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1.0 INTRODUCTION 

This document r e p o r t s  on i s s u e s  r e l a t e d  t o  t h e  use of a  t i l t - t a b l e  

device  f o r  measuring the r o l l  s t a b i l i t y  of heavy-duty t rucks .  The 

p r o j e c t  was sponsored by the  Motor Vehicle Manufacturer 's  Associat ion 

(MVMA) a s  a means t o  explore the  a d v i s a b i l i t y  of cons t ruc t ing  such a  

device  i n  the  U.S. t o  serve t h e  needs of the  domestic t ruck ing  indus t ry .  

The work involved a search of t h e  l i t e r a t u r e  a s  we l l  a s  d i r e c t  contact  

with p r a c t i t i o n e r s  i n  t ruck  s a f e t y  resea rch  t o  o b t a i n  answers t o  f o u r  

b a s i c  ques t ions  concerning t i l t  t a b l e s  and t o  develop a  concept des ign 

f o r  an  in-place  t i l t - t a b l e  f a c i l i t y  a t  The Univers i ty  of Michigan 

Transpor ta t ion  Research I n s t i t u t e  (UMTRI). The f o u r  s p e c i f i c  ques t ions  

a r e  addressed i n  Section 2 .0  and the  concept des ign i s  presented i n  

Sec t ion  3.0 



2 . 0  QUESTIONS CONCERNING AN APPLICATION OF TILT TABLES I N  THE U. S. 

1) What i s  t h e  r e l a t i o n s h i p  between t h e  s t a t i c  s t a b i l i t y  measure 

obta ined us ing a  t i l t  t a b l e  and t h e  dynamic r o l l o v e r  th resho lds  which may 

p e r t a i n  t o  r e a l i s t i c  highway r o l l o v e r  cond i t ions?  

This ques t ion  can be answered i n  two s t a g e s .  F i r s t ,  i t  i s  

important  t o  e s t a b l i s h  the  e x t e n t  t o  which t h e  va lue  f o r  r o l l o v e r  

th resho ld  determined by the  t i l t  t a b l e  i s  a c c u r a t e  f o r  d e f i n i n g  the  

r o l l o v e r  th resho ld  which would a c t u a l l y  accrue  i n  a  s teady tu rn .  

The r e s u l t s  presented i n  Figure 1 (Kemp, e t  a l . ,  from TRRL [ l ]  ) 

show t h a t  the  t i l t  t a b l e  served t o  p r e d i c t  s teady- turn  r e s u l t s  

w i t h i n  0 . 0 2  g ' s  f o r  e i g h t  d i f f e r e n t  t r a c t o r - s e m i t r a i l e r s ,  wi th  a n  

average e r r o r  of 0.01 g ' s .  I n  g e n e r a l ,  i t  would appear d i f f i c u l t  t o  

do the  s teady- turn  experiments any more repea tab ly  than  these  

comparisons indicate-- thus  t h e  d i f f e r e n c e s  a r e  probably more due t o  

t h e  accuracy of t h e  f i e l d  t e s t  than t o  t h e  conceptual  adequacy of 

t h e  t i l t  t a b l e  experiment. 

Second, one can ask  whether t h e  " r e a l i s t i c  on-highway r o l l o v e r  

cond i t ions"  w i l l  be simply of the  s teady- turn  r o l l o v e r  v a r i e t y  or  

w i l l  involve  complex dynamics. One i s s u e  of t h i s  type was addressed,  

i n  a  study i n  1973 by Mi l l e r  and Bar te r  [ 2 ]  i n  which concern f o r  t h e  

confounding in f luence  of t r a i l e r  a r t i c u l a t i o n  angle  prompted t i l t  

t a b l e  t e s t s  incorpora t ing  a  range of a r t i c u l a t i o n  angles .  The 

r e s u l t s  showed t h a t  a r t i c u l a t i o n  angle  had l i t t l e  e f f e c t  on the  

r o l l o v e r  th resho ld .  Addi t iona l ly ,  t h e r e  i s  proper  concern f o r  t h e  

r e s i s t a n c e  of v e h i c l e s  t o  r o l l i n g  over  i n  response  t o  "run-off-road" 

cond i t ions .  Although such s c e n a r i o s  w i l l  i nvo lve  complex dynamics, 

i t  i s  apparent  t h a t  the  t y p i c a l l y  low s t a t i c  r o l l o v e r  th resho ld  of 

loaded commercial v e h i c l e s  w i l l  have a  major r o l e  t o  play i n  

determining whether r o l l o v e r  occurs .  Thus, t h e  dominant a spec t  of 

t ruck  r o l l  s t a b i l i t y  which c a l l s  f o r  t h e  a t t e n t i o n  of the  

engineer ing community appears t o  be t h e  s t a t i c  cha rac te r i s t i c - -even  

though t h e r e  may e x i s t  c e r t a i n  pure ly  dynamic phenomena which a l s o  





i n f l u e n c e  t h e  outcome i n  response t o  complex dynamic e x c i t a t i o n s .  

Such observat ions  seem t o  have prompted resea rchers  i n  d i f f e r e n t  

p a r t s  of the  world t o  recommend t i l t  t a b l e  methodologies f o r  

ob ta in ing  a  s u i t a b l e  measure of t ruck  r o l l  s t a b i l i t y .  St randberg,  

f o r  example [ 3 ] ,  advocated such a  methodology i n  1975,  a s  d i d  Ervin  

[ 4 ]  i n  1980 and Sweatman 151 i n  1984. In  f a c t ,  Sweatman dec la red  

t h a t  " the  t i l t  t e s t  i s  widely recognized a s  a  s u i t a b l e  s tandard of 

s t a b i l i t y . "  

2 )  How can a  t i l t  t a b l e  dev ice  be appl ied  i n  support  of the  des ign and 

development of commercial v e h i c l e s ?  

The t i l t  t a b l e  i s  b a s i c a l l y  a  mechanism f o r  supplying a  p r e c i s e  

l a t e r a l  a c c e l e r a t i o n  cond i t ion  t o  a  s tanding v e h i c l e .  While the  

dev ice  has  been proposed t o  MVMA and o t h e r s  f o r  use  i n  determining 

r o l l o v e r  t h r e s h o l d s ,  i t  i s  a l s o  u s e f u l  a s  a  means of s tudying t h e  

r o l l o v e r  process  and quan t i fy ing  c e r t a i n  r o l l  response p r o p e r t i e s  of 

suspensions .  I n  the  r e c e n t  r e p o r t  by Sweatman concerning resea rch  

uses  of the  Aus t ra l i an  t i l t  t a b l e  [ 5 ] ,  load c e l l s  were i n s t a l l e d  

beneath t h e  wheels t o  measure ins tan taneous  v e r t i c a l  l o a d s ,  and 

motion t r ansducers  were employed t o  monitor suspension d e f l e c t i o n s  

and the  r o l l  motions of t h e  sprung and unsprung masses. 

Accordingly,  i t  i s  c l e a r  t h a t  t h e  tilt  t a b l e  can be app l i ed  a s  a  

ready means f o r  eva lua t ing  o v e r a l l  r o l l  s t a b i l i t y  and f o r  

quan t i fy ing  c e r t a i n  key parameters of t h e  v e h i c l e  which i n f l u e n c e  

the  n e t  s t a b i l i t y  l e v e l .  To t h e  e x t e n t  t h a t  v e h i c l e  des igners  a r e  

concerned wi th  ( a )  r o l l  s t a b i l i t y  pe r  s e ,  o r  (b) t h e  p r o p e r t i e s  of 

suspensions in f luenc ing  r o l l  s t a b i l i t y ,  t h e  t i l t  t a b l e  can be 

g a i n f u l l y  employed. 

It may a l s o  be t h a t  a  manufacturer i s  concerned wi th  e x e r c i s i n g  

t h e  v e h i c l e  through a  p r e c i s e l y  c o n t r o l l e d  r o l l  c o n d i t i o n  f o r  

purposes o t h e r  than t h a t  of a s s e s s i n g  s t a b i l i t y .  For example, t h e  

t i l t  t a b l e  provides  a  convenient  se tup  f o r  d i r e c t l y  measuring t h e  

l o c a t i o n  of t h e  k inemat ic  r o l l  c e n t e r  of a  suspension.  Also,  one 

may simply i n v e s t i g a t e  c l e a r a n c e  problems encountered by, s a y ,  

s t e e r i n g  o r  suspension e lements  over the  range of r o l l  motions. In 



developing a  cab suspension,  it i s  a l s o  conceivable t h a t  one would 

wish t o  c h a r a c t e r i z e  t h e  induced motions o r  loads  d e r i v i n g  from a  

p r e c i s e l y  defined l a t e r a l  a c c e l e r a t i o n / r o l l  cond i t ion .  A c o r o l l a r y  

t o  t h i s  l a s t  a p p l i c a t i o n  would involve any s p e c i a l i z e d ,  suspended 

l o a d  ( f o r  example, a  c rane)  whose s t a t i c  l a t e r a l  o r  r o l l  d e f l e c t i o n s  

under t h e  in f luence  of l a t e r a l  a c c e l e r a t i o n  may be d i f f i c u l t  t o  

q u a n t i f y  without a  t i l t  t a b l e  experiment. Note t h a t ,  i n  conducting 

such experiments,  t h e  r e l a t i o n s h i p  between t h e  l a t e r a l  a c c e l e r a t i o n  

cond i t ion  and the  r o l l  response can be conveniently v a r i e d  simply by 

employing d i f f e r e n t  loading weights a t  d i f f e r e n t  h e i g h t s  on t h e  

sprung mass. 

Moreover, the  t i l t  t a b l e  should be seen not on ly  a s  a  device  

f o r  measuring r o l l o v e r  t h r e s h o l d s ,  but  a l s o  a s  a  means f o r  providing 

a  p r e c i s e  r o l l  and l a t e r a l  a c c e l e r a t i o n  cond i t ion  t o  a  whole 

veh ic le  The a b i l i t y  t o  provide such p r e c i s e  exper imenta l  

cond i t ions  o f f e r s  the  oppor tuni ty  t o  make unusual engineer ing 

measurements which may be a t t r a c t i v e  i n  va r ious  development 

a c t i v i t i e s .  

3 )  What a p p l i c a t i o n s  a r e  made of e x i s t i n g  t i l t  t a b l e s  i n  o t h e r  

c o u n t r i e s ?  

There a r e  b a s i c a l l y  t h r e e  s e t t i n g s  i n  which t i l t  t a b l e s  

c u r r e n t l y  e x i s t ,  namely, r e s e a r c h ,  manufacturing,  and regu la to ry  

enforcement o rgan iza t ions .  Each of these  w i l l  be d i scussed  i n  tu rn .  

In  t h e  f i r s t  a r e a ,  t h e  primary f a c i l i t y  on which resea rch  work 

i s  c u r r e n t l y  i n  progress  i s  i n  A u s t r a l i a .  The f a c i l i t y  was b u i l t  by 

the  Aus t ra l i an  Road Research Board, o u t s i d e  of Melbourne, and 

resea rch  was funded through a  group of sponsors  which included t h e  

Department of Transpor t ,  the  t rucking i n d u s t r y ,  and va r ious  

manufacturers of motor t r u c k s ,  t r a i l e r s ,  suspens ions ,  and h i t c h  

mechanisms. The r e s e a r c h  p r o j e c t  desc r ibed  i n  Reference [ 5 ]  

addressed t h e  development of the  f a c i l i t y  and va r ious  t a s k s  

involving measurement of v e h i c l e s ,  development of an  a n a l y t i c a l  

model, and v a l i d a t i o n  of c a l c u l a t e d  r e s u l t s .  T i l t  t a b l e  experiments 



produced measures of v e r t i c a l  compliance of t h e  t i r e s ,  suspension 

compliance, r o l l  center  l o c a t i o n ,  and f i f t h - w h e e l  compliance. The 

r e s e a r c h  was s t imulated pr imar i ly  by the  i n t e r e s t s  of t h e  petroleum 

i n d u s t r y ,  which was concerned with the r o l l o v e r  hazards imposed upon 

t a n k e r s  carrying flammable l i q u i d s .  The Aus t ra l i an  device i s  shown 

i n  Figure  2 .  The t i l t  platform i s  an i n t e g r a l  s t r u c t u r e  which i s  

t i l t e d  by the  a c t i o n  of four  hydraul ic  cy l inders .  

Another dev ice ,  upon which the pioneering resea rch  by Isermann 

[ 6 ]  was based, i s  c u r r e n t l y  i n  Munich, West Germany and i s  used by 

t h e  M.A.N. Corporation. The device was o r i g i n a l l y  b u i l t  i n  

Wolfsburg i n  cooperation wi th  the  Univers i ty  of Hanover, under 

o r i g i n a l  sponsorship which included a t  l e a s t  M.A.N. The device  i s  

no longer  used i n  publ ic  domain resea rch ,  but i s  used by t h i s  

v e h i c l e  manufacturer. An i l l u s t r a t i o n  of t h i s  machine is  shown i n  

Figure 3 .  The t i l t  t a b l e  i s  a  por tab le  f a c i l i t y  employing jack 

screws t o  e l e v a t e  small crossmembers which a r e  placed under the  

r e s p e c t i v e  t r a c t o r  and t r a i l e r  ax le  assemblies.  

A t h i r d  t i l t  t a b l e  used i n  a  r e sea rch  context  i s  a t  the  

Nat ional  Road and T r a f f i c  Research I n s t i t u t e  of Sweden [ 7 ] .  Shown 

i n  Figure 4 ,  t h i s  device  employs one hydrau l i c  a c t u a t o r  a t  each 

a x l e  pos i t ion .  The device i s  por tab le  and r e q u i r e s  adjustment of 

the  a c t u a t o r  l o c a t i o n s  t o  match ax le  p o s i t i o n s  of each veh ic le  which 

i s  measured. This device was used i n  r e s e a r c h  which led  t o  a  

proposal  f o r  a Swedish s tandard r e q u i r i n g  a  4 m/sec2 r o l l o v e r  

threshold  f o r  heavy commercial veh ic les .  

The two veh ic le  manufacturers known t o  o p e r a t e  t h e i r  own tilt  

t a b l e  f a c i l i t i e s  a r e  M.A.N., i n  Munich, and Volvo, i n  Gothenburg, 

Sweden. M.A.N. i s  understood t o  use i t s  f a c i l i t y  only i n f r e q u e n t l y ,  

i n  conjunct ion wi th  the  development of buses which a r e  t o  be sold i n  

the  United Kingdom (where r o l l  s t a b i l i t y  of such veh ic les  i s  

regula ted  using a  t i l t - t a b l e  requirement) .  

The Volvo f a c i l i t y  i s  q u i t e  new and i s  understood t o  be used 

p r imar i ly  i n  t h e  development of t rucks  which a r e  t o  be so ld  with 



F i g u r e  2 .  T i l t - t a b l e  a t  t h e  Australian Road Resea rch  Board 
( f rom Ref.  151) .  



Biid 17. Tankmelkraftfahrreug auf der Kippbrkke 

Bild 18. Fahrreug ruf dtr Kippbrucke 

F i g u r e  3 .  Ti l t - t ab l e  employed by Isermann [ 6 ]  i n  West Germany. 



Figure  4 .  Tilt-table a t  the  Swedish Nat ional  Road and T r a f f i c  
Research I n s t i t u t e  (from Ref. [ 7 ] ) .  



Volvo-manufactured voca t iona l  bodies.  Photos of the  Volvo t i l t  

t a b l e  a r e  shown i n  Figures 5 and 6 .  Individual  p la t forms a r e  

a c t u a t e d  a t  each a x l e  p o s i t i o n  using motor-driven screw jacks .  

Since the  a c t u a t o r s  a r e  f ixed t o  an in - f loor  bed p l a t e  arrangement, 

t h e r e  i s  no need f o r  a  s p e c i a l l y  made foundation s t r u c t u r e .  

There a r e  a  number of t i l t  platforms i n  the  United Kingdom f o r  

e v a l u a t i n g  the  compliance of "public s e r v i c e  veh ic les"  (motor 

coaches)  a g a i n s t  the  r o l l  s t a b i l i t y  standard f o r  such veh ic les .  

There a r e  only two f a c i l i t i e s  , however, capable of ti1 t i n g  veh ic les  

which a r e  longer  than 26 f e e t  or  heav ie r  than 35,000 lbs .  These 

dev ices  c o n s t i t u t e  permanent i n s t a l l a t i o n s  of the  M i l i t a r y  Vehicle 

Experimental Establishment (MVEE) loca ted  a t  Chobham and 

Chris tchurch.  Photos of each f a c i l i t y  a r e  shown i n  Figures  7 and 

8 ,  r e s p e c t i v e l y .  Both devices  incorpora te  s o l i d  t a b l e s  which a r e  

ac tua ted  from below. The t a b l e  a t  the  f a c i l i t y  i n  Chobharn appears 

t o  p ivo t  about an a x i s  which i s  a t  the  nominal mid-track p o s i t i o n  of 

t h e  veh ic le .  In  M i l l e r ' s  use of t h i s  f a c i l i t y  f o r  s tudying r o l l  

response p r o p e r t i e s  [ 2 ] ,  he saw f i t  t o  measure t a b l e  t i l t  angles  a t  

f r o n t  and r e a r  s o  a s  t o  account f o r  t w i s t  d e f l e c t i o n s  i n  the  

s t r u c t u r e .  The t i l t  t a b l e  a t  MVEE, Chr is tchurch,  was employed by 

Remp i n  the  r e s e a r c h  s tudy c i t e d  i n  Reference [ I ] .  Kemp a l s o  

pointed out  t h a t  both of t h e  MVEE t i l t  t a b l e s  had been used by 

opera to r s  of t ruck ing  f l e e t s  t o  check t h e  s t a b i l i t y  of t h e i r  

veh ic les .  

4 )  To what ex ten t  w i l l  t he  planned t i l t  t a b l e  f a c i l i t y  f o r  Transport  

Canada be u s e f u l  f o r  meeting the  measurement needs of t h e  U.S. t ruck ing  

indus t ry?  Can t h i s  f a c i l i t y  be enhanced t o  b e t t e r  meet U.S. needs ,  i f  

found d e f i c i e n t  i n  any way, o r  might i t  be more a d v i s a b l e  t o  bui ld  a  

f a c i l i t y  a t  UMTRI f o r  meeting U.S. needs? 

The Canadian f a c i l i t y  i s  being funded a s  p a r t  of t h e  s tudy on 

weights and dimensions which i s  organized and adminis tered through 

the  Roads and Transpor ta t ion  Associa t ion of Canada (RTAC). The t i l t  

t a b l e  i s  t o  be designed by the  Quebec I n d u s t r i a l  Research Cen te r ,  i n  

Quebec Ci ty .  The device  w i l l  be o r i g i n a l l y  i n s t a l l e d  a t  the  





Figure  6 .  Screw-jack a c t u a t o r s  on Volvo t i l t - t a b l e .  



Figu re  7. T i l t - t a b l e  a t  t h e  M i l i t a r y  Vehic le  Exper imenta l  Es t ab l i shmen t ,  
Chobham, England (from Ref.  [ 2 ] ) .  





Transpor t  Canada t e s t  cen t re  a t  B l a i n v i l l e ,  Quebec about 20 mi les  

n o r t h  of Montreal. The following c o n s t i t u t e  the  pre l iminary  

s p e c i f i c a t i o n s  f o r  t h i s  device:  

- Overall  length  ( t o  accommodate a long conventional  t r a c t o r  

coupled t o  two 48-foot s e m i t r a i l e r s ) ,  approximately 120 f e e t .  

- Maximum veh ic le  weight , 200,000 l b s .  

- Maximum width a c r o s s  veh ic le  t i r e s  112 i n  -- - '  
- Maximum t i l t  angle , 35 degrees - 
- Instrumentation , Load c e l l s  provided f o r  measuring loads  

beneath each a x l e  of a 9-axle combination. Also, r o l l  angle i s  

t o  be transduced and a micro-processor i s  t o  be provided f o r  

determining t h e  composite veh ic le  c .g. h e i g h t ,  g iven t h e  r o l l  

angle and load t r a n s £  e r  d a t a .  

The scheduled completion d a t e  f o r  t h e  f a c i l i t y  i s  A p r i l ,  1985. 

The device  i s  t o  be a por tab le  assembly, c o n s t i t u t i n g  th ree  s e c t i o n s  

which can be t ranspor ted  over t h e  road t o  o t h e r  t e s t  s i t e s .  It is 

planned t h a t  the device would be t r anspor ted  t o  t h e  Railway 

Laboratory of the National  Research Council of Canada during the  

RTAC-sponsored resea rch  study on s i z e  and weight f o r  a b a t t e r y  of 

t e s t s  and then ,  l a t e r ,  be moved back t o  t h e  B l a i n v i l l e  s i t e .  

Following the  r e - i n s t a l l a t i o n  a t  B l a i n v i l l e ,  the  device  would be 

a v a i l a b l e  f o r  use by any p a r t i e s ,  through arrangement wi th  Transport  

Canad a. 

"' 

a r l y  , the Canadian p lans  a r e  t o  provide  the  wor ld ' s  l a r g e s t  

. ~ y  of t h i s  kind.  The p rov i s ion  of t h e  c a p a b i l i t y  f o r  

measuring wheel loads  f u r t h e r  enhances t h e  u t i l i t y  of the  device  f o r  

research purposes. 



3 * O  CONCEPT DESIGN FOR A T I L T  TABLE AT UMTRI 

Shown i n  Figure 9 i s  the  end-view of a  t i l t  t a b l e  which could 

be b u i l t  a t  the  UMTRI s i t e .  This device  would c o n s i s t  of a  

h y d r a u l i c a l l y  a c t u a t e d ,  permanently i n s t a l l e d ,  s t r u c t u r e  which 

p i v o t s  about a hinge l i n e  located wi th in  the nominal wheel t r a c k s  of 

t h e  veh ic le .  This layout  reduces the  demands f o r  s t r u c t u r a l  

m a t e r i a l s  i n  the  t a b l e  by reducing the  s t r e s s i n g  of beam elements. 

The pivot  i t s e l f  i s  t o  be es tab l i shed  by a  s t r i n g  of bearing 

s u p p o r t s ,  one every four f e e t .  The a c t u a t i o n  c y l i n d e r s  would be 

servo-control led  t o  a ssure  smooth r o l l  angle  development and t o  

maintain a  p lanar  shape i n  t h e  t a b l e  d e s p i t e  nonuniform loading 

along i t s  length .  With the  cy l inders  a c t i n g  only four  f e e t  from t h e  

h inge ,  the  c y l i n d e r  l eng th  i s  kep t  s h o r t .  The s p e c i f i c a t i o n s  f o r  

t h i s  design a r e  a s  fo l lows:  

SPECIFICATIONS 

Tota l  Length of Table------------------- 73 f e e t  

T o t a l  width of ~~bl~-------------------- 10 f e e t  

Maximum T i l t  ~~~l~---------------------- 30 degrees  

Maximum Gross Vehicle Weight------------ 200,000 l b s  

Maximum Axle Group Load----------------- 75,000 l b s  over a 20-ft 

span 

Table Weig\' 38,000 l b s  

No. of Actuating Cylinders-------------- 4 
Cylinder size--------------------------- 6" Bore X 24" Stroke 

Hydraulic supply------------------------ 2  GPM a t  2000 p s i  

Type of Actuation Control--------------- E lec t rohydrau l i c  Servos 

No. of Bearings Comprising the  Pivot----I8 

Deck Material--------------------------- 112 inch s t e e l  p l a t e  

Longi tudinal  Beam Members--------------- 8" Wide Flange Beams, 



Figure  9 .  End view of concept t i l t - t a b l e  i n s t a l l a t i o n  



35 l b i f t  

Lateral  Beam Members .................... 8"  Wide Flange Beams, 

35 l b / f t  

~~~~~d Structure------------------------ Reinforced Concrete 

h a i n s  preventing Means of Vehicle Constraint-------------" 

r o l l o v e r  and bolted 

angle  r e s t r a i n i n g  t i r e s  

Figure 10 shows the  l o c a t i o n  of t h e  p ivot  bear ings  and 

a c t u a t i n g  c y l i n d e r s  and a  cross-sect ion of the  simple deck 

cons t ruc t ion .  The deck i s  made t o  be a  very s t i f f  beam by the  

welding of 1/2-inch p l a t e  onto both the top and bottom of the  

l o n g i t u d i n a l  wide-flange beams. On the bottom of the deck,  the  

p i a t e  i s  a t tached i n  two s t r i p s ,  approximately 30 inches wide. An 

a d d i t i o n a l  wide-flange l o n g i t u d i n a l  beam i s  placed i n  the deck 

s t r u c t u r e  above the  p ivot  bearings t o  f u r t h e r  s t i f f e n  the  t a b l e  

under the  heav i ly  loaded,  "outside" t i r e s .  Also,  the  l a t e r a l  beams 

a r e  run ful l -width  every four  f e e t  along the  t a b l e  t o  a ssure  a f l a t  

deck su r face .  

I t  i s  es t imated t h a t  t h i s  device  could be const ructed and 

i n s t a l l e d  a t  UMTRI f o r  a  t o t a l  cos t  of $95,000,  assuming funding by 

means of a  g i f t  t o  the  Univers i ty .  The e s t i m a t e  assumes 

cons t ruc t ion  i n  FY 1985/86. The time t o  complete the  work would be 

approximately e i g h t  months. The device  would be i n s t a l l e d  j u s t  e a s t  

of t h e  UMTRI highbay bui ld ing.  

Any pa r ty  could have measurements made on the  i n s t a l l e d  t i l t  

t a b l e  a t  UMTRI, under the  same cond i t ions  which govern the  use of 

o t h e r  I n s t i t u t e  l abora to ry  f a c i l i t i e s .  The measurement of r o l l o v e r  

threshold  on a  t y p i c a l  combination v e h i c l e  i s  expected t o  cos t  

approximately $800, wi th  UMTRI s t a f f  conducting the  t e s t .  
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