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Dear Mr. Hargrave: 

The following mate r i a l  c o n s t i t u t e s  a l e t t e r  repor t  on the  r e l a t i v e  
jackknif ing tendences of s t inger-s teered auto  t r anspor te r s .  This repor t  has 
been prepared by UMTRI i n  accordance with the requirements of Task F of 
Federal Highway Administrat ion Contract No. DTFH61-85-C-00091 e n t i t l e d  "Safety 
1mplica.tions of Various Truck Configurations." 

The Federal Highway Administration has been considering regula t ions  
allowing the  use of auto  t r anspor te r s  with overa l l  lengths  up t o  75 f e e t .  I n  
response t o  the  docket on t h i s  change i n  regula t ion,  the  National 
Transpo~rta t ion Safety Board has expressed concerns with t h e  jackknifing 
tendencies of s t inger-s teered auto t r a n s p o r t e r s ,  because the  "st inger" p laces  
the  f i f t h  wheel connection well behind the  r e a r  axle  of the t r a c t o r .  ( I n  a 
conventional t r ac to r - semi t ra i l e r ,  the  f i f t h  wheel i s  located over the rea r  
suspension. ) 

In  Task F of t h i s  p r o j e c t ,  UMTRI has performed a s imulat ion study t o  
address the  jackknifing i s sue ,  The remainder of t h i s  r epor t  provides ( a )  a 
d e s c r i p t i o n  of the  methods used i n  t h e  simulation s tudy,  (b) a presenta t ion of 
the  f ind ings ,  and ( c )  a summary of conclusions. The bas ic  f inding of t h i s  
study i s  t h a t ,  f o r  these  types of v e h i c l e s ,  t r a c t o r  wheelbase has a much 
g r e a t e r  inf luence on jackknif ing tendencies than the l o c a t i o n  of the  f i f t h  
wheel. That means t h a t  s t inger-s teered auto  t r anspor te r s  have l e s s  of a 
jackknifing tendency than conventional t r ac to r - semi t ra i l e r s  o r  auto 
t r anspor te r s  employing conventional f i f t h  wheel l o c a t i o n s ,  because the 
s t inger-s teered veh ic les  employ t r a c t o r s  with long wheelbases, Furthermore, 
75-foot s t inger-s teered auto t r anspor te r s  a r e  predicted t o  have l e s s  of a 
jackknif ing tendency than the 65-foot auto  t r a n s p o r t e r s  t h a t  a r e  cu r ren t ly  
allowed (because the  75 f o o t e r s  would have longer t r a c t o r  wheelbases than the 
cur ren t  65-foot u n i t s ) .  

DESCRIPTIONS OF THE SITUATIONS USED IN COMPARING JACKKNIFING TENDENCIES 

A comprehensive s imulat ion [1 ,2 ]  of the  braking and s t e e r i n g  of t r a c t o r -  
s e m i t r a i l e r s  was used t o  assess  the r e l a t i v e  jackknifing tendencies of the 
following vehic les  : . 



1 ) a  t y p i c a l  van-type t r a c t o r - s e m i t r a i l e r  wi th  a  t r a c t o r  wheelbase of 
144 inches  

2 )  same type of v e h i c l e  a s  ( 1 )  except wi th  a  t r a c t o r  wheelbase of 216 
inches  

3 )  an au to  t r a n s p o r t e r  wi th  a  convent ional  f i f t h  wheel l o c a t i o n  

4 )  a  t y p i c a l  65-foot auto  t r a n s p o r t e r  wi th  a  s t i n g e r  f i f t h  wheel 

5 )  a  pos tu la ted  75-foot au to  t r a n s p o r t e r  wi th  a  s t i n g e r  f i f t h  wheel 

Ex i s t ing  d a t a  s e t s  from previous s t u d i e s  were used t o  s imulate  
conventional  t r a c t o r - s e m i t r a i l e r s  wi th  144-inch and 216-inch t r a c t o r  
wheelbases. The Nat ional  Automobile Transpor te r s  Associa t ion (NATA) was 
contacted f o r  h e l p  i n  e s t ima t ing  the  parameters desc r ib ing  auto  t r a n s p o r t e r s .  
This  h e l p  included photographs of e x i s t i n g  v e h i c l e s ' a n d  arrangements f o r  v i s i t s  
t o  i n s p e c t  t y p i c a l  veh ic les .  Two f e a t u r e s  of importance a r e  t h a t  ( a )  t h e  
foremost t r a c t o r  r e a r  ax le  i s  l i f t e d  when the  a u t o  t r a n s p o r t e r  i s  empty and 
( b )  an empty auto  t r a n s p o r t e r  i s  much heav ie r  than an empty ( t y p i c a l )  t r a c t o r -  
s e m i t r a i l e r  because of the  load racks  and hydrau l i c  equipment. 

Discussions wi th  NATA personnel and au to  t r a n s p o r t e r  manufacturers 
allowed us  t o  e s t ima te  the  des ign of a  75-foot au to  t r a n s p o r t e r .  Seventy- 
f ive-foot  a u t o  t r a n s p o r t e r s  do not e x i s t  now. I f  they were t o  be b u i l t ,  the  
t r a i l e r  could be no longer  than 48 f e e t  ( a n  in f luence  of s i z e  and weight 
r e g u l a t i o n s ) .  The s t i n g e r  l o c a t i o n  might be increased from about 48 inches t o  
54 inches  behind the  r e a r  ax le  but  not any f a r t h e r  because the  s t r u c t u r e  
needed t o  support  t h e  f i f t h  wheel would be too d i f f i c u l t  and too massive t o  
bu i ld  prc ic t ica l ly .  Hence, the  remainder of the  a d d i t i o n a l  l eng th  would go 
i n t o  t r a c t o r  wheelbase. 

As long a s  the  weight l i m i t  i s  80,000 l b s ,  i t  i s  not  c l e a r  whether 
a d d i t i o n a l  c a r s  could be c a r r i e d ,  but  u s e r s  f e e l  t h a t  longer  t r a n s p o r t e r s  
would be d e s i r a b l e  t o  cu t  down on damage t o  t h e  load. For t h i s  s tudy,  the  
empty v e h i c l e  i s  t h e  prime cons ide ra t ion  and the  loading has  not  been 
increased t o  a l low a d d i t i o n a l  cars .  

Since accident  d a t a  [ 3 ]  i n d i c a t e  t h a t  jackknif ing i s  p r imar i ly  an 
empty-vehicle problem, c a l c u l a t i o n s  were made wi th  these  v e h i c l e s  i n  the  
unladen s t a t e .  I n  a d d i t i o n ,  c a l c u l a t i o n s  were a l s o  made with t h e  t r a c t o r  of 
the  t r a n s p o r t e r  laden and the  s e m i t r a i l e r  unladen i n  o rde r  t o  determine 
whether r h i s  unique loading condi t ion would y i e l d  worse r e s u l t s  than those 
obta ined f o r  t h e  empty veh ic le .  ( I t  d i d  not.) 

The d r i v e r  r e p r e s e n t a t i o n  [ l ]  i n  t h e  s imulat ion model was used t o  cause 
each of tihe v e h i c l e s  t o  a t t a i n  a  s t eady  t u r n  wi th  a  l a t e r a l  a c c e l e r a t i o n  of 
0.17 g  at: 55 mph. A f t e r  t h e  veh ic le  was i n  a  s teady t u r n ,  braking was appl ied  
so  a s  t o  i n i t i a t e  jackknif ing.  Two types  of braking were used i n  separa te  
s e t s  of c ;a lcula t ions .  The worst s i t u a t i o n ,  leading t o  the  most severe 
jackknifi.ng tendency, occurs  when t h e  t r a c t o r  r e a r  wheels a r e  locked up and 
t h e  t r a c t o r  f r o n t  wheels a r e  f r e e l y  r o l l i n g .  One of t h e  s e t s  of s imulat ion 
runs was made i n  a  cond i t ion  r e f e r r e d  t o  a s  " t r a c t o r  f r o n t  brakes  and t r a i l e r  
brakes  di.sconnectedU i n  order  t o  a t t a i n  the  most r ap id  jackknife  poss ible .  



This  tractor-rear-brakes-only cond i t ion ,  a l though a r t i f i c i a l ,  provides an 
e x c e l l e n t  b a s i s  f o r  making r e l a t i v e  comparisons under comparable opera t ing 
conditiolns, Furthermore, t h i s  type of approach has proven u s e f u l  i n  previous 
s t u d i e s  [ 4 ] .  

The second s e t  of braking cond i t ions  was wi th  t y p i c a l  braking throughout 
the  t r a c t o r - s e m i t r a i l e r  combinations. I n  these  c a s e s ,  a  brake pressure  l e v e l  
was s e l e c t e d  t o  lock the  t r a c t o r  r e a r  brakes bu t  not  the  t r a c t o r  f r o n t  brakes 
when opera t ing on a s l i p p e r y  (poor t e x t u r e )  wet road. This  more r e a l i s t i c  
braking scenar io  was used t o  examine the  in f luence  of brake propor t ioning on 
the  jack,knifing tendencies  of the  veh ic les .  

Th,e r e s u l t s  of the  s imulat ion a r e  time h i s t o r i e s  of v e h i c l e  response 
v a r i a b l e s .  The p a r t i c u l a r  v a r i a b l e s  of i n t e r e s t  here  a r e  the  yaw r a t e  of the  
t r a c t o r  and the  a r t i c u l a t i o n  angle between the  t r a c t o r  and t h e  s e m i t r a i l e r .  
The s t e e r i n g  inpu t  i s  held f ixed  during the  braking p a r t  of the  braking-in-a- 
t u r n  maneuver. Hence, the  yaw r a t e  and a r t i c u l a t i o n  angle  responses a r e  not 
"pol lu ted"  wi th  a t t empts  by the  d r i v e r  r e p r e s e n t a t i o n  t o  c o r r e c t  the  
j ackkn i f ing  response. (The jackknife  reponses a r e  so  rapid  and the  d r i v e r  
r ep resen ta t ion  i s  s o  slow t h a t  c o r r e c t i o n s  would not be success fu l . )  

A j ackkn i fe  i s  charac te r i zed  by a rapid  inc rease  i n  the  magnitude of 
both the  t r a c t o r  yaw r a t e  and t h e  a r t i c u l a t i o n  angle ( s e e  Figures  1  and 2 ,  f o r  
example), Two measures have been s e l e c t e d  t o  eva lua te  t h e  r a p i d i t y  of a  
jackknife .  These measures a r e  the  yaw r a t e  doubling time and the  a r t i c u l a t i o n  
r a t e .  The yaw r a t e  doubling time i s  t h e  time required f o r  t h e  yaw r a t e  t o  
inc rease  from 1.05 t imes the  steady-turn value  t o  2.0 t imes the  steady-turn 
value  ( s e e  Figure  1) .  The a r t i c u l a t i o n  r a t e  repor ted  h e r e i n  is the  average 
r a t e  during the  time the  a r t i c u l a t i o n  angle  inc reases  from two t o  t h r e e  times 
i t s  s teady- turn  value  ( s e e  Figure 2 ) ,  The j ackkn i f ing  tendency of a  veh ic le  
i s  judged t o  be g r e a t e r  than t h a t  of another  v e h i c l e  i f  i t s  yaw r a t e  doubling 
time i s  smal ler  and i t s  average a r t i c u l a t i o n  r a t e  is  g r e a t e r  than those of the 
o t h e r  veh ic le ,  

FINDINGS WITH REGARD TO JACKKNIFING TENDENCIES 

The r e s u l t s  of the  s imulat ion s tudy when only the  t r a c t o r  wheels a r e  
braked a r e  summarized i n  t h e  bar  c h a r t s  presented i n  Figures  3 and 4. These 
c h a r t s  show t h a t  the  s h o r t e s t  yaw r a t e  doubling t imes and the  l a r g e s t  
a r t i c u l a t i o n  r a t e s  occurred when the  v e h i c l e s  were completely empty and 
opera t ing  on a  wet s l i p p e r y  surface .  The r e s u l t s  obtained when the  t r a c t o r s  
of the  a u t o  t r a n s p o r t e r s  were loaded a r e  no more severe  than those  obtained 
wi th  the  empty veh ic les .  

Examination of t h e  r e s u l t s  presented i n  Figures  3 and 4 i n d i c a t e s  t h a t  
( a )  t h e  worst v e h i c l e  ( t h e  one wi th  t h e  g r e a t e s t  jackknif ing tendency) i s  the  
convent ional  t r a c t o r - s e m i t r a i l e r  having a  t r a c t o r  wi th  a  144-inch wheelbase, 
( b )  t h e  au to  t r a n s p o r t e r  wi th  t h e  convent ional  f i f t h  wheel l o c a t i o n  (and a  
t y p i c a l l y  s h o r t  t r a c t o r  wheelbase of 144 inches )  i s  near ly  a s  bad a s  t h e  s h o r t  
wheelbase t r a c t o r - s e m i t r a i l e r ,  ( c )  t h e  65-foot au to  t r a n s p o r t e r  i s  s l i g h t l y  
b e t t e r  than the  conventional  t r a c t o r - s e m i t r a i l e r  with a  216-inch wheelbase, 
and ( d )  the  75-foot au to  t r a n s p o r t e r  has  a  s l i g h t l y  longer  ( b e t t e r )  yaw r a t e  
doubling time than the  65-foot au to  t r a n s p o r t e r .  The a r t i c u l a t i o n  r a t e s  of 



the  216-inckwheelbase convent ional  v e h i c l e  and t h e  65-foot and 75-foot auto  
t r a n s p o r t e r s  a r e  p r a c t i c a l l y  equ iva len t  on t h e  s l i p p e r y  su r face .  

Th~e d i f f e r e n c e  between the  j ackkn i f ing  tendencies  of the  65-foot 
s t inger - s t ee red  a u t o  t r a n s p o r t e r  and the  convent ional  t r a c t o r - s e m i t r a i l e r  with 
a 216-inch wheelbase i s  very  smal l ,  a s  can be seen by comparing Figures  5 and 
6 wi th  Figures  1 and 2 ,  respec t ive ly .  

The r e s u l t s  a r e  more d ramat ica l ly  i n  f avor  of t h e  s t inger - s t ee red  
v e h i c l e s  when normal braking i s  employed i n  the  s imulat ion.  The reason f o r  
t h i s  i s  t h a t  the  s t inger - s t ee red  v e h i c l e s  have a more favorab le  arrangement of 
v e r t i c a l  loads  than the  o t h e r  v e h i c l e s  when they a r e  empty. This  g ives  the  
s t inger - s t ee red  v e h i c l e s  an advantage which i s  c l e a r l y  i n d i c a t e d  i n  the  bar 
c h a r t s  shown i n  F igures  7 and 8. 

SUMMARY OF CONCLUSIONS 

With regard t o  j ackkn i f ing  t endenc ies ,  t h e  conclus ions  of t h i s  study 
a r e  : 

-Stinger-steered au to  t r a n s p o r t e r s  a r e  s u p e r i o r  t o  many t y p i c a l  t r a c t o r -  
s e m i t r a i l e r s .  This  i s  because they have longer  t r a c t o r  wheelbases when 
opera ted i n  the  empty condi t ion.  

-The 75-foot a u t o  t r a n s p o r t e r  i s  p red ic ted  t o  be an improvement over the  
65-foot ,auto t r a n s p o r t e r ,  which i s  much b e t t e r  than the  a u t o  t r a n s p o r t e r  wi th  
a convent ional  f i f t h  wheel loca t ion .  

I n  a d d i t i o n  t o  t h e s e  conc lus ions ,  which a r e  compatible wi th  previous  r e s u l t s  
on t h e  in f luences  of t r a c t o r  wheelbase [ 4 ] ,  o t h e r  r e sea rch  has  a l s o  shown t h a t  
t h e  s t i n g e r  f i f t h  wheel does c o n t r i b u t e  t o  an  inc rease  i n  rearward 
a m p l i f i c a t i o n  of t h e  t r a c t o r  motion a t  t h e  s e m i t r a i l e r ,  but  t h a t  t h i s  inc rease  
i s  not l a r g e  enough t o  c r e a t e  a r o l l o v e r  problem [3 ] .  

Thle r e s u l t s  of t h i s  s imula t ion  s tudy  and o t h e r  previous  s t u d i e s  have not 
uncovere~d any s p e c i a l  j ackkn i f ing  o r  d i r e c t i o n a l  response problems p e r t a i n i n g  
t o  a u t o  t r a n s p o r t e r s .  
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Figure 7 
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