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ABSTRACT

For the study of pawer system security, stability and reliability subject are the two main
concemns for all power system engineers. In reality, many factors involve in those two issues.
However, the advancing in today’s technology resulting in various types of generators with
different of control models for example: a regular thermal plant with Round-rotor Synchronous
Generator (RRSG), a Salient Pole Synchronous Generator (SPSG) in the hydro power plant and a
newly developed type of Induction Generator (IG). In addition, renewable energy applications are
varying interesting research; more specially, wind energy applications. This is because wind
energy is considered as a clean energy. One particular research on wind turbine application is the
interfacing system between the wind turbine system and the utility grid. This research focuses on
the impacts of .the utility grid when the wind turbine is connected to the utility grid. The impact

study of wind turbine is also included the normal condition and the faulty condition.
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2.1 MIANNIAMNAY (Average wind speed)
AT IAMNAY (Average wind speed) 1iudoyanidinglunisfisziorsen

da : o o & U o o 1 1 = -
ADIUNAAAININUAY FINTTHIAURAYANGT DY (Vm) DUINWITUTUNITAD

l n
v, ==YV, @.1)
n i=1
tazmidaunaun 1d lag
P, ==pV? (2.2)
2
1o 14 9 MmN (msks)

o o
$waudeyanausau

AN (W/m’)

N
Shr D2 I3 Dh
(o] (o]

o

L. AN NUNUNUUYDIDINA (kg/m’)

10 lsAmwnismmnnudaundanmunisi @.1) guﬁmmqm’fm
Aoutetion i m1s1edi 5 Feyannmudaanlu 1 Frluaitumgn 10 1 naunsd @0
AN S 0N AVZIIITY 6.45 m/s uazdmualRA AN UNNINYEDINE (Air density)
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F2iNG, T e Tt e
1 79.51 49.29
2 4.7 103.82 64.37
3 83 571.79 354.51
4 6.2 238.33 147.76
5 5.9 205.38 127.33
6 . 9.3 804.36 498.70
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, : 5 “
1 13 13

2 1—2 37 50

3 23 50 : 100
4 34 62 162

5 4—5 78 240

6 5—6 87 327
6—7 ‘ 90 417

8 ' 7—8 78 495
19 8—9 65 560
10 9—10 54 614
11 10—11 40 654
12 11—12 30 684
13 12—13 22 706
14 13—14 : 14 720
15 14—15 9 729
16 15—16 6 735
17 16—17 5 740
18 17—18 4 744
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Cumulative (hr/month)

1 2 3 45 6 7 8 9 10 1112 13 14 15 16 17 18
Wind velovity (m/s)
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data analysis)
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} 0 . aa 'Y P
A199219 11 2 33ndnq Ao
1) Weibull Distribution
Aacdq ¥ aa ] ' o g 8 ' 3/
Wuitaldnanfinaugndes windrge ualdauaeudisoin
iWieanniidaudsnulsulasus 2 é Av k uaz ¢
2) Rayleigh Distribution
‘ & ad . . . . o 9 '
udaunitaues35ns Weibull Distribution Taviuldaroasnis
J ° (Y PR 1 (Y
1¥uunvu Taodivualdaidauls k- asiuazinunidu2
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Weibull Distribution
msdnseianuEaanTaold35ms Weibull Distribution 33 siszusnosniiy
2 Snuaizilandu fie
1) The probability density function
The probability density function (f(V)) dudniduanmmuningduida

o K =4 Ao s &
ANULTIAUNATINIIUGIDUNATNUA UTUNTT AD

F¥y= -’g—({—) ") 2.10)

1o k fio  Weibull shape factor
c fio  Scale factor
2) The cumulative distribution function
The cumulative distribution function (F(V)) SudniaFuaasnnuitzdiui
anuauszidunieteonaInirouiiiimua 0iu the cumulative  distribution
function (F(V)) FUMAUHANITBUNNTAVO the probability density function (f(V)) i

AUNS AD

o (V¥
F(V)= If(V)dV=1——e (%) @2.11)
0
Taofimsmiains aunao1aiins Weibull distribution Saun1s e
V= [rwav 2.12)
0

uny £(V) vinaunish (2.10) aaluaunish 2.12) w2 1d
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T(n)= [e~x""dx
0

[
@ o

Wunnaumsh (2.16) aunsowoulnldiiu

V, = cl"(l + l)
k

aa . . d |1y 1;: -
91NI5N1T Weibull distribution HHIANUSAUBUNIATFIUYOIANULTIOY alagsldaunis Ao

o, =(u; -v2)

<4 ' v
¥ g, mlann

i, = [P rway

(2.13)

(2.14)

(2.15)

(2.16)

(2.17)

(2.18)

(2.19)

(2.20)
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unua £(¥) vinaunsh (2.10) wag x, dV luaumsi 2.15) asluaunish 2.20) 0214
dx 2.21)

uaznnunsafatsuluaunsf (2.17) @oulnd i@y
C 2
U, =cr 1+—l; (2.22)

unum 7, s1naun1sh 2.18) uag 4, sinaumsh (2.22) asluaunisi 2.19) o214

1
o, = c[l"(l +%)—r2(1+%)]2 (2.23)

o [] a . o a e " o 1 o 5
AadFuanuiezidunianuslavecisumdunsedesniiannumiaun
f1MUA (Cumulative distribution function) @130 I lumsssinamiannieeiiuiiey
- o 1 o o [] 9 ) ] o
dannuianlugrsisimua wudesmsmanuireniuluseniunian v, -
ansamldnnaums

PV, <V <V,)=F(V,-V,) (2.24)

INAUNIN (2.11) aunsadouaumsi (2.24) a5

A Y
P, <V<V2)=e_(:) -e[c) (2.25)

d o v 1 P a o 1
llﬂ%ﬁﬁ'lll'liﬂﬁh’f,ﬁﬂﬂﬁfuﬂ'liﬂ53i]'lUfTZlelcluﬂ'liﬂ'lﬂ'lﬂ')'lllu'l‘i):lﬁuﬂ‘i)zlﬂﬂﬂ'nllﬁ')auu'lﬂﬂ'n

amdmualasldaums fie

veY veY
P(V>V,)=1- 1—e_(“) =e{c] (2.26)



14

o : I . - . o v & 2 a o w . :

f2ee1aN 2-1: inFestuiia Iddhinviuaudmilasudunaamas T (Cut-in wind speed) 1
o a o w 4 -1 a

AMIE AN 4 m/s wagngahinmsnaaiidefuiion s auAu (Cut-out wind

b 4 )

& P=1

speed) 25 m/s AAAIIUNUNTNAT Weibull shape factor (k) 110U 2.4 uaza
scale factor (c¢) INY 9.8 m/s '11*’{111

é o 4 [ ) Q °_ @ ld' O'I
() Tuninfuniossudasendaiids luvhegndaTug

1NaUNITN (2.22) unuand ez 18

PV, <V <V,)= e_(”) -—e_(”) =0.89
-4 g A s 2 9 - o @ - [ J o ] «
aanuluniiaiumsesduiia it oiuansendadidy dwidu

0.89x24=21.36  -hours

®) wannumhezdhuifsiiannuSaugant 35 ms

MNANNITN (2.23)

35

24
PV >V,)= e—(”) = 0.000000001
=10~
giu Temafiasfanamuiaugand 35 ms fdennn
(0.000000001 %)

o . o = . . . .
INNITNI5WINITATE AT 2au 1as 1435015 Weibull  distribution
' a o o a d4 ) ' P
mmsmmasmﬂmﬁv’{mmsmmﬂﬁam Weibull shape factor (k) 4821 scale factor (c) H4
a J o /dy ] 1Y d dy P o’: -
msuasuudasarmislmesvzdanaldnisnszaoanus tanvesiuiiuisauls

wanulasl@redaasldiiulugi 2.7
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25

Speed (n/s)

2 2.7 nsnsenwmnausianTagTBn1s Weibull distribution tieamis ey

mAsTAUNINY 6.5 m/s tazA1 Weibull shape factor (k) t1/auuualas

J ' 4 o ' & o (] a [V VI y
FmIme k uaza ¢ AFuegin lifelisgnatiidoiudaie Ui
1. Graphical method
2. Standard deviation method
3. Moment method
4. Maximum likelihood method
5. Energy pattern factor method
4 q { S 1 1 ad . v : (] a.
¥ uNTozUanINITNIAT k- uaZA1 ¢ 1IRW1ETT Graphical method 11y d2u33
duq awsedayuuAyldninenaisd s 2]
aq . iy ° J o ' P o
350135 Graphical method ui)zmtmﬂums'umﬁqnwum'muwuﬂunmmﬁ'zau
arv 1 e Ay ) d d0 . e ey . .
WUAUNMNUNIBUDYN AN NI IAUNNIMUA (Cumulative  distribution  function) 81

1 4
wvsanlugdiuvaunsifudulumnavesiledduaominy dase'lui

MAFNAIN (2.14) 9218

_(z)"

1-F(V)=¢e \© (2.27)
9/ ° af o’: 9 :

uAauMms lagviaenisnuniaesdnasinsaee 1

“Inf=In[l- F)} = kIn¥,) - kInc (2.28)
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v W ' k4
Wounsanuduiuisening In@,) @au X) uaz In{-nfl- F@)Jam v) 1519213
nsmifiioududuns swenuwdiins fiting curve I idaunsidunsioonineglugy

4 a 4 ' o U Y o U
y =mx+b dionnsaiaunisi (2.28) A1k NABAIAINTYU (Slope) e —klnc Afionn

WwaauAY Y nieminsnvesaumsiFuduniues ghvuduaunisiduasey = mx+c)
o d o
2.5 MIAUATITHNAINUINAN

Y 5 A I’ ac v o ’ - s a v
lunsandunseaduia i inaiuanssdsalinisinsieiilssiiundsavanly
ld. o o 3 A \ T o . . £
AOIUNITNINITAAAT FINANUAUMUUYBINGINUAN (Wind energy density, E,) Ao
o d'-!w a Lo @ a - o : '
navuaunnunues Isimeinaiuay (Swept  area) Maautasundasly dufuniniy
] Y] [ o o o )
umuuuuaqwmmmunzag"luﬂaf{amumﬂomﬁ'muuazmsnszﬂw‘uaqau alsenoudu
) - o - g A 1) -1 d'd a a -: a
nraulslunisnsigindinuainavife aaNuiannianudiiavuuiniga
) - a0 o a Y] P a o
(Vems)  RZAINMUMG AT UaNITHAANG U IAqaqe (V) Famsiasied
[ a d -,
waunnanawsansan lasldnmsnseaeanusraulasisn1s Weibull Distribution
. )
aane 11
a ! a 3 (Y a a J o o [
NAINUNNAR AN IMUATZIIA UM BUNATAAINAITIUA NS 1aNARDAT 9NN

t a -3 [V 1 ‘:
N1ﬁ31ﬂu1uﬂ151ﬂﬂﬂ71ﬂli’]ﬂuﬂ\ifﬂlﬂ'ﬁﬂﬂlhj‘u

E, = jpy FWHav (2.29)
0

k-1 (v
unuA P, =lpaV3 uag £ =£(K) e (‘]
2 c
Woulmildoglugilotiedwes1d

a2
ED=§—:k— 0jV“‘*”e ) dy (2.30)
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fuluasa@ouaunisi (2.30) Tnu'ldiiu

a3
E,= Pa€ Jx"e"’dx (2.31)
0

] . . t 4
VINAUNIN (2.17) aFuunsuu aunsmiansagunisi (2.31) Ina1@wail

3
E, =2 ;c 1“(%+ 1) 2.32)

fo )
lm3‘i)'Iﬂ'L:(ﬂ'iﬂ'liﬂﬂﬂﬂuﬁlﬂ\iﬂ\'lﬂﬁfUUﬂi1111']

[(n)=(n-)(n-1) (2.33)

14
v @

sz ldanumuuniuyesndssuan (Wind energy density, E )

3
p.c 3. (3
E, ==—-T1|= 2.34
P Zk(k) @39

s 4
Wensumm E,, aunsanimnaanuianuanaeasIuInl (Energy available over a period,

E,) WAvneaums

: 3

p.cT(3 3
E =ET=—""—=-1= 235
2 (k)(k) 239

1o T fe swaafnnauausaand uesnyt  Ivdaoiy

%214

' d e 4a £ a a P
“lumsmmmmmaunummnmmumn’nqﬂ‘[ﬂuwmsaninnfmms'n (2.10) the
.qe . . . ' a a =] a =3 o
probability density funcnon(f(V))mmmwlﬂummnﬂmmﬁmuwmmmtsmu‘n

fMruamunsaouinyd 1didu

vk
fN= LkV""e U (2.36)
C
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o @ P s/ Y 1w 4 Y1 d ) aa A a 3
ﬁ'wnmimaqwuﬁ aUNIIN (2.36) ll'ﬂ'ﬂ"lﬂ'lﬂ‘ﬂf{uﬂﬂz"lﬂﬂ'lﬂ'ﬂllli']ﬂllﬂllﬂ'nllﬂlﬂﬂ‘llu

a o P
WINNFAAITUAIT AD

=0 (2.37)
4 4o
FaUminiy

vk
ike{) [-ikV2<""> + (k- 1)V<*-2>] =0 (2.38)
C C

WAl ¥ vinaunisy (2.38) azla

1

k—1Yk
v, =¢ — 2.39
Fmax C( k ) ( )

- ' o {0 o a o a
ﬁmmwmsmmmmmﬁuauﬁmnuaunzwaﬂwaaﬂu‘lﬁqaqﬁ (Vi ) 132970

s Max

[ q'dr o o = = P o
wisnuaninuiveslsmesiaiuay (Swept area) finandsuntalinnudranlag

1NAUNS AD

E, =P fV) (2.40)

unum B, uaz f(V) aaluaunisi (2.40) 9218

3 Ay
E, = pan (L)V""e (] (2.41)

fnuald

B= gcik (2.42)

aeld

yyk
E, = BV"*ze{Z] (2.43)
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Ev=0 (2.44)
& 1] @
Famniu

|4 |4

k k
B - e"(?) phe2 ik ye | e-(:) (k+2)V* [0 (2.45)
C

¥ anaumsi 2.45) sz 14

max = (2.46)

' a at a £ .
2.6 MIHINANUITIRRUNANUFGUNNYY (Extrapolation)

o U d
1‘11ﬂ'li’)ﬂﬂ']ﬂ'1'lllli']ﬂll AWUIATYIU IEC  61400-12-1 Power performance
. . . ' s -] a o
measurements of electricity producing wind turbines 011971 Tumsianinnusiay A25ARAT
(£Y -] 5 o 4 .
RUnsai3an21115 20U (anemometer) 13iszAUAINGIvDIgANUYDIT51ABT (hub height)
. R b 4
wazlinnuamamdeouliifu +2.5%vosszduauganiniuaudesequganyuyeals
-4
(12135
A a d oo ] 4” a a o ] o 1 @ =1 o
mawmsmmmusaau‘nmtmuawuﬂmmnuumzﬂnmmqamaﬂu UL IAUN
I Y s 4 g 4 4 4 o
WANNUNATINDUDANUYUNUYUANINLIIANNISINUYUAY 1“21JLL1JU‘US\1'NQﬂ‘BLI
ag v o & d P @ & v ' d
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° t A4 o dAa A 4 ' d o 4
AUV UARAYINU Ylllﬂ‘]mqamu‘lm ﬂ'lll'liﬂﬂ‘lﬂ‘lﬂ‘]‘lmi’muvlﬁﬂdu
V(Z)=V(Z)—=%

(2.47)
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Z, A0 ANYIDNBINNTIWAWA?
Z, f19 A1 Roughness Length ATUA15197 3-4

] o = 3 ‘: a a 3 d A 42 P
Wesnndnyueglidsemavesraziuiissiinadonnuis ranvesiumiu lavi
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szAvanugeAuaszauiuau lsudnugeiulilszna 1 Alawasee I@Sunaduy

y [
8U19N ATHUAMNIRTWUATNYUSYT5TINAR19 (roughness classes) 1ARIA15197 2.4

AN 2.4 Roughness Classes i101¢ Roughness Length [1]
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2 0.1 39 wunmizilgn HiNWnefsianes
armgelinu 8 wasvisdulszana
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M1197 2.4 Roughness Classes and Roughness Length [1] (79)

Roughness Roughness Energy Index
Landscape Type

Class Length (m) (%)

3 0.4 24 nyjth, deadn, Aufimzlgn fifivin

ar -} ! c‘l ]
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35 0.8 18 iealng), Anga

4 1.6 13 tiealngjun, Anga
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2.7 anvnmsnaaiidsliwhvesiarfuan (Power curve of the wind turbine)

nsmmskaaide Idihuesfaiuan (Power curve) Wudatvuendnvuzaunianis

a o o o A - o a 4 o o 1 1 P ]
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4 d @ [-d s Qr o 5 J r
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1 o
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unu Y ifudde Iwfhiisaiuaundasenin Gw)
1@ V1 dflugaiidaiuausudunaamida I 1eenun (Cut-in wind speed)

]
I ar
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@ o
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17U (Cut-out wind speed)
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Power curves
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1,400
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R

11 2.9 nswinsndaiide Ifhweasaiuan (Power curve of the wind turbine)

' : 1 4 ]
910317 2.9 nsdnsndaiide ifhvesfisduay aunsauisiuiinisinuees
faiuaneeniluaesdaufio A fu B Aalugl
- { a P [ YR ' =4 °o_ o ¢=i
wosaniiuine A maunsadeuanuduiusssninanud nuazd g i

fofuaundneenin 1didy

P, =aV"+b (2.48)
3 a ' o
1o a,b a9 AN
n A s nuaavuveudulfinisndanideiiives

o« o

nafuaueInga Vi 8aga V2 (Velocity power

proportionality)
) ] ] ¥ ]
dienisan Ny VI Mds ihiideiuaukdasennzniiuguédniunnaunisi (2.48)
214
avl"+b=0 (2.49)

uaziiga V2 MdsMihndsiuaundaeennoiiy p, 914

aV2" +b=P, (2.50)
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NAUMITN (2.49), (2.50) MM a waz b wdnih lunuluaunsh (2.48) o214

yr-vr
F = &(-————mn %L j @.51)

] i 4 | 4 [l v
aumsn (2.51) szdudrshdidaiuauinulusaSoaiui A fMdefinga ldesiy

*
o a9

mh lnsifsudumdaning
2.8 waanuilnondaivau (Energy generated by the wind turbine)
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o 3 ay é: o ' o w A a 1 ] [ @
ATIRUanNAveIiuNg wdnhimmds Iihindaldluusazsasnnudranguiy
o a "f &' ' ° 3 1 LY | @ {o o
pafifan TNl viniunissiudazyIns wiun ldndsnuiideiuay
o z 2 ) . . . . ' o i a
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.’_’. k
F(V)=1—e_(°) (2.52)
ay
k-t (vF
f(V)=3_5=§(g) 2 259

] [ ) 4 )
nagth 29 dmuald E uag E, fendanuiidoiuaunialdnusnanui a

o t 4
uag B uddy auiuaunsesaama E, lRvnaumseae Uil

V2
E,=T [P, f(V)aV (2.54)
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(] < (Y o ! b4 J dy
wasrwRnItuamsesamam E, 1dvinaunisdae il

b3
E, =TP, [f()dV (2.55)
V2

unue Buag f(V) 0naumsi (2.51) uag (2.53) asluaunish (2.54) w2'1d

4 n_pyn k-1 Kk
£, =PI f[.”_*’.]z(z) A 056

alVy =W Jele
PT )2 k(Y L)
E, = R V" -V — < dv 2.57
R RO R @
fmuald
k
X =(KJ (2.58)
Cc
Ay 14
k-1 1
dX =£(K) upy V=cX* (2.59)
c\C

k k k
X, =(K‘-) X, =(ﬁ) wr X, =(K3—) (2.60)
c c c

agnNaUNIIN (2.57) 9z 14

P Tc" "ZX;e_x ax - PV [k

-X
= — 2 (2.61)
4 (V2" — I/‘n) XI (Vzn — I/l") ]

» v ] []
WITAIMITHAANAINUUTIUAUN B aun1sh (2.55) unusl F7) Minaunsn (2.53) ag
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k-t (V¥ .
E, =TP, fo(%) e() dv (2.62)
V2

L 4 v ]
1Az J F(V)dV = F(V) aniwilonnsanaums (2.52) uag (2.53) annsailouaunis

2.62) 1841
E, =TPy(e™* —e™) (2.63)

4 ’ y } 4 [l b 4 )
AT UNTINUN IANIMUANINAITUALILIIAUNAINUNUNLTIU A SIAUNSIUNUT

-y
v B Wowduaumsdaaei
E, =E,+E, (2.64)

2.9 anhdfuvinnes (Capacity factor)

b

- IS a o w o . @ ¢ 1w W
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-~ o .’f 4‘1’ A&' o a o o Y = A P v awo o
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»
fafuauaniunIseenanld Tao Capacity factor vosf Ui IR USATIdIUTENIN
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o
aundandeai i lusaasanlaq (7) aunsemai Capacity factor vosiaiuiiuldnin

AU A
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RCF =5

R

(2.66)

o

v v o aq ¥ g 4 44 da 2
@089 2-3: 91n31N 2.9 auudlianuSlauedoniunaaastaiuanmity 10 ms 0
psmnANuISIaN 10 mis Aeuanansondaideivfesnun 1,300 kw

TaonfiasnsHaninnamIfy 1,600 kW

wld
RCF = ﬂ)— =(0.81
1,600
Hagfidsnsnaanianue
. E o = Epea X RCEXT
=1,600x0.81x 8,760

=11,352.96 MWh/ year
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Probability Density
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Power Curve
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3.2.5 MIgYTEIIN (Total Losses)
msgadesivveuniesiuialiiivesdsduay (Msgadofidimiena, ms
o oo a J a4 A o o o o o o 9 9
queigaines, msggdeiiniesduialui uaznsgodonneunesines) lauaasld
{ A 4 1 (-3 oy = 4 (- = oy T
wulugai 3.10 Fanngilaztuiunsesduilaviia DEIG nazinSeetuiiaviia FSIG vziii
= vya o a A4 o a a o a A o A &
qudelndisaiuluvaziiniesduiasila VSIG sfimnsganfogeniunioduiiana

a a 4 4 o a a .’,' $ Jd
aeaviiatinoudhanniiesnniniestuliagiia VSIG riusslimsgadofineunssiaeiga

Total losscs [%0]

5 10 15 20 25
Wind speed [nv/s]

v . 1 4
310 3.10 msgaudosuanua

3.3 mafSeufsudssansmnmanaamasnyllihvesaierivay

-] o a

. v

Wesnnfriuamiuiivateyiauaz lundazsiiafezlinsniuguuasqudnyue

' o v o A Yy d 2 o e f a o w o o 3
uananiueen ldsiuwelMinudwdnyuzautatimssdamde Tiheestaiuauudas

t 4
yilaluiadelitaidins el oufvuniswdadide IifhuesdaiuanTaoinsands
fdslihadaiuaundazsiiandasenin lduazmsgudodng vossaivanudazyiia i
anuuandeduediels Tugdd 3.1 TRuaadldituginswunugiinSouiioumianda
»

ddsIfhuasnsgaydovesdaiuausiiad1eqia FISG 1 uag 2,VISG, Permanent Magnet
Synchronous Generator : PMSG [4] 1ta2 DFIG '[ﬂulumsﬁimmﬁqv?uaunmsﬁﬂﬁnfh'nn

@ o w a Vo e d £ °o_ @ c’:
Tasumdsnusunnohdufinamdau 6 mis - dangdl FISG 1 mdsIdhsantanuaey



46

1 A 0' J a q 4 = 3 Qs ' L]
fiinlszana 90 % Fednnwiaduilesnniimsgaudoideanumenanniugienius

ﬂUG:i’l
100
oy 95""' - BEERN . . -
‘é.i R
T
w
iz i
& 90-.... '. N I . I . I . . . . . . . L
o
O
>
< 854 ---- i . . ' 1
i [] Gearbox losses
I Generator losses
[ Converter losses
M Grid power
80 - - - I

FSIG1 FSIG2 VSIG PMSG DFIG
30 3.1 nswdadds Iihwesms gadvvesfaiuauiiadieg
- v d a o & o 3 a ] g 2
¥ 3.12 uga inmumskaandinuvesiaiiuania s sialugiannusian 5-10 mis &9
U7 3.12 uerasl 5 #inl 5-10 m/

4 A d < & d a a a 2 2
il'lﬂiﬂil&’lﬁ‘ll']'l?lﬂ’]‘lﬂli'Jamwuﬂ‘u FSIG 1 ﬂﬁxuﬂizﬁﬂﬁﬂ1wq0ﬂu%QﬁaﬂﬂgaQﬁ1uﬂ1i

qaudsidaniinavesiaiuandsldndnluidensgadomdmanaiidum

96 : : : : '
94a. -4
=
‘;t‘;ng- ..........................................
.1,'_)_
D Q0o i
3 , : ; ;
Q2 . . : :
D 88t A -6- PMSG
2 : : : — FSIG 2
“sel A S ~*-FSIG1 ||
-8- VSIG
—©~ DFIG
84 4 - ; ; :
5 6 7 8 9 10

Average wind speed [m/s]

71N 3.12 mswBandanuvesiaiuansiiad g lugsnnusay 5-10 ms



47

nnnsAnidiuztu s siuaniililse@nsnmgazidusiia DFIG uag FSIG 2 ud
1 4 1 4 1 4
¥ FSIG 2 1uee hignnsanuguiias i waiion1dud DFIG wuansa 187 el
a = L4 y 4 1 4 a :
Innnusiezdny luaaves DFIG el lunisdnvinansynuaeszuy IWfuiefads

@V @

uaudivuszuy i luunde 1y



4
UNN 4
o 4‘ o o) ¥4 U
uuudIasunIan e N rivay

FHAAUVANADUANTU (DFIG)

nnmsanyunaluTadvesdiuauuazasnSvufvugaidnyazangueadaiy
N d 1 4 o a v o Aa a o a a A
anluumirdunssmuuns e utia vhdniuauifidse@ntamAnhriiadufie  DFIG
& d’ a o v @ a d’ [ [
i luuntivzinsanduuiiassvesiaiuanyiiaii lasselsensudrvdnangnay

y
Aunne 11

° d
4.1 nyusiaeama lamndindvsanaivansiia DFIG
wnsoatuia Idihsaiuauyiia DFIG 3219182 15mesoudnsumnueswosiiud
v y
dutamdaih  Tasimamesaadiduszuy i lasasedulsinefiudengiu
1 ' v P & & o
AC-DC-AC ABUIIBINDS Y3 D(5 unDNBY1991 Back to Back ADUIIDIIAGS FanDUIDTABS
{ J ' o ' a 4 =1
ansafvzasszrInlsmestuszuy i Tasiundoudaendascawmiuaas iy
1 Y Y ' Y d o
Tugy 4.1 wiedadiiuszuy i lasldndeulasdaudon 3 vaataswduamansi ldd
lugn 33
YANIATIAIADI UAZUAAIA I5IADI YB3 DFIG wilSoumilouvanialgugiinazvanin
a a 9/ 4 Jd ° Y a o a g oS
Navgiveamieutlas  Fanrsvyuveslsmesveiivifannudnlsmesdiunaudi
d 1 @ a - v 1 ad d
aneTwmiuanudvesszun I (50 S8 60 Hz) war1esEnIIANaRsInes

Jd’d ' A a
wasmawmeitisond A2wdaay (Slip frequency)
f

nct
P
net

wYn
f' oo Field Converter
Pl‘vbr f
rokor
Pm P
net

311 4.1 msiyendeiviuauriia DFIG 95 uy



49

4 Sl ' 59 o o ) ¢ o
ABUNBSINDs NABIy T Tsmesnuszuy Miheiludinuquanutveslsmesfussuy
4 o 4 ¢ ' 4 o :
Ihdgazhidannsanivquanuiveslames 1dluganusfin e luva i
o 4 ' 4 a @ o @ P 4 1 s [}
anuisalsmesgananuis g lasdamd i Tsimes ez drodn T desz vy I
¢ o vt 4 o A ci
ABUNBSINDT FI9zAIWAUIATANNANIAY 50 Hz 3060 Hz @wanudvesssul
v ]
wennimindsaunsaniuguide i uaiiouves DFIG 1A Tasmsaiuguaszuailanes
d& o 9y d' @ -1 o d'l L) a o a 129 a 1
#392v111¥ DFIG ansaivzaiuguusedu ldmiieununseaduilade Insiaudiidenn

-1 o ) a 9 1 d’ 9 A «a LY
ﬂﬂﬁ'lll'liﬂﬁﬂﬂﬁuﬂﬂﬂ’ﬂmi')vlmu%"N‘lﬂﬂ’J'Nﬂ'J'IlﬂﬁENﬂ’I!UWNTﬂiUﬂ

vreg bus v
term
i e I
Lommand
Converter Eq (Q) Generator/ e yC
Control Command Converter
Model Model P Q ) (
gen’ "gen
Pnen ’ Qg‘en -
ft
Power | Speed :::ed p
Order | Order gen
Blade )
Pitch Control Pitch Wind
Model > Turbine
| Model

31 4.2 Taezunsumsaaugumsiauveansesduiia Ifvaiuausiia DFIG

o 4 o a v W a o
wleezunsumsaiugumsihanveunsesiuiia s afuausiia DFIG lRuaasliiviu

{ é 1 o
Tugu¥ 4.2 Fedaunanafezilseneudae

° o
® LUVUTIABINIVYNIIUIUDLIIADS
° 4
® LUVFINVINIVRUABUNIBIADT
¢ wyuiaenismuguMstivplunavesiaiuay

¢ yuusiaeMsMUgUMsYsgUndtaunina



50

& 1 s d 2 o a o
Faswaziduaveaazudon laszunsumsaiugumalanindveuniestuiafaiuay

yHaAUUAaBUANTUIRasaIuLe lastuuae 1U

4.1.1 5uu19INIVHIIHIUBISINGS
s esauguueEne? szimihfiswnszua ihwed e wasduduanin
dldisszoy  TaoldSudgapaduymaauguunuuuinesniuguasuneiiaes taziu
fussunnssuudundinounesinesivadonqy (Phase-Lock Loop: PLL)  (# e f 9
mugulfivavenseueiilsmes1¥asaiu (Synchronize) Aufiaiaimes U laezunsums

° 1 4 Yy d o 1
AILANYO LULTIaBIMIVRUIRINEISIAET IRuaas Iiitudgdhean

Vierm 8
term
1 IR I 34
Egcmd o x
From b 9
Converter lsore
Control
|
. ! Xinyj
1 iy i
Pemd *| +o02s "7
Piimax .
-
Kou Keq
s
J
-P -
Kp fimax Pllma ]

V. Vy i [ |e
V - > ot -}

um- T‘1 3 g + \__/ —/ S

. —vx' “Pumax
d’ d' (-] ) o L4
31N 4.3 Tnezunsuudenniuguiniessuiladaiuan
M313% 4.1 s dmesvsaudeaniuguaTesiuinveadaiuay

Name Value Description
Xeq Generator equivalent reactance, pu on generator MVA base
Kpll PLL gain, rad/s pu V
Kipll PLL integral gain
Pllmx PLL max limit, pu system frequency
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Name Value Description
MW cap Rated MW capability
regbus bus number for voltage regulation by Wind Plant reactive
power control emulator
tobus bus number for far end of branch for compensation current
measurement
ckt circuit ID of branch for compensation current measurement
Tsp Speed reference time constant, sec.
varflg 0 — constant Q control;
1 —use Wind Plant reactive power control emulator;
-1 — constant power factor control
vitflg 1 — use closed loop terminal voltage control.
Kptrq Torque control proportional gain, pu T / pu speed
Kitrq Torque control integral gain, pu T / (pu speed — sec)
Tpc Torque control time constant, sec.
Pmax Maximum power, pu of WTG rated power
Pmin Minimum power, pu of WTG rated power
dPmax/dt Power change rate limit, pu power/sec.
Ipmax | Maximum active current order; pu of rated current
Wpniin Shaft Speed at Pmin, pu
Wp20 Shaft speed at 20 % rated power, pu
Wp40 Shaft speed at 40 % rated power, pu
Wp60 Shaft speed at 60 % rated power, pu
Pwp100 Minimum power for operating at Wp100 speed, pu
Wpl100 Shaft speed at rated power, pu
Kaqi Reactive control gain, pu V/pu Q
Kqv Terminal voltage control gain, pu V/pu V
Qmax Maximum reactive power limit, pu
Qmin Minimum reactive power limit, pu
Vmax Maximum voltage limit, pu
Vmin ~ Minimum voltage limit, pu
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M3 4.2 siiwesvedenntuguings M vafiourasdda IMfns (o)

XIQmax Terminal voltage regulator maximum limit, pu
XIQmin Terminal voltage regulator minimum limit, pu
Tp Power factor control filter time constant, sec.

Wind Plant‘Reactive Power Control Emulator:

Xc Compensating reactance for voltage control

Tr Voltage transducgr time constant, sec.

Fn Fraction of WTG in Wind Plant that are on-line
Kiv Integral gain, pu Q/(pu V - sec)
Kpv Proportional gain, pu Q/puV

Tv Proportional path time constant, sec.

Tc Communication lag, sec.
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M3 4.3 Wisimesvesudennrugumstiuyuluiavesianiuay

Name Default Value | Description

Kpp Pitch control proportional gain, deg. / pu speed
Kip Pitch control integral gain, deg. / (pu speed-sec.)
Kpc Pitch compensator proportional gain, deg / pu P
Kic Pitch compensator integral gain, deg / (pu P-sec.)

PImax Maximum pitch angle, deg.

PImin Minimum pitch angle, deg.

Plrate | Pitch rate limit, deg. / sec.
Ty, Blade response time constant, sec.
Pset 1 Power set point, pu
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Aw
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1 4.9 Taezunsuudennruguamamuisiuauuuy two mass

A1719N 44 MstlinesveaudennluguMsMyuYBtaTIay

Name Default Value | Description
Vw Initial wind speed, pu of rated wind speed
H Total inertia constant, MW-sec. / MAV
D Damping factor, pu P/ pu speed
Kaero 0.007 Aerodynamic gain factor.
Theta2 . Blade pitch at twice rated wind speed, deg.

Optional two-mass model:

Htfrac 0 Turbine inertia fraction (Hturb / H)

Freql 0 First shaft torsional resonant frequency, Hz.

Dshaft 0 Shaft damping factor, pu P / pu speed
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Description ' value
Total number of buses _ 1468
Generators 287
Loads 696
Switched Shunts 327
Line / Transformers ) 2021
In service load 21866.4 MW, 9373.4 Mvar
In service generation 22354.9 MW, 4226.5 Mvar
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®  Under/ Over Voltage Protection

VOLTAGE BELOW 15%: 0.01 SECONDS
VOLTAGE 15% TO 50%: 1.3 SECONDS
VOLTAGE 50% TO 90%: 3.0 SECONDS
VOLTAGE 90% TO 110%: CONTINUOUS
VOLTAGE 110% TO 115%: 3.0 SECONDS
VOLTAGE 115% TO 130%: 1.3 SECONDS
VOLTAGE ABOVE 130%: 0.01 SECONDS

®  Under/ Over Frequency Protection
FREQUENCY BELOW 47.0 HZ: 0.02 SECONDS
FREQUENCY 47.0 TO 47.5 HZ: 10 SECONDS
FREQUENCY 47.5 TO 51.25 HZ: CONTINUOUS
FREQUENCY 51.25 TO 52.0 HZ: 30 SECONDS
FREQUENCY ABOVE 52.0 HZ: 0.02 SECONDS
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IMPORTANT NOTE: DO NOT CHANGE THE FILE FORMAT. DATA IS READ LINE BY LINE.

DO NOT ADD EXTRA LINE OR DELETE LINE FROM THE FILE.
HOWEVER, YOU CAN CHANGE THE VALUE OF THE VARIABLE.

L T DR e e T
* GE1.5MW350Hz TURBINE DATA *
TR kAR A A R R R o ok

0.690 /BASEKV
1.667 /WTG MBASE

1.750 /TRANSFORMER MBASE

00 /TRANSFORMER R ON TRANSFORMER BASE
0.058 / TRANSFORMER X ON TRANSFORMER BASE
10 /GTAP '

15 /PMAX (MW)

0.0  /PMIN (MW)

0.8  /XEQ, EQUIVALNET MACHINE REACTANCE, PU
0.170 /LA

2660 /LM

0.0047 /RI

0.10 /LI

0962 /INERTIA

00 /DAMPING

049 /QMAX (MVAR)

-0.73  /QMIN (MVAR)

Rab b L AL R S R R I E I A D I Ll T T T et T T

. GEDFA MODEL .

Ao oo o o o o oo oo o o o o oo o o oo oo o o o ok
0.02 /TIPCMD, CONVERTER TIME CONSTANT FOR IPCMD

0.02 /TEQCMD, CONVERTER TIME CONSTANT FOR EQCMD

30. /KPLL, PLL GAIN

0.1 /PLLMX, PLL MAXIMUM LIMIT

-0.1  /PLLMN, PLL MINIMUM LIMIT

Sk Rk ok ke ok kR Rk Rk kR kR Kok ok ko ok ok kok ok ok k ok

* GECNA MODEL *

M Ao A o oo o oo o o o oo o o oo oo

1 / PFAFLG
0 / VARFLG
0.15  /TFV

18.0 /KPV

94



5 /KIV
0 /RC

0 /XC
005 /TFP

3 /KPP_CNB
06 /KIP_CNB
.12 /PMX_CNB

0.1 /PMN
0296 /QMX
044 /QMN
LIl /IPMAX
005 /TRV
045 /RPMX
-045 /RPMN
5  /T_POWER
0.5 /KQi

0.9 /VMINCL
1.1 /VMAXCL

40 /KVi
-0.5 /XIQmin
04 /XIQmax
005 /TV
03 /TP_CNB

1 /Fn

ERRERk Rk kR Rk kR Rk Rk ko ko ko koo Rk ko ok ko koo

* WGUSTA MODEL *

RrkrEk ko kR kR Rk Rk ko ok ok ok ok ok ko kR kR ok ok ok ok ok Rk ok

9999. /TIG

5. /TG

30. /MAXG
9999. /TIR
9999. /T2R
30. /MAXR

b L L R R L L e Lt T P R T TR TR L P PR I L Ty

. W2MSFA MODEL .

Rnkn ko okk kR Rk kR koo ko ko ko Rk kR ok ok kR ko kR
2344 /D12

1387 /K12

95



6.79
2
90.

/TA1

/POL

/RQ

AEREERREREER R R KRR R RRRRRRR R R R KRR AR R R R R KRR KRR KRR KRRk ok Kk kK ko

*

GEAERA MODEL *

######*###########*##f##*i*#**tt###tttt##t*#######*###############*#*#

20.

0.
27.
-4.
0.0
1.225
35.25
90.
1500.
1500.
1.667

/ LAMBDA_MAX
/ LAMBDA_MIN

/ PITCH_MAX
/ PITCH_MIN
/ GEAERA _Ta

/RHO
/ RADIUS

/ GB_RATIO

/ SYNCHR
/ POWER_RATE
/ MBASEI

R L D AP

*

TGPTCH MODEL *

R L P P g Ay

0.3
150.
25.
3.33
333

10.
0.90

/TP

/ KPP

/KIP

/KPC
/KIC

/ TETAMIN

/ TETAMAX

/ RTETAMIN
/ RTETAMAX

/ PMX

A A A oo o o oo o o o o oo o o oo oo oo oo o oo o oo o o oo o oo

*

VOLTAGE PROTECTION, SUGGESTED BY MANUFACTURER *

**##**###*#****##**t#t###t##*t##*##***tttttt*tttttt**#*#*t*****#*##***

0.15
0.50
0.90
1.10
1.15

/ VLO(1), LOWEST UNDERVOLTAGE LIMIT (PU)
/ VLO(2), SECOND UNDERVOLTAGE LIMIT (PU)
/ VLO(3), THIRD UNDERVOLTAGE LIMIT (PU)

/ VUP(1), FIRST OVERVOTLAGE LIMIT (PU)

/ VUP(Z), SECOND OVERVOTLAGE LIMIT (PU)
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130 /VUP(3), HIGHEST OVERVOLTAGE LIMIT (PU)

0.01  /VPICKUP_TIME(1)FOR VOLTAGE BELOW VLO(1)

1.3 /VPICKUP_TIME(2)FOR VOTLAGE BETWEEN VLO(1) AND VLO(2)

3.0 /VPICKUP_TIME(3)FOR VOTLAGE BETWEEN VLO(2) AND VLO(3)

3.0 /VPICKUP_TIME(4)FOR VOTLAGE BETWEEN VUP(2) AND VUP(1)

13 /VPICKUP_TIME(S)FOR VOTLAGE BETWEEN VUP(3) AND VUP(2)

0.01 /VPICKUP_TIME(6)FOR VOLTAGE ABOVE VUP(3) (SECONDS)

0.08 /VBREAKER_TIME (SECONDS)

hkk & L kkxkkkkEk

*  FREQUENCY PROTECTION, SUGGESTED BY MANUFACTURER .
x*%¥ xkkkkk *k¥k

470 /FLO(1), LOWEST UNDERFREQUENCY LIMIT (HZ)

475 /FLO(2), SECOND UNDERFREQUENCY LIMIT (HZ)

5125 /FUP(1), FIRST OVERFREQUENCY LIMIT (HZ)

520 /FUP(2), HIGHEST OVERFREQUENCY LIMIT (HZ)

0.02 /FPICKUP_TIME(1) FOR FREQUENCY BELOW FLO(I)

100 /FPICKUP_TIME(2) FOR FREQUENCY BETWEEN FLO(1) AND FLO(2)

300 /FPICKUP_TIME(3) FOR FREQUENCY BETWEEN FUP(1) AND FUP(2)

0.02 /FPICKUP_TIME(4) FOR FREQUENCY ABOVEFLO(1)

0.08 /FBREAKER_TIME
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‘The Comparison of System Impact Study for the Interconnection of Various Type of

Distributed Generators to Power System
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Rourd-rotor Synchronous Generator (RRSG), Satient Pole Synchronous
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A0y : Doubly-Fed Induction Generator. Dymamic, Steady Stare

Abstract

For‘the study of power system security, the stability and
reliability subject arc the two main concerns for ali power system
enginoers. In reality. many faclors involve in thuse two issues.
However, the advancing in today's technology resulting in various
tpes of gencrators with different of contrel madels for example: a
regular thermal plant with  Round -rotor Symchronour  Generator
(RRS(), a Saticnt Pole Synchranous Generator (SPSGY m the hyidro
Power plant and a newly developed type of Induction Generator 1G) in
a typicat wind generation system. Thexe lead to the different impuct in
both dynamic and transicur fesponse to power system when they are

IBlegrated into conventionsl power system. The situations become

worse if thase gencrators happened to experience with the disturbances.
Therefore, this paper describes the characteristic of cach dynamics and
i in bath 1

P of and fault

condition when they are 10 be integrated to powes system.
Kewwords: Doubly-Fed Induction Generatos, Dynamic, Steady State
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