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PIEU KHIEN VI TRi PONG CO KHONG PONG BQ
UNG DUNG BQ PIEU KHIEN TRUQT SMC

Lé Thi Thu Phuong”, Ping Thi Loan Phugng
Truong Pai hoc Cong nghé théng tin & Truyén théng — DH Thai Nguyén

TOM TAT

DPong co khong dong bo ba pha 1a ddi tugng phi tuyén kha phirc tap v&i nhiéu dau vao, nhiéu dau
ra. Trong céc cach mo ta toan hoc dong co khong dong bo, mé hinh trang thai cung cép cho ta hiéu
biét chi tiét vé ban chat bén trong ctia d6i twong ciing nhu 1a co s thuan loi dé thiét ké cac khau
diéu chinh, quan sat. B6 diéu khién truot sliding mode control (SMC) duoc tng dung dé diéu
khién cho hé théng phi tuyén 14 dong co khong dong bo ba pha. Muc dich 1a dé hé thong dat duoc
su On dinh nhanh va sai 1éch bam nho véi su bién ddi tham sd dong co, tham s tai cling nhu nhiéu
bén ngoai tac dong. Qua mo phong Matlab Simulink dwa ra dugc duong dac tinh vai sai Iéch tinh
nho, toc d6 dat t6i toc do dit cua dong co.

T khéa: diéu khién nr dong; diéu khién truot (SMC); dong co khéng dong bg ba pha; hé phi
tuyén; diéu khién vi tri
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SLIDING MODE CONTROL FOR ASYNCHRONOUR MOTOR
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ABSTRACT

Asynchronour motor is quite complex nonlinear object with many inputs and many outputs. In the
mathematical description of special forces engine, the state model gives us a detailed
understanding of the intrinsic nature of the object as well as a convenient basis for the design of
adjustment and observation stages. SMC sliding mode control is used to control nonlinear systems
as three-phase asynchronous motors. The goal is for the system to achieve fast stability and minor
grip deviations with changes in motor parameters, load parameters as well as external noise.
Through Matlab Simulink simulation, we can provide characteristic curve with small static
deviation, the speed reaches the set speed of the engine.
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1. Pit van dé

Pong co khong déng bd 1a loai dong co duoc
st dung rong rai trong cong nghiép hién nay
boi tinh 6n dinh cao va gia thanh tuong ddi
thap. Tuy nhién dong co khong dong bo 1a
loai dong co co tinh phi tuyén. Vi vay viéc
diéu khién dong co khong dong bo 1a van dé
dugc kha nhiéu nha nghién cru quan tam.
Hién nay c6 mot sb cac nghién ctu vé diéu
khién dong co khong dong bo nhu: didu khién
tua tir théng rotor (FOC), diéu khién moment
tryc tiép (DTC), diéu khién mo. ..

Muc dich ctia bai bao nay l1a nghién curu va
tmg dung bd diéu khién truot vi tri dé diéu
khién dong co khong dong bo ba pha. Trudc
tién la dua ra mo hinh toan hoc ctiia dong co
khong déng bd ba pha véi hé truc dq. Sau do
mg dung FOC d¢ diéu khién vong trong cuia
dong co khong dong bo. Tur d6 dua bd diéu
khién SMC dé diéu khién vi tri cho dong co
khong ddng bo. Trong bai bio nay mé hinh
diéu khién truot dugc 4p dung cho dong co
MTKM211_6 nham gitp hé thong on dinh
nhanh, sai 1éch bam nho, va toc do nhanh
chong dat gid tri toc d6 dat.

2. M hinh ddng co khong ddng b ba pha
Trong mat phiang cat ngang truc dong co,
dong co khong ddéng bd gdm c6 3 cudn day
c6 goc léch nhau 1a 120°. Ta thiét 1ap mot hé
toa d6 phtrc véi truc phirc di qua truc cudn
day pha A cta dong co, ta dinh nghia vecto
khong gian cho dién ap stator [1]:

U.0= %[U w(® +Ug (0™ +U (el 2 ]
U, ()= %[Usa (t)+U, 1) +U_ (t)el } M

Theo cong thuc (1), vector us(t) 1a vector co
modul khong d6i quay trén mat phang phuc
voi toc do goc ws= 2nfsva tao voi truc thuc
mot gdc pha y=wmst .

Vo6i vector khong gian dién ap stator co

modul la ‘US va quay trong mit phang phirc

voi toc do goc ws. Truc cudn day A la truc
thuc o va truc vong goc véi no la truc 4o .

Trong mit phang cua hé toa do (a-B) ta xét

thém mot hé toa d¢ thir hai c6 truc hoanh d va

truc tung q. HE toa do nay quay voi tbe do

dong bo, co chung diém gdc va nam léch di

mot goc 6, so vai hé toa do stator nhu hinh 1.
1B

”*d ! u *a
ol\

Hinh 1. Mdi lién hé giita hé toa dg (o-f) va hé (d-q)
Vector Us duoc dat trong h¢ toa dd truc giao
(d,q) quay véi téc do dong bd ws=2nf/pp.

Uy =|U,|cos(8,, —6,)

U, =|U,

cos(é,, —6,)

Ta xac dinh dugc phuong trinh dién ap va tir
thong cuia dong co khong dong bo trén hé dq

. dy
Usd = Rslsd +T5d_a)sl//sq
. dy
Usq = Rslsq + dtsq WY 4
: ©)
e dl// rd '
Urd ersd + dt a)sll//sq
. dy .
Urq :ersq+ . DY
Ve = Lsisd + I-mi;d
‘//sq = Lsirq + I-mirq
Vi = Llrillrd + Ligg

Y= I-rirq + Lmisq
Chuyén sang cic dang thanh phan ciia vector
trén hai truc toa do:

diSd—7(i+—1_g)i PP - AVl P
dt oT, | oT, T T g Vi T OV o e
di - - _
= i*il J)isq*wsisd +71 Z ’/’rq*il UW'/’m *71 Ugq
dt oT, oT, oT,L, oL, ol @
dy, . 1
dtm =Ti|sd *T*‘//m + gy,

r r
dyg L, 1
dtrq :?mlsq T VT Qg

r r
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3. Piéu khién vector twa tir thong rotor FOC
Trong khong gian d,q tua tir thdng rotor, cé
thé coi cac dai lugng dién tir bién thién cham
1a cac dai lwong 1 chiéu [2].

Y=y, =—Lig+ Lmirq

{‘Prq = 0=—Li +L,i

ro'sq

©)

Phuong trinh dién ap rotor trén truc 0d:
0=—R/iy. +sy, (6)
Suy ra:

Y.y =Lyigy /(1+ sTr)
Trong ché d6 xac 1ap ta c6 thé coi ira =0 va cO
mo hinh gan dung cua dong co khong dong
bd trong hé toa dd dq quay déng b0 tua tur
thong rotor. Bién doi so do dong co khong
ddng bo trén hé dq thanh moé hinh tuong
duong hinh 2:

Hinh 2. M6 hinh gan ding ciia dong co khéng
dong bo trong hé truc dq twa tir thong rotor
B0 diéu khién dong dién riéng ré co lay tach

kénh nhu hinh 3.

T
Uue
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Hinh 3. M6 hinh b¢ diéu khién dong dién cé b
tach kénh

Ta c6 thé d& dang lap dugc mé hinh mach
vong diéu khién tir théng rotor, trong d6 coi
ré‘mg dong dién doc truc cé dap tng dong hoc
rat nhanh boi da dugc b nhu hinh 4.

v " s Lo W
o o
: 1+ =T,

MHTT |

Hinh 4. Hinh mach vong diéu khién tir théng
4. Thiét ké bd diéu khién trugt SMC cho
dong co khong dong bd
Ta 4p dung phuong phap diéu khién truot
sliding mode control (SMC) cho dong co
khong ddng bo ba pha rotor 1ong séc bang
cach diéu khién vector va thiét ké cac tidu chi
cho bién sé diéu khién [3].
C6 hai uu diém chinh ciia diéu khién truot d6 la:
+ Tinh chat bén vitng cta hé thng
+ Khong nhay cam véi sy bién doi clia nhitng
thong sb trong hé thdng, & trang thai dong va
nhitng diém 15i.

! v Bo dieu Doi tirgng

khién truot

v

ditu khién

Hinh 5. Cdu triic bo diéu khién truot
Ta can xéc dinh luat diéu khién hoi tiép T sao
cho vector trang thai ciia hé thong x— 0 khi
t= = . Pé dat dugc didu nay trong didu khién
trugt nguodi ta st dung ham truot [4]:

n-1 n-2

= (:;[—nil T %

Trpng df’): n 1a bic cua mé hinh ddi twong
dicu khién.
Heé s6 ao, ai,...,an2 duge chon sao cho da thuc
dac trung

d
+...+a1d—>tl+a0y @)

Ta cd : S=Xp+an-2Xn-17+. .. FarXo+agX1=0
mo td mot mat trong khéng gian trang thai n
chiéu goi 1a mat trugt (sliding)
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Véi ham truot S, nhiém vu cua bo diéu khién
1a x4c dinh luat diéu khién T sao cho S— 0
trong khoang thoi gian hitu han. Cac quy dao
pha ctia hé théng duoc dua vé mait truot va
duy tri trén mat trugt mot cach bén virng [5].
Ta ap dung diéu khién trugt SMC vio truyén
dong cho dong co khong dong bo duge dicu
khién vector. Chinh la diéu khién quy dao
trugt toan phan bao gdm phan ting tdc, giam
tdc va tc do hang. Viéc thiét ké cac tiéu chi
cho bién sé diéu khién véi cac thong sb cia
bd diéu khién khong bi anh hudng boi cac
thong s6 khic nhu hing s6 momen K
moémen quan tinh J, hé s6 ma sat tit dan B, va
momen tai T sau:

Te ZKTisq (8)
Trong do: Kt 1a moment xoan duge xéc dinh:
3i4L,, "
1 =R g Tar
221 ©)

Mo hinh dong co khoas dong ba

Hinh 6. Phuong phap diéu khién siv dung bo diéu
khién SMC voi dong co khong dong bo

Tir hinh 6 phuong phap diéu khién sir dung

SMC véi dong co khong dong bo ta biéu dién

mo hinh duéi dang toan hoc trong mién

khong gian theo hai bién X; va Xo. Ta c6

duogc cac phuong trinh:

JSX, + BX, =—K KU +T, (10)

%:_E_ X, — Kt'flu +1_TL 11
dt ] J ]
%
%o S S lal
dX,| [0 bl X,| |-a d
dt (12)
Véi  b=B/
a=KK1/J
d=1/J

Hinh 7 thé hién phuong phéap diéu khién SMC
bam quy dao v6i ba phan ting tdc, téc do
hang va giam toc.

L
e A

\
G
%y * — ¢ ;
P S———— ol x
“ iy . ~ \
s N o 0000 + 1% ~ Wag)
s Gun o 1y Vg
oy GX, + % 3. /
oy . S TR
vau ghom & PP

Hinh 7. Puong quy dao thuc bam theo éu)? dao
cho truoc

Luat diéu khién ciia SMC dugc mé td boi
phuong trinh toan hoc nhu sau:
U= ASgn|03| +y X +w, X, (13)
Véi
+1if 0< o,
Sgnjo,|=1 . .
-1if 0, <0

a; if 0< X0

. :{ﬂi if X,0, <0 (14)
a; iIf0< X, 0;

v z{z,. if X,0, <0

Két hop phuong trinh trang thai ctiia hé théng
vao cac phan ta dugc:
Phan giam tc:
-o,X, (ay,) - 03X, (b+ay, -C)+0,dT, <0(15)
Phan t6c d6 hing:

-0, X (@y) — o, X, (b+ay, —dT, ) <0 (16)
Tir phuong trinh (15), (16) chi ra rang cac hé
s6 lua chon cua SMC 1a rat linh hoat. N6 ¢6
thé xem 14 an toan khi xét oz va y3 13 duong va
B3 va Az 1a 4m. Phan tdc do hing c6 azva y2 1a
duong va B va Az la am.
° Théng s6 dong co
Chon dong co khong dong bo kiéu
MTKM211_6 véi cac thong s6 nhu sau:
Cong suat P =5 (Kw)
Dong dinh mire Ign=12.5 (A)
bién ap day U=380 (V)
Tan s6 £=50 (Hz)
bién tro stator Rs=1.41 (Q)
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bién tro rotor R=2.0 (Q) Dbién cam tiéu tan stator Ls=0.0041 (H)
Di¢n cam stator Ls=0.1335 (H) Pién cam tiéu tan roto L,=0.0055 (H)
bién cam rotor L=0.139 (H) Téc d6 roto:  ©= 96.33 (rad/s)

Pién cam hd cam L,=0.1335 (H) ws= 104.67 (rad/s)

Moment quén tinh J=0.11 (kg.m?)

; Momen dinh mirc: Mgn=52 (Nm)
S6 d6i cuc p=3

[]

£

s(J

L 00%r!
Tors'e Fan!

. 2k
N
Hinh 8. M6 hinh hé thong diéu khién trueot vi tri cho dong co khéng dong bé ba pha trén Matlab - Simulink

Hinh 9. Khoi mé hinh diéu khién dong dién

Str dung Matlab Simulink xay dung mé hinh hé théng dong co khong dong bo st dung bo diéu
khién SMC ¢ hinh 8 va hinh 9. Véi thong sb cua bd PID controller 1a: Kp=4,8; K;=1705; Kp=0.
B6 PID controller 1 1a: K,=60; K=500; Kp=0.

o Két qui mé phong
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Hinh 10. Pdp img vé vi tri X1 vdi toc dp X2 ciia
bé diéu khién SMC

Hinh 11. Ddp vimg vévi tri X1 va téc dg X2 ciia hé thcfng

Viy ta thay rang dap Gmg cta hé thong vé vi
tri va tbc do qua bo diéu khién SMC hinh 10
v6i hé théng hinh 11 1a bam sat va thoa man
yéu cau.

0

Hinh 12. Pdp img vé vi tri ciia hé thong SMC
Nhan thiy qua mé phong vé vi tri theo thoi gian
thi vi tri cua hé théng dat téi vi tri dat trong
khoang thoi gian 0,46 s qua gian do hinh 12.

13 g Hoes & K
"0

“o o1 03 03 04 0s ne o7 T ns 1

Hinh 13. Pdp img vé toc dg ciia hé thong SMC

Téc d6 cia dong co khi c6 b diéu khién truot
vi tri nhanh chong dat toi tdc d6 dn dinh trong
khoang thoi gian 0,5 s thé hién & hinh 13.

[

i L. - /- — - - -

Hinh 14. Dap iing vé tir théng cua dong co sic
dung dieu khiéen SMC

Hinh 14 dua ra so dd dap tmg vé tir thong clia
hé théng qua bo diéu khién SMC khi khong
tai. Tuy nhién khi st dung bo diéu khién
SMC ta thdy rang tir thong cta dong co sau
khi ting 1én sau 0,06 s s€ c6 hién tugng rung
“chattering” dic trung cua diéu khién SMC.
Nhdn xét:
Qua két qua mo phong cho thay dap tng vé vi
tri va toc do cua hé théng st dung diéu khién
ché do truot SMC tac dong nhanh. Tdc d6 cua
hé théng 6n dinh trong thoi gian 0,5 s. Tin
hiéu dat va dap ung khop nhau. Sai 1éch bam
va sy hoi tu thoa man yéu cau.
Dap tng vé vi tri ciia hé théng duoc xac lap
bang véi vi tri dit sau khoang thoi gian 0,46 s.
Tuy nhién hién twong rung thé hién rd rét & dap
(g ctia tir théng va cach Iya chon théng s cho
bo diéu khién SMC 14 tuong d6i kho khan.
5. Két luan
Bing cach sir dung phuong phap diéu khién
trugt SMC cho dong co khong dong bd cac
két qua trén Matlab Simulink cho thdy su tic
dong nhanh va déap tmg vé vi tri va toc do cua
hé thong bam sat dap tmg vé vi tri va toe do
théng qua bo diéu khién SMC. Tuy nhién viéc
chinh dinh thong s6 cta bo diéu khién SMC cho
cac dong co khéac nhau 1a twong dbi kho khan.
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