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SECTION 1
INTRODUCTION
PURPOSE
This 47.2 mph vehicle into trailer impact test was conducted for Seven Hills Engineering, LLC.
The test was conducted in accordance with instructions provided by Seven Hills Engineering,
LLC.

SUMMARY

A 40 foot Flat-Deck Gooseneck Trailer manufactured by PJ Trailers connected to a 2004 Ford
F-350 Super Duty Lariat was impacted by a 2012 Hyundai Elantra 4-door sedan at a velocity of
47.88 mph (77.06 km/h). The test was performed at KARCO Engineering, LLC. on April 13,
2017. Pre- and post-test photographs of the vehicles and dummies can be found in Appendix A
of this report. Two (2) real-time cameras and five (5) high-speed cameras were used to

document the oblique frontal impact event.

One Part 5720 5™ percentile female anthropomorphic test device (ATD) was placed in the
driver seating position and ballasted according to instructions given by Seven Hills Engineering,
LLC. The driver 5™ percentile female ATD was ballasted to 158.0 Ibs.

The ATD was instrumented with head and chest tri-axial accelerometers, a chest deflection
potentiometer and an upper neck force load cell. A tri-axial accelerometer was placed at the
approximate center of gravity to record the deceleration of the vehicle. The maximum
deceleration, in the x-axis, recorded was 48.8 g’'s and the change in velocity, recorded was 47.9

mph. Appendix B contains the dummy and vehicle data traces.

The driver ATD was calibrated prior to this test. Dummy calibration data can be found in

Appendix C of this report.

As a result of the impact, the PJ trailer connected to the 2004 Ford F-350 Super Duty Lariat
shifted downstream as it caused the front of the 2012 Hyundai Elantra 4-door sedan to pitch

downward into the ground.
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SECTION 2

DATA SHEETS
Test Vehicle: 2012 Hyundai Elantra 4-Door Sedan Project No.: P37103-01
Test Program: 47.2 mph Vehicle into Trailer Impact Test Test Date: 04/13/17

CONVERSION FACTORS

Quantity Typical Application Std Units Metric Unit  Multiply By
Mass Vehicle Weight Ib kg 0.4536
Linear Velocity Impact Velocity miles/hr km/hr 1.609344
Length or Distance Measurements in mm 254
Volume Fuel Systems gal liter 3.785
Volume Small Fluids oz mL 29.574
Pressure Tire Pressures Ibf/in? kPa 6.895
Temperature General Use °F °C =(Tf-32)/1.8
Force Dynamic Forces Ibf N 4.448
Moment Torque Ibf-ft Nem 1.355
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DATA SHEET NO. 1
GENERAL TEST AND VEHICLE PARAMETER DATA
Test Vehicle: 2012 Hyundai Elantra 4-Door Sedan Project No.: P37103-01
Test Program: 47.2 mph Vehicle into Trailer Impact Test Test Date: 04/13/17

TEST VEHICLE INFORMATION AND OPTIONS

Project Number P37103-01 Traction Control System (TCS) Yes
Model Year 2012 Auto-Leveling System No
Make Hyundai Automatic Door Locks Yes
Model Elantra Power Window Auto-Reverse Yes
Body Style 4-Door Sedan Other Optional Feature No
VIN 5NPDH4AE2CH083966 Driver Front Airbag Yes
Body Color Black Noir Pearl Driver Curtain Airbag Yes
Odometer Reading (km / mi) 182,990/ 113,705 Driver Torso Airbag No
Engine Displacement (L) 1.8 Driver Torso/Pelvis Airbag Yes
Type / No. of Cylinders Inline 4 Driver Pelvis Airbag No
Engine Placement Longitudinal Driver Knee Airbag No
Transmission Type Automatic Pass. Front Airbag Yes
Transmission Speeds 6 Pass. Curtain Airbag Yes
Overdrive Yes Pass. Torso Airbag No
Final Drive FWD Pass. Torso/Pelvis Airbag Yes
Roof Rack No Pass. Pelvis Airbag No
Sunroof / T-Top Yes Pass. Knee Airbag No
Running Boards No Driver Seat Belt Pretensioner Yes
Tilt Steering Wheel Yes Pass. Seat Belt Pretensioner Yes
Power Seats No Driver Load Limiter Yes
Anti-Lock Brakes (ABS) Yes Pass. Load Limiter Yes

Other Safety Restraint No

DATA FROM CERTIFICATION LABEL

Hyundai Motor

Manufactured By Manufacturing Alabama, GVWR (Ibs) 3792
LLC.

Date of Manufacture Jun-11 GAWR Front (Ibs) 2072

Vehicle Type Passenger Car GAWR Rear (Ibs) 1762
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DATA SHEET NO. 1 ... (CONTINUED)
GENERAL TEST AND VEHICLE PARAMETER DATA
Test Vehicle: 2012 Hyundai Elantra 4-Door Sedan Project No.: P37103-01
Test Program: 47.2 mph Vehicle into Trailer Impact Test Test Date: 04/13/17

2012 HYUNDAI ELANTRA VEHICLE WEIGHTS

As Delivered Weights (UVW) As Tested Weights (ATW)
Units Front Axle Rear Axle Total Front Axle Rear Axle Total
Left Ibs 884.0 530.0 896.0 572.0
Right Ibs 833.0 514.0 887.0 473.0
Ratio % 62.2% 37.8% 100.0% 63.0% 37.0% 100.0%
Total Ibs 1717.0 1044.0 2761.0 1783.0 1045.0 2828.0

PJ TRAILER WEIGHTS
As Delivered Weights (UVW)

Units Landing Gear Front Axle Rear Axle Total
Left Ibs 992.0 2024.0 2261.0
Right Ibs 1880.0 1948.0 1979.0
Ratio % 25.9% 35.8% 38.3%
Total Ibs 2872.0 3972.0 4240.0 11084.0 '

2004 FORD F-350 SUPER DUTY LARIAT

As Delivered Weights (UVW) As Tested Weights (ATW)
Units Front Axle Rear Axle Total Front Axle Rear Axle Total
Left Ibs 2080.0 1550.0 2080.0 1550.0
Right Ibs 2005.0 1546.0 2005.0 1546.0
Ratio % 56.9% 43.1% 100.0% 56.9% 43.1% 100.0%
Total Ibs 4085.0 3096.0 7181.0 4085.0 3096.0 7181.0

2012 HYUNDAI ELANTRA VEHICLE ATTITUDES

Condition Units LF RF LR RR
As-Tested Inches 26.5 26.7 26.6 27.0

PJ TRAILER DECK HEIGHTS
Condition Units LF RF
As Tested Inches 39.5 40.0

*All vehicle weights and ballasts were provided by Seven Hills Engineering, LLC.
"Prior to testing, the trailer ramps were removed at the request of Seven Hills Engineering, LLC.

The total weight of the ramps was 408 Ibs.
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Test Vehicle:

Test Program:

Code

WA®
SWA®
SCA®

SA°
HZ
HH
HW
NR
CD
CS
RA

KDL

KDR

SK
ST
SH

47.2 mph Vehicle into Trailer Impact Test

DATA SHEET NO. 2
DUMMY LONGITUDINAL CLEARANCE DIMENSIONS
2012 Hyundai Elantra 4-Door Sedan

LEFT SIDE VIEW

Measurement Description

Windshield Angle

Project No.: P37103-01
Test Date: 04/13/17

Driver

Length (mm)  Angle (°)

Steering Wheel Angle
Steering Column Angle
Seat Back Angle (On Seat Back)

Head to Roof

Head to Header
Head to Windshield
Nose to Rim

Chest to Dash

Chest to Steering Hub

Rim to Abdomen
Left Knee to Dash
Right Knee to Dash
Striker to Knee
Striker to Head
Striker to H-Point
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370
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220
149
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23.8
66.4
21.8
11.4
90.0

0.0
0.0

0.0
0.0
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DATA SHEET NO. 3
DUMMY LATERAL CLEARANCE DIMENSIONS

Test Vehicle: 2012 Hyundai Elantra 4-Door Sedan Project No.: P37103-01
Test Program: 47.2 mph Vehicle into Trailer Impact Test Test Date: 04/13/17
Code Description Driver
(mm)
AD Arm to Door 149
HD H-Point to Door 175
HS Head to Side Window 294
6 TR-P37103-01-NC
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DATA SHEET NO. 4
TEST VEHICLE INSTRUMENTATION AND CAMERA SUMMARY

Test Vehicle: 2012 Hyundai Elantra 4-Door Sedan Project No.: _P37103-01
Test Program: 47.2 mph Vehicle into Trailer Impact Test Test Date: 04/13/17
INSTRUMENTATION
Driver Dummy Accelerometers 19
Vehicle Structure Accelerometers 3
Total 22
CAMERA COVERAGE
High-Speed Off Board 3
High-Speed On-Board 2
Real Time 2
Total 7
7 TR-P37103-01-NC

Attachment B
Docket No. NHTSA-2023-0012
Perry L. Ponder, P.E.



DATA SHEET NO. 5
POST-TEST OBSERVATIONS
Test Vehicle: 2012 Hyundai Elantra 4-Door Sedan Project No.: P37103-01
Test Program: 47.2 mph Vehicle into Trailer Impact Test Test Date: 04/13/17

TEST DUMMY INFORMATION AND CONTACT

Description Driver
Ballasted P5720 5th Percentile
Dummy Type Female ATD
Head Contact Front Airbag, Side Curtain, Seat
Back
Upper Torso Contact Front Airbag
Lower Torso Contact None
Left Knee Contact None
Right Knee Contact Knee Bolster

SUPPLEMENTAL RESTRAINT SYSTEM INFORMATION

. Driver
Restraint Type Installed Operated
Front Airbag Yes Yes
Side Airbag 1 (Curtain) Yes Yes
Side Airbag 2 (Torso/Pelvis) Yes Yes
Seat Belt Retractor Yes Yes
Seat Belt Load Limiter Yes Yes

TEST VEHICLE SPEED DATA

Measured Parameter Units Value

Trap No. 1 Velocity (Primary) km/h 77.06

Trap No. 2 Velocity (Redundant) km/h 76.98
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APPENDIX A
PHOTOGRAPHS
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FIGURE 1. As Received Right Front % View of Bullet Vehicle

FIGURE 2. As Received Left Rear % View of Bullet Vehicle
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FIGURE 3. Manufacturer's Label

FIGURE 4. Tire Information Label
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FIGURE 5. As Received Right Front % View of Test Article

FIGURE 6. As Received Left Rear % View of Test Article
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FIGURE 7. As Received Right Front % View of Support Vehicle

FIGURE 8. As Received Left Rear % View of Support Vehicle
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FIGURE 9. Test Setup

FIGURE 10. Test Setup
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FIGURE 11. Test Setup

FIGURE 12. Test Setup
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FIGURE 13. Test Setup

FIGURE 14. Test Setup
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FIGURE 15. Test Setup

FIGURE 16. Test Setup

A-8
Attachment B
Docket No. NHTSA-2023-0012
Perry L. Ponder, P.E.

TR-P37103-01-NC



FIGURE 17. Pre-Test Left View of Bullet Vehicle

FIGURE 18. Post-Test Left View of Bullet Vehicle
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FIGURE 19. Pre-Test Left Front % View of Bullet Vehicle

FIGURE 20. Post-Test Left Front % View of Bullet Vehicle
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FIGURE 21. Pre-Test Front View of Bullet Vehicle

FIGURE 22. Post-Test Front View of Bullet Vehicle
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FIGURE 23. Pre-Test Right Front % View of Bullet Vehicle

FIGURE 24. Post-Test Right Front % View of Bullet Vehicle
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FIGURE 25. Pre-Test Right View of Bullet Vehicle

FIGURE 26. Post-Test Right View of Bullet Vehicle
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FIGURE 27. Pre-Test Right Rear % View of Bullet Vehicle

FIGURE 28. Post-Test Right Rear % View of Bullet Vehicle
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FIGURE 29. Pre-Test Rear View of Bullet Vehicle

FIGURE 30. Post-Test Rear View of Bullet Vehicle
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FIGURE 31. Pre-Test Left Rear % View of Bullet Vehicle

FIGURE 32. Post-Test Left Rear % View of Bullet Vehicle
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FIGURE 33. Pre-Test Front Compartment

FIGURE 34. Post-Test Front Compartment
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FIGURE 35. Pre-Test View of Test Article

FIGURE 36. Post-Test View of Test Article

A-18 TR-P37103-01-NC
Attachment B
Docket No. NHTSA-2023-0012
Perry L. Ponder, P.E.



FIGURE 37. Pre-Test View of Test Article

FIGURE 38. Post-Test View of Test Article

A-19 TR-P37103-01-NC
Attachment B
Docket No. NHTSA-2023-0012
Perry L. Ponder, P.E.



FIGURE 39. Pre-Test View of Test Article

FIGURE 40. Post-Test View of Test Article
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FIGURE 41. Pre-Test View of Test Article

FIGURE 42. Post-Test View of Test Article
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FIGURE 43. Pre-Test Windshield

FIGURE 44. Post-Test Windshield
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FIGURE 45. Pre-Test Front View of Dummy

FIGURE 46. Post-Test Front View of Dummy
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FIGURE 47. Pre-Test Side View of Dummy

FIGURE 48. Post-Test Side View of Dummy
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FIGURE 49. Pre-Test Dummy and Vehicle Interior

FIGURE 50. Post-Test Dummy and Vehicle Interior
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FIGURE 51. Pre-Test Dummy Feet

FIGURE 52. Post-Test Dummy Feet
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FIGURE 53. Pre-Test Right Side View of Dummy

and Front Seat Occupant Compartment

FIGURE 54. Post-Test Right Side View of Dummy
and Front Seat Occupant Compartment
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FIGURE 55. Post-Test Dummy Face

FIGURE 56. Post-Test Dummy Contact with Front Airbag
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FIGURE 57. Post-Test Driver Inner Door Panel View

Showing Dummy Contact Locations

FIGURE 58. Post-Test Dummy Contact with Seatback
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FIGURE 59. Post-Test Dummy Contact with Side Airbag

FIGURE 60. Test Vehicle Damage
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FIGURE 61. Test Vehicle Damage

FIGURE 62. Test Vehicle Damage
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FIGURE 63. Test Vehicle Damage

FIGURE 64. Test Article Damage
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FIGURE 65. Test Article Damage

FIGURE 66. Test Article Damage
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FIGURE 67. Test Article Damage

FIGURE 68. Test Article Damage
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FIGURE 69. Impact Event
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Driver Chest Acceleration X Redundant
Driver Chest Acceleration Y Redundant
Driver Chest Acceleration Z Redundant
Driver Chest Resultant Acceleration Redundant
Driver Chest Deflection

Vehicle CG Acceleration X

Vehicle CG Acceleration Y

Vehicle CG Acceleration Z

Vehicle CG Resultant Acceleration

Vehicle CG X Velocity

Page
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Test Vehicle:
Test Program:

2012 Hyundai Elantra 4-Door Sedan

47.2 mph Vehicle into Trailer Impact Test

Project No.:
Test Date:

P37103-01
4/13/17

0 |Curve Description
IDriver Head Acceleration X Primary
o Plot No. SAE Class Units
-25 001 1000 g
Max Time Min Time
0.9 200.0 -42.4 62.2
-50 4 | | | | | | | | |
-25 0 25 50 75 100 125 150 175 200
Time (ms)
TTTTTTTT T
10 |Curve Description
IDriver Head Acceleration Y Primary
o Plot No. SAE Class Units
0 002 1000 g
Max Time Min Time
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 12.8 80.1 35 66.5
'10 T T T T T T T T T 1
-25 0 25 50 75 100 125 150 175 200
Time (ms)
30
20 —
JCurve Description
10 IDriver Head Acceleration Z Primary
o Plot No. SAE Class Units
0 003 1000 g
Max Time Min Time
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 29.2 48.6 2.1 16.7
-10 T T T T T T T T T 1
-25 0 25 50 75 100 125 150 175 200
Time (ms)
50 T T T T T T T T T 1
Furve 5escription
25 Driver Head Resultant Acceleration Primary
Plot NO. SAE Class Units
o 004 1000 g
0 Max Time Min Time
43.1 62.2 0.0 1.6
-25 T T T T T T T T T 1 I I Value I Tl T2
25 0 25 50 75 100 125 150 175 200 HIC15 154.1 590 74.0
Time (ms) HIC36 230.1 45.7 81.3
Attachmédnt1B TR-P37103-01-NC
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Test Vehicle:

Test Program:

2012 Hyundai Elantra 4-Door Sedan

47.2 mph Vehicle into Trailer Impact Test

P37103-01
4/13/17

Project No.:
Test Date:

0 |Curve Description
IDriver Head Acceleration X Redundant
o Plot No. SAE Class Units
-25 005 1000 g
Max Time Min Time
1.6 197.9 -42.3 63.1
-50 4 | | | | | | | | |
-25 0 25 50 75 100 125 150 175 200
Time (ms)
TTTTTTTTT]
10 |Curve Description
IDriver Head Acceleration Y Redundant
o Plot No. SAE Class Units
0 006 1000 g
Max Time Min Time
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 3.0 835 35 211
'10 T T T T T T T T T 1
-25 0 25 50 75 100 125 150 175 200
Time (ms)
30
20 —
JCurve Description
10 IDriver Head Acceleration Z Redundant
o Plot No. SAE Class Units
0 007 1000 g
Max Time Min Time
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 28.8 47.6 -2.4 15.7
-10 T T T T T T T T T 1
-25 0 25 50 75 100 125 150 175 200
Time (ms)
50 T T T T T T T T T 1
Furve 5escription
25 Driver Head Resultant Acceleration Redundant
PIot NO. SAE Class Units
o 00s 1000 g
0 Max Time Min Time
43.1 64.0 0.0 0.4
-25 T T T T T T T T T 1 I I Value I Tl T2
25 0 25 50 75 100 125 150 175 200 HIC15 151.5 590 74.0
Time (ms) HIC36 226.1 45.3 81.3
Attachmdd TR-P37103-01-NC
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Test Vehicle:

Test Program:

2012 Hyundai Elantra 4-Door Sedan

Project No.: P37103-01

47.2 mph Vehicle into Trailer Impact Test

Test Date: 4/13/17

400 I
200
|Curve Description
0 [Driver Upper Neck Force X
z Plot No. SAE Class Units
009 1000 N
200 Max Time Min Time
296.8 64.6 -341.1 48.6
-400 + f f f f f f f i
-25 25 50 75 100 125 150 175 200
Time (ms)
400
200 |Curve Description
IDriver Upper Neck Force Y
z Plot No. SAE Class Units
0 010 1000 N
Max Time Min Time
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 386.7 111.3 -63.0 34.5
-200 | . t t ; ; T i
-25 25 50 75 100 125 150 175 200
Time (ms)
1 T T T T T T 1
1000
JCurve Description
500 IDriver Upper Neck Force Z _
z Plot No. SAE Class Units
011 1000 N
0 Max Time Min Time
1144.7 49.0 -197.0 17.4
500 ] S N E A N B —
-25 25 50 75 100 125 150 175 200
Time (ms)
T T T T T T T 1
1000
Curve Description
500 Driver Upper Neck Force Res.
z Plot No. SAE Class units
012 1000 N
0 Max Time Min Time
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 1190.0 49.0 1.1 5.9
-500 | | | | | | | | |
-25 25 50 75 100 125 150 175 200

Time (ms)

Attachmd3B
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Test Vehicle:

Test Program:

2012 Hyundai Elantra 4-Door Sedan Project No.: P37103-01

47.2 mph Vehicle into Trailer Impact Test Test Date: 4/13/17

20
10
|Curve Description
0 [Driver Upper Neck Moment X
% Plot No. SAE Class Units
10 013 600 Nm
Max Time Min Time
20 | | | | | | | | | | 17.8 132.1 -13.2 45.7
-25 0 25 50 75 100 125 150 175 200
Time (ms)
TTT T T T T T T T 1
10
|Curve Description
0 IDriver Upper Neck Moment Y
§ Plot No. SAE Class Units
10 014 600 Nm
Max Time Min Time
14.1 55.3 -15.7 77.1
. —
-25 0 25 50 75 100 125 150 175 200
Time (ms)
10I
5
JCurve Description
0 IDriver Upper Neck Moment Z _
§ Plot No. SAE Class Units
015 600 Nm
K Max Time Min Time
7.8 57.0 -9.6 82.8
-10
-25 0 25 50 75 100 125 150 175 200
Time (ms)
TTTTTTTTT]
20
Curve Description
10 Driver Upper Neck Moment Res.
§ Plot No. SAE Class units
016 600 Nm
0 Max Time Min Time
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 19.6 113.7 0.0 2.9
-10 | | | | | | | | | |
-25 0 25 50 75 100 125 150 175 200

Time (ms)
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Test Vehicle:
Test Program:

2012 Hyundai Elantra 4-Door Sedan Project No.: P37103-01

47.2 mph Vehicle into Trailer Impact Test Test Date:

4/13/17

Time (ms)

AttachméB
Docket No. NHTSA-2023-0012
Perry L. Ponder, P.E.

60
| | | | | | | | | |
30 —
|Curve Description
0 IDriver Chest Acceleration X Primary
Plot No. SAE Class Units
2 017 180 g
) Max Time Min Time
43.6 81.6 -55.4 65.4
-60 . . . . . . . . . .
-25 0 25 50 75 100 125 150 175 200
Time (ms)
TTTTTTTTT]
20 |Curve Description
IDriver Chest Acceleration Y Primary
Plot No. SAE Class Units
0 018 180 g
Max Time Min Time
24.0 63.3 -17.6 78.1
-20 | : : : : : : : : :
-25 0 25 50 75 100 125 150 175 200
Time (ms)
20
10 —
JCurve Description
0 IDriver Chest Acceleration Z Primary
Plot No. SAE Class Units
10 019 180 g
| Max Time Min Time
18.9 51.0 -18.1 81.0
-20 , . . . . . . . . .
-25 0 25 50 75 100 125 150 175 200
Time (ms)
75
| | | | | | | | | |
50 Furve 5escription
Driver Chest Resultant Acceleration Primary
25 PIot NO. SAE Class units
020 180 g
0 Max Time Min Time
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 60.9 65.4 0.1 0.9
-25 T T T T T T T T T 1 I I Value Tl I T2
-25 0 25 50 75 100 125 150 175 200 3 ms. Clip 55.4 63.9 66.9
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Test Vehicle:
Test Program:

2012 Hyundai Elantra 4-Door Sedan Project No.: P37103-01

47.2 mph Vehicle into Trailer Impact Test Test Date:

4/13/17

Time (ms)

Attachmdd
Docket No. NHTSA-2023-0012
Perry L. Ponder, P.E.

O T 71 1 T T T T T |
30 —
|Curve Description
. IDriver Chest Acceleration X Redundant
Plot No. SAE Class Units
2 021 180 g
| Max Time Min Time
43.8 81.6 -55.7 65.4
-60 . . . . . . . . . .
-25 0 25 50 75 100 125 150 175 200
Time (ms)
TTTTTTTTT]
20 |Curve Description
IDriver Chest Acceleration Y Redundant
Plot No. SAE Class Units
0 022 180 g
Max Time Min Time
24.4 63.3 -17.2 78.1
-20 ) ) ) ) ) ) ) ) )
-25 0 25 50 75 100 125 150 175 200
Time (ms)
20
10 —
JCurve Description
0 IDriver Chest Acceleration Z Redundant
Plot NO. SAE Class Units
10 023 180 g
’ Max Time Min Time
18.9 51.0 -18.7 81.1
-20
-25 0 25 50 75 100 125 150 175 200
Time (ms)
75
| | | | | | | | | |
50 Furve 5escription
Driver Chest Resultant Acceleration Redundant
25 Plot NO. SAE Class Units
024 180 g
0 Max Time Min Time
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 61.0 65.4 0.1 3.6
-25 T T T T T T T T T 1 I I Value Tl I T2
-25 0 25 50 75 100 125 150 175 200 3 ms. Clip 55.1 63.9 66.9
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Test Vehicle:

Test Program:

2012 Hyundai Elantra 4-Door Sedan

47.2 mph Vehicle into Trailer Impact Test

Project No.: P37103-01

Test Date:

4/13/17

10 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 |Curve Description
IDriver Chest Deflection
E Plot No. SAE Class Units
-10 025 600 mm
Max Time Min Time
| | | | | | | | | 0.1 15.6 -15.4 52.6
'20 T T T T T T T T 1
-25 25 50 75 100 125 150 175 200
Time (ms)
0 Curve Description
Vehicle CG Acceleration X
o Plot No. SAE Class Units
-25 026 60 g
Max Time Min Time
3.4 10.4 -48.8 37.5
-50
-25 25 50 75 100 125 150 175 200
Time (ms)
30
20 —
[Curve Description
1 \Vehicle CG Acceleration Y
o Plot NO. SAE Class Units
027 60 g
0 Max Time Min Time
| | | | | | | | | | 28.5 28.3 -3.5 46.1
-10 T T T T T T T T T 1
-25 25 50 75 100 125 150 175 200
Time (ms)
1 T T T T T T 1
25
Curve Description
0 Vehicle CG Acceleration Z
o Plot No. SAE Class Units
028 60 g
% Max Time Min Time
33.1 16.7 -47.5 19.9
-50
-25 25 50 75 100 125 150 175 200

Time (ms)
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Test Vehicle: 2012 Hyundai Elantra 4-Door Sedan Project No.: P37103-01

Test Program: 47.2 mph Vehicle into Trailer Impact Test Test Date: 4/13/17
TTT T T T T T T T
50 —
ICurve Description
. \Vehicle CG Resultant Acceleration
o Plot No. SAE Class Units
029 60 g
0 Max Time Min Time
L] e e e
'25 T T T T T T T T T 1
-25 0 25 50 75 100 125 150 175 200
Time (ms)
TT T T T T 1 1 T ]
40 Curve Description
- Vehicle CG X Velocity
% Plot No. SAE Class Units
20 030 180 MPH
Max Time Min Time
47.9 1.7 6.8 163.4
04 | | | | | | | | |
-25 0 25 50 75 100 125 150 175 200
Time (ms)
Attachmdd3 TR-P37103-01-NC
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Test Program: Damage Checklist Test Date: 4/3/17
ATD.: Hybrid Il 5th Percentile Female Test I.D.: N/A
Dummy Item Inspect for Comments Damaged OK
Entire Dummy Perform general cleaning X
Outer Skin Gashes, rips, cracks X
Ballast secure X
Head
General appearance X
Broken or cracked rubber X
Upper neck bracket firmly attached
X
to the lower neck bracket
Neck
Looseness at the condyle joint X
Nodding blocks cracked or out of X
position
Spine Broken or cracks in rubber X
Broken or bent ribs X
Broken or bent rib supports X
Ribs Damping material separated or X
cracked
Rubber bumpers in place X
Chest Displacement Bent shaft X
Assembly Slider arm riding in track X
Transducer Leads Torn cables X
Accelerometer Head mounting secure X
Mountings Chest mounting secure X
Skin condition X
Knees Insert (do not remove) X
Casting X
Limbs Normal movement and adjustment X
Wires intact X
Knee Sliders
Rubber returned to "at rest" position X
Pelvis Broken X
Other X

Describe the repair on or replacement of parts:

Att tB
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Test Program: External Measurements Test Date: 4/3/17

ATD.: Hybrid 111 5th Percentile Female Test I.D.: N/A
Tested Parameter Units Specification Result Pass/Fail
Laboratory Temperature °Cc 20.6 t0 22.2 21.22 Pass
Laboratory Relative Humidity % 10to 70 30.3 Pass
A - Total sitting height mm 774.7 to 800.1 786 Pass
B - Shoulder pivot height mm 431.8 to 457.2 450 Pass
C - H point height mm 81.31086.3 85 Pass
D - H point location from backline mm 144.8 t0 149.8 146 Pass
E - Shoulder pivot from backline mm 68.6 to 83.8 77 Pass
F - Thigh clearance mm 119.4t0 134.6 126 Pass
G - Back of elbow to wrist pivot mm 243.9 t0 259.1 250 Pass
H - Head back to backline mm 40.7 to 45.7 44 Pass
| - Shoulder to elbow length mm 276.8 t0 297.2 285 Pass
J - Elbow rest height mm 182.8 t0 203.2 198 Pass
K - Buttock to knee length mm 520.7 to 546.1 531 Pass
L - Popliteal length mm 355.6 to 376.0 371 Pass
M - Knee pivot height mm 393.7t0419.1 402 Pass
N - Buttock popliteal length mm 414.0t0 439.4 420 Pass
O - Chest depth without jacket mm 175.3t0 190.5 186 Pass
P - Foot length mm 218.5to 233.7 221 Pass
R - Buttock to Knee Pivot Length mm 457.2 t0 482.6 473 Pass
S - Head Breadth mm 137.1to 147.3 144 Pass
T - Head Depth mm 177.8t0 188.0 180 Pass
U - Hip Breadth mm 299.7 to 314.9 302 Pass
V - Shoulder breadth mm 350.5 to 365.7 359 Pass
W - Foot breadth mm 78.810 94.0 90 Pass
X - Head circumference mm 528.3 to 548.7 541 Pass
leﬁtﬁztsfgculg)erence mm 850.8 to 881.3 864 Pass
Z - Waist circumference mm 759.5 to 789.9 766 Pass
AA - Location for chest circumference mm 299.7 to 309.9 300 Pass
BB - Location for waist circumference mm 160.1t0 170.2 164 Pass
Overall Test Results Pass
Docket Nﬁ.t ts@%ﬂz%zs—omz TR-P37103-01-NC
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Test Program: Head Drop Test Test Date: 4/3/17
ATD.: Hybrid Il 5th Percentile Female Test I.D.: FHDP37103-01
Tested Parameter Units Specification I' Result | Pass/Fail |
Head Assembly Soak Time Minutes 2240 302 Pass
, Max < 18.9 0 25.6 222 Pass
Temperature During Soak Min °C 21.2 Pass
0,
N , Max % 10.0 to 70.0 30.4 Pass
Humidity During Soak Min % 30.3 Pass
Laboratory Temperature During Test °C 18.9 to 25.6 21.2 Pass
Laboratory Humidity During Test % 10.0 to 70.0 30.3 Pass
Peak Resultant Acceleration g 250.0 to 300.0 283.0 Pass
Peak Lateral Acceleration g <15.0 5.6 Pass
Oscillations After Main Pulse % <10% of peak Res. Acceleration 5.0 Pass
Is Acceleration Unimodal? Yes/No Yes Yes Pass
Overall Test Results Pass
300
200 Curve Description
100 Head Resultan
o Plot No. Type SAE Class units
0 001 RES 1000 q
| ‘ ‘ ‘ | Max Time Min Time
-100 + } } ! | 283.0 2.5 0.2 55.8
-2 2 4 6 10
Time - (ms)
> T |
0
Curve Description
-100 Head X
o Plot No. Type SAE Class units
200 002 FIL 1000 q
Vax Time Min Time
-300 4 | | | | 0.4 5.8 -250.0 2.5
-2 2 4 6 10
Time - (ms)
20
10
JCUWe Descripion
0 Head Y
o PIot NO. Type SAE Class onis
10 003 FIL 1000 g
Viax e v e
-20 5.6 2.4 -1.0 8.2
2 2 4 6 10
Time - (ms)
150
100 JCoVE Desenpuon
50 Head Z
o PIot NO. Tvpe SAE Class OTnes
0 004 FIC TO00 0
Vox Tme ™ e
-50 ! ! ! ! ! 132.4 2.0 -T.7 S.7
-2 2 4 6 10
Time - (ms)
Attaghment B _ -N1-
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Test Program: Hybrid 11l 5th Percentile Female Neck Flexion Test  Test Date: 4/3/17
ATD.: Hybrid Il 5th Percentile Female Test I.D.: ENFP37103-01
Tested Parameter Units Specification I' Result | Pass/Fail |
Neck Assembly Soak Time Minutes 2240 367 Pass
. °C .
Temperature During Soak ng = 20.6 to 22.2 222 Pass
Min C 21.2 Pass
%
Humidity During Soak ng = 10.0to 70.0 30.4 Pass
Min % 30.3 Pass
Laboratory Temperature During Test °C 20.6 to 22.2 21.2 Pass
Laboratory Humidity During Test % 10.0to 70.0 30.4 Pass
Pendulum Velocity m/s 6.891t0 7.13 6.90 Pass
10 Msec. m/s 21t0 2.5 2.4 Pass
Pendulum Deceleration 20 Msec. m/s 4.0t05.0 4.6 Pass
30 Msec. m/s 5.8t07.0 6.3 Pass
"D" Plane Rotation Max Degrees 77.0 t0 91.0 84.0 Pass
Peak Moment in Rotation Max Nm 69.0 to 83.0 75.2 Pass
Positive Moment Decay, Time To 10 Nm Msec. 80.0 to 100.0 81.6 Pass
Overall Test Results Pass
12
9 T -
6 Curve Description
" i Pendulum Velocity _
T 3 Plot No. Type SAE Class Units
001 FIL 180 _m/s
0— Max Time Min Time
3 | | | | | 8.6 1995 0.0 34
-50 0 50 100 150 200
Time - (ms)
100
50 +—
I_Curve Description
8 o] "D" Plane Rotation
5 Plot No. Type SAE Class Units
8 sl 002 FIL 60 Degrees
Max Time Min Time
100 | | | | 84.0 57.2 613 1995
-50 50 100 150 200
Time - (ms)
100
501 Curve Description
Moment About Occipital Condyle
£ PTot No. Vpe —[SAEClaSS | Uns |
04— 003 =II8 500 Nm
Vax Tme WIg TTme
50 | \ \ | \ 75.2 75.6 229 113
-50 0 50 100 150 200
Time - (ms)
Attaghment B
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Test Program: Hybrid 11l 5th Percentile Female Neck Flexion Test  Test Date: 4/3/17

ATD.: Hybrid Il 5th Percentile Female Test I.D.: ENFP37103-01
300
0 4 . .
Curve Description
-300 —— Neck Force X
Plot No. Type SAE Class Units
600 +—— 004 FlIL 1000 N
Max Time Min Time
000 | | | | | 945 1095 663.8 362
-50 0 50 100 150 200
Time - (ms)
100
50— Curve Description
Neck Moment Y
§ Plot No. Type SAE Class Units
01— 005 FIL 600 Nm
Max Time Min Time
50 | ‘ ‘ | | 67.0 45.8 -30.6 114
-50 0 50 100 150 200
Time - (ms)
Attaghment B _ -N1-
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Test Program: Neck Extension Test Test Date: 4/3/17

ATD.: Hybrid 11l 5th Percentile Female Test I.D.: FNEP37103-01
Tested Parameter Units Specification I' Result | Pass/Fail |
Neck Assembly Soak Time Minutes 2240 432 Pass
. °C .
Temperature During Soak ng = 20.6 t0 22.2 22.2 Pass
Min C 21.2 Pass
%
Humidity During Soak ng - 10.0to 70.0 30.4 Pass
Min % 30.3 Pass
Laboratory Temperature During Test °C 20.6 to 22.2 22.2 Pass
Laboratory Humidity During Test % 10.0to 70.0 30.3 Pass
Pendulum Velocity m/s 5.95106.19 6.06 Pass
10 Msec. m/s 15t01.9 1.8 Pass
Pendulum Deceleration 20 Msec. m/s 3.1t0 3.9 3.6 Pass
30 Msec. m/s 4.6t05.6 5.3 Pass
"D" Plane Rotation Max Degrees 99.0t0 114.0 110.3 Pass
Peak Moment in Rotation Max Nm -53.0 to -65.0 -58.6 Pass
Positive Moment Decay, Time To -10 Nm Msec. 94.0to 114.0 106.3 Pass
Overall Test Results Pass
9
|
6+—— DT
Curve Description
w 34 Pendulum Velocity _
b= Plot No. Type SAE Class Units
04 001 FIL 180 _m/s
Max Time Min Time
3 | ‘ ‘ | | 6.8 199.4 0.0 -1.4
-50 0 50 100 150 200
Time - (ms)
120 —
60 —— I_Curve Description
§ "D" Plane Rotation
5 Plot No. Type SAE Class Units
g O 002 FIL 60 Degrees
Max Time Min Time
60 | } } | | 110.3 74.9 -41.6 199.4
-50 0 50 100 150 200
Time - (ms)
40 ; ;
o E— Curve Description
Moment About Occipital Condyle
£ PTot No. Vpe —[SAEClaSS | Uns |
40 —— 003 FIC 500 Nm
WVax Time Vi Time
. \ | | \ \ 275 197.0 586 8.0
80 T T T T 1
-50 0 50 100 150 200
Time - (ms)
Attaghnpent B _ -N1-
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Test Program: Neck Extension Test Test Date: 4/3/17

ATD.: Hybrid 11l 5th Percentile Female TestI.D.: ENEP37103-01
600
| | \ |
300 +—— Curve Description
Neck Force X
pd Plot No. Type SAE Class Units
0T 004 FIL 1000 N
Max Time Min Time
-300 ; , , ; | 436.9 71.1 -219.3 188.9
-50 0 50 100 150 200
Time - (ms)
30
0+—— Curve Description
Neck Moment Y
§ Plot No. Type SAE Class Units
S — 005 FIL 600 Nm
Max Time Min Time
60 ‘ . . ‘ ‘ 23.9 197.0 -52.9 67.6
-50 0 50 100 150 200
Time - (ms)
Attaghment B _ -N1-
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Test Program: Thorax Impact Test Test Date: 4/3/17

ATD.: Hybrid Il 5th Percentile Female Test I.D.: FCHP37103-01
Tested Parameter Units Specification I' Result 1 Pass/Fail |
Dummy Soak Time Minutes 2240 477 Pass
. Max °C 22.2 Pass
Temperature During Soak - 20.6 to 22.2
P g9 Min °C 21.2 Pass
. . Max % 30.4 Pass
Humidity During Soak - 10.0t0 70.0
Y 9 Min % 30.3 Pass
Laboratory Temperature During Test °C 20.6 to 22.2 21.2 Pass
Laboratory Humidity During Test % 10.0 to 70.0 30.4 Pass
Probe Velocity m/s 6.59 to 6.83 6.73 Pass
Peak Chest Deflection mm 50.0 to 58.0 53.9 Pass
Peak Force Between 50 and 58 MM N 3900 to 4400 4190 Pass
Peak Force Between 18 and 50 MM N <4600 4190 Pass
Internal Hysterysis % 6910 85 75.0 Pass
Overall Test Results Pass
o000 1 T T T ]
40007 o Curve Description
2000 4 ] Probe Force vs. Chest Deflection
z Plot No. Type SAE Class Hysterysis
0+—o — 001 FII; 180 75.0
| | ‘ | ‘ ‘ Peak Probe Force Peak Chest Deflection
-2000 i i ‘ i ‘ ‘ 4190.2 539
-10 0 10 20 30 40 50 60
Displacement - (mm)
T T T T T T
4000 Curve Description
2000 Probe Force -
pd Plot NO. Type SAE Class o
0 002 £l 180 —
‘ | | ‘ | ‘ ‘ ‘ Max Time Min Time
-2000 1 . , | | | | | 4190.2 17.3 29.4 59.8
-10 0 10 20 30 40 50 60
Time - (ms)
60
40
|Curve L)escrlptlon
20 Chest Deflection
g PIot NO. Type SAE Class Onis
0 003 FIL 600 mm
Max lime Min ime
-20 ‘ | ‘ ‘ ‘ ‘ | ‘ 530 214 0.0 T0
-10 0 10 20 30 40 50 60
Time - (ms)
40
\ \ \ |
30
JCuve Description
20 Impactor Acceleration
D 10 10U NO. rype b/—\E Class UnIis
0 004 FIC T80 0
ViaX rime IVIIN rime
10 | ! } } } } | | 305 173 0.2 595
-10 0 10 20 30 40 50 60
Time - (ms)
Attaghment B - -01-
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Test Program: Knee Impact Test Test Date: 4/3/17
ATD.: Hybrid Il 5th Percentile Female Test I.D.: FLP37103.01 FRKPATION0L
Left Knee
Tested Parameter Units Specification I' Result ! pass/Fail !
Knee Assembly Soak Time Minutes 2240 532 Pass
. Max °C 22.2 Pass
Temperature During Soak - 18.9t0 25.6
P 9 Min °C 21.2 Pass
. . Max % 30.4 Pass
Humidity During Soak - 10.0to 70.0
umidity buring Min % 30.3 Pass
Laboratory Temperature During Test °C 18.9t0 25.6 21.2 Pass
Laboratory Humidity During Test % 10.0 to 70.0 30.4 Pass
Pendulum Velocity at T=0 m/sec 2.07t02.13 2.09 Pass
Peak Probe Force N 3450 to 4060 3749 Pass
Overall Test Results Pass
Right Knee
Pendulum Velocity at T=0 m/sec 2.07t0 2.13 2.10 Pass
Peak Probe Force N 3450 to 4060 3964 Pass
Overall Test Results Pass
6000
4000 Curve Description
2000 Left Knee Probe Force
z Plot No. Type SAE Class uUnits
0 001 FL 600 N
| Max Time Min Time
-2000 — i T i i 3749.3 E —4802.9 39.6
2 0 2 6 8
Time - (ms)
150 ~ : : : .
100 [CUrve Description
50 Left Knee Acceleration
o PIot NO. TYpe SAE Class onis
0 002 FIL 600 7]
| Viax Time Min Time
-50 4 | | | | 127.9 2.1 -163.9 39.6
2 0 2 6 8
Time - (ms)
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Test Program: Torso Flexion Test Test Date: 4/3/17
ATD.: Hybrid 11l 5th Percentile Female Test I.D.: TFP37103-01
Tested Parameter Units Specification I' Result | Pass/Fail |
Dummy Soak Time Minutes 2240 597 Pass
. °C .
Temperature During Soak ng = 18.9to0 25.6 22.2 Pass
Min C 21.2 Pass
%
Humidity During Soak ng - 10.0to 70.0 30.4 Pass
Min % 30.3 Pass
Laboratory Temperature During Test °C 18.9to 25.6 21.2 Pass
Laboratory Humidity During Test % 10.0 to 70.0 30.4 Pass
Initial Reference Plane Angle Degrees <20 9.4 Pass
Peak Force at 45° +/-0.5° N 320.0 to 390.0 369.9 Pass
Torso Rotation Rate deg/sec 0.5t0 1.5 11 Pass
Final Reference Plane Angle Degrees +/-8 5.1 Pass
Overall Test Results Pass
) ‘ ‘ ‘
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