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Abstract 

W i th ri s i ng shortage of energy resources and hi gher fuel pri ces i t  i s  expected 
that the pas senger rate per car wi l l  r i se i n  the future . 

Based on earl i er observations a t  the test  fac i l i ty of the Federal H i ghway 
Research I nsti tute ( BASt )  a project about i nteract ion  of car passengers was 
conducted . The project i s  supported by the EEC B i omechani cs Program , Phase 2 .  
30 Tests were conducted for fronta l , s i de and rear col l i s i ons from end 1979 
ti l l  June 1980 . The a im of thi s paper i s  to report a nd d i scuss these resu l ts 
a nd to present conc l us i ons . I t  i s  expected that the project wi l l  be conti nued 
w i th i n  the EEC B i omecha n i c s  Program , Phase 3 .  

1 .  I ntroduct i o n  

W i th r i s i ng s hortage of  energy resources and h i gher fuel pr i ces i t  i s  expected 
that the passenger rate per car - today at about 1 ,8 - wi l l  r i se  i n  the future . 
S i nce the end of 1979 the i ncrease of "car pool i ng"  i s  encouraged by the German 
Government.  To reduce the r i s k  of be i ng hurt or fata l ly  i njured i n  car acc i dents , 
a l l  passenger cars reg i stered i n  the Federal Repub l i c  of Germany after May 1978 
have to be equi pped w i th restra i nt systems ( a t  l east  l ap bel ts ) on the rear 
seats . Further regul ati ons to f i t  ol der cars wi th rear seat bel ts are i n  pro
gress .  

I n  prev i ous  research conducted at  the test fac i l i ty of  the Federal H i ghway 
Research I ns t i tute ( BASt) wa s observed that i n  frontal impacts bel ted front 
seat passengers were add i ti ona l ly l oaded by unbel ted rear seat pas sengers . 
Rear seat passengers were h i t  by front seat passengers i n  h i gh vel oc i ty rear 
impacts because the front seat bac k  support often broke and the occupant moved 
backwards . 

The a i m  of th i s  study i s  to eva l uate and quanti fy the i nfl uence of i nteraction  
of car pa ssengers in  i mpacts . The project was started in  phase two of the 
E EC B i omecha n i c s  Research Program• at the end of 1979 and wi l l  be accomp l i shed 
at  the end of phase three i n  1981 . I t  i s  pl anned to conduct a total number of 
about 70 car tests . I n  the f irst  phase of the project 30 i mpact tests were 
conducted a t  the crash  test fac i l i ty of the BASt .  

Only i n  a very sma l l number of  research stud i es reported i n  the l i terature 
effects of i nteraction  are quant i fi ed most ly these effects are descri bed 

• 
Under Contract  G 3 between Commi s s i on of the European Commun i t i es and the 
BASt 
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qual i tat i ve ly .  I n  some studi es wh ich  del t  wi th other subj ects i njur ies or 
dummy l oads cou l d  be i denti f i ed to be caused by i nteracti o n ,  f . i .  SE IFFERT 
/-1 7. Furthermore these effects are d i fficu l t  to di scover espec i a l l y  i n  
accTdent ana lys i s .  Therefore we suppose that i n teracti on l oadi ngs are u nder
estimated i n  the f i e l d  of bi omechani cs . 
WALZ et a l . ;-2 7 eval uated from acc i dent analys i s  that i n  fronta l  col l i s i ons 
the front seat occupants are overl oaded by the i mpacti ng unbelted rear occu
pants . The addi t i onal  l oad i ngs generate l es i ons of the thorax and abdomen i n
duced by the restra i nt system and i njur ies to head and neck because the frontal 
passenger i s  pushed aga i nst  s teer i ng wheel and dashboard . 

I n  dummy tests SEI FFERT /-3 7 measured dou b l ed l oadi ngs i n  the frontal occupant 
i f  he i s  i mpacted by an unbel ted rear seat dummy . 
I n  l ateral i mpacts CESARI et  al . j_-4� accentuated two effects : 

on  one hand an i ncreased frequency and sever i ty of i njuri es found i n  the 
occupant s i tti ng on the i mpacted s i de caused by compress ion  due to the 
l oadi ng by the other occupant  
and  on  the other hand a certa i n  mi nor i nJ ury r isk  of the offs i de passenger 
who s tri kes the nears i de passenger and who i s  parti a l l y  or near ly  tota l l y  
prevented to hi t the car ' s  s i de structures . 

WALZ et  al . /-2 7 and HUELKE /-5 7 eval uated d i sti nct fi gures of i njury hazard 
i n  frontal and rear i mpacts . They est i mated an i njury rate of about 20% for 
fron t  respecti vely rear seat passengers caused by occupant-occupant contact .  

2 .  Test Method 

The test method fi xed before the program was on ly  s l i ght ly  mod if i ed i f  i t  
s eemed to be i nev i tabl e .  As test car types were sel ected VW Go l f ,  VW Passat 
a nd FORD Tanu s .  The sel ect ion  parameters of car type were : 

- easy and cheap to buy 
- today i n  production 
- h i gh  share i n  traff i c  ( for 1978 : Go l f  9 , 4% , Passat 5 , 8% , Taunus 4 , 6% )  
- subcompact/compact s i ze .  

The test cars were bought  from the used car marke t .  They were al l i n  a normal 
techn ica l  condi ti on correspond i ng to thei r  age ( age mean 4 , 5  - 5 years ) i n  
traff i c .  Al l front seats were furn i shed wi th head rests and three poi nt auto
mat i c  seat bel ts . The head rest  types were i n tegrated head rests provided by 
the car manufacturer and extended seat backs . The cars were i mpacted by a 
r i g i d  mov i ng barrier  a ttached wi th the "contoured surface" accord i ng to SAE 
J 972a . Barrier masses were 1 100 and 1800 kg wi th an axl e l oad di s tri but ion  
of 60/40 percent ( fron t/rear axl e ) .  

0 0 0 . 
For th i s  reported f irst  phase i mpact angles  were fixed to O , 90 and 180 . 
For each ang l e  two col l i s i on speeds were sett l e d .  Each of the 6 confi gura ti ons 
were repeated 5 times . 

Dur ing  the tests the cars were stati onary wi th the i r  own brakes fu l l y acti 
vated , addi ti onal l y  the l owest gear was engaged . To control l the mot i on of the 
test veh i cl es dur i ng and after crash ,  the mov i ng barri er ' s  brakes were activa
ted after primary i mpacts . The braki ng system had to be rel eased shortly be
fore impact to afford that fu l l  braki ng force was ava i l ab l e at 1 - 1 , 2  m beh i nd 
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i n i ti a l  contact po i nt .  
The appl i ed dumm i es were two new bought 50% ma l e  S i erra 292-1 650 type cal i bra 
ted by S i erra ( Transaero I nc . )  accord i ng to PART 572 (Hybr id  I I )  spec i fi cati on .  
The j o i nt character i st i c s  of  the dumm ies were adjusted before each tes t .  For 
study i ng effects of greater d i stance between dumm ies i n  s i de col l i s i ons two 
5% fema l e  dummi es S i erra 592-805 were add i t i o na l l y  i nserted i n  the test car .  
The sea t i ng pos i ti ons of the dumm ies were control l ed and kept constant i n  the 
d i fferent test confi gurat i ons . 

The Hybrid I I  and 1 femal e  dummy were equi ped w i th tri a x i a l  accel erometers i n  
head , thorax a nd pel v i s .  Longi tudi nal forces were measured i n  the femurs . I f  
a pp l i ed 4 bel t forces were measured ; 2 each i n  shoul der and l a p  bel ts . The 
mot ions  of the dummies  were fi l med by 2 h i gh speed cameras a ttached to the 
test car and 2 h i gh speed cameras stati onary on the ground . 

2 . 1  Frontal Col l i s i on 
The sel ected car type was FORD Tanus wi th four doors . The test cars we i ghted 
1 1 50 ± 15 kg . The mass of the mov i ng barr i er wa s 1800 kg . Impact vel o c i t i es 
a nd 6V were measured ( v i a  doubl e i ntegrat i o n )  wi th i n  the range of :  

29 , 4  - 30 , 2  km/h a nd 18 , 2  - 18 , 9  km/h for the  30  km/h tests , 
59 , 4  - 59 ,8  km/ h a nd 3 6 , 4  - 3 7 , 4  km/h for the 60 km/h tests . 

The average s i de d i sp l acements of the test cars after crash  were l es s  than 
20 cm i n  the 30 km/h tests and l ess than 40 cm i n  the 60 km/h tests . Therefore 
i t  was assumed that the i mpact l oad on the car wa s l on g i tud i na l . One Hybri d  I I  
dummy was seated on dri ver seat the other on sea t i ng pos i t ion  beh i nd h i m .  
The frontal occupant wa s bel ted . 

2 . 2  S i de Col l i s i o n  
The type of  car was Vol kswagen Go l f  wi th two doors . The test c ar  we i ghted 
1045 ± 5 kg . The mass of the mov i ng barri er wa s 1 100 kg . Impact vel oc i t i es 
a nd 6V were measured w i t h i n  the range öf :  

29 , 5  - 30 , l  km/h and 1 5 , 1  - 1 5 , 3  km/h for the 30 km/h tests , 
44 ,3  - 4 5 , 3  km/h a nd 23 ,0  - 26 , 5  km/h for the 45 km/h tests . 

l t  wa s observed a fa i rly  l ow resu l tant s i de d i spl acement a nd resu l tant  rota t i o n .  
As eva l ua ted from h i g h  speed fi l m i ng both movements were generated for the 
greatest part after the crash pul se was f i n i shed .  Therefore i t  was assumed 
that the i mpact l oad on the test car wa s ma i nl y  rectang u l a r .  
Two Hybr i d  I I  dumm i es were pos i ti oned o n  the front  seats . Add i ti onal ly  two 
5% fema l e  dumm i es ( 1 equi ped w i th accel erometers ) were pos i ti oned on the rear 
sea ts .  The frontal pa ssengers were bel ted . 

2 . 3  Rear Col l i s i on 
The sel ected car type was Vol kswagen Passat wi th four doors . The test cars 
wei ghted 1075 ± 20 kg . The mass of the mov i ng  barr i er was 1800 kg . Impact 
vel oc i ti es and 6V were measured w i th i n  the range of :  

29 ,0 - 30 , 5  km/h a nd 18 , 7  - 2 1 , 1  km/h for the 30  km/h tests , 
59 , 6  - 60 , 4  km/h and 34 , 7  - 37 ,4 km/ h for the 60 km/h tests . 

The average s i de d i sp l acements of the test cars were about 30 cm i n  30 km/h 
tests a nd 55 cm i n  60 km/h tests . The s i de  d i sp l acement of the Pa ssat wa s 

141 



caused among others by the sti ffness of the spare wheel wh i ch i s  p laced i n  the 
l uggage compartment .  Th i s  l ow amount of s i deward motion was ma i nly  generated 
after the crash  pu lse  was fi n i shed when the car was s l i pp i ng on the ground ; 
therefore i t  wa s assumed , that the impact l oad on the test car wa s mai nly  
l ong i tudi na l . Two unbel ted Hybr id  I I  dummies were po s i t ioned on  the ri ght seats 
of the car .  

3 .  Test Resu l ts 

No h i gh vel oc i ty head impacts were measured ( i n  the test program H I C  was meas
ured l ower than 500 ) .  I nteract ion  effects however were observed i n  the fo l l ow
i ng measuri ng parameters : 

- frontal  col 1 i s i o n  
- fronta l passenger: accel erat i ons of thorax and pel v i s ,  forces 

i n  shoul der/ l ap bel ts a nd i n  the femurs 

- rear seat pas senger: accel erations of thorax and pel vi s ,  femur forces 

- s i de co l l i s i o n  
- nears i de a nd  offs i de 

passengers : accel erati ons of thorax a nd pel v i s  

- rear co l l i s i on  
- frontal passenger : accel erat i ons of thorax and pel v i s  
- rear passenger: femur forces . 

Compl ete quanti tati ve eva l uati on of add i ti onal l oadi ngs cau sed by i nteract ion 
i s  q u i te d i fficu l t because up  to now no tests under the same configurat ion  but 
wi thout occupant-occupant contacts have been conducted i n  thi s program . 

Furthermore the test resu l ts have to be i nterpreted careful ly  because Hybrid I I  
dummy response i s  not i n  a l l  a spects optimal for study i ng i n teracti on effects : 

- i n  l ong i tud i na l  col l i s i ons the knees of the rear seat dummy impact the back 
of the front seat dummy . Due to the construction  of the thorax s p i ne ( i t  
consi ts of a metal box wi th r i b s  attached to ) · the back of the dummy i s  very 
sti ff. H i g h  contact forces and accel erat i ons w i th short durat ions  are 
resu l t i ng 
the wel l known poor ki nemat i c  response of the Hybri d  I I  i n  s i de col l i s i ons i s  
primari l y  ca�sed by i ts u ne l a s t i c  shoul der regi o n .  I n  consequence of thi s ,  
fa i rl y  l ow shoul der and thorax deformati ons as  wel l as  head moti ons can be 
observed wi th poor f idel i ty i n  compari son w i th human response . 

The s i gn i f i cant eva l uated effect of i nteraction  i s  the change of d i rect ion  of 
accel erat ion  i n  the addi t iona l l y  l oaded occupa n t ,  because the i nteraction  forces 
are effect i ve i n  the opposi te d i rec ti on of the primary impact forces . If i nter
act ion  happens after the primary impact pul se i s  f i n i s hed h i gh peak to peak 
accel erati on l evel s wi th a cons i dera b l e  extens i on of accel erat ion  pul se durati on 
are the consequence . If i nteract i on happens when the primary impact i s  not yet 
f i n i s hed the primary impact accel erat ion l evel i s  dimi n i shed by the oppos i ng 
force and the secondary accel erat ion  l evel i s  l ower too . I n  consequence of 
thi s h i gh  compress i on forces occur i n  the add i t iona l l y l oaded occupant .  
The compress i o n  forces cannot b e  measured d i rectly but estimated i ndi rectly 
w i th regard to the measuring val ues of the impacti ng passenger . 
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For the estimati on of hi gher i nj ury ri s k  of car occupants caused by i n teraction 
are up to now no protecti on cri ter i a  ava i l a bl e concern i ng compress ion  forces 
a nd adversa l acce lerations wi th h i gh pea k to pea k l evel s .  I t  i s  shure however 
that i nteract ion  can produce a hi gher i nj ury r i s k  a nd shou l d  be observed i n  
future safety researc h .  

3 . 1  Resu l ts o f  Fronta l Col l i s i ons 
In frontal col l i s i ons the unbel ted rear occupant moves forward rel a t i ve ly  to 
the car . He h i ts the front seat back a nd bends i t  w i th h i s  knees . After further 
forward mot ion  he h i ts the bel ted frontal occupant and l oads h i m  w i th thi s mass 
forces v i a  l egs and thora x .  

I n  30 km/h tests i nteract ion  occured when the primary impact - obser�ed pre
ferably in the be l t  forces - of the fronta l occupant was sett l ed .  Al l measured 
l oad i ngs of the frontal occupant rema i ned fa i rly  l ow .  The maximum femur forces 
of the i mpacti ng occupant were i n  the range of 265 to 390 daN , a bout 100 to 
150 daN were cau sed by the reta i n i ng forces of the fronta l seat back .  
The thorax accel erat ions of the frontal occupant i nduced by the seat bel ts 
amounted to 13 - 25 g ,  the i nteraction accel era t i ons  i nduced by the rear 
occupant ' s  femur forces amounted to 18 - 33 g i n  oppos i te di recti on . Pea k to 
pea k val ues of thorax accel erat ions l ay between 28 a nd 48 g .  Normal accel era
t i on pul se durat ion  was doubl ed by i n teracti on , because the i mpact of the whol e 
body of the rear seat occupant l engthened the forward accel erat ion  pul se wh i c h  
was primar i ly  generated by the rear seat passenger ' s  femur forces . 

I n  three 60 km/h tests the front seat adjustment mecha n i sm fa i l ed a nd the seat 
was pushed forward by the rear seat occupant .  I n  a l l tests the frontal passen
ger h i t  the dashboard wi th h i s  l egs a nd the steer i ng wheel w i th h i s  thorax .  
I n  2 tests maximum femur forces were measured to 480 and 895 daN , i n  the re
ma i n i ng 3 tests the femur forces reached 1 100 to 2050 daN ( protection cri ter i a  
1000 daN ) .  The femur forces of the rear occupant emerged when the primary im
pact on the fronta l occupant was not yet f i n i shed . These forces reached val ues 
between 775 and 1696 daN .  In 1 test the maximum femur forces rema i ned bel ow 
the protect ion  cr i teria  1000 daN .  I n  a l l tests the protect ion  cri ter i a  of the 
femur was exceeded i n  at l east  one dummy. About 150 to 195 daN femur force of 
the rear occupant  was caused by reaction  force of the front seat bac k .  

I n  the phase when the beJ t forces were decrea s i ng the rear occupant h i t  the 
bac k  of the fronta l occupant ( fi rst  wi th h i s  knees than wi th h i s  trunk )  a nd 
generated bel t forces . These add i ti onal bel t forces are esti mated to amount 
to 50 to 120% of bel t forces wi thout i nteract i o n ,  furthermore the durat ion  of 
the forces i s  extended by 60 to 80% . I t  was neces sary to estimate the i nter
act ion forces because the primary impact was not yet fi n i shed when they became 
effecti ve.  

The thorax and the pel v i s  of the frontal occupant were decel erated by the seat 
bel ts l i ke i n  acc i dents wi thout i nteracti on . When the l egs  of the rear seat 
pas senger impacted the back of the frontal passenger he was accel erated for
ward . The forward accel erat ion  pu l ses reached h i gh pea k val ues at short dura
t ion  . But on ly  2 thorax and 1 pel v i s  accel erat ions  s l i ghtly exceeded the re
spective protect i on cri ter i a  ( 60 g/ 3 ms a nd 80 g/ 3 ms ) .  The pea k to pea k 
accelerations however were measured to 65 - 134 g for the thorax a nd 67 - 122  g 
for the pel v i s .  The thorax i mpact of the frontal occupant on the steer i ng wheel 
had a l ow sever i ty .  
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F i gures 1 - 3 i l l ustrate the decri bed f i nd i ngs . 
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fig.  1 :  Belt forces shoulder and l ap, 
frontal occ�ant, test nr. 28 , 
60 km/h, frontal collision 
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fig. 2 :  Thorax acceleration, frontal OCCl4Jant, 
test nr. 28, 60 km/h frontal collision 

fig. 3 :  femur forces feft and right, rear occ�ant, 
test nr. 28, 60 km/h, frontal collision 

3 . 2  Resul ts of Lateral Col l i s i ons  

I n  l a teral i mpacts the dummy s i tti ng at  the impact s i de ( nears i de )  of  the car 
was thrown to the m i dd l e of the compartment where he h i t  the dummy who was 
s i tt ing  oppo s i te ( offs i de )  to h i m .  I n  the 30 and 45 km/h tests i nteracti on 
occured when the primary impact produced by i n trus i o n  of the car s i de structure 
was nearly fi n i s hed . Th i s primary i mpact pu l se had h i gh peak accel erati ons w ith 
s hort durat i ons . 

The occupant-occupant contacts generated dummy l oads wh i c h  reached nearly the 
same l evel i n  each of the i nteracti ng body reg i o ns .  As evi dentl y the i nteracti on 
l oads were remarkab ly  l ower than those measured i n  the primary impacts . But 
the total pul se durat ion  wa s near ly  doub l ed by i n teract i o n .  

I n  30 km/h tests the maximum prima ry i mpact accel erat ions  were measured i n  the 
nearside front passenger to 60 - 120 g for the thorax and 64 - 98 g for the 
pel v i s .  The maximum accel erat ion  l evel s  caused by i nteracti on were measured to 
38 - 55 g for the thorax and 10 - 20 g for the pel v i s .  The average peak to peak 
val ues were eva l uated to 134 g ( +89 g ,  -45g ) for the thorax and 93 g ( +83 g ,  
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- 1 6  g )  for the pel v i s .  

The accel erat ion l evel s measured i n  the 45 km/ h test were cons i derab ly  h i gher : 
i n  primary impacts 149 - 158 g for the thorax a nd 150 - 166 g for the pel v i s .  
The maximum accel erat ion l evel s caused by i n teraction  were measured to 58 -
152 g for the thorax and 35 to 160 g .  The average pea k to pea k va l ues were 
eval uated to 254 g ( +154 g ,  - 100 g )  for the thorax a nd 205 g (+157 g ,  -48 g )  
for the pel v i s .  

For the purpose of study i ng effects of greater space between dumm ies two 5% 
fema l e  dumm ies  were pos i ti oned on the rear seats . The respecti ve accel erations 
of the nears i de passenger were fa i r l y  l ower .  Thorax accel erati ons of a l l  
45 km/h col l i s i on tests are s hown i n  fi gures 4 and 5 .  
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Fig.  4 :  Thorax acceleration, nearside occ�ant, 
45 km/h, all side col l isions 

Fig. 5: Thorax acceleration, offside occ�ant, 
45 km/h, all side collisions 
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3 . 3  Res u l ts of Rear Col l i s i ons 

In rear col l i s i ons  i nteraction  was observed ma i n ly  i n  the thorax of the fron
tal pas senger a nd i n  the femur forces of the rear passenger . The mass forces 
of the fronta l occupant bended h i s  seatback rearward ti l l  i t  h i t  the knees 
of the rear seat occupant .  Because common seat backs - the seat back of the 
seat type used i n  th i s  tests too - do not produce cons i derabl e dampi ng forces 
under concentra ted l oad as caused by the knees of a rear seat occupant ,  the 
femur forces were near ly  compl ete ly  appl i ed to the back of the frontal occupant .  
The maximum damp i ng  forces were measured between 30 a nd  120 daN . 

I n  30 km/h tests the thorax of the frontal occupant was accel erated forward by 
h i s  seat a nd seat back  a t  a l evel of a bout 6 - 10 g .  The maxi mum forward accel 
erat i on  caused by femur forces of 225 - 455 daN of the rear occupant amounted 
to 19 - 32 g .  
I n  60 km/h tests forces and accel erati ons caused by i n teract ion  were cons i der
ab ly  h i gher .  The thorax accel erations "i nduced by the seat back l ay between 
10 and 12 g .  Femur forces of 1185 - 1600 daN ca used forward accel erat i ons i n  
the thorax of the fronta l occupant from 37 to 88 g .  

The pel v i s  accel era tions  of the rear seat passenger showed h i g h  peak to peak 
val ues ( 74 to 156 g ) , whi ch  were generated fi rst  by the l ow damp i ng of the 
bac k  of the rear bench a nd then by the transmi s s i o n  of h i g h  femur forces i n  
the oppos i te d i rect ion . F i gures 6- 8 i l l u strate the descr i bed f i nd i ng s .  
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fig. 6 :  Thorax acceleration, frontal occupant, 
test nr . 8, 60 km/h, rear collision 
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4 .  Concl us i ons 

- It i s  not suffi c i ent to l ook on ly  at  the establ i shed protect ion cri teria  i n  
order to c l a s s i fy occupant l oad i ngs a nd estimate unfavourabl e i njury potenti a l  
caused by i nteract ion  of car pa ssengers . I t  i s  rather necessary to exami ne 
the d i fferent var i a b l es i n  deta i l  espec i a l l y  those of the dummy who generates 
add i t i onal  l oadi ngs on the other dummy . 

• 
- The requ i rements of ECE 17 a nd 25  concern i ng car seats a nd head rests are 

cons i dered to be too l ow .  

- I t  i s  u sefu l l a nd necessary to i ntegrate the d i fferent countermeasures men
t i oned bel ow w i th i n  a comprehen s i ve  safety system to avo i d  or to d im i n i s h 
i nteraction  effects . 

- For frontal impacts shou l d  be requ i red : obl i gatory seat bel t wear i ng on rear 
seats , because additi ona l  l oadi ngs of car pas senger cau sed by i nteract ion  
wou l d  then become i ns i g n i f i ca nt .  Th i s i s  rel evant for front and rear seat 
occupants . 

- I f  a certa i n  share of unbel ted rear seat occupants i s  taken i n  account re
spect i ve unavoidabl e ,  for frontal col l i s i ons  cou l d  be requ i red : 

- reduct ion  of addi t iona l  bel t l oads on the frontal occupant ( bel t 
forces not h i gher than 800 daN )  

- by res i stance of seat adj ust i ng mecha n i sm to forces of about 
1000 daN 

- by resi stance of seat back adj usti ng mecha n i sm to a moment of 
a bout 150 to 200 daN 

- reduct ion of thorax accel era t i on s  of the frontal occupant a nd reduc 
t i o n  of  femur forces of  the rear occupant 

- by padd i ng of the front seat bac k ,  f . i .  by a steel s heet 
covered w i th p l a s t i c  foam attached to the seat back at the 
he ight of the rear seat occupant ' s  knees 

- the head rest s hou l d be prevented to l eave i ts mounti ng , f . i . ,  by a 
s hape l oc ked stop at  max imum he i ght adjustment .  

- For deve l o p i ng suff i c i ent countermeasures i n  s i d e  col l i s i ons i t  i s  neces sary 
to eva l uate the two di fferent i n teraction effects observed: compress ion  forces 
a nd h i gh pea k to peak acce l erations  i n  the respect i ve body reg ion  of the near
s i de occupant.  For both effects no protection cr i ter i a  are appl i cab l e up  to 
now . 

- Reduction  of compress ion  forces on the nears i de passenger cou l d  be ach i eved : 

• 

- by i ncrea s i ng space between the nears ide a nd oppos i te pas senger . The 
offs i de  pa ssenger s hou l d  h i t  the nears i de pas senger when the primary 
impact pu l se i s  decreased or f i n i shed .  From our 45 km/h tests a d i stance 

most important requ i rements of ECE 17 and 2 5 :  seat ra i l  and adjusti ng mech-
a n i sm of the seat :  20 g accel erat ion  on seat a l on e ;  seat back adjus t i ng 
mecha n i sm :  moment of 53 daNm round h-po i nt transmi tted to sea t bac k ;  head rest 
espec i a l ly  hei ght adjustment mecha n i sm :  impact of a dummy b l oc k  wi th g i ven 
ma s s ,  angl e and ve loc i ty 
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between offs i de  and nears ide  passenger of rough l y  25 cm a scerta i ns 
no compress i on  forces (est ima t i o n :  car i ntru s i on 26 - 30 cm p l u s  car 
d i sp l acement 8 - 10 cm mi nus i nter i or deformation  3 - 5 cm a nd m inus  
d i stance between shoul der and  s i de s tructure 9 cm) 

- by retent ion of the offs i de pa s senger v i a  

- seat bac k :  a support shaped around pas senger ' s  shoul ders avoids  
the thorax to s l i p  down a nd enabl es a certa i n  padd i ng effect .  
On  the bas i s  o f  our 45 km/h tests a s eat back o f  front and rear 
seats shou ld  w i thstand an s i deward accel erat i on  pul s e  of about 
10 g wi th 70 ms durati o n ,  a l l owi ng a s i de d i spl acement of the 
shoul der of an occupant of not more than 20 - 22 cm 

- shoul der bel t :  mayor effects of shoul der bel ts can be afforded 
by retracti ng the bel t  dur i ng i mpact a nd pos i ti o n i ng the outward 
arm of the passenger i n  a more hori zontal bear i n g .  I n  th i s  way 
the arm can " hook "  around the shoul der bel t .  Th i s  pos i ti.on cou l d  
be supported by i nterior  car shape . 

- Reduct ion of peak to peak thorax accel erati ons of the nears ide passenger i s  
pos s i b l e  

- by the above menti oned retent ion  of the offs i de passenger 
- by padd i ng of the s pace between two oppos i te car pas sengers . 

- For safety improvements i n  rear col l i s i on s  a reduct ion of thorax accel era-
t ions  of the frontal  occupants a nd a reducti on of femur forces of the rear 
seat occupants shou l d  be req u i red . Genera l l y the same countermeasures de
duced from frontal col l i s i o n  tests for padd i ng and s t i ffen i ng the frontal 
seat backs are effect i ve . 
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