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XAY DUNG BO DIEU KHIEN TRUGT CHO HE TUABIN DIEN GI0
SU' DUNG MAY PHAT DONG BO NAM CHAM VINH CUU

BUILDING A SLIDING MODE CONTROLLER FOR WIND GENERATOR TUABIN SYSTEM CONSIDERING

DIFFERENT COMPONENTS
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TOM TAT

Bai bdo trinh bay két qué téng hop bé diéu khién trugt cho hé mdy phat dién
tuabin gi6 khi tinh dén nhiéu loan gi6. Cac két qua dugc khdo sat danh gia bang
md phdng trén phan mém Matlab-Simulink cho thdy bo diéu khién nay dam bao
duoc cc yéu cau chat lugng ngudn phat khi ndi ludi, t6i uu hoa qud trinh chuyén
dai néng lugng cho tuabin gio.

Tir khéa: Tuabin gid, diéu khién trugt, ndi ludi.

ABSTRACT

This paper presents the results of synthesizing the sliding mode controller
for wind turbine generator system when taking into account wind disturbance.
The survey results evaluated by simulation on Matlab-Simulink software show
that this controller ensures the power quality requirements when connecting to
the grid, optimizing the energy conversion process for wind turbines.

Keywords: Wind Turbine, sliding mode control, grid connection.
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1.DAT VAN BE

Ndng lugng gié la mét trong nhiing hudng nghién cdu
chinh dang dugc cac nha khoa hoc quan tam [1-6]. Pay la
mot trong nhiing nguén nang lugng tai tao quan trong c6
mat khdp noi trén trai dat; ¢ thé cung cap dién doc lap cho
cac khu vuc xa x6i nhu hai ddo, bién gigi. My phat dién gi6
hién nay dang cung cdp mot lugng cong suat dang ké bén
canh cac mdy phat co ban nhu nhiét dién va thuay dién... [6].
Trong d6 mdy phat dién dong bé nam cham vinh clru dugc
cac hang san xuat turbine gié st dung rdng rai nha uu thé:
¢6 d0 tin cay cao, ti lé san sinh nang lugng trén don vi trong
lugng 16N, hé s6 cong suat I6n hon [2, 5].
2. MO HINH CO HE

Xét mot mo hinh hé théng dién téng quat nhu hinh 1 [5].
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Hinh 1. M6 hinh méy phat dién gi6
2.1. M6 hinh tuabin gié
Cong suat gio tac ddong vao canh quat:
o oSV
2
Sinh mé men xodn lam quay tuabin:

T - %anwch ) 2

Céng suat ¢ chuyén déi:
P=w.T

o _ PTRV’C, (\.B) (3)
' 2

Trong do:

Co\, B) la hé s6 mdé men

Co(\, B) la hé s6 cong suit chuyén déi

C3 md men xodn va cdng suat cd chuyén déi déu la
ham cua ti sé van téc ria A va goéc chic ngoc B. Ti s6 van téc
ria A 1a ti s giCia van téc tai dinh ria canh quat cta tuabin
gio va van téc gio, dugc tinh nhu sau:
_wR

\"

Trong d6, w, la van téc géc cla rotor; R 1a ban kinh canh;
V la van téc gio.
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2.2. M6 hinh ctia may phat déng bd
Phuong trinh dién 4p stato:

d

u, =R Yy _P KU)

s s s dt 2 r*Tq (5)
dy P

u, =R +——Zw.Y,

Trong d6: Vi, lan lugt la dién ap, dong dién va tu
théng cla stato trong hai mat phdng d, q; R, la dién tr&
thuan clia cudn day stato; p la s6 doi cuc; w, la téc dé quay
cla rotor.

TU thong stato:

ll')d = Ld 'isd + ¢m
l])q = Lq.iSq

Trong dé: ¢ la turthong tu cam
TU (5) va (6) co:

di, p
_ . sd .
4usd =R, +L, gt —Ewr.qusq )
d, p
. sq .
| sq s'lsq a gt _Ewr'(Ldlsd +¢m)

C6 thé coi L =Ly =L, khi d6 (7) c6 thé viét lai nhu sau:

di R. p . 1
=—T.ISd +E(Drlsq+EUd

|de

%——&i +l¢w +Ewi +lu o
(dt L™ o2 e L

Két hgp vai phuang trinh téc dé quay cua rotor co:

i R p 1

== +-wi_+-u

dt L= 2™ ¢

di R 1 p 1

I =—=i +-¢w +-wi_ +-u 9
dt L”L¢m'2”qu ©
dwr_Tr Ktiq Bwr

a  J )

) 3
Trong dé: K, = qubm
bit bién trang thai:
T . . T

X:[X1 XZ X3] :[Ird Irq wr]
Cé6 phuong trinh trang thai:

I R p 1

X1=—TX1+EX2X3+[Ud

. R 1 p 1
<x2_—sz+[¢mx3+Ex1x3+[uq (10)
. T K B

X3=T_sz_jx3

3. XAY DUNG BO DIEU KHIEN TRUGT
Chon mat phéng truat:
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sd=[x1—x:]=0;sq=[x2—x:]=0

s :[x3—x:]:O

Trong do: x:,x;x: la gia tri tham chiéu cua bién trang
thai.

Dé dadm bao hé théng 6n dinh thi mat trugt phai thoa
man:

5484 <0555, <0;s .5, <0
Theo (10) co:

(1)

*a|_px 4P | < 0
T_ sX1+EX2X3_ud_ X | <

Luat diéu khién theo truc d c6 dang:

Uy = Ugeq T Uy (12)

Trong d6, Uy, la thanh phén giir cho bién trang thai &
lai trén mat truot; uy, la thanh phan tin hiéu lam cho bién
trang thai X ti€n vé mat truat.

Ugoo = —ﬁsx1 +El:x2x3 — I:XT (13)
.eq 2
Uyn = —Ug Sgn(sd) (14)
Theo (11) cé:
1 P
S, =— —ARSX1 —AL[X1 _EX2X3] —Kule
Nhu vay dé hé 6n dinh thi:
u, >|—ARX, + AL§X2X3 — ALx]
Tuong tu véi truc g:
Upeg = —I:Atsx2 + %(I:x1 — ém)x3 - I:X; (15)
Ugn = —Ugo SIN(S,,) (16)
Vi
Uy, >|—AR, —g(ALx2 +A¢,)x;, — ALK,

Dé diéu khién t6c dé quay, tién hanh thanh 1ap luat diéu
khién cho gia tri dong tham chiéu i

'4 = lgea + o (7
Trong dé:

K

|
q.eq

= [T~ Bx, = 3]
t

oy = oo SAN(s,, )
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Dong dién tham chiéu i, chinh la dau vao cho bo diéu
khién dong i,

4. MO PHONG
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Hinh 2. M@ hinh md phdng hé thong phat dién gi6

MOt mdy phat dién gié 4KW dugc két néi véi hé théng
phan phéi 25kV xuat dién cho lugi 120kV thong qua mot
trung chuyén 30km, 25kV. Turbine gié st dung may phat
dién déng bo. Cudn day stato dugc noi truc tiép véi luéi
50Hz. B6 diéu khién trugt cho phép khai thac ning lugng
t6i da tu gid khi téc d6 gi6 thap bang cach t6i uu hoa toc
d6 turbine, déng thai gidm thiéu (ng sudt co hoc lén
turbine khi gi6 giat. Trong mé phong, t6c d6 gio dugc thay
dé&i tir 12m/s dén 24m/s. Thong s6 may phat nhu sau:

R, = 0,0230; R, = 0,0160; L, = 0,18H; L, = 0,16H; p = 3;
céng suat P = 14kW; tan s6 f = 50Hz. Tién hanh m6 phdng
cho cac trudng hop sau:

Trudng hop 1: Téc d6 gié dang tir 12m/s gidm xudng 8
m/s tai thai diém 0,4 giay.

Khi t6c d6 gi6é giam, t6c d6 turbine gidm theo lam cho
cong suat may phat gidm 41%, lic nay goc nghiéng truc
turbine thay déi dé én dinh céng suat phat. Cudng do
dong dién, dién ap va cong suat may phat nhanh chéng én
dinh tr& lai sau khi c6 phan ting véi viéc gidam téc dé gio,
thai gian qua do nhé 0.4 giay.

24 -

o
X3

(5]
=]
T
|

Tée a6 gia [mis]
a @
T
1

&
T

]
T

i L ! L i L i L A
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Théxi gian [gidy]

o
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Hinh 4. CuGng d6 dong dién méy phat i,
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Hinh 5. Dién dp mdy phét
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Hinh 6. Cong sudt may phat

Trudng hop 2: Téc do gio tang ti 12m/s 1én 24m/s tai
thai diém 0,4 giay, két hgp vdi nhiéu dong gié ngau nhién
0,5m/s.

Khi c6 nhiéu dong gid, dién ap may phat c6 dao déng.
Tuy nhién céng suat may phat khéng dao dong, dién ap néi
|uGi 6 bién d6 va tan s6 6n dinh.

T T T T T T T T

sof 1

L5 N
(=] o
T

Tée d6 gio [mis]
-

0 041 0.2 03 0.4 0.5 0.6 07 0.8 0.9 1
Théi gian [gidy]

Hinh 7. Toc do gio khi c6 nhiéu
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Hinh 9. Dién dp mdy phét
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Hinh 11. Dién ap ndi ludi

Nhan xét:

TU cac két qua mo phéng thdy rdng bé diéu khién
trugt cho chat lugng diéu khién tét. Trong diéu kién
turbine gio chiu anh hudng cla cac yéu t6 phi tuyén hé
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Théi gian [giay]

théng van dam bao dugc dé 6n dinh dién 4p va dong
dién khi ngi lugi. Khi thay déi t6c do gid, cong suat phat
tang nhung nhanh chéng 6n dinh.
5. KET LUAN

Bai bao da trinh bay két qua téng hop BBEK truct cho
hé mdy phat dién turbine gié. Phan trinh bay dugc bat
dau tu viéc xady dung mé hinh co hé, tim luat diéu khién,
xay dung mé hinh mé phéng, kiém nghiém bang phan
mém Matlab-Simulink. Qua mé phéng cho thay khi téc d6
gi6 thay ddi, cong suat va dién 4p phat luén gitr dugc 6n
dinh, dam bao cac yéu cau khi néi luéi. So véi cac két qua
cUa cac cdng bé trudc day [2, 51 cho thdy BDK da nang cao
dugc chat lugng cta hé phat dién turbine gi6 théng qua
cac tiéu chi danh gia, do la: tinh bén viing véi nhiéu loan
cla gid, ddm bao kha ndng én dinh tan sé, dién ap, dong
dién khi néi luai.

TAI LIEU THAM KHAO

[1]. Ahmed G. Abo-Khalil, Saeed Alyami, Khairy Sayed, Ayman Alhejji, 2019.
Dynamic Modeling of Wind Turbines Based on EstimatedWind Speed under
Turbulent Conditions. Energies, 12, 1907; doi:10.3390/en12101907.

[2]. Nada Zine Laabidine, Afrae Errarhout, Chakib El Bakkali, Karim
Mohammed, Badre Bossoufi, 2021. Sliding mode control design of wind power
generation system based on permanent magnet synchronous generator.
International Journal of Power Electronics and Drive System (IJPEDS)Vol. 12, No.
1, pp. 393~403.

[3]. Yan Zhang, Zhengfan Liu, Zhong Yang, Haifei Si, 2016. Robust Control of Wind
Turbines by Using Singular Perturbation Method and Linear Parameter Varying Model.
Journal of Control Science and Engineering, Article ID 2830736.

[4]. M. A. Chowdhury, N. Hosseinzadeh, W. Shen, 2011. Effects of wind speed
variations and machine inertia constants on variable speed wind turbine dynamics.
Journal of Electrical Engineering..

[5]. Jacob Hostettler, Xin Wang, 2020. Sliding mode control of a permanent
magnet synchronous generator for variable speed wind energy conversion systems.
Systems Science & Control Engineering.

[6]. N'V Zubova, V D Rudykh, 2019. Optimization of power output for a wind
turbine using methods of artificial intelligence. International Scientific and
Technical Conference Energy Systems..

AUTHORS INFORMATION

Nguyen Ngoc Tuan', Tran Van Tuyen', Dao Sy Luat?, Tran Xuan Tinh®
"Military Technology Academy

2Dong Nai University

3Air Defense-Air Force Academy

Website: https://jst-haui.vn





