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A method of ground capacitance measurement based on impedance angle difference

JIN Wei', ZHANG Dongliang, ZHANG Yang', LI Xiaobo*
(1. Xuzhou Runze Electrical Co., Ltd., Xuzhou 221000, China; 2. School of Information and Electrical Engineering,
China University of Mining and Technology, Xuzhou 221008, China)

Abstract: It is important to measure the capacitance to ground accurately for arc-suppression coil’s automatic control.
The principle area of impedance triangle based on impedance angle difference is proposed to calculate the system
capacitance to ground aimed at coil series resistance grounding system. Triangle is constructed based on impedance angle
difference by changing the value of inductance or resistance of arc-suppression coil, measuring the magnitude and phase
of zero-sequence current before and after arc-suppression coil regulation. Unbalanced voltage is solved to calculate

ground parameters. Matlab simulation results show that the method is easy to adjust and simple to calculate. This method

meets the requirements of online measurement.
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Fig. 1 Equivalent diagram of arc-suppression coil
grounding system
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Fig. 2 Triangle formed by adjusting inductance
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Fig. 3 Triangle formed by adjusting resistance value



— T BT A 2 0) s o A 5 - 123 -

I3 TTHL 7. 7, « AR IR T T
HPAR =R, -R,, X+ R, R, n[LUHLEF
HL S M2 LIS ) R R 2R SR A U A 3

FIHTE B BB A 22 = A8, M4 i RRUAH 55
s:%;xz,@mA@=%x;xA&,ﬁ@i%gm@K$

{L IR

- (7
sin(@, — ;)
U_jb= X, XAR, x1,
1021 sin(g, — ;) % I,
W7 K RGO, MRG0 AT IRk [ Ak
TRAMERS, )

%za_J&XM”%'%& ®)
sin(@, — ;) % 1,
A1 SR R IR Pl A T o AR, D)
Xc=XL+\/ Nix AR xTe oo 9)
sin(gi2 — i) x Lol
2.3 HIZLBE*MERTERTHE

MR HE T A T, WO el A T i kMR R
AMERSI A AR, AIEFAAHAX, 7FH0E N
RS Bl (R A MRS

2 A N | UK R N, A R A A B
3G hn, B ABAE N, e HL RS G O,
WIS IR BBl Ak T R AMEDIRES, ez, WU IRk el
AT AMERPRES e WK Tor < T, WITHHNEL BB E
W HT AL T RAME RS, WHE R G A #
Tor>Tox, JUIBEEHR Y 5T IR PE A Tk A MERIR A,
Mg = (6) T 5.

2 S oI Pl 1 R IR L RELI, 2 FL I
AT & RIS IS L7 10 AR Ak, DI IR e Bl 4k TR D
BORA, R, IR AL Tl /MEFPIRAS .
RV INEE 5, 7 AT i X gn 18 N
EHARA, TR B b T RAMERIRAS, S HURAN
Q)T U, 45 g AHXS gun IHEF 2240, DAy ik
MR, BSEARAN XTI .

2. 4 HIN & BEEE S 2

RGN INE 247770, Hifigd g —
AN 2 H ARSI AR, SRR R A
HAH RIS, IR ARRHOB T IR E A R, i)
WREERE, N ARSI B H RO . DR
FEFNBHIEZRARL, W AR G2 T 20 AT o AR 2X(5)
A (6) T AT, HRGE 0 LA S s 1 v 9Nk Bl
FEPFHE AR, BIARSAEYTE a7 B yiE
bR, TSGR A (RAME IG5

U,, =\/XL XAR, x 1, <1,

=R +(X, -X.),

G, MR e 4 = XA e pe
sin(g, —¢,) % I,

HEEIATL T, IR T B R,
Y — U IR BB AT VR, B T I
YR AT, B X0 [ Xe BT, R A BHIHT,
HOCRS IR N RWUEIT . RS,
ST D R B, R R —
BUBEAR, ORI SR R — NS R,
PR RO T R, B, TR

I P B A R T i S MR R
[ 2 O ELAS S B 5 30 L BR G ,
[0 2 45 557 L PR R 27 L LR 2 L 1 77 0
LU B SRR R, B RSB H
AR LI BT B A 22 1 Pl 2 L S i
SSRGS TR, AE0s TR
RSB H A
2.5 MEBIRE N

AR AT T, R el P 0 2 B
TR T A RURIARET Xor, 6 T R4 85930
RERFE,  Xu AT LA ELRARE, TR
UL P, e [T 15 2 4y T A LA e
Gaftt. L, RGBA EIO N R L BT
BRI T Ao WIBAIRAS X I8 B5 AR I (B
VR R, RO SRR, MO )
F 80 DR TR, TRl T 5 9 P T 3 B
VR, ORGSR, A2
R, WIS R, R R R
eSS, O B AR 1] B 15

T IR P A VAR A, 9 P
R AL, ROk, T AR
B, BT A SR R SRR,
PR 2SI B TGS RS, TR
SUBFRE, E I R, R b
L o7 BT VR SR

SRS B S R o, LR 1 PRI N
AT IA b 2 R A AR A, 8 T UK H88 B A T
A AT, TR AR R, SRR

3 MEHESHS

FIH Matlab #4578 10 kV 14 R ZE el 5 H FH $ b ic
HL A, )5 AT o A S B AR, Wl 4 P
TNe NATRGAEAE— AP, 7007 FA 2
2 4 FiRE T — AT S i U
CRER 1. 2 NSk, 2Rk 3. 4 N HZiZki. £k
1. 20 3F 4 K ES A 7.3 kmy 5.6 km,
33.4km. 16.7 km, 37k E/p. FJPHFEY 0.17
Q/km. 0.23 Q/km, 1E/7. F/7HEHN 1.36 mH/km.,



-124-

& 0% EP DA

3.87 mH/km, 1E/%. FJFHEAERN 0.061 uF/km,
0.022 76 pF /km. FL4i: 1F)7 &7 HFH 0.024 Q/km,
0.196 Q/km, 1EJ¥. Z/7FHEA 0.516 mH/km. 0.398
mH/km, 1E7. FFH50 AN 0.308 uF /km,
0.203 pF /km. 8 S H0HEAS 2 RGO
KA 373 uF

E 4 xSl 2R EE
Fig. 4 Simulation of measuring ground parameters
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Fig. 5 Diagram of zero sequence current magnitude and phase
by regulating arc-suppression coil’s inductance
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Fig. 6 Diagram of zero sequence current magnitude and phase
by regulating arc-suppression coil’s resistance
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Table 1 Simulation results of changing inductance

Ioy I CIuF —_—
WE/A MRS MRME/A ARRS HEME BB
182 -19.05 218 1227 36.6 373 1.88
203 -1523  2.60 -3.57 36.9 373 1.07
265 241 3.34 17.51 36.7 373 1.61
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Table 2 Simulation results of changing resistance
I o> C/uF

R 7%
T&ME/ A AR/ ) TEME/ A AR ) THEAE B AE
2.65 241 3.02 -10.57 36.8 373 1.34
2.83 -6.22 3.22 -15.51 36.9 373 1.07
2.93 -8.32 3.50 -24.14 37.1 373 0.54
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