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A method to detect inrush currents in power transformer using current derivation characteristics

SHAO Wenquan', QIAO Ni', JIAO Zaibin?, WU Shu'
(1. Department of Electronic and Information, Xi’an Polytechnic University, Xi’an 710048, China;
2. Department of Electrical Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To further improve the performance of differential protection for power transformers, this paper presents a new
method for distinguishing inrush currents from internal faults using the extreme values of current derivation rate. In the
condition of inrush currents, there are at least one phase whose current waveforms have the characteristics of discontinuity
and steeple wave and the time span between the maximum value and the minimum one of the derivation rate in a power
frequency cycle is less than half a cycle. While in the case of internal faults, its derivation rate curve is close to sine
waveform and the time span between the maximum value and the minimum one is approximately near to half a cycle.
Using the current derivation rate, on the one hand, can weaken the impact of DC component. On the other hand, it can
also highlight characteristics of the intermittent critical point. Thus, a criterion using the features of current derivation rate
is developed and the corresponding realization flow is presented. At last, the results of dynamic tests under different
conditions suggest that the proposed algorithm can identify inrush currents from internal faults in a power frequency
period accurately and quickly, with clear principle, simple criterion, and a small amount of calculation. It also provides a
helpful theoretical basis for improving the performance and optimization of differential protection in power transformers.
This work is supported by National Natural Science Foundation of China (No. 51207119).
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Fig. 1 Equivalent circuit of transformer no-load closing
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Fig. 2 Flux curve and corresponding inrush current
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Fig. 3 Intra-turns fault current and its derivative current
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Fig. 4 Derivative current waveforms of inrush

current and intra-turns fault

K 4@ BT LR, ifGmim At R 9 e
AW B —RT0g,  — R P F AR B
E5 i/ IMEL R IS TA] TR) B /N T2 AR 3t 4(b)
ATLLE Y, I ] R L AR A R TE DL 5 M
At AN AP AR AR 55 /ML () ) B AL
AN FIRE BN 5 SLUE S S0 A TR
W Al S5 /MBI 220 6.5 ms, 11 [T i) g s A K
S ME I 254 10 ms.

AL, A LR BT shie 18 e 4% F i AR A R 1)
RRABFAIE A 00 e A S s i R

2 RARIRANABERIIMARE

2.1 ERIRAFHE

B AR o BT AT g, AR A% R R R R T
HAT— WAL, 2D E— M R AR K
TEAR I A T W AT, — A BRI S
AR /IMELISS TR TN /N -2 015 T oA BB I, afg
B FRL R AR A R POBEAN 5K, — DA K
(B 5 A /IME P TR TR R I8 oA AN . Jiutt,
A A J e A HL 9 A A 2 PR B AR A A 3 2(5)
JIE s (R R DR 4 o

_T
E%Lﬂzp
"

A 1,000 AL By C =AHARAE T HHUR & A
B 50 M 8 B0 1, = [l — |- T,
g I ey 43 00 = LA T 8 B 4 B i
l;fmax (k1¢) 5*&4\{3 i;fmin(k2¢) Xﬂ‘ﬁjﬁg%ﬁ,ﬁ: TS
JRREFN: T o THURBL. p Al THERAL,
Gt ORI SR RS SR 2 R
RIS, i p BUH 0.2~03.

A AR DA A A (), WA
WU AT, ZAHIAS L A Ay A St o
2.2 WRIAANERAAE

MR A ST T H ) IR AR A ZE AR A R I ) IR O
VON TR SEITT ZZ K5 e
bt HIHLR (k)@= A, B,C)

»le
>

VHSEIA 50 S 300 P9 LA e
is(k)(¢=A,B,C)

v

GREEAVIVEE TS ON ERilE
MU [ IR 7, (¢ = A, B, C)

(¢=A,B,0) )

_T/
=15

> p(p=A.B.C)

Y
Jl B R

PR B

B 5 BiELIRE

Fig. 5 Flow chart of implementation
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Fig. 7 Results of deeply saturated inrush current
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