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Analysis of Power Quality by Transformer Inrush Current
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Abstract - The transformer inrush current can cause a voltage drop by source impedance. This current can impact
sensitive loads by the voltage drop. Therefore, it is necessary to take measures to limit this inrush current. This study,
described in this paper, analyzes the power quality affected by transformer inrush current using the X power system in
Korea. The Electromagnetic Transients Program (EMTP) is used to analyze the transient phenomenon. We discuss a
method to model the hysteresis curve of the transformer in EMTP. We carried out various simulations to analyze the
power quality during transformer energization. The analysis results of voltage drop by the inrush current occurrence

when certain requirements are met are presented.
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Table 1 The A T/P main transformer test data

FFAW V3 AT (A) B33
(Phase to ground) Cl H (W)
(%) | mean | rms | Ia Ib Ic To % | Pm Pc

90 | 6809 |6785|4.660| 3430|3560 |3.880 | 0.071 |49118| 49291
100 | 7565 | 75204 7.370 | 5690 | 5.830 | 6,297 | 0.115 62108 62479
105 | 7941 [ 787419940 | 7.830 | 7.910 [ 8660 | 0.157 [70742| 71341
110 | 8318 | 8221 [14.160|11.350311.400(12.303| 0.225 |81510| 82466

32 Ale HoleE ol 8%t s|AH A ASH 2 E[3-6]

Me719 o 2hE A 5
H A& S A8F 2¢
oJHAM HBad Fe 4F
ojth. d|ZH AL Ed

2d9e HA Agr1Y 3=
Aol a3ttt ¥ 19 AlgEH
Adete) % R AXRAHFY RBH
Hg fste 54 EMTPY L
nonlinear Data Function A& o] &3l HAF-A<& o]
HE T3liof gt} o] £2XE AP punch A A
F-A& HolHE T8 4 U, o g= Hysteresis fitter
ozt ¥ & AN, sgre 23 EA ¥ 3| AH
HAA SAe 2SS e Alegio]l AAdHT. o A
£ Hysteretic reactor &A) A EZH oW I AHEA L &
Aol rdg o]l ¢g gl

a9 ¥ 0g 29 29 d2HPAA THe 2H] 7}
ok, T3bd e (1231, 31.2095)¢19, o] FA4-2 (0, 8.83496)
€ T4 ggbA, FHd) JFAELS 8.83496/31.2095=28.3%
o] .

Q

!

O

— Hysteresis curve

¥3H4
(12.31, 31.2095)

{ (0, 8.83496)

0 : * + —— -+
-2 B 2 4 B 8 10 12 14

Current (A}

g 2 sIAHEAA 2FM
Fig. 2 Hysteresis Curve

4. M =2fjolH
41 X HHAHsS2H

W7 e AR g8 AEEd BAL BE 13

Het7| ofXtEol olet HHEA

nA
Ho
iiw

Trans, KIEE. Vol. 57, No. 6, JUN, 2008

39) X AEAS 2l P34t X AHAZTLE TAH
A, FEaA MR Fog FAHY duh 9L £ 28
M=

7 w9 Bade Yenyn glow, og E 32 7
9;'

ARASY E7)2A7)E EMTPAA S SM model&
Agatte ol gstgon,
% 37 zo] ¥uA ¢Ae dzolmz 3%
43T A T/P F HY/9Y WY B =R
o F BAA} oz mude) S Aste] 32y
gol mdge AFFAch FHwAe Ry =
S 2 =RoME Azeigo,

l{l

s}

o [,
Pl

P

Jjm

>

2 7t sMoMel Batat
Table 2 LLoad of Each Bus

7AH 23 (MW) 24 231 ZH(MW)
H 72.33 C 30.803
E 26.304 D 24,148
F 76.126 G 36.19
B 27.581 J 29.394
A 1 322.876MW

I* 32 Mze duEA
Table 3 Line impedance in Jeju Power System

Mzdg 4 ©] (km) 4 E(%) F (%)
7} T/L 31.159 1.3351+j5.9124 | 3.9582+j15.393
W o#1, #2 T/L 16.646 0.7067+33.3294 | 1.9785+38.3107
o} #1, #2 T/L 5.1000 0.0406+j0.5256 | 0.1126+30.1820
2} T/L 26.600 1.1007+j4.7543 | 3.2840+j12.835
ul #1, #2 T/L 6.9900 0.0419+j0.6299 | 0.1183+j0.2153
vt #1, #2 T/L 13.000 0.5688+j2.6864 | 1.5943+36.6819
A T/L 19.529 0.8288+i3.8401 | 2.3672+39.6601
o} T/L 34.437 1.4618+36.6670 | 4.2734+)16.746
A+ T/L 30.895 1.3114+j6.1305 | 3.8514+;14.361
2 #1, #2 T/L 7.0000 0.0547+30.6978 | 0.1486+30.2642
7} T/L 22.714 0.9642+j4.4350 | 2.7883+j11.120
Bl T/L 46.684 1.9816+]9.2446 | 5.8197+j21.741
2 T/L 31.357 1.3310+j6.2209 | 3.88341+j14.679
st T/L 20.875 0.8861+j4.0814 | 2.5433+j10.313
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Fig. 3 Model of X power system

AstAet. o #&E ASAY wusid, Fgel FAREE A
1& 3 & g gL 18" 58 AAEdA[TE

FAdYd7zte] 0xoln FAEo] 283%< A
et e EA Azolr, Al 2maEsrt gonz
2 EYAF 4894S 39 5 Ut

o

O 4 Az Fet dgel A5 oy
Fig. 4 The voltage and inrush current waveform recorded in
the field
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Table 4 Simulation conditions
et FAHSZ 7R AT K3t
0° 28.3% Peak
A45° 15% Middle
9Q° 0% Off-Peak
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Fig. 6 The instantaneous waveform of inrush current when
the simulation conditions are the closing point of 0°,
a remnant flux of 28.3%, and middle load
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Fig. 9 Closing point-on voltage wave versus voltage drop
curve
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Table 5 The error range of each bus when the approxi-
mation equation (3} is applied
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