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TOM TAT

Bai bdo trinh bay phuong phap thiét ké bo diéu khién trugt cho ddng co khdng dong bo trén co s6 md hinh ma Takagi-Sugeno (T-5). M hinh dong co dugc
xdy dung trong hé toa dd quay dong bo d-q tua theo tir thdng rotor, sau do cac thanh phan phi tuyén phu thudc vao téc do dién va dong dién dugc bi€u dién
héng ba bién tién dé ctia mé hinh T-S &€ thu dugc tdm mé hinh con tuyén tinh cuc bd. Trén co s6 md hinh T-S, bd diéu khién truot dugc thiét ké bang cach st
dung mat trugt theo sai léch trang thai va ludt diéu khién gdm thanh phan tuong duong va thanh phan déng cat. Diéu kién 6n dinh dugc chiing minh théng qua
ham Lyapunov, dong thoi dang gia nghich dao (B'B)'B" duoc st dung dé bao dam kich thudc ma tran va bién do tin hiéu diéu khién phu hgp véi hé c6 hai ngo
vao dién ap. Cac két qud md phdng Matlab/Simulink cho thdy tc d, tir thong va dong dién bam t6t gia tri dat khi c6 bién thién momen téi, qua dé ching minh
tinh kha thi ctia phuong phap dé xuét cho bai toan diéu khién ddng co khdng dong bo.

Tir khéa: Diéu khién tua tir thong; diéu khién truot; mé hinh m Takagi-Sugeno, ddng co khéng déng bg; hé toa do quay d-q.

ABSTRACT

This paper presents the design of a sliding mode controller for induction motor drives based on a Takagi-Sugeno (T-S) fuzzy model. The motor model is first
formulatedin the synchronous d-q reference frame aligned with the rotor flux. The nonlinear terms related to the electrical speed and stator current components
are then represented by three premise variables of the T-S fuzzy model, resulting in eight local linear subsystems. Based on the obtained T-S model, a sliding
mode controller is developed using a state-error sliding surface and a control law consisting of equivalent and switching components. The stability condition is
verified using a Lyapunov function, while the pseudo-inverse form (B'B)'BT is adopted to ensure consistent matrix dimensions and realistic voltage control
amplitudes for the two-input system. Matlab/Simulink simulation results show that the proposed controller provides good tracking of speed, rotor flux and
stator currents under load torque variations, demonstrating the feasibility of the proposed method for induction motor control.

Keywords: Field-oriented control sliding mode control; Takagi-Sugeno fuzzy model; induction motor; synchronous d-q reference frame.
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1. GIGI THIEU

Pong co khong déng bd (BCKDB) dugc tng dung
réng rai trong cdng nghiép nhd cac uu diém ndi bat vé do
tin cdy, két cau bén viing va chi phi ché tao thap. Tuy
nhién, diéu khién chinh xac DCKDB van la mét thach thuc
do mé hinh dong luc hoc c6 ban chat phi tuyén, cac tham
s8 dién thay déi theo nhiét dé va ché dé van hanh, trong
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khi tir théng rotor khéng thé do truc tiép. Cac bo diéu
khién PI trong cdu truc diéu khién tua tir thong c6 uu
diém dan gian nhung phu thudc nhiéu vao diém lam viéc
va tham s6 dong ca. Cac phuong phap diéu khién ma ¢
kha nang xt ly phi tuyén tét hon nhung thudng thiéu co
s& chiing minh é&n dinh ré rang. Diéu khién trugt cé tinh
bén viing cao d6i vai nhiéu va bat dinh tham sé, song dé
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phat sinh hién tugng chattering néu luat déng cat khéng
dugc lya chon phu hgp. Vi vay, viéc két hgp mo hinh ma
T-S v6i diéu khién truct 1a moét huéng tiép can co tiém
nang nham vira khai thac dugc kha nang xap xi phi tuyén
ctia mo hinh T-S, vira duy tri dugc uu diém bén viing cla
diéu khién truot.

T6ng quan cac cong trinh lién quan cho thdy mé hinh
T-S da dugc st dung trong phan tich 6n dinh, thiét ké
quan sat va diéu khién cho cac hé phi tuyén; diéu khién
trugt clng da dugc ap dung cho truyén dong BDCKDB
trong nhiéu cau trdc khac nhau. Tuy nhién, cac nghién
clu trugc thudng tap trung riéng 1é vao bo diéu khién ma
téc do, diéu khién trugt truc tiép hodc cac bo quan sat
nhiéu, trong khi viéc trinh bay day da qua trinh lua chon
bién tién dé T-S, xay dung tdm mé hinh con, kiém tra kich
thuéc ma tran cda luat diéu khién va danh gia dinh luong
dap ung trong cing moét cau tric FOC con chua dugce lam
rd. Diém méi cla bai bao nay la: (i) lua chon ba bién tién
dé c6é y nghia vat ly truc tiép trong moé hinh d-q cua
DCKDB dé xay dung tam luat T-S; (i) thiét ké luat SMC
theo sai léch trang thai c6 xét dén dang gia nghich dao
cla ma tran ngd vao nham bao dam tinh kha thi cuta tin
hiéu dién &p; (iii) bé sung phan tich 6n dinh Lyapunov va
danh gia dinh lugng cac dai lugng toc do, tir théng, dong
dién khi mémen tai thay déi.

Phan con lai cia bai bao dugc sép x€p nhu sau: Phan
2 trinh bay mé hinh todn hoc BPCKDB trong hé toa d6 quay
d-g, qua trinh xay dung mo hinh ma T-S, dinh nghia cac
bién va thiét ké bo diéu khién truot. Phan 3 trinh bay kich
ban mé phong, két qua dap Ung va cac chi tiéu danh gia
dinh lugng. Phan 4 dua ra két luan va hudng phat trién
tiép theo.

2. MO HINH HOA VA XAY DUNG BO PIEU KHIEN
Bang 1. Thong 56 dong co

STT Théng sd Gia tri Pon vi
1 (ong suat 7.5 kw
2 Dién tré Stator 2,522 0
3 Dién trd Rotor 0,976 0
4 Dién cam Stator 0,183 H
5 Dién cdm Rotor 0,186 H
6 H6 cdm 0,176 H
7 | Momen quan tinh J 0,117 kg.m”
8 S0 cap cuc 2
9 Tdc d6 dinh mic 3000 rpm
10 Momen tai +50 Nm

Bai bao st dung BCKDB véi théng sé dugc cho nhu
trong bang 1.
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2.1. M6 hinh héa dong co trén hé toa do6 quay d-q

Do hé théng cudn day va ngudn cap dién ba pha,
DCKDB ¢6 cdu truc phtc tap dan dén su kho khan trong
viéc mo ta toan hoc. Khi mé hinh héa déng ca xuat hién
nhiing thanh phan dong dién xen kénh lam cho viéc thiét
ké bo diéu khién trd nén phuc tap, cong kénh. Ban chat
clia phuong phap diéu la dua trén phép bién déi khéng
gian vector dé xay dung moé hinh DCKDB trong moi
trudng anh, tir d6 phuc vu viéc xay dung mé hinh diéu
khién dong co. Phuang phap FOC dung phép bién déi
vector tach cac thanh phan dong tao tur thong va dong
tao momen quay. Néu lam dugc nhu vay, ddng ca xoay
chiéu bay gio dugc mé hinh hoa giébng nhu dong ca mét
chiéu va c6 thé ap dung cac phuong phap diéu khién may
dién mot chiéu da cé vao déng co xoay chiéu. Ta chon hé
toa do tua turthéng rotor d-g quy déng bo vai téc dé quay
cla ti trudng rotor, khi dé cac thanh phan bién thién nhu
dong dién, dién ap hay tur thong déu la cac thanh phan
tinh trén hé toa d6 d-q.

ja
Hinh 1. Vector dong dién trén cdc hé toa do

Sau khi chuyén cac vector dong dién, dién ap, ta xay
dung mo hinh lién tuc cla DCKDB trén hé toa do quay tua
tu théng rotor d-g nhu duéi day [2]:

di, T 1s ), o Is o 1s ]
— = -t Isd+Wslsq+_yrd+_VVyrq+_usd

dt sT.sT sT s sL,

di, _ T 1s) 1s . 1s . 1
=-Ws,sd- _+_ ISq -_Vvyfd +_y’q +_u54

dt sT. sT S sT sL,

dy, 11, ,

_d=_,sd -_ym +(Ws -W)yra

a T T (1)

dy, 1. oy Ly

_:_Is - Ws _Wyr __yr

d T T

daw z 3 ) , z

SR (oL (v, )

a J2° ( ca ") J
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Trong do6:
Ts=Ly/Rs T.=L/R;
(/J'rd = (prd/Lrn (/J'rq = (prq/Lrn

o=1-L%/(LlL)

2.2, Tuyén tinh héa mé hinh toan hoc sit dung bién déi
Takagi-Sugeno

Nhan thay trong ma tran khong gian trang théi A cta
DCKDB sau khi mé hinh hoa c6 chiia cac bién trang thai
clia hé théng. Diéu nay dan tdi viéc thiét ké bo diéu khién
tr&d nén khé khan va chat lugng diéu khién kém do cac
bién thay d6i trong qua trinh van hanh hé théng. Mé hinh
md Takagi-Sugeno (T-S) dugc st dung & day dé tinh gan
dung hé thng mé hinh cadm (ng trong khung d-g déng
b6 quay theo hudng trudng dién tu. Khi tua dugc goc tua
tur théng thi cac thanh phan dong dién dugc tach biét ra,
6 thé diéu khién déc lap nhu may dién mét chiéu 2 [3]:

DE€ lam r6 co sé& lua chon bién tién dé, bai bdo xét cdc
phdn ti phituyén xudt hién trong ma trdn trang thdi cia mé
hinh d-q. Ba bién dugc chon gém téc dé dién/téc do rotor va
hai thanh phdn dong dién stator trong hé d-q vi day la cdc
dai lugng lam thay d6i truc tiép cdc hé sé lién két dién - tir
cta ddng co. Viéc chon ba bién nay giup sé ludt ma chi la
23 = 8, du dé biéu dién cdc mién lam viéc chinh ma khéng
lam téang qud muc dé phic tap tinh todn cda bé diéu khién.

(prd = (prd.ref
$,=0

Tu phuong trinh s6 4 cia hé (1) va phuang trinh s6 (5),
téc do dién cla stator trén hé toa dé quay dong bo d-g
dugc tinh theo cong thuc:

(2)

Trong cdc biéu thiic ma trdn, y Ia hé s6 quy déi lién quan
dén dién cam tan va hdng sé thdi gian stator, thuong duoc
xdc dinh tu'y = (1-0)/(0T,) hodic dang tuong duong tuy cdch
chudn héa mé hinh; Cy la hé sé dién-co quy d6i mémen
sang phuong trinh téc do, voi Cw = (3/2)(pLm/JL;) khi mémen
dién tur dugc biéu dién theo tir théng rotor va dong dién
stator. Hai ky hiéu nay duoc b6 sung nhdm trdnh nhdm Ién
trong qud trinh doc va kiém tra kich thuéc phuong trinh.

i
W =wt+——— 3)
T XY,

Diéu nay dan dén sy thay ddi trong mé hinh khong
gian trang thai dugc viét nhu sau:

xX=Ax+Bu+D
y =Cx
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Véi
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X=|:Isd Isq wrd qu (U:I

T
X:|:Isd Isq ('Urd (tUrq (U:|

u= [usd u,

T

Isq ¢ 10
Y [w+7—fxwrd.ref] O-T' o v o
3 isq 1-0 1-o
[w " Tf ><(I)rd,ref ] Y UTT “ O-T' 0
_ a1 1 g
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1 e 1
0 T’ Tl’xlprd.ref T’ 0
0 0 Cyiq Gy O
: T
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oL
B= C=|{01000
1
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oL
T
_Zp
D:[O 000 TL:l
J

Dat Zi(t), j= 1, 2, 3 la cdc bién tién dé dugc chon tr cdc
phan ta phi tuyén chi phéi ma tran A. Cu thé: Z;(t) = w(t) ddc
trung cho t6c dé quay; Z(t) = isq(t) ddc trung cho thanh phdn
dong tao tir théng; Zs(t) = is(t) ddc trung cho thanh phdn
dong tao mémen. Ly do lua chon ba bién nay la ching xudt
hién truc tiép trong cdc tich chéo dién-tir cia mé hinh d-q va
6 thé do hodic udc lugng trong cdu tric FOC.

z 3
C =—”—zp(1—o)LS
J 2

1 1-0
y=—-f —+——
o, ol

Sau khi dua ma tran khéng gian trang thai A vé dang
chi chira cac bién trang thai tudng minh, ta tién hanh
hanh tuyén tinh hoa theo bién dai T-S.

Cac bién tién dé Z; dugc gidi han trong mién lam viéc
[Zjmins Zimax]. VGi mbi bién Z;, hai ham trong lugng dugc
xac dinh tuong Uing véi bién dudi va bién trén ctia mién
lam viéc, bdo dam tinh khong am va téng bang 1.
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VGi mbi bién Z; & trén, ta xay dung dugc hai ham trong
lugng nhu dudi day [1]:

Z. —Z.
_ j.max j
Toi = b4 -z
j.max j.min J = 1’ 2, 3 (6)
n,=1-z

Chu y 1: Viéc xdy dung mé hinh m& T-S c6 thé tham
khdo & [4-7]. Trong bai bdo nay, mé hinh T-S khong dugc
st dung nhu mét bd diéu khién ma kinh nghiém, ma
déng vai tro xap xi da mé hinh tuyén tinh cuc bo dé thiét
ké SMC ¢6 chiing minh 6n dinh.

N&u (z;13 n:) va (213 ni2) va (z3 13 nis) thi

x(t)=Ax(t)+Bu(t)+D,

y(t)=Cx(t)
W,(zj(t)):li[n,j(zj(t)) ®

VGi 3 bién trang thai, va moi bién c6 2 ham trong
lugng nén co tat ca 2° = 8 luat Ung vai 8 mién tuyén tinh
cta hé. Sau khi tinh toan thuc hién 8 luat, ta téng hop
dugc phuang trinh khéng gian trang thai nhu sau:

x(t) = ZW (1)) (Aax(t)+Bu(t)+D)
y(t) = ZW (z,(t))cx(t)
Trong dé: ZW,.(Zj(t))=1

Thay s6 va tinh toan thu dugc 8 mién tuyén tinh clia
hé théng Uing véGi 8 ma tran khéng gian trang thai.

i=1,2,3,..,8 (7)

)

(10)

—223,5375 311,827 57,7753 3298,5970 0
-311,8227  -223,5375 —3298,5970 57,7753 0
A =|52545 0 -5,2545 11,8227 0
0 5,2545 -11,8227 —5,2545 0
0 0 154,4176 -171,5751 0]
(2235375  311,8227 57,7753 3298,5970 0]
—311,8227  —223,5375 —3298,5970 57,7753 0
A =|52545 0 —5,2545 11,8227 0
0 5,2545 -11,8227 —5,2545 0
10 0 154,4176 171,5751 0]
[-223,5375 2881773 57,7753 3298,5970 0]
—288,1773  —223,5375 —3298,5970 57,7753 0
A, =|5,2545 0 -5,2545 -11,8227 0
0 5,2545 11,8227 -5,2545 0
10 0 —154,4176 -171,5751 0]
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[—223,5375  288,1773 57,7753 32985970 0
2881773  —223,5375 32985970 57,7753 0

A, =| 52545 0 —5,2545 11,8227 0
0 5,2545 11,8227 —5,2545 0

0 0 —154,4176 171,5751 0
[—223,5375  —288,1773 57,7753 —3298,5970 0
2881773  —223,5375 3298,5970 57,7753 0

A =| 52545 0 —5,2545 11,8227 0
0 5,2545 11,8227 —5,2545 0

0 0 154,4176 1715751 0
[-223,5375  —288,1773 57,7753 ~3298,5970 0]
288,1773  —223,5375 3298,5970 57,7753 0

A, =|5,2545 0 —5,2545 11,8227 0
0 5,2545 -11,8227 —-5,2545 0
0 0 154,4176 171,5751 0]
[—223,5375 3118227 57,7753 —3298,5970 0]
3118227  -223,5375 3298,5970 57,7753 0

A =|5,2545 0 —5,2545 11,8227 0
0 5,2545 11,8227 —5,2545 0

0 0 —154,4176 -1715751 0]
[—223,5375  —311,8227 57,7753 -3298,5970 0]
3118227  -223,5375 3298,5970 57,7753 0

A, =| 52545 0 —5,2545 -11,8227 0
0 5,2545 11,8227 ~5,2545 0
0 0 ~154,4176 171,5751 0]

Do cac ma tran B, C va D la cadc ma tran hang s6 trong
mo hinh da xay dung, mé hinh T-S ctia DCKDB dugc viét
lai duéi dang téng cé trong sé clia tdm mo hinh con tuyén
tinh. Tin hiéu diéu khién u = [usq, usy]" 13 vector dién ap
trong hé toa dé d-q. Vi s6 ngd vao diéu khién la hai trong
khi vector trang thai c6 nam thanh phan, luat diéu khién
st dung ma tran gia nghich dao B* = (B™B)'B" thay cho
biéu thuc nhan truc tiép (B"B)BT.

Trong dé D la nhiéu gép ctia hé théng, bao gobm
| < Dmax-

Khi mé hinh trén hé toa dé d-q, lugng ddt cta hé théng
Augc chon 16 Xrer = [isare, isqres Yrret; 0, Wred"- ThANh phan Wrq et
dugc dat bdng 0 theo diéu kién tua tir théng rotor. Sai léch
trang thdi duoc dinh nghia béi e(t) = Xed(t) - x(t).

x(t) :ZS:W,. (t)(ax(t))+Bu(t)+D
y(t) :CX(t)

véi A la ma tran dudng chéo xac dinh duong c¢6 kich
thudc 5 x 5, tuong Ung véi nam sai léch trang thai.

e(t)=x,(t)—x(t)

(1

(12)
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Wrdurer, ‘TL

v Thanh phan dong cat dugc
HH chon theo luat sau:

—_—] X — > Ugq ap

Ugq Ugg
WA’ Xref +|e d
Orer - SMC q u, |SVPWM

trong do B* = (B'B)'B" (20)
N vGi K [a ma tran duong chéo
xac dinh duong.

X —>
Xref

Uabe

Labe Thay phuong trinh (13) vao
phuong trinh (19) ta thu dugc:

> . . dq
Wra Flux isq
Observer

abe |

Hinh 2. C&u triic diéu khién dong co
Chon mat truot
S—e+ AIe (13)

Tai trang thai trugt ly tudng, thanh phan diéu khién
tuong duong ueq dugc xac dinh tir diéu kién Sqoe = 0. Do B
khéng phai 1a ma tran vuéng, biéu thic ueq dugc tinh
thong qua B* = (BB)'B™:

u=u,+u,, (14)

Trong d6 ueq la thanh phan diéu khién tuong duong
Va Usy la thanh phan diéu khién dong ct.
TU phuang trinh (13), ta cé:

S=é+le=x (t)-x(t)+Ae
=x,(t)_(iw,_(t)(A,X(t))wu(t)wjme
Tin hiéu u = ueq dat dugc tait =to va
S(x,t)=0 (16)
Ta chon tin hiéu dong cét & dang:
u,(t)=(B'8) BT{ Zw )(Ax )+)\e} (17)

Khi thiét ké mat trugt phai thod man tiéu chuan én
dinh Lyapunov v&i ham xac dinh duong dugc chon la:

(15)

v(s)=%s’s (18)

véi K [a ma tran dudng chéo xac dinh duong kich
thuéc 5 x 5. Trong trién khai mé phéng, dé giam
chattering, ham sign(S) c6 thé dugc thay bang ham bao
hoa sat(S/@), trong dé @ la doé day |6p bién.

V(s)=5"$<0 khi S(x)#0 (19)

Vol. 62 - No. 6A (June 2026)

IM

@

V(s) [ (t)- ( w (t)(ax(¢) +Bu()+Dj+)\e} (1)

Dé bao dadm Vyu(S) < 0, can chon K sao cho gid tri nhd
nhat ctia K 16n hon can trén cGa nhiéu quy d6i Drmax.

Nhu vay, véi K xac dinh duong va K > Dmax, dao ham ham
Lyapunov luén am véi moi S(t) # 0. Biéu nay chiing minh
mat trugt dugc chon théa man diéu kién én dinh Lyapunov
va sai léch trang thai héi tu vé viing 1an can mat trugt.

)=5'[—Ksign(s)+D] (22)
Phuong trinh (22) c6 thé biéu dién lai nhu sau.
5) =[S K+Dpy ) (23)

Dé V(s)<0, tacan c6 K=D,_,

Ma tran K va A dugc chon la ma tran duong chéo 5 x 5
nhu dudi day. Cac hé s6 dugc lua chon dua trén yéu cau
can bang gilia téc dé hoi tu, bién d6 dién ap diéu khién
va muc chattering:

Cdu truc diéu khién duoc st dung théng nhdt trong bai
bdo la SMC-T-S cho hé trang thdi d-q ddy du gém nam bién.
Vong téc do bén ngodai chi tao gid tri ddt isqrer tU Wrer VA
mémen tdi, trong khi b SMC-T-S sinh truc tiép hai tin hiéu
dién dp usq va use. Do dé, bé diéu khién khéng chi thay thé
vong dong dién don Ié ma duoc thiét ké trén mé hinh trang
thdi ddy du cda hé truyén dong.

Tong hap lai ta cé tin hiéu diéu khién:

u(t) :(BTB)f1 B’ [x (t) _(iw' (t)(Ax(r))) +)\ej|+

(BTB)_1 B'Ksign(s)
Mat trugt thiét ké nhu & phuong trinh (13).

(24)
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3. MO PHONG VA KET QUA

Kich ban mo6 phong dugc thiét ké thong nhat nhu sau:

- TU 0 dén 0,12s la khoang thai gian tir héa dong co,
téc dé dat bang 0.

-Tlr0,12s dén 0,30s, toc dé dat tang theo ham ramp tur
0 dén 200rad/s.

Tai t = 1,0s, dat momen tai T, = +30N.m; tai t = 2,0s,
dao tai vai T, = -30N.m. Cac thong sé nay dugc st dung
théng nhat trong phan mé ta, do thi va nhan xét két qua.

Vi thong s6 dong ca trong bang 1, mo hinh T-S gom
tdm luat va bo diéu khién SMC dugc trién khai trén
Matlab/Simulink. Cac chi tiéu dugc dung dé danh gia
gbém sai léch xac lap téc do, sai léch ti thong, sai léch
dong dién, thai gian phuc hoi sau nhiéu tai va muc dao
dong dong do thanh phan déng cat.

Vé dap ung toc dé (hinh 3): Téc dé déng co bam sat
gia tri dat vai sai léch xac lap t6i da khoang 2,5rad/s,
tuong Ung 1,25% so vai toc dé dat 200rad/s. Trong giai
doan tang téc tir 0 dén 200rad/s (0,12 - 0,30s), dap tng
t6c dé tron, khéng xuat hién vot 16 16n. Khi cap tai +30N.m
tai t = 1,0s va dao tai -30N.m tai t = 2,0s, t6c d6 chi dao
déng qua do trong thai gian ngan roi trd vé gia tri dat, thé
hién tinh bén viing cda bd diéu khién trudc nhiéu tai.
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Hinh 6. Dap ting dong dién i
Détdng tinh thuyét phuc, bai bdo bé sung ddnh gid dinh

w (r?d/ s) lugng dua trén cdc dai lugng do tur két qua mé phdng. Khi cé
200 b3 thém dir liéu mé phéng déi ching, c6 thé bé sung thém cot
l —w_ref Pl va SMC truyén théng vao bang so sdnh dé lam ré muc cdi
150 } 565 - w fb | thién cua phuong phdp dé xudt.
202 —4— —t—+ Bang 2. Bang danh gia cac dai lugng do
100 + 201} 0 i ax
200 h chitioy | OOV WASMCTS | Nhanxet
50 t 199 . ¢ diéu kién
198 Sailéchtocdd | wrer=200rad/s =2,5rad/s Bam tot
0 0 05 1 15 2 25 cuc dai (1,25%) gia tri dat
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thong (0,0375%) on dinh
Hinh 3. Dap ing toc d dong co Sailéch dong i | Dong tao tir thong =0,05A it bi anh hudng
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osl : | ddng qua do SMC
o 1410 Vé dap ung tirthong (hinh 4): Turthong rotor dugce duy
! e T s e tri 8n dinh vdi sai léch xac 1ap xap xi 0,003Wb. K&t qua nay
of khang dinh phuang phap tua tirthong rotor da dugc thuc
g T 3 15 5 28 3 hién ding, trong d6 Yra bam gia tri dinh muc va Y dugc

duy tri xap xi 0. Day la co s& dé tach kénh gilta thanh phan

Hinh 4.93p ng tr thong rotor dong tao tir théng va thanh phan dong tao mémen.
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Vé dap tng dong dién (hinh 5 va 6): Hai thanh phan i
Va isq dugc tach biét rd rang. Dong isq duy tri 8n dinh véi
sai lech khodng 0,05A, trong khi isq thay d6i theo yéu cau
momen tai vdi sai Iéch khoang 0,075A. Khi isq bién thién
tai cac thoi diém thay déi tai, iss hau nhu khéng bi tac
dong, cho thay cau trdc FOC va mo hinh T-S dugc xay
dung phu hop.

Nhin chung, két qua mé phong minh chiing tinh kha
thi ctia bo diéu khién truot dua trén mé hinh ma T-S trong
bai toan diéu khién BCKDB. Tuy nhién, dé khang dinh uu
thé vuot trdi so véi Pl hoac SMC truyén théng, can bé
sung thém cac mo6 phdng déi chiing trén cing mé hinh,
cung kich ban tai va cung bé tiéu chi danh gia nhu bang
2.Pay la ndi dung dugc dé xuat bé sung khi c6 dir liéu mo
phong déi chiing day du.

4, KET LUAN

Bai bao da trinh bay phuong phap thiét ké bo diéu
khién truot dua trén moé hinh md& Takagi-Sugeno cho
dong co khong dong bo trong hé toa dé quay d-q tua
theo tir théng rotor. Mé hinh phi tuyén cia dong co dugc
bi€u dién bang tam mé hinh con tuyén tinh théng qua ba
bién tién dé cé y nghia vat ly. Luat diéu khién SMC dugc
xay dung trén mo hinh trang thai day dd, st dung ma tran
giad nghich dao ctia B dé€ phu hgp vai hé c6 hai ngé vao
dién ap va nam bién trang thai. Diéu kién én dinh dugc
phan tich bang ham Lyapunov. Két qua mé phéng cho
thay téc do, tur thong va dong dién bam tot gia tri dat khi
momen tai thay déi. Cac han ché con ton tai gém hién
tugng chattering va viéc chua c6 du bé két qua déi chiing
vGi PI/SMC truyén théng trén cung diéu kién mé phong.
Huéng nghién cdu tiép theo la b6 sung bd quan sét
nhiéu, thay ham sign bang ham bao hoa hoac luat tiép
can bac cao, va thuc nghiém trén bo truyén déng DCKDB
dé kiém chung kha nang trién khai thuc té.
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