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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

[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 (< 17 km/h)

" ATDs: not validated for rear impacts

Kitagawa et al., 2017 Zellmer and Manneck, 2019; Soni et al., 2020 2



Introduction

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

" Original equipment manufacture (OEM) seats with rigid reinforcement
" ABTS (Kang et al., 2020)
" FDR (Kang et al., 2022) = A = B3N

= PMHS injuries — el
= Cervical spine laxity . ' oo
" Upper extremity injuries & N )y
" Lower extremity injuries -
" RIib fractures o ol i /
" Pelvis fractures | : ‘ FDR/Accord

Objectives

« To investigate pelvis injury and responses in rear-facing seat configurations in high-speed
frontal impacts
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‘Male PMHS Characteristics — 56 km/h

PMHSO01 ABTS 167.0 62.6 90.0 3.8 20.6 Chronic Obstructive Pulmonary Disease
PMHSO02 56 ABTS 25 64 171.0 62.6 92.4 3.6 17.6 Alcohol Abuse

PMHSO03 56 ABTS 25 54 174.0 93.9 97.0 5.0 20.6 Choking and asphyxiation

PMHS04 56 ABTS 45 178.0 96.2 96.5 4.4 23.2 Chronic Obstructive Pulmonary Disease
PMHSO05 56 ABTS 45 176.0 77.1 95.7 3.5 21.2 Pancreatic CA

PMHSO06 56 ABTS 25 176.5 72.6 94.0 3.9 20.2 Ischemic stroke, heart failure
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Male PMHS Characteristics — 56 km/h

N=14 Speed Seat

PMHSO01 56 ABTS
PMHSO02 56 ABTS
PMHSO03 56 ABTS
PMHS04 56 ABTS
PMHSO05 56 ABTS
PMHSO06 56 ABTS
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Male PMHS Characteristics — 56 km/h
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‘Male PMHS Characteristics — 56 km/h
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PMHS Instrumentation

Kang et al., 2020 & 2022
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High Speed Videos
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High Speed Videos

PMHS04
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56 kph, 45 deg X Fracture

. Sl Joint damage
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56 kph, 45 deg X Fracture

' Sl Joint damage
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)( Fracture

56 kph, 45 deg

. Joint damage
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56 kph, 45 deg XK Fracture
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56 kph, 45 deg
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56 kph, 45 deg
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56 kph, 25 deg
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56 kph, 25 deg
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56 kph, 25 deg
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Pelvis Resultant Acceleration
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Pubic Ramus Fracture

PMHS10

PMHS12

FDR25D

* Thigh: ~7kg
* Leg: ~3kg

FDR25D

Kang et al., 2022

(7+3)kg x 90g x9.81=8.8kN  (7+3)kg x 90g x9.81=8.8kN




Pelvis Outward Deformation

PMHS10

PMHS12

FDR25D

FDR25D

Kang et al., 2022

Rotation (deg)

Rotation (deg)

10

(3]

o

o

1
(3]

N
=)
T

1
-
(3]

'No ramus fracture

PMHS09 |
PMHS10 !

: ~ Rotation about Z

0 50 100 150
Time (ms)




Pelvis Off-axis Local Kine
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56 kph, 25 deg XK Fracture

. Joint damage
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Pelvis Outward Deformation

" Pubic ramus fractures in GHBMC
" Large forward angular velocity about y' axis
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56 kph, 25 deg XK Fracture

. Joint damage
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ABTS Pelvis Rearward Rot.
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ABTS Pelvis Rearward Rot.
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FDR Pelvis Forward Rot. = =
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FDR Pelvis Forward Rot. .
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PMHS10

PMHS12

FDR Pelvis Forward Rot.

1500

FDR25D

FDR25D

-

o

(=3

o
T

500 [

-500 -

Angular Velocity (deg/s)
(=]

-

o

(=

o
T

-1500 |

AB o250

PMHS10

" Angular vel. about z'

-20 0 20 40 60 80 100 120 140 160

Time (ms)

Angular Velocity (deg/s)

2000

1500 -

1000 [

500 -

o

=500 -

-1000

-1500

-2000 -

PMHS10
PMHS12
Angular vel. about y'
-20 210 4l0 GIO 8;) 1[;0 12IO 1¢I10 1(I50

Time (ms)

34



Summary

" Pelvis injury patterns
" Posterior aspect fractures (e.g., PSIS, Sl joint damage)
" Pubic ramus fractures

" Pelvis local angular kinematics
" |Importance of pelvis instrumentation on each iliac wing

" Angular velocities about local y' and z’' axes
" An indicator of the pubic ramus fractures

" Combination of large forward angular velocity about y' axis with book opening
deformation (angular velocity about z')

" Global rotation peak occurred later

" Seatback frame design
"= ABTS lower anchor bar - pelvis rearward rotation
" FDR lower cross bar = pelvis forward rotation
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