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Research on electromagnetic characteristics of winding interlayer
insulation fault in dry-type transformer

Meng Yujie!, Xian Richang', Liu Bochen?, Sun Lei’*, Liu Guang’, Hao Hongmin’
(1. School of Electrical and Electronic Engineering, Shandong University of Technology, Zibo 255000, China;
2. State Grid Shandong Electric Power Company Zibo Power Supply Company, Zibo 255049, China)

Abstract: Dry-type transformer windings are directly exposed to the air, and are highly susceptible to interlayer short-circuit
faults due to environmental factors such as temperature and humidity. Moreover, the early insulation degradation is difficult
to detect. Therefore, this paper aims to investigate the electromagnetic characteristics of winding interlayer insulation faults,
providing a theoretical basis for optimal insulation configuration and condition diagnosis. First, an interlayer short-circuit
current testing method using dry-type transformer taps was proposed, and a 3D "field-circuit" coupled model consistent with
actual transformer dimensions was established for experimental validation. Subsequently, based on the temperature-
humidity-resistance correlation characteristics of insulation materials, a parametric model was established for winding
interlayer insulation resistance. The evolution laws of fault-layer current and spatial magnetic flux density under different
fault locations were simulated and analyzed during the insulation resistance decay process from 10° Q to 0 Q. The results
show that the fault layer current and magnetic flux density exhibit a non-linear and highly sensitive response to the changes
in interlayer insulation resistance. When the insulation resistance drops to 10> Q and 10 Q, respectively, the electromagnetic
parameters undergo significant abrupt changes, and the change rates of fault layer current and magnetic flux density increase
to 12.55 A/Q, 0.01 mT/Q, and 66.69 A/Q, 14.65 mT/Q, respectively. Furthermore, after the interlayer insulation resistance
decreases to 10 Q, as the fault location moves from the outer to the inner layer, the fault layer current and spatial magnetic
field first increase and then decrease, and presenting a spatial distribution pattern of "maximum in the center, minimum at
the edges". On the basis of these abrupt change characteristics, 10° Q and 10 Q are determined as the critical resistance
criteria for interlayer insulation degradation and breakdown of winding layers in dry-type transformers, respectively.
According to their spatial distribution characteristics of current and magnetic field under interlayer insulation fault, it is
concluded that the middle layer of the winding is the area with weak insulation, while the edge layer is the area where fault

detection is unfavorable.
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Fig.1 Three-dimensional geometric model of

dry-type transformer
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Table 1 Main technical parameters and size parameters of

dry-type transformer
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Fig.2 Diagram of interlayer short circuit fault in dry-type

transformer windings
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Fig.3 Equivalent circuit of interlayer insulation deterioration

high voltage winding in dry-type transformer
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Table 2 Evolution path of interlayer insulation states in

dry-type transformer
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Fig.4 High voltage winding tap structure diagram of dry-type

transformer
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Fig.5 The schematic diagram of interlayer short circuit test

for high voltage winding of dry-type transformer
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Fig.6 The actual test wiring diagram of inter-layer short
circuit of high voltage winding of dry-type transformer
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Table 3 Comparison of measured and simulated values of
interlayer short-circuit test in dry-type transformer
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Fig.7 Current changes in the process of interlayer insulation

deterioration in dry-type transformer windings
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Table 4 Change rate of fault layer current with the change of

interlayer insulation resistance

“a L IHAR AL IR AZ AL 2 /(A/Q)
EFREE10'Q 0
10 Q% 10° Q 0
10° Q% 100 Q 0.01
100Q % 10 Q 0.48
10QE1Q 12.55
1QF0.1Q 49.83
0.1Q%E0.01Q 66.69
0.01QFE0Q 68.42

MG L3R o M mf W15 K 100 Q H i SR 4L JZ ]
Y02 5 A S HLBELAE , 4 10 Q) NG AH = TH) 44
Sy o Rl 7 e BELA
3.1.2 ISR AL B s F o A R AE

N T IR Z 42 H A B A F 2 (T
~TI13) (R, AR SO R SR 2 A A28 BE A%
JE(T1~TI13)7E 3 Ffr it B otk 2 T 1) B ik AT 4
L3, 3 Fof o B B RS 4 ) R JE ) 48 % 95 A I
FORS 2 482 N 10° Q) J2 18] 48 25 4 i
AR 2 181 4 20 BB 10 Q) A58 4 48 MRS U2 18]
A HH N0 Q).

T8 TR 48 = R SR AN R )2 kAR 2 ) 468 245
e by il B = 1) F R AR A W B 9 P . BRI 9 WA
4 )= [0 A ZoRA& Ab T 95 A SRS I, A (7 % 1) i
e Ao B 119 e B 2 LR AR AN K BB TE 0.1 A DL .
)2 1) A ZoIR A A T 1 R o R AS I, B 2
T2 W R AR A B s K, B2 T 48 2% L TH
W /NI HL AL 43 AT B AR A R R 3 R
Tho )z R 4 2 B i s FRRAS I, B A s A
B BE 4R ) B By, R R S 1 K S U I
F I H W E (T A T b i B R 2K T4 2
(T8 & T13), AR K I H “ 0ok, & /N A2 4L
(=R

<
i{\é 27.00

3 26.99F

Iﬂln”é \‘\-“-ﬂ_./ e~
) 26.98¢
X

R

1% 26.97

B
& 2696 T T3 T4 T5 T6 17 T8 TOTIOTIITIZTI3
LI AL
(a) 1A 2 51k

<
2 30.9f
= I ././.

30.3f

e —,

TIT2T3 T4 T5 T6 T7 T8 TO TIOTIITI2TI3
AL E
(b) JZ2 18] 41 25 i ikt

/./'

.

il e

=
& 75F
e

iz 70

TIT2 T3 T4 T5 T6T7 T8 TOTIOTIITI2TI3
itk
(c) JR A4 2 i 7
B9 FAEERSEREBREEBMFEREEERTN
Fig.9 Current change of each interlayer fault short-circuit

layer in dry-type transformer high-voltage winding
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Table 5 Change rate of magnetic field strength of fault layer

with the change of interlayer insulation resistance
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Fig.11 The change of magnetic induction intensity of

interlayer fault short-circuit layer at different positions
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