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Hinh 1.1. & d6 nguyén ly & thangPPSG & dung DFIM

Hinh 1.1 md4 khai quat u tric not hé thong phatdlen chay sitc gi6 sr dung DFIM. H¢ théng
trén bao gm mot DFIM c6 cion day statodugc noi truc tiép voi ludi dién ba pha. Cén day
phia rotordugc ndi vai hé thdng béén tin (dung van banah) cé khi ning diéu khién dong ring
lwong di theo hai chdu. Cac van banah dugc diéu khién d6ng mv theo nguyén Iydiéu ché
vector khéng gianBBCVTKG) do 1 sir Iy tin hiéu $ DSPdam nhiém.

2. CAc hén twong xay ra khi 18i lwéi ngan mach ba pha

Khi sap luéi doi xtng tr gid ti Uy xudng Uz, Xuat hién thanh phn tir théng quédo daodong,
thanh pln nay éam ang radién &p rotor quéd co biéndo ti 1é véi hiéu $H (Us-Uo) va (1-s), ma
hé sb trugt s Nk nén biénid dién ap rotor quéd s3 co gia ti lon co th bo bién doi bi mat diéu
khién va xuit hién qua dong mch rotor bn.

Khi sap heéi do dong rotor it thdng stator dadong lam mﬁ medién aila may phét ’dadi@ng theo. Do
mo& men o trén tuc may phat thayioi cham hon, nén éc d6 rotor va dodé tan $ goc nach rotor
w, ciing daadong khi gip ludi, din i hé 5 truot s thaydoi vadién ap éam tng trong nach rotor dao
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dong theo, Bu hiéndo daodong aiadién &p rotor quésh wrot qua kla ning aia kb bién doi, s gay
nén hén trong dong rotor bmat dieu khien trong thyi gian ngin va xuit hién hién trong qué dongoin.

Trong cté do sap Iudi, néu doanh hrong aia quado ludi nhu déng ¢t tai, madién ap b6i lai
daodong nira thi theo phan tich trén, khidé ngoai biéndo dién ap Lroi thay doi, tir thong
stator ¢éing daodong theo lam #&m ung trong nach rotordién ap ¢ing daodong c6 biénd6 Ion
hon binh throng, va Bu biéndo lon vuot quéa kh ning aia b bién ddi, 3 xay ra hin tuong
méat diéu khién dong rotor va i8h trong qua dongién I6n & mach rotor.

T cac phan tich va ah xété trén,dé nang cao cit lugng diéu khién, bo didu khién cin thiét
phai xét i cac yeu t6 daodong thaydoi nhu dade cap dén ¢ trén.

Sy daodong aia tin 5 goc mich rotor, @a tir thong stator, @adién &p stator vaua tc do may
phat dugc ké dén théng qua cac thanh @h nhieu dao dong phi tugn twong ung
@, , 0,0,y Ugy, Uy, dugc adng thém vao cac gidits che do xac Bp twonging nhr sau:

&)r = a)r + a}r' d): C()+C—D; lﬁ;d :w;d +lz7;d; lﬁ;q :w;q +lz7;q; 0sd = usd + l-j‘s;d; 0sq = usq +qu (21)
Trongdo :

- 0,0, Py Dy, Uy, Ut LA cac gid frthuc dua vao b didu khién.
@, &, Pl Ply, Uy, Uy, LA cac nhiu daodong phi tuyn.
W, Pl Wiy Uy, U, © LA CAc gid iré ché do xac bp.

DPé ké toi cac daadong phi tuyen ké trén, ta ap ghg phrong phap ‘Adaptive backstepping’
trén @ s 6n dinh Lyapunowié thiét ké bo didu khién bén vitng Wi su ¢ sap ludi.

3. Tong hop bd diéu khién ‘adaptive backsteppingtho thanh phan iy
Theo [2], tacé :

CUy= W+ aj, @i, - &+ W’sq-'_ dy, (3.1)
Thay céac gia irthuc (2.1) vao, ta co:

Curd = _kil.[ Zldt - kplzl + ddlr: + aird - wrirq - e‘//;d + bw;q + dusd + bww;q +

(3.2)
+ ba}w;q + ba)lp;q - a)r I rq - elp;d + dasd
Chon hamdiéu khién Lyapunov lav, :%zf , ta co:
l/1 = Zl[_kﬂj Zldt - I'(plzl + balp;q + bw;q + bw;q - a)rirq - elﬁ;d + djsd] (33)

RG rang, ta thy (3.3) khéng thd mandiéu kién v, <0, va dodo6 b diéu khién khéngon dinh.
Bay g ta clon hamdiéu khién Lyapunov ndi co ké dén cac thanh gim daodong phi tugn nhr sau:
T\ 2 =~ 1, 2 o rl 2 51 2 T 2 ~ 2
V= + (wf,) N (W) N (ws,) N (@Wiyg) L T)” | (G) (3.4)
2V 2y, 2)y 2)5 m 2V,
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Trongdo: V., Viy» Varr Var» Vais Ver - 1@ c&c Bing $ duong.
bao ham (3.4), tauoc:
() d(wy,)  (wy.,) d(dw,,) (W) d(@d,)
L=V + + + +
yOl dt yll dt y21 dt

(3.9)
(C()qu) d( r rq) (‘/Isd) d(wsd) (usd) d(usd)
Va1 dt Va dt Ve, dt
Thay (3.3) vao (3.5), tdwroc:
_kIlJ- Z:l. dt - plz:l. + (qu)[ ( ~;q)+ yOle.L] t— (a)wsq)[ (C() ;q)+
1 -~ T
+ yllbzl] +y_(a)¢lsq)[ (a)wsq)-l- y21bz.l.] + ( r rq)[ ( r rq) ySlz:L] + (36)
(ws.,)[ ( Jes) = VerPB]+—— o (usd)[ ( sd)+ Vsidz]
d( -,
. a(wlﬂsq) = _y01b21; (wl//sq) = yllbzl (wl//sq) = y21b21
pé v <0, thi: . (3.7)
a(@rim )= vz Gt )= ruez; a(ﬁsd) = sz,
Tu (3.7), ta co:
(@2) = [ (- yobz )t (@) = [ (- yubz )it (@72,) = [ (- yubz, )t )
(@i) = [(vouz. )t @2y = [ (Va2 )at; Ty = [ (- peyiz, it
Thay (3.8) vao (3.2), tdwroc bd diéu khién thanh phn i, bén virng nhr sau:
Cuy =k, [zdt-k,z + W+ aiy - @, - ewly +bany], +du,, - yb? [zdt- 39)

- ylleJ- zdt- y21b2.[ zdt- y31J- zdt- y41ezj zdt- y51d2.[ z,dt

4. Tong hop bo diéu khién ‘adaptive backsteppingtho thanh phaN i
Tong hop twong tr nhu b diéu khién “adaptive backstepping” cho thanhaphiy, ta
duoc b diéu khién thanh phn i Irg bén vitng V6i su ¢ sap ludi nhu sau:

di,
Cl, = —kizj-zzdt— K22, +d—rtq +ai, + Wiy —ey,, —bwy, +du, - Vogszzzdt _ )
- ylzsz-zzdt_ yzzbz.[ Z,dt - y42.[ z,dt - yszez.[ z,dt - yszdz.[zzdt

5. Két qua thi nghiém
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5.1 Thi nghém riéng i bé diéu khién dong, 8p 50%dién ap kedi, kéo dai 8 chuk ird=1,5A;
irg=-2,7A; n=1350 vong/phut.

Qua Kt qua thi nghém & hinh 5.1, r6 rang ta ik raing khi €ip le6i 50% thi in 5 gc mach
rotor thaydoi va daodong, tuy nhién wi bo dicu chinh dong thich nghidm virng da thiet ke, thi
cac gia trthuc aia cac thanh gm dong rotor ¥n bam 6t theo gia tr dat caa chung.
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Hinh 5.1Pién &p kedi va tan s géc nuch rotor Hinh 5.2D4p g dong rotor may phat khi thi
may phat khidp 50%dién ap kidi nghiem riéng i bg dieu chinh dong

5.2 Sip lui toan ke thong 50%, kéo dai 8 chuks toc dg durdi toc dg dong by 30% (n=1050
v/ph), khi €p luéi M* nhay tr -10Nm ¢ 0 Nm, Q*=700(kh6ng thagoi).
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Hinh 5.3 Céng sit tac ding va cong sit phin Hinh 5.4 Md menia may phat
khang @a may phat
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Hinh 5.5P4p#ng thanh pkin dong rotor ird Hinh 5.6P4p #ng thanh pkin dong rotor irq
cua may phéat cua may phat

Khi sap luéi toan 1 théng 50%, i bo diéu khién dong thich nghidn virng da thiét ké, may
phatda thyc hién bam {r6i va thec hién diéu chinh gism cong sét tac ding & khong, duy tri
phéat céng sit phan khang 1éndsi dé hd tro luéi vé dién ap, tranh nguycctan ra @ thong hudi

dién. Cac Kt qua thuc nghém cho tiﬁy cac gla trthuc cia mé men, cdng dtiva dongdién da
bam b6t theo gia tr dit caa changdiéu d6 khing dinh chit luong aia b diéu chinh dongda
thiét ké. Cac nlan xét ding trong tr khi thi nghém ¢ toc do tréndong 1.

6. Két luan

Két qua thi nghém da ching © vé6i bo diéu chinh dong thich nghidm vitng duoc thiét ké tong
hop trén © s ky thuat Backstepping, & viéc dé cap t6i cac hén twong daodong phi tuyén khi
I8 luoi da gidi quyét tot duoc cac vin dé dat ra, d6 la: Khi ip luéi, may phaida thyc hign duoc
van dé bam uroi, cung ép cong st vo cong B tro ludi tru Vung qua giaifoan ar ¢b, dong thi
bo diéu khién da 1am vic 6t o téc do trén va déi dong b L

TOM TAT
Véi y8u ciu ngay cang caoédvchit luong dién ning, nén quidinh cac may phatién chay sic
gio ket ndi vai ludi dién, nhit 1a léi dién kicu “wind farm” phai c6 khi nang bam wéi khi co
s b 16i ludi, dong thyi phai cung @p dong cong sit vo cong léntoi dé hd tro ludi vé dién
ap, tranh gay tan ra toa® thdng leéi dién. Véi bo diéu khién dong thich nghlé:n virng dugc
thiét ké tong hop trén o so ky thuat Backsteppingtd giai quyét duoc cac yéu su dit ra o trén
khi sip lugi dén 50%. Kt qua da duoc kiém nghém trén & thong thi nghém thyc ¢ Vién Ky
thuat dién, dai hoc Dresden, Gng hoa lién ban@uc.
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SUMMARY

THE CONTROL OF DOUBLY-FED INDUCTION GENERATOR IN W IND POWER PLANT
WITH THE BACKSTEPPING TECHNIQUE BASED ROBUST ADAPTI VE CURRENT
CONTROLLER

With the increasing requirements of quality of &ieal network, now Grid codes determine that
wind turbine connected to the network, especiatyfind farm, must have to be disconnect to the
grid during three phase voltage dips, and must @aee able to support the voltage of the grid
during and immediately following the grid fault Bupplying reactive power to the network, that
remains the stability of the network . The constbDFIM with Backstepping technique based
robust adaptive current controller, has solvedath@ve problem when the voltage sags to the 50%
. The results have been verified on experimentesydbased on the dSpace Multi Processors
ALPHA-COMBO system at Institute of Electrical Tediume, TU Dresden, Germany.
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