2733

et LF

Report Number: TRC-96-V009

Frontal Full-Scale Crash Testing
for Upgrade of
FMYVSS 208 Test Procedure

Moving Deformable Impactor into Front of
1996 Chevrolet Cavalier
at 113 kph at a 25° Angle with 60% Overlap
TRC Test Number: 971010

Prepared By:
Transportation Research Center Inc.
10820 State Route 347
East Liberty, OH 43319

3 OF TRAyg

November 5, 1997
Final Report

Prepared for:

John A. Volpe National Transportatioh Systems Center
Vehicle Crashworthiness Division, DTS-74
Kendall Square
Cambridge, MA 02142-1093



This Final Test Report was prepared for the U.S. Department of Transportation, National Highway
Traffic Safety Administration, under Contract No. DTRS57-95-C-00011.

This publication is distributed by the U. S. Department of Transportation, National Highway Traffic
Safety Adlrrlinistration, in the interest of information exchange. The opinions, findings, and conclusions
expressed in this publication are those of the author(s) and not necessarily those of the Department of
Transportation or the National Highway Traffic Safety Administration. The United States Government
assumes no liability for its contents or use thereof. If trade or manufacturers' names or products are
mentioned, it is only because they are considered essential to the object of the publication and should
not be construed as an endorsement. The United States Government does not endorse products or

manufacturers.

Report Prepared By:

Qw 2 l/, Date /{/24/97

Jas;ﬁl D. J«:nkinsA’roject Engineer
Transportation Research Center Inc.

Report Approved By:

(’/o,ﬁ/)'/y f'u Date H/,"/‘}r/?—f

' W. /éankﬁanag roject Operations
Tran I;émon Research Center Inc.

Final Report Accepted By:

Date

Contracting Officer's Technical Representative (COTR),
NHTSA, Office of Vehicle Safety Compliance



Technical Report Documentation Page

1. Report No. 2. Government Accession No. 3. Recipient’s Catalog No.
TRC-96-V00S

4. Title and Subtitle 5. Report Date
Moving Deformable Impactor into Front of November 5, 1997
1996 Chevrolet Cavalier 6. Performing Organization Code
NHTSA No. RT0116 TRC

7. Author(s) 8. Performing Organization Report No.
Jason D. Jenkins, Project Engineer TRC-96-V009

9, Performing Organization Name and Address 10. Work Unit No. (TRAIS)
Transportation Research Center Inc.
10820 State Route 347 11. Contract or Grant No.
East Liberty, OH 43319 DTRS57-95-C-00011

12. Sponsoring Agency Name and Address 13. Type of Report and Period Covered
John A. Volpe National Transportation Systems Center Final Report
Vehicle Crashworthiness Division, DTS-74 October - November 1997
Kendall Square 14. Sponsoring Agency Code
Cambridge, MA 02142-1093 NEF-30

15. Supplemental Notes

16. Abstract

A moving deformable impactor into a 1996 Chevrolet Cavalier 2-door sedan, NHTSA No.
RTO0116, was conducted at Transportation Research Center Inc. on October 10, 1997. This frontal
full-scale crash testing was conducted for upgrade of Federal Motor Vehicle Safety Standard
(FMVSS) 208 Test Procedure. The deformable impactor’s velocity was 115.7 kph. The vehicle’s
test weight was 1461 kg. The vehicle’s maximum crush was 534 millimeters. The ambient
temperature was 23° C.

The driver’s Head Injury Criteria (HIC) was 422. The driver’s chest maximum resultant
acceleration with three (3) milliseconds minimum duration was 53.6 g. The driver’s chest
maximum deflection was 37 mm. the driver’s left and right femur maximum axial forces were
6,772 N and 6,526 N, respectively.

The passenger’s Head Injury Criteria (HIC) was 703. The passenger’s chest maximum resultant
acceleration with three (3) milliseconds minimum duration was 63.1 g. The passenger’s chest
maximum deflection was 36 mm. The passenger’s left and right femur maximum axial forces were
5,741 N and 6,019 N, respectively.

17. Key Words 18. Distribution Statement
Frontal Full-Scale Crash Testing Copies of this report are available from:
Upgrade of FMVSS 208 Test Procedure NHTSA Technical Reference Division

Nassif Building, Room 5108
400 Seventh Street, S.W.
Washington, DC 20550

19. Security Classif. (of this report) | 20. Security Classif. (of this page) 21. Number of Pages 22. Price
Unclassified Unclassified 358

Form DOT F 1700.7 (8-72) Reproduction of completed page authorized




Je Iy Jo
aof 08 09 oy oz [:} 02- o¥—
I Il 1 R N 1 Il - | Y R | i
L . T T O DAL A R A T T T LI T L T T 1 -
ooz o9t 0z1 _ 08 oy o] Ov-
212 9'86 € do
do
aimeisdwal {ZE ppe aunmeaaduay
ER Heyusiye] uoyl) 5/6 shis|ag ,
(vaexa} 3YNIVUIAWIL
ﬂﬁ) w—:=> qn2 £t Dot D qnY m:-
H-— 100§ 219n2 cE Bi1HM a1qna ﬂ_:
1e6 suo||eB 920 siol| |
1h slend 90°1 sia} 1
o syud (A4 siad| 1
20 |3 SB2UNo PiNlg €0°0 sJaf)|w fw
JWNT0A
SU0) Woys vl (B3 000L) SBuuoy 1
9 spunod Fat4 sweibojiy [T
20 $32un0 4€0°0 swesb 6
Iybrom) SSYW
same L4 {74 000°01} S2se108y ey
A 53{1w 3enbs o $19)900{ 1% alenbs Ry
~u> spseA asenbs 'l ssmyaw asenbs M
~=_ sayout asenbs aL'0 $1932W1uD2 2ienbs N_.B
LERL)
w salw 90 S1218WO0[1Y wy
PA spieh v S199W w
Y 139} £'¢ S)1310W w
ut S3youl 0 SiajBunuad wy
ut sayoul 00 EILTTINET ww
H19NT
loquig puty oy Ag Ajdiygniy Mouy nop usym 10quAg

SANSEAN JNNBW Woij SUDISIAAU0Y 3jrwixoiddy

SH0LIVd

w3

inches

FORT THING TISHY SHN oS s

T

1

||III ||I|I!I‘

2

1 61 81 L1 (91 (st LA RS S 1 SR 4 ¢ [}

i}

li
TFWWTF'HWTPFFWTP

1%

lZZ
|
i

114

3

IIIII‘l.III‘I‘I II

‘]'l"’l'l‘l'l

'l
4

" "'I""

5

'I'I'I']‘I'I'l' |

6

N

7

l 1
Illl!llll llll‘llll [H!'llll i lllllllll lll!lllll HII'HII IIII‘IIH lllI‘IIll Illl‘lll! IIII’HH IHI‘HH Illl]lHI il ll!l‘l[ll Hll‘[l!l Ill[lllll IHIIIHI lIHIIIH lllllllll

3

1
i

L
(|

HII‘HII

9

NOISHIANOD DIHLIWN

)

-
—— -~ EE

ju
Jw

uny

wd
we

|10quiAg

sumuiadwa
snisjan

S1913W 2GND
S1219W 2iGN3
siany)
s491|

Sauuo)
swesbor
swels

sare0dy
§1313W0(1y sienbs
S1313W aienbs
$ig10w srenbs
$1919WIU0 BrENbS

S313WO[ 1)

s1v10W
$42)0W11U2I
ESCITPICE)

puly o)

(ze
Bunaengns fimeradwsy
124e) 6/§ 11oyudIye
(1oexs) IunLYHIdNIL
90 spaeh 21qna
£0'0 JEETRIEUES
8'E suoj ek
5670
Lv'o
vZ0 sdna
ot S$30UNo pinj}
18 suoodsajqe)
1 suoodsed)
IWAT0A
(qi oooz)
60 Su0) 1ioYys
St°0 spunod
82 $39uN0
(wbram) sy
12 sasoe
9T sa|u ajenbs
g'c spieA arenbs
60°0 199y asenbs
5'9 seyouy asenbs
Vidvy
9L so|iw
6'0 spiek
0g 199
G2, sayouy
H19NI1
Ag Aidniny MOUY NOA UIYM

S3INSe3W NN 01 SU0ISIBAUD] 3jeuxoiddy

qal
zo

w
pA
Y
w

[equiAg



Section
1.0
2.0
3.0
4.0

Appendix A
Appendix B
Appendix C
Appendix D

Table of Contents

Description
Purpose and Test Procedure
Frontal Deformable Barrier Impact Test Summary
FMVSS 208 and 301 Data

Vehicle, Moving Deformable Barrier, Occupant,
and Camera Measurements

Photographs
Data Plots
Dummy Calibration Information

Miscellancous Test Information

Page
1-1
2-1
3-1

4-1
A-l
B-1
C-1
D-1

971010



List of Tables

Number Description Page
1 Crash Test Summary 2.4
2 Test Vehicle Information 2-6
3 Post-Impact Data : 2-9
4 Dummy Injury Criteria 3-2
5 Fuel System Data 3-3
6 FMVSS 301 Post-Impact Test Data _ 34
7 | Impacted Vehicle Measurements 4-4
8 Pre-Test Vehicle Measurements 4-6
9 Test Vehicle Front Profile Data 4-9
10 Intrusion Measurements : 4-12
11 Vehicle Accelerometer Locations and Data Summary 4-16
12 Moving Deformable Barrier Load Cell Placement and Data Summary 4-20
13 Moving Deformable Barrier Face Static Crush 4-22
14 Dummy Measurement Data for Front Seat Occupants 4-24
15 Motion Picture Camera Locations 7 4-27

i 971010



Number

O 00 N1 v s W

e e
No= O

List of Figures

Description
Impact Velocity Measurement System
Accident Investigation Division Data
FMVSS 301 Static Rollover Test Data
Pre-Test and Post-Test Measurement Points
Vehicle Target Locations
Vehicle Crush
Vehicle Accelerometer Mounting Locations
Moving Dgformable Barrier Instrumentation Placement
Moving Deformable Barrier Face Crush
Dummy Measurement Locations for Front Seat Occupants
Seat Belt Positioning Data ’

Camera Positions

1ii

Page
2-10
2-11

3-5

4-8
4-14
4-15
4-19
4-21
4-23
4-25
4-26

971010



List of Photographs

Figure A-1 Pre-Test Front View
Figure A-2 Post-Test Front View
Figure A-3 Pre-Test Left Front View
Figure A-4 Post-Test Left Front View
Figure A-5 Pre-Test Left Side View
Figure A-6 Post-Test Left Side View
Figure A-7 Pre-Test Left Rear View
Figure A-8 Post-Test Left Rear View

Figure A-9 Pre-Test Rear View

Figure A-10
Figure A-11
Figure A-12
Figure A-13
Figure A-14
Figure A-15
Figure A-16
Figure A-17
Figure A-18
Figure A-19
Figure A-20
Figure A-21
Figure A-22
Figure A-23
Figure A-24
Figure A-25
Figure A-26
Figure A-27
Figure A-28

Post-Test Rear View

Pre-Test Right Rear View

Post-Test Right Rear View

Pre-Test Right Side View

Post-Test Right Side View

Pre-Test Right Front View

Post-Test Right Front View

Pre-Test Overhead - View 1
Pre-Test Overhead - View 2
Pre-Test Engine Compartment View
Post-Test Engine Compartment View
Pre-Test Windshield View

Post-Test Windshield View

Pre-Test Left Front Underbody View
Post-Test Left Front Underbody View
Pre-Test Rear Underbody View
Post-Test Rear Underbody View
Pre-Test Driver Dummy - View 1

Post-Test Driver Dummy - View 1

iv

971010



Figure A-29
Figure A-30
Figure A-31
Figure A-32
Figure A-33
Figure A-34
Figure A-35
Figure A-36
Figure A-37
Figure A-38
Figure A-39
Figure A-40
Figure A-41
Figure A-42
Figure A-43
Figure A-44
Figure A-45
Figure A-46
Figure A-47
Figure A-48
Figure A-49
Figure A-50
Figure A-51
Figure A-52
Figure A-53
Figure A-54
Figure A-55

List of Photographs, Cont’d.

Pre-Test Driver Dummy - View 2

Post-Test Driver Dummy - View 2

Pre-Test Driver Dummy - View 3

Post-Test Driver Dummy - View 3

Pre-Test Passenger Dummy - View 1

Post-Test Passenger Dummy - View 1

Pre-Test Passenger Dummy - View 2

Post-Test Passenger Dummy - View 2

Pre-Test Passenger Dummy - View 3

Post-Test Passenger Dummy - View 3

Post-Test Driver Dummy Contact View

Post-Test Driver Dummy Head Contact - View 1
Post-Test Driver Dummy Head Contact - View 2
Post-Test Driver Dummy Head Contact - View 3
Post-Test Driver Dummy Knee Contact - View 1
Post-Test Driver Dummy Knee Contact - View 2
Post-Test Driver Dummy Knee Contact - View 3
Post-Test Passenger Dummy Contact View
Post-Test Passenger Dummy Head Contact - View 1
Post-Test Passenger Dummy Head Contact - View 2
Post-Test Passenger Dummy Knee Contact - View 1
Post-Test Passenger Dummy Knee Contact - View 2
Pre-Test Steering Wheel - Top View

Pre-Test Steering Wheel - Side View

Post-Test Deformable Barrier - View 1

Post-Test Deformable Barrier - View 2

Post-Test Deformable Barrier - View 3

- 971010



List of Photographs, Cont’d.

Figure A-56 Post-Test Vehicle on Rollover Device - 90° View

Figure A-57 Post-Test Vehicle on Rollover Device - 180° View
Figure A-58 Post-Test Vehicle on Rollover Device - 270° View
Figure A-59 Post-Test Vehicle on Rollover Device - 360° View

971010



Section 1.0

Purpose and Test Procedure
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Purpose

This crash test was conducted to determine vehicle and occupant response in the 113 kph frontal
impact with a moving deformable barrier at 25° to the target vehicle with 60% overlap. The test was

performed on a 1996 Chevrolet Cavalier passenger car.
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Test Procedure

This test was conducted per Contract No. DTRS57-95-C-00011, Technical Task Directive No. 4,
“Frontal Full-Scale Crash Testing for Upgrade of FMVSS 208 Frontal Test Procedure.”

The test vehicle was instrumented with fourteen (14) accelerometers to measure longitudinal axis
accelerations; eight (8) accelerometers to measure lateral axis accelerations; and six (6) accelerometers

to measure vertical accelerations.

The test vehicle contained two (2) Part 572 E S0th percentile adult male anthropomorphic test
devices (dummies). The dummies were positioned in the front outboard designated seating positions
according to the dummy placement procedure specified in Appendix C of the Laboratory Test
Procedure TP-208-09.

The deformable impactor was instrumented with five (5) force load cells to measure longitudinal
axis forces on the barrier face and three (3) accelerometers at the center of gravity to measure

longitudinal, lateral, and vertical axis accelerations.
The impactor’s specified velocity range was 111.5 to 114.5 kph.

Both dummies were instrumented with head center of gravity and Position 1, 2, and 3
accelerometers to measure longitudinal, lateral, and vertical accelerations; neck upper and lower 6-axis
load cells to measure longitudinal, lateral, and vertical force and moments; chest and pelvis
accelerometers to measure longitudinal, lateral, and vertical axis accelerations; and with left and right
femur load cells and upper and lower tibia load cells to measure axial forces. Each dummy was
instrumented to measure knee displacements. Each Part 572 E dummy's instrumentation also included
a chest potentiometer to measure longjtudinal deflection. Also, each dummy was instrumented with an

8-string pot thorax to measure longitudinal and lateral rib displacement.

The one-hundred-thirty-six (136) data channels were digitally sampled at 12,500 samples per
second and processed per Sections 11.13 through 11.15 of the Laboratory Test Procedure.
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The crash event was recorded by twelve (12) high-speed motion picture cameras and a real-time

panning camera.

The vehicle and occupant data are summarized in Section 2.0. The FMVSS 301 data are
presented in Section 3.0. The vehicle, moving deformable barrier, occupant, and camera
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 calibration

information. Appendix D contains miscellaneous test information.
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Section 2.0

Frontal Deformable Barrier Impact Test Summary
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Test Results Summary

This 113 kph frontal crash test with a moving deformable barrier at 25° to the test vehicle with
60% overlap was conducted at TRC on October 10, 1997.

The test vehicle, a 1996 Chevrolet Cavalier passenger car, was equipped with airbags and
three-point unibelts at the driver’s and right front passenger’s seating positions. The vehicle's test

weight was 1460.9 kg. The vehicle's maximum static crush was 534 mm.

The driver's HIC was 422. The driver's chest maximum resultant acceleration with three (3)
milliseconds minimum duration was 53.6 g. The driver's chest maximum deflection was 37 mm. The

driver's left and right femur maximum compressive forces were 6,772 N and 6,526 N, respectively.

The right front passenger's HIC was 703. The right front passenger's chest maximum resultant
acceleration with three (3) milliseconds minimum duration was 63.1 g. The right front passenger's
chest maximum deflection was 36 mm. The right front passenger's left and right femur maximum

compressive forces were 5,741 N and 6,019 N, respectively.
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Data Acquisition Explanations

The right front passenger dummy’s lower neck X-axis shear force data channel, NKLXF2,
recorded anomalous spikes and exceeded its data channel’s full scale at approximately 90, 135, 145,
175, milliseconds and between 205 and 245 milliseconds.

The right front passenger left lower rib straight displacement data channel, LLRSD2, did not
record any data.

The vehicle’s toe pan Y-axis acceleration data channel, TOEYGI, exceeded its data channel’s full
scale input at 11 and 23 milliseconds. This affected the resultant calculation for the toe pan.

The moving barrier’s front bottom left X-axis force data channel, BFFXF2, exceeded its data
channel’s full scale input at 17 milliseconds and recorded questionable data throughout the event.

The moving barrier’s front center X-axis force data channel, BFFXFS5, did not record any data.

The moving barrier’s center of gravity Y-axis acceleration data channel, BCGYG1, did not record

any data. This affected the moving barrier’s center of gravity resultant calculation.
The moving barrier’s center of gravity Z-axis acceleration data channel, BCGZG]1, recorded

questionable data throughout the event. This affected the moving barrier’s center of gravity resultant

calculation.
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Test type:

Test date:
Test time:

Ambient temperature
at impact area:

Vehicle year/make/
model/body style:

Vehicle test weight:

Impact angle :

Impact velocity *:
Primary:
Secondary:

Maximum: static crush:

Number of cameras:
High-speed:

Door opening data:
Left-front:
Right-front:

Table 1 Crash Test Summary

113 kph moving deformable barrier at 25°
into test vehicle with 60% overlap

10/10/97
1525

23°C

1996/Chevrolet/Cavalier/passenger car
1460.9 kg
335°

115.7 kph
115.7 kph
534 mm

12

Needed tools
Difficult

! With respect to the stationary vehicle’s centerline.

2

Speed trap measurement (+ .08 kph accuracy)

2-4
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Table 1 Crash Test Summary, Cont'd.

Dummies: Driver #110 Passenger #001
Type: Part 572 E Part 572 E

Location: Left front Right front

Restraint: Airbag/3-point unibelt Airbag/3-point unibelt

7 Number of data channels: 50 50

Front seat data:

Seat track failure: None None
Seat back failure: None None
Visible dummy contact points:

Head: Airbag Airbag

Chest: Airbag None

Abdomen: None None

Left knee: Instrument panel Instrument panel
Right knee: Instrument panel Instrument panel

2-5
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Vehicle year/make/
model/body style:

Color:

VIN:

Engine data:
Placement:

Cylinders:
Displacement:

Transmission data:

Final drive:

Date vehicle received:

Odometer reading:

Dealer's name
and address:

Accessories:
Power steering
Power brakes
Power seats
Power windows
Tinted glass
Radio

Clock

Table 2 Test Vehicle Information

1996/Chevrolet/Cavalier/passenger car

White

1G1JC1242T7154392

Transverse

4

2.2 liters

_3 speed, ____manual, _X automatic,
_X fwd, __rwd, ___4wd
NA

30,561

N/A

Yes Automatic transmission
Yes Automatic speed control
No Tilting steering wheel

No Telescoping steering wheel
Yes Air conditioning

Yes Anti-skid brake

Yes Rear window defroster

Certification data from vehicle's label: *

Vehicle manufactured by:

Date of manufacture:
VIN:

GVWR:

GAWR: Front:

Rear:

! The vehicle did not contain a label stating certification data.

overdrive

_ Yes

Yes
Yes
Yes

971010



Table 2 Test Vehicle Information, Cont'd.

Size of tires on vehicle:

Spare tire:

Type of front seats:

Tire & capacity data from vehicle's label: *

Recommended tire size:
Recommended cold tire pressure:
Front:
Rear:
Designated Seating Capacity:
Front
Rear
Total
Vehicle Capacity Weight:

Test vehicle attitudes:

Delivered attitude: LF: 690 mm
Pre-test attitude: LF: 684 mm
Post-test attitude: LF: 711 mm

P195/65R15

Uniroyal Hideaway T115/70D14
Bucket

psi
psi

lbs.

RF: 692 mm LR: 710 mm
RF: 672 mm LR: 664 mm
RF: 664 mm LR: 566 mm

! The vehicle did not contain a label stating tire and capacity data.

2-7

RR: 712 mm
RR: 659 mm
RR: 769 mm
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Table 2 Test Vehicle Information, Cont'd.

Weight of test vehicle as received (with maximum fluids):

Right front 393.7 kg Right rear 211.4 kg
Left front 399.6 kg Left rear 214.5 kg
Total front weight 793.3 kg (65.1% of total vehicle weight)
Total rear weight 4259 kg (34.9% of total vehicle weight)
Total delivered weight 1219.2 kg

Calculation of test vehicle's target test weight:

RCLW = Rated Cargo and Luggage Weight

UDW = Unloaded Delivered Weight (1219.2 kg)

VCW = Vehicle Capacity Weight = 400 kg

DSC = Designated Seating Capacity (5)

RCLW = VCW -68 (DSC)=400 - 68 (5) =60 kg

Target test weight = UDW + RCLW '+ (Number of Hybrid IIT dummies x 76 kg
per dummy)

Target test weight = 12192+ 60 + 152 = 14312 kg

Weight of test vehicle with required dummies and 64 kg of cargo weight:

Right front 4295 kg Right rear 301.0 kg
Left front 430.0 kg Left rear 3004 kg
Total front weight 859.5 kg (58.8% of total vehicle weight)
Total rear weight 601.4 kg (41.2% of total vehicle weight)
Total test weight 1460.9 kg (2.1% over target test weight)

Weight of ballast secured in vehicle cargo area: 4.0 kg of Stoddard solvent in fuel tank
Components removed to meet target test weight: None
CG rearward of front wheel centerline: 1085 mm

Vehicle Wheelbase: 2635 mm

! From vehicle's tire load label.
2 A target test weight of 1461.5 kg was used by instruction of COTR.
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Table 3 Post-Impact Data

Test number: 971010

Test date: 10/10/97

Test time: 1525

Test type: 113 kph moving deformable barrier into
test vehicle at a 25° angle with 60% overlap

Impact angle: ' 335°

Ambient temperature

at impact area: 23°C

Temperature in

occupant compartment: 24°C

Impact velocity:
Primary: 115.7 kph
Secondary 115.7 kph
Specified range: 111.5 to 114.5 kph

Distance from vehicle to barrier:
Entering velocity trap: 356 mm

Exiting velocity trap: 51 mm

Test vehicle static crush;

Overall length of test vehicle:

Pre-test: L: 4166 mm C. 4434 mm R: 4165mm
Post-test: L:  3632mm C. 4146 mm R: 4155 mm
Total crush: L: 534mm C 288 mm R: 10 mm
Average crush: 277 mm

! With respect to the stationary vehicle’s centerline.
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Figure 1 Impact Velocity Measurement System

A\

MOVING
BARRIER

TWO PHOTO
EMITTER/RECEIVER
PAIRS

Y 4

TOW TRACK

THREE PHOTO
INTERRUPTION VANES

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

The vanes have 305-millimeter spacing.

2-10 - 971010



Test date:

Vehicle year/make/
model/body style:

Volpe No.:

VIN:

Build date:

Test weight:
Vehicle wheelbase:
Maximum width:

Front overhang:

Collision Deformation

Figure 2 Accident Investigation Division Data

10/10/97

1996/Chevrolet/Cavalier/passenger car

RTO116

1G1JC1242T7154392

NA
1460.9 kg
2635 mm
1745 mm
NA

Classification (CDC) Code: NA

Crush depth
measurements:

Midpoint of damage:

Length of damaged
region:

Cl: 534 mm
C2: 471 mm
C3: 344 mm
C4: 220 mm
C5: 61 mm
C6: 10mm

D: Vehicle Longitudinal Centerline

4434 mm

L: 1524 mm

2-11
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Section 3.0

FMVSS 208 and 301 Data
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Table 4 Dummy Injury Criteria

Maximum Acceleration

Head
X - Y Z R X
Driver 429 g 193 g -295¢g 518 g 234 ¢
Passenger -607g -434g 373 g 673 g -60.8 g

Maximum Femur Compressive Force

Left Femur Right Femur

Driver 6,772 N 6,526 N
Passenger 5,741 N 6,019 N

Head Injury Criteria *

HIC Time t, Time t3
Driver 422 53.0 ms 89.0 ms
Passenger 703 63.4 ms 96.2 ms

Head Maximum Resultant Acceleration ?

Acceleration Time t; Time ts
Driver 49.1g 61.3 ms 64.2 ms
Passenger 662 g 75.1 ms 82.1 ms

Chest Maximum Resultant Acceleration 2

Acceleration Time t, Time t;
Driver 536g 62.4 ms 65.4 ms
Passenger 63.1g 67.5 ms 70.6 ms

Maximum Chest Deflection

Driver 37 mm

Passenger 36 mm

! As defined in FMVSS No. 208
2 Defined as equal to or exceeding 0.003 sec. duration

3-2

Chest
Y
-320¢g
217 g

510 g
232 ¢
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Vehicle year/make/model/body style:

Volpe No.:

Fuel system capacity:
Usable capacity:
Test volume range:
Actual test volume: *
Test fluid type:
Specific gravity:
Kinematic viscosity:
Test fluid color:

Type of fuel pump:

Does the electric fuel pump
operate with ignition switch

"on" and the engine not operating.

Details of fuel system:

Table 5 Fuel System Data

1996/Chevrolet/Cavalier/passenger car
RTO116

57.5 liters

57.5 liters (furnished by COTR)

52.9 liters to 54.1 liters (92-94% of usable)
4.7 liters (with entire fuel system filled)
Stoddard solvent

0.764

0.99 centistoke

purple

electric

Yes

The fuel tank is located forward of the rear axle. The fuel
filler neck was located on the right side and entered the
rear of the tank. The fuel lines ran along the left side of
the vehicle.

! Test volume was for ballast weight only. The remainder of the fluid was added post-test.
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Table 6 FMVSS 301 Post-Impact Test Data

Test date:  10/10/97
Volpe No.: RT0116
Vehicle year/make/model/body style: 1996/Chevrolet/Cavalier/passenger car

Test requirements:

Test vehicle fuel tank filled to 92 to 94% of manufacturer's usable capacity and with electric fuel pump
operating (if it will operate without engine operation). Part 572 test dummies located at each front

designated seating position.

Test vehicle impact type:

X _Frontal (113 kph)
Oblique (48 kph) with __° barrier face first contacting (driver's/passenger's) side
Rear moving barrier (80 kph)

Lateral moving barrier (32 kph)

Fuel system fluid spillage measurements:

Test Maximum
Results Allowable
1.  From impact until vehicle motion ceases Og 28¢g
2. 5-Minute period after vehicle motion ceases Og 140 g
3.  Next 25 minutes after 5-minute period 0Og 28 g/1 min

Fuel system fluid spillage location(s): None
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Figure 3 FMVSS 301 Static Rollover Test Data

NHTSA number: RT0116

Test phase

A
Ui/t /A ol VAN

o
T 1 !

Fuel Filler
Cap Location

Static rollover machine rotation time information: (specified range is 1-3 minutes)

Time required for machine to rotate 90° = 2 minutes, 0 seconds
FMVSS 301 position hold time = 5 minutes, O seconds
Total = 7 minutes, 0 seconds
Next whole minute interval = 7 minutes

Fuel system fluid spillage measurements:

Test Maximum
0° to 90° rotation (fuel filler cap down) Results Allowable
1.  First five minutes from onset of rotation Og 142 g
2. Sixth minute from onset of rotation Og 28¢g
3.  Seventh minute from onset of rotation 0Og 28 g

Fuel system fluid spillage location(s): None
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Figure 3 FMVSS 301 Static Rollover Test Data, Cont'd.

Test phase

Static rollover machine rotation time information:

Time required for machine to rotate 90° =
FMVSS 301 position hold time =
Total =

Next whole minute interval =

Fuel system fluid spillage measurements:

2
5
7

14

180°

1

(specified range is 1-3 minutes)

minutes, O seconds
minutes, 0 seconds
minutes, 0 seconds

minutes

Test Maximum
90° to 180° rotation Results Allowable
1.  First five minutes from onset of rotation Og 142 g
2. Sixth minute from onset of rotation Og 28 ¢g
3.  Seventh minute from onset of rotation Og 28¢g
Fuel system fluid spillage location(s): None
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Figure 3 FMVSS 301 Static Rollover Test Data, Cont'd.

Test phase

180° 270°

1Y i S

Static rollover machine rotation time information: (specified range is 1-3 minutes)

Time required for machine to rotate 90° = 2 minutes, 0 seconds
FMVSS 301 position hold time = 5 minutes, O seconds
Total = 7 minutes, 0 seconds
Next whole minute interval = 21 minutes

Fuel system fluid spillage measurements:

Test Maximum
180 to 270° rotation Results Allowable
1.  First five minutes from onset of rotation Og 142 g
2. Sixth minute from onset of rotation Og 28¢g
3. Seventh minute from onset of rotation Og 28¢g

Fuel system fluid spillage location(s): None
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Figure 3 FMVSS 301 Static Rollover Test Data, Cont'd.

Test phase

270° 360°

VZFA (0 V774

Static rollover machine rotation time information: (specified range is 1-3 minutes)

Time required for machine to rotate 90° = 2 minutes, 0 seconds
FMYVSS 301 position hold time = 5 minutes, O seconds
Total = 7 minutes, 0 seconds
Next whole minute interval = 28 minutes

Fuel system fluid spillage measurements:

Test Maximum
270° to 360° rotation Results Allowable
1. First five minutes from onset of rotation Og 142 g
2. Sixth minute from onset of rotation Og 28¢g
3. Seventh minute from onset of rotation Og 28¢g
Fuel system fluid spillage location(s). None
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Section 4.0

Vehicle, Moving Deformable Barrier, Occupant, and Camera Measurements
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Figure 4 Pre-test and Post-test Measurement Points

Engine Block
Dimension

19,20 (Right/Left Side)

To
Headliner

Ctr. Of t218

Steering

Column —> =
Y17

To 'A' Post

27 415 o Bottom Qf
'A'" Post (Right/
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To Steering Column

Rear Datum Reference

To Edge of Door
(Even Number For
Right Side and
0dd Number for
Left Side)

To Trailing Edge
Behind Door
(Right/Left Side)

To Leading Edge
In Front Of Door
(Right/Left Side)

Rear Datum
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Of Rear
Bumper

To Firewall (Right/Left Side)
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Figure 4 Pre-test and Post-test Measurement Points, Cont’d.
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Table 7 Impacted Vehicle Measurements

Vehicle year/make/model/body style: 1996/Chevrolet/Cavalier/passenger car
Test Number: 971010

No. Type of measurement Pre-test Post-test  Difference
X1 Total length of vehicle at centerline 4434 mm 4146 mm 288 mm
X2 Rear surface of vehicle to engine at centerline 3712 mm 3481 mm 231 mm
X3 Rear surface of vehicle to firewall 3311 mm 3155 mm 156 mm
X4 Rear surface of vehicle to

upper leading edge of right door 2912 mm 2905 mm 7 mm
X5  Rear surface of vehicle to

upper leading edge of left door 2623 mm 2854 mm 69 mm
X6 Rear surface of vehicle to

lower leading edge of right door 2919 mm 2898 mm 21 mm
X7 Rear surface of vehicle to

lower leading edge of left door 2917 mm 2890 mm 27 mm
X8 Rear surface of vehicle to

upper trailing edge of right door 1655 mm 1648 mm 7 mm
X9 Rear surface of vehicle to

upper trailing edge of left door 1656 mm 1612 mm 44 mm
X10 Rear surface of vehicle to

lower trailing edge of right door 1627 mm 1605 mm 22 mm
X11 Rear surface of vehicle to

lower trailing edge of left door 1629 mm 1599 mm 30 mm
X12 Rear surface of vehicle to

bottom of "A" post on right side 2907 mm 2890 mm 17 mm
X13 Rear surface of vehicle to

bottom of "A" post on left side 2910 mm 2800 mm 110 mm
X14 Rear surface of vehicle to firewall - right side 3310 mm 3104 mm 206 mm
X15 Rear surface of vehicle to firewall - left side 3357 mm 2972 mm 385 mm
X16 Rear surface of vehicle to steering wheel center 2467 mm 2410 mm 57 mm
X17 Steering column to "A" post 270 mm 245 mm 25 mm
X18 Steering column to headliner 430 mm 410 mm 20 mm

X19 Rear surface of vehicle to right side of front bumper 4165 mm 4155 mm 10 mm
X20 Rear surface of vehicle to left side of front bumper 4166 mm 3632 mm 534 mm
X21 Width of engine block 435 mm 435 mm 0 mm
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Table 7 Impacted Vehicle Measurements, Cont’d.

Vehicle year/make/model/body style: 1996/Chevrolet/Cavalier/passenger car
Test Number: 971010

No. Type of measurement Pre-test Post-test  Difference
Z22 Right front sill to ground planc 182 mm 203 mm 21 mm
X23 Left front sill to ground plane 173 mm 83 mm 90 mm
Z24 Right rear sill to ground plane 180 mm 300 mm  -120 mm
Z25 Left rear sill to ground plane 175 mm 123 mm 52 mm
X26 Firewall to engine or transaxle 235 mm 230 mm 5 mm
Z27 Vertical dimension from rear sill to

centerline of steering column 522 mm 668 mm -146 mm
X28 Left Wheelbase of vehicle 2635 mm 2475 mm 160 mm
Y29 Width of vehicle at maximum width point 1745 mm 1915 mm -170 mm
X30 Rear surface of vehicle to engine target 3712 mm 3481 mm 231 mm
X31 Rear surface of vehicle to compartment target 2104 mm 2120 mm -16 mm
X32 Rear surface of vehicle to bumper target 4095 mm 4090 mm 5 mm
X33 Rear surface of vehicle to frame crossmember 3200 mm 3151 mm 49 mm
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Table 8 Pre-Test Vehicle Measurements

Measurement Description Pre-Test
Vehicle Exterior Dimensions
El Top of front bumper to ground 530 mm
E2 Bottom of front bumper to ground 267 mm
E3 Top of rear bumper to ground N/A
E4 Bottom of rear bumper to ground N/A
E5 Front rocker panel to ground 215 mm
E6 Rear rocker panel to ground 198 mm
E7 Floor board to ground 186 mm
Front Compartment Measurements
M1 Front axle to reference plane (RPD) 3465 mm
M2 Heel point to toeboard/floorboard intersection 125 mm
M3 RPD to toeboard/floorboard intersection 2938 mm
M4 RPD to firewall 3335 mm
M5 RPD to bottom of dashboard 2774 mm
M6 RPD to steering wheel pivot point 2565 mm
M7 Windshield/dashboard intersection to edge of dashboard 429 mm
M8 RPD to edge of dashboard 2661 mm
M9 RPD to foremost point of header 2420 mm
MI10 RPD to rearmost point of seat cushion 1969 mm
M1l Seat travel from rearmost to foremost position 146 mm
MI12 RPD to H-point 2189 mm
M13 Windshield/dashboard intersection to floor 676 mm
Ml14 Bottom of dashboard to floor 351 mm
M15 Steering wheel pivot point to floor 589 mm
M16 Foremost point of header to floor 1044 mm
M17 Seat rise from rearmost to foremost position 32 mm
MI18 Rearmost point of scat cushion to floor 210 mm
M19 H-point to ground 445 mm
M20 Toeboard angle 66°
M21 Steering column angle 22°
M22 Length of windshield 820 mm
M23 Windshield angle 25°
M24 Seat cushion angle 14°
M25 Length of seat cushion 550 mm
M26 Length of seat back 525 mm
M27 Seat back angle 25°
4-6 971010




Table 8 Pre-Test Vehicle Measurements. Cont’d.

Measurement Description Pre-Test
Steering Assembly Measurements
S1 Steering wheel outer diameter 382 mm
S2 Steering wheel rim diameter 345 mm
S3 Steering wheel pivot point to top surface of rim 220 mm
S4 Steering wheel pivot point to top of hub 75 mm
S5 Steering wheel pivot point to centerline of column 0 mm
S6 Steering wheel pivot point to shear capsule N/A
S7 Firewall to shear capsule N/A
S8 Steering wheel attachment to dash panel 420 mm
S9 Steering wheel attachment to firewall 220 mm
S10 Steering wheel photos (top and side views) N/A
S11 Weight of steering wheel in pounds N/A

Driver Occupant Restraint System Measurements > Floor | Firewall | Center XZ

R1 | D-ring location 935 mm | 1625 mm 214 mm
R2 | Torso belt spool location 535mm | 1602 mm 284 mm
R3 | Outboard lap belt anchor location 115mm | 1200 mm 288 mm
R4 | Belt buckle location 135mm | 1130 mm 240 mm

Passenger Occupant

Restraint System Measurements > Floor | Firewall | Center XZ
R1 | D-ring location 938 mm | 1605 mm 206 mm
R2 | Torso belt spool location 518 mm | 1598 mm 303 mm
R3 [ Outboard lap belt anchor location 115mm | 1235 mm 288 mm
R4 | Belt buckle location 135mm | 1124 mm 242 mm

! All measurements are to be taken on the center X-Z plane of seated occupant. Both driver and
passenger side measurements shall be provided if the compartment is not symmetrical to the
center X-Z plane of the vehicle.

% Each location is specified by three distance measurements: from the floor, from the firewall,

and from the center X-Z plane of the seated occupant. Location measurements for both driver
and passenger belt systems shall be provided.
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Figure 5 Vehicle Target Locations
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Table 9 Test Vehicle Front Profile Data

X-axis measurements referenced to a plane 4900 millimeters forward of the rear bumper
centerline. Y-axis measurements are left and right of the original vehicle centerline. Y-axis
measurements (6 points) should divide the width of the car and be clearly indicated on the form.

Z-axis (height) measurements are from the ground.

Pre-Test Profile
Vehicle Left Vehicle Right
pt. 1 pt. 2 pt.3 pt. 4 pt. 5 pt. 6

Bottom of front bumper X 734 mm 593 mm 527 mm 531mm 590 mm 722 mm
Y 740 mm 445 mm 165 mm -180 mm -440 mm -735 mm
Z 358 mm 341 mm 313 mm 312mm 329 mm 356 mm

Top of front bumper X  731mm 565mm 472 mm 481 mm 559 mm 722 mm
Y 745 mm 460 mm 150 mm -155mm -458 mm -750 mm
Z 522mm S511mm 503 mm 496 mm S10mm 515 mm
Center of Grill X 805 mm 698 mm 717 mm 732mm 692 mm 788 mm
Y 680 mm 445 mm 180 mm -178 mm  -431 mm -660 mm
y4 . 630 mm 626 mm 594 mm 594mm 623 mm 630 mm
Front of hood X 833mm 790mm 740 mm 740mm 799 mm 830 mm
Y 647 mm 415mm 146 mm <143 mm -412 mm -640 mm
Z 699 mm 689 mm 661 mm 670 mm 669 mm 695 mm
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Bottom of front bumper

Top of front bumper

Center of Grill

Front of hood

Table 9 Test Vehicle Front Profile Data, Cont’d.

NMX N<X

N

N <

Post-Test Profile

Vehicle Left

pt. 1

pt. 2

1215 mm 1045 mm
739 mm 455 mm
516 mm 470 mm

1262 mm 1042 mm
752 mm 455 mm
665 mm 640 mm

N/A
N/A
N/A

1390 mm
625 mm
810 mm

pt. 3

‘930 mm

175 mm
425 mm

870 mm
147 mm
608 mm

N/A 1248 mm

N/A
N/A

N/A

N/A
N/A

4-10

195 mm
675 mm

N/A
N/A
N/A

Vehicle Right

pt. 4

768 mm
-165 mm
399 mm

715 mm
-155 mm
582 mm

1090 mm
-150 mm
662 mm

N/A
N/A
N/A

pt. 5 pt. 6

682 mm 757 mm
-432 mm -734 mm
307 mm 415 mm

653 mm 759 mm
457 mm -771 mm
573 mm 577 mm

N/A N/A
N/A N/A
N/A N/A

N/A 879 mm

N/A -664 mm
N/A 678 mm

971010



Table 9 Test Vehicle Front Profile Data, Cont’d.

Bottom of front bumper X

Y
Z
Top of front bumper X
Y
Z
Center of Grill X
Y
Z
Front of hood X
Y
Z

Change
Vehicle Left
pt. 1 pt. 2 pt. 3

-481 mm -452 mm -403 mm
Imm -10mm -10mm
-158 mm -129mm -112 mm
-531 mm -477mm -398 mm
-7 mm 5 mm 3 mm
133 mm -129 mm  -105 mm
N/A N/A -531 mm
N/A N/A  -15mm
N/A N/A -81mm
-557 mm N/A N/A
22 mm N/A N/A
-111 mm N/A N/A

Vehicle Right

pt. 4 pt. 5 pt. 6
-237mm -92mm -35mm
-15mm  -8mm -1mm
-87mm -68mm -59mm
234mm -94mm -37mm
Omm -Imm 21 mm
86mm -63mm -62mm
-358 mm N/A N/A
-28 mm N/A N/A
-68 mm N/A N/A
N/A N/A -49mm
N/A N/A 24mm
N/A N/A  17mm

+X: Forward from a reference plane 4900 mm forward of the vehicle rear bumper centerline
+Y: Left from vehicle longitudinal centerline

+Z: Up from ground
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Table 10 Intrusion Measurements

Intrusion of upper instrument panel on right and left sides above where dummy’s knees contact the dash.

Left Side
: Pre-Test Post-Test Change
Xmm) | Y(mm) | Z(mm) | X(mm) | Y(mm) | Z@mm) | X(mm) | Y (mm) | Z (mm)
Point 1 2654 624 764 2560 545 910 95 79 -146
Point 2 2654 484 769 2535 356 980 119 130 | -211
Point 3 2650 333 970 2524 325 985 126 8 -15
Point 4 2627 89 774 2502 100 805 125 -11 -31
_Right Side
Pre-Test Post-Test Change
Xmm) [ Y(mm) | Z(mm) | X(@mm) | Y(mm) [ Z@mm) | X(mm) | ¥ (mm) | Z (mm)
Point 1 2622 -147 778 2527 -151 804 95 4 =26
Point 2 2633 -308 772 2566 -334 770 67 26 2
Point 3 2637 -454 771 2580 -481 752 57 27 19
Point 4 2628 -548 769 2593 -575 750 35 27 19
+X: Forward of reference plane at rear bumper
+Y: Left from vehicle longitudinal centerline
+Z: Up from floor
Intrusion of toe pan at five locations for each front seat position.
Left Side
Pre-Test Post-Test Change
X(mm) [ Ymm) [ Z@mm) | X(@mm) | Y(om) | Zmm) | X(mm) [ Y (mm) | Z (mm)
Point 1 3082 508 460 2850 410 364 232 98 96
Point 2 3022 505 326 2855 450 227 167 55 99
Point 3 3142 142 414 2947 65 329 195 77 85
Point 4 3022 120 283 2925 100 195 97 20 88
Point 5 3132 330 376 2904 240 272 228 90 104
Right Side
Pre-Test Post-Test Change
X(mm) [ Y(mm) [ Z(mm) | X(mm) [ Y(mm) | Z(@mm) | X (mm) [ Y (mm) | Z (mm)
Point 1 3150 -175 386 3078 -250 332 77 75 54
Point 2 2998 -530 442 3033 -575 412 -35 45 30
Point 3 3092 -200 268 2960 =270 174 132 70 94
Point 4 3000 -525 230 2999 -590 202 1 65 28
Point 5 3095 -310 330 3060 412 172 35 102 158
+X: Forward of reference point behind the driver and passenger seats.
+Y: Left from vehicle longitudinal centerline.
+Z: Up from ground.
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Table 10 Intrusion Measurements

Intrusion of brake pedal
Pre-Test Post-Test Change
X mm Y mm Z mm X mm Y mm Z mm X mm Y mm Z mm
Point 1 2962 275 353 2735 330 377 227 -55 24
+X: Forward of reference point behind the driver’s seat.
+Y: Left from vehicle longitudinal centerline.
+Z: Up from ground.
Shortening of door opening from top A-pillar hinge to rear door striker.
Driver Side
Pre-Test Post-Test Change
X mm X mm X mm
Point 1 1265 1205 60
Passenger Side
Pre-Test Post-Test Change
X mm X mm X mm
Point 1 1265 1245 20
4-13
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Figure 6 Vehicle Crush
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Notes: L is pre-test length of contact surface.
C1 through C6 are spaced equally apart.
CL is vehicle centerline.
Pre-test Post-test Crush
L 1524 mm
Cl 4166 mm 3632 mm 534 mm
C2 4331 mm 3860 mm 471 mm
C3 4413 mm 4069 mm 344 mm
C4 4414 mm 4194 mm 220 mm
C5 4326 mm 4265 mm 61 mm
Cé6 4165 mm 4155 mm 10 mm
CL 4434 mm 4146 mm 288 mm
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Figure 7 Vehicle Accelerometer Mounting Locations
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Figure 8 Moving Deformable Barrier Instrumentation Placement
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Notes:

Figure 9 Moving Deformable Barrier Face Crush

L

— /2 ———— | /2 ——>

(

C2

]
|
l
|
T
|
b
{

&

& &)

L is pre-test length of contact surface.
C1 through C6 are spaced equally apart.

CL is moving barrier centerline.

Pre-test Post-test Crush

L 1676 mm

C1 232 mm 430 mm 198 mm
C2 216 mm 483 mm 267 mm
C3 212 mm 541 mm 329 mm
C4 214 mm 620 mm 406 mm
Cs 217 mm 567 mm 350 mm
Cé6 233 mm 600 mm 367 mm
CL 214 mm 611 mm 397 mm
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Figure 10 Dummy Measurement Locations for Front Seat Occupants

VERTICAL LONGTUDINAL PLANE VERTICAL TRANSVERSE PLANE

Passengerlf. .. @-—l'-“ T @ |
Driver|| _____ @-—l—m— R | @ :
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Table 14 Dummy Measurement Data For Front Seat Occupants

Driver Passenger
Designation Type of Measurement (Serial #110) (Serial #001)
WA Windshield angle 25° 25°
SWA Steering wheel angle 70° NA
SCA Steering column angle 20° NA
SA Seat back angle 25° 25°
HZ Head to roof 148 mm 154 mm
HH Head to header 282 mm 300 mm
HW Head to windshield 518 mm 533 mm
HR Head to side header 170 mm 182 mm
NR Nose to rim 369 mm NA
NA Nose to rim angle o 11° NA
CD Chest to dash 502 mm 481 mm
CsS Steering wheel to chest 301 mm NA
RA Rim to abdomen 196 mm NA
KDL Left knee to dash 157 mm 140 mm
KDR Right knee to dash 160 mm 142 mm
KDA Outboard knee to dash angle 34° 30°
PA Pelvic angle 24° 23°
TA Tibial angle 37° 39°
KK Knee to knee 307 mm 282 mm
ST Striker to head 626 mm 625 mm
Striker to head angle -50° -52°
SK! Striker to knee 897 mm 919 mm
Striker to knee angle 3° 5°
SH' Striker to H-point 579 mm 563 mm
Striker to H-point angle 19° 17°
SHY Striker to H-point (Y dir.) 261 mm 258 mm
HS Head to side window 281 mm 316 mm
HD H-point to door 108 mm 102 mm
AD Arm to door 98 mm 124 mm

The seat back angle (SA®) is measured relative to vertical, all other angles are measured relative
to horizontal.
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Figure 11 Seat Belt Positioning Data

C— <
Dummy centerline _Q €
; Shoulder belt portion
|
| Lap belt portion
]
)
A g :
| |
v F.:
—] 3-millimeter thick
Male blade N | aluminum plate
Buckle assembly
Inboard anchorage
] \~ Retractor
] Reel
Floorpan ——/ '
Driver Passenger
A | Top surface of aluminum plate to belt upper edge 342 mm 311 mm
B Top surface of aluminum plate to belt lower edge 268 mm 233 mm
C | Dummy centerline to outer edge of belt at chest
flesh top 97 mm 118 mm
D | Dummy centerline to inner edge of belt at chest
flesh top 43 mm 69 mm
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Appendix A

Photographs
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Figure A-1 Pre-Test Front View
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Figure A-6 Post-Test Left Side View
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Figure A-8 Post-Test Left Rear View
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Figure A-9 Pre-Test Rear View
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Figure A-10 Post-Test Rear View
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Figure A-11 Pre-Test Right Rear View
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Figure A-14 Post-Test Right Side View
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Figure A-15 Pre-Test Right Front View

971010

A-16



b

Lt
st et B

Figure A-16 Post-Test Right Front View
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Figure A-18 Pre-Test Overhead - View 2
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Figure A-19 Pre-Test Engine Compartment View
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Figure A-20 Post-Test Engine Compariment View
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Figure A-21 Pre-Test Windshield View
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Figure A-23 Pre-Test Left Front Underbody View
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Figure A-24 Post-Test Left Front Underbody View
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Figure A-25 Pre-Test Rear Underbody View
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Figure A-26 Post-Test Rear Underbody View
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Pre-Test Driver Dummy - View 1

Figure A-27
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Figure A-28 Post-Test Driver Dummy - View 1
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Figure A-29 Pre-Test Driver Dummy - View 2
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Figure A-30 Post-Test Driver Dummy - View 2
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Figure A-31 Pre-Test Driver Dummy - View 3
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Figure A-32 Post-Test Driver Dummy - View 3
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Figure A-33 Pre-Test Passenger Dummy - View 1
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Figure A-34 Post-Test Passenger Dummy - View 1
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Figure A-35 Pre-Test Passenger Dummy - View 2
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Figure A-36 Post-Test Passenger Dummy - View 2
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Figure A-37 Pre-Test Passenger Dummy - View 3
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Figure A-38 Post-Test Passenger Dummy - View 3
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Figure A-39 Post-Test Driver Dummy Contact View
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Figure A-40 Post-Test Driver Dummy Head Contact - View 1
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Figure A-41 Post-Test Driver Dummy Head Contact - View 2
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Figure A-42 Post-Test Driver Dummy Head Contact - View 3
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Figure A-43 Post-Test Driver Dummy Knee Contact - View 1
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Figure A-44 Post-Test Driver Dummy Knee Contact - View 2
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Figure A-45 Post-Test Driver Dummy Knee Contact - View 3
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Figure A-47 Post-Test Passenger Dummy Head Contact - View 1
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Figure A-49 Post-Test Passenger Dummy Knee Contact - View 1
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Figure A-50 Post-Test Passenger Dummy Knee Contact - View 2
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Figure A-52 Pre-Test Steering Wheel - Side View
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Figure A-56 Post-Test Vehicle on Rollover Device - 90° View
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Figure A-57 Post-Test Vehicle on Rollover Device - 180° View
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Figure A-58 Post-Test Vehicle on Rollover Device - 270° View
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Figure A-59 Post-Test Vehicle on Rollover Device - 360° View
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Appendix B

Data Plots
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Appendix C

Dummy Calibration Information
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Pre-Test Calibration

Serial Number 110

C-2 971010



TRANSPORTATION RESEARCH CENTER INC.
HYBRID III EXTERNAL DIMENSIONS

SN110 VECTOR 07-0CT-97
TRC INC. TEST NO: 110C5ED1 572E SN110 EXT.DIMENSION CALQS5
o TEST PARAMETER (DIMEN.)| SPECIFICATION | TEST RESULTS|
TEECATION EB;=EHEST CIRCUHFERE&EE—ZZLET—ZZ9 - 434 gﬁ__—T——_ZBZ MM _—T
|LOCATION FOR WAIST CIRCUMFERENCE (BB)| 226 - 231 MM |  220. MK |
|CHEST CTRCUMFERENCE  (Y) | 970 ~1001 MM | 986. WM |
|WATST CIRCUMFERENCE  (Z) | 836 - 866 MM | 859. MM |
|CHEST DEPTH  (0) | 213 - 229 WM | 221. WM |
|K-POINT HEIGHT  (C) | 84- 89 MM | 86 WM |
|H-POINT FROM SEATBACK (D) | 135 - 140 WK | 137. WM |
|SKULL CAP TO BACKLINE  (H) | 4L - 46 MM |  43. WM |
|TOTAL SITTING HEIGHT (A) | 879 - 889 MM | 879. wx |
|THIGH CLEARANCE  (F) | 140 - 155 MM | 145. wx |
|BUTTOCK KNEE LENGTH  (K) | 579 - 605 WK | 602, M |
|BUTTOCK POPLITEAL LENGTH  (N) | 452 - 478 WK |  457. M |
|POPLITEAL HETGRT (L) | 429 - 455 WX | 452. WM |
|KNEE PIVOT KEIGHT (M) | 485 - 500 MK | 488. My |
|FoOT LENGTH  (P) | 252 - 267 WK | 262. WM |
|FOOT BREADTH (W) | oL-107 MK | 99. WM |
|SHOULDER PIVOT FROM BACKLINE () | 84 - 94 MM | 91 M |
|SHOULDER BREADTH (V) | 422 - 437 WX | 424, wM |
|SHOULDER PIVOT HEIGHT ~  (B) | 506 - 521 MM | 508. M |
|ELBOW REST HEIGHT  (J) | 191 - 211 MM | 201. W |
|SHOULDER-ELBOW LENGTH ~ (I) | 330 - 345 MM | 340. WM |
|BACK OF ELBOW TO WRIST PIVOT  (G) | 290 - 305 MM | 292. My |
DUMMY MEETS SPECTEICATIONS
TECHNICIAN ééﬁj,.Clcgfﬁ? RUN NUMBER: 111297.1251

C-3 971010



TRANSPORTATION RESEARCH CENTER INC.

HEAD DROP TEST

TRC INC. TEST NO: 110C5HD1 572E SN110 HEAD DROP CAL 05
| | l l
| TEST PARAMETER | SPECIFICATION | TEST RESULTS |
| | |
| TEMPERATURE | 18.9-25.6 DEG. C | 21.1 DEG. C |
I | |

|RELATIVE HUMIDITY | 10 - 70 % | 41.0 % |
|

|PEAK RESULTANT ACCELERATION| 225 - 275 G | 266.03 G |
| I

|PEAK LATERAL ACCELERATION | 15 G MAX |  -5.40 G |

{IS ACCELERATION CURVE | | |
| UNIMODAL? | YES | YES |

TEST MEETS SPECIFICATIONS

tecHnIciaN Q. RUN NUMBER: 100397.1028;1
T
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TRANSPORTATION RESEARCH CENTER INC.

NECK FLEXION TEST - 6 CHANNEL TRANSDUCER

TRC INC. TEST NO: 110C5NF6 572E SN110 NECK FLEXION CALOS
| TEST PARAMETER | SPECIFICATION | TEST RESULTS |
I
| TEMPERATURE | 20.6-22.2 DEG. C | 21.7 DEG. C |
| | |
|RELATIVE HUMIDITY | 10 - 70 % | 65.0 %
I | I
| IMPACT VELOCITY | 6.89 - 7.13 u/s | 6.93 M/S
| | 10 ¥MS | 22.50 - 27.50 G | 22.89 G |
| PENDULUM = mmmeemmmmm oo oo e
| | 20 MS | 17.60 - 22.60 G | 20.68 G |
| DECELERATION D et e LTS T
| | 30 S | 12.50 - 18.50 G | 16.61 G !
| I | |
|MAX PENDULUM G | 29 G MAX |  23.66 G ]
| |
|MAX PENDULUM G ABOVE 30 MS | 29 G MAX [  16.55 G |
| DECELERATION-TIME CURVE | | |
|DECAY TIME TO 5 G | 34 - 42 MS |  38.24 HMS
| D PLANE | MAX | 64 - 78 DEG. |  72.20 DEG. |
‘ ___________________________________________________
| ROTATION | TIME | 57 - 64 MS | 60.64 MS |
| MOMENT ABOUT | MAX | 88.2 - 108.5 NM | 91.42 NM |
| OCCIPITAL = mmm e m o s e e
| CONDYLE | TIME | 47 - 58 MS | 51.92 HS |

|ROTATION ANGLE-TIME CURVE | | |
|DECAY TIME TO ZERO I 113 - 128 H5 | 119.52 MS

| POSITIVE MOMENT-TIME CURVE | | |
|DECAY TIME TO ZERO | 97 - 107 MS | 102.48 MS |

TEST MEETS SPECIFICATIONS

recantczay . QA RUN NUMBER: 100697.1129;1
o)

c-9 971010
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TRANSPORTATION RESEARCH CENTER INC.

NECK EXTENSION TEST - 6 CHANNEL TRANSDUCER

TRC INC. TEST NO: 110C5NE1 572E SN110 NECK EXT. CALS
| TEST PARAMETER | SPECIFICATION | TEST RESULTS |
l |
| TEMPERATURE | 20.6 - 22.2 DEG. C| 21.7 DEG. C l
| | |
|RELATIVE HUMIDITY | 10 - 70 % |  65.0 % |
I | I I
| IMPACT VELOCITY | 5.95 - 6.19 M/S | 6.05 M/S |
| | 10 MS | 17.20 - 21.20 G | 17.25 G |
| PENDULUM =~ mmmmmmmmm e oo e e e e e e e e e
| | 20 ¥S | 14.00 - 19.00 G | 15.76 G |
| DECELERATION ==-memmm oo e oo o oo e e o
| | 30 MS | 11.00 - 16.00 G | 13.57 G |
l | |
| MAX PENDULUM G | 22 G MAX |  17.46 G |
| |
|MAX PENDULUM G ABOVE 30 MS | 22 G MAX | 13.53 G 1
| DECELERATION-TIME CURVE | | |
|DECAY TIME TO 5 G | 38 - 46 MS |  45.04 MS
| D PLANE | MAX | 81 - 106 DEG. |  89.29 DEG |
| ___________________________________________________
| ROTATION | TIME | 72 - 82 MS | 78.08 MS |
| MOMENT ABOUT | MIN | -80.0/-52.9 NM | -63.33 NM ]
|  OCCIPITAL = mmmmmmmem oo oo e
| CONDYLE | TIME | 65 - 79 MS | 72.40 HS |
| ROTATION ANGLE-TIME CURVE | | |
|DECAY TIME TO ZERO 1 147 - 174 M5 | 159.76 MS
|NEGATIVE MOMENT-TIME CURVE | | |
|DECAY TIME TO ZERO | 120 - 148 MS | 143.04 MS |
TEST MEETS SPECIFICATIONS
TECHNICIAN & (Z, RUN NUMBER: 100697.1221;1
o
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TRANSPORTATION RESEARCH CENTER INC.

TRC INC. TEST NO:

THORAX IMPACT TEST

110C5TH1

572E SN110 H.S.THORAX CALOS

TEST PARAMETER | SPECIFICATION TEST RESULTS
| | l |
| TEMPERATURE | 20.6-22.2 DEG. C | 21.1 DEG. C |
| | |
| RELATIVE HUMIDITY | 10 - 70 % |  65.0 %

. [ I
| PENDULUM VELOCITY | 6.59 - 6.83 M/S | 6.59 M/S |
| I | I
| MAXIMUM DEFLECTION | 63.5 - 72.6 MM | 69.3 MM |

l |
| MAXIMUM RESISTIVE FORCE | 5159 - 5894 N | 5569. N |
| I | |
| INTERNAL HYSTERESIS |  69% - 85% | 72.8%

TEST MEETS SPECIFICAT

IQNS
\
\

\
TECHNICIAN &O Q,\k\,j:

RUN NUMBER:

100797.1130;51

971010
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TRANSPORTATION RESEARCH CENTER INC.
KNEE SLIDER TEST

RIGHT KNEE

TRC INC. TEST NO: 110C5RS3 572E SN110 RIGHT SLIDER CALQ5
|

| TEST PARAMETER | SPECIFICATION | TEST RESULTS |
1

| TEMPERATURE | 18.9-25.6 DEG. ¢ | 21.1 DEG. C |
| |

|RELATIVE HUMIDITY | 10 - 70 % | 65.0 % |
| | |
|PENDULUM VELOCITY | 2.70-2.80 M/S | 2.76 M/S |

TEST MEETS SPECIFICATIONS

TEcENICIAN (B, wagfkf RUN NUMBER: 100797.1100;1
N
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TRANSPORTATION RESEARCH CENTER INC.

KNEE SLIDER TEST

LEFT KNEE
TRC INC. TEST NO: 110C5LS2 572E SN110 LEFT SLIDER CALO5
| |
| TEST PARAMETER |  SPECIFICATION | TEST RESULTS |
|
| TEMPERATURE | 18.9-25.6 DEG. C | 21.1 DEG. C |
| I
|RELATIVE HUMIDITY | 10 - 70 % | 65.0 % |
| I
| PENDULUM VELOCITY | 2.70-2.80 /S | 2.76 M/S |

| I | |
|FORCE AT 10.0 MM DISPLACEMENT| 1259 - 1721 N [1703. N |

I |
| FORCE AT 18.0 MM DISPLACEMENT| 2268 - 3096 N [3432. N x|

* TEST DOES NOT MEET SPECIFICATIONS

TECHNICIAN Giv_ RUN NUMBER: 100797.1033;3
0

C-34 971010
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TRANSPORTATION RESEARCH CENTER INC.

RIGHT KNEE IMPACT TEST

TRC INC. TEST NO: 110C5RK1 572E SN110 RIGHT KNEE CAL 05
| TEST PARAMETER | SPECIFICATION ] TEST RESULTS |
| | | 1
| TEMPERATURE | 18.9-25.6 DEG. C | 21.1 DEG. C |
| |

RELATIVE HUMIDITY | 10 - 70 % | 41.0 % |

| | I

PROBE VELOCITY |  2.07 - 2.13 M/S | 2.10 M/S |

| I |

PEAK KNEE IMPACT FORCE | 4715 - 5782 N | 5395.4 N |

5.0 KG PENDULUM | | |

TEST MEETS SPECIFICATIONS

TECHNICIAN § Q RUN NUMBER: 100397.0753;1
)
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TRANSPORTATION RESEARCH CENTER INC.

LEFT KNEE IMPACT TEST

TRC INC. TEST NO: 110C5LK1 572E SN110 LEFT KNEE CAL 05
| TEST PARAMETER | SPECIFICATION | TEST RESULTS |

l
| TEHPERATURE | 18.9-25.6 DEG. C | 21.1 DEG. C |
| | |
|RELATIVE HUMIDITY | 10 - 70 % | 41.0 % |
I |
|PROBE VELOCITY | 2.07 - 2.13 M/S | 2.11 M/S |
| | l
| PEAK KNEE IMPACT FORCE ] 4715 - 5782 N | 4815.9 N |

|5.0 XG PENDULUM | | I

TEST MEETS SPECIFICATIONS

TECHNICIAN 6%~\/— RUN NUMBER: 100397.0748;1
U
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Pre-Test Calibration

Serial Number 001

C-44 _ 971010



TRANSPORTATION RESEARCH CENTER INC.
HYBRID III EXTERNAL DIMENSIONS

SNOO1 UTAMA 07-0CT-97
TRC INC. TEST NO: 001C1EDI 572E SNOO1 EXT.DIMENSION CALOL
T TEST PARAMETER  (DIMEN.)| SPECIFICATION | TEST RESULTS|
|LOCATION FOR CHEST CIRCUMFERENCE (AA)| 429 - 434 MM | 432, MM |
| LOCATION FOR WAIST CIRCUMFERENCE (BB)| 226 - 231 MM | 229. MM |
|CHEST CIRCUMFERENCE  (Y) | 970 -1001 M | 988. My |
|VAIST CIRCUMFERENCE  (z) | 836 - 866 ¥4 | 856. MM |
|CHEST DEPTH  (0) | 213 - 229w | 221. WM |
|H-POINT HETGRT () | 84 - soms | 86 m |
|H-POINT FROM SEATBACK (D) | 135 - 140 WM | 140. MM |
|SKULL CAP TO BACKLINE  (H) | 41 - 46 MM |  43. M |
|TOTAL SITTING HEIGHT  (A) | 879 - 889 WM | 88l. M |
|THIGH CLEARANCE  (F) | 140 - 155 MM | 150. MM |
|BUTTOCK KNEE LENGTE  (K) | 579 - 605 WM | 599. MM |
IBUTTOCK POPLITEAL LENGTH (M) | 452 - 478 WM | 472. wM |
|POPLITEAL HEIGHT (L) | 429 - 455 WM | 429. My |
|XNEE PIVOT HEIGHT (M) | 485 - 500 MM | 493. WM |
\FooT LENGTH  (e) | 252 - 267 WM | 262. MM |
|FooT BREADTH (@) | 9l -107Mx | 102. W |
|SHOULDER PIVOT FRON BACKLINE  (E) | 84 - 94 MM |  94. MM |
|SHOULDER BREADTH (V) | 422 - 437 M | 429. mm |
|SHOULDER PIVOT HEIGHT  (B) | 506 - 521 WM | 513. WM |
|ELBOW REST HEIGHT  (J) | 1L - 211 wM | 203. MM |
|SHOULDER-ELBOW LENGTH (1) | 330 - 345 uM | 338. MM |
|BACK OF ELBOW T0 WRIST PIVOT  (G) | 290 - 305 MM | 292, WM |

DUMMY MEETS SPECIFICATIO§%::;

TECHNICIAN RUN NUMBER: 111297.1245

C-45 971010



TRANSPORTATION RESEARCH CENTER INC.

HEAD DROP TEST

TRC INC. TEST NO: 001C2HD1 572E SNOCG1 HEAD DROP CAL 02
I | I I
| TEST PARAMETER | SPECIFICATION | TEST RESULTS |
I

| TEMPERATURE | 18.9-25.6 DEG. C | 21.1 DEG. C |
| I

|RELATIVE HUMIDITY ] 10 - 70 % | 63.0 % |
| I I

| PEAK RESULTANT ACCELERATION| 225 - 275 G | 258.49 G ]
I | I
| PEAK LATERAL ACCELERATION | 15 G MAX |  -3.11 G |

|IS ACCELERATION CURVE | | !
| ONIMODAL? | YES | YES |

TEST MEETS SPECIFICAT

IONS
TECHNICIAN (ng___, (2~Q§L9;:‘"‘ RUN NUMBER: 100997.1015;1
ad
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TRANSPORTATION RESEARCH CENTER INC.

NECK FLEXION TEST - 6 CHANNEL TRANSDUCER

TRC INC. TEST NO: OO1CINF4 572F SNOO1 NECK FLEXION CALO1
| TEST PARAMETER | SPECIFICATION | TEST RESULTS |
, |
| TEMPERATURE | 20.6-22.2 DEG. ¢ | 21.1 DEG. C |
| |
|RELATIVE HUMIDITY | 10 - 70 % | 41.0 % |
| I |
| IMPACT VELOCITY | 6.89 - 7.13 /S | 6.93 M/S |
| | 10 ¥S | 22.50 - 27.50 G | 22.53 ¢ |
| PENDULUM = mmmmmmmm e oo e e
| | 20 S | 17.60 - 22.60 G | 22.25 G |
|  DECELERATION ;oo e oo et e e
| ] 30 MS | 12.50 - 18.50 G | 18.47 G |
| | | I
|MAX PENDULUM G | 29 G MAX | 24.14 G [
I I l |
[MAX PENDULUM G ABOVE 30 MS | 29 G MAX | 18.35 G |
|DECELERATION-TIME CURVE | |
|DECAY TIME TO 5 G | 34 - 42 MS | 34.32 MS |
| D PLANE | MAX | 64 - 78 DEG. | 76.03 DEG. |
| ROTATION | TIMNE | 57 - 64 MS | 59.68 MS |
| MOMENT ABOUT | MAX | 88.2 - 108.5 NM | 92.89 NM |
| OCCIPITAL e o e
| CONDYLE | TIME | 47 - 58 MS | . 56.96 MS |

|ROTATION ANGLE-TIME CURVE | | |
|DECAY TIHME TO ZERO | 113 - 128 MS | 117.68 MS |

| POSITIVE MOMENT-TIME CURVE | ] ]
|DECAY TIME TO ZERO | 97 - 107 MS | 97.28 MS |

TEST MEETS SPECIFICATIONS

TECHNICIAN (B, (zﬂjiﬁf;kx RUN NUMBER: 100397.1440;6
S

Cc-51 971010
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TRANSPORTATION RESEARCH CENTER INC.

NECK EXTENSION TEST - 6 CHANNEL TRANSDUCER

TEC INC. TEST NO: 00ICINE2 572E SNOO1 NECK EXT. CALQ2
| TEST PARAMETER |  SPECIFICATION | TEST RESULTS |
l | | |
| TEMPERATURE | 20.6 - 22.2 DEG. C| 21.1 DEG. C |
| I |
|RELATIVE HUMIDITY ] 10 - 70 % | 41.0 % |
| |
JIMPACT VELOCITY | 5.95 - 6.19 M/S | 6.00 H/S |
| | 10 ¥S | 17.20 - 21.20 G | 17.28 G o
| PENDULUM = mmmm e e e e
| | 20 MS | 14.00 - 19.00 G | 17.12 G
| DECELERATION = = o mmm e oo e e e e
| | 30 ¥S | 11.00 - 16.00 G | 15.65 G |
I | | l
|MAX PENDULUM G | 22 G MAX | 17.92 ¢ l
| | |
|MAX PENDULUM G ABOVE 30 MS | 22 G MAX | 15.59 ¢ |
|DECELERATION-TIME CURVE | | |
IDECAY TIME TO 5 G | 38 - 46 MS |  38.80 MS |
| D PLANE | HAX | 81 - 106 DEG. |  99.07 DEG |
| ROTATION | TIME | 72 - 82 MS |  76.08 HS |
| MOMENT ABOUT | MIN | -80.0/-52.9 NM | -70.49 NM |
|  OCCIPITAL = mmm e e e oo
| CONDYLE | TIME | 65 - 79 MS |  70.80 MS |

[ROTATION ANGLE-TIME CURVE | | I
IDECAY TIME TO ZERO | 147 - 174 M5 | 157.60 MS |

NEGATIVE MOMENT-TIME CURVE | | |
|DECAY TIME TO ZERO | 120 - 148 MS | 136.64 MS |

TEST MEETS SPECIFICATIONS

TecaNIcIAN R Q,4SL3C:_ RUN NUMBER: 100397.1526;1
S
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TRANSPORTATION RESEARCH CENTER INC.
THORAX IMPACT TEST

TRC INC. TEST NO: O0LC2TH2 572E SNOO1 H.S.THORAX CALO2

TEST PARAMETER | SPECIFICATION TEST RESULTS
|

| TEMPERATURE 20.6-22.2 DEG. C | 22.2 DEG. C
I |
|RELATIVE HUMIDITY | 10 - 70 % |  63.0 % |
| I
|PENDULUM VELOCITY | 6.59 - 6.83 M/S | 6.62 M/S |
| |
| MAXTMUM DEFLECTION | 63.5 - 72.6 MM | 68.7 MM |
I | I
|MAXIMUM RESISTIVE FORCE | 5159 - 5894 N | 5717. N |
I I
| INTERNAL HYSTERESIS |  69% - 85% |  71.6% |

TEST MEETS SPECIFICATIONS\
TECHNICIAN QEQ&\,, RUN NUMBER: 100997.1512;2
@)

C-67 971010



SH ¥3°9- 8 J 98 8-

Bel 13

g8

'SW 9z 1z 8 O 86 ¥L

1918l A¥3d
(SH) 3HIL

AL 83 Ul B pe

@81 SSET3 "HI

LI B1

43111

JIXN3d

8 BI-
B1-

| |

Bg

Z'CIC1 LBBARI

cd38UNN NNY

ZpI90 KYHOHL S'H T8BNS dCL6
NOI19H373230 WNINON3d
NDIL1UHBITYD XUYOHL II[ CI¥EAH 3-CLC Ldbd

ZHLZ2180

“d38HNN 1S3L Jdd

« TINNUHD

NOILlgy31333%

(3)

971010

C-68




BZ-

ec

By

B3

2B

et

SN ¥3°8- B N LB'Z1- “SW BZ 1Z 8 N €8 LILS YLyl MYid 881 SSYTI HJ - ¥3L714 4XN3d
CSHI  3HIL
8a1 86 88 8L B9 Bg R IS Bz 21 B pI-
. . o . ce ]
. .  —
C'GIGT L66BBT :H¥3BNNN NNY P82 XUHOHL S'H T8BNS 3ZLC ZHLZ31B2 - ¥J8UNN 1531 o4l

33404 HRINON3d
NOTLIBYBITYD XUYOHL II1 OIM8AH 3-ZL8 L4¥bd

“1INNEHD

33404

(zBT X N)

971010

C-69



SN ZC1 8 WH +0'B- “SN BF 9C 8 WW £L°89 :¥Ylvd X¥3d g81 SSYT3 "HI :d3LTId OX1SD : TINNBHD
(SHY JUIL
pal b6 88 BL P9 UI8 B¥ BE B¢ 81 B B1-

T T |

- — 9

INIWIIVTILSIA

[HW)

e A

Z'CICT LBBART - H3IFUNN NNY . ZPT1YD KUHOHL S'H TBBNS 3ZLE CHLZOTBR -d3BUNAN L1531 O¥l oLt

ININ3IEIJE10 WNNY3LS
NDI{oHEITED Kb¥OHL TI1 OIH8AH 3-ZLG Ldbd

971010

C-70



< TINNPHD

Bi-

SH ¥3°8- 8 N L6'Zi- ‘SH BZ 1T ® N L€' LTLS 8871 55¢Y712 "H) JXN3d
SW 1 8 WW ¥B'B- “SW B¥ ' 9C 8 WW £4 BY (9190 Ab3d BB} S5UT3 "HO :¥3Li71d 0x1sd
(WN) IN3N3IPI4SIO
Bal 66 28 BL 29 ag By 1% T4 01 (4
Z'G1CT /BBERT - ¥IGUNAN NNY B9 XGHOHL S H T@BNS 32L6 CHLZITBe - H3GUNN LS53L Dl

Jou04 WNNON3d SA IN3IW3OUI4SIO LS3HD
NDILBHEIWD KUYOHL IIL QIY8AH 3I-ZLG Lyud

pe-

14

By

29

0B

8B

33404

(zB1 X N)

971010

c-71



TRANSPORTATION RESEARCH CENTER INC.
KNEE SLIDER TEST

RIGHT KNEE
TRC INC. TEST NO: 001C1RS1 572E SNOO1 RIGHT SLIDER CALO1

|

|  SPECIFICATION |  TEST RESULTS |
|

|

| TEMPERATURE 18.9-25.6 DEG. C | 21.1 DEG. C |
| | |
|RELATIVE HUMIDITY | 10 - 70 % | 65.0 % |

|
| PENDULUM VELOCITY | 2.70-2.80 M/S ! 2.76 M/S |

| I
|FORCE AT 10.0 MM DISPLACEMENT| 1259 - 1721 N [1479. N |

TEST MEETS SPECIFICATIONS

recaNIciaN. R RUN NUMBER: 100697.1815;4
o) )
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TRANSPORTATION RESEARCH CENTER INC.

KNEE SLIDER TEST

LEFT KNEE

TRC INC. TEST NO: 001(C1LS1 572E SNOOl LEFT SLIDER CALOl

l ! l

| TEST PARAMETER |  SPECIFICATION |  TEST RESULTS |
I | |

| TEMPERATURE | 18.9-25.6 DEG. C | 21.1 DEG. C |
I l |

|RELATIVE HUMIDITY | 10 - 70 % | 65.0 %

| l

| PENDULUNM VELOCITY | 2.70-2.80 M/S | 2.76 M/S |

TEST MEETS SPECIFICATIONS

TECHNICIAN (EL_‘ A RUN NUMBER: 100697.1754;2
0]
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TRANSPORTATION RESEARCH CENTER INC.

RIGHT KNEE IMPACT TEST

TRC INC. TEST NO: 001C2RK2 572E SNOO1 RIGHT KNEE CAL 02
1 TEST PARAMETER | SPECIFICATION | TEST RESULTS x
| | l

TEMPERATURE | 18.9-25.6 DEG. C | 21.1 DEG. C |
|

RELATIVE HUMIDITY | 10 - 70 % | 63.0 % |
| I

PROBE VELOCITY |  2.07 - 2.13 M/S | 2.12 M/S |
: | I
PEAK KNEE IMPACT FORCE | 4715 - 5782 N | 5447.8 N |
5.0 KG PENDULUM | ] |

TEST MEETS SPECIFICATIONS

TECHNICIAN {2 Q,th RUN NUMBER: 100997.1116;1
O
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TRANSPORTATION RESEARCH CENTER INC.

LEFT XNEE IMPACT TEST

TRC INC.

TEST NO: 001C2LK2

572E SNOO1 LEFT KNEE CAL 02

| PEAK KNEE IMPACT FORCE
|5.0 KG PENDULUM

TEST MEETS SPECIFICATIONS

TECHNICIAN (R
J

C-83

RUN NUMBER: 100997.1121;1
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Appendix D

Miscellanecus Test Information

D-1 971010



Sign Convention
NHTSA Data Tape Reference Guide

Accelerometers: +X: Forward
+Y: Leftward
+Z: Upward
Potentiometers: +Chest longitudinal deflection: Outward
+Chest lateral deflection: Leftward
+Seat belt displacement: Outward
+Seat belt extension: Elongation
+Knee slider displacement: Distance between femur and tibia
increased (in relation to a seated
dummy)
Load cells: +Femur force: Tension
+Seat belt force: Tension
+Barrier force:  Tension
Neck load cells: +X force: Head pushed forward

+y force: Head pushed leftward

+Z force: Head pulled upward (tension on neck)
+X moment: Right ear rotating toward right shoulder
+Y moment: Chin rotating toward chest

+Z moment: Chin rotating toward left shoulder

Tibia load cells: +X force: Tension
+Y force: Tension
+Z force: Tension

+X moment: Bottom of tibia moving leftward

+Y moment: Bottom of tibia moving rearward
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Frequency Response Classes
SAE J211 OCTS88

Typical Test Measurements

Vehicle Structural Accelerations for use in:
Total vehicle comparison
Collision simulation input
Component analysis
Integration for velocity or displacement

Barrier Face Forces

Belt Restraint System Loads

Anthropomorphic Test Device
Head accelerations (linear and angular)
Neck

Forces
Moments
Thorax
Spine accelerations
Rib accelerations
Sternum accelerations
Deflections
Lumbar
Forces
Moments
Pelvis
Accelerations
Forces
Moments
Femur/Knee/Tibia/Ankle
Forces
Moments
Displacements

Sled Accelerations

Steering Column Loads

Head form Accelerations

D-3

Channel Class

60
60
600
180
60
60

1000

1000
600

180
1000
1000

180

1000
1000

1000
1000
1000

600
600
180
60
600
1000

971010



12 13

ju
I
Q v
-
15 &
o g
, e - ®r ©
= Y [ z b 3
- = . I et i R
- o s s o SOOE ek 0 (ot et ok fd G S S el it A I Y O - mm
-1- . . - - — - o & W
e i A1 o i —I - L
- B ne z - o
_ o | i 1% w
...... L :
Q
....... o~
I~
I e
e 5
o ~i
¢ 2
()
= 4
& 5
-
<
5, &
GA
ga
HA‘.
-
2
w
g 89
= ]
w aft
d O
w, .o ,
503 |
abE 9
RMN«I ,
u_ e
HXME &)
HIfoqw 2
HZ 258 =
e ozt b
EHe fuva

971010

-4

D



