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S-Domain Equivalent System for Electromagnetic Transient Studies PART li:
Frequency Dependent AC System Equivalent
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(Yong-Peel Wang - Hyeng-Hwan Chung)

Abstract - Electromagnetic transient simulation can be used to model complex non-linearities that very difficult to
represent adequately in the frequency domain. This problem is greatly reduced with the use of frequency dependent
network equivalents for the linear part of the system. S-domain rational function fitting techniques for representing
frequency dependent equivalents have been developed using Least Squares Fitting(LSF). However it does not suffer the
implementation error that exited in this work as it ignored the instantaneous term. This paper presents the formulation
for developing 2 port Frequency Dependent AC System Equivalent(FDACSE) with the instantaneous term in S-domain
and illustrates its use. This 2 port FDNE have been applied to the New Zealand AC system. The electromagnetic
transient package PSCAD/EMTDC is used to assess the transient response of the 2 port (FDACSE) developed with
Norton Equivalent network. The study results have indicated the robustness and accuracy of 2 port FDACSE for
electromagnetic transient studies.

Key Words : Electromagnetic Transient Studies, Least Squares Fitting(LSF), S-Domain Equivalent System, Frequency
Dependent AC System Equivalent(FDACSE),
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Table 1. Coefficients of rational functions for Y11
Order a b

0 2.7411320e-003 1.0000000e+000
1 -1.7234925e-002 -5.8510825e+000
2 5.4313446e-002 1.7096834e+001
3 -1.1181432e-001 -3.2517647e+001
4 1.6565653e-001 4.4288763e+001
5 -1.8404156e-001 -4.4918630e+001
6 1.5511665e-001 3.4181644e+001
7 ~9.8018829¢-002 -1.9163915e+001
8 4.4581193e-002 7.5173806e+000
9 -1.3260309e-002 -1.8368353e+000
10 1.9824575e~003 2.0367384e-001

2 Y129l gefgs

A

Table 2. Coefficients of rational functions for Y12

Order a b
0 1.9369412e-003 1.0000000e+000
1 -1.0144515e-002 -5.7792918e+000
2 2.6274043e-002 1.6773662e+001
3 -4.3280321e-002 -3.1856087e+001
4 4.8930902e-002 4.3580159¢+001
5 ~3.7816752e-002 -4.4708432e+001
6 1.7544720e-002 3.4714897e+001
7 -1.2714373e-003 -2.0090766e+001
8 -4.5682237e-003 8.2662784e+000
9 3.2558146e-003 -2.1709199e+000
10 -8.7292693e-004 2.7062609e-001
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Table 3. Coefficients of rational functions for Y22

Order a b
0 2.7411320e-003 1.0000000e+000
1 -1.72349252~002 -5.8510825e+000
2 5.4313446e-002 1.7096834e+001
3 -1.1181432e-001 ~3.2517647e+001
4 1.6565653e-001 4.4288763e+001
5 -1.8404156e-001 ~4.4918630e+001
6 1.5511665e-001 3.4181644e+001
7 -9.8018829¢-002 -1.9163915e+001
8 4.4581193e-002 7.5173806e+000
9 -1.3260309e~-002 -1.8368353e+000
10 1.9824575e-003 2.0367384e-001
33 #I=SH 54

S 99geld FAYH &3¢S TP =" FHF gE
ZHFA 24 S7HFDACSE)E Adsle] a1 $54S 453
A 2¥ 38 Ze H2E AC A2€L a9 1034 o)
PSCAD/EMTDCS ol &3t 2¥3 sdd =& 29 117
o] Awd 2 XE FDACSES PSCAD/EMTDCS oj&
3t 2y . 9r|M Add 2 £E FDACSES
PSCADA A&7} B8 ol g8l ALd Hein, 34 A4
& 4 JxEE PojrHz sy = ARy A=Y
zz23Ye PSCAD/EMTDCE ol&3ted HZE FEF A2
g3 ke 2 ¥E FDACSES thgd H3zA(dyR3),

r

O

CB 1%, wAgRs zdx A=dA4E Hn-ns
Rt

g agi

1t

{= H]

'
H
affa et H
4 1 e (= He]
v 3w
y T H
‘
.
'

32 10. PSCAD/EMTDCE 0|88t EHAE AlAR MA
Fig. 10 Design of test System using PSCAD/EMTDC

A E-1-IE =2 169



BRBERE 54A% 43 20055 4B

14
5

&
.j
T

.~ gn
X
e

a3 11 PSCAD/EMTDCE o|8%t 2 ZE Fals 2
St AlAH

Fig. 11. 2 port Frequency Dependent AC System Equivalent
using PSCAD/EMTDC

i

&

39 12, 13, 14 2 155 Tiwal RAAA thds sz
(AgHs, CB 1%, vldgRs. 23S H43d "H2E
2AF A2d g 2 ¥E FDACSES AYS w13
stgth JEs 2 £ E FDACSEE 4 AF FHLSHS
o] g3 10x% S 99 HfAFFE FAsPYL =3
PSCAD/EMTDCAIA o] Fd+E ol&3dd 2 XE
FDACSEE €¢4stx, A9y Ax=d4 A o4 ZAx
433 ¢ 54 etz 9. =3 /e FDACSE
T AA4Y 2t Ha, Ax4d EAE v JEgge ¢
& ot

Port 1 Yoltage ()
.
™
L~
N
|
N
11
N
L
y

Port2 Voltags (1Y)
o

Port1 Current (A}

L]

A
N
-
N
[
™~
N

\\
N/ N/ I\_/
% A

Port 2 Carront (k)

o
L1
N

b L1
I~
A1
™~
I~
1
I~

a8 12 AAHAlAaH2 2 ZE FDACSES BT SEHMEES])
Fig. 12 Comparison of transient result for the explicit

representation and the 2 port FDACSE with linear
load

170

Gxplialt Aep. - FONE

g VAN /N
g / nw /N /
E o W
. o~ —cxoton mes. ronE ~ o~
§ . / 1 v/ WY /
H N4 | v N4
| ]

3 : ——‘El-u\ﬂclt AeD. e ‘F:;!
£ N =
s AN A4

\V4 N4
3 . » R
E S WY 71N 7 ~
S N7 AN/ 4
E A\ NG

o

o.18 0.2 a.am .28
Time (8sconds)

Oy 13 AAAA™”3t 2 ZE FDACSES A SEHCB 2ZEY
Fig. 13 Comparison of transient result for the explicit
representation and the 2 port FDNE with CB fault

s ~_ L/ 7~
10 A N /A0 W AN N A N A
0 /A N VA W /X

\J/ '\ N\ LV

£ N\ /\
- /A N /5 A 000 W Y AN
S 7 O A N A N AN N AR
\] N\ \ A\ \J
5 ~ L 7N

By /0 /0 1 W A W AN

I /AN AV AN VA N A AR N IV

Y v 7 W4 %%
g /\ NN JaN
- A0 /0 I W O N A
- /AN N /AN /AR N VAR N I AN

L/ L/ L/~ L/ N/

CNTY a.vr o.18 o.21
Time (8econde)

14 AAAIARD 2 2E FDACSESl T SEHu|MY
531

Fig. 14 Comparison of transient result for the explicit

representation and the 2port FDNE with nonlinear

loading

a3

——@xpitoh Rep. - FONE

Port1 Voltage (1Y)
™
N
N

o EXOHGI Rap. vrree FONE

Port2 otige ()
N
N
N

——— ExpliCit Rep, i roNE

N W/
N, AN /4
A\ AR 4

N/

- P
\\ ZIN
AV /A
N Z
ANG/4

Port) Cummat {kA)
»

Post 2 Curmant A}
°

Y V4
N\ VA
Nl
g

EXTY EXT2 °.1

.1'lrn. (Bocond.l)

ag 15 MAAAIARE 2 ZE FDACSEY ztz g€z

Fig. 15 Comparison of transient result for the explicit
representation and the 2 port FDNE with fault



4. 8 E

E =2dAMe Ay dxd4s sy gfHez &
Aatz] A8 Fa+ $99 S 99 FAFFA WS Domain
Rational Function Fitting)& °]-&38t9 #Ags &7H3e X
e 2 LEQ-port) =8 Fo5 & uF A28 F7HFre
quency Dependent AC System Equivalent: FDACSE)E 7
2atg i, A2 FDACSEY #4448 4Fs7] flstd §
2E AC Mg AHLsgeh 18 Hxr] F2dd =2
233 PSCAD/EMTDCE A3t H2E AC Al2="3 7
W3 FDACSES Bl -HEsIg) oo & e 3
FE d& F AA
L F3+ $9€ A4 AF HAFYS o438 S 99 747
g 74 B S FFA

2. Bxd3 £343-E T S 4944 57 A2dY B
D FAo] Lolslu T4 oxE XTFEA Ferh

3. %S S 9§49 2 ¥E »¥ FDACSEE AA7] #Ed
4 Zzayed 4A 488 4+ AUrh

4. AEe S 949 2 XE =¥ FDACSE® ZU4# 4%
A& 7HA 32 o, A HEA 2P A=ELE FF3}
3 ERHdoR MY £

[1] Hingorani N.G. and Burbery M.F., "Simulation of AC
System Impedance in HVDC System Studies”, IEEE
Transactions on Power Apparatus and Systems, Vol
PAS-89, No. 5/6, May/June 1970, pp 820-828

[2] Do V.Q. and Gavrilovic MM., “A Synthesis method
for One Port and Multi-Port Equivalent Networks for
Anaysis of Power System Transients”, IEEE
Transactions on Power Delivery, Vol. PWRD-1, No.
2, April 1986, pp 103-111

[3] Medina A., Arrillaga J. and Watson N.R., "Derivation
of Multi-Harmonic Equivalent Models of Power
Networks”, Proceedings of the 1990 International
Conference on Harmonics in Systems,
Budapest, Hungary, 4-6 Oct, 1990

[4] Morched A.S., Ottevangers J.H. and Marti L., "Multi
Port Frequency Dependent Network Equivalents for
the EMTP”, IEEE Transactions on Power Delivery,
Vol. 8, No. 3, July 1993, pp 1403-1412

[5] Nota T., Nagaoka N. abd Ametani A. "Phase-Domain
Modelling of Frequency-Dependent Transmission
Lines by Means of an ARMA Model”, IEEE
Transactions on Power Delivery, Vol. 11, No. 1,
January 1996, pp 401-411

[6] Todd S., Wood AR. Bodger. P.S. and Smith B.C,
"Rational functions as frequency dependent equivalents
for transient . studies”, Proceedings of the 1997
International  Conference on  Power  Systems
Transients, pp 137-144, June 1997, Seattle, USA

[7] Gustavsen B. and Semlyen A. ”Simulation of

Power

HXP7| T HA HAS e S o StM2Y PART I1: Fut

+
lo
I
Kl
£

Trans. KIEE. Vol. 54A, No. 4, APR, 2005

Transmission Line Transients Using Vector Fitting
and Modal Decomposition”, IEEE Transactions on
Power Delivery, Vol. 13, No. 2, April 1998, pp 605-614

[8] Wang Y. P. and Watson N. R., "Z-domain frequency-
dependent AC-system equivalent for electromagnetic
transient simulation”, IEE Proceeding-Generation,
Transmission and Distribution, Vol. 150, 2003.

(0] & &4, “Axr] A=dL A4S A¢ S 949 T7H4
2% PART 1 : 94 9J& A9 5717, daAd7 g
=72, 524, 113, pp. 632-638, 2003

2 8- (E & B

196613 8¥ 2544, 1992 ol Fdf
A71FE Y 4. 1994d 5 "igd A7)
T3 SA(4AH). 19983 5 dighd A
71F83 SG(F9). 19999-2001d w3
A= Canterbury University(Post- Doc).
A Foldgtz A7 FE} =W ng
BAEE  AFEH 2" 4 2 A
oA, AAr #=g4, AHEFIA(ZE
o, Eg#)

Tel : 051-200-6944, Fax : 051-200-7743
E-mail : ypwang@smail.donga.ac.kr

HE (BT B

19413 19 1994, 19643 AW T
A71Feta £¢. 19843 5 e A7)
83 £4(FE). EA Foldl I A
NAAAFEHFGE a5 BAEF @ 3
F54 Azd d4 9 AojdA, AR
I=dd, 1gF2

Tel : 051-200-7733, Fax : 051-200-7743
E-mail : hhchong@daunet.donga.ac.kr

Alad St 17



