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ABSTRACT

Precise and reasonable modelling is necessary and indispensable to the analysis of
iynamic characteristics of mechanical structures. Also, the effective prediction of the
-hange of modal properties due to the variation of design parameters is required especially
‘or the application of finite element method to the structural dynamics problems. To meet
‘hose necessity and requirement, three model updating algorithms are proposed for finite
:zlement methods. Those algorithms are based on sensitivity analysis of the modal data
obtained from experimental modal analysis(EMA) and analytical modal analysis(tAMA).
The adapted sensitivity analysis methods of the algorithms are 1)eigensensitivity(EGNS)
‘nethod, 2)frequency response function sensitivity(FRFS) method, 3)sensitivity based
clement-by-element method (SBEEM). Singular value decomposition(SVD) is used for
performing eigenanalysis and parameter estimation in the updating process. Those
algorithms are applied to finite element of a plate and the updating capability of each
algorithm is compared in terms of accuracy, reliability and stability of the updating
process. It is shown that the model updating method using frequency response function is
cuperior to the other methods in view of various updating capabilities.
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Fig. 2 Finite element model of a plate with
free~free boundary condition(i : node
number, @©: element number)

Table 1 Finite element modelling and physical parameters of plate

Number | Number Total

Material and geometrical property

of of
nodes elements

DOF Young’'s modulus
(N/m?)

Density | Dimension{L X W X T)
(kg/m®) (m)

20 12 120

2.15E+11 7850

0.2x0.15%0.002
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Fig. 3 Plate with perturbed elements(for simu-

Tabel 24 Fig. 3] 2992AE VES| 419

24 Q, ® @Y gAFd RAF 225 RAgF
KU R= X

A9 Fig. 35 2L Zodd mdeo IHAY
Fig. 29] sjdrde F{HXE vlod A3 ZAL
ZE AT 7ARE 30x7A 9 23 HugE 9
BFL 11.25%4 28k olE 249 249 9
AR dd 280 MAG FIALRd AAH I

Zg L o o A1 4d Z=zaHy T
£ matlab 511t 2d /A& LT o AL
# EdF dSetvige 1209 84 7tz d4A S
Hon ot z HEANAM Ed A AHAE AA
3712 g

42 Retea9 JjMo| 3t M AjgHY
Table 3, Table 4, Table 5= $4 249 H49

lations) A3E Ael(case) BE YeRI 3l o] @ F9
Table 2 Perturbation of Young’'s modulus, E [N/m?]
Element @ Element Element @
% of AE +50% 1.075E+11 +50% 1.075E+11 +100% 2.15E+11
Table 3 FE model updating results for SBEEM
Mode Nu;r;ber Test DOF Conve(r%- Error " Number of| Eigenvalue | .
range |4 4 DOF | @ | 7. ” ence localizing iteration | error'® (%)
20 20 - - O X 17 1.02 1
40 20 | 20 - O X 13 1.08 2
5 - 20 | 20 O X 52 3.23 3
50 20 1 20 110 O X 16 1.13 4
10 | 20 | 20 O X 4 1.18 -5
20 |20 -] - x x i - 6
20 | 20 | - X X - - 7
10 0 - |20 | 20 x X - - 8
o [2lofw] x x - - 9
10 {20 |2 x X - - 10
20 20 - - X X - - 11
20 [ 20 ] - X X - - 12
20 40 - 20 | 20 X X - - 13
50 20 | 20 | 10 O O 63 0.02 14
10 | 20 | 20 X X - - 15

(a) O: Convergence criterion satisfied, X : No convergence
(b) O: Error locations and those quantities exactly found out X : No localizing
(c) Average of 7~30 eigenvalues absolute error
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Fig. 4 Convergence of element parameter change
(case #14)
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Fig. 5 Dependance of parameter change upon
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A8 7o) 2079 EE
ZAAREL oo 8y £ A EAL3
SolxE SBEEM Rt %%%% 228 £ 3l

Lol AL 18MA Al E & &
& oyl 10719 AFEE 2
Aoz 2d sjdel 4Fst

;a
_&;L

MEA 2 xpelzt

ol WHYAME
B9 e 5071 ¢

170/8=2

N Selected B
umber | DOF for igen-
Mode Number| Test DOF of model | Convert- Error | Number | *_je
of test q ) ()| localiz- of «© | Case
range| "1y on selecte updating |gence ing™® | iteration error
DOF (%)
w, |7 | 7y wu,| 7| 7y
20 20 - | - 20 210 -1 - X X 100 16.0 1
40 20120 - 40 20120 - X X 100 224 2
- 120120 40 - 120120 X X 100 232 3
5 20 | 20 | 10 40 - 120120 X X - - 4
50 40 201201 - X X - - 5
40 - 120120 X X - - 6
1020120
50 10{20(20 X X 100 164 7
20 200 -t - 20 201 - [ - X X - - 8
40 201201 - 40 20120 - X X - - 9
- 120¢(20 40 - 12020 X X - 10
10 20 20 | 10 —20_f20]20] - [ x x 100 527 | 11
50 50 20120110 X X 100 60.3 12
40 - 120120 X X - - 13
10120 |20
50 101201 20 X x - - 14
20 20| - - 20 20 - - X X 100 250 15
40 20120 - 40 20120 - X X 100 13.3 16
- {20120 40 --1201]20 X X - - 17
- 120120 O O 17 75e-031 18
20 40
20120110 20120 - X X - - 19
50 50 20120110 O O 41 7.0e-03| 20
40 - 12020 x X | 100 218 | 21
10120120
50 10120 |20 X X 100 20.2 22
(a) O: Convergence criterion satisfied, X : No convergence
(b) O: Error locations and those quantities exactly found out, X: No localizing

(¢) Average of 7~30 eigenvalues absolute error

gxE38sAX/A 9d A1 =

1999d



Solg 2l ZTAANHE o8-8 FFL2EDY AN

2.5E+11
~  20E+11}
o~
E
2
S isEsn
o
c
°
£ 10E+n1 }
(4]
T
]
E  50EsiOF
g
o
0.0€+0 .
_50E+10 ' 'l 'S 1 1 I e ). T U

1 2 3 4 5 6 7 8 9
Element number

10 11 12

Fig 6 Convergence of element parameter change
(case #18)

3.0E+11

2.5E+11

2.0E+11

1.5E+11

1.0E+11

5.0E+10

nnnnnn gence graph

—O— elament3
—&~ eiements
—Ar— element 12

0.0E+0

Parameter change (N/m2)

-5.0E+10 F

A AL e I L A L Ao (S | — I '} 1 3 1
0123 456 7 8 91011121314151617 18
Iteration number

-1.0E+11

Fig. 7 Dependance of parameter change upon iteration
number

Lo

PEARTeR Bd AHd HFF 18U AL
dE oo IYERE YErITH

o

b

4.5 Fais SEET Ay 29 JiM o

9ol oA B uieh o] Bd Mol EE B
=¥ 99 AY RE FHAAREZY AA AT
o FA e F 7tA Wy EL uiE wig Held
2 A AFE veble Zelth 24WA Al
A3: SBEEMS AS-aMAY, 38 Fol 2xp329
sheto] H 83| o] FojAAE FAAT KA
A7h golEe F3E At o A3 23UA 73
o) Hjs) AgstE Foe AHELY AFE F
AzlezM dolzith & 11¥A e 127 AR E
HafEd Bd Rl Fdzte FHF AHED
9 g F/NALEA £ A WEALSSS

o

2. 5E+11

2. 0E+1t1

1.5E+11 }

1.0E+11

5.0E+10

Parameter change (N/m2)

0.0E+0

5.0E+10 d e 1 I A i A b
1. 2 3 4 5 6 7 8 9
Element number

i I

10 11 12

Fig. 8 Convergence of element parameter
change (case #10)

2.5E+11
— 20E+11 ¢
~
E
2  1se+11}
o
o
s
= 1.0E+11
G
T
b}
g 5.0E+10 | convergence graph
E —E— element 3
o 0.0E+0: —fF3— etements
—'&—‘ element 12
5.0E+10 . - . . .
0 1 2 3 4 5 6

iteration number

Fig. 9 Dependance of parameter change upon
iteration number

Z4E FE USET ¢ F Uk olE 4% F £
5702l RERdolM 2d Mo Hoddtes Fas
AHEZDS MAFPLAE, & 6o wHEA Agio
FET 10849 AHE oflle] IHEE JEd

Fig. 4, 6, 8¢ ®lEsi2™ FRFSMo| 2x%¢
2 I oxe %& vAMEAT WS HEsiA o
d%ee ¢ & Uth T& SBEEM 2 EGNSMol
Ae 2d Ko E8F dgetulee 2x7bA F7t
A7IE RE ASoA dass £XF B3-S
B9t dtdo] FRFESMS A wHEALSF7E &
A Z7Hcase #89 Z$ THOIA 10MLE F7H)
POHE AL A, A3 24 Q. ®, @Y

AAGAT 227 QT YRdE 227 e 9

BAge Roloh

o}

SHZASHESEEX[/A 9 R A1 F, 1999/171

r



7 % &% 9 %
Aot FYLARYS YYRYH YAKES AY

5.4 = s WEEe TESAT £ Solg Rag o

8 ZAANN Ee Agsgen FARE

B ATNE 2B SRA4L A%e mety EASE FREY SMAE ASHEIS 2dd
T AFe g kA sdel ALT 4 A 7 Sold BAE f¥crde A4S A ¥sF

Table 5 FE model updating results for FRFSM

Numbe Selected |[Number Ei _
Number umber | DOF for of |Conv-| Error |Number| 8"
Mode Test DOF of . X value
range of test selected model selected | erge- jlocal-i|of iter- o) | Case
£¢! DOF updating freq. |nce® |zing®| ation. | F
Uy | 7| 7y DOF u,| 7,| 7y| points (%)
20 {20 -] - 20 |20 -1-| 10 O | O 18 |1.6e-03] 1
20 |20 -1-1 10 Ol O 16 [2.3e-03| 2
20 - 120 - 10 X x - 528 | 3
201200 - T4 [20]20] -] 10 X | x " | 209 | 4
40 0 | -l20i20] 10 x X - - 5
S 20 |-|-12] 10 X X 100 | 995 | 6
- 12020
40 -120]20| 10 X X 100 | 435 | 7
40 f20120] -1 10 O] O 7 |3.3e-03] 8
50 [20|20]10] 40 -{20l20]| 10 X X B - 9
50 |20(20(10| 10 O | O 6 |3.8e-03| 10
0w |20l - |- 20 O O 65 |4.9e-03] 11
20 |20 - | - 20 O | O 11 [12e-03] 12
40 l20020] -1 20 X X 100 | 104 | 13
2 201 - | - 10 O O 16 |2.3¢-03| 14
20| 20| - -2} -] 10 X X - - 15
40 0 |20|20]- 2 e - - 16
10 20 Ol o 23 |6.6e-04| 17
-120l20] 40 - 12020} 20 x X 100 | 909 | 18
40 20|20 - 20 O O 7  |9.5e-04| 19
) e i B B e R
.0e~
502012010 75 O10 6 |3.4e-03] 22
20 X X 100 | 137 | 23
20 |20 -1- 201200 - | - 5 O | x 20 | 326 | 24
40 |20f20] -] 20 x X - - 25
20 [20] - 40 [20f20] -1 =20 O | O 29 |7.9e-04| 26
0 - X X 27
" 4 aolal 40 20 2_0 20 100 82_.6
20 | 20 20 X X 100 28
20 O 6 |9.5e-04| 29
20]20] - Q ©
so 12012010 40 40 O O 7 |7.9e-04| 30
-|20{20| 20 X % 100 | 686 | 31
50 |20(20(10] 20 O | O 6 |1.0e-03| 32

(a) O: Convergence criterion satisfied,

X : No convergence

(b) O: Error locations and those quantities exactly found out,
(c) Average of 7~30 eigenvalues absolute error

172/8=283
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X : No localizing
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