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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 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 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 conclusions cannot be made concerning
the crashworthiness performance of the involved vehicle(s) or their safety systems.
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SCI SUMMARY TECHNICAL REPORT
VERIDIAN CASE NO. CA00-032
SUBJECT VEHICLE - 1992 FORD E-150 ECONOLINE VAN
LOCATION - STATE OF MICHIGAN
CRASH DATE - JUNE 2000

BACKGROUND

This remote investigation focused on the fatd injury mechanisms
of a32-year-old maledriver of an adaptive controlled 1992 Ford
Econaline van (Figure 1) that wasinvolved in ahead-on collison
withafull-sze Chevrolet pickup truck. Thevan wasaso occupied
by a 45-year-old mae front right passenger and a 13-year-old
male passenger who was seated in the third seat center podtion.
All of the occupants were restrained. The driver was reportedly a
paraplegic with limited use of hisupper extremities Thevanwas = '

equipped with a tri-pin control on the steering whed and atri-pin  Figure 1. Damaged 1992

control for thethrottle and braking located inboard of theleft front  ECOnolinevan

door. The driver was operating the van on a two-lane roadway

that was being resurfaced. The left front tire sustained tread separation on the uneven road surface and the
driver lost control of the vehicle. The van traveled across the centerline and struck the pickup truck ina
head-on configuration. The occupants of the van initiated forward trgectories and loaded the manual

restraints. The driver sustained multiple abrasons to the chest and legs from loading the whedchair's lap
belt, a modified 2-point shoulder belt, and the knee bolster. His close proximity to the steering wheel

allowed him to load the tri-pin mechanism on the steering whed which resulted in a sternum fracture,

multiple lung contusions and lacerations with hemothorax, alarge liver laceration, and spleen lacerations.

The driver expired immediatdly after the crash. The out-of-position front right passenger sustained police-

reported fractured ribs from probable contact with the center instrument panel. The third seat passenger’s
torso flexed over the Iap belt and he sustained a fractured jaw and a fracture to the left faciad area from
probable contact with his knee. The front right passenger and the third seat passenger were transported
by ambulance to aloca hospital and admitted for trestment.

The Crash Investigations Divison of the National Highway Traffic Safety Adminidration (NHTSA) was
informed of the crash by athird party who was involved in the adaptive equipment industry. NHTSA
subsequently assgned aremote investigation of the crash to the Veridian SCI team. The crash occurred
in June 2000, and a palice crash report, police photographs, insurance company photographs, autopsy
report, and vehicle modification specifications have been obtained and provided the basisfor thissummary
report.



SUMMARY

Crash Site
This two-vehicle crash occurred on atwo-lane highway during daylight hoursin June 2000. At the time of
the crash, the weather was clear and the roadway surface was dry. Police reported the temperature to be
20 degrees Celdus (68 degrees Fahrenheit). The roadway surface was coarse due to the top layer of
agphdt having been removed for resurfacing. The north/south roadway consisted of two travel lanes that
were separated by adashed yellow centerline and bordered by gravel shoulders. The roadside environment
consisted of grassy fields and trees. There were no traffic controls present at the scene and the posted
gpeed limit was 89 krmvh (55 mph).

Pre-Crash

The 32-year-old driver of the 1992 Ford van was operating the vehicle via the hand controls in a
northbound direction on the two-lane roadway at a police-estimated speed of 72 km/h (45 mph). The 1992
Chevrolet pickup was traveling southbound in the opposite lane. The van’ sfront |eft tire sustained atread
separationand depressurized a aragpid rate. Theinvestigating officer documented that the tread separation
occurred gpproximately 65 m (212') south of the point of impact. The tread separation and air-out caused
the driver to lose control of the van and the vehicle pulled left across the centerline into the path of the
oncoming Chevrolet pickup truck. Thedriver reportedly had difficulty regaining control of the van with the
adaptive hand controls. The front right passenger leaned to the left and grabbed the steering whed in an
attempt to assst the driver in regaining control of the van immediatdy prior to impact with the Chevrolet
pickup truck. The driver of the pickup truck detected the van encroaching into the southbound lane and
braked and seered right in an attempt to avoid the collison. The investigating officer documented
approximately 9 m (30") of pre-impact skid marks from the pickup truck. The police scene schematicsare
included asFigures15and 16 .

Crash
The vehiclesimpacted in ahead-on configuration. Impact resulted
in severe damage to both vehicles. The directions of forcewerein
the 12 o' clock sectorsfor both vehicles. The damage algorithm of
the WinSMASH program computed adelta-V of 51.0 kmvh (31.7
mph) for the Ford van and addtaV of 71.0 kmvh (44.1 mph) for
the Chevrolet pickup truck based on estimated crush profiles. The
Ford van's weight made it the dominant vehicle, and the
momentum of the van displaced thepickup truck rearward. Based ™=
on the police scene schematic, the Ford van traveled forward  F19ur @ 2. On-scene photograph
approximately 5 m (16) and rotated approximately 10 degreesin  Showing final rest positions
a CW direction. The Chevrolet pickup truck was displaced
rearward approximately 6 m (19" and rotated approximately 60 degrees in aclockwise (CW) direction.
The van cameto rest in a northbound orientation on the west shoulder and the pickup truck came to rest
facing southwest on the west shoulder (Figure 2).




Post-Crash
The occupantswere removed from their respective vehiclesby rescue personnd. Thefront right passenger
in the Ford van sustained police-reported fractured ribs and was transported by ambulance to a local
hospita and admitted for treatment. The third seat passenger in the van sustained afractured mandible, a
left facid fracture, and multiple lacerations and contusions. He was transported by ambulance to aloca
hospita and admitted for treetment. The driver of the adaptive controlled Ford van expired & the scene
and was transported by ambulance to aloca hospita where he was pronounced dead.

VEHICLE DATA - 1992 Ford E-150 Econoline Van

The 1992 Ford E-150 Econoline van was identified by the Vehicle Identification Number (VIN):
1FDEE14N3NH (production sequence omitted). The van was manufactured as an incomplete vehicleand
was equipped with a 5.0 liter, V-8 engine, front disc and rear drum brakes, four-speed automatic
tranamisson, and power steering. The Ford van was equipped with Goodyear Wrangler HT P235/75R15
tires for the right front, left rear, and right rear whedls. The left front whed was equipped with a Generd
AmeriWay XT P235/75R15 tire. The DOT number was ACHL 42 P109.

The van was modified for wheelchair access and specificaly adapted for the needs of the driver by a
private company that soecidized in custom fitting/ingalation of adaptive driving equipment. The van was
configured witha15 cm (6") drop floor that extended forward from the
third row bench seat with a driver cut-out. The fud tank was
repogitioned aft of therear axle dueto thedrop floor. Thevan wasadso
configured with a Viking Executive TV top with a support cage. The
driver’s seat was removed to accommodate a motorized wheelchair,
and an E-Z lock restraint device (Figur e 3) wasingaled to securethe
whedchair in postion. The base lock was mounted on the floor of the
van, and acted as the receiver for the locking interfacing pin that was
mounted on thewhed chair. Entry into thelock was mechanical, and the
release was effected by an dectricd pull solenoid. An emergency
mechanica release was aso present. A control module for the E-Z
Lock sysem waslocated on theinterior of theleft B-pillar. Itsfunctions
included release of the E-Z Lock, darm buzzer deactivation for
unoccupied use, and various warning indicators.

Figure 3. E-Z Lock
restraint device



A tri-pin assembly was atached to the steering whed rim near the
6 o'clock postion (Figure 4). The system dlowed the driver to
insert hiswrist between two pins, and grip the third with hishand.
Sincethedriver had limited use of hisupper extremities, the system
facilitated steering by means of a zero-effort control. 1t was not
known if modifications were made to the power steering. A VGB
tri-pin assembly was dso used for the throttle/lbrake system
(Figure 5). A vertica bracket that measured approximately 60 cm
(24") inheight and 25 cm (10") front-to-back was mounted dightly
inboard of the left front door. The tri-pin was mounted on the top
rear aspect of the bracket. The system dlowed the driver to place
hiswrigt through thetwo rear pinsand grip theforward pinwith his
left hand. Thethrottle was engaged by pushing the tri-pin forward,
and pulling rearward would apply the brakes. The throttle/brake
sysemwas alow-effort system. Based on a conversation with the
modification company, the throttle/brake engagement could be
configured for either direction, based on theindividua prescription.
The throttle/brake system had an integrated rocker switch at the
lower aspect and laterd movement would activate the respective  Figure 5. View of tri-pin
directiona signals on the vehicle. The van was dso equipped with  throttle/brake system
elbow pad controls for the horn and emergency wipers.

Figure4. View of steering
whesdl tri-pin device

A center console/pand with multiple large toggle switches (quad console) was added to the center
ingrument pand. All of the vehicle s dectrical functions were rerouted to this center console and were
activated by the toggle switches. Thetoggle switches controlled theignition, power windows, locks, eectric
gear shift selector, and heeter and air conditioning.

The 1992 Ford E-150 van was a so equipped with a Ricon Uni-Lite automatic whed chair lift. Thelift was
congtructed of duminum aloy and rated to 273 kg (600 1b). The lift was designed for use by aperson in
awhedchair or by an attendant. Standard festures of the lift were outboard handrail swith acontrol switch,
electric motor and direct gear drive, and a powered roll sop with a mechanica latch. The lift was dso
equipped with amanud backup system that included a wrench and a smple modular dectrica system.



The whedchair lift was ingaled inboard of the right side hinged doors and centered between the doors.
The lift was configured with four functions. The descriptions of the lift functions are summarized in the

following chart (Figur e 6) from the owner’s manud:

TABLE [3-1]: LIFT FUNCTIONS

FUNCTION DESCRIPTION

open bafora tha lift deploys.)

{ DEPLOY Platform unfoldsideploys aut of the vehicle from the stowed position. (If
equipped with Ricon power door operator, the doon(s) automatically

{ DOWN Platform is lowered from vehicle floor level position to the ground level
(The rolistop automatically lowers when platform reaches ground level. )

fue Platform is raised from ground level to the vehicle floor level. (The
rollstop automatically raises when the platform leaves ground level).

V| R4 @

close after the lift stows.)

I STOW Platform folds/stows from the vehicle floor level to the stowed position.
(If equipped with Ricon power door operator, the door(s) automatically

END OF TABLE

Figure 6. Lift function descriptions from the owner’s manual

The right side hinged doors were equipped with a Ricon power door operator. The power door operator
eectricaly opened and closed the swing-type van doors. The system provided up to 90 degrees of motion
for each door. The power door operator was indaled internally within the door behind the door pand.
Adjustable bell cranks provided smooth operation and a weatherproof closure, and the system design
eiminated any potential “dap-back” when the door was open. The power door operator was designed to
work in conjunction with thewhed chair lift. Asthelift was activated to “ Deploy” , the power door operator
automaticaly opened the van's hinged doors. After the ramp had been used and was activated to “ Stow”,

the power door operator automatically closed the van doors.

VEHICLE DAMAGE
Exterior Damage - 1992 Ford E-150 Econoline Van

Exterior damage to the 1992 Ford E-150 Econoline van was
based on police photographs and insurance company
photographs. The vansustained severe frontal damage asaresult
of the impact with the Chevrolet pickup truck (Figure 7). The
direct damage began dightly inboard of the front left bumper
corner and extended lateraly across the bumper to the front right
bumper corner. The combined direct and induced damage
involved the entire frontal width of the vehide. The maximum
longituding crush waslocated at the front right bumper corner and
was estimated to be approximately 56 cm (22"). Thefront bumper
was displaced rearward and upward on the right aspect. Theleft

Figure 7. View of frontal
damageto the 1992 Ford Van



corner of the bumper was displaced forward and downward.
The bumper cover was separated from the bumper. Theradiator
supports and engine components were crushed rearward. The
hood was displaced and buckled rearward, and fractured on the
right and left aspects. The left front fender sustained minor
induced buckling, and the right front fender was crushed
rearward. Theright A-pillar was digplaced rearward and the right
front door and right side swinging doors were displaced from
induced damage (Figure 8). Theimpact resulted in the rearward
disolacement of the right front whed which shortened the right
whedlbase by 21 cm (8") based on police measurements. The
Coallison Deformation Classification (CDC) for the impact was 12-FDEW-4. Six crush measurements
were estimated from the insurance photographs adong the front bumper and were asfollows. C1=0.0cm,
C2=13cm(5"),C3=40cm (16"), C4 =38 cm (15"), C5 =53 cm (20"), C6 = 56 cm (22").

Figure 8. Right side view of
damaged 1992 Ford van

The left front tire sustained tread separation prior to the crash which resulted in the driver’ s control loss of
the vehide (Figures 9-11). The investigating officer noted tire fragments south of the crash scene and
rubber deposits on the Ieft front fender. The left front tire was a Generd AmeriWay XT All Season
P235/75R15 tire.

Figure 9. Damaged left front  Figure 10. Closeup view of Figure 11. View of separated
tire tiredamage tiretread

Interior Damage - 1992 Ford E-150 Econoline Van
Interior damageto the 1992 Ford E-150 Econoline van was based
on police and insurance company photographs. The windshield
was fractured from impact forces. The van sustained moderate
interior damage as a result of intruson and occupant contact
(Figure 12). The left ingrument panel was displaced from the
crashforces and probable contact from the driver. The center and
right aspects of the insrument panel were aso displaced from ;
crash forces. Probable longitudind intrusons included the |eft, Figure 12. Interior view of the
center, and right instrument panel, left toe pan, right toe pan, and ¢, gt |eft area
right A-pillar. The whedlchair lift was digplaced as aresult of the
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crash, however, it was not vigble in the on-scene police photographs. Based on the remote nature of this
case and available photographs, it was not known which way the lift was displaced in the crash or if the
mounting hardware separated. The displaced whedchair lift was visble in the insurance company
photographs and had been placed on the floor behind the front seet area.

Exterior Damage - 1992 Chevrolet K-1500 Pickup Truck
The exterior damage to the 1992 Chevrolet K-1500 pickup truck
was based on police and insurance company photographs. The
vehide sustained severe frontal damage as a result of the impact
withthe Ford E-150 van (Figure 13). The direct damage began
a the front left bumper corner and extended laterdly to the front
right bumper corner. The combined direct and induced damage
aso involved the entire fronta width of the pickup truck. The
maximum crush was |located at the front right bumper corner and = :
was estimeated to be approximately 90 cm (35"). Thebumper and  F19ure 13. View of frontal
radiator supports were crushed rearward. The hood was buckled d_amage tothe 1992 Chevrolet
and folded. Theleft and right front fenderswere crushed rearward  PICKUP truck
and theright fender sustained outward buckling. The frontal crush
displaced the front wheels rearward. Based on police measurements, the post-crash left wheelbase was
shortened by 28 cm (11") and the right wheelbase was shortened 31 cm (12"). Both A-pillars were
displaced and theroof siderailsof the cab were deformed dightly upward. Both Sde doorswere displaced
from induced damage. The frame appeared to be deformed as a result of the impact. The CDC for the
impact with the Ford E-150 van was 12-FDEW-4.

MANUAL RESTRAINT SYSTEM - 1992 Ford E-150 Econoline Van
The 1992 Ford E-150 Econoline van was equipped with amodified manud
2-point shoulder belt for the driver. A separate manua 2-point lap belt was
inddled on the whedchair frame, that was inddled by the whedchair
manufacturer. It was not known if the 2-point whedlchair restraint was
designed for vehicle safety or to maintain the occupant’ sposture. Thelength,
width, and Sructure of the whedchair restraint was not known. The fixed-
lengtk 2-point shoulder bdt was anchored to the Ieft roof sde rall
approximately 13cm (5") &ft of theleft B-pillar and configured with alocking
latch plate (Figure 14). An approximate 1 m (3") section of webbing
configured with a buckle was anchored to the floor on the inboard aspect of
the driver’ sseet. Thisconfiguration alowed thelatch plate to engagewith the
buckle acrossthe driver’ slower torso areaso the dack could beadjusted at~ Figure 14. View of 2-
the locking laich plate. The 2-point shoulder belt reportedly remained POt shoulder belt
buckled all the time, and the driver regularly “drove’ thewheslchair intothe  Mounted aft of the left
E-Z Lock mechanism, which alowed the 2-point shoulder belt to be B-pillar

positioned across hisleft shoulder and chest. An aftermarket padded deeve




was present on the shoulder bdt a the time of the crash. A manua 3-point Igp and shoulder belt was
avalable for the front right passenger. The investigating officer reported that the belt webbing showed
stretch marks from loading of the front right passenger. The webbing was cut by rescue personnel to
remove the occupant from the van.

The rear seat was not visible in any of the photographs, and the manua restraints could not be identified.
The police report indicated the rear occupant was restrained by a lap belt which was cut by rescue
personnd.

OCCUPANT DEMOGRAPHICS - 1992 Ford E-150 Econoline Van

Driver
Age/Sex: 32-year-old male
Height: 185 cm (73")
Weight: 73 kg (160 1b)
Seat Track Pogition: N/A
Manud Redraint Use: Fixed-length 2-point shoulder belt, lap belt attached to whedlchair
Usage Source: On-scene photographs, police report
Eyewear: Unknown

Type of Medicd Treatment:  Fatally injured and did not recelve medical trestment

Driver Injuries

Injury Injury Severity Injury Mechanism
(A1S90/Update 98)

Bilaterd lung contusions Severe (441410.4,3) Tri-pin mechanism and deering
whed rim

Bilaterd lung lacerations with Severe (441450.4,3) Tri-pin mechanism and steering

hemothorax whed rim

Largeliver laceration Severe (541826.4,1) Tri-pin mechanism and deering
whed rim

Sternum fracture Moderate (450804.2,4) Tri-pin mechanism and steering
whed rim

Multiple spleen lacerations Moderate (544220.2,2) Tri-pin mechanism and deering

(NFS) whed rim

Right upper chest abrasion Minor (490202.1,1) Shoulder belt webbing

Right chest dborasion Minor (490202.1,1) Shoulder belt webbing




Injury Injury Severity Injury Mechanism
(A1S90/Update 98)

Diagond abrasion acrossthe Minor (490202.1,4) Shoulder belt webbing

center of chest (Ieft-to-right)

Lower |eft chest dbrasion Minor (490202.1,2) Tri-pin mechanism and deering
whed rim

Left posterior forearm abrasion | Minor (790202.1,2) Tri-pin mechanism and
throttle/brake mechanism

Right posterior forearm Minor (790402.1,1 Tri-pin mechanism and deering

contusion whed rim

Bilatera knee dorasions Minor (890202.1,3) Knee bolster

Bilaterd lower leg dorasions Minor (890202.1,3) Knee bolster

Injury source: Autopsy report

Driver Kinematics

The 32-year-old male driver of the Ford E-150 Econoline van was seated in an upright posture in a
motorized whedlchair. Thewhesl chair was secured with the floor-mounted E-Z Lock device, and thedriver
wasrestrained in thewhed chair by the 2-point typerestraint. It was not known of the 2-point typerestraint
was designed for vehicle safety or to maintain the occupant’ s posture. He was restrained in the vehicle by
the vehicle s 2-point manua shoulder belt. The driver was utilizing a padded deeve on the shoulder belt
at thetime of the crash, whichwas visible in the on-scene photographs. The driver was pardyzed from a
previous incident and had limited use of his upper extremities. Based on the proximity of the whedchair to
the steering whedl, it gppears that his right arm was bent approximately 90 degrees at the elbow. This
position dlowed him to steer the vehide utilizing the mobility in his upper aam. He used his left arm to
operate thethrottle/brake controlslocated on the outboard side of thedriver’ ssegt. Thetri-pingrip alowed
him to use the upper aspect of hisleft arm to move the throttle/brake control fore and aft.

Asthe driver was operating the van, the left front tire sustained tread separation which caused the driver
to lose control of the vehicle. At impact with the Chevrolet pickup truck, the driver initiated a forward
trgjectory and loaded the whed chair’ smanua 2-point |ap belt which resulted in an abrasion on the anterior
upper right leg. Heloaded the vehicle s 2-point shoulder belt which resulted in dbrasionsto theright chest,
diagond abrasions on the center aspect of his chest, and a left chest abrasion. The wheelchair appeared
to have remained in postion within the E-Z Lock restraint. Due to the driver’s close proximity to the
gteering whed, he loaded the knee bolster with his knees and |oaded the steering whed with his chest and
abdomen. The contact with the tri-pin mechanism and the steering whed! rim resulted in multiple bilaterd
lung contusions and lacerations with hemothorax, alarge liver laceration, spleen lacerations, and asternum
fracture. The pogtion of his right forearm in the tri-pin mechanism on the steering whedl dlowed the
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posterior aspect of hisright arm to move forward and contact the steering whed rim which resulted in a
contusion on the posgterior agpect of his right am. The driver's left forearm was postioned in the
throttle/brake tri-pin mechanism outboard of the driver’s seet, and the forward motion of hisleft forearm
in the mechanism resulted in an dorasion to the left posterior forearm. The knee bolster contact resulted in
bilaterd anterior knee and lower leg abrasions.

The driver expired at the scene and was transported by ambulance to a loca hospital where he was
pronounced dead. Police photographs show the post-crash position of the driver dumped to theright with
the shoulder belt positioned across the upper left arm. He cameto rest with the tri-pin and steering whed!
rim againg the upper aspect of his abdomen.

Front Right Passenger

Age/Sex: 45-year-old mae

Height: Not reported

Waeght: Not reported

Seat Track Position: Appeared to be in amid-track position in police photographs
Redrant Use: Manua 3-point lgp and shoulder belt

Usage Source: Police report

Eyewear: Unknown

Type of Medicd Treatment:  Trangported by ambulance to aregiond trauma center

Front Right Passenger Injuries

Injury Injury Severity Injury Mechanism
(A1S90/Update 98)
Rib fractures (NFS) Moderate (450210.2,9) Center console/center
instrument panel

Injury source: Police report

Front Right Passenger Kinematics

The 45-year-old mae front right passenger was presumed to have been seated in an upright posture prior
to the crash and wasrestrained by the manua 3-point 1ap and shoulder belt. After thetread separation, the
driver lost contral of the vehicle. Asthe van crossed the centerline the front right passenger leaned to the
left and attempted to grab the steering whed and assst the driver in regaining control of the van, which
placed him out-of-pogition at the time of the crash. At impact, the front right passenger initiated aforward
trgjectory. Due to his pogition, his upper torso was inboard of the shoulder belt and loaded the added
center console/pand and right instrument panel. He sustained police-reported rib fractures. He was
trangported by ambulance to aloca hospita and admitted for treatment.
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Third Seat Passenger

Age/Sex: 13-year-old mae
Heaght: Unknown
Weight: Unknown

Seat Track Pogition: Fixed

Redtraint Use: Manud lap belt
Usage Source: Police report
Eyewear: Unknown

Type of Medicd Treatment:  Trangported by ambulance to aregiond trauma center

Third Seat Passenger Injuries

Injury Injury Severity Injury Mechanism
(A1S90/Update 98)
Fractured mandible (NFS) Minor (250600.1,9) Probable contact with knees
due to flexion over the lgp belt
Fractured |eft facia bone Minor (250400.1,2) Probable contact with knees
(NFS) due to flexion over the lgp belt

Injury source: Police report

Third Seat Passenger Kinematics

The 13-year-old male passenger was presumed to have been seated in an upright posture on the center
postionof thethird seet. He wasrestrained by the lap belt. At impact, heinitiated aforward trgectory and
loaded the lgp bdt. His torso most likely flexed over the lgp belt which dlowed his face to contact his
knees. He sustained aleft facid fracture and amandible fracture from the probabl e contact with hisknees.
First responders cut the lap belt and the 13-year-old wasremoved from the vehicle by rescue personnel.
Hewastransported by ambulanceto aloca hospital and admitted for trestment. Although theonly injuries
listed were facid fractures, the child was unconscious and heavily medicated after arriva a the hospitd,
which suggested that he sustained additiond injuries that were not reported.
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Figure 15. Police scene schematic showing pre-crash trajectories
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