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A Study on Transient State Analysis
of Hangwon Wind Power Farm

Se-Ho Kim*

ABSTRACT

Generator in wind farm can be either synchronous or asynchronous (induction) types. Induction and
synchronous generators behave in a different way when subjected to severe faults. From the point of view
of the electromagnetic pair, induction generators does not have an angle stability limit. Short circuit near an
induction generator causes the demagnetization of the machine. When the fault is cleared, the voltage raises
slowly, while the grid contributes with reactive power to the generator and the magnetic flux recovers. On
the other hand in the synchronous generators the recovery of the voltage is immediate, since the excitation
of the rotor angle comes from an independent circuit. This paper shows the result of the transient state
analysis in the network connected to wind farm. Several case studies have been conducted to determine the
effect of the clearing time of a fault on the network on the stability of embedded generators including
synchronous and induction types.

Key Words @ transient state analysis, induction generator, synchronous generator, critical
clearing time

dRolNT Ut RAMA 3 FALAAALL
.M & A AAHez HFol BdEn Yn 5Y, vF, &
dd 5 4820 0% Scaxd RFNHE Uehy
A ARdste] AdSlol ueksiet oy ot SUF T RY SshEel FAdAs] 44
DS WA RS oot sie e EFE FE HAT B 2200 B Y A
4509 o 10%8 TewAs BT Aoln o

A RYARE AT 2 Q= AHAUA B
A AT AR ojet Telis gus 0 T IANEFS SHEE QE o Aquixig 4
Hgo) 714 WEL 2PHE wuE ESo] ok
T ————— ZAYRN2DE 1 740 A3} Augol B
' ;'a-crmilyt}; aﬂ&gf B&ﬂ-g&:g?aem Nat'l Univ, Res. SRS B Gobd APPA @} AelAx
it of A, Toch NARge Aol FFsail 9o gag Aae

25



ZM4E

4 AfAHo| v A TFH ANAYE 23
& o A HAARCE nFol F&H3I ¥u ¥ Ao
th{1]

sz ME F&ade] R AFE PUA
Aol TAYLA G E A3 FYEHo] o] F0)F
o glo} Eee] oigh #4o] Hx nzxH Yt 1
AU Sajutetd HAg Alxde AR TN F
glated MxE RoZH o] Alxdde] hE FEYF A
A 2 ERAPE Fo| BREsH HIo o2 FHL
ANzde 28540 B A7t olF4Am 3
ch[2]

gadAgAE gAge] AA AR Yo} AT
et dge AAA7) A8 71EY wRdze T
golu FzlA AT @A wAeA Hojuy
AL ML o] 83t FY vpAE BHLE YHAHS
$23n glon AgNe AMZE Yx2 AH3
of olg3x Yt U WAV &¥o] FIHH
e} A% UAE 9% FH AXNA Ho AF
An Sol g tde] 83 AYA JUETHE 3
E% gart Jck3-7]

B QFeMe FHEASR I dAE ATl A
ATARE MY ATy HEGINE FERD
A gk BeAte A Wel ol FoelA Ay
g AYAS HNL A A4 Z2aH Power
Tools for WindowsE ol&&tgon ¢4 Fdd
Nz 32 AgHE $71719 FE716 dEtod An
A $HEARS vusn Ry LAY EY
A A%ol AT MFYL FAY F Ax ALY
A HE Fana o

. 2=k Mol st o|BX 1&

Qudon HE IFYL ¥ert FAA WEa
A ATl A7t BAHE A FEHQA el
Mol Ae-4A2 B4E NHY R2E 1D
A 2380 NS eRgHAdE BAsY B
5719 ¢, 29 AZ 232 Pl WRAERS
AAZE $AA8% AT YAP2ol A A8

& #2894 248D Atk o W ¥t

2%

HAY 1]l Yojuid AT BYAEIE AAA
H5d 2Av|g A%y e . &6 Zolrt A7)
1 o] xpolofl niHA AR FHE EE FEEA
g 1 43 $AAEE Wt dojuy] de o
YA RE Wi 3o f2E HYFUZ AV
kgt €k a3y AAzE wAVt AF7d
#Ao] g17) W] N2 FYPH o) & F
Al 2 AN A" el olln & Ft HYAH
& A0z Aatzo] F28A HE Aol BEoh
uhal o) wl Abxtzhe) A7t T Fol AEQAH F
$AY olatel BHHE WHR yolud wHsu
AF7le gxaA =Ho ¢A4E FARA ReA
g

71710 g HEXFZ FRVFALS 4 (1)
3 2z

d@/d?=0P w-Pod/2H 1)
@ Az
0 AFERs
P »: 71AH 4%
P.: A7A &9¢
H: #4%+

SR AN B ulel go| A4 Y

2 g, 299 At AL ASole HARL F
Wr e £rudE e AozA A AAMEL
Aztel wE Axpzte] Folg nAFoH WP
% 9o

27t FHsAY Alart $Aste A4 ZIAAHY
e gAsAT H7AHY ¥e FAadA =
Azt HEHEM ot AT 2 HY
Ho| Egste A4 AFE ¢Rsdn o a2y
A% F87t AsH H2E HYH =LA
259 o ol $718 fASA Repmz AL 2
s gk b dFAE FAE + Ue 4
e Az gl Adr] T HiAadE
Eilo] nAE AAs oL &ty o] wo] HAAE
A AAL 3 critical clearing angle), A17HE 9A
A A A 7Hcritical angle time)olg} 3o},

FE718 AS 78 g ARE 4N



HYUSHUMCX| 2] otz el iAo Zzh o33P

Az#EAe] AAgol YA ot AR2FH AAAF
g ZavA god frvle 28R gt
FrE7leld E2ae e Algel vl 4
(22 REE

Te x sV 2 (2)

s. €9

E93aE Atze 2Ad) ue} WEA HY AR
= 4] (39 S9N o] EAz| o

J do/dt = Tm - Te 3
] BARdE
Tm: 7143 23
o ;AL &R

Atmzt GAEe M71H Eedrt #AEA HB
AzE FtEEA HB ol JAAY TFAUAE
Z74714 gk A7t AAS AFAYe] &
Sw N EA Aol AHH o] of AFE fiAst
A AFE AiA 2ok FA =HA PAz &2
e A3 e gdvie 9t T8 Fo ARY
BE #X8A "ok a3y dolg Fede BEA
A€o} o3l Atmrt AAHY] ARA HARE A
& Jt&so} A3 vl @At FepAA d
o webd Atmzh AAs ok s A AJte]
Z438A =Hoj olgg ALE F=7le] dA AAA
Zrolgtm #rh

., AT

Feyudzize /gAY fEEAZ F2
AFRE T Qlon FERAVE AMHeS A4 0
AN 4 g7 e FEEA] Fr7g F=7]
7t d2A derdd, ARETEA BA ALRA] $7)
719t f2718 zolHE AMsn Bt FHAY
FEdAs7 EYHE Ao WY A=AHE £Y
gk

31 SHYUMCXR| 74

FHLHA 2GS a2 Fholy Tee} o
2E 7 A 2o Y dFA] AHA R
APAA 4% FA HE2 2 gFre 2
datn Agdez AT dZANYe2A FHHHA
3T 233 A% 9% JHEA Foln e 4
Aot

20024 T A JUFHLALDAE 128719 F
HurAz|zh dAse F 7815kWE ddstu Ju
FHRAZIE F7IE HAY Agoz glof LAY
Z &9¥°] A Fvstn Qo a3y wHvY &
o] F7tgol wet Agd vixe ¥ FE AA
A ol A% At Fol ¥ dHo] FE3HA A9
A Qle7te FEY g4t Ao

Fig. 1o F¢AdA9] AFE EA A

Fig. 1914 B& uls} o] STHWAU7) 2At
L 2900ve siEdz dYgez WMo HEMIS
3l AdAe WkVEAMC] dAso Raje] ML
FE8n Atk 4 EAV A9 2Ee oS 2ok

1, 2&7] : 1200kW

337 . 660kW
4 371 : 660kW
5 %7 . 225kW
6 &71 . To0kW

737 . TkW
8 7] : 660kW
93%7] © 660kW
10 7] : TH0KW
11 37 :© To0kW
12 371 : T50kW

32 SHAR

FYUAGA} FigAr|Z2 FAET R /AR
Fig. 18] FegAadz g AFEolA BkVREMe =
A detazt gAste B4 dd Al ASAT
€ 25mss B0ms2 WHrolA #Asa .

Fig. 201 Al3L A&A1%be] 2Bmse] B¢ FH¢EA
AT AtHYL Fig 3o 357|9} 43719 HAR
QAAE BASR Fig 49 59& Aln A&

27



+94
v
154KV 2.4
e
i
o 44 MIR
T 23kv B4
T T
) a
A=z !
£ 7 58t
¥qgnznd
l | ;
| i |
ji, d22 é Az3 % Mz4
H £ @A n43
e AR i ‘ @A 242 L
' | !
i * !
. . . | , | , ,
1 i o ks N SR o o o
- o jpe: e e pote: e T et
—— —— —_—— —_— —— -f— —_ —_—
I i
] o
NN - - s i
~i A N B v . . -
I - . - ~ A = o
mtr} mr2 mtr3 mtrd mtrs mir8 mr9 miri0 mtrll
bus] bus2 bus3 bus4 buss buss bus? bus8 bus9 busto busil
1,287]  5m7] 3187} 4% 7| 1027| 1nE7] 1287 647 7%7] 87 9%.7|

Fig. 1. Network configuration of wind farm

ol 280ms¢]l AS-ol Wig BAAYY A3 Hye
el Fig. 29 4, Fig. 3% 58 vjasid By
13 AHAN weg Ax AR FAHEA] &
AR E JSE  glon FrigAsz ¥
BAGA Y A YAAANZGE 25msd
< ¢ $ A

TEHLAGA} AR 34 F¢ 2% A
7+ 120mss} 150ms2 Yol AEAEE §
Hatgon s#Nde] g BY¥L& Fig 6-13o] o
Ehlct

HMFHY f¥g vy BE DI EAZe]
120msE 38t A AT AYol ¥y B
3tn HAE A4 427 Foletn A7)F &Ye
A& ZAste P wHo] H2) ¢S ¢ F
dot F FR7IZ FAY FTHYAGAY AS 94
AAAZLL 120msd& & £ e 5719 A%
of ula) N&EA o] AAHo o} §i},

=
T
=]
bl

24

—— — e ———

TRELTE

Flg 2. Voltage waveform of wind bus and bus 1
for bus fault(in case of synchronous generator,
fault duration: 275ms).

Fxg 3. Rotor angle waveform of generator 3 and 4
for bus faultin case of synchronous generator,
fault duration @ 275ms).
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Fig. 4. Voltage waveform of wind bus and bus 1
for bus fault(in case of synchronous generator,
fault duration : 280ms).

Fig. 5. Rotor angle waveform of generator 3 and 4
for bus fault(in case of synchronous generator,

fault duration : 280ms).
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Fig. 6. Voltage waveform of wind bus and bus 1
for bus fault(in case of induction generator, fault

duration : 120ms).
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Fig. 7. Rotor speed waveform of generator 3 for
bus faultin case of induction generator, fault
duration @ 120ms).

ok

-
RS

Fig. 8 Rotor angle waveform of generator 3 for
bus fault(in case of synchronous generator, fault
duration : 120ms).

Fig. 9 Electncal power Waveform of generator 3
for bus fault(in case of induction generator, fault
duration : 120ms).
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Flg 10 Voltage waveform of wind bus and bus 1
for bus fault(in case of induction generator, fault
duration : 150ms).

Fig. 11. Rotor speed waveform of generator 3 for
bus faultin case of induction generator, fault
duration : 150ms).
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Fig. 12. Rotor angle waveform of generator 3 for

bus fault(in case of induction generator, fault
duration : 150ms).

Fig. 13. Electric power waveform of generator 3
for bus fault(in case of induction generator, fault
duration : 150ms).
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Fig. 14. Voltage waveform of wind bus for load
change.

change.

"

Fig. 16. Voltage waveform of bus 1 for load
change.
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