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Abstract: During the operation of a vehicle, vibration energy will be generated by the suspension
system due to road excitation. Yet it is not recovered for use. The vibration state of the vehicle is
not monitored, either. To address these issues, an integrated device for array piezoelectric energy
harvesting and deformation monitoring is proposed, which may not only recover vibration energy

but also monitor the vehicle status. The device is composed of a cantilever beam and three
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piezoelectric sheets. The piezoelectric sheets are aligned in a straight line and respectively
attached to the root [ , middle Il , and near the tail [l of the cantilever beam, acting to convert
vibration energy into electrical energy via the piezoelectric effect. With voltage measured at
multiple points through excitation experiments, a mathematical model for the deflection of the
long flexible beam is established based on Gaussian numerical integration and spline interpolation
methods for numerical simulation and analysis. Results: The array piezoelectric device has a
resonant frequency of 19. 6 Hz. The output voltage first increased and then decreased as the
excitation frequency grew, and increased as the excitation acceleration rose. The maximum open-
circuit output voltage occurred at piezoelectric sheet [ at the root of the cantilever beam, which
reached 8. 08, 6.59 and 4. 13 V respectively at different excitation accelerations. Under the effect
of a mass block or magnetic force, the resonant frequency decreased and the output voltage
increased. With the application of the mass block, the maximum output voltage at [ , [ and Il
increased by 31.19%, 25.95% and 52. 7% respectively compared to that when no mass block was
applied. When a magnetic force was applied, the maximum output voltage increased by 45.92%,
28.98% and 55. 21 % respectively. When the acceleration was 2 m/s?, the deflection at the end of
the long flexible piezoelectric beam was 6. 967 mm, with a relative error of only 0. 43% to the
result obtained through numerical simulation (6. 964 mm). After the introduction of the magnetic
force, the maximum relative error was 10. 06%. The insights presented in this research can
provide a reference for vibration energy harvesting and safe driving of automobiles.

Keywords: cantilever beam; vibration energy harvesting; piezoelectric beam; deformation sensing; array

piezoelectric device
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Fig. 1 Structure diagram of array piezoelectric device and physical drawing
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Table 1 Array piezoelectric device parameter
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Fig. 2 Array piezoelectric energy harvesting and monitoring

experimental platform
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Fig. 3 Resonant characteristics of array piezoelectric device

2.2 BEhiniE R BN
AN TR) il in 3 25 Xof S HA A7 BB P R AT BT SE I
FEAC 2R R R LR A R 19, 6 Hz AR E R H
RSB X AN [0 B AT R R AT AR 5T
I EE @ 43518 1.0.1.5.2. 0 m/s” B,

zkxb. xjtu. edu. cn

JEJE SR P VTR 2, R LD TR 1 Ak 57 O Bk 3%
272 A E R BR AR R B 3 AN E T, [P R
A H R B 00 Sk R RO R R R, SE IR A5 AR ]
TEAS RIS il I B R 45 6 H i o e 35 2 Bl 5 A5
SRR R SEHE HE Wl /)N, 78 S PR A 3 AL K 30 0 1,
g S T AR S A T R R T PR R e R T L TR
L R R BRAR A B 4 Cad ~ (o) s . Bt 35 38 Jalh o sk
JEE R O, R R TLTL T A i S ol X 386 K 401 T
LB AR REVERE ML . TR 4(d) ~ (D) N A [ 84 b o ke
FE R R A LLIL A R 400 2% 1% Bk B Pl o g 3,
S B R A Y IE 5% 3, LIS IR R AR YR s /)N , L TR
F14) T i L I ST 7 5 T R S A R R LA AR B R
e AE L BB S W o o B 1 K A7 RE AR Y R

MM EE Ry 2.0 m/s” B, 25 HH R LD R
JE ERTEEE A T LI AY & K% R L
L.om/s" B 43 51 48 7+ T 66. 26%. 66. 41%.
64.54% , {FREACH W oR . Ho AR . U7
— R P R A IR AR K, R RE R B R
LR AERBAE WML 2 PR,

A2 AR ik ET 6t R

Table 2 Output voltage under different excitation accelerations

IR Jon i B/ WL/ V
(mes?) N R A JEH A
1.0 4. 86 3.96 2.51
1.5 6.59 5.29 3.35
2.0 8.08 6.59 4.13

2.3 FinRERMZMW
TEBLR IR Ky a=2.0 m/s* B, F R K FIE
P G oA ity R kI R AR ) (9 4 e 2 i o
FosEm R E g T LT T A% B i b A% O an il 5
R. HES WL TR T m =2 g B, R I
PRAT RN 18,1 He, Jem A 1 I L I A9 i f R AR
W/ 2 m=4 g B, {FBES A Bk /N 2] 17, 4 Hz,
T R, HIEE TR T K m=6g
I {7 BEAHE /N3 16, 6 Haz, | AL TR AR SR B K,
AR I A PR T S KT 1T, T AR M 2 0 B
SR, R A P 2R T SRR AT RN R e T Y
W RN EEE O LV AR, S m
=2 g, A AR T 1 o Bl 25 0 o B o 45 1 484 o
M ESEEEm, KT I MEk, X2&2HT
K 2 BB 2K i VR 0 ST B, BH Y T AE R G
A v A, AR Ok BRI 5 43 A, HE T RE IR R G




252 Mo %

i

PN

%R 59 %

(IR R [ A 003 5 A RIS R 19 - T AR B
LU PRI R S 38 0 o e B 2 B O A R R
W TR TR SRR R i B A B R, R
g UM R AR Bl IR A R AL A Bl [T R B ik
R T

L LB IR B e BT A R 2 T BOME IR R

(19.6Hz, 486 V, 1)

6 , 8
>4 e =6
e & 14
22 2,

0 0

-

(196 Hz, 659V, I)

(19.6 Hz, 589 V, 1)

(19.6.Hz, 3.35 Vi.1IL)

NG FEER T Bt e R T2 s/ o T A9 i 1 E R
WRGH B ART I k. £ m=2 g i,
EEUNE I TN S S N BN | N || I A )
10. 60, 8.30, 6.31 V, AH# T JC it & He i, 4 b
JEAM BT T 31.19%.25. 95% .52, 78 %, {F BEAL
REE,

(19.6Hz,8.08 V, )

—_

151617 181920212223 2425

151617 181920212223 2425

Bl /Hz $ii#% /Hz 5% /Hz
(wa=1.0m/s* BT HE-BERFFHEMZEZ  (ba=1.5m/s" B E-RFEEINZL  (Oa=2.0m/s" B 1 HL R0 3000 il 28
6 [ 8 10 _—

11111 1 6} l 1 1 8 I
4 H“)|‘|’,\p,\|||nlf|w ol |”1|\|I||||||||| i“"I‘H‘I'Iﬂ|||||(rmm
lllll\ N (I 1\\ 0N I\ ‘ O (N I |
=0 = 0 =0
2 1913_2 -2 ‘
2 LMMMM'J\ A 0L 0L 0 L A 0 4 ,l, uuuwm Ui 1
. ’m»m i “I IV —6” Htunnu WAL
_uuHJJHH"HHlH —6HHHHJH| VIV _gHHHJ HHJ.H
S0 352 521 36 58 60 80 52 54 56 58 640 T 52 54 56 58 60
i) /s i) /s I /s
(da=1.0m/s" BF 1Y BFET HL g )3 (e)a=1.5m/s” B} 1% BF BT AL He o )i (Da=2.0m/s” B} 1% BF B AL e g o7
Bl 4 S T] 8l o G E T e RS-0 23R A P i 8 R G R 451 2R e 1) i S )

Fig. 4 Voltage-frequency characteristic curves and the voltage response at the resonant frequency under different accelerations
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Fig. 6 Voltage-frequency characteristic curves under different magnetic distances
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