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Section 1.0

Purpose and Test Procedure
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Purpose

This 48 km/h fronta barrier impact test was conducted for the Volpe National
Transportation Systems Center (Volpe) by Transportation Research Center Inc. (TRC Inc.).

The purpose of this testing was to evaluate and compare vehicle and occupant responses in
frontal rigid barrier crash tests conducted using model year 2002 and 2003 vehicles in support
of the FMVSS 208 Implementation plan (May 12, 2000 interim rule).  Pairs of matching
vehicles will be tested and evaluated with the 50" and 95" percentile dummies seated in
aternate front seating positions. For thistest, the subject vehicle was a 2002 Saturn Vue with a
50" percentile driver dummy and a 95 percentile passenger dummy. The barrier wall was

equipped with aload cdll barrier.
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Test Procedure

This test was conducted in accordance with VNTSC' s instructions for a full frontal car to
rigid load cell barrier test. Data was obtained relative to FMVSS 208, "Occupant Crash

Protection” performance.

The test vehicle, a 2002 Saturn Vue, was instrumented with ten (10) accelerometers to
measure longitudina axis accelerations and three (3) accelerometers to measure vertical axis
accerations. The driver’s and passenger’s airbag signals were monitored with inductive
pickups. The vehicle impacted arigid load cell barrier instrumented with thirty-six (36) load
cells to measure longitudinal forces. The vehicle's specified impact velocity range was 47.2 to
48.8 km/h.

The test vehicle contained one (1) Part 572E 50" percentile adult male Hybrid IIl
anthropomorphic test device (dummy) in the driver position and one (1) large mae 95"
percentile Hybrid Il dummy in the passenger position. The 50" percentile dummy was
positioned in the front outboard designated seating position according to NHTSA Laboratory
Test Procedure TP-208-11. The 95" percentile dummy was positioned according to
instructions provided by Volpe. The instructions are outlined in Appendix D. The driver and

passenger dummies were both unbelted and were restrained with front single stage airbags.

Both dummies were instrumented with an array of twelve (12) accelerometers in the head,
and six (6) accelerometers in the chest, oriented to measure longitudinal, lateral, and vertica
accelerations. The dummies were aso instrumented with 6-channel upper and lower neck
moment and force load cells, left and right femur load cells to measure axial forces, and chest
deflection potentiometers. Both dummies were also instrumented upper and lower tibia load
cells to measure forces and moments, and knee displacement potentiometers. The driver
dummy was equipped with THOR-LX legs, which included longitudina and lateral tibia
accelerometers, three (3) foot accel erometers on each foot to measure accelerations in three (3)
axes and three (3) rotary potentiometers at each ankle to measure foot rotations about three (3)

axes,
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The 175 data channels were digitally sampled and recorded at 12,500 samples per second
and processed per SAE J211 March 1995.

The crash event was recorded by one (1) rea-time panning motion picture camera and
fourteen (14) high-speed motion picture cameras. The pre-test and post-test conditions were

recorded by one (1) real-time motion picture camera.

The frontal load cell barrier crash test summary data are presented in Section 2.0. The
FMVSS 208 summary data are presented in Section 3.0. The occupant, camera, and vehicle
measurements are presented in Section 4.0. Appendix A contains the still photographs.
Appendix B contains the dummy, vehicle, and barrier data plots. Appendix C contains the
dummy configuration and performance verification data. Appendix D containstest equipment

and instrumentation calibration information.
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Section 2.0

Full Frontal Barrier Test Summary
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Test Results Summary

This full frontal rigid load cell barrier crash test was conducted by TRC Inc. on August 5,
2003.

The test vehicle, a 2002 Saturn Vue MPV, NHTSA Number R20152, was equipped with a
3.0-liter transverse engine, automatic transmission, power steering, power brakes and single
stage front airbags. The vehicle's test weight was 1875.6 kg. The vehicle's impact speed was
47.8 km/h. The vehicle sustained 732 mm of static crush during the impact.

The driver's 36 millisecond Head Injury Criteria (HIC) was 180. The driver's 15
millisecond HIC was 87. The driver's chest maximum resultant acceleration with three (3)
milliseconds minimum duration was 48.2 g (See Data Acquisition Explanations). The driver's
maximum chest deflection was 54 mm. The driver's left and right femur maximum axial
compressive forces were 7104 N and 5743 N, respectively. The driver dummy’s neck injury
caculations were as follows: NTF, 0.25; NTE, 0.19; NCF, 0.08; NCE, 0.12. The driver's

upper neck maximum tension force was 1230 N and maximum compression force was 398 N.

The right front passenger's 36 millisecond HIC was 854. The passenger’s 15 millisecond
HIC was 854. The passenger's chest maximum resultant acceleration with three (3)
milliseconds minimum duration was 58.8 g. The passenger’s maximum chest deflection was
19 mm. The passenger's left and right femur maximum axial compressive forces were 9676 N
and 10026 N, respectively. Theright front passenger's neck injury calculations were as follows:
NTF, 0.22; NTE, 1.07; NCF, 0.14; NCE, 0.75. The right front passenger's upper neck

maximum tension force was 1836 N and maximum compression force was 2656 N.
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Data Acqguisition Explanations

The driver's Z-axis chest acceleration channel, CSTZG1, recorded questionable data
throughout the test. The resultant chest acceleration was also affected. The driver’s maximum
chest acceleration with 3 millisecond minimum duration was calculated using the redundant
chest acceleration channels.

The driver’s inductive air bag pickup channel, DABETA, recorded no useful data
throughout the test.

The passenger’s left and right knee displacement channels, KNLXD2 and KNRXD2,
recorded questionable data throughout the test.

The vehicle s top of engine X-axis acceleration channel, ENGXG1, recorded no valid data
between approximately 73 and 150 ms.

The vehicle's left front brake caliper X-axis acceleration channel, BCLXG1, recorded no
valid data after approximately 58 ms.
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Test mode:

Test date:

Test time:

Ambient temperature:

Vehicle year/make/
model/body style:

Vehicle test weight:
Impact angle®:

Impact velocity?:
Maximum static crush:
Average rebound:
Number of data channels:
Number of cameras:

Dummies:
Type:

Location:

Restraint:

Seat track position for test:

Table1 Crash Test Summary

Driver:
Passenger:

Seat back position for test:

Driver:

Passenger:

Head restraint position for test:

Driver:
Passenger:

Steering column position:

Flat frontal load cell barrier
08/05/03

11:27

21°C

2002/Saturn/Vue/M PV
1875.6 kg

0°

47.8 km/h

732 mm

958 mm

175

High-speed 14
Driver #090

Red-time 1
Passenger #083

Part 572E (HI11-50) Large Male (HI11-95)
with THOR-LX legs with Denton legs
Left front Right front

Single stage airbag Single stage airbag
Mid; 13" of 25 positions

Full rear

4.9°; measured at the headrest support post
6.0°; measured at the headrest support post

Full up
Full up

Middle of geometric range of travel of steering column

Large male H-point position relative to position established by SAE J826 H-point machine:

Large male H-point:

L With respect to tow track centerline.

109 mm rearward, 19 mm above the HIlI-50 target
established by the J826 H-point machine

2 Speed trap measurement (+ .08 km/h accuracy)
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Table 2 General Test and Vehicle Parameter Data

Vehicle year/make/
model/body style:

VIN:

Model year:
Body style:
Color:

Engine data:
Cylinders:
Displacement
Cylinder placement:
Engine placement:

Transmission data:
Final drive:
Date vehicle received:
Odometer reading:
Dealer's name
and address:
Accessories:
Power steering
Power brakes
Power seats
Power windows
Tinted glass
Radio
Clock
Other

2002/ Saturn/Vue/M PV
5GZCZ63B52S821295

2002

MPV

Silver

6

3.0-liters

\Y

Transverse

_3 speed, __manual, X automatic,
__FwD, __RWD, _X 4WD
03/01/2003

11837

N/A

Yes Automatic transmission
Yes Automatic speed control
No Tilting steering wheel
Yes Telescoping steering wheel
Yes Air conditioning

Yes Anti-skid brake

Yes Rear window defroster
Yes Power door locks

Certification data from vehicle's labdl:

V ehicle manufactured by:
Date of manufacture:
VIN:
GVWR:
GAWR: Front:

Rear:

Saturn Corporation

04/02

5GZCZz63B525821295

4839 |bs. (2195 kg)

2425 |bs. (1100 kg)

2414 |bs. (1095 kg)
2-5

___ovedrive

Yes
Yes
Yes
No
Yes
No

Yes

Yes
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Table 2 Generad Test and Vehicle Parameter Data, Cont'd.

Tireson vehicle (mfr., line, size): Bridgestone, Dueler HT, P235/65R16
Load index and speed symbol: 101S

Treadwear grade: 360
Traction grade: B
Temperature grade: B
Tire pressure with maximum capacity vehicle load:
Front: 35 psi (240 kPa)
Rear: 35 psi (240 kPa)
Spare tire (mfr., line, size): Firestone, Tempa Spare, T155/90R16
Type of seats:
Front Bucket
Rear Split bench
Maximum width: 1775 mm
Wheelbase: 2705 mm

Location of “Recommended Tire Pressure” |abel:
The label was located on driver door.

Datafrom vehicle s “ Recommended Tire Pressure” label”:

Recommended tire size: P235/65R16
Recommended cold tire pressure:
Front: 30 psi (210 kPa)
Rear: 30 psi (210 kPa)
Vehicle Capacity Data:
Number of Occupants (Designated seating capacity):
Front 2
Rear 3
Total 5
Vehicle capacity weight: 628 kg

Rated cargo/luggage weight:* 136 kg

Test vehicle attitude:
Delivered attitude:  LF 815mm; RF 820mm; LR 840 mm;
Fully loaded attitude: LF 794 mm; RF 798 mm; LR 787 mm;
Pre-test attitude: LF 795mm; RF 794mm; LR 775mm;
Post-test attitude: LF 828mm; RF 812mm; LR 767 mm;

1 RCLW is set at amaximum of 136 kg for target test weight determination.
2-6

RR
RR
RR
RR

840 mm
788 mm
796 mm
773 mm
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Table 2 General Test and Vehicle Parameter Data Cont'd

Waeight of test vehicle as received (with maximum fluids)=UDW:

Right front 4475 kg Right rear 320.0 kg
Left front 469.0 kg Left rear 330.5 kg
Total front weight 916.5 kg (58.5 % of total vehicle weight)
Total rear weight 650.5 kg (41.5 % of total vehicle weight)
Total delivered weight 1567.0 kg

Calculation of test vehicl€e's target test weight:

Total Delivered Weight (UDW) = 1567.0 kg
Rated Cargo/Luggage Weight (RCLW)! = 136.0 kg
Weight of 1 Part 572E Dummy @ 76 kg

And 1 Large Male Dummy @ 102 kg = 178.0 kg
Target test weight = 1881.0 kg

Waeight of test vehicle with required dummies and 130.4 kg of cargo weight:

Right front 505.0 kg Right rear 434.4 kg
Left front 516.2 kg Left rear 419.8 kg
Total front weight 1021.2 kg (54.5% of total vehicle weight)
Total rear weight 854.2 kg (45.5% of total vehicle weight)
Total test weight 1875.4 kg (0.3% under target test weight)

Weight of ballast secured in vehicle: 25.4 kg steel plate behind passenger seat.
Components removed to meet target test weight: None

Location of Vehicle's CG: 1232 mm rearward of front whedl centerline

1 Cargo weight for multipurpose passenger vehicles, trucks, and buses is the vehicle's rated
cargo and luggage weight from the vehicle’ s label or 136 kilograms, whichever isless.

2-7 030805-1



Table 3 Post-Impact Data

Test number: 030805-1

Test date: 08/05/03

Test time: 11:27

Test type: Frontal load cell barrier
Impact angle: 0°

Ambient temperature
at impact area: 21° C

Required impact velocity range: 47.2 to 48.8 km/h

Barrier impact velocity:

Primary: 47.8 km/h
Secondary: 47.8 km/h
Distance from vehicle to barrier:
Entering velocity trap: 356 mm
Exiting velocity trap: 51 mm

Vehicle rebound from flat rigid barrier:

Distance from test vehicle to barrier impact point:
Post-test: L 1007 mm; C 905 mm; R 963 mm
Average rebound: 958 mm
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Figure 1 Impact Velocity M easurement System

The final vane clears the final emitter/receiver pair 51 millimeters before impact.

The vanes have 305-millimeter spacing.
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Figure 2 Vehicle Accelerometer Placement
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Table 4 Vehicle Accelerometer Locations and Data Summary

TEST NUMBER: 030805-1 POSITIVE NEGATIVE
No. LOCATION X Y z DIRECTION DIRECTION
1 LEFT REAR SEAT 1645 557 mm -450 mm
CROSSMEMBER
LONGITUDINAL 1. @ 118.5 ms 28. @ 62.9 ms
2 RIGHT REAR SEAT 1645 557 mm 445 mm
CROSSMEMBER
LONGITUDINAL 1. @ 117.7 ms 31. @ 50.9 ms
3 FRONT BRAKE CALIPER 850 ~682 mm  -325 mm
LEFT
LONGITUDINAL! 1. @ 117.7 ms  1053. @ 63.0 ms
4 FRONT BRAKE CALIPER 850 682 mm  -323 mm
RIGHT
LONGITUDINAL 27. @ 82.9 ms 47. @ 61.0 ms
5 DASH PANEL CENTER 2978 0 nm 1120 mm
LONGITUDINAL 31. @ 102.1 ms 57. @ 97.0 ms
6 ENGINE TOP 3914 0 mm  -883 mm
LONGITUDINAL! 12. @ 58.2ms  129. @ 41.9 ms
7 ENGINE BOTTOH 769 0 mm  -183 mm
LONGITUDINAL 20. @ 52.9 ms 61. @ 39.5 ms
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Table 4 Vehicle Accelerometer Locations and Data Summary, Cont’d.

TEST NUMBER: 030805-1 POSITIVE NEGATIVE
No. LOCATION X Y Z DIRECTION DIRECTION
8 TOEPAN NEXT TO 3115 mm -282 mm -342 mm
ACCELERATOR
LONGITUDINAL 0.9 g @ 118.0 ms 31.2 @ 51.7 ms
VERTICAL 13.3 g @ 63.3 ms 12.1 @ 35.5 ms
9 TOEPAN NEXT TO 3030 mm -503 mm -342 mm
FOOTREST
LONGITUDINAL 0.9 g @ 118.2 ms 31.0 @ 51.7 ms
VERTICAL 13.9 g @ 64.0 ms 10.5 @ 47.1 ms
10 REAR DECK 340 mm 0 mm -615 mm :
VERTICAL 8.0 g @ 95.7 ms 13.1 @ 62.6 ms
11 REAR COMPARTMENT 990 mm 0 mm -490 mm
CENTER
LONGITUDINAL 1.9 g @ 101.4 ms 28.5 @ 50.7 ms

REFERENCE: X: + FORWARD FROM REAR BUMPER
Y: + RIGHTWARD FROM VEHICLE CENTERLINE
Z: + DOWNWARD FROM GROUND LEVEL

1 See Data Acquisition Explanations




Section 3.0

Summary of FMV SS 208 Data
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Table5 Dummy Injury Criteria Data

VOLPE TO002
Injury Criteriaand Performance Limits
Driver
H3-50 W/ THOR-LX | H3-50 wW/THOR-LX
Parameter Limit Test Value

HIC (15 ms) 700 87
NIJ (Compression Flexion) 1.0 0.08
NIJ (Compression Extension) 1.0 0.12
NIJ (Tension Flexion) 10 0.25
NIJ (Tension Extension) 1.0 0.19
Peak Upper Neck Tension (N) 4170 1230
Peak Upper Neck Compression (N) 4000 398
3 ms Chest Acceleration () 60 48.2*
Chest Deflection (mm) 63 54
Left Femur Load (N) 9040 7104
Right Femur Load (N) 9040 5743
Left Tibiato Femur Displacement (mm) 15 11
Right Tibiato Femur Displacement (mm) 15 4
Left Upper Tibia Index 0.91* 0.63
Right Upper Tibia Index 0.91* 0.47
Left Lower Tibia Index 0.91* 0.38
Right Lower Tibia Index 0.91* 0.47
Left Upper Tibia Compression FZ (N) 5600 1453
Right Upper Tibia Compression FZ (N) 5600 2217
Left Lower Tibia Compression FZ (N) 5200 1712
Right Lower Tibia Compression FZ (N) 5200 3504
Left Foot XL Rotation (degrees) 35 30
Right Foot XL Rotation (degrees) 35 -29
Left Foot YL Rotation (degrees) 35 -49
Right Foot YL Rotation (degrees) 35 29

* Revised Tibia Index

! See Data Acquisition Expl

anations
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Table5 Dummy Injury Criteria Data, Cont’ d.

VOLPE TO002
Injury Criteriaand Performance Limits
Passenger
H3-95 w/Denton H3-95 w/Denton
Parameter Limit Test Value

HIC (15 ms) 700 854
NIJ (Compression Flexion) 1.0 0.14
NIJ (Compression Extension) 1.0 0.75
NIJ (Tension Flexion) 10 0.22
NIJ (Tension Extension) 1.0 1.07
Peak Upper Neck Tension (N) 5030 1836
Peak Upper Neck Compression (N) 4830 2656
3 ms Chest Acceleration (g) 55 58.8
Chest Deflection (mm) 70 19
Left Femur Load (N) 11,500 9676
Right Femur Load (N) 11,500 10026
Left Tibiato Femur Displacement (mm) 17 N/A*
Right Tibiato Femur Displacement (mm) 17 N/A*
Left Upper Tibia Index 10 0.51
Right Upper Tibia Index 1.0 1.34
Left Lower Tibia Index 10 0.62
Right Lower Tibia Index 1.0 0.69
Left Upper Tibia Compression FZ (N) 9840 4146
Right Upper Tibia Compression FZ (N) 9840 8903
Left Lower Tibia Compression FZ (N) 9840 4260
Right Lower Tibia Compression FZ (N) 9840 9370
Left Foot XL Rotation (degrees) N/A N/A
Right Foot XL Rotation (degrees) N/A N/A
Left Foot YL Rotation (degrees) N/A N/A
Right Foot YL Rotation (degrees) N/A N/A

! See Data Acquisition Explanations
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Table 6 Post-Impact Dummy/V ehicle Data

Visible Dummy Contact Points:

Head

Chest
Abdomen
Left knee

Right knee

Door opening:

Front

Rear

Seat movement:

Left Front

Right Front

Glazing damage:

Other notable impact effects:

Driver

Airbag, sun visor bracket,
header

Airbag
None
K nee bolster

Knee bolster

Seat back failure

None

None

Passenger

Airbag, sun visor

Airbag
None
Glove box

Glove box

Right
Easy

Easy

Seat shift
None

None

Windshield cracked slightly along the bottom.

All four doors locked on impact.
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Section 4.0

Occupant, Camera, and Vehicle Information
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Dummy Kinematic Summary

Driver Dummy

Upon impact, the driver dummy translated forward on the seat impacting both knees into
the instrument panel. The dummy’s head and chest went straight into the air bag. The
dummy’s head rotated forward and contacted the header and sun visor bracket as the dummy
rebounded into the seat back. The driver dummy came to rest seated in the driver’'s seat

leaning forward.

Right Front Passenger Dummy

Upon impact, the passenger dummy translated forward on the seat impacting both knees
into the instrument panel. The dummy contacted the header and sun visor extending the head
and neck back before going into the air bag. the dummy’s pelvis hit the midway up the
seatback on rebound. The dummy came to rest seated in the passenger’s seat leaning

forward.
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Figure 3 Dummy Measurement L ocations for Front Seat Occupants

VERTICAL LONGITUDINAL PLANE VERTICAL TRANSVERSE PLANE

Passenger || _ _ _ _@__I___ D | @
Driver |l - __ _@__I___ S | R @ I
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Table 7 Dummy Measurement Data For Front Seat Occupants

Driver Passenger

Designation Type of Measurement (Serial #090) (Serial # 083)
WA Windshield angle 35.8° 35.8°
SWA Steering wheel angle 24.0° N/A
SCA Steering column angle 66.0° N/A
SA Seat back angle 4.9° 6.0°
HZ Head to roof 230 mm 172 mm
HH Head to header 402 mm 490 mm
HW Head to windshield 729 mm 732 mm
HR Head to side header 281 mm 224 mm
NR Nosetorim 424 mm N/A
NA Noseto rim angle 9.9° N/A
CD Chest to dash 565 mm 661 mm
CS Steering wheel to chest 356 mm N/A
RA Rim to abdomen 222 mm N/A
KDL Left knee to dash 179 mm 254 mm
KDR Right knee to dash 140 mm 257 mm
KDA Outboard knee to dash angle 27.2° 19.3°
PA Pelvic angle 21.7° 20.4°
TA Tibiaangle 52.1° 50.1°
KK Knee to knee N/A 307 mm
STt Striker to head 584 mm 646 mm

Striker to head angle -85.4° -107.5°
skt Striker to knee 535 mm 458 mm

Striker to knee angle -3.7° -10.0°
SH! Striker to H-point 186 mm 102 mm

Striker to H-point angle 22.7° 16.9°
SHY Striker to H-point (Y dir.) 201 mm 195 mm
HS Head to side window 348 mm 326 mm
HD H-point to door 134 mm 98 mm
AD Arm to door 104 mm 0 mm

The seat back angle (SA°) is measured relative to vertical, all other angles are measured
relative to horizontal .

! A negative angle indicates the measurement point was above the striker.
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Descriptions of Dummy M easurements

When alevel isto be used, it is to ensure that the line containing the two points described
is either parallel or perpendicular to the ground. If a measurement to be made is less than 10
inches ignore the directions to use a level and approximate a level measurement. Also, when
a measurement is to be taken to or from the center of a bolt on the dummy, take the
measurement from the center of the bolt holeif the bolt is recessed.

The following measur ements are to be made within a vertical longitudinal plane.

*

HH

HW

HZ

CS

CD

NR

Head to Header, taken from the point where the dummy’s nose meets his
forehead (between his eyes) to the furthest point forward on the header.

Head to Windshield, taken from the point where the dummy’ s nose meets his
forehead (between his eyes) to a point on the windshield. Usealevel.

Head to Roof, taken from the point where the dummy’'s nose meets his
forehead (between his eyes) to the point on the roof directly above it. Use a
level.

Steering Wheel to Chest, taken from the center of the steering wheel hub to
the dummy’s chest. Usealevel.

Chest to Dash, place a tape measure on the tip of the dummy’s chin and rotate
five inches of it downward toward the dummy to the point of contact on the
transverse center of the dummy’s chest. Then measure from this point to the
closest point on the dashboard either between the upper part of the steering
wheel between the hub and the rim, or measure to the dashboard placing the
tape measure above the rim, whichever is a shorter measurement. See
diagram.

Steering Wheel Rim to Abdomen, taken from the bottommost point of the
steering wheel rim horizontally rearward to the dummy. Usealevel.

Nose to Rim, taken from the tip of the dummy’s nose to the closest point on
the top of the steering wheel rim. Also indicate the angle this line makes with
respect to the horizontal (NA).

*1KDL, KDR Left and Right Knees to Dashboard, taken from the center of the knee pivot

bolt’s outer surface to the closest point forward acquired by swinging the tape
measure in continually larger arcs until it contacts the dashboard. Also
reference the angle of this measurement with respect to the horizontal for the
outboard knee (KDA). See diagram.

* Measurement used in Data Tape Reference Guide
! Only outboard measurement is referenced in Data Tape Reference Guide
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Descriptions of Dummy M easurements, Cont’ d.

SH, SK, ST  Striker to Hip, Knee, and Head, these measurements are to be taken in the X-Z
plane measured from the forward most center point on the striker to the center
of the H-point, outer knee bolt, and head target. When taking this
measurement a firm device that can be rigidly connected to the striker should
be used. Use alevel. The angles of these measurements with respect to the
horizontal should also be recorded. The measurement in the Y (transverse)
direction from the striker to the H-point should aso be taken (SHY). See
diagram.

The following measurements areto be made within a vertical transver se plane.

HS  Head to Side Window, taken from the point where the dummy’s nose meets
his forehead (between his eyes) to the outside of the side window. In order to
make this measurement, roll the window down to the exact height which
allows alevel measurement. Usealevel. Seediagram.

* AD  Armto Door, taken from the outer surface of the elbow pivot bolt on a Hybrid
[l dummy to the first point it hits on the door. In the case of a Hybrid IlI
dummy, measure from the bolt on the outer biceps. When a SID is used make
the measurement from the center of the bottom of the arm segment where it
meets the dummy’ s torso.

* HD  H-point to Door, taken from the H-point on the dummy to the closest point on
thedoor. Usealevel.

* HR Head to Side Header, measure the shortest distance from the point where the
dummy’s nose meets his forehead (between his eyes) to the side edge of the
header just above the window frame, directly adjacent to the dummy.

SHY Striker to H-point, taken from a rod rigidly connected to the forward most
center point on the striker to the H-point. Usealevel. See diagram.

KK  Knee to Knee, for Hybrid Il dummies measure the distance between knee
pivot bolt head outer surfaces. For Hybrid 111 dummies measure the distance
between the outboard knee clevis flange surfaces. (This measurement may not
be exactly transverse.)

Angles
SA  Seat Back Angle, find this angle using the instructions provided by the
manufacturer. If the manufacturer doesn’t provide clear instructions contact

the COTR.

* Measurement used in Data Tape Reference Guide
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Descriptions of Dummy M easurements, Cont’ d.

Pelvic or Femur Angle, taken by inserting the pelvic angle gauge into the H-
point gauging hole on the SID or the Hybrid 11l dummies and taking this angle
with respect to the horizontal. Measure the angle of the line connecting the H-
point hole and the outer knee pivot bolt hole on a Hybrid 1l dummy with
respect to the horizontal, to find the femur angle.

Steering Wheel Angle, find this by placing a straight edge against the steering
wheel rim aong the longitudinal plane. Then measure the acute angle of the
straight edge with respect to the horizontal.

Steering Column Angle, measured with respect to the horizontal by placing an
inclinometer on the center of the underside of the steering column.

M easure the angle made when taking the measurement NR with respect to the
horizontal.

Knee to Dash Angle, the angle that the measurement KD is taken at with
respect to the horizontal. Only get this angle for the outboard knee. See
diagram.

Windshield Angle, place an inclinometer along the transverse center of the
windshield exterior (measurement is made with respect to horizontal).

Tibia Angle, use a straight edge to connect the dummy’ s knee and ankle bolts.

Then place an inclinometer on the straight edge and measure the angle with
respect to the horizontal.
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Table 8 Impacted V ehicle Measurements

Test number: 030805-1

V ehicle year/make/model/body style: 2002/Saturn/V ue/MPV

No. |Type of measurement Pre-Test | Post-Test |Difference
X1 |Total Length of Vehicle at Centerline 4605 4223 382
X2 |Rear Surface of Vehicleto Front of Engine Block 4065 3808 257
X3 |Rear Surface of Vehicle to Firewall 3615 3598 17
X4 |Rear Surface of Veh. to Upper Leading Edge of Right Door | 3057 3076 -19
X5 |Rear Surface of Veh. to Upper Leading Edge of Left Door 3058 3048 10
X6 |Rear Surface of Veh. to Lower Leading Edge of Right Door | 3044 3063 -19
X7 |Rear Surface of Veh. to Lower Leading Edge of Left Door 3045 3051 -6
X8 |Rear Surface of Veh. to Upper Trailing Edge of Right Door | 2075 2093 -18
X9 |Rear Surface of Veh. to Upper Trailing Edge of Left Door 2069 2065 4
X10 |Rear Surface of Veh. to Lower Trailing Edge of Right Door| 2098 2116 -18
X11 |Rear Surface of Veh. to Lower Trailing Edge of Left Door 2103 2103 0
X12 |Rear Surface of Veh. to Bottom of " A " Post on Right Side | 3065 3088 -23

X13 |Rear Surface of Veh. to Bottom of " A " Post on Left Side 3059 3053 6

X14 |Rear Surface of Vehicleto Firewall--Right Side 3522 3573 -51

X15 |Rear Surface of Vehicleto Firewall --Left Side 3541 3533 8

X 16 |Rear Surface of Vehicle to Steering Wheel Center 2663 2683 -20

X17 |Center of Steering Columnto" A " Post 288 349 -61

X18 |Center of Steering Column to Headliner 450 445 5

X19 |Rear Surface of Vehicleto Right Side of Front Bumper 4418 4006 412

X20 |Rear Surface of Vehicleto Left Side of Front Bumper 4416 3944 472

X21 |Length of Engine Block 420 420 0
RD |Rear Surface of Vehicle to Right Side of Dash Panel 2934 2953 -19
CD |Rear Surface of Vehicle to Center of Dash Panel 2878 2883 -5
LD |Rear Surface of Vehicle to Left Side of Dash Panel 2907 2903 4

All distance measurements are in millimeters.
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Figure5 Vehicle Crush
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Notes: L is pre-test length of contact surface.
C1 through C6 are spaced equally apart.
CL isvehicle centerline.

Vehicle: 2002 Saturn Vue

Location Pre-test Post-test Difference
L 1525 mm

C1l 4416 mm 3944 mm 472 mm
c2 4539 mm 4082 mm 457 mm
C3 4593 mm 4188 mm 405 mm
C4 4594 mm 3862 mm 732 mm*
C5 4551 mm 4155 mm 396 mm
C6 4418 mm 4006 mm 412 mm
CL 4605 mm 4223 mm 382 mm

! The difference for point C4, measured with the bumper fascia, is included in the NHTSA
database submission as Damage Profile Distance 4.
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Table 9 Test Vehicle Frontal Profile Data

Pre-Test Profile
Vehicle Left Vehicle Right
Point 1 Point 2 Point 3 Point 4 Point 5 Point 6
Bottom of X 4410 mm 4558 mm 4608 mm | 4608 mm 4552 mm 4408 mm
Front Y -750 mm -447 mm -149 mm 150 mm 458 mm 757 mm
Bumper Z -537 mm -530 mm -527 mm -521 mm -534 mm -560 mm
Top of X 4417 mm | 4548 mm 4608 mm | 4610 mm | 4554 mm | 4422 mm
Front Y -767 mm -461 mm -152 mm 152 mm 455 mm 761 mm
Bumper Z -403 mm -417 mm -414 mm -421 mm -417 mm -404 mm
Center X 4413 mm | 4538 mm 4578 mm | 4578 mm | 4538 mm | 4418 mm
of Y -760 mm -451 mm -150 mm 150 mm 456 mm 763 mm
Grille Z -621 mm -618 mm -603mm | -604 mm -609 mm -610 mm
Front X 4243 mm | 4371 mm 4434 mm | 4438 mm | 4366 mm | 4253 mm
of Y -760 mm -455 mm -151 mm 150 mm 455 mm 762 mm
Hood Z -903 mm -912 mm -911 mm -909 mm -908 mm -913 mm
Post-Test Profile
Vehicle Left Vehicle Right
Point 1 Point 2 Point 3 Point 4 Point 5 Point 6
Bottomof | X 3944 mm | 4068 mm 4075mm | 4208 mm | 4026 mm | 4001 mm
Front Y -667 mm -442 mm -150 mm 155 mm 460 mm 690 mm
Bumper Z -470 mm -462 mm -440 mm -430 mm -444 mm -445 mm
Top of X 3940 mm | 4107 mm 4133 mm | 4152 mm | 4164 mm | 3984 mm
Front Y -722 mm -460 mm -155 mm 155 mm 452 mm 740 mm
Bumper Z -597 mm -564 mm -533 mm -525 mm -550 mm -585 mm
Center X 3943 mm | 4113 mm 4203 mm | 3918 mm | 4163 mm | 3968 mm
of Y -740 mm -450 mm -152 mm 150 mm 452 mm 752 mm
Grille Z -684 mm -650 mm -623 mm -616 mm -630 mm -644 mm
Front X 3583 mm | 3753 mm 3941 mm | 3951 mm | 3736 mm | 3610 mm
of Y -720 mm -437 mm -154 mm 140 mm 439 mm 717 mm
Hood Z -1057 mm | -994 mm -989 mm | -1009 mm | -1080 mm | -1200 mm
Difference
Vehicle Left Vehicle Right
Point 1 Point 2 Point 3 Point 4 Point 5 Point 6
Bottomof | X 466 mm 490 mm 533 mm 400 mm 526 mm 407 mm
Front Y 83 mm 5mm -1 mm -5 mm -2 mm 67 mm
Bumper! |z 67 mm 68 mm 87 mm 91 mm 90 mm 115 mm
Top of X 477 mm 441 mm 475 mm 458 mm 390 mm 438 mm
Front Y 45 mm 1mm -3 mm -3mm 3mm 21 mm
Bumper Z -194 mm -147 mm -119 mm -104 mm -133 mm -181 mm
Center X 660 mm 618 mm 493 mm 487 mm 630 mm 643 mm
of Y 20 mm 1 mm -2 mm 0mm 4 mm 11 mm
Grille 4 -63 mm -32 mm -20 mm -12 mm -21 mm -34 mm
Front X 660 mm 618 mm 493 mm 487 mm 630 mm 643 mm
of Y 40 mm 18 mm -3 mm 10 mm 16 mm 45 mm
Hood? Z -154 mm -82 mm -78mm | -100mm | -172mm | -287 mm

Note: Six points divide the width of the car. Pre-test and post-test measurement references: +X, forward of rear bumper; +Y, rightward from
vehicle centerline; +Z, downward from ground level.
! The difference for point 3, measured at the bottom of front bumper, isincluded in the NHTSA database submission as Damage Profile Distance 3.
2 The difference for points 1,2,5,& 6, measured at the front of hood, are included in the NHTSA database submission as Damage Profile Distance

1,2,5,&6.
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Figure 6 Toeboard M easurements
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Pre-Test Post-Test Difference
Index Xmm Ymm Zmm Xmm Ymm Zmm Xmm Ymm Zmm
1 3286 -563 109 3283 -552 108 3 -11 1
2 3309 -357 122 3302 -343 121 7 -14 1
3 3305 -187 132 3292 -173 131 13 -14 1
4 3214 -570 195 3212 -559 194 2 -11 1
5 3217 -366 193 3214 -354 196 3 -12 -3
6 3237 -165 211 3230 -152 216 7 -13 -5
7 3115 -572 266 3115 -563 266 0 -9 0
8 3114 -370 268 3112 -360 272 2 -10 -4
9 3120 -167 286 3119 -157 296 1 -10 -10
10 3132 -349 51 3112 -354 37 20 5 14
11 3246 -598 165 3242 -588 161 4 -10 4
Passenger Toe Pan
Pre-Test Post-Test Difference
Index xXmm Ymm Zmm Xmm Ymm Zmm Xmm Ymm Zmm
1 3307 184 126 3293 192 126 14 -8 0
2 3308 371 127 3297 375 125 11 -4 2
3 3284 551 89 3285 555 92 -1 -4 -3
4 3205 183 201 3203 192 209 2 -9 -8
5 3211 368 200 3214 376 212 -3 -8 -12
6 3211 558 212 3213 568 214 -2 -10 -2
7 3095 183 277 3096 193 290 -1 -10 -13
8 3103 369 277 3104 381 284 -1 -12 -7
9 3110 566 276 3110 576 278 0 -10 -2

Reference: +X forward from rear bumper; +Y rightward from vehicle centerline; +Z downward from vehicle reference point
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Table 10 Intrusion of Upper Instrument Panel

Driver Instrument Panel - L ower

Pre-Test Post-Test Difference
Index Xmm Ymm Zmm Xmm Ymm Zmm Xmm Ymm Zmm
Left 2887 -486 -174 2897 -472 -169 -10 -14 -5
Right 2894 -190 -164 2936 -180 -133 -42 -10 -31
Driver Knees
Pre-Test Post-Test Difference
Index xXmm Ymm Zmm Xmm Ymm Zmm Xmm Ymm Zmm
Left 2846 -539 -239 2863 -539 -243 -17 0 4
Right 2854 -243 -222 2890 -228 -191 -36 -15 -31
Passenger Knees
Pre-Test Post-Test Difference
Index xXmm Ymm Zmm Xmm Ymm Zmm Xmm Ymm Zmm
Left 2854 223 -241 2872 218 -252 -18 5 11
Right 2861 473 -241 2872 470 -253 -11 3 12
Steering Wheel
Pre-Test Post-Test Difference
Index xXmm Ymm Zmm Xmm Ymm Zmm Xmm Ymm Zmm
1 2659 -388 -415 2689 -394 -427 -30 6 12
Driver Front Outboard Seat Attachment Bolt
Pre-Test Post-Test Difference
Index Xmm Ymm Zmm Xmm Ymm Zmm Xmm Ymm Zmm
1 2520 -613 156 2521 -606 163 -1 -7 -7
Passenger Front Outboard Seat Attachment Bolt
Pre-Test Post-Test Difference
Index xXmm Ymm Zmm Xmm Ymm Zmm Xmm Ymm Zmm
1 2530 573 164 2532 584 171 -2 -11 -7
Knee intrusions are points measured pre and post, which are located just above where the four knees
would be expected to contact the instrument panel.
+X: Forward from rear measurement reference point at striker
+Y: Rightward from centerline
+Z: Downward from vehicle reference point
4-13 030805-1



Table 11 Fuel System Data

Usable fuel system capacity: 59.4 liters (from owner's manual)

Test volume range: 55.5 - 54.3 liters (92-94% of usable)
Actual test volume: 56.1 liters (95% of usable)

Test fluid type: Stoddard

Specific gravity: 0.764

Kinematic viscosity: 0.99 centistoke

Test fluid color: Purple

Type of fuel pump: electric

Did eectric fuel pump

operate with ignition

switch "on" and the

engine not operating. No

Details of fuel system: The fuel tank is located under the second row seat area. The
Fuel filler neck exits the left rear area of the tank, running
towards the right rear quarter panel with the fuel filler cap on

theend. Thefud linesrun forward inside the left frame rail.
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Figure 7 Camera Positions
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+X = Film plane forward of barrier face
+Y = Film plane to right of monorail centerline
+Z = Film plane below ground level

+Angle = Film plane angled upward from horizontal plane
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Figure 7 Camera Positions, Cont’ d.
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Reference:

+X = Film plane forward of barrier face
+Y = Film plane to right of monorail centerline
+Z = Film plane below ground level
+Angle = Film plane angled upward from horizontal plane
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Table 12 Camera Information

Camera Positions’ Film
Plane to
Film Head
No. | View Type Lens Speed X Y Z Angle® | Target
1 Real-time panning Bolex Zoom 24 frames/s N/A N/A N/A N/A N/A
2 Left side overall Photosonic | 25mm | 1000 frames/s | 1115mm | -7530 mm | -905 mm 0.3 7320 mm
3 Left tight dummy Photosonic | 25 mm | 3296 frames/s | 1815mm | -7310 mm | -1595 mm 1.2 6920 mm
4 Left angled on dummy Photosonic | 25 mm 935 frames/s | 4555mm | -3730 mm | -2255mm | -15.7 | 4100 mm
5 Left steering column upper | Photosonic | 25 mm N/A? - —- - - -
6 Left steering column lower | Photosonic | 25 mm | 1000 frames/s N/A* N/A* N/A* | N/AY N/A*
7 Right side ovefa]l Photosonic | 25 mm N/A® e - - e -
8 Right tight dummy Photosonic | 25 mm | 1045 frames/s | 2065 mm 6805 mm | -1500 mm 6.1 6395 mm
9 Right angled on dummy Photosonic | 25 mm N/A® - - - ——-n -—--
10 | Right side passenger Photosonic | 25 mm | 1000 frames/s 1610 mm 8020 mm | -935 mm 0.6 7642 mm
11 | Overhead Photosonic | 17 mm 997 frames/s | 1400 mm -5690 mm | -88.4 N/A
12 | Barrier driver Photosonic | 17mm | 1000 frames/s 0 mm 430 mm | -2495mm | -47.6 | 1990 mm
13 | Barrier passenger Photosonic | 17 mm | 1007 frames/s 0 mm 395 mm | -2420 mm | -49.2 1995 mm
14 | Pit front Photosonic | 17 mm N/A’ - - - - -
15 | Pitrear Photosonic | 17 mm N/A® - - - - o

+X = Film plane forward of barrier face
+Y = Film plane to right of monorail centerline

+Z = Film plane below ground level

+Angle = Film plane angled upward from horizontal plane
Camera did not run.
Not recorded




Description Of Timing Marks On TRC Inc. High-Speed Film

All TRC Inc. high-speed cameras are equipped with red LEDs which put timing marks on the
right edge of the film. TRC Inc. uses a single timing generator to generate the timing for all
cameras. This alows the timing marks to be common to al cameras. The timing marks can
be used to measure camera speed (frames per second) or to locate a point in time before or
after the time-zero event.

The timing marks appear on the film as small red marks on the right edge of the film. Round
marks are left by the Photosonic and Stalex cameras while horizontal bars are left by the
Hycam, Locam, and Fastax Il cameras.

The timing generator puts out a pulse for every millisecond plusit generates additional pulses
for hundredths and tenths of seconds. To explain this further, we can use an example of a
camerarunning at 1000 frames per second.

1. Every framewill have one LED appear init. Thisindicatesamillisecond pulse.

2. Every ten frames will have two LEDs appear in it. These indicate a millisecond pulse
plus a hundredth of a second pulse.

3. Every one hundred frames will have three LEDs appear in it. These indicate a
millisecond pulse, a hundredth of a second pulse, and a tenth of a second pulse.
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Figure 8 Vehicle Reference Photo Target Locations
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M easurement Pre-Test
A 495 mm
B 735 mm
C 610 mm Additional targeting:
D 1920 mm Inch tape along the top
E 423 mm and sides of the vehicle
F 1329 mm has targets placed at
G 801 mm 300 mm intervals
H 845 mm except thefirst side
I -85 mm target is placed 600 mm
J 1310 mm from front of front
K 764 mm bumper.
L 1541 mm
M 449 mm
N -117 mm
©) 848 mm
P 787 mm
Q 1567 mm
R 738 mm
S 1326 mm
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Figure 9 Load Cedll Locations on Fixed Barrier
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Group 5: C4 thru D6
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The following data is presented as data plots at the end of Appendix B:

1) Datafrom 36 individual load cells
2) Tota of 36 individual load cells
3) Datafrom 6 groupings shown above (6 cells/groups)
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Appendix A

Photographs
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List of Photographs

Description

Pre-Test Front View

Post-Test Front View

Pre-Test Left Front View

Post-Test Left Front View

Pre-Test Left Side View

Post-Test Left Side View

Pre-Test Left Rear View

Post-Test Left Rear View

Pre-Test Right Rear View

Post-Test Right Rear View

Pre-Test Right Side View

Post-Test Right Side View

Pre-Test Right Front View

Post-Test Right Front View

Pre-Test Front Underbody View
Post-Test Front Underbody View
Pre-Test Front Mid Underbody View
Post-Test Front Mid Underbody View
Pre-Test Mid Underbody View
Post-Test Mid Underbody View
Pre-Test Rear Mid Underbody View
Post-Test Rear Mid Underbody View
Pre-Test Rear Underbody View
Post-Test Rear Underbody View
Pre-Test Engine Compartment View
Pre-Test Driver and Passenger Dummies Front View
Post-Test Driver and Passenger Dummies Front View

Pre-Test Driver Dummy Position - View 1

Figure
A-1
A-2
A-3
A-4
A-5
A-6
A-7
A-8
A-9

A-10
A-11
A-12
A-13
A-14
A-15
A-16
A-17
A-18
A-19
A-20
A-21
A-22
A-23
A-24
A-25
A-26
A-27
A-28
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List of Photographs, Cont' d.

Description

Post-Test Driver Dummy Position - View 1

Pre-Test Driver Dummy Position - View 2

Post-Test Driver Dummy Position - View 2

Pre-Test Driver Dummy & Vehicle Interior - View 1
Post-Test Driver Dummy & Vehicle Interior - View 1
Pre-Test Driver Dummy & Vehicle Interior - View 2
Post-Test Driver Dummy & Vehicle Interior - View 2
Pre-Test Driver Dummy & Vehicle Interior - View 3
Post-Test Driver Dummy & Vehicle Interior - View 3
Pre-Test Passenger Dummy Position - View 1

Post-Test Passenger Dummy Position - View 1

Pre-Test Passenger Dummy Position - View 2

Post-Test Passenger Dummy Position - View 2

Pre-Test Passenger Dummy & Vehicle Interior - View 1
Post-Test Passenger Dummy & Vehicle Interior - View 1
Pre-Test Passenger Dummy & Vehicle Interior - View 2
Post-Test Passenger Dummy & Vehicle Interior - View 2
Pre-Test Passenger Dummy & Vehicle Interior - View 3
Post-Test Passenger Dummy & Vehicle Interior - View 3
Post-Test Driver Dummy Overall View

Post-Test Driver Dummy Head Contact - View 1
Post-Test Driver Dummy Head Contact - View 2
Post-Test Driver Dummy Knee Contact View

Pre-Test Driver Seat Position View

Post-Test Driver Seat Position View

Post-Test Passenger Dummy Overall View

Post-Test Passenger Dummy Head Contact - View 1
Post-Test Passenger Dummy Head Contact - View 2

A-3

Figure
A-29
A-30
A-31
A-32
A-33
A-34
A-35
A-36
A-37
A-38
A-39
A-40
A-41
A-42
A-43
A-44
A-45
A-46
A-47
A-48
A-49
A-50
A-51
A-52
A-53
A-54
A-55
A-56
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List of Photographs, Cont' d.

Description Figure
Post-Test Passenger Dummy Knee Contact View A-57
Pre-Test Passenger Seat Position View A-58
Post-Test Passenger Seat Position View A-59
Vehicle Certification/Tire Load Label View A-60
Pre-Test Load Cell Barrier View A-61
Post-Test Load Cell Barrier View A-62
Pre-Test Fuel Cap View A-63
Post-Test Fuel Cap View A-64
Pre-Test Vehicle Ballast View A-65
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Figure A-1 Pre-Test Front View

Figure A-2 Post-Test Front View
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Figure-4 Post-Test Left Front View
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=
Le!

1""l.ll lll

-lllu..
e "

I". WAET

e i R

| Hiﬁu: |

Figure A-6 Post-Test Left Side View
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Figure A-8 Post-Test Left Rear iew
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Figure A-10 Post-Test Right Rear View
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Figure A-12 Post-Test Right Side View
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Figure A-14 Post-Test Right Front View
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Figure A-16 Post-Test Front Underbody View
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Figure A-18 Post-Test Front Mid Underbody View
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Figure A-20 Post-Test id Underbody View
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Figure A-22 Post-Test Rear Mid Underbody View
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FigureA-Z Pre-Test Rear Underbody View

FigureA-4 Post-Test Rear Underbody View
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Figure A-25 Pre-Test Engine Compartment View
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Figure A-26 Pre-Test Driver and Passenger Dummies Front View
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Figure A-27 Post-Test Driver and Passenger Dummies Front View
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Figure A-28 Pre-Test Driver Dummy Position - View 1

Figure A-29 Post-Test Driver Dummy Position - View 1
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Figure A-30 Pre-Test Driver Dummy Position - View 2
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Figure A-31 Post-Test Driver Dummy Position - View 2
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Figure A-32 Pre-Test Driver Dummy & VehicleInterior - View 1

VOLPER —

Figure A-33 Post-Test Driver Dummy & Vehicle Interior - View 1
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Figure A-35 Post-Test Driver Dummy & Vehicle Interior - View 2
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Figure A-37 Post-Test Driver Dummy & VehicleInterior - View 3
A-23 030805-1




030805-1

Figure A-39 Post-Test Passenger Dummy Position - View 1
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Figure A-41 Post-Test Passenger Dummy Position - View 2
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Figure A-43 Post-Test Passenger Dummy & VehicleInterior - View 1
A-26 030805-1




Figure A-45 Post-Test Passenger Dummy & Vehicle Interior - View 2
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Figure A-46 Pre-Test Passenger Dummy & VehicleInterior - View 3
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Figure A-47 Post-Test Passenger Dummy & Vehicle Interior - View 3
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Figure A-49 Post-Test Driver Dummy Head Contact - View 1
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Figure A-51 Post-Test Driver Dummy Knee Contact View
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Figure A-52 Pre-Test Driver Seat Position View

Figure A-53 Post-Test Driver Seat Position View
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Figure A-54 Post-Test Pa_s@enger Dummy Overall View

Figure A-55 Post-Test Pa:ger Dummy Head Contact - View 1
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Figure A-56 Post Test Passenger Dummy Head Contact V|ew 2

Figure A-57 Post-Test Passenger Dummy Knee Contact View
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Figure A-58 Pre-Test Passenger Seat Position View

Figure A-59 Post-Test Passenger Seat Position View
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\

THE DATE OF MANUFACTURE SHOWN ABOVE.

5GZCZ63B525821295  TYPE MRV,
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Figure A-60 Vehicle Certification/Tire Load Label View
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Figure A-61 Pre-Test Load Cell Barrier View ]

Figure A-62 Post-est Load Cell Barrier View
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Figure A-65 Pre-Test Vehicle Ballast View
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Appendix B

Dummy, Vehicle, and Barrier Data Plots
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Table of Data Plots
Curve Number Corresponds to NHTSA Database Sequence

Curve No. Data Plot Title Page
1 Driver Head X-Axis Acceleration B-9

2 Driver Head Y-Axis Acceleration B-10
3 Driver Head Z-Axis Acceleration B-11
S Driver Head Resultant Acceleration B-12
4 Driver Head X-Axis Acceleration Redundant B-13
5 Driver Head Y -Axis Acceleration Redundant B-14
6 Driver Head Z-Axis Acceleration Redundant B-15
S Driver Head Resultant Acceleration Redundant B-16
7 Driver Head X-Axis (LT) Acceleration B-17
8 Driver Head Z-Axis (LT) Acceleration B-18
9 Driver Head Y-Axis (FT) Acceleration B-19
10 Driver Head Z-Axis (FT) Acceleration B-20
11 Driver Head X-Axis (TP) Acceleration B-21
12 Driver Head Y-Axis (TP) Acceleration B-22
13 Driver Neck X-Axis Shear Force B-23
14 Driver Neck Y-Axis Shear Force B-24
15 Driver Neck Z-Axis Axial Force B-25
16 Driver Neck Moment About X Axis B-26
17 Driver Neck Moment About Y Axis B-27
18 Driver Neck Moment About Z Axis B-28
-t Driver Neck Occipital Condyle Moment About Y Axis B-29
S Driver Neck Tension/Extension B-30
-t Driver Neck Tension/Flexion B-31
S Driver Neck Compression/Extension B-32
-t Driver Neck Compression/Flexion B-33
19 Driver Neck Lower X-Axis Shear Force B-34
20 Driver Neck Lower Y-Axis Shear Force B-35
21 Driver Neck Lower Z-Axis Axia Force B-36
22 Driver Neck Lower Moment About X Axis B-37
23 Driver Neck Lower Moment About Y Axis B-38
24 Driver Neck Lower Moment About Z Axis B-39
25 Driver Chest X-Axis Acceleration B-40
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Table of Data Plots Cont’d.

Curve No. Data Plot Title
26 Driver Chest Y-Axis Acceleration

27 Driver Chest Z-Axis Acceleration

S Driver Chest Resultant Acceleration

28 Driver Chest X-Axis Acceleration Redundant
29 Driver Chest Y-Axis Acceleration Redundant
30 Driver Chest Z-Axis Acceleration Redundant
S Driver Chest Resultant Acceleration Redundant
31 Driver Chest Deflection

32 Driver Left Femur Force

33 Driver Right Femur Force

34 Driver Left Knee Displacement

35 Driver Left Upper Tibia X-Axis Force

36 Driver Left Upper Tibia Z-Axis Force

37 Driver Left Upper Tibia Moment About X Axis
38 Driver Left Upper TibiaMoment About Y Axis
39 Driver Left TibiaX Axis Acceleration

40 Driver Left TibiaY Axis Acceleration

41 Driver Left Lower Tibia X-Axis Force

42 Driver Left Lower TibiaY-Axis Force

43 Driver Left Lower Tibia Z-Axis Force

44 Driver Left Lower Tibia Moment About X-Axis
45 Driver Left Lower Tibia Moment About Y-AXxis
46 Driver Left Foot to Ankle X Axis Rotation

47 Driver Left Foot to Ankle Y Axis Rotation

438 Driver Left Foot to Ankle Z Axis Rotation

49 Driver Left Foot X Axis Acceleration

50 Driver Left Foot Y Axis Acceleration

51 Driver Left Foot Z Axis Acceleration

S Driver Left Foot Resultant Acceleration

52 Driver Right Knee Displacement

53 Driver Right Upper Tibia X-Axis Force

54 Driver Right Upper TibiaZ-Axis Force

Page
B-41
B-42
B-43

B-45
B-46
B-47
B-48
B-49
B-50
B-51
B-52
B-53
B-54
B-55
B-56
B-57
B-58
B-59
B-60
B-61
B-62
B-63

B-65
B-66
B-67
B-68
B-69
B-70
B-71
B-72
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Table of Data Plots Cont’d.

Curve No. Data Plot Title Page
55 Driver Right Upper Tibia Moment About X-Axis B-73
56 Driver Right Upper TibiaMoment About Y-Axis B-74
57 Driver Right Tibia X Axis Acceleration B-75
58 Driver Right TibiaY Axis Acceleration B-76
59 Driver Right Lower Tibia X-Axis Force B-77
60 Driver Right Lower TibiaY-Axis Force B-78
61 Driver Right Lower Tibia Z-Axis Force B-79
62 Driver Right Lower TibiaMoment About X-Axis B-80
63 Driver Right Lower TibiaMoment About Y-Axis B-81
64 Driver Right Foot to Ankle X Axis Rotation B-82
65 Driver Right Foot to Ankle' Y Axis Rotation B-83
66 Driver Right Foot to Ankle Z Axis Rotation B-84
67 Driver Right Foot X Axis Acceleration B-85
68 Driver Right Foot Y Axis Acceleration B-86
69 Driver Right Foot Z Axis Acceleration B-87
-t Driver Right Foot Resultant Acceleration B-88
70 Passenger Head X-Axis Acceleration B-89
71 Passenger Head Y -Axis Acceleration B-90
72 Passenger Head Z-Axis Acceleration B-91
-t Passenger Head Resultant Acceleration B-92
73 Passenger Head X-Axis Acceleration Redundant B-93
74 Passenger Head Y -Axis Acceleration Redundant B-94
75 Passenger Head Z-Axis Acceleration Redundant B-95
-t Passenger Head Resultant Acceleration Redundant B-96
76 Passenger Head X-Axis (LT) Acceleration B-97
77 Passenger Head Z-Axis (LT) Acceleration B-98
78 Passenger Head Y-Axis (FT) Acceleration B-99
79 Passenger Head Z-Axis (FT) Acceleration B-100
80 Passenger Head X-Axis (TP) Acceleration B-101
81 Passenger Head Y -Axis (TP) Acceleration B-102
82 Passenger Neck X-Axis Shear Force B-103
83 Passenger Neck Y-Axis Shear Force B-104
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Table of Data Plots Cont’d.

Curve No. Data Plot Title

84 Passenger Neck Z-Axis Axia Force

85 Passenger Neck Moment About X Axis

86 Passenger Neck Moment About Y AXxis

87 Passenger Neck Moment About Z Axis

S Passenger Neck Occipital Condyle Moment About Y Axis
-t Right Front Passenger Neck Tension/Extension
S Right Front Passenger Neck Tension/Flexion

-t Right Front Passenger Neck Compression/Extension
S Right Front Passenger Neck Compression/Flexion
88 Passenger Neck Lower X-Axis Shear Force

89 Passenger Neck Lower Y -Axis Shear Force

90 Passenger Neck Lower Z-Axis Shear Force

91 Passenger Neck Lower Moment About X Axis

92 Passenger Neck Lower Moment About Y AXis

93 Passenger Neck Lower Moment About Z Axis

9 Passenger Chest X-Axis Acceleration

95 Passenger Chest Y-Axis Acceleration

96 Passenger Chest Z-Axis Acceleration

S Passenger Chest Resultant Acceleration

97 Passenger Chest X-Axis Acceleration Redundant
98 Passenger Chest Y-Axis Acceleration Redundant
99 Passenger Chest Z-Axis Acceleration Redundant
S Passenger Chest Resultant Acceleration Redundant
100 Passenger Chest Deflection

101 Passenger Left Femur Force

102 Passenger Right Femur Force

103 Passenger Left Knee Displacement

104 Passenger Left Upper Tibia X-Axis Force

105 Passenger Left Upper TibiaY-Axis Force

106 Passenger Left Upper Tibia Z-Axis Force

107 Passenger Left Upper TibiaMoment About X Axis
108 Passenger Left Upper TibiaMoment About Y Axis
109 Passenger Left Lower Tibia X-Axis Force

B-5

Page
B-105
B-106
B-107
B-108
B-109
B-110
B-111
B-112
B-113
B-114
B-115
B-116
B-117
B-118
B-119
B-120
B-121
B-122
B-123
B-124
B-125
B-126
B-127
B-128
B-129
B-130
B-131
B-132
B-133
B-134
B-135
B-136
B-137
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Table of Data Plots Cont’d.

Curve No. Data Plot Title

110 Passenger Left Lower Tibia'Y-Axis Force

111 Passenger Left Lower Tibia Z-Axis Force

112 Passenger Left Lower TibiaMoment About X Axis
113 Passenger Left Lower TibiaMoment About Y Axis
114 Passenger Right Knee Displacement

115 Passenger Right Upper Tibia X-Axis Force

116 Passenger Right Upper TibiaY-Axis Force

117 Passenger Right Upper Tibia Z-Axis Force

118 Passenger Right Upper TibiaMoment About X Axis
119 Passenger Right Upper TibiaMoment About Y Axis
120 Passenger Right Lower Tibia X-Axis Force

121 Passenger Right Lower TibiaY-Axis Force

122 Passenger Right Lower Tibia Z-Axis Force

123 Passenger Right Lower TibiaMoment About X Axis
124 Passenger Right Lower TibiaMoment About Y Axis
125 Left Rear Seat Crossmember X-Axis Acceleration
126 Right Rear Seat Crossmember X-Axis Acceleration
127 Front Brake Caliper Left X-Axis Acceleration

128 Front Brake Caliper Right X-Axis Acceleration

129 Dash Panel Center X-Axis Acceleration

130 Engine Top X-Axis Acceleration

131 Engine Bottom X-Axis Acceleration

132 Toepan Next to Accelerator X-Axis Acceleration
133 Toepan Next to Accelerator Z-Axis Acceleration
134 Toepan Next to Footrest X-Axis Acceleration

135 Toepan Next to Footrest Z-Axis Acceleration

136 Rear Deck Z-Axis Acceleration

137 Rear Compartment Center X-Axis Acceleration

138 Driver Airbag Event Wire A

139 Passenger Airbag Event Wire A

140 Load Cell Barrier Position A1 Force

141 Load Cell Barrier Position A2 Force

B-6

Page
B-138
B-139
B-140
B-141
B-142
B-143
B-144
B-145
B-146
B-147
B-148
B-149
B-150
B-151
B-152
B-153
B-154
B-155
B-156
B-157
B-158
B-159
B-160
B-161
B-162
B-163
B-164
B-165
B-166
B-167
B-168
B-169
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Table of Data Plots Cont’d.

Curve No. Data Plot Title Page

142 Load Cell Barrier Position A3 Force B-170
143 Load Cell Barrier Position A4 Force B-171
144 Load Cell Barrier Position A5 Force B-172
145 Load Cell Barrier Position A6 Force B-173
146 Load Cell Barrier Position A7 Force B-174
147 Load Cell Barrier Position A8 Force B-175
148 Load Cell Barrier Position A9 Force B-176
149 Load Cell Barrier Position B1 Force B-177
150 Load Cell Barrier Position B2 Force B-178
151 Load Cell Barrier Position B3 Force B-179
152 Load Cell Barrier Position B4 Force B-180
153 Load Cell Barrier Position B5 Force B-181
154 Load Cell Barrier Position B6 Force B-182
155 Load Cell Barrier Position B7 Force B-183
156 Load Cell Barrier Position B8 Force B-184
157 Load Cell Barrier Position B9 Force B-185
158 Load Cell Barrier Position C1 Force B-186
159 Load Cell Barrier Position C2 Force B-187
160 Load Cell Barrier Position C3 Force B-188
161 Load Cell Barrier Position C4 Force B-189
162 Load Cell Barrier Position C5 Force B-190
163 Load Cell Barrier Position C6 Force B-191
164 Load Cell Barrier Position C7 Force B-192
165 Load Cell Barrier Position C8 Force B-193
166 Load Cell Barrier Position C9 Force B-194
167 Load Cell Barrier Position D1 Force B-195
168 Load Cell Barrier Position D2 Force B-196
169 Load Cell Barrier Position D3 Force B-197
170 Load Cell Barrier Position D4 Force B-198
171 Load Cell Barrier Position D5 Force B-199
172 Load Cell Barrier Position D6 Force B-200
173 Load Cell Barrier Position D7 Force B-201
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Table of Data Plots Cont’d.

Curve No. Data Plot Title Page

174 Load Cell Barrier Position D8 Force B-202
175 Load Cell Barrier Position D9 Force B-203
S Load Cell Barrier Group #1 Force Total B-204
-t Load Cell Barrier Group #2 Force Total B-205
S Load Cell Barrier Group #3 Force Total B-206
-t Load Cell Barrier Group #4 Force Total B-207
S Load Cell Barrier Group #5 Force Total B-208
-t Load Cell Barrier Group #6 Force Total B-209
S Total Load Cell Barrier Force B-210

! Curveisnot included in NHTSA database.
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TRC THC.
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SATURM VUE INTD FROMTAL LOAD CELL BARRIER AT 4B KN/H

48 KMsH FRONTRL L .C.B.

TEST
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2082 SATURN VUE INTOD FRONWTAL LOAD CELL BARRIER AT 48 KM/H
-AXIS AXIAL FORCE
48 KMsH FRONTAL L.C.E.
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ORIVER NECK Z
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2082 SATURN VUE INTD FROWTAL LOAD CELL BARRIER AT 4B KM/H
DRIVER NECK MOMENT ABOUT X AXIS

43 TREC IHLC. 48 KMsH FRONTAL L.C.E. TEST WUMBER: B3BE8ES-1
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2002 SATURN VUE INTD FROMTAL LOAD CELL BARRIER AT 48 KM/H
DRIVER NECK MOMENT ABOUT ¥ AXIS
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7002 SATURN VUE INTD FROMTAL LOAD CELL BARRIER AT 48 KH/H
ODRIVER NECK MOMENT ABOUT Z AXIS
B
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20872 SATURW VUE INTO FRONWTAL LOAD CELL BARRIER AT 48 KNM/H
DRIVER MECK DCCIPITAL CONDYLE MOMENT ABOUT ¥ AXIS
55 TRC INC 48 KMsH FROMTAL L.C.E. TEST MWUMBER: B30805-1
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ATURN VUE INTO FRONTAL LOAD CELL BARRIER AT 48 KH/H
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2002 SATURM VUE INTO FRONTAL LOAD CELL BARRIER AT 46 KM~
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TRC IHC. 48 KMsH FRONTAL L .C B TEST MWUMBER: ©38885-1
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2082 SATURN VUE INTO FRONTAL LOAD CELL BARRIER AT 48 KM/H
COMPRESSION/FLEXION
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48 KMsH FROMTAL L.C.E.
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2002 SATURN VUE INTO FROWTAL LOAD CELL BARRIER AT 48 KM/H
DRIVER MECK LOWER Y-nxlS SHEAR FORCE

49 TRC INC 48 KM/H FROMTAL L.C.E. TEST WUMBEE: 83B8B5-1
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2092 SATURN VUE INTO FRONTAL LOAD CELL BARRIER AT 48 KM/H
ORIVER MECK LOWER MOMENT ABOUT ¥ AXIS
TRC INC. 48 KMsH FRONTAL L . C . B. TEST WUMBER: ©3B8WS-1
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2087 SATURK VUE IMTO FRONTAL LOAD CELL BARRIER AT 43 KM/H

ORIVER NECK LOWER MOMENT ARBOUT ¥ AXIS
TEST NUMBER: B838885-1
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2002 SATURN YUE INTD FRONTAL LOAD CELL BARRIER AT 48 KM/H
DRIVER MNECK LOWER MOMENT ABOUT Z AXIS
~- TRC INC 43 KMsH FRONTAL L .C.B. TEST NUMBER: B3B385-1
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2802 SATURN VUE INTD FRONTAL LOAD CELL BARRIER AT 48 KM/H
DRIVER CHEST X-AXI1S ACCELERATION
TRC INC 48 KMsH FRONTAL L.C.B. TEST NUMBER: ©3B885-1
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SATURN

YUE INTD FROMTAL LOAD CELL BARRIER AT 48 KM/H
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48 KMsH FRONTAL L .C.B. TEST NUMBER: @38E885-1
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CHAMNEL -

TRC
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SATURN

Y-ARIS
48 KMsH FRONTAL
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L C.B

YUE INTD FROMTAL LOAD CELL BARRIER AT 48 KM/H
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2007 SATURN VUE IWTOD FRONTAL LOAD CELL BARRIER AT 4B KM/H
DRIVER CHEST Z-AXIS ACCELERATION REDUNDANT
164 TRC IHC. 48 KM/H FRONTAL L . C.B. TEST NUMBER: 83B885-1
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2062 SATURN VUE INTD FRONTAL LOAD CELL BARRIER AT 4B KMsH
DRIVER CHEST RESULTANT ACCELERATION REDUNDANT
48 KMsH FRONTAL L .C.B. TEST NUMBER: 838885-1
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2002 SATURN VUE INTO FRONTAL LOAD CELL BARRIER AT 48 KM/H
ORIVER CHEST DEFLECTION
TRC INC. 48 KMsH FRONTAL L .C B TEST NUMBER: ©388B5-1
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2082 SATURW VUE INTD FRONTAL LOAD CELL BARRIER AT 48 KM/H
ORIVER LEFT FEMUR FORCE

48 KMsH FRONTAL L .C.B. TEST NUMBER: B3G805-1
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CHANNEL -
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2002 SATURN VUE INTO FRONTAL LOAD CELL BARRIER AT 48 KMN/H

ORIVER RIGHT FEMUE FORCE
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PASSENGER CHEST ®-AXx1S ACCELERATION REDUNDANT
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2002 SATURN VUE INTO FRONTAL LOAD CELL BARRIER AT 48 KM/H
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FASSENGER LEFT FEMUR FORCE
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= - / \l} I N /" L AN
(—: (‘} | ¥ ‘ n i f\s’ s A \\ / \A‘.“ RSN N /0‘—‘\‘\/‘ )
pos ’ | fﬁ | [ VT VO TN S ST
= 7 ) | 7
L L | S
B2 — 3 L _\ , ]
A I A T
I e 11] .
h 'l l 1|[I [ / \‘\ ‘!
65— , ‘ i,%\. N R
|- R
. i PN .
ﬂ |
|
-118 | | | _ il _
-20 ] 44 7l 1Al {30 le@ 196 2720 7250 284 3ty
TIME  [HM53
CHAMMEL - TRFZGI FILTER: CH CLASS &# PEAK DATS 1285 G B B4 B8O M5, -10.55 G @ 47 12 MS



y91-4

[-6080¢0

20082 SATURN VUE INTO FROMTAL LOAD CELL BARRIER AT 48 KM/H
REAR DECK Z-Ax[S ACCELERATION
a7 TRE INC. 48 KMs/H FRONTAL L .C B TEST NUMBER: @8386@5-1

. hono oA

i W [ ﬁ /E,J % fg/\, l\ R
= Y | ;, NAY . . ~
Al Wl | PN e
z 'I /; H ] ] 'U LJ W/ vi
_ ‘ M 1 \ Lo o
= | || 1 |
= U\ d \ | ![ /
% 63 — - ‘ -U » \d- [\ :

s

| . .

139 | | L

-28 RS 414 14 Lap L3 1ed 156 228 258 250 1o

TIME M5
CHANMEL © ROKZCG!I FILTER: CH CLASS 60 PEAK DATA: 8 @81 C @ 92 68 M5, -13 11 G B B2.56 NG



c91-d

1-G080¢€0

1671

(G X

ACCELERATION

CHANKEL -

2002 SATURN VUE INTD FRONTAL LOAD CELL BARRIER AT 48 KMsH
REAR COMPARTHMENT CENTER x-AxlS ACCELERATION

48 KM/H FRONTAL L .C B

TEST NUMBER:

B308E5-1

RCCKG!

TIME

FILTER - CH CLASS BB

(M5)
PEAK DATA

21 ;
i A VeV = — —
FK} \j\/ -
I v
-4 hﬁ
i
;v
A -
-89 — \'/\' X
\; ‘ J
| /
- , f
i ]
144 — : d . ! R KW }@ )
; ﬁﬁ I\ F
an ﬂ]»] |
: | lf 53
H / e \1
-254 |— k'{ '11‘ \I
T
\U
-309 | | |
-20 1@ 49 70 {20 130 160 150 220 250 28 3



991-9d

1-6080€0

SRV

(v

YOLTRCE

I

L)

MNEL -

5 TRC INC.

SATURN VUE INTO FRONTAL LOAD CELL BARRIER AT 48 KM/H
DRIVER ALIRBAG EVENT - WIRE A

48 KIMsH FRONTAL L.C.B. TEST NUIMBER:

B3Bems-1

See Data Aéquisition Explanations

-8 19 44 78 Lo@ 130 158 1596 220 258 258

OARBETI

FILTER

CH.

CLASS

1had

TIME (M5
PEAK DATA: @ B9 Y B 78 88 1S, -8 .18 Y



L91-4d

[-S080€0

2002 SATURN VUE INTD FRONTAL LOAD CELL BARRIER AT 48 KM/H
PASSENGER AIRBAG EVENT - WIRE A

5 TRC INC. 48 KMsH FROWTAL L .C.B. TEST MUMBER: @3BgMAS-1

14

tg-1)

¥

v
=1
ir.
4
_—
5
P

YOLTACE

-3
=
—
—
=

—

30 166 156 220

~0
on
=

281 31

-71 Le 41

CHANMEL -~ PRBETI FILTER: CH CLASS 1864 >PEQH OATH: 4.88 v 8 14 B8 N5, -4 93V B 16.96 15



(N X 101)

891-d

FORCE

2062 SATURN VUE INTD FRONTAL LOAD CELL BARRIER AT 48 KNM/H
LOAD CELL BRRRIER POSITION Al FUORCE
TRC INC 48 KM/H FROMTAL L .C .B. TEST NUMBER: B388H5-1

56
i o f
97 L ﬁ< {|

/\ F/iﬁy \j s =7 \/' | —e= e o N

]

T LA 138 168 134 228 258 254 314
TIME M5

-24 1 4

IMWEL - BALF FILTER: CH. CLASS &6 PEAK DATA: 336 18 M 8 34 48 NS, -457 55 N B 44 B0 M5

1-S080¢0



691-4d

[-6080¢€0

2002 SATURN VUE INTD FRONTAL LOAD CELL BARRIER AT 4B KM/H
LOAD CELL BARRIER POSITION AZ FORCE
~c 1RC INC. 48 KMsH FRONTAL L .C . B. TEST MUMBER: 03B8@5-1

|

i ANaRir N SO
IERTANN . TSNV ) - '
| | / (l ) ,
o \ o .|‘ .
=z -38 | | .
i A
n h\ﬂ'iﬁj K

20 {A 49 i tap 130 1
TIME MG

[

CHANMEL = BRZF FILTER: CH CLASS B

@ 139 228 200 284 3

i PEAK DATA 234 B8 N B 6 32 M5, -933 .91 N & 31 44 NS



0LI-d

[-€080¢0

19t

(N X

FORCE

CHANNEL -

-139

(“
A A\
,\ 1
"/ ! \\ ( | ~
/ i‘r.l .f[ | | \ !’{ A / N T e s e S e R A S—
— N f Van ] VN A Y
| / R .
Y v ’
h
]
LJ}
-0 (g 47 70 10 130 160 190 220 250 280 31

2002 SATURN VUE INTO FRONTAL LOAD CELL BARRIER AT 48 KN/H
LOAD CELL BARRIER POSITION A3 FORCE
TRC INC. 48 KMsH FRONTRL L C.B. TEST MNUMBER: ©38885-1

3
TIME M5
PEAK DATA- 942 96 N @ 40 48 M5, -3109 58 N B 14 32 MG

EAIF FILTER: CH. CLASS &@



1L1-d

[-S080€0

2002 SATURN YUE INTO FRONTAL LOAD CELL BARRIER AT 48 KN/H

LOAD CELL BARRIER POSITION A4 FORCE
13 TRC INC.

43 KN/H FROMTAL L.C.B. TEST MWUMBER: B3BEUI-1
\"lﬁ l /
\ /
1 /
-63 — ‘l\ S ]
Faa N /
\ ! k ; {
% \ / \/
-
-139
o~
=)
= =215 —
Lt
[}
el
[
[,
-291 —-
l
|
“367 b— .
|
Y
-443 } ~ ~ - - L — -
-7d L& 40 T8 LAG 138 164 1599 228 290 2a8u A
TIME [MS]
CHAMNEL © BR4F FILTER: CH. CLASS &# PEAK DATGA: 1248 27 N B 120 72 NS, -40471 34 N B 37 76 1§



cLi-d

[-6080¢€0

TRC

2002 SATURN VUE INTO FRONTAL LOAD CELL BARRIER AT 48 KM/H
L0AD CELL BARRIER POSITION A2 FORCE
48 KMsH FRONTAL L .C B,

TEST MNUMBER:

aipges-1

v‘\,»"l 5 S Vs
|
] !
| "f
-33 — |
/
J
=71 — f
o -
@
- |
= -109 |— . .
— & /\\\
= |
g | '\ / , //\\\
LL E y l" N
147 — . . \\\ . .
\ .
.
H! /
-185 — I
L
\U!
223 | - )
-20 14 44 7Y 1906 {3@ 168 156 278 256 284 318
TIME (M5
CHAMMEL - BASF FILTER: CH CLASS &8 PEAK DATA: 464 B4 W B 280 565 MS, -28472 13 W 8 78 4B 1S



€L1-d

1-6080¢€0

(N % 107)

FORCE

CHANMNEL -

2002 SATURN VUE INTD FRONTAL LOAD CELL BARRIER AT 48 KM/H
LOAD CELL BARRIER POSITION At FORCE
48 KM/H FRONTAL L .C B,

TEST

NUMBER

B3psns-1

- — \Jr\ ;
L {
I f
49 |— ﬂ /
/lll
o~ ]
;NS
N /
1672 b— f [ ;
Y
-155 b— 1 R ,( . .
-208 F—
-72681
!
-il4 — - }_ — = - — — —
-70 1d 44 70 1aa 138 166 1596 220 250 284 31
TIME [MS)
BREF FILTER: CH CLASS &6 PEAK DATH: 356 BE N & 21 .20 M5, -Z8768 36 N B 39 12 MS



1-6080¢0

vL1-d

(N X 102

FORCE

2087

53 TRC [HC.

SATURN VUE INTO
LOAD CELL BARRIER FOSITION A7 FORCE

48

FRONTAL LOAD CELL BARRIER

KMsH FRONTAL L.C . B.

AT 48 KIM/H

TEST

HUMBER:

BI0EES-1

./ [
/o
A 4 |
PV e . . . I8 . |
A ~ / g\
\ \\ / . \"
1’/ lk‘» \ / \ ’!'J ~ ‘
| < Vi —
-9 — S .
40 .
..71 b .
-167
33 — - .
-20 i 49 70 tae 130 166 158 2748

FILTER CH CLASS &

TIME [M5)

PEAK DATA: 4852

58 N B 114 36 15

§; -12557



SLI-d

[-€080€0

=
P
= -137
Lt
[
crl
(]
L

-192

CHAKNNEL

paalap

SATURN YUE INTD

FRONTAL LOAD CELL BARRIER AT

45 KM/H

LOAD CELL BARRIER POSITION A& FURCE

48 KM/H FRONTAL L .C.B.

TEST NUMBER:

B3B8AS-1

o

e e et T e

EAJF

FILTER:

CH.

TIME

[Ms)
K

FEAK OATA: 447 86 N B 21 5B M5,

|
. \ e
/
\ /
- \. /
o/
L \ o/
_ W AYS
|
Y
W
gA
i
20 2 40 70 YL {10 150 199 278 25 260



9L1-d

[-G080¢€0

2007 SATURN YUE INTD FRONTAL LOAD CELL BARRIER AT 48 KN/H
LOAD CELL BARRIER POSITION A9 FORCE

TRC INC 48 KM/H FRONTAL L.C B TEST NUMBER: A3B8E5-1

(n)
(Wal

Cd
[wal

TN e,

-3
e
",

D
-

7
./
|

1ot )
B

(N
|

:;
|

¥

FORCE

-117 |

20 8% 49 78 R {3 4
TIMNE (M5 -
CHANNEL - BASF FILTER - CH CLASS BB PEAK DATA: B34 6@ M 8 22 32 M5, -1166.87 N B 64 37



LL1-d

[-S080¢£0

2Bnz

SATURN

YUE THTD FRONTAL LOAD

LORD

CELL BRRRIER POSITION
43 KM/H FROMTAL L .C.B.

CELL BARRIER AT 4B KM/H
B1 FORCE

TEST NUMBER: B3B8BS-1

| } E'
f A / ' % )
P _/’f ¢ (J( “\X glﬁ" !I If ;I \‘ f A =SSN _ A -
5 \} }I\ \ /f
e ]
- y
® \ /
=z 48— b f
H |
A
:3 R
& [ /
L N
51— L \ /-
TR
ul |
| . ;
as | J |
00 (q 49 70 {30 130 160 150 270 250 280

CHANMEL -

BBLF

FILTER:

CH

CLASS &

(153
FERK DATH:

J14 23 N B 48 38 NS,

-574

s1d

26 N B BZ {6 NS



2082 SATURN VUE IMTD FROWNTAL LOAD CELL BARRIER AT 48 KIM/H
LOAD CELL BRARRIER FOSITION

Ez2 FORCE
. 48 KM/H FROMTAL L.C .E. TEST NUMBER: 8308085-
~
P
% e ~—
| RS
. \‘ /_/ d
\ /
51 I\ ) Y
g » /
" /
‘ [\‘jf \l/ \/‘ \ ' ({\ ' - /
|
-119 . . . NG . . . . .

8L1-d

-137

(N X 101
R—

[-S080€0

. ; \A
. 1
= / L
o . 1 .
] l| .
L |
-259 — \‘ /
o
o
| va
303 o / Y
E‘l ',/' "
\/
-391 = ‘ — —— - )
-20 1 44 70 e 136 160 158 2708 250 224a 316
TIME (M5
CHAMMEL -~ BEZF FILTER: CH CLCLASS &0 PEQK DATa: 155 38 W 8 5 28 MS, -35B86 87 N B BEL B4 N




TRC

[NC.

206z

SATURN

YUE INTO FRONTAL LOAD CELL BARRIER
LOAD CELL BARRIER POSITION BZ FURCE

AT 48 KMAH

6L1-d

[-S080€0

48 KMsH FRONTAL L . C B TEST MUMBER: 830885-1
\! P /_/_,r—-
“\A yd . ’
! /
|
16 |— | :

193

(N X
o
|
T

_44 fo

FORCE
§
—

-26 1g 4@ 7@ {38 136 6@ 150

(M5
PEAK DATA: 522 44 N

0
s
2]
0
=

259 238 314

CHANNEL - BBS3F FILTER - CH. CLASS 6B

[=u)
n

5.20 1S, 61427 B3 N B 3B .24 M5




081-d

1-6080¢€0

E

2007 SATURN VUE IWTD FROMTAL LOAD CELL BARRIER AT 48

LOAD CELL BARRIER POSITION B4 FORCE

KM

48 KMoH FRONTAL L C B TEST NUMBER @3BEGS-1
| 7
| -
e
H v
% /
/S
-1 — \ ~ vy
A /
Ve /
-22 S
![
k\
. /m”/
L | s
1“ //
//\\ .
SN
45 | S o
\_ !
o -
o \ Ig
f
'(\j
N
| | | A
28 17 40 70 138 (310 160 156 220 250 730 214
TIME (M5

CHAEMNEL

EB4F FILTER:

N B -8 56 M5,

-5 3381

15 M B 43 36 M5



181-4

[-S080¢€0

2002

SATURM YUE INTO
LOAD

CELL BRRRIER FOSITION

FROMTAL LOAD CELL BARRIER AT 4B KM/H
B5 FORCE

. 48 KMsH FRONTAL L .C . B. TEST WUMBER: #iBguvs-1
] o
| / //
r//,/
— 1 l N \ . . "’\' . ) /-” .
.“/ //
[ // S
L /
\ ./ \ . /.
. \/ ‘ N,///
7z 5 — . . . /_\\ . - i
a foN- S
© / \V//
Y - /
2 |
(-]
fnas
o
47 — K
I‘ .
|
i
— 7 1 ’ _ —
Iy (a 44 70 1@ 0 160 T 226 250 280 310
TIME [MS)
CHAMMEL - BBSF

FILTER

fep]
=] o
s} =

PEAK DATA: 576 B4 NS,

-69246 50 N B 41 84 M5




81-d

1-6080¢€0

2002 SATURW VUE INTD FRONTAL LOAD CELL BARRIER AT 48 KNM/H
LOAD CELL EARRIER FOSITION BE FORLE

g TRC INC. 48 KMs/H FRONTAL L .C.B TEST NUMBER: G388D
} ,/f”’"/’«
N e
\ a /
-—1 5 S // . I"I‘ . /
\ / \ /
A% /
\ /
-0 A
_ /
[oe]
>
= 46 —-
Lad
[
o
(e
L

__’;.77 [
|
-93 L | | | 1 _
70 {0 40 70 o0 (10 166 150 220 256 260

TIME NS

CHAMNEL - BBEF FILTER: CH. CLASS &0 PEAK DATH- 472 51 N B -0 40 M5, -84571 73 N 8 41 24



¢81-d
(N % 10%)

FORCE

CHAMNEL  BBTF FILTER: CH CLASS 6B PEAK DATH- 498 B2 N B 3 84 M5, -105B811 86 N 8 31 ..

[-5080¢€0

2002 SATURK WUE INTD FRONMTAL LOAD CELL BARRIER AT 48 KM/H
LDAD CELL BARRIER POSITION BY FORCE
g LR (L. 48 KMsH FRONTAL L.C.B. TEST NUMBER: B3B8B5-1

|
p—
[v'a]

o
.

\ . .
-39 b o . /P\\ . /

57 b—. . w .
\

20 14 4 T8 1aa 136 160 136 226 296 230
TIME M5




[-S080¢0

¥81-d

2092

SATURN

YUE INTOD FRONTAL LOAD CELL BARRIER

AT 48 KMoH
LOAD CELL BARRIER POSITIONM BS FORCE
| TRC IMC. 48 KMsH FROWNTAL L .C.B. TEST MNUMBER: @3B8&5-1
) —
| 7
g /
| /
. -/
g /
B w— “. /,/,
‘I" '\l fj
'1 !
i \ /
A /
2 \ /1
— 4 b . . . . ©
/
5 -/
= /
- .
= -4 }— ‘/’
\_//
o .
()
fov
(]
i
-86
-108 b—
-134 - - — — N - o
=20 9% 40 7 RERY 130 150 194 220 gk 730
TIME [MS)
CHAEMMEL - BBEF FILTER: CH. CLASS &@

FEAK DATA

192 75 N & ¢




¢81-d

[-G080¢€0

2082 SATURN VUE INTD FROWTAL LOAD CELL BARRIER AT 48 KM/H
LOAD CELL BARRIER FOSITION BY FORCE
TRC INC. 48 KMs/H FRONTAL L . C B TEST NUMBER: ©B3B8@5-1

La
i,
[ .
—
Yo I \‘/ \ //‘N AW T
20 | .
lx /7
"’ )
H I f
| | /

X160t
‘“-‘__\‘

[N

oo | M/

FORCE
A%

\ S
o | | |
- 21 1a 49 76 L@ 130 168 190 270 7256 2840

TIME  [M5)
CHANMEL - BBYF FILTER: CH. CLASS &0 PEAK DATA: 271 48 N

=]




981-d

1-6080¢0

7082 SATURN VUE INTO FRONTAL LOAD CELL BARRIER AT 48 KM/H
LOAD CELL BARRIER POSITION C1 FORCE

168 IRE_INC 48 KM/H FRONTAL L C B TEST NUMBER 030805-1
|
120 | — | -
.

=
= 's o
24— . - \ | | /\ N N . o
2 f | | ?ﬂL 1{!! /%3 f | | \ [ A, \\,‘ DA NS e e N
B il R A I N O 0 AV V :
YT T v v
ITRA -

-20 10 48 78 1g@ 130 160 190 220 750 50 Be

151
SR BT PILTER LHLhass 6 PEAK DATA 154 21 N @ 41 68 MS, -112 B3 N B 11 68 NS




L81-94

1-5080¢€0

o

(N ¥ 10

FORCE

CHAMMEL -

-17

-27

=37

48 KMsH FROMTAL EAE.B.
H‘ /l»
R .
\\ |
3 . f‘
\ \j(\\ ) ||I
S |
/
— \ /
'\ \ ' /
|
| .
\J | /
I . \ f
Kj
-0 (@ 40 70 (Ao 130 160 190 220 750 280

TRC

2087 SATURN VUE INTO

LOAD CELL BARRIER POSITION CZ FORLCE

FRONTAL LOAD CELL BARRIER AT 48 KM~/

TEST

HUMBER

@30805-1

ECZF

TIME [M5)

FEAK DATH:

1 o0

FILTER: CH CLASS 744 BT W B 158

(]
L3S )
fay
[

24




881-d

[-6080¢€0

o TRC

2002 SATURN

VUE INTD FROMTAL LOAD CELL BARRIER AT 48 KM/H

LDOAD CELL BARRIER FOSITION C3 FORCE

; : 48 KMsH FROMTAL L.C . B. TEST NUMBER: 830885-1
b ",‘"I‘ ‘ /’/7”\4/ /_—/
E /
g . /_/
) 1 /
-25 — 1 /o
. /f' .
/
/
-53 . ,/f
/
'\& -/
® \u e
. - [ N4
= l ] \\\ /
E ~81 I . ]\ . | . N .
o . .
= \ f
< \ \
169 oo
\ Vi
!
|
-137 p— | -
|
¥
Y
{
e | | |
-20 19 40 70 1a0 {30 160 190 220 250 280 3@
ME M5
CHANNEL © BC3F FILTER: CH. CLASS &6 PEAK DATA 225 28 N @ 4 24 M3, -15349 26 N B 29 04 M5




681-d

[-5080¢€0

(N % 182)

FORCE

CHANMEL -

. TRC

2087

SATURK YUE INTD FROMTAL LOAD CELL
LOAD CELL BARRIER POSITION
18

BARRIER AT 48 KNM/H
C4 FORCE

. KMsH FRONTAL L . C.B. TEST MUMBER: 830885-1
| R
&l //-’;
b A A
Voo /
Voo /S
-35 — .\‘f 1- . . ///
- | I ‘\‘ /
l\ / N4
I
i ;
._'?3 S
=111 b
-149 +—
187 —
1
225 | |
-20 1 44 T 186 {36 168 19§ 270 250 234 i1
TIME [MS]
BC4F FILTER: CH CLASS £é@ PEAK OAaTa: 207 52 W 8 3 44 M5, -28681 13 N B 41 96 115




0el-d

1-S080¢€0

» SATURN YUE INTD FROWTAL LOAD CELL BARRIER AT 48 KN/H
LOAD CELL BARRIER POSITION C3 FORCE

48 KM/H FROWNTAL L .C B,

Tt
=)
=
]

TEST NUMBER:

@3

)

4805-1

-1t

162

[N X

FORCE

CHAMNEL -

BCOF

/ﬁy{/d_ﬂﬂmwf-’“’h
e :
. &' . e // R
‘\\ "/ \I‘&; /.‘.k/‘/\~_//ﬂ
_— 7\\/ K‘ -/
3
|
|
\ }
| |
\ | '
|
.
I ?/
!
18 41 78 166 130 16568 1596 2201 256 780
TIME (M52
FILTEE: CH.  CLASS GO PEAK DATA: 92 96 W B -0 54 MS; -30573 S8 N &8 41 .28 M




2002 SATURN VUE INTD FROMTAL LOAD CELL BARRIER AT 4B KM/H
LOAD CELL BARRIER POSITION C& FORCE
48 KM/H FRONTAL L.C.B. TEST NUMBER: B3©8B5-1

[61-4

[-G080€0

‘x //l/—’——\/ T
l‘; . . .
I\ f \ /‘/"\ - /M__,/
r/ ~
-52 |
-106
~
=
>
= -160
()
()
[
o=
L
-Z214
-268
-327 = - . - - — - -
-28 ta 44 70 1an 136 168 156 220 250 280 314

TIME M5

CHANMEL - BCBF FILTER CH CLASS BB PEAK DATA: 169 75 N B 2 48 MS, -29387 4 N @ 41 .76 M5




[-S080¢€0

co1-d

CHAMNEL -

182

i,
¢

(N

FORCE

-165

[}
—
vl
=

C INC.

N

ki

402 SATURN

VUE INTO FROMTAL LOAD
LOAD CELL BARRIER POSITION
42 KM<H FROMTAL L

e

C B

FORCE

CELL BARRIER AT 48 KNM/H

TEST

NUMBER:

B3IBEHS

~44

-91

-138

-\F“}

BCTF

1@

FILTER:

CH

CLASE

. BB

;('f
~ Y,
Y
XJ/Y
|
fae

196

220

197 84

I:

416 N1

250

Lo

25923 27 )

=)
A

Cd
.
(]

<
(4]



co1-9

[-S080€0

20082 SATURN VUE INTO FRONTAL LOAD CELL BARRIER AT 48 KM/H

LOAD CELL BARRIER POSITION CB FORCE

a4 IRC INC_ 48 KMsH FRONTAL L C B TEST NUMBER: 838805-1
"{l ///
i s
I1 //
| /
__11 — ‘] /
H /
| /
-23 i - .
. /
8] [J
- /
S i R
= \ )
= ~ -/
< L /
q, / y
, / f{
59 | \ R T
U
. | | |
70 {1 41 7@ {Ge {30 160 156 7249 254 et 31a
TIME  (M5)
CHANMEL - BCEF FILTER - CH CLARS B9 PEAK DATe: 87 29 W B 4 606 M5, -6E487 @88 N B 42 17 NS



v61-4

[-G080¢€0

(N % 10%)

FORCE

24

-18

-94

CHANMEL

2082 SATURN VUE INTO FRONTAL LOAD CELL BARRIER AT 48 KNM/H
LOAD CELL BARRIER POSITION CS FORCE
TRC INC 48 KMsH FRONTAL L C B TEST MNUMBER: W ©3B305-1
/ .
wl }
— Kﬁ~gﬂﬁ% : jL L DD I O e o .
T RGCARM A
- (
\_ m‘ j .
i
- s . / ,
|
|
\
I A
|
|,
/
B il
y
20 1] 48 T 1A 136 164 156 721 250 280 1
TIME M5
BCIF FILTER: CH CLARS BU PEGAK DATA: 186.93 W @ 37 92 M5, -835 57 N 8 49 .28 M5




sol-d

1-6080¢0

2082 SATURN VUE IWTD FRONTAL LOAD CELL BARRIER AT 48 KNM/H
LOAD CELL BARRIER POSITION D! FORCE
TRC [HNC 48 KM/H FRONTAL L C B TEST WUMBER: W B3B8B5-1

gt
—
—
: ‘M__
<]
<
P
Sy
N
-
q
<
{
{

(N X
§
O
<
<

= \j
L
=71 b

L= S

4 | |
-20 L9 48 78 Lae L3 1668 138 228 2oh 250 514

TIME (M5
CHANKEL - BODIF FILTER CH. CLASS &@ PEAK DATA: 250 16 N & 27 84 M5, -426 46 N B 36 16 NS



961-d

[-5080¢€0

2082

SATURMN VUE INTO FRONTAL LOAD

LOAD CELL BARRIER POSITION DZ FORCE

CELL BARRIER AT 48 KNM/H

- TRC THI 43 KM/H FRONTAL L C B TEST MUMBER: 838885-1
/x e
E " ‘
A //

40 — %
o
=
=
= 62—
Lad
O
&
=
L

-84 —

-186 +—

| | |
-128 ‘
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Appendix C

Dummy Configuration and Performance Verification Data
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THOR Leg Configuration Information

Driver Dummy S/N 090
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Program Summary of THOR-Lx Leg Uses with Dummy S/N: 090

THOR Leg Uses
. Left Right
Date Activity ©  LX-110  LX-109 Notes Injury Criteria Exceeded
9/9/02  Calibration yes yes Initial calibration '
2/14/03 Test 1 1 2002 Saturn Vue - Driver Right lower tibia index, right lower compression, right foot YL rotation
2/20/03  Test 2 2 2002 Ford Windstar - Driver Right foot XL rotation
2/28/03 Test 3 : 3 2002 Ford Windstar - Passenger None
3/10/03  Calibration yes yes  Note #1 '
3/18/03 Test 1 1 2003 Toyota Carolla - Driver Right foot XL rotation
4/4/03  Test 2 2 2003 Toyota Carolla - Passenger Right upper tibia index
4/15/03  Calibration no ~ yes ~ Note #2
5/5/03  Test 3 1 2002 Honda Civic - Driver None
5/20/03 Calibration yes no  Note#3
5/29/03 Test 1 2 2002 Honda Civic - Passenger Left upper tibia index
6/6/03  Calibration yes no  Note #4 :
6/23/03  Test 1 3 2002 Saturn Vue - Passenger - Left and right foot YL rotation
8/5/03  Test 2 4 2002 Saturn Vue - Driver; Note #5 Left foot YL rotation
10/15/03 Calibration yes yes  Note #6
#1 Scheduled calibration after three uses - Right and left legs
(2) Rubber eversion bumpers were replaced based on visual inspection prior to performing a calibration.
Right leg failed the Dynamic Heel Foot Impact Test during calibration. The Tibia Compliant bushing was replaced and the
leg passed the second test. Data from both the failing and passing test are included in the dummy calibration documentation.
#2  Injury calibration - Right leg only
Replaced (2) Inversion/Eversion bumpers, Dorsi Plantar stop, Tibia Compliant bushing, and foot skin.
These components were replaced prior to the final calibration data presented in the report.
#3 Scheduled calibration after three uses - Left leg only
Replaced (2) Inversion/Eversion bumpers, Dorsi Plantar stop, Tibia Compliant bushing, and foot fiesh.
These components were replaced prior to the final calibration data presented in the report.
#4 Injury calibration - Left leg only
Replaced (2) Inversion/Eversion bumpers, Ankle Rubber Torque Cylinder, Dorsi Plantar soft stop, (2) Ankle Z-rotation stops, -
Ankle bolt sleeve, and (2) Rotary X,Y potentiometers.
These components were replaced prior to the final calibration data presented in the report.
#5 Fourth use of right leg without calibration approved prior to test by COTR.
#6 Final post-program calibration - Right and left legs

Calibration perfromed "as-is" without replacing any components. The right leg failed the Dynamic Heel test and Gesac recommended replacng the
Tibia compliant bushing prior to retesting. The left leg failed the Dynamic Heel and Ball tests, Gesac reccomended replacing the Tibia

compliant bushing and Dorsi flexion stop prior to retesting. The z-axis lower tibia load cell in the left leg was also found to have a

bad wire during calibration, Gesac reccmended replacing the wire prior to further testing.




Pre-test Dummy Configuration and Performance Verification Data

Driver Dummy S/N: 090
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Transportation Research Center Inc.
572E HIII 50th Male Dummy
External Dimensions
Serial No. 090 Calibration No. 43

Symbol [Description Spec1ﬁcathn Results Pass
A Total Sitting Height 878.8 - 889.0 883] Yes
B Shoulder Pivot Height 505.5 - 520.7 515| Yes
C H-Point Height 83.8 - 88.9 87| Yes
D H-Point From Seatback 134.6 - 139.7 138] Yes
E Shoulder Pivot From Backline - 83.8-94.0 86| Yes
F Thigh Clearance 139.7 - 154.9 147| Yes
G Back Of Elbow To Wrist Pivot 289.6 - 304.8 291  Yes
H Skull Cap To Backline 40.6 - 45.7 43|  Yes
I Shoulder-Elbow Length 330.2 - 345.4 337 Yes
J Elbow Rest Height 190.5 - 210.8 201} Yes
K Buttock Knee Length 579.1 - 604.5 588 Yes
L Popliteal Height 4293 - 454.7 432]  Yes
M Knee Pivot Height 485.1 - 500.4 495  Yes
N Buttock Popliteal Length 452.1 - 477.5 460] Yes
(@] Chest Depth 213.4 - 228.6 221 Yes
P Foot Length 251.5 - 266.7 252| Yes
\Y Shoulder Breadth 421.6 - 436.9 433]  Yes
% Foot Breadth 91.4 - 106.7 102]  Yes
Y Chest Circumference 970.3 - 1000.8 991| Yes
Z Waist Circumference 835.7 - 866.1 ‘857 Yes

AA Location For Chest Circumference 429.3 - 434.3 432]  Yes
BB Location For Waist Circumference 226.1 - 231.1 229 Yes
Technician Approved

/
i%&"“*

Revised 3/13/3003 C-5
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Transportation Research Center Inc.

572E Head Drop Test
HIII 50th Male Serial No. 090 Calibration No. 43 - 1

Test Date 06/25/2003
Test Parameter Specification Test Results  Pass
Temperature 18.9-25.6 °C 21.7 °C Yes
Relative Humidity | 10 - 76 % 51 % Yes
Peak Resultant Acceleration 225-275 g 249.1 g Yes
Peak Lateral Acceleration 15 g Max -84 g Yes
Oscillations After Main Pulse ~ Less Than 10% of Peak Yes Yes

Resultant Acceleration?

Comments:

Technician Approved

‘ Pt (0 D

06.25.2003 09:00:45 613
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Acceleration [g] Acceleration [g] Acceleration [g]

Acceleration [g]
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Transportation Research Center Inc.
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Transportation Research Center Inc.
572E Neck Flexion Test - 6 Channel Transducer

HIII 50th Male

Test Parameter

Temperature
Relative Humidity
Impact Velocity

Pendulum Deceleration
10 ms
20 ms
30 ms

Max Pendulum Deceleration

Max Pendulum Deceleration
After 30 ms

| Deceleration-Time Curve
Decay Time To 5g

D Plane Rotation
Max
Time

Moment About Occipital Condyle

Max
Time

Rotation Angle-Time Curve
Decay Time To Zero

Positive Moment-Time Curve
Decay Time To Zero

Comments:

Technician

=

yad

TR ==

Serial No. 090 Calibration No. 43 - 1

Test Date 06/27/2003
Specification  Test Results
20.6-22.2 °C 21.1 °C
10-70 % 55 %
6.89 - 7.13 m/s 6.93 m/s
22.50-27.50 g 2481 g
17.60 - 22.60 g 22,18 g
12.50 - 18.50 ¢ 1723 g
29.00 g 2562 g
29.00 g 17.16 g
34 -42 ms 35.04 ms
64-78 ° 73.03 °
57 - 64 ms 57.68 ms
88.1-108.5 N'm 96.25 N'm
47 - 58 ms 49.36 ms
113-128 ms 118.64 ms
97 - 107 ms 97.44 ms
Approved

C-8

Pass

Yes
Yes
Yes

- Yes

Yes

Yes

Yes

Yes

Yes

Yes
Yes

Yes
Yes

Yes

Yes

06.27.2003 12:11:56 501

030805-1




Acceleration [g]

Angle [°] Angle [°]

Angle [°]

Pendulum Deceleration

40

Transportation Research Center Inc.

HIII 50th Male

572E Neck Flexion Test

Serial No. 090 Calibration No. 43 - 1

‘Test Date 06/27/2003
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Filter Class: 60
Max:25.6 g at 8.7 ms
Min: -3.8 g at 41.1 ms

Filter Class: 60
Max: 36.0° at 57.8 ms
Min: -22.6° at 178.9 ms

Filter Class: 60
Max: 37.0° at 57.4 ms
Min: -28.4° at 182.3 ms

Filter Class: 60
Max: 73.0° at 57.7ms
Min: -51.1° at 181.4 ms

030805-1




Torque [N'm] Force [N] Force[N]

Torque [N'm]
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Transportation Research Center Inc.

572E Neck Flexion Test

HIII 50th Male Serial No. 090 Calibration No. 43 -1
Test Date 06/27/2003
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Filter Class: 1000
Max: 155.3 N ‘at '168.8 ms
Min: -744.1 N at 56.9 ms

Filter Class: 600
Max: 1549 N at 169.5 ms
Min: -743.8 N at 56.8 ms

Filter Class: 600
Max: 86.1 N'm at 48.8 ms
Min: -34.4 N'm at 14.2 ms

Filter Class: 600
Max: 96.3 N'm at 49.4 ms
Min: -24.2 N'm at 13.8 ms
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Transportation Research Center Inc.
572E Neck Extension Test - 6 Channel Transducer
HIII 50th Male Serial No. 090 Calibration No. 43 - 1

Test Date 06/27/2003
Test Parameter Specification  Test Results Pass
- Temperature 20.6-222 °C 21.1 °C Yes
Relative Humidity 10-70 % 54 % Yes
Impact Velocity 5.95-6.19 m/s 5.98 m/s Yes
Pendulum Deceleration
10 ms 17.20-21.20 g 19.10 g Yes
20 ms 14.00 - 19.00 g 16.64 ¢ Yes
30 ms 11.00-16.00 g 1252 g Yes
Max Pendulum Deceleration 22.00 g 1927 g Yes
Max Pendulum Deceleration
After 30 ms 22.00 g 1246 g Yes
Deceleration-Time Curve
Decay Time To 5g 38 -46 ms 43.28 ms Yes
D Plane Rotation ,
Max 81-106 ° 97.70 ° Yes
Time 72 - 82 ms 81.44 ms Yes
Moment About Occipital Condyle
Min -80.0 - (-52.9) N'm -60.48 N'm Yes
Time 65-79 ms 76.00 ms Yes
Rotation Angle-Time Curve
Decay Time To Zero 147 - 174 ms 168.72 ms Yes
Negative Moment-Time Curve
Decay Time To Zero 120 - 148 ms 143.20 ms Yes
Comments:
Technician Approved

Lo . A=

06.27.2003 12:47:52 578
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Angle [°]

Transportation Research Center Inc.
572E Neck Extension Test

HIII 50th Male Serial No. 090 Calibration No. 43 - 1
Test Date 06/27/2003
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Transportation Research Center Inc.
572E Neck Extension Test

HIII 50th Male Serial No. 090 Calibration No. 43 - 1
Test Date 06/27/2003
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Transpyortation Research Center Inc.

572E Thorax Test

HII 50th Male Serial No. 090 Calibration No. 43 - 1

Test Parameter
Temperature

Relative Humidity
Pendulum Velocity
Maximum Chest Deflection
Maximum Resistive Force

Internal Hysteresis

Comments:

Technician

Test Date 06/24/2003

Specification Test Results

20.6-22.2 °C 21.7 °C
10-70 % 49 %
6.59 - 6.83 m/s 6.66 m/s
-72.6 - (-63.5) mm -71.7 mm
5160 - 5894 N 5615N
69-85% 70 %
Approved

Pass
Yes
Yes
Yes
Yes
Yes

Yes

Wur ( A=>

06.24.2003 13:02:20 952

C-14

030805-1




Transportation Research Center Inc.

572E Thorax Test

HIII 50th Male Serial No. 090 Calibration No. 43 - 1

Test Date 06/24/2003

Pendulum Deceleration
50

40

Filter Class: 180

Max: 24.5 g at 20.9 ms

30
20

10

Min: -0.4 g at 449.7 ms

Acceleration [g]

\\

0
-10

-10 0 10 20 30 40 50 60

Pendulum Force

70

80 90 100

Time (ms)

10000
8000

Filter Class: 180

6000+

Max: 5615.3 N at 20.9 ms

Force[N]

4000

Min: -85.0 N at 449.7 ms

7

20004

T~

0
-2000

-10 0 10 20 30 40 50 60

Chest Displacement

W
<

70

80 90 100

Time (ms)

Filter Class: 180

[+
<o ©

Max: 0.0 mm at 0.6 ms

™~

% +

. Min; -71.7 mm at 25.5 ms

120

Displacement[mm]
3

1501

-10 0 10 20 30 40 50 60

Chest Displacement vs. Pendulum Force

70

80 90 100

Time (ms)

10000
8000

6000--

Force[N]

4000
2000

o— —

2000

-10 0 10 20 30 40 50 60

70

80 9 100

Displacement [mm]

C-15
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Hybrid III Hip Range of Motion
Serial Number: 090L Date: 06/27/2003
Test Number: 090C43 Time: 10:58
Comments:
TEST PARAMETER SPECIFICATION TEST RESULTS
Temperature 18.9 - 25.6 21.1 °C Pass
Humidity ~ 10 - 70 53 % Pass
Moment at 30 deg <= 04.9 ~94.2 Nm Pass
Angle at 203 Nm 40.0 - 50.0 40.2 deg Pass
Average Velocity 5.0 -10.0 7.5 deg/sec  Pass
Peak Moment: 210.0 Nm at 40.5 deg
Moment About H-Point Peak Angle: 40.5 deg at  210.0 Nm
e e e e
Nm
-15 0 15 degrees 30 45
Angular Velocity Max: 8.1 deg/sec Min: 6.9 deg/sec
12.00 ‘ ' ' ' ' ' ' " f
9.00
deg/sec
6.00
S Sl
) S S M It s s
15 0 15 degrees 30 45
C-16 030805-1

Traniportation Research Center Inc




Serial Number:  090R Date:  06/27/2003
Test Number: 090C43 Time: 12:06
Comments: »
TEST PARAMETER SPECIFICATION TEST RESULTS
Temperature 18.9 - 25.6 21.1 °C Pass
Humidity 10 - 70 53 % Pass
Moment at 30 deg <= 949 93.2 Nm Pass
Angle at 203 Nm 40.0 - 50.0 40.1 deg Pass
Average Velocity 5.0 - 10.0 7.5 deg/sec  Pass
Peak Moment: 210.0 Nm at 40.3 deg
Moment About H-Point Peak Angle: 40.3 deg at  210.0 Nm
e e e
Nm
-15 | 0 15 degrees 30 45
Angular Velocity Max: 8.1 deg/sec Min: 6.9 deg/sec
12.00 : ' ' | ' ' ' ' i
9.00
deg/sec
6.00
3.00
e e S A R At s s s
-15 0 15 degrees 30 45
C-17 030805-1

Transportation Research Center Inc

Hybrid III Hip Range of Motion




Transportation Research Center Inc.
572E Left Knee Slider Test

HIII 50th Male Serial No. 090 Calibration No. 43 - 1

Test Parameter
Temperature

Relative Humidity

Pendulum Velocity

Force At 10 mm Disiolacernent

Force At 18 mm Displacement

Comments:

Technician

Test Date 06/25/2003

Specification
18.9-25.5°C
10-70 %
2.70 - 2.80 m/s
-1259 - (-1721) N

22268 - (-3096) N

C-18

Test Results
21.7 °C
51 %
2.76 m/s
-1205 N

-2181 N

Approved

NSO | lLM@Zf’

Pass
Yes
Yes
Yes
No

No

06.25.2003 09:24:49 1753

030805-1




Force [N]

Displacement [mm]

Force [N]

-1000.-
-2000.~
-3000--
~4000.-
-5000-‘

-6000 +
-10

—1000.-
-2000..
-3000..
-4000'.
-5000.-

-6000

Transportation Research Center Inc.

HIII 50th Male Serial No. 090 Calibration No. 43 - 1

Femur Force

1000

572E Left Knee Slider Test

Test Date 06/25/2003

PAN

Filter Class: 600

L~

Max: 711.4 N at 39.1 ms

Min: -5769.3 N at 16.2ms

\]

v

10 20

Tibia Displacement

10

30

40

50 60 70

80

90

Time (ms)

100

Filter Class: 600

Max: 0.5 mm at 41.2 ms

-]0..

Min: -21.3 mm at 16.6 ms

_15..

-20..

251
230

~35.,

10 20

30

40

50 60 70

Femur Force vs Tibia Displacement

1000

80

Time (ms)

90

100

——t

-30

-25

-20

-15

-10

-5 0

5

e
*

Displacement [mm)]

06.25.2003 09:24:51 1753 m
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Transportation Research Center Inc.

572E Left Knee Slider Test
HIII 50th Male Serial No. 090 Calibration No. 43 - 2
Test Date 06/25/2003
Test Parameter Specification = Test Results Pass
Temperature 18.9-25.5°C 21.7 °C Yes
Relative Humidity 10-70 % 51 % Yes
Pendulum Velocity 2.70 - 2.80 m/s 2.78 m/s Yes
Force At 10 mm Displacement -1259 - (-1721) N -1187N No
Force At 18 mm Displacement -2268 - (-3096) N -2122 N ~ No
Comments:
Technician Approved

| NPEE < reevep

06.25.2003 10:23:39 1740 m
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Force [N]

Displacement [mm)]

Force [N]

-1000

-3000

1000

Transportation Research Center Inc.

572E Left Kn

ee Slider Test

HIII 50th Male Serial No. 090 Calibration No. 43 - 2
Test Date 06/25/2003

Femur Force

SN

Filter Class: 600

-1000

Max: 701.2 N at 39.6 ms

-2000

Min: -5855.3 N at 16.6 ms

-3000

-4000

-5000

\

-6000

7

-10 0

10 20 30 40

Tibia Displacement

50

60

70

80 90 100

Time (ms)

10

Filter Class: 600

ol

Max: 0.5 mm at 41.7 ms

-5 1

—10..
-15
-20

Min: -21.4 mm at 16.7 ms

o
ol
o
o

1000
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-10 0

10 20 30 40

Femur Force vs Tibia Displacement

50
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70

80 90 100

Time (ms)

i B

-2000

+ ’/,,fwf”(

-4000

-5000

-6000
-30

S|

-25 -20 -15 -10
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5 10

Displacement [mm]

C-21
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Transportation Research Center Inc.
* 572E Left Knee Slider Test
Serial No. 090 Calibration No. 43 -3

HIII 50th Male

Test Parameter
Temperature

Relative Humidity

Pendulum Velocity

Force At 10 mm Displacement

Force At 18 mm Displacement

Comments:

New Knee Slider Installed.

Technician

Test Date 06/25/2003

Specification
189-25.5°C
10-70 %
2.70 - 2.80 m/s
-1259 - (-1721) N

-2268 - (-3096) N

C-22

Test Results Pass

21.1 °C
45 %
2.76 m/s
-1643 N

-3088 N

Approved

) ((Jaﬁj

Yes

Yes

Yes

Yes

Yes

06.27.2003 12:51:44

1740

030805-1




Transportation Research Center Inc.
572E Left Knee Slider Test

HIII 50th Male Serial No. 090 Calibration No. 43 - 3
Test Date 06/25/2003

Femur Force
1000

ol ANE.-
\ Max: 596.3 N at 39.8 ms

\ Min: -41264 N at 17.5 ms

Filter Class: 600

-1000

Force [N]

-2000

-3000

-4000 \\

-5000

-6000 + + + + + + + + + + +
-10 0 10 20 30 40 50 60 70 80 90 100
Time (ms)

Tibia Displacement
10

Filter Class: 600

Max: 0.7 mm at 40.2 ms

-104 \ Min: -19.9 mm at 18.2 ms

o
207

Displacement [mm]

|
N
w

30l

-35

-40 + + + + + + + + + + +

-10 0 10 20 30 40 50 60 70 80 90 100
Time (ms)

Femur Force vs Tibia Displacement
1000

/

-1000

Force [N]

-2000

-3000

[
/e

-5000

-6000 + + + + + + + +
-30 -25 -20 -15 -10 -5 0 5 10
Displacement [mm]

06.25.2003 14:45:37 1740
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Transportation Research Center Inc.
572E Right Knee Slider Test
HIII 50th Male Serial No. 090 Calibration No. 43 - 1

Test Parameter
Temperature

Relative Humidity

Pendulum Velocity

Force At 10 mm Displacement

Force At 18 mm Displacement

Comments:

Technician

Test Date 06/25/2003

Specification
18.9-25.5°C
10-70 %
2.70 - 2.80 m/s
-1259 - (-1721) N

22268 - (-3096) N

C-24

Test Results Pass
21.7 °C Yes

51 % Yes

2.77 m/s Yes

-1484 N Yes

-2880 N Yes

Approved
Dud | A==

06.25.2003 10:48:54 1742
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Transportation Research Center Inc.
572E Right Knee Slider Test

HIII 50th Male Serial No. 090 Calibration No. 43 - 1
Test Date 06/25/2003

Femur Force
1000 T Filter Class: 600

h

Max: 612.7 N at 38.2ms

-1000 1
/ Min: -5182.1 N at 16.9 ms

Force [N]
<

-2000

-3000

-4000 \

soo] \

v

-6000 + + + + t + + + + + +
-10 0 10 20 30 40 50 60 70 80 90 100
Time (ms)

Tibia Displacement

Filter Class: 600

Max: 0.6 mm at 40.5 ms

st \

\ ’ Min: -20.1 mm at 17.4 ms

Displacement [mm]
S

1000 10 20 30 40 50 60 70 8 90 100
Time (ms)

Femur Force vs Tibia Displacement

——

1000

-1000

Force [N]

-2000

-3000

—

-4000

-5000

-6000 + + + + + + + +
-30 -25 -20 -15 -10 -5 0 5 10
Displacement [mm]
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Transportation Research Center Inc.

572E Left Knee Test
HIII 50th Male Serial No. 090 Calibration No. 43 - 1

Test Date 06/27/2003
Test Parameter Specification Test Results  Pass
Temperature ‘ 18.9-25.6 °C 21.1 °C Yes
Relative Humidity 10-70 % 54 % Yes
Pendulum Velocity 2.07-2.13 m/s 2.12 m/s Yes
Maximum Pendulum Force 4715-5783 N 5300 N Yes
Comments:

Technician Approved

Dot 1 A

06.27.2003 07:32:28 2071
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Acceleration [g]

Force[N]

Transportation Research Center Inc.
572E Left Knee Test

HIII 50th Male Serial No. 090 Calibration No. 43 - 1
Test Date 06/27/2003 ‘

Pendulum Deceleration
150
140

1304 Max: 1083 g at 2.8 ms
120 '

1(1)8 + 2 Min: -0.8 g at 8.8 ms
o0 / \\
80

70+ |
601 / \
50 /
40 /
30

20 T / \
ol /

Filter Class: 600

10— ; | ' ' ' ' ) ; ; :
2 0 2 4 6 8 10 12 14 16 18 20
Time (ms)

Pendulum Force
7500
7000

6500+ Max: 52998 N at 2.8 ms
6000

;gg(@) T = Min: -38.5 N at 8.8 ms
4500-F [\
40001
35001 \
3000-F / \
2500 [
2000-F /

1500 / \
1 / \
o0 t / N

Filter Class: 600

-500F— . . . ' , . ' , : :
2 0 2 4 6 8 10 12 14 16 18 20
Time (ms)

06.27.2003 07:32:29 2071
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Transportation Research Center Inc.

572E Right Knee Test ,
HIII 50th Male  Serial No. 090 Calibration No. 43 - 1

Test Date 06/27/2003
Test Parameter Specification Test Results  Pass
Temperature 18.9-25.6 °C 21.1 °C Yes
Relative Humidity 10-70 % 53 % Yes
Pendulum Velocity 2.07-2.13 m/s 2.10 m/s Yes
Maximum Pendulum Force 4715-5783 N 5302 N Yes
Comments:

Technician Approved

o U AT

06.27.2003 07:34:53 2077
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Acceleration [g]

Force[N]

Transportation Research Center Inc.
572E Right Knee Test

HIII 50th Male Serial No. 090 Calibration No. 43 -1
Test Date 06/27/2003

Pendulum Deceleration

150 . .
1401 Filter Class: 600

1304 Max: 108.4 g at 2.9 ms
120

1104 : : Min: -1.0 ¢ at 7.6 ms
100F A\ ' ©

901 / \
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601 / \
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2o / )
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10—y ' " } " ' ' ' ' ' ;
-2 0 2 4 6 8 10 12 14 16 18 20
Time (ms)
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7500 : )
70004 Filter Class: 600

2(5)38 Max: 5302.5N at 2.9 ms
5500 — Min: -48.1 N at 7.6 ms
5000

4500 [

40001 |
3500F [ : \
30001 / |
2500-% | \
20001 |
1500-F [ \

oof |/ N

-500F— . ; . . ; . , : ' ;
-2 0 2 4 6 8 10 12 14 16 18 20
Time (ms)

06.27.2003 07:34:53 2077
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GESAC, INC

DESIGN | MANUFACTURE | TEST | SOFTWARE DEVELOPMENT | ERGONOMICS
125 Orchard Drive, Boonsboro, MD 21713
Tel (301) 432-5885 Fax (301) 432-6199

Thor-LX Test Report

Dynamic Heel of Foot Impact Test

Engineer P. Pope Test Date June 6, 2003

Y. Wang v Temp (C)/Hum.(%) 22/61
Customer TRC Serial No. LX110
Description  Left Lower Extremities

~ Testing Summary

Impact Speed 4.0m/s Scan Rate 10000 scans/sec
impact Effective Mass 5.0 kg Filter CFC 600
impactor NHTSA Dynamic Impactor (TLX-8000-013)
Response ‘

Peak Lower Tibia Compressive Force* (N)| Specification (N) Within Reference

Test Plot

3222 2694 - 3292 Yes

*Average Value

Thor-Lx: Dynamic Impact Test
LX110: Heel of Foot Impact
£ 4000
3
S 3000 ' J“V’\\
g 2000 /
O / \
= 1000 <
0
E o e S \\/ e
g-1000
— 0 20 40 60 80
Time (msec)
—— Specification — Test 1 —— Test 2

Tested by: Qm Q (o Date: -0 3

Analyzed by: ¢ )é’lgé%% &- Date: L= (| — o
— " _/’

C-30 030805-1




GESAC, INC

DESIGN | MANUFACTURE | TEST | SOFTWARE DEVELOPMENT | ERGONOMICS
125 Orchard Drive, Boonsboro, MD 21713
Tel (301) 432-5885 ‘Fax (301) 432-6199

Thor-LX Test Report

Dynamic Ball of Foot Impact Test (page 1)

P. Pope Test Date June 9, 2003

Engi'neer‘

; Y. Wang Temp (C)/Hum.(%) 21/62
Customer TRC : Serial No. LX110
Description  Left Lower Extremities
Testing Summary
Impact Speed 5.0 m/s Scan Rate 10000 scans/sec
Impact Effective Mass 5.0 kg Filter CFC 600
Impactor NHTSA Dynamic Impactor (TLX-9000-013)

Response | )
Peak Lower Tibia Compressive Force* (N) | Specification (N) Within Reference
3251 3058 - 3738 Yes
*Average Value
Test Plot
Thor-Lx: Dynamic Impact Test
LX110: Ball of Foot Impact

z

< 4000

(O}

S 3000 =

(@]

L )

S 2000 /

£ /

S 7

O 1000 -2\ ~ o

= 0 SN

S

o

= -1000

— -15 0 15 30 45

Dorsiflexion Angle (deg)
— Specification — Test 1 — Test2
Tested by: \)ﬂw;alﬁ’ Q:@:, Date: e-1(~¢ 3

Analyzed by: - g“i‘é jt I Date: /— ([—o 3

C-31 030805-1




GESAC, INC

DESIGN | MANUFACTURE | TEST | SOFTWARE DEVELOPMENT | ERGONOMICS

125 Orchard Drive, Boonsboro, MD 21713
Tel (301) 432-5885 ' Fax (301) 432-6199

Thor-LX Test Report

Dynamic Ball of Foot Impact Test (page 2)

Engineer P. Pope Test Date June 9, 2003
Y. Wang Temp (C)/Hum.(%) 21162
Customer TRC Serial No. LX110
Description  Left Lower Extremities
Testing Summary '
Impact Speed 5.0 m/s Scan Rate- 10000 scans/sec
impact Effective Mass 5.0 kg Filter CFC 800
Impactor NHTSA Dynamic Impactor (TLX-9000-013)
Response
Peak Ankle Resistive Moment* (N-m) Specification (N-m)  Within Reference
91.3 76.2 - 93.2 Yes
*Average Value ‘
Test Plot
Thor-Lx: Dynamic Impact Test
- LX110: Ball of Foot Impact
£
2 100
£ 80 _
Q
c 60 N
o) //\y /l
g 20 7 4 4
2 0 ~/ _ AR
x -20 1L
o
X -40
< -15 0 15 30 45
Dorsiflexion Angle (deg)
—— Specification — Test 1 — Test 2
Tested by: '\w& Date. &~l{-©3

Analyzed by: ! l%é 45# F5 Date: £~ [/~ o3
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GESAC, INC

DESIGN | MANUFACTURE | TEST | SOFTWARE DEVELOPMENT | ERGONOMICS

125 Orchard Drive, Boonsboro, MD 21713
Tel (301) 432-5885 Fax (301) 432-6199

Thor-Lx Test Report

Eversion Quasi-Static Test

Engineer P. Pope Test Date June 11, 2003

Y. Wang Temp. (C)/Hum.(%) 22/62
Customer TRC Serial No. LX110
Description Left Lower Extremity

Testing Summary (Design Reference)

Ankle Moment (Nm) Eversion Angle (Degree) Referen(cgesgg:ee:)ification Within Réference?
6 20.1 17.5 - 21.3 Yes
23 34.3 29.3 - 35.9 Yes
*Average Value ‘
Result Plot
Thor-Lx: Quasi-Static Test
LX110: Eversion

‘ 60
- E 40 ’
2
i E 4

g 20 h—A

S U

£ o o

<
' -20

-5 0 5 10 15 20 25 30 35 40
Eversion Angle (deg)
— Spec —— Test1 — Test 2
Tested by: fojfv :/z,az. Date: 4 ~[l-03
Analyzed by: ) [ial) S %'7 Date: £— ([ = 0,:)7
C-33 030805-1




GESAC, INC

DESIGN | MANUFACTURE | TEST | SOFTWARE DEVELOPMENT | ERGONOMICS
125 Orchard Drive, Boonsboro, MD 21713
Tel (301) 432-5885 Fax (301) 432-6199

Thor-Lx Test Report

Inversion Quasi-Static Test

Engineer ~ P. Pope Test Date June 10, 2003

Y. Wang Temp. (C)/Hum.(%) 22/61
Customer TRC Serial No. ‘ X110
Description Left Lower Extremity ‘

¥

Testing Summary (Design Reference)

Ankie Moment (Nm) Inversion Angle (Degree) Referen(cgez;:::)mcatlon Within Reference?
6 19.7 17.5 - 21.3 Yes
23 33.9 29.3 - 35.9 Yes

*Average Value

Result Plot -
; Thor-Lx: Quasi-Static Test
LX110: Inversion
60 —
. E 40 i
. Z / /
! I T
' g 20 } :J
S — |/
, s -
e 7 ]
i ——t
<
-20 ‘
-5 0 5 10 15 20 25 30 35 40
inversion Angle (deg)
— Spec —— Test1 — Test?2
| 5 i .
Tested by: ek e £1.33 Date: o[- 3

Analyzed by S\l ma fp = Date: f— ([~ 23
e

C-34 030805-1




GESAC, INC

DESIGN | MANUFACTURE | TEST | SOFTWARE DEVELOPMENT | ERGONOMICS
125 Orchard Drive, Boonsboro, MD 21713
Tel (301) 432-5885 Fax (301) 432-6199

Thor-LX Test Report

Dynamic Heel of Foot Impact Test

Test Plot

Engineer P. Pope : Test Date April 16, 2003
Y. Wang . Temp (C)/Hum.(%) 22/61
Customer TRC Serial No. LX109
Description Right Lower Extremities
Testing Summary
impact Speed 4.0 m/s Scan Rate 10000 scans/sec
Impact Effective Mass 5.0 kg Filter CFC 800
Impactor NHTSA Dynamic impactor (TLX-2000-013)
Response
Peak Lower Tibia Compressive Force* (N)| Specification (N) Within Reference

3166 2694 - 3292 Yes

*Average Value

Thor-Lx: Dynamic Impact Test
LX109: Heel of Foot Impact

£ 4000

3

5 3000 =

S 2000 f/ \\\

@)

© 1000

= 0 —p \\K\w
21000

= 0 20 40 60

Time (msec)

80

—— Specification — Test 1 —— Test2

Tested by: gﬁwé ,é/ﬂg Date: S—l-o 3

Analyzed by: _%Mﬁ%é:é— Date: ole-[6-93

C-35
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GESAC, INC

DESIGN | MANUFACTURE | TEST | SOFTWARE DEVELOPMENT | ERGONOMICS
- 4125 Orchard Drive, Boonsboro, MD 21713
" Tel (301) 432-5885 Fax (301) 432-6199

Thor-LX Test Report

Dynamic Ball of Foot Impact Test (page 1)

Engineer P. Pope : Test Date April 16, 2003
Y. Wang : Temp (C)/Hum.(%) 22162
Customer TRC ' Serial No. LX109

Description  Right Lower Extremities

Testing Summary

impact Speed 5.0 m/s Scan Rate 10000 scans/sec
Impact Effective Mass 5.0 kg Filter CFC 600
Impactor NHTSA Dynamic Impactor (TLX-8000-013)
Response . «

Peak Lower Tibia Compressive Force* (N) | Specification (N) Within Reference

3383 3058 - 3738 Yes

*Average Value

Test Plot
Thor-Lx: Dynamic Impact Test
LX109: Ball of Foot Impact

£ 4000

m B

= Vi

T | |

: =

S 2000 Vadin.

O

O 1000 - A

2 ol

o)

% "1 OOO T - 1 1

— -15 0 15 30 45

Dorsiflexion Angle (deg)
—— Specification — Test 1 — Test2
Tested by: gﬁw( é/lg, Date: &~/&-o 3

Analyzed by: - M& Date: @& - o
yzed by: )/ = 4 —/6 3
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GESAC, INC

DESIGN | MANUFACTURE | TEST | SOFTWARE DEVELOPMENT | ERGONOMICS
125 Orchard Drive, Boonsboro, MD 21713
Tel (301) 432-5885 Fax (301) 432-6199

Thor-LX Test Report

Dynamic Ball of Foot Impact Test (page 2) -

P. Pope : Test Date April 16,2003

Engineer

: Y. Wang Temp (C)/Hum.(%) 22/62
Customer TRC Serial No. LX109
Description  Right Lower Extremities

Testing Summary

5.0m/s Scan Rate 10000 scans/sec

Iimpact Speed
impact Effective Mass 5.0 kg Filter CFC 600
Impactor NHTSA Dynamic Impactor (TLX-9000-013)
Response
Peak Ankle Resistive Moment* (N-m) Specification (N-m)| Within Reference
80.7 76.2 - 93.2 Yes
*Average Vaiue
Test Plot
Thor-Lx: Dynamic Impact Test
. LX109: Ball of Foot Impact
£
= 100
5 & -
e 60 yay
O 77
= 40 =~ 1]
o N ~ /
2 0 . D e i S
o >
x -20
@
X -40
< -15 0 15 30 45
Dorsiflexion Angle (deg)
—— Specification — Test 1 | —— Test 2
Tested by: @,ﬁ/, ,Z/_@ Date: &~/é-03

Analyzed by: _M%&é Date: # ¥ —(6— 03
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GESAC, INC

DESIGN | MANUFACTURE | TEST | SOFTWARE DEVELOPMENT | ERGONOMICS

125 Orchard Drive, Boonsboro, MD 21713
Tel (301) 432-5885 Fax (301) 432-6199

Thor-Lx Test Report

Inversion Quasi-Static Test

Engineer P. Pope Test Date April 15, 2003

Y.Wang Temp. (C)/Hum.(%) 22/62
Customer TRC Serial No. L.X109
Description Right Lower Extremity

Testing Summary (Design Reference)

Ankle Moment (Nm) inversion Angle (Degree) Referen(cgez;:ee:)ification Within Reference?
6 19.9 17.5 - 21.3 Yes
23 32.1 29.3 - 35.9 Yes
*Average Value
Result Plot : e
Thor-Lx: Quasi-Static Test
LX109: Inversion
60
50 -
T /|
- Z //
£ 30 //
| % 20 5 5//
2 10 _~
X o /~—l""’j_,///
<
-10
-20
-5 0 5 10 15 20 25 30 35 40
| Inversion Angle (deg) .
— Spec —— Test1 — Test 2
Tested by: @ﬁu/z Spe Date: Y-l 3

Analyzed bytw Date: 6l —14 —03

C-38
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GESAC, INC

DESIGN | MANUFACTURE | TEST | SOFTWARE DEVELOPMENT | ERGONOMICS
125 QOrchard Drive, Boonsboro, MD 21713
Tel (301) 432-5885 Fax (301) 432-6199

Thor-Lx Test Reportv

Eversion Quasi-Static Test

Engineer P. Pope Test Date Aprit 15, 2003

- Y. Wang Temp. (C)/Hum.(%) ‘ 22/62
Customer TRC Serial No. LX108
Description Right Lower Extremity

Testing Summary (Design Reference)

Ankle Moment (Nm) Eversion Angle (Degree) Referen(cDe eZ[:::)ification Within Reference?
6 19.2 17.5 - 21.3 Yes
23 31.2 29.3 - 35.9 Yes
*Average Vaiue
Result Piot . ~
Thor-Lx: Quasi-Static Test
LX109: Eversion
80

~ 60 A
- E /
| < 7
t 40
y (0]
| £ -
2 20 } /
| Q /

< 4 s

/
g 4 L
-20
-5 0 5 10 15 20 25 30 35 40
x Eversion Angle (deg)
— Spec —— Test1 — Test2
Tested by: Pm Q,Q,L Date: &fyb-c 3
Analyzed by:_%&,%%:_‘ Date: ol —[6— 03
C-39 030805-1




Post-test Dummy Confiquration and Performance Verification Data

Driver Dummy S/N: 090

C-40 030805-1



Transportation Research Center Inc.
572E HIII 50th Male Dummy
External Dimensions
Serial No. 090 Calibration No. 44

Symbol |Description Specification | Results Pass
; mm mm

A Total Sitting Height 878.8 - 889.0 882| Yes .
B Shoulder Pivot Height 505.5 - 520.7 514 Yes
C H-Point Height 83.8 - 88.9 88| Yes
D H-Point From Seatback 134.6 - 139.7 137|  Yes
E Shoulder Pivot From Backline 83.8-94.0 881 Yes
F Thigh Clearance 139.7 - 154.9 147)  Yes
G Back Of Elbow To Wrist Pivot 289.6 - 304.8 292]  Yes
H Skull Cap To Backline 40.6 - 45.7 43[  Yes
I Shoulder-Elbow Length 330.2 - 345.4 3371  Yes
J Elbow Rest Height 190.5 - 210.8 200| Yes
K Buttock Knee Length 579.1 - 604.5 590| Yes
L Popliteal Height 429.3 - 454.7 430 Yes
M |Knee Pivot Height 485.1 - 500.4 497|  Yes

N Buttock Popliteal Length 452.1 - 477.5 459  Yes -
0 Chest Depth 213.4 - 228.6 220f Yes
P Foot Length 251.5 - 266.7 253] Yes
A% Shoulder Breadth 421.6 - 436.9 432  Yes
W Foot Breadth 91.4 - 106.7 103} Yes
Y Chest Circumference 970.3 - 1000.8 990| Yes
Z Waist Circumference 835.7 - 866.1 855| Yes
AA Location For Chest Circumference 429.3 - 434.3 4321  Yes
BB Location For Waist Circumference 226.1 - 231.1 2291  Yes

Technician Approved

%ﬂ"‘"

Revised 3/13/3003

C-41
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Transportation Research Center Inc.

HIII 50th Male

Test Parameter
Temperature

Relative Humidity

Peak Resultant Acceleration
Peak Lateral Acceleration

Oscillations After Main Pulse

Comments:

Technician

572E Head Drop Test
Serial No. 090 Calibration No. 44 - 1
Test Date 08/12/2003
Specification ‘Test Results
18.9-25.6 °C él.l °C
710 -70 % 61 %
225-275 ¢ 2365 g
15 gMax -59 ¢
Less Than 10% of Peak Yes

Resultant Acceleration?

Approved

Pass
Yes
Yes
Yes
Yes

Yes

08.12.2003 08:01:26 613

C-42
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Acceleration [g] Acceleration [g] Acceleration [g]

Acceleration [g]

Transportation Research Center Inc.

572E Head Drop Test
HIII 50th Male Serial No. 090 Calibration No. 44 - 1
Test Date 08/12/2003
Head X-Axis k ‘
sg ! 7 Filter Class: 1000
=503 - Max: -0.1 g at 0.0 ms
-100
1501 \ / Min: -207.5g at 2.1 ms"
-150 :
2004 \ /
2501
-300 T + + + + + + 4 + + + +
-1 0 1 2 3 4 5 6 7 8 9 10
Head Y-Axis Time (ms)
1 ' Filter Class: 1000
1(5) Max: 2.7 g at 1.5ms
(5) A vy = Min: -5.9 g at 2.0 ms
-104
151
-20 1 + + + + + + + + + + +
-1 0 1 2 3 4 5 6 7 8 9 10
Head Z-Axis Time (ms)
2007 Filter Class: 1000
250
2004 Max: 113.2 g at 2.1 ms
150 )
1001 Min: -0.6 g at 6.9 ms
501
04 I —
-50 T } + + + + + -+ + + + +
-] 0 1 2 3 4 5 6 7 8 9 10
Head Resultant Time (ms)
2007 Filter Class: 1000
250
200 AR Max: 236.5 g at 2.1 ms
150
ool /N Min: 0.0 g at 1.6 ms
501 ’
o ]
-50 T + + + + + + + + + + +
-1 0 1 2 3 4 5 6 7 8 9 10
Time (ms)

08.12.2003 08:01:27 613 m
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Transportation Research Center Inc.
'572E Neck Flexion Test - 6 Channel Transducer

HIII 50th Male

Test Parameter

Temperature
Relative Humidity
’ Impaét Velocity

Pendulum Deceleration
10 ms
20 ms
30ms

Max Pendulum Deceleration

Max Pendulum Deceleration
After 30 ms

Deceleration-Time Curve
Decay Time To 5g

D Plane Rotation

Max
Time

Moment About Occipital Condyle

Max
Time

Rotation Angle-Time Curve
Decay Time To Zero

Positive Moment-Time Curve
Decay Time To Zero

Comments:

Technician

Serial No. 090 Calibration No. 44 - 1

Test Date 08/12/2003
Specification  Test Results
20.6 -22.2 °C 21.1 °C
10-70 % 60 %
6.89-7.13 m/s 7.01 m/s
22.50-27.50 g 2442 g
17.60 - 22.60 g 2194 ¢
12.50-18.50 g 16.06 g
29.00 g 2519 g
29.00 ¢ 15.96 ¢
34 -42 ms 36.00 ms
64-78 ° 71.00 °
57 - 64 ms 60.24 ms
88.1 -108.5 N'm 93.14 N'm
47 - 58 ms 50.08 ms
113 - 128 ms 119.92 ms
97 - 107 ms 98.08 ms
Approved

ey A

C-44

Pass

Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes

Yes

Yes
Yes

Yes
Yes

Yes

Yes

08.12.2003 08:32:43 507

030805-1




Acceleration [g]

Angle [] Angle [°j

Angle [°]

Transportation Research Center Inc.
572E Neck Flexion Test

HIII 50th Male Serial No. 090 Calibration No. 44 - 1
Test Date 08/12/2003

Pendulum Deceleration
40 -

4 Filter Class: 60
30

20 1 lad Va
10"

ANRNAL
-10 Il }

-20-10 0 10 20 30 40 50 60 70 80 90 100110 120130 140 150 160 170 180 190 200
Time (ms
Beta (ms)

+ Filter Class: 60

Max: 25.2 g at 8.7 ms

Min: -3.2 g at 41.8 ms

100

504 ’ Max: 34.8 ° at 60.5 ms

Min: -21.9° at 179.2 ms

e

20-10 0 10 20 30 40 50 60 70 80 90 100110120130 140150160170 180190 200
Time (ms
Theta (ms)

100

Filter Class: 60

504 Max: 36.2° at 60.0 ms

25 — Min: -28.3° at 184.4 ms

™~

|

-50 1 + + + + -t + + + + + + + + + + + + + * + + +

-20-10 0 10 20 30 40 50 60 70 80 90 100110120130 140 150 160 170 180 190 200
Time (ms

Totan (ms)

100

Filter Class: 60

50 ‘ 7 ™ Max: 71.0° at 60.2 ms

Min: -50.2° at 181.7 ms

220-10 0 10 20 30 40 50 60 70 80 90 100110120 130 140 150 160 170 180 190 200
Time (ms)

08.12.2003 08:32:44 507
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Transportation Research Center Inc.

572E Neck Flexion Test

HIII 50th Male Serial No. 090 Calibration No. 44 - 1

NEKXF

Test Date 08/12/2003

500
250

ol

Force[N]

250+ \
-500-%

-750F
-1000-]

-1250-F

-15004F

NEKXFC

-20-10 0 10 20 30 40 50 60 70 80 90 100110120130 140150160170 180190200

Time (ms)

500
250

0+

250 \

Force [N]

-500F
750

-1000%

1250+

15004

NEKYM
150

-20-10 0 10 20 30 40 50 60 70 80 90 100110120130 140 150 160 170 180 190 200

Time (ms)

1254

100

751

50%
25%

Torque [N'm]

ol

sl

Mt ]

I

N

ol

NEKOM
150

220 -10 0 10 20 30 40 50 60 70 80 90 100110120130 140 150160 170 180 190 200

Time (ms)

1254

100-F

251
50

Torque [N'm]

25

ol ]

254

|

—

1
50—

C-46

-20-10 0 10 20 30 40 50 60 70 80 90 100110120130 140150160 170180 190 200

Time (ms)

08.12.2003 08:32:46 507

Filter Class: 1000
Max: 163.7 N at 169.5 ms
Min: -706.4 N at 38.9 ms

Filter Class: 600
Max: 163.5N at 169.6 ms
Min: -705.2 N at 37.9 ms

Filter Class: 600
Max: 83.6 N'm at 49.4 ms
Min: -34.8 N'm at 13.5ms

Filter Class: 600
Max: 93.1 N'm at 50.1 ms
Min: -24.7 N'm at 13.2 ms

030805-1




Transportation Research Center Inc.
572E Neck Extension Test - 6 Channel Transducer

HIII 50th Male Serial No. 090 Calibration No. 44 - 1

Test Date 08/12/2003
Test Parameter Specification  Test Results Pass
Temperature 20.6-22.2 °C 21.1 °C Yes
Relative Humidity 10-70 % 56 % Yes
Impact Velocity 5.95-6.19 m/s 5.95 m/s Yes
Pendulum Deceleration
10 ms 17.20-21.20 g 1772 g Yes
20 ms 14.00 - 19.00 g 1730 g Yes
30 ms 11.00- 16.00 g 13.46 ¢ Yes
Max Pendulum Deceleration 22.00 g 1820 g Yes
Max Pendulum Deceleration ‘
After 30 ms 22.00 g 1339 ¢ Yes
Deceleration-Time Curve
Decay Time To 5g 38 -46 ms 42.32 ms Yes
D Plane Rotation
' - Max 81-106 ° 98.24 ° Yes
Time 72 - 82 ms 80.88 ms Yes
Moment About Occipital Condyle |
Min -80.0 - (-52.9) N'm -62.68 N'm Yes
Time 65-79 ms 75.76 ms Yes
Rotation Angle-Time Curve
Decay Time To Zero 147 - 174 ms 167.84 ms Yes
Negative Moment-Time Curve
Decay Time To Zero 120 - 148 ms 141.92 ms Yes
Comments:
Technician Approved

e YA
///
08.12.2003 09:04:45 587 .
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Acceleration [g]

Angle [°] Angle [°]

Angle [°]

Transportation Research Center Inc.
572E Neck Extension Test

HIIT 50th Male Serial No. 090 Calibration No. 44 - 1
Test Date 08/12/2003

Pendulum Deceleration

1 | ' Filter Class: 60
30

i Max: 18.2 g at 8.8 ms
20

Ki /*/\f\ Min: -2.3 g at 50.6 ms
1

0

-104— y + + y + y + + + y } + + + + + + J $ + +
20-10 0 10 20 30 40 50 60 70 80 90 100110120 130 140 150 160 170 180 190 200

Time (ms)
Beta

100 T Filter Class: 60

Max: 42.5° at 79.6 ms

Min: -14.3 ° at 210.2 ms

20-10 0 10 20 30 40 50 60 70 80 90 100110120130 140 150160170180 190200
Time (ms
Theta (ms)

100

Filter Class: 60

Max: 55.8° at 81.8 ms

25 — [~ Min: -16.7° at 211.6 ms

220-10 0 10 20 30 40 50 60 70 80 90 100110120130 140 150 160 170 180 190 200

Totan Time (ms)

100

A Filter Class: 60

504 N Max: 98.2 ° at 80.9 ms

25.. N e L o
1 AN Min: -31.0° at 211.0 ms

™~

20-10 0 10 20 30 40 50 60 70 80 90 100110120130 140 150 160 170 180 190 200
, Time (ms)

08.12.2003 09:04:46 587
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Force [N] Force[N]

Torque [N'm]

Torque [N'm}

1500

Transportation Research Center Inc.
' 572E Neck Extension Test

HIII 50th Male Serial No. 090 Calibration No. 44 - 1
Test Date 08/12/2003

NEKXF

1250+

1000F
750

500+

250

\/’\ N~

ol
-250

| ]

-500

+

-20
NEKXFC

1500

210 0 10 20 30 40 50 60 70 80 90 100 110120 130140 150 160 170 180 190 200
Time (ms)

12504

1000-%

750.%

500-%

250%

o
250k

7 ~ T~

-500%

-20
© NEKYM

50

-10 0 10 20 30 40 50 60 70 80 90 100110120 130140 150160 170 180 190 200
Time (ms)

251
3

!
ol
g

100+

1251
-150%

50

20 -10 0 10 20 30 40 50 60 70 80 90 100110120 130140 150 160 170 180 190 200
NEKOM

Time (ms)

"
ol

254
504

754
100

-1251
-150

20 -10 0 10 20 30 40 50 60 70 80 90 100110120 130140150 160 170 180 190 200

Time (ms)

Filter Class: 1000
Max: 421.0N at 70.0 ms
Min; -183.8 N at 170.6 ms

Filter Class: 600
Max: 420.5 N at 70.0 ms
Min: -184.3 N at 170.5 ms

Filter Class: 600
Max: 24.9 N'm at 203.4 ms
Min: -55.7 N'm at 75.8 ms

Filter Class: 600
Max: 28.0 N'm at 201.3 ms
Min: -62.7 N'm at 75.8 ms

08.12.2003 09:04:47 587
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Transportation Research Center Inc.

572E Thorax Test
HIII 50th Male Serial No. 090 Calibration No. 44 - 1
Test Date 08/11/2003
Test Parameter Specification Test Results  Pass
Temperature 20.6-222 °C 21.1 °C Yes
Relative Humidity 10-70 % 60 % Yes
Pendulum Velocity 6.59 - 6.83 m/s 6.66 m/s Yes
Maximum Chest Deflection -72.6 - (-63.5) mm -71.7 mm Yes
Maximum Resistive Force 5160 - 5894 N 5689 N Yes
Internal Hysteresis 69 - 85 % 70 % Yes
Comments:
Technician Approved
\ x . ‘
// T

08.11.2003 09:10:56 966
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Transportation Research Center Inc.
572E Thorax Test
HIII 50th Male  Serial No. 090 Calibration No. 44 - 1
Test Date 08/11/2003

Pendulum Deceleration

0T Filter Class: 180
40 :

o
20 Min: -0.0 g at -76.3 ms
10 : : |

Max: 24.8 g at 19.5 ms

Acceleration [g]

0

T

-10 + + + + + + + + + + +
-10 0 10 20 30 40 50 60 70 80 90 100
Time (ms)

Pendulum Force

10000 T Filter Class: 180
8000

6000+

Max: 5688.8 N at 19.5 ms

Force[N]

4000 /V/ Min: -10.8 N at -76.3 ms

20004
o1
-2000 I + + + + + + 4 + + + +
-10 0 10 20 30 40 50 60 70 80 90 100
Time (ms)

Chest Displacement

07 Filter Class: 180
0

304 Max: 0.0 mm at 0.0 ms

-60 Min: -71.7 mm at 24.2 ms
-90

-120

Displacement[mm]

-150 1 + + + + + + + + + + +
-10 0 10 20 30 40 50 60 70 80 90 100
Time (ms)

Chest Displacement vs. Pendulum Force
10000

8000
6000
4000
2000

0d L

Force[N]

-2000 I } + + + + + + + + + +
-10 0 10 20 30 40 50 60 70 80 90 100
Displacement [mm]

08.11.2003 09:10:57 966
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Tranéportation Research Center Inc

Hybrid IIT Hip Range of Motion
Serial Number: 090L Date: 08/12/2003
Test Number: 090C44 Time: 08:58
Comments:
TEST PARAMETER SPECIFICATION TEST RESULTS
Temperature 18.9 - 25.6 21.1 °C Pass
Humidity 10 - 70 56 % Pass
Moment at 30 deg <= 949 94.8 Nm Pass
Angle at 203 Nm 40.0 - 50.0 40.2 deg Pass
Average Velocity 5.0 - 10.0 7.4 deg/sec  Pass
: Peak Moment: 210.4 Nm at 40.6 deg
Moment About H-Point Peak Angle: 40.6 deg at  210.4 Nm
B T e
Nm
-15 0 15 degrees 30 45 60
Angular Velocity Max: 8.3 deg/sec Min: 6.7 deg/sec
12.00 ’ ' ' ' ' : ‘ 1 :
9.00
deg/sec
6.00
300
] e o e s s s S
-15 0 15 degrees 30 45 60

C-52 030805-1




Serial Number: 090R Date: 08/12/2003
Test Number: 090C44 Time: 08:52
Comments:
TEST PARAMETER SPECIFICATION TEST RESULTS
Temperature - 18.9 - 25.6 21.1 °C Pass
Humidity 10 - 70 5 % Pass
Moment at 30 deg <= 949 94.8 Nm Pass
Angle at 203 Nm 40.0 - 50.0 40.1 deg Pass
Average Velocity 5.0 - 10.0 7.5 deg/sec  Pass
Peak Moment: 210.3 Nm at 40.3 deg
Moment About H-Point Peak Angle: 40.3 deg at  209.0 Nm
e
Nm
-15 ‘ 0 15 degrees 30 45
Angular Velocity Max: 8.0 deg/sec Min: 6.9 deg/sec
12.00 ‘ ’ ‘ : : ’ ' ‘ f
9.00
deg/sec
6.00
S .
0,00
-15 0 15 degrees 30 45
C-53 030805-1
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Transportation Research Center Inc.

572E Left Knee Slider Test
HIII 50th Male Serial No. 090 Calibration No. 44 - 1
Test Date 08/11/2003

~ Test Parameter Specification  Test Results Pass
Temperature 18.9-255°C 211 °C Yes
Relative Humidity 10-70 % 53 % Yes
Pendulum Velocity 2.70 - 2.80 m/s 2.74 m/s Yes
Force At 10 mm Displacement ~ -1259 - (-1721) N 21656 N Yes
Force At 18 mm Displacement -2268 - (-3096) N -3072 N Yes
Comments:

Technician Approved

08.11.2003 14:44:13 1754 m

C-54 030805-1




Transportation Research Center Inc.
-572E Left Knee Slider Test

HIII 50th Male Serial No. 090 Calibration No. 44 - 1
Test Date 08/11/2003 ”

Femur Force
1000

o] /

-1000

Filter Class: 600

Max: 532.7 N at 40.0 ms

Force [N]

1 \ Min: -3912.0N at 17.4 ms
-2000

-3000

-4000

-5000

-6000 + + + + + + + + + + +
-10 0 10 20 30 40 50 60 70 80 90 100
Time (ms)

Tibia Displacement

Filter Class: 600

0 ‘Max: 0.7 mm at 40.2 ms

Min: -19.6 mm at 18.2 ms

Displacement [mm]
L1

-10 0 10 20 30 40 50 60 70 80 90 100
Time (ms)
Femur Force vs Tibia Displacement
1000

-1000 |

Force [N]

-2000

-3000

=~

-4000

-5000

-6000 ' ' ' ' ' ; ; :
-30 25 -20 -15 -10 -3 0 5 10
Displacement [mm]

08.11.2003 14:44:14 1754 m
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Transportation Research Center Inc.
572E Right Knee Slider Test

HIII 50th Male Serial No. 090 Calibration No. 44 - 1

Test Parameter
Temperature
Relative Humidity
Pendulum Velocity
Force At 10 mm Displacement

Force At 18 mm Displacement

Comments:

Technician

Test Date 08/11/2003

, Speciﬁcation
18.9-25.5°C
10-70 %
2.70 - 2.80 m/s
-1259 - (-1721) N

22268 - (-3096) N

C-56

Test Results Pass

21.1 °C
57 %
2.74 m/s
-1550N

-3036 N

Approved

/7 S

Yes

Yes

Yes

Yes

Yes

08.11.2003 14:28:23 1754

030805-1




Transportation Research Center Inc.
572E Right Knee Slider Test

HIII 50th Male Serial No. 090 Calibration No. 44 - 1
Test Date 08/11/2003

Femur Force
1000

Filter Class: 600
N '
\ Max: 540.7 N at 40.0 ms

Min: -4281.2 N at 17.6 ms

-1000

Force [N]
[

-2000

-3000

-4000 \

-5000

-6000 + + + + + + + + 4 + +
-10 0 10 20 30 40 50 60 70 80 90 100
Time (ms)

Tibia Displacement
10

Filter Class: 600

Max: 0.5 mm at 41.2 ms

-5 )
10t \ Min: -19.6 mm at 17.9 ms

154
-20
-25
-30
35
-40 + + + + + + + + + + +
-10 0 10 20 30 40 50 60 70 80 90 100
Time (ms)

Displacement [mm]

Femur Force vs Tibia Displacement
1000

-
_10001 ]

-2000

Force [N]

-3000

?i\\

-4000

-5000

-6000 + + + + + + + +
-30 225 -20 -15 -10 -5 0 5 10
Displacement [mm]

08.11.2003 14:28:24 1754
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Transportation Research Center Inc.

572E Left Knee Test
HIII 50th Male Serial No. 090 Calibration No. 44 - 1

Test Date 08/11/2003
Test Parameter Specification Test Results  Pass
Temperature 18.9-25.6 °C 21.1 °C Yes
Relative Humidity 10-70 % 54 % Yes
Pendulum Velocity 2.07 -2.13 m/s 2.11m/s Yes
Maximum Pendulum Force 4715-5783 N 5405 N Yes
Comments:

Technician Approved

J ple

08.11.2003 13:41:27 2146 m
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Acceleration [g]

Force[N]

Transportation Research Center Inc.
572E Left Knee Test

HIII 50th Male Serial No. 090 Calibration No. 44 - 1
Test Date 08/11/2003

Pendulum Deceleration

150 : : : .
1401 ‘ Filter Class: 600

o : Max: 110.5 g at 2.8 ms
1204 |
110 . |
100 [\ Min: -0.9 g at 9.1 ms
901 [\
801 \
70 \
60 // \
50

T /

N S
20 / \
103 / \

-10 T } + + + t + + + + t
-2 0 2 4 6 8 10 12 14 l@ 18 20
Time (ms)

- Pendulum Force

7500 .
7000 Filter Class: 600

63007 Max: 5404.6 N at 2.8 ms
6000

5500 ) Min: -43.1N at 9.1 ms
5000

4500k [
4000-%
3500 |
30001- / \
2500k /
2000-F /
1500k / \

/

1000+

500 :
ol 1/

-500 Jmsp + + + + + } + t + t
-2 0 2 4 6 8 10 12 14 16 18 20
Time (ms)

08.11.2003 13:41:28 2146
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Transportation Research Center Inc.

572E Right Knee Test
HIII 50th Male Serial No. 090 Calibration No. 44 - 1
Test Date 08/11/2003
Test Parameter Specification Test Results  Pass
Temperature ‘ 18.9-25.6 °C 21.1 °C Yes
Relative Humidity 10-70 % 54 % Yes
Pendulum Velocity 2.07 - 2.13 m/s 2.11 m/s Yes
Maximum Pendulum Force 4715-5783 N 5720 N Yes
Comments:
Technician Approved

‘ /7 filedle

08.11.2003 13:44:16 2142
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Acceleration [g]

Force[N]

150

140
130
120F
110+
100
90-F
80-F
70+
601
501
40L
30k
201
10

104

7500

70004
6500-F
6000+
5500
5000+
4500k
4000+
3500-F
3000
2500F
20001

Transportation Research Center Inc.

572E Right Knee Test

HIII 50th Male Serial No. 090 Calibration No. 44 - 1

Pendulum Deceleration

Test Date 08/11/2003

Filter Class: 600

Max: 116.9 g at 2.7 ms

Min: -1.0 g at 7.8 ms

Pendulum Force

6 18 20
Time (ms)

Filter Class: 600

Max: 5720.2 N at 2.7 ms

Min: -51.4 N at 7.8 ms

1500-F
1000k
500k

500

C-61

16 18 20
Time (ms)

08.11.2003 13:44:17 2142 m_
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GESAC, INC

Engineer

Customer
Description

DESIGN | MANUFACTURE | TEST | SOFTWARE DEVELOPMENT | ERGONOMICS
125 Orchard Drive, Boonsboro, MD 21713
Tel (301) 432-5885 Fax (301) 432-6199

Thor-LX Test Report

Dynamic Heel of Foot Impact Test

P. Pope ) Test Date

Y. Wang ~ Temp (CY/Hum.(%)
TRC Serial No.

Right Lower Extremities ~

October 15, 2003

22/61
LX109

Testing Summary

Impact Speed 4.0m/s ' ' Scan Rate 10000 scans/sec
Impact Effective Mass 5.0 kg Filter CFC 600
Impactor ' NHTSA Dynamic Impactor (TLX-8000-013)
" Response
~ Peak Lower Tibia Compressive Force* (N)| Specification (N) Within Reference
3342 5 2694 - 3292 No
*Average Value :
Test Plot
Thor-Lx: Dynamic impact Test
LX109: Heel of Foot Impact
£ 4000
(]
5 3000 | o
o) ,
i i
5 2000 i
O
S 1000 L
© . A
- SR UV AN DN N N
i v ' ~\A
= -1000
~ 0 20 40 60 80
Time (msec)
—— Specification — Test 1 — Test 2
Tested by: N *M H fe Date: Jo/6~a3Z
Analyzed by: | /@/ Date: 0 / 6 - Og
C-62 030805-1




GESAC, INC

Engineer

Customer
Description

DESIGN | MANUFACTURE | TEST | SOFTWARE DEVELOPMENT | ERGONOMICS
125 Orchard Drive, Boonsboro, MD 21713
Tel (301) 432-5885 Fax (301) 432-6199

Thor-LX Test Report

Dynamic Ball of Foot impact Test (page 1)

P. Pope Test Date October 15, 2003
Y. Wang , Temp (CYHum.(%) 21162
TRC Serial No. ‘ LX108
Right Lower Extremities

Testing Summary

5.0m/s Scan Rate | 10000 scans/sec

Impact Speed
Impact Effective Mass 5.0 kg Filter CFC 800
impactor NHTSA Dynamic Impactor (TLX-9000-013)
Response v

Peak Lower Tibia Compressive Force* (N) | Specification (N) Within Reference

3597 3058 - 3738 » Yes

*Average Vaiue

Test Plot
Thor-Lx: Dynamic Impact Test
LX109: Ball of Foot Impact

< 4000 i

8 b

¢ 3000

LL

S 2000 71

§ A

1000

= 0 BRSAY /

o] ,

= -1000

- -15 0 15 30 45

‘Dorsiflexion Angle (deg)
—— Specification — Test 1 — Test2
Tested by: Q’i@(k gﬂg ~ Date: J0-/é~c3
Analyzed by: 73 Date: (o~ [6— 03
—
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GESAC, INC

DESIGN | MANUFACTURE | TEST | SOFTWARE DEVELOPMENT | ERGONOMICS
125 Orchard Drive, Boonsboro, MD 21713
Tel (301) 432-5885 Fax (301) 432-6199

Thor-LX Test Report

Dynamic Ball of Foot Impact Test (page 2)

P. Pope Test Date October 15, 2003

Engineer
Y. Wang Temp (C)/Hum.(%) 21/82
Customer TRC ) Serial No. LX109
~ Description  Right Lower Extremities :

Testing Summary

50m/s | Scan Rate 10000 scans/sec

impact Speed
Impact Effective Mass 5.0 kg Filter CFC 800
Impactor NHTSA Dynamic Impactor (TLX-9000-013) '
Response
Peak Ankle Resistive Moment* (N-m) Specification (N-m)| Within Reference
92.4 76.2 - 93.2 Yes
*Average Value
Test Plot
| Thor-Lx: Dynamic Impact Test
R L X109: Ball of Foot Impact
&
Z 100 .
= ]
= 80- —
£ 60 /N !
PPN
= 20 ~ A I
% U=
 -20
[}
% "'40 =T 1 !
< -15 0 15 30 45
Dorsiflexion Angle (deg)
1
F— Specification — Test 1 — Test 2
Tested by: ilcbv@& lp ne Date: f0O-/ 6-03
Analyzed by: Date: [0—(d-¢ 2
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GESAC, INC

DESIGN | MANUFACTURE | TEST | SOFTWARE DEVELOPMENT | ERGONOMICS
125 Orchard Drive, Boonsboro, MD 21713
Tel (3‘01) 432-5885 Fax (301) 432-6188

Thor-Lx Test Report

inversion Quasi-Static Test

Engineer P. Pope Test Date October 16, 2003

Y. Wang Temp. (C)/Hum.(%) 22/81
Customer TRC Serial No. LX109
Description Right Lower Extremity

Testing Summary (Design Reference)

Reference Specification

Ankle Moment (Nm) Inversion Angle (Degree) (Degree) Within Reference?
6 9.9 T Yes
23 « 32.1 29.3 - 35.9 Yes
*Average Value
Result Plot ,
Thor-Lx: Quasi-Static Test
LX109: Inversion
60 :
E 40 /}
\ZJ /
T
£ 20 - L ]
: f/;_f/l?ﬁl/ — 1
<
-20
0 5 10 15 20 25 30 35 40
Inversion Angle (deg)
— Spec —— Test ] — Test2

Tested by: @«M 6{/’_@,

Analyzed by:

V)
=

C-65

Date: /U6~ C 3

Date: /o - (6—©
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GESAC, INC

DESIGN | MANUFACTURE | TEST | SOFTWARE DEVELOPMENT | ERGONOMICS

125 Orchard Drive, Boonsboro, MD 21713
Tel (301) 432-5885 Fax (301) 432-6199

Thor-Lx Test Report
Eversion Quasi-Static Test
Engineer P. Pope Test Date October 16, 2003
~ Y. Wang Temp. (C)/Hum.(%) 22/62
Customer TRC : Serial No. LX109
Description Right Lower Extremity

Testing Summary (Design Reference)

Reference Specification

Ankle Moment (Nm) Eversion Angle (Degree) (Degree) Within Reference?
19.0 75 - 213 Yes
31.6 29.3 - 35.9 Yes
*Average Value
Result Plot
Thor-Lx: Quasi-Static Test
LX109: Eversion
60
I /7
E 40
: // /
= 1
@ l
g 20 [ ;|
K 1
-20
-5 0 5 10 15 20 25 30 35 40
Eversion Angle (deg)
‘—-— Spec —— Test1 — Test2 |
Tested by: Q‘ﬁ?ﬁ. Q@, Date: /0 ’/é -7
Analyzed by: //3’4") Date: jo—(6 0%
—""
C-66 030805-1




GESAC, INC

DESIGN | MANUFACTURE | TEST | SOFTWARE DEVELOPMENT | ERGONOMICS
125 Orchard Drive, Boonsboro, MD 21713
Tel (301) 432-5885 Fax (301) 432-6199

Thor-LX Test Report

Dynamic Heel of Foot Impact Test

Engineer P. Pope Test Date October 16, 2003
Y. Wang : Temp (CYHum.(%) 22/861
Customer TRC Serial No. ' LLX110
Description  Left Lower Extremities
Testing Summary ; ;
impact Speed 4.0 m/s K . Scan Rate 10000 scans/sec
impact Effective Mass 5.0 kg Filter CFC 800
impactor NHTSA Dynamic Impactor (T | X-8000-013)
Response
Peak Lower Tibia Compressive Force” (N)] Specification (N) Within Reference
3351 2694 - 3282 No
*Average Value
Test Plot
- Thor-Lx: Dynamic Impact Test
LX110: Heel of Foot Impact s
z
< 4000 —
3 | ] |
haed |
5 3000 /v |
LL' \\\
g 2000 :
O
O 1000 A
g ; ] N .
5 N “
2 -1 000 - | | | ‘ | | B
— 0 20 40 60 80
Time (msec)
\——— Specification — Test 1 — Test2
) )
Tested by: \\’E\H (/uat Date: / [) -/6-03
~ Analyzed by: /@ , Date: jo— ({05

N
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GESAC, INC

DESIGN | MANUFACTURE | TEST | SOFTWARE DEVELOPMENT | ERGONOMICS
125 Orchard Drive, Boonsboro, MD 21713
Tel (301) 432-5885 Fax (301) 432-6199

Thor-LX Test Report

Dynamic Ball of Foot Impact Test (page 2)

Engineer 'P. Pope . Test Date : October 16, 2003
: Y. Wang ‘ Temp (C)/Hum.(%) 21/82
Customer NHTSA Serial No. LX110
Description  Left Lower Extremities '
Testing Summary ,
Impact Speed 5.0 m/s Scan Rate 10000 scans/sec
impact Effective Mass 5.0 kg Filter CFC 600
impactor NHTSA Dynamic Impactor (TLX- -9000-013)
Response ‘
Peak Ankle Resistive Moment* (N-m) Specification (N-m)  Within Reference

Test Plot

97.7 76.2 - 93.2 No

*Average Value

Thor-Lx: Dynamic Impact Test
LX110: Ball of Foot Impact

OD@A/ N

I
o

Ankle Resistive Moment (N-m)
)
@)

-15 0 15 30 45
Dorsiﬂ‘exion Angle (deg)

]— Specification — Test 1 J

Tested by %L(/Z/ P’?j\ Date: / ﬁ // é ) 3

Analyzed by: Date: /p —/4= L3
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GESAC, INC

DESIGN | MANUFACTURE | TEST | SOFTWARE DEVELOPMENT | ERGONOMICS
125 Orchard Drive, Boonsboro, MD 21713
Tel (301) 432-5885 Fax (301) 432-6199

Thor-LX Test Report

Dynamic Ball of Foot impact Test (page 1)

Engineer P. Pope Test Date October 16, 2003

Y. Wang Temp (C)/Hum.(%) 21/82
Customer NHTSA Serial No. - LX110
Description  Left Lower Extremities

Testing Summary

impact Speed 5.0 m/s Scan Rate 10000 scans/sec
Impact Effective Mass 5.0 kg Filter CFC 600
Impactor NHTSA Dynamic impactor (TLX-9000-013)
Response

Peak Lower Tibia Compressive Force* (N) | Specification (N) Within Reference

3308 3058 - 3738 Yes

*Average Value

Test Plot
Thor-Lx: Dynamic Impact Test
LX110: Ball of Foot Impact

=3

< 4000 -

Q

o

o 3000 —

L /

S 2000 /

o

g 1000 7 =

= wgma

= 0

S

o

Z -1000 | |

— -15 0 15 30 45

Dorsiflexion Angle (deg)
—— Specification — Test 1
r) ‘
Tested by: % ch[/\ @ Pe Date: SO~/ b0 3
Analyzed by: ) Date: p- /4— 03
[ ‘
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GESAC, INC |

DESIGN | MANUFACTURE | TEST| SOFTWARE DEVELOPMENT | ERGONOMICS
125 Orchard Drive, Boonsboro, MD 21713
Tel (301) 432-5885 Fax (301) 432-6199

Thor-Lx Test Report
Inversion Quasi-Static Test
Engineer P. Pope Test Date October 16, 2003
’ Y. Wang Temp. (C)Y/Hum.(%) 22181
Customer TRC Serial No. LX110
Description Left Lower Extremity ’
Testing Summary (Design Reference)
Ankle Moment (Nm) Inversion Angle (Degree) Referen(c;ez;:::;ﬁcatlon Within Reference? \
6 18.8 17.5 - 21.3 Yes |
23 34.5 29.3 - 35.9 Yes |

*Average Value

Result Plot
r

Thor-Lx: Quasi-Static Test

LX110: inversion

eo](
E 40 & \ \
s | ﬂ
g 20 ' {
= i P
£ 0 R
< ,
ol 1

-5 0 5 10 15 20 25 30 35 40
; inversion Angle (deg)

\—- Spec —— Test1 — Test2 J

Tested by: Q’“fj\ﬁéy Q@L Date: /‘5; ’/é;‘/- o3

Analyzed by: @/ Date: /0160 5
"
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GESAC, INC

DESIGN | MANUFACTURE | TEST | SOFTWARE DEVEL
125 Orchard Drive, Boonsboro, MD 21713
Tel (301) 432-5885 Fax (301) 432-6198

Thor-Lx Test Report

Eversion Quasi-Static Test

OPMENT | ERGONOMICS

October 16, 2003

Engineer P. Pope Test Date

Y. Wang Temp. (C)/Hum.(%) 22/62
Customer TRC Serial No. LX110
Description Left Lower Extremity

Testing Summary (Design Reference)

Ankle Moment (Nm) Eversion Angle (Degree) Referen::l)eeZ?::)ification Within Reference?
6 18.5 17.5 - 21.3 Yes
23 33.5 29.3 - 35.9 Yes
*Average Value
Resulit Plot ]
( Thor-Lx: Quasi-Static Test
l LX110: Eversion
| 60 - x
| % | ! §
: ! |
| - !
| E 40 1 | \ %\ o
<
£ 20 'r f
o
E e l 4_/l//
© »
<
-20 ‘ ‘ i ‘
-5 0 5 10 15 20 25 30 35 40
Eversion Angle (deg) |
\-—— Spec —— Test1 — Test2 ‘
N, D
Tested by: }’af:/(» \(05&"& Date: /Q-—/ b-o3
Analyzed by: ' @ / Date: /2 — /&= 0)7

C-71
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Pre-test Dummy Configuration and Performance Verification Data

Passenger Dummy S/N: 083

C-72 030805-1



Transportation Research Center Inc.
HIII 95th Dummy
External Dimensions
Serial No. 083 Calibration No. 15

Test Parameter Dimension Specification Results Pass
Total Sitting Height A 927 .1 942.3 mm 937 mm Yes
Shoulder Pivot Height B 541.0 556.2 mm - 550 mm Yes
H-Point Height - C 101.6 111.8 mm 106 mm  Yes
H-Point From Seatback D 137.1 147.3 mm 141-mm Yes
Shoulder Pivot From Backline E 109.3 119.3 mm 113 mm Yes
Thigh Clearance F 160.0 175.2 mm 168 mm Yes
Back Of Elbow To Wrist Pivot G 307.4 3174 mm 311 mm Yes
Skull Cap To Backline H 86.4 914 mm 88 mm Yes
Shoulder-Elbow Length | 348.0 363.2 mm 357 mm Yes
Elbow Rest Height J 208.3 223.5 mm 209 mm Yes
Buttock Knee Length K 624.8 650.2 mm 638 mm Yes
Popliteal Height L 457.2 482.6 mm 477 mm Yes
Knee Pivot Height M 520.7 546.1 mm 533 -mm Yes
Buttock Popliteal Length N 490.2 5156 mm 500 mm Yes
Chest Depth o) 284.5 299.7 mm 297 mm Yes
Foot Length P 251.5 266.7 mm 254 mm Yes
Buttock to Knee Pivot Length R 556.3 581.7 mm 577 mm Yes
Head Breadth S 148.9 160.0 mm 154 mm Yes
Head Depth T 190.5 200.7 mm 195 mm Yes
Hip Breadth 9] 396.3 4115 mm 405 mm Yes
Shoulder Breadth Vv 467.4 4826 mm 477 mm Yes
Foot Breadth W 91.5 106.7 mm 93 mm Yes
Head Circumference X 566.4 576.6 mm 575 mm Yes
Chest Circumference Y 1120.2 1150.6 mm 1130 mm Yes
Waist Circumference Z 988.1 1018.5 mm 998 mm Yes
Location For Chest Circumference AA 502.9 513.1 mm 508 mm Yes
Location For Waist Circumference BB 274.3 284.5 mm 279 mm Yes
Technician Approved
<
o B oud Y A
C-73 030805-1




Transportation Research Center Inc.
Head Drop Test
HIII 95th Male Serial No. 083 Calibration No. 15 - 1

Test Date 06/25/2003

Test Parameter Specification Test Results  Pass
Temperature : 189-256 °C 21.7 °C Yes
Relative Humidity 10-70 % 51 % Yes

Peak Resultant Acceleration | 220-265 g 2554 ¢ Yes

Peak Lateral Acceleration | 15 g Max 36 g Yes

Is Acceleration Curve Unimodal? Yes Yes Yes
Comments:

Technician . Approved
« _
Pou | M55
06.25.2003 10:44:30 612 ‘
C-74 030805-1




Acceleration [g] Acceleration [g] Acceleration [g]

Acceleration [g]

-100
1504 \ /

Transportation Research Center Inc.

HIII 95th Male

Head X-Axis

Head Drop Test

Serial No. 083 Calibration No. 15 -1

Test Date 06/25/2003

50

Filter Class: 1000

Max: 1.8 g at 4.3 ms

50 4

Min: -219.2 g at 2.2 ms

-200% N/

250

-3001— ' ; '
B 0 1 2 3
Head Y-Axis

8 9 10
Time (ms)

20
154

Filter Class: 1000

10l

Max: 3.6 g at 3.7 ms

Min: -2.7 g at 3.9 ms

1ol

151

-20F—t -+

Head Z-Axis
300

-1 0 1 2 3

8 9 10
Time (ms)

Filter Class: 1000

250
200

Max: 132.1 g at 2.3 ms

1501
100 N\

Min: 0.0 g at 7.3 ms

50 4

50 4

Head Resultant
300

-1 0 1 2 3

8 9 10
Time (ms)

Filter Class: 1000

250
200 \

1504 AN

Max: 2554 g at 2.2 ms

1004 / : \

Min: 0.0 g at 0.1 ms

50 i

50 4

C-75

8 9 10
Time (ms)

06.25.2003 10:44:31 612
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TRANSPORTATION RESEARCH CENTER INC.
HYBRID III LARGE MALE 26-JUN-03
NECK FLEXION TEST - 6 CHANNEL TRANSDUCER

TRC INC. TEST NO: 083C15NF1 LG. MALE SN083 NECK FLEX CALILS

| TEST PARAMETER | SPECIFICATION | TEST RESULTS |
. ' ‘ I
| TEMPERATURE | 20.6-22.2 DEG. C | 21.1 DEG. C l
| | |
| RELATIVE HUMIDITY | 10 -70% | 55.0% 1
| I l |
| IMPACT VELOCITY | 6.89 - 7.13 M/S |  6.93 M/S
| | 10 MS | 2.2 - 2.7 W/ | 2.27 M/S (
| INTEGRATED ~ —-cmmm-mm-om-mmmmmmmmmmmm=mosomoo—oooooomoooos
| PENDULUM | 20MS | 4.0 - 5.0 M/S |  4.33 /S
| VELOCITY =~ mmcmmmmmmmmmmcmmmcmmmmmemsooocoomoooooooooo
| | 30MS | 5.7-6.9M/S |  6.15M/S |
| PEAK D-PLANE | l ‘
| ROTATION | 61 - 75 DEG. | 63.86 DEG. |

_____.._..-..____.......-.-_.-—..--_..--..—.-_.--_....-..—.._-_-...._—---_—-———_.—---_-_--_-

|ROTATION ANGLE DECAY TIME | | {
| FROM PEAK TO ZERO | 50 - 60 MS | 58.08 MS l
| PEAK MOMENT ABOUT | | |
|OCCIPITAL CONDYLE | 110 - 130 NM | 101.03 NM *

_..__._._...__..--__.-....__—__._.-_..-..---____..-_--..___.--..—_-.___-_-...-—--..__........-

| POSITIVE MOMENT DECAY TIME | | |
| FROM PEAK TO ZERO | 40 - 50 MS | 49.92 MS [

| TIME OF PEAK ROTATION { | ' |
| AFTER PEAK MOMENT | 1 -11 M8 | 8.80 MS

x% Neck Performance Compared To SAE’s User’s Manual For The Hybrid III
Large Male Test Dummy, September 1998, Draft. ==
x TEST DOES NOT MEET SPECIFICATIONS

¢

TECHNICI RUN NUMBER: 062603.1105;1

C-76 030805-1




Transportation Research Center Inc.
Neck Flexion Test - 6 Channel Transducer

HIII 95th Male Serial No. 083 Calibration No. 15-1

Test Parameter

Temperature
Relative Humidity
Impact Velocity

Integrated Pendulum Velocity
10 ms
20 ms
30 ms

Peak D Plane Rotation

Peak Moment About Occipital
Condyles

(During time interval rotation is
within specified corridors)

Positive Moment Decay Time
To 10 N'm

Comments:

Technician

Test Date 06/26/2003
Specification  Test Results
20.6-22.2 °C 21.1 °C
10-70 % 55 %
6.89 -7.13 m/s 6.93 m/s
2.20-2.70 m/s 2.29 m/s
4.00-5.00 m/s 4.35 m/s
5.70 - 6.90 m/s 6.17 m/s
61-75 ° 63.9 °
110.0-130.0 N'm  100.96 N'm
77-97 ms 92.80 ms
Approved

Dol || A

C-77

06.26.2003 10:50:15 508

Pass

Yes
Yes
Yes

Yes
Yes
Yes

Yes
No

Yes

030805-1




Acceleration [g]

Angle [°] Angle [°]

Angle [°]

50

Transportation Research Center Inc.

HIII 95th Male Serial No. 083
Test Date 06/26/2003

Pendulum Deceleration

40

Neck Flexion Test

Calibration No. 15 -1

30

20

10

"\

0

-10
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-20

Beta

100
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Time (ms)
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-20
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100
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I

=50 et

-20
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Time (ms)

100

I~

-+

P

{1

-

-20

C-78

-10 0 10 20 30 40 50 60 70 80 90 100110120130 140150 160 170 180 190 200

Time (ms)

06.26.2003 lO:SO; 16 508

Filter Class: 180
Max: 27.0 g at 1.4 ms
Min: -3.6 g at 44.3 ms

Filter Class: 60
Max: 30.3° at 58.2ms
Min; -17.4° at 171.8 ms

Filter Class: 60
Max: 33.6 ° at 59.9 ms
Min: -22.9° at 174.4 ms

Filter Class: 60
Max: 63.9° at 59.1 ms
Min: -40.3° at 173.5 ms

030805-1




Torque [N'm] Force [N] Force[N]

Torque [N'm]

500

Transportation Research Center Inc.
Neck Flexion Test

HIII 95th Male Serial No. 083 Calibration No. 15 - 1
Test Date 06/26/2003

NEKXF

250+

ol

250+

5004

750k
-1000

1250

1500

-20

NEKXFC

-10 0 10 20 30 40 50 60 70 80 90 100110120130 140150160 170180 190 200

Time (ms)

500

250

ol

250

-500-F

-750F

1000+

-1250-F

-1500-F

-20

150

NEKYM

-10 0 10 20 30 40 50 60 70 80 90 100110120130 140150 160 170 180 190 200

Time (ms)
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551
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| et

504
20

150

125
100
754
50k
25
3
st

NEKOM

-10 0 10 20 30 40 50 60 70 80 90 100110120130 140 150 160 170 180 190 200

Time (ms)

AN

/|

N

——

U,

o

-50“::::::::::::::::::::.:
20-10 0 10 20 30 40 50 60 70 80 90 100110120130 140 150 160 170 180 190 200

C-79

Time (ms)

Filter Class: 1000
Max: 1732 N at 161.6 ms
Min: -934.0N at 45.7 ms

Filter Class: 600
Max: 172.6 N at 161.6 ms
Min: -933.6 N at 45.8 ms

Filter Class: 600
Max: 85.5N'm at 503 ms
Min: -34.6 N'm at 13.6 ms

Filter Class: 600
Max: 101.1 N'm at 50.3 ms
Min: -24.3 N'm at 13.0 ms

06.26.2003 10:50:17 508 m
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TRANSPORTATION RESEARCH CENTER INC.
HYBRID III LARGE MALE 26-JUN-03

NECK EXTENSION TEST - 6 CHANNEL TRANSDUCER

“TRC INC. TEST NO: 083C15NE1 L.MALE SN0O83 NECK EXT CAL15
| TEST PARAMETER | SPECIFICATION | TEST RESULTS |
l l | !
| TEMPERATURE | 20.6 - 22.2 DEG. C| 21.1 DEG. C |

| l

| RELATIVE HUMIDITY | 10 - 70 % |  51.0 % |

| | |

| IMPACT VELOCITY | 5.95 - 6.19 M/S | 6.00 M/S |
| | 10 MS | 1.8 - 2.2 M/S | 1.88 M/S

| INTEGRATED =========--=-----=-=—=o—socoooo———-———-oooooooo-osos
| PENDULUM | 20 MS | 3.4 - 4.2 M/S | 3.75 M/S

| VELOCITY  ===mm======memc——smmm-o—oooocoooo——-o-oooooooo-ooos

| | 30 MS | 4.8 - 5.8 M/S | 5.43 M/S |

| PEAK D-PLANE l I ‘ |
| ROTATION | 81 - 98 DEG. | 92.15 DEG. |

|ROTATION ANGLE DECAY TIME | | |
|FROM PEAK TO ZERO - l 75 - 90 MS | 86.08 MS

| PEAK MOMENT ABOUT | I |
|OCCIPITAL CONDYLE | -87 / -69 NM | -63.98 NM x

|NEGATIVE MOMENT DECAY TIME | | |
| FROM PEAK TO ZERO | 53 - 66 MS | 66.72 MS *

| TIME OF PEAK ROTATION | I |
| AFTER PEAK MOMENT | 0 - 10 MS | 4.80 MS I

%% Neck Performance Compared To SAE’s User’s Manual For The Hybrid III

Large Male Test Dummy, September 1998, Draft. =x

% TEST DOES NOT MEET SPECIFICATIONS
TECHNICIAN e —— RUN NUMBER: 062603.1317;1

/f/’/

C-80 030805-1




Transportation Research Center Inc.
Neck Extension Test - 6 Channel Transducer

HIII 95th Male Serial No. 083 Calibration No. 15-1

Test Date 06/26/2003
Test Parameter Specification  Test Results Pass
Temperature 20.6-22.2 °C 21.1 °C Yes
Relative Humidity 10-70 % 51 % Yes
Impact Velocity 5.95-6.19 m/s 6.02 m/s Yes
Integrated Pendulum Velocity
10 ms 1.80-2.20 m/s 1.88 m/s Yes
20 ms 3.40-4.20 m/s 3.76 m/s Yes
30 ms 4.80-5.80 m/s 5.44 m/s Yes
Peak D Plane Rotation 81-98 ° 923 ° Yes
Peak Moment About Occipital -84.0 - (-66.0) N'm -64.07 N'm No
Condyles
(During time interval rotation is
within specified corridors)
Positive Moment Decay Time 100 - 120 ms 112.08 ms Yes
To -10 N'm
Comments:
Technician Approved

06.26.2003 11:25:01 587

c-81 030805-1




Acceleration [g]

Angle [°] Angle [°]

Angle [°]

Transportation Research Center Inc.
Neck Extension Test '
HIII 95th Male Serial No. 083 Calibration No. 15 -1
Test Date 06/26/2003

Pendulum Deceleration

40 1 Filter Class: 180
30

Max: 22.3 g at 1.5 ms

20 1 /\\//\
o N Min: -3.7 g at 43.2 ms

§ IR PEEE
\1\/ -

-1 0 ===t

-20-10 0 10 20 30 40 50 60 70 80 90 100110120130 140150160170 180 190 200
Time (ms

Beta (ms)

100 T Filter Class: 60

Max: 39.9° at 75.7 ms

25 Min: -11.4° at 202.3 ms

20-10 0 '10'20'30'40'50'60'70‘80'90'100'110'120v130'140'150'16§)'170'180'190'200
Theta Time (ms)
1007 Filter Class: 60
75
504
25 Min: -16.0° at 201.9 ms

Max: 52.5° at 79.6 ms
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-20-10 0 10 20 30 40 50 60 70 80 90 100110120130140 150160170180 190200
Time (ms)

Totan

125 T Filter Class: 60
100

Max: 92.3° at 77.6 ms

™~ Min: -27.4° at 202.3 ms
L] ™~

™~

—50"::::::::::::::::::::::
20 -10 0 10 20 30 40 50 60 70 80 90 100110120130140 150160170180 190200
Time (ms)

06.26.2003 11:25:02 587
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Torque [N-m] Force [N] Force[N]

Torque [N'm]

Transportation Research Center Inc.
Neck Extension Test

HIII 95th Male Serial No. 083 Calibration No. 15 -1
Test Date 06/26/2003

NEKXF
1000

Filter Class: 1000

75041
5004 Max: 528.1 N at 75.2 ms

2504 N Min: -264.3 N at 195.4 ms
0" / N N

250 L

-500"::::::::::::::::::::::
-20 -10 0 10 20 30 40 50 60 70 80 90 100110120130 140150160170 180190200

NEKXFC Time (ms)

1000

750
5004 Max: 527.9N at 75.1 ms

Filter Class: 600

2501 . N Min: -264.0 N at 195.3 ms
ol rd N ~

250 AR

-500"::::::::::::::::::::::
-20 -10 0 10 20 30 40 50 60 70 80 90 100110120 130140150160 170 180 190 200
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Filter Class: 600

ol /] L Max: 33.7 N'm at 185.8 ms

25l | Min: -54.8 N'm at 72.6 ms
.50+ N
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Transportation Research Center Inc.

Thorax Test
HIII 95th Male Serial No. 083 Calibration No. 15 - 1
Test Date 06/24/2003 |
Test Parameter Specification Test Results  Pass
Temperature 20.6-22.2 °C 21.7 °C Yes
Relative Humidity 10-70 % 49 % Yes
Pendulum Velocity 6.59 - 6.83 m/s 6.66 m/s Yes
Maximum Chest Deflection -76.0 - (-66.0) mm -71.0 mm Yes
Maximum Resistive Force 4700 - 6000 N 5404 N Yes
Internal Hysteresis | 69-85% 71 % Yes
Comments:
Technician Approved

Pl 4 ASz5

06.24.2003 13:56:37 967
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Pendulum Deceleration

Transportation Research Center Inc.
Thorax Test

HIII 95th Male Serial No. 083 Calibration No. 15 -1
-~ Test Date 06/24/2003
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Transportation Research Center Inc.

Left Knee Slider Test
HIII 95th Male Serial No. 083  Calibration No. 15 - 1

Test Date 06/25/2003
Test Parameter Specification  Test Results Pass
Temperature 18.9-25.6 °C 21.7 °C Yes
Relative Humidity 10-70 % 45 % Yes
Pendulum Velocity 2.70 - 2.80 m/s 2.70 m/s Yes
Knee Displacement -18.3 - (-15.0) mm -18.2 mm Yes
Comments:

Technician Approved

P, L I

06.25.2003 13:34:03 1743
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Transportation Research Center Inc.
Left Knee Slider Test

Serial No. 083 Calibration No. 15 -1
Test Date 06/25/2003

HIII 95th Male
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Transportation Research Center Inc.

Right Knee Slider Test
HIII 95th Male Serial No. 083 Calibration No. 15 -1

Test Date 06/25/2003
Test Parameter Specification  Test Results Pass
Temperature ‘ ‘ 18.9-25.6°C 21.7 °C Yes
Relative Humidity 10-70 % 50 % Yes
Pendulum Velocity 2.70 - 2.80 m/s 2.77 m/s Yes
Knee Displacement -18.3 - (-15.0) mm -16.7 mm Yes
Comments:

Technician Approved
~
Rk b A2
,/

06.25.2003 11:29:09 1714
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Force [N]

Displacement [mm]

Force [N]

Transportation Research Center Inc.
Right Knee Slider Test

HIII 95th Male Serial No. 083 Calibration No. 15 -1

Test Date 06/25/2003

Femur Force
2000

Filter Class: 600

1000

Max: 783.7 N at 34.6 ms

< v

Min: -4280.6 N at 15.8 ms

-1000
-2000 \

-3000

-4000

" \/

-10 0 10 20 30 40 50

Tibia Displacement

60

70

80 90 100
Time (ms)

Filter Class: 180

i} \

Max: 0.2 mm at 34.6 ms

AN/

Min: -16.7 mm at 16.5 ms

15 /

-20

-25

Femur Force vs Tibia Displacement
2000

-10 0 10 20 30 40 50

60

70

80 90 100
Time (ms)

1000

-1000

-2000

-3000

N

-4000

-5000

-25 -20 -15 -10

C-89

0 5

Displacement [mm]

06.25.2003 11:29:10 1714 EE

030805-1




Transportation Research Center Inc.

Left Knee Test

HIII 95th Male Serial No. 083  Calibration No. 15 - 1

Test Parameter
Temperature
Relative Humidity
Pendulum Velocity

Maximum Pendulum Force

Comments:

Technician

Test Date 06/27/2003

Specification
18.9-25.5 °C
10-70 %
2.07 -2.13 m/s

4900 - 6000 N

C-90

Test Résults Pass

21.1 °C Yes
54 % Yes
2.09 m/s Yes
5593 N Yes
Approved
N ,,L@

06.27.2003 07:39:50 2014
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Acceleration [g]

Force[N]
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Transportation Research Center Inc.

Left Knee Test

HIII 95th Male Serial No. 083 Calibration No. 15 -1

Pendulum Deceleration

Test Date 06/27/2003
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Transportation Research Center Inc.

Right Knee Test

HIII 95th Male Serial No. 083 Calibration No. 15 -1

Test Paraméter
Temperature
Relative Humidity
Pendulum Velocity

Maximum Pendulum Force

Comments:

+ Technician

Test Date 06/27/2003

Speciﬁcation
18.9-25.5 °C
10-70 %
2.07 -2.13 m/s

4900 - 6000 N

C-92

Test Results  Pass

21.1 °C Yes

52 % Yes

2.10 m/s Yes

5291 N Yes
Approved

ISR Sovra

06.27.2003 07:37:34 2012
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Acceleration [g]

Force[N]
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Transportation Research Center Inc.

Right Knee Test

HIIT 95th Male Serial No. 083 Calibration No. 15 -1

Pendulum Deceleration -

Test Date 06/27/2003
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Post-test Dummy Confiquration and Performance Verification Data

Passenger Dummy S/N: 083

C-94 030805-1



Transportation Research Center Inc.
HIII 95th Dummy
External Dimensions
Serial No. 083 Calibration No. 16

C-95

| Test Parameter Dimension Specification Results Pass
Total Sitting Height A 9271 - 9423 mm 935 mm Yes
Shoulder Pivot Height B 5410 - 556.2 mm 549 mm Yes
H-Point Height C 1016 - 1118 mm 105 mm Yes
H-Point From Seatback D 1371 - 1473 mm 140 mm Yes
Shoulder Pivot From Backline E 109.3 - 119.3 mm 114 mm Yes
Thigh Clearance F 160.0 - 1752 mm 170 mm Yes
Back Of Elbow To Wrist Pivot G 3074 - 3174 mm 308 mm Yes
Skull Cap To Backline H 864 - 914 mm 87 mm Yes
Shoulder-Elbow Length I 348.0 - 363.2 mm 357 mm Yes
Elbow Rest Height J 208.3 - 223.5 mm 212 mm Yes
Buttock Knee Length K 624.8 - 650.2 mm 639 mm Yes
Popliteal Height L 4572 - 4826 mm 476 mm Yes
Knee Pivot Height M 520.7 - 546.1 mm 530 mm Yes
Buttock Popliteal Length N 490.2 - 5156 mm 499 mm Yes
Chest Depth o] 2845 - 299.7 mm 298 mm Yes
Foot Length P 2515 - 266.7 mm 253 mm Yes
Buttock to Knee Pivot Length R 556.3 - 581.7 mm 576 mm Yes
Head Breadth S 148.9 - 160.0 mm 152 mm Yes
Head Depth T 190.5 - 200.7 mm 197 mm Yes
Hip Breadth U 396.3 - 4115 mm 403 mm Yes
Shouider Breadth \Y; 4674 - 4826 mm 475 mm Yes
Foot Breadth w 915 - 106.7 mm 95 mm Yes
Head Circumference X 566.4 576.6 mm 574 mm Yes
Chest Circumference Y 1120.2 - 1150.6 mm 1134 mm Yes
Waist Circumference Z 988.1 - 1018.5 mm 999 mm Yes
Location For Chest Circumference AA 502.8 - 5131 mm 508 mm Yes
Location For Waist Circumference BB 2743 - 2845 mm 279 mm Yes
Technician Approved

TRE |
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Transportation Research Center Inc.
Head Drop Test

HIIT 95th Male Serial No. 083 Calibration No. 16 - 1

Test Date 08/12/2003

Test Parameter Specification Test Results
Temperature 18.9-25.6 °C 21.1 °C
Relative Humidity =~ - 10-70 % 58 %
Peak Resultant Acceleration 220-265 g 2333 g
Peak Lateral Acceleration 15 g Max -1.8 g
Is Acceleration Curve Unimodal? Yes Yes
Comments:

Technician ‘ Approved

S J L pl e

Pass
Yes
Yes
Yes
Yes

Yes

08.12.2003 12:19:41 613 m

C-96
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Acceleration [g] Acceleration [g] Acceleration [g]

Acceleration [g]

Transportation Research Center Inc.

HIII 95th Male

Head X-Axis
50

Head Drop Test

Serial No. 083 Calibration No. 16 - 1

Test Date 08/12/2003
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TRANSPORTATION RESEARCH CENTER INC.
HYBRID III LARGE MALE 12-AUG-03

NECK FLEXION TEST - 6 CHANNEL TRANSDUCER

TRC INC. TEST NO: 083C16NF1 LG. MALE SN083 NECK FLEX CAL16
| TEST PARAMETER | SPECIFICATION | TEST RESULTS I
| I I
| TEMPERATURE | 20.6-22.2 DEG. C | 21.1 DEG. C I
I | |
|RELATIVE HUMIDITY | 10 - 70 % |  57.0 % |
| | |
| IMPACT VELOCITY | 6.89 - 7.13 M/S | 6.99 M/S |
I | 10 MS | 2.2 - 2.7 M/S I 2.34 M/S I
| INTEGRATED  =-=--e-mmm—m—ommmmmmmm o mm oo oo mmmo—ee oo
| PENDULUM | 20 MS | 4.0 - 5.0 M/S | 4.42 M/S
| VELOCITY = =-—=-mmmm—mmemmmmmmmmmmmmm oo oo —m—mmm—emo oo
| | 30 MS | 5.7 - 6.9 M/S I 6.24 M/S |
| PEAX D-PLANE I | |
| ROTATION | 61 - 75 DEG |  64.25 DEG I

|ROTATION ANGLE DECAY TIME | | I
| FROM PEAK TO ZERO | 45 - 55 MS | 59.12 MS .
|PEAK MOMENT ABOUT I I I
|OCCIPITAL CONDYLE | 103 - 1125 NM | 104.91 NM
|POSITIVE MOMENT DECAY TIME | | |
|FROM PEAK TO ZERO | 42 - 52 MS | 49.04 MS

|TIME OF PEAK ROTATION I | I
|AFTER PEAK MOMENT | 1-11MS | 6.32 MS I

TECHNICIAN -
S

— — RUN NUMBER: 110503.1317;1
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Transportation Research Center Inc.
Neck Flexion Test - 6 Channel Transducer

HIII 95th Male ~ Serial No. 083 Calibration No. 16 - 1

Test Date 08/12/2003
Test Parameter Specification  Test Results Pass
Temperature 20.6-222 °C 21.1 °C Yes
Relative Humidity 10-70 % 57T % Yes
- Impact Velocity 6.89-7.13 m/s 6.97 m/s Yes
Integrated Pendulum Velocity
10 ms 2.20-2.70 m/s 2.34 m/s Yes
20 ms 4.00 - 5.00 m/s 4.42 m/s Yes
30 ms 5.70 - 6.90 m/s 6.24 m/s Yes
Peak D Plane Rotation 61-75° 64.3 ° Yes
Peak Moment About Occipital 110.0- 130.0 N'm 104.93 N'm No
Condyles
(During time interval rotation is
within specified corridors)
Positive Moment Decay Time 77 -97 ms 91.92 ms Yes
To 10 N'm
Comments:
Technician Approved

08.12.2003 10:42:13 499 _
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Angle [°] Angle [°]

Angle [°]

Pendulum Deceleration

40

Transportation Research Center Inc.

Neck Flexion Test

HIII 95th Male Serial No. 083 Calibration No. 16 - 1

Test Date 08/12/2003
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Filter Class: 180
Max: 27.8 g at 1.5 ms
Min: -3.4 g at 44.6 ms

Filter Class: 60
Max: 30.6 ° at 56.6 ms
Min: -18.0° at 172.0 ms

Filter Class: 60
Max: 33.6 © at 56.8 ms
Min: -23.7 °® at 175.7 ms

Filter Class: 60 -
Max: 64.3 °© at 56.6 ms
Min: -41.7° at 173.6 ms

030805-1
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Torque [N-m]
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Transportation Research Center Inc.
Neck Flexion Test

Serial No. 083 Calibration No. 16 - 1
Test Date 08/12/2003

HIII 95th Male
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Filter Class: 1000
Max: 1754 N at 162.0 ms
Min: -980.7 N at 46.2 ms

Filter Class: 600
Max: 1752 N at 163.1 ms
Min: -980.0 N at 46.3 ms

Filter Class:; 600
Max: 88.4 N'm at 50.3 ms
Min: -35.7 N'm at 13.4 ms

Filter Class: 600
Max: 1049 N'm at 50.3 ms

- Min: -24.7 N'm at 13.0 ms

030805-1




TRANSPORTATION RESEARCH CENTER INC.

HYBRID III LARGE MALE

12-AUG-03

NECK EXTENSION TEST - 6 CHANNEL TRANSDUCER

TRC INC.

TEST NO: 083C16NEl

L.

MALE SN083 NECK EXT CAL16

@ e e e o ———————— - -~ - - o o - - T S W WS Tl M S RS S

| TEMPERATURE | 20.6 - 22.2 DEG. C| 21.1 DEG. C

I |
| RELATIVE HUMIDITY | 10 - 70 % |  55.0 % |
I | I I
| IMPACT VELOCITY | 5.95 - 6.19 M/S | 6.00 M/S |
| | 10 MS | 1.8 - 2.2 M/S | 1.96 M/S |
| INTEGRATED  —-===m======-—-——mm—=mm———ooooooo——=————osooooos
| PENDULUM | 20 MS | 3.4 - 4.2 M/S | 3.71 M/S |
VELOCITY = ===m==---ee--mmee-mmem——emeo——ememm——————c-c——-=--
| 30 MS | 4.8 - 5.8 M/S | 5.34 M/S |
PEAK D-PLANE I | I
ROTATION | 81 - 98 DEG |  93.11 DEG. |
ROTATION ANGLE DECAY TIME | | |
FROM PEAK TO ZERO | 75 - 90 MS | 86.16 MS |
| PEAK MOMENT ABOUT | | |

| 0OCCIPITAL CONDYLE | -87 / -69 NM | -67.73 NM *
|NEGATIVE MOMENT DECAY TIME | |
| FROM PEAK TO ZERO | 53 - 66 MS I 69.04 MS x|
| TIME OF PEAK ROTATION | | |
| AFTER PEAK MOMENT 0 - 10 MS | 5.60 MS |

.._....--__..---—————-----———_-—_---———---_—--—__-—'--__—-_——-——_-—_----_..-

x TEST DOES NOT_MEET SPECIFICATIONS
<«

- TECHNICI

"

C-102

RUN NUMBER: 081203.1131;1

030805-1




Transportation Research Center Inc.
Neck Extension Test - 6 Channel Transducer

HIIT 95th Male Serial No. 083  Calibration No. 16 - 1

Test Date 08/12/2003
Test Parameter Specification = Test Results Pass
Temperature 20.6 -22.2 °C 21.1 °C Yes
Relative Humidity 10-70 % 55 % Yes
Impact Velocity 5.95-6.19 m/s 6.02 m/s Yes
Integrated Pendulum Velocity
10 ms 1.80-2.20 m/s 1.97 m/s Yes
20 ms 3.40-4.20 m/s 3.72 m/s Yes
30ms 4.80-5.80 m/s 5.36 m/s Yes
Peak D Plane Rotation 81-98 ° 93.1° Yes
Peak Moment About Occipital -84.0 - (-66.0) N'm -67.78 N'm Yes
Condyles
(During time interval rotation is
within specified corridors)
Positive Moment Decay Time 100 - 120 ms 112.88 ms Yes
To-10N'm
Comments:
Technician ' ' Approved

< Y S gt

08.12.2003 11:19:28 579
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Acceleration [g]

Angle [°] Angle []

Angle [°]

Pendulum Deceleration

40

Transportation Research Center Inc.

Neck Extension Test

HIII 95th Male Serial No. 083 Calibration No. 16 - 1

Test Date 08/12/2003
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C-104

Filter Class: 180
Max: 23.4 g at 1.4 ms
Min: -2.7 g at 44.8 ms

Filter Class: 60
Max: 40.4° at 77.1 ms
Min: -11.2° at 204.1 ms

Filter Class: 60
Max: 52.7 ° at 82.0 ms
Min: -17.1° at 212.7 ms

Filter Class: 60
Max: 93.1° at 78.7 ms
Min: -27.9° at 211.6 ms

030805-1




Torque [N-m] Force [N] Force[N]

Torque [N'm]

Transportation Research Center Inc.
‘ Neck Extension Test

HIII 95th Male Serial No. 083 Calibration No. 16 - 1
Test Date 08/12/2003
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Transportation Research Center Inc.

Thorax Test
HIII 95th Male Serial No. 083 Calibration No. 16 - 1
Test Date 08/11/2003
Test Parameter | Specification Test Results  Pass
Temperature 20.6 -22.2 °C 21.1 °C Yes
Relative Humidity ‘ 10-70 % 62 % Yes
Pendulum Velocity 6.59 - 6.83 m/s 6.63 m/s Yes
Maximum Chest Deflection -76.0 - (-66.0) mm -69.5 mm Yes
Maximum Resistive Force 4700 - 6000 N 5406 N Yes
Internal Hysteresis 69-85% 72 % Yes
Comments:
Technician Approved

~ /S it

08.11.2003 08:15:34 942
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Transportation Research Center Inc.
Thorax Test
HIII 95th Male Serial No. 083 Calibration No. 16 - 1
Test Date 08/11/2003
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Max: 23.6 g at 21.4 ms

Acceleration [g]

Pendulum Force

10000 T Filter Class: 180
8000
6000+

4000 ZEENERN Min: -16.5 N at 436.2 ms

-y
2000 ] / \

Max: 54062 N at 21.4ms

Force[N]

0
-2000 1 + + + + + + + + + + 4
-10 0 10 20 30 40 50 60 70 80 90 100
Time (ms)

Chest Displacement

20 I Filter Class: 180
0

20l \ Max: 0.0 mm at 0.9 ms
=
-40 Min: -69.5 mm at 25.9 ms
-60
-80
-100 + + + + + + + + + + +
-10 0 10 20 30 40 50 60 70 80 90 100
Time (ms)

Displacement[mm]

Chest Displacement vs. Pendulum Force
10000

8000
6000
40004 — [ )
2000

R

-2000 ] + + + + + + + t + + +
-10 0 10 20 30 40 50 60 70 80 90 100
Displacement [mm]

Force[N]

08.11.2003 08:15:35" 942
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Transportation Research Center Inc.

Left Knee Slider Test
HIII 95th Male Serial No. 083 Calibration No. 16 - 1

Test Date 08/11/2003
Test Parameter Specification  Test Results Pass
Temperature 18.9-25.6°C 21.1 °C Yes
Relative Humidity 10-70 % 57 % Yes
Pendulum Velocity 2.70 - 2.80 m/s 2.74 m/s Yes
Knee Displacement -18.3 - (-15.0) mm -18.1 mm Yes
Comments:

Technician Approved

‘ YLyt

08.11.2003 14:57:12 1733
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Force [N]

Displacement [mm]

Force [N]

-1000 1
-2000 1
-3000 |
-4000 ]

-5000

Transportation Research Center Inc.

Left Knee Slider Test

HIII 95th Male Serial No. 083 Calibration No. 16 - 1

Femur Force

Test Date 08/11/2003

Filter Class: 600

L Max: 1226.0N at 41.2 ms

N

Min: -3480.9N at 17.1 ms

A\

0 10

20

Tibia Displacement

30 40 50 60 70 80 90 100

Time (ms)

0

Filter Class: 180

5

5

Max: 1.0 mm at 41.1 ms

-10

\

Min: -18.1 mm at 18.6 ms

-15

-20

N

-25

-10

0 10

20

30 40 50 60 70 8Q 90 100
Time (ms)

Femur Force vs Tibia Displacement

2000

1000

|

e

:\

-25

-20

-15

-10 -5 0 5
Displacement [mm]

08.11.2003 14:57:13 1733 m
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Transportation Research Center Inc.

Right Knee Slider Test
HIII 95th Male Serial No. 083  Calibration No. 16 - 1

Test Date 08/11/2003
Test Parameter Specification  Test Results Pass
Temperature 18.9-25.6 °C 21.1 °C Yes
Relative Humidity 10-70 % 53 % Yes
Pendulum Velocity 2.70 - 2.80 m/s 2.74 m/s Yes
Knee Displacement -18.3 - (-15.0) mm -16.3 mm Yes
Comments:
Technician Approved

( Y >

08.11.2003 15:12:28 1731
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Force [N]

Displacement [mm]

Force [N]

Transportation Research Center Inc.
Right Knee Slider Test

HIII 95th Male

Femur Force

Serial No. 083 Calibration No. 16 - 1
Test Date 08/11/2003

Filter Class: 600

A,

Max: 736.9N at 35.3 ms

< V

Min: -4017.6 N at 15.2 ms

-10 0 10 20 30 40 50

Tibia Displacement

60

70

80 90 100

Time (ms)

Filter Class: 180

-5

5

Max: 0.1 mm at 34.8 ms

-10

L/

Min: -16.3 mm at 16.5 ms

-15

-20

-25

2000

-10 0 10 20 30 40 50

Femur Force vs Tibia Displacement

60

70

80 90 100

Time (ms)

1000

-

-1000

-2000

-3000

-4000

-5000

-+

225 -20 -15 -10

-5
Displacement [mm]

C-111

0 5

08.11.2003 15:12:29 1731
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Transportation Research Center Inc.

Left Knee Test
HIII 95th Male Serial No. 083  Calibration No. 16 - 1
Test Date 08/11/2003
Test Parameter Specification Test Results  Pass
Temperature 18.9-25.5 °C 21.1 °C Yes
Relative Humidity 10-70 % 56 % Yes
Pendulum Velocity 2.07-2.13 m/s 2.11 m/s Yes
Maximum Pendulum Force 4900 - 6000 N 5499 N Yes
Comments:
Technician Approved

08.11.2003 13:34:47 2010
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Acceleration [g]

Force[N]

Transportation Research Center Inc.
Left Knee Test ,
HIII 95th Male Serial No. 083 Calibration No. 16 - 1
Test Date 08/11/2003

Pendulum Deceleration

150 Filter Class: 600
140

1304 Max: 112.2 g at 2.9 ms
120

110 Min: -1.1 g at 7.8 ms
- A} s
0] [
! |
70-% / \
60.. / \
sof——
40
304 / \
1 / \
20 7

10l

10— + + ¢ + + + + ¢ + +
-2 0 2 4 6 8 10 12 14 1§ 18 20
Time (ms)

Pendulum Force

7500 . .
7000k Filter Class: 600

6500 Max: 5499.2 N at 2.9 ms
6000

5500 7 Min: -55.3 N at 7.8 ms
5000

4500-F
4000- |
35001 \
30001 [ |
2500-% |

20001 /
1500+ / \
1000 / \

500-%

-500F— . . . . : ' ' . '
2 0 2 4 6 8 10 12 14 16 18 20
-~ Time (ms)

08.11.2003 13:34:48 2010
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Transportation Research Center Inc.

HIII 95th Male

Test Parameter
Temperature
Relative Humidity
Pendulum Velocity

Maximum Pendulum Force

Comments:

Technician

Right Knee Test

Serial No. 083 Calibration No. 16 - 1

Test Date 08/11/2003

Specification
18.9-25.5 °C
10-70 %
2.07-2.13m/s

4900 - 6000 N

C-114

Test Results  Pass

21.1 °C Yes

55 % Yes

2.10m/s Yes

5767 N Yes
Approved

08.11.2003 13:37:57 2128
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Acceleration [g]

Force[N]

Transportation Research Center Inc.
Right Knee Test

HIII 95th Male Serial No. 083 Calibration No. 16 - 1
Test Date 08/11/2003

Pendulum Deceleration

150 . .
1401 Filter Class: 600

38 Max: 117.6 g at 2.5 ms
1of /\\ Min: -1.1 g at 7.5 ms
100

1 R
e 1

70+ [ \

60 / |
1 / \
e T
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/
wi 1] X

10— ' : . ; ; . ) } : :
2 0 2 4 6 8 10 12 14 16 18 20
Time (ms)
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7500 : _
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5500 /\\ Min: -53.9N at 7.5 ms
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4000 [l
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30001 | |
2500+ | \
2000F / \
1500:: /
1000

\

500 /

-500F— . ' ; ' . ' ; : : '
-2 0 2 4 6 8 10 12 14 16 18 20
Time (ms)

08.11.2003 13:37:59 2128 m
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Transportation Research Center Inc.

Type:__HI11-50% SIN:_090 Mfg.:_Alderson

Hybrid 111l Dummy Pre-Use Inspection

Test Date:__08/05/03

Proj./Seg. No.:_20020480-2001

Test Eng._ Walt Dudek

ITEM PRE-USE
HEAD:
Head Ballast Condition X
Accel. Mount Bolts and Cables X
Skull Cap Bolts X
Accdl. Cable Exit (I€eft or right) X
NECK:

* Bracket at specified setting, Serration Alignment, Bolt N/A

* Condyle Pin, Set Screws X

* Rubber Condition X

* Neck Cable Torque (50"9.6—14.4in-Ib/ 5" 12in-lb/6YO 1.8 - 2.2 in-lb) X

* Nodding Blocks Condition and Position X

ARMSAND HANDS:
Clavicle and Shoulder Bumpers Condition X
Range of Motion Stops: Elbow, Top and Rear Shoulder X
THORAX:
Front and Rear Rib Bolts, Rib Ends Position, Rib Spacing X
Chest Pot Arm, Ball Movement, Set Screws X
Sternum Bolts and Sternum Bumpers Condition X
Jacket Condition X
Abdominal Insert Condition X
Rib Damping Material and Stiffeners Condition X
Rib Minimum Depth (Use Chest Depth Gage) X
Accel. Mount Bolts X
Lumbar Spine Rubber Condition, Spine Angle, (4) Attachment Bolts X
PELVIS:
Illiac Crest Bone X
Flesh Condition X
Accel. Mount Bolt X
Lumbar Block Bolts X
LEGSAND FEET:

* Femur Load Cell Bolts (30 ft/Ibs) X
Knee Joint Function and Range of Motion X
Knee Skins, Inserts and Castings Condition X
Knee Slider Zero Position X
Ankle Range of Motion, Bumper Condition X
Foot Condition X

OTHER:
Cleanliness / Skin Condition & Position X
Target Position X
Clothes Blue X
Shoes X
One G Joint Adjustments X

* [temsto be checked during calibration.

Inspection Completed By: _J. Clarridge

C-116

Date: _ 08/02/03
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Transportation Research Center Inc.

Type._ HII1-95%

Hybrid 11l Dummy Pre-Use Inspection

SIN:__ 083 Mfg.:_First Technologies

Test Date:__08/05/03

Proj./Seg. No.:_20020480-2001 Test Eng._ Walt Dudek
ITEM PRE-USE
HEAD:
Head Ballast Condition X
Accel. Mount Bolts and Cables X
Skull Cap Bolts X
Accel. Cable Exit (left or right) X
NECK:

* Bracket at specified setting, Serration Alignment, Bolt X

* Condyle Pin, Set Screws X

* Rubber Condition X

* Neck Cable Torque (50"9.6—14.4in-Ib/ 5" 12in-lb/6YO 1.8 - 2.2 in-lb) X

* Nodding Blocks Condition and Position X

ARMSAND HANDS:
Clavicle and Shoulder Bumpers Condition X
Range of Motion Stops: Elbow, Top and Rear Shoulder X
THORAX:
Front and Rear Rib Bolts, Rib Ends Position, Rib Spacing X
Chest Pot Arm, Ball Movement, Set Screws X
Sternum Bolts and Sternum Bumpers Condition X
Jacket Condition X
Abdominal Insert Condition X
Rib Damping Material and Stiffeners Condition X
Rib Minimum Depth (Use Chest Depth Gage) X
Accel. Mount Bolts X
Lumbar Spine Rubber Condition, Spine Angle, (4) Attachment Bolts X
PELVIS:
Illiac Crest Bone X
Flesh Condition X
Accel. Mount Bolt X
Lumbar Block Bolts X
LEGSAND FEET:

* Femur Load Cell Bolts (30 ft/Ibs) X
Knee Joint Function and Range of Motion X
Knee Skins, Inserts and Castings Condition X
Knee Slider Zero Position X
Ankle Range of Motion, Bumper Condition X
Foot Condition X

OTHER:
Cleanliness/ Skin Condition & Position X
Target Position X
Clothes Pink X
Shoes X
One G Joint Adjustments X

* [temsto be checked during calibration.

Inspection Completed By: _J. Clarridge Date: _ 08/02/03
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Transportation Research Center Inc.

Hybrid 11l Dummy Post-Use Inspection

Type:__HI11-50% S/IN:__090 Mfg.:_ Alderson Test Date:_ 08/05/03
Proj./Seg. No.:_20020480-2001 Test Eng._ Walt Dudek
ITEM POST-USE
HEAD:
Head Skin Condition X
NECK:
Rubber Condition X
ARMSAND HANDS:
Skin Condition X
THORAX:
Jacket Condition X
Rib Damping Material and Stiffeners Condition *
Chest Pot Arm and Ball Movement X
Spine Condition X
Sternum Assembly Condition X
PELVIS:
Flesh Condition X
Illiac Crest Bone X
Range of Motion Bumpers and Leg Cavity X
LEGSAND FEET:
Knee Skins, Inserts, and Castings Condition X
Leg Skin Condition and Position X
Foot Condition X

NOTES:.__*Left side of ribs close to failing distance gauge (From previous testing). We will monitor

this condition. No other damage to report.

Inspection Completed By: _J. Clarridge

C-118

Date: __08/08/03
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Transportation Research Center Inc.

Hybrid 11l Dummy Post-Use Inspection

Type:_HI1-95% S/IN:_083 Mfg.:_First Technologies Test Date:_08/05/03
Proj./Seg. No.:_20020480-2001 Test Eng._ Walt Dudek
ITEM POST-USE
HEAD:
Head Skin Condition X
NECK:
Rubber Condition X
ARMSAND HANDS:
Skin Condition X
THORAX:
Jacket Condition X
Rib Damping Material and Stiffeners Condition X
Chest Pot Arm and Ball Movement X
Spine Condition X
Sternum Assembly Condition X
PELVIS:
Flesh Condition X
Illiac Crest Bone X
Range of Motion Bumpers and Leg Cavity X
LEGSAND FEET:
Knee Skins, Inserts, and Castings Condition X
Leg Skin Condition and Position X
Foot Condition X

NOTES:.___No damage to report.

Inspection Completed By: _J. Clarridge

C-119

Date: __08/08/03
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Appendix D

Test Equipment and Instrumentation Calibration Information
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Large Male (HI11-95) Dummy Positioning

The seat track was placed in full rearward position.

The seat back angle was set as specified for the vehicle, the same angle used for the 50™
percentile dummy.

If the vehicle was equipped with an adjustable steering column, it was set at its highest
position when the large male was seated in the driver’ s position.

If the vehicle was equipped with adjustable seat belt D-rings, the large mae's seating
position’s D-ring was placed in its highest position.

If the seat was equipped with an adjustable lumbar support, it was placed in its lowest
position.

If the seat was vertically adjustable, it was placed in its lowest position.

The dummy was placed in the seat similar to a 50" percentile dummy with its legs paralldl,
its pelvis angle between 20 and 25 degrees and its head level.

The H-point location of the 95" percentile dummy (with the seat in the full rearward
position) was recorded relative to the 50™ percentile target H-point established by the SAE
J826 H-point machine (with the seat in the mid position).
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Sign Convention
SAE J211 MAR95

Accelerometers: +X: Forward
+Y: Rightward
+Z: Downward

Potentiometers: +Chest longitudinal deflection:  Outward
+Chest |ateral deflection: Rightward
+Seat belt displacement: Outward
+Seat belt extension: Elongation
+Knee dider displacement: Distance between femur and tibia
increased (in relation to a seated
dummy)
Rotation potentiometers.
+About the X-axis: Left foot-eversion
Right foot-inversion
+About the Y -axis: Left/right foot-dorsiflexion
+About the Z-axis: Left foot-internal

Right foot-external

Load cells: +Femur force: Tension
+Seat belt force: Tension
+Barrier forcee  Tension

Neck load cells. +X force: Head pushed rearward
+Y force: Head pushed leftward
+Z force: Head pulled upward (tension on neck)

+X moment: Left ear rotating toward left shoulder
+Y moment: Chin rotating toward chest
+Z moment:  Chin rotating toward left shoulder

Tibiaload célls: +X force: Ankle forward, knee rearward
+Y force: Ankle rightward, knee leftward
+Z force: Tension

+X moment: Bottom of tibiamoving leftward
+Y moment: Bottom of tibia moving rearward
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Frequency Response Classes

SAE J211 MAR9S
Typical Test Measurements Channel Class
Vehicle Structural Accelerationsfor usein:
Total vehicle comparison 60
Collision simulation input 60
Component analysis 600
Integration for velocity or displacement 180
Barrier Face Forces 60
Belt Restraint System Loads 60
Anthropomorphic Test Device
Head accelerations (linear and angular) 1000
Neck
Forces 1000
Moments 600
Thorax
Spine accelerations 180
Rib accelerations 1000
Sternum accelerations 1000
Deflections 600
Lumbar
Forces 1000
Moments 1000
Pelvis
Accelerations 1000
Forces 1000
Moments 1000
Femur/Knee/Tibia/Ankle
Forces 600
Moments 600
Displacements 180
Sled Accelerations 60
Steering Column Loads 600
Head form Accelerations 1000
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The direction column on the following sheets describes the transducer output as mounted and
wired in the test location. The polarity column indicates whether a polarity change occurred
during data acquisition to conform to J211 MAR95. See Report Sign Convention sheet for
description of data output as presented in the report: occasionally channels have been

adjusted in post-acquisition processing to conform to J211 MAR95.
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Channel Report

Name of Test  030805-1

Chan.# Sensor #

9001 02102105-F14
9002 02102110-N20
9003 02102110-N28
9004 02102110-N18
9005 02102105-F02
9006 02102116-A20
9007 02102105-F18
9008 02102105-F15
9009 02102105-F13
9010 02102105-F05
9011 ALABY

9012 119501

9013 1716-0499-FX
9014 1716-0499-FY
9015 1716-0499-FZ
9016 1716-0499-MX
9017 1716-0499-MY
9018 1716-0499-MZ
9019 1794A-0121-FX
9020 1794A-0121-FY
9021 1794A-0121-FZ
9022 1794A-0121-MX
9023 1794A-0121-MY
9024 1794A-0121-MZ
9025 J14688

9026 AAKAL

9027 ADAL2

9028 136744

9029 J14660

9030 114666

9031 83672-14

9032 2430-631

Mnemonic

HEDXGI
HEDYGI1
HEDZG1
HEDXR1
HEDYRI1
HEDZR1
HD1XG1
HD1ZGl1
HD2YGI
HD2ZG1
HD3XG1
HD3YGI1
NEKXF1
NEKYFI
NEKZF1
NEKXMI1
NEKYMI1
NEKZM1
NKLXF1
NKLYF1
NKLZF1
NKLXMI1
NKLYM1
NKLZMI
CSTXGI
CSTYGI
CSTZG1
CSTXRI
CSTYRI1
CSTZR1
CSTXD1
LFMZF1

System
Description
Head Accel X
Head Accel Y
Head Accel Z
Head Accel Red X
Head Accel Red Y

Head Accel Red Z
Head (LT) Accel X
Head (LT) Accel Z
Head (FT) Accel Y
Head (FT) Accel Z
Head (TP) Accel X
Head (TP) Accel Y
Neck Force X

Neck Force Y

Neck Force Z

Neck Moment X

Neck Moment Y

Neck Moment Z

Neck Lower Force X
Neck Lower Force Y
Neck Lower Force Z
Neck Lower Moment X
Neck Lower Moment Y
Neck Lower Moment Z
Chest Accel X

Chest Accel Y

Chest Accel Z

Chest Accel Red X
Chest Accel Red Y
Chest Accel Red Z
Chest Deflection X #1
Left Femur Force Z #7

MINIDAU

Dir.

Fwd
Lft
Up
Rwd
Rgt
Up
Fwd
Up
Lt
Up
Fwd
Lt
Hd
Hd
Hd
Rt Ear
Chn
Chn
Hd
Hd
Hd
Rt Ear
Chn
Chn
Fwd
Lft
Up
Rwd
Lft
Up
Stn Fr
Kne

Range

798.87657
809.80624
789.48991
810.53698
809.61416
792.61873
791.95668
795.03105
803.96959
792.90105
803.43972
806.61677
8898.8491
8892.4032
13357.219
282.63557
282.10935
282.86129
13359.969
13347.598
13345.705
451.82593
452.42008
452.53370
404.31160
401.26649
398.02851
397.17016
405.06649
399.76264
99.861130
13351.754

Name of DAU DAU9

ZZZZZZZZ Z02 09003 03 02 03 02 03 03 02 00
8 B B

z2zZ
5 5B

Z 5 03 02 02 02 02 0%

Pol. Cal.

1/24/2003
1/24/2003
1/24/2003
1/24/2003
1/24/2003
1/24/2003
1/24/2003
1/24/2003
1/24/2003
1/24/2003
3/27/2003
3/27/2003
10/3/2002
10/3/2002
10/3/2002
10/3/2002
10/3/2002
10/3/2002
10/26/2002
10/26/2002
10/26/2002
10/26/2002
10/26/2002
10/26/2002
1/21/2003
1/21/2003
1/21/2003
1/21/2003
1/21/2003
1/21/2003
1/31/2003
10/7/2002

Group

090v
090v
090v
090v
090v
090v
090v
090v
090v
090v
090v
090v
090v
090v
090v
090v
090v
090v
090v
090v
090v
090v
090v
090v
090v
090v
090v
090v
090v
090v
090v
090v

Mifg.

Entran
Entran
Entran
Entran
Entran
Entran
Entran
Entran
Entran
Entran
Endevco

“Endevco

Denton
Denton
Denton
Denton
Denton
Denton
Denton
Denton
Denton
Denton
Denton
Denton
Endevco
Endevco
Endevco
Endevco
Endevco
Endevco
Servo

GSE

8/5/2003 7:35:42 AM

Model

EGE-73B6Q-200
EGE-73B6Q-200
EGE-73B6Q-200
EGE-73B6Q-200
EGE-73B6Q-200
EGE-73B6Q-200
EGE-73B6Q-200
EGE-73B6Q-200
EGE-73B6Q-200
EGE-73B6Q-200
7264-2000T
7264-2KM5T
1716

1716

1716

1716

1716

1716

1794A

1794A

1794A

1794A

1794A

1794A
7264-2KMST
7264-2000LC
7264-2000LC
7264-2000TZ
7264-2KMST
7264-2KMST
14CB1-2897
2430
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Channel Report

Name of Test

Chan.# Sensor #

0001
0002
0003
0004
0005
0006
0007
0008
0009
0010

- 0011

L~d

[-€080¢0

0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032

150-121VR-3892

4509J-90-FX
4509J-90-FZ
4509J-90-MX
4509J-90-MY
EJ59]

AJ507
4929J-121-FX
4929]-121-FY
4929J-121-FZ
4929]-121-MX
4929]-121-MY
PD210-4B-AK-03
PD210-4B-AK-03
PD210-4B-AK-02
EY99J

J17988

FG97J

2430-741
150-121VL-3726
4509J-89-FX
4509J-89-I'Z
4509J-89-MX
4509J-89-MY
J35770

AAKC6
4929J-120-FX
4929J-120-FY
4929J-120-FZ
4929]-120-MX
4929J-120-MY
PD210-4B-AK-02

030805-1

Mnemonic

KNLXD1
TBLXF1
TBLZF1
TBLXMI

TBLYMI -

TBLXG1
TBLYG1
ANLXF1
ANLYFI
ANLZF1

ANLXMI

ANLYMI
FTLXDI
FTLYDI
FTLZDI1
FTLXGI
FTLYGI
FTLZG1
RFMZF1
KNRXDI
TBRXF1
TBRZF1
TBRXMI
TBRYMI
TBRXG1
TBRYG1
ANRXF1
ANRYF1
ANRZF1
ANRXMI
ANRYMI
FTRXDI

System

Description

Left Knee Displacement

Left Upper Tibia Force X
Left Upper Tibia Force Z
Left Upper Tibia Moment X
Left Upper Tibia Moment 