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A Surrogate Model for Structural Vibration and
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Abstract: In this paper, a surrogate model based on the Kriging model and the optimal symmetric latin hy-
percube sampling method is established to calculate the resonant frequency and the corresponding power
level of acoustic radiation for underwater submarine structures. Particularly, this model can achieve re-
al-time estimation of the vibro—acoustic response in the whole design space. It is observed that the Kriging
model provides estimation results with high accuracy, and the overall surrogate model is applicable for the
rapid prediction of submarine shell vibration and acoustic radiation.
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Fig.1 ~ Submarine structure model
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Fig.2  Finite element model of submarine underwater
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Tab.1 Design variables and their ranges

design variables value ranges
length L /m 49.6~74.4
breadth B, /m 6~9

0.025 6~0.038 4

thickness of cylidrical shell D /m
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Tab.2 Selected sample points

. thickness of
sample point No. length L /m breadth B, /m o
cylidrical shell D /m

1 53.976 5 6.176 5 0.027 1
2 70.023 5 8.8235 0.036 9
3 74.400 0 7.2353 0.030 9
4 56.894 1 9.000 0 0.031 6
5 58.3529 7.9412 0.038 4
6 65.647 1 7.058 8 0.025 6
7 67.105 9 6.000 0 0.032 4
8 49.600 0 7.764 7 0.033 1
9 71.482 4 8.294 1 0.026 4
10 52.5176 6.705 9 0.037 6
11 72.941 2 6.529 4 0.034 6
12 51.058 8 8.470 6 0.029 4
13 61.270 6 8.647 1 0.033 9
14 62.729 4 6.3529 0.030 1
15 68.564 7 7.588 2 0.028 6
16 55.4353 74118 0.035 4
17 59.8118 6.882 4 0.027 9
18 64.188 2 8.1176 0.036 1
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Tab.3 The resonance frequencies of structure

resonance frequency /Hz

sample point No.
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order 1-3  order2-2  order 2-3
1 2.761 4.740 4.278
2 1.824 3.634 2.956
3 2.233 2.740 2.817
4 1.628 5.264 4.001
5 2.504 5.229 4.314
6 1.858 3.232 2.805
7 3.691 3.287 4.224
8 2.391 6.674 5.503
9 1.344 2912 2.301
10 3.547 6.037 5.483
11 3.316 2.943 3.778
12 1.835 6.150 4911
13 1.793 4.614 3.565
14 2.929 3.691 3.784
15 1.819 3.189 2.742
16 2.638 5.454 4.575
17 2.229 4.051 3.503
18 2.156 4.192 3.482
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Fig.3  Vibration model of submarine structure
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Tab.4 The resonance frequencies of the structure determined by finite element—boundary

element coupling method and through surrogate model method

frequency/Hz
(68.2,6.75,0.035 2) (49.6,9,0.0256)
coupling method surrogate model error/% coupling method surrogate model error/%
order 1-3 3.124 3.131 0.22 1.623 1.651 1.73
order 2-2 3.414 3.403 0.32 6.174 6.091 1.34
order 2-3 3.795 3.767 0.74 5.024 5.141 2.33
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Tab.5 Selected sample points

sample point No.  length L /m

breadth B, /m

thickness of
cylidrical shell D /m

1 56.363 6 6.27217 0.025 6
2 67.636 4 8.7273 0.038 4
3 51.854 5 9.000 0 0.032 6
4 72.145 5 6.000 0 0.031 4
5 58.618 2 7.090 9 0.037 2
6 65.381 8 7.909 1 0.026 8
7 74.400 0 6.818 2 0.027 9
8 49.600 0 8.1818 0.036 1
9 63.127 3 6.545 5 0.033 7
10 60.872 7 8.4545 0.030 3
11 54.109 1 7.636 4 0.029 1
12 69.890 9 7.363 6 0.0349
13 62.000 0 7.500 0 0.0320
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Tab.6 The resonance frequencies of structure and the corresponding radiated power

sample order 1-3 order 2-2 order 2-3
point No.  frequency /Hz sound power level /dB frequency /Hz  sound power level /dB frequency /Hz  sound power level /dB
1 2.458 65.95 4.243 75.93 3.791 80.56
2 1.983 63.77 3.973 71.76 3.238 78.44
3 1.864 71.95 6.392 84.70 5.058 84.08
4 3.551 70.14 2.815 70.27 3.947 75.54
5 3.043 67.73 4.890 80.94 4.453 78.14
6 1.552 61.57 3.485 76.11 2.762 77.88
7 2.240 67.17 2.561 75.59 2.752 75.78
8 2.433 67.20 7.064 83.13 5.803 84.72
9 3.178 70.53 3.884 81.10 4.048 75.80
10 1.638 61.79 4411 81.15 3.384 78.18
11 1.993 65.99 5.296 82.03 4.222 81.44
12 2.530 66.06 3.328 79.18 3.296 79.18
13 2.200 68.35 4.140 77.45 3.507 79.43
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Tab.7 The resonance frequencies of the structure determined by finite element—boundary

element coupling method and through surrogate model method

frequency/Hz

(68.2,6.75,0.035 2)

(49.6,9,0.025 6)

coupling method  surrogate model error/% coupling method  surrogate model error/%
order 1-3 3.124 3.141 0.54 1.623 1.632 0.55
order 2-2 3414 3.406 0.23 6.174 6.167 1.35
order 2-3 3.795 3.786 0.24 5.024 4.910 2.27
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Tab.8 Radiated power corresponding to the resonance frequencies of the structure determined by

finite element—boundary element coupling method and through surrogate model method

sound power level/dB

(68.2,6.75,0.035 2)

(49.6,9,0.025 6)

coupling method  surrogate model error/% coupling method  surrogate model error/%
order 1-3 69.00 70.05 1.52 69.43 65.94 5.03
order 2-2 77.13 76.83 0.39 83.10 87.45 5.23
order 2-3 74.24 78.52 5.77 84.96 84.45 0.60
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