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RESEARCH ON THE PREDICTION OF SERVICE LIFE OF
ZINC OXIDE VARISTORS UNDER LIGHTNING
INFLUENCE

ABSTRACT

Zinc oxide varistors are widely used in electrical equipment due
to their excellent energy absorption characteristics and outstanding
nonlinearity. However, the high amplitude and short duration transient
overvoltage generated by lightning can directly lead to the performance
degradation of zinc oxide varistors. Although the existing monitoring
system can monitor the working status of zinc oxide varistors, there are
still problems such as untimely and inaccurate monitoring, which makes it
difficult to meet the intelligent needs of today's society. This dissertation
delves into the degradation phenomenon of zinc oxide varistors under the
influence of lightning, and designs an experiment to investigate the
degradation of zinc oxide varistors. And based on experiments, a multi
feature fusion residual service life prediction system is constructed.

The specific research content is as follows:

(1) Study the aging characteristics of zinc oxide varistors and design an
experiment to investigate the degradation of zinc oxide varistors under
lightning influence. Simulate lightning current impact on zinc oxide
varistors using a pulse current generator, and analyze the aging effect of
multiple pulse parameters on zinc oxide varistors. Experimental studies
have shown that the number, amplitude, and interval of lightning pulses

have a significant impact on parameters such as leakage current, voltage,
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and surface temperature of zinc oxide varistors. This discovery lays a solid
experimental foundation for predicting the remaining service life of zinc
oxide varistors in the future.

(2) Based on the aging characteristic parameters of zinc oxide varistors, a
prediction model for the remaining service life of zinc oxide varistors is
proposed. Based on generative adversarial networks, data interpolation is
completed to solve data anomaly problems. Using the Temporal
Kolmogorov Arnold Transformer model, a multi feature fusion model for
predicting the remaining service life of zinc oxide varistors was
constructed, significantly improving the accuracy of prediction. The root
mean square error of the TKAT model reaches 0.352, and the R2 coefficient
reaches 0.91. The average error of the benchmark model has decreased by
0.3, indicating a better fitting effect of the model.

(3) Build aremaining service life prediction system for zinc oxide varistors.
The overall system is divided into three parts: information collection
module, Alibaba Cloud platform, and multi feature fusion prediction model.
The information collection module collects parameters such as leakage
current, surface temperature, environmental temperature and humidity, and
electric field charge through the main control chip STM32, and uploads the
data to the cloud platform using ESP8266 wireless communication. The
cloud platform receives collected data through the MQTT protocol and
transmits it to the prediction model through data push. Build a Ul
interactive interface based on Pyqt5 to achieve online prediction of the

remaining service life of zinc oxide varistors.

Wang Su (Electronic Information)

Supervised by Professor Zhang Chunlong
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(3) Ilﬁﬁﬁﬂ)aa Rzz\/g’ Eﬂa:a)oo

11 P 9
= ()t exp(-at)
L (1
T =+LC
L

Im = Uc\/gexp(_l)

11

(2-5)

(2-6)

(2-8)

(2-9)

(2-10)

2-11)



g M N e e 2 VAT

BT AR A K s 58T oK 8/20ps ARk BIBAE i i,
FCRK BT bk b & AE AR AR e 9k % RLC RLER ™ AE . B T8 B R mE ik i vt
s B o, S PR T HL 22 K 10 1) g3 I 18] 22 EER R /AT E 50-200ms [X 8] 4L,
SIS B RCHE 1T AR PR S, TR SCAR T ST A SRAE 20-500ms Ji RS
BT kI b o 1 2-3 DS ik A DL S OR AR R AR B Kk R BT .
F ) B 2 O BB RO

M!\M ‘}MI\M

| W I T Time
Time cooldown
interval time

K 2-3 kit FE s = B BL b B o
2.4 SCRGHE s LA K SEUG ) FE R
2.4.1 LIS

BEE R — ) S B A AL B T R BRI A O, A B 4 F AR PR S A AR [
FEAL 508 LKD34S431KA, S A 48E K s BEAE 5 1 B Al £ [ 2-4 FR 2-
2 FizRe




RT3

R 2-2 A A K 1 E S AL

75 SHURE Ht
1 B T HE LA 30KA
2 S ONESEEEN 60KA
3 BRRFFEIEATHE 385V
4 MR FLIR 0.1-1pA
5 iR NN 423-517V
6 = ONEADAZENEN 755V

2.4.2 SEGFI) FE R AE
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FEAEEN . 7 EAER A %o ISP PERE e e e, M HREERE
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2.5.1 BomiB) PRt & L 5 E B EE P2 AL H 5200
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TERAU 2 BEAL I B i 25, o0 T S 2% A 0o 4801 B T B F FELAE RSB A
R B W, BRI S, BT — R0 2 bbb oese, Hop
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LR Ly 372V
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0 0.1 423
P11 1 1.8 428
19 11.6 371
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832 2-7 BkPECE N 3 Bkt it bl JE S S HL
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I 4 Bk P16-P18 A FrdbAT ik, 43 2R Fr /£ 4 Bk T bl B ik
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TN RGBT A% Do, AL eE R B B R S S
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Rk, AT brdE ket I B, Soxtde A N R R RERIE AL AL .
PR 7R AN R 2 HOon e R RO 22 AR LR, ASBI FE et 1 x
RS i S B N AN LR TRSTE 211 LNV EER R A s =N HER] it/ SRR N
M2, AR GERLIN AN [R] b o A6 2 s A e BEL I R 9 R A8 P T A AR A R AEE

K 8/20us ARUEBSAF 9t i, kit Seie -1 6 BE Bkt iR E >y 20kA . 4n
B 2-7 Fls, I S0 U kot T8 A B I BB B R 2 ] DL AN T o AE 4]
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P, AR B R B e, A IR TS DA 7

BAIC FEaMn
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£ 3T ETREFINEANEESBEERSTINMR

ToUI A2 A B s A R B ) ) A A FH 7 i A2 IAC TR HL BT 4 2R 4 1) B A A O
1773 42 A 2 50 L SEL 14 30 4 faf D 743 iy B 75 v 0 00D 5 92 B 2 ) SRV A ek e 2 U R
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Bt 0 B 0F (1 2 R0 A e B L BEL PR e A6 P ey, 00 T SE B PR S %, AL
A58 FH IS i 00 5025 B R B LR P dE

N BT N 5 I R R IR AR T B S8 W T BT 1 25 1 BBURRARFAE
BT R ER — MR o S8 A A s i e BEL R S 456 FH 45 o 1 v AR TR0 v, i R
TR B AOIRAS . TRy Mb R A A B RN HNE. AT SEBX — B b5,
$2 117 Temporal Kolmogorov-Arnold Transformer (TKAT) iX —#fi# , % H
MEANGAN FEEAME B RAl, #fr T BORE R e B A HEm e, i
TR¥F T BRI BB SRE . BlE 2 4E 5 W BUBARHMIE, R 2 RRAE Rl & 1 AL
B s AL L 17 90 2 5 P 5 i TR ASE 2R

3.1 Temporal Kolmogorov-Arnold Transformer {2 %!

3.1.1 HRBVE KRR

Transformer A5 84 SO gt i 2 > Al e o FH IR ASEAAE 2 2 —, )72
THREST I, Seq2SeqfF555. TiLR& AN LK, AL MiERG.
HENE, BRI ENIGE S 15 AL B 7T, Transformer FRARL S DL KRR 1) £ 35
FEILH 2 IS FH AT 5

#£ Transformer B8, £ Ly /JHLH] (Multi-Head Attention) 5% F
ZM2% (CNN) £ (kemels) MHAL. PIEHEKMIIRINFEEN LT
SCRFIE. AR, FER TP AR A B B B Y BN SCRME, T kernel
BEAL T J) R I bR SCRFAE . Transformer Sl & /144, iUk 7 RNN 7ER 7 4b
HERIRRRETE R I, AR T KB B R R . I HL 2 SR R ML A
W AE R — 2 N FATHAT 2 IR HIE R 5, R g5 Pt Bt R 1E i 24
[ — 8050 X PR BT AR L RS 25 2] BB N B RHE A
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M &, TKAT A AE 46 I8 8] 7 40 b B 25 52 2 IR G &, i vl DUdE it
Transformer 1578 fifi SR 5 ) (A AR AR . TKAT A8 ) Rk oR = B an ] 3-1
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Covariate Cc,Ch |
Encoders { /o 1 Moo /
U / / 4!
4 Cs // // 4 4 7 /
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~~—y
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Past Inputs ( Encoder A

B 3-1 TKAT B8 S dos = A
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Kolmogorov-Arnold (TKAN) [02I031fg —Fefu 3 R R i 2 SI AR, HL & Kyt
Bl 3-2 frm . IZBARRS T KAN SRR LSTM AR 00 s, AEI [8] F7 51 43 A7 40t
BRI T ERME MRS . 5502 ERME (MPL) MHEL,
TKAN M2% (R8T Z AME T, EAERSAE BN TR 52> REaE M. 1X—
MAFFRIHERS TKAN RIEAELC IR 28 B & il T RS RIFSEAE S5 N, A
WMHA R, SRS T RIFHWEREE .
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I's 3 ™ Y
Flattened Inputs External Context

3-3 AR R FE M 4R

24



g M N e e 2 VAT

3.1.4 1B %R EM LK

[THEFRZEM4E (GRN J2) DL B RTEVEAIA RO Bl i A 28 S AR o0
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