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Abstract: At present, the vehicle side impact safety evaluations rarely consider the effect of pre-crash
braking on occupant posture. In order to study the occupant displacement induced by braking during the pre-
crash phase and its impact on occupant kinematics and injury outcomes under side impact conditions, the
paper combines volunteer experiments with CAE simulations. Three side impact models, including a standard
posture model, a muscle-tensed model, and a muscle-relaxed model, were developed to compare differences in
occupant kinematics and key injury indicators across the models. The results show that, during braking, the
volunteers experienced greater displacement under the relaxed muscle state, with the maximum
displacements of the head andfirst thoracic vertebra (T1) reaching 225 mm and 145 mm, respectively. This

displacement significantly changed the contact between the upper body of the dummy and the side restraint
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system during the side impact, creating a risk that the dummy’s chest could move outside the effective

protection zone of side airbag. The peak Y-acceleration of the head was increased by 163.98 m/s*(79.4%), and

the maximum abdominal compression was increased by 13.53 mm (64.0%) during the side impact. These

results provide valuable insights for the development of advanced restraint systems and integrated safety

testing methods.

Keywords: emergency braking; occupant displacement; side impact; occupant injury
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