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XAY DUNG BO DIEU KHIEN BACKSTEPPING THICH NGHI
CHO HE TUABIN DIEN GIO SU DUNG MAY PHAT

KHONG DONG BO NGUON KEP

BUILDING AN ADAPTIVE BACKSTEPPING CONTROLLER FOR WIND TURBINES

USING DOUBLY-FED INDUCTION GENERATOR-DFIG
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TOM TAT

Bai bdo trinh bay mdt ddng gdp mdi trong linh vuc t6i vu hda cac kj thuat
diéu khién hé théng gid, dd 1a két qua tong hop bo diéu khién trugt backstepping
cho hé may phat dién turbine gié st dung may phat khong dong bd nguon kép.
Bo diéu khién tdng hop da nang cao dugc chét lugng dién khi ndi ludi. Cac két qua
dugc khdo sat danh gia bang md phong trén phan mém Matlab-Simulink cho thay
bo diéu khién nay dam bao duoc cic yéu cau chat lugng ngudn phat khi ndi ludi,
t6i uu héa qua trinh chuyén d6i nang lugng cho tuabin gio.

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

ABSTRACT

This article presents a new contribution in the field of optimization of wind
system control techniques, which is the result of synthesizing a backstepping
sliding controller for wind turbine generator systems using dual-source
asynchronous generators. . The integrated controller has improved power quality
when connected to the grid. The results evaluated by simulation on Matlab-
Simulink software show that this controller ensures generation quality
requirements when connected to the grid, optimizing the energy conversion
process for wind turbines.

Keywords: Wind turbine, sliding mode control, grid connection.
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1.PAT VAN BE

V&i muc dich dap ing nhu cau ngay cang tang vé nang
lugng, nhiing ngudn nang lugng sach da va dang dugc thé
gidi quan tdm nhiéu hon. Trong d6, nang lugng gié dugc xem
la nguén nang lugng so cap vé han, véi uu diém la dé khai
thac, cong nghé don gian, chi phi dau tu va chi phi van hanh
tuong d6i thap; c6 thé cung cap dién doc 1ap cho cac khu vuc
xa x0i nhu hai ddo, bién gidi. G Viéet Nam, may phét dién gié
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hién nay dang cung cap mét lugng cong suat dang ké bén
canh cadc may phét ca bdn nhu nhiét dién va thay dién... Trong
dé, may phat dién di bé nguén kép (Doubly-Fed Induction
Generator - DFIG) dugc cac hdang san xuat tuabin gié st dung
rédng rai nhd uu thé: thiét bi diéu khién st dung van ban dan
codng suat 1én dugc dat & phia rotor nén chi can thiét ké véi
c6ng suat khoang 20 + 30% céng suat clia may phat, dan dén
gia thanh clia hé théng ha xudng rat nhiéu [1, 51.

2. MO HINH CO HE

Xét mét mo hinh hé théng dién téng quéat nhu hinh 1 [2].

Lwéi 50 Hz

Dién ap
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Chuyén déi
ndi ludéi

Chuyén déi
n8i rotor

B bam dinh
céng sudt

Hinh 1. M6 hinh méy phat dién gio
2.1. M6 hinh turbine gié

Khi gi6 di xuyén qua vong quét cla cla tuabin sé tao ra
cac lyc tac dong vao tuabin. Cac lyc nay bao gém luc ddy (tac
doéng vao tru va céc canh quat) va mo men xoan (lam quay
rotor). Luc day (Fr), md men xoan (T,) va céng suat ca P, [3]:

F, :%anVcT()\,B)

1
T :Ean3v2CQ()\,[3)

P :%pTrR3v2CP (\.B)
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Trong d6, p la mat d6 khong khi, R la ban kinh vong quét
cla tuabin gi6, v la van téc gid, Co(M, B) 1a hé s6 md men, Ce(),
B) 1a hé s cong suat chuyén déi. Cd md men xodn va cong
suat co chuyén d6i déu la ham clia ti s6 van téc ria A va goc
chiic ngdc B. Ti s6 van toc ria A la ti s6 gidia van téc tai dinh
ria canh quat cua tuabin gi6é va van téc gid, dugc tinh nhu
sau [4]:

=R @

v

Trong d6, w, la van téc goc cla rotor.
Cong sudt gio6 tac dong vao canh quat:

3
o BV

2

Sinh momen xoén lam quay turbine:
T :%an3V2CQ()\,B) @)

Céng suat co chuyén déi:
nR*V>C_(A,
P=w.T = p—p(B) (5)
2
2.2. Mé hinh cia may phat khéng déng bd
Phuong trinh dién 4p stato:

d
usd = Rs‘isd +%_ws'¢sq
., do
u, =R, +d—t“—ws.¢sd
do (6)
R,.ig +—:‘—wr.¢rq
. dg
Ug =Ry +d—tq— w, .,
Trong d6: u_,u,,i_,i ¢ ,¢ lan lugt la dién ap, dong dién va

tlr thong cua stato trong hai mat phang d, g; R, R la dién trg
thuan cda cudn day stato va rotor; ws, w, la téc dé quay cla
tU théng stato va rotor.
TU thong stato:
¢ = Ls iscl +Lm 'ird
¢ Ls Isq +Lm 'irq
¢rd = Lr Ircl +Lm 'sd
Bq =L, i +L
Trong d6: Ly la cuén khang tir héa.
Cong suat tac dung va céng sudt phan khang trén stato
va rotor:

msq

P - uds Ids +uqs as

Q, =Ug, g, —Ug i
qs
(8)
P - udr Idr + uqr qr
Qr = uqr ‘Idr - udr'lqr

3. XAY DUNG BO DIEU KHIEN TRUGT BACKSTEPPING
Budc 1: Tinh dong dién rotor
Dit e, e, 1a bién sai léch vé cong sudt tdc dung va cong
suat phan khang:
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el = Psref - Ps (9)
e2 = eref - Qs

DPao ham hai vé (9) cé:

é1 = Ijsref - I:.)s
éZ = eref _Qs

Véi
p vl i
LS
ol _vs.LmI
Cwl, L (11
o=t R
L.o L,.
ufq Rr Lm'us
e B
“L.o L.o @ L,.L. .ow,
Thay (11) vao (10) c6
. u.l, U, R L .u
Psref+ m(_q__r'qu_wr'lrd_wr —
L, Lo L.o L .L,.0ow, (12)
. ul_ u R
€ _ere : m( “ - Ir +wr‘|r)
P Lo Lo 9
L2
Trong do: o=1-—"
L.L

sTr

Chon ham Lyapunov nhu sau:
V, = e +— L el
2 2
Dao ham hai vé (13) két hop (12) ¢
V,=eé +e,e,
ug, =R,

= e1 Psref uS .Lm u L (1 4)
L,.oL, | -L,.ow.l, —g.%

S

. u.L
+e,|Q +——(uy—R, I, +L .0w.l,)
2|: sref Lr.O.L r*rd r rq:|

D& hé 8n dinh, thi theo tiéu chuén Lyapunov V, <0, do

do chon:
V, =—k,e? —k,e2 <0 (15)
Tu (14) va (15) cé:
. u.L u.L
e|lP  +——"lu —-RIl -L.ocwl,—g——T
1|: sref Lr-o-Ls( rq r'rq T r'rd g LS ]:|
(16)
. US.Lm 2 2
+€,| Qu +——"(uy—R I +L .ow.l) =—k,e] —k,e;
L.oL,
Tu (16) dua ra:
L, L
e |Py+——" % u,—R1, -L.ow.l —gus—m =k’
L.oL, L,
(17)
: u.l,
eZ |:Qsmf +E( rd Rr Ird +L 0-U‘)r Irq)i| _kZeg
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Bi€u thuic diéu khién a0 cla I, |4 dugc xac dinh:

P ke
. _ Lol ' L” ]
R WL s u, —Lr.o.w,.lrd—g.us' =
L.oL, (™ L, (18)

u.L

r*s*-m

L.oL, | .
lrdref :R—£eref +k2e2 +

L
LU'ST['(urd L0, )]

Day chinh la lugng dat cho budc tiép theo
Budc 2: Tinh dién ap rotor
Dat e, e4 la sai léch dong dién cla rotor.

{e_?: = quref _qu
e4 = lrdref _lrd
Pao ham hai vé (19) va bién déi co:
. 1 u.L,
e, = Irqref —ﬁ[urq - Rr.qu -L,.ow .l -0 ]
(20)

e

e4 = lrdref (urd - Rr 'lrd - Lr 'G'Wr ‘Irq )
L,.o

Chon ham Lyapunov cé:

1 1 1 1
V2 :Eef +Ee§ +Ee§ +Eei
Pao ham hai vé (21) két hgp vai (20) co:
V,=V, +e.e, +e,é,
u,-R.l,-L.ow.l,
(22)

= Vl + e3 Irqref -

L.o —g.u

r
s

. 1
+e, {lmref —L?(urd ~R.y—L.0w.l, )}
Dé hé théng 6n dinh thi V, dugc chon:
V, = —k,e? —k,e2 —k,el —k,e2 <0

K&t hop (23) va (24) cé:

, 1 L.y,
e, {Lqref —E(urq -Rl,-L.owl,—g . )} =—k,e?

. 1
€, Irdref -
L.o

TU (24) cé:

; 1
u, =L .o{k“e4 et ﬁLG(Rr.Ird -L,.ow, .I,q)}

(25)

. 1 LU,
U, = Lr.o{kge3 Figres +FJ(R’ lqtL.0wd, +a. L H

[ S

Khi @6 rut ra dién ap rotor theo hai truc d-q ¢6 dang:

L .L,.o .
r'—s
- Q. +R Iy —L 0w | +

Vrd =
(26)

re

- 1
L .olk,e, +l +—(R.I,—L .cw.l
r |: 44 rdref L 0( r'rd r r rq):|
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Téc do rotor [rad/s]

LL.o

. MV,
=— P +R I, +L 0w |, +M—+
MV d L.w

S S

rq

(27)

. 1 M.V,
L.o{k3e3 +loger +G[R"|'q +L,.0w,l,+g. 1 ﬂ

re s

4. MO PHONG
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DAG Wind Turbine

Hinh 2. M@ hinh md phdng hé thdng phat dién gi6

Mot may phat dién gié 4kW dugc két néi vai hé thong
phan phéi 25kV xuat dién cho lugi 120kV théng qua mot
trung chuyén 30km, 25kV. Turbine gié si dung may phat
dién khéng dong bd nguén kép. Cudn day stato dugc ndi
truc ti€p vai ludi 50Hz. BO diéu khién backstepping cho phép
khai thac nang lugng t6i da ti gio khi téc d6 gi6é thap bang
cach t6i uu héa téc dod turbine, déng thai gidm thiéu Uing
sudt co hoc Ién turbine khi gio6 giat. Thdng sé may phat nhu
sau: R, = 0,0230; R, = 0,016Q); Ly = 0,18H; L, = 0,16H; p = 3;
cdng suat P = 14kW; tan s6 f = 50Hz. Tién hanh mé phong
trong thai gian 2 gidy cho trudng hgp toc do gié dang ti
20m/s giam xuéng 10m/s tai thai diém 1 gidy két hop véi nhiéu
déng gié ngau nhién 0,2m/s.
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Hinh 3. Tdc do gid thay d6i
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Hinh 4. Tdc d rotor may phat
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turbine thay déi dé 6n dinh cong suat phat. Cudng do dong
T dién, dién ap va céng sudt may phéat nhanh chéng 6n dinh

tra lai sau khi c6 phan ting véi viéc giam téc dé gio, thai gian
qué dé nho 0.6 gidy. Vai nhiéu dong gio, dién ap may phat
c6 dao déng. Tuy nhién cong suat may phat khong dao
dong, dién ap néi ludi cé bién d6 va tan s6 én dinh.

Nhan xét:

Cuong do dong dién phat [A]

e TU cac két qud mé phdng thdy rang bd diéu khién
- Backstepping cho chat lugng diéu khién tét. Trong diéu
kién turbine gi6 chiu anh hudng cla cac yéu t6 phi tuyén

Th gian [gidy] ' ' ' hé théng van ddm bao dugc d6 6n dinh dién &p va dong
Hinh 5. Cudng do dong dién may phét i, dién khi néi ludi. Khi thay g’é’i téc do gid, cong sudt phat
; ; gidm nhung nhanh chéng 6n dinh.

b 5. KET LUAN

Bai bao da trinh bay két qua téng hgp bo diéu khién
Backstepping cho hé may phat dién turbine gi6. Phan trinh
bay dugc bat dau tu viéc xay dung mé hinh co hé, tim lut
diéu khién, xady dung mé hinh mé phéng, kiém nghiém
bang phan mém Matlab-Simulink. Qua m6 phong cho thay
khi téc do gi6 thay ddi, cong suat va dién ap phat luén gidr
dugc 6n dinh, ddm bao céac yéu cau khi ndi ludi. So véi cac
két qua clia cac cong bo trudce day [2, 5], cho thay, bo diéu
khién da nang cao dugc chat lugng clia hé phat dién turbine
gio thédng qua cac tiéu chi danh gia, do la: tinh bén viing vai
nhiéu loan clia gi6, ddm bao kha nang én dinh tan s6, dién
ap, dong dién khi néi ludi.
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