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Model validation of three-dimensional curved asymmetric

structure by radial axial Tchebichef moments

ZHANG Hao., ZANG Chaoping

(College of Energy and Power Engineering,
Nanjing University of ‘Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: Using theidea of integral, the curved case was considered to be accumulated
by a number of cylindrical cases. The mode shape data were interpolated into a three-dimen-
sional pixel space of circle X points X layer, which can realize the identification of the mode
shape of curved case by radial axial Tchebichef moment (RAT moment). The feature mo-
ment set was extracted from the mode shape data by using the RAT moment function to a-
chieve compression of the'mode shape data. Correlation analysis based on RAT moment can
well describe the double modes phenomenon, which can make up for the defects of traditional
modal assurance critertiom (MAC) values for double modes description. The eigenvalue of
the moment was used as the objective function instead of the mode data, which was applied
to model verification. The data amount of the moment eigenvalue was much smaller than the
mode shape data, which can improve the calculation efficiency and avoid the non-convergence

of the updating result. Considering that most engineering components were not completely
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axisymmetric, an aero-engine casing with an asymmetric boss was taken as an example.

Based on RAT moments for mode calculation, correlation analysis and model updating, it

was found that both frequency and RAT moments were used for model verification. Correla-

tion was significantly improved, for example, the correlation of the ninth-order mode was in-

creased from 35.35% to 67.21%. The frequency difference of each mode pair was also sig-

nificantly reduced, and the maximum frequency difference was reduced from 14.56% to

9.09%. It was proved that the RAT moment function can be used in the model confirmation

of asymmetrical three-dimensional surface.

Key words:

radial axial Tchebichef moments; curved cases; asymmetric structure;

double modes; mode shape; feature extraction; model validation
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Table 1 <The first ten-order natural frequencies of the

reference model and simple model
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7 832.75 1025. 9
8 863. 66 1026. 1
9 934.49 1060
10 1022.9 1060. 3
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Fig. 2 The first eleven-order mode shape of the

reference model
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The first eleven-order mode shape obtained by interpolation of the reference model mode data
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Fig. 7 Comparison of RAT feature moment sets between reference model and simple model
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Table 2 Correlation of reference model and simple model

B # /Hz

B B 2%/ Yo evac/ %% eratyac/ %0
EEg b ] Ao 1 7Y
1 170. 381 172.72 14.56 63.32 83.24
2 176. 23 172. 86 10. 84 62.12 80.9
3 270. 14 254. 88 7.09 63.55 85.8
4 273.71 254. 84 5. 66 63.47 90.0
5 502. 65 474. 33 7.04 75.33 76.7
6 516.19 474,55 4.28 78.98 78.0
7 832.75 906. 33 23.21 31.29 81.9
9 934. 49 908. 45 9.78 35.35 75.9
10 1022. 90 938. 98 3.63 43.21 77.3

2) X 2 Won i RATMAC 55 MAC
H. AT LA BIBRES 5.6 Birfi &%) RATMAC 5
MAC FZEARK AR — R X ) RATMAC
(E#P LI KT MAC (X 2 o RAT HHAE
FeAAZNE ol AR by Mot iR EEALS B4 1 MAC
IO FH A A A B RO S ARG JF B RAT Hifig
9% I WL AIR Y P R 42 R R ALE L N ik RATMAC A
FL T MAC fE % 5 1= ffy i S e A58 2506 22 ] i 1Y
KESIVESEAS

TEAL GERY BT A TE Hp T A A R 2R A
BAAE Sy H AR BREC 0 BT 2 80 Gl Sy 3P
VB BEAT B IE L DT 18 1 5 19 17 1 A5 5 il
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B IE MR, i) fiE 2 BB IR 45 R A S Bl 42 .
@ 2R U TE AR 25 4R T B IR T R Hl - ) e

K B SHE AR R, R I 7E 15 40 i 1 7 1&
TE 8 I o R 5 2% B U Ay BAR ME AR A5 31
NIOESE

FESEAT B RAE IE 22 ) 5 2 X8 1 A AL 1k 1 7
a3 DX g L B 2 2 A A A A ASE A ) R A A
A LUE B2 2% BEALES 8 B e AE A0 A 7 ] fb A5 Y v
A AR I A S L BT DL T 2 R A 8 [
RS Hh T R 350 Al Xt 5 4 s B T AR S 3 5 R
S RERIEE 8 [ AL A5 1) 31 70 &) ] LA K 30 o S
TR AEXT BRI B 07 K B S o X1
TFEBAE N KK 2,47 KR B E W 10 iR .
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R ) B 25 AR A RAT 4 47 48 1E i, 18 1E 45
R 4 YOEAUIRE IS BB, 1B 1E AT iR R 22 3K

BT 23. 2008 IE )5 A LR 5 2 5 R A — B
RS B 22 #R B FE R AE 1000 LAY L IF BB IE S 1
B BSM R A T — R AR 7.9
PIBT RS MAC A T ORI . HiEdh T
275 BT 130 OIS 25 B4 15 17 A A 8 ) i A 2 B
G B B MAC {8 1K T RATMAC fi fE
ARG 3t SN A% B 1 25 Uk Y T E AR L B AE S Y
RATMAC B IEATA T 9 325, 3l 48 IE
Jei AR T (Y IR R (4R 5 S 5 BRI A 1 4
ThoBAE T RAT JH o KO0 T A 12 i 78T 35 X B 45
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Table 3 Changes in elastic modulus before and

after correction

WS 1& 1 Hif BIE)E A/ %
E, /GPa 204 267 32
E,/GPa 204 162 23

x4 BEWRENTSHTN

Table 4 Changes in various parameters before and after correction

o Ex2 %l 8 Pl A% TR 45 2%/ Hz W2/ % emac/ 2 eratvac/ /0
ST mE/Me gEm R BES BLE BEE BER  BES LR
1 170. 38 195. 19 172.72 14.56 1.37 63.62 64,27 83. 24 87.99
2 176. 23 195. 32 172. 86 10. 84 —1.91 62.12 63.23 85.23 90. 60
3 270. 10 286. 26 254.88 7.09 —5.63 63.55 63. 29 92.11 94. 32
4 273.71 286. 21 254, 84 5.66 —6.89 63. 47 63. 29 90. 98 95. 67
5 502. 65 538. 04 474.55 7.04 —5.59 75.33 73.94 86. 04 95. 86
6 516. 19 538. 29 474,33 4.28 —8.11 78.98 77. 64 85.63 96. 09
7 832.75 1025.9 908. 45 23.2 9.09 31.29 60. 55 74. 67 76.08
9 934. 49 1026.1 906. 33 9.8 —3.01 35.35 67.21 75.69 77. 44
10 1022.90 1060 938. 98 3.6 8.2 43.21 49. 84 86.19 95. 70

. B ) RAT FRAE 4L, IF 0T DL SR B 9 %
3 & i

AR S i = A IR R RO A (B = SRR R
], S B0 T A RAT 4 ek Bfil b = 4 iy i AL 1
RS 4R 7, O FKE RAT ek 800 i 21 = 2k il
VA J S A ok 45 4 PR T Af A v LSS AT

D) o = 4k il i BIL I 8 22 A 9 A L I 4l
i) ZEL 8 A S — 1 P X i R O 2 B = R R
23 [ K 2 7 A TR L T A A5 R ) I 2R K500 4 {1 3
=Y s (a] b AT LR AR = i T LI R

TEAE SR EA R ER . T =4k RAT H %
X = AE G540 1 318 AT FLL B2 1 RAT 26 R 5
TS 4R 7 A 3

2) 3o = YR R ECE 0 A il R FR 45
A AT B DA Y R, 2 R B TR R R A L I AR A
& 58 AR RS 1 A SCH RAT 4 e B0 H 31
=2l T SR R AR X R AL B R AL A N 2 v

3) B¢ RAT Ji ok $ion B AE — > = 4k i 1 Sl %o
FR B 8k 58 2 L I A5 A5 B A Al . RATMAC nJ L)
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