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Introduction

 Future vehicle interior cabin designs may incorporate non-standard seating
configurations for vehicles with Automated Driving Systems (ADS).

« One potential configuration is a reclined seat that is rear-facing in a frontal collision

[Jorlov et al., 2017; Koppel et al., 2019; Ostling and Larsson, 2019]

e Studies USing Computational models and ATDS [kitagawaetal., 2017; Jin etal., 2018; Zellerand Manneck, 2019]

* FE models: validated in low-speeds

» ATDs: not validated for rear impacts




Background and Motivation

« Recent rear-facing studies [kang et al., 2020 & 2022]
« Male PMHS responses and injuries at AV of 56km/h
» Two recline conditions (25deg & 45deq)

 Original equipment manufacturer (OEM) seats W|th rigid relnforcement
 ABTS [Kang et al., 2020] - -
* FDR [Kang et al., 2022]
* PMHS injuries
» Cervical spine laxity
* Upper & lower extremity injuries
« Abdomen injuries
» Rib fractures , y
« Pelvis fractures T ABTS ‘
* Females may be at greater risk of injuries than males in MVCs

[Bose et al., 2011; Parenteau et al., 2013; Forman et al., 2019]

To compare biomechanical responses and injuries to

Prefiminary results (injury outcomes and rib fracture mechanisms)



Methods
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Female PMHS Characteristics — 56 km/h

pwnszer | s | For | 4 | w | w15 | sz | o | aos |
pusaor | s | For | 4 | s | iz | ssx | s | az |

36
Mean 59 163.0 53.2 87.9 3.1
(SD) R/ NA~ 18 (5.2) (5.0) (5.0) (0.2)
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Female PMHS Characteristics — 56 km/h

. . . Seated Head Chest Depth

N O N O T O S
pwnszer | s | For | 4 | w | w15 | sz | mo | aos | s |
pwnszer | s | For | 45 | . | wes | sz | ss | s | wa |
TS e R TV O T R U R

Mean 163.0 53.2 87.9 17.6
(SD) R/ e (18) (5.2) (5.0) (5.0) (0.2) 0.7)
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Female PMHS Characteristics — 56 km/h

PMHS23F | 56 | FDR | 25 | 45 |
5

Seated Head Chest Depth
Height (cm) | Mass (kg) (cm)

865 | 332 |

owsaor | s | For | s | s | iz | ssx | ss | sz | w1 |

36
Mean 59 163.0 53.2
(SD) R/ NA~ 18 (5.2) (5.0)
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Female PMHS Characteristics — 56 km/h

. . . Seated Head Chest Depth

PMHS23F
PMHS24F
PMHS30F
Mean 59 163.0 53.2 87.9 31 17.6
(SD) R/ NA~ 18 (5.2) (5.0) (5.0) (0.2) 0.7)
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Female PMHS Characteristics — 56 km/h

pwnszer | s | For | 45 | w | 15 |
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PMHS Characteristics — 56 km/h

200
mMale PMHS N=14
180
m Female PMHS N=6
160
%*: p<0.001
140
120
100
80
60
40
*
20
. |
0 N s
ge Height (cm) Weight (kg) Seated Height Head Mass Chest Depth
SAE International® (cm) (kg) (cm)

Insert SAE event name her



PMHS Instrumentation
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PMHS Instrumentation — Strain Gage/Rosette

B Uniaxial strain gage
B : Strain Rosette

\

)

) |
\
N

AW

TN ‘\'\

P

Rib3-10
Posterior
Rosette at 6th and 7t levels

SAE International®
Insert SAE event name here

14



Preliminary Results



High Speed Videos — 25deg
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High Speed Videos
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Injury Comparison

# of Female # of Male
PMHS PMHS
ABTS25 N=3

ATBS45 N=3

N=4
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Injury Female vs. Male (Odyssey 25deq)
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Injury Female vs. Male (Odyssey 45deq)
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Injury Female vs. Male (Accord 25deq)
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A-P Chest Deflection (Chestband)
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A-P Chest Deflection (Chestband)

70 1 mMale mFemale 70 1 mMale mFemale
60 60
gso - ’E“so .
.‘540 540
530 4 §301
220 820
10 | 10
0 - 0

25 degrees 45 degrees

45 degrees

Larger A-P deflection at 25 deg than 45deg
More NRF at 45deg than 25deg (except female ABTS)

A-P deflection alone may not
explain number of rib fractures

=

w0
g
=
-
Q
©
L
(18
2
(14
[
(=]
1
Q
e
E
=
4

5 .
0 -
45 degrees 25 degrees 45 degrees 25 degrees

g O O
1 1 1

Number of Rib Fr
o

SAE |
Insert

o O
1 1

24



PMHS30F
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PMHS30F
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Strain Rosette — PMHS28F FDR 45 deg
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Strain Rosette - PMHS28F FDR 45 deg
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Strain Rosette - PMHS28F FDR 45 deg
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Strain Rosette - PMHS28F FDR 45 deg

5000 0.0 L6

)
r

/4

Strain (us)
(=]

L
?
J

-

.T.

197 5 M N

Strain (us)

VR

CDER Y

-5000 (
-5000 0 5000 »
Strain (us)
5000
5000 0.0 L7

7/

\
o

W

—

Strain (us)
o

—

-5000
-5000 -5000 0 5000

-5000 0 5000
i 31
Strain (us) Strain (us)




Strain Rosette - PMHS28F FDR 45 deg
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Strain Rosette — PMHS28F FDR 45 deg
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Strain Rosette — PMHS28F FDR 45 deg
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Summary

* No major differences in PMHS injury between female and male (FDR45)
« Exception: vertebral body fractures in female PMHS
- C7,T3,T4
 Limited sample size
* Rib and pelvis fractures: still major injury

« Female thorax also experienced both A-P and upward deflection

» Larger A-P deflection in 25-degree condition than 45-degree condition
* More NRF in 45-degree condition than 25-degree condition

« Strain rosette
« Maximum principal strain
» Consideredboth magnitude and orientation
» Evidence of thoracic upward deflection
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Contact Info

* Thank you for your attention

 Yun-Seok Kang, PhD

* Injury Biomechanics Research Center, The Ohio State
University

e 333 West 10" Ave, Columbus, Ohio, 43210
* 614-366-7584
e yunseok.kang@osumc.edu
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