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Evaluation of Motor Vehicle Fire Initiation and Propagation

Part 11: Crash Tests on a Front-Wheel Drive Passenger Vehicle

Jack L. Jensen, Jeffrey Santrock
General Motors Corporation

Abstract

This report describes the test conditions and presents the results of three crash tests, each of a front-wheel
drive, mid-sized, four-door passenger vehicle, to study post-coliision fire potential. Specialized
instrumentation was used to help identify potential ignition and fuel sources during the crash. These tests
were part of a series of crash and fire propagation tests which General Motors Corporation conducted
pursuant to an agreement between GM and the U.S. Department of Transportation (Project B.3).
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1. Introduction

Three crash tests were conducted on front-wheel-drive passenger vehicles (1998 Honda Accords) to study
post-collision fire potential. These tests were part of a series of crash and fire propagation tests that
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). Part 5 of this report “Crash Tests on a Rear Wheel
Drive Passenger Car” [3] presented the results of tests on a 1997 Chevrolet Camaro. Part 8 of this report
“Crash Tests on a Sport Utility Vehicle” [4] presented the results of tests on a 1997 Ford Explorer.

The series of crash tests described in this report consisted of three tests each on a new 1998 Honda
Accord. 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
deformable barrier frontal impact. The three test conditions used for the front-wheel-drive passenger
vehicle Were the same as for the test series on the rear-wheel-drive passenger vehicle (1997 Chevrolet
Camaro) and the sport utility vehicle (1997 Ford Explorer). 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. [11.{2]

The three front-wheel-drive passenger vehicles tested were newly purchased 1998 Honda Accords. Al
three vehicles were equipped with a 2.3-liter 4-cylinder engine, air conditioning, 4-speed automatic
transmissioq, As in previous test series [1],[2],[3],[4] the best selling engine, transmission and air
conditioning options were selected. 1997 Accord sales data was used to select the options for the 1998
Accords as it was the latest available data at the time of purchase. Of the 1997 Accords sold, 93% were
sold with the 2.2-fiter 4-cylinder engine and 7% were sold with the 2.7-liter V-6 [5]. (The 2.3 liter engine
was not available until 1998 model year, but similar sales trends were anticipated.) 70% were sold with air
conditioning and 88% with automatic transmission [5]. Sales figures were not used to select any other
options. All three Accords were identically equipped with Michelin 195/65 R15 tires, standard driver and
passenger airbag systems and adjustable height 3 point frontal seat belt systems.

2. Front-Wheel-Drive Passenger Vehicle Offset Moving Deformable Barrier Rear Impact, Test
C11990

An offset moving deformable barrier rear impact was conducted indoors at the GM Milford Proving Ground
on May 13, 1998. A total of 70 data channels were recorded for this test, which includes channels on the
test vehicle, the impacting barrier, and the Anthropomorphic Test Devices (ATDs). Fewer channels were
recorded for this test than for the subsequent frontal impact tests. Fewer injury measurements were
recorded from the 50" percentile Hybrid i1l ATDs (located in the two front seating positions) because many
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of the injury measurements available with the Hybrid [Il dummy are more meaningful for frontal impacts
(such as leg injury measurements.) In addition, it should be noted that the 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, unlike the subsequent frontal impact tests, the rear impact
was conducted without the engine running; thus no instrumentation was required to monitor the engine.
Similarly, hydrocarbon vapor measurements, which were recorded in the engine compartment for frontal
tests were not inciuded 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 ieaks of other enging 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 Figure 1 and Figure 2. The
test vehicle was parked and impacted with a deformable moving barrier similar to what is specified in
FMVSS214 [6] 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 1782 mm, resulting in a desired overlap of 1247 mm, as shown in Figure 3.
The actual impacted overlap for this test was within 15 mm of the desired.
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Figure 1
Crash Test Configuration for Test C11990

Figure 2
Pre-Test Photograph of Test C11990
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Figure 3
Schematic of Intended Vehicle Overlap
Test C11990

The moving barrier’s total mass was 1371 kg (3022 Ibs.); its frontal axle mass was 779 kg (1717 Ibs.); and
its rear axle mass was 592 kg (1305 Ibs.) The center of gravity was measured to be 526 mm (20.7 inches)
above grade, 1118 mm (44 inches) rearward of the front axle and laterally in the center of the barrier. Its
wheels were aligned with the longitudinal axis of the moving barrier as shown in Figure 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 the center of the bumper form was measured to be 444 mm (17.5 inches)
above grade. The brakes on the moving barrier were activated at time zero (impact). However a
mechanical delay in the pressurization of the brake lines resulted in an effective brake activation time of
approximately 80-150 msec after impact. The barrier was 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 iero, but had an effective activation time of about 100 — 150 msec.

2.1.2. Vehicle Description

The test vehicle was a 1998 Honda Accord (VIN: 1HGCG5646WA018992) which had a test mass of
1648.5 kg (1043 kg front, 605.5 kg rear) which included the two ATDs, crash ‘test'instrumentation, and
Stoddard Solvent in the production fuel tank. First, the fuel tank’'s unusable capacity was established
(filled) with Stoddard Solvent, then 61.1 liters of Stoddard were added to the unusable capacity of the tank.
(61.1 liters represents 95% of the usable capacity of 64.5 liters.) The headlights, ignition, hazard lights, and
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rear defroster were all on for the test. The transmission selector was placed in reverse for the test. The
engine was not operating 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
medifications 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 an effective delay of 230 — 300 msec. The purpose of using the brake machine was to help
control vehicle kinematics after the impact.' The test vehicle’s rear brakes were isolated from the rest of
the braking system by cutting and capping the rear brake lines. The rear brakes were isolated to retain the
functionality of the front brakes if the rear brake lines were damaged during the impact. The rear brakes
were not activated during the test. |

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

Electrical measurements, such as currents and voltages, of the rear brake and turn lights were made.
Every reasonable attempt was made to locate this instrumentation in locations that would not affect the
outcome of the test.

For all of the tests conducted for this 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 [7].

2.1.4. Vehicle Measurements

Measurements listed here are the ones taken to measure the standard vehicle properties typically
measured during crash tests and not necessarily to identify fire ignition potential. (As compared to Section
2.1.9 which lists electrical voltages and currents used to identify potential shorts, and Section 2.1.8 that
lists fluid pressures used to identify fluid leaks.)

e Front left rocker panel acceleration (longitudinal, iateral, and vertical)

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

® Rear left rocker panel acceleration (longitudinal, lateral, and vertical)
5



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

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

In addition, one electrical contact measurement between the rear crossmember and the fuel tank cradle
was used to identify contact between them. ‘

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 acceleration measurements were measured on the deformable-moving barrier:

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

2.1.7. Anthropomorphic Test Device (ATD) Measurements

Two 50" percentile male Hybrid 1ll ATDs (FMVSS reference part 572, Subpart E) [8] were located in the
front outboard seating positions. The seats were located in the fore-aft mid position and the ATDs were
positioned similar to as described in FMVSS 208 [7]. The ATDs were restrained using the vehicle’s lap /
shoulder belts with the adjustable guide loop set in the third position from the top. The pelvic angle was
23.0 degrees for the left front occupant and 21.7 degrees for the right front. The head target angle was at
0 degrees from horizontal for both ATDs. The following measurements were recorded for each ATD:

e Head triaxial acceleration

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

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

* Head/neck interface (upper neck) moments about longitudinal, lateral and vertical axis (Mx, My, Mz2)
e Chest triaxial acceleration '

Appendix A includes the Injury Assessment Reference Values (IARV) [9] used for the analysis of the
recorded ATD measurements.



2.1.8. Fluid Pressure Measurements

The fuel line pressure-and the fuel return line pressures were recorded. Unlike the subsequent frontal
impacts in which the engine was operating, no other fluid pressure measurements were made.

2.1.9. Additional Electrical Measurements

Electrical events such as shorts, arcs or overheated circuits are sometimes suspected as 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 ||m|tat|ons only selected and not all electrical
circuits in the area of anticipated crush were monitored.

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

e Rear window defroster (measured behind the insfrument panel, right side)

e CHMSL (Center High Mounted Stop Light)/ rear brake light' (measured under left side of Instrument
Panel (IP), near the fuse panel)

* Rear backup lights (measured under left side of the IP near the fuse panel)

* Rear tail lights (measured under left side of the IP near the fuse panel)

¢ Rear left turn signal (measured under left side of the IP near the fuse panel)

e Battery (main B+ cable from battery, transducer located near the battery)

¢ Ignition (measured under [P, near the steering column)

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

¢ Ignition (measured under IP, near steering column)

* CHMSL/ rear brake light (measured under left side of the IP near the fuse panel)
* Rear window defroster (measured behind the instrument panel, right side)

* Rear backup light (measured under left side of the IP near the fuse panel)

* Reartail light (measured under left side of the IP near the fuse panel)

* Rear turn signal (measured under left side of the IP near the fuse panel)

¢ Battery (measured at the battery terminals)



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

An experimental fire detection device was evaluated for its crashworthiness during this test. This thermal
wire device was supplied by Dual Spectrum Santa Barbara and was similar to those evaluated in previous
tests in this series [2],[3],[4]. It consists of two wires separated by an insulating material designed to melt
when exposed to flames. The completion of the electrical circuit could be used to activate a fire
suppression system. For test C11990, the thermal wire was attached in a U-shape under the fuel tank.
The wire was attached to the fuel tank cradle assembly just below the front edge and two side edges of the
tank. A photograph of the thermal wire installation is shown in Figure 4.

The

rmal Wire
T ! ]

ey

Figure 4
Location of Thermal Wire Fire Detector
Test C11990

2.2. Summary of Test Results

Post-test photographs of the vehicle are shown in Figure 5 and Figure 6.



Figure 5
Post-Test Photograph of Test C11990, Left-Rear View

. Figure 6
Post-Test Photograph of Test C11990, .Right-Rear View
/‘\ .
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2.2.1. Summary of Standard Vehicle Crash Test Measurements

The complete set of recorded and computed vehicle measurements is included in Appendix B (Plots 19
through 36, 44, 45, and 54.)

The average of the two front rocker panel longitudinal acceleration measurements (Figure 7) was
integrated to compute the change in vehicle longitudinal velocity (Figure 8). The peak vehicle longitudinal
acceleration (after filtering at SAE class 60 [10]), was 16.75 g and the maximum longitudinal change in
vehicle velocity was 41.9 km/h (26.0 mph).

Aceleration, (g's)
N
o

5 | | |
- T T T T T T T T T 1 T T T T T T T T T

-0 50 100 150 200
Time (msec) :

Figure 7
Averaged (Left & Right) Front Rocker Panel Longitudinal Acceleration
Test C11990, filtered at SAE class 60 [10]
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Figure 8 :
Averaged (Left & Right) Rear Rocker Panel Longitudinal Velocity
Test C11990, filtered at SAE class 180 [10]

The result of the vehicle contact measurement is shown in Appendix B, Plots 54. The rear crossmember
first contacted the fuel tank cradle assembly at 32 msec.

The frontal air bags did not deploy in this rear impact crash test (Appendix B, plots 44 and 45).

2.2.2. Summary of Recorded Barrier Measurements

The aéceleration measurements and related computed values from the moving barrier are included in
Appendix B (Plots 55 through 61).

The longitudinal velocity of the barrier's CG is shown in plot 55 and re-created here as Figure 9. The
barrier sustained a velocity change of 50.8 km/h (31.5 mph).
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Figure 9
Moving Deformable Barrier Longitudinal Velocity at CG
Test C11990

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).

All recorded injury measurements were below their respective IARVs.

2.2.4. Summary of Hydrocarbon Vapor Measurements

Unlike the frontal impacts, there were no hydrocarbon vapor measurements taken for this test .

2.2.5. Summary of Fluid Pressure Measurements

The' dynamic pressure of the fuel supply line is shown in Appendix B, Plot 62. Although this pressure
measurement fluctuates during the test, the fluctuation is consistent with similar measurements on other
vehicles tested for the project. There is not an overall drop in supply line pressure indicating there was

likely no leak in the pressurized fuel system during the impact. The fuel supply line was pressurized but
the engine was not operating for the test.
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2.2.6. Summary of Fuel System Integrity

Stoddard Solvent leaked from the fuel tank immediately after the test at the crash test site. (The fuel tank
is not pressurized thus this leak is not indicated in the pressurized fuel supply pressure measurement in
section 2.2.5) The leak rate was not measured at the crash test site, however, it clearly exceed 141.75
grams (5 oz.) for the first five minutes after the impact.

During the post-test vehicle inspection, several possible sources of the Stoddard leak were identified.
There was a small rip in the top surface of the fuel tank to the right of and just slightly rear of the fuel pump
assembly. The rip was less than 15 mm long and less than 3 mm wide. A photograph of the rip is shown
in Figure 10. The rip appeared to be caused by the fuel tank material buckling over on itself while the fuel
tank was crushed during the impact.  In addition to the rip in the fuel tank wall material, the nylon top of
the fuel pump assembly was cracked and broken pieces were missing during the inspection. The missing
pieces resulted in an opening approximately 50 square mm. The rip in the upper surface of the tank,
however, was lower than the opening in the nylon cap of the fuel pump assembly, so it was likely the
primary source of the Stoddard leak. Although the leak rate through the rip was not measured at the crash
test site, it was later measured during laboratory experiments on the fuel tank. The measured leak rate of
Stoddard Solvent was approximately 400 cc/miin for the first minute and 200 cc/min for the fifth minute.

Figure 10 '
Post-Test Photograph of Rip in Top Surface of Fuel Tank
Test C11990
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2.2.7. 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 37 to 43 and 46 to 52.

The battery voltage, ignition voltage, rear taillight voltage, and rear window defroster voltage are shown in
Appendix B, plots 43,37,41, and 39 respectively. The results of these four measurements are very similar.
As an example, the ignition voltage is recreated here as Figure 11. This signal can be considered a good
indication of the status of the overall vehicle electrical voltage available during the crash. That is, the
overall voltage was maintained during and after the impact however, there were small discreté drops in
available voitage from 53 msec to 86 msec, from 110 msec to 135 msec, and again from 138 msec to 151
msec. These small drops in available current were likely caused by circuits intermittently shorting to
ground during the impact, putting additional load on the battery for discrete periods of time.

14
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Figure 11
Ignition Voltage
Test C11990
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This is supported by the battery current (Figure 12 and Plot 51) which indicates an increase in overall
current leaving the battery from about 53 msec to 86 msec, again from 110 msec to 135 msec, and again
from 138 msec to 151 msec. The specific circuits shorted during the test were not identifi ed and were
likely not one of the circuits monitored during the test. However the ignition current (Appendix B, Plot 52
indicates an increase in current from 110 msec to 135 msec, indicating that one of the three shorts was on
a circuit controlled through the ignition. '

Current (amps)

ot

0 50 100 150 200
Time (msec)

Figure 12
Battery Current
Test C11990

Intermittent drops in system voltage due to shorts during the impact were observed during other vehicle
crash tests for this project [2],{3],[4]. In fact, nearly all of the crash tests conducted exhibited behaviors of
this type on the overall vehicle system voltage. The 2 discrete shorts identified here for test C11990 were
'Iikely caused by shorts of small gage wires as indicated by the relatively small drop in voltage (less than
0.5 volts) and the relatively small increase in battery current (about 30 amps.) Larger voltage drops and

current increases have been identified in previous tests, particularly with frontal impacts where large gauge
cables such as the battery or starter cables were shorted.
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The rear backup light voltage and current (Appendix B, Plots 40 and 48) indicate a loss of voltage and
current at around 20 msec likely due to the circuit opening during_the vehicle crush.

Similarly, the CHMSL / brake light voltage and current (Appendix B, Plots 38 and 46) both drop to zero at
around 30 msec. This was likely either to an open in the circuit caused by the vehicle crush or possibly
the release of the brake pedal by the crash dummy’s foot during the impact.

The rear window defroster current (Appendix B, Plot 47) dropped to zero around 45 msec also likely due to
an open circuit. The defroster voltage measurement remained at near 12 volts through to the end of the
test (Appendix B, Plot 39) indicating that the open occurred on the load side of the measurement location.

The left rear turn signal current (Appendix B, Plot 50) indicated a drop in current to zero at around 13 msec
indicating a possible open in the circuit. The left rear turn signal voltage (Appendix B, Piot 42) indicated a
partial drop in voltage available from 53 msec to 86 msec, coinciding with one of the three previously
mentioned shorts. This drop of 6 volts, indicates the circuit which shorted could have been closely
associated (electrically) with the turn signal circuit. At 138 msec the turn signal voltage drops to zero most
likely caused by an open circuit or possibly by the turn signal timing out during its normal operation. This
drop to zero volts is not likely a sh‘ort on the turn signal circuit because there is no increase in current
identified (Appendix B, Plot 50).

2.2.8. Summary of Numerical Film Analysis

The numeric film analysis plots are included in Appendix C (Plots 1 through 6).

The crush of the vehicle on the right side is represented here as the longitudinal displacement of the
moving barrier relative to the vehicle as numerically measured from film. This measurement is shown in
Plot 1. Approximately 1299 mm of displacement occurred on the right side of the vehicle and represents
the combined crush of the deformable barrier face and the vehicle. The targets on the left side of the

vehicle became obscured during the impact, and thus this measurement (Plot 4) was not read throughout
the event.

2.2.9. Results of Post-test Static Rollover

Because there was a fuel system leak at the crash test sight, the vehicle was not rolled statically following
the test. (Post-test static rollovers were conducted on other rear-impacted vehicles to determine the
presence of fuel system leaks.)
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2.2.10. Results of the Evaluation of the Crashworthiness of Potential Fire Detection or Suppression
Technologies

The electrical contact measurement used to monitor the thermal wire fire detector is shown in Appendix B,
Plot 63. This plot indicates two electrical closures the first occurring at 84 msec. This indicates that this
specific mounting location for this device would not be crashworthy for this impact type. (The intent of the
evaluation of the experimental fire detectors was to establish whether they would survive the crash and
therefore remain functional to activate a fire suppression system following the impact.)

2.2.11. Summary of Post-test Vehicle inspection

The vehicle was disaséembled and inspected for any structurél openings from the exterior into the
passénger 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 potentially combustible
materials and normally hot surfaces. As with any severe crash test, the vehicle residual crush makes the
inspection of évery 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 vehicle types in this project, openings from the exterior to the
interior of the passenger compartment caused by the crash were identified. These openings were not
evaluated for their potential contribution to fire propagation, instead all openings identified were noted. The
presence of interior components, such as interior trim or carpeting, in many cases, would prohibit the free
flow of air through the structural openings. Later fire propagation tests were conducted on some of the
crash-tested vehicles to better characterize propagation characteristics, and are reported separately.
Those openings (excluding glass breakage) identified for this test, follow:

* A hole in the left rear floor pan above the rear suspension approximately 400 mm long by 400 mm
wide. '

* A deformation of the left rear outer door skin combined with a deformation of the inner door frame and

panel resulting in a opening into the passenger compartment approximately 370. mm long by 150 mm
wide. '

Other than the previously mentioned Stoddard Solvent leak in the fuel tank, there were no additional fluid
leaks identified during the post-test vehicle inspection.

There were no specific electrical shorts visibly identified during the post-test vehicle inspection, although
the electrical measurements during the crash indicated there were likely some shorts (See section 2.2.7).

17



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

2.3. Conclusions
1. There were no post-collision fires identified during this crash test.

2. The peak vehicle longitudinal acceleration (after filtering at SAE class 60 [10]), was 16.75 g and the
maximum longitudinal change in vehicle velocity was 41.9 km/h (26.0 mph).

3. Stoddard Solvent leaked out of the fuel tank immediately after the impact. The leak rate was not

measured at the crash test site. The source of the leak was later identified as a rip in the upper éurface

of the fuel tank. The leak rate was later measured in laboratory experiments on the tank after it was

removed from the vehicle. The measured leak rate was approximately 400 cc/min during the first
minute and slowed to 200 cc/min by 5 minutes.

4. Other than the Stoddard Solvent leak, there were no other fluid leaks identified.

5. All of the measurements from the front seated ATDs were below their respective Injury Assessment

Reference Values (IARVS).

6. Consistent with tests of other vehicle models in this series, the main system vehicle voltage fluctuated
during the impact. There were three discrete partial drops in the main system voltage that was

apparent on all of the voltages recorded. It is likely that intermittent shorts to ground putting additional
load on the battery caused these drops. However, the specific circuits that were shorted were not

identified.

7. An experimental thermal wire fire detector was mounted in the underbody crossmember to evaluate its

crashworthiness. The electrical monitoring of the device did indicate a closure (activation) during the
impact due to the vehicle crush, not due to heat or fire.

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

inside of the passenger compartment were identified. These openings were noted independent of their
possible contribution to fire propagation. For this test, two separate openings were identified: one on

the left rear floorpan and one due to deformation of the left rear door.

9. There was no evidence of any potentially combustible materials contacting normally hot surfaces.
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3. Front-Wheel Drive Passenger Vehicle Oblique Moving Barrier Frontal Impact, Test C12127

A front-wheel-drive passenger vehicle oblique moving barrier frontal impact crash test was conducted at
the General Motors Proving Ground on August 12, 1998. A total of 142 data channels were recorded for
this test, including 136 on the test vehicle and ATDs and 6 on the moving barrier. Similar to the other 105
km/h oblique moving deformable barrier frontal impacts, this test was conducted outdoors.

3.1. Test Conditions

3.1.1. Impact Conditions

This tést was a frontal oblique moving deformable barrier frontal impact as depicted in Figure 13. The
impact configuration was nearly identical to the two previous oblique moving barrier tests. However, the
relative angle between the vehicle and moving barrier was set at 21 degrees, which is vehicle specific.
This angle was set so the center of the moving barrier face impacted the front left corner of the test vehicle
and its velocity vector passed through the CG of the test vehicle. The CG of the test vehicle was
approximately 1198 mm rearward of the front wheel centerline and laterally in the center of the vehicle.
Similar to the previous oblique moving barrier tests, the front left corner was defined as the intersection of
two lines. The first line was tangent to the most forward part of the vehicle bumper and perpendicular to
the vehicle Idhgitudinal 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
comner of the vehicle, which was not on the vehicle body due to the contours of the body styling. This
resulted in a theoretical overlap of 50% based on the barrier width of 1676 mm and a vehicle width of 1782
mm. ([(1676/2)/cos (21°)]/1782=0.503.)
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Figure 13
Crash Test Configuration for Test C12127

Figure 14
Pre-Test Photograph of Test C12127
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The mass of the deformable barrier was 1639 kg (3613 Ibs.). This mass was greater than what is used for
FMVSS214 [6] tests (1367 kg or 3015 b.) 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 [6].) The wheels of the moving
barrier were oriented in the same direction of the barrier longitudinal axis. The wheelbase, trackwidth,
center of gravity, and aluminum honeycomb barrier face of the moving barrier were all similar to what is
specified for FMVSS214 [6] 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 104.1 km/h (64.7 mph).

3.1.2. Vehicle Description

The test vehicle was a 1998 Honda Accord (VIN: 1THGCG5642WA003857) which had a test mass of 1738
kg (966 kg front, 772 kg rear) which included the two ATDs, crash test instrumentation, and Stoddard
Solvent in the gasoline tank. Similar to test C11990, 61.3 liters of Stoddard Solvent were added to the
unusable capacity of the tank. (61.3 liters represents 95% of ‘the usable capacity of 64.5 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. The transmission was in
neutral for the test.

3.1.3. Pre-test Engine Warm-up Procedure
The engine was started approximately 55 minutes before impact as outlined in Table 1.

Table 1.
Engine Warm-up Procedure for Test C12127

Time after initial engine start, Duration, .
(min) {min)
Engine started (idle approximately 900 rpm) 0 14
Engine speed increased to 1300 rpm 14 11
Engine turned off for instrumentation set-up 25 13
Engine restarted, set to 1400 rpm ' 38 : 17
Impact 55

The surface temperature of the left exhaust manifold was measured using a non-contact infrared meter
during the engine warm-up period. The manifold temperature was measured both on the surface of the
manifold heat shield and also on the surface of the manifold itself through the vent hole in the shield. The
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shield temperature was 68°C and the manifold temperature was 239°C. Both measurements were taken
about 23 minutes after the initial engine start and were not corrected for the emissivity of the materials.

3.1.4. Modifications to Production Vehicle

J

Gasoline was supplied to the engine from an auxiliary tank mounted in the rear cargo area (trunk), as the
production fuel tank contained Stoddard Solvent. The production fuel supply and return lines were
disconnected from the production fuel pump and connected to auxitiary fuel lines which were routed to the
auxiliary fuel tank in the trunk. These auxiliary lines were routed through the fuel pump access hole in the
floor of the trunk. The production fuel supply and return lines were not moved, just disconnected from the
production pump and attached to the auxiliary lines. The remaining supply and return ports at the
production fuel pump unit were connected to each other, to prevent the leakage of Stoddard Solvent.

The vehicle's rear brake lines were cut forward of the rear wheels 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
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.

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

3.1.5. Vehicle Measurements

Measurements listed here are ones taken to measure the vehicle properties during the crash.

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

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

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

* Rearright rocker panel acceleration (longitudinal, lateral, and vertical)

¢ Left floorpan acceleration (longitudinal)

¢ Right floorpan acceleration (longitudinal)

¢ Center console acceleration (longitudinal, lateral, & vertical, measured on the airbag sensing module)
» Left toepan longitudinal displacement (relative to floorpan, using string potentiometer)

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

¢ Engine motion (rotation of crankshaft using an auxiliary magnetic pickup transducer)
(labeled “engine rpm” in Appendix D)
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e Fuel pump current (measuredAat auxiliary fuel tank)
* Fuel pump voltage (measured at auxiliary fuel tank)

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

3.1.6. 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.

3.1.7. Moving Barrier Measurements

The following accelerations were measured on the deformable moving barrier:

¢ Moving deformable barfier at CG acceleration (longitudinal, lateral, and vertical)

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

3.1.8. Anthropomorphic Test Device {ATD) Measurements

Two 50" percentile male Hybrid 1il ATDs [8] were located in the front outboard seating positions. The
seats were located in the fore-aft mid position, and the seat backs were at 10.0 degrees relative to vertical,
(measured at the head restraint.) 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 [7] guidelines and the pelvic
angles were measured to be 21.1 degrees from horizontal for the left front ATD and 22.2 degrees for the
right front ATD. The head target angle was at 0 degrees from horizontal for both ATDs. The following
channels were measured for each ATD.

s Head triaxial acceleration

¢ Head/ neck interface (upper neck) longitudinal shear force (Fx)

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

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

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

* Sternal deflection

¢ Pelvic triaxial acceleration

e Femur axial loads, left and right femurs

* Knee clevis loads, left and right, inner and outer

* Upper tibia bending moment, (Mx, right - ieft), left and right legs

¢ Upper tibia bending moment, (My, anterior - posterior), left and right legs
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* Lower tibia bending moment, (My, anterior - posterior), left and right legs
¢ Lower tibia shear load, (Fx, anterior - posterior), left and right tegs

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

¢ Tibia/femur displacement, left and right legs

. | Lumbar moment (My, anterior - posterior)

e Lumbar shear load (Fx, anterior - posterior)

e Lumbar axial load (Fz, vertical)

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

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

3.1.9. Hydrocarbon Vapor Measurements

The concentration of hydrocarbon vapor was measured at the five following locations in the engine
compartment:

o Leftfuel rail (location #1)

* Right fuel rail (location #2)

¢ Left manifold shield (location #3)

* Right manifold shield (location #4)

* Near the catalytic converter (location #5)

The concentration of hydrocarbon vapors was measured using tin oxide sensors at each location [1]. Co-
located with the tin oxide sensors at locations #1,#2,#3, and #5 were sample tubes that drew gas into
collection tubes for subsequent analysis by gas chromatography/ mass spectrometry (GC/MS) [1]. The
sample tube for vapor collection at location #4 was not co-located with the vapor sensor. For this location
only, the vapor sensor was located above the right manifold shield but the vapor collection tube was placed
through the hole in the manifold shield to collect gas from under the shield. The tin oxide sensor could not
be located under the shield because of the sensor's temperature sensitivity.

3.1.10. Fluid Pressure Measurements

Pressures in several of the vehicle’s ﬂqid systems were measured to help identify fluid leaks and the time
during the impact when they occurred. Pressure measurements included:
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Left front brake pressure (line tapped near the master cylinder)

Right front brake pressure (line tapped on right side of engine compartment near the shock toWer)
Power steering system pressure (measured at power steering pump)

Cooling system pressure (measured at coolant output neck on the engine block)

Auxiliary fuel supply line pressure (measured near the auxiliary fuel tank in the rear cargo area)
Engine oil pressure (measured at the oil pressure sending unit near the oil filter)

Transmission fluid pressure (tapped into transmission fluid cooler line exit port on the transmission
housing)

3.1.11. Additional Electrical Measurements

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:

Alternator cable (measured between the alternator and battery)

AJC clutch (measuréd in right rear engine compartment near the power distribution center)

Left condenser fan (measured in right rear engine compartment near the power distribution center)
Right radiator fan (measured in right rear engine compartment near the power distribution center)
Starter cable (measured on starter cable near the battery)

Battery (measured between battery and power distribution center near the right shock tower)

HVAC blower (measured under the instrument panel)

Left front headlight high beam (measured in rlght rear engine compartment near the power distribution
center)

Right front headlight high beam (measured in nght rear engine compartment near the power
distribution center)

Ignition (measured under instrument panel near the steering column)

Voltages were measured on the following circuits:

Igﬁition (measured under the instrument panel near the steering column)

Left front headlight high beam ~ ground side (measured at driver's side fuse panel behind the IP)
Starter (measured at terminals at starter)
Battery (measured at terminal on battery)

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

Devices representmg two different fire detection technologies were included on this test: optical sensors,
and thermal wires.
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The thermal wire device was similar to the one referenced in Section 2.1.10. For test C12127, the thermal
wire was located on the underside of the hood liner as shown in Figure 15.

Figure 15
Thermal Wire Fire Detector
Test C12127

Two Dual Spectrum PM-5V optical sensors were mounted in the rear portion of the engine compartment.
The optical sensors used were similar to those used in previous tests [2],[3].[4] and are designed to sense
infrared energy to detect a fire. One was located in the left rear portion of the engine compartment and
was oriented (aimed) forward and inboard towards the center of the engine. The other was symmetricaily

located on the right side of the engine compartment and was also oriented forward and inboard. One
activation channel was recorded for each sensor.

3.2. Summary of Test Results

Post-test photographs of the vehicle are shown in Figure 16 and Figure 17.
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Figure 16
Post-Test Photograph of Test C12127, Front Left View
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Figure 17
Post-Test Photograph of Test C12127, Front Right View

3.2.1. Summary of Vehicle Crash Test Measurements

The complete set of recorded and computed vehicle measurements are included in Appendix D (Plots 61
through 78, 83, 84, 92, 93, 95, and 106).

Because this vehicle was impacted at a 21 degree angle, it experienced both longitudinal (relative to the
vehicle) and lateral accelerations early during the crash event. Similar to the other oblique moving barrier
tests conducted for this project [2],[3],[4] the accelerations and velocity changes of the vehicle’s rocker
panels were translated to a new coordinate system that is aligned with the initial motion of the moving
barrier. This measurement could be compared to the vehicle’s longitudinal acceleration and change in
velocity in pure longitudinal crashes, such as the pole impacts, in which vehicle yaw is minimal. The axis
of the vehicle and barrier are shown in Figuré 18, ao is the acceleration in the vehicle's longitudinal
direction, a5, 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

0 +ao vehicle longitudinal

+ aa vehicle lateral

- Figure 18
Vehicle and Barrier Axis
Test C12127

The translated measurement was calculated using the following steps:

The yaw velocity rate, a(t) (which was measured and is shown in Plot 106, Appendix D) was integrated

using a constant of 21° to yield the vehicle’s angle 0(f). Plot 106 has reversed polarity as compared to
previous tests [2][3],[4]. Thus, the signal was multiplied by —1 during the integration to match the sign

convention of previous tests as well as the sign convention of Figure 18. This angle, 6(f), is relative to the
barrier’s initial longitudinal axis and is shown in Figure 19.

B =/ axt) 5t +21°
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Figure 19
Vehicle’'s Yaw Angle, 6(f)
Test C12127

Next, the following data cﬁannels were filtered at SAE class 60 [10] :
Right front rocker panel longitudinal acceleration, am(f), (Plot 67, Appendix D)
Right front rocker panel lateral acceleration, a4(f), (Plot 68, Appendix D)
Left rear rocker panel longitudinal acceleration, an(t), (Plot 72, Appendix D)
Left rear rocker panel lateral acceleration, ar(f), (Plot 73, Appendix D)

Next, the right front rocker resultant acceleration in the direction of the barrier's initial longitudinal axis
am(f), was calculated using the following formula (see Figure 20):

am(f) = am(t) coso(t) - am(f) cos(96° - 6(H)

a, (fhcoso(t)a O

ta,, 0

a_ () cos (90-6(t))\-'90 N

Figure 20
Translation of Accelerations to the Barrier's Initial Axes
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In a similar fashion, the left rear rocker resultant acceleration in the direction of the barriers initial
longitudinal axis, a(f), was calculated using the following formula:

a(f) = aio(f) COSB(t) - a(t) cOS(90° - B(1))

The two locations were averaged to yield aave(f), the averaged vehicle acceleration in the direction of the
barrier's initial longitudinal axis, which is shown in Figure 21.

Qavgn(f) = [am(f) + am(f) ]/ 2
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: Figure 21
Vehicle's Averaged Acceleration In The Direction Of The Barrier's Longitudinal Axis, Agygs(T)
Test C12127

This averaged acceleration was integrated to give Van(f), the vehicle’s velocity in the direction of the

barrier's initial longitudinal axis, which is shown in Figure 22. The vehicle experienced a change in velocity
of 53 km/h in the direction of the barrier’s initial longitudinal axis.

Vavgo() = /@avgn(t) dt + 0 (the vehicle's initial velocity was 0)
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Figure 22
Vehicle’s Averaged Velocity in the Direction of the Barrier's Longitudinal Axis, Vavgn(T)
Test C12127

The displacement of the driver's side toe pan relative to the vehicle was approximately 165 mm as shown
in Figure 23 and Plot 78 Appendix D.
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Left Toepan Displacement, Relative to Floorpan
Test C12127, filtered at SAE class 60 [10]
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The current measurements of the driver and passenger air bag circuits indicated that both air bags
deployed at 11 msec (Appendix D, Plots 92 and 93.)

No reliable information was collected from the engine motion transducer due to an instrumentation
malfunction (Appendlx D, Plot 84.) Although this transducer provided useful engine measurements on
previous tests it maifunctioned or was damaged during this test.

Figure 24 and plot 95 in Appendix D show the fuel pump current draw during the impact. The fuel pump
was drawing about 4 amps while it was operating at impact. The current dropped to zero at about 20 msec
after impact indicating the pump was off. This is consistent with the other frontal tests of this series in that,
the fuel pumps have lost electrical power early (before 100 msec) in every test conducted. The fuel pump
was likely stopped due to the drop in main vehicle voltage.
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Fuel Pump Current

Test C12127

The ignition feed voltage, battery voltage and starter voltage all indicated intermittent drops from the
nominal 13 volts throughout the impact. These voltages are shown in Figure 25 (plot 79), plot 80 and plot
81 respectively. The first drop in system voltage however, occurred at 20 msec coinciding with the loss in
current to the fuel pump. Consistent with other frontal tests in this series, the fuel pump shut down at the
first drop, albeit partial drop, in system voltage. The fuel pump voltage decayed from 12 volts to near zero
from about 20 msec to 200 msec as shown in Figure 26 and Plot 83 (Appendix D), due to the loss of
supplied voltage at 20 msec. Bench-tests on fuel pumps for other vehicles in this project [2] also indicated
a gradual decay in voltage (lasting 40-150 msec) when current flow was stopped to the motor. This is likely
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due to the windings of the motor producing a voltage drop as the motor stops. The decay shown in Figure
26 is consistent with the obserVations_from other tests.
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Ignition Voltage
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Fuel Pump Voltage
Test C12127
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3.2.2. Summary of Recorded Barrier Measurements

The acceleratibn measurements and related computed values from the moving barrier are included in
Appendix D (Plots 107-through 113).

The longitudinal velocity of the barrier's CG is re-created here as Flgure 27. The barrier sustalned a
velocity change of about 60.0 km/h (37 mph) in 150 msec.
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Figure 27
Moving Deformable Barrier Longitudinal Velocity at CG
Test C12127

3.2.3. Summary of Recorded ATD Measurements

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

For the left front ATD, the upper right tibia moment (Mx, My resultant) exceeded its Injury Assessment
Reference Value (IARV). Its peak value was 254 Nm (Plot 21) which was 113% of the IARV of 225 Nm 9]

The computed leg index for the right leg (upper tibia, Plot 23) which uses the upper tibia bending moment
also exceeded its IARV. The leg index was 1.21 compared to its IARV of 1.00.

Also for the left front ATD, the upper left tibia index was 1.02 compared to its IARV of 1.00.
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Also for the left front ATD, the 3 msec consecutive acceleration peak was 65 g's exceeding its JARV of 60
9. (Appendix D, Plot 3)

For the right front ATD, the upper right tibia moment (Mx, My resultant) exceeded its IARV. Its peak value
was 253 Nm (Plot 45) which was 112% of the IARV of 225 Nm [9]. The computed leg index for the right
leg (upper tibia index, Plot 47) which uses the upper tibia bending moment also exceeded its IARV. The

leg index was 1.15 compared to its IARV of 1.00.

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

3.2.4. Summary of Hydrocarbon Vapor Measurement

A complete set of the recorded measurements is included in Appendix E, Figures E1 through EES5, and
Appendix D, Plots 85 through 89. The signal cables from all of the vapor sensors shorted to ground from
194 to 254 msec; outside of this time frame, however, all of the data was valid. The vapor sensor at
location #5 (catalytic converter) indicated vapor concentrations significantly lower than the other locations
near the engine. The vapor sensors at locations #1, #2, #3, and #4 (left and right fuel rails, left and right
manifold shields) all indicated the hydrocarbon vapor concentration exceeded 4% within the first 30
seconds after impact. Of those 4 locations, the sensor at location #4 (right manifold shield) indicated the

longest duration concentration as it exceeded 2 % until about 100 seconds after impact as shown in Figure
" E4in Appendix E. However, these signals may have been caused by exposure of the gas sensors to
flames in the engine compartment during the impact, which were observed in the high-speed films. (A
description of the engine compartment fire is included in Section 3.2.5.) Rapid changes in the temperature
of the sensing elements in these sensors will cause the resistance of the sensing element to change. In
turn, this would result in a change in the voltage-drop across the load resistor in series with the gas sensor,

which is the output signal used to estimate the hydrocarbon vapor concentrations in Figures E1 through
E5.

The GC/MS analysis was completed on the vapors collected from all 5 locations [1], and the results are
shown in Appendix E Figures EE1 through EES. Samples from locations 1 through 5 contained trace
amounts of aromatic hydrocarbons (substituted benzenes and substituted naphthalenes) that can be
produced during combustion of petroleum products as shown in Figures EE1 through EES. Samples from
locations 3 and 4 (above left and below right manifold shield) also contained relatively large amounts of
mixtures of aliphatic hydrocarbons in the range of C12 to C26. These chromatagrams are shown in
Figures EEé\and EE4 in Appendix E. Figure EE4 is recreated here as Figure 28.
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Figure 28
GC/MS analysis of hydrocarbon vapor sample from near the right manifold shield (location #4) during
Crash Test C12127. The top panel is the chromatogram of background sample and the bottom panel is the
chromatogram of the post-crash sample. '
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Additional fluid headspace vapors were analyzed to identify the sources of the vapors sampled during the
crash test. In a series of laboratory tests, Honda factory-fill engine coolant, Honda factory-fill brake fluid,
and Honda factory-fill power steering fluid were heated to approximately 300°C. The vapors above these
heated fiuids were sampled for a GC/MS analysis (Appendix E, Figures EE6 through EE8.) The vapor
above liquid gasoline at room temperature was also sampled for GC/MS analysis (Figure EES). The vapor
above the engine coolant heated to 300°C was predominantly ethylene glycol (Figure EE8). The vapor
above the brake fluid was a mixture of poly (ethylene glycol) ethers (Figure EEB). The vépor above the
power steering fluid heated to 300°C was a mixture of aliphatic hydrocarbons in the range of C12 to C26 .
The GC/MS chromatogram from the heated power steering fluid is shown in Appendix E, Figure EE7 and
recreated here as Figure 29. The vapor above liquid gasoline at room temperature was a mixture of
aliphatic and aromatic hydrocarbons in the range of C5 to C10 (Figure EE9). The distribution of aliphatic
hydrocarbons from locations 3 and 4 was the same as the distribution of aliphatic hydrocarbons vaporizing
from the Honda factory-fill power steering fluid heated to 300°C in the laboratory experiment. Thus, the
source of the Hydrocarbon vapors measured during the crash test was power steering fluid.

None of the vapor samples collected from the engine compartment of the test vehicle during this test
contained gasoline, brake fiuid, or engine coolant. The test vehicle did not leak motor oil and only a very
small amount of transmission fluid during this test as Hescribed in Section 3.2.12. Thus, neither motdr oil
or transmission fluid was tested in these laboratory tests.

100
LAB TEST -- Vapor from Honda Factory-Fill
Power Steering Fluid at 300C
< 80 ;
®
3]
%
S 60 -
c
3
Q
<.
() 40 A
=
©
[
x 20
0 7 4 . =
0 10 20 30 40 50 60 70

Retention time (min)

Figure 29
Chromatogram of vapor from Honda factory-fill power steering fluid heated to 300°C in a laboratory test
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3.2.5. Summary of Engine Compartment Fire

There were two separate but related fires observed during and after the impact in the engine compartment.
First, a flame flash was observed above the engine during the impact in the high-speed films. ' The flash
was first observed at about 42 msec after time zero and lasted at least 400 msec. (See Figure 30.) In
addition, visible flames were observed in and around the washer solvent reservoir bottle approximately 5

minutes after impact. The fire at the washer solvent bottle was allowed to burn for an additional 5 minutes
before it was extinguished.
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Figure 30 _
Consecutive frames from the high-speed film recorded during this test showing the front of the test vehicle
at 42 and 44 milliseconds, Test C12127.

40



High-speed film of this crash test showed that the flame flash appeared as a burning aerosol/vapor as -
shown in Figure 31.

Figure 31
Frame of high-speed film recorded during this test viewing into-the engine compartment under the
deformed hood of the test vehicle at 134 milliseconds, Test C12127.

Results of the GC/MS analyses indicate that hydrocarbons produced by vaporizing power steering fiuid on
a heated surface were present around the exhaust manifold of the test vehicle during this crash test,
suggesting that power steering fluid was involved in this fire. (See Section 3.2.4.) The power steering fluid
reservoir was located in the left front quadrant of the engine compartment of the test vehicle. Components
in this area were displaced rearward and to the right, along the approximate trajectory of the moving barrier
(Figure 32). The power steering fluid reservoir was crushed against the alternator. The top of the power
steering fluid reservoir was disconnected from the body of the reservoir, and power steering fluid had been
expelled from the reservoir when it was crushed. These observations suggest that the flames in the front
of the engine compartment at 44 milliseconds resuited from power steering fluid that had vaporized and
ignited by contact with the exhaust manifold and ignited.
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Photograph of the left side of the engine :c.:%upraert:,nfent in the test vehicle after test #C12127.

An oily liquid was observed pooled in the web-pockets of the exhaust manifold, and an oily residue was
observed on a number of components in and around the engine compartment of the test vehicle after this
test. A sample of the liquid in the exhaust manifold web-pocket was abtained for GC/MS analysis using a
clean glass pipette. Samples of the oily residue on a number of components were obtaihed using either
clean glass fiber filters or clean cotton swabs. The areas sampled included: the collector on the exhaust
manifold, the exhaust manifold heat shield (2 samples), the valve cover on the engine, the subframe left
strut mounting, the lens from the left head light assembly, and the refiector in the left head lamp assembly.
The residue was extracted from the glass filter or cotton swabs into a mixture of analytical grade solvents
(1:1 hexane-tetrahydrofuran). In cases where there did not appear to be sufficient residue to obtain an
amount of the residue adequate for GC/MS analysis, a few drops of the extracting solvent mixture were
applied to the glass filter or cotton swab to dissolve the residue and wick it into the fibers. Figures EE10
through EE17 in Appendix E show resuits from the GC/MS analysis of the residue samples from the test
vehicle after this test. Figure EE10 from Appendix E is recreated here as Figure 34. These analyses
indicated that the oily residue in the engine compartment of the test vehicle was a mixture of aliphatic
hydrocarbons in the range to C5 to Cao. In addition, each of the chromatograms in Figures EE10 through .
EE17 contained three distinct peaks, centered at approximately Cy7, Czo, and Cas,

Additional laboratory tests were performed to determine the source of the oily residue in the engine
compartment of the test vehicle used in C12127 and the ignition characteristics of Honda/Acura underhood
fluids on the exhaust manifold in an exemplar vehicle. In these tests, Honda underhood fluids were poured
onto the exhaust manifold of an exemplar vehicle under conditions similar to those in C12127 to determine

the ignition characteristics of these fluids on the exhaust manifold. Samples of the residual fluids on the
42



exhaust manifold were acquired for GC/MS analysis. Chromatograms from the GC/MS analysis of residual -
fluids on the eihaust manifold of the test vehicle were compared to the chromatograms in Figures EE10
through EE17 to determine the source of the oily residue sampled from the engine compartment of the test
vehicle used in C12127 after the crash test.

In these laboratory tests, the exemplar vehicle was a 1998 Honda Accord with a 2.3L/L4 engine and
options similar to the test vehicle used in C12127. The fluids used in these tests included: Honda/Acura All
Season Antifreeze/Coolant, Honda/Acura Premium Formula Automatic Transmission Fluid, Honda/Acura
Power Steering Fluid, Honda/Acura DOT 3 Heavy Duty Brake Fluid, and Honda Factory-Fili Windshield
Washer Fluid. The engine was turned on and the engine speed was set to 1500 rpm. The radio, low-
beam head lights, and fog lights were turned on. The HVAC system was set to the AC/RECIRC mode with
the fan on HIGH. The engine was allowed to run with the exemplar vehicle in this condition for
approximately one hour before conducting a test. The electrical power to the radiator fans was
disconnected just before performing each test. The exhaust manifold and exhaust manifold heat shield
were cleaned in between tests.

Exhaust manifold surface temperatures in the exemplary vehicle during these tests were similar to exhaust
manifold surface temperatures in the test vehicle in C12127. An infrared thermogram of the exhaust
manifold indicates that the temperature of the front surface of the exhaust manifold collector before the test
was conducted was approximately 375 — 380°C (Figure 33). This compares to a temperature of 239°C
(corrected for the emissivity of the iron manifold) that was measured by inserting single wavelength
infrared thermometer through one of the holes in the exhaust manifold heat shield at the end of the engine
warm-up period in C12127 (See Section 3.1.3). The holes in the exhaust manifold heat shield were above
the runners in the exhaust manifold. The infrared thermogram in Figure 33 indicated that the temperatures
of the surfaces of the exhaust manifold runners were between 250 and 300°C.
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Figure 33
Infrared thermogram of the exhaust manifold in the vehicle used for the laboratory tests immediately after
the heat shield was removed _

In the first series of these tests, approximately 250 cm® of each fluid was poured onto the exhaust manifold
with the heat shield removed. In the second series of tests, approximately 250 cm?® of each of the fluids
was poured onto the top of the exhaust manifold heat shield where it attached to the engine. Fluid flowed
onto the manifold through the gap at the rear of the heat shield and through two holes in the heat shield.
The results of these two series of tests are summarized in the third column of Table 2.

The open-cup flash points of these fluids were determined by using procedures described in ASTM D 92-

98a. Five-replicate measurements of flash point were performed on each fluid. The results of these
determinations are summarized in the fourth column of Table 2.



Manifold Ignition B

Table 2.
ehaviors and Flash Points of

Honda Motor Vehicle Fluids
Ignition on Manifold | ignition on Manifold
Fluid without with Flash Point
Heat Shield Heat Shield
Honda/Accura All
Season No NO 117 tO 130°c
Antifreeze/Coolant
Honda/Accura
Premium Formula NO NO 157 to 160°C
Automatic
Transmission Fluid
Honda/Accura NO NO 123 to 125°C
DOT3 Heavy Duty :
Brake Fluid
Honda/Accura
Power steering NO YES 170 tO 175°c
"Fluid
Honda Factory-Fill
Windshield
Washer Fluid NO - NO 34 to 39°C

Samples of liquid residue remaining in the exhaust manifold web-pockets after these tests were retained
for GC/MS analysis. Figures EE18 through EE20 in Appendix E show results of the GC/MS analyses of
the remaining liquid residue. Each of these samples was a mixture of aliphatic hydrocarbons in the range
of range of Cy5 to Cy with distinct peaks at approximately Cis, Cax. and Cy. The distribution of
hydrocarbons in the oily residue sampled from the engine compartment of the test vehicle after this crash
test (Figure 34 and Appendix E, Figures EE10 through EI_E1 7) matched the distribution of hydrocarbons in
the residue from power steering fluid on the exhaust rhanifold of the exemplar vehicle (Appendix E, Figures
EE18 through EE20). Figure EE18, a chromatogram from the residue from the exemplary vehicle is

recreated here as Figure 35 for comparison to Figure 34, a chromatogram from the residue of the crash
tested vehicle.
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Chromatogram of liquid residue pooled in the left exhaust manifold web-pocket from crash tested vehicle
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Figure 35

Chromatogram of the liquid residue from Honda power steering fluid in left exhaust manifold web-pocket of
the exemplar vehicle
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These results suggest that power steering fluid was the fuel and the exhaust manifold was the ignition
source for the fire observed in the engine compartment of the test vehicle during this crash test. The
GC/MS analyses of the oily residue in the engine compartment (Figures EE10 to EE17) confirm that
power steering fluid was expelied from the power steering fluid reservoir, and sprayed onto components in
the upper part of the engine compartment. Hydrocarbon vapor from power steering fluid was detected in
gas samples collected from above and below the exhaust manifold heat shield (Figures EE3 and EE4 in
Appendix E, and Figure 28). Of the fluids in the test vehicle released during this crash test, only power
steering fluid ignited when poured onto the exhaust manifold of the exemplar vehicle when it was operated
under conditions similar to the.test vehicle at the time of this crash test (Table 2). As no other flammable
vapors were detected in the gas samples from the test vehicle, the flames observed in the upper part of the
engine compartment appear to have been burning power steering fluid aerosol/vapor.

Approximatenly 5 minutes after impact, a fire was noticed in the windshield washer fluid reservoir. A section
of the outer wall of the reservoir had just started to burn with a luminescent orange flame at this time. A
blue liquid was observed in the bottom of the reservoir, and blue flames were observed above this liquid
indicating that methanol vapor from the residual windshield washer fluid in the reservoir was burning.

Between 5 and 10 minutes after impact, flames spread on the windshield washer fluid réservoir (Figure
' 36). The fire was extinguished about 5 minutes after it was first noticed, about 10 minutes after impact.

47



Figure 36 :
Photograph of the front left corner of the test vehicle between about 5 and 10 minutes after impact
: Test C12127 '

The windshield washer fluid reservoir was located in the front left corner of the test vehicle, outside the
inner fender panel behind the front bumper fascia. The reservoir was compressed during the crash test.
Two tears developed in the side of the reservoir, the filler tube was sheered-off by a section of the crushed
inner fender panel, and the pump was dislodged from its fitting at the bottom of the reservoir. The
windshield washer fiuid reservoir contained a full charge of fluid before this crash test. Most of the fluid
was expelled from the reservoir during this crash test. -A small amount of windshield washer fluid (blue
liquid) was noted in the bottom of the reservoir after the fire was extinguished.

The flash point of the windshield washer fluid in the test vehicle was between 34 and 39°C (Table 2). The
temperature of the windshield washer fluid in the test vehicle was not measured during this crash test.
This test was conducted on a hot summer day with little cloud cover. The ambient air temperature was
approximately 26°C (78°F) at the time of this test. In an exemplar vehicle operated under simitar
conditions similar to the test vehicle (engine on at approximately 1500 rpm for 1 hour), the air temperature
in the upper part of the engine compartment exceeded 93°C, and the temperature of the windshield
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washer fluid reached .ab'out 41°C. These results indicate that the temperature of the windshield washer
fluid in the test vehicle was probably greater than its flash point at the time of this test.

Analysis of the high-speed film from this crash test showed that the burning power steering fluid aerosol
moved towards the front of the test vehicle as it translated rearward and rotated away from the barrier
(Figure 37). Laboratory tests were conducted to determine (1) if methanol vapor above windshield washer
fluid at a temperature greater than its flash point and contained in an exemplar windshield washer fiuid
reservoir would ignite when exposed to a burning aerosol of power steering fluid, and (2) if flames would
spread to the exemplar windshield washer fluid reservoir.

s

Figure 37
Frame from high-speed film recorded during this test showing the test vehicle and barrier at 464
milliseconds, Test C12127

An exemplar Honda Accord windshield washer fluid reservoir was deformed and two holes were cut into its
side to approximate the condition of the windshield washer fluid reservoir in the test vehicle after this crash
test. The exemplar windshield washer fluid reservoir was heated to between 38 and 43°C with an
electrical heat gun. Honda factory-fill windshield washer fluid heated to approximately 41°C was added to
the exemplar reservoir. A thermocouple probe was inserted into the reservoir so that the thermocouple tip
was a few inches above the fiuid surface. Power steering fluid heated to 82°C (approximate operating
temperature) was added to an insulated hand-pump oilcan with a misting nozzle. With a single pump of
the oilcan, a power steering fluid aerosol was sprayed through the flame from a propane torch into the
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holes in the exemplar windshield fluid reservoir. No flames were initially visible inside the exemplar
windshield washer fluid reservoir. The temperature of the thermocouple in the reservoir increased to
between 100-200°C, indicating that the methanol vapor was burning with a non-luminous flame. After
about 5 minutes, sections of the reservoir started to soften, melt, and burn. This analysis indicated that the

fire was caused by ignition of methanol vapor from the windshield washer fluid by burning power steering
fluid aerosol.

3.2.6. Summary of Fluid Pressure Measurements

The dynamic pressure measurements of the engine compartment fluids are shown in Appendix D, Plots
114 through 122. : '

Plots 114 and 115 are the left and right brake system pressures respectively. The left front brake
pressure measurement (Plot 114) is inconclusive due to a malfunction. The right front brake pressure
measurement (Plot 115) exceeded its full-scale calibration; other than the time of overload, it is generally
valid data and does not indicate a leak. The post test inspection (see Section 3.2.12) confirmed that there
was no leak in the pressurized brake fluid system; however, the non-pressurized fluid reservoir was
damaged.

The power siéering pressure measurement (Plot 116) is also inconclusive due to a maifunction. However

the release of power steering fluid due to the reservoir being crushed is discussed in both Sections 3.2.5
and 3.2.12.

The engine coolant system pressure (Plot 118) indicates a rise in pressure followed by a drop to near zero
after 100 msec. This is consistent with the post-test inspection that revealed a crushed and leaking
radiator. Similar to previous tests, the engine cooling system maintained a steady state pressure while the
engine was off during the set up of the instrumentation just prior to the test. An artifact of the data
acquisition system forced some channels to zero, thus, this measurement was biased back to the true

steady state beginning pressure. Plot 117 is the unbiased data and Plot 118 shows the corrected (biased)
data.

The fuel supply pressure (Plot 120) indicated some fluctuations in fuel pressure during the impact, but did
not indicate a complete loss in pressure. These fluctuations in fuel pressure are consistent with other tests
conducted in which there was not a leak in the pressurized fuel system. This was also supported by the
post-test vehicle inspection which did not reveal any leaks in the fuel system. Similar to the engine
coolant, the fuel system maintains a pressure when the engine is off, thus both an unbiased (Plot 119) and
a biased (corrected, Plot 120) trace are included.
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The pressure of the engine oil is shown in Plot 121, and does not indicate any leaks. This was confirmed
during the post-test vehicle inspection. ’

The transmission cooler pressure (Plot 122) does not indicate a rapid drop in pressure. However, the post-
test inspection did indicate the presence of transmission fluid near the cooling line. It is possible that the
leak was slow and was not readily apparent on the 240 msec plot of pressure measurement.

3.2.7. Summary of Fuel System Integrity

There were no apparent leaks to the pressurized (Section 0) or non-pressurized fuel systems.
3.2.8. Summary of Additional Electrical Measurements

The results of the electrical measurements made in the engine compartment are shown in Appendix D
(Plots 79 through 82, 94, and 96 through 104).

The ignition voltage, battery voltage, and starter voltage (Plots 79, 80, and 81, and Figure 25) all exhibited
temporary and sometimes partial drops in system voltage during the impact as described in Section 3.2.1.
These intermittent drops continued until about 2200 msec (2.2 seconds) after impact before the voltage
settled at near zero. (The plots in Appendix D on!y display the first 240 msec of data, however, the data
was inspected through about 20000 msec or 20 seconds). Because these three waveforms are nearly
identical, this waveform is the characteristic waveform of the overall system voltage during the crash. That
is, these voltage drops limited the supply voltages to all circuits on the vehicle. Temporary voltage drops
during the crush were observed in nearly every frontal impact test of this project [2],[31,{4]. The cause of
the voltage drops could be temporary shorts to ground providing additional loading on the battery or
possible internal opens or shorts in the battery as the vehicle is crushed.  With some of the previous
testing on other vehicles, the specific shorts responsible for the additional loading on the battery were
identified. In this test, no specific shorts to ground were identified which coincided with the times of voltage
drops; however, not every circuit on the vehicle was monitored.

The battery current measurement (Plot 104) indicates that a short to ground likely occurred between 20
and 40 msec due to the increase in current flow in the main battery cable. Current supplying nearly all
circuits on the vehicle, except the alternator and the starter, flows through the main battery cable, thus high
current flow here indicates the presence of, but not the location of, a short. The full-scale range of this
transducer (500 amps) was exceeded. This was also not uncommon in other tests of this project. Space
restrictions fimited the capacity of the current transducers that could be used, so these transducers
frequently overicaded (although capable of identifying the times of high current flow but not the absolute
magnitude of the flow.) This current measurement appears valid and remains relatively low after the time
of overioad. Thus there is no indication of shorts coinciding with the main voltage drops identified on the
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voltage circuits after 80 msec.  The starter cable current (Plot 102) also appears valid and does not
indicate the presence of a short during the impact.

The air conditioning clutch current (Plot 96), the right front headlight high-beam current (Plot 98), the
condenser fan current (Plot 100), the radiator fan current (Plot 101) and the HVAC blower current (Plot
103) all exhibited normal operating current draw at the time of impact but all dropped to zero early during
the impact. All of these measurements appear valid, thus current likely stopped flowing to these circuits
during the impact, most likely due to electrical opens or physical damage to the loading devices
themselves. None of these four measurements indicated a short to ground that would appear as a rise in
current from normal operating levels.

The left front high-beam ground side voltage indicates rises in the ground side voltage for very short
durations. These could be due to instrumentation malfunctions or shorts on the circuit caused by the crush
of the vehicle near the léft front headlight. The post-test insp'ection did indicate that the left headlight fuse
(#45) was open after the test; which indicates the likelihood that the short rise in voltage was due to a short
to ground and that the fuse protected the circuit from overioad.

The ignition feed current (Plot 94) and the left headlight current measurements (Plot 97) are generally
inconclusive and may all be effected by instrumentation malfunctions. It was'not uncommon in previous
tests for damage to occur to the current transducers themselves during the impact.

The alternator current (Plot 99) indicates a waveform uncharacteristic of a current measurement and is
likely inconclusive due to instrumentation malfunctions. However the post-test inspection (Section 3.2,12)
did not reveal any shorts in the alternator cable.

3.2.9. Summary of Numerical Film Analysis

No numeric film analysis was done for this test.

3.2.10. Results of Post-test Static Rollover

No static rollover was conducted on this vehicle following the crash test. Previous crash-tested vehicles
with full engine compartment fluids had been rolled and the engine compartment fluids flowed into the
’ passenger compartment during the roll, contaminating the interior trim materials. Since some of these
vehicles were to be burned, and fluid contamination was undesirable, no further rolls were conducted on
the frontal impact test vehicles. [2] '

3.2.11. Results of the Evaluation of the Crashworthiness of Potential Fire Detection or Suppression
Technologies
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The resuits of the electrical measurements of the experimental fire detectors are shown in Appendix D
(Plots 90, 91 and 105).

Plot 90 is the optical fire sensor #1 located in the engine compartment. The sensor did not activate during

- the impact, although there was a fire flash in the engine compartment (Section 3.2.5). The lack of

activation of the sensor was not investigated further, however, it is possible the flash was not in the field of
view of the sensors for a long enough time to activate the sensors. The fire flash exceeded 400 msec in
duration but it was not a sustained flame after that. The subsequent smaller but longer fire near the washer
solvent reservoir bottle was not in the field of view of the optical sensors. The washer solvent bottle was
low in the front left corner of the engine compartment, while the optical sensors were mounted at the rear of
the engine compartment above the engine as described in Section 3.1.12.

The other optical fire sensor outpdt is shown in Plot 91. This signal dropped to zero intermittently during
the impact. A post-test inspection of this sensor by the manufacturer indicated this was due to the internal
battery of the sensor not being fully charged.

The thermal wire fire sensor output is shown in Plot 105. This sensor temporarily closed at 70 msec and .
again several times during the event through 1500 msec. The circuit then remained open until 3000 msec
(3 seconds) when it closed and remained closed until about 85000 msec (85 seconds) after impact. It then
re-opened until measurements were stopped. Plot 105 only displays the first 240 msec of data, but the raw
data was inspected through 600,000 msec (10 minutes) after impact. This sensor wire did not appear to be
burned or melted following the crash test so it is likely the closures were due to the wire being pinched
during the crush. The initial flash was of a short duration and left no indication of heat damage to the wire
or the hood insulation. The subsequent longer fire at the washer solvent reservoir was not close enough
- to the fire wire to cause activation. '

3.2.12. Summary of Post-test Vehicle Inspection

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

The following crash-induced structural openings into the passenger compartment (excluding glass
breakage) were identified during the post-test inspection:

° Atriangular opening hear the bottom of the driver side hinge pillar approximately 30 mm long by 10 mm
wide (approximately 150 mm?).

* A rectanguiar opening under the steering column pass-through approximately 90 mm by 20 mm.
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* A split of a metal seam running laterally across the upper cowl. The split was approximately 450 mm
long by 20 mm wide at its widest point. However, nearly this entire split was covered with stretched
adhesive, so it was not open for free airflow.

* Asmall circular hole in the driver floor pan near the toe pan approximately 7 mm in diameter.
The following fluid leaks were identified during the post-test inspection:

¢ Transmission fluid: small leak in cooling line, transmission housing was intact

. Engine coolant: radiator crushed, coolant lost

o Power steering fluid: pump cracked, fluid lost

e Brake fluid: reservoir broken, fluid released

e Washer solvent: reservoir broken, fluid released

* Battery electrolyte, battery housing pinched but intact, electrolyte expelled through vent hole

There were no leaks found in the fuel lines or the engine oil system.

There were no specific electriéal shorts identified during the post-tesf vehicle inspection. However, two
fuses were identified which were open following the test: fuse #45 in the engine compartment fuse relay
box (see Section 3.2.8), and fuse #10 in the passenger side instrument panel fuse panel.

The only observed contact between a possible combustible solid and a normally hot surface was contact
between the exhaust manifold and the radiator fan shroud, however there was no indication of any heat
damage to the fan shroud.

3.3. Conclusions

1. There was a short duration fire flash above the engine during the impéct as well a self sustaining fire in
and around the washer solvent reservoir which was noticed 5 minutes after impact. Crash test
measurements and subsequent laboratory testing indicated that the initial fire flash was caused by
power steering fluid contacting the exhaust manifold during the impact. The subsequent fire in the
washer solvent reservoir was caused by ignition of methanol vapor from the windshield washer fluid by
burning power steering fluid aerosol that entered the crushed reservoir during the impact.

2. The electric fuel pump began stopping at 20 msec after impact due to the temporary loss of main

vehicle system voltage. The fuel pump did not recover when the main electrical voltage temporarily
returned at 50 msec.

3. There was no liquid Stoddard Solvent leaks off of the vehicle.
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10.

11..

12.

13.

14.

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

The moving deformable barrier sustained a longitudinal velocity change of about 60.0 km/h (37 mph) in
150 msec.

Both air bags deployed at 11 msec past time zero.

For the left front ATD, the upper tibia resultant moment and the corresponding tibia index exceeded
their IARVs for the right leg. The upper tibia index only exceeded its IARV for the left leg. Also for the
left front ATD the chest acceleration measurement exceeded its IARV.

For the right front ATD only the right upper tibia index exceeded its IARV.
There was approximately 165 mm toe pan intrusion on the driver’s side.
The engine speed measurement was inconclusive due to an instrumentation malfunction.

The vapor sensors at four locations in the engine compartment (left and right fuel rails, left and right
manifold shields) all indicated that hydrocarbon vapor concentrations exceeded 4% within the first 30
seconds after impact. Vapor sampling and subsequent GC/MS analysis indicated the sampled
vapors at some of the locations were vaporized power steering fluid.

Transmission fluid, engine coolant, power steering fluid, battery electrolyte, brake fluid and washer
solvent all leaked during the test. There was no fluid leak in the engine ail or fuel systems.

The main vehicle electrical voltage dropped from its normal 13 volts intermittently during the impact
and until 2.2 seconds after the impact before stabilizing at near zero. [ntermittent drops in vehicle
voltage have been observed in most frontal tests conducted for this project, and usually were caused
by temporary shorts drawing the battery voltage down. In this case, an increase in current draw
current was measured on the main battery cable which coincided with some but not all of the voltage
drops. This indicated that some of the voitage drops were likely caused by additional loading on the

battery due to circuit shorts to ground. However, the specific locations of these shorts were not all
identified.

The electrical monitoring of the experimental thermal wire fire detector attached to the underside of the

hood did show evidence of temporary electrical closures during and immediately after the test.
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15.

16.

17.

However, there was not evidence of any heat damage on or around the sensor and the closure was '
likely caused by the wire being pinched during the vehicle crush.

Monitoring of the experimental optical fire detectors indicated that one malfunctioned due to an
insufficient internal battery and the other did not activate during the test. The subsequent washer bottle
reservoir fire was out of the field of view of the optical sensors.

Four crash-induced openings into the passenger compartment were identified.

There was only one observed occurrence of contact between a solid combustible and a normally hot

surface which was contact between the exhaust manifold and the radiator fan shroud. There was no
indication of heat damage to the shroud.
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4. Front-Wheel Drive Passenger Vehicle Offset Pole Frontal Impact, Test C12174

The front-wheel drive passenger vehicle offset pole frontal impact crash test (Test #C12174) was

conducted on September 16, 1998 at the GM Proving Ground in Milford, Michigan. A total of 132 channels
of data were recorded during the test.

" 4.1. Test Conditions

4.1.1. Impact Conditions

This test was an offset pole frontal impact as depicted in Figure 38 and Figure 39. 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 centerline 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 55.4
km/h (34.4 mph).

355 mm Diameter

Offset Pole Q

r

55 km/h
(34 mph)

S
\—

Figure 38
Crash Test Configuration for Test C12174



Figure 39
Pre-test Photograph of Test C12174

4.1.2. Vehicle Description

The test vehicle was a 1998 Honda Accord (VIN: 1HGCG5647WA027927) which had a test mass of 1708
kg (960 kg front, 748 kg rear) which included the two ATDs, crash test instrumentation, and Stoddard
Solvent in the gasoline tank. Similar to the previous two tests, 61.3 liters of Stoddard Solvent were added
to the unusable capacity of the tank. (61.3 liters represents 95% of the usable capacity of 64.5 liters.) The

radio, high beam headlights, and air conditioning were all operating at impact. The transmission was in
neutral for the test.

4.1.3. Pre-test Engine Warm-up Procedure

The engine was started approximately 50 minutes before impact as outlined in Table 3.
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Table 3.
Engine Warm-up Procedure for Test C12174

Time after initial engine start, Duration,
{min) (min)
Engine started (idle approximately 900 rpm) 0 3
Engine speed increased to 1300 rpm 3 . 22
Engine turned off for instrumentation set-up 25 7
Engine restarted, set to 1400 rpm 32 : 18
Impact 50

Similar to test C12127, the surface temperature of the left exhaust manifold was measured on the surface
of the manifold heat shield and also on the surface of the manifold itself through the vent hole in the shield.
At 24 minutes after the initial engine start, the shield temperature was 71°C and the manifold temperature
was 262°C. At 42 minutes after engine start, the shield was 77°C and the manifold was 232°C.

4.1.4. Modifications to Praduction Vehicle

The same modiﬂcétions were made to the production vehicle as with test C12127 (Section 3) with the
exception of the brakes. 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 was done in an attempt to pre-charge the front brake
lines prior to the test, while still allowing the front wheels to rotate during tow. However, for this test only,
the fabricated brake pedaf lockdown mechanism did not hold the brake down, thus the brake lines were not
pre-charged as with other pole impacts conducted for this project.

4.1.5. Vehicle Measurements

The vehicle measurements were the same as for test C12127 (see Section 3.1.5) except the vehicle yaw
was not measured and the toepan displacement measurement was on the right side rather than the left.

4.1.6. 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.
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4.1.7. Anthropomorphic Test Devic_e (ATD) Measurements

Two 50" percentile male Hybrid Il ATDs [8] were located in the front outboard seating positions. The
ATDs were positioned similar to test C12127. The pelvic angle was 21.5 degrees for the left front
occupant and 20.8 degrees for the right front occupant The head target angle was at 0 degrees from
horizontal for both ATDs.

The ATDs were both instrumented to make the same measurements as test C12127 (Section 3.1.8)
except the six additional tibia rheasurements were recorded on the right front occupant rather than the left
front occupant. (The six additional measurements were upper tibia Fx shear load: left and right legs, lower -
tibia Fy shear load: left and right legs, and lower tibia bending moment Mx: left and right legs).

" 4.1.8. Hydrocarbon Vapor Measurements

The concentration hydrocarbon vapor was measured at the same five locations as with test C12127.
Namely:

e Left fuel rait (location #1)

¢ Right fuel rail (location #2)

¢ Left manifold shield (location #3)

* Right manifold shield (location #4)

e Near the catalytic converter (location #5)

Similar to test C12127, vapor sample tubes were co-located with the concentration sensors for locations
#1, #2, #3, and #5 only. For location #4, the vapor collection tube was located underneath the manifold
heat shield as described in Section 3.1.9. '

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. Pressures measured were the same as for test C12127 (Section
3.1.10).

4.1.10. Additional Electrical Measurements

The currents measured for test C12174 were the same as for test C12127 except the starter cable current
was not measured.
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The voltage measurements for test C12174 were the same as for test C12127 except the ground voltage
for the right front headlight was measured rather than for the left front headlight.

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

Both the experimental thermal wire and optical sensor fire detectors (as described in Section 3.1.12) were
evaluated on test C12174." The mounting locations for the optical sensors were the same as for test
C12127. The underhood mounting location of the thermal wire was similar to but slightly more rearward
than the location for test C12127, as shown in Figure 40.

B Thermal Wire S .

Figure 40
Thermal Wire Fire Detector
Test C12174

4.2. Summary of Test Results

Post-test photographs of the vehicle are shown in Figure 41 and Figure 42.
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, Figure 41
Post-Test Photograph of Test C12174, Front-Right View

Figure 42
Post-Test Photograph of Test C12174, Front-Left 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 F (Plots 61
through 80, 84, 88, 94, 95, and 97).

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 [10]), was 31 g. The maximum longitudinal
change in vehicle velocity was 59.5 km/h (37.0 mph), with the velocity crossing zero at 110 msec past time
zero (impact.) The averaged rear rocker longitudinal acceleration and velocity are shown in Plot 78 and in
Figure 43 and Figure 44.

Acceleration (g)

-55 —
0 ' 50 100 150 200
Time (msec)

Figure 43
Averaged (Left & Right) Rear Rocker Panel Longitudinal Acceleration
Test C12174, filtered at SAE class 60 {10]
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Figure 44 .
Averaged (Left & Right) Rear Rocker Panel Longitudinal Velocity
Test C12174

The displacemeht of the right toe pan, relative to the passenger compartment, was approximately 215 mm
and is shown in Figure 45 and also Plot 80, Appendix F.
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Figure 45
Right Toepan Displacement, Relative to Floorpan
Test C12174, filtered at SAE class 60 [10]

The engine motion stopped at 72 msec after time zero as shown in Figure 46 and Plot 88 in Appendix F.
This transducer was mounted such that it outputs a voltage peak each time a flywheel tooth passes by.
Thus, the cyclic voltage waveform indicates engine motion and the lack of the cyclic signal indicates engine
stoppage. (Note the time scale in Figure 46 has been expanded to show greater time resolution.)
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Figure 46
: Engine Motion :
Measured using Auxiliary Magnetic Pickup Transducer, Test C12174

The current measurements of the driver and passenger air bag circuits indicated that both air bags
deployed at about 18 msec (Appendix F, Plots 94 and 95.)

Figure 47 and Plot 97 in Appendix F show the fuel pump current draw during the impact. Similar to test
C12127, the fuel pump was drawing about 4 amps at impact. The current began to drop at 30 msec and
stopped flowing by about 35 msec. The fuel pump was likely stopped due to the drop in main vehicle
voltage, as shown by the battery voltage in Figure 48 and Plot 81. The battery voltage dropped from 13
volts to 11 volts at 30 msec and indicated intermittent and partial drops in voltage throughout the impact.
The starter cable voltage (Plot 82) and ignition voltage (Plot 85) indicated nearly identical time histories as
the battery voltage, indicating that all circuits on the vehicle were likely fimited to voltages indicated in
Figure 48.
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Figure 47
Fuel Pump Current
Test C12174
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Figure 48
Battery Voltage
Test C12174
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The fuel pump voltage decayed from 12 volts to near zero from about 30 msec to 200 msec as shown in
Figure 49 and Plot 84 (Appendix F), consistent with the behavior observed in test C12127. '

-16
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Figure 49
Fuel Pump Voltage
Test C12174

4.2.2/. Summary of Recorded ATD Measurements

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

For the left front ATD, the lower right tibia moment (My) which had a peak value of 498 Nm exceeded its
IARV of 225 Nm (Plot 22) [9]. This measurement is also used to compute the lower right leg index (Plot
23) which was 2.28 exceeding its IARV of 1.0.

For the right front ATD, both the lower left and lower right tibia rhoments exceeded their IARV of 225 Nm.
The lower right tibia moment reached 366 Nm and the lower left moment was 460 Nm; both are shown in

Plot 46. The left and right lower leg indices were 2.08 and 1.68 respectively, as shown in Plot 47.

Also on the right front ATD, the upper left tibia index reached 1.01 exceeding its IARV of 1.0 as shown in
Plot 47. The upper left tibia moment alone did not exceed its IARV.
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All other recorded injury measurements were below their respective IARVs for each dummy.

4.2.3. Summary of Hydrocarbon Vapor Measurements

A complete set of the recorded measurements is included in Appendix F, Plots 89 through 93, and also
Appendix G, Figures G1 through GGS5.

~ The vapor sensors at locations #1, #2, and #5 (left and right fuel rails, catalytic converter) all indicated
negligible concentrations of hydrocarbon vapors during and after the impact as shown in Appendix G,
Figures G1, G2, and G5. The vapor sensor at location #3 (left exhaust manifold) indicated a concentration
of hydrocarbon vapor exceeding 1% for about 1 minute after the impact as shown in Figure G3. The
highest concentration of hydrocarbon vapors was monitored at location #4 (right exhaust manifold) which
exceeded 4% for 200 seconds after impact as shown in Figure G4.

The GC/MS analysis was completed on the vapors collected from all 5 locations [1]; the results are shown
in Appendix G Figures GG1 through GG5. The GC/MS analysis of samples collected from locations #3
and #4 did not indicate the presence of a vapor unique to those locations. Thus, it is possible the high
concentration measurements from locations #3 and #4 (Figures G3 and G4) are suspect measurements.
These types of tin oxide sensors no ldnger function properly when doused with liquids, which may have
happened during the crash. The results of the GG/MS analysis for location #2, however, did identify the
presence of vaporized engine coolant and is recreated here as Figure 50. Ethylene glycol (coolant) is
shown as a peak number 2 in Figure 50.
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Figure 50 ‘
GC/MS analysis of hydrocarbon vapor sample from near the right fuel rail (location #2) during Crash Test
C12174. The top panel is the chromatogram of background sample and the bottom panel is the
chromatogram of the post-crash sample.
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4.2.4. Summary of Fluid Pressure Measurements

The dynamic pressure measurements of the engine combartment fluids are shown in Appendix F, Plots
106 through 113.

The power steering fiuid pressure is shown in Piot 106 and does not indicate any leaks in the pressurized
power steering fluid system. The pressure returns to zero late in the event due to the engine stoppage.

The engine oil pressure is shown in Plot 107 and also does not indicate the presence of a leak, as there is
no rapid drop in pressure.

Similar to test C12127, the cooling system pressure had to be biased post-test as the pressure was
maintained during the instrumentation set up period which artificially forced this measurement to zero. The
unbiased pressure is shown in Plot 108 and the biased (corrected) pressure is in Plot 109. The post-test
inspection clearly indicated a crushed radiator and a loss of coolant consistent with all of the frontal crash
tests conducted for this project. The pressure did not rapidly drop to zero because the measurement was
taken at the thermostat housing and not at the radiator. It is possible a restriction in the cooling line during
the crush delayed the drop in pressure at the transducer.

Similar to the coolant, the pressure of the fuel supply line had to be biased post-test. The un-biased

measurement is shown in Plot 110 and the biased (corrected) measurement is shown in Plot 111. There
was no leak in the fuel system. :

The left and right front brake system pressures are shown in Plots 112 and 113. The front brakes were not
pre-charged as intended due to a problem pre-test with the fabricated brake pedal locking device. The
brake pedal was not engaged, thus the lines were not pre-charged. The left front brake pressure did not
indicate a leak in the pressurized system which was confirmed with the post test inspection (Section 4.2.9)

which revealed leaks only in the non-pressurized brake reservoir.  The right front brake pressure
measurement is inconclusive.

4.2.5. Summary of Additional Electrical Measurements

The results of the additional electrical measurements are shown in Appendix F (Plots 81 through 83, 85, 96
through 104).

The battery voltage, starter cable voltage, and ignition voltage (Figure 48, Plot 81, Plot 82 and Plot 85), all
exhibited temporary and sometimes partial drops in system voltage during the impact as described in |
Section 4.2.1. Temporary voltage drops during the crush were observed in test C12127 as well as other
frontal crash tests for this project. [2],[3],[4]. A significant increase in current was observed on two

monitored channels: the radiator fan (Plot 102 and Figure 51) and the A/C clutch (Plot 98). The rise in
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current occured from about 30 to 40 msec coinciding with the drop in voltage as shown in Figure 48. Thus,
this voltage drop from 30 — 40 msec was likely due to a short to ground affecting both the radiator fan and
AJC clutch current flow.  An increase in current flow was also measured on the battery cable (Plot 96),
which would be expected as the battery cable supplies the other two circuits. The current transducer on
the battery cable was a larger transducer capable of measuring more current (500 amps) than the
transducers used on individual circuits. Thus, this measurement did not overload its full scale range from
30 to 40 msec and indicated a current flow of about 300 amps . The causes of the other voltage drops

after 40 msec (Figure 48) were not positively identified, and could possibly be due to the physical crushing
of the battery.

_ %

20 + full scale range of transducer exceeded
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Figure 51
Radiator Fan Current
Test C12174

The right front headlight ground voitage (Plot 83) drops from a low voltage to zero as would be expected if
the circuit were open or the bulb filament broken during the impact.

The alternator current, HVAC blower current, condenser fan current, and left front headlight current (Plots
100, 99, 103, and 101) all indicate normal current draw at the time of impact followed by a drop to zero as
the vehicle was crushed and the engine stops. None of these three measurements showed a short to
ground (indicated by a significant rise in current draw.) Plot 99 showed negative current flow at impact that
simply means that the physical orientation of the current transducer relative to the cable was reversed.
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The battery current and ignition current malfunctioned because the transducers were damaged in the
impact (Plots 96 and 104). The early measurements are likely valid (such as the battery current rise from
30 to 40 msec) but later on they are generally inconclusive due to the malfunction.

4.2.6. Summary of Numerical Film Analysis

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

The numerical analysis of the overhead film indicated that the dynamic pole penetration into the engine
compartment was approximately 1030 mm at 138 msec after time zero, as shown in Plot 8.

4.2.7. 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]

4.2.8. 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 F,
(Plots 86, 87 and 105). '

Neither of the two optical fire sensors indicated an activation (Plot 86 and 87). The left optical sensor
measurement is invalid after 122 msec due to an instrumentation malfunction.

The thermal wire fire detector did not activate during the impact (Plot 105).

4.2.9. Summary of Post-test Vehicle Inspection

As with the previous tests, the vehicle was disassembled and inspected to identify structural openings 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 possible
combustible solids and hot surfaces.

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

* A separation on the floor pan near the right frame rail and right toe pan. The separation was
approximately 10 cm fong by 6 mm wide.
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e There were two small openings in the sheet metal adhesive used to bond panels together in the
forward bulkhead. Both of these were near the top of the forward bulkhead and oriented vertically.
One was on the driver's side near the steering column mounting brackets and was 25 mm long by 5
mm wide. The other was on the passenger side and was 37 mm long by 12 mm wide.

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

e Engine coolant: radiator crushed, coolant lost
» Battery electrolyte: housing cracked, electrolyte lost
* Brake fluid reservoir knocked off of master cylinder, brake fluid lost

The fuel filler tube pulled out of the fender and remained intact with the filler cap in place.

There were no leaks found in the transmission fluid system, fuel fines, engine oil system, washer solvent
reservoir, or power steering system.

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

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

2. The electric fuel pump began stopping at 30 msec after impact due to a temporary drop in the main
vehicle system voltage.

3. The peak longitudinal acceleration of the passenger compartment was approximately 31 g (filtered at
60 Hz). The maximum longitudinal change in vehicle velocity was 59.5 km/h (37.0 mph), with the
velocity crossing zero at 110 after impact.

4. Both air bags deployed at 18 msec past time zero.

5. For the left front ATD, the lower right tibia moment (My) and the lower right leg index exceeded their
respective IARVs. For the right front ATD, both the lower left and lower right tibia moments and the -
lower left and lower right leg indices exceeded their respective IARVs. In addition, the upper left tibia
index for the right front ATD exceeded its IARV. All other ATD measurements were below their
respective IARVs.

8. There was approximately 215 mm of toe pan intrusion on the passenger’s side.
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10.

11.

12.

13.

The engine rotation stopped by 72 msec after time zero.

There was no spillage of gasoline or Stoddard Solvent off of the vehicle during or immediately after the
crash test,

The numerical analysis of the overhead film indicated that the maximum dynamic pole penetration into
the engine compartment was approximately 1030 mm at 138 msec after time zero.

The concentration of hydrocarbon vapors at three of the five measured locations was negligible. Of
the two locations in which appreciable concentrations were measured, the highest concentration was
at the right exhaust manifold. This concentration exceeded 4% for about 200 seconds after impact.
However there was no vapor identified from the GC/MS analysis for this location, thus it is possible that
the sensors malfunctioned due to exposure to liquids during the impact. The GCMS analysis on the
vapor sample collected from near the right fuel rail identified the vapor source as vaporized engine
coolant. B

Brake fluid, engine coolant, and battery electrolyte all leaked during the test. No other engine
compartment fiuids were released.

The main system voltage indicated temporary and partial drops in system voltage beginning at 30
msec and lasting throughout the impact. At least one short was identified which caused one of the
drops due to additional loading on the battery. The other drops in system voltage were likely due to
unidentified shorts to ground or internal damage to the battery as it was crushed.

The electrical monitoring of the experimental thermal wire fire detector attached to the underside of the
hood did not show evidence of any electrical closures throughout the test, demonstrating

' crashworthiness for its given mounting location and this crash configuration.

14.

15.

16.

Neither of the experimental optical fire detectors mounted in the engine compartment indicated
activations, aithough the data from one was invalid after 122 msec due to an instrumentation problem.

Three crash induced structural openings into the passenger compartment were identified: one on the

floor pan near the right frame rail and two smali openings in the adhesive attaching the vertical panels
of the forward bulkhead. '

There was no contact between a normally hot surface and a cbmbustible solid.
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5. Conclusions Of The Front-Wheel-Drive Passenger-Vehicle Crash Test Series

From the data collected on this series of crash tests, several conclusions and observations can bé 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.

The 105 km/h oblique moving barrier frontal impact test resulted in a fire. The ignition source was the
exhaust manifold and the fuel was power steering fluid. This resuited in a fire flash above the engine
compartment during the impact and it also ignited methanol vapor in the windshield washer fluid and
started a subsequent self-sustaining fire in and around the washer solvent reservoir. There were no other
fires on the other two crash tests conducted. The only other fire occurring during a crash test on any of the
other vehicles tested also occurred during a 105 km/hr oblique moving barrier test on a passenger van [2].
However, that fire was electrical in nature.

For the two frontal tests, the fuel pump began to stop by 30 msec after impact in both tests. This
observation is consistent with the crash tests conducted on other vehicles for this project [2],[3],[4]; that is,
the fuel pumps shut down early during the impact likely due to drops in the main vehicle voltage. The
drops in vehicle voltage were caused by the crash and although the drops were sometimes partial and
mtermlttent the fuel pumps shut down permanently at the first occurrence of voltage loss. Typically, these
voltage drops were likely caused by circuits shorting to ground imposing additional loading on the battery or
due to internal damage to the battery caused by the vehicle crush. In the two frontal crash tests reported
here, only one short was specifically located corresponding to a measured drop in systém voltage; the
specific causes of the other drops in system voltage remained unidentified.

For the frontal offset pole impact, the motion of the engine was monitored and indicated the engine stopped

by 72 msec after impact. . For the oblique moving barrier frontal impact, this measurement was
inconclusive.

Three different experimental fire-sensing technologies were evaluated for their crashworthiness. The
thermal wire fire detectors proved crashworthy, that is it did not activate due the vehicle crush during the
offset pole impact. However, for the other 2 tests the thermal wire did indicate an electrical closure due to
the vehicle crush and not due to heat exposure. Experimental optical fire detectors were included only on
the two frontal crash tests. These did not activate during the tests, demonstrating crashworthiness to
survive the impact. However, dunng the oblique moving barrier frontal impact the sensors did not activate
when exposed to the engine compartment fire. It is unknown whether the fire flash in the engine
compartment was of sufficient duration to activate the sensors.
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Consistent with the tests on other vehicles, crash-induced openings into the passenger compartment (as
defined in section 2.2.11) were identified (see sections 2.2. 11, 3.212, and 4.2.9). Their possuble
contribution to fire propagatlon was evaluated in fire propagation tests and reported separately.

There was no fiquid Stoddard spillage off of the vehicle on the two frontal crash tests. For the offset
deformable barrier rear impact, Stoddard Solvent leaked out of a rip in the top surface of the fuel tank. The
leak rate was not measured at the crash test site but during subsequent laboratory experiments the leak
rate was estimated to be 400 cc/min during the first minute and slowed considerably thereafter.

Of the non-fuel fluids, brake fluid, battery electrolyte, and engine coolant was released in both of the frontal
impact tests. In addition, power steering fiuid, transmission fluid, and washer solvent was released in the
oblique moving barrier frontal impact. No fluids besides Stoddard Solvent were released during the rear
impact test,

During the two frontal crash tests, sensors were used to measure the concentration of hydrocarbon vapors
in the engine compartment and subsequent GC/MS analyses were conducted to identify the vapors.
Vaporized engine coolant was identified in the offset pole frontal impact and vaporized power steering fluid
was identified in the oblique moving barrier frontal impact.

The vehicles were inspected for contact between potentially hot surfaces and combustible materials after
all three tests. The only occurrence noted was for the oblique moving barrier frontal impact; the exhaust

manifold contacted the radiator fan shroud. There was no indication of thermal damage to the radlator
shroud, however.

In general, most of the recorded injury measurements for the ATDs were below their respective IARVs.
Only a few exceptions were noted. For the offset pole impact, measurements on the lower right leg of the
left front ATD exceeded their IARVs as did measurements on bath lower legs on the right front ATD. For

the oblique moving barrier frontal impact, measurements on bath lower legs and the chest acceleration of
the left front ATD exceeded their IARVS.
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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 Il ATD are
recreated here from the Advisory Group for Aerospace Research & Development, Report 330,
“Anthropomorphic Dummies for Crash and Escape System Testing” [9].

Body Region Injury Assessment Reference
Injury Assessment Criteria -Value for the mid sized male
' Hybrid IH
Head
HIC; (tz —t1) <15 msec* 1000
Head/Neck Interface
Upper neck longitudinal shear force, +Fx and ~Fx o 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 60g
Sternal deflection due to:
Shoulder belt 50 mm
Air bag (no belt) -| 65 mm
Viscous Criterion (V*C) ) 1m/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, TI = M/Mc + Fz/Fc 1.0
"Where,
M = resuitant 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)z's’(tz- t1), where Aavg is the average resultant
acceleration of the center of mass of the head (expressed in G) for the time interval to- t1 (expressed in
seconds). '
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Potential for significant neck injury due
= 3500 4 to fore/aft shear loading
- 3100 N at 0 msec
8 3000 -
S
- 2500 -
[5:]
1]
o 2000 4
x 1500 N, 25 to 35 msec
1 -
‘2 500 1100 N at 45 msec
£ 1000 -
® Significant neck injury due to
© 500 1 fore/aft shear loading unlikely
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 11l Mid-sized
Adult Male ATD [9]
5000
> 4500 - Potential for significant injury due
< 4000 L. 4000 Nat0 msec to axial neck compression loading
2
£ 3500 -
E 4
8 3000 -
=2
.g 2500 A
g 2000 A
Q.
E 1500 - 1100 N at 30 msec
O 1000 - .
© Significant neck injury due to
2 500 1 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 11l Mid-sized Adult
Male ATD [9]



4000

N Potential for significant injury due
- 3500 - 3300 Nat0msec to axial neck tension loading
g 3000 1 2900 N at 35 msec
£ 2500 -
ol
(5]
2 2000 -
9@
2 15001 1100 N at 60 msec
" 1000 - -Significant neck injury due to
= axial neck tension loading unlikely
< 500 -
o T T . T T
0 20 4 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 Aduilt Male
. ATD [9]
15000
Potential for fracture of the patella, femur, or pelvis
> . L
g 10000 19070 N at 0 msec
3 \
5 I
g 7560 N at 10 msec
(18
= 5000 -
] - ,
< L Fracture due to distributed knee loading unlikely
O T T T T
0 20 40 60 80 ) 100

Duration of Loading Over Given Force Level, msec

Figure A4 :
* Injury Assessment Curves for Axial Compressive Femur Force Measured with Hybrid 11l Mid-
sized Adult Male ATD [9]
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~ LEFT FRONT
- ANTHROPOMORPHIC TEST DEVICE SUMMARY DATA
, LTV MDB TO STATIONARY VEHICLE 84 7KM/H
C11990 L.REAR IMP 70% OVERLAP

R & D CTR 8W9188 4 DOOR ATD TYPE: GMSOH
TEST DRTE: 05/13/1998
1007 1507 IRV '
MERSURED QUANTITY OF IRRV OF IARV VALUE 1ARV
HIC, LIMITED TO 15 MS ] 550 1000
HIC, LIMITED TO 36 MS » ] 550 1000
NECK FLEXION 1 B7NM 190NM
NECK EXTENSION 0 » 3NM S7NM
NECK TENSION - —3 GOIN 3300N
NECK COMPRESSION — UG8N 40OO0ON
NECK SHEAR FORWARD 1 220N  3100N
NECK SHERR RERRWARD — 590N 3100N
NECK TENSION DUR RSSESS — 0.18 1.00
NECK COMPRESSION DUR RSSESS [~ 0.12 1.00
NECK SHEAR FWD DUR ASSESS [ 0.07 1.00
NECK SHEAR RWD DUR ASSESS ] 0.27 1.00
CHEST RCCEL ] 156 560G
CHEST COMPRESSION W/0 SH BELT * 65. OMM !
“HEST COMPRESSION W/ SH BELT x S0. OMM 1
CHEST. VISCOUS CRITERIA x 1.00M/SEC
FEMUR COMP, LEFT x 10000N
FEMUR COMP, RIGHT x 10000N
FEMUR DURATION ASSESS, LEFT x 1.00
FEMUR DURRTION ASSESS, RIGHT x 1.00
TIBIA/FEMUR DISP, LEFT x 15. OMM
TIBIA/FEMUR DISP, RIGHT * 15. OMM
KNEE CLEVIS, LEFT INSIDE - x L 000N
KNEE CLEVIS, LEFT OUTSIDE x 4OOON
KNEE CLEVIS, RIGHT INSIDE x 4000N
KNEE CLEVIS, RIGHT OUTSIDE x L4OOON
TIBIA COMP, LEFT x B0OOON
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 * 1.00
LEG INDEX, UPPER RIGHT x 1.00
LEG INDEX, LOWER LEFT x 1.00
LEG INDEX. LOWER RIGHT x 1.00

IAV - INJURY ASSESSMENT VALUE

1ARV - INJURY ASSESSMENT REFERENCE VALUE

» NOT MEASURED, THIS TEST

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

PROCESSED 05/14/1998 10:14 V2.09
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RIGHT FRONT

ANTHROPOMORPHIC TEST DEVICE SUMMARY DATA
84. 7KM/H

LTV MDOB TO STATIONARY VEHICLE
L.REAR IMP 707 OVERLAP
8W9188 4 DOOR

C11830
R & D CTR

ATD TYPE: GMSOH

TEST DATE: 05/13/1998

1007 1507 IRV

MEASURED QUANTITY OF IARV . OF IARV VALLUE IARV
HIC, LIMLTED TO 15 MS ] 70 1000
HIC, LIMITED TO 36 MS — 130 1000
NECK FLEXION I 73NM: 190NM
NECK EXTENSION —] 10 NM S7NM
NECK TENSION — GOBN 3300N
NECK COMPRESSION M 21UN -4000N
NECK SHEAR FORWARD n 122N 3100N
NECK SHEAR REARWRRD ] 262N 3100N
NECK TENSION DUR ASSESS — 0.37 1.00
NECK COMPRESSION DUR ASSESS [J 0.06 1.00
NECK SHEAR FWD DUR ASSESS [J : 0.05 1.00
NECK SHEAR RWD DUR ASSESS  [—J 0.10 - 1.00
CHEST ACCEL 1 166 606
CHEST COMPRESSION W/0 SH BELT x 65. OMM !
'HEST COMPRESSION W/ SH BELT x 50. OMM 1
CHEST VISCOUS CRITERIA x 1.00M/SEC
FEMUR COMP, LEFT x 100008
FEMUR COMP, RIGHT x 10000N
FEMUR DURATION ASSESS, LEFT x 1.00
FEMUR DURATION ASSESS, RIGHT x 1.00
TIBIA/FEMUR DISP, LEFT x 15. OMM
TIBIA/FEMUR DISP, RIGHT x 15. OMM
KNEE CLEVIS, LEFT . INSIDE - x 4LOOON
KNEE CLEVIS, LEFT QUTSIDE x 4 OOON
KNEE CLEVIS, RIGHT INSIDE x 40OON
KNEE CLEVIS, RIGHT OUTSIDE x 4 000N
TIBIR 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, [QWER RIGHT x 1,00
IRV - INJURY ASSESSMENT VALUE ,
IARV - INJURY ASSESSMENT REFERENCE VALUE PROCESSED 05/14/1898 10:14 V2.09

% NOT MEASURED;

THIS TEST

! RESTRARINT SYSTEM DEPENDENT. CHOQSE
VALUE THAT APPLIES TO THIS TEST.
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c119s0 L.RERR IMP 707 OVERLAP LTV MDB T0 STATIONRRY VEHICLE 8U. 7KM/H

ATD TYPE: GMSOH
R&DCTA 843188 4 DOOR L. FRT HERD ACCEL. - TEST DATE:05/13/1a58
ELEC DATA, SAE CLASS 1000 (HIC I LIMITED TO IISMSJ

" iso MAX ACCEL = 108 G'S AT 128.65 MS
Q o
gl || | oA e e e o155
=z N T T
g ® ;
VAN
g o | MAX MM chlm IND = 550 ©81.9 G'S: 124 - 33 MS
: AV =] 557 OF 1ARV
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g
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z
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TIME IN MILLISECONDS '
. Appendix B, plot # 1
C11990 L.REAR IMP 707 OVERLAP LTV MDB TO STATIONARY VEMICLE 8U. 7KM/H
. , : ATD TYPE: GMSOH
R&DCIA . 8W3188 4 DOOR L. FRT HEAD ACCEL. TEST DATE:05/13/1998
ELEC DATA, SAE CLARSS 1000 (HIC I LIMITED TO 36MS)
' Vs ) MAX ACCEL = 108 G'S AT 128.6 MS
ggin, A MO REE—187—6-5
== R I I A S N I i B i s e e
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£ e |
) B .
T N 5/\5\ ‘ -
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' ' Appendix B, plot # 2



C11930 L.RERR IMP 707 OVERLAP LTV MOB TO STATIONARY VEHICLE 84. 74M/H

ATD TYPE: GMSOH
R &DCTR BWI188 4 DOCR L. FRT CHEST ACCEL. TEST DATE:05/13/1938
ELEC DATA, SAE CLASS 180 '

T s . MAX RCCEL = 1S.7 G'S AT 144.7 MS

c- .
oA e L 3mscondecc - s o] ]
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. . TIME IN MILLISECONDS ’ )
Appendix B, plot # 3
C11980 L.REAR IMP 70% QVERLAP LTV MOB TO STATIONARY VEHICLE 8Y. 7KM/H

_ _ ' . _ , ATD TYPE: GMSOH
ReDCTR  eWgies y poor L+ FRT NECK LOADING ON HEAD, UPPER LOAD resy pare.os/13/1998 °

ELEC OATA L. FRT NECK LOADING ON HEARD
4o SRE_CLASS 600 FILIEA MAX CALC'D MOMENT = 24.9 N-M AT 165.7 MS MIN = -27.3 N-M AT 121.3 M5
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11990 L.REAR IMP 707 OVERLAP LTV MOB TO STATIONARY VEHICLE 84. 7KM/H -

. ATD TYPE: GMSOH
R&DCIA 849188 Y4 DOOR NECK LOADING ON HERD TEST OATE:05/13/1998
ELEC DATA L. FRT NECK LORDING. ON HERD

SAE CLASS 600 FILTER MAX CALC'D MOMENT = 66.7 N-M AT 157.6 MS MIN = -2.69 N-M AT 236.0 M5
uogSAE LLESS.8 AV = 357 F IRV IAV = Sz OF TRV

S FLEX I
i=] EXT .

O —AF Tifss (00 FLLIER MAX LOAD = 0.60 KN AT 118.6 ¢ : __MIN LOAD = -0,47 RN AT 1600 M5
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AppendiX B, plot#5

C11990 L.REAR IMP 707 OVERLAP LTV MDB TO STATIONARY VEHICLE = 84.7KM/H

. . o S ATD TYPE: GMSOH
R&DCIR 843188 4 DOOR FORWARD NECK SHERR ON HERD, TEST. DRTE: 05/13/1998
ELEC DATA, SAE CLASS 1000 L. FRT INJURT REFERENCE o
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C11930 L.REAR [MP 70% OVERLAP LTV MDB TO STHTIONQHT VEHICLE

R & DB CTR
ELEC OATA, SAE CLASS 1000

8WI188

L. FRT INJURY REFERENCE

BY. TKM/H
4 0007 REARWARD NECK SHEAR ON HEAD,

ATD TYPE: GMSQOH

TEST DATE:0S/13/1998
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-Appendix B, plot#7
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€11990 L.REAR IMP 707 OVERLAP LTV MDB TO STATIONARY VEHICLE 8U. 7KM/H
' ATD TYPE: GMSOH
AXIAL TENSION ON HERD,

R&DCTR . 8WIIBB Y4 DOOR , TEST DATE:05/13/1998
ELEC DATA, SAE CLASS 1000 L. FRT INJURY REFERENCE
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' ~Appendix B, plot#9
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Cl1890 L.REAR I.MP 70% OVERLAP LTV MDB TO STATIONARY VEHICLE 84.7KM/H
ATO TYPE: CMSOH

R & D CTR 8WS188 4 DOOR R. FRT HEAD ACCEL. TEST DATE:05/13/1998
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Appendix B, plot # 11
C11990 L.REAR IMP 70% QVERLAP LTV MDB TO STATIONARY VEHICLE  '84.7KM/H ,
T R S ATD TYPE: GMSOH_
R&DCIR  8WI188 4 R B FRT CHEST ACCEL.

TEST DRTE:05/13/1998
- ELEC DATA, SRE CLASS .180 : -

S
pr

MAX ACCEL = 15.3 G'S AT 181.5 MS

o

0
=

RESUL TANT
ACCELERATION-G
&
w

—— e 3

- |3 s con. lacc. =
Y

Cw

0.0l_FxD ' : : ' S—

aFT

X

G
3

=]

L

RIGHT
LEFT

7

100

DOHN

COMPONENT R];CELEHRTIUNS
8 2

z
©
(=]

wu
a .
OE
-

. '3 .‘ B . l
20 4o 60 80 100 ©120 . ! 140 : 160 180 ! 20.& ! 220 240
. . TIME IN MILLISECONDS :

Appendix B, plot # 12 ‘



C11550 L.REAR IMP 70% OVERLAP LTV MDB TO STATIONARY VEHICLE 8U. 7KM/H
- : ATD TYPZ: GMSOH
R. FAT NECK LORDING ON HERD, UPPER LOAD

R & D CTR 8W3S188 4 DOCR TEST CRTE:05/13/1998
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, ’ Appendix B, plot # 13
C11980 L.RERR IMP 707 OVERLAP LTV MDB TO STATIONRRY VEHICLE 8U. 7KM/H .
) : o ' . : . RTD TYPE: GMSOH
R &0 CIR 8wWo188 4 pDooR . . NECK LOHDING ON HEQD TEST DRTE:__OS/B/IQQS
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11990 L.REAR [MP 707 OVERLAP LTV MDB TO STATIONARY VEHICLE 84. 7KM/H

ATD TYPE: GMSOH
&£ DCTR  BWI188 4 DOCR FORWARD NECK SHERR ON HEAD, © TEST DATE:05/13/1998

-EC DATA, SAE CLASS 1000 R. FRT INJURY REFERENCE

6. o MAX 1AV = 5 % OF IARV AT 103 N, 13.5 MS

C.0 —— =
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CUMULRTIVE DURATION OF LOADING RBOVE GIVEN FORCE LEVEL, MS
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C11980 L.REAR IMP 707 OVERLAP LTV MDB TO STATIONARY VEHICLE 84. 7KM/H

. ‘ ATD TYPE: GMSQH
R &0 CTR 8W3188 4 DOOR AXTAL COMPRESSION ON HEHD" TEST DATE:05/13/1998
ELEC DATA, SAE CLASS 1000 R. FRT INJURY REFERENCE

MAX 1AV = 6 % OF IARY AT 196 N. 7.3 MS
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Appendix B, plot # 17
C11990 L.REAR IMP 707 OVERLAP LTV MDB 10 STATIONARY VEHICLE © BU.TKM/H L
R - S P . RTD TYPE: GM50H
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C11930 L.REAR IMP 707 OVERLAP
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LTV MOB TO STATIONARY VEHICLE 84Y. 7KM/H

L. FRT ROCKER )
R&DCIA.  BwglB8 4 DOOR TEST DATE:05/13/1398
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C11880 L.RERR IMP 702 OVERLAP LTV MOB TO STATIONARY VEHICLE 84. 7KM/H.

R&DCIR  6HS188 4 DOOR = - B.FRT ROCKER - - TEST DATE:05/13/1998
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Ci1980 L.REAR IMP 70% OVERLAP LTV MDB TO STATIONARRY VEHICLE 84. 7KM/H

"R4DCTA  B43188 Y4 DOOR R. FRT ROCKER TEST DATE:05/13/1998
ELEC DATA
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C11990 L.REAR IMP 707 QVEALAP LTV MDB TO STATIONARY VEHICLE BU. 7KM/H

R&DCTR 843188 4 DOOR 2 R. FAT ROCKER © TEST DATE:05/13/1998
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€1:550 L.RERR IMP 707 OYEALAP LTV MDB TO STATIONRRY VEHICLE - 84.7KM/H

L..REAR FRAME .
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C11990 L.REAR IMP 70% OVERLAP LTV MDB TO STATIONARY VEHICLE 8Y. 7KM/H
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C11980 L.RERR [MP 70% OVERLAP LTV MDB TO STATIONARY VEHICLE 84. 7KM/H

R &DCIR 8W3188 4 DOOR

-ELEC DATR

400, SAE_CLASS 1000 FILTEA

L.REAR FRAME

= 308 G'S AT 52.9 MS

TEST DATE:0S5/13/1398
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C11980 L.REAR IMP 70% QVERLAP

R & DCTIA 8WS188 4 DOOR

ELEC DATA

400, SAE_CLASS 1000 FILTER

LTV MOB TO STATIONARY VEHICLE
R.REAR FRAME

MAX _ACCEL = 265 G'S ‘AT 20.3 MS

84. 7KM/H

TEST DARTE:05/13/1938
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BU. TKM/H

TEST DATE:05/13/1998-
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C11990 L.REAR IMP 707 QVERLAP LTV MOB TO STATIONARRY VEHICLE 8Ll.7‘r(M/H.

R&DCTR  8WI1BB 4 DOOR L.REAR ROCKER TEST DATE:05/13/1998
ELEC DATR :
600SPE_CLASS 1000 F[LTER MAX ACCEL = 218 G'S AT 111.2 HS MIN ACCEL = -180 G'S AT i11.8 MS
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C11980 L.REAR IMP 70% OVERLAP LTV MDB TO STATIONARY VEHICLE 8U. 7KM/H
R&DCIA 849188 4 DOOR .. RERR ROCKER © TEST DATE:05/13/1398
ELEC DATA ' . : o
" 200 SAE_CLASS 1000 FILTER MAX ACCEL = 144 C'S AT 111.1 M5 : MIN ACCEL = -145 G'S AT 60.5 MS
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C11980 L.AEAR [MP 70% OYERLAP LTV MDB TO STATIONARY VEHICLE

R & D CTR L.REAR ROCKER

ELEC DATA

813188 4 DOOR

400, SAE_CLASS 1000 FILTER MAX ACCEL = 325 G'S AT 0.1 MS

8U. 7KM/H

TEST DATE:05/13/]998

MIN ACCEL = -250 G'S AT 73.2 MS
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84. 7KM/H

TEST DATE:05/13/1998
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C11990 L.REAR [MP 70% OVERLRP LTV MOB TO STATIONARY VEHICLE . 8. TKM/H

R & DCTR 8K9188 U DOOR R.REAR ROCKER TEST DATE:0S/13/1998
ELEC DATA
100.SAE_CLASS 1000 FILTER MAX ACCEL = 55.4 G'S AT 87.4 MS . MIN ACCEL = -5Y.8 'S AT 87.7 #5
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11990 L.REAR IMP 70% OVERLAP LTV MDB TO STATIONARY VEHICLE 8Y4. 7TKM/H
R&DCTR  BWIIS8 U DOOR : R.REAR ROCKER TEST DATE:05/13/1998
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€11530 L.REGR IMP 70% QVERLAP LTV MOB TO STRT]DNHRT.VEHICLE 8. 74M/H
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C11880 L.REAR IMP 707 OVERLAP LTV MDB TD STATIONARY VEHICLE 84. 7KM/H
R&DCIR ° 849188 U DOOR CHMSL/BRAKE LIGHT VOLTAGE

TEST DATE:05/13/1998
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S50 L.REAR [MP 707 QVERLAP LTV MOB TO STATIONART VEMICLE . 8Y4. 7KM/H
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LTV MDB TO STATIONARY VEHICLE 8U. 7KM/H
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C118980 L,REAR IMP 70% OVERLAP LTV MOB TO STATIONARY VEHICLE - 84. 7KM/H

A D CIR 8WI188 4 DOOR REAR TARIL LIGHTS VOLTAGE

ELEC DATA, SAE CLASS 1000

TEST DATE:05/13/1998
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Appendix B, plot # 41
Cl19%0 L.AEAR [MP 707 OVERLAP LTV MDOB TO STATIONARY VEHICLE  B4.7KM/H
R&DCIA - 849188 Y DOOR L.REAR TURN SIGNAL VOLTAGE 1esr pate0s/13/1988
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-11990 L.REAR IMP 707 OVERLAP

14 0CTR

8W9188 4 DOOR

LEC ORTA, SAE CLASS 1000

VOLTAGE, VOLTS

32

LTV MOB TO STATIONRRY VEHICLE
BRTTERY VOLTAGE

84. 7KM/H

TEST DRTE:05/13/1998
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11880 L.REAR IMP 70% OVERLAP

& DCTR

BWI188 4 DOOR

“-EC DATAR, SRE CLASS 1000

CURRENT, AMPS

100 l, 120 I 4o
TIME IN MILLISECONDS

LTV MDB TO STATIONARY VEHICLE
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Appendix B, plot # 43
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Appendix B, plot # 44 C



C11990 L.REAR IMP 70% QVERLAP ~ LTV MDB TQ STATIONARY VEHICLE

R & D CTR [/P BAG CURRENT

843188 U DOOR

ELEC DRTA, SAE CLASS 1000

CURRENT, AMPS

C11930 L.REAR IMP 707 OVERLAP - LTV_MDB TQ STATIONARY VEHICLE

R0 CiR CHMSL/BRAKE LIGHT CURRENT

R.

84.7KM/H

TEST OATE:0S/13/1938
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Appendix B, plot # 45
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1950 L.REAR IMP 707 OVERLAP  LTv MOB TO STATIONRAY %ZAl{LE T 84. (KM

£0CIR 843188 4 DOOR - 'REAR WINOOW DEFROSTER CURRENT

TEST DARTE:05/13/1998
-EC DRTA, SAE CLASS 1000

d
li:
14 ’
12 |
2 10 e !
&
Z
&
3
: %ﬁ.;l_‘ L ” " A - o i o,
ol L 4l (bt AL it alition 14 FINY T T PPy Iapien T oy Yoo thind KMLARS y (el WO
[]
BT 1 1 1 1 H 4 =1 1 [ 1 n 1 . 1
] 20 4o Y 60 80 100 120 140 160 180 <00 220 40
‘ TIME IN MILLISECONDS v
Appendix B, plot # 47
1930 L.REAR IMP 70% OVERLAP LTV MDB TO STATIONARY VEHICLE BU. TKM/H : o
¢ 0 CTR 849188 U DOOR ___BERR BACKUP FIGHTS CURRENT
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C11930 L.REAR IMP 70% OVERLAP LTV MDB TO-STATIONARY VEHICLE 84. 7KM/H

R0 CIR BMSIES 4 DOGR REAR TAIL LIGHTS CURRENT
ELEC DATA, SAE CLASS 1000

TEST DATE:0S/13/1998

oy OATA SYSTEM FULL SCALE EXCEEDED
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Appendix B, plot # 49
C11990 L.RERR IMP 707 OVERLQE LTV MDB TO STATIONARY VEHICLE 8U. 7KM/H
R&DCTR  owe1s8 uoooR - - - L-FEAR TURN SIGNAL CURRENT

TEST DATE:05/13/1998
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11990 L.REAR IMP 707 OVERLAP - LTV MDB TO STATIONARY VEHICLE 84.7KM/H

. & D CTA 8W9188 4 DOOR BATTERY CURRENT
LEC DATA, SAE CLASS 1000

TEST DRTE:05/13/19398
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Appendix B, plot #51

11930 L.REAR IMP 70% OVERLAP LTV MDB TO STATIONARY .VEHICLE 84. 7KM/H

A&DCTA 849188 4 DOCR ‘ IGNITION CUBRENT

TEST DRTE:05/13/1998
ZLEC DATA, SAE CLASS 1000 i
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C11880 L.RERR IMP 707 OVERLAP

R & D CTR

8W9188 U DOOR

ELEC DATAR, "SAE CLASS 1000

LTV MOB TO STATIONARY VEHICLE - 84.7KM/H

THERMAL WIRE-XMBR CONTACT

TEST DRTE:05/13/1998

INITIAL CONTACT OCCURRED AT 83.5 MS
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Appendix B, plot # 53

C11930 L.REAR IMP 707 OVEALAP LTV MDB 1O STRTIONARY VEHICLE 8Y. 7.KM/H

R & D CTR

8WI188 U DOOR

ELEC DATR, SRE CLASS 1000
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REAR XMBR TO FUEL CRADLE CONTACT

TEST DATE:05/13/1998
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£11990° L.REAR IMP 707 OVERLAP LTV MDB TO STATIONARY VEHICLE 8u. 7KM/H

8 & B CTR 849188 4 DOOR LTv MDB AT C.C.

ELEC DATA

TEST DATE:05/13/1998

100,.SRE_CLASS 1000 FILTER MAX ACCEL = 21.6 G'S AT 79.8 MS MIN RCCEL = =55.5 G'S AT 78.9 MS
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Appendix B, plot # 55

C11930 L.REAR IMP 707 OVERLAP LTV MDB TO STATIONARY VEHICLE 8U. 7KM/H

. T.ES'T DHTE:OS/13(1998
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Cl1930 L.REAR IMP 707 OVERLAP LTV MOB TO STATIONARY VEHICLE 8U. 7KM/H

R&DCTA 8WI188 Y DOOR LTV MDB AT C.G.

ELEC DATA

TEST DATE:05/13/15998

150-SRE_CLASS 1000 FILTER MAX ACCEL = 5B6.1 G'S AT 80.9 MS MIN ACCEL = -30.3 G'S AT 40.9 MS
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Appendix B, plot # 57

Cl1930 L.REAR IMP 70% OVERLAP LTV MOB TO STATIONARY VEHICLE BU. 7HM/H

R&DCTR 8W3188 U DOOR . LTV MDB AT C.G.

TEST DATE:05/13/1998
ELEC DATA T
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SAE_CLASS 1000 FILTER MAX ACCEL = 65.3 G'S AT 84.6 MS MIN ACCEL = -5B.2 G'S AT 80,2 Ms
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1990 L.REAR IMP 707 OVERLAP LTV MDB TQ STATIONARY- VEHICLE 84. 7KM/H

LTV MOB RT REAR C/MBR

& 0CTR 8W9188 4 DOCR TEST DRTE:05/13/1998

.EC DATA

MAX ACCEL = 2.07 G'S AT 80.0 MS

-29.1 G'S AT 37.0 MS

10,.5AE_CLASS 1000 FILTER

MIN ACCEL =
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100,SRE _CLASS 180 FILYER

MIN VELOCI
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MAX VELOC117 = B4, 7 KM/H A1 1.8 MS

PR, \-

rr

4. SARE CLASS 180 FILTER

MAX DISPL = 3.30 M AT 239.8 MS

MIN DISPL

= 0.00 M AT 0.0 MS

—

1 1

1

] g L )

€11990 L.REAR IMP 707 OVERLAP

R & D CTR
ELEC OATA

oo SAE_CLASS 1000 FILTER

60 80 XGUI ; 120 : 140
TIME IN MILLISECONDS

‘8W9188 4 DOOR

LTV MD8 T0 STATIONARY VEHICLE'
LTV MDB AT REAR C/MBR

160 18

0 <00 220 240

Appendix B, plot # 59

84. 7KM/H
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C11990 L.REAR [MP 707 OVERLAP LTV MOB TO STATIONARRY VEHICLE 84.7KM/H

R&DCTR 8W9188 4 DOOR LTv MDB AT RERR C/MBA - TEST DATE:05/13/1998

ELEC DRTA
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Appendix B, plot # 61
- C11990 L.REAR IMP 707 OVERLAP LTV MDB TO STATIONARY VEHICLE : 84.7KM/H
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1980 L.REAR IMP 70% OVERLAP LTV MDB TO STATIONARY VEHICLE . 84.7KM/H

L£DCTR  8WI188 4 DOGR -RETURN FUEL LINE PRESSURE TEST DATE:05/13/1998
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Appendix C:  C11990 numeric film plots



C11950 L.REAR iMP 70 OVEALAP LTV MDB TO STATIONARY VEHICLE 8Y.7KM/H F IGURE
R ¢ 0 CTR 849128 4 DOCR

FILM DATA RICHT SIDE TEST DATE:05/13/98
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STRUCK VEH DISPL RELATIVE TO MQVING BHFHIER
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Appendix C, Plot #1

C11990 L.REAR IMP 707 OVERLAP LTV MDB TO STATIONARY VEHICLE 84.7KM/H FIGURE

R & D CTR 8WI188 Y DOOR

FILM OATA : RICHT SIDE TEST DATE:05/13/98

STRUCK VEH.D.ISPL RELATIVE T0 MOVING BRRRIER
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- . MAX_DOWNWARD DISP = 241.9 MM AT 109.1 MS
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" 11990 L.REAR IMP 707 OVEALGP LTV MDB TQ STATIONARY VEHICLE 84.7¥M/H F IGURE

14 0CTR 849188 U DOOA
“ILM DATA RIGHT SIOE . TEST OATE:05/13/98

STRUCK VEH PITCH RELATIVE TO GROUND REFERENCE

AT OR PRIOR TO MAX CRUSH
MAX NEGATIVE ANGLE = -0.6 DEG AT 18.7 MS
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Appendix C, Piot #3
C11990 L.REAR IMP 70% OVERLAP LTV MOB 70 STQTIONRRT VEHICLE 84.7KM/H  FIGURE
A& 0CTR 849188 4 DOOR - " ' '
FILM DATA _ - : LEFT SIBE

TEST DRTE:0S5/13/98

STRUCK VEH DISPL RELATIVE TO MOV ING BQRRIER ‘

60 ’ : MAX DISPLACEMENT = -1454.3 MM AT 89.6 MS
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Cl1890 L.REAR IMP 70% OVERLAP LTV MDB TO STRTIONARY VEHICLE 84.7%M/H FIGURE

R &DCTR 8WI188 4 DOOR . -
FILM DATA - ‘ LEFT SIQE

STRUCK VEH DISPL RELATIVE TO MOVING BARRIER
AT OR PRIOR TO MAX_CRUSH

TEST OATE:05/13/98

200, MAX DOWNWARD DISP = 178.3 MM AT 89.6 MS
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Appendix C, Plot #5

Ci1330 L.REAR IMP 707 OVERLAP LTV MO8 TQ STATIONARY VEHICLE 8Y.7KM/H F IGURE

R&DCTR BWI188-4 DOORA :
FILM DATA . S : LEFT SIDE

STRUCK VEH PITCH RELATIVE TO GROUND REFERENCE
' RT OR PRIOR TO MAX CRUSH

1 ) MBX NEGATIVE ANGLE = -0.3 DEG AT 29.9 MS
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Appendix D: C12127 data plots



LEFT FRONT .
ANTHROPOMORPHIC TEST DEVICE SUMMARY DATA

LTV MDB TO STATIONARY VEHICLE 104. 1KM/H
Clele7 L. SIDE IMPACT-339 DEG '
R & D CTR 8W3I186D HONDRA

ATD TYPE: GMSOH
TEST DATE: 08/12/1998

1007 150% 1AV ‘
MEASURED QUANTITY OF IARV OF IARV VALUE ~  1IPRV
'HIC, LIMITED TO 15 MS I 250 1000
HIC, LIMITED TQ 36 MS — 300 1000
NECK FLEXION ) . 82NM 190NM
" - NECK EXTENSION m UHNM - S7NM
NECK TENSION ] 22006N 3300N
NECK COMPRESSION 2UN 4OOON
NECK SHERR FORWARD 0 114N 3100N
NECK SHERR REARWARD S S— 762N 3100N
NECK TENSION DUR ASSESS — ' 0.67 1.00
NECK COMPRESSION DUR ASSESS 0.01 1.00
NECK SHERR FWD DUR ASSESS ) ‘ 0.05S 1.00
NECK SHERR RWD DUR ASSESS  ——— 0.u8 1.00
CHEST RCCEL —] 656 606
"HEST COMPRESSION W/Q SH BELT m 42, 8MM 65. OMM !
CHEST COMPRESSION W/ SH BELT ] u2. 8MM 50. OMM t
CHEST VISCOUS CRITERIA I 0.50M/SEC | 1.00M/SEC
FEMUR COMP, LEFT — GOGIN 10000N
FEMUR COMP, RIGHT ] UOBIN~ 10000N
FEMUR DURATION ASSESS, LEFT | - 0.67 1.00
FEMUR DURATION ASSESS, RIGHT —————— 0.45 1.00
TIBIA/FEMUR DISP. LEFT ——— 5. 9MM 15.0MM
TIBIA/FEMUR DISP, RIGHT 0 0. 3MM 15. OMM
KNEE CLEVIS, LEFT INSIDE —] ‘ 2UB5N - 40OON
KNEE CLEVIS, LEFT QUTSIDE I 1261IN UOOON
KNEE CLEVIS, RIGHT INSIDE I o 1698N 4OOON
KNEE CLEVIS, RIGHT OUTSIDE —] ' 3077N 4OOON
TIBIR COMP, LEFT — 1336N 8000N
TIBIA COMP, RIGHT ) 3753N 8000N
TIBIA MOM, UPPER. LEFT ] 222NM  225NM
TIBIA MOM, UPPER. RIGHT —] 254NM 225NM
TIBIAR MOM, LOWER, LEFT | 147NM 225NM
TIBIA MOM, LOWER, RIGHT ] 16G5NM 225NM
LEG INDEX, UPPER LEFT ] 1.02 1.00
LEG INDEX, UPPER RIGHT ] Sl 1.00
LEG INDEX, LOWER LEFT ] 0.67 1.00
EG_INDEX, LOWER RIGHT — 0.83 1.00

[AV - INJURY ASSESSMENT VALUE

1ARV - INJURY RSSESSMENT REFERENCE VALUE .
' ' Appendix D, page i

} RESTRAINT SYSTEM DEPENDENT. CHOOSE

VALUE THAT APPLIES TO THIS TEST.



RIGHT FRONT
QNTHROPOMORPHIC TEST DEVICE SUMMHRT DATA
LTV MDB TO STATIONARY VEHICLE 104. T1KM/H
Cl2127 L. SIBE IMPACT-339 DEG

R &0 CTR 8W31860 HONDR " ATD TYPE: GMSOH

TEST DRTE: 08/12/1998

1007 1507 1av

MERSURED QUANTITY : OF IARV OF IARV VALUE IARV
HIC, LIMITED TO 15 MS — 250 1000
HIC, LIMITED T0 36 MS I 420 1000
NECK FLEXION: 3 22NM 190NM
NECK EXTENSION —/) ' 33NM S7NM
NECK TENSION — 2213N 3300N
NECK COMPRESSION 27N 4OOON
NECK SHEAR FORWARD — 351N 3100N
NECK SHERR REARWARD ] ‘ 29UN 3100N
NECK TENSION DUR HSSESS ] , 0.67 1.00
NECK COMPRESSION DUR RSSESS : 0.01 1.00
NECK SHERR FWD DUR ASSESS [~ 0.16 1.00
NECK SHEAR RWD DUR ASSESS [ 0.10 1.00
CHEST ACCEL ] 576 60G

EST COMPRESSION W/0 SH BELT: ] » 47.8MM 65. OMM !
"HEST COMPRESSION W/ SH BELT ] 47.8MM S0. OMM !
CHEST VISCOUS CRITERIA — 0.26M/SEC| 1.00M/SEC
FEMUR COMP, LEFT ] S282N 10000N
FEMUR COMP, RIGHT ] SUSON 10000N
FEMUR DURATION ASSESS, LEFT ] ' 0.58 _ 1.00
FEMUR DURATION ASSESS, RIGHT ] 0.60 1.00
TIBIA/FEMUR DISP, LEFT n| 0. 7MM 15. OMM
TIBIA/FEMUR DISP, RIGHT ] 11.9MM 15. OMM
KNEE CLEVIS, LEFT INSIDE , ) 286N L OOON
KNEE CLEVIS, LEFT OUTSIDE [—3 729N 4 000N
KNEE CLEVIS, RIGHT INSIDE [ —3 . 917N | UO0OON
KNEE CLEVIS, RIGHT QUTSIDE [————3 1567N 4YOO0ON
TIBIA COMP, LEFT — 2672N 8000N
TIBIA COMP, RIGHT — 163UN 8000N
TIBIA MOM, UPPER, LEFT ] 147NM - 225NM
TIBIA MOM, UPPER, RIGHT : 1 253NM 225NM
TIBIA MOM, LOWER, LEFT ] 87NM 225NM
TIBIA MOM, LOWER, RIGHT ] 87NM 225NM
LEG INDEX, UPPER LEFT - ] 0.72 1.00
LEG INDEX, UPPER RIGHT ] 1.15 1.00
' EG INDEX, LOWER LEFT — 0.45S 1.00
ZG INDEX, LOWER RIGHT R 0.42 1.00
AV - INJURY ASSESSMENT VALUE '
IARV - INJURY ASSESSMENT REFERENCE VALUE

~ ‘ | Appendix D, page ii

! RESTRRINT SYSTEM DEPENDENT. CHOOSE _

VALUE THAT APPLIES TO THIS TEST.



C12127 L. SICE IMPACT-338 DEG LTV M3B TO STRTIONARY VEHICLE 104. 1 KM/H
ATD TYPE: GMSCH

R&DCTA 8431850 HONDA L. FRT HERD ACCEL. TEST DATE:08/12/1998
ELEC DATA, SAE CLASS 1000 (HIC 1 LIMITED TO 15MS)

g0 MAX ACCEL = 56.0 G'S RT B80.2 MS

2
25 100
)—'_' . .
22 : 3 MS CON| RCC. =52 G'S

d .
¥ e I

& 50, MAXIMUM HIC (1) IND = 250 © 48.7 G'S : 70 - 85 MS

: - . 1AV ={ 25% OF 1ARV
a0 — ‘
: ]
50 \/_

=l
=]

tn
=}

RIGHT ' : T

COMPONENT ACCELERRTIONS, G

0.9 LEFT
5
100
S0 o
0.0l 00 ‘ S~
up -
SoltLr 1 1 1 1 1} 1 ] | 1 1 i1 1 1
0 . 20 40 60 80 100 120 4o 160 180 200 220 ) 240
TIME IN MILLISECONDS '
Appendix D, plot # 1
C12127 L. SIDE IMPACT-338 DEG LTV MOB TO STATIONARY' VEHICLE 104, TKM/H
- . ATD TYPE: GMSCH
R&DCIR  BWS186D HONDA L. FRT HEARD ACCEL.

TEST DRTE:08/12/1998

ELEC DRTR, SAE CLASS 1000 (HIC I LIMITED TO 3G6MS)

150 : MAX ACCEL = 56.0 G'S AT 80.2 MS

% ) 3 MS CON} ACC. = |52 G'S
QS > /7—1...-\?\_ -
T 5o MAXIMUM HIC (§) INOD = 300 _© Y1,7 G'S : BY - 90 MS
’ 1RAY ={ 30% OF 1ARV
< 0.0}_FHD
AFT : T —
2 g \\_/
& -
-4
S 100
=
a
§ 50
w
8, 0.ol_RIGHT e s
a LEFT
=
Z S0
=
&
109
g = i
0.0l_DOWN S~ | S DR
0.
up
SOULLLITIIN H ’1 | 1 n 1 1 1 ! 1 3 ! !
0 20 4o 60 80 100 120 o 160 180 Qo 220 2uQ

TIME IN MILLISECONDS _
Appendix D, plot # 2



cie127 L. SIDE IMPACT-339 0EG LTV MDB TO STATIONARY.VEHICLE 104. 1 KM/H

.R & D CTR BWS1860 HONDA L. FRT CHEST ACCEL.
ELEC DATA, SRE CLASS 180

ATD TYPE: GMSOH
TEST DATE:08/12/1998

¢ - ,__MAX ACCEL = 66.9 G'S AT 79.1 MS
¥ 50
?
ZZ 100
= aMs confAcC, = fes_g's |
< | ——u]———— A ] ——me T e ol B 00 b O
85 50| ISC 1AV = THRZ T 1ARY
uwr .
(rt)—_,' ]
& so
> 0.0—FHO L~

AFT —— /

© g
)
=z
= 1o
&
L o
o ' : _
3, 0.0l _RIGHT [~
a LEFT :
= +
Z 50
g
5 'S
o
DOWN
~O-OGr
I — L . T T T T R T
) TIME IN MILLISECONDS .
Appendix D, plot # 3
C12127 L. SIDE IMPACT-338 OEG LTV MDB TO STATIONRRY VEHICLE - 104, TKM/H
. ATD TYPE: GMSOH
R & DCTR 8WS1860 HONDA L. FRT PELVIC QCCEL'»

¢ TEST DATE.08/12/1998
ELEC DATA, SAE CLASS 1000

s . v MAX ACCEL = 61.4 G°S AT 6G.4 MS

N ~—

=" Fuo
a? AFT \«f\,\/\\’\ Pt

(LW

& mgwr | s

9 LEFT w

DOWN
5= TP s

- 100l L ) i 1 Tl 1 ! ] [ I 1 ! .
0 20 40 &0 80 100 120 iyg 160 .- 180 200 220 240
TIME IN MILLISECONDS

Appendix D, plot # 4



Cl12127 L. SIDE IMPRCT-339 DEG LTV MDB 7O STATIONARY VEHICLE 104, 1 KM/H

ATD TYPE: GMSOH
R&DCTR 831860 HONDA , L. FRT FEMUR LOAD TEST DATE:08/12/1398
ELEC DATA, SAE CLASS 60O

. MAX LOAD = 6.06 KN AT 58.3 MS
AV = B17 TF TARV
-6 N
=\ ) / A
: /T
x
-
|t .
S /\I
S | cow : TN
TENS ~
2
I VAX LOAD = .06 KN AT 65575

FAV = Ui/ pF 1ARV

5
=2 . ,\»/J\/' \
S CoMP

TENS N
ylutnnn [ 1 \ 1 1 1 1 I 1 ! n 1 1
1] 20 40 60 80 100 120 4o 160 180 200 220 240
TIME IN MILLISECONDS
Appendix D, plot # 5
| C12127 L. SIDE IMPACT-338 DEG LTV MDB TO STATIONARY' VEHICLE 104. 1KM/H
) . ATD TYPE: GMSQH
R&DCIR  BWI1B50 HONDA L. FRT FEMUR LORD TEST DATE:08/12/1938
ELEC DATAR, SAE CLRSS 600 DURATION QSISESSMENT
12 . ) MAX 1AV = 67 % OF IARV AT 6053 N, 0.1 MS

. KN

LEFT
LORD
e

\
‘ \_\
\?\
. S|
0 S 10 15 20 25 30 35 4o T S0 55 60

]
CUMULATIVE DURRTION OF LOADING ABOVE GIVEN FORCE 'LEVEL. MS _
s Aooendix D. plot# 6



127 L. SIDE IMPACT-339 DEG LTV MOB TG STATIONARY VEHICLE 104. 1KM/H

ATD TYPE: GMSOH

LD CTR  8WIIB60 HONOR L. FRT FEMUR LOAD TEST DATE:08/12/1938
-C DATR, SRE CLASS 600 OURATION ASSESSMENT

12 MBX 1AV = 45 % OF IéHV AT 40s8 N, 0.1 MS

1

10}

K;.
3
X
=l
-

~N
P \
s
i
, \\\N
3] S 10 15 20 25 30 35. ygo TS S0 55 60
CUMULRT]IVE OURRTION OF LORDING RBOVE GIVEN FORCE LEVEL, MS
Appendix D, plot # 7
2127 L. SIDE IMPACT-339 DEG LTV MDB TO STATIONARY'VEHICLE 104. 1 KM/H
' . ATD TYPE: GMSOH . .

. D CTR 8WI1860 HONDA L. FRT CHEST DISP, TEMP AT 76.8°F  tgsr pate:08/12/1998

:C DATA, SRE CLASS 180 NORMALIZED TO 70.7'F & PART 572 CORRIDOR

MAX COMPRESSION = 42.8 MM AT 77.6 MS
1AV - 667 OF IARY (W/0 SH BELTI. 1AV = 86% OF IARV_ (W/ SH BELT)

€0MP

TENS

T

L ! I 1 i ! 1 HE ! M|

40 60 €0 T R Tl 160 180 200 220 240
TIME IN MILLISECONDS

Appendix D, plot # 8 -



Cl2i27 L. SIGE IMPACT-339 DEG LTV MDB TO STATIONARY VEHICLE 10U. 1 KM/H

| ATD TYPE: GMSCH
R&DCTR - BWI1BG0 HONDA L. FRT CHEST COMPRESSIVE DISP. . TEST DATE:08/12/1998
ELEC DRTR, SAE CLASS 180 NORMALIZED, W/CALC VEL & VISCOUS INJURY

MAX COMPRESSION = 42.8 MM AT 77.G6 MS )
1AV = G667 OF [ARV (W/0 SH BELT), AV = 8G% OF [AAV (W/ SH BELT)

-60
—
O -4
I=
X
>—u_--2
&h [
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5 TENS
(V98
g: MAX VELOCI1Y = 10.7 KM/A AT 72.7 M5
T
7
x
5 0 S I~ \\
S W
S0
{15}
= .
=z MAX P7SEC = 0.50 AT 73.2 15
. : . . .
T 1.0
=
20
0.
w
gzo ' ”///\\
-0, SN 1 - 1 | 1 AL 1 i 1 1 . { it 1 1
o} . 20 [{¢] 60 80 100 120 140 160 180 200 220 240
TIME IN MILLISECONDS o
Appendix D, plot# 9
C12127 L. SIDE IMPRCT-339 DEG LTV MDB TO STATIONARY VEHICLE - 10U, 1 KM/H
o : ATD TYPE: GM50H
ReDCTA  ougieeD Howon  L- FRT NECK'LOADING ON HERD, UPPER LOAD et pare.os/12/1998
ELEC DATA L. FRT NECK LORDING ON HERD
150 SRE_CLASS 60G FILTER MAX CALC'D MOMENT = 101 N-M AT 126.5 MS MIN = -21.5 N-M AT 69.9 MS
z .
.10
25 .
Y : :
=}
;fg LT FLEX - -
5 AT FLEX _ ~_ ] —
(a1 .
“;33 SRE_CLASS 600 FILTER MAX FOMENT = 15.0 N-M AT B3.4 HS . MIN MOMENT = -8.57 N-M AT 239.8 M5
=200
—_
=10
| Z
N;—J CH
=2 I tow
;;go SAE CLASS 1000 FILIER MAX LOAD = 1060 N AT 125.8 M5 MIN LORD = -254 N A1 220.2 M5
g
& 100 i
(T34 \\
3500
& //
'."3 RIGHT ' ] — —
- TEFT | I R—
-500 i 1 1 H 1 1 ! 1 1 o 1 3, ] L
4] 20 uo 60 80 100 120 140 160 180 200 <20 240

TIME IN MILLISECONDS : _
Appendix D, plot # 10.



2127 L. SIDE IMPACT-339 DEG LTV MOB TO STATIONARY VEHICLE
NECK LOADING ON HERD

& D CTA
.EC DRTA

8WS1860 HONDA

L. FRT

MAX CALC'D MOMENT = 82.2 N-M AT 120.4 MS

104, 1 KH/H
RTD TYPE: CMSOH
TEST DATE:08/12/1

NECK LORDING ON HERD

MIN = -43.8 N-M AT 77.1 MS

998

ypo-SAE _CLASS 600 FILTER

* IRV = 437 OF IARV TRV = 777 LF 1ARV
z .
_.200
g FLEX ]
S EXT
=
18200
(]
=
4O SR CLASS 1000 FILIER MRX LORD = 2.21 KN Ri 74.6 HS MTN LOAD = -0.02 KN AT 11.7 M5 .
[AY = 677 OF ARV AV = 17 OF 1AAV

4
-Z /’“/
E TENS D a—
g COMP
'S
S

4/

» SAE_CLASS_ 1000 FILTER MAX LOAD = 0.11 KN A1 225.0 M MTN LORD = 0.76 KN A1 76.9 M5

TAV = 47 OF IAAV IAV = 257 of 1RRV .

= 1
-
x :
5. FHD
=2 AFT
<3 -

PR INTITITTTV ! . 1 1 1 7] 1 ! 1 1 11 ! I

0 0 60 80 106 120 140 160 180 200 220 200
TIME IN MILLISECONDS
: Appendix D, plot # 11

2127 L. SIDE IMPRCT-338 DEG LTV MOB TO STATIONARY VEHICLE 104. 1 KM/H

3 B CTR

6.0

8WI1860 HONDAR
cC DATA, SAE CLASS 1000

FORWARD NECK SHERR ON HERD,

L. FRT INJURY REFERENCE

ATD TYPE: GMSOH

~ TEST DATE:08/12/1998

MAX 1AV = 5 % OF IARYV AT 88 N, 22.2 MS

5.9

wn
=)

-«
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£
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w

w
(=)

[N
n

NECK FURCE, KN

0.0!
0

1S 20 2s

30

35 4l

0

ys - S0 S5

CUMULARTIVE DURATION OF LORDING RBOVE GIVEN FORCE LEVEL. MS

'

Appendix D, plot # 12
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Ci2127 L. SIDE IMPACT-339 DEG LTV MOB TO STATIONRRY VEHICLE 104, 1KM/H

ATD TYPE: GMSOH

R & D CIR 8WI1850 HONDR REARWARD NECK SHEAR ON HERD, TEST DATE:08/12/198

ELEC DATA, SAE CLASS 1000 _ L. FRT INJURY REFERENCE -

6.0 ._MAX IRV = 4B % OF IRRV AT S2u N, US.O MS

—

0 E 10 [ 20 25 30 35 4o ' us 50 55 - B0
CUMULATIVE DURATION OF LOADING ABOVE GIVEN FORCE LEVEL, MS

-~ Appendix D, plot # 13

Cle127 L. SIDE IMPACT-339 DEG LTV MOB TO-STATIONARY" VEHICLE 104. 1 KM/H

: ATD TYPE: GMSOH
R&DCTR  BHI186D HONDR AXTAL COMPRESSION ON HERD, TEST DATE:08/12/1998
ELEC DATA. SAE CLASS 1000 L. FRT INJURY REFERENCE -

6.0 MAX 1AV = 1 % OF IPRY AT 24 N, 0,0 MS

o 5 70 s 20 25 30 3 0 I

S S0 S 60
CUMULATIVE DURATION OF LORDING RBOVE GIVEN FORCE LEVEL, MS

Arnandix N nlot # 14 }



2127 L. SIDE IMPARCT-339 DEG LTV MDB TO STATIONARRY VEHICLE 104. 1 KM/H

_ ATD TYPE: GMSOH
LD CTR  8WSIBED HONDA AXIAL TENSION ON HERD, TEST DATE:08/12/1998
-EC DATA, SAE CLASS 1000 L. FRT INJURY REFERENCE

6.0, MAX 1RV = 67 % OF IARV AT 2206 N, 0.0 MS

0.5

0.0!
o) S t0 15 20 25 30 35 4o 45 E S5 60

CUMULATIVE DURATION OF LOADING ABOVE GIVEN FORCE LEVEL, MS
Appendix D, plot # 15

‘12127 L. SIDE IMPACT-333 DEG LTV MDB TO STATIONARY: VEHICLE 104. 1 KM/H

. , _ _ ATD TYPE: GMSOH
1 & DCTR  BW3186D HONDA L. FRT LEFT KNEE CLEVIS LORD TEST ORTE:08/12/1998
‘LEC DATA, SAE CLASS 600

MAX LOAD = 0.43 KN AT 158.8 MS : : MIN LOAD = -2,48 KN AT 51.4 MS
IRV = 6274 OF IARV

=S5 J_1ens -

N \ /J/W
-2 \f

-4

10, MAX LOAD = 1.43 KN AT 57.5 MS : MIN LORD = -1.26 KN AT 78.8 MS
IRV = 327 [OF IARV

3 TENé M\A
[ - "‘\ /‘

AL 1 3 i I £ L 1 Ul 1 1 L 1
20 4o 60 . 80 100 120 140 160 180 . 200 220 240

TIME IN MILLISECONDS

]
Y
o

Appendix D, plot # 16



12127 L. SIDE IMPACT-339 DEG LTV MDB TO STRTIONARY VEHICLE 104. 1 KM/H

~ ATD TYPE: GMSCH
R & D CTR 8W91860 HONOR L. FRT LEFT TIBIAR UPPER MOMENT TEST DATE:08/12/1558
ELEC DATA. SRE CLASS 600

4co . MAX MOMENT = 222 N-M AT 51.1 MS
_T300
ZzZZ
x| A
=, ~200

Z
2z / \,\/\
#5100

200 MAX HOMENT = 148 N-N AT 50.8 M3 MIN MOMENT = -109 N-M AT 50.4 M5

w
> 1 M
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O
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o L
az \
2 N\ )\
| f
= V1
_200lL0n ! ! ) ] ] ! I 1
0 .20

{] 1 1
40 60 80 100 120 140 160 180 200 220 240
: TIME IN MILLISECONDS

Appendix D, plot # 17

C12127 L. SIDE IMPACT-339 DEG LTV MDB TGO STATIONRRY' VEHICLE 104. 1 KM/H
ATD TYPE: GMSOH

R &DCTR 8WI1860 HONOA TEST DATE:08/12/1938

ELEC DATA, SAE CLASS 600 - L. FRT TIBIA LOWER SHERR LOAD

s MIN SHEAR LORD = -1.26 KN AT 51.0 MS

NS A AR N

=z
x
5
[1aTan]
=T
o0, F
-
- WD u\,\‘
uo
LT
= T8 )
sy
T3]

N v .
e MIN SHEAR LOAD = -1.02 KN AT 50.9 ¥5

E@ AFT ﬁ/\/ . VV\F\

—— | FHD

1. suLin 1 1 1 1 L : b ! i 1 by g L
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Appendix D, plot # 18



127 L. SIBE IMPACT-339 DEG

- D CTR

.C DATA, SRE CLASS 600

8WS 1860 HONDR

LTV MDB TO STATIONARY VEHICLE 104.1

L. FRT TIBIA LOWER AXIAL LOAD

KM/H

ATD TYPE: CMSCH

TEST DATE:08/12/1998

MAX AXI1AL LOAD = 1.34 KN AT S0.5 MS

-2 TAV = 177 OF 18RV
COMp_—~ T~ | /\m oot i
TENS Rl v
zZ 3
3
3y
J
B
<
e - MRX AXIAL LORD = 3.75 KN AT 50.4 MS
N TAV = 477 DF 1AAV
. h
z COMP //\L\/v\/ Ml
= TENS - .
B
=
._—‘ i
L 1) : 60 80 ! 1010l ; 120 : 140 : 160 : 180 : ‘201101 220 : 240
' TIME IN MILLISECONDS :
Appendix D, plot # 19
2127 L. SIDE IMPACT-339 DEG LTV MDB TO STATIONARY VEHICLE 104, 1 KM/H _
o ATD TYPE:- GMSOH
D CTR  BWOIBGD HONDA

<C DATA, SARE CLRSS 600

ni

LUy,

Ny

LUHU,

MAX LOAD = 0.61 KN AT 63.7 MS

L. FRT RIGHT KNEE CLEVIS LORD

N

TEST DHTE:OB/IZ/IQSB

MIN LOAD = -1.70 KN AT 50.2 MS

-2

-y

[AY =427 OF TARY ;
yl
4
TENS Ja™
comP \/A,\/ 1 ]
- )
MAX_LOAD = 0.7] KN AT 120.1 MS MIN LORD = -3,08 KN AT 51.9 MS
NAv = 777 DF 1ARY
[V
P!
TENS { — ]
CQMP \ \\/ .
L
T ? I L I 1 1 1 [ T | 1 1
0 20 4o 60 80 100 120 140 160 180 200 sl

TIME IN MILLISECONDS

220
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Cl2127 L. SIDE IMPACT-339.DEG LTV MDB TO STQTIONQRY'VEHICLE 104. 1 KM/H

R &0 CIR BWI1860 HONDA L. FRT RIGHT TIBIA UPPER MOMENT
ELEC DARTA, SAE CLASS 600

RT0 TYPE: (MSOH
TEST CARTE:08/12/1998

400 MAX MOMENT = 254 N-M AT S5i.8 MS

=300
ZzZ
E
D20 /V\
wuf
£5100 /\
= \/
L |
. FAX_MOMENT = 26.7 N-M BT 106.7 M5 MTN FMOMENT = —196 N-H AT 50.5 M5
" .
L

g.zl'-sc \A\/“\ [ \/\V /\/ ~ : H—__—\_/-
E—gmn ‘ V\‘/
: i

100, MRX MOMENT = 40.4 N-M AT 131,59 MS MIN MOMENT = -217 N~M AT 52.0 MS
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Appendix D, plot # 21

Clel27 L. SIDE IMPACT-333 DEG LTV MOB TO STATIONARY VEHICLE 104, 1 KM/H )
i ’ : : ATD TYPE: GMSOH
R &DCTR 8WS1860 HONDOR : » TEST DATE:08/12/139%8
ELEC DATA, SRE CLASS 600 L. FRT TIBIA LOWER BENDING MOMENTS
250 MAX HDMEN:T = 1U7 N-M RT 70.8 MS © MIN MOMENT = -45.9 N-M AT 48.9 MS
; T AV = 65% [OF ARV ]
200
x
5= 150
5 N\
> 10 L\/ N
>z ) -
{Zg 5 AV//
& ,
N / k__’———\\____/_——
: 530 MAX MOMENT = 165 N-H AT 50.1 M5 HIN MOMENT = -52.5 N-M AT 45.5 HS
AV = 737 OF 1RRY - 0
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.2127 L. SIDE IMPACT-333 DEG LTV MOB TO STATIONARY VEHICLE 104. 1 KM/H :
. ATD TYPE: GMSCH
§DCTR 8491860 HONDA L. FRT TIBIA INDICES ~ TEST DATE:08/12/1998

-EC DATA. SAE CLASS 600 T1 = (RES MOM/225 NM) + (AXIAL/35300 N

3 MAX UPPER L/C T1 = 1,02 AT 51.1 MS

jg ——_____,v///\ﬁw\\a\/\;/—

2 MAX LOWER L/C TI = 0.67 RT 70.8 MS

MAX UPPER L/C T1 = 1.21 AT 51.9 MS

= 38 T R VAN 7N I

MAX LOWER L/C T1 = 0.83 AT 50.1 MS

LOWER L/C T1

ol Hisie

YT ! 1 1 IURRNSE S I 1 1 L | TR !
0 20 40 60 80 100 120 140 160 180 200 220 240

TIME IN MILLISECONDS
Appendix D, plot # 23

12127 L. SIDE IMPACT-338 DEG LTV MDB TO STATIONARY VEHICLE 104. 1 KM/H
’ : ATD TYPE: GMSOH

£ DCTR  BWII8E0 HONDA L. FRT TIBIA/FEMUR DISPLACEMENT TEST DATE:08/12/1998

_.EC DRTAR, SAE CLASS 180

. MAX TIB/FEM DISP = 6.91 MM AT 76.9 MS
-2 : : AV = 467 pr IAAV

2 MAX YIB/FEM DISP = 0.34 MM AT 60,3 75
) : AV = 27 OF 1ARV

LI ! 1 1 1 il { 1 | I 1 1] 1 1
0 20 4o 60 80 100 120 140 160 180 200 220 240

o TIME IN MILLISECONDS: ‘
' Appendix D, plot # 24 -



Ci2127 L. SIDE IMPACT-333 DEG LTV MDB TO STATIONARY VEHICLE 104. 1 KM/

. i ATD TYPE: GMSOH
R&DCTR ° B8WI186D HONDA R. FRT HERD ACCEL. TEST DATE:08/12/15¢88
ELEC DRTR, SAE CLARSS 1000 (HIC 1 LIMITED T0 15MS)

150 . . . MAX ACCEL = S2.7 G°S AT 74,0 MS
Q
z5100
Sz ' 3 M5 CON| ACC. = |s2_ 6's |
] ™
g o ’ ' FAXIMUM HIC (11 IND - 250 ©46.5 G'S : 69 - B4 5
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C12127 L. SIDE IMPACT-339 DEG LTV MDB TO STRTIONRRY VEHICLE 104. 1 KM/H

_ ' ‘ _ ATD TYPE: GMSOH

R&DCIR  BWI186D HONDA R. FRT HERD AGCEL. TEST ‘DATE:08/12/1998

ELEC DRTA, SAE CLASS 1000 (HIC 1 LIMITED TO 3GMS)

o 150 : MAX ACCEL = S2.7 G'S AT 74.0 M3
o .

—

Z510

&S

;’E o : v 3 MS CON{ ACC. =152 6°S
wi COETE e . :
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12127 L. SICE IMPACT-339 0EG LTV MDB TO STATIONRRY VEHICLE 104. 1 KM/H

a4 DCTR 8HS1860 HONDR R. FRT lCHEST ACCEL.,
SLEC DATA, SAE CLASS 180

ATD TYPE: GMSOH
TEST DATE:08/12/1998

150 . , MAX ACCEL = §7.9 G'S AT 71.7 MS

1

o

3MS CON.JACC. = |57 G'S
1HnY

TR =967 0r1
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-12l2? L. SIDE IMPACT-339 DEG LTV MDB TO STATIONARY- VEHICLE 104. 1KM/H

: : ATD TYPE: GMSOH
3&DCTR BW31860 HONOA R. FRT PELVIC ACCEL. TEST DATE:08/12/1998 .
ZLEC DARTR, SAE CLASS 1000

150 o MAX RCCEL = 79.1 G'S RT 64.6 MS
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Cl2127 L. SIDE IMPRACT-339 OEG LTV MDB 7O STATIONARRY VEHICLE 10U. 1 KM/H

R &0CTR 8WI1860 HONOR R. FRT FEMUR LORD
ELEC DATA, SAE CLASS 60O

ATD TYPE: GMSCH
TEST DRTE:08/12/1¢53

MBX LOAD = 5.28 KN AT 64.9 MS
-8 AV = 537 OF IARV :

-6

-4 - LN
= . /ﬂxv‘ \\
x
-
g J \
S CoMP , ~
TENS :
2
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Cle1z27 L. SiDé IMPRCT-339 OEG LTV MDB TO STATIONARY: VEHICLE 104, 1KM/H -

, . , . ATD TYPE: GMSOH
R&DCIA  BMIIBGD HONDR ~ - R. FRT'FEMUR LOAD TEST DATE:08/12/1998
ELEC DATA, SAE CLASS 600 DURATION ASSESSMENT :

12 MRX 1AY = SB % OF IARV AT 5272 N, 0.2 MS
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2127 L. SIDE IMPACT-339 DEG LTV MDB TO STATIONARY VEHICLE 10U 1 KM/H

LD CTR

-EC DRTA, SAE CLASS 180

0I5P, MM

BWI1860 HONDA
ZC DRTA, SAE CLASS BOO

Car
R. FRT FEMUR LOAD T

DURRTION ASSESSMENT

MAX IRV = 60 % OF IRRY AT SY78 N, 0.1 HS

73 TYPE: GMSOH
EST DATE:08/12/1998

NORMAL1ZED TO 70.7'F & PART 572 CORRIDOR

MAX COMPRESSION = U7.8 MM AT 78.1 MS :
1AV = 73% OF IARY (W/0 SH BELT), 1AV = 9G% OF IARV . (W/ SH BELT)

z
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4] 10 1 : 20 25 30 35 4o ys S0 SJ_ » &0

CUMULATIVE DURATION OF LOADING RBQVE GIVEN FORCE LEVEL, MS
' ' ' Appendix D, plot # 31
‘2127 L. SIDE IMPACT-333 DEG LTV MDB TO STATIONARY VEHICLE 104, 1KM/H
‘ ATD TYPE: GMSOH

£DCTA  8WI18B60 HONDA R. FRT CHEST DISP, TEMP AT 76.8'F TEST DATE:08/12/1998
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C12127 L. SIDE IMPACT-333 DEG LTV MOB TO STATIONARY VERICLE 104 1 KM/
RaDCIA  oWoleso Honon N FAT CHEST COMPRESSIVE DISP.
ELEC OATA, SAE CLASS 180 NORMALIZED, W/CALC VEL & VISCOUS INJURY

ATD TYPE: GMSOH
TEST DRTE:08/1271998

MAX COMPRESSION = 47.8 MM AT 78.1-MS .
IAV = 737 OF IARV (W/0 SH BELT), 1AY = 96% OF IARV (W/ SH BELT)
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C12127 L. SIDE IMPACT-339 DEG LTV MDB TO STATIONARY VEHICLE 104, 1 KM/H
: i ATO TYPE: GMSOH
R&DCTR  ewaieeD Hooa - FRT NECK LOADING ON HERD, UPPER LOAD 1est parr.o8/12/1908
ELEC DATA R. FRT NECK LORDING ON HEAD
150, SRE_CLASS 800 FILTER MAX_CALC'D MOMENT = 84.) N-M AT }11.7 MS MIN = -18.4 N-M AT 239.8 MS
z .
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Sg . /\ e
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~ TIME IN MILLISECONDS
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12127 L. SIDE IMPACT-339 BEG LTV MDB TO STATIONARY VEHICLE 104, 1 KM/H

NECK LOADING ON HEAD ATD TIRE: CHSOH

& D CTR 8WI1860 HONDA TEST DATE:08/12/1998
-EC OATA R. FRT NECK LOADING ON HERD
400, SRE CLASS B00 FiLTER MAX CRLC'D MOMENT = 22,4 N-M AT 102.4 MS MIN = ~33.3 N-M AT J2U.1 M5
’,: [RV = 127 [OF IRRY [AV = 587 DOF [ARV
I
. .200
E"-‘E-' FLEX
5 TEa
<0200
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. .
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o
hal
=4 . . .
2 SAE_CLASS 1000 FILTER "MAX LOAD = 0.35 KN AT 104.5 M5 . MIN LORD = -0.29 KN AT 57.3 M5
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Appendix D, plot # 35
2127 L. SIDE IMPACT-339 0EG LTV MDB TO STATIONARY VEHICLE 104, 1KM/H
ATD TYPE: GMSCH
& DCTR  BW31860 HONDR FORWARD NECK SHERR ON HERD, TEST DATE:08/12/1998
£C DATA, SAE CLASS 1000 R. FRT INJURY REFERENCE
6.0 HHX IAV = 16 % OF IARV AT 237 N. 25.0 MS
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4.0
Z
X3
i
‘3.0
O
A
Se.5
i
1.9 »
1. 0}—
0.5
0.0 :
Q B 10 15 20 25 30 35 4o 45 50 55 . 60
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Anmendiv D olot # 36



T-339 DEG LTV MOB TO STRTIONARY VEHICLE 104. 1 KM/H
Ci2127 L. SIDE IMPRCT-3 h10 TP, Cheon

. N HEAD, . cag
R&DCIR  BWI186D HONDA REARWARD NECK SHEARR ON TEST DATE:08/12/1238

ELEC DATA, SAE CLASS 1000 R. FRT INJURY BREFERENCE

MAX 1AV = 10 % OF 18RV AT 294 N. 0.1 MS
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&< 3.5
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[ X
wio s
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TEST DATE:08/12/1998 .
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CUMULATIVE DURATION OF LOADING ABOVE GIVEN FDH{CE LEVEL, MS
~ Appendix D, plot # 37
C12127 L. SIDE XMPQCT-339 DEG LTV MDB TO STATIONARY VEHICLE 104. 1KM/H
n : : - ATD TYPE: GMSOH

R&DCIR  BWIIBED HONDA AXIAL COMPRESSION ON HERD,

ELEC OATA, SAE CLASS 1000 R. FRT INJURY REFERENCE

6. - MAX IRV = 1 7% OF IARV AT 27 N, 0.0 MS

o
w
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15 20 g 25 30 3 4o Y 50 S 80
CUMULRTIVE DURATION OF LOADING ABOVE GIVEN FORCE LEVEL, MS '
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2127 L. SIDE IMPARCT-339 DEG LTV MDB TO STATIONARY VEHICLE 104, 1KM/7H
‘RTD TYPE: GMSCH

$DCTR  BWIIGED HONDR ‘ AXTAL TENSION ON HERD, TEST DATE:08/12/1938
L DATA. SAE CLASS 1000 R. FRT. INJURY REFERENCE
5.0 MAX JAV = 67 Z OF IRRV AT 2213 N, 0.0 MS
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Appendix D, plot # 39
3127 L. SIOE IMPACT-339 DEG LTV MDB TO STATIONART VEHICLE 104, 1 KM/H
: ' ATD TYPE: GMSOH
LDCTR  BWI18ED HONDA - R. FAT LEFT KNEE CLEVIS LOAD TEST DATE:08/12/1998
:C DATA, SAE CLASS 600 '
MAX LORD = 0.93 KN RT 118.7 MS MIN LORD = -2.87 KN AT 54.2 MS
LAV = 72/ OF JRRV K
S
2
3 oINS : " | ]
CoMP [ ~——] : T
-2 —\’\\ //
;; : MAX LCAD = O.74 KN AT S56.3 MS MIN LORD = -0.73 KN AT 137,3 M5
AV = 187 DF JRARV
Z
;‘ 1]
3 3
TENS I~ .
coMP . M ————— T
-2l L | ! { n 1 . t 1 [ 1 B \ !
0 . 20 40 ] 60 80 100 . 120 140 160 180 +200 220 240
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C12127 L. SIDE IMPACT-333 0EG LTV MDB T0 STATIONARY VEHICLE 104. 1 KM/H

, ATD TYPE: GMSOH
R & D CIR 8HI1860 HONDA R. FRT LEFT TIBIA UPPER MOMENT TEST OATE:08/12/1998
ELEC DATA, SRE CLASS 60O .

200 MAX MOMENT = 147 N-M AT 55.8 MS

v M

100, : MAX MOMENT = 54,3 N-M AT 73.2 M5 MIN MOMENT = -65.4 N-M AT 57.0 MS
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N e s N N
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o 20 40 60 80 100 120 140 160 180 200 220 240

TIME IN MILLISECONDS
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t

€12127 L. SIDE IMPACT-339 DEG LTV MDB TO STATIONARY VEHICLE 104. 1 KM/H

) ATD TYPE: .GMSOH
R & DCTR 8W391860 HONDR ) TEST DARTE:08/12/1998

ELEC DATA. SAE CLASS 600 R. FRT TIBIA LOWER SHEAR LORD

a ) MIN SHERR LOAD = -0.Y2 KN AT 47.8 MS

RFT
FWD

0. MIN SHEAR LORD = -0.45 KN AT U6.9 M5
"0.oLRFT //\ I PO

[ FHO \ / ]
= .
@<y, 5
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2127 L. SIDE IMPACT-339 DEG LTV MDB 7O STATIONARY VEHICLE 104. I KM/H
RTD. TYPE: GMSQOH

& D CTR 8WS1860 HONDA TEST DATE:08/12/1998
EC DATA, SAE CLASS 600 R. FRT TIBIA LOWER AXIAL LOAD

) : MAX AXIAL LORD = 2.67 KN AT 53.8 MS

-4 ; TRV = 337 BF 1AAV :

-2 AN
2 COMP J/ T~
T TENS .
N
g
gy
E:

-2 ] -' MAX AXIAL LOAD = 1.63 KN AT 52.0 M5
B 1AV = 20% OF IRRV
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E
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Appendix D, plot # 43
2127 L. SIOE IMPACT-339 DEGC LTV MDB TO STATIONARY VEHICLE 104, 1 KM/H
" ATD TYPE: GMSOH

40 CTR 8HI1860 HONDA R. FRT RIGHT KNEE CLEVIS LOAD

TEST DATE:08/12/1998
ZC DATA, SAE CLASS GOO o ‘

10 MAX LOAD = 0.47 KN AT 52.8 MS - ¢ ) MIN LOAD =--0.92 KN AT 80.3 MS
. IRV = 237 OF TARV
.y
2
3
3 4
TENS - A A
comP i ™~
_2 _
10 - MAX LOAD = 0.70 KN AT 139.8 M5 HIN LOAD = -1.57 KN AT S1.8 HS
O— - RV = 397 DF IRRV
. : :
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5 . .
J
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coMP \/\/_4
=2l t \\1/ L 1 1 I 1 1 1 1 k1 ! ] .
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Ci2127 L. SIDE IMPACT-339 DEG LTV MDB TO STATIONARY VEHICLE 10G. 1 KM/H

- ATD TYPE: GM5CH
ReDCIR  BW9IBED HONDA R. FAT RIGHT TIBIA UPPER MOMENT TEST OATE: 06,1/ 1988
ELEC DATA, SRE CLASS 600 ' '

400 MAX MOMENT = 253 N-M AT 60.2 MS
'_}I: 300
&= [
- .
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=z . [W \
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3100 - -
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Cl2127 L. SIDE IMPACT-339 DEG LTV MDB TO STATIONARY VEHICLE 104. 1 KM/H
. ATD TYPE: GMSOH
R & D CTR BWS 1860 HONDAR ' . ' - TEST DATE:08/12/1998
ELEC DATA, SRE CLASS 600 R. FRT TIBIA LOWER BENDING MOMENTS '
100 . MAX MOMENT = 87.0 N-M AT 54.6 MS - MIN MOMENT = -19,9 N-M AT 44,6 MS
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80 | ) .
e |
o= {»N
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2127 L. SIOE IMPACT-339 DEG LTV MDB TO STATIONARY VEHICLE 104. 1 KM/H
ATD TYPE: CMSOH

LD CTA  8HIIBGD HONDR R. FRT TIBIA INDICES TEST DATE:08/12/1998
=C DATA, SAE CLASS 600 TI = (RES MOM/225 NM} + (AXIAL/35900 N)

MAX UPPER L/C TI = 0.72 AT 55.8 MS
S 4
3
5! »
5 BV o N .

MAX LOWER L/C T1 = 0.uS AT 54.6 MS
S 4
3
5 1
3

MAX UPPER L/C TI = 1.15 AT 60.1 M5
o a
S
5 ,

MRX LOWER L/C T1 = 0.42 AT 52.56 MS
:.
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= g ] \ 1 : 1 [ 1 L __m 1 }

0 20 'h) 60 80 100 120 140 160 180 200 220 240
) TIME IN MILLISECONDS
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127 L. SIDE IMPACT-339 DEG LTV MOB TO STATIONARY VEHICLE 10U, 1 KM/H
' : ATD TYPE: GMSOH

OCTR  B4II8GD HONDA R. FRT TIBIA/FEMUR DISPLACEMENT TEST DATE:08/12/1998

- DATA, SRE CLASS 180

.25 : MAX T1B/FEM DISP = B.74 MM AT 71.7 MS
AV = 57 OF IRAV

-20|

.25 - MRX TIB/FEM OISP = 17.G MM AT B0.9 MS
RV = 797 F TARV ]
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-]o /
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C12127 L. SIDE IMPACT-339 DEG. LTV MDB TO STATIONARY VEHICLE 10U, 1 KM/H
. 70 TYPE: M
L. FART TIBIA LEFT UPPER LORCG GMSOH

R &DCTR BWI18GD HONOA TEST DATE:08/12/1398
ELEC DRTA, SAE CLASS 600 (ENHANCED LOWER LEG)
700,
601
50
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200) A
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u.g /\J
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' Appendix D, plot # 49
C12127 L. SI.DE IMPACT-333 DEG LTV MDB TG STATIONARY VEHICLE  104. 1KM/H
. ATD TYPE: GMSOH

TEST DATE:08/12/1998

ELEC DATR,. SAE CLASS 60O (EN‘HHNCED LOWER LEG)
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112127 L. SIDE IMPACT-339 OEG LTV MDB TO STATIONARY VEHICLE 104. 1 KM/H

140 CTR BWI1860 HONDA L. FRT TIBIA LEFT LOWER MOMENT
ZLEC DATA. SAE CLASS GOO (ENHANCED LOWER LEG)

ATO TYPE: GMSCH
TEST DATE:08/12/1998
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C12127 L. SIDE IMPACT-339 DEG LTV MDB TO STATIONARY VEHICLE 10U. 1KM/H
: : ATD TYPE: GMSOH
R & DCTR 8W91860 HONDA L. FRT TIBIA RIGHT U-PPER LGRD TEST DATE:08/12/1998
£1.EC DATA, SAE CLASS 600 (ENHBNCED LOWER LEG)
l.tl
1.2
1.0
0.8
0.6
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E:gﬂ.’ P'\ .
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C12127 L. SI0E IMPACT-339 DEG LTV MDB TO STATIONARY VEHICLE 10U, 1 KM/H
: I

. L. FAT TIBIA RIGHT LOKER LOAD

ELEC DRTA, SAE CLARSS 600 . {ENHANCED LOWER LEG)

ATD TYPE: CMSOH
TEST DATE:08/12/1998

0.0l_RIGHT N \ /\\
LEFT = \—\ T
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-1,
_].<llllllllll 1 13 l | 1 1 1 1 1 1 ]l - il ]
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' Appendix D, plot # 53
C12127 L. SIDE IMPACT-339 DEG LTV MDB TO STATIONARY VEHICLE 104, 1 KM/H v
- ' ATD TYPE: GMSOH
R&DCIR  BWII8GD HONDA L. FRT TIBIA RIGHT LOWER MOMENT TEST DATE:08/12/1998
ELEC DATA, SRE CLASS 600 (ENHANCED LOWER LEG)
300,
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200
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J? S0
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2127 L.. SIDE IMPACT-339 OEG LTV MCOB TO STRTIONARY' VEHICLE 104. 1 KM/H

. ATD TYPE: GMSOH
LD CTR  8H31860 HONDR L. FRT LOWER LUMBAR MOMENT TEST DATE:08/12/1998
3C DATA, SAE CLASS 1000
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2127 L. SIDE IMPACT-333 DEG LTV MDB T0O STATIONARY VEHICLE 104. 1KM/H

L D CTR SQQIBSD HONDR L. FRT LOWER LUMBAR LOAD
:C DATA, SAE CLASS 1000

ATD TYPE: GMSOH.
TEST DATE:08/12/1998
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C12127 L. SIDE IMPACT-339 DEG LTV MD8 TO STATIONARY VEHICLE. 104, 1 KM/H

_ - ‘ ATD TYPE: GMSCH
R&DCTR  BWIIBGD HONDA L. FRT LOWER LUMBAR LOAD TEST DATE:08/12/1998 -
ELEC DATA, SAE CLASS 1000 "

0. TENS Pray A /\/ - \ - S ﬁ’—\%-\/\/"

W, —

L |/
_z.nllllllllll | 1 | \\l/
5 = 1 L] 1 1 1

I H |
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Cl2le7 L. SIDE IMPACT-339 DEG LTV MOB TO STATIONARY VEHICLE - 104, 1KM/H

R&bCTR. - BW91850 HONDA ~ R. FRT LOWER LUMBAR MOMENT
ELEC DATR, SRE CLASS 1000

RTO TYPE: GMS0H
TEST DATE:08/12/1998
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12127 L. SIDE IMPACT-338 DEG LTV MOB TO STATIONARY VEHICLE 10u. 1 KM/H

ATD E:
R. FRT LOWER LUMBAR LOAD TYPE: CHSOH

& D CTR 8W31860 HONBR TEST DATE:08/12/1998

.EC DATA, SAE CLASS 1000

AFT . / ’ SRR e g
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~12127 L. SIDE IMPACT-339 OEG LTV MDB TO STATIONARY VEHICLE 104. 1 KM/H
: R ATD TYPE: GMSOH
36D CTR  BWIIBED HONDA R. FRT LOWER LUMBAR LOAD TEST DATE:08/12/1998
ZLEC DATA, SAE CLASS 1000
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C12127 L. SIDE IMPACT-3338 DEC LTV MDB TO STATICNARY VEHICLE 104. 1 KM/H

f 0 CTR BK91850 HONDA CTR CONSOLE ON-SIR MODULE

ELEC ORTA

TEST DATE:08/12/1998

1000SPE_CLASS 1000 FILTER

DATE STSTEM FULL SUALE EXCEEJED
OVERLORD [TIME INTEAVAL (5) NOT PLOTTED
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g

=0

S 4. At e .

= T W A

L)

29500

—

-100

0

yo,SRE_CLASS 180 FILTER
0RTA SYSTEM FULL SCORLE EXCEEQED
OVERLOAD |TIME INTERVAL {S) NOT PLOTTED

= A FULL SCALE CALIBRATION LEVEL EXCEEDED

czzz 20-FHRST-BEEURRENSEAY-55-0 TRANSDUCER SEPARATED FROM VEMICLE ATTACHMENT

=

o .

2 Data Invalid after 46ms. Plot# 61
=5 [

[} T
-y \'\I\
) 200 SRE_CLASS 180 FILTER

DARTA SYSTEM FULL SOALE EXCEEQED '
QVERLOARD (TIME INTERVAL (5} NQT PLOTTED

g’z 100-FRST—BEEURAENEE-AT-55+8-
=
2
o) T~
Zc100
--d
_ 200l ! : ! 1 | I L - L w1 !
Q 20 40 60 80 100 120 . 10 - 160 180 200 220 240
TIME IN MILLISECONDS
Appendix D, plot # 61

Cl2127 L. SIDE IMPACT-333 OEG LTV MDB TO STATIONART VEHICLE 10U. 1 KM/H
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127 L. SIDE IMPACT-339 DEG
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C12127 L. SIDE IMPACT-339 DEG LTV MOB TO STATIONARY VEMICLE 104, 1 KM/H
R&DCTR 831860 HONDA L. FRT ROCKER TEST OATE:08/12/1998
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2127 L. SIDE IMPACT-339 DEGC LTvY MDB TO STATIONARY VEHICLE 104. 1 KM/H

&£ 0 CIR BWS1860 HONDR _R. FRT ROCKER TEST DATE:08/12/1998
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{12127 L. SIDE IMPACT-338 DEG LTV MDB TO STATIONARY VEHICLE 104. 1 KM/H
& 0 CTR 8WS1860 HONDA R. FRT ROCKER
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€C12127 L. SIDE IMPACT-339 OEG LTV MDB TO STRTIONARY VEHICLE 104. 1KM/H
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C12127 L. SIDE IMPACT-339 DEG LTV MOB 70 STRTIONARY VEHICLE 104, 1 KM/H
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12127 L. SIDE IMPACT-339 DEG LTV MDB TO STARTIONARY VEHICLE 104. 1 KM/H
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LEC DATA
50-SAE_CLASS 1006 FILTER MRX ACCEL = 29.56 G'S AT S4.2 MS i MIN ACCEL = -147 G'S AT 58.7 MS
I Odeh ’ N Ak A "
AN R e WM WW*’“W v
2 .
5 .-50 } h !
B .
el 5}
3100 t
-
N A% T80 FiLTER NEX VELOCIT7 = 0,00 KH/H AT 0.9 15 MTN VELOCITY = ~58.5 Ki/H AT 222.3 1S
== .
=
3. \
2>=-20
=
Z:D-uo
-GE SRE CLASS 180 FILTER ';'19)( DISPL = 0.00 M AT 1.2 MS MIN DJSPL = -3.05 M HT 239.9 MS
| . ‘
T
ZE
.
3 -
—A ]
935 ) ‘ I e m————
3 —
(VS TNENARET] 1 ] 1 4 1 ! 1 ! 1 | 1 ] .
20 (13} 60 80 100 120 140 160 180 200 220 240
TIME IN MILLISECONDS
‘ Appendix D, plot # 71
12127 L. SIDE IMPACT-333 DEG LTV MDB TO STATIONARY VEHICLE 104. 1KM/H
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i2127 L. SIDE IMPACT-339 BEG LTV MOB TO- STATICNRRY VEHICLE 10U. 1 KM/H
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£12127 L. SIDE IMPACT-339 DEG LTV MDB TO STHTIONF\RTj VEHICLE 10U, 1 KM/H
T8 0CTR 841860 HONDR ' R.REAR ROCKER TEST DATE:08/12/1998
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Ul2i27 L. SIDE IMPRCT-338 DEG LTV MDB 10 STATICHLEAY VEHICLE 104 . 1 KM/H
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12127 L. SIDE IMPACT-339 DEG LTV MDB TO STATIONARY VEHICLE 104, 1KM/H
R&DCIRA  8HI1B5D HONDA ' L. TO& PAN DISPL TEST DATE:08/12/1998
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C12127 L. SIDE I4PACT-339 DG 2TV MOB TO STATIONARY VEHICLE 164, 1 KM/
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Clele? L. SIDE IMPACT-339 DEG LTV MDB TO STATIONARY VEHICLE 104. 1 KM/H
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Ci2127 L. SIDE IMPACT-339 DEG LTV MOB TO STATIONARY VEHICLE ]GH.iKM/H

R&DCIR 8WI1860 HONDA STARTER  VOLTAGE

TEST DRTE:08/)2/10%:
ELEC DRTA, SAz CLASS 1000

22—

20

VOLTAGE, VOLTS
| —

| (i SN

olulin ) L L 1 i L 1 } : I i 4 y
0 20 40 60 80 100 120 140 160 180 200 220 e=l

TIME IN MILLISECONDS

Appendix D, plot # 81

C12127 L. SIDE IMPACT-333 DEG LTV MDB TO STRTIGNARY VEHICLE 104. 1KM/H
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127 L. SIDE IMPACT-339 DEG . LTV MOB TO STATIONARY VEHICLE 104, 1 KM/H
DCTR  8WSIBBD HONDA ENGINE RPM  VOLTAGE TEST DATE:08/12/1998
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Cl2127 L. SIDE IMPRCT-339~ DEG LTV MDB TO STATIONARY. VEHICLE 104, 1 KM/H
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ELEC DATA, SAE CLASS 1000

24,

22

20|

18|

VOLTRGE, VOLTS

U NES—
T 1 I I TV h I 1 I ' 1 » ! 1
20 40 60 80- 100 T 120 140 160 180 200 220 240

TIME IN MILLISECONOS

Appendix D, plot # 86



f1e127 L. SIDE IMPACT-333 DEC LTV MDB TO STATIONRAY VEHICLE 104G, T KM/H
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Cl2127 -L. SIDE IMPACT-339 DEG LTV MDB TO STATIONARY. VEHICLE 104. 1 KM/H
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Ciei27 L. SIGE IM'ACT-333 06 LTV MDB TG STATIONARY VEHICLE 10U. 1 KM/ H
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12127 L. SIOE IMPACT-333 0EC  LTY MOS TO STRTIGNARY VEHICLE 104, 17/H
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£i2127 L. SIDE 1+7ACT-333 DG LTV MDB 10 STATIONARY VEHICLE 104. 1
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Cl2127 L. SIDE IMPACT-338 DEG LTV MOB TO STATIONRAY VEHICLE 10U, 1 KM/H
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127 L. SIDE INPACT-339 DEG LTV MDB TO STATIONARY VEHICLE 10U. 1 KM/H
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Ciel2? L. SIDE IMPRCT-333 0EG LTV MDB TO STATIONGRY VEHICLE 10U. 1 #4/H
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C12127 L. SIDE IMPACT-339 DEG LTV MDB TO STATIONARY VEHICLE 104. 1 KM/H
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27 L. SI0E IMPACT-339 GEG LTV MO8 TO STATIGNRRY VEHICLE 104..1 KM/H
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127 L. SIDE IMPACT-333 DEG LTV MDB TO STATIONARY VEHICLE 10U. 1KM/H
DCTR  BWSI86D HONDA AUXILIARY FUEL LINE PRESSURE TEST DATE:08/12/1998
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Ci2127 L. SIDE IMPACT-332 GEGC LTV 33 TO STRTIONARY VEHICLE : 10U, I KM/H
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12127 L. SIDE IMPACT-339 DEG LTV MDB TO STATIONARY VEHICLE 104, TKM/H
R&DCTR  BHIIBBD HONDA TRANSMISSION COOLER PRESSURE TEST DATE:08/12/1998
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“Appendix E:  C12127 hydrocarbon vapor measurement plots
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Crash Test C12127. The top panel is the chromatogram of background sample and the bottom
panel is the chromatogram of the post-crash sample.

E5



100 ~

C12127 --Blank 3
—~ 80 4
S
[0)
Q
& 60 -
e} P
c . .
3 |
IS: Intemal Standard
i 40 ’ s 18
>
= 1 s 18
% s 5 s
© 20 - '
15
0 +— -J T r Y r r ;
0 10 - 20 30 40 50 60 70
Retention time (min)
100
€12127 — Sample 3
g 80 . ) f\
o N
0 . ’,"/ \\\
g 60 |
© P AN
c - N
S f: C,- Naphthalenes
< 40 | g c:- Naphthalenes
g h: Power Steering Fluid
— 1S: intemal Standard
% s
14 20 A
1S
i
0 S 1 .' ] LLL | oy
0 10 20 30 40 50 60 70

Retention time (min)

, Figure EE3 .
GC/MS analysis of hydrocarbon vapor sample from near the left the left manifold shield (location
#3) during Crash Test C12127. The top panel is the chromatogram of background sample and
the bottom panel is the chromatogram of the post-crash sample.

E6



100 -

C12127 - Blank 4
~ 80 -
<
& 60 -
©
c
: I
g IS: Intemat Standard I
40 1S '
© IS
g . s 15 s
_Cg IS
7] s 1S
x 20 -
|
0 T T T T T T T A“‘l
0 10 20 30 40 50 60 70
Retention time (min)
100 +
C12127 - Sample 4 Y
s 807
O] el kY
Q
& 60
©
c
o]
2 .| & C-Benzene
b: C,-Benzenes
g 40 1 & CyBenzenes
= ? d: C,-Benzenes
@ \ e: Naphthalene
(0] b \ f: C,- Naphthalenes
o 20 - I§| IS ‘\‘ "IS ? s g Cy- Naphthalenes
4 a 1 1 '|‘ | h: Power Steering Fluid
' 3 y 19 1S: Intemal Standard
' FA IV N
0 === JJS L d. ll ITH R a4
0 10 20 30 40 50 60 70

Retention time (min)

Figure EE4

GC/MS analysis of hydrocarbon vapor sample from near the right manifold shield (location #4)
during Crash Test C12127. The top panel is the chromatogram of background sample and the

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

E7



100 -

C12127 --Blank 5
~ 80 - '
o\\o’
[)]
Q
& 60 -
T
c
2
IS: Intemal Standard
S 40 - i
> 18
— iS is IS
3]
20 -
1S
0 J — . . , - st
0 10 20 30 40 50 60 70
Retention time (min)
100 -
C12127 — Sample 5
—_ 80 -
S
[0
Q
& 60 -
e}
c
3
2 a: C,-Benzene
b: C,Benzenes
o 40 ¢ C,-Benzenes
E 18: Internal Standard
% c‘.ls Y s s
¥ 20 s Bpus b
1S ‘| | II‘A \
0 oty M .lj '. T I‘l T o T T M T M T T T T““
0 10 20 3_0 40 50 60 70

Retention time (min)

Flgufe EES5

GC/MS analysis of hydrocarbon vapor sample from near the Catalytic Converter (Location #5).
during Crash Test C12127. The top panel is the chromatogram of background sample and the

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

E8 -



100

LAB TEST -- Vapor from Honda Factory-Fill
Brake Fluid at 300C
< 809
)
3
o
3 60
C
3
a
<
.g 40
k|
)
20 ;
I
04 i MN M— T 1 — :
0 10 20 30 40 50 60 70

Retention time (rﬁ in)

Figure EE6
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Chromatogram of vapor from Honda All Season Antifreeze/Coolant heated to 300°C in a
jaboratory test
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Figure EE9
Chromatogram of vapor from liquid gasoline at room temperature
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Figure EE11
Chromatogram of residue on the exhaust manifold collectqr
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Chromatogram of residue on the exhaust manifold heat shield Sample 1
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Chromatogram of residue on the exhaust manifold heat shield Sample 2
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Chromatogram of residue on the engine valve cover
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Chromatogram of residue on the left subframe strut mount
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Chromatogram of residue on the left head light lens
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Chromatogram of residue on the left head light assembly
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Figure EE18
Chromatogram of the liquid residue from Honda power steering fluid in left exhaust
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Figure EE19 :

Chromatogram of the liquid residue from Honda power steering fluid in center exhaust manifold

web-pocket of the exemplar vehicle
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Appendix F:  C12174 data plots



LEFT FRONT

ANTHROPOMORPHIC TEST DEVICE SUMMARY DATA

MOVING VEHICLE TO FIXED POLE 55.4 KM/H
cl2l7u FRONT IMPACT
R & D CTR 8WS 1870 HONDA ATD TYPE: GMSOH
' TEST DATE: 09/16/1998
1007 1507 IRV
MEASURED QUANTITY OF IARV OF IARV VALUE IARV
HIC. LIMITED TQ IS MS —— 220 1000
HIC, LIMITED TQ 36 MS I— 340 1000
NECK FLEXION — 33NM 190NM
NECK EXTENSION I— 1GNM S7NM
NECK TENSION ] 1853N 3300N
NECK COMPRESSION ) SUN 4OOON
NECK SHEAR FORWARD ] 22UN 3100N
NECK SHEAR REARWARD — 439N 3100N
NECK TENSION DUR RSSESS 0.56 1.00
NECK COMPRESSION DUR ASSESS ] 0.01 1.00
NECK SHERR FWD DUR ASSESS [ 0.07 1.00
NECK SHERR RWD DUR ASSESS [ 0.23 1.00
CHEST ACCEL : ¥ 506 606
CHEST COMPRESSION W/0 SH BELT ] 4G, UMM 55. OMM !
CHEST COMPRESSION W/ SH BELT ] UG. UMM S0. OMM !
HEST VISCOUS CRITERIA — 0.3uM/SEC | 1.00M/SEC
FEMUR COMP, LEFT — 1 966N 10000N
FEMUR COMP, RIGHT — 1732N 10000N
FEMUR DURATION ASSESS, LEFT [ 0.22 1.00
FEMUR DURATION ASSESS, RIGHT [ 0.19 1.00
TIBIA/FEMUR DISP, LEFT 0. 1MM 15. 0MM
TIBIA/FEMUR DISP, RIGHT 0 _ 0. 3MM 15. OMM
KNEE CLEVIS, LEFT INSIDE — 733N 4OOON
KNEE CLEVIS, LEFT QUTSIDE [ ———1 148YN 400O0N
KNEE CLEVIS, RIGHT INSIDE —] 2109N 4OOON
KNEE CLEVIS. RIGHT OUTSIDE |[——— 1S16N 400O0N
TIBIA COMP, LEFT — 1 149N 8000N
TIBIR COMP, RIGHT ——— 2922N 8000N
TIBIA MOM, UPPER, LEFT ] 1 2UNM 225NM
TIBIAR MOM. UPPER, RIGHT ] 1 76NM 225NM
‘TIBIR MOM, LOWER, LEFT — 38NM 225NM
" TIBIR MOM, LOWER, RIGHT ‘ , x| USBNM 225NM
LEG INDEX, UPPER LEFT ] 0.58 1.00
LEG INDEX, UPPER RIGHT ] 0.85 1.00
LEG INDEX, LOWER LEFT — 0.18 1.00
LEG INDEX, LOWER RIGHT ool 2.28 1,00

IAV - INJURY ASSESSMENT VALUE
IARV - INJURY ASSESSMENT REFERENCE VALUE

! RESTRAINT sTSTEM DEPENDENT. CHOOSE
VALUE THAT APPLIES TO THIS TEST.

Appendix F, page i

o« VALUE CREATER THAN 1507 OF [AV



RIGHT FRONT
ANTHROPOMORPHIC TEST DEVICE SUMMARY DATA
MOVING VEHICLE TO FIXED POLE 55.4 KM/H
C12174  FRONT IMPACT

R & O CTR 8W31870 HONOA ATD TYPE: GMSOH

TEST DARTE: 09/16/1998

1007 1507 1AV

MERSURED QUANTITY : OF IARV OF IARV VALUE ARV
HIC, LIMITED TO 15 MS I — 260 1000
HIC. LIMITED 7O 36 MS I 410 - 1000
NECK FLEXION 1 . ~ 7NM 1 90NM
NECK EXTENSION 1 22NM S7NM
NECK TENSION I 1223N 3300N
NECK COMPRESSION ' 23N 4O00ON
NECK SHEAR FORWARD 0 75N 3100N
NECK SHEAR RERRWARD : N ' 113N 3100N
NECK TENSION DUR ASSESS I 0.37 1.00
NECK COMPRESSION DUR ASSESS : 0.01 1.00
NECK SHEAR FWD DUR ASSESS 0 0.02 1.00
'NECK SHERR RWO DUR RSSESS 0 : 0.04 1.00
CHEST ACCEL ] uyc 606G
CHEST COMPRESSION W/0 SH BELT ] 34. 2MM 65. OMM !
CHEST COMPRESSION W/ SH BELT | 34, 2MM 50. 0MM !
HEST VISCOUS CRITERIA ) 0.22M/SEC | 1.0OOM/SEC
FEMUR COMP, LEFT DR 3199N 10000ON
FEMUR COMP, RIGHT —— 2716N 10000N
FEMUR DURATION RSSESS, LEFT [—— 0.35 1.00
FEMUR DURATION RSSESS., RIGHT 1 0.30 1.00
TIBIA/FEMUR DISP, LEFT . N 10. 7MM . 15. OMM
TIBIA/FEMUR DISP, RIGHT I 0. 2MM 15.0MM
KNEE CLEVIS, LEFT INSIDE —— 1197N 4000N
KNEE CLEVIS, LEFT OUTSIDE [—— 127N 4 000N
KNEE CLEVIS, RIGHT INSIDE - [——1 1 00BN 400ON
KNEE CLEVIS, RIGHT QUTSIDE [ —— ] 1137N 4000N
TIBIA COMP, LEFT I . 2UUSN 8000N
TIBIA COMP, RIGHT — 1 781N 8000N
TIBIA MOM, UPPER, LEFT — 218NM 225NM
TIBIA MOM, UPPER. RIGHT 7 108NM 225NM
TIBIA MOM, LOWER, LEFT T UGONM 225NM
TIBIR MOM, LOWER, RIGHT T 366NM 225NM
LEG INDEX, UPPER LEFT : 1.01 1.00
LEG INDEX, UPPER RIGHT 7 0.53 : 1.00
LEG INDEX, LOWER LEFT T 2.08 1.00
LEG INDEX, LOWER RIGHT

CTT 1.68 1.00
- AV - [NJURY ASSESSMENT VALUE '
tARV - INJURY ASSESSMENT REFERENCE VALUE

Appendix F, page ii

! BESTRAINT STSTEM DEPENDENT. CHOQSE x»x VALUE GREATER THAN 1S0% OF 1AV
VALUE THAT APPLIES TO THIS TEST. ‘
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2174 FRONT [MPACT ‘MD‘-/INC VEHICLE 7C FIXE(D FOLE 55,4 KM/
: AT0 TYPE: GHMSOH

N ;.\ .
£ D CTR 8WI1870 HONDA NECK LOAGING ON HERD TEST DATE:09/16/1998
EC DATA C ,
0 L. FRT NECK LORDING ON HEAD
oo, SRE_CLASS 60O FILTER MAX CALC'D MOMENT = 33.0 N-M BT 132.9 MS MIN < -16.5 N-i AT 236.8 M5
= |y = |77 OF [ARV 1AV = 297 OF ARV
200 '
E | ae
4 LEX
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A
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i
S, dTEns f«—\\
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‘ Appendix F, plot # 11

12174 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.4 KM/H

. . ~ ATD TYPE: GMSOH
& D CTR BWI1870 HONDA FORWARD NECK SHEARR ON HERD, TEST DATE:09/16/1998

LEC DATA, SAE CLASS 1000 L. FRT INJURY REFERENCE

MAX 1AV = 7 % OF IARV_AT 224*N, 0.0 MS

—1
] S 10 15 20 25 30 35 4o 45
' CUMULATIVE DURATION OF LOADING ABOVE GIVEN FORCE LEVEL., MS

Appendix F, piot #12
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Cigi7 FRONT IMPRCI MOYING VEHICLE TO FIXED POLE 55.U KM
SHEAR ON HEA Ao e G
A& 0 CIR 811870 HONDA REARWAAD NELK SHE s TEST DATE:0316/1398

© ELEC OATA. SRE CLASS 1000 L. FRT INJURY REFERENCE

- MAX JAY = 23 7 OF 1ARY AT 346 M, 24.3 HS.

3
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w
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N
n

SHEAR _RERRWARD
NECK FORCE, KN

/

S 10 15 20 25 30 35 40 us El SS ] 60
CUMULATIVE DURATION OF LOADING ABOVE GIVEN FORCE LEVEL, MS

Appendix F, plot # 13

CI2174 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.4 KM/H
ELEC DRTA, SAE CLASS 1000 - L. FRT INJURY REFERENCE

ATD TYPE: GMSCH
TEST DATE:09/16/1998

6.0 : MAX 18Y = 1 % OF IRRY AT SY N, 0.0 M3

S.5

0 S 10 15 20 25 30 35 40 4s SQ 55 60
CUMULATIVE DURATION OF LOADING RBOVE GIVEN FORCE LEVEL, MS

Appendix F, plot # 14



12174 FRONT IMPACT MOVING VEHICLE TQ FIXFD PULE SE KM/
‘ eSO R ATD TTPE: GHSGH
&0 CTR 8491870 HONDA AXIAL TENSIOM ON HERD, [EST DATE: 53/15/1998

~EC DATA. SAE CLASS 1000 L. FRT [NJURY REFERENCE

6.0 HAX_IAY = S6 7% OF IARY AT 1853 N, 0.0 M3

0.5 i \\

—— |
r——— |

4] S 10 15 20 25 30 35 4o us S0 SS G0
CUMULATIVE DURATION OF LORDING ABOVE GIVEN FORCE LEVEL, MS

Appendix F, plot #15

‘12174 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.4 KM/H

. N ATD TYPE: GMSOH
{&DCTR  8WI1870 HONDA L. FRT LEFT KNEE CLEVIS LOAD TEST DATE:09/16/1998

LEC DRTAR, SAE CLASS 600

10 MAX LOAD = 0.47 KN AT 154.4 MS ] MIN LOAD = -D.73 KN AT 63,7 MS
: TRV =" 187 OF IARV
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comMP — — o d
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Cigt7y FRONT IMPACT MOVIMG VEHICLE TO FIXED POLE - 55.4 KM/H
- ATD TIPE: CM30M.
] & 0 CTR 8“91870 HONDA L FRI I_EFT TIBIQ UPPER MOMENT TEST UHTE:Og/IG/!QQB

ELEC DATA, SRE CLASS 600

MAX MOMENT = 124 N-M AT 78.5 M3

T e v— ]
> ]

MAX MOMENT = 22.6 N-M AT 126.4 MS MIN MOMENT = -86.6 N-M AT 74..9 MS

MAX_MOMENT = 89.9 N-M AT 78.8 M3 MIN MOMENT = -29.9 N-M AT 109.3 MS
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Appendix F, plot # 17

Cl2174 FRONT IMPACT 'MOVING VEHICLE TO FIXED POLE 55.4 KM/H

_ ATO TYPE: GMSOH
R & D CIR 8HI1870 HONDA ' : TEST DATE:09/16/1998

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

-800 ) . MIN SHEAR LOAD = -742 N AT B8.9 MS
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217U FRONT {MPRCT MOVING VEHICLE TO FIxED POLE 55.4 KM/H
ATD. TYPE: CMSCH

& 0CIR 8191870 HONDA ' TEST DATE:09/16/1398
EC DATA. SAE-CLASS 60O L. FRT TIBIA LOWER AXIAL LOAD
. ) MAX AXIAL LOAD = 1.15 KN AT G4.I MS
fAY = (47 FF ARV
e | T
TENS -
zZ
P
o
T
-
-
s
E
104 - -
.-y MRX AX[AL LOAD = 2.92 KN AT S56.9 MS
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Appendix F, plot # 19
12174 FRONT [MPACT ~MOVING VEHICLE TO FIXED POLE 55,14 KM/H

: . : ATD TYPE: GMSOH
& 0CTR 8431870 HONDR - L. FRT RIGHT KNEE CLEVIS LOAD 1gs7 pate:09/16/1998

LEC DATR, SAE CLASS 600

1

MAX LOAD = 0,36 KN AT 118.3 MS . MIN LOAD = -2.11 KN AT 74.1 MS
. 1AV = S3% PF 1ARV

=3 TENS ™ : _—
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. _2 -

=4 .
10 MRX LORD = 0.70 KN AT 72.3 MS MIN LORD = -1.52 KN AT -56.4 M
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Ci2t7u  FRONT IMPACT MOVING VEHICLE TO FIXED POLE S5, U KM/ H

HTD TYPE. S0
FRT RICHT TIBIA UPPER MOMENT TPE: LSO

R & D CTR BWI1870 HONDRA L. TEST OATE:09/16/1338
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Appendix F, plot # 21
CI2I74  FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.4 KM/H

RTD TYPE: GMSOH

R & D CTR 8WI187D HONOA TEST DRTE:08/16/1598

ELEC ORTA. SRE'CLASS 600 L. FRT TIBIA LOWER BENDING MOMENTS
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2174  FRONT [MPACT

MY NG VEHMICLE TO FIXED POLE

55.4 KM/H

R ATD TYPE: GMSOH
L0 CTR  8+91870 MONDA L. FRT TIBIA INDICES TEST OATE:09/16/1998
=T DATA, SAE CLASS BOO Tl = (RES MOM/225 NM} + (AXIAL/35900 N)

MRX UPPER L/C T = 0.58 Al 78.5 M5

f:~ 2
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' Appendix F, plot # 23

12174 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.4 KM/H

& D CTR

8W31870 HONDR

-.EC DATA,- SRE CLASS 180

L. FRT TIBIA/FEMUR DISPLACEMENT

ATD TYPE: GMSOH
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MOV ING VEHICLE TO FIXEQD POLE
R. FRT HEAD ACCEL.
(HIC 1 LIMITED TO 15MS

Clei7u  FRONT [MPRCT

R & DCTR “91870 HONCA
ELEC DATA, SARE CLASS 1000
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ATO TYPE:
TEST CATE:CE/16/1938
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Cl2174 FRONT IMPACT MOVING VEHICLE TO FIXED POLE

R. FRT HEAD RCCEL.
(HIC.T LIMITED TO 36MS

R&DCIA BWI187D HONDA
‘ELEC DATA, SAE CLASS 1000

¥ 150 MAX ACCEL
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1
180 200 220 U0

~ Appendix F, plot # 25

55.4 KM/H
ATD TYPE: GMSOM
TEST CATE:03/16/1998
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12070 FACHT [MPACT - MOV MG VEHICLE TO FIXED POLE 5514 KM, -
' ST A ' COETD OTTPE: GM3OM
£ 0CIR  BWIIB7D HONDA A. FRT CHEST RCCEL. 7257 DATE:09/16/1998

LEC DATR, SAE CLRSS 180

MAX ACCEL = 44.3 G'S AT 72.4 MS
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Appendix F, plot # 27

‘12174 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.4 KM/H

C&DCTR 831870 HONDA - R. FRT PELVIC ACCEL.
LEC DATA, SAE CLASS 1000 -

R
T

0 TYPE: GMSOH
ST DRTE:09/16/1998

MAX RCCEL = 50.0 G'S AT 73.5 MS
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Cl2174  FRONT IMPOCT ‘ MOV MG VEHICLE T3 FIXED POLE S A
: - ' NID Treg: pMson
R & D CIR 8191870 HONDA R. FAT FEMUR LOAD TEST OATE: 0971671998

ELEC DATA, SNE CLASS 60O

MAX LORD = 3.20 KN AT 74.0 MS

AV = 327 OF [RRY
-6
-y
&5
= AN\
%6 | 7
S J cow ' /\ N
TENS — .
|-
N A LORO = 2,72 K AT 5.0 1S
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' Appendix F, plot # 29
Cl217y 'FRONT IMPACT MOVING VEHICLE TO FIXED POLE .  55.4 KM/H
' ATO TYPE: GMSOH
R&DCIR  BWI1870 HONDA R. FRT FEMUR LORD TEST DATE:09/16/1998
ELEC DATA, SAE CLASS GOO  DURATION ASSESSMENT
12 e MAX IRV = 35 % OF IRRV FITV 3187 N, 0.4 MS
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o
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CUMULATIVE DURATION OF LORDING ABOVE GIVEN FORCE LEVEL, MS .
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8W31870 H0LDA
".EC DATA. SRE CLASS 600

e [

F. FRT FEMUR LOAD
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LEC DATA, SRE CLASS 180

CUMULATIVE DURATION OF LORDING ABOVE GIVEN FORCE LEVEL, MS

Appendix‘F, plot # 31

MOVING VEHICLE TO FIXED POLE
R. FRT CHEST DISP, TEMP AT 71.1'F
NORMAL1ZED TO 70.7'F & PART 572 CORRIDOR

HAX COMPRESSION = 34.2 MM AT 95.8 MS
1AV = 53% OF IARV (W/0 SH BELT), [AV = G8% OF IGRY G4/ SH BELT)

55.4 KM/H

ATD TYPE: CMSCH
TEST DRTE:09/16/1998

CoMP
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1
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1
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&0 80 TS T R T, E——T 180
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220 240
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Cretn IL_HUNT IMPACT A MOV ING VEHICLE TQ FIxED POLE" SS. U KM/
. FI0D TTPE: GMSO
R. FRT CHEST COMPRESSIVE DISP.

&0 CIA 8W91870 HONDA TEST GATE: 09/ 1071 505
ELEC .DHTH, SARE CLASS 180 NORMAL [ZED., W/CALC VEL & VISCOUS INJURY
- MAX COMPRESSION = 34.2 MM AT 35.8 M5
4o IRV = 537 OF IRAY (W/D SH BELTI. IRY = G687 OF 1ARY 4/ SH BELTI
— X
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Appendix F, plot # 33
Cl2174 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 5_5.'-1 KM/H
ATD TYPE: GMSOH
R&DCIR  sWaig70 Honon  1- FRT NECK LOADING ON HERD, UPPER LORD  1¢st pate.os/16/1998
ELEC DATA R. FRT NECK LORDING ON HEAD
' ) 1
4o SAE_CLASS 60O FILTER __MAX_CALC'D MOMENT = 25.4 N-M AT 102.2 M5 MIN = -21.8 N-M AT 131.1 MS
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27

FRONT

[MPHCT

FOVING VEHICLE TG FIXED PULE
NECK LOADING ON HEHD

& D CiA 8131870 HONDA
_EC ORTA ’

55,4 KM/

R. FRT NECK LOADING ON HERD

RI0 TYPE: CHBoH
TEST DATE:03/16/1938

4og, St CLASS 600 F1LTER MAX CALC'O MOMENT = 7.38 N-M AT 173.7 M5 HiM = -21.8 M-M AT 97.2 MS
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Appendix F, plot # 35
MOVING VEHICLE TO FIXED POLE 55.4 KM/H

~12174 FRONT IMPRCT

1 & 0 CTR

:LEC DATA, SAE CLASS 1000

8W31870 HONDA

FORWARD NECK SHERR ON HEAD,

R. FRT INJURY REFERENCE

ATD TYPE: GM50H
TEST DATE:09/16/1998

MAX 1AV = 2 % OF IARV AT 7S N, 0.1 MS
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CUMULATIVE DURARTION OF LORDING RBOVE GIVEN FORCE LEVEL, M5
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MOVING VEHICLE TO FIXEQ PULZ
"REARWARD NECK SHEAR Oif HEAD,
R. FRT INJURY REFERENCE

Clal7u  FRONT IMPACT
8WI1870 HONDA

SAE CLASS 1000

& 0CIR
ELEC DRTA.

5C.u K

S0P GMS0L
TEST DATE: 09716, {353

MEX (RY =4 X OF f=3Av AT 113 1, G.0 1S

15 20 25 30 35 40

CUMULATIVE DURATION OF LOADING ABOVE GIVEN FORCE LEVEL, MS

Cl12174  FRONT IMPACT MOVING VEHICLE TO FIXED POLE

AXIAL COMPRESSION ON HEAD,
R. FRT INJURY REFERENCE

R & D CTR BWI1870 HONDA
ELEC OATA, SAE CLASS 1000

6.0,

q

S 50 5 )

Appendix F, plot # 37

55.4 KM/H

ATD TYPE: GMSOH
TEST DARTE:08/16/1938

MAX TRV = | 7 OF [RRY AT 23 N, 0.1 MS

5.5

S.0]

15 20 25 30 . 35 uo

CUMULATIVE DURATION OF LOADING ABOVE GIVEN FORCE LEVEL, MS
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{2174 FRONT [MPACT MOVINGL VEHICLE TO FIXED POLE 55.U KM/H

) _ ATS TYPE: GMSOH
£ 0 CIR BWI 1870 HONDA AXIAL TENSION ON HERD,

TEST OATE:09/16/1353
LEC DATA, SAE CLASS 1000 R. FRT INJURY REFERENCE’ '
6.0~ ’ MAX [AV = 37 % OF IIRR‘/ AT 1223 M, 0.0 MS
5.5
S.0
y.s|
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CUMULATIVE DURATION OF LOADING ABOVE GIVEN FORCE LEVEL. MS .
~ Appendix F, plot # 38
12174 FRONT IMPACT - ' MOVING VEHICLE TO FIXED POLE  55.4 KM/H
. ATD TYPE: GMSOH
“¢DCIA BNIIB7D HONDR R. FRT LEFT KNEE CLEVIS-LOAD TEST DATE:09/16/1938
LEC DATA, SAE CLASS 60O ' '
18 : MRX LOAROD = 0;]5 KN BT 204.8 MS MIN LOAD = -1.20 KN AT 49.2 MS
' 1AV = 307 OF [ARV '
2
iz
3.y
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= 2
Z
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© Cl2174 FRONT IMPACT MOVING. VEHICLE TO FIXED POLE 55.4 KM/H
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1217 FROWT IMPNCT , MOVING VEHICLE 70 FIXED POLE 55. 4 KM/
- BTG TYPE: GMSCH
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12174 FRONT IMPACT MOVING VEHICLE TO FIXED POLE S5.4 KM/H
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{5174 FRONT [MPACT MOVING VEMICLE 70 FIXED POLE 55U KH/H
_ o ~ ATD TYFE: GHSOH
¢ D CIA 8HI1870 HONDA R. FRT TIBIA INDICES TEST DATE:09/16/1938
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12170 FRONT IMPACT . MOVING VEHICLE TO FIXED POLE 55.4 KM/H
ATD TYPE: GMSOH
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12170 FRONT [HPACT MOV ING VEMICLE TO FIXED POLE ST R
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{2174 FRONT IMPRCT ~ MOVING VEHICLE TO FIXED POLE 55.4 KM/H
_ » ATD TYPE: GMSOH
£ DCTR  B8WSIB7D HONDA - R. FRT TIBIA LEFT LOWER LORD TEST DATE:09/16/1998

~EC DATR, SAE CLASS 600 (ENHANCED LOWER LEG)

500

700

600

500,

400 : : .

j | A
~~ 300 .
B 1 v

200

LO
T
x1
18

o 1L R N I s oy

LEFT \ / - M
-100
YRR
- 300MLLiL L 1 u 1 ) y 1 1 1 1 1 1 ! ;
0 20 40 BO 80 100 120 140 160 180 200 220 2u0

TIME IN MILLISECONDS
' Appendix F, plot # 56



Cron i FRONY iMPnCT , MOVING VEHICLE TO FIXED POLE 5501 KM/

. o TG TVPE: GMsOH
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Cl2174 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.4 KM/H
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12174 FRONT IMPACT ) MOVING VEHICLE TO FIXED POLE 55.4 KM/H
&0 CTR. BWS1870 HONDR - L. FAT ROCKER : TEST DATE:09/16/1998
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C1217Ll‘ FRONT IMPACT ' MOVING VEHICLE TO FIXED POLE 55.4 KM/H
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2174 FRUNT IMPACT MOVING YEHICLE TO FIXED FOLE 55. U KMoH

"€ DCTR  8HIIBID HONDA R. FRT ROCKER 1EST DATE:09/16/1998
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S12174  FRONT IMPACT MOVING VEHICLE 7O FIXED POLE “55.U KM/H

1&0CTR BWI1870 HONDA R. FRT ROCKER TEST DATE:09/16/1998
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CI2174 FRONT [MPACT ' MOV ING VEHICLE TO FIXED POLE 55U KM/

R &DCIA 831870 HONGA R. FRT ROCKER
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Cl2174 FRONT IMPACT " MOVING VEHICLE 7O FIXED POLE 55.4 KM/H

R&DCTR 8431870 HONDA - L. FLOORPAN ’ TEST DATE:09/16/1998
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Appendix G: C12174 hydrocarbbn vapar measurement plots
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Appendix H:  C12174 Numeric Film Plots
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Appendix I: Instrumentation Summaries
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