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DISCLAIMER

This document is disseminated under the sponsorship of the Department of Transportation 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 Nationa Highway Traffic Safety Adminigtration.

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 determinethe
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 ON-SITE DRIVER AIR BAG DEPLOYMENT/FATALITY INVESTIGATION
CALSPAN CASE NO. CA98-30

VEHICLE: 1995 MITSUBISHI MIRAGE
LOCATION: DELAWARE
CRASH DATE: MAY, 1998

BACKGROUND

This on-gite investigation focused on the injury mechanisms that resulted in the desth of a 38 year old
femae, unrestrained driver of 21995 Mitsubishi Mirage. The crash occurred when the vehicle departed
the left sSde of the roadway and impacted a tree. The Mitsubishi was equipped with a Supplemental
Restraint System that consisted of driver and front passenger air bagsthat deployed asaresult of the crash.
The driver of the Mitsubishi sustained an aortic laceration as aresult of contact with the deploying air bag
and expired approximately 5 hours post-crash. The 14 year old mae, restrained, right front passenger in
the Mitsubishi sustained afractured left forearm as he attempted to redirect the vehicle awvay from thetree.

The Field Operations Branch of the National Highway Traffic Safety Administration was informed of the
crash by the Delaware State Patrol on May 8. NHTSA in-turn assigned the investigation to the Specid
Crash Investigation Team (SCI) at Cagpan on the same day. The vehicle was impounded by the
investigating police department pending SCI investigation on May 11.

SUMMARY

Thissingle vehicle crash occurred in the afternoon hours of May, 1998. At the time of the crash, it was
daylight and the weather was not afactor. The crash occurred on a two lane north/south road in aright
curve for northbound traffic. The width of the road was 5.9 m (19.4 ft) and the radius of the curve near
the point of impact was 351 m (1150 ft). A 21.8 cm (8.6 in) diameter tree located 4.3 m (14.3 ft) west
of the road edge line was the point of impact. The speed limit in the area of the crash was 56 km/h (35
mph). Figure 1 isanorthbound trgectory view 30 m (100 ft) from the point of impact. Figure 2isaview
of the tree and the find rest position of the vehicle.

Figure 1: Northbound trajectory Figure 2: View of the POl and findl
view 30 m (100 ft) from the POI. res of the vehicle.



The 1995 Mitsubishi Mirage was traveling northbound in aright curve, driven by an unrestrained 38 year
old femae with a height and weight of 160 cm (63 in) and 89 kg (196 Ib). As reported by the driver’s
husband, it was the driver’ s habit to not wear a seat belt. The driver’s 14 year old son was the restrained
right front seated passenger.

Immediaey prior to the crash, the driver dumped forward and her head contacted the steering wheel
evidenced by hair embedded inthe 9 o clock spoke of the steering whee! rim. Thedriver then had aGrand
Mal epileptic seizure and subsequently lost directiona control of thevehicle. It wasprobablethat the driver
repositioned to an upright posture as aresult of the seizure. Thedriver’ shusband reported, thedriver had
a 20 year history of epilepsy, however, she had been seizure free for approximately 3 years. He further
indicated the only time that she had a seizure was during the birth of their two sons and when the doctor
was adjusting her medication. The medical recordsindicated she may have not been taking her prescribed
medication, however, the bass of that information was unclesr.

The Mitsubishi initiated a straight trgiectory and drove out of the right curve. During this pre-crash
trgectory, the right front passenger attempted to attend to the driver by extending his left arm and dso
unsuccessfully attempted to redirect the vehicle back to the roadway. The vehicle continued across the
southbound lane and departed the left side of the road. The crash occurred with the center of the
Mitsubishi’ s front plane impacting a21.8 cm (8.6 in) diameter tree located 4.3 m (14.3 ft) from the road
edge.

The damage to the Mitsubishi Mirage was locdized to the
front center section of the vehicle. The Mitsubishi sustained
21.6 cm (8.51n) of direct contact damageto the center aspect
of the vehicle's front bumper structure. The direct contact
damage began 10.2 cm (4.0 in) left of center and ended 11.4
cm(4.5in) right of center. The crush profile measured across
the width of the bumper reinforcement was. C,=0, C,=8.1cm
(3.21n), G;=22.9 cm (9.0 in), C,=15.2 cm (6.0 in), C=0, . — —
Ce=0. Thefidld L=137 cm (54 in). The maximum crush of ~ Flgure 3:Front view of the Mitsubishi.

.:'I o -lﬁr

Figure4: Right lateral view of the Mitsubishi.

33.0cm (13.0in) waslocated 6.4 cm (2.5 in) |ft of centerline. Theimpact damage extended rearward
into the engine compartment deforming the upper and lower radiator supports. The hood was buckled and
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deformed in the typicd pattern. There was no measurable change in the wheelbase dimensions. The
Collison Deformation Classfication (CDC) of the vehicle was 12-FCEN-2. TheddtaV of the vehicle

caculated by the barrier model of WINSMASH dgorithm was 21.6 km/h (13.4 mph). Figures 3 and
4 arefront and right lateral views of the Mitsubishi respectively.

The force of the impact caused the deployment of the Mitsubishi’s Supplementd Restraint System. The
deploying air bag contacted the driver in the chest and face causing multiple thoracic and facid trauma. The
right front passenger sustained an unspecified fracture of the left wrist as aresult of interaction with the
deploying driver air bag. The vehicle cameto rest at the point of impact, in contact with the tree. There
was no post-impact rotation.

The policeand medica personnel responded to the crash scene. Thedriver and right front passenger were
transported to the emergency room of aloca hospital gpproximately 28 milesfrom the scene. Stabilization
of the driver was attempted and gpproximately 3 hours post-crash she wastransferred to alevd 1 trauma
center, located approximately 113 km (70 miles) away, via lifeflight. The driver succumbed to her
sustained injuries gpproximately 5 hours post-crash.

AIRBAG VEHICLE

The 1995 Mitsubishi Mirage, 4 door sedan, was identified by a vehicle identification number (VIN) of
JA3AA26A5SU (production sequence deleted). The date of manufacture was July, 1994. Thevehicle's
power train conssted of al.5liter, 1-4 enginelinked to a4-speed automatic transmission. Thevehiclewas
equi pped with aSupplementa Restraint System (SRS) that consisted of driver and front passenger air bags.
The vehicle was not ABS equipped. The odometer read 85,267 km (52,984 miiles).

The vehicle's front seating positions were cloth covered bucket seats with reclining back rests. The
investigating officer verified that the seet track positions had not been disturbed from the at-crash positions.
The track position of the |eft front seat measured 7.6 cm (3.0 in) forward of the rearmost postion. The
total seet track travel measured 24.1 cm (9.5in). The seat back wasreclined 20 degrees. The horizontal
measurement from the center of the seet back to the driver air bag module was 66 cm (26 in). The track
positionof theright front seet measured 7.1 cm (2.8 in) forward of the rearmost position, with atotd travel
of 24.1 cm (9.5in). The seat back wasreclined 15 degrees. The horizontal measurement from the center
of the right front seat back to the leading edge of the front passenger air bag module was 94 cm (37 in).

INTERIOR DAMAGE

The only damageto theinterior of the Mitsubishi were those associated to the deployment of the SRS and
interactionwith theoccupants. Therewasno interior damage associated to the externad forcesof thecrash.
The left center of the windshield exhibited a fracture caused by contact from the upper Ieft corner of the
center mirror. The fracture was located 8.6 cm (3.4 in) l€eft of center and 35.6 cm (14.0 in) above the

ingrument panel. The center mirror was displaced from its mount by a probable contact from the right front
passenger. There was ascuff on the back (non-reflective) sde of the mirror attributed to this contact.
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The |eft aspect of the driver’s knee bolster, near the heater vent, exhibited contact from the driver’s |eft
knee. The bolster was displaced forward and cracked above the impact sight, Figure 5. There

was no deformation to the eering whed rim. However, the steering column exhibited indications of having
been loaded. The trim pands forward of the steering whed were displaced, Figure 6. The displacement
of the steering column’'s shear plate measured approximately 5 mm (0.2 in) and 10 mm (0.5 in) on its
outboard and inboard sides, respectively, Figure 7.

Figure 5: View of the driver’sleft Figure 6: Right laterdl view of the

knee contact. stesring whes. Figure 7: View of the steering

column’s shear plate.

MANUAL RESTRAINT SYSTEM

The manud restraint systemin the Mitsubishi Mirage consisted of 3-point |ap and shoulder beltsfor thefour
outboard seeting positions. The center rear position was equipped with alap belt. The front seet belt
systems consgisted of a continuous loop lap and shoulder belt webbing with adiding latch plate. Aninertia
activated locking retractor was located in the base of each B-pillar. Therestraint’supper anchorages (D-
rings) were adjustable. The left front D-ring was adjusted to 2.5 cm (1.0 in) below the full up position.
Theright front D-ring was adjusted 2.5 cm (1.0in) abovethefull down position. Both front restraintswere
found in the stowed postion at inspection. The respective retractors were not locked. The driver
reportedly refused to wear a seat belt and was unrestrained in this crash. The webbing of the right front
resraint exhibited two witness marks corresponding to the hardware surfaces of the buckled latch plate
and D-ring respectively. These marks were indicative that theright front restraint wasin use a thetime of
the crash.

SUPPLEMENTAL RESTRAINT SYSTEM

The Mitsubishi Mirage was equipped with aSupplementa Restraint System (SRYS) that consisted of driver
and front passenger air bags. The SRS was controlled by the air bag control module located in the
occupant compartment. The impact sensors were mounted in the control module. The driver ar bag
module was located in the typical manner in the center hub of the steering whedl. The front passenger air
bag module was atop mount located in the right aspect of the instrument pandl.



The driver air bag deployed as designed from the H-configuration module, Figure 8. Thewidth of thevinyl
cover flaps measured 16.0 cm (6.3 in) at the center seam. The height of the upper and lower flaps were
6.4 cm (2.5in) and 5.8cm (2.3in), respectively. Therewas no contact evidence ontheinterior or exterior
surfaces of the cover flaps.

Thedriver air bag measured 66 cm (26 in) initsdeflated Sate. Theair bag was not tethered. The bag was
vented by two 3.3 cm (1.3 in) diameter ports located in the 11/1 o' clock sectors on the back side of the
bag. There weretwo distinct areas of occupant contact on theface of theair bag, Figure 9. The contact
evidence condsted of cross-hatch abrasions caused by contact with the driver’ s prescription glasses. An
area approximately 48 cm (19in) by 23 cm (9 in) extended over the 8 to 12 0’ clock sectorsand a15 cm
x 10 cm (6in x 4 in) areawas noted in the right lower quadrant. The large doraded areain the upper |eft
quadrant extended onto the back side of the bag. At inspection, the glasses were found on the left side of
the instrument pand. 1t was noted that the metal frames of the glasseswere bent and distorted. Thelenses
were intact. A bar code label was located in the 12 o' clock sector on the back side of the with the
following designation:
P66280-34110
TBD4 11410877

Figur e 8: View of the driver ar bag module. Figure 9: View of the contact evidence on the
air bag face.

Figure 10 is aview of the top-mount front passenger air bag module. The exterior dimensions of the
module measured 32.5 cm x 19.1 cm (12.8 in x 7.5 in) width by height. The single vinyl cover flap was
hinged on the forward aspect of the module and measured 22.9 cm x 10.2cm (9.0inx 4.0in). Thefront
passenger ar bag extended from theinflator 64 cm (25in). Theface of the air bag measured 58 cm x 51
cm (23 in x 20 in) width by height in its deflated state. The air bag was not tethered and was vented by
two 6.4 cm (2.5 in) diameter vent ports located on the bag’'s Sde pandls. A 20 squarecm (8 sqin) area
of fabric abrasion was noted on the face of the bag, Figure 11. This abrasion was probably caused by



an interaction between the right front occupant and the fully expanded ar bag. The following
manufacturer’ s designation was located in the 12 o' clock sector of the bag:
BBNNOO7
4SS947173
190794
014193

Figure 11: Front passenger ar bag.

Figure 10: View of thefront passenger air bag
module

DRIVER DEMOGRAPHICS

Age/Sex: 38 year old femde

Helght: 160 cm (63 in)

Weight: 89 kg (196 Ib)

Manud Redraint Usage: Unrestrained

Usage Source: Vehicle inspectiony/Driver injury pattern/Police investigation
Eyeware: Prescription eye glasses

DRIVER INJURIES

Injury Severity (A1S 90) Injury Mechanism
Perforation of the right ventricle w/ . . . .
pericardial tamponade Critica (441012.5,4) Deploying driver air bag

Left pulmonary laceration w/
hemothorax (bleeding parenchymal Critical (441440.5,2) Deploying driver ar bag
and massve air lesk)

Severe closed head injury -
GSC=3, unconscious at scene

Severe (160804.4,0) Deploying driver air bag

Left pulmonary contusion Serious (441406.3,2) Deploying driver ar bag
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Injury Severity (A1S90) Injury Mechanism
Bilaterd periorbital ecchymossand Minor (297402,1.1) Denloving driver air lasses
awdling Minor (297402.1,2) PV bag/g
Massive bony crepitus to nose
(crush injury to mid-face w/ Critical (251000.1,4) Deploying driver ar bag
crepitus)
g .
Right 1% rib fracture Minor (450212.1,1) Left arm contact from the right
front passenger

Pale contusions over both cheeks Minor (290402.1,1) Deploying driver ir bg

Minor (290402.1,2) epioying
Superficid abrason over theright . , , :
lower chesk and jaw Minor (290202.1,1) Deploying driver air bag
Abraded and contused lower lip Minor (290202.1,8) , , :

Minor (290402.1,8) Deploying driver air beg
Contusons to the anterior right .
shoulder, right upper chest, left m:zg; gg%;ig Deploying driver ar bag
shoulder, left chest, mid-chest o
3 contgg onsto the anterior shin (leg Minor (890402.1,9) Driver' s knee Bolster
unspecified)

NOTE: theaboveinjurieswereidentifiedinthe medical records submitted by the treating hospitals
and the medical examiner’s external examination. An invasive autopsy was not performed.

DRIVER KINEMATICS

The driver of the Mitsubishi Mirage was seated in a normd driving position with the seet adjusted inamid
to rear track position. The track position was 7.6 cm (3.0 in) forward of the rear most position (16.5cm
(6.51n) rearward of full forward). The driver was not wearing the manua 3-point restraint. Immediately
prior to the crash, the driver dumped forward and her head contacted the steering whed. The police and
SCI investigator identified several strands of the driver’s hair embedded in the 9 o' clock spoke of the
geering whed rim, adjacent to the horn pad Figure 8. The driver then had aGrand Md epileptic saizure
and subsequently relinquished directiona control of the vehicle. The driver had a reported history of
epilepsy however, she had been saizure free for gpproximately 3 years prior to the crash. In the course
of the saizure, the driver probably returned to an upright posture. Theright front passenger reached across
to attend to the driver and unsuccessfully attempted to redirect the trgjectory of the vehicle. Theright front
passenger indicated the driver’ sfoot remained on the accelerator and he unsuccessfully attempted to take
the vehicle out of gear.



Upon impact with the tree, the driver initiated aforward trgectory in responseto the 12 o' clock direction
of theimpact. The driver’s left knee contacted and cracked the knee bolster (Figure 5). The forward
kinematic pattern positioned the driver within the deployment zone of the driver air bag. The deploying
air bag contacted the driver's chest resulting in the right ventricle perforation, left pulmonary laceration,
contusionand hemothorax and thethoracic contusions. The probable cause of theright 1% rib fracturewas
arebound contact from the left arm of the right front passenger. The passenger’s left arm was extended
acrossthedriver ar bag module and fractured during the deployment. The arm then rebounded impacting
the driver.

The driver’s forward trgjectory and interaction with the deploying air bag loaded the steering column
evidenced by the displacement of the shear capsules and deformation to the interior trim pands forward
of the steering whed rim. The displacement of the steering column’s shear plate measured gpproximately
5mm (0.2in) and 10 mm (0.5 in) on its outboard and inboard sides, respectively, refer to Figure 7.

The sudden deceleration of the chest caused the driver’ s head to rotate forward and into contact withthe
deploying air bag. The abrasonson the face of theair bag areindicative of the direct contact between the
driver’s glasses and the expanding air bag. Theinteraction between the expanding air bag and the driver’s
glasses coupled with the driver’ s forward kinematic pattern caused the periorbital ecchymosis and fecid
and head trauma.

MEDICAL INTERVENTION

Reportedly, the ambulance arrived at the scene 3 minutes after notification (an estimated 8 minutes post-
crash). Upon arivd, the driver was found in the | eft front seet breathing at 8 bresths per minute. Rapid
extrication from the vehicle was executed. Assessment of the driver showed the right pupil to bereactive
and 5 mm and the | &ft pupil to be non-reactive and 9 mm. Thedriver’s Glasgow Coma Score (GSC) was
3. The driver became pulsdless and apneic at the scene. CPR was initiated in the fidld and the driver
regained a pulse with no spontaneous respirations. Anairway could not be established dueto thefact the
driver’s teeth were clenched from the seizure. Asssted respirations continued throughout the driver’s
transport. Thedriver wastransported viahelicopter to the emergency room of aloca hospita (43 minutes
post-crash) and arrived 51 minutes post-crash.

Upon ariva in the emergency room, the driver was intubated via the ord trached route. A sgnificant
amount of frothy bloody fluid was coming from the mouth and nose and once intubated the fluid camefrom
the endo-trached tube. This fluid emission continued throughout the course of the trauma code. The
driver’s pupils were both 8 mm fixed and dilated. Her GSC was 3 and remained 3 throughout. Thedriver
became intermittently hypertensve and hypotensve and CPR had to be intermittently initiated. A chest
tube was placed ontheleft and amassivear leak identified. The continued hypotension indicated anintra-
thoracic or intra-abdomina bleed, however it could not be identified. It wasdecided, in conjunction with
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the family, that the patient could be best served by atransfer to aleve 1 trauma center. The driver was
transferred in an ungtable fashion via helicopter 1 hour 28 minutes after arrival in the ER (2 hours 19
minutes post-crash).

Thedriver arrived in the ER of the trauma center 3 hours 20 minutes post-crash. She was unresponsive,
difficult to ventilate and hemo-dynamicaly ungtable with persstent hypotension.

After abrief period of trestment in the ER, it was recognized that exploration in the operating room was
necessary. Thefindings of the operation are asfollows:

No evidence of intra-abdomind bleeding on alimited exploratory |gparotomy;
Left pulmonary laceration w/ active bleeding and huge air legk;

Pericardid tamponade w/ 30-50 cc of blood in the pericardium,

Smdl holein the right ventricle w/ active bleeding.

> owbdhpE

The patient had periods of hypotension and at least two periods of bradycardia arrest that necessitated
cardiac message. She continued to have problems with heart rhythm and uncontrolled bleeding from the
lung. The patient continued to deteriorate and had further sequences of arrest a which time it was thought
further resuscitation was futile. The patient was pronounced dead 5 hours 14 minutes post-crash.

RIGHT FRONT PASSENGER DEMOGRAPHICS

Age/Sex: 14 year old mde

Height: 173 cm (68 in) estimated

Weight: 56 kg (123 Ib) estimated

Manud Redtraint Usage: 3-point Iap and shoulder belt system
Usage Source: V ehicle ingpection/Passenger statements
Eyeware: None

RIGHT FRONT PASSENGER INJURIES
Injury | Severity (A1S90) | Injury Mechanism

Unspecified fracture of the left
forearm

Moderate (751800.2,2) ‘ Deploying driver ar bag

RIGHT FRONT PASSENGER KINEMATICS

The right front passenger was seated in a presumed normal posture with the seat adjusted in amid-to-rear
track. Thetrack positionwas2.8inforward of the rearmost position (6.7 in rearward of the forward most
pogition). The passenger was restrained by the manua 3-point belt system. Inspection of the right front
redraint in the extended and latched position identified abrasions on the webbing consstent with the
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hardware surfaces at the latch plate and D-ring.

Immediately prior to the impact, the right front passenger extended hisleft arm toward the driver. and his
torso was possibly turned toward the left. The passenger was attempting to aid his mother during her
seizure and redirect the trgjectory of the vehicle. At impact, the passenger initiated a forward trgectory
inresponseto the 12 o' clock direction of theimpact. The passenger’ sleft arm was probably extended in
front of thedriver air bag module. The deploying driver air bag contacted and fractured the passenger | eft
foream. The air bag deployment caused the arm to rebound and the arm then impact the driver. This
probable contact caused thedriver’ sright first rib fracture. The passenger contacted and loaded hismanudl
3-point restraint and the deployed right front passenger air bag. The passenger then rebounded back into
the seat. It was probable the center mirror was contacted and displaced during this kinematic sequence
resulting in the afore-mentioned windshield fracture.
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