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positive inversion of piezoelectric voltage

T, T 56 S RIS, F A, o H U 1) 48 s A% T A RE L I
HLICTI A T T B AS o i B R K
dis
VD(: - LSE (2)
J—:EEF‘ VD(ijBJEL)?%E,I/%%X#@é&I%E@%@{E’

i B i A ] HL R



Bal

BERRIR , 45« FE T 1E 3 R LA

4 R RE RSO 30 2 S 4l ik 999

5 =B B 2 (o) BT, S5 40 A #5358 B A fE
I AL K B 5 AR, T O S, RS T S ML A
I F 2% e A= LC 4R 95

1
ng+7’q+7,q:0 (3)
Co

Ao L,k X N £k B B R 5 ¢ R R L T Y
FL A7 5 Ay R % ) S5 R L

h B AR BEATR - (1) FF 5 Sy A B ] &
J5 1 LC 4R 3 R 0 o/ 2 4%, « AT AR s % (2)
AR MR, LS L R EM S, WA WT

WG S5 A
C,
1(0)=tn Ve |[—
§(0)=rxn Iz, (1)

q(()) - COVMn
KA (3) Mo 7 A8, R e e b Y L IR 4
W 3 L V4 i R ST

7&}1/
. . . 2
zO:q:m(/ow,Vm«cos(w,l>e & —
wt

. : S0
Cow,Vysin(w,t)e ™,

v="=v,cos(wt) ¢ Tt
Co

w;t

;/g:)sin(w,z‘)em (5)

A w, M Q7353 D U 57 HL B 14 T A7 3 A1 5 A1 i [t

Bl F
1 1 |L.
w;— s Qi=— = (6)
[L,C, rJ Co

T o 45 RIS [ s r O R O, 15 B AL TN A,
B AL o,z 7350040 F 37

( s V])(; +

w;t

Ap{tan2<wzl)+2;tan(w1[>+ 1}cos(cu,l>e 2Q,
1

T V])(‘
VMu

tan (w,t)=

(7)
A L o P o 5 A R T Ve B9 RNk
oA e DY AR

1.3 BEfEEHE EERN

A 3 S AR R A AR A AT LA T G T A fE B
TR AT DL L e 1 - B ECRE B . 7 TR AR H Y A
I — A2 R L, vT A5 20 T AR R Y AR R R
S I R T T A RE BT LA R R A O T
{E, B2 AR 2 D) AJ DA I 7 e A, 1A 4 45 1 T g
et B T R ) AH G H I R R B

SRy Bean B 2(d) iR, FFE S, MG, L IT

PR M IE , A4S D, Ak, R TR T
A BT 2(e) BTN, 2407 8% i B B (A 1
L 38 B 0 M AV, G TS RIS, BT S,.
WD, S, FHR e S LB L R LCIRG . &
HL G 1 b FE AT B ek R R A A R 43 B n R 5K
I -
1
C,
{Q(O): CoVy
q(0)=0
KA (8) M TR 4 A

C e
iy=¢= /I—O VMPsin(cu,l>e &
“1

V:%: VMpcos(w,l>eiTQ’ (10)
0

LG+ rg+

g=20 (8)

(9)

o

;
=~
<Y

Ih

iy

t

\ A

A

< » »ia
- L i

d e f a
B4 H e B ) B A R A8 o A RO R v AH L Y R L E O O
JE (AL H m=0. 25)

Waveforms of the corresponding voltages and
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High energy efficiency semi-active vibration control approach based on
bidirectional piezoelectric effects

YU Liyuan, WU Yipeng, LIU Xuan, QIU Jin-hao, JI Hong i
(State Key Laboratory of Mechanics and Control for Aerospace Structures, Nanjing University of Aeronautics and Astronautics,
Nanjing 210016, China)

Abstract: Synchronous Switch Damping (SSD) technology based piezoelectric semi-active vibration control approach can suppress
the structural vibration efficiently with relative lower energy consumption, through using the synchronous switches and the equiva-
lent L.C oscillators in control circuits, synchronously inversing the piezoelectric voltage and making it always in the same phase
with the structural vibration speed. However, the allowable operation voltage ranges of common piezoelectric driving elements,
such as piezoelectric stacks and macro fiber composites, are asymmetric. Hence the symmetrical inversion of SSD approaches is
hard to make full use of the electromechanical conversion performance of piezoelectric elements. Therefore, this paper proposes a
novel SSD approach based on the bidirectional piezoelectric effect, which maximizes the energy efficiency of the control system and
fully matches the electromechanical conversion potential of piezoelectric elements. The approach is realized through the operation
of energy injection when the piezoelectric voltage is positively inversed and energy extraction when it is negatively inversed. The
working principle of the proposed SSD method is introduced, the vibration attenuation model of the piezoelectric structure under
the asymmetric inversion condition is derived, the practical asymmetric inversed SSD control circuit is implemented and the all the
results are validated by the experiments. The obtained results show that the proposed SSD method can adaptively adjust the posi-
tive and negative inversion factors of the piezoelectric voltage by controlling the duty cycle of the energy injection switch and the

equivalent load of the energy absorbing circuit, finally achieve a high energy-efficient structural vibration attenuation effect.
Key words: vibration control; vibration energy harvesting ; synchronized switch damping;piezoelectric; flyback transformer
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