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THOR-AV BACKGROUND

« THOR-AV, a modified THOR, was developed to address
upright and reclined occupant safety in autonomous
vehicles (AV).

« Synergy between reclined seat and zero gravity seat.

* The project started in 2018 with the aim of providing a
quick tool to address the immediate needs for restraint
system development.

* Project Goals:

« Expand THOR capability to represent reclined occupant
» Achieve good biofidelity in both postures

« One dummy for both upright, reclined seat testing and
rearward facing with frontal crash pulse
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TASKS COMPLETED AS OF TODAY

 Total three dummies were fabricated for testing, plus 2 additional
conversion kits for testing and evaluations

* The first two dummies went through lab probe and pendulum
tests,18 different sled test conditions, and demonstrated good to
excellent biofidelity.

« THOR-AV dummies have been tested in US, Europe, South
Korea, China and Japan.

« The dummy design is stable. Both umbilical and integrated DAS
designs are in production.

» User’s manual/qualification procedure and corridors are available
* Injury risk functions were developed for the regions modified
 Dummy positioning procedure was developed by CAERI

 The dummy is specified in China Insurance Automobile Safety
Index Management Regulation (C-1ASI) 2026 version
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THOR-50M AV | Human Posture Match In Reclined Positions

« UMTRI volunteer seating postures in reclined seat
« Regression model for prediction of occupant seating postures
* Reed et al. 2019 Traffic Injury Prevention

« THOR-50M AV was designed to follow UMTRI model
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THOR-AV RECLINED LAYOUT PER REED 2019

Pelvis: +33.2° Pelvis: +39.9° Pelvis: +41.5° Pelvis +44;80
N o Head: +1.5° Head: +4° Head +1.§
HSEEE Ry Lumbar Pitch: red

Lumbar Pitch: green Lumbar Pitch: (3° forward

Lumbar Pitch: yellow from red, not marked yet)

(super slouched)

60°

25° 45° 50°
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PELVIS CHANGES

Increased pelvis flesh compression to

Pelvis bone geometry match human

result\cpr_d3plot

THOR UMTRI (mesh) THOR-AV

ASIS shape was revised according to Muehlbauer
et al. 2020 IRCOBI

L1i:resulticpr_d3plot{A) L2:csv_Humanetics\JLR_25_ Degree Umtri PMHS_13109_Table_Dats
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THOR-AV | FINAL PACKAGE

~_ Molded abdomen
Representative (better reproducibility)
Trochanter

Longer and circular
lumbar spine

Pelvic bone and flesh
couplings

Updated pelvic
bone geometry

Soft flesh for _

reclined seat _ Representative
Representatlve coccyx geometry
Ischium and stiffness
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THOR-AV Neck vs THOR & H350th Neck

Hybrid Il THOR THOR-AV

ke Upper neck load cell relocated
inside head

Torsion element (£45° stops)

Upper Neck ] b
Load Cell L s '

Cervical spine curvature

Increased cross section from

Front Cabl C1to C7

Central cable

Central cable (not engaged) No central cable

(hidden)
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THOR-AV Neck BioRank Scores

Test Reference THOR-AV  THOR H350
Frontal Thunnissen et al (19995) 1.32 1.33 1.68
Kang et al (2018) 1.28 1.80
Lateral Wismans et al (1983) 1.14
Kang et al (2018) 0.87 1.00 1.26
Oblique Kang et al (2018) 3.14
Torsion Kang et al (2018) 1.11 3.08 1.46
Average 1.47 1.88 1.96
BioRank Score| B<1.0 |[1.0<B<20(20<B=<3.0| 3.0<B
Biofidelity Excellent Good Poor
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THOR-AV BIOFIDELITY SUMMARY | sideity  Exoliont | Gooi o0 Foor

Test Configurations

Neck Evaluation 6 configurations
B Front Seat (22°)
Uriot et al. 2015
Rear Seat (22°)
25°
UMTRI AVOK
45°
Kang et al. 2020 25°
(rearward facing) 45°
Richardson et al. 2020 49°
UMTRI AVOK 25°
2nd test series 45°
VT Volunteer AEB pulse 0° and 30° oblique
Baudrit et al. 2022 60°
VT Rear Seat NCAP85 pulse

Total 18 Sled Test Cases
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Test Conditions Submarining* TI-.IOR'AV Publications
BioRank
. . Wang et al. 2021
frontal (2x), oblique, lateral (2x), torsion 1.47 IRCOBI
50 km/h, PT No 0.84 Wang et al. 2022
load limit 7.0 kN Yes 0.77 IRCOBI
32 km/h, no PT, No 0.73 Wang et al. 2022
load limit 3.5 kN No 0.89 IRCOBI
56 km/h, Honda Odyssey 2" row seat 195 Wang et al. 2022
’ yssey 138 SAE WCX

50 km/h, dual PT, load limit 3.5 kN No BASt

No ~1.0
50 km/h, load limit 3 kN Planned in 2025 or 2026

No 0.80
1gand 2.5 g 1.02 Albert et al. 2024 IRCOBI
50 km/h, load limit 3 kN No 1.14 Wang et al. 2025 IRCOBI
2017 Mazda CX-3 Yes
2018 Mercedes GLC 300 moderate Tests

Publication in 2026

2018 Nissan Maxima moderate completed
2018 Toyota Camry No

*Green color in submarining/non-submarining: THOR-AV matches PMHS
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THOR-AV PELVIS ROTATION

* Pelvis Rotation was
evaluated in a few sled test
conditions

 Uriot et al. 2015 (22°)

« UMTRI (25°/45°)

« Baudrit et al. 2022 (60°)

* Richardson et al. (45°)
 Holistic study instead of

emphasis on a single test
condition
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INJURY RISK FUNCTIONS

* No design changes — reference THOR

 Head, Femur/Knee, Leg
« Design changes - New

 Neck

o Wang et al. 2025, IRCOBI, submitted

« Abdomen, Pelvis, Lumbar
o Wang et al. 2024 Stapp

Lij for AIS 2+

1.004

0.754

0.504

Injury Risk Probability

0.254

AlS2+
Red - Weibull

Green - Loglogistic

Blue - Lognormal
Solid line - IRF

0.00 (e

Dash line - 95% CI ,

Lumbar Lij2

Table 6. Lumbar L1 survival functions and injury risk values at 5%, 25% and 50% risk probabilities for MAIS2+

CAaSes.
AIS AIC GKG AUROC Qual Injury Risk Values
Index 5%  25%  50%
501 065 083 028 039 062 078
MAIS2+ Loglogistic 3.41687 077032 612 056 078 041 033 056 077
Lognormal 2.09312 076526 608 056 078 040 035 055 077
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THOR-AV FE MODEL STATUS

« THOR-AV 50M LS-DYNA (V0.7.2) and PamCrash Models
* Three seatback angle postures: 25°, 45° and 60°
12 new validation cases in addition to THOR FE model
Neck, APTS, lumbar, full body pendulum, sled

atest Release: Version 1.0

Setup Oblique Kang

Test Description
Pelvis Pendulum Test Pendulum tests at 2 m/s

(e

é O} «——  Pendulum

‘—‘ Accelerometer
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THOR-AV READINESS

Tasks Description Results
THOR-AV

Design 25°/45°/50°/60° Reed et al. 2019 O
Biofidelity Probe and pendulum ““good” to” O

& 18 sled cases excellent
Injury Risk Functions neck/lumbar/pelvis/abdomen completed O
User’s Manual umbilical & integrated DAS Revision A 0
s | puesseproearhomx | Rowsionn | @
Dummy Positioning CAERI Zero Gravity Seat HPM-II O
FE Model 4th Release Version 1.0 O
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NEW STANDARD IN C-IASI - WILL TAKE EFFECTIVE IN 2026

IC5  43.040.60
CCS T 26

Group Standard

123 ¥ iE
(Written in GBT — Chinese National Standard) TCAAMTE
Technical Requirements and Test Methods for
Automotive ReCIIP:Gd ?ela}t Occmtjpant Protection In s 2 1 A IE T R T (R4
rontaigiizest BARERAKE %

Technical Requirements and Test Metheds for Automotive Reclined Seat Occupant Protection in
Frontal Impacts

(Released for Public Comments) e

(i 8 LK)

Chinese Automobile Industry Association

hREIRZFETA = E-E
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Z. Jerry Wang, PhD

CTO, Humanetics Safety

23300 Haggerty Rd, Farmington Hills, Ml 48335, USA
[wang@humaneticsatd.com

Tel: +1 248 778 2133
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