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Vi %&:ontrolling mechanism a@@ ntrolling effectiveness of

plate with piez ctric network

‘Jun Li Lin
(School of Energy and Power Engine % University of Aeronautics and Astronautics, Beijing 100191 a)
Abstract: The given elect (@ al coupled kinetic equations of the plate with @ ctric network

were solved by decomposing

ses into linear combination of sub-modal piezo e(6 Systems’ respon-

ses. Through the research @f response behaviors of sub-modal piezoelectric i hen the coupled sys-

tem was stimulated

SR

w

e, it is found that there are two different way oupled system to dominate

their vibration. | electrical parameters of sub-modal plezoelectrl /dtems were found through the a-

nalysis of t unctions. Based on that, one of the sub-modal %Ctrlc systems was set optimally; In
this condition, the response behaviors of all sub-modal piezoel systems and the multiple-mode controlling
effectiveness of the system were studied. The results sho e plate with piezoelectric network has the ca-
pacity to suppress multimode vibration; Particularly, one modal requires higher control effect, this sys-
tem with parallel resistor and inductor can sa aforementioned request.

Key words: piezoelectric composite piezoelectric networks; transfer function; optimal electrical

parameters ; multiple-modal control ; e echanical coupling
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Fig.4 Response-time curves of L-PEM’ s

sub-modal piezoelectric system
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sub-modal piezoelectric system

o@

1.0r

JC i AR
(=4

1 1 |
g (9) 50 100 150 200

JLAE A [a]

k!
7. S

4 50 100 150 200
TG e 2Nt e

|58 LR-PEM ¥-#5 75 [ i, 38 G2 Wi 7 - i [R] il £&
Fig. 8 Response-time curves of LR-PEM s

sub-modal piezoelectric system

0.61 @
031 A@HE
% <Cr g
0.4f
= £ o)1 /N
& : )
i R 02 AN
R PN R N
o AREIL L R Y e
‘\4; " ..\}; :v’ >, S N 5
@ 50 100 150 200
0 50 100 150 200 JE A i)
HRARIH @ 9 LR-PEM B 25 JE H 2 40 il B 1] i £

{7 RPEM qﬂff;-:?m%%ﬁaiaﬂw, ©

Fig.7 Energy-time curves of R-PEM *
sub-modal piezoelectric syste
» 43 4 3

B % v S B, R AE

AT L i LA P A o i IR 8

1) 3 5 B A TR L A2 A R H I 45 ok
1] 46 532 W 245 ) 91 5 W 1

2) i A BE A AR L RE BRI AR LR B R A
11T I8 AP 45 ) 31 3 W 1

Fig.9 Energy-time curves of LR-PEM’ s

sub-modal piezoelectric system

L-PEM i3 55 | P e dil ok 3, b T %A
FERETCAT , I 3 A 23 B 35 N 18] 52 06k ; R-PEM i 5
552 Pk AR PRI IR S, T B B RETT A, BRI
[] A AT AR /9 A BE 2 5 LR-PEM. [&] i ) ] ik 42 1
FIEAR 2 PRl 4R 80, H i v BE AT 6 BE T 1F SO #E
REJCAF, il BESCAF 3G I 1 #€ BE ST 11 A7 s 1] Py ]
TH R 1Y L BE.

R T FEL O 4% Al 42 ) I 0 1R i A, 2 ) R A
P 24 Al i 2l 47 i ROR 19 R R E A HLARRE R fE
Fe A e 71 5 BHLE R/, ML RE-FE BE % B AE 1 th e
TEAE P E , FHJE R/ iy FL B (B PR E



RN

ST < T s 4 0 B 3 B 5 R

1633

3 JE AR £ AR B AR B 5 I UR

3.1 RILEESH
3.1.1 LR-PEM

15 U R 5 R (3) B AT DL B R R

{f?‘}z {B?‘}em (4)
& B;
A (3) 135 Af it R A
A —a A" - iBC, A HB,“}_ {F;“}
iBC A AP+ iyAtd + a A LB 0
r=1,2,3, (5)
A 20 (5) AT LA 3] LR-PEM #5285 e B R

o A% 1 PRI KL

Hiy(A,y) = @CSD

A’ +1y)\)\+(§(\ Q)
(A" = @, A7) (A" +iy) %\b)—,\gc

(6)

O LB AL 2 G e il 2 A L PR A A
W5 27 75 AR S: (Ao | H, (Ayuy) )
T”y)‘)

, BT AL K A

i, A et S 7 £ R K e BEL g J
f@nz LR-PEM 154 #1222 50 1
ok, TTEE’J#J:
AT B8 % A 5K\ '. 7:
HI.R(/\,°° )‘

| H\, (A (7)
y @Fﬁ%’%@éﬁ* HUA g

14137 7% 15 120 RENAR s |H(A, o) | RARHA R

%*E%H%ﬁ%m‘ﬂﬁ{ﬁz%ﬂé%%&wﬁ

HHEILRE S

Hrr,

RIS A SHEMT Eumr”mmﬁwffTuﬁﬁm
I A HL JER A
[H, (A5,0) [ =|Hz(1,,0) |
BIE, LS ST ﬁjvﬂm“ﬂl*
RGN ERIE
aHLR()\ 7)&%%
NA _
S Al T 3:‘{‘%[‘ T A~ He, BEL A S 2
ﬁﬂﬂiﬁaﬁﬂ

WAL (T) ~ () B B XA R 7B e v
ARG e A AL A R LB (L, R, A 10
It NP Rl DU HE A [ 5450 25 T HL AR S 1Y) o
A L R AEL R B Y T v S A /. fELAS T Y S
BEXEAN [) A5 25 T R AR G ) e L BELA ).

; O

JEHEH
FELFH

o4
iV

(1879
10 R TR R G B A S AL

Fig. 10 Optimal electric parameters ifferent
submodal piezoelectric

©

3.1.2 R-PEM 0O
B IR B -PEM 1L 25 1 HL &
GEHILAS L 1 PR 2 (6) F351

R(/\,')’) ‘ =

{\@ A+ iyAA

@P= a, A (A" +iyAld) - XB'C,

(10)
LI, 28 G fih 4 P A7 A — S A Bl FL BE AR A
BREIR AL F 2 (A Hy (A yy) ) Bl o 7 U6 f

RN R G AE LR ITR B AT AT /N IRy e 1
AR s X6 7 ) L BHL S 5 G FL BHL -PEM fiz f¢

HLBH A R AN R . o
%:§>§ Ap:

i S e
| Hy ( [Hy Ay, @) | (11)
ﬁ’q’:ﬁ%‘cFﬁ
L
A o, A, + > r=1,2,3,-
o
3k T 2 e e FL B
O sH A" | 03
aA i
12X (13 ) 15 31 J6 i 408 X B B R LB A
'y°p'=i r=1,2,3,-- (14)
(A7

B X 2) A (14) 13 3 T8 12 408 i ix
LN

" (15)

A (15) &Y R-PEM {9 fe A2 H B[R] B 5 000 R
K.
3.2 FHEEERRFMMITA

3.1 4 R I 28 Al R s 4 ) R A B R
FEROFE I T B E B S B ik AR

&} ‘EN



1634 B T N N = 4

2014 4

TSR0 T HL I 4 A Y — B RS TR L R ST
S L 2 S RO 2% B T RS T HL R B Y T
BEAT . AR — ek A B SEAT XS 5 1 B TS
FE e RGBT R R A S H I O
P11 FTEL 12 23 530 27 B ik o sl T LR-
PEM [55 1 [r 125 Hs HL AR 48 10 g iz -t ] i 2K
FHE fE - (8] Y 2. 45 2R 3R, 76— HLAK RE- 10 fiE
BRI, DR S AL A RE B 9 1) F B P T AR A
COLPE 12) 7R s v 2R 90 ) 4R MR AR DR 3 0 3] 45
AMECILIE 1)

P13 FIE 14 7350 s TR o0 F 26 2 B 7
A2 s FEL AR G AR WD V- T] 2 FLAE 8 - (]
2. AR W], HHLAR BE - H AE e gl 0K i, & 13
EFWT”?)&'FEE&%”C%EE;:' 1B A 25 s

0.81 @
0.6
= 0.4H @ | |
% 0.2H “0 20 40 O\fo 100 120
= 1 Q) fi @ i
g 0 N, ) F [a]
ﬁﬁ;‘ —0.2H @ 0.081
R o4 0.06
-0.6 @ 0.0 O
_0 8 . ” 1 ] EE‘ M
0 100 120 N
i%éﬁlﬂﬂﬂ @ 0
0.4r @ L&H -0.02
03F o) -0.04
. 02F C{&D -0.06
45;‘ 0.1 ~0.08 1 1 1 | (\I |
IS 0 20 40 60 66\1))0 120
I %%é’ﬂﬂa‘
= o % 13 LR-PEM 45 2 B K @ S0 - i 2
-02r @)O Fig. 13 Response-time LR-PEM’ s 2" sub-modal
-03}f .
ctric system
~04 (\9%(3 1 1

1 ]
i) 70 60 80 100 120
Teit 41t [a]

Bl 11 LR-PEM %5 1 By F B3 AL 2R 48 i
Fig. 11

- [ty 2
Response-time curves of LR-PEM’s 1™ sub-modal

piezoelectric system

0.6

50 60

JCr I [a]
12 LR-PEM 55 1 B34 25 I vl 8 4 B ik - ] fih 26
Fig. 12 Energy-time curves of LR-PEM s 1™ sub-modal

piezoelectric system

O

0.05
LfiE

&
~ e'l\'f'\‘-'k AAIANIAL s Aerrs ned 4 )
0 10 20 30 40 50 60

JC At a]

[& 14 LR-PEM 25 2 [y 1 B35 s B R 48 e 1 - ) il 2k
Fig. 14  Energy-time curves of LR-PEM’ s 2™ sub-modal

piezoelectric system

iR R W, £ X LR-PEM 1 58— i 4L
SR ARG I R AU A SR, X — B TR
J v 2R 8 1) 31K 30 BE Bt BE A% Wi AR Tl e 4 30 Wi o
TE AR T 56 0 M 07 M (L 5 G A 1 B8 25 T it R 48 TP L
P FE - L RE % e AN W] 2, 4% 20 g 17 S D 1



%11 Sy LA R I 45 A 1 4R 2 B o DB S s o A SR 1635

3.3 SWSHHAR i A8 mmss s
FE 1, 190 46 45 1 0 37 g T 455 45 S e, 28 495 0 3 19 Ty e

SRVEAL A 45 B T 4555 P L R 55 19 S AR 0 £ 0 11 2 fit §§>

B FE Fh IR0 45 AR 0 2 010 R ) 99 B 3 59 30 & WA

A% /NS BIF G T o FE o, 9 45 4 1 5 — B TR 25 i X

R0 A L 2 2 B, T H TR 46 A 7E — B

AT PR 6B ISR OB DA U A P o

S A T PR 1 A 0 — A b 3 ‘é>
K 15 7% LR-PEM 7 f/] 5 6 F 1) 4% 5 4 @ r=l

2. LR-PEM FLAT£FXH45 1 B T A0 R 1 5 @ woms A é

U5 1 S 2 2 B AT o T LR T o 5 A _ W@JK f?/mm“ﬂ%

7

B T A48 B 0 SR 50 B AT AR 60 W3R O
b, 2 HA I SR 50 5 T A R

TG AR R M
=
&
=z
.,
r'\_\-
N
\géb
g~
m
Z

PREGAE. @ - O \:\:‘
10'g 102 / _:s\
F ,../’:,..-‘ ., ",
E @ S SN
245 50 2.55 2.60
100 A . . 3
i :— r=1 o ) £ A J B o -y
2 : s r=203)
= 107'E . i r=
= 12/ O _ e s
= i o R }; N
2 107 ] @ WA TR
10- S S

0
%Eéﬁ]’fﬁ
€l 15 LR-PEM #
Fig. 15 Effectiveness of L]%j v1brat10n control
.
Kl 16 Fx RREV Eﬂlgi%i@JTE’Jﬂ&ZﬁJ?”fﬁ'J
RO TUE 4 VB e Y i 1
A —E 1)
. == R LS AR
10 i — R-PEM
=t e
=23
107 Vv 3 .'i
= ¢ ! n/
E _ /‘* Iil
5 r=47 g o
ig 1072 CGD
=
107
0 ]I

1 O 1 1 1 ]
@7 4 5 6
I B 42 1 R
Fig. 16 eness of R-PEM in vibration control

K17 % L T o 2L PR 45 22 (fF i LR-PEM 5
R-PEM (sl f 550 5. AN /] LUE 7 s i i
TSI AR T (r = 1), LR-PEM f 980 4 850 R
WAL T R-PEM; B % 2k 4 40 % 0w 85 & I i1t
AU, R-PEM ) 38 R 2500 0 4

17 LR-

R-PEM Iz 3fj 4 il 8 % He

Fig. 17 ’7-1" pe@lson of effectiveness in vibration control
tween LR-PEM and R-PEM

‘ Zf LT IR, Fe e R 25 A B oA I R Bl 4
Ve

1) BExr R — B iR R it i A 2- 2 8L
Al LR-PEM 7532 3t 4 951 4 B 20 A7 AR 4 1 41k 8l 4
28R TR) AN X0 s 30 1) 3 i W A AR A — S 9 B JE

2) R-PEM fE[a] i 75 By A 3L 4R 0 Ak
4 B e R 38R

3) LR-PEM 5 R-PEM #fl [t , LR-PEM 7 i% i}
B 30T 2l £ 1 28R B A 5 B A S IR e O O
eIt s, R-PEM BT HE G 1) 4% 2l 42 fl OR

AT B A

4 #& it

AR SRS T L IR 4 A A I 7 28 7R A B T R
FRGUNE I ) 2 M 2, 38 a0 TR S TR L R SR



1636

b oa W= MR R % R

2014 4

REAT R A, 8 78 1 TR ERL ) 4% M A B B0 4 iR
B FE IR A0 AT T R 45 B4 R Bl 4 i Ak
PR FEIRG LTS8

1) e fL I 45 Al oot R Al gs 22 45 L AR 3. e
PO 245 {1 A5 358 43 B 2k A AR I 4% mp R [l % Ak 5 e H
P £6% v H BEL T AE iR 20 BE

2) LR-PEM i 4 Hi Jgk i 451 28 A5 Ak, , d5z 4% H B
5 TC O s R-PEM I5 4 i B[R] A 5 45 % JE 6.

3) LR-PEM FI R-PEM #§ H 47 22 455 2 5 1l 3%
S LR-PEM 7E 35 11 55 B 3 5 45 1) 3%

2% Hk (References)
O

[1] Park C H,Inman D J. Enhanced piezoelectric shunt d
Shock and Vibration,2003,10(2) :127 - 13 {}

[2] De Marneffe B, Preumont A. Vibration dampiny Wwithalegative ca-
pacitance shunts: theory and experim! art Materials and
Structures,2008 ,17(3) :035015

[3] X%, 3T b bR 1 79;5
Liu Xue. Resea

on piezod( nater
nautics and\A¥tronautics,2012 (in Chinese)

[4] Dell’Isola F,Henneke E G ,Porfiri M. Synthesis of elec l'c Il ,t—O

s and

Pk WESE [ DL b

works interconnecting PZT actuators to damp mechan

tions[ J]. International Journal of Applied c a

Mechanics,2001,14(1-4 SPEC) ;417
[5] Vidoli S,Dell’ Isola F. Vibration_co

o)

4

~4

ates by uniformly

B

distributed PZT actuators interconnected via electric networks
[J]. European Journal of Mechanics, A/Solids,2001,20 (3) .

435 -456 @
[6] TangJ,Wang K W. Vibration deluc@ f nearly periodic
orks [ J]. Journal of
ions of the ASME, 2003,

structures using coupled piezoelectric

Vibration and Acousti

125(1) :95 - 108
[7] Yu H,Wang K @ v”]. Piezoelectric networking with en-
hanced electromectranical coupling for vibration delocalization of

(©

ic structures—theory and experiment[ J]. Journal

and Vibration,2006,295(1/2) :246 - 265

mist

@ JHET TR UKL E Bk RS SV R SERFSTLD . L
@ e 5 A 2011

Fan Yu. Research on self-powered vibrath press systems

Li Lin, Yi Kaiju

romechanical coupled dynamic character-

istics of lab ith piezoelectric network[ J]. Journal of Bei-
jin of Aeronautics and Astronautics,2014,40 (7) :
8 (in Chinese)

ell” Isola F,Maurini C,Porfiri M. Passive damping of beam vi-
brations through distributed electric networks and piezoelectric
transducers ; prototype design and experimental validation|[ J].
Smart Materials and Structures,2004,13(2) :299 - 308

[11] Challagulla K S, Georgiades A V, Kalamkare

homogenization modeling of thin compagh
[J]. Composite Structures,2007 ,79@3
@ O
@O

A L. Asymptotic

ork structures

- 444



