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Nghien ctbu st dung va khai thdc hiéu qua ngubn ndng Ilro'ng gio dé phat
dién cé y nghla thlet thwe dén viéc gidm bién doéi khi hdu va glam sw phu
thudc vao cdc nguon nhién liéu héa thach cé nguy co can kiét, gay 6 nhiém
méi truomg. N61 lwéi tuabin gid siv dung cdc bé bién déi dién tir cong sudt
c6 nhitng wu diém nhw: khd ndng truyén ndng lwong theo cd 2 hwéng, két
hop véi mach I(_)c S€é gidm séng hai qua lwéi va logi trir cdc séng hai bdc
cao, diéu nay c y nghia Ién dén viéc cdi thién chat Iwo'ng dién ndng. Bai
bdo da dwa ra dwoc két qud mé phong diéu khién néi lwdi cho tuabin gié
S dung cdc bé bién déi dién tir cong sudt. O’d‘ay St dungglal thudt hé bam
diém cong sudt cwe dai nhdm dam bdo rdng tuabin gié sé luén Iuén lam

VFDPC

viéc & diém cwec dai khi tdi thay doi.

© 2017 Trudng Dai hoc Mo - Dia chit. T4t ca cac quyén dugc bao dam.

1. M¢é dau

Ngay nay, cung véi sw phat manh mé cia thé
gi¢i, nhu ciu st dung ning lwgng cia con ngudi
ngay cang tang. Nguon nang lwong tai tao noi
chung, nguén nang lwong gié ndi riéng la dang
ngudn nang lwong sach, khong giy 6 nhiém moi
trwong, dong thoi tiem ndng ve triv lwgng ning gié
& nwéc ta ratlon. Tuy nhién, d€ khai thac, str dung
nguon nang lwong gié sao cho hiéu qua, gidam phat
thai cac chat gdy 6 nhiém méi trwong, dic biét 1a
khi (CO2) dang la muc tiéu nghién ctru ca nhiéu
quoc gia. B chinh lwu (AC/DC) phia may phat
dién dung diéu chinh hoa déng bd cho may phat
dién cting nhw tach may phat dién ra khéi lwéi khi

“Tdc gid lién hé
E-mail: tdhlekimanh@gmail.com

can thiét. B6 nghich lwu (DC/AC) phia lwéi nham
gitr 6n dinh dién 4p mach mdt chiéu trung gian,
dong thoi dwa ra dién ap (AC) noi lwdi. Cac b bién
déi dién tir cong suat giir vai tro rat quan trong
trong cac hé thong diéu khién ning lwong tai tao
(Renewable Energy sources - RES). Hé thdng diéu
khién noi lwdi cho tuabin gié st dung cac bd bién
d6i dién ti cong suit, nham hudng dén phat trién
lwdi dién thong minh va diéu khién linh hoat cac
ngudn nang lwong tai tao.
2. Cac b bién doi dién tir cong suat

Hé thong diéu khién noi lwdi cac ngudn dién
phan tan (Distributed Energy Resources - DER)
noéi chung va tuabin gié v&i pin nhién liéu noéi
riéng. Theo (Onar, Uzunoglu, Alam, 2006) tuabin
gié str dung may phat dién dong b nam chim
vinh cltu (Permanent magnetic synchronous
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generator - PMSG) bao gom céc thanh phan co
ban, nhw Hinh 1. Cac b6 bién ddi dién tir cong suit
thwc hién nhiém vu nhw sau: Tuabin gié qua may
phat dién cho ra dién ap (AC), qua bd chinh Iwu
(AC/DC) dwa ra dién 4p mot chiéu (DC). T4t ca cac
dién 4p mot chiéu (DC) nay qua bd nghich lwu
(DC/AC) dwara dién ap (AC) néi lwdi.

2.1. Bé chinh Iwu va bé nghich lvu
Bus DC

—> TaiDC

Tuabin gi16 ACDC

| — —N{j—ptw—h
Toc do =

glo May phat dién _ | mB

DC/AC

.‘.

A -
Luoi
dién

Tai AC

Hinh 1. So d6 diéu khién tuabin gié néi lwdi

Viéc nghién ctru cac bd chinh lwu (AC/DC) va
b6 nghich lwu (DC/AC) diéu ché theo phuwong
phap ddé réng xung (Pulse Width Modulation -
PWM) hodc diéu ché theo vecto khong gian (Space
Vector Modulation) dwgc nhiéu nha khoa hoc
quan tdm nghién ctru trong nhitng ndm gin day
v6éi nhitng wu diém vwot troi nhw: khd nang
truyén nang lwong theo ca 2 hwéng, véi goc diéu
khién thay déi dwoc (goc dién), dung lwong song
hai thap..v.v.

2.1.1. Mé hinh todn hoc cho bé chinh lwu

So d6 bo chinh lwu diéu ché theo phwong
phap do rong xung (PWM), nhw Hinh 2. Theo (Bali,
Wang, Xing, 2007) dé dat dwoc muc tiéu l1a diéu
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Hinh 2. So d dong dién va dién dp ctia b6 chinh
lvu

khién cc thanh phan cong suit phat vao lwédi tir
tuabin gi6 thi hién nay c6 nhiéu phwong phap dé
diéu khién cho bd chinh lwvu PWM nhu phwong
phép: VOC, DPC, VFVOC, VFDPC.

Dwa vao so d6 Hinh 2, ta xdy dung biéu thirc
dién ap cia bo chinh lwvu PWM nhuw sau:

( Ldi+ Ri, =e, — (S, Uy +Uy,)
dt
L%+ Ri, =e, —(SyUy. +Uyg)
< dt ¢ (1)
Ldi°+Ri =e, —(S.uy, +Uyo)
at c c cUac
| C du,, =iy —i,

Biéu thirc (1) chuyén sang hé toa dé dq duoc
viét lai nhw sau:

di . .
Ld_’s =e, — Riy —S,u,, + wlLi,
di, _ :
LH = eq — qu — Squdc — C()le (2)
3S
C M P 4 Daj, i,

2.1.2. M6 hinh todn hoc cho bd nghich lvu

Theo (Nguyén Van Nho, 2015) bd nghich luu
dung dé bién doi dién 4p mot chiéu thanh dién ap
xoay chiéu ba pha c6 thé thay déi dugc tin s6 nho
viéc thay d6i qui luat dong cit clia cac van, nhw
Hinh 3.
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Hinh 4. Gidn do xung déng ngdt bé nghich luu
Ta gia thiét tai 3 pha ddi xirng nén dién ap:
Uy +Ug, +U =0 (3)
Goi N la diém nut cda tai 3 pha dang hinh (Y).
Dwa vao so do6 hinh 3, dién ap pha ctia cac tai dwoc
tinh nhw sau:
Uy = U0 —Uno
Ui = Uzo —Uno (4)
Uiz = Uzp —Upno
ulO + u20 + u30 (5)
3
Thay biéu thirc (5) vao biéu thirc (4) ta cé
phwong trinh dién 4p & mdi pha cia tai nhw sau:
2u10 — Uy — U3z

V6i Uy, =

U, = 3
2u20 — Uz, — Uy
ut2 - 3 (6)
u _ 2u30 — U0 — Uy
t3 —

3
Dién ap day trén tai dwoc tinh nhw sau:
U2 = U0 — Uz
Uizz = Upg — Uz (7)
Uizp = Ugp —Ugo
Thanh phan dién ap thi tw khong c6 thé bd
qua vi gia thiét tai déi xing, nén dién ap thi tw
khong sé khéng tao ra dong dién. Tuy nhién néu
trong treong hop c6 hai bo nghich Iwu néi song
song v&i cac diém ndi truc ti€p & ca phia xoay
chiéu va mot chiéu sé giy ra dong dién thir tw
khéng chay vong, vi xuat hién dwong dan cta nd,

khi d6 ta khong thé bo qua dong dién thd tw
khong.

2.2. Cdu tric diéu khién cho bé chinh Iwu va
nghich lvu

Theo (Yang, Zhao, Liu, 1999) gia tri ddu ra cia
dién 4p qua b chinh lwu va nghich lwu, chuyén
sang hé toa d6 dq dworc tinh nhw sau: Tir biéu thirc
(2) cia mo hinh todan hoc b chinh lwu da phan tich
& trén. O day Va = S, Vg = SqUlae, Sa, Sq 12 cac dién
ap vao cta bo chinh lwy, biéu thirc (2) dworc viét lai
nhw sau:

L Oc';s — e, — Riy —V, + oli,
di, _ .
i e, — Riy =V, — ol iy (8)
du u 3 . .
C de — __ —dc 4 = (S,i, + S_i_.)
dt R, 2 ¢ a’d

vV, = —(
vi

sti j(i;‘ —iy )+ e, +ali, 9)

quij(i; —iq)+eq — ol (10)

Ca

Hinh 6. Diéu khién mach vong trong ctia dong dién
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Mat khac theo (Kazmierkowski, Krishnan,
Blaabjerg, 2002) ham truyén cia mach loc duoc
tinh nhw sau:

i(s) 1
G (8)=—AL=——_
©) u(s) R+SL (11)
Ham truyén cia PWM
1
G, (s)=———
) 1+15T.S (12)

Tl cac biéu thirc (8), (9), (10), (11) va (12)
cu tric diéu khién mach vong dién ap va mach
vong dong dién cho bd chinh Iwu va nghich lIvu
dwoc mé t3, nhw Hinh 5 va Hinh 6.

3. M6 hinh tuabin gi6

3.1. M6 hinh tuabin gio

Theo (Lé Kim Anh, 2013) cOng suit cta
tuabin gié dworc tinh theo biéu thirc:

P, =C, (A,ﬂ)%Ava (13)

Trong d6: Pn: Cong suit dau ra cua tuabin
(W); Cp(A,B): Hé sb bién doi nang lwong (la ty so
gitra toc dd dau canh A va goc canh B); A: Tiét dién
vong quay cua canh quat (m2); p: Mat do cuia
khong khi, p=1.255 (kg/m3).

T biéu thirc (13) ta thay van toc gi6 la yéu td
quan trong nhit cda cong sut; cong suit dau ra
tang theo lily thira 3 cia vin t6c. Hé s6 bién doi
nang lwong Cy(A, B) ctia biéu thirc (13) dwoc tinh

nhw sau:
21

16 045 5" +0.00681(14)

2.

1 1

B 0.035
- - 3

véi A4 4A+0.085 1+p0

Nhu ta da biét ty s6 toc dd d4u canh tuabin gi6

C, (4, ) = 0.5176(

(15)

vatocdola: g = Rao trong d6 w téc dd quay cua
Y
tuabin, R ban kinh cda tuabin, v van t6c ctia gié. Do
vay momen cua tuabin gié dwoc tinh nhw sau:
P, 1 s~ @°

T,= - _27rpR C, PE (16)

Mit khac tuabin gi6 c6 thé van hanh theo cac
quy tic diéu khién khac nhau tuy thudc vao téc do
clia gi6. Puong cong biéu dién mdi quan hé giira
Pnva téc do gid, nhw Hinh 8.

T cAc biéu thirc (13), (14), (15), (16) da phan
tich & trén, md hinh tuabin gié dwgc xay dung trén
Matlab/Simulink véi théng s6 d4u vao toc do gio,

-0.1
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Hinh 7. Duomg cong biéu dién méi quan hé giiva C,
vai

20

17.5F
15+
12.5+
A0
750

0 5 ] 10 1‘5 2‘0 2‘5 SID 3‘5 4‘0 45 50 55
Hinh 8. DPuomg cong biéu dién méi quan hé gitra
P va téc dé gié

tbc d6 clia may phat dién va thong s6 dau ra
momen, nhw Hinh 9.

3.2. M6 hinh mdy phat dién (PMSG)

Mo hinh mdy phat dién déong bé nam chim
vinh ctru (PMSG) c6 hai loai hé truc toa do dwoc st
dung: hé toa dd o3 gin c6 dinh véi Stator va hé toa
do dq con goi 1a hé toa d6 twa hwdng tir thdong
rotor, nhw Hinh 10. Theo Nguyén Phung
Quang.(2006) phwong trinh dong dién va dién ap
ctia PMSG biéu dién trén hé toa do dq nhw sau:

di,, 1. Leg - 1
dt T, e T e e )
sd sd sd
di, L 1 1 v
q sd ; p
=—0, —lgy ——Il +—U, —o,— (18)
dt L, Tg, L, (.

Trong do: Lsq dién cdm Stator do & vi tri dinh
cuc; Lsq dién cam Stator do & vi tri ngang cuc; b
tir thong cuc (vinh clru); Tsq, Tsq 12 hdng s6 thoi
gian Stator tai vi tri dinh cwc. Phwong trinh
momen tinh nhw sau:
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Toc da gio [

Y

pt{1g)

i

Mornen(Trr)

Toc do _MFD
pt(19),(20),(21)
angle (deq)
g
Hinh 9. M6 hinh tuabin gié
Ua 0
Toa dd a R
Toaddd
W
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Hinh 10. Hé truc toa do aff va dq
L’ L=q I"-'u
X
™ o axis
=
poless2
g
wd - "
L
| aait
Is-:ll‘-!
phim > ] axis
prmiflux
1
? B
s

Hinh 11. M6 hinh mdy phdt dién PMSG

Te
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3 . -
my, = E |:)c [l//plsq + Isdlsq(Lsd - qu)] (19)

bé xiy dung moé hinh PMSG trén
matlab/simulink dwa vao biéu thirc (17), (18),
(19), nhw Hinh 11.

3.4. Phwong phdp diéu khién bam diém céng
sudt cwce dai

. Thuat
Tuabin toan > Tai
glo MPPT

Hinh 12. Sor dd nguyén ly diéu khién truc tiép theo
phwong phdp MPPT
Hién nay cé nhiéu ky thuat dé diéu khién
tuabin gi6 theo phwong phdp bdm diém cong suit
cuc dai (Maximum Point Power Tracking, MPPT).
O’ mdi ki thuat diéu khién déu c6 nhitng wu va
nhwoc diém khic nhau. Hinh 12 so d6 nguyén ly
diéu khién tryc tiép theo phwong phap MPPT.
Cac ky thuat nay c6 thé phan thanh 2 nhém

chinh nhuw sau: ky thuét tim kiém va ky thuit tim
kiém dwa trén mo hinh. O ky thuat tim kiém dé
thyc hién nhwng doi hdi mot sé bwée 16n méi hoi
tu dwgc diém cuc dai (Maximum Point Power,
MPP) trong khi d6 sé hoi tu rat nhanh diém MPP
vGi ki thuét tim kiém dwa trén mé hinh. Hinh 13,
lwu d6 thuit toan P&O diéu khién truc tiép theo
phwong phap MPPT. Trong Hinh 13, By diéu
khién MPPT sé do cac gia tri dong dién [ va dién ap
V, sau d6 tinh toan do sailéch AP = P1-P2, AV =V4q
'Vdc2-

4. Xay dwng mo hinh trén Matlab-Simulink
4.1. Xdy dwng mé hinh trén Matlab-Simuink
M6 hinh dwoc xay dung dwa trén so d6 cau
trac diéu khién néi lwdi cho tuabin gié va tng
dung cac bo bién doi dién tlr cong suit nhw da

phén tich & Hinh 1, muc 2. So @ m6 phéng trén
Matlab - Simulink nhw Hinh 14.

4.2. Két quda mé phéng trén Matlab - Simuink

Start
|
P1 = lgct. Ve
4

Vdcl, |dcl, Vdcz, ldac2

/

Hinh 13. Lwu do thudt todn P& O diéu khién truc tiép theo phwong phdp MPPT
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Hinh 14. M6 hinh diéu khién tuabin gié n6i lwéi
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Hinh 15. Pién dp ra ctia chinh lwu va nghich luu (V)
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Hinh 16. Cong sudt ctia tuabin gié (W)

02

400
300
200
100

-100
-200
-300
-400

500 T T T

[

[—

e
¥
-

Keza Laoi Dien

0

I I I
0 0.02 0.04 0.06

!
0.08 0.1

012 014 016 018

Hinh 17. Bién dp ngé ra U (V)
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Hinh 18. Dong dién ngé ra lay: (A)
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Fundamental (50Hz) = 40.2 , THD= 4.95%

T T T T T

Hamonic order

T T T T

[Hinh 19. Ddc tinh séng hai cta dong dién
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Hinh 20. Dién dp néi lw6i Ugs: (V)
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Hinh 21. Ddp tng tdn s6

Bdng 1. Cdc théng sé co bdn ctiia PMSG

Ciing sudt may phat 121

= o (P 2

Toc dd rotor (o) 175 radfs
Pign tré stator (B 04250
Pién cam stator (L,) | &.4mH
IS men 40Tm
Tiy thing 0.433Wh

Nhén xét: Trong Hinh 15 thé hién dién ap ra cia
bd chinh Iwu 14 dién 4p mot chiéu Vg = 650V, dién
ap ra bo nghich luu Vg = 380V. O thoi diém t <
0.02s, hé thong lam viéc khong tai, liic nay tuabin
gi6 bat dau phat ra cong suit dwoc thé hién trén
Hinh 16. D6éng thoi dién ap va dong dién ra duoc
thé hién trén Hinh 17 va Hinh 18. Trong khoang
thoi gian 0.02s dén 0.1s, hé thong diéu khién
tuabin gi6é van hanh mang tai, l4c nay dién ap va
dap ng cta tin s8 c6 dao ddong, nhwng nam trong
pham vi cho phép theo tiéu chudn IEEE 1547 thé
hién trén Hinh 17 va Hinh 21. S& dung giai thuat
diéu khién MPPT tai thoi diém t = 0.1s hé thong
bit dau ndi voi lwdi va cong sult phat dat gia tri
16m nhat thé hién trén Hinh 16. Khi thuc hién dong
bd v&i lwdi cac gia tri dién ap, tin s6 va cong suat
d4u ra ludn bang gia tri dat, hé théng lam viéc ludn
& trang thai 6n dinh.

5. Kétluian

Diéu khién noi lwdi cho tuabin gié rng dung
cac bd bién doi dién tir cong suit va st dung giai
thuat diéu khién MPPT da phat huy t6i da céng
sudt phat ra cia hé thong. Hé thong diéu khién ndi
lwéi thong qua may bién ap 400V/22kV va dwong
day tai dién. Viéc rng dung cac bo bién déi dién ti
cong suit trong diéu khién néi lwdi cho tuabin gié
12 nham hwéng dén phat trién lwdi dién thong
minh va diéu khién noi lwéi linh hoat cho cac
nguon nang lwgng tai tao.
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ABSTRACT

Application of power electronic converters in grid-connected
control of wind turbine

Anh Kim Le

Faculty of Electrical and Electronic Engineering, Tuy Hoa Industrial College, Vietham

Doing research to efficiently exploit the wind power for electricity generation plays an important
role to reducing climate change as well as lessening the reliance on the fossil fuels which are at high
risks of exhaustion, causing environmental pollution. The advantageous point of connecting wind
turbines by using the capacity electronic shifting sets is two-directional energy transmission.
Especially, as connected with the filtering net, it will surely reduce harmonics via nets except for high
level harmonics, which is greatly meaningful towards improving electricity power quality. The article
presents the results of modeling and monitoring connecting nets to wind turbines by using the
capacity electronic conversion of electrical energy. The algorithm of maximum point power tracking
system are applied to ensure wind turbines to be constantly working of maximum point power when
changing at the changes of transmission.

Keywords: Power Electronic Converter, Grid-connected control, renewable energy, VOC, DPC,
VFVOC, VFDPC



