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Parametric design and optimization method of vehicle front
end structure based on pedestrian lower limb injury analysis
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Abstract: As pedestrian protection tests and evaluations have been officially incorporated into new C-NCAP,
more stringent requirements have been placed on pedestrian protection performance. In order to reduce the
injury of the front end structure of the vehicle to the pedestrian’s lower extremity during the collision, this paper
selected the key components which have significant influences on the pedestrian's leg protection performance
based on the existing CAE half-vehicle model, including front bumper, front-cover plate, upper impact pillar,
impact beam and lower support plate, to form a simplified model and conducted parametric modeling based on
it. Then, an integrated process including the design of experiment (DOE), the approximate model technology
and the optimization algorithm was proposed. The pedestrian lower extremity injuries were used as the optimi-
zation target, and match and optimize the front end structure parameters. Finally, an optimal configuration for
parameter matching of key components of the front end structure for pedestrian protection was established,
which effectively reduced the pedestrian lower extremity injuries.
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Figure 1. The proposed technical route for parameter optimization
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Figure 2. The SUV finite element model
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Figure 3. The structure and sensor position distributions of the Flex pedestrian legform impactor model
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Figure 4. The split view of the complete simulation model and initial position of the front end components (Y=0)
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Figure 5. Experimental setup
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Figure 6. Test (up) and FE (down) model deformation and legform kinematics comparison
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Figure 7. Comparison of test and simulation injury measures-time history curves
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Table 1. Comparison of simulation and test data
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Figure 8. Automatic computing process
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Table 2. Design variables and their ranges (mm)
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pillar_x 0 -20 20
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low_z 0 0 40

Figure 9. Variables setting
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Table 3. R-squared prediction accuracy of each response corresponding to the approximate model
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Table 4. The selected approximate models
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Table 5. Initial and optimum design variables (mm)
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Table 6. Comparison between approximate model and simulation of optimum scheme
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Table 7. Injury measures output by the initial and optimum scheme
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Figure 10. Comparison of initial and optimum injury measures-time history curves
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Figure 11. Initial (up) and optimum (down) model deformation and legform kinematics comparison
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