
40 YEARS IN CAR SAFETY 

Ernst FIALA 

Joining the car industry more than 40 years ago, I dreamed 
of revolutionary engine concepts and unlimited road 
holding. But the true life answer was exciting enough. 

In 1954 the Sindelfingen plant of Daimler Benz was 
responsible for the car body, development and final 
assembly of the Mercedes Benz cars. The neighbor of my 
off ice was Bela Barenyi, who invented almest everything 
what you can invent in respect to car safety. His basic 
idea was: the resul t of any collision is the change of 
kinetic energy which causes deformation of material or 
vulneration· of living structures involved (Fig.l.) The 
deformation energy is 

eo = 
m1 m2 AV2 I 

2 ( m1 + m2 ) 

where m1 and m2 are the invol ved masses and A v is the 
difference of speed at the beginning of a central plastic 
collision. This amount of energy is not to avoid, but we 
can influence the relation of the parts of energy which 
goes to m1 (eDl) or m2 (eD2). Of course eDl + eD2 = eo. If 
ml is a small car and m2 a big one, we should try to give 
the bigger car the higher share of deformation energy, 
because i t has got a bigger zone of possible def ormation 
without harm to the occupants. Or if ml is the head of a 
person and m2 the impacted part of the car: make the 
structure of the impacted part so, that the forces are of 
no harm to the head. 

Daimler-Benz: Kraftfahrzeug, Festigkeit PS 854 157 vom 23.1.1951 

Fig.1: Bela Bareny's patent of heterogeneous strength in 
car bodys. 
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This simple principle was the striking experience for me. 

But like all simple principles i t is simple to understand 
but tricky in application. Take the car to car collision: a 
big car has a strenger structure than a small one. In a 
collision the deformation of the smaller car is bigger, 
which is the contrary of the desired behavior. So we 
started a programm for compatibility. With almest no 
success. The crash standards are written in speed against a 
massive barrier which makes the heavy car strenger than the 
light one and causes the advers effect in safety. We could 
improve the car-to-car collision and we should f inaly 
improve the standards. 

More complicated is the "second collision", the man-car 
collision. What is the speed of this collision? What are 
the f orces in an head-dashboard impact? What energy can the 
various parts of the human body absorb? To answer this 
questions we had to leave the pure mechanical aspects and 
enter the field of biomechanics. 

Suspension f orces 

In most car accidents have the passengers the chance to 
decelerate their body by transferring energy to the car
body and absorbirig muscle energy. Of course are the 
suspending forces smaller than the forces in the second 
collision, but the spaces are much langer. Fig.2 gives the 
resul t of such an experiment. The sled decelerates in O, 2 
sec from 9 to o m/s, a soft ride down. The test-specimen 
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Fig. 2: suspending forces of legs and arms in a sled-test. 
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F ig . 3: Arm- and 
leg- f orces as 
well as s led
and h ead- de
celleration are 
meas ured in 
th is s led tes t. 

Th e lap-belt 
is not loaded. 

s tems legs and arms ag ains t th e f ootres t and a pair of 
h andels . Th e f orces in th e legs exeeds 4 000 N. A momentum 
of well over 400 Ns is trans f erred. Th e overall-momentum of 
th e body is about 80*9 = 720 kg m/s or Ns . Oth er parts are 
transf erred by th e s us pending arm f orces and th e s eat. In 
contradiction to th e always s tated opinion, th at s us pending 
arm- and leg-f orces are of neg lig ible order, in th is cas e 
th ey trans f er all energy t o  th e energ y-abs orbing device of 
th e s led. Of cours e, it is a low-s peed, low-deceleration 
tes t. But in a true accident th e f orces migh t be h igher and 
another amount of energ y is abs orbed by bending arms and 
legs . Ass ume a 30 mpg = 14 m/s s peed ch ang e. Kinetic energ y 
of a 80 kg body is 8000 Nm. If th e s us pending f orces are 
4000 N, th e deceleration-s pace 0, 5 m and th e bending s pace 
of th e s ame s ize, about h alf of th e energy is taken out 
bef or th e s econd collis ion occures . 

No dummy nor dead tes t s pecimen acts like an alive 
pass eng er. Same th ink, th at als o th e alive body will react 
diff erently. To make th is clear, we undertook s ome tes t 
with living ( narcotized) animals . 
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En ergy -a bsorpti on by th e t i ssu e 

Dur ing the i rnpa ct of a human body t o  car interi or or car 
ext er i or ther e  i s  a sp lit of en ergy: on e part g oes t o  the 
body, cau sing in juri es or n ot ,  the oth er t o  th e car 
structure. What i s  th e cri ti ca l  a rnount of en ergy the 
vari ou s  parts of the body can ta ke? 

F or linear an r otary h ead a ccel erati on we had th e head 
in j ury er i t er i a conn ect ed to the name o f Larry M. Pa tri c . 
F or exp eri rnents with a ll body parts we u sed a d ouble 
p endu l u rn  apparatu s, Fig. 4. ( "We" rneans sev eral i n sti tutes 
of th e Fr ei e  Universität and th e Techni sch e Univer si t ät of 

impactor-··· 
... ---· 

illpact 
1 

Fig.4: Dou bl e-pendul u rn  f or r esear ch i n  vul n erati on 
mechani cs. (Tog eth er with Path ol ogi sch es In stitut des 
Kl i n i kums West end ,  PU-Ber l i n ,  Pr of . Dr . V. Becker ) 

Ber l i n  during the y ears 1966 t o  1970. All cornmon r esear ch 
wa s st opp ed by the unlu cky Ber l i n er Universität sg eset z of 
1968, whi ch n ev er becam e eff ectiv since.) On th e l eft 
p endu l u rn  lays th e body, on th e right the impact or s  f or th e 
sp ecif i c  investigati on :  f or h ead, eh est , a bd ornen ,  kn ees, 
l eg s  et c. Both p endulums ar e pul l ed up in dif f er ent 
dir ect i on s  a ccording t o  th e ma sses. Both start the m ov ement 
at th e same time. Th e l eft p endulum i s  st opp ed sh ortly 
bef or impact .  Th e body m ov es on and hits the approaching 
impact or s  of a given sta bi l ity with the desi r ed sp eed .  At 
th e end of the col l i si on th e sp eed i s  v ery sma l l :  a l l  
en ergy i s  a bsor bed by th e impact or and the body . Th e a i m  of 
thi s t est s wa s t o  a bsor b a ma ximum of en ergy without 
vul n erati on .  

During the t est s we run i n t o  th e probl em of th e d eviati on 
of str enght d ep ending on , age, sex and health condi t i on .  To 
minimi ze the eff ord we r educed thi s r esear ch t o  ri bs, Fig. 
5. For ce and def ormati on f or br ea king the r i bs vary i n  a 
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wide f ie ld. We c ou ld not definite ly c lear the influence of 
acc ide nta l s e lec tion a nd the time a fter mor te m. 

Body-parts we use d a ls o  f or research on 
e ye s ,  F ig. 6 a nd 7. Eye -vu lnera tion was 
tou ghend glass a pr oble m. 

nec k-spine 
in the days 

a nd 
of 

Fig. 5: Stre ngth of human r ibs (toge ther with Ins titu t für 
ger ichtliche und s oziale Me dizin, FU-Ber lin, 
Pr of.Dr .W. Kraula nd.) 

F ig. 6: Hu ma n e yes . in a du mmy h e a d, wh ich is c over d  wi th 
lea ther for e xper iments wi th glass lacera tions ( together 
with Au ge nklinik der FU-Ber lin, Pr of.Dr .H. F . Tibur tiu s ). 

- 1 7  -



-i 
,.··:·i 1; 

Fig. 7: Wip-lash-tests (together with 3. Anatomisches 
Institut der Pu-Berlin, Prof.Dr. H.-J.Clemens). 

The passiv-restraint problem 

Although the airbag was invented in 1951 it was discussed 
in the late sixtees. The air-bag standard was wri tten in 
1970, but it took 20 years before it was clear that the 
correct question is not belt or bag but belt or belt plus 
bag. In this 20 years we discussed a legal question: is it 
legaly possible to rnandate the use of a belt? My suggestion 
frorn beginning was to order the use of a belt or a bag and 
leave the decision of the preferred device to the user. We 
shall see the true results of the benefits on the road 
soon. 

The Experimental Safety Vehicle 

In 1970 US-Secretary Volpe started this program together 
with his colleages in other contries. After the big succes 
of the landing on the rnoon the US goverrnent tried to bring 
the space- cornpanies and space-engineers into car-accident
research. The specifications for the ESV's call for 50 rnpg 
crash speed instead of 3 o , which makes the kinetic energy 
2.78 times higher. The equivalent dropping height went from 
9.2 to 25.3 m. A passiv restraint system was needed. I 
started in this days to work for Volkswagen. The ESV was 
the first consolidating.task for the new founded Volkswagen 
Forschung (research group). After some prelirninary testing 
we decided on passiv bel ts for ehest and knees wi th f orce 
lirniters for all 4 occupants. A circular, foam-filled 
diagional-belt rnoves pneumatically driven along the door 
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r im whe n  the door is ope ne d  or clos e d. With a g ive n 
decelera tion of the car i t is pre loa ded. The knee -be l  t is 
covere d in the lower dash-boar d. On the same s ig na l  i t 
surr ou ndes the knees with a loa d of s ome 100 N. 

Be lt for ces are 
vu lnera ting level, 
de ce llera tion in a 
de ce llera tion to 50 

lim ite d by tors ion 
F ig .  8. This s olu tion 

50 mph -crash down to 
g ,  F ig 9. 

bars to a non
br ings the che s t-

40 g ,  the head-

The concept of the Volkswage n Exper ime nta l Sa fe ty Veh icle , 
the ESVW, was well aware of we ight a nd fue l  e conomy, wh ich 
le d to a car not to far fr om produ ction. Bu t the interes t 
of the pr oject cea s e d  awa y. 
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F ig .  8 :  Be l t for ces a t  a 50 mph crash tes t  wi th the ESVW
be l t s ys tem . 

Are we on the r igh t tra ck? 

Pas s iv s a f  e ty is the big su ccess in car s a f  e ty. Pas s iv 
s a f  e ty m inim izes the a dvers conse que nces of a crash. On the 
f irs t  g la nce has the a cti ve s a fe ty the h ighe .r a ttra ction. 
Is 'nt it wiser to avoid a crash ins tea d  of only lower ing 
the consequence s ?  The e xperie nce in respect of the 
r e duction of casua lities a nd vulnera tion with a ctive s a fe ty 
is dis illus ioning. A lmos t  a ll be ne fits of a ctive s a fe ty are 
ta ke n awa y by increas ing the p ower of tra ffic, increas ing 
spe e d, tra ff ic de ns i ty, r is cier dr iv ing. We "consume " the 
a dde d a ctive s a fty. Be tter r oa d  grip, better bre a kes , 
be tter tra f  f ic informa tion a ll leaves s a fe ty where it was 
be fore the intr oduction of new measures of a ctive s a fe ty. 
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F ig. 9: De ce llera tion of hea d  and ehe s t  a t  a 50 mph crash 
te s t  with the ESVW-be lt s ys tem . 

In the con trary: worsenin g  th e road grip, as it happens on 
icy roa ds ,  makes the pro ba bili ty of vulnera tion a n d  dea th 
sma ller. The ir is a sa yin g, tha t  tyres of woo d  r e du ce the 
number o f  dea th .  More a ccide n ts bu t less vu lnera tion and 
death. 

Of cours e ,  th is is not a s e r ious measure for the in crease 
in roa d-s a f e ty. The spe e d  of the traff ic is one a im of 
e vo lutio n .  It can no t suffe r ,  mus t not suf fer . Look at the 
e vo lution o f  nature : fas t mo vin g animals have no pas s iv 
s a f e ty. A bir d, h ittin g a glass win dow, can lose h is lif e 
as well as a hare h ittin g a p low in h is course .  The nature 
trus ts in the in tellige n ce of the animals , tr ies to so lve 
the pro blem more with s o f tware then har dware s o lu tions . 
Har dware so lu tions are poss ible : bu lls and bo cks h a ve tough 
sku lls for the a bsorp tion o f  crash ener gy. Bu t no t from 
fas t mo vin g bu t for the f igh t for pre dominan ce . 

I think ,  tha t pass ive safe ty is not the u ltima te measure in 
roa d  safe ty. It is no t e conomically to transpor t mass for 
safe ty measures . So f tware s o lu tions are imma te r ie ll and 
thus the f inal answer. No t tomorrow bu t in some deca des we 
will crea te suff icient in te lligen ce of crash a vo iden ce to 
take some o f  the hea vy, ener gy consumin g  mass out o f  the 
car s ,  wh ich we ha ve ins ta lle d in the las t  40 years wi th 
some su cces . 
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