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Performance-enhanced two-degree-of-freedom energy harvester for low

frequency vibration utilizing corrugated cantilever beam

WANG Hai, YAO Gang, QIU Wan-qun, YANG Chun-lai, FU Bang-chen
(School of Mechanical and Automotive Engineering, Anhui Polytechnic University, Wuhu 241000, China)

Abstract; Traditional Piezoelectric Energy Harvester (PEH) has high natural frequency and low
electromechanical conversion efficiency. To overcome this problem a corrugate two-degree-of-freedom
(2DOF) PEH is proposed. The energy harvesting characteristics are analyzed using theoretical
modeling and numerical simulation. Results show that compared to IDOF PEH and traditional 2DOF
PEH, corrugate 2DOF PEH can achieve fifth order of resonance frequency in the range of 0 to 60 Hz.
The fourth resonance frequency of the corrugate 2DOF PEH is 45. 92 Hz, which is 419. 9 Hz lower
than that of 1DOF PEH, and 55. 1 Hz lower than that of traditional 2DOF PEH. Meanwhile, the
output voltage of the corrugate 2DOF PEH can be controlled as high as 28 V in the same condition,
which is the highest voltage among the three harvesters.
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Fig. 1 Structure of corrugated 2-DOF piezoelectric

energy harvester
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Fig. 2 Schematic diagram of a corrugated 2-DOF system

my 0 ] I]J {k] + kg - kg] a1 {O]
_|_ =
0 my :2}2 - kg kg Xy 0
(D
i 3 A Ak 5 P AR 2K (D) M RRAE s F
K= [1pr 2]Ea b ﬁ}“ —0 @
a my a m

k= = VBEI/LI by = = J” k3
27 2r

s 1200 — ) L

(3)

KPR WNSE ab 5300 mo/my ks / ks L

Ly 53 s W AR BB K BE 5 EL 3ROR R LR + 1Y

BUA R 5 o RHIARA L s R o Bl IE T 1) 1A

PR W 3 TR s o s 78 o Jl s e K, ¢

WEOR B, KX ORAR ) a1 4R 4E Ty
FREAR .



- 1146 - kK % 3

B (T F )

w1 Vatab+b'—dab
! 2 2Ca+ ab -+ b)
(1)
k:_lﬁ_Wa+w+wY—4w
: 2 2Ca+ ab -+ b)
e T A5 % 208 1 H R T 0 LA A0SR N
o= s = VA (5

s 11

AN.A :
e/

3 O RYRMENK
Fig.3 Geometry of corrugated inner beam
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Fig. 4 Structure and dimensions of conventional

two-degree-of-freedom cantilevered beam
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Fig.5 Structure and dimensions of conventional
single-degree-of-freedom cantilevered beam
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Table 1 Parameters of material property
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Fig. 6 Resonance frequency of three piezoelectric

energy harvesters
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Fig. 7 Modal analysis of corrugated 2-DOF PEHs
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Fig. 8 Displacement curves of three PEHs

versus frequency
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Fig. 9 Output voltage curves of three PEHs
versus frequency
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Fig. 10 Energy spectrum of random signal
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Fig. 11 Output voltage curves of three PEHs versus time
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