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NGHIEN CUU NANG CAO KHA NANG TRU LUGI CUA HE THONG PHAT
DIEN CHAY SUC GIO SU DUNG MAY PHAT KHONG DONG BO NGUON
KEP TRONG DIEU KIEN DIEN AP LUGI KHONG DOI XUNG

NGUYEN THI MAI HUONG!, NGUYEN PHUNG QUANG?2

Y Truong Pai hoc Ki thuat Cong nghiép Thdi nguyén
2 Truong Pai hoc Bach khoa Ha noi

Tém tAt. Bai bao nay trinh bay céc két qua nghien citu vé viec ap dung phuong phap phan tich cac
thanh phan déi xitng nhim nang cao kha nang tru luéi khong déi xing clia cac hé thdng phat dién
chay stic gi6. Khi xay ra 16i lusi thi bo diéu khién phia lusi phai ap dat dong luéi c6 dang gidng nhu
dang ctia thanh phan thi ty thuan co ban. Dong thoi ddm bio cac thanh phan thi ty nguge phai bi
triét titu hosic gidm nhoé cang nhiéu cang t6t. Mudn vay thi bo diéu khién dong can dugce thuc hien
trén ca hai hé truc toa do quay thuan va nguge. Trong khi dé, bo diéu khién phia rotor duge diéu
khién ngimg lam viéc, cdc day quan rotor dugce ndi tit qua mot hé thong dien trd tieu tan dé duy tri
qué trinh van hanh dong b6 ctia may phat véi lusi phan phéi. Cac két qua moé phéng dude thie hién
trong moi trudng Matlab - Simulink - Plecs cho thiy viéc ap dung bién phép khac phuc 18i ludi n6i
trén da gitp cho dong dién luéi trd lén can bing hon khi x4y ra 18i lu6i khong d6i xing.

Abstract. This paper presents research results on application of symmetrical component analysis
method in improving the asymmetrical grid voltage fault ride-through capability of wind generator
systems. When the grid voltage undergoes a fault, the grid-side converter needs to force the wave form
of the grid currents similar to that of the basis positive sequence component of the grid current, while
the negative sequence must be eliminated as much as possible and the current controller should be
implemented on both the positive and negative rotational coordinates. Simutaneously, the rotor side
current controller stops working and the rotor windings of the generator are shortly circuited by a
dissipative resistor bank to maintain the synchronization of the generator with the power supply. The
simulation results in the Matlab - Simulink - Plecs environment show method that the grid currents
become more balanced under asymmentrical grid voltage fault.
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MPNK Maéy phéat khong dong bo ngudn kép
DKPMP Diéu khién phia may phat

DKPL Diéu khién phia lusi

DKDRT Diéu khién dong rotor

DKDL Diéu khién dong lusi

BNQDA Bo ngit qua dién ap

THDX Téng hop dbi xing

1. MO DAU

Céc hé théng may phat dién sitc gi6 dang ngay cang duge quan tam phét trién va ngay
cang chiém ty trong déang ké trong tong dung lugng dién ning ctia nhi¢u qudc gia. Do vay,
khi van hanh céc hé théng phét dién stic gié phai ddm bao yéu cau cé thé duy tri tinh trang
lam viéc song song vdi ludi khi x4y ra sit c6 sap luéi va tai lap lai trang thai lam viéc binh
thudng cang sém cang tot sau khi sy ¢6 16i lu6i duge loai bo. Khong nhitng thé, cac hé thong
diéu khién trong cac hé théng méy phat siic gié hién tai con yéu cau phai c6 kha nang hd trg
lu6i trong sudt qué trinh 161 u6i, ké ca 16i ludi dbi xiing va 16i ludi khong doi xing.

Hién nay, van dé khac phuc 18i luéi khong ddi xiing trong thyc té van hanh da va dang
nhan dugce sy quan tam, nghién citu rong rai do 16i luéi khong déi xitng c6 thé xay ra thuong
xuyeén hon ca 16i luéi ddi xitng. Dién ap khong déi xiing con xuat hién trong cac luéi dién yéu
ngay ci trong trang thai lam viéc binh thuong. Trong mot sd trudng hop, cac nhiéu loan trén
luéi hodc tai khong do6i xiing cling lam cho dién ap ludi khong con ddi xting nita [12]. Dicu
nay c6 thé dan t6i mat 6n dinh ctia hé thong, anh hudng dén chiic ning lam viéc ciia mot sd
thiét bi dien va c6 thé lam cho hé théng bao vé mat can bang dong dién tac dong [19].

Céc phuong phap diéu khién bo bién doi phia luéi khi sap luéi ciing nhu khi lam viéc véi
tai khong can bang da duge dé cap trong nhiéu cong trinh nghién cttu. Trong tai licu [14], bo
diéu khién dong ctia bo bién doi phia luéi duge thuc hién trén truc toa do tng véi thanh phan
thit ty thuan. Trong khi d6, thanh phan tht tuy ngude clia dién ap ludi duge dua them vao
trong thanh phan dién 4p dau ra ctia bo diéu khién dong. Cach thitc thuc hien bo diéu khién
nhu da trinh bay con duge goi la phuong phap sit dung bo dicu khién feedforward thanh phan
dién ap thi ty nguge. Dong thoi, nghién citu nay con dua ra phuong phap st dung hai bo
diéu khién dong duge thire hién trén ca hai hé truc toa do tuong ting véi cac thanh phan thi
tur thuan va ngude va dude goi 1a bo diéu khién vector dong ddi ngdu. Phuong phap nay ciing
duge dé cap dén trong nhicu tai licu nghién cttu khac, chang han nhu trong [10) 16, 18]. Cac
bién phap khic phuc 16i lusi khong déi xiing st dung bo bién doi véi 4 nhanh van trong hé
thong ba pha 4 day ciing duge dé cap trong cac tai lieu [17, 31]. Bo diéu khién dong loai nay
cho phép diéu khién rieng ré cac thanh phan dong dién thit ty thuan, nguge va zero dan dén
viéc co thé loai bo duge céc nhidu loan ciia dién 4p do tai khong can bing gay ra. Tuy nhién,
phuong phap nay khong ap dung dude cho cac hé thong ba pha khong c¢6 day trung tinh. Mot
phuong phap khéac duge cho 1a ¢6 kha nang bu dong tai phi tuyén va khong can bang sit dung
bo loc tich cyc cho dicu khién dong sin duge trinh bay trong tai lieu [28].

Trong bai bao nay cac tac giad trinh bay mot phuong phap nang cao kha ning tru ludi
khong dbi xting bang cach dicu khién riéng 1é cac thanh phan thit ty thuan va ngudge véi cac
tieu chi khac nhau cho tiing thanh phan. V6i phuong phap nay thi cac tin hieu dat cia bo
diéu khién dong phia luéi duge tong hop tit cac thanh phan thit tu thuan va ngude ctia dong
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ludi trén céc truc toa do quay tuong tng. Mot bo diéu khién dong nhu vay con duge goi 1a bo
diéu khién tong hop d6i xing (THDX) va sé duge trinh bay trong phan sau clia bai béo.

2. HE THONG BA PHA KHONG DOI XUNG

2.1. Bién d6i Park ctia hé théng ba pha khong déi xing

Mot hé théng ba pha khong déi xiing c6 thé duge bic¢u dién béi cac phuong trinh dien ap
sau:

ua(t) = V2Usin(wt + ¢q)
A 2

up(t) = V2Upsin(wt + pq — %) (2.1)
A 2

uc(t) = V2Usin(wt + g + %)

Cac dien ap tren dugc bién doi sang hé truc toa do ¢d dinh o8 nhu sau:

Ua3 = Taﬁuabc (22)
trong do
U Ua
Uap = |: a:| y  Ugbc = | Up
'I,Lﬁ u
C
va [27]
1 1 1
_ /2 22
T, = \/; B A (2.3)
2 2

Tiép theo, cac dai luong trén hé truc toa do af cé thé duge bién ddi sang hé truc toa do
quay dg nhu sau:

ug(t)] cosf  sinf] [uy(t) (24)
ug(t)]  |—sind cosf| |up(t) .
Céc phuong trinh (22) va 4] ta c6 thé viét duge nhu sau:
ug(t)] _ [cos® sind] [2[1 —3 —3 Uq
[uq(t)} N [—sin@ cos@] 3 [0 \/75 _\/Tg Zigg (2.5)

Bién doi phuong trinh (2.5) ta duge

] R e e 131 20
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Thay phuong trinh (2.1) vao phuong trinh (2.6) ta c¢6

[ Uycosfsin(wt + ¢,)
| —U,sinfsin(wt + ¢,)

2
V3
N 2 Ui,cos( — 2M)sin(wt + o — & ]
V3 |—Ussin(f — 2F)sin(wt + ¢, — 2)
n 2 UECOS(Q + 25)sin(wt + @q + &) ]
V3 [=Uesin(f + 2F)sin(wt + o, — )

Néu truc toa do d duge chon nam tring véi truc clia pha A thi = wt va khi d6 phuong
trinh trén c6 dang don gidn hon nhu sau [29]:

[ud@)] 1 [ (Oa + Oy + U )sin(pa) ]
uq(t) V3 |—(Us + Uy + Ug)cos(pa)
4 L U,sind, + Upsindy, + U,sind,.
—ﬁacosﬁa — chosﬁb — Uccosﬁc

V3

Trong do, ¥, = 2wt + @4, Vp = 2wt + Y, — 4{, Y. :2wt—|—<pa—|—4§.

(2.7)

C6 thé nhan thay ring khi he théng can bing U, = U, = U, thi thanh phan tht hai cia
phuong trinh (27) bang 0. Khi hé thong mat can bang thi trong thanh phan cta ug va u,
c6 ca cac thanh phan mot chiéu khong doi va thanh phan thi hai véi tan s6 bién doéi 1a 2w.

2.2. Xac dinh cac thanh phan thi tu thuan va ngudc

Viéc xac dinh cac thanh phan thi ty thuan va thi tu ngude ciia dién ap va dong da
dugc dé cap trong nhiéu tai liéu nghién citu. Trong thyc té c¢6 nhiéu phuong phap khac nhau
dé c6 thé tach rieng cic thanh phan doi xing trong cac dién ap va dong dién, cu thé nhu
phuong phap dua trén phuong phap cong suat tic thoi [28], phuong phap st dung cac bo
loc [12 13], phuong phap tich phan bac hai [9], phuong phap khit tré tin hieu [23, [15] [11]...

Cac tai lieu nghién citu da chi ra rang thanh phan thit ty ngude déng vai tro nhu 13 hai
bac hai trong toa do quay dq d6i v6i thanh phan thi tuy thuan. Nguge lai, thanh phan thit
tu thuan déng vai tro nhu 1a hai bac hai trong toa do quay dq ddi v6i thanh phan thi tu
ngude. Vi vay, c6 thé ding cac bo loc thong thap dé lay ra cac thanh phan mot chiéu va
loai b6t nhitng thanh phan dao dong tan s6 cao, tit d6 tach ra duge cac thanh phan thit ti
thuan va nguge [12]. Theo nguyén ly nay, mot khau xac dinh cac thanh phan déi xing véi
qué trinh qua do nhanh va c6 do on dinh cao dude goi 1a khau loc da bién sé duge trinh bay
chi tiét hon trong phan tiép theo ctia bai bio nay.

Véi mot hé théng khong sin va khong can bang, cac thanh phan thi tu thuan va nguge
trén toa do c6 dinh a3 duge biéu dién béi

uos(t) = ua(t) + jug(t)

Goi H, 1a& mot bo loc ma thong qua né ta nhan duge cac thanh phan thit tu thuan co
ban uqgp, nghia la
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Uagp(t) = uap(t) x Hy(t) (2.8)
Luu y dau "*" trong cong thiic (2.8) 1a chi tich chap.
Khi do, theo tai lieu [17], bo loc H,, tim dugc sé c6 ham truyén nhu sau:

Wy
H)(s) = ——F—— 2.9
»(s) p——— (2.9)
Trong d6, wy 1a tan s6 goc co ban, wy 1a tan s6 diém gay.
Tt cac phuong trinh (2.8) va ([2.9) ta c6 thé viét duge

Wh

P [ta(s) + jus(s)] -

Uap(s) + Jupp(s) =

T do6 ta co

tap(s) = n(s) ~ ap(s) — wrugy(s)] (2.10)
ugp(9) =~ [eb(5) — p(5) + w1tap(9)] (211)

Tuong tu, goi H, 14 mot bo loc ma thong qua né ta nhan dude cidc thanh phan thi tu
ngugc cd ban uqgp, nghia la

Uagn(t) = uap(t) * Hn(t), (2.12)

thi theo tai ligu [17], bo loc H,, tim dugc sé c¢6 ham truyén nhu sau:

Wy
H,(s) = ——. 2.13
n( ) S+ Jwi + wyp ( )
Tu cac phuong trinh (Z.12) va (2.13) ta c6
() + jtpn(s) = [ua(s) + jug(s)]
Uan (8 Ugn(s) = ———— [uqa (s ug(s
an JUpn s—l—jw1+wb « Jug
Cudi cling ta dugc cac phuong trinh sau
1
Uan(s) = S [wo(s) = tan(s) + wiugn(s)] (2.14)
1
upn(s) = —[wp(s) = upn(s) — witian(s)] (2.15)

Tt cac phuong trinh (Z10), 10), @I4) va ZI5) ta c6 thé xay dung dugc mo hinh
khau phan ly cac thanh phan thi tuy thuan ngudge nhu trén hinh 211

Céc két qua mo6 phéng duge thé hien trén hinh Trong mo6 phong nay, bién do cia
ctia dién 4p pha A bi gidm xubéng con khodng 75% bién do dién ap ciia cac pha con lai trong
khoang thai gian tit 1s dén 1.5s do sir ¢6 mit clia tai khong can biang.

Cac do thi bén phai ctia hinh cho thay ro hon cic dap tng cta dién ap ludi, dong
dién tai, thanh phan thit ty thuan va nguge trong khodng thoi gian tir 0,95s dén 1,2s. Khi
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Hinh 2.1. Phan ly thanh phan thit tu thuan va nguge sit dung bo loc da bién

bién do clia cac pha dién a4p lu6i mat can bang thi bién do ctia thanh phan thit tu thuan bat
dau bi giadm vA bién do ctia thanh phan thit ty ngude ting len. C6 thé nhan thay ring, véi
bo phat hién cac thanh phan thit tu thuan va ngude sit dung bo loc da bién thi thoi gian
qué trinh qua do ké tit khi dién ap luéi bi mat can bang cho dén khi bién do ctia thanh phan
thit tir thuan 6n dinh 1a khodng xap xi 100ms. Trong khi dé, qua trinh qua do ctia qua trinh
phat hién thanh phan tht ti nguge 14 khodng 150ms.

3. SACH LUGC TRU LUGI KHONG DPOI XUNG

Sach luge co ban dé khic phuc 16i 1u6i 14 bo bién doi phia rotor sé phai ngiing lam viéc va
cac day quan rotor ctia may phét duge noi kin mach qua mot bo ngat qua dien ap (BNQDA)
dugc tao bdi mot he théng cac dien trd tieu tan cé diéu khién. Trong khi dé bo bién ddi phia
lusi duge dua vao lam viec dé hd trg lusi trong sudt thoi gian ludi bi su c¢b. Diéu nay cho
phép giit cho may phat khong bi ngit ra khoi ludi khi cé su ¢d va sau dé c6 thé cung cap
niang lugng trd lai cho luéi khi 16i lui két thiic. Do méy phat va bo bién ddi phia rotor vin
duge néi v6i ludi nén viec van hanh dong bo van duge duy tri trong sudt qua trinh 16i ludi.
Cac két qua nghién citu vé van dé nay da duge trinh bay chi tiét trong bai bao [20]. Trong
céc phan tiép theo ciia bai bao nay chi trinh bay vé cau tric diéu khién phia luéi dé nang
cao kha ning khic phuc 15i lu6i st dung bo diéu khién téng hop ddi xiing.

3.1. M5 hinh khoéng gian trang thai cta luéi

Mo hinh khong gian trang thai ctia ludi c6 thé duge biéu dién nhu sau [24]:

X, = A,x,+ Bcu.+ B,u, (3.16)
yn = Cpx, (3.17)
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Hinh 2.2. Cac thanh phan thi tu thuan va nguge ctia dién ap luéi

L. . . T . . R L < N 5 < . P T
vii X, = [znd znq] y ind, Ing 12 cdc thanh phan cta dong dién luéi, u, = [ucd ucq]

u, = [und unq]T

9

— _Cnd qu:|
’ Bn |:_<nq _Cnd ’

1
0 10
— | Le —

¢ 1 (1+wiR;C +wiR.RC} + wiL:Cy
d — T
" L. wZRZC3 +1
1 wg’LchCj% — wsRch
Gng = L. wIRAC? + 1

L., Cy va Ry la dién khang, tu dién va dién tré clia mach loc, R, 1a dién tré clia cuon khang,
L. va iy la dong chdy qua nhanh song song ctia bo loc.

3.2. Sach ludgce tru luéi theo phuong phap cac thanh phan déi xing

Dé hd trg luéi va nang cao kha ning tru ludi khong déi xing thi c6 thé diéu khién rieng
ré cac thanh phan thit tit thuan va ngude véi cac tieu chi khac nhau cho ting thanh phan.
Muc tiéu diéu khién phai dam bao cac thanh phan tht tu ngudce phai bi triét tieu hoac giam
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nho cang nhiéu cang tot lam cho dong dién 1uéi c6 dang gidng nhu dang clia thanh phan
tht tu thuan co ban.
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Hinh 3.3. Cau truc diéu khién véi bo diéu khién THDX

CAu tric diéu khién phia lu6i véi bo diéu khién THDX dugce xay dung nhu trén hinh
v6i hai phan chinh: phan didu khién phia may phat (DKPMP) va phan diéu khién phia lu6i
(DKPL).

Mach vong diéu khién phia trong ctia phan DKPMP la bo diéu khién dong rotor (DK-
DRT) dugc thiét ké bam theo tin hiéu dat cta dong dien rotor i*.4 ,i*,, . Mach vong ngoai
gom cac bo diéu khién mo men va cong suat phan khang duge thiét ké dé bam theo céc gia
tri toi uu clia mo6 men dién tir 7} va cong suat phan khang Q5. Céc khoi con lai ctia phan
DKPMP gom BNQDA va cac khéi bién déi cac hé truc toa do clia cac bién, tinh toan céc
géc pha tuong ting dugce cha thich chi tiét ngay trén hinh3.3

Phan DKPL ciing bao gdm hai mach vong. Phia trong ciing 14 mach vong diéu khién
dong véi bo diéu khién dong lugi (DKDL). Cac mach vong diéu khién phia ngoai c6 nhiem
vu ddm bao 6n dinh gia tri dién &4p cia mach mot chiéu trung gian, dong thai hd trg lusi
trong qua trinh 161 ludi.

T két qua do luong cac dien ap 1u6i us,, usy va uge ta cé thé c6 duge goéc pha 6y, cac
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thanh phan d6i xing thuan usae, wsge VA NEUGC Usan, Uspr & dau ra clia khau tinh goc pha
va cac thanh phan déi xting. Thong qua cac khau bién doi hé truc toa do, cac thanh phan
dien ap trén cac hé truc toa do af thuan va ngude dude chuyén sang cac hé truc toa do dg
thuén va ngugc nhu sau:

[Usdt(t)] _ [0089 Sin@] [“sat(t)] (3.18)

Ugqt (1) —sinf  cosf| |uspe(t)

[usdn(t)] _ [cos@ —sin@] [usan(t)] (3.19)

Usqn (t) sinf  cosf | | upn(t)

Chi ¥ riang cac thanh phan nay chinh 1& cidc phan hoi dién 4p cho cac mach vong diéu
khién phia luéi.

Céc dien ap phan hoi clia thanh phan thit tu ngugc usdn, tsqn duge so sanh véi cac dien
ap dat ul, =0 va uzqn = 0. Céac sai lech ctia cidc thanh phan dién ap thit tir ngudge sau do6
duge dua dén cac bo diéu khién kiéu PI. Cac tin hieu ¢ dau ra ctia cac bo diéu khién nay la
i;dn, i;qn trén hé truc toa do dg ngudc sé dude chuyén doi sang hé truc toa do dg thuan véi
cac gid tri dau ra 1a i54n VA igqn nhu sau:

[%Sdt(t)] _ [00529 Sin29] [i;dn(t)] (3.20)

isqt(t) —sin26 cos26 i;qn(t)

Trong khi d6, bién do ctia thanh phan thit tir thuan cia dien ap lu6i dude tinh nhu sau:

Us = \JuZy +uly, (3.21)

Tin hiéu sai léch gitta us va dien ap dit u} cling duge dua dén mot bo didu khién kicu
PL. Dau ra ctia bo diéu khién nay 14 dong dieén dat s, cho mach vong diéu khién dong bén
trong.

Mait khac, dién 4p mot chiéu ug. dugde gitt on dinh & gid tri dat v}, nhd mot bo diéu khién
PI khac ¢ mach vong dién 4p mot chiéu trung gian. Pau ra ctia bo diéu khién nay dong dien
dit 149 cho mach vong diéu khién dong bén trong.

Cac gia tri dat cho cac mach vong diéu khién dong dién bén trong Tegs izq dugc suy ra
bing cach cong cac tin hiéu dau ra ciia cac bo diéu khién kiéu PI vong ngoai theo timg truc
toa do d va g tuong tng, nghia la:

igg = lsd+ zsd (3.22)
i:q = isq + isq

3.3. Bo diéu khién dong dién phia luéi

Bo diéu khién cho mach vong diéu khién dong bén trong dugc thiét ké theo kiéu deadbeat
[26], 30, 22, 3, 4. 5, [6, [7, §]. Day 14 mot bo diéu khién phan hoi kinh dién c6 kha nang dua
céc bién trang théai ctia mot he diéu khién rdi rac tuyén tinh véi n trang thai vé goc toa do
trong khong gian trang thai véi s6 buée khong 16n hon n [IL 2]. Trong truong hgp sé6 bude
tinh 16n hon thi cac bo diéu khién duge thiét ké v6i ki thuat tuong tu nhu trén con dude
goi 1 cac bo didu khién c¢6 dap tng hitu han 22 25].
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4. CAC KET QUA NGHIEN CUU

Dé kiém tra va danh gia chat lugng ctia phuong phap khac phuc 16i 1u6i ciing nhu ctia
toan bo hé théng diéu khién ta st dung phan mém moé phéng Matlab - Simulink - Plecs.
D6i tuong diéu khién 1a may phét dien khong dong bo nguodn kép véi cac thong sé cho trong
phan phu luc. Bo diéu khién phia lusi dude thiét ké theo phuong phép kinh dién véi cac
bo diéu khién kiéu PI, con bo diéu khién phia may phat dugc thiét ké theo phuong phap
Passivity-based. Chi tiét ctia phuong phap nay duge dé cap trong [21].

Cac mo phong sap ludi trong phan tiép theo dude tién hanh trong ca hai truong hop sau
day:

e Khi MPNK dang lam viéc trong ché do binh thudng va khong 4p dung bién phap dieu
khién tru lusi. Duya trén cac két qua mo phéng nay ta cé thé danh gia duge mic do anh
hudng clia viee 16i lusi dbi véi cac thanh phan khac nhau trong hé théng diéu khién
khi khong c6 bat k¥ mot bien phap nao duge a4p dung dé bao vé bo bién doi.

e Ap dung sich luge tru ludi trong qua trinh xay ra 16i lusi. Dua tren cac két qua mo
phéng nay ta cé thé danh gia dugce hieu qua ctia sach luge diéu khién tru lusi bang
cach so sanh véi cdc két qua mo phéng trong trudng hop khong c6 cac bién phap xiu
1y 151 Lu6i.

Cac dap tng mo phéng duge thuc hieén khi x4y ra 161 lugi doi xing tai thoi diém 1,5s va
kéo dai trong khodng 200ms v6i chiéu sau 16i khodng 70%. Sau d6, dién ap pha A cta luéi
lai bi gidm dot ngot t6i khoang 25% tai thai diém 2,25s (16i lusi khong déi xiing) va kéo dai
trong 500ms.

4.1. Cac dap tng sap luéi khi khong ap dung chién luge tru luégi

Trong mo phéng nay bo bién déi phia lusi duge cai dit & ché do lam viec binh thuong.
Thanh phan d ctia dong 1u6i c6 vai tro én dinh dien 4p mot chiéu trung gian thong qua mot
bo diéu khién PI & vong ngoai. Trong khi d6 thanh phan ¢ ctia dong luéi duge dit bang 0.
Cac gia tri ciia momen dién tit v cong suat phan khang dat c6 dinh tai -3Nm va 300VAr

(hinh [{-7).

4.2. Diéu khién tdng hgp dbi xing

Phan mo phdng tiép theo duge thuc hien dé khio sat cac dap ung ctia hé théng khi bo
diéu khién THDX dugc dua vao sit dung trong trudng hgp xuat hién tin hicu 16i luéi.

Bo diéu khién THDX st dung gia tri diit ctia dong dieén lusi duge tinh toan tit ca thanh
phan thit tu thuan va ngudge ciia dién ap luéi. Trong d6, thanh phan thit tu ngude dude cong
thém vao trong thanh phan thit ty thuan cia dong dat 1an luot theo ting truc toa do d va
q.

Cac két qua mo phéng trén hinh [/.5 cho thiy rat ro6 kha ning béo vé bo bién ddi phia
rotor khi luéi xay ra sy c6. Dong dién qua bo bién doéi duge gidm vé 0 trong qua trinh 16i
lu6i va dude phuc hoi lai gia tri lam viéc binh thuong khi 18i lu6i két thiic sau mot qua trinh
quéa do. Dong dién chay qua bo bién dbi phia rotor trong qua trinh hoi phuc ciing khong
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Hinh 4.4. Cac dap tng khi sap luéi khi khong ¢6 bao vé

Vot qué gia tri dong dién lam viéc lac chua c6 sy ¢6. Dong dién 1uéi cling ¢6 dang can bang
hon khi xuat hién 16i lu6i khong doi xiing.

4.3. So sanh cac kha ning can bang dong luéi khi 156i luwéi khong dbi xiing

Hinh [Z.6 cho thiy r6 hon cdc dap ting dong ctia bo bién doi phia ludi va dong dien luéi
khi x4y ra 16i lusi khong dbi xing. Hinh [£.6h va [{.6b la cdc dap ting dong clia bo bién ddi
phia lu6i va dong dién luéi khi khong ap dung sach luge tru ludi trong khodng thoi gian
100ms (tit 2,5s dén 2,6s). Bo bién ddi phia ludi chtt yéu lam nhiém vu 6n dinh dién 4p mot
chiéu trung gian. Hinh [£-6c va [£-6d 1a cac dap ting dong ctia bo bién ddi phia ludi va dong
dien luéi khi st dung bo diéu khién THDX.

Loi ludi khong déi xing xay ra khi bien do dong dién pha A 1a 30A, trong khi bien do
clia cac pha con lai chi 1a 4A. Do bién do ctia dong dién pha A 16n gap 7,5 lan so véi bien do
dong dién clia cic pha con lai da lam cho bién do cia dién ap pha A gidm 25% so véi bién
do ctia cac pha con lai. Khi ap dung sach luge tru lusi véi bo diéu khién THDX thi bien do
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ctia dong dién pha A 1 40,21A, trong khi bien do dong dién nhoé nhat clia cic pha con lai 1a
S ea A a1 1A P N N s 21y 40,21 N

30,12A. Vi vay, do chénh léch doi xting dong trong trudng hgp nay chi la 00 = 1,335 lan.

Diéu nay c6 nghia 14 dong dién 1uéi trong cidc pha da duge can bing them mot cach dang

ké.
5. KET LUAN

Thong qua viéc nghién citu cac sach luge diéu khién tru ludi duge 4p dung cho hé théng
diéu khién phia rotor va phia lu6i c6 thé rit ra duge nhitng két luan co ban sau:

e Dé xay dung céc sach luge tru ludi hieu qua khi 16i lusi khong déi xting thi can phai
phan tich cac dién 4p ludi ra thanh cac thanh phan thi ty thuan va nguge. Bo phat
hién cadc thanh phan déi xitng theo phuong phap st dung bo loc da bién da cho két
qué tét va da duge ap dung trong diéu khién tru lusi khong déi xing.

e Sach lugc nang cao kha ning khic phuc 16i 1u6i duge dé xuat trong bai bao nay cho
phép giit cho may phat khong bi ngat ra khoi ludi nén viéc van hanh dong bo van duge
duy tri trong subt qua trinh 16i lugi. Dong thoi bo diéu khién tong hop dbi xing phia
luéi sé duge dua vao lam viec dé hd trg dien ap ludi va lam can bang dong dién trong
cac pha.

Cau tric didu khién ctia mot hé théng may phat dién stc gié st dung may phat dien
nguon kép véi bo didu khién tong hop dbi xiing khi 16i luéi rat phit hgp cho céc lusi yéu hoic
cac hé thong may phat stic gié & cac ving sau, ving xa khu vie dién lu6i quoce gia. Néi cach
khéc, cau tric diéu khién duge dé nghi trong bai bao nay c6 kha nang thich nghi tot véi céc
diéu kién lam viéc khé khan, c6 kha nang bam luéi t6t ké ca khi 16i lusi khong déi xting.

TAI LIEU THAM KHAO

[1] M. M. Fahmy and J. O’Reilly, Dead-beat control of linear discrete-time systems, International
Journal of Control 37 (1983) 685-705.

[2] A. Emami-Naeini and G. Franklin, Deadbeat control and tracking of discrete-time systems,
IEEFE Transactions on Automatic Control 27 (1982) 176-181.

[3] Rolf Ottersten, "On Control of Back-to-Back Converters and Sensorless Induction Machine
Drives", Ph.D Thesis Chalmers University of Technology (2003).

[4] Barbara H. Kenny, and Robert D. Lorenz, Stator- and rotor-flux-based deadbeat direct torque
control of induction machines, IEEFE Transactions on Industry Applications 39 (2002) 1093—
1101.

[5] T. G. Habetler, and F. Profumo, and M. Pastorelli, and L. M. Tolbert, Direct torque control of
induction machines using space vector modulation, IEEE Transactions on Industry Applica-
tions 28 (1992) 1045-1053.

[6] J. Maes, and J. Melkebeek, Discrete time direct torque control of induction motors using back-
EMF measurement, The IEEE Industry Applications Conference 1 (1998) 407-414.



NGHIEN CUU NANG CAO KHA NANG TRU LUGI CUA HE THONG PHAT PIEN CHAY SUC GIO 385

[7]

[12]

[15]

[18]

[19]

G. Buja, and M. Candela, and R. Menis, A novel direct control scheme for SVM inverter-fed
induction motor drives, Proceedings of the IEEE International Symposium on Industrial
Electronics 3 1999 (1267-1272).

D. Casadei, and G. Serra, and A. Tani, Analytical investigation of torque and flux ripple in
DTC schemesfor induction motors, International Conference on Industrial Electronics 2
1997 (552-556).

P. Rodriguez, and A. V. Timbus, R. Teodorescu, and M. Liserre, and F. Blaabjerg, Flexible active
power control of distributed power generation systems during grid faults, EEE Transactions
on Industrial Electronics 54) (2007) 2583-2592.

C.H. Ng, and L. Ran, and J. Bumby, Unbalanced-Grid-Fault Ride-Through Control for a Wind
Turbine Inverter, IEEE Transactions on Industry Applications 44 (2008) 845-856.

I. Vechiu, and H. Camblong, and G. Tapia, and B. Dakyo, and O. Curea, Control of four leg
inverter for hybrid power system applications with unbalanced load, Energy Conversion and
Management 48 (2007) 2119-2128.

Yi Zhou, and Paul Bauer, and Jan A. Ferreira, and Jan Pierik. Operation of Grid-Connected
DFIG Under Unbalanced Grid Voltage Condition, IEEE TRANSACTIONS ON ENERGY
CONVERSION 24 (2009).

Van-Tung Phan, and Tae-Won Chun, An Improved Control Strategy Using a PI-Resonant Con-
troller for an Unbalanced Stand-Alone Doubly-Fed Induction Generator, Journal of Power
Electronics 10 (2010).

S. Alepuz, and S. Busquets-Monge, and J. Bordonau, and J.A. Martinez-Velasco, and C.A. Silva,
and J. Pontt, and J. Rodriguez, Control Strategies Based on Symmetrical Components for Grid-
Connected Converters Under Voltage Dips, IEEE Transactions on Industrial Electronics 56
(2009) 2162-2173.

Fei Wang, and M.C. Benhabib, and J.L. Duarte, and M. Hendrix, Sequence-Decoupled Resonant
Controller for Three-phase Grid-connected Inverters, Applied Power Electronics Conference
and Ezposition (2009) 121-127.

M. Bobrowska-Rafal, K. Rafal, G. Abad, and M. Jasinski, Control of PWM rectifier under grid
voltage dips, Bulletin of the Polish Academy of Science 57 (2009).

Fei Wang, and J.L. Duarte, and M. Hendrix, Control of grid-interfacing inverters with integrated
voltage unbalance correction, IEEE Power Electronics Specialists Conference (2008) 310-
316.

M. Bongiorno, and J. Svensson, and A. Sannino, Dynamic Performance of Current Controllers for
Grid-connected Voltage Source Converters under Unbalanced Voltage Conditions, IEEFE Nordic
Workshop on Power and Industrial Electronics, (2004).

F.A. Magueed, and J. Svensson, Control of VSC connected to the grid through LCL-filter to
achieve balanced currents. Industry Applications Conference 1 (2005) 572-578.



386 NGUYEN THI MAI HUONG, NGUYEN PHUNG QUANG

[20] Nguyén Thi Mai Huong, and Dinh Van Nghiép, Tran Thi Thanh H&i, Nghién cttu kha nang tru
lu6i khong d6i xitng clia hé thong phat dien chay bing sic gio, Tap chi Khoa hoc va Cong
nghé Dai hoc Thdi Nguyén 65 (3) (2010).

[21] Nguyén Thi Mai Huong, and Diang Danh Hofing, and Nguyén Phiing Quang, Nang cao kha niing
khic phuc 16i lu6i khong ddi xing ciia hé théng phat dién chay bing stc gi6, Hoi nghi toan
quoc lan thit 5 veé co dién ti, TP Ho Chi Minh (2010).

[22] N. P. Quang , and A. Dittrich, and A.Thieme, Doubly-fed induction machine as generator:
control algorithms with decoupling of torque and power factor, Electrical Engineering (Archiv
fur Elektrotechnik) 80 (1997) 325-325.

[23] A. Montenegro Leon, "Advanced power electronic for wind-power generation buffering", Ph.D
thesis, University of Florida (2005).

[24] H. Nguyen Tien, Control of the doubly-fed induction machine for wind turbine applications,
Delft University of Technology (PrePrint 2009).

25] N. P. Lan, "Linear and nonlinear control approach to doubly-fed induction generators in wind
y g
power generation", Ph.D thesis, TU Dresden (2006).

[26] N. P. Quang, Diéu khién tu dong truyen dong dién zoay chiéu 3 pha, NXB Khoa hoc k§
thuat Ha noi, 1996.

[27] H. A. Toliyat, and S. Campbell, DSP-Based electromechanical motion control, CRC Press,
2004.

[28] H. Akagi, and E.H. Watanabe, and M. Aredes, Instantaneous Power Theory and Applications
to Power Conditioning, Wiley-IEEE Press (2007).

[29] J.T.G. Pierik, and Y. Zhou, and P. Bauer, Windfarm as Power Plant - Dynamic Modelling
Studies, Delft University Press, 2007.

[30] N.P. Quang, and A. Dittrich, Truyén dong dién thong minh, NXB Khoa hoc k§ thuat Ha noi,
2002.

[31] A. Abellan, and J.M. Benavent, and G. Garcera, and D. Cerver, Fixed frequency current con-
troller applied to shunt active filters with UPF control in four-wire power systems, IEEE 2002
28th Annual Conference of the Industrial Electronics Society, 1 2002 (780-785).

Nhan bai ngay 30 - 1 - 2012



	MỞ ĐẦU
	HỆ THỐNG BA PHA KHÔNG ĐỐI XỨNG
	Biến đổi Park của hệ thống ba pha không đối xứng
	Xác định các thành phần thứ tự thuận và ngược

	SÁCH LƯỢC TRỤ LƯỚI KHÔNG ĐỐI XỨNG
	Mô hình không gian trạng thái của lưới
	Sách lược trụ lưới theo phương pháp các thành phần đối xứng
	Bộ điều khiển dòng điện phía lưới

	CÁC KẾT QUẢ NGHIÊN CỨU
	Các đáp ứng sập lưới khi không áp dụng chiến lược trụ lưới
	Điều khiển tổng hợp đối xứng
	So sánh các khả năng cân bằng dòng lưới khi lỗi lưới không đối xứng

	KẾT LUẬN

