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axperiments and since noted in at least one study of side-impact automotive.
collisions et al. v .

Human lateral impact tests in suppoft of Apollo have been conducted
under conditions of maximum restraint protection including use of a 3-inch
lap belt, a thigh strap. leg restraints, full torsc restraint vest with in-
tegraféd shoulder straps, a pressure suit helmet with restraining straps, and
full body support by a contoured microballon mattress backed by 0.25 inch
aluminum plate (Clarke, et .al., 1963). Sixteen vclunteer subjects were im-
pacted in a_;eries of 32 tests. No adverse subjective reactions were repcrted
to'peak.acce}erations of up to 22 G produced with velocity changes of up to
19.3 ft/sec., at a maximum onset rate up to 1350 G/sec. However, in view of
the fact that these .were young healthy male subjects in superb physical cop-
dition,=uti1i;1ng‘the~most sophisticated restraint protection yet tesifd¢ the
relevance of these findings to the general population and to the automotive
side-impact is not known. A subsequent study by Brown, Rﬁthstein and Foster
(1966) -of 11 human tests, using a 3-inch lap belt, double shoulder harness,
inverted. "V" pelvic straps, and head restraint, found no significant injury
from 1§tera;ni-pact.ai forces to 14 G on the sled; although effects reported
by subjects included extended chest pain, muscle spasms, shoulder or abdominal
pain. .

Human tests with subjects protected by Project Mercury restraint and hel-
mets were conducted in 15 right 90° lateral impacts and i7 left 90° lateral
impacts to 21.5 peak 6 units (1350 G/sec-at 0.036 sec). Only transient in-
jur4:;=uere reported without reaching a toltevance endpoint for this system
{eis, -et al., 1963). ‘ o

Lateral fmpact tests have been conducted on 64 Air Force volunteers pro-
tected by various military aircraft and spacecraft restraint syétens at up to

18.7 sled G at 20 ft/sec entrance velocity, without significant injury
(Chandler, 1966).

Royal Air Force tests of the F-111 restraint (both GD F111 and RAF 1AM
versions) involved 18 lateral impacts to five human subjects up to i7.7 G at
390 G/sec. Subject symptoms ranged from chest, groin, throat and collar bone
discomfort to eye blood vessels ruptures, faintness, and breathing difficul-
ties, but no irreversible injury (Reader, 1967).

In tests of the impact attenuators of the B-58 escape capsule, ten human
male subjects were exposed, without reported injury, to impact forces associ-
ated with combined velocity charges of up to 25 ft/sec in the X axis and up
to 34 ft/sec in the Y axis. Due to tumbling and skidding of the capsule,
extrapolation of these findings to other conditions is difficult (Payne, 1961).
Zaborowski on the Holloman "bopper" performed 87 tests on 52 male Air Force
subjects at impact up‘to 11.59 G and durations of 0.22 to 0.09 sec while re-
strained with both laﬁ belt and shoulder harness and side‘restrainf panel.

No permanent physiological changes were noted. Minor subjective physical
complaints were reported by more than 60% of the subjects when exposed to
8.8 average G;s or greater. The possibility of cardiovgscular trauma halted
the experiments after two subjects were exposed to 11.59 average G's at 13.3
and 14.6 ft/sec entrance velocities. Whitehouse in 1966 reported finding no
pulmonary damage in 18 lateral (-Gy) impacts conducted on nine human subjects
impacted at 15 G, using head and torso restraint. Other tests in support of
the B-58 capsule, Mercury, Gemini, Apollo, F-111 and other advanced experi-
mental systems havé aISA empisye& mékiﬁuﬁ restraint systems, not comparable
to that of minimal lap-belt-only restraint.

There apparently has been only one published study invelving impact
tolerances of the human while restrained by lap belt only. Zaborowski.
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FIGURE 5. COMPARISON OF DECELERATION RESPONSES WITH IDEALIZED WAVEFORM

from Mayor, R.P. and Naab, KN., CAL Report No. YB-2684-V-3.
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2.2.3.1 Qualitative Results

T

6

There were 16 simuiations for twe sizes ¢7 occapant 2ni Two Ty

[
-Ap
e

seat:

1, 50th percentile male - bench type seat

2. 50th percentile male - bucket seat

3. §-year child - bench seat

4. 6-year child - bucket seat

For each combination, four different re;traint systems were used: no
restraint, lap belt only, diagonal shoulder harness and Y-yoke belts.

50th Percentile Male - Bench Seat

No Restraint - Almost all parts of the body impacted various regions of the

door. The most severe impacts were to the head at the window, the middle
torso at the arm rest, and the »Teg below and in front of the arm rest.

Lap Belt - Again all parts of the body impacted the side s’iructure, but at
lesser velocities. The improvement was most significant for the middie and
imer torsos.

Shoulder Belts - As suspected, the upper torso and shoulder behavior was 1::;-‘

proved. The head velocity was not improved appreciably.

Y-Yoke Belts - A definite improvement for the head and the middlie torso was
obtained. The upper and lower leg velocities increased significantly over
the unrestrained run.

50th Percentile Male - Bucket Seat

No_Restraint - There was a slight improvement over the bench seat for the mid-
dle torso, lower torso, and upper leg, that is their impact velocity was re-
duced. The head, however, hit the window with a slightly higher velocity.

24

Lap Belt - The middie torso did not strike the arm rest, and the head velocity
at the window was slightly reduced. Qverall, impact was less severe than the
non-belted run in both bucket and bench type seats.

Shoulder Harness - The overall behavior of the occupant was improved, but the
head did hit the window, though at a lesser velocity than previously.

Y-Yoke Belts - A definite improvement over all three other restraint systems

as far as the head is concerned. The head did not hit the window. The vel-
ocity of all three parts of the torso was reduced.
Six-Year Child - Bench Seat

No Restraint - The head impacted the window, the torso hit the door at the
arm rest and the upper torso and shoulder hit the door below the window. The
impact velocities were higher than that of the unrestrained male on a bench
seat.

Lap Belt - The torso was restrained from hitting the door. The arm and shoul-
der hit the arm rest with a higher velocity than the unres‘trained run.
Shoulder Harness - Performance was similar to that with lap belt only, but
there was a decrease in the impact velocity of the shoulder and arm.

Y-Yoke Belts - Similar to the run with the shoulder harness, except the veloc-
ity of impact of the arm was not significantly reduced over the unrestrained
run.

Six-Year Child - Bucket Seat

No Restraint - Generally, the same behavior was observed here as in the bench
non-belted child run. The head and torso velocities were reduced slightly in
comparison with the unrestrained bench seat.

Lap Belt - Slightly better performance than the bench seat.

Shoulder Harness - No interaction with the door.

Y-Yoke Belts - Same as above. No impact of the child with the 'doof.

25



L2

SNOID3d ¥00a ANV $vidy AQO€ 40 NOILVYNOIs3a ‘9 33No14

1594 ULI® JO JuUCJ) UL pue MO{d§ 9 GETRRET |
S84 We JO JUCJJ Ul puB 3AOQY °§ B6ay uaddn

1sad uue mo|aq A13d94i@ ¥ 05403 J3MOT
A3LULDLA puR 3S3J4 WY € wae-0S403 3|PPLW
1594 WU puR MOpPULM uaaMIag 2 wie-0s403 43ddn

MOPULM L ) pesy

suoibay s,400Q seady Apog ueuny

SNOIDIY ¥00G ONY SRV AG0S 40 NOILYNDISI@ ~L Jlavi

m , -G a|qel Ul UMOYS S| S311}|¥R pue Sapnful
30 UMOpYEBAq Y °SSLJNLUL PESY PIALOAUL YDLUM 3O JUBIS “SBIIELEIRS 3uiu 349M

3a3y]l -peanful 343M € YOLUM 3O sjuedno20 g¢ BulAlOAuL s3oedul 9pis €2 SEM
pajuauncop [{3M Al4}ej pue pa3ebiysaaul SquaplIOe O JBGUNU |RIOT BYL

SUOL3OLPadd LOPOW UOS|J yee

(g8 pue [ ssunbi4) -padoyoue St wmiod siy3 aa3ym uoibas ayy e s3oedu}
30 Joqumu sjudsaudas ,uumiod, yded jo 1413y Y3 S4oyM SuRabOISIY [RUOLSUILP
-384y3 u} pIjuIsaud os|e aJe sjoedut JO UCLIBDO] pue Kousnbaaj Iyl
¢ pue £ S9|gel ui paziJeumns
34® SUOLB34 JOOp SNOLJBA Je Ssaqueu Apog 3 40 S9}310013A 3oedul YL
-3yb1o 91qLSsod © JO N0 IDLMG MOPULM 3U3 3}y Auwmp
aeak-x1s 3yr Jo. 3eyy pue (ybLs a1qLssod jO INO) MOPUIM 3y} S3ML XS I
ajew a|ljusssad Y309 AW 4O peay ay3 ‘snyl CPLIW aeak-x1Ss ay3 403 ybia pue
*apow a{13uddaad Y30s dU3 404 qybLe 3Q PLNOM SILY JO JBqUAU Su3 ‘uoiIeimuLs
Ai9A2 Ul uoiBfad A00p UiLeqUAdD ® pojoedul jaed Apog Juc JI  PLIW Jeak-xi{s syl
40; 3Byl ASqQUINU PuU0d3S 3y capew 3|13uddaad YIS Y3 403 qoedu} Jo Adusnbauay
syl sjuaseadau JIqUNU IS4t Y3 “2Lqe} SLR u] -sodA3 jeas pue sazis jued
-nooc * swISAS JULEA3SAL L [R 40} Z ILGEL UL UMOYS Bue s3oedw} 40 SAIQUNU 3yl
-qoedwil 40 A3i0C13A 3Y3 O p.e634 JNOYZLM ©400p 3u3 IO suoibes ureszdad pajoed
-gi; 3Jed Apoc © sawil i° i3qunu 9y3 SL SUOLIBOC| SNCLJBA 3® saaquew sjuednd
-50 ay3 i0 s3oedul jo Aousnbaui UL SUOLSLALP Jofew asaw moys 9 d4anbij pue
L 9pqel -"3oedwi 23 Ayoviy sS4 33220 Apog ani279dsad SJaym seade |euduab But
~-puodsauas0d XiS 03Ul papLALD SeM JCOT Ju3 ¢ Apaeiiuls  "s3ded xis ojuj papiAlp

sem Apog S3uednad0 3yl FSI|NS3 2s3u1 30 uol3EIUIS3Ad Y3 Ayrpduis o}

syLnsay @Ajjelluend 2°€°2°¢




62 e , 8z

-l -1 -1 - 1-1- 1 oul - 5 9
-l -1 - - - - bz ] es € 5
-l -y -1 - - - 08 £ ¥
- e -1 o) - 9| | os € £ PLIYD PLO JE3A-9 *3|BW 3[1IU3NISd YI0Ge
-l - -l - - - tes | ove z 2
-l -t -] -] - - tee | oo L L o _ of vauy
ww_wwm> me__”MMzm 1leg deg S8 aN ! mmwwmm *hwmma
UOLSL[[0J UCLIDISJIIUL 40 Suopje{nuis Jaindwoy ydu Qg z‘o o't S eauy
QIO YYIA-9 - (HdW) SIILIZOTIA LOVAWI "t 378Vl
, it o8 ¥ vy
: AL 9zl 1 o vy
gzt | 9z| v - [ew] - |set] za 9 9 _
os | - | - -t - el - e s s
- - i - - - L2 1 14 gL 2 ey
v | 89fse | s9lse| 99 |vs | sy £ ¥
- {sel - o) - | cvfor | oos £ £
8¢ | 0'9fs¢e | 598t | s9|ve |6y 2 z / A A
- - o9 | 6¢€ o9 | selvs]6s L 1 _
4 uoibay | # 34ed co.wmmm :ommum. _.cowmox :ommmm :ommwm :o.mwom muh.h“m
stoacs | aopineys | 31e8 de1 sylag oN | Joog Apog m i

UOLSL{]0] UOLIDISUIIUT JO suoizeinui§ 43andwor udu Qg
ITVW ITIINIOHId Y205 - (HdW) SIILINOTIA 1oVWdW! '€ 37avl . : SNOI9R Y004 1Y SYIYY AQOS 40 SLOVJWI 40 AONINDML -2 3L



e

FIGURE 8. SUMMARY OF COMPUTER SINULATION WITN VARIABLE

RESTRAINT AND SEATING GEOMETRY

CENTER SIDE IMPACT, SIX YEAR OLD CHILD

Lower Arm .

8.4-11.2 mph \\‘@
"

Upper Leg—
2.0-9.0 mph

34.88mph

| Upper Arm

16.0-7.4 mph

"Middle Torse
1.0 mph

Lower Torse
8.8 mpb

FIGURE 7. SWMARY OF COMPTER SHLATIN WITH VRRLE

~Niddle Torse
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TABLE 5. ACCIDENT INVESTIGATION OF SIDE IMPACTS

I. Statistics:

1. Total Number of Accidents

2. Total Number of People Involved

3. Total Number of Peaple Injured

4. Total Number of People Ejected from Veh1c1es
5. Total Number of Fatalities

1I. Tota'l Injury Breakdown: . _
NOTE: cﬂ injury, as with multiples, is counted.)
1. Head and Neck Injuries

ag Skull Fracture
Concussions

c) Intracranial Hematomas or Necrosis
d) External Contusions or Lacerations
Blindness or Deafress
2. Thoractc and Abdeminal Injuries
a) Fracture gr Intermal Injuries
b) External Laceration or Contusions
3. Extremities '

a) Fractures
b) Laceratiaonms
Contysions or Abrasions

M1 F?ﬁé‘}thm{iqu. as with multiples, is counted.)
1. Head-
2] Dt etranter Fomatoma of contustons
2. Trunk

a) Thoracic Internal Lacerations or Hematoma
b) Abdominal Internal Lacerations or Hematoma

-t
— W 0

o

The injury patterns generally observed compare well with the 3-D comput-
er simulations. The model, for instance, predicted that an unbelted six-year
old child would hit the side window just above the window-door interface. In
the accident reports, a five-year old child impacted the window-door interface
in a 15 mph side collision, and was knocked unconscious, but otherwise unhurt.

In an intersection-type side impact, the change in velocity in the lat-
eral direction of the struck car tends to be small, approximately 6 mph for a
30 mph collision. Consequently, the occupant is involved in a secondary col-
lision of 6-10 mph from which he can be protected if there is minimal intru-

sion.

2.2.5 Comparison with Accident Investigation

A comparison of the impact velocities of the occupant, as predicted by
the model, with accident investigation reports is not directly possible. What
has been compared is the locations of injuries and their severities. The lo-
cation of impact 6n the door by the occupant was determined by careful exam-
ination of the vehicle. The type of injury was determined from the medical
records. Tables 2 and 5 provide a convenient summary of these findings. The
computer simulation predicts similar involvements of body parts and vehicle
components. Of course a quantitative comparison cannot be made because pre-
cise numerical information is not generated by accident investigations. How-
ever, there are evident similarities between Table 6, the accident investiga-

tions, and Tables 2, 3 and 4, the computer simulations.
2.3 PHASE 2. OPTIMIZATION AND MODIFICATION
The accident investigations together with computer simulations indicated

that most of the injuries were due to the second impact of the occupaﬁt with
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FIGURE 9. 3-D MODEL for SIDE IMPACT of 50% MAN
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OCCUPANT FORCE at the TIME
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FIGURE 15. STIFFNESS of DOOR with REINFORCING MEMBER, Ibs./in.
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MECHANICAL IMPEDANCE FOR THE SIDE OF PRIMATE HEADS

FIGURE 17.



After the animal was fully anesthetized, he was shaved and targeted for
high speed photographic analysis. The animal wzs then taken to the impact
room where EKG, respiratory rate and refiex state were recorded. A camp‘léte
set of anthropometric measurements were then made of each test animal. The
test animal was seated for the impact tests on a bench type seat and supported
by surgical thread through the ears. This method of support makes the animal
essentially a free body. It was found tc provide reproducible results and
eliminated the comp'l'lcated boundary conditions of a seat or sling.

All impacts were carried out by a pneumatically operated testing machine
especially cons_tructed for impact studies. (Figure 18) The machine consists
of an air reservoir, and a ground and honed cylinder with two carefully fitted
pistons. One, the transfer piston, is propelled by compressed air through
the cylinder and transfers its momentum to' the impact piston. A striker plate,
attached to the ilﬁpnct piston, travels a distance of about four inches, when
an inaversion tube absorbs the energy of the impact piston ind halts its move-
ment. The stroke of the impactor was controlled by its initial positioning
and its velocity was controlled by the reserveoir pressure. The impactor was
instrumented with an accelerometer and an inertia compensated force .transducer.
(Figure 19) High speed motion pictures at 5000 fps were taken for photometric

analysis.

3.2.1 Head Impacts Set Up

The head impacts were carried out using three flat rigid impactors. Each
impacting surface was larger than the head to be impacted. (Figure 20) The
test animal was placed with his head a predetermined distance from the impactor
to prevent the impactor from contacting the lower part of the neck. (Figure 21)
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FIGURE 24 .
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FIGURE 26. TYPICAL LIVER FRACTURES

FIGURE 25 TYPICAL CONTRECOUP INJURY
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FIGURE 27. TYPICAL KIDNEY INJURY



= S I - I =1 (T P S
2 [27% |2 |99 .B] 58 L i A
oegle le8 sl 22 |88 Y 1T 8 |4
3|8 3g|R0T5 T8 £F (En 2 |sh |3
o g0 B133|vd| va| of e 28l e |E
Total ol bT|BC[ 8 8| 3 B e wEle.3 ™
Area & | Body | Head |Z8/<2| 8 | |F8 T8 T | ETN 2 o0 2
Run |Animal | Type of |Weight Weight| ™% =21 & 1% | %9l X8| =8 |22 8 [ SEE D
No. |Species| Impact | {lbs.) |(bs.)| m&@| =S| v |& |2 LT 22 |22 E 2E 1 SSE|E | skull Fractures
70-15 | sm rr.' s;de 1.41| 0.181] .83].039]2.1 | 290}1320{280 | 190,000|{300 | 0.31 4 1 3 cracked
ead;
no pad
+ 70-9 sm |r.side| 1.32] 0.168| .77/.044]1.7 | 550|2620{59.0 | 415,000/423 | 0.59 5‘ -2 13 cracked
head; '
no pad
70-11 | sm r, side| 1.32( 0.168| .77[.042({1.2 | 500)2320|37.0 | 275,000{229 | 0.41 |[Same| 20 | 3 cracked
head; Day
no pad
70-12 | sm |rr.I s;de 1.76 | 0.224| .82{.041|1.3 | 375/2340|36.5 | 300,000({395 | 0.25 1 none| 3 cracked
ead;
no pad
R T
70-13*%  sm rh s;de 1.32] 0.168| .83|.041|1.6 | 400|1360]30.0 | 240,000{319 | 0.44 7 -2 13 cracked
ead;
no pad
71-84 | sm 1'.1 s‘ijde 1.32| 0.169{ .87].046{1.8 | 180]1300{34.0 | 150,000|150 | 0.21 3 2 |3 cracked
ead; .
no pad
70-8* sm r. s;de 1.87| 0.238; LOD| LOD|{1.5 | 550{2380j44.3 1 185,000{230 | 0.63 5 2-3 14 cracked -
head; :
no pad
S RSN PR e
*contrecoup LOD-Loss of Data TABLE §.  STDF HFAD IMPACT DATA
R B
— = |5 [& Bl Bl -t H 5 S
2 127h | |vo| . BlB8 B~| & |8
(2] nwcoc o Q - o0 oo " [ w
- - Hf?o_"d)" &\ L O 1 _-l»’ 3 x
[N ] S~ Q << E |™>E o ey £ £ O 3 W
OE D 00l 0w 3 3 . m -~ — O = o
A ETANCEEA T CO I KU 5 I el B
Total g-lag|s S&les|es | 2 s | o w46 N
mes o | Soty | e IESIEE I 1ST\P8IEE ) Be P21y B0
Run |Animal |Type of |Weight |Weight [ B [~ 15 |§ 48|58 | 58 [e| & |LE8|88E|7
Mo. |Species| Impact |{1bs.) |(ibs.) |e@|=E | |& |#Z|2Z | £2 [R2| & |4 |38E| A skul) Fractures
71-81| sm | 1. side | 1.37| 0.175{ .82].032[1.6 | 176/1706{37.0 | 150,000 200 | 0.18 | 2 | none |2 none
nead;
no pad
71-83 | sm |1. side | 1.10} 0.141] .87|.050(2.1| 180| 630{24.0 | 120,000{220 | 0.19{ 3 | 0.5 |1 none
head; :
no pad
70-3 sm rﬁ s;de 1.71 ) 0.217{rop |Lop {1.5| 320{1350|26.0 | 247,000/202 | 0.19| 9 | none |2 none
ead;
no pad
70-5 sm {r.side | 1.98| 0.247|rop {LoD |2.1| 534]/1530{45.0 | 124,000{135 | 0.78 |Same | none | ? none
: head; Day
no pad
70-16 | sm |r. side [ 1.16 | 0.164| .87|.050{2.2 | 210{1130|25.6 | 345,0001285 | 0.21] 5 1 ]2 cracked
head;
no pad
70-14 | sm |r. side |- 1.76 | 0.175{ .82].041 (1.6 | 375|2140{34.5 | 225,000}265 | 0.36} © 4-5 |2 _cracked
head;
no pad
71-82 sm |1. side 1.49 | 0.191] .88(.040)2.4 | 152/ 690/29.0 | 60,000}150 | 0.20} ? none | 2 cracked
head;
no pad

o LOD=Loss of Data

TABLE 8. SIDE HEAD IMPACT DATA




= = R B (N~ B BTl S (S
3 |32 |8 |50l B 3B |5~ ]F |&
m_wele o (8705 Be (s | |TE| 8
g'-w’gr-u-<§>§_-tv‘ &0l 4 g0 o H]
RElRalCE 38]|valval ©? g | & ~r-§ o B
. Total 58 ﬁ\'§5 eloc] 2P | o Bhlesd |*™
: Area & | Body | Head |Z812512 | D858 TS 7T 2o lEe %%l
Run | Animal | Type of |Weight |Weight ™8 |72 |5 |8 |X@[28] %8 |[%o |8 Ex ags 3
No. | Species| Impact | (1bs.) | (1vs.) [e&[e€le |& (Z{EZ| £2 122 | & |Fa | IES| & Skull Fractures
70-57 cyn | 1. side 5.73] 6.950{1.17}.070)3.6 | -650| 843}33.0] 100,000{205 | 0.83 3 60 3 none
head;
no pad
n-7s cyn | 1. side| 4.98] 0.478{1.13].081{2.0| 725/1180|45.0) 206,000{362 0.67 'Same | None | 3 none
head; bay
no pad :
Nn-76 . cyn | 1. side] 7.58| 0.720|LOD | LOD [2.0] 775| 780{45.0 177.000:175 0.85 | Same -8 3 none
of head Day : ’
no pad } :
70-17 rh r. side| -9.24| 0.993|LOD | LOD |2.4 | 1075] 800]28.5 75,737[155 | 1.64| 3 4-5 1 1 none
head; | -
no pad
70-28 rh 1. side| 25.50{ 2.370(1.54{.085|3.0 | 2350] 1000} 36.3| 145,000{160 3.35 74 04 2 none
head; :
no pad
7-88 rh 1. side| 14.70] 1.370]1.58].125/2.2 | 1700} 1200{44.0{ 125,000{155 | 1.80 | Same| MNone|2 none
head Day .
angled
no pad
LOD=Loss of Data ~ TABLE 8. SIDE HEAD IMPACT DATA
- (Continued)
w
e ks |t L3l ol s |5 0 \
3 [3~|= S |- = —_—0 - o .
A A3 (S _(B=l2 | 38 |Bg ¢ &,
selo A0l ESI1<E|%8 | 23 (28| & (st £ |
ge|Fa| BlE8 malea | of 123 & 28] § (Z
Total g ~88(8 §v:g|.§g e gb ® sE .32 =
Area & | Body | Head |K3|X2I8 |7 F8ITE | T2 T 2 |Es| 0%ol
Run [Animal [Type of [Weight |Wetont| S| =[=~ |§ (38|38 | %8 |k 8 |EL| 2EE(2
No. |Species| Impact |(1bs.) |(1bs.)|w@|«F| v [& |BZ|2Z | #2 |FL( & [2&| S8E| 5| skull Fractures
70-7 sm r'.’eszc.je 1.76 | 0.224] Lop | Lop |LOD | LOD|146042.5 | 153,568|278 | LOD |Same| Never |5 depressed
o ;a& Day |Regained|
70-1Q sm rhe:l?e 1.32] 0.168] Lop |Lop|1.5 | 320{1220{37.8 | 254,000{288 | 0.48 ' 1 5 15 depressed
no pad
70-55 © cyn |1. side 5.40 | 0.657)1.21].053{2.0 | 950| 760(35.5 ! 1 ]
juvenile| heads 30,000{268 | 0,99 | 3 2 1 none
no pad ’ :
70-56 | cyn ']ﬁe:;?e 5.30 | 0.641{1.,15}.064([2.3 | 500)| 960{27.8 | 99,000/250 | 0.67 3 1 1 none
no pad i ) i )
71-85 [ cyn \ﬁezl?e 7.05 | 0.846{1.60(.075/2.8 | 800|1450|45.0 80,000/ 295 ‘1.16 S;ze None |3 cracked
no pad y
70-58*( cyn » ‘ﬁe:;de 6.05| 0.73111.18/.065/1.7 | 800/1220{35.0 95,000{184 | 0.99 | 3 “None 3 none
) no pad
»71-86 cyn ]ﬁe:;de 7.15} 0.860|1.34].074{3.6 | 625| 900/45.0 | 110,000/160 | 0.78 }Same 5 3 depressed
angled Day
no pad
*contrecoup SIDE HEAD IMPAC
LOD=Loss of Data TRLE 8. (Contiﬁ:ed ACT DATA

'S




Run
No.

Animal
Species|

Area &
Type of
Impact

Total
Body
Weight
(1bs.)

Head
Weight)
(1bs.)

(Average Skull

M
;

Radius, in.

a

h (Average Skull

Thickness, in.)

< Impact Duration
(ms)

Peak Contact Force
(1bs)

Max. Head Accel.

Vector sum, g's)
Max. Head Vel.
(Vector Sum, mph)
Max. Head Argular
(rad/sec?)

Accel.

Max. Head Angular

{rad/sec)

Vel.

Impulse {1b-sec)

Termination (Days

After Impact)

Conscicusness

Loss of
{min)

Injury Index

Skull Fractures

71-89*

rh

1. side
head
angled;
no pad

9.50

0.880

1.39

.110(3.

w
o
[ g
(=3
o

~
w
=3

43.511,598,000

~n
=
o

w

=
=3
3
m

w

depressed
(eggshell inside)

70-23

rh

1. side
head;
no pad

20.20

1.960

1.48

127

3.2] 2800

1190f 50,0] 160,000]209

none

70-24

rh

1. side
head;
no pad

20.60

1.820

124

3.0{ 2500

1150(42,0 80,000 201

Same
Day

" Never
Regained

5

depressed

70-27

rh

1. side
head;
no pad

23.50

2.180

122

3.6| 2200

890{26.5| 145,000

m

Same
Day

Never
Regained

5

cracked

71-75

ch

1. side
head
angled;
no pad

62.00

5,930

2.1

75

4.6] 4400]

401 46.0/ 65,700

138

13.20

None

2

none

71-80

ch

1. side
head;
no pad

65.00

.184

4.9] 4600

550( 40.0{1,310,000

185

11.10

none

*contrecoup
LOD = Loss of Data

~
~

TABLE 8,

SIDE HEAD IMPACT DATA

(Continued)

Run
No.

Animal
Species

Area &
Type of
Tinpact

Total

ody
Weight
(1bs.)

Head
Weight
(1bs.)

{Average _SKull

Radius, in.)

a

Skull

h {Average
Thickness, in.})

{1bs.)
Max. Head Accel.

t Impact Duration
(ms)
{Vecter Sum, g

Peak Contact Force

ls)

Max. Head Vel.
{Vector Sum, mph)
Max. Head Angular
(rad/sec?)

Accel.

Max. Head Angular
(rad/sec)

Vel.

Impulse {1b-sec)

Termination {Days
ifter Impact)

Consciousness

Loss of
(min)

Injury Index

Skull Ffactures

70-25

rh

1. side
head;
no pad

23.30

2.190 [1.

=~
o
w
8
w

2.8

—
@
=3
(=]

580 130.0

8
g

o

=
o
S
™

~N

none

70-29

rh

1. side
head;
no pad

11.90

1.060

.39

.076 (2.0 |1600 | 940 [36.4 110,000

218

None

none

70-26

rh

1. side
head;
no pad

23,80

2.200

1.54

.128[3.0 |2000| 641 }31.0 | 95,000

220

cracked

71-90

rh

1. side
head;
no pad

15.30

1.420

.56

.1122.1 [1450 11290 (42.5 {480,000

130

N

None

none

70-22

rh

1. side
head;
no pad

21.60

2.100

1.50

135 3.5 {2050 | 940 38.0 75,000

179

none

7-87*

rh

1. side
head;

neo pad

12.80

1.180

N.38

170

2.8 [1470 1600 (54,0 | 80,000

140

1.60

Same

None

cracked

*contrecoup

~N
o

TABLE 8.

SIDE HEAD IMPACT DATA
Continued)




v Impact Termination Loss of
Run | Animal Area & Type | Duration | Peak Contact | Max. Head Accel. (Days After |Consciousness | Scaling
No. | Species | of Impact (ms) Force (1bs.) | (Vector Sum, g's) Impact) (min) Index No.
71-109 rh 1. side 6.2 1250 770 3 10 2
head
1.5" padding
71-114 cyn 1. side 5.0 750 N3 3 None 1
: head
1.5" padding
71-116 cyn 1. side 4.0 500 756 2 2 2
’ © head -
3 1.5" padding
70-19 sm . r. side 5.3 150 743 1 None 1
head
2" padding
70-20 sm r. side 6.4 160 890 1 None ]
head
2" padding
TABLE 9. PADDED IMPACTOR HEAD DATA
sz ds (L7 25 (5 |~ |2
a_|5gl% € |E= 2B 38 |33 8 |8
o7l o7l 5ot |8|%c | 25 (S8 L | LT 8
818 43| 83(35|25 | 37 (222 | 58| & |3
: Total 5 E8l o= B2 30IRY | 3= |3 T | 5| 8 |E
Area & Body | ‘Head | 3|ZE| 8 ngé 2 2. |£2Z) 8 | 27 (%8 |7
Run | Aninal | Type of| Weight | Height| ~ 5|~ £ Blx [:8a8)] 5% |4 3| E8|525 8
0. | Species| Impact| (1bs.)| (1bs.) o@lcEl . |& |R2(8Z | 22 So | & 9& 1 8SE E Skl Fractures
70-74 | ch |1, side| 47.10 -
he:d e 7.1 4.500/2.05(.190/3.0 {4800 675 38.9 24,700(174 6.86 Same 2 5 depressed
angled; Day
no pad
70-30 | cadaver} 1. ~250.00{~
hoer he:;ge 250.00]~10.000f LOD {LOD {LOD | LOD| 390(10,0 | 40,000/ 35 | LoD | - - 2| depressed
no pad

LOD = Loss of Data

~
g

TABLE 8.

SIDE HEAD IMPACT DATA

(Continued)




18

5 (S
. 2 Average EE N
'é Area and| Total |. 5 Peak Contact =y ;
Run & Type of | Body R Contact | Pressure | Impact Impulse | EY - |
No. | & Impact | Wejght | 2 |Force, b psi Duﬁl%%i on | lb-sec | &% Injury 5
70-36 | rh Left 8.40 [ 55.0 180 20.0 T.08 Same | SubpTeural hemorrhage 1n Teft lung;| 3
Region Day | marked dilatation of right side of
11 heart; single laceration of liver
anterior to coronary 1igament.
70-37 1rh Left 9.0n 145.0 280 31.2 8.0 1.30 Same | Minor hemorrhage on Teft Tung. Al
Region Day
70-38 [sm Right 1.32 132.0 80 8.9 8.0 0.55 Same | Moderate hematoma rigﬁt kidney and | 1
Regllion i Day | right adrenal. .
703 s | Teft | 1.0 [ 26| ® 5.7 571032 | Same | Several petechiae on Tungs, T
Region Day
70-30 |sm Right T.T6 [35.6| 140 T5.5 5.8 0.40 Same | Several small petechiae on Tungs; 2
Region Day | focal epicardial hemorrhage. :
1
70-47 [ sm Teft T 328 LOD X)) 05 X)) 3 | Focal subcaps Ular hemorrhages of H
Region liver; focal atelectosis of lungs.
111
70-42 |sm | Right | 1.28 |33.5| 10D | Loo [ LOD oD 3 | SmalT hemorrhage right Tower Jobe | ¥
Relzg}'on : . of lung. Pancreas: Focal hemorrhage
70-43 | 'sm Left 1.26 | 32.0 397 9.9 6.6 1.32 5 | MuTtiple petechiae on both Tungs; 2
Region retroperitoneal hematoma; small -
111 omental hematoma.
D = Loss of :
L0D' Loss of Lata TABLE 10.  SIDE BODY IMPACT DATA
(Continued)
$ g g
— < x
§ g g% -3
o Aot o
. > Average g.% N
g | Areaand | Total| T | Peak Contact = 2
Run = Type of | Body 2 | Contact | Pressure| Impact Impulse 53 §
No. £ Impact qught L Force, 1b psi Duration | 1b-sec | ~& * Injury -
"170-31 | rh Right  |T13.40 | 36.5 280 31.0 .8 1.40 Same | Cause of death: exsanguination of | 5
. Region Day {150 cc's blood into peritoneal cav-
11 1t31/.also noted multipie liver lacer-
ations.
@ 70-32 | vh Teft B.90 | 43.9 260 289 9.2 T.60 Same |Lacerations and fractures of Veft 5
Region Day {1ateral lobe of liver, small lacer-
11 ations and fractures of right later-
al Tobe of liver; 20 cc hemoperito-
neum. Cause of death (possible) -
blood 1oss associated with Tiver
: . 1 . mage.
70-337 rh Right {11.30 [34.8 260 7289 10.6 T.60 Same |Ruptured 1eft Tower lobe of Tiver. | &
Region Day |hemorrhage in right lung; right
11 adrenal_hemorrhage.
70-34 [ rh | Right 9.30 [27.8 7 8.4 2.6 T.50 Same |Hemorrhage on diaphragmatic surface | 1
Region Day |of both lungs: 1left lower lung lobe
I atelectatic; petechiae on lesser
curvature of stomach.
70-35 | rh Left 8.80 [41.7 360 40.0 9.8 2.70 Same [Focal hemorrhages on lower lobes of | 2
Region Day |both lungs (non-prominent on left
I side).

TABLE 10.

SIDE BODY IMPACT DATA




— v
(8]
$ a §§- b
b > - K
a hot S8 s
%) :_, E
. F Average 13 z
- ved ’ e b .
T | Area and| Total| o C:z:!;ct chgst:\f:e mpact | Impuise | ES ] o
Vg | et HB°d¥t- 2 rorce, 1b psi | buration | 1b-sec | &= Injury -
No. | = Inpact | Welg ! ; T L 1 o1y Same | Marked congestion of left lung; 4
T0-50° T vh Teft [T1.30 | 46.0] 2350 - : Day | scattered petechiae in right lung;
Region severe autolysis noted in %ggg:g%§-
111 03 R V67 Same | MuTtTple petechiae in all lobe o
T0-57 | ba Teft  [32.60 | 56.0 | 1220 . . : Day | Tung. 50 cc hemoperitoneum; large
a Region | Yaceration of liver; hemorrhage in
1 right kidney, right adrenal, and
ancreas.
- ; 3 10,0 §.25 Same JCEWTST&\'Tof Teft Tower lobe, pete~ |2
70-59 [ Ba | Right |31.00 | 38.2 | 505 12. . S | chize. n right Jung; small subeap-
Reg}on sular_hemorrha QL1 TR e 5
ma emorrhage in rig
70-60 | ba Teft [25.70 [45.5.| 755 8.8 20 1556 SgT; et Toborn e tustonof left Tung
Region at 8th rib; extensive hemorrhage in
I several areas. Adrenals, spleen:
evidence off:emorrha e. TETTe X
Fracture left clavicle;
70-6T fcyn [eff |76.06 | 48.6| T450 33,0 2.0 860 SEE; small hemorrhages in all lobes of
Region Tungs; two subcapsular hemorrhages
111 in right lobe liver; brain con ested.;r__
5 73.0 5.8 3.5 7| Several smatl petechial hemorrhages
70-62 Jcyn R'-Ef." 7 RO 9 : ’ in both lungs.
egion : : :
11 Few small petechiae in right Tung. 12
-63 [cyn Right 796 | AT.B | 1240 30 7.0 LR 1 3
Region : i
i 11 i ) SO NSO S
. PACT DATA
T LOD = Loss of Data TABLE 10. r}g)pfvﬁ?ﬂd)‘“ ACT DN
" ) 5
T 8 g
8 g i< X
8 £ 52 3
. > Average oK -
% . |Area and| Total| = | Peak | Contact 2, P
Run E Type of | Body ° Contact | Pressure! Impact Impulse E 3 3
No. | & Impact wﬂght @ | Force, 1b psi | Duration | lb-sec g% Infury 2
70-84 | sm l};{gf;t .28 17390 LoD €)) "J’ESB oy Same| Petechal hemorrhage n right Yung. | 2
: egion Day
111 .
7045 sm Left T[T 42,6 456 57 90 3.YZ7 " Same| Petechial hemorrhage Th Teft Tung.
® Rolagl;}on Day ]
70-4677 rh Right [12.90 | 39.5| 1820 20.6 13.8 LOD Same | Focal hemorrhage n right lower Yoba
. R??}on Day| of lung. )
70-47 1 rh Left 7.46 LT 1700 18.9 8.4 6.60 Same " Acute passive congestion of Tert 1
Region Day | Tung; pancreas: hemorrhage into
111 interstitium.
- vh Left 70,90 [ 38,71 2380 258 T2 1790 [Sawe| Liver: Taceration of capsuTs and
Region Day [-parenchyma, hematoma noted in 1iver
I substance; Pancreas: focal hemor-
rhage; Lungs, kidney, spleen: Acute
i passive congestion.
70-49 1" vh Right 9| 2680 28.6 10.0 12.20 SameT FocaT hemorrhage in Both Tungs, [)
Region Day | Tiver, and pancreas; severe auto-
111 lysis noted in pancreas; acute pas-
: sive congestion of adrenals.

LOD = Loss of Data

TABLE 10. SIDE BODY IMPACT DATA
(Continued)




(Continued)

wn ": - w
8 4 8
o S a,
@ »r iy
a Y- 20 x
» ~. 2 g. g
. : 2 Average B E &
.| = | Area and| Total Q Peak . | Contact = >
Run E Type of | Body 2 Contact | Pressure| Impact Impulse E 3 S
No. | & Impact Nﬂght 2 |Force,1b psi | Duration | Tb-sec | 2% Injury ) E
70-717 | ba Right | 31.08 T 53.0[ 1020 25.5 .6 2.60 Same | Edema in right and Teft Tungs; dif- |2
Region Day | fuse hemorrhage at base of both
1 Tungs; 6 cc blood in right side of
abdomen; small subcapsular hemor-
rhage in liver.
70-72 | ba Left [42.70 | 51.8 890 22.0 8.0 2.3n Same | Hemorrhage 1n 7th - TTth intercostal |4
Region Day | spaces; large contusion left lung;
11 massive hemoperitoneum; contusions
and hemorrha?es in both kidneys, pan-
creas, and liver; several lacerations
» in_liver.
70-73 | ba Right [47.50 | 47.07 1140 28.5 8.0 4.70 Same | Hemorrhage Tn Teft Tung; massive 3
Region | Day | hemoperitoneum; fracture inferior .
1 ’ right lobe of 1iver; hemorrhage noted
: in 1iver, pancreas, left adrenal, and
both kidneys. )
TABLE 10. ?IDE BODY JIMPACT DATA
. Continued
S
g g 83 x
v - s g 3
. ] -2 Average S E =
s Area and | Total g Peak Contact 2, >
Run | E Type of | Body | © | Contact | Pressure| Impact | Impulse | E .8 i 5
No. | & Inpact |Wqjght | 2 [Force,1b psi | Duration | 1b-sec g% Injury 2
70-64 [cyn Left 6.06 | 45,8 | 1464 36.6 b 6.34 1 |Patchy ateTectasTs of right and Teft| 2
Region lungs; right lobe 1iver shows acute |
111 : sub lar hematoma.
70-65 Jcyn Left 582 [52.3 ] 1520 38.0 6.4 487 | Same Wéﬁ?ﬁﬁ?ﬁ‘mﬁ_fm"co perTtoneum; | 4
ﬁ Rtlegion Day {multiple 1iver lacerations.
[ 70-66 [cyn Right 5.30 |'53.07 T380 KL% 1.0 6.75 Same [MuTtTpTe Tiver Tacerations; hemoper- | 4
Rsﬁ;}on Day | itoneum (11fe-threatening),
70-67 | ba Right 32.00 [4.5 816 20,2 7.8 4.47 Same |Hemorrhage in Teft lung; hemoperi- 4
Region Day | toneum; rupture and contusions of
I right side of liver, right adrenal.
70-68 | ba Right [34.80 |4T.2 756 T8.9 12.6 305 Same |Several petechiae in right lung; T1
. Re?ilon Day {severe contusion of right kidney and
adrenal.
70-69 | ba Left [33.50 |47.5| 750 18.7 1.6 770 Same [Several petechiae 1n Teft Tung; con- | 3
Region Day | tusions of left adrenal, spleen and
11 descending calon; rupture of splenic
: ) artery; contusion left lobe liver.
70-70 | ba Ceft  [30.80 |56.0 | 1020 25.5 8.4 7.30 Same | 10-cc blood 1n Teft tharax; focal 3
Regiol Day |hemorrhage of left lung; heart hemor-|
I. rhage; liver lacerated.
TABLE 10. SIDE BODY IMPACT DATA
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B. EQUIVALENT SYSTEM

2-DEGREE-OF-FREEDOM SYSTEM

FIGURE 31.
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response can be expressed in terms of the following linear differential equa-

tions. (Figure 33)

m]i] = c(iz - i1) + k(x2 - x]) (13)

m¥, = -c(Xy = %) - k(xy - %) (14)
where |

X = x5 = X (15)
and

Xy = X+ % (i6)
thus )

mzi * X+ KX = -mp¥y (17)
Letting

X; = a(t) any input acceleration
then

i+%2—5(+;—2x=—a(t) (18)

Substituting equation (15) into equations (13) and (14) and then substituting

equation (14) from equation (13) we finally arrive at

i+(1+:—]§);—22+(1+%2-):‘—2x=0 (19)

The required equations of motion of the model are therefore equation
(18) for a forced vibration input and equation (19) for a free vibration.
With these two equations and the model constants developed above, the dynamic
response of the head model can be studied for a variety of input impulses.
The resulting curve is the Maximum Strain Criterion (MSC) forAhead tolerances
in respect to side impacts. ‘
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the peak impacior force by the estimated contact area) versus the injury in-
dex. For an injury index of 3 this contact pressure was approximately 19 psi
for the rhesus monkey and the baboon. It was the same for both the right and
the left side. Figure 40 shows the impact velocity versus injury index for
impacts with a scaled arm rest to Region II. A significant difference (ap-
proximately 20%) in the tolerable impact velocity were observed for the right
and left side of the baboon and rhesus monkey.

The impacts to the other regions of the torso are limited in number and
the results cannot be generalized. However, it is clear that pressure toler-
ance in Region I is higher than in Region II, approximately 27 psi. Whole
side body pressure tolerance is, however, much higher than Region II or that

of Region III.
3.4 ANIMAL SLED TEST
3.4.1 Introduction

The impacts in section 3.2 were carried out under very idealized la_bora-
tory conditions. The location, impaecting surface, and velocity of impact
were very prec%sely controlled. Crash simu‘lafions on the HSRI Impact Sled
were conducted to verify that the injury patterns seen in the controlled im-
pacts were representative of the injuries seen in a less coﬁtroﬂed impact

environment simulating more closely an actual automobile side collision.

3.4.2 Experimental Setup for HSRI Large Sled

Ten test animals were used for the crash simulations: four baboons;
one chimpanzee; three cynomolgus; and, two rhesus. Scaled doors were made

for each size animal. These doors were made with a steel rim and a plywood
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Test %o. 71-36: Chimpanzee 59 ft/sec sied run with a 31 G's accelera-
tion pulse. The same set up as 71-33. The door and window were damaged.
The injury Qas moderate to the spleen and pancreas. No head injury. A typi-
cal sled .and head acceleration trace is shown in Figure 42, fiitered at 250

i

nZ.

3.4.3 Experimental Set-Up for Small Sled

The smaller monkeys were run on the HSRI small high velocity sled; The
transfer piston and impact piston were removed from the air cannon. A single
piston with 2z 5-7oot connecting rod was instailed. A 25-foot track and.a
pneumatically operated braking system was used to decelerate the sled. The
instrumentation was the same as previously described. This sled is of the
reverse acting type, that is, the sled is rapidly accelérated (test phase)
and then decelerated slowly. (Figure 43) Three vervet and two rhesus monkeys

were used in these tests.
3.4.3.1 Test Results for Small Sled

Test No. 71-103: Vervet 66 ft/sec sled run with a 28 G's acceleration
pulse. In the run the door was 1/4" thick with no padding and an arm rest.
The animal was not injured. The door broke, not the window.

Test No. 71-104: Vervet 72 ft/sec sled run with a 26 G's acceleration
pulse. Same set up as 71-103. Moderate head injury. The door broke, but
not the window.

Test No. 71-105: Vervet 70 ft/sec sled run with a 19 G's acceleration
pulse. Same set up as 71-104, but modified door mounts to the sled. The in-
juries were moderate to the- lungs, liver and pancreas. No breakage to the

door or window.
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Test No. 71-106: Rhesué 67 ft/sec sled run with a 18 G's acceieration

pulse. Same set up as 71-104, but bigger door. The door failed, but the

AINIOUIWI

window did not break. Moderate injury tc the 1§ver and kidney.
Test No. 71-107: Rhesus 65 ft/sec sled run with a 16 G's acceleration

pulse. Same set up as 71-105 but door better fastened to the sied. No

$UVY $6INO

breakage to door or window. Moderate injury to the liver and pancreas.
The injuries seen on the sled runs were very similar to those seen in

the idealized impacts. Liver injuries caused by direct blows from the scaled

arm rest impactor were found to be identical to those caused by the test ani-

mal impacting the scaled door in the sled test. While pancreatic injuries

were seen in most of the sled tests, very few were found in any of the

SHRIAIWY
10UV

idealized tests, other than the whole body impacts.
Head injuries were found to be minimized by side window glass fracture.
If the window did not break, these injuries were found to be more severe. In

ejther case, the injuries were similar to the ideaiized impacts. The contre-

coup injury was observed in the sled test as well as the idealized test.

A summary of all the test results are given in Table 13.
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l 3.5 50TH PERCENTILE MALE DUMMY SIDE DOOR CRASH SIMULATIONS
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-3.5.1 Intrcduction

WIOAUISIY WiV

WSINVHIAW

ORY ANdns YIMOd

WEINVNOEW ONIWIL

VIUONSIA
8081 1IGOW
TIBMAINOH

A serfes of six side impacts were simulated on the HSRI Impact Sled,

with six doors representing four makes of automobiles. Two of the runs were

with lap belts, while the rest were unbelted.

HOLIMS l: '__._
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These tests were conducted to determine the differences, if any, between

e
uv
102301180

car doors with guard beams and car doors without guard beams when impacted

from the inside by an occupant.

13



TABLE 13. ANIMAL SIDE DOOR CRASH SIMULATIONS (Cont'd.)
- c Head L-R | Head S-1 | Head A-P
2 2
] > %5 + .
g E12 18 8| |8 |
o L =] [ +- 4+ + R
Species Evz § E §3 :E E é g § § § Door ,
T:st 5 e 3 3 2 2 g § E E 3 E E :'; m:’d'gw inJury
Numbers gk o o nE| &2 |2 3|2 |8 4| 8 Damage Index
G's ft/sec| msec| ft/sec | G's [msec | G's [msec| G's| msec
Vervet 1/4" Door Window (No Head 1
71-103 No Padding | *36.7/28 66.6 | 30/56 15 LoD LOD LOD Door ﬁNo; Thorax 1
Arm Rest Abdomen 1
=| Vervet | 1/4" Door . Window (No Head 2
wi 71-104 No Padding 43/25.9 72.0 | 28/63| 17.9 |1260| 1.5 174 | 1.0 -320] 2.0 Door &No} Thorax 1
Arm Rest : Abdomen 1
Vervet 1/4" Door Window (No Head 1
71-105 No Padding | 37.7/19.4| 70.0 |26/60| 32.0 560 | 1.7 | 625 | 2.0]-1160| 3.0 Door No; Thorax 2
Arm Rest Abdomen 2
Rhesus 1/4" Door . : Window (No) Head 1
- 71-106 No Padding | 32.4/18.4| 67.4 | 32/68] 26.6 610] 1.7 | 450 | 1.0 -600( 2.4 Door (No) Thorax 1
. Arm Rest , Abdomen 2
Rhesus 1/4" Door Window (No) Head 1 '
71-107 No Padding | 28.5/16.0| 65.6 |38/68| 25.0 610) 2.0 |-520 | 4.6 450| 2.3 Door (No) Thorax 1
Arm Rest : : Abdomen 2
*Peak/Average
LOD = Loss of Data
» TABLE 13.  ANIMAL SIDE JOOR CRASH SIMULATIONS
< = Head L-R | Head S-1 | Head A-P
2 2 4
o £ > | B8l ¢
£ K S !(_:E 2 5 5 5
‘ 3 . s S 85| 55| 3 3 9
: Spe;ies £vid 2 2 ¢8| 8 £ | 8 El 8 |E£] 8 Door
=14 o o - - - “ - s
Test §° % 3 2| B8] B | s || B || @ and
Numbers r§ g @ > e | &2 & é -‘:d ’g -§ g g:::gz %:i:;y
G's ft/sec | msec | ft/seqf G's |msec | G's | msec | G's | msec
g?bg?n 1}43" Door h . Window (No) Head 1
- Paddin 7.0/15.0{ 43.4 130 34.8 . - - ndow (No
Arm Rest 223 | 8.0 -86| 1 |-120| 10 | S L | Thorax 1
Abdomen 2
= g?bggn ]}/ﬁ” Door " (Yee) | Head f
= n- 2" Padding | 52.6 | 65.2 | 77 | 52.0| 150 | 8.0| 110| 20 |-255| 10 | Wincuw (Yes} |y
. X ax 2
Arm Rest : Door (Yes) | ppdomen 2
Baboon 1/2" Door | Head 1
71-93 | 1/2" Padding | 31.6 | 59.7 | 123 | 48.0| 300 | 7.0 |-110| 10 |-130| ¢ | Window (Yes)| g
. . - . orax 2
Ar@ Rest Door (Ne) | ppdomen 4
g?bggn 142" Door Window (N Head 1
- 3" Padding 30.8 - 58.8 | 122 | 47.4 390 | 8.0 |-230] 10 235 10 ndow N0 Thorax 1
Arm Rest Door }Nog Abdomen 3
g?bggn I{Z" Do?r Window (N Head 3
- 3" padding | 33.5 58.5 | 122 | 47.8 .0 |- ndow O; ‘
, e st 128 | 4.0 |-3%0| 6 | 340| 20 | "R (L0 Azggrax 1
men 2
Ch;Tpggzee }/@“ Door ) Wind Yes Head 1
- 1/2" Padding | 31.4 58.5 | 122 | 47.3 3] 7. ndow Yes;
2" Pacd 153 | 7.0 35| 10 | 176| o | Window fres (Thorax |

*Peak/Average




50th PERCENTILE MALE DUMMY SIDE DOOR CRASH SIMULATIONS
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P e e

o

Tyoe éxtrusian . Door Length
inches Inches
Rignt 1962 0ldsmobile - 7.75 38.25
Left 1962 Oidsmobile 6.75 ' 38.25
Right 1366 Ford 10.00 49.5
Left 1966 Ford 9.50 49.5
Right 1970 Chevrolet 8.25 50.25
Left 1971 Ford ' 8.75 55.5

TABLE 15. DOOR TYPES AND EXTRUSION DISTANCES

Figure 44 sh;:ws a typical sled test setup with the dummy and door geom-
etry. Figure 45 shows the typical deformation that occurred when the dummy
impacted the door. Figure 46 is a photograph of a side 1mpact accident with
the following details. _

At 8:30 a.m. on Monday, August 19, 1968, a 1968 Pontiac Catalina two-door
hardtop, driven by a 52-year-old male (5 feet .8 inches, 170 pounds), was
traveling east on a two-lane paved roadwa& at a police-estimated speed of
45 mph. The vehicle went off the south side of the road; the right side of
the Pontiac scraped against a tree. The vehicle then spun around and struck
a second tree 80 feet down the road at the left front wheel well. At this
time, the driver was ejected through the left front door window. The car,
without the driver, went on down the roadway coming to rest 26 feet beyond
the second tree. The left door of the Pontiac was severely deformed outward
from driver impact. )

The driver had back pain, mild concussion, chest pain, slight abrasions
on his left side, abrasions of the‘v left foot, open fracture left shin.

118

FIGURE 44,

TYPICAL TEST SET-UP FOR SIDE
CRASH SIMULATION
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FIGURE 45

1971

FORD DOOR AFTER TEST

#11-105

1968 PONTIAC ACCIDENT,

Case UM-113-68
21

FIGURE 46.
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10.
11.
12.

13.

14.

15.
16.
17.

19.
20.

21.

JOOR CR‘RSHNORTHINESS CRITERIA

Contract FH-11-7288
SUMMARY SHEET

Run Number

N 70-14

Animal, Species and Sex

Squirrel Monkey, Male

Area and Type of Impact

Right side head, no pad

Impact Velocity 24.4 mph
Animal Total Body weight - 1.76 1bs.
Animal Head Weight 175 1bs.
Animal Brain Weight .0762 1bs.
Animal Skull Dimension* " 1.26 inches
1 2.02 inches
4 . 041 inches
oa .82 inches
, h/a .0500
Impact Duration : 1.6 msec.
Peak Contact Force 375. 1bs.
Head Acceleration (F=MA) 2140. _g's
Maximum Head Acceleration : . 1260. g's
(Vector sum X and ¥ from Vanguard)
Maximum Head Velocity 34.5 mph
(Vector sum X and y from Vanguardi) rad
Maximum Angular Head Acceleration 225,000. ﬁ:’
Maximum Angular Head Velocity 255. : ?e?
Impulse .360 1b-sec.
Camera Framing Speed 10,600. Frames/sec.
Blow-up Factor 1.45 in/Van.in.
Quality of Movie Good
Animal Arrival: July 30, 1970 Impact: July 30, 1970
Termination: August 5, 1970 ) Dates

Evidence of Injury Post-Impact:

Possible skull fracture near right parietal

area. Hhole body tremor noted.

e L




22.
23.

24.

25.

26.

31.

SUMMARY SHEETZ(Cont‘d. )

Page

Loss of Consciousness
Heart-Beat Rate Pre-Impact
Post-Impact
Respiratory Rate Pre-Impact
: Post-Impact

unconscious <5 min.
130 beats/min.
140 beats/min.

(slightly erratic) 44  breaths/min.
(very erratic) 32 breaths/min.

Reflex State (pupillary, eye]*i&, ear pinch, etc.)

Pre-Impact
Post-Impact
Behavior Pre-Impact
Post-Impact

Anesthetic Used Ketamine (I.P.) &

present and normal
returned after 5 min. - normal

appears normal and healty

cannot be determined immed.

appears normal & healthy next day
Na Pento Amount 52.7 and 12.5 mg/kg

Approx. Time Last Injection Given
Approx. Time Impact

Condition of Animal

X-Rays Pre-Impact

2:45
3:15

Prior-Pento active/hallucinatory
st-Limp

>None

Post-Impact yes; taken (1 day after impact)

Blood Samples: Does not apply
Pre

SGOT Int. Units
SGPT Int. Units
LDH Int. Units
AIKP' tase Int. Units
CPK Int. Units
Skull Cleaned and Stored yes - saved and cleaned
EKG Pre-Impact - yes - saved and marked
' Post-Impact yes - saved and marked

SUMMARY SHEET {Cont®d.}
Page 3

32. Autopsy Comments: Fracture right parietal bone (2 places). Some hemor-
rhages in muscle and slight congestion in brain. Occipitals fractured.

Autopsied 6 days post impact.

Histopathology:_Brain: acute passive congestion. Focal small subarachnoid
hemorrhage over cerebellum at 4th ventricle level. Perivascular small
hemorrhages in cerebrum. No other tissues analyzed.

33. Scaling Index Number - ) ‘ 2
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HEAD CONTACT FORCE

RUN NO. 70-14
SQUIRREL MONKEY
R. SIDE OF HEAD

FIGURE A5

1.0
TIME (milliseconds)

A-8

10.
11.
12.

- 13.

© 14,

15.

16.
17.
18.
19.
20.

21.

DOOR CRASHWORTHINESS CRITERIA
Contract FH-11-7288

SUMMARY SHEET

Run- Number - ‘ 70-58
Animal, Species and Sex Cynamolgus Monkey, Male
Area and Type of Impact Left side head, no pad

Impact Velocity ' 23.0 mph
Animal Total Body Weight : ] 6.05 Ibs.
Animal Head Weight .731 ibs.
Animal Brain Weight .122 1bs.
Animal Skull Dimension* W 1.95 inches
1 2.78 inches
h .065 __inches
a -1.18 inches
h/a .055
Impact Duration ' ) 1.7 msec.
Peak Contact Force 800. ibs.
Head Acceleration (F=MA) 1090. g's
Maximum Head Acceleration 1220. . g's
(Vector sum % and ¥ from Vapguard) 35.0
Maximum Head Velocity : mph
(Vector sum X and y from Vanguard) rad
Maximum Angular Head Acceleration’ 95,000. : Fcczl'
Maximum Angular Head Velocity ] 184. ] %
Impulse ‘ ) .985 1b-sec.
Camera Framing Speed 5550. Frames/sec.
Blow-up Factor 2.2 in/Van.in.
Quality of Movie Good
Animal Arrival: October 16, 1970 Impact: October 16, 1970
Termination: October 19, 1970 Dates

Evidence of Injury Post-Impact: Zygomatic arch fractured left side head.
No_other obvious injury.

A-9



22.
23,

24.

25.

26.

27.

28.

29.

30.
31.

SUMMARY SHEET (Cont'd.)

Page 2
Loss of Consciousness stunned ~ 3 min. 32.
Heart-Beat Rate Pre-Impact 137 beats/min.
Post-Impact 167 beats/min.
Respiratory Rate Pre-Impact 32 breaths/min.
Post-Impact 44 breaths/min.
Reflex State (pupillary, eyelid, ear pinch, etc.)
' Pre—lmpéct all normal
Post-Impact not recorded
Behavior Pre-Impact éppeared normal and healthy
Post-Impact never fully regained from dr\ig
Anesthetic Used Ketamine (I.M.) Amount_not record. mg/ kg
Approx. Time Last Injection Given 9:00
Approx. Time Impact 11:00
Condition of Animal deep-moderate
X-Rays Pre-Impact none
Post-Impact none
Blood Samp'les:' Does not apply.
Pre  Post 1day 2days Other
SGOT Int. Units
SGPT Int. Units
LDH . Int. Units
AIKP'tase Int. Units
CPK Int. Units
Skull Cleaned and Stored yes
EKG Pre-Impact yes 33.
Post-Impact ) __yes

A-10

SUMMARY SHEET (Cont'd.)
Page 3
Autopsy Comments: Multiple fractures left zygoma. Hematoma left temporaiis
muscle. Moderate congestion epidural and on brain.
Contrecoup - hematoma right side brain.

Autcpsied same day as impact.

Histopathology: Brain: focus of destruction of cortex with hemorrhage in

one section. Retro-peritoneal L. N. - sinus histocytosis. Lung: mild acute
passive congestion. All else appears normal. -

Scaling Index Number 3
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10.
11.
12.

13.

14.

15.
16.
17.
18.
19.
20.

21.

DOOR CRASHWORTHINESS CRITERIA
Contract FH-11-7288

SUMMARY SHEET
Rur Number 70-22
Animal, Species and Sex Rhesus Monkey, Male
Area. and Type of Impact Left side head, no pad
Impact velocity 33.4 ) mph
Animal Total Body Weight 21.6 1bs.
Animal Head Weight 2.10 1bs.
Animal Brain Weight .243 1bs.
Animal Skull Dimension* w 2.30 inches
1 3.72 inches
h .i135 inches
a 1.50 inches
h/a .090 .
Impact Duration 3.5 msec.
Peak Contact Force 2,050. ibs.
Head Acceleration (F=MA) . 975. ~g's
Maximum Head Acceleration : 940. g's
(Vector sum X and ¥ from Vanguard)
Maximum Head Velocity 38. mph
(Vector sum x and y from Vanguard) . ’ rad
Maximum Angular Head Acceleration 75,000. sec?
Maximum Angu-ar Head Velocity 178. ls‘_ae%
Impuise ) ) 3.25 lo-sec.
Camera Framing Speed A 10,400. Frames/sec.
Blow-up Facter : 2.13 in/Van.in.
Quality of Movie Good
Animal Arrival:__August 13, 1970 Impact:__August i3, 1970
Termination: August 19, 1970 Dates

Evidence of Injury Post-Impact:_ Compound fracture in cheek area, deep lacer-
ation in left cheek and large amounts of blood spouting. Abrasions left side
of face..

A-17
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22.
23.

24.

25.

26.

27.

28.

29.

30.
31.

SUMMARY SHEET (Cont'd.)

Page 2
32.
Loss of Consciousness Cannot determine min.
_Heart-Beat Rate Pre-Impact 130 beats/min.
Post-Impact 145 beats/min.
Respiratory Rate Pre-Impact 4C breaths/min.
Post-Impact 32 breaths/min.
Reflex State {pupillary, eyelid, ear pinch, etc.)
Pre-Impact A1l normal .
Post-Impact None (due to drugs)
Behavior Pre-Impact Appears normal
Post-Impact No -apparent change
Anesthetic Used Ketamine (I.M.) Na Pento Amount_not recorded mg/kg
Approx. Time Last Injection Given Not recorded
Approx. Time Impact Not recorded
Condition of Animal Moderate
X-Rays Pre-Impact None
Post-Impact None
Blood Samples:
Pre  Post 1day 2days Other
SGOT 44 55 107 103 ~Int. Units-
SGPT 53 19 48 28 - Int. Units
LOH 148 183 178 179 Int. Units
AIKP' tase 1 13 14 16 Int. Units
CPK 160 450 915 598 Int. Units
Skull Cleaned and Stored Yes » 33.
EKG Pre-Impact Yes
Post-Impact Yes

A<26

SUMMARY SHEET (Cort'a.)
» Page 3 )
Autopsy Comments:_Hemorrhage in temporalis muscle. Cerebral-spinal fluid
cloudy-pink colored. Brain parenchyma hemorrhage in right lateral cerebral
cortex. 2 areas 1 cm diameter affected (Contrecoup) brain.

Autopsied 2 days post impact.

Histopathology:_ Right lung:
passive congestion. Kidneys:

foreign body granulamar.
congested.

Left lung: acute

Brain: congestion and focal red blood cells in arachnoid. Petechae Cere-
brum: focal destruction cortex & hemorrhage (outer margin) also lymphatic

infiltrate in meninges-meningitis & cerebenitis from trauma. All else agg?rs
Scaling Index Number 3 normal.
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