
PERFORMANCE OF THE VW AUTOMAT I C  RESTRA I NT SYSTEM BY 
U . W .  S e i ffert , Research a nd Devel opment , Vol k swagenwerk AG , Wol fsburg 

1 . 0 I n troduction  

Th i s  technica l  paper descri bes the  pa s s i v e  seat  bel t/knee bol s ter 
res tra i nt sys tem ( VWRA ) ,  a s  i nstal l ed i n  the Gol f .  Th i s  system, wh i c h  was 
d evel oped duri ng the research devel opment wi th the a i r  bag i n  conj u nc t i on 
w i th the VW experimental veh i cl es , i s  bei ng sol d today o n  the market a nd 
has  bee n , i n  fac t ,  a l ready i ns ta l l ed i n  a pproximately 65 , 000 veh i cl es . The 
genera l concept a nd func t i o n  of th i s system i s  to a bsorb the col l i s i o n  
e nergy of t h e  pel v i s  by way o f  the knees a nd femu rs a s  opposed t o  the con­
ven t i o na l  method empl oyi ng the l a p bel t .  The upper torso i s  st i l l  restra i ned 
by a s i ng l e torso bel t s i m i l a r  to the one u sed wi th the standard 3-poi nt 
be l t sys tem . The paper i l l u s trates the general performance of t h i s  system 
i n  acc i dent S i mul a t i o n  tests a nd i n  real -worl d h i g hway acci dents . One 
a cc i dent was ta ken a s  a n  examp l e  a nd was s i mu l a ted wi th the use  of test 
s urrogates ( dummy tes t dev i ce s )  a nd compared wi th the  real  i nj u ri es wh ich  
resul ted i n  the actual col l i s i on .  The  VWRA has  shown that i t  i s  a v i a b l e  
a l ternat i v e  t o  the conventional  3-poi nt bel t  i n  i ts present form . 

2 . 0  Descri ption  of the System 

The VWRA ( s ee Fi gure N o .  1 )  i s  compri sed of the fol l owi ng four ma i n  
components : 

a )  The seat bel t wi th emergency 
l oc k i ng retrac tor . 

b )  The seat w i t h  i ts a s soc i a ted 
mou nt ing  hardware .  

c )  The knee bol ster . 
d )  The a nc horage poi nts a t  the 

door . 

Fi gure No . 1 
Pa s s i ve restra i n t  system 
i n  the Gol f 



2 . 1  Seat Be l t  a nd Emergency Loc k i ng Retractor 

The seat bel t u sed i n  th i s  system has a conventi ona l e l a s ti c  c harac­
teri s t i c  of 1 2  percent el ongat ion  at a l oa d i ng of 1 0  KN . The width  of the 
bel t i s  48  mi l l imeters a nd the bel t mater i a l  i s  pol ye ster . One end of the 
bel t  i s  a ttached to the emergency rel ease l atch a t  the door , as s hown i n  
F i gure No . 2 .  Th i s  l a tch a l l ows the torso bel t to be d i sconnected when­
ever i t  becomes necessary for emergency egress .  The emergency rel ease 
l atch i s  connected a nd becomes i ntegra1 w i th the s i d e  door frame when the 
door i s  c l osed by i nter 1 a tc h i ng w i t h  the a nc horage p l a te on the B-pi l l a r .  
The other end o f  the tors o  bel t i s  connected to the i nert i a l  l oc k i ng re­
tractor wi th i ts a ssoc i a ted bel t gu ide .  The retrac tor i s  r i g i d l y  fi xed 
a t  the a nc hor pl a te on the sea t .  The bel t  i tse1 f i s  gui ded by way of a 
c hrome meta 1 gu ide  r i ng , wh i c h  i s  attached to the seatbac k .  Deta i l s  of 
t h i s  a rrangement are shown i n  F i gure 3 .  

F i gure No . 2 

Emergency rel ease l atch 
at the door 

Fi gure No . 3 
Bel t gu i d e  



Optimization of retractor performance was given spec i a l  design  cons i de­
rations . I n  contrast to the conventiona l  retractor (wh ich i s  normal ly  
a ttached to  the veh i c l e  B-pi l l ar structure ) , the VWRA retractor i s  mounted 
on the sea t  d i rect ly .  Whenever the door i s  opened , the · bel t webbi ng reel s 
out from the retractor a nd i s  retracted through spri ng-force when the door 
i s  c l osed . Wi th the door i n  the c l osed pos i ti o n ,  the torso automati cal ly  
a ssumes the proper pos i tion  across the ehest of  the occupant .  One probl em 
found to occur i n  early  fi e l d  test i ng was the i nadvertant l oc k i ng of the 
i nerti a l  retractor if the door was opened at a h i gh va l ue of accel erati on . 
To precl ude thi s ,  the webbi ng-sens i ti ve i nert i a l  l ock i ng  threshold  was 
redesi gned to be above 1 . 5  g ' s .  The veh i c l e-sens i ti ve l oc k i ng thresho l d  
of the retractor was ma i ntai ned a t  0 . 4  g ' s .  l t  i s  our opi n ion  that the 
webbi ng-sens i tive feature cou l d  be enti rely e l i mi na ted from a technical  
s ta ndpoi nt because it i s  a l ways the veh i c l e-sens i tive  l oc k i ng which i s  
operat ive  duri ng emergency maneuvers or col l i s i ons , but i t  has been re­
ta i ned , a s  some consumers feel more confident i n  the system i f  they can 
test the l oc k i ng feature by pul l i ng on  the webbi ng . 

2 . 2  Seats 

The front seats i n  the Gol f  make up an i mportant e l i ment of the overal l 
VWRA performance i n  two primary aspects : 

1 )  The seats function a s  a n  attachment poi nt for the bel t  retractors . 
2 )  The seat cushion structure pr·events , due to i ts deformation charac­

teri sti c ,  submari n i ng of the occupant .  

The force appl i ed t� the retractor i s  transmi tted v i a  a metal p l ate to 
the seat l eg wh ich  i s  fas tened and rides i n  the seat track .  I n  general , the 
s ta ndard production seat was a l ready of suffi c i ent strength to meet thi s 
l oad i ng requirement .  The ba s ic  seat des i g n  has for strength a tri a ngul ar 
mounting  of i ts three seat l egs . In add i ti on , i t  features a metal perforated 
s eat s hel l which i s  covered wi th h i gh ly  res i l i ent foam rubber . The force-de­
formati on character i st ic  of th i s  seat system i s  such to prevent a l l but a 
m i n ima l  downward excurs i on of the seated occupa nt a nd , thu s ,  el imi nates the 
submari � i ng effect .  F i gure No .  4 shows the force defl ecti on curve at 
d i fferent l ocati ons on  the seat .  
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F i gure No . 4 

Force defl ect i on 
c ha racteri st i c a t  
the sea t c u s h i on 

l t  can  be seen from th i s  f i gure that a t  40 mm defl ect i o n , the force i n­
c reases very s i g n i f i cantl y .  The a ttac hment of the retractor to the seat 
track  i s  shown i n  F i gure No . 5 .  

Fi gure No .  5 
Sea t be l t  re­
trac tor a ttach­
ment 

The seat tra c k  had to be rei nforced a s  a precaut i o n ,  so that a bel t 
l oop l oa d  of 27 , 000 N cou l d  be a ppl i ed .  Th i s  wa s accompl i shed by a rei n ­
forcement p l a te on top o f  the seat trac k para l l el to the veh i c l e tunnel . 
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2 . 3  Knee Bol ster 

The knee bo l ster was des i gned to be compati b l e  wi th the d imens i onal 
range of the standard 5 percent femal e up through the 95 percent ma l e ,  as 
s hown i n  F i gure No . 6 .  

F i gure No . 6 
Knee bol ster 
i nsta l l at ion 

The i nter ior structure a nd contour of the knee bol ster i s  so des i gned that 
a force of approx imately 4 , 000 N can be ma i nta i ned over a range of 50 mm 1 s  
of defl ect ion .  The knee bol ster has a foam rubber outer th ickness of 1 0  mm , 
wh i c h  acts to d i s tr i bute the l oad i ng over a wide area of the stri k i ng knee . 
I n  add i ti o n ,  the knee bol ster has been des i gned to be u sed as  a parcel s he l f  
for the conven i ence o f  the veh i c l e  user . 

2 . 4  Connection to the B-P i l l ar  

As referred to earl i er ,  one end of the torso bel t  i s  a ttached to the 
emergency rel ease l a tch . Thi s l a tch i s  attached to the door-frame wi th two 
protrud i ng fl at head bol ts . These bol ts engage the anchorage pl ate on the 
B-pi l l ar  when the door i s  moved i nto the c l o sed pos i ti on .  At th i s  poi nt , the 
l atch and any l oads i mposed on i t  wi l l  be carried i ntegra l l y wi th the B­
p i l l a r  structure . Through th i s  des i gn ,  i t  was pos s i b l e  to use the same an­
chorage · ·rei nforcements that are u sed on the conventi onal 3-po i nt bel t .  

( See F i gure No . 2 ) . 
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3 . 0  Performance of the VWRA i n  Acc i dent S imu l a ted Tests 

The fol l owi ng Tabl e No. 1 provides some compari sons between the VWRA 
and the 3-point bel t i n  a frontal crash at  30 mph . 

Driver 

Retlrainl .... ehest ·-· 
Syttem Hit •,.., • SI •„u • ldt rtght 

y o• 
VW- R A  ,.. 79 ' "' so ' 4889 II'. 4830 II'. 

- ---- --
Th reepolnt- 1402 15! ' 350 

b e l t  
46 • ZIOO ' •500 • 

�. 
VW - RA "' " ' "' )9 • 4267 • 4500 • 

1 

Peaeenger 

.... , ... , 

"' .... '"' " . ... , -

"' " ' !96 " • 

1022 '° ' 300 " • 

"' " • m J6 ' 

ltft 

„„ • 

4150 • 

4000 "' 

·-
d91't 

4120 • 

lSOO " 

USO N 

Tab l e No . 1 
Compar i son of 
fronta l crash 
test at 30  mph 

The tab l e  a l so s hows that the head accel erat ion  i n  the 30 degree barr i er 
col l i s i ons . Th i s  i s  pri nc i pa l ly due to the l ower amount of head rotat ion 
rel a t i ve to the veh i c l e  i nter i or .  
Fi gure No . 7 compares the head movement i n  two frontal impact s .  

11 v w- u 

(3 Th reepoint- belt 

F i gure No . 7 Foreward movement of the dummy head i n  a 
30 mph fronta l impact  

1 1 3' 



The VWRA a l so s howed good protective capab i l i ty i n  other acc i dent con­
f i gura tions . In l a teral crashes , for exampl e ,  the pos i ti on of the torso bel t 
across the l ower i nner pel v i s  provides some restra i nt s imi l a r  to that of a 
l a p  be l t .  I n  veh i c l e  upsets and i n  rear end col l i s i ons , movement of the 
occupants i s  adequately restri cted by the VWRA . 

4 . 0  Consumer React i on 

The reaction of customers who have bought the Gol f  has been extremely 
pos i ti v e .  A s tudy conducted by Opi n ion Research a nd s ponsored by the U . S .  
Government { NHTSA ) i nd i ca ted that approx ima tely 80 percent wanted to buy 
the system i n  the i r  next veh i c l e .  After a short fami l i ari zat ion peri od by 
the consumer , they apprec i a ted the conveni ence of bei ng automat ica l ly  
restra i ned and not hav i ng to  manua l ly engage the i r  seat bel t .  

5 . 0  Acc i dent I nvesti gati ons 

Wi th the i ntroduction of the system i n  the Uni ted States , a systemat i c  
i nvest i gat ion of  h i g hway acci dents was estab l i shed .  Up  to now , we have re­
corded 60 documented acci dents i nvol v i ng the VWRA restra i nt .  The d i stri ­
bution  of these acci dents i s  s hown i n  F i gure No . 8 .  

1 
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Repa i r  costs used a s  a measure of impact sever i ty are corre lated wi th 
occupant i njury ( u s i ng the A I S  i njury scal e ) , a s  s hown i n  Fi gure No . 9 .  
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Fi gure No . 9 I njury Sca l e  a s  a function of repa i r  costs 

I n  some col l i s i ons , crash data was recorded automat ica l l y  by on-board 
U . S .  Government su ppl i ed d i sc recorders . These dev i ces  measure the ve­
l oc i ty c hange and accel erati on l evel s versus t ime a round · 3  axes ( l ongi tud i ­
nal , transverse and vert i cal ) .  l t  i s  anti c i pa ted i n  the future that a n  even 
more prec i se veloc i ty change estimate wi l l  be cal c u l ated . One of the 
acc idents i nvol v i ng a Gol f wi th the VWRA has been . s imu l a ted on our prov ing 
ground i n  an  attempt to compare the actual i njury wi th dummy data . Th i s  
part i c u l ar acc ident was a l so i nvest igated by the Cal spa n  Corporat ion mu l ti ­
d i sc i pl i na ry acci dent i nvestigation team . The descri ption of th is  accident 
i s  portrayed in Fi gure No . 1 0 .  
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Fi gure No . 1 0  
Acc i dent schemat ic  

The  compari son of  the fi e l d  i nvest igat ion a nd our  a�c ident s i mu l a t i on 
tests are shown i n  Tab l e 2 .  There has been a tota l of two s i mu l a ted tests 
performed . In the fi rst car , two 5 percent femal e dummies were used a nd i n  
the second car two 50 percent ma l e ,  Part 572 dumm ies were u sed so that we 
cou l d  compare the dummy data and protect ion cri ter i a  of FMVSS 208 wi th 
actual i njur ies . We conc l uded that i n  thi s case the VWRA defi n i tely pre­
vented more severe i njur ies . 



Tab l e  2 
ACC I DENT DATA AND ACC I DENT S IMULAT ION TEST 

I nvest igated by 
Ca l span 
Acci dent 

Simu l a tion  test 1 
No .  1 

S imu l ation test 
No . 2 

. 

Veh i c l e No .  1 

Veh i c l e  No . 2 

7 1  Chevro let Impa l a  7 1  Gal axi  4572 
4514 l bs 

7 5  Rabb i t  2780 l bs 7 5  Rabbi t  2267 

1 bsl 
1 bsl 69 Thunderbi rd 

4633 l bs 
75 Rabbi t 2284 l bs 

v .  t ...lillQ.C!.f..._ 
Veh i c l e  No . 
Veh i c l e  No . 

Change of 
Vel oc i ty 

1 
2 

Maximum 
Deformati on :  of 
Front after 
Impact :  of 
Veh i c l e  No . 2 

Dri ver 

ln.iuri eL.,±. Caus_g__ 
probabl e :  
Steering wheel 
l eft Door Armrest 
or Door Pane 

Foot Contro l s  

5 - 8 mph 
32 - 3� mph 

2 1 , 9  mph 

266 mm 

fema l e  21  years 
63 11 
1 1 5  1 bs 

pa i n ,  l ower ante-
r ior  thorax 
Gross hematuri a ,  
treated by fol ey 
catheter 
pa i n  right ankl e 

Occupants Vehi ck fema 1 e 18 years 
No._f_ 62 , 5 1 1 

Passenger 105 l bs 

probabl e W i ndsh i l d  abra s i on right 
forearm ' 

probabl e fl oor pan contu s i on l eft 
ank l e  

0 
33 , 8  mph 

1 5 , 8  mph 

120 mm 

5th perc . adu l t  
6811 fema l e  
102 1 bs 

H I C  107 
He ad 35  g 
.ehest 21 g 
S I  50 
Femur 
l eft 1800 N 
ri ght 2000 N 

5th perc . adu l t 
68 11 fema 1 e 

102 1 bs 

H I C  133 
Head 38 g 
Chest 20 g 
S I  50 
Femur 1 eft 3000 N 
right 1 500 N 

1 1 
0 

45 mph 

20 ,8  mph 

390 mm 

50th perc . adul t 
77 ' 3 1 1 
164 l bs 

H I C  
He ad 
Chest 
S I  
Femur 
left 
right 

ma l e  

270 
28 g 
30 g 
230 

4500 N 
4600 N 

50th perc . adul t ma l e  
77 ' 3 11 
164 l bs 

H I C  
Head 
Chest 
SI 
Femur 1 1  eft 
right 

1 54 
30 g 
30 g 
200 

3400 N 
4000 N 

1 / () l {) 



6 . 0  Conc l u s ion 

In summary , we feel confi dent that the VWRA is a reasonab l e  viabl e 
a l terna tive  to the standard 3-poi nt bel t .  The system reveal s benef i ts i n  
frontal col l i s i on performance , as  wel l a s  i n  the area of very h igh  usage 
rates . I t  s hou l d  be obv i ous that a restra i nt system whi ch  i s  not i n  use 
offers zero protecti ve capabi l i ty .  The VW system, however , can st i l l  be 
further i mproved , a s  ca n any conventi ona l bel t 3-po int system . I n  the 
future further devel opment of the VWRA a nd the 3-poi nt system wi l l  more 
than l i kely be impl emented to meet even more severe i mpac t  protect i on 
cr i teria .  
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