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Transformer's multi-side inrush current generation mechanism and its influence
on the differential protection's fast action zone

YAO Dongxiao', DENG Maojun', NI Chuankun', WANG Lide?, MA Heke', LU Lijuan', HUANG Jidong'
(1. XJ Electric Co., Ltd., Xuchang 461000, China; 2. Maintenance Company of State Grid Hunan Electric
Power Corporation, Changsha 410000, China)

Abstract: Multiple sides' inrush currents of transformer are similar to inside fault currents, which is likely to cause the
differential protection's fast action zone malfunction. This paper studies two multi-side inrush current's mechanism and
analyzes the effects on two different types of differential protection fast action zones. First, the inrush current's
mechanism generated from high-side and low-side windings when closing the high-side breaker without load led to core
saturation and its effect on phase differential protection fast action zone; second, the inrush current's mechanism generated
from high-side, mid-side and low-side windings when cutting off the outside region fault led to core saturation and its
effect on longitudinal differential protection fast action zone. Based on the analysis of two inrush current generation
mechanism and characteristics, it puts out that the winding differential protection should not deploy fast action zone, and
the longitudinal differential protection's fast action zone should add error prevention measures. And it puts forward
specific improvement program which has been proven to prevent malfunction in many experiments.
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Fig. 1 Differential protection’s fast action zone action logic
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Fig. 2 Double winding transformer equivalent circuit with

power supply at each side
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Fig. 3 Equivalent circuit for closing transformer’s

high-side breaker without load
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Fig. 4 Low-side induced electromotive force
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Fig. 5 Current and voltage waveforms when closing

high-side breaker without load
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Fig. 6 Winding differential current and restraint current

4 XSNSBEYIRREL % MR AR R AP =
PRI ENE X F M 53 47

4.1 [XHMNGBEL] BREBR S MIGh S T AL F8

330 kV DL EAR e ds— M DL AR O 2, o
A A YRR N . B 3 SRl AR Ay,
AT LA X AN DI BR L R, RGO 1 43 A
Bo 7 0 B AR X AR R A R,
Wi S 7R Ay o A X Ak = A6 R i i

i UJF} Wit 4 CT1 CT3

* N *
N *
* AGE i £
JEHELL
e AN X )‘U% *CTZ

AN \L i

Zns
JE AN
LA

B 7 BT XIMNERE RS E LR

Fig. 7 System’s simplified model for autotransformer’s

external fault
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Fig. 8 Autotransformer equivalent circuit for the external

three-phase fault on the high-side of autotransformer
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Fig. 9 Autotransformer equivalent circuit after fault cutting off
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Fig. 10 Longitudinal differential current and restraint current
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