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Optimization Design for Crashworthiness of Bumper Based
on Linear and S-Type Function TRB
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Abstract: To satisfy low-carbon economy requirement,mass reduction of a vehicle is becoming more and more
important.Tailor Rolling Blanks(TRB) can significantly increase the vehicle's lightweight,safety and adaptability of
structure.Based on the finite element analysis software LS-DYNA,combined with the software MATLAB,for a bumper
in low-speed pole impact under 25%,40%,50% three different bias,Analysising and Comparing of linear and S-type
function TRB bumper energy absorbing characteristics and influence of plate thickness on the energy absorption within
and outside. And on this basis, bumper crashworthiness of multi-objective optimization design is taken.The results
show that ,without increasing the mass, the Tailor Rolling Blanks(TRB) can increase the bumper energy
absorption.comprehensive consideration, S-type function TRB bumper is superior to linear TRB bumper.energy
absorption of the optimized S-type function TRB bumper increased about 30%.
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Figure 1. The geometric shapes of the bumper
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Figure 2. Three-point test of bumper specimen
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Figure 3. Simulation of three-point test of bumper specimen
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Figure 4. The collision force-time curve of three-point test and simulation
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Figure 5. Section thickness of linear and S-type TRB bumper
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Figure 6 . Finite element model of the TRB bumper
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Table 1. Design variables

Fz1. WiHER
WA AR & 1 )
BR 1.8 1.5
TRR 0.6 0.5
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Table 2. The samplings and responses

® 2. RELHRRAR

&t S
L5 4 2 25% 40% 50% 25% 40% 50%

E Fnax E Fnax E Fnax E Fnax E Fnax E Fnax
1 0. 632 1.105  1043.8 224 9359 20.3 981.7 20.6 1014.5 2.5 878.8 18.2 974.3  19.7
2 0. 695 1421  980.0 22,6 1005.0 19.3 1089.0 20.1  973.6 22.1 993.5 185 1055.3 18.4
3 0. 758 1,000 1073.3 22,4 9630 19.8 984.6 21.3 1065.6 22.3  943.4  19.8  985.4  21.0
4 0.821 0.579  1176.7 22.4 943.2 16.9 896.9 16.9 1187.3 223 9175 16.1  893.9  16.3
5 0.884 1.474 9859 22,8 1073.6 19.7 1199.2 21.2 9859  22.8 1095.9 20.0 1133.3 19.7
6 0. 947 0.526  1189.9 22.7 9773  17.8  936.0  17.4 1217.4 22,2  946.5 16.2 9356  16.7
7 1011 0.737  1146.7 22.8 1024.0 21.1 1005.4 19.7 1149.3 22,7 1017.9 20.9 1005.3 19.6
8 1.074 0.684  1160.5 22.9 1038.8 21.8 1023.0 19.7 1164.9 22.8 10353 215 1023.7 19.5
9 1.137 0.842 11247 23.0 1078.6 23.3 10828 23.7 11254 23.0 1078.0 23.3 1083.1 23.7
10 1. 200 1,000 1090.2 22,9 1130.1 24.3 1169.4 27.0 1090.2 22.9 1129.9 24.3 1169.4 27.0
11 1. 200 0.947 11015 22,9 1120.7 24.2 11544 26.5 1101.3 22,9 1120.7 24.2 1154.4 26.5
12 1.263 L.211  1047.8 22,8 12047 23.8 12429 24.3 10473 228 1203.6 23.7 1241.4 24.3
13 1.326 1158 1059.9 22,9 1224.7 24.6 1259.9 25.1 1060.2 22.9 12254 24.6 1260.6  25.1
14 1.389 0.895  1118.0 23.1 11860 24.9 1237.5 27.7 11185 23.2 1187.4 24.9 1238.0 27.7
15 1.453 0.632  1177.6  23.5 1179.3 241 1211.4 256 1186.8 23.5 1180.0 23.9 1217.1 25.5
16 1.516 1.368  1028.9 23.0 12853 24.6 1511.6 24.9 10270 23.0 1300.1 24.5 1478.4 24.9
17 1.579 1.263  1047.8 23.5 1312.3 24.8 1464.2 25.3 105L.4 23.6 13251 24.7 14519 25.2
18 1.642 1.316 10413  23.4 13350 24.9 15449 253 1043.5 235 136L.2 249 1520.6 25.2
19 1.705 0.789  1150.3 24.3 1306.4 26.2 1423.3 27.8 1161.4 24.4 1353.6 27.0 1411.7 27.8
20 1.768 1.053  1094.4 24.1 1378.5 27.8 1490.2 29.4 1116.6 24.4 14457 28.0 14919 29.2
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Table 3. Comparison of maximum impact force
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Table 4. Comparison of energy absorption
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Table 5. Optimization value

F5 UHER
a o 25% 40% 50%
E/J Fina /KN E/J Fina /KN E/J Fina /KN
SR 4G 1.2 1 1090. 2 22.9 1130. 1 24.3 1169. 4 27.0
agid 1. 765 1. 206 1072. 1 23.9 1470. 8 28.3 1704. 4 29.9
S Y 1.768 1.216 1105. 1 24.2 1534. 9 28.8 1682. 9 30.0
Table 6. Comparison of FEM and model optimization value
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" 0 25% 40% 50%
E/J Finax /KN E/J Frna /KN E/J Finax /KN
/] 1.2 1 1090.2 229 1130.1 243 1169.4 27.0
S BURERUH 1768 1216 1105.1 242 1534.9 28.8 1682.9 30.0
S 2 FRIGIE 1085.3 24.7 14445 26.3 1549.2 26.5
AR % 1.8 2.0 -5.9 -8.7 79 -116
SEBRLALE: % -0.4 7.8 27.8 8.2 32.5 -18
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