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Topological Optimization Method for Crashworthiness
of Vehicle Rear Underride Protection Device Based on
Crash Compatibility
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Abstract: Currently, the performance of vehicle rear underride protection device is poor, so it is difficult to
effectively improve the car-rear collision safety. This paper analyzes the crash compatibility characteristics of
car-to-car rear impact accidents. Under the premise of taking the geometric collision compatibility into
account, we use topological optimization method to optimize the rear underride protection structure for
crashworthiness. After considering three kinds of collision conditions, we use the method of analytical
hierarchy process (AHP) to determine the weight ratio of each load cases. The iterative operation follows the
hybrid cellular automata (HCA) algorithm. Finally, the clear structure and the superior path of force
transmission are obtained for topological configuration. Comparing with two conventional rear underride
protection device under three evaluation performance, and the results show that the optimized structure have
better crashworthiness, which have considered crash compatibility under the topological optimization of
crashworthiness.
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Figure 1. Diagram: car to semi-trailer rear impact
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Figure 2. Diagram: velocity change in the collision
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Figure 3. Diagram: topological optimization base model of rear underride protection device
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Figure 4. Diagram: 100% overlap rate rear impact
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Table 1. The important of the ratio of pairing the comparison matrix for reference definition
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Table 2. The reference value of RI in random consistency indicator
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Figure 5. Diagram: the whole vehicle structure
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Figure 6. Diagram: the result of topology optimization
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Figure 7. Diagram: the structural topology of vehicle rear underride protection device
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Figure 8. Diagram: the vehicle rear underride protection device ( I )
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Figure9. Diagram: the vehicle rear underride protection
device ( IT )
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Figure 11. Diagram: location of the door measuring point
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Table 3. The door value of each measurement (mm)
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Figure 12. Diagram: comparison of deformation at each point
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Table 4. The intrusion of car rear impact in different structure (mm)
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