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Table 1 Main parameters of TTS-300-2
synchronous condenser
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Fig.1 Stator turn-to-turn short-circuit schematic diagram
of synchronous condenser
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Fig.2 Magnetic potential of each coil in phase A
branch a;,
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Fig.3 Synthetic magnetomotive force of stator interturn
short-circuit branch at different positions

SIHTIEL 3 AT, I ) e g A7 B e 8 A A
T, X S B IR B B R R D, B R A Ak
T, X S B A5 BORE Sl F B MR o [ B G
TR T R 5 B Bh 35 S U i sh B R R

IEFAEIR, A MHBESIH fy (. 0 N

242 "1
falam, D) = —‘flc(zqwc)cosmr)Z —ky, cos(va,)
T - v

(2)
Kb g HEWEEAREEG L, R v UOB BRGS0
E2EAE NS by QO S 1A 61 B S NN S5 2 N e =X <0 ] i
%ﬁ]@‘ﬁhom(a’m,t)ﬂ‘j!
Jenort(@m, 1) = Fycos(wt)cos(a, — ) =
Fy, cos (o = (@n — ) + Fy_cos (o1 + (n — @)))
(3)
K Fy R IKIRWE SN AR Fo, . Faoo 500 R K
Pt sh 3 gk I 1 ) RS I i e o3 12 AR WAL M
T e % I 2 P P S S 2 Tl 2 1 A B
DA 1 s 35 R 91, W = AR G R sh S
TE SO WA R 1 5 35k B Jie 5 1 3
e, = (4) fror
fulam, 1) = Fcos(ot — ) (4)
K fu(m, ) ARG B RGN F, RS
LG BB R A
M a, ST R A E I s, BRI G G 2
B hy T I 2 B B PR I A 1Y BRI B 3



127 RN A ST ERUR A [R) A PR ARALAS [R)o7 B 1 I ) e Bl 2 W

2RI, i I i % B L 6 ) e B G B Al I
O 1B I U W B 34 s ) o3 i O A B, A
L U 1 Bl AR G R TE o b 2 B B 3 1)
[i1) 3 F 7 ol G 8 2 1 J3%ON7 955 A 1% BRF n vl 4
HLUIL, % I RE H L 1 78
I; = Iy + I, cos(Rewt) (5)
A Ly VAL IE 5 817 B A9 B H 0 s T, SR
T e 2 PR o I 1) et B JR S A R U0 P R
RE - M) e % 5 Il e RO 7 A 1 b W e B
e flam, ) N

F(@ns ) = (I + I cOS2t))N, cOS (a)t —ap U %)

(6)

Kb N, NG SR 2H ST AL ¢ oS 2o sh 3 S HU K
HAL YL Z ] R I £

PRI, 2008 5 Ok b DA b i U i I, (] 25 I A

ML & A 2 I 8] 5 156 5 5 19 B & Bl G 3 5

f(am,t)j":l:
S, D) = fil@n, D) + ful @, 1) + finon(@n, 1) =
T
IyN cos (wt—am +y+ ?) +
InN

(cos (3a)t—a'm +y+ %) +
coS (a)t+am - - %)) + F, cos(wt —a,,)+

Fy, c0s (of = (@ — @) + Fy_cos (ot + (an — @)
(7)
5 SR B UG B A BE RS a, S K I
o7 TR A0 T A A, i i [T AR 3 S A Tl 2, X<
B G LR B 0 S e gl R . A3 A 2 (7) RT L []
ACPARILIE K A A RS S, 78 4% SO 2k
T AU I LI, R bl B A S B P I A R
AHEOE I
77 A PRSI ) B 3 A it DR e B T S g (1)
FETE LR 22, PR S B ) 0 B PR I 25 A T 141 4 Fss

B4 AXEERRTE
Fig.4 Schematic diagram of the circulation current
between two branches
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Fig.5 Schematic diagram of synchronous condenser
simulation
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Fig.6 The currents of two branches and the circulating
current between branches of synchronous condenser
under normal conditions

XFRE T ay TGS A M AT B I E 1 [ ]
S i 05 L, 7 SR AN [ R A B I 1 [ ) 2 g
Jev, e B S 6 L B R A 5 TR SR A TR A LU M
MIEL 7 T LLE Y, [R]85 AR HILAE & A R 1 I ]
JELI i, LB T SO 78 ) 8 T e I 8 Lo Y

W

ilkA
o

|
W

-10

N ATEA R

400

300

3.50 3.55 360 365 3%0 3&5
t/us
E7 BEXHRERSGASIERESHEBMER

Fig.7 The mutual inductances between the faulty circuit's
short-circuit winding and the normal winding
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Fig.8 Comparison of branch circulation currents under
different short-circuit positions
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Fig.9 A partial enlarged view of the comparison of
branch circulation currents under different short-circuit
positions
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Table 2 Branch circulating current amplitudes under
different fault positions
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Fig.10 Variation trend of circulating current amplitude
under different fault positions
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Fig.11 The mutual inductances between the shorted

winding and the normal winding in case of a
two-turn short-circuit
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Fig.12 Comparison of branch circulation currents under
different short-circuit positions with the

two-turn short-circuit
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Fig.13 A partial enlarged view of the comparison of

branch circulation currents under different short-
circuit positions with the two-turn short-circuit
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Fig.14 Comparison of circulating currents in stator inter-
turn short-circuit branches with different numbers of
shorted turns
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Fig.15 Comparison of harmonic components of
circulating currents in stator inter-turn short-circuit
branches with different numbers of shorted turns
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Table 3 Main parameters of MJF-30-6 fault
simulation unit
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Fig.16 Physical picture of fault simulation unit
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Fig.17 Electrical connections for the experimental motor
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Fig.19 Comparison of branch circulation currents at
different positions under 1.4% short-circuit condition
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Fig.21 Comparison of branch circulation currents with
different short-circuit conditions at the same position
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GOU Xiaojun, ZHANG Wei, LI Yonggang, et al. Analysis of

Fault diagnosis of stator inter-turn short-circuit of different positions in synchronous
condenser based on stator circulating currents

LI Junging', HUANG Tao', HAN Xiaoping', ZHANG Chengzhi’, YUAN Hao', HE Yuling’
(1. Department of Electrical Engineering, North China Electric Power University, Baoding 071003, China;
2. State Grid Puyang Power Supply Company of Henan Electric Power Company, Puyang 457000, China;

3. Department of Mechanical Engineering, North China Electric Power University, Baoding 071003, China)
Abstract: Synchronous condenser is an important equipment to provide reactive power compensation and voltage support in
the ultra-high voltage direct current (UHVDC) transmission system. The safety and reliability of its operation are of great
significance to UHVDC projects. A fault diagnosis method based on stator branch circulating current to address the challenges
of diagnosing minor stator inter-turn short-circuits (SISC) and locating fault slots is proposed in this paper. Firstly, from the
perspective of a single coil in the stator branch, the influence of different positions of SISC faults on the armature
magnetomotive force and stator branch circulating current is analyzed. Secondly, a field-circuit coupling model for SISC in
synchronous condenser is established to simulate the fault characteristics at different positions. Finally, the variation law of the
stator branch circulating current is summarized at different positions. The results of simulation and experiment show that when
the number of turns of SISC stays the same, the closer the short circuit position is to the axis of the branch winding, the larger
the amplitude of the stator circulating current, the further the short circuit position is from the winding axis, the smaller the
amplitude of the stator branch circulating current.

Keywords: synchronous condenser; stator inter-turn short-circuit; stator branch circulation current; fault localization; fault

diagnosis; ultra-high voltage direct current transmission system

(%48 )


https://doi.org/10.3969/j.issn.1000-3983.2023.04.004
https://doi.org/10.3969/j.issn.1000-3983.2023.04.004
https://doi.org/10.13336/j.1003-6520.hve.20210225
https://doi.org/10.13336/j.1003-6520.hve.20210225
https://doi.org/10.13336/j.1003-6520.hve.20210225
mailto:junqing03@163.com

	0 引言
	1 同步调相机不同位置下定子匝间短路特征分析
	2 同步调相机不同位置下定子匝间短路仿真
	2.1 仿真模型搭建
	2.2 仿真结果分析

	3 实验验证
	4 结论
	参考文献

