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S i nce the end of 1 980 three research i nsti tutes : Bundesansta l t  für 
Straßenwesen ( BASt ) ,  Organi srne National  de S�cur i t� Rout i�re ( ONSER)  and I n­
st i tuut Voor Wegtransportmi dde l en (TNO)  cooperate i n  the f i e l d  of standardi zed 
pedestr i an tests . The a i m  of the study i s  to propose a standard i zed test me­
thodol ogy wh i c h  coul d be appl i ed to pedestri a n  safety tests carri ed out for 
research purpose or carr ied out for compl i ance testi ng of passenger cars . The 
project was supported by the EEC B i omechani cs Program , Phase 3 .  ONSER conduc­
ted 7 cadaver tests . The BASt conducted 26 dummy tests w i th 50% Hybrid  I I  and 
6 years ch i l d  pedestr ian  dumm ies  i n  the same test confi gurati ons . TNO carr i ed 
out a l i terature study and eval uated the requi rements of  a mathemati cal  pe­
destr i a n  model . The BASt acted as project l eader . 

S ELEC1ED RESULTS OF L ITERATURE STUDY 

The rel at ive  share of pedestrians ki l l ed i n  traffic accidents l i es 
i n  European countries  between 13% and 33% of a l l fata l y  i nj ured . I n  the Feder­
a l  Repub l i c  of Germany i n  1980 3 . 095 pedestrians were ki l l ed i n  traffi c  acc i ­
dents . 

l t  i s  a wel l known fac t ,  that ma i nl y  ch i l dren and o l d  peop le  over 
65 years are i nvol ved i n  pedestrian  acc i dents . So the h i ghest share (w ith  308 ) 
of i nj u red pedestr i ans  per 100 . 000 persons i s  found i n  the age group between 
6 and 1 0 .  The h i ghest fata l i ty rate i s  found i n  the age group over 65 wi th 
1 5 , 6  out of 100. 000 persons i n  th i s  age group ( 1979 ) . The curve of the hei ght 
d i str ibut ion  of i nvol ved pedestrians  shows two peaks , one i n  1 , 23 m hei ght 
for ch i l dren and the second i n  1 , 64 m hei ght for o l d  persons L-1_7. 

The passenger car i s  most frequent ( � 70 - 80% )  the opponent i n  
pedestr ian  acc i dents . The primary i mpact occurs most ly  o n  the car front (� 75% ) 
and here most ly  on the r ight car front s i de (� 30% ) whi l e  the pedestr ian  i s  
h i t  a l mest ever on h i s  s i de and i n  over 90% of the cases whi l e  wa l k i ng or run­
n i ng L-2 ,  3 ,  4_7. 

Due to the col l i s i on s peed , di fferent val ues ex i st from d i fferent 
acci dent ana l yses , but i t  can be sa i d ,  that the 50% val ue l i es between 25 and 
35 km/h and that 90% of the col l i s i ons occur under 45 respecti ve ly  55 km/ h .  I n  
about 60% o f  the cases the car was brea k i ng before impact [-summari zed i n  5_]'. 
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Many stud i es s how i njury d i stri butions for di fferent pedestri an 
groups and di fferent car s ha pes L-4 ,  6,  7 ,  8_:1". The resu l ts are not repeated 
here i n  detai l .  

One ma i n  c l a s s i fi cation  of car shape i s  the c l as s i f i cat ion i n  
pontoon ( P ) - and wedge ( V ) -form cars . An exami nat i on of the rel at i onsh i p  be­
tween i njury sever i ty and the car s hape showed that the overa l l  pedestrian i n ­
jury severi ty was about i n  the same range for pontoon- and V-form cars , but 
the patterns of i nj ur i es were d i fferent . Serious head i njur ies  in conj unct ion 
w i th serious l ower l eg i nj uries  are typ i ca l  for the V-form . The pontoon-form 
was found to have a h i g her i n c i dence of serious head i nj uries  in conj unction  
with  i njur ies to the  pel v i s  and  femur .  I n  the case of ch i l d  acci dents , the 
trapezo i da l  form ( T-type ) , as a subgroup of the pontoon-form , causes i nj ur i es 
of the thorax or the abdomen , depend i ng on the height of the c h i l dren . The 
traumat isat ion  sca l e  ( product of i njury sever i ty and i nj ury frequency) only 
considers inj ury sever ity and i njury frequency ; i t  wi l l  g i ve no i nd i cat i on of 
the l ong term consequences , for exampl e  hea l i ng t ime or di sabi l i ty which  may 
be an i mportant feature for pedestrians who are frequently el derly . 

CHOSEN METHODOLOGY FOR PEDESTRIAN TESTS 

Based on the knowl edge of safety of today 1 s  typ ica l  production 
cars , the a i m  of the p�destrian impact tests i n  th i s  study was to focus on 
probl ems of pedestri an  k i nemat ics  and l oadi ngs . Furthermore i t  was i n tended 
to keep the test confi gurati on as c l ose as pos s i b l e  to rea l worl d pedestri a n  
acci dents . The general cause of  i nj ury i s  the i n i ti a l ly impacti ng veh i c l e  
structure and the head i mpact .  I f  the pedestrian  i s  an  adu l t ,  the bumper typ­
i ca l  ly  stri kes the l ower l eg or knee and the front edge of the bonnet stri kes 
the upper l eg or pel v i s .  I f  however the pedestrian i s  a 6 yea� ol d ch i l d ,  the 
bumper stri kes the upper l eg and the front edge of the bonnet stri kes the 
thorax or abdomen . The ma i n  concl u s i on for the test confi gurat ion from acc i ­
dent data was to achi eve d i rect head contact to the vehi c l e .  

Asses s i ng  the resu l ts of the l i terature study , the i ntention was 
to emp loy a test method as c l ose  as pos s i b l e  to a test confi guration , whi c h  
cou l d  be u sed as  a commonly agreed standard i zed test methodol ogy . 

Due to the hei ght d i s tribution of pedestrian  acci dent v i ctims , the 
6 years ch i l d  dummy ( 1 19 cm) and the Hybrid I I  pedestrian dummy ( 1 75  cm) were 
sel ected as test obj ects . 

To compare dummy and cadaver k i nemat i cs the cadavers were of nearly 
the same height as  Hybri d  I I .  Tests w i th chi l d  cadavers were not consi dered 
because of the i r  unava i l abi l i ty .  The wei ght of adu l t  cadavers d i d  not d i ffer 
s i g n i ficantly from average we i ght d i stri but ion .  

I n  depth at-the-scene acc ident stud i es have enab l ed to  corre l ate 
i nj ury severi ty and i mpact vel oc i ty .  For today ' s  veh i c l e  des i gns  pedestrian 
struck at i mpact s peeds bel ow 30 km/ h norma l ly susta i n  only mi nor i njuri es . 
Ser ious or fatal i nj ur i es are usua l ly susta i ned at  impact s peeds greater than 
50 km/h .  The test vel oc i ti e s  of th i s  s tudy were fi xed to 30 and 40 km/h L-8_7. 

Bes i des other parameters the vehi c l e  front sha pe determi nes pedes­
tri an k i nemati cs and l oadi ngs . The primary veh i c l e  contacts are t he ma i n  sour-
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ces for l eg and pel v i c  i nj uri es for adu l t pedestrians . The severi ty of head 
i njuries  i s  determi ned by the l ocation of the contact as we l l  as by i mpact 
speed . I n  order to keep the number of test car types l ow ,  two i n  France and 
Germany we l l  represented veh i c l e  types were sel ected for th i s  project : 

C i troen GSA w i th V -contour and short hood 

Aud i  100 w i th P-contour and l ong hood . 

I t  was deci ded to brake the test cars i mmed i ate ly  after fi rst con­
tact and to adjust  the car in brak i ng  pos i ti on duri ng the who l e tes t .  The car 
dece lerat ion  was chosen to 6 m/s 2 •  

Accord i ng to stati st i ca l  data of primary i mpact areas i n  car-pe­
destr ian  col l i s i on s  the pedestri an  was impacted at h i s  l eft s i de .  

From other s imu lated car-to-pedestr i an  tests w i th dummies  i t  was 
conc l uded , that the arm of the impacted body s i de p l ays an important rol e i n  
k i nemat ics o f  upper trunk  and head . Therefore i t  was deci ded to force the test 
objects to perform a mi nor rotati on a l ong the vert i ca l  body ax i s ,  so that the 
upper trunk  h i ts the bannet bes i de the arm and therefore the arm does not i n­
fl uence the head i mpact L-9_7. 

After severa l pretests the test objects were pos i ti oned i n  a wa l k­
i n g  bear ing  w i th the r i ght foot forward . Furthermore the trun k of the test ob­
jects was turned 250 towards faci ng i mpact on the veh i c l e ,  see F i gure 1 .  

Audi 100 
a = !:l - 1somm 4 
Citroen GSA 
a = !:l  4 

F i gure 1 :  Dummy pos i t ion  at impact ( s ketch ) 

The pedestrian dummy tests were performed at  the crash test fac i l i ­
ty of the BAS t .  The dummies  were equ i pped at the prov ided l ocations  wi th tri ­
ax i a l  accel erometers i n  the head , ehest and pel vi s .  I n  addi ti o n ,  the l egs of 
the adu l t  dummy were equ i pped w i th acce lerometers bui l t  i nto the knees and feet 
i n  l a tera l  d i rect i o n .  
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l t  was not succeeded to adjust the dummy j o i nts i n  such a manner 
that the wei ght  d i stri buti on between ground force and retent ion  force was 
70 : 30 as i t  was pl anned . A more fea s i b l e  method of dummy j o i nt adjustment was 
eval uated and practi sed in the test program : 

- dummy jo i nts were adjusted accord i ng to FMVSS 208 
- dummy was pos i t i oned i n  the retent ion system i n  the des i red bearing  
- dummy l eg and h ip  joints  were t i ghtened in  such a way , that the 

dummy s l owly  began to col l apse when he was rel eased . 

Each test confi gurat ion : 2 dummi es , 2 car types and 2 vel oc i t i es 
was repeated three t imes . The cadavers were equi pped w ith  accel erometers at 
the fo l l ow ing  1 ocations : 

- head triaxia l  i n  the mouth 
- ehest triaxia l  screwed on T4 
- pe1 v i s  tri ax i a l  screwed on sacrum 
- knee un i ax i a l , transverse ( Y )  l eft l eg 
- ankl e un iax ia l , transverse ( Y )  l eft l eg .  

Due to the l ow sti ffness of cadaver jo i nts the we i ght  d i stri but ion  
between ground force and retent ion  force was about 30/70 . I n  fact ,  there was 
pract i ca l l y  no vert i ca l  d i spl acement of head between the release t ime and the 
i mpact due to grav i ty .  

For th i s  study 7 cadaver tests : 4 w i th the C i troen GSA ( 2  a t  
40 km/h and 2 at  30 km/ h )  and 3 w i t h  the Audi 100 ( 2  at  40 km/h and 1 a t  
30 km/ h )  were conducted at  the test fac i l i ty o f  ONSER .  

TEST RESULTS 

The eval uat i on of these tests i s  focused on ki nemat i cs and on i n­
jury re l a ted parameters . The resu l ts of the tests correspond qu i te wel l to 
those presented i n  the l i terature , see e . g .  L-9 , 10_7. 

The resu l ts concern i ng k i nemati cs can be separated i n  two parts : 
analys i s  of  trajectories and impact l ocations of the d i fferent members of the 
body and ana l y s i s  of head impact s peed . A"l l head impact l ocati ons of dummy 
and cadaver tests are shown i n  F i gure 2 .  
The dummy head impact po i nts are well grouped for each test confi guration 
( except t hose i n  brackets : Audi 100 - 900 pedestr i an impact ,  C i troen - 1 eft 
a rm i nfl uenced dummy rotat ion  and head i mpact ) .  W i th i ncreas i ng test speed 

the dummy head i mpact po i nt i s  l ocated nearer to t he w i nds h i e l d  respect i ve ly  
to  the l ower wi ndsc h i e l d  frame . The  throw-on-l ength of t he dummy head norma l ­
i zed to the dummy height i s  h i gher for the V-contour ( C i troen ) than for the 
P-contour ( Audi ) .  

The ma i n  d i fference i n  dummy and cadaver ki nema t i cs i s  caused by 
the d i fferent pe l v i s  mot ion . The dummy h i p  mot i on can be descri bed by a " ro l l ­
i ng "  whi l e  the cadaver h i p  i s  to a h i g her extent  " s l i pp i ng"  on the front end 
of the hood . T h i s  may be caused by the observed l atera l ben d i ng of the cadaver 
knees , wh i c h  cou l d  not be s imul ated by the dummy knee.  Therefore the throw-on­
l ength on the car front i s  for the cadaver h i qher than for the dummy (The 
cadaver in test PBT 1 3  was impacted in 90° pos i t i on ) .  
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"°'•/4 301.1 
• • Cadaver tests 

0 · 0 Dummy tests 

Figure 2 :  Head impact l ocations of a l l  dummy and cadaver tests 

The head impact vel oc i ty i s  for the dummy tests s l i ghtly h i gher 
than car i mpact s peed . For the V-contour  head i mpact vel oc i ty i s  remarkably 
h i gher than for the P-contour .  I n  cadaver tests the head impact vel oci ty for 
P-contour i s  l ower than the car impact vel oc i ty .  Cadaver head impact speeds 
a re for the P-contour h i g her than those of the dummy . 

I f  the d i fferent dummy parts i mpact areas of s im i l ar sti ffness of 
the car dummy l oa d i ngs  show a good reproduc i bi l i ty of i nj ury cri teria para­
meters . Measur i ng  data variat ion  i n  pedestri a n  tests i s  i n  the same range as i n  
fu l l  sca l e  car impact tests aga i nst  the r i g i d  wa l l . See f . i .  some exempl ary 
data : 

H I C ,  50% ma l e  dummy , 40 km/h Audi tests : 
S I , 50% ma l e  dummy , 40 km/h C i troen tests : 
H I C ,  chi l d  dummy 6 years , 40 km/h Audi tests : 
S I , ch i l d  dummy 6 years , 40 km/h C i troen tests : 

272 ' 474 ' 346 
201 , 242 ' 1 46 
620 ' 590 ' 706 
418 , 230 , 289 . 

I f  however the dummy i mpacts areas of the car front w i th d i fferent 
l ocal s ti ffnesses very h igh  vari ati ons i n  dummy l oads must be expected . The 
ma i n  areas of the car front where th i s  probl em i s  essent ia l  i s  the wi nds h i el d 
frame (and A-pi l l a r ) . I n  the C i troen tests at  40 km/h H I C  was measured for the 
50% ma l e  dummy to : 

274 



444 impact l ocation w i ndsh i e l d  
1422 impact l ocation l ower w i nds h i el d ,  near frame 
331 1  i mpact l ocation d i rect l ower w i nds h i e l d  frame . 

The ma i n  body reg i ons of h i g h  l oad i ngs ( due to h i g h  vari at i ons i n  
measur ing  resu l ts of knee- and feet-accel erati ons no conc l us i on s  cou l d  be 
found for them ) must be seen i n :  

- 50% mal e  dummy 
- head when the car has a V-contour ( at  P -contour w ith  l ower hood 

l ength too ) 
- pel v i s  when the car has a P- and V-contour 

- ch i l d  dummy 6 years 
- head when the car has a V-contour 
- ehest and pel v i s  for V- and espec i a l l y  P-contour .  

In  cadaver tests a h igh  var i at ion  in  number and sever i ty of i n ­
jur ies a s  wel l a s  i n  protecti on  cri ter i a  was observed . I n  most tests the se­
ver i ty of i nj ury did  not correspond to measured protect ion  cri teri a .  Head i n­
j ur i es mus t  be analysed i n  deta i l  for each test .  

I n  the 30 km/h impact test ( PBT 13 , 90° pos i t i o n )  the head h i t  the 
bonnet and the H I C  was l ow .  I n  terms of i nj ur i es on ly  w i t h  Audi car , at 40 km/h 
impact speed , l arge sca l p l acerat ions  (A IS  2 )  were found .  

W i th GS car , a l though the H IC  was general ly  h i gher than 1000 o n l y  
a cepha l hematoma ( PBT 0 1 )  was observed a s  the subject h i t  the wi nds h i e l d  frame . 

At thorax l evel , i nj ur i es appear i n  the two i mpact speeds and w i th 
the two car types . But l es i ons are l ess severe w ith  GS car than w i th Aud i 100 
car. I n  fac t ,  thorax was broken i n  a l l cases where maxi mal  accel eration  val ues 
were h i g her than 60 g ,  except PBT 03 ( 48 g ) .  

At pel v i c  and l ower l imb l evel s ,  the d i fferences i nduced by the 
front  car shape are more eviden t .  W i th the Audi 100 the i mpact l ocation i s  
near the h i p  and i n  the three tests pel v i c  fractures were noti ced . Al so i m­
portant l es i ons at  l ower l imbs were observed , part i cu l ar ly  at  40 km/h impact 
speed w ith  espec i a l l y  i mportan t  knee l i gamenteous ruptures . 

W i th GS impact i ng car , l ower l imb l es i on s  d i d  not appear at  30 km/h 
i mpact s peed . But at 40 km/h i mpact  speed there were not i ced numerous i nj u r i es , 
more espec i a l l y  osseous l es i on s  but a l so ( PBT 02 )  knee l i gamenteous ruptures . 

Due to the h i gh var i a t i on i n  cadaver i nj ur i es and the l ow number of 
cadaver tests no genera l concl u s i on s  can be made espec i a l l y  i n  comparing  the 
correspond i ng dummy- and cadaver test confi gurati on . 

D I SCUSS I ON OF POSS I BLE STANDARD TEST METHODOLOGIES 

The tes t i ng of pedestr ian  protect ion of cars can be done i n  three 
ways : 
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- fu1 1 sca l e  tests w i th dumm i es 
- body segment impactor tests 
- mathematica l  cal cul ations  w i th dynam ic  model s .  

For a l l three groups of poss i b l e  test methods or a combi nation of 
them , some important i n put parameters shoul d be taken from accident stati st ics  
and  analys i s :  

- i mpacts of ch i l dren and adul ts 
- i mpact ve loc i t ies ( 25 km/h to 45 km/h range) 
- i mpacts w i th a car or a buck i n  a d i ved brak i ng  pos i ti on .  

I n  the fo l l ow i ng the three poss i b l e  test methods wi l l  be d i scus sed 
and open probl ems and dependenc ies between them wi l l  be shown . 

FULL SCALE TESTS 

Fu l l  sca l e  tests can be performed w i th cadavers , present chi l d  and 
adu l t  pedestr ian  dumm i es and furthermore w i th new pedestri a n  dummi es , wh i c h  
may b e  deve loped i n  the future. 

Cadaver tests are necessary for research , espec i a l l y  for establ i s h­
i ng b i omechan i ca l  tol erance l evel s and protecti o n  cri teri a ,  as  wel l as for 
eva l uation of parameters , whi ch shou l d  be measured i n  dummy tests . l t  can be 
expected , that performance test to eva l uate car pedestri an safety wi l l  not be 
done w i th cadavers . 

Fu l l  sca l e  tests w i th dumm ies g i ve the most comprehens i ve data of 
l oads on pedestrians  i n  acci dents . They are rel at i ve expens i ve ,  very compl ex 
a nd vari at i o n  i n  dummy l oadi ngs can be exp l a i ned by the var iat ion  i n  the sti ff­
ness of car structures at d i fferent i mpact po i n ts . Due to the compl ex pedes­
trian  k i nemat ics  ful l s ca l e  tests have to be done i n  an advanced stad i um of 
car deve lopment and construction . Furthermore control l ed i mprovements of dummy 
l oads by sma l l changes i n  veh i c l e  des i gn are d i ff i cu l t  to detect . 
Fu l l  sca l e  pedestrian tests a s  the only performance cri teri a for car pedes­
trian  safety can not be recommended as  an  un ique standard tes t ,  but they are 
necessary for determi n i ng parameters and cri ter ia  for component tests and for 
the val i dat ion  of mathematical  model s .  

Because o f  the crit i c i sm on the dummi es , wh ich  are currently  i n  
u se ,  some changes i n  dummy components shou ld  be done i n  the next future to 
bu i l d  a more sat i s factory dummy for fu l l  s ca le  tests . For i nstance the shoul der 
and the thorax of s i de impact dummies  cou l d  be taken for i mproved pedestrian  
dummies . Knee jo i nts wi th l atera l compl i a nce w i th a measuri ng dev i ce for knee 
bend i ng moment or col l aps ing  l eg bones coul d be devel oped too . More real i st i c  
dummy ki nemat i cs may resu l t from thi s .  Maybe i t  i s  poss i b l e  for those tests , 
that a 90° dummy pos i ti on  can be rea l i zed , wh ich  seems to be the typi cal im­
pact pos i ti on  as  deri ved from acc i dent i nvest i gati ons on scene . For a standard­
i zed fu l l  sca l e  dummy test further parameters have to be defi ned exact ly ,  de­
pend i ng on the sel ected standardi zed dummy type ( s ) :  

- dummy stand i ng pos i t i on 
- measur ing  parameters 
- protecti on  cri ter i a  for pedestri an impacts 
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- i n strumentation and data process i ng 
- cal i bration and torques of dummy-jo i nts 
- ground fri ct ion  
- dummy rel ease .  

BODY SEGMENT IMPACTOR TESTS 

These tests are genera l ly s i mpl e and chea p ,  because they do not 
need l a rge and spec i a l  test grounds and fac i l i ties . They are we l l  repeatab l e  
and show the sti ffness and energy absorb ing  capab i l i ty o f  car structure s .  They 
can be u sed for standard tests and al so for the devel opment of car structures 
for a sati sfactory pedestrian  protecti o n .  l t  i s  not poss i b l e  to get i nforma­
t ion  by i mpactor tests on improv ing  overal l car s hape or the k i nema t i cs of a 
pedestr i a n  h i t  by the car . Resu l ts of other research projects ( summar i zed for 
i nstance in the report of the EEVC worki ng group 7 ,  unpubl i shed ) have s hown 
the probl em of determ i n i ng a representat i ve mass of the i mpactor . Another prob­
l em i s  the i mpact ve loc ity of a body segment { f . i .  the head ) ,  wh i ch depends on 
the car shape and even of the st i ffness of other car structures { f . i .  bumper 
and l ead ing  edge) whi ch were i mpacted by other body parts { f . i .  l egs  and pel ­
v i s )  before . I n  th i s  phase of the project no i nvest i gat ions on deve lop i ng  
methods of  body segment impactor tests , were conducted , but  the resu l ts from 
s i mu l ated car-to-pedestri an  col l i s i ons are useful for further research i n  
th i s  f i e l d .  

Three d i fferent component-tests seem to be i mportant :  
- head i mpact tests 
- bonnet l eadi ng edge tests 
- bumper tests . 

Some open probl ems have to be d i scussed : head impact tests can be 
carr i ed out with a headform , wh ich  i s  propel l ed on a defined place of the car 
front  wi th a defi ned vel oci ty and under a defi ned impact angl e .  The mass of 
the headform i s  dependent on the k i nemat ics  of the pedestr ian  and t h i s  i s  de­
pendent of the car shape ; because a great amount of rotat ion of the pedestr i a n  
means , that the effecti ve head mass  wi l l  be i ncreased by a proportion  of  the 
torso mas s .  

The po i nt o f  i mpact i s  dependent ,  f . i .  on the pedestri a n  charac­
ter i s t i c s  l i ke he i ght , the car s hape , the st iffness of  i mpacted structures and 
the vel o c i ty of the car, just as the impact angl e of the head form . The im­
pact ve l oc i ty of the head is dependent on car vel oc i ty and the rotat ion  of the 
dummy . A poss i b i l i ty to determi ne the rel evant parameters for component tes t i ng 
i s ,  to get a l l needed i n format ion  from a fu l l  sca l e  dummy pretest or from re­
su l ts of a sati sfactory mathemati cal model and then to perform component tests 
over the whol e car width w i th a head form . These component tests shou l d  be 
carr ied out for adul t and ch i l d  head impact areas . 

For bannet l ead i ng edge tests i t  has to be taken i nto account , that 
the effect i ve mass  of the adu l t  pel v i s  i s  not equal to the effect ive mass of 
the ch i l d  thorax h i t  by the bannet l ead ing  edge .  There are a l so d i fferences i n  
the protect ion  cri ter i a  of the two body parts . Th i s  probl em has to be c l aryfi ed 
before def i n i ng a bonnet l ead ing  edge test .  There are l es s  probl ems w i th the 
se lect ion  of impact vel oc it ies  and i mpact po i nts , because of the s hort t ime 
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duration  between l eg-bumper-contact whi c h  means l es s  free poss i b l e  k i nematics  
i n  the f i rst phase of contact .  The who l e  car  wi dth s hou l d  be  tested . 

A bum�er test can be conducted by a bumper mounted on a car or a 
test tro l l ey whic impacts a soph i st i cated l eg form or u s i ng an  i mpactor w i t h  
a l eg shape i mpactor , wh i c h i s  propel l ed by a gun or  a pendul um dev i ce ,  s im i ­
l ar to the US-bumper test proposal  ;-11 7 .  Accord i n g  to th i s  test method , 
passenger cars w i l l  be i mpacted i n  the oumper reg ion  by a pedestrian  l ower l eg 
s i mu l ator w i th a wei ght of 7 pounds ( 3 . 2  kg ) .  The i mpactor wi l l  have to travel 
at 20 mph ( 32  km/h ) ,  i ts maximum accel erat ion w i l l  not have to be greater tha n 
100 g for a t ime peri od l onger than 3 ms . The rebound vel oci ty wi l l  not have 
to be greater than 60 percent of the i mpact vel oc i ty .  

The effect ive mass  o f  the l egform i s  dependent on the bumper hei ght . 
The l ower the bumper he i ght ,  the l ower the effect i ve mass ha s to be chosen . 
Fu l l  s ca l e  dummy tests or resu l ts of a sat i s factory mathemati cal mödel can 
hel p to ca l cu l ate the correct i mpactor mass for d i fferent bumper hei g hts . When 
u s i ng an i mpactor , the maximum val ues of the i mpactor response have to be de­
fi ned . The force or acceleration depends on the rel at i ve bumper hei ght i n  re­
ference to the bone or knee l i gament res i stance at the impact zone of the l eg .  

MATHEMATI CAL CALCULATI ONS W ITH DYNAM I C  MODELS 

Mathema t i ca l  model s ,  once formu l ated , a l l ow to make cal cul ations 
on veh i c l e  structures and pedestrian  ki nemat i c s  very easy. A w i de range of 
var iat ion  of veh i c l e  shape and deformation characteri sti cs , pedestri an  hei ght , 
s peed and i mpact l ocations can be s i mu l ated . A requi rement for real i st i c  i n ­
put data for a model i s  the knowl edge o f  l ocal st i ffnesses o f  car structures 
h i t  by the pedestrians . Th i s  makes prev i ous component tests necessary .  
At fi rst a choi ce i s  to be made between a 20 and  a 30  model . The k i nemat ics  of  
a pedestr ian , i mpacted l a teral ly by a car , are of  a threed imens i onal  nature .  
So  the model i n  pri n c i p l e  shou l d  be three-d i mens iona l . A d i sadvantage , however , 
of a 30 mathemat i ca l  s imu lation i s  the great number of i nput data that have to 
be spec i f ied and the rel ati vely h i gh computer costs . After the 30 model ha s 
been val i dated the 20 model can be val i dated aga i nst  the 30 model . 
l t  seems to be suff i c ient for the moment be i ng to model only the primary i m­
pact . M i n i ma l ly e leven el ements shou l d  be requi red for model i ng the pedestri a n :  
e i ght el ements to s i mu l ate l egs and arms , 2 e lements for the torso and 1 e le­
ment for the hea d .  The model must be abl e to s i mu l ate at  l east  s i de ( obl i que)  
i mpacts . 

Severa l authors on pedestrian  model s mention  the importance of the 
j o i n t-character i s t i c s .  S o ,  much attent ion shoul d be gi ven to th i s  subject .  A 
po i nt of spec i a l  i nterest i s  the l a teral defl ection or fracture of the knee­
j o i n t ,  wh ich  shou l d  be model l ed as rea l i st i c  as poss i b l e .  

I n  rea l - l i fe pedestri an acci dents and i n  cadaver tests , fractures 
of the l eg ( s )  are frequently observed . The model shou l d  be ab le  to s i mu l ate 
the fractures i n  order to determ i ne thei r effect on  the ki nemati cs  of the pe­
destr i a n .  

The fri ct i on between the pedestrians  feet a nd  the ground has a 
great i nfl uence on the l eg l oads . Therefore , th i s  fri ct i on must be model l ed i n  
a rea l i s t i c  way. 
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As regards the veh i c l e  geometry and mater i a l  properti es ,  the model 
s hou l d  be abl e to s i mu l a te a w i de range of veh i c l e  geometry character i s t i c s .  

The mai n  output data wh i ch certa i n l y  must be l i sted are the ki ne­
mat i c s  of the pedestr ian  ( pl ot-f i gures ) ,  the accel erati ons of the head , ehest , 
pel v i s ,  knee and ankl e ,  severa l contact forces and some i nj ury cri teri a ,  e . g .  
the H I C .  

A deve l opment o f  more rea l i st i c  pedestr ian  dumm i es i s  a l so neces ­
sary for an  optimi zat ion of mathemati ca l  model s .  A ver i f i cat ion  of mathemati ca l  
model has  to  be done by cadaver tests  or acci dent reconstruct ions . For  the 
future a s ta ndard i za t i on of requ i rements for mathematica l  mode1s  shou l d  be 
eval uated . F i gure 3 s hows summari z i ng  the dependenc ies  between the d i scussed 
test methods .  

Full Scale Tests 

(Dummy, Cadavcr) 

input of car structurc stif fnesses 

Validation of 

mathematical models 

Impactor Tests Ma thema tical 

F igure 3 :  

CONCLUS I ONS 

criteria for impactor tests 

(mass, speed etc . )  

Models 

Dependenc i es of test  methods for pedestr ian  
protection  

The s tati st i ca l  data of pedestrian acc i dents s how the need for a 
practi cab l e  s tandard test for i mprovi ng the veh i c l e  des i gn for better pedes­
trian protecti on .  A l though many probl ems a re s ti l l  open a step to s tep approach 
can be rea l i zed.  l t  can be conc l uded , that under the chosen test methodol ogy , 
presented i n  th i s  paper , the vari at i ons of dummy l oadi ngs are i n  the same range 
as i n  other establ i s hed standardi zed car impact tests . For the next future a 
comb i nat ion  of  fu 1 1  scal e- and body segment impactor tests seems to be practi ­
cab l e .  A fu l l  sca l e  test w i th an  adu l t- and ch i l d  dummy , pos s i b 1y carr i ed ou t 
i n  one test ,  has to be conducted wi thout exceed i ng defi ned maximum va l ues for 
head , ehest and pel v i s  and - i f  a dev i ce for measuring knee ben d i ng moments i s  
establ i s hed - for the l eg .  The resu l ts of i mpact speeds for the d i fferent dummy 
body segments can be chosen for the impact vel oci ty of body segment i mpactor 
tests w i th defi ned masses . In these impactor tests the who l e  car wi dth 'wi th i n  
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a frame of pos s i b l e  rea l impacts can be tested . A pedestri an  dummy test com­
b i ned w i th impactor tests i s  not as expen s i ve as a car impact test aga i nst  a 
r i g i d  barri er , because the car destructions  occur on ly  on some front parts . 
So i t  can be made sure , that the car front structure wi l l  be desi gned a l so 
u nder cons i derat ion of pedestri an  protection . 

Ca l cu l at i on s  wi th dynam i c  mathematical  model s ,  once ver i f i ed sat i s ­
factory , i n  comb i nat ion  w ith  impactor tests are a cheaper sol uti on wh i ch cou l d  
be i ntroduced i n  the l ater future . 
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