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Abstract

An efficient optimization procedure combining the frequency approximation technique
and the component-mode synthesis method is proposed for the structural dynamic opti-
mization of the large structures subiect to prescribed natural frequency constraints.

Frequency constraints are approximated by using the first-order sensitivities with re-
spect to both design parameters and their reciprocals. The component-mode synthesis
method proposed by the authors in Ref.[8] is used for the repetitive detail finite-element
analysis and sensitivity analysis. The validity of the proposed optimization procedure is
confirmed through the numerical implementation of some examples. The presented ap-

91

MEY2 0 1993d e dRAEY FAAFRE(93.11.13)
Hedat 199349 129 9¥

. B84, gRAATY

- P9 AguRn 2RALRY



29, 399, 23

proximation techinque requires much smaller number of repetitive analysis than that us-

ing the sensitivities with respect to design parameters only, and further improvement in
the numerical efficiency is achieved by the adoption of the introduced component-mode

92
synthesis.
[.M B
A AR P AW Wt e}

9<'

of AatzAAel thet vk A Aol B g sic},
sgel A4shE st RRAEs Az
ANE B54 ARSEA NN ERGFA T
L= A Abo) 7bed Ao FdE=
RHRAEF Azl dalMs A
A ZF A g vrBastodol el )
Ao REAEHRA L AR 7T
Aol Wastn olo] HhE AL AAA o

BN d
oy >

2
Ay

ofd
rlo
jinld
X

K3
2
£
[
Ho

DL KU o off rE rE RN gl 4 X
b b ooy
QoA
-
N
-3
o

i wepd gTEAY AHEE Jane
2e435E 3 5 Uv ARy A 58
Q) 352 Fh A ol Bash
2HATANS BRHSE FY 5 Qe PRes

Schmit E{1]e] Meka SN S AHgehe A3t
Wol AbeE 4 Atk o WM RRUTTe
o] Aol d Aol oflg APEANE A

Ho] &old TAA e A g AL A g A
E @Astal BR o) AR AR gk &l & o
#H71 A A5 algorithm S ol &8l 4
A AE Eole ATzde] UFAT 3 A5
FUYCE Agsle] &Y Wiz o] #A & wEH
gtk o] ol = ‘" ghapl Ao s 1 &+
AR S Abgstubrl E843 " g B4
7t €k Miwra B[2]& QA dig 1337t}
7t Akg 2R "}Ez’l DHNEF AR
& AHEEETE Wool3lE EAMA ol oi

ox
=

-
i

N
)
K
o
to
%

= s} =
Aol Ao gt A g %’%3}3 aHAEF A
Wl g A shel o Canfield4le 2 &9 7
%9 Rayleigh quotient® ©] &3 n&2%54 2AbT
We Aorsldeh. Vanderplaats ${5}& Z37% &
Aol M FHEA A Hgt BEE AbRshe o] A
g4zl by Agro] gt e E Abgshs JeEot
AL L B

g FAH A FA ] AL FYPd gl
’5@1‘ Pmairol ¥ ROFD }'{é’r?’?l PEHNH 7

,_,
044
OU’. .Lu

H ﬂ o #elsitt. Okuma
IRlo] Mol AE&H
3} AEsld AFE 3
]‘:Si]r Agstad A=A

ARAS TE o) slo
Gk

TN 75

2,
rlo
—z
M
-
By
2

= W
lo
e,
=
&
o,
2
a
rim

Jo 2 tlo
F—% ot o
oft 4>
- ig:
or e oY
Ml o
A
£ o
fr I opk
2
P o-kr;'L wt
2 n:i

N
Gl

42
e
-

jamt
@D
(=]
&,
-3
=

ol
o fo
o
[e}
U
ol
ol

o% op
Qb
o

2
)
fr r
o g
oft
i %

W A
Uy ox H

Hi

ot o
2 M
4
M
-4
P22
)
\:l

i
[
) ot

z
-
PN
Ey
o
=)
f{o

rxodd 0 2R do a2 o
ox

o 2 |
B
P
o
2
i)

)

|

B3

n2 1o
s
offl -
L
1%
=2
’lx)((
2
=
nt3
Z

)

oXx, Jo
ki
>
tlo e

ol
i
ujo
=y
b
i
—4u
HT
-1 oo
BN
2
offt
oft
o

2
Rl
-0l
[

o9
_
22
&
o0

4
2
2
fir
=
-
ot BN

e Jo O
2
—r
kY
ot
PN
[

o
of
Qb
. 3
R
ﬂq;" N
o x
0, 2 =
=
o o
hi
o to i
2
[
O,
ol
o
3
ni

wo ot b
oft foJm b g
> I
1o ox mu Py
e

et

¥
1o
wr
2
H
o
w2
i)
2
=
Ir o
ol
3
0
i)
iV
2
=
hch
=2
)

>
—
..

e
=
i
-
Py
o
=)
rlc

Htast 2-D FEM 29
F22 e ad £AdAE Ealo AFEA

ox X0 oft X orly o

Find d; i=1,2,-.n4 (N
Minimize W(d) (2)
Subject to
A’I
(11'—~1)20
- J P
g1—1 N Jj=12,...,n, (3)
~L-120
)\'J
d<d<d i=12,..,n, (4

Transactions of SNAK, Vol 31, No. 2, May 1994



A7)A die A7 M) FARFolm Wid)E ¥
Agsel TEEFlt FEFRE ol ¥AE 27}

()A€ nfAFre Az Jehhe oz
(=) j2b BRAIW Y x“,%ﬂfﬂm}
Aol @ syt 3 Aol (e *é?ﬂ‘ﬁ?ﬂ
7S e *Lo}mifl bmu}—— e

(Dol Al ()2 Folal 2 1g Aoy dAse)
shol sher AMWOI Bolatx] g nfAEF A
1491 (34 didle] 2AA 02 R ol
AfA N E ARt Adazis o wAs
SR AP ET PR

O

%,
(=-D20
)\'J

(1 D20
}\u

Al

Hd o~
s
=

f dlo
%
ol
-1
izl

il‘
A

DIESE
s gon Be g4el M HEen
of v 4 vl L*LH

we g]_)[:g] UHAH fo| &

cE LS
o] ojw Tapub S

© zag Faolr}
T

=

(6)2] ALz o] 2o
u}
Vs

_r,a_
Alo] M Az Lol
febA W el E
= sleh EMH R d]ze}iziéloﬂ
AR BE A e dh

1# o
e o
i

”E ox

S gl ol o] A A SN Fig. 1o B e,
s Az el thetel Ml shebeel o ‘o

NoF A A seplee] ool il e W &8 1A}
HI-H% }_Q‘zﬂq

3. DRESS HBStzHA L ZAYY

AR A=A, (=12, n)E 718 ’4] o EH
& Taylorg+ A7Hsted 11}&77}4“} oz
A d7b kgt uhe jRb ard A ARk
AAM ol thet 137w E Abgeled ofga go ] i
#3k 4 gk

>,,__

=4

- L { OL
x=20 (—-f.] (d,-d) (7
] ) 12:14 adl P

o718 A2 0 TlEAAe e AU B

RESEREERSCE B3 14 H25% 19944 5H

93
INITIAL APPROXIMATE
DESIGN OPTIMIZATION
l SUBPROBLEM
TRIAL - OPTIMIZER
DESIGN Change of design variables

l t l
VIBRATION ANALYSIS Approximate frequency I
SENSITYVITY ANALYSIS constraints
Component- Mode Synthesis - G
{Free-interface mode method) Using the sensilivities wrt.
both design parameters and

1 their reciprocals

|

acceptable?

|

FXIT

Fig. 1 Schematic diagram of structural optimization with

frequency constraints
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Table 1 Final designs of the cantilever beam

D
aggﬁeb Al a| asl o | e | | N
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t:in/{cw)
0110 10102 02102160

il ¥ale | 16 45) (645, 6.45)| (05D | (051) | 051|871

Woo | A" | 0.866|0.442] 0109 | 0.046 | 0.041 [0.025 | 585
(5.591 | (28511 10.70){(0 17| (0.104) (0,064 (3.18)
(3 |B™ 10822 0.438] 0.135| 0.006 | 0.006 | 0.005 | 5.78
(5,300 12,8311 (0.87)[10.0:5)] (0.015) [(0.013)| (2.62)
08 0454 00510001 | 0.000 | 0.001 | 578
Vindeles™ 3 | (5571 (2.03)1 (0.97 10,0031 (0.003) 10,0031 2621

Present™ | 0.701 | 0.596| 0.152| 0.003 1 0.001 {0.001 | 586
work (4.52)| (3.85)) {0.978)10.008)] 0.003) |(0.003} (2.66)

* Using truss and membrane elements for F.E.

model, move limit 50%

**  Using beam elements for F.E. model. move
limit 50%

*** {Jsing beam elements for F.E. model, move
limit 80%

__T E =:0.3 Mpsi (71GPa)

v =103
1 6in
— p = 0.11bfin'(2. 8,/cm’)
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Fig. 2 Cantilever beam adopted in [3}[4}{5]{9]
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Table 2 Iteration history data for the cantilever beam :
structural weight, kg, and percent frequency
violation in( )

Methol
(i loye Based on(9) Present Work:(11)
o, | 80 [ 20 [ 80 [ 200
initial | 8.71 8.1 8.71 8.71
1 3.70(2.6)| 3.59(2.5) | 3.95(0} | 3.83(0)
2 3.56(0.1)| 3.13(0.4) | 3.37(0) | 3.13(0)
3 2.85(0.1)] 1.75(73.8)] 2.75(0 | 2.90(0)
4 2.45(6.9)| 0.17(85.5)! 2.66(0) | 2.89(0)
5 2.50(2.9)) 1.71(77.8)| 2.66(0) | 2.82(0)
6 2.59(0.8)| 3.66(64.4) 2.74(0)
7 2.61(0.1)| 1.08(38.6)] 2.7200)
8 2.62(0) | 2.14(12.1) 2.72(0)
9 2.62(0) | 2.40(3.3)
10 2.56(0.1)
11 2.56(0)
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Fig. S Superstructure of the simplified ship-like 2-D
F.E. mndel adopted in[8]
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Table 3 Iteration history data for the superstructure

' Based on(9 | -

Present Work:(11)
re?nalg)'ils Welg,ht Natural fIFQJ}{,,>‘ Weight ] Natural freq {Hz
e Tmh 5t it’ith

L S e

R 1 R 44 %w w mq 8.4
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i
|
;
=
I
.
i

initial | 65.9 6,59
1| 857 6951882 | 820 695 882
2867|6951 893 1878 b.% 897
3 8401698 895 &5, 698 L 000 |
4| SB11698 K99 |88 ” 6.99 9.0
5 866 698 898 882 699 9.0
6 891169 89
T 8711698 898 . |
8§ 1875|699 899 |
9 8821699 900 |
101893 6991 9.00 | | |
Table 4 Final design of the superstructure
Initial | Final
e ( 12
Design | 12 20 3.3
variables ] 3 20 27
el Yo | 20
|t 20, 1.2
Weight(structural) 65.9 88.5
{ton S N
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| 484 | 410
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