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A Novel Method to Reduce Current Magnitude
During Parallel Operation Period of Electric
Power Distribution Feeder

Shu-Chen Wang, Chi-Jui Wu, and Hsin-Chun Tsal

Abstract—A novel approach to reduce the current magnitude
during feeder load transferring is presented in this paper. No matter in
planning, designing, or system dispatching, it is desired to give
un-interrupted electric power to customers. However, when the
loading of a distribution system power feeder is too high or the feeder
needs to be maintained, the feeder load should be transferred to other
feeder. The un-interrupted type means that the el ectric power supplied
to customers will not be interrupted during feeder load transferring.
However, there are several factors to affect the feeder current
magnitude during load transferring, such as transformer impedances,
primary side power level, and origina loading of the feeder. If the
current is too high, the feeder protection system will trip the feeder
breakers to shut down the power supply system. A novel approach is
presented to reduce the feeder current magnitude during load
transferring. The phasor measurement units (PMU) will be used to
obtain the synchronous voltage magnitude and phase angle of the
transformers, of which feeders are transferred. A power conditioner is
installed in the secondary side of the transformer. Then the phase angle
values from the PMUs will be sent to the power conditioner and the
suitable phase shifting will be used to reduce the phase angle
difference between the two transformers. The simulation results show
the feeder current magnitude will be greatly reduced during load
transferring.

Keywor ds—Electric power distribution system, Load transferring,
Power feeder, Phasor measurement unit, Power reliability.

I. INTRODUCTION

eeder load transferring is a common practice in the

operation of electric power distribution systems[1-7]. The

customers load on a feeder of a transformer would be
transferred to afeeder of another transformer if there are system
faults on the origina feeder. In order to improve the power
quality and power reliability, the un-interrupted type is a more
popular way today. In the radia type of electric power
distribution systems, feeders are connected to individua
transformers in different substations. In the un-interrupted
power supply type of load transferring, there is a period when
feeder load is supplied parallel from two transformers. If the
primary side of one transformer is greatly stronger than that of
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the other transformer, active power may be delivered from one
transformer to the other. This will cause abnormal feeder
current during the load transferring period, and the protection
relay of the transformer would be actuated to trip the breaker
and cause a black down of electric power.

Severa approaches could be used to reduce abnormal
feeder current during feeder load transferring [8-10]. The
on-load tap changer (OLTC) of a power transformer is installed
in the substation to modify the output voltage magnitude of the
transformer. Then before the load transferring, the output
voltage of related transformers can be tuned to be appropriated,
so that the reactive components of feeder currents during load
transferring can be reduced. The other method is to modify the
power flow conditions if the primary side system of the power
transformer. The phase angle difference and voltage magnitude
difference of the feeder sides of the related transformers can be
tuned to as low as possible. However, this method will affects
the operation of the transmission system [11-14].

In this paper, a novel approach by using the phasor
measurement units (PMU) [15-16] will be used to obtain the
synchronous voltage magnitude and phase angle of the related
transformers, where the load transferring between them are
required. A power conditioner isinstalled in the secondary side
of one of thetransformers. Then the phase angle values from the
PMUs will be sent to the power conditioner and the suitable
phase shifting will be used to reduce the phase angle difference
between the two transformers. This method will reduce the
abnormal power flow between these transformers. The
simulation results show the feeder current magnitude will be
greatly reduced during load transferring.
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Fig.1. Structure of feeder load transferring.
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Fig. 2 Power flow on an electrical distribution feeder between
two buses.
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Fig. 3 Tuning of OLTC by using look-up table method.

Il. STRUCTURE OF FEEDER LOAD TRANSFERRING

The illustration diagram for feeder load transferring is
showninFig. 1. Beforeload transferring, the feeder connection
breaker is at open state, and the transformer i and transformer |
will supply their own load. If the load on feeder 1 of transformer
ii will be transferred to the feeder 2 of transformer j, then the
feeder connection break will be closed. During the load
transferring stage, the transformer i and transformer | are
connected through these two feeders. The power supply to
customers on both feeders will be continuous. This means the
un-interrupted load transferring. After several seconds, the
feeder breaker near transformer i will be opened. And the load
on both feeder 1 and feeder 2 is supplied by transformer j. It
means after load transferring. However, for example, if the
primary side of transformer j is greatly stronger than that of
transformer i, during the load transferring, active power may be
provided by the primary side of transformer j to the primary side
of transformer i through the feeders and transformers.

The differences of voltage phase angle and voltage
magnitude of the two terminal buses of an electrica power
distribution feeder will affect the flow conditions of active
power and reactive power. For the systemin Fig. 2, assume

V, =|V,|£6,
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V, =|V,|£0,

Z=R+jX

5§=0,-6,
Then

| = Vl_VZ

12 a

The apparent power from the busis as follows.

SLZZPl2+jQ12:V1(I12)*
1 .
= oz RV = RV |V, cos6 + X V|V |sins
it (XIVA — XV |V, |cos5 + RIV, |V, |sins)
R2+x2 1 1 ¥ 2 1| v 2
) )
S =R, +1Qp =Vi(-1)
- x2 (R[\/2| ~ RV, c0ss + X V|V, sins )
+j;(x|v 2~ X|V,|V,|coss + RIV, |V, |sin3)
R2+x2 2 1 ¥ 2 1 V2
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Usually, of X/R ratio of apower lineis high, then we can obtain

S, =R, +]Qy,
|V1||V2|sm5+ j— (|v1| X V|V coss |

©)

Sz = I321"‘ jQZl

|V1||V2|sm5+ = (|v2| VALY

Ina power system, the phase angle difference between two
busesis usualy small, then c0so ~ 1. And

4

V.V, .
P12:| 1>||( 2|Sm8 %)
V,
Qp = |X|(I 1|_|V |) (6)
V, IV, .
21;——| 1)”( 2|sm8 @
Qu =Ll |-v)) ®

If & is positive, the phase angle of bus 1 leads that of bus 2.
Active power will be sent from bus 1 to bus 2. By the way, if the
voltage magnitude of bus 1 isgreater than that of bus 2, reactive
power will be sent from bus 1 to bus 2.
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In the un-interrupted power supply type of load
transferring, there is a period when feeder load is supplied
paradlel from two transformers. If the primary side of one
transformer isgreatly stronger than that of the other transformer,
thereislarger phase angle difference between them. Then active
power may be delivered from one transformer to the other. Also
reactive power will be delivered. This will cause abnormal
feeder current magnitude during the load transferring period,
and the protection relay of the transformer would be actuated to
trip the breaker and cause a black down of electric power.

In recent years, the on-load tap changer (OLTC) on a power
transformer is used to adjust the secondary side voltage of the
transformer according to the system or loading conditions.
There are severa terminals on the primary side or secondary
side of a power transformer. The output voltage can be adjusted
up to £10% from the nominal values. The power will not be
interrupted if the scheme of OLTC is used. The look-up table
method can be used to determine the tap position as shown in
Fig. 3. The daily loading condition and voltage profile of the
transmission system are used to set the operation rules. Usually
+1.259% voltage magnitude can be adjusted for each tap step. In
the load transferring of power transformers, if the voltage
magnitudes of transformers before load transferring have large
difference, the OLTC can be used to adjust voltage magnitude
of any one transformer, so that the reactive power flow can be
reduced.

I1l. RESULTSOF FEEDER LOAD TRANSFERRING WITHOUT PMU
AND POWER CONDITIONER

Two cases of feeder load transferring are evaluated. The
first oneisfrom Jiang-Tsuey (S/S) to Sheh-How (D/S) as shown
in Fig. 4. Both secondary sides are the 11.4-kV system. While
the primary side of the Jiang-Tsuey (S/S) isa69-kV system, that
of the Sheh-How (D/S) is a 161-kV system. The other case is
from Jiang-Tsuey (S/S) to Puu-Chyan (S/S) as shown in Fig. 5.
Both secondary sides are an 11.4-kV system. Both primary
sides are a 161-kV system. The system load means the loading
conditions of the 69-kV and 161-kV systems. The feeder load
means the loading conditions on the feeders having relation with
load transferring.

The simulation results of feeder load transferring from
Jiang-Tsuey (§/S) to Sheh-How (D/S) aregivenin Table 1 and 2

for the conditions of 20% and 80% system loading, respectively.

It can be found that under the conditions of 80% system loading,
the feeder currents of Sheh-How (D/S) during load transferring
are larger than 600 A for each case. The value of 600 A isthe
normal relay current setting of the feeders. Under the conditions
of 20% system loading, the feeder currents of Sheh-How (D/S)
during load transferring are larger than 600 A if the feeder
loading is equal to or greater than 40%. The resultsin TABLE |
and Il mean that it is hard to have feeder load transferring
between Jiang-Tsuey (§/S) and Sheh-How (D/S).

The simulation results of feeder load transferring from
Jiang-Tsuey (S/S) to Puu-Chyan (S/S) are givenin TABLE I
and 1V for the conditions of 20% and 80% system loading,
respectively. It can be found that It can be found that under the
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conditions of 80% system loading, the feeder currents of
Puu-Chyan (S/S) during load transferring are larger than 600 A
for each case. The conditions of 20% system loading are safer.

TABLEYV and VI givethe phase angle difference and voltage
magnitude difference of betweens secondary sides of
transformers before load transferring on conditions of 80% and
20% system loading, respectively. It can be found that if the
system loading is high, the phase angle difference values are so
high between to cause the high feeder currents during load
transferring periods.

Thefeasible conditions of load transferring between D/S and
S/S are given in TABLE VII for the system without PMU and
power conditioners. The conditions are determined by the
requirement that the feeder current magnitude during the period
of load transferring should be less than 480A, which is the limit
of safe current. It can be found that since the primary side of a
D/Sis161-kV and that of an SSis69-kV, it ishard to have safe
conditions for load transferring. Those conditions between /S
and S/S are given in TABLE VIII. There are several cases for
safe load transferring.

Jiang-Tsuey(S/S) Sheh-How(D/S)

69kV 161kV
feed bfre::kegr Connection
eeder breaker feeder
load feeder C feeder B load
main BUS SC main
transformer transformer
69/11.4kV 11.4/161kV
AY Y-A
other feeder feederC  feederB  other feeder

load load load load

Fig.4. Feeder load transferring from Jiang-Tsuey (S/S) to
Sheh-How (D/S).

Jiang-Tsuey(S/S) Puu-Chyan(S/S)
69kV 69kV

Connection
breaker

feeder
breaker feeder C

feeder
load

feeder

feeder B

; load
main BUS SC main
transformer transformer
69/11.4kV 11.4/69kV
AY Y-A
other feeder feeder C feeder B other feeder

load load load load

Fig.5. Feeder load transferring from Jiang-Tsuey (S/S) to
Puu-Chyan (S/S).
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TABLEI

RESULTS OF FEEDER LOAD TRANSFERRING FROM JIANG-TSUEY
(S/S) TO SHEN-HOw (D/S) ON CONDITIONS OF 20% SYSTEM

TABLEIV

RESULTS OF FEEDER LOAD TRANSFERRING FROM JIANG-T SUEY
(8/S) TO PUU-CHYAN (S/S) ON CONDITIONS OF 80% SYSTEM

LOADING
LOADING Feeder current of Jiang-Tsuey (S/S) | Feeder current of Puu-Chyan (S/S)
Feeder current of Jiang-Tsuey (S/S) | Feeder current of Sheh-How (D/S) (A) (A)
(A) (A) System| Feeder } :
" - Before During After Before During After
%’;ﬁg E;Z?% Before During After Before During After loading loading load load load load load load
load load load load load load transferring | transferring | transferring | transferring | transferring | transferring
transferring | transferring | transferring | transferring | transferring | transferring
80% | 20% 95 469 0 99 658 192
20% | 20% 88 390 0 101 573 189
80% [40% | 191 376 0 199 755 387
20% | 40% | 177 335 0 203 702 379
80% [ 60% | 287 287 0 299 852 586
20% | 60% | 266 282 0 305 832 570
80% [ 80% | 384 207 0 400 955 787
20% | 80% | 356 231 0 407 963 763
TABLEV
PHASE ANGLE DIFFERENCE AND VOLTAGE MAGNITUDE
TABLEII

RESULTS OF FEEDER LOAD TRANSFERRING FROM JIANG-TSUEY
(S/S) TO SHEH-HOW (D/S) ON CONDITIONS OF 80% SYSTEM

DIFFERENCE OF BETWEEN SECONDARY SIDES OF TRANSFORMERS
BEFORE LOAD TRANSFERRING ON CONDITIONS OF 80% SYSTEM

LOADING
LOADING Jiang-Tsuey (S/S) to Jiang-Tsuey (S/S) to
Feeder current of Jiang-Tsuey (S/S) | Feeder current of Sheh-How (D/S) Sheh-How (D/S) Puu-Chyan (S/S)
(A) (A) System Feeder
System | Feeder . ) loading loading Phase angle difference/ Phase angle difference/
loading|loading Iﬁif;;e Dlch)r;‘r;g /I-\ngr lﬁi{:&e Dlggg /l_\;;r voltage magnitude difference | voltage magnitude difference
transferring | transferring | transferring | transferring | transferring | transferring
80% 20% 12.5/ 5.2/
80% | 20% 95 1999 0 103 1804 192 0.701 0.251
12.7/ 5.2/
0, 0,
80% |40%| 191 | 1744 | o0 206 | 2135 | 386 8% | 40% 0.722 0.248
13/ 5.3/
80% | 60% | 287 | 1684 0 310 | 2271 | 580 80% 60% 0.745 0.246
80%|80%| 384 | 1650 | O | 414 | 2434 | 776 80% | 8% 5z o
TABLEVI
TABLEIII PHASE ANGLE DIFFERENCE AND VOLTAGE MAGNITUDE

RESULTS OF FEEDER LOAD TRANSFERRING FROM JIANG-TSUEY
(S/S) TO PUU-CHYAN (S/S) ON CONDITIONS OF 20% SYSTEM

DIFFERENCE OF BETWEEN SECONDARY SIDES OF TRANSFORMERS
BEFORE LOAD TRANSFERRING ON CONDITIONS OF 20% SYSTEM

LOADING LOADING
Feeder current of Jiang-Tsuey (SS) | Feeder current of Puu-Chyan (S/S) Jiang-Tsuey (§/S) to Jiang-Tsuey (S/S) to
(A) (A) Sheh-How (D/S) Puu-Chyan (S/S)
System | Feeder . . System Feeder
loading | loading Blifac:;e Dlgggg 'T‘;;Zr Iiifac:;e Dlgggg 'T‘of;r loading loading Phase angl_e differ_ence/ Phase angl_e difference/
transferring| transferring | transferring | transferring | transferring | transferring voltage magnitude difference | voltage magnitude difference
20% [ 20% | 88 61 0 %4 213 | 183 0 0 3/ 1y
20% 20% 0.077 0.009
20% | 40% | 177 89 0 189 302 368 3.2/ 1.1/
20% 40% 0.094 0.019
20% | 60% | 266 171 0 284 393 556 - -
20% 60% 8.4/ 11
20% | 80% | 356 261 0 381 485 746 0.11 0.079
3.5/ i)
0 0,
20% 80% 0.127 0.025
Issue 5, Volume 5, 2011 464




INTERNATIONAL JOURNAL OF CIRCUITS, SYSTEMS AND SIGNAL PROCESSING

TABLEVII
FEASIBLE CONDITION OF LOAD TRANSFERRING BETWEEN D/S
AND §/S

Feeder
ading
20% 40% 60% 80%
System
loading
20% Y Y/N N N
40% N N N N
60% N N N N
80% N N N N
TABLEVIII

FEASIBLE CONDITION OF LOADING TRANSFERRING BETWEEN §/S
AND §/S

Feeder
ading
80
20% 40% 60% o
%
System
loading
20% Y Y Y N
40% Y Y Y N
60% Y N N N
80% N N N N

IV. WAMSMONITORING SYSTEM

The technique of the wide area measurement system
(WAMS) came from the theory of sequence components for
distance protection relay [24-29]. In order to monitor the
dynamic and transient behaviors of the 345-kV network, the
Taipower had installed 10 WAMS units. Fig. 6 shows the
schematic arrangement of the WAMS hardware. The functions
of the WAMS include the power system real-time monitoring,
the analysis of dynamical behaviors, fault recording, and the
steady state analysis of phasor recording.

The block diagram of the synchronous phasor measurement
unit (PMU) in the WAMS is shown in Fig. 7. The PMU is
composed of the signa conditioning unit (SCU), the
measurement unit (MU), and the satellite signal synchronizing
unit (SSU). To acquire the phase angles and bus frequency data
among substations, aglobal referenceisneeded. Thetime stamp
of the PMU isthe same asthe global positioning system (GPS).
The data from different PMU is delivered to the central control
unit by optical fibers. The data are then computed by using the
discrete Fourier transform algorithm on a common time base.
The symmetrical components of voltages and currents are
computed from the instantaneous values to obtain the phasor
values.

The synchronous phasor values of the transformers where
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the load transferring is required are obtained. Since the values
are measured at the same time clocking, the phasor values can
be used to evaluation the safe conditions of load transferring. It
should be determined by system study that either the values of
primary side or secondary side of transformers are useful to
eval uate the safe conditions of load transferring.
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% XXX
[ .
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Modem central Control Unit
—

Fig. 6. Schematic arrangement of the WAMS hardware.
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i
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Fig. 7. Block diagram of synchronous phasor measurement
system.
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Fig. 8. A power conditioner installed in the secondary side of
transformer of Sheh-How (D/S).
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TABLEIX

FEEDER CURRENT AND POWER OF THE SYSTEM WITH POWER
CONDITIONER AND OLTC UNDER 80% SYSTEM LOADING AND
80% FEEDER LOADING(BEFORE FEEDER LOAD TRANSFERRING )

synchronous
pulse
generator

synchronous

generator

synchronous
pulse
generator

pulse

GPS
; receiver

Jang-Tsuey (3/S) Sheh-How (D/S) data acquisition
power(MW+MVAR)/ | power(MW+MVAR)/ V
curent(A) curent(A) power conditioner
OLTCTAP: N 6.53+j2.17/ 7.56+j2.51/ FIG.9. PHASOR MEASUREMENT UNIT TO SEND SYNCHRONOUS
Power conditioner: T3 T4 VOLTAGE PHASOR VALUES OF TRANSFORMER TO POWER
0 CONDITIONER.
Pg';;%;@ﬁ;'; 6.53+2.17/ 757+2.51
330 ' 349 414 TABLE XI
OLTCTAP 7R FEEDER CURRENT AND POWER OF THE SYSTEM WITH POWER
Power conditioner: 6.53+j2.17/ 7.57+j2.51/ CONDITIONER AND OLTC UNDER 80% SYSTEM LOADING AND
13.3° 353 414 80% FEEDER LOADING(AFTER FEEDER LOAD TRANSFERRING )
P&;ﬁ;@ﬁ; oi'_‘;r, 6.53+2.17/ 7574251/ Jiang-Tsuey (S/S) Sheh-How (D/S)
5 ' 357 414 - -
13.3 power(MW+MVAR)/ | power(MW+MVAR)/
ngtgrccoTrgii'oiF;r- 6.53+j2.18/ 7.56+2.51/ curent(A) curent(A)
age & 357 414 OLTC TAP-N o 1414471/
: Power 0 776
SR | swpn | repe | | g
15.4° ' 357 414 ' of 14.1+j4.69/
' Power 0 775
conditioner: 3.3°
OLTE TARTR o 14.14{4.69/
TABLE X . - R 0 775
conditioner: 13.3
FEEDER CURRENT AND POWER OF THE SYSTEM WITH POWER [~ TG TAP 6R :
CONDITIONER AND OLTC UNDER 80% SYSTEM LOADING AND Power o 14.1+j4.69/
80% FEEDER LOADING(DURING FEEDER LOAD TRANSFERRING ) conditioner: 13.3° 0 s
Jiang-Tsuey (S/S) Sheh-How (D/S) O"Tgosze': +6R of 14.1+j4.69/
o ) 0 776
power(MW+MVARY)/ | power(MW+MVAR)/ ||_conditioner: 14.3
STETAP curent(A) curent(A) OLTngﬁD: 6R o 14.1+j4.69/
Power -30.9-j5.1/ 45.1+j9.98/ conditioner: 15.4° 0 775
o 1668 2453
conditioner: O
OLTC TAP: 8R . )
Power 6.52+j5.77/ 7.57-j1.1/ TABLE XII
conditioner: 3.3° 449 395 FEASBLE CONDITIONS OF LOAD TRANSFERRING BETWEEN
- D/SAND S/SFOR Sy STEM WITH PMU AND POWER CONDITIONER
OLTCTAP: 7R 6.61+j4.07/ 7.49+j0.592/
Power Feeder
s 402 389
conditioner: 13.3 ing
OLTSOIV/ZF -6R 6.71+4{2.34/ 7.394{2.33/ 20 40 60 80
rower 369 402 % % % %
conditioner: 13.3 System
OLTC TAP: 6R 9.46+j1.89/ 4.64+j2.77/ .
Power 501 280 loading
conditioner: 14.3° 20% v v v N
OLTC TAP: 6R . . 0
Power 12.26-%;.44/ 1.88]-32.21/ 40% Y Y Y N
conditioner: 15.4° 60% Y Y Y N
80% Y Y Y N
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TABLE XIII
FEASIBLE CONDITIONS OF LOAD TRANSFERRING BETWEEN §/S
AND S/SFOR SYSTEM WITH PMU AND POWER CONDITIONER

Feeder
ing
20 40 60 80
% % % %
System
loading
20% Y Y Y N
40% Y Y Y N
60% Y Y Y N
80% Y Y Y N

V. EFFECT OF PMU AND POWER CONDITIONER ON FEEDER
LOAD TRANSFERRIN

To reduce the phase angle difference between secondary
sides of transformers before load transferring, a series power
conditioner can be installed in the secondary side of a
transformer, as shown in Fig. 8. Then the equivalent phase angle
of the transformer can be modified. To determine the setting
values of the power conditioner, the synchronous voltage phasor
values of transformers in different substations can be obtained
from the phasor measurement unit (PMU), as shown in Fig.9.
From the simulation results in TABLE IX, X, and XI, it can be
found that when the OLTC and the power conditioner are used,
the feeder current magnitude can be greatly reduced. The phase
angle shifted by the power conditioner has significant influence.
The operation condition of OLTC to modify the output voltage
magnitude of the transformer also has effect to reduce the
reactive component of the feeder current during load
transferring.

The feasible conditions of |oading transferring between D/S
and S/S are given in TABLE XII for the system with PMU and
power conditioners. Those conditions between S/S and S/S are
givenin TABLE XIII. The conditions are also determined by the
requirement that the feeder current during the period of load
transferring should be less than 480A, which is the limit of safe
current. It can be found that the safe load transferring conditions
are improved by PMU and power conditioner. It is aso true in
the load transferring between S/S and S/S if the PMU and power
conditioners are used.

It is found that the OLTC and power conditioners can be
used to reduce the differences of phase angle and voltage
magnitude of transformers before load transferring. If the
differences of phase angle and voltage magnitude are small, the
active power and reactive power between the two transformers
are also small. This can ensure the safe conditions of feeder load
transferring. It needs to evaluate in advance the acceptable
differences of phase angle and voltage magnitude. The OLTC is
adiscrete controller. So the difference of voltage magnitude can
not be reduced to zero. And there is still the reactive power flow.
By the way, theloading conditions on the feeders still have effect
on the current magnitude during the feeder load transferring. The
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System loading conditions and feeder loading conditions are
important.

VI. CONCLUSIONS

The conditions in the current magnitude of electric power
distribution systems during feeder load transferring are
analyzed in thispaper. Since the system loading conditionin the
69-kV and 161-kV sides of the 69/11.4-kV and 161/11.4-kV
transformers will affect the phase angle difference, the phasor
measurement unit can mitigate the angle differenceto reducethe
feeder current during load transferring. The feeder currents
during load transferring period are affected by the phase angle
difference and voltage magnitude difference of the transformers
in different substations. The coordination of power conditioners
and on-load tap changers can greatly reduce the angle difference,
and then reduce the feeder current during load transferring.
With the usage of PMU and power conditioners, the
synchronous phasor values can be obtained and the exact phase
difference is also obtained. This can ensure that there is a safe
condition for feeder load transferring. The voltage magnitudeis
nearly a steady state value, so that the traditional method can be
used to obtain the values.

ACKNOWLEDGMENT

The paper is supported by the National Taiwan University
of Science and Technology and National Science Council of
Taiwan, project number, NSC 100-3113-E-194 -001 and
99-2221-E-011-147-MY 3.

REFERENCE

[1] H. Saadat, “Power System Analysis”, McGraw-Hill,
1999.

[2] T. Gonen, “Electric Power Distribution System
Engineering”, McGraw-Hill, 1986.

[3] L. M. Faulkenberry and W. Coffer, “Electrical Power
Distribution and Transmission”, Prentice-Hall, 1996.

[4] J. Pansini,”Guide to Electrical Power Distribution
Systems”, Pennwell, 1996.

[5] W. H. Kersting,” Distribution System Modeling and
Analysis”, CRC Press, 2002.

[6] J. M. Gers and E. J. Holmes, “Protection of Electricity
Distribution Networks”, |EE, 1998.

[71 E. Lakervi and E.J. Holmes,”Electricity Distribution
Network Design”, Second Edition, |1EE, 2003.

[8 R.Ibrahim, A.M. A. Haidar, M. Zahim, H. Tu, “The Effect
of DVR Location for Enhancing Voltage Sag”,
Proceedings of the 9th WSEAS International Conference
on Application of Electrical Engineering, pp. 92-98,
2009.

[9] A. A.Koolayan, A. Sheikholesami , R. A. Kordkheili,
“A New Voltage Sag and Swell Compensator Switched
by Hysteresis Voltage Control Method”, Proceedings of
the 8th WSEAS International Conference on Electric
Power Systems, High Voltages, Electric Machines



INTERNATIONAL JOURNAL OF CIRCUITS, SYSTEMS AND SIGNAL PROCESSING

(POWER '08), pp. 71-76, 2008.

Y. H.Chan and C. J. Wu, “Voltage Sag Analysis of
Industry Power System Considering CBEMA Curve”,
Proceedings of the 10th WSEAS/IIASME International
Conference on Electric Power Systems, High Voltages,
Electric Machines (POWER '10) pp. 107-111, 2010.

P. P. Bedekar, S. R. Bhide, and Vijay S. Kale, “Optimum
Time Coordination of Overcurrent Relays in Distribution
System Using Big-M (Penalty) Method”, WSEAS Trans.
on Power Systems, vol. 4, no. 11, pp. 341-350, 2009.

I. Yilmazlar and G. Kokturk, “Failure Analysis in Power
System by the Discrete Wavelet Transform”, WSEAS
Trans. on Power Systems, vol. 5, no. 3, pp. 243-252,
2010.

A. F B. Abidin, A. Mohamed, H. Shareef, “A New
Detection Technique for Distance Protection during
Power Swings”, Proceedings of the 9th WSEAS
International Conference on Applications of Electrical
Engineering, 2010.

Z. Chen, F. Li, L. Fan, and P. Zhang, “Review of
PMU-based Online Applications for Dynamic Simulation,
Fault Detection, and Cascading Failure Prevention”,
Proceedings of the 8th WSEAS International Conference
on Electric Power Systems, High Voltages, Electric
Machines (POWER '08), pp. 212-216, 2008.

A. G Phadke, T. Hlibka, M. Ibrahim, M. G. Adamiak, “A
microcomputer based symmetrical component distance
relay” in Proc. 1979 IEEE Power Industry Computer
Applications Conf., pp. 47-55.

A. G. Phadke, M. Ibrahim, T. Hlibka, “Fundamental basis
for distance relaying with symmetrical components”,
IEEE Trans. Power App. Sys., vol. PAS-96, no. 2, pp.
635-646, 1977

[10]

[11]

[12]

[13]

[14]

[19]

[16]

Biographies

Shu-Chen Wang wasbornin Taiwan, 1969. Shereceived the B.
Sc., M. Sc., and Ph.D. degree from the Department of Electrical
Engineering, National Taiwan Ocean University in 1992, 1994,
and 2007, respectively. Currently she is an associate professor
in the Department of Computer and Communication
Engineering, Taipei College of Maritime Technology. Her
current research interests include fuzzy theory, control system,
and power system dynamics.

Chi-Jui Wu received the B. Sc., M. Sc., and Ph.D. degree in
electrical engineering al from the National Taiwan University
in 1983, 1985, and 1988, respectively. In 1988, he joined the
Department of Electrical Engineering, National Taiwan
University of Science and Technology as an associate professor.
Now he is a full professor. He has been active in practical
problems and got many projects from private companies,
independent research institutes, and governments. His current
research interests lie in electric power quality, power
electromagnetic interference, and power system stability.
Hsin-Chun Tsai was born in Taiwan, R.O.C. in 1987. He
received the B. Sc degree in Electrical Engineering from the
National Taiwan University of Science and Technology, Taipei,
Taiwan, R.O.C. in 2009. Heiscurrently aMs. C. student in the

Issue 5, Volume 5, 2011

468

Electrical Engineering Department, National Taiwan
University of Science and Technology. His major research
fields are system anaysis and smart grid in electric power
systems.





