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thereof.

The opinions, findings, and conclusions expressed in this publication are those of the authors and not
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The crash invedtigation process is an inexact science which requires that physical evidence such as skid
marks, vehicular damage measurements, and occupant contact points are 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 conclusons cannot be made concerning
the crashworthiness performance of the involved vehicleg(s) or ther safety systems.
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CALSPAN ON-SITE AIR BAG DEPLOYMENT/ADULT PASSENGER
SEVERE INJURY INVESTIGATION
CALSPAN CASE NO. CA 97-043
VEHICLE:1995 GEO METRO
LOCATION: STATE OF PENNSYLVANIA
CRASH DATE: JULY 1997

BACKGROUND

Thisinvestigation focused on a single vehicle run-off-road crash that
involved a 1995 Geo Metro, 2-door hatchback. The Metro was
equipped with fronta air bags for the driver and front right passenger
postions that deployed as a result of a frontd impact with a rock
embankment (Figure 1). The driver of the vehicle had stopped at a
T-intersection which was controlled by astop sgn. Heinitiated aleft
turn onto a northbound 2-lane asphat roadway and traveled
goproximately 400 meters (1,312 feet) when severa dogs dlegedly
ran into the road. Thedriver took evasiveaction by steering right and
braking to avoid the animas. The vehicle subsequently departed the
right sde of the road where the front center and right areas of the
bumper, hood, and right front fender impacted an overhanging rock embankment. The 12 0’ clock direction
of forceimpact deployed the fronta air bags.

Figure 1. Front right view of
the vehicle damage.

The 69 year old male driver of the Geo was restrained by the manua belt sysem. He sustained nasdl
abrasons with epistaxis (nose bleed) from his contact with the deployed front |eft air bag. The 55 year old
femde front right passenger was seeted in aforward position and wasrestrained by the manua belt system.
She raised her armsin an attempt to brace prior to impact with the embankment. The expanding front right
ar bag contused and abraded her arms and expanded against her face and/or neck which resulted in
C6/C7 fracture didocation with complete quadriplegia The ar bag membrane dso contacted the
passenger chest whichresulted in multiplebilaterd rib fractureswith pulmonary edema. The passenger was
initidly transported to aloca hospitd where her cervicd injury was diagnosed. Shewas transferred to a
magor medica center where she was admitted for 40 days then discharged to arehabilitation facility where
she received seven daysof treatment. Respiratory complicationsdevel oped asaresult of thecervicd injury
and she was returned to the hospital. The passenger expired 149 days post-crash due to respiratory
complications.

The crash occurred in July 1997. An atorney representing the family notified the Specid Crash
I nvestigation program of thisseriousinjury crash on October 29, 1997. Theinvestigation was subsequently
assigned to Cagpan’s Specid Crash Investigation Team on this day and an on-dte investigation was
initiated on October 30, 1997.



SUMMARY

Crash Site
The crash occurred at dusk on a rural two-lane asphat state route
which curved to the left with respect to the vehicl€' s path of travel.
The weather was clear and the road surface was dry with a dight
negative grade of 1 percent to the north at the impact location. An
overhead luminairelighted the roadway in the vicinity of the crash Site.
The travel lanes were bordered by narrow asphat shoulders with an i AR
earth and stone embankment bordering the east edge of theroadway Figure 2. Overall view of the
at the apex of theleft curve (Figure 2). The posted speed limit was  approach to the crash site.
64 kmvh (40 mph).

Vehicle Data

The 1995 Geo Metro was a 2-door hatchback, equipped with a 3-cylinder, 1.0 L transverse mounted
engine linked to a 5-gpeed manud transmission with a floor mounted shifter.  Braking was achieved by
power-assisted front disc/rear drum brakes without anti-lock (ABS). The vehicle was manufactured on
06/95 and identified by vehicle identification number 2C1IMR2260S6 (production number omitted). The
vehicle was ingpected at the driver’ sresdence and dl crash related damage remained intact. At thetime
of the crash, the vehicle's odometer reading was 41,261 kilometers (25,639 miles). The Metro was
configured with front bucket seats with manua track adjusters and reclining/forward folding seat back
supports with integrd head restraints. In addition to the fronta air bag system, the Metro was equipped
with 3-point manua belt systems for the four designated seeted positions.

The vehicle was purchased for the owner as a gift in the early winter months of 1995. The Geo was
involved in a previous crash in February 1996. The frontd air bags did not deploy as a result of this
previous crash. Thiswas verified by the body shop invoice which noted atotal repair cost of $1,044. It
should be noted that the front seat belt systems were not replaced for the repair.

Crash Sequence
Pre-Crash
The driver of the vehicle was intoxicated with a police reported BAC of .184. He was returning to his
residence and was traveling in an easterly direction on a 2-lane road. The driver stopped at a3-leg T
intersection which was controlled by a stop sign. He initiated a left turn onto the 2-lane asphalt roadway
and traveled northbound approximately 400 meters (1,312 feet) at adriver estimated speed of 40 km/h
(25 mph). As he was descending the negetive grade and negotiating the left curve, the driver reported
severd dogs ran into the road from right to left acrossthe vehicle spath of travel. Thedriver took evasive
action to avoid the animas by swerving right and braking. The scene inspection, which was conducted
more than three months post-crash, reveded 2.6 meters (8.5) of right front skid marks and 2.4 meters
(7.8) of left front skid marks departing the right road edge. The investigating police officer documented
4 meters (13) of pre-crash skidding during his on-scene investigation of the crash. [Assuming the skid



distance of 4 m and the WinSMASH computed impact speed noted below, the Geo'sinitid travel speed
was computed at 46.0 knmvh (28.6 mph)]

Crash

The Geo Metro subsequently departed the right side of theroad in a
near tracking orientation and impacted an overhanging rock
embankment (Figure 3) that was located 0.5 meters (1.6 feet)
outboard of the northbound travel lane. Initid contact involved the
right and center aspects of the hood and right front fender of the
vehicle againg the overhanging aspect of the embankment. As the
Geo continued forward, the bumper engaged againgt the rock
embankment. Due to the overhanging structure and the sheet meta
engagement, the crash was borderline for computer reconstruction.
The outputs of the WinSMASH program were reasonable, therefore
the recongtruction was alowed for this crash. Impact speed was
computed by the damage and trgjectory dgorithm of the WinSMASH program a 36.3 kmvh (22.6 mph).
Thetotal velocity change for this 12 o' clock direction of force impact was 17.7 kmvh (11.0 mph) with a
longitudinal component of -17.6 (-10.9 mph). Thisimpact induced decd eration was sufficient to deploy
the vehicle s fronta ar bag systems, however, due to the overhanging structure, the crash pulse was
probably elongated which deployed the air bags late in the crash sequence.

Figure 3. Overhanging rock
embankment.

As the gtructure of the Geo Metro engaged against the embankment, the vehicle began to rotate in a
clockwise (CW) direction. The Georotated approximately 104 degrees CW and cametofind rest facing
in an eagterly direction, perpendicular to the northbound travel lane, approximately 4 m (13) north of its
a impact location. The Crash Schematic is attached as Figure 15, Page 12.

Post-Crash
The driver came to rest in an upright attitude in his seated position. He Stated that the passenger was
displaced laterally to the left and that he held her until the arriva of rescue personnel.  Volunteer fire
personnel werefirst to arrive on-scene. The emergency medicd technicians (EMTs) responded to the call
and stabilized the passenger in the vehicle prior to removing her on abackboard. Shewas transported by
ambulanceto alocal hospital where shewas diagnosed with acervicd injury. The passenger was prepared
for helicopter transfer to amaor medica center (non-trauma) for treatment of theinjury.

VEHICLE DAMAGE

Exterior
Damage to the Geo was rated as moderate with a maximum crush value of 8.7 cm (3.4") located a the
right corner of the upper radiator support panel. Direct contact damage on the hood face began 2.5 cm
(1.0") right of center and extended 66.0 cm (26.0") to thefront right corner (Figure4). Thedirect damage
on the bumper fasciabegan 53.3 cm (21.0") right of center and extended 12.7 cm (5.0") to the front right
corner. Crush measurementswere documented at bumper level and theleve of the upper radiator support
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panel and are displayed bdlow in Table 1. Figure 5 isaprofile view of the crush depth. The Principle
Directionof Force (PDOF) was+5 degreesand the damageyiel ded a Collision Deformation Classification
(CDC) of 12-FZEW-1.

Figure 4. Frontal damageto Figure5. Profile view of the

the Geo Metro. frontal crush.
Table 1.
Crush Profiles
Crush M easurement C1 C2 C3 C4 C5 C6
Front bumper Ocm Ocm 04cm 09cm 19cm 3.2cm

©in) ©in) | ©2in) | (04in) | ©7in) | @3in)

Front radiator support Ocm 49cm 59cm 7.1cm 7.4cm 8.7cm
(0in) (1.9in) | (23in) (2.8in) (2.9in) (3.4in)

Resaulting average crush 0.0cm 24cm 3.2cm 41cm 46cm 6.0cm
(0in) 09in) | (1.25in) (1.6in) (1.8in) (2.4in)

| nterior
Interior damage to the Geo Metro was minor in severity and was associated with occupant contact and
deployment of thefrontal air bag systems. Therewasno interior intruson or damage resulting from exterior
deformation. Air bag deployment damage was limited to the opening of the module covers at the
designated tear stams. The expangion of the front right air bag against the passenger resulted in an dtered
deployment path of the bag membrane which resulted in separation of the rear view mirror and membrane
fabric tranders to the windshield and the right door pand.

The driver loaded the manud belt system during the crash which resulted in asuperficid D-ring trandfer to
the shoulder belt webbing. He additiondly loaded the deployed front Ieft air bag, however, no contact
evidence was noted to the bag. Severd blood spatters were documented to the bag which resulted post-
crash from his epigtaxis.

The front right passenger was seated in a forward track position with her arms extended forward of her
body at impact. The front right air bag expanded againgt her arms resulting in oft tissue abrasons and
contusons. Tissue fragments were noted to the lower right quadrant of the bag membrane. Severd vinyl
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transferswere noted to the bag from expans on within the modul e as the passenger’ sposition restricted the
normal deployment path of the bag. A band-like transfer was noted to the lower mid aspect of the bag,
wrapping onto the bottom of the membrane. Several blood spatters were also noted to the bag. These
points are documented in Figure 6.

Thefront right air bag fabric transferred onto the shoulder belt webbing as the bag expanded against the
passenger. The subtle transfer was located below a blood satin on the belt webbing (Figure 7). There
was no contact evidence to the module covers or knee bolsters.

Figure 7. Blood stain on the
front right shoulder belt.

Figure 6. Air bag contact
points.

MANUAL RESTRAINT SYSTEMS

The Geo Metro was equipped with 3-point manua belt systems for the four outboard seated positions.
The front belt systems consisted of continuous loop belt webbings with diding laichplates. The inertia
activated retractors were mounted in the lower aspect of the B-pillars. Thefront right and rear retractors
were equipped with switchable modes to secure child safety seats. Both front seet D-ring positions were
fixed.

The front left belt webbing and buckle assembly were stained with blood. In addition, a subtle D-ring
transfer wasnoted to the driver’ sshoulder belt webbing. This, in combinationwith theblood stains, verified
the EMT statements which support belt usage.

The front right passenger shoulder belt webbing was stained with blood at the lower segment above the
buckle assembly. Similar stains were noted to the buckle at the release button. Superficia air bag fabric



transfers were noted to the belt webbing in the area that would have extended over the chest area of the
passenger. There was no loading evidence on the front right belt system.

AUTOMATIC RESTRAINT SYSTEM

The Geo Metro was equipped with a Supplementd Inflatable
Redraint (SIR) system that consisted of fronta air bags for the driver
and front right passenger positions (Figure 8), asngle point sensng
and diagnostic (SDM) module with an externa sensor mounted to the
center radiator support panel, and aingtrument panel air bag indicator
lamp. The front mounted satellite crash sensor was rotated dightly
veticaly due to displacement of the upper radiator support pand.
There was no damage to the sensor housing. The sensor was
identified by the following on abar coded label: 195524NM3. air bags.

The front left ar bag (Figure 9) was concealed within the module
assembly of a four spoke steering whed rim and deployed from
asymmetrica H-configuration cover flaps. The upper flap measured
15.5 cm (6.1 in) in width and 5.5 cm (2.2 in) in height. The ingde
surface of the upper flgp digdlayed the identification number
2C1MR2260S6789214. Thelower flgp measured 15.5cm (6.1in) in
width and 8.0 cm (3.1 in) in maximum height. Contact evidence was
not present to the face or underside of the air bag module cover flaps.

Figure9. Deployed front left

air bag.
The deployed front |eft air bag was tethered by two Strapswhich were o«

located at the 3and 9 0’ clock positions. Two vent portswere located
at the 10 and 2 o’ clock positions on the back side of the bag. The overall diameter of the front Ieft air bag
in its deflated state was 62.2 cm (24.5"). The air bag was digtinguished by the following identification
numbers.
PE5114100-01
TBS5157B0181

Contact evidence onthe deployed air bag membrane consisted of severa blood spatters which probably
resulted from the driver’ s epistaxis, post-crash.

Thefront right air bag module assembly was housed in atop-mounted positionin theright upper insrument
pand. Thesngle cover flap wasrectangular in shape, measuring 37.6 cm (14.8") wide and11.2 cm (4.4")
in depth. The air bag was not equipped with internd tethers or vent ports. Venting was achieved through
a porous membrane or back vented through the inflator assembly. The rearward excursion of the bag
membrane from the leading edge of the cover flap was 68.6 cm (27.0"). With the front right seat track
adjusted to a forward podition at crash, the bag excurson was 2.5 cm (1.0") from the seat back. The
overd| dimendons of the front right air bag were 44.4 cm (17.5") in width and 53.3 cm (21.0") in height.
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Severd aress of vinyl were transferred onto the front right air bag from its restricted deployment path by
the forward positioned passenger. The vinyl occurred from its expansion againg the module assembly.
A band-like transfer was noted to the back side of the bag as documented in Figure 10. The front right
air bag contained three small tears to the membrane. These appeared to be deployment related from
expanson againg the interior surfaces of the module assembly and/or the leading edge of the cover flap.

Figure 11. Additional
warning labd on the front
left module cover.

Figure 10. Band-like vinyl
transfer to the back side of
thefront right air bag .

The Geo Metro was equipped with the OEM warning labels affixed to the face of the sunvisors. These
labelsread asfollows:

CAUTION
TO AVOID SERIOUSINJURY

For maximum safety protection in al types of crashes, you must dways wear your safety
belt.

Do not ingtal rearward-facing child seets in any front passenger seat position.

Do not St or lean unnecessarily close to the air bag.

Do not place any objects over the air bag or between the air bag and yoursdlf.

See the owner’smanud for further information and explanations.

Additiond ar bag warning labels (Figure 11) were affixed to both the module cover flaps of the frontal
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driver and passenger air bag module assemblies. These labels were forwarded to the owner as a safety
awareness campaign by the automobile manufacturers. These updated labels read as follows:

DEATH or SERIOUS INJURY can occur

. Children 12 and under can be killed by the ar bag.

. The BACK SEAT isthe SAFEST place for children.

. NEVER put arear-facing child sest in the front.

. ALWAY Suse SEAT BELTS and CHILD RESTRAINTS.

DRIVER DEMOGRAPHICS

Age/Sex: 69 year old mde

Height: 170 cm (677)

Weight: 70kg (1551b)

Manua Restraint

Usage: 3-point lap and shoulder belt system

Usage Source: Vehicleingpection, EMT observations at scene
Eyewear: Unknown

Vehide Familiarity: 2.5 years

Route Familiarity: Very frequent travel
Type of Medica

Treatment: None

DRIVER INJURIES
Injury Injury Severity (AlS 90) Injury Mechanism

Nasd adrasonswith epistaxis | Minor ( 290202.1,4) Front left air bag
(nose bleed)

DRIVER KINEMATICS

The driver of the Geo Metro was seated in an upright attitude with the
Seat adjusted to arear track pogition (Figure 12), set 6.0 cm (2.47)
forward of the rear most postion and 14.5 cm (5.7") forward of the
full forward position. The seat back support was reclined to an angle
of 20 degrees. He was wearing the manua 3-point lap and shoulder
bdt system. Belt usage was supported by blood stains on the
latchplate, faint loading marks on the webbing, and observation of the
EMTs as they arrived on-scene.

Figure 12. Profile view of the

The diver probebly had both hands positioned on the steering wheel  d"Ver"Spostion.

rim as he steered right and braked to avoid the dogs. At impact, he
initiated aforward trgjectory and loaded the deployed front left air bag. His loading againg the air bag
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resulted in nasal aorasions with epistaxis. He rebounded into the seat back where he came to rest in an
upright attitude.

FRONT RIGHT PASSENGER DEMOGRAPHICS

Age/Sex: 55 year old femae

Height: 155 cm (61")

Weight: 59 kg (130 Ib)

Manud Redraint

Usage: 3-point lap and shoulder belt

Usage Source: Vehicle ingpection, observations of the EMTs
Mode of Transport

From Scene: Ambulance

Medica Treatment:  Transported to alocd hospital and transferred via helicopter to amgor medica
fecility that was equipped to treet her spind cord injury

FRONT RIGHT PASSENGER INJURIES
Injury Injury Severity (AlS 90) Injury Mechanism

C6/C7 fracture didocation with | Critical (640228.5,6) Expanding front right air bag
complete quadriplegiaand
disruption of the disk space and
the superior and spinous
ligaments with anterior
displacement

(Note: radiology reports
identified a comminuted
fracture of the vertebral body
of C6 with afracture of the
spinous process of C6 with
inferior digplacement)

Multiple bilaterd rib fractures Moderate (450220.2,3) Expanding front right air bag
with pulmonary edema and
pleurd effusons

Contusions with dbrasonsover | Minor (790402.1,2; Expanding front right air bag
the left upper am 790202.1,2)

Contusions with abrasonsover | Minor (790402.1,1; Expanding front right air bag
theright forearm 790202.1,1)

* All injuries were documented from the hospital medical records.
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FRONT RIGHT PASSENGER KINEMATICS

The medical records indicated the front right passenger was intoxicated with a BAC of .171. She was
presumed to have been in an upright seated position with the seet track adjusted to aforward position and
the seat back reclined to 34 degrees. In this adjusted track position, the leading edge of the seat cushion
was 5.1 cm (2.0") rearward of the vertical profile of the mid insdrument panel. The passenger was
restrained by the manua 3-point 1ap and shoulder belt system. Belt usage was supported by observations
of the EMTs as they arrived on-scene, blood stains on the shoulder belt webbing, and air bag membrane
transfers on the webbing surface.

Prior to theimpact sequence, the passenger noticed severa dogsencroaching into the Geo' spath of travel.
She reportedly (by the driver) reacted by raising her amswith her forearmsfacing the front of the vehicle.
At this point in time, the driver took avoidance action to the animas by swerving to the right and braking
to avoid thedogs. Thisaction probably displaced the forward seated passenger in aforward direction and
dightly to the left as the seatbelt’ s retractor locked. The vehicle subsequently departed the roadway and
impacted the rock embankment. Asaresult of the impact, the frontal air bag system deployed. The air
bag probably deployed |atein the crash sequence dueto the underriding damage from the overhanging rock
structure.

The forward positioned passenger was within the deployment path (Figur e 13) of the non-tethered front
right air bag. The bag membrane initidly expanded againgt the extended arms of the passenger which
resultedin bilateral abrasionsand contusion. Thebag displaced her armsrearward asthe passenger moved
forward into the expanding air bag as she responded to the frontal impact force. The combination of bag
and bet loading compressed the passenger chest which resulted in multiple bilatera rib fractures
(ungpecified ribs) with plurd edema. Tissue fragments (Figure 14) were present on the face of the bag
at thelower right quadrant. Thistissuetransfer resulted from the arm contact asthe passenger had no other
Soft tissue injury.

Figure 13. Deployment of Figure 14. Tissue fragments

thefront right air bag from on the lower right aspect of
the top mount position. the bag membrane.
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The passenger’ sarm(s), loaded by theforce of the deploying air bag, were subsequently displaced upward
and rearward toward her face. She sustained epistaxis (nose bleed) from arm contact to her face and
hyper-extenson of the neck which resulted in a fracture of the C6 vertebrd body with anterior
displacement of C6 on C7 with quadriplegia. Disruption of the anterior, superior and interspinousligaments
was a so present.

The expandgon of the air bag membrane againgt the front right passenger dtered the norma deployment
path of the bag. A large vinyl transfer was noted to the mid lower aspect of the bag from restricted
expangon within the module assembly. The bag membrane was displaced forward into the windshield as
evidence by afabric transfer to the glazing. A smilar whitish transfer was noted to the right door pand,
surrounding the door release lever and the pull handle.

The passenger was displaced rearward and | eft by the bag expansion. She cameto rest againgt the driver
who held her as she remained dert and oriented while witnesses reportedly stabilized her until EMTs
arrived on-scene gpproximately 15 minutes post-crash.

MEDICAL TREATMENT

The passenger wastransported to alocal hospital where she was stabilized and diagnosed with the cervical
injuries. The hospital staff prepared her for helicopter transfer to a medica facility which was better
equipped to treat her spind injuries. She underwent anterior C6 corpectomy and C5-C7 arthrodesisand
posterior spind fusion and laterd mass plate fixation of C5-C7. She was ventilator dependant and
remained hospitalized for 40 days. The passenger was transferred to a rehabilitation facility where she
received seven days of treatment. Respiratory complications developed as a result of the cervical cord
injury and she was returned to the hospitdl. She expired 149 days following the crash due to respiratory
complications.
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CALSPAN CASE NO. CA 97-43

-1%
Grade

UlaX
C AR Overhanging

iy / rocks

|| |4———— Gravel shoulder

©

SCALE
lcm=25m

Speed limit
64 km/h (40 mph)

Asphalt shoulder ————p T
+ 1%
(Grade

PH—
I~ el

Figure 15. Crash Schematic
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