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Tab.1 First 20 order natural frequency of the modal

B f/Hz B i f/Hz
1 1.119 6 11 8.833 5
2 1.123 1 12 9.086 3
3 1.126 3 13 9.286 3
4 1.155 2 14 9.447 0
5 2.901 2 15 13.681 0
6 2.911 7 16 15.013 0
7 6.078 3 17 17.431 0
8 7.658 4 18 17.510 0
9 8.288 8 19 19.561 0
10 8.427 6 20 22.357 0




Yo

H5 M

LA+ 5 ¢ R TR 2 A TR S A e ) e A S Al

987

3.2 MEREmERITL

AR A 47 SR AT B B AR . RO R BB
IEJE AR IR AR TR A H BEAY P RS B
ARRE R R SR B NME B SR N 1.1 mL i ik
ARG 0 32 39 J WAC B3O8 1 A 00 9 ) 00 4R
A R KA 208 I F R RS IR AL AR TE Sk 2
AR S R RS — A Bl B E
MRSl r MAC HIEAEX T R KME - &
il MAC WP X iz g MAC H B IE AL 8], DL K e
P BRI L 0T R EAT 1 I A A R 1A

K 1) s,

18 TR T 1 34 0 72 BE AR BCA R0 T AR 5
B XA AT A B s AR &L AN B 1(h) TR

G Guyan 45 8 )5 09 ot & 56 1 . 7z J 2 T8
PR IV A% BB 2R BUCA WO ST 1 A AR B R A
AT A IR AR AL B B - A& 1Co) BT

A 1 A Ca) ~ Co) il T, 2E 5 4R AR A ik
BC B J X N MAC HE XS f o0 R EH /b A S A
R A AR B AF X BT B H R B R A T
OB A% B 0 7 A I R AT RE DR B T 45 D 25 44
(TSR S A 1 S AR L T HLU S A AR IE T H AR

1.0 1.0 1.0[
0.9 0.9 0.9
08 0.8 0.8
0.7} 071 0.7
@ 06t & 06r @ o6}
Qost © o5t Qoost
§ 04f § 04} § 0.4}
03 03} 0.3}
02f MACH$# s 02 MACHS 021 MACK S
0.1 0.1 0.1}
00260 400 600 800 1000 00200 40 600 800 1000 00200 400 600 800 1000
5% tIIISE Vs II=E i

MAC{E

MAC/E

357 357 357
30t 30t 30}
o B[ P el AT, el LY
& 20+ % & 20 | & 201 W
By g ] |
10t 10} 101
st st st
0 ! | 0 fhiilad 3 s 0 :
8 6 4 2 0 2 4 6 8 8§ 6 4 2 0 2 4 8 8 6 4 2 0
FelE /m FlE /m e /m

(a) EFRHITREMAST
(a) Hybrid optimization algorithm is
proposed in this paper

K1
Fig. 1

B2 PR 2 (8] B9 IE A2k

4 BERRE

GARTEUR "®HUBLAY i HA 12 4 B 5 1 B
PRI 25 Bl H F 5% 21 4L 45 0 55 04 R A 4L ) Y —

INEH
LAY AR UE L% RPLAA B RPL R AR LR 3R

(b) PRt 2R AR e A A RO STk

(b) Improve the effective independent method
based on the strain energy coefficient

3 i A A L B X HE

Three kinds of optimal sensor configuration and contrast

(c) Guyan#i IR A AL R ETT B IE

(¢) Guyan reduction based on modal
strained coefficients

JE ARBSITAHHE 8. F ] Patran 200FX) GAR-
TEUR "RHLE R, T2 2 52 A9 1R & 0 A 5335 0
D5 5 A3 BB 7 58 HF T A A J5 S A1 i b 47
B AR S S S 0 B B R S 2 5
PEATF EE o IR A R Ry BRI 2 B

MAC 3 M IE A B SE A7 % e Q& 2 B k. Rl 8
1 6 i Y PR 5 7 AR 2R R0 L 1A 3 BT



988 oo oKX 5 2 W %37 B
T2 KEIMEMGEMEIT L ;
Tab.2 Test frequency and simulation comparison / —
WRBK  RRFR/Hz  ER%E/H, 9225/ % PR FAM I IRE
1 6.010 6. 0914 1,336 % , p.
2 16. 064 16. 601 3.235
0 FOMr R R 20O AR R
3 35.771 36.973 3.251
4 37. 687 37.577 0.293 % E— ; S—
5 39.222 37.670 4.120 FIRIGIE R 3N IR R
6 46. 886 48.757 3.837 ‘
7 47.063 49.183 4.310 #~ - & }Z: —
8 55. 347 56.919 2.762 AR R A 2R
9 62. 384 65.363 4.558
10 72.023 73.818 2.432 % = el
H e R e EREE ] ST T
13 146. 301 143.65 1.845 £ 2 %‘
14 160. 435 159. 05 0.871 ,\—7\7/ ) _ )
15 229. 875 229.03 0. 369 ﬁ%af%i SRoB i ERA
FTN B IR T EARAL
1.0
0.8 ;
% 0.6 =
%ﬂ 8"2‘ 7 7 MR PRI /M H A
o > (2) RIIRA (b) HEHRA

23456789710 1112131415 15
AN

(a) RIEMACKEREEAS K
(a) Experimented MAC matrix orthogonal graph

MAC{H

123 45 678 9101112131415151
BT 5
(b) FEMACKEFEIERE
(b) Simulated MAC matrix orthogonal graph
Kl 2 MAC iR IE 3%
Fig. 2 MAC matrix orthogonal contrast figure

Fhy B8 R 77 X LU AT R« B8 AT A R ) A R
FAZE BN ART 506 105 A0l E A9 MAC JE B 1E 52
B0 AR I 4% B 4R 2 A S MBI 16 A7 LAY
BESIRBIE —2 . . EE R AIRS R %,
XA R AR R A 5 S S0 R AR
TR

5 &

D) 5L Guyan 45 RIE 2 T 45 H 1 B0

(a) Experimented vibration mode (b) Simulated vibration mode

B3 8 B I IR T 5 f IR T X LY &
Fig. 3 In the first eight order type of vibration test

and simulation mode comparison chart

AR T B DR ROR I 2 A AR R A R 22 L T
IR RIE T AR Y — B I A A AR
JECRS (0 B0 Hh R A 301 A B Sk ik o 4 SR Y
235 > MAC AR X A1 I8 3 dw K AH b o0k /i 19
0. 145, [ 48 5 19 0. 096, WL R $2 i T RG

2) FIAME REOX — S8 AMUER AT %
FROR A5 TR 25 A2 E RE T I A AT B A R R L T LR
R T B AR EEE L.

3) AR AR LB 8 I 3 1 A9 MAC Fg R
XHATEER/NT 0.1 S & RETH 5 i e A 0
AN BRI A B 07 B HC At 1) DG A TE 8 B 3 20 B0 4 i
AN SO AR bR B X R AE B

s % X ik

(17 AR, 40 [ i. GARTEUR K HLAE B 455 25 5 HiR 31
(], W75 54 3 #E . 2013.,33(3)  73-78.
Dai Jiangbo, Ji Guoyi. Modal parameter identification
GARTEUR plane model [J]. Journal of Noise and Vi-
bration Control,2013 ,33(3):73-78. (in Chinese)



LR

LA+ 5 ¢ R TR 2 A TR S A e ) e A S Al

989

[2]

[3]

[4]

(5]

[6]

7]

(8]

[9]

[10]

[11]

[12]

[13]

e T e TR ZL M. 3R Sl ik b 2 B bR AL g At 1k
Fic B E LT ], HUAKER JEE . 2008, 30(6) : 888-892.

Wu Ziyan, Jian Xiaohong, Zhang Bin. Vibration test
in the multi-objective optimal allocation of sensors re-
search [J]. Journal of Mechanical Strength, 2008, 30
(6):888-892. (in Chinese)

A o 2 R T 2 U A3 A 1 A AR AL IE LML
JE AT B2 AL . 2011 1-87.

TR AR BT ET & MAC IR A B 10 &
PR R A7 B L. PR3 ik 52 W, 2009,
29(1) . 55-59.

Yuan Aimin, Dai Hang, Sun Dasong. Optimal sensor
placement of cable-stayed bridge using mixed algo-
rithm based on effective independence and modal as-
surance criterion methods[J]. Journal of Vibration,
Measurement &. Diagnosis, 2009, 29( 1): 55-59. (in
Chinese)

Kammer D C. Sensor placement for on-orbit modal i-
dentification and correlation of large space structures
[J]. Journal of Guidance, Control, and Dynamic,
1991, 14(2) . 251-259.

Kammer D C, Yao L. Enhancement of on-orbitmoda i-
dentification of large space structures through sensor
placement[ J]. Journal of Sound and Vibration, 1994,
171(1) . 119-140.

BEAGH R B T AR BRI Bl g 2 e TR
M. JE5T: HUBR Tl 4 h#: - 2003 :1-701.

Guyan R J. Reduction of stiffness and mass matrices
[JJ. AIAA Journal, 1965, 3(2): 380.

Zumpano M G. On the optimal sensor placement tech-
niques for a bridge structure[]]. Engineering Struc-
tures,2005,27(10) :1488-1497.

Swann C,Chattopadhyay S. Optimization of piezoelec-
tric sensor location for delamination detection in com-
posite laminates [ J]. Engineering Optimization, 2006,
38(5):511-528.

Kammer D C, Brillhart R D. Optimal sensor place-
ment for modal identification using system-realization
methods[ J]. Journal of Guidance, Control, and Dy-
namic, 1996,19(3): 729-731.

Worden K, Burrows A P. Optimal sensor placement
for fault detection [J]. Engineering Structures, 2001,
23(8) :885-901.

Lein A K, Elard G M, Spreij P. On the resultant
property of the Fisher information matrix of a vector
ARMA process [J]. Linear Algebra and its Applica-
tions, 2005, 403(1 /3): 291-313.

[14]

[15]

[16]

[17]

[18]

XA 5 oo A8 8, 22 2, S R T S0 T i 0 R AL SRR
Pt &Iy ks L1 kb 5 b, 2013,32(6) - 54-
62.

Liu Wei, Gao Weicheng Li Hui, et al. Improvement
of optimal placement of the sensor method based on
the method of effective independent study [J]. Journal
of Vibration and Shock, 2013,32(6):54-62. (in Chi-
nese)

ZE KA TR —FIET QR SR Y B A0 R AL
amE LI R8Ik 52 Wi, 2001, 21C 3): 168-
173.

Qin Xianrong, Zhang Lingmi. Successive sensor place-
ment for modal paring based-on QR-factorization [J].
Journal of Vibration, Measurement &. Diagnosis,
2001, 21C 3): 168-173. (in Chinese)

Z TG AT AT 108 £1. & T 45040 SO R 20 A 9 4% R B
PALTEC B 5[], TR J)%%,2009,26(5) :239-244.
Wu Ziyan, He Yin, Jian Xiaohong. Optimal allocation
is based on the analysis of the damage sensitivity sen-
sor research [J]. Journal of Engineering Mechanics,
2009, 26 (5):239-244. (in Chinese)

PR ) 0 R L PN, AR T R R B RO ST R Y
BRSO B8 O A7 B LT ], JRah 5 bl 2010, 29
(11):119-123,134.

Yang Yaxun, Hao Hongwu, Sun Lei. Based on the
energy coefficient-effective independence method of
bridge structure [J]. Journal of Vibration and Shock,
2010, 29 (11):119-123,134. (in Chinese)
P, e B2, 5 T . 2 2 3 RO AL A8 1 G 1k
P B A7 L] ML 7, 2013, 6 (4) - 16-20.

Tian Ye, Ling Ling, Hu Yujin. The optimal allocation
of dynamic test model of cuhk sensor research [J].
Machinery and Electronics, 2013, 6 (4): 16-20.

Chinese)

(in

TN — B A SR H, 1985 4F 10
A BB TR, RO
AL AR 1) 2 56 00 43 A 3 R L o
B R e (R T 45 40 0 v ) AR Ak 5 I D)
(R 7 SR 31 02015 4E55 35 %45 6

DR,

E-mail: daiguanbang@sina. com

WAEIEE A 22 BB 55,1963 4F 1 A
A CBIR SR B . E RS T 1) b R
55 M 5 43 Hr K B 25 4 5 25 43 T
KB A IR A AL LR W 45
E-mail:jgy@nuaa. edu. cn



