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BIEU KHIEN HE THONG CHUYEN DOI NANG LUGNG GI0
BANG BO DIEU KHIEN TRUGT SU DUNG HAM TRUOT QUASI
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TOM TAT

Bai bao nay trinh bay phuong phap thiét ké b diéu khién trugt st dung ham truot Quasi cho hé théng tua bin dién gid st dung may phat dong bd nam cham
vinh cGtu. Muc tiéu ctia bg diéu khién truot 1a diéu khién bam diém cdng sudt cuc dai nham tdi uu cdng sudt cho hé théng dién gio. Uu diém cta bo diéu khién
truot la kha nang diéu khién cac hé phi tuyén dudi anh hugng ctia nhiéu loan. Tuy nhién, lai ¢6 hién tugng dao dong vdi tan sd cao quanh mét trugt hay con ducc
goi |3 hién tugng chattering. Do d6, ham truot Quasi dugc thiét ké dé khac phuc vén dé nay. Cac két qua md phdng trén Matlab/Simulink da xac minh réng bo
diéu khién dugc dé xudt c6 hiéu qua tt hon so véi bd diéu khién trugt truyén théng, ddc biét la trong viéc gidm thiéu hién tuong chattering cla tin hiéu diéu
khién khi lam viéc trong diéu kién toc & gio thay d6i ngau nhién lién tuc.

Tirkhéa: Diéu khién truot; tua bin gid; mdt trugt Quasi; mdy phdt dong bd nam chdm vinh ciu.

ABSTRACT

This paper presents the design of a sliding mode controller using a Quasi-sliding function for a wind turbine system equipped with a permanent magnet
synchronous generator (PMSG). The objective of the sliding mode controller is to perform maximum power point tracking (MPPT) in order to optimize the output
power of the wind energy system. One of the main advantages of sliding mode control lies in its robustness in controlling nonlinear systems under disturbances.
However, it often suffers from high-frequency chattering around the sliding surface. To address this issue, a Quasi-sliding function is introduced to mitigate
chattering. Simulation results in the Matlab/Simulink environment demonstrate that the proposed controller outperforms the conventional sliding mode
controller, Particularly in reducing the chattering phenomenon of the control signal under continuously varying random wind speed conditions.

Keywords: Sliding mode control; wind turbine; quasi sliding surface; permanent magnet synchronous generator.
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CHU VIET TAT quyét théong qua viéc st dung cac nguédn nang lugng tai
tao, trong d6 nang lugng gié dong vai trd chi dao. Bac
biét & Chau Au, diéu nay tré nén rd rét hon do khé khan
trong viéc nhap khau cac ngudn nang lugng truyén

WECS Hé théng chuyén d6i nang lugng gié
PMSG May phat d6ng bd nam cham vinh cliu

MPPT Bam diém cong suat cuc dai théng nhu ddu mé va khi dét tu nhién do tinh hinh dia
SMC Diéu khién truct chinh tri phuc tap trong khu vuc [1, 2]. Thach thidc chinh
trong viéc diéu khién hé thédng chuyén déi nang lugng

1.DAT VAN PE gi6 WECS (Wind energy conversion system) la d6i pho véi

Céc van dé vé& méi trudng, 6 nhiém khong khi va  Ngudn nang lugng ludn bién dong va khong thé kiém
nhiing bién déi khi hau nghiém trong dang dan duoc giai  soat dugc. Cu thé hon, muc tiéu cta viéc diéu khién la dat
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dugc hiéu suat t6i da trong viéc khai thac cong suat co
san tu gio, dugc goi la bam diém cong suat cuc dai. Viéc
st dung may phat déng boé nam cham vinh ctiu (PMSG)
ngay cang trd nén phd bién trong cac hé théng tua bin
dién gid nhd vao nhimng dac diém hiéu suat dugc cai thién
nhu: d6 tin cay cao, hiéu suat I6n, hé s6 céng suat cao [3].
Da c6 nhiéu phuang phép diéu khién dugc dugc nghién
cliu va phat trién cho cac hé théng chuyén déi nang
lugng gi6 stt dung PMSG nhu: diéu khién cudn chiéu thich
nghi (Adaptive Backstepping Control) [4], diéu khién PID
logic m& [5] diéu khién dua trén co s mang na ron nhan
tao [6], diéu khién du béo md hinh [7]. Cac bo diéu khién
noi trén déu c6 thé diéu khién hé théng WECS trong diéu
kién téc do gid thay d6i ngau nhién lién tuc, tuy nhién gap
phai han ché la khoi lugng tinh toédn I6n va déi khi gay tré
vé mat tin hiéu diéu khién. Vi vay, thiét ké mét bo diéu
khién c6 cau trdc don gidn ma van dap Uing dugc yéu cau
dat ra vé diéu khién hé théng WECS la muc tiéu cla
nghién ctu nay. B6 cuc phan con lai cta bai bao dugc
trinh bay nhu sau: Phan hai la mé hinh hoa hé théng
chuyén d6i nang lugng gi6é bao gém mé hinh hoé tua bin
gi6 va mé hinh may phat dong boé nam cham vinh ctu.
Phan thi ba trinh bay viéc thiét ké bé diéu khién trugt s
dung ham trugt mai Quasi. Tiép theo, cac két qua mo
phdng trén Matlab/Simulink va so sanh véi phuong phap
diéu khién trugt truyén théng dé xac minh hiéu qua cda
phuong phép dé xuat dugc trinh bay trong muc bon. Cudi
cung la két luan va danh gia.

2. MO HINH HOA HE THONG CHUYEN POI NANG
LUGNG GIO

Cau tric ctia hé théng WECS st dung PMSG dugc
minh hoa nhu trong hinh 1. Nang lugng dién dugc tao ra
b&i PMSG dugc truyén dén lugi dién thong qua cau tric
ndi ti€p back-to-back (BTB), bao gém bd bién déi phia
may (MSC) va b bién déi phia lugi (GSC). Bai bao nay tap
trung vao viéc diéu khién (MSC) nham bam diém céng
suat cuc dai (MPPT).

MSC GSC

Hinh 1. Cau triic ctia hé théng chuyén ddi néng lugng gio
2.1. M6 hinh hoa tua bin gio

Muc tiéu dugc dat ra trong phan nay la mé hinh hoa
cac khia canh khi ddng hoc ctia WECS. Viéc mo hinh hoa
van gitr 8 mudc don gian, cad vé moé hinh gié lan mé hinh

18 | Tap chi Khoa hoc va Cdng nghé Trudng Dai hoc Cong nghiép Ha Noi

tua bin gié. Viéc chuyén déi nang lugng déng hoc clia gié

thanh nang lugng co hoc dugc thuc hién béi tua bin gid.
Céng suat gié dugc biéu dién bai:

1

2
Khi xét dén khi dong hoc cta canh tua bin, cong suat

clia tua bin gi6 chi Ia mét phan cla téng cdng suat cla

ludng gi6. Céng suat cda tua bin dugc cho bai:

P, =—pnR?V} M

P.=C,(BN-P, :%Cp(B,A)anZV; @

Trong d6: C,(B,\) la hé s6 cong suat hay con dugc goi
la giGi han Betz phu thudc vao goc diéu chinh canh B va
ty s6 toc d6 dau canh A, p la mat d6 khéng khi, V., la van
téc gio, R 1a ban kinh ctia canh tua bin.

Theo [8], hé 56 cong suat C_(B,A) dugc xac dinh bi:

C.BMN=c [;—Z—C3B—c4]e“+c6)\ (3)
t

R
Trong do6: A= \7‘

R —0’3035 véi ¢ (i=1,2,.,6) la cac hang s6
A, A+0,083 B°+1
phu thuéc vao hinh dang hinh hoc cda tua bin va dugc

cho trong béang 1.

véi w la van téc cha rotor;

Béng 1. Hé sd clia tua bin gi6 [8]

Hé so Gia tri
G 0,5176
Q 116
G 0,4
G 5
G 21
G 0,0068
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Hinh 2. Butng déc tinh cong sudt - tc do rotor ting vdi cac tdc do gid khac
nhau [9]
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Hinh 2 minh hoa cac dudng dac tinh cong suat - téc
dd quay cua ro to tua bin gio tng véi cac téec dé gio khac
nhau. Tai mdi gia tri téc d6 gid, cong suat co khai thac
dugc t6i da hoa bang cach diéu chinh téc d6 quay cua
may phat dén gia tri téi uu.

Cong suat ca khai thac dugc t6i uu hoa bang cach diéu
khién t6c d6 quay clia may phat vé gia tri t6i uu, va dugc
xac dinh bdéi:

VW

W ot :?}\opt 4)
2.2. M6 hinh may phat déng bé nam cham vinh ciru

Céc phuong trinh dong luc hoc mo ta hoat déng cla
PMSG dugc trinh bay trong hé quy chiéu quay dong bd
(d-g) nhusau [10]:

di—_Rsi P Wi ot

dt L, ° Prfda L,

diq _RS' . l'Pmpn Vq

L e Pl ®)
%:%(Tm—sw,—m

Trong d6: w, =w, la téc d6 rotor ciia PMSG, T, la mo
men x0dn co hoc clia tua-bin gioé. Tela m6 men xoan dién
tU clla PMSG, iq va iq la dong dién cua truc d va truc g, Ls
va R lan lugt la dién cam stator va dién trd stator, p, la s6
Cap CUC, Pm la ti thong ctia nam cham, J Ia mé men quén
tinh tuong duong cta rotor, B la hé s6 nhét.

Mo men dién tu dugc tinh bai:

3 .
T, =5pn¢mlq (6)

3. THIET KE BO PIEU KHIEN TRUQT V61 HAM TRUGT
QUASI CHO WECS

Coi dong dién stator va t6c d6 rotor la cac bién trang
thai, dién ap stator dugc xem la cac bién diéu khién, khi
nay: [X]=[x, % x] :[id iy wr]T va [u] :[vd v, ]T.

Mat truot dugc lua chon nhu sau:

s T [, —i,
s=[s, |=| i, i, 7)
S, W, —W.

r r

VGi w. =w,, i, va i, la cacgid tri tham chiéu.

Diéu kién trugt dugc cho bai:
5,5, <0
5,5, <0 (8)
S,5,<0
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Cac bat phuong trinh nay dam bao rang trang thai cta
hé sé dugc diéu khién dé ti€p can cac mat trugt tuang
Ung clia chung.

Tu diéu kién trugt (8), xét mat trugt S, ta c6:

. -R_. . \' :

S.S, :S1[I_—S|d +P,w,ig +L_d_l°'*J<0 9)

Pé thu dugc mdé men xodn dién tir 16n nhat, can diéu
khién dong dién stator truc d vé bang 0. Vi vay gia tri diéu
khién tham chiéu i . =0 . Khi do:

. R
55, =S, (L—Sid +p,Wi, +‘(—d] (10)

Tin hiéu diéu khién trugt dugc cho bai:
(am
Trong do, v, la tin hiéu diéu khién tuong duong thu

Vd = Vdeq+ VdN

dugc tu diéu kien S, =0 Ia tin hiéu diéu khién giir trang
thai clia hé nam trén mat truot, trong khi dé v, la thanh
phan tin hiéu diéu khién dua trang thai clia hé tién vé mat
trugt.
Khi nay tin hiéu diéu khién dugc cho bai:
{vdeq =R.iy —L,p,wi (12)
vy =—k,san(s,)
V&i ki xac dinh duong la hé s6 ctia bd diéu khién.
1,5>0
0,5=0.
-1,s5<0

va sgn(s)=

Bang phuang phap trién khai tuong tuy, tin hiéu diéu
khién dong dién truc q dugc xac dinh bai:

Vo =R, +Lpw iy +¥,p.w, +Li. —k,sign(S,)  (13)

VGi hé sé k, xac dinh duong.

Diéu khién t6c dd quay rotor:
. 2
“ 3py,

VGi hé sé ks xac dinh duong.

Do ham signum xuat hién trong tin hiéu diéu khién
(12), (13) va (14) la khéng lién tuc, do d6 c6 thé gay ra hién
tuong chattering. Mét gidi phap dé lam cho tin hiéu diéu
khién trg nén lién tuc la thay thé ham signum bgi ham
tanh, vé&i ham tanh dugc dinh nghia bai:

(T,, —Bw, —Jw,, ) —k;sign(S,) (14)

S S

et _ac

(15)

S S

3
tanh(=) =

8 - =
et te ¢
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Trong dé, € la d6 d6c ctia ham tanh.

Khi nay luat diéu khién trugt sir dung ham trugt Quasi
dugc cho béi:

vy =Riiy —Lp,w/i, —k,tanh(S, / €)

v =R, +Lp,w i +¥,p,w, +L,i_. —k,tanh(S, /€) (16)

(T, —Bw, —Jw,, ) —k,tanh(S, / €)

[

3pY,
4, KET QUA MO PHONG VA THAO LUAN

Cac théng s6 danh dinh clia tuabin gié va PMSG dugc
b&di [10: R =0,3676(Q); L, =3,55(mH);
Y., =0,2867(Wb); J=7,856(kg.m’); B=0,002(kg.m’ /s);
p,=14; R=1,84(m); p=1,25(kg/m’); A=8,1. Cac hé s6
ctia bo diéu khién trugt dugc xac dinh bang phuong phap
thir sai, cu thé: ki = 0,1; k, = 0,06 va ks = 0,05; £ = 1,2.
So d6 moé phdng trén Matlab/Simulink dugc thé hién trén
hinh 3.

cho

R

Tée 46 gio

Pé xac minh dugc tinh hiéu qua cta bd diéu khién,
thuc hién khédo sat mé phdng vai téc dé giod thay d6i mot
cach ngau nhién lién tuc. Hinh 4 thé hién tin hiéu gi6 dugc
st dung lam tin hiéu dau vao, téc do cta gié thay déi
trong khoang 7,5 (m/s) dén 10,5 (m/s).

0.481

0.4805 [

a 048 To=TmTT T — v
&) L o .. 0 {" | \JV \ .:', .-'h '\/"
&5 \V AN \ |\
@ 0.4795 | LRNRYAN [
c,, | | |}
[~ 1§ AT
18 | |
o 04791 | | V
th ¥
).
T o485t -
tham chieu
0.478 Zt
sMc-Q
0.4775 :
0 1 2 3 4 5 6 7 8 9 10

Thoi gian (s)
Hinh 5. két qua so sanh hé s6 cong sut
Cac két qua mod phong
dugc trinh bay trong hinh 5,6
va 7. Véi hinh 5 la hé s6 cong

g L

Gid

dugc va hinh 7 la t6c d6 cua

J suat, hinh 6 la cong suat thu
NN ’ rotor. V&i dudng nét lién la

dudng tham chiéu, duong

omgr cp

@ PMSG

nét gach va dudng nét gach
N cham lan luot 1a dir liéu ti bo

diéu khién truct va bo diéu
khién truot Quasi.

Bo diéu khien truot-guasi

Cac két qua moé phong

trén hinh 5, 6 va 7 da xac
minh dugc tinh hiéu qua cta

Hinh 3. So' @ md phdng trén Matlab/Simulink

10.5

Tadc dd gio (m/s)

u] 1 2 3 4 5 6 7 8 9 10
Thi gian (s)

Hinh 4. t6c do gi6 thay doi ngau nhién
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boé diéu khién truot va bd
diéu khién trugt s dung ham truot Quasi trong viéc diéu
khién t6i uu céng suat cla hé théng chuyén déi nang
lugng gié. Khi téc do gid thay d6i mét cach ngdu nhién,
bo diéu khién trugt van duy tri téc d6 phan hoi tét vdi sai
léch nho va dap ung nhanh, khéong c6 hién tugng qua
diéu chinh va mat én dinh. Hién tugng chattering trong
diéu khién trugt xay ra cht yéu & pha trugt khi ma trang
thai clia diéu khién ndm trén hodc lan can véi mat truat,
do tin hiéu chuyén mach c6 dang ham dau. Tin hiéu dong
dién iq va iq clia stator dugc thé hién trong hinh 8 va 9 cho
thay bé diéu khién truct str dung ham trugt Quasi da giam
dao dong chattering khi so sanh véi bd diéu khién truot
truyén thong.
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Thai gian (s)

Hinh 8. Cudng do dong dién i
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5. KET LUAN

TU m6 hinh hé théng chuyén déi nang lugng gio su
dung may phat déng boé nam cham vinh ctiu, bai bao da
tién hanh xay dung dugc bé diéu khién trugt va cai tién
b6 diéu khién trugt s dung ham trugt Quasi dé gidm dao
dong xung quanh bé mat truot. K&t qua mo phong cho
thdy khi t6c d6 gid thay d6i mét cach ngau nhién, bé diéu
khién trugt van dap ung dugc yéu cau bam diém céng
suat cuc dai déng thai ddm bao dé 6n dinh cha hé théng.
Cac két qua nay cho thdy dugc dugc tinh hiéu qua cla
phuong phap diéu khién dugc dé xuat trong viéc ap dung
Ién cac hé théng tua bin dién gid trong thuc té.
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