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Abstract: The first order and second order MEMS-based transmission low-frequency piezoelectric
vibration energy harvesters are designed, which transform the vibration energy under a low-frequency
environment (less than 200 Hz) into electricity through a piezoelectric effect to solve the problem of
vibration energy harvesting. The first-order transmission energy harvester model includes a first-order
transmission beam and a piezoelectric cantilever, the second-order transmission energy harvester

model incorporates a first-order transmission beam, a second-order transmission beam and a
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piezoelectric cantilever. The results of mathematical modeling and finite element analysis indicate that

the operating frequency of the energy harvester decrease monotonically with the decline of the Young

modulus for the first and second order transmission beams and the piezoelectric cantilever; the design

of transmission beam effectively reduces the high-order operating frequency of the harvester and

broadens the operating bandwidth. As compared with the first-order transmission beam, the second-

order transmission beam has acquired two voltage peaks (respectively 3. 18 V/g and 1. 33 V/g) at

ultra-low frequencies (10. 98 Hz and 44.52 Hz) with the acceleration of 1g, which further lowers the

system operating frequency and widens the effective working bandwidth (less than 50 Hz). Obtained

results show the harvesters are suitable for low-frequency vibration energy harvesting.

Key words: low-frequency vibration; piezoelectric energy harvester; Micro-Electro-Mechanical System

technology; transmission beam
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(a) Cross-sectional sketch of traditional cantilever

beam structure energy harvester
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(b) First-order transmission energy harvester
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Fig. 1 Schematic diagrams of several energy harvesters
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3.2 —MERZHfEshEBEERESR

R T i AR S R AR R, o ) it
T— K WG ek shag R dn . — ik
S RSN RE E R AR LS W E 1 (b) frs L 18
2 M BRI 5T — i % 3l 2 A QAR f Xof 235 44 At
R0 L PSR o 5 R AR A B A O RS Y AR 4k
EEANE 3 FroR . HE 3Ca) ATAL, Bl 1 IO
TR BN S5 F A — B L B PR A8 R A R AR
Ko MG T TS TS — By IR A %
Ry (Y)=82—68exp(—7.8XY) , Rl — [y H: 4 45 %
B B A B 348 K 5 G 48 B0 A AR Ak s — o LR
AR R, (Y)=exp(6—0.04/(Y40.02)), Bl — [y
YRR DL 1/Y 1 B F B0eR B R 38 . 25 b
FIT iR A A7 BCABE B (1) — B 1% 3l B2 % B AIK T A 43



2480 e KEE TR %22 %
B/ REMEH. i (Rubber) , Hi— B PR 35 %k 10. 98 Hz, i

— W 1 3h Az R ASE 1 X 28 495 i 1 H R 114 5% i)
oL E 4 Ca) TR o H AT %0, Bl A b R A FCAR
BN, — B L R B/ T PDMS
FERE O TR B B Oak A RFFRAR T 20 29%
(13.4 VEE] 9.5 V), 1 By o 1 iy o 00 K i 4
oM 0.46 VIEZ 4.59 VK T4 897%., &
SRILT PDMS M8} — B % 2 fig it R £ 2% 19—
Bres R (9. 5 V) B /N T 4% G0 2 R 58 0 i e e
(14,2 V) (HI By e (4. 6 V) B 48 28 32
TR 0. 65 VO k3 B T DL — B 4% gl
o e 38 H PDMS #48},

Tt sh BRI EE A AR 1 (o) E s , [ 3 T
2 A RLRIT I W % 3h A IR B X 454 T
YB3 18 52 W, T A 400 23R B A QR 2 119 728 £k i 34
WE s FiR, HE 3R, —Br B 3h iR
AR A AL fa e 5 — B A S AR AL 2 {0, BV B 5 B4
BhA% [RS8/, 4546 1 — B . B L PR Ao e 4y
FHREBEAR . LA S50 — B L 4R % R, (Y) =
12.2—6. dexp(—16. 7 XY) , 4L HiE R, (Y)
=exp(4.2—0.05/(Y+0.04)),

2 —M._HEDIREESEMRANTRESH
Tab. 2 Materials and parameters used in simulation process

of the first and second order transmission beams
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