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Fig.1 Schematic diagram of generator
stator single-phase grounding fault
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Fig.2 Expansion drawing of winding of
phase-A first branch
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Fig.3 Phasor diagram of fundamental
potential of phase-A first branch
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Table 1 Relationship between winding potential
amplitude and winding turns

n  E) alE.] o/% n  E) alE.|  o/%
1 0035 0033 =571 |16 0534 0533 -0.19
20069 0067 -290 |17 0569 0567 -0.35
30102 0100 -196 || 18 0.602 0.600 -0.33
4 0135 0133 -148 || 19 0635 0.633 -03l1
5 0170 0.167 -1.76 |20 0670 0.667 -045
6 0204 0200 -1.96 |21 0704 0700 -0.57
7 0235 0233 -085 || 22 0735 0733 -027
8 0267 0267 0 23 0767 0.767 0
9 0302 0300 -0.66 || 24 0802 0.800 -0.25
10 0336 0333 -0.89 |25 0.836 0833 -036
11 0368 0367 -027 || 26 0.867 0.867 0
120398 0.400 0.50 || 27 0.898 0.900 0.22
13 0433 0433 0 28 0933 0933 0
14 0467 0.467 0 29 0967 0.967 0
15 0500 0.500 0 30 1.000 1.000 0

AME N B XEHANERER E(n) S E.W
AL 6 (n) MGEH AL n BSCR MK 2 FI7R

H AT R AR R K AL Z R £ 00 3850 1
Fe BN | 2 I R L RO B & | A A
FEEC g — MO BRG] Sl 2~ 4, 1 FE T
R LM AR £ | WOE T RA A i H 5H
LSRR 22 R/ O TR BOK B R ML, E T
LRLH 1Y B WL H B 5 R H A R] B AR A 25 W] 2 W R ET
% E(a)=aE, ,E, WM ¢(o=A,B,C) 1 EEJK



® € Db B wH %37%
R GEBRBEMAMEARKNER B . AU, |
Table 2 Relationship between winding potential “= ‘Rk/Z-'- HjwlzRy ‘ ‘E,\ ‘ (an

phase-angle and winding turns

n 0n)/(°) n 0(n)/(°) n O(n)/(°)
1 -16.00 11 -1.45 21 0.58
2 -8.00 12 1.02 22 -0.72
3 0 13 1.90 23 -1.75
4 5.06 14 1.46 24 -2.03
5 4.84 15 0 25 -1.61
6 2.00 16 -1.03 26 -0.61
7 -2.26 17 -0.97 27 0.45
8 -5.03 18 0 28 0.88
9 -5.38 19 1.08 29 0.71
10 -4.00 20 1.23 30 0
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Table 3 Fault locating errors when neutral-
point is grounded via high resistance

e/ %
d=0 d=0.2 d=04 d=0.6 d=0.8 d=1.0
-2 1.79 2.52 3.26 4.01 4.77 5.54
-1 0.88 1.24 1.60 1.96 2.33 2.69
1 -08 -120 -154 -1.88 =221 -2.55
2 -170 -237 -3.03 -3.68 -433 -496
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Table 4 Fault location errors when neutral-point is
grounded via arc suppression coil

e/ %
0/(°)
d=0 d=02 d=04 d=06 d=0.8 d=1.0
-2 0.02 0.07 0.12 0.17 0.23 0.28
-1 0 0.03 0.06 0.08 0.11 0.13
1 0 -0.02 -005 -0.07 -0.10 -0.13
2 -0.02 -0.04 -009 -0.14 -0.19 -0.25
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Table 5 Results of simulative calculation

ARG s T U, W+ HL B 2 Q a/%
iy, AR ROASE R/O B meAx Eeaw mkne geax 7%
20 0.4850 20.04 20.06 50.01 50.01 0.01
E——— 500 0.2600 500.24 500.30 50.02 50.02 0.02
1000 0.1693 1000.10  1001.30 50.04 50.04 0.04
aﬁ ;ﬁ) " 3000 0.0690  3034.60  3035.40 50.47 50.48 0.48
500 0.2615 484.89 500.52  49.470 50.14 0.14
— CCC:" Sgg’cA 1000 0.1710 96529  1002.00  49.100 50.26 0.26
;2 g 3000 0.0710  2823.80  3043.70  47.496 50.90 0.90
L 20 0.6827 13.06 13.07 69.64 69.64 -0.26
E——— 500 0.3663 476.37 476.41 68.64 68.65 -135
1000 0.2384 945.56 945.65 67.65 67.66 -234
aﬁ j(ﬁ) " 3000 0.0975 271450  2715.10 64.35 64.36 ~5.64
500 0.33678 465.76 476.59 68.17 68.59 -141
Cci;.ggb,\ 1000 0.2400 921.58 946.11 66.87 67.97 -2.03
3000 0.0990  2588.10  2730.00 62.24 65.04 4.96
20 0.4999 21.96 21.88 50.04 50.03 0.03
— 500 0.4969 500.39 500.22 50.01 50.01 0.01
1000 0.4891 1000.80  1000.80 50.03 50.03 0.03
aﬁ ;ﬁ) " 3000 03926 269870  2698.70 50.30 50.30 0.30
500 0.4988 386.96 401.23 53.37 51.21 1.21
P CCC:‘ Z,SQ’CA 1000 0.4930 884.97 885.36 53.26 51.86 1.86
z}:% 3000 03784 253250  2542.60 52.71 52.10 2.10
o 20 0.7036 0 0 70.43 70.43 0.43
E—— 500 0.6993 45539 455.26 70.31 70.31 0.43
] 1000 0.6883 954.12 954.03 70.25 70.25 0.43
aﬁ 7*8 " 3000 05523 263870  2638.70 70.37 70.37 0.37
500 0.7010 371.38 382.58 73.69 71.69 1.69
CCC:‘ 3.3?@ 1000 0.6928 868.90 869.20 73.51 72.12 2.12
3000 05330  2513.00  2521.00 72.67 72.06 2.06
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Stator single-phase grounding fault location for hydro-generator

JIA Wenchao, HUANG Shaofeng

(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University ,Baoding 071003, China)
Abstract: The distribution characteristics of fundamental potential is analyzed for the windings of large

hydro-generator,the relations between the fault component phase-angle of fundamental zero-sequence voltage

and the transition resistance and between that phase-angle and the fault position are respectively deduced,a

stator single-phase grounding fault location method applying the comprehensive information of the fault

component amplitude and phase-angle of fundamental zero-sequence voltage is proposed,and its location

error is theoretically analyzed. The results of theoretical analysis and simulation show that,immune to the

neutral-point grounding mode and suitable for hydro-generator,the proposed method has higher fault location

accuracy ;being simple and practical ,it needs only the fundamental zero-sequence voltage and phase voltage,

no additional equipment is required.

Key words: hydro-generator; stator single-phase grounding fault; fundamental zero-sequence voltage phase;

electric fault location; error analysis



