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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 [itagawa 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



Objective

" To investigate biomechanical responses and injuries from Post
Mortem Human Subjects (PMHS) in multiple scenarios in a
rear-facing seating configuration at frontal impacts

= Effect of Seat Back Recline (25 deg vs. 45 deg)

= Effect of Belt Restraint/Seat Type (Integrated vs. Fixed D-ring)
= Effect of Speed (24 km/h vs. 56 km/h)



Content Warning
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The following slides include cadaveric images that
may be considered disturbing to some viewers!



Sled Buck Description




Sled Buck Description




Sled Buck Description




Sled Buck Description

D ring location
45 deg

2018 Honda Accord
driver seat with fixed
D-ring (FDR)




PMHS Characteristics — 56 km/h

PMHSO01 ABTS 167.0 62.6 90.0 3.8 20.6 Chronic Obstructive Pulmonary Disease
PMHS02 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 59 178.0 96.2 96.5 4.4 23.2 Chronic Obstructive Pulmonary Disease
PMHS05 56 ABTS 45 62 176.0 77.1 95.7 3.5 21.2 Pancreatic CA

PMHSO06

56
56

176.5 72.6 94.0 20.2 Ischemic stroke, heart failure

25 61 3.9
45 63

FDR 3.8

PMHS14 Heart failure

PMHS21 56 25 62 : Lung CA with mets

PMHS22 56 45 61 : Metastatic squamous cell carcinoma
Mean 61 176.0 80.0 94.3 4.0 20.4

(SD) N NI N (5) (4.8) (12.7) (2.3) (0.4) (1.8) NI

50t Male N/A N/A N/A 45 175 78.2 90.7 4.5 22.9 N/A



PMHS Characteristics — 56 km/h
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PMHS Characteristics — 56 km/h

PMHSO01
PMHSO02
PMHS03
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PMHS Characteristics — 56 km/h

Recline

PMHSO01
PMHSO02
PMHS03
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Mean
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PMHS Characteristics — 56 km/h



PMHS Characteristics — 24 km/h
] ] Seated Head Chest
B EEEEE

PuMSO 24 ABTS 25 68 143 717 916 89 24 Coomyateydeesse
Pueste 2+ AeTS 45 71 180 721 950 86 216 ThomskngCA
Puesto 2+ ASTS 45 60 187 G0 974 4s 4 Giodesoma
Punszo 2+ AeTs 25 o7 ez G0 w22 83 205 Bewerch
ewstr | 2+ [ For | 25 | o7 | teer | sos | sas | se | 180 [mgon
eurists | 2¢ | For | 45 | st | 1780 | se0 | 10 | ss | o Jugon

Mean 173.6 698 93.6 205
(SD) B S (10) 57)  (108)  (20) (o 4) 1.1) VA

50t Male N/A N/A N/A 45 175 78.2 90.7 4.5 22.9 N/A
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PMHS Characteristics — 24 km/h
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PMHS Characteristics — 24 km/h
] ] Seated Head Chest
B EEEEE

Punszo 2+ AeTs 25 o7 ez G0 w22 83 205 Bewerch
ewstr | 2+ [ For | 25 | o7 | teer | sos | sas | se | 180 [mgon
eurists | 2¢ | For | 45 | st | 1780 | se0 | 10 | ss | o Jugon

Mean 173.6 698 93.6 205
(SD) B S (10) 57)  (108)  (20) (o 4) 1.1) VA
50t Male  N/A  N/A N/A 45 175 78.2 90.7 45 229 NA

Total: 22 PMHS tests (2 speeds, 2 reclines, 2 seat/restraint systems)
56 km/h: 14 PMHS tests & 24 km/h: 8 PMHS tests
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PMHS Instrumentation

" 6aw
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PMHS Instrumentation

" 6aw

B Chestband
Strain Gauges

Head

Chest

Anterior: rib 3-9
Posterior: rib 3-10



PMHS Instrumentation
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PMHS Instrumentation
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PMHS Instrumentation

Revised instrumentation for a new series in 2021

6aw
B Chestband
Strain Gauges
® 3am

Head
Chest
C2/c4/cé6
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T4
T8
T12
S1

Pelvis o0

L Humerus

R Tibia

Femur [ )

Tibia [ J

L Humerus o

Moved right tibia instrumentation to left humerus



Results
(Preliminary Results)



High Speed Videos — 56 km/h ABTS vs. FC

FDR

45 deg




High Speed Videos — 56 km/h ABTS vs. FC

FDR

25 deg




High Speed Videos — 24 km/h vs. FDR

25 deg

45 deg




PMHS Injury — 56 km/h
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PMHS Injury — 24 km/h

No major injuries
-No rib fractures
-No pelvis fractures

Only injury: minor cervical spine laxity (4 out of 8 PMHS)



Ramping Behavior — 56 km/h sz
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Rib Fractures — 56 km/h ABTS
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Rib Fractures — 56 km/h ABTS

45 Deg
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Rib Fractures — 56 km/h ABTS
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Pelvis Fractures — 56 km/h

25 deg & 56km/h in FDR
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Pelvis Off-axis Rotations — 56 km/h
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Summary

" Injury
" More injuries were observed in the FDR (especially 25 deg) in 56 km/h

" Pelvis and rib fractures
" No pelvis fractures in 25-deg ABTS

® No maijor injuries in 24 km/h even with the rigidized seatback
" Only c-spine minor laxity
= Ramping
" Higher ramping was observed in the FDR

= Standard 3-point belt in the FDR was not able to hold the PMHS in place
" 45 deg: hyperextension of the neck

" Thorax responses

" Chestband, strain gage, and seatback load data were analyzed to
understand rib fractures

" Pelvis responses
= Off-axis rotations may be an indicator of the pubic ramus fractures
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