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Research on multi feature recognition scheme of transformer inrush current
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Abstract: This paper studies the changes of the transformer equivalent circuit model parameters in the saturation of iron
core when the transformer closes to power system without load, and by analyzing the characteristics of inrush current in
different situations, points out the limitation of the traditional method to identify inrush current. By optimizing the
combination of traditional methods and adding the new CT saturation recognition criteria, it establishes a set of multi
characteristic inrush current identification scheme. By the simulation analysis of inrush current in different situations, it
verifies the correctness of the scheme: such as closing transformer breaker in one side with high remanence and at the
voltage near zero-cross, with low remanence, and without remanence, the scheme in this paper can correctly identify the
inrush current by multiple methods cooperating with each other and reliably locking the differential protection; when closing to
the fault transformer with CT saturation, the scheme can also unblock the differential protection with the CT saturation criterion.
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Fig. 1 Transformer equivalent circuit when closing

the high voltage side breaker without load
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Fig. 2 Low voltage side winding induction electromotive force

B2, E,, E 550000 B, CAHIEE BT
BN B ATTHDINGUS (KRN B, C AR
BNt B A EAR IR AE T A MG R o o
M AR FB D, TP PR /D, DT
Wh Ef, 5 Ey RS, X@)nr i
EHA

" S (3)
: _ ZLAIZHAI .
(Z£A1 + ZHAI )ZmA
HH 2R Q)HE H g L v 5 A K an =K (4)
ot @)

I Gt 2

MAR R AR A MBS KRR, | Z | WA R
Rk, K TIPSR RZ YT, mXG)TMmE, 5
E,, HIAMLE, d@) i1, 10,

FARERS A PSR, #SE TR, S
| 20 | KOKBRAS, VR MRS Bl i/ T Bl L,
HGB)s R@WTHE, N E,, » BRI, &
SULBT 3 A

KT G RARFAE 75 A ST Rh G v 3 1)
PR G S R AR G PP R IR B S . 2k
A BRI R 7 FR I EAS S [ s AR (1 4, HAE BE R
WA A i 2 i 3 BR

B BRI RE BE IR, BB LR S AN
W 1) FLA MG TR, 1B T, BT AR g, 5 1T HAK
AN, FhRETR A o, 2 th A 3]
YR BEO AT R ek SRR AR o PR M B B R R )
K@) PSS EEI TN AR, Jilhh S AR IE



WRAIE, S

AR [ 4% 20 AL G TR0 7 SERE 9T - 151 -

A

Hy ! ! »
0 Hi H2 H
B 3 #;SE-HIARE thikE
Fig. 3 Magnetic permeability vs. magnetic field intensity curve
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Fig. 4 Flow chart of inrush current multi-feature discrimination

s i A KRR i, NER K2 RURFHE;
Ai, N K RSZESGRCRAEE:; CHREL 5
KFEEBN AR, C=N/4n. XM 2 SEpTHE
Hg T BRSO S o oA R OR A A
DEELL, WRERA 1 S ZE S

X 2 53 I WL U SR AR A0 ) TR T Ay B AE —
T K B A AT R AR

XHARE@H (] W A 140 0 > 65° , F2JFSEBLIN AT
4 (VKT A 3 5 BT FEL AR B, il X e R A
RUBU P A SIS A6 FE R S o JCTR R A (0 )
2 (6)H 1% -

Aiy <0.2min((i,,. (.1, ) (6)
Ao i ARSI ZE S K RAE; 1N CT
BUEWR. X TR N SUREE, 4571ES: 13N/72
ANSRAE i a2 B, D)) Dk R) BT £ 9 A2 . X T 80
RURKE, NOATESE 14 AN SRAE AL ] B A ) 5
NG W

Z2 1B R RUAR IR R AR A 50 2K (7) o
| ~ 2 <08 | 0
b, i A, AR, P IR AR 22 7
A 18°~30°, X T 80 RRKE, i, AIEN i, UL 4
s AN ZE I BEE ] 8 AN FREE CT WA
(R P A E A T SO il RS A R M R PRI
RIERTE

ATy S I 32 BEAEAT ZE A S
BRI R . 2 AL TR A R R
RRASHDN G . ZEUA BUE S R B A A 22
iRy 3], WTLLEES I 205k, [Hkr
S S B RRA R RS S A g o, 1o HLAE
FAASIL AR T LR — MR N S8l AEREAT 22
IHIESS, RN R — B s OCRFE R, eI
HALE, ZEMaF e n, BOCRFE I TRt
I, FEAARTHEIFAK, S84 n] DAV HIFER
DIk LR 7S AL R

3 mESh

N T 86 UE A SR 9 PR 20 R Ak il 3 i R s
ZMAATYE, SR Matlab 434 T BT EL L 2
Toft e BT 3 Il AT URLEA T T R R Ay SRR
RRAEST AT, JF 5 XA R CT MR REAT T X H
AT, A SCIERE URP GRS ) 1 DUdEA T Jie
s W 5 e &S R Sk TR A
MBI ARSI SRS 2.3 kot B FIE
e 8L HA ARG AIPERD 2.3 T ERACFAE
FIGE IL(T); OB ) R IR (R R DL
Peler,  Forp AR (AN L e (E 2R 42
e LA v 5

ZER) G HLIAE R 25 9) i AL

) 4 lv.c
< i
2 2 "‘ n ,‘ ’: [T /‘l bk
BS \ [ T
g 0 ooy e 1” ’,l !
i&:{ _

50 100 150 200 250

o JEUA FLAT2 VR O 1 ik
o " .
o
& o
e I U PSSP
O 1 1
50 100 150 200 250
[FJ BT £ P b 5 N—

10 T T —— [l Wi £y A1
= 05
=
E 0 . . . .

50 100 150 200 250
u ‘ CTHURRFAESM T
10 ]
g
% 0.5
2 o ‘ . : :

50 100 150 200 250

(@)



WhAE, A

AR [ 4% 20 AL G TR0 7 SERE 9T

- 153 -

ZER AR R ZE0) i AL

t/ms

= 020
0.15F — |- =/~
0.10

W

60 80 100 120 140 160
, _t/ms
i) 0T £y A B s

[

A BibR &
e =
= wn =3

60 80 100 120 140 160
CTHIURVRFAE )
T

[E A&
S =
o i o

60 80 100 120 140 160

(b)
s ZEBN IR PRI B 72 53 I LA
;\; 10
S ol AAUVARAIALELIAALAL ALY
s 1.‘.,|||.|'|'l‘r\,w, [HE Rt

AT |
| (T VI (IR IR [
. [IRVERHR [ | oy oy oy Yoy H
5 YUy \.II ' N l.l‘ Vil l’l K

T00 150 200 250 300 350 400 450 50

t/ms
SR ML 2 UG B ik

150 200 250 300 350 400 450 500
t/ms
1) 0 £ P bR

100 150 200 250 300 350 400 450 500
t/ms

VPR —
CTL“U:fHHJ 1\!.}” 5 T

R
o=
oo

100 150 200 250 300 350 400 450 500

t/ms
(©
ZEB)GUA AL 203 i LA
5o N
g 0 /|| /\‘ ”I 1 ‘]l )
B -0 oo
R | 1
-20

80 100 120 140 160 180 200 220 240 260
t/ms

JEUUE AT R I8 5 ik

0 A . . . .
80 100 120 140 160 180 200 220 240 260
t/ms

i) 0 Ay P b s

. — [ i £ B
o4 o

L | L L L L s | N
80 100 120 140 160 180 200 220 240 260

t/ms
.3
.5
0

CTHRIRHIER )
80 100 120 140 160}/ 180 200 220 240 260
(d)
[E 5 A[E) 08 W A R R X I BE CT (80 B
TORIER . BT, CT {aFMSEFB1E R

Fig. 5 Second harmonic, discontinuous angle and CT saturation
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