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Numerical Analysis of the Effects of Headrest Characteristics
on Neck Injury in Vehicle Rear Collisions
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Abstract: The purpose of the current study is to analyze the effects of headrest characteristics on neck injury
in vehicle rear collisions via numerical simulations. To achieve this, simulations were set according to the rear
impact test procedural in C-NCAP 2015 using a human finite element model which has been built and validated.
The results show that the horizontal distance between the headrest and head is the most important parameter
affecting neck injuries. Generally, a longer horizontal headrest distance leads to a higher injury risk to the neck.
However, multi impacts between the head and headrest may happen when the horizontal headrest distance is
too short. This finding suggests that it is better to keep the horizontal headrest distance at an appropriate level
to reduce neck injury risk and avoid multi impacts, which may reduce the NIC by 11%-26%. The results also
show that the head contact force reaches the minimum value when the headrest top and head top are at the same
height level, and the NIC value could be reduced by 13%. The headrest angle can affect the direction of the
head contact force and neck kinematics. The NIC value could be reduced by 6%-11% when setting the headrest
at a small angle to the anti-clockwise direction.
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Figure 1. Human body finite element models, a) cervical vertebra, b) cervical soft tissue, ¢) whole body
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Figure 2. Seat belt finite element model and rear collision simulation system
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Figure 3. The acceleration pulse of C-NCAP 2015 rear crash test!"”!
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Figure 4. Headrest parameters diagram
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Figure 5. Kinematic response for different headrest horizontal distance, a) 10 mm, b) 50 mm and c) 90 mm
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Figure 6. Nick stress nephogram for different headrest horizontal distance, a) 10 mm, b) 50 mm and c) 90 mm
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Table 1. NIC value and the maximum stress of tissue for different headrest horizontal distance
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Figure 7. Kinematic response for different headrest vertical distance, a) -60 mm, b) 0 mm and ¢) 60 mm
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Figure 8. Nick stress nephogram for different headrest vertical distance, a) -60 mm, b) 0 mm and c) 60 mm
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Figure 9. Kinematic response for different headrest angle, a) -5°, b) 0° and c) 5°
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Figure 10. Nick stress nephogram for different headrest angle, a) -5°, b) 0° and c) 5°
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Table 3. NIC value and the maximum stress of tissue for different headrest angle
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