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TOM TAT

May phat dién gi6 loai khong dong bo ba pha ngudn kép rat nhay cam véi cac nhidu cua
ludi, dic biét 1a giam ap ludi. Kha ning mot tua-bin giod tiép tuc duy tri két ndi ludi khi co
giam ap ludi trong thoi gian ngan ma khéng bi ngit duge goi 1a kha ning luét qua dién ap
thap (LVRT). Cac giai phap nhu crowbar, bo phuc hdi dién ap dong (DVR) va hé thong luu
trit nang luong (ESS) dwoc nghién ciru dé dam bao van duy tri két ndi ludi khi co giam ap.
Bai bao trinh bay cac két qua nghién ctru va danh gia cac giai phap diéu khién dé thiy duoc
kha ning vuot trdi ctia ching. Hé thong DVR thé hién dép tmg van hanh tét nhat thong qua
viéc giir dién ap stator cia may phéat khong dong bo ba pha ngudn kép (DFIG) bang hing sb
khi ¢6 giam 4p ciing nhu diéu kién binh thuong.

Tuwr khoa: Bo phuc hoi Qién ap dong, crowbar, do giam dién ap, hé théng luu trit nang luong,
may phat dién khong dong b ba pha ngudn kép.

1. MO PAU

Gan day, viéc sir dung nang lugng ty nhién mdt cach hi¢u qua da tao ra sy quan tim
nhiéu ké tir khi cuge khung hoang can kiét nhién liéu hoa thach va 6 nhiém mai trudng tré
thanh van dé nong bong. Trong s6 cac loai ngudn ning hIO'ng tai tao, nang lugng gi6 dugc
xem nhu nguén nang luong day hira hen va dugc thuong mai hoa 16n nhét so vai cac nguon
khac. Cac tua-bin gio co tde do thay ddi duoc, dugc trang bi bang may phat dién khong dong
bo ba pha ngudn kép (DFIG) va duoc tmg dung phd bién nhat do ¢ nhiéu loi ich [1].

Khi c6 giam ap xdy ra voi DFIG, tir thong stator khong thé thay doi kip su thay doi dot
ngot dién 4p stator va mot thanh phan DC xuét hi¢n trong tir thong stator, boi vi thanh phan
tich phan giam va vec-to tir théng stator tré' nén gan nhu ding yén. Rotor tiép tuc quay va do
trugt cao, gay ra tinh trang qua ap va qua dong trong mach rotor do anh huong cia dién ap
ludi. Su ¢6 dién 4p ngudn bat ddi xtimg giy ra qua dong va qua 4p qua cao trong rotor do
thanh phan dién ap thir tu nghich c6 trong dién ap stator va do truot cua thanh phan tht tu
nghich nay rat cao [2]. M6t s6 cong trinh nghién ctru 16n da va dang duoc tién hanh nham
diéu khién hé thong nang lugng gié diung DFIG trong trudng hop giam ap sau va két qua
nghién ctru cho thiy qua dong rotor xdy ra ¢ trudng hop nay (Hinh 1). Ngoai ra, dong dién
tang qua muc trong rotor lam tang dién ap tu DC. Hon nita, mirc 46 dao dong dong dién,
cong suit tac dung va cong suét phan khéng xdy ra trong may phat ciing ting cao [3-5].
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Hinh 1. Phan tmg cta hé thong ning luong gié khi ¢ sy ¢b giam ap ludi

Khi c6 su ¢b 1uéi, bd nghich luu phia rotor (RSC) cua DFIG c6 thé ducyc khéa dé bao
v€ mach rotor khoi hién tugng qua dong qua muc [6]. Tua-bin g10 thudng cit trong thoi gian
ngin sau khi bo blen ddi cong sudt bi khoa va ty dong duge ndi voi ludi dién sau khi sy cd
da dugc giai quyét va van hanh tro lai binh thudng nhu cii. Tuy nhién, diéu nay khong con
duoc chap nhén theo quy luét lam viéc cua lu6i méi. Cac quy ludt nay doi hoi trang trai gid
tiép tuc duoc ndi voi ludi dién khi c6 su c¢b giam ap. Hinh 2 thé hién yéu cau vé ludt qua
dién ap thip (LVRT) theo quy luat lam viéc cua ludi dién Tay Ban Nha [7].

Giai phap diéu khién két ndi lién tuc ciia tua-bin gié DFIG véi ludi trong truong hop su
¢b ludi da dugc dé xuat trong nghién ciru cia Akhmatov [8]. Trong trudng hop nay, RSC bi
khoa va rotor bi ngin mach qua crowbar va DFIG tré thanh may phat dién khong dong bo
thong thuong va bat dau hap thu cong suat phan khang tir ludi dién. Tua-bin gio tiép tuc hoat
dong dé phat ra cong suit tic dung va bo chinh luu phia ludi (GSC) c¢6 thé duoc ding dé
diéu khién phat ra cong suat phan khang hay diéu khién dién ap luéi tai diém két ndi ludi,
tuy theo yéu clu cua ludi. Khi su ¢b két thac, dién ap va tan s trong luoi dién dugce thiét 1ap
lai, RSC s€ khoi dong lai va tua-bin gi6 s€ trd lai hoat dong binh thudng.
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Hinh 2. Quy luat 1am viéc cua ludi dién Tay Ban Nha khi két ndi hé théng tua-bin giod [7]

Mot giai phap khac dung hé thdng tich tu ning lugng (ESS) di duoc dé xuat. ESS bao
gdm mot bo chuyén d6i buck/boost DC-DC va mdt siéu tu dién hai 16p dién (EDLC), duoc
két ndi & phia thanh cai DC ctia cac bd chuyén doi back-to-back (back-to-back converters)
[9-11]. Ngoai cong dung trén, ESS con dugc sir dung dé nang cao chit luong dién nang &
dau ra ciia mdy phat bang cach luu trit hodc giai phong cac dao dong cong suit trong trudng
hop tdc do gio thay doi ngau nhién.
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Ngoai ra, bd phuc hoi dién ap dong (DVR) da duoc d& xudt nhu mot giai phap dé co lap
tua-bin gi6é DFIG boi sy ¢b giam ap ludi [12-13]. DVR 14 bd chinh luu ngudn dién 4p (VSC)
duoc mic ndi tiép gitta may phat dién gi6 va ludi dién, ma dién 4p ngd ra ctia né duge thém
vao luéi dé bu cho su ¢b sut dién ap ludi.

Trong bai bao nay, cac giai phap diéu khién LVRT nhu crowbar, DVR va ESS dugc ap
dung. Trudc tién, co so Ly thuyét vé& cac giai phap diéu khién LVRT da duoc gi6i thiéu va
phan tich. Sau do, cac két qua md phong tir viéc mod phong h¢ thdng ning luong gié dung
DFIG céng suit 2 MW Umg vdi cac giai phap diéu khién khac nhau dwoc cung cap dé so
sanh, danh gia wu va khuyét cia timg phuong phap.

2. GIAI PHAP PIEU KHIEN LUOT QUA SU CO GIAM AP LUOI
2.1. Crowbar
Hé théng bao v€ crowbar bao gém mot dién tré va bd chinh luu diode 3 pha dugc ndi &

phia rotor ciia may phat DFIG (Hinh 3). Giai phap dizéu’ khién crowbar dya trén tiéu chuin
qué ap tai thanh cai tu DC-link va qué dong trong day quan rotor, khi ludi c6 sy co.

iy SCR ‘

Rerowbar "l@ |

May bién ap

Ludi

Hinh 3. Hé théng nang lugng gié DFIG véi crowbar

So db khéi didu khién ciia DFIG dugc thé hién trong Hinh 4. Dé bao vé cac bd chuyén
ddi cong suat trong diéu kién ludi bi su ¢d, giai phap dung crowbar duoc ap dung. Dé quyét
dinh khi nao crowbar dugc kich hoat va bd nghich Iuu phia rotor (RSC) bi khoa, hé théng s€
theo doi cac thong s6 lién quan nhu dong rotor, dong stator va dién ap DC. Khi it nhat mot
trong cac thong s0 ndy khong phai 1a gia tri binh thuong, bo nghich luu phia rotor s& ding
chuyén mach (tic nghén) va crowbar dugc kich hoat, khi d6 rotor bi ngan mach théng qua
dién tré crowbar. Dong rotor bi giam do sy gia ting dién tré cua rotor. Khi bo nghich luu
phia rotor bj khéa, no s& doi dé khai dong lai tir hé thong diéu khién. Khi dién ap ludi, tan sb
va dong rotor quay trg lai gia tri binh thuong, dién trd clia crowbar bi ngit két ndi va bo
chuyén doi rotor bat dau chuyén doi (ché do dong bo) (Hinh 5). Dién ap rotor ba pha cho
RSC duoc dat nhu sau:

*

Var = Rcrowbar ar
*

Vbr = Rcrowbar Lpp (1)
* .

Vcr = Rcrowbar Loy

Trong do: cac dong rotor do duogc (iyy, iy i ) 12 dau vao ctia cac bd dicu khién.
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Hinh 4. So d6 khéi diéu khién ning luong gié DFIG
iar Ve
. V *
Lpr br

[ Rerntr| pet N4 RSC

Loy R cr
crowbar

Hinh 5. Bong bd hoa & bd nghich luu phia rotor (RSC)

Tai thoi diém nay, viéc diéu khién cong suit stator dua vao bo diu khién tich phan ty
1¢ (PI) duoc ap dung nhu trong Hinh 5. Trong d6, cong suit tic dung stator tham chiéu, P: ,
dat duoc tir viéc diéu khién phat cong suét cuc dai (MPPT) va cong suét phéan khang stator,
Q: thuong duogc cai dat bang 0 [14]. Cong sudt phan khang ludi c6 thé duoc diéu khién theo
gia tri tham chiéu (Q;i ;) va gia tri nay co thé dugc cai dat theo yéu cau cua ludi. Khi gia tri
cong suét stator dat dén gia tr‘i thz}m chiéu duqc thiét 1ap boi bo diéu khién thong thuong, bd
nghich luu phia rotor s€ tré vé ché d¢ dieu khién thong thuong.

2.2. H¢ théng luu trir nang lwgng (ESS)
2.2.1. Piéu khién hé thong ESS

- Hg¢ théng luu trir nang lugng bao gém bo bién d6i DC/DC ban cau va siéu tu dién duge
ket noi tai thanh cai ctia ty DC-link dugc thé hién trong Hinh 6.

Trong truong hop ludi binh thuong, ESS dugc dung dé loai bo dao dong cong sudt phat
ngd ra bang cach di€u khién siéu tu dién hap thy thanh phan dao dong cong suat (Pp,) tir
lu6i hoac bom thanh phan dao ddng cong suat cho ludi thdong qua b loc thdng cao bac hai.

Cong suat tham chiéu ESS, PE*SS , dat duoc tir gia tri sai léch cong suat giita cong suit stator
va rotor thong qua bd loc thong cao.

O trang thai ludi bi su cd, cong suét tac dung tham chiéu ESS, PESS , dat dugc tur cong
suét tac dung rotor (P,).

He¢ thdng luu trit nang lugng bao gdm vong lap diéu khién cong suat siéu tu dién ¢ bén
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ngoai va vong 1dp diéu khién dong dién siéu tu dién & bén trong. Cé hai vong lap diéu khién
cong suat va dong dién d€u dung bd tich phan ty 1¢. Ngo ra cua bg diéu khién dong dién siéu
tu dién 14 dién ap tham chiéu (VL* ). Tir gia tri dién ap tham chiéu nay, ta tinh dugc duty ratio
(Dgss). K¥ thuat diéu ché do rong xung (PWM) dugc thyc hién bang cach so sanh h¢ sb
(Dgss) voi song mang dé tao xung (g; va g,) dong cit cac khoa S; va S,.

2.2.2. Thiét ké siéu tu dién

Nang lugng AE dugc luu trit trong si€u tu dién dugce tinh nhu sau:
AE=Lc(r2 -V2 = P AT
- 2 ESS,max ESS,min | — * ESS (2)

Trong d6: AT 1a khoang thoi gian nap hodc xa cho viéc lam phing cong suat phat.

Cong sudt dinh mirc cua siu tu dién (Ppss) (gia st bo qua t6n hao trén linh kién) duoc
chon bang 30% cta toan cong suat hé thong. Pién ap dinh muc cia siéu tu dién 1a 600 V.
bién ap nho nhat khi xa dugc chon 1a 50% (300 V) gia tri dinh muc cua siéu tu dién. Trong
nghién ctru nay, ESS duogc thiét ké dé nap hodc xa lién tuc 30% cong suét dinh mutrc hé théng
trong khoang 45 s. Vi vay, dung lugng cua si€u tu dién dugc tinh toan nhu sau:
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Hinh 6. B6 diéu khién ding ESS
2.3. B diéu khién dién 4p dong (DVR)

DVR 14 b nghich Iuu ngudn ap (VSI) duoc mic nbi tiép véi ludi dién thong qua bo loc
LC (Hinh 7). DVR 1a mét giai phap ly tudng ma c6 thé tao ra sy cach ly hé thong tua-bin gi6
khi c6 d6 vong dién ap (voltage dip) ludi 16n. Ngoai ra, DVR con dugc ding dé bao vé tai
nhay cam (sensitive loads) khi xuat hién nhiéu trong lu6i nhu giam 4p (voltage sag), ting ap
(swell), dién ap khong can bang (unbalance), v.v.
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Hinh 7. So @6 mach dung DVR

Dién ap tham chiéu bdi hoan dugc phat ra tir may bién ap dugc viét nhu sau:

vca vga, presag _vga
£

vcb vgb, presag _vgb (4)
*

vcc vgc, presag _vgc

Trong do: Vea,presag> Vb, presag VA Ve presag 1 dién ap trude khi xdy ra sy cd gidm 4p; Vg, Vb VA
Vg 12 dién 4p sau khi c6 su ¢0 gidm 4p xdy ra trong hé¢ thong dién.
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Hinh 8. So d6 khdi diéu khién cia DVR

So d6 khéi diéu khién DVR duoc thyc hién trong hé truc toa do quay (dq) va két hop ca
vong lap diéu khién dong dién bén trong va ca vong lip bd didu khién dién ap bén ngoai
(Hinh 8). Trong do, cac bo diéu khién dién ap va dong dién thir tu nghich va thir tu thuan
dugc dung két hop. Bo diéu khién dién ap thir tu nghich dugc thém vao dé xir Iy sw ¢b gidm
ap khong can bang (unbalanced voltage sags) vi thanh phan thir tw thuan chi c6 thé boi hoan
sw ¢0 do vong dién ap cén bang. Trong trudng hop mat can bang, cac thanh phan d va q
trong bo diéu khién thir ty thuan khong phai 1a thanh phan DC va do d6 chi st dung bd diéu
khién thtr ty thuan 1a khong du. Boi vi thanh phan thir tu nghich duoc quay theo hudng
nguoc lai véi thanh phan thir ty thuan. Do dé, ca bo diéu khién dién ap thir tw nghich va tht
tu thuan duoc két hop diéu khién trong hé théng.

3. KET QUA MO PHONG VA THAO LUAN

Thong s cua tua-bin gid va may phat DFIG 1an luot duoc thé hién trong Bang 1 va 2.
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Bdng 1. Thong s6 cua tua-bin gid

Bdng 2. Thong s ciia DFIG

Thong sb Gia tri Thong sb Gia tri
Cong suat dinh mirc 2 MW Cong suat dinh mirc 2 MW
Ban kinh canh quat 39m bién ap ludi 33kV
Cuong d6 khong khi 1,225 kg/m’ Dién ap stator 690 V
Hé sb (;huyén d6i cong suét 04 Dién trd stator 0,00488 p.u
cuc dai ’ Dién tro rotor 0,00549 p.u
Téc do gi6 can dudi 3 m/s Pién cam ro stator 0,0924 p.u
Téc d6 gi6 can trén 25 m/s Pién cam ro rotor 0,0995 p.u
Heé s6 quén tinh canh quat 6,3 x 10°kg.m’ Hé sb quéan tinh may phat 200 kg.m*

3.1. Két qua mé phong khi khéng ding crowbar, ESS va DVR

Khi khong dung céc giai phap diéu khién crowbar, ESS va DVR, viéc m6 phong hé
théng ning luong gi6 may phat DFIG cong suat 2 MW dugc thyc hién bang phan mém
PSCAD 4.1.2. Su ¢ ludi duge gia dinh la sy b giam ap ngudn 3 pha khong cén bing va
khoang thoi gian xdy ra su ¢ 1a 200 ms, tir 2100 dén 2300 ms. Trong d6, dién ap pha A
giam 70%, pha B va pha C dong thoi giam 30% so voi dién ap pha dinh mire (Hinh 9a).

Hinh 9 thé hién dap ung van hanh cua h¢ thdng niang luong gié DFIG trong truong hop
khong dung cac gidi phap diéu khién trén. Dong dién stator va rotor ting 1én dang ké trong
truong hop ¢ su ¢b giam ap (Hinh 9b va 9¢c). Ngoai ra, dién 4p tu DC ciing ting 1én nhiéu
va do thay ddi dién 4 ap tu DC 1a 33,3% so vdi gia tri dién ap tham chiéu. Nhu vay, viéc khong
thém vao giai phap diéu khién nao dé hd trg diéu khién hé théng nang luong gio két nbi voi
ludi lam cho cac dap tng ting cao. Diéu ndy c6 the gdy ra rui ro nhu pha huy bg nghich luu,
gia ting d6 rung cua tru thap va gian doan cung cip dién, trudng hop ludi sy cb.
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Hinh 9. Két qua md phong PSCAD khi sy ¢b giam ap ludi

3.2. Két qua mé phéng dung crowbar

Viéc m6 phong dung crowbar da dugc ap dung d6i voi hé thong niang luong gi6 dung
may phat DFIG, cong suat 2 MW. Trong bai bao nay, dién tré cia crowbar duoc thiét ke 1a
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Rerowvar = 0,024 Q. Céc két qua mo phong dung phﬁn mém PSCAD duoc thé hién trong
Hinh 10. Trong d6, sy ¢b ludi duoc gia dinh 1a sy c6 giam ap ba pha cén bing (balanced
voltage sags), dién ap ba pha xudng 30% so v&i dinh mirc va khoang thoi gian xay ra sy ¢b
14 180 ms, tir 820 dén 1000 ms.
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Hinh 10. Két qua md phong DFIG dung crowbar

O thoi diém bit dau sy ¢ (diém a), t = 820 ms, crowbar dugc kich hoat va bd nghich
luu phia rotor bi khoa, lac ndy may phat DFIG lam viéc twong tw nhu may phat khong dong
bd thong thuong, véi gia tri dién trd rotor dugc tang 1€n boi dién trd crowbar thém vao. Sau
khi sy ¢ két thuc (diém b), crowbar dugc ngit khoi mach rotor va RSC bét dau qua trinh
hoa ddng bd sau khoang thoi gian t;. Vi viée dung crowbar, dong dién rotor va stator c6
giam xuong dang ké. Tuy nhién, phai mat thoi gian t, dé qua trinh hoa dong b tro lai. Sau
khoang thoi gian t;, bo nghich luu phia rotor da khoi dong lam viée tro lai nhu truong hop
ludi binh thuong. Nhiém vu cla crowbar 1a giam dong dién rotor tang qua mirc va ngan ngtra
gia ting dién ap tu DC trudc khi qué trinh ddng bd hoa va khoi dong lai bd nghich lwu. Tuy
nhién, trong trudng hop ludi tuong déi yéu thi crowbar khé dam bao du bao vé mach.

3.3. Két qua mé phéng diung ESS

Viéc md phong hé thong nang luong gi6 dung may phat DFIG cong suat 2 MW ding ESS
duoc ap dung. Trong do, sur ¢o ludi duge gia dinh 1a sy ¢6 giam ap ngudn ba pha khong cén bang
va khoang thoi gian xay ra sy ¢6 13 200 ms, tir 2100 dén 2300 ms. Trong do, dién ap pha A giam
70%, pha B va pha C dong thoi giam 30% so vé6i dién ap pha dinh mirc (Hinh 11a).
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Dong dién stator va rotor duoc giam khi sit dung ESS, trong truong hop c6 su ¢b (Hinh
11b va 11c). Ngoai ra, dap tng cua dién 4p tu DC ciing giam dang ké (Hinh 11d). Cong suét
phat stator va mé men may phat dugc diéu khién bang khong khi c¢6 su ¢d (Hinh 12a va 12d),
trong khi d6 toc d6 may phat c6 su ting toc dang ké do quén tinh cua tua-bin (Hinh 12d). Hinh
13 thé hién dap tmg van hanh ctia hé thong luu trit ning luong ESS khi ludi bi sy ¢d.
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Hinh 13. Dép tmg ESS
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Hinh 14 thé hién dap tng lam phéng cong suit phat ctia hé théng khi tbe do gi6 thay dbi
(Hinh 14a). Thanh phan dao dong cong suét phat (Ppuc) dat trich ra, thong qua b loc thong cao
(trong d6: & = 0,707; /.= 0,1 Hz) va duoc hap thu hay xa vao ludi bdi vié dicu khién ESS. Do
do, cong suat luéi (Pgiq) tré nén phang hon cong suat phat (P, = P; £ P,) (Hinh 14b). Ngoai
ra, cong suat, dong dién va dién 4p siéu tu dién duoc thé hién tir Hinh 14c dén 14e.
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Hinh 14. Két qua mo6 phong 1am phing cong suat phat dung ESS
3.4. Két qua mé phéng ding DVR

Viéc mo phong hé thong ning luong gio may phat DFIG cong sudt 2 MW ding DVR
da dugc ap dung. Su ¢b ludi duoc gia dinh 1a sy ¢6 gian doan ngudn 3 pha (interruptions) va
khoang thoi gian xay ra sy ¢d 1a 20 ms. O thoi diém bat dau su ¢d, t = 1,4 s, DVR dugc kich
hoat va dién ap duoc phat ra tr DVR duoc bu vao dién ap ludi (Hinh 15¢-151). Lic nay, dién
4p stator van duoc gilt dinh murc va c6 dang nhu Hinh 15b. Ngoai ra, cong suét phat stator,
dién ap tu DC va md men may phat van dugc duy tri & giatri hang s theo tdc do gio khong
d6i (13 m/s). Két qua mo phong cho thay, mic du sy ¢ nguén 3 pha bi gidn doan, nhung hé
thdng nang lugng gié DFIG van lam viéc binh thudng, nhu trudng hop khong cé su cd.

Bang 3 thé hién su so sanh vé dic diém van hanh cta cac giai phap diéu khién két nbi
ludi khi ¢ su cb. Trong d6, DVR cho két qua van hanh tét nhat so véi giai phap dung
crowbar va ESS. Bang 4 liét ké cac cong dung, chi phi va tinh don gian trong diéu khién ctia
crowbar, DVR va ESS. Trong d6, DVR ¢6 nhiéu ung dung nhét so v&i crowbar va ESS, mac
dui chi chi DVR rat dit.
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Bang 4. Liét ké cong dung, chi phi va tinh don gian diéu khién cua crowbar, DVR va ESS

Tiéu chi Crowbar | ESS DVR
Hoa tan dong dién X X o
Diéu khién cong suat phan khang X x o
Hoa tan dién ap X o o
Chap chon dién ap (flicker) x i o
Voltage dips | o o
Chi phi o A A
Tinh don gian o o o

Ghi chu: o: tot, o: trung binh, A: khong tot , x: khong co

4. KET LUAN

Céc giai phap diéu khién két ndi ludi khi co sy ¢d ludi nhu crowbar, ESS va DVR da
duogc nghién ctru trong bai bao dé dam bao yéu cau lién tuc két ndi ludi. Két qua mod phong
dung phin mém PSCAD cho hé thong ning luong gié DFIG cong suit 2 MW dugc dua ra dé
kiém chung tinh vuot troi ciia timg phuong phap. Mdi giai phap diéu khién c6 wu diém va
khuyét diém riéng. Tuy nhién, so voi giai phap dung crowbar va ESS, thi giai phap dung
DVR vuot trdi hon vi ¢ thé dam bao duogc hé théng nang lugng gié lam viéc binh thuong,
bat chap su ¢d gian doan két ndi ludi.
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ABSTRACT

OVERVIEW OF LOW-VOLTAGE RIDE-THROUGH SOLUTIONS
FOR DFIG WIND TURBINE SYSTEM

Van Tan Luong*, Nguyen Thi Thanh Truc, Tran Hoan
Ho Chi Minh City University of Food Industry
*Email: luonghepc@gmail.com

Doubly-fed induction generator wind turbines are very sensitive to grid disturbances,

especially to voltage dips, since they are connected directly to the grid. The ability of a wind
turbine to survive a short voltage dip without tripping is referred to as the low-voltage ride-
through (LVRT) capability. Crowbar, dynamic voltage restorer (DVR) and energy storage
system (ESS) are the solutions which are adopted in this study. In order to test the LVRT
capability of the wind turbine system, the PSCAD/EMTDC simulation has been performed
for a2 MW DFIG wind turbine system. In comparison of the LVRT techniques, although the
ESS, with relatively high cost, outperforms the crowbar, the DVR system presents the best
performances of the wind turbines through keeping the stator voltage at constant under grid
fault condition despite the balanced and unbalanced voltage dips as well as normal condition.

Keywords: Crowbar, doubly-fed induction generator (DFIG), dynamic voltage restorer,
energy storage system, voltage sag.
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