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One facet to the effectiveness of automotive otcupant
restraint systems is thewr potentid! to reduce the number of
faialities which are occurring. Accidents invoiving over scven
hundred fatally injured occupants in 1967 to 1972 cars were
examined case-bv-case and occupant-by-oceupant to assign the
faality reduction potential of fow candidate restraint
sysiems. )

@ Lap Belt Alone
s Lap and Shouider Belt

* Air Cushion Alone
® Air Cushion Plus Lap Belt

The primary results aof this [ield accident study are as follows:

17 all the fatalities had been wearing a lap belt, 17% could
have been smaved.

If all the fatalities had been wearing a lap and shoulder belt,
31% couwd have been saved,

If all the curs had been equipped with air cushions, 18% of
the fazalities couid have been saved,

If all the cars had been equipped- with air cushions, and all
tne fatalities had been wearing a Lip belt, 29% could have
been saved.

INTRODUCTION

The choice of occupant restraint systems for cars has been the
subject of much debaie in recent years. Although the ultimarte
choice will involve many faciors, fatality reduction seems to
suriace whnenever discussions on restraint svstem allernatives
arise. The national highwzy faiality figures keep coming up as
the one visible statistic upon which goals are set and per-
Jormance is judped. For this reason, the General Motors Safety
Research and Development Laboratory initiated an in<depth,
case-by<case [ield accidem fatal swdy. Utllizing technica)
expenise from GM's Fisher Body Division, and the Safety
Research and Development Laboratory, 706 fatalities in 1967
through 1972 passenger cars were studied. The specific and
wtigue details surrounding each fatality were carefully studied.
Using this information, an estimate was made of the abiity of

the four candidate restraint system cornbinations to mitigate
sch {awiity.

Knowing the ability of a restraint system to prevent fatalities
& very important. The extent of this particular study attests to

-

that. However, the overail effectiveness of a restraint sysiem
must include other facets: How often will it be used?, How
soon can it be put into all cars?, What is its injury reducuon
potential?, Can it cause injuries?. These and other issues must
be remembered in order 10 keep the implications of this faral
case study in perspective,

RESTRAINT SYSTEM EFFECTIVENESS

Ezch passenger car fatal collision is 2 discreet and unique chain
of events which can only partialy be described by such
measurements as unpact speed, crush, acceleration, etc. The
ments of air cushion and belt systems have been primarily
compared by the use of these measurements as they perform
under Limited, controlled, tesi conditions; conditions which
are not necessardy representative of all reai.world accidents.
The uniqueness of thus study is that actual in-the-Hield {3talities
were stud;ed in depth 1o determune what caused each [atality,
After determining the series of events and complications which
led to an occupant's death, each restraint sysiem considered
was rated for its likelihood of f{atality prevention for each
particular fatal case. The restraint systems chosen for evalu.
ation durng this study were:

a) Lap beltalone

b) Lap and shoulder belt

£) AJrcushion alone

d} Air cushion with lap belt

This study was limited o these four sysiems since they are
gither in production ioday, or are being considered for produc-
tion, and they appear to be the most Likely candidates for
occupant restraint in the future.

DATA FILES USED

A jury of four engineers, whose backgrounds included exper-
ence in the desipn, development, and testing of both active and
passive restraint sysiems, were chosen to conduct this study.
These individuals, working together, analyzed accident cases
involving the 706 fatally-injured occupants.

Accident information available to CM was searched for pas-
senger car fatal cases, The cases used had sufficient informa.
tion to permit snalysis of the crash and resullant injuries.
Typical information inciuded Collision Performance and
Injury Reports (CPIR)}, Muiti-Disciplinary Accident Investiga-
tion reporis (MDAI), 35 mm slides, pholographic prints, and
the like.

} A
CPIR's are filled out by Motors Insurance Corporation Adjusi-
ers while they are investigating claims involving an injury.
producing accident in 2 current model vehucle, included in a

.
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MR B information on environmental conditions, locality,
aBeged mechanical mmalfunctions, collision details, vehicle dam-
agr, steening whee! and column performance, occupant
saatistics, occupant injury, and so on. This information is
compiled from police reports, medical reports, witness
agounts and MeasurcImeRLs taken of the vehicle and at the
acrident scone.

MDAl reports e in-dcpth studies of highway crashes tome
pied under government contracl by Multidisciplinary Investi-
piion 1eams. These teams consist of various medical specialists
such 25 pathologsts, toxicologists, and psychiatrisis, and
members of othet afety-related disciplines, such as highway 0f
wmffic engineers, mechanical ot automotive caginects, human
factors cngineers, police rechnicians, lawvers, and
gycholopsts. The result was 706 passenger car fawalities:

No, of
File Cases

Motors Insurance Corporation (CPIR) ccevvnnnns 309
Depariment of Transpontation (MDAI} v.ovvevee. 157

University of California (MDAl ....... vev.... BO
University of Michigan (MDAI) covvernoneoners 64
Miscellaneous GM files (CPIR) vvvvcanenen -1 |

Comell Acronautical Laboratories (MDA} ...... 3]
D.F. Huelke (pre-U ol M fite) (MDAI) voovnres 6

Qakiand County (MDAD) ... ovvrienes teraaes 5
GM Company Flect Cars (CPIR) wevaoncnmerens 3
Towl Cases 706

We believe that this collection of 706 fatals in late model year
passenger vehicies represents a valid sample that can be used 10
exuapolate results.

Although there are continuing efforts 1o establish 2 National
Accident Daua Survey, 10 such narional aceident file yel exisis
1o compare the representativeness of this study.

FATAL CASE PROFILE

The results of this study will have more meaning il the type of
accidents that are cusing fatalities are understood. Figure 1
shows the distribution of fatals by collision configuration.

This study’s proportion of frontals in fatal accidents may
appear a bit low. Three factors account for this difference:
first, the in-depth analysis of this study aliowed the determina-
tion of a more valid category for each case. Other studies have
defined collision configuration by the vehicle's area of damage.
This study defined collision configuration by occupant
tnajectory. For instance, 3 side impatt to the front 1/2 of the

-

Fatals by Collision Configurstion
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car would have primarily frontal damage, but the occupant
would have the lateral trajectory of a side impact. For 2
restraint system to be effcctive, it would have 10 offer latera
(side) restraint. We, therefore, would classify this as a side
impact, although some studies may have classified it as 3
frontal.

A second [lactor producing differences is that this study has
two catepones that involve frontal kinematics! frontals and
sideswipes., These talepoTies wert scparated because fronals
were defined as involving major structural components of the
car, whereas sideswipes Were defined as involving only sheet
metal parts, missing the frame and enpine, This differentiation
was made since these differences can sipnificantly affect
sensing times for the ais cushion and passenger compartment
intrusion.

A third factor was that this study contains exclusively 1967
through 1972 vehicles which possess safety features bevond
those in the total a@r population used in other studies. Many
of these improvements deal with fronta) collisions and would
tend fo reduce the proportion of frontals in a newer<ar fatal
file. This study focused on newes Cars 10 aliow {or more ac-
curate extrapolation into the future.

Whether or not an accident becomes a fatal accident is greatly
influenced by the objects the vehicle strikes and by the objects
that the passengers strike. A breakdown of objects contacted
by the automobile involved in this fatal case study is shown in
Figure 2. It is interesting 1o note that $1% involve objects that
are nof on the roadway. This is also implied by the result that
57 4%, of the fata) accidents invoived only one motor vehicle.
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What the sutomobile strikes, along with the impact speed,
determines the severity of the crash; and whatever the occu-

mt sirikes during the crash sequence influences the fate of
the occupant. Fipure 3 shows the objects which were involved
with the occupants’ fatal injuries by their frequency of
occurrence,
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This distribution is influenced by the number of occupants
using each seating position as shown in Figure 4,

Distribution of Fatalities by Occupant Seating Position

Seating Poiilion
Driver &
Center Front ] 3
Right Front _ 4
Raar 10
. rthENT
F'igun 4

There were 74 fatalities actually using belt restraints in the
706 cases: three were lap and shoulder belied, and 70 were lap
belted only. This represents 105% of the study. Figure 5
shows the distribution of actual belted fatalities by collision
configuration,




Belred Fatals by Collision Configuration
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A distribution of actual belted {atalities by seating position is
+own in Figure 6.

Distribution of Belted Fatalities by Occupant Seating Position
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BELT RESTRAINTS — DEFINITIONS
AND ASSUMPTIONS

To emablish the fatal case profile accurately required careful
study of cach fatal accident, but 1o rate each restraint system’s
fatality reduction potential required more information than
was supplied by the aceident [iles alone. Realistic definitions
and assumptions of restraint system performance wert necess
sary o permit 3 meaningful and consistent analysis, Con-
siderabie effort wenl jto summarizing available information
on cach restraint sysiem and its performance. The following is
2 summary of the definitions and assumptions which were

derived {rom this investigation and were used in this study,

Tne 1973 General Motors 3-point belt system was chosen 10
represent 2 typical bell restraint system, This system has 2
detachable showder pelt and can be used as 2 lap bell only, o1
as a lap and thoulder belt combination, 1t provides per
formance typical of other belt designs currently being pro-
duced and can be considered 35 2 representative belt sysiem,
No aticmpt was made 10 estimate the performance of possibly
more advanced future belt sysiems.
~

To maintain continuity throughout the study, the belt system
performance wis carefully defined. The belt system was
sgsumed to be worn properly unless the case being studied
actually indicated impIOper usage. When improper usage was
identificd, the effects of this improper usage were considered
in rating the restraint systems. This puideline was established
1o help reflect wny possible belt-induced injuries.

Present belt sysiems ai¢ designed to remain intact over 5,000
lbs., which is'in excess of expected bell Joading. For this
reason, the webbing and associated hardware were assumed 10
rernain intact unjess the casc indicated that they would have
been obviously damaped by the accident.

Although information is Limited, searches of accident files do
not indicate that belt Tebound contributes spnificantly t©
occupant injury. Since accurate analysis of pccupant rebound
would have been very difficult, if not impossible, occupant
rebound was assumed not to contribute to injury.

The vehicles in this study were all .equipped with an energy:
absorbing (EA) steerind column of some type. To simplify
analysis, they weré all assumed to be equipped with 2 1973
General Motors EA steering column, regardiess of the vehicle's
sctual make or model year,

When 2 fatally injured occupant was actually wearing 3 seat
belt system, rhar system was rated as being 0% effective fot
that single accident.

There is 2 lack of xnowiedge on small children wearing belt
restraints. Because of this, and the fact that small children do
have soft bone structures, it was assumed that helts worn by
small children would not be as effective in mitigating injury as
those worn by adults. As the severity of accidents increased,
the child's save fate was sharply decreased. The exception 10
this assumption was in rollovers, where gjections could be pre-
vented Ly the ust of belts. Special child restraints were not
evaluated in this study.

. - mme meotn




1 CUSHION AESTRAINTS —
FINITIONS AND ASSUMPTIONS

wndng the ai cushion system for this study proved to be
scull, No rear scat air cushion system was developed at the
¢ of this study, and there was no ficld experience on the
poscd front seat air cushion. As a result, the following
amptions had to be based on a considered judgment of the
mated performance of a front and rear seal air cushion
e

- front seat air cushion was assumed 1o be composed of
peral Motors proposed components which included: 2 third
wxation, stepdoad sieering column; 2 Delco Electronics
sh Sensing System with a 10 mph equivalent barmier impact
< level sensor, and an 18 mph equivalent bamier impact high
d sersor; a sieering wheel air cushion with 2 mewal and
mn knee restraint for the driver, and a separate air cushion
. the front seat passcnpers. The third generation step load
jomn is z revision of the present energy-absorbing ball
jumn used in GM vehicles. Included in the design is an EA
=mber ané an improved column mounting. A COMpanion
=¢r prepared by Oidsmobile explains details and significance

hese revisions. The imaginary rear seat system was assumed
» provide performance comparable to a front seat air cushion.

3e tota) air cushion system was assumed 1o meet FMVES 208
jary critena which included the requirements of meeting
jery critenia in 3 30 mph frontal barrier. angled up to 30°
28 in 20 mph side moving barrier tests. Frontal impacts at
veles that exceeded 30° from head-on were rated as foliows:
}30° 10 60° impacts with sufficient Jongitudinal acceleration
3 depioy the air cushion were treated with sharply reduced
flectiveness; b) Impacts that exceeded 60° were generally
omsidered not to have produced deployment. These assump-
wes were based on present Sensor design and are supported
w Hyge sied tests 2nd full scale crash tests.

= frontal ynpacts of 3 30 mph barrier equivalent severity or
s, survival was considered to be virtually certain uness there
were extenuating circumstances. As the case sevenity exceeded
30 mph frontal barrier equivalent, the ratings were reduced
uatd 2 60 mph barrier impact seventy was reached, In excess
of 3 60 mph equivalent barrier speed, survival was considered
to be vimually impossibie due to the lack of survival space as
shown in Figure 7.

% should be stressed that there is 2 difference between field

tential and bagrier-dummy test performance as discussed in
“Occupant Protection Rescarch Needs,” D. E. Martin, Man-
ager, Automotive Safety Engineering.
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Assumed Air Cushion Fatality Reguction Ratings.in Frontal Impacys
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There is considerable air cushion test information available on
the performance of thuee 50th percentile dummy occupants,
and less performance knowledge on other sizes and combina-
tions of occupants, But, for the sake of simplicity, the air
cushion was assumed to provide equal protection for all sizes
and combinations of normally-seated occupants.

The air cushion system was assumed 1o offer muitipie impact
protection, for though limited, the test data that does exist
shows that the proposed air cushion system offers potential
for multiple impact protection,

High reliability is essentjal in any air cushion system. There-
fore, it was assumed that this air cushion sysiem had no
component defects and remained intagt unless it would
obviously be damazed by the impact. In other words, the air
cushion was assumed 1o deploy, whenever the sensor threshold
was reached. When the sensor threshold was not reached, the
occupant's injury was assumed to remain unaitered unless he
was also considered to be lap belted.

Hyge sied and full scale crash tests indicated that when the 3ir
cushion is deptoved, it could prevent ejection through the
windshield. This facior was included in air cuthion assump:
tions on ejection prevention. The air cushion was generaliy
assumed rot to prevent ejeclions through side windows, doors,
rools, etc., since the present design is primariy a fromal
impact protection device,

ACCIDENT CONSIDERATIONS

As discussed earlier, each passenger ¢ar fatality is a distinet and
unique series of events. For instance, in any piven accident,
different people would have different likelihoods for survival
simply because of their unique physical characteristics. Add
this to all the other variables in a passenger car fatality and it




=arly shows why as many factors a5 possible were included in

5 restraint system effectiveness siudy. The following is a

ting of some of the accident considerations that were

-plied:

1. Interior compartment intrusion — was there sufficient
suvival space at each case occupant’s seating position?

2. Crash seventy — very severe accidents (bevond 60 mph
frontal barner equivalent) were rated.as having little
chance for survival. . ’

3. Age of occupant — for older occupants (65 years and
older) the survival potential was lowered,

4. Health of occopant — including the cffects of medica-
tion, alcohol, or drugs.

5. Occupant height and weight, and his likelihood of strik-
ing objects in the interior,

5. Effects of other occupants in vehicle on the occupant
being evaluated.

7. Interior loose objects which struck the occupant.

3. Afier-market add-ons - These were assumed not to
interfere with restraint sysiem hardware or bag deploy-
ment. If they contributed to the injury, their effect was
considered in evaluating restraint system performance,

2. Non-collision related causes of fatality — heart atiacks,
drownings, {ire, e1c.

STING METHOD

‘er applying the restrint system assumptions and accident
widerations, the evaluation team arrived at a fatality.
uction effectiveness 1ating for each restraint system when
dlied 1o each {atality, regardless of seated position. Because
the many faciors which inflluence occupant injury, simply
g the occupant as surviving of not surviving was not suf-
enl. Rather, each fatality was given a probability of survival
: be been using each restraint system in turn, The range of
‘babilities was delined as:

Y% — Essentially no chance for survival;

0%, 20%, 30% — Survival possible, but unlikely;
10%, 50%, 60% — Survival definitely possible:
0%, 80%, 90% — Survival very likely;

{00% ~ Survival essentially eertain,

“werall process is shown schematically in Figure 8. Case
er 1 was analyzed and the effectiveness estimates were

tabulated for each restraint system in turn. For example, Lap
belt was rated 0%, Lap and shoulder beit, 70%; air cushion,
90%:; and air cuskion with {ap belt, 90%.

+ RATING METHOD

CASE ND. LAP LAP/SH. AR AlIR/LAP
I 0% 70% 0% 0%
2 0% 30% 0% 20%
706 A
POTENTIAL EFFECTIVENESS z SUM %
706
At F.igurl B

-

This is about the same as saying that if this identical accident
with an identical occupant were to happen 10 times, there
would still have been no survivals with a lap belt only, maybe
7 survivals with a lap and shoulder belt, 9 survivals with an air
cushion, and 9 survivals with an air cushion plus lap belt. This
process was repeated for Case Number 2, and so on, until the
analysis was complete on all 706 occupants, The potential
effcctiveness of each testraint system was then caleulated by
summung the effectiveness percentages for all occupants and
dividing by the total-number of occupants.

EXAMPLE CASES

A list of all 706 fatal cases included in this study is provided in
the appendix. Included in this list are a few of the many
parameitrs which were recorded for each case. What this List
ing does not show is the inter-action of these parameters and
how they jointly affected the analysis of each case. A briel
discussion of some example cases can give a better idea of how

the parameters were considered, and how the analysis was
made,

The first case is 3 frontal collision involving a 1972 Chewvrolet
Impala (Figure 9). The vehicle was driven off the right side of
the road and collided with the left rear of a car parked on the
shoulder,

The estimated speed at impact was 70 mph, or equivalent to 3
35 mph barrier impact. The driver was the only occupant, a
49-yearold, 5 ft. 11-inch tall, 165 lb, male, He was in good
health and had no unusua! physical or mental characteristics
that should have adversely affected his chances for survival,
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His fatal injury was 2 ruptured aorta resulting from a chest
impact with the steering sysiem, shown in Figure 10. The E/A
column compression was 3.5 inches.

Fipure 10

The driver had defeated the belt buzzer svstem and was not
-belted at the time of the collision. If he had becn lap belted,
he would have Joaded the column more axially. This probably
would have increased column collapse and reduced his chest
loading, It was estimated that his chance [or survival with the
hp belt was better than 50-50, so a 60% chance for survival
was given. With both the lap and a shoulder belt, the involve.
ment with the column would have been preatly reduced. A
90% chance for survival was assigned. A 90% surviva) was also
assigned 1o the air cushion only and to the air cushion with lap

dt for the zame reason as the lap and shoulder bell. The
nigher severity of this ease did not support a 100% chance of
survival for the last three conditions.

.
-
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* 2 63-yearold female died from chest injuries. Her fatal injury
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The second example is 2 1972 Oldsmobile Delta 88 shown in
Figure 1] which was struck in the side by a pickup truck
traveling at 35 mph. Lmpact was centered on the rear passenges
compartment,

Y e "
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Figure 11

There were four occupants in this car, The right rear passenger

resulted from chest impact with the stub B-pillar and/or side
intenor shown in Figure 12,

) fw =t} >
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It is significant to note that a small child was sitting on the lap
of the fatally injured woman. Furthermore, the child received
no serious injuries, even though the child probably struck the
same area of the car as was contacted by the fatality, This
implies that the faulity was particularly susceptible 1o chest
injury. A lap belt would not have prevenied or reduced the
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oman’s impact with the side interior 50 it was rated as being
% efTective. The lap and shoulder belt was rated at 20% since
would only slightly reduce the severity of impact with the
de interior, and sturvival would still be unlikely, The ais
wshion ratings were 0% since the sensors are not desipned 1o
a¢ in this type of impact, and the addition of 2 belt would
o1 have helped,

e third case involved 2 1972 Chewroiet station wapon shown
1 Fapure 13, which went off the road in 2 curve, and rolled
ver in a Beid. The 51-vear-old male driver and only occupant
1 this vchicle was partially ejccied through the left front
angow opening and was crushed by the vehacle.

3 3‘-‘-{-"‘ 'ﬁf'ﬁ

he indentation in the door was made by the occupant. If he
ad been wearing a lap belt, this driver's chances of survival
ould have been improved. A 40% effectiveness rating was
signed for the lap belt because test experience has shown
2L partial ejection with a lap belt still can oceur in rollovern.
bt lap belt and shoulder belt was assigned a 60% raling
tcause it was {ell that the added 1orso restraint would have
sduced ejection poiential, but nol necessarily have prevented
. The air cushion alone was rated as 0% effective because
wrrent sensors do not [ire on this type of rollover. The air

ushion with lap belt was rated the same as the lap belt only.’

e ratings were affected by the fact that even if ejection were
Yy prevented, theye is some chance that he could have
+ fatally injured inside the car.

\J 706 cases underwent this sort of analvsis, but in much
aore detail. The whole spectrum of passenger car fatalities was
eviewed and studied. This study confirmed something that we
uwe been suspicious of for some time. Forty-six percent of

ha ML Fatalitior had an ahawes Far simden? L300 aml & F ol

restraint systems considered. These accidents are either very
severe, or involve unusual circumstances such as heart attacks,
drownings, {ires, etc. They look like the ones shown in the
next two figures,

Example Case No. 4, a 1972 Chevrolet, shown in Figure 14,
ran under the rear of a slow-moving truck at a closing velocity
of 65+ mph. :
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Figure 14

The fatally injured driver suffered massive head and chest
injuries directly from the truck bed, and was piven 0% chance
for survival with any of the restraint systems considered.

Figure 15 shows a 1968 Camaro traveling at 60 mph, which
skidded sideways into a tree. The right passenger suffered 2
crushed chest due to intrusion of the tree. He was wearing 2
lap and shouider belt.

Fipure 1§

He also was rated 0% chance of survival for the restraint sys-

a3

————— v b S —— &

LI

I
ti
fo
cu
cc

As

sej

e LYY

g8 2




RESULTS AND CONCLUSIONS

The potential fatality reduction for each restraint sysiem, if it
were wsed, was as follows: .

Potential Fatality
Reduction

v (% of Lives Saved,
Rounded off

Restraint System - to Nearest Percent)
oo e —

Lap Belt o 17%

Lap and Shoulder Belt . A%
Air Cushion Only i18%
Air Cushion Pius Lap Belt 25%

If a person wears tys lap belt, his potential for {atality reduc-
tion is 17%. 1 he weats his lap and shoulder belt, his potential
for {atality reduction is 31%. 1f hus caris equipped with an air
cushion, his potential for {atality reduction is 18%. 1f his car is
eguipped with air cushions and he wears his Lap belt, his poten-
tial for fatality reduction is 29%.

As these results wert studied further, it was realized that for
the teslraint sYsicms considered, {atality protection could be
separated 1O three catepornies:

e Ejeclion Control — Keeping the occupant inside the
vehicle.

e Constraint — reducing the occupant’s excursion within
the vehicle’s interiof. :

e Frontal Impact Protection = reducing the acceleration
the occupant experiences during impact but not neces-
qarily reducing occupant excursion.

The lap belt benefits i y from the effect of ejection
control and constraint, while the air cushion bencfits result
primarily from the effect of frontal impact protection. These
effects produce about equa) benefits for lap belts or air ¢ush-
jons. The lap and ghoulder bélts or the air cushion pius lap
belts combine these effects 10 produce nearly double the bene-
fits of ecither the lap belt of air cushion alone. These
conclusions are supported by this effectiveness breakdown.

35

Potential Faulity Protection by
Collision Configuration®

- Lap Lap and Air T Ak
Belt Shoulder Cushion Cushion

Only Belt Oonly wfLap Bell

—_— hadfmend Mt
Frontals 14% 371% IB% 40%
Sideswipes 9% 21% 10% 18%
Sides 1% . 12% 3% T 14%
Roliovers 36% 4R% 9% 40%
Rear 14% 20% 0% 14%
Other 4% 6% . 8% 9%

eRounded off to nearest pereent.

The lap belt alone does little to reduce the head and lorso
accelerations the occupant experiences duning {ronial impacts
and is Jess than half as effective as the other sysiems.

Air Cushion with a lap belt A0%
Air Cushion only 8%
Lap and Shoulder Belt 3%
Lap Bel1 only . 14%

In sideswipes, gjection control, constraint, and {rontal impacl
protection are all important, 30 the restraint sysiems which
offered all three did best. '

Lap and shoulder belt 1%
Air Cushion with lap belt 18%
Air Cushion only . 10%
Lap belt only 9%

In side impacts, constraint was most important. The air cush-
jon offered little constraint, whereas the lap belt offered con
siderably more. Combining the two resulted in the best
combination,

Air Cushion with a lap belt 14%
Lap and shoulder belt 12%
Lap bell only 12%
Air Cushion only 3%

The lap and shoulder belt did not perform better than the lap
belt only in side impacts because the thoulder belt offers litile
in the way of lateral constraint.

In rollovers, ejection prevention was the most ggnificant
therefore, any System using 3 lap belt performed beuer than
the air cushion alone.

Lap and shoulder belt 48%
Air Cushion with lap belt 40%
Lap belt only ItR
Air Cushion only 9%

[ SR SRR



In rear impacts, constraint again proved 1o be the most im-.
portant factor. By keeping the occupant in his desipnated
satng position, head restraints eould perform as designed.
Due to the complexity of the rear impacts and the small
sumple size, the lap and shoulder belt was rated better than the
lap belt alone,

Genenalizations about the reasons for restraint performance in
the “Other” catepory would not be proper because of the
many unrelated types of fatalities in this catepory, It will
sufficc o sy that air cushion restraints were slightly more
eflectsve in reducing fatalities in this category.

Air Cushion with lap belt Y%
Air Cushion only 8%
Lap and thoulder bejy ' 6%
Lap belt only 4%

Figure 16 shows the percentage of air cushion deployments as
a function of collision configuration.

Percent of Air Cushion Deployments
by Fatal Collision Configuration

KEY: Deployment o Percenioge of Collision Conlipwelion

eam—

Caltision Canfiguration

Sisaiwipe

Sige

Sollover

Sttigdent) weuld
i chign  Other |55
. sployment
o PERCENT
Fipurs 18

¢ restrain system efTectiveness numbers assumed that egch

ally injured occupant in 2 designated seatling position had

h restnaint system available, Figure 17 shows the net effec.
s for 3 variety of restraing syslem mixes,

Restraint System Combinations

LS - Lar & sHOUVLDIR ppyy

RICFTRF) L - tar st

RICR[RR) A «amr cusnion Al - A2 CUSHION & Lap gy
vy vt

LIL T 1811 118

LI 16.8x% WD 29.0x

A JA A ALT AL AL

F AT 18 ALATA 2912

-H-H-18.0s EE’-S rS29.81
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LU I1 283 rssrer30.5:Y

Figure 17

The differences in the save rates reflect both the judged efTee-
liveness and seat postion occupancy. ratc_fqr‘_t_h_c_l@_@_f_a_r.aij;y
Lases. A check is placed next 10 the numbers that were
rounded off and shown above. These values do not reflect

cument belt or bag usape.

SUMMARY

Fatality reduction is important. Projeeting this study to the
real world, however, is 2 complex process influenced by fac.
tors such as current belt usage, the effect of belt usage incen.
tives, air cushion intreduction timetable effects, injury
reduction, the possibility that various restraing svsierms can
Cause injuries, cost of the various systems, and dollar benefits
of injury and fatality reduction. A subsequent paper has taken
this fatal case study a5 3 starting point 1o factor these and
other issues inlo an overall, nalionwide benefit comparison ol
various restraint system concepts,
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APPENDIX |

, A List of the 706 Fatal Cases
Including Ratings
For
Potentizal Fality Protection

KEY

Restraint Svstem Actually Used

None — No restraint used
Lap ~ Lap belt only
L/S - Lap and shoulder belt

Air Cushion Deplovment

Hi = High Level Deployment
15 — Low Level Deployment
None — No Deployment

Fnﬁl Occupant Seating Position

DR -~ Driver

CF - Center Front
RF = Right Front
LR -~ left Rear
CR  — Center Rear
RR - Right Rear

Lo



System Considered

1B - LapBelt

L/S - Lapand Shoulder Belt
AC/L — Air Cushion and Lap Belt
A/C - Air Cushion QOnly

AREAS OF CONTACT INVOLVING FATAL
INJURIES TO HEAD AND TORSO

CODES FOR AREAS OF
OCCUPANT CONTACT %

Front of Passenger Compartment

(05) Instrument Panel

(09) Steenng Assembly

{12) Windshield

(02) Glove Compartment Area

(03) Hardware ltems (Ashtray, Instruments, Knobs, Etc.)
(01} Air Conditioning or Ventilation Qutlets

{06) Mumors

{07) Parlung Brake

«08) Radio

(10} Sunvisors & Fitlings, and/or Top Molding (Header)
(11) Transmussion Selecior Lever

(20} Surface of Side Interors
(19) Hardware

(13) Armresis

(22) Window Glass

21). Window Frames

{14} A-Pillar

{15) B-Pillar

(16) CPilar

{17) D-pillar s
.(18) Courtesy Lights

Interior ) s “-.
(29) Back of Seats - :
{33} Restraint System Hardware - °
(34) Restraint System Webbing

(30) Head Restraints _
12) Other Occupants L
31) Interior Loose Objeet .5, T°

Roof

(16} Roof Side Rails

(10) Sunvisors & Fittings and/or, Top Molding (Header)
(25) Roof or Convertible Top

(24) Coat Hooks

Floor

{11) Transmission Selector Lever
(40) Floor

(28) Foot Controls \
(27) Console

Rear

— \_

(23) Backiight (Rear Window)
(39) Backlight Header

Exterior. to Passenper Compartment

{35) Hoed
(36) Objects Exterior to Car
{37) Outside Surface of the Car

(38) Other;

(May indicate more than one item)
hY

(00) Unknown.
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