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This report describes the test conditions and presents the results of three crash tests. each ofKrear-v$jeel- 
drive passenger car. to study postallision fire potential . Specialized instrumentation was useddo helpl! 
identify potential ignition sources during the crash . These tests were part of a series of crashHd fireg 
propagation tests which General Motors Corporation conducted pursuant to an agreement between GM and 
the U.S. Department of Transportation (Project 8.3). 
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1. Introduction 

Three crash tests were conducted on a rear-wheel-drive passenger car model (1997 Chevrolet Camaro) to 

study post-collision fire potential. These tests were part of a series of crash and fire propagation tests 

which General Motors Corporation conducted pursuant to an agreement between GM and the U.S. 

Department of Transportation. An earlier report, "Vehicle Crash and Fire Propagation Test Program" [ I ]  

documented the overall strategies and test methodologies for this project. Part 2: of this report 'Crash 

Tests on a Passenger Van" [2] presented the results of a series of tests similar to those presented here on 

a front-wheeldrive passenger van (I 996 Dodge Caravan). 

Two additional series of crash tests were conducted on a sport utility vehicle (1997 Ford Explorer), and a 

front-wheeldrive mid-sized passenger sedan (1 998 Honda Accord). The results of these tests will be 

reported in subsequent technical reports. 

The series of crash tests described in this report consisted of three crash tests each on a new 1997 

Chevrolet Camaro. The three crash conditions were an 85 km/h (53 mph) offset moving deformable 

barrier rear impact, a 55 km/h (34 mph) offset pole frontal impact, and a 105 km/h (65 mph) oblique moving 

barrier impact. The three test conditions used for the rear wheel drive vehicle were the same as for the 

series on the sport utility and the front-wheeldrive passenger vehicle. This combination of tests, however, 

was slightly different than the combination used for the initial series on the passenger van, which was the 

first series conducted. The reasons for the differences were described in Parts 1 anld 2. 

The three test vehicles were newly manufactured 1997 Chevrolet Camaro 2 door coupes. All three 

vehicles were equipped with a 3.8-liter V-6 engine, air conditioning, 4 speed electronic automatic 

transmission as well as other options. As in previous tests [I], [Z ] ,  the best selling engine, transmission 

and air conditioning options were selected. For 1997 Camaros, 66% were sold 'with a 3.8 liter engine, 

100% with air conditioning, and 72% with 4 speed automatic transmission [3]. Sales figures were not used 

to select any other options. However the three test vehicles all were equipped with an electric rear 

window defogger, a 6-way driver power seat, and 16-inch aluminum wheels. Standard equipment for 1997 

Camaros included driver and front passenger air bags, 3 point seat belt systems, and a 4-wheel anti-lock 

brake system. 

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

On January 8, 1997 an offset moving deformable barrier rear impact was conducted on a rear wheel drive 

passenger car. The test was conducted indoors at the General Motors Proving Ground, in Milford, MI. 

A total of 80 data channels were recorded for this test, fewer than were recorded for the frontal impact 

tests. Fewer injury measurements were recorded from the Hybrid Ill Anthropomorphic Test Devices 

(ATDs) (located in the two front seating positions) because many of the injury measurements available with 
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the Hybrid Ill dummy are appropriate only for frontal impacts (such as leg injury measurements.) In 

addition, it should be noted that the their Injury Assessment Reference Values (IARVs) for the recorded 

injury measurements were developed primarily foi frontal impacts, and may not be appropriate for rear 

loading. Also, the rear impact was conducted without the engine running; thus no instrumentation was 

required to monitor the engine. Similarly, the hydrocarbon vapor measurements, which were recorded in 

the engine compartment for frontal tests were not included in this test. The purpose of the hydrocarbon 

vapor measurements for the frontal tests was to identify the presence of vapors resulting from gasoline or 

leaks of other engine compartment fluids. However, for the rear impacts, the fuel system contained 

Stoddard solvent, not gasoline, and no other engine compartment fluids were used. 

2.1. Test Conditions 

2.1 .I. Impact Conditions 

This test was an offset moving deformable barrier rear impact as depicted in Figures 1, 2, and 3. The test 

vehicle was parked and impacted with a deformable moving barrier similar to what is specified in 

FMVSS214 [4]. The impact velocity, measured with radar, was 84.7 km/h (52.6 mph). The moving barrier 

impacted the test vehicle in the rear on the filler neck side (left side) with a 70 % overlap. The overlap was 

computed by measuring the widest part of the vehicle body vertically in line with the rear axle and 

multiplying this width by 0.70. For this particular test, the vehicle width vertically in lline with the rear wheel 

centerline was measured to be 1868 mm, resulting in a desired overlap of 1308 mm, as shown in Figure 3. 

The actual impacted overlap for this test was within 15 mm of the desired. 

t 
70% Overlap 
Deformable 
Moving 
Barrier 

85 kmlh 
(53 mph) 

Figure 1 

Crash Test Configuration for Test C11408 
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Figure 2 

Pre-Test Photograph of Test C11408 
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Figure 3 
Schematic of Intended Vehicle Overlap 

Test C11408 

The moving barrier's total mass was 1370 kg (3020 Ibs.); its frontal axle mass was '779 kg (1717 Ibs.); and 

its rear axle mass was 591 kg (1302 Ibs.) The center of gravity was measured to be 526 mm (20.7 inches) 

above grade, 11 18 mm (44 inches) rearward of the front axle and laterally in the center of the barrier. Its 

wheels were aligned with the longitudinal axis of the moving barrier as shown in Figure 1 (unlike FMVSS 

214 testing, in which the wheels are set at an angle.) The aluminum honeycomb barrier face was similar to 

that specified in FMVSS 214 and was located such that the center of the bumper form was 431 mm (17 

inches) f 12 mm (0.5 inches) above grade. The brakes on the moving barriers were activated at time zero 

(impact). However a mechanical delay in the pressurization of the brake lines results in an effective brake 

activation time of approximately 80-150 msec after impact. The barrier was alsa stopped following the 

impact using a cable attached to the barrier. This cable ("snubber" cable) was restrained with a remote 

brake system which was also activated at time zero, but had an effective activation time of about I00 - 150 

msec. 

2.1.2. Vehicle Description 

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

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

test vehicle was weighed before but not after the final installation of some crash test instrumentation. Thus 
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the final test mass was estimated but not measured. 181 1 kg represents the estimated final test mass 

(including all of the instrumentation). 55.7 liters (14.7 gallons) of Stoddard Solvent were added to the 

unusable capacity (also Stoddard) of the fuel tank. The headlights, ignition, hazard lights, and rear 

defroster were all on for the test. The transmission selector was placed in reverse for the test. 

2.1 3. Modifications to Production Vehicle 

Because the objective of this test was to conduct basic research on crash conditions that might result in 

post-collision fire and not to test a production vehicle for compliance with any performance standard, some 

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

the modifications follows. 

The test vehicle’s front brakes were isolated from the brake system and connecteld to an auxiliary brake 

machine which charged the lines at about 150 msec after impact. There was also a mechanical delay of 80 

- 150 msec from the time the auxiliary brake machine was activated until the lines were pressurized, 

resulting in a effective delay of 230 - 300 msec. The test vehicle’s rear brakes were not activated during or 

after the test. 

The vehicle’s hood was removed to facilitate the installation of the crash test instrumentation above the 

engine compartment. In addition, a pressure transducer was installed in the right fuel rail in the engine 

compartment to measure the fuel pressure during the crash. This transducer was attached via the 

production pressure check valve on the fuel rail. The fuel return pressure was also measured. That 

transducer was located on the left side of the engine. 

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

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

outcome of the test. 

For all of the tests conducted for project, the test vehicles were loaded with all requiired instrumentation for 

the test objective, independent of a target test mass. Thus, the test masses for different tests on the same 

vehicle model are likely different, and also different than the test mass required by FMVSS 208 [5]. 

2.1.4. Vehicle Measurements 

Measurements that were recorded during this test included: 

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

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

Center tunnel acceleration (longitudinal, lateral, and vertical) 

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

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

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

vehicle, and are listed in order of rear to front. 

Left rear bumper beam to cargo tub 

Right rear bumper beam to cargo tub 

Center cargo tub to heat shield (which was located between the tub and the muffler) 

Rear center fuel tank to vehicle structure 

Front center fuel tank to vehicle structure 

For this vehicle model, the cargo tub, which allows for cargo storage access from the hatch, is located just 

forward of the rear bumper. The muffler is oriented laterally (cross car) and is positioned just forward of 

cargo tub. The fuel tank is located forward of the tub and above the muffler. A metal heat shield is located 

above the muffler and also extends rearward of the muffler. 

2.1.5. Photoaraphic Coverage 

High-speed 16 mm movie cameras were used to film the crash test. All cameras were located off-board of 

the vehicle. Cameras were located at various locations around the impact including above, below, and to 

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

2.1.6. Moving Barrier Measurements 

The following measurements were measured on the deformable moving barrier: 

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

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

East and West "snubber" cable brake pressures 

The two brake system pressure measurements are from an auxiliary disc brake system used to stop the 

snubber cable spool out. This cable is attached to the moving barrier and was used to stop the barrier 

following the impact. Thus, the brake pressure measurements are a good indication of when the cable 

began to stop the barrier following the impact. This "snubber" brake system was independent of the 

moving barrier's brakes, which were also activated (but not recorded) following the iimpact. 
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2.1.7. Anthropomorphic Test Device (ATD) Measurements 

Two 50th Percentile Male Hybrid Ill ATDs, (FMVSS reference part 572, Subpart E) [6] were located in the 

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

were at 26.5 degrees relative to vertical. The ATDs were restrained using the vehicle’s production lap / 

shoulder belts with the adjustable guide loop set in the third position from the top. The ATDs were 

positioned per FMVSS 208 [5] guidelines and the pelvic angle was measured to be 23.7 degrees from 

horizontal for the left front occupant and 22.5 degrees for the right front. The head ‘target angle was set to 

0 degrees from horizontal for both occupants. The following measurements were recorded for each ATD: 

Head triaxial acceleration 

Chest triaxial acceleration 

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

Headheck interface (upper neck) lateral shear force( Fy) 

Headheck interface (upper neck) axial force (Fz) 

Headheck interface (upper neck) moments about longitudinal, lateral and vertical axis (Mx, My, Mz) 

Appendix A includes the Injury Assessment Reference Values (IARV) [7] used *For the analysis of the 

recorded ATD measurements. Head Injury Criteria (HIC) computations limited to I 5  msec (as described in 

AGARD 330 [7]), as well as computations limited to 36 msec (as required by FMVSS 208 [5]) are both 

presented in the test results. 

2.1.8. Hvdrocarbon Vawr Measurements 

There were no hydrocarbon vapor measurements made for this test. 

2.1.9. Fluid Pressure Measurements 

Both the fuel supply line pressure and return line pressure were recorded. 

measurements were made. 

No other fluid pressure 

2.1 .I 0. Additional Electrical Measurements 

Electrical events such as shorts, arcs or overheated circuits are possible ignition sources for postallision 

fires. Therefore, in addition to standard crash test electrical measurements (such as the air bag currents), 

electrical measurements were also made on some electrical circuits anticipated to be in the area of vehicle 

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

anticipated crush were monitored. 
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Clamp - on current monitoring transducers were used to measure the following currents: 

Rear window defroster 

Rear left brake light 

Rear left backup light 

Rear left tail light 

Rear left turn signal 

All of these five current transducers were located in the passenger compartment underneath the left rear 

quarter panel interior trim. 

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

Ignition 

Center high-mounted stop light 

Rear window defroster 

Rear left brake light 

Rear left backup light 

Rear left tail light 

Rear left tum signal 

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

driver's side. The remaining six voltages were monitored near the current transducers underneath the left 

rear quarter panel interior trim. 

2.1 .I 1. Evaluation of the Crashworthiness of Potential Fire Detection or Suppressiori Technologies 

Two separate experimental thermal wire fire detectors were mounted to the underside of the vehicle. One 

was located near the rearward edge of the fuel tank attached to the shield separating the tank and the 

cargo tub. The other wire was attached to the underside of the rearmost lateral swaybar. These two wires 

were both oriented laterally (cross-car) and were measured independently. The wire type, however, was 

the same for the two locations and was similar to the wires used on previous tests in this series. Each 

thermal wire consisted of two wires separated by an insulating material that is intended to melt when 

exposed to flame, thereby completing an electric circuit. For the crash tests, the closure is monitored only 

to evaluate the devices' crashworthiness at their given mounting location. Clearly, crashworthiness is a 

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

fires. 
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A pneumatic fire detector was located on the underside of the fuel tank. It consisted of a long, thin tube 

attached to a pressure sensing device. The tube contained a metal-hydride compound, which generates 

hydrogen gas when heated. A pressure transducer at one end of the tube measures the pressure increase 

when the tube is exposed to flames. For this test, the tube was looped and attached on the under side of 

the fuel tank, while the pressure sensor was rigidly mounted on the underside of the right rear frame rail. 

Both the thermal wire and pneumatic fire detectors were supplied by Santa Barbara Dual Spectrum 

(Goleta, CA). Devices of this type could be used with an active fire suppression system but for this test 

were only monitored to evaluate their crashworthiness. 

2.2. Summary of Test Results 

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

Figure 4 

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

Post-Test Photograph of Test C11408, Right -Rear View 

2.2.1. Summary of Standard Vehicle Crash Test Measurements 

The complete set of recorded and computed vehicle measurements are included in Appendix B (Plots 19 

through 108, 116, 129 through 133). 

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

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

rocker panels, but the lower frequency signal and first integral of the acceleration are representative of the 
overall motion of the passenger compartment. The average of the two front rocker panel longitudinal 

acceleration measurements (Figure 6 and Appendix B, Plot 25) was integrated to compute the change in 

vehicle longitudinal velocity (Figure 7 and Plot 26). The peak vehicle longitudlinal acceleration (after 

filtering at SAE class 60 [8]), was 239 and the maximum longitudinal change in vehicle velocity was 38 

km/h (23.6 mph). 
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Figure 6 

Averaged (Left & Right) Front Rocker Panel Longitudinal Acceleraition, 

Test C11408, filtered at SAE class 60 [8] 

40 

30 

20 

I O  

0 

-1 0 
0 50 100 150 200 

Time (msec) 

Figure 7 

Averaged (Left & Right) Front Rocker Panel Longitudinal Velocity 

Test C11408 
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The center tunnel longitudinal acceleration (Plot 100) and velocity (Plot 101) is also a good indication of 

passenger compartment motion. This measurement indicated a peak acceleration lof 30 g and a velocity 

change of 36.5 km/h (22.6 mph). The small difference between the tunnel and rocker velocity changes as 

well as the larger difference between the peak accelerations can be attributed to differences in localized 

accelerations. 

The results of the five vehicle contacts are shown in Appendix B, Plots 129 - 133. As expected, the vehicle 

crush progressed from rear to front. The right and left rear bumper beam first contacted the cargo tub at 5 

and 8 msec respectively (Plot 130 and 131). The front center cargo tub contacted with the heat shield at 

24 msec (Plot 129). The rear of the fuel tank contacted the vehicle structure at 24 msec (Plot 133) and 

there was no contact indicated between the front of the fuel tank and the vehicle structure (Plot 132). 

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

2.2.2. Summaw of Recorded Barrier Measurements 

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

Appendix B (Plots 134 through 154). 

The longitudinal velocity of the barrier’s CG is shown in plot 135 and re-created here as Figure 8. The 

barrier sustained a velocity change of about 55 km/h (34 mph) in 140 msec. 
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2.2.3. Summary of Recorded ATD Measurements 

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

through 18). 

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

Assessment Reference Values (IARV) (Appendix A), indicates that all monitored measurements were 

below their respective IARV except the upper neck tension. This measurement had a peak value of 4.97 

kN, which is 151% of its IARV of 3.3 kN for 0 msec duration. This measurement is shown in Appendix B, 

Plots 5 and 9, (the time dependent IARV is described in Appendix A.) All other irijury measurements for 

the left front occupant were below their respective IARVs. 

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

were below their respective IARVs. 

2.2.4. Summary of Hydrocarbon Vapor Measurements 

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

The dynamic pressure measurement of the fuel supply line is shown in Appendix B, Plot 123. This data 

trace is biased by 320 kPa, which is approximately the operating pressure of the fuel system. The data 

acquisition system used for this crash test, automatically forces all channels to read zero, including those 

channels that initially have a non-zero value when the engine is off, such as fuel pressure. (Most fuel- 

injected vehicles retain fuel pressure when the engine is off.) Thus, the raw recorded data indicates zero 

pressure, when in fact the pressure was at normal operating pressure. The recorded data is was biased 

during post-test data processing to indicate a starting pressure of approximately 320 kPa. This channel 

indicated some amount of fluctuation during the impact, but does not indicate a fuel system leak. A leak 

would produce a quick pressure drop to near zero. In addition, there were no fuel system leaks identified 

during the post-test inspection. 

The pressure of the fuel return line is shown in Appendix 6, Plot 124. This measurement indicated a quick 

rise in retum line pressure to about 400 kPa at about 180 msec. This was likely due to compression of the 

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

2.2.6. Summarv of Additional Electrical Measurements 

The results of the additional electrical measurements made on some of the rear electrical circuits are 

shown in Appendix 6, Plots 109 to 115 and 117 to 122. 

The rear window defroster current measurement indicated a current draw of about i l l amps at impact (the 

defroster was on for the test.) This measurement is shown in Plot 11 8 and Figure 9. Note that Plot 118 

only has a duration of 240 msec, while Figure 9 has a duration of 700 msec. At 40 msec, however, the 

current dropped to near zero, possibly due to the circuit being cut during the impact. This is also supported 

by the rear window defroster voltage measurement (Plot 11 1 and Figure 10) which increased from about 

11 volts (during normal operation at impact) to 12 volts at 40 msec. If the circuit was cut at 40 msec, then 

the normal voltage drop due to current draw would end at 40 msec and a slight increase of voltage would 

be expected. 

At 140 msec after impact, however, the current (Plot 1 18 and Figure 9) rose exceedling the full scale range 

of the measurement. (The full scale range was set at 20 amps, however, slight over-range measurements 

can be recorded, thus the initial 21 amp measurement at the time of impact was valid.) This increase of 

current at 140 msec was likely due to the energized side of the cut circuit shorting to ground during the 

a s h  of the vehicle. This is also supported by the voltage measurement (Plot I 1  1 and Figure I O )  which 

also indicated a significant drop in voltage (but not to zero) at 140 msec. At about 550 msec both the 

current measurement and the voltage measurement dropped to zero indicating the opening of the circuit 

breaker. This circuit was overload protected by a breaker rather than a fuse. 
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Rear Defroster Voltage, Test C11408 
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An inspection of the ignition voltage also supported the hypothesis of a defroster circuit short at 140 msec, 

with the breaker opening at 550 msec. The ignition voltage (Plot 109) dropped from 12 to 11 volts at 140 

msec and returned to 12 at about 550 msec. Again, Plot 109 only shows the first 240 msec of the test, 

however an inspection of the recorded data past 240 msec indicated this return to 12 volts at 550 msec. 

Shorting of smaller-gage overload-protected circuits was not unexpected in impacts of this type given the 

amount of vehicle crush experienced. Although there could be arcing during an electrical short which, in 

turn, could serve as an ignition source given the presence of a flammable vapor, generally overload- 

protected circuits are unlikely to overheat sufficiently to ignite a solid-fuel fire. 

Similar to the defroster measurements, the left rear taillight also indicated a possible short, although it had 

a much shorter duration. The current measurement (Plot 121) indicated an overload from about 48 msec 

to 58 msec. The voltage measurement (Plot 114) supported a hypothesis of a possible short indicating a 

voltage drop from 12 to 6 volts, also at 48 msec. The voltage drop of 6 volts is likely due to the increased 

loading of the circuit. Both traces indicate, however, that this short was of short duration ( I O  msec), and 

did not open the fuse (which would have resulted in a permanent drop in voltage.) The post-test inspection 

of the fuses, also indicated that this fuse (#5) was not open. At the time of the indicated short (60 msec) 

the vehicle was undergoing dynamic crush in the rear structure. Thus intermittent or temporary shorts or 

opens would not be unexpected. As with any crash test, as the vehicle dynamically crushes, damage to 

the wiring circuits would have been intermittent. 

No other electrical measurements indicated short circuits resulting in significant current draws, however 

additional observations about the electrical measurements follow: 

The left rear backup light voltage (Plot 1 13) dropped from approximately 11.5 volts to zero at 50 msec. 

This was likely due to the gearshift moving from reverse to neutral during the impact. This was also 

supported by the current measurement of the same circuit (Plot 120) which indicated a drop of current 

draw from 3 amps to zero at 50 msec. The post-test inspection indicated that this iuse (#2) was not open, 

thus the permanent drop in voltage was likely due to the shift in gears, rather than a short opening the 

fuse. 

The left rear tum signal voltage (Plot 11 5) and the current (Plot 122) dropped from normal operating levels 

to near zero at about 60 msec. This was due to the turn signal cycling off at the time of impact. The 

hazard warning lights were on for the impact, and the turn signal lamps timed off at around 60 msec. 

Although Plots 115 and 122 only include the first 240 msec of data, an inspection of the recorded data 

through 5000 msec indicated that the hazard flashers cycled at least through 5000 msec, and that a drop at 

60 msec would be expected given the duty cycles observed. The post-test inspection revealed that the 

fuse protecting this circuit (#I) was open following the test. The current trace (Plot 122), however, did not 

indicate elevated current flow during the event so this wire did not short. However, the same fuse also 
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protected several other circuits, such as the right side rear turn signal. Many of these additional circuits 

were not monitored during the test. One of the other non-monitored wires likely shorted causing the fuse to 

open. However, the fuse did not open until after 5000 msec, because voltage was observed on the left rear 

turn signal through at least 5000 msec. 

The left rear brake light and the center high mounted stop light indicated very similar measurements. Their 

similarity is expected, as both indicate braking. Both current measurements (Plots ‘1 17 and 119) indicated 

little or no current flow for the duration of the event. The overload indicated on Plot 119 at 61 mSec was of 

extremely short duration and was likely an artifact of the crash effects on the instrumentation (noise). The 

voltage channels (Plots 1 10 and 112) closely followed each other and rose from 0 to 4 volts from about 58 

msec to 155 msec. This voltage rise is unexplained but could be due to cross feeding from other circuits all 

that could be damaged during impacts of this type. 

2.2.7. Summarv of Numerical Film Analvsis 

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

The crush of the vehicle on the left side is represented here as the longitudinal displacement of the vehicle 

relative to the moving barrier as numerically measured from film. This measurement is shown in Plot 1 and 

also Figure 11. Approximately 1250 mm of displacement occurred on the left side of the vehicle and 

represents the combined crush of the deformable barrier face and the vehicle. 
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Vehicle Displacement Relative to Moving Barrier, Left Side, 

Test C11408, Numerically Measured from High Speed Film 

Similarly, the right side longitudinal displacement of the vehicle relative to the moving barrier (Plot 4) 

indicated about 1050 mm of maximum displacement at 80 msec. 

2.2.8. Results of Post-test Static Rollover 

This vehicle was rolled on January 9, 1997 using a static roll procedure similar to the roll procedure 

specified in FMVSS 301 [8]. The vehicle was rolled both in the negative direction (filler neck down) and 

also in the positive direction (filler neck up). No gasoline or Stoddard Solvent spillage was noted during the 

static rollover. 

2.2.9. Results of the Evaluation of the Crashworthiness of Potential Fire Detection or Suppression 

Tech no loa i es 

The electrical contact measurements used to monitor the pneumatic fire sensor aind the two thermal wire 

fire detectors are shown in Plots 125 through 128. No contacts were recorded on any of the channels. 

This indicates that there were no activations due to fire (there was no fire) or inadvertent activations due to 

the vehicle crush. The detectors at the given locations were crashworthy for this crash configuration. 
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2.2-1 0. Summaw of Post-test Vehicle Inspection 

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

compartment, the locations of any fluid leaks that occurred during the crash test, the locations of any 

electrical shorts that occurred during the crash test, and any contact between combustible materials and 

hot surfaces. As with any severe crash test, the vehicle residual crush makes the inspection of every 

component difficult if not impossible. Many components became buried and impossible to inspect without 

further damage. Some occurrences or events may not have been identified and noted. However, a 

reasonable effort was made to complete as thorough an inspection as possible. 

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

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

evaluated for their potential contribution to fire propagation during this inspection, instead all openings 

identified were noted. Subsequent fire propagation tests were conducted to further evaluate possible fire 

propagation paths. These fire propagation tests are reported separately. The presence of interior 

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

the structural openings. Those openings (excluding glass breakage) identified for this test, follow: 

opening in left rear wheel well 

(approximately 300 mm long x 1 I O  mm wide at its widest point) 

opening in right rear wheel well near spare tire 

(approximately 280 mm long x 20 mm wide) 

opening in floorpan near frame rail 

(approximately 20 mm x 20 mm) 

dislocation of floorpan drain plug behind the driver’s seat 

Due to the crush of the vehicle, the inspection of the electrical circuits in the rear of the vehicle was 

inconclusive. The specific locations of electrical shorts or open circuits referred to in Section 2.2.6 were 

not identified. However, the physical inspection did indicate opened fuses at llocations #8 and #I as 

previously reported. 

There was no evidence of combustible materials contacting normally hot surfaces identified during the 

post-test inspection. 

2.3. Conclusions 

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

objectives of this project. 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

There were no fires identified during this crash test. 

The test vehicle experienced a longitudinal velocity change of approximately 38 km/h (24 mph) in 

about 120 msec. The deformable rear moving barrier’s longitudinal velocity change was 55 km/h (34 

mph) in about 140 msec 

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

rollover. 

The ATD measurements indicate that a crash condition of this type may be survivable from a crash 

trauma standpoint. All passenger dummy injury measurements that were recorded were below their 

respective Injury Assessment Reference Values (IARVs). For the driver dummy, only the neck tension 

was above its IARV, with a peak value of 4.97 kN (151% of its zero duration IARV of 3.3 kN.) 

The fuel supply pressure measurement also did not indicate any fuel system leaks during the impact. 

The fuel retum line pressure measurement indicated a quick rise in return pressure from near zero to 

400 kPa at about 180 msec. This was likely due to the fuel tanks volume compressing due to the 

vehicle crush, resulting in a tank and return line pressure rise. 

Consistent with tests of other vehicle models in this series, electrical activity was identified on nearly 

every circuit monitored for the test. At least two possible shorts were identified, one on the rear 

defroster circuit and the other on the left rear tail light circuit. These two circuits (as well as all of the 

circuits in the rear of the vehicle) were overload protected. The defroster was protected by a circuit 

breaker that opened at 550 msec after impact. The left rear tail light short only lasted about 10 msec 

and did not open the fuse protecting it. Consistent with the other tests in the series, the electrical 

activity was difficult to analyze due to the sporadic and intermittent behavior of the electrical circuits as 

they are physically crushed during the impact. 

The two different experimental fire detection technologies evaluated in this test (thermal fire wire and 

pneumatic sensor) both were crashworthy at their mounting locations. That is, neither indicated a false 

activation or were damaged during the impact. 

The high-speed films were numerically analyzed to identify the amount of dynamic crush. The 

combined barrier face and vehicle crush on the left side of the vehicle was 1250 mm, which occurred 

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

at 80 msec. 

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

passenger compartment were identified. For this test the two largest openings were near the left rear 
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wheel well and the right rear wheel well. Smaller openings were also identified in1 the floorpan near the 

frame rail and also due to a dislodged drain plug. Subsequent fire propagation tests were conducted 

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

results are reported separately. 

10. There was no evidence of any combustible materials contacting normally hot suttaces. 

21 01 /l a0 1 





3. Rear Wheel Drive Passenger Car Offset Pole Frontal Impact, Test C11591 

On May 14, 1997, a rear wheel drive passenger car offset pole frontal impact crash test (Test #C11591) 

was conducted at the General Motors Proving Ground in Milford, Michigan. A total of 146 channels of data 

were recorded during the test. Substantially more data channels were recorded for this frontal test than the 

rear impact because unlike the rear test, the engine was operating thus requiring instrumentation to monitor 

the engine. Also, the two Hybrid Ill ATDs were fully monitored which also resultefd in more data channels 

as compared to the rear impact. 

3.1. Test Conditions 

3.1 .I. Impact Conditions 

This test was an offset pole frontal impact as depicted in Figure 12 and Figure 13. The test vehicle was 

towed into a 355 mm (14 inch) diameter steel pole. The lateral offset between the vehicle longitudinal 

centerline and the pole was 305 mm (12 inches), with the impact occurring on the right side of the vehicle 

centerline (passenger’s side). The impact velocity was measured with radar, and was 55.3 km/h (34.3 

mPW- 

355 mm Diameter 

Figure 12 

Crash Test Configuration for Test C11591 
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Figure 13 

Pre-test Photograph of Test C11591 

3.1.2. Vehicle Description 

The test vehicle was a 1997 Chevrolet Camaro (VIN: 2GIFP22K5V2109780) with a test mass of 1849 kg 

(934 kg front, 915 kg rear) which included the two ATDs, crash test instrumentatioin, and Stoddard Solvent 

in the fuel tank. The fuel tank’s unusable capacity was first filled with Stoddard Solvent, then 55.7 liters of 

Stoddard were added to the unusable capacity of the tank. (55.7 liters is 95% of tlhe rated usable capacity 

of 58.6 liters.) The engine was operating at impact with complete engine compartment fluids, including 

battery electrolyte. The radio, high beam headlights and air conditioning were olperating at impact. The 

transmission was in neutral during the vehicle tow. 

3.1 3. Pretest Engine Warm-up Procedure 

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

I 

Engine Warm-up Procedure for Test C11591 

Engine speed increased to 1200 rpm 

Engine turned off for instrumentation set-up 

Engine restarted, set to 1100 rpm 

15 

26 

38 

Impact 60 

I Time after initial engine start, I Duration, 

11 

12 

22 

I (min) (min) 

3.1.4. Modifications to Production Vehicle 

The vehicle was tested with both the hood and rear hatch in place. However, the rear seat was removed 

to allow for the installation of the crash test instrumentation and the auxiliary fuel tanik 

Gasoline was supplied to the engine from an auxiliary tank mounted in the rear cargo / seat area. 

The spare tire was removed for the test. 

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

during the tow, if necessary. The pistons were removed from the front calipers and the brake fluid inlet 

port was welded shut. This allowed the front brake lines to be pre-charged and maintained at a steady 

state pressure, while still allowing the front wheels to rotate during tow. The front brakes were pre-charged 

by mechanically locking down the driver brake pedal. 

As with the other frontal tests, instrumentation was included to monitor the engine compartment electrical 

circuits and fluid pressures. The specific locations of transducers are outlined in subsequent sections. 

Every reasonable attempt was made to make the added instrumentation as non-intrusive as possible to 

reduce the likelihood of affecting the outcome of the test. However, some of the instrumentation was 

required to be in areas of vehicle crush and could have, in fact, affected the test’s outcome. 

3.1.5. Vehicle Measurements 

Measurements recorded during this test, included: 

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

Right floorpan acceleration (longitudinal) 

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

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

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

Tach signal voltage (voltage signal from the production engine speed sending unlit) 

Engine motion (rotation of crankshaft using an auxiliary magnetic pickup transducer) 

(labeled "hall effect sensor voltage" in Appendix D) 

Fuel pump current (at auxiliary fuel tank) 

Fuel pump voltage (at auxiliary fuel tank) 

3.1.6. Photoqraphic Coveraqe 

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

locations around the impact including above, in front of, below and to both sides of the vehicle. 

3.1.7. Anthropomorphic Test Device (ATD) Measurements 

Two 50th percentile male Hybrid 111 ATDs [6] were located in the front outboard seating positions. The 

seats were located in the fore-aft mid position, and the seat backs were at 26.5 degrees relative to vertical. 

The ATDs were restrained using the vehicle's production lap / shoulder belts with the adjustable guide loop 

set in the third position from the top. In addition, the ATDs were restrained by tlhe vehicle's production 

frontal air bags. The ATDs were positioned per FMVSS 208 [5] guidelines and the pelvic angles were 23.7 

degrees from horizontal for the left front ATD and 23.8 degrees for the right front ATO. The head target 

angle was at 0 degrees from horiiontal for both ATDs. 

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

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Head triaxial acceleration 

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

Headheck interface (upper neck) lateral shear force( Fy) 

Headheck interface (upper neck) axial force (Fz) 

Headheck 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 
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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) 

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

the lower leg: 

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

Lower tibia shear load (Fy, right - left), left and right legs 

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

3.1.8. Hvdrocarbon Vapor Measurements 

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

Above the right fuel rail (location #I) 

Above the left fuel rail (location #2) 

Above the left exhaust manifold (location #3) 

Near the descending left exhaust pipe (location #4) 

Near the catalytic converter (location #5) 

The concentration of hydrocarbon vapors was measured using tin oxide sensors at each location. In 

addition, the temperature from each of the tin oxide sensors was also measwed to more accurately 

interpret the output of the gas sensors. Co-located with the tin oxide sensors were sample tubes which 

drew gas into collection tubes during the crash test [I]. These samples were analyzed by gas 

chromatography to determine the composition of the vapor at each location. 

3.1.9. Fluid Pressure Measurements 

The pressures in several of the vehicle's fluid systems were measured to help id'entify fluid leaks and the 

time during the impact when they occurred. These pressure measurements included: 

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

Left side power steering system pressure (measured near power steering rack;) 
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Right side power steering system pressure (measured near power steering rack) 

Cooling system pressure (measured at thermostat housing) 

Auxiliary fuel supply line pressure (measured near the production fuel filter where auxiliary line was 

tapped into production line) 

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

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

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

fluids. 

3.1 . IO. Additional Electrical Measurements 

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

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

Hom (high & low tone) current (measured in engine compartment under power distribution center) 

Air conditioning compressor clutch (measured at a/c compressor) 

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

Altemator cable (measured at alternator) 

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

HVAC blower (measured under instrument panel inside passenger compartment) 

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

Voltage measurements were also made on the following circuits: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Ignition (measured under instrument panel inside of passenger compartment) 

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

Starter (measured at terminal on starter) 

Battery (measured at terminal on battery) 

Altemator (measured at terminal on alternator) 

High blower relay (measured in engine compartment under power distribution center) 

Relay center - A (measured at relay center, fusible link B) 

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

Radio accessory, fuse #4 (measured near main fuse box, driver‘s side instrument panel) 

Tail light fuse (measured near main fuse box, driver’s side instrument panel) 

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

Headlight switch 
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3.1 .I 1. Evaluation of the Crashworthiness of Potential Fire Detection or Suppression 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 used on previous tests conducted for this project. For this test, 
only one thermal wire was included. Longitudinally, it was located reanward of the hood’s crush initiator 

(Le., located in the rear half of the hood.) Laterally, it was located in the center of the hood and spanned 

approximately the center third of the hood’s lateral width. The wire was looped over on itself (doubled up) 

and then bent in a rectangular shape and mounted to the hood liner. This thermal wire was monitored for 

contact closure between the wires during the test. 

Figure 14 shows the under-hood location of the thermal wire device. 

FiguFe 14 

Thermal wire, pneumatic, and fire coil detectors 

Test C11591 

A pneumatic fire detector was also included and was also located on the underside of the hood below the 

hood liner. The pneumatic detector was not looped into a rectangular shape lilke the thermal wire, but 

rather spanned the entire width of the hood at the very rear of the hood liner. Two channels were 

monitored on the pneumatic detector, one normally open activation circuit and a normally closed fault 

circuit. The pneumatic detector‘s location is also shown in Figure 14, however, due to the small diameter 

of the tube it is difficult to see. 
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In addition to the thermal wire and pneumatic detectors, two optical fire detectors were also located in the 

engine compartment. These sensors (Dual Spectrum, model PM-5V) operate by sensing two separate 

bands of infrared energy to detect a fire. They are designed to detect fires fueled by gasoline diesel, CNG, 

LNG, LPG, methanol, oils, lubricants and other types of hydrocarbons. The sensors are small in size (43 

mm x 89 mm x 69 mm) and have a 90 degree solid cone field of view. These two detectors were not 

mounted on the hood, but rather were rigidly mounted in the rear of the engine compartment under the 

wiper tray and faced foward. One sensor was mounted on the right side and the other was located 

symmetrically on the left side of the engine compartment. The two optical sensors were electrically 

monitored for activation during the impact. 

The thermal wire, pneumatic detector and optical sensors were all supplied by Dual Spectrum (Goleta, 

CA). Devices of this type could be used with an active fire suppression system but for this test were only 

monitored to evaluate their crashworthiness. 

In addition, two fire coils were also attached to the underside of the hood, as shown in Figure 14. These 

coils were supplied by POWSUS, Inc. These fire coils normally are Nylon-I2 tubes containing liquid HFC- 

134a as a propellant and an active fire suppressant. These devices are activated by heat from a fire, which 

causes the Nylon tube to soften and rupture, allowing the propellant and fire suppression agent to escape. 

To be effective in extinguishing post-collision, under-hood fires that ignite seconds or minutes after the 

crash, these fire suppression devices must not be punctured or rupture during the crash. Thus, the 

purpose of including the coils on this test was to evaluate their crashworthiness at a given mounting 

location. A more detailed description of these coils was reported separately [9]. 

Each tube was a length of coiled Nylon-12 tubing (tubing 0.d. = 0.5 inches, wall thickness = 0.062 inches, 

tubing length = approximately 11 feet, coil diameter = 12 inches). For this test, the coils were charged with 

liquid HFC-134a only, and did not contain the active fire suppression agent normally used in these devices 

(EnvirogelTM). The ends of the tubes were ultrasonically welded. Both coils were attached to the underside 

of the hood rearward of the crush initiator. One coil was to the left of the longitudinal centerline of the 

vehicle, and the other was to the right as shown in Figure 14. 

3.2. Summary of Test Results 

Post-test photographs of the vehicle are shown in Figure 15 and Figure 16. 
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Figure 15 

Post-Test Photograph of Test C11591, Front-Right View 

f 

Figure 16 

Post-Test Photograph of Test C11591, Front View 
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3.2.1. Summaw of Standard Vehicle Crash Test Measurements 

-35 

4 0  

4 5  

The complete set of recorded and computed vehicle measurements are included in Appendix D (Plots 60 

through 131, 135, 147, 148, 160, 161, and 163). 
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The two rear rocker panel longitudinal acceleration measurements were averaged and integrated to 

compute the change in vehicle velocity, and integrated again to compute vehicle displacement. The peak 

vehicle longitudinal acceleration (after filtering at SAE class 60 [8]), was 30 g. The maximum longitudinal 

change in vehicle velocity was 62 km/h (38.5 mph), with the velocity crossing zero at 118 msec past time 

zero (impact.) The averaged rear rocker longitudinal acceleration is shown in Figure 17 and Plot 100, while 

the longitudinal velocity is shown in Figure 18 and Plot 101. 
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Figure 17 

Averaged (Left & Right) Rear Rocker Panel Longitudinal Acceleration 

Test C11591 , filtered at SAE class 60 [8] 
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Figure 18 

Averaged (Left & Right) Rear Rocker Panel Longitudinal Velocity 

Test C11591 

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

and is shown in Figure 19 and also Plot 131, Appendix D. 
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Figure I S  

Right Toepan Displacement, Relative to Floorpan 

Test C11591, filtered at SAE class 60 [8] 

The magnetic pickup transducer used to monitor the rotation of the engine malfunctioned during this test 

and did not accurately reflect engine motion (Plot 147). This same transducer functioned properly in 

previous tests and had accurately represented engine motion. The tach signal voltage, which is the voltage 

signal from the vehicle’s production engine speed sending unit is shown in Plot 1418. This measurement 

indicated that the engine was still turning through 40 msec. However, this signal dropped to zero volts at 

around 40 msec because the main battery and ignition voltage also dropped at that time (see Section 

3.2.5.) 

The current measurements of the driver and passenger air bag circuits indica1:ed that both air bags 

deployed at about 33 msec (Appendix D, Plots 160 and 161 .) 

Figure 20 and Plot 163 in Appendix D show the current measured at the auxiliary fuel pump. The fuel 

pump drew 7 amps before impact until about 40 msec, when the current dropped to zero. The fuel pump 

voltage measurement malfunctioned and resulted in no valid recorded data, (Plot 135). However, the 

battery voltage indicated a drop from 13.5 volts to near zero also at 40 msec, as shown in Figure 21 and 

Plot 133. The fuel pump lost power when the main vehicle electrical power was lost at 40 msec. 
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Fuel Pump Current 

Test C11591 
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Figure 21 

Battery Voltage 

Test C11591 
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3.2.2. Summary of Recorded ATD Measurements 

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

and Plots 1 through 60). 

For both of the ATDs, a comparison of the injury measurements for both of the Al’Ds to their respective 

IARVs (Appendix A), indicated that all measurements were below their respective: IARVs. The goal in 

selecting the crash test conditions was to subject the vehicle’s electrical and fluid systems to severe 

impacts to better understand how post-collision fires might start, but not to select conditions which were so 

severe that occupant fatality due to trauma injuries would be likely. The injury measurements were below 

their IARVs, however the penetration of the pole into the engine compartment se:verely challenged the 

electrical and fluid systems. Thus, this test severity was appropriate for this research project. 

3.2.3. Summan, of Hvdrocarbon Vamr Measurements 

A complete set of the recorded measurements is included in Appendix D, Plots 149 through 159, and also 

Appendix E, Figures E l  through EE5. 

Of the five monitored locations, the left exhaust manifold (location #3) and near dlescending left exhaust 

pipe (location M) indicated the highest concentrations of hydrocarbon vapors. These two measurements 

are recreated from Appendix E as Figure 22 and Figure 23 respectively. The measurement at location #M 

was the highest and exceeded 4% for approximately 1 minute after the impact. 
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Figure 22 

Concentration of Hydrocarbon Gas Measured near Left Exhaust Manifold (Location #3) 
Test C11591 
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Figure 23 
Concentration of Hydrocarbon Gas Measured near Descending Exhaust Pipe (Location #4) 

Test C11591 

Chromatograms from the GC/FID analysis conducted on the vapor samples collected near the descending 

exhaust pipe (location #4) are shown in Figure 24 and Figure 25. Figure 24 is the chromatogram from the 

background sample. This is the vapor sample collected prior to the impact during the final preparations of 

the test vehicle and while the engine was operating. The peaks in the chromatogram indicate the presence 

of gasoline vapor. It is possible that the source of the gasoline vapor prior to impact was the auxiliary tank 

being opened and filled just prior to the impact, thus releasing gasoline vapors. The GC/FID analysis is not 

a quantitative analysis, thus it is possible only small concentrations of gasoline vapor were present in the 

air prior to the test. 

Figure 25 also indicates the presence of gasoline vapors. This is the sample taken aRer the impact. There 

were no liquid gasoline leaks identified immediately after the impact or during the post-test inspection. 

Again, the presence of low concentrations of gasoline vapors could be residual vapors in the engine 

compartment due to the filling of the auxiliary tank just prior to the test. Another possible source of low 

concentrations of gasoline vapors, was the air intake duct which was fractured during the impact. 

The higher vapor concentration of vapor indicated in Figure 23 was likely due to vapors released by the 

washer solvent. The post-test inspection revealed that the washer solvent reservoir was crushed and 

completely empty following the impact. Vapors from the washer solvent would not be identified during a 

GC/FID analysis, and thus would not appear in Figure 25. 
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Figure 24 

GC/FID Analysis of Hydrocarbon Vapor Background Sample Collected over Descending Exhaust Pipe 
(Location #4) Before the Test. 

Test C11591 

Figure 25 

GC/FID Analysis of Hydrocarbon Vapor Sample Collected over Descending Exhaust Pipe 
(Location #4) Post-test. 

Test C11591 
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3.2.4. Summarv of Fluid Pressure Measurements 

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

170 through 178.) Similar to test C11408, the fuel supply pressure measurement was biased by 320 kPa 

(Plot 172). Both the unbiased (forced to zero during instrumentation setup) and biased (corrected to 

represent the actual pressure) measurements are included in Appendix D. Although fuel pressure 

measurement (Plot 172) fluctuated during the impact, these fluctuations do not indicate the presence of a 

fuel leak. This was supported by the post-test inspection which did not reveal the presence of a fuel leak. 

Similar to the fuel pressure measurement, the cooling system pressure also required biasing because the 

system retains pressure when the engine is off (thus retaining pressure during the instrumentation set-up.) 

Thus the recorded measurement was forced to zero and a bias value of 112 kPa was added back to 

represent the actual pressure during the impact. The unbiased and biased values sire shown in Plots 175 

and 176, respectively. Although this pressure measurement exceeded the full-scale linear range, the 

waveform shown in Plot 176 suggests that the overload only occurred for a short duration and that the 

measurement is likely valid at all other times. If so, the pressure dropped from an initial value of about 120 

kPa to 50 kPa. In this test, coolant was lost from both the radiator and the recovery bottle. This was 

consistent with previous frontal tests in this series, where the radiator was crushed and coolant lost. It is 

unknown why the biased coolant pressure does not drop to zero. However, one possible explanation is 

that the radiator hose leading from the thermostat to the radiator was crushed and pinched during the 

impact. This would result in a measurable pressure at the location of the transducer. Another possible 

explanation is that the system was not at 112 kPa during instrumentation setup. If the actual pressure was 

somewhat lower, then the plot which was biased by 112 kPA would reflect an unrealistically high pressure. 

In any event, the coolant pressure measurement may be of the least value in these tests, because coolant 

was lost during all of the frontal tests conducted for this project. The precise measurement of the pressure 

has not been required to determine the presence or absence of a coolant leak. 

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

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

leaks were identified. 

The engine oil pressure (Plot 177) did drop from the normal operating pressure to zero between 40 and 80 

msec. The post-test inspection revealed that oil was released from the oil filter adapter housing. The 

dispstick level indicator indicated that the engine was approximately % quart low following the test. The oil 

leak likely occurred during the 40 to 80 msec time frame. However, the engine stopped sometime after 40 

msec, which would have resulted in a loss of oil pressure. It is likely that both the ail filter adapter fractured 

and the engine stopped due to the pole penetration between 40 msec and the end of the penetration (about 

100 msec.) 
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The transmission fluid pressure measurement (Plot 178) suggested that a leak occurred during the impact. 

The pressure dropped to near zero by about 200 msec. The post-test inspection revealed the tail shaft 

housing was broken, and that the fluid retained in the transmission was about 1 % quarts low. 

The front brake system pressure is shown in Plot 170. Although this measurement dropped to near zero at 

240 msec, no leaks in the pressurized brake system were identified during the post-test inspection. 

However, the non-pressurized fluid reservoir was approximately % empty following the test. Thus it is likely 

that some fluid was released from the reservoir. It is unknown why the pressure measurement dropped to 

zero. One explanation is that a leak occurred in the pressurized system that was not identified during the 

post-test inspection. Another possible explanation is that the physical crushing of the brake lines resulted 

in the rise in pressure (from 20 to 100 msec) followed by a decline in pressure as the lines physically 

expanded or stretched due to the continued crush. 

32-5. Summary of Additional Electrical Measurements 

The results of the additional electrical measurements are shown in Appendix D (Plots 132 through 134, I36 

through 144, 162, and 164 through 169). 

Every recorded vehicle voltage indicated that voltage was lost at about 40 msec. This was because the 

battery top was disconnected from the battery during the impact. The positive terminal connection was lost 

when the battery top was lifted, resulting in the loss of voltage on all circuits. 

All recorded vehicle current measurements indicated a drop in current to near zero at about 40 msec. Both 

the battery current and alternator current transducers were destroyed during the impact, and resulted in 

invalid data. 

3.2.6. Summary of Numerical Film Analvsis 

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

The numerical analysis of the overhead film indicated that the dynamic pole penetration into the engine 

compartment was approximately 1256 mm at 120 msec after time zero, as shown Plot 8. 

3.2.7. Results of Post-test Static Rollover 

No static rollover was conducted on this vehicle following the crash test for reasons described in the results 

of the first offset frontal pole impact on the passenger van. [2] 
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3.2.8. Results of the Evaluation of the Crashworthiness of Potential Fire Detection or Suppression 

Technoloa ies 

The results of the electrical measurements of the experimental fire detectors are !shown in Appendix D 

(Plots 145, 146 and 179 - 181). 

Monitoring of the thermal wire fire detector attached to the underside of the hood did not indicate any 

electrical closures throughout the event (Plot 179). This suggests that the wire at this mounting location 

and for this crash configuration is crashworthy. That is, it did not activate and was not damaged during the 

crash test. 

The plot of the signal output from the pneumatic fire detector did not indicate any contact closures during 

the test (Plots 180 and 181). For this test configuration and mounting location, the pneumatic wire device 

also demon st ra ted crash worth iness . 
Neither of the two optical detectors activated during the test (Plots 145 and 146). This also suggested that 

these devices for this test were crashworthy. They did not false activate and were not damaged due to the 

crash. 

No measurements were recorded during the test to evaluate the integrity of the fire coils located on the 

under side of the hood. However, liquid was not visible in either tube during inspection of the vehicle 

immediately after the crash test. (Pressurized HFC-134a is a liquefied gas under pressure, and was visible 

as a liquid prior to the test.) The hood was removed from the vehicle and the coils were removed from the 

hood during vehicle disassembly. The post-test weights of the coils indicated that both coils lost 

approximately 200 g of mass between the pre-test and post-test weights. This was nominally the mass of 

the HFC-134a originally in the coils. Further analysis indicated the source of the leaks was the ultrasonic 

welds at the ends of each tube. A more detailed analysis of the condition of the fire coils after this test was 

reported separately [9]. 

3.29. 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 lealks, the locations of any 

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

surfaces. 

Consistent with previous frontal tests on other vehicles conducted for this project, structural openings into 

the passenger compartment were identified. These are documented here independent of their possible 

contribution to fire propagation. In some cases, these openings did not result in a free flow air path due to 

other components (possibly combustible) blocking the air path. The results of subsequent fire propagation 

tests conducted on some of the crash tested vehicles are reported separately. 
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The following crash-induced openings into the passenger compartment were identified: 

The HVAC module which initially straddles the forward bulkhead became blroken and dislodged 

creating an opening from the engine compartment. This opening was difficult to quantify and was 

partially blocked. The free flow area was approximately 125" high by 20 mm wide. 

The right front floorpan separated from the right front hinge pillar creating an L-shaped opening. One 

leg of the opening was approximately 200 mm long by 10 mm wide; the shorter leg was 70 mm long by 

15 mm wide. 

All of the other identified openings were considerably smaller than the HVAC and floorpan openings. The 

smaller openings are listed below: 

0 

Tear in the front left tunnel caused by intrusion of the engine (approx. 30 mm x 10 mm) 

Tear in the front center tunnel caused by intrusion of the engine (approx. 30 mm :< 5 mm) 

Separated spot-weld in the front left toe pan (less than 10 mm diameter) 

Two separated spot welds at the lower instrument panel mounting bracket to tunnel attachment (each 

less than 7 mm in diameter) 

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

Transmission fluid: tailshaft housing fractured, approximately 1 % quarts lost 

Engine coolant: radiator and recovery bottle crushed and empty 

Washer solvent: reservoir crushed and empty 

Battery electrolyte: battery housing crushed and empty 

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

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

lost 

As reported in section 3.2.5, the top of the battery became dislodged during the impact, resulting in the 

loss of vehicle system voltage to zero on all circuits. Further analysis of the electrical system during the 

post-test inspection did not reveal any open fuses or any physical evidence of electrical shorts or arcing. 

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

materials. Only one observation was noted. The right exhaust pipe was in contact with the ABS wiring 

harness on the right side of the vehicle. However, there was no indication of combustion. 
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3.3. Conclusions 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

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

The peak longitudinal acceleration of the passenger compartment was approximately 30 g (filtered at 

60 Hz). The longitudinal velocity change of the passenger compartment was approximately 62 km/h 

(38.5 mph). The longitudinal velocity was zero at 118 msec (the time at which the vehicle stopped 

moving forward and began moving rearward.) 

The electric fuel pump shut down at about 40 msec after impact. This was due to the drop of overall 

vehicle system voltage caused by the disconnection of the battery top from the battery during the 

impact. 

All recorded vehicle voltages and currents dropped to zero at 40 msec when the main vehicle voltage 

was lost. Unlike some of the previous frontal tests, the main voltage did not later recover. 

All recorded ATD injury measurements were below their respective injury assessment reference values 

(IARVs). 

Of the five locations in which the concentrations of hydrocarbon vapors were measured, the 

measurement near the descending left exhaust pipe (location M) indicated the highest concentration. 

The source of this vapor was likely the washer solvent. 

No liquid gasoline or Stoddard Solvent spilled off of the vehicle. 

identified either in the recorded data or during the post-test inspechon. 

No leaks in the fuel system were 

Other engine compartment fluids which leaked included transmission fluid, engine coolant, washer 

solvent, battery electrolyte, engine oil, and brake fluid. 

The numerical analysis of the overhead film indicated that the dynamic pole penetration into the engine 

compartment was approximately 1256 mm at 120 msec after time zero. 

10. Monitoring of the experimental thermal wire fire detector attached to the underside of the hood did not 

show evidence of any electrical closures throughout the test, demonstrating crashworthiness for its 

given mounting location and this crash configuration. 

11. Monitoring of the experimental pneumatic fire detector did not show evidence of any contact closures 

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

demonstrated crashworthiness. 
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12. Neither of the two experimental optical detectors included on this test activated during the event. This 

also suggested that these devices, given the circumstances of this test, were crashworthy. 

13. Although no measurements were recorded during the test relative to the experimental fire coils, post- 

test measurements indicated that the coils lost fluid during the test. The source of the loss was through 

the ultrasonic welds at the ends of the tubes. The coils and their response during the test are reported 

in more detail separately. 

14. Seven crash-induced openings were identified in the forward bulkhead, five were relatively small. Of 

the two larger openings, one was a separation of the floorpan from the right front hinge pillar (L shaped 

opening, one leg 200 mm long x 10 mm, the other leg 70 mm x 15 mm.) The other one was near the 

displaced HVAC module, creating an opening approximately 125 mm x 20 mm. 

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

exhaust pipe was in contact with the ABS wiring harness on the right side of the vehicle. However, 

there was no indication of combustion. 
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4. Rear Wheel Drive Passenger Car Oblique Moving Barrier Frontal Impact, Test C11647 

On June 18, 1997 a rear wheel drive passenger car oblique moving deformable barrier frontal impact crash 

test (Test #C11647) was conducted at the General Motors Proving Ground. A total of 152 channels of 

data were recorded during the test, including 146 channels on the test vehicle (including ATDs) and 6 

channels on the oblique deformable barrier. Due to the speed of the impact, this test was conducted 

outdoors, thereby limiting the amount of photographic coverage available. As an example, the indoor tests 

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

oblique moving barrier test did not. 

4.1. Test Conditions 

4.1 .1 . Impact Conditions 

This test was a frontal oblique moving deformable barrier frontal impact as depicted in Figure 26. The 

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

corner of the test vehicle. The test vehicle was parked at a 22 degree (+/- 2 degrees) angle relative to the 

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

center of gravity (CG) at impact intersected the front left corner of the test vehicle and also the CG of the 

test vehicle. This impact angle was selected to minimize vehicle rotation and maximize vehicle crush. The 

CG of the test vehicle was approximately 1270 mm rearward of the front wheel centerline and laterally in 

the center of the vehicle. Similar to the previous oblique moving barrier test, the front left corner was 

defined as the intersection of two lines. The first line was tangent to the most fonvard part of the vehicle 

bumper and perpendicular to the vehicle longitudinal centerline. The other line was tangent to the widest 

part of the vehicle body (excluding mirrors) and parallel to the vehicle longitudinal centerline. This 

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

contours of the body styling. This resulted in an approximate overlap of 48%. (4894~ of the Camaro's 1870 

mm width was engaged by the moving barrier.) 
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Figure 26 

Crash Test Configuration for Test C11647 

Figure 27 

Pre-Test Photograph of Test C11647 
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The mass of the deformable barrier was 1638 kg (361 1 Ibs.). This mass was greater than what is used for 

FMVSS214 [4] tests (1367 kg or 3015 Ib.) The height of the center of the simulated bumper form was 432 

mm (17 in.) above grade (which is the same as specified in FMVSS214 [4].) The wheels of the moving 

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

center of gravity of the moving barrier were all similar to what is specified for FMVSS214 [4] testing. The 

aluminum honeycomb barrier face was also the same as what is used for FMVSS214 [4] testing. The 

brakes of the moving barrier were activated at impact, resulting in an effective brake activation time of 

about 150 msec after impact. The test vehicle's brakes were on during the impact. 

1 Engine started (idle approximately 900 rpm) 

The impact velocity was measured with radar and was 104.3 km/h (64.8 mph). 

Time after initial engine start, 

(min) 

0 

Duration, 

4.1.2. Vehicle Description 

Engine speed increased to 1200 rpm 

Engine turned off for instrumentation set-up 

Engine restarted, set to 1100 rpm 

Impact 

The test vehicle was a 1997 Chevrolet Camaro (VIN: 2GIFP22K2V2108702) which had a test mass of 

1850 kg (935 kg front, 915 kg rear) which included the two ATDs, crash test instrumentation, and Stoddard 

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

55.7 liters of Stoddard were added to the unusable capacity of the tank. (55.7 liters represents 95% of the 

usable capacity of 58.6 liters.) The engine was operating at impact with complete engine compartment 

fluids, including battery electrolyte. The radio, high beam headlights and air conditioning were all operating 

at impact. 

25 

34 

44 

56 

Pre-test Enaine Warm-up Procedure 

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

Table 2. 
Engine Warm-up Procedure for Test C11647 
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4.1.3. Modifications to Production Vehicle 

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

description of the modifications for test C11647 follows. 

The production fuel tank was filled to 95% of its usable capacity with Stoddard Sollvent. Gasoline was 

supplied to the engine from an auxiliary tank mounted in the rear cargo area similar to test C11591. 

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

was removed for the test. 

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

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

impact by isolating the rear brakes to ensure the rear wheels would be locked even if the brake lines were 

severed towards the front of the vehicle. The front brakes were pre-charged by mechanically locking down 

the brake pedal, so the front brake fluid pressure would be at a steady state but charged condition to 

enable easy identification of fluid leaks. Unlike the pole impacts, no modifications were made to the front 

wheel brake calipers or pads. 

The instrumentation of the engine compartment was similar to Test C11591 and again every reasonable 

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

outcome of the test. 

4.1.4. Vehicle Measurements 

Measurements recorded during this test, included: 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

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 floorpan acceleration (longitudinal) 

Airbag sensing and diagnostics module (SDM) 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) 

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

Engine motion (rotation of crankshaft using an auxiliary magnetic pickup transducer) 

(labeled “engine speed - MPIK in Appendix G) 

Fuel pump current (at auxiliary fuel tank) 
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Fuel pump voltage (at auxiliary fuel tank) 

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

4.1.5. PhotograDhic Coveraqe 

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

of, and to both sides of the test vehicle. 

4.1.6. Moving Barrier Measurements 

The following accelerations were measured on the deformable moving barrier: 

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

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

4.1.7. Anthropomorphic Test Device (ATD) Measurements 

Two 50” percentile male Hybrid 111 ATDs (FMVSS reference part 572, Subpart E) [6] were located in the 

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

were at 26.5 degrees relative to vertical. The ATDs were restrained using the vehicle’s lap / shoulder belts 

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

by the vehicle’s frontal air bags. The ATDs were positioned per FMVSS 208 [5] guidelines and the pelvic 

angles were measured to be 21.9 degrees from horizontal for the left front AT0 and 23.5 degrees for the 

right front ATD. The head target angle was at 0 degrees from horizontal for both ATDs. 

Each Hybrid 111 ATD was instrumented to make the same measurements as on test C11591, except the 

following enhanced lower leg measurements were recorded for the left front occupant rather than the right 

front occupant as with C11591: 

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

Lower tibia shear load (Fy, right - left), left and right legs 

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

Standard lower leg instrumentation was recorded for both ATDs. 

4.1.8. . Hvdrocarbon Vawr Measurements 

Hydrocarbon vapor was measured at the five following locations in the engine compartment: 
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Near the fuel line (location #I) 

Above the left exhaust manifold (location #2) 

Above the left fuel rail (location #3) 

Above the right fuel rail (location #4) 

Near the catalytic converter (location #5) 

The concentration of hydrocarbon vapors was measured using tin oxide sensors at each location [l]. In 

addition, the temperature from each of the tin oxide sensor was also measured to more accurately interpret 

the output of the gas sensors. Co-located with the tin oxide sensors were sample tubes which drew gas 

into collection tubes for subsequent analysis by gas chromatography [I]. 

4.1.9. Fluid Pressure Measurements 

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

during the impact when they occurred. Pressure measurements included: 

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

Left side power steering system pressure (measured near power steering rack) 

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

Cooling system pressure (measured at thermostat housing) 

Auxiliary fuel supply line pressure (measured near the production fuel filter where auxiliary line was 

tapped into production line) 

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

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

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

fluids. 

4.1 .lo. Additional Electrical Measurements 

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

overheated circuits. 

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

Alternator cable (measured at alternator) 

Battery main (measured near battery) 

Starter cable (measured near battery) 
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Fusible link A: HVAC blower (measured near positive terminal on right shock tower) 

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

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

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

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

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

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

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

Voltages were measured on the following circuits: 

Ignition (measured under instrument panel inside of passenger compartment) 

Left front headlight low beam (measured at right front headlight) 

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

Starter (measured at terminal on starter) 

Battery (measured at terminal on battery) 

Alternator (measured at terminal on alternator) 

4.1 .I 1. Evaluation of the Crashworthiness of Potential Fire Detection or Suppression Technologies 

Similar to test C11591, devices representing four different fire detection technologies were included on this 

test: optical sensors, thermal wires, pneumatic wires, and fire coils. 

The experimental thermal wire fire detector was mounted to the underside of the hood, below the hood 

liner. This detection wire was the same type and located in the same place as test (21 1591. 

A pneumatic fire detector was also included and was also located on the underside of the hood below the 

hood liner. The location of the pneumatic detector was slightly different than for test C11591. The tube 

was looped and bundled with the thermal wire and mounted under the rear-center portion of the hood. The 

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

mounted near the left rear comer of the hood. 

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

Figure 28 shows the location of the thermal, pneumatic, and fire coil devices. The pneumatic tube is not 

easily visible due to its thin diameter, but the pressure transducer can be seen at the very right edge of 

Figure 28 (right in photograph, left on vehicle). 
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Figure 28 

Thermal wire, pneumatic, and fire coil detectors 

Test C11647 

Similar to test C11591 two fire coils (supplied by POWSUS, Inc.) were also included under the hood. 

These were the same as for test C11591 except for the following differences. The two coils were sealed at 

each end with a brass fitting rather than an ultrasonic weld. Because fluid was lost through the welds on 

test C11591 , the welds were eliminated. The use of a brass fitting is likely not feasible for a production 

unit, however the intent here was to determine whether the coils themselves (independent of the welds) 

would be crashworthy. Also, the coils were mounted differently than for test C11591. An aluminum plate 

was mounted between the hood liner and the hood directly above each coil. Each plate was approximately 

the same size as the coils and cannot be seen in Figure 28 because the liner hides them. The purpose of 

the plate was to improve the mounting of each coil. Two fabricated aluminum straps that spanned the 

entire radii of the coil and were attached to the aluminum plates with sheet metal screws and were used to 

secure each coil. 

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

sensors and their locations were similar to test C11591. 

4.2. Summary of Test Results 

Post-test photographs of the vehicle are shown in Figure 29 and Figure 30. 
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Figure 29 

Post-Test Photograph of Test C11647, Front Left View 

I 

Figure 30 

Post-Test Photograph of Test C11647, Front Right View 
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4.2.1. Summaw of Standard Vehicle Crash Test Measurements 

The complete set of recorded and computed vehicle measurements are included in Appendix G (Plots 61 

through 79, 83, 89, 90, 101, 102, 105, and 118). 

Because this vehicle was impacted at a 22 degree angle, it experienced both longitudinal (relative to the 

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

the vehicle’s rocker panels translated to a new coordinate system that is aligned with the initial motion of 

the moving barrier is one way to measure crash severity. This measurement could be compared to the 

vehicle’s longitudinal acceleration and change in velocity in pure longitudinal crashes, such as the pole 

impacts, in which vehicle yaw is minimal. The axis of the vehicle and barrier are shown in Figure 31, 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. 

vehicle acceleration in direction 
of the barrier’s longitudinal axis + ab 

+ a vehicle longitudinal b. 
+ a  vehicle lateral 

Figure 31 

Vehicle and Barrier Axis 

Test C11647 

The translated measurement was calculated using the following steps. 
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The yaw velocity rate, w(f) (which was measured and is shown in Plot 137, Appendix D) was integrated 

using a constant of 22" to yield the vehicle's angle e(f). This angle, 0(f), is relative to the barrier's initial 

longitudinal axis and is shown in Figure 32. 
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Figure 32 

Vehicle's Yaw Angle, e( 7)  

Test Cl1647 

Next, the following data channels were filtered at SAE class 60 [8] : 

Right front rocker panel longitudinal acceleration, a,&), (Plot 64, Appendix G) 

Right front rocker panel lateral acceleration, a,&), (Plot 65, Appendix G) 

Left rear rocker panel longitudinal acceleration, a,&), (Plot 68, Appendix G) 
Left rear rocker panel lateral acceleration, a,,(t), (Plot 69, Appendix G) 

Next, the right front rocker resultant acceleration in the direction of the barrier's initial longitudinal axis, 

a&, was calculated using the following formula (Figure 33): 

a&( f) = a&( f) case( f) - a,&) cos(90° - e( f)) 
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a ( t )  cos (SO-e(t)) I 

+ a (0 V 
r f a  

r f a  

90 - 0 

Figure 33 

Translation of Accelerations to the Barrier's Initial Axes 

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

longitudinal axis, a/,&), was calculated using the following formula: 

The two locations were averaged to yield adYga(f), the averaged vehicle acceleratiori in the direction of the 

barrier's initial longitudinal axis, which is shown in Figure 34. 
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Figure 34 

Vehicle's Averaged Acceleration In The Direction Of The Barrier's Longitudinial Axis, AaW,,( 7') 

Test C11647 

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

barrier's initial longitudinal axis, which is shown in Figure 35. The vehicle experienced a change in velocity 

of 53 km/h in the direction of the barrier's initial longitudinal axis. 

vBvp6(t) =/a,@(t) d t +  0 (the vehicle's initial velocity was 0) 
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Figure 35 

Vehicle's Averaged Velocity in the Direction of the Barrier's Longitudinal h i s ,  Vawb( 7 )  
Test C11647 

The displacement of the driver's side toe pan was approximately 168 mm as shown in Figure 36 and Plot 

79 Appendix G. 
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Figure 36 
Left Toepan Displacement, Relative to Floorpan 

Test C11647, filtered at SAE class 60 [8] 

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

deployed at 23 msec (Appendix G, Plots 101 and 102.) 

The engine motion measurement is shown in Appendix G, Plot 89 and recreated here as Figure 37. This 

measurement indicated that the engine was turning at normal speed through about 40 msec after which it 

began to slow. The engine motion stopped by about 50 msec after impact. 
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Figure 37 
Engine Motion 

Measured using Auxiliary Magnetic Pickup Transducer, Test C11647 

Figure 38 and Plot 105 in Appendix G shows the fuel pump current during the impact. The fuel pump drew 

about 6.5 amps before impact which continued through about 25 msec after impact. By 30 msec, however, 

the current had dropped to zero indicating the pump was off. This is consistent with the other frontal tests 

of this series in that, the fuel pumps have lost electrical power early (well before '100 msec) in every test 

(not requiring the pumps to be "timed-out" by the powertrain-control-module). For this particular test, the 

vehicle's electrical system lost voltage temporarily at about 25 msec. (Shown as ai drop from 13.5 volts to 

near zero in Plot 86, and Figure 39). The fuel pump voltage decayed from 121 volts to zero from about 30 

msec to 80 msec as shown in Plot 83. This decay of the fuel pump voltage was also similar to other tests 

conducted for this project. Bench-tests on fuel pumps for this vehicle as well as others indicated a gradual 

decay (lasting 40-150 msec) when current flow was stopped to the motor. This is lilkely due to the windings 

of the motor producing a voltage drop as the motor stops. 
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Fuel Pump Current 

Test C11647 
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Figure 39 

Ignition Voltage 

Test C I 1647 
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4.2.2. Summary of Recorded Barrier Measurements 

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

Appendix G (Plots 119 through 137). 

The longitudinal velocity of the barrier’s CG is re-created here as Figure 40. The barrier sustained a 

velocity change of about 63 km/h (39 mph) in 140 msec. 
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Figure 40 

Moving Deformable Barrier Longitudinal Velocity at CG 

Test C11647 

4.2.3. Summarv of Recorded ATD Measurements 

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

ii, and Plots 1 through 60). 

For the left front ATD, only the upper left tibia moment (Mx, My resultant) exceeded its IARV. Its peak 

value was 234 Nm (Plot 17) which exceeded the IARV of 225 Nm by 4%. The computed lower leg index 

for the left leg (Plot 23) which uses the upper tibia bending moment also exceeded its IARV. The leg index 

was 1 . I4  compared to its IARV of 1 .OO. 
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All other measurements on the left front AT0 were below their respective IARVs. 

For the right front occupant position, all recorded injury measurements were below their respective IARVs. 

4.2.4. Summan, of Hvdrocarbon VaDor Measurements 

A complete set of the recorded measurements is included in Appendix H, Figures kI1 through HH5, and 

Appendix G, Plots 91 through 100. The signal cable from the vapor sensor located near the fuel line 

(location #1) was cut during the crash test and no data was recorded. Of the remaining four locations, the 

measurement near the left exhaust manifold (location #2) was the highest (Appendix H, Figure H2 and 

Figure 41 .) The hydrocarbon gas concentration exceeded 5 % for the first 15 seconds after the impact and 

exceeded 1% for the first 45 seconds. 

- 
0 60 120 180 240 300 

Time Post-Crash (s) 

Figure 41 

Concentration of Hydrocarbon Gas Measured near Left Exhaust Manifold (Location #2) 

Test C11647 

The chromatograms from the GC/FID analysis on samples collected at this location1 are shown in Figure 42 

(background sample taken before the test) and Figure 43 (analysis of sample taken post-test.) The peaks 

in Figure 43 indicate the presence of vapors from engine coolant and power steering fluid. This was 

determined by matching the chromatogram peaks to those of head space samples taken in the laboratory. 
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Figure 42 

GC/FID Analysis of Hydrocarbon Vapor Backwound Sample Collected near Left Exhaust Manifold 
(Location #2) Before the Test. 

Test C11647 
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Figure 43 

GClFlD Analysis of Hydrocarbon Vapor Sample Collected near Left Exhaust Manifold 

(Location #2) Post-test. 

Test C11647 
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4.2.5. Summary of Fluid Pressure Measurements 

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

138 through 146. 

The transmission fluid pressure (shown in Plot 146) indicated a drop in pressure from approximately 200 
kPa at 20 msec to zero at around 180 msec. This indication of a leak in transmission fluid was supported 

by the post-test vehicle inspection which revealed a fractured transmission tail shaft housing. 

The engine oil pressure (shown in Plot 145) also indicated a drop in pressure from ian initial value of 350 

kPa to near zero by 70 msec. However, the post-test vehicle inspection did not reveal any leaks of the 

engine oil. The drop in measured pressure was likely due to the engine stopping at around 50 msec. 

The fuel supply pressure (Plot 140) indicated some fluctuations in fuel pressure during the impact, but did 

not indicate a complete loss in pressure. Thus a gasoline leak was not evident. This was also supported 

by the post-test vehicle inspection which did not reveal any leaks in the fuel system. The fluctuations in 

fluid pressure during the impact are similar with the results of the other frontal tests. Similar to test 

C11591, both the unbiased measurement (which was forced to zero and is shown in Plot 139), and biased 

measurement (more representative of actual pressure and shown in Plot 140) are presented. 

The cooling system pressure measurement (Plot 143) indicates a rapid rise in pressure at 20 msec before 

the measurement is overloaded. This is likely due to damage to the transducer caused by the impact. 

Consistent with other frontal tests, however, the radiator was crushed and coolant was lost. The loss of 

coolant likely occurred after 20 msec. 

The left power steering pressure measurement indicated a gradual change in pressure from zero to 6000 

kPa back to zero. No pressure initially was expected if the vehicle is not turning. Again, the rise in 

pressure could be due to the compression of the system during the crush. No leaks in the power steering 

system were identified during the post-test vehicle inspection. 

The measurements of the brake system pressure and right power steering pressure were generally 

inconclusive due to instrumentation malfunction or damage during the impact. However, the post-test 

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

4.2.6. Summary of Additional Electrical Measurements 

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

(Plots 80 through 82,84 through 86, and 103, 104, and 106 through 114). 
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The starter voltage (Plot 80), battery voltage (Plot 81), alternator voltage (Plot 82), and ignition voltage 

(Plot 86) all indicated a similar waveform. The ignition voltage is recreated as Figure 39. The voltage 

trace temporarily dropped from 13.5 volts to near zero from 40 msec through 70 msec before incrementally 

increasing back to over 12 volts. This drop in voltage was likely caused by additional loading on the 

battery as a result of temporary shorts. During the post-test vehicle inspection, cuts through the insulation 

on the starter cable were identified in three locations: near the air conditioning accumulator mounting 

bracket, near the cooling fan motor, and near the frame. Indications of possible grounding were apparent 

at the accumulator and cooling fan locations. The starter cable current measurement was inconclusive 

due to overloading and possible damage to the transducer during the impact. (All references to current 

measurement overload imply an overload of the crash test instrumentation and do not. mean an overload of 

the rated capacity of the circuit.) However, the first indication of current overload is just before 40 msec, 

which correlates to the first indication of drop in system voltage. 

The left front headlight voltage measurements are shown in Plots 84 (low beam voltage) and 85 (high 

beam voltage.) The low beam voltage follows the general waveform as the battery voltage (Plot 81) except 

for a few additional voltage drops to near zero, such as the one indicated at around 140 msec. The post- 

test vehicle inspection revealed that both the high and low beam voltage monitoring wires pinched and 

were possibly shorted by the frame. These are the wires that were included for test purposes to measure 

the voltage and would not be present under normal circumstances. Thus, these shorts are an artifact of 

the test. They were likely responsible for the temporary drops to zero voltage (such as the one at 140 

msec) on the low beam voltage (Plot 84). The high beam measurement dropped and stayed at zero volts 

after 30 msec. This measurement was also affected by the pinched monitoring wipes and is an artifact of 

the test instrumentation as well. It is possible that these shorts of the instrumentation wires contributed to 

the additional loading on the battery and were at least partially responsible for the drops in system voltage. 

Any additional current flow caused by shorts would have been measured by the current transducer on 

fusible link "E" which protects the headlight circuits. This link was not open following the test indicating the 

current flow was not great enough to activate the link. The current measuremenl: indicated an overload 

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

(Plot 1 IO). 

Consistent with previous tests, the current measurements were very difficult to analyze following the test 

and most times were inconclusive due to the limited range of the current transducers and possible damage 

during the test. 

The battery current measurement (Plot 103) indicated normal current draw of about 65 amps at impact. 

This measurement exceeded its full scale range (80 amps) from about 30 msec through 140 msec (the 

approximate time and duration of vehicle crush.) The battery current measurement then retumed to about 

10 amps and remained less than 20 amps through 800 msec. (Plot 103 only displays the first 240 msec of 

data.) 
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The altemator cable current measurement (Plot 106) exceeded its full scale range (20 amps) under normal 

operation at time zero. However, the current drops to near zero beginning at about 50 msec. This is likely 

due to the rotation of both the engine and alternator stopping at about 50 

The current measurements on fusible links A, C, F, J, and Z (Plots 107, 109, 1 1$1, 112, and 114) all 

indicated a normal current draw at time zero, followed by temporary instrumentation overloads during the 

impact, and all, except for fusible link J, returned to near zero after the impact. None of these fusible links 

were open following the test, indicating that none exceeded their rated current capacity during the impact. 

The fusible link J current measurement indicated about 9 amps at 240 msec, which was due to the tail 

lights remaining on after the impact. (Fusible link J protected the tail light circuit.) 

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

other than instrumentation noise for the duration of the event. 

4.2.7. Summary of Numerical Film Analvsis 

No numeric film analysis was done for this test. 

4.2.8. Results of Post-test Static Rollover 

No static rollover was conducted on this vehicle following the crash test for reasons described in the results 

of the first offset frontal pole impact on the passenger van. [2] 

4.2.9. Results of the Evaluation of the Crashworthiness of Potential Fire Detection or Suppression 

Tech noloa ies 

The results of the electrical measurements of the experimental fire detectors are shown in Appendix G 

(Plots 87, 88 and 11 5 - 117). 

Neither the monitoring of the thermal wire (Plot 115) or the pneumatic fire detector (Plot 116) indicated any 

electrical closures during the test. This indicates that these two devices at their respective mounting 

locations were crashworthy for this crash configuration. That is, they did not activate and were not 

damaged during the crash. 

Neither of the two optical detectors indicated activation during the event (Plots 87 alnd 88). An activation of 

these sensors would have been indicated by a rise in the recorded voltage to about 12 volts for a duration 

of 250 msec. A small interface box was included on these crash tests to insure that a rise in voltage 

(indicating an activation of the sensor) would have a duration of 250 msec to insure that it could be 

detected. The recorded traces do, however, indicate drops in the voltage signal to zero for short durations. 
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The cause of these voltage drops was not positively identified, but they could be due to loose connections 

in the circuitry, wiring, or connectors which opening during the impact. The sensor performed as expected 

in bench tests following the crash test. 

No measurements were recorded during the test to evaluate the integrity of the fire coils located on the 

under side of the hood. However, post-test observations and measurements indicated that no fluid was 

lost during the impact. 

4.2.10. Summarv of Post-test Vehicle Inspection 

The vehicle was disassembled and inspected to identify air passages from the engine compartment into the 

passenger compartment, the locations of any fluid leaks, the locations of any electrical shorts identified 

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

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

fire propagation. 

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

inspection: 

The HVAC module crushed during the impact resulting in an approximate 50mm1 x 20" opening. 

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

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

A separation of the steering column mounting bracket and the forward bulkhead resulted in an opening 

that measured approximately 50" x 10". 

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

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

30" x 5". 

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

Transmission fluid: tailshaft housing fractured, fluid lost 

Engine coolant: radiator crushed, coolant lost 

Washer solvent: reservoir crushed, empty 

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

As previously reported in section 4.2.6 cuts in the starter cable and pinching of the headlight monitoring 

circuit were identified during the post test inspection. No other electrical shorts were identified. The 

vehicle was also inspected for possible contact between normally hot surfaces and combustible materials. 

Only one observation was noted. A small amount of plastic was found melted on the left exhaust manifold. 

The source of the plastic was from a piece of the radiator shroud. This was determined by a post-test 

GC/MS analysis of the melted residue and of an intact piece from the radiator shroud. There was no 

indication of flaming or fire propagation. 

4.3. Conclusions 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

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

The electric fuel pump stopped by about 30 msec after impact due to the temporary loss of main 

vehicle system voltage (from about 25 msec to 110 msec.) The fuel pump did not recover with the 

main electrical voltage. 

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

longitudinal axis of the moving barrier. The peak acceleration of the vehicle along this axis was 37 g 

(filtered at 60 Hz). The change of velocity of the passenger compartment along this same axis was 

approximately 53 km/h (33 mph). 

The moving deformable barrier sustained a longitudinal velocity change of ab0iJt 63 km/h (39 mph) in 

140 msec. 

Both air bags deployed at 23 msec past time zero. 

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

respective IARV. All other measurements on the left front ATD and all measurements on the right front 

ATD were below their respective IARV. 

There was approximately 168 mm of toe pan intrusion on the driver‘s side. 

The engine stopped by 50 msec after impact. 

Of the five locations monitored for hydrocarbon vapor concentration, the one near the left exhaust 

manifold (location #2) indicated the highest concentration. The hydrocarbon gas concentration 

exceeded 5 % for the first 15 seconds. A subsequent GC/FID analysis of the vapors collected at this 

site indicated the vapors were from engine coolant and power steering fluid. 
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10. No liquid gasoline or Stoddard Solvent spilled off of the vehicle. No leaks in {the fuel system were 

identified. 

1 1. Other engine compartment fluids that leaked included transmission fluid, enlgine coolant, power 

steering fluid, and washer solvent. 

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

hood did show evidence of any electrical closures throughout the test, demonstrating crashworthiness 

for its given mounting location and this crash configuration. 

13. Monitoring the experimental pneumatic fire detector did not indicate any contact closures during the 

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

crashworthiness. 

14. The experimental optical fire detectors did not activate during the crash. However, their output signal 

did drop to zero intermittently during the impact possibly due to loose electrical connections in the 

signal conditioning of the sensors (not in the Sensors themselves.) 

15. Although no measurements were recorded during the test describing the integrity of the experimental 

fire coils, post-test measurements indicated that no fluid was lost during the impact, again 

demonstrating crashworthiness for this crash condition. 

16. Six crash-induced structural openings into the passenger compartment were identified. Their locations 

and approximate dimensions were: A 50" x 20 mm opening in the crushed PJC evaporator housing, 

a 300 mm x 20 mm opening in the driver's side floorpan near the hinge pillar, a 50 mm x 10 mm 

opening near the steering column pass-through, and three smaller openings on the passenger side 

floorpan. None of these openings were evaluated for their possible contribution to fire propagation. 

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

identified. A piece of plastic from the radiator shroud contacted the left side exhaust manifold. The 

plastic melted, but was not charred or burned. 
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5. Conclusions of the Rear Wheel Drive Passenger Car Crash Test Series 

From the data collected on this series of crash tests, several conclusions and obseivations can be made 

concerning post-collision fire potential. It is important to note that the intent of the crash tests was not to 

determine if a production vehicle met a crash test performance standard. Instead, the intent was to study 

how post-collision fires might start under a range of crash conditions. 

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

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

For the two frontal tests in which the engine was operating, the fuel pump stopped by 40 msec in one test 

and 30 msec in the other. In both cases, the pump shut down due to a loss of main vehicle electrical 

power. In one case, the loss of main vehicle voltage was permanent due to the disconnection of the 

battery top from the battery and thus a disconnection of the terminals. In the other case, a drop in main 

vehicle voltage was temporary and lasted from 25 msec through 110 msec. The fuel pump did not begin 

operating again with the return of vehicle voltage. This temporary drop in system voltage was due to shorts 

in the electrical system resulting in additional loading on the battery. These Short!j were also temporary, 

opening by 110 msec. The operation of the fuel pumps during the impacts was similar to what was 

observed in previous tests on a front wheel drive passenger van [2]. 

Also, consistent with the passenger van tests, numerous crash-induced electrical events were identified. 

For these tests on a rear-wheel drive passenger car, none of the electrical events resulted in a fire. The 

most significant shorts identified were starter cable shorts to ground on the oblique! moving barrier impact. 

Cuts in the starter cable were identified at several locations, all were temporary, however, and resulted in a 

temporary drop in system voltage. For the rear impact test, shorts to ground were identified on two circuits, 

however, both were overload-protected. Also, similar to the passenger van test series, the electrical 

activity recorded proved to be quite difficult to analyze. This is because current measuring transducers are 

limited in their measurement range given the small space available for their installation. In addition 

electrical activity during a crash is very sporadic, with many intermittent and temporary events occurring in 

a very short amount of time (less than 150 msec). 

Four different experimental fire-sensing or extinguishing technologies were evaluated for their 

crashworthiness. The thermal wire fire detectors and the pneumatic fire detectors; proved crashworthy at 

their given mounting locations on all three crash tests. That is, they did not false activate or become 

damaged during the test. Optical fire sensors were included on the two frontal tests only. They did not 

activate in either test, however there were intermittent drops in their output voltage during the oblique 

moving barrier impact, possibly due to loose electrical connections. Experimental lire coils were included in 

the two frontal tests only. There was no loss of fluid (indicating crashworthiness) during the oblique 
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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 mala Hybrid Ill AT0 are 
recreated here from the Advisory Group for Aerospace Research & Development, Report 330, 
"Anthropomorphic Dummies for Crash and Escape System Testing" [7]. 

Body Region 
Injury Assessment Criteria 

Head 

HIC; (t2 -t i) 115 msec* 
Head/Neck Interface 

Upper neck longitudinal shear force, +Fx and -Fx 
Upper neck axial force, compression, -Fz 
Upper neck axial force, tension, +Fz 
Upper neck longitudinal moment, flexion, +My 
Upper neck longitudinal moment, extension, -My 

Chest 
Resultant spinal acceleration 
Sternal deflection due to: 

Shoulder belt 
Air bag (no belt) 

Viscous Criterion (V*C) 

Femur 

Knee 
Axial compression 

Tibia-to-femur displacement 
Knee clevis loads (med./lat. Compression) 

Axial load, compression, Fz 
Tibia index, TI = M/Mc + Fz/Fc 

Where, 

Tibia 

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 

lnju ry Assessment Reference 
Value for the mid sized male 
Hvbrid Ill 

100~0 

Figure A I  
Figure A2 
Figure A3 
190 Nm 
57 Nm 

60 !I 

50 inm 
65 inm 
1 KI/S 

Figure A4 

15 mm 
4080 N - 

8000 N 
1 .o 

22!j Nm 
225 Nm 
225 Nm 
35,900 N 

*: The Head Injury Criteria (HIC) is defined as: HIC = ( A a ~ g ) ~ . ~  (t2- t l), where Aavg is the average resultant 
acceleration of the center of mass of the head (expressed in G) for the time interval t2- t l  (expressed in 
seconds). 

A1 01/12/01 



3500 - 
2 

moving barrier impact, but fluid was lost during the offset pole impact. There was not attempt to quantify 

the effectiveness of any of these devices at detecting or extinguishing fires during thesle three crash tests. 

Potential for significant neck injury due 
to forelaft shear loading 

3100 N at 0 msec 

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

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

separately. 

For the frontal pole impact, transmission fluid, engine coolant, washer solvent, battery electrolyte, engine 

oil, and brake fluid were released during the test. For the oblique moving barrier impact, transmission fluid, 

engine coolant, washer solvent, and power steering fluid was released. 

Only one Occurrence of contact between normally hot surfaces and combustible materials was identified 

during the three tests. For the oblique moving barrier test, the exhaust manifold contacted the radiator 

shield. There was no indication of melting, flaming, or propagation. 

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

driver's upper neck tension for the rear impact and the driver's upper left tibia molment for the oblique- 

moving barrier exceeded their IARV. 
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LEFT FRONT 
RNTHROPOMORPHIC TEST DEVICE SUMMRRY ORTR 

LTV MOB TO STRTIONRRY VEHICLE 84 ,. 7KM/H 
C 1  Ill08 
R 8, 0 CTR 

RERR IMP 70% OVERLAP 
1VFU6079 1FP07 AT0  TYPE: GMSOH 

TEST DRTE: 01/08/1997 

100% 150% I AV 
OF IARV 

I 
MERSUREO QURNTITY 

HIC, LIMITED TO 15 MS 
HIC, LIMITED TO 36 MS 
NECK FLEXION 
NECK EXTENS I ON 
NECK TENSION 
NECK COMPRESSION 
NECK SHERR FORWRRO 
NECK SHERR REARWRRO 
CHEST RCCEL 

t 
t 

CHEST COMPRESSION W/O SH BELT 
CHEST COMPRESSION W /  SH BELT 
CHEST VISCOUS CRITEAIR 
FEMUR COMP. LEFT 
FEMUR COMP, RIGHT 
FEMUR OURFITION ASSESS, LEFT 
FEMUR OURRTION RSSESS, RIGHT 
TIBIA/FEMUR OISP, LEFT 
TIBIR/FEMUR OISP, RIGHT 
KNEE CLEVIS. LEFT INSIDE 
KNEE CLEVIS, LEFT OUTSIOE 
KNEE CLEVIS, RIGHT INSIDE 
KNEE CLEVIS. RIGHT OUTSIDE 
TIBIR COMP.’ LEFT 
TIBIA COMP. RIGHT 
TIBIA MOM, UPPER, LEFT 
TIBIR MOM, UPPER, RIGHT 
TIBIR HOM. LOWER, LEFT 
TIBIFI MOM, LOWER, RIGHT 
LEG INDfX, UPPER LEFT 
LEG INDEX, UPPER RIGHT 
LEG INDEX, LONER LEFT 
LEG INDEX, LOWER RIGHT 

f 
D 

900 
930 

S7NM 
1 ONM 

1.51 
0.02 
C1.27 
CI . 08 
llSG 

n 

M 

M 

n 

M 

)t 

n 

M 

M 

M 

M 

M 

M 

M 

M 

K 

K 

M 

M 

M 

M 

M 

M 

I RRV 

1000 
1000 

190NM 
57NM 

1-00  
1 .oo 
1-00 
1.00 
6 O G  

65.mM 1 
SO.OMM 1 

l.OOM/SEC 
1 ooom 
100” 

1.00 
1 .oo 

15. OMM 
1S.OMM 
lloom 
llOOON 
llOOON 
l l o ”  
800ON 
N O O N  

22SNM 
225NM 
22SNM 
22SNM 
1.00 
1 .oo 
1.00 
1.00 

3 Appendix B, page 1 

t RESTRRINT SYSTEM DEP€NDENT. CHOOSE 
VfXUE THFIT WPLIES TO THIS TEST. 

M M M  VfXUr GREFITER THRN 150% OF IRV 



RIGHT FRONT 
RNTHROPOMORPHIC TEST DEVICE SUMMRRY DRTR 

LTV MOB TO STRTIONRRY VEHICLE 8U., 7KM/H 
C11W8 RERR I M ?  70% OVERLRP 
R 8 0 CTR 1VFUGO79 1FP87 

HIC. LIMITEO TO 1s MS 

E- HIC, LIMITED TO 36 MS 
NECK FLEXION 

RTO TYPE: GMSOH 
TEST DOTE: 01/08/1997 

NECK EXTENSION 
NECK TENSION 
NECK COMPRESSION 
NECK SHERR FORWRRD 
NECK SHERR RERRWRRO 
CHEST RCCEL 

CHEST COMPRESSION H/ SH BELT 
CHEST VISCOUS CRITERIR 
FEMUR COMP, LEFT 

I CHEST COHPRESSION'H/O SH BEL1 
1 

FEMUR COMP. RIGHT 
FEMUR OURRTION ASSESS, LEFT 
FEMUR OURRT ION ASSESS , RIGHT 
TIBIWFEMUR DISP. LEFT 
TIBIWFEMUR DISP, RIGHT 
KNEE CLEVIS, LEFT INSIDE 
KNEE CLEVIS, L€FT OUTSIOE 
KNEE CLEVIS, RIGHT INSIOE 
KNEE CLEVIS, RIGHT OUTSIDE 
TI610 COMP. LEFT 
TIBIA COMP, RIGHT 
TIBIA MOM, UPPER, LEFT 
TIBIR MOM, UPPER, RIGHT 
TIBIA MOM, LOWER. LEFT 
TIBIR NOM, LOWER, RIGHT 
LEG INDEX, UPPER LEFT 
LEG INDEX. UPPER RIGHT 
LEG INDEX, LOWER LEFT 
LEG INDEX, LOWER RIGHT 

u10 
U80 

lUNM 
16NM 
0.78 
0.01 
0.13 
(1.08 

34C 
W 

W 

W 

W 

w 

W 

W 

n 
W 

W 

w 

U 

U 

W 

K 

K 

W 

n 
n 

W 

U 

1000 
1000 

190NM 
57NM 

1 .oo 
1.00 
1.00 
1.00 
60G 

65. CMM 
5O.OMM 
1. om/ 

1 ooom 
1 ooom 

1 .oo 
1.00 

1S.OMM 
15. OMM 

W 

W 

I I - 
IQV - INJURY FlSSESSMENT VRLUE 
IRRV - INJURY RSSESSMENT RFERENCE VRLUE Appendix B, page ii 
* NOT MERSUREO, THIS TEST 
1 RESTRRINT SYSTEM L E E m N T .  CHOOSE 

V N U E .  THAT RPPLIES TO THIS TEST. 

1 
1 

EC 

1.00 



C111108 RERR IMP 70% OVERLW LTV MOB TO STRTIONQRY VEHICLE 

R 6 0 CTR lVFllCO79 1FP87 L. FRT HERO FICCEL. 

( H I C  I LIMITEC T O  15MS1 ELEC OFITFI. SFlE CLQSS 1000 

84.7KM/H 
flTO TYPE: CMSOH 
TEST DQTE : 0 1 /08/ 1997 

TIME IN MlLLISECONOS 
Appendix B, plot # 1 

C111108 REAR IMP 70% OVERLRP LTV MOB TO STFlTIONFIRY VEHICLE 

R 4 0 CTR 1VF46079 1FP87 L. FRT HEQO FICCEL. 
ELEC DRTR. SA€ CLFISS 1000 I H I C  I LIMITED TO 3GMS) 

x 

c 
U 

W 
a 

c 
z 
W z 
0 
Q 
I: 
0 V 

N 

84. ;’HM/H 
QTO TYPE: CMSOH 
TEST ORTE:01/08/1997 

T I M E  IN MILLISECONDS Appendix B, plot # 2 
z rn- . IJLu , I  %I,,>,,- J.,, .L.”.I 



CillI08 REFIR IMP 70% OVERLFlP 

R d 0 CTR lVF46079 1FP87 
ELEC DFITR, SFIE CLRSS 180 

LTV MOB TO STFITIONFlRY VEHICLE 

L. FRT CHEST RCCEL. 

84.7  KM/H 
Q T O  TYPE: CMSOH 
TEST OFITE:01/08/1997 

C111108 RERR IMP 70% OVERLRP LTV MOB TO STFIT IONFiRY VEHICLE 81.1.7.KMIH 

R 6 0 CTR lvFqtjO79 1FP87 FRT NECK ON HERD* UPPER TEST DRTE:01/08/1997 
FIT0 TYPE: CMSOH 

ELEC OFITFI L. FRT NECK LORDING ON HERD 



C11408 AEQR IMP 70% OVERLRP LTV MOB T O  STRTIONRRY VEHICLE 

R 6 0 CTR lVFW3079 1FP87 NECK LOQOINC ON HERD 
ELEC ORTR L. FRT NECK LOFIOINC ON HERD 

8U. 7HM/H 
RTO TYPE: GHSOH 
TEST O!ATE:01/08/1997 

WX C F K f ’ O  H M N T  = 57.4 N-H FlT 94.8 HS HIN = -10.3 N-H W 131.2 HS 

T I H E  I N  MIlLISECONOS 
Appendix B, plot # 5 

R d 0 CTR lVF4C079 1FP87 FORWRRD NECK SHEFIR ON HERD, 
A T 0  TYPE: GMSOH 
TEST DRTE:01/08/1997 

L. FRT INJURY REFERENCE ELEC DFITQ. SFlE CLRSS 1000 

6. 

5. 

5.  

v. 

U. 

s 3. 

By 208 3. 

a. 

aL 

% 
&- 

2. 

I .  

I .  

0. 

0. 

Appendix B, plot ## 6 CUHULRTIVE OURRTION OF LOFlOING M V E  GIVEN FORCE LEVEL, 

-.-- c _ _ _ - _  _ - -  



~ 1 1 4 0 8  RERR IMP 70% OVERCRP 8L4.7KM/H 

R b 0 C T R  1VFUGO79 1FP87 
ELEC ORTR. SFlE CLASS 1000 

RERRWRRO NECK SHEOR ON HERD, 

L. FRT INJURY REFERENCE 

R T C  TYPE: GMSOH 
TECiT OQTE:01/08/1997 

WX IRV = 6 1 OF IRAV QT 117 N. 25.0 NS 

CUMULATIVE OURRTION OF LORDING Q80VE GIVEN FORCE LEVEL. 
Appendix B, plot ## 7 

CllU08 REQR IMP 70% OVERLRP 

R 6 0 CTR lVFllC079 1FP87 
ELEC 0F)TFI. SRE CLFlSS IO00 

L T V  MOB TO STFlTIONFlRY VEHICLE 811.7KM/H 

QXIRL COMPRESSION ON HERD, 

L. FRT INJURY REFERENCE 

nro TYPE: GMSOH 
TEST OQTE:01/08/1997 

Appendix B, plot # 8 CUMULRT I VE OURRT I ON OF 10QO I NG QBOVE G I VEN FORCE LEVEL, 

., . .."._.,.,_" . - ...- .-- -.-- 



~111108 E R R  IMP 70% OVERLF~P LTV MOB TO STRTIONRRY VEHICLE 

RXIFIL TENSION ON HERO. 
I3 4 0 CTR lVFUC079 1FP87 
ELEC DRTFI, SRE CLRSS 1000 L. FRT INJURY REFERENCE 

84. 7 KMt'H 
RTO TYPE: GHSOH 
TEST ORTE:01/08/1997 

CIlU08 REQA IMP 70% OVERLAP LTV MOB TO STQTIONRRY VEHICLE 

R 6 0 CTR 1VFW1079 1FP87 R. FRT HEQD FICCEL. 
ELEC DQTA. SQE CLRSS 1000 (HIC I L I M I T E D  TO 1SMS) 

8U. 7 P,M/H 
QTO TYPE: WOH 
TEST ORTE:01/08/1997 



C11408 REQR IMP 70% OVERCQP 

R 6 0 CTR lVFllGO79 1FP87 
ELEC OFITFI. SFIE CLFISS 1000 

LTV MOB T O  STQTIONRRY VEH!CLE 

R.  FRT HERD FICCEL. 

(HIC I L I M I T E D  T O  3GMSl 

8Y. 7 KM/H 
RTO TYPE: CHSOH 
TEST OFITE:OI/08/1997 

T I HE IN HILL I SECONDS 
Appendix B, plot # 11 

I I  

Cllll08 REQR IMP 70% OVERLFlP 

R 6 0 CTR 1VFllCO79 1FP87 
ELEC OFITFI. SFlE CLRSS 180 

LTV MOB TO STRTIONRRY VEHICLE 

R. FRT CHEST FICCEL. 

811.7 KM/H 
F)TO TYPE: GMSOH 
TEST OFlTE:01/0.8/1997 

- . -  
T IHE IN MILLISECONDS Appendix B, plot # 12 

I, - _ - _ - _ -  

I 



1311408 REQR IMP 70% OVERLRP LTV M06 TO 5TQTlC)NRRY VEHICLE 8q. 7 IHM/H 

TIME IN MILLISECONDS 
Appendix B, plot # 13 

C11408 RERR IMP 70% OVERLRP LTV MOB TO STFITIONRRY VEHf CCE 8U. 7 KM/H 

A d D CTR IVF46079 1FP87 NECK LORDING ON HERO 
QTO TYPE: CMSOH 
TEST DRTE:01/08/1997 

ELEC ORTR R. FRT NECK LOROINC ON HERD 



R d 0 CTR lVFllCO79 1FP87 
ELEC OFITR. SQE CLQSS 1000 

LTV MOB TO STQTIONFIRY VEHICLE 8LI. 7KM/H 

FORWARD NECK SHEAR ON HERD, 

R. FRT INJURY REFERENCE 

RTO TYPE: GMSOH 
TEST OGTE:01/08/1997 

MRX l Q V  = 13 Z OF lRAV RT 185 N. 25.0 HS 

CUNULRTIVE DURRTION OF LORDING QBOVE GIVEN FORCE LEVEL. MS 

Appendix B, plot # 15 
IS 

C11408 REQR IMP 70% OVERLQP 

R b 0 CTR 1VF46079 lFP87 
ELEC OFITQ, SQE CtFlSS 1000 

LTV MOB T O  STFITIONFIRY VEHICLE 8U. 7 KM/H 

RERRWARO NECK SHEQR ON HERD, 
QTD TYPE: GMSOH 
TEST OQTE:01/08/1997 

R.  FRT INJURY REFERENCE 



C 11408 REQR IMP 70% OVERLRP 

R 6 0 CTR 1VFllCO79 1FP87 
ELEC DRTR. SRE CLRSS 1000 

LTV MOB TO S T ~ T I O N F I R Y  VEHICLE 8Ll. 7 KM/H 

QXIFIL COMPRESSION ON HERD. 

R. FRT INJURY REFERENCE 

RTD TYPE: GMSOH 
TEST OQTE:01/08/1997 

CUHULnTlVE OURfJTION OF LoFIOlNG WOVE GIVEN FORCE LEVEL. M 
Appendix B, plot # 17 

t i  

CllU08 RERR IMP 70% OVERLRP LTV MOB TO STFlTlONFIRY VEHICLE 

R 6 0 CTR IVF116079 1FP87 R X I Q C  TENSION ON HERO, 
ELEC OQTR. SQE CLRSS 1000 R. FRT INJURY REFERENCE 

811. ‘7 KM/H 
QTO TYPE: GHSOH 
TEST ORTE: 01 1081 1997 



R 6 0 CTR lVFq6079 1FP87 
ELEC OATR. SA€ CLASS GO 

L T V  MOB T O  STRTIONFJRY VEHICLE 

L. FRT ROCKER FICCEL 

8l4. JKM/H 

T E ' j T  DFlTE : 0 1 1081 199? 

C111108 REFIR IMP 70% OVERLAP 

R 6 0 CTR 1VF116079 1FP87 
ELEC DFlTFI. SFlE CLASS 180 

LTV MOB TO STFlTIONRRY VEHICLE 

L. FRT ROCKER V E L O C I T Y  

[COMPUTED FROM RCCELERQTION) 

84.7 KM/H 

TEST DFlTE:01/08/1997 

TIME IN MILL ISECONOS 

J 

Appendix B, plot ## 20 
L 



C11q08 REQR IMP 70% OVERLRP 

R 6 0 CTR lVFY6079 1FP87 
ELEC DFlTR. SFlE CLASS 180 

L T V  MOB TO STFITIONRRY VEHICLE 

L. FRT ROCKER OISPL . 

(COMPUTED FROM RCCELERRT ION1 

8li. 7 KM/H 

TEST ORTE:01/08/1997 

2.  

2. 

I .  

1 .  

1. 

d I .  
ZT 
0 -  

CQ. 
4 
0- 

I 

I .  

8 0 0 .  

0. 

0 .  

0. 

0.  

-0. 

T I M E  I N  FIILLISECONOS 
Appendix B, plot # 21 

~ 1 1 ~ 0 8  REFlR IMP 70% OVERLRP CTV MOB TO STFITIONQRY VEHICLE 

R 6 0 CTR 1VFY6079 1FP87 R. FRT ROCKER FlCCEL 

ELEC ORTA. SRE CLRSS GO 

8q. 7KM/H 

TEST ORTE:01/08/1997 



c i i q 0 8  RERR IMP 70% OVERLQP LTV M06 T O  STFITIONGRY VEHICLE 8U. 7KM/H 

R 6 0 CTR lVF4CO79 1FP87 TEST DFlTE:01/08/1997 R. FRT ROCKER VELOCITY 

(COMPUTED FROM FlCCELERFlT I ON1 ELEC OFITFI. SFlE CLFlSS 180 

1 [ME [ N  MILLISECONOS 
Appendix B. plot # 23 

c i i q o 8  REQR IMP 70% OVERLFlP LTV MOB TO STRTIONFIRY VEHICLE 

R d 0 CTR 1VF4CO79 lFP87 R. FRT ROCKER OISPL 
ELEC ORTFI, SFlE CLRSS 180 (COMPUTED FROM QCCELERQTIONI 

84.7KM/H 

TEST OFlTE: 0 1 /08/ 1997 



C I  1408 RERR IMP 70% OVEALRP LTV MOB TO STFlTIONFlRY VEHICLE BY. ?KM/H 

R 6 0 CTR 1 Vf-46079 1FP87 

ELEC OFITFI. SFIE CLASS GO tRVGD L. 4 R. ROCKER QCCELSI 
TEST OFITE:01/08/1997 RVERRGED FRT ROCKER K C E L E R R T I O N  

TIME IN  HlLLlSECONoS 
- Appendix €3, plot # 25 

ciiuo8 REFIR IMP 70% OVERLAP L T V  MOB TO STRTIONARY VEHICLE 84.7 KM/H 

R 6 0 CTR IVF4CO79 IFP87 TEST OQTE:Q1/08/1997 FlVCO FRT ROCKER VELOCITY 

(COMPUTED FROM QCCELERRTIONI ELEC DRTFI. SFlE CLFlSS 180 



CIl(108 REFIR IMP 70% OVERLRP 

R 6 0 CTR lVF46079 1FP87 
ELEC ORTFI. SRE CLASS 180 

LTV MOB T O  STQTIONFIRY VEHICLE 

RVGD FRT ROCKER OISPL 
[COMPUTED FROM FICCELERRTIONI 

8q. 7 KM/H 

TEST OFITE:01/08/1997 

2. 

I .  

I .  

I .  

2 I .  
ZI: 
0 -  
31 I .  
tQ -In 
0- 

A 

- 

8 0 0 .  

0. 

0. 

0. 

0. 

-0. 

TIME IN MILLISECONDS 
Appendix B. plot # 27 

C 1 1 4 0 8  REQR IMP 70% OVERLFlP 

R d 0 CTR 1VFUCO79 1FP87 
ELEC ORTA. SFIE CLASS GO 

LTV MOB TO STRTIONQRY VEHICLE 

L. FRT ROCKER RCCEL 

811.7KM/H 

TEST DQTE:01/08/1997 

Appendix B, plot ## 28 T I N E  IN MILLISECONDS 



Cllq08 REQR IMP 70% OVERLRP L T V  MOB TO STRTIONFIRY VEHICLE 

R 6 0 CTR 1VF46079 1FP87 L. FRT ROCKER VELOCITY 
ELEC DFITFI. SRE CLFISS 180 (COMPUTED FROM QCCELERRTIONI 

I I ,  

IO 

g, 

e 

7 

E r 6  
-I= a 2- 5 .  

z- 4 
J U  
W w 

1 

2 

84,7HIY/H 

TEST DRTE:01/08/1997 

- 
/- 

I 
I 

/ 

C 111108 REFlR IMP 70% OVERLRP 

R 6 0 CTR IVF116079 1FP87 
ELEC OFITR. SRE CLFISS 180 

LTV MOB TO STFITIONFIRY VEHICLE 811.7KM/H . 

TEST OFITE:01/08/!997 L. FRT ROCKER OISPL 
(COMPUTED FROM QCCELERRTIONI 

T IME :N M I L L  iSECONOS Appendix 8, plot # 30 



C11408 REFlR IMP 70% OVERLW 

R 6 0 C T R  1VF46079 1FP87 
ELEC ORTFI. SRE CLRSS GO 

LTV MOB TO STRTIONFIRY VEHICLE 

R. FRT ROCKER R C C E L  

8Lj. 7 KM/H 

T E l j T  ORTE: 0 1/08/ 1997 

sn ?+ 
a .  
E-J 
aw -e a 

T I M E  IN MILLISECONOS 
Appendix B, plot # 31 

c i  11108 REQR IMP 70% OVERLQP LTV MOB T O  STRTIONQRY VEHICLE 

R d 0 CTR 1VF116079 1fP87 R. F R T  ROCKER V E L O C I T Y  
ELEC DQTQ. SQE CLQSS 180 ( C O M P U T E D  FROM Q C C E L E R R T I O N I  

811.7KM/H 

TE5T DRTE: 0 1/08/ 1997 

~~ 

T IME IN MILL ISECONOS 



c11qo8 REFIR IMP 70% OVEACQP LTV M06 TO STFITIONRRY VEHICLE 
R .  FRT ROCKER DISPL 

(COMPUTED FROM RCCELERQTIONI 
R 6 0 CTR lVFY6079 1FP87 
ELEC OATFI. SRE CLASS 180 

ell. 7 KM,'H 

TEST 0flTE:OI/08/1997 

Cllll08 REQR IMP 70% OVERLfll' L T V  M06 TO STFITIONPRY VEHICLE 811.7KM/H 

R 6 0 CTR 1VF46079 1FP87 QVERQGED FRT ROCKER RCCELERRT I ON TEST DQTE: o1 ,08, 1997 
(FlVGD L. & R. ROCKER FlCCELSI ELEC ORTA. SRE CLFlSS 60 



C11q08 REFIR IMP 70% OVERLFIP 

R d 0 C T R  1VFUGO79 1FP87 
E L K  OFITR. SRE CLFISS 180 

LTV MOB TO STFITIONQRY VEHICLE 

QVCD F R T  ROCKER V E L O C I T Y  

(COMPUTED FROM R C C E L E R R T I O N I  

811.7 KM/H 

TEST OFITE:01/08/1997 

J w > 

TIME IN MILLISECONDS 
Appendix B, plot ## 35 

C111108 REFIR IMP 70% OVERLFIP LTV MDB T O  STFlTIONFlRY VEHICLE 

QVGD F R T  ROCKER DISPL 

(COMPUTED FROM A C C E L E R R T I O N I  
R 6 0 C T R  1VFUCO79 1FP87 
ELEC OFITFI. SFIE CLRSS 180 

811.7KM/H 

T E S T  ORTE:01/08/1997 

2 

2 

I 

I 

1 

tl 

EL 1 

JZ  (r 

ctl Uv, J- 

0 

,4ppendix B, plot # 36 TIME IN MILLISECONDS 

k ....--_--- . - .-- ..-- - - -  



CI1408 REQR IMP 70% OVERLRP LTV MO6 TO STFITION9RY VEMICCE 

R 4 0 CTR lVFLLt079 1FP87 
ELEC OFITR, SFIE CLRSS 60 

L. FRT ROCKER FlCCEL 

8g. 7 K M / H  

TEST ORTE : 0 1/08/ 1997 

ul 
2 au 
2 .  
a w  

a 

l-J 

W w u  

T I H E  IN  HlLLlSECONOS 
Appendix B, plot # 37 

C11408 REFIR IMP 70% OVERLRP LTV M08 TO STRTIONRRY VEHICLE 8U. 7KFVH 

R 6 0 CTR 1VfU6079 1FP87 
ELEC ORTR. SA€ CLRSS 180 

E S T  OFITE:01/08/1997 L. FRT ROCKER VELOCITY 
[COMPUTED FROM RCCELERQTION) 

-I 
W > 

Appendix €3, plot t# 38 TI H E  I N  HILLISECONOS 
. _ _  . . - _  - .  - .- 



C111108 REFIR IMP 70% OVERLRP 

R 6 0 CTR lVFUGO79 1FP87 
ELEC ORTFl. SFlE CLFlSS 180 

LTV MOB T O  STRTIONRRY VEHICLE 84.7  KM/H 

TEST OFlTE:01/08/199? L. FRT ROCKER DISPL 
(COMPUTED FROM QCCELERRT ION1 

C 1 11108 REFIR IMP 70% OVERLRP 

R 6 0 CTR IVF46079 1FP87 
ELEC DQTFI. SFlE CLFlSS GO 

LTV MO8 T O  STRTIONRRY VEHICLE 

R. F R T  ROCKER R C C E L  

84.7KM/H 

TEST DRTE: 0 1 1081 1997 

m 
2 au 
2 .  
a w  

a 

+A 

w u  >W 

T I M E  I N  MILLISECONDS Appendix B, plot # 40 
L . . . .  - . . - - - - . - .  -- - .  



C11u08 REAR IMP 70% OVERLAP LTV MOB TO STRTIONRRY VEHICLE 

A 6 0 C T R  lVF46079 1 fP87 R. FRT ROCKER VELOCITY 
ELEC DRTR, SRE CLRSS 180 (COMPUTED FROM RCCELERFIT I ON) 

8Y. 7 KM/H 

TEST OATE:01/08/1997 

160 ' 180 200 220 
TIME I N  HILLISECONOS 

Appendix B, plot # 41 

C111108 RERR IMP 70% OVERLAP LTV MOB TO STQTIONRRY VEHICLE 8q. 7 KM/H 

R d 0 CTR 1VFUG079 lFP87 R.  FRT ROCKER DISPL TEST ORTE:01/08/1997 

ELEC ORTQ, SRE CLRSS 180 [COMPUTED FROM RCCELERQTIONI 

i 



C11U08 REQR IMP 70% OVERLFlP 

R 6 0 CTR lVF46079  1FP87 
ELEC ORTFI. SRE CLQSS GO 

LTV MOB T O  STQTIONRRY VEHICLE 811.7KM/H 

TEST ORTE: 01 1081 1997 QVERQGED F R T  ROCKER Q C C E L E R R T I O N  

[RVGD L. g R .  ROCKER R C C E L S I  

In 
A- UO 

+-J 
K W  
WU >u 

2 .  

a 

TIME IN MILLISECONDS 
A.ppendix B, plot # 43 

CllU08 RERR IMP 70% OVERLRP L T V  MOB T O  STQTIONRRY VEHICLE 811.7 KM/H 

R a D C T R  lVF4GO79 1FP87 
ELEC OFlTR. SRE CLRSS 180 

TEST ORTE:01/08/1997 RVGD F R T  ROCKER V E L O C I T Y  

( C O M P U T E D  F R O M  FlCCELERFlTIONI 

TIME I N  MILLISECONDS A.ppendix B, plot # 44 



ciiqO8 RERR IMP 70% OVERLRP L T V  MOB TO STFlT IONRRY VEHICLE 

QVGO FRT ROCKER OISPL 
A 4 0 CTR lVFLIC079 1FP87 
ELEC OFITFI. SRE CLRSS 180 (COMPUTED FROM QCCELEROTIONI 

811.7KEI/H 

TEST OFiTE:01/08/1997 

T I ME 1 N HILL I SECONOS 
Appendix B, plot # 45 

C 1 1408 RERR IMP 70% OVERCFIP 

R 4 0 CTR 1VFYGO79 1FP87 
ELEC DQTFI. SFIE CLFlSS GO 

84.7KM/H L T V  MOB TO STQTIONRR'I VEHICLE 

TEST DRTE:01/08/1997 
L.RERR FRQME FlCCEL 

T I M E  I N  MILLISECONDS 

- 
Appendix B, plot # 46 



C111108 REQR IMP 70% OVERLFIP 

R 6 0 CTR 1VFVGO79 1FP87 
ELEC ORTFI. SRE CLFlSS 180 

LTV MOB TO STFITIONQRY VEHICLE 8q. 7 KM/H 

TEST DQTE:01/08/1997 L. REQR FRQME VELOC I T Y  

(COMPUTED FROM RCCELERQTIONI 

TINE I N  NILLISECONOS 
Appendix B, plot ## 47 

C111108 REQR IMP 70% OVERLFIP 

R 6 0 CTR 1VFVGO79 1FP87 
ELEC OFITR. SRE CLFlSS 180 

LTV MOB TO STFITIONRRY VEHICLE 

L. REFIR FRRME DISPL 
[COMPUTED FROM FICCELERQTIONI 

811.7 KM/H 

TEST OQTE:01/08/1997 

T I M E  I N  NILLISECONOS Appendix B, plot # 48 



C 111108 RERR IMP 70% OVERLRP LTV MOB TO 5TFlT IONRRY VEHICLE 

R 4 0 CTR lVF4GO79 1FP87 
ELEC ORTR. SFlE CLFISS GO 

R.RERR FRFlME RCCEL 

8U. 7KM/H 

TEST DQTE:01/08/1997 

DATA AfFPClEO #V A C C E l E ~ l E R  RWATIOI 

P lo t0  cv - 

TIHE IN MILLISECONDS 
Appendix B, plot # 49 

C11408 RERR IMP 70% OVERLQP LTV MOB TO STFITIONRRY VEHICLE 

R.RERR FRRME VELOCITY 

(COMPUTED FROM FICCELERRT I ON) 
R 4 D CTR 1Vf4GO79 1fP87 
ELEC DRTR. SRE CLRSS 180 

8U. 7 KM/H 

TEST OQTE:01/08/1997 



1-1 1408 RERR IMP 70% OVERLRP 

R 6 D CTR 1VF11CO79 1FP87 

LTV MOB TO STFIT IONFIRY VEHICLE 

R.RERR FRRME OISPL  

(COMPUTED FROM RCCELERRTIONI ELEC DRTR. SRE CLRSS 180 

90 

80. 

70. 

GO 

so 

uo r\ I i\ 1 1, , \, I \  I 

Ll I \  
c I, I 

30 8 

4 1  \ 
20. n l  \ I  

1 0 4  \*IV \J " 

A -10 ., 
\ -20 \, / 

I I I I II I I I 
60 80 100 -30~"'"' 

811.7KM/H 

TEST ORTE : 0 1 /08/ 1997 

I 

C111108 RERR IMP 70% OVERLRP 

R 6 0 CTR 1VF116079 1FP87 
ELEC DFITR. SRE CLRSS GO 

LTV MOB T O  STFITIONFIRY VEHICLE 811.7 KM/H 

RVERRGED RERR FRQME RCCELERQTION TEST DRTE:01/08/1997 

(RVGD L .  & R .  FRQME RCCELSI 



~ 1 1 4 0 8  REQR IMP 70% OVEALAP LTV MOB TO STRTIONRRY VEHICLE 8q. 7 K M / H  

R 6 D CTR lVF4GO79 l F P 8 7  RVCO RERR FRFlME VELOCITY TEST OFITE: 0 1/08/ 1 9 9 7  

ELEC ORTFI, SRE CLFISS 180 [COMPUTED FROM QCCELERRTION) 

> 

C11U08 RERR IMP 70% OVERLFlP C T V  M06 TO STQTIONQRY VEHICLE 

R 6 0 CTR 1VF116079 1FP87 QVGD RERR FROME DISPL 
(COMPUTED FROM QCCELERRTIONI ELEC ORTA. SFIE CLASS 180 

8Y. 7HFl/H 

TEST D A T E : 0 1 / 0 8 / 1 9 9 7  

T I M E  I N  MlLLlSECONDS 
Appendix B, plot # 54 



R d 0 CTR 
ELEC ORTFI. SFIE CLRSS GO 

1VFllGO79 lFP87 

R 8 0 CTR 
ELEC DRTFI. SRE CLRSS 180 

lVFYG079 1FP87 L. REFlR FRRME VELOC I T Y  

[COMPUTED FROM FlCCELERFlT I ON1 

811.7KM/H 

TE5T OFlTE : 0 1 1081 1997 



. 

C11408 RERR IMP 70% OVERLRP 

R 4 0 CTR lVFqGO79 1FP87 
ELEC DRTFI. SRE CLRSS 180 

LTV MOB TO STQTIONRRY VEHICLE 

L.REFIR FRFIME OISPL 

[COMPUTED FROM RCCELERQTIONI 

8 4 . 7  KM/H 

TEST ORTE:01/08/1997 

C111108 RERR IMP 70% OVERCQP 

R 4 0 CTR 1VF46079 1FP87 
ELEC OFITR. SFlE CLRSS GO 

LTV MOB T O  STFlTIONFlRY VEHICLE 

R.RERR FRRME QCCEL 
8U. ‘7 KM/H 

TEST OQTE:01/08/1997 

Appendix B, plot #I 58 



C111108 REQR IMP 70% OVERLFIP 

R 6 0 C T R  1VF46079 1FP87 
ELEC OFITFI, SFIE CLRSS 180 

W > 

LTV MOB T O  STFlTIONFlRY VEHICLE 84.7 KM/H 

R. RERR FRFlME VELOC I TI'  TEIST DFITE: 0 11081 1997 

[COMPUTED F R O M  RCCELERRTIONI 

TIME IN MILLISECONOS 
Appendix B, plot # 59 

c11qo8 REQR IMP 70% OVERLRP LTV MOB TO STFlTIONRRY VEHICLE 

R.REFIR F R R M E  DISPL 
R 8 0 C T R  lVFl46079 1FP87 

ELEC OFlTFI. SFlE CLRSS 180 [COMPUTED FROM QCCELERQTIONI 

811.7 KM/H 

TE5T DQTE:01/08/1997 

Appendix B, plot #I 60 TIME IN MILL1 

.. .- . - 



C11408 RERR IMP 70% OVERLRP 

R d 0 CTR lVF4CO79 1FP87 
ELEC ORTQ. SFIE CLFlSS 60 

L T V  MOB T O  STQTIONQRY VEHICLE 8U. 7 KM/H 

FIVERRGED RERR FRRME RCCELERRTION TEST OFITE:01/08/1997 

WGD L. a R.  FRQME FICCELS) 

1-1 1408 REFIR IMP 70% OVERLFIP 

R d 0 CTR 1VFVGO79 1FP87 

L T V  MOB TO STRT IONQRY VEHICLE 

RVGO REFIR FRRME VELOCITY 
(COMPUTED FROM RCCELERFIT I ON1 ELEC DFITFI. SRE CLFISS 180 

84. 7KM/H 

TEST ORTE:01/08/1997 

J 
W > 



C11408 REQR IMP 70% OVERLRP 

R 6 0 CTR l V F 4 6 0 7 9  1FP87 
ELEC OFITFI. SQE CLRSS 180 

CTV MOB T O  STRTIONFIRY VEHICLE 84.7 KH/H 

TEST OQTE:01/08/1997 RVGD REQR FRRME DISPL  

(COMPUTED FROM RCCELERQTIONI 

TIME IN MILLISECONDS 
Appendix B,  plot # 63 

C11408 REQR IMP 70% OVERLQP LTV MOB T O  STQTIONRRY VEHICLE 

R d 0 CTR 1VF4GO79 1FP87 L.  REFlR FRRME FlCCEL 
ELEC OFITQ. SQE CLFISS GO 

811.7 KM/H 

'-EST OQTE: 0 11081  1997 

DATA AFFECTED BY ACCELEMIILTER ROTATIQ( 

Appendix B, plot #le4 T I M E  IN MILLISECONOS 



~11~408 RERR IMP 70% OVERCRP LTV MOB TO STRT IONRRY VEHICLE 

L. RERR FRRME VELOC I TY 

(COMPUTED FROM RCCELERRTIONI  
R 4 0 CTR lVFq6079 lFP87 
ELEC DFITFI. SFlE CLRSS 180 

8LL. 7 K t l / H  

TEST DRTE:01/08/1997 

cc 

W >O 
J w w 

a- 

Appendix B, plot ## 65 

C11408 RERR IMP 70% OVERLRP 

R 6 0 CTR 1VFUCO79 IFP87 
ELEC DRTR. SRE CLRSS 180 

LTV MOB TO STRTIONRRY VEHICLE 

L.RERR FRRME OISPL 
(COMPUTED FROM R C C E L E R R T I O N I  

811.7KMIH 

TEST ORTE:01/08/1997 

TIME [ N  MILLISECONDS Appendix B, plot # 66 



C11U08 REFIR IMP 70% OVERLRP 

R d 0 CTR 1VFUC079 lFP87 
ELEC DRTR. SFIE CLFlSS GO 

LTV MOB TO STFITIONFIRY VEHICLE 

R.REFlR FRRME FlCCEL 

84.7 KM/H 

TE:ST OFITE: 0 11081 1997 

DATA AFFECTEO #Y ACCELE-TER I K n A f l U I  

TIME IN MILLISECONDS 
Apptzndix B, plot # 67 

C11U08 REFIR IMP 70% OVERLRP L T V  MOB TO STFlTIONFlRY VEHICLE 84.7KM/H 

TEST DFITE:01/08/1997 R d 0 C T R  1VFqGO79 1FP87 R. RERR FRFlME VELOC I T Y  

[COMPUTED FROM RCCELERFlTIONI ELEC DRTFI. SFlE CLFlSS 180 

cc 

W V  >O 
J 
W > 

a- 

TIME IN MILLISECONOS 
Appendix B. plot ## 68 



C11408  AEQR IMP 70% OVERLRP 

R 6 0 CTR lVF4GO79 1FP87 
ELEC OFITQ. SF7E CLFlSS 180 

LTV MOB T O  STQTIONFIRY VEHICLE 

R.RERR FRRME D I S P L  

(COMPUTED FROM QCCELERRTION) 

811.7 KM/H 

TEST DQTE:01/08/1997 

TIME IN MILLISECONDS 
Appendix B, plot # 69 

C111108 REFiR IMP 70% OVERLFIP 

R 4 0 CTR lVFUCO79 1FP87 
ELEC OFITFI. SFlE CLFISS GO 

LTV MOB TO STQTIONFIRY VEHICLE 84.7 KM/H 

TEST ORTE:01/08/1997 RVERFIGED REFlR FRRME QCCELERRTION 
(RVGD L. & R. FRRME RCCELSI 

TIME IN MILLISECONDS Appendix B, plot # 70 



C11408 REQR IMP 70% OVERLRP 

R 6 D C T R  lVF46079 1FP87 
ELEC ORTFI, SRE CLRSS 180 

LTV MOB T O  STRTIONRRY VEHICLE 8Y. 7 KM/H 

TCST DRTE: 0 1/08/ 1997 QVGD REQR F R R M E  VELOCITY 

(COMPUTED FROM QCCELERRTIONI 

TIME ( N  MILLISECONDS 
Appendix B, plot ## 71 

C11408 RERR IMP 70% OVERLRP LTV MOB T O  STRTIONRRY VEHICLE 

QVGD REFlR FRRME D I S P L  R d 0 CTR 1VF46079 1FP87 

ELEC DQTFI. SRE CLQSS 180 (COMPUTED F R O M  RCCELERRTIONI 

8Y. 7 K M / H  

TEST ORTE:01/08/1997 



1-1lqo8 REFIR IMP 70% OvERLRP LTV MOB T O  STRTIONFIRY VEHlCCE 

R d 0 CTR 1VF116079 1FP87 
ELEC OFITR, SFlE CLRSS GO 

L.REFIR ROCKER QCCEL 

8LL. 7 KM/H 

TEST OFITE:01/08/1997 

TIME I N  MILLISECONDS 
Appendix B, plot # 73 

C111108 REFIR IMP 70% OVERLRP LTV MOB TO STRTIONRRY VEHICLE 

L.REQR ROCKER VELOCITY 
(COMPUTED FROM QCCELERFITIONI 

R d 0 CTR lVFUGO79 lFP87 
ELEC ORTA. SRE CLRSS 180 

8Ll. 7KM/H 

TEST OFITE:01/08/1997 

- 
VU 20 
O J  Jw 

> 



C11408 REFlR IMP 70% OVERLQP 

55- 

so 

45 

40 

35. 
I 

gyl 30 

4 0 

Iw O W  

-1 

3 - 2s. A 

t--I "\ 
i \, gg 20 

\ i / \  1 IS \ 
1 

I 

/ 

\ 
A -  - 

\J b\/ -- 
I I I I II I I I 1 1  

GO 80 100 I20 I110 160 180 -Sw'r 20 40 

R 4 0 CTR 1VFUCO79 1FP87 
ELEC DFITFI. SQE CLFISS 180 

- 
L 

LTV MOB T O  STRTIONRRY VEHICLE 

L . R E R R  ROCKER DISPL 
[COMPUTED FROM Q C C E L E R R T I O N I  

84.7KM/H 

TEST ORTE:01/08/1997 

C111108 RERR IMP 70% OVERLRP 

R 4 0 CTR 1VFUGO79 1FP87 
ELEC DQTFI. SFlE CLRSS GO 

LTV MOB T O  STFITIONQRY VEHICLE 

R.REFIR ROCKER FlCCEL 

8'4.7KM/H 

"EST DFlTE:01/08/1997 



C11408 AEQR IMP 70% OVERLRP 

R 4 0 CTR lVFqG079 1FP87 
ELEC OQTA. SFlE CLRSS 180 

C 1 1 4 0 8  REFIR IMP 7 0 %  OVERCRP 

R 4 D CTR 1 V F 4 G O 7 9  1FP87 
ELEC DFITFI. SRE CLRSS 180 

LTV MOB TO STFITIONFIRY VEHICLE 

R.REFIR ROCKER VELOCITY 
(COMPUTED FROM RCCELERRTIONI 

84.7 KM/H 

TEST O A T E : 0 1 / 0 8 / 1 9 9 7  

LTV MOB TO STQTIONQRY VEHICLE 

R.REF)R ROCKER OISPL 
(COMPUTED FROM RCCELERRTIONI 

84. ‘7 KM/H 

TEST OFlTE:01/08/1997 

Appendix B, plot #t 78 T IHE I N  HILL ISECONOS 



C11V08 RERR IMP 70% OVERLRP LTV MOB TO STFITIONRRY VEHICLE 8 4 . 7 K M / H  

5s 

so 

US 

UO 

3s 

gy3 30. 

-0 0 
3 - 2 5 ,  
C J  -.w VU 

gg 20 
J 

IS. 

IO 

RVERQGED REFIR ROCKER QCCELERRT I ON TEST DRTE: 0 1/08/ 1997 R 6 0 CTR lVF4GO79 1FP87 

ELEC DRTR. SRE CLRSS GO [RVGD L .  6 R. ROCKER QCCELSI 

- 

/ \  
.?. 1 1 \, 

\ 

I \  V \ 

I 1  \ 

5 .  

c i  
I 

20 UO 
- 5 W "  

C11q08 RERR IMP 70% OVERLRP L T V  MOB TO STFITIONRRY VEHICLE 

R d 0 CTR 1VF46079 1FP87 RVGD RERR ROCKER V E L O C I T Y  
ELEC DRTR. SRE CLRSS 180 (COMPUTED FROM QCCELERRTIONI 

I 1  

0 
V v \-- 

I 1 I I I I J I  I I 
GO 80 IO0 I20 I uo I60 180 200 220 3 0  

8 4 . 7 K M / H  

TEST DQTE:01/08/1997 

Appendix B, plot ## 80 TINE I N  MILLISECONDS 



C11408 RERR IMP 70% OVERLRP 

R d 0 CTR 1VF4CO79 1FP87 
ELEC DRTR. SRE CLRSS 180 

LTV MOB TO STRTIONRRY VEHICLE 

QVGO REQR ROCKER DISPL 
(COMPUTE0 FROM RCCELERRTIONI 

84.7 KM/H 

TEST ORTE:01/08/1997 

T I M E  IN MILLISECONOS 
Appendix B, plot # 81 

C111108 RERR IMP 70% OVERLRP 

A d 0 C T R  IVFGO79 1FP87 
ELEC DQTR, SRE CLRSS GO 

CTV MO8 TO STQTIONQRY VEHICLE 

L.REFIR ROCKER RCCEL 

%Y.'7KM/H 

TEST OQTE:01/08/1997 

T I M E  I N  MILLISECONDS Appendix B, plot # 82 
1"' - - - -  b, ._ I - - e . - . - ., 



R 6 0 CTR IVFUGO79 1FP87 
ELEC OFlTFl, SFlE CLFlSS 180 

LTV MOB TO STFlTIONFlRY VEHICLE 84.7KM/H 

TEST OFITE:01/08/1997 L.RERR ROCKER VELOCITY 

[COMPUTED FROM IXCELERRTIONI 

T I M E  IN MILLISECONDS 
Appendix B, plot # 83 

C111108 RERR IMP 70% OVERLRP 

R 8 0 C T R  lVFqGO79 1FP87 
ELEC DRTFI. SFIE CLFlSS 180 

LTV MOB T O  STRTIONRRY VEHICLE 

L.RERR ROCKER OISPL 
(COMPUTED FROM QCCELERRTIONI 

84.7KM/H 

TEST OFITE : 0 1 1081 1997 

T I M E  IN MILLISECONDS Appendix B, plot # 84 
t. . ._______ . -. ..,- _ .  -.-- 



C i  1408 REQR IMP 70% OVERLAP LTV MOB T O  STFlT IONQRY VEHICLE 

R 6 0 CTR 
ELEC DATR. SRE CLASS 1 8 0  

1VF4CO79 1FP87 
R.REFIR ROCKER VELOCITY 

[COMPUTED FROM RCCELERRTIONI 

811.7 KM/H 

TEST ORTE:01/08 /1997 

”- .. -. .-.. >-. -.-- 



C11408 REQR IMP 70% OVERLRP L T V  MOB TO STFlTIONFIRY VEHICLE 

R d 0 CTR 1VF4GO79 1FP87 R.REQR ROCKER DISPL 
ELEC DRTFI. S f X  CLRSS 180 (COMPUTED FROM F lCCELERRT I.ONI 

8 4 . 7  KM/ t4 

TEST ORTE:01/08/1997 

TIME IN MILLISECONDS 
Appendix R ,  plot ## 87 

C11408 REQR IMP 70% OVERLRP L T V  MOB T O  STQTIONRRY VEHICLE 84.7KM/H 

RVERRGED R E R R  ROCKER Q C C E L E R R T  I ON TEST ORTE: 0 1 /OB/ 1997 R 8 0 C T R  lVF4GO79 1FP87 

ELEC ORTFI. SRE CLFlSS GO [FIVCD L. 6 R.  ROCKER F lCCELS l  

TIME IN MILLISECONDS Appendix B,  plot # 88 
6 ,  . _ _  _ _ _  - . - . _- , . - . -. _ _  



. 

C 11408 RERR IMP 70% OVERLRP 

R 4 0 CTR 
ELEC ORTFI. SRE CLFlSS 180 

lVFWO79 1FP87 

LTV MOB T O  STQTIONFIRY VEHICLE 8 4 . 7  HM/H 

QVCD RERR ROCKER VELOCITY TEST ORTE:01/08/1997 

(COMPUTED FROM RCCELERATIONI 

c11qo8 REQR IMP 70% OVERLRP LTV MOB T O  STFITIONQRY VEHICLE 

R d 0 CTR lVFUCO79 lFP87 
FlVGD REQR ROCKER OISPL 

(COMPUTED FROM RCCELERRTIONI ELEC ORTR. SRE CLFlSS 180 

811.7 KM/H 

TEST DFITE:01/08/1997 



C111108 RERR IMP 70% OVERLQP 

40, 

30 

20. 

IO 

R 6 0 C T R  lVF46079 1FP87 
ELEC DRTR. SRE CLFlSS GO 

h 
f i  !I 
I 

I 

/ I  1 1  
r ,  I j j i‘, 

I ‘\ 
t i  

LTV MOB T O  STQTIONRRY VEHICLE 

L.REFIR ROCKER Q C C E L  

_____ 

, 
i / 

L’ 

-10 

‘\-I I I 
I #I I -2O.WIWll’ 

84.7KM/H 

TEST DRTE:01/08/1997 

/v-+ 
I I I I  

T I M E  I N  MILLISECONDS 

C11408 REQR IMP 70% OVERCQP LTV MOB T O  STRTIONRRY VEHICLE 

R a o C T R  1VF4CO79 1FP87 
ELEC DRTFI. SRE CLRSS 180 

L.REFIR ROCKER V E L O C I T Y  

(COMPUTED FROM Q C C E L E R R T I O N I  

Plot#  91 4 - 4  

1 ”-” 200 220 ZVO 

Appendix B, plot ## 91 

84.7HM/H 

TEST OF4TE:01/08/1997 

+I- 

W U  
>O 

_1 
W w 

a- 



C111108 RERA IMP 70% OVERLFIP LTV MOB T O  STRTIONRRY VEHICLE 811.7 KM/H 

R 4 0 CTR l V F V G 0 7 9  1FP87 
ELEC OFITR, 5FlE CLFlSS 180 

TEST DQTE:01/08/1997 L.RERR ROCKER OISPL 

(COMPUTED FROM RCCELERRT ION) 

C11408 REFlR IMP 70% OVERLRP 

R d 0 CTR 1VFqG079 1FP87 
ELEC OFITR. SFIE CLFlSS GO 

TIME I N  HILLISECONOS 
Appendix B, plot #93 

. _ _ -  .-..-. 

LTV MOB T O  STFITIONRRY VEHICLE 

R.REFIR ROCKER QCCEL 

811.7KM/H 

TEST OFITE:OI/08/1997 



R 6 0 CTR 1VF116079 1 F P 8 7  
ELEC OQTR. SQE CLFlSS 180 

L T V  MOB TO STFITIONFIRY VEHICLE 

R.RERR ROCKER VELOCITY 
(COMPUTED FROM K C E L E R G T I O N )  

8Ll. 7 KM/H 

TIEST DQTE:01/08/1997 

TIME IN MILLISECONDS 
Appendix B, plot # 95 

C111108 REQR IMP 70% OVERLQP 

R & 0 CTR 1VF4CO79 1FP87 
ELEC DQTR. SQE CLRSS 180 

LTV MOB T O  STFITIONRRY VEHICLE 

R.RERR ROCKER D I S P L  

[COMPUTED FROM QCCELERFITIONI 

84 .7KM/H 

TEST ORTE:01/08/1997 

Appendix B, plot # 96 
- 9  



C111108 REAR IMP 70% OVERLRP 

R b 0 CTR lVF46079 1FP87 
ELEC DQTFI. SRE CLFlSS GO 

TIME IN MILLISECONDS 
Appendix B, plot # 97 

C111108 REQR IMP 70% OVERLRP 

R d 0 CTR lVf46079 1FP87 
ELEC DQTFI. SQE CLRSS 180 

LTV MOB TO STRTIONFIRY VEHICLE 84. ‘?KM/H 

TEST OFlT€:01/08/1997 RVGO RERR ROCKER V E L O C I T T  

(COMPUTED FROM RCCELERRTION)  

TIME .IN MILLISECONDS 

- 
Appendix B, plot # 98 

*I 



C111108 RERR IMP 70% OVERLQP LTV MOB TO STFlTIONRRY VEHICLE 

R 6 0 CTR lVF4GO79 1FP87 RVGO REQR ROCKER OISPL 
ELEC DFITFI. SFIE CLFISS 180 [COMPUTED FROM QCCELERQTIONI 

811.7KM/I-I 

TEST ORTE:01/08/1997 

T I NE IN MILL I SECONDS 
Appendix B, - . _ _  plot # _ .  99 - -. 

C11408 RERR IMP 70% OVERLFIP LTV MOB T O  STFlTIONFlRY VEHICLE 

R 4 0 CTR 1VFUGO79 1FP87 
ELEC DRTR. SRE CLRSS GO 

C T R  TUNNEL RCCEL 

T I M E  IN MILLISECONOS 

84.7 KM/H 

TEST ORTE:01/08/1997 

Appendix B, plot 2 # 100 



~111108 REFIR IMP 70% OVERLQP LTV MDB TO STRTIONQRY VEHICLE 

R 4 0 CTR 1VFUGO79 1FP87 CTR TUNNEL V E L O C I T Y  
ELEC OFITFI. SFIE CLFISS 180 (COMPUTED FROM QCCELERATIONI 

811.7 KM/H 

TEST DFITE:01/08/1997 

C111108 REFIR IMP 70% OVERLRP 

R 6 0 CTR 1VFUGO79 1FP87 
ELEC ORTR. SFIE CLQSS 180 

LTV MOB TO STRTIONFIRY VEHICLE 811.7 KM/H 

TEST OFlTE:01/08/1997 C T R  TUNNEL OISPL 
(COMPUTED FROM QCCELERFIT I ON) 



~ 1 1 4 0 8  RERR IMP 70% OvERLRP LTV MOB TO STQTIONFIRY VEHICLE 

R 6 0 CTR 1VF4GO79 1FP87 
ELEC ORTR. W E  CLRSS GO 

C T R  T U N N E L  R C C E L  

811.7KM/kI 

TEST DRTE:01/08/1997 

C111108 REQR IMP 70% OVERLRP LTV MOB TO STQTIONRRY VEHICLE 

R d D CTR 1VFL4GO79 1FP87 C T R  T U N N E L  V E L O C I T Y  
ELEC ORTR, SRE CLRSS 180 ( C O M P U T E D  FROM Q C C E L E R R T I O N I  

8LI. 7 KM/H 

TEST ORTE:01/08/1997 

1 w > 

T I M E  IN MILLISECONDS 
Appendix B, plot # 104 

d 



C11408 RERR IMP 70% OVERLAP LTV M06 TO STRTIONQRY VEHICLE 84.7KM/H 

TEST OQTE:01/08/1997 R d 0 CTR 1VFY6079 1FP87 CTR TUNNEL DISPL 
ELEC OFITR, SRE CLRSS 180 (COMPUTED FROM QCCELERQTIONI 

C11408 REQR IMP 70% OVERLAP L T V  MOB T O  STRTIONFlRY VEHICLE 

R 6 0 CTR 1 VF116079 1FP87 
ELEC OATQ. SRE CLASS GO 

C T R  TUNNEL FlCCEL 

811.7KM/H 

TEST ORTE:01/08/1997 

-_  
TIME IN HILLISECONDS 

Appendix B, plot # 106 
Y 



C11408 REQR IMP 70% OVERLQP LTV MOB T O  STFITIONRRY VEHICLE 

R d 0 CTR lVF46079 1FP87 C T R  TUNNEL VELOCITY 
ELEC DRTFI. SRE CLRSS 180 (COMPUTED FROM QCCELERRTIONI 

I-+ 

III- 
W U  >O 

-J 
W > 

8q. 7KM/ti 

TEST DFlTE:01/08/1997 

C11408 REQR IMP 70% OVERLQP 

R 4 0 C T R  1VF46079 1FP87 
ELEC DFITFI. SRE CLRSS 180 

LTV MOB T O  STFITIONRRY VEHICLE 

C T R  TUNNEL D I S P L  

(COMPUTED FROM QCCELERQTIONI 

84.7  KM/H 

' T S T  DQTE:01/08/1997 

Y 



C111108 REFIR IMP 70% OVERLRP 

R 6 0 CTR lVFqGO79 IFP87 
ELEC ORTFI. SRE CLRSS 1000 

LTV M06 T O  STRTIONRRY VEHICLE 

IGNITION VOLTFIGE 

811.7KM/H 

TEST ORTE:01/08/1997 

T [ME IN HILL ISECONOS 
Appendix B, plot ## 109 

C11408 AERR IMP 70% OVERLRP 

R 4 0 CTR lVFYGO79 1FP87 
ELEC OFITR, SAE CLFISS 1000 

LTV MOB TO STRTIONRRY VEHICLE 

C.H.M.S.L. VOLTFIGE 

811. ‘?KM/H 

TEST DRTE:01/08/1997 

2 

2 

I 

I 

I 

m 
+ I  
J 0 W 

0 U 

-I 

; I  

2 
c 

TIME IN MILLISECONOS Appendix B, plot # 11 0 
2 



C111108 REFIR IMP 70% OVERLFIP 

R 8 0 CTR 1VF116079 IFP87 
ELEC DRTR. SRE CLRSS 1000 

LTV MOB T O  STFlTIONFlRY VEHICLE 8 4 . 7  KM/H 

TEST OFITE:01/08/1997 REFlR WINDOW DEFROSTER VOLTQGE 

TIME I N  MILLISECONDS 
Appendix B, plot # 111 

CI11108 REFIR IMP 70% OVERLFlP 

R 8 0 C T R  1VFliGO79 1FP87 
ELEC DRTR. SRE CLRSS 1000 

LTV MOB TO STQTIONQRY VEHICLE 84 .7KM/H 

TEST OFITE:01/08/1997 L.RERR BROKE LIGHT VOLTRGE 

Appendix B, plot # 11 2 T I ME IN  H I LL  I SECONDS 



ciiu08 RERR IMP 70% OVERCRP C T V  MOB TO STQTIONQRY VEHICLE 84.7KMIl-i  

R 6 0 CTR lVF46079 1FP87 
ELEC DRTR, SRE CLFlSS 1000 

L.REflR BRCKUP LIGHT VOLTQGE TEST ORTE:01/08/1997 

C111108 RERR IMP 70% OVERLFlP LTV MOB T O  STQTIONFlRY VEHICLE 

R 6 D CTR 1VF46079 1FP87 L.REflR TFl IL  LIGHT VOLTFIGE 

ELEC DRTQ. SQE CLRSS 1000 

811.7ttMIH 

TEST OFlTE:01/08/1997 

Appendix B, plot ## 11 4 TIME IN HILLISECONOS 

J 



C11408 REFIR IMP 70% OVERLRP L T V  MOB T O  STQTIONRRY VEHICLE 84.7 KM/H 

C11408 RERR IMP 70% OVERLRP 

R 6 0 CTR 1VFVCO79 1FP87 
ELEC OFlTFl. SFlE CLFlSS 1000 

L T V  MOB TO STFITIONRRY VEHICLE 

L. WHEEL BFlC CURRENT 

84. 7 KM/H 

TEST OFITE: 01 1081 1997 

1 

I 

T I M E  I N  MILLISECONDS Appendix B, plot # 11 6 



C111108 RERR IMP 70% OVERLRP 

R 6 0 CTR 1VF116079 1FP87 
ELEC ORTR. SRE CLRSS 1000 

LTV M06 TO STRTIONRRY VEHICLE 

C.H.M.S.L. CURRENT 

8q. 7 K H / H  

TEST ORTE:01/08/1997 

140 ' 160 I80 200 220 
TlHE IN HILLISECONOS 

Appendix B, plot # 1 17 

C111108 REQR IMP 70% OVERLAP LTV MOB T O  STFITIONRRY VEHICLE 8U. 7 K M / H  

R 6 0 CTR l V F 4 6 0 7 9  1FP87 REM7 WINDOW DEFROSTER CURRENT TEST ORTE:01/08/1997 

ELEC ORTR. SFlE CLRSS 1000 



C111108 RERR IMP 70% OVERLQP 

R d 0 CTR lVFqCO79 1FP87 
ELEC DFITR. SRE CLFISS 1000 

L T V  MOB TO STQTIONFIRY VEHICLE 8L4.7KM/H 

TEST DQTE:01/08/1997 L.REFIR BRFlKE LIGHT CURRENT 

T I M E  I N  HILLISECONOS 
Appendix B, plot # 11 9 

I / ?  

C111108 RERR IMP 70% OVERLRP L T V  MOB TO STRTIONRRY VEHICLE 8 4 . 7  KM/b 

R d 0 C T R  lVF46079 1FP87 
ELEC DFITR. SRE CLRSS 1000 

L.RERR BQCKUP LIGHT CURRENT TEST ORTE:01/08/1997 

T I M E  I N  MILLISECONDS 

- 
A.ppendix B, plot # 120 

v 



CllU08 REQR IMP 70% OVERLRP 

R d 0 CTR 1VF46079 1FP87 
ELEC ORTQ, SFlE CLRSS 1000 

LTV MOB TO STFITIONFIRY VEHICLE 811.7 KM/H 

TEST OQTE:01/08/1997 L.REFIR TFIIL LIGHT CURRENT 

ul a x a 
I- 

z W 

3 u 
a a 

TIME IN HILLISECONOS 
Appendix B, plot # 121 

R 6 0 CTR 1 VFll6079 1 FP87 L . REOR TURN S I GNRL L I GHT CURRENT TEST DATE: 0 1 1997 

ELEC DATFI. SFlE CLRSS 1000 

TIME IN MILLISECONDS 
Appendix B, plot #I 122 



C111108 REFIR IMP 70% OVERLRP 

R 4 D CTR 1VF4CO79 1FP87 
ELEC DQTFI. SQE CLQSS 1000 

LTV MOB TO STRTIONRRY VEHICLE 8q. 7 KM/H 

FUEL L INE PRESSURE TI!ST DFITE: 0 11081 1997 

(B I %ED BY 320KPO 'SI 

C11408 REFIR IMP 70% OVERLQP LTV MOB T O  STFlTIONRRY VEHICLE 811.7KMIH 

R d 0 CTR lVF46079 1FP87 
ELEC DFlTQ. SRE CCFlSS 1000 

TEST DFITE:01/08/1997 FUEL L I N E  RETURN PRESSURE 

T I M E  I N  MILLISECONDS 
Appendix B, plot # 124 



C11Y08 REQR IMP 70% OVERCFIP 

R 4 0 CTR IVFYGO79 1FP87 
ECEC DFITFI. SRE CLRSS 1000 

LTV MOB TO STFITIONDRY VEHICLE 8li. '7 KM/H 

TEST ORTE:01/08/1997 PNEUMRTIC WIRE FRULT CONTRCT 

C111108 REFIR IMP 70% OVERLRP 

R 4 0 CTR IVFYG079 1FP87 
EtEC OFITFI. SFIE CLRSS 1000 

C T V  MOB TO STFITIONFIRY VEHICLE 

PNEUMRTIC WIRE CONTRCT 

811. 7KM/H 

TEST OQTE:01/08/1997 



C111108 REQR IMP 70% OVERLQP LTV MDB TO STFITIONRRY VEHICLE 811.7 KM/i- 

R 6 0 CTR 1VFllCO79 1FP87 
ELEC DRTF?. SRE CLRSS 1000 

THERMQL WIRE-FRT CONTRCT TEST OFITE:01/08/1997 

T I M E  I N  MILLISECONDS 
Appendix B. plot # 127 

C111108 REFIR IMP 70% OVERLQP LTV MOB TO STRTIONRRY VEHICLE 

THERMRL WIRE-REFIR CONTQCT R 6 0 CTR lVF4CO79 1FP87 
ELEC DRTR. SRE CLRSS 1000 

8 4 . 7  KM/H 

TEST OQTE:01/08/1997 

T I M E  I N  MILLISECONOS Appendix B, plot ## 128 
W 



C111108 REFlR IMP 70% OVERLRP LTV MOB TO STRTIONRRY VEHICLE 8'4.7 F , M / H  

R 6 0 CTR 1VFUCO79 1FP87 
ELEC DRTA. SFlE CLFlSS 1000 

TEST ORTE:01/08/1997 CTR CFlRGO TUB CONTFlCT 

T I M E  I N  MILLISECONDS 
Appendix B, plot # 129 



C I  1408 RERR IMP 70% OVERLRP LTV M06 TO STQTIONRRY VEHICLE 8 4 . 7  KM/H 

R g, 0 C T R  1vFl4@)79 1Fp87 RDREFIR BUMPER T o  TUB 'ONTRCT T[IST DRTE:01/08/1997 

ELEC DRTFI. SFlE CLRSS 1000 

C11408 REQR IMP 70% OVERLRP 

R d D CTR lVF46079 1FP87 
ELEC DFITFI. SFlE CLRSS 1000 

LTV MOB TO STQTIONRRY VEHICLE 84.7KMIH 

C T R  FUEL TFINK-FRT CONTRCT 'TEST DRTE:01/08/1997 



. 

C 1 NOS REQR IMP 70% OVERLFlP 

R 6 0 CTR lVF116079 1FP87 
ELEC DRTR. SFlE CLRSS 1000 

LTV M06 TO STQTIONQRY VEHICLE W . 7 H M / H  

TEST DRTE:01/08/1997 CTR FUEL TFlNK-RERR CONTRCT 

C111108 RERR IMP 70% OVERLFlP 

R 6 0 CTR lVF4CO79 1FP87 
ELEC DRTR. SRE CLFlSS GO 

TIME IN HILLISECONOS 
Appendix B, plot # 133 

LTV M08 TO STRTIONFIRY VEHICLE 

LTV MOB R T  C.G. RCCEL 

8q. 7KM/H 

TEST DRTE:01/08/1997 

TIME IN HILLISECONOS 
Appendix B, plot # 134 



C11l408 REQR IMP 70% OVERLFIP 

R 6 D CTR lVF4CO79 1FP87 
ELEC DFITFI. SQE CLRSS 180 

LTV MOB T O  STFITIONQRY VEHICLE 8 4 .  7 KM/H 

TEST DFITE:01/08/1997 LTV MOB O T  C.G.  VELOCITY 

(COMPUTED FROM RCCELERRTIONI 

> 

T I ME IN MILL I SECONDS 
Appendix B, plot ## 135 

C11408 REQR IMP 70% OVERLFIP 

R 6 0 CTR lVFUCO79 1FP87 
ELEC DFITFI. SRE CLFISS 180 

LTV MOB T O  STFITIONQRY VEHICLE 

LTV MOB FIT C .C .  DISPL 
[COMPUTED FROM QCCELERQTIONI 

8 4 . 7  KM/H 

TEST ORTE:01/08/1997 



C111108 REQR IMP 70% OVERLRP 

R 6 0 CTR IVF11GO79 1FP87 
ELEC DRTR. SRE CLRSS GO 

LTV MOB TO STRTIONRRY VEHICLE 84.7 KM/H 

TEST ORTE:01/08/1997 LTV MOB LONG. FORCE FIT C . G .  

( 1  37 1.0 K G I  (9.807) (LONG. FICCELI 

TIME IN MILLISECONDS 
Appendix B, plot 4# 137 

C111108 REQR IMP 70% OVERLQP 

R 6 0 CTR lVFUt079 lFP87 
ELEC DRTA. SRE CLRSS GO 

L T V  MOB TO STRTIONFIRY VEHICLE 04,7KM/H 

TEST Df4TE:01/08/1997 LTV MOB FIT C.G. RCCEL 

Appendix B, plot ## 138 TIME IN MILLISECONDS 

1’ 



ci 11108 REQR IMP 70% OVERLQP LTV MOB T O  STQTIONQRY VEHICLE 

R d 0 CTR lVF116079 1FP87 L T V  MOB R T  C .G.  V E L O C I T Y  
ELEC DRTR. SQE CLRSS 180 ( C O M P U T E D  FROM Q C C E L E R R T I O N I  

8 4 . 7 K M I H  

TEST OFITE:01/08/1997 

T I M E  IN MILLISECONDS 
Appendix B,  plot # 139 

C111108 REQR IMP 70% OVERLQP LTV MOB T O  STRTIONRRY VEHICLE 

R d D CTR lVF116079 1FP87 L T V  MOB FIT C.G.  OISPL 
ELEC ORTFI. SRE CLRSS 180 ( C O M P U T E D  FROM Q C C E L E R R T I O N I  

8 4 . 7  K M i H  

TEST OFITE:01/08/1997 

HRX OISPL = 1.25 HM RT 12.8 HS 

. - . - - - - - 
TIME I N  MILLISECONOS Appendix B, plot # 140 



C111108 RERR IMP 70% OVERLRP LTV MOB T O  STQTIONFIRY VEHICLE 

R 6 0 CTR IVF116079 1FP87 
ELEC ORTR. SRE CLRSS GO 

L T V  MOB Q T  C.G.  R C C E L  

811. '7 KM/H 

TEST OQTE:01/08/1997 

TIME IN MILLISECONDS 
Appendix B, plot # 141 

C111108 RERR IMP 70% OVERLFlP LTV MOB TO STQTIONQRY VEHICLE 84.7 KM/H 

TEST OQTE:01/08/1997 R 6 0 CTR IVFUGO79 1FP87 LTV MOB QT C.G. V E L O C I T Y  
ELEC ORTR. SFlE CLRSS 180 ( C O M P U T E D  F R O M  R C C E L E R R T I O N )  

TIME IN MILLISECONOS Appendix B, plot # 142 - 1 -  - 
-_- - - 



C111108 RERR IMP 70% OVERLRP LTV MOB T O  STQTIONRRY VEHICLE 84.7 KM/H 

R d D CTR 1 V F U C O 7 9  1FP87 
ELEC ORTR. SRE CLRSS 180 

LTV MOB FIT C . G .  DISPL TEST ORTE:01/08/1997 

(COMPUTED FROM RCCELERRTIONI 

T I M E  IN MILLISECONDS 
A.ppendix B, plot # 143 

C11U08 RERR IMP 70% OVERLRP LTV M08 TO STFlTIONFiRY VEHICLE 811.7KM/H 

R 6, 0 CTR lVFUGO79 1FP87 
ELEC DFITFI. SRE CLRSS GO 

TEST ORTE:01/08/1997 LTV MOB FIT R E R R  C / M B R  F l C C E L  



C11408 RERR IMP 70% OVERLFlP 

R 4 0 CTR 1VF4CO79 1FP87 
ELEC ORTFI. SRE CLRSS 180 

L T V  MOB T O  STFITIONRRY VEHICLE 84.7KM1I-l 

TEST OQTE:01/08/1997 L T V  MOB QT RERR C/MBR V E L O C I T Y  

[COMPUTED FROM FICCELERRTIONI 

T I M E  IN HILLISECONOS 
Appendix B, plot ## 145 

Cllq08 RERR IMP 70% OVERLRP 

R 4 0 CTR l V F G O 7 9  1FP87 
ELEC ORTFI. SFlE CLRSS 180 

L T V  MOB TO STQTIONRRY VEHICLE 811.7 KM/H 

TEST OFITE: 01 1081 1997 L T V  MOB R T  R E R R  C/MBR DISPL 
[COMPUTED FROM RCCELERRTIONI 

TIME IN HILLISECONOS Appendix B, plot ## 146 



a 

C11408 RERR IMP 70% OVERLRP LTV MOB T O  STQTIONFIRY VEHICLE 

R 6 0 CTR 1VF4GO79 1FP87 
ELEC DFITFI. SRE CLQSS GO 

L T V  MOB FIT RERR C I M B R  RCCEL 
811. '7 KM/H 

TEST ORTE:01/08/1997 

C11408 REFlR IMP 70% OVERLRP LTV MOB T O  STQT IONFIRY VEHICLE 811.7 K M / H  

R 6 0 CTR lVFLLGO79 1FP87 
ELEC ORTFI. W E  CLFlSS 180 (COMPUTED FROM R C C E L E R R T I O N I  

TEST ORTE:01/08/1997 L T V  MOB FIT RERR C/MBR V E L O C I T Y  

J 
W > 



C111108 RERR IMP 70% OVERLQP LTV MOB TO STFITIONRRY VEHICLE 

R 4 0 C T R  lVFU6079 1FP87 
ELEC DRTR. SRE CLRSS 180 

L T V  MOB FIT REFlR C I M B R  D I S P L  

(COMPUTED FROM RCCELERRTIONI  

84.7 KM/H 

TEST ORTE:01/08/1997 

1 INE IN MILLISECONDS 
Appendix B, plot # 149 

C111108 RERR IMP 70% OVERLAP LTV MOB TO STRTIONRRY VEHICLE 84. '7 KM/H 

R 6 0 CTR lVF4C079 1FP87 
ELEC DFITR. SRE CLRSS GO 

LTV MOB FIT REQR C/MBR QCCEL TEST ORTE:01/08/1997 

m 2 
(TU u 

+J 

W w u  

- .  
a w  

a 

Appendix B, plot # 150 TINE IN MILLISECONDS 



C11U08 REW IMP 70% OVERLFlP LTV MOB TO STFITIONQRY VEHICLE 84. 7 KM!H 

R 6 0 CTR 1VF46079 1FP87 
ELEC DRTR. SRE CLRSS 180 

TEST OQTE:01/08/1997 L T V  MOB 'AT REFlR C/MBR V E L O C I T Y  

[ C O M P U T E D  F R O M  FICCELERRTIONI 

TIME IN MILLISECONDS 
Appendix B, plot # 151 

C111108 RERR IMP 70% OVERLRP I T V  MOB TO STFITIONQRY VEHICLE 

L T V  MOB FIT RERR C/MBR O I S P L  R & 0 CTR 1VF46079 1FP87 

ELEC DflTR. SRE CLflSS 180 ( C O M P U T E D  F R O M  F I C C E L E R R T I O N I  

8 4 . 7 K M / H  

TEST OQTE:01/08/1997 

_ _  
TIME IN MILLISECONOS 

Appendix B, plot ## 152 - 



C11U08 REQR IMP 70% OVERLRP L T V  MOB T O  STFITIONRRY VEHICLE 8q. 7KM/H 

R 6 0 CTR 1VFqGO79 1FP87 STL SNUBBER BRQKE PRESSURE TEST I)QTE:01/08/1997 
ELEC OFITFI. SFIE CLFISS 1000 

TIME IN MILLISECONDS 
Appendix B, plot # 153 

C11408 RERR IMP 70% OVERLRP LTV MOB T O  STFlT IONRRY VEHICLE 8tl. 7 kIM/H 

R 6 0 C T R  1VF46079 1FP87 STL - SNUBBER BRRKE PRESSURE TEST DQTE:O1/08/1997 
ELEC OFITFI. SRE CLRSS 1000 

Appendix B, plot ## 154 T 1 ME IN HILL I SECONDS 



I 

Appendix D: C11591 data plots 



LEFT FRONT 
RNTHROPOMORPHIC TEST DE'VICE SUMMRRY DfqTFI 

MOVING VEHICLE TO FIXED POLE 55.3KM/H 
C11591 FRONT IMPRCT 
R%D CTR 1VF46081 1FP87 FIT0 TYPE: GMSOH 

TIB IR  MOM, UPPER, RIGHT 
TISI l7 MOM, LOWER, LEFT 
T IB IR  HOM, LOWER, RIGHT 
LEG INDEX, UPPER LEFT 
LEG INDEX, UPPER RIGHT 
LEG INDEX, LOWER LEFT 
LEG INDEX, LOHER RIGHT 

TEST I3FITE: 

100% 1 s m  I RV 

I 

I 
1 

I 
1 

I 
1 

MEASURE0 QUANTITY OF IARV OF IARV VALUE -- 
380 
520 
2 9 1 ~ ~  
1 7 " ~  
0 . 58 
0 . 06 
0 . a  
O.CI2 
4% 

36 . ;?MM 
36 . ;?MM 
0 2;?M/SEC 
35 I. N 

1311E3N 
0. OU 
0.11s 

1 1 . 'WM 
0. :IMM 
E O N  

131113 
25513 
135!5N 
2110t3 
402'7N 

78NM 
152NM 
10!5NM 
U:3NM 

0. '4 1 
0.79 
0.51 
0. t2u 

-- 

1000 
1000 

1 WNM 
57NM 

1.00 
1.00 
1.00 
1.00 
60G 

65.CHM t 
SO.mM t . 
1 . OOM/SEC 

1 ooom 
1 ooom 

1 .oo 
1.00 

1S.OMM 
1S.OMM 
400ON 
11" 
UOOON 
lloooN 
800ON 
800ON 

2 Z N M  
2 Z N M  
225NM 
22SNM 
1.00 
1.00 
1.00 
1 00 

I F l V  - INJURY FlSSESSMENT VFlLUE 
I A R V  - INJURY ASSESSMENT REFERENCE VALUE 

Appendix D, page 1 
1 RESTRFIINT SYSTEM OEPENMNT. CHOOSE 

VRLUE THAT RPf'LI€S 70 THIS TEST. 



RIGHT FRONT 
RNTHROPOMORPHIC TEST DEVICE SUMMRRT DRTR 

MOVING VEHICLE TO F IXED POLE 55 3KM/H 
C11591 FRONT IMPRCT 
R%D CTR 1VF116081 1FP87 

3 
3 

1 
I 

1 
1 

I 

I 
I 

A T 0  TYPE: GMSOH 
TEST DATE: 05/14/1997 

100% 150% I flv 
OF IARV VALUE MERSUREO QUANTITY OF IARV 

HIC, LIMITED TO 15 MS 
HIC, LIMITED TO 36 MS 
NECK FLEXION 
NECK EXTENS I ON 
NECK TENSION 
NECK COMPRESS I ON 
NECK SHEFIR FORWARD 
NECK SHEFlR REARWARD 
CHEST ACCEL 
CHEST COMPRESSION W/O SH BEL 
CHEST COMPRESSION W/ SH BELT 
CHEST VISCOUS CRITERIA 
FEMUR COMP, LEFT 
FEMUR COMP, RIGHT 

FEMUR DURATION ASSESS, RIGHT 

t 
t 

' FEMUR OURATION ASSESS, LEFT 

TIBIA/FEMUR DISP, LEFT 
TIBIWFEMUR OISP, RIGHT 
KNEE CLEVIS. LEFT INSIDE 
KNEE CLEVIS, LEFT OUTSIDE 
KNEE CLEVIS, RIGHT INSIDE 
KNEE CLEVIS. RIGHT OUTSIDE 
TIBIA COMP, LEFT 

TIBIA MOM, UPPER, LEFT 
TIBIA MOM, UPPER, RIGHT 
TIBIR MOM. LOWER, LEFT 
TIBIFI MOM, LOWER, RIGHT 
LEG INDEX, UPPER LEFT 
LEG INDEX. UPPER RIGHT 
LEG INDEX, LOWER LEFT 
LEG INDEX, LOWER RIGHT 

TIBIA COMPm RIGHT 

P 

IlW - INJURY RSSESSMENT VFlLUE 
IARV - INJURY QSSESSMNT REfERENCE VRLUE 

t RESTRFIINT SYSTEM UEPENMNT. CHOOSE 
VFILUE THAT RPPLJES TO THIS TEST. 

- 

210 
u20 

37NM 
16NM 
0.54 

0.03 
0.31 
43G 

32'. 7MM 
32.7MM 
0. lGM/SEC 
1929N 
425 1 N 
0.21 
0.48 
cl. 3MM 
C1.6MM 

Om05 

1 fi98N 
14129 
2U63N 
2067~ 
3388N 
ilc15oN 

93NM 

0 VfERLOAOEO 
OVERLOFID€D 

6 7 ~ ~  

O m  1/11 
0. 1 

0 WERLOROED 
OVIERLORDEO 

- 

IRRV 

1000 
1000 

1 ~ O N M  
57NM 

1.00 
1 .oo 
1 a 0 0  
1-00 
60G 

6S.OMM t 
so. mM 1 
1 . OON/SEC 

1 ooom 
1 ooom 

1 .oo 
1.00 

1S.mM 
15. OMM 
WOON 
uoom 
WOON 
UOOON 
800ON 
800oN 

22SNM 
22SNM 
Z2SNM 
22sNM 
1.00 
1.00 
1.QO 
1.00 

16 
Appendix D, page ii 



C11591  FRONT I M P K T  

R4D CTR 1 VFU608 1 1 FP87 
ELEC DATA. SRE CLRSS 1000  

MOVING VEHICLE TO FIXED POLE 

L. FRT HERO ACCEL. 

( H I C  I LIMITED TO ISMS) 

-1 
SS . 3  KMi'H 

RTD TYPE: €%SOH 
TEST DRTE:05/1U/1997 

mx ACCEL - 6o.s C-s  AT 103.3 ws 

TIHE IN  l 4 ILLlKC~ 
Appendix D, plot # 1' 

CllS91 FRONT IMPACT MOVING VEHICLE TO FIXE0 POLE 

R4O CTR L. FRT HERO ACCEL. 

(HIC I LIMITED TO 36MSl 
lVF1ISo81 1FP87 e 

ELEC OATA. SFlE CLASS 1 0 0 0  

SS.SKM/H 
AT0 TYPE: CMSOH 
E S T  OCITE: OS/ l U /  1997 



C 1 1 5 9 1  FRONT IMPACT 

A60 CTR 1 V F U 6 0 8 1  1FP87 
ELEC DRTA. SA€ CLASS 180 

MOVING VEHICLE TO FIXED POLE 

L. FRT CHEST RCCEL. 
55.3 KM/H 

AT0 TYPE: GHSOH 
TEST O A T E : 0 5 / 1 W 1 9 9 7  

TIME I N  WILLISECONOS 
Appendix D, plot If 3 

C11591 FRONT IMPACT 

R60 CTR 
ELEC DATA. %E CLASS 1000 

1 fFli608 1 1 FP87 

MOVING VEHICLE T O  FIXED POLE 

L. FRT PELVIC FICCEL. 

55.3 KM/H 
ATO ' r m :  GHSOH 
TEST DRTE:OS/ lU/1997 

T1HE I N  HILLISECONDS 
Appendix D, plot # 4 



CllS91 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 

R4D CTR 1 V F Y 6 0 8  1 1 FP87 
ELEC DFlTA. SRE CLRSS 600 

L. FRT FEtlUR LOQD 

55,3KM/H 
ATD TYPE: CHSOH 
TEST ORTE:05/1Y/1997 

T I E  I N  MILLISECONDS 
Appendix D, plot # 5 

C 1 1 S 9 1  FRONT IHPRCT 

RdD CTR 1VFU6081 1 F P 8 7  
ELEC DFITR. SFIE CLRSS 600 

MOVING VEHICLE TO FIX€D POLE 

L. FRT FEMUR LOR0 

OURRT ION ASSESSMENT 

55.3 KM!H 
FlTO 'TYPE: GnSOH 
TEST ORTE:05/1U/1997 

z x 
L 

Appendix D, plot # 6 CUI4ULCITIVE OWIRTION OF LoclolNG WOVE GlvEN FORCE LEVEL. nS 
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C l l S 9 1  FRONT IMPACT 
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Ab0 CTR 1 V F U 6 0 8 1  1 F P 8 7  
ELEC DRTA. SAE CLRSS 600 

MOVING VEHICLE TO FIXED POLE 

L. FRT FEMUR LOFlD 

OURRTION RSSESSMENT 

55.3 KM/H 
FlTD TYPE: GMSOH 
TEST O A T E : O S / I l i / 1 9 9 7  

CUMULATIVE OURRTION OF LOFIOING ABOVE GIVEN FORCE LEVEL. HC 

7 
Appendix D, plot # 7 

C 1 1 S 9 1  FRONT IMPRCT MOVING VEHICLE TO FIXED POLE 55.3KM/H 
A T 0  TYPE: GHSOH 

RbO CTR lfFli608l 1 F P 8 7  L. FRT CHEST DISP,  TEMP RT 68.0.F TEST D ~ T E : o S / 1 ~ / 1 9 9 7  

ELEC DATA, SAE CLASS 1 8 0  NORMRLIZED TO 70.7.F 8 PQRT 572 CORRIDOR 
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ciiS91 FRONT I M T  MOVING VEHICLE TO FIXED POLE 55.3 KM/H 

R60 CTR 1VFU6081 1FP87 L. FRT CHEST COMPRESSIVE DISP. 
AT0 TYPE: GtiSOH 
TEST OATE : 051 1 U/ 1997 

TIHE IN MILLlSEMNos 
Appendix D, plot t 9 

T I %  I N  MllLISECOMS 
A9ppendix D, plot # 10 



‘4. 

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

R6D CTR 1VFU6081 1FP87 NECK LOADING ON HERD 
AT0 TYPE: GNSW 
TEST DATE: OS/ 1 U/ 1997 

L. FRT NECK LOADING ON HERO ELEC OATA 

WAX c#C‘O WOWEN1 = 28.6 N-bl F1T 93.6 6 NIN - -16.6 N-n Rr 177.7 ns 

Appendix C: C11408 film plots 



Cl1591 FRONT IMPACT 

R I D  CTR 1VFU6081 1FP87 
ELEC ORTA. SIX CLFISS 1000 

MOVING VEHICLE TO F I X E D  POLE 

REFIRWRRD NECK SHEAR ON HEAD, 

L. FRT INJURY REFERENCE 

55.3 KM/H 
AT0 TYPE: GMSOH 
TEST DRTE:OS/IU/1997 

C11591 FRONT IMPACT 

RaD CTR 1VFU6061 1FP87  
ELEC DATA. SA€ CLRSS 1 0 0 0  

13 

MOVING VEHICLE TO FIX€O POLE 55.3KM/H 

A X I A L  COMPRESSION ON HERD, 

L. FRT INJURY REFERENCE 

ClTO TYPE: CHSOH 
TEST DATE: OS/ 1 W 1997 



C11S91 FRONT IMPACT 

R&O CTR 1 VFU608 1 1 FP87 
E L K  OFlTA. SFlE CLRSS 1000 

MOVING VEHICLE TO FIXE0 POLE 

AXIAL TENSION ON HEAD, 
L. FRT INJURY REFERENCE 

55.3 KM/H 
RTD TYPE: GMSOH 
TEST ORTE: OS/lU/ 1997 

" _- 
CU&LFlTIVE k W T I f f l  O f  LORDING ABOVE GIVEN FORCE LEVEL. E1s 

1s 
Appendix D, plot # 15 

C11591 FRONT IMPACT 

R60 CTR 1Vp16081 1FP87 
ELEC " T A .  SAE CLASS 600 

I 

MOVING VEHICLE TO FIXED POLE 55.3KMlH 

L. FRT LEFT KNEE CLEVIS LOAD AT0 TYPE: GHSOH 
TEST CMTE: OS/ 1 U/ 1997 

_ _  
Appendix D, plot # 16 



C11591 FRONT InPACT 

R&O CTR 1 VFU6081 1FP87 
ELEC DFlTA. SF\€ ClRSS 600 

MOVING VEHICLE TO FIXED POLE 55.3 KHiH 

L. FRT LEFT T I B I A  UPPER MOMENT 
RTD TYPE: GmOH 
TEST OAfE:05/1U/1997 

T i e  IN MILLISECONDS 
Appendix D, plot Y 17 

C11591 FRONT ItlPfKT. 

R&O CTR lVFU6081 1FP87 
ELEC DATCI. SRE CLASS 600 

55.3 HM/H MOVING VEHICLE TO FIX€D POLE 
RTO T Y f T :  GHSOH 
T€Sf ORTE:OS/ 1W 1997 

L. FRT T I B I A  LOWER SHEAR LOA0 CELLS 



. 
C11S91 FRONT IneACT 

R6D CTR 1 VF4608 1 1 FP87 
ELEC DRTA. WE CLRSS 600 

MOVING VEHICLE TO FIXED POLE 

L. FRT T I B I Q  LOWER R X I A L  LOAD 

SS. 3KM/H 
AT0 TYPE: GNSOH 
TIEST OFlTE:05/1U/1997 

TIHE IN HILLISECONOS 
Appendix D, plot # 19 

- 

CllS91 FRONT IHPRCT 

RID CTR fiFU6081 1FP87 
ELEC DF\TB. SRE CLFISS 600 

MOVING VEHICLE TO FIXED POLE 55.3 KM/H 
AT0 TYPE: GMSOH 
TEST OATE:05/lW1997 L. FRT RIGHT KNEE CLEVIS LOAD 

- i  

Appendix D, plot # 20 



C11591 FRONT I M P K T  MOVING VEHICLE TO FIXED POLE 55.3KN/H 

RbO CTR 1VFU6081 1Ff87 
ELEC DFITA. 5QE CLASS 600 

RTO TYPE: GHSOH 
T€ST OAT€: 051 1 U/ 1997 L. FRT RIGHT TIBIR UPPER MOMENT 

C11S91 FRONT IHPACT MOVING VEHICLE TO FIXED POLE 55.3 KM/II 

R40 CTR 
ELEC OFlTA, SA€ CLASS 600 

RTO TYPE: CHSOH 
1VFU6081 1Ff87 TEST DATE:: Os/ 1 U/ 1997 G 

L. FRT TIBIR LOWER BENDING MOMENTS 



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

RdD CTR lVFr16081 lFP87 L. FRT TIBIFI INOICES 

T I  = (RES MOM/225 NMI + ~FIXIRL/35900 NI E L K  DFITA. WE CLASS 600 

A T 0  TYPE: GMSOH 
TEST OATE:05/1U/1997 

TI?€ I N  MILLISECONOS 
Appendix D, plot # 23 

C11591 FRONT IMPACT 

R I D  CTR 
ELEC DATA, SAE CLASS 180 

lCFll6O8 1 1 FP87 

MOVING VEHICLE TO FIXED POLE 55.3 KMIH 

L. FRT TIBIFI/FEMUR DISPLRCEMENT 
RTCl TYPE: GHSOH 
TEST OFlTE: 051 1 II/ 1997 

f 
I 

- - - -  
TI?€ I N  MILLISECONDS 

Apperidix D, plot # 24 

~~ 
I 



CllS91 FRONT IWRCT MOVING VEHICLE TO FIXED POLE 

R4D CTR 1 VFU608 1 1 FP87 
ELEC DRTA. SRE CLRSS 1000 

R. FRT HEAD ACCEL. 

[HIC I LIMITED TO ISMS) 

7 
55.3KH4'H 

RTO TYPE: CmOH 
TEST DATE: 0 9  1 U/ 1997 

Appendix D, plot # 2 5  

C11591 FRONT IMPACT 

lVFU6081 1FP87 C 
R4D CTR 
ELEC DFITR, SRE CLASS 1000 

MOVING KHICLE TO FIXED POLE 

R. FRT HEAD ACCEL. 

(HIC I LIMITEO TO 36MSl 

55.3KWH 
AT0 TYPE: GMSOH 
TEST MITE:05/1U/1997 

Appendix D, plot # 26 T I *  I N  MILLISECONDS 

- I- - 



C l l S 9 1  FRONT InPQCT MOVING VEHICLE TO F I X E D  POLE 

RaO CTR 1 VFU608  1 1 FP87 
ELEC DATFI. SRE CLQSS 180 

R. FRT CHEST RCCEL. 

55.3 KM/H 
RTD TYPE: GM50H 
TEST DRTE: 0% 1 U/ 1 997 

TIHE I N  HILLISECONDS 
Appendix D, plot # 27 

C l l S 9 1  FRONT I M W C T  

WO CTR 
ELEC ”. SFIE CLASS 1000 

15FU608 1 1 FP87 

MOVING VEHICLE TO F I X E 0  POLE 

R. FRT PELVIC FICCEL. 

55.3 KM/H 
AT0 TYPE: GMWH 
TEST ORTE:OS/ lW1997 

Appendix D, plot I 28 



ciiS91 FRONT W A C T  

RUD CTR 1VFU6081 lFP87 
ELEt WTA. SAE CLASS 600 

MOVING VEHICLE TO FIXED POLE 

R. FRT FEMUR LOR0 

7 
55.3 KH/H 

RID TYPE: GMSOH 
TIEST OfiTE:OS/lU/I997 

z Y 
L 

TIHE I N  t41LLISEC- 
Appendix D, plot # 29 

CllS91 FRONT I W R C T  

1VFU6081 1FP87 cr R&D CTR 
ELEC OFlfA. 5FIE CLASS 600 

MOVING V€HICLf TO FIXED POLE 

R. FRT FEMUR LORD 

OURFIT ION FlSSESSMEHT 

55.3KM/H 
AT0 TYPE: GMSOH 
TEST MITE:OS/iU/1997 

2 4 



CllS91 FRONT IMPFICT 

RdD CTR 1VFU6081 1FP87 
ELEC DRTR SAE CLRSS 600 

MOVING VEHICLE TO FIXEO POLE 
R. FRT FEMUR LOAD 

DURRT I ON' RSSESSMENT 

55.3 KM/H 
QTO T'IPE: CMSOH 
TEST IIATE:05/1U/1997 

C11591 FRONT IMPACT MOVING VEHICLE TO FIXEO POLE 55.3 KM/H 
QTD TYPE: GMSOH 

R1D CTR lfF46081 1FP87 R. FRT CHEST DISP,  TEMP AT 68.2.F TES'r oATE:OS/1U/1997 

DFITA* NORMFltIZED TO 70.7.F 6 PRRT 572 CORRIDOR 



~11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3 KH/H 

R40 CTR 1VFU6061 1FP87 
ELEC DATA. %E CLASS 180 

FIT0 TYPE: CHSOH 
'TEST DRTE: OS/ 1U/ 1997 R. FRT CHEST COMPRESSIVE OISP. 

NORMRLIZED, W/CRLC VEL d VISCOUS INJURY 

mx C ~ S S I W  = 32.7 m AT 108.1 IS 

T I N E  1N ?lILLI#CONOS 
Appendix D, plot # 33 

55.3 KH/H 
ATD TYP€: CmOH 
E S T  IwlT€: OS/ 1 U/ i 997 UPPER 

T I M  IN WILCISKWOS 
Appendix D, plot # 34 



CllS91 FRONT IMPACT 

R60 CTR 1 VFr1608 1 1 FP87 
ELEC OATR 

MOVING VEHICLE TO FIXED POLE 

NECK LORDING ON HERO 

R. FRT NECK LORDING ON HERD 

55.3 KM/H 
ATO 'rm: GHSOH 
TEST OATE:OS/lU/1997 

HRX CALC'O HOI€NT = 37.U N-H AT 173.1 I6 HiN = -16.3 N-H RT 1.26.8 HS 

TIHE IN NILLISECONOS 
Appendix D, plot # 35 

C11591 FRONT IMPACT 

RID CTR 
ELEC DFITA. SRE CLASS 1000 

1 f F U 6 0 8  1 1 F P87 

MOVING VEHICLE TO FIXED POLE 55.3 KM/H 

FORWRRD NECK SHEAR ON HERD, 

R. FRT INJURY REFERENCE 

AT0 TYPE: G 6 O H  
TESl OATE:05/1U/1997 

Appendix D, plot # 36 CUULRTIVE MRFlTION OF LORDING WOVE GIVEN FORCE L€VEL, HS 

c. 



C 1  IS91 FRONT IMPACT 

R I D  CTR lVFU6081 1FP87 
ELEC DRTCI. SRE CLFISS 1000 

MOVING VEHICLE TO FIXE0 POLE 55.3 KH/H 

RERRWARD NECK SHERR ON HERD. 

R .  FRT INJURY REFERENCE 

RTO TYPE: GHSOH 
EST OWE:OS/lU/1997 

~ ~ ~ A T I V E  UC#TION OF L ~ I N C ;  mow GIVEN FORCE LEVEL. n! 
Appendix D, plot # 37 

37 

C11591 FRONT IWACT , 

I340 CTR 1Vft16061 IFP87 
ELEC DRTA. SA€ CLASS loo0 

MOVING VEHICLE: TO FIXED POLE SS.3KM/ti 

RXIRL COMPKSSION ON MRD, 
R. FRT INJURY EFERENCE 

AT0 TYPE: G M H  
TEST OQTE: 051 1U/ 1997 



c i i S 9 1  FRONT IMWCT MOVING VEHICLE TO FIXED POLE 55.3 KM/H 

R6D CTR 1VFU6081 1FP87 QXIRL TENSION ON HERD, 

ELEC DFITR. SRE CLASS 1000 R. FRT INJURY REFERENCE 

FITD TYPE: GMSOH 
TESl ORTE:OS/lW1997 

-- 

C l l S 9 1  FRONT IMPACT 

R6D CTR 
ELEC ORTA. WE CLASS 600 

1 fFUsO8 1 1 FP87 

CUNULATIVE DURATION OF LOROING RBOVE GIVEN FORCE LEVEL. Ns 

99 
Appendix D, plot # 39 

MOVING VEHICLE TO FIXED POLE 55.3KMIH 

R. FRT LEFT KNEE CLEVIS LORD 
RTD TYPE: GMSOH 
TEST OATE:OS/lW1997 

c 

TI?€ I N  HILLISECONOS 
Appendix D, plot # 40. 
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~11591 FRONT IMPfUT MOVING VEHICLE TO FIXED POLE 55.3 KM/H 

R I D  CTR 1 VFU608 1 lFP87 
ELEC DFlTA. SRE CLmS 600 

AT0 TYPE: G I M H  
T f  Sf ORE: OS/ 1 w 1997 R. FRT CEFT TIBIQ UPPER MOMENT 

Apptndix D, plot # 41 

- -- I- 

CllS91 FRONT IMPFKT MOVING VEHICLE TO FIXE0 POLE 55.3 KH/H 
QTD TYPE: GHSOH 

R I D  CTR 1VFU6081 1FP87 E S T  ORTE:OS/lU/i997 
ELK DATA. WE CLASS 600 R. f R T  TIBIFI LQER SHERR LOAD CELLS 



C 1 1 5 9 1  FRONT IMPACT 

R60 CTR 1 V F U 6 0 8 1  1 F P 8 7  
ELEC DFITA. SAE CLASS 600 

MOVING VEHICLE TO FIXED POLE 
'1 

55.3KM/H 
A f t )  TYPE: GHSOH 
TEST ORTE: 051 1 rl/ 1 9 9 7  

R. FRT T I B I F I  LOWER A X I A L  LOAD 

C 1 1 5 9 1  FRONT IMPACT 

RbO CTR M F 4 6 0 8 1  lFP87 
ELEC " T A .  SA€ CLASS 600 

MOV I NG 

R. 

TINE IN ?4ILLISECONOS 
Apperidix D, plot # 43 

VEHICLE TO FIXE0 POLE 55.3KMIH 

FRT RIGHT KNEE C L E V I S  LOAD 
AT0 TYPE: GHSOH 
TEST OATE:OS/ l r l / I997 

TIHE IN NILLISECONDS Appeirdix D, plot # 44 



CllS91 FRONT InPAC1 MOVING VEHICLE TO FIXED POLE SS. 3 KMiH 

R6U CTR 1 VFU608 1 1FP87 
E L K  IMTR. SfE CLASS 600 

R. FRT RIGHT T I B I A  UPPER MOMENT 
AT0 TYPE: GE1soH 
E S T  MlfE:05/1W1997 

C11591 FRONT I M P K T  

R I D  CTR # lVFU6081 1FP87 
ELEC ORTA. SFIE CLASS 600 

55.3 KM/H 
AT0 TYPE: CHSOH 
TfST O R E :  051 1 U/t  997 

R. FRT TIBIA LOWER BENDING MOMENTS 

TIHE I N  NILCIXCOMK krppendix D, plot # 46 



C l l S 9 1  FRONT IHPACT MOVING VEHICLE TO FIXED POLE SS. 3 KH/H 

R 6 D  CTR 1VFU6081 lFP87 R. FRT T I B I R  INDICES 

ELEC OFlTR. SRE CLRSS 600 T I  = [RES MOM/225 NMI + (RXIRL/35900 N1 

A 

RTO TYPE: GMSOH 
TEST ORTE:05/14/1997 

TINE I N  HILLIKCONDS 
Appendix D, plot # 47 

C l l 5 9 1  FRONT IMPACT 

ft60 CTR 1 64608 1 1 FP87 
ELEC IMTR, WE CLRSS 1 8 0  

MOVING VEHICLE TO FIXE0 POLE 55.3 KM/H 

R. FRT T I B I WFEMUR D I SPLACEMENT 
RTO TYPE: GHSOH 
TEST OATE:05/1U/1997 

Appendix D, plot # 48 TI= I N  MILLISECONDS 



CllS91 FRONT IWFKT 

R60 CTR 1VF46081 1FP87 
ELEC OATA. SRE CCRSS 600 

MOVING VEHICLE TO FIXE0 POLE 55.3 KM/H 

R. FRT T I B I A  LEFT UPPER LOR0 

(ENHFINCED LOWER LEG) 

AT0 TYPE: GMSOH 
E S T  W E :  051 1U/ 1997 

TI?€ I N  WllL1SECoMK . 
Appendix D, plot R 49 

55.3 KWH CllS91 FRONT IHPRCT HOVING WHICLE TO FIXED POLE 

R60 CTR * 1VFr16081 1FP87 R. FRT T I B I G  LEFT LOWER LoFlO 

(EMNC€fJ LOWER LEG1 ELEC OFITA, SFIE CLRSS 600 

QTD T'IPE: CHSOH 
TEST DFIl€:OS/lr1/1997 



7 
ciisgi FRONT IMPACT MOVING VEHICLE TO FIXED POLE SS. 3 KM/H 
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R6D CTR 1VF116081 1FP87 
ELEC ORTA, SA€ CLASS 600 

I a 

R. FRT T I B I R  LEFT LOWER MOMENT 

IENHRNCED LOWER LEG) 

AT0 TYPE: GMSOH 
TESl DATE:05/1~/1997 

10 
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I 
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TIME IN HILLISECONDS 
Appenldix D, plot # 51 

C11591 FRONT I H W C T  

R&O CTR l*U6081 1FP87 
ELEC OATA. SFIE CLASS 600 

MOVING VEHICLE TO FIXED POLE 55.3KM/H 

R. FRT T I B I A  RIGHT UPPER LOAD 

(ENHFINCED LOWER LEG1 

AT0 TYPE: GHSOH 
TEST OATE:05/1U/1997 



Cl1591 FRONT IWKT 

R60 CTR 1 VFU608 1 1 FP87 
ELK ORTR. SA€ CLRSS 600 

MOVING VEHICL€ TO FIXE0 POLE 55.3KMA-i 

R. FRT T I B I R  RIGHT LOWER LORD 

(ENHRNCED LOWER LEG) 

IWI TYPE: G)4soH 

TEST OFlTE: OS/ 1 U/ 1997 

TIHE IN MILLISECONOS 
Appendix D, plot # 53 

C11591 FRONT IflPACT 

RaO CTR 6 1VFU6081 1FP87 
ELEC OFlTA. SFIE CLRSS 600 

MOVING V€HICLE TO FIXE0 POLE 55.3KWH 

R. FRT TIBIA RIGHT LOWER MOMENT 

ENHANCED LOWER LEG1 

AT0 TYPE: CHSOH 
EST ORT€:05/lU/1997 

,Appendix D, plot # 54 



C11591 FRWT IHPACT 

R I D  CTR 1VFU6081 1FP87 
ELEC DATA, SA€ CLASS 1000 

MOVING VEHICLE TO FIXED POLE 

L. FRT LOWER LUMBAR MOMENT 

-7 
S5.3KM/H 

A T 0  TYPE: GMSOH 
TEST DATE: OS/ 1 U/ 1997 

? 

T I E  IN IIILLISECONOS 
Apperidix D, plot # 55 

C11591 FRONT I M P K T  

RbD CTR lUFY6081 1FP87 
ELEC DATA, SflE CLASS 1000 

MOVING VEHICLE TO FIXED POLE SS.SKM/H 

L. FRT LOWER LUMBFIR LOR0 
AT0 TYPE: GHSOH 
TEST OATE:05/1U/l997 



R6D CTR 1 VFU608 1 1 FP87 
€LEC DATA. SA€ CLASS 1000 

MOVING VEHICLE TO FIXED POLE 

L. FRT LOWER LUMBRR LOR0 

-3 
55.3 KHI'H 

AT0 TYPE: CMSOH 
TEST OAT€: OS/ 1 U/ 1997 

C l l S 9 1  FRONT IMPRCT 

R&D CTR 1VFU6081 1FP87 
ELEC DRTA. SCIE CLRSS 1000 

MOVING VEHICLE TO FIXED POLE SS. 3 KfVH 

R.  FRT LOWER LUMBRR MOMENT 
FlfD TYPE: GnSOH 
TEST OAT€: OS/ 1 W  1997 



C l l S 9 1  FRONT IMPACT 

q r  

3 

7 

- 

I l l  I I I I  I 
I 4 0  im im 200 2 2 o z y o  

R&O CTR 1 VFU608 1 1 FP87 
ELEC DFITA, SAE CLASS 1000 

MOVING VEHICLE TO FIXED POLE 

R. FRT LOWER LUMBRR LOAD 

? 
55.3KM/H 

RTO TYPE: GHSOH 
TEST DRTE:05/1W1997 

C11591 FRONT IMPACT 

R4D CTR 1 *US06 1 1 FP67  
ELEC DATA. %E CLASS 1000 

MOVING VEHICLE TO FIXED POLE 55.3  KM/H 

R.  FRT LOWER LUMBAR LOR0 
AT0 TYPE: GMSOH 
TEST DRTE:OS/lU/1997 

j 

TIHE IN MILLISECOMS 
_ .  . 

Appendix D, plot # 60 



C l l S 9 1  FRONT IMPACT 

RdD CTR 1VFU6061 1FP87 
ELEC OFITR, SR€ CLASS 60 

MOVING vwrcLE TO FIXED POLE 

L. FRT ROCKER A C E 1  

55.3KH/W 

TEST DRTE: OS/ 1 U/ 1997 

C l l S 9 1  FRONT IMPACT MOVING VEHICLE TO FIXED P O L E  

RbO CTR 1VFU6061 1FP87 
ELEC OATA. SRE CLclSS 1 6 0  

L. FRT ROCMR VELOCITY 
(COMPUTED FROM ACCELERRT I ON1 

55.3KH/I.1 

TEST DFITE:05/1U/1997 

E 
!B + 

Appendix D, plot # 62 TI?€ I N  HlCLiSECOHlS 



CllS91 FRONT IMPACT 

RdD CTR 1VFU6081 1FP87 
ELEC DRTR. SRE CLASS 180 

MOVING VEHICLE TO FIXED POLE 

L. FRT ROCKER OISPL 

[COMPUTED FROM NCELERATIONI 

3 
55.3 KMIH 

TEST OATE:05/1W1997 

C11591 FRONT IMPACT 

RdD CTR lOFll6081 1FP87 
ELEC DFITA. SAE CLASS 60 

MOVING VEHICLE TO FIXED POLE 

R. FRT ROCKER RCCEL 

55.3KMIH 

TEST DATE:OS/lW1997 



C 1 1 5 9 1  FRONT IHPFlCT 

RdO CTR 1 V F U 6 0 8 1  1FP87 
ELEC DATA. SA€ CLASS 1 8 0  

MOVING VEHICLE TO FIXED POLE 

R. FRT ROCKER VELOCITY 

(COMPUTED FROM ACCELERQTIONI 

55.3 KHIH 

TEST O A f E : O S / l W 1 9 9 7  

Tlt4E I N  MILLISECONDS 
Appendix D, plot # 65 

C 1 1 5 9 1  FRONT IMPACT MOVING VEHICLE TO FIXED POLE 55.3 KM!H 

R6O CTR 1 V F U 6 0 8 1  1 F P 6 7  
ELEC DATA. SRE CLASS 180 

T E S T  O A T E : 0 5 / 1 W 1 9 9 7  R. FRT ROCKER OISPL 
(COMPUTED FROM ACCELERRTIONI 

. _ . - -  - 

Appendix D, plot # 66 



C 1 1 S 9 1  FRONT IMPACT 

R60 CTR 1VFU6081 1 F P 8 7  
ELEC DFITA. SAE C U S S  60 

MOVING VEHICLE TO FIXED POLE 55.3 KM/H 

TEST DRTE : OS/ 1 LL/ 1 9 9 7  RVERRGED F R T  ROCKER ACCELERATION 
(AVGD L. d R. ROCKER RCCELSI 

0 3 -  I-J 

@- J 

TINE IN HILLISECONOS 
Appendix D, plot # 67 

C l l S 9 1  FRONT IMPRCT 

R I D  CTR 1 flu608 1 1 F P 8 7  
ELEC DATA, SA€ CLASS 180 

MOVING VEHICLE TO FIXED POLE 

RVGD FRT ROCKER VELOCITY 

(COMPUTED FROM RCCELERRTION) 

55.3KM/H 

TEST DRTE : OS/ 1 II/ 1997 



7 

55.3 KH/H 

TEST DATE:OS/lU/1997 

C11591 FRONT IMPACT 

R&D CTR lVFU6081 1FP87 
E L K  DATFI. SAE CLASS 180 

MOVING VEHICLE TO FIXEO POLE 

RVGD FRT ROCKER DISPL 

[COMPUTED FROM FICCELERRTIONI 

2. 

2. 

2. 

1. 

1. 

nl, '- 
Sl. 

F 1. 

* 
A 

0. 

0. 

0. 

0. 

0. 

T I =  I N  HILCISECONDS 
Appendix D, plot # 69 

C11591 FRONT IMPRCT 

R40 CTR lVFU6081 1FP87 
ELEC WTA. SAE CLASS 60 

MOVING VEHICLE TO FIXEO POLE 

t. FRT ROCKER RCCEL 

55.3 K W H  

TEST ORTE:05/14/1997 



C11S91 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 

RbD CTR 1VFU6081 1FP87 L.' F R T  ROCKER V E L O C I T Y  

(COMPUTED FROM RCCELERRTIONI  ELEC DATA, SAE CLASS 180 

55.3 KH/H 

TESl DATE:05/1U/1997 

CllS91 FRONT IMPFlCT 

RbD CTR 1 *Us08 1 1 FP87 
ELEC DATA, SAE CLRSS 180 

MOVING VEHICLE TO FIXED POLE 

L. FRT ROCKER O I S P L  

(COMPUTED FROM R C C E L E R R T I O N I  

55.3 KM/H 

TEST OATE:05/1~/1997 

TIHE I N  HILLISECONOS 
Appendix D, plot # 72 



! 

5 5 . 3 K M / H  

TIEST OATE: 0 5 / 1 U / 1 9 9 7  

C 1 1 5 9 1  FRONT IMPACT 

R4D CTR 
ELEC DATFI, SA€ CLASS 60 

1 VFU608 1 1 FP87 

C 1 1 5 9 1  FRONT IMPACT MOVING VEHICLE TO FIXE0 POLE 

fl40 CTR e 1VFU6081 1 F P 8 7  
ELEC DRTA. SAE CLASS 1 8 0  

R. FRT ROCKER VELOCITY 
(COMPUTE0 FROM QCCELERRTION) 

5 5 . 3 K M / H  

TEST DATE: OS/ 1 U/ 1997 



C 1 1 5 9 1  FRONT IMPACT 

RbO CTR 1VF116081 1 F P 8 7  
ELEC DATA, SA€ CLASS 180 

7 
MOVING VEHICLE TO FIXE0 POLE 55.3 KM/H 

TEST O A T E : 0 5 / 1 W 1 9 9 7  R. FRT ROCKER DISPL 

[COMPUTED FROM RCCELERRTIONI 

TIME IN HILLISECONOS 
Appendix D, plot # 75 

C 1 1 5 9 1  FRONT IMPACT 

RbO CTR ftFU608 1 1 FP87 
ELEC DATA, SA€ CLASS 60 

MOVING VEHICLE TO FIXED POLE 55.3KMIH 

TEST O R T E : O S / l U / 1 9 9 7  RVERRGED FRT ROCKER RCCELERRTION 

[RVGD L. 4 R.  ROCKER RCCELSI 

TIME IN MILLISECONDS 
Appendix D, plot # 76 



C l l S 9 1  FRONT IflPRCT 

R6D CTR 1VFU6081 1FP87 
ELEC OATA, SFIE CLRSS 180 

MOVING VEHICLE TO F IXEO POLE 

AVGD FRT ROCKER V E L O C I T Y  

[COMPUTED FROM ACCELERRTIONI  

55.3 KM/H 

TEST OATE:05/1U/1997 

5 

ic 
% W 

w 

TIM IN NILLISECCNOS 
Appendix D, plot # 77 

C11591 FRONT IMPFICT 

R60 CTR 6 lVF116081 1FP87 
ELEC OATA, SAE CLRSS 180 

MOVING VEHICLE TO FIXE0 POLE 

AVGO FRT ROCKER O I S P L  

[COMPUTED FROM ACCELERRT I ON) 

55.3 KlWH 

TEST DATE:OS/lW1997 



C 1 1 5 9 1  FRONT IHPACT 

50. 

us 

uc 

3s 

x 

x 

20. 

15. 

IO 

5,  

c - . f i - f i .  

5 .  

5 Y  20 -1 

RbO CTR 1VFU6081 1 F P 8 7  
ELEC OATR. SA€ CLASS 60 

a I' 
I\ p, I \I L n f l  t .  ,T4 

--/- 

I 
I I i I J I  

I I 1  I D v i  I I 1 I I I 
uo 60 80 100 120 1110 160 180 2M ZUO 

MOVING VEHICLE TO FIXED POLE 

L. FRT ROCKER RCCEL 

55.3 KM/H 

TEST OATE:O5/111/1997 

C 1 1 5 9 1  FRONT IMPRCT 

R6O CTR WF116081 1 F P 8 7  
ELEC ORTFI. SA€ CLASS 1 8 0  

MOVING VEHICLE TO FIXED POLE 

L. FRT ROCKER V E L O C I T Y  

(COMPUTED FROM QCCELERRTIONI  

55.3 KM/H 

TEST D A T E : 0 5 / 1 W 1 9 9 7  

11. 

IC. I 
9 

0 

7 

1 

W w 

- -  
TIME IN MILLISECONDS 

Appendix D, plot # 80 



CllS91 FRONT I M P K T  

RdO Cf f l  I VFU608 1 1 FP 87  
E L K  DATA, SAE CLASS 180 

MOVING VEHICLE TO FIXEO POLE 

L. FRT ROCKER DISPL 

(COMPUTED FROM ACCELERATION) 

55.3KWH 

TEST DATE:OS/lWl997 

C l l591  FRONT IMPACT 

R I D  CTR 8 1VfU6081 1FP87 
ELEC DATA. SRE CLASS 60 

MOVING VEHICLE TO FIXEO POLE 

R. FRT ROCKER RCCEL 

55.3 KWH 

TEST OATE:OS/iU/1997 



CllS91 FRONT IMPACT 

RbD CTR 1VFU6081 1FP87 
ELEC DFITA, SAE CLASS 180 

MOVING VEHICLE TO FIXED POLE 55.3 KM/H 

R. FRT ROCKER V E L O C I T Y  TEST DATE:05/1U/1997 

ICOMPUTED FROM QCCELERRTIONI  

E 
!? -* 
t-c 

W 20 
-I w > 

a- 

TIME I N  MILLISECONDS 
Appendix D, plot # 83 

C11591 FRONT IMPFICT 

RbD CTR 1 eU608 1 1 FP87 
ELEC DATA, SA€ CLASS 180 

MOVING VEHICLE T O  FIXED POLE 

R. FRT ROCKER DISPL 
(COMPUTED FROM QCCELERRTIONI  

55.3 KM/H 

TEST DATE: OS/ 1111 1997 

TIME I N  MILLISECONOS 
Appendix D, plot # 84 



CllS91 FRONT IMPACT 

R&D CTR lVF116081 1FP87 
ELEC DATA, SA€ CLRSS 60 

MOVING VEHICLE TO FIXE0 POLE 55.3KM/H 

RVERAGED FRT ROCKER ACCELERATION TEST ORTE:05/111/1997 

(AVGD L. 4 R. ROCKER FICCELSI 

v) 

i+ C l r  

bd s5 v 

TIHE IN NILLISECONOS 
Appendix D, plot # 85 

C11591 FRONT IMPACT 

RdO CTR lVF116081 1FP87 
ELEC OATA. SAE CLFlSS 180 

h 

MOVING VEHICLE TO FIXED POLE 

RVGD FRT ROCKER VELOCITY 

(COMPUTED FROM RCCELERATIONI 

SS.3KM/H 

TEST DATE:OS/lW1997 

Appendix D, plot ## 86 T I H E  IN HILLISECONOS 



C11591 FRONT IMPACT 

R6D CTR 1VFU6081 1FP87 
ELEC DATA. SAE CLASS 180 

MOVING VEHICLE TO FIXED POLE 

QVGO FRT ROCKER OISPL 

COMPUTED FROM QCCELERQTIONI 

55.3 KM/H 

TEST OATE:05/1W1997 

TIHE I N  HILLlSECONOS 
Appendix D, plot # 87 

C11591 FRONT IMPFlCT 

RbO CTR 10FU6081 1 FP87 
E L K  DATA, SFIE CLASS 60 

MOVING VEHICLE TO FIXE0 POLE 

R. FLOORPFlN QCCEL 

55.3 KM/H 

TEST DATE:05/14/1997 

-- 

TIME I N  MILLISECONDS 
Appendix D, plot # 88 

t 



C 1 1 5 9 1  FRONT IMPACT 

AbD CTR 1VF116081 1FP87 
ELEC DATFI. SIX CLRSS 1 8 0  

MOVING VEHICLE TO FIXED POLE 

R. FLOORPFIN VELOCITY 
(COMPUTED FROM RCCELERQTIONI  

SS.3KHIH 

TEST DATE: 051 1 rl/ 1997 

C 1 1 5 9 1  FRONT IMPACT 

R40 CTR e l V F U 6 0 8 1  1FP87 
ELEC DRTA. SRE CLASS 180 

MOVING VEHICLE TO FIXED POLE 55.3 KM/H 

TEST O A T E : O S / l W 1 9 9 7  R. FLOORPAN OISPL 
(COMPUTED FROM RCCECERRTION) 

T I H E  I N  MILLISECOHIS Appendix D, plot # 90 



C l l S 9 1  FRONT IMPRCT 

RbO CTR 1 V F 4 6 0 8 1  1 F P 8 7  
ELEC DATA. SA€ CLASS 1 0 0 0  

MOVING VEHICLE TO F I X E D  POLE 

L.REFIR ROCKER ACCEL 

55.3KM/H 

TEljT DFITE: OS/ 1 4 1  1 9 9 7  

9k 4 
0 
3. +A 

@ -I 

TIM€ IN NILLISECONOS 
Appendix D, plot # 91 

C 1 1 5 9 1  FRONT IMPACT 

RbO CTR f l f 4 6 0 8 1  1 F P 8 7  
ELEC DFITA. SFIE CLASS 60 

MOVING VEHICLE TO FIXED POLE 

L.REFIR ROCKER ACCEL 

55.3KM/H 

TEST O A T E : O S / l U / 1 9 9 7  

.- 

TIM IN NILLISECONOS 
Appendix D, plot # 92 



CllS91 FRONT IMPACT 

Ab0 CTR 1 VFU608 1 1 FP87 
ELEC DATA. SA€ CLFlSS 180 

MOVING VEHICLE TO FIXED POLE 

L.RERR ROCKER VELOCITY 
(COMPUTED FROM RCCELERRTION) 

55.3 KM/H 

TEST DATE:OS/lU/1997 

- . - . . . . 

C11591  FRONT IMPFICT MOVING VEHICLE TO FIXED POLE 

RUD CTR 1VFr16081 1FP87  
ELEC OATA. %E CLRSS 180 

L.RERR ROCKER OISPL 
(COMPUTED FROM QCCELERATIONI 

55.3 KWH 

TEST DRTE:05/1U/1997 



R6D CTR tVFY6081 1FP87 

ELEC DRTR. SRE CLFISS 1000 

MOVING VEHICLE TO FIXED POLE 
R.RERR ROCKER RCCEL 

55.3KMIH 

TEST DRTE:OS/lU/1997 

C l l S 9 1  FRONT IHPACT MOVING VEHICLE TO FIXED POLE 55.3KM/H 

RbD CTR 
ELEC DFITA, WE CLFISS 60 

1VFU6081 1FP87 R.RERR ROCKER RCCEL E S T  ORTE:05/1U/1997 B 



ClIS91 FRONT IHPFICT 

R60 CTR 1w\16081 1FP87 
ELEC DFITFI, SA€ CLRSS 180 

MOVING VEHICLE TO FIXED POLE 

R.RERR ROCKER VELOCITY 

(COMPUTED FROM RCCELERRT I ON1 

55.3 K W H  

TEST DATE:OS/1U/1997 

C11591 FRONT I W K T  

6 
R40 CTR 1Vfu6081 lFP87 
ELEC WITR. WE CLASS 180 

TIME IN MlLLISECONDS 
Appendix D, plot # 97 

MOVING VEHICLE TO FIXED POLE 

R. RERR ROCKER OISPL 
(COMPUTED FROM ACCELERATION) 

S5.3KH/H 

TEST M)TE:05/1U/1997 

Appendix D, plot # 98 

- .-_ 



C11591 F M T  IflPRCT MOVING VEHICLE TO FIXED POLE 55.3 KH/H 

R60 CTR lVFll6081 1FP87 

ELEC DFITR, SRE CLASS 1000 [FIVGD L. d R. ROCKER RCCELSI 

RVERAGED REAR ROCKER RCCELERRT I ON TE5.r DATE: 051 1u/ 1997 

C11591 FRONT IHPFICT 

R60 CTR fVFU608 1 1FP87 
ELEC DFlTA, SFlE CLRSS 60 

MOVING VEHICLE TO FIXED POLE 55.3 KM/H 

RVERAGEO RERR ROCKER FICCELERRT I ON TEST WTE: 051 1 q/1997 

(AVGO L. 4 R. ROCKER FlCCELSl 



C11591 FRONT ImCf 

R6D CTR 1VFU6081 1FP87 
ELEC OFlTA, SFt€ CLASS 180 

MOVING VEHICLE TO FIXEO POLE 55.3 K I W I  

TEST OATE:OS/lU/1997 AVGO REAR ROCKER VELOCITY 
(COMPUTED FROM RCCELERFITIONI 

4s 

E 
k 

-Y 

T t ? E  IN HILLISEC0M)S 
Appendix D, plot # 101 

Cll591 FRONT IHPFlCT 

RaQ CTR 1VfU6081 1FP87 
ELEC DFITFI. SFIE CLASS 180 

6 

MOVING VEHICLE TO FIXEO POLE 55.3 KM/H 

TEST MITE:OS/lU/1997 RVGD E R R  ROCKER OISPL 

(COMPUTED FROM RCCELERRTIONI 



C11591 FRONT IMPFlCf MOVING VEHICLE TO FIXED POLE 55.3 KH/H 

RbO CTR 1VF116081 lFP87 COMP. FREE MFlSS DISP. REL. TO VEHICLE TEST 0~~~:05 /1q /1gg7  

ELEC WTA, WE CLASS 180 

T I E  IN ?4lLLIKCOM)S 
Appendix D, plot # 103 

C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 

RbD CTR 
ELEC DRTA, SRE CLASS 60 

16Flr608 1 1 FP87 L.REFIR ROCKER FlCCEL 

55.3KMIH 

TEST DATE:05/111/1997 

i 

TIM IN MILLISECONOS 
Appendix D, plot # 164 



C11591 FRONT IneACT 

A40 CTR 1VFU6081 1FP87 
ELEC DFITA. SAE CLRSS 180 

MOVING VEHICLE TO FIXED POLE 

L.RERR ROCKER VELOCITY 

(COMPUTED FROM RCCELERRTION) 

55.3 KMVH 

TEST DFITE: OS/ 1 II/ 1997 

TIME IN HlLLISECONOS 
Appendix D, plot # 105 

CllS91 FRONT IHPACT 

R40 CTR lVFV6081 lFP87 
ELEC OATA, S K  CLASS 180 

MOVING VEHICLE TO FIXED POLE 55.3 KM/H 

TEST OATE:05/14/1997 L.RERR ROCKER OISPL 

(COMPUTED FROM RCCELERFIT I ON1 

TIHE IN MILLISECONDS Appendix D, plot # lo6 



C l l S 9 1  FRONT IHPFICT 

R6O CTR 1VFU6081 1FP87 
ECEC m T A *  SQE CLASS 60 

MOVING VEHICLE TO FIXED POLE 

R.RERR ROCKER RCCEL 

55.3KH/H 

TEST OATE:05/1U/1997 

TIME I N  HILLI%CONDS 
Appendix D, plot # 107 

C11591 FRONT IMPKT 

R40 CTR f iFU6081 1FP87 
ELEC OFlTA, SRE CLASS 180 

MOVING VEHICLE TO FIXED POLE 

R . R E M  ROCKER VELOCITY 

COMPUTED FROM FICCELERRT ION1 

55.3KM/H 

TEST DQTE: OS/ 1 U/ 1997 



C11591 FRONT IMPQCI 

RdO CTR IVFUGOBI 1FP87 
ELEC DCITA, %E CLRSS 180 

MOVING VEHICLE TO FIXED POLE 55.3 K#/H 

R. RERR ROCKER 0 I SPL TEST DATE: OS/lr1/1%7 

(COMPUTED FROM RCCELERRTIONI 

T I N  I N  MILLISECONOS 
Appendix D, plot # 109 

C11591 FRONT IWFlCT 

1VFU6081 1FP87 
E 

860 CfR 
ELEC OClTA. SAE CLASS 60 

MOVING VEHICLE TO FIXED POLE 55.3 KIWH 

FIVERFlCiEO R E M  ROCKER ACCELERRTION TEST 0~~~:05/1g/1gg7 

W G D  L. d R. ROCKER FlCCELSl 

T i E  I N  MILLISECOM35 Appendix D, plot # 11 0 
b 



C11591 FRONT IHPFICT 

RbD CTR 1VF116081 1FP87 
ELEC DFITR, SRE CLASS 180 

MOVING VEHICLE TO FIXED POLE 55.3 KH/H 

TEST OATE:05/1U/1997 RVGD RERR ROCKER VELOCITY 

[COMPUTED FROM RCCELERRTIONI 

F 

TIME IN MILLISECONDS 
Appendix D, plot # 11 1 

I 

CllS91 FRONT IHPFICT 

e 
RbO CTR 1VFU6081 lFP87 
ELEC ORTR, WE CLRSS 180 

MOVING VEHICLE TO FIXED POLE 

FlVGD REFIR ROCKER OISPL 

[COMPUTED FROM RCCELERRTIONI 

55.3 KM/H 

E S T  ORTE:OS/l~/1997 

Appendix D, plot # 11 2 TIME IN MILLlSECC"JllS 



C11591 FRONT IWQCT 

R60 CTR 1 VFU608 1 1 FP87 
€LEC OAfA. SAE CLRSS 60 

MOVING VEHICLE TO FIXE0 POLE 

L.REAR ROCKER RCCEL 

55.3 KH/H 

TEST ORTE:05/1U/1997 

T4)JE I N  MILLISECONDS 
Appendix D, plot W 11 3 

C11591 FRONT IMPACT 

R&O CTR ' 1VFU6081 1FP87 
ELEC DATA. SAE CLASS 180 

MOVING VEHICLE TO FIXED POLE 55.3 KIM/H 

TEST MITE:  051 1 U/ 1997 t . RERR ROCKER VELOC I TY 

(COMPUTED FROM RCCELERFIT I ON1 

TIP€ I N  M I L L I S E C M K  Appendix D, plot # 11 4 

-- - I_- 



C11591 FRONT IMPACT 

RbD CTR 1VFU6081 1FP87 
ELEC OQTA. SFlE CLFISS 180 

MOVING VEHICLE TO FIXED POLE 55.3 KH/H 

TEST DATE:OS/lU/1997 L.RERR ROCKER DISPL 
[COMPUTED FROM QCCELERQTIONI 

C11591 FRONT IMPRCT 

RbD CTR leu6081 1FP87 
ELEC DFlTA, %E CLASS 60 

MOVING VEHICLE TO FIXED POLE 

R.REFIR ROCKER RCCEL 

v) 

u. 
t-d u wu 
%! 

_ _ - - .  - - -  TlnE IN MILLISECOMK 
Appendix D, plot # 11 6 

I , .  



C11591 FRONT IHeFlcT 

WO CTR 1VFU6081 1FP87 
ELEC mTR, SFIE CLASS 180 

MOVING VEHICLE TO FIXED POLE 

R.REAR ROCKER VELOCITY 
(COMPUTED FROM QCCELERATION) 

SS.3KWH 

TEST MlTE:OS/lrl/1997 

Cl lS91 FRONT IMPFtCT 

R&O CTR 1VFU6081 lFP87 
ELEC OFlTA. SFIE CLASS 180 

TIME IN HFLLISECONOS 

MOVING VEHICLE TO FIXED POLE 

R.RERR ROCKER OISPL 
(COMPUTED FROM XCELERATIONI 

I 

Appendix D, plot # 117 

55.3 KWH 

TEST OFITE:05/1U/1997 

i# 

- - _  
Appendix D, plot # 118 TIHE I N  MILLlSEC0)Jos 



C11591 FRONT IMPACT 

R&O CTR 1VFU6061 1FP87 
ELEC OFlTA. SRE CLASS 60 

MOVING VEHICLE TO FIXED POLE 5 5 . 3 K W H  

RVERAGED REAR ROCKER RCCELERAT I ON T p j T  ORTE: 051 1q/igg7 

(FIVGD L. d R. ROCKER ACCELSI 

ul 
bo 
2. 

v 
aw wu 

I I t I t l t l t 1 I I L I t I t I I 1 I I I  1 1  
to YO 60 00 loo I20 1W 160 180 ;?oo 220 FLO -1 

T I M  I N  HICLISECONOS 
Appendix D, plot # 119 

C11591 FRONT IHPRCT 

R40 CTR 1 qfFll608 1 1 FP87 
ELEC ORTR. SFlE CLASS 180 

MOVING VEHICLE TO FIXED POLE 

RVGD RERR ROCKER V E L O C I T Y  

(COMPUTED FROM FICCELERRTION) 

55.3KM/H 

TEST DATE:OS/lU/1997 

T I =  I N  HILLIKCONDS Appendix D, plot # 120 



RbD CTR lVFU6081 1FP87 
E L K  Df4TR. SA€ CLRSS 180 

MOVING VEHICLE TO FIXED POLE 

FlVGD REAR ROCKER OISPL 
(COMPUTED FROM RCCELERRTIONI 

55.3 KNIIH 

TEST OCITE:OS/lU/1997 

C11591 FRONT IMPACT 

R40 CTR 1Vf\l6081 1FP87 
ELEC DFITA. %E CLRSS loo0 

TIHE I N  MILLISECONDS 
Appendix D. plot # 121 

MOVING VEHICLE TO FIXED POLE 55.3 KWH 

CTR SDM-R REAR CRSE e l  RCCEL TEST O R E :  051 1 U/ 1997 

- _ - -  - - -  
TIME I N  MILLISECONOS Appendix D, plot # 122 



C l l S 9 1  FRONT IHPFlCT 

R60 CTR 1VFU6081 1FP87 
ELEC DRTR, SRE CLRSS 1 8 0  

MOVING V E H I C L E  TO F I X E D  POLE 55.3 KM/H 

TEST OCITE:OS/lU/1997 CTR SDM-R RERR CRSE 81 VELOCITY 

(COMPUTED FROM RCCELERRTIONI 

Appendix D, plot # 123 

C11S91 FRONT IHPWT 

R60 CTR f V F U 6 0 6  1 1 F P 8 7  
ELEC DRTR. SFlE CLRSS 1 8 0  

MOVING VEHICLE TO F I X E D  POLE S5.3KM/H 

TEST ORTE:OS/lU/1997 CTR SOM-R REQR CRSE 81 DISPL 

(COMPUTED FROM RCCELERRTION) 

TIME IN H1LLIKCOFI)S 
Appendix D, plot ## 124 



C11591 FRONT InpACT 

R4D CTR 1VFU6061 1FP67 
ELEC DATA. SRE CLASS 60 

CllS91 FRONT IHPRCT 

1 VFU608 1 1 FP87 
6 

R4O CTR 
ELEC WTR, WE CLRSS 180 

MOVING VEHICLE TO FIXED POLE SS. 3 KH/H 

TEST OAT€ r OS/ 1 U/ 1997 CTR SDM-R R E M  CRSE 81 RCCEL 

MOVING VEHICLE TO FIXED POLE 55.3 I<fl/H 

TEST OAfErOS/lU/1997 CTR SDM-R RERR CffSE ~1 VELOCITT 
[COMPUTED FROM RCCELERRTION) 



C11591 FRONT I K T  

RbD CTR 1VFU6081 1FP87 
E L K  DCITR. SRE CLRSS 1 8 0  

MOVING VEHICLE TO FIXED POLE 55.3KM/H 

TEST DRTE:OS/lU/1997 CTR SDM-R REFlR CASE *l OISPL 

(COMPUTED FROM RCCELERQTIONI 

C l l S 9 1  FRONT IMPFlCT 

RdD CTR flF116081 1FP87 
ELEC OFITA, SA€ CLRSS 60 

Appendix D, plot # 127 

MOVING VEHiCLE TO FIXED POLE 55.3 KM/H 

TEST DATE:OS/lW1997 CTR SDM-R RfAR CRSE *l QCCEL 

TIM€ I N  HlLLISECONOS Appendix D, plot # 128 

-- A 



C11591 FRONT IHPFICT 

A40 CfR 1VN6081 1FP87 
ELEC OCITA. SA€ C U S S  180 

MOVING VEHICLE TO FIXED POLE 55.3 KWH 

CTR SDM-R REAR CASE s l  VELOCITY TEST ORTE:OS/lU/1997 

[COMPUTED FROM RCCELERATIONI 

CllS91 FRONT IMPACT 

R6D CTR 1VFU6081 1FP87 
ELEC OFITR. WE CLASS 180 

MOVING VEHICLE TO FIXED POLE 55.3 KlWH 

TEST DRTEtOS/lU/l997 CTR SOM-R REAR CRSE s l  DISPL 

[COMPUTED FROM ACCELERRTIONI 

I I I I I I I I L I I I I I I I I l k  11' zyo I 
Appendix D, plot # 130 TIHE I N  MILLIKCCWS 



C11591 FRONT InPAC1 

RaD CTR 1VFU6081 1FP87 
ELEC OFITR, SRE CLRSS 60 

WVING VEHICLE TO FIXED POLE 
R. TOE PRN OISPL 

55.3KH/H 

TEljT ORTE: OS/ 1 U/ 1997  

C11591  F R W T  IMPFlCT 

RdO CTR 
ELEC W T R ,  SFlE CLASS 1 0 0 0  

fVFU608  1 1 FP87 

MOVING VEHICLE TO FIXED POLE 

STRRTER VOLTRGE 

55.3KM/H 

TEST DRTE:OS/lU/1997 



\ 

C11591 FRONT IMPRCT 

RbD CTR 1VFU6081 1FP87 
ELEC DFITA, SA€ CLASS 1000 

MOVING VEHICLE TO FIXED POLE 

BRTTERY VOLTRGE 
55.3 KWH 

TEST OFITE:05/1U/1997 

v) 

2 

5! 

? 

P 

TIEE IN MSLLISECOMIS 
Appendix D, plot X 133 

C l l S 9 1  FRONT ItlPRCT 

RbO CTFI 1VFU6081 1FP87 
ELEC ImTA. SRE CLFISS 1000 

MOVING VEHICLE TO FIXE0 POLE 

RLTERNATOR VOLTFlGE 

S5.3KM/H 

TEST DATE: OS/ 1 U/ 1997 

TIM€ IN MILLISECOMK 



C l l S 9 1  FRONT IHPFICT 

RbD CTR l V F U 6 0 8 1  1 F P 8 7  
ELEC DATA. %E CLASS 1000 

MOVING VEHICLE TO FIXED POLE 

FUEL PUMP VOLTQGE 

55.3 KM/H 

TEST D A T E : O S / l W 1 9 9 7  

m 

2 
ti 

Tim IN MILLISECONOS 
Appendix D, plot #I 135 

C 1 1 5 9 1  FRONT IMPFICT 

RbO CTR 
ELEC DATA. SA€ CLASS 1 0 0 0  

f V F 4 6 0 8  1 1 FP87 

MOVING VEHICLE TO FIXED POLE 55.3 KM/H 

R. FRT HEAOL IGHT-LO BERM VOLTQGE TEST ORTE:05/14/1gg7 



C11591 FROIJT I M P K T  

RaD CTR 1VFU6081 1FP87 
ELEC MITA,  SA€ CLASS 1000 

MOVING VEHICLE TO FIXED POLE 55.3KM/H 

HIGH BLOWER RELAY VOLTRGE TEST OATE:OS/lW1997 

TIME IN M1LLISECONDS 
Appendix D, plot # 137 

C11591 FRONT IHPRCT 

RaD CTR ' 1VFWO81 1FP87 
ELEC DFITR. WE CLASS 1000 

MOVING VEHICLE TO FIXE0 POLE 

RELAY CTR-Fl VOLTRGE 

55.3HM/H 

TEST 09TEE:05/1U/1997 

TIME IN HILLISECOPQS 
Appendix D, plot # 138 

- -I___  ̂



C11591  FRONT IMPACT 

RbO CTR 1VFU6081 lFP87 
ELEC ORTR. SAE CLASS 1 0 0 0  

C l l S 9 1  FRONT IMPFlCT 

RbO CTR 
ELEC DFITA. WE CLASS 1 0 0 0  

1 #US08 1 lFP87 

MOVING VEHICLE TO FIXED POLE 

RELRY CTR-B VOLTRGE 

55.3 KM/H 

TEST DATE: OS/ 1 U/ 1 9 9 7  

MOVING VEHICLE TO FIXED POLE 

IGNITION VOLTRGE 

55.3 KM/H 

TEST DATE: OS/ 1 U/ 1997 

TIM! IN MILLISECONOS 
Appendix D, plot # 140 



CllS91 FRONT IWRCT 

R60 CTR 1VFU6081 1FP87 
ELEC ORTR. SRE CLASS 1000 

MOVING VEHICLE TO FIXED POLE SS.3KHtH 

RADIO RCC-FUSE 4 VOLTRGE TEST OATE:OS/lU/1997 

v) c 
J 0 

? 

P e 

f1?E IN MILLISECWS 
Appendix D, plot # 141 

Cl1591 FRONT IneFKT 

1VFU6081 1FP87 B 
RIO CTR 
ELEC DATFI. SIX CLASS 1000 

MOVING VEHICLE TO FIXED POLE 55.3 KMIH 

TEST OATE:OS/lU/l997 TAILLIGHT FUSE VOLTRGE 

T I =  IN MILLIXCONOS Appendix D, plot # 142 
8 



C11S91 FRONT IHPRCT 

RbD CTR 1VFU6081 lFP87 
ELEC DATA, SA€ CLASS 1000 

MOVING VEHICLE TO FIXED POLE 

ABS FUSE a6 VOLTAGE 

55.3 KH/H 

TEST DATE: OS/ 1 U/ 1997 

TI* IN MILLISECONDS 
Appendix D, plot I 143 

C11591 FRONT IMPRCT 

RbD CTR 
ELEC ~ T A ,  SFlE CLRSS 1000 

1 fFU608 1 1 FP87 

MOVING VEHICLE TO FIXED POLE 55.3 KM/H 

HEROLIGHT SWITCH VOLTAGE TEST ORTE: 051 1 W 1997 

- -  
T I *  IN MILLISECOMIS Appendix D, plot 4# 144 



C11591 FRONT I)4pACT 

R I D  CTR 1VFU6081 1FP87 
ELEC OCITA. SRE CLASS 1000 

HOVING VEHICLE TO FIXED POLE 55.3 KH/H 

L. O P T I C A L  FIRE DETECTOR VOLTRGE TEST mTE:05/1U/1997 

v) 

2 

P 

? 

I! 

TINE I N  MILLISECONDS 
Appendix D, plot # I45 

C11591 FRONT IPtWlCT 

WO CTR ' lVFU6061 1FP87 
ELEC OFlTA. WE CLRSS 1000 

MOVING VEHICLE TO FIXEO POLE 55.3 KWH 



C11591 FRONT IWRCT 

R4D CTR lVFU6081 1FP87 
ELEC DRTR. SRE CLASS 1000 

MOVING VEHICLE TO FIXE0 POLE 55.3KM/H 

TEST DRTE:OS/lU/1997 HFlLL EFFECT SENSOR VOLTQGE 

TINE IN MILLISECONDS 
Appendix D, plot # 147 

C11591 FRONT IHPFlCT 

RbD CTR 
ELEC ORTA. SRE CLASS 1000 

fVFU608 1 1 FP87 

MOVING VEHICLE TO FIXED POLE 55.3 KM/H 

TE ST DRTE: 051 141 1997 TRCH SIGNQL VOLTQGE 

TIME I N  MILLISECONDS 
Appendix D, plot # 148 

. 



C11591 FRONT InPFlCT 

R40 CTR 1 VFU608 1 1FP87 
ELEC WTR. SRE CLRSS 1000 

MOVING VEHICLE TO FIXED POLE SS. 3 KPVH 

TEST OATE:05/1U/1937 VRPOR SENSOR 6 1  1 VOLTFIGE 

C11591 FRONT IMPFiCT MOVING VEHICLE TO FIXED POLE 
R4O CTR 1 VFU608 1 1 FP87 

ELEC ORTA, S# CLASS 1000 i. 
TEP~PERATURE S E ~  (T 1 1  v a i a  

55.3 KIWH 
TEST OFITE:05/1U/1997 

2.7 I 1 I 1 I 1 I I I 1 I 

2. 

Appendix D, plot # 150 



C11591 FRONT I"I MOVING VEHICLE TO FIXED POLE 
R40 CTR 1VFU6081 1FP87 

, ELEC OFlTA. s# CLRSS loo0 

2. 

2. - 
E .  - 
2. - 
2. - 

I I 

VJ 

2 2* 
- 

i 2 .  m Y 

$ 0  - 
1. - 
I. - 
1. - 
1. - 

m 1 m 1 ,  
200 220 240 1. 

a TEMPERATURE SENSOR(T21 VOLTAGE 

55.3 KM/H 
TEST DATE:05/1U/1997 

C11591 FRONT IMPACT MOVING VEHICLE TO FIXED POLE 
RdO CTR 1VFU6081 1FP87 

, EL€$ OFlTA, SAE CLASS 1000 

55.3 KM/H 
TEST OAT€ : US/ 1 U/ 1997 

CI] TEMPERATW SENSORIT31 VOLTME 

TIHE IN HILLISEC0M)s A p p "  D, plot # 152 



M O V I N G  VEHICLE TO FIXED POLE 55.3 KHi'H C11591 FRONT I)IPFW=T 
R I O  CTR 1VFU6081 IFP87 TEST ~ T E ~ O S / I U / ~ W  

, ELEC DClTA. SAE CLASS 1000 

3. I, I I I I 1 I I 1 I 1 I 

. . - .. . . . - - . . - . 

C11591 FRONT IMf'QC'I MOVING VfHICLE TO FIXE0 POLE 55.3 KM/H 
R&D CTR 1VFU6081 lFP87 TEST OCITErOS/lU/1997 

ELEC OCITCI, SAE CLFKS 1m 2 
13 TEHPERATURE SENSOR(TS1 VOLTAGE 



~ 1 1 5 9 1  FRONT I W K f  MOVING VEHICLE TO FIXED POLE 
R I D  CTR 1 VFU608 1 1 FP87 . ELEC WTR. SFlE CLFISS 1000 

55.3 KH/H 
TKST OFlTE I OS/ 1W 1997 

TIHE I N  MILLISECONDS 
Appendix D, plot # 155 

C11591 FRONT IHPFlCT 

R4O CTR 1QFU6081 1FP87 
ELEC ORTA. %E CLASS lo00 

MOVING VEHICLE TO FIXED POLE 

VAPOR SENSOR 621 VOLTRGE 

55.3 KM/H 

TEST DRTE:05/1U/1997 

TIME I N  MlLLISECOHlS Appendix D, plot # 156 

i 



C11591 FRONT IneFICT 

RaO CTFI 1VFU6081 lFP87 
ELEC DATA. SA€ CLASS 1000 

MOVING VEHICLE TO FIXEO POLE 55.3 KH/H 

TEST DATE:05/1U/1997 VRPOR SENSOR (S31 VOLTAGE 

TSME IN MILLIKCOHIS 
Appendix D, plot # 157 

C l l S 9 1  FRONT IMPACT 

R&D CTR * 1VFU6081 1FP87 
ELEC OClTA. SFIE CLASS 1000 

MOVING VEHICLE TO FIXEO POLE 

VAPOR SENSOR (SUI VOLTRGE 

T l n E  IN MILLISECONDS 

55.3 KWH 

TEST 99TTE:OS/lW1997 

Appendix D, plot # 158 



C l l S 9 1  FRONT I H f W T  

R60 CTR 1VFU6081 1FP87 
ELEC OFITR. SRE CLRSS 1000 

MOVING VEHICLE TO F I X E D  POLE 

VAPOR SENSOR 651 VOLTAGE 

55.3KM/H 

TEST OFITE: 051 1 U/ 1997 

C11591 FRONT IHPRCT 

R I D  CTR 16FU6081 1FP87 
ELEC OATR. WE CLRSS 1000  

MOVING VEHICLE TO FIXED POLE 

L. WHEEL BAG CURRENT 

55.3 KM/H 

TEST ORTE:05/1U/1997 

T I =  I N  MILLISECONDS Appeiidix D, plot # 160 



C11591 FRONT IneFKT 

R40 CfR 1VFU6081 1FP87 
ELK I”, SAE CLASS row 

HOVING VEHICLE TO FIXED POLE 

R,  I/P BRG CURRENT 

55.3 KMiH 

E S T  DATE: 051 1W 1997 

_-  
TI?€ IN HILLISECONOS 

Appendix D, plot # 161 

C11591 FRONT IMPACT 

RSD CTR 1VFU6081 1FP87 
ELEC OFlTA. SAE CLRSS 1000 

MOVING VEHICLE TO FIXED POLE 

BRTTERY CURRENT 

55.3 KH!H 

TEST ORfE:05/1U/1997 



Cl1591 FRONT IHPRCT 

R40 CTFI 1VFU6081 1FP87 
ELEC ORTA. SA€ CLRSS 1000 

MOVING VEHICLE TO FIXED POLE 

FUEL PUMP CURRENT 
TEST ORTE:OS/lU/1997 

C11591 FROE(T IHPRCT 

RdD CTR 
ELEC DQTFI, SA€ CLASS 1000 

1 *US08 1 1 FP87 

MOVING VEHICLE TO FIXED POLE 

L. HORN HI-LO CURRENT 

55.3 KM/H 

TEST OAfE:05/1W1997 

I 

t 

4 
I- s u 

Appendix D, plot #I 164 TIME I N  MlLLlSECONOS 



C11S91 FRONT 1WXf 

FMD CTR 1VFU6081 1FP87 
ELEC OFITA. SRE CLASS 1000 

MOVING VEHICLE TO FIXED POLE S5.3KWH 

HERDLIGHT-LOW-HIGH CURRENT TEST DATE:OS/lU/1997 

TIHE IN MlLLISECOMIS 
Appendix D, plot # 165 

CllS91 FRONT IHPRCT 

R I D  CTR * 1VN6081 1FP87 
ELEC OCITA. %E ClFlSS 1000 

MOVING VEHICLE TO FIXE0 POLE 

FI/C CLUTCH CURRENT 

55.3MWH 

TEST OATE:OS/lU/1997 

g 
I- 

! 

Appendix D, plot # 166 TIP€ I N  MILLISECONDS 



C l l S 9 1  FRONT IHPFlCT 

RbO CTR 1VFU6081 1FP87 
ELEC I M T A ,  SFlE CLFlSS 1000 

MOVING VEHICLE TO FIXEO POLE 

COOLING FRN CURRENT 

55.3 KM/H 

TEST OATE:OS/lU/1997 

TIME IN HlCLISECONOS 
Appendix D, plot ## 167 

C11591 FRONT I M W T  

RbO CTR fiFU608 1 1 FP87 
ELEC mTA. SIX CLASS 1000 

MOVING VEHICLE TO FIXEO POLE 

HVRC BLOWER CURRENT 

55.3 KM/H 

TEST DATE: OS/ 1 W 1997 

Appendix D, plot # 168 TIME IN HILLISECONOS 

L 



C11591 FRONT InQFlCT MOVING VEHICLE TO FIXED POLE SS.3KWH 

RLTERNRTOR CRBLE CURRENT TEST DFITE:05/1U/1997 

C11591 FRONT I M P N T  

R t, 0 CTR l V ~ 6 0 8 1  1FP87 
ELEC WITR. SA€ CLASS loo0 

MOVING VEHICLE TO FIXED POLE 55.4 KWH 

FRT BRAKE SYSTEM PRESSURE TEST DCITE:OS/lU/1997 



C11591  FRONT IMPRCT 

R S, 0 CTR 1VFU6081 1FP87 
ELEC DRTR. SRE CLRSS 1 0 0 0  

MOVING VEHICLE TO FIXED POLE SS.UKM/H 

TEST OATE:05 /1W1997  FUEL SUPPLY LINE PRESSURE 

TIME IN WILLISECONOS 
Appendix D, plot # 171 

rc, 

171 

C l l S 9 1  FRONT IMPRCT 

R S, 0 CTR l f i U 6 0 8 1  1FP87  
ELEC IMTA. SAE CLRSS 1000 

MOVING VEHICLE TO FIXED POLE 55. ll KM/H 

TEST DATE : O W  1 W 1 997 FUEL SUPPLY LINE PRESSURE 

(BIRSED DATR BY 322. OKPRS) 

I! 
ti 
i! 
x 

Y 
Q 

TIM IN HILLISECONOS Appendix D, plot # 172 

A 



C11591 FRONT I W T  

R 6 0 CTR lVFU6081 lFP87 
ELEC ORTAD SA€ CLASS 1000 

M O V I N G  VEHICLE TO FIXED POLE 55. rl KH/H 

L . POWER STEER I NG SYSTEM PRESSURE TEST WTE: os/ 1q/ 1997 

C11591 FRmT IMPRCT 

R 4 0 CTR ' 1VN6081 1FP87 
ELEC DClTFl. SFlE CLRSS 1000 



C11591 FRONT IHPFlCT 

R & D CTR 1VFU6081 1FP87 
ELEC DFITR. SRE CLRSS 1000 

MOVING VEHICLE TO FIXED POLE 

COOLING SYSTEM PRESSURE 

55. II KM/H 

TEST DRTE: OS/ 1 U/ 1997 

TIME IN HILLISECONOS 

4 

/'x5 
Appendix D, plot # 175 

C11591 FRONT IMPRCT 

R & D CTR f lFU6081  1FP87 
ELEC OFlTA. SRE CLRSS 1000 

MOVING VEHICLE TO FIXED POLE 55. KM/H 

TEljT DATE: OS/ 1 U/ 1997 COOLING SYSTEM PRESSURE 

rB I ASED DATR BY 1 12. OKPFlSl 

T I N E  IN ffILLIKCONOS Appendix D, plot # 176 

77b 



C11591 FRONT I)3PF\CT 

R 4 0 CTR lVFr16081 lFP87 
ELEC DFITA, %E CLASS 1000 

MOVING VEHICLE TO FIXE0 POLE 

ENGINE O I L  PRESSURE 
55.4 KNIIH 

TEST DATE:05/lW1997 

C11591 FRONT IHPRCT 

R 4 0 C T V  lVFU6081 1FP87 
ELEC DClTA. %E CLRSS 1000  

MOVING VEHICLE TO FIXED POLE 55.4 t W H  

TRRNSMISSION COOLER PRESSURE TEST DFITE:OS/lY/1997 



C11S91 FRONT IneFlcT 

RdO CTR 1VFU6081 1FP87 
ELEC DFITA, SAE CLASS 1000 

MOVING V E H I C L E  TO F I X E D  POLE 

THERMRL WIRE CONTRCT 

SS.3KM/H 

1EST OATE:OS/lW1997 

C l l S 9 1  FRONT IHPFICT 

R40 CTR 4VFU608 1 1 FP87 
ELEC DF\TA. SAE CLASS 1000 

T I M  I N  MILLISECONDS 
Appcndix D, plot # 179 

MOVING V E H I C L E  TO F I X E D  POLE 5 5 . 3 K M I H  

PNEUMATIC WIRE CONTRCT TKST OQTE:OS/1'4/1997 

Appendix D, plot # 180 
- .  



C11591 FRONT IMPFICT 

R&O CTR 1 VFU608 1 1 FP87 
ELEC "IA. SFIE CLASS 1000 

TIHE I N  MILLIXCONOS 
Appendix D, plot # 181 

. . . -  

C 



I 

Appendix E: C11591 hydrocarbon vapor measurement plots 
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Figure E2 
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Figure E3 
Concentration of Hydrocarbon Vapor Measured above the Left Exhaust Manifold (Location #3) 
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Figure E4 
Concentration of Hydrocarbon Vapor Measured Near the Left Exhaust Pipe (Location #4) 
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Figure E5 
Concentration of Hydrocarbon Vapor Measured Near the Catalytic Converter (Location #5) 
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Figure EE2. 
GC/FID analysis of hydrocarbon vapor sample from over left fuel rail (location #2) during Crash 
Test C11591. Panel A shows the chromatogram of background sample and panel B shows the 

chromatogram of the post-crash sample. 
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Appendix F: C11591 film plots 
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Appendix G: C11647 data plots 
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225nm 
225nm 
225nm 
1e00 
1.00 
1e00 
1.00 
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RIGHT FRONT 
ANTHROPOMORPHIC TEST DEVICE SUMMARY ClFlTFl 

LTV MDB TO STRTIONRRY VEHICLE lOU.3KM/H 
C116117 L. SIDE IMPACT-338 DEG 
RbD CTR 1VFU6080 1FP87 AT0 TYPE: GMSOH 

TEST DfITE: 06/18/1997 
100% 150% I A V  

I 

TIBIA/FEMUR DISP, LEFT 
TIBIWFEMUR DISP, RIGHT 
KNEE CLEVIS, LEFT INSIDE 
KNEE CLEVIS, LEFT OUTSIDE 
KNEE CLEVIS, RIGHT INSIDE 
KNEE CLEVIS, RIGHT OUTSIDE 
TIBIA COMP, LEFT 
TIBIA COHP, RIGHT 
TIBIA MOM, UPPER, LEFT 
TIBIA MOM, WPER, RIGHT 
TIBIA MOM, LOWER, LEFT 
TIBIA HOM, LOHER, RIGHT 
LEG INDEX, UPPER LEFT 
LEG INDEX, UPPER RIGHT 
LEG INDEX, LOHER LEFT 

HIC, LIMITED TO 15 MS 
HIC, LIMITED TO 36 MS 
NECK FLEXION 
NECK EXTENS I ON 
NECK TENSION 
NECK COMPRESSION 
NECK SHERR FORWARD 
NECK SHEAR REARWARD 
NECK TENSION OUR ASSESS 
NECK COMPRESSION DUR RSSESS 
NECK SHEAR FWD OUR ASSESS 
NECK SHEAR RWD DUR ASSESS 
CHEST ACCEL 
CHEST COMPRESSION W/O SH BEL 
CHEST COMPRESSION GI/ SH BELT 
CHEST VISCOUS CRITERIR 
FENUR COMP, LEFT 
FEMUR COMP, RIGHT 
FEMUR WRRTION ASSESS, LEFT 
FEHUR OURATION ASSESS, RIGHT 

t 

- 

3 
I 

I 
I 

J 
J 

1 
1 

1 

I W X .  W R  RIGHT I 

IRV - I N M Y  ASSESSMENT VRLUE 
IARV - INJURY ASSESSMENT REFERENCE VALUE 

320 
630 

18NM 
Y;ONM 

216% 

3U1N 
162N 
0.66 
0.01 
0.19 
0. os 
Ei3G 

29 II UMM 
29. UMM 
O.:\UM/SEC 
211 :I 8N 
2514 7N 
0,) 27 
0,) 28 
0.7MM 

Y:3N 

0. SMM 
19IIUN 
3‘7 1 N 
7!5 1 N 

181UN 
2 149N 
276% 

1!%NM 
1 Q6NM 
UqNM 
:30NM 

0.73 
0.5s 
0.25 

A L  

I ARV 

1000 
1000 

1 QONM 
57nm 

3300n 
lioooN 
3100n 
3 1 OON 

1.00 
1.00 
1.00 
1.00 
60G 

65.OMM t 
SO.OMM t 
1 . OOMISEC 

1 OOOON 
1 ooom 

1.00 
1.00 

1S.OMM 
15.OMM 
UOOON 
UOOON 
UOOON 
UOOON 
8000n 
8000n 
225NM 
225nm 
225nm 
225NM 
1.00 
1.00 
1.00 
1.00 
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t RESTMINT SYSTEM DEPENDENT. CHOOSE 

V R U E  THFlT WPLIES TO THIS TEST. 



C116U7 L. SIDE IMPKT-338 DEG LTV MOB TO STFITIONFIRY VEHICLE 

R4O CTR 
ELEC DATR. WE CLASS 1000 [HIC I LIMITED TO 1SMSl 

1 VF46080 1 FP87 L. FRT HERD RCCEL. 

1 04.3 KMAH 
AT0 TYPE: GmoH 
TEST ORTE: 061 181 1997 

C116U7 L. SIOE IHeFN=T-338 OEG LTV HDB TO STFlTfONRf3Y VEHICLE 

R60 CTR * lVN6080 1FP87 L. FRT HEAD FICCEL. 

(HIC I LIMITED TO 36MS1 ELEC mm. SF# CLASS 1000 

1 OU . 3  KMVH 
RTO TYPE: CHSOH 
TEST DFITE:06/18/1997 



C116u7 L. SIDE I W T - 3 3 6  E G  LTV HDB TO STATIONFRY VEHICLE 1OU. 3KH/H 

RaO CTR 1VFU6080 1FP87 
ELEC DFITA. SRE CLASS 180 

L. FRT CHEST FICCEL. 
AT11 TYPE: GHSOtr 
TEliT DATE: 06/ 18/ 1997 

TIHE IN MILLISECONOS 
Appendix G, plot # 3 

?. . . ----..- - - - - - - . - . . - . 

C116U7 L. SIDE IWACT-338 OEG LTV MOB TO STRTIONQRY VEHICLE 

R&O CTR l h 6 0 8 0  1FP87 L. FRT PELVIC FICCEL. 
ELEC DFlTA. SAE CLASS 1000 

1OU. 3 K W H  
A T 0  T Y K :  GHSOH 
TES 1 ORTE : 061 181 1997 

1 

I 

TIHE IN MILLISECOMK Appendix G,  plot # 4 



C116U7 L. SIOE WRCT-338 OEG LTV HO6 TO STATIONARY VEHICLE 

R1D CTR IVN6080 lFf'87 L. FRT FEMUR LOAD 
ELEC DFlTA, WE CLASS 600 

104.3KM/H 
AT0 TYPE: GHSOH 
TEST OAT€: 06/ 181 1997 

Appendix G, plot # 5 

C116U7 L. SIOE 1WQCT-338 OEG LTV MOB TO STATIONARY VEHICLE 

RdD CTR 1VF46080 1FP87 L. FRT FEMUR LOAD 
ELEC OFITA. SAE CLASS 600 DURATION ASSESSMENT 

1W.3KHl/H 
AT0 TYPE: GHSOH 
TEST DAfE:06/18/1997 

2 Y 
L 



Cl16U7 L. SIOE IneF1CT-338 M G  LTV HOB TO S T F I T I O M Y  VEHICLE 10UO3KH/H 

R60 CTR 1VFU6080 1FP87 
ELEC ORTFI, SFlE CLASS 600 

L o  FRT FEMUR LOAD 

DURATION RSSESSMENT 

AT0 TYPE: G M I H  
TEST DATE:06/18/1997 

C116U7 L. SIDE IHeF1CT-338 DEG LTV MOB TO STATIONRRY VEHICLE 104.3 KM/H 

RdD CTR 
FlTD TYPE: GHSOH L. FRT CHEST DISP. TEMP AT 6908.F TEST DATE:E/l8/1997 lVN6080 1FP87 

ELEC ORTA, SAE CLASS 180 NORMRLIZED TO 70.7.F d PRRT 572 CORRIDOR 

Appendix G ,  plot # 8 



C116U7 L. 

R I D  CTR 
ELEC OATR. 

SIDE IneCICT-338 OEG LTV no8 TO 

L. FRT 

NORMAL I ZED I 
ivN6080 1FP87 

SFIE CLASS 180 

STRT I ONRRY VEH I CLE 1011.3KH/H 

CHEST COMPRESS I VE 0 I SP . 
W/CRLC VEL d VISCOUS INJURY 

RTD TYPE: GMSOH 
TEST OAT€ P 06/ 18/ 1997 

C116U7 L. SIM IrlPACT-338 DEG LTV MOB TO STATIONARY VEHICLE 1 OU . 3  K H M  

ELEC "3 L. FRT NECK LOADING ON HEAD 



C116U7 L. SIDE: IMPKT-338 DEG LTV HDB TO STATIONRRY VEHICLE 1OU. 3 K W H  

Ad0 CTR 
ELEC DATA 

1VFU6080 1FP87 NECK LOADING ON HERD 

L. FRT NECK LORDING ON HERO 

AT0 TYPE: GHSOH 
TEST OAT€: 06/ 18/ 1997 

104.3 KM/H C116U7 L. SIDE IMPFlCT-338 OEG LTV MOB TO STFITIONRRY VEHICLE 

R&O CTR 1 VpU6080 1 FP87 
ELEC DFITA. SA€ CLRSS 1000 

FORWQRD NECK SHERR ON HERD. 

L. FRT INJURY REFERENCE 

AT0 TYPE: GHSOH 
TEST OATE:06/18/1997 

Appendix G, plot # 12 CtMllATIVE DURATION ff LoFloING ABOVE GIVEN FORCE LEVEL. I6 

12 



C116U7 L. SIOE IHPACT-338 OEG LTV HOB TO STRTIONARY VEHICLE 1OU. 3KWH 

R I D  CTR 
AT0 TYPE: GnsoH 
TEST DATE: 061 181 1997 1 v " O  lFP87 REARWRRO NECK SHERR ON HERO, 

ELEC OFITA, WE CLASS loo0 L. FRT INJURY REFERENCE 

Appendix G, plot # 13 tUl l lCATIK  OURAliON OF LoAoInG RKWE GIVE)( FORE LEVEL. M!S 

C116U7 L. SIDE ItWICT-338 DEG LTV M08 TO STATIONRRY VEHICLE 

FUO CTR 1VFU6080 1FP87 

ELEC DCITA, SAE CLRSS loo0 L. FRT INJURY REFERENCE 

AXIRL COMPRESSION ON HEAD, 

104 3 KMIIH 
AT0 TYPE: GMSW 
TEST DATfr06/18/1997 



C116U7 L. SIOE 1 m f - 3 3 8  M G  LTV H06 TO STRTIONARY VEHICLE 
FIIO CTR lVFU6080 1FP87 AXIAL TENSION ON HEAD, 
ELEC M T R ,  SAE CLRSS lo00 L. FRT INJURY REFERENCE 

1 OU . 3 KWH 
ATD TYPE: G)I1SOH 
TEST DATE:06/18/1997 

C U U A T I V E  #C#TION OF Lo#IING CIBOYE GIVEN F m  LEVEL. )(s 
Appendix G, plot # 15 

C116U7 L. SIDE I M C T - 3 3 8  DEG LTV MOB TO STFlT IONARY VEHICLE 1 OU . 3  KM/H 

I340 CTR 1WU6080 1FP87 
ELEC DFITR, SA€ CLASS 600 

L. FRT LEFT KNEE CLEVIS LOAD 
RTD TYPE: GflSOH 
TEST DATE:06/18/1997 

!!! 

TIME IN HILLlSECONE Appectdix G, plot # 16 



C116U7 L. SIOE InPFIcT-338 OEG LfV HDB TO STRTIONRRY VEHICLE 1 Orl . 3  K W H  

R60 CTR lVFu6080 lFP87 
ELEC OFITA. sR€ CLFISS 600 

L. FRT LEFT T I B I A  UPPER MOMENT 
RTD TYPE: GCISOH 
E S T  33ff:06/18/1997 

Appendix G, plot # 17 .. 0.- VU. - .  ,a,w .C.Y. 

C116U7 L. SIDE IE1PFICT-338 OEG LTV HOB TO STATIONRRY VEHICLE 1OU.3KM/H 

fU0 CTR 6 1 V F m  lFP87 TEST OFlTE:06/18/1997 
€LEC I", SRE CtRSS 600 

AT0 TYPE: WSOH 

L. FRT T I B I R  LOWER SHERR LORD CELLS 



C116u7 L. SIDE 1-T-338 DEG CTV no8 TO STATIONARY VEHICLE 

R I D  CTR lVFU6080 1FP87 
ELEC DATA. WE CLASS 600 L. FRT T I B I F l  LOWER FIXIFIL LORD 

TIME IN MILLISECONDS Appeiidix G, plot # 19 
I:, .I- W L U I O I I  ,.)IN .C.Y. 

C116U7 L. SIDE IWRCT-338 DEG LTV MOB TO STFITIONRRY VEHICLE 1 OU . 3  KM/H 

RdD CTR 1VF6080 lFP87 
ELEC OATA. SAE CLRSS 600 

L. FRT R IGHT KNEE CLEVIS LOA0 
QTO TYPE: GMSOH 
TEST OATE:06/18/1997 

TIME IN WILLISECONOS Appendix G ,  plot # 20 

L -. __ -.. 



Cl16U7 L. S f E  I m f - 3 3 8  DEG CTV Ho8 TO SfATIONClRY VEHICLE 1 OU . 3  KWH 

A40 CTR lVFU6oeo 1FP87 
ELEC DClTA. SRE CLASS 600 

AT0 TYPE: GHSOCI 
TEST DFlTE:06/18/1997 L. FRT RIGHT T I B I R  UPPER MOMENT 

Appendix G, plot # 21 TI= IN NkL1sECOH)s 

C11647 L. SIDE IMPRCT-338 MG LTV HDB TO STATIONARY VEHICLE IOU. 3 KM/H 
RTD TYPE: Gti50H 
E S T  DATE:06/18/1997 R&D CTR ' lVf46080 lFP87 

ELEC DFITA. SFIE CLRSS 600 L. FRT TIBIF l  LOWER BENOING MOMENTS 

Appendix G, plot # 22 



C116U7 C. SIDE: I W T - 3 3 8  OEG LTV 

R&O CTR lVFU6080 1FP87 

T I  = ORTA, SA€ CLASS 600 

HDB TO STATIONRRY VEHICLE 1 OU . 3 KH/H 

L. FRT T I B I R  INDICES 

(RES MOM/225 NM) + [RXIRL/35900 NI 

AT0 TYPE: GHSOH 
TEST OFlTE: 06/ 18/ 1997 

TIME IN HiLLISECONlE 
Appendix G, plot # 23 

C116U7 L. SIOE IWRCT-338 OEG LTV HOB TO STFITIONFIRY VEHICLE 1OU. 3KWH 

R&O CTR lVfisOs0 1FP87 
ELEC ORTA, %E CLASS 180 

L. FRT TIBIfVFEMUR DISPLRCEMENT 
AT0 TYPE: GMSOH 
TESl OATE:06/18/1997 

TIHE IN MiLLISECOHlS 
Appendix G, plot # 24 

_ _  -A-.--- - __I 



C116U7 L. SIOE IWCICT-338 MG LTV HOB TO STATIONFlRY VEHICLE 

fl60 CTR lVFU6080 1FP87 R. FRT HERO ACCEL. 
ELEC MITA. SRE CLRSS 1000 (HIC I LIMITED TO 1SMS1 

1 OU . 3KHlH 
QTD TYPE: WSOH 
TEST DATE:06/18/1997 

Appendix G, plot # 25 
E; reoQIsoD -1- 131W V2.07 

Cl16U7 L. SIOE I m T - 3 3 8  OEG LTV no8 TO STFITIONARY VEHICLE 

R40 CTR ' lVFU608Q 1FP87 R. FRT HERD ACCEL. 
ELEC OFlfA, SI€ Ctms 1m ( H I C  I LIMITED TO 36MS1 

1 OU. 3 KH!H 
RTD TYPE: GnsoH 
TEST OATE:06/18/1997 

Appendix G, plot # 26 



C116U7 L. SIDE lr(PACT-338 DEG 

R&O CTR 1 VFU6080 1FP87 
ELEC DFITA, SA€ CLRSS 180 

LTV MOB TO STRTIONFKIY VEHICLE 

R. FRT CHEST RCCEL. 

1OU. 3KHiH 
FIT0 TYPE: GWSOH 
TEST CBTE:06/18/1997 

Appendix G, plot # 27 

C116U7 L. SIDE IWRCT-338 OEG LTV MOB TO STRTIONRRY VEHICLE 1OU. 3KM/H 

RdO CTR 
ELEC " T R ,  %E CLASS 1000 

1 Vfu6080 1 FP87 R. FRT P E L V I C  RCCEL. RTO TYPE: GHSOH 
TEST OATE:06/18/1997 

TIME IN H1LLISECOH)S 
Appendix G,  plot # 28 



C116U7 L. SIOE 1-1-338 E G  LTV M1B TO STATIONMY VEHICLE 

R&D CTR l V F U 6 0 8 0  1FP87 R. FRT FEMUR LOR0 
ELEC CmTA. SFIE CLASS 600 

1 OU .3 K M A  
Am TlPEI m 
TEST OFITE: 061 181 1997 

C116U7 L. SIOE IWRCT-338 OEG LTV HDB TO STRTIONRRY VEHICLE 

RSD CTR 8 1W46080 1FP87 R. FRT FEMUR LOAD 
ELEC OFlTA. CLASS 600 DURRTION RSSESSMNT 

Appendix G, plot # 29 
Ul mw W;WIW7 ISO#am 

f OY . 3  KIWH 
RTO TYPE: GMSOH 
TEST DATE: 061 181 1997 

- - -  
C U U A T I V E  W W T I O N  OF W I N G  mVE GIVEN FOFICE LEVEL. 1HS 

!lo 
Appendix G, plot # 30 



C11W7 L. SloE 1-T-338 DEG LTV Mo8 TO STRTIONMT VEHICLE 

RbD CTR lVFU6080 1FP87 R. FRT FEMUR LORD 
ELEC DFITFI. %E CLFlSS 600 DURRTION RSSESSMENT 

1 OU . 3  KMIH 
FlTO TYPE: CnSoH 
TEST DFITE:06/18/1997 

C11647 C. SIDE IrlPF1CT-338 OEG LTV MOB TO STATIONFIRY VEHICLE 1OU. 3Kfl/H 

RbD CTR 

NORMRLIZEO TO 70.7'F 4 PART 572 CORRIDOR ELEC DRTFl. SFlE CLFlSS 180 

mx cuwFEssIoN = 29.4 m AT 85.1 m 

TIME I N  MICLIS€IXMOS 
Appendix'G, plot # 32 



1 OU . 3  KH/HI C116U7 L. StoE IMPRCT-338 OEG LTV HDB TO STRTIONWY VEHICLE 

R6D CTR 1VFV6080 1FP87 

AT0 TYPE: CmoH 
TEST DRTE:06/18/1997 R. FRT CHEST COMPRESSIVE OISP. 

ELEC OFITR, SRE CLRSS 180 NORHRLIZED, WKALC VEL d VISCOUS INJURY 

C116U7 L. SIOE IMPACT-338 OEG LTV MDB TO STRTIONFIRY VEHICLE 

R ~ O  CTR 6 lv"80 1Fp87 R. FRT NECK LOAOING ON HEAD, 

ELEC OFITA R. FRT NECK LOADING ON 

Appendix G, plot # 33 
YY w a v I B 7  IS847 R.07 

104.3KHI/H 
AT0 TYPE: GHSOH 

UPPER TEST DFlfE: 06/18/1997 

HERD 

TI?€ IN HIU15Ecoo5 
Appendix G, plot # 34 



C116U7 L. SIOE 1-1-338 DEG LTV MOB TO STATIONARY VEHICLE 10U.3KWH 

R60 CTR 
ELEC OFITFI 

1VFU6080 1FP87 NECK LORDING ON HERD 

R. FRT NECK LOROING ON HERD 

ATCl TYPE: GWSOH 
TEST DATE: 061 18/ 1997 

Appe:ndix G, plot # 35 TIHE I N  HiLLISECONOS 

s3 .US= WZCWISSBI l3:W VZ.07 

C116U7 L. SIM IHPRCT-338 DEG LTV M)B TO STFITIONRRY VEHICLE 1 04.3 KM/H 

RaO CTR 1UFU6080 1FP87 
ELEC OFITA. WE CLASS 1000 

FORWARD NECK SHEAR ON HERD. 

R. FRT INJURY REFERENCE 

ATD TYPE: GHSOH 
TEST DATE:06/18/1997 

6. 

5. 

5. 

U. 

4. 

2. 

1. 

1. 

0. 

0. 

C U U R T I V E  DUF\ATION OF Lo#IING RBOVE: GIVEN FORCE LEVEL. HS 

36 
Appendix G, plot # 36 

* 



C11647 L. 510€ 1WRCT-338 #G LTV H08 TO STRTIONARY VEHICLE lOU.SKH/H 

R6D CTR 
FlrO TYPE: GmoH 
TEST DATEr06/18/1997 1VN6080 1FP87 REARWARD NECK SHERR ON HERD, 

ELEC "I. SAE CLASS lo00 R. FRT INJURY REFERENCE 

C116u7 L. SIDE ImT-338 OEG LTV noB TO S T A T I O M Y  VEHICLE LOU. 3KWH 

M D  CTR * lWSO60 1FP87 
ELEC tmTR. SRE CLRSS lo00 

AXIRL COMPRESSION ON HEAD, 

R. FRT INJURY REFERENCE 

R f O  TYPE: GHSOH 
TEST DAfE:06/18/1997 

I I I I I I I I I I I I 
f 10 IS 8 25 90 35 W us SQ % _ .  - 60 

Appendix G, plot # 38 CUUFlflVE OURATION OF W I N G  ABOVL GIVEN FOKE LEVEL. IS 

36 



C116U7 L. SICE IHPRCT-338 OEG 

R&O CTR 1VFU6080 1FP87 

LTV HOB TO STATIONFiRY VEHICLE 

F1XIRL TENSION ON HERO, 

ELEC CMTA, SRE CLRSS loo0 R. FRT INJURY REFERENCE 

1OU. 3KHlH 
AT0 TYPE: GmOH 
TEST IMTE: 061 18/ 1 997 

Cii6U7 L. SIDE: ItiPRCT-338 DEG LTV HDB TO STFITIONFIRY VEHICLE 1OU. 3 K W H  

R&D CTR lwlrsOs0 1FP87 
ELEC DFITA. WE CLRSS 600 

R. FRT LEFT KNEE CLEVIS LOAD QTD TYPE: CHSOH 
E S T  DATE:06/18/1997 

--- a 



C116U7 L. S I E  WRCT-338 OEG 

R&O CTR 

LTV HDB TO STRTIONmY VEHICLE 10Ua3KH/H 
BTO T Y E I  GHSOH 
TEST OAT€: 06/ 18/ 1997 IVFU6080 IFP87 

R. FRT LEFT T I B I R  UPPER MOMENT 
ELEC IMTR, SRE CLRSS 600 

Appendix G, plot # 41 

cii6u7 L. SIDE r m ~ - 3 3 8  OEG LTV HDB TO STRTIOWRY VEHICLE 10U.3KPl/H 

R40 CTR lVN6080 1FP87 TEST OFlTE: 06/ 18/ 1997 
ELEC DClfA. SAE CLASS 600 

AT0 TYPE: GMSOH 

R. FRT T I B I R  LOWER SHEAR LORD CELLS 



C116u7 L. SIOE l W T - 3 3 8  OEG LTV HDB TO STCITIONRRY VEHICLE 1OU.3KMlH 
RTO TYPE: GHSOH 

R60 CTR 
ELEC OCITA. %E CLASS 600 

I VF46080 1 FP87 
R. FRT T I B I R  LOWER AXIAL LORD 

TEST MITE:06/18/1997 

C116U7 L. SIDE IMPACT-338 OEC LTV MDB TO STRTIONARY VEHICLE 1 OU. 3 KH/H 

R40 CTR 1VfU6080 lFP87 R. FRT R I G H T  KNEE CLEVIS LOAD 
FtTO TYPE: GtiSOH 
TEST MlfE:06/18/1997 

ELEC " T A .  WE CLRSS 600 

Appendix G, plot # 44 
7 



C116U7 L. SIDE IneAcT-338 OEG LTV M)B TO STATIONCIRY VEHICLE 1 OU . 3  KMI’H 

FUD CTR lVFU6080 1FP87 
ELEC DClTA. SFlE CLASS 600 

R. FRT RIGHT T I B I R  UPPER MOMENT 
AT0 TYPE: GmoH 
TEST WIT€: 06/ 18/ 1997 

Appendix G, plot # 45 
cb WaVIwll  13807 V2.m 

C116U7 L. SIDE 1-T-338 E G  LTV HOB TO STFITIONmY VEHICLE 1 OV . 3  KH/H 

t#O CTR g lVF46080 1FPW TEST 091€:06/18/1997 
ELEC DFITA. SClE CLFISS 600 

AT0 TYPE: GflSOH 

R. FRT TIBIF I  LONER BENOING MOMENTS 

.. 

Appendix G, plot # 46 



C1 lW7 L. SIDE: IneACf-338 OEG LTV HDB TO STRT IONARY VEHICLE 10U.3KM/H 

R6O CTR lVFU6080 1FP87 R. FRT T I B I A  INDICES 
ATlD TYPE: c;NsoH 
TEST DATE:06/18/1997 

ELEC WTA, SIX CLASS 600 T I  = (RES MOM/225 NMI + (AXIAL/35900 NI 

C116U7 L. SIDE IP1PCICT-338 DEG LTV MDB TO STftTIONFIRY VEHICLE 1011.3 KM/H 

R&O CTR l(lF46080 1FP87 
ELEC ORTA. SAE CLASS 180 

AT13 TYPE: GNSOH 
TEljT DRTE:06/18/1997 R. FRT T I B I W F E M U R  DISPLACEMENT 

TINE IN MILLISECONOS Appendix G, plot ## 48 
I 



C116U7 1. SItE I m T - 3 3 8  DEG LTV E108 TO STATIONRRY VEHICLE 1 OU 3 KH/H 

R(0 CTR 1 v "  IFP87 
ELEC mm. s# CLASS io00 

L a  FRT LOWER LUMBRR MOMENT AT0 TYPE: GHSOH 
TEST OQTE: 061 181 1997 

C11647 L. SIOE InOACT-338 DEG LTV Ho8 TO STATIONRRY VfHICLE 

RM CTR # I V f U 6 6 8 0  1FP67 L. FRT LOWER LUMBFIR LOR0 
ELEC OATCl. SFIE CLASS loo0 

1 OU . 3  KIIIH 
AT0 TYPE: GHSOH 
TEST OClfEr06/18/1997 



C11647 L. srm IMPRCT-~B DEG LTV me TO STATIONARY VEHICLE 1OU.3KMlH 

R I D  CTR 1VFU6080 1FP87 L. FRT LOWER LUMBRR LORD 
FIT0 TYPE: GHSOH 
TEST MITE: 06/ 18/ 1997 

ELEC OFlTFl, WE CLRSS 1000 

C116U7 L. SIOE IMPACT-338 OEG LTV HD8 TO STATIONARY VEHICLE lOI.1.3KMlH 

R I D  CTR 1V-80 1FP87 R.  FRT LOWER LUMBAR MOMENT 
AT0 TYPE: GMSOH 
TEST OFlTE: 061 181 1997 

ELEC OFlTFl, SRE CLASS lo00 



C 1 1 a 7  L. SIOE 1-T-338 OEG LTV Ho8 TO STATIONFYIY VEHICLE 10U.3KH/H 

R60 CTR lWUbo80 lFP87 
ELEC WTR. SFK CLFISS 1000 

R. FRT LOWER LUMBflR LORD 
AT0 TYPE: GnsoH 
TEST OFlTE:06/18/1997 

TWE IN  HILLISECoNos Appendix G, plot # 53 
w rvuusxU WQY1Ip)I 1SI-f .c.d 

~11647 L. s m  I ~ ~ A C T - ~  OEG LTV MDB TO STRTIONFIRY VEHICLE 
RID CTR 6 lVFW80 1FP87 R. FRT LOWER LUMBFIR LO190 
ELEC #ITA. SIX CLFISS loo0 

1 OU. 3 H W H  
RTD TYPE: GMSOH 
TEST ~Tf:06/18/1997 



C11647 L. SIOE 1 W X T - 3 3 8  DEG LTV HDB TO STRTIONRRY VEHICLE 104.3KH/H 

R I D  CfR IVFU6080 1FP87 
ELEC DATR, %E CLASS 600 

L. FRT TIBIA LEFT UPPER LORD 

(ENHANCED LOWER LEG) 

air0 TYPE: MOH 
TEIST DATE : 06/ 1 81 1997  

C116U7 L. SIM 1WRCT-338 DEC LTV MD8 TO STATIONARY VEHICLE lOU.3HMlH 

R40 CTR lVflrSo80 lFP87 L. FRT T I B I A  LEFT LOWER LORD 

(ENHANCED LOWER LEG1 ELEC DFlTR, SRE CLASS 600 

AT0 TYPE: GH50H 
TEST ORTE:06/18/1997 

Appendix G, plot # 56 
n 



C116rl7 L. SIDE IneACT-338 M G  

R&D CTR ' lvfr16080 1FP87 
ELEC ORTFI, M E  CLASS 600 

LTV HDB TO STATIONMY VEHICLE 1OU. 3KMIH 
RTO TYPE: GMSOH 
TEST DRTE : 06/ 18/ 1997 L. FRT T181Q RIGHT UPPER LOAD 

(ENWCINCE0 LOWER LEG) 

C116rl7 L. SI# 1-T-338 OEG LTV HOB TO STATIONRRY VEHICLE 1 OU . 3  KHi'H 
AT0 TYPE: GHSOH 
TEST DRTE:06/18/1997 

L. FRT TIBIA LEFT LOWER MOMENT 

(ENHRNCED LOWER LEG) 
RID CTR 1VFU6080 1FP87 
ELEC "IA, YY CLASS 600 

I 



I 

C116U7 L. St# 1-T-338 DEG LTV HDB TO STATIONARY VEHICLE 1 OU . 3 KM/H 

RdD CTR lvN6080 1FP87 
ELEC OClTA, SFK CLASS 600 

L. FRT T I B I A  RIGHT LOWER LOAD 

(ENHRNCED LOWER LEG1 

AflD TYPE: GE1soH 
TE'ST OFlTE: 061 18/ 1997 

TlnE I N  ClILLIKCONOS 
Appemdix G, plot # 59 

C116U7 L. SIDE IE1PACT-338 OEG LTV MOB TO STATIONARY VEHICLE 10U.3KM/H 

RdO CTR l*lr6080 1FP87 L. FRT T I B I A  RIGHT LOWER MOMENT 

(ENHANCED LOWER LEG) ELEC DClTA. SFIE CLASS 600 

AT0 TYPE: CNSOH 
TEST OFITE: 06/ 181 1997 

TIUE I N  MiLL1SECONDS 
Appendix G, plot 



C11647 L. S I E  IWRCf-338 DEG LTV HW TO STRTIONFIRY VEHICLE 

R4O CTR I V ~ s o a O  1FPB7 
ELEC ORTR 

C. FRT ROCKER 

IOU. 3KHAi 

TEST OClTE:06/18/1397 

C11647 L. SIDE IHPFN=f-338 DEG LTV MO6 TO STATIONRRY VEHICLE 

Ru) CTR * lVfW080 1FP87 
ELEC OClfR 

L. FRT ROCKER 

lW.3KH,/H 

E S T  Mlf€a06/18/1997 

T I E  IN  MICCISECONDS Appendix G, plot # 62 



C116U7 L. SIE IneFIcT-338 DEG LTV Ho8 TO STRTIONARY VEHICLE l O U . 3 K W H  

Rao CTR 1VFU6080 1FP87 
ELEC mTFI 

L. FRT ROCKER TESl OATE:06/18/1997 

TINE I N  MIUISECONOS 
Appendix G, plot # 63 - ..-- --.--. .--. - - 

C116U7 L. SIDE IHPACT-338 MG LTV MDB TO STRTIONRRY VEHICLE 

R4O CTR lVm6080 1FP87 
ELEC ORTR 

R. FRT ROCKER 

1OU. 3KM/H 

TEST ORTE:06/18/1997 

Appendix G ,  plot # 64 
n 



C116U7 L. SIOE InPFICT-338 OW LTV HDB TO STATION-Y VEHICLE 10U. 3KM/H 

MO CTR 1VFU6080 1FP87 
ELEC DATR 

R. FRT ROCKER TEST DATE: 06/ 181 1997 

C116U7 L. SIOE IMPACT-338 OEG LTV HDB TO STATIONARY VfHICLE 
Rao CTR lW6080 lFP87 R. FRT ROCKER 

ELEC mfA 

IOU . 3 KM/H 

TEST aATE:06/18/1997 



C116U7 L. S I E  IWRCT-338 OEG LTV MD8 TO STFITIONFIRY VEHICLE 

RbO CTR 1 VFU6080 1 FP87 
ELEC DATFI 

L. FLOORPRN 

Plot8 67 

I I I I A  am 2 a  zuo 

lOU.SKH/H 

TEST DATE:06/18/1997 

C116r17 L. SIDE IHPKT-338 OEG LTV MDB TO STRTIONARY VEHICLE 

RbD CTR l f l 6 0 8 0  1FP87 
ELEC OATA 

L. RERR ROCKER 

1 Oq . 3 KM/H 

TEST DATE: 06/18/1997 

Appendix G, plot # 68 TInE I N  HILLISECONOS 



C116U7 L. SIDE IMPRCT-338 OEG LTV MOB TO STATIONmY VEHICLE 

R I D  CTR 1VN6080 1FP87 
ELEC OFITR 

L. RERR ROCKER 

IOU. 3KMI’H 

TEST DATE: 061 181 1997 

TIM IN NILLISECMIS 
Appendix G, plot # 69 

C11GU7 L. SIDE IWRCT-338 DEG LTV HDB TO S T A T I O W Y  VEHICLE 

RrO CTR 
ELEC tmTR 

L . RERR ROCKER 1yfu6080 1FP67 
B 

1OU. 3KWH 

TEST OFITEr06/18/1997 



C116U7 L. S I E  I m T - 3 3 8  DEG LTV HDB TO STFlTIONFlRY VEHICLE 

R I D  CTR 1VFU6080 1FP87 
ELEC OATA 

R. RERR ROCKER 

10U.3KMIH 

TEST MITE:06/18/1997 

T I E  IN HILLISECONE Appmdix G, plot # 71 

C116U7 L. S I M  IMPACT-338 OEG LTV HDB TO STFITIONRRY VEHICLE 

R I D  CTfl leFlr6080 1 FP87 
ELEC ORTA 

R. REFlR ROCKER 

1OU. 3KWH 

TEST DFITE : 06/ 181 1997 

_ -  - - -  
TIME I N  HILLI#CONDS Appendix G, plot # 72 



C116U7 L. SIDE 1-T-338 OEG LTV HDB TO STATIONRRY VEHICLE 
RID CTR lVFU6080 1FP87 R. RERR ROCKER 
ELEC OClTA 

1 04.3 KHAI 

TEST OCIfE t 061 18/ 1997 

C116U7 L. SIDE I M f - 3 3 8  DEG LTV MOB TO STATIONFIRY VEHICLE 

RCD CTR p lWU6080 1FP87 AVERAGED REAR ROCKER 
ELEC ORTA 

.Appendix G, plot # 73 
. . - . - . . 

1 OLi . 3 K W H  

TEST OATE:06/18/1997 



(311647 L. SIOE IHPF1CT-338 OEG LTV Mo8 TO STATIONRRY VEHICLE 1 OU . 3  KM/H 

RbO CTR lVFU6080 1FP87 
ELEC DATA, %E CLASS 180 

COMP. FREE MASS OISP. REL. TO VEHICLE TEST oQTE:m/18/1997 

C116U7 L. SIDE IWPF1CT-338 OEG LTV HDB TO STF)TIONARY VEHICLE 

FMO CTR 4YFU6080 1FP87 CTR SOM-R REAR CRSE a 1  

ELEC CmfA 

1 OU . 3  KM/H 

E S T  O R E :  061 18/ 1997 

TIHE I N  WILLISEMNOS Appendix G, plot # 76 
n 



C116U7 L. SIOE I m T - 3 3 8  DEG 

R1O CTR 
ELEC WITR 

LTV MDB TO STRTIONFIRY VEHICLE 1 OU . 3  KM/H 

TEST MITf:06/18/1997 lVFU6080 1F987 
CTR SOM-R R E M  CFISE # l  

Appendix G, plot # 77 

CI16U7 L. SIM InPACT-338 OEG LTV MOB TO STCITIONFWY VEHICLE 1 04.3 'KM/H 

TEST DFITE: 06 CTR SOM-R RERR CASE *l RSD CTR 1VFU6080 1FP87 
ELEC ORTR @ 

184 997 

fNE IN H1LLISECOMB Appendix G, plot # 78 



C116U7 L. SIOE IWRCT-338 OEG LTV HOB TO STATIONFlRY VEHICLE 

R I D  CTR 1 V N 6 0 8 0  1FP87 L. TOE PAN OISPL 
ELEC DCITCI, CLFlSS 60 

1011.3 KM/H 

TEST DFITE: 06/ 1 8 1  1997 

C116U7 L. SIDE IHPRCT-338 DEG LTV HOB TO STATIONRRY VEHICLE 1 OU . 3  KH/H 

R&D CTR 1 f h 6 0 8 0  1FP87 
ELEC OFiTFI. SAE CLASS loo0 

TEST DFITE:06/18/1997 STFIRTER VOLTQGE 

i 



C116U7 L. SIOE IneFK=T-338 OSG LTV NDB TO STATIONMY VEHICLE 

R I D  CTR 1VFU6080 1FP87 
ELEC OFlTFl. WE CLASS 1000 

BRTTERY VOLTAGE 

1 OU . 3  KHlH 

TEST OFITE:06/18/1997 

C116U7 L. SIM lneF1CT-338 OEG LTV Ho8 TO STATIONARY VEHICLE 1 O U . 3 K l V H  

R60 CTR C tVFU6080 1FP87 
ELEC tmTA, SAE CLASS tom 

ALTERNATOR VOLTAGE TEST oFlTEz06/18/1997 



C116U7 L. SIlw I m T - 3 3 8  MG 

R6O CTR 1VFU6080 1FP87 
ELEC OATA, SRE CLFISS loo0 

LTV #DB TO STRTIONRRY VEHICLE lOU.3KM/H 

TEST ORTE:06/18/1997 FUEL PUMP VOLTRGE 

C116U7 Le SIOE IHPWT-338 DEG LTV MDB TO STATIONFlRY VEHICLE 1 04.3 KM/H 

R60 CTR 1VFU6080 1FP87 L. FRT HEQDL IGHT-LO BERM VOLTQGE TEST DRTE:06/18/1997 
ELEC OFITQ, %E CLASS 1000 



C116U7 L. SIOE. 1)tPIICT-338 OEG LTV tlD8 TO STATIONARY VEHICLE 1OU.3KNlH 

R6D CTR 1VFu6080 1fP87 
ELEC DRTCI. S E  CLCISS IO00 

t e 
9 
1 

Appendix G, plot # 85 _ _  ._--- .-... .---. 

lOU.3IwH C116U7 L. SIOE IMPF1CT-338 O€G LTV HO8 TO STRTIONRRY VEHICLE 

R6O CTR IVFU6080 1FP87 
ELEC "3, SA€ CLASS loo0 

IGNITION VCLTRGE TEST MlfE:06/18/1997 



C116U7 L. SIOE IneFICf-338 OEG LTV ti06 TO STRTIONRRY VEHICLE 10U.3KHIH 

R60 CTR 1VN"  1Fp87 C. OPTICRL F I R E  DETECTOR VOLTRGE 
ELEC I", SRE CLRSS 1m 

TEST OFliTE: 06/ 181 1997 

T I E  IN nILL1SECONOS Appendix G, plot # 87 

C116U7 L. SIM IHPFICT-338 OEG LTV MO8 TO STBTIONRRY VEHICLE 1OU. 3KHIH 

R. OPTICQL FIRE OETECTOR VOLTAGE TEST mTE:E/18/1997 M O  CTR 1VN6080 1FP87 
ELEC DFlTR, %E CLASS 1000 

d 
P 

Appendix G, plot # 88 



CllW7 L. S I E  IWWT-338 DEG 
A60 CTR 1VFU6080 1FP87 ENG I NE SPEED- (MP 1 A) VOLTAGE E S T  DFlfE:06/18/1937 

LTV Ho6 TO STFITIONMY VEHICLE 1W03KH/H 

C11647 L. SIDE 1-1-338 DEC 

R(D CTFI lVFW5080 lFP87 

LTV MOB TO STCITIONF\RY VEHICLE 1 OU. 3 KHi’H 

TEST ORTE:06/18/1997 TFICtl SIGNRL VOLTRGE 

ELEC OFllA. SFK CLASS lo00 



C116U7 L. SIOE InwW=T-338 OEG LTV MOB TO STATIONRRY VEHICLE 1OU. 3 K W H  

fM0 CTR lVFu6080 1FP87 FUEL L I NE VAPOR CS1 I VOLTRGE 
ELEC OFlTA. SFIE CLASS 1000 

TEST OATE:06/18/1997 

Appendix G, plot # 91 TIME I N  HJLLISEC0M)s 

-. .. -...I* UW.H. I.). - 0  .L.Y. 

T I=  I N  MILLISECONDS Appendix G ,  plot # 92 
1 

i 



C116u7 L. SIDE IneFICT-338 MG LTV no8 TO STRTIONFIRY VEHICLE 1W. 3KWH 

R6D CTR 1VFU6080 IFP87 '* EX* MRNIFoLD ('*) TEST DFITE:06/18/1997 
ELEC DFlTA, SFIE CLRSS 1000 

Appendix G, plot # 93 TlNE IN WILLISECONOS 

C116U7 L. SIOE 1-T-338 MG LTV HOB TO STRTIONFIRY VEHICLE 1011.3KPI/H 

I340 CTR ' lVFl46080 1FP87 Ex* MRNIFoLD TEMP(T2) TEST DATE:06/16/1997 
ELEC ORTA. SRE CLASS IO00 

TI l lE  IN MIlLlSlECOHlS Appendix G, plot # 94 



C116U7 L. SIDE 1-T-338 OEG LTV HDB TO STRTIONFIRY VEHICLE 1 OU . 3  KWH 

A40 CTR 1VFU6080 1FP87 
ELEC OATCI, %E CLRSS 1000 

TEST ORTE : 061 181 1997 L. FUEL RRIL  VRPOR 631 VOLTAGE 

v) I- 

d 

I- f 

TIME IN HILLISECOMK Appendix G ,  plot ## 95 

C116r17 L. SIDE InPACT-338 M G  LTV MDB TO STRTIONRRY VEHICLE IOU. 3KM/H 



C11W7 L. SIOE l W f - 3 3 8  OEG LTV Ho8 TO STATIONMY VEHICLE 1OU. 3KH/H 

T'ESf DFlfE:06/16/199'7 lvN6080 1FP87 R. FUEL RRIL VFlPOR(SU1 VOLTAGE R6b CTR 
ELEC OFlfA. sF\E CLASS I000 

C11647 L. SIOE I?PRCf-338 DEG 

R10 CTR * 1VFU6060 1FP87 TEMPER*T"RE'Tul TEST OFITE:06/18/1997 
ELEC DFITA. SFK CLASS lo00 

LTV MJB TO STATIONMY VEHICLE 104 3 KWH 



lW.3KWH C11647 L. SIDE 1-T-338 DEG LTV Ho8 TO STATIONRRY VEHICLE 

R I D  CTR lVFU6080 1FP87 
ELEC IMTCI, SQE CLFlSS 1000 

TEST [)CITE: 061 18/ 1997 CONVERTER VRPOR CSSI VOLTRGE 

v, 

2 8  

e 
? 

P 

T I E  IN HILLISECOMK Appendix G, plot # 99 

C116U7 L. SIDE IHPFICT-338 OEC LTV MOB TO STRTIONFKlY VEHICLE 101.3 KH/H 

FMD CTR 1v" 1Fp87 CONVERTER TEMPERRTURE (TS) V O L T M E  TEST D ~ T E :  06/18/1997 
ELEC OFlTFl. SFlE CLCISS IO00 

TI=  I N  IIILLISECONOS Appendix G,  plot # 100 



C116U7 L. SIOE IC1PFW=T-338 OEG LTV HOB TO STATIONARY VEHICLE 

R(D CTR lVFu6080 1FP87 L. WHEEL BRG CURRENT 
ELEC ORTR, SFIE CLASS 1000 

lOU.3KHI'H 

TEST MITE:06/18/1997 

Appendix G, plot # 101 
.-. .I-- --e.-. .- .... L.". 

C116U7 L. SIOE IWRCT-338  OEG LTV HD6 TO STATIONFIRY VEHICLE 

RIO CTR 1VfU6080 1FP87 
ELEC OCITR. Si€ CLRSS 1000 

R. I/P BAG CURRENT 
1 OU 3 KWH 

TEST OFlTE:06/18/1997 



C116U7 L. SIOE 1-T-338 OEG LTV ti06 TO STRTIONRRY VEHICLE 

R40 CTR 1VFU6080 1FP87 
ELEC WTA. SF\€ CLASS 1000 

BFITTERY CURRENT 

101.3 KM/H 

TEST IIRTE: 06/ 181 1997 

g 
c 

f 

1 

ppenldix G, plot # 103 
.W *.-a* W L W 8 W I  IOI*t .L.UI  

C116U7 L. SIDE: IHPCW=f-338 MG LTV MOB TO STFITIONRRY VEHICLE 1011.3KM/H 

Appendix G ,  plot # 104 

-- __ 1 



C l l W 7  L, S I E  IneCICT-338 OEG LTV MOB TO STRTIONRRY VEHICLE 

R40 CTR lVFr16080 1FP87 FUEL PUMP CURRENT 
ELEC OFlTA, WE CLASS 1000 

10U.3KWH 

‘EST ORTE:06/18/1997 

C116U7 i. SIOE IWRCT-338 OEG LTV MO6 TO STATIONFlAY VEHICLE 10U.3KN/H 

RbO CTR lVFU6080 1FP87 
ELEC OCITA. SFIE CLASS loo0 

RLTERNATOR CABLE CURRENT TEST DWE: 061 181 1997 

Appendix G, plot # 106 

I__- 



C116u7 L. SIOE 1WT-338  OEG LTV Ho6 TO STATIONARY VEHICLE 1OU. 3KM/H 

RUD CTR 1 v ~ ~  1Fp87 FUS 18LE L I NK A-HVRC BLOWER CURRENT TEST DnTE: 06/ 18/ 1997 

ELEC DRTFI, %E CLFISS lo00 

C11647 L. SIDE I W T - 3 3 8  DEG LTV MOB TO STATIONRRY VEHICLE 1 OU . 3  KM/H 

M D  CTR 1Vm6080 1FP87 FUSIBLE LINK 6-RELRY CTR CURRENT TEST WTE:06/18/1-7 
ELEC OFITR, SFE CLASS 1000 

T I E  IN MfLLISECOlJDS Appendix G, plot # 108 



Appendix G, plot # 109 
..- ..- .--L.l. .-.... I.-. 

C116u7 L. SIDE IHPFICT-338 MG LTV MOB TO STATIONFIRY VEHICLE 10U.3NH/H 

M O  CTR ' IVFU6080 1FP87 TEST OAT€: 06/ 18/ 1997 FUSIBLE LINK E-IGNITION CURRENT 
ELEC mTn. SFIE CLBS 1000 

Appendix G, plot # 110 



C116U7 L. S I E  IneACT-338 OEG 
R&O CTR 1VFU6080 1FP87 FUSIBLE LINK F-RRDIO CURRENT TEST IDFITE: 061 181 1997 

LTV MOB TO STRTIONRRY VEHICLE 1011 3 KH/H 

ELEC DFITR, %E CLASS 1000 

1 

1 

1 

1 

I- 

Appendix G ,  plot # 11 2 TI=  I N  HILLXSECONOS 



. 
ClIW7 L. SIDE 1nPAcT-338 DEG LTV HOB TO STATIONRRY VEHICLE 1 04.3 KHI'H 

FIU] CTR 
ELEC I" SClE CLClSS 1000 

lVFU6080 1FP87 FUSIBLE LINK K-FIBS FUSE a6 CURRENT TEST MTE:m/18/1997 

I 

C116U7 L. SIOE lMPCICT-338 OEC LTV HOB TO STATIONRRY VEHICLE la. 3KPi/H 

fla CTR IV"80 1Fp87 FUSIBLE LINK Z-HERDLIGHT SWITCH CURRENT TEST mTErm/18/1s7 

ELEC " T A .  WE CLASS loo0 

TIHE IN MlLLlXCoEIK Appendix G, plot # 114 



C116U7 L. S I E  l W T - 3 3 8  DEG LTV NDB TO STFITIONIWY VEHICLE 

R&O CTR IVFLL6080 1Fp87 THERMRL WIRE CONTACT 

1 04.3 KM/H 

TEST OCITE: 061 181 1997 
ELEC DRTA, SFlE CLASS 1000 

Appendix G, plot # 115 
- .- . .-- -. -- .-. .-. .. .-.-. 

C116U7 L. S I E  IHFWT-338 OEG LTV MDB TO STATIONFIRY VEHICLE 1W. 3KM/H 

R&O CTR ljfLL6080 1FP87 
ELEC WTA. WE CLASS 1000 

TEST ORTE:06/18/1997 PNEUMRTIC WIRE CONTACT 

TINE IN MILLISECONDS 

-. I 

Appendix G ,  plot # 116 

* 



C11647 L. Sfof 119F#=T-338 OEG LTV Ho8 TO STRTIONFlftY VEHICLE 

RID CTR 1vN6080 1FPB7 
ELEC DFITA. 5AE CLASS lo00 

IOU. 3KH/H 

‘TEST OFlfEr06/18/1997 PNEUMRTIC WIRE FFIULT CONTRCT 

C116LL7 L. SIDE IWKT-338 OEG LTV MO6 TO STATIONARY VEHICLE 1 04.3 K W H  

R 6 0 CTR * 1VFU6080 1FP87 
ELEC DATA. SA€ CLASS 180 

CTR RATE GYROSCOPE RNG. VEL. TEST DATE:06/18/1997 



C116r17 L. S I E  1WT-338  OEG LTV HDB TO STOTIONFIRY VEHICLE 

L T V  MOB FIT C.G. ACCEL R60 CTR lVFU6080 1FP87 
ELEC DATCI, S E  CLSS 60 

10U.3KH/H 

TEST DC\TE:06/18/1997 
. 

C116r17 L. SIDE IHPWT-338 DEG LTV MOB TO STRTIONRRY VEHICLE 1 04.3 KM/H 

R60 CTR 
ELEC OFITA. SAE CLASS 180 

TEsr OFITE 061 i8/ i 997 1V646080 1FP87 L T V  MOB AT C.G. V E L O C I T Y  

[COMPUTED FROM RCCELERf lT IONI  



C116U7 L. SIDE IC1PFICT-338 DEG LTV Ho8 TO STRTIONFIRY VEHICLE 

R4D CfR 1VN6080 1FP87 
ELEC WITFI. CLASS 180 (COMPUTED FROM ACCELERATION1 

LTV MDB AT C.G. OISPL 
104 3 R,H/H 

TEST OFlfE : 061 181 1997 

Appendix G, plot # 121 
. _ .  

IOU. 3KH/H C116U7 L. SIDE IWACT-338 OEG LTV HDB TO STRTIONRRY VEHICLE 

RaO CTR * lVFU6080 1FP87 TEST DATE: 061 18/ 1997 LTV MOB LONG. FORCE FIT C.G. 
( 137 1 0 KG1 (9.8071 (LONG ACCELl ELEC DClTA, s# CLASS 60 



C11m7 L. SIDE I W T - 3 3 8  E G  LTV HDB TO STATIONRRY VEHICLE 
R&O CTR lVFr16080 1FP87 LTV MDB FIT C.G. FlCCEL TEST OIATE I 06/ 181 1997 

ELEC IHTFI. SA€ CLASS 60 

lOU.3KHIH 

C116U7 L. SIDE IMPFICT-338 OEG LTV MDB TO STATIONARY VEHICLE 

RbD CTR 

1OU. 3KM/H 

TEST DATE: 061 18/ 1997 LTV MOB RT C.G. VELOCITY 
(COMPUTED FROM RCCELERRTIONI 

1 fFrlSO80 1 FP87 
ELEC DFITA. sF# CLRSS 180 

Appendix G ,  plot # 124 



C116U7 L. SIE IWRCT-336 DEG LTV MDB TO STRTIONmY VEHICLE 

R&O CTR 
ELEC OF\TR, SA€ CLASS 160 

1 VFU6OW 1 FP87 LTV MOB FIT C.G. OISPL 
(COMPUTED FROM ACCELERAT I ON1 

1 OU . 3 KH/H 

E S T  DATE: 06/ 18/ I997 

C116U7 L. SIDE I W T - 3 3 8  MG LTV MDB TO STATIONARY VEHICLE 104.3 KtVH 

RID CfR 8 1VFUM)gO 1FP87 
ELEC WITCI, SFlE CLASS 60 

TEST ORE: Os/ 18/ 1997 
L T V  MOB RT C.G. ACCEL 



C116U7 L. SIOE I m T - 3 3 8  OEG LTV HDB TO STATIONARY VEHICLE 1OU. 3KM/H 

RaO CTR lVFu6080 1FP87 LTV MOB AT C.G. VELOCITY 
ELEC WTR, SIX CLRSS 180 

TEST DATE:06/18/1997 

(COMPUTED FROM ACCELERRT I ON1 _- 

Appendix G, plot # 127 
TI?€ I N  HILLISECONOS 

C116u7 L. SIM. ImCT-338 OEG LTV MDB TO STRT IONRRY VEHICLE 1OU. 3KM/H 

R&D CTR 18FU6080 1FP87 
ELEC DFITA. SA€ CLRSS 180 

LTV MOB FIT C.G. DISPL 

(COMPUTED FROM RCCELERRTIONI 
TEST DATE: 06/ 18/ 1997 



C116U7 L. SIM IllPKT-338 OEG LTV HDB TO STATIONARY VEHICLE IOU. 3KHAH 

RID CTR 1VFU6080 1FP87 
ELEC " T A .  SRE CLASS 60 

TEST O~f€r06/18/1997 LTV MOB FIT RERR C/MBR RCCEL 

. . .  

C1 l6U7 L. SIDE 1-1-38 OEG LTV HOB TO STRTIONARY VEHICLE 1OU. 3Kfl/H 

FtaOCTfl @ lvFu6080 1FP87 
ELEC OCllA, SRE CLFISS 180 

TEST DATE:06/18/1997 LTV MOB FIT REAR C/MBR VELOCITY 

COMPUTED FROM RCCELERRTIONI 

Appendix G, plot # 130 



C116u7 L. SIOE IMPKT-338 OEG LTV HOB TO STFIT IONFIRY VEHICLE 104.3KH/H 

AID CTR 1VFU6080 1FP87 
ELEC WTFI. %E CLASS 180 

TEST DATE:06/18/1997 LTV MOB AT REAR C/MBR OISPL 
[COMPUTED FROM RCCELERRTIONI 

C116U7 L. SIof Ip1wIcT-338 DEG LTV Ho8 TO STFITIONMY VEHICLE 1OU. 3KM/H 

IUD CTR lWU6080 1FP87 
ELEC OFlTFI. SAE CLFISS 60 

CTV MDB RT RERR C / W R  ACCEL TESl OFITE: 06/ 18/ 1997 

Appendix G, plot # 132 T I M  IN HILLISECOHK 



C116U7 L. SIDE. 1-1-338 MC 

R6D CTR 1VFU6080 lFP87 
ELEC DFlTR, %E CLFISS 180 

LTV Ho8 TO STATIONARY VEHICLE 1OU. 3KH/H 

TEST W E :  06/ 181 1997 LTV MOB FIT RERR C/MBR VELOCITY 
(COMPUTED FROM RCCELERRTIONI 

C l l W 7  L. SIDE 1)19#CT-338 DEG LTV HDB TO STATIONARY VEHICLE 1 OU. 3 t W H  

RID CTR S lVFU6080 1Ff87 
ELEC DFITA. s# CLASS 180 

TEST DClfEr06/18/1997 LTV MOB AT M R R  C/MBR DISPL 

(COMPUTED f ROM ACCELERRT I ON1 



C11647 L. S I N  1-T-338 DEG LTV HI)B TO STATJONFlRY VEHICLE 1 OU . 3  KM/H 

M O  CTR 1 VFU6080 1 FP87 
ELEC DFlTA, SRE CLASS MI 

TEST OATE:06/18/1997 L T V  MDB AT REAR C/MBR RCCEL 

T I =  I N  MILLISECONOS 
Appendix G ,  plot #I 135 

C116U7 L. SIDE IHPFICT-338 DEG LTV HOB TO STATIONRRY VEHICLE 1OU. 3KM/H 

R40 CTR 1QFU6080 1FP87 
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Appendix H: C11647 hydrocarbon vapor measurement plots 
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Figure H1 

Concenbabo n of Hydrocarbon Vapor Measured Near the Fuel Line (Location # I )  

Test C11647 

0 120 180 240 300 

time post-crash (s) 

Figure H2 

Concentration of Hydrocarbon Vapor Measured above the Left Exhaust Manifold (Location #2) 
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Figure H3 

Concentration of Hydrocarbon Vapor Measured above the Left Fuel Rail (Location #3) 
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Figure H4 

Concentration of Hydrocarbon Vapor Measured above the Right Fuel Rail (Location #4) 
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Figure H5 

Concentration Of Hydrocarbon Vapor Measured Near The Catalytic Converter (Location #5) 
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Figure HHI 
GC/FID analysis of hydrocarbon vapor sample from the fuel line feed through in the left wheelwell 
(location #I )  during Crash Test C11647. Panel A shows the chromatogram of background sample 

and panel B shows the chromatogram of the post-crash sample. 
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Figure HH2 
GC/FID analysis of hydrocarbon vapor sample above left exhaust manifold (location # 2) during 

Crash Test C11647. Panel A shows the chromatogram of background sample and panel B shows 
the chromatogram of the post-crash sample. 
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Figure HH3. 
GC/FID analysis of hydrocarbon vapor sample above the left fuel rail (location # 3) during Crash 
Test C11647. Panel A shows the chromatogram of background sample and panel B shows the 

chromatogram of the post-crash sample. 
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Figure HH4 
GCFID analysis of hydrocarbon vapor sample above right fuel rail (location # 4) during Crash 
Test C11647. Panel A shows the chromatogram of background sample and panel B shows the 

chromatogram of the post-crash sample. 
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Figure HH5 
GC/FID analysis of hydrocarbon vapor sample near catalytic converter (location #5) during Crash 
Test C11647. Panel A shows the chromatogram of background sample and panel B shows the 

chromatogram of the post-crash sample. 
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