
SLED IMPACT TESTS 
OF WHEELCHAIR TIE-DOWN SYSTEMS 

FOR HANDICAPPED DRIVERS 

FINAL REPORT TO 
MASSACHUSETTS REHABILITATION COMMISSION 

MAY 1985 

UMI'RI The University of Michigan 
Transportation Research Institute 





SLED IMPACT TESTS 

OF WHEELCHAIR TIE-DOWN SYSTEMS 

FOR HANDICAPPED D R I V E R S  

Prepared by: 

Lawrence W.  Schneider 

The U n i v e r s i t y  o f  Mich igan 
T ranspo r t a t i on  Research I n s t i t u t e  

I n s t i t u t e  o f  Science and Technology 
2901 Baxter Road 

Ann Arbor, Mich igan 48109 

For: 

The Massachusettes R e h a b i l i t a t i o n  Commission 
S t a t l e r  O f f i c e  B u i l d i n g  

20 Park Plaza 
Boston, Massachusettes 021 16 





I .  Perforaing Organization Report No. 

Technical Raport Docurmta th  Page 
1. R-rt No. 

UMTRI -85-19 

1 T ranspor ta t  ion Research l n s t  i t u t e  

Lawrencle W. Schneider 
9. P e r h i n g  Orgcniro?ion N m e  and $ddrefs 

The U n i v e r s i t y  o f  M l c h ~ g a n  t- 
11. Contract og Glont No. 1 

2. Cor.mc~nt Accession Me. 

UMTR I -85- 1 9 
10. Work Unct No. (TRAIS) 

3. Recip~mt's Catalog No. 

4. Titlo a d  SuLtitle 

Sled Impact Tests o f  Wheelchair Tie-Down 
Systems f o r  Handicapped D r i ve r s .  

1 20 Park Plaza 
- 

5. Report Date 

May 3 1 , 1985 
6. Perfomins Orgonizotion COA 

2901 Baxter  Road 
Ann Arbor .  M ~ c h l a a n  . . 481 09 

12. Spansoring M m w  a~l  Addtoss 
' 

The Massachusetts R e h a b i l i t a t i o n  Commission 
S t a t l e r  O f f i c e  Bui l d i n q  

14. Sponsoring Agency Code 

'3- TYPO of R ~ o r t  and Period Covered 

F ina l  Report 
Jan 1 .  - A p r i l  30, 1985 

1'6. Abstract 

S i x  dynamic impact t e s t s  were conducted on t h e  UMTRI rebound s l ed  
f a c i l i t y  t o  eva lua te  the e f f ec t i veness  o f  t h ree  wheelchai r  t ie-down 
systems intended f o r  use by wheelchai r  seated d r i v e r s  o f  vans. The 
t h ree  systems t es ted  were developed by C rea t i ve  Con t ro l s ,  Inc . ,  Target 
l ndus t r  i es  ("Speedlock" t ie-down) , and l n t e x  Nor theast ,  lnc.  ( fo rmer ly  
"The Claw" by Falcon Equipment Speci a1 t i e s ) .  The t e s t s  were performed 
a t  nominal impact cond i t i ons  o f  a 30-mph v e l o c i t y  d i f f e r e n t i a l  a t  an 
average dece le ra t i on  o f  20 g ' s ,  us ing  an instrumented 50 th -pe rcen t i l e  
male dummy seated i n  an E&J power wheelchai r .  Occupant r e s t r a i n t  i n -  
c luded a l ap  b e l t  a t tached t o  the wheelchai r  o r  t ie-down hardware on 
t he  wheelchai r  and a shoulder be1 t o r  shoulder / lap be1 t combinat ion 
a t tached t o  the v e h i c l e  ( i  .e. , t h e  s l ed ) .  One t e s t  was performed on the' 
l n tex  t. ie-down system, two on the  Target system, and t h ree  on t he  Crea- 
t i v e  Con t ro ls  system. The f i n a l  t e s t  o f  each demonstrated e f f e c t i v e  
wheelchai r securement f o r  t h e  t e s t  condi t i  ons. 

17. Kmy Words 

E W h e e a  i r t i  e-down 
18. Diskibutia, $totamat 

handicapped r e s t r a i n t  
dynami c t e s t s  
impact t e s t s  

I 

U n c l a s s i f i e d  

g. kour iv  Clossil. (of this pqo)  

U n c l a s s i f i e d  

21. No. of Pogma 

112 

22. Price 





TABLE O F  CONTENTS 

Page 

OVERVIEW AND SUMMARY ........................... 1 

TEST METHODS .......................Be........+. 3 

......... . TEST #w~8501  C C I  PROTOTYPE ( 1 s t  run) 5 

TEST #WM8502 . I NTEX NORTHEAST ................. 23 

TEST #WM8503 . TARGET 1 NDUSTR l E S  ............... 4 3  
"Speed lock" ( 1  s t  run) 

TEST #WM8504 . C C  I PROTOTYPE (2nd run) ......... 63 

TEST #WM8505 . TARGET 1 NDUSTR l E S  ............... 79 
"Speedlock" (2nd run) 

........ . TEST #WM8506 CCl PROTOTYPE (3rd run) 95 





OVERVIEW AND SUMMARY 

T h i s  r e p o r t  desc r ibes  t h e  t e s t  c o n d i t i o n s  and r e s u l t s  o f  s i x  s l e d  
impact t e s t s  conducted a t  t h e  U n i v e r s i t y  o f  Michigan T ranspo r t a t i on  
Research I n s t i t u t e  (UMTRI). The purpose o f  these t e s t s  was t o  
dynamica~ l l y  eva lua te  t h ree  wheelchai r  t ie-down systems c u r r e n t l y  be ing  
purchased, o r  be ing cons idered f o r  purchase, by t he  Massachusettes 
Rehabi 1 i t a t  i o n  Commi ss i on  (MRC) f o r  i t s  c l  i ents .  These systems, o r  
e a r l i e r  ve r s i ons  o f  these systems, had been p r e v i o u s l y  t es ted  i n  the  
summer o f  1983 f o r  t he  U n i v e r i t y  o f  Mich igan R e h a b i l i t a t i o n  Engineer ing 
Center (UMREC) funded through t h e  Nat iona l  l n s t i  t u t e  o f  Handicapped 
Researchi (N I HR) . As a r e s u l  t o f  those t e s t s ,  i t became apparent t h a t  
improverr~ents were needed and t h a t  systems t h a t  had p r e v i o u s l y  performed 
w e l l  had been mod i f i ed  o r  reduced i n  s i t e  t o  t he  p o i n t  t h a t  they were no 
longer e f f e c t i v e  under expected impact load ing  cond i t i ons .  

The t h r e e  t ie-down systems t es ted  were developed by Crea t i ve  
Controls,, Inc .  (CCI), Ta rge t  I n d u s t r i e s ,  Inc ,  ("Speedlock" t ie-down),  
and I n  t,ex Nor theas t , i nc . ( t  i e-down former 1 y deve 1 oped by Fa 1 con 
Spec ia l  t i e s ,  Inc .  and r e f e r r e d  t o  as "The Claw") . Table 1 shows the  t e s t  
numbers and t he  t ie-down eva lua ted  i n  each. The l n t e x  system performed 
w e l l  on t h e  f i r s t  t e s t  and so was n o t  re-eva luated.  The Target  system 
r e q u i r e d  two t e s t s ,  and t h e  C rea t i ve  Con t ro ls  system requ i r ed  th ree  
t e s t s  as ind ica ted .  

The impact cond i t i ons  used f o r  a l l  t e s t s  were a 30-mph v e l o c i t y  
d i f f e r e n t i a l  a t  20 g ' s  average dece le ra t i on .  Th i s  i s  be l i eved  t o  be a 
conse rva t i ve  b u t  acceptab le  l e v e l  o f  impact f o r  t e s t i n g  r e s t r a i n t s  used 
i n  van-*type veh i c l es ,  which i s  c u r r e n t l y  t he  p r imary  mode o f  personal 
l i censed  v e h i c l e  t r a n s p o r t a t i o n  f o r  severe ly  handicapped d r i v e r s  seated 
i n  whee!lchairs. A l l  t e s t s  used a 5 0 t h - p e r c e n t i l e  male anthropomorphic 
t e s t  d~~mmy (DOT p a r t  572) we igh ing  167 pounds as the  wheelchair  
occupant,. The occupant r e s t r a i n t  system i n  each case cons i s t ed  o f  a  l a p  
b e l t  anchored t o  t he  wheelchai r  o r  t ie-down hardware on the wheelchair  
( i f  p rov i ded  f o r )  and a veh i  c l  e-anchored shoulder be1 t o r  1 ap-shoulder 
b e l t  combinat ion ( i .e. ,  3 -po in t  b e l t ) .  

I n  t he  pages t h a t  f o l l o w ,  t he  t ie-down systems, t e s t  cond i t i ons ,  
and test .  r e s u l t s  f o r  these s i x  t e s t s  a re  descr ibed  and presented i n  some 
d e t a i  1 .  The t e s t s  a re  presented i n  the  o rder  t es ted  i l , ~ ~ 8 5 0 1  
through ~ ~ 8 5 0 6 )  and t he  r e s u l  t s  a r e  b r  i e f  1 y  i n t e r p r e t e d  i n  t he  SUMMARY 
AND D l  SCUSS ION sec t  ions a t  t h e  end o f  each t e s t .  For each t ie-down 
system, t he  f i n a l  impact t e s t  demonstrated e f f e c t i v e  performance i n  
secur ing  t he  wheelchai r  and, based upon these r e s u l t s ,  a l l  t h ree  systems 
can be recommended f o r  purchase by MRC and use by i t s  c l i e n t s ,  



Table 1 

Summary of Impact Tests 

Test No. Tie-down System Resul ts 

~ ~ 8 5 0 1  C C  I prototype Fai lure due to freeplay' in system 
resulting in release at front hook 
and back flip o f  wheelchair on 
sled acceleration 

WM8502 l n tex Nor theas t , I nc . Good wheelchair securement 
(rnodif ied Falcon "Claw") - 

WM8503 Target I ndustr i es Failure due to unexplainable 
"Speed 1 ock" t i e-down release of rear tie-down pin. 
with strengthened cross Tension spring was not fully 
bars tightened by motor. 

WM8504 CC l prototype mod i f i ed Improved wheelchair restraint 
to capture front tie- but tie-down released on re- 
down in front tie-down bound. 
hook 

WM8505 Target I ndus tr i es ' Good wheelchair securement 
"Speed 1 ock" , t i e-down 
motor fully powered to 
tighten tie-down spring 

WM8506 C C I  prototype wi t h  Good wheelchair securement 
modified rear retaining 
mechan i sm 



TEST METHODS 

These t e s t s  were conducted on the  UMTRl impact s l e d  i l l u s t r a t e d  i n  
F i gu re  1.  The s l e d  operates on t he  rebound p r i n c i p l e ,  ach iev ing  a 
des i r ed  v e l o c i t y  by r e v e r s i n g  i t s  d i r e c t i o n  o f  mot ion  d u r i n g  t he  impact 
event .  The s l e d  crash pu l se  i s  t r apezo ida l  i n  shape and i s  repor ted  as 
an average d e c e l e r a t i o n  l e v e l  i n  g ' s .  The s l e d  v e l o c i t y  i s  moni tored 
immediately be fo re  and a f t e r  impact. 

Head and chest  a c c e l e r a t i o n s  o f  a 5 0 t h - p e r c e n t i l e  male 
anthropomorhic t e s t  dummy (ATD) were measured f rom two se ts  o f  t h ree  
or thogonal  t ransducers  mounted i n  t he  head and chest .  GSE seat  b e l t  
load c e l l s  were used t o  measure webbing tens ions  i n  t he  l ap  and shoulder 
occupant r e s t r a i n t  b e l t s  d u r i n g  impact. Data generated d u r i n g  the  t e s t  
were m u l t i p l e x e d  and recorded on t h e  d i r e c t  record  channels o f  a 
Honeywell Model 96 magnet ic tape recorder .  The s i g n a l s  were 
subsequently de-mu l t ip lexed  and time-expanded f o r  d i g i t i z i n g ,  f i l t e r i n g ,  
and ana l ys i s  on a NOVA/4 computer, A l l  t e s t  s i g n a l s  were f i l t e r e d  t o  
the  requirements o f  SAE J-211. 

The pho to ins t rumenta t  i o n  cons i s t ed  o f  two high-speed (1000 
f  rame/stsc) 16mm mot i on  p i c t u r e  cameras (Photosonics 10) f o r  s i d e  and 
overhead views and a qu ick - look  sequenced P o l a r o i d  camera. The 
transducer da ta  and the  mot ion  p i c t u r e  t e s t  f i l m s  were s imul taneous ly  
marked by a t i m i n g  pu l se  generated a t  t e n  m i l l i s e c o n d  i n t e r v a l s .  A 
s t robe  f l a s h  recorded t he  onset  o f  impact. 



Figure 1 .  UMTRl Sled Impact Facility 



UMTR l 

SLED IMPACT TEST 

WM850 1 

C R E A T I V E  CONTROLS 

WHEELCHAIR TIE-DOWN 

FOR D R I V E R S  

T e s t  D a t e :  

January 23, 1985 



INTRODUCTION 

The purpose of this test was to evaluate the effectiveness of a 
prototype wheelchair tie-down system developed by Creative Controls, 
I nc. (CC I) for handicapped dr ivers of vans. I n add i t ion to a 1 ap seat 
belt attached to the tie-down hardware on the wheelchair, a three-point 
vehicle-anchored restraint system was used to provide occupant restraint 
for the 50th-percentile male anthropomorphic test dummy. 



TEST SETUP 

Wheelchair Tie-Down ......... 
Weight of Tie-down 
hardware on wheelchair ...... 
Wheelchair .................. 
Occupant Restraint .......... 
Test Dummy ........,......... 
Orientation of Test ......... 
Desired Impact Velocity ..... 
Desired Deceleration .,...... 

Creative Controls prototype 

18 ibs. 
E&J 3P power wheelchair 
lap belt to wheelchair 
plus 3-point belt to vehicle 
50th percenti le male (167 Ibs.) 
Forward facing, frontal impact 
30 mph 
20 g's 

Figure 1 shows the CCI tie-down hardware that bolts to the lowered 
vehicle floor and straddles the longitudinal vehicle frame member as 
shown in the mock-up. Figures 2 and 3 show the tie-down hardware that 
attaches to the wheelchair. Two triangular plates made from 12 gauge 
steel are bolted to the insides of the wheelchair side-frames by means 
of three steel U-brackets on each side. Rectangular brackets made of 10 
gauge steel are bolted to these plates at the rear and contain holes for 
anchoring the wheelchair lap belt and for holding the rear tie-down bar. 
A piece of steel angle extends to the front on the bottom of each 
triangular plate under the lower horizontal frame tubing on the 
wheelchair and contains the hole for retaining the front tie-down bar. 
The two tie-down bars made from 5/8" diameter sol id steel insert 
easily into the holes provided and are held in position by spring-loaded 
retaining pins. These bars are easily removed without the use of tools 
for folding of the wheelchair. The lowest clearance to the floor is 1-  
3/4" at: the bottom of the rear brackets which hold the rear tie-down 
bar. 

The floor-anchored structure consists of two parts, The front 
structure supports a vertical steel plate with a horizontal slot open to 
the rear for capturing the front tie-down bar. The rear part is the 
primary restraining structure and captures the rear tie-down bar. When 
the wheelchair rolls into position from behind, the spring-loaded plate 
moves down, allowing the rear bar to slip under the steel retaining lip. 
Once in position, the spring-loaded plate moves back up, capturing the 
rear bar from above and behind, as shown in Figures 4 and 5. The rear 
retaining structure is approximately 12" across at the widest point and, 
for the wheelchair of this test, the distance from the back of the front 
part to the front of the back part was 22 inches, 

Figures 6, 7, and 8 show side, front, and oblique views of the pre- 
test sel:up, A 50th-percentilemaledummy (Hybrid I I )  weighing 167 Ibs. 
was positioned in the wheelchair and restrained by a lap belt anchored 
back to the tie-down hardware as previously described. The dummy was 
also restrained by a vehicle-anchored three-point belt. A belt retractor 
was bolted to the floor on the right ,side of the wheelchair about 4" 
behind the main axle and a few inches outboard of the wheelchair. As 
shown in Figures 7 and 8, the lap/shoulder be1 t combination was sewn 
together, placed between the chair arm and the seat back and, buckled 



into the floor belt near the large wheel on the right side. The 
shoulder belt was bolted to the simulated "B" pillar structure about 15 
inches to the left of the wheelchair centerline and about 9 inches 
behind the wheelchair seat back. For webbing lengths of this three- 
point restraint system, the lap/shoulder belt junction was up near the 
abdomen instead of being down near the right hip as desired. 

Three GSE seat belt load cells were installed to measure forces in 
the upper shoulder belt, the right floor belt, and the left side of the 
wheelchair l a p  belt, The wheelchair, with batteries, motors, and tie- 
down hardware attached, weighed 160 1 bs. The ti e-down hardware 
accounted for about 18 pounds, Sled pressures were set to achieve a 
velocity differential of 30 mph and a sled deceleration of 20 g's during 
i mpae t . 



Figure 1 .  Vehicle-anchored tie-down hardware. 

Figure 2. Triangular plates with brackets attached 
to wheelchair. Note lap belt anchor point. 



Figure 3 ,  Tie-down hardware on wheelchair, showing 
front and rear steel bars. 

Figure 4 .  Rear view o f  wheelchair locked into 
tie-down, showing captured rear bar. 



~ i ~ u r e  5 .  Close-up of rear  bar captured under 
spring-loaded p l a t e .  

F igure 6 .  Side view o f  t e s t  setup. 



Figure 7. Oblique view of test setupp showing 
positioning of  three point belt. 

Figure 8. Front view of test setup, showing high 
position of shoulder/lap belt junction. 



RESULTS 

............ Actual  Sled Dece le ra t ion  
Actua l  v e l o c i t y  ..................... 

..... Peak f o r c e  r i g h t  c h a i r  l ap  b e l t  ....... Peak f o r c e  l e f t  shoulder b e l t  ..... Peak f o r c e  r i g h t  f l o o r  l ap  b e l t  .... Peak r e s u l t a n t  head a c c e l e r a t i o n  ................ Head I n j u r y  C r i t e r i a  ... Peak r e s u l t a n t  ches t  a c c e l e r a t i o n  

21.1 g ' s  
29.4 mph 
409 l bs .  
779 l b s *  
500 Ibs .  
245 g ' s .  
913 
7 4  g ' s  

Filgure 9  shows the p o l a r o i d  sequence photographs o f  t he  impact 
event, w h i l e  F igure  10 shows a  s top -ac t i on  photograph taken du r i ng  the  
impact. Dur ing s l ed  acce le ra t ion ,  which reaches a peak o f  about . 5  g ' s ,  
the  wh~eelchai r  moved back on the  s led,  a l l o w i n g  the f r o n t  t ie-down bar 
t o  p u l l  o u t  o f  the  f r o n t  r e t a i n i n g  s l o t .  Th i s  al lowed the  wheelchai r  
and dummy t o  f l i p  backward as t he  s l e d  cont inued t o  acce le ra te .  
Backwarid r o t a t i o n  was even tua l l y  r e s t r a i n e d  by the f r o n t  t e t h e r  ropes, 
b u t  s u f f i c i e n t  t i p p i n g  had occurred (approximately 70 degrees o f  t i  1 t 
f o r  thle wheelchai r )  so t h a t  the  c h a i r  remained i n  a  t i l t e d  p o s i t i o n  a t  
the  t ime o f  impact. The dummy t h e r e f o r e  went i n t o  the impact f e e t  f i r s t  
and i n  nea r l y  a  supine p o s i t i o n ,  r e s u l t i n g  i n  an i n v a l i d  t e s t  i n  terms 
o f  "normal" occupant loading. 

F i gu re  1 1  shows the  p o s t - t e s t  o r i e n t a t i o n  o f  the  wheelchai r  and 
dummy. Note t he  c h a i r  back broken t o  t he  rea r ,  The high-speed f i l m s  
i n d i c a t e  t h a t  t h i s  probably  occurred when the  c h a i r  f l i p p e d  backward 
p r i o r  t o  t he  main impact, F i gu re  12 shows the f r o n t  r e t a i n i n g  b racke t  
p o s t - t e s t  w i t h  the  s t e e l  bar ou t  of the s l o t ,  w h i l e  F igure  13 shows the 
rear  t ie-down bar s t i l l  captured i n  t he  r e t a i n i n g  s t r u c t u r e .  

Even though the  t e s t  r e s u l t s  must be considered i n v a l i d  because o f  
the  t i pped  o r i e n t a t i o n  o f  the  c h a i r  and dummy a t  the  beginn ing o f  
impact, i t  was noted on i nspec t i on  o f  the  t ie-down hardware t h a t  a  grade 
5 b o l t  a t t a c h i n g  the  l e f t  rear  b racke t  t o  the  t r i a n g u l a r  p l a t e  had 
sheared and a  s l o t  i n  the  l e f t  rec tangu la r  b racke t  had t o r n  open, as 
shown i n  F igu re  14. The rear  bar i t s e l f  showed l i t t l e  bending, however, 
and the  r e t a i n i n g  s t r u c t u r e  a l s o  showed l i t t l e  damage p o s t - t e s t .  

F igure  15 shows the  shoulder / lap b e l t  j u n c t i o n  a f t e r  t he  t e s t  w i t h  
t o r n  s t i t c h i n g .  Th is  i s  pr imar i l y  a  consequence o f  the h i gh  placement 
o f  t h i s  j u n c t i o n ,  which caused the  two p ieces  o f  b e l t  webbing t o  be 
p u l l e d  apa r t  r a t h e r  than loaded i n  shear. Nevertheless, the  s t r eng th  o f  
the s t i t c h i n g  should be increased i n  f u t u r e  designs. 

F igure  16 shows the  s l e d  v e l o c i t y  and dece le ra t i on  p r o f i l e s  a  
v e l o c i t y  d i f f e r e n t i a l  o f  29.44 mph and an average dece le ra t i on  o f  21.1 
g ' s .  F igures  17 through 19 show the  head and chest acce le ra t i ons  and 
b e l t  loads, which have r e l a t i v e l y  l i t t l e  s i g n i f i c a n c e  under the  loading 
cond i t i ons  o f  t h i s  t e s t .  The h igh  head r e s u l t a n t  a c c e l e r a t i o n  and Head 
l n j u r y  C r i t e r i a  a re  a  consequence o f  the  dummy's head s t r i k i n g  the  f l o o r  
behind the  wheelchai r .  
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F igure  9. Polaroid graph sequence photograph. 



Figure 10. Stop-action photograph. 

Figure 1 1 .  Post-test photograph. 



F igu re  12. Pos t - t es t  v iew o f  f r o n t  r e t a i n i n g  
b racke t  showing bar o u t  o f  s l o t .  

F i gu re  13.  View o f  r ea r  bar  s t i l l  captured i n  
t ie-down s t r u c t u r e  a f t e r  impact, 
Note sheared b o l t  i n  foreground. 



. F i gu re  14. Close-up o f  l e f t  r ea r  r e t a i n i n g  b racke t  
showing t o r n  s l o t .  

F i gu re  15. Shoulder / lap b e l t  j u n c t i o n  showing 
t o r n  s t i t c h i n g  a f t e r  impact. 
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Figure 16. Sled velocity and deceleration pro f  i les. 
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H E A D  A C C E L .  

Figure 17. Head accelerations versus time. 
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CHEST K C E L .  WM 8 5 0 1  

Figure  18. Chest accelerations versus time, 
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Figure 19. Belt loads versus time. 



SUMMARY AND DISCUSSION 

Because t h e  wheelchai r  and dummy f l i p p e d  backwards d u r i n g  t he  s l e d  
a c c e l e r a t i o n  and en te red  t he  impact i n  t h i s  p o s i t i o n ,  t he  ~ e s u l t s  o f  
t h i s  t e s t  must be cons idered i n v a l i d  i n  terms o f  e v a l u a t i n g  t he  
performance o f  t h e  CCI t ie-down d u r i n g  s tandard occupant load ing  
cond i t i ons ,  The f a c t  t h a t  t he  wheelchai r  was a l lowed t o  f l i p  backwards, 
however, i s  i n  i t s e l f  a  measure o f  t ie-down performance. Dur ing s l e d  
s ta r t - up ,  a peak a c c e l e r a t i o n  o f  about - 5  g ' s  may be reached. Th i s  i s  ' 

ve ry  low compared t o  rearward impact a c c e l e r a t i o n s  t h a t  cou ld  be 
exper ienced d u r i n g  r ea r  c o l l i s i o n s  o r  f rom f r o n t a l  c o l l i s i o n s  i n v o l v i n g  
m u l t i p l e  impacts.  Thus, i f  t he  t ie-down was rendered i n e f f e c t i v e  d u r i n g  
the s l e d  acce le ra t i on ,  i t  cou ld  ve r y  l i k e l y  be rendered i n e f f e c t i v e  i n  
the  r e a l  wor ld .  

The p r ima ry  d e f e c t  i n  t he  C C I  t ie-down was t h e  excess ive amount o f  
s l ack  o r  looseness i n  t he  r ea r  r e t a i n i n g  mechanism. I n  order  f o r  t he  
r ea r  bar  t o  be e a s i l y  captured and re leased,  t h i s  looseness was b u i l t  
i n t o  t he  system. Whi le  t he  amount o f  f r e e p l a y  was no t  measured p r i o r  t o  
the  t e s t ,  i t  i s  es t imated  t h a t  i t  was on t h e  o rder  o f  an inch  o r  more 
and, i n  any case, was s u f f i c i e n t  t o  a l l o w  t he  f r o n t  s t e e l  bar t o  come 
complete ly  o u t  o f  the  f r o n t  r e t a i n i n g  b racke t .  Thus, one s o l u t i o n  t o  
p reven t i ng  t h e  c h a i r  f rom f l i p p i n g  on rea r  impacts and s t i l l  have the  
s l ack  i n  t h e  r ea r  mechanism would be t o  inc rease  t he  l eng th  o f  t he  f r o n t  
s l o t  t o  be s i g n i f i c a n t l y  g rea te r  than t h e  amount o f  wheelcha i r  t r a v e l  
a1 lowed. 

Th i s  s o l u t i o n ,  however, ignores another  impor tant  and de t r imen ta l  
consequence o f  hav ing f r e e p l a y  i n  t he  t ie -down system. As po in ted  ou t  
i n  a  s tudy by C a l i f o r n i a  DOT (Stewar t  and Re in l ,  1981), t h i s  
"decoupl i ng" between wheel cha i r and t i e-down can l ead t o  g rea t  1 y  
a m p l i f i e d  dece le ra t i ons  and f o r ces  r e s u l t i n g  f rom the  impact o f  the 
wheelchai r  w i t h  t he  t ie-down s t r u c t u r e ,  I n  t h e  present  t e s t ,  the  
sheared grade 5 b o l t  and the  t o r n  b racke t  i n  t he  10-gauge s t e e l  a re  
evidence o f  these k i nds  o f  fo rces ,  I t  i s  a l s o  noted t h a t  the  peak f o r c e  
measured i n  t he  wheelchai r  l a p  b e l t  i s  q u i t e  low compared t o  what i t  
would have been had t he  dummy been p r o p e r l y  seated. I t  i s  t h e r e f o r e  ve ry  
ques t ionab le  t h a t  t he  t ie-down would have h e l d  up i f  t he  dummy and c h a i r  
had no t  f l i p p e d  backwards, and i t  i s  s t r o n g l y  recommended t h a t  the  
mod i f i ed  des ign  s i g n i f i c a n t l y  reduce o r  e l i m i n a t e  the  f r eep lay  i n  the  
t ie-down system. 
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INTRODUCTION 

The purpose of this test was to evaluate the effectiveness of the 
current production wheelchair tie-down system developed by lntex 
Northeast, Ine. (formerly "The Claw" by Falcon Equipment Specialties, 
Inc.) for handicapped drivers of vans. Inaddition t o a  lap seat belt 
attached to the wheelchair via the tie-down hardware, a vehicle- 
anchored shoulder belt was used to provide occupant restraint for the 
50th-percentile male anthropomorhic test dummy. 



TEST SETUP 

Wheelchair Tie-Down ......... l n t e x  Nor theast ,  Inc .  
power t ie-down. 

Weight o f  Tie-down 
hardware on wheelchai r  ...... 
Wheelchair .................. .......... Occupant R e s t r a i n t  

Tes t  Dummy ,................. 
O r i e n t a t i o n  o f  Tes t  ......... 
Des i red  Impact V e l o c i t y  ..... 
Desi red Dece le ra t i on  ........ 

12 lbs ,  10 oz. 
E&J 3P power wheelchai r  
l a p  b e l t  t o  wheelcha i r  
shoulder b e l t  t o  v e h i c l e  
50 th -percen t i  l e  male (167 lbs.)  
Forward fac ing ,  f r o n t a l  impact 
30 mph 
20 g ' s  

F i gu re  1 shows t he  l n t e x  t ie-down s t r u c t u r e  t h a t  b o l t s  t o  t he  
lowered v e h i c l e  f l o o r  (i .e., t h e  s t a t i o n a r y  f l o o r  o f  t he  power pan) 
w h i l e  F igures  2 through 4 show the  assembly o f  rec tangu la r  aluminum 
p l a t e s  (2024-T3) , s t e e l  c ross  bars ,  and square s t e e l  box tube s t r u c t u r e s  
t h a t  a t t a c h  t o  t he  wheelchai r  by means o f  two "U" b racke ts  on each s i de  
as shown. The we igh t  o f  t h e  t ie-down hardware a t tached  t o  the  
wheelchai r  i s  12 lbs .  10 oz. and the  base o f  t he  veh ic le-anchored 
s t r u c t u r e  measures 5'' by 20 inches. F igures 5 and 6 show f r o n t  and rea r  
v iews o f  t h e  wheelchai r  locked i n  p o s i t i o n  on the  s l ed  w i t h  t h e  f r o n t  
s t e e l  bar cap tu red  i n  t h e  f r o n t  hook o f  t h e  t ie-down s t r u c t u r e  and t he  
rea r  s t e e l  bar  r e t a i n e d  by the  wider r ea r  hook, I n  t h i s  p o s i t i o n ,  
rearward mot ion  o f  t he  wheelchai r  i s  prevented by the  l i n kage  on the  
f r o n t  hook, which i s  d r i v e n  up behind t he  f r o n t  bar when t he  ac tua to r  
i s  powered. 

The t ie-down bars  a re  made o f  3/4- inch diameter so l  i d  s t e e l  and 
a re  fas tened t o  the  1/8-inch t h i c k  aluminum s i d e  p l a t e s  by means o f  
s t e e l  p i n s  p laced outboard o f  s t ee l  washers. These bars  f i t  f r e e l y  
through s l o t s  i n  the  c e n t r a l l y  loca ted  s t e e l  p l a t e s  t h a t  a t t a c h  t o  the  
square box tubes which r u n  p a r a l l e l  t o  t h e  bars .  A f t e r  some amount o f  
bending takes p l ace  i n  t h e  bars ,  r es i s t ance  t o  bending w i l l  increase as 
t he  square box tubes beg in  t o  take up the  loads t r a n s f e r r e d  through the 
l o n g i t u d i n a l  p l a t e s .  Because these square c ross  p ieces a re  b o l t e d  t o  the  
s i d e  pl lates,  f o l d i n g  o f  t he  wheelchai r  cannot be accomplished w i t h o u t  
s i g n i f i c a n t  e f f o r t  and t he  use o f  t o o l s .  The lowest c learance o f  the  
wheelchai r  i s  1-3/4" under t he  bottom edge o f  the aluminum s i d e  p l a tes .  

F igures 7 through 10 show d i f f e r e n t  v iews o f  the wheelchai r  and 
dummy i n  p o s i t i o n  p r i o r  t o  the  t e s t .  The 5 0 t h - p e r c e n t i l e  male dummy 
weigh ing 167 pounds (Hybr id  I I )  was r e s t r a i n e d  t o  the wheelchai r  by a  
l a p  b e l t  which anchored t o  t he  rec tangu la r  s i d e  p l a t e s  j u s t  beh ind the  
wheelchai r  ax les.  A s i n g l e  shoulder b e l t  t h a t  anchored t o  the  f l o o r  on 
the  r i g h t  s i d e  o f  the  c h a i r  and t o  the  s imu la ted  "B" p i l l a r  above and 
behind t he  dummy's l e f t  shoulder prov ided upper t o r so  r e s t r a i n t .  Th is  
shoulder b e l t  was p laced  between the  wheelchai r  back pos t  and t he  c h a i r  
arm on t he  r i g h t  s i de  t o  ach ieve optimum f i t  t o  t he  shoulder and chest .  
Adjustment o f  t he  shoulder b e l t  l eng th  was f a c i l i t a t e d  by a  s t e e l  buck le  
which ended up p o s i t i o n e d  on the  dummy's chest  i n  the p r e - t e s t  setup. 
Three GSE sea t  b e l t  load c e l l s  measured t h e  f o r ces  i n  t he  upper shoulder 



belt webbing, the right lap belt webbing, and the right floor belt 
webbing . 

The wheelchair with batteries and motors weighed 152 lbs. of which 
12 lbs., 10 oz. was due to the tie-down hardware. The battery box 
support brackets were lowered about I "  so that the box cleared the tie- 
down hardware. Sled pressures were set to achieve a sled velocity 
differential of 30 mph and a sled deceleration level o f  20 g's. 



Figure 1. Floor-anchored tie-down structure. 

Figure 2. Tie-down hardware attached to wheelchair. 



Figure 3. Tie-down hardware attached to wheelchair. 

Figure 4. Bottom view of wheelchair, showing parallel 
steel bars and square box tubes. 



Figure 5 .  View under f r o n t  o f  wheelchair ,  showing 
f r o n t  bar captured i n  f r o n t  hook. 

F igure 6. Rear v iew showing rear  t ie-down bar 
captured i n  rear  r e t a i n i n g  hook. 



Figure 7 .  Side view o f  t e s t  setup. 

Figure 8.  Oblique view o f  t e s t  setup. 



Figure  9. Fron t  v iew o f  t e s t  setup. 

F igure  10. Rear v iew o f  t e s t  setup. 



RESULTS 

Actual Sled Deceleration ............ 
Actual velocity ..................... 
Peak force right chair lap belt ..... ....... Peak force left shoulder belt 
Peak force right floor belt .,...... 
Peak resultant head acceleration .,.. 
Head Injury Criteria o a o . s . e o a * e e o o . .  ... Peak resultant chest acceleration 

17.4 g's 
28.1 mph 
1260 ibs. 
2505 lbs. 
1041 lbs, 
48 g's. 
426 
43 g's 

Figure 1 1  shows the polaroid sequence photograph of the impact, and 
Figure 12 shows a stop-action photograph taken during the impact, 
Figures 13 through 15 show different views of the wheelchair and dummy 
after the test, while Figures 16 and 17 show the tie-down hardware after 
removing the battery box. The wheelchair was effectively restrained byf 
the tie-down, and the dummy was well restrained in the chair by the 
combination of lap and shoulder belt. Some bending in the steel bars 
occurred, but the longitudinal brackets and square tubing appeared to be 
effective in limiting the excursion of the wheelchair. Analysis sf the 
high-speed films indicated maximum wheelchair excursions of about 3-1/2  
inches forward and 5 inches up at the hub of the large wheels. That the 
inside longitudinal plates transferred significant force to the square 
tubing is indicated by the fractures at the slots shown in Figure 18. 
The primary damage to the wheelchair was the bent front frame as shown 
in Figure 19. 

Figure 20 shows the sled velocity and deceleration profiles. A 
velocity differential of 28.1 mph and an average deceleration of 17.4 
g's were achieved. The reason these values are lower than desired is 
not immediately apparent but probably relates to the manner in which the 
potential energy of the impacting mass of the wheelchair and dummy was 
absorbed by the tie-down structure and restraint belts. 

Figures 21 through 2 3  show the head accelerations, chest 
acceleration and belt load time histories. Resultant accelerations and 
the Head Injury criteria (HIC) are well below existing tolerance levels 
for the able-bodied population. The high value of peak shoulder belt 
force indicates that some of the restraint of the wheelchair may have 
been due to the shoulder belt's acting on the chair through the chest of 
the dummy. 



Figure 1 1 .  Polaroid graph sequence photograph. 



Figure 12. Stop-action photograph, 

Figure  13.  Rear oblique view, post-test. 

. \ 



Figure 14. Side view, p o s t - t e s t .  

Figure 15. Fron t  v iew, post-test. 



Figure 16. View of tie-down hardware after 
removing battery box. 

Figure 17. View of tie-down hardware, showing 
bending in rear bar. 



F i gure 18. Close-up o f  rea r  t i  e-down bar and 1 ong i t ud  i na l  
p l a tes ,  showing f r a c t u r e s  a t  s l o t s .  

F igure  19. Wheelchair a f t e r  impact t e s t .  



SLED PROFILE WM 8502 

Figure 20. Sled velocity and deceleration profiles. 
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Figure 21. Head accelerations versus time. 



CHEST ACCEL. 

F i g u r e  22. Chest a c c e l e r a t i o n s  versus t ime .  
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Figure 23. Belt loads versus time. 



SUMMARY AND DlSCUSSiON 

The l n t e x  t ie-down prov ided  very  good wheelchai r  securement d u r i n g  
the  impact t e s t ,  and t he  dummy was w e l l  r e s t r a i n e d  i n  the  wheelchai r .  
The h i g h  peak load i n  t h e  shoulder b e l t  o f  2505 pounds i s ,  however, a  
p o s s i b l e  i n d i c a t i o n  t h a t  t he  shoulder b e l t  was loaded w i t h  the  
wheelchai r  as w e l l  as t he  dummy ( i ,e. ,  t h a t  t he  shoulder b e l t  a s s i s t e d  
i n  wheelchai r  r e s t r a i n t ) .  Th i s  i s  an undes i rab le  r e s u l t  i f  i t  d i d  
occur,  s i n c e  i t  p laces  unnecessary and excess ive f o r c e  on the  occupant 
and i s  one reason t h a t  p rev ious  t e s t s  o f  t ie-downs have been w i t h o u t  
vehic le-anchored b e l t s .  I f  a  t ie-down i s  e f f e c t i v e  w i t h  o n l y  a  l a p  b e l t  
t o  t he  wheelchai r  r e s t r a i n i n g  the  t e s t  dummy, one can be sure t h a t  i t  
w i l l  be e f f e c t i v e  when a vehic le-anchored occupant r e s t r a i n t  i s  used and 
t h a t  t he  occupant r e s t r a i n t  i s  n o t  a s s i s t i n g  w i t h  wheelchai r  securement. 
Th i s  a l s o  represen ts  a  l i k e l y  r e a l - w o r l d  l oad ing  c o n d i t i o n ,  s ince  many 
occupants may n o t  be p rov ided  w i t h  a  shoulder r e s t r a i n t .  
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INTRODUCTION 

The purpose o f  t h i s  t e s t  was t o  evaluate the e f fec t iveness  o f  a 
product ion wheelchair  tie-down system developed by Target I ndus t r i es  f o r  
handicapped d r i v e r s  o f  vans. The system does not  inc lude a lap  b e l t  t o  
the wheelchair ,  b u t  one was added t o  p rov ide  comparable t ie-down loading 
cond i t ions t o  t e s t s  WM8501 and WM8502. A vehi cle-anchored three-poi n t  
r e s t r a i n t  system was a l so  used t o  p rov ide  occupant r e s t r a i n t  f o r  the 
50th-percent i  l e  male anthropomsrhic t e s t  dummy, 



TEST SETUP 

Wheelchair Tie-Down ......... Target Industries' power 
tie-down system. 

Weight of Tie-down 
hardware on wheelchair ....... 27. lbs., 3 oz. 
Wheel cha i r .................. EbJ 3P power wheel cha i r 
Occupant Restraint .......... lap belt to wheelchair 

plus 3-point belt to vehicle 
Test Dummy .................. 50th-percentile male (167 Ibs.) 
Orientation of Test ......... Forward facing, frontal impact ..... Desired Impact Velocity 30 mph ........ Desired Deceleration 20 g's 

Figures 1 and 2 show the wheelchair with tie-down hardware 
attached, and Figure 3 shows the tie-down structure that bolts to the 
vehicle floor or power pan. The equipment is similar to previously 
tested "'Speedlock" hardware,but the structure attached to the chair has 
been significantly increased in strength to decrease the amount of 
bending. The motorized system tested added over 27 pounds to the weight 
of the wheelchair. As shown in Figures 4 and 5, the front portion bolts 
to the lower horizontal frame members just behind the front posts and 
castor supports. The back cross-bar bolts to the lower horizontal frame 
member just forward of the rear axle posts, Attachment is by means of 
"U" bolts and brackets as shown. Connecting the two cross bars down the 
center of the wheelchair is an upside-down "U" structure which is flared 
at the front and which fits over the steel floor-anchored tie-down 
structures. The wheelchair is captured and locked into position by 
means of two steel pins attached to a pivoting steel bar. Movement of 
the pins into and out of holes in the longitudinal bracket on the 
wheelchair and slots in the floor-anchored tie-down structure is 
accomplished by an electric motor which drives the pivoting bar open or 
c 1 osed . 

The floor-anchored structure occupies a rectangular floor space 
area 1-1/2 by 22-inches and the lowest clearance point of the wheelchair 
is 2-1/2 inches at the center of the rear tie-down cross-bar. With the 
tie-down hardware attached, the wheelchair cannot be folded. 

Figures 6 through 10 show the wheelchair locked in position with 
the 50th-percentile anthropomorphic test dummy. The occupant restraint 
included a lap belt that was tied to the wheelchair at the junctions of 
the horizontal seat frame members and the seat back posts. A three- 
point vehicle-anchored restraint system was bolted as shown and placed 
between the seat back posts and the wheelchair arms to achieve 
appropriate positioning on the dummy. The shoulder belt anchor point was 
positioned 15 inches outboard of the center of the wheelchair and 9 
inches back from the seat back upholstery. The right side floor belt 
anchorage was positioned approximately 3 inches behind and 3 inches 
outboard of the rear wheel hub. GSE seat belt load cells were placed on 
the right chair lap belt, the right side floor belt, and the shoulder 
belt to measure webbing tensions during impact loading. Sled pressures 
were set to achieve a velocity differential of 30 mph and an average 
deceleration of 20 g's. 



Figure 1. Front view o f  wheelchair, showing 
"Speed 1 ock" hardware attached. 

Figure 2. Rear view o f  wheelchair, showing 
"Speedlock" hardware attached. 



F i gure 3. "Speed1 ock" ti e-down structure 
attached to wheelchair. 

Figure 4. Close-up of "Speedlock" attachment 
at front of wheelchair. 



Figure 5 ,  Close-up o f  "Speedlock" attachment 
j u s t  forward o f  ax le  posts. 

Figure 6. Side view o f  p re - tes t  setup. 



Figure 7 ,  Oblique v iew o f  t e s t  setup. 

F igure 8. Front  v iew o f  p re - t es t  setup. 



Figure  9. Rear obl ique view o f  p r e - t e s t  setup. 

F igure 10. Right  s ide obl ique view o f  p r e - t e s t  setup. 



RESULTS 

............ Actual Sled Deceleration 
Actual velocity ..................... 
Peak force right chair lap belt ..... ....... Peak force left shoulder belt 
Peak force right floor lap belt ..... 
Peak resultant head acceleration ..,. ................ Head Injury Criteria 
Peak resultant chest acceleration ... 

20.6 g l s  
28.9 mph 
240 lbs. 
2848 lbs. 
9721 bs. 
72 g's, 
652 
52 g l s  

Figrure 1 1  shows the Polaroid time sequence photograph of the impact 
test and Figure 12 shows a stop-action photograph. As revealed in these 
pictures and the high-speed films, the back of the wheelchair appeared 
to come loose during the impact, and the wheelchair pitched forward and 
upward. Restraint for both the dummy and wheelchair was accomplished 
primarily by the three-point restraint system, Near the end of sled 
deceleration the shoulder be1 t webbing broke at a peak load of 2848 
pounds, allowing further excursion of the dummy's head to take place., 

Figlures 13 through 17 show the post-test photographs of the 
wheelchair, dummy, and restraint system. The dummy remained in the 
wheelchair, and there was relatively little damage to the wheelchair. 
lnspection of the tie-down revealed that the rear pin had somehow come 
out of the tie-down structure and was resting on top of the bracket 
after the test. Exactly how this occurred has not been determined since, 
as shown, in Figure 18, the loading on the pin by the bracket should be 
entirely perpendicular to the direction required to push the pin out of 
the slot. Thus, even though the motor had not been fully powered into 
the locked position (it was only partially powered and this resulted in 
a lower lateral force required to release the pins), the loading should 
not have pushed the pin out. This is even more confusing, since the 
front pin remained in and the two pins move in and out together on the 
pivoting linkage. 

lnspection of the shoulder belt webbing revealed that it had torn 
at the anchorage point due to abrasion with a knurled locking bar. 
lnspection of the tie-down hardware revealed no noticeable bending or 
damage to the cross-bars or floor mounted structure, The rear "U" bolts 
which attach the tie-down to the wheelchair did show some bending and 
appear to be a weak point in the tie-down system. 

Figures 19 through 22 show the sled velocity and deceleration 
profiles, the head and chest accelerations, and the belt loads 
respectively. The chest and head accelerations are within existing 
tolerance values for the able-bodied population. The point of shoulder 
belt failure is clearly apparent, as is the consequent change in head 
deceleration resulting from the release of the torso at this point in 
time. The high peak value of shoulder belt load is clearly related to 
the loading of the wheelchair as well as the dummy into the restraint. 



Whf 8503 
Figure 1 1 .  Polaro id  graph sequence photograph. 



Figure 12. Stop-action photograph. 

Figure 13. Side view, post-test. 



F igu re  14, F ron t  v iew, p o s t - t e s t .  

F i gu re  15. Close-up o f  r ea r  t ie-down b racke t  
p o s t - t e s t  showing p i n  ou t  o f  s l o t .  



F i g u r e  16. Pos t - t es t  v iew o f  broken shoulder bel t .  

F igu re  17. Torn shoulder b e l t  webbing and anchor b racke t .  





S L E D  P R O F I L E  

Figure  19. Sled velocity and deceleration profiles, 
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HEAD ACCEL.  

Figure  20. Head acce le ra t i ons  versus t ime. 
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F i g u r e  21. Chest a c c e l e r a t i o n s  v e r s u s  t ime.  
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Figure  22. Belt loads versus t i m e .  



SUMMARY AND DISCUSSION 

Because the  rea r  p i n  came ou t  and a l lowed the  back p a r t  o f  the  t i e -  
down and wheelchai r  t o  become t o t a l l y  f r e e  except f o r  t he  occupant 
r e s t r a i n t  system, t h i s  cannot be considered a  v a l i d  t e s t  o f  the 
"Speedlock" t ie-down system. The reason f o r  t h i s  mode o f  f a i l u r e  a t  the 
back o f  t he  "Speedlock" bu t  no t  a t  the  f r o n t  and w i t h  the perpendicu lar  
load ing  t h a t  should have been on the  p i n  i s  no t  c l e a r .  I t  i s  known t h a t  
the  l o c k i n g  s p r i n g  t h a t  ma in ta ins  tens ion  on the  p i v o t  bar was no t  f u l l y  
wound, s i nce  t he  d r i v e  motor had no t  been f u l l y  a c t i v a t e d  i n  t h e  l ock i ng  
d i r e c t i o n  p r i o r  t o  the  t e s t .  I f  t h i s  i s  done i n  a  f u t u r e  t e s t  t he  p i n  
should no t  disengage. 

The peak shoulder b e l t  f o r c e  a t  f a i l u r e  i s  g rea te r  than i t  would 
have been i f  the  wheelchai r  had no t  loaded i n t o  the r e s t r a i n t .  The cause 
o f  f a i l u r e  seems t o  be abras ion o r  c u t t i n g  due t o  t he  knur led  l ock i ng  
bar .  FMVSS 209 s p e c i f i e s  t h a t  "any webbing c u t  by the  hardware du r i ng  
t e s t  shal  l have a  b reak ing  s t r eng th  o f  . . . n o t  less  than 2,800 pounds o r  
1,270 k i lograms a t  a  c u t  i n  webbing o f  t he  upper t o r so  r e s t r a i n t . "  Whi le 
the  peak f o r c e  a t  f a i  l u r e  i n  t h i s  t e s t  was j u s t  g rea te r  than 2800 
pounds, cons ide ra t i on  should be g i ven  t o  another type o f  adjustment and 
anchor mechanism t h a t  would no t  be as l i k e l y  t o  c u t  t h e  webbing 
m a t e r i a l .  I t  i s  a l s o  recommended t h a t  t he  "U" b o l t s  used t o  anchor the 
"Speedlock" t o  the  wheelchair  be made o f  hardened s t e e l  o r  changed t o  
"U" b racke ts  t h a t  would have h igher  b reak ing  s t r eng th .  
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INTRODUCTION 

The purpose of this test was to evaluate the effectiveness of a 
prototype wheelchair tie-down system developed by Creative Controls, 
Inc. for handicapped drivers of vans. In test ~ ~ 8 5 0 1 ,  a similar tie-down 
was tested but failed due to an excessive amount of free-play in the 
rear locking mechanism. This allowed the front tie-down bar to be 
released from the anchor hook on sled acceleration so that the 
wheelchair and test dummy flipped backwards prior to impact. While the 
test was essentially invalidated due to the orientation of the 
wheelchair and dummy at impact, it was also noted that the free-play in 
the tie-down mechanism resulted in a decoupling situation which puts 
excessive impact loads on the tie-down hardware, 

I n test ~ ~ 8 5 0 4 ,  the ti e-down system was mod i f i ed to i ncl ude a 
solenoid-actuated latching mechanism at the front tie-down hook which 
removes the free-play from the tie-down system. In addition to a lap 
belt attached to the tie-down hardware, a vehicle-anchored shoulder 
belt was used to provide upper torso restraint for the 50th-percentile 
male anthropomorhic test dummy. 



TEST SETUP 

Wheelchair Tie-Down ......... Crea t i ve  Con t ro ls  p ro to t ype  
w i t h  mod i f i ed  f r o n t  l a t c h i n g  
mechanism. 

Weight o f  Tie-down ...... hardware on wheelchair  18 lbs .  
Wheelchair .................. E&J 3P power wheelchai r .  
Occupant R e s t r a i n t  .......... lap  b e l t  t o  wheelchair  

p l u s  v e h i c l e  shoulder b e l t .  
Tes t  Dummy .................. 50th p e r c e n t i l e  male (167 lbs . )  
O r i e n t a t i o n  o f  Test ......... Forward fac ing ,  f r o n t a l  impact ..... Desi red Impact V e l o c i t y  30 mph ........ Desi red Dece le ra t ion  20 g ' s  

F igures 1 through 8 show the  t i  e-down hardware and t e s t  setup which 
i s descr i bed i n t e s t  WM850l and i s essent i a l l  y the  same except f o r  the  
mod i f i ed  f r o n t  l a t c h i n g  mechanism and the  use o f  a vehic le-anchored 
shoulder b e l t  i ns tead  of  t he  th ree-po in t  b e l t ,  F igures 1 through 3 show 
the  f r o n t  l a t c h i n g  mechanism i n  close-up. When the  wheelchair  i s  moved 
i n t o  p o s i t i o n  t he  f r o n t  t ie-down bar pushes on t he  p i v o t i n g  s t ee l  l a t c h  
bar  which comes up behind the  bar and captures i t  i n  the  hook. As the  
l a t c h  p i v o t s  up, a spr ing- loaded "wedge" moves under t he  l a t c h  mechanism 
t o  lock  i t  i n  p o s i t i o n .  The f r o n t  l a t c h  i s  re leased by means o f  a w i r e  
cab le  a t tached t o  the  spr ing- loaded wedge, which can be actuated 
manual ly o r  by an e l e c t r i c a l l y  powered so lenoid .  As i n  the  p rev ious  
vers ion ,  the  r ea r  tie-down bar presses down on a spr ing- loaded p l a t e  as 
the  wheelchai r  moves i n t o  p o s i t i o n  and i s  captured under t h e  s t e e l  
r e t a i n i n g  s t r u c t u r e .  

Four GSE seat  b e l t  load c e l l s  were i n s t a l l e d  t o  measure fo rces  i n  
the  upper shoulder b e l t ,  t he  r i g h t  f l o o r  b e l t ,  and the l e f t  and r i g h t  
s ides  o f  the  lap  b e l t .  The wheelchair ,  w i t h  b a t t e r i e s ,  motors and t i e -  
down hardware, weighed about 160 pounds, o f  which the  t i  e-down hardware 
accounted f o r  about 18 pounds. Sled pressures were se t  t o  ach ieve a 
v e l o c i t y  d i f f e r e n t i a l  o f  30 mph and a s l ed  dece le ra t i on  o f  20 g ' s  d u r i n g  
impact. 



Figure 1. Floor-mounted tie-down structure - 
front retaining latch open. 

Figure 2. Floor-mounted tie-down hardware - 
front retaining latch closed. 



Figure 3. Wheelchair with triangular plates and 
steel retaining bars locked i n  tie-down 
mechanism. Note lap belt anchor point. 

Figure 4.  Front retaining bar captured in 
lock-down mechanism. 



Figure 5. Rear view of test setup. Shoulder 
belt was placed between chair arm 
and chair back prior to test. 

Figure 6. Side view of test setup. Shoulder 
belt was placed between chair arm and 
chair back prior to test. 



F igu re  7. Obl ique v iew o f  t e s t '  setup. 

--, - - 1 -... - *  - 
F igu re  8. F ron t  view o f  t e s t  setup. 



RESULTS 

Actual Sled Deceleration ............ 21.0 g's 
Actual velocity ..................... 27.4 mph ..... Peak force right chair lap belt 959 lbs, 
Peak force left chair lap belt ....., 1623 lbs, 
Peak force upper shoulder belt ...... 1727 Ibs. 
Peak force lower shoulder be1 t ...... 1185 lbs. 
Peak resultant head acceleration ..,. 35.9 g's. ................ Head Injury Criteria 539 
Peak resultant chest acceleration ... 26.2 g's 

Figure 9 shows the polaroid sequence photographs of the impact 
event, and Figures 10 through 13 show the post-impact conditions. The 
tie-down appeared to provide good restraint for the wheelchair 
throughout the deceleration although the rear retaining bar was found 
out of the tie-down locking mechanism after the test, as shown in Figure 
13. A review and analysis of the high-speed films indicates that the 
tie-down bar did not come out during the primary impact deceleration but 
on rebound after the primary impact loading was over. - A  peak wheelchair 
excursion of about 3,5 inches was measured at the hub of the large 
wheel.The front bar remained captured in the front locking mechanism but 
showed a significant amount of bending. 

Figure 14 shows the sled velocity and deceleration profiles which 
indicated a velocity differential of 27.4 mph and an average 
deceleration of 21.0 g's. Figures 15 through 17 show the head and chest 
accelerations and belt loads. The shoulder belt loads are not 
excessively high, indicating that the tie-down system provided good 
restraint of the wheelchair and that the rear bar did not come out of 
the retaining structure until rebound after impact. The peak resultant 
head and chest accelerations and the Head Injury Criteria are well 
within accepted tolerance limits for the able-bodied population. 
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Figure  9. P o l a r o i d  graph sequence photograph. 



Figure  10. Side v iew a f t e r  impact. 

Figure 1 1 .  Obl ique view a f t e r  impact. 



F igu re  12. F ron t  v iew a f t e r  t e s t .  

F i gu re  13.  Rear v iew c l ose  up a f t e r  t e s t ,  showing 
s t e e l  bar o u t  o f  t ie-down. 
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Figure 15. Head accelerations versus time. 



CHEST A C C E L .  WM 8 5 0 4  

Figure  16. Chest accelerations versus time, 
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SUMMARY AND D I S C U S S I O N  

Th i s  v e r s i o n  o f  t he  Crea t i ve  Cont ro ls ,  Ins,  t ie-down system showed 
a s i g n i f i c a n t  improvement over the  system evaluated i n  t e s t  WM8501 .  
Dur ing the  pr imary impact dece le ra t ion ,  the  t ie-down prov ided  e x c e l l e n t  
wheelchair  r e s t r a i n t ,  a l l o w i n g  on l y  about 3.5 inches o f  wheelchai r  
excurs ion  measured a t  the wheel hub. The f a c t  t h a t  the  rea r  t ie-down bar  
came ou t  o f  the  tie-down r e t a i n i n g  mechanism i s ,  however, unacceptable 
f o r  r ea l -wo r l d  app l i ca t i on ,  where m u l t i p l e  and complex impact 
dece le ra t i ons  can be expected. 

i t  appears t h a t  the spr ing- loaded p l a t e  which p i v o t s  down when the  
rear  t ie-down bar moves forward i n t o  i t s  captured p o s i t i o n  was a l s o  
caused t o  p i v o t  down du r i ng  impact by i n e r t i a l  fo rces  generated by the  
mass o f  t h e  p l a t e .  Th i s  a c t i o n ,  combined w i t h  the  bending o f  the  rea r  
bar ,  was s u f f i c i e n t  t o  a l l o w  the  bar t o  pop ou t  from under the  s t e e l  
r e t a i n i n g  l i p  as t he  wheelchair  moved rearward a f t e r  impact. I t  i s  
recommended t h a t  the  rear  l ock ing  mechanism be mod i f i ed  t o  p reven t  t h i s  
p o s s i b i l i t y .  I f  t h i s  i s  done, t he  C C I  t ie-down system should o f f e r  
e x c e l l e n t  wheelchai r  securement f o r  f r o n t a l  v e h i c l e  impacts equal t o  o r  
less  than t he  30-mph, 20-9 impact cond i t i ons  o f  t h i s  t e s t .  
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INTRODUCTION 

The purpose o f  t h i s  t e s t  was t o  re -eva lua te  the  improved 
"Speedlock" wheelchai r  t ie-down system developed by Target  I ndus t r i es .  
I n  t e s t  WM8503 t he  i d e n t i c a l  t ie-down system d i d  no t  successfu l  l y  
r e s t r a i n  t he  wheelchai r  due t o  t he  rea r  t ie-down p i n  popping o u t  o f  the 
t ie-down s t r u c t u r e ,  The motor which moves the  p i ns  i n t o  t he  lock-down 
p o s i t i o n  by r o t a t i n g  t he  s t e e l  p i v o t  arm and wind ing up a  c o i l  sp r i ng  
had o n l y  been p a r t l y  a c t i v a t e d  p r i o r  t o  t h e  t e s t .  The s p r i n g  tens ion  
ho ld i ng  the  p i v o t  arm and p i n s  i n  p l ace  was t h e r e f o r e  less  than maximum. 
I n  the  c u r r e n t  t e s t ,  the t ie-down motor was f u l l y  powered w i t h  a  12 v o l t  
b a t t e r y  p r i o r  t o  the  t e s t ,  so t h a t  the  s p r i n g  was f u l l y  tensioned, 

The Targe t  t ie-down system does n o t  i nc l ude  a  l ap  b e l t  anchored t o  
the wheelchai r ,  b u t  one was added t o  represen t  what i s  b e l i e v e d  t o  be 
t y p i c a l  r e a l - w o r l d  c o n d i t i o n s  and t o  p rov ide  comparable load ing  
cond i t i ons  t o  impact t e s t s  o f  o the r  t ie-down systems intended f o r  use by 
wheelchair-seated d r i v e r s ,  A vehic le-ahchored th ree-po in t  r e s t r a i n t  
system was a l s o  used t o  p rov ide  occupant r e s t r a i n t  f o r  t he  50th- 
p e r c e n t i l e  male anthropomorhic t e s t  dummy. 



TEST SETUP 

Wheelchair Tie-Down ......... Target Industries' power 
tie-down system. 

Weight of Tie-down ...... hardware on wheelchair 27 lbs., 3 oz. 
Wheelchair .................. EEJ 3P power wheelchair .......... Occupant Restraint lap belt to wheelchair 

plus 3-point belt to vehicle 
Test Dummy ................... 50th percentile male (167 lbs.) 
Orientation of Test ......... Forward facing, frontal impact ..... Desired Impact Velocity 30 mph ........ Desired Deceleration 20 g's 

Figures 1 through 4 show the wheelchair secured in the tie-down 
system on the sled prior to dynamic testing. The setup and equipment 
are identical to that of test WM8503. A detai led description of the 
"Speedl~ck~~ tie-down system is contained in the report for that test. A 
steel structure consisting of front and rear cross members and a center 
longitutlingal inverted "U" structure is bolted to the lower frame of 
the chini r by means of i'U'i bolts and brackets. The wheelchair is 
captureti and locked in position by means of two steel pins attached to a 
pivoting steel bar. Movement of the pins in and out of holes in the 
inverted "Uii structure on the wheelchair and slots in the floor-anchored 
tie-down structure is accomplished by an electric motor which drives 
the pivoting steel bar open or closed, and winds up a coil spring which 
applies tension to hold the pivot bar in the closed position. In test 
WM8503 the motor was not fully powered prior to the test and therefore 
the spring was not fully tensioned. In this test, a 12 volt battery was 
used to apply full power to the motor and thereby apply full spring 
tension on the pivot bar to keep the pins in position during impact. 

A three-point vehicle-anchored restraint system was anchored to the 
sled and "B" pillar structure and placed between the seat back posts and 
the wheelchair arms to achieve appropriate positioning on the dummy. The 
shoulder belt anchor point was positioned 15 inches outboard of the 
center of the wheelchair and 9 inches back from the seat back 
upholstery. The right side floor belt anchorage was positioned 
approximately 3 inches behind and 3 inches outboard of the rear wheel 
hub. GSE seat belt load cells were placed on the right chair lap belt, 
the right side shoulder belt down near the floor, the upper left part of 
the shoulder belt, and the right side of the vehicle-anchored lap belt 
near the floor. As previously mentioned, a lap belt was also tied to the 
wheelchair structure at the junctions of the seat back posts and the 
horizontal seat frame members. Sled pressures were set to achieve a 
velocity differential of 30 mph and an average deceleration of 20 g's. 



Figure 1, Side view o f  t es t  setup. 

F igure 2 .  Rear view of  t e s t  setup. 

82 





RESULTS 

............ Actual Sled Deceleration 20.1 g's 
Actual velocity ..................... 29.2 mph ..... Peak force right chair lap belt 374 lbs. ....... Peak force left shoulder belt 2124 Ibs. ..... Peak force right floor lap belt 2043 lbs, 
Peak force right vehicle lap belt ,.. 1192 lbs. 
Peak resultant head acceleration .... 60 g's. 
Head injury Criteria ...........,.... ? 
Peak resultant chest acceleration ... 53 g's 

Figure 5 shows the Polaroid time sequence photograph of the impact 
test, and Figures 6 through 10 show the wheelchair and test dummy after 
the impact. During the impact the retaining pins remained in place and 
the tie-down did an excellent job of securing the frame of the 
wheelchair in place. Analysis of the high-speed films indicates a peak 
wheelchair excursion measured at the wheel hub of just over three 
inches. Inspection of the tie-down structure attached to the wheelchair 
revealed no visible damage or bending in the cross members. The "U" 
bolts attacking the hardware to the wheelchair frame were bent but not 
broken or loosened, The tie-down structure attached to the sled showed 
no damage at all. 

As shown in Figure 10, the wheelchair sideframes underwent 
significant deformation, and this allowed the chair mass to load the 
shoulder belt, resutting in the peak shoulder belt loads in excess of 
2000 pounds. As in the previous test, the shoulder belt broke at this 
force level due to abrasion of the webbing material en the knurled 
roller at the upper anchor point, leading to further wheelchair 
deformation due to downward loading of the dummy on the wheelchair. 

Figures 1 1  through 14 show the sled velocity and deceleration 
profiles, the head and chest accelerations, and the belt loads, 
respectively. The peak resultant head acceleration reported is an 
artifact due to the impact of the dummy's head with his knees at about 
200 msecs as a result of shoulder belt failure. Ignoring this, head and 
chest accelerations are well within existing tolerance values for the 
able-bodied population. The point of shoulder belt failure is clearly 
apparent,as is the consequent change in head deceleration resulting from 
the release of the torso at this point in time. The low value for peak 
lap belt load indicates the "softness" of this anchor point for occupant 
restraint when the wheelchair tie-down points are a significant distance 
from the occupant restraint anchor points. 
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F i g u r e  5 .  Polaroid graph s e q u e n c e  photograph.  



Figure  6 .  Side v iew a f t e r  impact. 

F igure  7 .  Close-up o f  f r o n t  o f  wheelchair 
a f t e r  impact. 



Figure 8. Rear view after impact. 

Figure 9. View o f  tie-down hardware on 
wheelchair after impact. 



Figure 10. Collapsed wheelchair frame after impact. 
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Figure 1 1 ,  Sled velocity and deceleration profiles. 
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SUMMARY AND DISCUSSION 

Thle "Speedlockl' t ie-down system d i d  an excel  l e n t  j o b  o f  secur ing 
the  wheelchair  i n  p lace du r i ng  t he  30 mph, 20 g impact o f  t h i s  t e s t .  
Because the  l ap  b e l t  was at tached t o  the wheelchair  frame some d is tance  
from the  t ie-down hardware, however, the  torques app l i ed  t o  the 
wheelchiair due t o  r e s t r a i n t  fo rces  on the  dummy r e s u l t e d  i n  s i g n i f i c a n t  
wheelcha i r  deformat ion,  which seems t o  have r e s u l t e d  i n  a d d i t i o n a l  
l oad ing  on the  vehic le-anchored shoulder b e l t  than would have r e s u l t e d  
from the  mass o f  the  dummy alone. Th is  suggests a need t o  p rov ide  
wheelchai r  l ap  b e l t  anchor p o i n t s  on the t ie-down hardware f o r  those 
s i t u a t i o n s  where occupants d e s i r e  t o  have a chair-anchored l ap  b e l t  i n  
a d d i t i o n  t o  the vehic le-anchored r e s t r a i n t  system, I f  t h i s  i s  done, the  
loads on the  t ie-down hardware would be increased ( i  .e., i n  t h i s  t e s t  
the wheelchair  frame absorbed the  occupant r e s t r a i n t  loads i n  undergoing 
deformat ion) and wh i 1 e i t would appear t h a t  the  "Speed lock"  t i  e-down 
system cou ld  handle these a d d i t i o n a l  loads, such a m o d i f i c a t i o n  should 
be dynanii c a l l  y tested. 

Whi le  shoulder b e l t  fo rces  would gene ra l l y  no t  exceed 2000 pounds 
i n  a 30 mph tes t ,  the f a i l u r e  i n  t he  shoulder b e l t  webbing should no t  
have occ:urred a t  the load i t  d i d ,  and i t  i s  recommended t h a t  t h i s  aspect 
o f  t he  r e s t r a i n t  system be improved t o  w i ths tand  g rea te r  fo rces .  
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INTRODUCTION 

The purpose o f  t h i s  t e s t  was t o  evaluate the e f fec t iveness  o f  a  
prototype wheelchair tie-down system developed by Creat ive Controls,  
Inc. f o r  handicapped d r i v e r s  o f  vans. I n  t e s t  Wfl8501, a  s i m i l a r  tie-down 
was tes ted  bu t  f a i l e d  due t o  an excessive amount o f  f ree-p lay i n  the 
rear lock ing  mechanism. I n  t e s t  ~M8504, a mod i f ied  ve rs ion  o f  t h i s  t i e -  
down was tested w i t h  s i g n i f i c a n t  improvement i n  performance as a r e s u l t ,  
e l i m i n a t i n g  the f ree-p lay bu t  the rear tie-down bar came out  o f  the 
tie-down s t r u c t u r e  on rebound a f t e r  the pr imary impact decelerat ion.  I n  
t h i s  t e s t  (WM8506) , the rear r e t a i n i n g  mechanism was modi f i ed t o  prevent 
t h i s  from happening. 

I n  a d d i t i o n  ' t o  a  lap  b e l t  attached t o  the tie-down hardware, a  
vehicle-anchored shoulder b e l t  was used t o  p rov ide  upper to rso  r e s t r a i n t  
f o r  the 50 th-percent i le  male anthropomorhic t e s t  dummy. 



TEST SETUP 

Wheelchair Tie-Down ......... Creative Controls prototype with 
modified rear tie-down mechanism. 

Weight of Tie-down 
hardware on wheelchair ...... 18 lbs. 
Wheelchair .................. EEJ 3P power wheelchair. 
Occupant Restraint .....,.... lap belt to wheelchair 

plus vehicle shoulder belt. 
Test Dummy ....,............, 50th percenti le male (167 lbs,) 
Orientation of Test ......... Forward facing, frontal impact 
Desired Impact Velocity ..... 30 mph 
Desired Deceleration ........ 20 g's 

Figures 1 through 3 show the wheelchair and test dummy prior to 
testing,and Figure 4 shows the modified tie-down structure with the rear 
tie-down bar locked in position, The bar is captured tightly in position 
by two steel latches which pivot up behind the bar as it moves into 
positioin under the main retaining lip. As with a similar mechanism at 
the front of the tie-down structure (i .e., the modification in test 
~M8504) , a spr i ng- 1 oaded s tee 1 "wedge" moves i n to pos i t ion under each 
latch to keep it in the up position. Two steel cables attached to these 
steel wedges provide the means for tie-down release by manual or 
solenoid action. 

Four GSE seat belt load cells were installed to measure forces in 
the vehicle-anchored shoulder belt and wheelchair anchored lap belt. 
Sled pressures were set to achieve a velocity differential of 30 mph and 
a sled deceleration of 20 g's during impact. 



Figure  1 .  Side view o f  t e s t  setup. 

Figure 2. Rear view o f  t e s t  setup.  



Figure 3. Front view of test setup. 

Figure 4. Close-up of modified rear tie-down mechanism. 



RESULTS 

Actual Sled Deceleration .,.......... ..................... Actual velocity 
Peak force right chair lap belt ...,. 
Peak force left chair lap belt ....., 
Peak force upper shoulder belt ...... 
Peak force lower shoulder belt ...... 
Peak resultant head acceleration ..,. ................ Head Injury Criteria 
Peak resultant chest acceleration .,. 

20.6 g's 
28.6 mph 
1745 Ibs. 
1638 ibs. 
1931 Ibs. 
882 lbs. 

41 g's. 
349 
32 g's 

Figure 5 shows the polaroid sequence photographs of the impact 
event, and Figure 6 shows a stop-action photograph early into the 
deceleration pulse. Figures 7 through 12 show the conditions of the 
wheelchair, test dummy, and tie-down hardware after the impact. The 
tie-down provided excellent retraint of the wheelchair, allowing the 
shoulder belt and lap belt to provide effective restraint for the test 
dummy. Analysis of the high-speed films indicates a peak wheelchair 
excursion of about four inches. As shown in Figure 12, both steel tie- 
down bars underwent significant bending during the impact, and the 
front of the wheelchair frame underwent moderate deformation, 

Figure 13 shows the sled velocity and deceleration profiles, which 
indicated a velocity differential of 28,6 mph and an average 
deceleration of 20.6 g's. Figures 14 through 16 show the head and chest 
accelerations and belt loads, The shoulder belt loads are not 
excessively high, indicating that the wheelchair did not add to the load 
of the occupant restraint system. Head and chest accelerations are well 
within the currently accepted tolerance limits for the able-bodied 
population. 



F igure  5. Polaroid graph sequence photograph. 



F i gure 6 ,  Stop-act i o n photograph dur i ng impact. 

Figure 7. Side view after impact, 



F igure  8. Rear v iew a f t e r  t e s t .  

F i gu re  9. Fron t  v iew a f t e r  impact. 
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F igu re  10. Close-up o f  f r o n t  o f  wheelchair  
a f t e r  impact. 

F i gu re  1 1 .  Rear v iew close-up a f t e r  impact. 



Figure 12. View of tie-down bars after impact. 
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Figure 13. Sled velocity and deceleration profiles. 
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Figure 14. Head accelerations versus time. 



C H E S T  ACCEL. WM 8 5 0 6  

Figure 15. Chest accelerations versus time, 
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Figure 16. Belt loads versus t i m e .  



SUMMARY A N D  DISCUSSION 

This version of the Creative Controls, Inc. wheelchair tie-down 
system provided excellent wheelchair securement during the jO mph impact 
of this test. The only improvement that can be suggested is an increase 
the diameter or material pr~perties of the steel tie-down bars to reduce 
the amount of wheelchair excursion due to bar deformation. 






