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Ki-Seon Cho* - Mun-Jun Heo* - Myung-Seck Chae** - Joong-Rin Shin*
*Konkuk University - **Kun-Jang College

Abstract - More precise operation and control is
required to ensure the stability and security of modern
large power systems that is a complicated and widely
dispersed structure. To ensure the precise operation and
control of modern power system, most of all, precise
monitoring and measurement of the various state values of
power system is required. This paper discusses phasor
measurement unit using synchronization signals from the
GPS satellite system- Synchronized Phasor Measurement
Unit. Considering the power system operation state, the
transmitting data format over modems is defined. To
provide all available information, PMU process the
measurements to generate three phase symmetrical
component. This paper proposes the transmitted data
format and implements the PMU model wusing
EMTP/Models. The validity of proposed model is confirmed
through several contingency on the simple power system.
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Fig. 1 Block diagram for the synchronized phasor measurement unit
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Fig. 2 Functional diagram of PMU

4. S7i#H01N 5F e § =237 H

AEe vieh Zo| AA B Aele] ety HEse HolHxE
o 2 Weyt ge) Q] Wid oS3 AN e RE BF
of ¥ FRE ALY dast Yo webd JrigelAEFRA e
EE QAR selAE Adstn FHFEHS Aoz wd 3PP
dolHxsg 748

4.1 ﬁlolx{*’géﬂl
HolAE & F7] #3E 43T THo 2 AZHsd dojA <
s B8A 01"‘1'11—31@]“1%2& Adg £ gl Fogrl 0 d
A JEAEE(H0))0 g Dk oA A e 4 (2)9 2o
D = V2Xsin(wt+ ) (¢}
X = Xe” = Xcosf + jsiné (2
P g NE Fuey F FrUe] 4FFE Nojg M@
2, o)t ®e ﬂ%%(l)lscrete Fourier Transform)8] 71¥ Fu4

Jee 24(3)3 2.
2 A -

Xln]v:xkej\ 3)

2(3)9] DFTH# 7129 HelA ¥R @A A1) o] %
=8 & 9o,
- wjdE g L
XzXe'ﬁ=Xcosa9+szin0-=-—% g £ e Nt T2

471 X & HolAolzn, x,& MEHE oIt 4F2 5% 4

~1263 -



vith vtz solAE AN AdA 2(4) 8 BEAQ Yz A
¥t &, dole Y9t ol 53N HolAzt 48 oz YR
Holsha) =& AE F=dd gL 2(5)9 2ot

XW= x4 Y2 vz N (we,xe
A (5)€ dolE =47} w’—‘M"W Z71H e AET AAHE 4F

Alole] Apold] 2elA, M2 Ho)AE ol HolA HolElE &
BFPozA ARFHE Holz Ut

;X X
~j4F(r~1)
N Vet (B)

4.2 iEASHE AN

3¢ Az izt AAT PR A T20Hz9) 4EHE
(sampling rate)o| 714 feldithe Zo] 2R glemz(2), #
719 124FE A3 7 29 HolAE Adstn 34 gL A
430, dPE Ags A e A(6)F Ze] Addn

17) TEREAREE
Vif = 3 {1 a a*| |V, 6
v, 1dally,
A7 Vy, V), Vo= 47 988, 34E, 938 AgsiolAe)n,
V.. V. CY:ZVM AleRe, g & 348 34 Sbole).

2 9 AolAS FAAVAE A(O) Uyl ¥ A
YlolAE Fo che s 2.
V= (V4 avP+d V)
(7-1)
=LV 1aVI L 2 VI Vi

v2

. .o
1 ,121 R atas
Vz(;/'/)wn=§we [(vavs,—vas e

2
-2 (r45-1) 7-9
(Vsner— vy r)e + (772

- B2 (r+9-1)
(ch+r — Ui+ sl€ v 1
Vg(')=%( VP42V 4+av7)
(8-1)
=%( Va('_l)+a2 Vb(’_l)+aV‘:('_l))+ ‘/’(,;:/)s‘;2
\/é —i‘le(r—l)

7
ng?f)ga—%'ﬁe L (Vawsr— Var e
- i (-1 . &2

(Vans = Vs e
j2Z.
—J N(H—S—l)
(ch+r - Ucy e ]

Vo(r)=_%_( Va(')+ Vb(')"' Vc(r) )
9-1

= H(VID VIO VI VL,
1 V2

%4 j2E
(n 2 —iy D
an"f!‘ﬂ_ 3 We [(vaN+r_1)a+re

ey @)
-2 (-1

(vbN+r"' Uyt )€

(vaver = ves e ]
°|& B
VP = v+ Vi (10)
Vil = VY + Ve 1
Vi? = VY 4 Ve 12

37NN V en s Vo, Vo & 22 2(7-2),(8-2).(9-2)%}
FY89.

BAE APolAE (10}~ (12)F T84 o) ABA&o] e
A Aslo] sl ARG & Uk KA PPoz gAY AF
AT ALY + A,

4.3 SI|HolN £HFx nd Iy
EMTP/Modelst= 7] EMTP/TACS(Transient Analysis of Control

System)9] A}2HE HAF AREARAE YF ZRaddeizN
B33 2" @ $HAF (dynamic behavior) S EH3Ne o]
£33 =T7olt}8). ¥ =ZojME EMTPModelsE ©o]-&3le] EMTPY
dA E71HolA 2ARNE 28 £ e 2dE AL

DAE HolAe A(10)~(12)F T34 =) 42 €T vEH
9l Mol A Asd 4+ Yok EMIPModelsz T8 F719°|
A ANE 9P ZEEE ol 28 2o

IEEEEESIE]

| Sample Count |

lVOﬂ"letO ,Voi‘l‘setl ,Voﬂ’sea Hi &t I

ARAAZER

Sample Count
> 12

[ Sample Count =1 |

3 3 AP AL 58
Fig. 3Plowclmfm'thecalwl ion of symmetrical component

5. Alzed

AEE FrIASF AN A TS EH3] HA8iM 2
EdxE 17] 23718 5390 2dos 749 ZdASE AAs
gk ABAne] dg F/s0lA FHFA HAoA A dew
B,

5.1 RAAIE ¥ Al MF
B =R FEF Frldeln &3 P& Hrle) 4
@4 2dAFoz 17] $A71sd 17] Fg RH0E ofFelq 28
A AEE AFEn, RdAFe] 9% Rdd PMUS 2X3oq 7
2o AL solAE A3
BUSO1 BUS02
GENO1 L INFO1

O3 =

a8 4 RdAg dds
Fig. 4 One line diagram of the model system

2dASe] UIF ASHBL 2oy M FANRE A
dgt. 2eAlne $£AN2-TL#2 FIAA dAdez B4gse
AR (3cycleFt AgsHe Aln)E 7MY, AlaRde 14X
Atm, AggEAn, 3gdeEiia, 33ASRad didd #33d
3, AggEts 34A el £AH s WY AL dHiNE &
JIHES A=), BAnE FoA BrlHA F3 P ] B3
EolA Adel FEYE FEAT

k: 3 3 RgAFY U AlzAvEl e
Table 3 Scenarios for the model system

CASE 1 | TL#29 $33 A A"J Q* ZM 1**111?3172}
TL#29 $934M AT BYel Wid=ng

CASE 3 | TL#29 2434 A B,CY 33A8a%

CASE 4 | TL#28l $%394 AB.CH 3¥d&dng

TL#29] 24RIM 3} 34A| o] eXFos Uy

-1264-



5.2 RAA S0 tst Al = el Hul
Rodne 7t 2Md gy YR Aot F 2HRe F
AR AgsiolAel 2719 9432 Hlmagct.

5.2.1 CASE 1 : 1MX|glA
METL#2Y S9N 1847 eycleFet TAR 799
Ase a9 59 69 2tk

Foltagon 0T

FoTtage, i)

|

° 100 200 200 100 %0 200
Tine (a5) Tizme (me)

(a) BUSO1

a8 5 4 PMUS tidE HddlolN
Fig. b PMU positive sequence voltage phasor on each bus

(b) BUS02

Serny 00 5
Finma fEadi £

o 1o 200 s | [ 00 2% a0
Time (me Tipe (a0

(a) Magnitude of phasor

a3 6 2 24 Ho|xXe xlolv|m
Fig. 6 Phasor difference between BUSO1 and BUS02

(b) Phase angle of phasor

5.2.2 CASE 3 - o=tAtn o]
METLr29 A5 B Addeha w4dse ad 74 8%
2

VoTtagr (o775
= O,

Volrmar

c 13 zae 203 2a o0 100 3ec

(a) BUSO1

a8 7 2 PMUS o3& Hetmofx
Fig. 7 PMU positive sequence voltage phasor on each bus

(b) BUSO2

VoTtagn (K]

20 w0 290 oo | Jees Tt

(c} Magnitude of phasor (d) Phase angle of phasor

a8 8 2t 24 #Ho|xe| xlo|H|w

Fig. 8 Phasor difference between BUSO1 and BUSO2

B molt AR AAE AolAY Yshin G4E o
olAw vehbd gtor, FEn mHZ slojAEAlm olFdxE
A A GRAT FA7)7 QFE 2 AAE slelAy 2

71€ AbmAlg Abao]Fo 2 gto] 24 WD Y5 BAY 5
st

5.2.3 CASE 3 - 3&X|2tAlal 29|
HEZTL#29) FUolA 3FAFAITLI} Seycledd AT B+9
A 29 9¢ 103 2ot

VoTrage 0091
Voltage (&V)

Time ms) Tims (ms)

(b) BUSO2

(a) BUSOL

g 9 4 PMUS tiaE MetH 0| X
Fig. 9 PMU positive sequence voltage phasor on each bus

Toltage (R0
Phans (Fad]

9 100 200 309 3 100 200
Time ime) Time_(as)

(c) Magnitude of phasor (d) Phase angle of phasor

a2 10 2t 24 Ho|xe| XjlojH|w
Fig. 10 Phasor difference between BUSO! and BUS02

3% AgAaAdle AL Aol Uehln, A9es a9
e et gt 27 ABASAS A, A6 A%
o Aeip} Anshe heoldl deldE ATAUE Edst 4E )
Fo $EZom 943 GARe] UshiAR @ 37 Aw Fele
e 29EE ¢ 5 Ao

5.2.4 CASE 4 - 34dgiAlR m o]

- —VTTe T,
Voltage (6T

(a) BUSO1 (b) BUSO02

a3 11 Z PMUSY a2 FetsEolN
Fig. 11 PMU positive sequence voltage phasor on each bus

Vot TRV

(c) Magnitude of phasor (d) Phase angle of phasor

a3 12 2 24 #Hojx e XjolH|m
Fig. 12 Phasor difference between BUSOI and BUSO02

-1265-



5.2.56 CASE 5 - 581 29|

ENH ¥ 4eyclete] MRTL#2¢ $UA 3zt @

_Age] Beycle ¥ A4E ¥ 2EEa1, oA 3cyele¥ 3AHAR

7F BYAEAA 23S 3eycle Y ALHE A4E 2o A
olA A4te] AFAE 1Y 139 149 AN

Voltage Waveform on BUSO1

360

"
=}
=3

-t
>
2

Voltage {(kV}
2

-10044

-200

-300

Time (m$)

213 13 BUSO1®M e Agsy
Fig. 13 Voltage Waveform on BUSO1

B

%o

0
: (\ {\ &
) Ton o

@ ®)

a8 14 & PMUS iaE Hetsold
Fig. 14 PMU positive sequence voltage phasor on each bus

100
o1 ( 5
.

e j
2

Tengs kVT
—
L LT

Voltngs TRV,

Fians S

© @

a8 15 4 24 =o|xiel xfojsin
Fig. 15 Phasor difference between BUSO! and BUSO2

5.3 Aled ug

2 =2dde 57K gee Atz A ool A 333 g
WAE Hold A e B ARldT AdolA AR vl
S o] Anyde] ng T dANEC] vehla eS #EY
Z At FxAd B9 F, 1248F AS5Y e dAdEe)
HEAA @A JepIAT § 7] Pl FAA AN 3
€ AN glen, WolArt 4FHZ U AAHAE Fethe
A& & 4 YA EPAn SRS FaM AT A Al
df B sojA AMYEL 157] olild] FEG HeolA e AN
I Y€ 7A8 & AU DA ol o) A AL
g oA dde Ay AEss ¥ g8 e, 23F
ﬂ%ﬁl}*}ﬂ%ﬁ% AAG o)Fd iz AoAsEN 388 $4Y
T UH.

6.8 €

P =Ee AdAEe] TRAAEE 234717 948 AT AY
A - Ao AEE S g8 A2 872- (Requirements)
& A% 98 Jhidze Y8 PMUS FH5FE ALl
dole] ASHUE Ao PMUY 2ZEdOlE A4S
43893, °18 EMTP/ModelsE ol &3k A4 Fds¢c} 2d
€ GPSE Adsieg ASdhe B790lASE3A dAgR A
Ag%d 44 Fol Adsiged, 4% AR A oAy
& sYP3d 2de g4E AEET

2 =244 Adg PMUY dAXE AL gaEH dojg A
% 9% Asdely ¥4 A4 MLIFA AAF AL A4
A Ao 2] AR FEE3 gon, B ERdA AAE PMU
o 4£ZEf0] A72AL oy YHEA(Channel)s) Ao
2 713E 4 1 Wgd Azst g2 A4 PMUSH A4E B¢
o duls] Az Eo)s} Fusjo] ATF2A Alolo] AHF Aol 4
FHu2 od g 477t Ry deolg A4&eE ndd 3
Holo} ¥ Rol}.

(H 2 g )

(1) P.Bonanomi, "Phase Angle Measurements with synchronized clocks~
principle and applications”, Vol. PAS-100, No.12, December 1981

(2} A.G. Phadke, J.8, Thorp, M.G. Adamiak, “A New Measurement
Technique for Tracking Voltage Phasors, Local System
Frequency, and Rate of change of frequency” IEEE Trans., Vol.
PAS-102, No. 5, 1983, pp.1025~1038

(3] AG. Phadke, "Synchronized Phasor Measurements in power systems’,
IEEE Computer Applications in Power, Vol. 6, No. 2, April 1993,
pp.10~15

(4} R.J Murphy, "Phasor Measurement instruments”, Precise Measurements
Confererce, October 27-29, 1993

{5) R.J Murphy, "Power system disturbance monitoring”,1994 Western
Protective Relay Conference

(6) R.J Murphy, R.O.Burnett,Jr.. "Phaser Measurement Hardware and
Application”, 1994 GA Tech Protective Relaying Conference

(7) W.Parkinson, "Global Positioning System:Theory and Applicaions
Vol.LII, AIAA 1996

(8) Users Guide to Models in ATP. April 1996, Laurent Dub&

~1266 -



