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Research Motivation
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Background

= What are the leading injuries in rear seat?

Distribution of AIS 2+ injuries (restrained occupants)
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Data based on Kuppa et al. 2005 —— =
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Background

= What are the leading injuries in rear seat?

= For belted children, the most frequently injured body
region is the head, and the main source of these
head injuries is the back of the front seat and B-pillar.

= For adults, especially the elderly, the most frequently
Injured body region is the chest, and the major source
of these chest injuries is the seatbelt.

= These results suggest that the restraint system types
and characteristics that provide optimal protection to
children may be different than those that provide
optimal protection to either elderly or young adults.

Data based on Kuppa et al. 2005 and Arbogast et al. 2012 ——
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ODbjectives

 Rear Seat Advanced Restraint Program

— To identify, design, optimize, and fabricate a prototype
advanced restraint system for rear seat occupants.

— To provide protection for rear seat occupants in frontal
crashes with different crash pulses and directions of
Impact and to different occupant size, age and gender.

— To establish the baseline performance of a non-
advanced system and show the occupant safety
Improvements of various advanced restraint systems.
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Research Tasks

Baseline Testing
(18 Sled Tests)
(Nov 2012 ?\Jun 2013)

Develop and Validate Baseline
Models and Components
(Jul 2(‘-‘137|L Sept 2013)

Proposed Advanced Restraint
System

TRW (Oct 2013 ~ Nov 2013)
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Fabrication of Proposed

Develc-p Dptlmlze and

Systems Suitable for Testing ( Tdelines
(May 2014 ~ Feb 2013)
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Rear-seat Advanced Restraint
System and Benehit Estimation
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Baseline Tests

Sled No. Sled Angle Sled Pulse Left Passenger Right Passenger
1 0 Soft HIIl 95th HIIl 6YO
2 0 Severe HIll 95th HIll 6YO
3 0 Soft HIll 6YO HIIl 95th
4 0 Severe HIll 6YO HIll 95th
5 0 Soft THOR-Mod Kit HIll 5th
6 0 Severe THOR-Mod Kit HIll 5th
7 0 Soft HIIl 5th THOR-Mod Kit
8 0 Severe HIll 5th THOR-Mod Kit
9 15 Soft THOR-Mod Kit HIIl 5th
10 15 Severe THOR-Mod Kit HIll 5th
11 15 Soft HIIl 5th THOR-Mod Kit
12 15 Severe HIll 5th THOR-Mod Kit
13 15 Soft HIll 95th HIIl 6YO
14 15 Severe HIIl 95th HIll 6YO
15 15 Soft HIll 6YO HIIl 95th
16 15 Severe HIll 6YO HIIl 95th
r Ly ¥/
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Front Seat Location

Driver Passenger

Seat Back Seat Position Seat Back Knee/Seat
Angle (Knee/Seat Offset) Angle Offset
6 Year Old 12 deg Mid 3 deg 150 mm
Small Female Mid 150 mm
(5t) L2 0l (120 mm) Doy (Mid seat track)
Mid Size Male Mid
(50 12 deg (70 mm) 3 deg 150 mm
Large Male 2 notches 150 mm
12 deg FWD of MID 3 deg
th
(95t (20 mm) (Approx full fwd)
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Results — Baseline Testing
5th female — Left Side

OCCUPANT: 5th, PULSE: Soft, ANGLE:"0/deg OCCUPANT: 5th, PULSE: Severe, ANGLE:0-deg
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Results — Baseline Testing
5th female — Right Side

OCCUPANT: 5th, PULSE: Soft, ANGLE: 0 deg (OCCUPANT: 5th, PULSE: Severe, ANGLE: 0 deg

=
A

H
B

L |
§\:\ ‘y

N
N\




Results — Baseline Testing
95th Male — Left Side

OCCUPANT: 95th, PULSE: Soft, ANGLE"0:deg OCCUPANT: 95th, PULSE: Severe, ANGLE: 0 deg
n r 2 = - Y 4 - ' =
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Results — Baseline Testing
50t Male — Left Side

OCCUPANT: THOR, PULSE: Soft, ANGLE: 0 deg OCCUPANT: THOR, PULSE: Severe, ANGLE:-0-deg
{2 "R\

OCCUPANT: THOR, PULSE: Soft, ANGEET15dég. OCCUPANT: 50th, PULSE:

Severe, ANGLE: 15,
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Results — Baseline Testing
6 Year Old — Right Side

__OQCUPANT: 6 Yr Old, PULSE: Soft, ANGLE: 0-deg _OCC}_JPANT: 6 Yr Old, PULSE: Severe, ANGLE: 0 deg
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OCCUPANT 6 Yr Old, PULSE: Soft, ANGLE 15 deg : OCCUPANT ﬁYr Old, PULSE: Severe, ANGLE 15 deg




Model Validation

¢ 951 & 6YO  6YO & 95
’

e 50 & THO




Validation Example

« 0°-Soft-O5F-Pa. (after optimization)
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Validation Example

o)
e 0°-Soft-O5F-Pa. Test
Simulation
HeadX ChestX
1] 50 100 150 50 100 150
Chest? PelvisZ
CORA=39% © CORA=66%
o s w0 180 A R R
ShoulderF ChestD
- 0 50 100 150 50 100 150 T L ¥V ¥/
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Validation Example

e 0°-Severe-95M-Pa. (after optimization)
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Validation Example

(o)
e 0°-Severe-95M-Pa. Test
Simulation
Head_X Head_7Z ShoulderBeltForce
0 50 100 0 50 100 0 5{]I - 'ul}ul |
Chest X Chest 7 Pane 6
' o s w0
Pelvis_X Palvis_7 Chest D
CORA=62% " CORA=63% P
. . - T 1 T . S T T
0 100 0 50 100 0 50 100 Ly ¥
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Validation Example
e 0°-Soft-THOR-Dr. (after optimization)




Validation Example

°-Soft-THO Test
» 0°-Soft-THOR-Dr. st
Simulation
HeadX HeadZ ChestX
0 50 100 150 0 50 100 150 0 50 100 150
ChestZ PelvisX PelvisZ
}
' CORA=52% CORA=33%
o s w0 150 0 50 100 150 o s w0 150
ShoulderbeltF LapbeltF ChestD
1 . . . v 1 v v _l_l_l_l_l_|_|
50 100 150 0 50 100 150 0 50 100 150 L ¥V ¥4
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Validation Example
* 15°-Severe-6YO-Pa. (after optimization)
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Validation Example

(o]
e 15°-Severe-6YO-Pa. Test
Simulation
Head X Head_7 ShoulderBeltForce
Chest_X Chest 7 LapBeltForce
o N
CORA=61% CORA=45% L
0 0 w0 o s 0
Pelvis_X Pelvis_7 Chest D
- CORA—41% CORA=64% __ CORA=56% __ —
0 50 100 0 50 mmy
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Quantitative Model Assessment

« CORA

Occupant| HeadX | HeadZ | ChestX | ChestZ | ChestD | PelvisX | PelvisZ | ShoulderF LapF
95th 81.49% 79.45% 83.74% 50.35% 70.94% 64.20% 75.50% 76.89% 76.99%
THOR 69.29% 711.78% 76.48% 53.27%| 45.24% 73.08% 36.96% 80.50% 75.64%
5th 76.52% 718.42% 17.48%| 45.43% 92.36% 12.37% 62.34% 83.91% 74.89%
BYO 70.90% 66.33% 75.41% 58.16% 64.95%| 46.34% 58.01% 76.10% 59.84%
|
é """"" 95th
O mTHOR
U _______
m 5th
,,,,,,, m6YO
HeadX HeadZ ChestX ChestZ ChestD PelvisX PelvisZ ShoulderF LapF
Measurements T
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Advanced Restraint Features

UMTRI

_ Minimize Reduce Reduce Minimize Adaptability
Restraint Technology : Chest Head/Neck Occupant
Excursion Loading Loading Belt Rollout Size
Constant Load Limiter -- + 0 0 0
Declining Load Limiter -- + 0 0 0
Progressive Load Limiter - + 0 0 +
EienI]fi—g(:aptlve Load 0 it 0 0 it
Switchable Load Limiter 0 ++ 0 0 ++
Retractor Pre-tensioner + + 0 0 0
Anchor Pre-tensioner + + 0 0 0
Buckle Pre-tensioner + + 0 0 0
\Wider Webbing 0 + 0 0 0
Four Point Mounting 0 + 0 ++ 0
Locking Tongue + + 0 0 0
Inflatable Belt + 0 + 0 0
Air Bag in Rear-seat Area ++ 0 ++ 0 0
Seat Cushion Length + 0 + 0 0
r Ly ¥/
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Optimization Simulations
 95M-severe-dri

Parameters Range  |S— I T O U R — -

Retr_Torque 9-12mm | / _________________ S e
SLL_Switch 50-90ms °

Retractor o .. AR R I S _
SLL level 1.0-2.5kN Baseline
Webbing ~ 500-1200mm 3 SN

Buckle PT PT time Yes/No — e —T \*

Anchor_PT PT_time Yes/No % A L

DLT DLT force Yes/No o

........................................................................

/ ChestD_Obj

Feasible Design Space

I VA4




Optimization Simulations
 95M-severe-dri—No0.21

Parameters T — e B R L S =
| paameers | Rang =
Retr_Torque 10mm e R T N S
SLL_Switch 80mMs e _
Retractor Baseline
SLL_level 1.0kN - \
Webbing 900mm .gl \.
Buckle PT PT_time No A AN R R ,
Anchor_PT PT_time Yes - ST A P TR
DLT DLT force Yes | e gfee o

ChestD_0bj
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Optimization Simulations
« 95M-severe-dri—No0.79

Parameters T — — i /”F o =
| Pammetes | Rang o
Retr_Torque 11.5mm e gl B S I S —
SLL_Switch 50Mms S _
Retractor Baseline
SLL_ level 1.0kN - \l
Webbing 600mm .gl \.
Buckle PT PT time Yes g e |
Anchor_PT PT_time No < J5E N S AR DU it S S SRS S S
DLT DLT force No | o egPese e

ChestD_0bj
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Retractor

Buckle PT
Anchor_PT
DLT

Optimization Simulations
* O5F-soft-pas

Retr _Torque
SLL_ Switch
SLL_level
Webbing
PT _time
PT _time
DLT force

7.5-9.5mm
20-50ms
0.0-2.0kN
500-1200mm
Yes/No
Yes/No
Yes/No

bj

/ ChestD_Obj

Feasible Design Space
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Optimization Simulations

* O5F-soft-pas —N0.06
|

Retr_Torque 8mm , - E
SLL_Switch 50ms |

Retractor
SLL_level 0.0kN 5 e —
Webbing 1200mm gl

Buckle PT PT _time No S I A B N

Anchor_PT PT _time Yes :

DLT DLT force Yes

ChestD_0bj

I VA4
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Optimization Simulations

* O5F-soft-pas —No0.75
|

Retr_Torque 9mm ,
SLL_Switch 50ms
Retractor
SLL_level 1.0kN z !
Webbing 1000mm &
Buckle PT PT_time No g
Anchor_PT PT time Yes £
DLT DLT force Yes

ChestD_0bj
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Optimization Simulations

Baseline belt

Short_cushion Oms

Short cushion
(100mm shorter)

Belt with pretensioner and load limiter

Short_cushion + Pretensioner/Load_limiter

Baseline cushion

UMTRI




Summary

« Baseline tests show significant effects from crash pulse
and occupant size on occupant kinematics and injury
outcomes.

* Model validation results show generally good
correlation between tests and simulations.

* Preliminary simulations show direct conflict between
head and chest objectives.

e Seat belt pretensioners and load limiters show great
potential to reduce head and chest objectives at the
same time.

« Shorter seat cushion reduce submarining risk for 6YO
ATD.
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Thanks! Questions?

Jingwen Hu, PhD
lwhu@umich.edu
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