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Abstract Aiming at the problems that existing energy harvesting devices are susceptible to weather,
complicated installation, short life and high insulation requirements, the paper proposes a method for har-
vesting induced electric field energy of high voltage transmission line by using capacitor. This method of i-
solated electrical connection with high-voltage transmission lines has the characteristics of stable energy
supply, clean energy and easy operation. According to the principle of harvesting energy by the method,
the paper establishes the corresponding equivalent circuit and analyzes the characteristics of the energy har-
vested by the method. On this basis, a three-dimensional field calculation model is established, and the e-
lectric field distribution characteristics of high-voltage transmission lines are calculated. The effects of ca-
pacitance plate size, placement position and height on energy harvestion are discussed. Finally, based on
theoretical analysis, the paper carried out an electric field test around the high-voltage transmission line of
the capacitor plate. The test data was analyzed by curve fitting. Both theoretical and experimental results
show that the induced voltage on the capacitor plate is a sinusoidal waveform with the same phase as the

transmission line, and the highest induced voltage amplitude can reach 21. 98 kV; the amplitude of the in-
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duced voltage will increase as the distance from the transmission line decreases and the size of the capacitor

plate increases. The distance from the transmission line has a greater influence on the amplitude of the in-

duced voltage.
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Fig.2 Schematic diagram of 500 kV simulation

calculation model
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Tab.1 Simulation model parameter setting

BAZHR FHBLR R

AR MEBRE 500 kV(0°)

B &K MEBRE 500 kV(120°)

CHF& MEBRE 500 kV(240°)
H 2% BENRE 4

R2 HHEBRBEHRSHRE

Tab.2 Simulation model line parameter setting

ﬁ:i TR ;fj/ MHE BEL ERL
Eii 8 BE/m [AE/m #|EHE
%é& mm
B /m
LGJ-
500 kV 42. 45 11 18 7

400/35

2.2 HELEREDH
B 34500 kVRiABARBG T HTAES
.
RBHESR BERBEBE T rE#EER1
~5 m bR EL R R LR, 5B A 4 B 500
kV i HLER B T J5 B 4758 BE 4 A M R,
RBEBR=MHEGHNBERN A BMET
FHRGHEMT A.CHME/NMEEZ,A.CHT M
B ER 9 000 V/m,BH T H%3E K 2 000 V/m.
HWREFEZRER, AR B KK B AL & AL
FAMKCHIETH.

G 0 2% 10* (mm)
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Fig.3 500 kV voltage level horizontal arrangement
of electric field distribution around the transmission

line vector cloud diagram

10X 10 —— ERCAREEER
—— EREAREEER
0.9 —— B A TR m
0.8 B £ T4 m
————— FE S 2 B TS m
- 0.7
B 06
§ 0.5
% 0.4
0.3
gy
0.2
0.1 ,
Y S— —_—
ol e
- 40 30 20 -10 0 10 20 30 40

/m

B4 BESOOKVHBEBETAFIRAEEER
FBi5 41 M E
Fig. 4 Electric field distribution curve of different

vertical distances below 500 kV transmission line
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Tab.3 Material selection and excitation application
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Fig.5 500 kV voltage level horizontally arranged
transmission line plus electric field distribution

vector cloud diagram around the capacitor plate
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Fig. 6 Waveform of induced voltage on the capacitor
plate when the vertical distance is below 6 m from
the 500 kV wire
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Tab. 4 Calculated value of induced voltage at different
distances between capacitor plate and transmission
line at 500 kV level

B 4y e, 2B B ARIR B AR b R iR E
PR /m 20 cmX 20 cm 20 cm X 30 cm
6 2.20 kV 3.08 kV
7 1. 94 kV 2.616 kV
8 1. 34 kV 1. 82 kV
9 920.24 V 1.18 kV
15 788.04 V 991.20 V
20 662.88 V 779.84 V
21 498.15 V 610.42 V
22 391.28 V 470.04 V
23 276.79 V 380.24 V
24 194.84 V 291.78 V
25 145.98 V 197.62 V
26 106.56 V 145.65 V
27 70.37V 91.07 V
28 28.06 V 38.16 V
29 15.34 V 20.64 V
s = 20 om x 20 el PR
’ [ —e— 20 em x 30 emiEAE
30k —— 20 em x 20 em$LSE
’ —— 20 em x 30 em$BLA{E
Z 25
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Fig.7 Induced voltage amplitude on capacitor plates
of different specifications at 500 kV
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Tab.5 Induced voltage amplitude on capacitor plates of

different specifications under three voltage levels

BAEM 10 cmX 20 emX 20 emX 50 emX

BE
sy PEAME 10cm/ 20cm/ 30 cm/ 50 cm/
BHE®E/m kV kV kV kV
500 kV 3 16. 26 21.98  25.51 29.41
220 kV 3 1.18 1.92 2.32 2.92
110 kV 3 0. 85 1.51 1. 85 2.31
325
300 - (2 500,29.41)
275
250
25r —=— 110 kAR ABE T3 m
Zaof —e— B220 kAR B EIH3 m
w175 a0 isbe —A— HE500 KV LR EEIEE3 m
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Fig.8 Induced voltage amplitude on capacitor plates of

different specifications under three voltage levels

FEREAT IR L T T SR A i A AR R BE o PR 4R B
BEBS DI ARIEE B AH=1 m #4788, AHy HTEHE
BRI A N m i@ AH; B SRR 2L
AR AS=125 cm® B3, ASy N AWK ERE N
cm® B3 AS. AV N FRARE M R R F
B AH MEBARAR R EGE N AS B, HARAR
R R AE. B 9 O RR L e R An{E AV B
AR R R BB B AH A A RARE R AS
g dii S

SRRZW L PR EFRRR T — R, A
AR AR BE i L £ e T /DN, JRLJRR B R TR AR 5 IR
o7 B P BA057 B B K Bt AR K 5 X L A AR B BE
MR T FEEEE N, BARBRRTBK, H



704 L/

#A

# 35 %

ST R PR AR 1L R JE 7 P s Ao T R K 1 R AR
/I e Bl B R R B /N T R AR AR T
IR, AR B AH XN B TR B K /N e BB
HE.

HL AR AR TS om?
ASy AS20088400 ASs00 ASs00 AS 100088120088 140088 1600 A 180088200085220085 2400882600 AS 20048
e — T T T T T

=3
: ‘

R i P L SR B B
BRI B AR AR IR (L

2|
3l

HLAEA IR FEAVV

n P

o
AHyw  AHy AHx AHy AHy AH»n AHy AHis AHs AHiy AHp AHw AHy AH; AH, AH,

PR R BB HYm

B9 BYBREREREZSRIEAREELES
Fig.9 Induced voltage changes with distance difference

and size area difference
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Tab. 6 Capacitance values of capacitor plates of different
specifications and their energy values when they are 3 m

away from the transmission line

Rt MIEME/KV  BAME/pf  HBEEE/m]
10 cmX10 cm  16. 26 17.72 2.34
20 cmX20 cm  21.98 70. 88 17.12
20 cmX30 cm  25.51 106. 32 34. 60
50 cmX50 cm  29. 41 443. 00 191. 58

B3R 6 A 1,50 em X 50 cm HL 27 AR 76 B HL R
BT BB R 3 m i, ATIAFIH BEECY 191. 58 m].
R BETELR MR B T BB A AP RR AR ORI L B
JE B B AR AR L CPU A% 08 He i 5 A 48 sk
SR A SRR AR R W AR B R 4R B R LB PR O
HES, K TR R EE R 3.0~5.5 V/DC;
CPU B LS T R R AL B AL AR IR B R 5
B e S A e e — OV E R 1. 25 V3.3 V.
5V & ; R S A BUR LR, — BB ST T RIEE

K 50~200 mWH MRIFAR W=P: 7] LA
KU IERER 1 s WETF BAEMETE 50~200 m] Bp
CIR

50 emX 50 cm B ARFEEE BB AR 3 m Bt
I HLREME 191. 58 m] BRI E —BRIEM R BN T
SR FE JE AR T8 H R B BN s B H B TRD DA
55 B Y Th RER.
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Fg. 12 Voltage waveform of 20 cm X 20 c¢m aluminum plate

when the distance from the transmission line is 27. 5 m
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Tab.7 Aluminum plate energy harvesting device test data sheet

A & 20 cmX 20 cm 20 cm X 30 cm
B AREHER/m EHEBE/V  RABRER/ A WERE FEHEBE/V  RBEFR/ A WERE
29 14 3.0 8.70% 19 5.0 7.90%
28 30 7.5 6.90% 41 8.2 7.40%
27 68 14.0 3.40% 89 14. 8 2.23%
26 100 22.0 5. 60% 140 26.0 3.80%
25 140 30,0 4.10% 200 36.8 1.20%
24 190 45,0 2.50% 280 52.0 4.00%
23 300 55.0 8.30% 400 60.0 5.00%
22 430 64.0 9.80% 470 75.0 0.01%
21 500 73.0 0.03% 600 90.0 1.70%
20 700 108.0 5.50% 770 126.0 1.30%

EE xR 7 RER T RE AT A S B R
B 13 B, 7T DUR B BE S R ME R R E AR
st 1000, #E— 2B Bt 5 LM B E T B AW E
i R 2R B JRR T o B R O Yk B T AT S IE A T

800 - |-=— 20 cm x 20 emit B8
|- 20 cm x 30 emitBH

700 |- A— 20 cm x 20 em3EHHH
> sl 20 cm x 30 em MY
= 500 -\
SIS
@ 300 Y
% U
m 200 . h

~a e
100 TRy
o e,
20 22 24 26 28 30
PR AR BB B /m

B13 BptEMXENRES R
Fig. 13 Comparison of theoretical calculations

and actual measured values

REZXERIHRAIERM R TERKERE
e BE Hi AL 4R IR B B A R I SR BIh R KD, Ik 8 B
7.

®8 HHREBRKREXBARYENWABEITHE

Tab.8 Aluminum plate energy harvesting device test load
power and measured point electric field calculation value

BEAME REXEBWNSY RERBFE/ W
BEEE/m 3®/(kVem') 20 cmX20 cm 20 cmX 30 cm

29 3.451 9xX107° 2.5X107°
28 3.720 5.625X107* 6.724X107*
27 3.998 1.96X1073 2.19X1073
26 4.337 4.84X1073 6.76 X103
25 4.686 9Xx10°° 1.354X 1072
24 5.558 2.025X107% 2.704X1072
23 5.094 3.025X1072 3.6X1072
22 6.123 4.096X107% 5.625X1072
21 6. 816 5.329X1072 8.1X1072
20 7.578 0.116 64 0.158 76
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GEBK, R BRK , A [R5 5L T B H 25 AR AR 4R 1
RER S, RN B EBK, R REREX.

WHBRE T B O B B AR L RE M AE G R
ERSBERDBRBENR 50 A/50 Hz, B BH K
0.346 6 HEMZ T AR B AEA 433. 25 J, BU4G
B KT 680 mWIB1, i3z Frif H B BRBE
B, TEBE Ry FE R B 3 m B, AT AR 191 m] HELBE, 7E
BRI 10 m B, FJHRAG 0.1 pW Zh. BT
HERBRREAR, BARRER B RBERFE
R i B, 220 A B B 0 o vl AR B BT TR DM IR BB Zh R A
AN R EEE R R R BBOEAETRE. R
RERR R XTRENEERBRBBRGERER
EHRHEE EAAT, RBZAE TRAEARIT BES
B, ] Lk R TER IR & RE R oK.

5 4 B

w1 i o P AR B T R M U A o R A
B R B R, A SR — M EERABRA
W 5% o L SR BRI DL B S I T k. RSO T AR TS
R R R, HE 0 B AKX B A BRI T R R
FHRMAT . BRMT L.

D AR E7=4 T 5 2R % R A A2 B9 IE 5%
PR R B> Fe AP R SE2N 20 emX(20 em B M AF AR
7R BE B i AR B 3 o B R R BT 3 21. 98 V.

2) AR E E K E A B AR xR R
B R/NE R - B A AR AR R < — 8 B 5 B AR AR BE B
A v R R B, LR BT R T AR K AR O W T B o7 B Y
B W MLt R K 5 5 % P R B BE B — W R AR AR
RS, FLI B v TR K, 1L R e 7 s T .7 T AR
B W (LD 5 B oP R A AR AR B0 i B 7 B o JRR B R
RN E K.

3) R2% 50 emX50 em HL 2 4% AR 76 B 25 i v
LRB% 3 m R, 7 A 85 BARE T BT 6
B7E 100 mW B 5%, AT DU 2 34 B 78 4% 05 0 3%
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ROy R I AR RERE R, W FE R G W
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