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Evaluation of Motor Vehicle Fire Initiation and Propaqation
Part 2: Crash Tests on a Passenger Van

Jack L. Jensen, Jeffrey Santrock

General Motors Corporation

Abstract

This report describes the test conditions and presents the results of four crash tests, each of a
passenger van, to study post-collision fire potential. Specialized instrumentation was used to help identify
potential ignition sources during the crash. These tests were part of a series of crash and fire propagation tests
which General Motors Corporation conducted as part of the GM/Department of Transportation Agreement of
March 7, 1995 (Project 8.3).
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1. introduction

Four crash tests were conducted on a passenger van to study post-collision fire potential. These tests were part

of a series of crash and fire propagation tests which General Motors Corporation conducted as part of the

GM/Department of Transportation Agreement of March 7, 1995 (Project 8.3). Part 1 of this report, “Vehicle

Crash and Fire Propagation Test Program” documents the overall strategies for this research project and

includes the research objectives, testing matrix, test conditions, testing methodology and vehicle selection

criteria [l].

This report describes the test conditions and presents the results of four crash tests, each of a new 1996 Dodge

Caravan. The four crash conditions used for testing were an offset pole frontal impact at 55 km/h (34 mph), an

offset rigid barrier frontal impact at 60 km/h (37 mph), an oblique moving deformable barrier frontal impact at 105

km/h (65 mph), and a repeat of the offset pole test [l]. A repeat test of the offset pole was required to collect

information from specialized instrumentation which was either not available or malfunctioned on the first test, and

also to evaluate the effects of the hood, which was removed on the first pole impact but left on for the second

pole impact.

The results from planned crash tests on other vehicle types including a rear wheel drive passenger car (1997

Chevrolet Camaro), a sport utility vehicle (1997 Ford Explorer), and a front wheel drive passenger car (1998

Honda Accord) (11, will be reported in subsequent technical reports. These additional vehicles will be tested with

an additional rear impact test not used for the passenger van series. This test will be a 53 mph impact with a

deformable moving barrier using a 70% overlap. The rationale for selecting these vehicle models and crash

conditions was also described in Part 1 of this report [l].

A rear impact was not conducted on the passenger van because the National Highway Traffic Safety

Administration (NHTSA), through its contractor, Transportation Research Corporation in East Liberty, Ohio, had

conducted a similar rear impact crash test on March 2, 1996 using a 1996 Plymouth Voyager. The conditions for

the Voyager test differed to some extent from the conditions used in this series of tests. (As an example, the

impact speed for the Voyager test was 80 km/h (50 mph), as compared to 85 km/h (53 mph) used for this

series.) However, the crash configurations were similar, and it was concluded that little new information about

post-collision fire ignition sources would likely have been obtained by conducting a rear impact crash test as
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described in Part 1 with a Dodge Caravan. The Dodge Caravan and Plymouth Voyager vehicles are similar.

Thus the rear impact on the passenger van was dropped and replaced with the repeat of the pole impact.

The four test vehicles were new and similarly equipped 1.996 Dodge Caravan Sports. All four vehicles had the

following options: 3.3 liter V-6 engine, air conditioning, four speed automatic transmission, a driver’s side rear

sliding door, and the SE sport package. Standard factory equipped features included lap / shoulder seat belts

and dual front air bags. As described in Part 1, the best-selling engine, transmission and air-conditioning options

were selected. Based on Ward’s 1997 Automotive Yearbook [2], the 3.3 liter engine accounted for 46.6% of

model year 1996 Caravan sales compared to 32.4% for the 3.0 liter, 15.3% for the 3.8 liter, and 5.7% for the 2.4

liter engines. Similarly, 62.3% of the Caravans had a 4 speed automatic transmission compared to 37.7% with

a 3 speed automatic transmission. Air conditioning was included on all of the Caravans sold. Sales figures were

not used to select any other options, however.

2. Passenger Van Offset Pole Frontal Impact, Test Cl1108

On May 16, 1996 the first passenger van offset pole frontal impact crash test (test #C11108)  was conducted at

the General Motors Proving Ground in Milford, Michigan. A fire crew was present during and immediately after

the test.

A total of 111 channels of data were recorded during the test. This test had less instrumentation than

subsequent tests because it was the first test for project 8.3 and some of the specialized instrumentation and

test conditions were not yet fully developed or fully operational. As examples, only one engine compartment

location was monitored for hydrocarbon gas concentration (as compared to five locations on subsequent tests),

and no fire detection devices were included on this test. In addition, a learning curve was anticipated for this test

series and some of the data channels malfunctioned or exceeded their full-scale dynamic range (10 channels out

of 111) and thus did not yield useful information. The second offset pole frontal impact crash test was conducted

at the end of the passenger van series and included all of the specialized instrumentation utilized in this series.

Following is a description of the test conditions, summary of the test results and conclusions.

2.1. Test Conditions

2.1 .l. lmoact  Conditions

This test was an offset pole frontal impact as depicted in Figures 1 and 2. The test vehicle was towed into a 355

mm (14 inch) diameter steel pole. The lateral offset between the vehicle longitudinal centerline and the pole

was 305 m (12 inches), with the impact occurring on the right side of the vehicle centerline (U.S. passenger’s

side). The impact velocity, measured with radar, was 55.2 km/h (34.3 mph).
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355 mm Diameter

Figure 1.

Crash Test Configuration for Test Cl 1108

Figure 2.

Pre-Test Photograph of Test Cl 1108
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2.1.2. Vehicle DescriDtion

The 1996 Dodge Caravan Sport (VIN:l  B4GP45RlTB389570)  had a test mass of 1977 kg (1142 kg front, 835 kg

rear) which included the two Hybrid III Anthropomorphic Test Devices (ATDs),  crash test instrumentation, and

Stoddard Solvent in the gasoline tank. First, the fuel tank’s unusable capacity was filled with Stoddard Solvent,

then 71.2 liters of Stoddard were added to usable capacity of the tank. The engine was operating at impact with

complete engine compartment fluids, including battery electrolyte. The radio, low beam headlights and air

conditioning were all operating at impact.

2.1.3. Pre-test Enaine Warm-uo  Procedure

All frontal crash tests for this project were conducted with the engine operating to provide engine temperatures,

fluid temperatures, and fluid pressures that are more representative of an operating engine. Crash test

instrumentation precludes the ability to drive the crash test vehicle on the road just prior to impact, therefore, a

static (non-driving) engine warm-up protocol was developed for use on all of the frontal crash tests.

To develop this protocol, a series of independent road tests and static idle tests was conducted with one of the

vehicles used in the test series (Dodge Caravan, VIN lB4GP45RgTB377067).  The purpose of these additional

tests was to determine how actual road load temperatures compare to those temperatures achievable with a

high idle static warm-up, which could be conducted prior to a crash test. For these tests, several engine

compartment temperatures and fluid pressures were monitored during idle (approximately 900 rpm), high idle

(1100 - 1300 rpm), and during road loads at 30, 34 and 40 mph. A subset of this recorded data is shown in

Table 1. The objective was to determine which of the engine compartment temperatures and pressures could be

elevated to their road load levels using the static high idle procedure. As shown in Table 1, some of the

temperatures, namely, the power steering fluid, coolant, transmission fluid, engine oil, manifold surface and

under-hood air approached (within 10 “C) the 34mph road load temperature measurements. However, other

measurements, including the exhaust gas and converter surface temperatures did not approach their 34mph

road load temperatures using the high idle static warm-up.
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Table 1.

Temperature and Pressure Measurements From Idle, High Idle and Road Tests.

Measurement 34 mph Idle: 11 Idle: 11 min. Road

road test min. High idle: 20 min. temperature

(approx. (1100 - 1300 rpm) achieved

900 rpm) with high idle

(+/- 10 “C)

Exhaust manifold gas temperature, “C 612 428 542 No

Power steering fluid temperature, “C 86 54 88 Yes

Catalytic converter surface temperature, “C 353 202 295 No

Coolant temperature “C 101 100 106 Yes

Transmission fluid temperature at cooler, “C 110 44 102 Yes

Engine oil temperature, “C 77 36 70 Yes

Front exhaust manifold surface temperature, “C 135 136 139 Yes

Under-hood air temperature, “C 71 56 77 Yes

Transmission fluid pressure at cooler, kPa 276 380 290 N/A

Engine oil pressure, kPa 248 193 220 N/A

Based on these results, a warm-up procedure including 15 - 20 minutes of idle, followed by 20 - 30 minutes of

high idle (1100 - 1300 rpm) was established as the protocol. This warm-up procedure was not followed

precisely for every test because the crash test instrumentation set-up occurred concurrently, and in some cases,

difficulties with instrumentation set-up and calibration required the engine to operate longer than specified in this

protocol.

For the first passenger van offset pole frontal impact (test Cl 1108), the engine was started approximately 46

minutes before impact as outlined in Table 2.
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Table 2.

Actual Engine Warm-Up Procedure for Test Cl 1108

Time after initial engine start, Duration,

(min) (min)

Engine started (idle approximately 900 rpm) 0 18

Engine speed increased to 1100 rpm 18 13

Engine turned off for instrumentation set up 31 5

Engine restarted, speed set to 1100 rpm 36 10

Impact 46

2.1.4. Modifications to Production Vehicle

Because the objective of this test was to conduct basic research on post-collision fire initiation and not to test a

production vehicle for compliance with any performance standard, some modifications to the production vehicle

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

This vehicle was tested without a hood to improve overhead photographic coverage.

The production fuel tank was filled to 95% of its usable capacity with Stoddard Solvent, however the fuel supply

line was plugged downstream from the fuel filter. The engine operated off of gasoline supplied from an auxiliary

tank that was rigidly mounted in the passenger compartment. This auxiliary fuel tank had a capacity of

approximately 4 gallons and included a new fuel filter (Chrysler part # 4682569) and a new fuel pump (Chrysler

part # 04746250). The supply line from this auxiliary fuel pump/filter assembly was connected to the production

fuel line to supply gasoline to the engine. The electrical harness was disconnected from the production fuel

pump, re-routed, and connected to the auxiliary fuel pump located in the passenger compartment.

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

removed for the test.

The vehicle’s rear brake lines were cut and an auxiliary brake machine was installed to abort the test, if

necessary, during the tow. The front brakes were manually pre-charged by mechanically locking down the driver

brake pedal. The front brake’s “banjo bolts” were modified in an attempt to isolate the front calipers from the

front brake fluid. This was done so the front brake fluid pressure could be at a steady state but charged

condition, while still allowing the front wheels to turn. A steady state pressure condition was desired so changes

in the pressure due to leaks could more easily be identified. The modifications to the bolts were unsuccessful at

isolating the front calipers, however, and the front wheels were inadvertently locked during the tow. The desired

impact speed and pole alignment was achieved even with the front wheels locked.
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Pressure transducers, current transducers, and a hydrocarbon vapor sensor were located in the engine

compartment. Because of the pole penetration into the engine compartment it is possible that the presence of

this added instrumentation could have affected the outcome of the test. Every reasonable effort was made to

insure the added instrumentation was as small and non-intrusive as possible, especially in the areas of

anticipated vehicle crush. As an example, the cooling system pressure transducer, as well as some of the other

pressure transducers, were remotely located and connected to the production fluid system using a braided steel

line with a nylon liner. Remotely locating the transducers served two purposes: reducing the likelihood that the

transducer would affect the outcome of the test, and also to protect the transducer from damage during the

impact, thus improving the reliability of the recorded data.

2.1.5. Vehicle Measurements

Many standard crash test measurements were recorded during this test, including:

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

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

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

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

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

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

Engine rpm voltage (voltage signal from the production engine speed sending unit)

Fuel pump current (at auxiliary fuel tank)

2.1.6. Photoaraphic  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.

2.1.7. AnthroDomorphic  Test Device (ATD) Measurements

Two Hybrid III ATDs  (FMVSS reference part 572, Subpart E) [3] were located in the front outboard seating

positions. The seats were located in the fore-aft mid position, and the seat backs were at 23 degrees relative to

vertical. The ATDs  were restrained using the vehicle’s production lap / shoulder belts with the adjustable guide

loop set in the third position from the top. In addition, the ATDs  were restrained by the vehicle’s frontal air bags.

The ATDs  were positioned per FMVSS 208 [4] guidelines and the pelvic angle was measured to be 22.9

degrees from horizontal for the left front occupant and 22.4 degrees for the right front. The head target angle
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was set to 0 degrees from horizontal for both occupants. Each Hybrid III ATD was instrumented to make the

following measurements:

.

.

.

.

.

.

.

.

.

.

.

.

.

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

Femur axial loads, left and right femurs

Knee clevis loads, left and right, inner and outer

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

Upper tibia bending moment, (My, anterior - posterior), left and right legs

Lower tibia bending moment, (My, anterior - posterior), left and right legs

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

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

Tibia/femur displacement, left and right legs

Lumbar moment (My, anterior - posterior)

Lumbar shear load (Fx, anterior - posterior)

Lumbar axial load (Fz, vertical)

Appendix A includes the Injury Assessment Reference Values (IARV) [5] used for the analysis of the recorded

ATD measurements. Head Injury Criteria (HIC) computations limited to 15 msec (as described in AGARD 330

[5]), as well as computations limited to 36 msec (as required by FMVSS 208 [4]) are both presented in the test

results.

2.1.8. Hvdrocarbon  Vapor Measurements

As described in detail in Part 1 [l], one of the objectives of these crash tests was to develop a technique to

measure flammable vapor from fluids spilled during vehicle crash tests. Before developing this technique, the

crashworthiness of sensors that use a tin-oxide element to measure vapor concentration was evaluated during

this crash test. One sensor was located on top of the engine under the intake manifold. Concentration

measurements were collected; however, the purpose was simply to evaluate its crashworthiness.
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2.1.9. Fluid Pressure Measurements

The pressures of several of the vehicle’s fluids were measured to help identify fluid leaks and the time during the

impact when they occurred. Pressure measurements included:

. Right front brake system pressure (line tapped near power steering rack, transducer remotely located)

l Power steering system pressure (measured near power steering rack)

l Cooling system pressure (measured at thermostat housing, transducer remotely located)

. Auxiliary fuel line pressure (near production fuel tank where auxiliary line was tapped into production line)

. Engine oil pressure (measured at the oil pressure sending unit with a remotely located transducer)

l Transmission cooler fluid pressure (measured at transmission port going to cooler)

In addition to pressure measurements, fluorescent dyes were added to the coolant and engine oil to help identify

the locations of these fluids after the impact.

2.1 .lO. Additional Electrical Measurements

The test was conducted with the engine hot and running to provide possible ignition (heat) sources. Another

source of ignition could be electrical events such as shorts, arcs or overheated circuits. Therefore, in addition to

standard crash test electrical measurements (such as the air bag currents), electrical measurements were also

made on those circuits anticipated to be possible ignition sources during the crash. For this test, most

measurements were current measurements, which proved to be quite difficult to analyze following the test. For

subsequent tests both currents and voltages were monitored. The list of circuits monitored changed with

subsequent tests to reflect the lessons learned from earlier tests, including this one.

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

. Right front headlight high beam (measured in right front wheel well)

. Right front headlight low beam (measured in right front wheel well)

. Horn (high tone) current (measured in passenger compartment near the steering column)

. Horn (low tone) current (measured in passenger compartment near the steering column)

. Air conditioning compressor clutch (measured near forward lower engine mount)

. Radiator cooling fan (measured near front left midrail)

. Transmission control module: fused ignition current (measured in right front wheel well)

. Transmission control module: ignition switch current (measured in right front wheel well)

. Transmission control module: fused hot current (measured in right front wheel well)

. Alternator cable (fusible link from battery to alternator, measured near battery)
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2.1 .ll. Fvaluation of the Crashworth
. .

iness of Potetial  Fire Detectm Technoloam

No experimental fire detection devices were included on this crash test.

2.2. Summary of Test Results

Post-test photographs of the vehicle are shown in Figures 3 and 4.

Figure 3.

Post-Test Photograph of Test Cl 1108, Front - Left View



Figure 4.

Post-Test Photograph of Test Cl 1108, Front - Right View

2.2.1 Summarv of Standard Vehicle Crash Test Measurements

The complete set of recorded and computed vehicle measurements are included in Appendix B (plots 55

through 114, and 116 through 118).

Accelerations of the vehicle rocker panels can be used as an indication of the passenger compartment

acceleration. Many times, the higher frequency acceleration signals would represent localized acceleration at

the rocker panels, but the lower frequency signal and first integral of the acceleration are representative of the

overall motion of the passenger compartment. The average of the two rear rocker panel longitudinal

acceleration measurements (Figure 5) was integrated to compute the change in vehicle velocity (Figure 6).

The peak vehicle longitudinal acceleration (after filtering at SAE class 60 [S]),  was 229 and the maximum

longitudinal change in vehicle velocity was 62 km/h (38.5 mph), with the velocity crossing zero at 120 msec

past time zero (impact.)
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Figure 5

Averaged (Left & Right) Rear Rocker Panel Longitudinal Acceleration,

Test Cl 1108, filtered at SAE class 60 [6]
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Figure 6

Averaged (Left & Right) Rear Rocker Panel Longitudinal Velocity

Test Cl 1108
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The displacement of the toe pan on the right (U.S. passenger) side relative to the vehicle’s passenger

compartment was approximately 255 mm as shown in Figure 7.
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Figure 7

Right Toepan  Displacement, Relative to Floorpan

Test Cl 1108, filtered at SAE class 60 [6]

The current measurements of the driver and passenger air bag circuits indicated that both air bags deployed at

about 30 msec  (Appendix B, plots 116 and 117.)

The voltage measured at the engine speed sending unit indicated that the engine was turning through 47 msec

(Appendix B, plot 114). This recorded trace, however, is dependent on the vehicle’s overall electrical status, and

becomes inconclusive after about 47 msec. Observations of film and other electrical measurements indicated

that the vehicle’s entire electrical system power was likely lost at about 65 msec when the positive battery cable

attached to the power distribution center (PDC) separated near the PDC terminal. The battery moved upwards

during the crash, pulling on the positive cable connecting the PDC and eventually causing a separation of the

cable from its ring terminal on the PDC. Monitoring the production engine speed sending unit is therefore not a

reliable way of measuring engine speed during a crash test because it is dependent on vehicle system power.

Later tests in this series beginning with the September 25, 1996 passenger van offset pole test utilized an

auxiliary magnetic pickup transducer to measure the motion of the engine. This auxiliary measurement was

independent of the vehicle’s electrical system.
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Figure 8 shows the current measured at the auxiliary fuel pump (the one operating before the impact and

supplying gasoline to the engine from the auxiliary fuel tank). The fuel pump drew 8 amps until about 65 msec,

when the current dropped to zero. This was due to the loss of the vehicle’s electrical power caused by the

disconnection of the positive battery cable. Some vehicle fuel pumps are designed to “time out” after a fixed

period of engine stoppage (1 or 2 seconds, as an example). Under normal conditions when the engine is turned

off, this short period of pump operation pressurizes the fuel systems for the next engine start. However, in the

event the engine stops due to a crash, this feature insures that the pump does not continue to operate, possibly

supplying a leak with gasoline. For this test, the pump was not required to be “timed-out”, instead it shut down

early due to the loss of vehicle electrical power.

8
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Figure 8

Fuel Pump Current

Test Cl 1108

2.2.2. Summarv  of Recorded ATD Measurements

The complete set of recorded and computed ATD measurements are included in Appendix B (pages i and ii, and

plots 1 through 54).

A comparison of the left front occupant’s (driver’s) injury measurements to their respective Injury Assessment

Reference Values (IARV) (Appendix A), indicates that all measurements were below their respective IARV

except the lower tibia bending moment (My) on the left leg. This measurement had a peak value of 407 Nm,

which is 181% of its IARV of 225 Nm [5]. This measurement is also used to calculate a tibia index, which in the
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case of the lower tibia, combines the My and Fz measurements into a normalized leg index with an IARV of 1 .O

(as described in Appendix A [5]).  This lower left leg index was 1.88 or 188% of IARV.

A similar comparison indicates passenger measurements were above the IARVs for both the lower left and lower

right tibias, with all other measurements at or below IARV. The lower tibia bending moment (My) on the left leg

had a peak measurement of 286 Nm (127% of 225 Nm), which resulted in a lower tibia index of 1.29 (129%).

For the right leg, the lower tibia bending moment channel was overloaded (exceeded the full scale range of the

instrumentation.) In this case the full-scale range was set at 400 Nm with 125% over-range (500 Nm) allowed.

This leg measurement exceeded 500 Nm at 80 msec.

The head, chest, neck and femur measurements were below the IARV for both AIDS. Except for the lower legs,

the risk of severe injury due to crash trauma would have been small for this test, and it could be categorized as a

survivable crash for the purposes of this project. The intent here is to subject vehicles to conditions that are

severe, but survivable, at least for some occupants.

2.2.3. Summarv of Hvdrocarbon  Vapor Measurements

Plot 115 in Appendix B shows the concentration of hydrocarbon vapor measured above the engine by the gas

sensor. These results indicate that this type of gas sensor can survive a vehicle crash test and respond to a fluid

spill. Because this sensor functioned in the crash test environment multiple gas sensors were used to measure

the concentration of flammable vapor at several locations in the vehicle in all subsequent frontal crash tests.

Although this sensor was calibrated with gasoline vapor, the composition and thus the origin of the flammable

gas could not be determined from the response of the sensor alone.

2.2.4 Summarv of Fluid Pressure Measurements

The dynamic pressure measurements of the engine compartment fluids are shown in Appendix B, plots 129

through 134. All of these measurements exceeded their full-scale dynamic range due to an inadvertent problem

with the instrumentation calibration. This problem was corrected for later tests. The brake fluid pressure (plot

129),  indicates a rise in brake fluid pressure at 40 msec, and a drop to near zero beginning at 60 msec. The

post test inspection of the vehicle revealed that the right front brake line was severed on the right side of the

engine block, which was the likely cause of the pressure loss at 60 msec.

The other fluid pressure measurements were inconclusive. However, the post-test vehicle inspection and the

high-speed film revealed that the engine oil, transmission fluid, brake fluid, engine coolant, power steering fluid,

and washer fluid all leaked in the engine compartment during the test.
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2.2.5 Summarv of Additional Electrical Measurements

The results of the additional electrical measurements made in the engine compartment are shown in Appendix

B (plots 119 through 128).

The separation of the positive battery cable from the power distribution center (PDC) at 65 msec  resulted in the

loss of electrical power on the monitored circuits. A review of high-speed film indicated a large spark that

resulted from arcing across the separated battery cable. A still image taken from the high speed film is shown

in Figure 9. This could have been an ignition (heat) source, however no fuel source (such as a flammable

vapor mixture) was present. This separation also resulted in a shutdown of the vehicle’s electrical system at 65

msec.

Figure 9

Battery Cable at 65 msec

Test Cl1108

Hall Effect current transducers with a full scale operating range of 20 amps were utilized on many of the

current channels. The 20 amp current transducers are considerably smaller than higher capacity transducers

and offered the advantage of being less intrusive. However, exceeding the full-scale range of these

transducers was anticipated in some cases, especially if electrical shorts occurred causing high current flow.

For cases like this, the current transducer is used to help identify when the short occurred but may not always

quantify the amount of current that flowed.
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The currents through the two headlight beam circuits are shown in plots 119 and 120. The low beams were

drawing 8 amps until about 50 msec, when the current flow dropped to zero, likely due to broken bulbs, or cut

wires. No indication of shorts was apparent.

Both horns indicated a short burst of current at about 37 msec  (plot 121.) The cause is unknown, but could have

been an intermittent short of the circuit or an activation of the horn during the air bag deployment. The current

flow lasted about 5 msec.

The air conditioning clutch current indicated no apparent short (plot 123).

The current through the electric cooling fans (plot 124) overloaded the measurement transducers (exceeding 25

amps) at 10 msec. These fan motors where close to the point of impact, thus either electrical shorts, mechanical

failure or an instrumentation malfunction of the current transducer could be the cause of the overloaded channel.

The transmission control module circuits indicated little current flow during the test (plots 125 through 127.)

These circuits were not monitored on subsequent passenger van crash tests.

The current through the alternator cable (fusible link) (plot 128) also overloaded very early and is generally

inconclusive. When space allowed, a larger current transducer (60 or 100 amps) was used for the alternator

cable in subsequent tests.

2.2.6. Summarv  of Numerical Film Analvsis

The numeric film analysis plots are included in Appendix C (plots 1 through 7).

The numeric analysis of the high speed film from above the vehicle indicated that the maximum dynamic pole

penetration into the engine compartment was approximately 1157 mm at 129 msec after time zero, as shown in

Figure 10, and plot 8 in Appendix C. This indicates that this crash configuration is quite severe from a

penetration standpoint (by way of comparison many passenger vehicles will exhibit from 400 - 700 mm dynamic

crush during a 30 mph rigid barrier test, such as an FMVSS 208 impact.) During a rigid frontal barrier test, the

entire front vehicle structure is engaged, resulting in less penetration as compared to a concentrated load like a

pole or tree. The fluid and electrical systems in the engine compartment are therefore more severely challenged

during an impact of this type.

17 July 1998



100
Time (msec)

Figure 10.

Pole Penetration

Test Cl 1108, Numerically Measured from High Speed Film

2.2.7 Results of Post-test Static Rollover

This vehicle was rolled on May 17, 1996 using a static roll procedure similar to the roll procedure used for

FMVSS 301 [7]. The vehicle was rolled both in the negative direction (filler neck down) and also in the positive

direction (filler neck up). There was no gasoline or Stoddard Solvent spillage noted during the static rollover.

Many of the other engine compartment fluids, such as engine oil, brake fluid, transmission fluid, and coolant

which leaked during the crash test were distributed into the passenger compartment during the roll,

contaminating the windshield and fabric materials. These fluids could potentially act as an artificial accelerant in

a fire propagation test, and would contribute to fire test variability. Therefore, subsequent frontal crash tests,

which resulted in engine compartment fluid leaks, were not rolled.

2.2.8 Results of the Evaluation of the Crashworthiness of Potential Fire Detection Technoloaies

No fire detection devices were included for this test.
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2.2.9 Summarv  of Post-test Vehicle Inspection

The vehicle was disassembled and inspected for air passages from the engine compartment into the passenger

compartment, the locations of any fluid leaks identified during the crash test, the locations of any electrical shorts

identified during the crash test, and any contact between combustible materials and hot surfaces. As with any

severe frontal crash test, the engine compartment was compromised and the inspection of all components was

impossible due to space limitations. 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.

Interior components, such as the instrument panel, were removed to identify structural openings in the forward

bulkhead. The presence of the interior components, in many cases, would prohibit the free flow of air through

the structural openings and so those openings identified would not necessarily permit the free flow of air when all

of the interior components are in place. However, many interior components are combustible materials and so

openings in the metal forward bulkhead could potentially be fire paths into the passenger compartment. The fire

propagation tests (reported separately) identified fire propagation paths using actual fire tests on some vehicles

from this crash test series.

Of those openings identified, 2 resulted in opening areas significantly larger than the rest. These openings were

not measured for their cross sectional area, however, rough length and width measurements are indicated.

. separation of horizontal lap weld seam near a/c evaporator feed-through

(Approximately 300 mm long x 40 mm wide at its widest point)

. separation of vertical weld between passenger hinge pillar and forward bulkhead

(Approximately 400 mm long x 100 mm wide at its widest point)

The remaining smaller openings identified included:

. cracked steering column boot

. separation of heater core line seal and bulkhead

l hole in windshield, near cowl

. separation of shifter cable grommet from bulkhead

. ripped hole in bulkhead near evaporator drain line due to engine penetration

. spot weld separations of driver side toe pan from frame

. separation of oxygen sensor wire grommet from floorpan

The following sources of leaked fluids were located during the post-test inspection:

. engine oil: partial separation of the oil pan from the engine
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. transmission fluid: fracture of transmission housing

l brake fluid: severed brake line near right rear corner of engine compartment

. engine coolant: ruptured radiator

l power steering fluid: ruptured pump housing

. washer solvent: ruptured reservoir

l battery electrolyte: vents on the battery top after the battery was turned on its end during the test

No liquid gasoline or Stoddard spills off of the vehicle were noted. However, the hydrocarbon vapor

concentration measurement indicated the presence of a hydrocarbon vapor, which was not identified because

samples were not collected and analyzed for this test. However, the post-test inspection did reveal leaks in the

fuel system when the system was re-pressurized. Those leaks identified were:

. un-sealing of front, right fuel injector from fuel rail

. un-sealing of front, mid fuel injector from fuel rail (due to intake manifold contact)

. un-sealing of front, left fuel injector from fuel rail (due to intake manifold contact)

During the test, the fuel pump shut down early (at 65 msec) during the event so if gasoline was lost, it was likely

only residual amounts, that is the leaks were not supplied gasoline by the pump.

No apparent electrical shorts were identified. The following electrical observations were made during the

physical inspection:

l disconnection of battery positive cable from PDC ring terminal

(consistent with the loss of power noted at 65 msec)

l disconnection of alternator charging wire (referred to as fusible link on plots) from alternator ring terminal

. separation of front right headlight from vehicle during impact

(possibly causing loss of headlight current noted at 50 msec)

The only contact between a hot surface and a possible combustible material noted was between the exhaust

manifold and the dash panel silencer pad.

2.3. Conclusions

Following are the primary conclusions that can be drawn from the results of test Cl 1108 relative to the objectives

of this project.

1. There were no post-collision fires identified during this crash test.
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2. There were no electrical shorts noted, however, the separation of the positive battery cable from the PDC at

65 msec  after impact resulted in significant arcing at the location of separation. The separation of large

current carrying cables during a crash could produce similar arcing which, if present at the same time and

location as flammable vapors, could be an ignition source.

3. This separation of the positive battery cable also resulted in the loss of vehicle electrical power, in turn

shutting down the fuel pump also at 65 msec. The fuel pump was not required to be “timed out” by the

engine control system.

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

Two fuel injectors were unsealed from a fuel rail and a third was separated from the rail. Because the fuel

pump shut down early, the fuel pump was not operating to supply the leaks with gasoline. Therefore, only

residual amounts of gasoline were likely released into the engine compartment.

5. The single hydrocarbon concentration measurement did detect the presence of a hydrocarbon vapor in the

engine compartment, however because no vapor samples were taken for this test, the vapor was not

identified.

6. Of the other engine compartment fluids, all leaked during the test. None, however, resulted in a fire due to

contact with a hot surface.

7. The ATD measurements indicate that a crash condition of this type may be survivable from an occupant

trauma standpoint, although there may be a risk of serious lower leg injury as indicated by the lower leg

measurements. Lower leg injury could slow the egress of the occupants after an impact. The severity of this

test, therefore, is appropriate for this research project. Severe conditions, in which the vehicle’s electrical

and fluid systems are challenged, but not so severe that occupant fatality would be likely was the goal in

developing the crash test conditions.

8. Due to the concentrated loading of the pole, penetration into the engine compartment resulted, severely

challenging all of the vehicle’s fluid and electrical systems.

9. Due to the severe penetration of the pole, structural openings in the forward bulkhead were identified.

Because this was the first test in the series that used specialized instrumentation not normally included in

automotive crash tests, improvements in test methodology were made as the testing progressed. Several

conclusions can be drawn from this test relating to improved test methodology for subsequent tests in this series.

These conclusions include the following:
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10. A static roll should not be done following frontal crashes if the vehicle may be used for a fire propagation

test. The static roll may unrealistically contaminate the passenger compartment with engine compartment

fluids.

11. Engine compartment electrical measurements should include the larger gage, high current carrying cables

such as the starter, main battery positive, and alternator cables. Secondary cables could be selectively

monitored if they are in the anticipated crush zone. In addition, voltage measurements should also be made

to supplement the current measurements.

12. The number of locations in the engine compartment in which the hydrocarbon vapor measurements are

made should be increased to identify the presence of vapors at various locations in the engine compartment.

An advantage of multiple location measurements is the ability to follow the dissipation of a vapor cloud

through the engine compartment. Another advantage of making measurements at multiple locations is

improving the chance of some valid measurements if some of the instruments are destroyed during the test.

13. Measuring the voltage from a vehicle’s production engine speed sending unit is an unreliable way to

measure engine motion during a frontal crash test. An auxiliary transducer such as a magnetic pickup

transducer was used for subsequent tests beginning with the second offset pole frontal impact (test

Cl 1279).

14. The full-scale range of the engine compartment fluid pressure measurements was increased for subsequent

tests.

15. Although the removal of the vehicle hood improved engine compartment photographic coverage, it also

allowed an unrealistic dispersion of fluids or fluid vapors. (This trade-off was evaluated on a test by test

basis for subsequent tests.)
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3. Passenger Van Oblique Moving Barrier Frontal Impact, Test Cl 1167

On June 25, 1996 a passenger van oblique moving deformable barrier frontal impact crash test (Test #Cl 1167)

was conducted at the General Motors Proving Ground in Milford, Michigan. A total of 120 channels of data were

recorded during the test, including 114 channels on the test vehicle (including ATDs)  and 6 channels on the

oblique deformable barrier. Due to the speed of the impact, this test configuration was conducted outdoors,

thereby limiting the amount of photographic coverage available. As an example, the indoor tests included high-

speed photographic coverage of the vehicle under-body taken from a pit, while the outdoor oblique moving

barrier test did not. A fire crew was present during and immediately after the test.

3.1. Test Conditions

3.1 .l. Impact Conditions

This test was a frontal oblique moving deformable barrier frontal impact as depicted in Figures 11 and 12. The

alignment of the barrier and vehicle was set so the center of the moving barrier face impacted the front left

corner of the test vehicle. The test vehicle was parked at a 25 degree (+/- 2 degrees) angle relative to the

approach velocity vector of the moving barrier. The angle was chosen so the velocity vector of the barrier’s

center of gravity (CG) at impact passed through the CG of the test vehicle, thus minimizing vehicle rotation and

maximizing vehicle crush. The CG of the test vehicle was approximately 1208 mm rearward of the front wheel

centerline and laterally in the center of the vehicle.
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Figure 11.

Crash Test Configuration for Test Cl 1167

.--.

Figure 12.

Pre-Test  Photograph of Test Cl 1167
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The front left corner of the test vehicle was defined by the intersection of two lines. One line was tangent to the

most forward part of the vehicle bumper and perpendicular to the vehicle longitudinal centerline. The other line

was tangent to the widest part of the vehicle body (excluding mirrors) and parallel to the vehicle longitudinal

centerline. This intersection represents a virtual corner of the vehicle, which was not on the vehicle body due to

the contours of the body styling. The test configuration was set so the center of the barrier face passed through

this virtual corner and in the direction of the vehicle CG at impact, which resulted in the approach angle of 25

degrees. This also resulted in an approximate overlap of 47%. (47% of the Caravan’s 1950 mm width was

engaged by the moving barrier.)

The mass of the deformable barrier was 1638 kg (3611 Ibs.). This mass is greater than what is used for

FMVSS214 [8] tests (1367 kg or 3015 lb.) in order to increase the test severity. The height of the center of the

simulated bumper form was 470 mm (18.5 in.) above grade. This was set to match the approximate height of

the bumper beam centerline on the test vehicle which was 457 mm (18 in.) above grade. The wheels of the

moving barrier were oriented in the same direction of the barrier longitudinal axis. The wheelbase, trackwidth,

and center of gravity of the moving barrier were all similar to what is specified for FMVSS214 [8] testing. The

aluminum honeycomb barrier face was also the same as what is used for FMVSS214 [8] testing except for its

vertical location above grade. 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, measured with radar, was 105.7 km/h (65.6 mph).

3.1.2. Vehicle Description

The 1996 Dodge Caravan Sport (VIN:lB4GP45RlTB376396)  had a test mass of 1981 kg (1149 kg front, 832 kg

rear) which included the two Hybrid III ATDs,  crash test instrumentation, and Stoddard Solvent in the gasoline

tank. First, the fuel tank’s unusable capacity was filled with Stoddard Solvent, then 71.3 liters of Stoddard were

added to usable capacity of the tank. 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.

3.1.3. Pretest Enqine Warm-up Procedure

For the passenger van deformable moving barrier frontal impact (Test Cl1167), the engine was started

approximately 1 hour and 46 minutes before impact as outlined in Table 3.
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Table 3.

Engine Warm-Up Procedure for Test Cl 1167

Engine started (idle approximately 900 rpm)

Engine speed increased to 1100 rpm

Return to idle speed (approximately 900 rpm)

Engine turned off for instrumentation set-up

Engine restarted, set to 1100 rpm

Impact

Time after initial

engine start

(min)

0

45 (estimated)*

Time after speed Duration,

increased to 1100 rpm, (min)

(min)

n/a 45 (estimated)*

0 24

24 0

24 22

46 14

60

The initial 45 minute operation time at 900 rpm was required to operate the vehicle’s air conditioning to cool the

ATDs  to insure that their temperature at impact was within the range specified by FMVSS 208 141.  Difficulties

with the instrumentation set-up and calibration required that the engine be off from 24 minutes to 46 minutes

after the initial increase to 1100 rpm.

3.1.4. Modifications to Production Vehicle

As with the other tests, the production vehicle was modified to fulfill the objectives of the project. A description of

some of the modifications for test Cl 1167 follows.

This vehicle was tested without a hood to allow overhead photographic coverage of the engine compartment.

Gasoline was supplied to the engine from an auxiliary tank mounted in the passenger compartment similar to

test Cl 1108.

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

removed for the test.

The vehicle’s rear brake lines were cut and an auxiliary brake machine was installed to charge the rear brake

lines. The purpose of using the brake machine was to help control vehicle kinematics after the impact by

isolating the rear brakes to ensure the rear wheels would be locked even if the brake lines were severed towards

the front of the vehicle. The front brakes were pre-charged by mechanically locking down the brake pedal, so the

front brake fluid pressure would be at a steady state but charged condition so that fluid leaks could be easily

identified with the recorded brake pressure measurement.
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The instrumentation of the engine compartment was similar to Test Cl 1108 and again every reasonable attempt

was made to make the added instrumentation as non-intrusive as possible so as not to affect the outcome of the

test.

3.1.5. Vehicle Measurements

Many standard crash test measurements were recorded during this test, including:

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

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

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

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

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

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

l Engine rpm voltage (voltage signal from the production engine speed sending unit)

l Fuel pump current (at auxiliary fuel tank)

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

3.1.6. Photoaraphic  Coveraae

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. Movina Barrier Measurements

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

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

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

3.1.8. Anthropomorphic Test Device (ATD) Measurements

Two Hybrid III ATDs  (FMVSS reference part 572, Subpart E)[3]  were located in the front outboard seating

positions. The seats were located in the fore-aft mid position, and the seat backs were at 25 degrees relative to

vertical. The ATDs  were restrained using the vehicle’s lap / shoulder belts with the adjustable guide loop set in

the third position from the top. In addition, the ATDs  were restrained by the vehicle’s frontal air bags. The ATDs
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were positioned per FMVSS 208 [4] guidelines and the pelvic angles were measured to be 23.9 degrees from

horizontal for the left front ATD and 23.7 degrees for the right front ATD. The head target angle was at 0

degrees from horizontal for both ATDs.

Each Hybrid III ATD was instrumented to make the same measurements as on test Cl 1108.

3.1.9. Hvdrocarbon  Vapor Measurements

Hydrocarbon gas vapors were measured at the five following locations in the engine compartment:

0 left upper engine (location #l)

. right upper engine (location #2)

0 left lower engine (location #3)

l right lower engine (location #4)

l exhaust manifold (location #5)

At each location the concentration of hydrocarbon vapors was measured using tin oxide sensors described in a

previous report [l], and similar to the single sensor used for test C11108.  Gas sampled from each of these

locations was collected in sorbent tubes for subsequent analysis by gas chromatography / mass spectrometry

(GUMS)  [l].

3.1.10. Fluid Pressure Measurements

The pressures of several of the vehicle’s fluids were measured to help identify fluid leaks and the time during the

impact when they occurred. Pressure measurements included:

l Left front brake system pressure (brake line tapped near ABS junction box)

l Power steering system pressure (measured near power steering rack)

l Cooling system pressure (measured at thermostat housing, transducer remotely located)

l Auxiliary fuel line pressure (near production fuel tank where auxiliary line was tapped into production line)

l Engine oil pressure (measured at the oil pressure sending unit with a remotely located transducer)

l Transmission cooler fluid pressure (measured at transmission port going to cooler)

In addition to pressure measurements, fluorescent dyes were added to the coolant and engine oil to help visually

identify the location of these fluids after the impact.
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3.1 .ll. Additional Electrical Measurements

Similar to test Cl 1108, the test was conducted with the engine hot and running to provide additional ignition

(heat) sources. Additional electrical measurements were also made to identify possible shorts, arcing or

overheated circuits. Those measurements are listed below.

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

l Horn (low tone) current (measured in passenger compartment near the steering column)

l Air conditioning compressor clutch (measured near forward lower engine mount)

l Radiator cooling fan (measured near front left midrail)

l Alternator cable (fusible link from battery to alternator), (measured near battery)

l Battery main (B+) (measured near battery)

Direct voltage measurements were also made of the following circuits:

0 Ign i t ion

l Left front headlight high beam

l Left front headlight low beam

3.1.12. Evaluation of the Crashworthiness of Potential Fire Detection Technoloaies

An experimental thermal wire fire detector (supplied by Dual Spectrum, Goleta, CA) was located in the engine

compartment and ran the full width of the van’s engine compartment under the wiper tray near the cowl. This

detector included two wires separated by an insulating material, which is designed to melt at 356 degrees F, thus

allowing the wires to contact each other; completing an electrical circuit. Devices of this type could be used with

an active fire suppression system but for this test, it was only monitored to evaluate its crashworthiness. This

thermal wire was electrically monitored for contact closure between the wires during the test.

3.2. Summary of Test Results

Post-test photographs of the vehicle are show’n in Figures 13 and 14.
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Figure 13.

Post-Test Photograph of Test Cl 1167, Left Side

Figure 14.

Post-Test Photograph of Test Cl 1167, Front - Right View
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3.2.1. Summarv  of Standard Vehicle Crash Test Measurements

The complete set of recorded and computed vehicle measurements are included in Appendix D (plots 55

through 112,116, 122 through 124, and 137).

Because this vehicle was impacted at a 25 degree angle, it experiences both longitudinal (relative to the vehicle)

and lateral accelerations early during the crash event. The accelerations and velocity changes of the vehicle’s

rocker panels translated to a new coordinate system aligned with the initial motion of the moving barrier may be

an appropriate measurement to estimate crash severity. This measurement could be compared to the vehicle’s

longitudinal acceleration and change in velocity in pure longitudinal crashes, such as the pole impacts, in which

vehicle yaw is minimal. The axis of the vehicle and barrier are shown in Figure 15. a, is the acceleration in the

vehicle’s longitudinal direction, a, is the acceleration in the vehicle’s lateral direction, and ab is the acceleration

in the barrier’s initial longitudinal direction.

I I vehicle acceleration in direction

+ ab of the barrier’s longitudinal axis
Ir

vehicle longitudinal

8 (t)\ \+ a2 vehicle lateral

Figure 15.

Vehicle and Barrier Axis

Test Cl 1167
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The translated measurement was calculated using the following steps.

The yaw velocity rate, w(t) (which was measured and is shown in plot 137, Appendix D) was integrated using a

constant of 25” to yield the vehicle’s angle e(f).  This angle, e(f),  is relative to the barrier’s initial longitudinal axis

and is shown in Figure 16.

9(t) =/w(t) dt+25”

45

40

35

30

25

2 0

15 ~.

1 0

50 100
Time (msec)

150 200

Figure 16.

Vehicle’s Yaw Angle, e(T)

Test Cl 1167

Next, the following measured channels were filtered at SAE class 60 [6] :

Right front rocker panel longitudinal acceleration, ado(t),  (plot 58, Appendix D)

Right front rocker panel lateral acceleration, ada( (plot 67, Appendix D)

Left rear rocker panel longitudinal acceleration, a,,,(t), (plot 83, Appendix D)
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Left rear rocker panel lateral acceleration, a,,,(t),  (plot 94, Appendix D)

Next, the right front rocker resultant acceleration in the direction of the barrier’s initial longitudinal axis, a&f),

was calculated using the following  formula, and is depicted in Figure 17:

a,,(t) = adof,(t) COS~(O  - ~(0 c0s(goo - e(t))

arfo (0 cos e(t) + 8 + arfo (0III,

arfa (f) cos C’(W-e(t));5
90-e + a, fa (0

Figure 17.

Translation of Accelerations to the Barrier’s Initial Axes

in a similar fashion, the left rear rocker resultant acceleration in the direction of the barrier’s initial longitudinal

axis, alti(f), was calculated:

a,&) = a,,,(t) cwt) - a,&) CosPO”  - e(r))

The two locations were averaged to yield a,,,gb (f), the averaged vehicle acceleration in the direction of the

barrier’s initial longitudinal axis, which is shown in Figure 18.

33 July 1998



aavgbO = [ati& + a,# l/2
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Figure 18.

Vehicle’s Averaged Acceleration In The Direction Of The Barrier’s Longitudinal Axis, A,,,(T)

Test Cl1167

This averaged acceleration was integrated to give vavsb(t), the vehicle’s velocity in the direction of the barrier’s

initial longitudinal axis, which is shown in Figure 19. The vehicle experienced a change in velocity of 53 km/h in

the direction of the barrier’s initial longitudinal axis.

vavgbUl  =/a,,,(t) dt + 0 (the vehicle’s initial velocity was 0)

34 July 1998



- 6 0

0 50 100
Time (msec)

150 200

Figure 19.

Vehicle’s Averaged Velocity in the Direction of the Barrier’s Longitudinal Axis, Vavgb(  7)

Test Cl 1167

The displacement of the driver’s side toe pan was approximately 130 mm as shown in Figure 20 and plot 112

Appendix D. This is roughly half of the displacement measured on passenger’s side toe pan during the first pole

impact test (test #Cl 1108). This oblique moving deformable barrier resulted in less toe pan penetration because

the pole subjects the vehicle to a more concentrated load than does the deformable barrier and also because the

longitudinal change in velocity of the test vehicle for the pole impact (62 km/h) was greater than for the oblique

moving barrier (53 km/h).
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Figure 20

Left Toepan  Displacement, Relative To Floorpan

Test Cl 1167, filtered at SAE class 60 [6]

The current measurements of the driver and passenger air bag circuits indicated that both air bags deployed at

13 msec  (Appendix D, plots 122 and 123.)

The voltage measured at the engine speed sending unit indicated that the engine was still turning at least

through 40 msec (Appendix D, plot 116). This recorded trace, however, becomes inconclusive after about 40

msec. Similar to Test Cl 1108, the vehicle’s electrical system temporarily lost voltage at about 40 msec, thus

affecting this recorded measurement. Several of the recorded voltage traces verified that electrical power was

lost at about 40 msec. The auxiliary transducers to make this measurement independent of the vehicle power

were not yet available for this test. The temporary loss of vehicle (ignition) voltage (shown in Figure 21 and plot

113, Appendix D) was due to the negative battery terminal separating from the negative battery plates as the top

of the battery moved upwards, partially separating from the battery during the test. Note that Figures 21 and 22

display the recorded measurements for a duration of 1800 msec  (1.8 seconds), unlike previous figures which

have displayed 240 msec  of data. This displacement of the battery top was observed in the high speed film of

the crash test. The re-establishment of ignition voltage at 120 msec  is described in later sections.
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Figure 21

Ignition Voltage

Test Cl 1167

Figure 22 and plot 124 (Appendix D) show the current measurement at the auxiliary fuel pump (the one

operating before the impact and supplying gasoline to the engine from the auxiliary fuel tank). The fuel pump

drew about 7 amps until about 37 msec, when the current dropped to zero. This is also likely due to the

temporary loss of the vehicle’s electrical power as shown in Figure 21. The fuel pump did not re-start at 120

msec  when the ignition (system) voltage was temporarily re-established. Similar to test Cl 1108, this pump did

not require to be “timed out” after a fixed period of engine stoppage (as described in section 2.2.1).
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Figure 22

Fuel Pump Current

Test Cl 1167

3.2.2. Summarv  of Recorded Barrier Measurements

The acceleration measurements and related computed values from the moving barrier are included in Appendix

D (plots 139 through 156).

The longitudinal velocity of the barrier’s CG is re-created here as Figure 23. The barrier sustained a velocity

change of about 65 km/h (40 mph) in 120 msec.
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Figure 23

Moving Deformable Barrier Longitudinal Velocity at CG

Test Cl1167

3.2.3. Analvsis of Post-Impact Fire

A fire was observed on the vehicle at the crash test facility approximately five minutes after impact.

The fire was first observed as blistering paint on the upper radiator tie bar near the front of the deformed battery.

Approximately 30 seconds later, flames were then observed near the battery and the fire was allowed to

propagate to verify that it was a self-propagating flame front. Approximately five minutes after the first

observation of fire (ten minutes after impact) the fire was extinguished using a carbon dioxide fire extinguisher.

At that time the damage caused by the fire was limited to the plastic components around the battery

compartment including the plastic battery housing, battery top, plastic housing of the power distribution center,

miscellaneous electrical connectors and harnesses, and some plastic components of the left front headlight

assembly. A photograph of the battery top, removed after the test is shown in Figure 24.
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Figure 24

Post-test Photograph of the Battery Top, Removed from the Vehicle

Test Cl 1167

After analyzing the recorded information and disassembling the battery, it was determined that the fire was

electrical in nature, caused by a series of electrical events during the crash and consumed only solid

components. None of the fluid systems (including gasoline) contributed to the ignition or propagation of the fire.

Similarly, none of the normally hot surfaces, such as the exhaust manifolds or catalytic converter contributed to

the fire.

There were three separate electrical occurrences caused by the collision, which, in combination, caused the

post-impact fire.

One event was the pinching and partially severing of a wiring harness between the front edge of the left frame

rail and the transaxle housing as shown in Figure 25. Several wires in this harness, including the starter cable,

were shorted to chassis. The insulation on the starter cable showed signs of melt/flow and there was evidence

of corrosion caused by electrical arcing at the tips of the copper wire. Also, electrical arcing eroded a small area

of the frame rail. An inspection of the ignition voltage (Figure 21) indicates a drop in ignition voltage from 13
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volts to about 10 volts beginning at 15 msec. It is likely, but impossible to verify, that this was the time at

which the wiring harness was severed, causing additional load on the battery due to the starter cable short.

The physical inspection of the starter cable short also revealed some possible cross shorting of the starter

cable to other wires in the wiring harness including the headlight low-beam circuit. An inspection of the

headlight low-beam voltage (Figure 26 and plot 115, Appendix D) also suggests that this cross shorting started

at about 15 msec. This voltage was initially at zero (because the low beam lights ware not on for the test) but

intermittently raised beginning at about 15 msec. This suggests that the wiring harness was physically crushed

at about 15 msec  and both the starter cable short to chassis and the cross shorting between cables in the

bundle likely occurred at about this time.

Figure 25

Post-test Photograph of Wiring Harness Pinched by Transaxle Housing

Cl1167
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Figure 26

Headlight Low-Beam Voltage

Test Cl 1167

A second electrical event noted during the test was the disconnection of the negative terminal from the internal

plates of the battery (which was identified during the post-test inspection of the battery.) The disconnection was

caused by the motion of the battery top and terminals upwards during the impact (which was observed in the

high-speed film.) The entire electrical system will not operate and current will not flow without a battery ground.

Again, the timing of this occurrence is difficult to determine with complete certainty.

A third electrical event that was noted was the penetration of a self-tapping screw into the battery contacting the

negative (and possibly positive) plates inside the forward cell of the battery. The screw was identified during the

disassembly of the battery and the penetration was noted from inside of the battery housing. This screw initially

mounted the metal bracket holding the power distribution center housing.

The penetration of the screw into the battery resulted in local resistive heating of both the screw and the

surrounding steel structure to which it was mounted. The current flow for this local resistive heating could have

been from two different sources:

1) The contact of the screw (which was attached to the chassis) with the negative plates of the battery would re-

connect the battery ground to chassis thus restoring electrical power to the vehicle. Although the negative

battery terminal had been separated from the battery plates, some of the vehicle’s exterior lights, including the
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brake lights were observed to be on following the impact. This confirms that there was an alternate ground

being supplied to the battery. If the screw were the only connection to ground, then all of the current flowing on

the vehicle would be flowing through this screw. The intermittent starter cable short to ground could have been a

source of high current flow through the screw.

2) The screw shorted the battery by contacting both positive and negative plates in cell 6 (forward cell) of the

battery. This caused high current flow through the screw, probably for a short period of time until the connection

was opened due to the continued crush or localized melting of the screw or plates. Subsequent removal of the

screw and comparison to an intact screw taken from another vehicle indicated that approximately 5 mm of

material was melted off the tip of the screw. This internal shorting of the battery would be independent of other

electrical occurrences external to the battery such as the starter cable short to chassis.

From the available data, it is impossible to quantify how much each of the above two current sources contributed

to the heating of the screw and surrounding steel components which, in turn, led to the ignition of the post-impact

fire.

An additional observation during the battery inspection is worth noting, although it probably did not contribute to

the fire. The inter-cell connection between cells 3 and 4 (the 2 middle cells) was severed when the battery was

crushed, but the broken ends were held tightly together, maintaining electrical contact after the crash.

The shorting of the starter cable, the disconnection of the negative battery terminal, and the penetration of the

screw into the battery, in combination, were the causes of the electrical fire. However, in drawing conclusions on

how post-impact fires might start, the specific outcome of this test should not be regarded as determinative. It is

impossible to determine the repeatability of these specific occurrences, or whether they were affected by the

modifications made to the production vehicle in this specific test. As an example, the removal of the hood could

have increased the vertical displacement of the battery contributing the separation of the negative battery cable.

It is more useful to use this test to draw generic lessons about electrical fires and how they may start in real

world occurrences. As an example, this test demonstrates the following: 1) electrical fires unrelated to fluids

such as gasoline are possible and may propagate by igniting solid combustibles in the engine compartment, 2)

objects grounded to chassis which penetrate the side of the battery housing could contribute to increased

electrical activity by providing parallel ground paths and also by internally shorting the battery, and 3) shorts

between heavy gage non-fused cables (such as starter cables) and chassis ground can also contribute by

increasing the overall current flow.
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3.2.4. Summarv  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 54).

The following injury measurements from the left front occupant (driver) were above their respective Injury

Assessment Reference Values (IARV): left femur compression, right upper tibia moment (Mx, My resultant), right

lower tibia moment (My), and left lower tibia moment (My), and the corresponding computed values associated

with these measurements (such as lower leg indices.) The left femur compression was 12,454 N, which is 125%

of the IARV of 10,000 N. The right upper tibia moment was 274 Nm, which is 122% of the IARV of 225 Nm. The

right lower tibia moment was 461 Nm, which is 205% of the IARV of 225 Nm. The left lower tibia moment was

338 Nm, which is 150% of the IARV of 225 Nm. All other measurements on the left front ATD were below their

respective IARVs.

The right front occupant’s (passenger’s) injury measurements indicated only the left, lower tibia moment (My)

was above the IARV with a measurement of 249 Nm (110% of 225 Nm). All other measurements for this

occupant were less than their respective IARVs.

For both ATDs, the head, chest, and neck measurements were below their respective IARVs for the passenger

van oblique moving deformable barrier frontal impact (test Cl 1167.)

3.2.5. Summarv  of Hvdrocarbon  Vaoor Measurements

A complete set of the recorded measurements is included in Appendix E, Figures El through EE5, and also

Appendix D, plots 117 through 121.

Of the five locations monitored, location #l (left upper engine) and location #3 (left lower engine) had the highest

concentrations of hydrocarbon vapors.

The concentration at the left upper engine (#l) approached 0.3 % concentration from shortly after impact

through about 25 seconds as shown in Figure El, Appendix E. The concentration at this location then decayed

to less than 0.1% by 50 seconds after impact. The concentration at the left lower engine (#3) exceeded 1 .O %

concentration at approximately 20 seconds after impact and remained above 0.2% through about 100 seconds

after impact. The concentration measurement at the left lower engine (#3)  is shown in Figure E3 (Appendix E)

and is also recreated here as Figure 27. It is possible that these two measurements are simply two different

locations in the same cloud of gas, and that the source of the gas could be the same for both measurements.

The remaining three locations remained below a concentration of 0.1% for the measurement duration.
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Figure 27

Concentration of Hydrocarbon Vapor Measured from Left Lower Engine (Location #3)

Test Cl 1167

A gas chromatography / mass spectrometry (GUMS)  analysis was performed on 10 samples collected during

the test. Background samples from each of the five locations were collected for a 10 minute period during the

vehicle warm-up. Test samples from each of the five locations were collected for a 20 minute period starting

approximately 5 minutes before the impact and ending about 15 minutes after the impact. Both the background

and test chromatograms are shown in Figures EEl through EE5 in Appendix E. Note that the abscissa in all of

the GUMS figures refers to the retention time of the analysis and not the time following the impact, as other

figures do. Figure EE3 in Appendix E includes the background and test chromatograms for location #3 which

are recreated here as Figure 28 and 29.
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Background Chromatogram from GUMS Analysis from Left Lower Engine (Location #3)

Test Cl 1167
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Figure 29

Test Chromatogram from GUMS Analysis from Left Lower Engine (Location #3)

Test Cl1167
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The peaks in the mass chromatogram of the background from the left lower engine (location #3) were identified

as a homologous series of cyclic poly(dimethyl  siloxanes). These compounds were produced during the GUMS

analysis by thermal decomposition of reagent used to deactivate the glass surfaces in the sorbent tubes. None

of the engine compartment fluids was siloxane-based. The peaks in the mass chromatogram of the test sample

were identified as a mixture of aliphatic and aromatic hydrocarbons in the range of C5 to ClO.  Higher molecular

weight hydrocarbons were not detected. Gasoline was the only fluid in the test vehicle that contains

hydrocarbons in this molecular weight range. The mass chromatograms of samples from the other locations

where a hydrocarbon vapor was detected were similar to that shown in Figure 29. The abundances of the each

hydrocarbon species were lower, however.

It is apparent that gasoline vapor was present in the left side of the engine compartment for about 1 minute after

the impact. This is consistent with leaks in the fuel system identified during the post-test inspection (reported in

section 3.2.11.) as well as the recorded drop in fuel pressure (reported in section 3.2.6.). However, the

concentration at the left upper engine (location #l) barely exceeded the lower limit of flammability (approximately

0.8%) and the concentration at the left lower engine (location #3) never exceeded the lower limit of flammability.

No apparent ignition sources were identified at these locations during the post-test analysis and vehicle

inspection.

3.2.6. Summarv of Fluid Pressure Measurements

The dynamic pressure measurements of the engine compartment fluids are shown in Appendix D, plots 130

through 135.

Although the brake pressure measurement (plot 130) indicates a significant drop in brake pressure, no leak was

identified in the pressurized brake system during the post-test inspection. The loss in pressure could be due to

deformation of the brake line or release of the brake pedal, during the impact. The post-test inspection (Section

3.2.11.) did reveal, however, that the brake fluid reservoir was separated from the master cylinder which

released brake fluid (non-pressurized) into the engine compartment during the crash.

The auxiliary fuel line pressure (plot 13) also dropped to near zero at around 120 msec, which was likely caused

by the leaks at the fuel injectors as reported under post-test inspection. No other pressure measurements

conclusively identified the time of any fluid leaks. However, the post-test vehicle inspection revealed that battery

electrolyte, engine coolant, brake fluid, power steering fluid and washer fluid all were released into the engine

compartment during the impact.
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3.2.7. Summary  of Additional Electrical Measurements

The results of the electrical measurements made in the engine compartment are shown in Appendix D (plots 113

through 115, and 125 through 129).

A description of several electrical events were reported in the analysis of the post-test fire. Those events,

namely the broken inter-cell connection in the battery, the separation of the negative battery cable, the pinching

of the wiring harness containing the starter cable, and the penetration of the screw into the battery housing likely

were the causes of the ignition voltage drops (as shown in plot 113 and Figure 21). Heavy currents caused by

shorts to chassis typically will cause drops in ignition voltage due to additional loading on the battery.

No other electrical shorts were apparent on the recorded data.

3.2.8. Summarv  of Numerical Film Analvsis

High speed film and video was used to document this crash test, however, no numerical analysis of the film was

done. Only for the pole impacts, in which film analysis can accurately measure the dynamic pole penetration,

was film analysis deemed necessary.

3.2.9. 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 pole frontal impact on the passenger van (Test Cl 1108).

3.2.10. Results of the Evaluation of the Crashworthiness of Potential Fire Detection Technoloaies

The thermal wire fire detection device located under the wiper tray indicated a contact closure at 42 msec lasting

about 15 msec as shown in Appendix D, plot 136. This closure was due to the physical pinching of the wire

during the crash and not because of overheating. During the post-test inspection, the continuity of this device

was measured to be open. However, it closed upon movement of the cable at the location where it was pinched.

The purpose of including this device was to evaluate the crashworthiness of not only the device but also its

mounting location. For subsequent tests the mounting location was moved to enable evaluation of alternate

locations.
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3.2.11. Summarv  of Post-test Vehicle and Barrier Inspection

An inspection of the moving barrier immediately following the impact revealed that the mounting plate for the

deformable honeycomb face fractured during the impact. This mounting plate was a 50 mm thick aluminum

plate mounted on the front of the moving barrier but just rearward of the honeycomb face. A review of the high-

speed film revealed the fracture likely occurred late during the event at approximately 42 msec. The fracture of

the mounting plate may have reduced the severity of the impact on the test vehicle slightly, because it allowed

further penetration of the honeycomb into the barrier and also because there was some energy absorption

associated with the fracture, which normally would not have been present. In addition, the fracture of the

mounting plate reduced the ability to precisely repeat this crash test.

As with the previous test, the vehicle was disassembled and inspected to identify air passages from the engine

compartment into the passenger compartment, the locations of any fluid leaks identified during the crash test,

locations of any electrical shorts identified during the crash test, and any contact between combustible materials

and hot surfaces.

Interior components, such as the instrument panel, were removed to identify structural openings between the

engine compartment and the passenger compartment. The presence of the interior components, in many cases,

would prohibit the free flow of air through the structural openings.

In general, the deformation and damage to the forward bulkhead was less severe than that caused by the offset

pole. Following are the locations of openings identified during the inspection of the test vehicle:

l separation of engine coolant pass-through grommet from forward bulkhead

. air conditioning refrigerant pass-through

l separation of steering column boot from forward bulkhead

l smaller holes (less than 15 mm dia.) in the left wheel well where left frame rail spot welds pulled through

. smaller holes (less than 15 mm dia.) in the right wheel well where right frame rail spot welds pulled through

. opening in windshield near right A - pillar

The following sources of fluid leaks were located during the post-test inspection:

. transmission fluid: approximately 6 mm diameter hole in differential cover identified

l brake fluid: reservoir separated from master cylinder

. engine coolant: crushed radiator with loss of coolant, however coolant reservoir was intact

l power steering fluid: reservoir empty following test

. washer solvent: reservoir empty after test, washer pump was pulled out of reservoir

l battery electrolyte: partial loss of electrolyte
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No liquid gasoline or Stoddard spills off of the vehicle were noted. However, the hydrocarbon vapor sampling

identified the presence of gasoline vapors. The post-test inspection revealed the likely source of those vapors to

be from the following locations:

. un-sealing of front, right fuel injector from fuel rail

. unsealing of front, mid fuel injector from fuel rail

Similar to test Cl 1108, these leaks were not supplied gasoline continuously from the pump, which had shut

down at 35 msec.

No additional electrical shorts were identified other than previously reported as contributing to the post-impact

fire.

No contact between normally hot surfaces and possible combustible materials was identified during the post-test

vehicle inspection.

3.3. Conclusions

1. There was a post-collision electrical fire identified near the battery, demonstrating that electrically induced

fires that consume only solid combustibles are possible in collision situations. This fire was unrelated to

engine compartment fluids. It was also unrelated to any normally hot surfaces, such as exhaust manifolds or

catalytic converters.

2. Three specific electrical occurrences were identified which contributed to the ignition of the fire. Namely, the

separation of the negative battery cable from the battery, the penetration of a chassis-mounted self tapping

screw into the battery housing, and the shorting of the starter cable to chassis. The repeatability of these

three events occurring concurrently during a crash is unknown. Also, the effect on these events caused by

the modifications made to the production vehicle, such as the removal of the hood, is also unknown.

3. The electric fuel pump shut down at about 35 msec  past time zero due to the intermittent drops in the supply

voltage caused by several impact-related electrical occurrences. The ignition voltage temporarily recovered

back to 12 volts at about 120 msec. The fuel pump did not recover and remained off after 35 msec.

4. No liquid gasoline or Stoddard spills off of the vehicle were identified. However, the hydrocarbon vapor

sampling devices identified the presence of gasoline vapors at the left-lower and left-upper engine

compartment locations. During the post-test vehicle inspection, two of the six fuel injectors were unseated

(un-sealed) from the fuel rail. Because the fuel pump shut down early (35 msec) only residual amounts of
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gasoline were likely released from these leaks. This release of small amounts of gasoline from the fuel rail

near the injectors, was likely the source of the gasoline vapors measured by the hydrocarbon vapor

measurement devices.

5. Other engine compartment fluids (liquids) which were released included: transmission fluid, brake fluid,

coolant, power steering fluid, washer solvent, and battery electrolyte. None of the fluids contributed to the

fire.

6. As with the offset pole impact, the ATD measurements indicate that a crash condition of this type may be

survivable from an occupant trauma standpoint, although there may be a risk of lower leg injury as indicated

by the lower leg measurements. Lower leg injuries could slow the egress of the occupants after an impact.

Thus the severity of this test is appropriate for post-collision fire research.

7. The thermal wire fire detector, which was located under the wiper tray in the engine compartment, was

pinched and inadvertently closed due the impact. Alternate locations were investigated on subsequent tests.

8. The toe pan intrusion into the passenger compartment was less for this oblique moving barrier test, as

compared to the offset pole impact.

9. The damage to the forward bulkhead was less for this test, as compared to the offset pole impact. Fewer

openings from the engine compartment into the passenger compartment were identified.

Following are conclusions relating to test methodology useful for subsequent crash tests:

10. The mounting plate used to support the deformable honeycomb barrier face on the moving barrier fractured

during the impact. This plate required reinforcement for subsequent crash tests.

11. The bumper height was set to match the test vehicle’s bumper height for this test (457 mm or 18 in.). After

analyzing the results of this test, the 25 mm difference from the FMVSS214 [8] height of 432 mm (17 in) was

judged to have only minor effects on the test outcome. Therefore, to improve test consistency, subsequent

tests will be conducted at the standard FMVSS 214 height of 432 mm (17 in.)
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4. Passenger Van Offset Rigid Barrier Frontal Impact, Test Cl1226

On August 14, 1996 a passenger van offset rigid barrier frontal impact crash test (Test #Cl 1226) was conducted

also at the General Motors Proving Ground in Milford, Michigan. A total of 129 channels of data were recorded

during the test.

4.1. Test Conditions

4.1.1. Impact Conditions

This test was a 50% overlap offset angled rigid frontal barrier impact as depicted in Figures 30 and 31. The rigid

barrier overlapped 50% of the lateral width of the vehicle (the edge of the barrier was aligned with the

longitudinal centerline of the vehicle.) The rigid barrier’s face had anti-skid bars and was oriented at a 15 degree

angle from the lateral vertical plane of the test vehicle. The inside edge of the barrier face had a 146 mm (5.75

in.) radius. The impact velocity, measured with radar, was 60.0 km/h (37.36 mph).

I

60 km/h
(37 mph)

Figure 30.

Crash Test Configuration for Test Cl 1226
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Figure 31.

Pre-Test Photograph of Test Cl 1226

4.1.2. Vehicle Description

The 1996 Dodge Caravan Sport (VIN:lB4GP45R9TB377067)  had a test mass of 2003 kg (1143 kg front, 860

kg rear) which included the two Hybrid III ATDs,  crash test instrumentation, and Stoddard Solvent in the

gasoline tank. First, the fuel tank’s unusable capacity was filled with Stoddard Solvent, then 71.3 liters of

Stoddard were added to the usable capacity of the tank. The engine was operating at impact with complete

engine compartment fluids, including battery electrolyte. The radio, high beam headlights and air conditioning

were operating at impact. The transmission was in neutral during the vehicle tow.

4.1.3. Pre-test Fnaine Warm-up Procedure

For the passenger van offset rigid barrier frontal impact (Test Cl 1226), the engine was started approximately

46 minutes before impact as outlined in Table 4.
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Table 4.

Engine Warm-Up Procedure for Test Cl 1226

Engine started (idle approximately 900 rpm)

Engine speed increased to 1100 rpm

Engine turned off for instrumentation set-up

Engine restarted, set to 1100 rpm

Impact

Time after initial engine start

(min)

0

14

25

31

46

Duration

(min)

14

11

6

15

4.1.4. Modifications to Production Vehicle

As with the other tests, modifications to the production vehicle were done to fulfill the objectives of the project. A

description of some of the modifications for test Cl 1226 follows.

This vehicle was tested without a hood to improve overhead photographic coverage.

Gasoline was supplied to the engine from an auxiliary tank mounted in the passenger compartment similar to

test Cl 1108.

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

removed for the test.

The vehicle’s rear brake lines were cut and an auxiliary brake machine was installed to abort the test, if

necessary, during the tow. The front brakes were manually pre-charged by mechanically locking down the driver

brake pedal. The pistons were removed from the front calipers and the brake fluid inlet port was welded shut.

This allowed the front brake pressure to be pre-charged and at a steady state pressure, while still allowing the

front wheels to rotate during tow. Unlike test Cl 1108, this modification was successful in allowing the front

wheels to rotate.

The instrumentation of the engine compartment was similar to Test Cl 1167 and again every reasonable attempt

was made to make the added instrumentation as non-intrusive as possible so as not to affect the outcome of the

test.
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4.15. Vehicle Measurements

Many standard crash test measurements were recorded during this test, including:

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

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

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

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

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

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

Engine rpm voltage (voltage signal from the production engine speed sending unit)

Fuel pump current (at auxiliary fuel tank)

4.1.6. Photoaraphic  Coveraoe

High-speed 16 mm movie cameras were used to film the crash test. Cameras were located at various locations

around the impact including above, below, and to both sides of the vehicle, as well as above the barrier face in

front of the vehicle.

4.1.7. Anthropomorphic Test Device (ATD)  Measurements

Similar to the previous frontal crash tests, two Hybrid III ATDs  (FMVSS reference part 572, Subpart E)[3] were

located in the front outboard seating positions. The seats were located in the fore-aft mid position, and the seat

backs were at 28 degrees relative to vertical. The ATDs  were restrained using the vehicle’s lap / shoulder belts

with the adjustable guide loop set in the third position from the top. In addition, the ATDs  were restrained by the

vehicle’s frontal air bags. The ATDs  were positioned per FMVSS 208 [4] guidelines and the pelvic angles were

measured to be 24.1 degrees from horizontal for the left front ATD and 24.3 degrees for the right front ATD. The

head target angle was at 0 degrees from horizontal for both ATDs.

Each Hybrid III ATD was instrumented to make the same measurements as on test Cl 1108. In addition, the left

front (driver) ATD only was also instrumented to make the following measurements.

l Upper tibia triaxial acceleration, left and right legs

l Lower tibia triaxial acceleration, left and right legs
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4.1.8. Hvdrocarbon  Vapor Measurements

Hydrocarbon gas vapors were measured at the five following locations in the engine compartment:

0 left upper engine (location #l)

. right upper engine (location #2)

0 left lower engine (location #3)

l right lower engine (location #4)

l exhaust manifold (location #5)

At each location the concentration of hydrocarbon vapors was measured using tin oxide sensors described in a

previous report [l], and similar to test C11167. Gas sampled from each of these locations was collected in

sorbent tubes for subsequent analysis by gas chromatography / mass spectrometry (GC/MS)  [l].

4.1.9. Fluid Pressure Measurements

The pressures of several of the vehicle’s fluids were measured to help identify fluid leaks and the time during the

impact when they occurred. Pressure measurements included:

l Left front brake system pressure (brake line tapped near ABS junction box)

. Power steering system pressure (measured near power steering rack)

l Cooling system pressure (measured at thermostat housing, transducer remotely located)

l Auxiliary fuel line pressure (near production fuel tank where auxiliary line was tapped into production line)

l Engine oil pressure (measured at the oil pressure sending unit with a remotely located transducer)

l Transmission cooler fluid pressure (measured at transmission port going to cooler)

In addition to pressure measurements, a fluorescent dye was added to the cooling system to help visually

identify the presence of fluid leaks and the location of fluids after the impact. Unlike the previous tests, dye was

not added to the engine oil because the dye was found not to significantly increase the ability to distinguish the

oil from other spilled fluids.

4.1 .lO. Additional Electrical Measurements

Similar to previous tests, additional electrical measurements were made to identify possible shorts, arcing or

overheated circuits. Those measurements are listed below.

Clamp - on current monitoring transducers were used to measure the following currents:
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. Horn (low tone) current (measured in passenger compartment near the steering column)

l Air conditioning compressor clutch (measured near forward lower engine mount)

l Radiator cooling fan (measured near front left midrail)

l Alternator cable (fusible link from battery to alternator), (measured near battery)

l Battery main (B+) (measured near battery)

l Starter cable

Voltage measurements were also made of the following circuits:

. Ignition

l Left front headlight high beam

l Left front headlight low beam

l Starter

4.1 .ll. Evaluation of the Crashworthiness of Potential Fire Detection Technolosies

An experimental thermal wire fire detector was located in the rear portion of the engine compartment and ran the

full width of the van forward of the wiper tray. Its location was more forward in the vehicle than for Test Cl 1167.

This detection wire was the same type as for Test Cl 1167, and was designed to close when heated to 356

degrees Fahrenheit. This thermal wire was monitored for contact closure between the wires during the test.

In addition to the thermal wire, a pneumatic fire detector was also included and was also located forward of the

wiper tray. The pneumatic detector, however, did not span the entire lateral width of the van but was looped

over on itself and spanned only approximately 300 mm. It was positioned laterally in the center of the vehicle.

Two channels were monitored on the pneumatic device, one normally open activation circuit and a normally

closed fault circuit.

Both of these devices were supplied by Dual Spectrum (Goleta, CA). Devices of this type could be used with an

active fire suppression system but for this test were only monitored to evaluate their crashworthiness.

4.2. Summary of Test Results

Post-test photographs of the vehicle are shown in Figures 32 and 33.
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Figure 32.

Post-Test Photograph of Test Cl 1226, Front View

Figure 33.

Post-Test Photograph of Test Cl 1226, 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 59 through

117, 121, and 128 through 130).

The two rear rocker panel longitudinal acceleration measurements were averaged and integrated to compute the

change in vehicle velocity. The average vehicle velocity was integrated to compute vehicle displacement. The

peak vehicle longitudinal acceleration (after filtering at SAE class 60 [S]),  was 41 g and the maximum longitudinal

change in vehicle velocity was 68 km/h (42.2 mph), with the velocity crossing zero at 97 msec  past time zero

(impact.) The averaged rear rocker longitudinal acceleration and velocity is shown in Figures 34 and 35, and

plots 95 and 96, Appendix F.
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Figure 34

Averaged (Left & Right) Rear Rocker Panel Longitudinal Acceleration,

Test Cl 1226, filtered at SAE class 60 [6]
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Figure 35

Averaged (Left & Right) Rear Rocker Panel Longitudinal Velocity

Test Cl 1226

The displacement of the left toe pan, which indicated approximately 350 mm toe pan intrusion is shown in Figure

36 and plot 117 (Appendi>i  F).
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Figure 36

Left Toepan  Displacement, Relative to Floorpan

Test Cl 1226, filtered at SAE class 60 [6]

The driver and passenger air bag current indicated that both air bags deployed at about 14 msec  (Appendix F,

plots 128 and 129.)

The voltage measured at the engine speed sending unit indicated that the engine was still turning at least

through 10 msec  (Appendix F, plot 121). Similar to previous tests, however, this measurement becomes

inconclusive after 10 msec  due to the crash-induced damage to the vehicle’s electrical power.

Figure 37 and plot 130 (Appendix F) show the current measurement at the auxiliary fuel pump (the one operating

before the impact and supplying gasoline to the engine from the auxiliary fuel tank). The fuel pump drew 7.5

amps until about 20 msec, when the current dropped to zero. It quickly recovered to 7.5 amps before dropping

back to zero at about 30 msec. The ignition voltage, which is shown in Figure 38 and plot 120 (Appendix F), also

follows a similar waveform. These changes in ignition voltage are the likely cause of the changes in the fuel

pump current. Unlike test C11167, the ignition voltage never recovered and remained at or near zero for the

duration of the data acquisition period.
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Fuel Pump Current

Test Cl 1226
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Ignition Voltage

Test Cl 1226

62 July 1998



4.2.2. Summarv of Recorded ATD Measurements

The complete set of recorded and computed ATD measurements are included in Appendix F (pages i and ii, and

plots 1 through 58).

The following injury measurements from the left front occupant (driver) were above their respective Injury

Assessment Reference Values (IARV): Head Injury Criteria (HIC, limited to 36 msec  duration), upper neck

moment about the lateral axis (extension, -My), upper neck axial force (tension, +Fz), left upper tibia moment

(resultant of Mx and My), right upper tibia moment (resultant of Mx and My), left lower tibia moment (My), right

lower tibia moment (My), and the corresponding computed values associated with these measurements such as

all of the lower leg indices. The 36 msec  HIC value was 1110, or 110% of the IARV. However, the HIC

recalculated with a duration of 15 msec, which is recommended for air bag interactions by the AGARD report [5],

was less than the IARV. The neck extension was 65 Nm, which is 114% of the IARV of 57 Nm. The upper neck

tension time duration computation was 130% of the IARV. The left upper tibia moment was 342 Nm which is

152% of the IARV of 225 Nm. The right upper tibia moment was 306 Nm which is 136% of the IARV of 225 Nm.

The left lower tibia moment exceeded the full-scale range that was established for the test. The right lower tibia

moment was 372 Nm which is 165% of the IARV of 225 Nm. The left upper, right upper, and right lower leg

indices were 155%,  146%, and 176% of their respective IARV. The left lower leg index could not be calculated

due to the overloaded moment channel. All other measurements on the left front ATD, including the HIC

calculated using a 15 msec  duration, were below their respective IARV.

The right front occupant’s (passenger’s) injury measurements indicated only the left upper leg index exceeded its

IARV at 113%. All other measurements were less than IARV for the right front occupant.

4.2.3. Summat-v of Hvdrocarbon  Vapor Measurements

A complete set of the recorded measurements is included in Appendix F, plots 123 through 127, and Appendix

G, Figures Gl through GG5.

All of the concentration measurements begin at about 5 seconds after impact as shown in Figures Gl through

G5, Appendix G. This was due to an instrumentation malfunction resulting in the loss of the first 5 seconds of

data. None of the measured concentrations at the five locations exceeded 0.2% at any time for the duration of

the recording. All of these measurements were below the measured concentrations at locations #l and #3 for

test C11167.

Similar to test C11167, GCYMS analyses were conducted on both background samples (collected before the

impact) and test samples (collected after the impact) at each of the five locations. Unfortunately, at location #2

(right upper engine) the tube in which the air samples were ‘drawn through to the collection cartridges was
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severed during the crash. Therefore, no test chromatogram is available for this location. The chromatograms

from the remaining 9 analyses are shown in Figures GGl through GG5 in Appendix G. The background and

test chromatograms from the left lower engine (locations #3),  right lower engine (#4) and the exhaust manifold

(#5) indicate a match with heavy oil headspace chromatograms. (The control analyses on the different heavy

oils all result in similar chromatograms.) It is possible that the engine was leaking oil during the static engine

warm up prior to the impact, or that oil was spilled on the engine surface(s) during the test preparation. The oil

likely was in contact with a hot surface causing it to vaporize and be collected in the sorbent tubes.

None of the test chromatograms matched the gasoline control sample, indicating there was no apparent gasoline

leak during the impact. This is consistent with the post test inspection, in which no fuel system leaks were

identified (reported in Section 4.2.9.)

4.2.4. Summarv of Fluid Pressure Measurements

The dynamic pressure measurements of the engine compartment fluids are shown in Appendix F, plots 137

through 142.

Although the brake pressure measurement (plot 137) indicates a gradual drop in left front brake pressure, no

leak was identified in the pressurized fuel system during the post-test inspection. The loss in pressure could

have been due to deformation of the brake line or release of the brake pedal, during the impact, as with test

C11167. The post-test inspection revealed that the non-pressurized brake fluid reservoir was cracked but still

full of brake fluid.

The power steering fluid pressure measurement (plot 138) indicated a loss of pressure during the test. However,

no leaks were identified during the post-test disassembly and inspection. The pressure loss was likely due to the

pump stopping when the engine stopped during the impact.

The engine coolant pressure measurement (plot 139) indicated sustained pressure through 240 msec.

However, most of the coolant from the radiator was lost during the impact. The sustained pressure is likely only

in a short section of the cooling system from the thermostat to a pinch in the upper radiator hose, where the

pressure transducer was located. The pinch was caused by the impact and was identified during the post-test

inspection.

There was no indication of pressure loss in the auxiliary fuel line pressure (plot 140).

The engine oil pressure measurement (plot 141) indicated a gradual decline in pressure but this is not indicative

of a leak because the pressure never dropped to zero. The post-test inspection did not reveal any leaks in the

engine oil system.
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The transmission fluid pressure measurement (plot142) indicated sustained pressure during the impact. The

post-test inspection did reveal a cracked transmission case with nearly all of the fluid gone in the case. The

sustained pressure measurement is likely an artifact of the test instrumentation. A hose added to connect the

transmission fluid to the remote pressure transducer was pinched during the impact. This pinch was identified

during the post-test inspection.

4.2.5. Summary  of Additional Electrical Measurements

The results of the electrical measurements made in the engine compartment are shown in Appendix F (plots 118

through 120, 122, and 131 through 136).

The ignition voltage (plot 120 and also Figure 38) dropped beginning at about 20 msec  and continued to near

zero at 40 msec. The battery was inspected following the test and an internal short was identified through a

continuity test. The drop in ignition voltage is due to internal shorting of the battery and possibly also due to

electrical shorts external of the battery, although none were identified during the post-test inspection.

The starter voltage (plot 122) followed a similar waveform as the ignition voltage as would be expected if the

system voltage drops.

An instrumentation malfunction effected the measurement of the left front headlight high beam voltage (plot 118).

The low beam voltage trace (plot 119) is generally inconclusive (the low beams were not on during the test.)

The low-tone horn current measurement (plot 131) did not indicate any significant current flow.

The air conditioning clutch current (plot 132) dropped from a steady state current of 2.5 amps to near zero. This

is due to the loss of system voltage as indicated in the ignition voltage plot.

The cooling fan current measurement (plot 133) is generally inconclusive. Current flow is indicated, but the trace

is indicative of an instrumentation malfunction. The location of this transducer relative to the vehicle crush also

makes it vulnerable to damage during the crash.

The battery current (plot 135) and starter current (plot 136) are also generally inconclusive. A significant change

in current flow is indicated which overloaded the full-scale range of these transducers. However, both

transducers were damaged during the impact. It is possible electrical shorts external to the battery caused

significant current flow at these transducers, although no indications of significant shorts were identified during

the post-test inspections and disassembly. It is more likely that these transducers were damaged early during
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the event and that the measurements are invalid. The interpretation of these measurements is even more

confounded because, due to space limitations, these transducers are electrically under-sized for potential

currents that could be present. This means that exceeding their full-scale range will not be uncommon.

4.2.6. Summarv of Numerical Film Analvsis

High speed film and video was used to document this crash test, however, no numerical analysis of the film was

done.

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 pole impact on the passenger van.

4.2.8. Results of the Evaluation of the Crashworthiness of Potential Fire Detection Technoloaies

The results of the electrical measurements made to monitor the condition of the experimental fire detection

devices are shown in Appendix F (plots 143 through 145).

The thermal wire fire detector located forward of the wiper tray indicated a contact closure at 65 msec  lasting

about 20 msec and also at 110 msec  lasting about 5 msec (Appendix F, plot 143). This closure was due to the

physical pinching of the wire during the crash and not because of overheating. Similar to test Cl1167 the

continuity of the thermal wire was checked following the test and it was found to be open.

The pneumatic fire detector did not indicate any contact closures during the test. The pressure transducer on

the pneumatic device dislodged during the test, indicating the need for more secure mounting for subsequent

tests.

For this test configuration and mounting location, the pneumatic wire device demonstrated better

crashworthiness than the thermal wire device.

4.2.9. Summarv of Post-test Vehicle Inspection

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

compartment into the passenger compartment, the locations of any fluid leaks identified during the crash test,

locations of any electrical shorts identified during the crash test, and any contact between combustible materials

and hot surfaces.
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The instrument panel and HVAC module were removed to identify structural openings between the engine

compartment and the passenger compartment. As with previous tests, in some cases, these openings did not

result in a free flow opening due to the presence of interior components.

In general, the forward bulkhead had fewer openings for this test configuration than the other two frontal test

configurations (offset pole and oblique moving barrier.) There were no separated welds identified near the

forward bulkhead. Following are the locations of openings between the engine and passenger compartments

that were identified:

. separation of engine coolant pass-through grommet from forward bulkhead

. air conditioning refrigerant passthrough

. separation of windshield bonding at lower center windshield area

One additional opening into the passenger compartment (not on the forward bulkhead) was a separation

between the lower driver door and the rocker. This separation was less than 50 mm long.

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

. transmission fluid: transmission case was cracked with no fluid inside post-test

. engine coolant: radiator was punctured and coolant lost

. washer solvent: reservoir empty after test, washer pump was pulled out of reservoir

l battery electrolyte: loss of electrolyte from cracked battery housing

No liquid gasoline or Stoddard spilled off of the vehicle and no gasoline leaks were identified during the post-test

inspection.

No apparent electrical shorts, other than the internal battery short were identified during the post-test inspection.

No contact between hot surfaces and combustible materials was identified during the post-test inspection

4.3. Conclusions

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

2. No liquid gasoline or Stoddard spilled off of the vehicle.

3. The vapor analysis detected the presence of oil vapor both in the background (pre-impact) and test (post-

impact) samples. This was likely due to an engine oil leak or oil spilled on the engine surfaces during the
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test preparations. No gasoline vapor was detected, which was consistent with the post-test vehicle

inspection that did not reveal any fuel system leaks.

4. Engine compartment fluids that were released during the impact included transmission fluid, engine coolant,

washer solvent, and battery electrolyte.

5. The electric fuel pump shut down at about 20 msec  past time zero. Consistent with previous tests, the fuel

pump shut stopped at the first indication of system voltage drop, and did not require to be “timed out”

following engine stoppage.

6. The ATD measurements were generally higher than for the other frontal tests on the passenger van. Two of

the upper neck measurements on the driver ATD as well as most of the lower leg measurements were

above their respective IARV.

7. The battery shorted internally during the impact. External to the battery, however, there were no electrical

shorts identified.

8. The thermal wire fire detector which was located forward of the wiper tray in the engine compartment, was

pinched and inadvertently closed during the impact.

9. The pneumatic fire detector did not inadvertently close during the test. For this test configuration the

pneumatic device appears to be more crashworthy than the thermal wire device.

10. The toe pan intrusion into the passenger compartment was greater for this test than the two previous frontal

tests, however fewer openings through the forward bulkhead were identified.

Following are conclusions relating to test methodology useful for subsequent crash tests:

11. As compared to the previous two frontal tests, there were fewer forward bulkhead openings, fewer potential

sources of ignition (heat) sources and fewer sources of fuel identified. This, in combination with the higher

ATD measurements, led to the elimination of this test configuration from the test matrix for the remaining

vehicles.

12. As with the previous two frontal tests on this vehicle, the hood was removed to allow for improved

photographic coverage. However, the underhood fluid plumes may be markedly different in vehicles with

versus without their hoods. Some subsequent frontal tests, including the repeat offset pole frontal impact on

the passenger van, were conducted with the hood in place.



13. The method used to isolate the front brakes from the brake fluid pressure was successful for this test. A

steady state brake pressure was achieved while still allowing wheel rotation during the tow of the test

vehicle. This method (as opposed to the method used for test C11108)  will be used for subsequent frontal

tests in which the vehicle is towed.

14. Many of the electrical measurements (especially the current measurements) made in the engine

compartment during the impact were difficult to analyze following the test, consistent with previous tests.

This was because some of the instrumentation was damaged during the tests, the current transducers were

generally undersized (due to space limitations) and the electrical system did not stay in a steady state

condition (experienced voltage drops.)
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5. Passenger Van Offset Pole Frontal Impact, Test Cl1279

On September 25, 1996 a passenger van offset pole frontal impact crash test (Test #Cl 1279) was conducted.

This test was also at the General Motors Proving Ground in Milford, Michigan. A total of 130 channels of data

were recorded during the test. This was the second offset pole frontal impact on a passenger van in this series.

The reasons for conducting a repeat test were to quantify the effects of removing the hood from the vehicle, to

obtain some measurements which were lost on the first test due to instrumentation malfunctions, to obtain

measurements from instrumentation which was not yet available for the first test, and to understand better the

repeatability of the test.

5.1. Test Conditions

5.1 .l . Impact  Conditions

This test was a offset pole frontal impact as depicted in Figure 39 and 40. The test vehicle was towed into a 355

mm (14 inch) diameter steel pole. The lateral offset between the vehicle longitudinal centerline and the pole

was 305 mm (12 inches), with the impact occurring on the right side of the vehicle centerline (passenger’s side).

The impact velocity was measured to be 55.4 km/h (34.4 mph) using radar.

.

355 mm Diameter

Figure 39.

Crash Test Configuration for Test Cl 1279
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Figure 40.

Pre-test Photograph of Test Cl 1279

5.1.2. Vehicle Descriptii

The 1996 Dodge Caravan Sport (VIN:lB4GP45RXTB374145)  had a test mass of 2015 kg (1166 kg front, 849

kg rear) which included the two Hybrid III ATDs,  crash test instrumentation, and Stoddard Solvent in the

gasoline tank. First, the fuel tank’s unusable capacity was filled with Stoddard Solvent, then 71.3 liters of

Stoddard were added to usable capacity of the tank. The engine was operating at impact with complete engine

compartment fluids, including battery electrolyte. The radio, high beam headlights and air conditioning were

operating at impact. The transmission was in neutral during the vehicle tow.

5.1.3. Pre-test Fngine  Warm-up Procedure

For the second passenger van offset pole frontal impact (Test Cl 1279), the engine was started approximately

46 minutes before impact as outlined in Table 5.



Table 5.

Engine Warm-Up Procedure for Test Cl 1279

Time after initial engine start, Duration,
I

I (min) I (min) I

Engine started (idle approximately 900 rpm) 0 15

Engine speed increased to 1200 rpm 15 11

Engine turned off for instrumentation set-up 26 6

Engine restarted, set to 1100 rpm 32 14

Impact 46

5.1.4. Modifications to Production Vehicle

Unlike previous tests, this vehicle was tested with the hood in place. However, there were other modifications

made to the vehicle for testing purposes as described below.

The production fuel tank was filled to 95% of its usable capacity with Stoddard Solvent. Gasoline was supplied

to the engine from an auxiliary tank mounted in the passenger compartment similar to test Cl 1108.

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

removed for the test.

The vehicle’s rear brake lines were cut and an auxiliary brake machine was installed to abort the test during the

tow, if necessary. The front brakes were pre-charged by mechanically locking down the driver brake pedal. The

pistons were removed from the front calipers and the brake fluid inlet port was welded shut. This allowed the

front brake pressure to be pre-charged and at a steady state pressure, while still allowing the front wheels to

rotate during tow.

The instrumentation of the engine compartment was similar to Test Cl 1226. Again every reasonable attempt

was made to make the added instrumentation as non-intrusive as possible so as to not affect the outcome of the

test.

5.1.5. Vehicle Measurements

Many standard crash test measurements were recorded during this test, including:
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Front left rocker panel acceleration (longitudinal, lateral, and vertical)

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

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

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

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

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

Engine rpm voltage (voltage signal from the production engine speed sending unit)

Engine motion (rotation of crankshaft using an auxiliary magnetic pickup transducer)

Fuel pump current (at auxiliary fuel tank)

5.1.6. Photoaraphic  Coveraae

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. For this test only, the

engine’s main crank shaft pulley and serpentine drive belt were painted to help identify when the engine stopped

during the impact.

5.1.7. Anthropomorphic Test Device (ATD) Measurements

Similar to the previous tests, two Hybrid III ATDs  (FMVSS reference part 572, Subpart E)[3] were located in the

front outboard seating positions. The seats were located in the fore-aft mid position, and the seat backs were at

22 degrees relative to vertical. The ATDs  were restrained using the vehicle’s production lap / shoulder belts with

the adjustable guide loop set in the third position from the top. In addition, the ATDs  were restrained by the

vehicle’s production frontal air bags. The ATDs  were positioned per FMVSS 208 [4] guidelines and the pelvic

angles were measured to be 24.5 degrees from horizontal for the left front ATD and 22.3 degrees for the right

front ATD. The head target angle was at 0 degrees from horizontal for both ATDs.

Each Hybrid III ATD was instrumented to make the same measurements as on test Cl1 108. The right front

(driver) ATD only was instrumented to make the following additional measurements.

l Upper tibia triaxial acceleration, left and right legs

l Lower tibia triaxial acceleration, left and right legs

5.1.8. Hvdrocarbon  Vapor Measurements

Hydrocarbon vapor was measured at the five following locations in the engine compartment:
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0 left upper engine (location #l)

l right upper engine (location #2)

0 left lower engine (location #3)

l right lower engine (location #4)

l exhaust manifold (location #5)

Similar to tests Cl 1167 and Cl 1226, the concentration of hydrocarbon vapors was measured using tin oxide

sensors at each location. Gas sampled from each of these locations was collected in sorbent tubes for

subsequent analysis by gas chromatography / mass spectrometry (GUMS) [il.

5.1.9. Fluid Pressure Measurements

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

impact when they occurred. Pressure measurements included:

l Right front brake system pressure (brake line tapped near ABS junction box)

l Power steering system pressure (measured near power steering rack)

l Cooling system pressure (measured at thermostat housing, transducer remotely located)

l Auxiliary fuel line pressure (near production fuel tank where auxiliary line was tapped into production line)

l Engine oil pressure (measured at the oil pressure sending unit with a remotely located transducer)

l Transmission cooler fluid pressure (measured at transmission port going to cooler with a remotely located

transducer)

Similar to Test Cl 1226, a fluorescent dye was added to the cooling system.

5.1 .lO. Additional Electrical Measurements

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

circuits.

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

Horn (low tone) current (measured in passenger compartment near the steering column)

Air conditioning compressor clutch (measured near forward lower engine mount)

Radiator cooling fan (measured near front left midrail)

Alternator cable (fusible link from battery to alternator, measured near battery)

Battery main (B+) (measured near battery)
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l Starter cable (measured near battery)

Voltage measurements were also made of the following circuits:

0 Ign i t ion

l Right front headlight high beam

l Right front headlight low beam

l Starter

5.1 .ll. Evaluation of the Crashworthiness of Potential Fire Detection Technoloaies

An experimental thermal wire fire detector was mounted to the underside of the hood, below the hood liner. This

detection wire was the same type as for Test #C11167.  This thermal wire was monitored for contact closure

between the wires during the test.

A pneumatic fire detector was also included and was also located on the underside of the hood below the hood

liner. Two channels were monitored on the pneumatic detector, one normally open activation circuit and a

normally closed fault circuit.

These two devices were co-located and each spanned approximately 600 mm laterally, rearward of the crush

initiator (on the rearward half of the hood) and then looped back and spanned approximately 600 mm on the

forward half of the hood. Both of these detectors were supplied by Dual Spectrum (Goleta, CA). Devices of this

type could be used with an active fire suppression system but for this test were only monitored to evaluate their

crashworthiness.

5.2. Summary of Test Results

Post-test photographs of the vehicle are shown in Figures 41 and 42.
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Figure 41.

Post-Test Photograph of Test Cl 1279, Front-Right View

Figure 42.

Post-Test Photograph of Test Cl 1279, From Above with the Hood Removed
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5.2.1. Summarv  of Standard Vehicle Crash Test Measurements

The complete set of recorded and computed vehicle measurements are included in Appendix H (plots 59

through 117, 122, 123, and 129 through 131).

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 [S]), was 28 g and the maximum longitudinal change in vehicle

velocity was 63 km/h (39.1 mph), with the velocity crossing zero at 118 msec past time zero (impact.) The

averaged rear rocker longitudinal acceleration and velocity is shown in Figures 43 and 44, and plots 95 and 96,

(Appendix H.)
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Figure 43

Averaged (Left & Right) Rear Rocker Panel Longitudinal Acceleration,

Test Cl 1279, filtered at SAE class 60 [6]
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Averaged (Left & Right) Rear Rocker Panel Longitudinal Velocity

Test Cl 1279

The displacement of the right toe pan, relative to the passenger compartment, was approximately 250 mm and is

shown in Figure 45 and also plot 117 Appendix H.
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Test Cl 1279, filtered at SAE class 60 [6]

The peak acceleration was higher for this test than test Cl 1108. However, this is a localized measurement and

peak acceleration is not the best measurement to quantify passenger compartment deceleration. The vehicle’s

change in velocity, zero crossing time, and toe pan displacement were all very similar to test Cl 1108. (63 km/h,

118 msec, 250 mm respectively for test Cl 1279 and 62 km/h, 120 msec, 255 mm for test Cl 1108.) This

indicates that in this test configuration, the hood has only a small effect on the structural crashworthiness of the

vehicle. In terms of post-collision fire research, however, the hood may play a more significant role in retaining

fluid plumes and containing thermal energy in the engine compartment.

The engine motion measurement using an auxiliary magnetic pickup transducer indicated that the flywheel

rotation began to decrease at about 40 msec  and stopped by 90 msec. (See plot 122, Appendix H and Figure

46.) This measurement technique was more reliable than using the vehicle’s own engine speed transducer (plot

123, Appendix H) and will be used in future testing.
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Figure 46

Engine Motion, Measured at Flywheel

Test Cl 1279

The current measurements of the driver and passenger air bag circuits indicated that both air bags deployed at

about 33 msec  (Appendix H, plots 129 and 130.)

Figure 47 (and plot 131, Appendix H) shows the current measured at the auxiliary fuel pump. Note that Figures

47 and 48 display data through 1800 msec (1.8 seconds) after impact. The fuel pump drew 8 amps until about

60 msec, when the current dropped to zero. The ignition voltage also dropped from 13 volts to 6 volts at around

60 msec  as shown in Figure 48, but later recovered back to 13 volts at about 1590 msec. The fuel pump

remained off through 1590 msec when ignition voltage was restored. Similar to other frontal tests, this drop in

system voltage is likely the reason the fuel pump shuts down relatively early during the impact.
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5.2.2. Summatv  of Recorded ATD Measurements

The complete set of recorded and computed ATD measurements is included in Appendix H (pages i and ii, and

plots 1 through 58).

A comparison of the left front occupant’s (driver’s) injury measurements to their respective Injury Assessment

Reference Values (IARV) (Appendix A), indicates that all measurements were below their respective IARV

except the lower tibia bending moment (My) on the right leg. This measurement exceeded its full scale over-

range of 500 Nm established for this test. Test Cl 1108 also had all driver measurements below the IARV

except for the lower left tibia moment.

A similar comparison indicates right front (passenger) measurements above the IARVs for the lower left and

lower right tibia moments, with all other measurements at or below IARV. The lower tibia bending moment (My)

on the left leg had a peak measurement of 293 Nm (130% of 225 Nm), which resulted in a lower tibia index of

1.37 (137%). For the right leg, the lower tibia bending moment (My) had a peak measurement of 372 Nm (165%

of 225 Nm), which resulted in a lower tibia index of 1.7 (170%). Test Cl 1108 also indicated all passenger

measurements below IARV except for the lower tibia moments on both legs.

5.2.3. Summarv  of Hvdrocarbon  Vaoor Measurements

A complete set of the recorded measurements is included in Appendix H, plots 124 through 128, and also

Appendix I, Figures 11 through 115.

The electrical cables to two of the five gas sensors were severed during the crash test. The signal from the

sensor at the left upper engine (location #l) was lost at 120 msec. The signal from the sensor at the right upper

engine (location #2) was lost at 80 msec. Sensors at the left lower engine (#3) and the right lower engine (#4)

detected high concentrations of a hydrocarbon vapor in the lower engine compartment. The concentration of

hydrocarbon vapor in the left lower engine compartment (#3) exceeded 5%, the upper limit of calibration of these

sensors, from 0 to 10 seconds after impact (Figure 49). The concentration of hydrocarbon vapor in the right lower

engine compartment (#4) exceeded 5% from 10 to 20 seconds after impact (Figure 50). The concentration

measured by Sensor 5 did not exceed 0.3% from impact to 5 minutes after impact.
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Concentration of Hydrocarbon Gas Measured at Left Lower Engine (Location #3)
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Figure 50

Concentration of Hydrocarbon Gas Measured at Right Lower Engine (Location #4)

Test Cl 1279
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Analysis of the gas sampled from the engine compartment indicated that the sensors were responding to

gasoline vapor. For example, the mass chromatogram of the background from the left lower engine

compartment contained only deuterated hydrocarbons (Figure 51),  which were internal standards added to each

sorbent tube immediately before analysis. The backgrounds from the other locations contained only the

deuterated standards (Appendix I, Figures 111 through 115). In addition to the deuterated standards added to the

sorbent tubes, the mass chromatogram of the test sample acquired from the left lower engine compartment

during the crash test contained a mixture of aliphatic and aromatic hydrocarbons in the range of C5 to Cl0

(Figure 52). Gas sampled from the other locations during the crash test contained the same hydrocarbons

(Appendix I, Figures 111 through 115). The abundance of the hydrocarbons in the mass chromatogram was

proportional to the hydrocarbon vapor concentration measured by the gas sensor at that location.

Post-test inspection of the vehicle revealed that the fuel line had been severed near the shock tower in the right

side of the engine compartment. The fuel line pressure dropped to zero 70 msec  after impact (plot 141).

However, the amount of gasoline that leaked from the severed fuel line was limited because the fuel pump lost

electrical power 60 msec after impact. Without a supply from the fuel tank, only gasoline in the fuel line and fuel

rail could have leaked into the engine compartment. The gas sensor data suggest that this relatively small

volume of gasoline vaporized rapidly, creating a flammable mixture in the engine compartment for about 20

seconds after impact. No liquid gasoline was seen dripping from the vehicle after impact.
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5.2.4. Summarv  of Fluid Pressure Measurements

The dynamic pressure measurements of the engine compartment fluids are shown in Appendix H, plots 138

through 142.

As with tests Cl 1167 and Cl 1226, the pressure in the left front brake line (plot 138) dropped gradually,

although no leak was identified in the pressurized brake system during the post-test inspection. The loss of

pressure could have been due to deformation of the brake line or release of the brake pedal, during the impact,

as with the previous tests. The post-test inspection revealed that the non-pressurized brake fluid reservoir was

still intact and full.

The power steering fluid pressure measurement (plot 139) indicates a loss of pressure during the test. The

post-test inspection revealed that the pump had been destroyed during the impact and power steering fluid was

released. It is likely that this fluid did not contact any hot surfaces causing vaporization, because no heavy oils

were identified in the GC/MS vapor analysis.

The engine coolant pressure measurement (plot 140) was inconclusive due to instrumentation malfunctions,

however as with all of the frontal impact tests the radiator was severely damaged and coolant was lost.

The pressure in the auxiliary fuel line dropped to zero around 70 msec (plot 141). The post-test inspection

indicated that the fuel line was severed in the engine compartment, on the passenger (right) side, near the shock

tower. The separation was near where the rubber fuel line connects to a metal swage fitting. The fuel pump

was likely off by the time the line was severed as indicated by the fuel pump current (Figure 47).

The engine oil pressure (plot 142) declined gradually, but this is not indicative of a leak because the pressure

never dropped to zero. The post-test inspection did not reveal any leaks in the engine oil system.

The transmission fluid pressure (plot 143) decreased at about 40 msec  after the impact. The post-test

inspection revealed the transmission housing was cracked which was the likely cause of the loss of transmission

fluid pressure.
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5.2.5. Summarv  of Additional Electrical Measurements

The results of the additional electrical measurements are shown in Appendix H (plots 118 through 121, 132

through 137).

The ignition voltage (Figure 48) dropped from 13 volts to about 5 volts at about 65 msec. The ignition voltage

returned to 13 volts at around 1590 msec  (1.6 seconds).

The main battery current is shown in Figure 53 and plot 137. This measurement represents all current flowing to

or from the battery except for the starter circuit, which connects to the battery independently. The main battery

cable connects the battery to the PDC, which, in turn, is connected to the alternator through the fusible link, so

current from the battery to the alternator cable would also be measured at the main battery cable.

Current flow in the main battery cable (Figure 53) exceeded the full scale range of 50 amps intermittently from 30

msec  through 65 msec, and continuously from about 65 msec through 1590 msec. It is possible that a short to

chassis, causing significant current flow, caused the battery voltage to be drawn down though 1590 msec. The

positive current flow indicated from the time of impact through about 30 msec  represents normal current flow

when the engine is operating (it is likely the alternator charging the battery). The negative current flow, however,

indicates current flowing away from the stored source (battery) to the chassis short.
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Battery Current

Test Cl 1279

(Note: full scale range exceeded, dashed line represents current exceeding 50 amps in amplitude)

87 July 1998



The fusible link (alternator) current measurement is shown in plot 135. This plot only has a duration of 240 msec

and data exceeding the full scale range is not plotted. However, a review of the raw data (not included in the

Appendix) indicated that again, current flow exceeded the full-scale range from about 65 msec to 1590 msec.

This current flow was in the opposite direction from the current measured from 0 to 35 msec (normal engine

operation). Consistent with the main battery current (Figure 53) a short in the alternator cable would cause

current flow from the battery to the short, in the opposite direction of normal operation.

In addition, the post-test inspection revealed that the fusible link connecting the alternator to the Power

Distribution Center was electrically open with the insulation partially melted. It is likely that a short in the

alternator cable caused the fusible link to open, the drain on the battery, the high current flow through the main

battery cable, and the high current flow through the fusible link (alternator cable). The fusible link activated

(opened) providing overload protection for the remainder of the circuit.

As was observed in the other frontal crash tests, variation of the voltage measured at the starter motor (plot 119)

was similar to variation of the voltage measured on the ignition circuit.

The right front headlight voltage (plot 120) also followed closely the ignition voltage until about 190 msec  when

the measurement dropped to zero. It also recovered to about 13 volts at around 1590 msec. This drop to zero

is likely due to an intermittent open in either the instrumentation wiring (not normally on the vehicle) or the

production circuit itself being intermittently open during the impact.

The headlight low beam voltage remained at or near zero for the duration of the recorded event, as expected

(plot 121).

The low tone horn current remained at or near zero for the duration of the recorded event, as expected (plot

132).

The air conditioning clutch current measurement (plot 133) was inconclusive.

The current through cooling fans (plot 134) indicated near zero current flow except for 132 to 152 msec, when it

exceeded the full scale range of the transducer. No apparent shorts in this circuit were identified during the post-

test inspection. It is possible that this current flow was the result of an un-identified intermittent short in the fan or

damage to the instrumentation during the impact.

The current through the starter cable (plot 136) indicated current flow from about 65 msec to 1590 msec, the

same time period as the previously described alternator cable current flow. However, current flow was much

less than in the alternator cable, as this measurement did not exceed the full scale range of the measurement.
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No apparent shorts in the starter cable were identified. However, it is possible that this measurement was

caused by interference from the much higher current flow in the main battery cable. The main battery current

transducer, main battery cable, starter cable current transducer, and starter cable were bundled in close

proximity near the battery for the test.

5.2.6. Summary  of Numerical Film Analvsis

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

The numerical analysis of the overhead film indicated that the pole penetration into the engine compartment was

approximately 1192 mm at 130 msec after time zero, as shown in Figure 54 and plot 7. This compares to a

maximum pole penetration of 1157 mm for test #Cl 1108 (Figure 10 and Appendix C, plot 8).
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Figure 54.

Pole Penetration

Test Cl 1279, Numerically Measured from High Speed Film

5.2.7. 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.
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52.8. Results of the Evaluation of the Crashworthiness of Potential Fire Detection Technoloaies

The results of the electrical measurements of the experimental fire detectors are shown in Appendix H (plots 144

through 146).

The thermal wire fire detector attached to the hood indicated a contact closure at 60 msec  lasting about 50 msec

as shown in Appendix H, plot 144. As with previous tests, this closure was due to physical pinching during the

impact and not due to overheating of the wire.

The pneumatic fire detector did not indicate any contact closures during the test. For this test configuration and

mounting location, the pneumatic wire device demonstrated more crashworthiness than the thermal wire device.

5.2.9. Summarv of Post-test Vehicle Inspection

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

compartment into the passenger compartment, the locations of any fluid leaks, the locations of any electrical

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

Similar to test C11108,  two air passages into the passenger compartment resulted in areas significantly larger

than the rest, those two were:

. separation of horizontal lap weld seam near a/c evaporator feed-through

(approximately 600 mm long x 40 mm wide at its widest point)

. separation of vertical weld between passenger hinge pillar and forward bulkhead

(approximately 400 mm long x 100 mm wide at its widest point)

The remaining smaller openings identified included:

. cracked steering column boot

. separation of heater core line seal and bulkhead

. smaller hole in windshield (less than 20 mm), near the passenger A-pillar

l penetration of floorpan  by engine cradle on the passenger side

The overall damage to the forward bulkhead was similar to the first offset pole impact (Cl 1108). The separation

of the horizontal lap weld seam and the separation of the vertical weld at the hinge pillar were nearly identical in

shape, however the horizontal opening was longer for test Cl 1279. Consistent with the velocity measurements

of the passenger compartment, these structural observations indicated the hood did not have a major effect on

the vehicle crush characteristics.
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The following fluid leaks were identified during the post-test inspection:

. transmission fluid: fracture of transmission housing

. engine coolant: crushed radiator

l power steering fluid: crushed pump housing

. washer solvent: crushed reservoir

l battery electrolyte: loss of electrolyte from cracked battery housing

l gasoline: fuel line severed near passenger side shock tower

As previously reported, the fusible link in the alternator cable was electrically open with signs of melted insulation

on the wire. These are indications that the fusible link opened during a period of high current flow providing

overload protection for the remainder of the circuit, which is what fusible links are typically used for.

No contact between normally hot surfaces and combustible materials was identified during the post-test vehicle

inspection.

5.3. Conclusions

1. There were no post-collision fires during or after this crash test.

2. The electric fuel pump shut down at about 60 msec past time zero. This was due to the drop of overall

vehicle system voltage to 5 volts from 60 msec through 1590 msec. The fuel pump did not recover and turn

on again at 1590 msec  when the electrical system recovered to 13 volts.

3. No liquid gasoline or Stoddard spilled off of the vehicle. However, the vapor sensors indicated

concentrations of hydrocarbon vapor exceeding 5% at locations #3 and #4 (locations #l and #2 were lost

during the test.) There was about a 10 second time lag between the maximum concentration measurements

at locations #3 and #4 indicating a single hydrocarbon vapor cloud moving past these two locations in the

seconds after the impact. Gas chromatography / mass spectrometry analysis indicated that the source of

the vapor cloud was gasoline. A severed fuel line near the passenger shock tower was identified during the

post-test inspection. In addition, the fuel pressure measurement indicated a loss of pressure at about

70msec,  which was likely the time of the fuel line separation. However, consistent with previous tests the

fuel pump shut down early (in this case 60 msec) thus only a small amount of gasoline leaked from the

severed fuel line.

4. Other engine compartment fluids which leaked included transmission fluid, engine coolant, washer solvent,

battery electrolyte, and power steering fluid.
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5. The deceleration of the passenger compartment as measured by the change in velocity time history was

very similar to test Cl 1108 indicating that the hood had only a small effect on the structural crush.

6. The condition of the forward bulkhead as quantified by the toe pan intrusion and openings identified in the

bulkhead also was very similar to test Cl 1108. This also indicates the hood had only a small effect on the

crush of the vehicle.

7. The head, neck, chest, and femur ATD measurements were below their respective IARVs for both front

occupants. The only measurements above IARV were the lower tibia bending moments on the right leg of

the driver and on both legs for the passenger AID.

8. The cause of the electrical system voltage drop from 60 msec  to 1590 msec was likely a short in the

alternator cable. Higher than normal current flow (exceeding full scale range of the transducers used for this

test) was measured on the alternator cable and main battery cable from 60 msec  through 1590 msec. In

addition, the fusible link on the alternator cable was open and had melted insulation following the test. This

indicates the fusible link fused and provided overload protection for the remainder of the circuit.

9. No other evidence of electrical shorts, other than of the alternator cable, was identified

10. The thermal wire fire detector device, which was attached to the underside of the hood, was pinched and

closed during the impact and would have precluded proper operation following the impact.

11. The pneumatic fire detection device did not inadvertently close during the test. For this test configuration the

pneumatic device appears to be more crashworthy than the thermal wire device.

Following are conclusions relating to test methodology useful for subsequent crash tests:

12. The measurement of engine flywheel motion using an auxiliary magnetic pickup transducer was successful

in identifying when the engine stopped (about 90 msec). This measurement technique was more reliable

than using the vehicle’s production engine speed sending unit, which is susceptible to the loss of vehicle

electrical power.

13. Although the structural performance of the vehicle has been demonstrated to be independent of the

presence of the hood, a hood will be included on future frontal tests. This is so the fluid or vapor plumes are

retained appropriately and also to provide the correct thermal environment.
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6. Conclusions of the Passenger Van Crash Test Series

From the data collected on this series of crash tests, several conclusions can be made about how post-collision

fires may start. It is important to note that the intent of these crash tests was not to determine if the vehicles met

a crash test performance standard. Instead, the intent was to study how post-collision fires might start under a

range of crash conditions.

Of the four tests, one resulted in a post-impact fire. There was no indication of fire on the other three tests. The

fire occurred following the oblique moving deformable barrier frontal impact and was caused by electrical events

during the crash. The fire was unrelated to gasoline, any other fluid (except battery electrolyte), or any normally

hot operating surface. The fuel source for the fire was solid plastics near the battery such as polyethylene,

polypropylene, and polycarbonate. The ignition was caused by a combination of crash related electrical events:

the penetration of the battery by a chassis-mounted self-tapping screw, the separation of the negative battery

terminal connections, and the short to chassis of the starter cable. Although the repeatability of these specific

occurrences is unknown, as are the effects of the modifications made to the production vehicle, there are general

conclusions that can be drawn. As an example, 1) electrical fires unrelated to fluids such as gasoline are

possible and may propagate by burning solid combustibles in the engine compartment, 2) objects grounded to

chassis which penetrate the battery housing can be a source of heat sufficient to ignite combustible materials,

and 3) shorts between heavy gage non-fused cable (such as starter cables) and chassis ground can also

contribute by increasing the overall current flow.

Other underhood electrical occurrences were observed on these frontal impacts including a severed positive

battery cable resulting in arcing during the crash, a shorted alternator cable, and an internally shorted battery.

Generally, the recorded electrical measurements (especially the current measurements) were difficult to analyze

because of limitations on current transducers, instrumentation wires cut or damaged during the crash, and the

overall unpredictable and sporadic behavior of electrical systems during the crashes.

System voltage was monitored in three of the four tests. In none of these cases, was system voltage (12 to 14

volts) maintained throughout the event. In two of the three tests, partial and/or temporary drops in voltage were

observed. In only one test did the voltage cleanly drop to zero. In all cases, the fuel pump shut down at the first

indication of ignition voltage drop. In all cases, the fuel pump was shut down by 65 msec  after impact. In those

cases where system voltage later recovered, the fuel pump remained off. In none of the tests did the fuel pump

require to be “timed out”, that is shut down after a predetermined time following engine stoppage (one or two

seconds is sometimes used in engine control programming.) These small number of tests indicate that how an

engine control module controls a fuel pump when it is subjected to chaotic and unpredictable voltage inputs

(sometimes lasting for seconds after impact), may be as important as the ability to shut the fuel pump off at a pre

set time after engine stoppage, or after a crash is detected through inertia sensors.
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All four of these tests would have passed the gasoline leak criteria specified in FMVSS301  [7]. No liquid

gasoline or Stoddard solvent spilled off of the vehicle in any of these tests. However, vapor measurements

indicated the presence of gasoline vapors in the engine compartment in 2 of the 3 tests in which they were used.

In one of the tests, the source of the gasoline was broken or un-sealed fuel injectors. In the other it was a

severed fuel line. For one test, hydrocarbon vapor concentrations were measured, but samples were not taken

to identify the source. For this test, unsealed fuel injectors were also identified during the post-test inspections.

Therefore, it is likely that gasoline vapors were present in the engine compartment in 3 of the 4 tests. Because

the fuel pumps shut down early in all cases, only residual gasoline in the lines was lost, that is, the pump did not

supply the leaks with gasoline. Only a limited amount of gasoline was likely released, with no indication of

pooling or spillage off of the vehicle.

With the exception of the offset rigid barrier frontal impact, the three remaining tests had ATD measurements

below their IARV for all head, neck and chest measurements. Tests that were so severe that occupant fatality

would be likely from trauma (high head, chest, or neck measurements) were not desired. All tests had at least

one lower leg measurement above IARV, however, which indicates that tests of this severity may represent

cases where occupant egress could be slowed due to impact injury. The severity of these three tests is

appropriate for this research.

The offset rigid frontal barrier generally had higher ATD measurements and was the least useful in identifying

post-collision fire potential. This is because this test resulted in the fewest openings identified into the passenger

compartment and also had the least amount of electrical and fluid activity. For these reasons, this test

configuration was dropped for subsequent vehicle types.

The air bags deployed in all tests, providing supplemental restraint to the belted occupants.

The release of engine compartment fluids into the engine compartment was monitored for each test. Due to the

severity of the tests, fluid release was anticipated. Coolant, washer fluid, transmission fluid, and battery

electrolyte were released in all four tests. Power steering fluid and limited amounts of gasoline were released in

three of the four tests, brake fluid was released in two tests, and engine oil in one.

Inspections were performed on all four tests to identify contact between combustible solids and normally hot

operating surfaces such as exhaust manifolds or catalytic converters. There was only one occurrence noted,

contact between an exhaust manifold and cowl insulation on the first pole impact.

Inspections were also done to identify air passages from the engine compartment into the passenger

compartment. The openings identified in the four crash tests are test specific, however, in general the two pole

impacts had the most openings and the offset rigid barrier frontal impact had the least. For the oblique moving

deformable barrier frontal impact vehicle, the openings were re-instrumented with thermal measuring
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instruments to identify if any contributed to the fire propagation into the passenger compartment during a future

fire propagation test. Those tests will be reported separately.

An experimental thermal wire fire detector was included in three of the four tests and was mounted in a different

engine compartment location for each test. Electrically monitoring of this device indicated it closed in all three

tests. All of the closures were temporary, none lasting more than 50 msec, and all were the result of pinching or

crushing during the impact and none were the result of overheating. Crash-caused activations are undesirable.

Active fire suppression systems must be capable of surviving severe crash impacts and retain their ability to

detect and suppress post-impact fires. Alternate mounting locations for the thermal wire device will be evaluated

in subsequent crash tests of this project.

An experimental pneumatic fire detector device was included in two of the four crash tests. For one test it was

mounted forward of the wiper tray and for the other it was mounted on the underside of the hood. The device

did not indicate a false activation in either test, demonstrating better crashworthiness than the thermal wire

device, at least in this limited sample of two crash tests.
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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 III ATD are
recreated here from the Advisory Group for Aerospace Research & Development, Report 330,
“Anthropomorphic Dummies for Crash and Escape System Testing” [5].

Body Region
Injury Assessment Criteria

Head

Injury Assessment Reference
Value for the mid sized male
Hybrid III

HIC; (t2 -t,) I1 5 msec’

Head/Neck Interface
1000

Upper neck longitudinal shear force, +Fx and -Fx Figure Al
Upper neck axial force, compression, -Fz Figure A2
Upper neck axial force, tension, +Fz Figure A3
Upper neck longitudinal moment, flexion,  +My 190 Nm
Upper neck longitudinal moment, extension, -My 57 Nm

Chest
Resultant spinal acceleration 60 g
Sternal deflection due to:

Shoulder belt
Air bag (no belt)

Viscous Criterion (V*C)

50 mm
65 mm
1 m/s

Femur
Axial compression

Knee
Tibia-to-femur displacement
Knee clevis loads (med./lat.  Compression)

Tibia
Axial load, compression, Fz
Tibia index, TI = M/MC + FzIFc

Where,

Figure A4

15 mm
4000 N

8000 N
1.0

M = resultant moment, (of Mx & My), for upper index
M = anterior/posterior moment, My, for lower index
MC = critical bending moment
Fc = critical compersive force

225 Nm
225 Nm
225 Nm
35,900 N

l : The Head Injury Criteria (HIC) is defined as: HIC = (Aavg)25  (t2-  t,), where Aavg is the average resultant

acceleration of the center of mass of the head (expressed in G) for the time interval t2- t, (expressed in
seconds).
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4UUU f
Potential for significant neck injury due

I

3100 N at0 msec
to fore/aft shear loading

1500 N,25to 35 msec

1100 Nat45 msec

Significant neck injury due to
fore/aft shear loading unlikely

0'
0 20 40 60 80 100

Duration of Loading Over Given Force Level, msec

Figure Al
Injury Assessment Curves  for Fore-and-Aft Sheer Forces  Measured  with Hybrid III Mid-sized  Adult

Male ATD [5]

2 4500
Potential for significant injury due

.
8 4000 4000 NatOmsec to axial neck compression loading

g 3000

p 2500.-
g 2000
k

1500E llOONat30msec

s 1000 -
7ii neck injury due to
.-

Significant

2
500 - axial neck compression loading unlikely

0 -
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  III Mid-sized  Adult

Male ATD [5]
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3500 / 3300 N at 0 msec
to axial neck tension loading

z
. g 3000

8
5 2500

iii2 2000
Q)
:
5

1500

; 1000
.-
G 500

iONat35msec -

Significant neck injury due
\AlOONat6Omsec
to

axial neck tension loading unlikely

0 ’
0 20 40 60 80 100

Duration of Loading Over Given Force Level, msec

Figure A3
lniurv Assessment  Curves  for Axial Neck  Tension  Measured  with Hybrid  III Mid-sized  Adult Male ATD_ _

PI

Potential for fracture of the pate//a, femur, or pelvis

* loooo
$

9070 N at 0 msec

AL \
z 7560 Nat10 msec
If!
; 5000

Fracture due to distributed knee loading unlikely

0
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  III Mid-sized

Adult  Male ATD [5]
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LEFT FRONT
RNTHROPOMORPHIC TEST DEVICE SUMMRRY DRTR

MOVING VEHICLE TO FIXED POLE 55.2KM/H
Cl1108 FRONT IMPiXT
R & D CTR 8T9307D VFlN FlTD TYPE: GMSOH

TEST DRTE': 05/16/1996

MERSUREO QURNTITY OF IFlRV OF IF1RV VRLUE

HIC, LIMITED TO 15 MS
HIC, LIMITED TO 36 MS
NECK FLEXION
NECK EXTENSION
NECK TENSION
NECK COMPRESSION
NECK SHERR FORWRRO
NECK SHEFIR  RERRWRRO
CHEST RCCEL

1 CHEST COMPRESSION W/O SH BELT
1 CHEST COMPRESSION W/ SH BELT

CHEST VISCOUS CRITERIR
FEMUR COMP. LEFT
FEMUR COMP. RIGHT
FEMUR OURRTION RSSESS. LEFT
FEMUR DURRTION ASSESS. RIGHT
TIBIRIFEMUR  OISP. LEFT
TIBIR/FEMUR  DISP. RIGHT
KNEE CLEVIS, LEFT INSIDE
KNEE CLEVIS, LEFT OUTSIDE
KNEE CLEVIS, RIGHT INSIDE
KNEE CLEVIS. RIGHT OUTSIDE
TIBIR COMP, LEFT
TIBIA COMP, RIGHT
TIBIR MOM, UPPER, LEFT
TIBIA MOM, UPPER, RIGHT
TIBIR MOM, LOWER, LEFT
TIBIR MOM, LOWER, RIGHT
L-EG INDEX, UPPER LEFT
LEG INDEX, UPPER RIGHT
LEG INDEX, LOWER LEFT
LEG INDEX, LOWER RIGHT

MM?

360
llG0
13NM
2'4NM
0.76
0.01
0.18
0.05
‘41G

39.1MM
39.1MM
0.29M/SEC
'4095N
61123~
0.45
0.71
D.2MM
0.6~~
570N

2174~
837~

1'402N
2'452~
1529N
12'4NM
89NM

407NM
179NM
0.59
o.t43
1.88
0.84

IRV - INJURY RSSESSMENT VRLUE
IRRV - INJURY RSSESSMENT REFERENCE VRLUE Appendix B, page i

IRRV

1000
1000
1 QONM
57NM
1.00
1.00
1.00
1.00
60G

65.OMM 1
50.0~~ t
l.OOM/SEC

1 ooom
1 OOOON

1 .oo
1.00

15.OMM
15. DMM
4oooN
UOOON
'-lOOON
UOOON
8000~
8OOON
225NM
225NM
225NM
225NM
1.00
1.00
1.00
1.00

1 v2.04E

t RESTRRINT  SYSTEM DEPENDENT. CHOOSE nnn VRLUE GREATER THAN 150% OF IRV
VRLUE THRT RPPLIES TO THIS TEST.



RIGHT FRONT
RNTHROPOMORPHIC  TEST DEVICE SUMMfiRY DRTR

MOVING VEHICLE TO FIXED POLE 55.2KM/H
Cl1108 FRONT IMPFlCT
R & D CTR 8T9307D VFlN FlTD TYPE: GM50H

TEST DFITE: 05/16/1996

MERSURED QURNTITY OF
100% 150% IRV

HIC, LIMITED TO 15 MS
HIC, LIMITED TO 36 MS
NECK FLEXION
NECK EXTENSION
NECK TENSION
NECK COMPRESSION
NECK SHERR FORWRRD
NECK SHERR RERRWRRO
CHEST RCCEL

I CHEST COMPRESSION W/O SH BELT
1 CHEST COMPRESSION W/ SH BELT

CHEST VISCOUS CRITERIA
FEMUR COMP, LEFT
FEMUR COMP, RIGHT
FEMUR DURRTION RSSESS. LEFT
FEMUR DURRTION RSSESS. RIGHT
TIBIR/FEMUR  OISP, LEFT
TIBIR/FEMUR  DISP, RIGHT
KNEE CLEVIS. LEFT INSIDE
KNEE CLEVIS. LEFT OUTSIDE
KNEE CLEVIS. RIGHT INSIDE
KNEE CLEVIS, RIGHT OUTSIDE
TIBIR COMP, LEFT
TIBIR COMP, RIGHT
TIBIR MOM, UPPER, LEFT
TIBIR MOM, UPPER, RIGHT
TIBIR MOM, LOWER, LEFT
TIBIR MOM, LOWER, RIGHT
LEG INDEX, UPPER LEFT

LEG INDEX, UPPER RIGHT
LEG INDEX, LOWER LEFT
LEG INDEX. LOWER RIGHT

IRV - INJURY RSSESSMENT VRLUE
IRRV - INJURY RSSESSMENT REFERENCE VRLUE

RRV OF RV VRLUE

100
180
38NM
21NM

0.117
0.01
0.20
0.05
35G

36.3MM
36.3MM
0.36MiSEC
7'453N
7287~
0.83
0.81

9.6 MM
2.7MM

20'42N
926N

2192N
1257~
225ON
2075N
22'4NM
1lllNM
286NM

DVERLOROED
1.00
0.55
1.29

OVERLORDED

IRRV

1000
1000
190NM
5i'NM
1.00
1 .oo
1.00
1.00
GOG

65.OMM 1
5O.OMM  f
l.OOM/SEC

1 ooom
1 OOOON

1.00
1.00

15. OMM
15. OMM
'-4OOON
UOOON
'-lOOON
4oooN
8000~~
8OOON
225NM
225NM
225NM
225NM
1.00
1.00
1.00
1.00

PROCESSED 05/20/1996  lO:?l v2.0'iE

Appendix B, page ii
t RESTRRINT SYSTEM DEPENDENT. CHOOSE
VRLUE THRT RPPLIES TO THIS TEST.
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Cli108  FRONT IMPACT

R 4 0 CTR 8T93070  VRN
ELEC ORTA. SRE CLASS 1000

MOVING VEHICLE TO FIXED POLE

L. FRT HERD RCCEL.

(HIC I LIMITED TO 15MSl

55.2KM/H
AT0 TYPE: CMSOH
TEST ORTE:OS/16/1996

ii
YY
$ I$ I
33

2020 I(0I(0 6060 8080 looloo I20I20 IUOIUO 160160 180180 2-N-l2-N-l 220220

TIME IN fllLLlSECONOS Appendix B, plot # 1
I PWCESXO  5/M/1996  IOIM Y2.M

Cl1108 FRONT IMPRCT

R 4 0 CTR .i3T93070  VRN
ELEC ORTR, SRE CLRSS 1000

MOVING VEHICLE TO FIXEO POLE SS.2KWH
RTO TYPE: GMSOH

L. FRT HERD RCCEL. TEST ORTE:05/16/1996

(HIC I LIMITED TO 3GMS)

HRX RCCEL = 61.8 C'S FIT 96.6 ns

0 117.2  G'S , 61 - III tiS
IV I

---

TIME IN HILLISECON~S Appendix B, plot # 2
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SS.2KM~~

RTD TYPE: ~M5OH
TEST ~~TE:~5/~6/~996

flRX RCCEC = 43. 6 G’S RT SO.& HS
I I I I I

8
I I

I

-_--- __---~-

L. FRT PELVIC FICCEL.
RTD TYPE: ~~5OH
TEST ~~T~:ff5/~6/~996

Appendix  B, plot # 4
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Cl1108 FRONT IHPRCT

R 6 0 CTR ET93070  VRN
ELEC ORTR. SRE CLRSS 600

MOVING VEHICLE TO FIXEO POLE 55.2KM/H

L. FRT FEMUR LOFlO
RTO TYPE: GMSOH
TEST ORTE:05/16/1996

Cl1108  FRONT IMPRCT

R 6 0 CTR ET93070  VAN
ELEC ORTR, SRE CLRSS 600

TIME  IN MlLLlSECONOS Appendix B, plot # 5

MOVING VEHICLE TO FIXED POLE 55.2KM/H

L. FRT FEMUR LORD

OURRTION  RSSESSMENT

RTO TYPE: GMSOH
TEST ORTE:OS/16/1996

CUWLRTIVE  OuRRTlON OF LOROING  ABOVE GIVEN FORCE LEVEL. HS Appendix B, plot # 6



ECEC ORTR, SRE CLRSS 600

RTO TYPE: ~MSO~
TEST O~TE:~5/~6/~996

TIME IN M~LLISE~ONOSTIME IN M~LLISE~ONOS Appendix  B, plot # 8Appendix  B, plot # 8
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C11108  FRONT IMPACT MOVING VEHICLE TO FIXEO POLE SS.2KM/H
RTD TTPE: GMSOH

17 6 0 CTR BT93070 VRN L. FRT CHEST COMPRESSIVE DISP. TEST ORTE:05/16/1996

ELEC ORTR. SAE CLASS 180 NORMFILIZEO,  W/CflLC VEL 6 VISCOUS INJURY

f!AX COtlPRE5510N = 39.1 M AT 90.1 IiS

-VI
IRV I 6 0 %  O F  IFlRV  IWO SH BELTI.  IRV = 7 8 %  OF IIW’ IW SM BELT1

-

TIME  IN MILLISECONDS
Appendix B, plot # 9
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-\
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RTO TYPE: CMSOH

HERD* UPPER  LoRo TEST ORTE:05/16/1996
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cl1108  FRONT IMPRCT

R 6 0 CTR 8T93070  VRN
ELEC DRTR. SRE CLRSS 1000

MOVING VEHICLE TO FIXED POLE 55.2KMiH
AT0 TYPE: CMSOH

RE~RWFIRD NECK SHEFIR ON HEFID, TEST ORTE:05/16/1996

L. FRT INJURY REFERENCE

HRX IRV = 5 % OF IRRV AT 156 N. 0.0 tl-5
6.

0.

0. Jo S IO IS a 2s 3.0 35 uo US so 5s 60

CUHULATlVE OURRTION OF LOROING QBOVE GIVEN FORCE LEVEL,
Appendix B, plot # 13
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Cl1108  FRONT IMPRCT

R 4 Cl CTR 8T93070  VRN
ELEC ORTR. SiE CLASS 1000

MOVING VEHICLE TO FIXED POLE 55.2KM/H

RXIRL COMPRESSION ON HERD,

L. FRT INJURY REFERENCE

RTO TYPE: GMSOH
TEST ORTE:OS/l6/1996

HRX IAV = I % OF IRRV RT 23 N. 0.5 HS
6.0

CUtWLRTlVE OURRTION OF LORDINC  RBOVE GIVEN FORCE LEVEL. Appendix B, plot # 14
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C11108  FRONT IMPRCT

R 4 0 CTR ET93070  VAN
ELEC OATR. SAE CLflSS  600

MOVING VEHICLE TO FIXED POLE 55.2KM/H
FlTO

L. FRT LEFT TIBIR UPPER MOMENT TES
TTPE: GMSOH

T OFITE:05/16/ ‘1996

TIME IN MILLISECONDS

- . .

Appendix B, plot # 17

Cl1108  FRONT IMPACT MOVING VEHICLE TO FIXEO POLE 55.2KM/H
AT0 TYPE: CMSOH
TEST ORTE:05/16/1996R d 0 CTR t3T93070 VRN

ELEC ORTR. SRE CLRSS 600 L. FRT TIBIf?  LOWER SHEflR LOflO CELLS

.22 KN RT 8 0 . 2  MS
I I-2.

TIME  IN MILLISECONOS Appendix B, plot # i 8
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_.r
MOYrNG YEHr&LE 70 FIXED POLE 55.2K~/H
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Cl1108  FRONT IMPRCT

R 4 0 CTR 8793070 VRN
ELEC ORTR. SRE CLRSS 600

MOVING VEHICLE TO FIXED POLE 55.2KM/H
RTO TYPE: GMSOH

L. FRT RIGHT TIBIR UPPER MOMENT TEST ORTE:OS/16/1996

HRX WHENT = 88.6 N-H RT 63.1 MS

-~
TIME  IN HILLISECONOS

Cl1108 FRONT IMPACT

R 6 0 CTR 8193070 VRN
ELEC ORTR. SRE CLRSS 600

MOVING VEHICLE TO FIXED POLE

Appendix B, plot # 21

55.2KM/H
RTO TYPE: CMSOH
TEST ORTE:05/16/1996

L. FRT TIBIR LOWER BENDING MOMENTS

TIME IN ~ILLISECONOS
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CrlrO8  FRONT r~P~CT

R 6 D CTR ~T935~5  VRN
ELEC DRTR, SRE CLRSS  655

TIME IN MlLLIS~COff~S
Appends B, plot # 23
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R 6 5 CTR ~T935~5  ‘(RN
ELEC ORTQ, SRE CLRSS  185

L. FRT T~B~~/FEMUR  MISPLACEMENT
RT5 TTPE: GMSO~
TEST 5~TE~OS~~~/~99S

jP = D.M KK RT 911.6 HS
3V

Appends B, plot # 24



~11108  FRONT IMPRCT

R 6 0 CTR ET93070  VAN

MOVING VEHICLE TO FIXED POLE 55.2KWH
RTO TYPE: CMSOH

R. FRT HERD RCCEL. TEST ORTE:05/16/1996
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Cl1108 FRONT IMPACT

R 6 0 CTR 8793070 VRN
ELEC ORTR, SRE CLRSS 1000

MOVING VEHICLE TO FIXED POLE

R. FRT HERD RCCEL.
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55.2KM/H
RTO TYPE: GMSOH
TEST ORTE:OS/lG/199G
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cl1108  FRONT IHPRCT

R d 0 CTR 8793070 VRN
ELEC ORTR. SRE CLRSS 600

,-

MOVING VEHICLE TO FIXED POLE 55.2KM/H
FIT0 TYPE: GMSOH

R. FRT FEMUR LOFID TEST ORTE:05/16/1996

TIME IN MILLISECONDS
Appendix B, plot # 29
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Cl1108  FRONT IMPRCT

R 4 0 CTR ET93070  VAN
ELEC ORTR. SRE CLRSS 600
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55.2KM/H
RTO TYPE: CHSOH
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R 6 0 CTR 8T9?~?~  VR~
ELEC ORTR. SRE CLRSS 600

55.2~M/~
RTIJ TYPE: GMSO~
TEST ~RTE~~S/l~~l99~

I
MRX IRV = El % OF IRRV RT 72% N. 0.5 HS

ELEC DRTR, SRE CLRSS  180 ~DR~~L~~ED  TO 70.7’F & PFIRT  572 CORR~DDR

Hf3X COMPRESSION = 36.3 Hfi RT 87.7 MS

TIME IN M~LL~SECO~OS



-

C11108  FRONT IMPRCT

R 6 0 CTR 8793070 VRN

MOVING VEHICLE TO FIXED POLE 55.2KM/H

R. FRT CHEST COMPRESSIVE OISP.
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Cl1108 FRONT IMPACT

R 4 5 CTR 8T93070  VRN
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ELEC DRTR. SRE CCRSS  600
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cl1108  FRONT IMPRCT

R 6 0 CTR 8193070 WIN
El-EC ORTFI. SRE CLflSS  600

-.

MOVING VEHICLE TO FIXEO POLE 55.2KM/H

R. FRT RIGHT TIBIR UPPER MOMENT
AT0 TYPE: CMSOH
TEST O~TE:OS/l6/1996

MAX HOHENT  = 114 N-H RT 57.6 HS
200,
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TIME  IN tllLLISECONOS Appendix B, plot # 45
"5 PfCCESSEO  S/20/1936  IO,21  V2.W

--

Cl1108  FRONT IHPFlCT MOVING VEHICLE TO FIXED POLE

R 4 0 cm 8T93070  VRN
ELEC ORTFI. SRE CLRSS  600 R. FRT TIBIFI  LOWER BENDING MOMENTS

/-

55.2KM/H
AT0 TYPE: GMSOH
TEST OATE:OS/16/1996

0.0.

;$$RlR SYSTEM  FULL;$$RlR SYSTEM  FULL SCALESCALE EXCEEOEOEXCEEOEO
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HRX UPPFR  I IC T

TIME IN M~LLISE~ONOS
Appendix  3, plot # 47

-It4 RT 7 7 . 2  Wi

I

I I I I PRV = 18% PF IRRL

Appends 3, plot # 48
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Cl1106  FRONT IHPRCT

R 4 0 CTR 8T93070  VRN
ELEC ORTR, WE CLRSS 1000

MOVING VEHICLE TO FIXED POLE 55.2KM/H

L. FRT LOWER LUMBFlR MOMENT
FIT0 TYPE: GMSOH
TEST ORTE:05/16/1996

TltiE  IN tllLLISECONO5
Appendix B, plot # 49

9- .--____- - --. .-- .-.-. . ..-.-

Cl1108 FRONT IMPRCT

R 4 0 CTR 8T93070  VRN
ELEC DRTR. SRE CLRSS 1000

MOVING VEHICLE TO FIXED POLE 55.2KM/H

L. FRT LOWER LUMBRR LOfXl
RTO TYPE: CHSOH
TEST ORTE:OS/16/1996
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2.
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R 4 0 CTR 8T93070  VRN
ELEC DRTR, SRE CLRSS  1~0~

TIME IN MILLISECONDS
Appendix B, plot # 52Appendix  B, plot # 52
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Cl1108 FRONT IHPRCT

R 4 0 CTR 8T93070 VAN
ELEC DQTR. SRE CLFlSS  1000

MOVING VEHICLE TO FIXED POLE 55.2KM/H

R. FRT LOWER LUMBAR LOFlD
RTO TYPE: GMSOH
TEST ORTE:05/16/1996

-2.5pJ""' 8 I I I I I 1 I I I I20 UO 60 n &I IW I 133 I 140 , 160 160 1 200 " 220 1 a0

TIME IN flILLlSECONOS
Appendix B, plot # 53

5, CmAL,X" ,/NI,Yd  IUiZl VZ.DIE

Cl1108  FRONT IMPRCT

R 6 0 CTR 8T93070  VRN
ELEC ORTR. SRE CLRSS 1000

MOVING VEHICLE TO FIXED POLE

R. FRT LOWER LUMBQR LOFlO

55.2KM/H
FIT0 TYPE: GHSOH
TEST ORTE:OS/16/1996
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TIME IN M~LL~SEC~N~S
A~pe~djx B, plot # 56



Cl1108 FRONT IflPRCT

R d 0 CTR 8T93070 VRN
ELEC ORTR. SRE CLRSS 180

MOVING VEHICLE TO FIXED POLE

L. FRT ROCKER DISPL

(COMPUTED FROM WCELERRTIONI

SS.2KM/H

TEST ORTE:05/16/1996

II

II

II

elmelm

TIME  IN MILLISECONDS Appendix B, plot # 57
57 PROCESSED  S/2011995 IO:21 VZ.DIE

Cl1108 FRONT IHPRCT

R 6 0 CTR 8T93070  VRN
ELEC ORTR. SRE CLRSS 60

/--

MOVING VEHICLE TO FIXED POLE 55.2KM/H

R. FRT ROCKER FICCEL TEST ORTE:05/16/1996



- L -a
CfIlO8  FRONT ~MPR&T MOVING ~E~rC~~ TO FIXEO POLE 55*2KM/H

R b 0 CTFI 8T9~~70  VW R. FRT ROCKER VELOCITY TEST ORT~:OS/l6/~996
ELEC DRTR, SRE CLRSS I80 ~CO~~UT~~  FROM ~CC~L~R~T~ON~

TIME IN M~LLISEC~NOSTIME IN M~LLISEC~NOS
Appendix 8, plot # 59Appendix 8, plot # 59

M~~~~~ V~~rC~E i0 FIXED POLE 5s. ZKM/H

R. FRT ROCKER DISPL TEST ~RTE:~S~~6/~996

~CO~~UTE~  FROM ~CC~LER~T~O~I



Cl1108 FRONT IHPflCT

R d 0 CTR ET93070 VRN
ELEC OFITA. SRE CLFlSS  60

MOVING VEHICLE TO FIXEO POLE 55.2KWH

FlVERRGED  FRT ROCKER FXCELERRTION TEST ORTE:05/16/1996

WC0 L. & R. ROCKER ACCELS)

TIME IN MILLISECONDS
Appendix  B, plot # 61

C11108  FRONT IMPRCT

R d 0 CTA ET93070 VRN
ELEC OATR. SRE CLRSS 180

MOVING VEHICLE TO FIXEO POLE

RVGO FRT ROCKER VELOCITY

(COMPUTED FROM RCCELERRTIONI

55.2KM/H

TEST ORTE:OS/16/1996



Appendix B, plot # 63

_ -.. ___--

.-
MUVING ~~~r~~E iCr FIXED POLE 55.2KM/H

L. FRT ROCKER FICCEL TEST ~~T~:OS/l6/~996

Appendix 3, plot # 64
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Cl1108 FRONT IMPRCT

R 6 0 cm ET93070  VRN
ELEC ORTR, SRE CLASS 180

MOVING VEHICLE TO FIXED POLE 55.2KM/H

L. FRT ROCKER VELOCITY TEST ORTE:05/16/1996

(COMPUTED FROM FICCELERATIONI
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5 2 I
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g -3
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'2 -9. I--

Y /

5. /
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9.u""" I I I I I I I I I " I I
0 M 40 60 80 loo 120 I’(0 160 180 al 220 240

TIME IN fllLLISEC@.NDS
Appendix B, plot # 65
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Cl1108  FRONT IMPACT

R 6 0 CTR ET93070 VAN
ELEC OATR. SRE CLRSS 180

MOVING VEHICLE TO FIXED POLE SS.2KM/H

L. FRT ROCKER OISPL TEST 0RTE:05/16/1996

(COMPUTED FROM IXCELERRTIONI



-. ._

--
MO~~~~ ~E~~C~E TO FIXED POLE 55.2 KM/H

R. FRT ROCKER VELOCITY TEST ~~TE:OS/~6/199G

(COMPUTE0 FROM ACCELERATION)



Cl1108 FRONT InPRCT

R d D CTR ET93070  VRN
ELEC DFITFI.  SRE CLRSS 180

.-

MOVING VEHICLE TO FIXED POLE SS.2KM/H

R. FRT ROCKER OISPL

(COMPUTED FROM RCCELERRTION)

TEST ORTE:OS/l6/199G

\
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UO 60 30 IO0 I20 1110 160 130 2m 220 240

TIME IN IllLLlSECONOS Appendix B, plot # 69
69 PIWESSEO S/Xl11996 10121 V2.M

Cl1108 FRONT IMPRCT

R 6 0 CTR ET93070  WIN
ELEC DRTR. SRE CLRSS 60

MOVING VEHICLE TO FIXEO POLE 55.2 KM/H

RVERRGED  FRT ROCKER RCCELERFITION TEST ORTE:OS/16/1996

WGD L. 4 R. ROCKER FICCELSI

I I I I AI I

I \I I I I/

$0;I I\



R 6 0 cm 8T93~7~  VRN RVGO FRT ROCKER ~E~OC~T~ TEST ~RTE~~5/1~/199~
ELEC DRTR. SRE CLRSS  180 ~CO~P~TE~  FROM ~CCE~ER~TIO~I

R 6 0 CTR 8T93~?~  VRN
ELEC ORTR, SRE Ct%S 180

TIME IN MILLISECONDS
Appendix  3, plot # 7f
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C11108  FRONT IMPRCT

? .-

MOVING VEHICLE TO FIXED POLE SS.2KM/H

R 4 0 CTR 8193070 VRN
ELEC ORTR. SAE CLRSS 60

L. FRT ROCKER RCCEL TEST DRTE:05/16/1996

Cl1108  FRONT IMPRCT

R 6 0 CTR .8T93070  VRN
ELEC ORTR. SAE CLRSS 180

TIME  IN tlILLISECONOS Appendix B, plot # 73

MOVING VEHICLE TO FIXED POLE SS.2KM/H

L. FRT ROCKER VELOCITY TEST ORTE:OS/16/1996

(COMPUTED FROM RCCELER!7TIONI
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ELEC ORTR. SRE CLRSS  130

R 6 0 CTR ET93~~~  VRN
ELEC DRTR. SRE CLRSS  60
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Cl1108  FRONT IMPRCT

R 6 D CTR 8793070 VRN
ELEC ORTR. SRE CLRSS  180

MOVING VEHICLE TO FIXED POLE 55.2KM/H

R. FRT ROCKER VELOCITY TEST DATE:05/16/1996

(COMPUTED FROM FICCELERRTIONI

TIME  IN tllLLlSECONDS Appendix B, plot # 77
7, rmAC,Y” WNllsvJ  l”lC! V<.VIL

Cl1108  FRONT ItIPRCT

R 6 0 CTA ET93070  VRN
ELEC DRTA. SRE CLRSS 180

MOVING VEHICLE TO FIXEO POLE 55.2KM/H

R. FRT ROCKER DISPL TEST OATE:05/16/1996

[COMPUTED FROM RCCELERRTIONI
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Cl1108 FRONT IMPRCT

fl 6 0 CTR 8T9307D  WIN
ELEC DRTR. SRE CLASS 180

MOVING VEHICLE TO FIXEO POLE S5.2KM/H

FlVGD FRT ROCKER DISPL TEST ORTE:05/16/1996

[COMPUTED FROM RCCELERRTIONI

I
0

I I , I I i I 1 1 I L bl I I
-I "'1  ' '
Y a 110 60 80 IW I20 1110 160 180 MO 220 30

TIME IN MlLLlSECONOS Appendix B, plot # 81
8, PAOCESKO  5/M/1996  IO*21 VZ.D(E

Cl1108  FRONT IMPRCT

R 4 0 CTR ET93070  VRN
ELEC DRTR, SRE CLRSS 1000

MOVING VEHICLE TO FIXEO POLE S5.2KWH

L.RERR ROCKER RCCEL TEST ORTE:05/16/1996



Ap~~~d~x  B, plot # 83
B _ . _ . - .-
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Cl1108 FRONT IHPRCT

R 4 0 cm ET93070  VRN
ELEC ORTR. SRE CLRSS 180

..- ,-.

MOVING VEHICLE TO FIXED POLE 55.2KMlH

L.REFIR ROCKER DISPL TEST ORTE:05/16/1996

(COMPUTED FROM RCCELERRTIONI

TIME IN MILLISECONOSTIME IN MILLISECONOS
Appendix B, plot # 85Appendix B, plot # 85

e!e! _.__ -. .._ .-.-._.__ -. .._ .-.-. _ ..__ .._

Cl1108 FRONT IMPRCT

R 4 0 CTR 8793070 VAN
ELEC OATR. SRE CLRSS 1000

MOVING VEHICLE TO FIXED POLE 55.2KM/H

R.REFIR ROCKER RCCEL TEST ORTE:05/16/199G



R 4 0 CTR 8T9~~~~  VRN
ELEC URTR, SRE CLFlSS  60

R.RE~R ROCKER RCCEL

R 4 U CTR 8Tg307U  VRN
ELEC DRTR. SRE CLRSS  180



Cl1108  FRONT IHPRCT

R 4 II CTR 8193070  VRN
ELEC DRTR. SRE CLASS 180

MOVING VEHICLE TO FIXED POLE 55.2 KM/H

R.RERR ROCKER OISPL TEST ORTE:05/16/1996

[COMPUTED FROM QCCELERRTIONI

TIME IN fllLLlSECONOS
Appendix B, plot # 89

eY rruAtssEo  s/20/1996  IO:21  YI.Wf

Cl1108  FRONT IHPRCT

R 4 0 CTR 8T93070  VAN
ELEC ORTR, SRE CLRSS  1000

MOVING VEHICLE TO FIXED POLE 55.2KM/H

WERRGED  RERR ROCKER RCCELERRTION TEST ORTE:05/16/1996

[RVCD L. b R. ROCKER RCCELS)



C~~jO8  FROST IHPRC

Appendix  B, plot # 91
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Cl1108  FRONT ItIPRCT

R 4 Cl CTR 8T93070  VAN
ELEC ORTR. SRE CLRSS  180

..-.

MOVING VEHICLE TO FIXED POLE SS.2KM/H

RVGO RERR ROCKER DISPL

(COMPUTED FROM RCCELERRTIONI
TEST ORTE:05/16/1996

TIHE  IN HILLISECONOS Appendix B, plot # 93

Cl1108  FRONT IMPACT

R 4 0 CTR 8T93070  VRN
ELEC ORTR. SRE CLASS 180

MOVING VEHICLE TO FIXED POLE 5!5.2KM/H

COMP. FREE MRSS DISP. REL. TO VEHICLE TEST ORTE:05/16/1996



Appendix  B, plot # 96



Cl1108  FRONT IMPRCT

R 4 II CTR 8'193070 VRN
ELEC DRTR, SRE CLRSS 180

-~ .-

MOVING VEHICLE TO FIXED POLE S5.2KWH

L.RERR ROCKER DISPL

[COMPUTED FROM flCCELERRTION1

TEST ORTE:05/16/1996

-350.

-400

-4501l1l1Ll"'  ' ' I I I 1 I I I I 1 I 1 I II I 1 I .
0 M VO M) @I IW I20 1110 160 160 2w 220 a0

TItIE  IN IIILLISECONDS
Appendix B, plot # 97--

?I, . ..___-  __-  _.--. ._-- . ..-.

Cl1108  FRONT IMPFICT

R 6 0 CTR 8793070 VRN
ELEC ORTR. SRE CLFlSS  60

MOVING VEHICLE TO FIXEO POLE 55.2KWH

R.RERR ROCKER FlCCEL TEST OATE:OS/16/1996



-

R,RE~R ROCKER OISPL

rwrw
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-- ..- -

Cl1108  FRONT IMPRCT MOVING VEHICLE TO FIXED POLE 55.2KM/H

R 4 0 CTR 8793070 VRN FlVERFlGEO  RERR ROCKER RCCELERRTION TEST ORTE:05/16/1996
ELEC DRTR. SRE CLRSS 60 WGD L. & R. ROCKER RCCELSI

TIME IN MILLISECONDS
Appendix B, plot # 101

Cl1108  FRONT IMPRCT

R 4 0 CTR 8793070 VRN
ELEC ORTR, SRE CLRSS 180

MOVING VEHICLE TO FIXEO POLE S5.2KM/H

RVCO REFlR ROCKER VELOCITY TEST ORTE:05/16/1996

(COMPUTED FROM ACCELERFITIONI



ELEC ORTR, SRE CLRSS  180

R 4 D CTR 8T93~7~  VRN
ELET ORTR, SRE CUSS 60

L~RE~R RICHER RCCEL TEST DRTE:~S/~~/l99G



Cl1108 FRONT IMPRCT

R 6 0 CTR 8793070 VRN
ELEC ORTR. SRE CLRSS 180

MOVING VEHICLE TO FIXEO POLE 55.2KM/H

L.RERR ROCKER VELOCITY TEST OfITE:05/16/1996

[COMPUTED FROM RCCELERRTIONI
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TIME IN MILLISECONDS
Appendix B, plot # 105

Cl1108 FRONT IMPRCT

R 6 0 CTR ET93070 VRN
ELEC ORTR. SRE CLRSS 180

MOVING VEHICLE TO FIXEO POLE SS.2KM/H

L.REFIR ROCKER OISPL TEST ORTE:OS/l6/!996

(COMPUTED FROM RCCELERRTIONI

2s



ELEC ORTR, SRE CLRSS 60

R 6 0 cm ET93070  VW
ELEC DRTR. SK CLRSS  180

Appendix  B, plot # f 07

Appendix  B, plot # 108



A .h

Cl1108  FRONT IMPACT

R d 0 CTR ET93070 VRN
ELEC ORTR. SRE CLASS 180

MOVING VEHICLE TO FIXEO POLE SS.2KM/H

R.RERR ROCKER DISPL T E S T  ORTE:OS/l6/1996

[COMPUTED FROM FICCELERRTIONI

TIME IN fllLLISECONOS
Appendix B, plot # 109

Cl1108  FRONT ItlPRCT

R 6 0 CTR 8193070 VRN
ELEC ORTR. SRE CLRSS 60

-.-..

MOVING VEHICLE TO FIXEO POLE SS.2KM/H

FIVERRGED  RERR ROCKER RCCELERRTION TEST ORTE:OS/l6/1996

(RVGD L. 6. R. ROCKER RCCELSI



R 4 0 CTR 8T930~~  VRN RVG~ RERR RACKER ~E~OC~T~ TEST ~~T~:US~~6/~996
ELEC  ORTR, SFlE CLRSS  180 ~CO~P~TE~  FROM ~CCEL~RRT~ON)

=-y.=-y.
77
-1.-1.

-2.-2.

-2.-2.

-3.-3.

-3.-3.

R 6 0 cm 6T930~~  VRN
ELK ORTR. SRE CLRSS  LEO

-h5bT&4
Appends  B, plot # f -i I

TEST ~~TE:~S/I6/1996

TIME IN MI~~~SECO~OS Appendix B, plot #



Cl1108 FRONT IMPRCT

R d 0 CTR ET93070 VAN
ELEC ORTR, SRE CLRSS 60

.-

MOVING VEHICLE TO FIXED POLE

R. TOE PRN DISPL

SS.2KM/H

TEST ORTE:OS/lG/1996

-250
\ /'

- -

v
11,111 , I I I I I I I I I I I 1 II , I

20 YO 60 80 loo I20 140 I60 l&l 2ca 220 WO

TIME IN MILLISECONOS
Appendix B, plot # i 13

Cl1108  FRONT IMPRCT

R 4 0 CTR ET93070 VRN
ELEC ORTR. SRE CLRSS  1000

MOVING VEHICLE TO FIXED POLE SS.2KM/H

ENGINE RPM VOLTRGE TEST ORTE:05/I6~199G
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Cl1108  FRUNT ~~PRCT

R 4 0 CTR ~T9~07~  VRN
ELEC DRTR, SRE CLRSS ~000

L
MO~r~G ~E~r~L~ TO FIXED POLE SS.2KM/H

VAPOR SENSOR VOLTAGE TEST DRTE:~S/~~/l99~

_-
Cl~~O8  FRONT ~MPRCT

R 6 U CTFt 8T9~07~  VRN
ELEC DRTR. SRE CLRSS  1000

~O~~~G YEH~CLE TO FIXEO POLE SS.~~M~H

L. BLEED BRG CURRENT TEST ~RTE:~S/~~/~99~



l � .

Cl1108  FAONT IMPRCT

R 6 0 CTR 8T93070  VFlN
ELEC ORTR. SRE CLRSS  1000

‘\..
i

MOVING VEHICLE TO FIXED POLE

R. I/P 8RG CURRENT

Ic‘.\

55.2KM/H

TEST 0ATE:05/16/1996

I

C %-

-I= I I I I I I I I I I I II 1 L I .
0 20 90 60 60 IW I20 140 160 I60 200 2.3 WO

TIME IN MILLISECONDS
Appendix B, plot # 117

Cl1108  FRONT IMPRCT

R d 0 CTR 8T93070  WIN
ELEC ORTR. SRE CLRSS 1000

MOVING VEHICLE TO FIXED POLE 55.2KM/H

FUEL PUMP CURRENT TEST 0RTE:05/16/1996



Appendix  B I plot # I 19

Fi 4 II CTR 8T93R~R YRN

ELEC ORTR, SRE CLRSS  1000



Cl1108  FRONT IMPRCT

A 4 0 CTR 8193070 VRN
ELEC ORTR. SRE CLASS 1000

.- .-

MOVING VEHICLE TO FIXED POLE 55.2KM/H

L. HORN-HI CH CURRENT TEST ORTE:05/16/1996

TIME IN MILLISECONDS
Appendix B, plot # 121

-I z ,

Cl1108  FRONT IMPRCT

R d 0 CTR 8793070 VRN
ELEC DRTR. SRE CLRSS 1000

MOVING VEHICLE TO FIXEO POLE 55.2KM/H

L. HORN-LOW CURRENT TEST ORTE:OS/l6/1996



R 6% 13 CTR 8T930~~  VRN
ELEC ORTR. SRE CtRSS  ~000

TEST DRTE:OS/~6/~996

TIME IN MILLISECONDS
Appendix  B, plot # 123

-123

.- - ~- -.___ .-

6T930~~  VRN COOL
ELEC ORTR. SRE CLRSS  ~00~

TEST ~RTE:~S~l6/1996
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Cl1106  FRONT ItlPflCl

R 6 0 CTR ET93070  VRN
ELEC OFITR. SRE CLASS 1000

? ,- I

MOVING VEHICLE TO FIXED POLE 55.2KM/H

TCM FUSED IGNITION CURRENT TEST ORTE:OS/16/1996

2.

C.

Y
11,1 , I I ‘ , I I I I ! I I I II , I

20 40 60 80 loo 120 1110 160 180 2M 220 2u

TlME  IN tiILLlSECONOS
Appendix B, plot # i 25

_.. ----------  ..---

Cl1108 FRONT IMPRCT

17 6 0 CTR ET93070  VRN
ELEC ORTA, SRE CLASS 1000

MOVING VEHICLE TO FIXED POLE 55.2KM/H

TCM IGNITION SWITCH CURRENT TEST ORTE:05/16/1996



i
MOVrNG VEHrCLE TO FIXED POLE

--’
55.2~M/~

TEST ~RT~~OS/~6/1996

TIME IN MI~~ISECO~OSTIME IN MI~~ISECO~OS
Appends  3, plot # f 27Appends  3, plot # f 27

.-.- ._-.. -_ _.._-.. -_ _.

ELEC ORTR, SRE CLRSS 1~00

R 6 0 cm 6T930~~  YRN
EtEC DRTR, SRE CLRSS  1000

MO~r~G ~EH~&LE f0 FIXED POLE 55.2~~~~

F~S~~~E LINT CURRENT TEST ~RTE:OS/I6/~996

TIME IN MI~LISECONOS
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Cl1106 FRONT IMPACT

R d 0 CTR ET93070 VAN
ELEC ORTR. SRE CLRSS 1000

-\ .-

MOVING VEHICLE TO FIXED POLE 55.2KMiH

R. FRT BRFIKE  SYSTEM PRESSURE TEST ORTE:OS/16/1996

2u DFITA SYSTEH FULL SCRE EXCEEOEO
~0VERL0R0  \YlHE INYE VALlSl  N O '  PLOTTEO
FIRST OCCjJRRENCE  A- 4’5.4 fls

22

__-.. ..__ -..--

--

Cl1106  FRONT IMPRCT

R 4 0 CTR BT93070  VAN
ELEC ORTR. SRE CLRSS 1000

TltIE IN HlLLISECONOS
Appendix B, plot # 129

57

I

MOVING VEHICLE TO FIXEO POLE 55.2KM/H

POWER STEERING SYSTEM PRESSURE TEST ORTE:05/16/1996



_-. - .- ___-

TIME IN MI~LISE~O~~S AFp~ndix  3, plot # 132
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Cl1108  FRONT IMPRCT

R 6 0 CTR ET93070  VRN
El-EC ORTR. SRE CLASS  1000

MOVING VEHICLE TO FIXED POLE

ENGINE OIL PRESSURE

55.2KM/H

TEST ORTE:05/16~1996

TIME IN MILLISECONDS
Appendix B, plot # 133
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Cl1108 FRONT IMPRCT

R d 0 CTR ET93070 VRN
ELEC ORTR, SRE CLRSS 1000

MOVING VEHICLE TO FIXEO POLE SS.2KM/H

TRQNSMISSION  COOLER FLUID PRESSURE TEST ORTE:OS/16/199G

_.
TIHE  IN HlLLISECClNOS Appendix B, plot # 134
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Cl1108 FRONT itIPRCT
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MOVING VEHICLE TO FIXED POLE 55.2KM/H FIGURE
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Cl1108 FRONT lllPACT

.-I c;
MOVING VEHICLE TO FIXED POLE 55.2KM/H FIGURE

IDE TEST iJRTE:05/16/96
R 6 0 CTR ET93070 VRN
FILM OATR RIGHT S

VEHICLE DISPL RELRTIVE TO GROUND REFERENCE

AT OR PRIOR TO MRX CRUSHAT OR PRIOR TO MRX CRUSH
MRX DOWNWRRD  OISP =MRX OOWNWRRD OISP = 12.112.1 MM RT 70.1MM RT 70.1 MSMS
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Cl1106 FRONT IMPRCT

R 6 0 CTR 6T93070  VAN
FILM DRTR

MOVING VEHICLE TO FIXED POLE 55.2KM/H FIGURE
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LEFT FRONT
RNTHROPOMORPHIC TEST DEVICE S JMMRRY DFITQ

.,; LTV MOB TO STFlTIONflRY  VEHICLE 105.7KMiH
ClllG7 L. FRT IMPKT-335 DEG
R & D CTR 8T9309D '/RN RTD TYPE: GhSOH

TEST DRTE: CG/26/1996

100% 150% IFlV
HEFISUREDMEFISURED  QURNTITYQUflNT  ITY OF IRRVOF IRRV

HIC. LIMITED TO 15 MS
HIC, LIMITED TO 36 MS I
NECK FLEXION
NECK EXTENSION I
NECK TENSION 1
NECK. COMPRESS ION I
NECK SHERR FORWRRO 1
NECK SHERR RERRWRRO
CHEST RCCEL I

1 CHEST COMPRESSION W/O SH BELT- I
1 CHEST COMPRESSION W/ SH BELT 1

CHEST VISCOUS CRITERIR 1
FEMUR COMP, LEFT
FEMUR COMP, RIGHT I
FEMUR DURRTION FISSESS,  LEFT ,
FEMUR DURRT
TIBIRIFEMUR
TIBIRIFEMUR
KNEE CLEVIS
KNEE CLEVIS

I ON RSSESS. RIGHT tv
OISP. LEFT
OISP.  RIGHT
LEFT INSIDE I
LEFT OUTSIDE t I

.

KNEE CLEVIS: RIGHT INSIDE
KNEE CLEVIS, RIGHT OUTSIDE
TIBIR COMP, LEFT
TIBIFI  COMP, RIGHT
TIBIR MOM, UPPER, LEFT
TIBIFI  MOM, UPPER, RIGHT
TIBIR MOM, LOWER, LEFT
TIBIR MOM, LOWER, RIGHT
LEG INDEX, UPPER LEFT
LEG INDEX, UPPER RIGHT
LEG INDEX. LOWER LEFT
LEG INDEX, LOWER RIGHT

I
IRv - INJURY RSSESSMENT VRLUE
IRRV - INJURY ASSESSMENT REFERENCE VALUE

OF IRRV VRLUE IRRV

150
230
30NM
31NM
0.63
0.25
0.20
0.14
‘49G

39.1MM
39.1MM
0.67MiSEC
12'454N
7509N
1.38
0.83
2.1MM
O.OMM

28S7N
1232N
3027N
3878N
327UN
6265N
182NM
2711NM
338NM
'461NM
0.8'4
1.35
1.55
2.1s

1000
1000
1 QONM
s7NM
1.00
1.00
1.00
1.00
6OG

6S.OMM 1
50.0~1 1
l.OOM/SEC

1 ooom
1 OOOON

1.00
1.00

1s. OMM
15. OMM
'-lOOON
llOOON
LIOOON
LiOOON
8000~
8OOON
22sNM
22SNM
22sNM
22sNM
1.00
1.00
1.00
1.00
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100% 150% IRV
IRRV OF IRRV VRLUEMERSURED QURNTITY OF IRRV

HIC, LIMITED TO 15 MS
HIC. LIMITED TO 36 MS
NECK FLEX ION
NECK EXTENSION
NECK TENSION
NECK COMPRESSION
NECK SHERR FORWRRD
NECK SHERR RERRWRRD
CHEST RCCEL

: CHEST COMPRESSION W/O SH BELT
1 CHEST COMPRESSION W/ SH BELT

CHEST VISCOUS CRITERIR
FEMUR COMP, LEFT
FEMUR COMP. RIGHT
FEMUR DURRTION ASSESS. LEFT
FEMUR OURRTION RSSESS, RIGHT
TIBIR/FEMUR  OISP, LEFT.
TIBIA/FEMUR OISP. RIGHT
KNEE CLEVIS, LEFT INSIDE
KNEE CLEVIS. LEFT OUTSIDE
KNEE CLEVIS. RIGHT INSIDE
KNEE CLEVIS. RIGHT OUTSIDE
TIBIR COMP. LEFT
TIBIR COMP, RIGHT
TIBIR MOM, UPPER, LEFT
TIBIR MOM, UPPER, RIGHT
TIBIR MOM, LOWER, LEFT
T_IBIR MOM, LOWER, RIGHT I

LEG INDEX, UPPER LEFT I

LEG INDEX. UPPER RIGHT I

LEG INDEX. LOWER LEFT
LEG INDEX. LOWER RIGHT I

7

290
470
4SNM
23NM
0.37
0.06
0.16
0.04
52G

111.8MM
41.8MM
0.4OM/SEC
8731N
2622~
0.96
0.30
l.lMM
1.3MM

2521N
11131N
19'47N
i 748~
2751N
1887N
166NM
IlsNM
2'49NM
113NM
0.75
0.56
1.17
0.54

1000
1000
1 QONM
57NM
1.00
1.00
1.00
1.00
6OG

6S.OMM  1
50.0MM  f
l.OOM/SEC

1 OOOON
1 OOOON

1.00
1.00

15.OMM
lS.OMM
'4OOON
UOOON
llOOON
'4OOON
8OOON
8OOON
225NM
225NM
225NM
22SNM
1.00
1.00
1.00
1.00

'\ . J IRV - INJURY ASSESSMENT VALUE
IRRV - INJURY RSSESSMENT REFERENCE VRLUE PROCESSED 06/27/ 1996 15:57 v2.011E
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RIGHT FRONT
RNTHROPOMORPHIC TEST DEVICE SUMMRRY DFlTFl

1'.\, :.:-y_‘ LTV MOB TO STRTIONRRY VEHICLE 105.7KMlH
Cl1167 L. FRT IMPKT-335 DEG -

R & D CTR 8T9309D VRN FlTD TYPE: GMSOH
TEST DRTE: 06/26/1996

8 RESTRAINT SYSTEM DEPENDENT. CHOOSE



~11167  L. FRT IHPRCT-335  DEC LTV MOB TO STRTIONRRY  VEHICLE 105.7KMiH
AT0 TYPE: CMSOH

R 4 0 CTA 8T9309D VRN L. FRT HERD RCCEL. TEST ORTE:06/26/1996

ELEC ORTR. WE CLFlSS  1000 (HIC I LIMITED TO ISMSI

?I5
MAX RCCEL = 87.5 G'S RT 89.3 MS

0 I I I I I I 1

TIME IN t4lLLISECONOS
Appendix D, plot # 1

1

Cl1167  L. FRT IHPRCT-335 OEG LTV MOB TO STQTIONFlRY  VEHICLE 105.7KMlH
RTO TYPE: CHSOH

A d 0 CTR ET93090 V R N
L. FRT HERD RCCEL. TEST ORTE:06/26/1996

ELK OflTR. SFIE CLfXS 1000 IHIC I LIMITED TO 3GMS)

TIME It4 nlLLlSECONOS Appendix  D, plot # 2





Cl1167  L. FRT IHPFICT-335  DEC LTV MOB TO STRTIONRRY VEHICLE 105.7KM/H
FIT0 TYPE: CMSOH

R 4 cl CTR 8T93090  VRN L. FRT FEMUR LOfXI TEST ORTE:06/26/1996

ELEC DFITR. SRE CLRSS 600

n
I I NRX LORO = 12.5 KN RT 65.0 H.S

a

I \

w/=1 n clf1Flflv  *

6

-a I I I h, I I

I

TIME IN FtllLISECONDS
Appendix D, plot # 5

Cl1167 L. FRT IMPRCT-335  OEG LTV MOB TO STRTIONRRY VEHICLE 105.7KM/H

L. FRT FEMUR LOfIll
FIT0 TYPE: GMSOH

A 4 0 CTR 8T93090  VRN TEST OATE:06/26/1996
ELEC OATR. SRE CLRSS  600 DURRTION RSSESSMENT

CUIIULRTIVE DURRTION OF LOROINC WOVE GIVEN FORCE LEVEL. H Annendix D. DlOt # 6
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Cl1167 L. FRT InPACT-335  OEG LTV MDEJ TO STRTIONRRY VEHICLE 105.7KMs’H

R 4 0 CTR 8T93090  VAN
ELEC ORTR, SRE CLRSS 180

L. FRT CHEST COMPRESSIVE DISP.
FIT0 TYPE: GIISOH
TEST ORTE:06/26/1996

NORMRLIZED,  W/CFlLC VEL d VISCOUS INJURY

WY I-WRF42lflN  * 34 I  M A T  WI.0 t4S. _“. .- - - . _ _ _ . . __. _ -

44 IRV = 60% OF IARV IWO Stl BELTI.  IRV = 78% OF IfUW IW/ SH BELT1
, I IA I I I I I I I I 1

I-
c -Lx I\
Zf
I- .-
$5

I \,
I

F-K. / \ _- \
9 -

COW
“zQ TENS QX VELOCITY * 16.2 KWH Al 62.U US

TIME IN fllLL1SECONOS
Appendix D, plot # 9
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Cl1167  L. FAT IMPRCT-335  OEG

R 4 0 CTR 8T93090  VAN
ELEC ORTR

LTV MOB TO STRTIONRRY VEHICLE lOS.-IKM/H
RTO TYPE: GHSOH

L. FRT NECK LOIXI  ING ON HERD. UPPER LORO TEST ,-,RTE:,-$j,2~,,996

L. FRT NECK LORDING ON HERO

I I I I I I I I I I I-I
CLRS~, IOW FILTER UfIX LORD = U99 N AT 9U.0 IIS UlN LORO = -1116 N AT Es.7 US

I I I I I I I

TIME IN MlLLISECONOS Appendix D, plot # 10
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105. ~KM~H

WIX CRC’0 NO~ENT = 29.7 N-H RT 107.3 HSWIX CRC’0 ABSENT = 29.7 N-H RT 107.3 HS Hit4 = -31.3 N-H RT lSS.O HSHit4 = -31.3 N-H RT lSS.O HS



c1111j7  L. FRT IMPACT-335 OEC LTV MOB TO STflTIONFlRY  VEHICLE 105.7KM/‘H
RTO TYPE: GMSOH

R 4 0 CTR EU93090  VAN REFIRWRRD  NECK SHERR ON HERD, TEST ORTE:06/26/1996

ELEC OATR. SRE CLASS 1000 L. FRT INJURY REFERENCE

13
Appendix  D, plot # 13
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Cl1167 L. FRT IMPRCT-335  OEG LTV MOB TO STRTIONRRY VEHICLE lOS.7KtW-l

R 4 0 CTR 8T9309D  VRN FlXIRL  COMPRESSION ON HERO,
RTO TYPE: GHSOH
TEST OflTE:06/26/1996

ELEC OR7A. SflE CLRSS 1000 L. FRT INJURY REFERENCE

z3.
_' L

a'r,
-u'

zi%
2.

I .

I .I.

0.0
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105.7K~~H
RTO TYPE: &M5~H
TEST ~~TE:~6/26/~996

Cl1167  t. FRT ~MP~CT-~~S  DEG LTV MOB TO ST~T~~N~R~ ~EH~&~E
_.

105.7KM~H
RTU TTPE: ~MS~H

R 4 0 CTR 6T9?~9~  VRN L. FRT LEFT KNEE CLEVIS  LOFID TEST U~T~:~6/26~~996
ELEC ORTR, SK CFRSS 600
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Cl1167 L. FRT IMPACT-335 OEG LTV MOB TO STRTIONRAY VEHICLE 105.7KM/H
RTO TYPE: GMSOH

R 4 0 CTR 8’193090 VAN L. FRT LEFT TIBIR UPPER MOMENT TEST OFlTE:06/26/1996

ELEC OATR. SRE CLASS 600

HRX MOMENT = I62 N-H RT 56.6 l-6

I I I I I I I I I I

TIME IN MILLISECONDS
Appendix D, plot # 17

Cl1167  L. FRT IWRCT-335  DEC LTV MOB TO STFITIONARY  VEHICLE 105.7KMiH
RTD TYPE: CMSOH

R 4 0 CTR % 8T93090  VAN TEST ORTE:06/26/1996

ELEC DRTR. SRE CLRSS 600 L. FRT TIBIR LOWER SHERR LORD CELLS

HlN SHEAR LORD = -1.95 KN AT 56.2 MS
-2.

I I A.1 I I I I I I I

TIME IN tilLLISECGNDS Amendix  D, plot # i 8



I-SIX RXIRL  L5R5  = 3 . 2 7  XH RT U6.Z HS
4

R’f = UIX F lRRv

HRX  LORD  =  5,lE la4 FIT  ill.6 M S RIM LORD =  - 3 . 5 3  KN RT 55.3 MS

I I

IRY = 76% IRRY

I I I I I I I i

m I
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Cl1167  L. FRT IHPRCT-335 DEC LTV MOB TO STRTIONRRY VEHICLE - 105.7KWH

L. FRT RIGHT TIBIfI  UPPER MOMENT
FIT0 TYPE: GMSOH

R 6 0 CTR 8193090 WIN TEST DRTE:06/26/1996

ELEC ORTR. SAE CLRSS 600

NRX NOMENT = 274 N-M AT 5’4.9 NS

-,. -- .----  -_-
TIME IN HlLLISECONOS

Appendix  D, plot # 21

Cl1167 L. FRT IHPRCT-335 OEC LTV MOB TO STRTIONRRY VEHICLE 105.7KWH
RTO TYPE: CMSOH

R 6 0 CTR 8T93090 VW TEST ORTE:06/26/1996

ELEC ORTR. SRE CLRSS 600 L. FRT TlBIFl  LOWER BENDING MOMENTS

ADDendiX D, plot # 22
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~O~.?KM~H
RTO TTPE: ~MSOH
TEST ORT~:~6/26/~996

- = 2 . 0 5  NM RT 3 6 . 6  HS
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Cl1167 L. FRT IMPRCT-33s  OEC LTV MOB TO STRTIONRRY VEHICLE 105.7KWH
RTO TYPE: CHSOH

13 6 0 CTR ET93090  VRN R. FRT HERO FICCEL. TEST ORTE:06/26/1996
ELEC ORTR. SRE CLASS 1000 (HIC I LIMITED TO 15MSl

1 , I 1 I I I I 1 I I 1 I II I I
a l 40 60 80 1m

,

TlfiE IN
ti~~LISECONDS IUO 160 180 200 220 2UO

Appendix D, plot # 25
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Cl1167 L. FRT IHPRCT-335  OEG LTV MOB TO STRTIONRRY VEHICLE 105.7KWH
AT0 TYPE: GHSOH

R 4 0 CTR ET93090  VRN R. FRT HERD FICCEL. TEST ORTE:06/26/1996
ELEC ORTR. SRE CLRSS 1000 (HIC I LIMITED TO 3GMS1

TltIE  IN MILLISECONDS Appendix D, plot # 26
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R. FRT CHEST E&EL.



Cl1167  L. FAT IMPRCT-335 DEG LTV MOB TO STRTIONRRY  VEHICLE 105.7KMIH
ATD TYPE: GHSOH

A 4 0 CTA 8T9309D  VRN
R. FRT FEMUR LOFID TEST ORTE:06/26/1996

ELEC DRTA. SFlE CLRSS  600

--

3I-
%
-%-1

Y-Y -

” -- .-

TIIIE IN MILLISECONDSTIIIE IN MILLISECONDS
Appendix D, plot # 29Appendix D, plot # 29

Cl1167 L. FRT IMPACT-335 DEC LTV MOB TO STATIONRAY VEHICLE 105.7KMiH
FIT0 TYPE: GMSOH

R 4 Cl CTR .’ 8T93090  VRN R. FRT FEMUR LORO TEST OATE:06/26/1996
ELEC ORTA. SAE CLFISS  600 OURRTION RSSESSMENT

- -

3s WJ US so s5 60

CUtIULRTlVE  DURRTION OF LOROi; RBOVE GIVEN FORCE LEVEL. MS Appendix D, plot # 30



I EL 7 KM/H
RTD TTPE: GMSOH
TEST DRTE: 06~26/  I996
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Cl1167 L. FRT IMPRCT-335  DEC LTV MOEI TO STRTIONRRY VEHICLE 105.7KMIH
RTD TYPE: GMSOH

R 6 0 CTR 8’193090 VAN
R. FRT CHEST COMPRESSIVE DISP. TEST ORTE:06/26/1996

El-EC DRTR. SRE CLRSS 180 NORMRLIZEO,  WCRLC VEL 4 VISCOUS INJURY

HRX CCW'RESSION  = 41.6 tW FIT 84.9 I'IS

w
IRV I 6U%  OF IRAY IWO St! BELTI. IflY = Bu% OF IfflV IW SH BELT)

Ei c
YI:-u

.
UI
I-.- .
8%

cow

2
.p TENS

a-

5 I I I I I I I I I I I
%-4x  n/SIX = 0.40 lx 58. I II5

0. u.

.2D 0.2
2-zIu-lo.0
21
6 ’ \/ I I I I
$ -0.z

5:
-a.uwlIII I I 1 I I 8 I I I I I 1 I f

20 uo 60 80 it, H’~~L~SECCWClS IUD 160 I60 MO 220 2U00
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Appendix D, plot # 33
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Cl1167  L. FRT IHPRCT-335  OEC LTV MOB TO STRTIONRRY VEHICLE 105.7KMIH
AT0 TYPE: CNSOH

R 6 0 CTR . ET93090 VAN R. FRT NECK LOROING ON HERO.  UPPER LOQD TEST oRTEto6/26/1gg6

ELEC ORTR R. FRT NECK LOROING ON HERO

T: u+AE CL”%, 600 FILTER H4lX CRLC’O HOHEN = 29.4 N
I I I

-Ii FIT 117.7 ns tlIN = -25.0 N-M RT 87.1 fls

z! I I I I I I A I ) I I

20 -m \ /I I
w

Y
8-w 1

y)O.SRE CLASS 600 FlLTER NIX HOHENT = 9.33 N-t4 Rf 226.6 MS tilN HOliENT  - -43.5 N-H AT 96.9 MS

a=w
NE c 04
*z CCY

-loo(
6mJRE CLRSS 1000 FILTER HAX LORO = 313 N nf 96.0 HS ,,I,, LORIJ I N AT 72.2 HS

' ' '8 L I '
20 uo 60 80 loo 120 IUD 160 I60 ZMI 220 WO

TlflE IN til~Ll5Et0NDS Appendix D, plot # 34
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Cl1167  L. FRT IMPRCT-335  OEG LTV MOB TO STATIONRRY  VEHICLE lOS.7KWH
AT0 TYPE: GMSOH

R d 0 CTR ET93090  VRN RERRWRRO  NECK SHERR ON HERD. TEST DRTE:06/26/1996

ELEC ORTR, SRE CLRSS 1000 R. FRT INJURY REFERENCE

6.L6.L

5.55.5

5.5.

WX IRV a q % OF IAV AT 132 N. 0.0 t4SWX IRV a q % OF IAV AT 132 N. 0.0 t4S

Appendix D, plot # 37Appendix D, plot # 37
3131

Clll67 L. FRT IMPRCT-335  OEC LTV MOE? TO STRTIONRRY VEHICLE lOS.7KWH
AT0 TYPE: GHSOH

R 4 0 CTR EiT93090 VAN RXIRL COMPRESSION ON HERO, TEST ORTE:06/26/1996

ELEC ORTR. SRE CLRSS 1000 R. FRT INJURY REFERENCE

IiRX IRV = 6 % OF IRFIV AT 221 N. 0.0 tiSIiRX IRV = 6 % OF IRFIV AT 221 N. 0.0 tiS6.0.6.0.

5.5.

5. ,5. ,

9.9.

0.50.5

0.0-0.0-aa 55 IOIO 1515 2020 2525 3535 uouo USUS 5050 5555 6060

CUflULRTlVECUflULRTlVE OURRTIONOURRTION OFOF
LORDIN)~LORDIN)~

REKIVEREKIVE GIVENGIVEN FORCEFORCE LEVEL,LEVEL, IiSIiS Appendix D, plot # 38Appendix D, plot # 38



ELEt ORTR, SRE CLASS lDDD

ELEC ORTR, SRE CLRSS  500



C11167 L. FRT IMPACT-335 OEG LTV MOB TO STRTIONRRY VEHICLE 105.7KMiH
RTD TYPE: CHSOH

R 6 0 CTR BT93090  VRN R. FRT LEFT TIBIFl  UPPER MOMENT TEST DRTE:06/26/1996

ELEC ORTR, SRE CLRSS 600

166 N-H FIT 76.6 HS
I I I

HRX HOtlENT =

TIIIE  IN tlICLlSECONOS
Appendix D, plot # 41

Cl1167 L. FRT IHPRCT-335 OEC LTV MOB TO STRTIONRRY VEHICLE 105.7KM/H
RTD

R 4 0 CTR .BT93090  VRN TES
ELEC DATA. SRE CLRSS 600 R. FRT TIBIfl  LOWER SHERR LORD CELLS

TYPE: CHSOH
T DATE: 06/26/ 1996

TIME IN M~LLISECONUS Appendix D, plot #I 42

-I.& HIN SHEAR LOW = -1.22 KN AT 52.2 HS

-1.0 I

r’a -0.5

I.5 HIN
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Cl1167  L. FRT IMPRCT-335 DEC LTV MOB TO STFITIONRAT VEHICLE 105. -/KM/H
RTO TYPE: GMSOH

R 4 0 CTR 8T93090 VRN R. FRT RIGHT TIBIR UPPER MOMENT TEST ORTE:06/26/1996
ELEC DRTR, SRE CLRSS 600

WlX HOHENT = 115 N-H
2

I I I I I I I

RT S’l.2 HS

TlHE IN HlLLlSECONOS
Appendix D, plot # 45

Cl1167  L. FRT IMPACT-335 OEG LTV MOB TO STRTIONRRY VEHICLE 105.7KMiH
RTO TYPE: CHSOH

R 4 Cl CTR 6T9309D VRN TEST DRTE:06/26/1996

ELEC DRTR. SRE CLASS 600 R. FRT TIBIR LOWER BENDING MOMENTS

HRX HOMENT  = 299 N-H RT 69.8 HS HIN WHEN1  = -58.0 N-H RT 51.8 HS
RV = Ill? OF IARV

sod

TIME IN IIILLISECONOS Appendix D. plot # 46



lmx UPPER L/Clmx UPPER L/C = 0.75= 0.75 RT 76.8 X5RT 76.8 X5

C11.167 ;: FRT ~MPRCT-33S  OEG
i

CTY MOB TO ST~T~ON~~~ VEHICLE
-2

105.7KM~H
RTD T’IPE: ~MS~H

R 6 0 CTR 6T93~9~  VRN R, FRT TIBIA I~~I&~S TEST ~RTE~O6/26/~996

Appendix  D, plot # 47Appendix  D, plot # 47

ELEC DRTR. SRE CFRSS 600

ELEC ORTR, SRE CLRSS  160 I

.‘_.. _.. -._.-2S
I I I

RY = 9% iRRY
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~11167 L. FRT ItlPRCT-335 OEC LTV MOB TO STRTIONRRY VEHICLE lOS.‘IKH/H
ATO TYPE: CMSOH

A 6 0 cm 8T93090 VAN
L. FRT LOWER LUMBflR  MOMENT TEST ORTE:06/26/1996

ELEC OATR. SRE CLRSS 1000

TIME IN MILLISECONDS
Appendix D, plot # 49--q _____- _ _ . _ - - ._.-_  .-.-.-

Cl1167 L. FRT IMPACT-335 OEG LTV MOB TO STRTIONRRY VEHICLE 105.7KMiH
RTD TYPE: CMSOH

A 4 0 CTR 8193090 VAN L. FAT LOWER LUMBRR  LOfill TEST OF!TE:06/26/1996

ELEC ORTR. WE CLRSS 1000
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TIME IN MlLLlSECONOS Amendix  D. Dlot # 50





Cl1167  L. FRT IHPRCT-335  OEG LTV MOB TO STRTIONFlRY VEHICLE 105.7 KM/H
RTO TYPE: GMSOH

17 4 0 CTR 8T93090  VRN
R. FRT LOWER LUMEIRR LOGO TEST ORTE:06/26/1996

ELEC DRTR. SRE CLRSS 1000

TIME IN t4ILLISECONOS
Appendix D, plot # 53

Cl1167 L. FRT IMPRCT-335 DEC LTV MOB TO STFlTIONRRY VEHICLE lOS.‘lKM/H
RTO TYPE: CMSOH

R 6 ‘I CTR ET93090  VRN R. FRT LOWER LUMBFlR LORD TEST ORTE:06/26/1996

ELEC ORTR. SAE CLRSS 1000
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TlfIE  IN RILLISECL~NOSTlfIE  IN RILLISECL~NOS Appendix D, plot # 54Appendix D, plot # 54



TIME IN M~~LlSECON~S
A~~~nd~x D, plot # 55
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cl1167 L. F R T  IHPRCT-335  OEG LTV MOB TO STRTIONRRY VEHICLE 105.7KMlH

ET93090  VRN
L. FRT ROCKER DISPL

R 6 0 CTR
TEST ORTE: 06/26/I  996

ELEC ORTR. SRE CLRSS 180 (COMPUTED FROM tXCELER~TION1
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&-o.o-- , -
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TIHE I N  MILLISECON’JS Amendix D. Dlot # 57

Cl1167  L .  F R T  I M P A C T - 3 3 5  DEC LTV MOB TO STRTIONRRY VEHICLE 105.7KM/H

R 6 0 CTR 8T93090  VRN R. FRT ROCKER RCCEL TEST ORTE:06/26/1996

ELEC ORTR. WE CLRSS 60
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Appendix  D, plot # 58
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t11167  L.. FRT ~MPR&T-33s  DE& LTY MOB TO ~T~TlONR~~  YEH~~~E 105.7~M~H

R 6 0 CTR 6T93~9~  VRN R. FRT ROCKER VELOCITY TEST 5RTE:O6/~6/~996
ECEC DRTR. SRE CLRSS 160 ~C~~~~T~O  FROM ~CCEL~R~T~ON~

R 6 0 CTR BT9309~ YRN
EtEC  DRTR, SRE CLRSS I80

TEST ~RTE:O6/26/~996

T I M E  I N  MILLISE~ONOS
Appendix  D, plot # 60



Cl1167  L. FRT IHPRCT-335  OEC LTV MOB TO STQTIONRRY  VEHICLE 105.7KM/H

R 6 0 CTR 8793090 VRN FlVERflGEO  FRT ROCKER RCCELERFITION TEST ORTE:06/26/1996

ELEC ORTR, SRE CLFISS 60 WGO L. d R. ROCKER RCCELSl

IS

-35- I 1 I t 1 II I I I L
I 1 I I

0 20 UO 60 80 :qOHE I20 1110 160 180 2w 22u a0

IN IIILLISECONOS
Appendix D, plot # 61

TIME  IN MILLISECONDS
Appendix D, plot # 61

Cl1167 L. FRT IMPRCT-335  DEC LTV MOB TO STRTIONARY VEHICLE 105.7KMIH

R 6 0 CTR 8T93090 VRN WC0 FRT ROCKER VELOCITY TEST ORTE:06/26/1996

ELEC ORTR. SRE CLRSS 180 [COMPUTED FROM RCCELERRTIONI





c11167  L. FAT IHPRCT-335 OEG LTV MOB TO STATIONRRY VEHICLE 105.7KM/H

R 6 0 cm 6T93090  VRN
L. FRT ROCKER VELOCITY TEST OATE:06/26/1996

ELEC DRTA, SRE CLRSS 180 (COMPUTED FROM RCCELERRTIONI

Appendix D, plot # 65
__ _ _ .

Cl1167 L. FRT IHPRCT-335  OEC LTV MOB TO STRTIONRRY VEHICLE 105.7KMiH

R 6 0 CTR ElT93090 VRN
ELEC ORTR. SRE CLRSS 160

L. FRT ROCKER DISPL

(COMPUTED FROM WXLERRTIONI

TEST OfITE:06/26/1996

TIME IN nlLLlSECONOS Amendix  D. plot # 66



R 6 0 CTR ~T93~9~  WN
R. FRT ROCKER FlCCEL

ELEC DRTR, SRE CLRSS 60

TEST ORTE: 06/26/  1996

ELEC DRTR. 5% CLRSS 180
TEST ~~TE:O6~26/1996



Cl1167 L. FRT IHPRCT-335  DEC LTV MOB TO STRTIONRRT VEHICLE 105.7KMiH

A 4 0 CTR ET93090  VAN
R. FRT ROCKER OISPL TEST ORTE:06/26/1996

ELEC DRTR, SRE CLASS 180 [COMPUTED FROM RCCELERRTIONI
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TltiE  IN tiILLlSECONDS
Appendix D, plot # 69
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Cl1167 L. FRT IHPRCT-335  DEC LTV MOB TO STRTIONRRT VEHICLE 105.7KM/H

R 4 0 CTR 8T93090  V R N RVERRGEO FRT ROCKER RCCELERRTION TEST ORTE:Cl6/26/1996
ELEC ORTR. SRE CLRSS 60 WC0 L. d R. ROCKER FICCELSI

TIME IN ~IILLISECO~X
Ann~dix l-l nlot # 70
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TEST ~RTE:~6/26/~996

-.
105.7KM/H

TEST ~RTE:O6/26/~996
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Cl1167 L. FRT IMPQCT-335  OEC LTV MOB TO STRTIONRRY VEHICLE lOS.7KMIH

R 4 D CTA 8T93090  VRN
L. FRT ROCKER RCCEL TEST ORTE:06/26/1996

ELEC OATFI. WE CLRSS 60

TltlE  IN MILLISECONDS
Appendix D, plot # 73
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Cl1167  L. FRT ItlPRCT-335  OEG LTV MOB TO STRTIONARY  VEHICLE 105.7KMh-i

13 4 0 CTR ET93090  VRN L. FRT ROCKER VELOCITY TEST OATE:06/26/1996

ELEC ORTFI. SFIE CLASS 160 (COMPUTED FROM FICCELERI~TIONI
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Annendix D. dot # 74Annendix D. dot # 74



TEST D~TE:O6/26/~996

Cl1167  L. FRT rMP~C~-33S  DEt LTV MOB

R 6 0 cm ~T93090 VRN
ELEC ORTR, SRE CLRSS 60

Appendix  D, plot # 75
._ ..-_  * __-_ _ ._...__-  I-.-- ._._._

Appendix  D, plot # 76



Cl1167  L. FRT ItlPRCT-335  OEC LTV MOB TO STFlTIONRRY  VEHICLE 105.7KM/H

17 6 0 CTR 8T93090  VRN
R. FRT ROCKER VELOCITY TEST OATE:06/26/1996

ELEC ORTR. SRE CLRSS 160 ICOMPUTED FROM IXCELERRTIONI

TIflE  IN nlLLlSECONOS
_.--..- _-.

Appendix D, plot # 77
__--.-- _

Cl1167 L. FRT INPRCT-335  OEC LTV MOB TO STRTIONRRY  VEHICLE 105.7KM/H

R 6 0 CTR ET93090 VRN R. FRT ROCKER DISPL TEST ORTE:06/26/1996

ELEC ORTR. SRE CLASS 280 (COMPUTED FROM RCCELERRTIONI

Annmdiu n nlnt  # 78Annmdiu n nlnt  # 78
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Cl1 1 6 7  L. FRT  ~M~~CT-33S  IIEG LTV MDB  T O  ST~T~O~~~~  VE~~~~E 105.7KM/H

R b 0 CTR ET9~~9~  VRN ~VER~&EO  FRT  REEKER  ~~~ELER~TION TEST ~~TE:~6/26/1996

ELEC  ORTR,  S R E  CLFISS  6 0 ~~V~O L. d R. ROCKER ~~~EL~~

TIME  IN HrLLISECONOS
Appe~d~K D, plot # 79
_ .___ __-_ - - ---- .

TEST ~~TE~~6~26~1996
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Cl1167  L. FRT IMPACT-335 OEG LTV MOB TO STRTIONRRY VEHICLE lOS.-lKM/H

R 6 0 CTR ET93090 VRN
W/GO FRT ROCKER OISPL TEST ORTE:06/26/1996

ELEC ORTR. SRE CLASS 180 [COMPUTED FROM RCCELERRTIONI

TIME IN IllLLlSECONOS
Appendix D, plot # 81
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Cl1167 L. FRT IMPACT-335 OEG LTV MOB TO STRTIONRRY VEHICLE lOS.7KMiH

R 6 0 CTR 8T93090 VRN L.REflR ROCKER RCCEL TEST ORTE:06/26/1996

ELEC ORTR. SRE CLRSS 1000
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_.-. ---^.  .^_IIHt IN MlLLIStLUNUb Annendix l”l nht # 82
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Cl1167  L. FRT IHPRCT-335 DEG LTV MOB TO STFITIONRRY  VEHICLE 105.7KMIH

R 6 0 CTR 8T93090  VRN
ELEC OflTR. SRE CLRSS 180

L.RERR ROCKER OISPL

(COMPUTED FROM RCCELERRTION)

TEST OATE:06/26/1995

TIME IN tllLLlSECOND5
Appendix D, plot # 85
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Cl1167 L. FRT ItlPRCT-335  OEG LTV MOB TO STRTIONRRY VEHICLE 105.7KM/H

R 4 0 CTR : 8T93090  VRN
ELEC OFITFI.  WE CLRSS  1000

R.RhR ROCKER RCCEL TEST ORTE:06/26/1996

-4O*

-50.

-6OoyIulllll I
20

TIME  IN ~~ILLISECCNOS



R a 0 CTR ~T93~90  VRN
ELEC ORTR, SRE CLRSS  60

R*RE~R ROCKER FlCCEL



Cl1167  L. FRT IHPRCT-335 DEC LTV MDB TO STFlTIONRRY  VEHICLE 105.7KMiH

R d 0 CTR 8T93090  VRN
ELEC ORTR. SRE CLRSS 160

R.RERR ROCKER OISPL

[COMPUTED FROM FICCELERRTIONI

TEST ORTE:06/26/1996
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Appendix D, plot # 89
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Cl1167  L. FRT IMPRCT-335  OEC LTV MOB TO STRTIONARY VEHICLE 105.7KMIH

R h 0 CTR 8T93090 V A N RVERFlGEO  REFlR ROCKER FICCELERRTION TEST ORTE:06/26/1996
ELEC ORTR. SRE CLRSS 1000 WC0 L. d R. ROCKER RCCELS)
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TlflE I N  ~!~LLISECONOS
Amendix D. Dlot # 90
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cl1167 L. FRT IMPACT-335 OEC LTV MOB TO STRTIONQRY VEHICLE 105. ‘IKM/H

R 6 0 CTR 6793090  VAN IWO REFlR  ROCKER OISPL TEST OATE:06/26/1996
ELEC ORTA. SAE CLPSS  180 (COMPUTED FROM FICCELERRTIONI

TIIIE IN t4lLLISECONOSTIIIE IN t4lLLISECONOS
Appendix D, plot # 93Appendix D, plot # 93

Cl1167  L. FRT IMPACT-335 OEC LTV MOB TO STRTIONARY VEHICLE lOS.lKM/H

R 6 0 CTA ET93090  V R N L.REAR ROCKER ACCEL TEST ORTE:06/26/1996

ELEC ORTR. SAE CLFISS  60
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C11167 t. FRT ~M~~CT-33S  OEC LTV MOB TO ST~T~~~~~r ~~H~C~E

R 6 0 CTA 6T93090  VRN L.RE~R ROCKER ~ELOClTY

ELEC DRTR. SRE CtRSS  180 [CO~~~TE~  FROM ~CCELER~T~O~~
TEST O~TE~O6/26/1996

TIME IN MILLlSECONOS
Appends D, plot # 95

__ .__-- _-_ I _ .-_- __.__ .-. -.-

105.7KM/H
-.

CII167 L. FRT ~~F~CT-33S  OEC LTV MDB TO STRT~ONRRY ~EHr&L~

R 6 0 CTR 6T93090  VRN L.RE~R ROCKER OlSPL

ECEC ORTR, SFlE CLRSS  180 ~&O~~~TE~  FROM ~CCEL~~~T~O~I

TEST O~TE:O6/26~~996

Appendix D, plot # 96
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Cl1167  L. FRT IMPACT-335 OEG LTV MOB TO STflTIONFIRY VEHICLE

R d 0 CTR 8T93090 VfIN
R.REFIR  ROCKER FICCEL

105.7KMiH

TEST ORTE:06/26/1996

ELEC ORTR. SRE CLRSS 60
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TIME IN MILLISECONOS
Appendix D, plot # 97
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Cl1167  L. FRT IMPACT-335 OEC LTV MO6 TO STRTIONFIRY  VEHICLE lOS.TKM/H

R 4 0 CTR 8’193090  VRN R.REFIR  ROCKER VELOCITY TEST ORTE:06/26/1996

ELEC OATR. SRE CLRSS 180 (COMPIJTED  FROM RCCELERRT  ION)
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R & 0 CTR E T 9 3 0 9 0  b’RN

ELEC ORTR,  S R E  C L R S S  I80

R.RE~R ROCKER OISPL

~~O~P~TEO FROM ~CCELER~T~O~~
TEST ORTE~O6~26/~996

.-
Clllfr7  C. F R T  ~M~RCT-33s  O E G LTV MDB TO ST~T~~~~~Y VEHICLE 105.7~M~H

R d 0 CTR 8T9309~  WIN ~~ER~~~~  RERR ROCKER ~CCEL~R~T~ON TEST ~RT~:O6~26/~996

ELEC  ORTR,  S R E  CLRSS 6D ~~~~~  L. & R. ROCKER ~CCELS~



Cl1167  L. FRT IHPRCT-335  DEG LTV MOB TO STFlTiONFlRY  VEHICLE 105.7KMiH

R 6 0 CTR 6793090 VRN
ELEC ORTA. SRE CLRSS 180

RVGD RERR ROCKER VELOCITY

(COMPUTE0 FROM IXCELERRTIONI

TEST ORTE:06/26/1996
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& IN lIlLL1SECONOS
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Appendix D, plot # 101
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Cl1167  L. FRT IHPRCT-335  OEC LTV MDB TO STRTIONFIRY  VEHICLE lD5.7KMiH

R 6 0 CTR 8T93090 VRN
ELEC ORTR. SRE CLRSS 160

FlVCD RERR ROCKER OISPL

ICOMPUTEO FROM RCCELERRTION)
TEST ORTE:06/26/1996

TIME IN MILLISECONOS
Annmdi~ n.  DlOt# 102



.A
105.7KM~H

TEST O~TE:O6~26/i996
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Cl1167 L. FRT IMPACT-335 OEC LTV MDB TO STRTIONRRY VEHICLE 105.7KM/H

R 4 0 CTR ET93090  VRN
L.RERR  ROCKER OISPL TEST ORTE:06/26/1996

ELEC DRTR, SRE CLRSS 180 (COMPUTED FROM FICCELERRTIONI

Appendix D, plot # 105
._- ..--_-s-e -. _.. .-se .-._- -.-.-

Cl1167 L. FRT IMPACT-335 OEG LTV MDB TO STRTIONRRY VEHICLE 105.7KMh-l

R 4 0 CTR ET93090  VRN R.AEFIR ROCKER RCCEL TEST ORTE:06/26/1996
ELEC ORTR. SRE CLRSS 60

TIHF I N  HIII ISECONOS



Cl1167  L. FRT ~~P~CT-33S  OEG LTV MD8 TO STRT~~~~~~ VEHICLE

R d 0 CTR ~T93~9~  VRN
R~RERR ROCKER VELOCITY

ELEC DRTR, SRE CLRSS  180 ~C~M~UTEO  FROM ~CCEL~~~T  I ON1

TIME IN M~LLISEC~NOS Appendix  D, plot # t 07
107 PROCESSED  6/27/1996 15rS6W.011E

Cl1167  L. FRT IMPACT-33S  OEG CTV MO!3 TO ST~T~O~RRY VEHICLE lOS.?KM/H

R & 0 CTR ~T93~90  VRN R.RERR ROCKER DlSPL TEST O~T~:O6/26/~996

ELEC  ORTR. SRE CLRSS 160 (COMPUTES  FROM RCCELE~RT~O~~

TIME IN ~ILLiSE~ONOS



Cl1167  L. FRT IMPACT-335 OEG LTV MOB TO STRTIONRRY  VEHICLE 105.7KM/H

R 4 0 CTR ET93090  VRN RVERRGEO  RERR ROCKER RCCELERRTION TEST ORTE:O6/26/1996

ELEC ORTR. SRE CLRSS 60 IRVGO L. d R. ROCKER RCCELS)
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TlflE IN MILLISECONOS Appendix D, plot # 109
1u-J  I-nu.C3YU  WCIlleib I~:b6V2.OIE

Cl1167  L. FRT IHPRCT-335  OEC LTV MOB TO STRTIONRRY  VEHICLE lOS.7KMIH

R 6 0 CTR . 8T93090  VRN
RVGO F~ERR  ROCKER VELCCITY TEST ORTE:O6/26/1996

ELEC ORTR. SRE CLRSS 180 (COMPUTED FROM RCCELERRTIONI

..- HILLISE~ONOS Appendix D, plot # 110
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Cl1167  L. FAT IMPACT-335 DEC LTV MOB TO STRTIONRRY VEHICLE 105.7KMiH

13 4 0 CTR 8T93090  VRN L. IGNITION VOLTRGE TEST ORTE:O6/26/1996

ELEC ORTFI. SAE CLRSS 1000

TIME IN HlCLlSECONOS
Appendix  D, plot # 113
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Cl1167 L. FRT IHPRCT-335 OEG LTV MOB TO STRTlONFlRY  VEHICLE lOS.TIKM/H

R 4 0 CTR f3T93090 VAN
L. FRT HEkLIGHT-HI  BERM VOLTRGE TEST ORTE:O6/26/1996

ELEC OFITR. SAE CLRSS  1000
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Cl 1167 C. FRT ~MF~CT-33S  OEG LTV MOB TO ~T~T~ON~~~  VEHI&~E

R 4 0 CTR ~T9~~9~  VRN ENGINE RPM VOLTAGE
ELEC ORTR, SRE CCRSS ~000

TEST DRTE: ~6/26/  1936



Cl1167  L. FRT IMPACT-335 OEC LTV MOB TO STRTIONRRY VEHICLE 105.7KM/H

A 6 0 CTR BT93090  VRN
ELEC ORTR. SRE CLASS 1000

MRNIFOLO VFIPOR SENSOR 81 VOLTKE TEST ORTE:O6/26/1996

TIME IN MILLISECONDS
Appendix D, plot # 117
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Cl1167 L. FRT IMPACT-33s  OEG LTV MOB TO STRTIONRRY VEHICLE 105.7KM/H

R 4 0 CTR 8T93090  VAN RIGHT UPR ENG WPOR SENSOR a2 VOLTRGE TEST ORTE:06,2,j,,C,gf,
ELEC ORTR. SRE CLASS 1000
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TIHE  IN tlILLlSECONOS
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Cl1167  L. FRT IMPRCT-335  DEG LTV MOB TO STRTIONRRY VEHICLE 105.7KM/H

R 4 0 cm ET93090  '/RN
LEFT LWR ENG VFIPOR SENSOR 05 VOLTRGE TEST ORTE:06/2G/~996

ELEC OATR. SRE CLRSS 1000
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TIME IN MlLLlSECONOS
Appendix D, plot # 121
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C11167  L. FAT IHPRCT-335 OEG LTV MOB TO STRTIONRRY VEHICLE

A 4 0 CTR' 8T9309l-J  VRN L. WHEEL BRG CURRENT

ELEC ORTR. SFIE CLRSS 1000

105.7KMlH

TEST OATE:OG/26/1996
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~11167  L. FRT IHPRCT-335  DEC LTV MOB TO STFlTIONARY VEHICLE 105.7KM/H

R 6 0 CTA ET93090 VRN L. HORN-LO CURRENT TEST DRTE:06/26/1996

ELEC ORTA. SRE CLRSS 1000

i.

TlflE  IN NILLISECONDS
Appendix D, plot # 125

Cl1167  L. FAT ItIPRCi-335 DEG LTV MDB TO STFlTIONRRT  VEHICLE 105.7KM/H

R 4 II CTR 8T9309D  VRN
ELEC ORTR. SAE CLRSS 1000

WC CLUTCH CURRENT TEST DRTE:06/26/1996
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TIME  IN MILLISECONDS
Appendix D, plot # 126





Cl1167  L. FRT IMPRCT-335  OEG LTV MD8 TO STRTIONRRY VEHICLE 105.7KMIH

R d 0 CTR 8193090 VRN BRTTERY CURRENT TEST DRTE:06/26/1996

ELEC ORTR, SRE CLRSS 1000
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Appendix  D, plot # 129
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Cl1167 L. FAT IMPRCT-335  OEC LTV MOB TO STRTIONRRY  VEHICLE 105.7KM/H

R d 0 CTR 8T93090 V R N
ELEC DRTR, SRE CLRSS 1000

R. FRT BRRKE SYSTEM PRESSURE TEST ORTE:06/26/1996

TltiE  IN HILLISECONOS
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Cl1167  L. FRT IMPRCT-335 DEC LTV MOB TO STATIONRRY VEHICLE lOS.‘IKH/H

R 6 0 CTR 8793090 VRN
RUXILIRRY  FUEL TRNK PRESSURE TEST ORTE:06/26/1996

ELEC ORTR. SAE CLRSS 1ooO

FIRST a NIX R’ 40.9 ns
loo0

TIME  IN tllLLISECONOS
Appendix D, plot # 133
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Cl1167 L. FRT IHPACT-335  OEG LTV MOB TO STATIONRRT  VEHICLE lOS.7KMIH

R 6 0 CTR 8T93090 V R N ENGINE OIL PRESSURE TEST OATE:06/26/1996

ELK OATR. SX CLRSS 1000



R 4 0 CTR 6T9309U  VW
ELEC DRTR, SRE CLFISS  ~~~~

TEST 5RTE:~6~26/1996

ELEC DRTR, SRE CLRSS  ~~00



Cl1167  L. FAT IMPRCT-335 OEG LTV MD8 TO STFITIONRRT  VEHICLE 105.7KMiH

R 4 0 CTR 8T93090  VfIN CTR RRTE GYROSCOPE FING. VEL. TEST ORTE:06/26/1996

ELEC DRTR. SFIE CLASS 180

TIME IN MILLISECONDS

\3-J
Appendix  D, plot # 137
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Cl1167 L. FRT IMPRCT-33s  OEC LTV MOB TO STRTIONRRY VEHICLE lOS.7KMIH

R 4 0 CTR 8793090  VRN LTV MOB FIT C.C. QCCEL TEST ORTE:06/26/1996

ELEC OATR. SRE CLASS 60

TlflE IN MILL~SECONOS A ,,,A~ n nint # 138 -





Cl1167 L. FRT IHPRCT-335 OEG LTV MOB TO STRTIONRRY VEHICLE 105.7KMiH

R 4 0 CTR 8193090 VAN
LTV MOB LONG. FORCE FIT C.G. TEST ORTE:06/26/1996

ELEC IJRTR. SRE CLRSS 60 (1638.5 KC1 (9.8071 (LONG.RCCELI

.9 KN A T  1 3 8 . 2  NS
I I

TIME IN MILLISECONOS
Appendix D. plot # 141
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Cl1167 L. FRT IMPRCT-335  OEC LTV MOB TO STRTIONRRY VEHICLE 105.7KMiH

R 4 IJ CTR 8T93090  V R N LTV MOB FIT C.G. FUEL TEST ORTE:06/26/1996
ELEC DRTR. SRE CLRSS 60
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Cl1167 C. FRT ~M~RCT-33s  BEG

ELEC DRTR, SRE CCRSS 160
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Cl1167 L. FAT IMPIXT-335  DEC LTV MOB TO STflTlONRRY  VEHICLE 105.7KM/H

R 4 D CTR ET93090 VAN
ELEC ORTR. SRE CLRSS 60

LTV MO6 F1T C.G. flCCEL TEST ORTE:06/26/1996

-60 I I II I I I I I I I I I

-BC.llUUJ”’ I I I 4 I I I 1 1 L I 1
0 a l UO 60 eu loo IM 1110 I60 I80 200 220 NO

TltlE  IN fllLLISECONOS
Appendix  D, plot # 145
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Cl1167  L. FRT IMPACT-335 OEC LTV MOB TO STFITIONRRY  VEHICLE 105.7KM/H

R 4 0 CTR 8T9309D VRN LTV MOB AT C.G. VELOCITY TEST ORTE:06/26/1996
ELEC ORTR. SRE CLRSS 180 [COMPUTED FROM fXCELERRTION1

u, HAX VELOCITY = 3.83 KH/H  AT 50.3 HS HlN VELOCITY = -7 .55  KH/H PIT 45.3 Hf

t

3
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Cl1167  L. FRT IMPACT-335 DEC LTV MDEI TO STRTIONRRY VEHICLE 105.7KMA-I

R 4 5 CTR 8T93090  VRN
LTV MOE.3 RT REFfi  C/MBR VELOCITY TEST OATE:06/26/1996

ELEC DFITR. SRE CLASS 180 (COMPUTED FROM FICCELERFITIONI

uo----------uo----------

"it"  Ullll"it"  Ullll 20 t20 t II II II 60 160 1 11 loo Iloo I 11 tt 11 160 1160 1 aa II II II110110 6060 120120 140140 160160 203 h203 h 220220 a0 .a0 .

TIME IN MILLISECONDSTIME IN MILLISECONDS
Appendix  D, plot # 149Appendix  D, plot # 149
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Cl1167 L. FAT IMPRCT-335  5EG LTV MOB TO STFITIONRRY  VEHICLE 105. -lKM/H

R 4 5 CTR ‘%T93090  VAN LTV MOB FIT RERR C/MBR OISPL TEST ORTE:06/26/1996

ELEC OF)TR. SRE CLRSS  180 (COMPUTE0 FROM FICCELERFITIONI

TlflE IN ~ILLISECONOS Annendix D. Dlot # 150
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Cl1167 L. FAT IMPRCT-33s  DEG LTV MOB TO STRTIONARY VEHICLE 105.7KM/H

R d 0 CTA 8T93090  VRN LTV MOB RT RERR C/MBR DISPL TEST ORTE:06/26/1996

ELEC DRTR. SAE CLRSS 160 (COMPUTED FROM FICCELERRTIONI

I

o-k.-------------------

-5W’I” I I 1 I 1 I II 1 I 1 I t 1 I I L I
0 20 uo 60 60 loo I20 I40 160 180 200 2M NO

TIME IN HILLISECONOS
Appendix D, plot # 153
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Cl1167  L. FRT IHPRCT-335 OEC LTV MOB TO STRTIONRAY VEHICLE 105.7KM/H

R d 0 CTR ET93090  VRN LTV MOB FIT REFlR  C/MBR KCEL TEST ORTE:06/26/1996
ELEC ORTR. SAE CLASS 60

U D
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V-1SJJu’l” I 1 I II I , I I L 1 1 m 1 1
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Annendix D. dot # 154



= - 0 . 1 6  HII RT 9 . 9  i-45
I

Appends D, plot # 156
E



Appendix E: Cl 1167 hydrocarbon vapor measurement plots

July 1998
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Figure El

Concentration  of Hydrocarbon Vapor Measured  at the Left Upper Engine  (Location  #l)

Test Cl 1167
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Concentration  of Hydrocarbon Vapor Measured  at the Right Upper Engine  (Location  #2)

Test Cl 1167
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Concentration  of Hydrocarbon Vapor Measured  at the Left Lower Engine  (Location  #3)
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Concentration  of Hydrocarbon Vapor Measured  at the Right Lower  Engine  (Location  #4)
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Concentration  of Hydrocarbon Vapor Measured  at the Exhaust  Manifold (Location  #5)
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Figure EEl.
GC/MS  analysis of hydrocarbon vapor sampled from the left upper engine (location  #l)
during Crash  Test Cl 1167. Panel A shows  the chromatogram of a background sample

and panel f3 shows  the chromatogram of the post-crash  sample
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Figure EE2
GUMS  analysis of hydrocarbon vapor sampled from the right upper engine (location  #2)
during Crash  Test Cl 1167. Panel A shows  the chromatogram of a background sample

and panel  B shows  the chromatogram of the post-crash  sample.
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Figure EE3
GUMS  analysis of hydrocarbon vapor sampled from the left lower engine (location #3)
during Crash  Test Cl 1167. Panel A shows  the chromatogram of a background sample

and panel B shows  the chromatogram of the post-crash  sample.
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Figure EE4
GUMS  analysis of hydrocarbon vapor sampled from the right lower engine (location #4)
during Crash  Test Cl 1167. Panel A shows  the chromatogram of a background sample

and panel  B shows  the chromatogram of the post-crash  sample.
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Figure EE5
GC/MS  analysis of hydrocarbon vapor sampled from the exhaust manifold (location  #5)
during Crash  Test Cl 1167. Panel A shows  the chromatogram of a background sample

and panel  B shows  the chromatogram of the post-crash  sample
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Appendix F: Cl 1226 data plots

July 1998



LEFT FRONT
QNTHROPOMORPHIC TEST DEVICE  SUMMRRY  DFlTFt

;. . .;,? MOVING VEH TO 345 DEG FlNGLED BFIRR GO.OKM/H
Cl1226 L. FRT IMP 50% OVERLRP
R 4 0 CTR 8T93060 VRN RTD TYPE: GM53H

TEST OFITE: 08/1'4/1996

100% 150% IRV
MEFISUREO  QURNTITY OF IRRV OF RV VRLUE

HIC. LIMITED TO 15 MS 1
HIC.  LIMITED TO 36 MS
NECK FLEXION I
NECK EXTENSION
NECK TENSION
NECK COMPRESSION 1
NECK SHERR FORWRRO I
NECK SHERR RERRWRRO 1
CHEST RCCEL I

I CHEST COMPRESSION W/O SH BELT 1
r CHEST COMPRESSION W/ SH BELT I

I
I

I

CHEST VISCOUS CRITERIR
FEMUR COMP, LEFT
FEMUR COMP, RIGHT
FEMUR OURFlTION  FISSESS.  LEFT
FEMUR OURRTION RSSESS. RIGH
TIBIR/FEMUR  OISP. LEFT
TIBIRIFEMUR  OISP. RIGHT
KNEE CLEVIS. LEFT INSIDE
KNEE CLEVIS. LEFT OUTSIDE
KNEE CLEVIS. RIGHT INSIDE
KNEE CLEVIS. RIGHT OUTSIDE
TIBIR COMP.  LEFT
TIBIR COMP,  RIGHT
TIBIR MOM, UPPER, LEFT
TIBIR MOM, UPPER, RIGHT
TIBIR MOM, LOWER, LEFT
TIBIR MOM, LOWER, RIGHT
LEG INDEX. UPPER LEFT

LEG INDEX. UPPER RIGHT
LEG INDEX, LOWER LEFT
LEG INDEX, LOWER RIGHT

IRRV

920 1000
1110 1000

'46NM 19ONM
65NM 57NM
1.30 1 . 0 0
0.02 1 .oo
0.3q 1.00
0.20 1 .oo
5GG GOG

42.8MM 65.OMM t
42.8MM 50.0~~ r
0.49M/SEC l.OOM/SEC
7820~ 1000oN
817UN IOO~ON
0.87 1.00
0.90 1 .oo
'4.7MM 15.OMM
0.0~~ 15. OMM

225'4N UOOON
1837~ 4oooN
2073N '-lOOON
23GGN LIOOON
36U3N 8OOON
3957N 8OOON
%2NM 225NM
306NM 225NM

OVERLORDED 225NM
372NM 225NM
1.55 1.00
l.qG 1.00

OVERLORDED 1.00
1.76 1.00

IRV - INJURY RSSESSiENT VRLUE
y IRRV - INJURY RSSESSMENT REFERENCE VRLUE Appendix F, page i

t RESTRRINT SYSTEM DEPENDENT. CHOOSE
VRLUE THRT RPPLIES TO THIS TEST.

NMM VALUE GREATER THRN 150% OF IRV



RIGHT FRONT
FlNTHROPOMORPHIC  TEST DEVICE  SUMMFlRY DFlTFl

MOVING VEH TO 345 DEG FlNGLED Bf7RR GO.OKM/H
Cl1226 L. FRT IMP 50% OVERLRP
R & 0 CTR 8T93060 VRN RTD TYPE: GMSOH

TEST DFITE: 08/14/1996

MERSURED QURNTITY
iooz 150% IflV
OF IFlRV OF IRRV VFlLUE

HIC. LIMITED TO 15 MS
HIC, LIMITED TO 36 MS
NECK FLEXION
NECK EXTENSION
NECK TENSION
NECK COMPRESSION
NECK SHERR FORWRRD
NECK SHERR RERRWRRD
CHEST RCCEL

1 CHEST COMPRESSION W/O SH BELT
1 CHEST COMPRESSION W/ SH BELT

CHEST VISCOUS CRITERIR
FEMUR COMP. LEFT
FEMUR COMP. RIGHT
FEMUR DURRTION RSSESS, LEFT
FEMUR OURRTION RSSESS, RIGHT
TIBIR/FEMUR  DISP. LEFT
TIBIR/FEMUR  DISP. RIGHT
KNEE CLEVIS. LEFT INSIDE
KNEE CLEVIS, LEFT OUTSIDE
KNEE CLEVIS. RIGHT INSIDE
KNEE CLEVIS, RIGHT OUTSIDE
TIBIR COMP. LEFT
TIBIR COMP. RIGHT
TIBIR MOM, UPPER, LEFT
TIBIR MOM, UPPER, RIGHT
TIBIR MOM, LOWER, LEFT
TIBIR MOM, LOWER, RIGHT
CEG INDEX, UPPER LEFT

IRV - INJURY RSSESSMENT VRLUE
IFlRV - INJURY RSSESSMENT REFERENCE VRLUE

f RESTRRINT SYSTEM DEPENDENT. CHOOSE
VRLUE THRT RPPLIES TO THIS TEST.

7

1150
680
'43NM
20NM

0.311
0.31
0.18
0.05
56G

'4'4.8MM
11'4.8MM
0.2'4M/SEC
'498ON
5812N

0 . 5 9
0. I34
0.5MM
O.GMM

324'4~
1175N
2065h'
2318~4
5315N
29ooN
220NM
133NM
51NM
115NM
1.13
0.62
0.311
0.57

IRRV

1000
1000
1gONM
57NM

1.00
1 .oo
1 .oo
1 .oo
GOG

65.OMM i
'%l.OMM  i
l.OOM/SEC

1000oN
1000oN

1.00
1.00

15.OMM
15.OMM
'-loooN
'ioooN
'-lOOON
'-lOOON
8000~
8OOON
225NM
225NM
225NM
225NM
1.00
1.00
1.00
1 .oo

Appendix F, p’age ii



Cl1226  L. FAT IMP 50% OVERLRP MOVING VW TO 3Ll5 OEG RNGLEO BQRR GO.OKM/H
RTO TYPE: GMSOH

R 4 0 CTR 8T930GO  VRN
L. FRT HERD RCCEL. TEST OATE:08/1’4/1996

ELEC ORTR, SRE CLASS 1000 (HIC I LIMITED TO 15MSl

HAX FKCEL = 95.9 C’S AT 74.7 HS

TIME  IN IilLLlSECONDSTIME  IN IilLLlSECONDS
-.--.-

Appendix  F, plot # 1Appendix  F, plot # 1
. ..________ _. . . ._.- . -.. ..________ _. . . ._.- . -.

Cl1226  L. FRT IMP SO% OVERLRP MOVING VEH TO 3115 OEG RNCLEO BRRR GO.OKM/H
RTO TYPE: GMSOH

R 4 0 CTR 8T93060  VRN L. FRT HERD RCCEL. TEST ORTE:08/1Wl996

ELEC ORTR. SRE CLRSS 1000 (HIC I LIMITED TO 3GMSl

‘“Is0 HRX ACCEL = 95.9 C’S IV 711.7 HS

0 I I I I I I I 1
+I201 I IE’r - - - - - - - - - - - -- - -

I

--
T I M E  I N  IllLLlSEfONOS Appendix F, plot # 2
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cl1226  L. FRT IMP 50% OVERLRP MOVING VEH TO 3115 DEG RNGLEO BARR GO.OKM/H
RTD TYPE: CMSOH

R 6 0 CTR 8T930GD  VRN
L. FRT FEMUR LOFlO TEST DRTE:0'3/1Wl995

ELEC ORTR. SRE CLRSS 600

TltlE  IN MlLLlSECONOS
Appendix F, plot # 5

_ ..- _----- -. . . . .-..- .-.-. .-.-.i

.-

C1122G  L. FRT IMP 50% OVERLRP MOVING VEH TO 3Ll5 DEC RNGLEO BRRR GO.OKM/H
AT0 TYPE: GMSOH

R 4 0 CTR 8193060  VRN L. FRT FEMUR LORD TEST ORTE:OB/lQ/l996
ELEC OATR. SRE CLRSS GO0 OURRTION RSSESSMENT

M-IX IRV = 87 % OF IRA'4 AT 7655 N. I.5 Ii5
I2

II

51

-_

I I I

2.

I

a0 5 IO I5 20 25 30 35 90 95 S O 55 60

CUMULATIVE OURRTION OF LOFlOlNC WOVE GIVEN FORCE LEVEL. MS Appendix  F, plot # 6
P PI
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CII226  C. FRT IMP 50% ~~~RLRP MO~~~~ YEH TO 3115 OEG ANGLES 3~~~ BO.OK~/H
RTO TYPE: ~MSO~
TEST ORTE:OE/~~/l996

I2 HRX  IRV = 90 % CiF IR:
I I I I I I I I c

-J -.

I211226  L. FRT IMP 50% OYE~LRP MOViNG VEX TO 3% DEG ~N~LE~ B~~~ BO.OKM/H
RTO TYPE: ~MSO~

R 6 0 CTR 8T93~6~  WIN t. FRT CHEST DISP, TEMP RT 72.4’F TEST ~RTE:O8/j~/~99G

ELE& DRTR. SRE CLRSS  180 NORMRLI~EO TO 70*7-F 4 PRRT 572 &~RR~~OR

WIX COUFRES~ION = 112.8 MN RT 71.3 fl-5

TIME IN MILLISECONDS
Appendix F, piot # 8



Cl1226  L. FRT IMP 50% OVERLFlP MOVING VEH

R 6 0 CTR 8T93060  VAN L. FRT

ELEC OATR, SRE CLFISS  180 NORMRLIZEO,

TO 3’45 OEG RNCLED BRRR GO.OKM/H

CHEST COMPRESSIVE OISP.
RTO TYPE: GMSOH
TEST ORTE:08/lU/l996

W/CRLC VEL 6 VISCOUS INJURY

Hf3X COtiPRESSlON = 42.8 t44 RT 71.3 HS

TIME IN MlLLlSECONOS
Appendix F, plot # 9
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Cl1226  L. FRT IMP 50% OVERLFlP MOVING VEH TO 3’45 OEG FlNGLEO BFlRR GO.OKM/H

R 6 0 CTR ET93060  VRN L. FRT NECK LOFlOING  ON HERO,  UPPER LORD ;;",,';;;;:;;;;;,,,,,

ELEC OFlTA L. FRT NECK LOFIOING  ON HERO

-.. -

TlfIE  IN MlLLlSECONOS
Appendix F, plot # 10



L. FRT NECK LO~O~NG ON HERO

MRX CRC’0 K~KEffT = W5.U N-K FIT 56.7 MS XIN = -6r1.8 N-M

,S CCRSS TV FlCTER KRX LORD = r1.30 KN RT HS HiN CORfl = -0.03 Kff RT 33.3 MS
I I I\ t I I I

4 I I I I I I I f
f SE CUE6 IO00 FlLTER KRX LORD I 0.99 KN RT 68.2 IiS XIN LORO = -0.62 KN RT 95.3 HS

I 1 I I IU I I I 1

ELEC DRTR, SRE CLRSS  IO00
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Cl1226  L. FRT IMP 50% OVERLRP MOVING VEH TO 3U5 DEG FlNGLEO BFlRR GO.OKM/H
FIT0 TYPE: CMSOH

R 4 0 CTR 8T93060  WIN
REFlRWFlRD  NECK SHEFIR ON HERD, TEST ORTE:08/14/1996

&EC ORTFI. SFlE CLRSS 1000 L. FRT INJURY REFERENCE

C"tiLRTI"E OURRTION OF LOROINC ABOVE GIVEN FORCE LEVEL, MS
Appendix F, plot # i 3

13 I

Cl1226  L. FRT IMP 50% OVERLRP MOVING VEH TO 3Y5 OEG FlNGLEO BFlRR GO.OKM/H
RTO TYPE: CMSOH

R 6 0 CTR 8T930GO  VRN FlXIFlL COMPRESSION ON HERO, TEST OFlTE:OE/lY/l996

ELEC OFITR, SRE CLRSS I000 L. FRT INJURY REFERENCE

HRX IAV = 2 % OF IRRV  AT 82 N. 0.0 HSHRX IAV = 2 % OF IRRV  AT 82 N. 0.0 HS

0.50.5

0 . 0 '0 . 0 '00 55 IOIO I5I5 2020 2525 3030 3535 UOUO 9595 5050 5555 MlMl

CUHULRTIVE  DURRTION OF LOROINC ABOVE GIVEN FORCE LEVEL, HS Appendix F, plot # 14



OF IRRV RT 4303 N, 0.1 HS
1 I

ELEC DRTR, 5% CLRSS  600

OR0 = -2.25 KN RT 46.5 K5
56% UF lRt?V I I I

KRX LOU0 = 0.5’4 KN FIT 56.2 MS KIN 1
RV = -..

I

I I I I
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c11221j  L. FRT ItIP 50% OVERLRP MOVING VEH TO 3LlS OEC RNCLEO BRRR GO.OKM/H
RTO TTPE: GHSOH

R 6 cl CTR ET93060  VRN L. FRT LEFT TIBIR UPPER MOMENT TEST ORTE:08/14/1996

ELEC OATR. SRE CLRSS 600

TIME  IN HlLLISECONOS
Appendix  F, plot # 17

.__---.  --..

Cl1226  L. FRT IMP 50% OVERLAP MOVING VEH TO 3'45 OEG ANGLED BRRR GO.OKM/H
RTO TYPE: CHSOH

R 4 0 CTR 8T93060  VAN TEST ORTE:08/1U/l996

ELEC ORTR. SRE CLRSS 600 L. FRT TIBIfI  LOWER SHEFlR  LORD CELLS

KIN SHEFIR  LCIRO = - 2 . 9 6  K N  FIT  5 5 . 2  MS

-.
TIME IN IllLCISFCONOS

Appendix  F, plot # 18
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KUX LORO  = 0 . 4 3  KN RT 5 2 . 7  KS KIN LORO  = - 2 . 0 7  K N  RT U 2 . 9  t45
r I I I I PRY = 52% p lRRV I



Cl1226  L. FRT IMP 50% OVERLRP MOVING VEH TO 3’-l5 DEG RNCLEO BflRR GO.OKM/H

L. FRT RIGHT TIBIR UPPER MOMENT
RTD TYPE: GHSOH

R 4 0 CTR 8T93060  VRN TEST OATE:08/14/1996

ELEC ORTR. SRE CLRSS 600

HRX HONENT  = 306 N-M FIT U3.5 HS
4

TIME  IN MILLISECONDS
Appendix F, plot # 21
_. .__- __-- _ . . .-.. .- E

Cl1226  L. FRT IHP SO% OVERLRP MOVING VEH TO 3115 DEG RNGLED BRRR GO.OKM/H
AT0 TYPE: GMSOH

R 4 0 CTR 8793060 VRN TEST ORTE:08/l’A/l996

ELEC ORTR. SAE CLFISS  600 L. FRT TIBIR LOWER BENDING MOMENTS

ORTA SYSTEH  FULL SCRLE EXCEEDEO
“r OVERLORO  p ItlE  INTEqVAL  ISI NOf  PLOTTED )

F I R S T  OC  fiREKE  R 4 8 . 9  HS WLL ICUE  cAL,Ip*TIcu  LEVEL EXCEEDEO

I I I I I /

TIME IN M~LLISECONOS
Appendix F, plot # 22



N “U

TIME IN MILL

IE
Appendix F, plot # 24
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Cl]226  L. FRT IMP 50% OVERLAP MOVING VEH TO 345 OEG RNGLELJ BRRR GO.OKM/H
RTO TYPE: GHSOH

fl 6 0 CTR 8T93060  VAN R. FRT HERD RCCEL. TEST OATE:08/1Wl996

ELEC ORTR, SRE CLRSS 1000 (HIC I LIMITEO TO 15MSl

Cl1226 L. FRT IMP 50% OVERLRP

R 4 0 CTR 8T93060  VRN
ELEC ORTR. SRE CLRSS 1000

TIME IN MILLISECONOS

MOVING VEH TO 345 OEG RNGLEO BRRR

R. FRT HERO RCCEL.

(HIC I LIMITED TO 3GMSl

Appendix F, plot # 25
-- ..___-___  -. . . ..-- . _ E

GO.OKM/H
RTO
TES

TYPE: CMSOH
mT ORTE:08/1'4/ 1996

‘4.7 G’S 171 93.4 HS
/ I I I

HRX ACCEL = 6

m-IA-- IL,
IRv = 66% OF IdR

TIME IN t4lLLISEiONOS Appendix  F, plot # 26
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ECEC DRTR. SRE CLRSS 1505



Cl1226  L. FRT ItlP 50% OVERLRP MOVING VEH TO 3'45 DEG FlNGLED BFlRR GO.OKM/H
FIT0 TYPE: CMSOH

R d 0 CTR 8793060  VRN
17. FRT FEMUR LORD TEST OF1TE:08/14/1996

ELEC ORTR. SAE CLRSS 600

TIME IN HILLISECONOS
Appendix F, plot # 29
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Cl1226  L. FRT IMP 50% OVERLRP MOVING VEH TO 3'45 OEG FlNCLEO BRRR GO.OKM/H
RTO TYPE: CMSOH

R d 5 CTR 8T93060  VRN R. FRT FEMUR LOFlD TEST ORTE:08/1~/199G

ELEC OFITR. 5FlE CLFISS 600 OURFlTION  WSESSMENT

H&lx  IAV = 59 % OF IRRV AT 4668 N. 7.5 HS
I2

II

d0 s IO IS 20 25 30 35 40 45 so 55 60

CUtIULATlVE OuRRTlON OF LOROINC WOVE GIVEN FORCE LEVEL. MS Appendix F, plot # 30
30



Cl1226  L. FRT IMP 50% OVERLAP MOVING VEH TO $5 DEG ANGLES 3~~R
_.

60. ~KM/H

R & 5 CTR ~T93065  VW
ELEC 5RTR. SRE CLRSS  600

Elf226  t. FRT IMP SO% OVERLAP M5Vl~~ WI TO 3i5 BEG ~NG~~~ BRRR 60. ~KM/H
RT5 TYPE: ~M5OH

R Cr 5 CTR 8T935~5  VRN R. FRT CHEST DISP, TEMP FiT 7f-!.2”F TEST O~T~:58/~~/199G

ELEC DRTR. SRE CLWiS  I80 ~~R~~L~~E~  TO 70.7.F & PFIRT  572 ~ORR~~~R

i = 44.3 NH RT 36.6 MS
IRV IX/O SH BELTI. IRY = 90% OF IRRV IHI SH BELTI

I



Cl1226  L. FRT ItIP 60% OVERLRP MOVING VEH TO 3’45 IDEC RNCLEO BRRR GO.OKM/H

R 4 0 CTR ET93060  VRN R. FRT CHEST COMPRESSIVE OISP.
AT0
TES

ELEC OFITR, SRE CL%s 180 NORMQLIZEO,  W/CRLC VEL d VISCOUS INJURY

.-. /

HRX COHPRESSION  = 114.8 HH FIT 6 6 . 6  NS

-60,
IRv = 6 9 %  O F  IRRV  I W O  SH BELTI, IAV  = 9 0 %  OF IRRV  IW/  S H  BELT1

I I I I I I I I

t!RX  Ii/SEC = 0.2(1 AT 58.4 tlf

T
IYPE:  CMSOH
ORTE:08/lWl996

TIME IN MlLLlSECONOS
Appendix F, plot # 33
__ - --_---  -. _..___  _ __._.  _ ..E

Cl1226  L. FRT IMP 50% OVERLRP MOVING VEH TO 3Ll5 DEG RNGLEO BRRR GO.OKM/H
RTO TYPE: GMSOH

R 4 0 CTR ET93060  VAN R. FRT NECK LOFID[NG ON HERO, UPPER LORO TEST ,,RTE.08,,~,1996

ELEC ORTR R. FRT NECK LOROING ON HEfXI

r a,SRE CL&S 6GU FILTER tlAX CRLC’O HOHENT  = 12.11 N-N RT 60.  I tiS HlN = - 1 0 . 3  N-H A T  2I2.q  IiS

i
IO /, -

0;
?5? f AI c, C”

T I M E  I N  HILLISECONOS Amendix  F. nlot fi 2A



KRX CRLC’O  COGENTKRX CRLC’O  COGENT = 4 3 . 1  N - K  RT 73.5 t4S= 4 3 . 1  N - K  RT 73.5 t4S KIN = - 1 9 . 7  N - K  RT 98.9 H SKIN = - 1 9 . 7  N - K  RT 98.9 H S

Appendix  F, plot # 35Appendix  F, plot # 35
PIEPIE

Cl1226  L. FRT IMP 50% OY~~L~P MODISH W-l TO 345 DEG ~~~LE~  BRAA GO.O~M/~
RTD TYPE: CMSO~

R a 0 cm ~T~30~~  YRN FORWARD NECK SMEAR ON HERO, TEST ~~TE:OE/l4/~99~
ELEC DFITR, SRE CLRSS  ~0~0 R. FRT INJURY  REFERENCE

6. HRX IRV = 18 % OF iRRV RT 313 N. 21.6 HS

5.

-2. I I I I I I

I.

I. i

0. 1
I I I I

0. I -0 5 IO IS 20 2s 30 3s uo 45 so 5s 60



~11226 L. FRT IMP 50% OVERLRP MOVING VEH TO 3'45 OEG RNGLEO BfIRR GO.OKM/H

REFIRWFIRD  NECK SHERR ON HERD,
FlTO TYPE: GHSOH

R 6 0 CTR ET93OCO VRN TEST ORTE:08/1~/1996
ELEC ORTR. SRE CLRSS 1000 R. FRT INJURY REFERENCE

HRX II%' = 5 % OF IIWV AT 71 N. 25.0 tiS
6.

CUMULRTIVE  OURRTION OF LOROINC ABOVE GIVEN FORCE LEVEL. MS
Appendix F, plot # 37

37 . .--- __._. ._.-.-

-

Cl1226 L. FRT IMP 50% OVERLRP MOVING VEH TO 3115 OEG FlNGLED EiflRR GO.OKM/H

FlXIRL COMPRESSION ON HERD.
RTO TYPE: GHSOH

R 6 0 CTR 8793060 VAN TEST ORTE:OE/lWl996
ELEC ORTR. SRE CLASS 1000 R. FRT INJURY REFERENCE

HRXHRX IRV = 31IRV = 31 % OF% OF IRFW FITIRFW FIT 1185 N.1185 N. 1.6 fiS1.6 fiS6.6.

5.5.

5.5.

4.4.

4.4.

zz,.zz,.
E'.E'.
s3s3
a&,3.a&,3.
LL
62.62.
EiEi

2.2.

I.I.

I.I.

0.0.

0.0. 3

CUMULRTIVE OURRTION OF LOROINC WOVE GIVEN FORCE LEVEL. tlS Appendix F, plot # 38
36
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Cl1226  L. FRT IHP 50% OVERLRP MOVING VEH TO 3'45 OEG RNGLEO BRRR GO.OKM/H
RTO TYPE: CHSOH

R 6 0 CTR ET93060  VRN R. FRT LEFT TIBIFl  UPPER MOMENT TEST ORTE:08/14/1996

ELEC ORTR. SRE CLRSS 600

MAX HOHENT  = 220 N-H RT 411.3 MS

I I I I I I I I 1

I I I I I I I ! I I I
I

LIZ- 0 .-In

is

2
lOlc0. \J.+/
2=

-2m HFIX tOlEN  = 3 0 . 3  N - H  RT 9 0 . 0  HS HIN tiOHENT  = -128 N - H  RT 1 1 5 . 8  H5

Cl1226  L. FRT IMP 50% OVERLRP MOVING VEH TO 34'5 OEG RNGLEO BARR GO.OKM/H
RTO TYPE: CMSOH

R 4 0 CTR 8193060  VRN TEST ORTE:08/1~/1996

ELEC ORTR. SRE CLRSS 600 R. FRT TIBIFI  LOWER SHEFlR  LORD CELLS

HIN SHERR  LORO = -1.47  K N  RT (111.1 MS

TIME IN MILLISECONDS



j

I
b’

Cl1226 L. FRT IMP 50% ~YE~~RP MOVj~G VEH TO 345 OEG REGILD BRRR 60.0 KM/H
RTU TYPE: GMSO~

R d D &TR 8T9306U  YRN TEST URTE:O8~1~/1996

ELEC DRTR. SRE CLRSS  600 R, FRT TIBIFI  LOWER R~I~L LOMJ

I I

N RT 59.0  HS

Appends F, plot # 43
._ ______” _. . .‘ ._I Ed..” .,.JaE

--
CL122fr  L. FRT IMP 50% ~V~~LRP MOVING VEH TO 3% DEG REGRET E~RR 6O.OKM/~

RTD TYPE: G~5OH

R I 0 CTR 8T93O~U  YRN 8. FRT ~~~~T KNEE CLEVlS LOGO TEST OffTE:O8/~~/~99~

ELEC ORTR, SRE CLRSS 600

Appendix  F, plot # 44
lE
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Cl1226  L. FRT IMP 50% OVERLRP MOVING VEH TO X5 OEG FlNGLEO  BFlRA 6O.OKH/H
RTO

IR UPPER MOMENT
R 4 0 CTR 8T93060  VRN R. FRT RIGHT TIB

ELEC ORTR. SRE CLRSS 600

TYPE: GMSOH
TEST ORTE:08/1W1996

tiRX MOMENT = 133 N-t4  AT 64.8 I’IS

” L” _- -- -.

TIME IN MILLISECONDS

Cl1226  L. FRT IMP 50% OVERLRP MOVING VEH TO 345 OEG FlNGLEO BRRR

A 4 0 CTR 8793060 VRN
ELEC ORTR. SRE CLRSS 600

GO.OKM/H
RTO TYPE: GMSOH
TEST ORTE:08/1~/1996

R. FRT TIBIR LOWER BENDING MOMENTS

Appendix F, plot # 45
.3 r,%.&c,x”  O,,~,,,aa  ,3:x  V‘.Lmi

HRX MOMENT = 5 1 . 0  N-M FIT  6 3 . 9  tlS HIN HOtlENT  = 4 7 . 7  N-H FIT  4 3 . 6  fls
RV = 23% 1 ARV

I

TIME IN HlLLlSECONOS
Appendix F, plot # 46



Cl1226  i_. FRT IMP 50% O~E~~RP MOVING VEH TO 3; OEG RNGLE~ BRRR 6O~OKM/H
RTiJ TTPE: GMSOH

R 4 0 CTR 8T93060  VR~ R. FRT TABOO ~N~~~ES TEST ORTE:O8/1~/~996

ELEC ORTR. SRE CLRSS  600

XRX  ~$Efl L/C TI = I. 13 RT W.3 ftS

T IMP 50% ~~E~LRP MOY~NG VEH TO 3;s DE& RNGLE~ 5RRR GO. 0 ~M/H
YPE: GMSOH

HRX Tl~/~E~  01% = 0.51 HH RT 113.6 XS
RY = 3% luw



Cl1226  L. FRT IMP 50% OVERLRP MOVING VEH TO 345 OEG RNGLEO BRRR GO.OKM/H

R 4 0 CTR 8T93060  VAN
ELEC ORTR. SRE CLRSS 1000 [VEC SUM OF TIBIFl FICCELSI

L. FRT LEFT UPPER TIBIR FlCCEL
RTD TYPE: GMSOH
TEST ORTE:08/!4/1996

,Mo ORTR STSTEH  FULL SCRLE EXCEEDED
IOVERLCGU  ITInE  lNTEflVRL151  NOT P L O T T E D  1 I I I I I I I I

CL" lilRS1  OCChWCE  RI ' I 6 . S  IiS 1 I I I I I I I I I

s;

WI
IIRX RCCEL = 29s  G 'S  RT 57.4  ns NIN IXCE La-4 * 5 6 . 9  ns

din II

d-I
wc ORTR  SYSTEtl  FULL SCRLE EXCEEOEO

lWO#
OVEALCW TIM INW'VRL ISI NO' PLOTTEO
F I R S T  OCCJRREME A- 57.7 tiS

5.
-d
=u t

-+i
P- PIOIl  f4

-s
,gORTA  SYSTEti  FULL SCRLE EXCEEDED

I I I I I

In

@x

~W3~OR~  TlfiE  INTEFVRLISI NO‘  PLOTTEO
CJRRENCE  R- 4 6 . 5  MS

‘vu SALE uLIwlATIou  LEVEL  EXCEEDED

-.

zi c II

c Y--k
P,Lxl 49

a
-5lx.u"""" I I I I II 1 I I I I I I I .i

0 20 uo 60 80 IMI 120 140 160 I80 200 2M 2UO

TIME IN MILLISECONDS
Appendix F, plot # 49
-5 rrUL,>‘” 01~~111za 13:x .‘.ulE

Cl1226  L. FRT IMP 50% OVERLRP MOVING VEH TO 3'45 OEG RNGLED BRRR GO.OKM/H
RTO TYPE: GMSOH

R 4 0 CTR 8T93060  VRN L. FRT LEFT LOWER TIBIFl RCCEL TEST ORTE:08/1W!996

ELEC ORTR. SRE CLASS 1000 (VEC SUM OF TIBIR RCCELSI

lsoo WTR STSTEH  FUCL  SCALE EXCEEDED
lOVERLO KIHE INTEFb'RLISI  NO1 P L O T T E O  ) I I I I

+s” FIRST OCCkRENCE A- '46 .7  IS
if+@=
+.
-f-J
h!SOO

I.
,

TIME IN M!LL!SECONOS Appendix  F, plot # 50
IE





Cl1226  L. FAT IMP SO% OVERLAP MOVING VEH TO 3'45 DEG RNCLEO BFIRR GO.OKM/H
RTO TYPE: GHSOH

R 6 Cl cm 8T930GO  VRN
L. FRT LOWER LUMBFIR MOMENT T E S T  ORTE:08/l'Ul996

ELEC ORTA. SRE CLRSS 1000
: I

TIME IN HILLISECONOS
Appendix F, plot # 53

IC

_._-. -_ -. .-.~ - . . ~. -.

_- -,

Cl1226  L. FRT IMP 50% OVERLRP MOVING VEH TO 3U5 OEG RNGLEO BRRA GO.OKM/H

R 6 D CTR 8T930GD  VRN
ELEC ORTR. SRE CLRSS 1000

L. FRT LOWER LUMBRR LORO
RTO TYPE: GMSOH
TEST DRTE:08/14/199G

I.I.

0.0.

0.0.

-0.-0.

-1.0.-1.0. \\

I- -1.5.I- -1.5. 22 II

5 kz5 kzw -2 .0 .w -2 .0 . II
a0a0
-=JU-=JU \\
YoYo
ah2.5.ah2.5.
LLLL

-3 .0-3 .0 \\

- 3 . 5- 3 . 5 II

-11.0-11.0 \ 1\ 1

-11.5-11.5 \ I\ I

-5. w.u'll'l"-5. w.u'll'l" II II II II I ,I , II I I II I I 11 1 I1 I ##
00 2020 9090 6060 8080 looloo I20I20 IUOIUO 160160 LeoLeo 200200 220220 NONO

TIME IN MILLISEC@NOSTIME IN MILLISEC@NOS
Appendix F, plot # 54Appendix F, plot # 54



L. FRT LODEN LUMENS LOAM
RTD TYPE: ~MSO~

R 6 U CTR ~T93~~0  VRN TEST ORTE:O8/l~/i99~
ELEC DRTR. SRE CLRSS 100~

3.

2 .

2.

I.

I.

0.

R 6 0 CTR ~T930~~  VRN
ELEC DRTR. SRE Cum 1000

RTD TYPE: GMSO~
TEST ORT~:~8/1~~~99~



Cl1226  L. FRT IMP 50% OVERLAP MOVING VEH TO 345 DEC FINGLED BRRR GO.OKM/H

R d 0 CTR 8T93060  VRN
ELEC ORTR. SRE CLRSS 1000

R. FRT LOWER LUMBFlR LORD
RTD TYPE: CHSOH
TEST ORTE:08/lLl/1996

3.

3 .

2 .

2.

I .

-I

-2

-2 I t I I I
0 20 YO 60 80

TIME IN tilLLlSECONOS
Appendix F, plot # 57 :_ .._.___ . . . . . .- . -

-.
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Cl1226  L. FAT IMP 50% OVERLRP MOVING VEH TO 3115 DEC ANGLED BRRR GO.OKM/H

R 6 0 CTR 8T93060  VRN
ELEC ORTR. SRE CLRSS 1000

R. FRT LOWER LUMBRR LOFXI
RTO TYPE: CtlSOH
TEST ORTE:0Ei/l'l/l996

” N L(” w 0” 1-u
;;YHE I N  ti;‘:LI SEC3NOS

I”” I”” CGV C‘U L-Y

Appendix F, plot # 58
VE





Cl1226  L. FRT IMP 50% OVERLRP MOVING VEH TO 3'45 DEG RNCLEO BFlRR GO.OKM/H

R 6 0 CTR 8T930tD  VRN
L. FRT ROCKER DISPL

ELEC ORTR, SFlE CLRSS 180 (COMPUTED FROM FlCCELERFlTIONI

T E S T  OATE:08/1~/1996

TIME  IN MILLISECONDS
Appendix F, plot # 61
__ ..-

Cl1226  L. FRT IMP 50% OVERLAP MOVING VEH TO 345 DEG flNCLE0 EMRR GO.OKM/H

R 4 0 CTR 8'193060 VFlN R. FRT ROCKER FICCEL TEST ORTE:08/14/1996
ELEC ORTR. SRE CLASS GO

TIME  IN MILLISECCNOS Appendix F, plot # 62





Cl1226  L. FRT IMP SD% OVERLRP MOVING VEH TO 3’45 OEG FlNCLED BflRR GO.OKM/H

R 4 Cl CTR 8T930CO  VRN FWERFICED  FRT ROCKER RCCELERRTION TEST DRTE:08/lWl996

ELEC DRTR. SFIE CLFISS  60 W/CO L. d R. ROCKER RCCELSI

IO

TIME IN MILLISECONDS
Appendix F, plot # 65

Cl1226  L. FRT IMP 50% OVERLQP MOVING VEH TO 3U5 OEG FlNGLED BRRR GO.OKM/H

R 6 0 CTR ET93060  VRN FiVGD FRT ROCKER VELOCITY TEST ORTE:08/1~/199G
ELEC ORTA. SRE CLRSS 180 [COMPUTED FROM FICCELERflTIONI

i?ilE 160 180 ml 2M ml

IN

t4’;:L

I

SECOFf;:

Appendix F, plot # 66
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Cl1226  F. FRT IMP 50% OVERLAP MOY~~G W-l TO 3;; DEG EAGLED 3~RR &O.OKM/H

R d D CTR ~T9~~6~  VRN
RVGD FRT ROCKER DISPt TEST O~TE:O8/j4/~996

ELEC ORTR. SRE CUSS 180 [C~~P~T~~  FRET ~CCELERRT~~~~

-~
Cl1226  L, iRT IMP So% OVERLAP MOVING VEH TO 3ii DEG ~~GL~~ 3~RR GO. OKM/~

R d 0 CTR 8T93~~~  WIN L. FRT ROCKER RCCEt TEST ~~TE:~8/~4/~99~

ELEC ORTR, SRE CLRSS  60

Appendix  F, plot # 68



- -. -

Cl1226  L. FRT IMP 50% OVERLRP MOVING VEH TO 345 DEG FlNGLED  BfIRR GO.OKM/H

R 6 0 CTR 8T93060  WIN L. FRT ROCKER VELOCITY TEST ORTE:O8/1tl/1996

ELEC ORTR, SRE CLASS 180 [COMPUTED FROM RCCELERRTIONI

TIME IN IllLLlSECONOS
Appendix F, plot # 69
__ ..--_---- -. . . . .--- .-.- ._._._

Cl1226  L. FRT IMP 50% OVERLRP MOVING VEH TO 3LI5 DEC RNGLEO  BRRR GO.OKM/H

R 6 0 CTR 8T93060  VAN
L. FRT ROCKER DISPL TEST ORTE:08/1~/199G

ELEC ORTR. SRE CLRSS 180 (COMPUTED FROM RCCELERFITIONI

IlMt I N  MlLLlXLVNtJ3TIME IN tlILLISECC)NOS

I
200 220 NO

Appendix F, plot # 70Appendix F, plot # 70
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Cl1226 L. 1331 IMP 50% OVERLRP MOVING VEH TO 3’45 OEG RNCLEO ekRR GO.OKM/H

R 6 0 CTR 8T9306D  VRN
R. FRT ROCKER OISPL TEST ORTE:08/lW1996

ELEC DRTR. SRE CLASS  180 (COMPUTED FROM RCCELERRTIONI

60 /

UO

2c /

/

-2 Y ‘I(‘( , , 1 I 1
I

,
, I I I I II I I I _

a I(0 60 80 loo 120 1110 I60 180 200 2M a0

TIME IN HlLLlSECONOS
Appendix F, plot # 73

Cl1226  L. FRT IMP SO% OVERLAP

R 4 0 CTR 8793060  VflN
ELEC ORTR. SRE CLRSS 60

MOVING VEH TO 3’45 DEG RNGLEO BRRR GO.OKM/H

RVERIXED  FRT ROCKER QCCELERFITION TEST ORTE:08/1~/1996

WGD L. & R. ROCKER ACCELSI

TIME IN tiILLlSECONDS Appendix  F, plot # 74



ELEt DRTR, SRE CLRSS  130

TIME IN M~LL~S~CONOSTIME IN M~LL~S~CONOS
App~ndjx  F, plot # 75App~ndjx  F, plot # 75
.- ..____---  _. . . .__- ._.__ -.-.-.- ..____---  _. . . .__- ._.__ -.-.-



Cl1226  L. FRT IMP 50% OVERLAP MOVING VEH TO 345 OEC RNGLEO BRRR GO.OKM/H

R 4 0 CTR ET93060  VRN L. FRT ROCKER VELOCITY TEST ORTE:08/1Wl996

ELEC ORTR, SRE CLASS 180 (COMPUTED FROM RCCELERQTIONI

TIHE IN HILLISECONOS Appendix F, plot # 78

Cl1226  L. FRT IMP 50% OVERLRP MOVING VEH TO 3Ll5 OEG RNCLEO BRRR GO.OKM/H

R 6 0 CTR ET93060  VRN L. FRT ROCKER RCCEL TEST ORTE:Of3/1Wl996

ELEC ORTR, SRE CLASS 60

-8OU”“” I I I I )I I I 1 I I II I ,

0 2-l 40 60 w 100 I20 I110 160 l&l 200 220 30

TIME IN ~~ILLISECONOS
Appendix F, plot # 77 E
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Appendix  F, plot # 79_ _ _ _ _. __ _. _ .E
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Cl1226  L. FRT ItlP 50% OVERLRP MOVING VEH TO 3115 OEG RNGLED BRRR GO.OKM/H

R 4 0 CTR 8793O'Xl VRN R. FRT ROCKER VELOCITY TEST OATE:08/1W1996

ELEC ORTR. SRE CLRSS 180 (COMPUTED FROM FICCELERflTIONI

u.

3.

3.

2.

2.

F
* 1.

-IL

8 .
-r I .
I-+
E-
WU
'00-I

Y
0.

-0.

-1.

-I.

TIME IN HILLISECONDS
Appendix F, plot # 81

Cl1226  L. FRT IMP 50% OVERLRP MOVING VEH TO 3'45 DEG RNGLEO BRRR GO.OKM/H

R 4 0 CTR 8193060 VAN R. FRT ROCKER OISPL TEST ORTE:OEi/l~/l996
ELEC 0RTR;'SRE  CLRSS I80 (COMPUTE0 FROM fXCELERRTION1

TIHE  IN MILLISECONO~
Appendix F, plot # 82



R 4 0 cm ~T93U6U  VRN
ELEC ORTR, SRE CLRSS  60

Appendix  F, plot # 83
._. _ . .___ .-.-- .-.-.-

” -” .- _. _-

TIME  IN



Cl1226  L. FRT IMP 50% OVERLAP MOVING VEH TO 3115 OEG RNGLEO BRRR GO.OKM/H

R 4 0 CTR 8T930GD  VRN FlVGO  FRT ROCKER OISPL TEST ORTE:08/14/1996
ELEC ORTR, SRE CLRSS 180 [COMPUTED FROM fICCELERRTIONI

IO

-2-S \

3c \ /

/

-3W""" I , I 6 I h , I
0 2u UO 60 60 IO0 120 IUO 160 180 MO 220 h

TIME IN HILLISECONOS
Appendix F, plot # 85
_” ..-w-*-  I “**.I*--.” Id.& . ..“a

-

Cl1226  L. FRT IMP 50% OVERLAP MOVING VEH TO 345 DEG FINGLEO BRRR GO.OKM/H

R 4 0 CTR 8793060 VRN
ELEC ORTR. SRE CLRSS 1000

L.REFIR ROCKER RCCEL TEST ORTE:08/lq/!99G

-90.

-sQ-

60. I .
/

--It.

-6OW" ' ' I I I I , I I I 1 t f I
0 20 VO 60 80 I00 I20 I40 160 180 2ocl 220 2UO.-

TIME IN MILLISECONDS
Appendix F, plot # 86





Cl1226  L. FRT IMP 50% OVERLAP MOVING VEH TO 3'45 OEC RNCLED BRRR GO.OKM/H

R 4 0 CTR 8T930GO  WIN L.REflR ROCKER OISPL TEST OATE:08/1'l/l990
ELEC ORTR. SFlE CLRSS 180 (COMPUTED FROM ACCELERRTIONI

TIME IN HILLISECONOS
Appendix F, plot # 89

Cl1226  L. FRT IMP 50% OVERLRP MOVING VEH TO 3115 DEG RNGLEO BRRR GO.OKM/H

R 4 0 CTR 8T93060  VRN R.RERR ROCKER FlCCEL TEST DRTE:08/1Wl996
ELEC ORTR. SAE CLRSS 1000

IS
I

TIME  IN tllLLlSEC~NOS
Appendix F, plot # 90



R 4 U CTR 8T9306~  VRN R.R~~R ROCKER FlCCEL TEST ~~TE:O8/1~/199G

ELEC DRTFI. SRE CLRSS 60

TIME IN MiLLfSECONOS
Appendix F, plot # 91
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Cl1226  L. FAT IMP 50% OVERLAP MOVING VEH TO 3'45 OEG FiNGLED BRRR GO.OKM/H

R 6 0 CTR BT930GD  VRN R.RERR ROCKER DISPL TEST OATE:08/1W1996
ELEC ORTR. SRE CLRSS 180 (COMPUTED FROM RCCELERRTIONI

TIME IN MlLLlSECONOSTIME IN MlLLlSECONOS
._- _._._- _._

Appendix F, plot # 93Appendix F, plot # 93
-- ..---___- _-- ..---___- _

Cl1226  L. FRT IMP 50% OVERLAP MOVING VEH TO 3Li5 DEC ANGLED EFIRR GO.OKM/H

R 4 0 CTR 8793060 VRN RVERFlCED  REQR ROCKER RCCELERRTION TEST ORTE:08/1~/1996

ELEC DRTA, SRE CLRSS 1000 WIVCO  L. & R. ROCKER RCCELSI

TINE 1N MILLISECONDS Appendix F, plot # 94



ELEC ORTR, SRE CLRSS 60

__ .___  _-__ _. . . . -. - _ _ _ -



Cl1226  L. FRT IMP 50% OVERLAP MOVING VEH TO 3U5 DEL RNCLED B&R GO.OKM/H

R d 0 CTR 8T930GO  VRN Fh'CO RERR ROCKER DISPL TEST ORTE:08/lWl996
ELEC ORTR. SRE CLRSS 180 (COMPUTED FROM RCCELERRTIONI

IMIM I20I20 140140

TlflE  IN MILLISECONDSTlflE  IN MILLISECONDS
la0la0 2w2w 220220

Appendix F, plot # 97Appendix F, plot # 97
-* a.1-e-w  - . . .--- ._.__  -...

-.

Cl1226  L. FRT ItlP SO% OVERLAP MOVING VEH TO 345 DEG RNGLED BFlRR GO.OKM/H

R 6 0 CTR 8T93060  VRN COMP. FREE MRSS DISP. REL. TO VEHICLE TEST ORTE:08/1~/1996
ELEC ORTR, SRE CLRSS 180

WO

220

16C /

3 d, 1w-

D
LEVEL = 125titi T flE = 511. MS----__________--___-- - - - - - - - - - - - - I - - - - - - - - - - - -
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Cl1226  L. FAT IMP 50% OVERLAP MOVING VEH TO 3'45 DEC FlNGLEO BRAR GO.OKM/H

R 4 0 CTR 8'193060 VRN
L.RERR ROCKER DISPL TEST ORTE:08/1'l/l995

ELEC DRTR, SRE CLRSS 180 [COMPUTED FROM RCCELERRTIONI
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Cl1226  L. FRT IMP 50% OVERLFIP MOVING VEH TO 3U5 OEG RNGLEO BFlRR GO.OKM/H

R 4 D CTR ET93060  VAN R.RERR ROCKER FlCCEL TEST DATE:08/1~/199G
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Cl1226  L. FRT IMP 50% OVERLRP MOVING VEH TO 345 OEG ANGLE0 BARR GO.OKM/H

R 4 0 CTR 8T930GD  VRN F\VERFICED  REflR ROCKER fXCELERRTION
TEST DflTE:OWl~/l996

ELEC ORTA, SRE CLfISS  60 GIVGO  L. d R. ROCKER FICCELSI
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Cl1226  L. FAT IMP 50% OVERLAP MOVING VEH TO 3115 OEG RNGLEO BARR GO.OKM/H

R 4 0 CTR 8T93060  VRN
RVGD REFlR  ROCKER VELOCITY

ELEC ORTR, SRE CLRSS  180 (COMPUTED FROM ACCELERRTIONI

TEST DRTE:08/14/1996
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Cl1225  L. FRT IMP 50% OVERLRP MOVING VEH TO 345 OEG ftNGLEO kRR 60. OKWH

R d 0 cm 8‘193060 VAN
L.RERR ROCKER VELOCITY TEST ORTE:08/1'4/199G

ELEC DRTR, SAE CLRSS 180 [COMPUTED FROM FiCCELERfiTIONI

TIME IN tllLLlSECONDS
Appendix F, plot # i 09
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Cl1226  L. FRT IMP 50% OVERLRP MOVING VEH TO 345 OEG FlNGLEO EIFlflR GO.OKM/H

R 6 0 CTR 8T930GD  VftN L.RERR ROCKER OISPL

ELEC ORTR. SRE CLRSS 180 (COMPUTED FROM RCCELERFITIONI

TEST ORTE:08/14/199G
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Cl1226  L. FRT IMP 50% O~E~~~~ MOVING VEti TO 3115 DEG ~~G~E~ 3~RR 6O.OKM/H

fl b, 0 CTR ~T93060  VRN R, RERR ROCKER FfCCEL TEST ~~TE:O~/~~/~99S
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Cl1226  L. FRT ItIP 50% OVERLRP MOVING VEH TO 345 OEG RNGLEO t3RRR GO.OKM/H

R d 0 CTR 8T930GD  VRN
R.RERR ROCKER OISPL TEST ORTE:08/14/199G

ELEC ORTR, SRE CLASS 180 [COMPUTED FROM RCCELERRTIONI
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Cl1226  L. FRT IMP 50% OVERLRP MOVING VEH TO 3'45 OEG RNGLEO BRRR GO.OKM/H

R 6 0 CTR 8T93060  VRN RVERQGEO  RERR ROCKER RCCELERQTION TEST OATE:08/1~/199G
ELEC ORTR. SRE CLASS 60 WGO L. d R. ROCKER RCCELSI
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Cl1226  L. FRT IMP 50% OVERLAP MOVING VEH TO 3U5 OEG RNGLEO BRRR GO.OKM/H

R 4 0 CTR 8T93060  VAN L. TOE PFlN DISPL TEST ORTE:08/1'4/1996

ELEC ORTR. SRE CLRSS 60

TIME IN MlLLlSECONOS
Appendix F, plot # 117
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Cl1226 L. FRT IMP 50% OVERLRP MOVING VEH TO 3U5 OEC FlNGLEO BRRR GO.OKM/H

R 4 0 CTR 8T93060  VRN L. FRT HERDLIGHT-HI BERM VOLTRGE TEST ORTE:08/1Wl996
ELEC ORTR. SRE CLRSS 1000
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Cl1226  L. FRT IMP 50% O~ERLRP MOVING VEH TO ‘345 DEC ANGLES BARR 6O.O~M/H

R 4 0 CTR ~T93060  WIN rGNITION VOLTAGE TES
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Cl1226  L. FRT IMP 50% OVERLRP MOVING VEH TO 3'45 DEG FlNGLEO BFlRR GO.OKM/H

R 4 0 CTR 8T93060  VAN ENGINE RPM VOLTRGE TEST ORTE:08/1~/1996
ELEC ORTR. SRE CLRSS 1000
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Cl1226  L. FRT IMP 50% OVERLAP MOVING VEH TO 3YS DEG RNGLED BFIRR GO.OKM/H

R 4 0 CTR 8T93060  VRN STFFITER  VOLTQGE TES
ELEC ORTR. SRE CLRSS 1000
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Cl1226  L. FRT ItlP SO% OVERLRP MOVING VEH TO 3q5 OEG RNCLED BflRR GO.OKM/H

R 6 0 cm 8T930tD  VRN L. LOWER ENGINE VRPOR SENSOR VOLTFlGE TEST DRTE:08/14/199G  ;

ELEC ORTR. SRE CLRSS 1000

TIME IN MILLISECONDSTIME IN MILLISECONDS
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C 11226 L. FRT IMP 50% OVERLAP MOVING VEH TO 3U5 OEG FINGLEO BRRR GO.OKM/H

R 4 0 CTR 8T93060  VRN
ELEC ORTR, SRE CLRSS 1000

R. LOWER ENGINE VFlPOR  SENSOR VOLTRGE TEST ORTE:08/1U/l996
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Cl1226  L. FRT IMP 50% OVERLRP MOVING VEH TO 3115 DEG RNGLEO BRRR GO.OKM/H

R 6 0 CTR 8793060 VRN R. I/P BRG CURRENT TEST ORTE:08/14/1996

ELEC ORTR. SRE CLRSS 1000
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Cl1226  L. FRT IMP 50% OVERLRP MOVING VEH TO 3'45 OEG RNGLEO BftRR GO.OKM/H

R d 0 CTR 8T930GO  VRN
ELEC ORTR. SRE CLRSS 1000
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Cl1226  L. FRT IMP 50% OVERLRP MOVING VEH TO 345 DEG FiNGLEO BRRR GO.OKM/H

R d 0 CJR 8193060  VRN COOLING FQN CURRENT TEST ORTE:08/lW1996

ELEC DATA. SRE CLRSS 1000
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Cl1226  L. FRT IMP 50% OVERLRP MOVING VEH TO 345 OEG flNGLE0 ERRR GO.OKM/H

R 4 0 CTR 8193060 VAN L. FRT BRRKE SYSTEM PRESSURE TEST ORTE:08/14/1996
ELEC ORTR. SRE CLRSS 1000

26 ORTA  STSTEH  FULL SCRLE EXCEEDED
E INTE VRL ISI N O PLOTTED
ENCE A 39.0  MS

I I I 5 I I I I

I I I I I I I I -I I I

I

I I I I I I I I I I I , , ,
0 al YO 60 80 IW I20 I40 I60 I80 200 220 WO

JlliE  IN IilLLlSECONDS
Appendix F, plot # 137

/ . . ____.  I -.-. .--.. .-.-_ .-.-.
131

.-.

Cl1226  L. FRT IMP 50% OVERLRP MOVING VEH TO 345 OEC RNGLEO EIRRR GO.OKM/H
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Cl1226 L. FRT IMP 50% OVERLRP MOVING VEH TO 3'45 DEG RNCLEO BRRR GO.OKM/H

17 d 0 CTR 8T93OGO  VRN
ELEC ORTR, SAE CLRSS 1000

ENGINE OIL PRESSURE TEST ORTE:08/lWl99G
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Cl1226  L. FAT IMP SO% OVERLAP MOVING VEH TO 3'45 DEG RNGLEO BRRR GO.OKM/H

R 4 0 CTR 8T930GO  VRN
ELEC ORTR. SRE CLRSS 1000

TRRNSMISSION FLUID PRESSURE TEST ORTE:08/14/1996
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Cl1226  L. FRT IMP 50% OVERLAP MOVING VEH TO 3115 OEG RNGLEO BRRR GO.OKM/H

R 6 0 CTR 8T93060  VAN
ELEC ORTR. SRE CLRSS 1000
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Appendix G: Cl 1226 hydrocarbon vapor measurement plots
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Figure Gl

Concentration  of Hydrocarbon Vapor Measured  at the Left Upper Engine  (Location  #l)

Test Cl 1226
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Figure G2

Concentration  of Hydrocarbon Vapor Measured  at the Right Upper Engine  (Location  #2)

Test Cl 1226
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Figure G3

Concentration  of Hydrocarbon Vapor Measured  at the Left Lower Engine  (Location  #3)

Test Cl 1226
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Figure G4

Concentration  of Hydrocarbon Vapor Measured  at the Right Lower Engine  (Location  #4)

Test Cl 1226
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Figure G5

Concentration  of Hydrocarbon Vapor Measured  at the Exhaust  Manifold (Location  #5)

Test Cl 1226
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Figure GGl.
GUMS  analysis of hydrocarbon vapor sampled from the left upper engine (location  #l)
during Crash Test Cl 1226. Panel A shows  the chromatogram of a background sample

and panel  B shows  the chromatogram of the post-crash  sample
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Figure GG2
GC/MS  analysis of hydrocarbon vapor sampled from the right upper engine (location  #2)
during Crash Test Cl 1226. Panel A shows  the chromatogram of a background sample.

The test sample was lost during analysis.
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Figure GG3
GUMS  analysis of hydrocarbon vapor sampled from the left lower engine (location  #3)
during Crash Test Cl 1226. Panel A shows  the chromatogram of a background sample
and panel  B shows  the chromatogram of the post-crash  sample.
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Figure GG4
GUMS  analysis of hydrocarbon vapor sampled from the right lower engine (location  #4)
during Crash  Test Cl 1226. Panel A shows  the chromatogram of a background sample .
and panel B shows  the chromatogram of the post-crash  sample.
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Figure GG5
GUMS  analysis of hydrocarbon vapor sampled from the exhaust manifold (location  #5)
during Crash  Test Cl 1226. Panel A shows  the chromatogram of a background sample

and panel B shows  the chromatogram of the post-crash  sample.
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Appendix H: Cl 1279 data plots
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LEFT FRONT
RNTHRbPOMORPHIC TEST DEVICE  SUMMRRY DRTR

MOVING VEHICLE TO FIXED POLE 55. LIKM/H
Cl 1279 FRONT IMPRCT
R & II CTR 8T9308D VRN FIT0 TYPE: GM50ti

TEST DRTE: 09/25/1996

100%

HIC, LIMITED TO 15 MS
HIC. LIMITED TO 36 MS
NECK FLEXION
NECK EXTENSION
NECK TENSION
NECK COMPRESSION
NECK SHERR FORWARD
NECK SHERR RERRWRRO
CHEST RCCEL

r CHEST COMPRESSION W/O SH BELT
f CHEST COMPRESSION W/ SH BELT

CHEST VISCOUS CRITERIR
FEMUR COMP, LEFT
FEMUR COMP, RIGHT
FEMUR OURRTION FISSESS.  LEFT
FEMUR OURRTION RSSESS.  RIGHT
TIBIR/FEMUR  OISP.  LEFT
TIBIR/FEMUR  OISP.  RIGHT
KNEE CLEVIS, LEFT INSIDE
KNEE CLEVIS, LEFT OUTSIDE
KNEE CLEVIS. RIGHT INSIDE
KNEE CLEVIS. RIGHT OUTSIDE
TIBIR COMP, LEFT
TIBIR COMP, RIGHT
TIBIR MOM, UPPER, LEFT
TIBIR MOM, UPPER, RIGHT
TIBIR MOM. LOWER, LEFT
TIBIR MOM, LOWER, RIGHT
tEG INDEX. UPPER LEFT
LEG INDEX, UPPER RIGHT
LEG INDEX, LOWER LEFT
LEG INDEX, LOWER RIGHT

IRV - INJURY RSSESSMENT VRLUE
IRRV - INJURY RSSESSMENT REFERENCE VRLUE

1 RESTRRINT SYSTEM DEPENDENT. CHOOSE
VRLUE THRT RPPLIES TO TH1S TEST.

50% IRV
MERSURED QURNTITY OF IRRV OF IRRV VRLUE

250 1000
3uo 1000

2NM 190NM
'4'4NM 57NM
0.69 1 .oo
0.01 1.00
0 . 2 0 1 .oo
0.11 1 .oo

38G GOG
38.3MM 65.OMM 1
38.3MM 5o.oMM  f
0.2'4M/SEC 1 . OOM/SEC
4504N 1000oN .
6228~ 1 OOOON

0 . 5 0 l.CO
0 . 7 0 1.00
0.1MM IS.oMM
0.7MM 15. OMM
1117N UOOON
589N ‘-lOOON

2103N ‘-lOOON
1'435N UOOON
1178N 8000~
2183N 8000~
89NM 225NM
1’4ONM 225NM
96NM 225NM

OVERLORDED 225NM
o.q2 1.00 ;
0 . 6 6 1.00
o.q5 1.00

OVERLOROEO 1.00

IRRV

- -
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RIGHT FRONT
l7NTHROPOMORPHIC TEST &VICE  SUMMFtRY DRTFI

MOVING  VEHICLE  TO FIXED POLE 55.'4KM/H
1279 FRONT IMPflCT

8 D CTR 8T9308D VRN FlTD TYPE: GMSOH
TEST DRTE: 09/25/1996

MEFlSUREO  QURNTITY OF IRRV OF RV VRLUE IRRV

HIC, LIMITED TO 15 MS
HIC, LIMITED TO 36 MS
NECK FLEXION
NECK EXTENSION
NECK TENSION
NECK COMPRESSION
NECK SHERR FORWRRD
NECK SHEFlR  REFIRWRRO
CHEST ACCEL

f CHEST COMPRESSION W/O SH BELT
f CHEST COMPRESSION W/ SH BELT

CHEST VISCOUS CRITERIR
FEMUR COMP. LEFT
FEMUR COMP. RIGHT
FEMUR DURRTION FISSESS.  LEFT
FEMUR DURRTION RSSESS.  RIGHT
TIBIR/FEMUR  DISP. LEFT
TIBIR/FEMUR  DISP. RIGHT
KNEE CLEVIS, LEFT INSIDE
KNEE CLEVIS. LEFT OUTSIDE
KNEE CLEVIS. RIGHT INSIDE
KNEE CLEVIS. RIGHT OUTSIDE
TIBIR COMP, LEFT
TIBIR COMP. RIGHT
TIBIR MOM, UPPER, LEFT
TIBIFI MOM, UPPER, RIGHT
TIBIFI MOM, LOWER, LEFT
TIBIR MOM, LOWER, RIGHT
LEG INDEX, UPPER LEFT
LEG INDEX, UPPER RIGHT 1
LEG INDEX, LOWER LEFT
LEG INDEX, LOWER RIGHT

180 1000
230 1000
'41NM 1 QONM
20NM 57NM
0.37 1 .oo
0.01 1 .oo
0.27 1 .oo
0.05 I .oo
36G 6OG

28.8MM 65.OMM 1
28.8MM 5O.OMM  J
0.26M/SEC l.OOM/SEC
5936N 1oooON
5077N 1 oooON
0.66 1 .oo
0.57 1.00
8. OMM 15.OMM
0. WI 15.OMM
1716N '4oOON
75'4N 'JOOON

1'407N LiOOON
623~ 4OOON

2365~ 8OOON
1633~ 8000~
192NM 225NM
65NM 225~~
293NM 225NM
372NM 225NM
0.88 1.00 ;
0.31 1.00
1.37 1 .oo
1.70 1.00

IRV - INJURY RSSESSMENT VRLUE
IQRV - INJURY RSSESSMENT REFERENCE VRLUE Appendix H, page ii

t RESTRRINT SYSTEM DEPENDENT. CHOOSE
VRLUE THRT RPPLIES TO THIS TEST.

WMY vflLUE  GRERTER THRN 150% OF IRV
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Cl1279 FRONT InPFlCT

R 6 0 CTR 8T93080 VRN
ELEC ORTR. SFIE CLASS 1000

MOVING VEHICLE TO FIXED POLE 55.4KMA-l
FIT0 TYPE: GHSOH

L. FRT HERD RCCEL. TEST ORTE:09/25/1996

(HIC I LIMITED TO 15MS)

TIME IN MILLISECONOS Appendix H, plot # 1

Cl1279 FRONT IMPRCT

R 4 0 CTR ET93080  VAN
ELEC ORTR. SRE CLFlSS 1000

MOVING VEHICLE TO FIXED POLE 55.4KM/H
FlTO TYPE: GMSOH

L. FRT HERD RCCEL. TEST Ol7TE:09/25/1996

(HIC I LIMITED TO 3GMSl
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Appendix  H, plot # 3
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cl1279 FRONT InPRCT

R 4 II CTR f3T93080 VRN

MOVING VEHICLE TO FIXEO POLE 55.qKMA-l
AT0

L. FRT FEMUR LORD TES
TTPE: CMSOH
T ORTE:09/25/1996

ELEC ORTR, SRE CLRSS  600

TIME IN HILLISECONOS
Appendix H, plot # 5

Cl1279 FRONT IMPRCT

R 6 0 CTR 8T93060  VAN
ELEC ORTR. SRE CLASS 600

MOVING VEHICLE TO FIXED POLE SS.QKM/H

L. FRT FEMUR LOFlO

OURFITION FISSESSMENT

RTO TYPE: GMSOH
TEST ORTE:09/25/1995

CUMULRTIVE  OUFiRTlON OF LOROINC WOVE GIVEN FORCE LEVEL, HI Appendix H, plot # 6



I2 HRx IRV = 70 % OF IRRV RT 5869 N, 4.8 HS
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Cl1279  FRONT IHPRCT MOVING VEHlCLE Tb F I

3R 4 0 CTR ~T93~~~ VRN L .  F R T  C H E S T  01’
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Cl1279 FRONT IHPRCT MOVING VEHICLE TO FIXED POLE 55.4KM/H
RTO TYPE: GM50H

R 6 0 CTR 8793080 VRN L. FRT CHEST COMPRESSIVE OISP. TEST ORTE:09/25/1996
ELEC ORTR. SRE CLRSS 180 iiORMWZE0.  WCRLC VEL 6 VISCOUS INJURY

MUX COtiPflESSfON = 38.3 HH UT 93.8 ns

4
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Appendix H, plot # 9
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Cl!279 FRONT IHPRCT MOVING VEHICLE TO FIXED POLE SS.'.lKM/H

R 6 0 CTR ET93080 VRN L: FAT NECK LOhOING ON HEfID. UPPER LORD ;;;T';;;;:;;;;;,l,,,

ELEC ORTR L. FRT NECK LOROING ON HERO

SUE CLASS 600 FILTER KRX CFKC’O HOHENT  = 1 6 . 2  N - H  RT 2 3 2 . 6  fiS HIN = - 1 9 . 7  N - H  RT 7 8 . 5  M S

r I I I
/

I I I I I I I I I I
0 FILTER HRX LOFIO = 231 N RI 106.9  fiS ,,I,,  LQm  a~ -233 N fiT 169.0 MS

I

TIME IN t4lLLlSECONOS Appendix H, plot # 10



HRX  tF1Lt’D  ~OUENT  = 2.14 N - M  Flf 79.1  ns IdIN = -43.5 N-H RT 111.2 Wi
IRV = I% OF IRRV IW = 76% OF IRRV
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cl1279  FRONT IHPRCT

R d 0 CTR 8T93080 VRN
ELEC DFITR. SRE CLRSS 1000

MOVING VEHICLE TO FIXED POLE WlKM/k-
FlTO TYPE: CMSOH

REFlRWRRD  NECK SHEfiR ON HERD, TEST ORTE:09/25/1996

L. FRT INJURY REFERENCE

IRFW  RT 3 1 0  N. q.0  M S

I

CUHULRTIVE  OURRTION  OF LOAOING  RBOVE GIVEN FORCE LEVEL. MS
Appendix H, plot # 13
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Cl1279  FRONT IMPACT MOVING VEHICLE TO FIXED POLE SS.qKM/h-
FIT0 TYPE: CHSOH

J.4 0 CTR ElT93060 VRN FlXIRL  COMPRESSION ON HERD, TEST ORTE:09/25/1996

EcEC  ORTR,  SRE CLRSS 1000 L. FRT INJURY REFERENCE

HRX IRV = I % OF IFlRV  AT 26 N. 0.0 HS

CUHUL~TIVE  OURt?TION O F  LOROING  MOVE GIVEN FORCE LEVEL.  MS Appendix H, plot # 14
.
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C11279  FRONT IHPRCT

,.A KN RT 120.% ti5
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RV = 15% 1RRV
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Cl1279  FRONT IMPRCT

R 6 0 CTR 8T93080 VRN
ELEC ORTR. SRE CLRSS 600

MOVING VEHICLE TO FIXED POLE 55.UKM/ti-
RTO TYPE: CtlSOH

L. FRT LEFT TIBIQ UPPER MOMENT TEST ORTE:09/25/1996

Appendix H, plot # 17
., * .__--__ _._-. .--- .-.- - -...

Cl1279 FRONT IMPRCT

R 6 0 CTR ET93080 VRN TEST DRTE:09/25/1996
ELEC ORTR. SRE CLASS GO0 L. FRT TIBIFI  LOWER SHEFlR LORD CELLS

MOVING VEHICLE TO FIXEO POLE SSAKM/H--
RTO TYPE: CMSOH

203.

VCK HIN SHERA LORO = -2.36 KN FIT ‘9.3 MS
-2.5.

-2.0 \

a 3 -1.5 II
-e
%

VW

-8, ri

TIME  IN MILLISECONOS
Appendix H, plot # 18
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cl\279  FRONT ItIPRCT

R d 0 CTR 819308D  VRN
ELEC DRTR, SflE CLRSS  600

MOVING VEHICLE TO FIXEO POLE 55.11KM7fl
RTD TYPE: CMSOH

L. FRT RIGHT TIBIA UPPER MOMENT TEST OFITE:09/25/1995

HRX tiOt4ENT = IUO N-H RT 61.6 tlS
2W,

--
TIME IN tilLLIKCONDS

Cl1279  FRONT  InPRCT

R d 0 CTR BT93080  VAN
-ELEC  ORTA. SRE CZ-ISS  GO0

MOVING VEHICLE TO FIXED POLE SWiKM%i
RTD TYPE: GHSOH
TEST DRTE:09/25/1996

L. FRT TIBIFl  ib4ER BENDING MOMENTS

Appendix  H, plot # 21
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LE EXCEEOEO
RL 151 NO PLOTlEO
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Appendix  H, plot # 22



A~p~~djx H, plot # 23

C. FRT

Appendix  K, p10t # 24
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Cl1279  FRONT IMPRCT

R 6 0 CTR 8T93080  VRN

MOVING VEHICLE TO FIXED POLE SS.LLKM/i-
RTO TTPE: GMSOH

R. FRT HERD RCCEL. TEST ORTE:09/25/1996

ELEC ORTR, SRE CLRSS 1000 IHIC  I LIMITED TO 15MSl

MFlX RCCEL = 62.3 C'S RT 52.6 tlS
‘“ISI
0

-I
Br! 'cc'

_ ' ______ -------l-s-=-"';-riq-----
-

TIME IN MILLISECONDS
Appendix H, plot # 25
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Cl1279  FRONT InPRCT

R 6 0 CTR 8T93Uf.30  VAN
ELEC ORTR. SRE CLRSS 1000

MOVING VEHICLE TO FIXED POLE SWKM;H‘
RTO TYPE: CMSOH

R. FRT HERO RCCEL. TEST ORTE:09/25/1996

IHIC  I LIMITEO TO 3GMSl

TIME IN MlLLlSECCNOS
Appendix H, plot # 26
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MRX ncm = 36.5 G’S
I 1 1 I I

A~~e~d~x  H, plot # 28



-

-cl1279  FRONT IW’RCT

R 6 0 CTR ET93080  VRN
ELEC DRTR, SRE CiRSS  600

MOVING VEHICLE TO FIXEO POLE

A. FRT FEMUR LORD

55. U KM%
RTO TYPE: CMSOH
TEST ORTE:09/25/199G

HAX LOGilHAX LOGil = 5.9= 5.9 KN RT 73.0 6KN RT 73.0 6

TlflE  IN MILLISECONDS
Appendix H, plot # 29
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Cl1279 FRONT IMPRCT

R h 0 CTR .8T93080  VRN
ELEC ORTR. SRE CLRSS 600 OURQTION  RSSESSMENT

MOVING VEHICLE TO FIXED POLE SSAKM/i
RTO TYPE: CtlSOH

R. FRT FEMUR LORD TEST ORTE:09/25/1996

2------p-

O 5 IO IS 20 25 30 35 I(0 us 50 55 60

CUMULATIVE  OURRTION  OF LOROINC  FIBOVE GIVEN FORCE LEVEL, MS Appendix H, plot # 30
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XRX = 57 % OF IRRV  RT  t134I N, 10.0 HS



cl1279 .FRONT IMPRCT MOVING VEHICLE TO FIXED POLE SSAKM/;-
FIT0 TYPE: GMSOH

R 4 0 CTR 8T93080 VRN
R. FRT CHEST COMPRESSIVE DISP. TEST ClRTE:09/25/1996

ELEC ORTR. SRE CLASS 180 NORMFILIZED,  W/CRLC VEL d VlSCOUs INJURY

-30

HRX COHPRE55lON  =
11% = IIU% OF  IRRV

I I

9 c cow I 1 I I I I I

z
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Appendix  H, plot # 33
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Cl1279 FRONT IMPRCT MOVING VEHICLE TO FIXED POLE SS.'4KM/H
RTO TTPE: CHSOH

R 6 0 CTR ET93080 VRN R. FRT NECK LOROING ON HEFIO,  UPPER LOflO  TEST O~TE:09,~5,1996

ELEC OflTR R. FRT NECK LOROING ON HEFIO

tax CRLC’O  UOHENl = 111.0  N-fl  FIT 103.5 Iis HIN = -27.4.‘N-H  Rl 158.6 HS -
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4 o LT FLEX h-h
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Appendix H, plot # 34



R tl u CJR 3T9303U  VRN
ELEC URTR

ELEC URTR, SRE CLRSS  ~D~D

-_
Wtx IRv = 27 % OF IRRV  RI 821 N,
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ill279. FRONT IMPRCT

R d 0 CJR 8T93080  VRN
ELEC OATR. SAE CLRSS 1000

MOVING VEHICLE TO FIXED POLE 55.11KM/H
RTD TYPE: CMSOtl

AERRWFlRD  NECK SHEFIR ON HERD. TEST ORTE:09/25/1996

R. FRT INJURY REFERENCE

CUMULRTIVE OURRTION OF LOROING  WOVE GIVEN FORCE LEVEL. MS
Appendix H, plot # 37
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Cl1279 FRONT IMPRCT MOVING VEHICLE TO FIXED POLE

R d 0 CTR 8793080 VRN
ELEC ORTR. SRE CLRSS 1000

FlXIFlL COMPRESSION ON HERO.

R. FRT INJURY REFERENCE

c.

55.'-lKM/H
RTD TYPE: CMSOH
TEST ORTE:09/25/1996

NRX IRV = I % OF IRRV AT 12 N. 30.0 t!SNRX IRV = I % OF IRRV AT 12 N. 30.0 t!S

l.O---------l.O---------

ISIS 2020 2s2s 3030 3535 4040 4s4s 5050 5555 53.-53.-

CUHULRTIVE  DURRTION  OF LOROINC RBOVE GIVEN FORCE LEVEL, MS
Appendix  H, plot # 38m”



RTD TYPE: ~MSO~
TEST ORJE~O9/2~/199G

Appendix H, plot # 40
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Cl1279  FRONT IHPRCT

R 4 0 CTR 8793080 VRN
ELEC ORTR. SRE CLRSS 600

MOVING VEHICLE TO FIXEO  POLE 55.'4KM/H

R .  F R T  L E F T  TIBIR U P P E R  M O M E N T
AT0 TYPE: GHSOH
TEST ORTE:09/25/1996

MRX HOtlENT  = 192 N-H AT 73.0 HS

-
TltlE  IN HILLISECONOS

Appendix H, plot # 41
. . I.-C.,...” 3rc3111so  t31x) re.w

Cl1279  FRONT IHPRCT MOVING VEHICLE TO FIXEO POLE

A 4 II CTR 8T93080  VRN
ELEC ORTR. SRE CLRSS 600

SS.UKM/H
AT0 TYPE: CMSOH
TEST ORTE:09/25/1996

R .  F R T  TlBlFl  L O W E R  S H E R R  LORD C E L L S

.-.

-1.5
MIN SHERR ~0~0 = -1.15 KN RT k3.4 nS
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s
eyo.0 RFT
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\! r-L+---+e---------
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I.5 I I I I I I 1
-2.0,

HIN SMEAA LORO = -1.711  KN RT 82.4 MS
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TIME IN HILLISECONDS Appendix H, plot # 42
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cl1279  FRONT IMPRCT

R 6 0 cm 8T93080  VRN
ELEC ORTR. SAE CLRSS 600

MOVING VEHICLE TO FIXED POLE

-.. .-

55.4KM/H
FIT0 TYPE: GMSOH

R .  F R T  R I G H T  TIEIR U P P E R  M O M E N T TEST ORTE:09/25/1996

--
TltIE  IN MlLLIKCONOS Appendix H, plot # 45

-_ VS PKCESSEO 9/25/1996 lSt30 V2.W

Cl1279 FRONT IMPRCT MOVING VEHICLE TO FIXED POLE SS.'-lKM/H

R 6 0 CTR BT93080  WIN
ELEC ORTR. SRE CLRSS 600 R .  F R T  T I B

HRX HCIHENT  = 293 N-,4
U

RV = 130’ of IARV

RTO TYPE: CHSOH
TEST ORTE:09/25/1996

R LOWER BENDING MOMENTS

I 5*.! HS HlN PlOliENT i -110 N-W RT 46.3 HS

jlAv = I654 OF IRRV

-IW""' ' ' ' ' I 1 , I I 1 I I I I I I I I '

0 20 UO 60 80 loo I20 190 160 160 200 220 .?I0

TIME IN tIlLLISECONO5 *n"p-A:.,  * ,I,.+  * AC



R 6 0 CTR ~T93U~~  YRN
ELEC DRTR, SRE CLRSS 600

RTD TYPE: ~~5~H
TEST ~RTE:O9/25/~99~

Tl = 0.88 UT 73.0 MS

I I

TIME IN MILLISECONDS Appendix  H, plot # 47
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ELEC URTR. SRE CLRSS  180



Cl1279 FRONT IMPRCT

R 6 0 CTR 8793080 VRN

MOVING VEHICLE TO FIXED POLE SS.qKM/H

R. FRT LEFT UPPER TIBIR RCCEL
FIT0 TYPE: CMSOH
TEST ORlE:09/25/l996

ELEC ORTA, SRE CLASS 1000 (VEC SUM OF TIBIFI  NCELSI

HRX ACCELHRX ACCEL == 374374 G’S AT 5S.B tiSG’S AT 5S.B tiS

TIME IN HILLISECONOSTIME IN HILLISECONOS Appendix H, plot # 49Appendix H, plot # 49
“9 PRaE5sE0  9/25/19¶6 IS:30 v2.04“9 PRaESsEO  9/25/19¶6 IS:30 v2.04

_-. -

Cl1279  FRONT IMPRCT

R 4 0 CTA ET93080  VRN
ELEC DRTR. SRE CLRSS 1000

MOVING VEHICLE TO FIXEO POLE SS.UKtl/H
AT0 TYPE: CMSOH

R. FRT LEFT LOWER TIBIFl  FlCCEL TEST ORTE:09/25/1996

[VEC SUM OF TIBIFI  FKCELSI

I= DATA SYSTEH FVCL SCRLE EXCEEOEO
r$t$o”F IHE INTE. VAL IS) NO’ PLOTTEO

c’” CJPJIENCE A- 1211. 1 HS
sm.r

TIME IN tilLLlSECONOS Appendix H, plot # 50
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q-w

MOYING  YEHICLE T O  FIXED  POLE

ELEC ORTR, SRE CLRSS  ~~~0 WEC S U M  O F  TIB~R  ~CCELSI

TfHE  I N  MILLISE~ONOS
Appendix  H, plot # 51

51 PROEESSED  9/ZS/l9~ I5:M Y2.W

R, FRT RIGIS LAKER TiEIF  R C C E L

MC S U M  O F  T IBiFi ~CCELS~

RTO TYPE: ~MSO~
TEST- ORTE:U3~2S/I99~.-

I

I 1 I f
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cl1279  FRONT IHPRCT

R 4 0 CTR ET93080 VRN
ELEC ORTR. SRE CLRSS 1000

MOVING VEHICLE TO FIXED POLE SS.'iKM/H
RTO TYPE: CMSOH

L. FRT LOWER LUMBRR MOMENT TEST ORTE:09/2S

TIME IN MlLLlSECONOS
Appendix H, plot # 53
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Cl1279  FRONT InPRCT

R 6 0 CTR 8'193080 VRN
ELEC ORTR. SRE CLRSS 1000

MOVING VEHICLE TO FIXEO POLE SS.'dKM/H
RTD TYPE: GMSOH

L. FRT LOWER LUMBFlR LOFID TEST ORTE:09/25/1996

I I I I-2.0

1 1 1 I I I , I I 1 I-2. so"" 111 1 b IM UO @I 80 100 I20 140 160 I80 200 220 NO

TIME IN tlILLISECONOS
Appendix H, plot # 54



.--_~-..--  _-.



Cl1279 FRONT IMPRCT MOVING VEHICLE TO FIXED POLE

R 6 0 CTR 8793080 VAN
ELEC ORTR. SRE CLRSS 1000

SS.4KM/H

R. FRT LOWER LUMBRR LORD
RTO TYPE: CMSOH
TEST ORTE:09/25/1996

- 2 . 0 I I

-2.
F M

I I 1 I ! I I I I I I b1 0 I ,
uo 60 60 loo I20 140 160 180 200 220 240

TIME IN MlLLlKCONOS
Appendix H, plot # 57
3, I-IUL3XY WC3/1~30  13i.w ‘(c.m-
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Cl1279 FRONT IHPRCT

R 6 0 CTR ET93080 VRN
ELEC ORTR. SRE CLRSS 1000

MOV ING VEHICLE TO FIXED POLE 55.'4KM/H

R. FRT LOWER LUMBRR LOFKI
RTD TYPE: GMSOH
TEST DRTE:09/25/1995

Appendix H, plot # 58
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CI1279  FLINT IMPRCT

L. F R T  ROCKER  VELOCITY

TIME IN MjLL?SECONOS Appendix H, plot it SO



Cl1279  FRONT INPRCT MOVING VEHICLE TO FIXED POLE SS.UKM/H

R d 0 CTR 8193080 VAN L .  F R T  R O C K E R  O I S P L TEST ORTE:09/25/199G
ELEC ORTR. SRE CLRSS 180 (COMPUTED FROM RCCELERRTION)

TlflE  IN MILLISECONOS

___-... -
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Cl1279  FRONT IMPRCT

A 4 0 CTR ET93080 VRN
ELEC OATR. SRE CLRSS 60

MOVING VEHICLE TO FIXED POLE SS.YKM/H

R .  F R T  R O C K E R  RCCEI- TEST ORTE:09/25/1996
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cl1279 FRONT IWRCT

R 6 0 CTR ET93080 VRN
ELEC DRTR. WE CLRSS 60

MOVING VEHICLE TO FIXED POLE 55.4KM/H

FlVERIXED  FRT ROCKER RCCELERfJTION TEST ORTE:09/25/1996

U%'CD L. 4 R. ROCKER FlCCELSl

"
25. I I I

-"o""
Lllll I I 1 1 , u I I 1 I I I I I I

20 40 60 80 loo I20 1q0 160 180 200 220 &O

TIME IN MILLISECONDS
-_ Appendix H, plot # 65

Cl127i  FRONT IfIPRCT

R 6 0 CTR 8T93080  VRN
ELEC ORTR. SRE CLRSS It30

MOVING VEHICLE TO FIXED POLE SS.qKM/H

FWD FRT ROCKER VELOCITY

[COMPUTED FROM RCCELERf!TION)
TEST ORTE:09/25/1996

TIME IN tllLLISEC3NOS
Appendix H, plot # 66



Appendix H, plot # 67
_. _. _.._ ._-. -

Appendix H, plot # 68



SS.'dKM%

TEST 'JRTE:09/25/1996

-IO--IO-
L$JL$J

-I-I I 1I 1
‘0”“”'0"""

II ! 1 t! 1 t I II I 11 tt II I II nI II n tt
4040 6060 8080 lrnlrn 120120 140I40 160160 180180 MOMO 220220 E(OE(O

TIME IN HILLISECONOSTIME IN HlLLISECONOS
Appendix H, plot # 69Appendix H, plot # 69
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Cl1279  FRONT InPRCTCl1279  FRONT InPRCT

R 4 0 CTRR 4 0 CTR 8T93080  VRN8T93080  VRN
ELEC DRTR, SRE CLRSS I80ELEC DRTR, SRE CLRSS I80

MOVING VEHICLE TO FlXEO POLE SS.'iKM%

L. FRT ROCKER OISPL TEST ORTE:09/25/1996

[COMPUTED FROM FJCCELERRTIONI

MOVING VEHICLE TO FlXEO POLE SS.'iKM%

L. FRT ROCKER OISPL TEST ORTE:09/25/1996

(COMPUTED FROM FJCCELERRTIONI

Cl1279  FRONT IflPRCT

R 4 0 CTR 8T93080  VRN
ELEC ORTR. SRE CLASS I80

MOVING VEHICLE TO FIXED POLE

L. FRT ROCKER VELOCITY

(COMPUTED FROM RCCELERRTIONI

TIME IN HILLISECONOS Appendix H, plot # 70
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Cl1279  FRONT IMPRCT

8’193080 VRNR 6 0 CTR
ELEC DRTR. SRE CLRSS  160

MOVING VEHICLE TO FIXED POLE 55.4KMii

R. FRT ROCKER OISPL TEST DRTE:09/25/1996

(COMPUTED FROM FICCELERRTIONI

3m
1.

250

la?

-IDo

-250 .

v
,,I11 i I I I I II I 1 I 1 I I ! ,

20 UO 60 80 100 IM 140 160 160  2m 2M 240

TINE IN NILLISECONOS
Appendix H, plot # 73
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Cl1279  FRONT IMPRCT

R 4 0 CTR 8T93080  V R N
ECEC DRTR. SRE CLRSS 60

MOVING VEHICLE TO FIXED POLE 55.9 KM%

RVERFIGEO  FRT ROCKER IXCELERFITION TEST ORTE:09/25/1996

WGO L. d R. ROCKER RCCELSI

-15 I I \I

2c

-20 II 1 i v I I 60 I I 100 I, , I , I
I t It 1 1 ' -YO 60 I20 I40 IEJI I80 2m 22-a 2.40

T!HE  IN HILL~SECONOS
Appendix H, plot # 74
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Cl1279  FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.'4KM/H

R 6 0 CTR 8T9308D  VRN L. FRT ROCKER RCCEL TEST DRTE:09/25/1996
ELEC ORTR. SAE CLRSS 60

-ILuu”fr’ ’ ’ I , I I , I I LI I I
0 20 40 60 80 Irn 120 11(0 160 160 200 220 a0

TIME IN MILLISECONDS
Appendix H, plot # 77
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Cl1279  FRONT IMPRCT

R 4 0 CTR ET93080  VAN
ELEC ORTR. SRE CLRSS 180

MOVING VEHICLE TO FIXED POLE 55.'-lKM;ti

L. FRT ROCKER VELOCITY

[COMPUTED FROM RCCELEIWTIONI

TEST ORTE:09/25/1996

TIME IN fllLLlSECONOS Appendix H, plot # 78



TIME IN MILLISECONDS
Appends H, plot # 80
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Cl1279  FRONT IMPFKT

fl d 0 CTR f3T93080 VRN
&EC ORTR. SRE CLASS 180

MOVING VEHICLE TO FIXED POLE 55. '4 KM%

R. FAT ROCKER VELOCITY TEST ORTE:09/25/199G

[COMPUTED FROM FICCELERFITIONI

TIME IN HlLLlSECONOS
Appendix H, plot # 81
.,a ,*-..,A”  ,S‘,,,,au  ,.I,.31  .‘.u.

Cl1279  FRONT IMPRCT

R d 0 CTR 8793080 VRN
ELEC DRTR. SRE CLRSS 180

MOVING VEHICLE TO FIXED POLE 55AKM;H

R. FRT ROCKER OISPL

ICOMPUTED FROM RCCELERRTION)

TEST ORTE:09/25/1996

I ,rlt LN Appendix H, plot # 82Appendix H, plot # 82



R 8 0 CTR 8T9308U ‘#RN ~~ER~GE~ FRT ROCKER ACCELERATION TEST ~ffTE:O9/25~~99~
ELEC URTR. SRE CLRSS 60 (R~GO L. & R. ROCKER ~CCE~~~

a 20 WI 60 IW 120 IWJ 2# 22Q

TIHE IN M~LL~SE~5NOS Appe~d~ H, plot # 84



c1127g  FRONT IMPRCT

R 6 0 CTR 8793080 VRN
ELEC DATA. SRE CLRSS 180

MOVING VEHICLE TO FIXEO POLE 55.4 KM;;

QVCD FRT ROCKER OISPL

[COMPUTED FROM RCCELERRTIONI

TEST DRTE:09/25/1996
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TIME IN t4ILLlSECONOS
Appendix H, plot # 85
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Cl1279  FRONT IHPRCT

R 6 0 CTR 8T93080  VRN
ELEC DRTR. SRE CLRSS 1000

MOVING VEHICLE TO FIXED POLE

L.REFIR ROCKER FICCEL

55.lrKM;H

TEST ORTE:09/25/1996

TIME IN MILLISECONDS
Appendix H, plot # 86
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cl1279  FRONT IMPACT MOVING VEHICLE TO FIXED POLE SS.IIKM/i

R 6 0 CTR 8793080 VRN
ELEC ORTR. SRE CLRSS 180

L.RERR ROCKER DISPL

(COMPUTED FROM FXCELERRTIONI

TEST ORTE:09/25/199G

2m / I

I , L I L I LI I L I L I I I L I h I ’ I I
NO20 40 60 80 100 I20 1110 160 180 200 220

TIME IN MILLISECONOS
Appendix H, plot # 89
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Cl1279  FRONT IMPACT

R 4 0 CTR 8T93080  VRN
ELK ORTR. SRE CLRSS 1000

MOVING VEHICLE TO FIXED POLE SS.UKM%

R.REFIR ROCKER FlCCEL TEST DRTE:09/25/1996
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20.
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Figure 11

Concentration  of Hydrocarbon Vapor Measured  at Left Upper Engine  (Location  #I)

Test Cl 1279

(Sensor Cable Cut at 80 ms(
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Figure 12

Concentration  of Hydrocarbon Vapor Measured  at Right Upper Engine  (Location  #2)

Test Cl 1279

Appendix I 11 July 1998



50 100 150 200 250 300

time post-crash (s)

Figure 13

Concentration  of Hydrocarbon Vapor Measured  at Left Lower  Engine  (Location  #3)

Test Cl 1279
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Figure 14

Concentration  of Hydrocarbon Vapor Measured  at Right Lower Engine  (Location  #4)

Test Cl 1279
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Figure 15

Concentration  of Hydrocarbon Vapor Measured  at Exhaust  Manifold (Location  #5)

TestC11279
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Figure III.
GUMS  analysis of hydrocarbon vapor sampled from the left upper engine (location  #l)
during Crash Test Cl 1279. Panel A shows  the chromatogram of a background sample

and panel  B shows  the chromatogram of the post-crash  sample
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8 B. Crash Test
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Figure II2
GC/MS  analysis of hydrocarbon vapor sampled from the right upper engine (location  #2)
during Crash  Test Cl 1279. Panel A shows  the chromatogram of a background sample

and panel B shows  the chromatogram of the post-crash  sample.
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Figure 113
GUMS analysis of hydrocarbon vapor sampled from the left lower engine (location  #3)
during Crash Test Cl 1279. Panel A shows  the chromatogram of a background sample
and panel  B shows  the chromatogram of the post-crash  sample.
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Figure 114
GUMS  analysis of hydrocarbon vapor sampled from the right lower engine (location  #4)
during Crash Test Cl 1279. Panel A shows  the chromatogram of a background sample
and panel  B shows  the chromatogram of the post-crash  sample.
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Figure 115
GC/MS  analysis of hydrocarbon vapor sampled from the exhaust  manifold (location  #5)
during Crash Test Cl 1279. Panel A shows  the chromatogram of a background sample

and panel  B shows  the chromatogram of the post-crash  sample
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Appendix J, plot # 5
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Test Number
Test Type
Division : R & D CTR 8T9307D PLBVOOl31
Divisional Engineer :
Test Engineer :
Instruaent  Technician:
Test Technician :

Ref DAS Tren ID#
1 Cl5
2 G16
3 DO1
4 DO2
5 DO3
6 DO4
7 DO5
8 DO6
9 DO7

10 DO8
11 DO9
12 D20
13 D21
14 022
15 DlO
16 Dll
17 D12
18 D13
19 014
20 015
21 D23
22 D24
23 025
24 026
25 D27
26 D16
27 D17
28 D28
29 D29
30 030
31 031
32 D32

VOLTAGE.1
VOLTAGE.1

CR26.1
DE74.1
cs69.1
CB50.1
CB59.1
CB65.1
CB06.1
CB07.1
CB1l.l
PO5L.l
PO5R.l
P05D.l
P05N.l
P05N.2
P05N.3
P05N.4
POSN.5
POSN.6

P05TUL.l
POSTUL.2
P05TLL.l
POSTLL.2
POSTLL.3
P05KNL.l
POSKNL.2
P05TUR.l
POSTUR.2
P05TLR.l
POSTLR.2
P05TLR.3

Req FSp Units Position

Standard ISF Printout

ISF as tested

ATD Usage:

I 1 1

I Position I ID Ntier 1

I
I
I I

I
I I

I I II 1

5 N V
5 N V

200 N G
200 N G
200 N G
200 R G
200 N G
200 R G
200 N G
200 N G
200 N G

14000 N N
14000 N N

80 N MM
6000 N N
6000 N N
6000 N N
400 N N-M
400 N N-M
400 N N-M
400 N N-M
400 N N-M
400 N N-M

10000 N N
8000 N N
7000 N N
7000 N N
400 N N-M
400 N N-M
400 N N-M

10000 N N
8000 N N

TIME ZERO
PHOTO TIMING
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L .  F R T
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT

Location Component Units

LONGITUDINAL
LATERAL
VERTICAL
LONGITUDINAL
LATERAL
VERTICAL
LONGITUDINAL
LATERAL
VERTICAL
LEFT
RIGHT
LONGITUDINAL
UAP SHEAR
URL SHEAR
UPPER AXIAL
URL MOMENT
UAP MOMENT
ROT MOMENT
URL MOMENT
UAP HDMENT
LAP MOMENT
LAP SHEAR
LOWER AXIAL
L. CLEVIS
R. CLEVIS
URL MOMENT
UAP MOMENT
LAP MOMENT
LAP SHEAR
LOWER AXIAL

VOLTAGE,VOLTS
VOLTAGE,VOLTS
ACCEL,G'S
ACCEL,G'S
ACCEL,G'S
ACCEL,G'S
ACCEL,G'S
ACCEL,G'S
ACCEL,G'S
ACCEL,G'S
ACCEL,G'S
LOAD,N'S
LOAD,N'S
DISPL,MH'S
LOAD,N'S
LOAD,N'S
LOAD,N'S
HDMENT,NH'S
MDMENT,NM'S
HDMENT,NM'S
HDMENT,NH'S
HDMENT,NM'S
HDMENT,NM'S
LOAD,N'S
LOAD,N'S
LOAD,N'S
LOAD,N'S
MDMENT,NM'S
MDMENT,NM'S
MDMENT,NM'S
LOAD,N'S
LOAD,N'S

PrCd
0011
0021
0031
0041
0051
0062
0071
0082
0091
0101
0111
0121
0131
0141
0151
0161
0171
0181
0191
0201
0211
0221
0231
0241
0251
0261
0271
0281
0291
0301
0311
0321
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Test Number : clllo8
lest Type : FRT HIGH POLE OFF SET
Division : R & D CTR 819307D PLBVOO131

Standard ISF Printout

ISF as tested
Divisional Engineer :
lest Engineer : --.
Instrument Technician:
Test Technician :

Ref DAS Tran lD#
33 D18
34 019
35 A01
36 A02
37 co1
38 co2
39 co3
40 co4
41 co5
42 CO6
43 co7
44 co8
45 co9
46 c20
47 c21
48 c22
49 Cl0
50 Cl1
51 Cl2
52 Cl3
53 Cl4

5 4 Cl5
55 C23
56 C24
57 C25
58 C26
59 C27
60 Cl6
61 Cl7
62 c28
63 C29
64 c30

POSKNR.1
POSKNR.2
P05STL.l
P05STR.l

CJ50.1
DAl9.1
cMa0.l
cB16.1
CB17.1
ma.1
CF92.1
CE31.1
CEl0.1
PO4L.l
P04R.l
PO4D.l
P04N.l
P04N.2
P04N.3
P04N.4
P04N.5
P04N.6

PO4TUL.l
PO4TUL.Z
PO4TLL.l
P04TLL.2
PO4TLL.3
P04KNL.l
P04KNL.2
P04TUR.l
P04TUR.2
P04TLR.l

Req FS P Units Position Location Component-
7000 N N
7000 N N

24 N MM
24 N MM

200 N G
200 N G
200 N G
200 R G
200 N G
200 R G
200 N G
200 N G
200 N G

14000 N N
14000 N N

80 N MM
6000 N N
6000 N N
6000 N N
400 N N-M
400 N N-M
400 N N-M
400 N N-M
400 N N-M
400 N N-M

10000 N N
8000 N N
7000 N N
7000 N N
400 N N-M
400 N N-M
400 N N M

Date: 07-25-1997 Time: 07:55:39

L. FRT
L. FRT
L. FRT
L. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT

RIGHT KNEE
RIGHT KNEE
TIBIA/FEMUR LEFT
TIBIA/FEMUR RIGHT
HEAD
HEAD
HEAD
CHEST
CHEST
CHEST
PELVIC
PELVIC
PELVIC
FEMUR
FEMUR
CHEST
NECK
NECK
NECK
NECK
NECK
NECK
LEFT TIBIA
LEFT TIBIA
LEFT TIBIA
LEFT TIBIA
LEFT TIBIA
LEFT KNEE
LEFT KNEE
RIGHT TIBIA
RIGHT TIBIA
RIGHT TIBIA

L. CLEVIS
R. CLEVIS

LONGITUDINAL
LATERAL
VERTICAL
LONGITUDINAL
LATERAL
VERTICAL
LONGITUDINAL
LATERAL
VERTICAL
LEFT
RIGHT
LONGITUDINAL
UAP SHEAR
URL SHEAR
UPPER AXIAL
URL HDMENT
UAP MOMENT
ROT MOMENT
URL MOMENT
UAP MOMENT
LAP MOMENT
LAP SHEAR
LOUER AXIAL
L. CLEVIS
R. CLEVIS
URL MOMENT
UAP MOMENT
LAP MOMENT

Units -PrCd

LOAD,N'S 0331

LOAD,N'S 0341

DISP,HM'S 0351
DISP,MM'S 0361

ACCEL,G'S 0371
ACCEL,G'S 0381
ACCEL,G'S 0391
ACCEL,G'S 0402
ACCEL,G'S 0411
ACCEL,G'S 0422
ACCEL,G'S 0431
ACCEL,G'S 0441
ACCEL,G'S 0451
LOAD,N'S 0461
LOAD,N'S 0471
DlSPL,MM'S 0481
LOAD,N'S 0491

LOAD,N'S 0501

LOAD,N'S 0511

MOMENT,NM'S 0521

MDMENT,NM'S 0531
MOMENT,NM'S 0541

MDMENT,NM'S 0551

MOMENT,NM'S 0561

MDMENT,NM'S 0571

LOAD,N'S 0581
LOAD,N'S 0591
LOAD,N'S 0601

LOAD,N'S 0611
MOMENT,NM'S 0621
MOMENT,NM'S 0631
MOMENT,NM'S 0641
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Test Number : cilloa
Test Type : FRT HIGH POLE OFF SET
Division : R & D CTR 8T9307D PLBVOO131
Divisional Engineer :
Test Engineer - - - - _ _ -.:
lnstrunent Technician: I
Test Technician :

Ref-DAS
65 c31
66 C32
67 cia
68 Cl9
69 A03
70 A04
71 A05
72 A06
73 A07

74 A08
75 A09
76 A10
77 All
78 Al2
79 Al3
80 Al4
ai A15
a2 Al6
a3 A27
a4 A18
a5 Al9
86 A20
a7 A21
88 A22
a9 A23
90 II22
91 BO2
92 803
93 804
94 805
95 806
96 807

Tran lD#
P04TLR.2
P04TLR.3
P04KNR.l
P04KNR.2
P04STL.l
P04STR.l
Lsl28.1
Lsl28.2
Lsl28.3
LS153.1
LS153.2
LS153.3

510163.1
J10963.1
Jlo3aa.l
J11670.1
J10670.1
510654.1
J10287.1
J10289.1
510286.1
ANBA7.1
ANAW7.1
ANB07.1
SR12.1

VOLTCOND.1
VOLTCOND.l

CP179.1
CP121.1
CP195.1
CP194.1
CP136.1

Standard ISF Printout

ISF as tested

Req FSP Units Position Location Component-
10000 N N

8000 N N

7000 N N
7000 N N

24 N MM
24 N MM

700 N N-M
10000 N N
6000 N N
700 N N-M

10000 N N
6000 N N
450 R G
450 R G
450 R G
450 R G
450 N G
450 N G
450 N G
450 N G
450 N G
450 N G
450 N G
450 N G
350 N MM
20 N V
20 N V
10 N A
10 N A
20 N A
20 N A
20 N A

R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
L. FRT
L. FRT
L. FRT
R. FRT
R. FRT
R. FRT
L. FRT
L. FRT
L. FRT
R. FRT
R. FRT
R. FRT
L. REAR
L. REAR
L. REAR
R. REAR
R. REAR
R. REAR
R.

R. FRT
R. FRT

RIGHT TIBIA
RIGHT TIBIA
RIGHT KNEE
RIGHT KNEE
TIBIA/FEMUR LEFT
TIBIA/FEMUR RIGHT
LOWER LUMBAR
LOWER LUMBAR
LOWER LUMBAR
LOWER LUMBAR
LOWER LUMBAR
LOWER LUMBAR
ROCKER
ROCKER
ROCKER
ROCKER
ROCKER
ROCKER
ROCKER
ROCKER
ROCKER
ROCKER
ROCKER
ROCKER
TOE PAN
ENGINE RPM
VAPOR SENSOR
WHEEL BAG
l/P BAG
FUEL PUMP
HE4DLlGHT - HI BEAM
HEADLIGHT - LO BEAM

LAP SHEAR
LOWER AXIAL
L. CLEVIS
R. CLEVIS

MY-LAT. AXIS

Y-LAT. AXIS
FX-FORE/AFT
FZ-AXIAL
LONGITUDINAL
LATERAL
VERTICAL
LONGITUDINAL
LATERAL
VERTICAL
LONGITUDINAL
LATERAL
VERTICAL
LONGITUDINAL
LATERAL
VERTICAL
LONGITUDINAL

Units
LOAD,N'S
LOAD,N'S
LOAD,N'S
LOAD,N'S
DISP,MM'S
DISP,HM'S
MDMENT,NM'S
LOAD,N'S
LOAD,N'S
MOMENT,NM'S
LOAD,N'S
LOAD,N'S
ACCEL,G'S
ACCEL,G'S
ACCEL,G'S
ACCEL,G'S
ACCEL,G'S
ACCEL,G'S
ACCEL,G'S
ACCEL,G'S
ACCEL,G'S
ACCEL,G'S
ACCEL,G'S
ACCEL,G'S
DISPL,MM'S
VOLTAGE,VOLTS
VOLTAGE,VOLTS
CURRENT,AMPS
CURRENT,AMPS
CURRENT,AMPS
CURRENT,AMPS
CURREN7,AMPS

- PrCd

0651
0661
0671
0681
0691
0701
0711
0721
0731
0741
0751
0761
0772
0782
0792
0802
oall
0821
0831
0841
0851
0861
0871
0881
0891
0901
0911
0921
0931
0941
0951
0961
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Standard ISF Printout
Test Number : cl1108
Test Type : FRT HIGH POLE OFF SET
Division : R & D CTR 8T9307D PLBV00131
Divisional Engineer :
Test Engineer :
Instrument Technician:
Test Technician :

Ref
97
98
99

100
101
102
103
104
105
106
107
108
109
110

> 111

z

8
aC-r.

x
w

(5

a

P

DAS Tran lD# Req FS
808 CP201.1 20
B09 cPla4.1 20
El0 CP130.1 20
811 cpzta. i 20
812 cPl98.1 20
813 CP206.1 20
814 CP125.1 20
815 cP234.1 20
616 5931.1 5000
817 10415.1 200
818 2153.1 40
819 10389.1 200
BZO 2119.1 200
B21 12132.1 200
801 VOLTAGE.1 5

P
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N

Units Position
A L.
A L.
A
A
A
A
A
A
KPA R. FRT
KPA
KPA
KPA
KPA
KPA
V

Location Component

HORN-HI
HORN-LO
A/C CLUTCH
COOLING FAN
TCM - FUSED IGNITION .
TCM - IGNITION SWITCH
TCM - FUSED HOT
F U S A B L E  L I N K
BRAKE SYSTEM
POWER STEERING SYSTEM
COOLING SYSTEM
AUXILIARY FUEL TANK
ENGINE OIL
TRANSMISSION FLUID
VAPOR SENSOR TIME ZERO '

Units
CURRENT,AMPS
CURRENT,AMPS
CURRENT,AMPS
CURRENT,AMPS
CURRENT,AMPS
CURRENT,AMPS
CURRENT,AMPS
CURRENT,AMPS
PRESSURE,KPA'S
PRESSURE,KPA'S
PRESSURE,KPA'S
PRESSURE,KPA'S
PRESSURE,KPA'S
PRESSURE,KPA'S
VOLTAGE,VOLTS

-PrCd
0971
0981
0991
1001
1011
1021
1031
1041
1051
1061
1071
1081
1091
1101
1111
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Test Number
Test Type
Division : R & D CTR 8T9309D PLBVO0131
Divisional Engineer :
Test Engineer :
lnstrwnent Technician:
Test Technician :

Ref
r

2
3
4
5
6
7
a
9

10
11
12
13
14
15
16
17
la
19
20
21
22
23
24
25
26
27
28
29
30
31
32

DAS
Cl5
G16
A01
A02
A03
A04
A05
A06
A07
A08
A09
A20
A21
A22
A10
All
A12
Al3
Al4
A15
A23
A24
A25
A26
A27
Al6
Al7
A28
A29
A30
A31
A32

Tren lD#
VOLTAGE.1
VOLTAGE.1

CY54.1
DA54.1
DB32.1
AA74.1
AA75.1
AA76.1
CC62.1
CD27.1
CB41.1
P24L.l
P24R.l
P24D.l
P24N.l
P24N.2
P24N.3
P24N.4
P24U.5
P24N.6

P24TUL.l
P24TUL.2
P24TLL.l
P24TLL.2
P24TLL.3
P24KNL.l
P24KNL.2
P24TUR.l
P24TUR.2
P24TLR.l
P24TLR.2
P24TLR.3

PReq FS Units Position Location- Component
5 N V
5 N V

200 N G
200 N G
200 N G
200 R G
200 N G
200 R G
200 N G
200 N G
200 N G

14000 N U
14000 N N

80 N MM
6000 N N
6000 N N
6000 N N
400 N N-M
400 N N-M
400 N N-M
400 N N-M
400 N N-M
400 N N-M

10000 N N
8000 N N
7000 N N
7000 N N
400 N N-M
400 N N-M
400 N N-M

10000 N N
8000 N N

Date: 07-25-1997 Time: 07:57:19

Standard ISF Printout
ATD Usage:

ISF as tested i Position I ID Number 1

I I I

I
I

1
I I I

TIME ZERO
PHOTO TIMING
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT
L. FRT

HEAD LONGITUDINAL ACCEL,G'S 0031

HEAD LATERAL ACCEL,G'S 0041

HEAD VERTICAL ACCEL,G'S 0051

CHEST LONGITUDINAL ACCEL,G'S 0062

CHEST LATERAL ACCEL,G'S 0071

CHEST VERTICAL ACCEL,G'S 0082

PELVIC LONGITUDINAL ACCEL,G'S 0091

PELVIC LATERAL ACCEL,G'S 0101

PELVIC VERTICAL ACCEL,G'S 0111

FEMUR LEFT LOAD,N'S 0121
FEMUR RIGHT LOAD,N'S 0131
CHEST LONGITUDINAL DlSPL,MM'S 0141

NECK UAP SHEAR LOAD,N'S 0151
NECK URL SHEAR LOAD,N'S 0161
NECK UPPER AXIAL LOAD,N'S 0171
NECK URL MOMENT MOMENT,NM'S 0181

NECK UAP MOMENT HOMENT,NM'S 0191

NECK ROT MOMENT MOMENT,NM'S 0201
LEFT TIBIA URL MOMENT HOMENT,NM'S 0211
LEFT TIBIA UAP MOMENT HOMENT,NM'S 0221
LEFT TIBIA LAP MOMENT HOMENT,NM'S 0231
LEFT TIBIA LAP SHEAR LOAD,N'S 0241
LEFT TIBIA LOWER AXIAL LOAD,N'S 0251
LEFT KNEE L. CLEVIS LOAD,N'S 0261
LEFT KNEE R. CLEVIS LOAD,N'S 0271

RIGHT TIBIA URL MOMENT MOMENT,NM'S 0281
RIGHT TIBIA UAP MOMENT MOMENT,NH'S 0291
RICH1 TIBIA LAP MOMENT MOMENT,NM'S 0301
RIGHT TIBIA LAP SHEAR LOAD,N'S 0311
RIGHT TlBll\ LOWER AXIAL LOAD,N'S 0321

Units UzcJ
VOLTAGE,VOLTS 0011
VOLTAGE,VOLTS 0021
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Test Number : Cl1167
Test Type : 1. FRT IMPACT-25 DEG
Division : R & D CTR 8T9309D PLBVOO131
Divisional Engineer :
Test Engineer :
lnstrunent Technician:
Test Technician :

Ref
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

> 51

64

DAS
A18
Al9
co1
co2

'SO1
BOZ
803
804
805
806
807
Boa
B09
820
821
822
El0
Bll
812
813
El4
El5
823
824
825
826
827
816
817
828
829
830

Tran lD#
P24KNR.1
P24KNR.Z
P24TFL.l
P24TFR.l

CP25.1
cPao.1
CG99.1

AA16-2.1
cuss.1
cv58.1
CF13.1
cc38.1
CD99.1
P26L.l
P26R.l
P26D.l
P26N.l
P26N.2
P26N.3
P26N.4
P26N.5
P26N.6

P26TUL.l
P26TUL.2
P26TLL.l
P26TLL.2
P26TLL.3
P26KNL.l
P26KNL.2
P26TUR.l
P26TUR.2
P26TLR.l

Req FS
7000
7000

24
24

200
200
200
200
200
200
200
200
200

14000
14000

a0
6000
6000
6000
400
400
400
400
400
400

10000
8000
7000
7000
400
400
400

Date: 07-25-1997 Time: 07:57:22

P-
N
N
N
N
N
N
N
R
N
R
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N

Units Position Location
N L. FRT RIGHT KNEE
N L. FRT RIGHT KNEE
MM L. FRT TIBIA/FEMUR LEFT
MM L. FRT TIBIA/FEMUR RIGHT
G R. FRT HEAD
G R. FRT HEAD
G R. FRT HEAD
G R. FRT CHEST
G R. FRT CHEST
G R. FRT CHEST
G R. FRT PELVIC
G R. FRT PELVIC
G R. FRT PELVIC
N R. FRT FEMUR
N R. FRT FEMUR
MM R. FRT CHEST
N R. FRT NECK
N R. FRT NECK
N R. FRT NECK
N-M R. FRT NECK
N-M R. FRT NECK
N-M R. FRT NECK
N-M R. FRT LEFT TIBIA
N-M R .  F R T LEFT TIBIA
N-M R. FRT LEFT TIBIA
N R. FRT LEFT TIBIA
N R. FRT LEFT TIBIA
N R. FRT LEFT KNEE
N R. FRT LEFT KNEE
N-M R. FRT RIGHT TIBIA
N-M R. FRT RIGHT TIBIA
N-M R. FRT RIGHT TIBIA

stondard ISF Printout

/SF as tested

Component
L. CLEVIS
R. CLEVIS

LONGITUDINAL
LATERAL
VERTICAL
LONGITUDINAL
LATERAL
VERTICAL
LONGITUDINAL
LATERAL
VERTICAL
LEFT
RIGHT
LONGITUDINAL
UAP SHEAR
URL SHEAR
UPPER AXIAL
URL MOMENT
UAP MOMENT
ROT MOMENT
URL MOMENT
UAP MOMENT
LAP MOMENT
LAP SHEAR
LOWER AXIAL
L. CLEVIS
R. CLEVIS
URL MOMENT
UAP MOMENT
LAP MOMENT

Units PrCd
LOAO,N'S 0331
LOAD,N'S 0341
DISP,MM'S 0351
OISP,MM'S 0361
ACCEL,G'S 0371
ACCEL,G'S 0381
ACCEL,G'S 0391

ACCEL,G'S 0402
ACCEL,G'S 0411
ACCEL,G'S 0422
ACCEL,G'S 0431
ACCEL,G'S 0441
ACCEL,G'S 0451
LOAD,N'S 0461
LOAO,N'S 0471
DISPL,MM'S 0481
LOAD,N'S 0491
LOAD,N'S 0501
LOAD,N'S 0511
HOMENT,NM'S 0521
MOMENT,NM'S 0531
MOMENT,NM'S 0541
MOMENT,NM'S 0551
MDMENT,NM'S 0561
MOMENT,NM'S 0571
LOAD,N'S 0581
LOAD,N'S 0591
LOAD,N'S 0601
LOAD,N'S 0611
MOMENT,NM'S 0621
MDMENT,NM'S 0631
MOMENT,NM'S 0641
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Test Number : Cl1167
Test Type : L. FRT IMPACT-25 DEG
Division : R 8, D CTR 8793090 PLBVO0131
Divisional Engineer :
Test Engineer :
Instrument Technician:
Test Technician

Ref & Tran lD#-
65 831
66 832
67 El8
68 El9
69 co3
70 co4
71 co5
72 co6
73 co7
74 co8
75 co9
76 CID
77 Cl1
78 Cl2
79 Cl3
80 Cl4
a1 Cl5
a2 cl6
a3 Cl7
a4 cia
a5 Cl9
86 c20
a7 c21
88 c22
a9 C23
90 FOl
91 FO2
92 F03
93 F04
94 FO5
95 FO6
96 F07

P26TLR.2
P26TLR.3
P26KNR.l
P26KNR.2
P26TFL.l
P26TFR.1
LS141.1
LS141.2
LS141.3
LS135.1
Ls135.2
LS135.3
APICo.l
APlD1.1
APlL8.1
AJ774.1
AJ661.1
AJ689.1
AMRMo.l
AMRN4.1
AMRM5.1
J11563.1
J11588.1
J11564.1

SR47.1
VOLTCOND.l
VOLTCOND.l
VOLTCOND.l
VOLTAGE.1
VOLTAGE.1
VOLTAGE.1
VOLTAGE.1

Req FSP Units Position-
10000 N N
8000 N N
7000 N N
7000 N N

24 N MM
24 N MM

700 N N-M
10000 N N
6000 N N
700 N N-M

10000 N N
6000 N N
450 R G
450 R G
450 R G
450 R G
450 N G
450 N G
450 R G
450 R G
450 N G
450 R G
450 N G
450 R G
350 N MM
20 N V
20 N V
20 N V
a N v
8 N V
a N v
8 N V

R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
L. FRT
L. FRT
L. FRT
R. FRT
R. FRT
R. FRT
L. FRT
L. FRT
L. FRT
R. FRT
R. FRT
R. FRT
L. REAR
L. REAR
L. REAR
R. REAR
.R. R E A R
R. REAR
L.
L.
L. FRT
L. FRT

LEFT UPPER
RIGHT UPPER
LEFT LOWER

Standard ISF Printout

ISF as tested

Location
RIGHT TIBIA
RIGHT TIBIA
RIGHT KNEE
RIGHT KNEE
TIBIA/FEMUR LEFT
TIBIA/FEMUR RIGHT
LOWER LUMBAR
LOUER LUMBAR
LOWER LUMBAR
LOWER LUMBAR
LOWER LUMBAR
LOWER LUMBAR
ROCKER
ROCKER
ROCKER
ROCKER
ROCKER
ROCKER .
ROCKER
ROCKER
ROCKER
ROCKER
ROCKER
ROCKER
TOE PAN
lGNlTlON
HEADLIGHT - HI BEAM
HEADLIGHT - LO BEAM
ENGINE RPM
ENGINE VAPOR SENSOR #1
ENGINE VAPOR SENSOR #2
ENGINE VAPOR SENSOR #3

Component
LAP SHEAR
LOWER AXIAL
L. CLEVIS
R. CLEVIS

MY-LAT. AXIS
FX-FORE/AFT
FZ-AXIAL
MY-LAT. AXIS
FX-FORE/AFT
FZ-AXIAL
LONGITUDINAL
LATERAL
VERTICAL
LONGITUDINAL
LATERAL
VERTICAL
LONGITUDINAL
LATERAL
VERTICAL
LONGITUDINAL
LATERAL
VERTICAL
LONGITUDINAL

Units p@
LOAD,N'S 0651

LOAD,N'S 0661

LOAD,N'S 0671

LOAD,N'S 0681

DISP,MM'S 0691

DlSP,MM'S 0701

MOMENT,NM'S 0711

LOAD,N'S 0721

LOAD,N'S 0731

MC+iENT,NM'S 0741

LOAD,N'S 0751

LOAD,N'S 0761

ACCEL,G'S 0772

ACCEL,G'S 0782
ACCEL,G'S 0792

ACCEL,G'S 0802

ACCEL,G'S 0811

ACCEL,G'S 0821

ACCEL,G'S 0832

ACCEL,G'S 0842

ACCEL,G'S 0851

ACCEL,G'S 0862

ACCEL,G'S 0871

ACCEL,G'S 0882

DlSPL,MM'S 0891

VOLTAGE,VOLTS 0901

VOLTAGE,VOLTS 0911

VOLTAGE,VOLTS 0921

VOLTAGE,VOLTS 0931

VOLTAGE,VOLTS 0941

VOLTAGE,VOLTS 0951

VOLTAGE,VOLTS 0961
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I-t,

Test Number : Cl1167
Test Type : L. FRT IMPACT-25 DEG
Division : R & D CTR 8T9309D PLEVOO131
Divisional Engineer :
lest Engineer :
Instrument Technician:
lest Technician :

Ref

7
98
99

100
101
102
103
104
105
106
107
108
109

P 110
% 111

g
112
113

@ 114
115

"R 116
w 117

E

ii8
119

#. 120

a3

&
FO8
FOP
FlO
F31
F12
F13
F14
F15
F16
F17
F18
F19
F20
F21
F22
F23
F24
F25
GO1
GO2
GO3
GO4
GO5
GO6

Tran lD#
VOLTAGE.1
VOLTAGE.1

CP227.1
CP236.1
CP190.1
CP226.1
CP125.1
CP200.1
cPia3.i
CPl91.1
APKE2.1
5931.1

G1OO1.l
G1002.1
AMJM5.1
AMlC6.1

CONTACT.1
RG1O1.l
A98C.l

AN3P2.1
A58A.l
A61E.l
A57E.l

ACTRO.1

Stonderd  ISF Printout

ISF as tested

pReq FS Units Position Location Component Units
8 N V
8 N V

10 N A
10 N A
20 N A
20 N A
20 N A
20 N A
20 N A
20 N A

14000 N KPA
2000 N KPA
350 N KPA
350 N KPA

1000 N KPA
1000 N KPA

8 N V
1000 N DEG/SEC
250 R G
250 N G
250 R G
250 N G
250 R G
250 N G

RIGHT LOWER ENGINE VAPOR SENSOR #4
MANIFOLD VAPOR SENSOR #5

WHEEL BAG
l/P BAG
FUEL PUMP

L. HORN LOU
A/C CLUTCH
COOLING FAN
FUSABLE LINK
BATTERY

L‘lh  FRT BRAKE SYSTEM
POWER STEERING SYSTEM
COOLING SYSTEM
AUXILIARY FUEL TANK
ENGINE OIL
TRANSMISSION FLUID
THERMAL WIRE

CTR RATE GYROSCOPE
LTV MDB AT C.G.
LTV MDB AT C.G.
LTV MDB AT C.G.
LTV MDB AT REAR C/MBR
LTV MDB AT REAR C/MBR
LTV MDB AT REAR C/MBR

VOLTAGE,VOLTS
VOLTAGE,VOLTS
CURRENT,AMPS
CURRENT,AMPS
CURRENT,AMPS
CURRENT,AMPS
CURRENT,AMPS
CURRENT,AMPS
CURRENT,AMPS
CURRENT,AMPS
PRESSURE,KPA'S
PRESSURE,KPA'S
PRESSURE,KPA'S
PRESSURE,KPA'S
PRESSURE,KPA'S
PRESSURE,KPA'S
CONTACT,N/O
DEG/SEC

LONGITUDINAL ACCEL,G'S
LATERAL ACCEL,G'S
VERTICAL ACCEL,G'S
LONGITUDINAL ACCEL,G'S
LATERAL ACCEL,G'S
VERTICAL ACCEL,G'S

PrCd
0971
0981
0991
1001
1011
1021
1031
1041
1051
1061
1071
1081
1091
1101
1111
1121
1131
1141
1152
1161
1172
1181
1192
1201
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lest Number ;I.;jl,l226i~i'
lest Type ;"+R&jl,iM  AC--(JFFSETdo
Division : R & D CTR 8T9306D PLBVO0131
Divisional Engineer :
Test Engineer :
Instrunent Technician:
Test Technician :

Ref DAS Tren ID#
1 Cl5 VOLTAGE.1
2 Cl6 VOLTAGE.1
3 co1 CMOS.1
4 co2 cu77.1
5 co3 FL43.1
6 co4 CB22.1
7 co5 CB04.1
a CO6 CB98.1
9 co7 CD82.1

10 CO8 CB48.1
11 co9 CF58.1
12 c20 P31L.l
13 c21 P31R.l
14 c22 P31D.l
15 Cl0 P31N.l
16 Cl1 P31N.2
17 Cl2 P31N.3
18 Cl3 P31N.4
19 Cl4 P31N.5
20 Cl5 P31N.6
21 C23 3115077.1
22 C24 3115077.2
23 C25 3114077.1
24 C26 3114077.2
25 C27 3115077.3
26 cl6 1587497.1
27 Cl7 1587497.2
28 C28 3115078.1
29 C29 3115078.2
30 c30 3114078.1
31 c31 3114078.2
32 C32 3115078.3

Standard ISF Printout

ISF as tested

ATD Usage:

I 1 1

I Position I ID Number 1

pRea FS Units Position Location Component Units PrCd

5 N V TIME ZERO
5 N V PHOTO TIMING

200 N G L. FRT
200 N G L. FRT
200 N G L. FRT
200 R G L. FRT
200 N G L. FRT
200 R G L. FRT
200 N G L. FRT
200 N G L. FRT
200 N G L. FRT

14000 N N L. FRT
14000 N N L. FRT

80 N MM L. FRT
6000 N N L. FRT
6000 N N L. FRT
6000 N N L. FRT
400 N N-M L. FRT
400 N N-M L. FRT
400 N N-M L. FRT
395 N N-M L. FRT
395 N N-M L. FRT
395 N N-M L. FRT

10000 N N L. FRT
8000 N N L. FRT
7000 N N L. FRT
7000 N N L. FRT
395 N N-M L. FRT
395 N N-M L. FRT
395 N N-M L. FRT

10000 N N L. FRT
8000 N N L. FRT

Date: 07-25-1997 lime: D7:58:28

HEAD LONGITUDINAL ACCEL,G'S
HEAD LATERAL ACCEL,G'S
HEAD VERTICAL ACCEL,G'S
CHEST LONGITUDINAL ACCEL,G'S
CHEST LATERAL ACCEL,G'S
CHEST VERTICAL ACCEL,G'S
PELVIC LONGITUDINAL ACCEL,G'S
PELVIC LATERAL ACCEL,G'S
PELVIC VERTICAL ACCEL,G'S
FEMUR LEFT LOAD,N'S
FEMUR RIGHT LOAD,N'S
CHEST LONGITUDINAL DISPL,HH'S

NECK UAP SHEAR LOAD,N'S
NECK URL SHEAR LOAD,N'S
NECK UPPER AXIAL LOAD,N'S

NECK URL MOMENT MOMENT,NH'S

NECK UAP MOMENT MOMENT,NM'S

NECK ROT MOMENT MOMENT,NM'S

LEFT TIBIA URL MOMENT MGMENT,NM'S

LEFT TIBIA UAP MOMENT MDMENT,NH'S

LEFT TIBIA LAP MOMENT MOMENT,NM'S
LEFT TIBIA LAP SHEAR LOAD,N'S

LEFT TIBIA LOWER AXIAL LOAD,N'S

LEFT KNEE L. CLEVIS LOAD,N'S

LEFT KNEE R. CLEVIS LOAD,N'S
RIGHT TIBIA URL MOMENT MCMENT,NM'S
RIGHT TIBIA UAP MOMENT MOMENT,NH'S

RIGHT TIBIA LAP MOMENT MDMENT,NM'S

RIGHT TIBIA LAP SHEAR LOAD,N'S
RIGHT TIBIA LOWER AXIAL LOAD,N'S

VOLTAGE,VOLTS 0011
VOLTAGE,VOLTS 0021

0031
0041
0051
0062
DO71
0082
0091
0101
0111
0121
0131
0141
0151
0161
0171
0181
0191
0201
0211
0221
0231
0241
0251
0261
0271
0281
0291
0301
0311
0321
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lest Number : Cl1226
Test Type : FRONT IMPACT-OFFSET
Division : R & D CTR 8T9306D PLBVO0131
Divisional Engineer :
Test Engineer :
Instrment Technician:
Test Technician

Ref
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

+ ::
8 53

B ;;
a

56

"k ;8'

-3 59

O$ 60

* 6”:

& Tran ID#
cl8 1587496.1
Cl9 1587496.2
A01 P31STL.l
A02 P31STR.l
A03 CF92H.l
A04 CW31H.l
A05 EM9OJ.l
A06 AC8P2.1
A07 AF9L5.1
A08 AC8P5.1
A09 BN89J.l
Al0 CB31H.l
All CG66H.l
Al2 FC25J.l
Al3 FG05J.l
Al4 FH76J.l
DO1 cz13.1
DO2 CN34.1
DO3 FN09.1
DO4 CB62.1
DO5 CB43.1
DO6 CB67.1
DO7 CD17.1
DO8 CF49.1
DO9 CG02.1
020 SF13.1
D21 P20R.l
D22 P2OD.l
DlO P2ON.l
Dll P20N.2
D12 P20N.3
D13 P20N.4

Req FS
7000
7000

24
24

500
500
500
500
500
500
500
500
500
500
500
500
200
200
200
200
200
200
200
200
200

14000
14000

80
6000
6000
6000
400

P-
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
R
N
R
N
N
N
N
N
N
N
N
N
N

Units Position
N L. FRT
N L. FRT
MM L. FRT
MM L. FRT
G L. FRT
G L. FRT
G L. FRT
G L. FRT
G L. FRT
G L. FRT
G L. FRT
G L. FRT
G L. FRT
G L. FRT
G L. FRT
G L. FRT
G R. FRT
G R. FRT
G R. FRT
G R. FRT
G R. FRT
G R. FRT
G R.FRT ',
G R. FRT
G R. FRT
N R. FRT
N R. FRT
MM R. FRT
N R. FRT
N R. FRT
N R. FRT
N-M R. FRT

Standard ISF Printout

ISF as tested

Location Component Units PrCd

RIGHT KNEE
RIGHT KNEE
TIBIA/FEMUR LEFT
TIBIA/FEMUR RIGHT
LEFT UPPER TIBIA
LEFT UPPER TIBIA
LEFT UPPER TIBIA
LEFT LOWER TIBIA
LEFT LOWER TIBIA
LEFT LOWER TIBIA
RIGHT UPPER TIBIA
RIGHT UPPER TIBIA
RIGHT UPPER TIBIA
RIGHT LOWER TIBIA
RIGHT LOWER TIBIA
RIGHT LOWER TIBIA
HEAD
HEAD
HEAD
CHEST
CHEST
CHEST
PELVIC
PELVIC
PELVIC
FEMUR
FEMUR
CHEST
NECK
NECK
NECK
NECK

L. CLEVIS
R. CLEVIS

LONGITUDINAL
LATERAL
VERTICAL
LONGITUDINAL
LATERAL
VERTICAL
LONGITUDINAL
LATERAL
VERTICAL
LONGITUDINAL
LATERAL
VERTICAL
LONGITUDINAL
LATERAL
VERTICAL
LONGITUDINAL
LATERAL
VERTICAL
LONGITUDINAL
LATERAL
VERTICAL
LEFT
RIGHT
LONGITUDINAL
UAP SHEAR
URL SHEAR
UPPER AXIAL
URL MOMENT

LOAD,N'S 0331
LOAD,N'S 0341
DISP,MM'S 0351
DISP,MM’S 0361
ACCEL,G'S 0371
ACCEL,G'S 0381
ACCEL,G'S 0391
ACCEL,G'S 0401
ACCEL,G'S 0411
ACCEL,G'S 0421
ACCEL,G'S 0431
ACCEL,G'S 0441
ACCEL,G'S 0451
ACCEL,G'S 0461
ACCEL,G'S 0471
ACCEL,G'S 0481
ACCEL,G'S 0491
ACCEL,G'S 0501
ACCEL,G'S 0511
ACCEL,G'S 0522
ACCEL,G'S 0531
ACCEL,G'S 0542
ACCEL,G'S 0551
ACCEL,G'S 0561
ACCEL,G'S 0571
LOAD,N'S 0581
LOAD,N'S 0591
DISPL,MM'S 0601
LOAD,N'S 0611
LOAD,N'S 0621
LOAD,N'S 0631
MOMENT,NM'S 0641
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Test Number : Cl1226
Test Type : FRONT IMPACT-OFFSET
Division : R & D CTR 879306D PLBVO0131
Divisional Engineer :
Test Engineer :
Instrument Technician:
Test Technician :

Ref
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
al
a2
a3

a 88C.

# 94
mb 95
A 96

& Tran ID#
D14 PtON.5
Dl5 P20N.6
D23 P20TUL.l
D24 P20TUL.2
D25 P2OTLL.l
D26 P20TLL.2
D27 P20TLL.3
D16 P20KNL.l
D17 P20KNL.2
D28 P20TUR.l
D29 P20TUR.2
D30 P2OTLR.l
D31 P20TLR.2
D32 P20TLR.3
D18 P20KNR.l
D19 P20KNR.2
A15 P20STL.l

Al6 P20STR.l
Al7 LS169.1
A18 LS169.2

Al9 LS169.3
A20 LS127.1
A21 LS127.2
A22 LS127.3
A23 APAH4.1
A24 APAH6.1
A25 APAH5.1
A26 APA23.1
A27 APlF2.1
A28 AP072.1
A29 APAY9.1
A30 APAY8.1

Standard ISF Printout

ISF as tested

Req FS P Units Position Location Component-
400 N N-M R. FRT NECK
400 N N-M R. FRT NECK
400 N N-M R. FRT LEFT TIBIA
400 N N-M R. FRT LEFT TIBIA
400 N N-M R. FRT LEFT TIBIA

10000 N N R. FRT LEFT TIBIA
8000 N N R. FRT LEFT TIBIA
7000 N N R. FRT LEFT KNEE
7000 N N R. FRT LEFT KNEE
400 N N-M R. FRT RIGHT TIBIA .
400 N N-M R. FRT RIGHT TIBIA
400 N N-M R. FRT RIGHT TIBIA

10000 N N R. FRT RIGHT TIBIA
8000 N N R. FRT RIGHT TIBIA
7000 N N R. FRT RIGHT KNEE
7000 N N R. FRT RIGHT KNEE

24 N MM R. FRT TIBIA/FEMUR LEFT
24 N MM R. FRT TIBIA/FEMUR RIGHT

700 N N-M L. FRT LOWER LUMBAR
10000 N N L. FRT LOWER LUMBAR
6000 N N L. FRT LOWER LUMBAR
700 N N-M R. FRT LOWER LUMBAR

10000 N N R. FRT LOWER LUMBAR
6000 N N R. FRT LOWER LUMBAR
450 R G L. FRT ROCKER
450 R G L. FRT ROCKER
450 N G L. FRT ROCKER
450 R G R. FRT ROCKER
450 N G R. FRT ROCKER
450 N G R. FRT ROCKER
450 R G L. REAR ROCKER
450 R G L. REAR ROCKER
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UAP MOMENT
ROT MOMENT
URL MOMENT
UAP MOMENT
LAP MOMENT
LAP SHEAR
LOWER AXIAL
L. CLEVIS
R. CLEVIS
URL MDMENT
UAP MOMENT
LAP MOMENT
LAP SHEAR
LOWER AXIAL
L. CLEVIS
R. CLEVIS

MY-LAT. AXIS
FX-FORE/AFT
FZ-AXIAL
MY-LAT. AXIS
FX-FORE/AFT
FZ-AXIAL
LONGITUDINAL
LATERAL
VERTICAL
LONGITUDINAL
LATERAL
VERTICAL
LONGITUDINAL
LATERAL

Units pg

HOHENT,NM'S 0651
MOMENT,NM'S 0661

HOMENT,NM'S 0671

MOMENT,NM'S 0681

MDMENT,NM'S 0691
LOAD,N'S 0701
LOAD,N'S 0711
LOAD,N'S 0721
LOAD,N'S 0731
MOMENT,NM'S 0741
MGMENT,NM'S 0751
MOMENT,NM'S 0761
LOAD,N'S 0771
LOAD,N'S 0781
LOAD,N'S 0791
LOAD,N'S 0801
DISP,MM'S 0811
DISP,MM'S 0821
MOMENT,NM'S 0831

LOAD,N'S 0841

LOAD,N'S 0851
MCMENT,NM'S 0861
LOAD,N'S 0871
LOAD,N'S 0881
ACCEL,G'S 0892
ACCEL,G'S 0902

ACCEL,G'S 0911

ACCEL,G'S 0922
ACCEL,G'S 0931
ACCEL,G'S 0941
ACCEL,G'S 0952
ACCEL,G'S 0962



Test Number : Cl1226
Test Type : FRONT IMPACT-OFFSET
Division : R & D CTR 8193060 PLBVO0131
Divisional Engineer :
Test Engineer :
Instrument Technician:
Test Technician :

Ref
97
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114

> 115
z 116
r" 117
CL 118
c-r.

"k 119 :::
cd 122

% 123 124
* 125

126
127
128

DAS Tran ID#
A31 APAY3.1
BOl AM702.1
802 AM709.1
803 AMi'W5.1
804 SROl.1
805 VOLTCOND.1
806 VOLTCOND.1
807 VOLTCOND.1
Boa VOLTCOND.1
809 VOLTCOND.1
BlO VOLTAGE.1
Bll VOLTAGE.1
812 VOLTAGE.1
813 VOLTAGE.1
A32 VOLTAGE.1
815 CP234.1
816 CPl95.1
817 CP162.1
ala cP228.1
619 CP190.1
B20 CPl94.1
B21 CPl91.1
822 CPl30.1
823 CP196.1
824 APKE2.1
825 5931.1
826 GIOOl.l
827 Gl002.1
828 AMJM5.1
829 AMlC6.1
830 CONTACT.1
831 CONTACT.1

pReq FS Units Position
450 N G
450 R G
450 N G
450 N G
350 N MM
20 N V
20 N V
20 N V
20 N V
20 N V
5 N V
5 N V
5 N V
5 N V
5 N V

10 N A
10 N A
20 N A
20 N A
20 N A
20 N A
20 N A
20 N A
20 N A

14000 N KPA
1750 N KPA
200 N KPA
200 N KPA
700 N KPA
700 N KPA
a N v
8 N V

L. REAR
R. REAR
R. REAR
R. REAR
L.
L. FRT
L. FRT
L.

L.
LEFT UPPER
RIGHT UPPER
LEFT LOWER
RIGHT LOWER
MANIFOLD

L.

R. FRT

Standard ISF Printout

ISF as tested

Location

ROCKER
ROCKER
ROCKER
ROCKER
TOE PAN
HEADLIGHT - HI BEAM
HEADLIGHT - LO BEAM
IGNITION
ENGINE RPM
STARTER
ENGINE VAPOR SENSOR
ENGINE VAPOR SENSOR
ENGINE VAPOR SENSOR
ENGINE VAPOR SENSOR
VAPOR SENSOR
WHEEL BAG
I/P BAG
FUEL PUMP
HORN
A/C CLUTCH
COOLING FAN
FUSABLE LINK
BATTERY
STARTER WIRE
BRAKE SYSTEM
POWER STEERING SYSTEM
COOLING SYSTEM
AUXILIARY FUEL TANK
ENGINE OIL
TRANSMISSION FLUID
THERMAL WIRE
PNEUMATIC WIRE

Component Units

VERTICAL ACCEL,G'S
LONGITUDINAL ACCEL,G'S
LATERAL ACCEL,G'S
VERTICAL ACCEL,G'S
LONGITUDINAL DISPL,MM'S

VOLTAGE,VOLTS
VOLTAGE,VOLTS
VOLTAGE,VOLTS
VOLTAGE,VOLTS
VOLTAGE,VOLTS
VOLTAGE,VOLTS
VOLTAGE,VOLTS
VOLTAGE,VOLTS
VOLTAGE,VOLTS
VOLTAGE,VOLTS
CURRENT,AMPS
CURRENT,AMPS
CURRENT,AMPS
CURRENT,AMPS
CURRENT,AMPS
CURRENT,AMPS
CURRENT,AMPS
CURRENT,AMPS
CURRENT,AMPS
PRESSURE,KPA'S
PRESSURE,KPA'S
PRESSURE,KPA'S
PRESSURE,KPA'S
PRESSURE,KPA'S
PRESSURE,KPA'S
CONTACT,N/O
CONTACT,N/O

- @
0971
0982
0991
1001
1011
1021
1031
1041
1051
1061
1071
to81
1091
1101
1111
1121
1131
1141
1151
1161
1171
1181
1191
1201
1211
1221
1231
1241
1251
1261
1271
1281
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Test Nunber : Cl1226
Test Type : FRONT IMPACT-OFFSET
Division : R & D CTR 8T9306D PLBVO0131
Divisional Engineer : _ _
Test Engineer :
Instrwnt Technician:
Test Technician :

Standard ISF Printout

ISF as tested

Ref DAS Tran ID# Units- - Req FS P Position Location- Component Units p&cc
129 832 CONTACT.1 8 N V PNEUMATIC WIRE FAULT CONTACT,N/C 1291
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Test Number ,.<qjnq  g!y'

Test Type +'$RT%I'POLE  OFFSET,RT

Division : R & D CTR 879308D PLJWOO063

Divisional Engineer :
Test Engineer :
Instrument Technician:
Test Technician :

Ref

1
2
3
4
5
6
7
a
9

10
11
12
13
14
15
16
17
la

+ :i
2 21

B ;:
aC. 24

"k ::

m 27

$ 28

* ::

DAS Tran ID#
Cl5 VOLTAGE.1
Cl6 VOLTAGE.1
DO1 CY54.1
DO2 DA54.1
DO3 DB32.1
DO4 AA74.1
DO5 AA75.1
DO6 AA76.1
DO7 CC62.1
DO8 CD27.1
DO9 CB41.1
D20 P24L.l
021 P24R.l
D22 P24D.l
DlO P24N.l
011 P24N.2
D12 P24N.3
013 P24N.4
D14 P24N.5
015 P24N.6
D23 P24TUL.l
D24 P24TUL.2
D25 P24TLL.l
D26 P24TLL.2
D27 P24TLL.3
D16 P24KNL.l
017 P24KNL.2
D28 P24TUR.l
D29 P24TUR.2
D30 P24TLR.l
D31 P24TLR.2
D32 P24TLR.3

Req FS P Units Position-
5 N V TIME ZERO
5 N V PHOTO TIMING

200 N G L. FRT
200 N G L. FRT
200 N G L. FRT
200 R G L. FRT
200 N G L. FRT
200 R G L. FRT
200 N G L. FRT
200 N G L. FRT
200 N G L. FRT

14000 N N L. FRT
14000 N N L. FRT

80 N MM L. FRT
6000 N N L. FRT
6000 N N L. FRT
6000 N N L. FRT
400 N N-M L. FRT
400 N N-M L. FRT
400 N N-M L. FRT
400 N N-M L. FRT
400 N N-M L. FRT
400 N N-M L.FRT ',

10000 N N L. FRT
8000 N N L. FRT
7000 N N L. FRT
7000 N N L. FRT
400 N N-M L. FRT
400 N N-M L. FRT
400 N N-M L. FRT

10000 N N L. FRT
8000 N N L. FRT

Standard ISF Printout

ISF as tested

Location

HEAD LONGITUDINAL

HEAD LATERAL
HEAD VERTICAL
CHEST LONGITUDINAL
CHEST LATERAL
CHEST VERTICAL

PELVIC LONGITUDINAL
PELVIC LATERAL

PELVIC VERTICAL

FEMUR LEFT
FEMUR RIGHT
CHEST LONGITUDINAL

NECK UAP SHEAR

NECK URL SHEAR

NECK UPPER AXIAL

NECK URL MOMENT

NECK UAP MOMENT

NECK ROT MOMENT

LEFT TIBIA URL MOMENT

LEFT TIBIA UAP MOMENT
LEFT TIBIA LAP MOMENT
LEFT TIBIA LAP SHEAR

LEFT TIBIA LOWER AXIAL
LEFT KNEE L. CLEVIS
LEFT KNEE R. CLEVIS
RIGHT TIBIA URL MOMENT
RIGHT TIBIA UAP MOMENT
RIGHT TIBIA LAP MDMENT
RIGHT TIBIA LAP SHEAR
RIGHT TIBIA LOWER AXIAL

ATD Usage:

I I I

I Position I ID Number 1

I
II 4

Component Units PrCd

VOLTAGE,VOLTS 0011

VOLTAGE,VOLTS 0021

ACCEL,G'S 0031

ACCEL,G'S 0041

ACCEL,G'S 0051
ACCEL,G'S 0062
ACCEL,G'S 0071

ACCEL,G'S 0082

ACCEL,G'S 0091

ACCEl,G'S 0101

ACCEL,G'S 0111

LOAD,N'S 0121
LOAD,N'S 0131

DISPL,MM'S 0141

LOAD,N'S 0151
LOAD,N'S 0161

LOAD,N'S 0171

MDMENT,NM'S 0181

MOMENT,NM'S 0191

MOMENT,NM'S 0201

MOMENT,NM'S 0211

MOMENT,NM'S 0221

MOMENT,NM'S 0231
LOAD,N'S 0241
LOAD,N'S 0251

LOAD,N'S 0261
LOAD,N'S 0271
MOMENT,NM'S 0281
MOMENT,NM'S 0291
MGMENT,NM'S 0301
LOAD,N'S 0311
LOAD,N'S 0321
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Test Number
Test Type
Division

: Cl1279
: FRT HI POLE OFFSET,RT
: R & D CTR 8T9308D PLJW00063

Divisional Engineer :
Test Engineer : .
Instrument Technician:
Test Technician :

Ref
-ii

DAS
Dl8

34 019
35 A01
36 A02
37 EOl
38 E02
39 E03
40 E04
41 E05
42 EO6
43 E07
44 E08
45 EO9
46 E20
47 E21
48 E22
49 El0
50 El1
51 El2
52 El3
53 El4
54 El5
55 E23
56 E24
57 E25
58 E26
59 E27
60 El6
61 El7
62 E28
63 E29
64 E3D

Tran ID#
P24KNR.l
P24KNR.t
P24TFL.l
P24TFR.l

CMOS.1
cu77.1
FL43.1
CB22.1
CB04.1
CB98.1
CD82.1
CB48.1
CF58.1
P31L.l

P31R.l
P31D.l
P31N.l
P31N.2
P31N.3
P31N.4
P31N.5
P31N.6

3115077.1
3115077.2
3114077.1
3114077.2
3115077.3
1587497.1
1587497.2
3ll5078.1
3ll5078.2
3ll407a.l

Standard ISF Printout

ISF as tes ted

Req FS P Units Position Location Component-
7000 N N
7000 N N

24 N MM
24 N MM

200 N G
200 N G
200 N G
200 R G
200 N G
200 R G
200 N G
200 N G
200 N G

14000 N N
14000 N N

80 N MM
6000 N N
6000 N N
6000 N N
400 N N-M
400 N N-M
400 N N-M
395 N N-M
395 N N-M
395 N N-M

10000 N N
8000 N N
7000 N N
7000 N N
395 N N-M
395 N N-M
395 N N-M

Date: 07-25-1997 Time: 08:00:44

L. FRT
L. FRT
L. FRT
L. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT

RIGHT KNEE
RIGHT KNEE
TIBIA/FEMUR LEFT
TIBIA/FEMUR RIGHT
HEAD
HEAD
HEAD
CHEST
CHEST
CHEST
PELVIC
PELVIC
PELVIC
FEMUR
FEMUR
CHEST
NECK
NECK
NECK
NECK
NECK
NECK
LEFT TIBIA
LEFT TIBIA
LEFT TIBIA
LEFT TIBIA
LEFT TIBIA
LEFT KNEE
LEFT KNEE
RIGHT TIBIA
RIGHT TIBIA
RIGHT TIBIA

L. CLEVIS
R. CLEVIS

LONGITUDINAL
LATERAL
VERTICAL
LONGITUDINAL
LATERAL
VERTICAL
LONGITUDINAL
LATERAL
VERTICAL
LEFT
RIGHT
LONGITUDINAL
UAP SHEAR
URL SHEAR
UPPER AXIAL
URL MOMENT
UAP MOMENT
ROT MOMENT
URL MOMENT
UAP MOMENT
LAP MOMENT
LAP SHEAR
LOWER AXIAL
L. CLEVIS
R. CLEVIS
URL MOMENT
UAP MOMENT
LAP MOMENT

Units -PrCd
LOAD,N'S 0331
LOAD,N'S 0341

DISP,MM'S 0351
DISP,MM'S 0361

ACCEL,G'S 0371

ACCEL,G'S 0381
ACCEL,G'S 0391
ACCEL,G'S 0402
ACCEL,G'S 0411
ACCEL,G'S 0422
ACCEL,G'S 0431
ACCEL,G'S 0441
ACCEL,G'S 0451
LOAD,N'S 0461
LOAD,N'S 0471
DISPL,MM'S 0481
LOAD,N'S 0491
LOAD,N'S 0501

LOAD,N'S 0511

MOMENT,NM'S 0521

MOMENT,NM'S 0531

HCMENT,NM'S 0541
MOMENT,NM'S 0551
MOMENT,NM'S 0561
MOMENT,NM'S 0571
LOAD,N'S 0581
LOAD,N'S 0591
LOAD,N'S 0601
LOAD,N'S 0611
MCMENT,NM'S 0621
M'JMENT,NM'S 0631
MOMENT,NM'S 0641
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Test Number : Cl1279
Test Type : FRT HI POLE OFFSET,RT

Division : R & D CTR 8T9308D PLJWOO063
Divisional Engineer :
Test Engineer
Instrument Technician:
Test Technician

Ref
--ii
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
al
a2
a3

> a4

% "8;

r"
a a7
+- 88

"k ii

w 9'

75 ;:

* 94

tii 95 96

DAS
E31
E32
El8
El9
BOl
802
A03
A04
A05
A06
A07
A08
A09
Al0
All
Al2
Al3
Al4
Al5
Al6
A17
A18
Al9
A20
A21
A22
A23
A24
A25
A26
A27
A28

Tran ID#
3114078.2
3115078.3
1587496.1
1587496.2
P31STL.l
P31STR.l
CF92H.t
CW31H.l
EM90J.l
AC8P2.1
AF9L5.1
AC8P5.1
BN89J.l
CB3lH.l
CG66H.l
FC25J.l
FG05J.l
FH76J.l
LSl41.1
Lsl41.2
LSl41.3
LSl69.1
LS169.2
LS169.3
AM702.1
AM709.1
AM7W5.1
APA23.1
APlF2.1
AP072.1
APAY9.1
APAY8.1

Standard ISF Printout

ISF as tested

Req FS p Units Position Location Component

10000 N N
8000 N N
7000 N N
7000 N N

24 N MM
24 N MM

500 N G
500 N G
500 N G
500 N G
500 N G
500 N G
500 N G
500 N G
500 N G
500 N G
500 N G
500 N G
700 N N-M

10000 N N
6000 N N
700 N N-M

10000 N N
6000 N N
450 R G
450 R G
450 R G
450 R G
450 N G
450 N G
450 R G
450 R G.
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R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
R. FRT
L. FRT
L. FRT
L. FRT
R. FRT
R. FRT
R. FRT
L. FRT
L. FRT
L. FRT
R. FRT
R. FRT
R. FRT
L. REAR
L. REAR

RIGHT TIBIA
RIGHT TIBIA
RIGHT KNEE
RIGHT KNEE
TIBIA/FEMUR LEFT
TIBIA/FEMUR RIGHT
LEFT UPPER TIBIA
LEFT UPPER TIBIA
LEFT UPPER TIBIA
LEFT LOWER TIBIA
LEFT LOWER TIBIA
LEFT LOWER TIBIA
RIGHT UPPER TIBIA
RIGHT UPPER TIBIA
RIGHT UPPER TIBIA
RIGHT LOWER TIBIA
RIGHT LOWER TIBIA
RIGHT LOWER TIBIA
LOWER LUMBAR
LOWER LUMBAR
LOWER LUMBAR
LOWER LUMBAR
LOWER LUMBAR
LOWER LUMBAR
ROCKER
ROCKER
ROCKER
ROCKER
ROCKER
ROCKER
ROCKER
ROCKER

LAP SHEAR
LOWER AXIAL
L. CLEVIS
R. CLEVIS

LONGITUDINAL
LATERAL
VERTICAL
LONGITUDINAL
LATERAL
VERTICAL
LONGITUDINAL
LATERAL
VERTICAL
LONGITUDINAL
LATERAL
VERTICAL
MY-LAT. AXIS
FX-FORE/AFT
FZ-AXIAL
MY-LAT. AXIS
FX-FORE/AFT
FZ-AXIAL
LONGITUDINAL
LATERAL
VERTICAL
LONGITUDINAL
LATERAL
VERTICAL
LONGITUDINAL
LATERAL

Units 'PrCd

LOAD,N'S 0651
LOAD,N’S 0661
LOAD,N’S 0671

LOAD,N’S 0681
DISP,MM'S 0691
DISP,MM’S 0701
ACCEL,G'S 0711
ACCEL,G'S 0721
ACCEL,G'S 0731

ACCEL,G'S 0741

ACCEL,G'S 0751
ACCEL,G'S 0761

ACCEL,G'S 0771
ACCEL,G’S 0781
ACCEL,G'S 0791
ACCEL,G’S 0801
ACCEL,G'S 0811

ACCEL,G'S 0821

MOMENT,NM'S 0831
LOAD,N’S 0841
LOAD,N’S 0851
MOMENT,NM’S 0861
LOAD,N’S 0871
LOAD,N’S 0881

ACCEL,G'S 0892

ACCEL,G'S 0902
ACCEL,G’S 0912
ACCEL,G'S 0922
ACCEL,G'S 0931
ACCEL,G'S 0941
ACCEL,G’S 0952
ACCEL,G’S 0962
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‘i”

Test Number
Test Type
Division

: Cl1279
: FRT HI POLE OFFSET,RT
: R & D CTR ar930aD PLJw00063

Divisional Engineer :
Test Engineer
Instrbment Technician:
Test Technician :

Ref-
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128

DAS
A29
A30
A31
A32
803
804
BOS
606
B07
Boa
809
810
Bll
812
813
814
815
B16
817
818
819
820
821
822
823
824
825
826
827
828
829
830

Tran ID#
APAY3.1
APAH4.1
APAH6.1
APAH5.1
SR65.1

VOLTCOND.1
VOLTCOND.1
VOLTCOND.1
VOLTCOND.1
VOLTAGE.1
VOLTAGE.1
VOLTAGE.1
VOLTAGE.1
VOLTAGE.1
VOLTAGE.1
VOLTAGE.1

CP234.1
CPl95.1
CPl62.1
CPll4.1
CP207.1
CP212.1
CP210.1
CG'O1.t
CG102.1
APKE2.1
5931.1

GtOO1.l
AK3Mt.l
AMJM5.1
AMlC6.1

CONTACT.1

Req FS
450
450
450
450
400
20
20
20
20
5
5
5
5
5
5
5

10
10
20
20
20
20
20
40
40

14000
1750

200
700
700
700

a
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P-
N
R
N
R
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N

Units
G
G
G
G
MM
V
V
V
V
V
V
V
V
V
V
V
A
A
A
A
A
A
A
A
A
KPA
KPA
KPA
KPA
KPA
KPA
V

Position
L. REAR
R. REAR
R. REAR
R. REAR
R.
L.

R. FRT
R. FRT

LEFT UPPER
RIGHT UPPER
LEFT LOWER
RIGHT LOWER
MANIFOLD

L.

R. FRT

Standard  ISF Printout

ISF as tested

Location
ROCKER
ROCKER
ROCKER
ROCKER
TOE PAN
IGNITION
STARTER
HEADLIGHT - HI BEAM
HEADLIGHT - LO BEAM
ENGINE MOTION
ENGINE RPM
ENGINE VAPOR SENSOR (S3)
ENGINE VAPOR SENSOR (S1)
ENGINE VAPOR SENSOR (S5)
ENGINE VAPOR SENSOR (S4)
VAPOR SENSOR (S2)
WHEEL BAG
I/P BAG
FUEL PUMP
HORN
A/C CLUTCH
COOLING FAN
FUSABLE LINK
STARTER WIRE
MAIN BATTERY
BRAKE SYSTEM
POWER STEERING SYSTEM
COOLING SYSTEM
AUXILIARY FUEL TANK
ENGINE OIL
TRANSMISSION FLUID
THERMAL WIRE

Component

VERTICAL
LONGITUDINAL
LATERAL
VERTICAL
LONGITUDINAL

Units PrCd

ACCEL,G'S 0971

ACCEL,G'S 0982

ACCEL,G'S 0991

ACCEL,G'S 1002

DISPL,MM'S 1011

VOLTAGE,VOLTS 1021

VOLTAGE,VOLTS 1031

VOLTAGE,VOLTS 1041
VOLTAGE,VOLTS 1051
VOLTAGE,VOLTS 1061

VOLTAGE,VOLTS 1071

VOLTAGE,VOLTS 1081

VOLTAGE,VOLTS 1091
VOLTAGE,VOLTS 1101
VOLTAGE,VOLTS 1111
VOLTAGE,VOLTS 1121
CURRENT,AMPS 1131
CURRENT,AMPS 1141

CURRENT,AMPS 1151

CURRENT,AMPS 1161
CURRENT,AHPS 1171
CURRENT,AMPS 1181
CURRENT,AMPS 1191

CURRENT,AMPS 1201

CURRENT,AMPS 1211

PRESSURE,KPA'S 1221

PRESSURE,KPA'S 1231
PRESSURE,KPA'S 1241

PRESSURE,KPA'S 1251

PRESSURE,KPA'S 1261

PRESSURE,KPA'S 1271
CONTACT,N/O 1281

,

.



Test Number : Cl1279

Test Type : FRT HI POLE OFFSET,RT
Division : R & D CTR 8T9308D  PLJWOO063
Divisional Engineer :
Test Engineer :
Instrument Technician:
Test Technician :

Standard ISF Printout

ISF as tested

Ref DAS Iran ID# pReq FS Units Position Location Component Units PrCd-
129 831 CONTACT.1 a N v PNEUMATIC WIRE CONTACT,N/O 1291

130 832 CONTACT.1 8 N V PNEUMATIC WIRE FAULT CONTACT,N/C 1301
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