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1.0 ABSTRACT

During this project 2 total of 126 impact sled tests using anthropometric
durnmy test subjccts have been carried out by the Highway Safety Rescarch Insti-
tute Lo study the protective potential of a right front passenger inflating re-
straint system. The w0 parts of this experimental program consisted of: (1)

selection and design of 2 complete restraint system cenfiguration based on proto-

—te

types available when the project was initiated in 1969; and, @) the fabrication
and dynuiic tecting of the chosen system in order Lo evaluate performance rela-
tive to paremeters such as crash velocity, use with ond without lap belts, occu-
pant size, divcction of fmpect, the shape of the crash deceleration pulse, and
occupant position. Further, observed tost results were correlated with Lhe pre-
dictions of a purely wmathumetical model of crash victim notion.

The yesutie gathered in the test progran wore evaluated using perroriance
eriteria Timiting body G-Toodings, occunant matious within the venicle, and rel-
ative motions bLetween adjucent ports of the body. Dased op these results a
varicty of obsevvations and conclusicns were made regarding tha Tevel of protec-
tion of fored by the protolype syston which was uned,  Fost of these are sumaarized
as a sories of propused valooity throshold curves bovond which sysiom performance
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glasses, slouched occupants, and occupants rot Tocated synmelrically with respeoct
to the undeployed systom.  In most of these cases system performance was found to
be satisfactory on the besis of ilhe perforimance evaluation criteria used for this

study.

Finally, recomrendations are offered which have the objective of changing

the preposed thresheld velocities upward. A combined experimental and analytical
research proavam is suggested which: (1) varies the perametcrs of the airbag re-
straint systom away from the geomeiry fixed for the current test program; (2) im-
proves the design of anthrepomatric dummics and establishes the level of their
correlation with human vesponse to impact: and, (2) continues the study of energy

‘

management in vehicle structures.



2.0 INTRODUCTION ’

An extensive experimential and analytical rescarch progranm ﬁas been carried
out to evaluate a prototype airbag restraint sysiem for the protection of the
right front passenger in a stsndard-size motor vehicle. The need for development
and implcmentation of passive restraint concepts for motor vehicle occupants is
based on ihe Tact that ective balt restraint systems, although having a high level
of protective capability, often are not used by drivers or their passengers. The
state of the art of passive restraint system development is described briefly in
Part 2.7 of Lhis report in order to {orm a framework for the discussion of project
obiectives which Tellows as Part 2.2.

2.1 STATE OF THL ART RELATIVE TO INFLATIMNG RESTRAVTHT SYSTEMS

Most siudies of occupant protection which were carried out before the early

1960"s were concerned with varicus types of belt systenms.  Tn the wajority of

Cad

oy

o, these syetews vwere intended for vse by aircrall occupants.

During the early 1960's 1he concept of an airhag restraint system gained a
ce . ; I :

strong advocate in €. Clark. His early reports *7 vere followed by more widely

C. Cee . 3.4
civculaied publications in Stapp Car Crash Confercice Procecdings™ 7.

The fivel widely publicized testing progrom tavolving Tiving test subjects
-
} : . Sl > S -
(habocis) rostrained by airbay systews wos reporled by Snyder™ i 1967, The level

fopratecticn of Teres by the aivbirg sysion appearcd Lo bo higher than for other

sysiens ovebrotod in the! progria. Shovtly afler Fhis series of {esls wes re-
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.
absorption must be provided by weans of a bag pressure relief system to prevent
excessive ccoupant rebound; (3) an 1rr1at1ng resiraint system can be automatically
activated by a crash sensor and deployed in the short time between crash initia-
tion and the second collision of the occupant with the vehicle interior; (4) a
parameter oludy vas needed to determine systan performance as occupant size is
varied; () an operational criterion for sensors was neaded; (6) reliabilitly must
be demonstreted; and, (7) the effects of noise should be investigated.

Later in 1968, the present project was initiated by the National Highway
Safety Bureau under Contract MNo. FH-11-6962. Port of this project was to conduct
a detailed analysis of work carvied cut on airbag restraint systcms to determine
their feasibility.

The topic of human auditory response to airvbag inflation noise was covered
in o veport issued by N;JOx in March 19068, This generolly mindmized the noise
problon Tor ihe general puptletion in the case of right froat passenger airbag
inflations in ihe precence of huwan voluntcers.

Later in the spring of 12690 tho first dmpacl sled tests involving pre-inflated
airbaas vestreining S50Lh porcentito wale dummies were carricd out at the Highway

Safety Research Instituite. Ranidly inflating eivhugs were in use for all sled

Losts conduciod ofter June 1069, By Lho end of ihal wonth the system hed been
tested up Lo 30 neh dn frentst coliisions dnvolving dusnies holh pnrestreined
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During the winter of 1969-1¢70 the importance of supplemental knee support
was demonstrated and implemented in hardware bolh by a Tew-deploying, knee-
catching airbag produced Ly Genaral Motors Corporation and by an energy-absorhing
Tower insirumnent panel developed at the Highway Safety Research Institute for use
with an airbay deployced from the upper instrument panel. By Spring 1970 success-
ful tests were carriced out at HSRI at 40 mph dwpact velocity and in right front
obTique impact.

A conforence held at the Ceneral Motors Proving Grounds in May 1970, spon-
sored by the Horth Atlantic Tresty Organization, and hosted jointly by the U.S.
Department of Transportation and the U.S. Automobile Industry yielded an exten-
sive documenig on the stata of the art of passive restraints up to that date.

A wide renge of views and lechnical data werc presented by representatives from

governmenl and industry.

] hi 1 g

Since thet tine iechnical date have becn presented &L several professional

mectings including the 1970 Stapp Car Crash Confevence nold at The University-

' e * 9«.‘]‘\\ ‘ P P e .
of Fichiger™ ™Y, and Lhe 1871 SAF Autwseiive faginecring Congress held in

11,12,12,14,15,16,17

Delyoil.

—~

The eirbsg test program covored in this report

wos concluded in Novenber 19670,

2.7 DESCREPTION ALY COONCTIVES OF PROJECT
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The first portion of the project involved the sclection, design, fabrication,
and trial testing of a complete airbag system bascd on prototype hardware which
was aveilable at the time the project was initiated in early 1969. Cooper-
ation wes established with Faton, Yale and Towne, Inc. who made available the most
advanced prototype hardware knoun at the time. The preliminary test program and
resul Ling protolype configuration are discussed in part 3.5 of the report.

Based on the configuration which was sclected, a test matrix aleng with
the associated performance evzluation crileria, test instrumentation and data
handling procedures were chosen.  Over 120 dmpact sled tests were conducted in
varying parameters describing the occupant and the crash environment while
keeping the prototype restrainl configuration fixed. The test instrumentation
and data handling procedures are described in paects 3.3 and 3.4 while the
mairiy of tests and sumaary of test data ave presentod inpPart 3.6, Using the
resulic of ihe tesh program, the HSRI tup dimensional mathemotical crash victim
simulzior wes exercised to cstablisn corvelation between experiment and analysis.
Tnis vork is descvibed in Part 4.0,

The fiuad product and major objective of the projcet was determination of
velocity throshelds beyond wnich fmpect protection is believed lo be marginal
pith tno adviag resweaint systen. These Threshiolds are presented along with

an analysis of {ost venult



3.0 TEST PROGRAM

During this preject a total of 126 impact sled tests have been carried out
to stwiy the prolective potential of right front passenger inflating restraint
systems. The two parts of Lhis experimental test program consisted of: (1) the
selection and design of a compiele resiraint system configuration based un avail-
able protolypes; and, (2)the fabricaeticn and dynamic testing of the chosen system
in order to evaluate performance relative to pavameters such as crash velocity,
use With and without seat beiis, occupant size, direction of impact, non-conventional
vehicle crash response, and cccupent nositioning.
3.1 TEST OBJECTIVES

The test program vhich has been carvied out was based on a thorough evalustion

of the state of the art relating Lo inrlating restraint systems up to the end of

2
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prototypos avatiable at that {ino, a vehicte envivormoent consisting of an airboy
fabricated by Eaton, Yale and Gowee, Inc. and a speciolly designed body buck based
en the dimensions of a late medel medivm gized posscnger vehicle wae designed and
Fabricated,  The fivsl pert of the test progrem wos arcomplished when this con-
Tiguration wes subjoctad Lo dmnocu shed tests and, afier modifications, approves
ror the bulk ov the porfomarce evalvolion teols,

The wodor ebder Uive of Wie czperieente] pregvem consisted of conducting -
pact sted osis fo eveluate the pratechive poloniial oftered by the approved ro-
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3. effects of various occupant size combinations including a 6-year child,
a bth percentile female, a 50th percentile male, a 95th percentile male as well
&s a combination consisting of 95th percentile and 6-year child anthropometric
dummies;

4. effects of both head-on and 22.5° ohligue right-front impacts;

5. variation of the vehicle crash respense; and,

6. cffects of the position of the occupant including child-size anthropo-
metric dummies within the vehicle in olther than thz normal secated position.
3.2 PERFORMANCE EVALUATION CRITERIA

The three criteria which have been used in studying and evaluating the results
of the impact sled test involved: (1) Timitations of body motions; (2)use of human
impiact tolerance date; and, (3) distribution of losds over the body surface. for
the Tirst of these oriteria which is concerned with 2 Timitation of bedy motions,

the nioh speed movies vhich vecorded occupant malion {vom cewnras Torzted both

‘.

above and to the side of the fmpact site wore studied to detevaine 17 the occupe

had conlacted clements of the vehicla interior net related te the restraint sysiem

and i7 refalive wotiens botwoen adiccen. pevis of the body weve excessive. Al-
Loyl L N L A A :
though cont-ct with the vehicle dniorier oxtornel to the seet and restrainl sysicm
16 not neeessurily dngurious, Tt docs provide en indication that a restraint syslem
wes b oo sernleronted by on envivonont destoged fo aveid conlicetion of excossive
Toads o the cocupant.,  in those crses Wheve condnet with Lhe dnterior ot the boay
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the neck. Unforiunately, the construction of test dummies has not progressed to
a state where these motions can be related to a specific Tevel of injury. There-
fore, the notation made in the sumnary for cach test consisted only of an estima-
tion of whether these motions exceeded the novmal voluntary range of motions ob-
served in hupans (approximately 70° about o vertical axis for head twist and 60°
about a horizontal axis lateral to the body for hyperextension). No potential
injury level was cstimated.

The second of the three performance criteria is concerned with currently
proposed values for human impact to}erancejg”qg. The ones which have been used
in this siudy are:

1. {rontal head impact Tevel should not exceed 80 G's for wore than 3 ms;

2. froutal chest impact level should not exceed 45 G's (a conservative
estimate )y and,

3. pelvic belt Teads shonid net eveeed 5000 1bs.
High ccceleration Teveis of short duration (lcss than 2 meY are regarded as arti-
facts priwarily relatod o the fact thot cuvvent cencration anthropouetiric dummies
do not possess the downing characteristics of Tiving tissue due to the extensive
se made of metals dn hedy fabvication,  Tn odaition to this, Tateral G-leadings
of 46 0'¢ (effect of duvation unimaun) eoplied Lo the nead and supericr-inferier
Toadinos {6 ihe ftocso rxceeding 78 Gfs ove Lol aved 1o be potentially dengerous.
Altheuch o olcrencs velus of 1500 1h. divecl losding applied 1o the Auee-fenur-
hip coaptov de videly accopled, Inslimaoniiiion vas pot evailable fo moasure - this

O U e vt i FR i o e b PN -
'zi,‘.\“«. ﬁ‘_'xj ol izEL; SRR LI ’.:."{1 TN SRV Iu [ \'!‘ CLUt el O o ‘\Ii{fc foe ’\'“‘(g(‘ Coll b'\f

-

N St | : 1 R T T SR L S T i P
rade Facod o the (SO N R S A T T PRI R NV SIS DERPCR R S AT A R !)u'n"’ﬁ.

The e ol Do e Tvn e cvin U e crt e e b oneened il the di
Priiidnn o b0 L seo A o PRI S L ST FRNST VI SO TN S UL LIS TSI BN SRR
T O S S B S S L Y ENRURP SR B ST O AT SRR AL B A RTe N W CTES PRI RES
T P T CAR T C U IO S T VRN IVPRPOS PP Lt Gy e i»)fij;‘ T




o

the loads applied during contact with the airbag. In most cases the &irbags
deployed properiy and the lcads were distributed evenly over the head, face,
che«t and mid-torso. In those cascs vhere the hag deployed too high or too
Tow, appropriate notations were made in the test summary. When the airbag de-
ployed too hich, most of the deceleration loading was absorbed by the head and
neck whereas low deployient usually Ted to a vestraint force cxerted on the head
which was too small to provent contact with instrument panel structures. In
both of these special (and uncommon) ceses Tead distribution was considered to
be inadeguaie i1 high G-loadings were chserved.

In addition to these three criteria which are divectly related to lhe safety
Cor polential dnjury of the occupant, ihe performance of the airbag system, the
impact sled, and the dinstrumentation were evaluated lo determine whether the test
resulis wove valid.,  Such dtems as proper occupsnt positioning at the woment of

I

impect, the tining of airbsg delonation, the runcrion of deflation or "blow-out®

venls in the eivboo, an adequete deceloration Tevel, proper dapact velocity, and

function of the varvicus tropsducers vere notad,

3.3 TRST FACILIYY (HZRI IMPACT SLED)

which wes wsed in conducting this test program is driven by

a compressen Gan eparetionnt ram vhich stowly accelerates the payioad up tu the

wipecbovelocily. the acedioration Tovel cxpoyfepced hy the duny during ihe sce
‘

celevation phove ds approdimately 3 07u. ColVisdon i then simulated by an abrup
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A complete data acquisition and recording system has been incorporated in
the sled design including high specd cameras and a 50,000 watt lighting system.
Forces and accelerations are transduced and recorded simultlancously on magnetic
tape and a light beam oscilleograph. A1l controls are remotely operatcd using
safety-interlocked electronic sequences. A picture of the impact sled Taboratory
is shown in Fiqure 1.

3.4 TEST INSTRUMENTATION, DATA ACQUISITICH, AND DATA HANDLING

The anthropometric dumnies used in this test program were manufactured by
Sierra Engineering Company and represent: (1) 95th percentile male (Fodel No
202-695); (2 50th percentile male (Model No. 292-850); (3) 5th percentile female
(Fodel Mo. 592-805); (&) six-year-old child {Model No. 492-100); and, (5)three-
year-old child (Medel No. 492-703). Tn setting up the tests, the various Jjoint
struclures were torqued to a 1 G adjuctmont.  The bth percentile female, DOth
percentile male, and 0Lth percentile wate dumnies wore supplicd with ball joint
neck structures as originedl equipnent while both child dumiies were supplicd
with vubber necks,  For part of the test program (explained in detail in part
3.7.3 of the vepert), a rubbor nack fobricated by Goneral Motors Covporction was
installed in the b0oth and 95ih percentile male dunaies.

The dumics ware each insivamentod with triaxial accelerometer poacls in the
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Hard copy of these recovds was assured in that each oscillographic record
was photographed shortly after the test. A brief description of the equipment
specifications and calibration procedures for each of the transducers and re-
cording devices mentioned is incliuded as the Appendix to this report and a block
diagram showing the HSRI Imnact Sled Data System is given as Figure 2.

High spoed motion pictures were alse token for each test. A Photosonics
T0mn camera was located divectly to the side of the impact area, and another over-
head and to the rear in order to view the motions of the head and upper torso as
they interectes with the aivbog. The frame rate normally used was 1000 fps.
These moticn pictures ware also supplenented by slides taken before and after
cach iest.  Alse, a Groph-chek sequence camera was used during the test program
to provide en instantancous evaluation of the test as a high-speed sequence of
frames on a 4xb inch Polaroid sheet.

3.5 DEVELCPRELTAL TEST PROGRIAM

The first portion of the testing program which has been carried out involved
the selection, desien, fabrication, and trial testing of a complete right front
passongor intleting restrainl syston bosed on prololype hardzare which wos avail-
able ot Ui Lime the projoct vas wnitiated dn early 1269, Cooperation was
extoutisiod with faton, Yale % Towne, Inc. vho wade evaileble the most advanced

prototype hardoere koown ot Lhe thee.  They have continucd Lo supply information
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and bavdware 1o the project Liveugnoti its dvelion.
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third geometry in this figure is an outline of a seating configuration suggested

by the Automobile Manufacturer's Associction as representing late model intermediate-

sizad passenger vchic1eszo. It should be noled that the Galaxie seat can be moved
further to the rear than is the case with the AMA composite and the airbag instal-
tation fits well within the space designated for the dnstrument panel. Potential
focaticns for mounting the restraint system hardware were suggested by Eaton, Yale
and Towne, Inc.

The initial tests (A-065 and A-Q06) were carried out using a preinflated
bag becauce ¢f case of installation and Tow turn-around Lime betyecn tests.
Photogrephs taken befove and after one of these {ests are shown in Figure 4,
In both of these irsis, severe rebound of the dummy inlo the seat structures
was obscrved as the ventilation patches did nol Funclion a@llowing air to escope

and cnerey Lo be ebzorbed dn Lthe frnsact.

and A-110] Was carvied out using a vapidly infloting airbag system installed in
the symueivic bocy buck. Comparisoy of dita frow Tlest A110 with either Tesi

L-060 o A- 066 shows a decrease in body G-Toadings uvsing the fast-inflating bug.
The inilicl and final positions of ihue ocorpent in o1l those tesls are siwmilar
and ove shown o Flome 5.0 The veletive initial positions of ihe airh
Lho dunmy, ond the deftation adv boltle ove shovn dn Figave 6.
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The airbag which was supplied for ail remaining tests starting with No. A-165

was designed for an dmpact of approximately 40 mph.

of 160 in® and a filled pressure of 3500 psi.

10 ft3. The air

The detonation was trigne

dgoeelevation to simulate actuation

approximately 6 ms later.

resiraint effectiveness of an aivhay
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The final problem, which had te be resolved befure selection of a complete

right front pascenver inflating restraint system which could be used in the eval-

uation program, involved the wotions experienced by dummies not using a lap belt
in combination with the airbig upper torso restraint.  Submariuning of the dummy
underv the bog, under the instrument penel, and into the plenum structures of the
firoug%] of tho bedy buck resulted in excessive damage lo the knees and lower
hack of the cdummies as well as wnvsual Kinewatics in many of the tests inciuding
A-023, A-084, A-180, A-188, ond A-189. A typical example is given in Figure 10,
showing the occupant before and ofcer Test No. A-189.

s

his problemsan energy absorbing lower instrument panel

gim

In order to avoid

structure was added to the body buck &¢ shown in Figure 11 before Test No. A-200

and for all subsequont tesis. The materiol vsed 1o fabricate this structure was

Styrofocm Type Noo HD 200 manuicctured by Dow Chemicael Company.  This foam hos a
denstiy of 3.3 Th/Te? and vreciste o comrressive stroos of epprovimately 150 1h/in”
before collapsce using the standard 2-inch bBlock spocimen.  Whon a dynamic Tead
is applicd Lo specinens of stmitor foum macerial, thus dncreesing the vate of
strain in ordor to veoresent pn dupact Teod, the {ailure foad ig observed to in-
crease epprontmately 155 when tho Teae 15 applicd to the test specimen at 10 mph.
A cieray-absorbiag wavey 50 wilh Lhose proocetios ds appropricte for applying
)
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the dummy in the photograph teken after the test in order to show the relationship
between the knees and the Tower instrument panel. The dummy nearly returned to
his initial position during rebound. A sequence of pholographs taken during Test
No. A-203 (Figure 13) shows ihe kinematics of the dummy which occurs in tests of
this type.

Examples of the permanent deformation expericnced by the styrofoam blocks
are shown in Fiaure 12, In the test labelled A-200 the block is still mounted
in the body buct whereas the block has been removed to show the profile of the
indentations in Test No. A-209.

This scctivn of the report (3.5) has summarized the developmental test
progiram carried out Lo fix the occupant compartment design wiiich was to
be used for the hutk of the airbag evaluation tesi program. The vehicle config-
uretion for ali tests with identification numbers lerger than A-199 includes all
mprovenants 10 design discussced in this section.
3.6 EVALUATION YEST PROSRAN N

Praced on the hodv buclk and restraint systen configuration wihich was developed
and Lins been doscribed in scetion 3.5 of this repovt, @ series of dmpoct sled tests
was pevfovined to cvalvate the peleniisl of the airbag system in protecting an oc-
cup-nt under o veriely of conditions.  The pevanolers which vore varied incluoded
crash velocity, vse or noa-uso of Ton Lalfs dn cenbination with ihe eribag. effects
Of vorious ofoupont size conbinsiions, of
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TABL

£ 1.

TEST MATRIX FOR VELOCITY,
OCCUPANT SIZE, BELT USL, AND TMPACT DIRECTION

95th
Gth 50th 95th percentile
velocity | belt] dmpact | O-year child|percentile percentile{percentile|male and G-
mph use{direclion dumay femaie male male year child
20 B F 198 199 172, 173 | 192, 195 210
20 U f 206 204 202 200 217
30 B F 199 161 179 194, 196 211
197
30 U F 207 205 203, 292 | 201, 209 213
299 306
40 B 5 234 220 230 232 235
40 U r 235 229 231, 308 | 233, 307 -
309
20 B 0 247 271 Z2ih, 217 1 2k2, 269 262
70 ¥ 0 242 222 219 253 2063
14 b ( 2403 TN, 7Eh 28, 7AL 254 264
R b e e - U T -
50 E%i 0 e 707 220 2ob 265
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TABLE JI.  TEST MATR

IX VARY1IHG

OCCUPANT POSITION

Dunmy | Velocity-mph

Occupant Positien

0

Lund1nq,
dl{lusnr.

3 yr.

Teoking out window with chin on

ScLL1xg e

rect on front edge of seat.

itting
O'PP di;f

evect seat with hands

user

on front edge of

289 & yr. 0 (n noon diffuser and hands at sice.
290 3 yr. 0 Sitting on edge of 1ront seat with forehead
Lo 1}1!11\ dirfiuser.
291 3 yr. 0 Standing with arms and chin over instrument
ane1.
293 3yr. 30 3 yr. dlhﬁy on lap of seat-belted adult.
hO M
254 3 yr. 3 3 yr. duiy on lap uf unrestraincd acult,
50 M
o2

e

30 Deny 5750

went pance

coaed in seet with kuees un instiu-

{

. s e o
296 50 11 30 SWUcways sloxnx1 pntwtun
a0 “n - NN o R ,
297 LG M 30 blsuahud xxil arms behing h“
fege] ARG 20 S T X [N S —in g v A o
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TARLE IIT1.

SLED DECELERATION PULSE

TEST MATRIX VARYING IMPACT

Duiiny

Velocily-mpa

Deceleration Pulse

174

50 M

30

Lovi level.
12 G average

178

50 1

30

Low level.
12 G average

264

™D
[ve)
=

50 M

30

Ramp
26 G peak

o ) Double peak.
50 1 30 34 G peak

30

Hign Tevel.
20 G averaya

ROTE:  The decclevation pulses deseribad in the last column of this table repre-

~ Yy

set vayialions possible wilh the HSRU impact dccelerator during the period of

thic conivact.

o

i {
Part o700

of s vyt

L Simeliaior,

. N O I °
peing vhe nechoinn of the

Comnarizons with full-sceie vehicle cresh pulses ere made in

Mathownticel Crash Vie-



4

and 30 mph tests in frontal impact involving Tap belt restrained dumnies have

test numbers numerically less than A-200. These were conducted during the devel-
opmental test program hefore installalion of the energy-absorbing Tower instrument
panel but have been included in the evaluation test prograwm. The tests conducted
at 40 mph in frontal impect involving lep belt resirained dumnies all used the
encrgy-chsorbing lower instrument panel. The only coffect was to recduce peak lap
belt loads when the kneqs intevacled with the Tower instrument panel structure.
This is discussed in section 3.7.2 of this report.

A suminory of the dute gathered during cach test was prepared based on the
recordings of the trensducer data as well &s on the high speed motion pictures
which were taken. The data set for each test includes a photograph of the Tight-
beam oscillogrephic record including trace identification and calibration, a
sequeonce of photogranhs showing a side view of the motions of the occupents, and
¢ HSRI Summary Date Sheet. A sample of ihis suraary ic included as Figures 15,

16 and 17 deserabing Test Moo A-202 The weitton sumnery (Figure 1) was used-to

record: (1) thoe test setun; (2) Lhe Tunciioning of the resiraint systom, sled accel-
erction and gdecoleralion sys
high spoed motion pictures; and, ) an evilvation of the performence of the restroint
system bascd on the oriteria ovthined previously in this report.  The osciliogrephic

. o - gy . NP T e . s ey vicy e iy e ey R
record end secuuren of phologrephs covve as a coppacl scuyce of supporting evidence,

fhe dota for all btests wiicn vorc covried ove curing Uie project, including

Wi G A L4 oy T e T N ; AU DU . PN . : P L
dewvy Povaoniad SOats, ave stanrvdzed o Table WYL Con Gevtors are ueed n ded Phehg
P I T S DU IRy R I O ROV DRV S ; e Ty L ian o]
diaoy S1re, di Sopesilion, divection oF hnpael. sled GeTevat decelars bion typo, and

B . [ .. .

o Doty e b O ey : e - Y VR N SR S Lot I
covbath aspocts of ovcrpont RKinesoalios. Tnese are delimsd in Table Voo The lesis anu
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HSRT SUMMARY DATA SHLET
MH-11-6962

Test No.: A-209
Test Date: 21 January 1970
Restraint Description:  Fast-Inflating Eaton, Yale and Towne, Inc. Airbag

Test Observations:

This test was carried out using a 95th percentile male dumay. The test
velocity was 30 mph and represented a direct frontal impact. The deceleration
was trepezoidal vith an average value ¢f 15 G's and a pesk of 17 G's. The G-
Teadings oxperierced by the dumay were low and the eirbag deployed properly.
The knees of the unbelted dupny Teft on imprint approximately 1/2 inch deep in

the styrofoan Touoy instrimens nonel.
[}




Fig. 16, Light Beem Oscillocraphic Dats (Test No. h-209)
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TABLE ABBRLVIATED CODES USLD IN AIRBAG TEST DATA SUMMARY

Dummy size:
50 M = 50th percentile male dunmy
95 M = GhLLh percentile male duany
b F
6 yr = G-yecr-old child dumny

i

5ih percentile female cummy

il

3yr 3-vear-old child dumny

Dummy pasition

E = erecl seated position
0 = out-of-position or additional feature such as glasses

Direction of impactl:

F = direct front barrier impact
0 = 22.5% vight front oblique impactl

Sled G-tevel:
15 = a 15 G averaoe deceleration
Heceleration type:

N o= el treperoidel deceleration pulse
Lo+ Jowaverage value Tor deceloiocion pulse
S 7 osine wave shape for cacelerabion pulse
R~ vamp shepe for deceleration pulss

e e . - PR I A, T e
= hian average value for docelarauion pulse
LI R S
{1 M I SO0 Ly R ona s
o . S U O
H o= u,’i Svoaltauion of nock

T Wity of aocl



dumny position, impact velocity, dircction of impect, sled G-level, and deceler-
ation type are given in the next several columns. The magnitude of the peak
values of Tap belt loads if lap balts are used and the six accelerations are then
indicated in the next eight columns. A blank space for an acceleration indicates
a malfuncticn of the data recording system, ov most often, a break in the cables
connected to the accelerometer. The duration in milliseconds of a head a-p,

chost a~p, or chest s-i accelerometer reading cbove 80 G, 45 G, or 25 G, respectively,
is listed if the duration is longer than 2 ms for the chest accelerometer channels or
Tonger than 3 ms for the head acceleroneter channel. This s done to facilitate eval-
uation using the performance evalvation criteria steted in Pert 3.2 of this report.
Because bay slap often produced higher leadings on the dummy then the deceleration
evenl, peak velues ave given for bolh. The average value of sled deceleration is

1

Tisted under "sted G-level.” This value was determined by hend-smoothing the decel-

PUNE PO
evation proi

ile, a procedure accurvete within 1 6 boved on cowparisons with samples
~ P WA - 2 5 - N v el Yoy T rly ya S E
wheve anaccurate avevage vas coaputed. A guestion mark by o nember indicales un-

certainly about ils magnitude end Lhe "greater than" sign (») indicetes Lhat it

vias possibie (o dotermine the rceelerztion valuve up to the indicated valus. The
Tast cotumn in Tabie 1V containg spoeific romarks concerning the type o test,
propey posilionicg of the dumy, the funcidoning of the stad end deceloration sys-
Lo, the vecordnd dato, peviommance of e aitbag resoraint svevem, ao w21l as the
matiens ohd veliole dncorior conloets oaperiensed Ly tho ducay.

P AR VLT e B eqn e
3.7 AALYSES 0 T0sST RLSIEGS

Py I I PO v e P Loone Vo, I PR AR T LT (-
Fo0 araiyars 0F 0 Lfie gy vesglte oo ovedd Ju Pol LaC CLUran o the 10 ialm{;

oot nint ysior vl ot jen prodert boo Lavpn canyica ovl by vieving individally
RS ! vibice Bhr owenorecer g L b These Lnere conboashiy
are Dheoeoea el e eny e ey sl e Tos b Rty ead Uhe nanion ons
Vo . S ¢ vt



Those parameters involving the occupant which have been varied ang are
discussed senarately are size (G-year-old child through 95th percentile male
dummics), the construction of the various dummies with particular reference
to the nacl, and the position of the dwsmy with respect to the interior of
the veldcle. The cases of inadvertent actuation of the airbag system, par-
ticulariy wiith veference to the case of o child ciose to the diffuser, are
cons idered along with those cases involving adult dummy sizes.

Because the vehicle interior configuration was Tixed prior to the
T the mejor part of the test program, the only parameter which
was varied was use oy non-use of a lap belt in coabination with the
-passive airbag rostraint,

Three aspects of the motion envirenment have received special attention,
These were fmpact velocity, iwpact divection ond deceleration pulse shape.
The velocity ves varied {from 20 to 40 wiph, the divociion of fenacl varied
vichl front oblique, aro he cutse shepe changed from e
trapezoid to a ramn conliguyetion.

37,1 Nelociiv Threshotd v ith the Aiviag Resireinl System

To steevizoe the vesulis preseniod u Porl 3.7 of this veport, the con-
cepl of thveshold voleciiv is dntrodvod, This consists of & polar plot
with Tincay verootly anomitos poy howy ond divection of dmpact in degrees
meesteed avay Sron the diyecUion of 4 Givech fron' 21 dimece. The curves

placca oa tnds eoler pleh fore an unpor beend on G depach voloct L

by b fynm Dyt B . Tove Ihia eyl o +
wivicho vestyomnt aysion povfornance iy sdeaaates tor the corent test
[ S RV SO RN VU e e s, . S N 4 (s . .
Broos e ety the Uaton Vele and Toapne, Toe ocyslow dnciedted inoo
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The toundary curves have heen drawn for those vé]ocities at which restraint
system safcty performance is estimated to be marginal based on the performance
evaluation criteria outlined in Fart 3.2 of this report. In some cases, the vel-
ocity of 40 mph may be too low because of the Timited velocity capacity available
at the present time on the HSRI dmpact sled. The limiting criteria are based both
on the G-levels vecorded Trom the body accelerometers and the motions observed in
the high speed motion pictures.

The 50th percentile male dummy was provided with marginal protectlion at 40
mph both in the fronial and oblique tests when o lap belt was used. The Timiting
facter in those tests was a combination of hesd twist end hyperextension in the
frontal fupacts and head twist in the oblique case. Perforiance appeared to be
somerhat reduced when the dumny was not restrained by a lap belt in the oblique
tests ang actually dmproved in the frontel collisions indicating that the threshold
volocity micht he somewbet hicher for tnis case.

The 251k percentile male cumey, becavse of its grester mass, tonded to have
greeter excursion and interactod with greater severily with items in the vehicle
jnterior unrelated to ho vestrand, systen. This fect led to marginal vesponse

L

Tor both the belted and unbelied cases ol 40 won in {rontal collision and thres-

1 1

hold velocitios for obiicue fapscl Towor thon for the LOLh percentile male.

Tha Tevel of prolection of Torad to the Bth pevcentite dumay was the Towest
exporionced by ey of the duaaicos. Froblens with the neek conslruction of
tho iy e evporieneed i ot Tl beetu both Poteed wnd unbellad, A tontative

SR

T N T R D N PRI B S U PN EETURE I PN U NN P4 gy by o -
Chieshole v ociny von oo ob A0 poh o Ahe T holied bk povoenbiie femate

PN NN . o . HEE SO o, e PR B N ] v \ N AT SRR Iy P o
Path b Do Tod cod obligne dnrcGe bocmase of the votatively Tev G Teadines and



s

humans. The unbelted dummy received marginal protection at 40 mph in the forward
collision simulation but in all other tests failed either the G- or wotion-criterion
or both. The thveshold velocity is represented as a point at 40 mph.

Generally the € year old child dummy received the grestest Yevel of protec-

i

tion offered {o any of the dummics. BRoth in the belted end unbelted cases the
threshola s a minfwum of 40 mph in frontal dmpact due to limitations in the HSR]
sled system. In the oblique case, the threshold for the belted duminy is a1so a
minimum of 40 nph and is reduced Lo 30 wph for the unbelted dummy because of con-
tact with vehicle interior structures,
3.7.2 The Effect of Cccupant Size
Four aspeets of the effect of occupant size will be considered in this dis-
cussion: (1) the values of peak G loadings received by the various dumiries; (2)
tha valees of dap belt Teadings Telt by the dumiies in those cases where lap helits
Were used; (2) Lhe bincaaiics exparienced hy ihe various cuamy sizes; and, (4) the
efiect of bag deployanng, Only divect Trontel dmpacl sinulations are considercd
herve o= oblique tesis eve presented in s dfeter coction.

The pest hody eccolovometor peadings as a function of duwmy size and impact

velocily have bean prosented in Tapie Vi The tests from which this data was ob-
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TABLE VI, PEAK BOOY ACCLCLEROMCTER READINGS
AS A FUNCTION OF DUMY STZU AND IMPACT VELCCITY

e e« e =

Duiny Head a-p G-Tevel Head - G Teve? HCdd T-r 1e»o|

Q [l ~ A S T .A.._.“«
1ze 20 mph 130 wph {40 mph | 20 mph {30 mph 140 mph | 20 wph 30 mph |40 mph
L - N S JEU R ) —] -

6 yr child 40 31 35 20 3 33 10 25 35

5
5% femaWc 80 ue 20 17 23 30 35 60 12

50% male 25 29 37 20 42 36 10 28 27

- e s - -

95% male 20 30 35 27 31 44 25 25 25

e et it e S st it st o5 st et e 4 e e

Dusiay Chost a-p G-leved Lst\t -1 G 1cvet Chest 1-r G—]eve?

Stre i

- e
[}

fon’

ZU ph 40 mph LO WP BO won 140 mph 20 mpn |30 mph ﬂO mph

{1§e]

G y: sn}l 15 20 43 ?O 40 8 10 27 23

Bm szQlG 13 20 30 33 35 35 lD 1“ 10

L0y wate 20 38 41 ; 725 16 19 5 15 15

559 ate |23 33 i ; 20 15 20 20 8 8



In the case of the superior-inferior head acceleration, there is some in-
crease in G-Tevel with velocity but no clearly defined variation with occupant
size. Some comparisons can be made hetween the average of the acceleration
values obtained for the four dummy sizes at 20 and 40 mph and for the head anterior-
posterior and cuperior-inferior accelerometiers. It is interesting to note that
the average of the peak G-loadings at 20 mph is 23 G's whercas, for the anterior-
posterior mounts under similar conditions, it is 34 G's. At 40 mph the average
of the peak G-Texdings in ihe superior-inferior direction has increased to 36 G's
while the anterior-posterior loading has romained nearly constant at 33 G's. This
probably reflects the increased hyperoxtension which is observed af the highor
velocity Tevels.

The G-Tevels expericnced hy ihe haad Teft-right accelerometers do not show

any clearly devined trends either as e function of velocity or as a function of

dumany size. However, the volues ave ceperally lewer than Llhuse experionced by
the supcrior-inforior and the anterior-posterior mounled accelerometers as should

be expocted in a rearly symnctric froatal inpzct simulation.  The only exception
is the veadine obtaired vsing a Bl porcentile Temale dumny ot 30 mph.o  This hiok
Tovel apreors o ba essocieted wilh the severe hyperextiension ohserved in the
test (See Figure 10).

The ecceleration Tovels vocovdea from the chest anterior-posterior accelor-
omeless show oo paliovn of incrossing Copevels os dnpoct velooity ds dnereaged.
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F=P oA+ T sl

where P #A is the bayg pressure times the contact area swept out by the occupani
and T A1 is the normal component of the membrane force per unit length of bag
material times the length of the perimeter of the contact region. For the smaller
duimies swept arca, pevimcter, and possible pressure are reduced, thus lowering
the resiraint produced by the bag. The fact thet the small dummies have reducced
mass tends to egualize the G-loadings between the large and small dummies.

There are three observations whiich con be made in general concerning the
chest superior-inferior and the left-right peak G-Tevels: (1) there is a decrease
in Tevel with size of the dummy as the 95th percentile male secmed to receive
the gentlest ride; (2) Loln scts of values are lower than are recorded in the chest
anterior-postorior divection; and, (3 the Teft-right G-lcvels have the Towest
values of all as should be expected with a nearly symmetric Trontal impact simuletion.
The vemarkable decresse in chest copoviov-inferior G-level for the G-year-old child
dumny et 4C mph boeomes cleoy froa the wolions. Figure 20 shows the dumay sub-
marining under the bag and Towar insirtment penel.  From the high speed movies
the dumay s thon observed to roll Lo the Tefl towards the center of the venhicle.

N Tap belt restraint systan suppiemented the aivbag in certain of the lests
end the vestlibag botl Joodings are prosented in Toble VIIL The tests from ubich

this dota was obladined ave Vistod dn Gable 1.0 CGoly dep belted cecses ave cousidered.
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TADLE VII. LAP BELT LOADS

i e s e o

Lap Belt Loads, Lbs.
Dummy Size - -

20 niph 30 mph 40 mph
6 ycar child 1360 1620 1370 :
T Y e U Teran
5% femaie 2250 2ol 2420
G0% male 1870 3810 2110
95¢ male 2050 6940 1830
TALLE VINI.  COMPARISON OF PEAK G-LEVELS
BETWEEN T AHD 2 DUMAY TESTS
Hoad a-p G-leved Chest a-p G-level
Dusay Sirze I e et IE S E R
20 noh 30 wph 40 1k 20 wph 30 mph 40 wph
N o 0 i S ISP
6 yoar caiid 40 51 35 K 20 43 ,‘
. R e - - v e vemmue - - el — R T S e - - ul
STIMETTRNS 20 o0 28 23 33 a4
Cme pr— .- p— . - PR ORGSO T S !
O year wid A4 20 17 35 -
Gt [ 28 | - 55 35 -
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1)

the dummies interacted with the Yower insirument panel whether they were belted
or not.

The motions expericnced by the occupant depended on occupant size and the
resultant placement of both the airbug and the knee restraint. Figure 19 shows
doployiment on the 5th pevcentile female dumuy in a 30 mph test while Figure 21
shows the 50ih percentile male in a more severe test at 40 mph. In the former
case the restraint load i« carvied high on the vpper torse and head causing severe
hyperextension whereas the excellentl deployment on the B0th percentile male in
the Tater case avoids this prontem completely. However, if bag deployment is
high on a Targcr dumay {an unusual cese of which is shown in Tigure 22 for the
95th percentile male duany losted ab 20 wph), performance can also be severely
degradea.

Several {rsis, as ovilined in the Tast coluwn of Table 1. were cavried out
using two dneins - the Shin percentiie male end the G-year-old child. A com-
parison betioen these tesis and individual tests using the two dumnies scparately
is given in Teble VIII. The G levels in the onz- and two-dumny tests are similar

' : o

fcating thei Lhe addition of the swdll dumey coes not substontially affect

'hil
resireint sysicon perforaanee.  Tuis concention i bhorne out in an examination

1
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on a child positioned close to the bag. The second part of the series covers
out-of-position occupants in a variety of configurations including a child 6n
the Tep of an adult, slouchad adulls, adults sprawled in a s]eebing position,
and adults lecaning forward as has been proposed as a possible configuration
during vehicle braking. Three tests involving cccupants wearing glasses were
a?zo-aonductod.

Six tests were carried out to study the effect of inadvertent actuation ou
child dumries - three with the 6-year-old and three with the 3-year-old child
dumies. The first test (A-208) uscd the 3 year old child dummy. Photogrephs
teken both before and after this test are included as Figure 25. Hich G-Tevels
of approximalely 100 G's in most acceleorometer channels were observed both during
initial contect with the bag and later as the dumwy was catapulted over the back
of the frent seat contocting varicus vehicle sirvuctures. Prior to the next test
[aioﬁ, Yale end Towne, Inc. increased the diameter of the diffuser from 2 in. to 3 in.
in order Lo Touxe the exit velecity of tho gas entering the bay, thus tending to
Tewor the dnitial velocity of the bag as it begins to deploy. This was designed
Lo reduce the dnitial G-Toading on Ui child.  In addition to this change, the
sTot ervangemznt of the diffuser was changed o produce Towar deploym=nt in order

to deploy the bug Turvhor down on the chest of Jho duamices, to more uniformly

etk by Pl v basadmd T g R n i “ " , Cyyn
dicivibtle the resbreint Goodines, ond io o ieoangle of etlack of forces
epplicd Lo the oocuptal dn the cose of pacvariont cctuation.  The dnlended of
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.

back where high G-loadings occurred. This problem could be avoided with appropri-
ate energy-absorbing padding added Lo structural members of the scat frame or by
encrgy-absorbing desion of the structures. Two photographs taken before this test
and one taken afterwards are included as Figure 26.

In Test Ho. A-209 the 3-yoar-old child dummy was positioned with his head
touching the diffuser.  The resulting peak G-loadings appiied to both head and
chest duriny initial bag conlact appear to be somewhat in cxcess of currently

pronosed tolerance Tevels.  The devels vecorded during vebound were not nearly

104 -

so severe,  Two pholographs taken before end afterwards arc shown in Figure 27.

1t is believed that this test is move severe than the case of a production-peckege
upit.  With a productiorn unit i1 would not be possible to place the child so near
to the diT{user becausza of system shield

vodnadveytent eetvation, Posiiions van

the ohin touching the difiuser 1o tha cese whore the dummy sat erect on the edge

f the front sret. v =ach case the dunmy vwas pushed straight back into the front
seal bk and received Lolerable 6-Toxdiugs curing the dnmitial contact with the

bag.  The Jordings recvived during contect wilh the seal back v ware righer but mostly
Within curvenliy estineted tolevance fevels.  Pholegraphs token before and afier
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contact the diffuser. The apparent problem is with force interactions between
the two dummies. Photographs of these lests are presented in Figures 31 and 32.
The dummies were in an initially slouched position during Test A-295 in-
volving a 50ih percentile male and A-300 involving the 5th percentile female.
Deployiient of the bag was excellent in A-295 and the G-levels experienced by the
dummy were approximately the same as the average rccorded in tests involving erect
dumnies. A scquence of photoyraphs from this test is shown in Figure 33. The
ride experienced by the bth percentile female in Test A-300 was softer in most
respects than the similar test involving an erect dummny. Head G-loads were lower
for the cut-of-position test and chest G-Toads were higher. The 60 G spike in the
- chest antericor-posteiior acceleromator was about 2 ws in duration and nay be an
artifact as the average G-level uas about 35 G's. lypevextension was reduced for
the ovt-of-posiiion dummy due to the facl that it was leaning back approximately
45° at {he beginning of the lest. Phelogvaphs tahan bafore and ofler this test
are inciuded as Figeve 34.
Tests were alse carried oul using the ithree adult dummics in what s called
the slecping positicn. This can he describod s @ twisted position with huttocks
neay hv vehicle center Tine, kneas toward the right door, and head Teaning to
the side 1o vest on the back of the froatl seat. The initial positions for the
Sth peccentile topnta ana the 95th poroentile wade ava shown dn Figure 350 1t
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vehicle. The 50uh and 95th percentile male ended up mostly in the drivers' posi-
tion. Photographs showing the two types of final positions are.included as
Fiqure 36.

The G-Toadings experienced by the dummies in these three tests were within
curtent estimates of tolerance in all cases. The spikes observed in the chest
anterior-posierior acceleromelers had @ duration of approximately 1 ms.

Two tests were carvied out using adult duminies which were leaning forward
with their heads near the diffuser. In Tesi No. A-298 the L0th percentile male
dumny was Teaning forward with its forcarms vesting on top of the diffuser and
ils head leaning against them.  Only the arms were positioned differently in
Test Hou. A-303 with the 5th percentile fanale duwmy. In this case the dummy
Teancd Torvard on the seat with elbows resting on spread knees and the chin on
the airbeg.  FPhlolegraphs chowing the initiel positions are included as Figure 3

In the test with the wale duney, the bag began to deploy through the ring

4 4

formed by the folded anne, Torcing them apart.  The right forearm struck and -

broke the windshield.  In the case of the female deamy, the bag deployed downvard
straigitening the legs.  The vicht Teg was broken ebove the knee during the simu-
Totion. It s not koown wheiher this is due to the sireightening, contact with
the seot frame, ov a veaction in the leo due to docelerative forces acling at the
fotte The Tecalion of Lhe windshiclid Coweo dn Teot A-206 s shown in Figure 38
;

and it woatione ar the fouade dowy dn Test Hoo A-303, dn Figuee 30, Loads in

the antericc-posicrm divection oo o the olerence Tevel with spikes rising
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the frames. There is no evidence from these tests that the wearing of cyeglasses
wuld be a problem in the safe functioning of the airbag restraint system. Photo-
graphs talen before and after Test No. A-299 are shown in Figure 40.

3.7.4 Dumy MNeck Structures

Two typos of neck structures were used in the dummies during this test pro-
gram. One wes the standard arrengement of bull and socket joints found in the
adult Sievra dumnies and the other was a rubber neck fabricated by General Motors
Corporation. The GM neck consisted of a rubber cylinder with two steel end plates
for mounting to the nead end torso of the dummy. The end plates are held in posi-
tion by two cables extending through the rubber cylinder. The cables provide ten-
sion strength whon the rubber cylinder is compressed during head motions relative
Lo the torso.  Exposed vicws of the two necks ave shown in Figure 47.

Four {osts dnvolved rubber neck structurcs - two with @ B0th percentile and

wo with « 05th poveentite dumny.  Tho head notions obsarved with both itypes of
necks wore guite similor although the extent of twisting and hyperexiension ap-
poarved to bo greater with the ka1l and socket arrangement,

Comperadive G-Teodings in Loln tyres of tests are given in Tablie TX. In most
Cases thy G- tuaaings exporicnoed by the head in the Teft-right direction wore higher
with the ball and socket avvangonont.  This way bo due to the Tact thot during
the tests Lhe neck ves wydsled and The Lesd Jowand down on the Teft shoulder un-

-~

il it opvooved Lo bobron ont, Aso, inowost of the casces tho cheslh eniorior-

potieyicy Cedoadings woro hiohioe with Ui rubber neck, TMzRﬁﬁtmwihemmMW
nech o wan o vlensicatly covntod o Che fovsu mey have Causcd sone poriion of the loods
G j 1l S Pt ; ! L ) \% i\‘ h Ef "})1 A I‘\‘ (8] Lh‘\ [ v }i Wa (tgxlyi(‘\”l\ iL
Co 0 ! AT G noihe ol CLUC g O Poy by a




Fig. 41, Dummy Rubber and Ball-Secket Neck Structures
“ J



TABLE

IX. DUMMY RUCBER NECK STRUCTURE COMPARED

TO STARDARD BALL AND SOCKET JOINTS

Test

A-292

average of valuoes
Trom A-203, A-284,
A-285, A-299.

Duminy

Impact
Velocity,
mph

29.8

29.9

rubbey

Neck

Head
a-p

G-Tevel

T s——

Chest
a-p

G-level

Chest

s-1

G-icvel

Chest
1 r
G-Tevel

33

8

10

S50

ball
and
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A-309

rubber

39

19

17

17

average of values
from h-231, A-308
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socket
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hall
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socket
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14
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If the phasc of the motions experienced by the head and chesl of the dummies
differ in time, it is possible that hyperextension of the neck could occur. As
this problem has been observed in some of the tests carried out in this program,
it is recommended that a vesearch progrem be initiated to develop a neck structure

0 .

for dummies which vields motions similar to those observed in humans and which

is capeble of being used to estimate cases of potential trauma. This is not

believed to be possible with either of the current neck structures.

3.7.5 Use Versus Non-Use of Lap Belts with Airbag Torso Restraint

As indicated in Tabie T tests were carried out invoelving both belted .
and unbelted dummies. MNec degredalion of the safety potential offered by the
airbag system was observed by eliminating the use of the lap belt in front end
collision simulations at any of the speeds from 20 to 40 mph.

In the tests which were cavried out to vepresent obligue impact (22.5°
right front impact), some adventage wes gained when a lap belt was uscd at the

fiichoy sbeods and with the larger dummics.  Their use {ended to reduce ihe

S

tendency to stide avound the end of Uhe bag into the dirvection of the impact

and into the side structures of the body buck. This problem witl be discussed

in greater detatl i Part 3.7.7 of Uhis report which covers the oblique tests.
The wotion, oxporiencoad by the occupants using and nol using seat belts

s

wore dificrent in some cases. The encrgy-absorbing Towar instrument panel was

instelled fo veplace the active Tap Lol system wilh a purely passive device.

The wajor difierence belucen (he ponel and the belis 1s adjusuent.  Thoe puael

R SR I i s .
¢ obelils can be shugaod up

mn b fenctiion for a1 sizes of cocupants wheveas th

crot . . WS " FINTES .
Poe snonbt Coveor-obd o bd duenor vas pha GOLIE e Ho un Lhe odg
and P oy b oy 4 NN i N T t .

and s, cvtig vpoon the fiooe o7 G hedv ek Whan e Tap belt e used
T O D R Co 11 ,

Too petior hicy Copdecnons 7 The Do the ol Coceian renseld o pensidle




The bth percentite fomale dumny did not move as far forward @s the child.
The hip point moved fervard about 6 inches when a lap belt was used compared
with 12 inches in the unbelted cose at 40 mph impact ve]ocity.' Hyperextension
was more pronounced when a lap belt was used as the torso tends te pitch forvard
during peak belt loading.

The S0t and 95ih percentiie maie dummies experienced similar G-Toadings
and nmotions when belted ond unbelted.,  In this case belt siretch and slack was
conparable to the excursion of the knees beforc contact with the Tower instrument
panel.

Tt eppears frem these tests that there is some advaniage to the purely
passive system when compared to an auxiliary lap belt in frontal collision.
Hyperextension wes raduced in the smailer dummies and the additional excursion

of the torso did not apprer havmful.

The major restreint Yoads provided by ihe aivbag system ave applied to the
chest. In TabTe VI 4L 15 secen that the vesulting chest anterior-posterior
G-Toadines dnocvease with dmpact velozicy.  TU has been previously stoted ithat

( : } .
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the atvbag vestralat forcs cen be joraulated as

wirere AR Tn the boy proscuce vhats (e cenioct erea swepl out hy Lo occupart
N i H

and T a1 s Lho neviol copenent of e mouh ane Jorce per unil Tength of bag
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bag is essentially full approximately 40 ms after the beginning of the collision
simulation and hence, only a small quantity of gas is supplied to the bag from
the reservoiv after this time. Thus, the change in tamperature of the gas in
the bag is primarily a Vinear function of the wmass flow vate out of the bag

through the vents and of the vate of vorx dune al the moving boundary of the

In the series of sled lests carvied out during this test program the average
impact decelerations wore nearly the seme in most cases. However, the duration
of the sled pulse was increased for the higler velocitics. This has the effect
of increasing the length of time during which the occupant is in contact with
the bag, thus yielding positive valucs of exhoust mass rate and work on the
boundary of the bag over a lunger period. As a resull the raete of temperature
change remaing pusitive and the gos tenveralure can increase t6 a highor level
in the pighice veloeoity dupecies This will dnecrcesa bag prescure and also the
bag membrane force thus vesulting in 2 stiffer bag copable of providing greater
frect

restraint fovece and higher G-leadinge.  This eficel is moderated somewhatl by

the fact Lhat the mass of gre din the bac decreases.

A gearotric effect alse contributos to the stifiening of the bag. At the
time of inaiiel contact with the bag, the teasiic fecce in the mombrane is
divecied prraliol fo th2 avee of woalecl ond offers Viltlo rasiraint.  However,
a% the cecepant sieops throush the bag the oobeane Torecs rotete tovard a

v

povpepdicelor v the wioieg plann ond Lhws boc we mave of fective inostiaint,

oy £ & NS FREN gy i ¢ N . T P LI . N R Vev e v RN
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Several factors relating to the airbag systom, tho occupant, and the
particular crash event itself will serve Lo define a Timiting ve?ocwty beyond
hich restraint protection cannot be expected. The quantities mentioned in
the preceding discussion which influence the G-loads applied to the occupant
and, thus, limiting velocity are inflaled bag shape, total stored gas volume,
diffuser design, paysical properties of the inflation gas, vent size to deter-
mine exit flow, and total stored gas pressure. This restraint force can be
applied only for a limited time due to the finite inflation gas supply. The
supply will be used up move rapidly for the larger occupants and for the higher
speeds.  The Timiting velocities for this airbag systom determined in the current
testing program have been given as a function of occupant size and impact direc-
tion in Pert 3.7.1 of this report.
3.7.7 Obligue Juepact

A series of Lests, as Visted in Table ¥, was initiated to determing the |
of protection offered by an airbig restraiut system in an cblique impact. Occu-
pants were supnlied with supplenontary Tap belts or rode unbelted at specds ranginé
from 20 1o 40 mph.  In order to represent an oblique ipact on the HSRL dmpact
sled, the 1966 Ford Galoxie body lunl woe oriented et an angle of 22.5% with re-
spech to the direciion ol travel of ihe sled in ovder to simulate a right front
ohTique dapaci. A plexicloes plate supparted by tubslar eluminim struts was used
to represeal right door side suivcluores ond Lo atfow comera coverage of the x1,h(
front passepgoe. Tho case of Tofn Tiont oblique vwpact wes net considerad n
Phic Lest progeem bocanse ¢ G Yool of booy bacn heodwore such as the steeving
Wheod aiad o possdhte wiv g Too e dodvar b e Liee the sient front pessennr

Aoy ! T 3 . - L. . . N B ot el |
Sivteoa o ton des g vy D T pheoorepn sndiag U body bk mowited



Other than the oblique mounting of the body buck, this series of tests was
conducted in exactly the same manner as the forward impacts. Several differences
in the level of dmpact protection which was offered Lo the occupants were noted
particularly with respact to twisting of the head while the lorsos of the dummies
tended to slide around the end of the airbag toward the direction of the impact,
with respect to a general increase in G-loadings expericnced by the dummies caused
by contact with the panel representing the deor side structures, and with respect to
a higher degree of restraint offered by the supplemental lap belt.

Peak values of occeleration recorded from the head and chest triaxial accel-
crometer packs are listed in Table X. A general increase in the magnitude of these
quantitics will be noted when compared with vatues recorded in the forward impact
tests and Tisted in Table VI. This is particularly in evidence in the tests con-
ducted at the higher speeds where contect occurred with the intorior of the vehicle
and in the lefi-right acceleroneter channels hoth in the head and chest.

During the tests tho anthroponeiric durwies noved in the direction of the
impact.,  This occurved din two veys. I the case of the G-year-old child and Ot
percentile female dumnies, hoth of vhich haa some tendancy to submarine under the
bag, the motion vas dirvectly toword the fmpaci. One case of this is Test A-222

i)

(Snc Fioure 43) whero the head ves fuisted to the loft and then bent down. The

P

A

adult male dummies, which received vere suppart on the upper torso, elso tended

1o wove gn the dmmaci divection, Troding with the vight <houlder and somelimes
stiding erodnd the bag as is showe in DHaew o 44, 2 sequence photogreph ol Test

Hoo A-2000 This path for the nolien chould pol bo concidored necesserily injurious

.
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Tower instrument panel. Figure 45 shows Test No. A-257 where the bth percentile
female dummy moved toward the door structures in a 30 mph impact ;1iding almost
of f the scat cushion wnile Tgure 46 shows Test No. A-224 where the Tap-belted
dummy expericnces considerably less excursion of the hip. The seat was in its
forwardmost adjustment position for these tests. Comparative peak lap belt loads
are given in Table XI.

The conclusion which can be drawn Trom this portion of the test pregram is
that considerable protection is possible for a right front passenger with an air-
bag resiraint system in fmpacts which are not frontal. In the case of 22.5° right
front oblique dmpact, marginally acceptable restraint porformance has been observed
at 30 mph for the 50th percentile male and 6 year old child dummies without the
use of supptasental len helts.

3.7.8  VYariction of Doceleration Poise Shape

!

Impace s1ed tests and analyticel studics were conducied to determine the
effect of a veriation of deceleration pulse shiope on the level of protection
provided {or the occupont., Vaviatione of {he HART decclerator pulse were made
from its noreally trapezoidel shaso vith o meenitude of approximately 17 G's
to highor ond towar G-Tevels and to & vanp-shapes pulse with the peak G-Tevel
occuriing near ther end of the pulse.  Tn order to compore the cffects of the
HRRY Gipact sied vulee wity the ef voota of acteal Tull-scale vehicle crash
5

] LY B Vol o B '
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Tha HSRI impact sled deceleration nulses are described in Table X11 along

with the resulting peak body accelerometer readings. In comparing the results

from the low doceleration levels of Test Nos. A-174 and A-178 viih Lthe results

of Test No. A-179, it is seen that the chest accelerometers all produced Tower

readings as shouid bhe expected. Ho clearly discernible trend is observed in

the head accelercmeter readings. In Test No. A-284 involving a ramp function

with 1ts peak late in the deceleration event, both head and chest G-levels

were higher then {or Test No. A-292 where the deceleration pulse approximated

a tropezoid.  This shows the desirability of involving the cccupant with the

airbag as caerly in the event as possible Lo make use of &s much of the
inftation gas as possible

A comparison between the HSRT impact sled deceleration pulse and repre-

sentative Tull scale barvier and polce crash pulses is made in Figure 47. The

Tlal barvior nuise possenses an initial spike reoresenting initial sheat motal

colianse Tollowed Tater by pulses veoresenting engine involvenont., The pole

Lovrier puise doss nol show signiticant sheet metal crush but inciudes the

effcets of engine fnvelvenent. The i.0act sled pulse nrovides early involve
mert of Lhe occuncnt compariment in the rulse while aveiding the high G-levels

associoted with
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The conclusion which can be reached from this study is that the occupant
compartient deceleration profile which is determined as a functien of the
vehicle crush characterisiics is an important variable in influencing airbag
restraint systen pervformance, It is adviseble to invelive the occupant with

the reciraint system as early as possible and keepn the decelerative G-levels



4.0 ANALYTICAL STUDIES

AL the same time as the test program was being conducted, an analytical
study wos being made using the HSRI Two-Dimensional Crash Victim Simu1ator2].
The objeciives of this parallel effort were to simulate prototype airbag re-
straint systems using mathcmatical models of the crash victim and to validate
the results of the computations with impact sled tests involving both lap-
belted and unbelted dummies. This part of the report contains sections
describing the tlechnigues wiich have been used to mathematically describe
airbag restraint syslem perfermance, the prepavetion of computer data scts
to describe the verification tests which were carried out on the impact sled,
and comparisons botweon the analysis and the experiments.

4.1 MATHEDATICAL STHULATION OF ATREAG RESTRAINT SYSTEH PERFORMANCE

The HSRL Two-Dimensional Tatheimatical Crash Victim Simulator has been used
to made? che perfornance of an aivbag restveint syston Tor comperison with -
pact sled tests, This model contains suitable physical descviptions of the
occupant, the proteciive envivonneat offeved by an aivbag, and the deceleration
G-Tevel describing the iwpact eveni in order {o provide mzeningful corvelation
belween onalysis and expariment,

Contocts betueen on occvpant and the dnterior of o vehicle are represented
as fevee intevections belvoon oivonlar seanmnts attached 1o the various body
elepents of Lhe coomint and stolionary 1ot suriacos vepresencing the interior
nf the veedvle dncluding the coapenents of the restraant system. The nignitude
G othe force of conwact to wriiion oy a conedex polvionicl function of tho pene-

, .

coataen S ol s oF honeiyeiion o Pho contant sensing elomonts into The vavious



components of the vehicle interior. The force-penctration relations allow any
contact surface to absorb enerqy because permancnt displacement of contact sur-
faces can occur when a force is applied. These features are all necessary for
modeling force interaction between an airbag and an occuvent.

An initial Tocation must be specified for each flat surface segment used
to model the interior of the vehicle and its restraint system. Because of this
it is not possible to wodel deployment of the bag with the analysis as it is
presently written. In the tests conducted during the experimental program it
was observed that motion of the head and hip of the dummies was approximately
T inch or Tess during the first 40 ms of the sled decclevation. This was also
the approximate time recquired for full deployment of the airbag. Thevefore,

it has been ezssumed that the prediclions of the model,

3

using a vehicle intorior
in wiich gecactry of the bag is based on its deployed position, weuld not vary

move than a few percent from predictions of a medel using an airbag which deploys.
It iy pessible that fthis model for the location of the airbag surfeces would be
insdeguate for studying ceses where deployment is very slov, impact velocity is
high, or actuation is inadvertent.

Teo types of dets wmust be obtained from tha experiicnt to provide input
date Tor the analytical descviption of the airbay porforrance. One of these is
the positicn of thoe bay end the olhor ds ils ebility 1o vosist force.  The
initicl positien of the bag vas estinated diveclly from high specd wotion pic-
tuvoes of ho dupact simulation while the Terce-poveirotion yelations Tor the
heed end tovse (Lhe body clenente oot ofton antorecting with the airboy) were
ohcined diveculy Troem the cxpordiontad dale cothered for each tost, This was

BCCoSLary ab an oxpiy ao fol bvovalionood theoo=dimensionsd Phovindynrii e moad
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accelerometer data. The motions of the head and chest were measured using photo-
metric techniques from the movies and aoplicd forces estimated using the G-Tevels
develoved in the body in conjunction with knoun bodv seguent weights. With this
information as data the HSRI Two-Dimensional Crash Victim Simulator was then
exercised.
4.2 CORRELATION BETWLEN AMALYTICAL AND EXPLRIMENTAL RESULTS

The two basic types of tests conducted during this project involved belted
and unbelted occupants. Duta was accuired from onc test of each type and preparod
as input for the purely mathematical simulation. After exercising the analytical

P

model and comparing predicted with experimentally detarmined results, it was

concluded that the analylicel model is valid and can he uscd to predict system

" performance trends when airbag systen force-deforintion and geometric parameters

arc varied,

2.0 Data fequisition

Toe twg tests vhich were chosen Tur the puipose of correlation with analyiica

studics were Test Noso A-179 and A-202.  Those were regevded as tests typical of

the overall test metrix and both involved 50th percentile male dumnies riding th

sted at anproxinately 30wl In Test Moo A-179 Lhe dunmy was supplicd with a

Tao belt, The cata for those tests weve gathored in the mener described in

Pyl 3.4 of the report,

h.2.7. Preomintion of the i o Set Top Counutation
1 oy ey e o e [T S R N A T vt s ey aearg o ‘
o prevayotion o dule sels for exercis g the conipucor model ing [uded

e meroy pactes DE Y datrgnaim ity oty needd b e e Alariue §
POMS BT POOUS T Qoo 1ot 00 1o poslios of Lhn SV rolative to the
R Seeoat the bosatar oo o A oo [0) A semtad ey, ol 4
vehroie antovicr of he Lﬁﬁ»ﬂ‘tng Gooane d\;viv;\;}on«(f) decorminalicn of the
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In order to determine the position of the dummy: relative to the interior
of the vehicle, a tracing was made of the first frame of the high speed motion
picture of the test. The Tocations of head target, neck joint, shioulder joint,
H-point, and knee point were then noted on the trecing. These points were then
cennected and the resulting lines used to determine the angular orientation of
the various body seoments as shown in Figure 48.

The sled decelovelion G-pulse which was neasured for each of the two tests
is shown in Figure 49, Thesc curves were used as input dats for exercising
the wathematical model. The velocily at the beginning of the impact was 30.0 mph
for Test No. A-179 and 29.8 mph ov Test No. A-292. A rebound of approximately
3 mph occurred in esch case.

In order to study the dynanic interaction of the cumuy occupant with the
restrainl svstem and vehiclol it wes neces<ary to deterinine the force~deformation
interactions between the dunmy and the aivbad. Three technicoes vere aveilable
Lo the project for accomplishing this. The {irst of these involved the use of

expevimeantael deta from conlrolled Lests conduected outside HSRI where torso
blocks worve droppod dvto rapidiy inflating aiibags.  This was rejected in that

ihe torse blechs weie nol ocuippcd with heads waking fmpessible the determinsticn

of & furce~doformation charecterictic for head-hag interaction.  The second tochi-
15
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nique TVOTVEd yso of an enclyl toel Joseriplion of aivboa peviornance  for
ehich ne exporinental validacion 5 yoi avoilabie.  This technigue wos alse re-

moavey of the tnded fochatave whiel dnvolved deternination of force:
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between head and chest force-deformation relations and, second, it yields an
empirical force-deformation characteristic providing a geod fit to the experi-
mental dotia.

The first step in formulating itha force-deformation characteristics was
to weasurce the position of the dumny as a function of Lime using the high speed

molion pictures. This Llask proved to be difficult in that some targels were

[%2]

hidden when the airbag cnveloped the dumay.  Upon viewing the movies two ob-

servations were pade which served as assumpiions in analyzing the dummy metions:

i

(1) the head moved essentially in a horizontal plane for the duration of the
crash events and, 2) the foot did not move thus fixing the ankle joint as a
point alteched to tho Lody buck., The mcasuraments made from the f1lm were
horizontal motion of head, angular pitch of head, location of knee, and angle

of unpper Tee.  From this data it iy possible Lo lecate approximately both the

Lad ]

nip and neck joinls ol the dunny. AT the Tocabtiony of these two

&

.03 "
v

ighl Tine to represent the Tocetion of the torso, the

ghi line to rvepresent the location of the torso, the
Tocation of the chosi accelevomcler pack can be cstimated as a function of time.
The Tocation of the variocvs bedy scarents oo estimated by this technique s

chowa in Fioure B0 for Test No. A-292. The wotion of the head and chest finto

the oirbeg woo then neasureed divectly from a vlot similar to this,

Vi o

K3

The second step To forwlating the fores doformation characterislic was to
Py, R IS B R B E | ~
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to be restrained by the airbag and half by the lower restraint (either a lap belt
or an energy-absorbing lower instrument panel). In addition, the mass of the
arms was added to the uppor half of the torso leading to a total of
52 1bm. for the effective mass of torso restrained by the airbag.
Based on this aata analysis it was possible to plot the experimental force
and motion points urephically as is shown in Figures 51 and 52 for
the two experiments.  For the computer simulations the force-deformation curves
weve represented by the analytical forms shown by solid and dotted Tines in the
two figures. In all cases the initial Tozding was represented by a parabola and
untoading by a linear form with steep slope to model the energy-absorbing airbag.
The form for the head penetration in Test Ne. 179 has a parabolic initial loading
curve and, in addition, is forco-timited to & maximum value of 450 1b. The
analytical expressions for the four curves eve:
Test Hoo A-170 tead-Aivbug
= 135.6e - 7.3837
Test No. A-179  Chesti-Airbog
Fr=32b.06 - 16,0382
Test Hoo A-292  Heaa-Airbag
[o= 56,08 - 7,597¢7
osh o, A-292 0 Chesi-Aichag
Fr= 252,08 071,207

wheve T ods o applied dTorce end & s Lo defomation.
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maximum as determined from the high soeed motion pictures and recordings of
transducer data. Thus, the location of these surfaces is based on a "final

"

geometry” concepl., This {echnique insures that the contact forces developed
between the body and the airbaq (which in the analysis are applied perpendi-
cular to the line renresenting tho contact surface) are applied in the correct
divection during that tine period when the maximum forces are produced.

The w2ss and geowetric properties of the anthropormetric dummy vsed in
those two tests were measured cxperimentally. The centers of gravity of the
various booy parts were found by suspending the pieces by wires and observing
the Tocalion of intersccting lines of actions while ihe cight momants of
incrtia requived for oxe rcising the Two-Dimensional Crash Victim Simulator
vare found by snspending each piece on a trifilar penduluin,  The weighis were

measured on @ vrecision scale and a corvection to the mousnts of inartie was

body <kin clemont. the data

iy
T

pede hosed on the weiaht and distviby

aind exuerironcel techniques are geseribed in detail in Reference 21.
4.2.3 Comgrison of Aualytical with Fxperimonial Nesults

Two computer exorcises have heon conavcied using the input date described

in wrevious seclions oi Uhis report,  Comparative trecings and grephs o

occtpant voviens, hoad and ohest C-Tevela, and forces rosuliing from airhag
contact are muiunsd Fiaures Wh-673,
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4.2.4 Samnle of the Use of the Airbag Model .

A comparison has been made between the results of two impact sled tests
and the predictions of purely mathematical descriptions of occupant motions
in the crash cvent. This rather complex exercise in determination of specific
input dala for usec with the mathematical modeling tools can serve as a starting
point for parameter studies of airbag restraint systems designed to define
performance trends when system geoinatry and force-deformation characteristics
are varied,

An example has already been given in the report of this type of application
of the mathematical models. Tn Section 3.7.8 a study was made of the effects of
variation of the deccleration pulse shanc. In order to compere the effects on
the occupant of pulse shapes available on the HSRI impact sled with those occur-
ring in actual full-scale barrier crash tests, use was made of the HSRI Tuo-
Dimensienal Crash Victim Siwulator, Geometry and fTorce-deformation character-
istics of the airbes restraint system,similer to those used in the comperison
between analytical and experimental resulls, were held {Tixed while impact sled,
pole barricr, and flat barrier deceleration pulses weve supplied as input data
to the wedzl., The deceleralion pulses arc shown in Figure 47 and somple body
acceloremaler predictions ave shown in Table X137.11 cen be estimated from
these comneier resulls thet the oled pulee 1¢ Yikely to provide a move gentle
ride for tho oocupanl Lhan the barrier pulses, TL con also be estimaled that
the eifoce on aivbag systom porformence of 2 variation of decelevation crosh
putse s sionidicant ond thal Gondng of voctraing Lo d@C@TQPa{ion Lyno is
necesaary ., Ihie vesrl i was ehoained wilh the wodeast cxwendicpro of $18,740 in
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The model has been used in this case to estimate a perflormance trend,
To validate this trend, it would be necessary to conduct further tests or to
develop a mathematical representation of the airbag system capable of predicting
the geometry and force-deformation charactleristics (verification of which would
require extensive testing).

The basic reasoning bhehiind the use of the mathematical modal in this
manner is clear. Once the mathematical mocel has been validated for a baseline
case, the program input data can be varied away from the baseline input data
to estimate resulting performance trends, The level of sensitivity of occupant
response te changes in restraint svstem, seat, or deceleration parameters can
be determined. This information, which can be obtained guyickly and inex-

- pensively, can then be used as a guideline in establishing research and
develonmental priorities.
4.2.5  Conclusiong

CoryeTation hos Leen establiched botueen the prediclions of the HSRI Two-
Dimensional Crash Victim Siumalator and tests conducted using anthrepometric
dumnics viding on an impact sled.  In part, the reason for the rclatively good
agrecinent between mathenmatical predictions and test observations is the fact
thet the force-defoermation proportics of the airbags were determined directly
from the tests. Beenuse of the covvelation, the enalysis offers en inexpensive
and powertul Leol for carrying out sdditienal parancier studies of airbag

resirvaint systnn



5.0 CONCLUSIONS AND RECOMMCNDATIONS .

Many observations and conclusions were made during the course of the testing
program. These are summarized as a list in Part 5.1, This is followed by the
concluding part of the report which offers recommendations for increasing the
threshold velocity above which protection to the occupant is currently estimated
to be marginal,

5.1 SUMFARY OF COMCLUSIONS AND OQBSERVATIONS

3y

. The level of protection offered by the restraint system used in this
test program is conveniently expressed in lorms of threshold velocitly curves
(See Figure 18) beyond which performance is cxpected to be marginal. It was
found that restrainl performance was marginally acceptable for 6-year through
O6th percentile nale duny sizes in Tront imeact up to 40 mph. Threshold
velocities wore somewhat reduced for 722.5° vight front oblique fmpact.

2. Hyverextension was obhserved in mast tests invelving the Hth percentile
female dumny leading to the Tovest apparent tevel of protection observed during
the test program.  (Sec Part 3.7.1).

3. Use of a standard Tap belt appears to increase the potential for
hyperoxtension as the pelvic eres of the duwwies is held back while the torso
pitches forvard. (See Part 3.7.5).

ho Bo degradation of the safety potential offered by the airbag system
was observad by eliminating the use of the Tap belt in front end collision
sthattationm ab amy of the spesds Trom 20 Lo 40 poh whon a supplomontary energy-
absorbing Te v dnsirescnt panel was in place. (See Part 3.7.0),
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6. In ithe tests representing 22.5° right front oblique impact, some ad-
vantage was gained when a lap belt vas used at the higher speeds and with the
largor dummics. (Sec Parts 3.7.5 and 3.7.7).

7.  The deccleration profile experienced by the occupant compartment is
important in predicting the level of performance offered by the airbag system.
It was observed that the peak vehicle deceleration levels should he kept as
Tow as practical without compromising the occunent compartuwent in high Tevel
crashes and the occupant should interact with the ajrbag system as early in
the collision event as possible in order to make the greatest use of the in-
flation gos and the available space.(See Part 3.7.8).

8. In the case of inadvertenl actuation of a correctly deploying airbag
with a three-inch diffuser diameter, the 6 year old child dumny will be pushed
straicht back into the seal back wifth a Tow potential for injury on the basis
of the criteria used in this report. Any high G-loadings resull from contact
with elemonts of the seal structure which lack sufficient padding. (Sec Part .

&

G. Tt is not advicable Tor children to ride on the laps of adulis. The
donger of hioh Gloadings to tha heed 15 predicted from force interactions
between the dusaies wsed in tho impect slod tests. (See Part 3.7.3)

.

10, In the testing of oub-of-praaiiion occupants, dumaies which were slouched

i the sect vith dhoiv fnees Louching the Tovwer dinstrument panel did not expert
ortence from the vestraint sysoom,  This mey he due to the
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12, In those tests where an adult dumny was placed close to t@é airbag
dfffuser, the G-levels recorded from the chest accelerometers were marginal,
(See Part 3.7.3).

13. In tests where dummies wore glasses, no problems in system protective
performance were observed. (See Part 3.7.3).

14, The G-loadings felt by the dumsy heads in the anterior-postierior
direction appear to be larger for small dumnies than for the adult male sizes,
especially at the lower impact velocities. Due to the smaller mass of the
G year old child and 5th percentile female dummies, it is possible that the
vents of the airbag are not used ss cffectively as energy-ebsorbing devices
al Tower spceds where the energy of the impacting dumny is sma]].- (See Part 3.7.2).

15, The G-Toadings felt iu the dummy chests in the anterior-posterior

direction increase as impact velocity incrcases. This should be expected

-
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both from thermodynamics and the geometiric propertics of airbags. (See Part 3.

~

16, The G-loadings felt in the dummy chests in the anterior-pesterior

1

Givection are approximately the same for the verious sizes of dummics. The

[

smaller dummics heve a sialler swent avea of conlact with the bag vesulting in
a Towor anplicd force.  In addition, their mass is smaller. On the basis of
Fom  these facts tond Lo equalize the epulicd G-loadings. (See Part 3.7.2).
5.2  DECHAHDATIONS

The vrevowmondations which ave offerad din this concluding part of {ue report
have the ohicctive of rhanging the tireshold velocitics proposed in Figuie 18
Lpward, Tnoovdoe Lo eecomniish thin & coaninnd cx;vrin;nfai anu cnalytical
pocoarch progeen m U b jundeasn (o phich: () vories the parand iers of the
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There are several aspecis of airbég system construction which could lead to
pdssih]e imorovements in the level of performance offered by the particular
system used in the current test program. First, if the Eaton, Yale, and Towne
bag were depnloyed in a move downward divection into the lap of the occupant,
more effective vrotection could be offered to the Sth percentile female passenger.
Possible means to accomplish this are the addition of bag material to fill up
this region of the vehicle interior or the inciusion of a guide in the upper
instrument panel and the windshield (if this last can be accomplished without
endangering the out-of-position occupant).

The second mecns for increasing the threshold velocity by modifying the
system designed for {his project is to increase the volume of inflation gas
dhich is provided. This would Tengthen the time period during which effective
restraint is offered.

4.

T LIRS N vie vy g oA A e R IWIY o A s - .
the thiird means which could increase the threshoeld velocity, particularty

1
in oblicuz collisions, involves changing bag geometyy.,  Material should be

added Lo inovove the polential for pocketing the occupant more toward the center
f the inflated bag.  This would tend to keep the occupant away Trom door side
structures and also could tand Lo provide wore symmelric rebound for the out-of
pesition ccoupant,

The preoblem with dunay corstrection vhich was most apparent during this
tost procven involved the nock sbrucivres ~ particularly with vespect to hyper-
extension.  Teo sters nust b Leken Lo dovevidne the canacity of the dumny
nock Tovy prodicting dnjurve The Tirsy i3 4o oxtablish the Ic§u1 of correlation
Potuoon Lhe potiens obsovved wa bl the duaeioa and wilh hooan sublects,  3f Lhe
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This one segmnent of dummy construction is but part of the larger problem
in the use of anthropometric dummies as devices for testing compliance to both
Federal and industry standards. In order for safety standards to be written
and used with confidence, greater understanding of the ultimate measure of

performance Tevel - human tolerance to impact - must be gained.



TEST FQUIPHENT SPECTIFICATIONS AND

CALIBRATION PROCEDURE'S




A.  Equipment Specifications
Transducers

1. Kistler Pieczotron Model

Type:  Piezoelectric wi
Ranze: +250 G

10 mv/G
2 1o
30000

Sensitivity:
Freq. R@fpon,u
esonant Freq.:

Type: Temperature
Range: 1100 G

Hatural Freq.: 1800 Rz
Damping: 0.7 (£0.1) of

comp

Lebow Model 3377 Relt L

Type:
RanFO'

Strain grnoe

Statham Model AGSTC-100-

818 Accelerometer (Dunmy)

th integral impedance converter

5000
Hz

Hz (45%)

350 Accelerometer (Sled)

ensated, unbonded strain gage

critical at room temp.

oad Cell

3500 pounds, with 509 overload capacity

Sensi

itivity:

Signal Conditioners

1. ‘l’n, yieel]

M

2.2500 my/V/3000 pounds

120 D.C. Amulifier

Solid siate, dir

2

Videband di

fferential

Type:
Gain:
D.C.
D.C.
Freq.

10 -~ 1000
Gain i1nunmniv
Gain dLCH«G‘V

Response:
7. 21T

\,V\{\m

aded 100 Bri
Freg. Responsoe:
Recorders

o H

conewe 1l Hoded 1632 Vi

Galvenaaicloy yoaconse

THC 1o 10 K

cel coupled

.24 of
gain ranges:

b .
!O }»,sU.’

Tull scale

age

doe Ralance (G Control) Unit

1
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Honeywell Model 7600 F.M. Tape Recorder/Reproducer

Tape speeds: 1 7/8 to 120 ips

Freg. rosponse: .f7~0 db 0 -12000 Hz (at recording speed used - 30 ips)
Harmonic distortion: 1.2%

CLC Model VR-3300 F.H. Tape Recorder
Tape speeds: 1 7/8 to 60 ips

Freq. response: %05 db 0 - 16000 Hz (at recording specd used - 30 ips)
Harmonic distortion: 1.5%

B. Calibration Procedures

Transd

ucers:  The calibration sensitivites of the transducers are checked

insure thel there has been no apprecieble deviation from manufaclurer's specified
sensitivity.

1.

Kistler Piezoiron Hodel 818 Accelerometers.

etric accelerometers, which are used
led with a Kist]cr Madel 894K Shock

The sensitivities of these piczoele
hec
comparuJ, on peak-reading voltometers,
.L
tE

in the crash test dummies, ave ch
Calibracion Systen. This ¢y<t i
the outpul of the test accele
”1:«!3 the weccloror ator is dyrgopoed
ciated peak weters s cheriod aﬂuth»t a NBS-traccable standara accelci-
onster prior i i

roand an KiS-traceabls load cell onto
Accuracy of the loac cell and asso-

ot

te calibration of the test accelorometers.
Stathem boedel AGOTC Accelevometor

This strain-cage accoTeromawcrs used to monilor sled deceleration, is
calibratod Ly comparing s oulpul with that of an NbS-traccable standard
acceleronctor. The two ccceleruneters ave mounted pigry-back on a comsion
cervicr block and dmpecied.  Their oulputs ore displayed, via ithe sled
vihilical ond 1he sional conditioning system, on the cscilleygraph. The
excitetion valttoce oy the Stothaw 1o adiusted until its oulputl agrecs
with tho stondard accelerameler.  his excitation voltago becomas the
slancore oy sunscaovent use of the acceloromcior.

Lobow Teai-bolt Logd Colls

Colibyation centitivity of thease Tood celle s checked by applying o known
Tooa Lo oo Tonati of coal Beir aatoria? on which the edll s m“”~193. The
cdenub sicent i cornavod with Uiet ebloned viien a dhunt resistor ds
peratleled viih one dog of dhe Leancducer’s bridge. The resisior valn
vhotheb wkieh s o boon wpeddlioa vy he ﬂJnJi‘rt“YPF to produce a Lrina-

» ' % L cod byoo o Toan,

.
s
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~
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Signal Conditicning/Recording Systems (Electronics)’

1.

Kistlor Accelerometer Channels

Referving to Pigure 2, a calibrated voltage, equal to the output

at a given G~Tevel (10 G's) of the Kistler 818 accelerometer used,

applied at point A, and the input atlenvator is adjusted to ach}eve dn

output voltage from Lhe ioneywe11 Model No. 120 amplificr which will

?}'\L the as;ocuuxcc oscillooraph galvanometer to the desired deflection
1" = 50 G's).

Tho tape recorder is calilvated, by adjusting its input attenuator,so
that the voltace Pruuuunuf the specified 1% galvanometer deflection will
also cause 13 1730 (3" = 150 6 = 40%) deviation in frequency of the F.M.
arrier of the tape recorder. .

Strain-Gage Transducer Channels

Catibration of strain-gece channels is accompiished by introducing shunt
resislors across one Tw: of the bridge of the transducers in question,
and checking the excitation veguived to produce the galvano1xtvr aeflec-
tion desived. A significant chanos in the reavived excitation for any
irus«dubn weuld indicete the need to check the calibration sensitivily

the transducer, or othorwise determine the cause of the change. For
thv Stathen accoleroreics wnanngt, ihe calibraiion resistors are the
Tnternal "Cal 1" and "C#1 1”“ ca£1b““b10n resistors of the Honeywell
105 gewo unil, and theiy cor %pona inyg G-value and galvanoneter deflec-
Lionwere deterained at the Lln“ of c@l1byat1nn of the transcucer itsclf
In 1he case of the Lebow balt Toad ¢217s, a 60 K-ohm resistor is in-
froaveed in the Lransducer cable perallel to one Teg of the iransducer
b,idor, and wiose corresronding bett lood value was specified by the
manufaciurer,

Calibvetion of the
alicauators to obta
neceseary Lo ceusg

tape recovder is “L’OW)Tl&h“d hy adiusting ils input
v o 00 cervicey fraoucncy deviation when *}ﬁ vo\tuga
3" d' lections of the oscillograph galvanomelcrs s

N

i
inressed on the lape onis.
Coliiration Frequoncy '
Calibrs of the sicnal conditiontng equipment, oscillegreph, and top

:
Lo
- vy by T W ! T SRS
vivits is done vortinely for cacn sled tent.
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