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Reclined Sled Tests (Richardson et al 2019-
2020)

* Restraint System with:
e Shoulder Belt In-Seat

* Shoulder Belt Pretensioner
* Load Limited to 4 kN

e Dual Lap Belt Pretensioners

7 me  * Pelvis and Vertebrae
tracking
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Why do we have differing responses,

Subject Number
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Pelvis Anatomy

Anterior Superior
lliac Spine

Pubic Crest

Posterior Superior
Iliac Spine




Anterior Superior
lliac Spine

Posterior Superior
Iliac Spine




Submarined

Anterior Superior Nyquist Angle
lliac Spine (Nyquist and Patrick 1976)

Pubic Crest




lliac Wing Fractures

Subject 1

Subject 3

Richardson et al 2020
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Anterior Superior
lliac Spine

“Notch” Angle

Pelvis orientation alone may not be the
best predictor of interaction outcome

Richardson gt al 2020



Notch to Belt Angle
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Notch to Belt Angle
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Most Complex Less Complex, Most
Most Realistic More Controllable Controllable
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Goal 3: Understand
why/when
submarining occurs
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Pelvis Support
Plate
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Goal 3: Understand
why/when
submarining occurs

Most Complex Less Complex, Most
Most Realistic More Controllable Controllable




Spine Angle: 45 Degrees

Notch Angle: 130 Degrees

Belt Angle: 40 Degrees

Notch to Belt Angle:

90 Degrees

Richardson gt al 2020



Pelvis Fractures
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Pelvis Fractures

PMHS Results

| Environment _ Successfully recreated pelvis fractures
Sled Test Maximurnr . . I .
. in simpler environment
ey Matched loading rate seen in sled tests
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Goal 3: Understand
why/when
submarining occurs

Most Complex Less Complex, Most
Most Realistic More Controllable Controllable
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ATD Evaluation

Notch to Belt Angle
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ATD Evaluation

Notch to Belt
Angle Target:
75 degrees

No Submarining
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ATD Evaluation

Notch to Belt
Angle Target:
90 degrees

Submarining
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Notch to Belt
Angle Target:
82 degrees

A Third
Outcome?
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ATD Evaluation

Did THOR

Submarine?

ASIS Load
Cell




ATD Evaluation

THOR Belt Gauge and ASIS Loads
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Goal 3: Understand
why/when
submarining occurs

Most Complex Less Complex, Most
Most Realistic More Controllable Controllable




Thank you!

Email: dbom8ts@virginia.edu
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