
Journal of Iranian A
ssociation of Electrical and Electronics Engineers-V

ol.14-N
o.1-Spring

2017

PMU

khazaei@ace.sbu.ac.ir

f_haghjoo@sbu.ac.ir

:PMU

EMTP

MATLAB

PMU

PMU

EMTPMATLAB

 [
 D

O
R

: 2
0.

10
01

.1
.2

67
65

81
0.

13
96

.1
4.

1.
1.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ae
ee

.c
om

 o
n 

20
25

-1
1-

04
 ]

 

                             1 / 10

https://dor.isc.ac/dor/20.1001.1.26765810.1396.14.1.1.2
https://jiaeee.com/article-1-323-fa.html


Jo
ur

na
l o

f I
ra

ni
an

 A
ss

oc
ia

tio
n 

of
 E

le
ct

ric
al

 a
nd

 E
le

ct
ro

ni
cs

 E
ng

in
ee

rs
-V

ol
.1

4-
N

o.
1-

Sp
rin

g
20

17

PMU

PMU
PMU

GPS

PDC
PDC

PMU

PMU

kcl
kvl

CTCVT

fV

fV

abcV

abcI

ToffTapTeed

 [
 D

O
R

: 2
0.

10
01

.1
.2

67
65

81
0.

13
96

.1
4.

1.
1.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ae
ee

.c
om

 o
n 

20
25

-1
1-

04
 ]

 

                             2 / 10

https://dor.isc.ac/dor/20.1001.1.26765810.1396.14.1.1.2
https://jiaeee.com/article-1-323-fa.html


Journal of Iranian A
ssociation of Electrical and Electronics Engineers-V

ol.14-N
o.1-Spring

2017

SP

STO
SP

RK
Q

Q
QRQK

JQO

S
P

ST

P

PS
SSP

SPSP

P
OQENable_1ENable_2

Thr2=0.2%
SPThr2

Enable_1

 [
 D

O
R

: 2
0.

10
01

.1
.2

67
65

81
0.

13
96

.1
4.

1.
1.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ae
ee

.c
om

 o
n 

20
25

-1
1-

04
 ]

 

                             3 / 10

https://dor.isc.ac/dor/20.1001.1.26765810.1396.14.1.1.2
https://jiaeee.com/article-1-323-fa.html


Jo
ur

na
l o

f I
ra

ni
an

 A
ss

oc
ia

tio
n 

of
 E

le
ct

ric
al

 a
nd

 E
le

ct
ro

ni
cs

 E
ng

in
ee

rs
-V

ol
.1

4-
N

o.
1-

Sp
rin

g
20

17

STOSP

STORKO

JOEN_1

STO

P
STO

N

STO

MN

L
xR

ES ZS ERZRIS IR
VRVS

x

F

L

x
D

MN

 [
 D

O
R

: 2
0.

10
01

.1
.2

67
65

81
0.

13
96

.1
4.

1.
1.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ae
ee

.c
om

 o
n 

20
25

-1
1-

04
 ]

 

                             4 / 10

https://dor.isc.ac/dor/20.1001.1.26765810.1396.14.1.1.2
https://jiaeee.com/article-1-323-fa.html


Journal of Iranian A
ssociation of Electrical and Electronics Engineers-V

ol.14-N
o.1-Spring

2017

SSSFx-L

RRRFx

R

cZ

ES ERB2B1 250 km                80 km

ET

B3

50 km

40 km

80 km
S

T

RP1

20 km
P2

 [
 D

O
R

: 2
0.

10
01

.1
.2

67
65

81
0.

13
96

.1
4.

1.
1.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ae
ee

.c
om

 o
n 

20
25

-1
1-

04
 ]

 

                             5 / 10

https://dor.isc.ac/dor/20.1001.1.26765810.1396.14.1.1.2
https://jiaeee.com/article-1-323-fa.html


Jo
ur

na
l o

f I
ra

ni
an

 A
ss

oc
ia

tio
n 

of
 E

le
ct

ric
al

 a
nd

 E
le

ct
ro

ni
cs

 E
ng

in
ee

rs
-V

ol
.1

4-
N

o.
1-

Sp
rin

g
20

17

cmT/D
GMR

cm
dc

cm

P
SRT

M

SAG-
SAB
SBCG
SABCG
SCG
RABG
RABCG
RBG
RBC
TAC

ABCG

EMTP

ES ZS ERZR
RESE P

ET

ZT

TE

O1

EJ

ZJ

JE

Q

EK

ZK

KE

O2

20 km 10 km 20 km 10 km

10 km 10 km 10 km

cmT/D
GMR

cm
dc

cm

[z][y][y][z]

 [
 D

O
R

: 2
0.

10
01

.1
.2

67
65

81
0.

13
96

.1
4.

1.
1.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ae
ee

.c
om

 o
n 

20
25

-1
1-

04
 ]

 

                             6 / 10

https://dor.isc.ac/dor/20.1001.1.26765810.1396.14.1.1.2
https://jiaeee.com/article-1-323-fa.html


Journal of Iranian A
ssociation of Electrical and Electronics Engineers-V

ol.14-N
o.1-Spring

2017

EMTPLine Model Module
MATLAB[V,D]=eig([y][z])

DV

[y][z]
[z][y][y][z]

j

1a2a1b2b1c2c

EMTP Line Constants Routines
MATLAB

POQSERE
TEJEKE

SP1- 10km of
S1AG- 50

SP1- 10km of
S1BCG- 50

OQ1- 10km of
O1BG-

OQ1- 10km of
O1ABG- 10

JO1- 5km of
J1ABCG- 1

RO2-10km of
R2AC- 1

RO2-10km of
R2AC- 10

RO2-20km of
R2

ACG-

SO2- 10km of
S2BG- 50

SO2- 20km of
S2

ABCG-
10

SO2- 20km of
S2

ABCG-
100

P1 teed pointAB-
O1 teed pointABG- 1
Q1 teed pointBC-

O2 teed pointABCG-
100

BGACG

 [
 D

O
R

: 2
0.

10
01

.1
.2

67
65

81
0.

13
96

.1
4.

1.
1.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ae
ee

.c
om

 o
n 

20
25

-1
1-

04
 ]

 

                             7 / 10

https://dor.isc.ac/dor/20.1001.1.26765810.1396.14.1.1.2
https://jiaeee.com/article-1-323-fa.html


Jo
ur

na
l o

f I
ra

ni
an

 A
ss

oc
ia

tio
n 

of
 E

le
ct

ric
al

 a
nd

 E
le

ct
ro

ni
cs

 E
ng

in
ee

rs
-V

ol
.1

4-
N

o.
1-

Sp
rin

g
20

17

BG-50OQ1- 10km from O1

ACG-50RO2-20km from R2

n-1PMU
PMUJ

PMU

O1Qx=10km
Abs(VP|S  VP|T) < Thr2  fault is not in SP and TP
Abs(VQ|R  VQ|K) < Thr2  fault is not in RQ and KQ
Abs(VO1|P  VO1|Q) > Thr2  fault is in O1P or O1Q
VO1|Q < VO1|P  fault is in O1Q

RKQ

Takagi

SxS

ABCG

Q1O

1-ABCGQ1OTakagi

infeed

MATLABEMTP

PMU

 [
 D

O
R

: 2
0.

10
01

.1
.2

67
65

81
0.

13
96

.1
4.

1.
1.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ae
ee

.c
om

 o
n 

20
25

-1
1-

04
 ]

 

                             8 / 10

https://dor.isc.ac/dor/20.1001.1.26765810.1396.14.1.1.2
https://jiaeee.com/article-1-323-fa.html


Journal of Iranian A
ssociation of Electrical and Electronics Engineers-V

ol.14-N
o.1-Spring

2017

SP1- 10km of
S1

RO2-20km of
R2BG- 10AC- 10

OQ1-10km of
O1

SO2- 10km of
S2

ABCG-
1

BCG-
50

TP1- 5km of T1JO2- 5km of J2ACG-
10AG- 50

SP1- 10km of
S1

SO2- 20km of
S2BC- 1ABCG-

1
SP1- 10km of

S1
SO2- 10km of

S2
ABCG-

1
ABCG-

1
OQ1-10km of

O1
RO2-20km of

R2BG- 50ACG-
50

O1 teed pointO2 teed pointAG-
100CG- 100

JO1- 5km of J1JO2- 5km of J2ABG-
10

BCG-
10

modVIsymVI, QabcviabcviabcVImodVIabcVsymVIsymVIsymVIabcVIsymVIabcVImodVIVImod

n-1PMU

<1%<1%<1%<1%<1%<1%<3%<1%<2%<1%<2%<1%<1%<1%
ATP/EMTP

EMTP

MPLOT

+A
i3ai3a

+A
i3bi3b

+A
i3ci3c

TOW3

TOW6

P Q Load4
1200MW
656.3MVAR

+

230kVRMSLL /_10

VwZ4

+A
i4a

+A
i4aai4aa

+A
i4bi4b

+A
i4bbi4bbi4bb

+A
i4ci4c

+A
i4cci4cc

TOW5

P Q Load5
1200MW
656.3MVAR

+

230kVRMSLL /_10

VwZ2

VM+
?v/?v/?vv2

VM +
?v/?v/?vv4v4

Simulation
options

Start EMTP

I/O FILES

+A
i2bbi2bbi2bb

+A
i2a

+A
i2aai2aai2aa

+A
i2bi2b

+A
i2ci2c

+A
i2cci2cc

P Q Load3
1200MW
656.3MVAR

+

230kVRMSLL /_0

VwZ3

VM +
?v/?v/?v

v3v3

TOW4

LINE DATA

guard_double10km.lin

model in: guard_double10km_rv.pun LINE DATA
model in: guard_single10km_rv.pun

guard_single10km.lin

LINE DATA
model in: double10km_untransposed_rv.pun

double10km_untransposed.lin

LINE DATA

double5km_untransposed.lin

model in: double5km_untransposed_rv.pun
LINE DATA

model in: single10km_untransposed_rv.pun

single10km_untransposed.lin

LINE DATA
model in: single5km_untransposed_rv.pun

single5km_untransposed.lin

LINE DATA

guard_double5km.lin

model in: guard_double5km_rv.pun
LINE DATA

model in: guard_single5km_rv.pun

guard_single5km.lin

+

+ A
i1ai1ai1ai1ai1ai1a

+ A
i1aai1aai1aai1aai1aai1aa

+ A
i1bi1bi1bi1bi1bi1bi1b

+ A
i1bbi1bbi1bbi1bbi1bbi1bb

+ A
i1ci1ci1ci1ci1c

+ A
i1cci1cci1cci1cci1cci1cci1cci1cc

VM+
?v/?v/?v

v1

+

230kVRMSLL /_20

VwZ1

P Q Load1
1200MW
656.3MVAR

+
1
2
3
4
5
6

10km1

TOW1

+

DEV1

+

5km1

TOW2

+
1
2
3
4
5
6

10km2

+

+

DEV2

+

5km2

+
1
2
3
4
5
6

10km3

+

+
1
2
3
4
5
6

5km3

+

TOW7

+

+
1
2
3
4
5
6

10km4

+
1
2
3
4
5
6

10km5

+

+
1
2
3
4
5
6

10km6

+
1
2
3
4
5
6

5km4

+

+

Rona

+

Ronc

+ +

Rg

+

Ronb

P Q Load5
1200MW
656.3MVAR

+

230kVRMSLL /_0

VwZ5

+A
i5a

+A
i5bi5b

+A
i5ci5c

VM+
?v/?v/?v

v5v5

+

+

10km710km7

DEV3

+

+ + +

a

b

c

B3

b

b

c

c

a

a

B4

B2

c

c

b

b

a

a

Fault

c

c

b

b

a

a

B1

B5

a

b

c

 [
 D

O
R

: 2
0.

10
01

.1
.2

67
65

81
0.

13
96

.1
4.

1.
1.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ae
ee

.c
om

 o
n 

20
25

-1
1-

04
 ]

 

                             9 / 10

https://dor.isc.ac/dor/20.1001.1.26765810.1396.14.1.1.2
https://jiaeee.com/article-1-323-fa.html


Jo
ur

na
l o

f I
ra

ni
an

 A
ss

oc
ia

tio
n 

of
 E

le
ct

ric
al

 a
nd

 E
le

ct
ro

ni
cs

 E
ng

in
ee

rs
-V

ol
.1

4-
N

o.
1-

Sp
rin

g
20

17

[1]

Wiley, 2006.
[2] North American Electric Reliability Council (NERC),

The Complexity of Protecting Three-Terminal

the System Protection and Control Task Force, 2006.
[3]

978-0-9568678-0-3, © May 2011.
[4]

Iranian HV Power System; Final Report on Protection

D SE PTI/sk0632/FIR02-A, 2009.
[5] S. Rabiee, H. Ayoubzadeh, D. Farrokhzad, F. Aminifar,

(SGC2013), Shahid Abbaspour University, Tehran, 2013.
[6]

nicza Politechniki

[7]

137, Pt. C, No. 6,  pp. 395-402, November 1990.
[8] M.H. Khazaei, F. Haghjoo, "PMU Based Fault Location

in Multi-Terminal Transmission Lines", 9th Power
Systems Protection and Control Conference, Amirkabir
University, Tehran, Iran, January 2015.

[9]
Vancouver, British Columbia, Microtran Power System
Analysis Corporation, © May 1992.

[10] EMTPWorks, Version 2.02, Help Documents, © 2000-
2005 IREQ/Hydro Quebec.

[11]
Technique for Multi-
International Conference on Advances in Power System
Control, Operation and Management, Nov. 1991.

[12] T. Nagasawa, M. Abe, N. Otsuzuki, T. Emura.,

Locator Algorithm for Multi-Terminal Two Parallel

Delivery,Vol. 7, No. 3, pp. 1516-1537, 1992.
[13] M. Abe, N. Otsuzuki, T. Emura and M. Takeuchi,

-

on Power Delivery, Vol. 10, No. 1,1995.
[14] T. Funabashi, H. Otoguro, Y. Mizuma, L. Dube, A.

tal Fault Location for Parallel Double-
Circuit Multi-
Transactions on Power Delivery, pp. 531 537, 2000.

[15] Q. Gong, Y. Chen, C. Zhang, Z.
Accurate Fault Location System for Transmission Line
Using Multi-

[16] Kai-Ping  Lien,  Chih-Wen  Liu,  Joe-Air,  Ching-Shan
Chen, Chi-
Multi-Terminal Lines Using Phasor  Measurement

Power Symposium, Ames, Iowa, USA, October 23-25,
2005.

[17] Sukumar
Multi-Terminal Transmission Line Using Synchronized

Delivery, Vol. 20, No. 2, 2005.

[18] -Location Method for a
Single Multiterminal Transmission Line Using

on Power Delivery, Vol. 21, No. 3, 2006.
[19] Marek Fulczyk ,Przemyslaw Balcerek, Jan Izykowski,

-
EMTP Investigation of a New Fault Location Method for
Multi-

Lyon, France, 2007.
[20]

Fault Location Technique for N-
ransactions on Power

Delivery, Vol. 23, No. 3, pp. 1386-1373, 2008.
[21] Giovanni Manassero,  Eduardo Cesar Senger,  Renato

Mikio Nakagomi,  Eduardo Lorenzetti Pellini, Emílio

IEEE Transactions
on Power Delivery, Vol. 25, No. 3, 2010.

[22] -Time
MultiTerminal Fault Location System for Transmission

Communications, 2011.
[23] Quanyuan Jiang, Bo Wa

-Based Fault-Location Technique for

on Power Delivery, Vol. 29, No. 4, August 2014.

[26] T. Takagi, Y. Yamakoshi, M. Yamaura, R. Kondow, T.

Using the One-
IEEE Transactions on Power Apparatus and Systems,
Vol. PAS-101, Issue 8, pp. 2892-2898, August 1982

terminal transmission line-Multi1

Phasor Measurement Unit2

Ground Positioning System3

Phasor Data Concentrator4

 [
 D

O
R

: 2
0.

10
01

.1
.2

67
65

81
0.

13
96

.1
4.

1.
1.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ae
ee

.c
om

 o
n 

20
25

-1
1-

04
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

https://dor.isc.ac/dor/20.1001.1.26765810.1396.14.1.1.2
https://jiaeee.com/article-1-323-fa.html
http://www.tcpdf.org

