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Figure 1 The diagram of experimental setup
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Figure 2 Schematic of galloping energy harvesting system
R GUyE i 7 R AL RS S 7 B AT A2 g 3k
NN



%1

LR A R IF YDA 7 A R B 4R T R R DE R 101

M y(t) + Ceff};(t> + K y(t) +yV(t) =Fy(t>;

(1)

I(t) +C V(1) = yy(t) =0, (2)

X, M R AERIIR I E R C, MRS

MHLARBEIE s K, AR GERIBE 5y (1) AEEIRTT 5

05 1) (4 0 A B sy (¢) SR EBE S (o) A RE

V() R H Ry LIS REGE (1) R

KB J151(e) AAMEGEARR, B 1(1) = V(1) /R,
R FEABL;C, R LA

Hrh M-C-KRNRGESHTTLIERN .

M, = (33/140)m, + m,; (3)
Cop = 2{w M 5 (4)
K= ‘UZMA[O (5)

A m, WEBEREUE ;m, HEETE ;¢ A E
o, 2G0T AT I3 A5
PLHEAB & R T AR IR N

y =/ (w, ~w)M,C, . (6)

X o, HITFHEBIIR o, 6% B,
T O S A ) T R (AR R
43 51°R 8. 72 Hz A1 8. 715 Hz AR A (6) 2RI HLHE
A ZBHN 2.228x107° N/V, £ 1 HFHIH T

M-C-K¥R3h 2 58 (A0 L S50
1 M-C-KEZ%HSH
Table 1 Parameters of M-C-K system

A RE K 3 1 RS Eg(c)
PIEER L SURSAN d 0.032
T AR K E /m L 0.12
B B i kg m, 8.50x107°
BEAR T A/ kg m, 2.73x107°
G T B/ kg M 4.73x107°
RYWIEE/(N-m™") K. 14.2
A4 HJE/(N-s-m™") C. 5.35x107°
HL 2% /nF C, 30.5
[ A 451 %/ Ha f, 8.72

TSRS KT, R 228 F (1)
(RSN W
F.(1) =0.50A,U°C, ) 5 (7)
Hrf: p R A R U RTEKGE A, N
7 AR B A A 1 BT AUE G B AL C
RN IVIE S OIE VNS

Cr‘(m = 2 m; (}(Ut)) ° (8)
X m, NSRBI RA LA R R, 1

910 < vang st 7 e s i

(. 42553 ) & ORI i 5 1 — Bk, B
ac,
£)>0$L§%%%WMﬁﬁ?ﬁ@ﬁ%%
A, MK (7) R(8) fRA (1) AT,

"2
L .
C.p = 0.5pA Um, - 0.5pA m, % y(1) +

M.y(t) + Kgy(e) +yV(1) =0, (9)
M= 1B, RGEMBTN C, - 0. 5pA, Um, .

[N N ERIS S N 5 R N 5 3
W2 0 > 1B, RSB e T ) LR £ v 4 A7
1, BRI ARER U, WS U < U, B, RGEHL
JEWH C, — 0.5pA Um, > 0, MR R L350 0] 22
W B R GEBE e M TR G R R Bl SR b T
LECTR S 5 i 5 AU AS W7 388 D3k B I 55 X e el Ak
TR dREh ;MU > U, B ,C = 0.5pA Um, < 0, B
Je TR Ry Al 7 A2 R sl 1 B e i & g2k
£ 1 BHLJ UK RE #2006, B R IR 2 45 21 G 35 B i

2 HEROW

SR G 7 AL B H 3 0 S0 06 45 K 1A 0t
I HL A7 e e 00 [ A 490 % BHLJE LG Fn &R 4 B Je 55
SR, ARSLK R I A HE AR R AS [ 05 A A
IR XTI 0 4l A o 2k A [R], AN () S 4 19 3t 4 e Fi
TPRESS I A R R G5 A2, 3
(a) M 3(b) 4351 H HH o 08052 40 1Y) B 72 il 2k
22 i (8 B AR A B A 25 L F A iR R sr e
4 B AR 2 T A AR 3 S W EE BT AR A ¢ =
M R b B 4R R O B
Jan'+ (Inn)*
arBRIE L . Hod g S A i s AR A AR 3
WA AP HE B4 SF- 3 48, A oM 1,067, & 3(b) R
XJ I Y 2R G0 [ AT A3l 8.72 Hz, HBHJE L ¢ =
0. 010 32 K HARA K (4) 75 20 77 A R 14 5 H
JEHLAZRERS I RGEFHJE N 5.35%107° Ns+m,,

AR SOGEAS [R) A3H U0 #1214 5 A A9 A0 Bt 41 1 e
{FRERR IO (7 RE AR E AT I 5 . K D) 1t 5 ) 1 =2 []
B2 £f 0 43 % 300 45°F11 60°, /TS L 3 AR
) 010 3 LA B 6 Wi A i AR R F 17 B 4% 10 1 e 4%
P, 4 AR U=2.509 m/s £l U=2.646 m/s
BF T 77 A P (7 R 25 1 i 1 ) 236 B £ 28 F BEL 1Y
AL, MK 4 AT LA B —E I, R
17 BB 11 4 3 2 S i AU 17 185 TG K 8 AH
] AU Bt A i BEL % 38 O Hs H 7 B e 110 i i 2
R RG /N, 2 R=0.6 MQ B, X U=
2.509 m/s Fl U=2. 646 m/s If i &y 1 2 2 7] i 35



102 AN R 2 (T R 2021 4F
45
——JFRHE
—a—RIRAER
> A%
30F
> &
1 "
R =] .
=
15
E
3.19m-s?!
™~
i 1/ 95 20 25 30 35
(a) BRI 2% JIHE/(m-sT)
10 000 - . .
Es5s AHRBEMEAAKTHERRESZL
8 0oor Figure 5 Variation of open circuit voltage and voltage
w 60007 under optimal load with different wind speed
=
4000r [ e Tk
| —e— 6=30° ”
20001 0.006 —a— (=45 0.006 3 mW »
6-60
of . .
0 8 16 24 3 E 0004y
BiF/Hz ﬁ
(b) 18 B 245 =
& 0002}
B3 BEHREBIRER .
3.194m-s!
Figure 3 The result of free-decay experiment >
5 20 25 30 3.5

0.0030—— 5 a6 m s

——[J=2.509 m-s"

0.002 S mW
0.002 4 -

0.001 8 0.00 IZN
0.001 2 0.6 MQ
/X

0 0.8 1.6 24 32
H BH/MQ

i ThZE/mwW

B4 FAERETHHINEMEEBEEL
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resistance under different wind speed
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Study on Piezoelectric Energy Harvesting of Square

Column Oblique Body at Different Angles

WANG Junlei', ZHANG Chengyun', CHEN Weizhe'>, WU Yipeng®, WANG Dingbiao', JIN Zunlong'
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Abstract; In this paper, through wind tunnel test, the energy harvesting characteristics of the square column
oblique body (6§ =30°,45°,60°) and the bare square column with galloping piezoelectric energy harvester
were studied. The variation rule of their output power and voltage under different wind speed were analyzed.
The results showed that under the optimal load R=0.6 M), the output voltage and power of the bare square
column and the square column oblique body (8 =30°, 45°, 60°) piezoelectric energy harvester increasd with
the increase of wind speed, while the growth rate showed a trend of increasing first and then decreasing. The
output voltage and power of the bare square column were greater than that of the square column oblique body.
When the wind speed was U=3. 194 m/s, the output power collected by the bare square column galloping pie-
zoelectric energy harvester was 0. 006 3 mW, which was 1. 28 times, 1. 39 times and 1. 55 times of the square
column oblique body with the oblique angle 6 of 30°, 45° and 60°, respectively. Under the same wind speed,
the output voltage and power of the square column oblique body with the oblique angle 8 of 30° were the high-
est, followed by 45°, and the lowest was 60°. The study of this paper could provide reference for the design of
relevant piezoelectric energy harvester and the design of vibration reduction in engineering.

Key words: square column oblique body; piezoelectric energy harvest; galloping; bare square column; vibra-

tion reduction



