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Section 1
PURPOSE AND TEST PROCEDURE

This 35 mph frontal barrier impact test is part of the Crashworthiness
Testing and Analysis Program sponsored by the Research and Special Programs
Administation under Contract No. DTRS57-87-C-00047. The purpose of this
test is to obtain and analyze responses from vehicles and unrestrained

Hybrid III dummies during a frontal car-to-barrier crash.
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Section 2
SUMMARY OF TEST

A load cell barrier was impacted by a 1987 Hyundai Excel
GLS 4-Door Hatchback at a velocity of 34.8 mph. The test was
performed at the Calspan Corporation Advanced Technology Center
on November 4, 1987. Pre-and post-test photographs of the vehicle

and dummies can be found in Appendix A.

The frontal barrier impact was documented by one real-time
camera and 11 high-speed cameras. Camera locations and other

pertinent camera information can be found in this report.

The load cell barrier consisted of 36 load cells. The
outermost column of load cells (see figure 6) on either side
of the barrier was not used leaving a total of 28 cells from

which readings were obtained.

One Hybrid III 50th percentile unrestrained male anthropomorphic
test device (ATDs) was placed in the driver seating position,
according to dummy placement instructions specified in Laboratory

Indicant Test Procedure.

The ATD was fully instrumented with head and chest triaxial
accelerometers, upper and lower 6-axis force transducers in the
neck, chest potentiometer, abdominal pressure transducer, right/left
femur load cells, right/left tibia load cells, and right/left

knee shear transducers.

The 92 channels of data were recorded on eight l4-channel
FM tape recorders. Appendix B contains the vehicle, load cell
barrier, and dummy response data traces. For reasons unknown,

the data from channel 30, lower neck (M(z), did not record correctly

The driver's head struck the steering wheel rim and dashboard.
The driver's HIC was 1424. The maximum chest deceleration over
3 milliseconds was 78.2 g's and femur loads were 1676 and 2583
pounds. The Laceration Index (TLI) equaled 6.31. The ATD's
right ankle was broken during the impact; a post-test photograph

of the lower legs can be found in Appendix A.
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Tadle 1

GENERAL TEST AND VEHICLE DATA

Vehicle !ear/ﬂakeluodellaody Style 1987 Hyundai Excel GLS 4 Dr. Hatchback

NEISA No. .Y23—O40—797 VIN, KMHL A31J7HUI 55387

Body Color Silver _ Date of Manufacture 1-87

Engine: 4 cylinders; 89.6 c¢.1.p,; 1.5 Liters; - cc

X Gas; - Diesel; - Turbocharged
- Longitudinal; X Transverse

Transmission 5 Speed X Manual -~ Automatic - Overdrive
Final Drive; X Front Wheel; - Rear Wheel; —  Four Wheel

X _AMC; = Prs; X P/B; _—  P/wdo.;  — Tilt Wneel
— P/seats; — Cruise Control

Type of Occupant Restraint 3 Pt Continuous Belt (Driver unrestrained for test)

DATA RECORDED FROM VEHICLE'S TIRE PLACARD:

Tire Pressure (at capacity): Front 30 psi, Rear 30 psi

Recommended Tire Size: P155-80R13 P175-70R13

Recommended Cold Tire Pressure: Front 30 psi, Rear 30 psi

Tires on Vehicle: P155-80R13 ; Manufacture; Cocdvear
Number of Occupants: 2 Front; 3 Rear; _— 3rd Seat; > TOTAL
Type of Front Seats: _X Bucket; _~ Bench; - Split Bench

Type of Front Seat Back: _— Fixed; _ X AdJ. With X Lever -~ Rot. Knod

Vehicle Capacity Weight (VCW) = 816 ibs. (A)

No. of Occupants x 150 }bs, ¢ 750 1bs. (B)

Rated Cargo and Luggage
Weight (RCLW) A-B ¢ 06 ids,

1587
GVWR _3185  1bs, GAWR: Front _ 153  1bs.  Rear 1bs.
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Table 1
GENERAL TEST AND VEHICLE PARAMETER DATA (oont'd)

WEIGHT OF TEST VEHICLE AS RECEIVED FROM DEALER (WITH MAXIMUM FLUIDS) = UDW

lisht Front = 710 1bs, Right Rear s 450

Left Front = 710 )bs. Left Rear = 440

idbs.,

ldbs,

TOTAL FRONT WEIGHT s _ 1420 3ps, (61 g of Total Vehicle Weight)

TOTAL REAR WEIGHT = 890  3bs. (39 $ of Total Vehicle Weight)

TOTAL DELIVERY WEIGHT = 2310 3bs,

WEIGHT OF TEST VEHICLE WITH REQUIRED DUMMY

0 lbs,

Right Front = 710 1dbs, Right Rear = 58

Left Front = /30 1bs.,. Left Rear =« 63

0 ibs,

TOTAL FRONT WEIGHT = _1440  3bs, (_3% $ of Total Vehicle Weight)

TOTAL REAR WEIGHT & _1210 1ps, (_40 g of Total Vehicle Weight)

TOTAL TEST WEIGHT = 2650  1bs,

3-2
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Tadble 1
GENERAL TEST AND VEHICLE PARAMETER DATA (econt'd)

POST-IMPACT DATA
0 1 35 mph Frontal

Type of Test Barrier Izpact Angle 0
Date of Test _11/4/87 Time of Test _ 14:25
Ambient Temperature 60 °F, at impact srea
Temperature in Occupant Compartment 70 °F.

Windshield Molding Temperature - *F.

Required Impact Velocity Range: _ 34.5 to 35:5  wmph

Impact Velocity: primary s 34.8  gph, secondary _34.-8 wmph

Distance Froz Front Bumper to Barrier Face When Entering Speed Trap 52

dnches; Exiting Speed Trap 12 dnches

VISIBLE DUMMY CONTACT POINTS

Driver Passenger
Head dash, steering wheel N/A
Chest . steering wheel
Abdomen steering wheel

Left Knee dash

Right Knee dash
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Tadle
GENERAL TEST AND VERICLE PARAMETER DATA (cont'd)
Front ear
NonL.—r-t; %%)% beft Right
Door Opening operable operable " operable operable
ront ear
Seat Movement Left Right Left Right
Seat Back Fallure None N/A N/A N/A
Seat Shift (4n.) None N/A N/A N/A
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FIGURE | OCCUPANT CLEARANCE DIMENSTONS

DRIVER PASSENGER
NH 11.0
NuW 20.4
cD 18.9
cs 11.9
KDL 5.6
KDR 5.5
SA 230
TA 220
NIP 20.3
NSW 15.4
1 10.9
2 36.0
VLA 105°
LLA 2320
NH = Nose to Vindshield Header
NW = Nose to Windshield
CD = Chest to Dash
CS = Chest to Steering Wheel
KD(L/R) = Knee to Dash (Left/Right)
SA = Seat Back Angle
TA = Torso Angle
NIP = Nose to Instrument Panel
NSW = Nose to Steering Wheel
1 = H-Point to toeboard/floorboard
intersection vertical
2 = H-Point to toeboard/floorboard
intersection horizontal
ULA = Upper leg angle
LLA = Lower leg angle

All angles are taken relative to the vertical

HR
HS
AD
HD

DT

Head to Side Roof
Head to Side Window
Arm to Door

Hip to Door

Knee to Knee

Ankle to Ankle

Dummy Temperature °F

3-5

DRIVER | PASSENGER
HR 5.0
HS 0
AD 4.5
HD 7.2
KK 9.4
AA 8.1
DT 71.0°
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Table 2
DUMMY INJURY CRITERIA VALUES
MAXIMUM ACCELERATION (“G*)
MEAD CHEST
X Y 2 R X Y zZ | m*
DuMMY (1) ~-130 | 18 59 | 134 | -86 {10 -17 | 78.2
DUMMY (2)
DUMMY (3)
DUMMY (4)
MAXIMUM FORCE-FEMUR LOAD (L8S)
RIGHT FEMUR LEFT FEMUR
DUMMY (1) 1675.9 2583.1
DUMMY {2)
DUMMY (3)
DUMMY {4)

MAXIMUM FORCE-SEAT BELTS LOADS (LBS)

SHOULDER STRAP

LAP STRAP LAP STRAP
UPPER BELT LOAD RIGHT BELT LOAD LEFT BELT LOAD
puMmMY (1) N/A N/A N/A
DUMMY (2)
DUMMY (3)
DUMMY {(4)
HEAD INJURY CRITERIA®®
AVE. ACC. (g)
HIC t4 (SEC) t, (SEC) 1, TO 1,
DUMMY (1) 1424 0.07418 0.08992 96.1
DUMMY (2)
DUMMY (3}
DUMMY (4)
*DEFINED AS EXCEEDING 0.003 SEC.DURATION
**AS DEFINED IN FMVSS NO. 208
3-6 .7581-5



Table 3 LACERATION INDEX VALUES
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Figure 2 SUMMARY OF VEHICLE ACCELEROMETER DATA

Vehicle: 1987 Hyundai Excel GLS 4-door Hatchback
Loc. Maximum Value (G's)
he. Descraption Direction *.® "e®
d Re2r sept X-member = X -33.0 2.1
Jett saide pramary
1" Rea2r sest X-member - X -36.3 2.4
left side recuncant
2 Rear seat Xememper = X -33.4 3.0
Tight sice pramary
2® Rear sear X-member = X -34.6 3.3
right sioe regundant
3 Rear seat Xe-member - X -38.8 2.5
centerline
3 Keer ses: X=memder = Y -3.1 1.9
tenterlane
3 FKedYy sep: X-memper = 4 -26.5 18.8
centerlaine
& Repr axle ctenteriine b 4 -37.5 3.8
& Rear axle centerline 2 -10.8 21.1
% Jop of engaine dlock X -149.4 60.7
5 Top €: enygine block 2 -20.6 16.5
¢ steering wnheel hub X -123.1 23.6
¢ &Kteerain, wheel hub e -145.5 50.9
7 tront SUSPEREION X=memder X -130.6 16.6
97 #ront susprhREIOn Xememder ? -104.2 18.1
8 bottom cf enginc x  -—128.8 12.0
® Right front prake caliper X ';iz 41.3
JO Leftr tront braxe caliper N st 39.8
-98.3 49.9
dl 3instrument pansl y
2l Imnstrument panc) 2 -65.2 36.9
®nounted ©n Tubber 380588 10N pad,
3-8 7581~5



Figure 3

PRE- AND POST-TEST POSITION OF TLET VZEICLY
ACCELEROMEITER ROUNTING LOCATIORS

Test Descriptiont 35 mph Frontal Barrier

Test Vehicle: 1987 Hvupndai Excel GLS 4-door Hatchback

Reference Plane: Verticel ghno st rear bumger

tonpitudina) Location

Acceleroneter Description Pre-Jest Post-Test Change
Rear seat X-menber - Jeft side 57.5 57.5 0.0
pramary
Rear sest X-member - Jleft side 57.5 57.5 0.0
reocunocant
Rear seat X-member - ripht side 57.5 37.5 0.0
primary
Rear seat X-member - ripht side 57.5 57.5 0.0
regundant
Rear sest X-member -~ centerline 54.5 54.5 0.0
Rear axle centerline 59.7 59.7 0.0
Top ©f enpine block 136.6 126.7 9.9
Steerany wheel hubd 91.9 91.2 0.7
Front suspension X-member 120.2 113.1 7.1
Bottorn of engine 134.1 124.8 9.3
Right front breke calaiper 125.8 119.1 6.
Left front brake celiper - 125.8 118.9 6.9
Instrument panel 102.6 99.8 2.8
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FIXED COLLISION BARRIER

CAERM 10
BARRIER
CAURA 05 .
¥ Y e &
CAMERA 07 i CANTEA ¢)
CAMERA 6 ::
= CAMERA #1)
e 38 MM 42
X —
CAMERA €5
Test Whicle
CAMERA #8
D Top View CAMERA €4
REAL TINE & - 1 %
CAMZ RA )
]

Figure 4

fonora il l
€ Tow Cable

Top View

f6— Concrete Test Pac

A/

CAMERA POSITIONS FOR FRONTAL IMPACTS
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FIGURE 5 VEHICLE TARGET LOCATIONS
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Figure 6 LOAD CELL LOCATIONS ON FIXED BARRIER

36 Load Cells

4 Rows

9 Columns

6 Croupings (6 cells/group) Fixed Barrier

Centerline
_\ [—txtcuuon Assy.

Plywood Face on
Stee!l Frame 18"
83" —

38.75"
. s goado o
¢ I Ground Surface-j
3.¢" Column FRONT VIEW Column
: . Not Used ' Not Used
é GROUPINCS OF 6 LOAD CELLS EACH

Group 4 Group § Group 6
Cl thru DI C4 thru D6 C7 thru DS
Group 1 Group 2 Group 3
Al thru 33 A4 thru 36 A7 thru 39

The following data is presented in Appendix B:
(fs Dats from 36 individual load cells

(2) Total or Sum of 36 iadividusl load cells
(3) Data froz ¢ Croupings shown sbove (6 cells/group)
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Table 5 TEST VERICLE FRONTAL PROFILE DATA

Y-aris meusurements referenced to the front bumper

centerline Y-axis measurements are in inches left and right of the vehicle
centerline. 2-axis (height) measurements are from the ground.
MAHLE/MODEL: Hyundai Excel GLS YEAR:® 1987 VIN: KMHLA3137HU155387 TESTe: Y23-040-
4 door Hatchback vehicle width = 56.,5" 797
PRE-TEST
Y-axis Position---> Vehicle Left Vehicle Right
L]
Profile Level : 27.65 16.65  5.65 & 5.65 16.65  27.65
;
Top of X 3.3 - 0.9 0.1 0.0 0.1 0.9 3.3
front bumper Z 19.0
Center of grille X’ 7.9 5.3 5.1 5.0 5.1 5.3 7.9
Z 25.0
Front of hcod X 9.2 6.4 5.7 5.6 5.7 6.4 9.2
Z 28.0 .
POST-TEST
Y-axis Position=---> Vehicle Left Vehicle Right
FProfile Level : 27.65 16.65 5.65 & 5.65 16.65  27.65
v
Top of X 22.6 21.0 20.7 20.7 20.9 21.5 23.4
front bumper Z 21.5
Center cof grille X 24,2 23.5 23.3 23.3 23.4 24.0 25.7
Z 26.0 ,
Front of hood » 23.3 23.7 23.8 24,2 24.9 24.3 25.1
Z 29.5
CHANGE
Y-exis Fosition---> : Vehicle Left Vehicle Right
‘
Profile Level : 0.0 0.0 0.0 & 0.0 0.0 0.0
‘
v
Top of X -19.3 -20.1 -20.6 -20.7 -20.8 -20.6 -20.1
front bumper Z -2.5
Center of grille X -16.3 -18.2  -18.2 -18.3 -18.3 -18.7  -17.8
2.1.0
Front of hood’ X -14.1 -17.3 -18.1 -18.6 -19.2 -17.9 -15.9
Z2-1.5
3-14 7581~-5



Figure 7 PRE-TEST AND POST-TEST MEASUREMENT POINTS
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Figure 7 (cont'd)
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APPENDIX A

PHOTOGRAPHS
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APPENDIX B
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