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Abstract

Design sensitivity analysis and topology design optimization for a piezoelectric crystal resonator are developed. The piezoelectric
crystal resonator is deformed mechanically when subjected to electric charge on the electrodes, or vice versa. The Mindlin plate
theory with higher-order interpolations along thickness direction is employed for analyzing the thickness-shear vibrations of the
crystal resonator. Thin electrode plates are masked on the top and bottom layers of the crystal plate in order to enforce to vibrate
it or detect electric signals. Although the electrode is very thin, its weight and shape could change the performance of the resonators.
Thus, the design variables are the bulk material densities corresponding to the mass of masking electrode plates. An optimization
problem is formulated to find the optimal topology of electrodes, maximizing the thickness—shear contribution of strain energy at the
desired motion and restricting the allowable volume and area of masking plates. The necessary design gradients for the thickness—
shear frequency(eigenvalue) and the corresponding mode shape(eigenvector) are computed very efficiently and accurately using the
analytical design sensitivity analysis method using the eigenvector expansion concept. Through some demonstrative numerical
examples, the design sensitivity analysis method is verified to be very efficient and accurate by comparing with the finite difference
method. It is also observed that the optimal electrode design yields an improved mode shape and thickness-shear energy.

Keywords : piezoelectric material, crystal resonator, eigenvalue analysis, topology design optimization

.M £ Fo R Egve HMF7olth olwf e 1 Feel
Wkl mah thekel EBigle] EAlg) B AFAe Al

AH 2 F5 A (Piezoelectric Crystal Resonator) = B FAGS A AF(Thickness Shear Vibration)ell
3 4% (Piezoelectric Crystal)@ 4% ®Ho] =FEE Ak AT-2 A=(AT-cut Quartz) $8%H Bottom, 1982)
57 (Electrode) 22 FAET. 9 #8784 = F = ARRITE At 2 S s dake ATl
7B b Baph A AvAe AR b 89 oA FAMEF At 2% Z=(Thickness Shear Vibration
(Direct Piezoelectric Effect: Cady, 1946)2A =7 Mode) & &2l 87%= W74 A5 WA ACL gt 1
= &l Aaprt 7helAlE W o] AR MPste A e g e FEACIRRE A7|A ASE 4] Hal
< St FHAE R FHo] BAA R MEehH A A g e] FHel TS RgoR gk Fo] ASAE &
=73 Atolell 71l WAYsl= mdoltt, 7P Ihet e woth. A4 7HE FEEA] 7IAE AEel Wl
o] Sk REAks she] AR T o FYE 2 7 HA @3 A71A AlsRt AEE £ JEE Ado] £

' Corresponding author:
Tel: +82-2-830-7322; E-mail: secho@snu.ac.kr
Received June 2 2013; Revised March 25 2014,
Accepted March 26 2014
©2014 by Computational Structural Engineering Institute of Korea

This is an Open-Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License(http://creativecommons.
org/licenses/by-nc/3.0) which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original work
is properly cited.

ZPMTRTEE =2F H27H H25(2014.4) 63

e



sMT 28 T § 83 HET BIED
/X o ® o BN
\Uwﬂll ~ [ ey ﬂwo quﬂo
wmm‘oﬁu‘_q < o N ﬂe.\)ﬁ
g g Zy 3 ¥ 3
Mo~ @Mm T e
w F‘m s ol Z)‘UI
(@) ﬂﬁoi ,)AIO_E 1%! (o\
€ T~ 3 5.0 X9
© T =N o}J oy
E @ . TR T
T ) T o R do &
m FﬂEE‘_ 1Hro U,H_OW
S AT o o I O g
P S W i nd N w
o w o M o = L’ A
T opw Ny e NOSAx = g .
) Moy oY B NG o L
- (o ! = D NS R il TR o= R "
5 Ko N B S - R T SREL T Y
. "R OSRT S o Y S ) S R s =
TN o= ~ Mo X I N o U .= S8~
T Il I Lt ‘WH 7 =~ -~ T/ Mﬂ s 2 +~ S > S
S n n O SO I ey TR S
ﬂ_Al]ﬁo [ " S~ o A + BN oo <
T o B N S D T S o s Tow < L]
TR E ~ [ o~ o S = X SRS
" R ~ & ° R N ® R R °
H e B N " T N~ I ol
I A I ﬂ%%%ﬂ?%mﬂﬁﬂw%ﬁ%ﬁﬂw AT MW ®
BT 2grEN MR Faagusex CRTPacxl gl ¥ gk oy
R o N oo wo A AR g 0o o X T N . L
By cewg e BT g PETT N g of R b o W T KT T
RS X B ioumﬁ}ﬂ@%ﬂwﬂrﬂ%%ﬂuiﬂoﬂﬂof M e o R
= A T P BYo A TN R S Mo [t ! or = <= o X
) ]mﬁdﬂmﬂrodﬁo B lﬁTﬂwazT]dﬂ u_mm\*vl r %qﬂﬁ] B’
e TS RSN emd TRy g NET g T O WE L x D
T O SEEghite SEfrdalridririsEeiu cRTZ®RITad
o T sR ey xBTS, R IETEe) shAate TP TR
=0 TR S I w | | R o= o N o W o o a o "
. WP Tsagr LT RPHX gpBEREST ] R Nhd gy ldp®
& WX - X — o %ﬁﬂou%ﬂoo%axﬁﬂm,_wﬂﬁﬁﬁu .c_eﬂc,_qe_aﬂw.umﬂ%
¥ orE REty BRILRRIEENORLERcEen_ MHmslpw
~ - T E T e o 2o B oom g [ fa_ﬁﬂomﬁﬂﬂo%}kiﬂoémﬂ LT
" T 3 T Mo X KO H oo ® U oM Em R o KXo A w T =
B0 XUtﬁl%oE]iL%@r = mo %O = R = g T o N o B ARG
. N N ! 2o T B XN = ° H = R R oo s RO T
H g = T S, N R LR R R iR Y a el T
- Wﬂ%TaoﬂW%M@ﬂﬁﬂM%%%%@ouﬂﬂﬁwﬁmg%ﬁ%@%ﬂﬂﬂ@r?
R K LR R EE A R F S RS R -
X =3 r ) S LT R o B N0 B O~ N o XOE ONOED X
o L SR T T R R B T oo Ee N e T B g DI N gy S
= o = — = N o o ™M 0B gk 2 moor o o = o ~o
N TR TRl A - NG = B TR, T s SR T e NN N S Bl M
o ol e e U T = g ARl 2x®r® oo o R0
(- o = X T W omo o A = S < ojy o o - ok o A omo mo . O o=
TET ERlx TR yR s e el wriao® P RE o w® oy
TooaRETHER 2N ARTTWERTNT O TR ® T oo W OB W
o™ o irE® o aT=s FTWHToFTPRLHKITRBIITTITTF I RHMT R

v

9)
(10)
Rl

[e]

A4 (Piezoelectric Strain Constant),

e €k

G ijSkl —eil

T
D,

A7V, e enpp €= A 7373 (Mechanical  Stiffness),

=

(2014.4)

=l

H273H M2

=

Z(Linear Piezoelectricity)
PN

Y

Fig. 13} Zo] FdHE 4AA (Piezoelectric Body)

A ol

2.1 A8 ¢



& (Dielectric Permitivity) & <Jv]git}, =3k HE &MY
A A7 - AAX L T2y} Zo] BT

Sv-=f(zv‘,-+z,-ﬁ-’) (11)
(12)

skt z,= 7

ek HAuAola, 2, x,e SAHEMid-surface) A2l

(Mindlin, 1984) oﬂx% AR A
% depAl wdsh] sl 71A et
A7) FHAS FAWEe s FaFE AAE & 9oy
2

1 &
_>|4_‘4
r2
il
e
g, i
9,
r

NE

)
N
L
olo ¢
ofl
mlo
o2

zi(@y,wg,1) = z.(j"')(xl,x:g)wg (13)

D@, 20025) = 3, " (2),1,) 20 (14)

A7NA, At g 247k AR Wslsh A1 zﬂ/éﬂ

—
=
L
>
& =
: &
m
>~
ﬁg
Oll
Bel (R

|

|

ASH

|
1Y
RSy
s

midsurface

Fig. 2 Higher-order Mindlin Plate Model
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