5531 4 5 3 M=z N Fi Vol. 31 No. 3
2016 4 3 H Journal of Aerospace Power Mar. 2016

XEHS :1000-8055(2016)03-0555-12 doi:10. 13224/j. cnki. jasp. 2016. 03. 005

ETZmY] Lt E X5 &
FHHRPNFEREEEIE

EFAL AHTL K SR
(L. MR AR R BRIR S 3l )24 B TLIR B M2 sl I R A 9000 % . M At 210016
2. WEME TSR R E TS S AU TE BT, Wi BRI 412002)

1% B PR AR ) LGSR I A R AR L R R B RS WE 1Y i I R SR 5 R H 2 A
AR A AR 10 V) He 55 SR AR AR (26 7 & T LA R AR 20 1) 0008 AR At i 3% i 780 0000 1 AR 52 30 4R AL B30 1) T 4
W 1 11 U1) EE S5 I R AUE (B P 1 A DG 4B b S R TR R A A o UL A K B 4 6 TS Y BB iE— 20
2 1 9 b S I AR AR AE (B A TR UG IE b S AR TR R B ROHE B R TG IE b S 7 AR 0 — S ) L R R A
WAL R B IER 5 WSS . LB Zs & sl AL S 56 4 1 355 0l 25 0 B, 6 AT AR S TS I S 5, R AR 1 U LB R
S PR IO FL AT AR DG A3 BT R BSERUE IE A8 TE AT - 30 55 A BR T A ET 13 [ [ A 09 S8 1) TIN5 S B 25 A AR
T3 A S 36 {1 15 22 P 0 KA 17. 13 60 B AIR 3 1. 2306, B F T 1% 7 1 19 sk bk

% # W BmUIERBE R BEEMEIE; XN SIS, HEEA

mESEKS: V23l XEARERG: A

Model updating in structural dynamics based on
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Abstract: Vibration mode shape description and model updating method based on radial-
Tchebichef moments was proposed and applied to an actual structure. Radial-Tchebichef mo-
ments descriptors were extracted from vibration mode data to describe the most important in-
formation of the vibration mode data, realizing the process of data compression. Using ra-
dial-Tchebichef moments descriptors in correlation analysis, it overcame the difficulty of
double mode when the modal assurance criterion was used to describe the symmetrical struc-
ture. It also avoided the problems when vibration mode data was used directly in the process
of model updating such as large amount of data and misconvergence of updating parameter.
Taking the cover of an aero-engine test rig as an example, the virbation modal test was car-
ried out and radial-Tchebichef moments were used in correlation analysis and model upda-

ting. The result shows that the frequency deviation between the test and finite element mod-
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el is reduced from 17.13% to 1. 23% after model updating in the first 13 modes and this case

verifies the effectiveness of the proposed method.
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Table 2 Natural frequencies of

the modal test

1878 Wi/ Hz 127 YR /He 127 iR /He Bk Wi/ Ha
1 714. 40 9 2258.94 1 634. 67 8 2452. 27
2 714. 66 10 2780. 27 2 642. 16 9 2464. 95
3 787. 41 11 3265. 81 3 864. 28 10 3019. 31
4 1471. 24 12 3266. 38 4 1617. 86 11 3521. 61
5 1473. 49 13 4065. 59 5 1620.11 12 3526. 16
6 2251. 54 14 4074. 88 6 1928.52 13 3912.75
7 2253.15 15 4299.76 7 1953. 65
8 2258. 86 16 4325. 20

HR G o B A IR I 29 A B T S AR 23 dn e
3 R e b AL BT 49 AN AT I U R 4
B 4 B 7. SR P v 00l KA B AT 13 B A
PRI T3 20 185 A BROGITE 45 3 Ik 2
TR 6 D S i 4R 22 1A 4R

K3 S A B A

Fig.3 Test configuration

K4 DB
Fig. 4 Test model



560 o= g 1o 4 %31 &

1T 2 J7 1) B9 9% B O 2 SR BT 1] ORIk
TYep i o 1) R A R 0K R A A 5 R 0 3k i 2
G A BROTRE AL A R AL R a1 7 B 7 A2
AR R 8 s, N 1.3 2 I 7.8 8
PRI A RGBT A R S S0 0 I A Y

N\
A 4

1 26

SBr iy

=

K5 A RO R TG 45 R 0 Pk 1Y IR 5
Fig.5 Vibration mode shape images of finite element model ( . .)

1357

B 7 A BR TR R B R 4R 1 IR B TRTAR
Fig. 7 Gray level images of

finite element model

O
. 54\‘, ” =

.

sk 6t
i 107 1ty 1257
R T
: |
S
A 3 -
136 13
Bl 6 Szt i i 4R 1 15 B8 SI0 4% B A R B Y K 1R

Fig. 6 Vibration mode shape images of test Fig. 8 Gray level images of test



3l FPIPFEE I T AR ) U) HE R A R BB 45 A4 Bl ) AR AL E IE 561
%ﬁﬁﬁiﬁjﬁﬁﬁiﬁ,ﬂffﬂ‘% B 1 1) L B A e B
X 7L 8 BRI (R B RT g 23 &l
AR L RT A ARAE (4. LG 8 W B0 75 4 0 oy B f;,%]
I )

11 73 0 A BROT T4 R 5 S0 g L A R R AT
RT 5 A0 L 0 B o5 G 1 0 N AL o 222 B B
RIE L 2r B E 9 & 10 B 7s. EE R A] LAF
TEFT A 1 500 A RT AL R P 2 322 5Tk
1 RT B4R E R A D BULA X LA RT
RFAE(ELAIE AT LA JIR 8 [ 4 A5 AR e i 4 3 e b
B 10 Hraf DL a0 b W] B 2 T A R
TG RT HAFAE R & 709 (ELAR /DN X B A
AT Z2 /D52 X S PR O 72 SC 58 AS gl G 2%
52 3| — LE MR A 2R L X 2 2 R ) RT %E tﬁ{ﬁ

A o M P T . 5 B T L i e
20 20

15 s

o b=

= 10 =10

:ri- 5 E 5

0 100 200 300 400 500 0 100 200 300 400 500

RS 205 FEAH (155
(a) 1557 (b) 2157
40 40
P o
=30 E 30
= R
20 l,é 20
Z10 i 10
" w1 a4 dd
0 100 200 300 400 500 0 100 200 300 400 500
HEE SR R (TR TR
(c) 3BT (d) 45
40 50
fou i .
E30 Eé_Ef-IO
=10 &
& =10
ol n{ A d . ; P
0 100 200 300 400 500 0 100 200 300 400 500
MR RS HFIE (20 S
(e) SBir (f) 6l
50 14
4‘:_!‘ 3
g0 Z 10
+~_1 30 51—'
=20 = 6
= ey
10 =
£ S

0 100 200 300 400 500 0 100 200 300 400 500
HAHEFSR S HEFIE(E 2 5
() 7Hr (h) 87
K9 ABRITHARIRT 8 B iy RT A A4FAF (B AHDIR ]
Fig. 9 Histogram of RT moments descriptors of the

first 8 modes of finite element model

had P B La
0 100 200 300 400 3500 IOU 200 300 400 500
HUREIE (4R FAENE (R

(a) 17 (b) 25

80 30
2 i) & 25
%60: %20
=40t 15
T i 10
T 20 5 s

0 100 200 300 400 500 100 200 300 400 500

Hil

WA (R 4 HEgAE (R 4
(c) 3k (d) 4k

il

FFREAEA

30 3.0

I 25 25

2 20 }ieéz.o

Pl = 1.5

% 10t :E 10

Z 5 E 05
N d o |

0 100 200 300 400 500 100 200 300 400 500

HUREAF R HEASHE 4
(e) 5y (f) 61t
25 1.4
Zoof | @
= == 1.0
=l x|
S0 £ 06
i’. 5 = L
05 02
TTTTTN PR RPSTIrT hasiesat o ills o
0 100 200 300 400 500 0 100 200 300 400 500
HURRAEfE AR S HFEM SRS
(2) THr (h) 8K

10 SEEeilistalT 8 Bl iy RT 4 AF fELAL AR 141
Fig. 10 Histogram of RT moments descriptors of the

first 8 modes of test

I RT R AE A 3547 4 78 P15 5 DA i 55 Mg 7
AR
3.2 ART/ERESHEXSH
A MAC K3k F RT A oR 5000 4 ¢
ST (RTMAC) , 4353 43 B A B A5 78 5 3 3 8%
Tt B AH G PE
B 11~ & 14 43590 g W6 F 7 12245 2] 9 4 B DT
TR SR IR Y 3 A DG 43 A 45 2R NI AT B
B ZA BR o R AL S IR A [ R T
DIAR A b 85 34 i B0k e L. B 11 18 13 SR
MAC HH5HE R IR AL B A1 R E(autoMAC fH . ic
M) F W25 B A [ B A AR A7 0 A0 Gk (HL 5
LS 2B A S5 5 B4 6 Br 5% 7 Hr
SEX A RS X (AP AL L #E autoMAC [



562 T J1o¥ i %31 %
M, M,,
1.0 1.0
0.9 0.9
0.8 0.8
= 0.7 0.7
% 0.6 0.6
= 05 05
% | 0.4 0.4
0.3 0.3
0.2 0.2
0.1 0.1
I ] I O
5 10 15
ATHROCHRZS ik TR AR
B 11 AT autoMAC El 14 S2361K autoRTMAC
Fig. 11  AutoMAC of finite element model Fig. 14 AutoRTMAC of test
eI Z ) A RLEE B AS Sy S TG ik A A L A
16 BXHERAE. B 12 & 14 SH3EF RT R ok B 5% 5
14 Briv ¥k 79 B A 5¢ & 2L CautoRTMAC fH, id 4
ol M) R ) 5277 H autoRTMAC (A (L AEARRAE
= Hh S A Y AN B B A e ME (X MR B au-
T_;: 0“ ~ N N NERA N He
& : toRTMAC {HHIE 1) . 7 BE AR 4 Hb 52 e 45 A 30T
5 &0 XTI 2 18] B AH OGP (4% A O B A5 % 22 ) Y
£ ¢l autoRTMAC {45 3F 1.
&l 23 BRI MAC Ft RTMAC %45 BR ot/ 52 5
TR G o B 45 R ANl 15 51K 16 frs. [A) 4
2 i Y 4 — >
| o | | FEHEAT A1 BRI/ 92 56 19 1M1 G 53 B B MAC {45
5 10 15 SRANREXT AR T B X AT AR 47 iy R . Rl B T
AT BT ik
."Vf
B 12 ARRICHEER autoRTMAC 16 : , , . . , 1.0
Fig. 12 AutoRTMAC of finite element model
14 |
M, 0.8
1.0 12 . A
12} 0.9 < [
038 B & B os
i Mo 2 3 .. '
g ile 0.6 % 6. .u- - 04
g ; £ 0.5 .
@ o0 104 =
i | 4 = 0.2
it 0.3 .
0.2 2@ = -
2L | B i L]
0.1 2 4 6 8 0 12

é 4 6 é 10 112
FHGEERT K
& 13 SZE Y autoMAC
Fig. 13 AutoMAC of test

Bt FY RN

15 A RITHEAL/ S8 MAC
Fig. 15 MAC between finite element model

and test



%3 FFFFFAE  F F42 17 U H 25 I pR B 45 48 3h y 2E R RUE IE 563
P ——— M, o B TTH 4 7 5 A 0 3k 2 SR 9 45 9 G T
= 09 R0 2 (1 8 K B KA 17,132 /N g B AT
141 HE 1 Mos — 7. 2500, A MAC {5 A7 4% B A5G 2k il i 1
; i | an | B TR 0T A 25 4 TR (1 A B 0 L 78 MAC {l
" w1 AEXTEAR B A ] RTMAC #4740 6 200 5 -
& o - T AR AR P A AE S M T A 0T 5 0 4 0
% == _; ) 69 TF) B HE L B0 ECAR DG A B4R 7 L P 4 1
2 Cim B 5 2 AR R B
6 ] 1 3.3 ETRTERHWEREE
\ - _ 2 A BT R B A0 5
] B FII R fr i 22 . 3 8 I E T A DR G e R
2 =I ot | B 2 R A TR AR e 1 B 2. 1 17
> T & s W B 11 55 SE W AE & 2% AL 1 R ORI 6] 18 kg g A
TS At 2 2% 3 Ak 1) Jmy B ORI T A M 0 25 2

K16 ARRITH /95 RTMAC
Fig. 16 RTMAC bewteen finite element

model and test

A FROCH S0 B S A L Z R 2R 6.7,8,9
Bri s B TS B i A O, 3 B AR X M 4R
BEAR K MAC {H. 5 MAC {E i A, RT-
MAC {EL 5 BEAR b M 48 38 L AH 5C A7 BROCABE AL 5
AR TR 11 25 AR AR 250

3 AHMRIFT IR R AT LIE .

F3 HXRBRIFEDHER
Table 3 Analysis results of correlation coefficient and

frequency deviation

S SB ARUL ARUC EER 0 Mo/
Bk %/Hz Bk BR/Hz 2/% oy

1 634.67 2 714.66 12.60 53.57 91.74
2 642.16 1 714.40 11.25 49.73 91.74
3 864.28 3 787.41 —8.89 98.78 96.81
4 1617.86 4 1471.24 —9.06 68.15 83.74
5 1620.11 5 1473.49 —9.05 57.89 81.92
6 1928.52 9 2258.94 17.13 78.73 84.68
7 1953.65 8§ 2258.86 15.62 79.88 86.85
8 2452.27 7 2253.15 —8.12 93.83 86.02
9 2464.95 6 2251.54 —8.66 93.00 86.99
10 3019. 31 10 2780.27 —7.92 89.98 87.02
11 3521.61 12 3266.38 —7.25 77.84 75.46
12 3526.16 11  3265.81 —7.38 80.84 79.19

13 3912.75 16 4325.20 10.54 16.45 72.05
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Fig. 17 Image magnification of the cover
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Fig. 18 Image magnification of finite element model
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Fig. 19 Groups of updating areas of finite

element model
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Table 4 Comparison of before and after finite element model updating

B/ Y M/ % My /%

Sy Sy BIER BIEWM BIER BIERS

Broc o R Broc miw Bk SR gER BIEE BIEM  BIER  BIEW  BES
1 634. 67 2 714. 66 1 642. 48 12. 60 1.23 53. 57 78. 68 91.74 92.02
2 642.16 1 714. 40 2 643. 48 11. 25 0.21 49.73 76. 46 91. 74 93. 50
3 864. 28 3 787.41 3 853.85 —8.89 —1.21 98. 78 98. 79 96. 81 96.91
4 1617. 86 4 1471. 24 4 1598.17 —9.06 —1.22 68. 15 68. 48 83. 74 84.12
5 1620.11 5 1473.49 5 1600.44 —9.05 —1.21 57. 89 58. 65 81.92 82.56
6 1928.52 9 2258. 94 6 1935.65 17.13 0. 37 78.73 55. 17 84. 68 83. 66
7 1953. 65 8 2258. 86 7 1943.67 15.62 —0.51 79. 88 61. 24 86. 85 85.78
8 2452.27 7 2253.15 9 2445.97 —8.12 —0. 26 93. 83 94. 30 86.02 86. 40
9 2464. 95 6 2251.54 8 2444.09 —8.66 —0. 85 93. 00 92. 86 86.99 87.43
10 3019. 31 10 2780. 27 10 3017.49 —7.92 —0.06 89. 98 89. 94 87.02 86.99
11 3521.61 12 3266. 38 13 3544.50 —7.25 0. 65 77. 84 76.61 75. 46 76. 85
12 3526.16 11 3265.81 12 3543.99 —7.38 0.51 80. 84 82. 86 79.19 80. 61
13 3912.75 16 4325. 20 14 3912.86 10.54 0 16. 45 80. 70 72.05 74. 44

RS BESHBX

Table 5 Comparison of updating parameters
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