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TOM TAT

Nghién ctru nay trinh bay maot giai thuat diéu khién dya trén sy két hop cua bo diéu khién
tich phan ty 1& va bo diéu chinh cong hudng da duoc dé xuat cho hé thdng tua-bin gié may
phat dién cam tmg kép (DFIG) trong diéu kién dién ap ludi khéng can bang. Truéc hét, md
hinh hé théng tua-bin gié DFIG véi bo bién dbi cong suat phia rotor (RSC) dugc phan tich
trong h¢ toa do quay. Sau do, bo diéu chinh tich phan ty 1¢ cong véi cong hudng (PI+ R) duoc
str dung. Véi su két hop nay cua hai bo diéu khién, dao dong cua cong suit va md men cua
maéy phét c6 thé giam di nhiéu ca & trang thai qua do 1an trang thai xac lap. Két qua mé phong
hé thdng tua-bin gié may phat DFIG véi cong suat 2 MW dung giai thuat dé xuat da duoc
kiém chimg trong truong hop dién ap lugi khéng can bang.

Tir khoa: May phat dién khong dong b ba pha ngudn kép, dién ap ludi khong can bang, su ¢d ludi.

1. MO PAU

Hién nay, nhu cau vé ning lugng dién ngdy mot ting cao, trong khi d6 cac nha may sir
dung c&c ngudn ning luong truyén théng nhu thiy dién, nhiét dién la cac dang nang lugng
dang ngay cang can kiét va gay mat can bang sinh thai, 6 nhiém moi trudng. Bai vay, viéc sir
dung ngudn ning luong sach, cd kha ndng tai tao nhu ndng luong gid, nang lugng mat troi la
mot xu hudng da va dang phat trién ¢ Viét Nam va trén thé gioi. Tuy nhién, ning lwong mat
troi cling dang trong giai doan phat trién va mai chi thuc hién véi cong suat nho. Do vay, viéc
str dung ngudn ning lwong tai tao tir gié dang ngay cang duoc quan tam phat trién ¢ Viét Nam.

Hé thdng cung cp va truyén tai dién ngay cang c6 yéu cau khat khe hon vé chit luong
ngudn dién. Vi vay, hé thong phat dién gi6 phai dam bao cac yéu cau chét lugng dé ra. Pac
biét, khi ludi dién glo bi sur o thi cac may phat khong dugc phep cit khoi ludi mot cach khong
kiém soat vi c6 thé l1am cho 13i lugi cang trim trong thém va viéc khdi phuc luéi sau su ¢b
ciing s& tro nén kho khan hon [1, 2]. Do d6, khi van hanh céc hé thong phat dién gio phai dam
bao yéu cau c6 thé duy tri tinh trang lam viéc vai ludi khi sy cd xay ra va téi lap trang théi lam
viéc binh thuong cang nhanh cang tot sau khi sy ¢6 ludi két thic [3, 4].

Anh huéng cia su ¢b ludi ddi véi viée didu khién may phat duoc thé hién trong (Hinh
1). Nhitng anh hudng do6 c6 thé: Pha huy bo back-to-back-converters, gia ting d6 rung cua tru
thap, gian doan cung cap dién.
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Hinh 1. Anh huéng cua sy ¢b lugi ddi vai viée didu khién may phat

Gan day, mot s6 cong trinh da nghién ciru vé& kha nang duy tri két néi ludi cua hé thdng
phat dién gi6. Trong truong hop sut p ludi nho (<15% so voi dinh muc), dé dam bao may phat
van két ludi, mot vai giai thuat diéu khién vé dong dién thir tw thuan va nghich hoic cong sut
dugc dua ra dua vao diéu khién bo nghich Iuu phia may phat va bo chinh luu phia ludi. Tuy
nhién, trong truong hop dién &p giam séu (voltage dip), c&c giai thuat nay khéng con hi¢u qua.
Do d6, cac thiét bj hd tro nhu crowbar, b bui ndi tiép tinh (SSC), STATCOM di dugc thém vao
nham nang cao kha niang két néi ludi trong truong hop dién ap ludi giam sau. Tuy nhién, van
khong dam bao duy tri két ndi lugi mot cach day du, dac biét khi ludi yéu.

Trong bai bao nay, phuong phap diéu khién dé nang cao van hanh két néi luéi cua hé
thdng phat dién gi6 trong truong hop bi su ¢d duoc &p dung. Pau tién, md hinh hé théng tua-
bin gi6 dung may phéat DFIG dugc phén tich. Sau d6, bo diéu chinh tich phan - ty 1é - cong
hudng (PI+ R) duoc sir dung. Viéc mod phong hé théng tua-bin gié dung may phéat DFIG cong
suit 2 MW duing phuong phap dé xuat da duoc thuc hién trong truong hop dién ap lusi khong
can bang [5-9].

2. PHAN UNG CUA HE THONG PHAT BIEN GIO KET NOI VOI LUGI KHONG
CAN BANG (LUOI KHONG POI XUNG)

Trong truong hop ludi dién khdng can bang, thanh phan tir thong va dién ap thi tu nghich
lan luot 1

dqs ledqs + Lm'dqr 1)
dqr Lr'dqr + Lm'dqs 2
Vigs = Rilggs + PAggs + 1(—) Aggs (3)
Vagr = Relggr + PAgq + 1(-00, =0, ) A (4)
Trong d6: diu “~” chi thanh phan thir tw nghich, ddu “+ chi thanh phan tht tu thuan, R,
la dién tro stator, R, 1a dién tro rotor, L, 1a hé sb dién cam tir hoa, L, lahé sb tu cam stator,

A

aqs 12 tir thong stator theo phuong dq, 4

dar la tir thong rotor theo phwong dq, i, 4gs 1@ dong dién

233 CO PIEN TU - KHCB - CNTT



Nguyén Thj Thanh Tric, Bli Quang Huy

stator theo phuong dq, i;qr 1a dong dién rotor theo phuong dq, Vg, 1a dién ap stator theo
phuong dg, Vg, 1a dién p rotor theo phuong dq, @, 1a tan s6 ngudn phét, @, la tan s6 goc
rotor.
Cong suit phét toan phan dugc tinh nhu sau:
S; =P+ jJQ=15(Vgelges +Vagriar) )
Trong do:
Dién &p rotor trong hé toa do ding yén: Vi, =el@ v el

Dong dién rotor trong h¢ toa do ding yén: i, =gl yelCar “’f)tldqr

Moémen may phat dugc tinh nhu sau:

T, ©)

@,

T, =L5{L, (5, +id )+ L iy +ii ) cos2a) + L, iy ~igig)sinCat)} (1)
Dé don gian, phuorng trinh mo men duoc viét lai nhu sau:
T, (t) =T, + T, cos(2a.t) + T, sin(2a,t) (8)
Trong do:
Thanh phan DC: T, =1,5L, (iggiq +igslgr)

Thanh phan dao dong theo ham cos: T, =1,5L, (iglg +iglg)
Thanh phan dao dong theo ham sin: T, =150, (igiy, —igeiy)

Do ngudn dién &p cua luéi dién khong can bang (Iuéi khong dbi xang), mé men may
phat ngoai thanh phan DC, con c6 thém hai phan phan dao dong AC (T,,, T.,) ma tin sd

ctia n6 bang 2 1an tan s6 caa ludi dién ngudn. Dao ddong md men caa may phét c6 thé duoc
giam bt bang cach diéu khién thanh phan thir ty @m cua dong rotor.

Cong suat phat toan phan phia stator duoc tinh nhu sau:
S, =P+ JQ, =1,5(Vsiies) 9

Trong d6: Pién ap va dong dién stator trong hé toa do ding yén lan luot 1a

_ all@)ty + j@)ty ~
qus =e qus +€ qus
@)+ et~
dqs =€ dqs +€ dqs

Cong suat tac dung phia stator dugc tinh nhu sau:
P, (t) = P, + Py, cos(2at) + P, sin(2a.t) (12)
Trong do:

Thanh phan DC: Py =1 5(Vygigs +Vilgs +Vaslgs +Voslgs)  (13)

Thanh phan dao dong theo ham cos: =1,5(Vigig +Vaghos +Vaslgs +Vesigs)

sc2 gs'gs
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Thanh phan dao dong theo ham sin: P, =1, 5(Vy g —Vgas —Vagas +Viggs)
Ngoai ra, cac thanh phan cong suat duoc viét lai nhu sau:
P

sc2

l 5(Vds ds +Vqs|qs +Vds|ds +Vqs qs)

_1 5{2(R + pL )I o+ pL (Iqr qs qr qs)}+ (14)
+1,50, L (igiqs —igly) +1.50,L, (i1 —igig)
P

ss2

gs'gs

= 11 5(Vc;si(;s _Vc;sic;s _Va—sic;s +V§siq_s)
_1 S{pL (Iqs ar qs dr) 260 leqslqs m(lqs qr qs qr)}

Cong suat phan khang phia stator duoc tinh nhu sau:
g, (t) = Q,, +Q.., COs(2a,t) +Q,, Sin(2aw,t) (16)

15)

Trong do:
Thanh phan DC: Q,y =1, 5(Vyqig —Visles +Vielas —Vieles)
Thanh phén dao dong theo ham cos: Q,., =1,5(Vglg —Vislgs +Voelds —Veghas)
Thanh phan dao dong theo ham sin: Q,, =1, 5(Viig, +Vitigs —Visie —Visig
Ngoai ra, cac thanh phan céng suat dugc viét lai nhu sau:
Qo =L 5(R, + pLy)(i iy +iig)+15pL,, (i

qslds gs'ds

+11 560 L (Ids ds ds ds) +1 50, m(ldr ds dr ds)
Qscz :1’ 5&) Lm{L (Ids ds + Ids ds) + L (Idrlds + Ids dr )} (18)
552 :LSCO Lm{l—s (Ids gs ds qs) + Lm(ldr qs dr as )} (19)

Bai vi truc d cua thanh phan th tu thuan va tha tu nghich dwoc chon tring véi thanh
phan thtr tu thuan va tht te nghich cua tir théng stator. Vi thé, thanh phan thir tu thuan va thi
tu nghich cua dién 4p truc d stator biang 0. M& men may phat, cong suét tac dung stator va
codng suit phan khang stator dugc tinh todn phu thudc vao dong dién stator va rotor. Ta thiy
trong cac phuong trinh cua cong suat phan khang va md men cia may phat, ¢ dao dong cua
codng suit phan khang c6 su lién hé véi do dao dong cua md men may phat. Dé loai bo dao
dong cia md men méy phét (T,., =0 va T,, =0) thi dao dong cua cong sudt phan khang s&

qr ds quds ) +

(17)

giam. Do do, hai bo diéu khién dé giam dao dong cong suat phan khang (Q,, =0 va Q. =0)
dugc thém vao. Cong suat phan khang stator tham chiéu (Q,, ) dugc diéu khién bang 0. Dong
dién tham chiéu nay duoc tinh toan nhu sau:

Po 0 0 0 0 ] | Viee que Ve Vq;e
QsO Vq;e Vd:e Vq;s Vd;e VqJ;e Vq;e _Vd;e Vq;e Vd;e I J re
Pe2 _ i Vq;e Ve Vq:e Vd;e Vdge + 3L, Vq;e Ve Vq:e Vd:e I;rre
Pez | 20| Vo Voo Ve Voo [[Veo | 2L | Voo Vae Voo Vee || lae
Qs 0 0 0 0 Ve Ve —Vq;e Vd:e que | are
Q. | 0 0 0 0 Ve Ve Voo Vi (20)
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3. PIEU KHIEN DONG DIEN MAY PHAT DIEN GIO DUNG BQ BPIEU KHIEN
CONG HUONG-TICH PHAN-TI LE (PI-R)
Hinh 2 thé hién vector F gitta o, 8. , a, 5, Va dq*, dg . Ddi véi vecto F, phép bién doi
giita cac hé toa do khac nhau duoc thé hién nhu sau:

Fo=Fre ™ Fy=Fe™

Fy=Fge ™, Fy=Fee (21)
+ —j(@,-a; )t - _r pl-oe-a )t

F. =Fe , Fu=Fe

Trong d6 F co thé 1a dién ap, dong dién va tir théng.

Hinh 2. Méi quan hé gitra cac hé truc toa do

Vong Idp diéu khién dong dién dugc mo ta trong Hinh 3. Ham truyén cua b diéu khién
dong dién dung diéu khién cong huong-tich phan-ty 1€ (PIR) dugc dinh nghia nhu sau:

ki Kors® +kgs
Go(s)=kp +—-+———5 (22)
S 57+ (2w,)
Trong d6: Ky, ki, kor Va kir 12 thong s6 cua bo diéu khién dong dién.
Ham truyén vong kin caa hé thong duoc thé hién nhu sau
lgqe (3) Go ()
ge 0
G, (s)= = (23)

B lace (5) (Ls+R.)+Gy(s)

Decoupling voltage

L.s+R,

Hinh 3. So dd khéi cua bo diéu khién dong dién dung PIR

Céc thong sb ko, ki, kor Va kir trong bo diéu khién PIR duoc mé ta boi phuong trinh (22),
(23) duoc xac dinh nhu sau :

D(s)=(Ls+ R)[sﬁ + s(Za)e)Z]Jr kps[sz +(20, )2} K, [sz +(20, )Z}(MRS3 +igs?) (24)

Cac tham sb cua bo diéu khién duoc tinh toan dua trén da thirc Naslin bac bén:
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s? s st

N(s)=aq 1+ 4 =t (25)

w, aw,

Trong d6: a 1a hé s6 dac tinh va o, 1a tan s6 Naslin
Két hop phuong trinh (24) va (25), ta dugc:
oy = ocsa)r‘]1 L,
_ aﬁa)g L,
(2.
K = 0565();]l L, (26)
(20, )2

1
Kor =ao,L, -R, -k

p r

p

2
Kig = aSa)r? L -L (Za)e) -k;

Heé sb dac tinh cua da thirc Naslin thuong dugc chon 1a a = 2. Do d6, c4c thdng sé thich
hop cua b dieu khién dong dién de xuat dat duoc nhu trong (26). Trong nghién ciu nay, cac
théng so6 cua bd diéu khién duoc thiét ké la la k, = 1,8; ki = 4,5; kpr = 2558,2; kir = 22249,2.

Luwoi
R\
A
|~ abc/dq
@ DFIG \ése ljse \ése lqse
:
Encoder lor 2 ' ex
abe/dg [~ ke P kprs” +hgs o e
I > lgre - 2 2 +
ar 2 +(20,) j( .
S, Var A 322 74 \ .n Lr‘; Id;:e °
owm (5 @ Vit B diéu khién dong dién fe— Q.
: "E —0 theo phwong d - B
converter) Se| svpwm X * P ¢ (330)‘_ o
Vq*r [¢) 2
koS k Lk [ Q.
F +&+ pRS + RS \ Iqre
s s2+(2(ae)' ¥
"
lqre

B§ diéu khién dong di¢n
theo phuong q

Hinh 4. So d6 khéi diéu khién dong dién rotor ding PIR

4. KET QUA MO PHONG
Thong s cua tua-bin gi6 va thong sb ciia may phat 1an luot duge thé hién trong Bang 1 va 2.

Bdng 1. Thong s6 ciia tua-bin gi6

Cong suat dinh mic 2 MW

Bén kinh canh quat 39m
Cuong d6 khoéng khi 1,225 kg/m3
Hé sé chuyén ddi cong suét cuc dai 0,4

Téc @6 gi6 can dudi 3mils
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Tbc do gi6 can trén

25 m/s

Tbc @6 gio dinh muc

14 m/s

Hé s6 quan tinh canh quat

6,3x106 kg.m2

Bang 2. Thong s6 ciia DFIG

Cong suét dinh muc 2 MW
bién ap ludi 33 kV

bién ap stator 690 V

bién tré stator 0,00488 p.u
bién tré rotor 0,00549 p.u
bién cam ro stator 0,0924 p.u
bién cam ro rotor 0,0995 p.u
bién cam tir hoa 3.95279 p.u
Hé s6 quan tinh méy phat 200 kg.m?

Truong hop 1: Biéu khién PI thong thuong trong truong hop ludi dién ap co su ¢b

_ Xét dién &p pha A gidm 12%. Két qua mo phong diing bo diéu khien PI dé diéu khién he
thong khi cé su ¢o luéi cd dang nhu Hinh 5.

(a) Dién ap ludi (V)

I”l."'.lll"h |

-

1.100

1.0004

,1i."fﬁ‘.'+’|) i

0.50M4

05004

(b) Bién ap DC-link (V)
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(f) Céng suat phan khang stator (VAT)
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(d) Dong dién GSC theo phuong q (A)
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(h) M6 men may phat (p.u)
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Hinh 5. Két qua md phong diing bo diéu khién dong dién (P1) khi cé su ¢6

Qua két qua nhu Hinh 5 ta thay khi dién 4p pha A giam 12% trong khodng thoi gian tir
1,5 s &én 1,75 s thi d6 dao dong cua tat ca cac dang song (dién ap DC-link, dong dién vao bo
chinh luu phia lusi (GSC), cong suat tac dung va cong ! suit phan khang stator, dong dién rotor,
md men may phét va téc do rotor) ting cao. Khi su ¢b ludi ba pha khong can bang, hé thong
xuit hién thanh phan dong dién thtr ty nghich. Vi vay, véi viéc dung bo diéu khién PI chi cho
diéu khién dong dién theo phuong d va q 1a khéng phu hop.

Truong hop 2: Giai thuat diéu khién giam dao dong cong suit stator va md men dung bo
diéu khién dong dién song song theo phuong d va q (bd didu khién dong dién thir tu thuan va
nghich theo phuong d va g: dual current controllers for dg-axis)

Xét su cb véi dién ap pha A giam 12% ( Vg, >0.85 (pu) ). Két qua md phong dung bo

diéu khién dong dién song song khi ¢6 sy ¢d luéi c6 dang nhu Hinh 6.

(c) Dong dién rotor thir tir thudn the o plurong d va q(A)
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(b) Pién ap DC-link (V) (d) céng suat phan khang stator (VAr)
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(&) M& men may phét (p.u)

030 e

"% Time(s) ' 200

Hinh 6. Két qua md phong diing bo diéu khién song song (dual current controller)

Qua két qua nhu Hinh 6, ta thdy trong khoang thoi gian su ¢6 (1,5-1,75) s, d6 dao dong
ctia hau nhu cac dang song (dién 4p DC-link, dong dién GSC, cong suét phan khéang stator,
dong dién rotor, md men may phat va téc do rotor) do ding b diéu khién dong dién song song
theo phuong d va q déu giam dang ké, so véi truong hop chi dung bo diéu khién don theo
phuong d va g, trir cOng suit tc dung stator giam tuong dbi it. D6 dao dong cong suit phan
khang stator (Q,, = Q =0) dugc lam giam cling chinh 13 1am giam dao dong ctia md mmen

may phét (T, =T, =0). Do d6, két qua md phong nhu trong Hinh 6 cho thiy do dao dong
cong suat phan khang va do dao dong md men giam dang ké. That khé c6 thé diéu khien dong
thoi dé vira giam dao dong cua cong suat tac dung vira cong suat phan khang stator do thanh
phan dao dong cdng suat tdc dung va cdng suat phan khang stator khdng giéng nhau.

Trong trudng hop sw ¢ diép 4p ludi giam it (<12%), may phat DFIG c6 thé khai thac st
dung chinh bo back-to-back converters dé dieu khién dam bao lién tuc ket noi lusi, ma khong
can phai dung thiét bi phu thém vao.

_ Truong hop 3: Gidi thuat diéu khién giam dao dong cong suét stator va mé men diing bo
dieu khién dong dién PIR theo phuong d va q (b6 diéu khién dong dién tha tu thuan theo
phuong d va q)

Xét sy ¢ véi dién ap pha A giam 12% (V,; > 0,85 (pu)). Két qua md phong diing bo

diéu khién dong dién PIR dé diéu khién hé théng khi co sy ¢6 luéi c6 dang nhu Hinh 7.

(a) Bién ap lusi (V) (d) Cong suit tic dung stator (W)
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(c) Dong dién rotor thi ty thuin theo phrong d va q (A) (f) M6 men méy phat (p u)
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Hinh 7. Két qua mo phong ding bo diéu khién dong dién PIR

Qua két qua nhu Hinh 7, ta thy trong khoang thoi gian su ¢6 (1,5-1,75) s, d6 dao dong
ctia hau nhu cac dang song (dién 4p DC-link, dong dién GSC, cong suat phan khang stator,
dong dién rotor, md men may phét va téc do rotor) do dung bo diéu khién dong dién PIR theo
phuong d va q déu giam dang ké, so véi 2 trudng hop 1 va 2. Trong d6 dién 4p DC-Link twong
duong nhu treong hop 1- chi dung bo didu khién don theo phuong d va g, cong suat tac dung
stator giam sau, d6 dao dong cong suat phan khang stator (Q,. =Q, =0) tuong duong Vi

d6 giam dao dong cia m6 mmen may phét (T, =T, =0) giam dang ké.

Trong trudng hop sw cd diép ap ludi giam it (<12%), may phat DFIG ciing van ¢ thé sir
dung chinh b6 back-to-back converters dé diéu khién ¢am bao lién tuc két néi ludi, ma khdng
can phai dung thiét bi phu thém vao.

5. KET LUAN

Bai bao di trinh bay giai thuat diéu khién dong dién cho hé thdng tua-bin gi6 méay phéat
dién khong dong bo ngudn kép trong diéu kién dién ap ludi khéng can bang. Véi giai thuat
nay, md hinh hé thdng tua-bin gié may phat DFIG véi bo bién di cong suat phia rotor (RSC)
dugc phan tich trong hé toa d6 quay. Ngoai ra, didu khién dong dién rotor dung b diéu khién
tich phan ty 1é cong véi cong huong (PI + R) duoc ap dung. Do d6, dao dong ciia cong suat va
md men cua may phat giam di nhidu ca ¢ trang thai qua do I1an trang thai xac lap. Két qua mo
phong cho hé thdng tua-bin gié may phéat DFIG vai cong suat 2 MW ding giai thuat d& xuat
da dugc kiém chimg trong truong hop dién ap ludi khéng can bang.
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ABSTRACT

CONTROL OF GRID-CONNECTED DFIG WIND TURBINE SYSTEM
DURING THE GRID FAULT

Nguyen Thi Thanh Truc*, Bui Quang Huy
Ho Chi Minh City University of Food Industry
*Email: trucntt@hufi.edu.vn

This research, a control scheme based on a combination of proportional integral
controller and resonant regulators has been proposed for the doubly-fed induction generator
(DFIG) wind turbine system under unbalanced grid voltage. A model of DFIG wind turbine
system with the rotor-side converter (RSC) is firstly analyzed in the synchronous reference
frame. Then, the proportional integral plus resonant (P1+R) regulators are utilized. With this
combination of the two controllers, the oscillations of the power and generator torque can be
much reduced in the transient and steady states. The effectiveness of the proposed scheme is
verified by the simulation results for the 2 MW-DFIG wind turbine system under unbalanced
grid voltage conditions.

Keywords: Doubly-fed induction generator (DFIG), unbalanced voltage sag, grid fault.
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