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Inter-turn Short Circuit Prediction of Reactors Under Lightning Impulse Based on
Stacked Autoencoder
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Abstract: Existing research on the causes analysis of inter-turn short-circuit faults in dry-type air-core reactors pri-
marily focuses on manufacturing defects and long-term aging, while lacking quantitative analysis and fault tracing
methods specifically for the trigger of lightning impulse. In this paper the +800 kV dry-type air-core reactors are tak-
en as the subject of study. First, the inter-turn voltage distribution of reactor winding under lightning impulse condi-
tions is revealed by using the multi - conductor transmission line theory and high - frequency distributed parameter
models , along with Ansys electromagnetic simulation and Simulink wave process analysis. The stacked autoencoder
is combined with Gaussian processes (SAE-GP) in this paper for rapid prediction of inter-turn voltage distribution of
dry type air-core reactor under lightning impulse condition. Compared with existing linear dimensionality reduction
methods based on principal component analysis and single -layer autoencoders, the SAE-GP model can effectively
capture nonlinear spatial features in inter-turn voltage distributions through its deep stacking structure , achieving
higher prediction accuracy and fault localization precision even under small sample conditions. Finally, taking a
lightning strike incident at a converter station in Zhejiang province as a case study, the fault recorder data is utilized
to verify the practicality of the proposed method in fault tracing, which provides theoretical basis and technical sup-
port for lightning inpulse fault tracing and active early warning of dry-type air-core reactors.

Key words: dry type air-core reactor; distribution parameters; voltage distribution; inter-turn short circuit; lightn-

ing waveform parameters ; stacked autoencoder; Gaussian process; orthogonal experiment
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Table 1 PKK-800-5000-50G type reactor basic parameters

BH Kuff BH Kt
FUE B /R V 800 HUE LR /A 6250
HME/m 5.1 N%/m 2.5
L ZE 25 3 /m 3.67
LB i A HLE/mH 75
PKK-800-5000-50G %I B, i % fic /12 £ 5 He A
WitSELER 2,

#2 PKK-800-5000-50G B #5525 BRI EASH
Table 2 Basic parameters of the 25th encapsulation layer
of PKK-800-5000-50G type reactor
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AN/ mm 5221.5 P42 /mm 5144.9
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Fig. 2 Finite element simulation model of reactor
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Table 3 Material parameters for dry-type hollow reactors

2R el TRER)  MERGENVENEE) 0 =R

AT A AL 1.000 0 3.500 0 1.000 6
AHXT 2R 1.000 022 1.000 000 1.000 000

HER/(S-m™)  3.774x107 1.000x107" 0.000
B (kgom™) 2700.000 1200.000 1.225

FERGT IR S BT Ansys (55, FEBTARER 35301
I 4-6(FFH., V/km; HUZ%, mH/km; FLZS , pF/km),
x4 mBESRES S MERER

Table 4 Reactor section distributed resistance matrix

It %% 1 2 3 4 5 6
1 0.698  0.000 0.000 0.000 0.000 0.000
2 0.000 0.698 0.000 0.000 0.000 0.000
3 0.000 0.000 0.698 0.000 0.000 0.000
4 0.000 0.000 0.000 0.698 0.000 0.000
5 0.000 0.000 0.000 0.000 0.698 0.000
6 0.000 0.000 0.000 0.000 0.000 0.698

R5 BRI 0 ERIER

Table 5 Reactor partial distributed inductance matrix

[t %% 1 2 3 4 5 6
1 3.817 2431 2117 1939 1812 1.716
2 2431 3910 2453 2130 1.948 1.820
3 2.117 2453 3917 2457 2132 1.950
4 1.939 2130 2457 3919 2459 2.133
5 1812 1.948 2132 2459 3.920 2.460
6 1716 1.820 1.950 2.133 2460 3.921

®6 MBI HHEFIER

Table 6 Reactor section distributed capacitance matrix

Iifi 4% 1 2 3 4 5 6
1 19.39  -10.18 -227 ~-1.11 -0.69 -0.48
2 -10.18 2479 -8.99 -1.69 -0.76 -0.44
3 =227 -899 2506 -8.86 -1.61 -0.70
4 -1.11 -1.69 -886 25.11 -881 -1.58
5
6

-0.69 -0.76 -1.61 -8.81 25.14 -8.80
-0.48 -0.44 -0.70 -1.58 -8.80 25.16
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6 H o e B A T 0 A 2k 52 S AT o]
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Fig. 3 Circuit model of reactor under

low-frequency excitation

B3, RS L (i=1,n) PR H A RL
Rl R BEL S LR, M L TR (2 55 R
[ ELIRS, 15 U A RBTasimae i F S ) s

(i T L ol S U E T R AR R B S
KA AN RE S MR R B SR 2 N AR B A TR FH 23
BB, ST A SR LA 2 Bl S 2
PN DLIE 4.

L,.dz
L,.dz

1 1(z.0) I(z+dz,t) 1 1 | 1

1} 1 1 1 1
o——{ P -1y ——t—o

L [RE L “ﬁﬂ@ ;qﬂi

VUG G Uzrdz i P U

1 ’ 1 1 1 1

1 1 1 1 1

1 1 1 1 1
(o] T t T t +—O

L T d [

1 d.Z 1 d.Z 1 1 dZ 1

4 BHHMTENRESEEHEER
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under high-frequency excitation
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Fig. 5 Multiple lightning impulse current waveform
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Table 7 Level table of factors influencing voltage

distribution of reactors

S ZH KF1 o KF2 KE3
A TR T IR A A 10000 20000 30000
B TR A/us 0342 3420  34.200
C HRETIENT/us 47284 472.840 2 364.200
D S8 IR{E/ A 250 2500 25000
E ST RTIN E/ws - 0.007 82 0.07820  0.782 00
F SR RN/ us 14324 143.240  1432.400
G ik A1 /ms 0.5 5.0 10.0
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Fig. 7 Voltage waveform between turns of reactor under

multiple lightning strikes
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Fig. 8 Peak inter turn voltage of reactor under multiple
lightning strikes

WRAEH 2 B A SRR LR B hia SR B
It FELJE | HL AR S OB [ RO AL R 21, S BB HLas BT
3 DX SR R BT e A2 R A8 T I BT 2R B 51
4 A AT BT SR AU R AL, A S
S5 e i Jey s v R (ELAR T, B B vy 4 I 1]
HL DAL

XF AN AR 4 5 BT AR 2% A RS )5
S T[] L DL, SR IR 2 15 75 25 0 BTt A T 45 R
o PETEPRILE(S)



<172~ 20264E9 H

HéE

o2t oW

Rj = max(lzjl’lzjv t 'aKﬂ) - min(KjvijZa . '9K‘7)

J
2
s=23x-1%))

fi=m—-1
, 5)
MS. =1

SZ
5
oSS/
LMS, Slf.
G R, L[] L R A 2 5 K, 5
JAHERLES m AT I 6y 8 Hh i fa] o
WEAE B F- X8 5 ST AR A IR i 227 O7 Al
1R GAFRM A BB MS, R AR
Jis FORS j AR F AR m 9 R IKCE 4L
K, AHEZER j1EAKF ¢ N s Rz il
23 EXRHKEERSHH
B o N B V[ B U O B SR i WL A S R <A
S VPAl 15 5 4% R X R IR 22 R, i 22775 Al
ST HEAME f IHE MS, FE, WIS H R
FL 0 I ) PR R (B A R AR B . AR
FEL AL I U I ) P S DR {5 5 40 I 1) P, s (g 461
Gt 42 H 2T I IEsCII pra 5, W42 8.9,
#8 KEEEKMEEREEENEZRIEHTER

Table 8 Orthogonal experimental analysis results of

various factors on the peak value of the first

inter turn voltage

SES R, S Ms, F,
A 333x10°  1.67x10°  833x10° 1758
B 246x10°  L12x10°  5.60x10°  11.82
C 7.86x10°  9.29x10"  4.65x10° 098

®9 FERWELEREEEEEENERRESTER
Table 9 Orthogonal experimental analysis results of
various factors on the peak value of subsequent

inter turn voltage

[K 2 R, S? MS, F,
A 2.99x10° 4.08x 10’ 2.04x10’ 8.58
B 1.73x10° 1.48x10 7.38%10° 3.11
C 1.24x10° 6.88x10" 3.44x 10" 0.01
D 8.99% 10’ 3.64x10° 1.82x10° 76.71
E 2.74x10° 3.88x 107 1.69x 10 7.12
F 4.16%x10° 9.79x10° 4.89x10° 0.21
G 7.80x10° 3.34x10° 1.67x10° 70.23
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Fig. 9 Overall architecture of peak prediction model for inter turn voltage of reactor
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