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Fig.1 Structural schematic diagram of the BPEH based on

composed beam
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Fig.2 Magnet structure diagram
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Fig.3 Magnetic force curve under different magnet distance
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Fig.4 Potential energy curve of bistable piezoelectric energy

U/l

harvester system

NARGSN IR, U 8 RGBS, il o 3R R

» 1 L p
T = (psA +0,A,) [ [6(X, 1) 2(0) FdX +

%M,[a)(l,,z‘wz"(z)]2 (5)
1= w0 Pex 0]
W= 3 —eq4, , jo{ zi@Xz } dX +
2ot (0) (6)
W, — ; [—cw(X, 1) a“’(;f’[) 1dX +
QL)L) (7)
! . [ Pe(X, )]
U= (YA +4,) Jo{zax} dX+
1_ v(t) Fw(X, 1)
EeglA/, I, |:z X :|dX+UM/ (8)

K o NAHEGREE A NHAG KA, o,
R R R A, S R R AR AR L 2 ()
A LR es S e R N T R, by, Dl R T
JRREE 2 A A BRI B MR IR B, o, R L
PEFLZS , Q1) R Ge ™ A v g i, v(2) s FL
Wi L, Y, A AR R R R, o Ry R R
PRLE, U, Wi #EE .
iR w( X, 1) R B 5 — S i 200 =
05 18] B 7 8% , B 3236 1 Rayleigh-Ritz U™, HAK
WD T A R R B E R TP LS, 2%
T e DL b RS pR R, R S — B i Sl A X A
w( X, t) KBS REL O, (X )53 3R R
w(X,1)=0 (X )r (1),
va
(Dl(X)—l—cos(Z) (9)
WA e LAY 5 i R B R E i, 4 A (4)-
(DI RGN 2R B A
M7# (t)+ Cri(t)+ Kri(t)— dv(t)— Kir (t)+
K,ri (1) = —L2(t)Ir (t)+ c,o(t )+

v(t)/R=0 (10)

AF M,C,K03RA N ARSI TR B
J& FRL 2 Wi E;ﬂ,,@ﬁj\ﬁ' R BL LA A 3R B0OR 3 il 9
il BB () R EE R K 2 () =Asinw;
R MHMNERE .
%fﬁiﬂﬁ(lo)ﬁlﬂ%ﬁiﬁg,ﬁwl—/ﬁ,
C

&L= 2Ma, AV Ak rn(t)=La(t),t=
5<mm:muxpzflw§%%§%@ﬁiﬁ
RN
F(o)+202(c)+H(1— k) a(r)+ k2’ (z) —
)=fi(r) (11)
u(z)+ ou(z)+a(z)=0
Horpr
Kl:% (12)
e = (13)

e:[Mﬂ'@ Ydo P/(Ke,)  (14)

f@ M(Z)(x)

KL (15)

f=(psA, +p,A

o= (16)

Rwlcp

A 2 R TC AR S LA 5w S T A9 R i A
J& 5 & R e A ZR AR BELJE 5 sy O T i 20 8 2 1 M 2
BB re, IO AR AR LA W B FR K 0 o o R A9 Y
JE HUARR 5 2R B0 e 27 TR RN ) B f Ol R T R
FRLO, (1) 1 BB RAR BBV R R

2 BKRFEERBHNETIE

Xof A e 2 e e g i i R B R A
HP R DT A 1 — T 5 Sy A 0 A R £ AR G A
BRI S AT AR A BT 5 PR IR AR SR T3 I8 A8 1k X
ARG 8 )5 Jr B e AT A, (1L A AR E i T LA
KNH
xr=a,+ a,sindt + a,cosdt
u=~b,sin 2t + b, cos

A o RRRGEVFHEAE, 7= Val +a B

m&@&%%%@Jkiﬂﬁﬁiﬂﬁﬁ@%%o
B EARACA T NS TR, S T R

ao _al —az =0, — KJI 'TE'F ;& ao—alzazzbéz

bl =0, HJ5 B W05 50 | sinQeH cosQr W1 7
B 55, I Z M i YRV I 10, A5 3 AR R

(17)



1210 & 3 T

T

034 %

a102+ 2a2§10 _(1_ kl)al—(3a5+

%vz)a1k2+b]€]+fA:O (18)
AP A SRR A BRI R A
ag.QZ— 2(11?19 _(1_ kl)az -
(3aé+zﬁz)a2k2+bgﬁlzo (19)
(lfkl)aoJr(aSJr%;yzaU)kZ:O (20)
bgwibl¢+a20:0 (22)

R (21, (22) 7] L45 F] b, b, 1 FE 25
{8, B

—a, 2"+ a,pQ
by =—FT— —
pra (23)
p = a Qo + a,0°
” '+ 0°

B 00,0, EACA R (18) FI(19) IR A A Pk
S AR AT A5

2
2(;210;22 +2§19) F Qb 1
(32 + %72)/@2— ;f})z F=rrAT (24)

Ko o F BT R H 2 (20) 7T 15 a0 9
B fan=08# a== |* = 2p

MEACA S (24) 153 R G EIRIE 700
D UUAG: A85 Hs FEL 7 E i i ) Rl s B g B o o
IR

- - 0
o(t)= oh + b2 = —L

T (25)
Jera
. 1 T‘Z)Z(l‘) 7[731_’_(752
P_Tjo R Y=o~
02
S, A— 26
2R(¢"+ 0" (26)

FT T SR FH TR OB A R M 45 20 1) S K v el e
LI AT E il W AR YE R G Z AR P R
(e 73 32 AR /N (AR 20 30 i S A2 RE 9, AT LAl o 5
615 2 B, 10 o [B] A A FEE Y

3 ERERREHELERSSH

3.1 WARASE B {7 6 25 MR 57 i R 45 14

5FF /R A TR REAR TR 20 A 2 00Uk 4
JE FL 1% B 2R 40 R 030 ) 07 R 1 o 3 IRl o e
IR A=1.3g, REERIA1HE 43 B d=[14,18,22] mm
K Towh I3k A o B 5(a) M REER AT EE d=14 mm B} &
25 W JO7 AT A P ) A R, R G 3R I O A R

PE, R G50 A AE Que—1.34 F1 Q,,—0.93 &b 1 B Bk Bk
MG 0, <Q<Q 4, ZGEAFAFE X, A7
MG, B RE S =98, o 2 B
S AN e, S T JC R AT W o B A Rk R B
34 K (BT 5(h) Fi (e) 3 9 %t 1 % 2k ] BE =18 mm
5 d=22 mm) , &Y AT E X R W2 % X Ul
FE— 2 K 18] R [T DY, AR 2 1 i 0 % 2R 8 1 ) i
WA T B 43 7 A — S, O EL I R EE B 1
T, BT T BE W 0N 5 Ak SR 0 R REBR 1R B, &R G2 B R R
b F TSRS B 5(d) B, B &R G R4z A%
Wit 5 s K ) B A 44 K e A 3G o

0.8 1.0
0.6 0.8
ol 0.6
S
’ 0.4
02 E 02
0 i Lo - 0 | .\\-;L -
005 101520253.0 0 0.5 10152025 3.0
Q Q
(a) d=14 mm (b) d=18 mm
(a) d=14 mm (b) d=18 mm
122
1.0
0.8
= 0.6
0.4
0.2
0 1 1 J T Il L J
0051015202530 00 0.5 1.0 1.52.0 25 3.0

Q Q
(¢) d=22 mm (d) Tkt 7
(¢) d=22 mm (d) No magnetic force

5 AR T 22 G i A3 b £k
Fig. 5 Amplitude-frequency response curve of the system un-

der different magnetic distances
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Fig.6 Amplitude-frequency response curves of the system

under different excitation amplitudes
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Fig.7 Curve of energy harvester output power with

resistance under different excitation frequencies
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resistance under different magnetic distances
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Vibration performance analysis of piezoelectric energy harvester
based on linear-arch composed beam

ZHANG Xu-hui'*, WANG Lin', ZUO Meng', SHE Xiao'
(1.School of Mechanical Engineering, Xi'an University of Science and Technology, Xi'an 710054, China;
2.Shaanxi Key Laboratory of Mine Electromechanical Equipment Intelligent Monitoring, Xi'an 710054, China)

Abstract: To reveal the influence of the parameters of the bi-stable piezoelectric energy harvester (BPEH) system based on linear-
arch composed beam on its dynamic response characteristics, the nonlinear magnetic model of the BPEH is derived with the magne-
tizing current method and the distributed parameter model of the system is acquired by the generalized Hamilton variational princi-
ple. Then, the harmonic balance method is used to analyze the response characteristics of the energy harvester system. The influ-
ence of different magnet distance, excitation amplitude, load impedance and other parameters on the system's amplitude-frequency
response and output power is discussed and verified by experiments. The research results show that the amplitude-frequency re-
sponse of the BPEH system has jumping and multiple solutions, and the range of the unstable region can be adjusted by changing
the magnet distance and the excitation amplitude. In addition, the external excitation frequency is a key factor affecting the optimal
impedance of the system, and the magnet distance and excitation amplitude have no significant effect on it. When the system mag-
net distance d is 16 mm, the excitation frequency f'is 16.2 Hz, the optimal resistance R is 5.6 MQ, and the excitation amplitude A
is 1.3g, the maximum output power of the system is about 43.4 pW. The research results provide a theoretical basis for the optimal

design and engineering application of the BPEH.
Key words: piezoelectric energy harvester; composite beam; harmonic balance method; nonlinear; impedance matching
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