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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]

 Studies using computational models and ATDS [kitagawa et al., 2017; Jin et al., 2018; Zeller and Manneck, 2019]
* FE models: validated in low-speeds

« ATDs: not validated for rear impacts

Kitagawa et al., 2017 Zellmer and Manneck, 2019; Soni et al., 2020



Content Warning

!

The following slides include cadaveric images that are graphic and
may be considered disturbing to some viewers!
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Background and Motivation

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

« Original equipment manufacture (OEM) seats with rigid relnforcement
* ABTS (Kang et al., 2020)
* FDR (Kang et al., 2022)
 PMHS injuries
Cervical spine laxity
Upper extremity injuries
Lower extremity injuries
Rib fractures
Pelvis fractures

» Rib fracture location, distribution, and timing
et ey Meeting » Pelvis fracture with respect to angular kinematics




Methods
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Sled Buck Description

Load cells at head restraint (1) and seat back (6) to
measure reaction loads
IEEEEEEEEEENENN) k

VRTC
$190307-1
PMHS 01
56kph | 45° Recline
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PMHS Characteristics — 56 km/h

Recline
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PMHS Characteristics — 56 km/h
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PMHS Instrumentation — Chest Band
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I Chestband
Strain Gauges
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PMHS Instrumentation — Rib Strain Gage

I Chestband
Strain Gauges

‘Anterior: rib 3-9
Posterior: rib 3-10
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Strain Rate (strain/s)

PMHS Instrumentation — Rib Strain Gage

I Chestband
Strain Gauges
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Anterior: rib 3-9
Posterior: rib 3-10
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PMHS Instrumentation — Pelvis Kinematics
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Results
(Preliminary Results)
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High Speed Videos
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Rib
» Fracture location and frequency?
* Fracture timing?
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: no fractures : two PMHS
Rib Fracture Location and Frequency one PMHS [ : three PMHS
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: no fractures : two PMHS
Rib Fracture Location and Frequency one PMHS [ : three PMHS

P L A A L P
R1 L1
R2 L2
R3 ] L3
R4 L4
R5 L5
R6 L6
R7 L7
R8 L8
R9 L9
R10 L10
R11 L11
R12 L12
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: no fractures : two PMHS

Rib Fracture Location and Frequency -one PMHS I - three PMHS
P L A A L P P L A A L P
R1 L1 R1 L1
R2 L2 R2 L2
R3 ] L3 R3 L3
R4 L4 R4 L4
RS L5 RS L5
R6 L6 R6 L6
R L7 R7 L
R8 L8 R8 L8
R9 L9 R9 - L9
R10 L10 R10 L10
R11 L11 R11 L11
R12 L12 R12 L12
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: no fractures : two PMHS

Rib Fracture Location and Frequency -one PMHS [l - three PMHS
P L A A L P P L A A L
R1 - - L1 R1 L1
R2 L2 R2 L2
R3 L3 R3 L3
R4 L4 R4 L4
RS L5 RS L5

R6 L6 R6 - L6

R7 - L7 R7 L7

R8 L8 R8 L8
R9 L9 R9 L9
R10 L10 R10 L10
R11 L11 R11 L11
R12 L12 R12 L12
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Rib
 Fracture location and frequency?
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ABTS 45deg at 56 km/h i g X Frecture

Broken gage
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: no fractures : two PMHS

Rib Fracture Timing ' :one PMHS [l : three PMHS
Unit: ms
P L A A L P P L A A L P
R1 NA  NA N/A L1 Rl NA NA NA L1
R2 NA  NA NA  NA L2 R2 NA NA NA NA  NA NA L2
R3 525 643  |NAGH L3 R3 535 57.9 542 L3
R4 544 545 459 538 L4 R4 48.7 | 49.6 L4
R5 552 558 46.8 56.4 L5 R5 546 55.4 NA | 46.8 L5
R6 577 575 549 60.2 L6 R6 53.1 551 61.9 L6
R7 447 | 448 L7 R7 577|470 493 HE 605 L7
RS L8 R8 667 491 491 | 472 677 L8
RO NA L9 R9 461 515 NA L9
R10 N/A L10 R10 N/A L10
R11 L11 RI1I NA NA L11
R12 L12 R12 L12

Peak chest compression @ 44.1 * 1.0ms Peak chest compression @ 47.0*1.8ms
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Rib Fracture Timing
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Rib Fracture Timing
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Rib Fracture Timing
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Rib Fracture Timing
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nternational

Pelvis
 Pubic ramus fractures



Pelvis Fractures — 56 km/h

Angle

FDR

Injury Description AlS Code

PMHS9
45

Bilateral pubic ramus fxs with unstable sacroiliac joints: left and right superior (iliopubic) and

inferior (ischiopubic) ramus fxs clelellil

PMHS13
PMHS11

No pubic ramus fxs
No pubic ramus fxs

PMHS12

Right superior (iliopubic) ramus fx 856161.3
Right inferior (ischiopubic) ramus fx 856161.3




Pelvis Fractures — 56 km/h
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Pelvis Fractures — 56 km/h . X — Right-side

. 4
25 deg & 56km/h in FDR e
- g,
c
=]
F0—
=]
x
2!
4 ¢
e . . . . .
20 0 20 40 60 80 100 120 140 160
PMHS12 Time (ms)
10 _ .
Z = Right-side
E
s
c
2
5
<]
'3
2°
4t

20 0 20 40 60 80 100 120 140 160
Time (ms)

Outward deformation: explained by off-axis rotations
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Pelvis Off-axis Rotations — 56 km/h
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Pelvis Qutward Deformation
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Summary

* Rib fracture

 Difference In fracture distribution between ABTS and FDR

» More rib fractures in 45deg condition

» Anterior and lateral fractures occurred due to chest inertial loads

» Seatback properties and structure design influenced fracture locations
* Rib fractures after maximum chest deflection and seat load

* Thorax may experience complex combined loadings, especially in the 45deg recline
condition

« Compression due to A-P inertial loading
« Shear due to ramping up motion

* Pelvis fracture
 Off-axis rotations from both iliac wings represent pelvis outward
deformation
* Maybe an indicator of the pubic ramus fractures
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Contact Info

* Thank you for your attention
* Yun-Seok Kang, PhD

* Injury Biomechanics Research Center, The Ohio State
University

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