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Overview

e THOR-50M upper leg qualification test overview

* Previous test procedures and R&R analysis (2016)
* Focus areas for test improvement

* Improved test procedures and R&R analysis (2020)

* Differences between the 2016 and 2020 test
procedures and results




About the THOR-50M Upper Leg Test

* Test examines the response of the
femur to axial impacts

e Data collected
Peak probe force
Peak femur force
Peak resultant acetabulum force







What is R&R?
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2016 Upper Leg Test Requirements

Neck Pitch
Change Setting:

5.00 kg with a
76.2 mm
diameter rigid
disk face

Lower Thoracic
Spine Pitch
Change Setting:
Slouched

Pelvis Tilt
Sensor Reading:
X=0<0.59
Y=15=+1¢

Test Velocity:
2.60 m/s

2016 Requirements

Parameter Units Specification

Min. Max.
Impact Velocity m/s 2.55 2.65
Peak Impactor Force N 4221 5158
Peak Femur Force, Fz N -3314 -2712
Peak Resultant Acetabulum N 1478 1806
Force

Note: Upper leg test procedure and
requirements, originally published in 2016,
remained unchanged in 2018 THOR-50M
Qualification Procedures Manual



https://www.regulations.gov/contentStreamer?documentId=NHTSA-2019-0106-0001&attachmentNumber=1&contentType=pdf

2016 Upper Leg Test Reproducibility

Test Reproducibility

Force (N) CFC600

Peak Resultant
Response Peak Probe Force Peak Femur Force, F,
Acetabulum Force
Requirement (N) (N) (N)
4887 -3282 1760
Standard Deviation 184 204 259
cv 3.8% 6.2% 14.7%
Probe Force Femur Force, Fz Resultant Acetabulum Force
| Lab1 T . Lab1
Lab 2 N — Lab 2
1 Lab 3 (VRTC) | Lab 3 (VRTC)

-2000 —

o
=
5
|

-3000 —
2500 -

Force (N) CFC600
3
|

Force (N) CFC600

-4000 ——

Lab1
Lab 2
Lab 3 (VRTC)

T 1
0 0.0025 0.005 0.0075
Time (sec) Time (sec)

1
0.005
Time (sec)
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2016 Upper Leg Test Reproducibility

Test Reproducibility

Response

Requirement

Standard Deviation

cv
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Findings

e Test Reproducibility CV > 10% in the peak Z-
axis femur forces and peak resultant

Frontal Rigid Barrier Tests

3 Ceta b u I um fO rces (Mean * Standard Deviation)
THOR-50M Hip Injury Risk Function
* Inconsistent shape of peak resultant 5o ' PP ——.
aceta b u I um fo rces é e (Mean iBSatrarri::IraI:Islt)Zviation)
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Methods for Test Improvement
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* |Increase response to real-world targets
* Implement use of backer plate brace

* Critical attention to positioning
 Monitor loosening of pelvic fasteners




2020 Upper Leg Test Requirements

Neck Pitch — :
Change Setting: | |
Neutral |
ir—

12.00 kg with a

i 76.2 mm
Lower Thoracic ‘ -
i [ diameter rigid
Spine Pitch i
Change Setting: ISk Tace

Slouched

Backer Plate

Brace

Pelvis Tilt
Sensor Reading:
X=0£0.59
Y=15+%1¢

Test Velocity:
3.30 m/s



2020 Upper Leg Test Reproducibility

Test Reproducibility

Peak Resultant

Response Peak Probe Force Peak Femur Force, F,
) Acetabulum Force
Requirement (N) (N)
(N)
8323 -5144 2723
Standard Deviation 322 355 146
cv 3.9% 6.9% 5.4%
Probe Force Femur Force, Fz Resultant Acetabulum Force
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2020 Upper Leg Test Reproducibility

Test Reproducibility

Peak Resultant
Response Peak Probe Force Peak Femur Force, F,
) Acetabulum Force
Requirement (N) (N) (N)
8653 -5162 2710
297 231 131
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. Test data derived from DO9799 upper right leg



Resultant Acetabulum Force Comparison

2016 Upper Left Leg Test Reproducibility 2016 Upper Right Leg Test Reproducibility
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2020 Upper Leg Dummy Reproducibility n

Dummy Reproducibility

Peak Resultant

Response Peak Probe Force Peak Femur Force, F,
) Acetabulum Force
Requirement (N) (N) (N)
8310 -4824 2690
Standard Deviation 391 229 115
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Summary of Upper Leg Test Improvements-

Test Setup Parameter 2016 2020

Velocity (m/s) 2.55 - 2.65 3.25-3.35

Probe Mass 5.00 kg 12.00 kg

Backer Plate Brace No Yes

Lower Thoracic Spine (LTS) Pitch Slouched Slouched

Change Setting

Neck Pitch Change Setting Neutral Neutral

Tilt Sensor Reading: Pelvis X=0+0.52,Y=15+1¢° X=0+0.52,Y=15+1°2

Wait Time Between Tests At Least 30 Minutes At Least 30 Minutes
Response Requirement Units | 2016 Nominal | 2020 Nominal

Response Response
Value Value

Peak Impactor Force N 4689.5 8352.5
Peak Femur Force, Fz N -3013 -4980
Peak Resultant Acetabulum Force N 1642 2719 J.
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2016 R&R analysis identified areas for test
Improvement

* Improvements implemented

e 2020 R&R analysis demonstrates that test
improvements address previous findings

* Minimal test changes
* Increased velocity
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Frontal Rigid Barrier Tests
(Mean * Standard Deviation)

THOR-50M Hip Injury Risk Function
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2016 qualification requirement 2020 Nominal Response Value

* |Increased mass (same probe used during knee impact test)

* Addition of backer plate



Thank you

I
William Millis
William.millis@dot.gov
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