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CALSPAN CASE NO. CA98-002
STATE OF PENNSYLVANIA
PASSENGER SIDE AIR BAG RELATED FATALITY
SEPTEMBER, 1997

BACKGROUND

The Fidld Operations Branch (FOB), Crash Investigation Divison (CID) of the Nationd Highway Traffic
Safety Adminigtration (NHTSA) wasnatified by aCounty Coroner’ s Officefrom the State of Pennsylvania
that 2 1992 Lincoln Continental (Vehicle #1) equipped with dud front air bags was involved in a crash
where the front right passenger sustained fatd injuries. The Caspan Team was subsequently directed by
the FOB to conduct an on-gte investigation which began four days later.

SUMMARY

This crash which involved a 1992 Lincoln Continental (Vehicle #1) equipped with dud front air bags
occurred during the mid morning hours on a Sunday in the month of September, 1997. The 56 year old
mele driver was en route to religious services with his 88 year old mother seated in the front right seet and
an 82 year old femde relaive who was segted in the rear right when the driver experienced asaizure and
lost control of thevehicle. Thevehicle departed theleft side of the roadway striking severd objectsbefore
impacting a utility pole which resulted in the deployment of the dud front air bag syssem. The unrestrained
front seat occupants moved forward and were in contact with the air bag components at the time of
deployment. The front right occupant sustained fatal injuries and was pronounced deceased at the scene.

Prior to the crash, Vehicle #1 traveled through a 90 degree left curve and was heading west in a posted
speed limit zone of 40 km/h (25 mph). The vehicle traveled gpproximately 152 m (500) from the curve
on a two lane undivided, pogtive 3.5 percent dope, straight, dry asphalt roadway when it crossed the
opposing trave lane and struck the front of an unoccupied 1995 Jeep Cherokee with itsright front bumper
corner (Figure 1). The Jeep which was parked on the south side of the roadway adjacent to a 10.2 cm
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Figure 1 On-scene view of the Lincoln Figure 2 View of the Jeep at the final rest

Continental’s trajectory prior to impact with the position and the Lincoln’s continued trajectory
first parked vehicle onto the adjacent sidewalk



(4.0") barrier curb was pushed rearward 2.4 m (8.0') whereit cameto thefina rest position (FRP) rotated
in a counterclockwise direction with the front end angled dightly into the eastbound trave lane (Figure
2).The Lincoln Continental mounted the adjacent south curb, traveled acrossa0.9 m (3.0) widegrassarea
and a 1.8 m (6.0) wide concrete sdewalk before traversng a 38.1 cm (15.0") verticd rise grass lawn
(Figure 3). It struck awrought iron hand railing which was attached to atwo step concrete stairway with
the left front bumper corner. Asthe vehicle continued, the left front tire impacted the top step resulting in
deformation of the whedl.

Figure 3 Traectory of the Lincoln which Figure 4 View of the Lincoln’s trgjectory as it
traversed the side walk and continued along the returned toward the roadway edge
lawn area

Vehide #1 continued across the lawn of asecond residence and impacted another wrought iron fencewith
the frontal plane. It then raked across asecond concrete stairway with the engine oil pan and theright front
tire. The vehicle's trgectory arced back toward the roadway (Figure 4) where on-scene police
photographs indicated the left front tire produced an acceleration tire mark in the lawn. Vehicle#1 struck
a23.2 cm (9.2") diameter wood utility pole with the center frontal plane (Figure 5) which initisted the
deployment sequence of the supplementa restraint system (SRS). The vehicle then rotated in a
counterclockwise direction and rebounded 1.2 m (4.0') to the FRP. During the rebound trgjectory, it
sdeswiped the right side of a 1995 Saturn SL which was parked in the road
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Figure 5 View of the Lincoln at the final rest Figure 6 View of thedamagealong theright side

position plane of the Saturn which was parked in the
vicinity of the Lincoln’simpact with the pole



adjacent to the south curb edge (Figure 6). Vehicle#1 came to the FRP heading in awesterly direction
with the right Sde tires on the roadway surface and the Ift tires on the Sdewalk.

During the impact with the pole, the unrestrained driver moved forward and was in contact with the front

left air bag module cover during the air bag expansion sequence. Thiswas noted by the 33.0 cm (13.07)

long tear in the bottom rear surface of the ar bag which resulted from the air bag being retricted in its
normal deployment path and the displacement of the steering column sheer plate from the shear capsules.

He suffered contusons and abrasions of the abdomen, multiple right lower anterior rib fractures, and

redness and pain over the lower sternum which were attributed to contact with the driver side air bag
module cover, air bag, and the steering whed rim. According to medica records, the driver had a
controlled seizure disorder and that he may have experienced an episode which lead to the crash events.

He was taking Dilantin prior to the crash to control the disorder.

The front right occupant was not using the manud three point lap and torso belt at the time of the crash.
She had moved forward during the crash events and wasin close proximity to thefront right air bag module
cover & the time of the air bag expansion sequence. Asthe air bag expanded, the lower air bag module
cover opened in adownward rotation and contacted the upper portion of the front right occupant’ s neck
as noted by arectangular abrasion pattern which was located just below the chin.

The leading edge of the expanding air bag then contacted the right sde of her chin which resulted in a
serpentine type laceration pattern (described by the medical examiner as a typica boxer’s punch type
injury). As the air bag continued to expand, the passenger’s head was hyperextended and rotated
counterclockwise which resulted in a gaping laceration of the anterior neck, transection of the traches,
shearing of the neck strap muscles, the separation of the skull from C1, the transection of the base of the
brain, transection of the spina cord, and brain hemorrhage. The air bag then contacted the chest which
resulted in contusions of the right chest and fractures of the right 1-2, 4-7 anterior ribs.

The front right occupant was propelled rearward and struck the front right seat back support with the her
head and upper torso resulting in afracture of the left 1-2 pogterior ribs. She cametofind rest in thefront
right seat with her head bent forward and againgt the front right door surface and her feet in front of the
seat cushion. She was pronounced deceased at the scene by the coroner.

The rear right occupant was not using the restraint belt and moved forward during the crash sequence and
contacted the rear surface of the front right seet back support and was found on her knees on the floor
behind the front seets at fina rest with her head facing the left rear door. Shewas removed by rescue and
transported viaambulanceto anearby medica treatment facility where she was admitted after she suffered
a stroke subsequent to the crash.
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VEHICLE DATA

Exterior Damage

The 1992 Lincoln Continenta was equipped with adud front Supplementa Restraint System (SRS) which
deployed as the result of the impact with the utility pole.  The vehicle identification number was
1LNLM9741NY (production number omitted). Exterior damageto thevehicleinvolved thefront bumper,
the grille, the hood, both front fenders, both front wheels, the right front and rear door surfaces, the right
rear fender, and the rear axle. The crush profile dong the frontal plane that resulted from the impact with

the utility poleislisted in the following table:

Vehicle#1 Crush

tility pole

Impact withwooden | C,=0

C, = 15.2cm (6.0") C,=432cm (17.0")

C,=305cm (12.0")

C,=7.6cm (3.0 Ce=0

CDC

The vehicle impacted nine objects with the highest delta vV impact occurring at the utility pole (refer to
Figures 8& 9) which resulted in a maximum crush of 50.2 cm (19.75"). The crash sequence and the

related Collison Deformation Classfications (CDC) are shown in the following table:

Impact Object Contacted Pane of Contact CDC
Sequence
#1 1995 Jeep Cherokee (Vehicle #2-parked) Right Frontal 12-FREE-8
#2 Wrought iron railing Left Frontal 12-FLEE-1
#3 Wrought iron railing Frontal 12-FZEW-1
#4 Concrete stairs Right Front Tire 12-FRWN-3
#5 Concrete stairs Oil Pan 00-UFCN-2
#6 Concrete stairs Left Front Tire 12-FLWN-3
#7 Wrought iron railing Undercarriage 12-FCLW-9
Rear Axle
#3 Wood utility pole Center Frontal 12-FCEN-2
#9 1995 Saturn SL (Vehicle #3-parked) Right Rear Side 06-RZMS-1




Interior Damage

Interior vehicle damage was attributed to occupant contacts and the deployment of the Supplemental
Redraint System (SRS). The lower passenger side air bag module cover flap exhibited an adhesive
rectangular area which was attributed to some artifact attached to the surface which may have been
didodged during the crash.  The adhesive artifact measured 15.9 x 31.8 mm (0.675" x 1.25") and was
located 16.5 cm (6.5") right of the left flap edge.

The passenger Side air bag exhibited tissue transfers near the center of the front surface which were
attributed to contact with the front right occupant during the deployment cycle. Therewasafaint yellow/tan
transfer aong the bottom front surface of the air bag which was attributed to occupant contact. A dark
transfer on theright side panel of the air bag was d so attributed to occupant contact. A bodily fluid artifact
was present on the lower right front pand of the air bag which was associated with the front right
occupant’ sfind rest pogtion.

A tissue transfer was noted on the bottom surface of the right sunvisor near the leading edge which was
attributed to contact by the front right passenger following the expangon of the passenger sideair bag. The
front right seat back support had asmall areaof tissue transfer which was attributed to contact by the front
right occupant’ s head during her rebound trgjectory. The right Sde of the seat cushion and adjacent right
slI carpet between the seat and the right front door exhibited bodily fluidswhich wereindicative of thefront
right occupant’ sfind rest podition. A light resduetransfer mark was noted along the vertica surface of the
instrument panel located 13.3 cmright of the vehicle centerline which was attributed to the passenger side
ar bag generant residue.

Thedriver Sdeair bag sustained a33.0 cm (13.0") laterd tear of the nylon fabric which waslocated across
the lower quadrant dong the instrument panel Sde of theair bag. Thetear wasthe result of loading by the
driver againg the air bag module cover during the SRS actuation sequence. There was a blue striated
pattern on the surface of the air bag below the tear which was attributed to contact with the underside of
the air bag module cover. Thelower flap traveled beyond the leading edge of the steering rim and became
lodged dong the instrument panel Sde of the rim. The steering column shear plate was displaced 6.0 cm
(2.4") at the left shear capsule and 4.5 cm (1.75") at the right shear capsule (Figure 10).



The parking brake pedd was deformed laterdly by the " Ve "] |
Driver'sleft lower leg. Therewasascuff mark dong the left ' .;_5&@# -
edge of the lower instrument panel which was attributed to ¥ ‘

contact by the his left knee ‘ 4

The rearview mirror was detached from its windshield . F
atachment point by the deploying passenger Sdeair bag and '

contacted the left side of thewindshidld 15.9 cm (6.25") left 3

of the vehicle centerline and 19.7 cm (7.75") below the ™

windshield header. Thiscontact resulted in afracture pattern : ’rp‘ C .

of the windshield which had afocal origin with an overlaying g_igulfe 10tVieW of the shear capsule
vinyl trandfer from the vinyl mirror housing. ISpracemen

The left rear seat areahad multiple areas of fluid deposits which were attributed to the rear right occuparnt.
There was no contact evidence visible to the rear of the front right seat back support from loading by the
rear right occupant.

SUPPLEMENTAL RESTRAINT SYSTEM (SRYS)

The Supplementa Redtraint System (SRS) was designed with afront | eft driver and afront right passenger
ar bag sysem which deployed during the impact with the utility pole. The impact with the utility pole
resulted in a SMASH computed ddlta vV of 28 km/h (17 mph) which was sufficient to initiate the
deployment sequence.

Front Left Driver Air Bag

Thefront left driver Sde air bag had four tethers and two vent ports which measured 2.2 cm (0.875") in
diameter. Themodule cover wasarectangular design which openedinthe prescribed asymmetrical pattern
(Figure 11) where the upper flap measured 12.7 cm (5.0") verticaly and the lower flap was 4.4 cm
(1.75"). There were no apparent occupant contact points on the cover surface.
N The ar bag was designed with four tethers which were
m—— attached to the front surface and formed a square stitched
\ ®| patternwhichmeasured 17.8cm (7.0") across. Thediameter
of the air bag measured 69.9 cm (27.5"). There were two
vent ports located in the top rear surface which measured
22.2 mm (0.875") in diameter and were separated by a
distance of 18.4 cm (7.25").

A laterd tear dong the bottom rear surface of theair bag was
_ attributed to driver loading againg the air bag module cover
Figure 11 View of thefront left air bég module during air bag expansion ?equence (Figure 12). ,The blue
cover flap and air bag transfer mark was noted adjacent to the bottom portion of the
tear which was attributed to contact with theinside surface of



the module cover flgps. Therip and transfer were oriented
laedly across the ar bag and measured 33.0 B
cm (13.0") in length. There were no visible driver contact "%
evidence on the air bag. ;

Front Right Passenger Air Bag

The front right passenger air bag module was a mid mount |
design which incorporated atop horizonta flap and abottom |
verticd flgp (Figure 13). The top flap measured 7.9 cm - i VT T
(3.125") longitudinally for the upper flap and 33.3 ¢m ' '9uree viewol theripin the bottom rear
(13.125") laterdly aong the common separation seam. The surface of thefront |eft ar bag

vertica measurement for the bottom flap was of 9.5 cm (3.75"). There was no visible occupant contact
evidence on ether cover flap.

The air bag was nontethered and did not have any visible vent ports. The air bag materia was a white
course nylon which had a smdl square weave pattern. The longitudina excurson of the ar bag measured
61.0 cm (24.0") from the air bag module cover toward the seat back rest (Figure 14). The seat back rest
measured 72.4 cm (28.5") from the air bag module cover a aheight of 43.2 cm (17.0") abovethejunction
of the seet cushion. The laterd dimension of the air bag measured 68.6 cm (27.0").

Figure 13 Angular view of the instrument panel
showing the front right air bag module cover

Figure 14 View of the front right air bag manual
expanded to illustrate bag excursion

The face of the passenger sde air bag exhibited alinear artifact field of small dark brown transferswhich
were associated with tissue from the front right occupant’ sneck and facia aress. Thisareameasured 21.6
cm(8.5") inlengthand 7.6 cm (3.0") inwidth. 1t began 15.2 cm (6.0") below theinflator unit and was 22.9
cm (9.0") in-board of theright verticd seam. There wasafant ydlowi/tan color transfer which measured
26.7 cm (10.5") laterally and 11.4 cm (4.5") verticaly and waslocated 58.4 cm (23.0") below the inflator
unit. A 10.2cm (4.0") dark areaon theright Side panel of the air bag waslocated 49.5 cm (19.5") below
theinflator unit.

A dark red bodily fluid transfer on the face of the passenger Sde air bag measured 6.4 cm (2.5") lateraly



and 10.2 cm (4.0") verticdly. It waslocated 49.5 cm (19.5") below the inflator unit and 1.9 cm (0.75")
in-board from the right vertical seam. Thisartifact was attributed to contact by the front right occupant at
her final rest position.

VELOCITY DATA

The Lincoln Continental experienced nineimpactsfrom thetimeof itstravel lane departure and itsfind rest
postion. Many of these impacts involved undercarriage contact with concrete stairs and wrought iron
handrals which were consdered to be below the threshold for SRS actuation. Additiondly, tire mark
acceleration marks noted & the scene prior to the impact with the utility pole indicated that the vehicle
powered through the impacts thereby theoretically reducing the vaue of the damage associated ddta V.
The following table tabul ates the output values using the damage and trgectory dgorithm of the SMASH

program.

Crash Sequence Vehicle#1
with the Utility Pole
Impact Speed 29 kmvh (18 mph)
Totd ddtaV 28 kmvh (17 mph)
Longitudina -28 km/h (-17 mph)
Laterd 0 kmv/h (0 mph)
Energy Disspated 57,108 joules (42,115 ft-1b)

INJURY DATA
Front Right Occupant

The 88 year old femd e front right occupant, who was 148 cm (58.3") tdl and weighed 63.5 kg (140 1bs),
was pronounced deceased at the scene by the medica examiner. An autopsy was performed which
documented multiple injuries of theface, brain, neck, spind cord, and chest assummarized in thefollowing
table. Thehighest Abbreviated Injury Scae (AlS) injury sustained by thefront right occupant wasan AlS-
6 (Maximum).

INJURY AIS-90 INJURY CODE INJURY SOURCE
1. Supeficid drasonsof the right 290202.11 Passenger sde air bag
cheek, right Sde of chin, and small 290202.18
abrasion of the left cheek 290202.12
2. 45 cm laceration of the lower 290602.18 Passenger side air bag
centra chin




INJURY AIS-90 INJURY CODE INJURY SOURCE

3. Deep laceration of the neck and 390604.25 Passenger sde air bag
strap muscles secondary to hyper- module cover and air bag
extenson of the neck

4. Transection of the trachea 442610.54 Passenger sde air bag

5. Fracture didocation of CO, C1 640276.66 Passenger sde air bag
with transection of the upper spind
cord at the leve of C1

6. Transection of the brainstem 140212.68 Passenger sde air bag
between the pons and the medulla

7. Subarachnoid hemorrhage over the 140684.31 Passenger side air bag
right temporal lobe and brainstem

8. Bruisesof the left shoulder 790402.12 Passenger side air bag

9. Abrasions of both shoulders, 790202.13 Passenger side air bag
abrasion of the dorsum aspect of
the right hand

10. Ecchymosis of the upper chest 490402.13 Passenger side air bag

11. Laceration of the right supra- 790602.11 Passenger side air bag
clavicular area

12. Abrasions of the upper chest 490202.13 Passenger side air bag

13. Fracture of the 1-2, 4-7 right 450230.31 Passenger sde air bag
anterior ribs

14. Fracture of the 1-2 |eft posterior 450220.22 Front right seat back
ribs support

15. Ecchymodgsof theright laterd hip 890402.11 [nstrument pandl

16. Ecchymosis of the left lower leg 890402.12 Front right seet cushion

Driver

Driver #1, a 56 year old mae, who was estimated at 180.3 cm (71.0") tall and 90.7 kg (200.0 Ibs), was
transported from the scene viaambulance to anearby medical facility where he was treated and rel eased.
He sustained contusions and abrasions of the abdomen, multiple right lower anterior rib fractures, and
redness and pain over thelower ernum. These injuries were attributed to contact with the driver Sdeair
bag module cover, air bag, and the steering whed rim. Medica findings indicated that the driver had a
history of a controlled seizure disorder and that he may have experienced an episode prior to the crash.
He was reportedly taking Dilantin prior to the crash to control the disorder. The following table lists the
injuries, AIS-90 injury classfication, and the injury source,
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INJURY AlS-90 INJURY CODE INJURY SOURCE

1-2. Abrason and contuson of the 590202.1,9 Front left driver air bag

entire upper haf of the abdomen 590402.1,0 module cover and air bag

and more pronounced contusions

on the lower right anterior

abdomind wall

Redness and pain over the lower Not codeable Front left driver air bag

gernum module cover and air bag

Multiple right lower anterior rib 450220.2,1 Steering whed rim

fractures without sgnificant

displacement

Rear Right Occupant

Therear right occupant, an 82 year old female, reportedly sustained soft tissueinjuriesand wastrangported
to a locd medica treatment facility where she reportedly suffered a stroke.  She was admitted and
subsequently transferred to along term care facility where she deceased three months after the crash.

OCCUPANT KINEMATICS

Front Right Occupant

The front right occupant was not using the manuad three point lap and torso belt at the time of the crash.
Duringtheinitia impact with the parked 1995 Jeep Cherokee, the front right occupant moved forward and
was in contact with the instrument panel. Asthevehicle proceeded from thisimpact to theimpact with the
utility pole, the vehicle struck severa objects with the frontal plane, whedls, and undercarriage which
maintained the front right occupant’s postion againg the insrument pand. Upon impact with the utility
pole, the SRS actuated with the front right occupant against the passenger side air bag module cover.

The lower ar bag module cover opened in adownward rotation and contacted the upper portion of the
front right occupant’s neck as noted by a rectangular abrasion pattern which was located just below the
chin. The leading edge of the expanding air bag contacted the right Sde of her chin which resulted in a
serpentine type laceration pattern (described by the medical examiner as a typica boxer’s punch type
injury). Astheair bag continued to expand, it contacted theright Sde of the face resulting in aconcentrated
abrasion pattern of the chin and right cheek. The location of the abrasion indicated that her head was
rotated to the left which would be consstent with her attention being focused on the driver who had loss
control of the vehicle prior to the crash sequence.

Asthe ar bag continued to expand, it rotated her head counterclockwise and back in a hyper-extenson
movement. Thisresulted in agaping laceration of the anterior neck, transection of the trachea, shearing of
the neck strap muscles, the separation of the skull from C1, the transection of the base of the brain,
transection of the spind cord, and brain hemorrhage. The air bag then contacted the chest which resulted
in contusions of the right chest and fractures of the right 1-2, 4-7 anterior ribs.

-11-



The occupant was subsequently elevated and propelled rearward where her face contacted the bottom
surface of the front right sunvisor as noted by a 19.1 mm (0.75") tissue transfer adjacent to the leading
edge. She continued rearward and struck the front right seat back support with the her head and upper
torso. Shesustained afracture of theleft 1-2 posterior ribswhich wasattributed to this contact mechanism.

She came to rest with her legs forward in front of the front right seat cushion with her upper torso
positioned near thefront right door surface. Her head wasforward and against the front right door surface.
Bodily fluid deposits on the air bag surface and the outboard surface a the mid seat location of the front
right seet identified thislocation.

Driver

The driver was not wearing the three point manual 1ap and torso belt prior to the crash. Hemoved forward
and was againg the air bag module cover as the result of the impacts preceding the impact with the utility
pole. Astheair baginitiated it expanson process, the driver’s upper torso impeded the typical opening
cyde of the air bag module cover which resulted in displacement of the lower air bag module cover flap
beyond the steering whed rim. The air bag was subsequently pinched between the cover, steering whedl
rim, and driver which resulted in a33.0 cm (13.0") laterd tear of the back surface of the air bag fabric.

The driver then compressed the air bag and loaded the steering column which resulted in the displacement
of the steering column shear plate of 6.0 cm (2.4") and 4.6 cm (1.8 “) at the left and right shear capsules,
repectively. Hisleft knee contacted the |eft Sde of the lower instrument pand adjacent to the left front
door as noted by a scuff mark. His lower leg contacted the parking brake foot pedd as noted by the
rotation of the pedd stage.

The driver rebounded back against the seat back support where he came to the find rest position. He
exited the vehicle under his own power, but was found by arrival of rescue to be in a dazed Sate.

Rear Right Occupant
Therear right occupant was not wearing the available three point manud lap and torso belt and moved
forward during thefirst impact sequence. Shestruck the back of thefront right seat support and wasfound

on her knees on thefloor behind thefront seats a fina rest with her head facing the left rear door. Shewas
removed by rescue and trangported via ambulance to a nearby medica treatment facility.
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