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Abstract

According to the requirements of the 2021 version of C-NCAP, a whipping test was carried out on
the seat of a certain model, and the whiplash injury was found to be more serious and the whip-
lash score was lower through the analysis of the whiplash test results. To solve this problem,
Hypermesh software is used to establish a finite element model, LS-Dyna is used to display the
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nonlinear dynamics solver, and the finite element results are benchmarked with the experimental
results. Based on the qualified finite element model, the cause of whiplash damage is analyzed,
and the optimization parameters are proposed according to the analysis results, as follows: the
thickness of the left and right side panels of the seat back, the thickness of the seat back support
plate, the thickness of the crossbar on the seat back and the diameter of the headrest rod. Accord-
ing to the optimized results, the optimized dummy whiplash injury is reduced and the whiplash
score is improved, so the seat’s anti-whiplash ability is greatly improved.
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Figure 1. Whiplash test model
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Figure 2. Acceleration waveform for whiplash test
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Table 1. Scoring table for whiplash dynamic tests
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Figure 3. Finite element model of seat whiplash
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Figure 4. The initial moment of movement
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Figure 5. The moment of head-to-headrest contact
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Figure 6. The head opens at the maximum moment
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Figure 7. The moment when the head is separated from the headrest
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Figure 8. Injury curve of NIC
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Figure 9. Injury curve of upper neck moment
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Figure 10. Injury curve of upper neck pulling force
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Figure 11. Injury curve of lower neck shear force
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Figure 12. Injury curve of lower neck pulling force
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Figure 13. Acceleration curve of the chest
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Figure 14. Acceleration curve of the head
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Table 2. Comparison table of whiplash test scores
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Figure 15. Injury curve of NIC
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Figure 16. Acceleration curve of the head
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Figure 17. Acceleration curve of the chest
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Figure 18. Injury curve of upper neck moment
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Figure 19. Injury curve of lower neck pulling force
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