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Thi s paper di scusses some aspects of three reproducti ons of a rea l wor l d  s i de 
i mpact of a Bri ti sh Ley l and Mi ni , i n  whi ch the unres trai ned dri ver recei ved 
OAI S 4 i nj uri es .  

The use of Part 572 and TRRL S i de Impact dunmi es a l l ows compari s ons to be 
made between the outputs of these two s u rrogates and the actual occupant ' s  
i nJ u ri es .  The di fferences i n  the ki nemati cs are di scus sed , and i n  parti cu lar  
the movements of  the dummi es • heads are compared wi th those of  cadavers 
reported e l s ewhere . P robl ems encountered wi th the setti ng up of the veh i c l es 
a re h igh l i ghted , and the useful ness  of the CRASH program i s  i l l us trated , 
together wi th s ome reserva ti ons as to i ts use i n  acci dent reconstructi ons . 

2 - I NTRODUCTION 

The way i n  whi ch vehi c les and dummi es perform under s tandard i mpact condi 
tions i s  now qu i te wi dely known . However ,  the f i e l d  performance of safety 
rel ated i tems i s  not so  wel l unders tood and i s  the object of conti nui ng 
research at many organi sati ons throughout the worl d .  S imi l ar ly , the corre
l ation  of the i nj uri es recei ved by occupants i n  real  acci dents wi th the 
forces and accel erati ons measured by dummi es i n  test col l i s i ons  i s  by no 
means agreed. 

A techni que whi ch has been u sed i n  the past to determi ne the i nj u ry th reshol d 
l evel s for spec i f i c  parts of the human frame i s  the repl i cati on by tes t  
devi ces o f  the deformati ons of the vehi c l e  produced by occupants i n  real 
acci dents . The occupants ' i nj uri es and the associ ated forces on the test 
devi ces gi ve a corre l ati on wi th the forces to whi ch the real occupants were 
subjected ( l ) * .  A s i mi l ar method for determi ni ng the i nj ury tol e ra nces for 

* Numbers i n  parentheses des i gnate references at  the end of the paper. 
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restrai ned s ubjects has a l so been emp l oyed , where the forces acti ng on 
res trai ned dummi es i n  s l ed tes ts have been correl ated wi th human i njury ,  
and the proba bi l i ty of h uman i nj ury , where the actua l i nj u ry data a re deri ved 
from samp l es of f i e l d  acci dents ( 2  and 3 ) . 

A further refi nement of thi s method i s  the reproducti on of fi e l d  acci dents 
usi ng dummies or cadavers to s i mu l ate the occupants and us i ng who l e  veh i c l es 
i n  control l ed col l i s i ons as  s i mi l a r  as pos s i b l e  to the actua l acci dent . The 
i nj ur ies  to the rea l  occupants can then be correl ated wi th the dummi es ' 
l oadi ngs or accel erati ons o r  wi th the cadavers ' i nj u ri es .  However,  for such 
a techn ique to provi de usab l e  data , a seri es of reproducti ons of severa l 
acci dents mus t be undertaken to take account of the spread of data whi ch 
ari ses because of  the i nherent di fferences i n  human tol erance ( for examp l e ,  
di fferences due to age ) and a l s o  because of dummy i ncons i s tenci es and vari a
ti ons i n  the acci dent reconstructi ons . 

Further comp l i cati ons are presented by the l i mi ted b i ok i neti c fi de l i ty of 
present-day durrmi es . I n  parti c u l a r ,  doubts have been rai sed regardi ng the 
accuracy wi th whi ch current dunvni es represent human head movements i n  s i de 
i mpacts . 

Th i s  paper rai ses severa l probl ems whi ch have been encountered after parti a l  
comp l eti on of one s uch whol e-vehi c l e  reproducti on programme . The work i s  
to conti nue wi th the actual occupant bei ng rep l aced by a cadaver i n  a further 
test .  

3 - THE REAL ACC I DENT 

The acci dent occurred at a s i gnal contro l l ed cross - roads , to the eas t of 
B i rmi ngham ' s  centre . The damage to the s truck ca r i s  shown i n  photograph 1 .  
The Mi ni , whi ch was l es s  than a year o l d ,  was s truck di rectly on the dri ver ' s  
door and rear pane l , wi th a di recti on of force between 3 and 4 o ' c l oc k .  The 
centre of the i mpact was 1 6  cm forward of the rear  edge of the door ,  and 
c l ea r  i mpri nts of the Vauxha l l  V i ctor ' s  head l i ghts and bumper were l eft on 
the Mi ni  ' s  pane l l i ng ,  the i mpri nt bei ng 55 cm from g round l evel and caus i ng 
the maxi mum defo nnati on of the exteri or pane l s  of 32 cm . The di rect l oadi ng 
extended for a d i s tance of approximately 1 20 cm. Thi s parti a l l y  crushed the 
s i dewal l ,  and caused a maxi mum i ntrus i on i nto the pas senger compartment of 
25� cm . The s truck s i de whee l base was reduced by 3 cm . 

The s tri ki ng car was a three year o l d  Vauxha l l  V i ctor whi ch s uffered a 
frontal i mpact wi th a di recti on of force of  1 1  o ' cl oc k .  There was 1 1  cm of 
crush on  the nears i de and 1 2  cm on the offs i de .  The damage was enti rely 
confi ned to the front body panel s ,  there bei ng no movement of the A pi l l ars 
and no passenger compartment  i ntrus i on .  The unrestrai ned dri ver of the 
s tri k i ng car was not i nj ured . 
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The s o l e  occupan t  of the M in i  was a 36 year o l d  unbel ted ma l e .  He recei ved 
the fol l owi ng i nj uri es : 

Concus s i on ,  wi thout s k u l l fracture : 
Lacerati ons to r ight  s i de of sca l p :  
Fracture to ri bs 3-9 on the ri ght  s i de wi th 
overl appi ng f l a i l ehes t :  
C rack fracture of the r i g h t  i l i um :  

A I S  2 
A I S  1 

A I S  4 
A I S  2 

( 4 )  

The head i nj ur i es were due to contacts wi th the s i de wi ndow and ß pi l l a r , 
a nd the ehest and  pe l vi c  fractures were from contacts on the i ntrud i ng door . 
The occupant was detai ned i n  hospi ta l for 30 days , was on a venti l a tor for 
th ree weeks , but  s ubsequently recovered . Hi s OAIS  was 4 and I S S  was 24 ( 5 ) .  

No s k i d  marks f rom e i ther car  were apparent a fter the acc i dent , and a sca l ed 
s i te p l an was not drawn by the po l i ce offi cers deal i ng wi th the cas e .  Th i s  
made acci dent recons tructi on di ffi c u l t ,  and i n  parti c u l a r ,  no accura te vehi c l e  
speed esti mates coul d  b e  made . 

4 - THE ACCI DENT REPRODUCT I ONS 

Several fac tors of the acci dent l ent  themsel ves to further s tudy by the means 
of acci dent reproducti on : -

a )  the severi ty of the d ri ver 1 s  ehest i nj ur i es wh i ch were near to the 
th res hol d of c ri ti cal  i nj u ry ,  

b )  the use of the TRRL S i de I mpact Dummy ( 6 ) , a compari s on of i ts responses 
wi th the actual  i nj u r i es suffered , and wi th the i nformati on provi ded by 
a Part  572  d ummy . More and more tes t work and real acci dent i nvesti 
gati on i s  turni ng to a cons i derati on of s i de i mpacts , because of the 
re l a ti ve s uccess i n  reduci ng occupant i nj uri es i n  frontal i mpacts , parti 
cu l ar ly  where a res tra i nt sys tem i s  emp l oyed ( 7 ,  8 ,  9 ) .  Thi s recent 
i n terest i n  the safety performance of the s i de s tructures of cars has 
l ed to a need for the deve l o pment of a dummy wh i ch wou l d  di s p l ay ki nemati c 
properti es i n  s i de i mpacts s i m i l ar to those of real acci dent v i c ti ms . 

c )  as  more a nd more ana lyses of fi e l d  acci dents i nvol ve the computer program 
C RASH to prov i d e  col l i s i on speeds , �V etc . , acci dent reproducti ons 
p rovi de a useful  check on the p rog ram ' s  abi l i ty to determi ne accurate 
a nd re l i ab l e  co l l i s i on parameters . 

I t  was apparent from the damage to the acci dent Mi ni  that i t  was movi ng only 
s l ow l y  at the ti me of the acc i dent . The occupant 1 s  contacts i nd i ca ted a 
trajectory a t  ri ght  ang l es to the vehi c l e ' s  l ang a xi s .  l t  was deci ded , 
the refore , that the tests wou l d  be run w i th the s truck Mi n i  s tati onary and 
the bu l l et veh i c l e  trave l l i ng perpend i c u l ar ly  towards i t . 

Because of the unavai l ab i l i ty of a Vauxha l l  FD Vi c tor (whi c h  ceased p ro
ducti on i n  1 97 2 ) a Mark I I  Mari na was c hosen to be the b u l l e t  vehi c l e .  I n  
a n  attempt to dup l i cate the c l ear  bumper l i ne i ndented o n  the Mi n i  ( s h own 
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i n  photograph 1 )  the Mari na ' s  bumper was r a i s e d  on b rac ke t s tc c 'lE- � o \-i t  11•  ; u· 
corresponded to that of the Vau xha l l  ' s  bumper a t  i mpa c t  : t  „1a s  n o t  ': '\ G •� G r·. 7 
tha t the front end c rush  characteri s t i cs of t h e  Ma ri na v1ou l d  }e '· u ri s � a n ' ; c : : „  
d i fferent f rom t h o s e  of a n  F D  V i c t or , pa r t i c u l a r l y  a �  � " r: + a 1 r  i y  '. 01·1 J ,  •. 

wn 1 r:. n  i t  wou l d  be s u b j e c ted . Howe ve r ,  i n  re tros pec t , tne d i f f e r e n t  D u i 1 F: :  
v e h i c l e  was seen to be a poss i b l e  source of e r ro r .  

T o  sati s fy the req u i rements outl i ned above , th ree c r a s h  tes t s  w e re ( On d u c :ed . 
wi th the vi ew that further tests may be ma de i n  the fu ture re p l a c 1 n g thP 
dummi es wi th cadavers , so as to prov i de a l a rger b a s e  of ' i nj ury ' tes t da ta . 

l t  was dec i ded to c onduct an i ni ti a l  25  kph tes t to determi ne base l i ne d a t a . 
The sec ond reproducti on was to be an attempt to reproduce the damage to the 
acci dent Mi ni , and the n ,  i f  the attempt was an accura te one ( i n  terms of 
veh i c l e  deformati on ), a further test at the same speed was to be run . The 
dri ver was the on ly occupant of the rea 1 acci dent Mi ni  , b u t  i n  the c r a s h  tes ts 
the s truc k - s i de front seat occupant ( s i mu l ati ng the dri ver , who h a d  no 1 n t e r 
acti on wi th the s teeri ng whee l ) wa s s upp l emented w i th a s t ru c k - s i de r ea r sea t  
occupant . The use of dummi es i n  t h e  rea r  of each s t r u c k  car  a l l owed fo r 
extra pai rs of compari s ons to be made , even though t h e s e  d a ta c o u l d  n o t  oe 
compared wi th any rea l ' v i c t i m '  i nj u ri es .  

Same non-s truc tura l i tems of the Mi n i s  were removed to mai ntai n the a l l - up 
wei ght of the vehi c l es to be c l ose to that of the rea l  acci dent v e h i c l e .  
S i mi l ar ly  s uffi c i ent wei ghts were added to the Ma ri na b u l l et cars to e n s ure 
that the i r  ma ss was as c l os e  as poss i b l e  to tha t of the rea l  acci dent Vauxha l l .  
Thus the mass ra ti o of the vehi c l es i n  the s i m u l a ted acci dent w a s  the s ame 
as that i n  the actual  acc i den t ,  approximate l y  0 . 6 : 1  ( Mi n i : Mari na ) .  

4 . 1  Tes t l 

As i n tended , the Ma ri na b u l l et car  was run i nto the Mi n i  target at a speed 
of 25 . 4  kph . The damage to the s truck car i s  s hown i n  photograph 2 and the 
damage profi l e  i s  s hown i n  f i g ure 1 .  As can be see n ,  the extent of the 
damage i s  l ess than that of the rea l acci dent c a r .  

A summary of the dummi es ' l oadi ngs  i s  shown i n  tab l e  l ,  together wi th s i mi l a r 
data from the other tes ts . 

For tes t l ,  the centre l i ne of the bu l l et was 1 5 . 2  cm rearwards of i ts 
i ntended pos i ti on ,  thus produc i ng s ome rotati on of the veh i c l es after approxi 
mate l y  60 ms - th i s  had l i tt l e  or no effect on dummy responses , s i nce i n i ti a l  
dummy contacts were around 40 ms . ( The centre of the i mpact was 5 1  cm 
rearwards of the Mi ni  ' s  centre of g ravi ty ) .  

4 . 2  Test 2 

From the res u l ts obtai ned from the fi rs t  tes t ,  i t  was thought that a co l l i s i on 
speed of 45 kph for the s econd test wou l d  be l i ke l y  to reproduce the damage 
s ustai ned by the Mi n i  i n  the rea l acci dent .  The actual  test i mpact speed 
was 47 . 3  kph . I mmed i a�e l y  after the i mpact the target veh i c l e  spun c l ock
w i s e  through a l mest 90  and  b oth veh i c l es rol l ed approxi ma te l y  1 9  metres i n  
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a curved trajectory , from the s i te of the i mpac t .  The fi na l  pos i ti ons o f  the 
veh i c l es i n  both h i gh s peed tests a re s hown i n  fi gure 2 .  The i mpact centre 
l i ne was 6 . 4  cm rearwards of the i ntended pos i ti on ,  and hence 42 cm rear
wards of the centre of gravi ty .  

The extent of the veh i c l e  damage ( photograph 3 )  i s  s i mi l a r  to that o f  the 
rea l acci dent target,  but the pattern of damage i s  rather di fferent.  Thi s i s  
perhaps due to s ome forward veloci ty of the s truck car i n  the real acc i dent,  
wh i ch d i s p l aced the ' B '  pi l l ar rearwards , thus p u l l i ng the roofl i ne down 
further than wou l d  have been the case i n  a pure l y  transverse col l i s i on .  

The d i s ti ncti ve l i ne caused by the Vauxhal l ' s  bumper was not rep l i cated by 
the Mari na ' s  bumper i n  any of the tests . l t  i s  thought that the strength 
of the brackets used to rai se the hei ght of the bumper on the Mari nas was 
not great enough to transfer the col l i s i on forces wi thout deformati on , there
by a l l owi ng the front pane l s  and gri l l  of the bul l ets to di rectly l oad the 
Mi n i ' s s i de pa ne 1 s . 

l t  i s  of i nterest to note that a l though the change i n  ve l oci ty ( A V )  for the 
s truck M in i  was 3 1 . 3  kph , the maxi mum ve l oci ti es for the thoraci c and pe l vi c  
parts of the dummi es were 36 . 0  and 38 . 6  kph for S I D  and 40 . 0  and 36 . 8  kph 
for the rear Part 572 dummy , an i l l us trati on of the fact that occupants can 
be acc e l erated to speeds hi gher than the s truck vehi c l e ' s  maxi mum s peed ( 1 0 ) . 

4 . 3  Test 3 

Because of the s i mi l ari ty of the damage to the target vehi c l e  and to the 
acci dent vehi c l e ,  i t  was deci ded to repeat the test wi th the same i mpact 
cond i ti ons , except that the pos i ti ons of the S l D  and the Part 572  dummy i n  
the s truck car were reversed . Thi s a l l owed compari sons between both dummy 
read i ngs i n  both seati ng pos i ti ons , and a l s o  wi th the i njur ies  to the front 
seat occupant of the car i nvol ved i n  the real acci dent . 

The mea sured i mpact speed of the bu l l e t  car was 45 . 5  kph . The centre l i ne 
of the bul l et vehi c l e  was 7 cm forward of the i ntended s i te and very l i tt l e  
rotati on of the veh i c les  occurred ( see fi gure 2 ) .  I ntrus i on i nto the 
passenger compartment was con s i dera b l y  l es s  than that of the second test ,  
and at  the front seat reference poi n t ,  l es s  even than the i ntru s i on s uffered 
i n  the fi rst test at 2 5 . 4  kph . The veh i c l e  damage i s  s hown i n  photograph 4 .  

5 - DI S CUSS ION 

The i ntenti on of thi s paper i s  not to pres ent the resu l ts of the three crash 
tests outl i ned above , but to poi nt out s evera l facets of the work which  
should  be  noted by  those doi ng s i mi l ar work in  the future . l t  i s  rea l i sed 
tha t the comments made are based on the resu l ts of three tests on l y ,  but 
they are neverthe l e s s  of i nterest ,  parti cul ar ly  i n  the l i ght of the devel op
ment of future s tandards re l a ti ng to the s i de i mpact col l i s i on ,  where a 
new test procedure and perhaps new dummi es may be demanded . 
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5 .  1 The Need for Accurate Veh i c l e  Al i g nment 

I n  each case the Mari na b u l l et car ' s  centre l i ne was s e t-up adj acen t to the 
i ntended i mpact centre l i ne on the M i n i  targe t .  Care was taken to ensure that 
the veh i c l es were not moved after thi s setti n g  up , except to return the b u l l e t  
to the posi ti on where i t  was connected to i ts accel era tor . The pos i ti ons of 
the actual i mpact centre l i nes have been menti oned abov e ,  i . e .  - 1 5 . 2 ,  - 6 . 4 and 
+7 . 0  cm from the i ntended centre l i ge ,  a range of 22 . 2  cm . I n  tes t  2 the 
target car rotated through  about 90 , a l l ow i n g  both vehi c l es to ro l l  together 
to thei r fi na l res ti n g  posi t i on . The more forward l ocati on of the centre of 
i mpact i n  test three produced l i tt l e  rota t ion  of the bu l l et car ( the  veh i c l es ' 
centres of gravi ty bei ng nearer the i mpact centre l i ne )  and the v eh i c l e s  came 
to res t a l most  norma l to each other after trave l l i ng about 1 0  metres , compared 
wi th about 1 9  metres for tes t  2 .  

Second l y ,  the d i fference i n  the pattern of pas s enger compartment i ntrus i on 
i n  the two h i gh s peed tests ( fi gure 1 )  refl ects the d i fference i n  co l l i s i on 
condi ti ons . The d i fference i n  i mpact speed was respons i b l e  for a reducti on 
i n  ki neti c energy of on ly  7 . 5% ,  but the i ntru s i on i n  the thi rd tes t  was at 
a l l l ocations l e s s  than that of the second tes t ,  and forward of the B pi l l ar 
i ntrus i on was approximate l y  ha l ved . The more forward l ocati on of the i mpact 
centre l i ne i n  tes t  3 res u l ted i n  the re l ati ve ly  s trong A pi l l ar of the target 
bei ng d i rectly contacted by the s t i ff secti ons of the b u l l et - thi s was not 
the case i n  the  other tes ts . 

The s i gni fi cant conc l us i on from thi s i s  that a fai r ly  sma l l  di fference i n  
vehi c l e  pos i ti on i ng can have qui te marked effects on the res u l tant i ntrus i on 
i n  a s i de i mpact tes t ,  where the di fference i n  pos i ti on i ntroduces the 
i nvol vement  of a s ti ff member . I n  vehi c l e  tes ti ng the i nv o l vement of the s i l l  
can  a l so greatl y  affect the darnage pattern , and a tes t  where the s i l l  i s  
i nc l uded i n  the contacted part of the car ( th e  s i de i rnpact secti on of FMVSS 208 
for examp l e )  cou l d  we l l  be very di fferent from a rea l wor l d  col l i s i on ,  where 
freq uently the s i l l  i s  undarnaged i f  the s truck car i s  h i t by another vehi c l e ,  
the b umper of w h i c h  i s  consi derab ly  h i g her than the fl oor of the s truck car .  

5 . 2  Dummy Res ponses 

Data have a l ready been presented i n  tab l e  l whi ch summari s e s  the dummi es ' 
responses to i mpact  i n  the 3 tes ts outl i ned abov e .  I t  i s  readi l y  s een that 
i n  some i ns tances , the l oads and accel erati ons  suffered by the dummi es are 
not i n  agreemen t  wi th the currently accepted tol erance l eve l s ,  when the 
i njuri es i n  the actual  acci dent are cons i dered . Howeve r ,  i t  i s  not poss i b l e  
to conc l ude from th i s  that the tol erance l e ve l s  are i ncorrect ,  but  rnere ly that 
s ome of the data poi n ts pres ented here do not confi rrn those l eve l s .  

For exarnp l e ,  i n  tes t  2 the S I D  was subjec ted to l oads exceedi ng the tol erance 
l evel  for i ts s h ou l de r ,  whi l e  i n  the real acci dent the occupant recei v ed 
no correspondi ng i nj ury . Thi s  d i screpancy rnay be due to di fferent l oads 
i mposed by the non-s i mi l ar bu l l et cars , or i t  may represent a tol erance l eve l  
wh i c h i s  too l ow .  A l ternati vel y ,  the real occupant may have  had an  
excepti ona l ly  s trong s k e l e ton . However , d i fferences i n  the  nature of  S I D  
and Part 572  s ho u l der behavi our under i mpact ,  when compared wi th cadavers have 
been noted e l s ewhere ( 1 1 ) .  I n  that work i t  was apparent that the cadaver ' s  
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s hou l der and humerus fol ded away from the i mpact (w i th a so l i d  wal l )  whi l e  the 
durrvn i e s 1 shoul ders rema i ned ri g i d  and d i d  not rotate i n  the s ame way . I t  may 
be that the shou l ders of real  acci dent v i ctims do not transmi t maj or  forces 
transversely to the ri b cage , and so es cape i nj ury . 

I n  contra s t ,  the combi ned maxi mum i l i ac cres t and h i p  l oad of 7 . 47 kN for S I D  
i n  the s ame tes t  may ref l ect  a real i s ti c tol erance l eve l , s i nce the acci dent 
occupant suffered a crack fracture of the ri ght  i l i um from a contact wi th the 
door . S i mi l arly , the proposed pel vi s severi ty i ndex of 1 000 wou l d  not appear 
to be contradi cted . 

I n  addi ti on to the commen ts made above concerni ng the apparent l ack  of 
real i s ti c representa ti on of the human shou l der joi nt  by cu rrent dummi es , the 
traj ectori es of the dummi es 1 heads i n  the s i de i mpacts deserve attenti on . The 
head and neck of S I D  a re of s tanda rd des i gn and compl y  wi th secti ons 6 and 7 
of Part  572  of the Code of Federal Reg u l a ti ons . Tab l e  1 s hows that for the 
front seat occupants of the h i g h  s peed tests the dummi es ' head data are not 
consi s tent wi th the i nj ur i es s uffered by the occupant of the actual acc i dent . 
Analys i s  of the fi l ms of the tes t  s hows that the contact made on the B pi l l ar 
of the target car i n  the l as t  tes t  was of a g l anci ng nature and the evi dence 
of contact on the vehi c l e  confi rmed thi s .  

Th i s  fact i s  an i nd i cat ion  that the s houl der , neck and head s tructures of 
S I D  and Part 572  are probab ly  not a l l owi ng the dummy to accurately rep l i cate 
the moti ons of a human bei ng 1 s  head i n  a s i de i mpact .  I n  the case of a dummy 
i mpact the ri g i d  s houl der h o l d s  the base of the neck away from the i mpact 
a rea , thus a l l owi ng the head to rotate , a nd so a g l anci ng b l ow i s  produced to 
the top of the head . Th i s  i s  i l l us trated by the fact that the l ateral 
component of the res u l tant head acce l erati ons i s  sma l l er than the verti cal  
component as meas ured by the acce l erometers ( fi gu re 3 ) . The l ack  of an arm 
s tructure on S I D  reduces the effect somewha t ,  but the prob l em i s  s ti l l  a 
domi nant one . Cadavers , on the other hand , do not unde rgo s uch rotati on , and 
the head tends to s tri ke a f l at s u rface wi th i ts pari etal and temporal bones , 
whi ch wou l d  produce a re l ati ve ly  h i gh l a tera l component of the accel erati on . 

Head Accel era t i o n s  for Front Seat Part 572  Dununy i n  Test 3 

Accelerat ion - g 

4 0  Lateral 

0 

Time - ms 

Vertical 
40 
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The fol l owi ng peak head acce l e ra ti ons were found by Mel v i n  et a l  ( 1 1 )  when 
cadavers and dummi es were proj ected agai nst  a ri g i d  wa l l  at 33 kph to s i mu l ate 
a s i  de i mpact.  

Tab l e  2 Peak Head Acce l erati ons i n  33 kph S i de I mpacts wi th a Wa l l  

( after Mel v i n  et  a l ) 

Peak Head Acce l erati on ( g )  

S ubject Cadaver Part 572  TRRL S I D  

Tes t No ( 0 1 0 )  ( 0 1 4 ) ( 0 1 7 )  

Long i tudi nal  57  23  25  

Verti ca  1 1 74 85 1 57 

Transve rs e  293  41  1 97 

For the cadaver the domi nant component i s  a transverse one , whi l e  for the 
Part 572  d ummy the l a rgest  acce l e rati on i s  i n  the verti cal  di recti o n .  For 
S I D  the transverse peak i s  the g reates t ,  but there i s  s ti l l  a l arge verti cal 
componen t .  l t  appears from thi s that S I D  provi des be tter rep l i ca ti on o f  
cadaver respon s e .  

However,  the work of Ewi ng e t  a l  ( 1 2 )  wi th fu l l y  restrai ned vol unteers 
s uggests tha t ,  at l eas t at l ow l e ve l s  of accel erati on ( nomi nal ly 2 - l l g )  much 
of the head moti on i n  a s i de i mpact i s  rotati onal , after a sma l l i ni ti a l 
trans l a ti o n .  l t  i s  i mportant that thi s apparent contradi ct ion  i n  head 
traj ectori es be reso l ved , perhaps by fi e l d  acci dent studi es whi ch accura te ly 
pos i ti on the s i te of contact on the head .  

I n  tes t  3 ,  the rear s eat S I D ' s  shou lder di d not contact the  i ntrudi ng s i de 
pane l , but  s i mp l y  passed over the wai s t  rai l .  The s eparati on of the wi ndow 
g l as s  from the rai l ensured that the s ho u l der d i d not even contact the 
g l ass wi th any severi ty ,  rece i v i ng a l oad of only 0 . 58k N .  The g l as s  remai ned 
unbroken . The head was thus a l l owed to trans l a te more than i n  other tes ts , 
and i t  recei ved a contact of a severi ty more l i ke ly  to be i nd i cati ve of the 
one tha t the rea l occupant suffered . The evi dence of the contact on the 
veh i c l e  was more l i ke a rea l  acci dent head contact than any of the others . 

The h i g h  verti cal  peaks i n  S I D  may not i n  fact be due to di rect head l oad i ng 
but  a force transfer through the dummy ' s  nec k .  I n  the two tests where S I D  
was i n  the front o f  the target car,  the head res u l tant accel erat ion  showed 
two pronounced peaks whi ch , from fi l m  analys i s ,  occurred before the head 
s truck the veh i c l es ' B pi l l a rs . The shou l der and thorax traces i ndi cate that 
these �ead peaks may i n  fact be due to shou l der and thorax  acce l erati ons bei ng 
transm� tted through the dummy ' s  neck to the head acce l erometers , these peaks 
occu�r1 ng �ome ?O ms before the head contact i n  the h i g h  speed tes t .  I n  the 
vert1 ca l  d1 rect1 on the neck has poor comp l i ance when l oaded i n  tensi on . 
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5 . 3  CRASH P rogram 

The computer program ' CRASH ' has been deve l oped to enab l e  a useful  measure of 
cras h severi ty to be c a l c u l a ted from data that i s  readi ly  ava i l ab l e  to the 
acci dent i nves t i g a tor . Whi l e  severa l l ev e l s  of soph i s ti cati on of the i nput 
data a re usab l e ,  the mos t accurate s i mu l ati on i s  found when comp l ete s cene 
and vehi c l e  damage data a re uti l i s ed . The prog ram i s  presented i n  an i nter-

· acti ve form wh i ch can be dea l t wi th by a fai rl y  unski l l ed operator , but the 
res u l t  i s  only as re l i ab l e  and accurate as the data i nput .  

The p rocedure i s  now i n  q u i te wi de use  a s  a method of  c a l c u l a ti ng � V .  For 
examp l e ,  Monk et  al ( 1 3 ) desc ri be i ts use i n  an analys i s of 2 2 1  car-to-car 
s i de i mpacts from MDAI fi l es .  A tota l of 259  cases met the s i de i mpact 
cri teri a ,  but  35 were rej ec ted because of a l ac k  of data . Forty-ei ght cases 
contai ned data s uffi c i e n t  for a ' h i gh - l eve l ' traj ectory recons tructi on , whi l e  
the remai n i ng 1 73 cou l d  on ly  be ana lysed on a damage bas i s .  The h i gh l ev e l  
of recons tructi on a l l ows the c o l l i s i on speeds to b e  ca l cu l a ted as wel l as  6V , 
whi l e  the damage ana lys i s  on ly  a l l ows the ca l cu l ati on of AV . Th i s  techni que 
was used to p l o t  i nj u ry p robabi l i ty vers us  AV i n  s i de i mpacts , for the who l e  
body o r ,  for examp l e ,  the ehe s t ,  where s truck vehi c l e  6 V  mi g h t  b e  thought 
to be a determi nant of i nj ury , as i t  i nf l uences occupant � V .  

Such a tool i s  obvi ous ly  o f  g reat i nterest to the acci dent i nvest igator ; 
however,  CRASH us ers shou l d  be aware of the d rawbacks i n  u s i ng the program 
whi ch a re i nherent because of the ass umpti ons that a re made i n  the formu l a ti on 
of the mathemati c a l  mode l . I t  i s  not the i ntenti on of th i s  secti on of the 
paper to cri ti c i se  ei ther the CRASH p rogram or i ts use , but to emphas i se the 
fact that not on ly  must the data i nput  be accura te , but a l so that only those 
col l i s i ons  be reproduced whi ch do not v i o l ate the assumpti ons on w h i c h  CRASH 
i s  based . For examp l e ,  a s i deswi pe type acci dent shou l d  not be s i mu l ated . 

The thi rd of the tes ts di scus sed above was reproduced u s i ng the CRASH 2 program , 
u s i ng the s cene and veh i c l e  damage data . S i nce the i nput data for the program 
was fu l ly known , the vehi c l es ' i ni ti a l  s peeds and �Vs as p red i c ted by the 
mode l  are thought to be as a ccu rate as any that mi ght  be found from the 
recons tructi on of an actua l acc i dent . Tab l e  3 compares the res u l ts of the 
C RASH recons truc ti on wi th the data f rom the vehi c l e ' s  on- board i ns trumentati o n .  

The tab l e  i l l us trates two i mmed i a te poi nts . Fi rst ly , CRASH predi cts that the 
target M i n i  was trave l l i ng backwards at 1 2  kph when h i t  by the b u l l et .  Th i s  
res u l ts from the fi na l  pos i ti ons  o f  the veh i c l es ( s ee fi g ure 2 )  bei ng 
mi s a l i gned from the b u l l et ' s  di recti on of trave l . The prog ram , therefore , 
a s s umes that the res u l ta n t  ve l oci ty vector of the veh i c l es was the sum of the 
two v e l oc i ty vectors at i mpac t .  I n  fact the movement from the b u l l et ' s  head i ng 
must  have been due to a rota ti ona l effect promoted by the centres of gravi ty 
not bei ng a l i g ned paral l e l  to the b u l l et ' s  l i ne of trave l , or  to a ' s teeri ng ' 
o f  the veh i c l es caused by non- symmetri c a l  retardi ng forces , or ang l ed ,  rol l i ng 
tyres of the Mar i na . 

Second l y ,  both veh i c l es ' ve l oc i ty changes and the b u l l e t ' s  i ni ti a l  ve l oc i ty 
ca l cu l a ted by CRASH a re about 30% h i gher  than the i ns truments recorded . There 
a re severa l factors i n  the program whi ch contri bute towards thi s di fference . 
Fi r s t l y ,  the p rog ram at i ts p resent s tage of devel opment does not cope wel l 
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wi th vehi c l es whi ch s tay together after a s i de i mpact so that the bu l l et and 
ta rget are effecti ve ly  retarded by the s i deways s cuffi ng of the target vehi c l e  
on ly .  Second l y ,  l a rge d i screpanc i es can ari se i f  the s i deways trans l ati on 
changes to rol l i ng movement wi th the vehi c l es turni ng from the i r path . I n  the 
absence of skid  marks thi s wou l d  not be known i n  the f i e l d .  Users shou l d  a l s o  
cons i der the appropri a te ness o f  the crush character i s t i cs used i n  the s imu la
t ion  to the actual car  i n  q uesti o n .  I n  parti cul a r ,  the crash data used for 

· s i de i mpacts for the ' mi ni car ' category are based on a s i ng l e ,  probab ly 
unrepresentati v e ,  s i de co l l i s i on ( 1 4 ) .  l t  i s  a comb i nati on of these , and 
perhaps other factors , wh i ch have presumab ly  contri b uted to the s peed over
estima tes . 

The s i mu l a ti on of thi s  crash tes t has served to show s ome of the probl ems i n  
the use of CRAS H .  I t  i s  bel i eved that the i mpact data was better than or 
certa i nly as g ood as that whi c h  m ight  be found from a rea l wor l d  acc i dent , 
and care was taken to ensure that the program i ns tructi ons were correctly 
fol l owed . Whi l e  CRASH may be a useful  too l for the acci dent i nvesti gator , 
great care mus t be taken i n  the s e l ecti on of cases whi ch are s i mu l a ted or the 
res u l ts may be mi s l ead i ng .  A new vers i on of the program , CRASH 3 ,  i s  pres ently 
under devel opment ,  and thi s  may go some way towards s o l v i ng s ome of the 
prob l ems menti oned above . 

Tab l e  3 ComP.ari son of CRASH 2 Res u l ts and I ns trumentati on Va l ues from Tes t  3 

Col l i s i on CRASH 2 I ns trumentati on 
Vari ab l e  ( kph ) S i mu l ati on* Output+ 

Target I n i t i a l  Speed - 1 2 . l  0 . 0  

Target 4V 38. 3  28 . 4  

Bu l l  et  I ni ti a l  Speed 62 . 4  45 . 5  

B u l l et �V 24 . 3  1 8 . 4  

6 - CONCLUS I ONS 

The three reproducti ons of a real wor l d acci dent d i scussed above have served to 
s how that care mus t be taken i n  several areas to ensure that the res u l ts are 
rel i a b l e .  Potenti a l l y ,  acci dent reproduc ti on i s  a useful techn i q ue for the 
determi nati on of i nj ury tol era nce , as l ong as i ts l i mi ta ti ons are k nown and 
unders tood . 

* 
The program was run us i ng the crash characteri s t i cs for a ' M i n i car ' for the 
ta rget and ' S ubcompac t 1  for the b u l l et vehi c l es . 

+ � V  was ca l cu l a ted as the di fference between the vehi c l es ' i ni ti a l speeds and 
thei r speeds at 1 20 ms when the i ns trumenta ti on traces had stab i l i sed , and were 
measured a t  the base of the B p i l l ar .  The target  maxi mum speed was 29 . 7  kph . 
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I n  parti c u 1 a r ,  the fo1 1 owi ng prob l ems  were encountered i n  the programme : 

a )  the need for accurate and cons i s tent veh i c l e  a 1 i gnment to ensure that the 
d ummi es are s ubjected to the s ame forces and accel erati ons as the 
occupants of the rea l acciden t ,  

b ) the l ack o f  knowl edge on how we 1 1  current dummi es reproduce the movements 
of humans i n  a cci dents , especi a l l y i n  s i de i mpacts . Thi s  parti cul arly 
refers to head/neck/ shoul der des i g n ,  

c )  the need for a method o f  accurate l y  asses s i ng the pa rameters of the ac tua l 
co1 l i s i o n .  CRASH i s  a n  a ttempt to p rov i de such a too l , but  i ts use i s  
not s trai ghtforward at i ts p resent s tage of devel opment . 
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