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Table 1  Optimal voltages for the cantilever plate

order of the actuator 1 2 3 4 5 6 7 8 9 10
voltage V /V 85.5 98.8 79.2 98.6 93.3 86.2 94.1 92.1 79.1 84.9

3.2 HEERRRAEF

ZEh S, At =g, Wi A B PEIE AR, KSR L=02m, D=02m, h =
0.001 m 3% HL (%) [ JBUIE: | 10 A EL R 198 8 R b R o8 S AR B TR A A I 3% A 72, B 5k — (7]
TR BRI | SRR 2 IR AR R i & AR T IR 5% AR S TR BT AR | 3 3 A Ak s A A B AN
FHE AR TR ARTE 2% R BEARCIRES | AR S04 1 2 A T, B B SE A e M T R Rl 2
= (1/16) hsin(ma/L) HEE RIS HISCR , 7 L4589 1 F )= X FRaf 15 e i |, 135 A A
KT y = D/2 KA XK.

WA R RS2 (L/8) x (D/8) x (h/5) , IEFEMLAE F A5t K 73 th 8x8 Ay
R MRS A BRICH B, E45H50 70 0 16x16x 1 1 BATC MRS A A RS BCS B0) 3.1 AH .

desired deflection

y 7x107° 4 — — — only layout optimized (fig.5)
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Fig.5 Layout of piezoelectric actuators on Fig.6  Control deflection of the sinusoidal
the sinusoidal column shell column shell

S0 XL A B AR H AT OUAL B R A U 70 VN B AR SE L
b, F2 A EAC A 5 R,

20 AR AR AR 1 (18] 5) i — U TR B L TR AE 0~ 100 V JE I
o, SR INER 2 R AEE 15 AU T RIS BIAR G I 4521  THRRCRIIAR & & 6 20 i T 45
y = D/2 AERRTEHT « J7 [ A AAROLES AU H A B (P 5) R H A 8 e i s 2 (A 3
PG OL T BB Ze AT LI JLAL 5 BT s LB AR3 H AR AL 20T 5 g0k, BUARAE 64 4
LA b AR AL A IO M FR R REAS 21 B 4 i 42 1 SO (BB | RE B 2 iUAS AR v, L
PEHIRE BT AN BERE AR, £R G R B A BN APl T ik B 285 k.

® 2 IERAEFEHH BRI

Table 2 Optimal voltages for the sinusoidal column shell

order of the actuator 1,2 3,4 5,6 7,8 9,10 11,12 13,14 15,16 17,18 19,20
voltage V /V 54.0 52.9 42.8 61.5 47.9 57.7 52.3 42.5 50.2 44.8
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3.3 X HhFmAIEH
h HREHE R A A 55 R SRR AR SR K 3.2 /N BR8] () 4 1) o 4 s O8L il 7. 14 XL
eI 2 = (1/16) h-sin(wx/L) sin(wy/D) , H 55 AAE,
3 WUlFER

Table 3 Optimal voltages for the double-curved shell

order of the actuator 1,2 3,4 5,6 7,8 9,10 11,12 13,14
voltage V /V 59.3 42.2 39.4 45.3 57.4 45.7 58.4
order of the actuator 15,16 17,18 19,20 21,22 23,24 25,26 27,28
voltage V /V 52.4 48.3 57.2 41.6 54.0 55.4 44.3

AR A H R S B R DL A A BRI 7 Brs , UL E R 03k 3 B, 151 8
ST ELM G HAROIAS A R A (P 7) s B R Ak 3 RS DL T Y
S 2 AR , FEMICRARH 1 HARIRAR a8 2] T IL A f il 0 H i, i A SCY Oy
TER A e I A AR A RO RICR.
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Fig.7 Layout of piezoelectric actuators on Fig.8 Control deflection of the
the double-curved shell double-curved shell
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Shape Control and Optimal Design of
Piezoelectric Shell Structures

YAN Hao, YAO Lin-quan, SUN Xiao-jie
(School of Urban Rail Transportation, Soochow University,
Suzhou, Jiangsu 215000, P.R.China)
(Recommended by GOU Xiao-fan, M. AMM Editorial Board)

Abstract: The problem of shape control of curved shell structures with the least piezoelectric
actuators in the most reasonable layout at optimal multi-point voltages was addressed. First, a
solid shell element for shell structures was constructed with the HS-ANS method, to overcome
shear locking, trapezoidal locking and thickness locking. Second, the layout of actuators was
designed through the GA combinatorial optimization and the input actuator voltage was decided
with the GA numerical optimization. The general computation processes were also built respec-
tively. The following examples show the effectiveness of the proposed solid shell element and

optimization method to control deformation of the curved shell structures.

Key words: piezoelectric shell; shape control; genetic algorithm; solid shell element; finite el-
ement method
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