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Abstract -

Current differential protection relaying with second harmonic restraint is the main protection for large

capacity power transformer. PSCAD simulation program is widely used for modeling of dynamic varying transients
phenomena. This paper deals with a power transformer model and transients analysis using PSCAD software to develop
IED for power transformer. Simulation was carried out using a three phase 40MVA, 154/22.9kV, 60Hz, two-winding
transformer with Y-Y connection used in actual fields. The paper analyzed transformer magnetizing inrush, external
fault, and internal fault conditions with this model in the time domain. In addition, we performed an analysis in the

frequency domain using FFT during several conditions.
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(b) 34 22 #ef7| Hiol&(4d)

Source Name T32
3 Phase Transformer MVA 40 [MVA]
Base operation frequency 60 [Hz]
Winding #1 Type Y
Winding #2 Type Y
Delta Lags or Leads Y Lags
Positive sequence leakage reactance 0.109923 [p.u.]
Ideal Transformer Model Yes
No load losses 0.0009 [p.u.]
Copper losses 0.004125 [p.u.]
Tap changer on winding None
Graphics Display Single line (circles)
Display Details? Yes

(c) 3¢ 2 M H2tT| Clolef(z s}

x 1 PSCADS| =cHst aHA} Saturation Enabled Yes
Table 1 Input dialog box of PSCAD Saturation Placed on Winding #1
(@) 3A+ M erel ool Air core reactance 0.109923 [p.u.]
- Inrush decay time constant 5 [sec]
Source Name Brandon Equiv. Knee voltage 125 [pl
Source Impedance Type RiR//L Time to release flux clipping 0 [sec]
Source Control Fixed Magnetizing current 0.7 [%]
Base MVA (3-phase) 40 [MVA]
B Vol L-L 1 k . =
ase Voltage(L-L, RMS) o1 [kV] a9 2 143 34779 PSCADS] WAE FFT 2%
Base Frequency 60 [Hz] ot} 13 29} ztol, C % =33 HRE FFT 220 =
Voltage Input Time Constant 0.05 [sec] & 7125, omzs @ 5] =79} _r]}\l—ﬂ— & =23
Zero Seq. differs from Positive Seq. Yes )},
Impedance Data Format RRL Values 19 3 AA] tdk PSCADS] olF 71&7] AZ A A7
External Phase Input Unit Radians (dual slope differential relay)elth. 238 33 o], ==
Graphics Display Single line view 7183 2mzxa W 5o =79k YA e vlexE &
o Behind the Source 1 EFS T3 A AF vlolox ARFR(AA AF)E AL
Specified Parameters o
Imp. @ F, wgrle 14 49 =9AEE wsl 9o,
aued -1 B 40 [MVA] 151 .
T N 154 [kV]/ 22.9 [kV] o _ I |
IHRLE 0 = BRKz : & o e T BRKT I L
Ip3 = 4 Timed 153 = |
p Fault
Logic 10 MVAR] 20 (MW
o \ﬁﬂg P-‘ﬂ;:;':’:;;;ﬂk - Dﬂ‘a:LPAC_Ime
] : B e
g 1 : : 3;:1:3'-3 BT osedian
g e _%%JL’ . [ 3;:555% Timed
1577 . 5 8=>AB Erlg;i_er
159 o 4 1%2:%% ek cm%gglétu
152 * 3 11=> Mo fault (0)
Is: * 2
1s3 = 1

O3 1 PSCADoll 2o|st #etr| Hs =24
Fig. 1 Transformer system model of PSCAD
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* 2 Mot 2 #ety| dolH
Table 2 Source and transformer data

Volume 40 MVA
Voltage 154 kV
Source RO 1.1108 Q
Data R1 0.5590 @
LO 20.758 mH
L1 10.379 mH
Volume 40/45 MVA
Voltage tap 154/22.9 kV
Winding type Y-Y
Transformer
Data No load losses 0.0009 pu
Copper losses 0.004125 pu
Positive sequence 0.109923 pu
leakage reactance
ct_bp_| Mag
l:t_bp_ﬁt&idag l«%
ct_bp_| Mad_cp_H5_Mag
ct_ap \-12:2‘:Li l%
ct_cp_HZ2_Mag
ct_ap_| WMag
d_ck{ﬁ‘l Mag
ct_ap Mag ct aD 5_ph
ct ap
ct_ap N Maag l:t_ap ct_bp
e e
Ip ttp i dt?_)ao_ph 1 b

X2 Ph2
| UITJJD ph
X3
I 3p E=500r] n‘??_):p p
|dC1 |dl::2 |dC3
1 ph
2 ph

a3 2 PSCADe| FFT =& (1xt&
Fig. 2 FFT block of PSCAD (pnmary side)
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Fig. 3 Dual slope differential relay of PSCAD in A phase
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Fig. 4 Over-current detection block of
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Fig. 6 Differential current and bias current during steady
state
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Fig. 7 Primary current signal and through CT during steady
state
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Fig. 8 Three phase current during inrush condition
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Fig. 9 Differential current and bias current during inrush
condition
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Fig. 10 Primary current signal and through CT during inrush
condition
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‘Second harmoniorato
m2naH s = 2nan s maane
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(b) C =2%o| Aut

a7 11 ofXt=atefe| 7|2 uto| st 2 =x=o} v
Fig. 11 Rato 2™ harmonic to fundamental frequency
component during inrush condition
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component during inrush condition
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Fig. 13 Three phase current during A phase to ground fault
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Fig. 14 Rato 2" harmonic to fundamental frequency
component during A phase to ground fault
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Fig. 15 Rato 5" harmonic to fundamental frequency
component during A phase to ground fault
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fault
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Fig. 17 Rato 2™ harmonic to fundamental frequency
component during AB phase to ground fault
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Fig. 20 Rato 2™ frequency
component during AC phase short fault
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Fig. 21 Rato 5" harmonic to fundamental frequency
component during AC phase short fault
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