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SECTION 1.0

PURPOSE AND TEST PROCEDURE
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PURPOSE

This 56 kph (35 mph) frontal barrier impact test is part of the New Car
Assessment Program (NCAP) conducted for the National Highway Traffic Safety
Administration®'s (NHTSA) Office of Market Incentives by Transportation

Regearch Center Inc. (TRC) under Contract No. DTNH22-90-D-22121.

The purpose of this test was to obtain new car assessment and research data
for vehicle crashworthiness and occupant restraint system performance for the
subject vehicle, a 1994 Hyundai Elantra 4-door sedan, NHTSA No. MR0S01l, at an
impact speed in excess of the current 48 kph (30 mph) FMVSS 208 requirements.
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TEST PROCEDURE

This test was conducted in accordance with NHTSA's Laboratory Indicant Test
Procedure, New Car Assessment Program, dated January 1, 1990. Data was
obtained indicant of FMVSS 208, "Occupant Crash Protection"; FMVSsS 212,
"Windshield Retention®; FMVSS 219, "Windshield Zone Intrusion"; and FMVSS 301,

"Fuel System Integrity," performance.

The test vehicle was instrumented with nine (9) accelerometers to measure
longitudinal axis accelerations. The driver's and passenger's restraint
systems were instrumented with four (4) seat belt load cells to measure lap
belt tension and shoulder belt tension. The vehicle impacted a frontal 1load
cell barrier instrumented with thirty-six (36) barrier face load cells. The

vehicle's specified impact velocity range was 55.5 to 57.1 kph.

The test vehicle contained two (2) Part 572E 50th percentile adult male
anthropomorphic test devices (dummies). The dummies were positioned in the
front outboard designated seating positions according to the dummy placement
procedures specified in Appendices VII and VIII of the Laboratory Indicant
Test Procedure. This test was the third use of the driver dummy and the first

use of the passenger dummy.

Both dummies were instrumented with head and chest accelerometers to
measure longitudinal, lateral, and vertical accelerations, and with left and
right femur load cells to measure axial forces. Each Part S572E dummy's
instrumentation also included a chest potentiometer to measure longitudinal
deflection and a six-axis neck load cell to measure longitudinal, lateral, and

vertical forces and moments.

The eighty-three (83) data channels were multiplexed and recorded on two
(2) l4~track tape drives. The data was digitally sampled at 12,500 samples
per second and processed per section IP11 of the Laboratory Indicant Test

Procedure.
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The crash event was recorded by one (1) real-time panning motion picture
camera and fourteen (14) high-speed motion picture cameras. The pre- and

post-test conditions were recorded by one (1) real-time motion picture camera.

The vehicle, occupant, and load cell barrier data are presented in Section
2.0. The occupant, camera, and vehicle measurements are presented in Section
3.0. Appendix A contains the still photographic prints. Appendix B contains
the dummy, vehicle, and load cell barrier data plots. Appendix C contains the
dummy certification data. Appendix D contains miscellaneous test information.

Appendix E contains the restraint system instructions from the owner's manual.

1-4 940518




SECTION 2.0

FRONTAL BARRIER IMPACT TEST SUMMARY
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TEST RESULTS SUMMARY

This frontal load cell barrier test was conducted at TRC on May 18, 1994.

The test vehicle, a 1994 Hyundai Elantra 4-door sedan, NHTSA No. MR0S01,
was equipped with a 1.8-liter transverse engine, automatic transmission, power
steering, and power brakes. The vehicle's test weight was 1379 KG. The
vehicle's impact speed was 56.3 kph. The vehicle sustained $08 mm of static

crush during the impact.

The driver's Head Injury Criteria (HIC) was 575. The driver's chest
maximum resultant acceleration with three (3) milliseconds minimum duration
was 54.4 g. The driver's chest maximum deflection was 48 mm. The driver's
left and right femur maximum axial forces were 1956 N and 6336 N,

respectively.

The passenger's HIC was 1602. The passenger's chest maximum resultant
acceleration with three (3) milliseconds minimum duration was 56.4 gq. The
passenger's chest maximum deflection was 68 mm. The passenger's left and

right femur maximum axial forces were 3983 N and 6025 N, respectively.

There was loss of windshield periphery retention from 150 to 200
millimeters measured from the lower left corner and from 30 to 70 millimeters
and from 120 to 180 millimeters measured from the lower right corner along the
lower edge.

There was no penetration through the windshield.

Following the impact, no fluid spilled from the vehicle's fuel system prior

to the static rollover test or during any portion of the static rollover test.
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DATA ACQUISITION EXPLANATIONS

The following barrier load cells recorded anomalous oscillations after 200

milliseconds:

BAlF, BA2F, BA3F, BR4F, BASF, BAG6F, BR7F, BASF, BAOF
BB1F, BB2F, BB3F, BB4F, BBSF, BB6F, BB7F, BBS8F, BBOF
BClF, BC2F, BC3F, BC4F, BCSF, BC6F, BC7F, BC8F, BCYF
BD1F

The cause of the oscillations could not be found after extensive research

into the problem.

2-3
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TABLE_ 1 CRASH TEST SUMMARY

NHTSA NO.: MROS501 TEST TYPE:
TEST DATE: 05/18/94 TEST TIME:
VEHICLE YEAR/MAKE/MODEL/BODY STYLE:
VEHICLE TEST WEIGHT (KG): 1379

IMPACT ANGLE (DEG)*: O

Frontal Load Cell Barrier
1501 AMBIENT TEMP, : 2

1994 /Hyundai/Elantra/4-door sedan

IMPACT VELOCITY (KPH)?: PRIMARY = 56.3 SECONDARY = 56.3

MAXIMUM STATIC CRUSH (MM): 508

AVERAGE REBOUND (MM): 490

DUMMIES: Driver #142
TYPE: Part 572 E
LOCATION: Left front
RESTRAINT: Airbag and

3-point unibelt
NUMBER OF DATA CHANNELS: 83

NUMBER OF CAMERAS: HIGH-SPEED 14

With respect to tow track centerline.

Passenger #192
Part 572 E
Right front

3-point passive belt

REAL-TIME 2

’speed trap measurement (* .08 kph accuracy)

1° ¢
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TABLE 2 TEST VEHICLE INFORMATION

VEHICLE MANUFACTURER: Hyundai Motor Company

MAKE/MCDEL: Hyundai/Elantra VIN: KMHJIF22M7RUS548836

BODY STYLE: 4-door sedan MODEL YEAR: 1994
NHTSA NO.: MRO0O501 COLOR: Blue
ENGINE DATA: TYPE: Transverse CYLINDERS: 4 DISPLACEMENT: 11l.8-liter
TRANSMISSION DATA: _4 SPEED, MANUAL, _X AUTOMATIC, _X FWD, RWD, 4WD
DATE VEHICLE RECEIVED: 05/12/94 ODOMETER READING: 73
DEARLER'S NAME AND ADDRESS: Claremont Hyundai

667-A Claremont Center Drive

Claremont, CA 91711
ACCESSORIES:
POWER STEERING Yes AUTOMATIC TRANSMISSION Yes
POWER BRAKES Yes AUTOMATIC SPEED CONTROL No
POWER SEATS No TILTING STEERING WHEEL Yes
POWER WINDOWS No TELESCOPING STEERING WHEEL No
TINTED GLASS Yes AIR CONDITIONING Yes
RADIO Yes ANTI-SKID BRAKE No
CLOCK Yes REAR WINDOW DEFROSTER Yes
OTHER
REMARKS:

1. IS THE VEHICLE STOCK THROUGHOUT? Yes

2. DOES VEHICLE SHOW EVIDENCE OF PRIOR ACCIDENT HISTORY? No
3. DOES VEHICLE SHOW ANY SIGNIFICANT CORROSION? No

4. CONDITION OF THE FRONT/REAR BUMPER AND FRAME: Good

CERTIFICATION DATA FROM VEHICLE'S LABEL:

VEHICLE MANUFACTURED BY: Hyundai Motor Company
DATE OF MANUFACTURE: 10/18/93 VIN: KMHBJF22M7RU548836
GVWR: 1640 kg

GAWR: FRONT: 900 kg, REAR: 795 kg

940518




TABLE 2 TEST VEHICLE INFORMATION CONT'D

TIRES ON VEHICLE (MFR., LINE, SIZE): Goodyear, Invicta, 175/65R14

TIRE PRESSURE WITH MAXIMUM CAPACITY VEHICLE LOAD: FRONT: 300 kPa
REAR: 300 kPa

SPARE TIRE (MFR., SIZE): General Temp,/T125/70D15

TYPE OF SEATS: FRONT: Bucket
REAR: Bench

TYPE OF FRONT SEAT BACKS: Adjustable
MAXTMUM WIDTH: 1686 MM
WHEELBASE: 2495 MM
LOCATION OF LABEL STATING TIRE DATA:
The label was located on the driver's door.

TIRE & CAPACITY DATA FROM VEHICLE'S LABEL:

RECOMMENDED TIRE SIZE: P175/65R14

RECOMMENDED COLD TIRE PRESSURE: FRONT: 29 psi ; REAR: 29 psi
DESIGNATED SEATING CAPACITY: 2 FRONT 3 REAR
S TOTAL

VEHICLE CAPACITY WEIGHT: 860 1b

TEST VEHICLE ATTITUDE (ALL MEASUREMENTS ARE IN MILLIMETERS):

DELIVERED ATTITUDE: LF 644; RF 646; LR 643; RR 652
PRE~TEST ATTITUDE: LF 617; RF 617; LR 600; RR 600
POST-TEST ATTITUDE: LF 679; RF 646; LR 603; RR 593
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TABLE 2 TEST VEHICLE INFORMATION CONT'D

WEIGHT OF TEST VEHICLE AS RECEIVED (WITH MAXIMUM FLUIDS):

RIGHT FRONT 369.0 KG
LEFT FRONT 385.0 KG
TOTAL FRONT WEIGHT 754.0 XKG
TOTAL REAR WEIGHT 427.5 KG

TOTAL DELIVERED WEIGHT 1181.5 XG

RIGHT REAR 213.5 KG
LEFT REAR 214.0 KG
(63.8% OF TOTAL VEHICLE WEIGHT)

(36.2% OF TOTAL VEHICLE WEIGHT)

CALCULATION OF TEST VEHICLE'S TARGET TEST WEIGHT:

RCLW' = RATED CARGO AND LUGGAGE WEIGHT

UDW = UNLOADED DELIVERED WEIGHT (1181.5 KG)
VCW = VEHICLE CAPACITY WEIGHT (390 KG)

DSC = DESIGNATED SEATING CAPACITY (5)

RCLW' = VCW - 68 (DSC) = 50 KG

TARGET TEST WEIGHT=UDW + RCLW' + (NO. OF HYBRID III DUMMIES X 76 XG/DUMMY)

TARGET TEST WEIGHT

TARGET TEST WEIGHT

1383.5 KG

1181.5 + 50 + 152

WEIGHT OF TEST VEHICLE WITH REQUIRED DUMMIES AND 46 KG OF CARGO WEIGHT:

RIGHT FRONT 400.0 XG
LEFT FRONT 421.0 XG
TOTAL FRONT WEIGHT 821.0 KG
TOTAL REAR WEIGHT 558.5 KG
TOTAL TEST WEIGHT 1379.5 KG

WEIGHT OF BALLAST SECURED IN VEHICLE:

RIGHT REAR 285.5 KG
LEFT REAR 273.0 K6
(59.5% OF TOTAL VEHICLE WEIGHT)
(40.5% OF TOTAL VEHICLE WEIGHT)

(0.4% UNDER TARGET TEST WEIGHT)

0 XG

COMPONENTS REMOVED TO MEET TARGET TEST WEIGHT: Rear bumper, muffler, trunk

lid, rear door glass and trim

CG = 1009 MM REARWARD OF FRONT WHEEL CENTERLINE

1

Cargo weight for multi-purpose passenger vehicles, trucks, and buses is the

vehicle's rated cargo and luggage weight from the vehicle's label or 136

KG, whichever is lesgs.
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TABLE 3 POST-IMPACT DATA

TEST NUMBER: 940518 NHTSA NO.: MRO501
TEST DATE: 05/18/94 TEST TIME: 1501
TEST TYPE: Frontal load cell barrier IMPACT ANGLE: O0°
AMBIENT TEMPERATURE AT IMPACT AREA: 21° ¢

TEMPERATURE IN OCCUPANT COMPARTMENT: 21° ¢

IMPACT VELOCITY: PRIMARY = 56.3 KPH SECONDARY = 56.3 KPH

(SPECIFIED RANGE = 55.5 TO 57.1 KPH)
DISTANCE FROM VEHICLE TO BARRIER: ENTERING VELOCITY TRAP = 356 MM
EXITING VELOCITY TRAP = 51 MM

TEST VEHICLE STATIC CRUSH (All. MEASUREMENTS ARE IN MILLIMETERS):

OVERALL LENGTH OF TEST VEHICLE: PRE-TEST: L 4170; € 4319; R 4215
POST-TEST: L 3715; € 3817; R 3771
TOTAL CRUSH: L 455; C 502; R 444

AVERAGE CRUSH: 467

TEST VEHICLE REBOUND FROM FLAT BARRIER
(ALL MEASUREMENTS ARE IN MILLIMETERS):

DISTANCE FROM TEST VEHICLE TO BARRIER: L 517; C 456; R 496; AVG.

490
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FIGURE 1 IMPACT VELOCITY MEASUREMENT SYSTEM

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

The vanes have 305-millimeter spacing.

940518
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FIGURE 2 ACCIDENT INVESTIGATION DIVISION DATA
FOR 56 KPH (35 MPH) FRONTAL BARRIER IMPACT

VEHICLE MAKE/MODEL/BODY STYLE: Hyundai/Elantra/4-door gedan

VEHICLE NHTSA NO.: MRO501 ; VIN: KMHJIF22M7RUS548836

MODEL YEAR: 1994 _; BUILD DATE: 10/18/93 ; TEST DATE: 05/18/94

VEHICLE SIZE CATEGORY: Compact ; TEST WEIGHT: 1379 KG

VEHICLE WHEELBASE: 2495 MM

A
——
4

MAXIMUM WIDTH: 1686 MM

FRONT OVERHANG: 922 MM
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COLLISION DEFORMATION
CLASSIFICATION (CDC) CODE: 12FDEW3
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VEHICLE CENTERLINE

CRUSH DEPTH
MEASUREMENTS : c1 = 455 MM
c2 = 480 MM
s
1 -
c3 = 508 MM 1CA=D
c4 = 498 MM /\/\/
|
cs = 470 MM |
|
Cc6 = 444 MM |
!
1
{

MIDPOINT OF DAMAGE: D = (LONGITUDINAL)
LENGTH OF DAMAGED
REGION: L = 1396 MM
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FIGURE 3 VEHICLE ACCELEROMETER PLACEMENT

(2> + VERTICAL

(®) + LONGITUDINAL

SIDE VIENW

BOTTOM VIEW
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TABLE 5

POST—-IMPACT DUMMY/VEHICLE DATA

VISIBLE DUMMY CONTACT POINTS:

HEAD

CHEST

ABDOMEN

LEFT KNEE

RIGHT KNEE

DOOR OPENING:

FRONT

SEAT MOVEMENT:

FRONT

GLAZING DAMRGE:

DRIVER #142

Airbag

Airbag

PASSENGER #192

Instrument Panel

Steering wheel rim

None

Instrument panel

None

Instrument panel

Instrument panel

LEFT

Easy

Instrument panel

Easy

SEAT BACK FAILURE

None

NA

RIGHT
Easy
Easy
SEAT SHIFT
None
NA

The entire windshield cracked on impact.

OTHER _NOTABLE IMPACT EFFECTS:

None
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TABLE 6 FMVSS 208 DATA SUMMARY

VEHICLE YEAR/MAKE/MODEL/BODY STYLE: _1994/Hyundai/Elantra/4-door sedan

VEHICLE NHTSA NO.: MRO501 ; TEST DATE: 05/18/94
DRIVER PASSENGER

MAXIMUM ACCELERATIONS (G): DUMMY #142 DUMMY #£192

HEAD X-AXIS -57.0 -90.3

HEAD Y-AXIS 8.9 -21.4

HEAD Z-AXIS -29.6 ~-74.6

HEAD RESULTANT 62.5 105.4

CHEST X-AXIS -56.0 -56.8

CHEST Y-AXIS 7.6 -11.5

CHEST Z-AXIS -8.2 -10.5

CHEST RESULTANT 54.4 56.4

CHEST RESULTANT TIME INTERVAL (SEC.)?! .003 .003
HEAD INJURY CRITERIA (HIC) VALUES:

HIC? 575 1602

HIC STARTING TIME (SEC.) .058 .067

HIC ENDING TIME (SEC.) .094 .102

AVG. HEAD RESULTANT ACCEL. DURING

HIC TIME INTERVAL (G) 48.0 73.3
MAXIMUM CHEST DEFLECTIONS (MM):

CHEST X-AXIS? 48 €8

MAXIMUM CHEST DEFLECTION TIME (SEC) .079 .088
MAXIMUM COMPRESSIVE FEMUR FORCES (N):

LEFT FEMUR 1956 3983

RIGHT FEMUR 6336 6025
MAXTIMUM SEAT BELT FORCES (N):

LAP BELT 8124 44863

SHOULDER BELT 8170 11154

NOTE: ALL VALUES LISTED MUST BE OCCURRING DURING PRIMARY
(HEAD ACCELERATIONS LISTED MUST BE DURING HIC TIME

10.003 SEC. MINIMUM DURATION.
2THE MAXIMUM HIC TIME INTERVAL IS 36 MILLISECONDS.

IMPACT EVENT.
INTERVAL. )
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TABLE 7 HYBRID TIJIT NECK DATA SUMMARY

VEHICLE YEAR/MAKE/MODEL/BODY STYLE: 1994 /Hyundai/Elantra/4-door sedan

VEHICLE NHTSA NO.: MRO501 ; TEST DATE: 05/18/94
DRIVER PASSENGER
MAXIMUM VALUES: DUMMY #142 DUMMY #192
NECK X-AXIS FORCE (N) 762 1373
NECK Y-AXIS FORCE (N) -158 -500
NECK Z-AXIS FORCE (N) 1664 3360
NECK MOMENT ABOUT X AXIS (N-M) 11 -59
NECK MOMENT ABOUT Y AXIS (N-M) 49 -30
NECK MOMENT ABOUT Z AXIS (N-M) 4 43

NOTE: ALL VALUES LISTED MUST BE OCCURRING DURING PRIMARY IMPACT EVENT.
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DUMMY KINEMATIC SUMMARY

DRIVER DUMMY

Upcn impact, the driver dummy translated forward on the seat impacting
both knees into the instrument panel. The dummy's upper torso rotated
slightly forward with the dummy’s head and chest impacting the airbag. The
driver dummy was restrained by the airbag and the three-point unibelt. The
dummy rebounded rearward into the seat back with the dummy's head contacting
the head restraint. The driver dummy came to rest in the driver's seat,

restrained by the three-point unibelt.

RIGHT FRONT PASSENGER DUMMY

Upon impact, the right front passenger dummy translated forward on the
seat impacting both knees into the instrument panel. The dummy's upper torso
rotated forward impacting the dummy's head on the dash. The right front
passenger dummy was restrained by the three-point belt. The
dummy rebounded rearward into the seat back as the dummy's head rotated
rearward contacting the head restraint. The right front passenger dummy came
to rest in the right front passenger's seat restrained by the three-point

passive seat belt.
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TABLE 8 SEAT BELT

PERFORMANCE ASSESSMENT TEST DATA

DRIVER PASSENGER
BELT LENGTH DATA:
BELT LENGTH FROM TRIM PANEL
EXIT TO BOLT HOLE ANCHOR POINT
FOR CONTINUOUS WEBBING SYSTEMS. 2580 4137
SHOULDER BELT LENGTH AS MEASURED
ON PART 572 DUMMY. 805 840
LAP BELT LENGTH AS MEASURED ON
PART 572 DUMMY. 805 580
SHOULDER BELT SPOOL-~OFF LENGTH:
AS DETERMINED BY FILM ANALYSIS' NA NA
AS DETERMINED MECHANICALLY 68 78
AS DETERMINED ELECTRONICALLY 81 103
BELT STRETCH_LENGTH (MM/M):
AS MEASURED MECHANICALLY 0 °
AS MEASURED ELECTRONICALLY 63 47
RETRACTOR LOCK-UP TIME (MS):
AS DETERMINED BY SHOULDER
BELT SPOOL-OFF 8% 68

ALL MEASUREMENTS ARE IN MILLIMETERS UNLESS OTHERWISE NOTED.
‘There were no cameras mounted on the vehicle because of weight constraints.
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FIGURE 4 TIOAD CELL BARRIER CONFIGURATION

36 LOAD CELLS
4 ROWS
9 COLUMNS

FRONT VIEW

FIXED BARRIER

A

3875 TR o iniwaliel i

Y |=-—-—- e —- o -——— | IR RN SO Pl R S . ¢

.

PP

TRACK C/L

Group 1: Al through B3
Group 2: A4 through B6
Group 3: A7 through B9
Group 4: C1l through D3
Group S: C4 through D6
Group 6: C7 through D9
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LOAD CELL
BARRIER

GROUND
LEVEL




TABLE 9 LOAD CELL BARRIER

DATA SUMMARY

POSITIVE NEGATIVE
LOCATION DIRECTION DIRECTION
TOTAL GROUP 1* 89.5 kN @ 261.1 ms 118.1 kN @ 26.56
TOTAL GROUP 21 91.6 kN @ 261.1 ms 293.2 kN @ 27.8
TOTAL GROUP 3* 84.9 kN @ 261.1 ms 80.9 kN @ 17.2
TOTAL GROUP 4! 78.5 kN @ 261.0 ms 60.3 kN @ 308.5
TOTAL GROUP S' 50.5 kN @ 261.2 ms 36,2 kN @ 308.9
TOTAL GROUP 6* 61.4 kN @ 261.0 ms 42.7 kN @ 308.6
TOTAL LOAD CELL FORCE® 456.2 kN @ 261.1 ms 537.8 kN @ 27.4

TENSION IS POSITIVE
COMPRESSION IS NEGATIVE

! See DATA ACQUISITION EXPLANATIONS
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SECTION 3.0

FMVSS 212, 219 (PARTIAL), AND 301 DATA
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FIGURE 5 FMVSS 212 TEST_DATA

DETAILS OF WINDSHIELD MOUNTING SUCH AS RETENTION METHOD, TRIM TYPE, ETC.:

Plagtic trim around outer perimeter, adhesive around inner perimeter.

FMVSS 212 REQUIREMENTS: The post-test periphery retention amount must be at
least 75% of the pre-test periphery measurement for vehicles NOT equipped with
automatic restraints, and 50% for each side of windshield for wvehicles

equipped with automatic restraint systems for front occupants.

WINDSHIELD PERIPHERY MEASUREMENTS:

PERCENT
PRE-TEST POST-TEST RETENTION
RIGHT SIDE 1975 1875 94.9%
LEFT SIDE 1975 1925 97.5%
TOTAL 3850 3800 96.2%

PRE-TEST WINDSHIELD MOUNTING MATERIAL TEMPERATURE: 21° C

18
I
Width of Moulding
12 Indicated
]IILl N
I 10

FRONT VIEW OF WINDSHIELD!

LOSS OF WINDSHIELD RETENTION LENGTHS:

There was loss of windshield periphery retention from 150 to 200 millimeters
measured from the lower left corner and from 30 to 70 millimeters and from 120
to 180 millimeters measured from the right along the lower edge.

ALL DISTANCE MEASUREMENTS ARE IN MILLIMETERS.

1INDICATE AREAS OF LOSS OF RETENTION, IF ANY, ON WINDSHIELD DIAGRAM.
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FIGURE 6 FMVSS 219 TEST DATA

PROTECTED_ ZONE LOWER EDGE REQUIREMENT:

The lower edge of the protected zone is determined by placing a 165-millimeter
diameter rigid sphere weighing 6.8 kg in a position such that it
simultaneously contacts the inner surface of the windshield and the top
surface of the instrument panel including padding. Draw the locus of points
on the inner surface of the windshield contactable by the sphere across the
width of the instrument panel. From the outermost contactable points, extend
the locus 1line horizontally to the edges of the windshield, and then draw a
line on the inner surface of the windshield below and 13 millimeters from the
locus line. The LOWER EDGE OF THE PROTECTED ZONE is the longitudinal
projection onto the outer surface of the windshield of this line.

WINDSHIELD MEASUREMENTS:

< A
A = __1095 l
B = 415
Y
C = _ 1400
—_— E A - B
D = 785 D [—V X E
E=__570 S
K Lower Edge of Protected Zone
F = 859 (marked by tape on windshield)
I N\ Zero Point (0,0)
) °
FRONT VIEW

METHOD OF ADHERING PROTECTED ZONE TEMPLATE TO WINDSHIELD: NA

AREAS OF WINDSHIELD TEMPLATE PENETRATION COORDINATES
GREATER THAN 6.0 MM: NA X Y
1.
2.
3.

AREAS OF WINDSHIELD PENETRATION, BELOW THE PROTECTED ZONE,
THROUGH THE INNER SURFACE OF THE WINDSHIELD: None

ALL MEASUREMENTS ARE IN MILLIMETERS.
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TABLE 10 FUEL SYSTEM DATA

MAKE /MODEL: Hyundai/Elantra

NHTSA NO.: MROS501

FUEL SYSTEM CAPACITY: 52.0 LITERS (FROM OWNER'S MANUAL)

USABLE CAPACITY: 51.9 LITERS (FURNISHED BY COTR)

TEST VOLUME RANGE: 47.7 LITERS TO 48.8 LITERS (92-94% OF USABLE)
ACTUAL TEST VOLUME: 48.3 LITERS (WITH ENTIRE FUEL SYSTEM FILLED)
TEST FLUID TYPE: STODDARD SOLVENT

SPECIFIC GRAVITY: 0.764

KINEMATIC VISCOSITY: 0.99 CENTISTOKES

TEST FLUID COLOR: PURPLE

DETAILS OF FUEL SYSTEM: The fuel tank is located in front of the rear

axle. The fuel filler neck is located on the right side. The fuel lines
run_along the left side to the front.

ELECTRIC FUEL PUMP: Yes FUEL INJECTION: Yes

DOES ELECTRIC FUEL PUMP OPERATE WITH IGNITION SWITCH "ON" AND THE ENGINE NOT
OPERATING? No
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TABLE 11 FMVSS 301 POST-IMPACT TEST DATA

TEST VEHICLE NHTSA NO.:_ MRO501 ; TEST DATE:_ 05/18/94
VEHICLE MAKE/MODEL/BODY STYLE:__Hyundai/Elantra/4-door sedan

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 (_56_ KPH)
OBLIQUE (48 KPH) WITH ___° BARRIER FACE
FIRST CONTACTING _____ (DRIVER/PASS.) SIDE.
REAR MOVING BARRIER (48 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 - 06 142 G
3. NEXT 25 MINUTES AFTER 5 MINUTE PERIOD - - - - 0¢ 28 G/MN

FUEL_SYSTEM FLUID SPILLAGE LOCATION({S):

None
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FIGURE 7 FMVSS 301 STATIC ROLLOVER TEST DATA

NHTSA NO.: MRO501
TEST PHASE

Fuel Filler Cap

STATIC ROLLOVER MACHINE RQTATION TIME INFORMATION: {Spec. Range = 1-3 min.)

TIME REQUIRED FOR MACHINE TO ROTATE 90° = 2 minutes, 00 seconds
FMVSS 301 POSITION HOLD TIME = 5 minutes, 00 seconds
TOTAL - - - - - = 7 minutes, 00 seconds
NEXT WHOLE MINUTE INTERVAL - —~ = = = = i minutes
FUEL SYSTEM FLUID SPILLAGE MEASUREMENTS:
TEST MAXTMUM
Q° TO _90° ROTATION (FUEL FILLER CAP DOWN) RESULTS ALLOWABLE
1. FIRST 5 MINUTES FROM ONSET OF ROTATION =~ - — - — = 0G 142 G
2. 6TH MINUTE FROM ONSET OF ROTATION — = = = = = = - 0¢G 28 G
3. 7TH MINUTE FROM ONSET OF ROTATION = = — — — — — - 0G 28 G

FUEL SYSTEM FLUID SPILLAGE LOCATION(S):

None
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FIGURE 7 FMVSS 301 STATIC ROLLOVER

TEST DATA, CONT'D.

NHTSA NO.: MROS501
TEST PHASE

90°

B 1 B2

180°

STATIC ROLLOVER MACHINE ROTATION TIME INFORMATION: (Spec. Range = 1-3 min.)

TIME REQUIRED FOR MACHINE TO ROTATE 90° = 2 minutes, 00 seconds
FMVSS 301 POSITION HOLD TIME = 5 minutes, 00 seconds
TOTAL - - - - = = 7 minutes, jo]¢} seconds
NEXT WHOLE MINUTE INTERVAL - - - - -— = 14 minutes
FUEL_SYSTEM FLUID SPILLAGE MEASUREMENTS:

TEST MAXTIMUM
30° TO 180° ROTATION RESULTS ALLOWABLE
1. FIRST 5 MINUTES FROM ONSET OF ROTATION - - - - - - 0 G 142 G
2. 6TH MINUTE FROM ONSET OF ROTATION = = = = = = = = oG 28 G
3. 7TH MINUTE FROM ONSET OF ROTATION - - - - - = -~ - 0G 28 G
FUEL SYSTEM FLUID SPILLAGE LOCATION(S):

None
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FIGURE 7 FMVSS 301 STATIC ROLLOVER TEST DATA, CONT'D.

NHTSA NO.: MRO501
TEST PHASE

180° 270°

STATIC ROLLOVER MACHINE ROTATION TIME INFORMATION: (Spec. Range = 1-3 min.)

TIME REQUIRED FOR MACHINE TO ROTATE 90° = 2 minutes, 8]¢] seconds
FMVSS 301 POSITION HOLD TIME = 5 minutes, 00 seconds
TOTAL - - = - - = 7 minutes, o]¢} seconds
NEXT WHOLE MINUTE INTERVAL = = = - - = 21 minutes
FUEL SYSTEM FLUID SPILLAGE MEASUREMENTS:

TEST MAXIMUM
180° TO_270° ROTATION RESULTS ALLOWABLE
1. FIRST 5 MINUTES FROM ONSET OF ROTATION —- =~ =~ - — = 06 142 G
2. 6TH MINUTE FROM ONSET OF ROTATION = = = = = = - - 0 G 28 G
3. 7TH MINUTE FROM ONSET OF ROTATION — - =~ - — — — — 0 G 28 G

FUEL SYSTEM FLUID SPILLAGE LOCATION(S):

None
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FIGURE 7 FMVSS 301 STATIC ROLLOVER TEST DATA, CONT'D.

NHTSA NO.: MROS01
TEST PHASE

270° 360°

STATIC ROLLOVER MACHINE ROTATION TIME INFORMATION: (Spec. Range = 1-3 min.)

TIME REQUIRED FOR MACHINE TO ROTATE 90° = 2 minutes, 00 seconds
FMVSS 301 POSITION HOLD TIME = 5 minutes, (o]0] seconds
TOTAL - - — = = = 7 minutes, [0]0] gseconds
NEXT WHOLE MINUTE INTERVAL - - - - - = 28 minutes
FUEL SYSTEM FLUID SPILLAGE MEASUREMENTS:

TEST MAXIMUM
270° _TO 360° ROTATION RESULTS ALLOWABLE
1. FIRST 5 MINUTES FROM ONSET OF ROTATION - - — — - — 0 G 142 G
2. 6TH MINUTE FROM ONSET OF ROTATION - - — - — — = - 0 G 28 G
3. 7TH MINUTE FROM ONSET OF ROTATION = = = = = = = = 0G 28 G

FUEL SYSTEM FLUID SPILLAGE LOCATION(S):

None
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940518



FIGURE 8 DUMMY MEASUREMENT

VERTICAL LONGITUDINAL PLANE

Passenger.

Drver

LOCATIONS FOR FRONT SEAT OCCUPANTS

VERTICAL TRANSVERSE PLANE

éT
‘@l\
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DRIVER
(SERIAL #142)

DUMMY MEASUREMENT DATA FOR FRONT SEAT OCCUPANTS

PASSENGER
(SERIAL #192)

TABLE 12
DESIGNATION TYPE OF MEASUREMENT
Wac° WINDSHIELD ANGLE
SWA®° STEERING WHEEL ANGLE
SCa° STEERING COLUMN ANGLE
SA° SEAT BACK ANGLE'
HZ HEAD TO ROOF
HH HEAD TO HEADER
HW HEAD TO WINDSHIELD
HR HEAD TO SIDE HEADER
NR NOSE TO RIM
NA NOSE TO RIM ANGLE
CD CHEST TO DASH
cs STEERING WHEEL TO CHEST
RA RIM TO ABDOMEN
KDL LEFT KNEE TO DASH
KDR RIGHT KNEE TO DASH
KDA OUTBOARD KNEE TO DASH ANGLE
PA° PELVIC ANGLE
TA®° TIBIAL ANGLE
KK KNEE TO KNEE
ST STRIKER TO HEAD
STRIKER TO HEAD ANGLE
SK STRIKER TO KNEE
STRIKER TO KNEE ANGLE
SH STRIKER TO H-POINT
STRIKER TO H-POINT ANGLE
SHY STRIKER TO H-POINT (Y DIR.)
HS HEAD TO SIDE WINDOW
HD H-POINT TO DOOR
AD ARM TO DOOR

30
66
24
18
162
339
525
182
419
13
555
337
209
230
218
25
24
33
274
533
-96
582

216

32
235
225
131
120

30
NA
NA
18
130
303
506
202
NA
NA
573
NA
NA
206
207
20
20
36
274
524
-100
571

242

31
220
232
130
143

THE SEAT BACK ANGLE (SA°) IS MEASURED RELATIVE TO VERTICAL, ALL OTHER ANGLES
ARE MEASURED RELATIVE TO HORIZONTAL.
ALL ANGLE MEASUREMENTS ARE IN DEGREES.

ALL DISTANCE MEASUREMENTS ARE IN MILLIMETERS.
lAngle measured from head restraint support.

940518



FIGURE 9 SEAT BELT POSITIONING DATA

b e e

!
DUMMY’S CENTERLINE N D M

~<—E—>1:

lt— 3> >
<« >

S —
MALE BLADE
N
BUCKLE ASSEMBLY 3\\\_
INBOARDANCHORAGE——*\\A §\\__

~ .

!
FLOORPAN _/

'D' RING

SHOULDER BELT PORTION

LAP BELT PORTION

3 MILLIMETERS THICK
ALUMINUM PLATE

RETRACTOR
REEL

OUTBOARD ANCHORAGE

DRIVER PASSENGER

A - TOP SURFACE OF ALUMINUM PLATE TO BELT UPPER EDGE
B - TOP SURFACE OF ALUMINUM PLATE TO BELT LOWER EDGE
C - DUMMY CENTERLINE TO OUTER EDGE OF BELT
AT CHEST FLESH TOP
D - DUMMY CENTERLINE TO INNER EDGE OF BELT
AT CHEST FLESH TOP
LAPBELT TENSION (N)
SHOULDER BELT TENSION (N)
ADJUSTABLE SEAT BELT ANCHORAGE POSITION

ALL DISTANCE MEASUREMENTS ARE IN MILLIMETERS.

311 291
240 210
1585 203
94 132
3 NA

3 NA

3rd of § 3rd of 5
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FIGURE 10 CAMERA POSITIONS

2 REAL-TIME PANNING

/ CONCRETE PAD
y

0
7 UMBILICAL LRWVS

BARRIER

1
CABLE
11
10
CABLE Y

~ SUPPORT \‘ —/"'—
|

;
;
:
;
b
|
|
:
|
1
|
I
;
v

MONORAIL

Tow
CABLE
12 9
OVERHEAD
STR.COL.
MOTION TARGETS

15
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FIGURE 10 _CAMERA POSITIONS, CONT'D.

L 8,7 4

BARRIER

L] PP [@@PEP|  PHOTOGRAPHIC TARGET

AN

BARRIER /

FACE EXTENSION
ABOVE LOAD CELL
ASSEMBLY

[l 5] [5] [g]

LOAD CELL——]
ASSEMBLY
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FIGURE 11 VEHICLE TARGET LOCATIONS
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All measurements are in millimeters.
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FIGURE 12 PRE~TEST AND POST-TEST MEASUREMENT POINTS I
e
s |
Crof ~_ R T S A R I I
strg. coI%Jk y
X17 I
4 N -\ va
To 'A' Post l
< X1 >
To edge of door l
X2 »{  (even number for right
side and odd numbers
«— X21 ! l¢ X3 »] forleft side)
< X4,5 I
Length of
Engine Block “«— K88 —

A

- — X87

———  X10,11

—>

Rear Datum Reference I

To trailing edge behind door I
i (right/ left side)

Toleading edge in I
front of door

y

X19,20 (right / left side)

/_ To Headliner

X18

x
¥

s 4
Ctr. Strg. Column

(right / left side)

Rear Datum
Reference
at center

of rear
bumper

X16

>y
<

To bottom of

To sirg. Column

e X12,13

»

/A post (right/ left side)

A

X1415 ———>

™ To firewall (right / left sice)
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APPENDIX C

DUMMY CERTIFICATION DATA

940518



PRE-TEST CERTIFICATION DATA

DRIVER DUMMY S/N: 142

940518



TRANSPORTATION RESEARCH CENTER INC.
HYBRID III EXTERNAL DIMENSIONS

142 HUMANOID 28-MAR-94
TRC INC. TEST NO: 142C21ED1 572E SN142 EXT.DIMENSION CAL21
o TEST PARAMETER  (DIMEN.)| SPECIFICATION | TEST RESULTS|
|LOCATION FOR CHEST CIRCUMFERENCE (AA)| 429 -’Z§Z‘ﬁﬁ"‘]‘"2§5“ﬁﬁ’“f
|LOCATION FOR WAIST CIRCUMFERENCE (BB)| 226 - 231 MM | 229, WM |
|CHEST CIRCUMFERENCE  (Y) | 970 -1001 M | 983. MM |
|VAIST CIRCUMFERENCE  (2) | 836 - 866 MM | 846. MM |
|CHEST DEPTH  (0) | 213 - 229 WM | 218. WM |
|H-BOINT HEIGRT  (C) | 84 - 89 mM | 84 My |
|H-POINT FROM SEATBACK (D) | 135 - 140 MM | 137. MM |
|SKULL CAP TO BACKLINE  (H) | 4L - 464 |  43. mM |
|TOTAL SITTING HEIGHT  (A) | 879 - 889 MM | 884. MM |
|THIGH CLEARANCE  (F) | 140 - 155 i | 145. mx |
|BUTTOCK KNEE LENGTH  (K) | 579 - 605 WM | 597. MM |
|BUTTOCK POPLITEAL LENGTH  (N) | 452 - 478 MM | 475. MM |
|POPLITEAL HEIGRT (L) | 429 - 455 MM | 452. WM |
|KNEE PIVOT HEIGHT (M) | 485 - 500 M |  490. MM |
|FOOT LENGTH  (B) | 252-267 MM | 257. WM |
|FooOT BREADTH (W) | oL-107mM | 97.mm |
|SHOULDER PIVOT FROM BACKLINE  (E) | 84 - 94 MM |  89. MK |
|SHOULDER BREADTH (V) | 422 - 437 w4 | 427. mx |
|SHOULDER PIVOT HEIGRT  (B) | 506 - 521 MM | 508. My |
|ELBOV REST HEIGHT  (J) | 191 - 211w | 208. Wi |
|SHOULDER-ELBOW LENGTH  (I) | 330 - 345 WM | 345. My |
|BACK OF ELBOW TO WRIST PIVOT  (G) | 290 - 305 MM | 292. My |
DUMMY MEETS SPECIFICATIONS
TECHNICIAN s f. FooN RUN NUMBER: 032994.1056

C-3 940518



TRANSPORTATION RESEARCH CENTER INC.

HEAD DROP TEST

TRC INC. TEST NO: 142C21HD1

HYBRID III 28-MAR-94

572E SN142 HEAD DROP CAL 21

I TEST PARAMETER |

SPECIFICATION | TEST RESULTS |

TEMPERATURE

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

IS ACCELERATION CURVE
UNIMODAL?

10 - 70 % |  51.0 % |
|

225 - 275 G | 236.49 G |
|

15 G MAX | 3.48 G |
I i

| |

YES | YES I

- - - - " - - —————————— -~ 0 - - - ——————— =

TEST MEETS SPECIFICATIONS

TECHNICIAN £t = S

RUN NUMBER: 040694.1512;2

940518
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TRANSPORTATION RESEARCH CENTER INC.

NECK FLEXION TEST - 6 CHANNEL TRANSDUCER

HYBRID III 29-MAR-94
TRC INC. TEST NO: 142C21NF1 572E SN142 NECK FLEXION CAL21
| TEST PARAMETER | SPECIFICATION | TEST RESULTS |

| I
| TEMPERATURE | 20.6-22.2 DEG. C | 21.7 DEG. C |

| |

| RELATIVE HUMIDITY | 10 - 70 % |  50.0 % |
| | I
| IMPACT VELOCITY | 6.89 - 7.13 M/S | 7.06 M/S |
| | 10 S | 22.50 - 27.50 G | 24.17 G |
|  PENDULUM = —mmmmmm oo e
| | 20 MS | 17.60 - 22.60 G | 20.66 G |
| DECELERATION —— - mmm e e mm e e m e mmeme e m e
| | 30 MS | 12.50 - 18.50 G | 16.34 G |
l | I [
|MAX PENDULUM G [ 29 G MAX |  24.86 G I
[ I I

| MAX PENDULUM G ABOVE 30 MS | 29 G MAX | 16.32 G |
DECELERATION-TIME CURVE | | |
DECAY TIME TO 5 G | 34 - 42 MS | 37.20 MS |
D PLANE | MAX | 64 - 78 DEG. |  72.39 DEG. |
ROTATION | TIME | 57 - 64 MS |  59.12 MS |
MOMENT ABOUT | MAX | 88.2 - 108.5 NM | 93.29 NM |
OCCIPITAL = —eemeeeeme—ccccccccccemc e mcmcmcmcccmc oo e e

| CONDYLE | TIME | 47 - 58 MS |  50.56 MS |

ROTATION ANGLE-TIME CURVE | | I
DECAY TIME TO ZERO | 113 - 128 HMS | 114.08 MS ]
POSITIVE MOMENT-TIME CURVE | | |
DECAY TIME TO ZERO | 97 - 107 MS | 102.56 MS |

TEST MEETS SPECIFICATIONS

TECHNICIAN fa:t:,cs.fif" RUN NUMBER: 032994.0831;1

c-9 940518
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TRANSPORTATION RESEARCH CENTER INC.

NECK EXTENSION TEST - 6 CHANNEL TRANSDUCER

HYBRID III 29-MAR-94
TRC INC. TEST NO: 142C21NEL 572E SN142 NECK EXT. CAL21
| TEST PARAMETER | SPECIFICATION | TEST RESULTS |
|

| TEMPERATURE 20.6 - 22.2 DEG. €| 21.7 DEG. C
| I I
| RELATIVE HUMIDITY 10 - 70 % |  50.0 % I
| | |
| IMPACT VELOCITY 5.95 - 6.19 M/S | 5.98 M/S I
| | 10 MS | 17.20 - 21.20 G | 18.48 G |
|  PENDULUM = cccmmc e m oo e e e e
l | 20 MS | 14.00 - 19.00 G | 16.43 G I
| DECELERATION = cccmec oo mm e e ccc e
| | 30 S { 11.00 - 16.00 G | 13.09 G |
I | I
[MAX PENDULUM G | 22 G MAX |  19.14 G I
I I I |
|[MAX PENDULUM G ABOVE 30 MS | 22 G MaX |  13.14 G l
| DECELERATION-TIME CURVE | | !
|DECAY TIME TO 5 G | 38 - 46 MS |  41.68 MS I
D PLANE | MAX | 81 - 106 DEG. |  95.22 DEG. I
ROTATION | TIME | 72 - 82 MS |  73.76 MS l
| MOMENT ABOUT | MIN | -80.0/-52.9 NM | -71.60 NM |
OCCIPITAL = memmm oo
CONDYLE | TIME | 65 - 79 MS |  69.68 MS |
ROTATION ANGLE-TIME CURVE | | |
DECAY TIME TO ZERO | 147 - 174 MS | 150.16 MS |
NEGATIVE MOMENT-TIME CURVE | l |
DECAY TIME TO ZERO | 120 - 148 MS | 138.00 MS |

TEST MEETS SPECIFICATIONS

TECHNICIAN P o SN RUN NUMBER: 032994.0851;1

C-17 940518



348518

SN 836k 8 9 16 T~ ‘SW 96°'8 8 D G1'61 :vlb0 Mv3d 83 S5910 "HJ Y3114 IXN3d : TINNVHD

(5W) 3JHIL
Bec P8l BS1 Bri A PRI R8 89 o¥ 0z 8 YA

| | | | | | | | | g-

\\/\l/

NOI1§¥31333¢

-— 831

c-18

-— Bkl

(1-81 X 9)

e W TAY

eb¥

178780 +620390 :H38WNN NN TZI83 " 1X3 MD3IN Z+INS 3IZLC J3INTZIZ¥1 - ¥38WAN 1S31 Ddl
NDILPH3IT3330 WNTINON3d
NOTL1UHE1183 NOISNILXI MDIN III CGI¥BAH 3-CLS Lybd




SW 9L €671 8 o €B T~ ‘SH BI §Z @ o ¥9°'8F :H180 MPid 88 SSYTD "HI :¥3Lid Y13B :13NNUHD
(SW) 3INIL
514 FA P81 P91 ¥ 1 gLl PRI P8 B9 P LA [/} BZ-
_ _ T 0%
JE— @ml
%]

18180 +6Z@B9B :H3BUNN NNY 12790 " 1K3 XD3IN ZHINS 3ICLS TANTZOZFT :¥IBUNN LS3L
03N 40 3598 1ROV NOILUL1OY

NOILBHEIED NOISNILX3 XI3N III1 OIYHAH 3-ZLE LHBd

2l

gE

B3

BB

YA

JTINY

(o)

C-19




SN @B ZB1 ® o G BZ- 'SW BB ¥Z 8 o BG 3G :YIHD Av3d

el R8Il B31

(SWY  JHIL

Bv1 Bzl oD P8 P9

P9 SSYI13 "HIY -¥dLId Y13HL

/14 B

] pe-

H

| |

178188 ¥6ZB9B - ¥38UNN NNY

12792 "1X3 MI3N Z+INS 3ZL6G
JTADNDD TPLIdI1000 LNDBY NOTLWLOY

TANTZIZY]

NOILUHBIIBI NOISNILXI MDIN II1 OQIHBAH 3I-ZLC L¥bd

-Y38HNN LS3L Yl

89-

BE-

et

89

BE

LFA!

* TINNGHD

ERRLL

(o)

348518

£-29




SW 9T°ZB1 8 o £6'Sf- “SW 8L°SL B o ZZ GB :91Y0 MYid 83 SSU710 "HD :¥3ILIA NU1DL : T3NNUH]

(SW)  3NIL
pec p8i P31 Br1 UTA S BB1 28 83 14 T4 g Be-

ﬁ | | | | | | | ”

940518

(o)
~M
319NV
C-21

(o)

178180 ¥6ZBSG :HIBUNN NDY 127160 " 1X3 MD3IN ZvINS 3JZLG ITINTZIZ¥T :HIEUNN L1S3L J¥l 4

NOILULDY WLDL
NOTLUHBIT1YD NOISNILX3 D3N II1 OTHEAH 3-Z.LC Lybd




IHE N I BN I B B B = 2 R WA N BN B BN DE B e
: ,

SH 2B'B3 ® N B¥ 1B83-

1514 pel

‘SW BB ¥BT ® N LB BSC :¥Lb0 A¥3d B3 SS¥10 "HI -y3aLlld
(SWY) 3L
LR Bb1 1A PR P8 P9 By Bc 8 BZ-

| | |

1°8180 +62090

:438HNAN NN

1283 " 1X3 MI3N Z#INS 3ZLC
SIXU X 32404 AJ3IN
NOILUMBIIBD NOISNILX3 D3N III OIYAAH 3I-ZLC Lybd

T3INTZILH T

“438WNN LS31 D8l

B31-

AL

k4

es

JXAIN - TINNUHI

33404

(181 X N)

9408518

C-22




Po1-

SH 8469 8 W'N £6°89- ‘SH #¥ GLY B W'N 83 'BZ :9Lbl XY3d BS SSP1] "HI :¥31714
{5W) 3NIL
1. Y4 B81 p31 Br1 TA BRI B8 83 34 1A B Be-

1781808 ¥B6Z038 :HIAWNAN NNY 12793 " 1X3 MIIN Z¥INS 3ZLS 13INTZ3Z¥1
SIKY A LNINDW AJ3IN

NOLLUHEITYI NOISNILX3 MO3IN 111 GIHBAH 3-ZLC Lldbd

:438UNN 1S3L ¥l

RC1-

vB-

Pr-

[“A4

BB

WAN3IN : TINNUHD

INoA0L

(H-N)

94B518

C-23

I B BN = BN T BN B N D BN S IE O T BN Em EE e



SN B3B3 8 W'N B9 IL- ‘SW ¥B'GLT B W' N 19°2f :61P0 M¥3d P9 S5973 "HIY Y3114
(54} 3HIL
Bac B8l BSl P+ 1 YA eB1 28 89 oY “FA 8 BZ-

178780 ¥6Z03D :¥3IBUNN NNY 1293 "IX3 AD3IN Z¥INS 3JZLE [INTEDZHT
3TAONDD 91141230 1NDBE IN3IWOW TWI0L
NOITLYHEITYD NOISNILXI XD3N III OI¥BAH 3-2LC 1dbd

“Y38UNN L1S31 Jdl

g9t-

AR

g8~

Bv-

14

8B

WOXIN : TINNUHD

3IN0y0l

(H-N)

948518

C-24




TRANSPORTATION RESEARCH CENTER
THORAX IMPACT TEST

HYBRID III

TRC INC. TEST NO: 142C21TH1 572E

INC.

29-MAR-94

SN142 H.S.THORAX CaL2l

TEST RESULTS

| HIGH SPEED TEST
TEST PARAMETER | SPECIFICATION
I
TEMPERATURE | 20.6-22.2 DEG. C
I
RELATIVE HUMIDITY | 10 - 70 %
|
PENDULUM VELOCITY | 6.59 - 6.83 M/S
I
MAXIMUM DEFLECTION | 63.5 - 72.6 MH
MAXIMUM RESISTIVE FORCE | 5159 - 5894 N
INTERNAL HYSTERESIS | 69% - 85%

TEST MEETS SPECIFICATIONS

TECHNICIAN Pz = ST

C-25

|
| 21.7 DEG. C

RUN NUMBER: 032994.1011;1

940518
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TRANSPORTATION RESEARCH CENTER INC.

TRC INC.

TEST NO: 142C21RK1

RIGHT KNEE IMPACT TEST

HYBRID III

28-MAR-94

572E SN142 RIGHT KNEE CAL 21

| TEST PARAMETER

I
| TEMPERATURE

|
| PEAK KNEE IMPACT FORCE

|5.0 KG PENDULUM

TEST MEETS SPECIFICATIONS

TECHNICIAN P oo s s

C-30

RUN NUMBER: 032894.1309;1

940518
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TRANSPORTATION RESEARCH CENTER INC.

LEFT KNEE IMPACT TEST

HYBRID III 28-MAR-94

TRC INC. TEST NO: 142C21LK1 572E SN142 LEFT KNEE CAL 21

| TEST PARAMETER | SPECIFICATION | TEST RESULTS |

l | I

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

l

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

+ |
PROBE VELOCITY | 2.07 - 2.13 M/S | 2.10 M/8

| | |

| PEAK KNEE IMPACT FORCE | 4714 - 5783 N | 5272.6 N |

|5.0 KG PENDULUM | | |

TEST MEETS SPECIFICATIONS

TECHNICIAN P, AL RUN NUMBER: 032894.1304;1

C-33 940518
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PRE~-TEST CERTIFICATION DATA

PASSENGER DUMMY S/N: 192

Cc-36
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TRANSPORTATION RESEARCH CENTER INC.
HYBRID III EXTERNAL DIMENSIONS

192 ALDERSON 17-MAY-94
TRC TEST NO: 192C20ED! 572E SN192 EXT.DIMENSION CAL20
T TEST PARAMETER  (DINEN.)| SPECIFICATION | TEST RESULTS|
| LOCATION FOR CHEST CIRCUHFE&E&EE—E;;;I_Z;9 - 434 MM | 4§;==ﬁ§___I
| LOCATION FOR WAIST CIRCUMFERENCE (BB)| 226 - 231 My | 229. WM |
|CHEST CIRCUMFERENCE () | 970 -1001 ¥ | 980. MM |
|WAIST CIRCUMFERENCE (2 | 836 - 866 MM | 848. MM |
|CHEST DEPTH  (0) | 213 - 229 WM | 218. MM |
|H-POINT HETGHT () | 84- 89 MM | g4 MK |
|H-POINT FROM SEATBACK (D) | 135 - 140 WM | 136. MK |
|SKULL CAP T0 BACKLINE  (H) | 41 - 46 MM |  43. m8 |
|TOTAL SITTING HEIGHT  (A) | 879 - 889 M | 884. WM |
|THIGH CLEARANCE  (F) | 140 - 155 mM | 147. WM |
|BUTTOCK KNEE LENGTH  (K) | 579 - 605 MM | 602. MM |
|BUTTOCK POPLITEAL LENGTH  (N) | 452 - 478 WM | 472. WM |
|POPLITEAL HEIGHT (L) | 429 - 455 WM |  450. WM |
|KNEE PTVOT HEIGHT (M) | 485 - 500 MM | 493. WM |
|700T LENGTH  (®) | 252 - 267 WM | 259. MM |
|FooT BREADTH () | 9l - 107 WM | 102. MM |
|SHOULDER PIVOT FROM BACKLINE  (E) | 84 - 94 MM |  ol. WM |
|SHOULDER BREADTH (V) | 422 - 437 WM | 427. WM |
|SHOULDER PIVOT HETGHT  (B) | 506 - 521 MM | 513. WX |
|ELBOW REST HEIGHT  (J) | 191 - 211 WM | 206. MM |
|SHOULDER-ELBOW LENGTH (L) | 330 - 345 M | 340. WM |
|BACK OF ELBOW TO WRIST PIVOT  (G) | 290 - 305 MM | 295. MM |
DUMMY MEETS SPECIFICATIONS
TECHNICIAN_ jZ#e [~ RUN NUMBER: 060194.1535

c-37 940518



TRANSPORTATION RESEARCH CENTER INC.

HEAD DROP TEST

HYBRID III 17-MAY-94

TRC INC. TEST NO: 192C20HD1 572E SN192 HEAD DROP CAL 20
l I |
| TEST PARAMETER | SPECIFICATION TEST RESULTS |
| |
| TEMPERATURE | 18.9-25.6 DEG. C 21.1 DEG. € |
| l

RELATIVE HUMIDITY [ 10 - 70 % 54.0 % |

I | l

PEAK RESULTANT ACCELERATION| 225 - 275 G | 263.68 G |

l |

PEAK LATERAL ACCELERATION | 15 G MAX | -1.67 G ]

| | | I
IS ACCELERATION CURVE | ] |

UNIMODAL? | YES | YES |

TEST MEETS SPECIFICATIONS

TECHNICIAN__ O & 55 ST

RUN NUMBER: 051794.1321;2

Cc-38
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TRANSPORTATION RESEARCH CENTER INC.

NECK FLEXION TEST - 6 CHANNEL TRANSDUCER

HYBRID III 17-MAY-94

TRC INC. TEST NO: 192C20NF1 572E SN192 NECK FLEXION CAL20

I TEST PARAMETER | SPECIFICATION | TEST RESULTS |

| | |

| TEMPERATURE | 20.6-22.2 DEG. C | 21.7 DEG. C I

| |

|RELATIVE HUMIDITY | 10 - 70 % |  54.0 % |

|

| IMPACT VELOCITY | 6.89 - 7.13 M/S | 7.10 M/S |

| 10 HS | 22.50 - 27.50 G | 24.26 G |

PENDULUM e memmmdmmmmmm e e e e meem—m—me——————

| 20 S | 17.60 - 22.60 G | 20.19 G |

DECELERATION —-memm-mmmemmmmmmmmc e e m e m—m——mem e m =

| | 30 MS | 12.50 - 18.50 G | 16.91 G |

| I

MAX PENDULUM G | 29 G MaX | 25.11 G |

I

MAX PENDULUM G ABOVE 30 MS | 29 G MAX | 16.90 G |

DECELERATION-TIME CURVE | I I

DECAY TIME TO 5 G | 34 - 42 MS | 37.84 MS [

| D PLANE | MAX | 64 - 78 DEG. | 68.68 DEG. [

ROTATION | TIME | 57 - 64 MS | 58.48 MS ]

| MOMENT ABOUT | MAX | 88.2 - 108.5 NM | 94.18 NM |

OCCIPITAL  ~emmmmemeeec;ecccccccce—mccomemm———m——cc———cmcoeo oo

CONDYLE | TIME | 47 - 58 MS | 50.72 MS |

ROTATION ANGLE-TIME CURVE | | I

DECAY TIME TO ZERO | 113 - 128 S | 113.68 MS |

|POSITIVE MOMENT-TIME CURVE | | |

|DECAY TIME TO ZERO | 97 - 107 MS | 102.96 MS |
TEST MEETS SPECIFICATIONS

TECHNICIAN f%;tz: = . RUN NUMBER: 051794.1228;1

C-43 940518
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TRANSPORTATION RESEARCH CENTER INC.

NECK EXTENSION TEST - 6 CHANNEL TRANSDUCER

HYBRID III 17-MAY-94
TRC INC. TEST NO: 192C20NEl 572E SN192 NECK EXT. CAL20
| TEST PARAMETER | SPECIFICATION | TEST RESULTS I

I I I
| TEMPERATURE | 20.6 - 22.2 DEG. C| 21.7 DEG. C I

I I
|RELATIVE HUMIDITY | 10 - 70 % |  54.0 % |
| | I

| IMPACT VELOCITY | 5.95 - 6.19 M/S | 6.05 M/S
| 10 MS | 17.20 - 21.20G | 18.39 G |
PENDULUM = ccmo e ecmmm e mcc e m e
| 20 MS | 14.00 - 19.00 G | 16.32 G |
DECELERATION —cce e o e oo m e
I | 30 MS | 11.00 - 16.00 G | 13.06 G I
| I |
MAX PENDULUM G I 22 G MAX | 18.58 G |
I I I
MAX PENDULUM G ABOVE 30 MS | 22 G MAX ] 13.01 G |
DECELERATION-TIME CURVE | | |
DECAY TIME TO 5 G | 38 - 46 MS |  43.76 MS |
D PLANE | MAX | 81 - 106 DEG. | 93.05 DEG. |
ROTATION | TIME | 72 - 82 MS | 77.68 MS |
| MOMENT ABOUT | MIN | -80.0/-52.9 NM | -57.63 NM |
|  OCCIPITAL = =  mmemmmmmmmmm oo
| CONDYLE | TIME | 65 - 79 MS | 72.88 MS |
| ROTATION ANGLE-TIME CURVE | I |
|DECAY TIME TO ZERO | 147 - 174 MS | 158.24 MS |
INEGATIVE MOMENT-TIME CURVE | | |
|DECAY TIME TO ZERO | 120 - 148 MS | 140.72 MS |

TEST MEETS SPECIFICATIONS
TECHNICIAN O 45 [ A RUN NUMBER: 051794.1238;1
7

C-51 940518
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TRANSPORTATION RESEARCH CENTER INC.
THORAX IMPACT TEST

HYBRID IiI 18-HAY-94

TRC INC. TEST NO: 192C20TH2 572E SN192 H.S.THORAX CAL20

TEST PARAMETER | SPECIFICATION TEST RESULTS

| |

| TEHPERATURE | 20.6-22.2 DEG. C 21.7 DEG. C |
| | |
| RELATIVE HUMIDITY 1 10 - 70 % | 54.0 % |
| | I
|PENDULUM VELOCITY | 6.59 - 6.83 M/S | 6.65 M/S |
| | l
| MAXIMUM DEFLECTION | 63.5 - 72.6 MM | 65.7 MM |
| I | l
| MAXIMUM RESISTIVE FORCE | 5159 - 5894 N | 5680. N [
| l

| INTERNAL HYSTERESIS |  69% - 85% | 74.0% |

TEST MEETS SPECIFICATIONS

TECHNICIAN E:iﬁ 5o

RUN NUMBER: 051894.0732;1

C-59 940518
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TRANSPORTATION RESEARCH CENTER INC.

RIGHT KNEE IMPACT TEST

HYBRID III 17-MAY-94
TRC INC. TEST NO: 192C20RK1 572E SN192 RIGHT KNEE CAL 20
| TEST PARAMETER | SPECIFICATION | TEST RESULTS |

|
| TEMPERATURE

| PEAK KNEE IMPACT FORCE

|5.0 KG PENDULUM

10-70% | 54.0% |

|

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

4714 - 5783 N | 5438.1 N ]

TEST MEETS SPECIFICATIONS

TECHNICIAN =t Fo-AN

RUN NUMBER: 051794.1222;1

C-64 940518
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TRANSPORTATION RESEARCH CENTER INC.

LEFT KNEE IMPACT TEST

HYBRID III 17-MAY-94

TRC INC. TEST NO: 192C20LK1 572E SN192 LEFT KNEE CAL 20

l TEST PARAMETER | SPECIFICATION | TEST RESULTS |

l

TEMPERATURE | 18.9-25.6 DEG. C | 21.7 DEG. C |

|

RELATIVE HUMIDITY | 10 - 70 % | 54.0 % |

| |

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

I l |

PEAK KNEE IMPACT FORCE | 4714 - 5783 N | 5282.8 N |

5.0 KG PENDULUM | | |
TEST MEETS SPECIFICATIONS

TECHNICIAN Bg =S =S RUN NUMBER: 051794.1219;1

C-67 940518
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APPENDIX D

MISCELLANEOUS TEST INFORMATION

D-1 940518



"ATINO dSn III dIYdXH«x

ve/zz/80 ve/zz/Zo MogdT 6TVE L9 TIED QYOI ED¥0d IId8 ¥IATINOHS
ve/zez/80 ve/zt/zo Mog3T 6TVE 919 TIFD0 dY¥oT Jdoyod 1139 dvl
ve/8c/60 ¥6/8Z/€0 HOIIINYIA {44 aK:] g-0ZE06 HILIWOIINIIOd NOIIDITIZA ISHHO«
ve/8Z/60 ve6/82Z/€0 NOINZEJ 9TLT 0820 TIFD AYOT SIXY-Z IOOHY INIHOKW
ve6/8ec/60 ve/8T/€0 NOINZd 9TLT 0820 TII0 Q¥0T SIX¥-X INOEY INIWOW
v6/82/60 ve/82/€0 NOINZEQ 9ILT 0820 TIED AY0T SIXY-X INO8SY INIWOW MOTN«
v6/82/60 ve/8z/€0 NOLNEQ 9TLT 0820 TTIO0 A¥OT FOHOd SIXY~-Z
ve6/82/60 ve/82/c0 NoINad 9TLT 0820 TIED aY¥oT IDHOod SIXY-X
ve/82/60 ©6/8T/€0 NOINZQ 9TLT 0870 TIIO AYOT FO¥Ood SIXY-X MOAN«
ve/sez/e0 ve/st/co0 aso oEre z06 7730 QYOI FO¥Ood ¥AWII IHOIYU
ve/s2/60 v6/52/€0 a8 0Eve 106 TIEO d¥OT HONOd ¥AWII IJdT
ve6/82/60 v6/8Z/¢0 ODAIANT bozZL HZYMO HIIAWOHITIDOVY SIXY-Z
v6/8Z/60 v6/8c/c0 0DAZANT y9CL 9MB8OY HILINOYITADOY SIXY-X
v6/82/60 v6/892/€0 00AgANT v9zZL Leebyua YALIWOYITIOOY SIXY-X LSIHD
v6/82/60 ¥6/82Z/€0 OOAZANT v9ZL HI8€d YEIIWOYITIOOY SIXY-2Z
ve/82/60 v6/82/€0 OOAFANT v9zL HZEZXD | HAIAWOYITIOONY SIXY-X
ve/82/60 ¥6/82/¢€0 ODATANT v92L LSZHA HILIAWOYATIDIOY SIXVY-X QAYIH
ana ISYT *MJIN *ON TIAOW “ON TYINIS

dLYd NOILWYdIIVO

ZTHT1# ZWWNA YAAIYA

SNOILYHHITYO LNHWNALSNI AWKWAd

940518



*ATINO dsn ITII dIY9AHx

ve/zz/80 we/ze/eo Mogd 6TVE L2T T7I0 A¥oT1 Fodod 1739 YAQINOHS
v6/2c/80  ¥e6/tz/Co MogaT 6TYE ZL9 1730 A¥oT1 Fo¥od IIIg dY1
v6/82/60 t6/8Z/€0  HOILINHIA yzzhis 96-ETELS HALIWOIINILOd NOILOITAAd ISAHOx
ve/8t/60 ve/8Z/€0 NOINZd 9TLT 680 TTE0 QY¥OT SIXY-Z INOo9Y INIWOHW
v6/82/60 ve/8z/€0 NOINEA 9TLT 580 TII0 QYOT SIXY-A INO9¥ INIHOW
ve6/82/60 ¥6/82/€0 NOINZd 9TLT S80 TIAD AYOT SIXVY-X INO"9Y INIAWOW MDHNx
v6/82/60 v6/82/€0 NOINEJ 9TLT 580 TId0 Y01 3OH03 SIXVY-2Z
ve/8c/60  v6/8Z/€0 NOINEQ 9TLT 580 1730 QY01 FOYOd SIXY-X
v6/82/60  v6/82/€0 NOINZQ 9TLT 580 TTI0 Y01 #0¥0d SIXY-X MOHEN«x
ve6/st/60  ve/sZ/€0 ) 0EVE L86 TTIH0 QY01 FO¥od ¥NWId IHOIA
v6/sz/60  ¥e6/szZ/c0 aso 0EPT 986 1790 QVOT FOoYod ¥UNWId IJ3T
ve/82/60  ve/8Z/€0 ODAIANT vocL H6SMD YIIIROHATAOOY SIXVY-Z
ve/8C/60  v6/8Z/€0 0ONIANE v9zL 80LOY JITINOYITHIOY SIXV-X
v6/82/60 ve6/82/€0 ooATaNT y92ZL 0LoovY YAIANONITIOOY SIXV~X ILSHHO
v6/82/60  v6/82Z/€0 ODAFANT - $9cL £dzov YIITROYITIIOY SIXY-Z
ve/8T/60 v6/82/€0 ODNAIANT v9zL ory8y HATAHOEATIIOY SIXY~X
ve/8z/60 ve6/8C/€0 00NIANT vozL Z8IY YIIINOYIATAOOY SIXY-X AvdH
ana Isu1 “¥dR *ON THAOR *ON TYINES

JI¥Ad NOIIWYHdITIYO

C6T# AWWNA YIONISSYd INOYd JIHOIY

SNOILVYEITYD INIWNALSNI AWWNd

940518




940518

ve/v0/01 v6/v0/v0 0oATANT ZETL £890 YALIINOWATIOOY WNINANIJ
¥NWEd IIT AI¥9:iH
v6/50/01 v6/50/v0 mMog3d1 L9TE EVvE FoNYD TOHOd NOISSHUIWOD NINOAGY
¥6/50/01 ¥6/60/%0 SINYANOH YOSTIVAISO0T-¥6Z08 SLI-GLOY dONYD INIRIAOWIASIA
NOISSIYIWOO NIWOALY
NOILUDIJIODAdS “YaW AZYHJWNH 0Z0L T~T090-LTIdD g90Y5 NOIIVIOY NOIXITd dvawnT
aa¥IVdIy 68/€0/S0  NOTIIIVHO 05-Hddda ¥N go0¥9 FOH0d NOIXITI YVEWNT
ve/v0/0T ¥6/v0/%0 0oAdaNd zZezL 900 YIIIWOHITIOON WNTIAANIJ
d4OWEd II QINEAH/XYJOHI
v6/50/01 ve/so/vo SANMNO8  E£009V¥BISOZ—¥B1S ¥N YALAWOILNILOd UYANI'T ONIANIL MOEAN
NOILUYDIAIDA4dS ~“d4dKW SHNHNO™Y Z0T-1-5¢ebst YN YALINOILNILOd X¥YLOY ONIANIE MOIAN
v6/%0/0T ¥6/%0/%0 00AZANT tAXAA Lzao HAIIWOYIATIOOVY WNTNANId ONIANIE MOAN
ana ISV *¥IN HEGWAN HAGHAN
FI¥d NOIIYYSITYO THAOH IVIUIS
SININAYISNI XHOIYHOHYT NOILVJHITIYD
v6/vZ/LO ve/vz/10 0OAIANIT v9zZL £L8Y¥d SIXY-X HIINID TAINYd INIWAMISNI
¥6/0T/80 ve/01/20 00AIANT vozL 8OUDY SIXV-X HAJITYD FNvyE 1J37T
#6/0€/90 £6/0c/2T 0DATANE vozL HOZdD SIXY~X HIJIITIYD IIY¥d IHOIY
v6/8zZ/01 ve/8z/v0 OOAZANE vozL T980Y SIXV-X WOLIOE INIONI
¥6/60/80 ¥6/60/20 00AIANE AYAA HTLOD SIXY-X dOl EINIONA
¥6/L0/60 ve6/L0/c0 0DAdUNE v9zL HZEND INYANNGIY SIXY-X HIAGHIARSSOWD IVAS ¥VIH IHOIYH
¥6/0€/90 e6/oc/et 0oAZaNE vozL H92YD SIXY-X HIEWAWSSOMD IWAS Wv¥3IY IHOIY
#6/L0/60 »6/L0/€0 0DAZaNE y9zL SOy INYANNQTY SIXY-X YAERIASSOYD IVIAS ¥YEY IddT
v6/01/80 v6/01/20 0oATANT v9zL 89UOY SIXVY-X HASWANSSOYD IVIS ¥YAY IJE1
ana ISVl *HAN YIGHAN JIGHON
JIVa NOIIWYLITYD TIAOH IYIVES

SYALTHOYATIOOW ITOIHIA

SNOILWIEITYD INHWOYLSNI AHOLVdOgYT NOILVYLITIVO JNY JTDIHIA



ACCELEROMETERS:

POTENTIOMETERS:

LOAD CELLS:

NECK LOAD CELLS:

TIBIA 1LOAD CELLS:

SIGN CONVENTION

NHTSA DATA TAPE REFERENCE GUIDE

+X: FORWARD
+Y: LEFTWARD
+Z: UPWARD

+CHEST LONGITUDINAL DEFLECTION:

+CHEST LATERAL DEFLECTION:
+SEAT BELT DISPLACEMENT:
+SEAT BELT EXTENSION:

+KNEE SLIDER DISPLACEMENT:

+FEMUR FORCE: TENSION
+SEAT BELT FORCE: TENSION

+BARRIER FORCE: TENSION

+X FORCE: HEAD PUSHED FORWARD
+Y FORCE: HEAD PUSHED LEFTWARD
+Z FORCE:

OUTWARD

LEFTWARD

OUTWARD

ELONGATION

DISTANCE BETWEEN FEMUR
AND TIBIA INCREASED
(IN RELATION TO A
SEATED DUMMY)

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

+X FORCE: TENSION
+Y FORCE: TENSION
+Z FORCE: TENSION

+X MOMENT: BOTTOM OF TIBIA MOVING LEFTWARD

+Y MOMENT: BOTTOM OF TIBIA MOVING REARWARD

940518



FREQUENCY RESPONSE CLASSES

SAE_J211 OCT88

TYPICAL TEST MEASUREMENTS

Vehicle Structural Accelerations for use ins
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
Momantsa
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

Headform Accelerations

CHANNEL CLASS

60
60
600
180
60
60

1000

1000
600

180
1000
1000

180

1000
1000

1000
1000
1000

600
600

60
600
1000
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APPENDIX E

RESTRAINT SYSTEM INSTRUCTIONS FROM OWNER'S MANUAL
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