c i  t y  

t,o be p r a c t i c a l  would probably be i nadequate. 

A t  t h e  o the r  extreme, cons ider  a  f i n d i n g  suggest ing t h a t  

on ly  one o r  two impor tant  f a c t o r s  a f f e c t  combinat ion v e h i c l e  

b rak ing  performance. I n  t h i s  case, success i n  t he  second ob jec-  

t i v e  would be assured s imply  by p l a c i n g  adequate bounds on these 

f a c t o r s .  

To be sure,  t he  r e a l  s i t u a t i o n  l i e s  between these extremes. 

But the  statement o f  the  two extremes serves t o  i l l u s t r a t e  an 

impor tant ,  imp1 i c i t  element o f  the  f i r s t  object ive-to i d e n t i f y  

and remove f rom cons idera t ion  those f a c t o r s  which, due t o  the 

phys ics  o f  the process o r  the  i n f l uence  o f  common p r a c t i c e ,  have 

secondary o r  n e g l i g i b l e  i n f l u e n c e  on combination veh i c l e  b rak ing .  

Whatever t he  complex i ty  o f  t he  b rak ing  process, i t  i s  

impor tan t  t o  note t h a t  NHTSA's second o b j e c t i v e  has two i m p l i c i t  

requirements.  F i r s t ,  i t  i s  t h e  brake performance o f  the  towed 

v e h i c l e  which i s  t o  be c o n t r o l l e d .  Thus, a  methodology f o r  

measuring t h e  i nhe ren t  b rak ing  capabi l  i t y  o f  t he  t r a i l e r ,  indepen- 

dent o f  t he  tow veh ic le ,  i s  requ i red .  Second, by r e g u l a t i n g  the  

towed v e h i c l e ' s  performance, t he  combinat ion v e h i c l e  performance 

i s  t o  be assured. The i m p l i c a t i o n  here i s  t h a t  t h e  p o t e n t i a l  

degradat ion of b rak ing  performance accru ing from t h e  a d d i t i o n  o f  

a  t r a i l e r  t o  a  tow veh i c l e  must be s a t i s f a c t o r i l y  l i m i t e d .  This 

r e p o r t  w i l l  show t h a t  t h i s  can be accomplished through a  pro-  

cedure whereby the measured c a p a b i l i t i e s  o f  a  g iven  t r a i l e r  a re  

employed t o  d e f i n e  an acceptable c l ass  o f  tow veh i c l e  f o r  t h a t  

t r a i l e r .  



3.0 THE METHODOLOGY 

Both  a n a l y t i c a l  and e m p i r i c a l  a c t i v i t i e s  were under taken 

t o  address t h e  o b j e c t i v e s  o f  t h e  s tudy .  The work done can be 

c l a s s i f i e d  i n t o  seve ra l  areas,  p r i m a r i l y  a n a l y s i s ,  component 

t e s t i n g ,  and f u l l - s c a l e  v e h i c l e  t e s t i n g .  

A n a l y s i s  was t h e  c e n t r a l  e lement o f  t h e  program. T h i s  

a c t i v i t y  began e a r l y  and con t inued  th roughou t  t h e  s tudy .  E a r l y  

i n  t h e  s tudy,  a  program o f  t r a i l e r  component t e s t i n g  was under-  

t aken  t o  p r o v i d e  t h e  necessary p a r a m e t r i c  data  f o r  a n a l y s i s .  The 

a n a l y s i s  l e d  t o  a  f u l l e r  unders tand ing o f  t h e  mechanisms o f  CV 

b rak ing ,  and t o  t h e  development o f  t h e  v e h i c l e  t e s t  methodology. 

T h i s  methodology was implemented i n  a  v e h i c l e  t e s t  program whose 

r e s u l t s  supp lemented and v a i  i d a t e d  t h e  a n a l y t i c a l  r e s u l t s  . As a  

f i n a l  s tage of  a n a l y s i s ,  g u i d e l i n e s  f o r  t h e  match ing o f  CV's were 

developed and t h e i r  v a l i d i t y  t e s t e d  by comparison w i t h  t e s t  r e s u l t s .  

The v e h i c l e  t e s t i n g  p o r t i o n  o f  t h i s  s tudy  was conducted a t  

t h e  Bendix Automot ive Development Center  (BADC) , New Car l  i s l e ,  

I nd iana .  The program was s t r u c t u r e d  t o  examine b a s i c  ques t i ons  

address ing  combinat ion  v e h i c l e  b r a k i n g  performance,  v i  z .  , 

1 )  What i s  t h e  b r a k i n g  c a p a b i l i t y  o f  t h e  tow 

v e h i c l e  a1 one? 

2)  What i s  t h e  i n h e r e n t  b r a k i n g  c a p a b i l i t y  o f  

t h e  t r a i  l e r  a lone? 

3 )  What p e n a l t y  o r  burden i n  s topp ing  c a p a b i l i t y  

d e r i v e s  f rom u n i t i n g  t h e  tow ing  and t r a i l i n g  

v e h i c l e s  i n t o  a  combinat ion  v e h i c l e ?  

Three d i s t i n c t  t e s t  sequences were employed t o  probe these 

ques t ions  . These were: 

1 )  Tow v e h i c l e  a lone  e f f e c t i v e n e s s  t e s t s  

2 )  T r a i l e r  a1 one e f f e c t i v e n e s s  t e s t s  

3 )  Combinat ion v e h i c l e  e f f e c t i v e n e s s  t e s t s  

A d d i t i o n a l  t e s t i n g  was conducted t o  examine t h e  fade  p r o p e r t i e s  

o f  t r a i l e r  b rakes.  

5 



The tow v e h i c l e s  and t r a i l e r s  used i n  t h e  t e s t  program appear 

i n  F i g u r e  3.1*. 

The l a r g e  m a j o r i t y  o f  t h e  e f f e c t i v e n e s s  t e s t s  were conducted 

f rom an i n i t i a l  v e l o c i t y  o f  40 mph. T h i s  was done t o  p r o v i d e  

accep tab le  t e s t  s a f e t y  i n  t h e  comb ina t ion  v e h i c l e  t e s t s ,  p a r t i -  

c u l a r l y  t h o s e  o f  t h e  "mismatch" combinat ions ,  and t o  enhance t h e  

comparat ive  a n a l y s i s  o f  t h e  r e s u l t s  o f  t h e  t h r e e  t e s t  s e r i e s .  ( A  

1  i m i  t e d  number o f  t e s t s  were conducted a t  60 mph t o  examine h i g h e r  

v e l o c i t y  e f f e c t s .  ) 

Except f o r  t h e  i n i t i a l  v e l o c i t y ,  tow v e h i c l e  a lone e f f e c t i v e -  

ness t e s t s  were conducted e s s e n t i a l l y  as p r e s c r i b e d  by  FMVSS 

105-75 w i t h  t h e  t e s t  v e h i c l e  loaded t o  gvw. T r a i l e r  a lone  

e f f e c t i v e n e s s  t e s t s  c o n s i s t e d  o f  snubs i n  wh ich  t h e  combinat ion  

v e h i c l e  was d e c e l e r a t e d  th rough  t h e  appl  i c a t i o n  o f  t r a i l e r  brakes 

o n l y .  The f i n a l  v e l o c i t y  o f  these snubs was determined 

i n d i v i d u a l l y  f o r  each v e h i c l e  such t h a t  t h e  t r a i l e r  b rakes were 

s u b j e c t e d  t o  an energy a b s o r p t i o n  l e v e l  equal  t o  t h a t  wh ich  they  

would exper ience i n  a  f u l l  s t o p  o f  t h e  mass e q u i v a l e n t  o f  t h e  

t r a i l e r  a x l e  s t a t i c  l o a d .  I n  these t e s t s ,  t h e  t r a i l e r  was f u l l y  

loaded and t h e  tow v e h i c l e  l i g h t l y  loaded.  A p p l i c a t i o n  o f  t r a i l e r  

b rakes was accompl i s h e d  by  s p e c i a l  l y  designed equipment capab le  

o f  p r e c i s e  app l  i c a t i  on 1  eve1 c o n t r o l  . 
Combinat ion e f f e c t i v e n e s s  t e s t s  were conducted based on t h e  

s p e c i f i c a t i o n s  o f  FMVSS 105-75 s u b j e c t  t o  t h e  a l t e r e d  i n i t i a l  

v e l o c i t y .  The r e s u l t s  o f  t hese  t e s t s  were i n tended  t o  i n d i c a t e  

t h e  performance o f  t he  comb ina t ion  v e h i c l e  system i n  normal use. 

Thus, s tandard  consumer-avai l a b l e  t r a i l e r  b rake a p p l i c a t i o n  

dev ices  were employed. Also,  when l o a d  equal  i z i n g  h i t c h e s  were 

a p p r o p r i a t e  f o r  use, t h e i r  ad jus tment  was a c c o r d i n g  t o  manu fac tu re rs '  

recommendations, excep t  i n  a  s p e c i f i c  case i n v o l v i n g  a  t r a i l e r  

equipped w i t h  surge brakes.  I n  t h i s  p a r t i c u l a r  case i t  was found 

t h a t  t h e  surge h i t c h  and l o a d  e q u a l i z i n g  hardware were i n c o m p a t i b l e  

r e s u l t i n g  i n  t h e  conduct  o f  t e s t s  b o t h  w i t h  and w i t h o u t  equal  i z i n g .  

*The s t a t i o n  wagon shown i n  F i g u r e  3.1 i s  n o t  t h e  a c t u a l  t e s t  v e h i c l e  
used. The f u l l - s i z e  C h e v r o l e t  wagon used i n  t e s t i n g  was n o t  
a v a i l a b l e  f o r  t h i s  photo .  
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The tow veh ic les  t es ted  gene ra l l y  d isp layed  very  h i gh  

dece le ra t i on  capabi 1  i t i e s  on t h e  d r y  t e s t  sur face,  i n d i c a t i n g  t h a t  

bo th  f r o n t  and r e a r  wheels were braked t o  a  p o i n t  near t h e  l i m i t  

o f  su r face  f r i c t i o n .  (Two o f  t he  ca rs  were l i m i t e d  by f r o n t  wheel 

l o c k . )  A wide range o f  i nhe ren t  b rak i ng  c a p a b i l i t y  o f  t e s t  

t r a i l e r s  was measured. The r a t i o  o f  maximum brake f o r c e  t o  loaded 

t r a i l e r  weight  ranged from 0.16 t o  0.52. Measured combinat ion 

v e h i c l e  performance demonstrated a s im i  1  a r l y  broad range. When 

t e s t  t r a i l e r s  were combined w i t h  tow veh i c l es  demonstrat ing a  

b rak ing  capabi 1  i t y  compat ib le w i t h  FMVSS 105-75, maximum combinat ion 
2 2 v e h i c l e  dece le ra t i on  ranged from 12 f / s  t o  21 f / s  . 

A pr imary f i n d i n g  o f  t h e  t e s t  program was t h a t  t h e  maximum 

brake f o r c e  c a p a b i l i t y  o f  the  tow v e h i c l e  when opera t ing  alone was 

n o t  g ross l y  cl'ffet,ent from i t s  c a p a b i l i t y  when p r o p e r l y  h i t c h e d  t o  

a  t r a i l e r .  Th is  f i n d i n g  i s  ve ry  impor tan t  t o  t h e  development o f  

t h e  " r u l e "  s e t  f o r t h  i n  t h e  n e x t  sec t ion .  

The t e s t  program r e s u l t s  were extended v i a  a  parameter 

s e n s i t i v i t y  study mechanized by d i g i t a l  computer s imu la t i on .  Th is  

a c t i v i t y  served t o  demonstrate t h a t ,  w i t h  t h e  weights and brake 

systems o f  t he  tow v e h i c l e  and t r a i l e r  h e l d  constant ,  wide v a r i a t i o n  

i n  many v e h i c l e  parameters, i n c l u d i n g  t r a i l e r  cen te r  o f  g r a v i t y  

p o s i t i o n  and wheel base, and h i t c h  p o s i t i o n ,  had very  smal l  e f f e c t  

on t he  b rak ing  performance o f  t h e  combinat ion veh i c l e .  The major  

excep t ion  t o  t h i s  was t h e  l e v e l  o f  l o a d  e q u a l i z a t i o n  moment, which 

was seen t o  have s i g n i f i c a n t  e f f e c t s  on b rak i ng  performance. 



4.0 A PROPOSED R U L E  FORMAT 

The simulation activity serves to point o u t  the re1 ative u n -  
importance of several combination vehicle parameters t o  maximum CV 

braki ng performance. The more s i  gni f i cant parameters are the 

weight and brake force capability of the combination plus the in- 

use factor of load equalizer adjustment. Further, i t  was shown 

t h a t  the maximum wheels-unlocked brake force of t h e  tow vehicle 

remains a b o u t  the same with or without a t r a i l e r ,  given that the load 

equal iza t i  on adjustment i s  maintained within reasonable bounds. This finding 

leads t o  the proposal of a simplified analysis of combination vehicle 

braking which will result  in a u t i l i t a r ian  methodology for t r a i l e r  

brake performance testing in a standardslguidel i ne context. 

Consider f i r s t  a combination vehicle using e lec t r ic  t r a i l e r  

brakes. Let us assume a maximum (high u surface) wheels-unlocked 

brake force capability of FTv 1bs for a given tow vehicle, weighing 

WTV Ibs. Similarly, assume the t r a i l e r  (weight W,. 1 bs) has a maxi- 

mum brake force capability of FT 1 bs. Finally , we assume FTv and 

FT are n o t  a1 tered by the forming of the combination. Then 

from the free-body diagrams of Figure 4.1, we find the deceleration 

capabilities ( in  g ' s )  t o  be 

for the tow vehicle alone and  the combination vehicle, respec- 

t ively.  Solving Equation (4.1) for  FTv and substituting into 

(4.2) yields 





Equat ion (4.3) i n d i c a t e s  t h a t  i n  h i t c h i n g  a  p a r t i c u l a r  

t r a i l e r  and tow v e h i c l e ,  a  " d e c e l e r a t i o n  pena l ty , "  P  ( i n  g ' s ) ,  

i s  pa id .  That i s ,  t h e  combinat ion v e h i c l e  d e c e l e r a t i o n  i s  degraded 

r e l a t i v e  t o  t h e  tow v e h i c l e  a lone d e c e l e r a t i o n  by 

Xc,,wT - FT 
P = 

TV 
(4.4) 

where 

NOW, s u b s t i t u t i n g  xCv f rom (4 .5)  i n t o  (4 .4)  and s o l v i n g  f o r  WTy 

y i e l d s  

Equat ion (5.6) may be used t o  d e f i n e  a  minimum weight  tow v e h i c l e  

a p p r o p r i a t e  f o r  use w i t h  t h e  g i ven  t r a i l e r .  For example, l e t  us 

d e f i n e  t h e  minimum tow v e h i c l e  d e c e l e r a t i o n  as XlO5, i .e. , t h a t  

susta ined d e c e l e r a t i o n  g e n e r a l l y  r e q u i r e d  by FMVSS 105-75. Fu r the r ,  

d e f i n e  the  maximum acceptab le  d e c e l e r a t i o n  p e n a l t y  t o  be P,. 

Then 

S u b s t i t u t i n g  (4.7) and (4.8) i n t o  (4.6) y i e l d s  

Thus, i f  Equat ion (4.9) i s  s a t i s f i e d ,  and g i v e n  t h e  assumptions 

o f  t h e  a n a l y s i s ,  then 



I n  implement ing Equat ion (4.9),  t h e  t r a i l e r  manufacturer  

m igh t  per fo rm a  t r a i l e r  a lone  b rak i ng  t e s t  ( us i ng  v i r t u a l l y  any 

tow v e h i c l e )  f rom which t h e  maximum t r a i l e r  brake f o r c e  would 

be obta ined.  Using t h i s  r e s u l t  and t h e  t r a i l e r  gvw as WT, t h e  

manufacturer  would c a l c u l a t e  WTy and p u b l i s h  t h i s  f i g u r e  as a  

g u i d e l i n e  t o  t he  consumer, i n d i c a t i n g  t h e  minimum weight  tow 

v e h i c l e  acceptab le  f o r  use w i t h  t h e  t r a i l e r .  

For  t r a i l e r s  equipped w i t h  surge h i t c h  b r a k i n g  systems, t h e  

a c t u a t i o n  l e v e l  o f  t he  brake system i s  a  dependent v a r i a b l e  

determined by a  c losed- loop  mechanism. Thus, t h e  d i  r e c t  measure- 

ment o f  FT i s  n o t  reasonable and t h e  above a n a l y s i s  must be m o d i f i e d  

t o  be app rop r i a t e .  

It can be shown t h a t  " 

where FH i s  t h e  compressive l o n g i t u d i n a l  h i t c h  f o r c e  ( i n  l b s )  

a c t i n g  on t h e  t r a i l e r .  So l v i ng  Equat ion (4 .11)  f o r  F,, and 

s u b s t i t u t i n g  i n t o  Equat ion (4 .3)  y i e l d s  

where t h e  n o t a t i o n  TH i n d i c a t e s  t h e  va lue  o f  FH o c c u r r i n g  a t  a  

combinat ion v e h i c l e  dece le ra t i on  o f  iCV g ' s .  Thus, i n  t h i s  case, 

t h e  d e c e l e r a t i o n  pena l t y  i s  



I f  we again  s p e c i f y  t h a t  

and 

then from Equat ions (4 .5) ,  (4.14),  and (4.15) 

S u b s t i t u t i n g  (4.14) i n t o  (4.13) and rea r rang ing  y i e l d s  

.. 
where xCy i s  1  i m i  t ed  by Equat ion (4.16).  

I n  implement ing Equat ion (4 .17) ,  t h e  t r a i l e r  manufacturer  

m igh t  per fo rm a combinat ion v e h i c l e  s t opp ing  t e s t  a t  a  decelera-  .. 
t i o n  o f  xCv = '105 - 'm .* I n  t h i s  t e s t ,  t h e  v e h i c l e  would be 

equipped t o  measure FH d i r e c t l y .  The r e s u l t s  again  would be used 

t o  c a l c u l a t e  W T V  which would be pub l i shed  as a  gu ide l  i n e  t o  t h e  

consumer. I n  t h e  t e s t ,  any tow v e h i c l e  capable o f  a t t a i n i n g  icy 
when combined w i t h  t h e  s u b j e c t  t r a i l e r  cou ld  be used. 

Equat ions (4.9) and (4.17) p o t e n t i a l l y  p rov i de  t h e  b a s i c  

fo rmat  f o r  a  s tandard o r  gu ide l  i ne .  T h e i r  implementat ion,  however, 

r e q u i r e s  an answer t o  t h e  quest ion,  "What c o n s t i t u t e s  maximum 

t r a i l e r  brake f o r ce? "  I n  p r e v i o u s l y  promulgated Federal  Motor 

Veh i c l e  Safety  Standards, t h e  answer has been, i n  e f f e c t ,  "That 

a t t a i n a b l e  w i t h o u t  wheel lock, "  a  p o s i t i o n  based on t h e  hypothes is  

*Using t h e  e q u a l i t y  p o r t i o n  o f  Equat ion (4.16) would r e s u l t  i n  
t h e  lowes t  a t t a i n a b l e  va lue  f o r  T,,. 
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that wheel lock i s  undesirable due t o  directional response con- 
siderations. I t  i s  not clear that  th i s  i s  the appropriate answer 
for  the matter of t r a i l e r  braking. 

Testing conducted in this  program makes i t  clear that 
premature lockup of one or more wheels can occur on t r a i l e r s  due 
to  ( a )  the inherent var iabi l i ty  in e lec t r ic  t r a i l e r  brakes, and 
( b )  the nature of m u 1  tiple-axle suspensions commonly used on 
t r a i  1 ers . However, during such occurrences , other wheel s cont i nue 
to  rol l  and, thus, t r a i l e r  s tab i l i ty  i s  n o t  necessarily seriously 
degraded. Consequently, a more cost-effective definition of 
maximum t r a i l e r  braking might allow the occurrence of lockup on 
a 1 imi ted number of t r a i l e r  wheels or axles. 

On the other hand, usage factors must be considered. The 
occurrence of wheel lock a t  very low total  t r a i l e r  brake force 
levels could well motivate the user to  adjust brake actuation 
to  avoid wheel s l ide  (and t i r e  wear) a t  low and moderate decelera- 
tion levels,  thus limiting t r a i l e r  brake torque t o  unacceptably 
low levels. One possible compromise solution i s  the combination 
of a maximum performance measure which allows lockup of a limited 
number of t r a i l e r  wheels or axles with a demonstration of moderate 
t r a i l e r  braking capabil i t y  without wheel lock. 

Consider, now, the application of the proposed "rule" t o  

data gathered in this  study's t e s t  program. For demonstration 
purposes only, the values of 213 g and 116 g have been chosen for .. 
xlO5 and Pmax, respectively. These values imply that  i f  the 
subject t r a i l e r  i s  combined with a tow vehicle ( in  compliance with 
FMVSS 105-75) weighing more than the minimum calculated value of 

'TV ' then the resulting combination may be expected t o  have a 
deceleration capability in excess of 112 g .  

Tables 4.1 and 4 . 2  display the results of applying the 
rule to the e lec t r ic  brake and surge brake (plus t r a i l e r  A with 
no brakes) t r a i  lers  , respectively. The calculations are based 
on 40 mph, loaded vehicle t e s t  data. Table 4.1, which includes 





Table 5.2. App l i ca t i on  o f  t he  Rule t o  the  Surge Brake T r a i l e r  
(and - No Brakes T r a i l e r )  Tested. 

- 
b~ - 

> - where FH = FH @ XlO5 - Pmax 
"TV - Pmax 

L e t  X i o 5  = 2/3 g . . 
> 0.5 g = 16.1 f / s 2  => xcv - 

A 

'Max = 1/6 g 

T r a i l e r  

A: w i t h  
brakes 
& no 
equal- 
i z i n g  

A: w i t h  
brakes 
& equal- 
i z i  ng 

A: w i t h  
no 
brakes 
& 
equal - 

T r a i l e r  Weight 
YT ( l b )  

2,222 

t 

2,222 

2,222 

, 

No T r a i l e r  Wheel Lock 

T r a i  l e r  Tongue 
Fo ce a t  1/2 g 

fH (1b) 

663 

1,090 

1,111 

. 

Calculated Min. 
Tow Vehicle 
Weight, WTV ( I b )  

3,978 

6,544 

6,666 

Actual Performance .. 
X~~ 
( f / s * )  

17.0 

15.5 

14.2 

- - -. 

CV 

1 -A 

1 -A 

1 - A  no 
brakes 

Tow Vehicle 
Weight ( l b )  

4,707 

4,707 

4,707 



o n l y  m u l t i p l e - a x l e  t r a i l e r s ,  p resen ts  r e s u l t s  based on bo th  

n o - t r a i  le r -wheel  s - locked  and one-axle-wheel - l o c k  c r i t e r i o n  f o r  

F~ 

Several f ea tu res  o f  Table  4.1 a r e  o f  i n t e r e s t :  

1 )  Wi th  t h e  excep t ion  o f  t he  2-C wheels-unlocked 

combinat ion,  every C V  wherein t h e  we igh t  o f  t h e  

tow v e h i c l e  as t e s t e d  was l e s s  than t h e  c a l c u l a t e d  

WTV e x h i b i t e d  l e s s  than 1/2 g  measured decelera-  

t i o n ,  and every  C V  wherein t he  we igh t  o f  t h e  

tow v e h i c l e  as t e s t e d  was g r e a t e r  than  WTy 

exceeded 1  /2 g  measured dece le ra t i on .  

2 )  T r a i l e r  C apparen t l y  e x h i b i t s  b e t t e r  wheels- 

unlocked C V  performance i n  combinat ion w i t h  t h e  

4808-1b tow v e h i c l e  ( 2 )  than w i t h  t he  6216-1b 

tow v e h i c l e  ( 3 ) .  Th is  i l l u s t r a t e s  two p o i n t s ,  

namely: ( a )  t h e  low wheels-unlocked d e c e l e r a t i o n  

o f  combinat ion 3-C i s  a  r e s u l t  o f  premature 

lockup o f  one t r a i l e r  wheel. Th is  problem was 

a t tenua ted  a f t e r  t h e  3-C t e s t  a c t i v i t y ,  apparen t l y  

as a  r e s u l t  o f  cont inued usage o f  t h e  t r a i l e r  C 

brakes i n  i n t e r v e n i n g  t e s t s .  Note t h a t  w i t h  t h e  

wheel lockup al lowed, as i n  t h e  r i gh t - hand  

columns o f  Table 4.1, t h e  performance o f  t r a i l e r  

C w i t h  tow v e h i c l e  3  i s  e x c e l l e n t .  ( b )  Tow 

v e h i c l e  2  e x h i b i t e d  as h i gh  as 29 f t / s e c 2  tow 

v e h i c l e  a lone dece le ra t i on .  Thus i t  i s  n o t  su r -  

p r i s i n g  t h a t  CV's w i t h  tow v e h i c l e  2 were ab le  t o  

out -per form t h e  "guide1 i ne c a l c u l a t i o n s "  which 

assumed o n l y  213 g  d e c e l e r a t i o n  f o r  t h e  tow 

v e h i c l e  alone. 



3 )  T r a i l e r  B has a  c a l c u l a t e d  WTy o f  ze ro  pounds, 

an i n d i c a t i o n  t h a t  any tow v e h i c l e  i s  adequate 

t o  produce 112 g. Th i s  i s  a  consequence o f  t h e  

f a c t  t h a t  FT f o r  t r a i l e r  B i s  more than h a l f  

t h e  t r a i l e r  weight .  

4 )  Because o f  low brake f o r c e  c a p a b i l i t y  r e l a t i v e  t o  

t h e i r  weight ,  t r a i l e r s  D and E r e q u i r e  ve r y  heavy 

tow v e h i c l e s  accord ing t o  the  r u l e .  Accord ing ly ,  

when combined w i t h  t he  l i g h t e r  tow veh i c l es  used 

i n  t h i s  study, they  d i d  n o t  meet t h e  112 g  decelera-  

t i o n  1  eve1 . 

The r e s u l t s  f o r  t r a i  l e r  A, t h e  surge-bra ked t r a i l e r ,  a l s o  

conformed t o  t h e  p r e d i c t i o n s  o f  t h e  r u l e  (Tab le  4.2). Note, however, 

t h a t  i n  t he  l a t t e r  two cases f o r  t h i s  t r a i l e r ,  t h e  ac tua l  tow 

v e h i c l e  weight  i s  s u b s t a n t i a l l y  below t h e  minimum we igh t  r e q u i r e d  

by t h e  r u l e  w h i l e  t h e  ac tua l  combinat ion v e h i c l e  d e c e l e r a t i o n  i s  

n o t  so f a r  below t h e  112 g  l e v e l .  Th is  i s  i n d i c a t i v e  o f  t he  

c a p a b i l i t y  o f  tow v e h i c l e  number 1. I n  t h e  tow v e h i c l e  a lone t e s t s ,  

t h i s  v e h i c l e  achieved n e a r l y  0.8 g  d e c e l e r a t i o n  w i t h o u t  wheel l ock .  

I n  review, a  scheme has been presented, and v a l i d a t e d  f o r  

a  number o f  sample cases, which p rov ides  f o r  reasonable assurance 

o f  a  p resc r i bed  minimum b rak i ng  c a p a b i l i t y  o f  combinat ion veh i c l es  

based on a  s imple measurement o f  t h e  t r a i l e r ' s  i n h e r e n t  b rak i ng  

c a p a b i l i t y  and t h e  assumption o f  a  minimum b rak i ng  performance o f  

t h e  tow v e h i c l e  a lone  (as  i m p l i e d  by compliance w i t h  FMVSS 105-75 

and c u r r e n t  comnon des ign p r a c t i c e )  . I t  must be noted, however, 

t h a t  t h e  success o f  t h e  v a l i d a t i o n  r esu l t ed ,  a t  l e a s t  i n  p a r t ,  

form t h e  f a c t  t h a t  t h e  combinat ion v e h i c l e  b r a k i n g  performance 

da ta  was gathered us i ng  procedures which adequate ly  c o n t r o l  i n -  

use f a c t o r s ,  p a r t i c u l a r l y  those rega rd i ng  t h e  use o f  l o a d  e q u a l i z i n g  

hardware and t r a i l e r  brake appl  i c a t i o n  devices.  Given the  na tu re  

o f  combinat ion v e h i c l e  systems, t h a t  i s ,  t h a t  such veh i c l es  a r e  

n o t  manufactured o r  marketed as complete systems and t h a t  they  do 

n o t  become systems u n t i l  t h e i r  va r ious  p a r t s  a re  combined by t he  

user ,  i t  seems c l e a r  t h a t  t h e  e f f e c t i v e n e s s  o f  v i r t u a l l y  any r u l e  

c o u l d  be thwar ted  through improper ad justment  o f  in -use f a c t o r s .  
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Thus, any r u l e  o r  gu ide . l i ne  should ensure t h a t  

*adequate i n s t r u c t i o n  be p rov i ded  t o  t h e  user  concern ing 

t h e  p roper  adjustment o f  l o a d  e q u a l i z i n g  dev ices 

*an  adequate t r a i l e r  brake a p p l i c a t i o n  dev ice be pro-  

v ided  as w e l l  as adequate i n s t r u c t i o n s  f o r  i t s  p roper  

use 

- t h e  use o f  i ncompat ib le  equipment (e.g., l o a d  

e q u a l i z i n g  equipment and c e r t a i n  surge h i  tches)  i s 

e l  i m i  na ted. 

A f i n a l  area o f  concern which ru le-making procedures m igh t  

deal  w i t h  i nvo l ves  t h e  cons is tency  o f  performance o f  t h e  t r a i l e r  

f ounda t i on  brake. E l e c t r i c a l l y - a c t u a t e d  t r a i l e r  foundat  i o n  brakes 

have c e r t a i n  p r o p e r t i e s  which make them q u i t e  d e s i r a b l e  f o r  use 

on t r a i l e r s  towed by veh i c l es  w i t h  h y d r a u l i c  brake systems. None- 

the less ,  e l e c t r i c  brakes have been found h i s t o r i c a l l y ,  as w e l l  as 

i n  t h i s  s tudy,  t o  have a p ropens i t y  f o r  e r r a t i c  behav ior . *  Th is  

p r o p e r t y  i s  demonstrated bo th  i n  terms o f  temporal  var iance i n  t h e  

e f f ec t i veness  o f  a s i n g l e  brake sample, as w e l l  as var iance i n  t h e  

e f f e c t i v e n e s s  o f  d i f f e r e n t  samples o f  t h e  same mode1 o f  brake. 

C lea r l y ,  t h i s  p rope r t y  cou ld  hamper t h e  e f f e c t i v e n e s s  o f  any r u l e ,  

s i nce  t he  represen ta t i veness  o f  measured t r a i l e r  brake performance 

t o  in -use  performance i s  i n  quest ion.  

* I t  i s  no t  o u r  purpose t o  d e t a i l  here t h e  workings o f  t he  e l e c t r i c  
brake. S u f f i c e  i t  t o  say, t h e  sources o f  t h i s  v a r i a b i l i t y  a re  
n o t  complete ly  known. The bas i c  h i g h  ga in  o f  t h e  device,  as 
w e l l  as t h e  use o f  two f r i c t i o n  sur faces (magnetic-to-drum i n  
a d d i t i o n  t o  l i n i ng - t o -d rum) ,  a re  two p r imary  sources o f  t he  
p r o b l  em. 





5.0 CONCLUSIONS AND RECOMMENDATIONS 

Th i s  s tudy has endeavored t o  app ly  t h e  p r i n c i p l e s  o f  

v e h i c l e  mechanics t o  t he  b rak ing  process o f  combinat ion veh ic les  

on d ry  sur faces i n  o rde r  t h a t  a  thorough unders tanding o f  t he  

process might  r e s u l  t and t h a t  those v e h i c l e  c h a r a c t e r i s t i c s  which 

have a  major  i n f l u e n c e  on t h e  process migh t  be i d e n t i f i e d .  The 

s tudy was conducted w i t h i n  a  con tex t  de f i ned  by c u r r e n t  passenger 

c a r  and 1  i g h t  t r u c k  brake sys tern des ign p r a c t i c e .  ( S p e c i f i c a l l y  , 
sub jec t  tow veh ic les ,  bo th  exper imental  and s imulated,  were l i m i t e d  

t o  l a t e  models whose l i m i t  b rak ing  performance was gene ra l l y  i n  

compl iance w i t h  FMVSS 105-75. ) The f i n d i n g  o f  p r imary  importance 

i s  t h a t ,  w i t h i n  t h i s  con tex t ,  t h e  proper  h i t c h i n g  o f  t r a i l e r  t o  t he  

tow v e h i c l e  does - n o t  l ead  t o  gross a l t e r a t i o n  o f  t he  brake f o r c e  

c a p a b i l i t y  o f  t h e  tow v e h i c l e  as compared t o  i t s  c a p a b i l i t y  as a  

u n i t  veh i c l e .  As a  consequence o f  t h i s  f i n d i n g ,  and as conf i rmed 

by sample v e h i c l e  t e s t  r e s u l t s ,  i t  has been concluded t h a t  a  prac- 

t i c a l  " r u l e "  can be presented through which t h e  minimum b rak i ng  

performance o f  canb ina t i  on veh i c l es  can be reasonably assured. The 

r u l e  would combine a  s imple t e s t  procedure f o r  determin ing t h e  

i nhe ren t  b rak i ng  c a p a b i l i t y  o f  t r a i l e r s  and a  g u i d e l i n e  f o r  

determin ing acceptab le  tow veh ic les  based on t h e  measurement. I n  

a d d i t i o n ,  t h e  r u l e  must deal w i t h  severa l  pe r i phe ra l  p o i n t s  l a r g e l y  

concerned w i t h  in-use f a c t o r s .  

A number of s p e c i f i c  f i nd i ngs  d e r i v e  f rom t h e  s tudy i n  suppor t  

o f  t h e  above. These f j nd i ngs  a re  summarized below. 

5.1 Find ings Regarding the  Mechanics o f  Combination Veh ic le  
Brak ing  on Dry Surfaces 

1)  The passenger cars  t es ted  i n  t h i s  program were found 

t o  be capable of ve ry  h i g h  dece le ra t ions  on d r y  sur faces i n  gvw 

l oad ing  cond i t i ons ,  an i n d i c a t i o n  t h a t  bo th  f r o n t  and r e a r  wheels 

were braked t o  a  p o i n t  near  t he  l i m i t  o f  adhesion. (Two o f  t h e  



cars  were l i m i t e d  by f r o n t  l o c k . )  When combined w i t h  t r a i l e r s  

and making p roper  use o f  l o a d  e q u a l i z i n g  h i t c h e s ,  a l l  passenger 

c a r - t r a i  l e r  combinat ions t e s t e d  were tow v e h i c l e  f r o n t - 1  ock 

l i m i t e d ,  and a t  t he  l i m i t  t h e  tow veh i c l es  supp l i ed  about t he  

same l e v e l  o f  brake f o r c e  as they had when runn ing  alone. 

2 )  The p ickup  t r u c k - f i f t h  w h e e l - t r a i l e r s  t e s t e d  a r e  i n  

c o n t r a s t  w i t h  t h e  passenger c a r - t r a i l e r  combinat ions i n  t h a t  

t h e  v e r t i c a l  h i t c h  l o a d  i s  a p p l i e d  s l i g h t l y  ahead o f  t h e  r e a r  a x l e  

r a t h e r  than s i g n i f i c a n t l y  a f t  o f  t h e  r e a r  ax l e .  S ince t h e  h i t c h  

loads ( v e r t i c a l  and l o n g i t u d i n a l )  a re  a p p l i e d  i n  t h e  nominal l oad  

area o f  t h e  t r u c k ,  t h e  brake f o r c e  c a p a b i l i t y  o f  t h e  tow v e h i c l e  

when i n  combinat ion i s  again  comparable t o  i t s  c a p a b i l i t y  

ope ra t i ng  a lone  i n  t h e  loaded c o n d i t i o n .  

3 )  Mu1 t i - a x l e  t r a i l e r  suspension systems p l a y  an impor- 

t a n t  r o l e  i n  t r a i l e r  b rak i ng  c a p a b i l i t y .  T h e i r  a b i l i t y  t o  d i s t r i b u t e  

v e r t i c a l  l oad  e q u a l l y  among t r a i l e r  wheels determines, i n  p a r t ,  

t h a t  p o r t i o n  o f  p o t e n t i a l  brake to rque  which can, i n  f a c t ,  be 

u t i l i z e d  i n  produc ing t r a i l e r  brake f o r c e .  

4 )  The i nhe ren t  b rak i ng  c a p a b i l i t y  o f  a g iven  t r a i l e r  may 

be determined by combinat ion v e h i c l e  t e s t s  employing t r a i l e r  

brakes on l y .  

5) The h y d r a u l i c  brakes used on t h e  surge brake-equipped 

t r a i l e r  t e s t e d  i n  t h i s  s tudy  were more capable and c o n s i s t e n t  

generators  o f  brake to rque  than  t h e  e l e c t r i c  brakes t e s t e d  i n  t h i s  

program. 

6) The i n h e r e n t  v a r i a b i l i t y  o f  t r a i l e r  founda t ion  brakes, 

p a r t i c u l a r l y  e l e c t r i c  brakes, pu ts  i n  ques t i on  t h e  a b i l i t y  o f  a 

t e s t  t r a i l e r  t o  accu ra te l y  represen t  a model 1 i n e  of t r a i l e r s .  

7 )  Dynamometer t e s t s  o f  t r a i l e r  brakes have l i m i t e d  

use fu lness  i n  de te rmin ing  ac tua l  t r a i  l e r  b r a k i n g  capabi 1 i t y  due 

t o  suspension e f f e c t s  and brake v a r i a b i l i t y .  



8) A n c i l l a r y e q u i p m e n t c a n h a v e a n  i m p o r t a n t e f f e c t o n  

combinat ion v e h i c l e  performance. As i m p l i e d  i n  ( 1 )  above, l o a d  

e q u a l i z i n g  h i t c h  ad justment  i s  impor tan t  t o  tow v e h i c l e  p e r f o r -  

mance when i n  combinat ion w i t h  a  t r a i l e r .  E l e c t r i c  t r a i l e r  'brake 

c o n t r o l l e r  adjustment a f f e c t s  t r a i l e r - p e r f o r m a n c e  i n  t he  combinat ion 

v e h i c l e .  The coarse r e s o l u t i o n  o f  t h e  adjustment p l us  t h e  

t e s t i n g  a c t i v i t y  r e q u i r e d  o f  t h e  user  can hamper good adjustment.  

For  surge brake systems, no adjustment o f  t h e  a c t u a t o r  i s  r e q u i r e d  

( s i n c e  system g a i n  i s  i nhe ren t  i n  des ign) .  However, surge brake 

a p p l i c a t i o n  hardware may be incompat ib le  w i t h  l oad  e q u a l i z a t i o n  

hardware. 

5.2 Conclusions Regarding t he  Prospects f o r  a  "Rule" 

1 )  A p r a c t i c a l  r u l e  which prov ides reasonable assurance 

o f  a  p resc r i bed  minimum b r a k i n g  capabi 1 i t y  o f  combinat ion veh i c l es  

has been presented, and has been v a l i d a t e d  f o r  a  number o f  sample 

cases. The r u l e  i s  based on a  s imp le  measurement o f  t h e  t r a i l e r ' s  

i nhe ren t  b rak i ng  c a p a b i l i t y  and t h e  assumption o f  a  minimum 

b rak i ng  performance o f  t h e  tow v e h i c l e  a lone (as i m p l i e d  by 

compliance w i t h  FMVSS 105-75 and c u r r e n t  des ign p r a c t i c e ) .  The 

r u l e  p resc r i bes  a  minimum we igh t  f o r  t h e  tow v e h i c l e  based on t h e  

t r a i l e r  b rak i ng  measurement. 

2 )  The implementat- ion o f  t h e  r u l e  r e q u i r e s  an answer t o  

t h e  ques t i on  "What c o n s t i t u t e s  maximum t r a i l e r  brake f o r ce? "  

That i s ,  what c o n d i t i o n s  of t r a i l e r  wheel l o c k  should 

be pe rm iss i b l e  i n  t h e  conduct o f  t r a i  l e r  brake performance t e s t i n g ?  

3)  To be success fu l ,  t h e  r u l e  must deal  w i t h  severa l  

in -use f a c t o r s .  I t  should  ensure t h a t  

*adequate i n s t r u c t i o n  be p rov ided  t o  t h e  user  concerning 

t h e  p roper  adjustment o f  l oad  e q u a l i z i n g  dev ices 

*an adequate t r a i l e r  brake a p p l i c a t i o n  dev ice  be pro-  

v ided  as w e l l  as adequate i n s t r u c t i o n  f o r  i t s  p roper  

use 



*the use of incompatible equipment (e .g . ,  load equalizing 

equipment and certain surge hitches) i s  eliminated. 

4 )  The most significant reservation regarding the 

effectiveness of the proposed rule involves the consistency of 

performance of t r a i l e r  foundation brakes. As noted in Conclusion 

( 7 )  of Section 5.1, tes t  data may n o t  accurately represent the 

performance of a model line of t ra i le rs .  

5 . 3  Recommendat i ons 

In large measure, Section 4.0, "A Proposed Rule Format ," 
constitutes the recomnendations deriving from th i s  study. I n  

addition t o  the content of th is  section, t h e  following recommendations 

are made: 

1)  The problems associated with various hardware elements, 
as pointed u p  in the conclusions, should n o t  be construed as general 

indictments of any type of t r a i l e r  brake system. While the variabili ty 

problems of e lectr ic  brakes are real ,  e lectr ic  brake systems have 

other desirable features, including low cost and  a trailer-to-tow 

vehicle coup1 ing which i s  convenient and re1 atively secure against 

contamination. Further, while some specific surge hitch hardware 

i s  incompatible with load equalizing hitches and should therefore 

be restricted t o  l ighter t r a i l e r s ,  design modifications in either 

component might lead t o  useful systems for heavier t ra i lers .  Surge 

systems d o  have the advantages of re1 ieving the user of the brake 

applicator adjustment task and  allowing the use of hydraulic brakes 

on the t r a i l e r .  The rule-making procedure should deal with such 

problems by promoting advances in design rather t h a n  restricting 

design choice. 

2 )  The "rule" which has been recomnended in Section 4.0 
i s  quite simplistic. The price of this  simplicity i s  recognized' 

t o  be something less than complete assurance that a l l  combination 

vehicles will be capable of the intended minimum deceleration 

capability. However, the rule could assure t h a t  very poor performers 



would be eliminated. Further, since i t  i s  in the user 's  hands t o  
perform the final combining of t r a i l e r s  and tow vehicle into a 
total vehicle system, i t  would seem that virtually any rule,  no 
matter how complex, would yield something less than full  assurance 

of the desired minimum performance. I n  this  l igh t ,  and in 

consideration of the nature of the t r a i l e r  industry ( t h a t  i s ,  the 

reduced level of economic and technical strength of many t r a i l e r  

manufacturers relative t o  the automobile manufacturer), a 
recommendation t o  s t r ive for simplicity in any promulgated rule i s  

made. 


