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Section 1.0
Purpose and Test Procedure

Purpose

This 48/24 km/h (32.9 mph) 90° side impact test was conducted for the National Highway Traffic Safety Administration (NHTSA) and Vehicle Research and Test Center (VRTC) by Transportation Research Center Inc. (TRC Inc.).


The purpose of this test was to evaluate side impact protection in a moving deformable barrier impact test.  The subject vehicle was a 2001 Buick LeSabre 4-door sedan.

Test Procedure

This test was conducted in accordance with VRTC instructions for a moving deformable barrier into a vehicle side impact test.  Data was obtained relative to FMVSS 214D, "Side Impact Protection-Dynamic" performed using SID-IIs anthropomorphic test devices (dummies).


A 2001 Buick LeSabre 4-door sedan was impacted on the driver's side by a Moving Deformable Barrier (MDB) which was moving forward in a 27° crabbed position to the monorail at a velocity of 52.9 km/h (32.9 mph).  The target vehicle was stationary and was positioned at an angle of 63° to the line of forward motion.  The side impact test was conducted by Transportation Research Center Inc. in East Liberty, Ohio on September 15, 2003.  Pre-test and post-test photographs of the test vehicle, the moving deformable barrier (MDB), and the side impact dummies (SIDs) are included in Appendix A.


The moving deformable barrier was equipped with a 214 style deformable barrier face and five (5) accelerometers to measure longitudinal, lateral, and vertical axis accelerations.  The barrier’s specified impact velocity range was 57.1 to 53.7 km/h.


Two restrained Side Impact Dummies (SID-IIs) were placed in the driver (Pos. #1) and left rear (Pos. #4) designated seating positions according to the instructions specified in the OVSC Side Impact Laboratory Test Procedure (TP-214D-07, dated January 2003).  Both SID-IIs were certified prior to this test and were both belted.  The driver dummy was additionally restrained by a torso airbag.


Both dummies were instrumented with an array of twelve (12) accelerometers in the head, upper and lower neck moment and force load cells, and shoulder, spine, rib, and pelvis accelerometers.  The dummies were also instrumented with both lumbar and femur moment and force load cells, pelvic and shoulder force load cells, and an array of twenty (20) rib contact switches.


The 257 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 ten (10) high-speed motion picture cameras.  The pre- and post-test conditions were recorded by one (1) real-time motion picture camera.


The side impact test summary data are presented in Section 2.0.  The summary of FMVSS 214D data are presented in Section 3.0.  The occupant, camera, vehicle, and barrier measurements are presented in Section 4.0.  Appendix A contains the still photographic prints.  Appendix B contains the dummy and vehicle data plots.  Appendix C contains the dummy verification data.  Appendix D contains test equipment and instrumentation calibration information.  Appendix E contains a copy of the INSIA Report on Structural Measurements.

Section 2.0

Moving Deformable Barrier Side Impact Test Summary 

Test Results Summary

This moving deformable barrier side impact test was conducted by TRC Inc. on September 15, 2003.


The test vehicle, a 2001 Buick LeSabre 4-door sedan, was equipped with a 3.8-liter transverse engine, automatic transmission, power steering, power brakes, single stage front airbags, and side front torso airbags.  The vehicle's test weight was 1851.6 kg.  The moving deformable barrier’s impact speed was 52.9 km/h.  The moving deformable barrier impacted 9 mm to the left of the target point (583 mm rearward of front axle).


The driver’s 36 millisecond Head Injury Criteria (HIC) was 130.  The driver's chest maximum resultant acceleration with three (3) milliseconds minimum duration was 63.6 g.  The driver's left and right femur maximum axial compressive forces were 1237 N and 769 N, respectively.  The driver dummy’s peak upper neck tension force was 1254 N and peak neck compression force was 93 N.


The left rear passenger's 36 millisecond HIC was 221.  The passenger's chest maximum resultant acceleration with three (3) milliseconds minimum duration was 71.6 g.  The passenger's left and right femur maximum axial compressive forces were 1159 N and 1706 N, respectively.  The passenger dummy’s peak upper neck tension force was 2246 N and peak neck compression force was 153 N.

Data Acquisition Explanations


The driver’s X-axis shoulder acceleration data channel, SHLXG1, recorded questionable data throughout the test.  The calculated driver’s shoulder resultant was also affected.


The driver’s thorax rib 1 Z-axis acceleration data channel, RB1ZG1, did not return to zero post-test.  The calculated driver’s thorax rib 1 resultant was also affected.


The left rear passenger’s left acetabulum Y-axis force channel, LACYF4, recorded questionable data between approximately 40 to 42 milliseconds.  The calculated velocity and displacement results were also affected.


The vehicle’s left lower A-pillar Y-axis acceleration data channel, LLAYG1, did not record any useful data throughout the test.  The calculated velocity and displacement results were also affected.


The vehicle’s left lower B-pillar Y-axis acceleration data channel, LLBYG1, recorded questionable data throughout the test.  The calculated velocity and displacement results were also affected.


The vehicle’s left front seat track Y-axis acceleration data channel, LFTYG1, did not record any useful data throughout the test.  The calculated velocity and displacement results were also affected.


The vehicle’s left rear seat track Y-axis acceleration data channel, LRTYG1, did not record any useful data throughout the test.  The calculated velocity and displacement results were also affected.

Table 1  Crash Test Summary
Test mode:
Moving deformable barrier side impact

Test date:
09/15/03
Test time:
14:13
Ambient temperature:
21 C

Vehicle year/make/

model/body style:
2001/Buick/LeSabre/4-door sedan
Vehicle test weight:
1851.6 kg

Impact angle1:
270
Impact velocity2:
52.9 km/h

Maximum vehicle static crush:
372 mm

Maximum barrier static crush:
109 mm

Number of data channels:
257

Number of cameras:
High-speed
10
Real-time
1

Dummies:
Driver #020
Passenger #033
Type:
SID-IIs
SID-IIs



Location:
Left front
Left rear

Restraint:
3-pt. seat belt, side torso
3-pt. seat belt


airbag

Seat track position for test:


Driver:
Full forward
Passenger:
Fixed
Seat back position for test: 


Driver:
Full forward
Passenger:
Fixed
Head restraint position for test:

Driver:
Full down
Passenger:
None
Steering column position:
3 down from full up (3rd of 6 positions)

1 With respect to tow track centerline.

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

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

model/body style:
2001/Buick/LeSabre/4-door sedan
VIN:
1G4HR54K01U152366
Model year:
2001
Body style:
4-door sedan
Color:
Driftwood
Engine data:

   Cylinders:
6
   Displacement
3.8 liters

   Cylinder placement:
V
   Engine placement:
transverse
Transmission data:
  3   speed,
      manual,
  X   automatic,
   X   overdrive

   Final drive:
  X   FWD,
     RWD,
      4WD

Date vehicle received:
09/09/03

Odometer reading:
54466
Dealer's name
N/A

and address:


Accessories:
Power steering
Yes
Automatic transmission
Yes
Power brakes
Yes
Automatic speed control
Yes
Power seats
Yes
Tilting steering wheel
Yes
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:
General Motors Corporation

Date of manufacture:

09/00
VIN:  



1G4HR54K01U152366
GVWR:
2135 kg 
(4707 lbs.)

GAWR:
Front:
1148 kg 
(2532 lbs.)


Rear:
987 kg 
(2175 lbs.)

Table 2  General Test and Vehicle Parameter Data, Cont'd.
Tires on vehicle (mfr., line, size):
Firestone, Supreme, P225/60R16
Tire pressure with maximum capacity vehicle load:

   Front:
44 psi

(300 kPa)

   Rear:
44 psi

(300 kPa)

Spare tire (mfr., line, size):
Firestone, Temporary, T125/70R16
Type of seats:

   Front
Split bench
   Rear
Bench
Maximum width:
1880 mm

Wheelbase:
2850 mm

Location of “Recommended Tire Pressure” label:
The label was located on driver's door jam.

Data from vehicle’s “Recommended Tire Pressure” label”:
   Recommended tire size:
P225/60R16
   Recommended cold tire pressure:

      Front:
30 psi
(210 kPa)

      Rear:
30 psi
(210 kPa)

Vehicle Capacity Data:

Number of Occupants (Designated seating capacity):

      Front
3
      Rear
3
      Total
6
Vehicle capacity weight:
488 kg

Rated cargo/luggage weight1
80 kg

Test vehicle attitude:

   Delivered attitude:
LF
725 mm;
RF
725 mm;
LR
758 mm;
RR
755 mm

   Fully loaded attitude:
LF
710 mm;
RF
718 mm;
LR
709 mm;
RR
715 mm

   Pre-test attitude:
LF
706 mm;
RF
713 mm;
LR
687 mm;
RR
698 mm

   Post-test attitude:
LF
728 mm;
RF
697 mm;
LR
693 mm;
RR
697 mm

1
RCLW = VCW - (68 kg * designated seating capacity)

Table 2  General Test and Vehicle Parameter Data Cont'd
Weight of test vehicle as received (with maximum fluids)=UDW:
Right front
501.5
kg
Right rear
323.5
kg

Left front
514.0
kg
Left rear
318.0
kg

Total front weight
1015.5
kg
(61.3 % of total vehicle weight)

Total rear weight
641.5
kg
(38.7 % of total vehicle weight)

Total delivered weight
1657.0
kg

Calculation of test vehicle's target test weight:
Total Delivered Weight (UDW) =
1657.0 kg

Rated Cargo/Luggage Weight (RCLW) =
80.0 kg

Weight of 2 SID-IIs Dummies @ 60 kg each =
120.0 kg

Target test weight =
1857.0 kg

Weight of test vehicle with required dummies and 74.6 kg of cargo weight:
Right front
506.8
kg
Right rear
396.6
kg

Left front
547.8
kg
Left rear
400.4
kg

Total front weight
1054.6
kg
(57.0% of total vehicle weight)

Total rear weight
797.0
kg
(43.0% of total vehicle weight)

Total test weight
1851.6
kg
(0.3% below target test weight)

Weight of ballast secured in vehicle:
 0 kg

Components removed to meet target test weight:
Alternator, coolant reservoir, rear tail light, head light, door seal, and belt.
Location of Vehicle’s CG:
1226 mm rearward of front wheel centerline

Fuel System Data:

Usable fuel system capacity
70.0 liters (from owner’s manual)

Actual test volume:
65.1 liters (93% of usable)

Table 3  Post-Impact Data
Test number:
030915-1
Test date:
09/15/03
Test time:
14:13
Test type:
Moving deformable barrier left side impact

Impact angle:
270
Ambient temperature

at impact area:
21 C

Required impact velocity range:
52.1 to 53.7 km/h

MDB impact velocity:

   Primary:
52.9 km/h

   Secondary:
52.9 km/h

   Distance from vehicle to barrier:

     Entering velocity trap:
661 mm

     Exiting velocity trap:
51 mm

Location of Impact Point On Test Vehicle Side To Be Impacted:


Wheelbase =

285

millimeters


Intended impact point is

592

millimeters rearward of front axle centerline


(which is 940 millimeters forward of the wheelbase midpoint)


Actual Impact Point is

583

millimeters rearward of front axle centerline

Impact Point:


Actual Impact Point is

9

mm

left

of nominal impact ref. line (Lateral)


Actual Impact Point is

0

mm

up

 from nominal impact point (Vertical)

Maximum Exterior Static Crush:


1. Level 1 (

310

mm above ground)
=

223

mm


2. Level 2 (

547

mm above ground)
=

366

mm


3. Level 3 (

615

mm above ground)
=

358

mm


4. Level 4 (

944

mm above ground)
=

310

mm


5. Level 5 (

1440

mm above ground)
=

56

mm


Maximum Post-Test Intrusion  =

366

mm

Figure 1  Impact Velocity Measurement System
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The final vane clears the final emitter/receiver pair 51 millimeters before impact.
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Figure 2  Vehicle Accelerometer and String Potentiometer Placement
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Table 5  Moving Deformable Barrier(MDB) Summary

MDB Face Manufacturer And Serial Number:



Plascore, 033A0303 024A0403


Position Of Impactor (MDB) On Monorail:


Crabbed

27°

to the left

MDB Specifications:


Overall Width of Framework Carriage
=

1251

mm


Overall Length of MDB (Incl. honeycomb impact face)
=

4014

mm


Wheelbase of Framework Carriage
=

2591

mm


Track of Framework Carriage (Front & Rear)
=

1881

mm


C.G. Location Rearward of Front Axle
=

1110

mm

MDB Weight:


Left Front
=

417.4

kg
Left Rear
=

264.8

kg


Right Front
=

362.0

kg
Right Rear
=

319.2

kg


Total Front
=

779.4

kg
Total Rear
=

584.0

kg


Total MDB Weight
=

1363.4

kg


Impact Angle (MDB C/L to Target Vehicle C/L)
=

90

degrees


Impact Speed
=

52.9

km/h

Maximum Static Crush of Honeycomb Impact Face:


1. Row A at Center of Bumper Level
=

109.3

millimeters


2. Row B at Top of Bumper Level
=

64.8

millimeters


3. Row C at Mid Level
=

N/A1

millimeters


4. Row D at Top of Stack Level
=

97.8

millimeters

Instrumentation:


Number of MDB Data Channels
=

5

1
Row C at Mid Level was not measured pre-test.

Section 3.0

Summary of FMVSS 214D Data

Table 6  Dummy Injury Criteria Data
[image: image7.png]Table 6 Dummy Injury Criteria Data

TEST NUMBER: 030915-1 DRIVER DUMMY SERIAL NUMBER: 020

POSITIVE NEGATIVE
DIRECTION , DIRECTION

HEAD ACCELERATION ) |
LONGITUDINAL 6.2 g @ 223.3 ms 12.0 g @ 57.0 ms
LATERAL 14.9 ¢ @ 75.3 ms 2.8 g @ 193.0 ms
VERTICAL | 36.6 g @ 57.0 ms 3.3 g @ 125.2 ms
RESULTANT 39.3 g @ 57.0 ms

HIC 130 from 43.4 to 68.2 ms
HEAD LEFT ACCELERATION

LONGITUDINAL 6.2 g @ 219.6 ms 13.4 g @ 57.2 ms
VERTICAL 42.9 g @ 51.8 ms 5.3 g @ 89.8 ms
HEAD FRONT ACCELERATION

LATERAL 19.4 g @ 75.2 ms 2.2 g @ 192.9 ms
VERTICAL : 43.7 g @ 57.0 ms 5.2 g @ 124.6 ms
HEAD TOP ACCELERATION

LONGITUDINAL ' 11.0 g @ 224.8 ms 13.0 g @ 76.2 ms
LATERAL 25.1 g @ 81.3 ms , 8.1 ¢g @ 47.2 ms
UPPER NECK FORCE ' |
X-AXIS SHEAR 28.7 N @ 223.1 ms 339.3 N @ 57.2 ms
Y-AXIS SHEAR 392.6 N @ 81.6 ms 86.3 N @ 199.0 ms
Z-AXIS AXIAL 1253.9 N @ 57.2 ms 93.3 N @ 122.8 ms
UPPER NECK MOMENT

ABOUT X-AXIS 33.6 N-m @ 72.9 ms 20.0 N-m @ 47.4 ms
ABOUT Y-AXIS 17.0 N-m @ 122.6 ms 21.7 N-m @ 56.5 ms
ABOUT Z-AXIS 14.5 N-m @ 77.6 ms 3.9 N-m @ 236.8 ms
OCCIPITAL COND 39.3 N-m @ 77.8 ms 15.0 N-m @ 47.2 ms
LOVER NECK FORCE

X-AXIS SHEAR -~ 91.7 N @ 205.2 ms 289.6 N @ 107.8 ms
Y-AXIS SHEAR 908.2 N @ 57.6 ms 142.7 N @ 203.5 ms
Z-AXIS AXIAL 1238.1 N @ 51.8 ms 504.6 N @ 85.8 ms
LOWER NECK MOMENT

ABOUT X-AXIS 114.7 N-m @ 78.4 ms 26.5 N-m @ 196.6 ms
ABOUT Y-AXIS 75.5 N-m @ 112.0 ms 44.5 N-m @ 51.3 ms
ABOUT Z-AXIS “ 37.1 N-m @ 58.0 ms 14.2 N-m @ 117.3 ms
SHOULDER DISPLACEMENT

LATERAL 43.8 mm @ 49.3 ms 0.0 mm @€ 2.9 ms

3-2 030915-1






Table 6  Dummy Injury Criteria Data, Cont’d.
[image: image8.png]Table 6 Dummy Injury Criteria Data. Cont’d.

TEST NUMBER: 030915-1 DRIVER DUMMY SERIAL NUMBER: 020

POSITIVE NEGATIVE
DIRECTION DIRECTION

SHOULDER ACCELERATION
LONGITUDINAL! - - - -—-
LATERAL | 128.5 g @ 37.3 ms 41.6 g @ 46.9 ms
VERTICAL 70,7 g @ 73.1 ms 42.9 g @ 111.5 ms
RESULTANT! -— -——-

SHOULDER FORCE
X-AXIS 256.3 N @ 73.8 ms 325.0 N @ 36.6 ms
Y-AXIS 2241.8 N @ 46.9 ms 291.1 N @ 73.8 ms
Z-AXIS 374.9 N @ 45.3 ms 226.1 N @ 75.9 ms

UPPER SPINE ACCELERATION
LONGITUDINAL 6.4 g @ 72.9 ms 9.0 g @ 45.6 ms
LATERAL 52.5 g @ 47.2 ms 12.4 g @ 67.8 ms
VERTICAL 10.0 g @ 44.4 ms 8.2 g @ 115.5 ms
RESULTANT 53.0 g @ 47.2 ms

SPINE RIB 1 ACCELERATION

- LONGITUDINAL 8.7 g @ 39.0 ms 10.3 g @ 50.4 ms
LATERAL 53.2 g '@ 45.3 ms 10.8 g @ 73.0 ms
VERTICAL 5.5 g @ 49.3 ms 15.6 g @ 39.2 ms
RESULTANT 53.3 g @ 43.7 ms

SPINE RIB 2 ACCELERATION
LONGITUDINAL 6.2 g @ 65.5 ms 8.4 ¢ @ 50.2 ms
LATERAL ~ 58.0 g @ 45.0 ms 11.2 g @ 73.0 ms
VERTICAL 5.5 g @ 49.3 ms 14.9 g @ 39.2 ms
RESULTANT 58.0 g @ 45.0 ms i

SPINE RIB 3 ACCELERATION
LONGITUDINAL 7.5 g @ 65.6 ms 9.2 g @ 50.1 ms
LATERAL 61.9 g @ 44.6 ms 12.8 ¢ @ 105.5 ms
VERTICAL 5.4 g @ 49.2 ms l4.4 g @ 39.2 ms
RESULTANT 62.1 g @ 44.6 ms

SPINE RIB 4 ACCELERATION
LONGITUDINAL 8.9 g @ 77.5 ms 8.5 g @ 49.9 ms
LATERAL 66.3 g @ 44.3 ms 15.8 g @ 104.7 ms
VERTICAL 4.9 g @ 87.0 ms 14.7 ¢ @ 39.2 ms
RESULTANT 66.6 g @ 44.3 ms
3 MS CLIP , _ 63.5 g from 42.8 to 45.8 ms
TTI 76.4

3-3 030915-1






Table 6  Dummy Injury Criteria Data, Cont’d.
[image: image9.png]- Table 6 Dummy Injury Criteria Data. Cont’d.

TEST NUMBER: 030915-1 DRIVER DUMMY SERIAL NUMBER: 020
| POSITIVE » NEGATIVE
DIRECTION DIRECTION

SPINE RIB 5 ACCELERATION |

LONGITUDINAL ~ 10.6 g @ 77.4 ms 8.8 g @ 43.1 ms
LATERAL 70.3 g @ 39.5 ms 17.9 g @ 105.0 ms
VERTICAL 4.8 g @ 86.9 ms 16.2 ¢ @ 39.1 ms
RESULTANT 72.0 g @ 39.4 ms

THORAX RIB 1 ACCELERATION |

LONGITUDINAL 34.0 g @ 38.9 ms 28.6 g @ 88.2 ms
LATERAL 97.1 g @ 39.4 ms 49.2 g @ 45.7 ms
VERTICAL! --- -—- --- -
RESULTANT! --- ---

THORAX RIB 2 ACCELERATION

LONGITUDINAL 28.8 g @ 41.1 ms 23.5 g @ 31.7 ms
LATERAL 70.9 g @ 38.6 ms 36.9 g @ 45.0 ms
VERTICAL , 35.0 g @ 70.8 ms 21.8 g @ 43.7 ms
RESULTANT 74.7 g @ 38.5 ms |

THORAX RIB 3 ACCELERATION

LONGITUDINAL 36.9 g @ 67.7 ms 27.7 g @ 34.8 ms
LATERAL 62.8 g @ 32.6 ms 23.7 g @ 75.5 ms
VERTICAL 53.2 g @ 40.3 ms 31.2 ¢ @ 43.8 ms
RESULTANT 67.1 g @ 34.4 ms

ABDOMEN RIB 4 ACCELERATION

LONGITUDINAL 68.6 g @ 40.3 ms 60.4 g @ 63.9 ms
LATERAL ' 177.1 g @ 36.6 ms 137.2 g @ 39.4 ms
VERTICAL - 33.3 g @ 37.4 ms 21.7 g @ 77.2 ms
RESULTANT 184.8 g @ 36.7 ms

ABDOMEN RIB 5 ACCELERATION

- LONGITUDINAL 62.5 g @ 39.0 ms 68.1 g @ 64.2 ms

LATERAL 210.5 g @ 33.7 ms 129.3 ¢ @ 38.4 ms
VERTICAL 34.6 g @ 39.1 ms 26.4 g @ 69.8 ms
RESULTANT 216.7 g @ 33.8 ms

THORAX RIB DISPLACEMENT

1 LATERAL 41.2 mm @ 47.6 ms 0.0 mm @ 18.8 ms
2 LATERAL 37.7 mm @ 47.2 ms 0.1 mm @ 18.8 ms
3 LATERAL 29.0 mm @ 47.3 ms 0.1 mm @ 19.1 ms
4 LATERAL 36.9 mm @ 46.9 ms 0.0 mm @ 31.3 ms
5 LATERAL 39.8 mm @ 46.9 ms 3.0 mm @ 92.6 ms

3-4 030915-1






Table 6  Dummy Injury Criteria Data, Cont’d.
[image: image10.png]Table 6 Dummy Injury Criteria Data, Cont’d.

TEST NUMBER: 030915-1

DRIVER DUMMY SERIAL NUMBER: 020

POSITIVE NEGATIVE
DIRECTION DIRECTION

LUMBAR FORCE

X-AXIS 350.5 N @ 112.0 ms 645.6 N @ 43.9 ms
Y-AXIS 1227.5 N @ 43.8 ms 738.5 N @ 114.6 ms
Z-AXIS 811.8 N @ 72.2 ms 645.2 N @ 119.9 ms
LUMBAR MOMENT

ABOUT LONGITU 46.1 N-m @ 44.2 ms 44,4 N-m @ 121.7 ms
ABOUT LATERAL 49.4 N-m @ 44.9 ms 19.4 N-m @ 240.2 ms
ABOUTVERTICAL 23.5 N-m @ 45.8 ms 16.8 N-m @ 85.6 ms
PELVIS ACCELERATION

LONGITUDINAL 12.7 g @ 107.8 ms 14.6 g @ 34.6 ms
LATERAL 80.5 g @ 40.6 ms 25.5 g @ 102.6 ms
VERTICAL 13.9 g @ 46.1 ms 14.6 g @ 36.4 ms
RESULTANT 80.7 g @ 40.6 ms
ACETABULUM FORCE

Y-AXIS 3125.1 N @ 39.4 ms 63.9 N @ 59.3 ms
ILLIAC WING FORCE

Y-AXIS 2057.2 N @ 44.2 ms 119.3 N @ 63.6 ms
LEFT FEMUR FORCE

X-AXIS 151.4 N @ 100.0 ms 270.0 N @ 38.6 ms
Y-AXIS 122.5 N @ 128.5 ms 976.4 N @ 42.2 ms
Z-AXIS 1237.3 N @ 44.6 ms 150.4 N @ 34.2 ms
LEFT FEMUR MOMENT ,

ABOUT LONGITU 166.6 N-m @ 41.4 ms 54.2 N-m @ 61.4 ms
ABOUT LATERAL 38.3 N-m @ 99.8 ms 66.8 N-m @ 40.7 ms
ABOUT VERTICAL 61.4 N-m @ 41.9 ms 19.8 N-m @ 76.5 ms
RIGHT FEMUR FORCE .

X-AXIS 84.6 N @ 118.4 ms 175.0 N @ 57.0 ms
Y-AXIS 386.3 N @ 41.0 ms 431.6 N @ 52.7 ms
Z-AXIS 769.0 N @ 51.0 ms 338.8 N @ 57.8 ms
RIGHT FEMUR MOMENT

ABOUT LONGITU 47.4 N-m @ 63.4 ms 89.6 N-m @ 41.5 ms
ABOUT LATERAL 29.7 N-m @ 57.4 ms 11.9 N-m @ 135.1 ms
ABOUT VERTICAL 10.9 N-m @ 126.9 ms 36.8 N-m @ 41.1 ms

POSITIVE DIRECTION
LONGITUDINAL: FORWARD
LATERAL: RIGHTWARD
VERTICAL: DOWNVARD

1 See DATA ACQUISITION EXPLANATION

NEGATIVE DIRECTION
LONGITUDINAL: REARWARD
LATERAL: LEFTWARD
VERTICAL: UPWARD

030915-1






Table 6  Dummy Injury Criteria Data, Cont’d.
[image: image11.png]TEST NUMBER: 030915-1 PASSENGER DUMMY SERIAL NUMBER: 033
POSITIVE NEGATIVE
DIRECTION DIRECTION

HEAD ACCELERATION

LONGITUDINAL 3.1 ¢ @ 219.4 ms 19.1 g @ 67.8 ms
LATERAL 29.1 ¢ @ 68.1 ms 3.6 g @ 309.9 ms
VERTICAL 46.5 ¢ @ 64.2 ms 4.0 g @ 99.8 ms
RESULTANT 55.4 g @ 67.8 ms

HIC 221 from 55.0 to 85.2 ms
HEAD LEFT ACCELERATION

LONGITUDINAL 3.4 g @ 213.2 ms 22.0 g @ 64.3 ms
VERTICAL 39.7 g @ 61.1 ms 11.7 g @ 95.8 ms
HEAD FRONT ACCELERATION

LATERAL 45.8 ¢ @ 67.7 ms 4.2 g @ 306.3 ms
VERTICAL 56.8 ¢ @ 64.3 ms 6.9 g @ 100.1 ms
HEAD TOP ACCELERATION

LONGITUDINAL 4.8 g @ 221.4 ms 22.7 ¢ @ 68.0 ms
LATERAL 54.2 ¢ @ 68.4 ms 20.7 ¢ @ 54.6 ms
UPPER NECK FORCE

X-AXIS SHEAR 61.8 N @ 198.0 ms 678.5 N @ 68.1 ms
Y-AXIS SHEAR 484.0 N @ 98.9 ms 114.9 N @ 309.9 ms
Z-AXIS AXIAL 2245.5 N @ 68.3 ms 153.4 N @ 97.4 ms
UPPER NECK MOMENT

ABOUT X AXIS 39.9 N-m @ 94.5 ms 39.5 N-m @ 55.2 ms
ABOUT Y AXIS 19.8 N-m @ 101.2 ms 39.9 N-m @ 62.2 ms
ABOUT Z AXIS 9.9 N-m @ 96.4 ms 4,1 N-m @ 305.1 ms
OCCIPITAL CONDYLE 47.1 N-m @ 94.6 ms 35.1 N-m @ 54.3 ms
LOWER NECK FORCE

X-AXIS SHEAR 84.5 N @ 34.1 ms 394.7 N @ 67.3 ms
Y-AXIS SHEAR 1121.3 N @ 74.4 ms 172.9 N @ 310.0 ms
Z-AXIS AXTAL 2357.2 N @ 68.2 ms 690.0 N @ 98.9 ms
LOWER NECK MOMENT

ABOUT X AXIS 123.9 N-m @ 78.2 ms 28.3 N-m @ 187.6 ms
ABOUT Y AXIS | 45.1 N-m @ 98.1 ms 76.3 N-m @ 68.4 ms
ABOUT Z AXIS 48.4 N-m @ 74.3 ms 11.8 N-m @ 97.8 ms
SHOULDER DISPLACEMENT

LATERAL 18.4 mm @ 53.4 ms 1.3 mm @ 36.6 ms






Table 6  Dummy Injury Criteria Data, Cont’d.
[image: image12.png]TEST NUMBER: 030915-1 PASSENGER DUMMY SERIAL NUMBER: 033

POSITIVE NEGATIVE
DIRECTION DIRECTION

SHOULDER ACCELERATION

LONGITUDINAL 28.1 g @ 53.8 ms 30.1 g @ 40.4
LATERAL 96.3 ¢ @ 43.4 ms 27.5 g @ 41.3
VERTICAL 38.0 g @ 45.9 ms 35.1 g @ 55.0
RESULTANT 103.1 g @ 43.5 ms

SHOULDER FORCE

X-AXIS 55.2 N @ 89.1 ms 252.1 N @ 65.8 ms
Y-AXIS 890.5 N @ 50.3 ms 100.8 N @ 35.7 ms
Z-AXIS 45.2 N @ 308.5 ms 307.8 N @ 38.9 ms
UPPER SPINE ACCELERATION

LONGITUDINAL 3.9 g @ 99.8 ms 16.9 ¢ @ 52.2 ms
LATERAL 51.4 ¢ @ 50.2 ms 7.9 g @ 90.0 ms
VERTICAL 4.0 g @ 61.1 ms 7.6 g @ 44.9
RESULTANT 53.2 g @ 51.8 ms

SPINE RIB 1 ACCELERATION

LONGITUDINAL 4.6 g @ 117.2 ms 21.9 g @ 48.
LATERAL 47.3 g @ 47.3 ms 11.4 ¢ @ 76.1
VERTICAL 15.7 ¢ @ 82.6 ms 22.3 g @ 43.
RESULTANT 52.5 ¢ @ 47.0 ms

SPINE RIB 2 ACCELERATION

LONGITUDINAL 4.7 g @ 117.1 ms 21.4 ¢ @ 47.3
LATERAL 52.2 g @ 46.7 ms 15.5 g @ 78.9
VERTICAL 15.5 g @ 82.4 ms 22.9 g @ 43.8
RESULTANT 58.2 g @ 46.6 ms

SPINE RIB 3 ACCELERATION

LONGITUDINAL 6.9 g @ 68.1 ms 21.8 g @ 47.0
LATERAL 59.2 g @ 44.7 ms 19.3 g @ 78.9
VERTICAL 15.5 g @ 82.1 ms 24.3 g @ 43.4
RESULTANT 64.3 g @ 44.7 ms

SPINE RIB 4 ACCELERATION

LONGITUDINAL 10.6 g @ 67.8 ms 24.5 ¢ @ 46.4
LATERAL 71.8 g @ 44.2 ms 24.7 g @ 79.4
VERTICAL 15.2 g @ 82.1 ms 24.8 ¢ @ 43.5
RESULTANT 77.3 g @ 44.2 ms

3 MS CLIP 71.6 g from 43.2 to 46.2 ms

TTI 79.4






Table 6  Dummy Injury Criteria Data, Cont’d.
[image: image13.png]TEST NUMBER: 030915-1 PASSENGER DUMMY SERIAL NUMBER: 033

POSITIVE NEGATIVE
DIRECTION DIRECTION

SPINE RIB 5 ACCELERATION

LONGITUDINAL 13.0 g @ 67.8 ms 25.2 g @ 46.3 ms
LATERAL 79.0 g @ 44.2 ms 27.1 g @ 79.2 ms
VERTICAL 15.6 g @ 82.0 ms 27.4 g @ 43.5 ms
RESULTANT 85.0 g @ 44.1 ms

THORAX RIB 1 ACCELERATION

LONGITUDINAL 38.5 g @ 49.9 ms 35.1 g @ 37.0 ms
LATERAL 59.8 ¢ @ 41.0 ms 27.5 g @ 73.2 ms
VERTICAL 21.0 g @ 45.9 ms 17.3 ¢ @ 52.4 ms
RESULTANT 62.4 g @ 40.8 ms

THORAX RIB 2 ACCELERATION

LONGITUDINAL 22.5 g @ 47.8 ms 31.3 g @ 33.6 ms
LATERAL 78.8 g @ 39.0 ms 32.7 ¢ @ 80.7 ms
VERTICAL 21.8 g @ 45.5 ms 16.5 g @ 52.0 ms
RESULTANT 81.0 g @ 39.0 ms

THORAX RIB 3 ACCELERATION

LONGITUDINAL 30.7 g @ 49.4 ms 36.0 g @ 33.4 ms
LATERAL 149.4 ¢ @ 38.4 ms 66.3 g @ 32.1 ms
VERTICAL 30.7 g @ 41.0 ms 17.6 g @ 81.0 ms
RESULTANT 149.8 g @ 38.4 ms

ABDOMEN RIB 4 ACCELERATION

LONGITUDINAL 116.2 ¢ @ 40.5 ms 80.8 g @ 33.1 ms
LATERAL 126.8 ¢ @ 28.2 ms 71.3 ¢ @ 33.0 ms
VERTICAL 43.6 g @ 72.0 ms 39.9 ¢ @ 34.1 ms
RESULTANT 141.8 g @ 28.2 ms

ABDOMEN RIB 5 ACCELERATION

LONGITUDINAL 67.7 g @ 41.1 ms 53.8 ¢ @ 27.9 ms
LATERAL 122.8 g @ 27.7 ms 47.0 g @ 33.2 ms
VERTICAL 34.6 g @ 70.2 ms 50.9 g @ 67.3 ms
RESULTANT 135.3 ¢ @ 27.7 ms

THORAX RIB DISPLACEMENT

1 LATERAL 18.9 mm @ 55.3 ms 0.0 mm @ 19.7 ms
2 LATERAL 29.3 mm @ 55.2 ms 0.0 mm @ 23.1 ms
3 LATERAL 37.5 mm @ 54.2 ms 0.0 mm @ 3.1 ms
4 LATERAL 29.8 mm @ 51.0 ms 0.0 mm @ 26.2 ms
5 LATERAL 26.9 mm @ 46.6 ms 1.3 mm @ 94.7 ms






Table 6  Dummy Injury Criteria Data, Cont’d.
[image: image14.png]TEST NUMBER: 030915-1 PASSENGER DUMMY SERIAL NUMBER: 033
POSITIVE NEGATIVE
DIRECTION DIRECTION

LUMBAR FORCE

X-AXIS 876.6 N @ 68.2 ms 521.3 N @ 42.6 ms
Y-AXIS 1379.2 N @ 43.0 ms 683.1 N @ 78.6 ms
Z-AXIS 2179.2 N @ 67.4 ms 370.7 N @ 36.3 ms
LUMBAR MOMENT

ABOUT X AXIS 58.4 N-m @ 43.0 ms 21.6 N-m @ 103.4 ms
ABOUT Y AXIS 22.1 N-m @ 38.2 ms 67.6 N-m @ 72.6 ms
ABQUT Z AXIS 1.2 N-m @ 52.5 ms 17.9 N-m @ 83.8 ms
PELVIS ACCELERATION

LONGITUDINAL 14.5 g @ 53.0 ms 44.8 ¢ @ 41.8 ms
LATERAL 91.7 ¢ @ 39.4 ms 33.1 ¢ @ 60.4 ms
VERTICAL 10.3 g @ 80.2 ms 18.0 ¢ @ 45.0 ms
RESULTANT 99.5 ¢ @ 42.8 ms
ACETABULUM FORCE

Y-AXIS! 3561.8 N @ 41.7 ms 9682.8 N @ 40.9 ms
ILLIAC WING FORCE

Y-AXIS 485.6 N @ 41.6 ms 156.8 N @ 57.4 ms
LEFT FEMUR FORCE

X-AXIS 132.1 N @ 56.2 ms 536.2 N @ 42.6 ms
Y-AXIS 262.3 N @ 34.7 ms 1983.5 N @ 42.7 ms
Z-AXIS 1159.9 N @ 64.1 ms 2674.9 N @ 42.4 ms
LEFT FEMUR MOMENT

ABOUT X AXIS 323.1 N-m @ 42.6 ms 14.7 N-m @ 242.5 ms
ABOUT Y AXIS 48.5 N-m @ 56.2 ms 44.0 N-m @ 42.6 ms
ABOUT Z AXIS 142.7 N-m @ 43.3 ms 12.2 N-m @ 248.8 ms
RIGHT FEMUR FORCE

X-AXIS 147.7 N @ 45.0 ms 357.6 N @ 53.5 ms
Y-AXIS 1840.2 N @ 42.6 ms 344.4 N @ 52.6 ms
Z-AXIS 1706.3 N @ 42.8 ms 21.7 N @ 156.9 ms
RIGHT FEMUR MOMENT

ABOUT X AXIS 109.0 N-m @ 53.7 ms 61.0 N-m @ 42.7 ms
ABOUT Y AXIS 38.2 N-m @ 44.9 ms 29.7 N-m @ 53.0 ms
ABOUT Z AXIS 95.3 N-m @ 64.2 ms 10.3 N-m @ 111.4 ms

POSITIVE DIRECTION
LONGITUDINAL:
LATERAL:
VERTICAL:

FORWARD
RIGHTWARD
DOWNWARD

1 See DATA ACQUISITION EXPLANATION

NEGATIVE DIRECTION

LONGITUDINAL:

LATERAL:
VERTICAL:

REARVWARD

LEFTWARD
UPWARD






Table 7  Post-Impact Dummy/Vehicle Data
Visible Dummy Contact Points:

Driver
Passenger
Head
Head restraint
Door panel, seat back

Shoulder
Airbag
Door panel

Abdomen
None
None

Left knee
Door panel
Door panel

Right knee
None
None

Door opening:

Left
Right
Front
Jammed and latched
Easy
Rear
Jammed and latched
Easy
Seat movement:

Seat back failure
Seat shift
Left Front
None
None
Left Rear
None
None
Glazing damage:
Front windshield - top of driver's A-pillar; driver and 
passenger side windows shattered.
Other notable impact effects:
Maximum impact side door separation was 216 and 
178 mm for front and rear doors respectively.
Section 4.0

Occupant, Vehicle, Camera, and Barrier Information

Dummy Kinematic Summary

Driver Dummy


Upon impact, the driver dummy translated leftward on the seat impacting the left knee into the door panel and the left shoulder into the torso airbag.  The dummy’s head and neck extended left on impact as the shoulder impacted the airbag.  The dummy’s head contacted the head restraint on rebound.  The driver dummy came to rest seated in the driver’s seat.

Left Rear Passenger Dummy


Upon impact, the passenger dummy translated leftward impacting the left knee into the door panel.  The dummy’s head and neck extended left and the head contacted the door panel.  The dummy’s head rotated backward as the dummy rebounded contacting the seat back.  The dummy came to rest shifted to the left touching the door panel.

Table 8  Vehicle Structural Measurements1,2

	
	Elements
	Pre-Test

	1
	Total Length
	
5080

	2
	Total Width
	
1882

	3
	Bumper Top Height
	
511

	4
	Bumper Bottom Height
	
391

	5
	Longitudinal Member Top Height
	
506

	6
	Longitudinal Member Bottom Height
	
401

	7
	Distance Between Longitudinal Members
	
1300

	7´
	Longitudinal Member Width
	
150

	8
	Engine Top Height
	
844

	9
	Engine Bottom Height
	
175

	10
	Engine and Gearbox Width
	
765

	11
	Front Bumper - Engine Distance
	
560

	12
	Front Shock Absorber Fixing Height
	
876

	13
	Bonnet Leading Edge Height
	
760

	14
	Front Shock Absorber Fixing Width
	
1230

	15
	Front Bumper - Front Axle Distance
	
1080

	16
	Front Axle - A Pillar Distance
	
585

	17
	A Pillar - B Pillar Distance
	
990

	18
	B Pillar - Rear Axle Distance
	
1280

	19
	B Pillar - C Pillar Distance
	
1505

	20
	Roof Sill Bottom Height
	
1208

	21
	Roof Sill Top Height
	
1337

	22
	Floor Sill Bottom Height
	
170

	23
	Floor Sill Top Height
	
368


All distance measurements are in millimeters.

1
Taken from INSIA report, “Structural Survey of Cars, Methodology of the Main Resistant Elements in the Car Body”, March 1999.  This report is included in Appendix E.

2
The vertical 
measurements from the ground are adjusted based on the test vehicle’s pre-test attitude measurements.

Figure 3  Pre-Test And Post-Test Measurement Points
Vehicle: 2000 Buick LeSabre 4-door
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Left Side View

Note:  All dimensions are in millimeters with tolerance of (3 mm

	Code
	Measurement Description
	Pre-Test
	Post-Test
	Change

	A
	Wheelbase
	2850
	2790
	60

	B
	Front Axle to FSOV
	1080
	1080
	0

	C
	Rear Axle to RSOV
	1150
	1150
	0

	D
	Total Length at Centerline
	5080
	5080
	0

	E
	Front Bumper Thickness
	240
	240
	0

	F
	Front Bumper Bottom to Ground
	330
	338
	-8

	G
	Sill Height at Front Wheel Well
	312
	312
	0

	H
	Sill Height at Front Door Leading Edge
	240
	331
	-91

	I
	Sill Height at “B” Pillar
	233
	320
	-87

	J1
	Sill Height at Rear Wheel Well
	149
	159
	-10

	J2
	Pinch Weld Height at Rear Wheel Well
	218
	230
	-12

	K
	Sill Height Aft of Rear Wheel Well
	259
	280
	-21

	L
	Rear Bumper Thickness
	262
	262
	0

	M
	Rear Bumper Bottom to Ground
	324
	350
	-26

	N
	Sill Height to Window Bottom Sill
	790
	665
	125

	O
	Front Door Leading Edge to Impact CL
	840
	825
	15

	P
	Rear Door Trailing Edge to Impact CL
	1380
	1140
	240

	Q
	Front Window Opening
	478
	460
	18

	R
	Right Side Length
	5003
	4938
	65

	S
	Left Side Length
	4915
	4850
	65

	T
	Vehicle Width at “B” Post
	1385
	1120
	265


D = Length at centerline
E&L = Bumper Thickness
R = Right Side Length
S = Left Side Length

T = Width at B-pillar
J1 = To Pinch Weld
J2 = To Sill

Table 9  SID-IIs Driver Clearance Dimensions


Test Vehicle:
2001 Buick LeSabre
Test Date:  September 15,2003

	AA
	Ankle to Ankle
	Taken between the center points of both ankles, after the feet are placed.
	258

	AD
	Arm to Door
	Horizontal measurement taken from the center point of the elbow to the first contact point of the door panel.
	146

	HA
	Head to A-pillar
	Horizontal measurement taken from the center of the head’s outboard CG target to the A-pillar.
	360

	HCM
	Hub to Chest
	Minimum horizontal distance measured from the hub to the dummy’s chest.
	138

	HD
	H-point to Door
	Horizontal measurement taken from the H-point hole to the first contact point of the door panel.
	175

	HH
	Head to Header
	Taken from center point between eyes to header directly in front of dummy.
	223

	HR
	Head to Roof
	Taken from the center of the outboard target to the roof edge (not the upper edge of the car door), perpendicular to the long axis of the car.  If a tape measure is held from the target and extends below the roof, the point to measure is at the low edge of the roof line, which will make contact with the tape measure.
	202

	HS
	Head to Side Window
	Taken from the center of the outboard target to the side window, measured horizontally and perpendicular to the long axis of the car.  In cases where the window is not fully up, a flat bar should be placed across the window opening to simulate the position of the window.
	332

	HW
	Head to Windshield
	Taken from the center point between the dummy’s eyes to the point on the windshield directly level with the dummy’s forehead.
	485

	KDL
	Knee to Dash Left
	Taken from the knee pivot point to the point on the dash that is directly level with the center of the knee.
	30

	KK
	Knee to Knee
	With the legs in a vertical plane after the feet are placed, the measurement is taken from outside flange to outside flange.
	227

	NAS
	Neck Angle Seated
	Taken from the neck when the dummy is seated across two of the “vertebral discs” of the neck.
	4.1

	NR
	Nose to Rim
	Taken from the tip of the nose to the steering wheel rim at the 12 o’clock position.
	173

	PA
	Pelvic Angle
	Taken by placing an inclinometer on the H-point bar.
	18.4

	RA
	Rim to Abd
	Taken from the point where the bottom of the chest jacket and the pelvic structure meet to the steering wheel rim at the 6 o’clock position.
	39

	SA
	Seat Back Angle
	Taken from the head restraint support posts.
	12.5

	SCH
	Steering Wheel to Chest
	Horizontal measurement taken from the center of the steering wheel to the dummy’s chest.
	N/A

	SCR
	Steering Wheel to Chest
	Taken from the center of the steering wheel to the top of the rib guide.
	143

	SHH
	Striker to H point Horizontal
	Taken from the H-point to the driver door striker.
	343

	SHV
	Striker to H point Vertical
	Taken from the H-point to the driver door striker.  Value is negative if the striker is above the H-point and positive if the striker is below the H-point.
	136

	SK
	Striker to Knee
	Taken from the center point of the knee to the striker.
	703

	SKA
	Striker to Knee Angle
	Taken on top of the tape measure while it is extended from the center point of the knee to the striker.
	-1.8


Table 10  SID-IIs Passenger Clearance Dimensions


Test Vehicle:
2001 Buick LeSabre
Test Date:  September 15,2003

	AA
	Ankle to Ankle
	Taken between the center points of both ankles, after the feet are placed.
	218

	AD
	Arm to Door
	Horizontal measurement taken form the center point of the elbow to the first contact point of the door panel.
	146

	CS
	Chest to Seat
	Horizontal measurement taken from the top rib guide in the chest to a point on the back of the driver seat.
	785

	HC
	Head to C‑pillar
	Horizontal measurement taken from the center of the head’s outboard CG target to the C-pillar.
	298

	HD
	H-point to Door
	Horizontal measurement taken from the H-point hole to the first contact point of the door panel.
	175

	HHR
	Head to Head Restraint
	Taken from center point between eyes to header directly in front of dummy.
	900

	HR
	Head to Roof
	Taken from the center of the outboard target to the roof edge (not the upper edge of the car door), perpendicular to the long axis of the car.  If a tape measure is held from the target and extends below the roof, the point to measure is at the low edge of the roof line, which will make contact with the tape measure.
	240

	HS
	Head to Side Window
	Taken from the center of the outboard target to the side window, measured horizontally and perpendicular to the long axis of the car.  In cases where the window is not fully up, a flat bar should be placed across the window opening to simulate the position of the window.
	380

	KK
	Knee to Knee
	With the legs in a vertical plane after the feet are placed, the measurement is taken from outside flange to outside flange.
	183

	NAS
	Neck Angle Seated
	Taken from the neck when the dummy is seated across two of the “vertebral discs” of the neck.
	11.2

	PA
	Pelvic Angle
	Taken by placing an inclinometer on the H-point bar.
	23.4

	SA
	Seat Back Angle
	Taken from the lower left corner of the passenger seat frame
	N/A

	SHH
	Striker to H point Horizontal
	Taken from the H-point to the driver door striker.
	350

	SHV
	Striker to H‑point Vertical
	Taken from the H-point to the driver door striker.  Value is negative if the striker is above the H-point and positive if the striker is below the H-point.
	345

	SK
	Striker to Knee
	Taken from the center point of the knee to the striker.
	730

	SKA
	Striker to Knee Angle
	Taken on top of the tape measure while it is extended from the center point of the knee to the striker.
	22.8


Figure 4  Vehicle Side Measurements

Vehicle: 2001 Buick LeSabre 4-door 
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Measurements in Millimeters (mm)



Level 5 - Window Top


Level 4 - Window Sill


Level 3 - Mid-Door


Level 2 - Occupant H-Point


Level 1 - Axle Centerline Height or Sill Top Height

Measurements Are Taken When The Vehicle Is In The “As Tested” Configuration.

Measurements along the vertical 750 mm line shown above:


Level 5 @ Window Top
=

1440

mm


Level 4 @ Window Sill
=

944

mm


Level 3 @ Mid Door
=

615

mm


Level 2 @ Occupant H-Point
=

547

mm


Level 1 @ Axle Centerline Height
=

310

mm


(or Sill Top Height)
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Figure 8  MDB Accelerometer Locations and Data Summary
Vehicle: 2001 Buick LeSabre 4-door 
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	Accel.
	
	Coordinates

(millimeters)
	Positive Direction


Max.
Time
	Negative Direction


Max.
Time

	No.
	Location
	X*
	Y*
	Z*
	(g)
	(ms)
	(g)
	(ms)

	1
	MDB Center of Gravity
	1853
	0
	-519
	
	
	
	

	
	Longitudinal
X
	
	
	
	1.6
	125.1
	16.6
	31.0

	
	Lateral
Y
	
	
	
	3.1
	62.6
	7.8
	34.4

	
	Vertical
Z
	
	
	
	5.4
	59.8
	4.3
	25.2

	
	Resultant
R
	
	
	
	18.1
	31.1
	
	

	2
	Rear Frame Member
	411
	-738
	-628
	
	
	
	

	
	Longitudinal
X
	
	
	
	11.1
	244.4
	15.9
	38.6

	
	Lateral
Y
	
	
	
	15.6
	34.3
	8.5
	246.6


*Reference:
X = Rear Bumper (+ Forward)


Y = Vehicle Centerline (+ To Right)


Z = Ground Level (+ Down)

All measurements accurate to within (3 mm.

Figure 9  Camera Positions
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Table 14  Camera Information
Camera


Lens
Speed
Purpose of

Number
Location
Type
(mm)
(fps)
camera data

_________________________________________________________________________

  1
Overhead wide
Digital HG
20
1000
Vehicle dynamics

  2
Overhead tight
Digital HG
50
1000
Vehicle crush

  3
Onboard MDB left
Photosonic
13
----1
Dummy kinematics

  4
Onboard MDB center
Photosonic
25
995
Dummy and airbag

  5
Right wide to MDB
Digital HG
50
1000
Dummy kinematics

  6
Right one-quarter wide to MDB
Digital HG
28
1000
Dummy kinematics

  7
Driver front
Digital HG
8
1000
Dummy and airbag

  8
Driver front angled
Digital HG
8
1000
Airbag deployment

  9
Passenger rear
Digital HG
8
1000
Vehicle dynamics

10
Passenger side
Digital HG
8
1000
Vehicle crush

11
Panning
VHS


Real-time

1
No LEDs

Appendix A
Photographs

Appendix B
Data Plots

Appendix C
Dummy Configuration and Performance Verification Data

Pre-Test Dummy Configuration and Performance Verification Data

Driver Dummy S/N: 020

Pre-Test Dummy Configuration and Performance Verification Data

Passenger Dummy S/N: 033

Post-Test Dummy Configuration and Performance Verification Data

Driver Dummy S/N: 020

Post-Test Dummy Configuration and Performance Verification Data

Passenger Dummy S/N: 033
Appendix D
Miscellaneous Test Information

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

Sign Convention, Cont’d.
SAE J211 MAR95

Lumbar load cells:
+X force:
Chest rearward, pelvis forward


+Y force:
Chest leftward, pelvis rightward


+Z force:
Chest upward, pelvis downward


+X moment:
Left shoulder toward left hip


+Y moment:
Sternum toward front of legs


+Z moment:
Right shoulder forward, left shoulder 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
180


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

Description Of Timing Marks On TRC High-Speed Film

All TRC high-speed cameras are equipped with red LEDs which put timing marks on the right edge of the film.  TRC 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 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.

To locate time-zero, observe the continuous LED that is visible on the left side of the frame at the beginning of each view.  Locate the frame where the left side LED is fully extinguished and reverse 4 frames for the Photosonic cameras; reverse 5 frames for Hycam cameras; reverse 2 frames for Stalex cameras.  This frame is time-zero.

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. 

Appendix E
INSIA Report on Structural Measurements
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