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Abstract : The risk of incurring serious injury in car crash accidents for reclined posture occupants has been well documented
through both actual crash accident data and research. With the recent entry of autonomous vehicles in the market and the
increasing level of autonomous driving features, the possibility of having reclined occupants is expected to increase,
particularly in the front passenger seat. Therefore, there is an urgent need to improve the crashworthiness of front passenger
occupants in direct car collisions, as front-seat passengers are particularly vulnerable in reclined positions. Test methods
include the evaluation of the possibility of severe injury and injury mechanisms for the front-seat passenger on a fully
reclined(50 degrees) posture in a representative direct crash scenario in an autonomous vehicle and in traditional direct crash
assessment types. The evaluation results indicated that the head, neck, chest, and lumbar spine of the front-seat passenger in a
reclined posture suffered more severe injuries than those in an upright posture, regardless of the direct collision scenarios. It
was also found that the higher the severity of the crash, the more serious would be the head, neck, chest, and lumbar injuries.
Except for chest injuries, the injury occurrence mechanisms in the reclined posture are similar, regardless of the type of direct
collision. Thus, it was considered that the 56 km/h full frontal crash test mode to a rigid barrier, which is the most severe
crash type among frontal crash types, could cover occupant safety in a reclined posture compared to other direct collision
scenarios. The results obtained through this study can be utilized as reference data in developing new crash evaluation
methods and in improving crash restraint systems to enhance safety to a reclined posture passenger in the event of a direct
collision.

Key words : Reclined posture occupant(¥H0]AbA| ©=54}), Upright posture( 0] AFA]), Crash severity($%7122), Frontal
crash types(dHZ= -59), 56 km/h full frontal crash test mode to rigid barrier(56 km/h 7 FAHZSE)
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Table 1 Specifications of test vehicle

Vehicletype | SUV(EV) | Curbweight | 1975kg

Crash restraint | Front/Side/Curtain Airbag, PT/LL of seat-belt
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Case 2) 56 km/h 50 % offset Car-to-1,400 kg trolley

56km/h

Case 3) 56 km/h full frontal crash test

Photo. 1 Various crash test mode conducting this research
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Table 2 Impact pulse(I) per the vehicle mass according to
the frontal crash types
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HIC,5 according seating posture
in different frontal crash types
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in different frontal crash types
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Fig. 1 Comparison of the head injury values (HIC;s and
ACC 3ms) in the different frontal crash types

DAMAGE according seating posture
in different frontal crash types
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Fig. 2 Comparison of the head injury values (DAMAGE and
BRIC) in the different frontal crash types



Analysis Study on Injury Characteristic of Occupants with

Neck Fz according seating posture
in different frontal crash types
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Neck MoCy according seating posture
in different frontal crash types

Injury Criteria(57Nm)

w0
) l
5 .

150° 100kph 1,400kg 150° 100kph 1 400kg 56kph FWRS+Redined
oMDBUpright OMD B+ Reclined

180 56kph 1,400kg
MPDB+Re clined

MoCy (Extension moment)

Fig. 3 Comparison of the neck injury values in the different
frontal crash types
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the Reclined Posture According to Various Frontal Crash Modes

Measuring points of the chest deflection
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Fig. 4 Chest deflection of passenger across the entire timeline
according to frontal crash types
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Chest Deflection according seating posture

iEurentinntal coehitypes Abdomen Diflection(mm) according seating posture

in different frontal crash types
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Fig. 6 Comparison of the abdomen injury values (Deflection)

Fig. 5 Comparison of the chest injury values (Chest deflection) in the different frontal crash types
in the different frontal crash types

T12 Fz{Compression) according seating posture
in different frontal crash types
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