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Fig. 1 Equivalent circuit of single-turn short circuit

of distribution transformer
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Tab.1 Main technical parameters of transformer

VRS S13-M-200/10 106 45 21 3] Dynll
HiE 25 /kVA 200 $i%/ Hz 50
B R/ kV 10/0. 4 A% JE 8 41 [T 5/ [ 34

BWUEHLM /A 11.55/288.675 || FiRLELM R /M 1452
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Tab.2 Main geometric dimensions of transformer
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Fig. 2 Three-dimensional geometric model of

distribution transformer
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Fig.3 Low voltage winding wire transposition diagram
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Tab.3 Comparison of transformer performance parameters

S HEA AW AR S 1% BHL
¥E/W /% #E/W i/ %

15 ELAH 228. 21 0.190  2570.58 3.87
RN (E 234. 60 0.192  2662.70 3.92
BUEAN 240. 00 0.200 2 700.00 4.00
ORAHR R 4.91% 5% 4.79% 3.25%

4 BEFESH

41 SRABEFHSH

DUBC L AR TR B8 A R84 0 ] L A8 B AR T 28 4
AMZRBES 9 [AE 30 ms I 21 % A BB I ) 46
5, Bifi 5 B8 4 46 2% 45 Ak, . Be 41 T[] 248 2% e, L AS G sk
N KRG SCHR6 ], UL Z L FH Dl 0.5 mQ BE UL
) R A . T BLC AR 28 41 F 3 A
T 5 JC B A8 A o AN 53 A s A R 3 AR A A 1O L
S A A R N A N = 3 I 1 < O v
BATTOLT o A AH IS 2 00k 1 H 3 /N B AR
AHAE 33X 2 B TR R S8 2 v R T e e s fili 45

] e
£ 5000 COE

0 10 20 30 40’ 50 60’ 70 0 10 20 30 40 50 60 70
i} []/ms 5 [8)/ms

() METIE DRI RAEEH (b) MEIRESEETR
B4 HEMRREZABRR

Fig. 4 Low-voltage winding current of fault phase
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Fig. 5 Changes of instantaneous power of transformer

5 ZRAWIHASH

51 REZABRHNSGH
R T 2 A1 TR S8 20 A1 2 9 B3 9 [ 7
30 ms A B I 18] a5 o e IR SR 2H A1 2 N



e 214 KO OBE R

B 2023 4F

N BE B S JE 32 3] 1) oL Bl g I I 1] #9722 A 1 20 73
HULE 6Ca) (b, HE 6Ca). (b) Al 15, ZEHT 30
ms A, RIE F 45 1 5 s A7 I AR R S8 241 32 B AY i
g )y B AR AL HLSE A bl sZ g W T o AR 5
TE 30 ms J& » RV A BRI L W] L B s o i B [ 52 )
B ) A2 A B R AL 8l ) e R 1426 N, H.
R S8 2H A1 2= PR B 5 A0 B 7 32 3 AN T SR 40
755 JEE T 1) X AR B 5y (il SR 2 R R AR T AR

S

BRI
6 RESZANEZEHRIA

Fig. 6 Electrodynamic force on the outer layer

(b) IR ES4

of low-voltage winding
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Fig. 7 The radial force distribution of outer and inner

strands of low-voltage winding
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Fig. 8 The axial force distribution of outer and inner

strands of low-voltage winding
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Characteristics Analysis of Single-strand Inter-turn Short Circuit in Low

Voltage Winding Wire Transposition of Distribution Transformer

LI Zhi', XIAN Ri-chang', CUI Chuan®, HU Yu-yao', GUO Yang', HAO Yan', LI Jia-gi'
(1. College of Electrical and Electronic Engineering, Shandong University of Technology, Zibo 255049, China;
2. State Grid Shandong Zibo Power Supply Company, Zibo 255000, China)

Abstract: In order to ensure that the conductor length of multiple parallel coils of power transformer is consistent and
the current density is balanced, the structure transposition is usually carried out in the winding process. The actual opera-
tion shows that the insulation at the conductor transposition is easy to damage and leads to inter-turn short circuit fault.
Aiming at the problems that the fault point is difficult to set and the electrical quantity cannot be directly detected in the
actual test, this paper uses the field-circuit coupling principle to take the distribution transformer with the model of S13-
M-200/10, the low voltage winding is wound by two flat copper wires and the transposition point is in the middle of the
winding as an example. Based on the finite element simulation software, the simulation analysis model with the same size
as the physical structure is established. Through the comparison of the actual test value and the simulation analysis value
of the performance parameters, on the basis of verifying the correctness of the model, the electrical characteristics and e-
lectrodynamics of the low voltage winding of the power transformer are studied when the single inter-turn short circuit oc-
curs at the conductor transposition. The results show that when a single inter-turn short circuit occurs in the low voltage
winding of the transformer, the loop current of dozens of times the rated current flows inside the short circuit ring, the
fault phase current decreases slightly, and the active power loss increases sharply. Conductor transposition causes uneven
distribution of axial force and radial force of the coil, and the winding is prone to instability and deformation. It is neces-
sary to take mechanical and insulation strengthening measures at the conductor transposition.

Key words: distribution transformer; low-voltage winding; two side by side; conductor transposition; inter-turn

short circuit; electrodynamic force
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Condition Assessment of Peaking Power Source Based on

Data Fusion and Parallel Feature Extraction
HAO Feng' ,FANG Bing®, QI Wei-wen’,GUO Qin-hui*,ZHU Chuan-gu®,PAN Wei-feng’
(1. Water and Innovation Department,State Grid Corporation of China, Beijing 100031, China;
2. Shaoxing Power Supply Company of State Grid Zhejiang Electric Power Co. , Ltd. , Shaoxing 310000, China;
3. State Grid Electric Power Research Institute, Nanjing 211106, China)

Abstract: For the task of condition evaluation of peaking power equipment, the monitoring indicators are defined as a
set of time series, among which the complex coupling relationships need to be considered. Besides, requirements on pro-
cessing time are introduced by the real-time systems. A new framework is proposed to address these problems via the
technology of parallel feature extraction as well as data fusion. The time series are statistically analyzed in parallel where
multiple hypothesis testing is used to select the important features. Using a defined hierarchical graph convolutional net-
work, the related information is integrated for the final condition evaluation task. Compared with the existing models,
experiments indicate that the proposed method with stronger transferability and shorter processing time has a much higher
predication accuracy.

Key words: condition assessment of peaking power equipment; parallel time series data processing; graph neural net-

work; feature extraction; data fusion





