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I. INTRODUCTION 

The B iomedica l  and Biomechanics Departments a t  t h e  H i  g h w a y  

Sa fe ty  Research I n s t i t u t e  (HSRI) a r e  c u r r e n t l y  c o n d u c t i n g  a s e r i e s  

of  t h i r t y  (30 )  s l e d  i m p a c t  t e s t s  o f  w h e e l c h a i r  t i e - d o w n  a n d  

w h e e l c h a i r  occupant r e s t r a i n t  s y s t e m s  f o r  t h e  M a s s a c h u s e t t s  

Rehab i l  i t a t i o n  Commission. The purpose o f  t h i s  i n t e r i m  r e p o r t  i s 

t o  d e s c r i b e  t h e  r e s u l t s  o f  t h e  f i r s t  t w e n t y - t w o  ( 2 2 )  o f  t h e s e  

t e s t s  wh ich  have been completed t o  da te .  



I I. PROCEDURES 

All t e s t s  are being run o n  the H S R I  impact  s l e d  f a c i l i t y  

i l l u s t r a t e d  in  Figure 1 .  The s l e d  i t s e l f  i s  a  975-1b .  t e s t  

platform which i s  driven from one end of a  4 5 - f o o t  t r a c k  by a  

compressed-gas-powered ram. An adjustable pneumati c  dece  1  e r a  t o  r  

a t  the  opposite end of the t r ack  s t o p s  t h e  s l e d  a b r u p t l y  and 

rebounds the sled in  the opposite d i r e c t i o n  a t  a  speed  n e a r l y  

equal t o  i t s  speed prior  t o  impact .  Thus ,  f rom a  p r e - i m p a c t  

velocity of 10 m p h ,  an impact velocity d i f fe ren t ia l  of n e a r l y  2 0  

mph  i s  achieved. 

For the t e s t s  reported on here, a l l  p r e s s u r e s  were s e t  t o  

achieve an impact velocity d i f fe ren t ia l  of 20 mph a t  a  rectangular  

deceleration pulse of 16 G's  ( i . e . ,  s i x t e e n  t i m e s  t h e  p u l  1 of  

nravi ty) .  Each t e s t  used an E v e r e s t  and J e n n i n g s  powered 

wheelchair frame (Model 3 P )  with appropriate masses a t t a c h e d  t o  

simulate a  comp le t e  powered c h a i r  w i t h  b a t t e r i e s ,  m o t o r s ,  

e tc .  weighing approximately 110 I bs. The wheelchair occupant was 

simulated by a  50th percenti le  male dummy weighing 165 Ibs. Table 

1 shows the matrix of twenty-two t e s t s  conducted t o  d a t e  unde r  

these t e s t  conditions. 

Side and t o p  view h i g h  speed f i lms were taken of each t e s t  a t  

3 nominal f i lm speed of 1000 frames/sec. In a d d i t i o n ,  GSE s e a t  

belt  load c e l l s  were used t o  measure t ens ions  i n  b e l t  webbings  

where applicable. 





TABLE 1  

t4ATRIX O F  TESTS 

Test V O .  Wheelcnair Tie-Down Occupant R e s t r a i n t  Imcac: D i r ec t i on  

EOMOOl Lap b e l t  to  f l o o r  v ia  l i f t  r i ngs  Lap b e l t  t o  f l o o r  plus veicro  ches t  b e l t  f r o n t a l  

SCMOOP Lap be1 t  to  f l o o r  v ia  l i f t  r i ngs  plus L a p  b e l t  t o  f l o o r  plus velcro  ches t  b e l t  ' f r o n t a l  
a n g l e  i ron behind wheels 

80M003 ?ud a d j u s t a b l e  i - b a r  t o  f l o o r  v ia  l i f t  Velcro ches t  b e l t  t o  c h a i r  back f r o n t a l  
r i n g s  

80bi003 Bud T-bar p lus  l a p  b e l t  t o  f l o o r  v ia  Lap b e l t  t o  f l o o r  plus velcro  ches t  b e l t  f r o n t a l  
l i f t  r i ngs  

80M005 Bud power pan and power lock-down Lap be1 t t o  c h a i r  f r o n t a l  

8OM006 Bud power pan and power lock-down Eud pas s ive  b e l t  ( roo f  t o  f l o o r )  plus f r o n t a l  
la9  b e l t  t o  c h a i r  

80M007 Bud power pan and power lock-down Eud pas s ive  b e l t  ( f l o o r  mount) plus l ap  f r o n t a l  
p lu s  l a p  por t ion  of  Bud pass ive  b e l t  b e l t  t o  c h a i r  
i n  f r o n t  of c h a i r  arms 

80M008 Same a s  80M007 except webbing of Same as  80M007 except webbing of  pass ive  f r o n t a l  
pa s s ive  f l o o r  b e l t  bolted a t  metal f l oo r  be1 t bol ted  a t  metal r i ng  
r i ng  

80M009 4 -po in t  Aeroquip t i e d  t o  s led  Bud pas s ive  b e l t  plus l a p  b e l t  t o  cha i r  f r o n t a l  

80M010 Bud power pan and power lock-down Bud pass ive  b e l t  with webbing t i e d  t o  f r o n t a l  
p lu s  bar  wheel s t op  metal r i n g  plus l a p  b e l t  to  c h a i r  

80MOll Bud power pan and power lock-down Bud pas s ive  b e l t  plus l a p  b e l t  t o  c h a i r  f r o n t a l  
p lus  l a p  po r t i on  of  pass ive  b e l t  
i n  f r o n t  of c h a i r  arms (webbing 
t i e d  a t  metal r i n g )  

80M012 Same a s  BOMOll Same a s  80MOll 45O 

80M013 Bud 1-bar  ( sma l l e r  adjustment holes)  Lap b e l t  t o  c h a i r  plus ve l c ro  c h e s t  b e l t  f r o n t a l  
t o  f l o o r  via eye b o l t  

80M014 Bud f i xed  l eng th  T-bar p lus  l a p  b e l t  Lap b e l t  t o  f l o o r  plus velcro  c h e s t  b e l t  f r o n t a l  
t o  f l o o r  v ia  eye b o l t  

80M015 aud rim pin s t anch ion  Lap b e l t  t o  s tanchion f r o n t a l  

80M016 Two c h a i r s  i n  double. rim pin s tanchion L ~ D  b e l t  t o  s tanchion s i d e  

80M017 CCl tie-down t o  s h e e t  metal 

80M018 C C I  tie-down t o  shee t  metal 

Bud pas s ive  b e l t  system plus l a p  b e l t  t o  f r o n t a l  
t r i a n g l e s  

Falcon pas s ive  b e l t  s y s t m  plus l a o  b e l t  f r o n t a l  
t o  t r i a n g l e s  

8OM019 3-ooint  Aeroquip s t r a p s  t o  "G" t r ack  Bud pas s ive  b e l t  sys ten  plus l a p  b e l t  to  f r o n t a l  
f a s t ened  t o  shee t  metal c h a i r  

8OM020 C C I  tie-down t o  shee t  metal Falcon pas s ive  b e l t  sy s t en  (improved f r o n t a l  
anchor welds)  p lus  l a p  b e l t  to  c h a i r  

80M021 Target  T-bar plus l a p  b e l t  t o  f l o o r  Lap b e l t  t o  f l o o r  
v ia  l i f t  r i n g s  

80M022 Target T-bar t o  f l o o r  v ia  hook b o l t  Lap b e l t  t o  c h a i r  
welded closed on eye b o l t  

f r o n t a l  

f r o n t a l  

All t e s t s  f o r  20 mph, 16 G impact.  



111. RESULTS 

The f o l l o w i n g  pages d e s c r i b e  and i l l u s t r a t e  t h e  t e s t  s e t - u p  

and r e s u l t s  observed f r o m  f i l m s  f o r  each o f  t h e  twen ty -  t w o  t e s t s  

conducted t o  date.  A l s o  g i v e n  a r e  peak be1 t l o a d s  measured b y  GSE 

l o a d  c e l l s .  The sequence photograph shown on t h e  l a s t  p a g e  f o r  

each t e s t  i l l u s t r a t e s  t h e  genera l  performance o f  t h e  t i e -down  a n d  

r e s t r a i n t  systems. 



TEST NO. 
80M001 

Set- u p  

Both the dummy and wheelchair were restrained facing forward 
o n  the sled by a single 9 belt  secured t o  the  f loor  ( s l e d ]  
by two - l i f t  r ing  a s s e m b l i e s . A b e l t  -- with velcro f a s t e n i n g  
across the chest o f  the dummy was attached a t  each end around 
the  back wheelchair posts under the s e a t  back u p h o l s t e r y .  
The wheelchair brakes were appl i ed . 

Results 

Prior  t o  impact the chai r  moved backward on the s l e d  due t o  
the  sled acceleration (approx. .5 G )  producing s lack  i n t h e  
lap  belt .  The ring of the r ight  1 i f t  ring assembly broke a t  
the  sharp bend on impact releasing the lap belt  and a l lowing  
the  wheelchair t o  move unrestrained in to  the  padded f ron t  of  
the  sled. The velcro fastening on the c h e s t  b e l t  d i d  n o t  
hold. The chair  sustained l i t t l e  or no damage. 

Peak Belt Loads ( Ibs . )  -.--- 

Left Lap - 1050 
Right Lap - 1000 
Chest - 100 

 ereaf after referred t o  as velcro chest bel t .  



Se t -up  Photos f o r  T e s t  80M001 





80M001 

Time Sequence Photo for T e s t  80M001 
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TEST N O .  
80M002 

Set-Up 

The wheelchair and dummy were secured facing forward on t h e  
sled in the same manner as t e s t  80M001 by a lap be1 t around 
t he  dummv anchored t o  the sled bv two l i f t  rlnq E m b l  i e s .  

-A 

Tn additjon, a -- steel angle was cjamped t o  t h e  f l o o r  beh ind  
the  chair wheels t o  prevent backward movement of t h e  c h a i  r 
d u r i n g  sled acceleration. A vel cro -- chest bel t  secured t o  the  
wheelchair back posts was again placed a round  t h e  dummy's 
chest. The wheelchair brakes were appl i ed. 

Resul t s 

The chair  did n o t  move on sled acceleration and the l a p  be1 t 
remained t au t  until  impact. Upon impact the ring of the l e f t  
ring assembly broke a t  the  sharp bend releasing the chair  and 
dummy which moved forward and  impacted with the padded f r o n t  
of the sled. The velcro belt  released allowing t h e  dummy's 
to r so  t o  f lex  forward. The chair  back u p 0 1  s t e r y  was t o r n  
loose on dummy rebound. The chair  s u s t a i n e d  l i t t l e  o r  no 
damage t o  the  frame. 

Peak Be1 t Loads ( 1  bs.) ----- 

Left lap - 1050 
Right lap - 900 
Chest - 200 



Set-Up Photo  for T e s t  80M002 



P o s t - I m p a c t  Pho tos  f o r  T e s t  80M002 



80M002 
. _ _ .- . _ ___ --_ _I-I- - - _ I  ----I----- -- - - 

T ime Sequence Pho tos  f o r  T e s t  80M002 
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. TEST NO.  
80M003 

Set-Up 

The wheelchair was secured facing forward on t h e  s l  ed by a  
Bud Industr ies adjustable T-bar  p l a c e d  a c r o s s  t h e  l o w e r  
horizontal frame members j u s t  beh ind  t h e  r i s i n g  c u r v e d  
portion. A hook b o l t  t h r o u g h  t h e  c e n t e r  of t h e  T -ba r  
fastened t o  a  l i f t  r ing assembly which was b o l t e d  t o  t h e  
sled.  The T - b E a X g h t e n e d  down by t u r n i n g  a n u t  o n  t h e  
hook bolt until  the f ront  pneumat ic  c a s t o r  t i r e s  showed 
s ignif icant  compression. The dummy was secured t o  the  c h a i r  
only by a velcro -- chest bel t  attached t o  the  back chair  posts. 

Results 

The ring of the l i f t  ring assembly broke a t  t h e  s h a r p  bend 
releasing the  wheelchair t o  move fo rwa rd  i n t o  t h e  padded 
f r o n t  of t h e  s l e d .  The T - b a r  and h o o k  b o l t  b e n t  
s ign i f i can t ly  and the  velcro belt  came 1 oose  a1 1 owing t h e  
dummy t o  f a l l  t o  the  f loor .  

Peak Be1 t Loads -@s. ) . --- -- - 

Velcro chest bel t  - 200 



Set-Up Photos for T e s t  80M003 



Post-Test Photos for Test 80M003 



80M003 

T ime Sequence Photo for T e s t  80M003 
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TEST NO. 
80M004 

The adjustable T-bar described in t e s t  80M003 and t h e  lap 
be l t  t o  f loor  described in t e s t  80M001 were used t o  s e c u r e  - 
the  chai r  and dummy i n  a  forward facing di rect ion.  All th ree  
anchor points used l i f t  ring a s semb l i e s  t o  f a s t e n  t o  t h e  -- 
s led .  The dummy was also restrained by a velcro c h e s t  be1 t -- 
looped around the chai r  back posts. 

Results 

The rings from the l i f t  ring assemblies secur ing  t h e  T - b a r  
and one s ide  of the 1 ap be1 t b r o k e  a t  t h e  s h a r p  bends  
allowing the  wheelchair t o  move in to  the  padded f ront  of t h e  
s led .  The T-bar i t s e l f  bent and f ractured,  and the  lap be1 t 
a lso  unbuckled. Although the velcro on the chest belt  he1 d ,  
t he  s t i t ch ing  to re  out allowing the  belt  "DM r i n g  t o  s l i d e  
through the double webbing and resu l t  i n s i g n i f i c e n t  be1 t 
sl ack. 

Peak Be1 t Loads Kbs. )  .---- - -  

Left lap  - 1150 
Right lap  - 1100 



Set-Up Photos for T e s t  80M004 



P o s t - T e s t  Pho tos  f o r  T e s t  80M004 



Pos t -Tes t  Photo f o r  T e s t  80M004 



Time Sequence Photo  f o r  T e s t  80M004 



TEST NO. 
80M005 

Set-Up 

The wheelchair was secured in  the - Bud I n d u s t r i e s  power  pan 
facing forward o n  t h e  s l e d  by t h e  B u d  ower lock-down + ~ r e s s i n g  on the  raised portion of the r igh t  ower hor izon ta l  
frame member. The Dower lock-down was b o l t e d  t o  t h e  s l  ed 
using two bol ts  and'washers provided by Bud I n d u s t r i e s  and 
tightened unti 1 s i g n i f i c a n t  d e f o m a t i o n  i n  t h e  washe r s  
occured. The dummy was secured in  the  chai r  by a lap be1 t 
anchored t o  the chair  by wrapping the bel t  ends  a round  t h e  
hack posts under the  power pack mounting brackets a nd c h a i r 
up01 s tery .  

Resul t s  

There was no s ignif icant  r e s t r a i n t  of the cha i r  by t he  power 
lock-down. The lock-down arm s l i d  off  the frame with 1 i t t  1 e 
apparent e f fec t  o n  wheel chai r  movement. When t h e  arm d i d 
in te rac t  with the cha i r  frame a t  the  c r o s s - b a r s ,  t h e  power 
lock-down rotated out of the way as  the cha i r  moved forward.  
The chair  moved in to  the  padded f ron t  of the  sled w i t h  1 i t t l e  
o r  no turning so t ha t  the  dummy's knees absorbed most of t h e  
energy. During the  t e s t  the lap  be l t  stayed secure  and t h e  
dummy remained i n  the  chai r .  The c h a i r  s u s t a i n e d  1 i t t l e  
damage other than bending of the  motor brackets. 

Peak --- Belt Loads Ll bs)  . 

Left lap  - 220 
R i g h t  lap  - 280 



Set-Up Photos f o r  T e s t  80M005 



Post - Impact  Photos f o r  T e s t  80M005 



Time Sequence Photo for Test 80M005 



TEST NO. 
80M006 

Set-Up 

The wheelchair was secured t o  the sled in the forward f a c i  n g  
direction using the Bud ower lock-down and power a n  system 5- described i n  t e s t  8 0 ~ 0 0 5 h e  dummv was-straine t o  t h e  
chair as i n  t e s t  80M005 using a $belt - t o  the chair p o s t s .  
I n  addition, a - Bud passive - belt restraint  system ( o l d  s ty le )  
was used t o  restrain the dummy. This system cons i  s t s  of a 
vehicle mounted shoulder and i a p  belt which i s  suspended i n  
the vehicle b v  a~oroor i a t e  anchor Points on the ve hi c l  e " B "  
u i l l a r a n d b y " a 1 0 0 ~ ' i n  a ---- roof  t o  f l o o r  b e l t .  The l a p  
portion of the belt passes over the chair a r m r e s t s .  Heavy 
d u t y  eye bolts and other hardware provided by Bud 1ndust r i  e; 
were used t o  anchor t h e  b e l t s  t o  t h e  s i m u l a t e d  v e h i c l e  
structure. 

Results 

The power lock-down did not secure the c h a i r  which became 
restrained by the passive belt system through loading on t h e  
dummy. The lower part of the c h a i r ,  being u n r e s t r a i n e d ,  
moved forward, causing the dummy and chair t o  t i l t  backwards. 
A te ther  rope caught on a sled bolt preventing the chair from 
flipping t o  the floor. The lap belt s t a y e d  s e c u r e .  High 
forces in the f loor  t o  roof belt  caused the steel s t r u c t u r e  
used t o  simulate the vehicle roof anchor point t o  collapse. 

Peak Belt Loads (1 bs) -- - 

Retractor belt - 520 
Passive chest - 1700 
Passive lap - 1200 
Right chair lap - 230 
Upper roof t o  f loor - 1950 
Lower roof t o  f loor - 2500 



Set-Up Pho tos  for T e s t  80M006 



Post-Test Photo for Test 80M006 



80M006 

Time Sequence Photo  f o r  T e s t  80M006 
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TEST NO. 
80M007 

Set-Up 

The wheelchair was secured t o  the sled in the forward f a c i  n g  
direction using the Bud power lock-down and power pan system 
described in t e s t  8 0 m 5 .  The dummy was-strained t o  t h e  
chair as in t e s t  80M005 using a  la^ - belt t o  the chair p o s t s .  
Tn addition, a Bud passive belt r e s t r a i n t  (new s t y l e )  was 
used to provide additional dummy restraint .  This belt system 
i s  similar t o  the system used in t e s t  80M006 except t h a t  t h e  
floor t o  roof belt i s  rep1 aced by a f loor mounted be1 t with a 
metal ring through which the c h e s t / l ~ l ~ a ~ .  The 
belt  system i s  h e l d  in place by a n  e l a s t i c  - cord from t h e  
metal ring t o  the v e h i c l e  r o o f .  I n  t h i s  t e s t ,  t h e  l a p  
portion of the passive be1 t was placed i n  f r o n t  -- of t h e  
wheelchair arms (desk t y p e )  with t h e  hope of p rov id ing  
improved c h a i r  r e s t r a i n t  w i thou t  l o a d i n g  through t h e  
occupant. Heavy duty eye bolts and other hardware provided 
by Bud Industries were used t o  anchor  t h e  b e l t s  t o  t h e  
simulated vehicle structure. 

Results 

The power lock-down did not restrain the chai r .  The cha i  r 
and dummy moved forward into the passive belt system causi n g  
the sti tching around the metal ring in the floor mounted belt 
t o  break releasing the chair t o  move o u t  of the power p a n  and 
into the front of the sled. The c h a i r  s u s t a i n e d  1 i t t l e  
damage. 

Peak Belt Loads ( I  b s l  ---- 

Shoulder - 680 
Right chair lap - 440 
L a p  passive belt  ( l e f t )  - 880 
Lap passive belt ( r igh t )  - 780 
Right floor belt - 1300 



Set-Up Photos  f o r  T e s t  80M007 
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Stop A c t i o n  D u r i n g  Impac t  T e s t  80M007 

Pos t -Tes t  Photo f o r  T e s t  80M007 



Time Sequence Pho to  f o r  T e s t  80M007 

3 2 



TEST NO. 
80M008 

Set-Up 

The wheelchair and dummy were restrained fac ing  forward  on 
the  sled as i n  t e s t  80M007 except that the b e l t  webbing of 
the  floor mounted portion of the p a s s i v e  be1 t sys tem was 
bolted together - with large washers --- at the metal r; n g  i n an 
attempt t o  prevent the system from breaking 1 oose  a t  t h i  s 
poi n t .  

Resul t s 

The resul ts  were the same as t e s t  80M007 except t h a t  hi gher  
belt  loadings were achieved before the belt webbing r ipped  
through the bolts a t  the metal ring releasing the c h a i r  and 
dummy. The chair arms and frame were bent during impact. 

Peak Belt Loads ( lbs )  
7-- 

Shoul der - 1200 
R i g h t  lap - 220 
Passive belt  ( l e f t )  - 1150 
Passive belt ( r igh t )  - 1050 
Right floor belt - 1950 





P o s t - T e s t  Pho tos  f o r  T e s t  80M008 

3 5 



T,irne Sequence Photo for Test 80M008 



TEST NO. 
80M009 

Set-Up 

The wheelchai r  was secured t o  t h e  s l e d  i n  t h e  f o rwa rd  f a c i n g  
p o s i t i o n  us ing f o u r  Aero u i  t ie-down s t r a  s .  Two s t r a p ;  + -se wrapped around t h e f r o n t  c  a i r f r a m e m e m  ers  j u s t  a b o v e  t h e  
cas to r s  and angled fo rward  and outward, b e i  ng  t i e d  t o  t h e  
s l e d  s t r u c t u r e  i t s e l f .  Two o t h e r  s t r aps  wrapped a r o u n d  t h e  
r e a r  frame posts  j u s t  above t h e  i n t e r s e c t i o n  w i t h  t h e  s e a t  
frame t u b i n g  and  w e r e  t i e d  s t r a i g h t  b a c k  t o  t h e  s l e d  
s t r uc tu res .   he dummy was secured t o - t h e  c h a i r  by  a   la^ be1 t 
anchored t o  t h e  r e a r  c h a i r  ~ o s t s .  A d d i t i o n a l  dummy r e s t r m  
was prov ided by t h e  Bud pass ive b e l t  system descr ibed  i n  t e s t  
80M007 except t h a t  t h e l a p  p o r t i o n f  t h i s  be1  t was p l  a c e d  
d i r e c t l y  on' t h e  dummy over  t h e  c h a i r  arms and t h e  f l o o ' r  b e 1  t 
webbing was - t i e d  t o  t h e  metal  r i n g .  

Resu l t s  

The Aeroquip s t r a p s  p rov ided  good r e s t r a i n t  o f  t h e  whee lcha i r  
and t h e  c h a i r  moved o n l y  a  couple o f  inches due t o  s t r e t c h i n g  
o f  t h e  s t raps .  There was no apparent damage t o  t h e  c h a i  r 
frame and t h e  pass ive  b e l t  system w i t h  l a p  b e l t  t o  c h a i r  
prov ided good upper and l owe r  t o r s o  r e s t r a i n t  f o r  t h e  dummy.' 

Peak B e l t  Loads ( 1  bs )  .-- - - 
Shoul d e r  be1 t - 1250 
R i g h t  l a p  b e l t  - 760 
Passive l a p  b e l t  ( l e f t )  - 660 
Pass ive l a p  b e l t  ( r i g h t )  - 440 
R igh t  f l o o r  b e l t  - 1550 



Set-Up Photos f o r  Test 80M009 



Pos t - Impac t  Photo f o r  T e s t  80M009 



Time Sequence Photo f o r  T e s t  80M009 



TEST NO. 
80M010 

The whee lcha i r  and dumm.y were r e s t r a i n e d  f a c i n q  f o r w a r d  o n  
t h e  s l e d  w i t h  t h e  Bud pbwer pan and p o w e r  l o c k - d o w n  a s  i n  
t e s t  80M007 e x c e p t t h a t :  1) ~ h e T p  p o r t i o n  o f  t h e  p a s s i  v e  
b e l t  system was passed o v e r  t h e  whee lcha i r  arms, 2 )  a  s t e e l  
b a r  was welded i n  p l a c e  across  t h e  t o p  edge o f  t h e  power p a n  
t o  p r o v i d e  a  wheel stop f o r  f o r w a r d  c h a i r  mot ion ,  and 3 )  t h e  
b e l t  webbing o f t  f l o o r  mount b e l t  was t i e d  t o  t h e  m e t a l  - 
r i n g .  

R e s u l t s  

The whee lcha i r  jumped t h e  wheel s t o p  b a r  a lmost  as  if i t  were 
n o t  t h e r e  and t h e  dummy's knees impacted w i t h  t h e  f r o n t  o f  
t h e  s led .  The dummy was r e s t r a i n e d  a t  t h e  upper t o r s o  by t h e  
p a s s i v e  b e l t  system c a u s i n g  t h e  c h a i r  t o  f l i p  o v e r  b a c k w a r d s  
so t h a t  t h e  back o f  t h e  dummy's head impacted t h e  s l e d  f l  oor.  
The r e a r  p o s t s  o f  t h e  c h a i r  were ben t  b a c k w a r d  d u r i n g  t h e  
impact .  

Peak B e l t  Loads ( l b s )  --- 
Shoulder  - 1600 
R i g h t  l a p  b e l t  - 260 
Pass ive  l a p  ( l e f t )  - 1400 
Pass ive  l a p  ( r i g h t )  - 1050 
R i g h t  f l o o r  - 2150 





Post-Impact Photos for Test 80M010 



Time Sequence Photo for T e s t  80M010 



TEST NO. 
80M0 11 

Set-Up 

The w h e e l c h a i r  and dummy were r e s t r a i n e d  f a c i n g  f o r w a r d  o n  
t h e  s l e d  w i t h  t h e  Bud pbwer an and p o w e r  l o c k - d o w n  a s  i n  e- t e s t  80M010 e x c e p t t h a t  t h e  ap p o r t i o n  o f  t h e  - B u d  p a s s i v e  
r e s t r a i n t  webbing was o l  aced i n  f r o n t  o f  t h e  w h e e l c h a i r  a r m s  
as i n  t e s t  80~007. A S '  i n  t e s t  80M010, t h e  f l o o r  b e l t  webbing 
was t i e d  t o  t h e  meta l  r i n g  and a  wheel s t o p  - b a r  was i n  p l  a c e  
i n  f r o n t  o f  t h e  whee lcha i r  c a s t o r  wheels. A lap be1 t t o  t h e  
back c h a i r  pos ts  secured t h e  dummy's p e l v i s  i n  t h e a i r .  

R e s u l t s  

T h i s  system p r o v i d e d  f a i r l y  good r e s t r a i n t  o f  t h e  c h a i  r a n d  
occupant i n  t h e  f o r w a r d  d i r e c t i o n  b u t  b o t h  t h e  c h a i r  a n d  
occupant were r e s t r a i n e d  b y  t h e  p a s s i v e  b e l t  s y s t e m  a s  
i n d i c a t e d  by  t h e  h i g h  b e l t  loads.  A f t e r  i m p a c t  t h e  c h a i r  
f l i p p e d  backward t o  t h e  s l e d  f l o o r .  The c h a i r  arms sus ta ined  
c o n s i d e r a b l e  i n w a r d  bending. 

Peak B e l t  Loads (1  b s )  --- 
Shoulder  - 1800 
L e f t  l a p  - 340 
Pass ive  l a p  - 1450 
R i g h t  f l o o r  anchor - 2200 
L e f t  f l o o r  anchor - 1500 



Set-Up Photos  for T e s t  80MOll 



Post-Impact Photos f o r  Test 80MOll 



T i m e  Sequence Photo for T e s t  80MOll 



TEST NO. 
80M0 12 

The wheelchair a n d  dummy were r e s t r a i n e d  t o  t h e  s l e d  
identically t o  t e s t  80MOll b u t  were orientated a t  45 degrees  
t o  the sled track with the dummy's right shoulder toward t h e  
impact di rect i on. 

Resul t s 

As with t e s t  80MOl1, the chair was restrained from forward  
motion by the passive belt system. Because the load ing  was 
mainly on  the right side of the c h a i r ,  t h e  t u b i n g  of t h e  
right arm was bent significantly into the abdominal region of 
the dummy. The upper torso and head of t h e  dummy showed 
nreater excursions than in  t e s t  80MOll since the dummy s1 i d 
sideways through the torso belt. 

Peak Belt Loads ( l b s )  ----- 

Shoulder - 1700 
Right lap - 80 
Left lap - 280 
Passive lap - 1500 



Set-Up Photos  for T e s t  80M012 



Pos t-Impact Photos for Test 80M012 



Post-Impact Photos for Test 8 0 ~ 0 ~ 2  



80M012 

Time Sequence Photo f o r  Test  80M012 



TEST NO. 
80M013 

The whee lcha i r  was r e s t r a i n e d  f a c i n g  f o r w a r d  on t h e  s l e d  by a  
Bud I n d u s t r i e s  T-bar s i m i l a r  t o  t h a t  u s e d  i n t e s t  8 0 ~ 0 0 3 .  - 
The ad jus tment  holes i n  t h e  T-bar were reduced t o  about 1 1 8 "  
d i a m e t e r  f o r  i nc reased  s t r e n g t h  and a  heavy d u t y  eye b o l t  was 
used i n  p l a c e  o f  a  l i f t  r i n g  f o r  a t t a c h m e n t  t o  t h e f l o o r .  
The dummy was r e s t r a i n e d  t o  t h e  c h a i r  b y  a  lap b e 1  t a n d  a  
v e l c r o  -- chest  be1 t t o  t h e  c h a i r  back posts.  

R e s u l t s  

The T-bar  broke i n  h a l f  a t  t h e  c e n t e r  hook b o l t  h o l e  and t h e  
c h a i r  moved u n r e s t r a i n e d  i n t o  t h e  padded f r o n t  o f  t h e  s l e d .  
The l a p  b e l t  came un la tched  a t  t h e  b u c k l e  d u r i n g  t h e  t e s t  b u t  
t h e  v e l c r o  f a s t e n i n g  on t h e  ches t  b e l t  h e l d  a n d  t h e  dummy 
s tayed i n  t h e  c h a i r .  A f t e r  impact  t h e  c h a i r  f l  i p p e d  o v e r  
backwards. 

Peak B e l t  Loads ( l b s )  .-.-- - 
L e f t  l a p  - 200 
R i g h t  l a p  - 150 



Set-Up Photos f o r  T e s t  80M013 



Post-.Impact Photo  for Test 80M013 



Time Sequence Photo for T e s t  80M013 



Set-Up Photo f o r  T e s t  80M014 

Pos t - Impac t  Photo  f o r  T e s t  80M014 



TEST NO. 
80M014 

Set-Up 

The wheelchai r  was r e s t r a i n e d  f a c i n g  forward on t h e  s l e d  by a  
Bud I n d u s t r i e s  f i x e d  l e n g t h  T - b a r  made o f  a  p i e c e  o f  1" - 
square s tee l  e x m o n  a n d - a E b e l t  - t o  t h e  f l o o r .  The T-  
b a r  a t tached t o  t h e  f l o o r  by a  hook b o l t  t h r o u g h  a  c e n t e r  
h o l e  t o  a  heavy du t y  eye b o l t .  The l a p  b e l t  a n c h o r  p o i n t s  
were a1 so heavy du ty  eye b o l t s .  A v e l c r o  chest  be1 t t o  t h e  -- 
c h a i r  back posts  was a l so  used. 

Resul t s  

The hook p o r t i o n  o f  t h e  T-bar hook b o l t  s t r a i g h t e n e d  o u t  
r e l e a s i n g  t h e  c h a i r  f rom t h e  T-bar t ie-down. T h e  l a p  b e l t  
r e s t r a i n e d  t h e  c h a i r  and dummy f rom any s i g n i f i c a n t  f o r w a r d  
mot ion  bu t  t h e  c h a i r  was o n l y  r e s t r a i n e d  f rom f a l l i n g  o f f  t h e  
hack o f  t h e  s l e d  by t e t h e r  ropes. The v e l c r o  f a s t e n i n g s  on  
t h e  ches t  b e l t  he l d  b u t  a  D - r i ng  opened a l l o w i n g  t h e  dummy t o  
j a c k k n i f e  forward.  The c h a i r  sus ta ined  s i g n i f i c a n t  b e n d i  n g  
o f  t h e  main ax l es  due t o  f o r c e s  f rom t h e  f l o o r  l a p  b e l t .  

Peak B e l t  -- Loads ( l b s )  

L e f t  f l o o r  l a p  - 1850 
R igh t  f l o o r  l a p  - 1500 
L e f t  ches t  - 290 
R igh t  ches t  - 390 



Time Sequence Photo  f o r  T e s t  80M014 



TEST NO. 
80M015 

Set-Up 

The wheelchai r  was r e s t r a i n e d  f a c i  nq fo rward  on t h e  s l e d  b.y a 
Bud I n d u s t r i e s  s i n g l e  c h a i r  - rim pin-stanchion. The dummy was 
r e s t r a i n e d  by a lap - b e l t  anchored t o  h o l e s  i n  t h e  r i m  p i n  
b racke ts .  

Resul t s 

Th i s  system o f f e r e d  good whee lcha i r  and dummy r e s t r a i n t .  The 
absence o f  an upper t o r s o  b e l t ,  however, a l l owed a large head 
excurs ion  due t o  j a c k k n i f i n g .  

Peak B e l t  Loads ( l b s )  .-.- - - 
L e f t  l a p  - 1350 
R i g h t  l a p  - 1100 



Set-Up Pho tos  f o r  T e s t  80M015 



Post - Impact  Photo f o r  T e s t  80M015 



Time Sequence Photo f o r  T e s t  80M015 



TEST NO. 

Set-Up 

Two wheelchai rs  were r e s t r a i n e d  f a c i n g  sideways on t h e  s l  e d  
b y a  Bud I n d u s t r i e s  double c h a i r  r i m  s tanchion.  Two 50 th  
p e r c e n t i l e  male d u m r n z r - t r a i n e d  by a be1 t s  anchored 
t o  t h e  r i m  p i n  b racke ts  on t h e  stanchion. The c h a i r s  w e r e  
p o s i t i o n e d  as f a r  t o  t h e  r e a r  o f  t he  s l e d  as p o s s i b l e  and t h e  
thumb screws which secure t h e  s l i d i n g  r i m  p i n  b r a c k e t s  w e r e  
t i gh tened  w i t h  p l i e r s .  

Resul t s  

The r i m  p i n  f i x t u r e s  o f  t h e  s tanchion s l i d  a long t h e  b a r  t o  
t h e  f r o n t  o f  t h e  s tanch ion  bar.  The f r o n t  c h a i r  i m p a c t e d  
i n t o  t h e  padded f r o n t  o f  t h e  s l e d  f r a c t u r i n g  t h e  l e f t  
magnesium wheel r i m  and bad ly  bending t h e  c h a i  r. The  r e a r  
c h a i r  impacted i n t o  t h e  f r o n t  c h a i r  and t hen  f l i p p e d  backward 
over  t h e  s tanch ion  w i t h  t h e  dumny e n d i  n g  u p s i d e  down a n d  
hanging o f f  t h e  s i d e  o f  t h e  s led.  Both l a p  b e l t s  h e l d  t h e  
dummy's i n  t h e  cha i r s .  

Peak B e l t  Loads ( 1  b s l  

L e f t  l a p  ( f r o n t )  - 600 
R i g h t  l a p  ( f r o n t )  - 470 
L e f t l a p ( r e a r )  - 3 5 0  
R igh t  l a p  ( r e a r )  - 720 



Set-Up Photos  f o r  T e s t  80M016 



Set-Up Photo for T e s t  80M016 



Post-Impact Photos for Test 80M016 



Pos t  Impac t  Photos  f o r  T e s t  80M016 



80M016 

Time Sequence Pho to  for Test 80M016 



TEST NO. 
80M017 

Set-Up 

The wheelchair was restrained facing forward on the sled by a 
Creative Controls, Inc. (CCI) tie-down system consisting of a 
restraint  platform bolted t o  the sled and t r i a n g u l a r  s t e e l  
olates and bars .attached t o  the wheelchair i t s e l f .  A van 
sheet metal f loor was bolted t o  the sled and the C C I  platform 
was bolted t o  the sheet metal using four 1/2"  bolts  and two 
steel plates under the sheet metal t o  dis t r ibute  t h e  1 oads .  
The duhy  was secured t o  the chair by a  la^ - belt anchored t o  
the C C I  t r iangles.  The - Bud Industries passi ve - be1 t system 
was used in con.iunction with Bud I n d u s t r i e s  c a n t i l e v e r e d  
chair arms t o  pFovide complete torso restraint .  

Results 

This system provided e x c e l  1 e n t  wheelchai  r  and occupant  
restraint .  The sheet metal deformed s l igh t ly  and t h e  r e a r  
CCI retaining bar bent sl ightly a t  both ends. 

Peak Belt Loads ( lbs )  --- 
Shoulder - 1300 
Right lap - 1000 
Left lap - 1050 





P o s t - I m p a c t  Pho tos  f o r  T e s t  80M017 



80M017 

T ime Sequence Photo for T e s t  80M017 



TEST NO. 
80M018 

Set-Up 

The w h e e l c h a i r  was r e s t r a i n e d  f a c i n g  f o r w a r d  o n  t h e  s l  e d  
u s i n g  t h e  - C C I  t i e -down  system as i n  t e s t  80M017. T h e  dummy 
was secured t o  t h e  c h a i r  b y  a lap - b e l t  a n c h o r e d  t o  t h e  C C I  
t r i a n g l e s .  A p a s s i v e  - b e l t  system by Falcon,  I n c .  was u s e d  
w i t h  t h e  Bud I n d u s t r i e s  w h e e l c h a i r  a r m s  t o  p r o v i d e  u p p e r  
t o r s o  r e s t r a i n t  f o r  t h e  dummy. T h i s  F a l c o n  s y s t e m  u s e s  a  
p o s t  b o l t e d  t o  t h e  f l o o r  t o  p o s i t i o n  t h e  p a s s i v e  b e l t  
a p p r o p r i  a te1 y . 

Resul t s  

The C C I  system p r o v i d e d  e x c e l l e n t  whee lcha i r  r e s t  r a i  n  t . A 
bad weld  a t  t h e  l e f t  s h o u l d e r  a n c h o r  p o i n t  r e s u l t e d  i n  
i n c o m p l e t e  t o r s o  r e s t r a i n t  f o r  t h e  dummy. T h e  F a l c o n  p o s t  
t i l t e d  fo rward  by  bend ing t h e  sheet  meta l  and t h i s  a d d e d  t o  
t h e  b e l t  i n e f f e c t i v e n e s s  and dummy excu rs ions .  

Peak B e l t  Loads ( l b s )  --- 
Shoulder  - 660 
L e f t  c h a i r  l a p  - 1400 
Pass ive  l a p  - 390 







13QM018 

Time Sequence Photo  for T e s t  80M018 



TEST NO. 
80M019 

Set-Up 

The wheelchai r  was r e s t r a i n e d  f a c i n g  f o r w a r d  o n  t h e  s l e d  
us i ng  t h r e e  Aeroquip s t r a p s  anchored t o  Aeroqui p  " G "  t r a c k s  
which =bolted t o  t h e  van sheet metal w i t h  h a r G e d  1 1 4 "  
f l a t h e a d  screws a t  1-112" i n t e r v a l s .  Two 1 1 8 "  t h i c k  b y  2 "  
wide s t e e l  p l a t e s  r unn ing  t h e  l e n g t h  o f  t h e  " G "  t r a c k s  w e r e  
p laced under t h e  sheet metal  t o  d i s t r i b u t e  loads. Two s t r a p s  
secured t h e  c h a i r  f r om  t h e  r e a r  b y  a t t a c h i n g  t o  t h e  r e a r  
frame pos ts  j u s t  above t h e  seat upho l s t e r y  frame members a n d  
one s t r a p  at tached t o  t h e  r i g h t  f r o n t  frame p o s t  a b o v e  t h e  
f o o t r e s t  f i x t u r e .  The dummy was r e s t r a i n e d  b y  a  lap - be1 t t o  
+.he c h a i r  back posts  and a  Bud ass i ve  r e s t r a i n t  system u s e d  + i n  con junc t i on  w i t h  t h e  ~ u d x e e  c h a i r  - arms. 

Resu l t s  

Bo th  r e a r  A e r o q u i p  p l u g s  p u l l e d  o u t  o f  t h e  " G "  t r a c k  
s imul taneous ly  due t o  f r a c t u r i n g  o f  m e t a l  c o l l a r s  on  t h e  
n l ugs *  The Bud pass ive  b e l t  system prov ided  g o o d  o c c u p a n t  
r e s t r a i n t  t a k i n g  an e x t r a  1  o a d  a f t e r  t h e  A e r o q u i  p p l  u g s  
released. 

Peak - Loads ( l b s )  - 
Passive shou lder  - 17'50 
Pass ive l a p  - 640 
R t .  f l o o r  pass ive  b e l t  - 1750 
L e f t  r e a r  aeroqu ip  - 3462 



Set-Up Photos  for T e s t  80M019 



Post-Impact Photos for  Test 80M019 



$OM019 

Time Sequence Photo f o r  T e s t  80M019 

8 2 



TEST NO. 
80M020 

Set-Up 

The wheelchair and dummy were restrained facing forward  o n  
the sled by the same tie-downs ( C C I )  and belt system (Fa1 con 
and lap) as used in t e s t  80M018. The sheet metal was b o l t e d  
to  the sled more securely around the Falcon post and an angle 
bracket was used t o  replace the l e f t  shoulder anchor f i x t u r e  
and was welded securely t o  the simulated vehicle structure.  

Resul t s 

This  system provided  e x c e l l e n t  w h e e l c h a i r  and dummy 
res t ra in t .  The post 1 eaned over sl i ghtly due t o  deforma t i o n  
of the sheet metal, b u t  the upper torso restraint  was s t  i 1 1  
quite effective. 

Peak Belt Loads (1 bs) . -  --- 

Shoulder - 1600 
Right lap - 900 
Left lap - 1300 
Passive lap - 640 





Post-Impact Photo f o r  T e s t  80M020 



Time Sequence Photo f o r  Test  80M020 



TEST NO. 
80M021 

Set-Up 

The wheelchair was restrained facing forward on the sled by a 
 la^ belt anchored to  the floor using l i f t  ring assemblies and 
a T - b a r a l s o e n e d t o m l o o r  by a hook b o l t  and l i f t  
ring assembly. The set-up i s  t h e  same a s  t h a t  f o r  t e s t  
80M007 (minus the velcro chest be l t )  b u t  a l l  hardware were 
supplied from Target Industries. The T-bar n u t  was to rqued  
down until substantial compression of the pneumatic t i r e s  was 
achieved. 

Results 

All t h r e e  o f  t h e  l i f t  r i n g s  broke a t  t h e  s h a r p  bend 
completely releasing the chair and dummy t o  impact i n t o  t h e  
padded front of the sled. After impact the dummy f e l l  t o  the 
floor unrestrained. The wheelchair sustained 1 i t t  1 e o r  n o  
damage. 

Peak Belt Loads ( Ibs)  --- 
Left lap belt - 1000 
Right lap belt - 1350 



Set-Up Photos f o r  T e s t  80M021 
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Post-Impact Photos for  Test 80M021 



T ime Sequence Photo f o r  T e s t  80M021 



TEST NO. 
80M022 

Set-Up 

The whee lcha i r  was r e s t r a i n e d  f a c i n g  fo rward  on t h e  s l e d  by a  
T-bar assembly f rom Targe t  I n d u s t r i e s ,  A heavy d u t y  eye b o l t  
r e p l a c e d  t h e  1  i f t  r i n g  assembly and t h e  hook end o f  t h e  h x  
b o l t  was welded c l  osed around t h e  eye bol  t, T h e  dummy was -- - 
secured t o  t h e  whee lcha i r  by a-& be1 t a t tached  t o  t h e  b a c k  
w h e e l c h a i r  p o s t s .  The  T - b a r  w F t o r q u e d  down u n t i l  
substant  i a1 compression o f  t h e  pneumatic t i r e s  was achieved. 

Resul t s  

The T-bar bent  t o  n e a r l y  a  n i n e t y  degree angle a t  t h e  c e n t e r  
s l o t  where t h e  hook b o l t  i n s e r t s .  Th i s  r e l e a s e d  t h e  c h a i r  
and dummy t o  move u n r e s t r a i n e d  and i m p a c t  i n t o  t h e  p a d d e d  
f r o n t  o f  t h e  s led.  The l a p  b e l t  stayed fas tened  and h e l d  t h e  
dummy i n  t h e  c h a i r ,  A f t e r  impact t h e  c h a i r  a n d  dummy w e r e  
kep t  f rom f a l l i n g  o f f  t h e  back o f  t h e  s l e d  by  t e t h e r  r o p e s ,  
The whee lcha i r  frame sus ta ined  some s i g n i f i c a n t  bending n e a r  
t h e  f r o n t  c a s t o r  s h a f t s  a n d  t h e  l o w e r  h o r i z o n t a l  f r a m e  
members were dented and cr imped f r om t h e  T-bar. 

Peak - .- . Be1 - - - t Loads - . - - - . ( 1  - bs )  . 

L e f t  l a p  - 150 
R i g h t  l a p  - 125 



Set-Up Photos f o r  T e s t  No. 80M022 
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Set-Up Photo f o r  T e s t  80M022 

Post - Impact  Photo f o r  T e s t  80M022 



Pos t - Impac t  Photos  f o r  T e s t  80M022 



80M022 

Time Sequence Photo for Test 80M022 



IV. SUMMARY AND DISCUSSION 

A n  essential requirement f o r  p rov id ing  e f f e c t i v e  c r a s h  

nrotection for  persons t r a v e l i n g  i n  w h e e l c h a i r s  i s  t h a t  t h e  

wheelchair i t s e l f  be adequately secured so that i t  will n o t  move 

or break apart during a n  impact. For a power wheelchair and/or for  

s i tuat ions where the occupant i s  b e l t e d  e i t h e r  p a r t i  a1 l y  o r  

t o t a l l y  t o  the chair, the load carrying requirements of t h e  t i e -  

down hardware can be substantial. From the results of these t e s t s  

i t  i s  clear that none of the tie-down system hardware i n  c u r r e n t  

use by c l ien ts  of the Massachusetts Rehabi 1 i t a t i o n  Commi s s i o n  

would restrain the wheelchair in even a moderate f r o n t a l  c r a s h  

s i tuat ion and therefore these c l ien ts  are c u r r e n t l y  d r i  vi n g  a t  

ri sk of serious injury in the event of an accident, 

The l i f t  ring assemblies currently in use for  anchoring 1 a p  

bel ts  and T-bar b o l t s  were s imply n o t  i n t ended  f o r  f o r c e s  

generated by a 110 pound wheelchair in any kind of a crash. These 

are "off-the-shelf" t rap door rings which can be purchased i n  most 

any hardware store.  .The weak point i s  clearly the sharp bend i n 

the ring which appears t o  have been c o l d  bent  from a p i e c e  of 

standard rod. Replacement of these ring assemblies by heavy du ty  

eye bolts or some other strengthened hardwa r e  i s e s s e n t  i a 1 f o r  

wheel chair restraint and occupant protect ion. 

The ad justable T-bars provided by Bud Industries a n d  t h e  T -  

bar supplied by Target Industries also do no t  have t h e  s t r e n g t h  

needed t o  h o l d  u p  under impact. The maximum bending moment i s  a t  

the center of these bars which i s  also the weakest point because  

of the hole or s lot  for  the hook b o l t .  The f i x e d  1 ength  B u d  



Tndus t r ies  T-bar w h i c h  i s  c o n s t r u c t e d  o f  a  1" s q u a r e  s t e e l  

e x t r u s i o n  does appear t o  have good s t r eng th  b u t  i n t e s t  80M014 

where t h i s  was used t h e  hook b o l t  s t ra igh tened  o u t  a n d  r e 1  e a s e d  

t h e  T-bar. Thus, t h e  hook b o l t s  prov ided by these m a n u f a c t u r e r s  

a re  a1 so i nadequate f o r  t h e  f o r c e s  generated i n  an, impact.  

Recause o f  hardware f a i l u r e s  none o f  t h e  t e s t s  c o n d u c t e d  t o  

da te  have successful l y  i n v e s t i g a t e d  t h e  concepts o f  t h e  T-bar  and/ 

o r  l a p  b e l t  t o  f l o o r  procedures f o r  wheelcha i  r t i e - d o w n ,  Some 

p o i n t s  and observa t ions  can be made however. 

The use o f  a  l a p  b e l t  t o  f l o o r  as  a  r e s t r a i n t  f o r  t h e  

wheelchai r  and occupant v i o l a t e s  one o f  t h e  m a i n  p r i n c i p l e s  o f  

e f f e c t i v e  r e s t r a i n t  des ign:  t o  secure t h e  seat independent o f  t h e  

occupant. By r e s t r a i n i n g  t h e  c h a i r  th rough  a b e l t  p l a c e d  a r o u n d  

t h e  occupant, unduly h i g h  l oads  a re  p laced on t h e  o c c u p a n t  w h i c h  

a re  l i k e l y  t o  r e s u l t  i n  s e r i o u s  i n j u r y  e s p e c i a l l y  i f  t h e  b e l t  

r i d e s  up o f f  t h e  p e l v i c  bone and on to  t h e  s o f t  abdomen. E v e n  if 

t h i s  were no t  a  problem, however, t h e  1  ap b e l t  o n l y  p r o v i d e s  

r e s t r a i n t  f o r  fo rward  mot ion,  The c h a i r  i s  f r e e  t o  move r e a r w a r d  

and, as i n d i c a t e d  i n  t e s t  80M001,  e v e n  t h e  l o w  l e v e l  s l e d  

a c c e l e r a t i o n  o f  l e s s  t han  , 5  G w i l l  cause t h e  c h a i r  t o  s l i d e  w i t h  

t h e  brakes appl ied.  

The T-bar approach t o  r e s t r a i n t ,  even w i t h  good hardware, i s 

a l s o  quest ionable .  Not o n l y  i s  t h e  T - b a r  d i f f i c u l t  t o  g e t  i n  

p o s i t i o n  and to rqued  down, e s p e c i a l l y  on a powered wheelchai r ,  b u t  

i t  prov ides r e s t r a i n t  o n l y  t h rough  f r i c t i o n  f o r c e s  on t h e  s l i p p e r y  

s t ee l  t u b i n g  o f  t h e  whee l cha i r  frame. P o s i t i v e  s e c u r e m e n t  w i  11  

o n l y  occur when t h e  whee lcha i r  has moved f a r  enough f o r w a r d  f o r  



the T-bar t o  in teract  with the motor brackets o r  t u b u l a r  c r o s s  

bars. Whether t h e s e  s t r u c t u r e s  would p r o v i d e  s u f f i c i e n t  

resistance t o  res t ra in  the  chair  i s  not yet c lea r  b u t  s ign i f i  c a n t  

wheelchair damage and motion would probably  r e s u l t  b e f o r e  t h e  

impact event was over. Also t h e d e g r e e  t o  which t h e  T -ba r  i s  

tightened down by a dr iver  or attendant will be variable and t hi  s 

will a1 so influence the performance. I n  addition, frequent use of 

t h i s  c lamping  d o w n  p r o c e d u r e  w i l l  e v e n t u a l l y  r e s u l t  i n  

deteriorat ion and weakening of the wheelchair frame i t s e l f .  

The power 1 ock-down device a1 so operates on  the pri nci pl e o f  

res t ra in t  through f r i c t i o n  and does  even l e s s  t o  s e c u r e  t h e  

wheelchair than the T-bar. Since t h i s  i s  used only on one s ide  of 

the chair  one could not hope f o r  complete r e s t r a i n t  even i n  a 

d i rect  frontal impact. Since the bar presses on the lower  f rame  

member just  forward of the curved r i s e  in the t u b i n g ,  t h e  c h a i r  

only needs t o  move, a couple of inches b e f o r e  i t  i s compl e t e l y  

f ree .  When the  motor and cross b a r s  i n t e r a c t  w i t h  t h e  b a r  i t  

simply rotates o u t  of the way even though the two mount i ng bol t s 

n n  the power lock-down bracket are torqued t o  deform the washers.  

The addition of a wheelstop bar across the power pan and a g a i n s t  

the castor t i r e s  adds 1 i t t l e  or nothing t o  the r e s t r a i n t  provi ded 

by t h i s  device. The power lock-down i s  a completely i n e f  f e c t  i ve 

approach t o  providing wheelchair securement f o r  impact  o r  even 

emergency vehicle maneuvering or braking. 

When the wheelchair i s  not restrained properly, t h e  p a s s i  ve 

res t ra in t  bel ts  cannot res t ra in  the  occupant ef fect ively .  I n i t i a l  

attempts t o  provide added wheelchair r e s t r a i n t  by placing the  1 ap 



p o r t i o n  o f  t h e  pass ive b e l t  webbing i n  f r o n t  o f  t h e  w h e e l  c h a i  r 

arms were i n e f f e c t i v e  due t o  h i g h  b e l t  l oad ings  which r i p p e d  t h e  

b e l t  s t i t c h i n g  o r  webbing ma te r i a l .  Ty ing  t h e  webbing i n  a  k n o t  

p rov i ded  an e f f e c t i v e  means o f  a t t a c h i n g  t h e  f l o o r  b e l t  t o  t h e  

metal r i n g  i n  t e s t  80MOll and t hen  t h i s  procedure o f  p l  a c i n g  t h e  

webbing i n  f r o n t  o f  t h e  wheelchai r  arms d i d  improve t h e  whee lcha i r  

fo rward  r e s t r a i n t  cons iderab ly .  For  an o b l i q u e  impact,  h o w e v e r ,  

t h i s  procedure i s  l i k e l y  t o  r e s u l t  i n  i n t e r n a l  i n j u r i e s  t o  t h e  

occupant due t o  c o l l a p s e  o f  t h e  c h a i r  arm t u b i n g  on  o n e  s i d e  a s  

i n d i c a t e d  i n  t e s t  80M012. 

The f ac t  t h a t  e f f e c t i v e  c h a i r  r e s t r a i n t  c a n  b e  a c h i e v e d  

w i t hou t  damage t o  t h e  c h a i r  i s  i l l u s t r a t e d  by  t h e  r e s u l t s  o f  t e s t  

80M009 i n  which t h e  c h a i r  was e f f e c t i v e l y  secured i n  p l a c e  by t w o  

Aeroquip s t r a p s  t o  t h e  r e a r  pos t s  j u s t  above t h e  seat  u p h o l  s t e r y  

suppor t  tub ing .  The fo rward  f a c i n g  Bud s tanch ion  a l s o  p r o v i d e s  a  

good means o f  secur ing  a  fo rward  f a c i n g  c h a i r  on f r o n t a l  i m p a c t s .  

The use o f  t h i s  dev i ce  i n  t h e  s i d e  f a c i n g  mode as i n  t e s t  80M010 

c l e a r l y  i n d i c a t e s  t h e  p r o b l e m s  o f  t h i s  o r i e n t a t i o n  f o r  t h e  

m a j o r i t y  o f  moderate and severe v e h i c l e  impacts  which a re  f rom t h e  

f r o n t  and rea r .  

The most e f f e c t i v e  whee lcha i r  r e s t r a i n t  was p r o v i d e d  b y  t h e  

C rea t i ve  Con t ro ls ,  Inc .  ( C C I )  automat ic  t ie -down system i n  w h i c h  

t r i a n g u l a r  s t e e l  p l a t e s  a re  a t tached  t o  t h e  whee lcha i r  s i d e  frames 

and s tee l  c ross  bars  between t hese  p l a t e s  p r o v i d e  t h e  means f o r  

arabbi  ng and suppor t ing  t h e  wheelchai r .  These t r i a n g u l  a r  p l  a t  e s  

a l s o  p rov i de  f o r  convenient  and we1 1  p l a c e d  s e a t  b e 1  t a n c h o r  

p o i n t s  so t h a t  occupant generated sea t  be1 t 1  oads a r e  t ransmi  t t e d  



t o  the  tie-down platform without loading t h e  w h e e l c h a i r  f rame .  
F a \ c o ~  

when t h i s  tie-down system was u sed ,  both  t h e  Bud and h+-g& 

nassive res t ra in t  bel ts  were e f f e c t i v e  i n  p r o v i d i n g  compl e t e  

occupant r e s t r a i n t .  The Bud  c a n t i l e v e r e d  c h a i r  arms were 

extremely beneficial in allowing the  lap portion of these 3-poi n t  

bel t  systems t o  r es t  on the pe lv i c  r e g i o n  r a t h e r  t h a n  o n  t h e  

abdomen above the chair  arm res t s .  Nhen bolting the CCI p la t form 

t o  sheet metal such as a van f loor ,  it i s  essential  t o  p r o v i d e  a 

steel  backing plate t o  d i s t r ibu te  the  forces. 

While the Aeroquip s t raps  can provide an effect ive  means of 

securing a wheelchair the metal col lars  on t h e  " G "  t r a c k  p l  ugs 

fractured in  t e s t  80M019 a1 lowing t h e  p lugs  t o  p u l l  ou t  and 

release the  chair .  The use of a stronger material f o r  t h i s  co l l a r  

should make t h i s  an effect ive  manual t ie-down procedure. 

I t  should a l so  be pointed o u t  t h a t  f o r  the  Model 3P powered 

wheel chairs tested in t h i s  study, the  containment and s ecu remen t  

of the battery during frontal  impacts did not present any s e r i o u s  

problems. I n  no case did the  battery box cover come o f f  o r  d i d  

the  battery i t s e l f  come completely f r e e  of the gimbaled mounts. 



CONCLUSIONS 

1. Wheelchair t ie-down systems c u r r e n t l y  i n  use by c l i e n t s  o f  
t h e  Massachusetts R e h a b i l i t a t i o n  Cornmi ss ion  a re  inadequate 
t o  r e s t r a i n  a  powered wheelchai r  i n  any k i n d  o f  a moderate 
o r  severe v e h i c l e  acc ident .  

2. The m a t e r i a l s  and hardware c u r r e n t l y  i n  use f o r  s e c u r i  n g  
wheelchairs are g e n e r a l l y  no t  o f  s u f f i c i e n t  s t r e n g t h  t o  
w i t h s t a n d  t h e  f o r c e s  g e n e r a t e d  i n  a  c r a s h .  T h e  
wheelchair ,  on t h e  o t h e r  hand, has s u f f i c i e n t  s t r e n g t h  t o  
be secured i f  t ie-downs a re  p laced a t  app rop r i a t e  po in t s .  

3. Wheelchair t ie-downs which depend on f r i c t i o n  f o r c e s  t o  
h o l d  t h e  c h a i r  i n  p lace  a re  no t  a d e q u a t e  f o r  e f f e c t i v e  
wheel cha i  r r e s t r a i n t  . 

4. E f f e c t i v e  w h e e l c h a i r  r e s t r a i n t ,  i n d e p e n d e n t  o f  t h e  
occupant r e s t r a i n t ,  i s  e s s e n t i a l  f o r  c rash p r o t e c t  i on o f  
persons t r a v e l i n g  i n  wheelchairs.  

5. The Crea t i ve  Cont ro ls ,  I nc .  w h e e l c h a i r  t i  e-down s y s t e m  
nrov ided exce l  1  en t  whee lcha i r  securement i n  a1 1 t e s t s  f o r  
which it was used. The Aeroquip s t r a p s  can p r o v i d e  g o o d  
wheelchai r  securement f o r  f r o n t a l  i m p a c t s  b u t  t h e  " G "  
t r a c k  plugs need t o  be strengthened. 

6. Passive b e l t  systems by Bud and Fa lcon  I n d u s t r i e s  o f f e r  
aood occupant r e s t r a i n t  when used w i t h  a  c  h a i  r 1 ap  b e 1  t 
and when t h e  whee lcha i r  i s  e f f e c t i v e l y  s e c u r e d  b y  o t h e r  
means. The s t i t c h i n g  o f  t h e  Bud system f l o o r  b e l t  a t  t h e  
m e t a l  r i n g  m u s t  b e  s t r e n g t h e n e d ,  h o w e v e r .  T h e  
c a n t i l e v e r e d  c h a i r  arms by Bud I n d u s t r i e s  p r o v i d e  f o r  
improved placement o f  t h e  pass ive  l a p  b e l t  over  t h e  b o n y  
p e l v i c  r e g i o n  r a t h e r  t han  t h e  s o f t  abdomen. 


