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1969 Safety Design Goals - Body Design - No. 1 Pillar N
Louis C. Lundstrom, Director - Auiomotive Safety Engineering
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Redesian of the upper body structure to keep the No. 1 pillar

Ulllao_.s.ma of the swingline of a belted occupant should be

considered. Unrestrained occupants would still contact the pillar,
and it should be covered hy effective energy absorption material
(not pads). The styling studios have been advised of this problem
area,

w—— Alternative methods of accomplishing increased protection

from the No. 1 pillar are solicited.

Report No. PG-21773

Pop-out windshields should not be entirely thrown
out of consideralion. A pop-out winu-siueu (i
allow head clearance for a lap-belted occupant.
On the other hand, retention of the windshield
is advantaageous in the event of a roll-over due
to added roof strength.

Page 9
Lundstrom: We are presently in trouble with the “A" or
Number 1 pitlar. Perhaps it should have a steep
siope so that any impact would result in a glancing
biow. Moving it out of reach of a belted occupant
would also be helpful.




G ILDbUD |/, UUUUUUDS

GM General Motors Ergineering Staft
[—

Generst Mriors Technical Conter, Warmen, Michigas 48090

Date: May 16, 1%6
Subject: 1969 GM Safety Desitn Goals - Body Design - No. 1 Pillar

To: Distribution List Attoched

Irstrument panels meeting the GM design goals for 1969 would protect the helted
and unbelted occupants from serious injury ot barrier impact levels of 30 mph,
Doars ond side structure are aeing improved to provide os much protection for
occuparts as is pasible with the available dimensions (door thickness). Styling
should Hlend the instrument panel energy chsarption pod into the front deor pod
to ovoid high impoct loods o+ the door jam. Protection of the passenger or driver
during impocts with tha Nea. 1 pillar is being attempted by the oddition of thin
pads, but tests indicate that o greater degree of protection is desired. The most
obvious is the use of shoulder hamesses; because these are not likely to ba used
by o large percentage of drivers in the next three to five years, altermnate methods
of protection should be comidered. Redesign of the upper body struchae to keep
the No. 1 pillar forword of the swingline of o belted oceupant should be con-
sidered. Unrestroined oceupants would still contact the pillar, and it should be
covered by effective energy sbsarption material (not pods), The styling studios
have been advised of this preblem area.

Alternate methods of accompiishing increcsed protection from the No. T pillar

are solicited .,
Louis C. Lundstrom, Director /"
Avtomctive Sofety Engineering
ie
cc: H.F. Barr
W. L. Mitchel]
E- N_- Cde
E. D. Rollest
H. G. Warner

Inter-Qrganization Lsttars Onty
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May 16, 1966
1969 GM Safety Design Goals - Body Design ~ No. ¥ Pillar
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May 17, 19%4
Gened Technical Committee

Automoiive Safety Engineering ftems

i.

Iv.

V.
vi.

V.

Vil

Fisher Boty Report - 1967 Rearview Mirvor
Arecs of Responsibility and Progrom Coordination

Vehicle Energy Absorption {Front ond Sithi
Verw: Interior Energy Absorption

Steering Wheel Designs - F9%8 Models

No. | fillar Locotion and Profection
Foreign Car Impoct Tests

General { ervices Administration Items for 1967

Bumper Requirements

LR BE BRI 3
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Generel Mators Proving Ground
Scfety Test Engineering
May 9, 1966

ANALOG SIMU ATION OF A SIDE {MPACT COLLISION

The model wsed in the anclog simulation is shown in Figure 1. 1t consists of o 4400 1b
buliet cor traveling at 30 mph impacting into the side of a 3700 1b target car restrained by
tire frichion force of 2500 1% ([(: .47). An occupant is inside the target car a given
distance from the irside of the door.

The erush rate of the bulter cuir is a representative curve determined from bosrier tests.
The exterior of the target car hos o crushable structure and the interior is provided with
energy cbsorbing crush material.  Both the exterior and interior crush rates are of a square
wave nahre, that is, both cnsh with a comstant lood until they bottom out. When they do
bottam out the crush rates are asnmed to change frem square waves to that of sHff {inear
springs with spring rates of 100,00 Ib/in. for the exterior and 30,000 Ik/ia. for the
interior,

To facilitate anolysis the exte<ior and interior cruth distances are kept separate by on
interface.  This interface prevens the external deformation from al tering the intesior occupant-

door geometry.  While this is not true in an actual side impact with present vehicles it does

opproximate the preferred case of no penetrotion.

The occupant is simulated by a 70 ib block forso and hence the quoted acceleration values
best correspond to what would be lateral chest occelerotions.  This imula¥ion of course

precludes any corsiderstion of the head and its interaction during the collision.

GTC660517.00000058
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AMALYSIS OF A SIDE IMPACT

tnikally the forget cor is at rest with the occupant some giva;l distance fram the door.
At impact the target car is accelerated sidewoys. Neglecting saat friction, the occupant
remains stationary a5 the cor is oc celerated out from under him. A few miiliseconds later
the car door contacts the occupant. At this time, the frget car hes some velocity which

is dependent upon the accupant’s xiginol distance from the door. The greater the distonce

- the larger the velocity ot impoci Figure 2}.  This impact velocily is the major foctor in

high occupant occelerotions (o mi vor portion is due fo the continving acceleration of the
torgei cor ikself). Reducing the cccupant distance from the door results in lower occeleration
volues but ofter o point it is not pucticol,  Even at one ind'; from the doos the velocities

are such thot the acceleration vol.es remain chove g=neral humon toleronce levels.

The next solution is to formulate the crush rate of the exterior structure such thot the
velocity of the torget cor ot occupant-door impact is a minimum,  This should re;ult in minimum
occupant acceleration. Unfortunaiely, with remon;:ble extedioc crush distonces, the peak
occupant acceleration is not appreciably altered. Increasing the crush distance fram 1 in. to
12 in. reduces the peak cccupant scceleration by only about 15%, probobly rot enough to
insure occupant protection (Figwe 3). The side friclion and inertio -of the target car pravent
it from moving any significant dis? mice before the axterior structure bottoms out. Increasing
the force level of the exterior crush, such that the structure does not bottem out, is equally
inefiective. The required crush rate is 5o high that oll adventages of o cruh structure ore

~

logt.
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Poge 2
Analysis of a Side Impoct (Conti 1wed)

The best solution appears 1o >e energy otsorbing material on the inside of the car.  The
presence of proper energy obsorting padding can reduce the peak occupant acceleration to
toleroble levels (Figq'e ). However, this padding, to be effective, must be of the proper
stiffness_  If it is too soft, readily r;emiﬂing the occupant to bottom out, then the g lood
goes up s the depth of the padd ng is increased Figure 4). - This is becouse soft padding
serves only to increme the sffec ive xc@i distonce from the door, ruulﬁng ina
correxspondingly higher impact vr-locity. The lowest erush level ot which the occupant will
no longer bottam out is the optimum value.  Increasing the stiffness of the padding beyond
this level ogain increase the g liad becawe now full use is not being made of the availoble

cnsh distonce.

The load values of interior eruch referred fo in Figure 4 ore total volyes corresponding to

oppraximately 20 psi for the side arec of on overage upper torto if the entire side is supported .

GTC660517.00000060
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CONCLUSIONS

1) For reasoncble distonces of external erush {twelve inches or less) externcl energy obsorbing
structure is ineffective in reduting peck occupant occeleration.

2) Moving the occupant closer o the door raduces the peak occupont occelerolon.

3) Proper interior energy absorbing materiol can raduce the peak occupant occeleration to
tolerchie levels.

4) lntéioc energy olsorbing podd: ng which is oo soft con contribute o high occupont
acceleration volues by bottomi vg cut ond thus effectively increasing the occupant distonce

from the door.

J. E. Lahiff
Safety Test Engineesing
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FIGLRE 1

— INTERIOR ENERGY ABSORBING
MATERIAL

V = J0MPH

~

.TARGET CAR

g4 ]
=

EXTERIOR CRUSH STRUCTLRE ' TIRE FRICTION
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FIGLRE 2
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FIGLRE 4
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BIMETAL A(TUATED VACQUUM REGULATOR
fOR AUTOMATIC TEMPERATURE CONTROL

AIR CONDITIONING SYSTEMS

|
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Alenes Mvexcd

SUMMARY : A new heat treatment was described which eliminates
the upper yiel& point fram rimmed sheet steel (GM grade 1E)
and gives it the draﬁng chax.:acteristics of premium grade, 5E,
r(ahminlm-killed] stee)l at considerably reduced cost. Sub-
Sequent aging results in improved strength cf parts made from
treated low grade steel as compared to parts made from

aluminum-kxilldd steel.
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One BOP Division hus requested gemmission %o discontinue the wse

of 6.95-15" tires on cil "A® Zody vahicles — veplecing those wed

with 7.35-14%. Tais weuid zanly srimerlly o the b-cylinder nea~air-
‘Tiomzd ntal T T S RS 20 a

fanciiionzd venicies ~+ o mosr VO end cireonditionad medal era

cirzady ca 7.23-14* tires.
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Pontice S8% of tzoir modals
Buick 72% * ". "
Oids 0% 4

Chevelle & rona

Chevella V3 0% * ¢ "
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Report No. PG-21773

FOREWORD

The ‘ollowing people were in o tendanca:

Buick Moter Division

. Chevrolet Motor Division
Cheviolet Motor Division
Chevrolet Mator Division
Chevrolet Motor Division

On May 13, 1965, o meeting was held to review energy chsorption work curently being

Deferse Research Laborgtories
Defense Resecrch Loborctories
Eeferse Research Leboraturies

Defansa Research Laborctocies

Engireering Steif
Srgineering Stkef
Ergineering Sraff
Erginzering StaiT
Erginaering Siwif

Fisher Body Division

Praving Ground
Proving Ground
#roving Geound

Research Lohe=siories
Research Lobarcories
Research Lohoratories
Research Lcborctorias
Ressarch Leborgtories
Research Leborcories

Styling Staf’
Styling Stat?
Styling SioR
Styting Stcff
Styling Staff
Styling Staff
Styling Stoff
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Report No., PG-21773

f st DISCUSSION
/_‘-',‘.,r_r_'__ o

ine serious groups represented discussed current analytical and experimental work in
energy cosorplion.,

Styling S:aff - {A. Sobey)

2 cavelopment of safety comu ter programs at Styling has proceedad o the point whare
_ CECLPANT

it is passiaie to prediet and illustrote in graphic form the mavemen: of the passenger during
frontc! collisions of specified saverity. Thesa programs are baing used in shudies of citernate
shepes for the 1969 "B® series dosh o1d instrument panel

Present activity is directed towsd the completion of the "Level 1* copchility for the
program.  This essentially consists of madificctions fo the progrem purchesec from Cornell .
in Seplamoer, 1965, The present ol is to develop q production tool for the use of design

sLdio. 2nglneers.  Improvement of o uiput represeniction includes grephical displey of the

LS B R TTH R WRTITIVITIVIVY, X

eszuzanl aad his rajectory wing eitver a digital drafsing machine or the CRT plotter on
e i2M 7394 af Research Laborotories. A movie ﬁim clip was shown to demonstrate the
'=her.  Prasent work on the program also includes simplification of té\e inpur ond improvement
of me representution of both the ecc sant cnd the vehicle interior,

Experience with the program has indicated the need for additional information concerning

the properties of typical deshboard materiols and constructinn technigues under dynamic locd.

Addirional informaiion on the physical characteristics of humor subjects is also resded.
Specifically, the deta required is:
}.  Crash Chorocteristics - Crush rate of overall venicle change in attitude of sect,
rate of decelerction, |
2. Mciaicls - Forca—deflaction reiationships f§r various typical materials ‘consteat
velocity during impacf} loading and unlooding characteristics.
3. Shuctures - Forca~deflaction relotiorships verzus rate of impact for typlical dash

L3 e . constructfon .
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4. Humen resistonce force: - Joint friction,braced and unbrocad grip forces, hand
on wheal,

3. Injury Limiis - Bone b-eakage forces, internal injury force limifs.

Dafersa Rasearch Leoharatories - (A. Rydquist, J. Anderson)

For t-2 arza of energy chsorptio, the Defense Research Leboratories are primarily involved
in the investigotion and development of experimental devices and meterials, individually and

in aggregates. Specifically, devices and materials under consicerction cre:

%l 1. Weter-filled bumper

D

3 2. deemtove [wvE2T 37

3 ' :

= 3. Polywethanes

-

S 4. Honeycomb s .

:"g Iti72RTEE

2 As on Sggregcte, an arrangement using @ water bumpar and Insemiba-cssecbly dould
3

odequaie.y chsord energy for impacts below 10 mph. For inpecis Saiow 5 mph, the bumper
dislpates anergy wi:houi; any permanent deformation; Setv.azn 5 end 10 rph, the Wg,
lavert end must be replcced, but no other pat of the car is camcged. An eceigy chworbing
S3gregaie such cs this requires @ much :tifar vehicle frame thea is presantly used.

A% impact testing machine is sct edut »d for instaliation by the end of May, 1966, it will
3¢ copable of impacts ot speeds up Yo &0 mph or loads up to S00Q ik,

Mathamatical models of energy absorbers are being formed. The modal Jor the water bumper
shows that there is considercble design freedom in choosing cross—sactional sz 3as end kojes.

A permanently irflated instrument panal wes ;:nmidared a3 an anergy chsorber, but upon

cna.ysis, it oppears that such an arrangemant would stors energy instead of dissipating it.
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Report No ., PG-21773
The Comell occupant simulotion computer program wos usad fo evaluate complete restint
systems {lap and shoulder belts), Eelt Jocds resulting from @ 30 mph barrier collision may be
reduced 3% by chonging the front crush chargcteristic from the presant production condition
to & consizar caceleration level. The adventcge of the sonsient dacelerction decreases with
Cecrezsing impoct speeds; there s ro cdventoza at 15 mph, cnd the coastunt deceleration gives

highar s2it loads ot speeds below 1i nph,  Belt loads may also be reduced 50% by allowing the

cr.chorogas fo yiald ot chout 1500 1as.

lesecrck Lchorciziies (D, Martin, ). Danfor:h)

Resecrch Mazororcun 34~1527 discusses the potential cevaniese of altering the vehicle
s::ycnsre " provice 3 constant dece lerafion crush eharcctaristic Instecd of a tinecrly increasing
Cacelercisn cherceteristic.  For o 30 mpa barrier impoct, ea unrestrcined cr lea-belted
@ccupent will experience g 4% red iciion ia head impect velocity wirh the constant level; a

<}
completely resirainad occupant wil experiarce o 25 o 33% recustion in bais logd. The é
S v d A :
study &lodtodadicste realistic conditions under which corsian: decziarcsica would be
S‘D;-: .:.'.-.“" __';';'c:'-'-r‘q.
discavanitgeous to the striking cor . However, severe infrusions werd be imzosed on theﬂccr
= A . F -

Lol sn-me-sice by o car whase front and has been stiffenad for casstent deceleration, unies

A8 e B —— - o - .
Sadcevithesiuck-corhornlirtsan-shiferad. As ¢ resul?, cuman? enginesring knowledge

€oes not [ustify ea immediate and radical redesign of the venicle. The raileria; of exterior
crush cherceterisrics should be approached coutiowly ond shoula begin with ihe sice struchure.
The Wayne Sta:a Univensity impact sled facility has been used o verify the Cornei

computer progrom using cadavers.
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Crush chaacteristics of instru nent panel elements have been evaluated by cioppmg
o hecdform on the penel. A thin cavering of sr.ift pedding was ﬁ:und to increase possihle ‘
injurias Sy enlerging the area of contact and thereby requiring o larger total force io defarm
the panel, ' : | ‘
Viook s being continued o ex-end e renge of veiidlty for celculaticn of injury numbers
beyens e prasent 2 fo 50 millise zond pulse duration.  An infury rurber progrum is row
TE=T, (GanoNgsw)

cvaliadia on e GE-265 time-chering cos mputeriesl, _.w_.,.....r-G' “"'\'\._._" S

Direct digitizing of cccelery: on-ri:n.e cuwves is cvailchle wing the DAC facility, FCRTRAN,-

?35.‘\:."5 using :his digitized infor nation cre now being written.

Povirs Ground - R. Wilson) -

An craleg computer study hos been mede o defem.ne how i bast profect the oscupant
ia sice Imdeciz, assuming thet the e Is no penefration into the farge: ccr. . Wikhin recsonable
size lmizmiions, peck occupont a« ceferations may be reduced only 13% 2y uiliizing exdernol
cnsi.  Gracier 3ins moy be rea ized with 3 stiff exterior and e accdad inierior. Interior
codding stoyld ba siiffer than nec ssary o izsure chat it doas nof botitom ays,  Pedding
walch is 'vo soit effectively incre ses the distance of the occupcal itom the door and ailows him
© g<in a nigher ralative velocity bei:;re contzcting the solid surfoee.

Tne Proving Ground has ols been working with the Co.rne“ occupant simwlation progrom.
An energy (bsorbing steering column has be‘en included, ond work is presently proceecing on
imaroving the mode! of thman and adding @ model for a steering wheel,

Te modified Comnel! pragram has been used fo study the effecls of vesious types of fron?
eush charceteristics.  For ¢ totally restrained passenger, & constan? vehicls deceleratiz wes

found to de thatest. The cases involving en unrestrained or ‘cp-beltad passanger are more

involved, bowever.  With present .r.:ecior geome'ry and front situchure, the car is stopped

GTC660517.00000084
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wiamthe occupant strikes something. Therefore, it does not matter how the car is stopped. ;, -
This situciion could be improved by extending the time duration of the impact or by posifioning
the conmuct surfoces close: o the o cupant. A way of extending the durction of the impact .

as .
wizhaut increesing the fofal crush d.stence is % give the cor o high initicl peceleration

1

gaf the cc::.upc::.‘ Toving relative io ine cor and then a low i;z'cqlar::bn rate while he meets
fhe ear end ridas the car to o stop..  There may be some problems in low speed impacts with
kigh initicl é:i:eiercﬁon, but they should bz ro worse then under the present condition.
Presest cutomabile siructure cprears to be cdequate for Front impacts, provided the
' 18 mrineeSf

Fosengsr comperiment geametry is 1ot altered by the impact. Intesior crush is much more -
A

valucbie then olterciion of exterior chardcteristics.

Fisher Body Division ~ (D. Clark)

Current work in energy absorpticn is experimental and is meirly directed toward complicnce
with the Genercl Services Administotion requirements. Arzcs of ccilvity include material
evcliction, insrrument panel eneryy c;!;sor;:‘ion, and shoulder restraint.  Some experimental
work is ciso being done with shoulder belt cackor location.

Inicad Menufacturing Division i: clso involved in meterial and instumant scael evoluetion.
Contect Zob Forward ot Inland for e perimental force-deflection data of matericls which have

baen tested,
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Foilowing ihe discussions by ‘!i\e.vrl:tri;:m groups, some oddiﬁq;x':l mmmenf: ﬁrérer mde_ ]
C. W. Gadd . | The incustry ord SAE ore hegfnning to m—:c;pt the iniuryf‘
number concept. Work is continuing toe:d‘end its rmge
of validity. , | i
A. J. Sozey ~ The passibility of pe&&s:riun injury should olsc be mide.re&. )
The Comnell program can be useful in this field by having a
proposed shope shrike q stending men.  Rcther then
oHempiing fo simplify the Corne!l model, it must be
made more complex in order fo oblcia ¢ more valid
represeniation of wha?! occurs in o collision. The program

is presertly being sireamlined end the integration packege

has been rewritten for ¢ silght cain in running time.
&5 5a 9

G Lbbua i 7, .uuuuyyan

R. A, Wilson Trere are some advanicges oad some dicdvenitges fo the
Chemcor glass now being usad in windshialds. It has good
laceration properties ard will refoin an occupant ¢t higher

PGt @iz
impict speeds, but it cloc-gives higher dacelerctions upon
impact,

C. W. Gadd ) Pop=out windshields should not be enlirely thrown out of
consideration, A pop—out windshield miza: cilow head
cleurc;nce for o lap-belted occupent. Cr the other hand,
retention of the windshield is advantageous in the event of

a roll-over due to the cddad sivength.  Furthermo:z, @

pop=ou! windshield is poor for pecple external o the vehicle.

LR PRI

98000000°2£15099219
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R. A. Witson, D. L. Veenstro A high initicl front crusch rote should be no worse at k_;w V

F. J. Winchel!

 Report No. PG= 21773
impact speeds then the present condition., Perhaps o
struin rafe sensitive meterial is needed to seduce the

[y 2
severity of low—speed impacis. “TE> divisions are
not presently involvecd to a great extent in energy
cbsorption work, Buick has been doing experimental
work with structure and ergine motion. W. E. McCarthy
of Buick Motor Division hes been invesiigating child
resitcint systens.
I: especrs that front end side structure collense rates should
bz rade compeible.
Sice siruciure will be grectly improved by 1968 or 1969,
It snight be worthwhile o consider e exterior front
design which would have the effect of changing o Sontul
impact 1o o glancing Slow. There seems i Le no recson
for a revolutionary changa in frame dasign; chenging
interior design would ba much more vc'uable.
A present criterion for bumper dasigns is thar there should
be no sheet metc! deformation %or siraight-on or quertering
impcc:s at speeds of 2 mph o less. Alttsugh this does
not seem \;ery severs at first, in actuclity . it hos been found

to be very sirict.
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B. C. Seals

C. W. Gadd

L. C. Lundstrom

a. A, Wilson

O. K. Kellay
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impocts.
If the instrument panel were to be positioned nearer to
the pcssenger, it would be possible to foke acvantoge of the ©

additior.al c.ollcpse dns‘unce avanlcble. ln addition, the

it e

E Y A s i P

knees can toke m:pcd
Knee confoct tends to force the body upward.  On the other
hand, considerable deflection in the conteciing surfece
could force the body Gownword while chsorbing energy .

No grect breckthrough on frent struciure is seen for 1969,
Fisher Body is prasenily working oa sice Jsor sirength.

Door pcddmg cppears imgortent, ond work s presently being
done’llr; this crea.

It was ihe consansus of cpinlun of the group that met in the
moming that mora communicction s needed emsng the
people working on energy chsorption. Corsequently, it waos
decided that it would be a gsod idec o hove meetings
continued at six-week intervals,

lnsirument

A fixed front seat mey rot be ready for 1969,

panel structure will be improved,
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NEETET—Rerhorscit should have o steep slope -
o that eny impoct would result in o glancing blow.
Moving it out of reach of a belted occupent would
also be helpful,
V. D. Valace The importence of complete restraint must be emphasized
to the public. There I5 deinite room for improvement

in shoulder belt configurctions in terms of convenience.
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