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ABSTRACT 

Cadave rtests have been performed on a dece lerating 
s le d  in two series of frontal impact s imulation with a crash 
ve locity of 50 km/h and a mean deceleration of 20 g .  The first 
series involve s 3 2  tests with 3-point be lt protected sub j ects , 
the second series 1 2  tests with air bag - knee bar protected 
occupants in pas senger position . The age of the sub j ects ranged 
from 1 2  - 7 1  years . The HI C-mean values of the three-point pro
te cted sub j ects amounted to 6 4 5 , and for the air bag - knee bar 
tests 4 4 9 . The s catter and the standard deviation are obviously 
higher at the air bag - knee bar tests than at the 3-point belt 
tests . The analy s i s  of the head acce lerations shows at the 
3-point belt tests the highest values in z-direction , in the 
air bag - knee bar te sts in x-direction . In the 3-point be lt 
te sts an average of 8 rib fractures occurred , in the air bag -
knee bar tests an average of 4 rib fractures ; the scatter at the 
air bag - knee bar tests was higher.  The overall inj ury severity 
was determined to be an average of MAIS 2 - 3 ,  thus tending to be 
s lightly l ower than in the 3-point be lt tests (MAIS 3 ) . 

INTRODUCTION 

For the present time , most automobile safety experts 
throughout the world cons ider the three-point belt to be the most 
e f fective safety device avai lable to protect vehicle occupants 
during collisions . 

In many countrie s it is  c ompul sory to wear safe ty
be lts ( 6 ) * ,  however ,  the belt wearing rate differs in each 
c ountry , i . e .  in the Fed .  Rep .  of Germany it amounts s omewhat 

*Numbers in the parenthe ses designate References at the end o f  
paper 
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over 5 0  percent , in the USA about 1 0  percen t .  For this reason , 
thoughts should be made on passive restraint sys tems . The 
American authority demanded the use of passive restraint systems 
by pub lishing a draft of a bill  in 1 9 6 9 ; n ine years later 
" occupant crash protec tion" pa ssed into a law . In October 1 9 8 1  
the regulation was cance lled.  At the beginning of the legis lation 
it was officially emphasized that the legis lator doe s not dictate 
a certain pass ive sys tem , however , leading officials of the 
security authority a lways cons idered the " air-bag " sys tem to be 
the only technical solution . 

In the meantime passive restraint systems have been 
developed and experimentally tested ( 1 , 5 ) . 

A l imited number of the se systems has been instal led 
in vehi cles used in real road tra f f i c .  There fore , it was possible 
to already test the effectiveness of such passive systems in road 
accidents ( 8 , 1 0 ) . 

In this pape r ,  own cadaver tes ts conducted by using 
three-point s tandard belt and air bag-knee bar sys tem will  be 
compared · re lated to the loading , kinematic and in j ury severity . 

TES T  METHOD 

The tests have been per formed on a deceleration s led 
the s led is  s topped by means of deforming a metal band - the 
pulse shape is trape zoida l .  The collis ion velocity amounts 
4 9 - 5 1 km/h , .  the s led dece leration 1 8- 2 2  g .  

a )  THREE-POINT BELT TESTS 

The driver and front car passenger positions have been 
s imulated .  A VW-beetle type I seat and a three point retractor 
belt have been mounted on the s le d .  The anchorage points of the 
belt did not correspond to a certain type of car , but lay within 
the variation range of European car s .  The upper anchorage point 
and the seat posi tion were , independent of the size of the test 
s ub j ec t ,  the s ame at e ach te s t .  Only the foot rest was adj u s ted 
to the length of the test s ub j ect in each te s t  ( Fig . 1 ) .  

b ) AI R BAG KNEE BAR TESTS 

The front car passenger position has been simulate d .  
When conducting the tes ts the front half o f  a passenger compart
ment of a VW-Golf has been used , mounted on the s led (Fig . 2 ) . 
A VW- Gol f  seat was used . A combination of passenge r air bag and 
knee bar served as restraint sys tem . The seat position was so 
adj usted that the distance between knee and knee bar amounted 
8 cm in each te s t .  

High speed f i lms have been taken o f  frontal and side 
view . Photos were taken be fore and after the te s t .  
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Fig . 1 

Fig . 2 

Side view of test configuration , 3-point belt system 

Side view of te s t  configuration , air bag-knee bar 
system 
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A total of 3 2  cadaver tests has been conducted us ing 
three-point be lts and 1 0  tests using air  bag - knee bar systems . 

CADAVER PREPARATI ON AND INSTRUMENTATI ON 

Fresh unernbalmed cadavers in varying ages h ave been 
used. The most important anthropometrical data wi l l  be given 
under Results . The degree of rigor mortis was subj ectively 
e stab lishe d .  

x-ray pictures have been taken pre and post impact . 
A full autopsy with a detai led investigati on of the vertebral 
column ( 7 , 4)  has been perforrned after each te s t .  The inj ury 
severity was scaled in accordance with AI S 1 9 8 0  ( 9 ) . 

The acce leration at the r ight and lef t s ide of the 
he ad , bi-axial  ( x- ,  z-direction ( 3 ) ) was measured in both test 
series . In the three-point belt tests the shoulder qe lt force 
will  be measured and in the air bag - knee bar tests the acce le
ration at the 6 th vertebral body - bi-axial ( x- , z-direction ) . 

The measuring data were transmitted by a FM- telemetry 
sys tem ; thereby 1 0  measuring channels were cornbi.ned to one 
multiplex system. 

The evaluation of the me as uring data was conducted in 
the Volkswagenwerk by a process computer.  

COMPARISON OF THE MEASURING DATA OF BOTH RESTRAINT SYSTEMS 

The head acce leration values and the HIC  va lue s suit 
for comparison . The thorax acceleration has not been measured 
in the 3-point belt tests . In considering the mean va lues of the 
re sultant head acce leration , they amount 72 g in the 3-point be lt 
sys tem and are somewhat highe r than in the air bag-knee bar tests 
with 67 g medium va lue . However ,  scatter and standard deviation s  
are significantly higher i n  the a i r  bag tests than i n  the belt 
tests (Table 1 ,  2 ) . 

Dummy comparison tests with 3-point belt and a pre
loading device , however ,  show that the resultant head acce lera
tion is obvious ly lowe r .  

Also the HIC values have a lower mean value in the 
air b ag tests than in the belt tests ; here too a higher s tandard 
deviation in the air bag tests is de terminab le . 

MEDICAL EVALUATI ON 

a )  3-POINT BELT SYSTEM 

Table 3 shows the mos t importan t anthropometrical da
ta of the te s t  subj ects , the nurnber of rib fractures , the in j ury 
severity of thorax,  abdomen and spinal colurnn , the MAI S as we l l  
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as the most important statis tical data of the results . According 
to the age of the tes t  s ub j ects 0 up to 2 3  rib fractures occurred . 
The AI S thorax varies between 0 and 4 and is  predominan tly de
termined by the number of rib fracture s .  Also the AIS values of 
abdomen and spinal column are found to be in the same range as 
those of the thorax. 

b )  AI R-BAG KNEE-BAR SYSTEM 

Tab le 4 states the mos t important anthropometrical 
data , number of rib fracture s , inj ury seve rity for head , thorax , 
s pina l column, extremities and MAI S .  In the test sub j ec ts 0 up to 
2 0  rib fractures have been observe d .  The AIS thorax , predominantly 
determine d by the number of rib fracture s , like in the 3-point 
belt  tests , amounted between 0 and 4 .  

Except for one case ( skin abrasion AIS 1 ) ,  no inj ury 
of the abdomen was observe d .  The inj ury severity of the spinal 
column is  in the same range as the one of the thorax . In one case , 
bridging ve in injuries (AIS 4 )  have been observe d ,  the HIC va lue 
amounted 5 0 6 .  In 2 cases we found fractures of the extremi ties 
(upper th igh fracture , tibia with burs ting open of the eminentia 
intercondylica) . 

Two cases are not shown in Table 4 ,  as the air-bag 
did n ot inf late because of a technical fai lure . Neverthe less , the 
compari son of the se two tests  wi thout an effective restraint 
system with those tests having a working one , seems to be 
intere s ting , because the ef fec tivenes s  of the restraint device 
is here e special ly s i gnificant . In the first case , the te st 
s ub j ec t  i s  a 7 1 -year old male , who has suffe red a nasal bone 
fracture , a sternum fracture , 1 1  rib fractures , as we ll as se
veral spinal column inj urie s .  The spinal column inj uries led to 
a MAI S 5 ,  they consisted of intervertebral disengagemen ts between 
the neck s egments C6 and C7 , as we l l  as the thorax segments 
Th 4 /Th 5 . 

I n  the 2 nd case , in a 2 0-year old female , facia l skin 
in j uries occurre d ,  further laceration of the right carotid artery , 
1 cm above the aorta arc , a liver rupture , as we l l  as a cervical 
s pine intervertebral disengagement between C 5 /C6 ; this also 
corre sponds to a MAI S 5 .  

COMPARI SON OF THE INJURY SEVERITY OF BOTH SYSTEMS 

According to general experience , the inj ury severity 
very much depends of the age of the te st sub j ects . In our two 
collective s , the age mean value of the 3-point be lt te sts 
amount s 3 5  year s , in the air bag tests the average age of the 
te s t  s ub j ects was 4 4  years . Assuming that both res train t sys tems 
would have the same e f fectivene ss , one would expect a higher 
average inj ury severity in the air bag te sts . This could not 
be con firmed in the tests conducted by us . 
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R u n  S e x  Age 8ody 8ody Shoulder Head H i t  
N o .  ( Y e a r s )  mass l e n g t h  be l t  Res . 

( k g ) ( c• )  force Accel . 
( H )  ( g )  

1 F 71  4 5  1 5 5  4805 - -

2 M 6 5  8 7  186 6671 - -

3 M 45 81  182  7063 - -

4 F 6 5  6 9  1 5 5  5886 - -

5 M 36 70 180 5690 - -

6 M 39 76 1 7 5  7004 81 ,0 7 1 5  
7 F 22 52 160 5248 72 ,0  7 59  
8 M 14 58 166 5788 85 ,0  936 
9 F 32 53 163 5562 83,0  804 

10  M 29 69 1 75  6661 82,0  1008 
1 1  M 23 76  183 7220 75 ,0  805 
1 2  M 16 68 182 5925 1 10 ,0  537  
13  M 45 75  1 59 7446 7 6 ,0 628 
1 4  F 1 5  4 4  168 5052 83,0  663 
1 5  F 54 60 166 6033 62 ,0  681 
1 6  M 20 76  178  7122 70,0 785 
1 7  F 26 55 166 5484 60 ,0 584 
18  F 2 2  48 163 5680 66,0  600 
1 9  M 25  6 1  1 7 2  5925 68,0  600 
20 F 26 54 1 56 5572 81 , 0  426 
21 M 21  56 169 6259 63 ,0  540 
22 M 20 67  1 73 5474 54,0  407 
23 M 1 2  4 1  147  4807 6 7 ,0 502 
24 M 45 62 164 6259 7 7 , 0 812  
25  M 22 89 192 7534 60,0  847 
26 F 55 66 164 8348 5 8 , 0  406 
2 7  M 5 5  81  163 9879 60 ,0  431  
28 F 53 57 1 59 7220 55 ,0  353 
29 F 37 49 1 5 5  5798 90 , 0  924 
30 M 22 7 1  182 7289 7 2 , 0  699 
31  M 43 7 1  161  7819 50,0 365 
32 M 49 82 1 7 8  7416  7 1 ,6  589 

Mean 3 5  65 169 6439 7 1 ,6 645  
�TO ev . 1 6 , 7  1 2 , 9  1 0 , 9  1 1 1 5  1 3 ,  l 184 , 1  
M i n .  1 2  4 1  147 4807 50 ,0 353 
M a x .  7 1  89 1 92 9879 1 1 0  1008 

Tab le 1 :  3 2  three-point belt tests , impact velocity 5 0  km/h , 
s led dece leration 1 8  - 2 2  g ,  important a n throporne trical 
data , measured and evaluated physical data inc luding 
s ome descriptive statistic s .  
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R u n  S ex A g e  8 o d y  B o dy H e  a d  H I C  T h  
N o .  ( Y e a r s ) m a s s  l e n g t h  R e s . R e s . 

( k g )  ( c m )  A c c e l . A c c e  1 .  
( g )  ( g )  

1 F 6 6  7 5  1 7 0  3 2 . 5  1 1 3 .  7 3 9 .  1 
2 M 6 6  9 3  1 7 7  - - -

3 M 2 6  6 4  1 7 2  5 1 .  6 3 0 8 . 6  6 7 .  1 
4 M 3 4  6 4  1 7 4 - - -

5 M 6 5  7 3  1 7 8  5 9 .  1 4 3 6 . 4  7 6 .  1 
6 M 2 6  7 4  1 8 0  1 3 7 . 9  8 6 6 . 5  7 5 .  1 
7 M 4 3  8 5  1 9 1  9 7 . 0  5 0 6 . l  5 3 . 6  
8 M 3 7  6 2  1 6 7  5 4 . 1 3 7 9 . 4  6 3 . 1  
9 M 1 8  6 9  1 7  6 3 7 . 9  1 5 4 . 6  4 5 . 4  

1 0  M 5 5  7 1  1 7 7  6 2 . 5. 8 2 3 . 0  4 4 . 0  
,_____ 

M e a n  4 4  7 3  1 7 6  6 6 . 6  4 4 8 . 6  5 7 , 9 
STD 1 8 . 3  9 . 7  6 . 5  3 4 . 7  2 7 8 . 0  1 4 . 4  D e v  

M i n .  1 8  6 2  1 6 7  3 2 . 5  1 1 3 .  7 3 9 . l  
M a x .  6 6  9 3  1 9 1 1 3 7 . 9  8 6 6 . 5  7 6 . 1  

Table 2 :  1 0  air bag - knee bar tests , impact ve locity 5 0  km/h , 
s led decele ration 1 8  - 2 2  g ,  important anthropometrical 
data , measured and evaluated physical data inc luding 
s ome descriptive statistic s .  

I n  the 3 -point belt tests an average of 8 rib frac
tures occurre d .  The regional AIS values of thorax , abdomen and 
spinal colurnn were between 2 and 3 ,  the MAI S amounted 3 ;  each 
time the average of the collective . 

Opposite to thi s , in the average only 3 - 4  rib fractu
res were found in the air bag tests ; the regional AI S value s  
of the thorax amounted 1 - 2 ,  of the spina l column 2 ,  the MAI S 
amounted 2 - 3 . 

I n  the a ir bag tests it appears there is  a lower 
tendency in regard to the in j ury severity than in the 3-point 
belt tests , a lthough because of the age structure in the air bag 
collective one expected a contrary result.  
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Run Sex Age Body Body Nu•ber A I S  
( Y e a r s )  11ass l e ngth R i b  Thorax Abdoun Ytrtebr. MAIS 

( kg )  ( C ll )  f r a c t .  Col . 

1 f 7 1  45 155 18 3 5 3 5 
2 M 65 87 186 15 4 3 4 4 
3 M 45 81 182 16 4 4 2 4 
4 f 65 69 155 23 4 3 3 4 
5 M 36 70 180 13 4 3 2 4 
6 M 39 76 175  16  4 3 5 5 
7 F 22 52 160 1 2 1 2 2 
8 M 14 58 166 0 0 1 2 2 
9 F 32 53 163 6 2 3 1 3 

10 M 29 69 175  4 2 2 1 2 
11  M 23 76 183 0 2 2 - 2 
1 2  M 16  68 182 0 1 1 - 1 
1 3  M 45 75  159 8 3 4 3 4 
1 4  F 1 5  44 168 0 1 5 3 5 
1 5  F 54 60 166 10 3 1 3 3 
16  " 20 7 6  178  5 2 1 3 3 
1 7  F 26 55 166 1 2 1 2 2 
18 F 22 48 163 0 0 - - 0 
1 9  M 25 6 1  1 72  16  3 l 3 3 
20 F 26 54 156 3 2 3 3 3 
2 1  M 2 1  56 169 3 3 3 2 3 
22 M 20 67 173  5 2 4 3 4 
23 M 12  41  147  0 l l 0 1 
24 " 45 62 164 I I  3 2 3 3 
2 5 M 22 89 192 0 1 1 2 2 
26 F 55 66 164 16 4 1 4 4 
2 7  M 55 8 1  163 16 4 4 4 4 
28 F 53 57 159 15 3 0 3 3 
29 F 37  49 155  2 1  4 1 3 4 
30 M 2 2  71  182 2 2 0 2 2 
31  M 43 71 161 l 2 0 2 2 
32 M 49 82 178 14 4 3 2 4 

Mun 35 6 5  169 8 ( 2 .  5 )  ( 2 , 2 )  ( 2 , 6 )  3 
STD 1 6 , 7  1 2 , 9  10 ,9  ( 7 .  4) ( 1 ,2 )  ( 1 ,  5 )  ( 1 , 0 )  ( l ,Z)  Oev 
M i n .  12  41  147  0 0 0 0 0 
MIX. 71 89 192 23 4 5 5 5 

Tab le 3 :  3 2  three-point be l t  tests , impact ve loci ty 5 0  km/h , s led 
dece leration 1 8  - 2 2  g ,  important anthropometrical data , 
number of rib fractures , regional AIS and MAI S ,  inc luding 
some de scriptive statistic s .  (Mean values and s tandard 
deviations are at ordina l  scaled data as AI S strictly 
speaking not define d .  They have to be interpreted only 
as valuation ) .  
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R u n  S e x  A g e  B o dy Body N u m b e r  A I S  
N o .  ( Y e a r s )  m a s s  l e n g t h  R i b  H e a d  T h o r a x  V e r t e b r .  E x t r .  MA I S  

( k g )  ( cm ) F r a c t .  Co l .  

l F 66 7 5 1 7 0  0 0 0 3 0 3 
2 M 6 6  9 3  1 7 7  l 0 l 4 0 4 
3 M 2 6  6 4  1 7 2  0 0 0 0 0 0 
4 M 34 64 1 7 4  2 0  0 4 2 3 4 
5 M 6 5 7 3  1 7 8 1 0  0 3 4 0 4 
6 M 26 7 4 1 80 0 0 0 2 0 2 

7 M 43 8 5  1 9 1  3 4 2 l 3 4 
8 M 3 7 6 2  1 6 7  0 0 0 2 0 2 

9 M 1 8  6 9  1 7 6  0 0 0 l 0 1 
1 0  • M 5 5  7 1  1 7 7  2 0 1 1 0 l 

M e a n  4 4  7 3  1 7 6  3 .  6 ( 0 .  4 )  ( 1 , l )  ( 2 , 0 ) ( 0 , 6 ) ( 2 .  6 )  
S T D  1 8 , 3  9 , 7 6 .  5 ( 6 .  5 )  ( 1 .  3 )  ( l , 4 )  ( 1 .  3 )  ( 1 .  3 )  ( 1 , 3 )  Dev 

M i n .  18  6 2  1 6 7  0 0 0 0 0 1 
M a x .  6 6  93  1 9 1  2 0  4 4 4 3 4 

Tab le 4 :  1 0  air bag - knee bar tests , impact ve loc i ty 5 0  km/h , 
s led dece leration 1 8  - 2 2  g ,  important anthropometrical 
dat a ,  number of rib fracture s ,  regional AIS and MAIS 
inc luding s ome descriptive statistic s . ( Mean values and 
standard deviations are at ordinal scaled data as AIS 
s trictly speaking not def ine d .  They have to be inter
preted only as valuation ) . 

COMPARISON OF THE INJURY PATTERN 

When analysing the in j ury severity,  it already was 
noticeab le that the inj ury distribution on the body region s -
the injury pattern - shows s ome essential dif f e rences between 
the belt test s ub j e cts and the air bag test sub j ects . 

Almost regularly occurred abdominal inj uries in the 
belt group , reaching of small abdomina l abrasions up to liver 
rupture of AI S 5 ;  in the air bag group , in no case , in j uries of 
the abdominal organs could be determine d .  In relation to s ide 
impact and rollove r accident s , the use of a lap belt i s  fre
quently recommended in addition to the air bag . In such a combi
nation of the restraint systems , s imilar abdomina l in j urie s can 
be expected to occu r .  On the other hand , in the air bag group 
two t imes occurred severe inj uries of the legs (AIS 3 ) , which 
was n ot observed in the 3-point belt group . 
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These dif ferences are not surprising i f  one considers 
that b oth used restraint sys terns e specially load lower body parts 
with cornp lete ly different force di stribution s :  the lap belt of 
the 3-point restraint sys tern loads the lower abdornen and the 
diagonal shoulder belt in its lower th ird the upper abdornen . 

In the air bag-knee bar sys tern the forces on the 
pelvis are transmitted over the knees and upper thigh s .  

I f  one cons iders the restraint function of both 
sys terns on the torso,  the kinernatical analys is of the head-neck 
region has already shown that in the air bag-knee bar systern at 
the beginning of the rebound phase , a fast retrof lexion of the 
head occurred ; on the other hand , the 3-point belt protected 
occupant expe riences a rnore extens ive , but less fast forward 
bending of the head . According ly,  in the air bag group laceration s  
of the frontal longitudinal ligarnent are rnore frequent i n  the 
transition of the cervical to the thoracic vertebral colurnn with 
ven tral lacerations and hernorrhages of the vertebral discs in 
this are a ;  also tear drop fractures instead of ligarnenturn 
anterius . lacerations . 

Lacerations of the dors al ligarnentous systern, typical 
for the 3 -point be lt col lective , e spe cially of the ligamenturn 
flavurn comb ined with tear drop cornpre s s ion fracture s were not 
obs e rved in the air bag cases . 

I n j uries in the tran si tion between thoracic- and 
lurnbar vertebral colurnn are found in both collectives ; in the 
belt cases a bending load , sirni lar as at the neck-thoracic 
trans i tion ; in the air bag cases an extension load was ex
perienced.  Whi le the belt cases gene ral ly showed srnaller in
j uries of a repeatedly in jured spinal colurnn in this lower spinal 
column region ; in the air bag case s , the inj ury rnain point of 
the spinal colurnn was j us t  so often in the lowe r spinal colurnn 
part as at the t rans ition of cervi cal spine to thorac ic verte
bral spine . 

Of course , also differences of the inj ury pattern of 
the thorax are to be expected as the air bag presents a b road 
surface load whi le the belt produces a ribbon-type , narrow load 
causing rib series fractures in typical case s , as known ; the 
di sposal of the se fracture s correspond to the belt geornetry at the 
thorax . On the other hand , in the air bag tests , if at all 
nurnerous ribs are broken , it carne to an asyrnmetrical di sposal 
of the rib fractures right and left parasternal and/or in the 
axi l lar lines . 

I t  was also rernarkable that out of the 1 0  investigated 
air bag - knee bar case s 5 of thern showed no rib fracture s ,  among 
them a 6 6 -year old female and a 3 7-year o ld male . The greate s t  
number o f  rib fractures was not found i n  the older age group but 
in a 3 4-year o ld tes t  sub j ect . 
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In the belt tests out of 3 2  cases the ribs remained 
uninj ured in 7 cases , exclus ive ly in test subj ects be low 2 4  years 
of age . 

The evident narrow connection between age and number 
of rib fractures in the 3-point belt tests could not be confirmed 
in the air bag group . 

As learned from the kinematical analysis , also when 
regarding the inj ury pattern one has the impre ss ion that the 
course of the air bag in f lation and the dece leration of the torso 
shows a much higher scatter rate in the air bag group as known 
from the 3-point belt system. 

COMPARI SON OF 3 -POINT BELT AN D  AI R BAG - KNEE BAR KINEMATICS 

A comparis on between movements of the 3-point belt 
and air bag-knee bar te sts has been made . 

I t  is  evident from f i lm analys i s  that by the 3-point 
b e l t  tests the cadaver wraps around the diagonal belt and is 
rather we l l  kept back by the belt in some of the tests . This i s  
dependent o f  the shoulder belt geometry . The following are se
quence photographs of the side view of a 3-point belt test 
( F i g .  3 ) , without rotation of the shoulde r ;  further two sequence 

photographs of air bag - knee bar system te s ts with different 
kinematics , e special ly of the head-neck system (Fig.  4 ,  5 ) . 

In the 3-point belt test , Fig.  3 ,  the sub j ect is  trans
latory moving up about 5 0  ms after the crash . The head s tarts to 
rotate 70 ms after the crash and reaches the maximum bending angle 
of 1 35 degrees at 1 2 0 ms after the crash . The rotation point i s  
the transition of the cervical t o  the thoracic vertebral column . 
The shoulder reaches the maximum disp lacement already 8 0  ms af ter 
the crash ; the rebound phase starts at thi s time period . Now a 
opposite-movement between shoulder and h ead exists , which is  
e f fective as a high rotation acce leration of the head - neck 
sys tem in forward direction . About half of the mentioned rotation 
of 1 3 5 degrees occurred in a time of 4 0  ms . The rebound phase 
of the head starts 1 2 0 ms after the crash . *  

The position of the test sub j ect during the rebound 
phase can be found in Fig . 3 .  The head reache s at the s tart 
pos ition about 2 2 0  ms after the crash . 

Fig . 4 shows the sequence photographs of an air bag -
knee bar te s t .  The tes t  sub j ect was a 2 6 -year old male , body mass 
6 4  k g ,  body length 1 7 2 cm and sitting height 9 4  cm. Twenty-one ms 
after the crash the bag s tarts to inf late ; 5 0  ms after the crash 
there is  a first head contact with the air bag . The head deforrns 

*The kinematic with a pre loaded 3-point belt i s ,  howeve r ,  more 
· advantageous . 
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the bag , at the same time the cervical spine - head sys tem moves 
forward . I n  this bended position the rebound phase begins . The 
shoulder reaches the s tart position about 2 1 0  ms after the crash ; 
the head remains in a bended position until the conc lus ion of the 
rebound phase . 

Fig . 5 contains the sequence photographs of a further 
air bag-knee bar sys tem , which con s iderably differs from the above 
mentioned te s t .  Thi s te st sub j ect was also a male , 6 5  years of 
age , body mas s  7 3  kg , body length 1 7 8 cm and s itting height 9 5  cm . 
The air bag begins to inf late a lready 1 2  ms after the crash ; 
already 4 0  ms after the crash there is  a f irst head contact with 
the air bag . About 9 0  ms after the crash s tarts the rebound phase 
and a backward bending of the head . About 1 2 0 ms after the crash 
a maximum backward bending of the head of 60 degrees is reached . 
This 6 0  degrees rotation of the head is done in a time period of 
30 ms . Already 1 5 0 ms after the crash torso and head re turn to 
its s tarting position . 

Looking f or an exp lanation f or these remarkable 
diffe rences in the kinematic of the cervical column - head sys tem 
of the above men tioned air bag-knee bar systems , the anthropometry 
of the test s ub j ects has to be examined .  The body length and the 
s itting height are very c lose together , howeve r ,  in the body mas s  
exi �ts a di f ference of 9 kg . Surpri singly , in the thinner test 
sub J ect a deeper pressing upon the air bag of the head was ob
served ,  whereby a strenger forward bending of the head came out . 

Another reason caus ing the dif ferences in the kinema
tic could also be the re spective inf lating times of the air bag 
and the first head contact with the bag . 

F inally , it can be considered that it i s  not possible 
to exact reproducably control the removing of the gas f i l l ing of 
the air bag ; therefore the kinematic of the te st sub j ects varies 
by a different pressure - time his tory . 

COMPARISON OF THE ACCELERATION-TIME-HISTORIES OF THE HEAD 'IN BOTH 
S YSTEMS 

In Figures 6a , b and c ,  the head acceleration-time
hi storie s of the above mentioned tests are describe d .  In the 
3-point belt te s t  the maximum of the head acce leration in z-di
rection is  reached 90 ms after the crash beginning and amoun ts 
7 8  g .  I n  x-direction a maximum of 3 6  g is reached after about 
1 1 0 ms . 

I f  these peaks are re lated to the returning poin ts for 
shoulder and head e stablished in the kinematical analys i s ,  the 
maximum of the z- acce leration at the head corresponds to the 
turning point of the shoulde r ,  however ,  occurs 1 0  ms later after 
the z-axis of the head has reached the hori zontal by rotation . 
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The maximum o f  the x-acceleration of the head coin
cides with the rebound start of the head . 

The acce leration time c u rves 6b and c are identical 
in both tests . About 80 ms a fter the te s t  the acceleration maxi
mum for x- , z-direction of the head i s  reached . The maximum x-acce
leration in both cases is about twi c e  as high than the z -accele
r a  t i on . 

About 1 1 0  ms , acceleration peaks o f  the head in re
verse direction are observed in both a i r  bag tests . 

In the test No . 5 ( Table 2 ) , the sequence photo
graphs ( Fi g . 5 )  show that the backward movement o f  the head is the 
b igge s t  shortly a fter the 2 n d  peak in oppos ite d i rection . 

Fol lowing essential d i f  ferences turned out when com
paring the 3-poin t b e lt w i th the a i r  bag-knee bar sys tem : 

1 . The highest head accelerati ons were measured in z - di rection 
in the 3-poin t b e l t  sys tem , and in x-d i rection in the a i r  bag 
s y s tem. 

2 .  In the a i r  bag s ystem a more violent acceleration i s  continued 
by a secon d  sma l le r  oppo s i te ly d irected acce leration . 

CONCLUSI ONS 

1 .  The mean values o f  the re s ultant head acceleration at the a i r  
b ag-knee bar te sts are lower than in the 3-point b e l t  tests ; 
the scatte r , howeve r ,  i s  h i ghe r .  

2 .  The h ighe st head acce lerations are mea s ured in the 3 -po int 
b e l t  s y s tem in z - direction , in the a i r  bag-knee b ar system 
in x-direction . 

3 .  There are exis ting fundamen tal d i f ferences in the k inemati c  
between the two restraint s y s tems . 

4 .  The gener a l  trend showed that the inj ury seve r i ty o f  the a i r  
b ag-knee b a r  t e s t s  are lower than the 3-point b e l t  te s ts ; 
the s catter is a l s o  h igher here than in the a i r  bag te sts . 

5 .  The in j ury pattern shows some e s s e n t i a l  d i f f e rences between 
the 3-point b e lt sys tem and the a i r  bag-knee b ar s y s tem . 

6 .  The results o f  the present inve stigation cannot be transmitted 
to a compari s on of the air bag s y s tem with a sensor control led 
preloading 3 - poin t belt s y s tem . 
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