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Abstract In order to obtain an accurate and reliable dynamic model of aeroengine external pipe struc-
tures, the finite element model (FEM) is updated by combining the Kriging model with the multi-objec-
tive genetic algorithm (MOGA). Firstly, both the modal test and the finite-element analysis are conduc-
ted to identify the dynamic characteristics of the pipeline model. Then, based on the selected parameters
and Design of Experiment (DOE), the Kriging surrogate models of the FEM of pipe are set up by means
of fitting. Finally, based on Kriging surrogate models, the FEM is updated by MOGA ; the comparison
is conducted on the accuracy and updating effect of different model updating methods. The results show
that the Kriging surrogate model can be applied to update the FEM, which will greatly improve the effi-
ciency and accuracy in calculation. The Kriging model method has obvious advantages over the sensitivity

analysis method for aeroengine pipe structure.
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Table 1 Material parameters for each component
of the pipe model

Assembly Density Modulus of Poisson
unit (g+em ?)  elasticity/GPa ratio
Pipeline 7.930 194 0.3
Plugging head 7.850 210 0.31
Lock nut 7.850 210 0.31
Washer 11.344 17 0.42
Pipe joint 7.850 210 0.31
Sleeve nut 4.510 110 0.34
Flared nozzle 7.930 194 0.3
Support 2.810 71 0.33
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Table 2 Comparison of calculated modal frequencies and measured modal {requencies

M J Complete model Model A Model B
easure
Mode Calculated Calculated Calculated
alue/H E 9 E 9 E /9
value/Hz value/Hz rror/ % value /Hz rror /% value /Hz rror /%
1 128.76 136.43 5.96 129.93 0.91 143.71 11.61
2 218.62 231.03 5.68 357.37 63.47 394.34 80.38
3 409.37 434.44 6.12 698.54 70.64 768.79 87.80
4 651.56 696.64 6.92 1150.50 76.58 1262.40 93.75
5 1049.76 1140.00 8.6 1711.20 63.01 1870.70 78.20
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Table 3 Range of design parameters

. Initial Lower  Upper
Design parameters .. ..
value limit limit
Pipeline density p 1/(g * em™%) 7.93 7.771 8.089

Elastic modulus of pipeline E; /GPa 194 190.120 197.880
Support density p 2/(g *+ cm™*) 2.81 2.754 2.866
Elastic modulus of support E, /GPa 71 69.580 72.420
Sleeve nut density p 5/(g * cm™ %) 4.51 4.420 4.600

Elastic modulus of sleeve nut E5 /GPa 110 107.800 112.200

Inner diameter of pipeline d /mm 4.8 4.704 4.896
Pipe joint length L /mm 47 46.060  47.940
Washer thickness ¢/mm 2 1.960 2.04
Sleeve nut length L,/mm 17 16.660 17.340
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Fig.7 Parameter sensitivity analysis
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Table 4 Latin hypercube sampling design
Sample No. d 0 E, E,

1 4.800 7.803 176.928 70.432
2 4.954 8.247 200.208 69.864
3 4.339 7.930 206.416 66.456
4 4.877 8.628 195.552 69.296
5 4.416 7.422 184.688 74.976
6 5.222 8.120 183.136 76.112
7 4.838 8.311 201.760 75.544
8 5.184 7.549 197.104 71.000
9 4.608 8.374 186.240 73.840
10 4.531 7.486 212.624 77.816
11 4.685 7.296 175.376 64.752
12 4.493 8.564 192.448 71.568
13 4.761 8.501 187.792 68.160
14 4.992 7.740 207.968 65.320
15 4.646 8.691 181.584 76.680
16 5.107 7.676 203.312 68.728
17 5.069 7.613 190.896 77.248
18 4.915 7.993 209.520 65.888
19 4.454 7.232 189.344 67.024
20 4.378 8.184 211.072 67.592
21 4.723 8.057 198.656 74.408
22 5.146 8.438 178.480 64.184
23 5.261 7.867 204.864 72.136
24 4.570 7.359 180.032 73.272
25 5.030 7.169 194.000 72.704
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Fig.8 Response diagram of modal frequencies
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Table 5 Determination coefficient and root mean
square error of modal frequencies

Mode R? RMSE
1 1 3.04E—09
2 1 1.62E—08
3 1 1.09E—08
4 1 2.74E—08
5 1 1.13E—07
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Table 6 Comparison of the pipeline structural
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parameters before and after model updating

Parameter Initial value Updated model based on Kriging model Updated model based on sensitivity analysis
Updated value Error/ % Updated value Error/ %
d 4.8 4.770 0.62 4.578 4.85
o 7.93 8.394 5.85 8.188 3.15
E, 194 180.690 6.86 182.028 6.58
E, 71 63.915 9.98 69.101 2.75
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Table 7 Comparison of pipeline modal freq
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uencies before and after model updating

Mode No. Test results/Hz ()r?ginal model Updated mo‘del based on Kriging model Updated mf)del based on sensitivity analysis
Frequencies/Hz Error/ % Frequencies/Hz Error/ % Frequencies/Hz Error/ %
1 128.76 136.43 5.96 127.54 0.96 127.40 1.06
2 218.62 231.03 5.68 218.55 0.03 224.36 2.56
3 409.37 434.44 6.12 411.54 0.53 414.58 1.26
4 651.56 696.64 6.92 651.54 0.00 651.49 0.01
) 1049.76 1140.00 8.60 1065.05 1.43 1069.18 1.82
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