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Evaluation of Motor Vehicle Fire Initiation and Propagation . ~
Part 5: Crash Tests on a Rear Wheel Drive Passenger Car

Jack L. Jensen, Jeffrey Santrock
General Motors Corporation

Abstract

This report describes the test conditions and presents the resuits of three crash tests, each of a rear-wheei-
drive passenger car, to study post-collision fire potential. Specialized instrumentation was used to help
identify potential ignition 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 Transportation (Project B.3).
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1. Introduction

Three crash tests were conducted on a rear-wheel-drive passenger car model (1997 Chevrolet Camaro) to
study post-collision fire potential. 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 Transportation. An earlier report, “Vehicle Crash and Fire Propagation Test Program” [1]
documented the overall strategies and test methodologies for this project. 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).

Two additional series of crash tests were conducted on a sport utility vehicle (1997 Ford Explorer), and a
front-wheel-drive mid-sized passenger sedan (1998 Honda Accord). The results of these tests will be
reported in subsequent technical reports.

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

The three test vehicles were newly manufactured 1997 Chevrolet Camaro 2 door coupes. All three
vehicles were equipped with a 3.8-liter V-6 engine, air conditioning, 4 speed electronic automatic
transmission as well as other options. As in previous tests [1], [2], the best selling engine, transmission
and air conditioning options were selected. For 1997 Camaros, 66% were sold with a 3.8 liter engine,
100% with air conditioning, and 72% with 4 speed automatic transmission [3]. Sales figures were not used
to select any other options. However the three test vehicles all were equipped with an electric rear
window defogger, a 6-way driver power seat, and 16-inch aluminum wheels. Standard equipment for 1997
Camaros included driver and front passenger air bags, 3 point seat belt systems, and a 4-wheel anti-lock
brake system.

2. Rear Wheel Drive Car Offset Moving Deformable Barrier Rear Impact, Test C11408

On January 8, 1997 an offset moving deformable barrier rear impact was conducted on a rear wheel drive
passenger car. The test was conducted indoors at the General Motors Proving Ground, in Milford, ML

A total of 80 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
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the Hybrid Il dummy are appropriate only 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 hydrocarbon 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 fluids. However, for the rear impacts, the fuel system contained
Stoddard solvent, not gasoline, and no other engine compartment fluids were used.

2.1. Test Conditions

2.1.1. Impact Conditions

This test was an offset moving deformable barrier rear impact as depicted in Figures 1, 2, and 3. The test
vehicle was parked and impacted with a deformable moving barrier similar to what is specified in
FMVSS214 [4]. The impact velocity, measured with radar, was 84.7 km/h (52.6 mph). The moving barrier
impacted the test vehicle in the rear on the filler neck side (left side) with a 70 % overlap. The overlap was
computed 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 1868 mm, resulting in a desired overlap of 1308 mm, as shown in Figure 3.
The actual impacted overlap for this test was within 15 mm of the desired.

(D)

Mﬂw 70% Overlap
Deformable
Moving

Barrier

85 km/h
(63 mph)

Figure 1
Crash Test Configuration for Test C11408
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Figure 2
Pre-Test Photograph of Test C11408
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1868 mm

1308 mm

Figure 3
Schematic of Intended Vehicle Overlap
Test C11408

The moving barrier's total mass was 1370 kg (3020 Ibs.); its frontal axle mass was 779 kg (1717 Ibs.), and
its rear axle mass was 591 kg (1302 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 1 (unlike 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 results in an effective brake
activation time of approximately 80-150 msec after impact. The barrier was also 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.

2.1.2. Vehicle Description

The 1997 Chevrolet Camaro (VIN: 2G1FP22K1V2109145) had a calculated test mass of 1811 kg (3992

Ibs.), which included the crash test instrumentation, Stoddard Solvent, and the ATDs. Inadvertently, the

test vehicle was weighed before but not after the final installation of some crash test instrumentation. Thus
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the final test mass was estimated but not measured. 1811 kg represents the estimated final test mass
(including all of the instrumentation). 55.7 liters (14.7 gallons) of Stoddard Solvent were added to the
unusable capacity (also Stoddard) of the fuel tank. The headlights, ignition, hazard lights, and rear
defroster were all on for the test. The transmission selector was placed in reverse for the test.

2.1.3. 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.

The test vehicle’s front brakes were isolated from the brake system and connected to an auxiliary brake
machine which 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 during or
after the test.

The vehicle’s hood was removed to facilitate the instaliation of the crash test instrumentation above the
engine compartment. In addition, a pressure transducer was installed in the right fuel rail in the engine
compartment to measure the fuel pressure during the crash. This transducer was attached via the
production pressure check valve on the fuel rail. The fuel return pressure was also measured. That
transducer was located on the left side of the engine.

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.

For all of the tests conducted for project, the test vehicles were loaded with all required instrumentation for
the test objective, 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].

2.1.4. Vehicle Measurements

Measurements that were recorded during this test included:

e Front left rocker panel acceleration (longitudinal, lateral, and vertical)
« Front right rocker panel acceleration (longitudinal, lateral, and vertical)
o Rear left rocker panel acceleration (longitudinal, lateral, and vertical)

e Rear right rocker panel acceleration (longitudinal, lateral, and vertical)
5 01/12/01



¢ - Rear left frame acceleration (longitudinal, lateral, and vertical)
¢ Rear right frame acceleration (longitudinal, lateral, and vertical)
o Center tunnel acceleration (longitudinal, lateral, and vertical)

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

In addition, electrical contact measurements were used to identify the times at which structural
components contacted each other. Five vehicle contacts were monitored in the rear structure of the
vehicle, and are listed in order of rear to front.

e Left rear bumper beam to cargo tub

e Right rear bumper beam to cargo tub

e Center cargo tub to heat shield (which was located between the tub and the muffler)
» Rear center fuel tank to vehicle structure

e Front center fuel tank to vehicle structure

For this vehicle model, the cargo tub, which allows for cargo storage access from the hatch, is located just
forward of the rear bumper. The muffler is oriented laterally (cross car) and is positioned just forward of
cargo tub. The fuel tank is located forward of the tub and above the muffler. A metal heat shield is located
above the muffler and also extends rearward of the muffler.

2.1.5. Photographic Coverage
High-speed 16 mm movie cameras were used to film the crash test. All cameras were located off-board of
the vehicle. Cameras were located at various locations around the impact including above, below, and to

both sides of the vehicle. In addition, video cameras were located at two off-board locations.

2.1.6. Moving Barrier Measurements

The following 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)
e East and West “snubber” cable brake pressures

The two brake system pressure measurements are from an auxiliary disc brake system used to stop the
snubber cable spool out. This cable is attached to the moving barrier and was used to stop the barrier
following the impact. Thus, the brake pressure measurements are a good indication of when the cable
began to stop the barrier following the impact. This “snubber” brake system was independent of the
moving barrier's brakes, which were also activated (but not recorded) following the impact.
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2.1.7. Anthropomorphic 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 26.5 degrees relative to vertical. The ATDs were restrained using the vehicle’s production lap /
shoulder belts with the adjustable guide loop set in the third position from the top. The ATDs were
positioned per FMVSS 208 [5] guidelines and the pelvic angle was measured to be 23.7 degrees from
horizontal for the left front occupant and 22.5 degrees for the right front. The head target angle was set to
0 degrees from horizontal for both occupants. The following measurements were recorded for each ATD:

* Head triaxial acceleration

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

o 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

Appendix A includes the Injury Assessment Reference Values (IARV) [7] used for the analysis of the
recorded ATD measurements. Head Injury Criteria (HIC) computations limited to 15 msec (as described in
AGARD 330 [7]), as well as computations limited to 36 msec (as required by FMVSS 208 [5]) are both
presented in the test results.

2.1.8. Hydrocarbon Vapor Measurements

There were no hydrocarbon vapor measurements made for this test.

2.1.9. Fluid Pressure Measurements

Both the fuel supply line pressure and return line pressure were recorded. No other fluid pressure
measurements were made.

2.1.10. 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 (such 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.
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Clamp - on current monitoring transducers were used to measure the following currents:

* Rear window defroster
¢ Rear left brake light

e Rear left backup light
¢ Rear left tail light

e Rear left turn signal

All of these five current transducers were located in the passenger compartment underneath the left rear
quarter panel interior trim.

Direct voltage measurements (not requiring transducers) were also made of the following circuits:
s |gnition

e Center high-mounted stop light

» Rear window defroster

e Rear left brake light

¢ Rear left backup light

¢ Rear left tail light

e Rear left turn signal

The ignition voltage was measured in the passenger compartment under the instrument panel on the

driver’s side. The remaining six voltages were monitored near the current transducers underneath the left
rear quarter panel interior trim.

2.1.11. 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 located near the rearward edge of the fuel tank attached to the shield separating the tank and the
cargo tub. The other wire was attached to the underside of the rearmost lateral swaybar. These two wires
were both oriented laterally (cross-car) and 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. Each
thermal wire consisted of two wires separated by an insulating material that is intended to melt when
exposed to flame, thereby completing an electric circuit. For the crash tests, the closure is monitored only
to evaluate the devices’ crashwoﬁhiness at their given mounting location. Clearly, crashworthiness is a

desired property of a fire detector if it is to be used with a suppression system to suppress post-collision
fires.

8 01/12/01



A pneumatic fire detector was located on the underside of the fuel tank. It consisted of a long, thin tube
attached to a pressure sensing device. The tube contained a metal-hydride compound, which generates
hydrogen gas when heated. A pressure transducer at one end of the tube measures the pressure increase
when the tube is exposed to flames. For this test, the tube was looped and attached on the under side of
the fuel tank, while the pressure sensor was rigidly mounted on the underside of the right rear frame rail.

Both the thermal wire and pneumatic fire detectors were supplied by Santa Barbara Dual Spectrum
(Goleta, CA). Devices of this type could be used with an active fire suppression system but for this test
were only monitored to evaluate their crashworthiness.

2.2. Summary of Test Results

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

NEHALF-;MQ gﬂs

Figure 4
Post-Test Photograph of Test C11408, Left-Rear View
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Figure 5
Post-Test Photograph of Test C11408, Right -Rear View

2.2.1. Summary of Standard Vehicle Crash Test Measurements

The complete set of recorded and computed vehicle measurements are included in Appendix B (Plots 19
through 108, 116, 129 through 133).

Accelerations of the vehicle rocker panels can be used as an indication of the passenger compartment
acceleration. Many times, the higher frequency acceleration signals represent localized acceleration at the
rocker panels, but the lower frequency signal and first integral of the acceleration are representative of the
overall motion of the passenger compartment. The average of the two front rocker panel longitudinal
acceleration measurements (Figure 6 and Appendix B, Plot 25) was integrated to compute the change in
vehicle longitudinal velocity (Figure 7 and Plot 26). The peak vehicle longitudinal acceleration (after
filtering at SAE class 60 [8]), was 23g and the maximum longitudinal change in vehicle velocity was 38
km/h (23.6 mph).
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Figure 6
Averaged (Left & Right) Front Rocker Panel Longitudinal Acceleration,
Test C11408, filtered at SAE class 60 [8]
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Figure 7
Averaged (Left & Right) Front Rocker Panel Longitudinal Velocity
Test C11408
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The center tunnel longitudinal acceleration (Plot 100) and velocity (Plot 101) is also a good indication of
passenger compartment motion. This measurement indicated a peak acceleration of 30 g and a velocity
change of 36.5 km/h (22.6 mph). The small difference between the tunnel and rocker velocity changes as
well as the larger difference between the peak accelerations can be attributed to differences in localized
accelerations.

The results of the five vehicle contacts are shown in Appendix B, Plots 129 — 133. As expected, the vehicle
crush progressed from rear to front. The right and left rear bumper beam first contacted the cargo tub at 5
and 8 msec respectively (Plot 130 and 131). The front center cargo tub contacted with the heat shield at
24 msec (Plot 129). The rear of the fuel tank contacted the vehicle structure at 24 msec (Plot 133) and
there was no contact indicated between the front of the fuel tank and the vehicle structure (Plot 132).

The air bags did not deploy in this rear impact crash test (Plot 116).

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 134 through 154).

The longitudinal velocity of the barrier's CG is shown in plot 135 and re-created here as Figure 8. The
barrier sustained a velocity change of about 55 km/h (34 mph) in 140 msec.

12 01/12/01



Velocity (km/h)

0 T T T T I T T T T : T T T T } T T T T
0 50 100 150 200
Time (msec)
Figure 8
Moving Deformable Barrier Longitudinal Velocity at CG
Test C11408

2.2.3. Summary of Recorded ATD Measurements

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

A comparison of the left front occupant's (driver's) injury measurements to their respective Injury
Assessment Reference Values (IARV) (Appendix A), indicates that all monitored measurements were
below their respective IARV except the upper neck tension. This measurement had a peak value of 4.97
kN, which is 151% of its IARV of 3.3 kN for 0 msec duration. This measurement is shown in Appendix B,
Plots 5 and 9, (the time dependent IARYV is described in Appendix A.) All other injury measurements for
the left front occupant were below their respective IARVs.

A similar comparison indicates that all of the right front passenger's measurements that were monitored

were below their respective IARVSs.

2.2.4. Summary of Hydrocarbon Vapor Measurements

There were no hydrocarbon vapor measurements taken for this test.
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2.2.5. Summary of Fluid Pressure Measurements

The dynamic pressure measurement of the fuel supply line is shown in Appendix B, Plot 123. This data
trace is biased by 320 kPa, which is approximately the operating pressure of the fuel system. The data
acquisition system used for this crash test, automatically forces all channels to read zero, including those
channels that initially have a non-zero value when the engine is off, such as fuel pressure. (Most fuel-
injected vehicles retain fuel pressure when the engine is off.) Thus, the raw recorded data indicates zero
pressure, when in fact the pressure was at normal operating pressure. The recorded data is was biased
during post-test data processing to indicate a starting pressure of approximately 320 kPa. This channel
indicated some amount of fluctuation during the impact, but does not indicate a fuel system leak. A leak
would produce a quick pressure drop to near zero. In addition, there were no fuel system leaks identified
during the post-test inspection.

The pressure of the fuel return line is shown in Appendix B, Plot 124. This measurement indicated a quick
rise in return line pressure to about 400 kPa at about 180 msec. This was likely due to compression of the

fuel tank volume during the impact resulting in a rise in return line pressure.

2.2.6. Summary of Additional Electrical Measurements

The results of the additional electrical measurements made on some of the rear electrical circuits are
shown in Appendix B, Plots 109 to 115 and 117 to 122.

The rear window defroster current measurement indicated a current draw of about 21 amps at impact (the
defroster was on for the test.) This measurement is shown in Plot 118 and Figure 9. Note that Plot 118
only has a duration of 240 msec, while Figure 9 has a duration of 700 msec. At 40 msec, however, the
current dropped to near zero, possibly due to the circuit being cut during the impact. This is also supported
by the rear window defroster voltage measurement (Plot 111 and Figure 10) which increased from about
11 volts (during normal operation at impact) to 12 volts at 40 msec. If the circuit was cut at 40 msec, then
the normal voltage drop due to current draw would end at 40 msec and a slight increase of voltage would
be expected.

At 140 msec after impact, however, the current (Plot 118 and Figure 9) rose exceeding the full scale range
of the measurement. (The full scale range was set at 20 amps, however, slight over-range measurements
can be recorded, thus the initial 21 amp measurement at the time of impact was valid.) This increase of
current at 140 msec was likely due to the energized side of the cut circuit shorting to ground during the
crush of the vehicle. This is also supported by the voltage measurement (Plot 111 and Figure 10) which
also indicated a significant drop in voltage (but not to zero) at 140 msec. At about 550 msec both the
current measurement and the voltage measurement dropped to zero indicating the opening of the circuit

breaker. This circuit was overload protected by a breaker rather than a fuse.
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Figure 9
Rear Defroster Current, Test C11408
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Figure 10
Rear Defroster Voltage, Test C11408
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An inspection of the ignition voltage also supported the hypothesis of a defroster circuit short at 140 msec,
with the breaker opening at 550 msec. The ignition voltage (Plot 109) dropped from 12 to 11 volts at 140
msec and returned to 12 at about 550 msec. Again, Plot 109 only shows the first 240 msec of the test,
however an inspection of the recorded data past 240 msec indicated this return to 12 volts at 550 msec.

Shorting of smaller-gage overload-protected circuits was not unexpected in impacts of this type given the
amount of vehicle crush experienced. Although there could be arcing during an electrical short which, in
turn, could serve as an ignition source given the presence of a flammable vapor, generally overload-
protected circuits are unlikely to overheat sufficiently to ignite a solid-fuel fire.

Similar to the defroster measurements, the left rear taillight also indicated a possible short, although it had
a much shorter duration. The current measurement (Plot 121) indicated an overload from about 48 msec
to 58 msec. The voltage measurement (Plot 114) supported a hypothesis of a possible short indicating a
voltage drop from 12 to 6 volts, also at 48 msec. The voltage drop of 6 volts is likely due to the increased
loading of the circuit. Both traces indicate, however, that this short was of short duration (10 msec), and
did not open the fuse (which would have resulted in a permanent drop in voltage.) The post-test inspection
of the fuses, also indicated that this fuse (#5) was not open. At the time of the indicated short (60 msec)
the vehicle was undergoing dynamic crush in the rear structure. Thus intermittent or temporary shorts or
opens would not be unexpected. As with any crash test, as the vehicle dynamically crushes, damage to
the wiring circuits would have been intermittent.

No other electrical measurements indicated short circuits resulting in significant current draws, however
additional observations about the electrical measurements follow:

The left rear backup light voltage (Plot 113) dropped from approximately 11.5 volts to zero at 50 msec.
This was likely due to the gearshift moving from reverse to neutral during the impact. This was also
supported by the current measurement of the same circuit (Plot 120) which indicated a drop of current
draw from 3 amps to zero at 50 msec. The post-test inspection indicated that this fuse (#2) was not open,
thus the permanent drop in voitage was likely due to the shift in gears, rather than a short opening the
fuse.

The left rear turn signal voltage (Plot 115) and the current (Plot 122) dropped from normal operating levels
to near zero at about 60 msec. This was due to the turn signal cycling off at the time of impact. The
hazard warning lights were on for the impact, and the turn signal lamps timed off at around 60 msec.
Although Plots 115 and 122 only include the first 240 msec of data, an inspection of the recorded data
through 5000 msec indicated that the hazard flashers cycled at least through 5000 msec, and that a drop at
60 msec would be expected given the duty cycles observed. The post-test inspection revealed that the
fuse protecting this circuit (#1) was open following the test. The current trace (Plot 122), however, did not

indicate elevated current fiow during the event so this wire did not short. However, the same fuse also
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protected several other circuits, such as the right side rear turn signal. Many of these additional circuits
were not monitored during the test. One of the other non-monitored wires likely shorted causing the fuse to
open. However, the fuse did not open until after 5000 msec, because voltage was observed on the left rear
turn signal through at least 5000 msec.

The left rear brake light and the center high mounted stop light indicated very similar measurements. Their
similarity is expected, as both indicate braking. Both current measurements (Plots 117 and 119) indicated
littte or no current flow for the duration of the event. The overload indicated on Plot 119 at 61 msec was of
extremely short duration and was likely an artifact of the crash effects on the instrumentation (noise). The
voitage channels (Plots 110 and 112) closely followed each other and rose from 0 to 4 volts from about 58
msec to 155 msec. This voltage rise is unexplained but could be due to cross feeding from other circuits all
that could be damaged during impacts of this type.

2.2.7. Summary of Numerical Film Analysis

The numeric film analysis plots are included in Appendix C (Plots 1 through 8).

The crush of the vehicle on the left side is represented here as the longitudinal displacement of the vehicle
relative to the moving barrier as numerically measured from film. This measurement is shown in Plot 1 and
also Figure 11. Approximately 1250 mm of displacement occurred on the left side of the vehicle and
represents the combined crush of the deformable barrier face and the vehicle.
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Figure 11
Vehicle Displacement Relative to Moving Barrier, Left Side,
Test C11408, Numerically Measured from High Speed Film

Similarly, the right side longitudinal displacement of the vehicle relative to the moving barrier (Plot 4)
indicated about 1050 mm of maximum displacement at 80 msec.

2.2.8. Results of Post-test Static Rollover

This vehicle was rolled on January 9, 1997 using a static roll procedure similar to the roll procedure
specified in FMVSS 301 [8]. The vehicle was rolled both in the negative direction (filler neck down) and
also in the positive direction (filler neck up). No gasoline or Stoddard Solvent spillage was noted during the

static rollover.

2.2.9. Results 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 Plots 125 through 128. 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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2.2.10. Summary of Post-test Vehicle Inspection

The vehicle was disassembled and inspected for air passages 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 during this inspection, instead all openings
identified were noted. Subsequent fire propagation tests were conducted to further evaluate possible fire
propagation paths. These fire propagation tests are reported separately. 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. Those openings (excluding glass breakage) identified for this test, follow:

e opening in left rear wheel well

(approximately 300 mm long x 110 mm wide at its widest point)
e opening in right rear wheel well near spare tire

(approximately 280 mm long x 20 mm wide)
e opening in floorpan near frame rail

(approximately 20 mm x 20 mm)

« dislocation of floorpan drain plug behind the driver’s seat

Due to the crush of the vehicle, the inspection of the electrical circuits in the rear of the vehicle was
inconclusive. The specific locations of electrical shorts or open circuits referred to in Section 2.2.6 were
not identified. However, the physical inspection did indicate opened fuses at locations #8 and #1 as
previously reported.

There was no evidence of combustible materials contacting normally hot surfaces identified during the
post-test inspection.

2.3. Conclusions

Following are the primary conclusions that can be drawn from the results of test C11408 relative to the

objectives of this project.
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There were no fires identified during this crash test.

The test vehicle experienced a longitudinal velocity change of approximately 38 km/h (24 mph) in
about 120 msec. The deformable rear moving barrier’s longitudinal velocity change was 55 km/h (34
mph) in about 140 msec

No liquid gasoline or Stoddard spills off of the vehicle were noted after the crash or during the static
roliover.

The ATD measurements indicate that a crash condition of this type may be survivable from a crash
trauma standpoint. All passenger dummy injury measurements that were recorded were below their
respective Injury Assessment Reference Values (IARVs). For the driver dummy, only the neck tension
was above its IARV, with a peak value of 4.97 kN (151% of its zero duration IARV of 3.3 kN.)

The fuel supply pressure measurement also did not indicate any fuel system leaks during the impact.
The fuel return line pressure measurement indicated a quick rise in return pressure from near zero to
400 kPa at about 180 msec. This was likely due to the fuel tank’s volume compressing due to the
vehicle crush, resulting in a tank and return line pressure rise.

Consistent with tests of other vehicle models in this series, electrical activity was identified on nearly
every circuit monitored for the test. At least two possible shorts were identified, one on the rear
defroster circuit and the other on the left rear tail light circuit. These two circuits (as well as all of the
circuits in the rear of the vehicle) were overload protected. The defroster was protected by a circuit
breaker that opened at 550 msec after impact. The left rear tail light short only lasted about 10 msec
and did not open the fuse protecting it. Consistent with the other tests in the series, the electrical
activity was difficult to analyze due to the sporadic and intermittent behavior of the electrical circuits as
they are physically crushed during the impact.

The two different experimental 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 or were damaged during the impact.

The high-speed films were numerically analyzed to identify the amount of dynamic crush. The
combined barrier face and vehicle crush on the left side of the vehicle was 1250 mm, which occurred

during the first 80 msec. On the right side of the vehicle, the combined crush was about 1050 mm also
at 80 msec.

Consistent with other tests in this series, crash-induced openings from outside to inside of the

passenger compartment were identified. For this test the two largest openings were near the left rear
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wheel well and the right rear wheel well. Smaller openings were also identified in the floorpan near the
frame rail and also due to a dislodged drain plug. Subsequent fire propagation tests were conducted

on some of the crash-tested vehicles that further evaluated fire propagation characteristics. These
results are reported separately.

10. There was no evidence of any combustible materials contacting normally hot surfaces.
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3. Rear Wheel Drive Passenger Car Offset Pole Frontal Impact, Test C11591

On May 14, 1997, a rear wheel drive passenger car offset pole frontal impact crash test (Test #C11591)
was conducted at the General Motors Proving Ground in Milford, Michigan. A total of 146 channels of data
were recorded during the test. Substantially more data channels were recorded for this frontal test than the
rear impact because unlike the rear test, the ehgine was operating thus requiring instrumentation to monitor
the engine. Also, the two Hybrid Ill ATDs were fully monitored which also resulted in more data channels
as compared to the rear impact.

3.1. Test Conditions

3.1.1. Impact Conditions

This test was an offset pole frontal impact as depicted in Figure 12 and Figure 13. 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 55.3 km/h (34.3
mph).

355 mm Diameter

Offset Pole Q

55 km/h
(34 mph)

S
—

Figure 12
Crash Test Configuration for Test C11591
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Figure 13
Pre-test Photograph of Test C11591

3.1.2. Vehicle Description

The test vehicle was a 1997 Chevrolet Camaro (VIN: 2G1FP22K5V2109780) with a test mass of 1849 kg
(934 kg front, 915 kg rear) which included the two ATDs, crash test instrumentation, and Stoddard Solvent
in the fuel tank. The fuel tank’s unusable capacity was first filled with Stoddard Solvent, then 55.7 liters of
Stoddard were added to the unusable capacity of the tank. (55.7 liters is 95% of the rated usable capacity
of 58.6 liters.) The engine was operating at impact with complete engine compartment fluids, including

battery electrolyte. The radio, high beam headlights and air conditioning were operating at impact. The
transmission was in neutral during the vehicle tow.

3.1.3. Pre-test Engine Warm-up Procedure

As shown in Table 1, the engine was started approximately 60 minutes before impact.
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Table 1

‘ Engine Warm-Up Procedure for Test C11591
Time after initial engine start, Duration,

(min) (min)
Engine started (idle approximately 900 rpm) 0 15
Engine speed increased to 1200 rpm 15 11
Engine turned off for instrumentation set-up 26 12
Engine restarted, set to 1100 rpm 38 22
Impact ' 60

3.1.4. Modifications to Production Vehicle

The vehicle was tested with both the hood and rear hatch in place. However, the rear seat was removed
to allow for the installation of the crash test instrumentation and the auxiliary fuel tank

Gasoline was supplied to the engine from an auxiliary tank mounted in the rear cargo / seat area.
I The spare tire was removed for the test.

The vehicle’'s rear brake lines were cut and an auxiliary brake machine was installed to abort the test
during the tow, if necessary. The pistons were removed from the front calipers and the brake fluid inlet
port was welded shut. This allowed the front brake lines to be pre-charged and maintained at a steady
state pressure, while still allowing the front wheels to rotate during tow. The front brakes were pre-charged
by mechanically locking down the driver brake pedal.

As with the other frontal tests, instrumentation was included to monitor the engine compartment electrical
circuits and fluid pressures. The specific locations of transducers are outlined in subsequent sections.
Every reasonable attempt was made to make the added instrumentation as non-intrusive as possible to
reduce the likelihood of affecting the outcome of the test. However, some of the instrumentation was
required to be in areas of vehicle crush and could have, in fact, affected the test's outcome.

3.1.5. Vehicle Measurements

Measurements recorded during this test, included:

e Front left rocker panel acceleration (longitudinal, lateral, and vertical)
. e Front right rocker panel acceleration (longitudinal, lateral, and vertical)
e Rear left rocker pane! acceleration (longitudinal, lateral, and vertical)

24 01/16/01



+ Rear right rocker panel acceleration (longitudinal, lateral, and vertical)
+ Right floorpan acceleration (longitudinal)
* Airbag sensing and diagnostics module (SDM) acceleration (longitudinal, lateral, and vertical)
¢ Right toepan longitudinal displacement (relative to floorpan, using string potentiometer)
o Driver's and passenger’s air bag current (using non-intrusive clamp on current transducers)
* Tach signal voltage (voltage signal from the production engine speed sending unit)
+ Engine motion (rotation of crankshaft using an auxiliary magnetic pickup transducer)
(labeled “hall effect sensor voltage” in Appendix D)
e Fuel pump current (at auxiliary fuel tank)

e Fuel pump voltage (at auxiliary fuel tank)

3.1.6. Photographic Coverage

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.

3.1.7. Anthropomorphic Test Device (ATD) Measurements

Two 50" percentile male Hybrid 1li ATDs [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 26.5 degrees relative to vertical.
The ATDs were restrained using the vehicle’s production lap / shoulder belts with the adjustable guide loop
set in the third position from the top. 1n addition, the ATDs were restrained by the vehicle’'s production
frontal air bags. The ATDs were positioned per FMVSS 208 {5] guidelines and the pelvic angles were 23.7
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.

Each Hybrid Ifl ATD was instrumented to make the following measurements:

e Head triaxial acceleration
e Head/ neck interface (upper neck) longitudinal shear force (Fx)
¢ Head/neck interface (upper neck) lateral shear force(Fy)
o Head/neck interface (upper neck) axial force (Fz)
e Head/neck interface (upper neck) moments about longitudinal, lateral and vertical axis (Mx, My, Mz)
¢ Chest triaxial acceleration
e Sternal deflection
e Pelvic triaxial acceleration
e Femur axial loads, left and right femurs
¢ Knee clevis loads, left and right, inner and outer
e Upper tibia bending moment, (Mx, right - left), left and right legs
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e Upper tibia bending moment, (My, anterior - posterior), left and right legs
. o Lower tibia bending moment, (My, anterior - posterior), left and right legs

e Lower tibia shear load, (Fx, anterior - posterior), left and right legs

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

o Tibia/femur displacement, left and right legs

e  Lumbar moment (My, anterior - posterior)

e Lumbar shear load (Fx, anterior - posterior)

+ Lumbar axial load (Fz, vertical)

The right front (passenger) ATD only was instrumented to make the following additional measurements on
the lower leg:

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

3.1.8. Hydrocarbon Vapor Measurements

‘ Hydrocarbon vapor was measured at the five following locations in the engine compartment:

e Above the right fuel rail (location #1)

e Above the left fuel rail (location #2)

e Above the left exhaust manifold (location #3)

¢ Near the descending left exhaust pipe (location #4)
o Near the catalytic converter (location #5)

The concentration of hydrocarbon vapors was measured using tin oxide sensors at each location. In
addition, the temperature from each of the tin oxide sensors was also measured to more accurately
interpret the output of the gas sensors. Co-located with the tin oxide sensors were sample tubes which
drew gas into collection tubes during the crash test [1]. These samples were analyzed by gas
chromatography to determine the composition of the vapor at each location.

3.1.9. Fluid Pressure Measurements

The 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. These pressure measurements included:

‘ e Front brake system pressure (line tapped near ABS junction box, left side of engine compartment)

» Left side power steering system pressure (measured near power steering rack)
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* Right side power steering system pressure (measured near power steering rack)
e Cooling system pressure (measured at thermostat housing)

e Auxiliary fuel supply line pressure (measured near the production fuel filter where auxiliary line was
tapped into production line)

e Engine oil pressure (measured at the oil pressure sending unit)

¢ Transmission cooler fluid pressure (tapped into transmission fluid cooler line)

A fluorescent dye was added to the cooling system to help identify coolant and to distinguish it from other
fluids.

3.1.10. Additional Electrical Measurements

The following additional electrical measurements were made to identify possible shorts or arcing.
Clamp - on current monitoring transducers were used to measure the following currents;

+ Horn (high & low tone) current (measured in engine compartment under power distribution center)
e Air conditioning compressor clutch (measured at a/c compressor)

¢ Radiator cooling fan (measured at rear of fan motor, left side of engine compartment)

o Alternator cable (measured at alternator) '

e Battery main (measured near terminal connection on right shock tower)

o HVAC blower (measured under instrument panel inside passenger compartment)

¢ Headlight low beam (measured under instrument panel near steering column)

Voltage measurements were also made on the following circuits:

* Ignition (measured under instrument panel inside of passenger compartment)

+ Right front headlight low beam (measured at left front headlight)

e Starter (measured at terminal on starter)

o Battery (measured at terminal on battery)

e Alternator (measured at terminal on alternator)

» High blower relay (measured in engine compartment under power distribution center)
e Relay center — A (measured at relay center, fusible link B)

¢ Relay center — B (measured at relay center, fusible link C)

* Radio accessory, fuse #4 (measured near main fuse box, driver’s side instrument panel)
e Tail light fuse (measured near main fuse box, driver's side instrument panel)

e ABS fuse #6 (measured near main fuse box, driver’s side instrument panel)

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

An experimental thermal wire fire detector was mounted to the underside of the hood, below the hood liner.
This detection wire was the same type as used on previous tests conducted for this project. For this test,
only one thermal wire was included. Longitudinally, it was located rearward of the hood's crush initiator
(i.e., located in the rear half of the hood.) Laterally, it was located in the center of the hood and spanned
approximately the center third of the hood'’s lateral width. The wire was looped over on itself (doubled up)

and then bent in a rectangular shape and mounted to the hood liner. This thermal wire was monitored for
contact closure between the wires during the test.

Figure 14 shows the under-hood location of the thermal wire device.
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Figure 14
Thermal wire, pneumatic, and fire coil detectors
Test C11591

A pneumatic fire detector was also included and was also located on the underside of the hood below the
hood liner. The pneumatic detector was not looped into a rectangular shape like the thermal wire, but
rather spanned the entire width of the hood at the very rear of the hood liner. Two channels were
monitored on the pneumatic detector, one normally open activation circuit and a normally closed fault
circuit. The pneumatic detector's location is also shown in Figure 14, however, due to the small diameter
of the tube it is difficult to see.
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In addition to the thermal wire and pneumatic detectors, two optical fire detectors were also located in the
engine compartment. These sensors (Dual Spectrum, model PM-5V) operate by sensing two separate
bands of infrared energy to detect a fire. They are designed to detect fires fueled by gasoline diesel, CNG,
LNG, LPG, methanol, oils, lubricants and other types of hydrocarbons. The sensors are small in size (43
mm x 89 mm x 69 mm) and have a 90 degree solid cone field of view. These two detectors were not
mounted on the hood, but rather were rigidly mounted in the rear of the engine compartment under the
wiper tray and faced forward. One sensor was mounted on the right side and the other was located
symmetrically on the left side of the engine compartment. The two optical sensors were electrically
monitored for activation during the impact.

The thermal wire, pneumatic detector and optical sensors were all supplied by Dual Spectrum (Goleta,
CA). Devices of this type could be used with an active fire suppression system but for this test were only
monitored to evaluate their crashworthiness.

In addition, two fire coils were also attached to the underside of the hood, as shown in Figure 14. These
coils were supplied by POWSUS, Inc. These fire coils normally are Nylon-12 tubes containing liquid HFC-
134a as a propellant and an active fire suppressant. These devices are activated by heat from a fire, which
causes the Nylon tube to soften and rupture, allowing the propellant and fire suppression agent to escape.
To be effective in extinguishing post-collision, under-hood fires that ignite seconds or minutes after the
crash, these fire suppression devices must not be punctured or rupture during the crash. Thus, the
purpose of including the coils on this test was to evaluate their crashworthiness at a given mounting
location. A more detailed description of these coils was reported separately [9].

Each tube was a length of coiled Nylon-12 tubing (tubing o.d. = 0.5 inches, wall thickness = 0.062 inches,
tubing length = approximately 11 feet, coil diameter = 12 inches). For this test, the coils were charged with
liquid HFC-134a only, and did not contain the active fire suppression agent normally used in these devices
(Envirogel™). The ends of the tubes were ultrasonically welded. Both coils were attached to the underside
of the hood rearward of the crush initiator. One coil was to the left of the longitudinal centerline of the
vehicle, and the other was to the right as shown in Figure 14.

3.2. Summary of Test Results

Post-test photographs of the vehicle are shown in Figure 15 and Figure 16.
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Figure 15
Post-Test Photograph of Test C11591, Front-Right View

Figure 16
Post-Test Photograph of Test C115691, Front View
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3.2.1. Summary of Standard Vehicle Crash Test Measurements

The complete set of recorded and computed vehicle measurements are included in Appendix D (Plots 60
through 131, 135, 147, 148, 160, 161, and 163).

The two rear rocker panel longitudinal acceleration measurements 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 30 g. The maximum longitudinal
change in vehicle velocity was 62 km/h (38.5 mph), with the velocity crossing zero at 118 msec past time
zero (impact.) The averaged rear rocker longitudinal acceleration is shown in Figure 17 and Plot 100, while
the longitudinal velocity is shown in Figure 18 and Plot 101.

Acceleration (g)
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Figure 17

Averaged (Left & Right) Rear Rocker Panel Longitudinal Acceleration

Test C11591, filtered at SAE class 60 [8]
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Figure 18
Averaged (Left & Right) Rear Rocker Panel Longitudinal Velocity
Test C11591

200

The displacement of the right toe pan, relative to the passenger compartment, was approximately 205 mm

and is shown in Figure 19 and also Plot 131, Appendix D.
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Figure 19
Right Toepan Displacement, Relative to Floorpan
Test C11591, filtered at SAE class 60 [8]

The magnetic pickup transducer used to monitor the rotation of the engine malfunctioned during this test
and did not accurately reflect engine motion (Plot 147). This same transducer functioned properly in
previous tests and had accurately represented engine motion. The tach signal voltage, which is the voltage
signal from the vehicle’s production engine speed sending unit is shown in Plot 148. This measurement
indicated that the engine was still turning through 40 msec. However, this signal dropped to zero volts at
around 40 msec because the main battery and ignition voltage also dropped at that time (see Section
3.25)

The current measurements of the driver and passenger air bag circuits indicated that both air bags
deployed at about 33 msec (Appendix D, Plots 160 and 161.)

Figure 20 and Plot 163 in Appendix D show the current measured at the auxiliary fuel pump. The fuel
pump drew 7 amps before impact until about 40 msec, when the current dropped to zero. The fuel pump
voltage measurement malfunctioned and resulted in no valid recorded data, (Plot 135). However, the
battery voltage indicated a drop from 13.5 volts to near zero also at 40 msec, as shown in Figure 21 and
Plot 133. The fuel pump lost power when the main vehicle electrical power was lost at 40 msec.
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Figure 20
Fuel Pump Current
Test C11591
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Figure 21
Battery Voltage

Test C11591
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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 i and ii,
and Plots 1 through 60).

For both of the ATDs, a comparison of the injury measurements for both of the ATDs to their respective
IARVs (Appendix A), indicated that all measurements were below their respective IARVs. The goal in
selecting the crash test conditions was to subject the vehicle’s electrical and fluid systems to severe
impacts to better understand how post-collision fires might start, but not to select conditions which were so
severe that occupant fatality due to trauma injuries would be likely. The injury measurements were below
their IARVs, however the penetration of the pole into the engine compartment severely challenged the
electrical and fluid systems. Thus, this test severity was appropriate for this research project.

3.2.3. Summary of Hydrocarbon Vapor Measurements

A complete set of the recorded measurements is included in Appendix D, Plots 149 through 159, and aiso
Appendix E, Figures E1 through EES5.

Of the five monitored locations, the left exhaust manifold (location #3) and near descending left exhaust
pipe (location #4) indicated the highest concentrations of hydrocarbon vapors. These two measurements
are recreated from Appendix E as Figure 22 and Figure 23 respectively. The measurement at location #4
was the highest and exceeded 4% for approximately 1 minute after the impact.

Concenration (%)

0 60 120 180 240 300
Time Post-Crash (s)
Figure 22
Concentration of Hydrocarbon Gas Measured near Left Exhaust Manifold (Location #3)
Test C11591
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Figure 23
Concentration of Hydrocarbon Gas Measured near Descending Exhaust Pipe (Location #4)
Test C11591

Chromatograms from the GC/FID analysis conducted on the vapor samples collected near the descending
exhaust pipe (location #4) are shown in Figure 24 and Figure 25. Figure 24 is the chromatogram from the
background sample. This is the vapor sample collected prior to the impact during the final preparations of
the test vehicle and while the engine was operating. The peaks in the chromatogram indicate the presence
of gasoline vapor. It is possible that the source of the gasoline vapor prior to impact was the auxiliary tank
being opened and filled just prior to the impact, thus releasing gasoline vapors. The GC/FID analysis is not

a quantitative analysis, thus it is possible only small concentrations of gasoline vapor were present in the
air prior to the test.

Figure 25 also indicates the presence of gasoline vapors. This is the sample taken after the impact. There
were no liquid gasoline leaks identified immediately after the impact or during the post-test inspection.
Again, the presence of low concentrations of gasoline vapors could be residual vapors in the engine
compartment due to the filling of the auxiliary tank just prior to the test. Another possible source of low
concentrations of gasoline vapors, was the air intake duct which was fractured during the impact.

The higher vapor concentration of vapor indicated in Figure 23 was likely due to vapors released by the
washer solvent. The post-test inspection revealed that the washer solvent reservoir was crushed and
completely empty following the impact. Vapors from the washer soivent would not be identified during a
GC/FID analysis, and thus would not appear in Figure 25.
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Figure 24
GC/FID Analysis of Hydrocarbon Vapor Background Sample Collected over Descending Exhaust Pipe
‘ (Location #4) Before the Test.
Test C11591
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Figure 25
GC/FID Analysis of Hydrocarbon Vapor Sample Collected over Descending Exhaust Pipe
‘ (Location #4) Post-test.

Test C11591
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3.2.4. Summary of Fluid Pressure Measurements

The dynamic pressure measurements of the engine compartment fluids are shown in Appendix D (Plots
170 through 178.) Similar to test C11408, the fuel supply pressure measurement was biased by 320 kPa
(Plot 172). Both the unbiased (forced to zero during instrumentation setup) and biased (corrected to
represent the actual pressure) measurements are included in Appendix D. Although fuel pressure
measurement (Plot 172) fluctuated during the impact, these fluctuations do not indicate the presence of a
fuel leak. This was supported by the post-test inspection which did not reveal the presence of a fuel leak.

Similar to the fuel pressure measurement, the cooling system pressure -also required biasing because the
system retains pressure when the engine is off (thus retaining pressure during the instrumentation set-up.)
Thus the recorded measurement was forced to zero and a bias value of 112 kPa was added back to
represent the actual pressure during the impact. The unbiased and biased values are shown in Plots 175
and 176, respectively. Although this pressure measurement exceeded the full-scale linear range, the
waveform shown in Plot 176 suggests that the overload only occurred for a short duration and that the
measurement is likely valid at all other times. If so, the pressure dropped from an initial value of about 120
kPa to 50 kPa. In this test, coolant was lost from both the radiator and the recovery bottle. This was
consistent with previous frontal tests in this series, where the radiator was crushed and coolant lost. It is
unknown why the biased coolant pressure does not drop to zero. However, one possible explanation is
that the radiator hose leading from the thermostat to the radiator was crushed and pinched during the
impact. This would result in a measurable pressure at the location of the transducer. Another possible
explanation is that the system was not at 112 kPa during instrumentation setup. If the actual pressure was
somewhat lower, then the plot which was biased by 112 kPA would reflect an unrealistically high pressure.
In any event, the coolant pressure measurement may be of the least value in these tests, because coolant
was lost during all of the frontal tests conducted for this project. The precise measurement of the pressure
has not been required to determine the presence or absence of a coolant leak.

Neither of the power steering fluid pressure measurements (left and right side, Plots 173 and 174) suggest

the presence of a leak. This was supported by the post-test inspection in which no power steering fluid
leaks were identified.

The engine oil pressure (Plot 177) did drop from the normal operating pressure to zero between 40 and 80
msec. The post-test inspection revealed that oil was released from the oil filter adapter housing. The
dispstick level indicator indicated that the engine was approximately % quart low following the test. The oil
leak likely occurred during the 40 to 80 msec time frame. However, the engine stopped sometime after 40
msec, which would have resulted in a loss of oil pressure. It is likely that both the oil filter adapter fractured

and the engine stopped due to the pole penetration between 40 msec and the end of the penetration (about
100 msec.)
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The transmission fluid pressure measurement (Plot 178) suggested that a leak occurred during the impact.
The pressure dropped to near zero by about 200 msec. The post-test inspection revealed the tail shaft
housing was broken, and that the fluid retained in the transmission was about 1 ¥ quarts low.

The front brake system pressure is shown in Plot 170. Although this measurement dropped to near zero at
240 msec, no leaks in the pressurized brake system were identified during the post-test inspection.
However, the non-pressurized fluid reservoir was approximately % empty following the test. Thus it is likely
that some fluid was released from the reservoir. It is unknown why the pressure measurement dropped to
zero. One explanation is that a leak occurred in the pressurized system that was not identified during the
post-test inspection. Another possible explanation is that the physical crushing of the brake lines resulted
in the rise in pressure (from 20 to 100 msec) followed by a decline in pressure as the lines physically
expanded or stretched due to the continued crush.

3.2.5. Summary of Additional Electrical Measurements

The results of the additional electrical measurements are shown in Appendix D (Plots 132 through 134, 136
through 144, 162, and 164 through 169).

Every recorded vehicle voltage indicated that voltage was lost at about 40 msec. This was because the
battery top was disconnected from the battery during the impact. The positive terminal connection was lost
when the battery top was lifted, resulting in the loss of voltage on all circuits.

All recorded vehicle current measurements indicated a drop in current to near zero at about 40 msec. Both
the battery current and alternator current transducers were destroyed during the impact, and resulted in

invalid data.

3.2.6. Summary of Numerical Film Analysis

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

The numerical analysis of the overhead film indicated that the dynamic pole penetration into the engine
compartment was approximately 1256 mm at 120 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]
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3.2.8. 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 D
(Plots 145, 146 and 179 - 181).

Monitoring of the thermal wire fire detector attached to the underside of the hood did not indicate any
electrical closures throughout the event (Plot 179). This suggests that the wire at this mounting location
and for this crash configuration is crashworthy. That is, it did not activate and was not damaged during the
crash test.

The plot of the signal output from the pneumatic fire detector did not indicate any contact closures during
the test (Plots 180 and 181). For this test configuration and mounting location, the pneumatic wire device
also demonstrated crashworthiness.

Neither of the two optical detectors activated during the test (Plots 145 and 146). This also suggested that
these devices for this test were crashworthy. They did not faise activate and were not damaged due to the
crash.

No measurements were recorded during the test to evaluate the integrity of the fire coils located on the
under side of the hood. However, liquid was not visible in either tube during inspection of the vehicle
immediately after the crash test. (Pressurized HFC-134a is a liquefied gas under pressure, and was visible
as a liquid prior to the test.) The hood was removed from the vehicle and the coils were removed from the
hood during vehicle disassembly. The post-test weights of the coils indicated that both coils lost
approximately 200 g of mass between the pre-test and post-test weights. This was nominally the mass of
the HFC-134a originally in the coils. Further analysis indicated the source of the leaks was the ultrasonic
welds at the ends of each tube. A more detailed analysis of the condition of the fire coils after this test was
reported separately [9].

3.2.9. Summary of Post-test Vehicle Inspection

As with the previous tests, the vehicle was disassembled and inspected to identify air passages from the
engine compartment into the passenger compartment, the locations of any fluid leaks, the locations of any

electrical shorts identified during the crash test, and any contact between combustible materials and hot
surfaces.

Consistent with previous frontal tests on other vehicles conducted for this project, structural openings into
the passenger compartment were identified. These are documented here independent of their possible
contribution to fire propagation. In some cases, these openings did not result in a free flow air path due to
other components (possibly combustible) blocking the air path. The results of subsequent fire propagation
tests conducted on some of the crash tested vehicles are reported separately.

40 01/16/01



The following crash-induced openings into the passenger compartment were identified:

e The HVAC module which initially straddles the forward bulkhead became broken and dislodged
creating an opening from the engine compartment. This opening was difficult to quantify and was
partially blocked. The free flow area was approximately 125mm high by 20 mm wide.

e The right front floorpan separated from the right front hinge pillar creating an L-shaped opening. One
leg of the opening was approximately 200 mm long by 10 mm wide; the shorter leg was 70 mm long by
15 mm wide.

All of the other identified openings were considerably smaller than the HVAC and floorpan openings. The
smaller openings are listed below:

o Tearin the front left tunnel caused by intrusion of the engine (approx. 30 mm x 10 mm)
¢ Tear in the front center tunnel caused by intrusion of the engine (approx. 30 mm x 5 mm)
o Separated spot-weld in the front left toe pan (less than 10 mm diameter)

¢ Two separated spot welds at the lower instrument panel mounting bracket to tunne! attachment (each
less than 7 mm in diameter)

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

» Transmission fluid: tailshaft housing fractured, approximately 1 % quarts lost
¢ Engine coolant: radiator and recovery bottle crushed and empty

e Washer solvent: reservoir crushed and empty

» Battery electrolyte: battery housing crushed and empty

» Engine oil: oil filter adapter broken, approximately % quart lost

¢ Brake fluid: no leaks in pressurized system, however approximately % of the fluid in the reservoir was
lost

As reported in section 3.2.5, the top of the battery became dislodged during the impact, resulting in the
loss of vehicle system voltage to zero on all circuits. Further analysis of the electrical system during the
post-test inspection did not reveal any open fuses or any physical evidence of electrical shorts or arcing.

The vehicle was also inspected for possible contacts between normally hot surfaces and combustible

materials. Only one observation was noted. The right exhaust pipe was in contact with the ABS wiring
harness on the right side of the vehicle. However, there was no indication of combustion.

41 01/16/01



3.3. Conclusions

1.

10.

1.

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

The peak longitudinal acceleration of the passenger compartment was approximately 30 g (filtered at
60 Hz). The longitudinal velocity change of the passenger compartment was approximately 62 km/h
(38.5 mph). The longitudinal velocity was zero at 118 msec (the time at which the vehicle stopped
moving forward and began moving rearward.)

The electric fuel pump shut down at about 40 msec after impact. This was due to the drop of overall
vehicle system voltage caused by the disconnection of the battery top from the battery during the
impact.

All recorded vehicle voltages and currents dropped to zero at 40 msec when the main vehicle voltage
was lost. Unlike some of the previous frontal tests, the main voltage did not later recover.

All recorded ATD injury measurements were below their respective injury assessment reference values
(IARVs).

Of the five locations in which the concentrations of hydrocarbon vapors were measured, the
measurement near the descending left exhaust pipe (location #4) indicated the highest concentration.
The source of this vapor was likely the washer solvent.

No liquid gasoline or Stoddard Solvent spilled off of the vehicle. No leaks in the fuel system were
identified either in the recorded data or during the post-test inspection.

Other engine compartment fluids which leaked included transmission fluid, engine coolant, washer
solvent, battery electrolyte, engine oil, and brake fluid.

The numerical analysis of the overhead film indicated that the dynamic pole penetration into the engine
compartment was approximately 1256 mm at 120 msec after time zero.

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 did not show evidence of any contact closures

during the test. For this test configuration and mounting location, the pneumatic wire device also
demonstrated crashworthiness.
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12.

13.

14.

15.

Neither of the two experimental optical detectors included on this test activated during the event. This
also suggested that these devices, given the circumstances of this test, were crashworthy.

Although no measurements were recorded during the test relative to the experimental fire coils, post-
test measurements indicated that the coils lost fluid during the test. The source of the loss was through
the ultrasonic welds at the ends of the tubes. The coils and their response during the test are reported
in more detail separately.

Seven crash-induced openings were identified in the forward bulkhead, five were relatively small. Of
the two larger openings, one was a separation of the floorpan from the right front hinge pillar (L shaped
opening, one leg 200 mm long x 10 mm, the other leg 70 mm x 15 mm.) The other one was near the
displaced HVAC module, creating an opening approximately 125 mm x 20 mm.

There was only one contact between normally hot surfaces and combustible materials. The right

exhaust pipe was in contact with the ABS wiring harness on the right side of the vehicle. However,
there was no indication of combustion.
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4. Rear Wheel Drive Passenger Car Oblique Moving Barrier Frontal Impact, Test C11647

On June 18, 1997 a rear wheel drive passenger car oblique moving deformable barrier frontal impact crash
test (Test #C11647) was conducted at the General Motors Proving Ground. A total of 152 channels of
data were recorded during the test, including 146 channels on the test vehicle (including ATDs) and 6
channels on the oblique deformable barrier. Due to the speed of the impact, this test was conducted
outdoors, thereby limiting the amount of photographic coverage available. As an example, the indoor tests
included high-speed photographic coverage of the vehicle under-body taken from a pit, while the outdoor
oblique moving barrier test did not.

4.1. Test Conditions

4.1.1. Impact Conditions

This test was a frontal oblique moving deformable barrier frontal impact as depicted in Figure 26. The
alignment of the barrier and vehicle was set so the center of the moving barrier face impacted the front left
corner of the test vehicle. The test vehicle was parked at a 22 degree (+/- 2 degrees) angle relative to the
approach velocity vector of the moving barrier. The angle was chosen so the velocity vector of the barrier's
center of gravity (CG) at impact intersected the front left corner of the test vehicle and also the CG of the
test vehicle. This impact angle was selected to minimize vehicle rotation and maximize vehicle crush. The
CG of the test vehicle was approximately 1270 mm rearward of the front wheel centerline and laterally in
the center of the vehicle. Similar to the previous oblique moving barrier test, 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 parallel 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 an approximate overlap of 48%. (48% of the Camaro's 1870
mm width was engaged by the moving barrier.)
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Crash Test Configuration for Test C11647
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Figure 27
. Pre-Test Photograph of Test C11647
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The mass of the deformable barrier was 1638 kg (3611 Ibs.). This mass was greater than what is used for
FMVSS214 [4] 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 [4].) 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 moving barrier were all similar to what is specified for FMVSS214 [4] testing. The
aluminum honeycomb barrier face was also the same as what is used for FMVSS214 [4] 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 impact velocity was measured with radar and was 104.3 km/h (64.8 mph).

4.1.2. Vehicle Description

The test vehicle was a 1997 Chevrolet Camaro (VIN: 2G1FP22K2V2108702) which had a test mass of
1850 kg (935 kg front, 915 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 filled with Stoddard Solvent, then
55.7 liters of Stoddard were added to the unusable capacity of the tank. (55.7 liters represents 95% of the
usable capacity of 58.6 liters.) The engine was operating at impact with complete engine compartment
fluids, including battery electrolyte. The radio, high beam headlights and air conditioning were all operating
at impact.

Pre-test Engine Warm-up Procedure

The engine was started approximately 56 minutes before impact as outlined in Table 2.

Table 2.
Engine Warm-Up Procedure for Test C11647

Time after initial engine start, Duration,
(min) (min)
Engine started (idle approximately 900 rpm) 0 25
Engine speed increased to 1200 rpm 25 9
Engine turned off for instrumentation set-up 34 10
Engine restarted, set to 1100 rpm 44 12
Impact 56
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4.1.3. Modifications to Production Vehicle

As with the other tests, the production vehicle was modified to fulfill the objectives of the project. A
description of the modifications for test C11647 follows.

The production fuel tank was filled to 95% of its usable capacity with Stoddard Solvent. Gasoline was
supplied to the engine from an auxiliary tank mounted in the rear cargo area similar to test C11591.

The rear seat was removed to facilitate the mounting of the crash test instrumentation, and the spare tire
was removed for the test.

The vehicle's rear brake lines were cut 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
wheel brake calipers or pads.

The instrumentation of the engine compartment was similar to Test C11591 and again every reasonable
attempt was made to make the added instrumentation as non-intrusive as possible so as not to affect the
outcome of the test.

4.1.4. Vehicle Measurements
Measurements recorded during this test, included:

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

« Front right rocker panel acceleration (longitudinal, lateral, and vertical)

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

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

e Left floorpan acceleration (longitudinal)

e Airbag sensing and diagnostics module (SDM) acceleration (longitudinal, lateral, and vertical)

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

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

« Tach signal voltage (voltage signal from the production engine speed sending unit)

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

e Fuel pump current (at auxiliary fuel tank)

47 01/16/01



s Fuel pump voltage (at auxiliary fuel tank)

‘ e Vehicle yaw angular velocity (measured using rate gyroscope located on the floorpan near the CG)

4.1.5. Photographic 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.

4.1.6. Moving Barrier Measurements
The following accelerations were measured on the deformable moving barrier:

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

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

4.1.7. Anthropomorphic Test Device (ATD) Measurements

Two 50™ percentile male Hybrid Il 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 26.5 degrees relative to vertical. The ATDs were restrained using the vehicle’s lap / shoulder belts
with the adjustable guide loop set 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 [5] guidelines and the pelvic
angles were measured to be 21.9 degrees from horizontal for the left front ATD and 23.5 degrees for the
right front ATD. The head target angle was at 0 degrees from horizontal for both ATDs.

Each Hybrid Ill ATD was instrumented to make the same measurements as on test C11591, except the

following enhanced lower leg measurements were recorded for the left front occupant rather than the right
front occupant as with C11591:

e Upper tibia shear load (Fx, anterior — posterior), left and right legs
e | ower tibia shear load (Fy, right - left), left and right legs
o Lower tibia bending moment (Mx, right — left), left and right legs

Standard lower leg instrumentation was recorded for both ATDs.

I 4.1.8. . Hydrocarbon Vapor Measurements

Hydrocarbon vapor was measured at the five foliowing locations in the engine compartment:
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e Near the fuel line (location #1)

* Above the left exhaust manifold (location #2)
e Above the left fuel rail (location #3)

* Above the right fuel rail (location #4)

o 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 of the 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 which drew gas
into collection tubes for subsequent analysis by gas chromatography [1].

4.1.9. 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. Pressure measurements included:

o Front brake system pressure (line tapped near ABS junction box, left side of engine compartment)
e Left side power steering system pressure (measured near power steering rack)

o Right side power steering system pressure (measured near power steering rack)

e Cooling system pressure (measured at thermostat housing)

e Auxiliary fuel supply line pressure (measured near the production fuel filter where auxiliary line was
tapped into production line)

« Engine oil pressure (measured at the oil pressure sending unit)

e Transmission cooler fluid pressure (tapped into transmission fluid cooler line)

A fluorescent dye was added to the cooling system to help identify coolant and to distinguish it from other
fluids.

4.1.10. Additional Electrical Measurements

The following additional electrical measurements were made to identify possible shorts, arcing or
overheated circuits.

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

e Alternator cable (measured at alternator)

e Battery main (measured near battery)

¢ Starter cable (measured near battery)
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e Fusible link A: HVAC blower (measured near positive terminal on right shock tower)
e Fusible link B: Relay center (measured near positive terminal on right shock tower)

e Fusible link C: Relay center (measured near positive terminal on right shock tower)

e Fusible link E: Ignition (measured near positive terminal on right shock tower)

e Fusible link F: Radio (measured near positive terminal on right shock tower)

¢ Fusible link J: Taillight (measured near positive terminal on right shock tower)

e Fusible link K: ABS fuse #6 (measured near positive terminal on right shock tower)

e Fusible link Z: Headlight switch (measured near positive terminal on right shock tower)

Voltages were measured on the following circuits:

¢ Ignition (measured under instrument panel inside of passenger compartment)
e Left front headlight low beam (measured at right front headlight)

e Left front headlight high beam (measured at right front headlight)

e Starter (measured at terminal on starter)

o Battery (measured at terminal on battery)

e Alternator (measured at terminal on alternator)

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

Similar to test C11591, devices representing four different fire detection technologies were included on this
test: optical sensors, thermal wires, pneumatic wires, and fire coils.

The experimental thermal wire fire detector was mounted to the underside of the hood, below the hood
liner. This detection wire was the same type and located in the same place as test C11591.

A pneumatic fire detector was aiso included and was also located on the underside of the hood below the
hood liner. The location of the pneumatic detector was slightly different than for test C11591. The tube
was looped and bundled with the thermal wire and mounted under the rear-center portion of the hood. The

tube also passed under the left rear edge of the hood to the pressure transducer, which was rigidly
mounted near the left rear corner of the hood.

The thermal wire and pneumatic device were both supplied by Dual Spectrum (Santa Barbara, CA).

Figure 28 shows the location of the thermal, pneumatic, and fire coil devices. The pneumatic tube is not
easily visible due to its thin diameter, but the pressure transducer can be seen at the very right edge of
Figure 28 (right in photograph,l left on vehicle).
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Figure 28
Thermal wire, pneumatic, and fire coil detectors
Test C11647

Similar to test C11591 two fire coils (supplied by POWSUS, Inc.) were also included under the hood.
These were the same as for test C11591 except for the following differences. The two coils were sealed at
each end with a brass fitting rather than an ultrasonic weld. Because fluid was lost through the welds on
test C11591, the welds were eliminated. The use of a brass fitting is likely not feasible for a production
unit, however the intent here was to determine whether the coils themselves (independent of the welds)
would be crashworthy. Also, the coils were mounted differently than for test C11591. An aluminum plate
was mounted between the hood liner and the hood directly above each coil. Each plate was approximately
the same size as the coils and cannot be seen in Figure 28 because the liner hides them. The purpose of
the plate was to improve the mounting of each coil. Two fabricated aluminum straps that spanned the
entire radii of the coil and were attached to the aluminum plates with sheet metal screws and were used to

secure each coil.

Two optical sensors (supplied by Dual Spectrum) were mounted in the engine compartment. These

sensors and their locations were similar to test C11591.

4.2. Summary of Test Results

Post-test photographs of the vehicle are shown in Figure 29 and Figure 30.
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Figure 29
Post-Test Photograph of Test C11647, Front Left View

Figure 30
Post-Test Photograph of Test C11647, Front Right View
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‘ 4.2.1. Summary of Standard Vehicle Crash Test Measurements

The complete set of recorded and computed vehicle measurements are included in Appendix G (Plots 61
through 79, 83, 89, 90, 101, 102, 105, and 118).

Because this vehicle was impacted at a 22 degree angle, it experienced both longitudinal (relative to the
vehicle) and lateral accelerations early during the crash event. The accelerations and velocity changes of
the vehicle’s rocker panels translated to a new coordinate system that is aligned with the initial motion of
the moving barrier is one way to measure crash severity. This measurement could be compared to the
vehicle’'s longitudinal acceleration and change in velocity in pure longitudinal crashes, such as the pole
impacts, in which vehicle yaw is minimal. The axis of the vehicle and barrier are shown in Figure 31, ao
is the acceleration in the vehicle's longitudinal direction, a, is the acceleration in the vehicle’s lateral
direction, and ay, is the acceleration in the barrier’s initial longitudinal direction.

vehicle acceleration in direction
‘ +a,  of the barrier's longitudinal axis

m g/ ta vehicle longitudinal

+ a vehicle lateral

Figure 31
Vehicle and Barrier Axis
Test C11647

‘ The translated measurement was calculated using the following steps.
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The yaw velocity rate, a(t) (which was measured and is shown in Plot 137, Appendix D) was integrated
. using a constant of 22° to yield the vehicle’s angle 6(f). This angle, 6(f), is relative to the barrier’s initial
longitudinal axis and is shown in Figure 32.

8(t) =/ w() 5t +22°

TTTT T T T

Angle (degrees)
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Figure 32
Vehicle’s Yaw Angle, 6(7)
Test C11647

Next, the following data channels were filtered at SAE class 60 [8] :
Right front rocker panel longitudinal acceleration, a(t), (Plot 64, Appendix G)
Right front rocker panel lateral acceleration, a,(t), (Plot 65, Appendix G)
Left rear rocker panel longitudinal acceleration, an(f), (Plot 68, Appendix G)
Left rear rocker panel lateral acceleration, a,4(f), (Plot 69, Appendix G)

Next, the right front rocker resultant acceleration in the direction of the barrier's initial longitudinal axis,
amn(t), was calculated using the following formula (Figure 33):

am(t) = am(t) coso(t) - an(t) cos(90° - 6(t)
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Figure 33
Translation of Accelerations to the Barrier’s initial Axes

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) = ain(t) cose(t) - ar(t) cos(90° - 6(t))
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 34.

Aavgn(t) = [am(t) + am(t) 1/ 2
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Figure 34
Vehicle's Averaged Acceleration In The Direction Of The Barrier’s Longitudinal Axis, Aayge(T)
Test C11647

This averaged acceleration was integrated to give v,g(f), the vehicle’s velocity in the direction of the
barrier's initial longitudinal axis, which is shown in Figure 35. The vehicle experienced a change in velocity
of 53 km/h in the direction of the barrier’s initial longitudinal axis.

Vavgo(f) = / aavgn(l) dt + 0 (the vehicle’s initial velocity was 0)
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Figure 35
Vehicle’s Averaged Velocity in the Direction of the Barrier's Longitudinal Axis, Vaug(T)
Test C11647

The displacement of the driver’s side toe pan was approximately 168 mm as shown in Figure 36 and Plot
79 Appendix G.
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Figure 36
Left Toepan Displacement, Relative to Floorpan
Test C11647, filtered at SAE class 60 [8]

The current measurements of the driver and passenger air bag circuits indicated that both air bags
deployed at 23 msec (Appendix G, Plots 101 and 102.)

The engine motion measurement is shown in Appendix G, Plot 89 and recreated here as Figure 37. 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 50 msec after impact.
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Figure 37
Engine Motion
Measured using Auxiliary Magnetic Pickup Transducer, Test C11647

Figure 38 and Plot 105 in Appendix G shows the fuel pump current during the impact. The fuel pump drew
about 6.5 amps before impact which continued through about 25 msec after impact. By 30 msec, however,
the current had dropped to zero indicating the pump was off. This is consistent with the other frontal tests
of this series in that, the fuel pumps have lost electrical power early (well before 100 msec) in every test
(not requiring the pumps to be “timed-out” by the powertrain-control-module). For this particular test, the
vehicle's electrical system lost voltage temporarily at about 25 msec. (Shown as a drop from 13.5 volts to
near zero in Plot 86, and Figure 39). The fuel pump voltage decayed from 121 volts to zero from about 30
msec to 80 msec as shown in Plot 83. This decay of the fuel pump voltage was also similar to other tests
conducted for this project. Bench-tests on fuel pumps for this vehicle as well as others indicated a gradual
decay (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.
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Figure 38
Fuel Pump Current
Test C11647
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Figure 39
Ignition Voltage
Test C11647
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4.2.2. Summary of Recorded Barrier Measurements

The acceleration measurements and related computed values from the moving barrier are included in
Appendix G (Plots 119 through 137).

The longitudinal velocity of the barrier's CG is re-created here as Figure 40. The barrier sustained a
velocity change of about 63 km/h (39 mph) in 140 msec.
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Figure 40
Moving Deformable Barrier Longitudinal Velocity at CG
Test C11647

4.2.3. Summary of Recorded ATD Measurements

The complete set of recorded and computed ATD measurements are included in Appendix G (pages i and
ii, and Plots 1 through 60).

For the left front ATD, only the upper left tibia moment (Mx, My resultant) exceeded its IARV. Its peak
value was 234 Nm (Plot 17) which exceeded the IARV of 225 Nm by 4%. The computed lower leg index
for the left 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.
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All other measurements on the left front ATD were below their respective IARVS.
For the right front occupant position, all recorded injury measurements were below their respective IARVs.

4.2.4. Summary of Hydrocarbon Vapor Measurements

A complete set of the recorded measurements is included in Appendix H, Figures H1 through HH5, and
Appendix G, Plots 91 through 100. The signal cable from the vapor sensor located near the fuel line
(location #1) was cut during the crash test and no data was recorded. Of the remaining four locations, the
measurement near the left exhaust manifold (location #2) was the highest (Appendix H, Figure H2 and

Figure 41.) The hydrocarbon gas concentration exceeded 5 % for the first 15 seconds after the impact and
exceeded 1% for the first 45 seconds.
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Figure 41
Concentration of Hydrocarbon Gas Measured near Left Exhaust Manifold (Location #2)
Test C11647

The chromatograms from the GC/FID analysis on samples collected at this location are shown in Figure 42
(background sample taken before the test) and Figure 43 (analysis of sample taken post-test.) The peaks
in Figure 43 indicate the presence of vapors from engine coolant and power steering fluid. This was
determined by matching the chromatogram peaks to those of head space samples taken in the laboratory.
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Figure 42
GC/FID Analysis of Hydrocarbon Vapor Background Sample Collected near Left Exhaust Manifold
(Location #2) Before the Test.
Test C11647
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Figure 43
GC/FID Analysis of Hydrocarbon Vapor Sample Collected near Left Exhaust Manifold
(Location #2) Post-test.
Test C11647
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4.2.5. Summary of Fluid Pressure Measurements

The dynamic pressure measurements of the engine compartment fluids are shown in Appendix G, Plots
138 through 146.

The transmission fluid pressure (shown in Plot 146) indicated a drop in pressure from approximately 200
kPa at 20 msec to zero at around 180 msec. This indication of a leak in transmission fluid was supported
by the post-test vehicle inspection which revealed a fractured transmission tail shaft housing.

The engine oil pressure (shown in Plot 145) also indicated a drop in pressure from an initial value of 350
kPa to near zero by 70 msec. However, the post-test vehicle inspection did not reveal any leaks of the
engine oil. The drop in measured pressure was likely due to the engine stopping at around 50 msec.

The fuel supply pressure (Plot 140) indicated some fluctuations in fuel pressure during the impact, but did
not indicate a complete loss in pressure. Thus a gasoline leak was not evident. This was also supported
by the post-test vehicle inspection which did not reveal any leaks in the fuel system. The fluctuations in
fluid pressure during the impact are similar with the results of the other frontal tests. Similar to test
C11591, both the unbiased measurement (which was forced to zero and is shown in Plot 139), and biased
measurement (more representative of actual pressure and shown in Plot 140) are presented.

The cooling system pressure measurement (Plot 143) indicates a rapid rise in pressure at 20 msec before
the measurement is overloaded. This is likely due to damage to the transducer caused by the impact.
Consistent with other frontal tests, however, the radiator was crushed and coolant was lost. The loss of
coolant likely occurred after 20 msec.

The left power steering pressure measurement indicated a gradual change in pressure from zero to 6000
kPa back to zero. No pressure initially was expected if the vehicle is not turning. Again, the rise in
pressure could be due to the compression of the system during the crush. No leaks in the power steering
system were identified during the post-test vehicle inspection.

The measurements of the brake system pressure and right power steering pressure were generally
inconclusive due to instrumentation malfunction or damage during the impact. However, the post-test

vehicle inspection did not reveal leaks in either of these fluid systems.

4.2.6. Summary of Additional Electrical Measurements

The results of the electrical measurements made in the engine compartment are shown in Appendix G
(Plots 80 through 82, 84 through 86, and 103, 104, and 106 through 114).
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The starter voltage (Plot 80), battery voltage (Plot 81), alternator voltage (Plot 82), and ignition voltage
(Plot 86) all indicated a similar waveform. The ignition voltage is recreated as Figure 39. The voltage
trace temporarily dropped from 13.5 volts to near zero from 40 msec through 70 msec before incrementally
increasing back to over 12 volts. This drop in voltage was likely caused by additional loading on the
battery as a result of temporary shorts. During the post-test vehicle inspection, cuts through the insulation
on the starter cable were identified in three locations: near the air conditioning accumulator mounting
bracket, near the cooling fan motor, and near the frame. Indications of possible grounding were apparent
at the accumulator and cooling fan locations. The starter cable current measurement was inconclusive
due to overloading and possible damage to the transducer during the impact. (All references to current
measurement overload imply an overload of the crash test instrumentation and do not mean an overload of
the rated capacity of the circuit.) However, the first indication of current overload is just before 40 msec,
which correlates to the first indication of drop in system voltage.

The left front headlight voltage measurements are shown in Plots 84 (low beam voltage) and 85 (high
beam voltage.) The low beam voltage follows the general waveform as the battery voltage (Plot 81) except
for a few additional voltage drops to near zero, such as the one indicated at around 140 msec. The post-
test vehicle inspection revealed that both the high and low beam voltage monitoring wires pinched and
were possibly shorted by the frame. These are the wires that were included for test purposes to measure
the voitage and would not be present under normal circumstances. Thus, these shorts are an artifact of
the test. They were likely responsible for the temporary drops to zero voltage (such as the one at 140
msec) on the low beam voltage (Plot 84). The high beam measurement dropped and stayed at zero volis
after 30 msec. This measurement was also affected by the pinched monitoring wires and is an artifact of
the test instrumentation as well. It is possible that these shorts of the instrumentation wires contributed to
the additional loading on the battery and were at least partially responsible for the drops in system voltage.
Any additional current flow caused by shorts would have been measured by the current transducer on
fusible link “E” which protects the headlight circuits. This link was not open following the test indicating the
current flow was not great enough to activate the link. The current measurement indicated an overload

beginning at 25 msec but this could have been due to damage to the current transducer during the test.
(Plot 110).

Consistent with previous tests, the current measurements were very difficult to analyze following the test
and most times were inconclusive due to the limited range of the current transducers and possible damage
during the test.

The battery current measurement (Plot 103) indicated normal current draw of about 65 amps at impact.
This measurement exceeded its full scale range (80 amps) from about 30 msec through 140 msec (the
approximate time and duration of vehicle crush.) The battery current measurement then returned to about
10 amps and remained less than 20 amps through 800 msec. (Plot 103 only displays the first 240 msec of
data.)
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The alternator cable current measurement (Plot 106) exceeded its full scale range (20 amps) under normal
operation at time zero. However, the current drops to near zero beginning at about 50 msec. This is likely
due to the rotation of both the engine and alternator stopping at about 50

The current measurements on fusible links A, C, F, J, and Z (Plots 107, 109, 111, 112, and 114) all
indicated a normal current draw at time zero, followed by temporary instrumentation overloads during the
impact, and all, except for fusible link J, returned to near zero after the impact. None of these fusible links
were open following the test, indicating that none exceeded their rated current capacity during the impact.
The fusible link J current measurement indicated about 9 amps at 240 msec, which was due to the tail
lights remaining on after the impact. (Fusible link J protected the tail light circuit.)

The current measurements from fusible links B and K (Plots 108 and 113) indicated little or no current,

other than instrumentation noise for the duration of the event.

4.2.7. Summary of Numerical Film Analysis

No numeric film analysis was done for this test.

4.2.8. 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]

4.2.9. 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 G
(Plots 87, 88 and 115 - 117).

Neither the monitoring of the thermal wire (Plot 115) or the pneumatic fire detector (Piot 116) indicated any
electrical closures during the test. This indicates that these two devices at their respective mounting
locations were crashworthy for this crash configuration. That is, they did not activate and were not
damaged during the crash.

Neither of the two optical detectors indicated activation during the event (Plots 87 and 88). An activation of
these sensors would have been indicated by a rise in the recorded volitage to about 12 volts for a duration
of 250 msec. A small interface box was included on these crash tests to insure that a rise in voltage
(indicating an activation of the sensor) would have a duration of 250 msec to insure that it could be

detected. The recorded traces do, however, indicate drops in the voltage signal to zero for short durations.
66 01/16/01



The cause of these voltage drops was not positively identified, but they could be due to loose connections
in the circuitry, wiring, or connectors which opening during the impact. The sensor performed as expected
in bench tests following the crash test.

No measurements were recorded during the test to evaluate the integrity of the fire coils located on the
under side of the hood. However, post-test observations and measurements indicated that no fluid was
lost during the impact.

4.2.10. Summary of Post-test Vehicle Inspection

The vehicle was disassembled and inspected to identify air passages from the engine compartment into the
passenger compartment, the locations of any fluid leaks, the locations of any electrical shorts identified
during the crash test, and any contact between combustible materials and hot surfaces.

As with the other tests, crash-induced openings are identified independent of their potential contribution to
fire propagation.

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

e The HVAC module crushed during the impact resulting in an approximate 50mm x 20mm opening.

» A separation of a floorpan weld was identified on the driver's side (near the rocker panel and just

rearward of the hinge pillar) which resulted in an opening approximately 300mm long x 20mm wide.

¢ A separation of the steering column mounting bracket and the forward bulkhead resulted in an opening
that measured approximately 50mm x 10mm.

e Three smaller separations were identified on the passenger floorpan and the passenger side of the

tunnel. The three openings were approximately measured to be 30mm x 30mm, 40mm x 20mm, and
30mm x 5mm.

The following fluid leaks were identified during the post-test inspection:
+ Transmission fluid: tailshaft housing fractured, fluid lost
e Engine coolant: radiator crushed, coolant lost

e  Washer solvent: reservoir crushed, empty

e Power steering fluid: reservoir and pump crushed, fluid lost
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There were no leaks identified in the brake system, fuel lines, engine oil system, and battery.

As previously reported in section 4.2.6 cuts in the starter cable and pinching of the headlight monitoring
circuit were identified during the post test inspection. No other electrical shorts were identified. The
vehicle was also inspected for possible contact between normally hot surfaces and combustible materials.
Only one observation was noted. A small amount of plastic was found melted on the left exhaust manifold.
The source of the plastic was from a piece of the radiator shroud. This was determined by a post-test
GC/MS analysis of the melted residue and of an intact piece from the radiator shroud. There was no
indication of flaming or fire propagation.

4.3. Conclusions

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

2. The electric fuel pump stopped by about 30 msec after impact due to the temporary loss of main
vehicle system voltage (from about 25 msec to 110 msec.) The fuel pump did not recover with the
main electrical voltage.

3. 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 37 g
(filtered at 60 Hz). The change of velocity of the passenger compartment along this same axis was
approximately 53 km/h (33 mph).

4. The moving deformable barrier sustained a longitudinal velocity change of about 63 km/h (39 mph) in
140 msec.

5. Both air bags deployed at 23 msec past time zero.

6. Only the driver (left front) ATD’s upper left tibia moment (resultant of Mx and My) was above its
respective IARV. All other measurements on the left front ATD and all measurements on the right front
ATD were below their respective IARV.

7. There was approximately 168 mm of toe pan intrusion on the driver's side.
8. The engine stopped by 50 msec after impact.

9. Of the five locations monitored for hydrocarbon vapor concentration, the one near the left exhaust
manifold (location #2) indicated the highest concentration.  The hydrocarbon gas concentration
exceeded 5 % for the first 15 seconds. A subsequent GC/FID analysis of the vapors collected at this
site indicated the vapors were from engine coolant and power steering fluid.
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10.

11.

12.

13.

14.

15.

16.

17.

No liquid gasoline or Stoddard Solvent spilled off of the vehicle. No leaks in the fuel system were
identified.

Other engine compartment fluids that leaked included transmission fluid, engine coolant, power
steering fluid, and washer solvent.

The electrical monitoring of the experimental thermal wire fire detector attached to the underside of the
hood did show evidence of any electrical closures throughout the test, demonstrating crashworthiness
for its given mounting location and this crash configuration.

Monitoring the experimental pneumatic fire detector did not indicate any contact closures during the
test. For this test configuration and mounting location, the pneumatic wire device also demonstrated
crashworthiness.

The experimental optical fire detectors 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.)

Although no measurements were recorded during the test describing the integrity of the experimental
fire coils, posttest measurements indicated that no fluid was lost during the impact, again
demonstrating crashworthiness for this crash condition.

Six crash-induced structural openings into the passenger compartment were identified. Their locations
and approximate dimensions were: A 50mm x 20 mm opening in the crushed A/C evaporator housing,
a 300 mm x 20 mm opening in the driver's side floorpan near the hinge pillar, a 50 mm x 10 mm
opening near the steering column pass-through, and three smaller openings on the passenger side
floorpan. None of these openings were evaluated for their possible contribution to fire propagation.

There was only one identified contact between a normally hot surface and a combustible material

identified. A piece of plastic from the radiator shroud contacted the left side exhaust manifold. The
plastic melted, but was not charred or burned.
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5. Conclusions of the Rear Wheel Drive Passenger Car Crash Test Series

From the data collected 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.
None of the three tests resulted in a leak in the fuel tank or in the fuel system.

For the two frontal tests in which the engine was operatihg, the fuel pump stopped by 40 msec in one test
and 30 msec in the other. In both cases, the pump shut down due to a loss of main vehicle electrical
power. In one case, the loss of main vehicle voltage was permanent due to the disconnection of the
battery top from the battery and thus a disconnection of the terminals. In the other case, a drop in main
vehicle voltage was temporary and lasted from 25 msec through 110 msec. The fuel pump did not begin
operating again with the return of vehicle voltage. This temporary drop in system voltage was due to shorts
in the electrical system resulting in additional loading on the battery. These shorts were also temporary,
opening by 110 msec. The operation of the fuel pumps during the impacts was similar to what was
observed in previous tests on a front wheel drive passenger van [2].

Also, consistent with the passenger van tests, numerous crash-induced electrical events were identified.
For these tests on a rear-wheel drive passenger car, none of the electrical events resulted in a fire. The
most significant shorts identified were starter cable shorts to ground on the oblique moving barrier impact.
Cuts in the starter cable were identified at several locations, all were temporary, however, and resulted in a
temporary drop in system voltage. For the rear impact test, shorts to ground were identified on two circuits,
however, both were overload-protected. Also, similar to the passenger van test series, the electrical
activity recorded proved to be quite difficult to analyze. This is because current measuring transducers are
limited in their measurement range given the small space available for their installation. In addition
electrical activity during a crash is very sporadic, with many intermittent and temporary events occurring in
a very short amount of time (less than 150 msec).

Four different experimental fire-sensing or extinguishing technologies were evaluated for their
crashworthiness. The thermal wire fire detectors and the pneumatic fire detectors proved crashworthy at
their given mounting locations on all three crash tests. That is, they did not false activate or become
damaged during the test. Optical fire sensors were included on the two frontal tests only. They did not
activate in either test, however there were intermittent drops in their output voltage during the oblique
moving barrier impact, possibly due to loose electrical connections. Experimental fire coils were included in
the two frontal tests only. There was no loss of fluid (indicating crashworthiness) during the oblique
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moving barrier impact, but fluid was lost during the offset pole impact. There was not attempt to quantify
the effectiveness of any of these devices at detecting or extinguishing fires during these three crash tests.

Consistent with the tests on other vehicles, crash-induced openings into the passenger compartment were

identified. Their possible contribution to fire propagation was evaluated in fire propagation tests reported
separately.

For the frontal pole impact, transmission fluid, engine coolant, washer solvent, battery electrolyte, engine
oil, and brake fluid were released during the test. For the oblique moving barrier impact, transmission fluid,
engine coolant, washer solvent, and power steering fluid was released.

Only one occurrence of contact between normally hot surfaces and combustible materials was identified
during the three tests. For the oblique moving barrier test, the exhaust -manifold contacted the radiator
shield. There was no indication of melting, flaming, or propagation.

In general, the recorded injury measurements for the ATDs were below their respective IARVs. Only the

driver's upper neck tension for the rear impact and the driver's upper left tibia moment for the oblique-
moving barrier exceeded their IARV.
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Appendix A:

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

The Injury Assessment Reference Values (IARV) used for the mid-sized male Hybrid IIt ATD are
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 Criteria

injury Assessment Reference
Value for the mid sized male
Hybrid I

Head
HIC; (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
Resultant spinal acceleration 60 g
Sternal deflection due to:
Shoulder belt 50 mm
Air bag (no belt) 65 mm
Viscous Criterion (V*C) 1 m/s
Femur
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- 11), where Aavg is the average resultant
acceleration of the center of mass of the head (expressed in G) for the time interval t2- t1 (expressed in

seconds).
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Potential for significant neck injury due

to fore/aft shear loading
3100 N at 0 msec

1500 N, 25 to 35 msec
1100 N at 45 msec

Significant neck injury due to
500 - fore/aft shear loading unlikely

Fore/Aft Neck Shear Force, N

0 T T T 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 1l Mid-sized
Adult Male ATD [7]
5000 :

= 4500 1 Potential for significant injury due

G | 4000 N at0 msec to axial neck compression loading

o 4000

3500 -

=

@ 3000 |

2

.g 2500 -

% 2000 -

g 1500 - 1100 N at 30 msec

5 ‘

o 1000 -

© Significant neck injury due to

z 500 - axial neck compression loading unlikely

0 T T T T
0 20 40 60 80 100
Duration of Loading Over Given Force Level, msec
Figure A2
Injury Assessment Curves for Axial Neck Compression Measured with Hybrid 1l Mid-sized Adult
Male ATD [7]
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4000

: Potential for significant injury due
> 3500 - 330? N at 0 msec to axial neck tension loading
g 3000 - f 2900 N at 35 msec
) |
w2500 |
x ;
< :
= 2000 - !

L) .

g 18001 1100 N at 60 msec

o - .

" 1000 Significant neck injury due to

'E axial neck tension loading unlikely

< 500 - |

0 : T r 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 11l Mid-sized Adult Male
| ATD [7]
|
15000

; Potential for fracture of the patella, femur, or pelvis
= oo
};»;' 10000 + 9076 N at0 msec
-]
~ !

5 \
g ' 7560 N at 10 msec
w o
s 5000 ;
< ' Fracture due to distributed knee loading unlikely
0 : 3 T T T
0o 20 40 60 80 100

i Duration of Loading Over Given Force Level, msec

Injury Assessment Curves for Axial Compressive Femur Force Measured with Hybrid Ill Mid-
! sized Adult Male ATD [7]
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Appendix B: C11408 data plots



LEFT FRONT
ANTHROPOMORPHIC TEST DEVICE SUMMARY DATA

) LTV MOB TO STATIONARY VEHICLE

. 1408
"R & D CTR

RERR IMP 707% OVERLAP
1VFUB079 1FPBY

8u. /KM/H

ATD TYPE: GMS0H
TEST DATE: 01/08/1997

: 100% 150%2 1AV
MERSURED QUANTITY OF [RARV OF IARV VALUE IRRV

HIC, LIMITED TO 1S5 MS ) 300 1000
HIC, LIMITED TO 36 MS ] 330 1000
NECK FLEXION — SINM 190NM
NECK EXTENSION —/—3 10NM S7NM
NECK TENSION HMK 1.51 1.00
NECK COMPRESSION ] , 0.02 1.00
NECK SHEAR FORWRRD I 0.27 1.00
NECK SHERR REARWRRD ) 0.08 1.00
CHEST ACCEL ] 4Se 606

t  CHEST COMPRESSION W/0 SH BELTY * 65. 0MM !

1 CHEST COMPRESSION W/ SH BELT x S0.0MM |
CHEST VISCOUS CRITERIA x 1.00M/SEC
FEMUR COMP, LEFT * 10000N
) FEMUR COMP. RIGHT x 10000N
"~ MUR DURATION ARSSESS, LEFT 2 1.00
FEMUR DURATION ASSESS, RIGHT K 1.00
TIBIA/FEMUR DISP, LEFT ° x 15.0MM
TIBIA/FEMUR DISP, RIGHT x 15. OMM
KNEE CLEVIS., LEFT 4ANSIDE x 4OOON
KNEE CLEVIS, LEFT OUTSIODE ® 40O0ON
KNEE CLEVIS, RIGHT INSIDE x yoooN
KNEE CLEVIS. RIGHT OUTSIDE » 4YOOoON
TIBIA COMP, LEFT x 8000N
TIBIA COMP, RIGHT x 8000N
TIBIAR MOM, UPPER, LEFT X 225NM
TIBIA MOM, UPPER, RIGHT x 22SNM
TIBIA MOM. LOWER., LEFT x 225NM
TIBIA MOM, LOWER, RIGHT x 225NM
LEG INDEX, UPPER LEFT * 1.00
LEG INDEX, UPPER RIGHT X 1.00
LEG INDEX, LOWER LEFT " 1.00
LEG INDEX, LOWER RIGHT x 1.00

IRV - INJURY ASSESSMENT VALUE

"ARV - INJURY ASSESSMENT REFERENCE VALUE

= NOT MERSURED, THIS TEST

1 RESTRAINT SYSTEM DEPENDENT. CHOOSE
VALUE THAT APPLIES TO THIS TEST.

‘* Appendix B, page i 3

wiex. VALUF GREATER THAN 1507 OF 1AV



RIGHT FRONT
ANTHROPOMORPHIC TEST DEVICE SUMMARY DATA

]

LTV MDB TO STATIONARY VEHICLE - 8u. 7KM/H
Cl11u08 REAR IMP 707 OVERLAP
R & D CIR 1VFU6079 1FP87

ATD TYPE: GM50H
TEST DATE: 01/08/1997

1007 1507 1AV

MEASURED QUANTITY OF IARRV  OF IRAV_ VALUE [ARV
HIC, LIMITED TO 15 MS E——— 410 1000
HIC, LIMITED TO 36 MS —— 480 1000
NECK FLEXION - 1UNM 1GONM
NECK EXTENSION —— 16NM STNM
NECK TENSION - 0.78 1.00
NECK COMPRESSION ) 0.01 1.00
NECK SHEAR FORWARD - 0.13 1.00
NECK SHEAR RERRWARD ) 0.08 1.00
CHEST ACCEL ) | 346 60G.
CHEST COMPRESSION W/O SH BELT " 65.0MM
CHEST COMPRESSION W/ SH BELT " SO.0MM
CHEST VISCOUS CRITERIA x 1. 00M/SEC
FEMUR COMP, LEFT x 10000N
EMUR COMP, RIGHT x 10000N
FEMUR DURRTION ASSESS, LEFT x 1.00
FEMUR DURATION ASSESS.. RIGHT P 1.00
TIBIA/FEMUR DISP, LEFT . 15. OMM
TIBIA/FEMUR DISP,, RIGHT x 15. OMM
KNEE CLEVIS, LEFT INSIDE x 4OOON
KNEE CLEVIS, LEFT OUTSIOE x 4OOON
KNEE CLEVIS. RIGHT INSIDE x 4OOON
KNEE CLEVIS, RIGHT OUTSIDE x 4OOON .
TIBIA COMP, LEFT x 8000N
TIBIA COMP, RIGHT x 8O0ON.
TIBIA MOM, UPPER, LEFT x 225NM
TIBIA MOM, UPPER, RIGHT x 225NM
TIBIA MOM. LOWER. LEFT x 225NM
TIBIA MOM, LOWER, RIGHT x 225NM
LEG INDEX. UPPER LEFT x 1.00
LEG INDEX. UPPER RIGHT x 1.00
LEG INDEX, LOWER LEFT x 1.00
LEG INDEX, LOWER RIGHT x 1.00
1AV - INJURY ASSESSMENT VALUE
IARV - INJURY RSSESSMENT REFERENCE VALUE Appendix B, page ii
« NOT MEASURED, THIS TEST }

1 RESTRAINT SYSTEM LEPENDENT. CHOOSE
VALUE THRT APPLIES TO THIS TEST.



LEFT FRONT
ANTHROPOMORPHIC TEST DEVICE SUMMARY DATA

\ LTV MDB TO STATIONARRY VEHICLE gu. 7KM/H
J)1u08  REAR IMP 707 OVERLAP
R & D CTR 1VFUB073 1FPB7 ATD TYPE: GMSOH
TEST DATE: 01/08/1997
- 1007 1507 1AV

MEASURED QUANTITY OF [ARV OF IRRV VALUE IARV
HIC, LIMITED TO 15 MS ) 900 1000
HIC, LIMITED TO 36 MS - ) 930 | 1000
NECK FLEXION — : STNM - 190NM
NECK EXTENSION —) = 10N | S7nM
NECK TENSION WK 1.51 1.00
NECK COMPRESSION i | 0.02 1.00
NECK SHEAR FORWARD — 0.27 1.00
NECK SHERR RERRWARD ) 0.08 1.00
CHEST RCCEL A ; ) _ 4SG 606
CHEST COMPRESSION W/Q SH BELT| .  65.0MM i
CHEST COMPRESSION W/ SH BELT « S0. OMM i
CHEST VISCOUS CRITERIA x 1.00M/SEC
‘FEMUR COMP, LEFT x 10000N
FEMUR COMP. RIGHT v 10000N
jMUﬂ OURATION ASSESS, LEFT x 1.00
FEMUR DURATION ASSESS, RIGHT | x 1.00
TIBIAR/FEMUR DISP, LEFT x_ 15. OMM
TIBIA/FEMUR DISP, RIGHT x 15. OMM
KNEE CLEVIS., LEFT ANSIOE x 40OOON
KNEE CLEVIS, LEFT OUTSIOE v 4OOON
KNEE CLEVIS. RIGHT INSIODE " 4OOON
KNEE CLEVIS. RIGHT OUTSIDE - 4OOON
TIBIA COMP, LEFT x 8000N
TIBIA COMP. RIGHT x 8000N
TIBIA MOM, UPPER, LEFT x 225NM
TIBIA MOM, UPPER, RIGHT " 225NM
TIBIA MOM, LOWER, LEFT x 225NM
TIBIA MOM, LOWER, RIGHT x 225NM
LEG INDEX, UPPER LEFT X 1.00
LEG INDEX., UPPER RIGHT x 1.00
LEG INDEX, LOWER LEFT " 1.00
LEG INDEX, LOWER RIGHT x 1.00

[AV - INJURY ASSESSMENT VALUE
YRRV - INJURY ASSESSMENT REFERENCE VRLUE
=« NOT MEASURED, THIS TEST

t RESTRRINT SYSTEM DEPENDENT. CHOOSE wux VALUF GREATER THAN 1507 OF IAV
~VALUE THRT APPLIES TO THIS TEST.

Appendix B, page i >



RIGHT FRONT
~ ANTHROPOMORPHIC TEST DEVICE SUMMRRY DARTA
) LTV MDB TO STATIONARY VEHICLE

, gu. /KM/H
Cl1u08 REAR IMP 707 OVERLAP
R & D CTR 1VFUG079 1FP87

ATD TYPE: GMS0H
TEST DATE: 0170871897

100% 1507 IRV
MERSURED QUANTITY OF ARV OF IARV VALUE [RRV

HIC. LIMITED TO 1S MS I 410 1000
HIC, LIMITED TO 36 MS O 480 1000
NECK FLEXION .| 1UNM 190NM
NECK EXTENSION I— 16NM SINM
NECK TENSION ) 0.78 . 1.00
NECK COMPRESSION ) 0.01 1.00
NECK SHEAR FORWARRD ] 0.13 1.00
NECK . SHERR REARWARD ) 0.08 1.00
CHEST ACCEL - ) _ ' 346 606
CHEST COMPRESSION W/0 SH BELT X 65. 0MM 1
CHEST COMPRESSION W/ SH BELT | | x 50. OMM !
CHEST VISCOUS CRITERIA x 1.00M/SEC
FEMUR COMP, LEFT x 10000N

EMUR COMP, RIGHT X 10000N
FEMUR DURATION ASSESS, LEFT x 1.00
FEMUR DURATION ASSESS.. RIGHT | X 1.00
TIBIR/FEMUR OISP, LEFT x 15. OMM
TIBIA/FEMUR DISP, RIGHT x 15.0MM
KNEE CLEVIS, LEFT INSIDE x 40OON
KNEE CLEVIS, LEFT OUTSIDE x 400O0N
KNEE CLEVIS, RIGHT INSIDE x 4OOON
KNEE CLEVIS. RIGHT OUTSIOE x 4000N
TIBIA COMP, LEFT x 8000N
TIBIA COMP, RIGHT x 8000N
TIBIA MOM, UPPER, LEFT x . 225NM
TIBIA MOM, UPPER, RIGHT x 225NM
TIBIA MOM. LOWER, LEFT x 225NM
TIBIA MOM, LOWER, RIGHT x 225NM
LEG INDEX, UPPER LEFT x 1.00
LEG INDEX. UPPER RIGHT x 1.00
LEG INDEX, LOWER LEFT x 1.00
LEG INDEX. LOWER RIGHT x 1.00
)Inv - INJURY RSSESSMENT VALUE

ARV - [NJURY ASSESSMENT REFERENCE VALUE Appendix B, page ii

» NOT MEASURED, THIS TEST

1 RESTRAINT SYSTEM LEPENDENT.. CHOOSE
VALUE THAT APPLIES TO THIS TEST.



C11u08 REAR [MP 707 OVERLAP LTV MOB TO STATIONARY VEHICLE

R & O CTR 1VFYGO79 1FP87
ELEC DATA, SRE CLASS 1000

84. 7KM/H -

L. FRT HEAD ACCEL.
(HIC T LIMITED TO 15MS)

ATD TYPE: GMSOH
TEST DATE:01/08/1997
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C11408 REAR IMP 707 OVERLAP LTV MOB TO STATIONARY VEHICLE 84.7KM/H

4 ATO TYPE: GMSOH
R&DCIR  IVFUG079 1FPET L. FRT CHEST ACCEL. ' TEST DATE:01/08/1997
ELEC DATA. SAE CLASS 180
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Ci11u08 REAR IMP 707 OVERLAP LTV MDB TO STATIONARY VEHICLE 8Y. 7TKM/H
ATD TYPE: GMSOH

R & D CTR IVFU6079 1FP87 NECK LORDING ON HERD TEST DATE:01/08/1997
ELEC DATA L. FRT NECK LORDING ON HEAD
I
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C11408 RERR IMP 707 OVERLAP LTV MDB TO STATIONARY VEHICLE 84. TKM/H

v . _ ATD TYPE: GMSOH
R & D CTR IVFU6079 1FP87 REARWARD NECK SHEAR ON HERD. TEST DATE:01/08/1997
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C11408 REAR IMP 70% OVERLAP LTV MDB TO STATIONARY VEHICLE 84. 7KM/H
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C11408 REAR IMP 707 OVERLAP LTV MDB TO STATIONARY VEHICLE. 84. 7KM/H
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C11408 REAR IMP 70% OVERLAP LTV MDB TO STATIONARY VEHICLE 84.7KM/H

ATD TYPE: GMSOM
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Cl1408 REAR [MP 707 OVERLAP LTV MDB TO STATIONARY VEHICLE 84. 7KM/H

ATO TYPE: GMSOH
R&DCIR  IVFUG079 1FPEI FORWARD NECK SHEAR ON HERD, TEST DATE:01/08/1997
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11408 REAR IMP 70% OVERLAP LTV MDB TO STATIONARY VEHICLE 8U. 7KM/H
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C11408 REAR IMP 70% OVERLRAP

LTV MDB TO STATIONARY VEHICLE 8U.7KM/H

R&DCTR  IVFUG079 IFPBY L. FRT ROCKER ACCEL TEST DATE:01/08/1997
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C11408 REAR [MP 70% OVERLAP

R & 0CTH

1VF46079 1FPB7

ELEC DATA, SAE CLASS 180
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‘R. FRT ROCKER VELOCITY
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C11u08 REAR IMP 70% OVERLAP LTV MDB TO STATIONARY VEMICLE 8Y. 7KM/H

R&DCTR  IVFYGO78 IFPBY AVERAGED FRT ROCKER ACCELERATION TEST DATE:01/08/1997
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C11408 RERR IMP 707 OVERLAP LTV MDB TO STATIONARY VEHICLE 84. 7KM/H

Re&DCTR  IVFYS079 IFPBY7 AVGD FRT ROCKER DISPL TEST DATE:01/08/1997
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C11u08 RERR IMP 707 OVERLAP

R & DCTR

1VFY6079 1FP87
ELEC DATA, SRE CLASS 180
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Appendix B, plot # 29
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Cl1uyo8 REhH IMP 707 OVERLAP LTV MOB TO STATIONARY VEHICLE 84.7KM/H

R&DCTR  IVFYG079 IFPB7 R. FRT ROCKER RCCEL TEST DATE:01/08/1997
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C11408 REAR IMP 70% OVERLAP LTV MDB TO STATIONARY VEHICLE 84.7KM/H
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C11408 REAR IMP 707 OVERLAP LTV MOB TO STATIONARY VEHICLE 84. 7KM/H

R &DCTR

1VFYUB079 1EP87 AVGD FRT ROCKER VELOCITY
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C11408 REAR IMP 70% OVERLAP

LTV MDB TO STATIONARY VEHICLE 8U. 7KM/H

R&4DCTR  1VFUG073 IFPBT L. FRT ROCKER RCCEL TEST DATE:01/08/1937
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a Appendix B, plot # 37
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C11408 REAR IMP 707 OVERLAP LTV MDB TO STATIONARY VEHICLE 84. 7KM/H

R&DCIR  IVFYs079 1FPBY L. FRT ROCKER DISPL TEST DATE:01/08/1997
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: Appendix B, plot # 39
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C11408 REAR [MP 70% OVERLAP

LTV MDB TO STATIONARY VEHICLE

84. 7KM/H

R & D CTR IVFY6079 1FP87 'R. FRT ROCKER VELOCITY TEST DATE:01/08/1997
ELEC DR_TQ- SAE CLASS 180 (COMPUTED FROM RCCELERARTION)
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C11u08 REAR [MP 707 OVERLAP LTV MDB TO STARTIONARY VEHICLE 84.7KM/H

R & D CIR IVFUG079 1FPB? AVERAGED FRT ROCKER ACCELERATION
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C1i408 REAR [MP 707 OVERLAP

R &DCTR 1VFY6078 1FP87
ELEC DATA, SAE CLASS 180
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Cl11408 REAR IMP 707% OVERLAP LTV MDB TO STATIONARY VEHICLE 84. 7KM/H

R&DCIR  IVFUS079 1FPET CTR FUEL TANK-REAR CONTACT

TEST ORTE:01/08/1987
ELEC DATA, SAE CLASS 1000

4.8 : INITIAL CONTACT OCCURRED AT 27.0 MS
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SR , Appendix B, plot # 133

C11408 RERR IMP 70% OVERLAP LTV .MDB TO- STATIONARY' VEHICLE -84, TKM/H’

"R &DCIR < IVFUS079 IFPEY o LTV-MBB AT C.G. RCCEL . 1est pate;01/08/1997
ELEC DATA, SAE CLASS 60 e e e e e e e
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Appendix B, plot # 134



C11408 REAR IMP 70% OVERLAP LTV MDB 7O STATIONARY VEHICLE 84. 7KM/H

R &0 CTR IVFU6079 1FP87 LTV MDB AT C.G. VELOCITY “TEST DATE:01/08/1997
ELEC DATA, SAE CLASS 180 (COMPUTED FROM ARCCELERATION) .
8s, . MRX VELOCITY = 8'4;7 KM/H AT 0.0 MS MIN VELUCITT = 29.9 KM/H AT 159.5 MS
b L IR | I N £ I 1 ] ‘ I __il 1 __L 1
« 100 120 140: 160 180 T200T T 2200 240
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P d ohians Appendix B, plot # 135
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ClIy08 REAR IMP 707 OVERLAP LTV MDB TO STATIONARY VEMICLE BULTRM/H 0 0
“R & ETR - 1VFUB079 1FP8T - -LTV'MBB"AT C.G. DISPL - - 1gst pATE:01/0871997
ELEC DATA. SAE CLASS 180 . (COMPUTED FROM ACCELERATION) 7 = ™7 . w w
g L e v MAX. OISPL = 2.88 M AT 239.9 MS MIN DISPL = 0.00 M AT 0.0 MS
" 5.0k~ 3
4, sk
i
I\ t i .
gz3. .
gt;_‘-;s: g 5, il — =
5235 2 . : : = el
] | — H
/
1 # v
g ’ 7
o | . .
' o.ngl_muu/‘a‘ — & : ) I410"0' T T R T e T 20'3- s 526~ w0
. P . . " TIME IN MILLISECONDS .
Bl s G Appendix B, plot # 136



el

LTV MDB TO STATIONARY VEHICLE
LTV MDB LONG. FORCE AT C.G.
(1371.0 KG) (9.807) (LONG.ACCEL)

C11408 REAR [MP 707 OVERLAP 84. 7KM/H

R & DCTR 1VFY6079 1FPB7 TEST DHTE:01/08/1997

ELEC DATA, SRE CLASS 60

300, MAX LOAD = B.Y9 KN AT 181.9 M5

250

<300l : : [ ) T 1 1 L n L
I T R N |- Eon - - 0
TIME, I[N MILLISECONDS
L R Appendix B, plot # 137

LTV MDB TO STATIONARY-.VEHICLE
LTV MDB. AT C.C. ACCEL

C11408 REAR IMP 70% QVERLAP L BULTKM/H.

R & 0:CTR:: IVFUG079 1FPB7 - . ..TEST DBIE;UJ/U8/1997
ELEC DATA, SAE CLASS 60 .. . L
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C11408 REAR IMP 707 OVERLAP LTV MDB TO STRTIONARY VEHICLE 84. 7KM/H

A & D CTR |VFUB079 1FP87 LTV MDB AT C.G. VELOCITY
ELEC DATA, SAE CLASS -180 (COMPUTED FROM ACCELERATION)

TEST DATE:01/08/1997

R

MAX VELOCITY = 0.76 KM/H AT B.7 MS _MIN VELOCITY = -6.10 KM/H AT 76.7 MS
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T
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' Appendix B, plot # 139

ClI408 REAR IMP 707 OVERLAP LTV MDB T0 STATIONARY VEHICLE BULTRM/H . e

R&OCTR - 1vrugo7s 1FPg7 -~ LTV/MDB AT C.G. DISPL .. 7 TEST DATE:01/08/1997
ELEC DRTA. SAE CLASS 180 (COMPUTED FROM ACCELERATION) ~ ° 7 7

u L . . -MAX DISRL = 1.25-MM AT 12.8 MS . . MIN.DISPL = -181 MM AT 239.9:M5
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C11408 REAR [MP 707 OVERLAP LTV MDB TO STATIONARY VEHICLE 84. 7KM/H

R & 0 CTR 1VF4B079 1FP87 LTV MDB AT C.G. ACCEL

TEST DATE:01/08/1997
ELEC DATA, SAE CLRSS 60

30

20

3

=3

[I—

H

& T T
ESYE

-8 :
” RV OV A
L
-3 . . . -
o .
S ;. 4. N S e . ; Moy )
300 . 20 : uo : 60 : 80 |‘ lDIOl ! 120 : 140 : 160~ ; 180. l 200 220 240

TIME IN MILLISECONDS

Appendix B, plot # 141
C11408 REAR IMP 707 OVERLAP LTV MDB TO STATIONARY VEHICLE 8Y. TKM/H -

“TEST DRTE:01/08/1997
ELEC DATA, SAE CLASS 180 W s

(COMPUTED FROM ACCELERATION)

3.0, . MAX VELOCITY = 2.79 KM/H RT 225.8 MS
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C11408 REAR [MP 70% OVERLAP LTV MDB TO STATIONARRY VEHICLE 84.7KM/H

R &DCTR IVFY6079 1FPB7 LTV MDB AT C.G. DISPL TEST DATE:01/08/1997
ELEC DATA, SAE CLASS 180 (COMPUTED FROM ACCELERATION)
uo. i MAX DISPL = 14.2 MM AT 239.9 MS MIN DISPL = -19.3 MM AT 128.9 MS
3:
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R 14 a o 3
T T e
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AP & et g < Appendix B, plot# 143
C11408 REAR IMP 707 OVERLAP LTV MDB TO STATIONARY VEHICLE 84. TKM/H
R & DCTR - IVFus079 1FPg7 - LTV.'MDB AT REAR C/MBR ACCEL .. 1gst pare.01/08/1997
ELEC DATA, SAE CLASS 60 o v VR,
2 —5\/\ - R — -
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-ZEL-I-U-HM i o1 i 1 |7 1 . 1 et 1 1 N et i
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C11408 REAR IMP 70% OVERLAP

R & D CTR

1VFUB079 1FP87

ELEC DATA. SAE CLASS 180

LTV MDB TO STATIONARY VEHICLE

84.7KM/H
LTV MDB AT RERR C/MBR VELOCITY
(COMPUTED FROM ACCELERATION)

TEST DATE:01/08/1997

C11408 REAR IMP 70% OVERLAP

R&DCH

1VFY6079 1FP8Y

ELEC DATA, SARE CLASS 180

LTV MDB TO STATIONARY:VEHICLE

90 MAX VELOCITY = 84.7 KM/H AT 0.0 MS MIN VELOCITY = 31.0 KM/H AT 157.6 MS
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84. ZTKM/Hr: i -

LTV 'MDB AT RERR C/MBR DISEL,
(COMPUTED FROMACCELERATION}

~TEST DATE:01,08/1997
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C11y08 REAR iMP 707 OVERLAP LTV MDB TO STATIONARY VEHICLE :84.7KM/H
D CTR" 1VFY6079 lFPé7 - LTV: MDB AT REHR C/MBR VELOCITT o TEST DH;[E; 0-1408./1997
ELHZDHTR.SRECLHSSIBO - (COMRUTED}FR'M“HCCELERQTION] . n -
MAX_VELOCITY = 0.00 KM/H AT. 0.3 MS o .. MIN VELOCITY = -10.1 KM/H AT 112.3 MS
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C11408 REAR [MP 707 OVERLAP

R&0CTR

1VFU6079 1FP87
ELEC DATA, SRE CLASS 60

-

LTV MDB TO STATIONARY VEHICLE

LTV MDB AT RERR C/MBR ACCEL

84. 7KM/H

TEST DATE:01/08/1997

. TIME .IN MILLISECONDS
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R&DCIRY  Ivruso79 1rpe7  LTVAMBB AT REAR C/MBR ACCEL ..

Cl11408 REAR [IMP 70% OVERLRAP LTV MDB TO STATIONARY VEHICLE 84. 7KM/H

R&DCTR IVFU6079 1FPS7 LTV MDB AT REAR C/MBR DISPL

) TEST DRTE:01/08/1997
ELEC DATA, SAE CLASS 180 (COMPUTED FROM ACCELERATION)
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C11408 REAR IMP 70% OVERLAP LTV MDB TO-STATTIONARY VEHICLE BY.L TKM/H
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C11u08 RERR [MP 70% OVERLRP

R & D CTR
ELEC DATAR, SAE CLASS 180

1VFY6079 1FP87

LTV MDB TO STATIONARY VEHICLE

84. 7KM/H

LTV MDB AT REAR C/MBR VELOCITY
(COMPUTED FROM ACCELERRTION)

TEST DRTE:01/08/1997

4.5 MRX VELOCITY = 4.12 KM/H AT 83.6'MS MIN VELOCITY = -1.22 KM/H RT 17.9 MS
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LTV MDB TO STATLIONARY. VEHICLE
©-LTv-MDB AT REAR: C/MBR DISPL. ... .
(COMPUTED FROM RCCELERATION)
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C11408 REAR IMP 70% OVERLAP LTV MDB TO STATIONARY VEHICLE 84. 7TKM/H

R &DCTR IVFUB079 1FP87 STL EVAL SNUBBER WEST BRAKE PRESSURE

TEST DRTE:01/08/1997
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Cl1408 REAR [MP 70% OVERLRAP LTV MDB TO STATIONARY VEHICLE 84. 7KM/H
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Cl1u08 REAR IMP 707 OVERLAP LTV MDB TO STATIONRRY VEHICLE 84.7KM/H FIGURE
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C11408 REAR: IMP 707 OVERLAP LTV-MDB TO STRTIONARY “VEHICLE 84.7KM/H - F IGURE

R & D CTR 1VFY6079 1IFP87 N
TEST DATE:01/08/97

-STRUCK VEH DISPL-RELATIVE TO MOVING -BARRIER
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C11408 REAR 'IMP 707 OVERLAP LTV MDB TO STATIONARY VEHICLE 84, 7KM/H FIGURE

R&OCIR 1VFYS073 IFPB7 »
FILM DATA LEFT SIDE TEST DATE:01/08/97

STRUCK VEH PITCH RELATIVE TO GROUND REFERENCE

DEGREES
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w0 TIME IN MILLISECONDS

T T Appendix C, plot # 3
Cl1408 REAR IMP 70% OVERLAP LTV MDB TO STATIONARY. VEHICLE 8Y.7KM/H - FIGURE: -
R & 0 CTR 1VFus079 1FP87 " o .
FILM BATA™ RIGHT SIDE TEST DATE:01/08/97
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C11408 REAR IMP 707% OVERLAP LTV MOB TO STATIONARY VEHICLE 8Y.7KM/H FIGURE

R & D CTR 1VFYB079 1FP87

FILM DATA : ' RIGHT SIDE TEST DATE:01/08/97

STRUCK VEH DISPL RELATIVE TO MOVING BRRRIER

AT 0R PR[UR TO MAX CRUSH
120, _ MAX_DOWNWARD BIS 37.1 MM AT 80.2 MS
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Cl1408 REAR IMP 70% OVERLAP - LTV MDB TO STATIONARY.-VEHICLE 84.7KM/H FIGURE

R & D CTR 1VFY6079 1FPB? _ . e e
FILMDATR ¢ - - RIGHT SIDE TEST DATE:01/08/97

“STRUCK VEH PITCH RELATIVE T0O GROUND:REEERENCE

OR PRIOR TO MAX CRUSH
__MAX NEGRTIVE RNGLE -1.7 DEG AT S0.1 MS__

DEGREES
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Appendix C, plot # 6



C1lu08 REAR IMP 707 QVERLAP

R&DCTR
FILM DRTA

DEGREES

1VFY6079 1FP87

LTV MDB TO STATIONARY VEHICLE 84.7KM/H FIGURE

_OVERHERD VIEW

TEST DRTE:01/08/97

" STRIKING BARRIER YAW RELATIVE TO GROUND REFERENCE
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Appendix C, plot # 7

Cl1408 REAR IMP 707 OVERLAP -

R & D CTR  1VFUS079 1FP87

FILM DATH
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C11591 FRONT IMPACT

R&D CTR 1VFY6081 1FP87
ELEC DATA, SAE CLASS 600

-8

MOVING VEHICLE TO FIXED POLE 55. 3KM/H

ATD TYPE: GMSOH
L. FRT FEMUR LORD TEST DATE:05/14/1997

MAX LOAD = 0.35 KN AT 230.4 MS
RV

AV =47 OF IA
-6
-y
=z
x
—
g -2
i
S COMP
TENS """’4-—\\‘\\\5,/—”’
Uyl
) MAX_LOAD = 1.35 KN AT 111.3 M3
AV = 137 OF [ARV
-6
=4
=z
-
55 -2
=g
3 ocoup N
TENS RV
LlLuﬂU_I_IJL | 1 1 1 1 1 1 I | I | S| |
0 0 70 0 80 100 120 140 160 180 280 220 200

€11591 FRONT IMPACT

R&D CTR 1VFuc081 1FP87
ELEC DATA, SAE CLASS 60O

TIME IN MILLISECONDS
Appendix D, plot # 5

MOVING VEHICLE TO FIXED POLE 55. 3KM/H
ATD TYPE: GMSOH
L. FRT FEMUR LORD TEST DATE:05/14/1997

DURATION ASSESSMENT

MAX IAY = Y4 % OF IARY AT 351 N, 0.0 MS

KN

LEFT
LORD,

0 E 10 15

]
CUMULATIVE OURATION OF LORDING RBOVE GIVEN FORCE LEVEL, MS

20 25 30 35 ug [ so 55 60

Appendix D, plot # 6
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LEFT FRONT
ANTHROPOMORPHIC TEST DEVICE SUMMRRY DARTR
} MOVING VEHICLE TO FIXED POLE 55.3KM/H

C11581 FRONT IMPACT |
R&D CTR -1VFU6081 1FP87 ATD TYPE: GMSOH
TEST DATE: 05/14/1997
1007 1507 1Av

MEASURED QUANTITY OF ARV OF IARV VALUE IRRV
HIC, LIMITED TO 15 MS ] 380 1000
HIC, LIMITED TO 36 MS ] 520 1000
NECK FLEXION — 29NM 190NM
NECK EXTENSION ] 17NM S7NM
NECK TENSION .| 0.58 1.00
NECK COMPRESSION o) 0.06 1.00
NECK SHEAR FORWARD — 0.24 1.00
NECK SHEAR REARWARD I 0.02 1.00
CHEST ACCEL - UsSG 606
CHEST COMPRESSION W/0 SH BELT j _ 36. 2MM 65- OMM !
CHEST COMPRESSION W/ SH BELT | ] 36. 2MM 50. OMM t
CHEST VISCOUS CRITERIA — 0.22M/SEC | 1.00M/SEC
<EMUR COMP, LEFT n 351N | 10000N
EMUR COMP, RIGHT — 13u8N 10000N
FEMUR DURATION ASSESS, LEFT [0 - 0.04 1.00
FEMUR DURRTION RSSESS, RIGHT [ 0.15 1.00
TIBIA/FEMUR DISP, LEFT ) 11.7MM 15. OMM
TIBIR/FEMUR DISP, RIGHT ' 0. 1MM 15. 0MM
KNEE CLEVIS. LEFT INSIDE — 750N . 4OOON
KNEE CLEVIS, LEFT OUTSIDE [— 1346N 400oN
KNEE CLEVIS, RIGHT INSIDE ] 2556N 400OoN
KNEE CLEVIS, RIGHT OUTSIDE [—— 1355N 40ooN
TIBIA COMP, LEFT —— 2U06N 8000N
TIBIA COMP, RIGHT ] U027 8000N
TIBIAR MOM, UPPER, LEFT I— 78NM 225NM
TIBIA MOM, UPPER, RIGHT 152NN 225NM
TIBIA MOM, LOWER, LEFT E— 105NM 225NM
TIBIA MOM, LOWER, RIGHT — U3NM 225NM
LEG INDEX, UPPER LEFT —— 0.41 1.00
LEG INDEX. UPPER RIGHT 0.79 1.00
LEG INDEX, LOWER LEFT 0.51 1.00
LEG INDEX, LOWER RIGHT — 0.24 1.00
JAV - INJURY ASSESSMENT VALUE
IARV - INJURY ASSESSMENT REFERENCE VALUE , %

Appendix D, page i

t RESTRAINT SYSTEM DEPENDENT. CHOOSE
VALUE THAT APPLIES 7O THIS TEST.






RIGHT FRONT
| ANTHROPOMORPHIC TEST DEVICE SUMMARY DATA
’ MOVING VEHICLE TO FIXED POLE 55. 3KM/H

Ci11591  FRONT IMPACT
R&D CTR 1VFU6081 1FP87 ATD TYPE: GMSOH
' TEST DATE: 05/14/1997
100% 1507 1AV
MEASURED QUANTITY OF IARV  OF IARV VALUE IARY
. HIC, LIMITED TO 15 MS ) 210 1000
HIC, LIMITED TO 36 MS ——— 420 1000
NECK FLEXION — 37NM { GONM
NECK EXTENSION E— | 16NM STNM
NECK TENSION ) 0.54 1.00
NECK COMPRESSION ul 0.05 1.00
NECK SHEAR FORWARD 0 0.03 1.00
NECK SHEAR REARWARD — 0.31 1.00
CHEST ACCEL ] 436 606
t  CHEST COMPRESSION W/Q SH BELT ] 32. MM 65.0MM
t  CHEST COMPRESSION W/ SH BELT ) 32. MM 50.0MM
CHEST VISCOUS CRITERIA — 0. 16M/SEC | 1.00M/SEC
FEMUR COMP, LEFT — 1929N 10000N
FEMUR COMP, RIGHT — 42SIN | 10000N
FEMUR DURATION ASSESS, LEFT [ 0.21 1.00
FEMUR DURATION ASSESS, RIGHT [ 0.u8 1.00
TIBIA/FEMUR DISP, LEFT ] 0. 3MM 15. OMM
TIBIA/FEMUR DISP, RIGHT N 0. 6MM 15. OMM
KNEE CLEVIS, LEFT INSIDE [———— 1698N YOOON
KNEE CLEVIS, LEFT OUTSIDE |[——1 1425N - YOOON
KNEE CLEVIS, RIGHT INSIDE ) 2UB3N YOOON
KNEE CLEVIS. RIGHT OUTSIDE ) 206N 4YOOON
TIBIA COMP, LEFT — 3188N 8000N
TIBIA COMP, RIGHT YYSON 8000N
TIBIA MOM, UPPER, LEFT E— 93NM 225NM
TIBIA MOM, UPPER, RIGHT ) B7NM 225NM
TIBIA MOM, LOWER, LEFT OVERLORDED |  225NM
TIBIA MOM, LOWER, RIGHT OVERLORDED | 225N
LEG INDEX, UPPER LEFT E—— 0.4y 1.00
LEG INDEX, UPPER RIGHT ) 0.41 1.00
LEG INDEX, LOWER LEFT OVERLOADED |  1.00
LEG INDEX, LOWER RIGHT OVERLORDED |  1.00
JIAV - INJURY ASSESSMENT VALUE
IRRV - INJURY RSSESSMENT REFERENCE VALUE . : . 16
; Appendix D, page 11

t RESTRAINT SYSTEM DEPENDENT. CHOOSE
- VALUE THAT APPLIES TO THIS TEST.






C11591 FRONT IMPRCT

R&O CTR 1VFYG081 1FP87
ELEC DATA, SAE CLASS 1000

MOVING VEHICLE TO FIXED POLE 55. 3KM/H
ATD TYPE: GMSOH
L. FRT HEAD ACCEL. TEST DATE:05/14/1997
(HIC I LIMITED TO 1S5MS)

MAX ACCEL = 60.5 G‘S AT 103.3 MS
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ELEC DBARTA, SAE CLASS 1000
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Appendix D, plot # 1

MOVING VEHICLE TO FIXED POLE 55. 3KM/H
L. FRT HEAD ACCEL.
(HIC I LIMITED 7O 3GMS)

ATD TYPE: GMSOH
TEST DATE:05/14/1997

MBX ACCEL = 60.5 G'S AT 103.3 MS
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C11581 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H

ATD TYPE: GMSOH
RED CTR IVFUB081 1FP87 L. FRT CHEST RCCEL. TEST DATE:05/14/1997
ELEC DATA, SAE CLASS 180

@150 MAX ACCEL = 46.2 G'S AT 104.3 MS
<
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Appendix D, plot # 3
C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H
ATD TYPE: GMSOH
R&D CTA IVFUG081 1FP8T - L. FRT PELVIC ACCEL.

TEST DATE:05/14/1997
ELEC DATA, SRE CLASS 1000

150 MBX ACCEL = 40.Y G'S AT 105.9 MS
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C11591 FRONT IMPACT

R&D CTR 1VFY6081 1FP87
ELEC DATA, SAE CLASS 600

-8

MOVING VEHICLE TO FIXED POLE 55. 3KM/H

ATD TYPE: GMSOH
L. FRT FEMUR LORD TEST DATE:05/14/1997

MAX LOAD = 0.35 KN AT 230.4 MS
RV

AV =47 OF IA
-6
-y
=z
x
—
g -2
i
S COMP
TENS """’4-—\\‘\\\5,/—”’
Uyl
) MAX_LOAD = 1.35 KN AT 111.3 M3
AV = 137 OF [ARV
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55 -2
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3 ocoup N
TENS RV
LlLuﬂU_I_IJL | 1 1 1 1 1 1 I | I | S| |
0 0 70 0 80 100 120 140 160 180 280 220 200

€11591 FRONT IMPACT

R&D CTR 1VFuc081 1FP87
ELEC DATA, SAE CLASS 60O

TIME IN MILLISECONDS
Appendix D, plot # 5

MOVING VEHICLE TO FIXED POLE 55. 3KM/H
ATD TYPE: GMSOH
L. FRT FEMUR LORD TEST DATE:05/14/1997

DURATION ASSESSMENT

MAX IAY = Y4 % OF IARY AT 351 N, 0.0 MS
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LEFT
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0 E 10 15

]
CUMULATIVE OURATION OF LORDING RBOVE GIVEN FORCE LEVEL, MS

20 25 30 35 ug [ so 55 60

Appendix D, plot # 6
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C11591 FRONT IMPACT

R&D CTR 1VFUG081 1FP87
ELEC DRTR, SAE CLASS 60C

MOVING VEHICLE TO FIXED POLE

L. FRT FEMUR LOAD
DURATION ASSESSMENT

MAX IAV = 15 7% OF IARV AT 1284 N, 3.4 MS

55. 3KM/H
ATD TYPE: GMSOH
TEST DATE:05/14/1997
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[

CUMULATIVE DURATION OF LORDING ABOVE GIVEN FORCE LEVEL, MS

C11591 FRONT IMPACT

R&D CTR 1VFUG081 1FP87
ELEC DATA. SRE CLASS 180

MAX COMPRESSION = 36.2 MM RT 106.2 MS

-5 . 1RV = 56% OF [ARV (W/0 SH BELT),

MOVING VERICLE TO FIXED POLE
L. FRT CHEST DISP, TEMP AT 68.0°'F
NORMALIZED TO 7C.7'F & PART 572 CORRIDOR
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Appendix D, plot # 7

55. 3KM/H

[AV = 727 OF TARV (W/ SH BELT)

ATD TYPE: GMSCH

TEST DATE:05/14/1997
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H

ATD TYPE: GMSOH
R&D CTR IVFYG081 1FP87 L. FRT CHEST COMPRESSIVE DISP. TEST DATE:05/14/1997
ELEC DATA, SAE CLASS 180 NORMALIZED, W/CALC VEL & VISCOUS INJURY

MAX COMPRESSION = 36.2 MM AT 106.2 MS

40 [AV = S67 OF IARV (W/0 SH BELT), 1AV = 72% OF IARV (W/ SH BELT
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 5S. 3KM/H

feD CTR \vrusost 1pe7 L~ FRT NECK LOADING ON HEAD., UPPER LORD
ELEC CATA ~ L. FRT NECK LOADING ON HERD

ATD TYPE: GMSOH
TEST DATE:05/14/1997

yo, SRE_CLASS 60Q FI| TER MAX CALC'D MOMENT = 17.2 N-M AT 108.4 MS MIN = -33.6 N-M AT 168.5 MS
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C11591 FRONT

R&D CTR
ELEC DATA

IMPACT

1VFYG081 1FP87

600 FILTER

MOVING ‘VEHICLE TO FIXED POLE
NECK LORDING ON HEARD
L. FRT NECK LOADING ON HEAD

MAX CALC'D MOMENT = 28.6 N-M AT 93.6 MS

MIN

55. 3KM/H

ATD TYPE: GMSOH
TEST DATE:05/14/1997

= -16.6 N-M AT 177.7 MS
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Appendix D, plot # 11

C1159! FRONT IMPRCT MOVING VEHICLE TO FIXED POLE 5S. 3KM/H

R&D CTR

1VF46081 1FP87
ELEC DATA, SAE CLASS 1000

FORWARD NECK SHEAR ON HERD,

L. FRT INJURY REFERENCE

ATD TYPE: GMSOH
TEST DATE:0S/14/1997

MAX 1AV = 24 7% OF IARV AT 266 N, Y4y.8 MS
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Appendix D, plot # 12



C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE S5. 3KM/H

ATD TYPE: GMSOH
R&D CTR IVFY508]1 1FP87 REARWARD NECK SHEAR ON HERD, TEST DATE:05/14/1997
ELEC DRTR. SAE CLASS 1000 L. FRT INJURY REFERENCE

5.0 MAX 1AV = 2 Z OF IARV AT 60 N, 0.0 MS

0 5 10 15 20 25 30 35 40 us S0 S5 60
CUMULATIVE DURATION OF LORDING ABOVE GIVEN FORCE LEVEL, MS

Appendix D, plot # 13
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C11581 FRONT IMPRCT MOVING VEHICLE TO FIXED POLE 55. 3KM/H

RED CTA |VFUG08] IFP8Y AXIAL COMPRESSION ON HEAD,
ELEC DRTR, SRE CLASS 1000 L. FRT INJURY REFERENCE

RTD TYPE: GMSOH
TEST DATE:05/14/1997

6.0 MRX 1AV = 6 % OF [ARY AT 232 N, 0.0 MS

1.5 \

15 20 25 30 35 (T3] us 50 SS ]
CUMULATIVE DURRTION OF LOADING ABOVE GIVEN FORCE LEVEL, MS

Appendix D, plot # 14
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C11591 FRONT IMPACT
AXIAL TENSION ON HERD,
L. FRT INJURY REFERENCE

R&D CTR 1VFYB081 1FP87
ELEC DATA, SAE CLASS 1000

MOVING VEHICLE TO FIXED POLE 55.3KM/H

ATD TYPE: GMSOH

TEST DATE:05/14/1987

MAX IAV = S8 % OF IARV AT 1916 N, 0.1 MS
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45

CUMULATIVE OURATION OF LOADING ABOVE GIVEN FORCE LEVEL, M3

C11581 FRONT IMPRCT

R&D CTR |VFUB081 1FP87 L. FRT LEFT KNEE CLEVIS LORD

ELEC DATA, SAE CLASS 600

10 MBX LOAD = 0.25 KN AT 187.9 MS

MOVING VEHICLE TO FIXED POLE 55.3KM/H

S0

Appendix D, plot # 15

e
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ATD TYPE: GMSOH
TEST DATE:0S/14/1997
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C1158t FHUNT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H

ATD TYPE: GMSOH
R&D CTR IVFY6081 1FP87 L. FRT LEFT TIBIA UPPER MOMENT TEST DATE:05/14/1997
ELEC DATA, SAE CLASS 500

80 MAX MOMENT = 77.6 N-M AT 93.9 MS
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Appendix D, plot # 17

C11581 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H
ATD TYPE: GMSOH
R&D CTR 1VFUG081 1FP87 TEST BATE:05/1u/1997

ELEC DATA, SAE CLASS 600 L. FRT TIBIA LOWER SHEAR LOAD CELLS

_8a0 MIN SHEAR LOAD = -738 N AT 84.2 MS
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C11591

R&D CTR

-y

FRONT IMPACT

MOVING VEHICLE TO FIXED POLE 55.3KM/H

IVFU6081 1FP87
ELEC DARTA, SAE CLASS G600

ATO TYPE: GMSQOH
TEST DATE:05/14/1997

L. FRT TIBIA LOWER AXIAL LOAD

MAX BXIAL LOAD = 2.4] KN AT Q4.2 MS
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Appendix D, plot # 19

MOVING VEHICLE TO FIXED POLE 55. 3KM/H

L. FRT RIGHT KNEE CLEVIS LORD

MAX LOAD = 0.58 KN AT 142.6 MS

ATO TYPE: GMSCH
TEST DATE:0S/14/1997

MIN LOAD = -2.56 KN AT 79.3 MS
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C11591 FRONT IMPACT MOVING VEHICLE 7O FIXED POLE 55.3KM/H

ATD TYPE: GMSOH
R&D CTR IVFUB081 1FP87 L. FRT RIGHT TIBIR UPPER MOMENT TEST DATE:05/14/1997
ELEC DARTA, SAE CLASS 500 ’
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Appendix D, plot # 21
C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H
ATD TYPE: GMSOH
R&D CTR 1VFYB081 1FP87Y TEST DATE:05/14/1997
ELEC DATA, SAE CLASS 600 L. FRT TIBIA LOWER BENDING MOMENTS
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C11591 FRONT IMPACT

R&D CTR 1VFUG081 1FP87
ELEC DATA, SAE CLRSS 60O

MOVING VEHICLE TO FIXED POLE

TI

L. FRT TIBIR INDICES

55. 3KM/H
ATD TYPE: GMSOH
TEST DATE:05/14/1997
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C11591 FRONT IMPACT

R&0 CTR 1VFUg08t 1FP87
ELEC DATA, SAE CLASS 180
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55.3KM/H
L. FRT TIBIR/FEMUR DISPLACEMENT

ATD TYPE: GMSOH
TEST DATE:05/14/1997
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C11581 FRONT IMPACT

R&D CTR
ELEC DATA, SRE CLASS 1000

- 1VFuB081 1FP87

'

MOVING VEHICLE TO FIXED POLE

R. FRT HEARD ACCEL.
(HIC I LIMITED TO 1SMS)

™
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ATD TYPE: GMSOH
TEST DATE:05/14/1997
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H

R&D CTR
ELEC DATR, SRE CLASS 1000

1VF46081 1FP87

R. FRT HERD ACCEL.
(HIC 1 LIMITED TO 3GMS)

ATD TYPE: GMSOH
TEST OATE:05/14/1997
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C1159t FRONT IMPACT MOVING VEHICLE TO FIXED POLE" 55.3KM/H

ATD TYPE: GMSOM
R&O CTA IVFYS081 1FP87 R. FRT CHEST RCCEL. TEST DATE:05/14/1997
ELEC DATA, SAE CLASS 180

0150 MAX ACCEL = 44.0 G'S AT 111.0 MS
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C11581 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H
ATD TYPE: GMSOH

R&D CTR IVFUG081 1FP87 R. FRT PELVIC ACCEL. TEST DATE:05/14/1997

ELEC DATAR, SRE CLASS 1000
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\1.
C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H

ATD TYPE: GMSOH
R&D CTR IVFYs081 1FP87 R. FRT FEMUR LOAD TEST DATE:0S/14/1997
ELEC DATA, SAE CLASS 600
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Appendix D, plot # 29
C11581 FRONT IMPACT . MOVING VEHICLE TO FIXED POLE 55.3KM/H
A ATD TYPE: GMSOH
R&D CTR IVFUG081 1FP87 R. FRT FEMUR LORD TEST DATE:05/14/1997
ELEC 0ATAR, SARE CLASS 60O DURATION ASSESSMENT
2 MAX IAY = 21 % OF IARV AT 1917 N, 0.6 MS
11
10l
\\
]
g
C .
wo
-5
S,
\
0 5 10 15 20 F 30 35 10 is 50 55 80

&l =
CUMULATIVE DURATION OF LORDING ABOVE GIVEN FORCE LEVEL, MS .
Appendix D, plot # 30
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C11s91

FRONT IMPRCT

R&D CTR

ELEC DATA, SAE CLASS 600

1VFys081 1FP87

MOV ING VEHiCCE T0 FIXED POLE
R. FRT FEMUR LOAD
DURATION ASSESSMENT

5S. 3KM/H

ATD TYPE: GMSOH
TEST DATE:05/14/1997

MAX IAV = 4B 7% OF IARV AT 4188 N, 1.9 MS

=
-
&g
=
-
2
—
1 |
0 S 1 15 20 25 30 35 4o 4ys S0 55 60
ATIVE DURATION OF LORDING ABOVE GIVEN FORCE LEVEL, M » )
F , Appendix D, plot # 31
1
C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H
ATD TYPE: GMSOH
R&D CTR 1VFU6081 1FP87 R. FRT CHEST DISP, TEMP AT 68.2'F

ELEC DATA, SAE CLASS 180

NORMALIZED TO 70.7'F & PART 572 CCORRIDOR

MAX COMPRESSION = 32,7 MM AT 108.1 M3

[AV = 507 OF IARV {(W/0 SH BELT),

IAV = 657 OF TARV {W/ SH BELT)

TEST DATE:05/14/1997

came

TENS

I
0

1 ! 1 L

80 100 120 : 140
TIME IN MILLISECONDS

160

180

1

T ] L
200 220 240

Appendix D, plot # 32



C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE S5.3KM/H

ATD TYPE: GMSOH
RED CTR IVFYG081 1FPS7 R. FRT CHEST COMPRESSIVE DISP. TEST DATE:05/14/1997
ELEC DATA, SAE CLASS 180 NORMALIZED, W/CALC VEL & VISCOUS INJURY

MAX COMPRESSION = 32.7 MM AT 108.1 MS

40 18V = 504 OF 1ARY (W/O SH BELT), IRV = 657 OF IARV (W/ SH BELT)
v I
E -20 —
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— . d_come I
Lo NS
=]
WS 29
o
w
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Appendix D, plot # 33
C11591 FRONT IMPACT MOVING VEHICLE T0 FIXED POLE S5, 3KM/H
ATD TYPE: GMSOH
R&D CTR 1vFuog1 1rpg7 R+ FRT NECK LORDING ON HERD, UPPER LOAD (gt pate:0s/1u/1997
ELEC DATA

R. FRT NECK LOADING ON HERD

20.SAE_CLASS 600 FILTER MAX CALC'D MOMENT = 15.3 N-M AT 121.9 MS MIN = -14.5 N-M AT 169.5 MS

2=

2 —
= 0

= RT FLEX ] \ /

Foog

e

o_SAE_CLASS GOQ FILTEA MRX MOMENT = 2.22 N-M AT 110.5 M5 MIN MOMENT = -2.55 N-M AT 136.49 M5

~NE CH
=2 ]

200-SAE_CLASS 1000 FILTER MAX LORD = 34.9 N AT 239.0 MS MIN LORD = -186 N RT 177.4 MS
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1T} L ! I 1 1 Il l
0 . 20 40 50 80 100 120 140 180 180 200 220 2u0
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE SS. 3KM/H
RED CTR LVFUG081 1FP8T NECK LOADING ON HERD
ELEC DATA R. FRT NECK LOADING ON HEAD .

ATD TYPE: GMSOH
TEST DBATE:05/14/1997

MAX CALC'D MOMENT = 37.4 N-M AT 173.1 MS MIN = -16.3 N-M AT 126.8 MS
yooSRE CLASS 60Q FILTER 1AV = 20% OF IARV [RVY = 297 OF IARV

™) FLEX
5 Tex

4 SRE CLASS 1000 FILTER MAX LOAD

1.80 KN AT 97.5 MS MIN LOAD = -0.21 KN AT 133.8 MS

TENS

coMP

FZ - AXIAL
(=]

-2

n

l; SAE_CLASS 1000 FILTER MRX LOAD = 0.10 KN AT 104.2 MS MIN LORD

-0.41 KN AT 178.6 MS

FHD

AFT ~—

FX - SHEAR

LOAD, KN

~2luging L 1 { I IT] 1 I 1 1 1 ] ] 1
0 20 uo 80 80 100 120 149 160 180 200 220 240

TIME IN MILLISECONDS
Appendix D, plot # 35

C11581 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H
R0 CTR |VFUE08L 1FP87 FORWARD NECK SHEAR ON HEAD,
ELEC DATA. SAE CLASS 1000 R. FRT INJURY REFERENCE

ATD TYPE: GMSOH
TEST DATE:05/14/1997

6.0 MAX AV = 3 7% OF IARV AT 86 N, 0.0 MS

5.5

5.0

0 S 10 15 20 25 30 35 40 [ 50 ?s‘ €0
CUMULRTIVE DURATION OF LOADING ABOVE GIVEN FORCE LEVEL, MS .
Appendix D, plot # 36
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H
AeD CTR IVF46081 1FP87 REARWARD NECK SHERR ON HERAD,
ELEC DATA, SRE CLASS 1000 R. FRT INJURY REFERENCE

ATD TYPE: GMSOH
TEST DATE:05/14/1987

6.0 MBAX 1AV = 31 % OF IARV AT 340 N, 4S.0 MS

E 10 15 20 25 30 35 40 4s

S S0 S5 60
CUMULRTIVE DURATION OF LORDING RBOVE GIVEN FORCE LEVEL, M¢

Appendix D, plot # 37

C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H

ReD TR |VEUG08! 1FPS7 AXIAL COMPRESSION ON HEAD,
ELEC DRTA, SAE CLASS 1000 R. FRT INJURY REFERENCE

ATO TYPE: GMSGH
TEST DATE:05/14/1997

6.0 MAX 1AV = S % OF IARV AT 208 N, 0.0 MS

G.SE
0‘00 S 10 15 20 25 30 35 [T [T

= S S0 35 60
CUMULATIVE DURATION OF LOADING ABOVE GIVEN FORCE LEVEL, MS

Appendix D, plot # 38
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C11591 FRONT IMPRCT MOVING VEHICLE‘TO FIXED POLE 55.3KM/H

ATD TYPE: GMSOM
R&D CTR 1VFY5081 1FP87 AXIAL TENSION ON HERD, TEST DATE:05/14/1997
ELEC ORTR. SRE CLASS 1000 R. FRT INJURY REFERENCE

6.0 . MAX 1AV = SY 7 OF IARV AT 1798 N, 0.0 MS

1.‘\\' \
1.0 ‘ \\\\“‘~--_ . ' \\\\\\\N

I
0.5 E—
\\\\
0.00 S 10 15 20 25 30 35 4o ys 50 55 60
CUMULATIVE DURATION OF LOADING ABOVE GIVEN FORCE LEVEL, MS :

Appendix D, plot # 39

C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H |

ATD TYPE: GMSOH

R&D CTR IVFUG081 1FP8Y R. FRT LEFT KNEE CLEVIS LORD TEST DATE:05/14/1997

ELEC DATA, SAE CLASS 600

10 MAX LOAD = 0.26 KN AT 233.4 MS MIN LORD = -1.70 KN AT 105.4 MS
[AV = U2Z OF IARV

TENS

TONP ——
-2 \/

10 MAX LOAD = 0.28 KN AT 166.8 M MIN LOAD = -T.42 KN AT [01.2 MS
IAV = 367 OF TARV

(=]
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coMP ' —v’\/\"‘“\/
-ZL_LUHIIII Il [ ! 1 I (] L 1 L L ] n - I 1
0 20 %0 50 80 100 720 0. 160 T80 200 220 210

TIME [N MILLISECONDS Appendix D, plbt # 40




C11581

R&D CTR

ELEC DATA, SAE CLASS 600

200

FRONT IMPACT

MOVING VEHICLE TO FIXED POLE 55.3KM/H

ATD TYPE: GMSCH
1VFUB08! 1FP87 R. FRT LEFT TIBIA UPPER MOMENT

TEST DRTE:05/14/1997

MAX- MOMENT = 92.8 N-M AT 73.5 MS

=150

ANT
N

=100

JASN

"] \«/\,N\/‘\—\,\_ —

MAX MOMENT = 17.3 N-H AT 179.2 M5 MIN MOMENT = -G2.3 N-M AT 73.5 MS

R
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m— ~ :

\/\‘/'

MRX MOMENT = 23.7 N-M RT 93.0 MS MIN MOMENT = -20.6 N-M AT 78.3 M5
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T
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[} 1 ] 1 ! L ! 1 1

FRONT IMPRCT

R&D CTR

1VFUg081 1FP87
ELEC DATA, SAE CLASS 60O

11
60 80 100 120 140 160 180 - 200 220 2u0
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Appendix D, plot # 41

MOVING VEHICLE TO FIXED POLE "~ 55.3KM/H
ATO TYPE: GMSOH
TEST DOATE:05/14/1897

R. FRT TIBIA LOWER SHEARR LOAD CELLS

MIN SHEAR LORD = -2.66 KN AT 101.8 MS

~

VAN

AFT

A~/ N

FRHD

MIN SHEAR LOAD = -2.32 KN AT 93.3 M5

/ T

AFT

e \

FHO
0. 5! L
0

t [N | | 1 1 L 1 L !

&0 50 190 120 g 160 180 500 220 40
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Appendix D, plot # 42
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C11581 FRONT IMPACT MOVING VEHICLE TO FIXED POLE - 55.3KM/H

RTD TYPE: GMSOH
R&D CTR 1VFUG081 1FP87 TEST DATE:05/14/1997

ELEC DARTA, SRE CLASS 600 R. FRT TIBIA LOWER AXIAL LOAD

-y MAX AXIAL LOAD = 3.19 KN AT 103.6 MS
RV = 40% OF IARV

Z | cow ___/'*'\/“/\“/ ]
<. TENS

P MAX AXIAL LORD = 4.US KN AT J04.1 MS
RV = 567 [OF IARV

< <
,
=g o core _//V\'\-v—/\,f/ T~

— TENS

L 1 ) 1 1 M1 1 ! L T TR 1
20 (] 60 80 100 120 140 160 180 200 220 240

TIME IN MILLISECONDS
Appendix D, plot # 43

C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H

ATD TYPE: GMSOH
R&D CTR 1VFUGOB1 1FPB? R. FRT RICHT KNEE CLEVIS LOAD TEST DATE:05/14/1997
ELEC DATA, SAE CLASS 600

MRX LORD = 0.19 KN AT 169.6 MS MIN LOAD = -2.46 KN AT 104.1 MS
AV = 627 OF TARV

— OL_TENS
z comMP

-2

4

=4

MAX LOAD = O.11 KN AT 239.8 MS . MIN tORD = -2.07 KN AT 100.6 MS
RV = 527 OF 1ARV

nJ TENS
= CoMP _\'—\—w—\/\’\
o

-2 /

—glitttesn 1 ) I 1 n_ ) t L I I ! {
l‘10 20 4o 80 80 100 120 140 160 180 200 220 240

TIME IN MILLISECONDS Appendix D, plot# 44




C11591 FRONT IMPACT

R&D CTR
ELEC DATA, SAE CLASS 600

1VFUG081 1FP8?

MOVING VEHICLE TO FIXED POLE

R. FRT RIGHT TIBIA UPPER MOMENT

SS.3KM/H
ATD TYPE: GMSOH
TEST DATE:0S5/14/1997

MBX MOMENT = 66.9 N-M AT 83.9 MS

ANT

ENr

/J/\ AL

A

S R ——

MAX_MOMEN

= 25.7 N-M AT 124, 7 MS

MIN MOMENT

= -66.3 N-M AT 98.5 MS

|

s

\Y

MAX MOMENT

= 53.9 N-M AT 93.0

MIN MOMENT = -37.8 N-M RT 118,

A
o

~solLti I 1
0

C11591 FRONT IMPACT

R&D CTR 1VF4G081 1FP87
ELEC DARTR, SAE CLASS 600

100 120 140
TIME IN MILLISECONGS

MOVING VEHICLE TO FIXED POLE

160

i 1  { | 1

180 200 220 240

Appendix D, plot # 45

55.3KM/H
ATD TYPE: GMSOH
TEST DRTE:05/14/1997

R. FRT TIBIAR LOWER BENDING MOMENTS

DATA STYSTEM FULL SCALE EXCEEDED

OVERLORD [TIME INTEAVAL (S} NOT PLOTTED
40o| FIRST OCCURRENCE AT 102.3 MS FULL SCALE CALIBRATION LEVEL EXCEEDED
: [\
5% 300 Plot# 46
—
: [\
S 200
z
= /
wO 100
wx /-///
-100
cqn DRTA SYSTEM FULL SCALE EXCEEDED
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= 300 —
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C11591 FRONT

R&D CTR
ELEC DATA, SARE CLASS 600

IMPRCT

1VF46081

1FPB7

MOVING VEHICLE TO FIXED POLE
R. FRT TIBIA INDICES

55.3KM/H
ATD TYPE: GMSOH
TEST DATE:05/14/1997

C11591 FRONT

TI = (RES MOM/225 NM} + (AXIAL/35300 N
. MAX UPPER L/C T1 = 0.44 AT 73.5 M
1
\NN
3 DATA STSTEM FULL SCALE EXCEEDED
OVERLOAD [TTME INTERVAL (S) NOT PLOTTED
FIRST OCCURRENCE A1 102.3 MS L
/ N
MAX_UPPER L/C T1 = 0.41 AT 98.6 15
2
1
———— e~ ]
BRTA SYSTEM FULL SCALE EXCEEDED
OVERLORO [TIME INTERVAL (5) NOT PLOTTED
| FIRST OCCLRRENCE AT 99.4 45 ,
, AERN
s ST 1 L —t //< Iy T : L | L
0 70 80 80 100 120 140 160 160 200 220 0
TIME IN MILLISECONDS )
Appendix D, plot # 47
IMPRCT MOVING VEHICLE TO FIXED POLE 55.3KM/H
ATD TYPE: GMSOH
IVF4G081 1FP87 R. FRT TIBIR/FEMUR DISPLACEMENT

R&D CTR
ELEC DATA, SAE CLASS 180

TEST DATE:05/14/1997

MRX TIB/FEM DISP = 0.28 MM AT 232.5 MS

RV = 27 OF [ARV

MAX TIB/F

M DISP = 0.58 MM AT 170.6 MS

1AV = 4z OF IARV

T
0

1 I 1 3

il
80 100

120

140 160 180 200 220 240
TIME IN MILLISECONDS
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE SS5.3KM/H
ATD TYPE: GMSOH

R&D CTR IVFUG081 1FP87 A. FRT TIBIR LEFT UPPER LOAD TEST DATE:05/14/1997
ELEC ORTA, SRE CLASS 600 (ENHANCED LOWER LEG)
0.4
0.2
0.0FHO /\
AFT s Y ———— N

\[ {
/

-2, oluwuy I L I L T 1 ! 1 ) L 1 L
] 20 4o 60 80 100 120 140 160 180 200 220 240
TIME IN MILLISECONDS -
Appendix D, plot # 49
C11591 FRONT [MPACT MOVING VEHICLE TO FIXED POLE S5, 3KM/H
ATD TYPE: GMSOH
R&D CTR IVFYG08] 1FP87 R. FRT TIBIA LEFT LOWER LOARD TEST DATE:05/14/1997
ELEC DATA, SRE CLASS 60O (ENHANCED LOWER LEG)
300,
250
200|
150
100
50f P ToY A AN

u_§-so B : v \/“/ \\VA Mop r/ h\,\\m\wm
ANl / MR
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\,J‘\/

—300lLLLn ] 1 { 1 n 1 1 1 I I 1 |
0 2 4o 60 80 100 120 140 160 180 200 220 240
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Appendix D, plot # 50




- ’,)

C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 5S. 3KM/H

ATD TYPE: GMSOH
R&D CTR IVFYs081 1FP87 R. FRT TIBIA LEFT LOWER MOMENT TEST DATE:05/14/1997
ELEC DATA, SAE CLASS 600 (ENHANCED LOWER LEG)

50

yo|

30

20|

i N [ S
od T N, .
N /

|/
/

70l I 1 I : 1 1 1 |
0

20 40 0 80 100 T2 140 160 T8 B0 20 o
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Appendix D, plot # 51
C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H
A ATD TYPE: GMSOH
R&D CTR IVFYG081 1FP87 R. FRT TIBIA RIGHT UPPER LOAD TEST DATE:05/14/1997
ELEC DATA, SAE CLRSS 600 (ENHANCED LOWER LEG) :
3.5~
3.0
2.5
2.0
1.5
1.0
g
&Ego-s
g FWD
—'0.9 AFT P
-0: - /_//
-1.0 \\ /
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1
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C11591 FRONT IMPACT . MOVING VEHICLE TO FIXED POLE 55.3KM/H
' ATO TYPE: GMSOH

R&D CTR IVFU6081 1FP87 R. FRT TIBIA RIGHT LOWER LORD TEST DATE:05/14/1397
ELEC DATA, SAE CLASS 600 (ENHANCED LOWER LEG)
600,
500
400
300,
. 200
ZlUD /f
i B 1 e e e e
-100|

| \
I,
o ]

L]

-500

_600””““” 1 H 1 1 ) ] 1 i 1 1 1 ) i L L
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Appendix D, plot # 53
C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H
) ATD TYPE: GMSOH
R&D CTR IVFYB081 1FP87 R. FRT TIBIAR RIGHT LOWER MOMENT TEST DATE:05/14/1997
ELEC DRTR, SRE CLASS 60O (ENHANCED LOWER LEG)
70
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SOl
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b= I e \ ~—
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ATO TYPE: GMSOH
TEST DATE:05/14/1997

C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H

ReD CTR |VFUB08] 1FP87 L. FRT LOWER LUMBAR MOMENT
ELEC DARTA, SAE CLASS 1000
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2z 300 / \
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Appendix D, plot # 55
C11591 FRONT IMPRCT MOVING VEHICLE TO FIXED POLE 55. 3KM/H
ATD TYPE: GMSOH

ne0 CTh O — L. FRT LOWER LUMBAR LOAD

TEST DATE:05/14/1997
ELEC DATA, SRE CLASS 1000

- 2N
U
<2 \\\\\
L) 1
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H

ATD TYPE: GMSOM
R&D CTR 1VF4G081 1FP87 L. FRT LOWER LUMBAR LOAD TEST DATE:05/14/1997
ELEC DATA, SAE CLASS 1000

™
AN
0.0l_TENS . 2T
o= I cowe A/\/\f/ \ v
X -0.5 —\/\/\A /]
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Appendix D, plot # 57
C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H

ATD TYPE: GMSOH

R&D CTR IVFYG081 1FP8T R. FRAT LOWER LUMBAR MOMENT TEST DATE:05/14/1997

ELEC DATA, SAE CLASS 1000

400;

Lz 350
52 /
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N
C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H

REO CTR LVFUB0S1 1FPET R. FRT LOWER LUMBAR LOAD
ELEC DATA, SAE CLASS 1000

ATD TYPE: GMSCH
TEST DATE:05/14/1997

%% _ N |
e - / —
. I N / I
. \ /
. N/
-qémumt 20 * 4o : 60 : 80 ; lﬂg : 120 ‘ 140 I 160 I 180 [ 20% : 220 I 2u0
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Appendix D, plot # 59
C11591 FRONT IMPACT MOVING VEHICLE T0 FIXED POLE S5. 3KM/H
R&D CTA IVFUG081 1FP87 R. FRT LOWER LUMBAR LOAD ?EQTTBEEE:EQE?:MQQ?

ELEC DATA, SRE CLASS 1000

2.0
1.5
1.0 VA
iy i | N -
0.0lTENS N / \w /
e e WA \k //
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H

R&D CTR IVFYG081 1FP87 L. FRT ROCKER ACCEL
ELEC DATA. SRE CLASS 60

TEST DATE:05/14/1997

25,

20
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_35L.uumu ! L l\J 1 n_ 1 ] L I T 1
1] 20
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Appendix D, plot # 61

Cl1591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H

A&0 CTA IVFUB08] 1FPB7 L. FRT ROCKER VELOCITY
ELEC DATA, SAE CLASS 180 (COMPUTED FROM ACCELERATION)

TEST DATE:05/14/1997
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CI1581 FRONT IMPACT MOVING VEHICLE 7O FIXED POLE 55. 3KM/H

R&D CTR LVFYG0B1 1FP87 L. FRT ROCKER DISPL
ELEC DATA, SAE CLASS 180 (COMPUTED FROM ACCELERATION)

"TEST DATE:05/14/1997
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Appendix D, plot # 63

C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H

R&D CTR IVFYB081 1FP87 v R. FRT ROCKER ACCEL
ELEC DATA, SAE CLASS 60

TEST DATE:05/14/13897
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C11S91 FRONT IMPRCT MOVING VEHICLE TO FIXED POLE 55. 3KM/H

R&D CTR 1VF4B081 1FP87 | R. FRT ROCKER VELOCITY

‘ TEST DATE:0S/14/1997
ELEC DATA, SRE CLASS 180 (COMPUTED FROM ACCELERATION)

100,
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80|
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B0
e B -
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S, o BN
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Appendix D, plot # 65
C11581 FRONT IMPRCT MOVING VEHICLE TO FIXED POLE 55. 3KM/H
R&D CTA IVFYG08] 1FP87 R. FRT ROCKER DISPL TEST DATE:05/14/1997
ELEC DATA, SAE CLASS 180 (COMPUTED FROM ACCELERATION)
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H
R20 CTR VR AVERAGED FRT ROCKER ACCELERATION

ELEC DATA, SAE CLASS 60 (AVGD L. & R. ROCKER ACCELS)

TEST DARTE:05/14/1997
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Appendix D, plot # 67
C11591 FRONT [MPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H
R&D CTR |VFYB081 1FP8Y RVGD FRT ROCKER VELOCITY TEST DATE:05/14/1997
ELEC DATR, SAE CLASS 180 (COMPUTED FROM ACCELERATION)
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H

R&D CTR 1VFu6081 1FP87 AVCD FRT ROCKER DISPL

TEST DRTE:05/14/1997
ELEC DATA, SAE CLASS 180 (COMPUTED FROM ACCELERATION)
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Appendix D, plot # 69
C11S91 FRONT IMPRCT MOVING VERICLE TO-FIXED POLE 55. 3KM/H
R&D CTR 1VFUB081 1FP87 L. FRT ROCKER ACCEL

TEST DATE:05/14/1997
ELEC DATA, SAE CLASS 6O
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C11591 FRONT IMPACT MOVING VEHICLE TQ FIXED POLE 55.3KM/H

R&D CTR  1VFYS08! 1FPEY L. FRT ROCKER VELOCITY TEST DATE:05/14/1997
ELEC DATR, SAE CLASS 180 (COMPUTED FROM ACCELERATION) :
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Appendix D, plot # 71
C11581 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H
A& CTR IVFYG081 1FP87 L. FRT ROCKER DISPL TEST DATE:05/14/1997
ELEC DARTA, SAE CLASS 180 (COMPUTED FROM ACCELERATION)

)

4o

30,

20

. —
~60) \ e

-~gOoLLLULTIE 1 1 . 1 | 1 1 1 ] I 1

o 20 w0 &0 £y 100 120 10 160 180 700 220 240
TIME IN MILLISECONDS .

Appendix D, plot # 72



€11591 FRONT IMPACT MOVING VEHICLE 7O FIXED POLE 55. 3KM/H

R&D CTR 1VF4G081 1FP87 R. FRT ROCKER ACCEL
ELEC DATA, SAE CLRSS 60

TEST DATE:05/14/1987
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Appendix D, plot # 73
C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H
R&O CTR 1VFY5081 1FP87 R. FRT ROCKER VELOCITY TEST DATE:05/14/1997
ELEC DATR, SAE CLASS 180 (COMPUTED FROM ACCELERATION)
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- " Appendix D, plot # 74




11591 FRONT [MPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H
R&D CTR IVFYG081 1FPBY R. FRT ROCKER DISPL TEST DATE:0S5/14/1997
ELEC DATA. SAE CLASS 180 (COMPUTED FROM ACCELERATION)
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Appendix D, plot # 75

C11591 FRONT IMPRCT MOVING VEHICLE TO FIXED POLE 55.3KM/H.

ReD CTR LVFUG08] 1FP87 AVERAGED FRT ROCKER ACCELERATION
ELEC DATA, SRE CLASS GO (AVGD L. & R. ROCKER ACCELS)

TEST DATE:05/14/1997
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Cl11591 FRONT IMPARCT MOVING VEHICLE TO FIXED POLE 55. 3KM/H

feD T VFUS081 1FPE7 AVGD FRT ROCKER VELOCITY

TEST DATE:05/14/1997
ELEC DATA, SAE CLASS 180 (COMPUTED FROM ACCELERATION)
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Appendix D, plot # 77
C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H
R&D CTR IVFUG081 1FP87 AVGD FRT ROCKER DISPL TEST DATE:05/14/1997
ELEC DRTA, SAE CLASS 180 (COMPUTED FROM ACCELERATION)
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C11531 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H

R&O CTR IVFUB081 1FP87 L. FAT ROCKER ACCEL

TEST DATE:0S5/14/1897
ELEC DATA, SRE CLASS GO
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Appendix D, plot # 79

11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H
R&D CTR IVFU6081 1FP87 L. FRT ROCKER VELOCITY TEST DATE:05/14/1397
ELEC DATA, SAE CLASS 180 (COMPUTED FROM ACCELERATION)
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C11581 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H

R&O CTR 1VFU6081 1FP87 L. FRT ROCKER DISPL

TEST DATE:0S5/14/1997
ELEC DATA, SAE CLASS 180 (COMPUTED FROM ACCELERATION)
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Appendix D, plot # 81
€11591 FRONT IMPACT MOVING VEHICLE. TO FIXED POLE 55.3KM/H
R&D CTR 1VFYB081 1FPB87 R. FRT ROCKER ACCEL

TEST ORTE:0S5/14/1997
ELEC DRTA. SAE CLASS 606
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C11591

R&D CTR
ELEC DATA, SAE CLASS 180

FRONT IMPRCT

IVFuB081 1FPE7 R. FRT ROCKER VELOCITY
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Appendix D, plot # 83
C11581 FRONT IMPRCT MOVING VEHICLE TO FIXED POLE 5S. 3KM/H
R&D CTA IVFUG081 1FP8T R. FRT ROCKER DISPL

ELEC DATA, SAE CLASS 180
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55, 3KM/H

R&0 CTR IVFUG081 1FP87 AVERAGED FART ROCKER ACCELERATION

TEST DATE:05/14/1987
ELEC DATA, SAE CLASS 60 (AVGD L. & R. ROCKER ACCELS)
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Appendix D, plot # 85
€11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H
R&D CTR IVFUG081 1FP87 AVGD FRT ROCKER VELOCITY

TEST DATE:05/14/1997
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C1159
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Appendix D, plot # 87

C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H
R&D CTA 1VFUG081 1FPS7 R. FLODAPAN ACCEL

ELEC DATA, SAE CLRSS GO
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H
R&D CTR IVFYB081 1FPS7 . R. FLOORPAN VELOCITY TEST DATE:0S/14/1997
ELEC DATA. SAE CLASS 180 (COMPUTED FROM ACCELERATION)
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Appendix D, plot # 89
C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55, 3KM/H
R&D CTR IVFYB081 1FP87 R. FLOORPAN DISPL TEST DATE:05/14/1997
ELEC DATA, SAE CLASS 180 (COMPUTED FROM ACCELERATION)
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H

RED CTR 1VFUB08! 1FP8Y L.REAR ROCKER ACCEL
ELEC DATA. SAE CLASS 1000

TEST DRTE:05/14/1997

60

S0

40,

30

20
Ewn 10
g Al A UV SR
- T ¥
%é—lﬂ W\/ \[ T + T

V

-20 |

-30 [l]- [ |

-40 , ‘

=50

o ITHITIIT 1 ! | | Bl ! 1 1 ! Il I I J

0 20 40 60 80 100 120 140 160 180 200 220 240
TIME IN MILLTSECONDS
Appendix D, plot # 91

C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE . S5.3KM/H
R&D CTR 1VFUG081 1FP87 L.RERR ROCKER ACCEL TEST DATE:05/14/1937

ELEC DATA, SAE CLASS 60
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H

R&D CTR IVFUS081 1FPB7 L.REAR ROCKER VELOCITY

TEST DATE:05/14/1997
ELEC DATA, SAE CLASS 180 (COMPUTED FROM ACCELERATION)
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C11591 FRONT IMPARCT MOVING VEHICLE TO FIXED POLE 55. 3KM/H
R&D CTR 1VFU6081 1FP8Y L.REAR ROCKER DISPL
ELEC DATA, SAE CLASS 180 (COMPUTED FROM ACCELERATION)

TEST OATE:05/14/1897
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MOVING VEHICLE TO FIXED POLE 55.3KM/H

cnégl FRONT IMPRCT
R.REAR ROCKER ACCEL TEST DATE:05/14/19397

Rr&D CTR 1VFy6081 1FP87
ELEC DATA, SAE CLASS 1000
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C11531 FRONT IMPRCT MOVING VEHICLE TO FIXED POLE 55.3KM/H
R.REAR ROCKER
R&D CTR {VFUB081 1FPB7 CKER ACCEL TEST DATE:05/14/1887
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C11591 FRONT IMPARCT MOVING VEHICLE TO FIXED POLE 55. 3KM/H

RED CTR |VFUG081 1FP8Y R.REAR ROCKER VELOCITY
ELEC DATA., SRE CLASS 180 (COMPUTED FROM ACCELERATION)

TEST DATE:0S5/14/1997
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Appendix D, plot # 97
C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H
R&D CTR 1VFUS081 1FPB7 R.REAR ROCKER DISPL TEST DATE:05/14/1937
ELEC DATA, SAE CLASS 180 (COMPUTED FROM ACCELERATION)
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‘ Appendix D, plot # 98




C11591
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Appendix D, plot # 99
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C11591 FRONT IMPARCT MOVING VEHICLE TO FIXED POLE 55.3KM/H

R&O CTR 1VFYG081 1FP87 AVGD REAR ROCKER VELOCITY

TEST DATE:05/14/1997
ELEC DATA, SRE CLASS 180 (COMPUTED FROM ACCELERATION)
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Appendix D, plot # 101

€11591 FRONT IMPRCT MOVING VEHICLE TO FIXED POLE 55.3KM/H

R&D CTR 1VFUB081 1FP87 AVCD REAR ROCKER DISPL TEST DATE:05/14/1987
ELEC DATA, SAE CLASS 180 (COMPUTED FROM ACCELERATION)
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H

REO CTR \vFusosl 1rpg7  COMP. FREE MASS DISP. REL. TO VEHICLE

TEST DATE:05/14/1997
ELEC OATA, SARE CLASS 180
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Appendix D, plot # 103
C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H
R&D CTR 1VFu6081 1FPB7 L.REAR ROCKER ACCEL

TEST DATE:05/14/1997
ELEC DATA, SAE CLASS 6O
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C11591 FRONT IMPRCT MOVING VEHICLE TO FIXED POLE 55. 3KM/H

AED CTR IVFUG081 1FP87 L.REAR ROCKER VELOCITY

TEST DRTE:OS/14/1997‘
ELEC DATA, SAE CLASS 180 (COMPUTED FROM ACCELERATION)
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Appendix D, plot # 105
11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H
R&D CTR IVFUG081 1FP87 L.REAR ROCKER DISPL TEST DATE:05/14/1997
ELEC DATA, SAE CLASS 180 (COMPUTED FROM ACCELERATION) '
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C11591 FRONT IMPRCT MOVING VEHICLE TO FIXED POLE 55.3KM/H

R&D CTR IVFUs081 1FP87 R.RERR ROCKER ACCEL TEST DATE:05/14/1997
ELEC DATA, SAE CLASS 60 :
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Appendix D, plot # 107
C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H
R&D CTR IVFYG081 1FP87 R.REAR ROCKER VELOCITY TEST DATE:05/14/1997
ELEC DATA, SAE CLASS 180 (COMPUTED FROM ACCELERATION
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H

R&D CTR IVFYG081 1FPB7 R.REAR ROCKER DISPL TEST DATE:05/14/1937
ELEC DATA, SAE CLASS 180 (COMPUTED FROM ACCELERATION)
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C11591 FRONT [MPACT " MOVING VEHICLE TO FIXED POLE 55. 3KM/H
R&D CTA 1VFYB081 1FP87 AVERAGED REAR ROCKER RCCELERATION TEST DATE:05/14/1997
ELEC DATA, SAE CLASS 80 (AVGD L. & R. ROCKER ACCELS)
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C11591 FRONT [MPRCT

R&D CTR

IVFUS081 1FP87 AVGD REAR ROCKER VELOCITY
ELEC DRTA, SAE CLASS 180

MOVING VEHICLE TO FIXED POLE 55.3KM/H

TEST DATE:05/14/1997
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o //Fd//\ . T

I

~luuy

1 i VV\ { L ! L 1

C11591 FRONT IMPACT

R&D CTR

ELEC DATA, SAE CLASS 180

350,

1l L 1
60 80 100 120 140 160 180 200 220 240

TIME IN MILLISECONDS
Appendix D, plot # 111

MOVING VEHICLE TO FIXED POLE 55.3KM/H

IVFYG081 1FP8Y AVGD REAR ROCKER DISPL TEST DATE:05/14/1997

(COMPUTED FROM ACCELERATION)
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H

RED CTR IVFUB081 1FP87 L.REAR ROCKER ACCEL
ELEC DATA, SAE CLASS 60

TEST DATE:05/14/1997
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Appendix D, plot # 113
C11581 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H
R&D CTR IVFUG081 1FP87 L.REAR ROCKER VELOCITY TEST DATE:05/14/1997
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 5S5.3KM/H

R&D CTR IVFUs081 1FP8Y L.REAR ROCKER DISPL

ATEST DRATE:0S5/14/1997
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H
R&D CTR IVFYG081 1FP87 R.REAR ROCKER ACCEL TEST DATE:05/14/1937
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C11591 FRONT IMPRCT MOVING VEHICLE 7O FIXED POLE 55. 3KM/H

R¢O CTR IVFUB08] 1FPGT R.RERR ROCKER VELOCITY

TEST DATE:05/14/1997
ELEC DATA, SRE CLASS 180 (COMPUTED FROM ACCELERATION)
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C11531 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H
RED CTR 1VFUB081 1FP87 R.REAR ROCKER DISPL TEST DATE:05/14/1997
ELEC DATA. SRE CLASS 180 (COMPUTED FROM ACCELERATION)
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C11591 FRONT IMPACT _ MOVING VEHICLE TO FIXED POLE 55. 3KM/H

AeD CTR |VFUB0B! 1FPE7 AVERAGED REAR ROCKER ACCELERATION
ELEC DRTA. SRE CLASS 60 (RVGD L. & R. ROCKER ACCELS)

TEST DATE:05/14/1997
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11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE S5, 3KM/H
R&D CTR IVFUG081 1FP87 RVGD REAR ROCKER VELOCITY TEST DATE:05/14/1997
ELEC DATA, SAE CLASS 180 (COMPUTED FROM ACCELERATION)
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H

R4 CTR 1VFUB08L 1FP8Y AVGD REAR ROCKER DISPL

TEST DATE:05/14/1997
ELEC DATA, SAE CLASS 180 (COMPUTED FROM ACCELERATION)
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H
R&D CTR IVFYG081 1FP87 CTR SOM-R REAR CASE =1 ACCEL TEST DATE:05/14/1997
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C11581 FRONT

R&D CTR

ELEC DATA, SRE CLASS 180
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-MOVING VEHICLE TO FIXED POLE 55. 3KM/H

CTR SDM-R REAR CASE =1 DISPL
(COMPUTED FROM ACCELERATION)
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H

RED CTR \VFUB081 1FPET CTR SOM-R REAR CASE =1 RCCEL
ELEC DATA, SAE CLASS 60

TEST DATE:05/14/1997
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C11591 FRONT IMPACT MOVING VEHICLE YO FIXED POLE 55. 3KM/H
R&D CTR IVFUG08L 1FP87 CTR SDM-R REAR CASE «1 VELOCITY TEST DRTE:05/14/1997
ELEC DATA, SAE CLASS 180 (COMPUTED FROM ACCELERATION)
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H

R&D CTR IVFUG081 1FP87 CTR SDM-R REAR CASE =1 DISPL TEST DATE:0S/14/1997
ELEC DATA, SAE CLASS 180 (COMPUTED FROM ACCELERATION)
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H

ELEC DATA, SARE CLASS GO

TEST DATE:05/14/1997
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C11591

R&D CTR

ELEC DATA, SAE CLASS 180
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE
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' C11S81 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H

R&D CTR 1VFY6081 1FP87 R. TOE PAN DISPL _ TEST DATE:0S5/14/1997
ELEC DATA, SAE CLASS 60 '
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H

A&D CTR 1VFYs081 1FP87 STARTER  VOLTRGE
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE S5.3KM/H

R&D CTR 1VFUG08! 1FP87 BATTERY VOLTAGE
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H
R&D CTR IVFUS081 1FP87 ALTERNATOR  VOLTAGE TEST DATE:05/14/1997
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C11581 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H

ELEC DATA, SAE CLASS 1000 ‘

TEST ORTE:0S5/14/1997
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H

RED CTR IVFUE081 1FPBY RELAY CTR-R  VOLTAGE

TEST DATE:05/14/1997
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C11591 FRONT IMPRCT MOVING VEHICLE TO FIXED POLE 55.3KM/H

RED CTR 1VFY6081 1FPB7 RELAY CTR-B  VOLTAGE TEST DATE:05/14/1997
ELEC DATA, SAE CLASS 1000
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€11591 FRONT IMPACT ~ MOVING VEHICLE TO FIXED POLE 55.3KM/H

R&D CTR 1VF4G081 LFP87 [GNITION  VOLTAGE
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Ci1S81 FRONT IMPACT MOVING VEHICLE TO FIXED POLE © 55.3KM/H

TEST DATE:05/14/1897
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22

20
18
16l>
[l So—
(2]
g 12]
>
w 19
Q
=
g
\
)
- UTTTHIT i 1 1 | 2 [l ] 1 1 L i 1 1
1] 20 40 60 80 100 120 140 160 180 200 220 240
TIME [N MILLISECONDS
Appendix D, plot # 141
C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H
RO CTR IVFUB081 1FP87 TAILLIGHT FUSE VOLTRGE

TEST DATE:05/14/1997
ELEC DATA, SRE CLASS 1000

22

20

+

VOLTAGE, VOLTS

o, A A

VPR SR U SN R A S S W A

1 —_h
0 20 4o 60 80 100 120 140 160 180 200 220 240

TIME IN MILLISECONDS Appendix D, plot # 142




C11581 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H

R&D CTR IVF46081 1FP87" ABS FUSE =6 VOLTAGE

TEST DRTE:05/14/1997
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€11581 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H
R&D CTR IVFYs081 1FPB7 HEADLIGHT SWITCH VOLTAGE TEST DATE:05/14/1997
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C11S81 FRONT IMPACT ‘ MOVING VEHICLE TO FIXED POLE 55. 3KM/H

R&D CTR 1VFY6081 1FP87 L. OPTICAL FIRE DETECTOR VOLTAGE TEST DATE:05/14/1997
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H
AL0 CTR IVFUG081 1FP8Y R. OPTICAL FIRE DETECTOR VOLTAGE
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H

feD CTR IVFUB081 1FPB7 HALL EFFECT SENSOR VOLTAGE
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11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55, 3KM/H
R&D CTR 1VFUG081 1FP87 TACH SIGNAL  VOLTAGE TEST ORTE:05/14/1997
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C11591 FRONT

R&D CTR

IMPACT MOVING VEHICLE TG FIXED POLE

IVFUS081 1FPB7 VAPOR SENSOR (S1)  VOLTAGE
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géésg%ﬁ FRONT {UF&%&BI 1FPgY MOVING VEHICLE TO FIXED POLE 55. 3KM/H
, ELEC DATA, SAE CLASS 1000 TEST DRTE:05/14/1997
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%Iésg‘}'ﬂ FRONT WI;&%BBI IFPg7 MOVING VEHICLE TO FIXED POLE 55.3KM/H
&
. ELEC DATA, SRE CLASS 1000 TEST DATE:05/14/1997
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gi[ljsgll’ﬁ FRONT WE&EBB] 1FP87 MOVING VEHICLE TO FIXED POLE 55.3 KM/H
. ELEC DATA, SAE CLASS 1000 TEST DATE:05/14/1997
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591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H
CTR 1VFUB081 1FPB7

. ELEC DRTA, SAE CLASS 1000 TEST DATE:05/14/1997
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géésg.}n FRONT wg&gael IFPET MOVING VEHICLE TO FIXED POLE 55.3KM/H
. ELEC DRTAR, SAE CLASS 1000 TEST ORTE:05/14/1997
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%iéSE%R FRONT {VE&%BBI — MOVING VEHICLE TO FIXED POLE 55.3KM/H
. ELEC DATA, SRE CLASS 1000 TEST DATE:0S/14/1997
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C115391 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H
R&D CTR IVF4G081 1FP87 VAPOR SENSOR (S2)  VOLTAGE
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H

RO CT IVFUG081 1FPE7 VAPOR SENSOR (S3)  VOLTAGE

TEST DATE:05/1u/1997
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C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 5S5. 3KM/H
RO CTR IVFUG081 1FP87 VAPOR SENSOR (SY4)  VOLTAGE
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C11581 FRONT IMPRCT MOVING VEHICLE TO FIXED POLE 55.3KM/H

RED CTR 1VFuG08! 1FP87 VAPOR SENSOR (SS)  VOLTAGE TEST ORTE:05/14/1997
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Appendix D, plot # 159
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C11531 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55. 3KM/H
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C11581 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H

R&O CTR IVFuG081 1FP87 HEADL IGHT-LOW-HIGH CURRENT
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C11591 FRONT IMPRCT MOVING VEHICLE TO FIXED POLE 55.3KM/H
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Appendix E:  C11591 hydrocarbon vapor measurement plots
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Figure E3
Concentration of Hydrocarbon Vapor Measured above the Left Exhaust Manifold (Location #3)
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Figure EE1
GC/FID analysis of hydrocarbon vapor sample from over the right fuel rail (location #1) during
Crash Test C11591. Panel A shows the chromatogram of background sample and panel B shows
the chromatogram of the post-crash sample
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Figure EE2.
GC/FID analysis of hydrocarbon vapor sample from over left fuel rail (location #2) during Crash
Test C11691. Panel A shows the chromatogram of background sample and panel B shows the
chromatogram of the post-crash sample.
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Figure EE3.
GC/FID analysis of hydrocarbon vapor sample from over left exhaust manifold (location #3)
during Crash Test C11591. Panel A shows the chromatogram of background sample and panel B
shows the chromatogram of the post-crash sample.
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GC/FID analysis of hydrocarbon vapor sample from over descending left exaustpipe (location #4)
during Crash Test C11591. Panel A shows the chromatogram of background sample and panel B
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Figure EE5
GC/FID analysis of hydrocarbon vapor sample near catalytic converter (location #5) during Crash
Test C11591. Panel A shows the chromatogram of background sample and panel B shows the
chromatogram of the post-crash sample.
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Appendix G: C11647 data plots



LEFT FRONT
ANTHROPOMORPHIC TEST DEVICE SUMMARY DATA

LTV MDB TO STATIONRRY VEHICLE 10U. 3KM/H
ciie47 L. SIDE IMPRCT-338 DEG
R&D CTR 1VFUG080 1FP87 ATD TYPE: GMSOH
TEST DRTE: 06/18/18397
100 150% 1AV
MEASURED QUANTITY OF IARV OF IARV VALUE ARV
HIC, LIMITED TO IS MS = [ —— 4uyo 1000
HIC, LIMITED TO 36 MS ] 600 1000
NECK FLEXION — SeNM 190NM
NECK EXTENSION R 28NM S7NM
NECK TENSION — ) 1800N 3300N
NECK COMPRESSION I QYN 40OON
NECK SHERAR FORWRRD — 882 N 3100N
NECK SHEAR REARWARD i SSN 3100N
NECK TENSION DUR ASSESS — 0.55 1.00
NECK COMPRESSION DUR ASSESS [) 0.02 1.00
NECK SHEAR FWD DUR ASSESS |[———— ] 0.46 1.00
NECK SHEAR RWD DUR RSSESS , 0.02 1.00
CHEST ACCEL _ . : ] . UBG 606G
CHEST COMPRESSION W/0 SH BEL ] ' o Y2, 2MM 65. OMM {
j CHEST COMPRESSION W/ SH BELT ; 3 42, 2MM 50. OMM i
* CHEST VISCOUS CRITERIA — 0.28M/SEC | 1.00M/SEC
FEMUR COMP, LEFT ' —— 3320N 10000
FEMUR COMP, RIGHT ' ) S878N 10000N
"FEMUR DURARTION ‘ASSESS, LEFT [——— 0.37 1.00
FEMUR DURATION ASSESS., RIGHT. ] 0.65 1.00
TIBIA/FEMUR DISP, LEFT ' 0.0MM 15.0MM
TIBIA/FEMUR DISP, RIGHT . 1.2MM 15. OMM
KNEE CLEVIS, LEFT INSIDE — ) 282UN 4OOON
KNEE CLEVIS, LEFT OUTSIDE [— 1346N 4000N
KNEE CLEVIS, RIGHT INSIDE | ———— 1603N 4OOON
KNEE CLEVIS, RIGHT OUTSIDE |[—33 1055N 400O0N
TIBIA COMP, LEFT ———— 3767N 8000N
TIBIR COMP, RIGHT 1 2341IN, 8000N
TIBIA MOM, UPPER, LEFT : ) 23UNM 225NM
TIBIA MOM, UPPER, RIGHT ' ' ] 118NM 225NM
TIBIR MOM, LOWER, LEFT — : 88NM 225NM
TIBIA MOM, LOWER, RIGHT — B5NM 225NM
LEG INDEX, UPPER LEFT . 1.14 1.00
LEG INDEX, UPPER RIGHT ] 0.55 1.00
LEG INDEX, LOWER LEFT I 0.u7 1.00
156G INDEX, LOWER BIGHT — 0.33 1.00
» IAV - INJURY ASSESSMENT VALUE
IARV - INJURY ASSESSMENT REFERENCE VALUE PROCESSED 06/20/1997 13:48 v2.07

t RESTRRINT SYSTEM DEPENDENT. CHOOSE Appendix G, page i
VALUE THAT APPLIES TO THIS TEST. .






RIGHT FRONT
ANTHROPOMORPHIC TEST DEVICE SUMMARY DARTA

LTV MDB TO STATIONARY VEHICLE 104. 3KM/H
c11e47 L. SIDE IMPACT-338 DEG
R&D CTR 1VFU6080 1FP87 ATD TYPE: GMSOH
TEST DATE: 06/18/1987
100% 1507 1RV

MERSURED QUANTITY OF IARV ‘ OF IRRY VARLUE IARY
HIC, LIMITED TO 15 MS . 1 320 1000.
HIC, LIMITED T0 36 MS ] 630 1000
NECK FLEXION = 18NM 190NM
NECK EXTENSION . v ] YONM STNM
NECK TENSION - ] . 216N 3300N
NECK COMPRESSION 43N 4OOON
NECK SHERR FORWARD ] 341N 3100N
NECK SHEAR RERRKARD ] : 162N 3100N
NECK TENSION DUR RASSESS ] 0.66 1.00
NECK COMPRESSION DUR ASSESS | 0.0l 1.00

NECK SHERR FWD DUR RSSESS
~ NECK SHERR RWD DUR RSSESS

CHEST ACCEL

CHEST COMPRESSION W/0 SH BELT]

CHEST COMPRESSION W/ SH BELT

CHEST VISCOUS CRITERIR

FEMUR COMP, LEFT

FEMUR COMP, RIGHT

FEMUR DURATION ASSESS, LEFT

FEMUR DURATION ASSESS, RIGHT |

TIBIA/FEMUR DISP, LEFT

TIBIA/FEMUR DISP, RIGHT 0.5MM 15.0MM

KNEE CLEVIS, LEFT INSIDE 190UN U0OON

E— 0.18 1.00
]

I

-

I

I

I

1

]

1
——————
KNEE CLEVIS, LEFT OUTSIDE  [J 371N 4OOON

—
———— )
]
A
1
I

—

—
—

0.05 1.00
) , 536 606
29, UMM 65.0MM |
) | 29. UmM 50.0MM
0. 1UM/SEC 1.00M/SEC
218N | 10000V
254N 10000N

0.27 | 1.00

0.28 1.00

0. 7MM 15. OMM

KNEE CLEVIS, RIGHT INSIDE 751N LOOON
" KNEE CLEVIS, RIGHT OUTSIDE 181UN 4OOON
TIBIA COMP, LEFT 214ON 8000N
TIBIR COMP, RIGHT 2769N | 8000N
TIBIA MOM, UPPER, LEFT ) ISUNM | 225NM
TIBIA MOM, UPPER, RIGHT 106NM~ 225NM
TIBIA MOM, LOWER, LEFT LUNM 225NM
TIBIAR MOM, LOWER, RIGHT 30NM 225NM
LEG INDEX, UPPER LEFT .| 0.73 1.00
LEG INDEX, UPPER RIGHT ) 0.55 1.00
LEG INDEX. LOWER LEFT 0.25 1.00
LFG INDEX., LOWFR RIGHT 0.21 1.00
IAV - INJURY ASSESSMENT VALUE

IARV - INJURY RSSESSMENT REFERENCE VALUE PROCESSED 06/20/1997 13:u8 V2.07

: Appendix G, page ii
t RESTRAINT SYSTEM DEPENDENT. CHOOSE 3 pag

VALUE THART APPLIES TO THIS TEST.






e

§

ACCELERATIONS, G

]
:

e

&

COMPONENT: ACCELE

C11647 L. SIDE IMPRCT-338 DEG LTV MDB TO STATIONARY VEHICLE 104. 3KM/H
ATD TYPE: GMSOH
RED CTR 1VFUG080 1FP87 L. FRT HEARD ACCEL. TEST DATE:06/18/1397

ELEC ORTA, SAE CLASS 1000 (HIC I LIMITED TO 15M9)

MAX ACCEL = 64.8 G'S AT 83.3 MS

w . N . . - e ’
= — . - . MAXIMUM HIC (1) IND = 440 _o©
i : : IAY = 442 v

.1

3 M5 con| Acc. = |au_G's

MS
=

i
ol
3
4ok

! COMPONENT

2
(=]

H

W —

Y ST [ 1 ll b |
60" 100: 120:

SECTETTUTIME IN MILLISECONDS

I 1 b - |
l"o lw rovm - vlapw — N..‘«,Aauok. Chean e ezlo ao

Cl1647 L. SIDE IMPACT-338J0EG LTV MDB TO'STATIONARY VEHICLE - 104.3KM/H,, -

, e com. ATO TYPE: GMSOH
“RD'CTR:: /#0 IVFygoeo 1FPe7 - L FRT'HEAD ACCEL.
ELEC DATA, SAE CLASS 1000 (HIC I LIMITED TO 38MS)

I

TEST DATE:06/18/1997

iy DT P S

MAX ACCEL = 6Y4.8 G'S AT B83.3 M

et SN S

{ s
7S "CONIACC: = J6u G5’

RIC {10 IND = 600 .6
womefinn . AN B0% OF IRV, ... |3

MAXIHUM.

RATIONS. G

‘O 1

T T TR lﬁjﬁ =
TIME IN MILLISECONDS

23

200

0 TrReT A0
Appendix G, plot # 2



Cl1e47 L. SIDE IMPRCT-338 DEG LTV MDB TO STATIONARY VEMICLE 104.3KM/H

ATD TYPE: GMSOH
RED CTR 1VFYG080 1FP87 L. FRT CHEST ACCEL. : TEST DATE:06/18/1997

ELEC DATA, SRE CLASS 180

015 MAX ACCEL = 50.1 G'S AT 77,6 MS
o :
e
=
Q‘
& . -
FE sat ~ - - frscotlec - e o
! . = : —
prom} |~ : 817
& I > =
i E T =
o, P c b e o b 2 n i { 1 1 1 i 1 _il 1 _.L 1
0 20" w0 50 0 160 120 NG - g - 188 W - @00 240
. , "3+, TIME IN MILLISECONDS

G Appendix G, plot # 3

a

C11647 L. SIDE IMPACT-338 DEG LTV MOB TO STATIONARY VEHICLE. - 104.3KM/H : . i« .
ST - o ATD TYPE: GMSOH
ROCTR "¢ ivrusoso 1rPg7 0 Lo FRTPELVIC RCCEL. .= .1gst pate:06/18/1997
ELEC OATA, SRE CLASS 1000 A T T L RERLL D WRT L

1 _MAX ACCEL = S5.3 G'S AT 6Y.3 MS
;
$01
-i i 20 i % 1 6l+ 1 = 3 wo 1 lé% ! lﬁJﬁ'» 1 léﬂ 1‘15% 1 ﬁg L 2_%45 1 =

- TEME IN MILLISECONDS Appendix G, pldt #4

i
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C11647 L. SIDE IMPACT-338 DEG LTV MDB TO STATIONARY VEHICLE 104. 3KM/H

ATD TYPE: GMSOH
A4O CTR IVFYG080 1FPB7 L. FRT FEMUR LOAD TEST DATE:06/18/1997
ELEC DATA, SAE CLASS 600

o MAX LORD = 3.32 KN AT 76.4 MS
OF 1RAV

I. ] AV = 33X

o & —L T p— = w . leé et lvi_';” 'm& e o 2—$ 1
e C O ER U@ s sosTIME-IN MILLISECONDS. -, -

o , £
e Appendix G, plot # 5

S racIdeU orewrimyr  tatwo  ve.us

C11647 L. SIDE IMPACT-338 DEG LTV MDB TO STATIONARY VEHICLE ' 10Mi3KM/He - .o -~
EE T it e e e ATD TYPE: GMSOH
BEOCTR 7 [VFus0s0 1FPBT ¢ - L.tFRT FEMUR LORD . .; TEST DATE:06/18/1997
ELEC DATR, SRE CLASS'600 -~~~ =% .OURATION ASSESSMENT ©*  ~ & o &' © o >

s o,

1RV =37 % OF_IRRV AT 3319 N, 0.1 45 _

- MR

¢ o]

i

5 0" s 207 T 7 357 W 57 S8 55 &
CUMULATIVE DURATION OF LORDING: ABOVE GIVEN FORCE LEVEL, MS

Appendix G, plot # 6
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C11647 L. SIDE IMPRCT-338 DEG LTV MDB TO STATIONARY VEHICLE 104. 3KM/H
ATD TYPE: GMSOH

R&D CTR 1VFUB080 LFPB7 L. FRT FEMUR LORD TEST DATE:06/18/1997
ELEC DATA, SAE CLASS 600 DURATION ASSESSMENT

MAX 1AV = 65 7 OF IARV AT 5874 N, 0.1 MS

0 5" 0 s R A W s G 55 t0
. CUMULATIVE OURATTON OF 't ORDING RBOVE GIVEN FORCE LEVEL, Mf .
: Appendix G, plot # 7

LAY UseUr 19D LMY TGV

Cl1647 L. SIOE IMPACT-338 DEG LTV MDB TO STATIONARY VEHICLE 104.3KM/H-. -
L — : ATO TYPE: GMSOH

ELEC DATA, SAE CLASS 180 NORMAL 1ZED TO¥70: 7*F"-& PART 572 CORRIDOR'**

B ERE

e MAX COMPRESSION = 42.2 MM AT 82.1 MS
CeL % - IRV 21ESX0F IARV (W/0 SH BELT), IAV = 8UZ OF IARV [W/ SH BELT)

. 'S g8 D e W

: 7 i P
3 : i H :
. H - n ; ; i
; ) e A G R ST rrr
D SO R : : ) - 1 : ;
| : . H ' §~
YT PV I . p AN : : :
: - + e : Fal d

| I (IR NN CN T "N
120 g 160 160 200 22‘“‘0 240

P TIME IN MILLISECONDS . ‘ :
Appendix G, plot # 8
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Wi

] ‘
5 o
e

é&D ¢TR 1VFU5080 1FP87 L. FRT NECKLRB**INGQGNHEHD. UPPER‘LOHD

=X
[0z

= .

100}

e R

CH ; ;
| o RS 000 FILTER. W [0 = 037 N AT TUZ.5 S - p— 1 T

e IN . : - _. \/w - ——et

FY. -

C11647 L. SIDE IMPACT-338 DEG LTV MDB TO STATIONARY VEHICLE 104.3KM/H -
RTD TYPE: GMSOH

R&D CTR IVFYG080 1FPB7 L. FRT CHEST COMPRESSIVE DISP. TEST DATE:06/18/1997
ELEC DATA, SRE CLASS 180 NORMALIZED, W/CALC VEL & VISCOUS INJURY
MAX COMPRESSION = 42.2 MM AT 82.1 MS
-80 [avV = 6SZ OF IARV (W/0 SH BELT), AV = 84%Z OF IARV :(W/ SH BELT)
-
b

§

© VELOCITY,’ KM/H

[ 1 R
S 0.4
3 !
| ‘z,m.a: — -
. S g ’ (\ MG ] s g N ] BN . .. L N . . i
'0-23‘“"“" B R M— 1 100 ' 12"6“’ N T RN s T P%ﬁ 50
Gy ¥ TIME” IN' MILL1SECONDS . "
Appendix G, plot # 9

L imAcoRu WoW 93 12140 TG.US

Cl1647 L. SIDE IMPACT-338°'DEG LTV MDB TO STATIONARY VEHICLE 104 3KM/H R
sl T Ty ATD TYPE: GMSOH

- > ;TEST. DATE:06/18/1997
ELEC DATA et kG FRTONECK £OADING ON HEAD =¥ EEREELE b
- 30, SRE_CLASS 600 FILTER MAX_CALC'D MOMENT = 22.4 N-M AT 75.9 MS MIN = -7.43 N-M AT 101.9 M5
o 2
ﬁ. “,'N L me e
= '
= "[ AT FLEX
woad o feedmen e e o
S-10
 son SAE LLASS 60 FILIER

Lo

— | i M J W S | 447 1 : 1 _|| i _L L
100 120°. 140 160 ° 180 o200 200 240

" TIME IN MILLISECONDS . : .
Appendix G, plot # 10



C11647 L. SIDE IMPACT-338 DEG

LTV MDB TO STATIONARY VEHICLE

NECK LOADING ON HERD

104. 3KM/H

ATD TYPE: GMSOH

R&D CTR 1VFU6080 1FP87 TEST DATE:06/18/1997
ELEC DATA
L. FRT NECK LORDING ON HEAD
AE_CLASS 600 FILTER MAX_CALC'D MOMENT = 51.7 N-M AT 93.3 MS MIN = -27.5 N-M AT 166.0 MS
h AV = 277 OF IARV AV = 487 Ppr TARV
. 1

1000 FILIER

__ NAX LORD = 1.B0 KN R

V = 554

T 71.4 MS

F TRAV

CUHP

C11647 L. SIDE IMPACT-338' DEG

L 1 1

"ReD"CTR

1VFiBos0 1FPE7 ¢
ELEC DATA, SRE CLASS 1000

IOOS

|20

e
+ TIME-IN. MILLISECONDS

LTV MDB TO STATIONRRY VEHICLE: .
- FORWARD-NECK -SHERR ON“HERD,

~LJEFRT: INJURY REFERENCE

B .ZUJ;::_)., 220\, _ 240
Appendix G, plot # 11

1L FIALCIICU D/CU/ 199! 1JEI4D ¥C.u/

- 104. 3KM/H

ATD TYPE: GMSOH ‘
.y TEST . DATE: 06/18/1997

- .;'.’:,.. ¥ BRI ; : LR R e B A
6.0 o _ nnx mv = 46 % OF IHHV AT 725 N, zu 0 M5 |
55— — : —
cob : V ,fv_ .
HL - '5
s kS L IYSYR
4.0 i
gzia.ﬂ
2.
w .
. 1—
o :
w5
TR % 35 ) % W0 S 50 . 55 &
UMULATIVE DURATION OF LOADING ABOV N FORC M e
CuMUL DU BOVE GIVE £ LEVEL, MS Appendix G, plot # 12
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g, o

Ci1647 L. SIDE IMPACT-338 DEG

R&D CTR

1VFU6080 1FP87
ELEC DATA, SRE CLASS 1000

LTV MDB TO STATIONARY VEHICLE

104.3KM/H
REARWARD NECK SHEAR ON HERD,.
L. FRT INJURY REFERENCE

MAX IAV = 2 % OF IAR

VAT 55 N, 0.1 MS

ATO TYPE: GMSOH
TEST DATE:06/18/1997

w:
b

5

W'
b

[
v:

U SRR

oo oo son 8]

Cl1647 L. SIOE IMPACT-338 OEG LTV MDB-TO 'STATIONARY VEHICLE

“R&DCTR 7T 7 1VFiiB0B0 1FPBY

ELEC DATA, SRE CLASS 1000

T CUMOEAT 1 VE SBURAT TGN

35

3 w0

L. FRT INJURY REFERENCE

3 w
OF 'LORDING ABOVE“GIVEN:FORCE: LEVEL, MS

e

Appendix G, plot # 13

13 rocoacu orcwr io9r  sdiww sesve

-104. S.K'M.ZH
“LAXLAL COMPRESSION ON HEAD, ...

s

ATD TYPE: GMSOH

~-JEST DATE:06/18/1997
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Appendix G, plot # 14
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OUTE;ESEE}CkﬁV?S

CREDTCIR T

C11647 L. SIDE IMPACT-338 DEG LTV MOB TO STATIONARY VEHICLE 104. 3KM/H

| ATD TYPE: GMSOM
R&D CTR 1VFYG080 1FP8Y7 AXTAL TENSION ON HERD, TEST DATE:06/18/1997
ELEC DATA. SAE CLASS 1000 L. FRT INJURY REFERENCE

6.0 _ __MAX 1AV = S5 % OF IAAV AT 1800 N, 0.0 MS_

L _ 1% CUMUEATIVE~DURATION OF :LOADING ABOVE:GIVEN -FORCE.LEVEL, MS § .
N Y R Iy FREE R Appendix G, plot # 15

15 FAULEJCY O/CU/ 1T 10140 TGoV7

Cl1647 L. SIDE IMPACT:338.DEG LTV MDB TO STATIONARY-WEHICLE . - 10U.3KM/H.,. -

. " i | FRT LEET. KNEE £ ATD TYPE: GMSOH
VFusogo 1rpg7 Lo FRT LEFT KNEECLEVIS LOAD . . rest oATE:06/18/1997
ELEC DATA, SRE CLASS 600 TEET e el e LA anar g

o _ MAX LOAD = 0.71 KN AT 165.9 MS ’ MIN LOAD = -2.82 KN AT 52.0 MS
JM ST IO CEDRCTIN CC:: G AR A AV ="7TZ OF TARV

; : : ;
H X H : i
i V MR > K g - — ————r e |

;- . 3 N ; i
T g e stﬁ- — 30 TR 240
TIME IN MILLISECONBS - ::; ) . ‘

T K Appendix G, plot # 16
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Cl1647 L. SIDE IMPACT-338 DEG LTV MDB TO STATIONARY VEHICLE 104. 3KM/H
ATD TYPE: GMSOH
ALD CTR 1VFYS080 1FPET L. FRT LEFT TIBIR UPPER MOMENT TEST DATE:06/18/1997
ELEC DATA. SAE CLASS 600
ann ! MAX MOMENT = 23§ N-M AT S2.1 MS

193
|
ZZ
€.
I
#

N 1 { i I B} ) ' S /”: g o e
6. . 100 120 140 180 180 200 220 240
w TIME IN MILLTSECONDS: e g
65 Sk AR LN U A * Appendix G, plot # 17

IRV UL LTI TV Theus

Cl1647 L. SIDE IMPACT-338 DEG LTV-MOB TO STATIONARY VEHICLE 104. 3KM/H

© . TATD-TYPE: GMSOH |
TEST DATE:06/18/1997

A4DCTR® /.. 1VFUS080 IFPBT. et i
LOWER SHEAR LOAD CELLS = '~

ELEC DATA, SAE CLASS 600 -

5

L. FRT TIBIR

MIN SHEAR LORD = -1.84 KN AT 52.0 MS
i :
TN SR SRR ATELEFS
i -
: 1 L R W R ES A B P T
0 160... . .20 [ 140 180 180 =0 - azlﬁ o
TIME IN MILLISECONDS

Appéndix G, plot # 18



C11647 L. SIDE IMPACT-338 DEG LTV MOB TO STATIONARY VEHICLE 104. 3KM/H
ATO TYPE: GMSOH

R&0 CTR {VFUB080 1FP87 : TEST DRTE:06/18/1997
ELEC DATA., SAE CLASS 600 L. FRT TIBIA LOWER AXIAL LOAD
4, MAX RAXIAL LORD = 3.77 KN AT 51.9 MS
I\\ AV = 977 PF 1ARY ]

z cowe / \ e i
<. TENS
[+ =]
==
ﬁ. IIQ. vvvvv

=

: ] 20 T 12Jf§f ! 1%5" T
TIME IN MILLISECONDS .
Appendix G, plot # 19
19 1in sy WRU LD 1INV YGeUT
C11647 L. SIDE IMPACT-338 DEG LTV MDB TO STATIONARY VEHICLE 1043KM/H
Cou ATD TYPE: GMSO
R&D CTR tvrueoso 1Fpg7 L. FRT RIGHT KNEE CLEVIS LORD -~ sest pare:06/1871997
ELEC DATA. SAE CLASS 600" ~ = = 7 oo e ey e
o T iax (0RO =.0.20 KN AT S8.4H5- \ . _MIN LOAD..=. ~1.60_KN AT 46.3 MS _
- : ‘ l - AV = WOZ PpF ARV | e
@ :
-2
wg
o - uu
:-Jg . ‘
o _:
Z i Sl
TENS B 1 ]
T 1 _
lm — I U P e (W 1.5 (D Y- M) 725 I A
T = —JAV = 267 pF ARV §
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— & 120 140 =) 160 0 o 240
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Appendix G, plot # 20



C11647 L. SIDE IMPACT-338 DEG LTV MDB TO STATIONARY VEHICLE 104. 3KM/H

ATD TYPE: GMSOH
R&D CTR 1VFYS080 1FP87 L. FRT RIGHT TIBIA UPPER MOMENT TEST DATE:06/18/1997

ELEC DATA, SAE CLASS 600

. ‘ S MAX MOMENT = 118 N-M AT 6Y4.7 NS

I

R T SR SRR S S T S S I S
1 = § l'{g — .. ‘I Bo::v R ‘>

: Tci-l
PR

ey
1007 T "o

S TeoT
SATIME N MELLISECONDS '

TR i

Appendix G, plot # 21
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C11647_ L. SIDE IMPACTZ338°0EG LTV MDB TO STATIONARY. VEHICLE: - - 1OU.3KM/H:. . S
e i o ATD TYPE: GMSOH
ST. DATE: 06/18/1997

ST+ < S

T

ELEC DOATA, SAE CLRSS 600 ‘ L. FRT TIBIA LOWER BENDING MOMENTS

¥

S1.7 MS
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C11647 L. SIDE IMPACT-338 DEG LTV MDB TO STATIONARY VEHICLE 104.3KM/H -

_ ATD TYPE: GMSOH
RED CTR ~  1VFYG080 IFPBY L. FRT TIBIA INDICES TEST DATE:06/18/1997
ELEC DATA, SAE CLASS 600 TI = (RES MOM/225 NM} + (AXIAL/35900 N

MAX UPPER L/C TI = 1,14 AT 52.1 MS

— - . WA LORER L7C 11 = 0.07 AT SL.B NS
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e
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S Appendlx G, plot # 23
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CllGll7 L SIDE IMPFICT-33B DEG LTV MDB TO'STATIONARY: VEHICLE 104 3KM/H:. . - .

- ATD TYPE: GHSOH
BibETR 7 VRiBosD 1FP87 L. FRT TIBIA/FEMUR DISPLACEMENT. . . resr oare.os/ie/10e7
ELEC DATA, SAE CLASS 18074 i " iy & %, | o .- V T
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C11647 L. SIDE IMPACT-338 DEG LTV MDB TO STATIONARY VEHICLE: - . 104.3KM/H..,

C11647 L. SIDE IMPACT-338 DEG LTV MDB TO STATIONARY VEHICLE 104. 3KM/H

ATD TYPE: GMSOM
R&D CTR IVFYS080 1FP87 R. FRT HEAD ACCEL. TEST DATE:06/18/1987
ELEC DATA, SAE CLASS 1000 (HIC I LIMITED TO 15MS)

0y . MAX ACCEL = $7.1 G'S RV 92.5 MS
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ppendix G, plot # 25

25 PROCESSED 6/20/1997 13:46 v2.07

e R, ATD TYPE: GMSOH
ELEC DATA, SAE CLASS 1000

- o TEST .DATE: 06/418/1997
(HIC I LIMITED TO 36MS) SIS T e e, e

MAX ACCEL = 57.1

G'S AT 92.5 M5 '
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Appendix G, plot # 26
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C11647 L. SIDE IMPRCT-338 DEG

R&D CTR 1VFY6080 1FPB7
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Ci1647 L. SIDE IMPACT-338 DEG LTV MOB TO STATIONARY VEHICLE 104. 3KM/H
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Appendix H:  C11647 hydrocarbon vapor measurement pldts
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Figure H1
Concentration of Hydrocarbon Vapor Measured Near the Fuel Line (Location #1)
Test C11647
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Concentration of Hydrocarbon Vapor Measured above the Left Exhaust Manifold (Location #2)
Test C11647
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Figure H3
Concentration of Hydrocarbon Vapor Measured above the Left Fuel Rail (Location #3)
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Concentration of Hydrocarbon Vapor Measured above the Right Fuel Rail (Location #4)
Test C11647
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Concentration Of Hydrocarbon Vapor Measured Near The Catalytic Converter (Location #5)
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Figure HH1
GC/FID analysis of hydrocarbon vapor sample from the fuel line feed through in the left wheelwell
(location #1) during Crash Test C11647. Panel A shows the chromatogram of background sample
and panel B shows the chromatogram of the post-crash sample.
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Figure HH2
GC/FID analysis of hydrocarbon vapor sample above left exhaust manifold (location # 2) during
Crash Test C11647. Panel A shows the chromatogram of background sample and panel B shows
the chromatogram of the post-crash sample.
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Figure HH3.
GC/FID analysis of hydrocarbon vapor sample above the left fuel rail (location # 3) during Crash
Test C11647. Panel A shows the chromatogram of background sample and panel B shows the
chromatogram of the post-crash sample.
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GC/FID analysis of hydrocarbon vapor sample above right fuel rail (location # 4) during Crash
Test C11647. Panel A shows the chromatogram of background sample and panel B shows the
chromatogram of the post-crash sample.
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Figure HH5
GC/FID analysis of hydrocarbon vapor sample near catalytic converter (location #5) during Crash
Test C11647. Panel A shows the chromatogram of background sample and panel B shows the
chromatogram of the post-crash sample.
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