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Introduction

" Future venhicle 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 (< 17 km/h)

= ATDs: not validated for rear impacts

Kitagawa et al., 2017 Zellmer and Manneck, 2019




Objective

" To investigate responses and injuries from PMHS in multiple
scenarios in a rear-facing seating configuration during frontal

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

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

ISEEEEENENENN) » - ‘L ‘

Head restraint is
s separated from seatback
and adjustable in position




Sled Buck Description

Seat back and head restraint are
fixed by a supporting frame




Sled Buck Description

Load cells at head restraint (1), seat back (6), and
seat anchors (4) to measure reaction loads




Sled Buck Descri

D ring location
45 deg

ption
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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 45 178.0 96.2 96.5 4.4 23.2 Chronic Obstructive Pulmonary Disease
PMHS05 56 ABTS 45 176.0 771 95.7 3.5 21.2 Pancreatic CA

PMHS06 56 ABTS 25 176.5 72.6 94.0 3.9 20.2 Ischemic stroke, heart failure
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PMHS Characteristics — 56 km/h
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PMHS Characteristics — 56 km/h
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PMHS Characteristics — 56 km/h
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PMHS Characteristics — 24 km/h

Height | Weiaht Seated Head Chest
Speed Age (Cf?\) (kgg) Height | Mass | Depth Cause of Death
(cm) | (kg) | (cm)

PMHS20 24 ABTS 25 67 1672 680 922 33 205 BladderCA
PMHS17 | 24 | FDR | 25 | 67 | 1691 | 553 | 938 | 36 | 189 |lugcA
PMHS18 | 24 | FDR | 45 | 54| 1730 | 590 | 913 | 36 | 91 JlugCA

Mean 1736  69.8 93.6 205
(SD) N/A— N/A N/A (10) 57)  (108)  (2.0) (o 4) 11y NA

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

Height | Weiaht Seated Head Chest
Speed Age (Cf?\) (kgg) Height | Mass | Depth Cause of Death
(cm) | (kg) | (cm)

PMHS20 24 ABTS 25 67 1672 680 922 33 205 BladderCA
PMHS17 | 24 | FDR | 25 | 67 | 1691 | 553 | 938 | 36 | 189 |lugcA
PMHS18 | 24 | FDR | 45 | 54| 1730 | 590 | 913 | 36 | 91 JlugCA

Mean 1736  69.8 93.6 205
(SD) N/A— N/A N/A (10) 57)  (108)  (2.0) (o 4) 11y NA
50t Male NA  NA N/A 45 175 78.2 90.7 45 229 NA

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

o 6aw
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PMHS Instrumentation — Rib Strain Gage
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PMHS Instrumentation
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High Speed Videos — 56 km/h

s ™C

45 deg
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High Speed Videos — 56 km/h

25 deg
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PMHS Injury — 56 km/h



= laxity
X Fracture
@ Joint damage
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Bilateral flail chest

Mesentery tear
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= laxity
X Fracture
@ Joint damage

Vertebral body fracture at
T10/T11 @osteophyte
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o
PMHSalnjury — 24 km/h

-No pelvis fractures



ABTS 45deg at 56 km/h
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Rib Fracture Timing

FDR 45deg
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Rib Fracture Timing
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Rib Fracture Timing
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Summary

Injury
" More injuries were observed in the FDR seats during 56 km/h
" No major injuries in 24 km/h even with the rigidized seatback

Rib fracture

" Difference in fracture distribution between ABTS and FDR

" More rib fractures in 45deg
"= Anterior & lateral fractures occurred due to chest inertial loads
" Rib fractures after maximum chest deflection

" Thorax experiences complex combined loading
= 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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Thoracic Response & Injury Analysis
of Small, Elderly Female PMHS in
Simulated Near-Side Crashes

J. Bolte IV, B. Shurtz?, B. Pipkorn?, H. Rhule3, K. Moorhouse?, A. Agnew’, Y-S. Kang’

'Injury Biomechanics Research Center, OSU
2Autoliv; 3Vehicle Research and Test Center, NHTSA

49th NHTSA Workshop on Human Subjects for Biomechanical Research
27 October, 2021
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Methods




Instrumentation

/

SN G
= Strain Gages 1 -
= Sternum = Axilla
" |Impacted Side: = Xiphoid process
= Latergl C!avicle = 6DX Pro N
= Anterlc.)rrlt?52-10 = Manubrium
" Posterior ribs 4-9

" Non-Impacted Side:
= Anterior ribs 3-10
" Posterior ribs 4-7




Phase | — Initial Positions
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*All photos are approx. lined up with the silver line on the door frame lining
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Phase | — Exemp
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Phase | — Injury Summary

TARGET

Age (yrs)
Tt 13167 167 155 160 155 165
""gjg)ht 42-56 56 44 51.7 54.9 54.9
aBMD -2.5<x
(t-score) < -1 -2.4 -1.6 -1.4 -1.5 -2.2
15 rib fx . .
InTSrSites : 5 rib fx L clavicle fx 5 rib fx sfeorr:lbrr?;x ] g;:l?cr;‘ «
’ spleen lac u

MAIS - 3 3 3 3 3




Event Timing - ESI 02
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Chest Deflection & Compression

AlS=3 timing

ESI 01 ESI 02 ESI 03 ESI 04 ESI 05
Peak AIS=3 Peak AlS=3 Peak AlIS=3 Peak AlS=3 Peak AlIS=3
Axillary Half Defl (mm) 23 19 31 7 12 1 21 4 24 18
Axillary Half Comp (% 8.3 6.8 11.7 2.7 4.4 0.0 7.6 1.4 8.7 6.5
Axillary AP Defl (mm) 16 -20 15 14 16 16 15 12 14 -11




Phase |l Sled - PMHS Summary

Age (yrs) 74.2 (£9.7) 77.2 (£12.8)
Height (cm) 161.5 (£5.6) 147 159 152 163 158 155.8 (£6.3)
Weight (kg) 52.1 (x4.4) 56 51 55 50 40 50.4 (x6.3)

aBMD (t) -1.6 (x0.4) -1.0 -2.1 -2.2 -1.4 -1.7 -1.7 (£0.5)

: 19 rib fx
'_I'es.t - 3 rib fx 14 rib fx 3 "I? I Pneumothorax
Injuries L clavicle fx )
L clavicle fx
MAIS - 2 3 3 4 0
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ESI 10 — Injuries & Timing

ESI2110 Event Timing Peak
|
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ESI| Test Summary

ESI Test Time of AIS 3 Axillary
(msec) Compression
@ AIS 3
ESI 01 3 5 39 7%
ESI 02 3 15 21 3%
ESI 03 3 5 23 0% (1 mm)
ESI 04 3 20 24 1%
ESI 05 3 5 30 7%
ESI 07 2 3 51 8%
ESI 08 3 14 39 1%
ESI 09 3 5 46 9%
ESI 10 4 19 46 3%
ESI 11 0 0 Peak - 3%

Avg - 4.5%
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