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Multi-Objective Optimization for Section of Sandwich Plate
Applied to High-Speed Train Compartments
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Abstract: To investigate the structures of high speed train side walls applicable to different
running speeds and operation conditions, a multi-objective optimization design is carried out
following structure topology optimization. The weight of sandwich plate, static compliance and
maximum deformation are defined as the objectives, the thickness of face panels and cores in five
parts of the side wall as the variables while the changing air pressure gradient in compartments as
the constraint. The surrogate model techniques are implemented for constructing the response
surfaces of objective and constraint functions. Then a multi-objective optimization is performed
with NSGA-II to generate a Pareto solution set. The structure performance in Pareto set is
greatly improved by 8. 21% to 33. 58% than that from topology structure, besides, the Pareto
solution set provides many alternative Pareto-optimal solutions for optimization design of the
sandwich plate section in high-speed trains.
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1 4.500 1.804 4.500 2.770 4.500 4.500 4.500 3.464 4.500 1.922 2.662 152.170 0.969
2 1.969 4.245 4.500 2.732 4.500 1.500 4.500 4.500 4.500 4.500 2.633 219.793 0. 898
3 2.671 3.520 2.049 1.501 2.159 1.500 1.748 1.500 1.500 1.501 1.299 608.810 2.945
4 2.636 3.371 1.590 1.546 2.837 1.509 1.714 1.500 1.726 1.522 1.342 760.591 2. 800
5 2.765 3.630 2.240 1.500 2.069 1.506 1.537 1.551 1.527 1.528 1.309 562.467  2.960
6 4.500 2.507 4.500 2.711 4.500 4.500 4.500 3.842 4.453 2.253 2.727 157.442 0.953
7 2.808 3.327 1.747 1.516 2.814 1.627 1.615 1.544 1.619 1.558 1.356 686.834 2.759
8§ 4.500 2.110 4.303 2.705 4.488 3.875 4,196 3.173 4.091 2.058 2.540 173.263 1.014
9 2.025 3.402 4.309 2.050 4.345 1.500 4.500 4.017 4,091 3.976 2.427 240,543 0.983
10 3.919 2.841 3.291 2.258 2.927 1.514 2.245 1.590 3.113 1.660 1.757 279.536 1.635
11 3.100 3.407 3.255 2.715 2.842 1.618 2.172 1.574 1.520 1.532 1.607 336.018 2.085
12 3.195 3.016 2.837 2.086 2.892 1.500 1.875 1.681 1.704 1.505 1.519 389.424 2.162
13 2.469 3.340 2.594 1.865 2.403 1.848 1.504 1.503 1.699 1.501 1.402 471.237 2.573
14 4.433 2.485 4.020 2.881 4.272 3.250 3.485 2.108 3.325 1.919 2.280 195.583 1.135
15 3.083 3.399 3.250 2.732 3.105 1.534 2.219 1.500 1.594 1.517 1.630 326.792 1. 960
16 2.684 3.559 2.156 1.500 2.652 1.700 1.672 1.500 1.610 1.500 1.377 564.002 2.622
17 3.158 3.001 2.877 2.101 2.895 1.500 1.963 1.726 1.833 1.503 1.541 379.419 2.086
18 4,187 2.484 4,089 2.919 4.282 3.250 3.626 2.196 3.491 1.929 2.307 196.854 1.109
19 2.800 3.316 1.666 1.510 2.835 1.629 1.666 1.545 1.519 1.558 1.345 729.787 2. 844
20 4.015 2.494 3.076 2.134 2.575 1.500 2.047 1.525 3.097 1.500 1.659 311.524 1. 841
21 2.671 3.671 2.298 1.532 2.193 1.502 1.500 1.539 1.500 1.509 1.317 549.672 2.894
22 3.000 2.502 3.686 2.666 3.385 1.500 3.439 2.192 3.151 1.585 1.915 248.957 1.353
23 2.187 1.944 3.009 2.781 4.500 1.576 3.144 1.970 3.483 3.477 2.037 294.010 1. 189
24 2.597 3.361 1.942 1.997 2.944 1.792 1.813 1.500 1.853 1.570 1.451 561.678 2.366
25 2.359 3.371 2.698 1.843 2.459 1.964 1.785 1.500 1.630 1.506 1.431 463.044 2. 486
26 2.886 2.491 3.654 2.660 3.281 1.605 3.427 2.200 3.026 1.584 1.892 258.252 1.401
27 2.683 3.563 2.031 1.523 2.201 1.500 1.765 1.500 1.500 1.513 1.307 609.289 2.917
28 2.165 1.959 2.744 2.816 4.497 1.577 3.085 1.962 3.420 3.533 2.010 315.710 1.223
29 2.406 3.215 2.640 2.121 2.418 1.700 1.500 1.500 1.684 1.500 1.403 451.548 2.531
30 4.291 2.070 3.890 2.634 3.922 3.020 3.070 2.019 3.228 1.945 2.139 209.511 1. 247
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