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Thesis Title : ANALYSIS OF POWER OSCILLATION IN PROVINCIAL
ELECTRICITY AUTHORITY DISTRIBUTION LINE
CONNECTED WITH SMALL ELECTRICITY GENERATION

SYSTEM
Student Name : Mr. Patorn Menabun
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Degree Award : Master of Engineering
Study Program : Electrical Engineering
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Thesis Advisor/s : Dr.Krischonme Bhumkittipich
ABSTRACT

The thesis presents the study and analysis of power oscillations in 115 kV Provincial Electricity Authority radial distribution
Iine that connected with small electricity generation system . The power oscillations in power system classify into 2 types such as local
plant mode, this type has oscillations associated with a single generator or a group of generators to large system. The power oscillations
frequency changes between 0.7 to 2 Hz. The second this study is the inter area mode. This mode nvolves the combination of many
machines which part of a system oscillating against machines another part of system. The power oscillations frequency changes
between 0.1to 1 Hz

The study and analysis of power oscillations are carried out by using MATLAB/SIMULINK program to comput two
types of power oscillations. The power oscillation in local plant mode assumed to suddenly open and close of the breaker in Provincial
Electricity Authority and small electricity generation system substation. The power oscillations frequency are 1.68 Hz and 1.84
seconds. The power oscillations frequency are over Provincial Electricity Authority frequency standard. Inter area mode type is
designed to connect between generator and generator modle assumed to change load in area 1. The powers flows from area 1 to area 2
. The power oscillations fiequency is 0.3 Hz in Provincial Electricity Authority frequency standard.

The results of solution show that the characteristic of power oscillation frequency in the generator when connected with 115
kV Provincial Electricity Authority radial distribution line. The power oscillations frequency can damage in Provincial Electricity
Authority s customer production systems.

Keyword : Power oscillations, Small electricity generation system. Computer method,
Provincial Electricity Authority radial distribution Line.
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A 4 { @ 1 <3 1
Muduvesvayuinensenvnduma lasgagtouldiudnnuansalumsaiom
o w A v o J 1 A a dg’ o Y
fadlwihnasawmuanuduiuisening . P-s uagkavesyuuenoonuINGaluIziln

= a o w A IS [ A
idesnmvesszUVBsanas uazias lihgegadonniu 90 osendsaumsh (3.16)
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P =JEljd (3.16)
e X 12

MInaunsh (3.16) amrsnsrenias bl Ideudea P, (Maximum  Power
£ 1 I =) o @ o w = [
Transferred) @31 P, 1fludasinadiasldihvesadesamluaninzasda (Steady State

Stability Limit) ttazenysameuaumsms maveasias i 1ddhvaumsi 3.17)
P, =|E'| V|[By,|cos(5-90°) (3.17)

a d a Y
3.5 MIUANNZHUUB T

MMz mMIunI9ueai1de l#uuy Local Plant Mode Iasoidendnnisuea
w3eanuiia Iy Classical [8], [9] #aazimsdanavesnnudumunielunsoasuiia

4 a v o A A @ 1
hl“l/‘lﬁﬁ)’f)ﬂ Lﬁ@@‘ﬁ‘ﬂ1Elﬂ'NNﬁllWu‘ﬁ‘ﬁ!ﬁﬂ')ﬂﬂLfffaEliﬂTW"U'EJ\1'3'%‘UTJVLV‘IﬂWﬁWNWiﬂLLﬁﬂQﬂWiﬁﬂﬁﬂﬂi

=

Equivalent vo4tn504n1tHa 1WihAaeny Infinite Bus 18093107 3.6 tazi99sifisufequaanio

U

Auila Wi 1daegn 3.7

E, E

InfiniteBus

Zeq: RE+]X E

517 3.6 miasnTostua Iy Classical

X, X

A = = 1 A o A .
T]JT] 3.7 j\ﬁlﬁwlﬂULﬂﬂQﬂTi@ﬂ!ﬂﬁ@\?ﬂ'uuﬂhlwﬁ“yﬂﬂ Classical

u

v
v A 1 %

{ I I 4 o a <
Tagh E 1Hunss@ufogna Reactance Xd , X, iluanudumuveaunsossuia’luih, g il

U

'
A [

o { a I o { I 1 {
usesularonseasuila Wi, E, iflunssduindaisves Infinite Bus, 5 iuyusznin 0

' o v c: Yy a ¥ o o o ) J
agmilo B, uazimualiyy B fluynodeez1d anuduiusaumsae luil

_ £/ <00-_ Ey<-6 _ E'-E4(Coss — jSing) (3.18)
iX; X+

T
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[

faaliihmas x|, 1ddsaumsi (3.19)

- /*
s'=P+jQ =€ '"17,

(3.19)
uazias llihnmoaduia lddeannsn (3.20)
/ / /g *
E " =E",+ JX 7,1, (3.20)
£ 1 a A 4 Y A
FaMDUALAUTTINVD9995 1duaumsn (3.21)
/
X, = X'+ X, (3.21)

d' . LY d‘ d' o a a =R Y
Tuvaueh Air-gap Power (P,) 9N INY Power Mmlagveuniesduianay liandsnnudiuniu

1 Stator Air-gap Torque (T)) MINY Air-gap Power (P AIAUMIN (3.22)

E'E,Sins
T,=P=—+—"2—— (3.22)
Xt
wennsan AT, s0u9aNH191U (Operation Point) 92 Tadaauns (3.23)
/
AT = oT, AS = E'E;Cosd (AS) (3.23)

&0 &

t

= o tﬂl

{ < { { o
Taoiiyy & luyuiigahau uagnnaumsmsmasui (Motion Equation) A Per-unit 1461

Q

ﬁilfﬂi“ﬁ (3.24)
pPA® —i(l -T.-T,Aw,) (3.24)
r 2| I m () D r °

w3 P s mldasaumsn (3.25)
0, = Am, (3.25)

A a A A a 1 9 A
LUBNIITUITUNITLAAD UNLUUULBILQSLUNUA ATe Tugums (3.23) fﬂzllﬂﬁuﬂﬁﬂ (3.26)

PAw, = %[ATm ~KAS—KpAo,] (3.26)

Tagh K, @l Synchronize Torque Coefficient 1 laasaunsi (3.27)

/
Ksz(ﬁ]Coséo (3.27)
X
t
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v o o ' ' Y A
ngFl]'lﬂﬂ')']‘JJﬁ'ﬂJWHﬁeUﬂﬂﬁ'Ju‘]Jﬁgﬂ'ﬁ]‘]JG]NG] i]ghlﬂﬁnﬂ'li‘ﬂ (3.28)

AS = ”{ L (K, - KSA5+ATm)]

s | 2Hs
10) 1 AS
= — (=K., s——-K.AS8+ AT (3.28)
s [ZHS( o, m)}

e AT =0 saaums v Idaunsn 3.29)

2 KDS+KSA (3.29)
2 H 2 H

WeeuRuauMI S2 = 2(w,S + w2, =0 1AT1NVeauMsAUANBUZAIANMIN (3.30)
$,S,=-Cw,t jo,J1-¢° (3.30)

A Underdamped Natural Frequency 8¢ Damping Ratio l@daerunsn (3.31) uaz (3.32)

()
@, = K (3.31)
¢ 37 $o (3.32)
2 \[2HK  w,

a d
3.6 MIUAITH gﬂam‘uaﬂmz (State Variable Form)

lunsainszuuTAT099nTHa1962 (Multi  Machine)  @1d150 AT IZHADETNINDIN
% ¢ & o Y X
supvda)sanug (State Variable Form) [8], [9] & mual X, = Aduaz X, =Aw=A¢

) 8 = a O’QJ
121A X1 = X, 82 X, = Ao =A8 1oy X, =-0,"X, - 2,0, X* Foulugilaindaeauns

i (3.33)

Xy { 02 1 }[ﬁ} (3.33)
Xz -0°, 200, || X,

%30 X (t) = AX (t) (3.34)

% 1 g
FanyInduaums Homogeneous State Equation (Unforce State Variable Equation) &10130%1

nawesiodna Y1) 14 deaumsi (3.34)



o-[L2[%] 530

139 Y (1) =CX() (3.35)

Amuald A:{ 02 1 }
-0°, —2{w,

wilasanlawaumsn (3.35) a2 laaumsn (3.36)

Y (t) = CX (1) (3.36)
o X (s) - X (0) = AX (s) faaumsmsuasantlaaunisi (3.36) a¢Idiluaunsii (3.37)

sX = (sl = A) ' X(0)

(3.37)
4 SRRy v
s+2o, 1}((0)

wla X(S):[ 0%, s (3.38)

s’ +2lw,s+ o,

4 < a 7 - { = s
1109910151133 129 Small Disturbance Gutlumsnlasuulauaniiosluszuuvoslsmos
< 3 1 3
PNIUNMIUANTREAIEYUVIAERNG AW501IA1x (0) Tailu X, =ASuaz X, =Aw =0

4 . . 4
Fammoulugdaumsanlawasannisn (3.39)

(s+2fw,)AJ,

AdS(S) = (3.39)
2 2 .
S +2fw, s+ w",
’ AS,
oy Aw(S) =—— 5 > (3.40)
$*+ 20w, s+,
upaumsaawaz lananeuauouiuaiaumsn 3.41) uag (3.42)
AS = —L00_gconsinio,.0) (3.41)

V1-¢7
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nas A = —-P0¥ 00 o-cosinag

3.42
e 042

o @, = 1-¢% waz @=cos¢

= o o s A . IS
ﬁllﬂTiﬂWilflJﬁﬂullﬂa@ﬂl@ﬁuﬂﬂWﬁﬁ (Power Angle) "U@\ﬂ‘il@]ﬂilﬁﬂ\ﬁﬂﬂ Small Disturbance L‘]Jl!

g ~C@atsin(o,.0) (3.43)

= g a s A . 3
ﬁiJﬂﬁf‘ﬂi!ﬂafJumJENﬂ’JTML??WQMH%@QIiM@iLH@Qmf‘l Small Disturbance nJu

.V o,

—Cawytsin gyt
0 = @, — =L g centsing (3.44)
0 /1_4,2
N Response Time Constant AaEaUMITN (3.45)
T = & (3.45)
o,

HaRRUAUBININATY dzgitngainei Anailszana
t, =z 41 (3.46)
o d‘ o a
3.7 nuudaeun3eaniia v (Generator Model)

nnmstlszgnduesaumsaialuniessuia Iihaunsomaummsunisves i

faunamsnlasunilasvesyu Tsmes luaTesiuiia lwihas lddsaumsi (3.47)

2H d*AS

———=4R, AR, (3.47)

= ! < o {
uazueslugdupumsunivanitesinnusvesIsmes Idaeaunsh (3.48)

da-“

1
WS
@S _ _~ (AP, —AP 3.48
dt 2H( M :) (3.48)

nnaumsh (3.48) anusa lugtiuvvesnilanie 1@ uaumsi (3.49)

dAow _ 1
dt“’ =5 (AR, — 4R, (3.49)

mmsulasanlarwsaumsn (3.49) v ldaunsn (3.50)
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AQ(S) = ﬁ[APM (5)— AP (9)] (3.50)

~

R L A o Yo {
Fl]'lﬂﬂ’ﬂiJﬁ'ﬂJWH‘ﬁ‘luﬁiJﬂ’li‘ﬂ (3.50) ’ﬁﬁ\l'liﬂu’(?fﬂ\ﬂu‘ﬂaﬂﬂhlﬂﬂgllﬂihllﬂﬂﬂiﬂﬂ 3.8

U

2Hs

Are 1 AQ(s)

A P,(s)

A < v o A
zﬂ‘ﬂ 3.8 Uﬁflﬂhlﬂf)gLLﬂﬁﬂJLLﬁ'ﬂQﬂjWNﬁﬂJWU‘ﬁﬂl@\iﬁNﬂ'ﬁ‘ﬂ (3.50)

3.8 uuud1aealrian (Load Model)
TvaaluszuulWihmds (9] vilszaenlidreginsal Irlfhwaien ¥ila dmsuTvaa
o 9 Y 1 [ 9 ::'2 o o dgl (K d‘
tnanudumuldun Tnaauasadng, Tuanvaatannusoudgasias lihuegiuaiud
TuszuuIWihs1ds Tnaasmanuemes i laemslasuuilasnnud ee1elsdanulives
d'd? (% < o u’/‘ £ [ <3 9 ~
ANuTuegiuANMIvesgnsaitiug Fnuanyzued Ivaannuilszanaldanaunsi

u Q

(3.51)

AP, =P, + DAw (3.51)

¥ 9 v v v

e AP Ao Tvan ludiuegnumsn/asumlainnud, DAe Tnaaniianuhdemanlasuuilas
A L 2 Vo S I = = o ' Y

A211D H3aA1 D YuegnulesiFuamsnlasuniasniiudvesIvanendiediugual lvan

{ /3 oo o s o { { I

wasuulas 1.6 weosiFuddmsy 1 wesiFudasuulasnnuddidmin D= 1.6 Wums
Y] < 4 o a Y] [

sanuvedInanluudonlaszunsvvounisaduiia lihwaaiwasivvesszuutlounauldas

A < v W A
719 3.9 wazvaenlaezunsuvesmsilounaudsgii 3.10
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m s)
L —

D

< v o d 4 o Aa
719 3.9 vden laezunsusmarwduRusvounToas uia T

A PL (s)

AR o Ao
/ 2HstD

A Y 3 A
sUn 3.10 Wﬁﬁ?ﬂﬂl@ﬂﬁgﬂﬂﬂf’JUﬂaUﬂlﬂﬁﬂa@ﬂllﬂﬂgllﬂﬁllﬁ1ﬂgﬂﬂ 3.9

u

Y o w

3.9 mJm‘immmimﬁ@uﬁmmﬂumm ( Prime Mover Model )

Y o o 9 =2 Yo
AUNAINNATUNA [9] B3N

Y
walugtiuuvesszunmuguiiasleasednvoairiian

9 1
o =

[ v W 1Y U a [ a [
nsznuiunaiuleihdd ldndsnumnvinmamn Tnfvesamdu, mnmasssuma, wasan
a A J YY) [ () ~ o w 9 A =
Handes waznuiunnussduvesme gluuumsnlasunlasiidena drueen AP, finlasuly
o 1 J 1 v @ 09} 3
Aunlewednaddr AP, mazanuuanavegluuunaialetwalsdsldawgudnyus

Y [ Y

A9 Aredvesanyuz jluuuduiamuanadmsunaiu levin hiimsindundsau e
9}4! Y d‘l d! & L U L] ] =

nlddeannsatsznaldnnnaneinmin o Feaiainanizedlugaveara 0.2 892.0

a 1 { S { I < Y]
i vazawan ldauiladsunaasluaunsn ¢.51) auwnsaeuiluudenlaozunsnlde

1 3.1
AR, (S)o 1
G, (s)=—2M = 3.51
() AR/ (s) 1+zs (331
ARy i Ae
147,S

~ < d'
gﬂ“l/] 3.11 Uaﬂﬂvlﬂﬂ&!ﬂiilsll@\‘liz‘U‘U@ﬁJﬁiJfﬂﬁ“I/l (3.51)
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o < d‘ o =)
3.10 wuumaaQizuuﬂ’quumm!immmmmﬂ"l%l% (Governor Model)
A A o a A ,3 [ = = o Yo o 1
o Tnanveauasoanuia I uiudusdraiunee Tnamlisidamalwihuinniima
na MANIALAAUYIUNUAIINAINTUIAN A ANONTZUDEIUNYU N1TAAAIVBINAIIIUIA
[ 1 < v o oy o Y ~ d' o a =
fgana1nananuis1venwiu lerivildanudveuaiosduiia Indhasas mslasuuiag
] 1 [ 9 o I A o a = o [ o w Yo o
aenangnaiiu lanndiniuauanuirveunsessuia luihdaziimsdsumadldseiu
g’ o w dl [ Y a < ~ ] @ 1 a 42’ o
lownnidenamesnszauliinaanuisiseunegluaanzasdrlnimedy  drndugu
< A 4 Aa Vo o ¢ P v q ad A o
AT NG “Iaa Invneses” [9] lumsasrvvulgssuud@nnsetind lums
~ < o a ~ = o < A o A &
aguanus lumsduiumsniadesn v @19 uANNFIVBAATIRULATIYNDDNLIUL
< 4 A g ] @ o <
uazeeulinnuissouanaaile Inaanuiu quanvas luan1izaId1ueIdIAIVANAIIE

souudaa 13 lugld 3.12

1.06T Speed Changer Set to Give
=~ ® =1.0,atP=0.625p.u.
1.04T o Speed Changer Set to Give
T~ ® = 1.0,atP=10p.u.
o 02T ~—_ /
~
1.00 =~
R _A_Cl) -~~~ -
AP Aw
0984+ — — — — — — — =
Ap—™
0.96 : : 4 : |
0.00 0.25 0.50 0.75 1.0 1.25
Power (p.u.)

9) (Y]

{ @ Y 3
71/ 3.12 ifugadnua luanzasdivesinIuaNAUE)

A o Y I =K 3 o . @
1N 3.2 anuFuveaniruaasliHURINEINUNHUA Regulation (R) HULUDIA?
3 ° PR I s < o <
AANANNT I IMUA 1A 5-6  wosiFudnngudruan Tnaa AInURNAUETINNNG
uaadTasnmslssuisuainanin ldlumslasuuilag AP, MNANVUANANTLHINNDG

9
%

Yy a A v o o 1 o Y o 3 o o ~
’ONE]\‘I‘V]GNVI,”J Apref Lasn1ay EA&) ‘QﬂﬂTﬁu@1IW@’Jﬂ’JUﬂiJﬂ’ﬂllLi’JGﬂiJaﬂ}ngﬂ\if‘fllﬂﬁVl

(3.52)
P, =A L A
AP, =ARy —— Ao (3.52)
niowoslugiTamuanud 18 sanmsi (3.53)
1
AP, (s) = AP (s) —EAQ(S) (3.53)
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cL { a 1 1 'o 1 4

msdamsvesmanfasuulas AP, gaudasmnnszuuleasedn uazdese lidwmiana,

£ agq Y & v o J & Aa Y Aa ~ =

auaN AR, dsauydldifuanuduiusdunuuFadu vazmininsamanii o, ozl
” o A o A A 3 3

ANUFURUS luTamuanuddsaunsi (3.54) ausavewiuuaen laezunsuvysd
o ) v v W 3’ [ { <

HaRDUAUDIRIAIUANYDITT DU T UR iU louin lddeg N 3.13) uazvdenlaezunsuves

[

nanoUauoIRInIuaN Inaannudtenvesszu Trlihddaldaegiin 3.14)

1

Ty

APt ) 1 AR,

1+zs

N

IR

{ 3 o ) v v W g‘
?jﬂﬁ 3.13 Wa@l’a‘Uﬁuawmﬂ’ﬂiJLi’JG]’Jﬂ’J“lJﬂiJ"IJEJ\ﬁzU‘]Jﬁ‘Nfii‘Uﬂﬂﬂuhlﬂui

APL(S)
AP, AP, AP | _
AP (s) 1 1 1 AQ(S)
— l+zys [] 1+7,8 2Hs+D
Governor Turbine Rotating mass and load
E
= [

A < (% = o w
Eﬂﬂ 3.14 Uaf]ﬂhlﬂagllﬂiumﬂ\iWa@aﬂau@\jﬁ'Jﬂ'Jl'prIﬂaﬂﬂj’luﬂllﬂﬂﬂla\1§$uqu%’lﬂ’]a\i

weshmslaeu —AP,_(s) Tasmsmiusi uazanudmamsunisuestias il AQ(s) voah
18 nazmai lduaas 13 luvuden laozuning it 3.14 vazanunsadeuilsndutlavesaums 1

AauNI5N (3.55)

1 1
R(2H, +D)(L+7,5)(1+7,3)

KG(s)H(s) = (3.55)

o o o v o { { {
wazannsavsuilanguilavesnnuduiius Inaanulasunlas AP uagmsnlasuuaims

unsveasga i AQ 1&dluaumsn 3.56)
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AQ(s) (L+7,8)L+17,5)
~AP_(s)  (2H¢+D)(L+7,8)(1+7,5)+1/R (3.56)

AQ(S) =—-AP, ()T (s) (3.57)

v 9 ]
Traalasunanuduinlamsnlasumlas AP (s)=AP /s msmimgameaungui)lu

AANZAIIIUDI Aw TaaIaunIn (3.58)

. 1
Awe. =limsAQ(S) =(-AP )——— 3.58
s =M (s) ( L)D+1/R (3.58)

) o ~ A 1 = A 9 ' ' = (Y 9y
ﬁ"l‘l’ii‘]Jﬂim‘Vlvl,lI‘JJﬂ’ﬂiJﬂGlJENIWﬁmﬂLﬂEJ’JGUENL%H D=0 mmmwaammaiuamazmmm%

% S o {
INAINIVANANVITIAIANNITN (3.59)

Awg =(-AR.)R (3.59)
=~ A o a 9 @ < 1 1 =
mﬂwmmﬂimmm@"lﬂﬂwwmummmummﬁmmﬂﬂgﬂﬁ911.13zuummmwmmmaiu

v 9 ~
annzasan lnnaumsi (3.60)

1
A =(-AP 3.60
@ =(-AR) D+1/R +1/R, +..1/R, (60

3.11 szuumugudnluiamsesnutialvi (Automatic Generation Control)

Y A dgl 3 v oy J A J J
ﬂ?IWﬁﬂ!‘lLﬁ3‘]J‘]JLWNﬂluﬂﬂ?uﬁ?ﬂl@ﬂﬂﬁﬂuqﬂuﬁlgﬁﬂﬁ\?ﬂ@lﬁflﬁ'JLlﬂ'J‘]JﬂllIﬂwnﬂﬂLl'ﬂi

'
a

A o A @ 1 [V g/ ) o = A =) 1 <
vounsoanuila Il ngdSunumveandsloshidmsu Inaalv Feneunaziimsannusa
i1 E4 [
younsosiuia liihwzinadyapadaioulugdvesnnudh 1) luszvudeaiesias Tuih
A Ada < A oA =2 A o 3
MsnuAuiesarenUdNAana1anInANus o uveunIeaswila I alinnuduilulu
A = A ] 1 A 4 o [ wa A Y o
vz laaiman)dsun)asedeaeiiiol ginsainiuguuasdanson luiame Ivansnlsy
Y AAa dy =2 A o =X Yo @ wa A
wiouwaweanudnAaien luvalianus uiluagadinlugduuuvesszuamuauda Tudanios

i v (Automatic Generation Control , AGC) [9]

3.12 szuumuguenluiamsestuta Wi wuiifes (AGC In Single Area

System)
d‘ da' 9 d' d' a d? [ a dgl
1Uﬂ1iﬂﬁﬂﬂ3\lﬂ31ﬂﬂlﬂﬂﬂﬂu ﬂTH'!‘ﬂﬁElullfﬂa\'isllﬂ\iI'H'ﬁﬂ‘ﬂlﬂﬂ"llﬂiﬂ’ﬁﬂT]%ﬂ\?ﬁ’Jlﬂﬂ“llu‘l]u

@ I A Y 1 ~ Y 3 4 =~ [ 09.;}
AIRIUANANSGI (Governor) tive Inmsaamsundsluguuvanud vidugud sziimsilsuds
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v 9 (4
=1

4 1 H 1
Aanansunivinaduludniuguoa Twia Tasd19aein Inaafinlasuuas ldawiae 13

{ Y [ A

mMInuguaNuddnsaeenuuylaluglvesszuunuquasgili 315  wazangili 3.15

u

Y o ~ £ 1 4 = [ A
awnsoguilszuuaiuguldaagilii 3.16 Ferunmal K, ¥9l5umuanumingauvesaisuniu

A a 42’ 1 Y ~
MAATU uazNaneUAUBIRDIZUUENTaN Id1naumsh (3.61)

AQ(s) s(L+7,5)(L+7,S)
~AP(s)  s(2H +D)(1+7,s)(L+7;5)+ K, +s/R  (3.61)

AP
AR, AP,
Apref (s) 1— ; 1 ACO(S\)
- l+7,s [ 1+ 17,5 2Hs+ D
Governor Turbine Rotating mass and load
i
Zicls
K | -

A A o w A A
517 3.15 szuumuquanudves Tnaaszuy Ifhhaiuimen

AR M) 1 Aw(s)
2Hs+D

Vv

Koy 1y 1

1
s R 1+7,8 1478

A

< : RV g
317 3.16 waneuanessosz U rlihhasiunmne,

[ A A o A A t:i .
3.13 szuumnquaﬂiuummaammd’lﬂﬂmmﬂwuﬂ ( AGC In Multi Area

System )
lunaensainguueaniosduia liheglndfanumnmanamsunisdeaseaiunn
v Y ]
wonnndinaiu e lunsessuia lihezaevauesludnvauzaeg iu endaedrusulungy
A o a A A o & A 9 [ o’/’
younson e lihien TesnudeszuuniuquanudazdssnouaueInunInualusz UL

v v Y ]
Tihiasmsfnywazinnudnlvsudunsnazisuduaremsnruguanud ludesiuiives
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d‘ ) a d' 1 d‘ =S o a 1 9 1 1 d' o a
mi@\1ﬂ'll,u@]]l%l‘ﬁ1ﬁ®ﬂlﬂi®ﬂ@]@!ﬂi@ﬂﬂQﬂuiﬂf.lﬂ@1ﬂ1?’131%@’]1!1/]TLlsU9@ﬁ18ﬁﬂi$ﬂ31\1lﬂi@ﬂﬂ1luﬂ
9 Y A £ o o ' A o a A A @ 1 dy A
ll%lﬁmaamﬂmmqmmmww 3.17 GINﬂ?ﬁ\i%\lﬁﬁ%ﬂ’ﬂﬂmiﬂﬂﬂnuﬂVIG]?JL“HE]?JﬂHi%‘Vi’JN‘W‘L!‘V]

w1 1d0naunsn 3.62) Fudluaumsdunsa

AP, = IE;lﬁsin 01, (3.62)

12

v Y 1 1 v
Taofimduiiuaugszniniiui (X,) = X, + X, uay anpinlasunlas (5,)=6,+6,

=] ' 4 o A {
uazaumsunlvanitosszuanioiuila I Ivaain AR, mldanaumsa (3.63)

Xl X 12 X2
é I I
lEl Y| E) Zdy

v ) Y ]
517 3.17 msaonTeetuta Ilihsznieiiug

AP, = i Ao,
dé‘lZ 512,
g SN Yo

(3.63)

1 a (% a' Y { Q Y [ a Q‘{
waza1ved P, Aedsumaesanugulassuduiiyy o, =5, -5, sanm ldnndulszdns

Aaaldihanaumsi 3.62) ¥azldn P dsaunish 3. 64)

AP, = P, | = |El||Ez|cosA512
o, ), X ° (3.64)

uazmaa lihnmansuntsveaidgs lihsznietiunaansomldanaunsn 3.65)
AR, =P (A5, - AS,) (3.65)

! o w ' tﬂy A egj a dg} A A N dy A 09/’ a
msundevessias Iihsznieiuinedounaduiie Tuaamunsoanaluiuniuag uazia
M3 naveshas luiiswenTasanuuanansznagula ¥ad1 AS, > A5, fdaluih

Tvanmnnun 1 Tddmun 2 maldsundasdulidsaunisn 3.66) tay 3.67) o3
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= a dg’ < 9 a dgl ~ dy ~ Y A 1 ~
nlasumlaunavuwdntesnadun AP, Wun 1 luanzasdualounsnnisveindud lu
ANNZAIAY

Aw=Aw, = Ao,

(3.66)
uag

AP, —AP, -AP o =AwD,
AP, +AP, =AwD, (3.67)

£ = o o 9 [V @ <3 A o a

Famslasunlashidinenam Idanquanvuzuesdiniuquanusalwnaiesduia i
Y ¥ v

wadlerhdam ldanaunian (3.68)

AP =A%
R

AP, = — o4 (3.68)
RZ

UNUANMITN (3.68) luaumin 3.67) 1xm1 Aw ldanaumsn (3.69)

Ao = X
[1+ D1j+(l+ Dzj
R R,
Lp'-l (3.69)
B, +B,
A1vea B, B, ldanaunsdi (3.70)
B, =i+ D,
R
B, = i+ D (3.70)
2 R2 2 .

1 ' ' 2 ] o o ' ¥ ] ]
Fa91 B;, B, Aulamasgiuvesnnud uaziias ldhsgniwiuimIdonnaumsn ¢.71)

($+ DszPu

2 (3.71)
(1+ D1]+(1+ Dzj

R, R

2

AR, =
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3.14 mamuguussauIiihwazsddluihSueniinl (Reactive Power and Voltage

Control)

Tuszuuwaa lihilsenoudledandrda launusedu Iihve unseaduiia ldh vazms

o

v
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hl ﬁ = ~ 1 Y & Y v v 2R
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(Automatic Voltage Regulator, AVR) #3danuguasnaanslaasgili 3.18

Exciter
% +
Ld,QL Amplifier| Vi
K VR )3
— 4 &S
3 AP
|“‘ -/ AQ
==\ Stabilizer | )
Rectifier |

31U 3.18 35VUMIAIVANLITIAUDN TUTA (Automatic Voltage Regulator, AVR)

3.14.1 HUU@RIMFVENYTYANIM (Amplifier Model)
Y o Y o o ' <]
sruunszduveedynIne1n lauandrveredygrauiman T, msvee

o ' { 4 { o a g a o
dyanadiuinaoui, w?agﬂgm‘umimmfjﬁaumunmmaqsz‘uumaﬂmauﬂﬁ HazayYIUMNT

1 1 4 A 2 1 d 1
veneod lugiunuvesaunan (K,) tazlugdvesnaini (¢,) segunvvesnnnaaioglugis

=3 [ 9 1 ] =3 a =1 =

10 83400 yaznarlumsvenedyaviesuned Ui 0.02 930.1 TN awnsasuly

siupulandunisTouldadeaumsn (3.72)
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VR(S): Ka
V.(s) 1+7,s

e

(3.72)

3.14.2 yuU$1209M303zAU (Exciter Model)
Y Ao v ] ’a & a o
sUnvganssquilnarsnuuguNimuInalz leginsaio@n Insiasinan Ta
a Y £ v 9 Y A S a Y Y ] I
aaan laun SCR Faussauduesnvesganszqui iiuguduvoudunseauuuimanlu
] < ll < @ 1 v o ' @ cs'qul @
2vswiman Wiheds lsnauds hifigduuuanuduiussernhaussdundnazusduvaaie
Yy A £ Y A = Yy a
nszquiNeugIgduuUMInszAuTategluuy Tastaeminsg v IEEE 11591989 lums
o 9 a Y o @ 1 Y o o 1
HavsgiuuumsnszduuuuFadu tazwamsirassgluuuainauaaslaluilsiduie Tou

Seaumsi (3.73)
Ve (s) _EK,
Vi(s) 1+7.s

(3.73)

% 9 1 J
9 7, HARDUAUDIVDINA 08 1oz K, AoANNMNUDITZ UL

o 4' o =\
3.14.3 upvdraeanseanuiia v (Generator Model)
4 o a a @ a 4 § o 1 <
myoan el deTasiianaausuaaommideniaiman luiaiunsd
(% [} < [ d'oaj d? (Y A o a a 9

auanyuzveaiman ihuazussdundisziuegnu Tnanveuniossuia luglunusudu
§ PRV o {
Fananovauoand1d luilanvuoie Toudaaunisn (3.74)

Vi(s) _ K

= (3.74)
Ve(s) 1+7gs

d! 1 A ] 1 = 1 1 = a =)
Fam Kg lasunilaegluge 0.7 99 1 uay 70831319 1092 310

3.14.4 BUU18090I5031A (Sensor Model)
v A 9 A o a [ 9 9 o &
useaui ldannsestutiagnasndn lannudeulawssdudagiunums
o Y v c’u’/ 1 [ [y d' [ d'
Shaoauaad lasailansunreTouduaun 1 aauaasluaunsn (3.75)

Ve(s) _ Kq
V,(s) 1+7z,s

(3.75)

5 <3 a 1 ' 1 a
F9 7, DYARNUING wazauyd 1aeglug9 0.01 59 0.06 IT HAZKAVOITTVUAILAN

=1

V04 AVR aadlaaagili 3.19

U
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V.(s) Vo (s V, ()
Vref(s) K A K E K G Vt(S)
— 1+ 7,8 l+7.s 1+ 7,5 >
Vs (s)
Amplifier Exciter Generator
Ke Lo
1+7;s
Sensor

{ <
Eﬂ‘ﬁ 3.19 Wﬁﬂlf)ﬁi%ﬂﬂﬂ?ﬂﬂuﬂa@ﬂhlﬂﬂgllﬂiu"llﬂi AVR
= ) J A ~
waznanoUaueIeIszuUlaveslanduaiToulugii 3.19 uaasaunsn (3.76)

KAKE KG KR
(I+7,8)A+7:8) A+ 75S)(L+759)

KG(s)H(s) = (3.76)

= o o 1 v o @ A o A
L!a%Wa@lﬂ‘ﬂﬁu@ﬂﬂlﬂ\ﬁ$‘]J‘]J‘]_]WU@\W\IQﬂ%ﬂﬂ?ﬂj’ﬂl‘!ﬂ’fmﬁﬂJWUﬁﬂJﬂQL!ﬁﬂﬂuLﬂﬁ’E)\iﬂ%uﬂuh‘lﬁ'l

V,(s) uazusaausens V., (s) ladeaunsi (3.77)

ref

Vi(s) _ KaKeKgKg(d+7¢S) (3.77)
Vo (s) (@+7,8)A+78)(L+78)(L+17g8) + K KK K, '
130
V, (s) =T(S)V, () (3.78)

k4

o o v W 1 (] @

dmsumstlouduuniutiula1a vV, (s)=V.(s) == awanouauoiluanizaiiegld
s

luaunsn (3.79)

KA
+K,

Vi (s)=limsV,(s) = (3.79)
s—0 1
y v v Y = . .
3.14.5 52UUNIzAUAIIMToUNaVMIBAMNEBYS MW (Excitation System
Stabilizer-Rate Feedback)
e lrszuuilounduvesszuuAIUAULI IR UOA TUITA (Automatic Voltage
A A A A2 ° A As 9

Regulator, AVR) Hiadesmmannnuianaiaungavu lagsimaud 15 luszuuiloundulu

a\ o 1 @ <] [
auidlavesilaisuaioTouganiuny Stabilizer davuaen laosunsunanaslanegiii 3.20

U

42



V. (s) Ve (s Ve (5)
Vref (s) K A K—E K G \/t(s)
1+ 7,5 1+7gs 1+ 748
Amplifier Exciter Generator
Stabilizer
Ke
1+7.s
Sensor
Kg
1+7.8

A v J v
510 3.20 szvudlounduilavesilanduves AVR 1ag Stabilizer

3.14.6 szuunszauMamstoundumsnMadsMNIazEARIVYN PID (Excitation
System Stabilizer - PID Controller)
@ @ 1@ . A ) Y =\
sruutlounauvemAIUANNAINT 1dA7 Stabilizer et 1R szuUTAW
' b4 v
[ADeTNMNINGIVUIEY MINTTUUINNgARIUAN  PID vz IdszvumIuguanIaviandw
a a P A o w a @ Y 3 oA o
Aanatanelaniialda tazaaniesdamsianaialuaniizaeda laiilueded daniswenn
A 9 A ~ 1 a ) [V [
Fuaremsuevaved 15 luszuudavesiledduiloundy nazamusolsvilge
o 1 s v A A o {
HaneUduo AN zINveilanduiloundunmuganIugu PID ansaudasldasaunmsi

(3.79)
K,
G.(s)=K, +—S +K;s (3.79)

< Yy 9 Yo =
Uﬁﬂﬂulﬂﬂzuﬂiiﬂlﬂﬂ“lgﬂﬂ’rﬂﬂﬂ AVR N39108 PID mmsmmm‘lﬂmgﬂﬂ 3.21

v, Ve Ve
\ O K K K V(s
ref (s) KP +ﬁ+KDSH A | E G t())
—N S 1+7,s| |1+res| [1+745S
VS PID Amplifier Exciter Generator
Sensor
KR
1+7,8

= < @ Jw
?;]J‘Vl 3.21 ‘Ua@ﬂulm)zLLﬂi‘JJ’iz‘lJ‘U‘ﬂfJL!ﬂ’d‘]JﬂJEN‘WQﬂG]mﬂJEN AVR 11ag PID
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EY yy

3.147 szuumUANOAlMIANs ISz UUNzAU IR 18U (AGC Including
Excitation System)
OEJ} L=\ 1 =Y dgj 1 d‘ %
AATIABOUIAATUTENINMIAIUAUAIND tazmsaduauussau T 1y
w3osiuila Wi anwd vazussduTlihgnarugulseuensenainiu lumsanyusuduves
= o y & 3 Y} A
FZUUAIVANTINUINTINAVTZVUAILANNITNTZAUF Iz U A9 nmsldeuniasves
] 1 4
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AP, = P,AS + K,E’ (3.80)

e K, Aemsnlasumlasvesiids ihdmsvasnldsuntasdndesluusundeu i
uiman I Fesudawanislasunasvesyulnmes vunseduueaniosdniia li

annsaenlgseaumsi (3.81)
AV, = K,AS + K E' (3.81)

A A A 1Y :JI ) o a < Y P @

e K, Aemanlasunilasveanssdudidmsumnlasumlauantieslulsmesnusadu
] I A 4 { @ :JI ) [ A

uiwan lihashvesmaaes waz K, Aemsdsuntawssquindmsumanaeuntaslu

A s 4 A & a [ o s v @ 1%

yaarandianesnyuIsimosaead searuisanasanduilsidudounduninsedu
[l <} { J v {

wiman lwihiammesasaunis (3.82)

KG
1+ 74

E' =

V, —K,AS) (3.82)
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o 1 [~ [ ' 1 [~ <]
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EN 50 160 - Limits

Parameter Averaging time Limits: 95%o0of 1 week | Limits: 100% of 1 week

Hicker Pst 10 min
Plt 120 min Pit<1

s T |

:

Signaling voltage 3sec <5%0f UN 99% of 1 day
(1...10kHz)

=
ws | o | e |

Measurement over 1 week
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EN 50 160
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European Community




Conditions

Measurement interval shall be one week

No gap between measurements

Compliance with IEC 61000-4-7 for harmonics
Compliance with IEC 61000-4-15 for flicker

Statistical approach
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ENSO 160 -P 1
1IN OU 10V I araiiicCicid

Voltage variations

Flicker Pst / Plt

Harmonics : order 2 to 40
Signalling (Ripple Control) Voltages
Frequency

Unbalance of 3-phase systems
Voltage dips and surges

Interruptions
Measurement over 1 week

\ 4
¢
¢
\ 4
\ 4
¢
¢
¢
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EN 50 160 - Objectives

The standard deals with voltage characteristics in statistical or
probabilistic terms.

Characteristics of supply voltage during normal conditions which
affect usefulness of electricity to the customer :

power frequency

maghnitude of supply voltage
wave form
symmetry of the 3 phase voltages
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EN 50 160 - Objectives

Characteristics vary: random in time, random in location, depend on
supply terminal,

will sometimes exceed the limits

Influences: unpredictable phenomena

changes of load
disturbances generated by certain equipment
occurrence of faults caused by external events




EN 50 160

EN 50 160 - Limits

Limits: 100% of 1 week
-15% / +10 %

Parameter Averaging time Limits: 95% of 1 week

Voltage variations 10 min + 10%
Flicker Pst 10 min
Plt 120 min Plt<1

Harmonics

10 min

table up to 40™ harmonic

THD

10 min

< 8%

Signaling voltage
(1...10kHz)

3 sec

< 5%of Un 99% of 1 day

Frequency

10 sec

+ 1%

-6% / +4%

Unbalance

10 min

< 2%

voltage dip

10 msec

not defined

Interruptions (<1% Uy)

10 msec

not defined

Measurement over 1 week
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Voltage Variations

Cross section of . B L1 55 Spanung
cables must be 1o¢
Increased 1080
to reduce 1068

the voltage drop! .

102.0
100.0
98.0
96,0
94.0

92.0

0.0
00.oo 04.00 08,00 12.00 16.00 20,00 00,00

13.02 96 13.02.96 13.02.96 13.02 96 13.02 96 13.02 96 14.02 96

95 % of 10 minute average values during
one week must be within +/- 10% of U,
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Flicker IEC 868 (Pst & Plt)

High flicker values |§
cause light intensity
fluctuations !

210

/ &0
A0

20

. J

Long term flicker value during 95% of 1
week: Pt <=1




Flicker

Low Frequency voltage variation,

caused by arc furnaces, welding machines,...

YT
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Harmonics and Interharmonics

The 5" harmonic
exceeds the limit.
Network impedance
must be reduced !

0.00
00,00 04,00 08,00 12,00 16,00 20,00 0a.
10.01.94 11.01.94 12.01.94 13.01.94 14.01.94 15.01.94 17.0

The limit for each single harmonic shall
not be exceeded during 95% of a week.
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Ripple Control Voltages

2.00

The signal level -
must be sufficient 240
for the receiver ! 210

1.80
1.50
1.20
0.90
0.E0

0.30

0.00

13,00 00,00 ° DE,"DEI -'IEI,DD 15.00 20.00
10.01.34 11.01.34 11.01.94 11.01.94 11.01.94 11.01.34

01.0
12.01

The ripple control voltage shall not exceed a
frequency dependent limit in % of the nominal
voltage (e.g.: 725Hz -> limit: 5 %).
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Unbalance

« Large single phase load
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Voltage Dips & Surges
4 I . .

1
299.00

The inrush current of || ..,
a motor caused L 200
a voltage dip! j: 23000

I 207.00
| 184.00

161.00
| 138.00
i 115.00
‘/ 92.00
i 69.00

46.00
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Voltage dlp/surge Half cycle RMS value
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Voltage Interruptions
4 \
A lightning strike | |
caused an
interruption !

z—|

. J

Interruption: Voltage drops below 1% of U
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Network Performance Tests

Voltage Quality

e

t

-
o

Disturbance Analysis

Network Optimisation

N

A
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EN 50 160 - Voltage Quality

Measurement
period:1 week

— 170 000

measurement values

An intelligent analysis is necessary !
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There are several other characteristics that may have a disturbing or damaging effect on
customers' equipment, or even on the customers. Some of these disturbing characteristics
arise from unavoidable transient events in the supply system itself, resulting from faults or
switching, or caused by atmospheric phenomena (lightning). Others, however, are the resuit of
various uses of electricity which directly alter the waveform of the voltage, impose a particular
pattern on its magnitude, or superimpose signalling voltages. Coincidentally with the modemn
proliferation of equipment which has these effects, there is also an increase in the equipment
which is susceptible to the disturbances.

This standard defines where possible the variations of the characteristics normally to be
expected. In other cases the standard provides the best possible indication of what, in

quantitative terms, is to be expected.

Since there is a considerable diversity in the structures of the distribution systems in different
areas, arising from differences in load density, population dispersion, local topography, etc.
many customers will experience considerably smaller variations of the voltage characteristics
than the values given in this standard.

Itis a particular feature of electricity that, in respect of some of its characteristics.its quality is
affected by the user rather than by the producer or supplier. In these cases the customer is an
essential partner, with the supplier, in the effort to maintain the quality of electricity.

It should be noted that this question is addressed directly by other standards; already
published or in preparation: Emission standards govern the levels of electromagnetic
disturbances which customers’ equipment may be allowed to generate. Immunity standards
set down disturbance levels which the equipment should be capable of tolerating without
undue damage or loss of function. A third set of standards, for electromagnetic compatibility
levels, has the function of enabling coordination and coherence of the emission and immunity
standards, with the overall objective of achieving electromagnetic compatibility.
4

Although this standard has obvious links with compatibility levels, it is important to note that it
relates to voltage characteristics of electricity. It is not a standard for compatibility levels. It
should be especially noted that the performance of equipment might be impaired, if the
equipment is subjected to supply conditions more severe than specified in their product

standard.



Page 18
EN 50160:1999

Annex A (informative)

Special nature of electricity

Electricity is an energy form which is particularly versatile and adaptable. It is utilised by being
converted into several other forms of energy: heat, light, mechanical energy, and the many
electromagnetic, electronic, acoustic and visual forms which are the bases of modem

telecommunications, information technology and entertainment.

Electricity as delivered to the customers has several characteristics which are variable and
which affect its usefulness to the customer. This standard describes characteristics of
electricity in terms of the alternating voltage. With respect to the use of electricity it is desirable
that the supply voltage would altemate at a constant frequency, with a perfect sine wave and a
constant magnitude. In practice, there are many factors which cause departures from this. In
contrast to normal products, application is one of the mainfactors which influence the variation

of “characteristics”.

The flow of energy to the customer’s appliances gives rise to electriccurrents which are me

or less proportional to the magnitudes of the customers’ demands. As these currents flove
through the conductors of the supply system, they give rise to voltage drops. The magnitude of
the supply voltage for an individual customer at any instant is a function of the cumulative
voltage drops on all the components of the system through which that customer is supplied,
and is determined both by the individual demand and by the simultaneous demands of other
customers. Since each customer's demand is constantly varying, and there is a further
variation in the degree of coincidence between the demands of several customers, the supply
voltage is also variable. For this reason, this standard deals with the voltage characteristics in
statistical or probabilistic terms. It is in the economic interests of the customer that the
standard of supply should relate to normally expected conditions rather than to rare
contingencies, such as an unusual degree of coincidence between the demands of several

appliances or several customers. &
. 4

Electricity reaches the customer through a system of generation, transmission and distribution
equipment. Each component of the system is subject to damage or failure due to the electrical,
mechanical and chemical stresses which arise from several causes, including extremes of
weather, the ordinary processes of wear and deterioration with age, and interference *
human activities, birds, animals, etc. Such damage can affect or even interrupt the supply .«
one or to many customers.

To keep the frequency constant requires the amount of running generation capacity to be
matched instant by instant to the simultaneous combined demand. Because both the
generation capacity-and the demand are liable to change in discrete amounts, especially in the
event of faults on the generation, transmission or distribution systems, there is always a risk of
a mismatch, resulting in an increase or decrease of the frequency. This risk is reduced,.
however, by connecting many systems into one large interconnected system, the generation
capacity of which is very great relative to the changes which are likely to occur.
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Voltage level in percent

10

1
0,1 1 10 100

Frequency in kHz

Figure 2: Voltage levels of signal frequencies in percent of U,
used in public mv distribution systems

3.13 Mains signalling voltaée on the supply voltage

In some countries the public distribution systems may be used by the public supplier for the
transmission of signals. Over 99 % of a day the three second mean of the signal voltages shall
be less or equal to the values given in Figure 2. For frequencies from 9 to 95 kHz the values
are under consideration.

NOTE: It is assumed that customers will not be allowed to use the public mv network for signalling purposes.
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Moreover, the THD of the supply voltage (including all harmonics up to the order 40) shall be

less than or equal to 8 %.

NOTE: The limitation to order 40 is conventional.

Table 2: Values of individual harmonic voltages at the supply terminais
for orders up to 25 given in percent of U,

Odd harmonics

Even harmonics

Not multiples of 3 Multiples of 3

Order Relative Order Relative Order Relative
h voltage h voltage h voltage
5 6 % 3 5 %’ 2 2 %
7 5 % 9 15 % 4 1 % o
1 35% 15 05 % 6...24 05%
13 3 % 21 05 %
17 2 %
19 1,5%
23 1.5%
25 1.5%

*) Depending on the-network design the value for the third harmonic order can be

substantially lower.

NOTE: No values are given for harmonics of order higher than 25, as they are usually small, but largely
unpredictable due to resonance effects.

3.12 Interharmonic voltage

i

The level of interharmonics is increasing due to the development of frequency converters and
similar control equipment. Levels are under consideration, pending more experience. <&

In certain cases interharmonics, even at low levels, give rise to flicker (see 3.4.2), or cause
interference in ripple control system.
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3.7 Long interruptions of the supply voltage

Accidental interruptions are usually caused by external events or actions which cannot be
prevented by the supplier. It is not possible to indicate typical values for the annual frequency
and durations of long interruptions. This is due to wide differences in system configurations
and structure in various countries and also because of the unpredictable effects of the actions

of third parties and of the weather.

Indicative values:
Under normal operating conditions the annual frequency of voltage interruptions longer than

three minutes may be less than 10 or up to 50 depending on the area.

Indicative values are not given for prearranged interruptions, because they are announced
in advance.

3.8 Temporary power frequency overvoltages between live conductors and earth

A temporary power frequency overvoitage generally appears during an earth fault in the public
distribution system or in a customer's installation and disappears when the fault is cleared.
The expected value of such an overvoltage depends on the type of earthing of the system. In
systems with a solidly or impedance earthed neutral the overvoltage shall generally not
exceed 1,7 U.. In isolated or resonant earthed systems the overvoltage shall generally not
exceed 2,0 U,. The type of earthing will be indicated by the distributor.

3.9 Transient overvoltage between live conductors and earth

Transient overvoltages in mv supply systems are caused by switching or, directly or by
induction, by lightning. Switching overvoltages generally are lower in amplitude than lightning
overvoltages, but they may have a shorter rise time and/or longer duration.

NOTE: The customers' insulation coordination scheme must be compatible with that adopted by the supplier.

3.10 Supply voltage unbalance

Under normal operating conditions, during each period of one week, 95 % of the 10 minute
mean rms values of the negative phase sequence component of the supply voltage shall be
within the range 0 to 2 % of the positive phase sequence component. In some areas
unbalances up to 3 % occur.

NOTE: In this standard only values for the negative sequence component are given because this component is the
reievant one for the possible interference of appliances connected to the system.

3.11 Harmonic voltage

Under normal operating conditions, during each period of one week, 95 % of 10 minute mean
rms values of each individual harmonic voltage shall be less than or equal to the value given in
Table 2. Resonances may cause higher voltages for an individual harmonic.
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3.2 Magnitude of the supply voltage

The magnitude is given by the declared voltage U..

3.3 Supply voltage variations

Under normal operating conditions excluding voltage interruptions, during each period of one
week, 95 % of the 10 min mean rms values of the supply voltage shall be within the range of

U, £ 10 %.

3.4 Rapid voltage changes
3.4.1 Magnitude of rapid voltage changes

Rapid voltage changes of the supply voltage are mainly caused either by load changes in th™
customers’ installations or by switching in the system. -

Under normal operating conditions rapid voltage changes generally do not exceed 4 % U, but
changes of up to 6 % U, with a short duration might occur some times per day in some

circumstances.

3.4.2 Flicker severity
Under normal operating conditions, in any period of one week the long term flicker severity

caused by voltage fluctuation should be P, < 1 for 95 % of the time.

3.5 Supply voltage dips "
Voltage dips are generally caused by faults occurring in the customers’ installations or in the
public distribution system. The annual frequency varies greatly depending on the type of
supply system and on the point of observation. Moreover, the distribution over the year can be

very irregular.

e . v
ndicative values:

Under normal operating conditions the expected number of voltage dips in a year can be from
up to a few tens to up to one thousand. The majority of voltage dips havea duration less than
one 1s and a depth less than 60 %. However, voltage dips with greater depth and duration
can occur infrequently. In some areas voltage dips with depths between 10 % to 15 % ofU.
can occur very frequently as a result of the switching of loads in customers’ installations.

3.6 Short interruptions of the supply voltage

Indicative values:
Under normal operating conditions the annual occurrence of short interruptions of the supply

voltage ranges from up to a few tens to up to several hundreds. The duration of approximately
70 % of the short interruptions may be less than one second.

NOTE: In some documents short interruptions are considered as having durations not exceeding one minute. But
sometimes control schemes are applied which need operating times of up to three minutes in order to avoid long
voltage interruptions. : .
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2.13 Mains signalling voltage on the supply voltage

In some countries the public distribution systems may be used by the public supplier for the
transmission of signals. Over 99 % of a day the three second mean of signal voltages shall be
less or equal to the values given in Figure 1.

NOTE: Power line carrier signalling with frequencies in the range from 95 kHz to 148,5 kHz may be used in
customers' instaliations. Though the use of the public system for the transmission of signals between customers is
not allowed, voltages of these frequencies up to 1,4 V mms in the public Iv distribution system have to be taken into
account. Because of the possibility of mutual influences of neighbouring signalling installations the customer may
need to apply protection or appropriate immunity for his signalling installation against this influence.

Voltage level in percent
10

1 A Lo 4 it
0,1 1 10 100

Frequency in kHz

Figure 1: Voltage levels of signal frequencies in percent of U, used

in public LV distribution systems P

e

3 Medium-voltage supply characteristics

Customers with demands exceeding the capacity of the low voltage network are generally
supplied at declared voltages above 1 kV. This standard applies to such electricity supplies at

declared voltages up to 35 kV. 7

NOTE: Customers may be supplied at such voltages also to satisfy special requirements or to mitigate conducted
disturbances emitted by their equipment.

3.1 Power frequency

The nominal frequency of the supply voltage shall be 50 Hz. Under non aal operating conditions
the mean value of the fundamental frequency measured over 10 s shall be within a range of

- for systems with synchronous ‘connection to an interconnected sysitem
50Hz+1% (i.e. 49,5 ... 50,5 Hz) during 99,5 % of a year,
50Hz +4 %/-6 % (i.e. 47 ... 52 Hz) during 100 % of the time.

- for systems with no synchronous connection to an interconnected system (e.g. supply
systems on certain islands)
50Hz+2 % (ie. 49 ... 51 Hz) during 95 % of a week,
50Hz+15% (ie. 42,5 .. 57,5 Hz) during 100 % of the time.
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2.10 Supply voltage unbalance

Under normal operating conditions, during each period of one week, 95 % of the 10 minute
mean rms values of the negative phase sequence component of the supply voltage shall be
within the range 0 to 2 % of the positive phase sequence component. In some areas with
partly single phase or two phase connected customers’ installations, unbalances up to about

3 % at three-phase supply terminals occur.

NOTE: In this standard only values for the negative sequence component are given because this component is the
relevant one for the possible interference of appliances connected to the system.

2.11 Harmonic voltage

Under normal operating conditions, during each period of one week, 85 % of the 10 minute
mean rms values of each individual harmonic voltage shall be less than or equal to the value
given in Table 1. Resonances may cause higher voltages for an individual harmonic.

Moreover, the THD of the supply voltage (including all harmonics up to the order 40) shalwe”
less than or equal to 8 %.

NOTE: The limitation to order 40 is conventional.

Table 1: Values of individual harmonic voltages at
the supply terminals for orders up to 25 given in percent of U,

Odd harmonics Even harmonics '
Not multiples of 3 Multiples of 3
3
Order Relative Order Relative Order i Relative
h voltage h voltage h voltage
5 6 % 3 5 % 2 2 %
7 5 % 9 1.5 % 4 1 %
11 3.5% 15 05 % 6...24 05% o
13 3 % 21 05 %
17 2 %
19 15%
23 1,5%
25 '

NOTE: No values are given for harmonics of order higher than 25, as they are usually small, but largely
unpredictable due to resonance effects.

212 Interharmonic voltage

The level of interharmonics is increasing due to the development of frequency converters and
similar control equipment. Levels are under consideration, pending more experience.

In certain cases interharmonics, even at low levels, give rise to flicker (see 2.4.2), or cause
interference in ripple control systems.
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2.6 Short interruptions of the supply voltage

Indicative values:
Under normal operating conditions the annual occurrence of short interruptions of the supply

voltage ranges from up to a few tens to up to several hundreds. The duration of approximately
70 % of the short interruptions may be less than one second.

NOTE: In some documents short interruptions are considered as having durations not exceeding one minute. But
sometimes control schemes are applied which need operating times of up to three minutes in order to avoid long
voltage interruptions.

2.7 Long interruptions of the supply voltage

Accidental interruptions are usually caused by external events or actions which cannot be
prevented by the supplier. It is not possible to indicate typical values for the annual frequency
and durations of long interruptions. This is due to wide differences in system configurations
and structure in various countries and also because of the unpredictable effects of the actions

of third parties and of the weather.

Indicative values:
Under normal operating conditions the annual frequency of voltage interruptions longer than

three minutes may be less than 10 or up to 50 depending on the area.

Indicative values are not given for prearranged interruptions, because they are announced
in advance.

2.8 Temporary power frequency overvoltages between live conductors and earth

A temporary power frequency overvoltage generally appears during a fault fn the public
distribution system or in a customer's installation, and disappears when the fault is cleared.
Usually, the overvoltage may reach the value of the phase-to-phase voltage due to a shift of

the neutral point of the three-phase voltage system.

Indicative values: .
Under certain circumstances, a fault occurring upstream of a transformer will produce

temporary overvoltages on the lv side for the time during which the fault current flows. Such
overvoltages will generally not exceed 1,5 kV rms.

2.9 Transient oveﬁoltages between live conductors and earth

Transient overvoltages generally will not exceed 6 kV peak, but higher values occur
occasionally. The rise time covers a wide range from milliseconds down to much less than a

microsecond.

NOTE: The energy content of a transient overvoltage varies considerably according to the origin. An induced
overvoltage due to lightning generally has a higher amplitude but lower energy content than an overvoltage
caused by switching, because of the generally longer duration of such switching overvoltages. Surge protective
devices in a customer's installation should be selected to take account of the more severe energy requirement for
fault switching overvoitages. This will cover the induced overvoltages due both to lightning and to system

switching.
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2.3 Supply voltage variations

Under normal operating conditions, excluding situations arising from faults or voltage
interruptions,

« during each period of one week 95% of the 10 min meanrms values of the supply voltage
shall be within the range of U, + 10%.

NOTE 1: Until the year 2003 the range of the voltage may differ from these standard values, in accordance with
HD 472 S1.

e all 10 minutes mean rms values of 'the supply voltage shall be within the range of
U, + 10% /- 15%.

NOTE 2: In cases of electricity supp!ies-in remote areas with long lines the voltage could be outside the range of
Up + 10/ - 15%. Customers should be informed.

24 Rapid voltage changes -
2.4.1 Magnitude of rapid voltage changes

Rapid voltage changes of the supply voltage are mainly caused either by load changes in
customers’ installations or by switching in the system. 1

Under normal operating conditions a rapid voltage change generally does not exceed S % U,
but a change of up to 10 % U, with a short duration might occur some times per day in some

circumstances.

NOTE: A voltage change resulting in a voltage less than 90 % Up is considered a supply vultageadip (see 2.5).

2.4.2 Flicker severity

Under normal operating conditions, in any period of one week the long term flicker severity
caused by voltage fluctuation should be Py < 1 for 95 % of the time. :

NOTE: Reaction to flicker is subjective and can vary depending ;:n the perceived cause of the flicker and med
period over which it persists. In some cases Pyt = 1 gives rise to annoyance, whereas in other cases higher levels
of Py are found without annoyance. )

2.5 Supply voltage dips

Voltage dips are generally caused by faults occurring in the customers’ installations or in the
public distribution system. They are unpredictable, largely random events. The annual
frequency varies greatly depending on the type of supply system and on the point of
observation. Moreover, the distribution over the year can be very irregular.

Indicative values:

Under normal operating conditions the expected number of voltage dips in a year may be from
up to a few tens to up to one thousand. The maijority of voltage dips havea duration less than
1s and a depth less than 60 %. However, voltage dips with greater depth and duration can
oceur infrequently. In some areas voltage dips with depths between 10 % and 15 % ofU, can
occur very frequently as a result of the switching of loads in customers' installations.
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ENV 61000-2-2 1993  Electromagnetic compatibility
Part 2: Environment
Section 2: Compatibility levels for low-frequency conducted
disturbances and signalling in public low-voltage power supply
systems (IEC 61000-2-2:1990)

HD 472 S1 1989 Nominal voltages for low voltage public electricity supply systems
(IEC 60038:1983, modified; title of IEC 60038: IEC standard

voltages)

IEC 60050-161 1990 Intemnational Electrotechnical VVocabulary
Chapter 161: Electromagnetic compatibilty

UNIPEDE 91 en 50.02 Voltage dips and short interruptions in public medium voltage
electricity supply systems
2 Low-voltage supply characteristics

2.1 Power frequency

The nominal frequency of the supply voltage shall be 50 Hz. Under normal operating conditions
the mean value of the fundamental frequency measured over 10 s shall be within a range of

for systems with synchronous connection to an interconnected system

50Hz+1 % (i.e. 49,5 ... 50,5 Hz) during 99,5 % of a year,
50Hz +4 %/-6% (i,e. 47 ... 52 Hz) during 100 % of the time.

- for systems with no synchronous connection to an interconnected system (e g. supply
systems on certain islands) .
50Hz+2 % (i.e. 49 ... 51 Hz) during 95 % of a week,
50Hz+ 15 % (ie.425...57,5Hz) during 100 % of the time.

2.2 Magnitude of the supply voltage
The standard nominal voltage U, for public low voltage is:

- for four-wire three phase systems:
U, = 230 V between phase and neutral,

- for three-wire three phase systems:
U, = 230 V between phases.

NOTE 1: Until the year 2003 the nominal voltage may differ from 230 V in accordance with HD 472 S1.

NQOTE 2: In low voltage systems declared and nominal voltage are equal.
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1.3.22 interharmonic voltage
A sinusoidal voltage with a frequency between the harmonics, i.e. the frequency is not a

integer multiple of the fundamental.

NOTE: Interharmonic voltages at closely adjacent frequencies can appear at the same time forming a wide ban
spectrum.

1.3.23 voltage unbalance
in a three-phase system, a condition in which the rms values of the phase voltages or th

phase angles between consecutive phases are not equal.

1.3.24 mains signalling voitage :
A signal superimposed on the supply voltage for the purpose of transmission of information |
the public distribution system and to customers’ premises. Three types of signals in the publ

distribution system can be classified:

- ripple control signals: superimposed sinusoidal voltage signals in the range of 110 Hz |
3000 Hz; .

-

- power-line-carrier signals: superimposed sinusoidal voltage signals in the range betwee
3 kHz to 148,5 kHz;

. mains marking signals: superimposed short time alterations (transients) at selecte
points of the voltage waveform.

1.4 Normative references

This European Standard incorporates by dated or undated reference, provisions from oth
publications. These normative references are cited at the appropriate ;places in the text ar
the publications are listed hereafter. For dated references, subsequent amehdments to

revisions of any of these publications apply to this European Standard only when incorporate
in it by amendment or revision. For undated references the latest edition of the publicatic

referred to applies (including amendments).

EN 50065-1 1991  Signalling on low-voltage electrical installatioris in the freque: =y
Al 1992 range 3 kHz to 148,5 kHz
Part 1: General requirements, frequency bands and electromagnet

disturbances

EN 60555-1 1087 Disturbances in supply systems caused by household appliances
and similar electrical equipment — Part 1: Definitions
(IEC 60555-1:1982)

EN. 60868 1993  Flickermeter — Functional and design specifications
(IEC 60868:1986 + A1:1990)

EN 61000-4-7 1993 Electromagnetic compatibility (EMC)
Part 4-7: Testing and measurement techniques — General guide or
harmonics and interharmonics measurements and instrumentation
for power supply systems and equipment connected thereto
(IEC 61000-4-7:1991)
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1.3.17 supply voltage dip
A sudden reduction of the supply voltage to a value between 90 % and 1 % of the declared

voltage U,, followed by a voltage recovery after a short period of time. Conventionally the
duration of a voltage dip is between 10 ms and 1 minute. The depth of a voltage dip is defined
as the difference between the minimum rms voltage during the voltage dip and the declared
voltage. Voltage changes which do not reduce the supply voltage to less than 90 % of the
declared voltage U, are not considered to be dips.

1.3.18 supply interruption
A condition in which the voltage at the supply terminals is lower than 1 % of the declared

voltage, U.. A supply interruption can be classified as:

- prearranged, when consumers are informed in advance, to allow the execution of
scheduled works on the distribution system, or

- accidental, caused by permanent or transient faults, mostly related to external events,
equipment failures or interference. An accidental interruption is classified as:

+ along interruption (longer than three minutes) caused by a permanent fault,
» ashort interruption (up to three minutes) caused by a transient faulit.

NOTE 1: The effect of a prearranged interruption can be minimized by the customers by taking appmpnate
measures.

NOTE 2: Accidental supply interruptions are unpredictable, largely random events.

1.3.19 temporary power frequency overvolitage
An overvoltage, at a given location, of relatively long duration.

NOTE: Temporary overvoltages usually originate from switching operations or faults (e.g. sudden Iogd reduction,
single phase faults, non-linearities). ! ; &

1.3.20 transient overvoltage
A short duration oscillatory or non-oscillatory overvoltage usually highly damped and with a

duration of a few milliseconds or less.

NOTE: Transient overvoltages are usually caused by lightning, switching or operation of fuses. The rise time of a
fransient overvoltage can vary from less than a microsecond up to a few milliseconds.

1.3.21 harmonic voltage
A sinusoidal voltage with a frequency equal to an integer multiple of the fundamental

frequency of the supply- voltage. Harmonic voltages can be evaluated:

- individually by their relative amplitude (U,) related to the fundamental voltageU,, where h is

the order of the harmonic;
- globally, for example by the total harmonic distortion factor THD, calculated using the

following expression:

40
THD = | % (uy)?

h=2

NOTE: Harmonics of the supply voltage are caused mainly by customers’ non-linear loads connected to all voltage
levels of the supply system. Harmonic curents flowing through the system impedance give rise to harmonic
voltages. Harmonic currents and system impedances and thus the harmonic voltages at the supply terminals vary

in time.



Page 6
EN-50160:1999

1.3.7 low voltage (abbreviation: Iv)
For the purpose of this standard a voltage, used for the supply of electricity, whose upper limit

of nominal rms value is 1 kV.

1.3.8 Medium voitage (abbreviation: mv)
For the purpose of this standard a voltage, used for the supply of electricity, whose nominal

rms value lies between 1 kV and 35 kV.

1.3.9 normal operating condition
For a distribution system the condition of meeting load demand, system switching and clearing
faults by automatic system protection in the absence of exceptional conditions due to external

influences or major events.

1.3.10 conducted disturbance

Electromagnetic phenomenon propagated along the line conductors of a distribution system.
In some cases an electromagnetic phenomenon is propagated across transformer windings
and hence between networks at different voltage levels. These disturbances may degrade the
performance of a device, equipment or system or they may cause damage. -

1.3.11 frequency of the supply voltage
Repetition rate of the fundamental wave of the supply voltage measured over a given interval

of time.

1.3.12 voltage variation
An increase or decrease of voltage normally due to variation of the total load of a distribution

system or a part of it.

1.3.13 rapid voltage change
A single rapid variation of the rms value of a voltage between two consecutivelevels which are

sustained for definite but unspecified durations. b3 ]

1.3.14 voltage fiuctuation
A series of voltage changes or a cyclic variation of the voltage envelope (IEV 161-08-05).

1.3.15 flicker
Impression of unsteadiness of visual sensation induced by a light stimulus whose Juminance

spectral distribution fluctuates with time (IEV 161-08-13).

NOTE: Voltage fluctuation causes changes of the luminance of lamps which can create the visual phenomenon
called flicker. Above a certain threshold flicker becomes annoying. The annoyance grows very rapidly with the
amplitude of the fluctuation. At certain repetition rates even very small amplitudes can be annoying.

1.3.16 flicker severity
Intensity of flicker annoyance defined by the UIE-IEC flicker measuring method and evaluated

by the following quantities:

. short term severity (P.) measured over a period of ten minutes;
- long term severity (P,) calculated from a sequence of 12 P,~values over a two hour

interval, according to the following expression:

12 p3
B =13 a0
o E 12
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1.2 Object

The object of this standard is to define and describe the characteristics of the supply voltage
concerning:

- frequency;

- magnitude;

- wave form;

- symmetry of the three phase voltages.

These characteristics are subject to variations during the normal operation of a supply system
due to changes of load, disturbances generated by certain equipment and the occurrence of
faults which are mainly caused by extemnal events.

The characteristics vary in a manner which is random in time, with reference to any specific
supply terminal, and random in location, with reference to any given instant of time. Because
of these variations, the levels of the characteristics can be expected to be exceeded on a

small number of occasions.
Some of the phenomena affecting the voltage are particularly unpredictable, so that it is

impossible to give definite values for the corresponding characteristics. The values given in
this standard for such phenomena, e.g. voltage dips and voltage interruptions, shall be

interpreted accordingly.

1.3 Definitions

For the purposes of this standard, the following definitions apply.

s

1.3.1 customer
The purchaser of electricity from a supplier.

1.3.2 supplier .
The party who provides electricity via a public distribution system.

1.3.3 supply terminals
Point of connection of the customer’s installation to the public system.

NOTE: This point can differ from, for example, the electricity metering point or the point of common coupling.

1.3.4 supply voitage
The rms value of the voltage at a given time at the supply terminals, measured over a given

interval.

1.3.5 nominal voltage of a system (U,)
The voltage by which a system is designated or identified and to which certain operating

characteristics are referred.

1.3.6 declared supply voltage (U,)

The declared supply voltage U, is normally the nominal voltage U, of the system. If by
agreement between the supplier and the customer a voltage different from the nominal voltage
is applied to the terminal, then this voltage is the declared supply voltage U..
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1 General

1.1 Scope

This standard gives the main characteristics of the voltage at the customer's supply terminals
in public low voltage and medium voltage electricity distribution systems under normal
operating conditions. This standard gives the limits or values within which any customer can
expect the voltage characteristics to remain, and does not describe the typical situation for a

customer connected to a public supply network.
NOTE: For the definitions of low and medium voltage see 1.3.7 and 1.3.8.

The standard does not apply under abnormal operating conditions including the following:

- conditions arising as a result of a fault or a temporary supply arrangement adopted to keep
customers supplied during maintenance and construction work or to minimize the extent

and duration of a loss of supply,

- in case of non-compliance of a customer's installation or equipment with the relevai®
standards or with the technical requirements for connection of loads, established either by
the public authorities or the electricity supplier including the limits for the emission of
conducted disturbances,

- in case of non-compliance of a generation installation with the relevant standards or with
the technical requirements for interconnection with an electricity distribution system
established either by. the public authorities or the electricity supplier (e.g. embedded
generation),

- in exceptional situations outside the electricity supplier's control, in particular,
- exceptional weather conditions and other natural disasters, J5

third party interference, '

acts by public authorities,

industrial actions (subject to legal requirements),

force majeure,

power shortages resulting from external events.

- L 4

The voltage characteristics given in this standard are not intended to be used as
electromagnetic compatibility (EMC) levels or user emission limits for conducted disturbances

in public distribution systems.

The voltage characteristics given in this standard are not intended to be used to specify
requirements in equipment product standards, but should be considered. It should be
especially noted that the performance of equipment might be impaired if it is subjected to
supply conditions which are not taken into account in the equipment product standard.

This standard may be superseded in total or in part by the terms of a contract between the
individual customer and the electricity supplier.
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Foreword

This European Standard was prepared by the CENELEC BTTF 68-6, Physical characteristics of
electrical energy. The text of the draft was submitted to the Unigue Acceptance Procedure and
was approved by CENELEC as EN 50160 on 1994-07-05.

Three drafts for amendments (prAA, prAB, prAC) were submitted to the CENELEC formal vote
and were approved by CENELEC on 1999-01-01 for inclusion into a second edition of

EN 50160.

This European Standard replaces EN 50160:1994.

The following dates were fixed:

— latest date by which the EN has fo be implemented
at national level by publication of an identical
national standard or by endorsement (dop) 2000-05-01

— latest date by which the national standards conflicting A
with the EN have to be withdrawn (dow) 2000-05-01

Annexes designated "informative” are given for information only.
In this standard, annex A is informative.
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Line Parameters in p.u.: Sbase=100 MV A, Vbsae=115 kV,Zbase=132.25 Ohms Line Parameters

Bbase=7561.4 mSkm

FIGURE LINE TYPE LINEANNO CONFIG DBL MATL NEUT MATL POS RES POS REAC  POS_CAP  ZERO RES ZERO REAC ZERO CAP VOLT AMPS SIZE Rate A
p-u./circuit/km p.u./circuit/km p.u./circuit/km p.u./circuit/km p.u./circuit/km p.u./circuitkm kV sqmm MVA/per circuit
-4 1A 115VSS185 VERTOH S/S  AA/SC 035-ST 0.001333958  0.002588673  0.000397824  0.002746382  0.010553043  0.000198661 115 520 185 103.51
:::'i: 1B 115VSS240 VERTOH S/S  AA/SC 035-ST 0.001022344  0.002520605  0.000407564  0.002434767  0.010484991  0.000201054 115 625 240 124.42
b 1C 115VSS400 VERTOH S/S  AA/SC 035-ST 0.00064885  0.002737543  0.000425356  0.001927032  0.010754631  0.000204816 115 855 400 170.20
A 2A 115TSS185 TRIOH  S/S  AA/SC  035-ST 0.001333611  0.002653928  0.000387069  0.002779123  0.010412703  0.00020444 115 520 185 103.51
e 2B 115TSS240 TRIOH  S/S  AA/SC  035-ST 0.001021996  0.002585898  0.000396265  0.002467509  0.01034465  0.000206971 115 625 240 124.42
o o - 2C 115TSS400 TRIOH  S/S  AA/SC  035-ST 0.000648597  0.002802798  0.000413017  0.001944272  0.010618526  0.000210767 115 855 400 170.20
7%{% 3A 115VSDI185 VERTOH S/D  AA/BC  035-ST 0.000667304  0.001949157  0.000545575  0.00207972  0.009913497  0.00022964 115  1,040.00 185 207.03
] is?(;: 3B 115VSD240 VERTOH S/D  AA/BC  035-ST 0.000511493  0.001915146  0.000554711  0.001923917  0.009879471  0.000231238 115  1,250.00 240 248.83
T
o 3C 115VSD400 VERTOH S/D  AA/BC  035-ST 0.000324658  0.002024197  0.000570738  0.00176414  0.010052174  0.000233368 115  1,710.00 400 340.40
@m, 4A 115TSD185 TRIOH  S/D  AA/BC  035-ST 0.000666949 clele 0.000525051  0.002112461  0.009773157  0.00023728 115  1,040.00 185 207.03
%zim 4B 115TSD240 TRIOH  S/D  AA/BC  035-ST 0.000511146  0.001980401  0.000533474  0.00195665  0.009739206  0.000238978 115  1,250.00 240 248.83
~eonizon 4c 115TSD400 TRIOH  S/D  AA/BC  035-ST 0.000324454  0.002088847  0.000548361  0.001630548  0.009918336  0.000240338 115  1,710.00 400 340.40
.@1 SA 115VDS185 VERTOH D/S  AA/SC 035-ST 0.001334504  0.002715312  0.000384259  0.00415944 0.01792462  0.000142998 115 520 185 207.03
$i;: sB 115VDS240 VERTOH D/S  AA/SC 035-ST 0.001022979  0.002647282  0.000393382  0.003847826  0.017855206  0.00014424 115 625 240 248.83
~aom 2om - 5C 115VDS400 VERTOH D/S  AA/SC 035-ST 0.00064887  0.002737618  0.000426348 ~ 0.003194011  0.01776673  0.000124489 115 855 400 340.40
som. 6A 115VDDI85 VERTOH D/D  AA/BC  035-ST 0.00066794  0.002075796  0.000521526  0.003492779  0.017283713  0.000158488 115  1,040.00 185 207.03
$i?§: 6B 115VDD240 VERTOH D/D  AA/BC  035-ST 0.000512129  0.002041784  0.000529937  0.003336975  0.017249686  0.000159255 115  1,250.00 240 248.83
T
~eonizon 6C 115VDD400 VERTOH D/D  AA/BC  035-ST 0.000324673  0.002024121  0.00057286  0.001614518  0.010051418  0.000318723 115  1,710.00 400 340.40
Note
1A,2A,3A,44,5A and 6A use Standard SB2-015/36032 Rated AMPS use S02-015/20019 SYSTEM PLANNING DEPARTMENT

1B,2B,3B,4B,5B and 6B  use Standard SB2-015/36032 POWER SYSTEM PLANNING DIVISION

AN ANAN AN AN 3 . o4 a3 onmA nsmistana




|G & B|=mkSm/circuit/km

Line Parameters in Physical Units: [R & X]=Ohms/circuit/km

Line Parameters

IGURE LINE TYPE LINEANNO CONFIG DBL MATL NEUT_MATL  POS_RES POS_REAC POS_CAP ZERO_RES ERO_REAZERO_CAl VOLT AMPS SIZE Rate_A
p.u./circuit/km p.u./circuit/km p.u./circuit/km p.u./circuit/km u./circuit/ku./circuitk kV /per ckt sq.mm MVA/per circuit
7§3§m 1A 115VSS185 VERTOH S/s AA/SC 035-ST 0.176416 0.342352 0.363209 1.39564 3.00812 150216 115 460 185 91.5699
— L oom
—2an 1B 115VSS240 VERTOH S/s AA/SC 035-ST 0.135205 0.33335 0.321998 1.38664 3.08177 152026 115 544 240 108.29136
e 1C 115VSS400 VERTOH S/s AA/SC 035-ST 0.085214 0.318503 0.272606 1.37179 321673 155233 115 804 400 160.04826
h; gm 2A 115TSS185  TRIOH S/S AA/SC 035-ST 0.17637 0.350982 0.367539 137708 29268  1.54586 115 460 185 91.5699
T 2B 115TSS240  TRIOH S/S AA/SC 035-ST 0.135159 0.341985 0.326328 136808 299633  1.565 115 544 240 108.29136
o 2C 115TSS400  TRIOH S/S AA/SC 035-ST 0.08576 0.327133 0.276936 1.35323 3.12348  1.59891 115 804 400 160.04826
7;‘344:% 3A 115VSD185 VERTOH S/D AA/BC 035-ST 0.088251 0.257776 0.245043 131106 412533 173641 115 920 185 183.1398
:22;:3: 3B 115VSD240 VERTOH S/D AA/BC 035-ST 0.067645 0.253278 0.254438 1.30656 419441 174849 115  1,088.00 240 216.58272
~eomi= 3C 115VSD400 VERTOH S/D AA/BC 035-ST 0.042949 0.245852 0.229742 1.29914 431835  1.7696 115 1,608.00 400 320.09652
3@, 4A 115TSD185  TRIOH S/D AA/BC 035-ST 0.088204 0.266407 0.279373 1.2925 3.97014  1.79418 115 920.00 185 183.1398
%zim 4B 115TSD240  TRIOH S/D AA/BC 035-ST 0.067599 0.261908 0.258767 1.28801 403383 1.80702 115  1,088.00 240 216.58272
~zomizomi- 4C 115TSD400  TRIOH S/D AA/BC 035-ST 0.042903 0.254482 0.234071 1.28058 4.14787 1.82947 115  1,608.00 400 320.09652
3§m, 5A 115VDS185 VERTOH D/S AA/SC 035-ST 0.1765 0.3591 0.550086 2.370531 290555 1.081272 115 920.00 185 183.1398
$§;Z 5B 115VDS240 VERTOH D/S AA/SC 035-ST 0.135289 0.350103 0.508875 2361351 2974535 1.09066 115  1,088.00 240 216.58272
~2om 20m - 5C 115VDS400 VERTOH D/S AA/SC 035-ST 0.085898 0.335251 0.459483 2.346501 3.100749 1.107151 115 1,609.00 400 320.09652
@m 6A 115VDDI85 VERTOH D/D AA/BC 035-ST 0.088335 0.274524 0.46192 2285771 3.943486 1.198395 115 920.00 185 183.1398
$Z§Z: 6B 115VDD240 VERTOH D/D AA/BC 035-ST 0.067729 0.270026 0.441315 2281271 4.007088 1204195 115  1,088.00 240 216.58272
T
—eomizons 6C 115VDD400 VERTOH D/D AA/BC 035-ST 0.043033 0.2626 0.416619 2273851 4.121058 121427 115  1,608.00 400 320.09652

Line-parameter-01.xls - PhysicalUnit




Line Parameters in p.u.: Sbase=100 MVA, Vbsae=115 kV,Zbase=132.25 Ohms Line Parameters

Bbase=7561.4 mSkm

FIGURE LINE TYPE LINEANNO CONFIG DBL MATL NEUT_MATL POS_RES POS_REAC POS_CAP ZERO _RES ZERO_REAC ZERO_CAP VOLT AMPS SIZE Rate_A
p.u/circuit/km p.u./circuit/km p.u./circuit/km p.u./circuit/km p.u./circuit/km p.u./circuittkm  kV sq.mm  MVA/per circuit

f:. %m 1A 115VSS185 VERTOH  S/S AA/SC 035-ST 0.001333958 0.002588673 0.000397824 0.002746382 0.010553043 0.000198661 115 460 185 91.5699
:: :%: 1B 115VSS240 VERTOH  S/S AA/SC 035-ST 0.001022344 0.002520605 0.000407564 0.002434767 0.010484991 0.000201054 115 544 240 108.29136
. 1C 115VSS400 VERTOH  S/S AA/SC 035-ST 0.00064434 0.00240834 0.000425413 0.002061293 0.010372703 0.000205296 115 804 400 160.04826

h; gm 2A 115TSS185  TRIOH S/S AA/SC 035-ST 0.001333611 0.002653928 0.000387069 0.002779123 0.010412703 0.00020444 115 460 185 91.5699
o Zim 2B 115TSS240  TRIOH S/S AA/SC 035-ST 0.001021996 0.002585898 0.000396265 0.002467509 0.01034465 0.000206971 115 544 240 108.29136
e 2C 115TSS400  TRIOH S/S AA/SC 035-ST 0.000648469 0.002473595 0.00041308 0.002094034 0.010232363 0.000211456 115 804 400 160.04826
i/l‘ka;) m 3A 115VSD185 VERTOH S/D AA/BC 035-ST 0.000667304 0.001949157 0.000545575 0.00207972 0.009913497 0.00022964 115 920 185 183.1398
: :;Z: 3B 115VSD240 VERTOH S/D AA/BC 035-ST 0.000511493 0.001915146 0.000554711 0.001923917 0.009879471 0.000231238 115 1,088.00 240 216.58272
—2om= 3C 115VSD400 VERTOH  S/D AA/BC 035-ST 0.000324756 0.001858994 0.000571102 0.00173718 0.009823365 0.00023405 115 1,608.00 400 320.09652
3.eia m. 4A 115TSD185 TRIOH S/D AA/BC 035-ST 0.000666949 0.00201442 0.000525051 0.002112461 0.009773157 0.00023728 115 920.00 185 183.1398
%Zi ) 4B 115TSD240 TRIOH S/D AA/BC 035-ST 0.000511146 0.001980401 0.000533474 0.00195665 0.009739206 0.000238978 115 1,088.00 240 216.58272
~2om2omi= 4C 115TSD400  TRIOH S/D AA/BC 035-ST 0.000324408 0.00192425 0.000548556 0.001769913 0.009683025 0.000241947 115 1,608.00 400 320.09652
KEm. 5A 115VDS185 VERTOH D/S AA/SC 035-ST 0.001334594 0.002715312 0.000384259 0.00415944 0.01792462 0.000142998 115 920.00 185 183.1398
ﬁi;: 5B 115VDS240 VERTOH D/S AA/SC 035-ST 0.001022979 0.002647282 0.000393382 0.003847826 0.017855206 0.00014424 115  1,088.00 240 216.58272
~zom gom = 5C 115VDS400 VERTOH D/S AA/SC 035-ST 0.000649512 0.002534979 0.000410074 0.003474352 0.017742919 0.000146421 115 1,609.00 400 320.09652
@ . 6A 115VDD185 VERTOH D/D AA/BC 035-ST 0.00066794 0.002075796 0.000521526 0.003492779 0.017283713 0.000158488 115 920.00 185 183.1398
$Zz: 6B 115VDD240 VERTOH D/D AA/BC 035-ST 0.000512129 0.002041784 0.000529937 0.003336975 0.017249686 0.000159255 115  1,088.00 240 216.58272

T

—zomizont 6C 115VDD400 VERTOH D/D AA/BC 035-ST 0.000325391 0.001985633 0.00054501 0.003150238 0.01719358 0.000160587 115 1,608.00 400 320.09652

Line-parameter-01.xls - PerUnit (2)




Line Parameters in Physical Units: [R & X]=Ohms/circuit/km

|G & B|=mkSm/circuit/km

Line Parameters

FIGURE LINE TYPE LINEANNO CONFIG DBL MATL NEUT_MATL  POS_RES POS_REAC POS_CAP ZERO_RES ERO_REAZERO_CAl VOLT AMPS SIZE Rate_A
p.u./circuit/km p.u./circuit/km p.u./circuit/km p.u./circuit/km u./circuit/ku./circuitk kV /per ckt sq.mm MVA/per circuit
7§3§m 1A 115VSS185 VERTOH S/s AA/SC 035-ST 0.176416 0.342352 0.363209 1.39564 3.00812 150216 115 460 185 91.5699
— L oom
—2an 1B 115VSS240 VERTOH S/s AA/SC 035-ST 0.135205 0.33335 0.321998 1.38664 3.08177 152026 115 544 240 108.29136
e 1C 115VSS400 VERTOH S/s AA/SC 035-ST 0.085214 0.318503 0.272606 1.37179 321673 155233 115 804 400 160.04826
h; gm 2A 115TSS185  TRIOH S/S AA/SC 035-ST 0.17637 0.350982 0.367539 137708 29268  1.54586 115 460 185 91.5699
T 2B 115TSS240  TRIOH S/S AA/SC 035-ST 0.135159 0.341985 0.326328 136808 299633  1.565 115 544 240 108.29136
o 2C 115TSS400  TRIOH S/S AA/SC 035-ST 0.08576 0.327133 0.276936 1.35323 3.12348  1.59891 115 804 400 160.04826
7;‘344:% 3A 115VSD185 VERTOH S/D AA/BC 035-ST 0.088251 0.257776 0.245043 131106 412533 173641 115 920 185 183.1398
:T%Z: 3B 115VSD240 VERTOH S/D AA/BC 035-ST 0.067645 0.253278 0.254438 1.30656 419441 174849 115  1,088.00 240 216.58272
~eomi= 3C 115VSD400 VERTOH S/D AA/BC 035-ST 0.042949 0.245852 0.229742 1.29914 431835  1.7696 115 1,608.00 400 320.09652
@m, 4A 115TSD185  TRIOH S/D AA/BC 035-ST 0.088204 0.266407 0.279373 1.2925 3.97014  1.79418 115 920.00 185 183.1398
%ZBTM 4B 115TSD240  TRIOH S/D AA/BC 035-ST 0.067599 0.261908 0.258767 1.28801 403383 1.80702 115  1,088.00 240 216.58272
—2omzom= 4C 115TSD400  TRIOH S/D AA/BC 035-ST 0.042903 0.254482 0.234071 1.28058 4.14787 1.82947 115  1,608.00 400 320.09652
3§m, 5A 115VDS185 VERTOH D/S AA/SC 035-ST 0.1765 0.3591 0.550086 2.370531 290555 1.081272 115 920.00 185 183.1398
$§;Z 5B 115VDS240 VERTOH D/S AA/SC 035-ST 0.135289 0.350103 0.508875 2361351 2974535 1.09066 115  1,088.00 240 216.58272
~2om 20m - 5C 115VDS400 VERTOH D/S AA/SC 035-ST 0.085898 0.335251 0.459483 2.346501 3.100749 1.107151 115 1,609.00 400 320.09652
@m 6A 115VDDI85 VERTOH D/D AA/BC 035-ST 0.088335 0.274524 0.46192 2285771 3.943486 1.198395 115 920.00 185 183.1398
$Z§Z: 6B 115VDD240 VERTOH D/D AA/BC 035-ST 0.067729 0.270026 0.441315 2281271 4.007088 1204195 115  1,088.00 240 216.58272
T
—eomizons 6C 115VDD400 VERTOH D/D AA/BC 035-ST 0.043033 0.2626 0.416619 2273851 4.121058 121427 115  1,608.00 400 320.09652

Line-parameter-01.xls - PhysicalUnit (2)
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Area 1 2
Speed Regulation R,=0.05 R,=0.0625
Frequency-sens. Load Coeff D,=0.6 D,=0.9
Inertia Constant H,=5 H,=4
Base Power 1000 MVA 1000 MVA
Governor Time Constant Tg1 =0.2 sec Tg2 =0.3 sec

Turbine Time Constant

T;, =0.5sec

T;, = 0.6 sec
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Area 1 2
Speed Regulation R,=0.05 R,=0.05
Frequency-sens. Load Coeff D,=0.6 D,=0.6
Inertia Constant H,=5 H,=5
Base Power 400 MVA 400 MVA
Governor Time Constant Tg1 =0.2sec Tg2 =0.2sec

Turbine Time Constant

T, = 0.5 sec

Ty, =0.5sec

A 1 a 4 A o A A o A 1 dy A A A
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Area 1 2
Speed Regulation R,=0.05 R,=0.0625
Frequency-sens. Load Coeff D,=0.6 D,=0.9
Inertia Constant H,=5 H,=4
Base Power 400 MVA 400 MVA
Governor Time Constant Tg1 =0.2sec Ty =03 sec

Turbine Time Constant

T, = 0.5 sec

71, = 0.6 sec




= A ¢ A o A q '
MMITNN V.4 Wﬁnlm’f)ﬁ‘Uf’NLﬂiENﬂ']!,uﬂuh\lﬂﬁ/lcl“]ﬂ/]ﬂﬁ’f)‘]JﬂﬁGD'ﬂ!fIffJﬂ']iLLﬂ’J\‘iLL‘U‘U Local

Plant Mode
Gain Time constant

Turbine K;=1 7.=0.5
Governer K, =1 7,=0.2
Amplifier K,=1 7,=0.1
Exciter K =1 7. =0.4
Generator Ks=0.8 7,=1.4
Sensor Kg=1 K =0.05
Inertia H=5
Regulation R =0.05

T ' 0) 1
AN .5 AUNUNYAAIUAN PID 616191}14ﬂﬂ'f’)ﬂﬂﬁ%ﬂl%’ﬂﬂ"ﬁllﬂ’)\ilmﬂ Local Plant Mode
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Line Parameters in p.u.: Sbase=100 MVA, Vbsae=115 kV ,Zbase=132.25 Ohms ,Bbase=7561.4 mSkm

FIGURE LINE TYPE |[LINEANNO|CONFIG| DBL MATL [NEUT_MATL POS_RES POS_REAC
. 1
| aa p.u./circuit/km | p.u./circuit/km
oo 3A 115VSD185 | VERTOH| S/D AA/BC 035-ST 0.000667304 0.001949157
- 1
o 3B 115VSD240 | VERTOH| S/D AA/BC 035-ST 0.000511493 0.001915146
3C 3C 115VSD400 | VERTOH S/D AA/BC 035-ST 0.000324658 0.002024197
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3. ﬂ15!%U‘L!ii]ﬁ!!ﬂ‘i3JNE‘Iﬂ159’]6Uﬁ‘i«!ﬂﬂﬂ31ﬂaﬂlﬂﬁﬂ1§!!ﬂ’jﬁ¢lulmﬂ Local Plant Mode

3.1 M-File MINAA2UMIUNIINAINTAUN 1

a=0.3; %R+ j X

b=0.2; %Xtr

c=0.3; %Xd

f=(a*a)/(a+ta); %Z(Linel//Line2)

zt=b+c+f; %Zt system

X=abs(zt);

Pm=0.6; %The generator is delivering real power
pf=0.8; %Power factor 0.85 lagging
S=(Pm/pTF)*exp(0.85i1); %Apparent power

v=1+01; %Infinite Voltages

V=abs(v);

I=conj(S)/conj(Vv);

e =V+zt*l;

E=abs(e); %Generator Voltage

H=9.94; %Moment Inertia

D=0.138;

f0=60;

Pmax=E*V/X,d0= asin(Pm/Pmax) %Max Power

Ps=Pmax*cos(d0) %Synchronizing power coefficient
wn=sqrt(pi*50/H*Ps) %undamped frequency of oscillation
z=D/2*sqrt(pi*50/ (H*Ps)) %damped ratio
wd=wn*sqrt(1-z"2),fd=wd/(2*pi %damped frequency oscillation
tau=1/(z*wn) %Time constant

th=acos(z2) %Phase angle theta
Dd0=10*pi/180;

t=0:.01:4;

Dd=Dd0/sqgrt(1-z"2)*exp(-z*wn*t) . *sin(wd*t+th);

d=(d0+Dd)*180/pi ; %Power angle in degree
Dw=-wn*Dd0/sqrt(1-z"2)*exp(-z*wn*t) . *sin(wd*t) ;

f=F0+Dw/ (2*pi); %Frequency in Hz

subplot(2,1,1),plot(t,d),grid

xlabel ("t sec™),ylabel("delta degree®)
subplot(2,1,2),plot(t,T),grid

xlabel ("t sec”),ylabel("Frequency Hz")
subplot(111)

hold on

3.2 M-File M3INAaaUMIUNIINAINTAIN 2

b=0+0.2i; %Xtr

c=0+0.31i; %Xd

zt=b+c; %Zt system

X=abs(zt);

Pm=0.6; %The generator is delivering real power
pf=0.8; %Power factor 0.85 lagging
S=(0.6/pF)*exp(0-8i); %Apparent power

v=1+0i; %Infinite Voltages

V=abs(v);

I=conj(S)/conj(Vv);

e =V+zt*l;

E=abs(e); %Generator Voltage

H=9.94; %Moment Inertia

D=0.138;

f0=60;

Pmax=E*V/X,d0= asin(Pm/Pmax) %Max Power

Ps=Pmax*cos(d0) %Synchronizing power coefficient
z=D/2*sqrt(pi*50/ (H*Ps)) %damped ratio

wd=wn*sqrt(1-z"2),fd=wd/ (2*pi) %damped frequency oscillation
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tau=1/(z*wn) %Time constant

th=acos(z) %Phase angle theta
Dd0=10*pi/180;

t=0:.01:9;
Dd=Dd0/sqrt(1-z"2)*exp(-z*wn*t) . *sin(wd*t+th);
d=(d0+Dd)*180/pi ; %Power angle in degree
Dw=-wn*Dd0/sqrt(1-z"2)*exp(-z*wn*t) . *sin(wd*t) ;
f=F0+Dw/ (2*pi); %Frequency in Hz

subplot(2,1,1),plot(t,d),grid

xlabel ("t sec"),ylabel("delta degree®)
subplot(2,1,2),plot(t,f),grid

xlabel ("t sec”),ylabel("Frequency Hz%)
subplot(111)

hold on

3.3 M-File M3NAa2UMIUNIINAINTAIN 3

a=0.000324658+0.002024197i ; %R+ jX

b=0+0.081 ; %Xtr

c=0+0.261; %Xd

d=29.7*a; %Linel input distant...._.Km
e=21_.45%*a; %Line2 input distant...._.Km
f=(d*e)/(d+e); %Z(Linel//Line2)

zt=b+c+T; %Zt system

X=abs(zt);

Pm=0.9; %The generator is delivering real power
pf=0.85; %Power factor 0.85 lagging
S=(0.9/pF)*exp(0.851); %Apparent power

v=1+01i; %Infinite Voltages

V=abs(v);

I=conj(S)/conj(Vv);

e =V+zt*l;

E=abs(e); %Generator Voltage

H=5; %Moment Inertia

Pm=0.9;

D=0.138;

f0=50;

Pmax=E*V/X,d0= asin(Pm/Pmax) %Max Power

Ps=Pmax*cos(d0) %Synchronizing power coefficient
wn=sqrt(pi*50/H*Ps) %undamped frequency of oscillation
z=D/2*sqrt(pi*50/ (H*Ps)) %damped ratio
wd=wn*sqrt(1-z"2),fd=wd/ (2*pi1) %damped frequency oscillation
tau=1/(z*wn) %Time constant

th=acos(z) %Phase angle theta
Dd0=10*pi/180;

t=0:.01:9;

Dd=Dd0/sqrt(1-z"2)*exp(-z*wn*t) . *sin(wd*t+th);
d=(d0+Dd)*180/pi ; %Power angle in degree
Dw=-wn*Dd0/sqrt(1-z"2)*exp(-z*wn*t) . *sin(wd*t) ;

f=FO0+Dw/ (2*pi); %Frequency in Hz

subplot(2,1,1),plot(t,d),grid

xlabel ("t sec”),ylabel("delta degree®)
subplot(2,1,2),plot(t,f),grid

xlabel ("t sec”),ylabel("Frequency Hz%)
subplot(111)

hold on

=1

3.4 M-File MINAT2UNMIUNIINAINTAUN 4

b=0+0.081; %Xt
c=0+0.261; %Xd
zt=b+c; %Zt system
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X=abs(zt);

Pm=0.9; %The generator is delivering real power
pf=0.85; %Power factor 0.86 lagging
S=(0.9/pF)*exp(0.851); %Apparent power

v=1+0i;

V=abs(v);

I=conj(S)/conj(Vv);

e =V+zt*l;

E=abs(e); %Egenerator

H=5;

Pm=0.9;

D=0.138;

T0=50;

Pmax=E*V/X,d0= asin(Pm/Pmax) %Max Power

Ps=Pmax*cos(d0) %Synchronizing power coefficient
wn=sqrt(pi*50/H*Ps) %undamped frequency of oscillation
z=D/2*sqrt(pi*50/ (H*Ps)) %damped ratio

wd=wn*sqrt(1-z"2) ,fd=wd/(2*pi) %damped frequency oscillation
tau=1/(z*wn) %Time constant

th=acos(z2) %Phase angle theta
Dd0=10*pi/180;

t=0:.01:9;

Dd=Dd0/sqgrt(1-z"2)*exp(-z*wn*t) . *sin(wd*t+th);

d=(d0+Dd)*180/pi ; %Power angle in degree
Dw=-wn*Dd0/sqrt(1-z"2)*exp(-z*wn*t) . *sin(wd*t);

f=F0+Dw/ (2*pi); %Frequency iIn Hz

subplot(2,1,1),plot(t,d),grid

xlabel ("t sec”),ylabel("delta degree®)
subplot(2,1,2),plot(t,f),grid

xlabel ("t sec™),ylabel("Frequency Hz")
subplot(111)

hold on

3.5 M-File MINAA2UMUNIINAINTAUN 5

a=0.000324658+0.0020241971i; %R+ X

b=0+0.08i ; %Xtr

c=0+0.261; %Xd

d=29.7*a; %Linel input distant..._Km
e=21.45%*a; %Line2 input distant....Km
f=(d*e)/(d+e); %Z(Linel//Line2)

zt=b+c+f; %Zt system

X=abs(zt);

Pm=0.9; %The generator is delivering real power
pf=0.85; %Power factor 0.85 lagging
S=(0.9/pF)*exp(0.851); %Apparent power

v=1+01; %Infinite Voltages

V=abs(v);

I=conj (S)/conj(Vv);

e =V+zt*l;

E=abs(e); %Generator Voltage

H=5; %Moment Inertia (5,9,12and 20 MJ/MVA)
Pm=0.9;

D=0.138;

T0=50;

Pmax=E*V/X,d0= asin(Pm/Pmax) %Max Power

Ps=Pmax*cos(d0) %Synchronizing power coefficient
wn=sqrt(pi*50/H*Ps) %undamped frequency of oscillation
z=D/2*sqrt(pi*50/ (H*Ps)) %damped ratio

wd=wn*sqrt(1-z"2) ,fd=wd/(2*pi) %damped frequency oscillation
tau=1/(z*wn) %Time constant
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th=acos(z) %Phase angle theta
Dd0=10*pi/180;

t=0:.01:9;
Dd=Dd0/sqrt(1-z"2)*exp(-z*wn*t) . *sin(wd*t+th);
d=(d0+Dd)*180/pi ; %Power angle in degree
Dw=-wn*Dd0/sqrt(1-z"2)*exp(-z*wn*t) . *sin(wd*t) ;
f=F0+Dw/ (2*pi); %Frequency in Hz
subplot(2,1,1),plot(t,d),grid

xlabel ("t sec”),ylabel("delta degree®)
subplot(2,1,2),plot(t,f),grid

xlabel ("t sec”),ylabel("Frequency Hz%)
subplot(111)

hold on

4. maaulilsunsuerinamadiiuazanudnmsulasumlasszrnanui

4.1 madluihiSudy (G1) Weaaonmeasszuy 115 103 pvln.fuusimiyulaou

a=0.000324658+0.0020241971i ; %R+JX(p-u)

b=0+0.08i ; wXt(p-u)

c=0+0.261; %Xd(p-u)

d=16.64*a; %Linel (2YB-0Ol)input distant..... Km
zt=b+c+d; %Zt system

X=abs(zt); %The generator is delivering real power
pf=0.85; %Power factor 0.85 lagging
S=(0.9/pF)*exp(0.851); %Apparent power

v=1+01; %Infinite Voltage

V=abs(v);

I=conj (S)/conj(Vv);

e =V+zt*Il; %Generator Voltage

E=abs(e); %Moment Inertia

D=0.138;

f0=50;

Pmax=E*V/X,d0= asin(Pm/Pmax) %Max Power

Ps=Pmax*cos(d0) %Synchronizing power coefficient
wn=sqrt(pi*50/H*Ps) %undamped frequency of oscillation
z=D/2*sqrt(pi*50/ (H*Ps)) %damped ratio

wd=wn*sqrt(1-z"2) ,fd=wd/(2*pi1) %damped frequency oscillation
tau=1/(z*wn) %Time constant

th=acos(z2) %Phase angle theta

Dd0=10*pi/180;

t=0:.01:9;

Dd=Dd0/sqgrt(1-z"2)*exp(-z*wn*t) . *sin(wd*t+th);

d=(d0+Dd)*180/pi ; %Power angle in degree
Dw=-wn*Dd0/sqrt(1-z"2)*exp(-z*wn*t) . *sin(wd*t) ;

f=FO0+Dw/ (2*pi); %Frequency in Hz

subplot(2,1,1),plot(t,d),grid

xlabel ("t sec”),ylabel("delta degree®)
subplot(2,1,2),plot(t,f),grid

xlabel ("t sec”),ylabel("Frequency Hz")
subplot(111)

hold on

o U . 4 [y Y] d d
42 MadlWlvhisu (G2) Aeenmaasszuy 115 103 anla.fuvsSTniin3uveeinwoes

a=0.000324658+0.0020241971i ; % R+jX(p-u)

b=0+0.08i ; wXt(p-u)

c=0+0.261; %Xd(p-u)

d=1.0%*a; %Linel (2YB-01)input distant..... Km
zt=b+c+d; %Zt system

X=abs(zt);

Pm=0.9; %The generator is delivering real power
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pf=0.85;
S=(0.9/pF)*exp(0.851);
v=1+0i;

V=abs(v);
I=conj(S)/conj(Vv);

e =V+zt*l;

E=abs(e);

H=5;

D=0.138;

f0=50;

Pmax=E*V/X,d0= asin(Pm/Pmax)

Ps=Pmax*cos(d0)
wn=sqrt(pi*50/H*Ps)

z=D/2*sqrt(pi*50/ (H*Ps))

%Power factor 0.85 lagging
%Apparent power
%Infinine Voltage

%Generator Voltage

%Moment inertia

%Max Power

%Synchronizing power coefficient

%undamped frequency of oscillation
%damped ratio

wd=wn*sqrt(1-z"2),fd=wd/ (2*pi1)%damped frequency oscillation

tau=1/(z*wn)
th=acos(z)
Dd0=10*pi/180;
t=0:.01:9;

%Time constant
%Phase angle theta

Dd=Dd0/sqrt(1-z"2)*exp(-z*wn*t) .*sin(wd*t+th);
d=(d0+Dd)*180/pi ; %Power angle in degree
Dw=-wn*Dd0/sqrt(1-z"2)*exp(-z*wn*t) . *sin(wd*t) ;
f=F0+Dw/ (2*pi); %Frequency in Hz
subplot(2,1,1),plot(t,d),grid

xlabel ("t sec"),ylabel("delta degree®)
subplot(2,1,2),plot(t,f),grid

xlabel ("t sec”),ylabel("Frequency Hz")

subplot(111)

hold on

vy

4.3 M-File msmmmadlilihuazanuannlasulasszvinanuinsdin 1 vaz

v a daq ¥ % ~
mwwmmam‘lwmaau‘lmm AN V.1 Gl‘l!(ﬂ1ﬂN1r!’Jﬂ U

Load=187.5; %Load change
Base=1000;

PL1=Load/Base;

R1=0.05;

R2=0.0625;

D1=0.6;

D2=0.9;
Wss=-PL1/((1/R1+D1)+(1/R2+D2));

fo=60;

f=(Wss*60);

F=fo+T;
Pml=(Wss/R1)*Base;
Pm2=(Wss/R2)*Base;
PmAl=Wss*D1*Base;
PmA2=Wss*D2*Base;
PmTotal=PmA1+PmA2;
Pm12=Base*Wss*(1/R2+D2);

%delta freguency

%new freguency

%the change in mechanical power in Area 1
%the change in mechanical power in Area 2
%change in Areal

%change in Area2

%change in TotalArea

%the tie line power flow

4.4 M-File msmmmadlithuazanuannlasunasssvinanuninsdin 2 vaz

v a dd' Y Yo d'
arnnmasnlynaaetlaninsian v.2 lunanuan v

a=0.000324658+0.0020241971i; % Lineparamior p.u
xtG1=0+0.081; % XtGlp.u

XxdG1=0+0.261; % XdGlp-.u

xtG2=0+0.081; % XtG2p.u

xdG2=0+0.261i; % XdG2p.u

Xtie=15_64*a; % R+JX Between GlandG2....Km.
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G1=1.3010 + 0.2568i;
G2=1.2723 + 0.2388i;
Al=angle(G1);
A2=angle(G2);
Load=100;

Base=400;
PL1=Load/Base;
R1=0.05;

R2=R1;

D1=0.6;

D2=D1;

f0=50;
Wss=-PL1/((1/R1+D1)+(1/R2+D2));
f=(Wss*50);

F=FO+T;

A=A1-A2;
Pm1l=(Wss/R1)*Base;
Pm2=(Wss/R2)*Base;
PmAl=Wss*D1*Base;
PmA2=Wss*D2*Base;
PmTotal=Pm1+Pm2;
P12=Base*Wss*((1/R2)+D2);
X1=xtG1l+xdG1;
X2=xtG2+xdG2;

X12= X1+Xtie+X2;
x12=abs(X12);
El=abs(Gl);
E2=abs(G2);
ps=(E1*E2)/x12;
PS=ps*cos(A);

Egl connected Infinie Bus
Eg2 connected Infinie Bus
angle (Radian)

angle (Radian)

Load change

Base Power

Load change p-u

Speed regulation p.u

Speed regulation p.u
Frequency-sens.load coeff p.u
Frequency-sens.load coeff p.u
internal frequency

the p.u steady-state frequency
delta freguency

new freguency

Delta between Al and A2

Delta mechanical power in Area 1
Delta mechanical power in Area 2

in Areal

change in Area2

change in TotalArea

the Delta tieline power flow
R+JX1G1

R+JX1G2

Total Impedance in system

change

v v

4.5 M-File msmmmadlithiazanuannlasunlasszvinanuningdiin 3 vaz

v a daq ¥ Y ~
ﬂ]‘l"l]‘ﬂu!ﬂ@‘ﬂﬂ‘lﬁﬂﬂﬁﬁ‘lﬂﬂﬂﬂﬂ1in‘n .3 1Hﬂ1ﬂwu'3ﬂ U

a=0.000324658+0.0020241971i;
xtG1=0+0.08i ;
xdG1=0+0.261;
xtG2=0+0.081i;
xdG2=0+0.261;
Xtie=15.64%*a;
G1=1.3010 + 0.2568i;
G2=1.2723 + 0.2388i;
Al=angle(Gl);
A2=angle(G2);
Load=100;

Base=400;
PL1=Load/Base;
R1=0.05;

R2=0.0625;

D1=0.6;

D2=0.9;

f0=50;
Wss=-PL1/((1/R1+D1)+(1/R2+D2));
f=(Wss*50);

F=fO+f;

A=A1-A2;
Pml=(Wss/R1)*Base;
Pm2=(Wss/R2)*Base;
PmAl=Wss*D1*Base;
PmA2=Wss*D2*Base;
PmTotal=(Pm1)+(Pm2);

Lineparamior p.u

XtGlp.u

XdGlp.u

XtG2p.u

XdG2p.u

R+JX Between GlandG2....Km.
Egl connected Infinie Bus
Eg2 connected Infinie Bus
angle (Radian)

angle (Radian)

Load change

Base Power

Load change p.u

Speed regulation p.u

Speed regulation p.u
Frequency-sens.load coeff p.u
Frequency-sens.load coeff p.u
internal frequency

the p.u steady-state frequency
delta freguency

new freguency

Delta between Al and A2

changing in mechanical power inAreal
changing in mechanical power inArea2

in Areal
in Area2
in TotalArea

change
change
change
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P12= Base*Wss*((1/R2)+D2); % the Delta tieline power flow
X1=xtG1l+xdG1; 6 R+IX1G1

X2=xtG2+xdG2; 6 R+JIX1G2

X12= X1+Xtie+X2; » Total Impedance in system
x12=abs(X12);

El=abs(G1);

E2=abs(G2);

ps=(E1*E2)/x12;

PS=ps*cos(A);

XX

X
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An Approximation of Static Voltage Stability Margin Using Artificial Neural
Networks in Power Systems

Arthit Sode-Yome, Sudaporn Chataputtisawan and Wipawan Narksap

This paper presents an approximation of voltage stability margin or Loading Margin in
generation direction space using Artificial Neural Networks for static voltage stability in
power systems. Artificial Neural Network is used to approximate the loading margin at
particular generation direction based on the known loading margins at various generation
directions. The proposed method is validated and compared with the Maximum Loading
Margin (MLM) method in the modified IEEE 14-bus test system. This helps system
operators to approximate voltage stability margin or loading margin of the system in a short

period of time.
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Optimization of a Passive EMI Filter Using Two-Port Network Approach to Reduce
Common Mode Currents in an Adjustable-Speed Drive System

Chaiyan Jettanasen

Conducted electromagnetic interference (EMI) generated by switched power converters,
widely used in adjustable-speed motor drive systems to pilot electromechanical actuators in
many applications, can be reduced by several techniques. A classical technique is adding a
passive EMI filter in the system. The design of these filters is usually a “mismatch” type by
considering internal impedance of disturbance source and load, equal to 50€); this does not
correspond to real impedances of a considered system. The EMI minimization would be
less effective. This paper proposes thus an approach to optimize a low-pass EMI filter
adapted to the considered system by using two-port network approach, which is based on
real parasitic impedances of the system. This EMI filter optimization is mainly dedicated to
reduce common mode (CM) currents that are the most disturbing in this kind of system,
especially at high frequencies (HF). The efficiency of the proposed optimization method is
deduced by comparing the minimized CM current spectra to an applied normative level (ex.

DO-160D in aeronautics).
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Solving the Economic Dispatch Problem using Novel Particle Swarm Optimization

S. Khamsawang, P. Wannakarn, S. Pothiya and S. Jiriwibhakorn

This paper proposes an improved approach based on conventional particle swarm
optimization (PSO) for solving an economic dispatch(ED) problem with considering the
generator constraints. The mutation operators of the differential evolution (DE) are used for
improving diversity exploration of PSO, which called particle swarm optimization with
mutation operators (PSOM). The mutation operators are activated if velocity values of PSO
nearly to zero or violated from the boundaries. Four scenarios of mutation operators are
implemented for PSOM. The simulation results of all scenarios of the PSOM outperform

over the PSO and other existing approaches which appeared in literatures.
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Electricity Generation Scheduling by Hybrid Ant System Algorithm with Priority List
Method

Kritsana Withironprasert, Dulyatat Nualhong, Songsak Chusanapiputt and Sujate
Jantarang

This paper presents a new method for applying to electricity generation scheduling of a
thermal power plant by using a hybrid ant system algorithm with priority list method
(HASP). The proposed methodology employs ant system algorithm (ASA) in cooperating
with the priority list method to find a solution of electricity generation scheduling as means
of mutually combining the advantages of them in that a flexibility of the priority list method
is reinforced, while ASA can gain the benefit of using bias information for improving its
performance during search process. The proposed methodology has been applied to a test
system of 38-generrator and a practical system comprising with a set of generators owned
by the independent power producers in Thailand. The simulation results show that the
proposed HASP achieves satisfactory performance to find a near-optimal solution of

electricity generation scheduling within short computational time.
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Impact of protection system on distribution system reliability

Ohn Zin Lin and Bundhit Eua —Arporn

Modern society generally expects high reliability power supply. Electricity interruption may
cause high damage to consumers. Most of load interruptions are due to breakdowns in
distribution systems. Therefore, the improvement of reliability for a distribution system
including its protection system is of interest in this paper. Equipment failure may occur
electricity interruption. However with a proper protection system, the interruption will be
confined in a particular area, resulting in better reliability performance. In this paper,
impact of protective devices installation, e.g. disconnecting switch and fuse on distribution
system reliability will be analyzed. In addition, impact of voltage dip on each interested
load point will also be calculated and presented. The developed method has been tested

with the Reliability Test System (RBTS).
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Wide Area Robust SMES Controller Design for Stabilization of Interconnected Power
System

Mongkol Saejia, Issarachai Ngamroo and Cuk Supriyadi Ali Nanda

This paper proposes a wide area robust controller design of Superconducting Magnetic
Energy Storage (SMES) based on synchronized phasor measurement units (PMUs) for
stabilization of inter-area oscillation. Using the steady-state phasor data, the simplified
oscillation model (SOM) can be identified and applied to tune the SMES control
parameters. To enhance the system robust stability, system uncertainties such as various
operating conditions, system parameters variation etc., represented by the inverse additive
perturbation are considered in the optimization problem. Solving the problem by genetic
algorithm, the SMES control parameters can be obtained. Simulation studies in the West

Japan 6-machine power system confirm the robustness of the proposed SMES.
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Power Oscillation Stabilization by SMES in Interconnected Power System with Wind
Farms

Mongkol Saejia, Issarachai Ngamroo and Cuk Supriyadi Ali Nanda

This paper proposes a robust controller design of Superconducting Magnetic Energy
Storage (SMES) for stabilization of interconnected power systems with wind farms. The
inverse additive perturbation is applied to represent system uncertainties such as variation
of system parameters, several generating and loading conditions etc. The structure of active
and reactive power controllers of SMES is the first-order lead-lag compensator. To tune the
controller parameters, the optimization problem is formulated based on the enhancement of
additive stability margin. The particle swarm optimization is used to solve for controller
parameters. Simulation studies in a six-area interconnected power system with wind farms

confirm the robustness of the proposed SMES against various system operating conditions.
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Influence of Impulse Wavefront Time on the CFO of Suspension Insulator Strings
Witthawat Ruangkittikhun and Komson Petcharaks

This paper presents the influence of impulse voltage wavefront time T1 on the flashover
voltage of suspension insulator strings. The wavefront time of impulse voltages are varied
between 1.4 s — 150 [Us for both positive and negative polarities. The specimen under
investigation composes of 4 — 6 discs, 52-4 porcelain insulator, assemble as an insulator
string. The results of investigation show that the wavefront time of impulse voltage is
affected the CFO of the insulator strings. However, the affect is only slightly as the

reduction of CFO is only about 5%.
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A Study of Fixed Capacitor Bank Pl t for the Distribution Feeder of
Vientiane/Bandon Substation in Lao PDR

Khamphoungurn TILAKUL, Panhathai BUASRI and Jittipath TRIYANGKULSRI

This paper presents a simple method to size and place a fixed capacitor bank to improve
voltage drop in the 22-kV distribution feeder of Vientiane/Bandon substation in Lao PDR.
The proposed method used data collected from the supervisory control and data acquisition
(SCADA) measurements of the distribution system as initial state of the power world
program, a mathematical program. The simulations are run for different locations of a
capacitor bank to determine the best placement under both peak-load and light-load
conditions. Then voltage drops difference before and after installing the fixed capacitor
bank are compared using Microsoft Excel. Based on this comparison, the voltage drops are
improved by the fixed capacitor bank placement using the proposed method within the
limitation +5% and total system losses can be reduced significantly. As a result, the best
placement to place the capacitor bank is at 2/3 of feeder length. The proposed method can

be used to determine the best placement of a fixed capacitor bank for other substations in

Lao PDR.
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Dynamic simulations of Grid Connected Photovoltaic Distributed Generations Part I —
Formulation and Solution

Natthaphob Nimpitiwan, Vichakorn Hengsritawat, Thavatchai Tayjasanant

This paper proposes a time domain simulation technique for analyzing low frequency
response of a Photovoltaic Dis-tributed Generation (PVDG). The simulation is accom-
plished by forming all system components of PVDG (e.g., PV arrays, DC-DC boost
converter and DC-AC inverter) in state space representations. All modules are incorporated
to analyzing the system responses to abnormal voltage condi-tions. A companion paper

(Part II) is available to provide implementations and applications of the propose technique.

PW 026 1381 15:40 - 16:00 .

Dynamic simulations of Grid Connected Photovoltaic Distributed Generations Part IT
— Implementation and Applications

Natthaphob Nimpitiwan

This is a companion paper to a paper of the same title “Dynamic simulations of Grid
Connected Photovoltaic Dis-tributed Generations Part I”. This paper presents an imple-
mentation of the proposed dynamic simulation technique for a photovoltaic distributed
generation (PVDG) intercon-nected to a grid system. From the proposed state-space re-
presentation in Part I, eigenvalue analysis, dynamic simula-tion during abnormal voltage
conditions are discussed. Re-sults from the analysis provide an alternative way to assess
power quality issues, fault current level and dynamic re-sponse of PVDG connected to a

grid system.

PW 027 138116:00 — 16:20 U.

Removal of must-run constraints and opening for bilateral trading - an operational
analysis of the Thai power system

Supattana Nirukkanaporn and S. Kumar

The paper first analyzes the power system operated with independent power producers
(IPPs) holding the must-run purchase contracts. The parameter considered is an average
generation cost (B/kWh). Operational constraint from must-run PPA which leads to higher
generation cost is clearly shown. The paper further compares the operating conditions in
which the must-run constraints of new IPPs are removed and electricity market is partially
opened for bilateral trading under various assumptions in order to analyze if better

economic operation could be achieved.
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Three-phase Induction Motor Operation with Single-phase Voltage Source

adaing Fugausnd uag wsAgns Geouiiy

This paper focuses on an operation of high horse-power threephase induction motor with
single-phase voltage source. The operation based on capacitor connections is divided into
two categories; startingcapacitor series-permanent-capacitor connection and starting-
capacitor parallel-permanent-capacitor connection. Also, the calculation of appropriate
starting-capacitor for high starting torque and optimized permanent capacitor for good
motor performance at a wide range of load are presented. With the proposed connections
and the suggested capacitor calculation, the modified motor obtains good characteristics not

only starting but also running situations.
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A Power Quality Monitoring System Based on Microcontroller

Suttichai Premrudeepreechacharn and Krisada Yingkayun

This paper proposes an embedded system applied for power quality monitoring that
captures waveform of fault signal on single phase or 3-phases system in real time and
allows users to control and receive data from remote module via Ethernet networks by using
TCP/IP protocol.The power quality monitoring system stored fault data in CSV (Comma
Separated Value) format into SD-CARD which is easy to analyze later by spread sheet
program. The monitoring system uses the energy measurement integrated circuit (IC)
ADE7758 with integrated power quality monitoring features, AL440B FIFO (First-In First-
Out) memory, LPC2368 microcontroller and ADUC7024 microcontroller. The monitoring
system can detect power quality problem events in power lines and stored fault data to

storage when fault signals detected.

PW 031 1381 12:40 — 13:00 .

Performance Prediction of Three-phase Induction Motor Operated by Single-phase
Supply System under Capacitor Start Condition

wTaAgNG Gouriy uas aaannd augausna

This paper proposes a performance prediction technique of three-phase induction motor
when the motor is applied with a singlephase voltage source and is modified as a capacitor-
start motor. Motor input current and input power for normal operating condition are utilized
with genetic algorithms method to calculate the optimized motor parameters. After that,
four equivalent circuits based on core loss determination are investigated. The results show
that the calculated results coming from the equivalent circuit with a core loss resistance
which is placed in parallel with referred rotor input impedances provide a very good

agreement with the experimental results.
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Estimation method of improved parameter for transmission network model

neaias iun3 Tvasy

State estimation in power system is an important process used to eliminate errors in
measurements. One possible that decreases the efficiency of state estimation is the error of
parameter in transmission network model. Parameter estimation is a convenient method
which is used to estimate more accurate value of parameter. But the conventional method of
parameter estimation spends a lot of computational time for calculating with over all of
power system. Thus, the new enhancement of parameter estimation is proposed to reduce
computational time by dividing the network of power system into subsystems. The new
proposed method is tested in IEEE 14 bus power system and compares with conventional
parameter estimation method. The results show the new proposed method reducing the
computational time about 50% and still remaining accurate value of estimated parameters

when comparing with conventional method.
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Parameter estimation of transmission network model using linearized parameter
estimation

nositas tiund Tynsy

This paper presents the identification and linearized parameter estimation method of
transmission network model that has errors to improve the efficiency of state estimation in
power system. The practical environment such as temperature, operating time, and
inaccurate manufacturing data causes the defects of parameters power system which made
errors between real value and of parameter are used in state estimation process. This
method is tested in IEEE 14 bus power system. The primary results shows if the errors in

transmission are corrected, then the efficiency of state estima increase obviously.

PW 041 1381 14:20 — 14:40 Y.

N v s 0w ¢ A o A 1oy o
msmammaivlszgdmSvaemesmilaihamvla iienel Fnuivszuy
Inihwmitalasmiudnfndanety
o <& o o a a A a a a
Aaen us yfaedng 9inn uag adanng Augausna

Y, o ' 2 0 o P, 4
vnauitiauemssnamamaudulszydmsy sewmesmionihumaiio
° o v % o a ER ]

Wl Fnufuuvasie ihwiads ludnvaziduuemeiaidnesaesiuans
an e ' < Y o A A o ax
suveynsy  A5msHe wimanudulszylasldudnmsuanddaneitunas

a A o s A o A o v = A a
199580 uaudvesamesiilenhmulaiosunnasdie Iufh 1 wla F9 19935800

o 7 s A ° & Ay v
uaudveanenesiiiuisauyavemesmisnimilava uuuaswwaadai liauinas

' v S a ¢ @ ¢ A v
mugluuumsaeldanumsihdines fuvaalamanes MoATINAOUANUYNABIVE

p . .
M3 duiutei minageuiuuaesmilenihaulafing 2.2 kw uay 3.7 kW o

o % 3 o o A
Faulafuszuy lihwiade dadudss lemidmsumsdonld vnamsihdines

TmugauiugudnyuzyesTvan

PW 042 1381 14:40 — 15:00 .

= a ) a ¢

ﬂﬁﬁﬂ‘H'lWG]ﬂﬂS‘iNﬂﬁﬂizﬂ'IEI!!iQﬂuUHW’JﬂH’JHWﬁJS‘mﬁHsluﬂeﬂﬂiﬂﬂwﬁ'llﬁﬁl&

o o = aHa . . a o e =
UIIATHY WAILIAY, Y18 Tﬁﬁﬂ"l, YIW YNNON, dFIA WAV, ljﬂiﬂﬁi neNvyI,
nys lN’NiWﬂEf, au awa

v

o o a o ¢

NNV qufuﬂWﬁﬂﬁﬁﬂ‘HTWE]ﬂﬂiiiJﬂﬁﬂiZﬂw uimuuuﬂﬂwmmaumamﬂ

v o a 4 o d I3 v Y
fronuiu wazlianmed lueesuuy dudvdsey Tasdraseamsnszoiousedudie

s

Tlsunsuneuiuaes Wisuisudumi ldnnmsnagevasalasimsiamsnszne
.
useiuvesgndleuiaazuiaduas sidadeniuuinsgiunes luase awuasgiu
~ a VoAy Y ' v ' a da & L
ANSI €29.1 1lSeuiena1nld nudigndrennslunsel MAadsamIAsgIHaZin
o A =~ VoA Y ' a o v £ A o Y
ussduinszneuuilnudaziindesndn mdads hinssnnasguddinaasafudau
o o v "y (] 2 Py a Yy o
funsdlvesgndae uistuas udedslsiamaii ldennsnaaeuiinnuIndideady
A o a '3 o o a
i ldnanssiassdreldsunsuneuiinnes myianmsnsznonsafuauiIves
Thasmad lmesinina masassdie llsunsunaouianesuandiuNansnaaey

L ARPIRT

m3tszgpanmsmadaanssu i afeiiz2 (BECON-32) 28-30 qanau 2552 wmiinendouiing

7




PW8

TungHauah 29 gainn 2552 13a1 13:00 H.-15:00 .

‘rgilﬂﬁ Sri Prachin

Uszsrungueos 0.a5.918 ¥uHdUlHI

PW 043 1281 13:00 — 13:20 .

o W

msfnmuazmseenuuuadimientassuaussinlvih 1 ola fifdaiida 7.5 kva
WHAT 155UNIT

unanwiinanifnsunsnuuazesnuuuadiande mlassudus il 1 ol
ielfifuuastondonas nageuIifhussganing 100 kv 7.5 kva lu
Weoulgiiams Tlfhwsaga Tagihmsfnymideutasfumussdu e 6.6 kva
udrnihdeyaitldmesnuuathandonaslsudmsediu i vue 75 kva Taom
masiiordnaveanffonauasuma - Muiinidannumaneiannmsiaua
fruna uazihdeyaitldn eonuuuadndeuaniiuamssiullihmna 7.5 kva
waii 1470 Foyadt Idnnmafnmmdonlassusussiu e 6.6 kva ansn
il Foenuuuadrendfonanisumusadiinih 1l el fuumdsdndomlas

nagouIrfhussgeuna 100 kv 7.5 kva 18

PW 044 1281 13:20 — 13:40 .

a2 an a a_ a ¢ a o v
msnfSeuieuismslszfivalszansmnaemesimilanihluvaeldau
1Jueing gilimn uas Foa Ansgne
o ~ A aa a A a s A v
wnanutiiauemsSouieu imsUszduilseaninm vomosimiioni luvaz 1%

auitereliimnsaunsadadule 14 edrgndeslumanldounemesimiiani nl
19 Yot 5 a 4 4 S99 o aa a a5 a

ey AT Uszaniamngadiu unanuiildanuauladuiimsisziiv dszdnsam
Minaueonazitmsdsziivlsz@ninmunassiu Tas msnadgoumanlsza@niam

s A o = = o v
veswewasmilenihvua 2.2 kw uag 4.0 kW ulSsuiisudumsnanisnaseslayldy
aa a 5 a A o aa a 8 a v
Fmsdszdiv dszaniamimivaveuazitmslsziivlss@ninminasgiu uaasli

I S A e ~ o o A y
HUIMTMINUUAUDUUNANVUNUIIGI  UANNTEAIN dmsumsdsaiums g

o = ¢4 ay Y 4 9 o = & /. 1da
nieswewemesie 1Hiiludeyai gndelunsdaduliasyudeemes Iniidl
o 2 2
szanFangauy
PW 045 1381 13:40 - 14:00 .

Lighting Control for Energy Saving Equipment of High Intensity Discharge Lamp
Using Fuzzy Logic Controllers

Chamni Jaipradidtham and Prayuth Inban

This paper presents the energy saving method for the lighting system of high intensity
discharge lamp with lighting control of an electronic dimming ballast using a fuzzy logic
controller (FLC). The design and analysis of a series resonant parallel loaded inverter
(SRPLI)of a half bridge of an electronic dimming ballast. The output voltage and the
normalized output current with respect to control frequency were calculated. The theoretical
calculations result were verified experimentally. In this paper, the energy saving by using a
FLC is applied to the lighting systems in which the lamp parameters of the component
values for lighting efficiently of high intensity discharge lamp and resulting in a power
factor is 0.87, and low current harmonic distortion 22 %, at efficiency of illumination 140
lumen/W and efficiency loss of ballast 84 % with a 70 W HPS lamp at voltage 220 Vrms.

The energy consumed by the lamps was reduced at 35 %.

aomnfumaluTadnszreumndudnunmisaiansziia
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Fnh

t of Fr y Control Effect of Microturbine by Electrolyzer in a

Smart Grid System
Sitthidet Vachirasricirikul, Issarachai Ngamroo, Somyot Kaitwanidvilai and Theerawut
Chaiyatham

Generally, the power output of microturbine (MT) can be controlled to compensate for load
change and alleviate the frequency fluctuations in a microgrid (MG) system. Nevertheless,
the MT may not adequately compensate rapid load deviation due to its slow dynamic
response. Furthermore, when wind power (WP) and photovoltaic (PV) are combined into
the system, they may cause large frequency fluctuation. With the fast dynamic response of
electrolyzer system (ES), this paper applies ES to absorb these power fluctuations and
enhance the frequency control effect of MT in the MG. As the smart grid, the coordinated
control of MT and ES is performed via the control and monitoring system. The coordinated
controller of MT and ES is designed based on a particle swarm optimization-based fixed
structure HOO loop shaping control. Simulation results show the robustness and control
effect of the proposed coordinated MT and ES controllers against system parameters

variation and different operating conditions.
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Solving Optimal Power Flow problem using Bee Algorithm

Chaimongkol Chokpanyasuwan, Prakornchai Polratanasuk, Sumeth Anantasate and
Nopporn Leeprechanon

This paper presents a new application of the Bee algorithm (BA) optimization algorithm for
solving the optimal power flow (OPF) problem with various constraints. The proposed
methodology is evaluated on IEEE 30-bus test system which minimizes the total fuel cost
considering operational constraints i.e. power flow equations, generation constraints,
transformer constraints and security constraints. The results obtained using the proposed
approach is compared with results of other optimization methods. Simulation results

demonstrate that Bee algorithm provides better results than other heuristic techniques.
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Electromagnetic Compatibility Coupling of Train Control System in Mass Transit
Railway System

Suprawat Ruangkam and Vijit Kinnares

Analysis and measurements of Electromagnetic Compatibility (EMC) was performed on a
mass transit car with two Automatic Train Control (ATC) systems in the same railway and
trains. The train was composed with early existing ATC system and new ATC system. The
test measure between 1 to 30 MHz of voltage, current and magnetic filed (H-filed) and their
value showed the significant data which disagree with the assumption of Electromagnetic
Interference (EMI) between both system from their apparatus. The test was located on 368

meter long track circuit in Bangkok depot, Thailand.
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An Application of Ant Colony Optimization to Transmission Expansion Planning with
Security Constraints

Uszuasy auana, as135 Tndon uazumws 8U5v

This paper proposes an application of Ant Colony Optimization (ACO) to solve a Static
Transmission Expansion Planning (STEP) problem with security constraints based on DC
power flow model. The major objective is to minimize the investment cost of transmission
lines that should be added to an existing network in order to supply the forecasted load as
economically as possible subject to physical and economic constraints. To appraise the
achievability of ACO, a traditional systems i.e. the Garver's six-bus system is applied to test
the proposed method. The experimental results obtained by ACO are compared to those
obtained by the conventional approaches i.e. Genetic Algorithm (GA) in term of solution
quality and computational efficiency. The results show that the ACO method outperforms
other methods in terms of convergence characteristic and good computation efficiency.
Keywords: Ant colony optimization, Genetic algorithm, Optimization, and Transmission

expansion planning
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Determination of the Optimal Static Var Compensator Placement for the Maximum
Available Transfer Capability of a Considered Area

WINY guoNud

This paper presents a method for determination of the optimal siting and sizing of the Static
Var Compensator (SVC) to maximize the Available Transfer Capability (ATC) of a
considered area. In this paper, the ATC is calculated by using the AC distribution factor and
the optimal SVC placement problem is solved by using the Differential Evolution (DE)
technique. It is found that the method provides more computational efficient with a
sufficient degree of solution accuracy when it is compared to the other ATC calculation
methods. Therefore, this method is considerably good alternative for the optimal placement

of SVC determination.
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Harmony search algorithm for optimal cost reduction in power generation system
integrating wind energy conversion system

Sukayapong Ngonkham and Panhathai Buasri

This paper presents an optimization approach, Harmony search algorithm (HS) to solve
Economic dispatch (ED) problem in the power system integrating Wind energy conversion
system (WECS). Three optimization techniques, Genetic algorithm (GA), Interior point
methods (ITP) and HS are used to simulate and compare. From the simulation, HS has
better solution than GA 4% and better than ITP 1.4%. Moreover total cost reduction when

the system connected to WECS computed by HS is reduced to 8% per day.
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Simulation of Volt-Time Characteristics of Rod-Rod Gaps under Lightning Impulse
Voltages

18y YUON LAY ‘yﬁymi\?ﬂ!lﬂﬁlldﬂﬁ

This article presents the simulation of volt-time characteristics of 10-cm and 20-cm rod-rod
gaps under 1.2/50-ps standard lightning impulse voltage and 1.2/4-us short-tail lightning
impulse voltage of both polarities. The easy integration model of Noranut is applied to
simulate the volt-time characteristics and compared with the experimental results as well as

the results simulated by the complicate integration models of Chowdhuri and Kind.

PW 059 1381 16:40 — 17:00 .

msmnszuassuesinuaznszuaiuenilaelflassniedszanifoanvuilonly
vy e v a
hanthdmsuisesnsesmdaendivl
18AING MGANY 997 NausH
y v,
ynanuitiiaus Tasesiedszennidion suuileulUthamhvareduite 1 mnszue
14 a o o o o w
g15ueiln waznszuasuenivdmSunugumsiinuvesitesnsessidweniinuuy
= A Yo Ao 1 Ay o P
vuwmniladd ietionszuasaeliiuszood vaa liidlwFadn $ldquam
) ad o A g o H
idalfhvesszuudin wamsnageuiuniesduuuuezgmiveue Tagszuuianun

gnaduguuazszuiana laelddnugudyauddaea (DSC)

PW 060 1981 17:00 — 17:20 .

Miscalculations of Fault Location due to Behave of Simultaneous Fault in Electrical
Power Transmission System Using Discrete Wavelet Transform.

ndnyal g5quns uag essona Kwinyna

This paper presents miscalculations of fault location due to behave of simultaneous fault in
an electrical power transmission system. The fault is simulated using PSCAD/EMTDC and
the analysis of signals is performed using discrete wavelet transform (DWT). The variation
of high frequency components of positive sequence current signals in the end of
transmission line is considered. The results obtained from the analysis are used in order to
locate faults. The results show that the traveling wave theory based fault location methods

cannot locate simultaneous fault in an electrical power transmission system.
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Effects of Series C tion in Long Tr Line on Distance Relay Operation

novaig Sasaszia’y, Sogns dunzaud, a5igns AuRsriand nasnsadng yuaitiand
This paper presents Effects of Series Compensation in Long Transmission Line on Distance
Relay Operation. Normally, relay operation is considerably sensitive to the changing of
network structure. The additional installed equipment also cause malfunction of relay. Then
the relay detection of abnormalities on the distributor system does not meet the original setting
value. The installation of Series Compensation in the network is one of the serious problems
which cause relay missing operation. This research studied the effects caused by the
installation of Series Compensation Compared with the normal case. The approach is to

consider the relay setting to accurately detect abnormal case.
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Sizing Design and Power Quality Impact of Photovoltaic Distributed Generators in a
Distribution System Using a Probabilistic Approach

Vichakorn Hengsritawat, Thavatchai Tayjasanant and Natthaphob Nimpitiwan

This paper presents a probabilistic approach to design the sizing of photovoltaic distributed
generator (PV-DG) in a distribution system. The objective is to maximize the power
produced by PV-DG installation by taking into account system losses, while the voltage
profile is kept at an acceptable level and the total harmonic voltage distortion (THDv) at the
point of common coupling (PCC) should not exceed the limit. The Monte Carlo technique
is used to predict solar radiation (or so-called irradiance), ambient temperature and load.
The PV-model with the maximum power point tracking (MPPT) technique is used to find

the maximum power output under a given temperature and irradiance. A modified Newton

PW12
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and a classical harmonic flow method are used to analyze the power flow and the THDv
values, respectively. The method is tested on an actual 51-bus medium voltage distribution
system in Thailand. The results demonstrate that the probabilistic approach performs well to
obtain the sizing of PV-DG based on technical constraints. In addition, PV-DG in a realistic
case is likely to improve the voltage profile and decrease losses on a distribution system,

but increase THDv values at PCC.
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Impact on Protection Coordination in the Presence of Grid-Connected Photovoltaic
Systems in a Distribution System

Sethakkiry Rann, and Thavatchai Tayjasanant

This paper presents impacts of fault current on protection coordination when grid-connected
photovoltaic (GCPV) system is installed in a distribution system. Modeling of the GCPV is
based on a PV model described by Shockley diode equation with a series resistance, a boost
converter with maximum power point tracking (MPPT) technique, and a PWM inverter
with a voltage regulator. The real-time simulation is tested using the MATLAB-
SIMULINK. GCPV systems with various penetration levels of the total load were installed
at various nodes in the system. Various fault positions were assumed to assess the fault
current contribution from the GCPV systems to the main grid. Result comparison between
the system with and without PV installation is discussed. Impacts of fault current

contribution on protection coordination are considered based on IEEE Std C37.112-1996.
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Voltage Compensation of D-STATCOM by Using State Feedback Controller

Fogns dunaznUd uaz iy nads Ty

This paper presents a voltage compensation in faulted power system using D-STATCOM
controlled by state feedback controller. The test system with D-STATCOM installed at
protected load bus has been simulated by use of transient model of D-STATCOM and state
feedback control principle. The simulation results show that the DSTATCOM can tackle
the problem of voltage sag at load bus due to fault by compensating the voltage magnitude

to normal level.
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COMPARATIVE ANALYSIS ON IMPACT OF SERIES FACTS CONTROLLERS
APPLIED STRATEGIES ON SUBSYNCHRONOUS RESONANCE

Javad Sadeh and Iman Mohammad Hoseiny Naveh

The advent of series FACTS controllers, Thyristor Controlled Series Capacitor (TCSC) has
made it possible not only for the fast control of power flow in a transmission line, but also
for the mitigation of sub-synchronous resonance (SSR) in the presence of fixed series
capacitors. This paper presents a detailed analysis of the impact of TCSC control
methodology on sub-synchronous oscillations (SSO) problem of series capacitive
compensated transmission systems. The second IEEE benchmark model for the analysis of
SSR phenomena is adopted. The impact of control methodology is also evaluated on the
torsional modes. As a result it was shown that this applied strategy is powerful method for
SSR damping. So TCSC can also damp SSO as shown in simulations. The proposed
method is applied to the IEEE Second Benchmark system for subsynchronous resonance
studies and the results are verified based on comparison with digital computer simulation by

MATLAB.
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Impact of Current-Transformer Saturation on An Overcurrent Relay

A0@ anFms uaz MYyuTA VIawina

This article presents the impact of current-transformer saturation on an overcurrent relay.

MATLAB/SIMULINK is used to simulate the saturation of current transformer. The

simulation results are applied to an overcurrent relay via a relay tester in order to determine

the tripping time of relay. It is found that the currenttransformer saturation results in a delay

of tripping time.
PW 077 1381 09:20 — 09:40 .

A Study of Coordinative Control for PSS’s to Enhance Power Oscillation Damping in

Multi-machine System

Chairerg Jakpattanajit and Naebboon Hoonchareon

a 7 4
UNNINYIAYTITUATAT

In this paper coordination scheme is proposed to enhance the stability of power system
network by tuning the parameters of coordinative control appropriately. Setting
coordinative control input and weight parameters are used to reflect both the local and the
inter area oscillation. Simulation results demonstrate that generator terminal voltages and

powers oscillations are well damped when the coordinative control is used.

PW 078 1381 09:40 — 10:00 .

The Analysis of the electric field value for finding the distance of high voltage cable
XLPE type scale 12/20 (24) kV which has factor in the model of High Voltage
Underground Cable Terminators XLPE

An96i was s

This research has present about the analyst of the electric field value in the High Voltage
Underground Cable Terminators XLPE peel for using in the measurement of the partial
discharge (PD). Find the distance value in the peel of High Voltage Underground Cable
before configure the High Voltage Underground Cable Terminator XLPE which is the most
difficult in finding the correct distance. It is today main problem in configure the model of
High Voltage Underground Cable Terminators XLPE and measure the partial discharge
value. In the configure of High Voltage Underground Cable Terminators XLPE, it is the
difficult to know the electric field stress that occur at bronze coil will effect anything in the
analysis and testing of partial discharge. In testing the High Voltage Underground Cable
XLPE is the necessary to know the side of voltage and the distance of the High Voltage
Underground Cable XLPE before create the model and High Voltage Underground Cable
Terminator XLPE. So that the High Voltage Underground Cable XLPE peel 12/20 (24) kV
for testing should have the far distance of the peel between bronze coil and outside which is
the ground. This would protect the spark on the peel. This research has applied the
COMSOL Multiphysics 33. Program and Matlab Program by using in calculate to find the
distance of suitable Underground Cable. And it is a part of the study technical in analysis
the electric field stress of the High Voltage Underground Cable XLPE which is the factor in

creating the model for High Voltage Underground Cable Terminators XLPE

PW 079 1721 10:00 — 10:20 .

Alleviation of Power Fluctuation in a Microgrid using SMES with Optimal Coil Size
Cuk Supriyadi Ali Nanda, Issarachai Ngamroo, Jonglak Pahasa

In a microgrid system with wind and photovoltaic power generations, the intermittent
power from these sources may cause a large power fluctuation. If the power fluctuation
cannot be maintained in the acceptable range, system stability may be deteriorated. To
compensate for such power fluctuation, a superconducting magnetic energy storage (SMES)
can be applied. This paper proposes a design method of SMES power controller with
optimal coil size. The structure of a power controller is the first-order lead-lag compensator.
The optimization problem of controller parameters is formulated based on an enhancement
of system damping and a minimization of coil size and coil current. The genetic algorithm
is applied to achieve control parameters. Simulation results confirm the control effect of the

SMES with small energy capacity against various disturbances.
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Microgrid Stabilization using Controllable Aqua Electrolyzer & Fuel Cell based on
Bee Colony Optimization of Fuzzy Logic-PID controller

Theerawut Chaiyatham, Issarachai Ngamroo, Sitthidet Vachirasricirikul

Due to the intermittent power generations from wind and photovoltaic in the microgrid,
these result in the power fluctuation. To suppress power fluctuation, the coordinated
controls of aqua electrolyzer (AE) and fuel cell (FC) can be applied as the controllable
distributed generations. In this paper, a bee colony optimization (BCO) is proposed to
design the optimal fuzzy logic based-proportional-integral-derivative (FLPID) controller of
AE and FC. Without trial and error as in the conventional FLPID controller design, scale
factors, membership functions and control rules of the optimal FLPID controller are
automatically and simultaneously tuned by the BCO. Simulation results confirm the
superior effect of the proposed optimal FLPID controller in comparison with the

conventional FLPID controller.
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Effects of Rf and Data Sampling Rate on Performance of One-terminal and Two-
terminal Fault Location Algorithms

Wutthikorn Threevithayanon and Naebboon Hoonchareon

Accuracy performances of the One-terminal simple reactance and the Two-terminal fault
location method according to IEEE standard C37.114-2004 [1] are compared by varying
fault resistance and data sampling rate. Testing has been conducted using short circuit
transient simulation for different types of faults, that is single line to ground fault, line to
line fault, line to line to ground fault and balanced three phase fault. Effects of Rf and data
sampling rate have been presented and will be used for improving performance of the fault

location method thereafter.
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Bee algorithm for solving various types of economic dispatch problem

Prakornchai Polratanasuk, Chaimongkon Chokpanyasuwan Saravuth Pothiya, Nopporn
Leeprechanon

This paper presents a new application of Bee Algorithm Optimization (BA) to solve various
types of Economic Dispatch (ED) problem. Complete ED problem formulation prohibited,
operating zones, ramp-rate limits, and non-smooth or non-convex cost functions arising
from the use of multiple fuels should be taken into consideration. To show its efficiency,
the Bee algorithm is applied to solve various types ED problems of power systems. The
simulation results obtained from the BA are compared to those achieved from the
conventional approaches, such as simulated annealing (SA) genetic algorithm (GA), tabu
search (TS) algorithm and particle swarm optimization (PSO). The experimental results
show that the BA approach is able to obtain higher quality solution efficiently and faster

computational time than the conventional approaches.
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Study of result of Tesla Transformer from the changing Toroid size
Andl A3 TnsuAa, m9 amsITNeN, aunesd neauduay TANUT Aaszasy

This research has present about the changing value of parameter inside the circuit of high
voltage transformer (tesla). To study the effect that change in the circuit to conduce to
analysis of the concern effect factor. This case is the study of changing the capacitance
value in toroid from the high voltage coil or primary winding of tesla transformer by using
the model of toroid which has difference capacitance value for study the factor and the
effect in 4 examples. When test the changing capacitance value and the side of toroid in
each sample, we would found that it could analyst the effect result that has change in
directly of important of parameter in the tesla transformer clearly. For example: the size of
output voltage and frequency. This case study in the research could bring to the study and
important factor that has the effect of the changing voltage and frequency. For the configure
model of tesla transformer or testing equipments by using the high voltage high frequency

(tesla).
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Study of winding to ground Fault in Power Transformer using Discrete Wavelet
Transform

anugazo Sunsiituyuna uazessona inga

This paper presents a learning of winding to ground fault signals in a power transformer
using discrete wavelet transform (DWT). The fault is simulated using ATP/EMTP and the
analysis of signals is performed using DWT. The variation of high frequency components
of differential current signals is considered. The results obtained from the learning will be

useful in the development of a detect fault scheme for power transformer in the future.
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Behavior of turn to turn fault in Power Transformer using Discrete Wavelet
Transform

as.0550ma WIMinKna, agy1se ii"umiﬁ'uzywa uaz .99y INFas

The existence of a turn-to-turn short circuit may lead to an instantaneous large coil
deterioration. However ground differential relays do not respond to turn-to-turn faults,
when they are not associated to a ground fault. This paper presents a behavior of turn to
turn fault signals in a power transformer using discrete wavelet transform (DWT). The fault
is simulated using ATP/EMTP and the analysis of signals is performed using DWT. The
variation of high frequency components of differential current signals is considered. The
results obtained from the analysis will be useful in the development of a detect fault scheme

for power transformer in the future.
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Determination of Optimal RTU Placement for State Estimation in PEA 115 kV
Systems

qnA qassasand qadieg gayifaimed

This paper presents an analytical method for determination of optimal RTU placement
using Genetic Algorithms (GA). The resulted RTU placement scheme should employ the
minimum number of RTUs, but yielding adequacy of measurements and good accuracy of
state estimations. The proposed method is tested with the IEEE 14 bus, IEEE 30 bus and
115 kV Provincial Electricity Authority 49 bus systems. In addition, after the optimal RTU
placement is obtained, the criticality of RTU placement is analyzed by assuming a loss of
measurement and RTU unit for each location. The analysis results show that the obtained
RTU placement has a major influence on the topology observability and accuracy of state

estimation.
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Dual Magnetodiode

quis Sunsiunuda uag @uway viviga

This paper presents a new magnetodiode which the structure composes of two coupled
diodes. One type terminal is common and the another one is symmetrical separated. We
have designed and fabricated devices and measured the magnetic response. The
mechanisms are mainly carrier deflection of injected carrier from the common terminal by
forward biasing toward to the separated terminal. When magnetic field is applied
perpendicular to the device surface, the current difference caused by Hall effect and
Lorentzf's farce is linearly changed with the magnetic field density at any applied current. It

can detect both the direction and magnitude of magnetic field.

PW 103 1901 12:20 — 12:40 U.

The Study of Unit Step Response of an Impulse Voltage Divider using ATPDraw
UTIATHY WAUIAY, (NN1E fueues, DA dag, ToBUNT gIgns

This paper represents the study of unit step response of an impulse voltage divider
employing ATPDraw. A resistive voltage divider and a capacitive with series and parallel
voltage divider are studied. It is found that unsuitable resistor which is distributed in the
voltage divider circuit causes step responses of the voltage divider does not meet the
reference standard. The test results also suggest that the stray inductance especially the
lower arm stray inductance leads to the serious overshoot problems. The cable length is
effect on the time shift obviously. The unsuitable matching resistor value or the missing

positions of the matching resistor have an influence on the measured voltage signal as well.
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Study of Power Oscillation in 115 kV PEA’s Distribution Line when connected

Small Electricity Generation System
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Abstract

This paper presents the study and analysis of power
oscillation in 115 kV PEA’s radial distribution network when connected
small electricity generation systems. The local plant mode of small
signal stability is chosen for study in this paper at the small power
producer. Power oscillations analysis and suitable simulation is carried
out by using MATLAB program. The result show that the power
oscillates between 0.7 to 2 Hz. The study can show that power
oscillations in acceptable ranges. In power distribution system, power
oscillation analysis should be observed for preventing the PEA’s

System.

Keywords: Power oscillations ,Small electricity generation system,

Provincial Electricity Authority radial distribution Line
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