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No-load Transformer Excitation Inrush Current Prediction Based on CatBoost Algorithm
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Abstract: The excitation inrush generated when the no-load transformer is closed may appear to cause
equipment failure, affect the power quality and lead to line overload and other problems, at this stage, phase-
controlled opening and closing is an effective means of suppressing the inrush, the circuit breaker closing
characteristics and remanent magnetism are the main factors affecting the accuracy of phase control. The influence
of switching characteristics of circuit breakers on inrush current was described, and considered the unevenness of
the electric field changes in the arc extinguishing chamber during closing, and the pre-breakdown time
corresponding to different switching coefficients £ was calculated. The influence mechanism of residual flux on
inrush current was analyzed. Statistical simulation analysis of inrush current under different residual flux conditions
was made by using ATP/EMTP. A method was proposed for predicting excitation inrush current in no-load
transformers using Categorical Boosting (CatBoost) algorithm. Based on CatBoost model, the mapping relationship
between breaker closing coefficient &, mechanical dispersion 30, residual flux @, and inrush current was established.
This model can predict the inrush current under different phase control conditions, and analyze the performance
parameters of circuit breakers under different inrush current requirements. Finally, the effectiveness of the CatBoost
model was verified through experiments, and by comparing it with other traditional algorithms, it was confirmed
the accurate of its predictions.

Key words: controlled switching; inrush current; closing characteristics ; residual flux ; CatBoost algorithm

23 WUR R ASTERAAL A Rl R vh 2 P AR B SRR TR i 2 kR O SR SRR 4y 1
THUE B B R R, AT RE T DR R R SRFTDATE — i R AR B R A B S
Y, ENE R AR A EF R R RO HAbN L, BRI 5T . O T MR
G E AT IBAT . WiBk A RIS R P B R b A Rl R T A 1 [0 R, R A AR DD B AR N 3 1T

HEEWMB : —WE VLN SR IR IR RIAGERE IS WE R R H (4123020009)
YEE R 2830 (1986—) , 5 AR, i 90 TR, FEZAF5E 7 1) 2kl (R 432 48 , Email : guo_wen1@ctg.com.cn
34




3630, 4 & T CatBoost Jo ik 09 2 8, % R 52 Bh AL R AT

B AR 20265F H 564 F 24

ARl s AR S A 4 3 AR U K (8 T T AE
S A W AR AL, B F00 16 5 P90 0 1 30 A W] P
T A T A T B E) R G- A AR A
i, T 5 3 ) 5555 L 2 T IS Dl A TR I R RO o

T AH 5 U A 11 G i ) R e A ) A AL
R E, e TR A AV 52 S B it ol 22 B 42
W it s BIL A 2 3 5 72 T A 0 TR O 1 552 W
PR, o e AR A DT A I 1 28 28088 T 4 5 Tl ik
PRI, T 227 T I i OG5 R (il 2 I [R] AL
B3 HICTE ) 0 AR T 8 00 R0 41005 Jl 4 9 Ik 1Y
AL

XF TR AL, AL GE Y 7 k2 fih Sk 8]
(375 T B Ry, OHOC S Rty — S
EEENIVECPUREDIECE: N o S (N S RO N O
SF, S0 28 2 R | F oI5 ik Sk (R) A9 2 0, 3
KN E o 25 e B R S R e R AR Ak 2 i ¢
Gt M 2 ARG B 2T 0 A I s 2 1
WA

X T BLAT BE AR U) D Re Y o DG i 1 TR A
FH PR ARA 00 B T 25 1 3 Rl Y 2 iy 0
TR T ROR o LA FH P X603 It 1) A (] 45 o] 22
SR i 3 T B S s R AR T ORI S 4
FE B B R S M R, AR
FE O I BE R S48, o AT LA W7 % 2 11 52 PRt
AFASCR AT F50I0 P-4k, DA T AR 45 % T 3t 490 1 1)
SRAEFEA I8 FFIE S BT e 7 i

BEXF TR OC B AR AR A RO R A
I RRE TR U 2 W) 40 O 2%, A 9 ) S SK A 5 12
PE 22 HACRAR AR ME R K i B 38 =& =2
BIB9S 2, R, AR SCKF Categorical Boosting ( Cat-
Boost ) 512 455 8 75 | A 3] Il # 98 di v) T 00 b, RS
WT i % OB R SR AR B O G 5 A TR Db
G TR I =2 T A R DG 2%, DT S 7 s 23 Y 25 28
JEs s 2 V) il 9 U P - CatBoost 575 AR Y
Sz M H T Tl . SCHER[111HF CatBoost
A AR IR D FH T e BH 2 bl B R I 5 SR [12]0
H CatBoost B AR AR 4 Ak B 12 W i
FIRIFFE s SCHRT1 31K CatBoost 538 1y FH T~ it FL
P 43 DX FE IR 5 SCHik[ 141510 CatBoost 512
ST H b %) £t B TR A (SOH) #EA T T 3741k 5 3¢
HR[16PRE I FH TG AR S 4 v, T 3 T A2 L 4F
5% 5 SCHR[17-18 K CatBoost 53 ML 13 T HL 77
FR GBI A I

Sk XS 0 A e SN A 2R A T A 1 Dl e

TLRHE , A SO S S T il L e 1 e, T
Wi e G & i B L R ST IR Z A A SE &R
T SR A TR R A L R, LG
B R 1 B ey ELBR T8 1 A [R5 T
HREE  THE B 2R I (R] 5 3] 565 R B i 2
PR 5] 55 ALAR 20 T 55 18 e i sl 1 5 2
W2 B F . 4526 FIH CatBoost FIEBIAY , 4
ST BT A OC G RIS A R TR AR RO FR L S 5
JAl 0 TR L = () PR R G AR o ST A U SR AR
() Dl TR e ST AR Y |, -5 5 P AR 48 2R R A5 B B
{lt CatBoost BEHY ZHG2H & . | FH Matlab #4411
CatBoost PR I 4 37 [ 75 52 AU, AR 4l 05 20K 5 0iE
CatBoost 155 5 i ME A B, Fe J A1) FH 0B 256 T g
A OGS R EAT 0 b | EA T SE B0 B0 E - B X
Lo, TR 2 P R il i B g A 1) K S

1 A4 Fe R BT IR R A0 SR

ORH AR PR AR S 3 A ) s R SR B B A A
IV 556 6 Ay AE FS 75 IR SR e . BRAEVE BL T, RIOR %5 16
Ttk 2 FBLA 2 oM TG I E IS B0, E R
B ) SRR T B AR AR WAL AL A5 1, LA PR A A2 3R
2~3 0 F U I (R EE 5 ) A SR FH SR B A R
FHAE A TSI, H-JEF UL & ) SR, 1 CatBoost
BTN 5% AN [] J50 ot 28 AR P WL o3 E0 1A AR 0 i o)
VR TR I B S . CatBoost 45750 4 A B 3
AT R 3 30 e sl ELBE R AR A AR SOR
05 EIRAE ATP/EMTP %5 #E 17 R4
1.1 BFEEEE LA

W S A A DAL R v i Sk 1 ) o 28 PR R 25
i 5 fivk Sk 18 B ) /N T AR Ak, 24 SF KIS Y 46
G NG bk Sk AR A A
9K, BV A TR AL . SR AR e B Be
AR A R o 2 H S ) ) A S R bR
Y X E LR 2 2% T BE AR ML ks, B KN
finl S T 71 377 58 2RI fih Sk 3 B85 0 (%) SR AR, i LA T
I R P A R R AR AR S R o g L R 22 (]
)G FR A A R Ak, HAB 4 50 FE R B
it H e 2 Ak 1) S fE, B

e Ev

k = =
wlU, U, (1)

XU, 0 53 51 0y v U5 TR U B K AR R 50 Oy
Wi AR S B L s E N 50
A (D) AL 27 U, PR EFANE  E AT B3GR
2GR kR . F AT E S BT A A A T o
35




B A AR 20265F H 564 F 24

R, 5 . A T CatBoost 5% 09 = 8% /& 5 BhAE TR L FRm)

S

(18 R R AT, T 7 v R o R AT, ST T 6 4
KA T 2 7 A B R R 2 0 . DL R AR vy
J W7 i g oy f81) SRS I  BE e RAER 7.6 mfs, G
AR 5.1 m/s, PR IR K R 26 kV/mm 55
SF S M 5t o 2 H R AT AR 8 7t T B E 1 4R 3K
5ol TH I AT DAAS B AR R BT R O A R AL
k=0.353.
k<L, FF 56 () 4 2 5 T B R B 2 /N T 4h
Jite F AR AR S T S R AN 1 iR, v LA
B, Tk 2R B AN 22 A1t L e 1 1 B Bl 7
S, WCRE W HRCH: 268 X6 (B X i o 2 R R AT
VA

v N 3o\ 30N

t“l tl‘ tl) tl' r
1 k<L WFSMitE L RS T 27 56 3R
Fig.1  Relationship between pre-penetration characteristics
and applied voltage when k<1

e 1 R, filds 28 R A AL B s A S B
SLC, RV 2 AR B2 A 5 fioh Sk MU Ak %) 057 8 Dy o5
D B E FF BV SE RIS 8. ISR RS
JEMUIR S U 3o B Tl 2R Rt . T i .
FHVIF B, s, B 3R Wl 2 () d5c /AT AS 05, T 6
KB FitEu, ()R
()= U, [~ko(t = 30) + sin(wty,) - kot,](2)
Hrp

u

arccos (k)

by = ———— (3)

w
ty, FRAE St L R AE B, aR VIR AR
HT T 13 s SE it g ok K [ it 37 AN 19 50 B
PR R AR Al 23 S AR M | T ELAS BT B AR AR LR
PERERERCSS o AR SO L 1 e 20 M IO % N
A i 2 B R BRI B KR Uk o
AW 75125 DAy F, 37 58 R AR 1 B Y L A 2
MAE—E LAl B{E R A A T e 2.
R A ESI W)
EIN =(E_,INY (4)
X EIN A6 i 20 90 5 N O RO RO
JE 5 E . R B il 28 i, R 1 SF R
N 6] B RE 7R 52 1) e R 358 5 B0 /N 4 i 5
36

o i,
X SFRIRE KB, (B, /N) = 3.65% 1077
Veem®, At 28 L0
E=(EIN) -N (5)
AR T RN
U, =E-df (6)
Ko U, A 28 H s d S W 1 T B 5
LI AN 24 5] R 8, Tl AR A
i FH R SIS R A 2 Frs . 2% &
LA SR, (1) 2R
du, ds 1

k= kppps/ (0U,) - (7)
Hrp
(8)
400
300
Z
5200
= 100
0_

0 5
JFHE/mm
B2 i SR OC R
Fig.2 The relationship between voltage and opening distance

AR =0 (2) AT RIS A [/ Y & A 30 Y 5
2RI E], HA2 s B o S22 AR e MAb S k28 1k
U FER R, gy BRI R AR, ik
1F7R .
*1 HEITEER

Tab.1  Simulation results s

v/(m-s™")

3 0/ms
6.3 6.4 6.5 6.6 6.7 6.8

0.01152 0.1133 0.01093 0.010 78 0.010 54 0.010 44

~
o3

172 0.011 34 0.011 03 0.010 86 0.010 64 0.01045 0.01022

i R

0.011 68 0.011 45 0.011 09 0.010 89 0.010 66 0.010 54

0.011 62 0.01148 0.011 01 0.010 88 0.010 63 0.010 59

o3

1.0 0.011 34 0.011 03 0.010 86 0.010 64 0.010 45 0.010 22

~

~

» 0.011930.011520.011490.011210.01119 0.011 18

TEZ 1l LU 31, B35 7 6 i fik Sk 5 5 o
BT, B S R BA3 O, oTh 25 IF [) 328 1 Dk
INe T T AR 0 Tl 2 R AL ) B
S PR 5 TR] IRF 221 i 2 TS 14 e e I s 221, 3
AR AT , Al fE2 Hh BRI A b BT AL o




3630, 4 & T CatBoost Jo ik 09 2 8, % R 52 Bh AL R AT

B AR 20265F H 564 F 24

1.2 TEIRKO R

P g 72 T At T A A T o 2 ) £ a5 R
AT, (EL R T RE A SO0, 2 ) B s FR A AR TR G A
PG ME SRS REE A R, —F &2 2O
T PR AR FUIRZS , h b2 ™ AR B A il T
T AN 3 FTR

wt

3 FE S g

Fig.3 Residual flux and inrush current
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Tab.4  The average error under different closing angle

when CatBoost is accepted
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