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Abstract: Piezoelectric materials are often used in the fields of vibration energy harvesting and structural vibration suppression due
to the excellent electromechanical coupling characteristics. This paper introduces a new shunt with switchable and manipulable
force (mechanical) and electrical energy, using the primary and secondary energy conversion function of the flyback transformer
based on the existing switching piezoelectric shunt. Based on the positive and negative piezoelectric effects, this paper designs the
branch circuits for absorbing energy to suppress vibration and injecting energy to control vibration respectively, resulting in a highly
efficient and stable structural vibration control system. The paper introduces the operating principles of the proposed new piezoelec-
tric shunt branch and derives the decay rate models of structural amplitude under different energy manipulation conditions. The rela-
tionship between the effect of different energy manipulation methods and the amplitude of the structure is discussed through experi-
ments. Results show that the introduced energy-manipulated shunt branch can realize highly efficient structural vibration suppres-

sion depending on the damping requirements of actual scenarios.
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Fig.1 Schematic diagram of SSDI and its derived techniques
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Fig.2 Circuit schematic diagram of energy-manipulated

shunt branch
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Fig.3 Circuit schematic diagrams under function of injecting energy to control vibration

TF OGS RS HE Sig % T AL P T 3
F(2) RS B, WA D, Sl LR TR Ve
ST L AHE 42, [l i e s B e R I, ) R
BETCAF G T AR AR 5841 Lo .

SE IR S B ik B i KAE T, Sig, 28 M I s
FEE S, S, Wi IF , Sig, VI Ry HL P HF 6 S,
S, Wi I, HL AL T 1B 3 v (3) TR 1A = B U
BF A4S D IE ) 538 i e R L R L T 2 ]
AT LCHRY , i A i B4R 3% B Lo, M FLR A
FWE, ZAAE D, B ) R S5 R = B, R R
KB o 8 AN R B D A

V,=AVy
VM:Vn]+27fYMM (1)
C

Ko, Vi BT 0 M s V., Bl AR 5 L % C,
i HL T B SR AS 5o b - A T s uy A
P 4% 1 o

TARAE Dy RS R T R AL T T
RS, W& 3w (4) BT (056 DU B B

FE S SR AN R TR Ve, a LA B 25 4 IR 3l i sk
JEE S [R) He E  T) R B AL QR ML LR B S A 1Y)
st T R, A5 30 U3 — £k 1) 0 4 1R AORN BH 5 AR w.r
ek =

.t

) 1
A—[tanz(wcz )+£tan(wvt)+ 1} cos(w.t)ee 2

x—4kEQ. B x+4kEQ.,

tan(w.z)= f. -
2k2Q, 2k, Q.

tf.

(2)
o, QUM IR 5 Fa I 1 BT IR F
2 (2) w0, JF 56 S, A0 S. M A il it 1] R %L o 5
AMIHL IR Ve 1 R/ SR R P58 T AR & 11
Z/b, WARRE SN XL KR, &=
O, A 1 A BE I, BHEE AN 7o

Sig, Sig,

3 ] R T OC 4% 1] SR RT LA AT S RE D14, B
Fetie =W REIMIR DN BE .l SEIF R ) R 5L B R AR
SR S, A SRS W T % T BB S TR RE R
DS 4 Ly F Ul WA I DD BE T L 1Y
AR A RN EL T R 3 R P 5 000 A ) 25 v ey i B
B AR MR NS o AR R T DL S 0 AR
IR BE 1 B0 % K1 o F0 B AR AL .2 1Y 3K

w1

p=cos(w.t)re

(3)
27
tan(w.2)=— |—
an { w 5R

o, & AR R 3R B, BV B BB R, 5 R o
45 20 BT (1/ C o) 1 F AR, b w SR S5 48 9 4R
ﬁjﬁ,m%[zolo

1.3 SRXBEATERRTEEER

18 52 B 42 5 ) S5 200k B 1 Pl JEE 1 O - L
Je R GE, MAE L 3 T SRR Sl A&
MERLANE 4 T . B4 M KR D 43 5 R #5578 11
ST R W FIBEL R L 2, A A0 R BB B 45 T g
IR S AL, o, B VE B B (IR B AL, VLT O3
J31) SAy S R, G A2 AR T 22 ) 1 L S RT R 3 114 T T

ML RN A AL T RS I A A A R G
SARB R RT3 O Bhne st BRE L BH 2 S B0 HL AR RE 4

- ] |

8 £ FEs T
L=—1
Vi

-

4 HLHL BB R BRI
Fig.4 Schematic diagram of the electromechanical coupling

model
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Fig.5 Schematic diagram of the experimental platform
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Tab.1 Actual measurement parameters of the controlled

piezoelectric cantilever beam
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Fig. 6 Piezoelectric voltage and structural displacement wave-
forms under no control and the control of three kinds of

shunt branches
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tion displacement between the energy absorption and

energy injection stages
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Fig.8 Variation relationship of the energy and vibration
amplitude under different control modes with the load

resistance and switch time coefficient
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