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Evaluation of Motor Vehicle Fire Imtlatuon and Propm_ggtlon
Part 8: Crash Tests ona Sport-Utlllty-Vehche

Jack L. Jensen, Jeffrey Santrock
General Motors Corporation

Abstract

This report describes the test conditions and presents the results of three crash tests, each of a four-wheel-
drive sport-utility-vehicle, to study post-collision fire potential. Specialized instrumentation was used to help
identify potential ignition and fuel sources during the crash. These tests were part of a series of crash and

fire propagation tests which General Motors Corporation conducted pursuant to an agreement between
GM and the U.S. Department of Transportatlon (Pro;ect B.3).
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1. Introduction

Three crash tests wére‘conducted off a four-wheel-drive sport-utility-vehicle (1997 Ford Explorer) to study
post-collision fire potehtial. These tests were part of a series of crash and fire propagation‘tests that
General Motors Corporation conducted pursuant to an égreement between GM.and the U.S: Department
of Transportation.‘. An earlier report, “Vehicle Crash and Fire Propagation Test Program” [1] documented
the overall strategies and test methodologies for this p_rbject. Part 2 of this report “Crash Tests on a
Passenger Van” [2] presented the results of a series of tests similar to those presented here on a front-
wheel-drive passenger van (1996 Dodge Caravan).' Part 5 of this report “Crash Tests on a Rear Wheel
Drive Passenger Car” [3] presented the results of tests on a 1997 Chevrolet Camaro.

One additional series of crash tests were conducted on a front-wheel-drive mid-sized passenger sedan
(1998 Honda Accord). The results of these tests will be reported in a subsequent technical report.

- The series of crash tests described in this report consisted of three tests each on a new 1997 Ford
Explorer.. The three crash conditions were an 85 km/h (53 mph) offset moving deformable ‘barriér rear
impact, a 55 kmih (34 mph) offset pole frontal impact, and a 105 km/h (65 mph) oblique moving
deformable barrier frontal impact. The three test co‘nditions used for the sport-utility-vehicle (SUV) were
the same‘ as for the test series on the rear-wheel-drive passenger vehicle (1997 Chevrolet Camaro) and
the front-wheel-drive passenger vehicle (1998 Honda Accord). This combination of tests, however, was
slightly different than the combination used for the initial series on the passenger van, Wthh was the first
series conducted. The reasons for the differences were described in Parts 1 and 2.

The three SUVs tested were newly purchased four-wheel-drive four door 1997 Ford Explorers. Al three
vehicles were equipped with a 4.0-liter V-6 engine, air conditioning, automatic overdrive transmission as
well as other options. As in previous test series [1],[2],[3], the best selling engine, transmission and air
conditioning optiohs were selected. For 1997 Explorers! 76.9% were sold with the 4.0 liter engine, 100%
with air conditionihg, and 96.8% with automatic transmission [4]. Also, 67.2 % of 1997 Explorers were sold
with the four-wheel-drive option [4]. Sales figures were not used to select any other optlons All three
Explorers were identically equipped with P235 all terrain tires, trailer towing package as well as other

options. Standard equipment for 1997 Explorers included driver and passenger airbag systems, adjustable
height front seat belts, and four-wheel anti-lock disc brakes.

2. Sport-Utility-Vehicle Oblique Moving Barrier Frontal Impact, Test C11687

A SUV obligue moving barrier frontal ihpact crash test was coﬁducted at the General Motors Proving
Ground on July 30, 1997. A total of 146 data channels were recorded for this test, including 140 on the test
vehicle and Anthropomorphlc Test Devices (ATDs) and 6 on the moving barrler Slmllar to the other 105
km/h oblique moving deformable barrier frontal 1mpacts this test was conducted outdoors.



21. Test Conditions
2.1.1. Impact Conditions

This test was a frontal oblique moving deformable barrier frontal impact as depicted in Figure 1. The
“impact conﬁgufation was nearly identical to the two previous oblique moving barrier tests. However, the
relative angle between the vehicle and moving barrier was set at 23 degrees, which is vehicle specific.
This angle was set so the center of the moving barrier face impacted the front left corner of the test vehicle
and its velocity vector passed through the CG of the test vehicle. The CG of thevtest vehicle was
_approximately 1371 mm rearward of the front wheel centerline and laterally in the center of the vehicle.
“Similar to the previous oblique moving barrier tests, the front left corner was defined as the intersection of
two lines. - The first line was tangent to the most forward part of the vehicle bumper and perpendicular to
the vehicle longitudinal centerline. The other line was tangent to the widest part of the vehicle body
(excluding mirrors) and parallél to the vehicle longitudinal centerline. This intersection represents a virtual
corner of the vehicle, which was not on the vehicle body due to the contours of the body styling. This
resulted in a theoretical overlap of 52% based on the barrier width of 1676 mm and a vehicle width of 1784
mm. (0.51= [(1676/2)/cos (23 degrees) ]/ 1784.)

Deformable
Moving Barrier

105 km/h
(65 mph)

P~
()
—

[

Figure 1
Crash Test Configuration for Test C11687



Figure 2
Pre-Test Photograph of Test C11687

The mass of the defdrmable barrier was 1638 kg (3611 Ibs.). This mass was greater than what is used for
FMVSS214 [5] tests (1367 kg or 3015 Ib.) The height of the center of the simulated bumper form was 432
mm (17 in.) above grade (which is the same as specified in FMVSS214 [5].) The wheels of the moving
barrier were oriented in the same direction of the barrier longitudinal axis. The wheelbase, trackwidth, and
center of gravity of the rhoving- barrier were all similar to what is specified for FMVSS214 [5] testing. The
aluminum honeycbmb barrier face was also the same as what is used for FMVSS214 [5] testing. The
brakes of the moving barrier were activated at impact, resulting in an effective brake activation time of
about 150 msec after impact. The test vehicle’s brakes were on during the impact.

The imbact velocity was measured with radar and was 104.4 km/h (64.9 mph).

2.1.2. Vehicle Description

The test vehicle was a 1997 Ford Explorer (VIN: 1FMDU34X4VUB02606) which had a test mass of 2232
kg (1152 kg front, 1080 kg rear) which included the two ATDs, crash test instrumentation, and Stoddard

: So'l'vent in the gasoline tank.. First, the fuel tank’s unusable capacity was established (filled) with Stoddard
' 3
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Solvent, then 748 liters of Stoddard were added to the unusable capacity of the tank (74.8 liters
represents 95% of the usable capacity of 78 7 liters.) The' engine was operating at impact with complete
engine compartment fluids, including battery electrolyte. The radio, low beam headlights, fog lights, and air
conditioning were all operating at impact. The transmission was in neutral for the test.

2.1.3. Pre-test Engine Warm-up Procedure
The engine was started approximately:77 minutes before i‘mipact as outlined in Table 1.

. Table 1.
Engine Warm-up Procedure for Test C11687

: Time after initial engine start, Duration,
, , (min) 7 (min)
Engine started (idle approximately 900 rpm) _ 0 , 18
Engine speed increased to 1100 rpm : ' 18 . 13
Engine turned off for instrumentation set-up .31 30
Engine restarted, set to 1100 rpm o - 61 : 16
Impact - . 77

The surface temperature, of the left exhaust manifold was measured using a non-contact infrared meter
twice during the englne warm- up period. At 18 minutes after the initial engine start the exhaust manifold
temperature was 435 degrees F, and at 28 minutes it was 547 degrees F.:

For oomparison purposes, the manifold temperature was measured on another Explorer the previous day
while the engine was operating and also following road loading. Following 20 minutes of normal idle
(approx. 900 rpm) the manifold ter'hperature was 450 degrees F. Foliowing a subsequent 10-minute drive
at 45 mph, it was 650 degrees F, and following a subsequent 3 minutes at 1800 rpm, it was 685 degrees F.

21.4. Modiﬁcations to Production Vehicle

Because the objective of this test was to conduct basic research on crash conditions that might result in
post-collision fire and not to test a production vehicle for compliance with any performance standard, some

modifications to the production vehicle were made to facilitate the test objectives. A description of some of
the modifications follows

Gasoline was suoplied to the engine frorh an auxiliary tank mounted in the rear cargo area, as the

production fuel tarik contained Stoddard Solvent. The fuel supply and return lines were disconnected near

the production fuel pump (on top of production fuel tank) and re-routed to near the left frame rail. Lines

from the auxiliary tank were then connected to these re-routed lines to supply gasolirte to the engine. The
’ 4



remaining supply and return lines at the production fuel pump were connected to each other, to prevent the
‘leakage of stoddard solvent. -

The vehicle’s rear brake lines were cut n.ear thé rear axle and an auxiliary brake machine was installed to
charge the rear brake lines. The purpose of using the brake machine was to help control vehicle
kinematics after the impact by isolating the rear brakes to ensure the rear wheels would be locked even if
the brake lines were severed towards the front of the vehicle. The front brakes were pre-charged by
mechanically locking down the brake pedal, so the front brake fluid pressure would be at a steady state but
charged condition' to enable easy identification of fluid leaks. Unlike the pole impacts, no modifications
were made to the front whéebl brake calipers or pads.

. The plastic throttle cover was removed from the engine compartment for the test to allow for easier
adjustment of the idle speed during the engine warm-up procedure.

Similar to previous tests, every reasonable attempt was made to make the added instrumentation in the
engine compartment as non-intrusive as possible so as not to affect the outcome of the test.

For all of the tests conducted for this project, the test vehicles were loaded with all required instrumentation
for the test objectfve, independent of a target test mass. Thus, the test masses for different tests on the
same vehicle model are likely different, and also different than the test mass required by FMVSS 208 [5].

2.1.5. Vehicle Measurements

Measurements Ilsted here are ones taken to measure the vehicle properties during the crash and not
necessanly to identify fire ignition potentlal "(As compared to, Section 2.1.11, which lists electrlcal voltages

and currents used to identify potential shorts, and Section 2.1.10 which lists ﬂu;d pressures used to identify
fluid leaks.)

» Front left rocker panel acceleration (longitudinal, lateral, and vertical)

» Frontright rocker panel acceleration (longitudinal, lateral, and vertif:al)

e Rear left rocker panel acceleration (Iongit_udinal, lateral, and vertical)

s Rear right rocker panel acceleration (longitudinal, lateral, and vertical)

o Left ﬂoorpan acceleration (longitudinal)

¢ Right floorpan acceleration (longitudinai)

e Left toepén longitudinal displacement (relative to floorpan, using string potentiometer).

» Driver's and passenger’s air bag current (using non-intrusive clamp on current transducsrs)

e Engine motion (rotation of crankshaft using an auxiliary magnetic pickup transducer)
(labeled “engine speed — MP1A” in Appendix B)

e Fuel.pumpvcurrrent (at auxiliary fuel tank)



¢ Fuel.pump voltage (measured near auxnluary fuel tank)

. Fuel pump lnertla sw:tch voltage (near swﬂch mounted under IP, gray/orange wire voltage drop to
ground) :

* Vehicle yaw angular velocity (n‘ieasured using rate gyroscope located on the floorpan near the CG) " .

J

'2.4.6. Photodraphic Coverage

High-speed 16-mm movie cameras were used to film the crash test. Cameras were located above, in front
of, and to both sides of the test vehicle.

2.1.7. Moving Barrier Measurements

The following accelerations were measured on the deformable moving barrier:

» Moving deformable barrier at CG acceleration (longitudinal, lateral, and vertical)

e Moving deformable barrier at rear crossmember acceleration (longitudinal, lateral, and vertical)

21.8. Anthropomerphic Test Device (ATD) Measurements

Two 50" percentile male Hybrid Ill ATDs (FMVSS reference part 572, Subpart E) [6] were located in the
front outboard seating positions. The seats were located in the fore-aft mid position, and the seat backs
were at 25.0 degrees relative to vertlcal The ATDs were restrained using the vehicle’s lap / shoulder belts
with the adjustable guide loop set i in the third position from the top. In addition, the ATDs were restrained
by the vehicle’s frontal air bags. The ATDs were positioned per FMVSS 208 [7] guidelines. and the pelvic
- angles were measured to be 25.0 degrees from horizontal for the left front ATD and 23.8 degrees for >the

right front ATD. The head target angle was at 0 degrees from horizontal for both ATDs. The following
channels were measured for each ATD.

e Head triaxial acceleration _
e Head/ neck interface (upper neck) longitudinal shear force (Fx)
e Head/neck interface (upper neck) lateral shear force(Fy)
e Head/neck interface (upper neck) axial force (Fz) , ‘
* Head/neck interface (upper neck) moments about longitudinal, lateral and verﬁcal axis (Mx, My, Mz)
e Chest triaxial acceleration
. Sternal deflection
e Pelvic triaxial acceleration
e Femur axial loads, left and right femurs |
e Knee clevis loads, left and right, inner and outer '
. Upber tibia bending mement, (Mx, right - left), left and right legs
6



e Upper tibia bending moment, (My, anterior - posterior), left.and ﬁght legs
* Lower tibia bending moment, (My, anterior - posterior), left and right legs
o Lower tibia shear load, (Fx, anterior - posterior), ieft'and‘right legs

"« Lower tibia axial load, (Fz, vertical), left and right legs

» Tibia/femur displacement, left and right legs

e Lumbar moment (My, anterior - posterior)

e Lumbar shear load (Fx, anterior - posterior)

e Lumbar axial load (Fz, vertical)

The left front (driver) ATD only was instrumented to make the following additional measurements on the
lower leg: ' '

e Upper tibia shear load (Fx, anterior — posterior), left and rightlegs ~
« Lower tibia shear load (Fy, right - left), left and right legs
* Lower tibia bending moment (Mx, right — left), left and right legs

2.1.9. Hydrocarbon Vapor Measurements
Hydrocarbon vapor was measured at the five following locations in the engine compartrﬁent:

*  Right upper erigine (location #1)

¢ Left exhaust manifold (location #2)

o Left upper engine (location #3)

e Left lower fuel line, near fuel filter (location #4)
R Near the catalytic converter (location #5)

The concentration of hydrocarbon vapors was measured using tin oxide sensors at each location [1]. In
‘addition, the temperature from each tin oxide sensor was also measured to more accurately interpret the
output of the gas sensors. Co-located with the tin.oxide sensors were sample tubes that drew gas into
collection tubes fdr subsequent analysis by gas Chrorhatographyl mass spectrometry (GC/MS) [1].

2.1.10. Fluid Pressure Meaéurements

Pressures in several of the vehicle’s fluid systems were measured to help identify fluid leaks and the time
during the impact when they occurred. Pressure measurements included:

* Front brake system pressure (line tapped near ABS junction, left side of. engme compartment)
* Power steerlng system pressure (measured near left side of power steering rack)
e Cooling system pressure (measured at thermostat housing)
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. Auxiliary fuel supply line pressure (measured near the auxiliary fuel tank in the rear cargo érea)
o Engine oil pressure (measured at the oil pressure sending unit on right side of engine)
e Transmission cooler fluid pressure (tapped into transmission fluid cooler line)

A fluorescent dye was added to the cooling system to help identify and distinguish coolant.

2.1.11. Additional Electrical Measurements

Electrical events such as shorts, arcs or overheated circuits are possible ignition sources for post-collision
fires. Therefore, in addition to standard crash test electrical measurements (%uch as the air bag currents),"
electrical measurements were also made on some electrical circuits anticipated to be in the area of vehicle

crush. Due to instrumentation limitations, only selected and not all electrical circuits in the area of
anticipated crush were monitored.

Hall — effect clamp - on current monitoring transducers were used to measure the following currents:

. Alternétor cable #1 (measured at fusible link near PDB)

e Alternator cable #2 (measured at fusible link near PDB)
e A/C clutch (measured near compressor)

o Starter cable and B+ (measured at battery)

o Power distribution box (PDB) (measured near box)

e HVAC blower (measured near relay box #2)

e Headlight/ fog light (low beam and fog lights measured with one transducer, under the PDB)

* Ignition (measured in passenger compartment under instrument panel)

Voltages were measured on the following circuits:

e Ignition (measured under instrument panel inside of passenger compartment) '
¢ Left front headlight low beam (measured at driver’s side hinge pillar fuse panel)
o Left front headlight fog light (measured near rear of fog light)

e . Starter (measured at terminal on starter)

o Battery (meas“ured at terminal on battery)

e Alternator (measured at terminal on alternator)

2.1.12. Evaluation of the Crashworthiness of Potential Fire Detection or Suppression Technologies

Devices representing three different fire detection technologies were included on this test: optical sensors,
thermal wires, and pneumatic wires.



The thermal wire device was supplied by DuaIASpeetrum Santa Barbara and was similar to those evaluated
in previous tests in this series [2],[3]. It consists of two wires ‘separated by an insulating material designed
to melt when exposed to flames. The completion of the électrical circuit could be used to activate a fire

suppression system. For test C11687, the thermal wire was located on the underside of the hood liner as
shown in Figure 3. '

Pneumatic
Sensor

Figure 3
Thermal Wire and Pneumatic Detectors
Test C11687

Co-located with the thermal wire was a pneumatic fire detector tube which also was similar to tubes used in
previous tests [2],[3]. ' This tube (supplied by Dual Spectrum Santa Barbara) is also shown in "Figure 3. Due
to its small diameter, the tube is not easily visible in the photogfaph but the pressure sensing part of the
device is visible in the right portion of the photograph. This detector ie designed to sense an increase in
gas pressure inside of the tube when exposed to fire. Two channels were monitored for this device, one
activation channel (which could be used to activate a suppression system) and a fault circuit.

Two Dual Spectrum PM-5V optical sensors were mounted in the rear portion of the engine compartment.
The optical sensd‘ts used were similar to those used in previous tests [2],[3] and are designed to sense
infrared energy to detect a fire. One was located in the left rear portion of the engine compartment and
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was oriented (aimed) forward and slightly inboard. The other was symmetrically located on the right side of

“the engme compartment and was also oriented forward and slightly mboard One actlvatlon channel was
recorded for each sensor

2.2. Summary of Test Results

Post-test photographs of the vehicle are shown in Figure 4 and Figuré 5.

Figure 4
Post—Test Photograph of Test C11687, Front Left View
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Flgure 5
Post—Test Photograph of Test C11687, Front Right View

2.2.1. Summary of Vehicle Crash Test Measurements

The complete set of recorded and computed vehicle measurements are included in Appendix B (Plots 61
through 77, 81, 82, 88, 105, 106, 109, 119).

Because this vehicle was impacted at a 23 degree angle, it experienced both longitudinal (relative to the
vehicle) and lateral accelerations early during the crash event. Similar to the other obligue movmg barrier
tests conducted for this project [2],[3] the accelerations and velocity changes of the vehicle's rocker panels
were translated to a new coordinate system that is aligned with the initial motion of the moving barrier.
This measurement could be compared to the vehicle’s longitudinal acceleration and change in velocity in
pure longitudinal cfashes, such as the pole impacts, in which vehicle yaw is minimal. The axis of the
vehicle and bbarrier are shown in Figure 6. ag is the acceleration in the vehicle's Iongitudinal direction, a4

is the acceleration in the vehicle's lateral direction, and ap, is the acceleration in the barrier's initial
longitudinal direction. =

1



7 vehicle acceleration in direction
+a,  of the barrier’s longitudinal axis

g/ *ta_  vehicle longitudinal

+ aa vehicle lateral

N

Figure 6
Vehicle and Barrier Axis
Test C11687

The translated measurement was calculated using the following steps.

The yaw velocity rate, a(t) (which was measured and is shown in Plot 119, Appendix B) was integrated

using a constant of 23° to yield the vehicle's ahgle o(f). This angle, 6(t), is relative to the barrier’s initial
longitudinal axis ahd is shown in Figure 7.

00 =/aoxt) 5t +23°
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Figure 7
Vehicle’s Yaw Angle, 6(f)
Test C11687

Next, the following data channels were filtered at SAE class 60 8]:
Right front rocker panel longitudinal acceleration, a(t), (Plot 64, Appendix B)
Righf front rocker panel lateral acceleration, a(t), (Plot 65, Appendix B)
Left rear rocker panel longitudinal acceleration, ai(t), (Plot 69, Appendix B)
Left rear rocker panel lateral acceleration, aj(t), (Plot 70, Appendix B)

Next, the right front rocker\result_ant acceleration in the direction of the barriers initial longitudinal axis,
| am(t), was calculated using the following formula (Figure 8):

am(t) = an(t) COSB(t) - an(f) COS(90° - 6(t))

+a
rf

()

o

a_, (tycos6(t)n Q9

t 90-0(t E
a,fa ( ) Ccos ( | ( ))V9O 6 + arfa (t)

4 ' y Figure 8 .
Translation of Accelerations to the Barrier’s Initial Axes
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In a similar fashion, the left rear rocker resultant acceleration in the direction of the barrier's initial
longitudinal axis, aj(t), was calculated using the following formula: '

am(t) = aio(t) cosO(f) - a(f) cos(90° - 6(f))

The two locations were averaged' to yield aag(f), the averaged vehicle acceleration in the direction of the
barrier's initial longitudinal axis, which is shown in Figure 9.

aavgb(t) = [arfb(t) + alrb(t) ] /2

5
C
c
2
e}
©
e
2
o
o
o
<
-45 T ¥ T i ! ¥ T ¥ - ¥ : T T T T : v v T v
0 50 : 100 150 200
Time (msec)
: Figure 9 :
Vehicle’s Averaged Acceleration In The Direction Of The Barrier's Longitudinal Axis, Aavge(T)
Test C11687

This averaged acceleration was integrated to give vag(f), the vehicle’s velocity in the direction of the
barrier's initial longitudinal axis, which is shown in Figure 10. The vehicle experienced a change in velocity
of 45 km/h in the direction of the barrier’s initial longitudinal axis.

va,,g;,(t) = [aag(f) dt + 0 (the vehicle's initial velocity was 0)
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Figure 10
Vehicle's Averaged Velocity in the Direction of the Barrier's Longitudinal Axis, Va,,g,,( )]
Test C11687

The displacement-of the driver's side toe pan was approximately 107 mm as shown in Figure 11 and Plot
77 Appendix B. '

0
-50 +
E _00_5
E "1
g -150 +
g :
o -200 +
8 t
g— r
E -250“;
-300 +
350 —7
0o 50 - 100 150 200

Time (msec)

F|gure 11
" Left Toepan Displacement, Relative to Floorpan
Test C11687, fi itered at SAE class 60 [8]
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The current measurements of the driver anAd passenger air bag ci_chits indicated thaf both air bags

deployed at 18 msec (Appendix B, Plots. 105 and 106.)

The engine motion measurement is shown in A'ppendix'B, Plot 88 and recreated here as Figure>12. This
measurement indicated that the engine was turning at normal speed through about 40 msec after which it

began to slow. The engine motion stopped by about 110 msec after impact:

Voltage (volts)

o 50 100 150 200
' Time (msec) '

Figure 12
Engine Motion
Measured using Auxiliary Magnetic Pickup Transducer, Test C11687

Figure 13 and plot 109 in Apbendix B show the fuel pump current draw during the impact. The‘ fuel pump
~ was drawing about 4.5 ‘amps while it was operating at impact. The current dropped to zero at about 40

msec after impact indicating the pump was off. This is consistent with the other frontal tests of this series in

that, the fuel pumps have _Iost electrical power early (before 100 msec) in every test conducted. The fuel

pump was likely stopped due to the drop in main vehicle voltage.
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- Figure 13 .
Fuel Pump Current

Test C11687
From 40 msec to 60 msec, the ignition voltage dropped from 13 volts to near zero in a stepwise manner "
(Figure 14 and Plot 85 in Appendix B). The fuel pump voitage decayed from 13 volts to near zero from
about 40 msec to 180 msec as shown in Figure 15 and Plot 81 (Appendix B). Bench-tests on fuel pumps
for other vehicles in the project [2], [3] indicated a gradual decay in voltage (lasting 40-150 msec) when_
current flow was stopped to the motor. This is likely due to the windings of the motor producing a'voltage '

(drop as the motor stops. The decay shown in Figure 15 is consistent with the observations from other
tests.
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Figure 14
Ignition Voltage
Test C11687
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Figure 15
Fuel Pump Voltage
Test C11687
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The fuel pump inertia switch did»activate during the test at about 47 msec after impact. The switch was
* physically inspected following'the test confirming its activation. The fuel pumb inertia switch voltage
measurement is shown in Figure 16 and Plot 82 in Appendix B. ‘A schematic showing where- this
measurement waé taken is shown in Figure 17. As indicated in the Figure 17, once tﬁe inertia switched is
activated during the impact the fuel pump voltage (Figure 15) and the fuel pump switch voltage (Figure 1 6)
should be the same. - These two traces are nearly identical after about 47 msec, indicating that the switch-
likely activated at about 47 msec. The fuel pump was already shutting down at this point due to the loss of

main vehicle power.

.Volta_ge (volts)

4 +—— —t—
0o - 50 ' 100 150 200
' Time (msec) '

Figure 16
Fuel Pump Inertia Switch Voltage
- Test C11687
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Fuel Pump Inertia Switch
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Figure 17 '
Fuel Pump Voltage Measurement Schematic
Test C11687

2.2.2. Summary of Recorded Barrier Measurements

The acceleration measurements and related computed values from the moving barrier are included in
Appendix B (Plots 120 through 138).

The longitudinal velocity of the barrier's CG is re-created here as Figure 18. The barrier sustained a ‘
velocity change of about 66.9 km/h (42 mph) in 140 msec.
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. Figure 18 : :
Moving Deformable Barrier Longitudinal Velocity at CG
o Test C11687 a

2.2.3. Summary of Recorded ATD Measurements

The complete set of recorded a'nd computed ATD measurements are included in Appendix B (pages i and
i, and Plots 1 through 60).

For the left front ATD, the upper right tibia moment (Mx, My resulfant) exceeded its Injury Assessment
Reference Value (IARV). Its peak value was 231 Nm (Plot 21) which was 103% of the IARV of 225 Nm [9].
The computed lower leg index for the right leg (Plot 23) which uses the upper tibia bending moment also
exceeded its IARV. The leg index was 1.14 compared to its IARV of 1.00.

" For the right front occupant position, the maximum chest compression was 51.4 mm (Plot 30, Appendix B).
This is less that the 1ARV of 75 mm specified in FMVSS208 [7], but greater than the IARV of 50 mm as

specified for a shoulder belted occupant in the AGARD Report AR-330 [9], (also in Appendix A). -

All other recorded and computed ATD measurements were below their respective IARVs.

2.2.4. Summary of Hydrocarbon Vapor Measurement

- A complete set of the recorded measurements is included in Apperidix C, Figures C1 through CC5, and
Appendix B, Plots 89 through 104. The signal cable from the vapor sensor located near left lower fuel line

(location #4) was cut during the crash test and no data was-recorded. The sensor near the left upper
21
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engine (location #3) was destroyed during the test. Of fhe remaining three locations, the right upper -
engine (location #1), and the left exhaust manifold (location #2) indit;ated the highest concentrations of
hydrocarbon vapofs. These two sensor outputs are recreated here as F igure 19 and Figure 20. -
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‘ Figure 19 )
Concentration Of Hydrocarbon Vapors Measured Near Right Upper Engine (Location #1)
. Test C11687
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Figure 20
Concentration Of Hydrocarbon Vapors Measured Near Left Exhaust Manifold (Locatlon #2)
Test C11687

The vapor concentration at location #1 increased to slightly greater than 1% in the first 60 seconds
following the impact, while the concentration at location #2 exceeded 3% during the first 60 seconds. The
GCMS analysis was completed on the vapors collected from these same locations [1]. The resuits of the
GCMS analysis for locations #1 and #2 were similar. The results of the GCMS analysis for location #2 is
recreated here as Figure 21 and Figure 22. The GCMS analysis indicated the source of the vapors were
gasoline, stoddard solvent and oils. o
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Figure 21
GCMS Analysis of Vapor, Background Sample Collected near Left Exhaust Manifold (Location #2)
. Before the Test, Test C11687 _ :
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Figure 22 ' \
GCMS AnalyS|s of Vapor Sample Collected near Left Exhaust Manifold (Location #2)
Post-test Test C11687 .
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The sourcé of the oil .vapor observed in this test could not be positively identified through the GCMS
| analysis.” The analysis does not distinguish vapors with similar molecular makeup. In this case, any of the
heavy oils such as:power steering fluid, transmission fluid, or motor il could be the source of the Vapbr. Of
these fluids, ohly transmission fluid and power steering systems leaked during the impact, so one of those
‘two may have been the likely source. At ambient temperatures, these fluids do not vaporize, thus contact
with a hot surface likely occurred vaporizing the fluid. ' '

The source of the Stoddard vapor was likely the Stoddard that leaked out of the fuel tank during the impact. '
(Section 2.2.6.) Unlike the oils, Stoddard and gasoline will vaporize at ambient conditions, thus the
presence of vapor.does not necessarily indicate contact with a hot surface.

Gasoline vapor was also indicated in the GCMS analysis. However, there were no leaks identified in the
pressurized fuel system/ (Section 2.2.5)) (The fuel tank contained Stoddard for the test, but the
pressurized fuel system contained gasoline.) The source of the gasoline vapor could have been from a
damaged((during ‘the impact) air intake or manifold in which the air/fuel mixture could escape to the
atmosphere from the normal flow to the engine. Since the fuel pump stopped early, this would result in
only a small amount of gasoline vapor (not liquid gasoline) released and does not necessarily present an
increased fire risk. An alternate source of the gasoline vapor could have been from contaminated Stoddard
Solvent.  To reduce the volume of hazardous waste generated in conducting full-vehicle crash tests,
Stoddard Solvent is re-used in most crash test laboratories; that is, it is removed from fuel tanks from

crash-tested vehicles and re-used for other tests. Thus the Stoddard, over time, can be contaminated with
residual gasoline from fuel tanks. '

2.2.5. Summary of Fluid Pressure Measurements

“The dynamic preésure measurements of the engine compartment fluids are shown in Appendix B, Plots
138 through 146.

The front brake system pressure (Plot 139) indicates a gradual decline in pressure but not to zero, and
does not indicate the presence of a leak. This is similar to observations in pfevious tests conducted for this
_ project and could be due to the release of the mechanism used to hold down the brake pedal. This
mechanism was attached to the forward buikhead that deformed during the impact.

The power steering fluid pressure data (Plot 142) is inconclusive due to an instrumentation malfunction
- (likely caused by damage to the transducer during the vehicle crush.) However, the post-test inspection
revealed that the pump housing was cracked and fluid was lost during the impact.
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Similarly, the transmission cooler pressure measurement also-was inconclusive due to damage to the
transducer during the impact (Plot 146). The post-test inspectidn rev_ealed that the transmission housing
was cracked and fluid was lost during the impact. '

The engine coolant system pressure (Plot 144) indicates a rise in pressure followed by a drop to zero af 60
msec. - This is consistent with the post-test inspection which revealed a crushed and leaking radiator.
Similar to previous tests, the engine cooling system maintained a steady state pressure while the engine
was off during the set up of the instrumentation just prior to the test. An artifact of the data acquisition -
system forced some channels to zero, thus this measurement was biased back to the true steady state
beginning pressure. Plot 143 is the unbiased data and Plot 144 shows the corrected (biaséd) data.

The pressure of the engine oil is shown in Plot 145, and does not indicate any leaks. This was confirmed
during the post-test vehicle inspection.

The fuel supply preséure (Plot 141) indicated some fluctuations in fuel pressure during the impact, but did
not indicate a complete loss in pressure. These fluctuations in fuel preésure are consistent with other tests
conducted in which there was not a leak in the pressurized fuel system. This was also supported by the
post-test vehicle inspecﬁon wﬁich did not reveal any leaks in the fuel system. Similar to the engine
coolant, the fuel system maintains a pressure when the engine is off, thus both an unbiased (Plot 140) and
a biased (correctéd, Plot 141) trace are included. |

2.2.6. Summary of Fuel System Integrity

There were no leaks to the pressurized fuel line (see Section 2.2.5). The production fuel tank was
punctured during ‘the test resulting in the loss of Stoddard Solvent following the impact. The leak rate of the
Stoddard was not measured at the crash facility. The lateral movement of the drive shaft just rear of the
transfer case caused the puncture. The yoke on the universal joint of the drive shaft punctured the tank
just above the seam between the upper and lower sections of the tank. Figufe 23 shows the proximity of
the universal joint to the tank following the test. The puncture to the tank is not visible in Figure 23 but is
located just above and hidden by the tank seam. |
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Figure 23
- Rear Drive Shaft Universal Joint And Fuel Tank
Test C11687

Following the crash test and the post-test inspection, the fuel tank was removed and a subsequent test was
conducted to determine an approximate leak rate of the Stoddard Solvent. This experiment was
conducted so that the leak rate could be duplicated during the fire propagation test éonducted with this
vehicle. The measured leak rate was approximately 280 cm’/min. The details of this leak rate experiment
as well as the ﬁre‘propagation test will be reported separately. '

2.2.7. Summary of Additional Electrical Measurements

The results of the electrical measurements made in the engine compartmerit are shown in Appendix B
(Plots 78 through 80, 83 through 85, and 107 through 108, and 110 through 115).

The battery voltage (Plot 79) measurement drops to near zero at about 50 msec-and never recovers.
However, other voltage measurements on the vehicle (Plots 78, 80, and 85) did indicate approximately 12
volts from 120 — 140 msec. Since the source of these voltéges must be the battery, the battery voltage
measurement (Plot 79) is likely invalid after about 50 msec. This measurement was taken directly at the
positive battery terminal which was in the crush zone and was damaged during the impact. The electronic
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noise indicated on Plot 79 aISo indicates instrumentation malfunctions due to the crush on this
measurement. '

The starter voltage (plot 78); alternator voltage (plot 80), and ignition voltage (plot 85) all show similar
‘results. They all drop from 13 volts to less than 5 volts starting at about 40 msec. They all recover io 12
voits from 120 to 140 msec before returning to less than 2 volts. The main vehicle electrlcal voltage
dropping mtermlttently and then recovenng intermittently has been an observation of nearly every test
conducted for this project [2], [3]. For tests on other vehicles, specific causes for the voltage drops have
been idenfiﬁed such as the shorting of the starter cable to ground céusing additional loading on the battery
[2]. However, for this test, no specific cause was identified. Neither the post-test inspection nor the current
measuremen'ts indicated a specific short to any of the large gage cables such as the alternator or starter
cables. (Although all underhood electrical circuits were not measured and inspected.) The cause of the
drops in the main vehicle voltage likely was caused by the opening and re-connection of the individual cells
internal to the battery or by additional loading to the battery by un-identified shorts. The battery was in the
crush zone and the post-test inspection did reveal significant damage to the battery housing and the cells
inside the battery supporting the likelihood-that internal damage to the battery resuited in the voltage drops.
A photograph showing the bottom and side of the battery is shown in Figure 24. '

Figure 24
Battery
(The test number tape is attached to the bottom of the battery)
Test C11687
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The headlight low-beam voltage (Plot 83) and left front fog-light voltage (Plot 84) both drop from 13 volts to
near zero at 30 msec but do not recover to 12 volts from 120 to 140 msec. Itis possible that the vehicle

crush (between 30 msec and 120 msec) caused damage to the instrumentation wiring that resulted in the
signal staying low.

The Power Distribution Box (PDB) current (Plot 107), A/C clutch current (plot 110), HVAC blower current

(Plot 113) and alternator cable #1 current (Plot 111) are all generally inconciusive due to damage to the
transducers during the impact.

The ignition current (Plot 115) does not indicate any sighificant loads due to shorts. Neither does the
head-light/fog-light current (Plot 114), however, this measurement is suspect because it does not indicate
current flow at beginning of impact (0 msec.)

2.2.8. Summary of Numerical Film Analysis
No numeric film analysis was done for this test.
2.2.9. Results of Post-test Static Rollover

No static rollover was conducted on this vehicle following the crash fest for reasons described in the results
of the first offset frontal pole impact on the passenger van. [2]

2.2.10. Results of the Evaluation of the Crashworthiness of Potential Fire Detection or Suppression
Technologies

The results of the electrical measurements of the experimental fire detectors are shown in Appendix B
(Piots 86, 87, 116, 117, and 118).

The left optical fire detector voltage is shown in Plot 86 and does- not indicate any activation during the
impact. The right optical fire detector voltage (Plot 87) also does ﬁet indicate any activations (which would
be indicated by a rise to 12 Volts for at least 250 msec.) This plot does however drop from 4 volts to zero
intermittently from 65 to 85 msec. This indicates possible eI‘ectrical opens in the measurement wiring.
These opens were not specifically identified. It is possible that they occurred in either the connectors or the
wiring of the auxiliary signal—conditioning unit that was required to monitor the circuit. (This unit is not part
of the actual detector and would not be necessary if the detector were used in a productlon application to
activate a suppressmn system.)

The thermal wire contact did not indicate any activations or closures during the test (Plot 116.) This
indicates that this device at its respective mounting location was crashworthy for this crash configuration.
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The pneumatic wire contact did indicate a closure from 56 to 68 msec (Plot 117). ‘This closure was likely
due to either a false activation of the detector or a malfunction of the wiring used to monitor it (such as a
. pinched or cut wire.) However, no cut instrumentation wiring was identified during the post-test inspection.

2.2.11. Summary of Post-test Vehicle Inspection

The vehicle was disassembled and inspected for air passa‘ges from the exterior into the passenger °
compartment, the locations of any fluid leaks that occurred during the crash test, the locations of any
electrical shorts that occurred during the crash test, and any contact between combustible materials and
hot surfaces. As with any severe crash test, the vehicle residual crush makes the inspection of eVery
component difficult if not impossible. Many components became buried and impossible to inspect without
further damage. Some occurrences or events may not have been identified and noted. However, a
reasonable effort was made to complete as thorough an inspection as possible.

Consistent with the crash tests on other vehicles types in this project, openings from the exterior to the

interior of the passenger compartment caused by the crash were identified. These openings were not

evaluated for their potential contribution to fire propagation, instead all openings identified were noted. The

presence of interior components, such as interior trim or carpeting, in many cases, would prohibit the free

flow of air through the structural openings. Later fire propagation tests were conducted on some of the

crash-tested vehicles to better characterize propagation characteristics, and are reported sebarately. |
Those openings (excluding glass breakage) identified for this test, follow:

o Separations along the left and right edges of the tranémission shift cover plate on the center tunnel.
The left opening was approximately 200 mm long by 15 mm wide at the widest point. The right
opening was approximately 100 mm long by 15 mm wide at the widest point.

e A dislodged grommet plug at a electrical pass through in the floorpan undér the drivers seat.
(approximately 50 mm in diameter)

e A separation of the weld between the transmission hump and the center toe pan (comprised of several
small openings all less than 10 mm in diameter.)

Dislécation of the steering column boot at the steering column pass-through.
The following fluid leaks were identified during the post-test inspection:

Transmission fluid: case cracked, fluid lost

Engine coolant: radiator crushed, coolant lost
Power steering,ﬂuvid: pump cracked, fluid lost

L ]
~

Stoddard Solyﬁ:nt: drive shaft punctured fuel tank (see section 2.2.6)
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Battery electrolyte: 3 cells cracked and leaking

. There were no leaks found in the brake system, pressurized fuel lines, engine oil system, or washer

solvent reservoir. -

" There were no electrical shorts identified during the post-test vehicle inspection.

~ There was no contact between normally hot surfaces and combustible solids during the post-test

inspection.

2.3. Conclusions

There were no fires observed during or after this crash test.

The eleetric fuel pump ‘began stopping at 40 msec after impact due to the temporary loss of main

vehicle éystem voltage. The fuel pump did not recover when the main electrical voltage temporarily
returned from 120 msec to 140 msec.

The fuel pump inertia switch activated during the test at about 47 msec after impact.

- The vehicle's acceleration measurements were translated to a new coordinate system in line with the

longitudinal axis of the moving barrier. The peak acceleration of the vehicle along this axis was 36 g

(filtered at 60 Hz). The change of velocity of the passenger compartment along this same axis was
approxmately 45 km/h (28 mph).

The moving deformable barrier sustained a longitudinal velocity change of 66.9 km/h (42 mph) in 140
msec. '

Both air bags deployed at 18 msec past time zero.

Only the driver (left front) ATD’s upper right tibia moment (resultant of Mx and My) was above its

. respective- IARV. This resulted in a computed lower leg index above IARV as well. All other

measurements on the left front were below their respective IARV.

The passenger (right front) ATD’s chest compression measurement 51.4 mm. This is less than the
IARV of 75 mm specified in FMVSS208 [7], but greater than the IARV of 50 mm as specified for a

shoulder belted occupant in the AGARD Report AR-330 [9], (also in Appendlx A). All other
measurements on the right front ATD were below their respective IARV.

There was approximately 107 mm of toe pan intrusion on the driver's side.
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10.

1.

12.

13.

14.

15.

16.

17.

18.

The engine began slowing 40 msec after impact and was stopped by 110 msec.”

Valid data was obtained. from only 3 of the 5§ vapor sensors. Of those three, the highest concentration
of vapor was near the left exhaust manifold that exceeded 3% concentration for the first 60 seconds
following the impact. The GCMS analysis indicated the source of the vapors was likely oils, stoddard
and gasoline. The source of the oils was likely transmission fluid or power steering fitiid contacting a
hot surface in the engine. The source of the Stoddard vapor was the leak in the fuel tank, and the
source of the gasoline vépor was either an opening in the air/fuel intaké path (relea'sing gasoline
vapors and not necessarily liquid) or contamination of the Stoddard Solvent with gasoline.

The universal joint on the rear drive shaft punctured the fuel tank during the impact. The leak rate of

Stoddard Solvent was not measured at the crash test facility, but subsequently measured to be-
approximately 280 cm®/min.

Transmission ﬂdid,'engine coolant, power steering fluid, and battery electrolyte all leaked during the
test. No other engine compartment fluids leaked.

The main vehicle electrical voltage dropped from 13 volts to less than 5 volts intermittently during the
impact. The cause of this drop was not positively identified. Intermittent drops in vehicle voltage have
been observed in most frontal tests conducted for this project, and usually were caused by temporary

shorts drawing the battery voltage down. In this case, the cause of the voltage drops was likely either’
unidentified shorts or damage to the internal cells of the battery. '

The electrical monitoring of the experimental thermal wire fire detector attached to the underside. of the
hood did not show evidence of any electrical closures throughout the test, demonstrating
crashworthiness for its given mounting location and this crash configuration.

Monitoring of the experimental pneumatic fire detector was inconclusive. An electrical closure of the
circuit was recorded, which is indicative of an-activation, but there was no apparent fire or heat

,damage to the sensor.

Monitoring of the experimental optical fire detectors was inconclusive. It appears they did not activate
during the crash. However, their output signal did drop to zero intermittently during the impact possibly

due to loose electrical connections in the signal conditioning of the sensors (not in the sensors
themselves.) ' . )

Five crash-induced bpenings into the passenger compartment were identified: the separation along the
left and right edges of the transmission shift cover plate on the center tunnel, a dislodged»grommet'plu‘g
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at an electrical pass through in the floorpan under the driver's seat, a separation of the weld between
the transmission hump and the center toe pan, and a dislodged steering column boot. '

19. There was no contact between any normally hot surfaces and solid combustibles.
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3. Sport-Utility-Vehicle Offset Pole Frontal Impact, Test C11793

The sport utility vehicle offset pole frontal impact crash test (Test #C1 1793) was conducted on November

12, 1997 at the GM Proving Ground in Milford, Michigan. A total of 136 channels of data were recorded
during the test. o '

3.1. Test Conditions
3.1.1. Impact Conditions

This test was an offset pole frontal impact as depicted in Figure 21 and Figure 22. The test vehicle was
towed into a 355 mm (14 inch) diameter steel pole. The lateral offset between the vehicle longitudinal
centerline and the pole was 305 mm (12 inches), with the impact occurring on the right side of the vehicle

centerline (passenger’s side). The impact velocity was measured with radar, and was 55.8 km/h (34.7
mph).

355 mm Diameter
Offset Pole

55 km/h
(34 mph)

J
—

Figure 21
Crash Test Configuration for Test C11793
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Figure 22
Pre-test Photograph of Test C11793

3.1.2. Vehicle Description

The test vehicle was a 1997 Ford Explorer (VIN: 1FMDU34X5VUA99103) which had a test mass of 2242
kg (1142 kg front, 1100 kg rear) which included the two ATDs, crash test instrumentation, and Stoddard
Solvent in the gasoline tank. First, the fuel tank’s unusable capacity was established (filied) with Stoddard
Solvent, then 74.8 liters of Stoddard were added to the unusable capacity of the tank. (74.8 liters
iepresents 95% of the usable capacity of 78.7 liters.) The engine was operating at impact with complete
engine compartmént fluids, including battery electrolyte. The radio, low beam headlights, fog lights, and air -
conditioning were all operating at impact. The transmission was in neutral for the test.

3.1.3. Pre-test Engine Warm-up Procedure

The engine was started approximately 77 minutes before impact as outlined in Table 2.
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Table 2 |
Engine Warm-Up Procedure for Test C11793

Time after ivnitial engine starf, Duration,
o (min) - (min)
Engine started (idle approximately 900 rpm) 0 14
Engine speed increased to ﬁ200 rpm 14 2
Engine turned off for instrumentation set-up 35 22
Engine restarted, set to 1100 rpm . 57 20
Impact ‘ ' 77

The surface temperature of the left exhaust manifold was measured using a non-contact infrared meter
twice during the engine warm-up period. At 10 minutes after the initial engine start the manifold
temperature was 518 degrees F, and at 33 minutes it was 548 degrees F.

3.1.4. Madifications to Production Vehicle

The same modifications were made to the production vehicle as with test C11687 (Section 2) with the
exception of the brakes. The vehicle’s rear brake lines were cut and an Aauxiliary brake machine was
installed to abort the test during the tow, if necessary. The pistons were removed from the front calipers
and the brake fiuid inlet port was welded shut. This allowed the front brake lines to be pre-charged and
maintained at a steady state pressure,vwhile still allowing the front wheels to rotate during tow. The front
brakes were pre-charged by rhechanically locking down the driver brake pedal. ‘Unlike test C11687, the
plastic throttle cover was replaced after the idle was adjusted and before the test. ‘

3.1.5. Vehicle Measurements

The vehicle measurements were the same as for test C11687 (see Section 2.1.5) except the vehicle yaw
was not measured and the toepan displacement measurement was on the right side rather than the left. In
addition an electrical contact closure circuit was used to monitor the mechanical motion of the fuel inertia

switch reset button. This measurement was independent of the vehicle circuitry. ’

3.1.6. Photographic Coveraqe

High-speed 16 mm movie cameras were used to film the crash test. Cameras were located at various
locations around the impact including above, in front of, below and to both sides of the vehicle.
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3.1.7. Anthropomorphic Test Device (ATD) Measurements

Two 50" percentile male Hybrid Ill ATDs [6] were located in the front outboard seating positions. The
ATDs were positioned similar to test C1‘1687. The pelvic angle was 21.7 degrees for the left front
occupant and 25.0 degrees for the right front occupant. The head target angle was at 0 degrees from
horizontal for both ATDs. The seat back angle was 25.0 degrees for both seats.

The ATDs were both instrumented to make the same measurements as test C11687 (Section 2.1.8)
except the six additional tibia measurements were recorded on the right front -occupant rather than the left
front occupant. (The six additional measurements were upper tibia shear load: left and right legs, lower
tibia shear load: left and right legs, and lower tibia bending moment: left and right legs).

3.1.8. Hydrocarbon Vapor Measurements
Hydrocarbon vapor was measured at the five following locations in the engine‘compartment:

e Left exhaust manifold (location #1)

¢ Right exhaust rnanifold’(lecation #2)

* Lower rear intake manifold (location #3)

e Near the fuel pressure regulator (location #4)
o Near the catalytic converter (location #5)

The technique used to measure the vapors was similar to test C11687 (Section 2.1.9.) and was described
in reference [1]. '

3.1.9. Fluid Pressure Measurements

Pressures in several of the vehicle’s fluid systems were measured to help identify fluid leaks and the time

during the impact when they occurred. Pressures measured were the same as for test C11687 (Section
2.1.10). ' ' '

3.1.10. Additional Electrical Measurements

'Additional electrical measurements were made to identify possible shorts, arcing or overheated circuits.

The currents measured for test C11793 were slightly different than for C11687 and mcluded
» Alternator cable #1 (measured at fusible link near PDB)

» Alternator cable #2 (measured at fusible lmk near PDB)

¢ A/C clutch (measured near compressor)

o Starter cable (measured at battery)
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B+ battery cable (measured at battery)

o Power distribuﬁon box (PDB). (measured near box) '
e HVAC blower (measured near relay box #2)

¢ Headlight low beam (measured under the PDB)

» Fog light (measured under the PDB)

e |gnition (meaéured in passenger compartment under instrument panel)

- The voltage measurements were the same as for test C11687, except the right headlight and fog lights
were monitored rather than the left. ‘

3.1.11. Evaluation. of the Crashworthiness of Potential Fire Detection or Suppression Technologies

Devices representing three different fire detection technologies were included on this test: optical sensors,
thermal wires, and pneumatic wires. Thesé devices were similar to test 011687 (Section 2.1.12). except
the routing of the thermal wire and pneumatic wire under the hood was slightly different. The location of
the thermal wire and pneumatic wire is shown in Figure 23.

Thermal Wire

& Pneumatic
Sensor
(adjacent)

Figure 23
Thermal wire and pneumatic detector:
TestC11793 o

38



3.2. Summary of Test Results

Post-test photograbhs of the vehicle are shown in Figure 24 and Figuré 25.

Figure 24
Post-Test Photograph of Test C11793, Front-Right View

Figure 25 _
Post-Test Photograph of Test C11793, Front-Left View
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3.2.1. Summary of Standard -Vehidle Crash Test Measurements »

The complete éet of recorded and computed vehicle measurements are included in Appendix D (Plots 61
through 77, 81, 85, 88, 94, 95, and 99). -

The two rear rocker panel longitudinal acceleration measureménts were averaged and integrated to
compute the change in vehicle velocity, and integrated again to compute Vehicle displacement. The 'peak
vehicle longitudinal acceleration (after filtering at SAE class 60 [8]), was 28 g. The maxirhﬁm longitudinal
chaﬁge in vehicle .velocity was 61-km/h (37.9 mph), with the velocity crossing zero at 120 msec past time
zero (impact.) The averaged rear rocker longitudinal acceleration and velocity are shown in Plot 75 and in
Figure 26 and Figure 27.

Acceleration (G's)

'45 + 4 1
T T T T T T T T 3 T T T T T ¥ T T T T

0 50 100 150 200
Time (msec)

Figure 26 ' .
Averaged (Left & Right) Rear Rocker Panel Longitudinal Acceleration
Test C11793, filtered at SAE class 60 [8]
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Velocity (km/h)
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Figure 27 o
Averaged (Left & Right) Rear Rocker Panel Longitudinal Velocity
Test C11793

The displacgément of the right toe pan, relative to the passenger Compartment, was approximately 118 mm
and is shown in Figure 28 and also Plot 77, Appendix D.
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Displacement (mm)
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: Time (msec)

: . ‘Figure 28 .
Right Toepan Displacement, Relative to Fioorpan .
Test C11793, filtered at SAE class 60 [8]
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The engine motion began to slow at approximately 40 msec after time zero and stopped by 120 msec as
shown in Figure 29 and Plot 88.

1.0
0.8 +
0.6 1
0.4 |
0.2 1
0.0 -
0.2
04 -
0.6 -
-0.8 -
a4

0 50 100 150 200
Time (msec) .

Voltage (volts)

Figure 29
' Engine Motion
Measured using Auxmary Magnetic Pickup Transducer, Test C11793

The current measuremehts of the driver and passenger air bag circuits indicated that both air bags
deployed at about 14 msec (Appendix D, Plots 94 and 95.)

_ . -
Figure 30 and Plot 99 shows the current measurement at the auxiliary fuel pump and indicates that the
current stopped flowing to the pump at about 48 msec. This correlates with the time at which the main
battery voltage dropped from 13 to 9 volts as shown in Plot 79 and Figure 31. Temporary and partial
drops in main vehicle voltage have caused fuel pumps to consistently shut down early during the crash
tests conducted for this project [2][3]. In addition, an inertia activated fuel pump cutoff switch protected
this fuel pump circuit. This switch activated at about 60 msec after impact. This can be determined by
comparing the fuel pump voltage (Figure 32 and Piot 81) and the fuel inertia switch voltage (Figure 33 and
Plot 85). These two measurements should be nearly équal after the switch activates as schematically
shown in Figure 17. The measurements are indeed nearly identical after 60 msec. In éddition, an
independentveiectrical contact circuit was used to monitor the mechanical movement of the switch reset
button (Plot 110) also indicated closure at about 60 msec.
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Figdre 30 -
Fuel Pump Current
Test C11793
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Figure 31
Battery Voltage
Test C11793
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Voltage (volts)

Voltage (volts)
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) Figure 32
Fuel Pump Voltage
Test C11793
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Figure 33
Fuel Inertia Switch Voltage
Test C11793
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3.2.2. Summary of Recorded ATD Measurements

The complete set of recorded and computed ATD measurements is included in Appendix D (pages iand ii,
and Plots 1 through 60).

For the left front ATD, only the lower right tibia moment (My) which had a peak value of 377 Nm exceeded
its IARV of 225 Nm (Plot 22) [9]. All other measurements were below their respective IARVS.

For right front ATD, all recorded measurements were below their respective 1ARVs. '

3.2.3. Summary of Hydrocarbon Vapor Measurements

A complete set of the recorded measurements is included in Appendix D, Plots 89 through 93, and aiso
Appendix E, Figurés E1 through EES5. :

The signal cable from the vapor sensor located near the catalytic converter (Iocation #5) was cut during the
crash test and no useful data was recorded. The sensor near the right exhaust manifold (location #2) was
sprayed with fiuid and resulted in no useful data. Of the remaining three locations, the sensor near the fuel
pressure regulator (location #4) indicated the highest concentration of hydrocarbon vapor. This sensor’s
output is recreated here as Figure 34 and indicates a concentration of hydrocarbon vapor exceeding 2%
for the first 20 seconds foIldWing the test. The results of the GCMS analysis for location #4 is recreated

here as Figufe 35 and Figure 36. The GCMS analysis indicated the source of the vapors was likely
gasoline.

Similar to test C11687, gasoline vépor was identified in the engine compartment but no leaks in the
pressurized fuel system were identified. Since there was no Stoddard leak in this case, the source of the
gasoline vapor could not have been contamination of the Stoddard Solvent but was likely an opening in the
air/fuel intake path resuiting in gasoline vapors being released to atmosphere. Also similar to test

C11687, the fuel pump stopped early during the impact, thus only a small amount of vapor was likely
released. ‘
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Figure 34
Concentration Of Hydrocarbon Vapor Measured near the fuel pressure regulator (location #4)
Test C11793
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-Figure 35
GCMS Analysns Of Vapor Background Sample Collected Near The Fuel Pressure Regulator (Location #4)
Before the Test, Test C11793
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~ ' . Figure 36
GCMS Analysis Of Vapor Sample Collected Near The Fuel Pressure Regulator (Location #4) Before the
Post-Test, Test C11793 :

3.2.4. Summary of Fluid Pressure Measurements

The dynamic pressure measurements of the engine compartment fluids are shown in Appendix D, Plots

- 111 through 118.

The power steering fluid (Plot 114), pressurized fuel system (Plot 112 and‘113), brake system (Plot 111),
and engine oil (Plot 117) pressures did not indicate any leaks during the crash test. This was confirmed
during the post test vehicle inspection in which no leaks were identified in these four systems. "The steady
state brake pressure before the impaét was only about 500 kPa, significantly lower than what was achieved
for previous frontal tests. This was due to problems with the test hardware used to pressurize the brake
system. The engine oil pressure gradually dropped to zero due likely to the enginé Stoppage.

Both the engine coolant pressure and transmission fluid pressure measurements were inconclusive due to
instrumentation malfunctions or full scale overloading. However, the post-test inspections revealed that

fluid was lost from both of these systems (see section 3.2.9)
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3.2.5. Summary of Additional Electricél Measurements

The results of the additional electrical measurements are shown in Appendix D (Plots 78 through 80, 82
through 84, 96 thrbugh 98, and 1 00 through 106).

The ignition voltage (Plot 84), battery voltage (Plot 84), and starter voltage (Piot 78) all indicated a drop of
main system voltage of approximately 8 volts from 40 msec to 110 msec. Previous tests on other vehicles
had indicated that temporary and partial drops in main battery voltage had been caused by electrical shorts
during the crash [2], [3]. The post-test inspecﬁon indicated a cracked alternator housing and a possible
internal short of the alternator. The two_ alternator current measurements (fusible link #1: Plot 101 and
fusible link #2: Plot 102) indicated a negative current flow from 40 to 110 msec (current flowing in the
opposite direction than for 0 to 40 msec.) This also is evidence of a possible alternator short. Both of
these current measurements overloaded their full-scale capacity, even during normal alternator operation
before the impact. This was Vh'ot‘unexpected because relatively small current transducers (20 amp) were -
required due to physical space restrictions. Although these measurements overload, they are still helpful in
determining when current stops or changes directions. The fuse #6, which protects the alternator field
wiring and regulator, was open following the test. This probable internal short of the alternator was the
likely cause of the drop in main system voltage from 40 to 110 msec. However, there was no evidence of
any burning or charring of any solids in or around the alternator. ' '

The battery current (Plot 96) also indicates a possible short from 40 msec through 110 msec. Since this
main B+ cable feeds the alternator cables, this is not an indication of an additional short but of the
previously referenced alternator short.

The alternator voltage measurement (Plot 80) is inconclusive due to an instrumentation malfunction. The
instrumentation wire used to monitor this voltage shorted and opened during the crush. This was verified
during the post-test vehicle inspection. This small gage wire was part of the crash test instrumentation and
not part of the vehicle’s production wiring. It is impossible to verify that the shorting of this instrumentation
wire was not the cause of the main system voltage drop, hbwever, it seems unllikely given the small current
carrying capability of this wire.

Similar to test C11687, the headlight low beam voltage (Plot 82) and the foglight voitage (Plot 83) dropped
when the system voltage dropped. However, unlike the system voltage they both dropped completely to
zero at about 60 msec. The fog light relay was crushed during the impact; this is likely the reason the

foglight signal drops to zero. The headlight voltage measurement wiring may have been damaged during
the vehicle crush (between 40 msec and 60 msec).

Neither the starter current (Plot 98), AJC clutch current (Plot 100), nor the ignition current (Plot 106) plots
indicate ashort. © ' ‘ :
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- 3.2.6. Summary of NUmericaI Film Analysis

The numerical film analysis plots are included in Appendix F (plots 1 through 8).

The numerical ahalysis of the overhead film indicated that the dynamic pole penetration into the engine -
compartment was approximately 1196 mm at 139 msec after time zero, as shown Plot 8.

3.2.7. Results of Post-test Static Rollover

No static rollover was conducted on this vehicle following the crash test for reasons described in the results
of the first offset frontal pole impact on the passenger van. [2]

3.2.8. Results of the Evaiuation of the Crashworthiness of Potential Fire Detection or Suppression
Technologies '

The results of the electrical measurements of the experimental fire detectors are shown in Appendix D,
(Plots 86, 87 and 107 through 109). '

The two optical fire detectors mounted under the hood both activated as indicated by the rise in voltage
from 4 to 8 volts as shown in Plots 86 and 87. . The left sensor had an apparent activation at 85 msec,
while the right apparently activated at 125 msec. The interface box used between the sensors and the
data acquisition system was designed to maintain the voltage increase caused by an activation for 250 -
msec to insure it would be readily identifiable. Both of the detector voltages remained high for 250 msec
before returning to a nominal voltage of 4 volts. (Note this 250 msec duration is not apparent in Plots 86
and 87 which are truncated at 240 msec but was verified by inépecting the data recorded after 240 msec.)
There was no fire or flame identified in the high-speed movies or videos. in addition, the post-test vehicle
inspection did not reveal any burning or charring . of underhood solids. The-activation of these sensors was
either a false activation or a malfunction of the interface box (which was used only for testing purposes to
help record the sensor outputs.) ‘It is possible, but unlikely that they were reacting to a fast flame flash
which was not apparent in either the films or during the post-test inspections. This scenario is unlikely
because there was no apparent fue! source or ignition source identified.

Neither the thermal wire nor the pneumatic wire indicated any activations (Plots 107 through 109),
demonstrating crashworthiness at their respective mounting locations for this crash event.

3.2.9. Summary of Post-test Vehicle Inspection

As with the previous tests, the vehicle was disassémbled and inspected to identify air passages from the

engine compartment into the passenger compartment, the locations of any fluid leaks, the locations of any
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electrical shorts identified during the crash test, and any contact between combustible materials and hot
"surfaces. ‘ -

The following crash-induced openings into the passenger compartment were identified during the post-test
inspection: '

e Separation along the left and right edges of the transmission shift cover plate on the center tunnel. The

left opening was approximately 150 mm long and less than 30 mm wide at the widest point. The right
opening was similar in size.

e A puncture of the right front toe pan. The area of the opening was estimated to be 1250 mm? (1.9 in?).

¢ A weld separation at the bottom of the passenger hinge pillar. The weld separatéd over the entire
longitudinal length of the door, but this separation did not result in an opening to the exterior over ité
entire length. ’ There were only two‘smaller openings at the front and rear portions of the sep'arationv.
Both of these smaller openings were estimated at less than 30 mm wide at their widest point and less

than 50 mm long each.

The following fluid leaks were identified during the post-test inspection:

e Transmission fluid: case cracked, fluid lost
e Engine coolant: radiator crushed, coolant lost
e Battery electrolyte: housing cracked, electrolyte lost

e Washer solvent: reservoir crushed, solvent lost

The fuel filler tube pullled out of the fender and it was intact with the filler cap in place.

There were no leaks found in the brake system, fuel lines, engine-oil system, or power steering system.
There was only one contact between a normally hot surface and a combustible solid identified. The right

exhaust manifold contacted the aluminum-covered insulation of the HVAC housing. There was no

evidence of charring or burning. The ignition temperature of the insulation was not determined.

3.3. Conclusions

1. There were no fires observed during or after this crash test.
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10.

11.

12.

13.

The electric fuel pump began stopping at 48 msec after impact due to a temporary drop in the main

vehicle system voltage. The fuel pump did not recover when the main electrical voltage returned at 110
msec.

The fuel pump inertia switch activated during the test-at about 60 msec after impact.

The peak longitudinal acceleration of the passenger compartment was approximately 28 g (filtered at
60 Hz). The maximum longitudinal change in vehicle velocity was 61 km/h (37.9 mph), with the velocity
crossing zero at 120 after impact. ‘

Both air bags 'deployed at 14 msec past time zero.

‘Only the lower right tibia moment (My) for the left front ATD exceeded its respective IARV. It had a

value of 167% of its IARV. All other ATD measurements were below their respective I1ARVs.
There was approximately 118 mm of toe pan intrusion on the passenger’s side.
The engine rotation began to slow at approximately 40 msec after time zero and stopped by 120 msec.

There was novspillage of gasbline or Stoddard Solvent off of the vehicle during or immediately after the
crash test. ' '

The numerical analysis of the overhead film indicated that the dynamic pole penetration into the engine
compartment was approximately 1196 mm at 139 msec after time zero.

Valid data was collected from only 3 of the 5 Hydrocarbon vapor. Of those three, the highest
concentration of vapor was near the fuel pressure regulétor which exceeded 2% concentration for the
first 20 seconds following the impact. The GCMS analysis indicated the source of the vapors was
likely gasoline. There was no leak in the pressurized fuel system, however, so it is likely the vapor
source was a opening in the air/fuel intake path to the engine.

Transmission fluid, engine coolant, washer solvent, and battery electrolyte all leaked during the test.
No other engine compartment fluids were released.

The main system voltage dropped and remained low. from 40 msec through 110 msec. Previous tests
on other vehicles indicated that shorts of\heaVy gage cables and circuits frequently caused temporary
and/or partial drops in vehicle voltage [2] [3]. For this test, evidence of an internal alternator short was

identified. It is possible (but impossible to verify) that this was the cause of the system voltage drop. _

There was no evidence of burning or charring of any solids in or around the alternator.
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14.

15.

18.

17.

18.

The electrical monitoring of the experimental thermal wire fire detector attached to the underside of the
hood did not show evidence of any electrical closures throughout the test, demonstrating
crashworthiness for its given mounting location and this crash configuration.

The electrical monitoring of the experimental pneumatic wire fire detector attached to the underside of
the hood did not show evidence of any electrical closures throughout the test, demonstrating
crashworthiness for its given mounting location and this crash configuration.

Both of the experimental optical fire detectors mounted in the engine compartment indicated activation.
These were likely either false activations of the sensors themselves or a malfunction of the ‘interface
circuitry used to monitor the sensors during the crash test. '

Three crash-induced openings into the passenger compartment wefe'identiﬁed: the separation along
the left and right edges of the transmission shift cover plate on the center tunnel, a puncture in the right

front floorpan, and a weld separation at the bottom of the passenger’s side hinge pillar.

Contact between the right exhaust manifold and the aluhinum-covéred insulation of the HVAC housing
was the only identified contact between a hot surface and a possible combustible material.
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4. Sport Utility Vehicle Offset Moving Deformable Barrier Rear Impact, Test C11317

This offset moving deformable barrier impact was conducted indoors on December 17, 1997, also at GM'’s .
Milford Proving Ground

A total of 74 data channels were recorded for this test, fewer than were recorded for the frontal impact
tests. Fewer injury measurements were recorded from the Hybrid Il Anthropomorphic Test Devices
(ATDs) (located in the two front seating positions) because many of the injury measurements available with
the Hybrid Il dummy are more meaningful for frontal impacts (such as leg- injury measurements.) In
addition, it should be noted that the their Injury Assessment Reference Values (IARVs) for the recorded
injury measurements were developed primarily for frontal impacts, and may not be appropriate for rear
loading. Also, the rear impact was conducted without the engine running; thus no instrumentation was
required to monitor the engine. | Similarly, the hydroc'arbon vapor measurements, which were recorded in
the engine compartment for frontal tests were not included in this test. The purpose of the hydrocarbon _
vapor measurements for the frontal tests was to identify the presence of vapors resulting from gasoline or -
leaks of other engine compartment ﬂunds. However, for the rear impacts, the fuel system contained
Stoddard solvent, not gasoline, and no other engihe compartment fluids were used.

(

4.1. Test Conditions

4.1.1. Impact Cor_\ditions

This test was an offset moving deformable barrier rear impact as depicted in Figure 34, Figure 35, and
Figure 36. The test vehicle was parked and impacted with a deformable moving barrier similar to what is
specified in FMVSS214 [5]. The impact velocity, measured with radar, was 84.4 km/h (52.4 mph). The -
moving barrier impacted the test vehicle in the rear on the filler neck side (Ieft side) with a 70 % overlap.
The overlap was compuited by measuring the widest part of the vehicle body vertically in line with the rear
axle and multiplying this width by 0.70. For this particular test, the vehicle width vertically in line with the
rear wheel centerline was measured to be 1785 mm, resulting in a desired overlap of 1249 mm, as shown
in Figure 36. The actual impacted overlap for this test was within 15 mm of the desired.
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Crash Test Configuration for Test C11317
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Figure 35
Pre-Test Photograph of Test C11317
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Figure 36
Schematic of Intended Vehicle Overlap
Test C11317

The moving barrier's total mass was 1371 kg (3022 Ibs.); its frontal axle mass was 779 kg (1717 Ibs.); and
its rear axle mass was 592 kg (1305 Ibs.) The center of gravity was measured to be 526 mm (20.7 inches)
above grade, 1118 mm (44 inches) rearward of the front axle and laterally in the center of the barrier. Its
wheels were aligned with the longitudinal axis of the moving barrier as shown in Figure 34. (uniike FMVSS
214 testing, in which the wheels are set at an angle.) The aluminum honeycomb barrier face was similar to
that specified in FMVSS 214 and was located such that the center of the bumper form was 431 mm (17
inches) + 12 mm (0.5 inches) above grade. The brakes on the moving barriers were activated at time zero
(impact). However a mechanical delay in the pressurization of the brake lines resulted in an effective
brake activation time of approximately 80-150 msec after impact. The barrier was aiso stopped following
the impact using a cable attached to the barrier. This cable (“snubber” cable) was restrained with a remote

brake system which was also activated at time zero, but had an effective activation time of about 100 — 150
~ msec. '

4.1.2. Vehicle Description

The test vehicle was a 1997 Ford Explorer (VIN: 1FMDU34X6VUA99109) which had a test mass of 2249 '
kg (1279 kg front, 970 kg rear) which included the two ATDs, crash test instrumentation, and Stoddard
Splvent in the gasoline tank. First, the fuel tank’s unusable capacity was established (filled) with Stoddard

Solvent, then 74.8 liters of Stoddard were added to the unusable capacity of the tank. (74.8 liters
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represents 95% of the usable capacity of 78.7 liters.) The headlights, ignition, hazard lights, and rear
defroster were all on for the test. The transmission selector was placed in reverse for the test.

4.1.3. Modifications to Production Vehicle

The test vehicle’s front brakes were isolated from the bfake system and connected to an auxiliary brake
machine thCh charged the lines at about 150 msec after impact. There was also a mechanical delay of 80
— 150 msec from the time the auxiliary brake machine was activated until the lines were pressurized,

resulting in a effective delay of 230 — 300 msec. The test vehicle's rear brakes were not activated dunng or
after the test

The vehicle's hood was removed to facilitate the installation of the crash test instrumentation above the ,
engine.compartment. In addition, a pressure transducer was installed in the fuel return line.

Electrical measurements, such as currents and voltages, of the rear brake and turn lights were made.

Every reasonable attempt was made to locate this instrumentation in locations that would not affect the
outcome of the test.

4.1.4. Vehicle Measurements
Measurements that were recorded during this test included:

» Front left rocker panel acceleration (longitudinal, lateral, and vertical)

s Front fight rocker panel acceleration (longitudinal, lateral, and verticaf)

* Rear left rocker panel acceleration (longitudinal, lateral, and vertical)

* Rear right rocker panel acceleration (longitudinal, lateral, and vertical)

e Rear left frame acceleration (longitudinal, lateral, and vertical)

* Rear right frame acceleration (longitudinal, lateral, and vertical)

e Driver's and passenger’s air bag current (usihg non-intrusive clamp-on current transducers)
» Fuel pump voltage (measured near the fuel pump inertia switch)

e Fuel pump inertia switch voltage (near the fuel pump inertia switch, gray/orange wire voltage drop to
ground)

e Mechanical motion of fuel pump inertia switch reset bufton

In addition, electrical contact measurements were used to idéntify the times at which structural

components contacted each other. Two vehicle contacts were monitored in the rear structure of the
vehicle.

* Spare tire to differential
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e Spare tire to spare tire deflector

4.1.5. Photographic Coverage

High-speed 16 mm movie cameras were used to film the crash test.” All cameras were Ibca_ted oﬁ-boérd of
the vehicle. Cameras were located at various locations around the impéct including above, below, and to

both sides of the vehicle. In addition, video cameras were located at two off-board locations. There was
no numeric film analysis done for this test.

4.1.6. Moving Barrier Measurements

The following acceleration measurements were measured on the deformable moving barrier:

* Moving deformable barrier at Center of Gravity (CG) acceleration (longitudinal, lateral, and vertical)

¢ Moving deformable barrier at rear crossmember acceleration (longitudinal, lateral, and vertical)

41.7. Anthropomorphic Test Device (ATD) Measurements

Two 50" percentile male Hybrid I ATDs [6] were located in the front outboard seating positions. The
ATDs were positioned similar to test C11687. The pelvic angle was 24.1 degrees for the left front
occupant and 20.8 degrees for the right front. The head target angle was at 0 degrees from horizontal for

both ATDs. The seat back angle was 25.0 degrees for both seats. The following measurements were
recorded for each ATD:

e Head triaxial acceleration

» Head/ neck interface (upper neck) longitudinal shear force (Fx)
* Head/neck interface (upper neck) lateral shear force(Fy)

* Head/neck interface (upper neck) axial force (Fz)

» Head/neck interface (upper neck) moments about longitudinal, lateral and vertical axis (Mx, My, Mz)
* Chest triaxial acceleration

4.1.8. Hydrocarbon Vapor Measurements
There were no hydrocarbon vapor measurements made for this test.

4.1.9. Fluid Pressure Measurements

The fuel return line pressure was recorded. No other fluid pressure measurements were made.
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4.1.10. Additibnal Electrical Measurements

Clamp - on current monitoring transducers were used to measure the foliowing currents:

Rear window defroster (measured above headliner) ’

CHMSL (Cenier High Mounted Stop Light)/ rear left brake light (measured above headliner)
Rear left backup light (measured under left rear trim panel) ‘

Rear left tail light (measured under left rear trim panel)

Rear left turn signal (measured under left rear trim panel)

Battery (main B+ to PDB, transducer located near battery)

Direct voitage measurements (not requiring transducers) were also made of the following circuits:

Ignition (measured under IP)

CHMSL / rear left brake light (measured above rear headliner)
Rear window defroster (measured above rear headliner)

Rear left backup light (measured under left rear trim panel)
Rear left tail light (measured under left rear trim panel)

Rear left turn signal (measured under left rear trim panel)

4.1.11. Evaluation of the Crashworthiness of Potential Fire Detection or Suppression Technologies

Two separate experimental thermal wire fire detectors were mounted to the underside of the vehicle. One
was wrapped on the upper surface of fhe rear differential. The other wire ran laterally inside of the lateral
frame crossmember above the rear of the fuel tank. These two wires were measured independently. The
wire type, however, was the same for the two locations and was similar to the Wires used on previous tests
in this series. A pneumatic fire detector was co-located with the thermal wire device inside of the frame

lateral crossmember.

These two technblogies were the same as used in test C1 1687 and C11793.

4.2. Summary of Test Results

Post-test photographs of the vehicle are shown in Figure 37 and Figure 38.
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7 Figure 37
Post-Test Photograph of Test C11317, Left-Rear View
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Figure 38
Post-Test Photograph of Test C11317, Right-Rear View

4.2.1. Summary of Standard Vehicle Crash Test Measurements .

The com.plete set of recdrded and computed vehicle measurements is included in Appendix G (Plots 19:
through 36, 43 through 46, 57 through 59.)

The average of the two front rocker panel longitudinal acceleration measurements (Figure 39) was
integrated to compute the change in vehicle longitudinal velocity (Figure 40). The peak vehicle longitudinal

acceleration (after filtering at SAE class 60 [8]), was 16.8 g and the maximum longitudinal change in
vehicle velocity was 37.0 km/h ( 23.0 mph).
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: _ Figure 39
Averaged (Left & Right) Front Rocker Panel Longitudinal Acceleration,
. Test C11317, filtered at SAE class 60 [8]
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Figure 40
Averaged (Left & Right) Rear Rocker Panel Longitudinal Velocity
Test C11317 :
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The results of the two vehicle contacts are shown in Appendix G, Plots 58-59. The spare tire first

contacted the differential at 23 msec (Plot 58.) The spare tire.first contacted the deflector at 19 msec (Plot
59.) ‘

The frontal air bags did not deploy in this rear impact crash test (Plots 45 and 46).

The fuel pump voltage (Plot 43) began at near zero at the time of impact. This is normal, since the engine
was not operating the fuel pump was off. The fuel pump inertia switch did not activate during this test as
indicated in Plot 44. Upon activation of the switch,v both the fuel pump voltage and the fuel inertia switch
voltage would be the same, as was the case for tests C11687 and C11713, as shown in the schematic in
Figure 17. Thus;' the switch did not activate. This was cdnﬁrmed with a physical inspection of the reset
switch and indicator lamp follbwing the test. The temporary partial drbp in the fuel inertia switch voltage
was due to a main drop in the vehicle’s system voltage and is unrelated to the activation of the switch. This ,
temporary drop in vehicle system voltage is also apparent in Plots 37, 39, 40, 41 and 42. The independent
~ contact closure used to monitor the mechanical movement of the reset button malfunctioned, and is
inconclusive. The instrumentation leads were pulled from this independent contact closure.

4.2.2. Summar\i of Recorded Barrier Measurements

The acceleration measurements and related computed values from the moving barrier are included in
Appendix G (Plots 60 through 66). '

The longitudinal velocity of the barrier's CG is shown in plot 60 and re-created here as Figure 41. The
barrier sustained a velocity change of about 60.4 km/h (37.5 mph). .
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: Figure 41
Moving Deformable Barrier Longitudinal Velocity at CG
Test C11317

_ 4.2.3. Summary of Recorded ATD Measurements

The recorded and computed ATD measurements are included in Appendix G (pages i and ii, and Plots 1
through 18).

All recorded injury measurements were below their respective |IARVs.

4.2.4. Summary of Hvdrocafbon Vapor Measurements

There were no hydrocarbon vapor measurements taken for this test.

4.2.5. Summary of Fluid Pressure Measurements

The dynamic pressure of the fuel return line is shown in Plot 67. There is no significant overall increase in
return line pressure during the impact. There is a return line check valve between the fuel tank and return

line on this vehicle. This prevents a return line pressure measurement from accurately reflecting pressure
changes in the tank. Thus, this measurement is not very useful.

4.2.6. Summary of Additional Electrical Measurements
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The results of the additional elecfrical measurements made on somé of the rear electrical circuits are
shown in Appendix G, Plots 37 to 42 and 47 to 52.

The ignition voltage (Plot 37), the rear window defroster voltage (Plot 39), the backup light voltage (Plot
_ 40), the tail light voltage (Plot 41) and the left rear turn signal voltage (Plot 42) all indicate a drop in system
voltage of about 2 volts at 42 msec and remain low until 72 msec. The battery current (Plot 52) indicated a
significant increase in current flow from 42 msec from 72 msec. Thus a short to ground puttlng excessive
drain on the batte‘ry is the likely cause of the voltage drop. None of the few channels that were monitored,
however, indicated shorting. Thus the source of the voltage drop was not identified.

In addition to the 2 volt drop at 42 msec, the left rear turn signal voltage (Plot 42) dropped to zero at 80

msec. This was .due to the turn signal cycling off at this time and which was also apparent in the turn
signal current (Plot 51).

The rear window defroster current (Plot 48) dropped from normal operating level of 13 amps to zero at 30
msec. This was due to the defroster circuit opening due to the crush of the rear window during the impact.

Both the CHMSL/brake fight voltage (Plot 38) and the CHMSL/brake light current (Plot 47) dropped to zero

at 32 msec. This;was likely due to the release of the brake pedal (which was held by the ATDs foot) during
the impact.

4.2.7. Results of Post-test Static Rollover

This vehicle was rolled on December 18, 1997 using a static roli procedure similar to the roll procedure
specified in FMVSS 301 [10]. The vehicle was initially rolled in the negative direction (left side — filler neck
side down.) Spillage of Stoddard Solvent in excess of 141.75 kg was noted during the first 2 minutes of

the roll. The static roll was terminated following the first two minutes. The source of the leak is described
in Section 4.2.9.

4.2.8. R_esults of the Evaluation of the Crashworthiness of Potential Fire Detection or Suppression
Technologies ’ ‘

The electrical contact measurements used to monitor the pneumatic fire sensor and the two thermal wire
fire detectors are shown in Appendix G, Plots 53 through 56. No contacts were recorded on any of the
channels. This indicates that there were no activations due to fire (there was no fire) or inadvertent

activations due to the vehicle crush. The detectors at the given locations were crashworthy'for this crash
- configuration.
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4.2.9. Summary of Post-test Vehicle Inspection -

As with the previous tests the vehicle was disassembled and inspected to identify openings into the
passenger compartment the locations of any fluid leaks, the locations of any electrical shorts |dent|f ed
during the crash test, and any contact between combustible materials and hot surfaces.

The foIIowmg crash-induced openings into the passenger compartment were identified durmg the post-test
inspection: '

s A separation on the rear of the left rear wheel well in the cargo area. The opening was no wider than
50 mm at its widest point and no more than 100 mm fong.

e A separation on the floorpan near the left side c-pillar (near the kickup) in the cargo area. The opening
was no wrder than 30 mm at its widest point and no more than 200 mm long.

e A separatlon of the ﬂoorpan and the right rear quarter panel. The opening was no wider than 40 mm at
its widest point and no more than 210 mm long.

* A separation on the floorpan near the right side c-pillar (near the kickup) in the cargo area. - The
opening was no wider than 7 mm at its widest point and no more than. 165 mm long.

During the post-test inspection, an approximately 12 mm (0.5 inch) long tear in the rubber portion of the
filler neck hose was found. This tear was just below the hose clamp attachment to the metal filler tube. v
This tear was the likely source of the Stoddard leak during the static rollover. In addition to the leak, the
lower rear right corner of the fuel tank was deformed due to contact with the rear axle housing. A small
amount of stoddard solvent dye"was‘visible around the deformation indicating the Stoddard likely weeped
out of a very small pinhole sized puncture in the tank, but no leakage off of the vehicle was noted at the
crash site. = The lower rear right hand corner of the tank is where a gasoline Ieak was simulated for.the

* subsequent fire propagation test, which was reported separately. ‘

The only other fluid leak identified during the post — test vehicle inspection was the rear washer solvent
reservoir, which-was crushed.

No electrical shorts were identified during the post-test vehicle inspection.

There was no identified contact between any combustible material and a normally hot surface.

4.3. Conclusions -

1. . There were no post—colhsnon fires rdentlf ed durmg this crash test.
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The peak vehicle longitudinal acceleration (after filtering at SAE class 60 [8]), was 16.8 g and the
maximum longitudinal change in vehicle veIocuty was 37.0 km/h ( 23 0 mph).

No liquid gasoline or Stoddard spilled off of the vehicle during or immediately after the impact.
However, during a subsequent static rollover, spillage of Stoddard -exceeding 141.75 grams occurred

during the first 2 minutes of the roll. The source of the leak was later |dent|f ed as a cut in the rubber
filler neck hose

The only non-gasohne fluid leak identified was windshield washer fluid resulting from the crush of the
rear washer solvent reservoir bottle.

All of the ATD measurements recorded were below their respective IARV values.

Consistent with tests of other vehicle models in this series, the main system' vehicle voltage fluctuated:
during the impact. This was apparent on all of the voltages recorded. However, for this test the source -

of this drop was not identified. It is possible that the drop was caused by electrical short(s) on circuits
that were no monitored for this test.

The two different fire detection technologies evaluated in this test (thermal fire wire and pneumatic
sensor) both were crashworthy at their mounting locations. That is, neither indicated a false activation
nor were damaged during the impact.

Consistent with other vehicles tested in this series, crash-induced openings from outside to inside of.

the passenger compartment were identified. These openings were noted independent of their possible

contribution to fire propagation. For this test, four separate openings were identified on the floor of the
rear cargo area. '

The fuel pump inertia switch did not activate during this test.

10. There was no evidence of any combustible materials contacting normally hot surfaces. *
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. 5. Conclusions Of The Four-Wheel-Drive Sport-Utility-Vehicle Crash Test Series

From the data colulected on this series of crash tests, several conclusions and observations can be made
concerning post-collision fire potential. It is important to note that the intent of the crash tests was not to
determine if a production vehicle met a crash test performance standard. Instead, the intent was to study
how post-collision fires might start under a range of crash conditions.

Of the three tests conducted (two frontal and one rear impact), none resulted in a post-collision fire.

For the two frontal tests in which the engine was operating, the fuel pump began to stop by 48 msec after
impact in both tests. In the oblique moving barrier frontal impact (#C11687), the fuel pump began to stop
by 40 msec and the fuel pump inertia switch activated at 47 msec. In the Offset Pole Frontal Impact
(#C11793), the fuel pump began to stop by 48 msec and the fuel pump inertia switch activated at 60 msec.
For both of these frontal impacts, a drop in main vehicle voltage due to the crash likely caused the
stoppage of the fuel pump. This is consistent with observations of other vehicles tested for this project (

i.e., fuel pumps have stopped early during the crash somehmes due to intermittent voltage fluctuations
caused by the crash [2],[3].)

i

For the rear impact test, the engine was not operating for the test. For this test, the fuel pump inertia
switch did not activate. However, the vehicle peak acceleration (16.8 g as shown in Figure 39) and
longitudinal velocity change (37 km/h or 23 mph) was significantly lower than for the two frontal tests. (The
oblique moving barrier frontal impact acceleration was 36 g with a 45 km/h (28 mph) velocity change and
the offset pole impact acceleration was 28 g with a 61 km/h (37.9 mph) velocity change.) -

The cause of the main voltage drop identified in all three tests was not positively identified. However, for
the offset pole frontal impact, there was indication of an internal short in the alternator However, it was not

verified that this was the cause of the drop in system voltage. There was no burning or charring of any
sohds in or around the alternator.

The motlon of the englne was monitored for the two frontal crash tests. In both cases the englne began to |
slow at about 40 msec and was stopped by 120 msec.

Three different experimental fire-sensing or extinguishing technologies were evaluated for their
crashworthiness. The thermal wire fire detectors proved crashworthy at their given mounting locations on -
all three crash tests. That is, the thermal wire fire detectors did not false activate or become damaged
during the test. No attempt was made as part of these crash tests to determine whether these devices

together with extmguushmg technologies would have been effective in controlling the spread of or
extinguishing a fire.
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The pneumatic wire fire detectors did not indicate an activation on the rear impact or the offset pole frontal
impact. For the obllque moving barrier frontal impact, however, the recorded signal was inconclusive. It
did indicate an activation, but there was no apparent fire or heat damage to the detector.

Two optical fire sensors were included on the two frontal tests only. They did not activate in the oblique'
moving barrier frontal impact. The recorded signal for both sensors did indicate an activation on the offset
pole frontal impact, however. These were likely either false activations of the sensors therhselves or a
malfunction of the interface circuitry used to monitor the sensors during the crash test. The post-test

vehicle inspection indicated no apparent fire or heat}damege (no source of heat or fire was ever observed
or detected.) '

Consistent with the tests on other vehicles, crash-induced openings into the passenger compartment (as
- defined in section 2.2.11) were identified [2].[3]. Their possible contribution to fire propagatlon was
evaluated in fire propagation tests and reported separately

There was no liquid Stoddard spillage off of the vehicle on the offset pole frontal irhpact. For the oblique
moving barrier frontal impact, the universal joint on the rear drive shaft punctured the fuel tank during the
'impact. The leak rate of Stoddard Solvent was not measured at the crash test facility, ‘but subsequently
measured to be 280 cm®min. For the rear impact, no Stoddard spillage was noted immediately after the

impact, however spillage was noted during a subsequent static rollover. The leak was attributéd to a cutin.
the rubber filler neck hose.

Of the non-gasoline fluids, transmission fiuid, battery electrolyte, and engine coolant were released in both
of the frontal impact tests. In addition, power steering fluid was released in the oblique moving barrier
frontal impact and washer solvent was released during the offset frontal pole impact. For the rear impact
test, washer solvent was released from the rear reservoir bottle.

Hydrocarbon vapor sensors were used and identified the presence of underhood vapors in the 2 frontal
crash tests. The post-test GCMS analysis indicated the presence of oil vapors, Stoddard vapors and
gasoline vapors for the oblique moving Dbarrier frontal impact. Gasoline vapor was identified on the offset
frontal- pole impact. In neither test was a leak in the pressurized fuel system identified, however. The
presence of gasoline vapor does not necéssarily indicate the presence of a liquid gasoline leak. The vapor
source could be the contamination of Stoddard Solvent with gasoline or the release of gasoline vapors from
the intake path as the engine was crushed.

The vehicles were inspected for contact between potentially hot surfaces and combustible materials. The
only occurrence noted was for the offset pole frontal impact; the exhaust manifold contacted alumlnum-
. ,covered insulation of the HVAC housing. There was no indication of burning, however.
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In general, most of the recorded ihjury measurements for the ATDs were below their respective 1ARVs.
Only two exceptions were noted. For the offset pole impact, the lower right tibia moment on the left front
ATD slightly exceeded its IARV. For the oblique moving barrier frontal impact, the right tibia resultant
moment on the left front ATD exceeded its respective IARV. ™~ :
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Appendix A:  Anthropomorphic Test Device V(ATD) Injury Assessment Reference Values (IARV)



Appendix A:

Anthropbmofphic Test Device (ATD) Injury Assessment Reference Values (IARV)

The Injury Assessment Reference Values (IARV) used for the mid-sized male Hybrid Il ATD 'ére -
recreated here from the Advisory Group for Aerospace Research & Development, Report 330,
“Anthropomorphic Dummies for Crash and Escape System Testing” [7].

Body Region

Injury Assessment Reference
Injury Assessment Criteria Value for the mid sized male
Hybrid 1l '
Head ,
HlC, (t2 —t1) <15 msec* 1000
Head/Neck Interface
Upper neck longitudinal shear force, +Fx and —Fx Figure A1
Upper neck axial force, compression, -Fz Figure A2
Upper neck axial force, tension, +Fz Figure A3
Upper neck longitudinal moment, flexion, +My 190 Nm
Upper neck longitudinal moment, extension, -My 57 Nm
Chest o o _
. Resultant spinal acceleration - 160g
Sternal deflection due to:
Shoulder belt 50 mm
Air bag (no belt) 65 mm
Viscous Criterion (V*C) 1m/s
Femur ‘ ' v
Axial compression Figure A4
"Knee -
Tibia-to-femur displacement 15 mm
Knee clevis loads (med./lat. Compression) | 4000 N
Tibia
Axial load, compression, Fz 8000 N
Tibia index, Tl = M/Mc + Fz/Fc 1.0
Where, : .
M = resultant moment, (of Mx & My), for upper index 225 Nm
M = anterior/posterior moment, My, for lower index 225 Nm
Mc = critical bending moment 225 Nm
Fc = critical compersive force 35,900 N

*: The Head Injury Criteria (HIC) is defined as: HIC = (Aavg)**® (t2- t1), where Aavg is the average resultant
acceleration of the center of mass of the head (expressed in G) for the time interval t,- t, (expressed in

seconds).
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. Potential for significant neck injury due
. , to fore/aft shear loading
3100 N at 0 msec .

2500 - -

2000 -

1500 N, 25 to 35 msec
1500 1 1100 N at 45 msec
1000 1 : »
Significant neck injury due to
500 1| fore/aft shear loading unlikely

Fore/Aft Neck Shear Force, N

0‘ T — — .
0 20 40 - 60 80 100
' Duration of Loading Over Given Force Level, msec
Figure A1
Injury Assessment Curves for Fore-and-Aft Sheer Forces Measured with Hybrid 11} Mid-sized
Adult Male ATD 7]
5000
> 4500 - g Potential for significant injury due
G 4000 N at 0 msec to axial neck compression loading
o 4000 :
[
L 3500 -
4 J
8 3000 1
2 2500 1
m -
§ 2000
g 1500 1 1100 N at 30 msec
S 1000 -
w Significant neck injury due to
= 5001 axial neck compression loading unlikely
0 T B LI T 17
0 20 40 60 - 80 100
Duration of Loading Over Given Force-Leve!, msec
. Figure A2
Injury Assessment Curves for Axial Neck Compression Measured with Hybrid 11 Mld sized Adult
_ Male ATD [7]



4000

. * Potential for significant injury due
> 3500 | 3300 Nat0msec to axial neck tension loading
& 3000 2900 N at 35 msec
Q
L 2500
k4 ' .
[T :
Z 2000 1
2 o
- g 15007 o | 1100 N at 60 msec
= 1000 - Significant neck injury due to
= axial neck tension loading unlikely
< 500 -
o T T T T ’
0 : 20 40 60 80 100
Duration of Loading Over Given_Force Level, msec
Figure A3
Injury Assessment Curves for Axial Neck Tension Measured with Hybrid IIl Mid-sized Adult Male _
_ ATD {7]
15000
7 Potential for fracture of the patella, femur, or pelvis
= - -
g 10000 T 9070 N at 0 msec
3 _
5
g 7560 N at 10 msec
9 L
s 5000 7
< I Fracture due to distributed knee loading unlikely
L .
0 T T - T T
.0 20 40 60 80 100
Duration of Loading Over Given Force Level, msec
Figure A3
Injury Assessment Curves for Axial Compressive Femur Force Measured with Hybrid 1l Mid-
sized Adult Male ATD [7]
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Appendix B: C11687 data plots
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Cl1687 L. SIDE IMPACT-337 DEG LTV MDB TO STATICONARY VEHICLE 104, UKM/H
ATO TYPE: GMSOH
R&DCIR  8Y91400 4 DOOR L. FRT HERD ACCEL. TEST DATE:07/30/1997
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c11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104. UKM/H
A o ATD TYPE: GMSOH
R&DCIR  8V9140D Y DOOR L. FRT CHEST ACCEL.. ~ TEST DATE:07/30/1997
ELEC OATA, SAE CLASS 180 : :

@150 ' MAX RACCEL = 38.3 G'S AT 71.0 MS
: ,
—
g8 100
=
eI R— S Sy s £y 1 T e . g - K
mg : o ‘=V\/-f—\ 1AV™= 637 OF TAAV
& so
<0058 . ==
C 5 \\w/\/v‘
"]
p-4
e 10
b
[en
L 50
@
S, 0.0 RIGHT ~]
& LEFT
—
5 5
CZ
g 1o
§ so
0.0} _00KN : 7
UP Nh e — L
SO s e mkoL' T RG T Tee Teo T m0 220 0
TIME [N MILLISECONDS .
Appendix B, plot # 3
v . _ .
C11687 L. SIDE IMPRCT-337 DEG LTV MDB TO STATIONARY VEHICLE 104.UKM/H
ATD TYPE: GMSOH
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104 . YUKM/H

ATD TYPE: GMSOH
R&DCTR  8v91400 U DOOR : L. FRT FEMUR LOAD TEST DATE:07/30/1997
ELEC DATA, SAE CLASS 600 =

_9 MAX LOAD = 5.13 KN AT 61.2 MS
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104, 4KM/H .
- ~ . ATD TYPE: GMSOH
R&DCTR  8VSI140D 4 DOOR L. FRT FEMUR LORD TEST DATE:07/30/1997
ELEC DATA, SRE CLASS 600 - OURATION QSSESSMENT
12 . . MAX IRV = 57 Z OF [ARV AT S121 N, 0,1 MS
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104.UKM/H

. RATD TYPE: GMSOH:
R & D CTR 8v9140D Y DOOR ) L. FRT FEMUR LOAD TEST DATE:07/30/1997
ELEC DATA, SAE CLRSS 600 - DURATION ASSESSMENT
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STRTIONARY VEHICLE 104.4KM/H

ATD TYPE: GMSOH

R & D CTR 8V91400 4 DOOR L. FRT CHEST DISP, TEMP AT BQ,O'F TEST DATE:07/30/1997

ELEC DATR, SAE CLASS 180 NORMALIZED TO 70.7'F & PART 572 CORRIDOR
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATI
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104.4YKM/H

R &DCTR
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C11687 L. SIDE IMPACT-337 DEG
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LTV MOB TO STATIONRRY VEHICLE
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104.UKM/H
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C11687 L. SIDE.IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104.4KM/ 4

| . 4 ATD TYPE: GMSOH
R&DCTR  8V9140D 4 DOOR RERRWARD NECK SHEAR ON HEAD, TEST DATE:07/30/1997
ELEC DATA, SAE CLASS 1000 L. FRT INJURY REFERENCE
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE . 104, 4KM/H

, ATD TYPE: GMSOH
R&DCTR  8YS1U0D 4 DOOR AXTAL COMPRESSION ON HEAD, TEST DATE:07/30/1997
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104. YKM/H
v ATD TYPE: GMSOH
R&DCTR 831400 4 DOOR AXIAL TENSION ON HERD. - TEST DATE:07/30/1997
ELEC DRTR. SAE CLASS 1000 L. FRT INJURY REFERENCE ‘
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C11687 L. SIDE IMPRCT-337 DEG LTV MDB TO STATIONARY VEHICLE 104. 4 KM/H
ATD TYPE: GMSOH
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C11687 L. SIDE IMPACT-337 OEG LTV MDB TO STATIONARRY VEHICLE 104.UKM/H
. ATD TYPE: GMSOH
R&DCTR 8V9140D 4 DOOR TEST DATE:07/30/1997
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE
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ELEC DATA, SAE CLASS 600

i

S

8V9140D. 4 DOOR

L. FRT TIBIA LOWER

AXIAL LOARD

104.4KM/H

ATD TYPE: GMSCH
TJEST DATE:07/30/1997

MAX_AXIAL LOAD = 3.47 KN AT 61.3 MS

-2

N

[AV = 437 OF ARV

COMP

A N

TENS

xR "L 0B P

-4y

HAX AXTAL L0AD = 3.96 KN AT 6.1 15

-2

[AV = YS7Z OF [ARV

ax o _COMP

J \/Ak

= . TENS

s

C11687 L. SIDE IMPACT-337 DEG

R & D CTR

8V9140D 4 DOOR

1 n 1 1
60 80 100 120 140 160

TIME IN MILLISECONDS

et

L. FRT RIGHT KNEE CL

ELEC DRTA, SRE CLRSS 600

MRX LOAD = 0.66 KN AT 94.5 MS

LTV MDB TO STATIONARY VEHICLE

EVIS LORD

1 n 1
180 200 220

240

Appendix B, plot # 19

104. 4 KM/H
ATD TYPE: GMSOH

S

TEST DATE:07/30/1997

MIN LOAD = -1.70 KN AT 84.0 MS

1AV = U437 [OF ARV

o_TENS

coMP

-2t

T -
‘——ﬁf\~v—v”"\\,/’\\/ :

MAX LOAD = 0.51 KN AT 230.2 MS

MIN_LOHi

IRV = 7

=

o

|

-3.03 KN

AT 58.6 MS

7 OF 1ARV

. KN

TENS

coMP

OUTSIRE CLEvIS

-2

N I

—ylunp

1 1

1] ! ]
60 80 100 120 140
TIME IN MILLISECONOS

- 160

1
180 200 220

2u0

Appendix B, plot #20



s

_ — \J
C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104. 4 KM/H
v » . ATO TYPE: GMSOH
R&DCTR  8v9140D U DOOR L. FRT RIGHT ‘TIBIA UPPER MOMENT TEST DATE:07/30/1997
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104.4KM/H
. ATD TYPE: GMSQH
R & D CTR 8v9140D 4 DOOR TEST DATE:07/30/1997
ELEC DATA, SAE CLASS 600 L. FRT TIBIA LOWER BENDING MOMENTS
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€11887 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 10U. 4 KM/H

- ATD TYPE: GMSOH
R & D CTR 8v9140D 4 DOOR L. FRT TIBIA INDICES TEST DRTE:O7/30/1997
ELEC DATA, SAE CLASS 600 T1 = (BES MOM/225 NM) + [(AXIAL/35900 N) -

b ¢

MRX UPPER L/C Tl = 0.67 AT 80.7 MS

MAX LOWER L/C Ti = 0.39 AT 63.7 MS

MAX UPPER L/C T1 = 1,14 AT 58.4 MS

MAX LOWER L/C TI = 0.48 AT B5.6 MS

| .1,-—-/ 1 ) n ' L 1 ! 1 ] ! !
o : 0 100 I 120 140 160 180 200 220 240
TIME IN MILLISECONDS

[=)
n
o
=
o
o
Q
[=:]

Appendix B, plot # 23

S D H

C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104.4KM/H

ATD TYPE: GMSOH
R&DCIR  BYS14OD 4 DOOR L. FRT TIBIA/FEMUR DISPLACEMENT TEST DATE:07/30/1997
ELEC DATA, SAE CLASS 180
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C11687 L. SIDE IMPACT-337.0EG LTV MDB TO STATIONARY VEHICLE 104. Y KM/H

, ) ATD TYPE: GMSOH
R&DCTR  8YS1400 4 DOOR R. FRT CHEST ACCEL. TEST DATE:07/30/1997
ELEC DATA, SAE CLASS 180 o
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104.4KM/H
) ATD TYPE: GMSOH
R & D CTR 8v914y00 4 DOOR R. FRT PELVIC RCCEL. . . TEST DATE:07/30/1997
ELEC DATA, SRAE CLASS 1000
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£11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE . 104.4KM/H

ATD TYPE: GMSOH
R&DCTR  B8V31400 4 DOCR R. FRT FEMUR LOARD TEST DATE:07/30/1987

ELEC DATA, SAE CLASS 600

N ) ) " MAX LOAD = Y.9Y KN AT 63.2 MS o
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104. 4KM/H
ATO TYPE: GMSOH
R&DCIR  8v9140D 4 DOOR R. FRT FEMUR LORD TEST DATE:07/30/1997
ELEC DATA, SAE CLASS 600 DURATION ASSESSMENT :
12 MAX 1AV = 55 7 OF IARV AT 4Suyy N, 0.0 MS
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEMICLE 104. 4 KM/H ‘

. | . " ATD TYPE: GMSOH
R&DCIR  8Y914OD 4 DOOR R. FRT FEMUR LOAD TEST DATE:07/30/1997
ELEC DATA, SAE CLARSS 600 - DURRTION ASSESSMENT .

12 . . - MAX IAV = 4B 7 OF IRRV AT Y285 N, 1.1 MS
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CUMULATIVE DURRTION OF LOADING ABOVE GIVEN FORCE LEVEL., MS ,
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 10U, YKM/H
‘ ‘ . ATD TYPE: GMSOH
R & D CTR 8v91400 4 DOOR R. FRT CHEST DISP, TEMP AT 66.5°F TEST DATE:07/30/1997

ELEC DATA, SAE CLASS 180 NORMALIZED TO 70.7°F & PART 572 CORRIDOR

MRX COMPRESSION = S1.Y MM AT 92.7 MS . ’
.55 - : [AV = 797 OF IARV (W/0 SH BELT), 1AV = 103%Z OF [ARV_(W/ SH BELT}
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104. Y KM/H
' . RTD TYPE: GMSOH
R & D CTR 8v91u0D 4 DOOR ,R' FRT CHEST COMPRESSIVE DISP. TEST DATE:07/30/1997
ELEC DATA, SRE CLASS 180 NORMALIZED, W/CALC VEL & VISCOUS INJURY '
MAX COMPRESSION = S51.4 MM AT 92.7 MS ‘ '
-&0 1AV = 797 OF IRRV (W/0 SH BELT). 1AV = 1037 OF IARV (W/ SH BELT)
= ’ - '
0 -0 :
5= » / :
o "%
an _,_/ ot
0o g _CoMP :
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w
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104.4KM/H

| v v ATD TYPE: GMSOH
R&DCWR  svolyop u poos - FRAT NECK LORDING ON HERD. UPPER LORD rest pare.07/30/1997
ELEC DATA R. FRT NECK LOADING ON HERD

150.SRE_CLASS 600 FILTER MAX_CALC'D MOMENT = 60.3 N-M AT 121.5 MS MIN =--11.2 N-M AT 210.6 MS

¥
=
Yo ol LT FLEX T~

o AT FLEX

300-SRE_CLASS 600 FILTER MAX MOMENT = 13.8 N-M AT 148.1 MS MIN MOMENT = -34.2 N-M AT 105.8 MS

NS CH
=2 SO = a——— — - o —

" 1500,SAE CLASS 1000 FILTER MAX LOAD = B4l N AT 124.7 MS ) MIN LORD = -109 N AT 71.1 MS

R L e A I e N B M

-sopludn. - 1 I 1 1 1] I - 1 1 ] h 1 1
0 20 4o 60 80 100 120 ' 4o 160 180 200 . 220 240
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C11687 L. SIDE IMPACT-337 BEG LTV MDB TO STATIONARY VEHICLE

R & 0 CTR 8v9ruo0 4 DOOR
ELEC DATA

MAX CALC'D MOMENT = 33.4 N-M AT 127,7 MS

e

g“d;

104.UKM/H

NECK LOADING ON HEAD
R. FRT NECK LOADING ON HEAD

ATD TYPE: GMSOH
~ TEST DATE:07/30/1897

MIN = ~34.8 N-M AT 216.0 MS

yoo, SAE_CLASS 600 FILTER -

. TAV = 167 PF ARV TAV = 617 F 1ARV
=
" .200
s :
r4
Td ) FLex
& TEd
Q20
()
&
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X . o_TENS S Tl
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o
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104.UKM/H

R &0 CTR 8v91400 4 DOOR
ELEC DATA, SAE CLASS 1000

FORWARD NECK SHEAR ON HEAD,
R. FRT INJURY REFERENCE

ATO TYPE: GMSOH
TEST DATE:07/30/1997

MAX IRV = 8 ¥ OF IRRV AT 285 N, 0.0 MS
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v 11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE

R & D CTR

ELEC DATA, SAE CLASS 1000

8v91400

4 DOOR
R. FRT INJURY REFERENC

E

N

104.4KM/H

REARWARD NECK SHEAR ON HEAD,

RTD TYPE: GMSOH
TEST DATE:07/30/1997

MAX IAY = 22 % OF IARV AT 246 N, UYS.0 MS

6.0,

5 :
p—e

10 Is 20 25 30 35
CUMULATIVE DURRTION OF LORDING ABOVE GIVEN FORCE LEVEL, MS

;

C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE

R & D CTR

8va1400

wooor - PAXIAL COMPRESSION ON HEAD,
ELEC DRTA, SAE CLASS 1000

R. FRT INJURY REFERENC

40

E

45

S0 55 60

s » Appendix B, plot # 35
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104.UKM/H

MAX 1AV = 7 7 OF IARV AT 272 N, 0.0 MS

ATD TYPE: GMSOH
TEST DATE:07/30/1997
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C11687 L. SIDE IMPACT-337 DEG

S

R & D CTR
ELEC DATA, SAE CLASS 1000

8v9140D Y DOOR

S

LTV MDB TO STATIONARY VEHICLE

104.YKM/H
A ATD TYPE: GMSOH

AXIAL TENSION ON HEAD,
R. FRT INJURT REFERENCE

TEST DATE:07/30/1397

6.0 MaX IRV = 58 % OF IARV AT 1922 N, 0.0 MS
S.S
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C11687 L. SIBE IMPACT-337 DEG LTV MDB TO STATIONRRY VEHICLE

R & D CTR

OUTEéEE.CkEVIS

8V91400 Y DOOR
ELEC DATA, SAE CLASS 60O

MRX LOAD = 0.49 KN AT 144.1 MS

104.YKM/H
R. FRT LEFT KNEE CLEVIS LORD

ATD TYPE: GMSOH
TEST DATE:07.'30/1997

MIN LOAD = -3.46 KN AT 62.1 MS

AV = B6Z-0OF 1ARY
TENS
CowP /
=2 _—_i\\\\\n \J//P"—v\‘
l; MAX _LOAD = 1.29 KN AT 87.6 M5 MIN CORD = -0.44 KN AT 191.0 MS
AV = 11Z OF IARV
7
TENS S A (
~oliin | -1 1 ] M i 1 1 ]
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C11687 L. SIDE IMPACT-337 DEG LTV MOB TO STATIONARY VEMICLE - 104. YKM/H
ATD TYPE: GMSOH
R&DCTR  8V91uOD Y DOOR R. FRT LEFT TIBIA UPPER MOMENT TEST DATE:07/30/1997

ELEC DATR, SAE CLARSS 600

400 MAX MOMENT = 203 N-M AT 82.1 MS
X300
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& ‘
F 200
75 \
'&:"é 100 /\..r/ WM
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C11687 L. SIDE IMPRCT-337 DEG LTV MDB TO STATIONARY VEHICLE 104.YKM/H
: ATD TYPE: GMS0H

R & D CTR 8v91i400 4 DBOOR TEST DATE:07/30/1997
ELEC DRTA, SAE CLASS 60O R. FRT TIBIA LOWER SHEAR LOAD CELLS

1000 MIN SHEAR LOAD = -858 N AT 51.9 MS

-800 A
« =600 /\
=g [ hn
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEWICLE 104, UKM/H
: 4 ATD TYPE: GMSOH-

TEST DATE:07/30/1997

i .
g

R&DCTR  8V91400 4 DOOR - :
ELEC DATA. SAE CLASS 60O - R. FRT TIBIA LOWER AXIAL LORD

u ) MAX AXTAL LOAD = 2,90 KN AT SS.4 MS
"RV = 367 PF TARV

-2

1 M
. Y
comp T A

TENS

O, KN
Q
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Lo =

T
L

w_J
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d—

-2 : MRX AXTAL LOAD = 1.50 KN AT 42.5 MS

’ EAV = 197 [OF IARV
dewe | T ]
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| 7] 1 1
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Appendix B, plot # 41

C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104. UKM/H
. ATD TYPE: GMSOH
R&DCTR  8V9i40D 4 DOOR R. FRT RIGHT KNEE CLEVIS LORD TEST DATE:07/30/1997
ELEC DATA, SAE CLASS 600
10 l» MAX LOAD = 0.89 KN AT 87.9 MS MIN LOHD'= -0.74 KN AT 229.3 MS
: . 1AV = 187 PF IARV
o
>
=2
;_1
2
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104. UKM/H

. , _ ATD TYPE: GMSOH
R&DCWR  svaonypoor  He FRT RIGHT TIBIA UPPER MOMENT TEST DATE:07/30/1997
ELEC DATA, SAE CLASS 600

200, MAX MOMENT = 121 N-M AT 82.2 MS

‘= 10 -

2Z

EVA | |

5 ] MAX MOMENT = 23.4 N-M ﬁT 120.1 MS MIN HUMEN' = -104 N-M AT 82.0 MS
NN

o 4
e v, /

100, MAX MOMENT = 43.0 N-M AT 229.4 MS MIN MOMENT = -75.8 N-M AT 66.3 MS
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C11687 L. SIDE IMPACT-337 DEG LTV MOB TO STATIONARY VEHICLE 104, UKM/H

ATD TYPE: GMSOH »
R & D CTR 8v91400 4 DOOR - TEST DATE:07/30/1997

ELEC DATA, SAE CLASS 500 R. FRT TIBIA LOWER BENDING MOMENTS

;\J d

60, . ‘ MAX MOMENT = 47.2 N-M RT 69.0 MS ‘ MIN MOMENT = -41.4 N-M AT 51.4 MS
[AV = 217 OF IARV

o I
: M\fu U B

80, MAX MOMENT = 32.4 N-M AT 639.3 MS MIN MOMENT = -37.3 N-M AT S8.0 MS
- [[RY = 177 OF [ARV
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,u_:,z \J \«\.\\ . J/] ‘\’\/J I —
-ngmnuu —33 S| : L V 1 1 1 1 i | t

1 1] 1 [}
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C11687 L. SIDE IMPACT-337 OE LTV MDB TO STATIONARY VEHICLE 104.UKM/H

‘ ATD TYPE: GMSCH
R &0 CTR 8v91400 4 DOOR R. FRT TIBIA INDICES TEST DATE:07/30/1997

ELEC DATA, SAE CLASS 60O, TI = (RES MOM/225 NM) + (AXIAL/35900 N)

“”

MAX UPPER L/C TI = 0.93 AT 62.0 MS

MAX LOWER L/C TI = 0.25 AT 51.5 MS

MAX UPPER L/C 11 = 0.55 AT 82,2 M5

MAX LOWER L/C TI = 0.18 AT 57.3 MS

e T 1 ] Y 4 L [ 1 [ | LA L
0 20 40 . 60 80 100 120 140 160 180 200 220 240
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104, Y KM/H
ATD TYPE: GMSOH
R&DCTR  BY9140D 4 DOOR R. FRT TIBIA/FEMUR DISPLACEMENT TEST DATE:07/30/1997

ELEC DATA, SAE CLASS 180

-25 MAX TI1B/FEM DISP..= D.57 MM AT 73.6 MS
AV = 47 OF IARV

“—WAX TIB/FEM DISP = 0,43 A AT 67.3 M5
RV = 37 1ARY

]
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[
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T8/ R 08E e

e ~ 1 ! 1 - ] 1 1 1 L L 1
SD 20 4o 60 80 100 120 140 160 180 200 220 240
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104. 4 KM/H

R&DCTR

8vg140D 4 DOOR

ELEC DATA, SAE CLASS 1000

9150,

Sl

ATD TYPE: GMSOH

R. FRT HERD ACCEL TEST DATE:07/30/1997

(HIC I LIMITED TGO 15MS)

MAX ACCEL = 54.4 G'S AT 184.9 MS
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| o,

LTV MDB TG STATIONARY VEHICLE 104, UKM/H
ATD TYPE: GMSOH
R. FRT HEAD ACCEL TEST DATE:07/30/1997
(HIC 1 LIMITED TQ 36MS)

05 MAX ACCEL = S4.4 G'S AT 184.8 MS
[Se]
T 3 MS COl = JUB _G'S
ud i AN
& |
g 50 MAXIMUM HIC (]} IND = 270 © 38,6 G'S ; 66 - 95 MS
IAv = 27/ OF IAR
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o
L 100
& ;
0.0 -“'M/M/, L]
!
solLL i | s I il t 1 ] 1 | 1 !
7] 4o 60 80 100 120 140 160 180 200 220 240

TIME IN MILLISECONDS

Appendix B, plot#48 7



C11887’ L. SIDE IMPACT-337 DEG LTV MDB TO STATIONRRY VEHICLE 104.4YKM/H
ATD TYPE: GMSOH
R&DCTR  8V9140D U DOOR L. FRT LOWER LUMBAR MOMENT TEST DATE:07/30/1997
ELEC DATR, SAE CLASS 1000
500
45
400
350 /\
300 \
2%250 ' / \
& | [N
2200
= :
== ] \
N v
S0 / ;
Aex L~ \\ |
EXT
-5 :
-100%11”.!.”" 20 : 40 : 60 : 80 : lﬂg : 120 : >NU l 160 : 180 ' 200 : 220 ‘ 240

TIME IN MILLISECONDS
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104. 4KM/H

ATD TYPE: GMCOH
R&DCIR  8Y9140D 4 DOOR L. FRT LOWER LUMBAR LORD TEST DATE:07/30/1397
ELEC DATA, SAE CLASS 1000

0.0 FHD N YN

TN o~ T T

-y, sluauy Bl 1 . 1 ] i 1 1 1 1 ) 1
0 2 uo 60 80 100 120 140 160 180 200 220 240
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE . 104.UKM/H
- ATD TYPE: GMSOH

R &DCTR  8v9140D 4 DOOR , L. FRT LOWER LUMBAR LORD TEST DATE:07/30/1997

ELEC DATA, SAE CLASS 1000 . : '

4.5,
4.0
3.
3.
2.5
2.0
z
= 2
> o1
o
X

o:o s | 4 VAR | ' /L»w/ T
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C11687 L. SIDE IMPACT-337 OEG LTV MDB TO STATIONARY VEHICLE 104. YKM/H
_ ATD TYPE: GMSOH
R&DCTR  B8V91400 4 DOOR R. FRT LOWER LUMBAR MOMENT TEST DATE:07/30/1997

ELEC DATA, SAE CLASS 1000

500,

YS0;

400

E._Z_‘ 20 /
,'_L’I:J 150 . /
O' 100} / \
: i \

FLEX / . \
EXT | - | \

I
- 100ty 1 i 1 ) ] 1 I ] 1 ! | | S !
0 20 4o 60 80 100 120 4o 160 180 200 220 240
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104. UKM/H ‘
| ATD TYPE: GMSOH
R&DCTR  8Y31400 4 DOOR R. FRT LOWER LUMBAR LORD TEST DATE:07/30/1997

ELEC DATA, SAE CLASS 1000

. o2 o
W g 0 FHD : : L |
& 0.
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oE ™~ | —~
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C11687 L. SIDE IMPACT=337 DEG LTV MDB TO STATIONARY VEHICLE 104. YKM/H
ATD TYPE: GMSOH
R&DCTR  BVOIYOD 4 DOOR R. FRT LOWER LUMBAR LOARD TEST DATE:07/30/1997

ELEC DATA, SRE CLASS 1000

3.
2.9
2.0
1.
_,zl.ﬂ
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COMP N /\J \ //'
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Appendix B, plot # 54



o . ) , .
C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104, Y KM/H
- : ) ATD TYPE: GMSOH
R&DCTR -~ 891400 4 DOOR L. FRT TIBIA LEFT UPPER LOAD TEST DATE:07/30/1997
ELEC DATA, SAE CLASS 600 A (ENHANCED LOWER LEG) - \
1.2
1.0
0.8
0.6
O.II
20.2
xz_o.o FWD V,\/\Pw\l\ ,I"v-\./" 4Mw |~
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104. 4 KM/H
' . ATD TYPE: GMSOH
R&DCTR  8VS14OD 4 DOOR L. FRT TIBIR LEFT LOWER LOAD TEST DATE:07/30/1997
ELEC DATA, SRE CLASS 60O ‘ (ENHANCED LOWER LEG)
300,
200
100 ‘ /J/“V,./\«,-\\\ .
RIGHT /\\\\’// \ s
LEFT "'\‘M / \\ -
100 \\ /
-200 i
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I’J‘:g’30n /
o
~Lyo0l
-sgn \ //
-600
\ [
v
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104. 4KM/H

.

; ATD TYPE: GMSOH
R&DCTR - 8v9I40D 4 DOOR L. FRT TIBIA LEFT LOWER MOMENT TEST DATE:07/30/1997
ELEC DATA, 'SAE CLRSS 600 . (ENHANCED LOWER LEG).
80
60 —+
4ol ‘ A /\
20 ‘ / / M
=20 /
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zuzJ /

-12

-140
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et R’
11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104. UKM/H
ATD TYPE: GMSOH
R&DCTR  8v91400 Y DOOR L. FRT TIBIA RIGHT UPPER LOAD TEST DATE:07/30/1997
ELEC DATA, SAE CLASS 600 (ENHANCED LOWER LEG)
300,
20!
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Ci11687 L. SIDE IMPACT-337 DEC

R&DCTR

8v91u00 U DOOR
ELEC ORTA, SAE CLRSS 600

o

LTV MDB TO STATIONARY VEHICLE
L. FBT TIBIA RIGHT LOWER LORD

(ENHANCED LOWER LEG)

104.4KM/H

RTO TYPE: GMSOH
TEST DRTE:07/30/1997
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C11687 L. SIDE IMPRCT-337 DEG

R & D CTR

30
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104. YKM/H
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104.4KM/H
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104. YKM/H

R&DCIA  BVII4OD 4 DOOR PNEUMATIC WIRE ~CONTACT
ELEC DRTA, SAE CLASS 1000 o

TEST DATE:07/30/1897

4.8 i INITIAL CONTACT OCCURRED AT 56.4 MS

4.0

3.2

-y sluwupy J 1 1 1 TS ! 1 1 1 1 7 1 L
o) 20 40 60 80 100 120 140 160 180 200 220 240

TIME IN MILLISECONDS
Appendix B, plot # 117

Tt "
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATI
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C11687 L. SIDE IMPRCT-337 DEG LTV MOB TO STATIONARY VEHICLE 104. Y KM/H
R&DCTR  8V9I40D 4 DOOR LTV MDB AT C.G. DISPL TEST DATE:07/30/1997
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104.UKM/H

R&DCIR  8Y9I14OD 4 DOOR LTV MDB LONG. FORCE AT C.G. TEST DATE:07/30/1997
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEMICLE 104. 4KM/H
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104.4KM/H

R&DCTR  8V91400 4 DOOR - LTV MDB AT C.G. VELOCITY TEST DATE:07/30/1997
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104. UKM/H
R&DCTR  8V9140D 4 DOOR LTV MDB AT C.G. DISPL TEST DATE:07/30/1997
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Ci1687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104. UKM/H
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C11687 L. SIDE IMPACT-337 DEG LTV MDB TO STATIONARY VEHICLE 104, YKM/H
R&DCTR  BVS140D 4 DOOR LTV MDB AT C.G. VELOCITY TEST DATE:07/30/1997
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Appendix C:  C11687 hydrocarbon vapor measurement plots



5

4 C11687 - S1
0 i
§ L
T [
g 2
5 I
o

g NM

0 100 200 300 ) 400

time post-impact (s)

: Figure C1 v
Concentration of Hydrocarbon Vapor Above the Right Upper Engine (Location #1)

Test C11

687

C11687 - S2

concentration (%)

-«‘.“‘v\

Concentration of Hydrocarbon Vapor Measured Near the Left Exhaust Manifold

100 200 300

time post-impact (s)

Figure C2

Test C11687

Ct

400

(Location #2)



5
Al C11687 - S3
.g ’ .
c 37
- .9 r
g I Sensor Destroyed at 70 msec
= i )
g 2
5 |
[&] L
N
r i
0 n i 1 L i A n " - A e i i " n .
0 100 200 300 400
time post-impact (s)
Figure C3 '
Concentration of Hydrocarbon Vapor Measured Near the Left Upper Engine (Location #3)
' - ‘ TestC11687 -
5
4 C11687 - S4
< |
c 3
S I
8 I Sensor Cable Severed at 60 msec
c I
8 2
) i
o
1 i
0 [ 3 n i s L s n i & n n ) o
0 100 © 200 300 400
time post-impact (s)
Figure C4
Concentration of Hydrocarbon Vapor Measured Near the Left Lower Fuel Line (Location #4)

Test C11687

Cc2



57
4 C11687 - S5
g |
c 3
2 r
8
s |
g 2
s "t
[&] L
1 i
0 b L
0 100 200 300 400
time post-impact (s)
’ Figure C5
Concentration of Hydrocarbon Vapor Measured Near the Catalytic Converter (Locat_ion #5)

Test C1 1687

C3’



100
' C11687 -- Blank 1
— 80 -
R
[}
o .
§ 60 -
o]
C
o
<
40 -
2
©
[¢})
T 20
O *\-'—-a—-«-LLLl A L.alAJ.:JAlL'xlj - S— . —
0 10 20 30 40 50 60 70
Retention time (min)
Gasoline
100 + , —_—
' ' C11687 - Sample 1
/-o\ 80 h
) Stoddard Solvent
[}
[&]
E 60 - /\
©
C
pun |
<
@ 40 C,; - C,, Oil
=
©
g /\
. o0
0 v T T T T T T T 1
0 10 20 30 40 50 60 70

Retention time (min)

Figure CC1

GC/MS analysis of hydrocarbon vapor sample from Above the Right Upper Engine (Location #1)
st C11687. The top panel is the chromatogram of background sample and the

during Crash Te

bottom panel is the chromatogram of the post-crash sample.

C4



100 -

C11687 -- Blank 2

C—~ 80 -
X
@
) :
S 60 1
Ne)
c
3
<
Q 40 T
2 '
©
Q
o 20 -
0 10 20 30 40 50 60 70
Retention time (min)
100 -
I C11687 -- Sample 2 -
Q 80 1 Stoddard Solvent
< Gasoline
8 C12'C17 Oil
& 60 -
E /\
c
]
2 N
[0 40 7
=
& |
Q ‘[i’ .
CE. 20 i ‘ i ;‘! l ‘ 020'0300"
‘1‘ i 1!“ ‘l‘[" /\
0 T ‘ ‘ T T - T : T - L v 1
0 10 20 30 40 50 60 70

Retention time (min)

Figure CC2

GC/MS analysis of hydrocarbon vapor sample from near the left exhaust manifold (Location #2)
during Crash Test C11687. The top panel is the chromatogram of background sample and the

bottom panel is the chromatogram of the post-crash sample.

Cs



100 -

C11687 - Blank 3
—_ 80 -
&
o _
0. .
S 60 -
g .
c
3
<
[6)) 40 7
2
©
[
CC' 20 -
'0 - —y S I r — 7 : —
0 10 20 30 40 50 60 70
Retention time (min)
100 -
. B C11687 -- Sample 3
Gasoline .
—_ 80 -
3 Stoddard Solvent
(V)
0
. /\
gl
c
=
2
m 40 h l C12'Ci7 Oll
2
© | i /\ Ca0 - Cqp Ol
() ; !
T 20 i | /\
_ “\“if
0 , - i r — r r ; , =
0 10 20 30 40 50 60 70

Retention time (min)

: Figure CC3
GC/MS analysis of hydrocarbon vapor sample from near the left the Left Upper Engine (Location
#3) during Crash Test C11687. The top panel is the chromatogram of background sample and
~ the bottom panel is the chromatogram of the post-crash sample.

Cé



100 -

C11687 -- Blank 4
o~ 80 9
S
[¢)]
(]
S 60
o]
c
=
<
[0 40 N
2
T
©
T 29 -
0 - = l' |' : ' — i . i ; ; ’ —
0 10 20 30 40 50 60 70
Retention time (min)
100
C11687 -- Sample 4
~ 80 - '
2\., Stoddard Solvent
()] Gasoline :
O
E 60 A /\
o)
C
-
L0
<
S
2
kS
[¢)]
o
60 70

Retention time (min)

Figure CC4

GC/MS analysis of hydrocarbon vapor sample from near the Left Lower Fuel Line (Location #4)
during Crash Test C11687. The top panel is the chromatogram of background sample and the

bottom panel is the chromatogram of the post-crash sample.

c7



100 5 -

C11687 -- Blank 5

GC/MS analysis of hydrocarbon vapor sample from near the Catalytic Converter (Location #5)

- Retention time (min)

Figure CC5

~~~ 80 b
L ’
Q .
.8 o
§ 60 -
xe]
cC
-
2
Q 40 T
=
©
[}
2 20 -
0 ; | et ; ; : ; ;
0 10 20 30 40 50 60 70
Retention time (min)
~100 A
C11687 -- Sample 5
— 80 3 5
2\o’ Gasoline Stoddard Solvent
()
(&) .
. /\
N
C .
=3
<
o)) 40 T
2
®
© ‘
T 20 i
O T T M 'A_" = - T T T 1
0 10 20 30 40 50 60 70

During Crash Test C11687. The top panel is the chromatogram of background sampie and the

bottom panel is the chromatogram of the post-crash sample.

cs



s .

d XIaN3ddV




Appendix D: C11793 data plots
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C11793 FRONT IMPRCT MOVING VEHICLE TO FIXED POLE 55, 8KM/H
ATD TYPE: GMSOH

R&DCIR 891420 4 DOOR L. FRT CHEST COMPRESSIVE DISP. TEST DATE:11/12/1997
ELEC DATR, SRE CLASS 180 NORMALIZED, W/CALC VEL & VISCOUS INJURY
) MRX COMPRESSION = 34.1 MM AT Sy.Y MS .
) [AV = 527 OF IARV [(W/0 SH BELT), IRV = B8% OF IRRV (W/ SH BELT)
£
- . g_CoMe |
&% TENS
LTJD 2
&
ljs MAX VELOCITY = 4,38 KM/H AT 73.6 MS
§ /\/\ AN‘/\V/—M/'KM
x 4 D SO
—
-
O
S
= ‘
U'F MAX M/SEC = 0.1y T 77.3 MS
>
S 0.2
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....§0 1 /\*/\
= e \
a0 pa—— ]
= -0, plunene ] 1 1 1 m 1 1 L It 1 [
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Appendix D, plot # 9
C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE - 55. 8KM/H

ATO TYPE: GMSOH
R & D CTR 8v91u20 4 DOOR L. FRT NECK LOADING ON HEAD, UPPER LORD TEST DATE: 11/12/1997

ELEC DATA L. FRT NECK LORDING ON HEAD

10-SRE_CLASS 600 FILTER MAX CALC'D MOMENT = 8.18 N-M AT 79.2 MS MIN = -20.8 N-M AT 143.7 MS
=

. / L
% G LLFLEX ya :

O | AT FLEX <

&z /\

b -~ d
12 . . /

>, . .

;g SAE_CLASS 600 FILTER MAX MOMENT = 35.8 N-M RT 128.8 MS MIN MOMENT = -9.5] N-M AT 211.9 MS

= CH . b—1 1]
= CCH

)
yoo-SAE _CLASS 1000 FILTER MAX LOARD = 158 N AT 115.9 MS MIN L0AD = -236 N AT 169.1 MS
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HOOO 20 - uo 60 80 100 . 120 140 160 180 200 . 220 240
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C11793 FRONT IMPACT . MOVING VEHICLE.TO FIXED POLE 55. 8KM/H
ATD TYPE: GMSOH
R&ODCTR  8V91420 4 DODR - NECK LOADING ON HERD TEST DATE: 11/12/1897
ELEC DATA L. FRT NECK LOADING ON HEAD ‘
yoo SRE_CLASS 600 FILTER MAX CALC'D MOMENT = 29.8 N-M AT 70.0 MS MIN = -22.1 N-M AT 122.5 MS
= 1AV = 16% OF IARV [AV = 397 [OF IARV
“ 200
—_t
TS FLex
& e
0209
()
a
400 SAE_CLASS 1000 FILTER MAX 1LOAD = 2.00 KN AT 91.2 MS i MIN LOAD = -0.23 KN AT 133.6 MS
AV = 617% OF IARV AV = 67 OF IARV
) 3 - —J
@z
gx- o—TENS / \—\
=] COMP N
1@
g |“
t—l 9|
l;SF!E CLASS 1000 FILTER MAX LOARD = 0.35 KN AT 71.7 MS MIN LORD = -0.08 KN AT 45.8 MS
: ) AV = 117 OF IARV : 1RV = 37 OF IRAY
«c 1
aE
L. Jrwo i e
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[N o
(=]
xJd g
[T
-Zumu_uﬂ 1 | - ] I n 1 1 - 1 1 ] M ] §
0 20 40 . 60 80 100 T 120 140 160 - 180 200 220 - 240
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C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55, BKM/H
ATD TYPE: GMSOH

RaDCTA  evoluzp u poor [ ORWARD NECK SHEAR ON HERD, TEST DATE:11/12/1997
ELEC ORTA, SAE CLASS 1000 L. FRT INJURY REFERENCE

6.0 ) MAX 1AV = 22 7 OF KRBY AT 239 N, U5.0 MS
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4.
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ml.Ll
zz \\
]

1.5 \

1.0

0.

0. 0 ‘ 5 10 15 20 25 30 35 4o 4s 50 55 60

CUMULATIVE DURRTION OF LOADING ABOVE GIVEN FORCE LEVEL,
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C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.8KM/H
‘ AT TYPE: GMSOH

R &0 CTR 8v91420 4 DOOR RERRWARD NECK SHEAR ON HERAD, TEST DATE:11/12/1997
ELEC DATA, SAE CLASS 1000 L. FRT INJURY REFERENCE ;

6.0 MAX IAV = 3 7 OF IARV AT 8Y N, 0.0 MS

5.5

S.0f

4.5

4.
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&< 3.5
GIE 3, 0P
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CUMULATIVE DURATION OF LOADING ABOVE GIVEN FORCE LEVEL, M
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C11793 FRONT IMPRCT MOVING VEHICLE TO FIXED POLE 55. 8KM/H
_ ATD TYPE: GMSOH

R&DCTR  8V9IU20 4 DOOR AXTAL COMPRESSION ON HEAD, TEST DRTE:11/12/1997
ELEC DRTA, SRE CLASS 1000 L. FRT INJURY REFERENCE

6 MAX 1AV = 6 % OF IAAV AT .232 N, 0.1 MS

5.5
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Y,

4.0
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DE3 0

=
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fra
T \
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T

5 ] 5 20 35 30 3 ) s 56 35 )
CUMULATIVE DURRTION OF LORDING ABOVE GIVEN FORCE LEVEL, |
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, o .
11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 8 KM/H
' ATD TYPE: GMSOH
R&DCIR  8v9142D 4 DOCR AXIAL TENSION ON HERD, © TEST DATE:11/12/1997
ELEC DATA, SAE CLASS 1000 L. FRT INJURT REFERENCE
6.0 MAX AV ='51 % OF IARV AT {987 N, 2.9 MS
5.9
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4.9
q.
=z
S¥ 3.5
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§§§§3 o
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CUMULATIVE DURATION OF LORDING ABOVE GIVEN FORCE LEVEL, |~
1 Appendix D, plot # 15
C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 8KM/H
ATD TYPE: GMSOH
R&DCTR  8VI1420 4 DOOR L. FRT LEFT KNEE CLEVIS LOARD TEST DATE:11/12/1997

ELEC DATA, SAE CLASS 60O

10, MAX LORD = 0.27 KN RT 171.3 MS MIN LOAD = -0.90 KN AT 55.8 MS
J [AV = 237 OF TARV

TENS
CaMP —_| ]

10 ] MAX LOARD = 0.17 KN RT 106.9 MS MIN LORD = -0.89 KN AT 74.5 MS
J IRV = 227 OF I1ARV

TENS
comMp feeeoo—1
T T Lo L 1 i o I TR B 1 ) L
-0 20 . L] 60 80 100 120 g 160 180 200 220 240
TIME IN MILLISECONDS
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R4

C11793 FRONT IMPACT

R &0 CTR 8V91420 4 DOOR
ELEC DATA, SAE CLASS 600

L. FRT LEFT TIBIR UPPER MOMENT

55.8KM/H

200 MAX MOMENT = 95.8 N-M AT 74.4y MS

S

*ATD TYPE: GMSOH
TEST DATE: 11/12/1997

= 150

TANT
N
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5z '

Ot

&5 s : N
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=l S EEGRN

Ny . \'—\*T:j"’ﬂ——\ﬂ

10 MAX MOMENT = 18.9 N-M AT 178.0 M5
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N-M AT 70.2 M5
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-101 _‘
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Cl11793 FRONT IMPRCT MOVING VEHICLE TO FIXED POLE
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L
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55.8KM/H

ATD TYPE: GMSOH
TEST DATE:11/12/1997

L. FRT TIBIA LOWER SHEAR LOAD CELLS

500 MIN SHEAR LOAD = -S79 N AT 74.2 MS
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C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.8KM/H
ATD TYPE: GMSOH
R & D CTR 8v9142D 4 DOOR TEST DATE: 11/12/1997
ELEC DATA, SAE CLASS 600 L. FRT TIBIA LOWER AXIAL LOAD
-2 ) t;gx HX{gL Iagﬂ[lln; 1.44 KN AT 99,2 MS ]
V = 18/ v
L coe )
TENS
P4
< 2
=) .
=g
'__l
e
e
>
@
10 MAX AXTAL LOAD = 1.78 KN AT 75.5 1S
AV = 2274 OF IARV
o_coue ___/“N/I\/\
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R e ’ \___J'
C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.8KM/H
. ATD TYPE: GMSOH
8¢ 0 CTR 8V91420 4 DOOR ‘ L. FRT RIGHT KNEE CLEVIS LORD

TEST DATE:11/12/1997
ELEC DATA, SAE CLASS GO0 :

1 MAX LOAD = 0.26 KN AT 108.9 MS MIN LORD = -1.64 KN AT 80.4 MS
. [AV = 417 OF TARV

TENS

CoMP m\,\v\

. MAX LOAD = 0,31 KN AT B82.5 1S MIN LORD = -0.50 KN AT 102.0 M5
_ TAV = 15% [oF ARV

DE CLEVIS
RO, KN

b

ouTS

TENS o
CcoMP NS T e

1 ] L 1 1 1 1 1 1 1
20 4o : 60 80 100 120 140 160 180 . 200 220 240
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C11793 FRONT . IMPACT MOVING VEHICLE TO FIXED POLE 55.8KM/H

_ ATD TYPE: GMSOH
R&DCTR  8V9142D 4 DOOR L. FRT RIGHT TIBIA UPPER MOMENT TEST DATE:11/12/1997
ELEC DATA, SAE CLASS 600 :

Ry

200, MRX-MOMENT = 127 N-M AT 53.8 MS

:,_'xn J\ - i

\//J\_—\_.\_’______,\\_—________
MAX MOMENT = 45.6 N-M AT B8.7 MS MIN MOMENT = -127 N-M AT 53.8 MS

_/
N A/ _
&= -\ﬁ\7 j \v
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C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE S5.8KM/H )
ATD TYPE: GMSCH

R & D CTR 8V3142D 4 DOOR TEST DATE:11/12/1997
ELEC DATA, SAE CLASS 600 L. FRT TIBIA LOWER BENDING MOMENTS

qn MAX MOMENT = 13.4 N-M AT 99.8 MS MIN MOMENT = -28.4 N-M AT 70.6 MS

TAV = 13% F IARV
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C11783 FRONT IMPACT ~ MOVING VEHICLE TO FIXED POLE 55.8KM/H

ATD TYPE: GMSOH
ReDCIR 891420 4 DOOR L. FRT TIBIA INDICES  TEST DATE:11/12/1997

ELEC DATA, SAE CLASS 600 TI = (RES MOM/225 NM) + (AXIAL/35300 N)

MAX UPPER L/C TI = 0.4S AT 74.4 MS

MAX LOWER L/C T1 = 0.15 AT 70.6 MS

MAX UPPER L/C TI = 0.53 AT 53.8 MS

MAX LOWER L/C TI = 1.72 AT 75.6 MS

! ) T T t ——
0 20 4o . 60 80 100 120 140 160 180 200 220 240
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ILIJ V
S
o R T J A \\_\‘

Appendix D, plot # 23

C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.8KM/H

ReDCIA Y9120 U DOOR L. FRT TIBIA/FEMUR DISPLACEMENT
ELEC DARTA, SAE CLASS 180

ATD TYPE: GMSOH
TEST DATE:11/12/1997

25 B MAX TIB/FEM DISP = 0.07 MM AT 192.5 MS
[AV = 0% OF 1AV

-2 MAX TIB/FEM DISP = 1.60 MM AT 94.9 MS
AV = 117 OF IARY

sl i L 1 ST L 1 1 L L
0 20 a0 %0 &0 100 120 140 160 180 200 720 e
TIME IN MILLISECONDS B
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C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 8KM/H

: ATD TYPE: GMSOH
R&OCTR . 8V91420 4 DOOR R. FRT HERD ACCEL. TEST DATE:11/12/1997
ELEC DRTA, SAE CLASS 1000 » (HIC I LIMITED TO 1SMS)

MAX ACCEL = 42.4 G'S AT 100.6 MS

¥ 130
Q@
2210
e
:CE
e e e e P e M M BN AL =Gt
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C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.8KM/H
‘ ATD TYPE: GMSCH
R&DCIR  8Y9142D 4 DOOR R. FRT HEAD ACCEL. TEST DATE:11/12/1997
ELEC DRTA, SARE CLASS 1000 (HIC I LIMITED TQ 36MS)
w15 MAX ACCEL = 42.4 G'S AT 100.6 MS
o )
23100
e
a%so — 3-MS CONJRCC =41 _gg
& g ' MAXTMUM HIC (1) IND = 260 © 35.1 G'S.: 8Y - 120 S
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e
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C11793 FRONT IMPRCT MOVING VEHICLE TO FIXED POLE 55.8KM/H
ATO TYPE: GMSOH
R&DCIR  8V91420 4 DOOR R. FRT CHEST ACCEL. TEST DATE: 11/12/1997
ELEC DATA, SRE CLASS 180 _
o150 ’ ' MBX ACCEL = 35.8 G'S RT 95.3 MS
- _
[]
2310
-
VD’% S 3 Mo LUNLCTHLL, = ELY Lo
ﬂij e e e s e B S - _—77_0?-TiFﬁT-;--—--_. —_—————
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s » U
C11793 FRONT IMPRCT MOVING VEHICLE TO FIXED POLE 55.8KM/H

R&DCTR 8va1u20 4 DOOR
ELEC DATA, SAE CLASS 1000

150 : -__MAX ACCEL =

R. FRT PELVIC ACCEL.

ATO TYPE: GMSOH
TEST DATE:11/12/1997

36.7 G'S AT 79.8 MS

T
=0 FWD

o RFT — ——
2 — |
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22 oJ_oown

up
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C11793 FRONT IMPACT

A&

LEFT
LORD, KN

C11793 FRONT IMPACT

R

b CTR

MOVING VEHICLE TO FIXED POLE

8V91420 U DOOR R. FRT FEMUR LOAD
ELEC DATA, SAE CL955‘500 . ’

55.8KM/H
ATD TYPE: GMSOH
TEST DATE:11/12/1997

L J
8 MAX_LOAD = 3.76 KN AT 65.5 MS
AV = 387 OF ARV

-6/
-4
2 f/\""*\

CoMP

TENS
| .
~ MAX LORD = Y.32 KN AT 80.0 MS

TAV = U3 OF 1AAV
-B|
=l N
N

N /r"”
o_CoMP A ]

TENS
.
ylutitug 1 1 1 1 ] 1 1 ] 1 ! I | i

0 . 0 40 . B0 80 100 120 140 160

. ¢
e’

R & D CTR

ELEC DATA, SRE CLASS 600

LOthTKN

TIME IN MILLISECONDS

MOVING VEHICLE TO FIXED POLE

8V91420 4 DOOR . R. FRT FEMUR LOARD

DURATION ASSESSMENT

MAX 1AV = 4] 7 OF IARV AT 3749 N, 0.2 MS

180 200 220 240
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55.8KM/H .
ATD TYPE: GMSOH
TEST DATE:11/12/1997

—
— ]

10 15 20 25 30 35

40

us S0 55 80

=]
CUMULATIVE DURATION OF LOADING ABOVE GIVEN FORCE LEVEL, ¥ :
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C11793 FRONT IMPRCT

AR &DCTR

BV9142D 4 DOOR
ELEC DATA, SAE CLASS 60O

MOVING VEHICLE TO FIXED POLE
R. FRT FEMUR LOAD
DURATION ASSESSMENT

- 55.8KM/H
ATD TYPE: GMSOH
TEST DATE: 11/12/1997

o

MAX 1AV = UB 7 OF IARV AT Y256 N. 1.9 MS

—
:.
2
S
-
u
’\
] \
e
1
——g
i) E 0 15 20 25 30 35 40 4s S0 S5 50

5 i

C11793 FRONT IMPACT

R & D CTR

ELEC DATA, SAE CLASS 180

CUMULATIVE DURATION OF LOADING ABOVE GIVEN FORCE LEVEL,

8vS1420 U DOOR

MOVING VEHICLE TO FIXED POLE
R. FRT CHEST DISP, TEMP AT G68.0'F
NORMHLIZED‘TU 70.7'F & PART 572 CORRIDOR

MAX COMPRESSION = 32,5 MM AT 102.S5 MS

[AV = 507 OF IARV (W/0 SH BELTI,

Appendix D, plot # 31

55.8KM/H
ATD TYPE: GMSOH
TEST DATE:11/12/1997

IAV = 657 OF I1AAV (W/ SH BELT)

//Jw N
N
/’/ ]
0 COMP /v
TENS
Jumum ] L 1 ! M 1\ 1 : I 1 ) i T S
[1] 20 40 860 80 100 120 140 160 180" 200 220 2us
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C11793 FRONT IMPACT

R&DCTR ~ '8v9lu2D 4 DOOR
ELEC DATA, SAE CLASS 180

) MAX COMPRESSION = 32.5 MM AT 102.5 MS : .
40 1AV = 507% OF IARV (W/0 SH BELT), IAV = 654 OF IARV (W/ SH BELT)

MOVING VEHICLE TO FIXED POLE
R. FRT CHEST COMPRESSIVE DISP.
NORMALIZED, W/CALC VEL & VISCOUS INJURY

55.8

KM/H
" ATD

Ry

TYPE: GMSOH

TEST DATE:11/12/1997

L

I
oF CoMP /

[

wa TENS
=
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4o!
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Y = .97 RA/H AT 35
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55.8

ELEC DATA v ‘ R. FRT NECK LOADING ON-HERD

4o-SAE CLASS 600 FILTER

MAX CALC'D MOMENT = 1u.8 N-M AT 110.0 MS

KM/7H
ATD

TYPE: GMSOH

MIN = -29.1 N-M AT 140.3 MS

TEST DATE:11/12/1997

=} RT FLEX

=
OZ /\
oY LT FLEX

N

— |

/

© oo SAE_TLASS 500 FILTER MAX MOMENT = 19.0 N-M AT 118.1 M5
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C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55, 8KM/H
. ATD TYPE: GMSOH
R&DCIR  8v9lu2D 4 DOOR NECK LOADING ON HERD ~ TEST DATE:11/12/1997

ELEC DATA R. FRT NECK LOADING ON HEAD

ygo, SPE_CLASS 600 FILTER MAX CALC'D MOMENT = 42.S N-M AT 138.3 MS MIN = -16.8 N-M AT 98.8 MS
= 1AV = 227 |OF IARV IRV = 297 OF IARV

> FLEX
=] EXT

y SAE CLASS 1000 FILYER MAX LORD = 1.U0 KN AT 85.7 MS MIN LOA
1AV ="U27% [OF IARV IRV = 47

= -0.17 KN AT 155.0 MS
OF IARV

N

.,/“"/"’—"W\

TENS e
comP .

LOAD, KN

-2 {

FZ - AXIAL

l;snE CLASS 1000 FILTER MAX LORD = 0.20 KN AT 37.7 MS MIN LORD = -0.53 KN AT 147.0 MS
AV = 67 $ 1ARV IRV = 177 OF IRRV

FWO
AFT } L~

Zolunmey 1 ! L ] | TR 1 1 1 1 | T )
a 20 4o . 60 80 100 120 140 160 180 200 220 240

TIME IN MILLISECONDS
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Cl11793 FRONT IMPRCT MOVING VEHICLE TO FIXED POLE 55.8KM/H

ATD TYPE: GMSOH
R&ODCTR  8v91u2D 4 DOOR FORWARD NECK SHEAR ON HERD, TEST DATE:11/12/1997
ELEC DATA. SRE CLASS 1000 R. FRT INJURY REFERENCE |

6.0 MAX TRV = 6_% OF IARV AT 1956 N, 0.0 MS

"0 5 10 15 20 25 30 35 (D] s 50 55 60
CUMULATIVE DURATION OF LOADING ABOVE GIVEN FORCE LEVEL, ! '
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C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.8KM/H

ATD TYPE: GMSOH
R&DCTR  8VSI42D Y DOOR RERRWARD NECK SHEAR ON HERD, TEST DATE:11/12/1997
ELEC DATA, SAE CLASS 1000 _ R. FRT INJURY REFERENCE

6.0 MAX 1AV = 39 % OF IARV AT Y28 N, 45.0 MS
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CUMULATIVE DURATION OF LOADING RBOVE GIVEN FORCE LEVEL,

: Appendix D, plot # 37
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C11793 FRONT IMPARCT A - . MOVING VEHICLE TO FIXED POLE "~ 55.8KM/H

ATD TYPE: GMSOH
R&DCTR  8V91U20 U DOOR R. FRT LEFT TIBIA UPPER MOMENT TEST DATE:11/12/1997
ELEC DATA, SAE CLASS 600 ‘
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C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.8KM/H

ATD TYPE: GMSOH .
R&DCTR  8Y9142D 4 DOOR : TEST DATE:11/12/1997 !
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C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.8KM/H ‘
) ATD TYPE: GMSOH
R &DCTR ~ 8vSi42D0 4 DOOA ' TEST DATE:11/12/1997
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C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.8KM/H
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R&DCIR  8v9142D 4 DOOR R. FRT RIGHT KNEE CLEVIS LORD TEST DATE:11/12/1397
ELEC DATA, SAE CLASS GOO :

10 MAX LOAD = 0.49 KN AT 117.3 MS MIN LOAD = ~0.57 KN AT 84.7 MS
. . AV = IUZ% OF IARV

TENS
CoMP P ————

1 MAX LOAD = 0.17 KN AT 192.2 MS MIN LORD = -1.47 KN AT 116.1 MS
IRV = 377 OF IARV

TENS
CoMP ] T
= 2ULLuy ] 1 ! 1 H11 1 | - H | 1 1 i | S 1

0 20 %0 60 80 100 120 40 160 180 200 220 240
TIME IN MILLISECONDS

~ Appendix D, plot # 44



e

~C11793  FRONT IMPACT _ MOVING VEHICLE TO FIXED POLE

R &0 CTR 8V91U20 4 -DOOR
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Ci1793 FRONT IMPACT
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C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE u 55.8KM/H

' : ATD TYPE: GMSOH
R &DCTR 8v9142D 4 DOOR L. FRT LOWER LUMBAR LOAD TEST DATE:11/12/1997
ELEC DATA, SAE CLASS 1000
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C11783 FRONT IMPACT ~ MOVING VEHICLE TO FIXED POLE 55. 8KM/H
ATD TYPE: GMSOH
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C11793 . FRONT IMPACT MOVING VEHICLE TO FIXED POLE » 55.8KM/H

RTD TYPE: GMSOH
R&DCTR  8VII420 4 DOOR R. FRT LOWER LUMBAR LOAD TEST DATE:11/12/1997
ELEC DATA, SAE CLASS 1000 :
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C11793 FRONT IMPACT = ‘ MOVING VEHICLE TO FIXED POLE 55.8KM/H
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ATD TYPE: GMSOH
R&DCTR  8V9I1420 4 DOOR R. FRT LOWER LUMBAR LOAD TEST DATE:11/12/1997
ELEC DATA, SAE CLASS 1000 : »

4.5,

4.0

3.5

2.9

°:° o A // \ . —
\\ A \ _ A

-0.5 \/\/\, \ /

~1.0 - \\\/

-1.SUte 1. 1 1 1 ) 1 L 1 L I | !

! 50 20 (D] 60 80 100 120 140 160 180 200 220 240

TIME IN MILLISECONDS
s Appendix D, plot # 54



fl . e e

C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.8KM/H .
_ ATD TYPE: GMSOH

R&DCTR  8v91u20 4 DOOR R. FRT TIBIA LEFT UPPER LORD TEST ORTE:11/12/1997
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C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. BKM/H
ATD TYPE: GMSOH
R&DCTR  8V9142D 4 DOOR R. FRT TIBIA LEFT LOWER LORD TEST DATE:11/12/1997
ELEC DATA, SAE CLASS 600 (ENHENCED LOWER LEG)
g
4sH
4o -
35
30 -
25| Yin
-4
g AR

) RIS N
5 JN A B N
RIGHT A // \,\\\ ’ I \

LEFT— ¥ "W ! \\
=50 V S~
~100tLLI 1 1 1 1 M 1 1 1 I 1 Tl 1 1
4] 20 (4] 60 80 100 120 140 160 180 200 220 240

TIME IN MILLISECONDS v
' = Appendix D, plot # 56



C11793 FRONT IMPACT ~ MOVING VEHICLE TO FIXED POLE 55. 8KM/H
ATD TYPE: GMSOH
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ATD TYPE: GM50H
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C11793 FRONT IMPACT

R & DCTR 8v91iy20 4 DOOR
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C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.8KM/H
R&DCIA 891420 4 DOOR L. FRT ROCKER TEST DATE:11/12/1997
ELEC DATA .
cn SAE CLASS 1000 FILTER MAX ACCEL = 21.6 G'S AT 64.5 MS MIN ACCEL = -118 G'S AT 60.2 MS
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C11783 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.8KM/H
R&DCTR  8YS1420 Y DOOR L. FRT ROCKER TEST DATE:11/12/1997
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C11793 FRONT IMPACT © MOVING VEHICLE TO FIXED POLE 55. B8KM/H

R & D CTR 8\/91’;20 4 DOOR L. FRT ROCKER TEST DATE:11/12/1997
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C11733 FRONT IMPACT MOVING VEHICLE TO FIXED POLE : 55.8KM/H
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C11793 FRONT IMPARCT MOVING VEHICLE TO FIXED POLE 55.8KM/H
R&DCTR . 8YS1420 4 DOOR R. FRT ROCKER TEST DATE:11/12/1997
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C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.8KM/H
R&DCTR  8v31420 4 DOOR R. FRT ROCKER TEST DATE:11/12/1997
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C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.8KM/H

R&DCTR  8VS1420 4 DOOR _ L.REAR ROCKER

TEST DATE:11/12/1997
ELEC DRTA : .

100.SRE_CLASS 1000 FILTER MAX ACCEL = 18.8 G'S AT 63.3 MS MIN ACCEL = -71.1 G’S AT 63.8 MS
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C11793 FRONT IMPACT MOVING VEHICLE 70 FIXED POLE 55.8KM/H

R&OCTR  B8Y91420 4 DOOR . L.RERR ROCKER TEST DATE: 11/12/1997
ELEC DATA | ,

100SAE_CLASS_ 1000 FIiTER MAX ACCEL = 48.0 G'S AT 6.2 MS MIN ACCEL = -63.7 G'S AT 63.5 MS
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C11793 FRONT IMPACT

R &DCTR

ELEC DATA

SAE CLASS 1000 FILTER

MOVING VEHICLE TO FIXED POLE

8v91420 4 DOOR

L.REAR ROCKER

MAX ACCEL = 60.9 G'S AT 39.5 MS

55.8KM/H

TEST DATE:11/12/1997
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R.RERR ROCKER

MAX ACCEL = 82.5 G'S AT 58.4 MS

55.8KM/H

TEST OATE:11/12/1997

MIN ACCEL = -57.7 G'S AT 9.8 MS
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C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.8KM/H

R&DCTR  8v91420 U DOOR R.REAR ROCKER
ELEC DATA

TEST DATE:11/12/1997

100 SRE_CLASS 1000 FILTER MAX ACCEL = 66,7 G'S AT 63.3 MS MIN ACCEL = -60.6 G'S AT 61.7 MS
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C11793 FRONT IMPRCT MOVING VEHICLE TO FIXED POLE 55.8KM/H

R&DCIR  B8YS1420 4 DOOR R.RERR ROCKER TEST DATE:11/12/1997
ELEC DATA

~
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C11793 FAONT IMPRCT MOVING VEHICLE TO FIXED POLE 55.8KM/H

R &0 CTR 8V9142D 4 DOOR . . AVERAGED REAR ROCKER
ELEC DATA :

TEST OATE:11/12/1997

150,SAE_CLASS 1000 FILTER MAX ACCEL = 22.4 G'S AT 58.4 MS MIN ACCEL = -46.3 G'S AT 63.8 MS
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C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.8KM/H

R & D CIR evoluzo y poor  COMP. FREE MASS DISP. REL. TO VEHICLE

TEST DRTE:11/12/1997
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C11793 FRONT IMPACT ’ MOVING VEHICLE TO FIXED POLE - S5.8KM/H

R&DCTR  8Y9142D 4 DOOR R. TOE PAN DISPL TEST DATE:11/12/1997
ELEC DATA, SAE CLASS GO
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C11793 FRONT IMPACT ’ MOVING VEHICLE TO FIXED POLE 55. BKM/H
R&DCTR 891420 4 DOOR STARTER  VOLTAGE TEST DATE:11/12/1997

ELEC DATA, SRE CLASS 1000
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C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.8KM/H

R &DCTA 8V9142D 4 DOOR BATTERY VOLTAGE
ELEC DATA, SRE CLASS 1000

TEST DATE:11/12/1997
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C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.8KM/H
R&DCIR  8v91u2D 4 DOOR ALTERNATOR  VOLTAGE

TEST DATE:11/12/1997
ELEC DATA, SAE CLASS 1000
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C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 8KM/H

R&DCTR  8Y91u20 U DOOR FUEL PUMP  VOLTAGE
ELEC DATA, SRE CLASS 1000

TEST DATE:11/12/1997
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C11793 FRONT IMPARCT .. MOVING VEHICLE TO FIXED POLE - 55.8KM/H

R&DCH - ovalu0 u oogn B FRT HERDLIGHT-LO BEAM VOLTAGE
ELEC DRTR, SAE CLASS 1000

TEST DOATE:11/12/1997
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C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE © 55.8KM/H

"R&DCTR  BY91420 4 DOOR R. FRT FOG LIGHT VOLTAGE
ELEC DATA, SAE CLASS 1000 '

o

TEST DATE:11/12/1897
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11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 8 KM/H
R&DCIR  8v91420 4 DOOR IGNITION  VOLTAGE TEST DATE:11/12/1397

ELEC DATR, SAE CLASS 1000
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Ci1793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE | 55.8KM/H

R eDCTR BYS1420 4 DOOR FUEL INERTIA SWITCH VOLTAGE

TEST DATE:11/12/1997
ELEC DATA, SAE CLASS 1000 .
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C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.8KM/H
ReDCTA  BYS1420 U OO L. OPTICAL FIRE DETECTOR VOLTAGE

TEST DATE:11/12/1997
ELEC DATA, SAE CLASS 1000
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C11793° FRONT IMPACT MOVING VEHICLE TC FIXED POLE » 55.8KM/H

A& D CTR 8Y91420 4 DOOR R. OPTICAL FIRE DETECTOR VOLTAGE
ELEC DRTA, SRE CLASS 1000
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26,

24
22
20
18
"
‘:, 16|
o
>
uJ. lll
3
T
>
H
&
y
gnu_u_l_uj 1 ] i 1 al I 1 I 1 A 1 11 1 |
0 20 40 60 " 80 100 120 40 160 180 200 220 2u0
TIME IN MILLISECONDS
Appendix D, plot # 87
L ) it N
C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.8KM/H

TEST DATE:11/12/1997
ELEC DATA, SAE CLASS 1000
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C11793 FRONT IMPRCT MOVING VEHICLE TO FIXED POLE S5.8KM/H

R & D CTR 8v91420 4 DOOR L. EXHAUST MANIFOLD(S1)  VOLTAGE TEST DATE:11/12/1997

ELEC ORTAR, SAE CLASS 1000
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C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.8KXM/H

84D CIR V31420 4 DOOR R. EXHAUST MANIFOLD (S2) VOLTAGE

TEST-DATE:11/12/1997 -
ELEC DRTA, SARE CLASS 1000 '
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C11793 FRONT IMPACT

R & D CTR

VOLTRAGE, VOLTS

24

8vg1u20 4 DOOR
ELEC DATA, SRE CLASS 1000

MOVING VEHICLE TO FIXED POLE-
LWR REAR INTAKE MANIFOLD (S3)

VOLTAGE

55.8KM/H

TEST DATE:11/12/1997
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C11793 FRONT IMPRCT

R &

D CTR

8v91u2D0 4 DOOR

ELEC DATA, SAE CLASS 1000

VOLTRGE, VOLTS
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MOVING VEHICLE TO FIXED POLE
CATALYTIC CONVERTER (S5)
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TEST DATE:11/12/1997
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C11793. FRONT IMPACT

R &

D CTH

8v9142D 4 DOOR

ELEC DATAR, SRE CLASS 1000

CURRENT, AMPS
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C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE . 55.8KM/H

R&DCIR  BYS1420 4 DOOR R. 1/P BAG CURRENT TEST DATE:11/12/1997
ELEC DATA, SAE CLASS 1000
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C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 8KM/H
R&DCIR  8V91420 4 DOOR - BATTERY ~CURRENT TEST DATE:11/12/1997

ELEC DATA, SRE CLASS 1000
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C11793 FRONT IMPACT . MOVING VEHICLE TO FIXED POLE 55.8KM/H

R&DCIR V91420 4 DOOR POB  CURRENT TEST DATE:11/12/1997
ELEC DATA, SAE CLASS 1000
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C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 8KM/H
R&DCTR  8V9142D U DOOR STARTER  CURRENT TEST DATE:11/12/1997

ELEC DATA, SRE CLASS 1000
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W s

R &DCTR
ELEC DATA, SRE CLASS 1000

CURRENT, AMPS

C11793 FRONT IMPACT

MOVING VEHICLE TO FIXED POLE
8v91u20 4 DOOR . FUEL PUMP . CURRENT

S55.8KM/H

TEST DATE:11/12/1997
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C11793 FRONT IMPACT , MOVING VEHICLE TO FIXED POLE 55.8KM/H

R&DCIR  8YS1420 4 DOOR ALTERNATOR CABLE =1 CURRENT
ELEC DATA, SAE CLASS 1000

TEST DRTE:11/12/1997
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C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55, BKM/H
RE&DCTR  8V9lu2D 4 DOOR ALTERNATOR CABLE =2 CURRENT TEST DATE: 11/12/1997

ELEC DATA, SAE CLASS 1000

30 BATA SYSTEM FULL SCALE EXCEEDED :
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C11783 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.8KM/H

R & 0 CTR 8vaiu2p 4 DOCR HVAC BLOWER CURRENT TEST DATE:11/12/1997
ELEC DATA, SAE CLRSS 1000

15 OATA SYSTEM FULL SCALE EXCEEDED .
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FIRST OCCURRENCE AT 0.0 MS
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C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 8KM/H
R&DCIR  8V9I1420 4 DOOR HERDLIGHT LOW BEAM  CURRENT TEST DATE:11/12/1997
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C11793 FRONT IMPACT

R&DCTR
ELEC DATA, SRE -CLASS 1000

CURRENT, AMPS
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MOVING VEHICLE TO FIXED POLE
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Appendix E:  C11793 hydrocarbon vapor measurement plots
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Appendix F:  C11793 numeric film plots



N P

L . a‘v’
C11793 FRONT IMPARCT MOVING VEHICLE TO FIXED POLE 55.8KM/H F IGURE

R & D CTR 8v91420 Y DOOR

FILM DATA LEFT SIDE TEST DATE:11/12/97

VEHICLE DISPL RELATIVE TO GROUND REFERENCE

__MAX DISPLACEMENT = 1065.6 MM AT 178.5 MS

/M”“———N’—“ bl Lad M lad 4 ¢ M—N

900 " ‘ /
800 ////”(//)n
700

600] ///w
500

400 )(/
300 //)k///
200 / DISPL INFLUENCED BY

VEHICLE YAW
lﬂz{//
-100

0 20 4o 60 80 100 20 1o 160 180 200 220 240
TIME IN MILLISECONDS o )

—
—
[=)

—
(]
(=]

LONGITUDINARL DISP -- MILLIMETERS

Appendix F, plot # 1

C11793 FRONT IMPACT' MOVING VEHICLE TO FIXED POLE 55.8KM/H F IGURE

R &DCTR Bv9142D 4 DOOR .
FILM DATA LEFT SIDE TEST DATE:11/12/97

VEHICLE DISPL RELATIVE TO GROUND REFERENCE

. AT OR PRIOR TO MAX CRUSH
20 :
N /V]ALA\
A

MAX DOWNWARD DISP = 12.5 MM AT 89.6 MS
Bl ™

-Ug0 \,\
-50

VERTICAL DISP -- MILLIMETERS

Y
-60 - \
-7 DISPL INFLUENCED BY
VEHICLE YAW \w\
-80 : : wJ\\“
-390
~1005 20 T 60 80 100 120 140 160 180 200220 240

TIME IN MILLISECONDS
. Annendix F plot # 2



Ci1793 FRONT IMPFICT' MOVING VEHICLE TO FIXED POLE S55.8KM/H F IGURE A

R & D CTR 8v8142D 4 DOOR :
_ FILM DATA LEFT SIDE TEST DATE: 11/12/97

VEHICLE PITCH RELATIVE TO GROUND REFERENCE

AT _0OR PRIOR TO MAX CRUSH
MAX NEGATIVE RANGLE = -5.9 DEG AT 178.5 MS

10
8
6 -
u
2
)
g
§ -4 \N——”\"\'k
-6 \hﬂ\“‘“——“\u a R B
" P B ™
-12
5 20 10 &0 80 00 120 140 160 180 200 o}
TIME IN MILLISECONDS
Appendix F, plot # 3
C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE SS.8KM/H F IGURE

R & DCTR 8vS1420 4 DOOR
FILM DATA RIGHT SIDE TEST DATE:11/12/97

VEHICLE DISPL RELATIVE TO GROUND REFERENCE

MAX DISPLACEMENT = 978.8 MM AT 99.4 MS

110
11000 :
c |
= . )I/“/. [
i 900 = Quaaasey
= /N/ \“\“
— e
800 /( —,
= 700 /( - .
]
]
600
o A
+— 500
[ /
& 400
=
% 300,
2
g 200 / -
9 DISPL INFLUENCED BY =
- lUZl/ VEHICLE YAW
1 L HE
0 20 . 4o - 60 80 100 120 . 140 160 180 200 220 240

TIME IN MILLISECONDS b At
Annandiv F nint# A



C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.8KM/H F IGURE

R & D CTR 8vVI142D Y DOOR

FILM DATA RIGHT SIDE TEST DATE:11/12/97

VEHICLE DISPL RELATIVE TO GROUND ‘REFERENCE
AT OR PRIOR TO MAX CRUSH
P = 40.8 M

50 MAX DOWNWBRD DI5 M AT 99.4 MS
50

&7 ) - ;ﬂ/‘ <

!
0

g 3 / Y

- 20 ‘ 2

z pd \\
10 =

o \\q

[9p)

o -10

° \

& -20 N

— N

%0 N

> DISPL INFLUENCED BY
-40 VEHICLE YAW \q
= | ] N
-60

] 20 ) 60 80 100 120 1uo 160 180 200 20 240
TIME IN MILLISECONDS T T

Appendix F, plot#5

5,

Ly o koé
C11793 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.8KM/H F IGURE

R&DCTR 891420 Y4 DOOR .
FILM DATA . RIGHT SIDE TEST DATE:11/12/97

VEHICLE PITCH RELATIVE TO GROUND REFERENCE

: AT DR PRIOR TO MAX CRUSH
8 . MBX NEGATIVE ANGLE = -U.9 DEG AT 99.4 MS

=

g
X

n -2 ~.
L -
vy \“\
S \\\\
° N\u—-—""
_10 " —a e
DISPL INFLUENCED BY
1 VEHICLE YAW
-14
-16!

TIME IN MILLISECONDS

o] 20 40 60 80 100 120 140 160 alBO o ?00 220 2u0



. St ? L
C11793 FRONT IMPACT MOVING VEHICLE TO‘FIXED POLE 55.8KM/H F IGURE

R &DCTR 8V9142D 4 DOOR

FILM DATA OVERHERD VIEW TEST DATE:11/12/97

VEHICLE DISPL RELATIVE TO POLE REFERENCE

120' . ) MAX DISPLACEMENT = 1196.2 MM AT 139.2 MS
I . Ja

] ,

0110 ' A e S

—

800

700 /
600 /
500 /
400 / -
300 /L
200,

oL

LONGITUDINAL DISP -- MILLIMETER

20 40 60 80 100 120 T 160 180 200 220 2u0

Appendix F, plot # 7

S et N’

C11793 FRONT IMPACT - MOVING VEHICLE TO FIXED POLE 55.8KM/H F IGURE

R & D CTR 8v9142D 4 DOCR

. FILM DATA OVERHERD VIEW TEST DATE:11/12/97

VEHICLE DISPL RELATIVE TO POLE REFERENCE

150,

100

S0,

Ottt

LATERAL DISP -- MILLIMETERS
g
//

-350 \\n

w0 ' ' _ N

0 20 U0 60 80 100 120 140 160 160 200 -~ 220 240
‘ TIME IN MILLISECONDS S T

Appendix F, plot# 8



O XIONIddV




Appendix G: C11317 data plots
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Appendix H: Instrumentation Summaries
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