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Section I 

PURPOSE AND TEST PROCEDURE 

This 35 rnph offset frontal vehicle-to-vehicle impact test is part of 

the Crashworthiness Testing and Analysis Program sponsored by the Research and 

Special Programs Administration under Contract No DTRS57-874-00047 The 
purpose of this Technical Task Directive (TTD) is to obtain responses from 

vehicles and restrained Hybrid I11 dummies during car-to-car overlapped 

frontal crashes 

This test was performed using two 1989 Hyundai Excels The 

vehicles, each traveling at 35 mph were positioned at a 80% overlap of the 
vehicle width as measured at the front tires The vehicles were aligned such 
that the left front (1 e , driver side) would experience full contact with the 

oncoming vehicle 

Vehicle number one contained one Hybrid 111 dummy in the driver 

seating position The dummy was restrained using the vehicle's automatic 

torso belt and manual lap belt restraint system 

Vehicle number two contained one Hybrid I11 dummy in the right front 

seating position The dummy was restrained using the vehicle's automatic 

torso belt and manual lap belt restraint system 

1-1 7781-4 



Section 2 

SUMMARY OF TEST 

Two 1989 Hyundai Excel 4-Door Sedans were impacted into each other 

with each vehicle traveling 34 2 mph The vehicles were offset such that 90% 
of the vehicle width between front tires was engaged in this vehicle-to- 
vehicle frontal test Figure 1 of this report contains a sketch of the test 
layout The test was performed at the Calspan Corporation Advanced Technology 

Center on October 25, 1989 Pre- and post-test photographs of the vehicles 

and dummies can be found in Appendix A of this report 

The vehicle-to-vehicle test was documented by one real-time camera 
and 15 high-speed cameras Film analysis indicated the vehicles struck 1 5 
inches over from the target point in such a way as to create slightly more 

overlap Camera locations and other pertinent camera information can be found 
in Table 9 and Figure 12 of this report 

Vehicle 1 (see Figure 1) contained one Hybrid I11 50th percentile 

male anthropomorphic test device (4TD) in the driver seat position Vehicle 2 

contained one Hybrid 111 50th percentile male ATD in the right front passenger 

seat position The ATDs were restrained using the vehicle’s automatic torso 
belt and manual lap belt restraint system after being placed in the vehicle 

following the dummy placement instructions specified in the Laboratory 

Indicant Test Procedure 

The ATDs were instrumented with a 9-axis head accelerometer package, 

chest triaxial accelerometers, chest potentiometer, and left/right femur load 
cells In addition, the vehicle 1 ATD contained an abdominal pressure 

transducer 

The 91 channels of data were recorded on eight 14-channel Fh4 tape 

recorders Appendix B contains the vehicle and dummy response data traces 

The driver’s head in Vehicle 1 struck the upper steering wheel rim 

and instrument panel, the calculated HIC was 1058 The maximum chest 

deceleration over 3 milliseconds was 68 4 g’s The femur loads were 2481 lbs 
on the left and 2576 lbs on the right The vehicle 1 torso belt load was 

2348 lbs 
7781 
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In vehicle 2 ,  the right front passenger's (position 2 )  head 

contacted the automatic torso belt latch on rebound causing the torso belt to 
release A small piece of the ATD head "skin" was found in the torso belt 
latch Juring post test inspection The ATD's HIC was 6 8 2  The maximum chest 

deceleration over 3 milliseconds was 4 7  3 g 's  The femur loads were 1894 lbs 

on the left and 1028 lbs onthe right The vehicle 2 torso belt load was 2758 

l b s  
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TEST ANOMALIES 

Channel 35, V1 rear seat centerline Y, accelerometer data 

questionable between approximately 24 and 85 msec , accelerometer opened 

Channel 39, V1 engine bottom x ,  accelerometer data questionable 
after approximately 75 msec 

Channel 40, V1 front crossmember X, accelerometer data questionable 

after approximately 63 msec 

Channel 64, V2 P2 upper neck FX, transducer data intermittent 

between approximately 23 and 76 msec 

7781-4 
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Section 3 

VEHICLE AND OCCUPANT INFORMATION 
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Figure 1 

VEHICLE-TO-VEHICLE OVERLAP LAYOUT 

4- 8 c CENTER OF FRONT 

VEHICLE 1 

1OW CABLL I 

TO DISTANCE ("OFFSET") 

VEHICLE WIDTH AT FRONT WHEELS A I 

LVEHICLE 1 TO TOW 

b VEHICLE 2 TO TOW I' i L 

UHEEL 

I 
1 

- BUMPER WIDTH 

- OVERLAP DISTANCE 

VEHICLE OVERLAP = 100* [l-(A/B)] 

VEHICLE e[ CENTERLINE 

Table 1 
Vehicle-to-Vehicle Overlap Measurements (in ) 

Measurement 
Code 

A 

_ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - -  

B 

C 

D 

E 

% Vehicle 
Overlap - 

Vehicle 1 

62 5 

3 125 

59 0 

9 0% 

Vehicle 2 

_ _ _ - - - - - - - - - - - - - - - - -  
6 35 

62 5 

- 

3 125 

59 0 

9 0% 
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VEHICLE ONE DATA 
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Table 2 

GENERAL TEST AND VEHICLE 1 PARAMETER DATA 

- 
Vehicle Year/Make/Model/Body Style 1989 Hyundai Excel GL 4-DOOr Sedan 

- VIN KMHLF22JlKU618237 

Body Color Red Date Of Manufacture February 3 ,  1989 

1 5 Liters, - - cc + Engine - 4 Cylinders, - - C I D ,  - 
- X Gas,  - - Diesel, - - Turbocharged 
- - Longitudinal, - X Transverse 

Transmission 5 Speed, X Manual - - Automatic, - X Overdrive 

Final Drive X Front Wheel, Rear Wheel, - - Four Wheel 

2 A/C, X P/S, X P/B - - P/wdO , - - Tilt Wheel 

- - P/seats, Cruise Control 

Type of Occupant Restraint automatic torso belt/manual lap belt 

DATA RECOR DED FROM VEHICLE’S TIR E P T . A C a  

Tire Pressure (at capacity) Front 30 psi, 

Recommended Tire Size P m  or P17uOR13 

Rear 30 psi 

Rear 30 psi Recommended Cold Tire Pressure Front 30 p s i ,  

Tires on Vehicle P155/80R13 , Manufacturer Coodyear - 

5 TOTAL - - 3rd Seat, - 3 Rear, Number of Occupants 2 Front, - 
- 

Type of Front Seats 2 Bucket, - - Bench, - - Split Bench 

Type of Front Seat Back A Fixed, X A d j  With X Lever Rot Knob 

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

No of Occupants x 150 lbs = 750  lbs (B) 

- 

Rated Cargo and Luggage 
Weight (RCLW) A-B = 66 lbs 

CVWR 3185 lbs CAWR Front 1653 lbs Rear 1587 lbs 

7781-4 
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Table 2 

GENERAL TEST AND VEHICLE 1 PARAMETER DATA (cont’d) 

WEIGHT OF TEST VEHICLE AS RECEIVE D FROM DEALER (WITH MAXIMLTM FLUIDS) = UDW. 

Right Front = 690 lbs Right Rear = 4 4 0  lbs 
Left Front = 710 l b s  Left Rear = 4 6 0  lbs 
TOTAL FRONT WEIGHT = 1400 l b s  (- 61 56 of Total Vehicle Weight) 
TOTAL REAR WEIGHT = 900 lbs (- 39 % of Total Vehicle Weight) 
TOTAL DELIVERY WEIGHT = 2300 lbs 

WIGHT 0 F TEST VEHIC1.E WITH REQUIRED DLJ’MhW, 

Right Front = 690 l b s  Right Rear = 520  l b s  

Left Front = 770 lbs Left Rear = 5 8 0  l b s  

TOTAL FRONT WEIGHT = 1460 l b s  (- 57 % of Total Vehicle Weight) 

TOTAL REAR WEIGHT = 1100 l b s  (- 4 3  % of Total Vehicle Weight) 
TOTAL TEST WEIGHT = 2560 l b s  

Weight of ballast secured in vehicle trunk area = 0 l b s  

TEST VEHICLE ATTITUDE (all dimensions in inches) 

AS DELIVIERED RF u, LF m, RR 259, LR 

AS TESTED RF 2fLfi, LF u, RR 22&, LR a 
Vehicle’s Wheelbase = inches 

Location of Vehicle’s C G = 40.2 inches fro rn front wheel cen ter, 

7781-4 
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Table 2 

GENERAL TEST AND VEHICLE 1 PARAMETER DATA (cont'd) 

Type of Test VTV Frontal Impact Angle 0' 

Date of Test 10-25-89 Time of Test 12 20 

Ambient Temperature fig* O F  at impact area 

Temperature in Occupant Compartment 69 O F  

Windshield Molding Temperature - OF 

Required Impact Velocity Range 34 5 to 35 5 mph 

Impact Velocity primary = 34 2 mph, secondary = 34 2 mph 
Distance From Front Bumper to Impact Point When 

Entering Speed Trap 52 inches 

Exiting Speed Trap 12 inches 

VISIBL E DUMMY CONTAC T POINTS, 

Drlver 
Head upper steering wheel rim, dash panel, 

& steering wheel hub 

Chest steering wheel hub 
Abdomen lower steering wheel rim 
Left Knee lower dash panel 

Right Knee lower dash panel 

7781-4 
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Door Opening 

Table 2 

GENERAL TEST AND VEHICLE 1 PARAMETER DATA (cont’d) 

Seat Movement 

Seat Back Failure 

Seat Shift (in ) 

closed closed closed closed 

operable operable operable operable 

Rlaht Rlnht 

7781-4 
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Table 3 

VEHICLE 1 DUMMY INJURY CRITERIA VALUES 

DUMMY (1) 

DUMMY ( 2 )  

DUMMY 1 3 )  

I I I 

2 5 7 6  0 2481 0 
- - 

I MAXIMUM FORCE FEMUR LOAD (LBS ) I 

DUMMY (1) 

I RIGHT FEMUR I LEFT FEMUR I 

MAXIMUM FORCE SEAT BELT LOADS (LBS ) 

SHOULDER STRAP LAP STRAP LAP STRAP 
UPPER BELT LOAD RIGHT BELT LOAD LEFT BELT LOAD 

N/M 2348 o - 

*Defined as exceeding 0 003 sec duration 
**As defined in FWSS No 208 

7781-4 
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Figure 2 

VEHICLE 1 OCCUPANT CLEARANCE DIMENSIONS 

CD 
cs 
KDL 
KDR 
1 
2 

SA 

DRIVER 

20 1 
1 2  1 

5 8  

5 6  

24 0 
2 4  

23 O 

DRIVER 
HR - Head to Side Roof HR 5 3  

HS = Head to Side Window HS 7 . 9  

AD = Arm to Door AD 4 0  

HD = Hip to Door HD 5 7  

KK = Knee to Knee KK a 7  

AA = Ankle to Ankle AA 12 1 

-- 

DT = ~ummy Temperature OF DT 69OF 
L 



Table 4 

ABDOMINAL DISPLACEMENT AS A FUNCTION OF ABDOMINAL PRESSURE 

TEST NO Y38-4-933 

CALIBRATION COEFFICIENTS FOR HYBRID I11 ABDOMEN 

Average of 8 2' and 9 2' Displacement-Pressure Curves 

Calibration Coefficients 

Linear term x+l term x+2 term xt3 term x+4 term x+5 term 

53100E+1 26981E+2 - 50362E+1 53471E+0 - 26160E-1 47288E-3 

Regression Equation 

D = 0.00047288X5 - 0 02616X4 + 0 53471X3 - 5 0362x2 + 26 981X + 5 31 

Where X = measured abdominal pressure (psi) 

D = displacement in millimeters 

Abdominal Pressure = 3 424 psi 

Abdominal Displacement = 56 74 mm 

= 2 2  inches 

3-10 



Figure 3 

SUMMARY OF VEHICLE 1 ACCELEROMETER DATA 

LOCI 
No Description 

1 

2 

3 

3 

3 

4 

5 

5 

6 

7 

7 

8 

9 

10 

10 

Rear seat crossmember left side 

Rear seat crossmember right side 

Rear seat crossmember centerline, primary 

Rear seat crossmember centerline, Y 

Rear seat crossmember centerline, Z 

Rear seat crossmember centerline, redundant 

Top of engine block 

Top of engine block 

Bottom of engine block 

Front suspension crossmember 

Front suspension crossmember 

Right front brake caliper 

Left front brake caliper 

Steering wheel hub 

Steering wheel hub 

*Values filtered using SAE class 60 filter 
**See Test Anomalies (Section 2) 

Axis 

X 

X 

X 

Y 
z 

X 

X 

z 

X 

X 

z 

X 

X 

X 

2 

aaximum Value (g ’s ) *  

-33.1 

-34 6 

-33 6 
*. 
-6 8 

-37 5 

-191 0 

-12.1 

-87.3 

-120.4 

-28.0 

-50.4 

-87.3 

-86.7 

-41.8 

4 3  

3 6  

3 5  
* *  

17 2 

3 4  

49.6 

39.4 

22.1 
** 

13.2 

9.7 

57.8 

15.2 

71 0 

7781-4 
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Figure 4 

VEHICLE 1 PRE- AND POST-TEST POSITION OF TEST VEHICLE 

ACCELEROMETER MOUNTING LOCATIONS 

Test Description 35 mph Offset Frontal Vehicle-to-Vehicle Impact 

Test Vehicle 1989 Hyundai Excel GL 4-Door Sedan 

Reference Plane Vehicle plane at rear bumper 

LONGITUDINAL LOCATION 

Accelerometer Description Pre-Test Post-Test Change 

Rear seat crossmember left side 64 8 64 2 0 6  

Rear seat crossmember right side 64 8 64 2 0 6  

Rear seat crossmember centerline, primary 65 3 64 7 0 6  

Rear seat crossmember centerline, redundant 65 3 64 7 0 6  

Top of engine block 1 4 1  8 1 2 9 . 5  12  3 

Bottom of engine block 1 4 2 . 5  135 1 7 4  

Front suspension crossmember 126 6 1 2 1  8 4 8  

Right front brake caliper 

Left front brake caliper 

Steering wheel hub 

132 6 125 8 6 8  

1 3 1  9 124 5 7 4  

101.1 €38 5 2 6  

7781-4 
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Figure 5 

VEHICLE 1 TARGET LOCATIONS 

it+-- 

3-13 
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Figure 6 

VEHICLE 1 MEASUREMENT POINTS 

Rear Datum Reference 
+ 

To Edge Of Door 

Left Side) 

To Trailing Edge 
Behind Door 
(Right/Left Side) 

To Leading Edge 
in Front of Door 
(Right/Left Side) 

(Right/Left Side) 
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Table 5 

No TYPE OF MEASUREMENT 

X1 Total Length of Vehicle at Centerline 

VEHICLE 1 MEASUREMENTS 

All Dimensions in Inches 

Pre-Tes t Post -Tes t 

167.7 149 1 

w 
I 

m 
r 

X2 

X3 

4 
4 
0 
P 
I 
L 

Rear Length of Vehicle at Centerline 144 7 135 6 

Rear Surface of Vehicle to Firewall 125 4 122 7 

I 1 

~~ ~ 

X4 Rear Surface of Vehicle to Upper Leading Edge of Right Door 

X5 Rear Surface of Vehicle to Upper Leading Edge of Left Door 

X6 Rear Surface of Vehicle to Lower Leading Edge of Right Door 

X7 Rear Surface of vehicle to Lower Leading Edge of Left Door 

X8 Rear Surface of Vehicle t o  Upper Trailing Edge of Right Door 

116 4 115 0 

116 4 115 5 

114 8 114 3 

114 5 114 2 

77 9 77 3 

X9 

X10 

X11 

X12 

_ _ ~  

Rear Surface of Vehicle t o  Upper Trailing Edge of Left Door 78 0 77 3 

Rear Surface of Vehicle to Lower Trailing Edge of Right Door 78 8 78 4 

Rear Surface of Vehicle t o  Lower Trailing Edge of Left Door 77 4 78 2 

Rear Surface of Vehicle to Bottom of " A "  Post of Right Side 115 5 114 8 

X14 

X15 

I 114 2 I I X13 I Rear Surface of Vehicle to Bottom of "A" Post of Left Side I 115 3 

123 123 1 I Rear Surface of Vehicle to Firewall - Right Side 125 5 

Rear Surface of Vehicle to Firewall - Left Side 125 5 

Xl6 

Y17 

Rear Surface of Vehicle to Steering Wheel Center 98 0 96 9 

Steering Column to !!Att Post 16 6 15 6 

I I I I 1 I 1 I 



I I 

- 
No TYPE OF MEASUREMENT 

218 Rear of Windshield Header to Steering wheel Column 

X19 Rear Surface of Vehicle to Right Side of Front Bumper 

1 I I I I I I 

All Dimensions in Inches 

Pre-Test Post -Tes t 

17 9 ia 7 

/ 165.8 154 7 

I I I 

W 
I 

-4 
r 

4 4 
03 
t-l 
I 

I 1 

X20 Rear Surface of Vehicle to Left Side of Front Bumper 165.8 144.1 

X21 Width of Engine Block 13 0 13 0 

222 Right Front Sill to Ground Plane 9.0 a a  

223 Left Front Sill to Ground Plane 8 6  9 3  

224 Right Rear Sill to Ground Plane 9 3  9 2  

225 Left Rear Sill to Ground Plane 8 7  9 5  

X20 Firewall to Engine or Transaxle 7.7 -0 0 

227 Vertical Dim. from Door Sill to Centerline of Steering Column 20 4 21 0 

X28 wheelbase of Vehicle 93 0 90.2 

Y29 Width of Vehicle at Maximum Width Point 63 6 63 0 

X30 Rear Surface of Vehicle to Engine Target 141 5 132 a 

X31 Rear Surface of Vehicle to Compartment Target 114 5 114 2 

x32 Rear Surface of Vehicle to Bumper Target 162.8 142 3 

X33 Rear Surface of Vehicle to Frame Crossmember 126 6 121 8 

Table 5 

VEHICLE 1 MEASUREMENTS (continued) 

,’ I 7 

a I I I 1 1 
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VEHICLE TWO DATA 
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Table 6 

GENERAL TEST AND VEHICLE 2 PARAMETER DATA 

Vehicle Year/Make/Model/Body Style 1989 Hyundai Excel CL 4-Door Sedan 

VIN KMHLF22J2KU619980 

Body Color White Date Of Manufacture February 4 ,  1989 

- cc 1 5 Liters, - 
- Turbocharged 
7 

Engine - 4 Cylinders, - - C I D ,  

- X Gas, - - Diesel, - 
X Transverse - - Longitudinal, - 

Transmission 5 Speed, X Manual, - - Automatic, - X Overdrive 

Final Drive X Front Wheel, A Rear Wheel, - - Four Wheel 

Type of Occupant Restraint Automatic torso belt/manual lap belt 

PATA RECORDE D FROM VEHICLE’S TIRE PLACAR D, 

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

Recommended Tire Size P15- / P1757QE13 

Recommended Cold Tire Pressure Front 30 psi, Rear 30 psi 

Tires on Vehicle P155/80R13 , Manufacturer Goodvear 

5 TOTAL - - 3rd Seat, - 3 Rear, Number of Occupants 2 Front, - 
Type of Front Seats X Bucket, - - Bench, - - Split Bench 

Type of Front Seat Back A F i x e d , X  A d j .  With Lever Rot. Knob 

Vehicle Capacity Weight (VCW) = 816 lbs (A) 

NO. of Occupants x 150 lbs = 750 lbs. (B) 

Rated Cargo and Luggage 
Weight (RCLW) A-B = 66 lbs. 

CAWR Front 1653 lbs Rear 1587 lbs GWVR 3185 lbs 

7781-4 
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Table 6 

GENERAL TEST AND VEHICLE 2 PARAMETER DATA (cont'd) 

W I G H T  OF TEST W C L E  AS RECEI VED FROM DEALER I WITH NO FUEL FJ.UIDS 1 = UDb' 

Right Front = 670 lbs Right Rear = 400 lbs 
Left Front = 700 l b s  Left Rear = 400 lbs 
TOTAL FRONT WEIGHT = 1370 lbs ( 63 % of Total Vehicle Weight) 

TOTAL REAR WEIGHT = 800 lbs (- 37 % of Total Vehicle Weight) 

TOTAL DELIVERY WEIGHT = 2170 lbs  

WEIGHT s F T D 

Right Front = 760 lbs Right Rear = 590 lbs 
Left Front = 690 lbs Left Rear = 530 lbs 

TOTAL FRONT WEIGHT = 1450 lbs ( 56 % of Total Vehicle Weight) 
TOTAL REAR WEIGHT = 1120 lbs (- 4 4  % of Total Vehicle Weight) 
TOTAL TEST WEIGHT = 2570 lbs 

Weight of ballast secured in vehicle trunk area = 0 lbs 

TEST \'EHICLE ATTITUDE (all dimensions in inches) 

AS DELIVIERED RF u, LF w, RR u, LR 
AS TESTED RF u, LF LLI.' RR m, LR 

Vehicle's Wheelbase = U inches 

Location of Vehicle's C G = 40.8 lnches from front wheel ce nter. 

7781-4 
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Table 6 

GENERAL TEST AND VEHICLE 2 PARAMETER DATA (cont’dl 

- CT DATA. 

Type of Test VTV Frontal Impact Angle Oo 
Date of Test 10-25-89 Time of Test 12 20 

Ambient Temperature at impact area 

Temperature in Occupant Compartment 67 O F  

Windshield Molding Temperature - O F  

Required Impact Velocity Range 34 5 to 35 5 mph 

Impact Velocity primary = 3 4  2 mph, secondary = 34 2 mph 
Distance From Front Bumper to Impact Point When 

Entering Speed Trap - inches 

Exiting Speed Trap - inches 

VISIBLE DUMMY CO NTACT POI NTS 

Passenger 
Head chin contacted chest 
Chest no contact 
Abdomen - 

Left Knee dash panel 
Right Knee dash panel 

3-2 1 
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Door Opening 

Table 6 

GENERAL TEST AND VEHICLE 2 PARAMETER DATA (cont’d) 

Seat Movement, 

Seat Back Failure 

Seat Shift (in ) 

Front 

Leffi Riaht 

closed closed 

operable operable 

Rlght 

- None 

- 0 0  

Rlnht 

closed closed 

operable operable 

7781-4 
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Table 7 

MAXIMUM FORCE FEhlUR LOAD (LBS ) 

I RIGHT FEMUR LEFT FEhlUR 
DUMMY (1) - - 

DUMMY (2) 1027 7 1894 3 

DUMMY ( 3 )  

I 

VEHICLE 2 DUMMY INJURY CRITERIA VALUES 

MAXIMUM FORCE SEAT BELT LOADS (LBS ) 

LAP STRAP SHOULDER STRAP LAP STRAP 
UPPER BELT LOAD RIGHT BELT LOAD LEFT BELT LOAD 

I - - - DUMMY (1) 

HIC 
- DUMMY (1) 

IDUMMY (4) I I I 

Average Acceleration 
ti (SEC) t2 (SEC) tl TO t 2  

- - - 
DUMMY (2) 

DUMMY ( 3 )  

DUMMY ( 4 )  

682 o .05812 09412 51 4 g’s 

*Defined as exceeding 0 003 see. duration 
**AS defined in FMVSS No 208 
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Figure 7 

VEHICLE 2 OCCUPANT CLEARANCE DIMENSIONS 

NH 
CD 
cs 
KDL 
KDR 

rn PASSENGER 

- 

23 4 
- 

6 2  
6 1  

NIP 25 6 

ULA 107 

Angles taken relative t o  vertical 
SA = Seat Back Angle 
TA = Torso Angle 
ULA= Upper Leg Angle 
LLA= Lower Leg Angle 

HR = 

HS = 

A D =  
H D -  
K K =  

A A =  

DT = 

Head to Side Roof 
Head to Side Window 
Arm to Door 
Hip to Door 
Knee to Knee 
Ankle to Ankle 
Dummy Temperature OF 

HH = Head to Windshield Header 
NW = Nose to Windshield 
NSW = Nose to Steering Wheel 
NIP = Nose to Instrument Panel 
NH = Nose to Steering Wheel Hub 
CD = Chest to Dash 
CS = Chest to Steering Wheel Hub 
KDL = Knee to Dash Left 
KDR = Knee to Dash Right 
1 = Head Target to Steering 

Column Target 
2 = Distance between Steering 

Column Tarnets 

I PASSENGER I 
1 HR I 5 2  I 
IHS I 7 7  I 
IAD I 4 1  I 

H D I  6 1  -KK 
K K I  7 5  1 
AA 7 . 8  I 
DT 67 I 

+- AA 

7781-4 
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Figure 8 

SUMMARY OF VEHICLE 2 ACCELEROMETER DATA 

TOP VIEW 

Vehicle 1989 Hyundai Excel CL 4-Door Sedan 

I Lot 
No Description 

1 Rear seat crossmember left side 

2 Rear seat crossmember right side 

3 Rear seat crossmember centerline, primary 

3 Rear seat crossmember centerline, y 

3 Rear seat crossmember centerline, z 
4 Rear seat crossmember centerline, redundant 

5 Top of engine block 

5 Top of engine block 

6 Bottom of engine block 

7 Front suspension crossmember 

7 Front suspension crossmember 

8 Right front brake caliper 

9 Left front brake caliper 

10 Steering wheel hub 

10 Steering wheel hub 

Axis 

X 

X 

X 

Y 
Z 

X 

X 

2 

X 

X 

Z 

X 

X 

X 

Z 

*Values filtered using SAE class 60 filter 

3-25 

Maximum Value (g’s)* 

I I  - II 

-38 6 

-40 8 

-38 4 

-4 9 

-8 3 

-38.7 

-201.4 

-53.4 

-113.8 

-158.8 

-52.2 

-71.4 

-76.2 

-113.4 

-50.4 

I1 + I1  

1 4  

2 4  

2 9  

2 7  

7 5  

2 9  

59 0 

37.9 

8.5 

11.0 

21.8 

10.5 

28.6 

11.9 

74 9 

7781-4 



Figure 9 

VEHICLE 2 PRE- AND POST-TEST POSITION OF TEST VEHICLE 

ACCELEROMETER MOUNTING LOCATIONS 

Test Description 35 mph Offset Frontal Vehicle-to-Vehicle Impact 

Test Vehicle 1989 Hyundai Excel CL 4-Door Sedan 

Reference Plane Vehicle Dlane at rear bumper 

Accelerometer Description 

LONGITUDINAL LOCATION 

Pre-Test Post-Test Change 

Rear seat crossmbmer left side 

Rear seat crossmember right side 

Rear seat crossmember centerline, 

Rear seat crossmember centerline, 

Top of engine block 

Bottom of engine block 

Front suspension crossmember 

Right front brake caliper 

Left front brake caliper 

Steering wheel hub 

64 9 

64 9 

primary 64 9 

redundant 64.B 

141 7 

141 1 

126 3 

132 2 

132 4 

100 9 

64 0 

64 8 

64 8 

64 8 

131.6 

134 1 

121 1 

127 5 

123 7 

98 2 

0 1  

0 1  

0 1  

0 1  

10 1 

7 0  

5 2  

4 7  

8 7  

2.7 

7781-4 
3-26 



c 

Figure 10 

VEHICLE 2 TARGET LOCATIONS 

II - . -  - -  
I la 

I- 7 9 . 3  *--I I 

7781-4 
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Figure 11 

VEHICLE 2 MEASUREMENT POINTS 

Rear Datum Reference 

To Edge of Door 
(Even Number f o r  
Right Side and 
Odd Number for 
Left Side) 

Dimensions 

To Trailing Edge 
Behind Door 
(Right/Left Side) 

To Leading Edge 
in Front of Door 
(Right/Left Side) 

To 
Headliner 

Rear Datum 

Bumper 

ight/Left Side) 

To Steering Column TO Firewall (Right/Left Side) 

3-28 7781-4 



Figure 11 

VEHICLE 2 MEASUREMENT POINTS (continued) 

222-23 224-25 

I-- x28 '1 

7781-4 
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Table 8 

VEHICLE 2 MEASUREMENTS 

No. 

X1 

X2 

r All Dimensions in Inches 

Post -Tes t TYPE OF MEASUREMENT Pre-Te s t 
, .--/ 

/- Total Length of Vehicle at Centerline 167 7 148 4 - 

Rear Length of Vehicle at Centerline 144 7 136 0 

X3 

X4 

Rear Surface of Vehicle to Firewall 125 4 123 5 

Rear Surface of Vehicle to Upper Leading Edge of Right Door 116 4 115 4 

I 115 0 I I X5 I Rear Surface of Vehicle to upper Leading Edge of Left Door 1 116 4 

X6 

X7 

X8 

X9 

W 

Rear Surface of Vehicle to Lower Leading Edge of Right Door 114 8 114 4 

Rear Surface of vehicle to Lower Leading Edge of Left Door 114 5 114 0 

Rear Surface of Vehicle t o  Upper Trailing Edge of Right Door 77 9 77 4 

Rear Surface of Vehicle to Upper Trailing Edge of Left Door 78.0 76 9 

I 
W 
0 

X11 

X12 

X13 

~ ~ ~ 

Rear Surface of Vehicle to Lower Trailing Edge of Left Door 77 4 77 8 

Rear Surface of Vehicle to Bottom of IIAtl Post of Right Side 115.5 114 8 

Rear Surface of Vehicle to Bottom of "Ar Post of Left Side 115 3 114 4 

1 X10 I Rear Surface of Vehicle to Lower Trailing Edge of Right Door I 78 8 I 78 4 I 

4 
4 
Q, 
P 

9. I 

X10 Rear Surface of Vehicle t o  Steering Wheel Center 98 0 97 3 

Y17 Steering Column to "Atf Post 16 0 17 5 

I 123 9 I 125 5 I I X14 I Rear Surface of Vehicle to Firewall - Right Side 
I 121 9 I 125 5 I 1 X15 1 Rear Surface of Vehicle to Firewall - Left Side 

I I I I I 



I I I 

No 

218 

X19 

1 I 1 

TYPE OF MEASUREMENT Pre-Test Post -Tes t 

Rear of Windshield Header to Steering Wheel Center 17 9 20 3 

Rear Surface of Vehicle to Right Side of Front Bumper 165 8 155 1 / 

I / I 

X20 

X21 

i 

Rear Surface of Vehicle t o  Left Side of Front Bumper 165 8 

Width of Engine Block 13 0 

Table 8 

VEHICLE 2 MEASUREMENTS (continued) 

224 

225 

X26 

I i 1 I 

Right Rear Sill to Ground Plane 9 3  lo 3 

Left Rear Sill to Ground Plane 8 7  9 8  

Firewall to Engine or Transaxle 7 . 7  -0 0 

I 

~- - 

X28 Wheelbase of Vehicle 

Y29 Width of Vehicle at Maximum Width Point 

X 3 0  Rear Surface of Vehicle to Engine Target 

X31 Rear Surface of Vehicle to Compartment Target 

I I 

93 6 

63 6 

141.1 

114 5 

I All Dimensions in Inches 

~ 

X32 Rear Surface of Vehicle to Bumper Strut 

X33 Rear Surface of Vehicle to Frame Crossmember 

164 4 

126 3 

- - -  143 8 

13 0 

222 I Right Front Sill t o  Ground Plane 9 0  9 3  

223 I Left Front Sill t o  Ground Plane 8 6  8 6  

227 I Vertical Dim. from Door Sill to Centerline of Steering Column 20.4 17 5 

89 2 
_ ~~~ 

63 0 

134.1 

114.2 

145 7 
~ 

121 1 



Figure 12 

CAMERA POSITIONS FOR VTV OFFSET FRONTAL IMPACTS 

I 
IL3 
CAYERA $ 5  

D REAL T I N E  

dl 
CANERA #1 

CAMERA $ 3  

CAMERl 

I 
: 10 

I 

MONORAIL & 
TOW CABLE 

CLKERA # 9  
(On B o a r d )  

TOP VIEh' 

TEST VEHICLE 
TOP VIEW 

CAMERA #11 

t 
CAXERA # 7  

CANERA #12 

ZAKERA # 4  

CONCRETE - 
TEST PAD 

r 

7781-4 
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i 1 I 1 I 

CAMERA POSITIONS (in)* 
x l y l z  

I I I 

ANGLE** 
(deg) 

I I I 

1 

2 

I i 1 

Real-Time Camera 

Overall View 

I i I i 

649.5 

Table 9 

HIGH-SPEED CAMERA LOCATIONS 

-22 0 43 0 -1 O 

NO Y38-4-933 Vehicle: Two 

I 

9 

10 

Vehicle 1 Onboard Seat Belt View 

Vehicle 2 Overall View 

Te s 

8 

25 

8 

25 

13 

8 

950 

555 

5 60 

540 

555 

880 

11 

12 

Vehicle 2 Onboard Passenger View 

Vehicle 2 Right Side Passenger View 

i o I -  +6 o I -79 o 1 goo 

13 

14 

15 

16 

Vehicle 2 Passenger and Interior View 

Vehicle 2 Onboard Seat Belt View 

Overhead View 

Underbody View 

-120.0 

- 
6 0  

+97 0 70 5 -15 O 

- - - 

+15 0 37 6 -90 O 

:AMEMI NO. VIEW 

- 1 - 1 - 1  

3 1 Impact Point Left Side View 210 0 I 0 I 4 0 5  I -7 O 13 I 530 

4 I Impact Point Right Side View -201 0 1 +6.0 I 41 5 I -5 O 13 I 610 

5 5 7  5 1 -6: 0 1 4 3 5  1 -:' 
-383.0 -23 0 40 0 -20 

25 I 675 Vehicle 1 Overall View 

Vehicle 1 Onboard Driver View 

Vehicle 1 Driver View w 
I 
w 
w 

4 
4 
Q, 
w 
I 
lb 

-107 0 I -102 0 I 70 5 I -16 O 8 I Vehicle 1 Driver and Steering Column View 

1 I I 

-391.0 I +41.0 I 44.0 I -1 O 

25 1 500 

13 I 810 

*X - film plane to monorail centerline 
Y - film plane to impact location 
Z = film plane to ground 

* *  - referenced to horizontal plane 



Appendix A 

PHOTOGRAPHS 

7781-4 A-1 



Appendix A 

TABLE OF CONTENTS 

ure NO, 

Figure A-1 

Figure A-2 

Figure A-3 

Figure A-4 

Figure A-5 

Figure A-6 

Figure A-7 

Figure A-8 

Figure A-9 

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 

OVERALL TEST SETUP 

PRE-TEST OVERHEAD VIEW 
POST-TEST OVERHEAD VIEW 

PRE-TEST OVERALL SIDE VIEW 
POST-TEST OVERALL SIDE VIEW 

IMPACT PHOTO 

VEHICLE 1 PHOTOGRAPHS 

VEHICLE 1 PRE-TEST FRONT VIEW 

VEHICLE 1 POST-TEST FRONT VIEW 
VEHICLE 1 PRE-TEST RIGHT THREE QUARTER VIEW 

VEHICLE 1 POST-TEST FRONT RIGHT THREE QUARTER VIEW 
VEHICLE 1 PRE-TEST RIGHT SIDE VIEW 
VEHICLE 1 POST-TEST RIGHT SIDE VIEW 
VEHICLE 1 PRE-TEST REAR RIGHT THREE QUARTER VIEW 
VEHICLE 1 POST-TEST REAR RIGHT THREE QUARTER VIEW 
VEHICLE 1 PRE-TEST REAR VIEW 

VEHICLE 1 POST-TEST REAR VIEW 
VEHICLE 1 PRE-TEST REAR LEFT THREE QUARTER VIEW 
VEHICLE 1 POST-TEST REAR LEFT THREE QUARTER VIEW 
VEHICLE 1 PRE-TEST LEFT SIDE VIEW 

VEHICLE 1 POST-TEST LEFT SIDE VIEW 
VEHICLE 1 PRE-TEST FRONT LEFT THREE QUARTER VIEW 

VEHICLE 1 POST-TEST FRONT LEFT THREE QUARTER VIEW 

VEHICLE 1 PRE-TEST WINDSHIELD VIEW 

VEHICLE 1 POST-TEST WINDSHIELD VIEW 

VEHICLE 1 PRE-TEST OVERHEAD ENGINE COMPARTMENT VIEW 

VEHICLE 1 POST-TEST OVERHEAD ENGINE COMPARTMENT VIEW 
VEHICLE 1 PRE-TEST UNDERBODY FRONT VIEW 

VEHICLE 1 POST-TEST UNDERBODY FRONT VIEW 

VEHICLE 1 PRE-TEST UNDERBODY FRONT SIDE VIEW 

A-3 

A-4 
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A-9 
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Appendix B 

VEHICLE AND DUMMY RESPONSE DATA 

Key V1 - Vehicle 1 
P1 - Vehicle Seat Position 1 
V2 - Vehicle 2 
P2 - Vehicle Seat Position 2 

7781-4 
B- 1 



TEST NO Y38-3-932 

VEHICLE DATA FILTER CHANNEL CLASS 

60 
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VEHICLE-TO-VEHICLE -___ FRONTAL IMPACT 90% OVERLAP 
~~ 

* FIJN # 932 SERIES # c) 

Ip 
w 5 U 1 . P l  HO1X 

6 V 1 . P l  HD2YG 

7 W F 1  H D X C  

8 V1.Pl W3XG 

AT T I M E  

81 .45  MS. 
208.48 M S .  

58 .87  MS 
193.72 VS 

58 .80  ris. 
200 40 MS 

93.45 Pls. 
58.95 MS. 

-17.428 G ' S  55.80 US. 
10.593 G'S 35.158 MS. 
-3.348 C ' S  1 0 4 . 4 7  MS. 
66.103 G'S 72.3;. MS. 

-113.946 G ' S  81.38 MS. 
35.266 G'S 58.65  MS. 



c 
-c 
& 

w 
E 

a: 
w 

t 
co 
w 
I u 
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I / I 1 I I I I ( 1 1 I I I 1 1 

VEHICLETTO-VEHICLE FRONTAL IMPACT 90% OVERLAP 

17 'J l  P1 LEFT FElttlP L;'JkO -85 3.14 LBS 
L '488 994 LE6 

AT T I M E  

98.32 MS.  
62 92 MS. 
37.12 MS. 
59 85 MS 

66 98 MS.  
9Q 67 MS. 

-35.55 MS. 
72 98 MS 

23 Ul . P 1  UPPEP NEW PlY - 3 f 4  1% ItI-LBS 98 55 MS. 
2 1 4 . 2 4 3  I H-LBS . 6 5 . 6 3  11s. 

I I 

24 01 .P1  UPPER NECK MZ -70.993 IN-LBS. 149.92 MS. 
131.701 I t { -LBS.  9 5 . 8 5  MS. 
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VEHICLE-TO-VEHICLE FRONTAL IMPACT 90% OVERLAP 

PUN )I 937 5EFIE'S # 4 

- -  

*Accelerometer iocations can be found on Figure 9 Page 3-26 

I I I f 6 I 
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VEHICLE ONE DATA 
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