WBEE TS B1148 198, pp3~9, 1997. 2
©H X
Aol g FF2 DEAEF AT AA

of A &* .-z A M-l ®l &
(969 549 23d A5

Eigenvalue Design Sensitivity Analysis of Structure Using Continuum Method
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Abstract

In this paper, design sensitivity of plate natural frequency is computed for thickness

design variables. Once the variational equation is derived from Lagrange equation using

the virtual displacement, governing energy bilinear form is obtained and sensitivity

equation is formulated through the first variation. Natural frequency is obtained using the
commercial FEM code and the accuracy of sensitivity is verified by finite difference. The
accuracy of natural frequency and sensitivity improves for the fine mesh model.

T 4E o} 153 E

=2adel gt UAEE 74 sk

¢ Frdieta mg
o 932 QY
wer NSt oAeHY

o F¥asde #Feow AFHY AAe=
folslid ot dAlTF2e Eatste] siM A
Froee AAWNAE AEd7)7E Aok &
T ook B2 fasrdea FAG, w1, A
AxZ & A5 WAz LfAHE fFed
T et A AAR APl o) Esof it
metbd] AFEAF A ARt =29 A
S+ AAzNA R27E "+ YA

AR 722 A AARA, F2FESA, A
2t 7] wi el A o] ol wAtmsA vtoes
REAY AANALE A= = gk AR

H_ox
T

L

L



ol A B H-A Y S

qztde]l FAHoE FAE H S gl FHel,
Fre s A& glo] "tE e g AsA A,
Z Az2g 2fAETE A3 5 Yok o &
o) wlZtxeire] B85 4 glch

Follx] AY AR E FAY ey #
oboll= B AFrt Faso] g Agups
A7 E e Fd dA=ES FEEA §
g0 g}’ ZHAFQ) mFEsA Folel o]
ARSI A E o} 5= ubsil A el di o]l 3}
9 Al AX = ABXE vl¥ate ubge] dnbaol
o}, ubsl A& semi-analytical method 2}3}v
B4 FReade AHeste] A, A4 B2
vl 25 A3tk Ade] dAeln BHHe]
ARLY W THAES CIEAE fEsE HE
o] Jacobi el &)& A=® 3 A} B/} A A
5, AAlel A4 e x oibygEel HRES]
G0 olel gt MBS TRAESe 2HHEH S
25 Abgstn g w|Agaoloja] AR uieh
g afx B THelE o] 8 wige] A4
H e},

Akl FEAA H4Hd AT A
Aol AAAA N B85 Agsied AR
Bed ztest A e dArksd &
Aol defixes Advjezlagal §3e40-AG
e by 2% 5-5A Fraae] wiE
Act. 271 A A mrdey AR F2E
Aol sl 019t o) A H ubfo] fiE3}
u BEAARN T P TFEAF A S 2~349
wdle) fra el ALgHel weh A3 vl
Rz, fEAEY Sl H48 4 A 5
%49).

71et F2E A gz o m s
A4 A7H?, B FRL2FE AHEY
A, Az PP 73 F Taylor F59 17 0|
T#eR afAEe, afFESs FANFSH
of Wg wiztEsl Adlsle) FAe Az} S
= ol

2 2 A7Ld5d 23

AE

=

=

o] o

A5 & AH-R, &3}

FEA B AT o] wuFAU}”. o
7}ell Al shock absorber® A" A 44
ZE9] AE B Az grol A=) AHA

h=1
A

oA

(e

o] siF= it
2. vl olZdE siA
addefxe] vzt A& o}S3 ) whA]
FE2EA 3137t 9l 7% Lagrange 2% %A
A& g3 2o
L= % Mz —% ZTKz+ zTF @1
b ¢l 27} AHES) o] Lagrange WA A1) W

2AE e Pz 297 5 oo A@3e]
2},

hor.d oL y_ _dL “(n
2 G375 a0=0 @2

Z(DIMzD) +Kz(d —FH1=0 (2.3)

A% A F = 0 oz, AQ4)% e 8
& HRst AR s AFUE S84
(25)7} e}

2(H) = ysin(wt + a) 2.9

[—w? y " My+ 3y Kylsin(wt+a) =0 (25)

Ae5E A4 vehie oaux AR 3

a( -, - )b Ak Bdz & 4(-, - )eg B
So) kg A3} o] UL,
aly, y)=td(y, y) (2.6)

28 =o' = Q2nf)eld, f = eAE
4 olth,

21(26) & 73 A=t FA, dAAAF deE
AAA w4y Fepolrt

a,(y, ¥)= yKy @7

d(y, y)= yMy 2.8)
web 2H4A5e) 7|8 A et B Wy
P o] gk,

a(y, ) = td(y,y) (2.9)



SESEIEL .S

#dat el ohgel Aapst 2710 23€

dy,» =1 (2.10)

Ex

ZEER] e g 3L
7V5Er R

d A Aol A
Fek ZAEEZE
ki

3 =
aL
e o] 4T}

o

al
2

O
=N
c}-g-7} 7

—Yioﬁ

d

& (u, 6u) Tj-r [ (lut+rdu)]l| =

il

(2.11)
v (x;u, 6w E%[y(x;u—#ﬂu)]l =0

AEIDANAM ¢ ye AAMS ud] el
Sue uo W¥, v nHHEY FUHEE 9

o3}, wmg | = Al Sus] WIe
o)zl W22 2)vldd r= 0& o]2]§ Frechet

derivative°l] /‘]'%51“ 7] Z.olc}.
ol Azg A](29)e
S =

Hag s

¢d(y,
+2d(y’, W+ a3, Y

a(y', ) +a oy, V=
(2.12)

AY2120A a, (v, 0} anly, ve 4 2
owle] 9} oll1iR) g xt 8o} AL i3t 13
o el shHAl Suk B8] Al g
FAse Aol e Eog F4jo] A=)
el g -, ) d(-, -)e AAA
3}, Zpisl ye ddele AHst ° 4 glens
(4) Z4HE 2 HFso] y=y7} HB2 2(213)
g dg 4 Uk

=2

H o
e
LI
AE
A

o

Edidv,y) =a 83y —td u3.9)
—[a 3, ¥) —td(y,¥)]

(2.13)

A)(2.9)9} (2.10)0) AL 3 A(2.13)lAM a,(y,y")
=td,(y,y)7t A2 3529 WAEY (2.14)
7} A&l

¢ = a W33 —8d 63,9 (2.14)

a4 o NRE NERI1HYLeEREH f,=
¢/ (4x’f,) 7t ek

3 E

THAEFS] WRE A4

312 s

Q9 g4 we| AL MY S olxe
ME = B4l O el A ash W ak7h
Y soleh ARG A, wAlE, SHA% Y
=g wsta 8% e u=[hLE e 7}
Ach. o] o oA AU A% B Thet 2

9V y.oh EAsH,

—E“ yll‘— ax

— 1 _
a,(y,y) fo Eahty, v dx

3.1

. 1 —
d.(y, y) fo phyydx

A@GDe z Wz HEL s ok Aol

=t
’ A l -
a’ 5(y, 9 =f013m vy dx 6E
! —
+ [2Bahy, v Shax
0 (32)
[E yy 8 dx
+f0 yu yn
_ { . { .
d s(v, ¥ =f0Ayydxé‘p+fopyy6Adx
2"l Al8} o] y=yT AMR3le] A(214)e

AEDE ALy ol i ThA UPE AL
&3} 2o ek,

£= L[ ah¥y)dlE— (£ [ 2hy'deldo
+ f‘[ZEah(yu)z—przlahdx
°[ (3.3)
+ fﬂ E (yy)? 8l dx

32822

=

Fig. 18] & 82 eA+&, 54 h, AT E, &
Ep 52 AAMSE o)4T & dx, ZHA
Ao} A A2 A[(34)8 o] ¥k

=2
=]
i



A}

o] A @ -

A, y=[ D)y +wvwpd)ly + [ Dd(m +vw)ln

+20 — I Dyl = Eohy= ¢ B,y
(3.4)

°47l*1y1,:82y/8x5y,, Dlw) = ER*/12(1 =9
~[h B, ol AAREEole oA
bA e The Ak 2o,

L

o] 1,
Me] z}

( Ay, M=aly, =
ffgﬁ(u)[yn yn+Uvn yityn yz)
+yn vu+2(1 =Wy yild2
( Boy.y)=ddy. y)=t] [ ohyyae
(3.5)

HsA o AG6E =T
o] & A(21 4)°ﬂ elste], wfA =7
ol 7% = sl

Al (35)e] HE-E
Sl A
=& A 373

Al
z

asly, V)= ) ffh [v] +2uvmy2

12(1
+y5+2(1 — V)y51d2

+ 4(1€VZ) I‘Lhz[y%l

+2uy e+ va +2(1 —1) y%, 16hd 2
(3.6)

d 5y, y)=ff_ohy2d980+pffgy26hd9

S S S 3.2
¢ = Iga-m ffgh (31 +2vynye

+3542(1 =)y}, 1dR16E

—[pffgyza’!?]ap
+[%EIL[hZ(Y%1+2VY11YQ

41
+35+2(1 — 1) ¥3) — £0y*16hd2

Jo

o

7+ A

-4l

A

4.1 Zl=sh

Fig. 18] #7&= QAT E=

3x107 psi, WE p= 0000728 /bs*/ in®, Poisson's
ratio v= 03, Ze] 16 in. F 4 in. o|v 4718] ¥

st zAe|x

Az Aol 271 A he 24 10 in o]tk
ANSYS o 9@ AgsiMelA A 84 55

7 (Fig. 1), 12870 (Fig. 2) & & 459 {3
%ok ol2He)l nHAES7} Table 1 o ek,
S7b Ae Age AR o] A A

3 sh7} e,

S n S S S, &
A4 /A@

Fig. 1 Plate with four design components

Table 1 Fundamental natural frequency of plate

Free Vibration analysis

First natural frequency

128.41 Hz

coarse mesh

Fine mesh 128.12 Hz

Analytical solution
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Fig. 3 The second mode shape of plate



d&yel 9% BFx 1/3

AFAGAN F 2 TRAFF Aaa A
@el olal 7 sxel WAE 7, 7k A=Y
o AARSE 7 a8 Tl 2208 A
A tee 47 2009 & s 2m Yo
U REEe] A% AdAE e 2e UAE
840] AgETh AUDeA 1, & 24
A2E deby 2 2 2% ¢t & A ()
719 THAESe Hshape) Mzkwo

A\_

NEL
= X 8tXS .1

1548 ARE A4
4% Fo 22 8 mdelH & 2aFAE
1% F7HA2 A%e) Aze 3RAFPe) A3k

8fu 1.282] it

8
= 20.01X1.0X /",
= 0.01% ( —22.2—22.2-3.5-3.5+22.8
+22.8+66.7+66.7)=1.28

(4.2)
o] A% MEL AFAFTT(Sf, +6f)= 1296
27} =t
fu+8f,=128.41 +1.28 = 129.6 (4.3)
AR Qe FHgAAE AFE] S5 &

ghapRoll o7 a-fAlFs HEEI vl sl
zt Tableell Al & 7 z

.

= AR, FA AhRYE FE
fulh + dh)ol® 277355
df = fu(h+4h) — f, (W7} et
af, 3 8f,0) WA=t

=
o
A

7z} Tableoll 4]

Table 2 Accuracy check of sensitivity of coarse

model(8 elements with 1% thickness
perturbation)
Mode| /a0 |14 an) af, | oh |20 (%)

1 12841 129.69 128 | 1.28 100

2 498.33 498.33 0 0 .0

3 81571 82387 | 816 | 812 995

4 1187.14 | 1199.01 | 11.87 | 10.73 90.4

5 | 232737 | 235064 | 2227|2359 | 1014

6 | 294594 | 294594 0 0 0

7 | 319229 | 319229 0 0 0

8 | 359314 | 3629.07 | 3593 3532 98.3

9 | 462235 | 466857 | 46.22 | 45.02 974

10 | 611575 | 617691 | 61.16 | 64791 1059 |
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Table 3 Accuracy check of sensitivity of fine
model(128 elements with 1% thickness

perturbation)

Mode| 70 |ruth4am| ar.| o )]
1| 12812 | 12940 |128] 128 | 100
2 | 40324 | 4824 | 0 | 0 0
3 | 80363 | 81167 | 804|808 | 1006
4 | 118359 | 119542 |1184| 1181 | 998
5 | 225354 | 227607 |2254| 2280 | 1012

6 | 250399 2599 | 0 | 0 0
7 (317314 | 317314 | 0 | 0 0
8 | 360077 | 364586 36103617 | 1002
9 | 442566 | 446992 | 4426 4530 | 1024
10 | 611690 | 611690 | 0 | 0 0
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7 |317314| 317314 | 0 | 0 o |
8 13609.77) 3970.74 |360.98!361.70| 1002
9 (442566 4868.23 |44257|453.04| 1024
10 16116.90| 6116.90 0 0 0
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Table 5 Sensitivity of design components of

plate
Component Design sensitivity
number Value [2]
| 1 -44.2 19.17
2 638 298
‘ 3 +45.6 19.78
} 4 +1339 58.07
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