Reduction of Minor Neck Injuries
during Rear-end Impacts

Evaluation Methods, Selection of Neck Injury
Parameters and Its Criteria

Koshiro Ono, Susumu Ejima, Kunio Yamazaki, Fusako Sato
Japan Automobile Research Institute

Jonas Aditya Pramudita, Sadayuki Ujihashi
Tokyo Institute of Technology

Koji Kaneoka
Waseda University



Minor neck injury Current evaluation method
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for Neck Injury Evaluation

H Symptom/Pain
INJURY L,
‘ € Impact loading to the neck is

i Necessary Method

Imp, dependent on the interaction
patterns between the H/N/T and
the seat with HR.

9 @ To assess the motion of

ofn  cervical vertebrae caused by
W impact loading and the
=)y  interaction between the H/N/T

and the seat with HR.



Contents

Objective

Research process — Flowchart
Methods

Injured Regions in PMHS Tests and Clinical Findings
Human Volunteer Test
Analysis of Cervical Vertebral Motion

Results/Discussions

Threshold of Strain-Strain Rate

Accident Data

Accident Reconstruction - FE Model Simulations
Relationship between cervical strain and WAD
Selection of Neck Injury Evaluation Parameters
Neck Injury Risk Curve

Conclusions



Research Process - Flowchart
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Acclident Data(Folksam)

Acceleration Injury Level Occupant
Crush Pulse WAD Height-Weight
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CASE RECORDED CRASH PULSE REPORTED INJURY
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PASSENGER CHARACTERISTICS

Av Mean | Peak Acc.
.- Acc. [g] [g] Neck/Spine | Symptoms | WAD | Gender | Age | Height | Weight

| 57 | 168 | 80 |
| 59 | 156 | 60 |
| 18 | 179 | 80 |
| 61 | 154 | 69 |
| 68 | 176 | 77 |
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Accident Reconstruction - FE Model Simulations
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Occupant behavior —Neck force
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Relationship between cervical strain and WAD (1)

- Calculate cervical strain o'q Ve”ebraciﬂ
with Volunteer's method = ﬂ Q
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Cervical Strain

grade 0:No complaint

grade 1:Pain, stiffness(no physical sign(s))
grade 2:Musculoskeletal sign(s)

grade 3:Neurological sign(s)

grade 4:Fracture or dislocation
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Relationship between cervical strain and WAD (2)

- Calculate cervical strain Ve”ebrac
with Volunteer's method - A ﬂ N
- Extract max. value of the strain ﬂ
(C2/C3~C6IC7) b c,ﬂ
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Selection of Neck Injury Evaluation Parameters
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Neck Injury Risk Curve
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Injury Criteria
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Conclusions

In the past, an evaluation method for minor neck injuries did
not exist. Now, the evaluation parameters and thresholds for
the reduction of minor neck injuries are obtained.

1. Based on the results of volunteer tests, the threshold of the
strain and the strain rate that caused subjects to feel neck
discomfort (minor neck injuries) during the test were well
defined.

2. The relationship between the strain/strain rate and
parameters which can be obtained from dummy was
Investigated based on the results of the volunteer test and
FE analysis. Then, the parameters which have good
correlations with the strain/strain rate were selected as
evaluation parameters for neck injury.
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Conclusions (continued)

3.

The risk curve of WAD2+ concerning neck
forces/moments and NIC based on the results of
volunteer tests and accidents reconstruction simulation
was recommended.

. The risk curve values of 5% and 95% for causation of

neck injury were determined as neck injury criteria
based on the volunteer test results and FE analysis
using the Human FE model.

The risk curve value of 5% was the level where
volunteers would experience neck discomfort during the
volunteer tests, and the risk curve value of 95% was
almost the same as the human tolerance values In
literature.
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Adoption as an Evaluation Injury Criteria for JNACP Test

The proposed neck Injury evaluation parameters
and criteria were adopted as one of J-NCAP tests
for the minor neck injury assessment in rear impact
test, starting April 20009.

The result will also be focused at being a primary
candidate for an Injury evaluation method that
would be scrutinized by WP29/GRSP/HR GTR.
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