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� 'Ibis stu::Jy axmnined the respases of 126 human cadaver am 222 
Hybrid III dLmny faiurs urdm:goi.nq dynmnic axial illplct. 

First, far tumn cadaver leq iqBCts, SAllied femur faroe alcme was 
shcMl to cX> a good job Of separatin;J injury fran ncn-injury. 'lhe 
oaabinati.CI\ of SR>lied f&ILII' faroe and fEllUr faroe rise time also was 
inYestigated. 

secx.n:l, 191 Hybrid III feaur respcrtBes in vebicle oollisiCl\S were 
Eaepl.ared. Far belt and air bag rastrained oocupants , it was found that 
the Hytrid III f a11.1r data points fall in the ncn-injury ragiai far the 
iu.n oadl!IYer leg. '1he ff!IW data points Weh fall in the injury regi.oo 
are fran vebicle oollisiCl\S in which there was sutstantial. i.ntrusioo of 
the firairall and instr\la1t pmel. . 

For S8W!l'l separate l.abaratmy test cxn::litiCl\S of tnmml c::adaver 
patel.l.a-fau:-pelvis illplct, fam.tr-faroe-varsus-time o:rriä:Jrs ware 
cx:nst:ncted far JIBSS scaled cadavers. '1he }tjtrid III respcnle was 
averl.aid oo the cadaver oarridar to sh:Jw the ext:mt to whi.ch the Hytrid 
III mimics the hllmlm cadaver. Inp J1 se-versus-t:ime cadavet' CXlt'I'ick>rs an:i 
Hybrid III �-time averlays ware also c:x:nst:zu:tej. 

In a final step, the Hytrid III fm.tr Iesp:IM was axmnined relative 
to luam'l cadaver injury. In six of the sewn l.abaratmy test cxn::liticns, 
the Hytrid III p:'edicted injury far the injurad cadavers and nai-injury 
far the ncn-injured cadavers. Qw aet of sled experinmts - in which the 
cadavar' fall.1%' and tha }tjtrid III feaur •Y not Iespcrxi the smne - was 
djso:aaed. 

Ilf1Blllil'IS! Abcut patel.l.a-faur-pelvis injury, ras·rde:s [ l ,  2 ,  3 ,  4 ,  
5 ,  6 ,  7 ,  8 ]  have su;R&Sted t:hat a reasa1abl.e femur injury criterioo to 
� l:xma ne"'JB is to limit the axial CX11pessive lard. 

SeYaral. invmtiqatars ot il!plCts to the lowar extxemities of 
Ul'ffdeJ._s tulm'l cadavers said t:hat faroe alaw JtBY mt be sufficient to 
separate injury fI'Clll ncn-injury. Laln;J et al. [ 8 ]  found the tolE!I'aOOe to 
fract1.1re to depad also oo the cadaYarous subject' s bcnl! cxnlitioo. 

o:dce and Nagel [ 3 ]  said the seYerity of t::rmma iztXitlOfri depenied al 
both the peak farcas gam:ated and the ill!plCt ettmq'/ al:slt:bd. Melvin et 
a1 .  [ 5] also saw - tor distal fractures of the femur and patella - the 
peak axial faroe is mt an ......,._te in:licatar ot patential fracture and 
the ldnatic ffttr:gy lavel aerclat.ed with the ill!plCt 111.JSt also be 
oawidared. 'Ibey saw thair fractures typically mchibited a s.inJle "sba?l> 
lard peak" as shcwn in Fiqunt l and ncn-fractures axhibited a "c:blbl.e 
peakad" Wave faDD. 

Injuries to the patella-fam.ir-pelvis - and to the lowar eKt:Iemities 
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in ge11ez:al - are seldan fatal , blt otten require lcn;Jl!l'.' hospitalizatiai 
ani nare lost wcrkirg days than injuries ( of equal AIS l'Ultlers) to other 
psrts of the taty. [ 9 ,  10 ] Qle investigatar lookinq at hospitalizatiai 
ani rat. of i.npatient/art:patient health aervioes l'XJt.ed "Ra:a1t stu:lies 
have sl'x:Jwn, hcwever , that lower ext:J:ani.ty injuries rept'esEl'lt the secxni 
DrBt iDp:rtant scmoe of disahility mlD"g imivicbll.s wbo SU?Vive 
trmmlltic injury; this fact has la:rgely ga'le unr:ecognized." [ 11 ]  An 
examh-mtiai of Na\$ data far 1982 thrcu;Jh 1985 also fa.n:l lower extremity 
injuries to be the secxn1 most i.qxrt:ant scmoe of i.JlpirDa1t. [ 12 ] 

Nl\SS Jlt\TA FTTJ§ '1he 1982-1986 Maticnü >a:ident Smllplin; 5ystan (Na\$) 
files exmnined in this sectiai satisfied the follari.l'rJ criteria: (l )  
fra1tal � , ( 2 )  the vahicle was a pass ergez: car ar licj'lt tnx::k ar 
van, ( 3 )  the vehicle was not in a rollCMU:, (4)  either a driver ar a right 
fra'1t seat passerqer, ( 5) age of the injured petscri was 16 yaars ar olde:r , 
ani ( 6)  the oocupant was not ejected. '1he injury oounts are weighted by a 
natiaial expansiai fact:ar to mke the Na\$ files repr:esentative of the 
pcp.üatioo of acx:idaits whidl cxx::ur in the U'\ited states. In exmnini.m 
the .knee-thigh-hip injuries, be aware of b:Jw injuries were ooded in the 
1982-1986 NASS files . A l!IDdnan of six injuries my be ooded far a sirxJle 
"NASS occslpU1t, "  with each injury ooded accordirq to AIS standard 
OCl"M!l'lticn; . If an ocolpU1t had 11111tiple injuries, the m:re severe 
injuries ware oodad first. Si.nce the hi� AIS value available far the 
entire lower e>cb:emities is a fa.Jr, the Na\$ ooders my not have got to 
the lowar ext:J:Elldties (bcdy regiai) far an oocupant with llll1Y injuries. 

Figura 2 shaws the di.stril:utiai of injuries by 1xxty regiai far belted 
occupants. '1he solid bars are the percentage of AIS ocunt:s far AIS 
grmter than ar equal to twc. All the solid bars stnild sum to 100 
pmoart of tha total AIS >- 2 injuries far belted occupants . '1he 
crosshat:dled bars are the percentage of harm [ 13 , 14] cmrespadin;J to the 
AIS >- 2 valwm. 'Ihe knae-thi<#l-hip injurim are abc:ut 12 pmoaJt of the 
total AIS ,_ 2 CDJl'1t far bel ted occupmts. 

Figura 3 stx:.ws the distril:1ltiai of injuriea by body reqiai far 
rrn-büted occupants. 1tgain, the knee-thigh-hip regiai are abc:ut 13 
pmcalt of the total AIS >-2 CXU1t far ncn-belted occupmts. 

Figura 4 treaks down the knee-thigh-hip bar of Figura 2 .  For bel ted 
occup!d ats, the knee acccunt:s far abc:ut 61 pm:caat of the >cnee-thicp-hi.p 
AIS >- 2 CDJnt. '1he thigh acccunt:s far about 47 pmoaat of the harm (AIS 
>- 2 ) .  Figure 4 also i::z:.kB down tbe knee-thi<#l-hip bar of Figura 3. For 
raH:lelted occupants , the knee acccunt:s far about 44 pexcaat of the 
lcnae-thicj:HU.p AIS >- 2 cxuit. '1bl th1"1 acccunt:s far abc:ut 42 -pm.._...ca-1t of 
the harm. 
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of lU.llBn cadavers will be presented. !t:lSt of the laboratar.y based 
injuries are l:ale fractu:res. '1he questioo naturally arises , "Are 
fractu:res a signif icant portioo of NASS Knee-thigh-hip lesiais ?" Figure 
5 ,  for belbd an:i nal-belbd occupants , shcMs fract:ures are the major part 
of the AIS >= 2 c::xJlD1t am also the hm:m. 

Figures 6 an:i 7 sl'DI the distril::lltioo of knee-thigh-hip injuries by 
c:Mrge-:in-'Veloci ty far belun am 1'D1-"bel. un ocoJPSl"lt respecti vely. cnly 
about 50 pmoent ar less of the NASS cases have the informatioo necessary 
for the calculatioo of �f-velcx::ity. Bacause of the requirement the 
NASS case have a calculated dlan:}e-of-velcx::ity, the mmt>er of usable 
c::rashes goes dc:Am. we NM! previously p:>i.nted aJt that - far severel.y 
injured occupmt:s - the NASS ccder Jie:f not have got to the lower 
extraaity injuries. Beasnse of these reasais ,  Figura 6 rep:esel1ts ally 24 
occupmt:s for "ot:her injuries" (unweighted NASS files) am sl'x:W.d be 
int:erpreted wi.th cautia'l. 

�DM!. Hybr:id III duaaies ware tested in pendulum, sled, am 
vehicle tests. '1he directioo of the :illplCt load.in;J of the Hybr:id III was 
frart:ally into the pate.lla-fem..Jr-pe].vis cx:q>lex � the patella. 
Si.ooe 1982 , 101 Hybrid III duaaies urDeiwent t:estinq in twenty-b«> 
differmt vehicle mkes am nrxiels . sa. veh.icles ware crashed into a 
rigid bl!lrrier at speecls rargiRJ fran 41- to 57-)q:b wh:ile othars ware 
veh.icle-'t.o-Wticle full-fm1tal ar offset iJlpJcts at 57- to 114-)qn 
closi.ß1 velcx::i ty. 

'1he rema.in1.ß1 tests selected f or this stlJ:iy ware fra1tal .i:qa:ts to 
the patella of unartelmed tmmn cadavers . 1heae tests ware fran four 
aqm�:.y-spcusored studies [ 15 ,  16 , 17 , 18 , 19] am fran two st:mies in the 
litarature. [ 8 ,  20] 'lbe iq:acting davice ll8S eithar a perä.üm ar sled. 
(5ee the original refez:eroes arxt Refm:eme 21 for details. ) 
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'lhe SAE re 01w•ded filtar far fall.Ir farce is Class 600. 'lb the eyes 
of at least cme of the authars , J11V1Y of the � Class 600 fem.u: foroe 
signals appeared as "spi.ky b:ca:w" and looked like the "raw t:races" (the 
SAE Class 1000 t:raoes) . In this paper, all fall.II' foroe data was pcooessed 
with a Class 180 filtar. 

'lhe rise ti:me - sae Figure a - is def ined as the diffm:euce of the 
time of mnc!nn fmur farce and the ti:me at l/8th of the peak farce. 

'lhe ; -q:n] se is the integratiat of the f em.u: faroe . ('Ihe integratioo 
begins at the tim of zaro faroe and nat the tim at l/Bth of the peak 
faroe . )  

:rmtm np::x 5aDe sl'KJrt 11B'!tiat sha.lld be JBie of a pcwious paper ,  [21 ) 
t:.l'Xu#'l spece limitatiais farbid arrt extaidad disrussiat. Base:! ext 112 
patella-faiur-pelvis i.npM:t experilaits, 8A>lied fall.Ir farce alcme did a 
reascnlbly gcod jcX> of separatinq injuryjral-injury as shown in Figure 9 .  
'lbare is a regiat of lowar values of f arce f ar � there are no 
patella-knae-pelvis injuri•. NeXt, there is a transitiat regiat in whid'l 
tx:Jth injuri• an:i ncn-injuri• are cXaerved. I.astl.y, ncn-injuri• 
di� far the hi.ghar farce values . Sme 54.\ ( 60/112) of the data 
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points fall in the t:ransitia'l reqia'l of Figure 9. 
A probabi.lity of injury - founiad a'l applied fam.Jr faroe as the looe 

i.rdeperdeut variable - was devalopecl usin;J a Weitul.l di.stribltia'l and the 
Mavi 111n Lilceli.b:xxi Met:hod and is pr; es a 1ted in Fi.gure 10. ( 22 , 23 ) A foroe 
value of 10 lcN ( 2250 pcunis) is at the 35 % 1.evel. of injury risk. 

A c:tiscriminatioo aspability between injury,lnal-injuries was 
established us� a bi variant DDiel. with F and T . as the 
irdepen:1eut variables as stx:Jwl'l in Fi.gure l� In �ar, the 21% 
probabi.lity l.ine of injury goes up to atx:JUt 12 kN for Trise <= 10 msec . 

After 10 mec ,  wbere does the 21 % probabi.lity l..ine go 7·· si.J'De there are 
no injuries after 10 msec for this data set , the nai-injury regi.oo was 
arb:i.trarily caR'f'd t1i' a hcriZCl'ltal fam.tr farce l.ine at Fmax • 12 kN. No 
injuey was seen below 7 .  O lcN. 

Figure 12 shaws injury versus the best - in tbe Discri.mi.nant Analysis 
sense ( 24 ' 25]  - linear OCllilinatioo of mxjnum awlied fall.JI' farce and 
rise time for the data snbu!q>le where T'RiJ;e T:i.mi9. < = 10 msec . 'llle 
trzmsi.tioo regiai - i .  e. , the overlap �-cm:n injury and nai-injury 
� - oovers ally 41% ( 46/112) of all the data poi.nts. 

'llle patella-fem.Jr-pelvis injuries of the human cadavers are descri.bed 
in Refm:euoe 21. MJst are fract:ures althcu;Jh there are lacm:atia'lS .  cm
data sa:q>le does rot possess a solitary falm'al shaft tracture without 
i.njury to the patella or fam:ral cx:nfyles , whidl solitary type of i.njury 
is reported in real wcrld oollisiais. (26 )  It � oo:r data sanple is 
m:xre Ieptesesatative of the kin:l of injury whidl oocurs wnen the knee 
� stiff , unyiel� stnctures . 
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HXEID III T!STS A snmmry of the vehicles crasbed , the test ocnli ticrt , 
am the Hytrid III respame is in Table l.  Table 2 lists the Hyt:rid III 
respa1S8 for the sled am pendul.um tests . 

It has baen menticmed befare that mxi111nn faim-al faroe am fanaral 
foroe rise time are perameters of interest. A plot of the Hybrid III 
mmd:aJm int:ernal foroe versus rise time is exhi.bited in Figure 13 far the 
vehicl�to-veh.icle am vehicl�to-bm:rier crash tests in whic:h the Hytrid 
III is mn-restrained . Cl"1 Figure 13 , one can averlay the onve -
disoJSsed in the previcns secticri - whic:h rou:;Jhly separates 
patella-fmur-pel.vis inj\n"y frcm mn-inj\n"y far the lumBn cadaver . 'Ihis 
f igure shows that the mst of the Hybrid III data points fall in the 
mn-injury reqia'l EMl'l � the dlmnies were unrestrai.ned. 

A plot of the Hybr'id III lllDCimJm int:ernal force versus rise time is 
exhibited in Figure 14 for the vehicl�to-vehicle am vehicl�to-mrrier 
crash tests in which the Hybrid III is restrained. 'lhere are two types of 
bel t rast:raints am an air bag iniicated in Figura 14 . 'lbe average 
int:ernal fem..tr force for the 2-point restrained occupants my be slightly 
higher than for the 3-point restrained occupants; b.tt in gamal , there is 
not a clear seperatia'l of the fem..tr la.ds for the two restraint types . 

AlDcst all the restrained Hytrid III data points fall in the 
mn-inj\n"y reqicri for the tuman cadawr leg. '1he fQJr data points which 
fall in the injury regiert are frcm vehicle oollisiais in wen there was 
substantial intrusia'l of the firewall am imtrument panel . 
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ll!Wfi:ncE Bl§EQ§E A mmt>er of luJman cadavers arli Hybrid III dulllni.es were 
ida'1tically i:q:a::t tested in seven separate laooratary test set:up; . 'lhese 
seven separate test o:n:litiais - two pendul.um am five sled set:up; - are 
identified by the use of the integers one � seven in Table 2 .  

'lbe fEllllJI" force respa me of the Hyt::rid III will be cx:mpred to the 
DBSS scaled [ 27 , 28 ] f em..tr force of the lumllln cadavers to sl'DI 
similarities am differaces . E!d\ of Figuns 15 thrcu;Jh 21 are 
sutxlivided into two parts . In part one, fE!llllr-foroe-versus-rise-time 
oarridors were CXX1StJ:\cted for the mss scal.ed cadavers . 'lbe Hyt:rid III 
extemal. f orce am i.nternal f oroe are averlaid a'l the cadaver carrickr to 
shcw the extent to weh the Hytrid III milli.es the cadaver. By "extemal. 
force , 11 'we maan the force is naasured art:side of the cadaver ar Hybrid III 
body . In the secx:ni part, the � of the hLlmm cadaver external 
f oroe are cx:mpred to the integral of the Hytrid III extemal. f orce am 
int:ernal force. so, the ; np.11 se of the :t:unan cadavers is cx:mpred to the 

_ i np>l se of the Hyt::rid III for extemal. foroe am internal force. 

- 26 -



'lh8ae plots are assinned to be CD! measure of hcw hLmllnllke the Hybrid 
III is. Qw a.111apirg positiai to take - taaed ai Figurm 15 t:hrc:u;j\ 21 
- is that the Hytrid III has a higber applied faroe than the cadavers f or 
the paüü.um tmts ,  blt the Hytrid III locics like the cadavers for the 
sled tmt:s. 

In lookinq at Figures 15 am 16 , � can w ocrci.\D! ? Far the 
pemul.um iqacts, the Hytrid III external am intemal faroe is. greater 
than the DBSS-scaled !uaan cadsver externaJ. faroe. 

Par the sled tests in Figures 17 thra.l1h 20 , the Hytrid III external 
fOJ:Q! is cloee to the tumn cadaver oarricklr bJt slightly high. 1he 
Hytrid III intema1 faroe is cloae to blt slightly lower than the l'uJmm 
cadaver external force ltMBl.s. 

A notewart:hy axcepti.ai � the secxni (Figura 21 )  of the two wayne 
state U'li.varsity 2-feint belt restrained sled tests. In the way of 
particul.ars , both Wsyne state sled test situaticn; are far a delta-V of 
48-)q:i'l. '1he first test ccn:litiai (Figura 20) hl!ls a paak sled acceleratioo 
of 22 g's \lhile the secxni (Figura 21 ) has 35 g's. '1ba cadaver oarri.OOI's 
are sjmj]ar far both test ccn:liticn;. '1he Hytrid llI in the first case is 
close to the mss scaled C8daveI' oarricbrs as menticned in the pi:eoedj n;;J 
paregtapi. Par the seoou:l case ,  the Hytrid III externa1. fOJ:Q! is nu:ti 
higber than the cadaver external faroe oarricklr am the Hytrid III inp>]se 
is also higber than the cadaver inpi]ae oarridar. 

Far the seYen labaratary test ccn:liticn; , to what degl:ee does the 
Hytrid III predict ncn-injury llltw'l the cadavers (Jcnae-thicp-hip body 
reqiai) were oot injured am pra:lict injury when the cadavers 
(Jcnee-t:hi�p body regiai) ware injured ? Figura 22 displays all t.he 
cadavar data arxi the Hytrid III respaw in the S8V8'\ test ccn:li tioos 
( designated l thrcu#l 7 as in Table 2)  • '1he vertical axis is the external 
fEllLil' faroe ani the l'xlrizcntal axis is the rise time linkai with the 
external fEllLil' foroe. In six ait of the SEMi!ll test ccn:li tiais , the Hybrid 
III predicts oo injury when thare ware oo cadaver lesicnJ arxi predicts 
injury \lhen thare ware cadaver lesicns. In Figura 22, the symtx>l "6" is 
the Hytrid III tespaase in the secxni 2-point belt restrained wayne state 
Uli versity sled test. Alttx:uj'l the cadavar bad oo ladcn; in the secxni 
wayne state sled test, the Hybrid III pn9dicts � of injury. 

Figura 23 is sini]ar to Figure 22 , blt the Hytrid m intemal feaur 
foroe is uaed in plaoe of the Hytrid m 's external fam.u: faroe. '1he 
results are the sae in that tbe Hytrid III again pr:a1ict:s cm1ectly in 
six ait of tbe SEMB'l l.abaratocy test ccn:liticn;. 
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FIG. 11 • CALSPAN PADDED PENDULUM 27 KPH APPLIED 
FEMUR FORCE AND IMPUL8E CORRIDORS 
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FIG. 11 • CALSPAN PENDULµM (NO PAD) 27 KPH APPLIEO 
FEMUR FORCE AND IMPULSE COARIDORS 

Hybrid I I I  Force Overlay 
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FIG. 17 • CIRA 24 KPH APPLIED FEMUR FORCE AND IMPULSE CORRIDORS 
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FIG. 1 1  • CIRA 40 KPH APPLIED FEMUR FORCE AND IMPULSE CORRIDORS 
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Flg. 22 • c.d8ver and Hybrid III appHed 
temur force va r1H ttme 
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Flg. 23 • Cedmver applled temur toroe and Hybrid III 
Interna! temur toroe w rtM tim• 

o In the 1982-1986 NASS files, knee-thigh-hip injuries aoorunt for 
about 12 peroeut of the total AIS >-= 2 lesia11S for belted drivers an:i 
right fra'lt seat ptSSEllgeIS in fralt:al. ex>llisialS. OX'lsidering aüy 
knee-thigh-hip injuries, fractures llOCOUl'1t for the DBjar partioo of the 
AIS >= 2 lesiais for belted drivers an:i fratt seat I'85SE:11gm:s in frart:al 
collisicms. 

o Applied f Ellllr f orce alaie did a good jOO of separating human 
cadaver injury fran l'Dl-injury al� t:here was a ).arge regioo of 
injuryjrDl-injury averlap. An injury index which did an able job of 
separating cadaver injury,lncn-injury used the �lied fEllllr force an:i the 
rise time of that faroe. About 41 % of the data points fell in the 
injury,lncn-injury owu:lap regioo using this fanlll.atioo. 

0 '1be fE!lllJI'S of belt or air mg restrained Hybrid IIIs fall in the 
l'Dl-injury reqioo of the JreV].ous cxn::lusioo. 'lbe few fEllll.lt'S whi.ch f ell 
in the injury regioo were associated with higber speed ex>llisiais in whidl 
intrusioo of the firewall and instrumant panel oocurs • 

o 'lbe f E!lllJI'S of human cadavers and Hybrid III dunmies were 
identically � tested in seven separate l.atx>ratory test setups . \'llel'l 
fem.ir-force-versus-time cadaver oarridcrs arxi ffllllr-i quJ se-versus-time 
cadaver oarridcrs ware ocnstructed , ocqmisalS were Dll!lde with the Hybrid 
III 's fEllL1r respcnge . '1be Hybrid III had a higher �lied force than the 
cadavers for the peniu.lum tests . '1he Hytrid III feaur tespaise was close 
to the cadaver corridcrs for fair cut of five of the sled tests . 

o Using either of the afm:ementialed knee-thigh-hip injury intioes, 
the Hytrld III oon:ectly predicts rx> injury wben there were rx> c211daverous 
lesia'lS an:i injury wben there were cadaveraJs lesialS for six cut of the 
S8W!I'\ separate lab:Jratory ocnlitiais. 
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C87101D 

C87 l02D 

C87003D 

C8'7004D 

C ll7 1 1 1D 

C87019D 

Cll7020D 

Sll501JD 

Sll5l13D 

S8'50l•D 

S8'5l l•D 

511'501'5D 

S8'511'5D 

Sll'5016D 

S8'5116D 

S8'5017D 

S8'5117D 

Sll'50111D 

S8'Hl8D 

S85019D 

S8'51 19D 

W8500 1D 

11'11'5101D 

WM005D 

W85105D 

W11�9D 

W85019D 

W850 llD 

Wll'HllD 

Alll029D 

A81 129D 

TABLE 2 • HYBRID III PENDULUM AND SLED TESTS 

CA13PAN COllPOllATION 
• 13.3 
• 13.0 
• 13.0 

• 12.8 

.?3.3 
1 25.J 
1 26.0 

0.06 

0.06 

0.06 

0.06 

0.10 

0.10 

0 . 1 1  

4 

4 

4 

4 

4 

J 

3 

2 
2 
2 
2 
2 

2 

UMVDSrTY or CAUrORNIA AT SAN DllGO ICIRA) 
Ä 
Ä 
Ä 
„ 
• 
• 
• 
1 
4 
4 
4 
4 
4 
4 

• 
• 
* 
* 
• 
• 
• 
• 
„ 
„ 

2.5 

2.5 

2.5 

2.2 

UI 
2. 1 

2.0 

1.8 

8.J 

6.Z 

1 l.0 

•.8 

9.5 

1 l . 1  

8.1 

11.J 

10.5 

10.8 

2•.2 

22.l 
i.6 

7.1 

NA 

NA 

0.14 

0. 1 1  

0. 12 

0.1 1  
0.07 

0.10 

o.oa 
0.08 

0.21 

0.15 

0.20 

0.15 
0.18 

0.16 

0.12 

0.1• 

0.1• 

0.13 

0.16 

0.111 

0. 1 1  

0.12 

NA 

NA 

72 

70 

66 

70 

'}6 
69 

55 

60 

611 
67 

•2 

65 
59 

3J 

24 

39 

1 9  

1 7  

12 

12 

26 
30 

NA 

NA 

J6 
.„ 
40 

J4 

29 

2• 

26 

3" 
31 
J4 

II 
J l  

28 

6 

12 

1 1  

8 

J 

4 

14 

1 1  

NA 

NA 

1 3 . 1  

1 3 .  l 
12.7 

1 3 . l  

21> . 8  

24.4 

26.6 

•.e 

•. 5 

5.4 

5.9 
3.6 

3.5 

2.5 

J .• 

10.8 

11.3 

14.5 

9.8 

10.5 

1'!1.0 

12.8 

10.5 

18. l 

16.2 

33.5 

30.4 

l•.• 

13.9 

11.• 

11.3 

0. 10 

0.10 

0.10 

0.10 

0.17 

0.111 

0.19 

0.18 

0.19 

0.111 

0.19 

0.14 

0.14 

0. 1 1  

0.12 

O.Jl 

0.2'5 

0.31 

0.25 

0..27 

0.27 

0.23 

0.23 

0.36 

0.36 

0.29 

0.22 

0.38 

0.30 

0.25 

0 • .12 

-:z 
59 

62 

70 

63 
M 
611 

66 

58 

S4 
59 

'}6 
35 

29 

40 

22 

22 

15 

1 1  
J3 

30 

33 
311 

3 
J 
3 
J 
2 
J 

4 

37 

JZ 

c· 

22 

� 1  
J() 
25 

27 

16 

a 
10 

10 

8 

4 

1• 
17 
lJ 

lJ 

14 
14 
14 
14 

26 
.25 

211 

34 

;}.! 

J4 

J4 

26 

26 

24 

24 

4J 

4J 

40 

40 

40 

40 

48 

•8 

48 

41l 

48 

48 

•II 

•8 

All forces processed with an SAE Class 1 80 filter. 

Pendulwn i.mpaet wbere face i• c-red wilb 1 
tt•e c:m po�mM foam pacl; run at 27 kpb. IRef. 17 • 18) 

Sl.e<I equipped wiUl an �aa; ND at •II kpb. 
last. 1S) 

1 P.nclulWD i.mpac\ riUl tlat fece ; ND al Z7 kph. (Bef. 17 tt UI) 
1 Sled witb &D eDCl'17 ab..m.iDI at.eeriDI 

wbeel; ND al Z4 kpb. (Bef. 19) 

' Sied witb an enav u-Omc -nna wb„l; ND at •O kpb. {lef. 19) 

1 Sied witb automaüc 2 pomt belt .,..wm &Dd a bolatft' at • 190-0.IJ'ft lmee &11&1•• 
run al 48 kph (22 a). IRef. 16) 

1 Sled •iU> an aul.omaüc 2 polDl bell „_m 
&Dd • buleter •l • 60-d ... r.e knee ancle; 
run al 48 kpb bul al a iu.ber 1-l"el (J5 c). (Ref. 16) 

• J'wDdulWD impacl 'lrilb ßat face: ND al 
14 ll:pb. Ulet. 17 " 18) 

* Sln wttb an auW.alic 2 potnt belt „_111 
ancl a bol.91.er at a 60-clqree lcnee ancl� 
l'\ID al .S kpb (U a). (lief. 16) 

• SMd with an nt.tnDa�c 2 po&nt belt „-.m 
llDCI a bolatft' at a 190-dqrff DM uacle; 
run al 46 kpb 122 1). 4Loor lcDee bollllerl lllef. 16) 
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oc:nfiguratiais of Rafez:eu:::e 16 were provided as a CDJrtasy by Ford MX.oI
O"mptny. 'Ihe authots thank Dr .  Clau:ie Tarriere an:l the :research temn 
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