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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.
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Section 1.0
Purpose and Test Procedure

Purpose

This 48 km/h frontal 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 matched vehicles will be tested and evaluated with 50th and 95th percentile dummies seated in alternate seating positions.  For this test, the subject vehicle was a 2002 Ford Windstar with a 50th percentile driver dummy and a 95th percentile passenger dummy.  The barrier wall was equipped with a load cell barrier.

Test Procedure

This test was conducted in accordance with Volpe’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 Ford Windstar, was instrumented with ten (10) accelerometers to measure longitudinal axis accelerations and three (3) accelerometers to measure vertical axis accelerations.  The driver’s and passenger’s primary and secondary airbag signals were monitored with inductive pickups.  The vehicle impacted a rigid 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 50th percentile adult male Hybrid III anthropomorphic test device (dummy) in the driver’s position and one (1) large male (approximately 95th percentile) Hybrid III dummy in the right front passenger’s position.  The 50th percentile dummy was positioned in the front outboard designated seating position according to NHTSA Laboratory Test Procedure TP-208-11.  The 95th percentile dummy was positioned according to instructions provided by Volpe.  These instructions are included in Appendix D.  The driver and passenger dummies were both unbelted and were restrained with front dual 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 vertical accelerations. The dummies were also instrumented with six-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 with 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 longitudinal and lateral tibia accelerometers,  three (3) foot accelerometers 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. 


The 177 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) real-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 rigid 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 verification data.  Appendix D contains miscellaneous test information.

Section 2.0

Full Frontal Barrier Test Summary 

Test Results Summary

This full frontal rigid load cell barrier crash test was conducted by TRC Inc. on February 20, 2003.


The test vehicle, a 2002 Ford Windstar 4-door, NHTSA Number R20610, was equipped with a 3.8-liter transverse engine, automatic transmission, power steering, power brakes and dual stage front airbags.  The vehicle's test weight was 2078.9 kg.  The vehicle's impact speed was 47.9 km/h.  The vehicle sustained 383 mm of static crush during the impact (measured at the front of the hood level).


The driver’s 36 millisecond Head Injury Criteria (HIC) was 184.  The driver’s 15 millisecond HIC was 101.  The driver's chest maximum resultant acceleration with three (3) milliseconds minimum duration was 43.8 g.  The driver’s maximum chest deflection was 36 mm.  The driver's left and right femur maximum axial compressive forces were 5424 N and 4170 N, respectively.  The driver dummy’s neck injury calculations were as follows: NTF, 0.24; NTE, 0.23; NCF, 0.07; NCE, 0.03.  The driver’s upper neck maximum tension force was 1589 N and maximum compression force was 118 N.


The right front passenger's 36 millisecond HIC was 563.  The passenger’s 15 millisecond HIC was 351.  The passenger's chest maximum resultant acceleration with three (3) milliseconds minimum duration was 45.3 g.  The passenger’s maximum chest deflection was 23 mm.  The passenger's left and right femur maximum axial compressive forces were 6462 N and 7719 N, respectively.  The right front passenger's neck injury calculations were as follows: NTF, 0.19; NTE, 0.09; NCF, 0.18; NCE, 0.04.  The right front passenger’s upper neck maximum tension force was 1119 N and maximum compression force was 815 N.

Data Acquisition Explanations


The engine top X-axis acceleration data channel, ENGXG1, exceeded the data channel’s full-scale capacity at approximately 28 milliseconds and recorded no valid data after that time.


The driver’s airbag event primary, DABET1, data channel did not record valid data during the impact event.

Table 1  Crash Test Summary
Test mode:
Flat frontal load cell barrier

Test date:
02/20/03
Test time:
1135
Ambient temperature:
21 C

Vehicle year/make/

model/body style:
2002/Ford/Windstar/MPV

Vehicle test weight:
2078.9 kg

Impact angle1:
0
Impact velocity2:
47.9 km/h

Maximum static crush3:
383 mm

Average rebound:
604 mm

Number of data channels:
177

Number of cameras:
High-speed
14
Real-time
1

Dummies:
Driver #90
Passenger #83
Type:
Part 572E (HIII-50)
Large male (HIII-95)


with THOR-LX legs
with Denton legs

Location:
Left front
Right front

Restraint:
Dual stage airbag
Dual stage airbag
Seat track position for test:


Driver:
Mid
Passenger:
Full rear
Seat back position for test: 


Driver:
21(
Passenger:
21(
Head restraint position for test:

Driver:
Fixed
Passenger:
Fixed
Steering column position:
Fixed

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

Large male H-point:
92 mm rearward, 2 mm above the HIII-50 target 
established by the J826 H-point machine

1
With respect to tow track centerline.

2
Speed trap measurement (± .08 km/h accuracy)

3
Maximum static crush occurred at the front of the hood level.

Table 2  General Test and Vehicle Parameter Data
Vehicle year/make/

model/body style:
2002/Ford/Windstar/MPV

VIN:
2FMZA50412BB96404
Model year:
2002

Body style:
MPV
Color:
Vibrant White Clearcoat
Engine data:

   Cylinders:
6
   Displacement
3.8 liters

   Cylinder placement:
Straight
   Engine placement:
Transverse
Transmission data:
  4   speed,
     manual,
  X  automatic,
   X  overdrive

   Final drive:
  X   FWD,
     RWD,
     4WD

Date vehicle received:
10/02/2002
Odometer reading:
45.4
Dealer's name
Germain Ford
and address:
7250 Sawmill Road

Columbus, Ohio  43235
Accessories:
Power steering
Yes
Automatic transmission
Yes
Power brakes
Yes
Automatic speed control
No
Power seats
No
Tilting steering wheel
No

Power windows
Yes
Telescoping steering wheel
No
Tinted glass
Yes
Air conditioning
Yes
Radio
Yes
Anti-skid brake
Yes

Clock
Yes
Rear window defroster
Yes

Other
None
Power door locks
Yes
Certification data from vehicle's label:
Vehicle manufactured by:
Ford Motor Company

Date of manufacture:

06/02

VIN:  



2FMZA50412BB96404

GVWR:
5450 lbs.
(2472 kg)

GAWR:
Front:
2809 lbs.
(1274 kg)


Rear:
2663 lbs.
(1207 kg)

Table 2  General Test and Vehicle Parameter Data, Cont'd.
Tires on vehicle (mfr., line, size):
Goodyear, Integrity, P215/40R15

   Load index and speed symbol:
97S

   Treadwear grade:
460

   Traction grade:
A

   Temperature grade:
B

Tire pressure with maximum capacity vehicle load:

   Front:
35 psi

(241 kPa)

   Rear:
35 psi

(241 kPa)

Spare tire (mfr., line, size):
Goodyear, Serva-Spare, T135/90R15
Type of seats:

   Front
Bucket
   Rear
Bench
Maximum width:
1960 mm

Wheelbase:
3080 mm

Location of “Recommended Tire Pressure” label:
The label was located on the driver’s B-pillar.

Data from vehicle’s “Recommended Tire Pressure” label”:
   Recommended tire size:
P215/70R15

   Recommended cold tire pressure:

      Front:
35 psi

(241 kPa)

      Rear:
35 psi

(241 kPa)

Vehicle Capacity Data:

Number of Occupants (Designated seating capacity):

      Front
2
      Mid
2
      Rear
3
      Total
7
Vehicle capacity weight:
544 kg

Rated cargo/luggage weight
68 kg

Test vehicle attitude:

   Delivered attitude:
LF
747 mm;
RF
756 mm;
LR
755 mm;
RR
765 mm

   Fully loaded attitude:
LF
730 mm;
RF
733 mm;
LR
727 mm;
RR
734 mm

   Pre-test attitude:
LF
717 mm;
RF
722 mm;
LR
729 mm;
RR
732 mm

   Post-test attitude:
LF
777 mm;
RF
790 mm;
LR
728 mm;
RR
717 mm

Table 2  General Test and Vehicle Parameter Data Cont'd
Weight of test vehicle as received (with maximum fluids)=UDW:
Right front
551.5
kg
Right rear
356.5
kg

Left front
558.0
kg
Left rear
372.5
kg

Total front weight
1109.5
kg
(60.3 % of total vehicle weight)

Total rear weight
729.0
kg
(39.7 % of total vehicle weight)

Total delivered weight
1838.5
kg

Calculation of test vehicle's target test weight:
Total Delivered Weight (UDW) =
1838.5 kg

Rated Cargo/Luggage Weight (RCLW)1 =
68.0 kg

Weight of 1 Part 572E Dummy @ 76 kg and

   1 Large Male Dummy at 102 kg =
178.0 kg

Target test weight =
2084.5 kg

Weight of test vehicle with required dummies and 62.4 kg of cargo weight:
Right front
598.8
kg
Right rear
434.6
kg

Left front
611.0
kg
Left rear
434.5
kg

Total front weight
1209.8
kg
(58.2% of total vehicle weight)

Total rear weight
869.1
kg
(41.8% of total vehicle weight)

Total test weight
2078.9
kg
(0.3% under target test weight)

Weight of ballast secured in vehicle:
59.0 kg steel plate on centerline in cargo area behind seats.

Components removed to meet target test weight:
Rear seats and rear interior trim
Location of Vehicle’s CG: 1288 mm rearward of front wheel 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 is less.

Table 3  Post-Impact Data
Test number:
030220-1
Test date:
02/20/03
Test time:
1135
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:
47.9 km/h

   Secondary:
47.9 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
643 mm;
C
550 mm;
R
620 mm

   Average rebound:
604 mm

Figure 1  Impact Velocity Measurement System
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The final vane clears the final emitter/receiver pair 51 millimeters before impact.

The vanes have 305-millimeter spacing.

Figure 2  Vehicle Accelerometer Placement
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Section 3.0

Summary of FMVSS 208 Data

Table 5  Dummy Injury Criteria Data
	VOLPE TO002

	Injury Criteria and Performance Limits

	
	Driver

	Parameter
	H3-50 w/THOR-LX

Limit
	H3-50 w/THOR-LX

Test Value

	HIC (15 ms)
	700
	101

	NIJ (Compression Flexion)
	1.0
	0.07

	NIJ (Compression Extension)
	1.0
	0.03

	NIJ (Tension Flexion)
	1.0
	0.24

	NIJ (Tension Extension)
	1.0
	0.23

	Peak Upper Neck Tension (N)
	4170
	1589

	Peak Upper Neck Compression (N)
	4000
	118

	3 ms Chest Acceleration (g)
	60
	43.8

	Chest Deflection (mm)
	63
	36

	Left Femur Compression Load (N)
	9040
	5424

	Right Femur Compression Load (N)
	9040
	4170

	Left Tibia to Femur Displacement (mm)
	15
	2

	Right Tibia to Femur Displacement (mm)
	15
	3

	Left Upper Tibia Index
	0.91*
	0.46

	Right Upper Tibia Index
	0.91*
	0.45

	Left Lower Tibia Index
	0.91*
	0.42

	Right Lower Tibia Index
	0.91*
	0.70

	Left Upper Tibia Compression FZ (N)
	5600
	1680

	Right Upper Tibia Compression FZ (N)
	5600
	3341

	Left Lower Tibia Compression FZ (N)
	5200
	2354

	Right Lower Tibia Compression FZ (N)
	5200
	4291

	Left Foot XL Rotation (degrees)
	35
	14

	Right Foot XL Rotation (degrees)
	35
	39

	Left Foot YL Rotation (degrees)
	35
	25

	Right Foot YL Rotation (degrees)
	35
	25


* Revised Tibia Index

Table 5  Dummy Injury Criteria Data, Cont’d.
	VOLPE TO002

	Injury Criteria and Performance Limits

	
	Passenger

	Parameter
	H3-95 w/Denton

Limit
	H3-95 w/Denton

Test Value

	HIC (15 ms)
	700
	351

	NIJ (Compression Flexion)
	1.0
	0.18

	NIJ (Compression Extension)
	1.0
	0.04

	NIJ (Tension Flexion)
	1.0
	0.19

	NIJ (Tension Extension)
	1.0
	0.09

	Peak Upper Neck Tension (N)
	5030
	1119

	Peak Upper Neck Compression (N)
	4830
	815

	3 ms Chest Acceleration (g)
	55
	45.3

	Chest Deflection (mm)
	70
	23

	Left Femur Compression Load (N)
	12700
	6462

	Right Femur Compression Load (N)
	12700
	7719

	Left Tibia to Femur Displacement (mm)
	17
	1

	Right Tibia to Femur Displacement (mm)
	17
	0

	Left Upper Tibia Index
	1.0
	0.29

	Right Upper Tibia Index
	1.0
	0.36

	Left Lower Tibia Index
	1.0
	0.19

	Right Lower Tibia Index
	1.0
	0.13

	Left Upper Tibia Compression FZ (N)
	9840
	1375

	Right Upper Tibia Compression FZ (N)
	9840
	1809

	Left Lower Tibia Compression FZ (N)
	9840
	1968

	Right Lower Tibia Compression FZ (N)
	9840
	2430

	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


Table 6  Post-Impact Dummy/Vehicle Data
Visible Dummy Contact Points:

Driver
Passenger
Head
Airbag
Airbag, sun visor, B-pillar


Chest
Airbag
Airbag
Abdomen
None
None
Left knee
Knee  bolster
Glove box


Right knee
Knee  bolster
Glove box
Door opening:

Left
Right
Front
Easy
Easy
Rear
Easy
Easy
Seat movement:

Seat back failure
Seat shift
Left Front
None
None
Right Front
None
None
Left Rear
N/A
N/A


Right Rear
N/A
N/A

Glazing damage:
None
Other notable impact effects:
None

Section 4.0

Occupant, Camera, and Vehicle Information

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 were restrained by the airbag.  The dummy’s head rotated slightly forward and rearward and its upper torso rotated rearward as the dummy rebounded into the seat back.  The driver dummy came to rest seated in the driver’s seat with its head against the seat back.

Right Front Passenger Dummy


Upon impact, the driver dummy translated forward on the seat impacting both knees into the instrument panel.  The dummy’s head and chest were restrained by the airbag.  The dummy’s head rotated slightly forward and rearward and its upper torso rotated rearward as the dummy rebounded into the seat back.  The dummy came to rest leaning forward on the seat cushion.

Figure 3  Dummy Measurement Locations for Front Seat Occupants
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Table 7  Dummy Measurement Data For Front Seat Occupants


Driver
Passenger

Designation
Type of Measurement
(Serial # 90)
(Serial # 83)

WA
Windshield angle
30.8
30.8
SWA
Steering wheel angle
66.4
NA

SCA
Steering column angle
23.6
NA

SA
Seat back angle
21.4
20.7
HZ
Head to roof
200
mm
150
mm

HH
Head to header
393
mm
438
mm

HW
Head to windshield
658
mm
670
mm

HR
Head to side header
245
mm
155
mm

NR
Nose to rim
413
mm
NA

NA
Nose to rim angle
12.5
NA

CD
Chest to dash
556
mm
795
mm

CS
Steering wheel to chest
293
mm
NA

RA
Rim to abdomen
218
mm
NA

KDL
Left knee to dash
160
mm
140
mm

KDR
Right knee to dash
160
mm
190
mm

KDA
Outboard knee to dash angle
57.0
67.6
PA
Pelvic angle
22.5
22.0
TA
Tibia angle
55.3
57.3
KK
Knee to knee
340
mm
310
mm

ST1
Striker to head
604
mm
667
mm


Striker to head angle
-75.6
-87.5
SK1
Striker to knee
600
mm
562
mm


Striker to knee angle
-4.1
-11.0
SH1
Striker to H-point
240
mm
142
mm


Striker to H-point angle
16.5
1.6
SHY
Striker to H-point (Y dir.)
245
mm
220
mm

HS
Head to side window
270
mm
205
mm

HD
H-point to door
188
mm
127
mm

AD
Arm to door
136
mm
86
mm

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

1 A negative angle indicates the measurement point was above the striker.

Descriptions of Dummy Measurements


When a level is to 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 hole if the bolt is recessed.


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

*
HH
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.


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



HZ
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.


*
CS
Steering Wheel to Chest, taken from the center of the steering wheel hub to the dummy’s chest.  Use a level.


*
CD
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.



RA
Steering Wheel Rim to Abdomen, taken from the bottommost point of the steering wheel rim horizontally rearward to the dummy.  Use a level.



NR
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).


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


KDR
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

1  Only outboard measurement is referenced in Data Tape Reference Guide

Descriptions of Dummy Measurements, Cont’d.



SH,
Striker to Hip, Knee, and Head, these measurements are to be taken in the X-Z 



SK,
plane measured from the forward most center point on the striker to the center of 



ST
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 a level.  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 also be taken (SHY).  See diagram.


The following measurements are to be made within a vertical transverse 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 a level measurement.  Use a level.  See diagram.


*
AD
Arm to Door, taken from the outer surface of the elbow pivot bolt on a Hybrid II dummy to the first point it hits on the door.  In the case of a Hybrid III 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 the door.  Use a level.


*
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.  Use a level.  See diagram.



KK
Knee to Knee, for Hybrid II dummies measure the distance between knee pivot bolt head outer surfaces.  For Hybrid III 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

Descriptions of Dummy Measurements, Cont’d.



PA
Pelvic or Femur Angle, taken by inserting the pelvic angle gauge into the H-point gauging hole on the SID or the Hybrid III 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 II dummy with respect to the horizontal, to find the femur angle.



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



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



NA
Measure the angle made when taking the measurement NR with respect to the horizontal.



KDA
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.



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



TA
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.

Figure 4  Pre-Test And Post-Test Measurement Points
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Table 8  Impacted Vehicle Measurements
Test number: 030220-1
Vehicle year/make/model/body style: 2002/Ford/Windstar/4-door
	No.
	Type of measurement
	Pre-Test
	Post-Test
	Difference

	X1
	Total Length of Vehicle at Centerline
	
5110
	
4890
	
220

	X2
	Rear Surface of Vehicle to Front of Engine Block 
	
4608
	
3990
	
618

	X3
	Rear Surface of Vehicle to Firewall 
	
3890
	
3890
	
0

	X4
	Rear Surface of Veh. to Upper Leading Edge of Right Door
	
3660
	
3661
	
-1

	X5
	Rear Surface of Veh. to Upper Leading Edge of Left Door
	
3666
	
3669
	
-3

	X6
	Rear Surface of Veh. to Lower Leading Edge of Right Door
	
3555
	
3562
	
-7

	X7
	Rear Surface of Veh. to Lower Leading Edge of Left Door
	
3560
	
3557
	
3

	X8
	Rear Surface of Veh. to Upper Trailing Edge of Right Door
	
2507
	
2506
	
1

	X9
	Rear Surface of Veh. to Upper Trailing Edge of Left Door
	
2506
	
2518
	
-12

	X10
	Rear Surface of Veh. to Lower Trailing Edge of Right Door
	
2532
	
2536
	
-4

	X11
	Rear Surface of Veh. to Lower Trailing Edge of Left Door
	
2536
	
2535
	
1

	X12
	Rear Surface of Veh. to Bottom of " A " Post on Right Side
	
3605
	
3618
	
-13

	X13
	Rear Surface of Veh. to Bottom of " A " Post on Left Side
	
3605
	
3616
	
-11

	X14
	Rear Surface of Vehicle to Firewall--Right Side 
	
3897
	
3890
	
7

	X15
	Rear Surface of Vehicle to Firewall --Left Side
	
3895
	
3890
	
5

	X16
	Rear Surface of Vehicle to Steering Wheel Center 
	
3166
	
3225
	
-59

	X17
	Center of Steering Column to " A " Post
	
284
	
342
	
-58

	X18
	Center of Steering Column to Headliner
	
450
	
445
	
5

	X19
	Rear Surface of Vehicle to Right Side of Front Bumper
	
4975
	
4740
	
235

	X20
	Rear Surface of Vehicle to Left Side of Front Bumper  
	
4970
	
4772
	
198

	X21
	Length of Engine Block 
	
400
	
400
	
0

	RD
	Rear Surface of Vehicle to Right Side of Dash Panel
	
3480
	
3476
	
4

	CD
	Rear Surface of Vehicle to Center of Dash Panel
	
3393
	
3410
	
-17

	LD
	Rear Surface of Vehicle to Left Side of Dash Panel
	
3420
	
3425
	
-5


All distance measurements are in millimeters.

Figure 5  Vehicle Crush
[image: image9.wmf]
Notes:
L is pre-test length of contact surface.


C1 through C6 are spaced equally apart.


CL is vehicle centerline.

	Location
	Pre-test
	Post-test
	Difference

	L
	
1525 mm
	
	

	C1
	
4970 mm
	
4772 mm
	
198 mm

	C2
	
5070 mm
	
4870 mm
	
200 mm

	C3
	
5110 mm
	
4887 mm
	
223 mm

	C4
	
5110 mm
	
4870 mm
	
240 mm

	C5
	
5075 mm
	
4828 mm
	
247 mm

	C6
	
4975 mm
	
4740 mm
	
235 mm

	CL
	
5110 mm
	
4890 mm
	
220 mm


Vehicle:
2002 Ford Windstar
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
	
4949 mm
	
5070 mm
	
5107 mm
	
5105 mm
	
5069 mm
	
4960 mm

	Front
	Y
	
-750 mm
	
-460 mm
	
-150 mm
	
150 mm
	
460 mm
	
732 mm

	Bumper
	Z
	
-414 mm
	
-420 mm
	
-431 mm
	
-433 mm
	
-422 mm
	
-426 mm

	Top of
	X
	
4938 mm
	
5044 mm
	
5077 mm
	
5076 mm
	
5043 mm
	
4938 mm

	Front
	Y
	
-750 mm
	
-455 mm
	
-150 mm
	
152 mm
	
454 mm
	
752 mm

	Bumper
	Z
	
-543 mm
	
-543 mm
	
-540 mm
	
-539 mm
	
-546 mm
	
-546 mm

	Center
	X
	
4837 mm
	
4934 mm
	
4976 mm
	
4975 mm
	
4936 mm
	
4842 mm

	of
	Y
	
-751 mm
	
-450 mm
	
-145 mm
	
145 mm
	
431 mm
	
745 mm

	Grille
	Z
	
-670 mm
	
-660 mm
	
-656 mm
	
-657 mm
	
-663 mm
	
-676 mm

	Front
	X
	
4747 mm
	
4893 mm
	
4940 mm
	
4939 mm
	
4894 mm
	
4750 mm

	of
	Y
	
-747 mm
	
-458 mm
	
-152 mm
	
150 mm
	
427 mm
	
723 mm

	Hood
	Z
	
-801 mm
	
-735 mm
	
-741 mm
	
-743 mm
	
-742 mm
	
-807 mm


	Post-Test Profile

	
	
	Vehicle Left
	Vehicle Right

	
	
	Point 1
	Point 2
	Point 3
	Point 4
	Point 5
	Point 6

	Bottom of
	X
	
4753 mm
	
4832 mm
	
4875 mm
	
4870 mm
	
4827 mm
	
4705 mm

	Front
	Y
	
-705 mm
	
-393 mm
	
-86 mm
	
214 mm
	
520 mm
	
811 mm

	Bumper
	Z
	
-177 mm
	
-188 mm
	
-219 mm
	
-245 mm
	
-270 mm
	
-318 mm

	Top of
	X
	
4742 mm
	
4892 mm
	
4890 mm
	
4863 mm
	
4814 mm
	
4719 mm

	Front
	Y
	
-700 mm
	
-410 mm
	
-101 mm
	
200 mm
	
503 mm
	
804 mm

	Bumper
	Z
	
-291 mm
	
-314 mm
	
-324 mm
	
-354 mm
	
-391 mm
	
-433 mm

	Center
	X
	
N/A mm
	
4803 mm
	
4795 mm
	
4761 mm
	
4684 mm
	
4673 mm

	of
	Y
	
 N/A mm
	
-405 mm
	
-115 mm
	
178 mm
	
465 mm
	
610 mm

	Grille
	Z
	
 N/A mm
	
-434 mm
	
-446 mm
	
-461 mm
	
-475 mm
	
-554 mm

	Front
	X
	
4538 mm
	
4571 mm
	
4565 mm
	
4556 mm
	
4557 mm
	
4538 mm

	of
	Y
	
-742 mm
	
-456 mm
	
-150 mm
	
149 mm
	
430 mm
	
709 mm

	Hood
	Z
	
-794 mm
	
-627 mm
	
-603 mm
	
-600 mm
	
-622 mm
	
-760 mm


	Difference

	
	
	Vehicle Left
	Vehicle Right

	
	
	Point 1
	Point 2
	Point 3
	Point 4
	Point 5
	Point 6

	Bottom of
	X
	
196 mm
	
238 mm
	
232 mm
	
235 mm
	
242 mm
	
255 mm

	Front
	Y
	
-45 mm
	
-67 mm
	
-64 mm
	
-64 mm
	
-60 mm
	
-79 mm

	Bumper
	Z
	
-237 mm
	
-232 mm
	
-212 mm
	
-188 mm
	
-152 mm
	
-108 mm

	Top of
	X
	
196 mm
	
152 mm
	
187 mm
	
213 mm
	
229 mm
	
219 mm

	Front
	Y
	
-50 mm
	
-45 mm
	
-49 mm
	
-48 mm
	
-49 mm
	
-52 mm

	Bumper
	Z
	
-252 mm
	
-229 mm
	
-216 mm
	
-185 mm
	
-155 mm
	
-113 mm

	Center
	X
	
N/A mm
	
131 mm
	
181 mm
	
214 mm
	
252 mm
	
169 mm

	of
	Y
	
N/A mm
	
-45 mm
	
-30 mm
	
-33 mm
	
-34 mm
	
135 mm

	Grille
	Z
	
N/A mm
	
-434 mm
	
-446 mm
	
-461 mm
	
-475 mm
	
-554 mm

	Front
	X
	
209 mm
	
322 mm
	
375 mm
	
383 mm
	
337 mm
	
212 mm

	of
	Y
	
-5 mm
	
-2 mm
	
-2 mm
	
1 mm
	
-3 mm
	
14 mm

	Hood
	Z
	
-7 mm
	
-108 mm
	
-138 mm
	
-143 mm
	
-120 mm
	
-47 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.

Figure 6  Toeboard Measurements
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Table 10 Intrusion of Upper Instrument Panel
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Table 11 Fuel System Data
Usable fuel system capacity:
98.4 liters (from owner's manual)

Test volume range:
90.5 - 92.5 liters (92-94% of usable)

Actual test volume:
93.5 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 electric 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 is located in the left rear quarter panel with the filler cap on the end.  The fuel lines run forward inside the left frame rail.
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

Figure 7  Camera Positions, Cont’d.
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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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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 allows the timing marks to be common to all 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 II cameras.

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

1.
Every frame will have one LED appear in it.  This indicates a millisecond 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.

Figure 8  Vehicle Reference Photo Target Locations
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	Measurement
	Pre-Test
	

	A
	
430 mm
	

	B
	
621 mm
	

	C
	
610 mm
	Additional targeting:

	D
	
2030 mm
	Inch tape along the top

	E
	
1489 mm
	and sides of the vehicle

	F
	
1170 mm
	has targets placed at

	G
	
1007 mm
	300 mm intervals

	H
	
1050 mm
	except the first side

	I
	
-675 mm
	target is placed 600 mm

	J
	
1397 mm
	from front of front

	K
	
378 mm
	bumper.

	L
	
2188 mm
	

	M
	
1493 mm
	

	N
	
-681 mm
	

	O
	
1011 mm
	

	P
	
1060 mm
	

	Q
	
2189 mm
	

	R
	
379 mm
	

	S
	
1347 mm
	


Figure 9  Load Cell Locations on Fixed Barrier
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The following data is presented as data plots at the end of Appendix B:


1)  Data from 36 individual load cells


2)  Total of 36 individual load cells


3)  Data from 6 groupings shown above (6 cells/groups)

Appendix A

Photographs 

List of Photographs

Description
Figure
	Pre-Test Front View
	A-1 

	Post-Test Front View
	A-2 

	Pre-Test Left Front View
	A-3 

	Post-Test Left Front View
	A-4 

	Pre-Test Left Side View
	A-5 

	Post-Test Left Side View
	A-6 

	Pre-Test Left Rear View
	A-7 

	Post-Test Left Rear View
	A-8 

	Pre-Test Right Rear View
	A-9 

	Post-Test Right Rear View
	A-10 

	Pre-Test Right Side View
	A-11 

	Post-Test Right Side View
	A-12 

	Pre-Test Right Front View
	A-13 

	Post-Test Right Front View
	A-14 

	Post-Test Overhead Overall View
	A-15 

	Pre-Test Front Underbody View
	A-16 

	Post-Test Front Underbody View
	A-17 

	Pre-Test Front Mid Underbody View
	A-18 

	Post-Test Front Mid Underbody View
	A-19 

	Pre-Test Mid Underbody View
	A-20 

	Post-Test Mid Underbody View
	A-21 

	Pre-Test Rear Mid Underbody View
	A-22 

	Post-Test Rear Mid Underbody View
	A-23 

	Pre-Test Rear Underbody View
	A-24 

	Post-Test Rear Underbody View
	A-25 

	Pre-Test Fuel Filler Tank View
	A-26 

	Post-Test Fuel Filler Tank View
	A-27 


List of Photographs, Cont’d.

Description
Figure
	Pre-Test Fuel Cap View
	A-28 

	Post-Test Fuel Cap View
	A-29 

	Pre-Test Engine Compartment View
	A-30 

	Pre-Test Windshield View
	A-31 

	Post-Test Windshield View
	A-32 

	Pre-Test Driver and Passenger Dummies Front View
	A-33 

	Post-Test Driver and Passenger Dummies Front View
	A-34 

	Pre-Test Driver Dummy Position - View 1
	A-35 

	Post-Test Driver Dummy Position - View 1
	A-36 

	Pre-Test Driver Dummy Position - View 2
	A-37 

	Post-Test Driver Dummy Position - View 2
	A-38 

	Pre-Test Driver Dummy & Vehicle Interior - View 1
	A-39 

	Post-Test Driver Dummy & Vehicle Interior - View 1
	A-40 

	Pre-Test Driver Dummy & Vehicle Interior - View 2
	A-41 

	Post-Test Driver Dummy & Vehicle Interior - View 2
	A-42 

	Pre-Test Driver Seat Position View
	A-43 

	Post-Test Driver Seat Position View
	A-44 

	Pre-Test Driver Foot Position View
	A-45 

	Post-Test Driver Foot Position View
	A-46 

	Pre-Test Driver Abdomen View
	A-47 

	Post-Test Driver Abdomen View
	A-48 

	Pre-Test Passenger Dummy Position - View 1
	A-49 

	Post-Test Passenger Dummy Position - View 1
	A-50 

	Pre-Test Passenger Dummy Position - View 2
	A-51 

	Post-Test Passenger Dummy Position - View 2
	A-52 

	Pre-Test Passenger Dummy & Vehicle Interior - View 1
	A-53 

	Post-Test Passenger Dummy & Vehicle Interior - View 1
	A-54 


List of Photographs, Cont’d.

Description
Figure
	Pre-Test Passenger Dummy & Vehicle Interior - View 2
	A-55 

	Post-Test Passenger Dummy & Vehicle Interior - View 2
	A-56 

	Pre-Test Passenger Seat Position View
	A-57 

	Post-Test Passenger Seat Position View
	A-58 

	Pre-Test Passenger Foot Position View
	A-59 

	Post-Test Passenger Foot Position View
	A-60 

	Pre-Test Passenger Abdomen View
	A-61 

	Post-Test Driver Dummy Overall View
	A-62 

	Post-Test Driver Dummy Head Contact - View 1
	A-63 

	Post-Test Driver Dummy Head Contact - View 2
	A-64 

	Post-Test Driver Dummy Head Contact - View 3
	A-65 

	Post-Test Driver Dummy Knee Contact View
	A-66 

	Post-Test Passenger Dummy Overall View
	A-67 

	Post-Test Passenger Dummy Head Contact - View 1
	A-68 

	Post-Test Passenger Dummy Head Contact - View 2
	A-69 

	Post-Test Passenger Dummy Head Contact - View 3
	A-70 

	Post-Test Passenger Dummy Knee Contact View
	A-71 

	Pre-Test Ballast View
	A-72 

	Post-Test Ballast View
	A-73 

	Pre-Test Vehicle Certification & Tire Load Label View
	A-74 

	Pre-Test Barrier View
	A-75 

	Post-Test Barrier View
	A-76 
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Figure A-1  Pre-Test Front View
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Figure A-2  Post-Test Front View
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Figure A-3  Pre-Test Left Front View
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Figure A-4  Post-Test Left Front View
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Figure A-5  Pre-Test Left Side View
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Figure A-6  Post-Test Left Side View
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Figure A-7  Pre-Test Left Rear View
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Figure A-8  Post-Test Left Rear View
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Figure A-9  Pre-Test Right Rear View
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Figure A-10  Post-Test Right Rear View
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Figure A-11  Pre-Test Right Side View
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Figure A-12  Post-Test Right Side View
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Figure A-13  Pre-Test Right Front View
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Figure A-14  Post-Test Right Front View
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Figure A-15  Post-Test Overhead Overall View
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Figure A-16  Pre-Test Front Underbody View
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Figure A-17  Post-Test Front Underbody View
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Figure A-18  Pre-Test Front Mid Underbody View
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Figure A-19  Post-Test Front Mid Underbody View
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Figure A-20  Pre-Test Mid Underbody View
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Figure A-21  Post-Test Mid Underbody View
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Figure A-22  Pre-Test Rear Mid Underbody View
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Figure A-23  Post-Test Rear Mid Underbody View
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Figure A-24  Pre-Test Rear Underbody View
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Figure A-25  Post-Test Rear Underbody View
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Figure A-26  Pre-Test Fuel Filler Tank View

[image: image43.jpg],'fhﬂ I





Figure A-27  Post-Test Fuel Filler Tank View
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Figure A-28  Pre-Test Fuel Cap View
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Figure A-29  Post-Test Fuel Cap View
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Figure A-30  Pre-Test Engine Compartment View
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Figure A-31  Pre-Test Windshield View
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Figure A-32  Post-Test Windshield View
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Figure A-33  Pre-Test Driver and Passenger Dummies Front View
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Figure A-34  Post-Test Driver and Passenger Dummies Front View
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Figure A-35  Pre-Test Driver Dummy Position - View 1
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Figure A-36  Post-Test Driver Dummy Position - View 1
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Figure A-37  Pre-Test Driver Dummy Position - View 2
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Figure A-38  Post-Test Driver Dummy Position - View 2
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Figure A-39  Pre-Test Driver Dummy & Vehicle Interior - View 1
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Figure A-40  Post-Test Driver Dummy & Vehicle Interior - View 1
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Figure A-41  Pre-Test Driver Dummy & Vehicle Interior - View 2
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Figure A-42  Post-Test Driver Dummy & Vehicle Interior - View 2
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Figure A-43  Pre-Test Driver Seat Position View
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Figure A-44  Post-Test Driver Seat Position View

[image: image61.jpg]



Figure A-45  Pre-Test Driver Foot Position View
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Figure A-46  Post-Test Driver Foot Position View
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Figure A-47  Pre-Test Driver Abdomen View
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Figure A-48  Post-Test Driver Abdomen View
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Figure A-49  Pre-Test Passenger Dummy Position - View 1
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Figure A-50  Post-Test Passenger Dummy Position - View 1
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Figure A-51  Pre-Test Passenger Dummy Position - View 2
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Figure A-52  Post-Test Passenger Dummy Position - View 2
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Figure A-53  Pre-Test Passenger Dummy & Vehicle Interior - View 1
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Figure A-54  Post-Test Passenger Dummy & Vehicle Interior - View 1
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Figure A-55  Pre-Test Passenger Dummy & Vehicle Interior - View 2
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Figure A-56  Post-Test Passenger Dummy & Vehicle Interior - View 2
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Figure A-57  Pre-Test Passenger Seat Position View
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Figure A-58  Post-Test Passenger Seat Position View
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Figure A-59  Pre-Test Passenger Foot Position View
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Figure A-60  Post-Test Passenger Foot Position View
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Figure A-61  Pre-Test Passenger Abdomen View
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Figure A-62  Post-Test Driver Dummy Overall View
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Figure A-63  Post-Test Driver Dummy Head Contact - View 1
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Figure A-64  Post-Test Driver Dummy Head Contact - View 2
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Figure A-65  Post-Test Driver Dummy Head Contact - View 3
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Figure A-66  Post-Test Driver Dummy Knee Contact View
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Figure A-67  Post-Test Passenger Dummy Overall View

[image: image84.jpg]



Figure A-68  Post-Test Passenger Dummy Head Contact - View 1
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Figure A-69  Post-Test Passenger Dummy Head Contact - View 2
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Figure A-70  Post-Test Passenger Dummy Head Contact - View 3

[image: image87.jpg]



Figure A-71  Post-Test Passenger Dummy Knee Contact View
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Figure A-72  Pre-Test Ballast View
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Figure A-73  Post-Test Ballast View
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Figure A-74  Pre-Test Vehicle Certification & Tire Load Label View

Intentionally Left Blank
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Figure A-75  Pre-Test Barrier View
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Figure A-76  Post-Test Barrier View

Appendix B
Dummy, Vehicle and Barrier Data Plots

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 

	---1
	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 

	---1
	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 

	---1
	Driver Neck Occipital Moment About Y Axis
	B-29 

	---1
	Driver Neck Tension/Extension
	B-30 

	---1
	Driver Neck Tension/Flexion
	B-31 

	---1
	Driver Neck Compression/Extension
	B-32 

	---1
	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 Axial 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 


Table of Data Plots Cont’d.

Curve No.
Data Plot Title
Page
	26
	Driver Chest Y-Axis Acceleration
	B-41 

	27
	Driver Chest Z-Axis Acceleration
	B-42 

	---1
	Driver Chest Resultant Acceleration
	B-43 

	28
	Driver Chest X-Axis Acceleration Redundant
	B-44 

	29
	Driver Chest Y-Axis Acceleration Redundant
	B-45 

	30
	Driver Chest Z-Axis Acceleration Redundant
	B-46 

	---1
	Driver Chest Resultant Acceleration Redundant
	B-47 

	31
	Driver Chest Deflection
	B-48 

	32
	Driver Left Femur Force
	B-49 

	33
	Driver Right Femur Force
	B-50 

	34
	Driver Left Knee Displacement
	B-51 

	35
	Driver Left Upper Tibia X-Axis Force
	B-52 

	36
	Driver Left Upper Tibia Z-Axis Force
	B-53 

	37
	Driver Left Upper Tibia Moment About X Axis
	B-54 

	38
	Driver Left Upper Tibia Moment About Y Axis
	B-55 

	39
	Driver Left Tibia X-Axis Acceleration
	B-56 

	40
	Driver Left Tibia Y-Axis Acceleration
	B-57 

	41
	Driver Left Lower Tibia X-Axis Force
	B-58 

	42
	Driver Left Lower Tibia Y-Axis Force
	B-59 

	43
	Driver Left Lower Tibia Z-Axis Force
	B-60 

	44
	Driver Left Lower Tibia Moment About X-Axis
	B-61 

	45
	Driver Left Lower Tibia Moment About Y-Axis
	B-62 

	46
	Driver Left Foot to Ankle X-Axis Rotation
	B-63 

	47
	Driver Left Foot to Ankle Y-Axis Rotation
	B-64 

	48
	Driver Left Foot to Ankle Z-Axis Rotation
	B-65 

	49
	Driver Left Foot X-Axis Acceleration
	B-66 

	50
	Driver Left Foot Y-Axis Acceleration
	B-67 

	51
	Driver Left Foot Z-Axis Acceleration
	B-68 

	---1
	Driver Left Foot Resultant Acceleration
	B-69 

	52
	Driver Right Knee Displacement
	B-70 

	53
	Driver Right Upper Tibia X-Axis Force
	B-71 

	54
	Driver Right Upper Tibia Z-Axis Force
	B-72 

	55
	Driver Right Upper Tibia Moment About X-Axis
	B-73 


Table of Data Plots Cont’d.

Curve No.
Data Plot Title
Page
	56
	Driver Right Upper Tibia Moment About Y-Axis
	B-74 

	57
	Driver Right Tibia X-Axis Acceleration
	B-75 

	58
	Driver Right Tibia Y-Axis Acceleration
	B-76 

	59
	Driver Right Lower Tibia X-Axis Force
	B-77 

	60
	Driver Right Lower Tibia Y-Axis Force
	B-78 

	61
	Driver Right Lower Tibia Z-Axis Force
	B-79 

	62
	Driver Right Lower Tibia Moment About X-Axis
	B-80 

	63
	Driver Right Lower Tibia Moment 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 

	---1
	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 

	---1
	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 

	---1
	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 

	84
	Passenger Neck Z-Axis Axial Force
	B-105 

	85
	Passenger Neck Moment About X Axis
	B-106 


Table of Data Plots Cont’d.

Curve No.
Data Plot Title
Page
	86
	Passenger Neck Moment About Y Axis
	B-107 

	87
	Passenger Neck Moment About Z Axis
	B-108 

	---1
	Passenger Neck Occipital Condyle Moment About Y Axis
	B-109 

	---1
	Right Front Passenger Neck Tension/Extension
	B-110 

	---1
	Right Front Passenger Neck Tension/Flexion
	B-111 

	---1
	Right Front Passenger Neck Compression/Extension
	B-112 

	---1
	Right Front Passenger Neck Compression/Flexion
	B-113 

	88
	Passenger Neck Lower X-Axis Shear Force
	B-114 

	89
	Passenger Neck Lower Y-Axis Shear Force
	B-115 

	90
	Passenger Neck Lower Z-Axis Axial Force
	B-116 

	91
	Passenger Neck Lower Moment About X Axis
	B-117 

	92
	Passenger Neck Lower Moment About Y Axis
	B-118 

	93
	Passenger Neck Lower Moment About Z Axis
	B-119 

	94
	Passenger Chest X-Axis Acceleration
	B-120 

	95
	Passenger Chest Y-Axis Acceleration
	B-121 

	96
	Passenger Chest Z-Axis Acceleration
	B-122 

	---1
	Passenger Chest Resultant Acceleration 
	B-123 

	97
	Passenger Chest X-Axis Acceleration Redundant
	B-124 

	98
	Passenger Chest Y-Axis Acceleration Redundant
	B-125 

	99
	Passenger Chest Z-Axis Acceleration Redundant
	B-126 

	---1
	Passenger Chest Resultant Acceleration Redundant
	B-127 

	100
	Passenger Chest Deflection
	B-128 

	101
	Passenger Left Femur Force
	B-129 

	102
	Passenger Right Femur Force
	B-130 

	103
	Passenger Left Knee Displacement
	B-131 

	104
	Passenger Left Upper Tibia X-Axis Force
	B-132 

	105
	Passenger Left Upper Tibia Y-Axis Force
	B-133 

	106
	Passenger Left Upper Tibia Z-Axis Force
	B-134 

	107
	Passenger Left Upper Tibia Moment About X Axis
	B-135 

	108
	Passenger Left Upper Tibia Moment About Y Axis
	B-136 

	109
	Passenger Left Lower Tibia X-Axis Force
	B-137 

	110
	Passenger Left Lower Tibia Y-Axis Force
	B-138 

	111
	Passenger Left Lower Tibia Z-Axis Force
	B-139 


Table of Data Plots Cont’d.

Curve No.
Data Plot Title
Page
	112
	Passenger Left Lower Tibia Moment About X Axis
	B-140 

	113
	Passenger Left Lower Tibia Moment About Y Axis
	B-141 

	114
	Passenger Right Knee Displacement
	B-142 

	115
	Passenger Right Upper Tibia X-Axis Force
	B-143 

	116
	Passenger Right Upper Tibia Y-Axis Force
	B-144 

	117
	Passenger Right Upper Tibia Z-Axis Force
	B-145 

	118
	Passenger Right Upper Tibia Moment About X Axis
	B-146 

	119
	Passenger Right Upper Tibia Moment About Y Axis
	B-147 

	120
	Passenger Right Lower Tibia X-Axis Force
	B-148 

	121
	Passenger Right Lower Tibia Y-Axis Force
	B-149 

	122
	Passenger Right Lower Tibia Z-Axis Force
	B-150 

	123
	Passenger Right Lower Tibia Moment About X Axis
	B-151 

	124
	Passenger Right Lower Tibia Moment About Y Axis
	B-152 

	125
	Left Rear Seat Crossmember X-Axis Acceleration
	B-153 

	126
	Right Rear Seat Crossmember X-Axis Acceleration
	B-154 

	127
	Front Brake Caliper Left X-Axis Acceleration
	B-155 

	128
	Front Brake Caliper Right X-Axis Acceleration
	B-156 

	129
	Dash Panel Center X-Axis Acceleration
	B-157 

	130
	Engine Top X-Axis Acceleration
	B-158 

	131
	Engine Bottom X-Axis Acceleration
	B-159 

	132
	Toepan Next to Accelerator X-Axis Acceleration
	B-160 

	133
	Toepan Next to Accelerator Z-Axis Acceleration
	B-161 

	134
	Toepan Next to Footrest X-Axis Acceleration
	B-162 

	135
	Toepan Next to Footrest Z-Axis Acceleration
	B-163 

	136
	Rear Deck Z-Axis Acceleration
	B-164 

	137
	Rear Compartment Center X-Axis Acceleration
	B-165 

	138
	Driver Airbag Event Primary
	B-166 

	139
	Driver Airbag Event Secondary
	B-167 

	140
	Passenger Airbag Event Primary
	B-168 

	141
	Passenger Airbag Event Secondary
	B-169 

	142
	Load Cell Barrier Position A1 Force
	B-170 

	143
	Load Cell Barrier Position A2 Force
	B-171 

	144
	Load Cell Barrier Position A3 Force
	B-172 


Table of Data Plots Cont’d.

Curve No.
Data Plot Title
Page
	145
	Load Cell Barrier Position A4 Force
	B-173 

	146
	Load Cell Barrier Position A5 Force
	B-174 

	147
	Load Cell Barrier Position A6 Force
	B-175 

	148
	Load Cell Barrier Position A7 Force
	B-176 

	149
	Load Cell Barrier Position A8 Force
	B-177 

	150
	Load Cell Barrier Position A9 Force
	B-178 

	151
	Load Cell Barrier Position B1 Force
	B-179 

	152
	Load Cell Barrier Position B2 Force
	B-180 

	153
	Load Cell Barrier Position B3 Force
	B-181 

	154
	Load Cell Barrier Position B4 Force
	B-182 

	155
	Load Cell Barrier Position B5 Force
	B-183 

	156
	Load Cell Barrier Position B6 Force
	B-184 

	157
	Load Cell Barrier Position B7 Force
	B-185 

	158
	Load Cell Barrier Position B8 Force
	B-186 

	159
	Load Cell Barrier Position B9 Force
	B-187 

	160
	Load Cell Barrier Position C1 Force
	B-188 

	161
	Load Cell Barrier Position C2 Force
	B-189 

	162
	Load Cell Barrier Position C3 Force
	B-190 

	163
	Load Cell Barrier Position C4 Force
	B-191 

	164
	Load Cell Barrier Position C5 Force
	B-192 

	165
	Load Cell Barrier Position C6 Force
	B-193 

	166
	Load Cell Barrier Position C7 Force
	B-194 

	167
	Load Cell Barrier Position C8 Force
	B-195 

	168
	Load Cell Barrier Position C9 Force
	B-196 

	169
	Load Cell Barrier Position D1 Force
	B-197 

	170
	Load Cell Barrier Position D2 Force
	B-198 

	171
	Load Cell Barrier Position D3 Force
	B-199 

	172
	Load Cell Barrier Position D4 Force
	B-200 

	173
	Load Cell Barrier Position D5 Force
	B-201 

	174
	Load Cell Barrier Position D6 Force
	B-202 

	175
	Load Cell Barrier Position D7 Force
	B-203 

	176
	Load Cell Barrier Position D8 Force
	B-204 

	177
	Load Cell Barrier Position D9 Force
	B-205 


Table of Data Plots Cont’d.

Curve No.
Data Plot Title
Page
	---1
	Load Cell Barrier Group #1 Force Total
	B-206 

	---1
	Load Cell Barrier Group #2 Force Total
	B-207 

	---1
	Load Cell Barrier Group #3 Force Total
	B-208 

	---1
	Load Cell Barrier Group #4 Force Total
	B-209 

	---1
	Load Cell Barrier Group #5 Force Total
	B-210 

	---1
	Load Cell Barrier Group #6 Force Total
	B-211 

	---1
	Total Load Cell Barrier Force
	B-212 


1 Curve is not included in NHTSA database.

Appendix C
Dummy Configuration and Performance Verification Data

THOR Leg Configuration Information
Driver Dummy S/N 090

Pre-test Dummy Configuration and Performance Verification Data

Driver Dummy S/N: 090
Post-test Dummy Configuration and Performance Verification Data

Driver Dummy S/N: 090
Pre-test Dummy Configuration and Performance Verification Data

Passenger Dummy S/N: 083
Post-test Dummy Configuration and Performance Verification Data

Passenger Dummy S/N: 083

TRANSPORTATION RESEARCH CENTER INC.
Hybrid III Dummy Pre-Use Inspection
Type:   H3-50%
     S/N:
 090
     Mfg.:   Alderson
     Test Date:
02/20/03

Proj./Seg. No.:
 20020480/1003
   Test Eng.
Ginny Watters


	ITEM
	PRE-USE

	HEAD: 
	

	
Head Ballast Condition
	

	
Accel. Mount Bolts and Cables
	

	
Skull Cap Bolts
	

	
Accel. Cable Exit (left or right)
	X

	NECK:
	

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

	*
Condyle Pin, Set Screws
	X

	*
Rubber Condition
	X

	*
Neck Cable Torque
(50th 9.6 – 14.4 in-lb / 5th 12 in-lb / 6YO 1.8 – 2.2 in-lb)
	

	*
Nodding Blocks Condition and Position
	X

	ARMS AND 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

	LEGS AND FEET: 
	

	*
Femur Load Cell Bolts
(30 ft/lbs)
	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


* Items to be checked during calibration.

Inspection Completed By:    John Clarridge

Date:    02/19/03


TRANSPORTATION RESEARCH CENTER INC.
Hybrid III Dummy Pre-Use Inspection
Type:
H3-95%       S/N:  083
     Mfg.:  First Technology
     Test Date:  02/20/03  
Proj./Seg. No.:
20020480/1003

   Test Eng.
Ginny Watters


	ITEM
	PRE-USE

	HEAD: 
	

	
Head Ballast Condition
	

	
Accel. Mount Bolts and Cables
	

	
Skull Cap Bolts
	X

	
Accel. Cable Exit (left or right)
	

	NECK:
	

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

	*
Condyle Pin, Set Screws
	X

	*
Rubber Condition
	X

	*
Neck Cable Torque
(50th 9.6 – 14.4 in-lb / 5th 12 in-lb / 6YO 1.8 – 2.2 in-lb)
	

	*
Nodding Blocks Condition and Position
	X

	ARMS AND 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

	LEGS AND FEET: 
	

	*
Femur Load Cell Bolts
(30 ft/lbs)
	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


* Items to be checked during calibration.

Inspection Completed By:    John Clarridge

Date:    02/19/03


TRANSPORTATION RESEARCH CENTER INC.
Hybrid III Dummy Post-Use Inspection

Type:   H3-50%/090   
Mfg:
Alderson

Test Date:   02/20/03


Proj./Seg. No.:
20020480/1003



Test Eng.:   Ginny Watters


	ITEM
	POST-USE

	HEAD:
	

	Head Skin Condition
	X

	NECK:
	

	Rubber Condition
	X

	ARMS AND 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

	LEGS AND 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: 
John Clarridge

Date:
02/24/03

TRANSPORTATION RESEARCH CENTER INC.
Hybrid III Dummy Post-Use Inspection

Type:    H3-95%/083  
Mfg:   First Technologies

Test Date:     02/20/03

Proj./Seg. No.:
20020480-1003



Test Eng.:   
Ginny Watters

	ITEM
	POST-USE

	HEAD:
	

	Head Skin Condition
	X

	NECK:
	

	Rubber Condition
	X

	ARMS AND 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

	LEGS AND FEET:
	

	Knee Skins, Inserts, and Castings Condition
	X

	Leg Skin Condition and Position
	X

	Foot Condition
	X


NOTES:
No damage to report for this test.


Inspection Completed By:
John Clarridge

Date:
02/24/03

Appendix D
Test Equipment and Instrumentation Calibration Information

Large Male (HIII-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 50th 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 male’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 50th percentile dummy with its legs parallel, its pelvis angle between 20 and 25 degrees and its head level.

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

Sign Convention
SAE J211 MAR95
Accelerometers:
+X:  Forward


+Y:  Rightward


+Z:  Downward

Potentiometers:
+Chest longitudinal deflection:
Outward


+Chest lateral deflection:
Rightward


+Seat belt displacement:
Outward


+Seat belt extension:
Elongation


+Knee slider 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 force:
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

Tibia load cells:
+X force:
Ankle forward, knee rearward


+Y force:
Ankle rightward, knee leftward


+Z force:
Tension


+X moment:
Bottom of tibia moving leftward


+Y moment:
Bottom of tibia moving rearward

Frequency Response Classes
SAE J211 MAR95
Typical Test Measurements
Channel Class
Vehicle Structural Accelerations for use in:


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

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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