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Fig. 1. (color online) Bi-stable piezoelectric cantilever
beam energy harvesting system: (a) Schematic dia-
gram of structure; (b) equivalent model of energy har-

vesting systems.
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Fig. 2. Diagram of the cantilever beam‘s shape func-

tion and end positions.
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Fig. 3. The trace of the cantilever beam’s end position.
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Fig. 6. The relative position of external magnet B and

magnet A at the end of cantilever beam.

BB Bk A BT AE DX I 2 7 0 AT ¥ 50—
B, R mR H AR T A R IR B A SO 7 A A
S b U3 i 7 TR, AR R A % 2R I
P LR AR bR 2 AL

h h
Il<a:+2Acoscp,e+2Asin<p,0),

h h
12<$—2ACOSQ0,€— ;singp,0>,

I3 <J),€, U)2A)7 I4 <JI,€, U)2A)>

Fort o R A V12 5 K I, R
e Ah, 1 (1) REE, e N BIEEA L TE y
i1 B B AL R R B B, LA

e = |BC| = |AgB| + [AC|

B
L
S+ 2 d+g

B 6 AT 7 A ER T, (20) 2 g BN &
B3 B BRI A Bl A AL RS, 455 3.1 R RER
s B HE (8) AT RN

(20)

q=1Ip—u.

(21)

7 R A RIHLL RRAE AAR R B AL E
Fig. 7. The positions of magnetizing currents on the

surface of magnet A in the coordinate system.

M1 T R GE P PIREERAR R 1300, Rt 24 i gt Ak
TR BN, Bk A ROREAL SR T ) 5 1
KB, My = —May. FE, 1T858k, W
B A WEBHEAL M BN %, H A R T WAL FLR
T

220502-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 22 (2017) 220502

Myz  (3KH)
—Maz (FERIH)

Kon = My =" L
0 (AT )
—Maz (FIERIH)
Maz  (JE3KIMH)

Fh ek A 2R T Ak PR AE SN G RR B 7 A ) G 3
Jir 52 i) 22 k% 13 oy 124

F:—///JmAXBdU—//SKmAXBdS
//KmAdes (23)

ALK (17), (18), (19) 3AH (22) :UAR AN (23)
A 15

ha Ia 1 ha
F(z) = {—SlMAB <$+2(;osgp,d+2+B—|— —i—?smgb, >

2

B
2 2

h N h
+SlMABj<z—2Acosgo,d+++ —2Asmgo,0>

la g
_ S M B ‘B
So My sin k(a:d—l—2+2+q, 5

2 2

Ian 1
>+52MAsm<ka<x d+ 2 5 +;+q,—w2A)]i

ha Ia 1 ha
+ [SlMAB <x+2cosg0,d++B+ +2smap,0>

—SlMABZ(:c h—Acosgo,d—i-l——l-l—B—F — h2Asm<p,O>

2 2 2

Ia 1
—I—SQMAcoschk(a: d—l—;—i-?B%— 5

;E\:EPSI ZAQUAijZﬁ@iAJ: ‘F%ﬁﬁ Y
lAhAﬁ%@EAHU\F%Eﬁ A

4 A

W EEd = 3 mm, HESHWEL, X
(24) AT EAE R, 7013 3] (R H) g ) F
HOKF) b R 0 F 55 98 T 2 A i R k6 EL A T
fi (RIAFILLE) IR, WK 8 FroR. MR
KRk A B TF KT y Sl -y T 1 IR 3 Fudk
R alit, FLT 52 2 (0 i R R TR 773 M SseKAR 2 ek
JINTIT HH B A, 2 B 2 R O i Rk 52 1) 11 it e
JIHHE T J1AE RS 71, 2 JE B IR AL RS 3K
BT T E, TR A Z BRI, BE
WEBR N R 8 I3 K, DN In) B ) R BN 7 a3
KERJG IR, FE HBEE AL RS (1 4 820 K ARy
fE, RN T G B AR 51 7).

ZHEF 1B A S Rk A BE % B R AL RS A3
K BURE 1A RS LS, nTHE 9 R 1R
BALINCARRE . PIREE AL T /KT B, Wi 9 (a),
FoWER A TS B HE . oK RE R A TR 25 7KF y
FECKAT BT, BT R R il R Rk IR e A

a1
) SQMACOSgoBk<x d_|_7_|_7B_‘_ wA)]j,

2 2
(24)

FIAAAE, A AR I R A 55 AN BTk B BT 45 )
L FL R IR E 171 A AL RO B B 9 (b) BT 3K, T A
TR EAN TR R SRS, R oK i h ok A
IS 712 R R R e 71 BRI 51 T HRRAR . 2R
AT FE A, b B R G 0 0 73 A K R BRAE
AR ek (/NS BB LA, AR 25 FE LR 777 1 ) e
AR T SERRR R, 200k s S IR Bl B
KALREIS, BE 51 F7 BOAFAE 208/ 2R Ge 5 e H ) 55 B
6] 9 1 (R RGeS 1 s B ), T A 2R St
H A7 RS Wi AR /N F AR AE R AR RCR.

Rl MRARERERERGKSH

Table 1. Parameters of bi-stable energy harvesting

system.
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positions (d = 3 mm).
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Abstract

In the study of piezoelectric cantilever energy harvesting system, a bi-stable nonlinear cantilever with magnets
added to the structure has a wider frequency band response and a higher energy output efficiency. Hence, the calculation
accuracy of the magnetic force on which the potential function and dynamics of the system depend is essential to
predicting the output response and energy harvesting effect. In this work, we use a shape function to describe the
relation between the deflections of an arbitrary point and the free-end point on the beam, and then calculate the trace
and deflection angle of the beam’s free-end by integrating the entire slope of the cantilever beam. The magnetic force
is consequently derived from the magnets’ real-time relative positions and postures by using the magnetizing current
method. With comprehensively considering the axial magnetic force and the lateral magnetic force, the simulation results
demonstrate that when the displacement of the magnet at the end of the beam is large enough, the directions of axial
and lateral magnetic force change from repulsive to attractive, which leads to a large veer of the resultant magnetic force
across two quadrants. So, it means that a smaller interval between magnets may not cause a larger deflection of the
beam, and the magnetic force existing as attractive force could diminish the well space of potential function (that is,
the distance between two equilibrium positions of the system). The experimental data in this work are nicely consistent
with the simulation results. And in this work, we also make a comparison of the simulation results with those from our
method and existing method, showing that the accuracy of the proposed method is much higher than that from the
existing calculation method, especially in the scenario where the magnet at the end of the beam is far from the horizontal

axis.

Keywords: vibration energy harvesting, bi-stable cantilever system, calculation of magnetic force,

magnetizing current
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