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Abstract: In the car collision accident, the abdomen of the child is the third most vulnerable site after the
head and chest. However, there are still relatively few studies on children's abdominal injuries at home and
abroad. Based on the latest European ECE R129 regulations, this article focuses on the study of the injury
mechanism and biomechanical response of children's abdomen in frontal and side collisions. Through several
tests and using Q-series dummy, we explored the protective effect of child restraint system on children's
abdomen with different installation methods in front and side collisions, and explored the law of abdominal
injury. Studies shows that in the shield installation mode, the difference in the way of collision has the
greatest impact on abdominal pressure, followed by the five-point seat belt mode and the three-point seat belt
mode. In the frontal collision, the abdominal pressure caused by the shield installation method is largest,
about 3 times that of the three-point belt. In the side impact, the abdominal pressure caused by the three fixed
methods is relatively close, and the abdominal pressure caused by the shield installation method is
significantly smaller than that in the frontal collision. For the integral child restraint system with five-point
fixed, abdominal injury tends to increase with the age of the child; for children of the same age, the rearward
facing installation is beneficial to the protection of the child's abdomen.
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Figure 1. torso anatomy of children Figure 2. torso anatomy of adult
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Figure 3. Abdominal Pressure Twin Sensors
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Figure 4. size of Abdominal Pressure Twin Sensors for each dummy
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Figure 5. installation of Abdominal Pressure Twin Sensors for each dummy
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Table 1. limit of Abdominal Pressure Twin Sensors for each dummy
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Figure 6. Frontal collision Figure 7. Side collision
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Table 2. Collision test matrix
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Figure 8. three-point seat belt fixed in frontal collision Figure 9. three-point seat belt fixed in side collision
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Figure 10. abdomen pressure comparison (three-point seat belt fixed) Figure 11. abdomen pressure comparison (five-point belt fixed)
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Figure 12. shield fixed in frontal collision Figure 13. shield fixed in side collision
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Figure 14. abdomen pressure comparison (shield fixed)
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Figure 15. abdomen pressure comparison under different installation methods in frontal collision
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Figure 16. abdomen pressure comparison under different installation methods in side collision
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Table 3. Collision test matrix
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Figure 17. abdomen pressure injury distribution of different dummy and test state
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