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AUTOMOTIVE SAFRTY
Louis C, Lundstrom

Tlhie safery provided by General Motors' cars, ru ks
and buses is imporiant to us. Our engineers are v ry
proud of their accomplishinents in vehicle safety, wh ch
they know have been substantal—all criticism of such
progress to the contrary. GM's work in safery is extensi -e,
and I will provide vau with an overview of such activit es
as they cake place here at the GM Proving Grouuc, at
our Technical Center in Warren, Michignn, as weil as
throughout the entire organization.

Because passenger cars have been around for the 3..5€
A5 years, many people have the impression that we should
know all chere is to know about the automobile, 2nd ned
only to apply this knowledge to make cars safer, stronger.
and beuer than ever ielore. Quite frankly, we are sl
learning how 10 make them safer, swonger, and betur.,

In the 1920's and 1930's, we concentrated on enclasis g

, cars in all-steel bodies and providing them with improve d
“brakes and suspension systemit that imparted 2 coi-
trolled but comfoctable ride. In the 1940's and {95C's
we perfected most of the power assist equipeent comax n
an cans of today such as power steering, power brakes ar d
automatic wansmissions, The lare 1950's and carly 196C s
saw the beginnings of needed research into human tale -~
ance to determine causes of injury resulting from vehic ¢
accidents. This has led to 2 greater undestanding of the
secoud collision phenomenon in the automabile, resultin T
in such improvemencs as the energy-absorbing sceering
columa, high penetration resismnc windshield glas.,
energy-absorbing insurument panels, and other develop-
menes oriented Loward occupant protecden. Inthe 1970%,
a5 we learn more about the natre and eauses of acei-
dents, we will design cars with further improvements that
help the driver avoid accidents, or better protect the
occupants if accidents do occur. ‘

At General Motors, we are commitred to this advance-
ment of saléry through sound engineering. We have
demonstrated this commiument by introducing salecv
features whenever they have reached producdon scage,

often in advancc of our competitors, GM's salery vesearch -

and development activities have, in various instances, led
ta daca or breakthroughs urilized by the Natignal High-
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way Traffic Salety Administracion in formulating vehicle
standards.

"When our Salety Rescarch and Development Lab-
oratary was dedicated in the sumimer of 1968, M. Cale
said, *We in GM will not be satisfied undl our vehicles
provide the greatest possible impact protection for
oceupants up to the limiws of the physical laws of nawre .
and of technological knowledge.” \We have not deviated
{rom this coursc. These and ather faciljtes give ainple
evidenee af GM's dedicatian to scek toatinuing hnprove-
ments in the oceupant protection provided by our cars.

Figure 24

The GM Safety Research and Development Lab-
oratory probably is the most extensive facility of ics kind
in the industry. (Figure 24) Herc we have the greac
varicty .ol cquipment nccessary o conduct tesis chat
ultimately provide data leading to safety improvernents,
and thar estabilish procfs of compliance for areas now
covered by the motor vehicle safery standards.

We can simulate accidenw which involve an eatdre
vehicle or just 2 small part of one. Much work also is
expended in maincaining these safcry test machineries, .
and in taking care of our dummy simulators so that they
can accuratcly record the experiences tha a real person
might undergo during an accident. Qur phowgraphic
labogatory is comparable 1o many commercial studios.
lc provides us with a very vital means of graphically
recording the movements of dummy occupants and
vehicle componens during an accident test

Generally, an accident is over so quickly, thac if you
should blink ac the wrong time, vou would miss all its
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essendal points. With high speed photography, we can
make a few scconds of accidenc test time fase for a ai.nber
of minutes.on a sereen as we study whae took glace.

Another workshop is respansible for the upkecp of .

sophisticated sensing devices that are placed inside  um-
mies or artached at various parss of the car body s rye-
ture. These instruments, hooked inco magnetic 2ne
pickups, recacd the speed as well as the severity o the
coltision. With movie footage and magneGc tape we
then can go about recanswruedng every fitde mover wenc
fhnt wok place during a simulated test collision, and
plan how to make these collisions less severs o the
occupants,

One of the more impartaar functioas of the Selety
Laboracory is to scudy records of thousands of ucual

- accidents involving new cars cach year as reporied t) ug
by the Morors Insurance Corporadon, a GM subsid ary
thac underwrices auto insurance, These accidents are

"coded and placed into a computer aceident bank a ‘ter
being evaluaced. (Figure 25) They provide evidena o
help us determine how well any given improvement 1iay
perform in actual, real-life situations. And once the data
bank is complets we can ask questions of the comp: ter
thac might pinpoint accident pacterns not previo sly
suspected. Also, by platting the frequencies with wtich
different parw ol the 2ar exterior ar eax mredor inight ke
struck, the computer can help us 0 determing wheh
areas might hewer be improved through design,

The computer search also has enabled us o study (60
cases on file where the occupants involved in 2n accident
had been wearing lap and shoulder belts. This has been
the largest such study made to date, It revealed thac
there were no fdalities for the people wearing the fulf
restraings 3s long as che passenger comparunenc had
remained intact during the aceidenc,

For componcnc safcry tosts we have invented and
installed machinery such as g rool crusher, instrumnent
panel head impactor, and a simudaced side irnpact tese
ram—which was deviscd as 2 scatic test for the increased
door suength side- uard beam, introduced as an
industry “first”” by CM on some [ 968 madcls, and now
oa virweally all GM caes. The NHTSA is preseacly con-
sidering a performance standard haset in greac pace
upon this innovacion.
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Figure 25

There is 2 mini-sled test fixeure used foc steering wheel
and column devclopment and corntpliance wstng, We
have upgraded ic by substitudng the upper tarso of an
actual dummy in place of the crude dummy fixture
spccified in the Federal standards, agd have requested
the NHTSA to adopc this change as an improvement
over the existing requirement. The main text fixtures in
the Laboratery arc twu impact sleds, sicher ol which can
prapel a car body ac speeds up to 70 miles-per-hour ta
stmulate 3 varicey of accidents. Abour 913 such tests were
conducred lase year,

The resuit of utilizing these differenc kinds of safery tese
devices as well as inventing new ones is that we have GM
cars thac are second 1© none in overall safety. Our
energy-absorbiog sweering columa, for example, has
much greater performance than required by Federal
salery sandards, and ios success in real.life accidenes has
been well documented by independent accident investi-
garors and the Federal government. Present inscrument
panels, scat backs und other interioc coinponeas also
are inuch superioc than minimum seandard requirements,
and are purforing very well in real life. )

s T indicated carlicr, today’s caes ace capable of
drastically reducing the highway deach ¢oll if full reseraine
systerns would be worn by everyane. Unforwnately, chey
are not. The improvemencs we have made in the vehicle
thus (ar have not interlered with our normal usage af the
vehicle. However, it is hecoming an incrensingly difficule
challenge o continue ndding major vehicle improve-
ments withiout afecting vekicie usilicy.
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I should also mention a special group located at the
Safety Laboratory with the responsibility for develay ing
product propoesals and design guidelines to reduce ¢ ash
damage and the cost of repairs. Repair shops are being
canvastsed and car-to-car isnpacts conducted o detern ine
what areas are most vulnerable to impact damage ¢c are
very difficult w0 repair. Based upon these investigo i,
the group hopes 1o recommend future changes in derign
that might overcome patendial service problems.

The great majoricy of safety work we do here at the
Laboratory is directed peimarily at occupant protecron.
The rest of the Proving Ground, with it 85 mile: of
‘aried road systems, tests and evaluates the performar ce,
durability and reliability of our vehicles so that they an
tnable the driver w avoid accidents, if at all powiile.
{Figure 26) GM safety work zakes place in many ot er
locations as well: at the Technical Center in Warrin,
Michigan and act the various divisional engineer ng
locations. For example, the central headquarters for ny

0wt group, Automotive Salcty Engineering, is the T h-

nical Center. It is where our communication cencer for

vehicle safery exiss. From this central vantage pont,

Automotive Safety Engineering can work more closaly
with other staffs and car divisions on matters affect ng
the safety of our vehicles.

In additon to the Automotive Safery Eagincerng
function the Tecknical Center is the location for many
safety projects such as the air cushion developmeat
program now taking place under the supervision of
Fisher Body Division. The Engincering Scaf alsa is
headquarters for the Experimental Safery Vehicle pro-
gram being done under a one dollar conmact with the
NHTSA. This program is an schedule and we will be
delivering two cars w0 the NHTSA in October, 1972, A
“preliminary design package,” defining the GM design
-approach, was delivered w Washingron in December,
1970. We are not in a positon to divulge the contents of
the "package.” With more than 100 Engincering Staff
men working oa the program, not counting the divisional
‘personnel and resources that are 2iding in varigus design,
development and test projecs, we are well along in the
design. We will be fabricatdng componeno later this
year for tesdng.

At the GM Rescarch Laborateries, passenger come
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Figure 26

partment integrity is being studied by a new analvtic-
experimenal technique far predicting barrier impact par-
formance of & new car design, This progrn udilizes com.’
puter simulation, a glant seatic car crusher, and an
<lastic madel of a car’s passenger compartment.

GM research programs attempt tw fll the knowledge
gap that exists in hurnan tolerance to injury—both in the
laboratory and in the ficld. Professor Lawrence Patrick,
Wayne Statc University, under our sponsorship, simulates
collisions in the laboratory, using both cadavers and
dummics. Meantime, Profester Donald Huelke of the
Univessity of Michigan reports monthly on crashes that

Figure 27

oceur in the field, Also our Research Laboratories arc

-studying the impact tolerances of various sections of the

human body, for which GM designed a drop rest
machine. (Figure 27)
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Figure 28

Associated with such work is development by M
Research Laboracories of a (ibrows metal racerial el ed
MedVer which is placed between colliding objects to
pravide a coasistent depth of impring for measurerne nt
and transladion into impact peessuce values. (Figure | 8)

The Syscemn on Automocive Safery Informatica, e1u b-
lished in conjunction with the CM Research Labo a-
tories, is considered one of the world's man compl- e
tepollwocies of safety informadon. [ntended originally as
a GM informadon scarch and reoieval acdvity, SASI
aalr is providing copies of its index cards to the NHTSA
for expansion of jts information base aad incorporation
inte aa international announcement service.

A new in-depdh program locaced at the Technical
Center to improve vehicle safery utilizes advanced elec-
aronic systerns to incorporate analytical studies of vehicle
conuol and impace factors, influence of highway factars,
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and driver capability. Present programs cover air cushion
deasor development and a physiolagical tester to prevenc
people fram driving whea alcohol or drugs impair their
abiites,

At the GM Scyling Staf, studies are taking place in
anthropometricy, glare and vision, drivee work space,
reflection, and ocher forms of human factars tescing.
Some of this work is aided by the highly sophisdeated
Gl driving simulator developed by Engincering Seadf
and now In its secand generation of design. {Figurs 29}
This simulater can provide all of the sdmuli of acual
driving experiences, while tained researchers record
responses of the drivers. The driving compargnent re-
sembples the incerior of aa actual car, and will picch
wiiea the brakes arc applied o roll when the steering
wheel is curned in response to simulated sicuadoas shown
on screen.

GM car and auck divisions afse have extensive safery
facilities and programs of their own, 20d respontibilicy
for the exploration of practical improvemena in vehicle:
safery. The GM Engineering Staff is respoasiole for
coordination of all divisional and corporaie sajery pro-
grams, This, then, it 2 broad cudine of the safety work
conducted within General Moawes for improving acci-
deng avoidance and occupant procesrion.

Discussion Pericd

A quesdoner asked if there was any way to simulate in
GM's crash tests the fact thar human beings reace
differendy {rom_test dummies during an accident, Me.
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Lundsorom sald this is difficult o do wday, but thatin a
high speed crash—the tvpe thac is likely to produce’
serious injury and death—the forces are beyond human
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capability. On low-levdl impacts, he said somc p rsons
can bend the steering wheel 30 GM knows humar s can
redist injury and will do all they can to do so0. Mr Cole
added thac comparisons of GM's test work with crual
accidents indicate chat human beings do anticipa ¢ an
accident, position themselves for it, and that the le ve] of
acual survivability maybe higher than tests with dur amies
demanstrate. He also noted thac it is difficule o de velop
test dummies which correlate with human behav or.

In reply to another question, Mr. Lundstrem said
General Motors had done considerable wark in accident
avoidability, including development of 2 defensive di iving
cbstacle course which tests the skills of drivers in ave ding
accidents. He pointed out that cach individual 1eacts

differendy in an accident siruation, and that Cicaeral
Motors is trying to incorporate in it vehicles sy tans
which are in line with the capability of most drivers.

A person noted that General Motors and the aut mo-

bile industry had made 2 major effort to support narional
safety programs in areas such as the upgrading of ¢ affic
courts, and the upgrading of waffic accident record riain-
wnance and analysis. He also mendoned the Amec-ican
Bar Association's Traffic Courx program which was up-
ported by the automotive industry through the .uto-
motive Safery Foundadon, .and the Traffic Insdmite of
Northwestern University which was started with {inds
from the 21:wmodve indusay. He praised the indusery,
pacticularly General Moacors, for its efforw in these dreas,
and said they helped o reduce highway deaths «c the
level cited earlier by Mr. Roche. Mr. Landswom added
thac the vehicle-road rcladonship was recognized some
dme ago by General Motors, and that the read network
at the Proving. Ground was consoucted with 2 view
toward reducing road-related accidents, Mr. Lundsoom
pointed out that General Mators has tried to emphasize
the importance of removing roadside obstacies, and that
the gavernment has now recognized how essendal this is
© highway-saiety.

An individual asked abour the Corporation's budger
expendicures in these sreas. Mr. Richard C. Gerstenberyg,
Vice Chairman of General Motors, sald that U.S. expendi-
tures of $124 million arc lorecasy for 1971 for antemotive
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emissions research, enginecring and relaced activides. He
said GM will spend another 564 million for conwralling
air and water pollution from plants, an expenditure
almost four times as large as three years ago, He painted
out thac these figures do not include the cost of aytomo-
tive cmission control hardware being installed on GM
models. As for safety, Mr. Gerstenberg said the estimaced
expenditures for 1971 are over $400 million. Me. Cale
also painted out that General Moators' fevel of spend-
ing was such chat even if more 1ngney were available
the results could probably not be increased, This is due,
Mr. Cele said, to the fact that innovations cannot be
scheduled, and that GM currendy was employing suffi-
cient people and resources to get the job done. Even if
the efort was doubled. he doubted whether a great
improvement in output would result.

Anather person said he had read that a large propor-
tion of total vehicle aceidents involve drivers who were
under the influence of aleohol, and asked what General
Motors could do in this marter, Mr. Cole answered by
describing GM's experimental physiological tester, a
device which inhibits the starting of 20 autemobile when
the driver’s control capability is impaired. He also
pointed out thac the physiclogical tester had been made
available 10 the Federal government for evaluadon

Another individual recalled that the Presidential Task
Force on Highway Safery found alcoholic intoxication
the number one cause of serious highway accident. He
said there should be 2 massive awack upon the problem
of alesholism in the United Seates because of its efiect on
dhe nation’s social fabric. Mr, Cole agreed, stating that
chis is one of the reasons for GM's develapment of the
physiological tester. .

Stacing thae 2 Chicago judge received satisfactory .
resules over the holidays by promising a week in jail for
any driver involved in an accident or waffic violation
while under the influence of alcohol, a questioner asked
Mr. Cale's opinion of such a prevendon technique. The
GM President replied that based on the experiences of
Sweden and England, efcctive traffic law enforecment
and cfficient processing of violatocs by the courts help to
decrease highway accident races,
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PASSIVE RESTRATINTS
David D. Campbell

About two months agg, the Nadonal Highway TratGec
Safety Adminisoradon issucd a Federa! standard requiri 1g
all new cars manufactured for sale in the United Sta o5
afeer July 1, 1973, to be equipped with passive resorais.is
for all front scat passengers. Similar devices will e
required for rear seat passengers one year later.

In arecent speech in Detroit, Douglas Toms, Directar
of the Nadional Highway Traffic Safery Adminisoaricn,
rqpeated that the adoption of passive restraines is tie
top:nost item an the Adminiscadon's prioricy it
What are these passive rescraines? How- do they work,
and whac are they supposed to do? We'd like w give
you iome answers o these and ather questions.

As many of you may know, a passive resrraint is onie
that requires absolutely no action on the part of fie
xiriver or pasengert to be effcctve. 1P always there,
but it works only in the casc of an accidenc. This i+ n
contrast to rextraints such as seat belts. These zre classi-
fied as acdve and requice the driver or the passenger ‘o
do something. [n this case, buckle them up, Withott
question, lap and shoulder belts are effective. The bg

SAFETY

AIR CUSKION
RESTRAINT
SYSTEMs

figure 30

problem is that many people never use them, Only about
0%, of lap belrs are ever used and abour 4% of shoulder
belos are ever buckled.

Public apathy toward seat belts is the real reason
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behind this planned move toward the far more expensive
and complicated passive restraing. We have worked on
many other devices including padding, nets and blankers,
and we intend to continuc this rescarch, But, gur expe-
cience with the air cushicn indicates that this system,
if it can be proven [casible, has potential advantages
over any other we know about. (Figure 30)

Now, [ think we should take a look at what the air
cushion is expected t0 do. A car equipped with passive
restraints muse be submitted o three types of cetes in
order to meet the new Federal scandard 208,

These are:

* A 30-miles-per-hour crash straighc inte a barcrier.

* A j0-miles-per-hour crash into a barrier at a 30-
degree angle,

* And, a side impace with a 4,000-pound mass moving
at 20-miles-per-hour.

FRONT PASSENGER SYSTEM
COMPRESSED GAS

Figure 2

(At chis poing, a &lm showing @ car being erashed

into a barricr for each of these three wses was viewed.)

These tests siinulate very severe accident conditions.

In [aet, head-an plus angular impace collisions cause
nearly 60%, ol auto eccupant fatalides each year.

On the surface, the air cushion looks like a pretry
siaple device. That assumpcion is fac fromn the truch.
s companents include: {Figure 51)

s An electronic device which signals the crash w the.

rest of the syseem, This conponenc nuse discrim-
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inatc between crash and nonscrash sicuadons and
also tonitor the entire sysiem for readiness. 1° the
" sensor finds any component mallunctioning +hile

monitoring the system during non-crash condi jons

{t rurns on a red warning light on the insTnnenc

panel to indicate the sysem nceds servicing. This

area of design is one in which we have don= con-

siderable work in the hope thac it can evertially

find pragdcal applicatdon in the event the air

cushion is adopred.

¢ A container of air compressed to 3,500-pounds. per-
squarc -inch, -

* A diffuser which is nothing mere than a long ube
to distribute the air.

¢ A torso bag which is rolied and folded in fror ¢ of
the diffuser wbe. ’

* And, a knec bag which is inside the torsc bag and

serves to protect the passenger's legs. The addidon

of a knee bag is another GM Innovation which has

salved a number of the technical problems hat

plagued early air cushion designen
In operadan, the air is held in’the container by a
_ steel diaphragm. When the sensor detects a crash, this
diaphragm is broken. The breakage relesses the aic and
inflates the cushion.

{At this point, a film showing the deployment of the
front seat air cushion was viewed,)

Thc whole scquence takes only 60-thousandths «f a
second—ar fast enough w happen 16 dmes in a sirgle
second. Although our current program has been uader-
way for almost three yeary, we do not have 2 producrion
version that we are sadsfied with yet.

So far, we have been talking aniy about the front seat
device. Now let's examine the air cushion for the rear
seat. When we began, we thought it would be 2 macter
of simply locating the rear seat air cushion in the back
of the car’s (run: seat. But, this created unforcscen
problems. In tests we found thar unrestrained rear seac
pastengers could gencrace as much as 25,000-pounds of
force against the seat soucture. This would mean that
the fronc seat would have to be swong enough to support
a weight equivalent to five Cadillacs. The impracticalicy
of this is apparent, s0 2 new approach was definitely
needed. Our choice was a cushion that deployed from
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ROOF MOUNTED AIR CUSHION SYSTEM
{REAR SEAT PASSENGER)

the roof and which hapefully could rescrain the rear seac
occupants before they collided with the front seat. (F ig-
ure 32) We are now in carly stages of developrgent of
sach a cushijon,

Many of aur enginecrs working on passive restraines..
have speat a great deal of ime wying w make wse of
the air cushion to prevent ejection from the car during
rollover accideas. Field surveys show that the chief
cause of death in z roflover comes from passenger cjec-
tioa through broken side windows.

Onc approach to solving this problem Is 2 system we
are developing chat uses the rear seac air cushion to
srerch and hold a net over theide windows during the
accident. (Figure 33) Once the bag deflates, the wension
is released and the net can be easily lified for exic from
the car. ;

(Ac this point, a film showing the deployment of the
rear seat air cushion was viewed.) .
Whilc a good deal of technical progress has been made
by GM in developing an aceepeable air cushion sysem,
we sdll have a Jong road to wavel before we can 12y we
are ready to install chem in our ears, Up 0 now, no
human being has been subjected 0 the many saadc
tests, road tesws, and noise tests that we feel we must
perform in order to ger the dara that will rell us if we
are on the right aack and heading for producdea, or
if we must go back and re-design. :

On this subject of human testing, we are now ahle ta
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report that chere is a ‘government spoasored pro-sram
underway at Holloman Air Foree Base using volur teers
to find our more about air cushiont and their efe t on
people. General Mowrs it providing the autom sdive
material for these teses. We feel thac chis program is
especially erideal because any failure here mighc d :al a
severe sctback -t our ewn air cushion program. 1. the
fame way, new progrest or information achievel in
these activities will conwribute @ our own efforw.

Yet another problem of great importaace is relizb licy.
We absolucely must develop an air cushion systeen that
warcks when is needed—and andy when its needec. The
seriousness of chis reliability problem cannot be «ver-
‘cmpha:izcd. As an examole, I am sure that you ar= ail
aware of the elaborate preparations that preceded the
Apolio 14 moon flight to make cerrain, as far as hum waly
possible, chac each component and system funcions
exacdy as it was designed. [t is not unrealistic o say
that 2 high degree of reliability in sir cushions s juse

» 23 cridcal for the occupants of GM cars as ic it in the
“cquipmenc used by the astronaus,

We recognize chac some safcty feawures, such as seat

belts and head reserzing, involve some element of risk
for oecupaay il the device is not used as the mant fac-
turer intended. With air cushion systems represcadng a
virwally new field of endeavor, and one involving shace

Figura 33,
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age technology ac thag, the risk is multiplied, partcularly
with respect to the occupanc and the manufacturer's
potendal liabilicy.

In chis area, our conceen is centered on such problems
as:

» Inadvertent deploymene.

s Failure to deploy when needed.

+ Or, delayed deployment,

These are by no means the only unrosolved questions
regarding syswem celiabilicy and the manuiacrucer’s pos-
sible Labilicy. Another is, how long should a highly
complex system like this be required to fase before being
replaced? Two years? Five years? Ten years? Life of
the car?

Then, oo, there arc che ouc-of-che-ordinary cases. I
am thinking of an accidenc where the level of severity
would be 3o high thac it was beyond the capabilicy of
the air cushion. As the effective date of the new Federal
standard draws closer, and as we approach commimment
for production tools, plants and equipment, eack of
these problems becomes more crideal and of more con-
cern 0 us,

(\\« the conclusion of this presentadon. the deploymenc
of a protocype air cushion installed in a pasenger car
was demanseraced.)

. REAR.SEAT ANL' $IDE WINDOQW NET SYSTEM . . .
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