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ABSTRACT This stidy eaminad the respoees of 126 Inmman cadaver and 222
Rytrid III cemy femmors undergoing dynamic axdal impect.

First, for lmman cadaver leg impacts, applied famr farce alane was

s!mntod:ag:odjobofeqnmﬁrginjmytmrm—injmy The
cambimtion of applied femr farce and femrr farce rise time also was
investigatad.
Sexxd, 191 Hybtrid III femr respames in vehicle ocollisiaons were
explared. For belt and air bag res@rainxd anpants, it was found that
the Hytxrid III femr data points fall in the non-injury region for the
lmmn cadaver leg. The few data points which fall in the injury regian
are fram vehicle collisiaons in which there was substantial intrusion of
the firewall and instrument panel.

For eaeven semarate lalxrwratary test caditions of lumn cadaver
ptells~fanr-pelvis imact, fanr-fae-raes—-time crridors were
astnrtal for mass scaled cadavers. The Hytrid III respase was
overlaid an the cadaver arridar to show the extart to which the Rytxrid
III mimics the luman cadaver. Impulse-versus-time cadaver corridors and
Rytrid III implss—eras-time overlays were also arstnctal.

In a final step, the Hytrid III fanr respym=e was eamined relative
to human cadaver injury. In six of the seven lalrratary test caditions,
the Hytxrid IIT predicted injury for the injured cadavers and non-injury
for the non-injured cadavers. One set of sled equrimes — in which the
cadaver fammr and the Hytrid III femr may not respaxd the same — was
disnmsad.

mmm Abwt[.nmnrfmlvis injury, cesesrchers [1, 2, 3, 4,
5,6, 7, 8] mmtammefminjuycriterimto
mmmistolmitthemdalmiveload

Several investigatars of impacts to the lower extremities of
unembalmed lmen cadavers said that farce alane may not be sufficient to
ceparats injury fram narinjury. Lamng et al. [8]) found the tolarance to
fracture to deparxi also on the cadaveras subject’s bone canditian.

QadcaardNAQlD]saidthesa\mtyofmmmMm
both the peak farves generatad and the impact enargy abexrted. Melvin et
al. [5] also saw — for distal fractires of the famr and patella — the
peak axdal farce is not an adequate imdicatar of potamtial fractire and
the kinstic energy level assaciated with the impact mist also be
arsideral. They saw their fractires typically exhibited a single "sharp
load paak" as shown in Figure 1 and nanrfractires exhibited a "double

" wvave farm.

Injuries to the ptells~femmr-pelvis — and to the lower extremities

wmmmiMMWumdm.
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Fig. 1 - Shape of applied femur force reported In Reference 5

in general — are seldam fatal, but often require langer hospitalization
and more lost warking days than injuries (of egual AIS mmbers) to other
parts of the body. [9, 10] Gne investigatar looking at hospitalization
and rates of inpatient/cutpatient health services notad "Recartt stidies
have shown, however, that lower extremity injuries represemt the second
most important source of disahility among individmils who survive
traumtic injury; this fact has largely gone unrecognized." [11] An
eanmination of NASS data for 1982 throuxgh 1985 also found lower extremity
injuries to be the saxyd mnst imrtant source of impairment. [12]

NASS DATA FILES The 1982-1986 Natianal Accident Sampling Systam (NASS)
files eaminexi in this section satisfied the following criteria: (1)
framtal impacts, (2) the vehicle was a passenger car or light truck or
van, (3) the wehicle was not in a rollover, (4) either a driver or a right
fmteeatm, (5) age of the injured person was 16 years or older,

and (6) the anapant was not ejectad. The injury counts are weighted by a
maticnal expansion factar to make the NASS files represamtative of the
eoplatian of accidents which ocour in the United States. In eaminimg
the knee=thigh-hip injuries, be &ware of how injuries were coded in the
1982-1986 NASS files. A mdmm of six injuries may be coded for a single
"NASS axgant " with each injury codad acxading to AIS stamdard
awvettians. If an axupant had miltiple injuries, the more severe
injuries wvere cadad first. Since the highest AIS value available for the
attire lower extremities is a four, the NASS cxiers may not have got to
the lower extremities (body region) for an axrampamnt with many injuries.

Figure 2 shows the distrihation of injuries by body region for belted
anants, The solid bars are the percarmtage of AIS counts for AIS
greater than or egual to two. All the solid bars should sum to 100
percent of the total AIS >= 2 injuries for belted cxymmts. The

are the parcarmtage of harm {13, 14] arrespoadim to the
AIS >= 2 values. The knee-thigh-hip injurias are about 12 percent of the
total AIS >= 2 countt for belted aupants.

Figure 3 shows the distrihtion of injuries by body region for
rontelted opants, Again, the knee-thigh-hip region are amut 13
paxrnxtoftmwmlus»zmmrmﬁnltadm

Figure 4 reaks down the knee-thigh-hip bar of Figure 2. For belted
ccapants, the knee acwats for about 61 parceant of the knee-thigh-hip
AIS >= 2 count. The thigh acnunts for about 47 percent of the harm (AIS
>= 2). Figure 4 also breaks down the Xmnee—thigh-hip bar of Figure 3. For
mntelted anpants, the knee acngtts for 44 percant of the
knee-thigh-hip AIS >= 2 count. The thigh acoounts for about 42 percant of
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lLater in this paper, the analysis of injuries fram lalxratory impacts
of humn cadavers will be presantad. Most of the laboratary based
injuries are bone fractires. The question naturslly arises, “"Are
fractiires a significant portion of NASS Knee-thigh-hip lesians ?" Figure
5, for belted and artelted axumants, shows fractures are the major part
of the AIS >= 2 count and also the harm.

Figures 6 and 7 show the distrihrtion of knee-thigh-hip injuries by
change-inmr+velocity for belted and mntelted axpant respectively. Only
about 50 percent or less of the NASS cases have the infarmation necessary
for the calculation of chamge-of—velocity. Bacmuse of the requirement the
NASS case have a calculated change~uf-velocity, the mmber of usahle
crashes goes down. We have previously mintad ocut that — for severely
injured omants — the NASS coder may not have got to the lower
extremity injuries. Because of these reasans, Figure 6 remesents aonly 24
axpants for "other injuries" (uweighited NASS files) and should be
intarpretad with caution.

LABORATORY DATA Hybrid III dummies were testad in pendulum, sled, and
vehicle tests. The direction of the impact lcadimg of the Hytxrid III was
frattally into the patella-femr—pelvis camplex tirough the patella.
Since 1982, 101 Hyhbrid III dumies undervent testimg in twerty-two
different vehicle makes and mpdels. Same vehicles were crashed into a
rigid barrier at speads rargirg fram 41- to 57-kph while others were
vehicle-to—vehicle full-framtal or offset impacts at 57- to 1ll4-kph
closing velocity.

The remining tests seleactad for this stidy were framtal impacts to
the patella of wenmimed hman cadavers. These tests were frum four
amucyspoaned studies [15, 16, 17, 18, 19] and fram two stixdies in the
litaratare. (8, 20] The wmmeiﬂnrapaﬁnmorsled.
(See the original references and Refererre 21 for details.)
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The SAE recamnended filter for famr farce is Class 600. To the eyas
of at least ane of the authors, many of the SAE Class 600 famr farce
signals appeared as "spiky traces" and looked like the "raw traces" (the
SAE Class 1000 traces). In this paper, all famr farce data was proces=sed
with a Class 180 filter.

The rise time — see Figure 8 — is defined as the difference of the
time of mdmm fammr force and the time at 1/8th of the paak farce.

The impulse is the imtagratian of the fammr farce. (The imtagratian
begins at the time of 2ero farce and not the time at 1/8th of the paak
farce.)

INJURY INDEX Same short mentian should be made of a previous paper, [21]
thouxgh space limitations farbid any extanded discamsian. Based on 112
patella-fanrpelvis impact eqerizats, applied famr force alane did a
reasombly good job of separating injury/nar-injury as shown in Figure 9.
There is a regian of lower values of farce for which there are no
ptallr-Xrme-pelvis injuries. Next, there is a transitian regian in which
both injuries and non-injuries are cmerved. lastly, non-injuries
disappear for the higher force values. Same 54% (60/112) of the data
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points fall in the transition region of Figure 9.

A mrambility of injury — fouded on applied famar farce as the lane
imepardamt variable — was developerd using a Weibuill distrinrcion and the
Maximm Likelihood Method and is presented in Figure 10. [22, 23] A farce
value of 10 KN (2250 ppurds) is at the 35 § level of injury risk.

A dicrimination capability betwesn injury/monr-injuries was
estahlished using a bivariant model with F and T . as the
i variables as shown in Figure 17* 1n pfﬁﬁnar, the 21%
prarhility line of injury goes up to about 12 kN for T_.__ <= 10 msec.
Aftm-mmec,ﬂmdoesuen%pntabuitylmeqo?sgirmt!mm
no injuries after 10 msec for this data set, the non-injury region was
arbitrarily cappad by a harizantal femr farce lineatme=12 kN. No
injury was seen below 7.0 kN.

Figure 12 shows injury versus the best — in the Discriminant Analysis
sanse (24,25] — linear cambiratiaon of maximm applied femr farce and
rise time for the data suhsample where T,. < =10 msec. The
transition region — i. e., the overlap % injury and non-injury
happen — covers anly 41% (46/112) of all the data points.

The patella-femmr-pelvis injuries of the human cadavers are described
in Reference 21. Most are fractures although there are laceratians. Our
data sample does not possess a solitary famral shaft fractare without
injury to the patella or famral condyles, which solitary type of injury
is reported in real world collisions. [26] It appsars our data sample is
mre regresatative of the kind of injury which axzrs when the knee
impacts stiff, unyielding sCructires.
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EYBRID III TESTS A summry of the vehicles crashed, the tast conditian,
and the #ytxrid III resparse is in Table 1. Tahle 2 lists the Rybrid III
resgyse for the sled and pexdulum tests.

It has been mertianed befare that maximm famral farce and famral
faroe rise time are parametars of intarest. A plot of the Rybrid III
wdnnintanmlfameva:susrisetimeisedﬁbitzdin?igmnforthe
vehicle-to~vehicle and vehicle-to-tmrrier crash tests in which the Hytxrid
III is nonr-restraired. On Figure 13, ane can overlay the arxrve —
dmnsaimtheprevmussactlm—wmmmghlysqnmtes
patella-fenr-pelvis injury fram non-injury for the hsmn cadaver. This
figure shows that the most of the Hybrid III data points fall in the
rax-mjm'yreglmevmm:;hthedmnmesmm

A plot of the Hyhrid III maximm internal farce versus rise time is
edhibited in Figqure 14 for the vehicle-to—vehicle amd vehicle-to-tarrier
crash tasts in which the Hybrid III is restraired. There are two types of
belt restraints and an air bag imdicated in Figure 14. The average
intermal femr farce for the 2-point restraired axmupants may be slightly
higher than for the 3-point reEtrained anpants; but in general, there is
not a clear separation of the femrr loads for the two restraint types.

Almpst all the restrained Hybtrid III data points fall in the
nanr-injury region for the mman cadaver leg. The four data poimts which
fall in the injury region are fram vehicle oollisians in which there was
substantial irtrusion of the firewall and instrumeTt panel.

o Comhuuk VYotuele=to=Vehicle and Vebicle~to-Barmier Cresh Tesis Combined Vehicle=to=Vehicle and Vehicle~to=Barmer Crash Tests
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HIMANLIKE RESPONSE A rumber of hnmman cadavers and Hybrid III Gummies were
identically impect tested in seven separate laboratory test setips. These
seven separate test conditions — two pedulum and five sled setups — are
idertified by the use of the intagers ane through seven in Table 2.

The femr farce response of the Hytrid III will be comparen to the
mass scaled [27, 28] femr farce of the human cadavers to show
similarities and differemces. Each of Figures 15 throxgh 21 are
subdivided into two parts. In part ane, femmr-fare-versus-rise-time
carridars were castnrtad for the mass scaled cadavers. The Hytrid III
extermal farce and internal faroe are overlaid on the cadaver carridor to
show the extent to which the Rybrid III mimics the cadaver. By "extarnal
farce," we mean the farce is measurad outside of the cadaver or Rybrid III
body. In the sexad part, the imtagrals of the lnmmn cadaver external
famearemruitomemofthewtridnlmlfmcem
intermal faroe. So, the impulse of the lzmn cadavers is comparen to the
impulse of the Hytrid III for external farce and imternmal farce.
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Thaese plots are assumed to be one measure of how Mmmnlike the Rybrid
III is. QOne sweaplryg position to take — based on Figures 15 through 21
— is that the Hytxid III has a higher applied farce than the cadavers for
the pemdulum tasts, but the Hytxrid III loaks like the cadavers for the
sled tasts.

In loakimg at Figqures 15 and 16, what can we caxnclude ? For the
pendulum impects, the Hytxid IIT extarnal and inmternal farce is greater
than the mass-scaled lammn cadaver external farce.

For the sled tests in Figqures 17 timough 20, the Hytwrid III extermal
farce is close to the lmman cadaver carridar but slightly high. The
Rytxid IIT imternal farce is close to but slightly lower than the nmman
cadaver extarnal farce levels.

A (Mexxtlly exception was the secad (Figure 21) of the two Wayne
State Univearsity 2-point belt restraired sled tests. In the way of
particulars, both Wayne State sled test situatians are for a delta-v of
48-kph. The first test cadition (Figure 20) has a paak sled acceleration
of 22 g’s while the secand (Figure 21) has 35 g’s. The cadaver corridars
are similar for both test canditians. The Hytxid III in the first case is
Close to the mass scaled cadaver carridors as mentianed in the preceding
paragraph. For the seacond case, the Hytxid III extarmal farce is mxch
higher than the cadaver extarnal farce carridar and the Hytxid III implse
is also higher than the cadaver impulse crridor.

For the sevan lalmratary test caditians, to what degree does the
Rytrid III predict non-injury when the cadavers (kee—-thighr-hip body
region) were not injured and predict injury when the cadavers
(kr=e—thigh-hip body region) ware injured ? Pigure 22 displays all the
cadsver data and the Hytxid III respases in the seven test caditions
(desigmatad 1 through 7 as in Tahle 2). The vertical axis is the external
fanr force and the horizamal axis is the rise time linkaed with the
etarmal faarr farce. In six out of the seven test caditions, the Rybrid
III mredicts no injury when there were no cadaver lesions and predicts
injury when there were cadaver lesians. In Figure 22, the symol "6" is
the Hytxrid III respoeEe in the secand 2-point belt restrained Wayne State
University sled test. Althogh the cadaver had no lesians in the secand
Wayne State sled test, the Hytwid ITI predicts aaorrare of injury.

Figure 23 is similar to Figure 22, but the Hytwid III internal femr
farce is usad in place of the Hytxrid III‘s etarnal femmr farce. The
results are the same in that the Hytxrid III again gredicts arxrrectly in
six aut of the seven lainratory test canditians.
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CONCTUSTONS

o In the 1982-1986 NASS files, knee=-thigh-hip injuries account for
about 12 percent of the total AIS >= 2 lesians for belted drivers and
right frant seat @gassergers in frantal collisians. Considering only
knee=thigh-hip injuries, fractires account for the major portion of the
AIS >= 2 lesians for belted drivers and frant seat passergers in fromtal
collisians.

o Applied femmr farce alone did a good job of separating lmman
cadaver injury from non-injury although there was a large region of
injury/mon-injury overlap. An injury index which did an able job of
separating cadaver injury/nonr-injury used the applied famur farce and the
rise time of that farce. About 41 § of the data points fell in the
injury/nar-injury overlap region using this farmilation.

o 'mefanxsofbeltora.irbagmirujﬂybtidnlsfallinme
ncn-mjuzy region of the mrevious axclusion. The few femrs which fell
in the injury region were associated with higher speed collisiaons in which
imtrusion of the firewall and instrumET panel coarrs.

0 The femrs of mman cadavers and Rytrid III dummies were
identically impact tastad in seven separate lalnratary test setyps. Wnen
fenr-farce~veras-time cadaver carridors and femur-impulse-versus-time
cadaver carridors were axsthrtal, dapansys wvere made with the Rybrid
IIIl's femr respase. The Hylrid III had a higher applied farce than the
cadavers for the pendulum tests. The Hytrid III femrr resprse was close
to the cadaver aorridors for four out of five of the sled tests.

0 Using either of the afcrementianed knee-thigh-hip injury indices,
the Hybrid III carrectly predicts no injury when there were no cadaveros
lesians and injury when there were cadaveras lesians for six out of the

seven separate laboratary caditians.

- 30 -



( pemryu0))

* IR W1 ST NS W
A =0j v

11%q dey in bag Jte =
g 31 eome W -
T A
1% Yyeope ¥

1 mem M
1% [wew ¥
»y

"w o e

1) JPu-y
mm) 3 = 1
-4

1

® ) 00 | v Jeyear) yaonay W MR n o Yio| W  pow) venay "SR I 1 |
§ 6 96 | 10 Jat[ear) RouaR) P e ’ 0 0 [ pom) eoiay I 0 ol
® 0 ¢y | v Jai[ean) Rona) I T l {1 I's |0 mow) woiaey "I I 1
N u re | 1effear) pronay i u I 9i 1 €y | g abpog "R )
" 6 69 | el{eas) jonap I uw u T3 s | imog g 4 60 Mit
o 9 05 | p Iet[ear) yajonap (T {1 o1 U ¢l | tamg  abpog £ ¢ o1
i u ') N Jet[es) Pona i n S 1 0¢ 1] oy abpg K ¢ il
13 13 Uy | etiean) pponap i 0 1o | %N Y1 | mpoB) woiey K 0 i
n 5 0 | 0i[ean) Japonay 10 el u o ST | pom) .cn! K0 Hol
o M ) |08 Ief[eam) @[onE i H ; N "L | poo) ol "I T |
9l 1] 00 [N I9T[eae) POLE I (11 F 0 s | pow) ol i 0 ml
i 7] b |0 ojear) prona) 1 Ml 1 I vel [ pwxy 0 "o
o % r | N 19| [ean) Rlone) I w ol (« 1 ozt [N Py Wy " T 1]
] 1) L[ 10| Wijonep In M 0" " ¢l |n poxy  we E n I
Q ] Cr [0 30 [ean) wonep "I T 3t 11 It 'L | Quea) poneg E o &
o 16 Cr [0 2ef (eam) plona) I e R % T [ Quem) pona I ¢ o
Q 13 | abpog I %  ® o 1] &'t N LQhiee) wlonay i 6 m
u 13 ¢y | pg L% u 15 LN pey B {3
9 13 rr | sbpog I % o 1) 19 ot | poy B T 3
” 59 | my  amg I 0% m s " " | ppoy g E o B
a « 6l tt Hpem ppusp E o0 o1 9 65 " W poxy  ow E 0
9 " Yt |0 blem ppusp E 0 9 0 e | day ew) i 6w
[} 13 cr oo ey " T L 1 M vt | da; (e TR
[ 1] ¢y | day wwy T T ] ) "ol day J[wwy P 6om
( 1] et day j[we) E 6 oI a 1 re |u da; ey i 6 m
® i« s |N v ooy E % O u 1 Yy (M poXy ey i 6w
] it S | Xy m E % 0 Il 1 |n o7 em "I T
" u 't |n  poaoy oy I T L) ' 9N Cr (v pmxy  wwy 6 m
s 1] 'L (N pmxy  om I T ? 1 Uy [ ppxy wmq i 6 m
t il re | o da) ] i s msl fl 1} e oo damy j[eewy i W
1 1 ] daj ey i s I ) " §6 | daj jjemy i Ml
n 1 C1 (w0 pv oo S ]t un % 1y | day e i W
l Q ' (N oy o K s un ® 1] (ST dbay :uﬂ "1
| " E | Ry B (T ) 13 (s re | 1m0 i W
o 10 N | Ty B (T 1) "] 65 Uy | tmg  @pg Tt
) o ¢l | oy ey E S un l % rs o fmg  abpg I o
" ] 'y |w  poay uﬂ K s TN ( "% sy | tamg g I m
6 It oL | 1.9 I % Wi o 19 e[ w paxy  oeg T
i 1 Lo “! amg I % i [ u vt N ppxy B ]
[ 3 1| wm  dpg E % Ml o " U6 (0 poxy om i 8
0 1 o1 o fmo  abpog K% CHI 0] ) Y ([ pmxy o P M
n % ce | w) g E % I Q (s s |0 Luepe) ponay " )
§ 9’ e |00 w)  abpog K 9% Wi it 11 re |0 Qe wonx "I | A )
u i1} s | o QuEpE) jeoune (TR (T 1) " [Tl Ca [ ppxy  wwp "I () O
U ] veo|o E_“Fu Wloux "R (I | i It tst |60 poxv  owp "I U O
sl 0 e |0 ] (S (R 1 § i yer | e day e "I () G
| 1) ou | obmj jeem T (T 1A u o ret | o dbay jjwwy "I () G
u t e |o obm] J{erm K wm il 0§ re | 1w g do 000 HI
FANR 4] oD 0L W)
(wa) (oam) (w) __...H (wm) (ossu) (@) ﬁm
W WY WOIPR] ON) |I1W] [Py Ay P3p ‘ol W] WY WONEM VD] | JW] [N AW pIsp i

o) runy

o

wien®y fuisof) 189}

b TR

ALY

wrensay bsop) 3

o
228

S1S31 FTDIH3A Ill QIHEAH - | 318VL

- 31 -



« 32 =

ol ] g5 |06 Juds  abmg wOn W 9l T} e | e n nsiy w 0 0
] 05 96 |06  Juids  amg NN W i (] 05 | I3IqeAR) JI[01sa) i W
% 6l 0§ 06 hkelg dpg w N oS R {5 ry | lat{ear] pajonay y 0 o
t] Y6 ¢y |06 Liealy abpg w0 T N ] | st BouE P D M
a g§ Uy |06 eutm] JI[OUF) | S ¢ il i e |» J109 M E o oy
Q 6 v |06 ] ROUE) O | (3 u w0y | 1109 M g » 0
of 1} s |06 w7 J[0uR) " WS i 1} vl | ~! bpog E 0 o
il 6 e | os ] ROUX) non M i 9 T |o m g g
" 1) s |68 3wmoldig  abpog ® O WS 9% 01 o[y pog ey K o DK
15 I 09 |68 Jwopdig abmg WO M " % ¢s | jum M woOn I
(4 113 0°f | 6p TUJ pidy  enymy A | I 71 (3 Q 1S ¢l | om M " On HI
" 1] ¢l |60 Tja uy xhwg O ) (3 il s ry | o M " » ;o
i (] ry | e 3y muy xhwy non oS 6l 5 ¢ | 3lem u v 0 MW
Q 0 §'¢ |68 sy mmy xhmg O I (3 n " s | 3 M v o»n MK
Q £ Uy |60 spm) proliam won EHs i 05 re |3 u v » W
i 0 Y |60 ©pm) ponag NN HS 74 3 ry oI 3 M g o 6Ot
L i Uy |60 ©m) ponx " s Q 6 X KT M g »n T
i f Ul |6 ©hmpp o0 M u 5§ ce | e " 1 1
9 s ot |0 s» n % M i 1 re | o obm] jjeemy "I [ (1
6 1§ 't |0 sOpxy | % o Q ] ¢y | my  abpg in o
n (I I T ™ ekl 1 % W 0 U "ol ”! g L0 HX
i 05 vs |0 B tEmi " T [ ’ ol e | m) g K 0 o
i 13 ry | s ﬁ "I 11} 6 5t Iy | fwmg  abpog E 0
1] 1} 't | sOpEm " . 11} u i e | plan wes E »n o
Q 1 'Y |0 @ vk} i "n MmN " ¢§ N T - ] E » T
i 1 s | uﬁ. ok} PN o ) 0 ror | v ot oenud P n R
I RIS AW | O " Uy | pmJ w0 ES i I3 ry |n ey =ijmq i n uR
QA phssoud 80) 1w | 5 1] | meg pmd R 0 H i 0 s |n wdlj ®ijwg T
6 1] ¢t | mag  pmy LTI ¥} o 13 &y | aefs ijwg TR 1
% £ e | 1w pmy LTI 1) « % ro |6 Quee) ppisp " [
Vg dey i bogae - @ | 05 e | Owy  vilog won  EH» L o 05 |0 Atig[e Rlouw P 0 0w
g aenme d - | @ 1} s | ey wploy "N u (14 1] ¢ | o0 Kl pous P n M
1% deg/a i 8 ry e bwy wploy R 0 on |nwe o 1D
gomme dz = | N §5 ry | bw) vl w N o i «" s |60 sOiEg mpmlE| TR OMI WN
Wgtmwedz: R| ¢ I§ It | 0§19 ey ﬁ % 1o ) 13 00 |6 soiwg fepmlg| TR M1 EN
ey K| ® 5§ Uy |10 s pag % wo {a u il |6 SP W ™ M @R
ey g| 9 9 ot | 0 ME ko] s m i ”» 66 |68 SBIm ™M ML W
R (s Uy | M wolog T 11} L ) Uy |68 ] ™M ol M
. a % 9 |0 "uE voloy | 4 00 WD ¢ L S T T L ﬁ m oo ¥
SR Jnenysy | ¢ o £y | M ek £ o an u i it | 0 Pag ™ o W
i 1 6% [0 s Tepmin N0 Mo 1] 14 6ol |6 Py fepmlg | M o MW
S 19 Uy |0 sHpm e 0 WO 1 ot rr | e @ wpelog "SR 1 (G 11
» 1§ e | PUE L T w0 1l ol e [ ey o W
) pu =g | 0o st [ 2 T it angs w0 H § o e |6 W ek KW oA
M Y=1| K "] oy |0 Il ungs v 0 W ( 11 sl | e # wokog K m my
RIN=0| 9 §'C IT] X an@s w0 T I\ 14 01T |68 # epk] "SR LR | 1
bmsud - g | 7 ] C | vy nsimp wn 0w ( it Cro| 0 wi vk ST 11
Ll I 6C |10 v npsim (AT I 1 t 1 ¢y |60 uu_a vk} M s B
S lagmy Wy | W 1 ¥y |1 wmg ey 1R[sim R 0 oK ( 13 re | i) epkog K 5 1
e 0k W) oW
(ws) (owm) () E (nsm) (owm) (1) (wdy)
W HY WA OD] | 9] [ e pasQ L. | Y BN WMy ON] | Il [pd AW ps0 vLm o
b TR | Lell ) wrensey burso) 3s§ ) wne IR wiensey twiso[) 1s9§

(Penupuod) S1S31 ITDOIHIA 11l QIHEAH - | 318VL




TABLE 2 - HYBRID Il PENDULUM AND SLED TESTS

i :
; Test memal Inemal  intemal imemal  Applled :
| Test (Plot Foros impuise Durmtion RiseTWMe poroe  Impuise  Durelion  puge Time :
! Number Symbol) (N) (iN*gec)  (mssc)  (msec) ) fdi*sec)  (mesc) (mesc) (o)
]
i CALSPAN CORPORATION
CE&7101D [ ] 13.3 0.06 4 2 13.1 0.10 5 k] 14
i €87102D { 13.0 0.06 4 2 13.1 0.10 5 3 14
| 87003D ° 13.0 0.06 4 2 127 0.10 5 3 v
| C87Q04D ] 12.8 0.06 4 2 13.1 0.10 5 3 14
| ce?111D 1 23.3 0.10 4 2 20.0 0.17 5 2 26
| cs7019D ] 25.3 0.10 3 2 244 0.18 5 3 25
' €87020D ] 26.0 0.11 3 2 26.6 0.19 5 4 28
i UNIVERSITY OF CALIFORNIA AT SAN DIRGO (CIRA)
| S8%013D A 2.5 0.14 72 36 4.8 0.18 64 42 34
| S85113D A 2.5 0.11 70 40 4.5 0.19 32 34 34
| S6%5014D A 25 0.12 66 40 5.4 0.18 59 32 5
j S085114D A 2.2 Q.11 70 k73 5.9 0.19 62 v 34
| s8%015D s 1.8 0.07 6 29 2.6 0.14 20 2 26
| S85115D 3 2.1 0.10 69 24 3.5 0.14 63 47 26
| S85016D 3 2.0 0.08 55 26 2.5 0.11 [ 22 24
j $85116D ’ 1.8 0.08 60 38 34 0.12 68 41 24
i s8%017D 4 8.3 0.21 68 an 10.8 0.31 66 30 43
| Sesi1mm . 6.2 0.15 67 3 11.3 0.2 58 25 43
| 80%5018D 4 11.0 0.20 42 a 14.5 0.31 54 24 40
i 805118D 4 4.8 0.15 65 di 9.8 0.2% 59 T 40
| 385019D . 9.5 0.18 59 28 10.5 a.27 56 27 40
| s84119D . 11.1 0.16 33 6 15.0 0.27 35 v 40
i WAYNE STATE UNIVERSITY
| wes001D ) a.1 0.12 2 12 12.8 0.23 29 16 &
| Wes5101D (] 8.3 0.14 39 11 10.5 0.23 40 14 47
|  was00sD * 10.5 0.14 19 8 18.1 0.36 22 10 48
j w85105D * 10.8 0.13 17 = 16.2 0.36 22 10 48
|  W85009D . 24.2 0.16 12 3 335 0.29 15 [} 48
| wesoisp ] 22.1 0.18 12 4 30.4 0.22 il 4 48
i W8s01LD ] 6.6 0.11 26 14 14.4 0.36 33 14 48
|  was1iD L] 7.1 0.12 30 11 13.9 0.30 30 17 48
A81029D 7 NA NA NA NA 11.4 0.25 33 13 48
| AB81129D 7 NA NA NA NA 11.3 0.32 s 13 48
|
All forces processed with an SAE Class 180 filter.
1 Pendulum impact where face is covered with 4 S ed equipped with an airbag; run et 48 kph.
five cm polyurethane foam psd: rua at 27 kph. (Ret. 15)
(Ref. 17 & 18)
@ Pendulum impact with flat face: run at
3 Peadulum impect with flat face: run at 14 kph. (Ref. 17 & 18)
27 kph. (Ref. 17 & 18)
3 Sled with an eneryy absorbing steering A f:.:ixn“n M hhfbm‘_‘fg]
wheel; run at 24 kph. (Ref. 19)
¢ Sled vith 2 enarey abecrting e e e
wheel: run at 40 kph. (Ref. 19) run at 48 kph (22 g). (Ref. 16)
Sl T i e @ Dl 2 miemas £ pant bok e
rup at 48 kph (22 8). (Ref. 16) run at 48 kpb (22 8). (Low knee bolster)
(Ref. 16)
[ Sied with an automatic 2 point belt system

and e boister al a 60-degrece knee angle:

run at 48 kph but ot a hagher g-ievel (35 ¢). °

(Ref. 16)
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