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DISCLAIMER

This document is disseminated under the sponsorship of the Department of Trangportation in the interest
of information exchange. The United States Government assumes no responsibility for the contents or use
thereof.

The opinions, findings, and conclusions expressed in this publication are those of the authors and not
necessarily those of the Nationd Highway Traffic Safety Administration.

The crash investigation process is an inexact science which requires that physical evidence, such as skid
marks, vehicular damage measurements, and occupant contact points, be coupled with the investigator's
expert knowledge and experience of vehicle dynamics and occupant kinematicsin order to determine the
pre-crash, crash, and post-crash movements of involved vehicles and occupants.

Because each crash is a unique sequence of events, generalized conclusions cannot be made concerning
the crashworthiness of the involved vehicle(s) or their safety systems.
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CALSPAN REMOTE SIDE AIR BAG NON-DEPLOYMENT INVESTIGATION
CALSPAN CASE NO. CA97-32

VEHICLE #1 - 1998 CADILLAC DEVILLE

LOCATION - NEW JERSEY
CRASH DATE - SEPTEMBER, 1997

BACKGROUND

This task involved the remote investigation into atwo vehicle crash that occurred in the afternoon hours of
September, 1997. The crash involved a 1992 Chevrolet Cavalier that struck the left side of a 1998
Cadillac DeVille. The Cadillac was equipped with a Supplementd Inflatable Restraint (SIR) System that
consisted of frontd air bagsfor the driver and front passenger and Sdeair bagslocated in the vehicle sfront
doors. TheCadillac’ssdeair bag system did not deploy inthecrash. A NASSresearcher from PSU-04,
inthe course of conducting routine field work, was informed of this non-deployment side air bag crash by
alocal body shop. The vehicle had been disassembled and was in a state of repair at the time of the
researcher’ singpection. Theresearcher contacted the Field Branch Office of the Nationd Highway Traffic
Safety Administration (NHTSA) on September 29, 1997. NHTSA in-turn assgned aremote task effort
to the Calspan Specid Crash Investigation (SCI) team on September 30, 1997.

SUMMARY

The police report indicated the crash occurred on afour lane east/west county roadway. The eastbound
and westbound lanes were separated by double yellow center lines. Therewasaleft curve and grade for
eastbound traffic at the crash scene. The weather was not a factor in the crash and the roads were dry.
The speed limit in the area of the crash was 72 kmvh (45 mph).

The 1998 Cadillac DeVille was eastbound on the outboard lane of the road and the 1992 Chevrolet
Cavdier was eastbound on the inboard lane. The crash occurred when the Cadillac changed from the
outboard to inboard lane directly into the path of the Cavalier. Theright front corner of the Cavaier struck
the left 9de of the Cadillac a a shdlow angle and Sdeswiped the left doors. The probable impact
configuration was 7 0’ clock/1 o' clock for Cadillac and Cavalier respectively. The Cadillac’s contact
damage was limited to the left Sde doors. The vehicle was not damaged aft of the C-pillar nor forward
of the A-pillar. The Chevrolet Cavdier was not ingoected. The police report only indicated right front
damage for the Cavdier. Both vehicles were towed from the crash scene.

The driver of the Cadillac was a53 year old mae of unknown height and weight. Theright front passenger

inthe vehiclewas a 50 year old femae. Both occupants of the Cadillac were reportedly restrained by the
manud lap and shoulder belt systems available in the vehicle and sustained no codedble injuries. The
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occupants complained of pain after the crash but declined medica attention. Cooperation with the driver
was not obtained therefore, the information regarding restraint usage and injuries was derived from the
police report. The driver of the Cavdier was a 25 year old female, reportedly restrained, and smilarly
complained of pain but declined medica attention post-crash.

VEHICLE #1

The subject vehicle was a 1998 Cadillac DeVille, 4 door sedan. Thevehidewasidentified by thevehide
identification number (VIN) 1G6KD54Y 5WU (production sequence omitted) and was equipped with a
4.6 liter, V-8 engine and a4-gpeed automatic transmission. Additiona safety equipment included an anti-

lock braking system and traction control. The manual restraint system consisted of 1ap and shoulder belts
in the front outboard seated positions.

The vehiclewasin agtate of disassembly and repair at thetime of the NASS researcher’ singpection. The
left front fender and left Sde doors had been removed from the vehicle aswell astheinterior components.
The vehicle damage was limited to the left Side uni-body structure and doors. A triangular pattern of
deformation was measured dong the lower sl (Figures 1-3). The direct damage was 168 cm (66 in) in
length and began 41 cm (16 in) forward of the rear axle. The maximum laterd deformation was 29.0 cm
(12.4 in) and was located approximately at the B-pillar (Figure4). The Cadillac’s Collison Deformation
Classfication (CDC) was 07-LPES-2.

Figurel: Left front view Figure3: Maximum

crush

Figure4: Lateral view of
max. crush



The measured crush vaues are listed in the table below:

C1=50cm (20in) C2=140cm (55in) C3=29.0cm (11.4in)
C4=20.0cm (7.9in) C5=120cm (4.7 in) C6=80cm(3.2in)

Deformation to the outer sheet metd of the left doors conssted primarily of rear-to-front Sdeswiping
damage with lateral digplacement (Figures5 and 6). The outer sheet metal sections had been cut from the
doors, to gain access for disassembly. The photographs of the doors did not indicate that their was any
significant deformation to the doors' internd structure (Figures 7 and 8). The doors' interior trim panels
were intact and probably reused in the repairs (Figure 9).

Figure5: Left front door Figure6: Left rear door Figure7: Left front door
sheet metal sheet metal exterior

Figure8: Left front door Figure9: Left front door
internal interior trim

The owner of the body shop indicated the left doors and B-pillar deformed laterdly in the crash.
Reportedly, the arm rest of the left front door was in contact with the left front seet. He further indicated
that the floor pan had to be pulled laterdly severa inches during the repair process.
RECONSTRUCTION AND DELTA V CALCULATIONS

The estimated ddlta'VV of the Cadillac was determined through the use of the SMASH agorithm using the
barrier modd of the “ Damage Only” routine. Theinitid SMASH cdculation by the NASS team indicated
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the lateral deltaV of the vehicle was gpproximately 21.4 kmv/h (13.3 mph). This caculation indicated the
vehid€e sddtaV was near the 21 knvh (13 mph) deployment threshold for the Sde air bags. The PDOF
used in the calculation was 270 degrees (-90 deg.) with respect to the vehicle.

Initial SMASH Calculation
Totd ddtaV: 21.4 kmv/h (13.3 mph)
Longitudind ddtaV: 0.0 kmv/h (0.0 mph)
Laterd ddtaV: 21.4 kmv/h (13.3 mph)
PDOF: 270 (-90) degrees
Energy Disspated: 33,036 Joules (24,366 ft*1b)
Barrier Equiv. Speed: 21.4 kmvh (13.3 mph)

Anaysis of the damage patterns and the pre-impact vehicle dynamicsindicate the PDOF in the crash was
inthe 7 o' clock sector. The Cadillac wasin the process of alane change and entered the path of Cavdlier.
Ingenerd, the heading angle of the Cadillac would only deviate gpproximately 3 to 5 degrees with respect
to theroad axisin acontrolled lane change maneuver. This necessitates that the Cadillac and the Cavdier
be nearly co-linear at thetime of impact. The sdeswiping nature of the damage dso wasindicative of the
shdlow impact angle.

A SMASH calculation using a PDOF of 210 (-150) degrees was performed. The results are tabulated
below. While the disspated energy and total deltaVV remain congtant, the caculated laterd deltaV was
reduced to 10.5 knvh (6.5 mph). This calculation indicates the magnitude of the Cadillac’ slaterd ddtaV
component in the crash was far below the threshold required to deploy the side air bags.

Final SMASH Calculation
Totd ddtaV: 21.0 km/h (13.0 mph)
Longitudind ddtaV: 18.2 kmv/h (11.3 mph)
Latera deltaV: 10.5 kmvh (6.5 mph)
PDOF: 210 (-150) degrees
Energy Disspated: 33,036 Joules (24,366 ft*1b)
Barrier Equiv. Speed: 21.0 km/h (13.0 mph)




SUPPLEMENTAL INFLATABLE RESTRAINT SYSTEM

The 1998 Cadillac DeVille was equipped with Supplementa Inflatable Restraint (SIR) System that
conssted of dud frontd air bags and door mounted Sde air bags for the front occupants. Thefrontal SIR
system consisted of the following components:

Inflatable Restraint Sensing and Diagnostic Module (SDM);
Driver ar bag module;

Right front passenger ar bag module;

Front end mounted discriminating sensor;

Air bag warning indicator in the ingrument clugter.

s owdNE

Thedriver Sdefrontd air bag modulewas mounted in thetypica manner inthe center of the steeringwhed.
The right sde frontd air bag module was a top mount configuration located on the right sde of the
ingrument panel. The SDM in the system was amulti-function device that performs diagnostic monitoring
of the SIR system, in addition to frontal crash detection and control of the frontd air bag deployment.

The sdeimpact SIR system consisted of the following components:
1. Two sdeimpact sensng modules (SISM), one in each front door;
2. Two sde impact inflator modules, one in each front door;
3. Air bag warning indicator in the insrument cludter;
4. Inflatable Restraint Sensing and Diagnostic Module (SDM).

The side impact modules were located in the upper rear quadrant of the vehicle's forward doors.
Deployment of the sde air bag would occur through the interior trim panel. Theimage below (Figure 10)
was released by the manufacturer in an advertisement and is a depiction of the side ar bag in full
deployment.

Front Side-lmpace Air Bags

Figure 10

The design of the air bag was described as “a shoe-shaped configuration” by the manufacturer and
reportedly provides optimum protection to the occupant’ s thorax regardless of the seat track position.
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The sde impact SIR was a stand done system. The deployment of the side impact air bags would be
controlled by the door mounted side impact sensors (SISM). A sensor on-board the SISM  measures
lateral acceleration. The SISM then calculates the vehicle' s lateral deltaV and if the calculated deta Vv
exceeds the design threshold, deployment would then be initiated. The deployment threshold of the 1998
Cadillac DeVilleé s SISM isalaerd ddtaV of 21 km/h (13 mph). Thefind SMASH cdculation indicates
the latera delta Vv for the Cadillac in the crash was below the deployment threshold, therefore the side
impact SIR worked as designed by not initiating deployment.

The only function of the SDM relativeto the sideimpact SIR wasto monitor system readiness (as opposed
toitscontrol of thefrontal SIR system deployment). The deployment of the Sdeimpact air bagswould be
controlled entirely by the door mounted SISM. Each SISM communicateswith the SDM viaadiagnostic
line. If afault exigsin the sdeimpact SIR, the SDM storesthe history and dertsthe driver by illuminating
the instrument cluster’ sair bag warning indicator.

OCCUPANT ISSUES

Cooperation could not be obtained with the driver of the Cadillac, therefore there is minimd first hand
information regarding the crash. It is known that the threeindividudsinvolved in the crash dl complained
of minor injuries but declined medicd attention at the crash scene. The absence of any seriousinjury is
suggestive of the minor nature of this crash, as is the non-deployment of the Sde air bag system



