¥ @D A E LA T RS Ew E]

China Automotive Engineering Research Institute Co., Ltd.

Research Progress and Application Exploration
of CAERI Virtual Testing Methods

Linwei Zhang
2026.5.20



Background and Current
Status

1




& Background

O Vehicle safety assessment faces the need for diverse occupant protection in complex
crash scenarios

Virtual assessments have the potential to simulate traffic accidents

Accident scenarios more comprehensively Occupants are
are complicated diverse

Real world
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Active Safety more body sizes R

Standard test

: Regular sitting position,
Diversity of collision conditions

standard body size Posture diversity

Current Boundaries of Physical Testing: Standard Scenarios, Conventional
Postures, and Standard Body Sizes 3



Project Overview
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Diverse Occupant Frontal
Collision

O Based on China’s traffic characteristics, this study
conducts farside and diverse-occupant frontal
virtual assessment research to improve far-side
occupant protection and enhance travel safety for
diverse populations
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Virtual assessment
plan

Injury Pattern Research on Evaluation Research on Evaluation
Research Metrics and Thresholds Methods

Conduct research on accident analysis and occupant
injury patterns, develop test scenarios, establish
validation and evaluation methods for virtual
assessment, and form a systematic virtual evaluation
workflow framework




Project Summary

Test Condition Research Evaluation Scenarios

Farside

Impact
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Diverse Occupants

Research on Farside Injury
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Research on Injury Patterns in Frontal
Collisions Involving Diverse Occupants

O Based on analysis of China’s road traffic accident
data, this study investigates farside and diverse-
occupant crash injury patterns and develops a

Pattern

rtual evaluation scenario matrix

Waveform Driver Passenger Second row
Case 1 Hybrid [ll 95th Hybrid Ill 5th Hybrid Ill 5th
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Project Summary

Validation study

Correlation Study Between Farside Simulation and Testing

== P

Correlation Study Between Simulation and Testing for Frontal Collisions
Involving Diverse Occupants

O Conduct correlation studies between simulation and
testing for farside and diverse-occupant frontal
collisions, and determine validation metrics for
virtual assessment based on expert discussion

Validation Metrics

If the ISO correlation evaluation value of the occupant is

less than 0.5 in the verification condition, two defects will

be added to the correlation evaluation
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Evaluation Evaluation metrics

Research and thresholds
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©| @ Evaluation Process

O The virtual evaluation process mainly includes quality inspection, test
validation, and result evaluation

If the quality standards are not met, simulation data and
reports can be resubmitted No

Completed within the evaluation period

If the correlation does not meet the requirements, the simulation
data and report may be resubmitted, with the adjusted parameters
clearly specified




2 Human Body Model
Application Exploration




Application Challenges of Human Body Models with Diverse
Anthropometry

Qualification

®
Ac-HUMs GHBMC llhums *j VIVA+
O Different HBMs, Different modeling method
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O Different dynamic responses under the same load cases

Positioning

O How should human body models be aligned with
human driving postures to achieve standardized
seating adjustment and positioning?
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O the specific injury criteria to be selected for HBMs and
the definition of how each criterion's output is
qguantified have not yet been clearly defined
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O The methods for developing injury risk
curves still require verification
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Model Qualification

Standardized PMHS Test Reconstruction

Route 1: corridor
scaling

HBM positioning Seatand footrest Testbed settling and belt fit Head rotation and extremities
+ HBMin standard driver transformation + HBM pelvis and spine positioning

posture constraint *  HBM pelvis and spine . H H
Height/ Dynamics Metrics (Example)

*  Two positioning methods ¢ + Nogravity constraint

- Nogauy gender | Mass/kg AC-HUMsHE

mm 5 o (m50)1/3 i
male 79 165 " \m — — - TREEEN

1

male 57 170 accelerati ong.,.q = accelerati onypgeaieq X .
m

o

Position methods Seat Seat
« Option 1: H-point is located | | *  Seat is moved downwards + Seatis accelerated *  Headis rotated toreacha
as in PMHS test (applicable Footrest upwards in 2 with 1g horizontal Frankfort plane male 64 1 70
for AM50 anthropometry) * Footrest is moved Footrest and console Feet . s on .
« Option 2: H-point is located downwards + Footrestand consoleare || * Feetaremovedtolie on timeggleq = IMeEynscaled X )Lm
as calculated via regression Console moved to initial position footrest edge
! o e male 77 175
away from HBM + Pretension s applied tofit || + Hands are moved to target force
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Route 2: Scaling Model to PMHS Test
AC-HUMs 50M: ’

Body Size

Height: 168cm
Mass: 67.7kg

Standardization of Scenario Reconstruction . )
Response Output Settings .
P P & *HBM 4VT Model scaling Validation




Process of Model Positioning

O Target Parameters and Calculation Methods for HBM Positioning:

Target Parameters (mm/°) Calculation Formula
Seat reference point (X) /H Point X H Point X=16.8+0.433*Stature-0.24*H30-2.19*L27+0.41*L6
Seat reference point (Z) /H_Point Z H_Point Z=SgRP_Z+(SgRP_X-H Point X)*tan(STA)
Hip X (H point of the model) Hip X=12.2-3.5*BMI+3*L27+H_Point X
Hip Z(H point of the model) Hip 7=-97.1+1.2*BMI+0.1068*L6+1.1*L27+H_Point Z
20K 1 /Neck _Angle Neck Angle= 16.1-0.01197*Stature+0.0109*L6
i3 £ &£ /Thorax_ Angle Thorax Angle= -42.7+0.00497*Stature+45.2*SHS+0.0128*L6
HE 3 1 BE/Abdomen_Angle Abdomen_Angle= -94.5+0.0109*Stature+184.5*SHS+0.0222*L6
‘B %A ¥ /Pelvis_Angle Pelvis_Angle=-16.3+0.0102*Stature+90.2*SHS+0.0177*L6+0.39*L.27

*127 is the seat cushion angle; L6 is the x-direction distance from the steering wheel to the reference point of the accelerator pedal; Stature is the height of the model,
SHS is the sitting height ratio of the model; STA is the seat rail angle.

Total Process

Based on Based on Pelvis—>Abdomen.—>
H_Point_X Hip X&Hip Z Thorax—Neck




Human Body Model Monitoring

O Human body model monitoring is currently underway, and future research on human
body model evaluation schemes will be conducted based on the monitoring results

» Monitoring Scenarios
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Human .Body Model Model Positioning ‘ Monlto.rlng Result

Submitted results:

Meet the entry criteria: i i iti : . .

. Y , Ergonomic sgatmg position setgp. _ Mesh quality monitoring before and after

Chinese 50th percentile male - Seat adjustment and H-point adjustment of S -
human body model positioning adjustment
Sensor setup: head, neck, chest, and the human body model . P
i ) Posture adjustment parameter monitoring
abdomen «  Adjustment of the torso angle and limbs of , . o
. . . Simulation result monitoring

Response requirement: correlation with the human body model

PMHS test results




3 Future Research Plan




@ Virtual Assessment Challenge

O Vehicle safety assessment faces certain challenges in terms of scenarios, methods, and

tools

method

scenario
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«Current evaluation scenarios cannot
fully represent the characteristics of
traffic accidents

If the quality standards are not met, simulation data and
reports can be resubmitted.

*Current sampling inspection methods
are insufficient to fully support model
consistency validation

Crash test dummies cannot fully
represent the true biomechanical
response of occupants

tool L
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O Consider conducting related research focusing on evaluation scenarios, evaluation
methods, and evaluation tools

Future Research Plan

scenario method tool
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*Conduct research on expanding evaluation ‘Research on Model Consistency Verification Research on the Application of Diverse
scenarios based on a traffic accident database Methods Human Body Models
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method based on accident data Methods Evaluation Methods
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