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Tom tat
Bai bao gidi thiéu mét céu truc diéu khién tach kénh truc tiép diéu khién téc d6 quay déng
co khéng déng bo rotor 16ng sé¢ khéng str dung cdm bién téc d6 4p dung nguyén ly thich
nghi theo mé hinh méu chuén (MRAS). Hé théng diéu khién duoc xdy dung theo phuong
phép tua theo ttr théng rotor véi cdu truc cé tach kénh truc tiép. Bo wéc luong tbe do
MRAS sé wéc lwong sé woc lwong téc dd quay cla déng co, téc do wéc luong nay sé
duoc dwa vao khau tinh toan toe théng (mé hinh ter théng: MHTT) dé woc luong tor théng
cung cap cho hé théng diéu khién. Viéc mé phdng kiém ching duwoc thuc hién trén nén
phédn mém Matlab & Simulink. Két qué mé phdng cho thdy phwong phép céu tric diéu
khién la kha thi.
Ttr khéa: Pong co khéng dong bé, tach kénh truec tiép, khong cam bién
Abstract
The paper presents a speed sensorless control structure for induction motors with
squirrel-cage rotor using Model Reference Adaptive System (MRAS) algorithm. The
control system is designed by using the method rotor flux orientation with direct
decoupling structure. The observer based on MRAS is used to estimate rotor speed.
Then Rotor Flux is estimated by the Flux Model to implement structural control. The
validation is carried out by simulation with the software Matlab & Simulink. Simulation
results are provided to illustrate the effectiveness of the proposed control structures, in
terms of better performance.
Key words: Induction Motor, direct-decoupling, sensorless

1. Pat van dé

Hé thdng truyén dong dién khong st dung khau do téc dé quay (cdm bién téc do) cé thé lam
gidm gia thanh san pham va ting do tin cay cla thiét bj. Cé rat nhiéu céng trinh nghién ctu vé
diéu khién dong co xoay chiéu ba pha khéng s dung cdm bién tbéc do (sensorless). Theo phan
loai ctia [10] c6 thé phan thanh ba nhém: Nhém cac phwong phép twa theo tir théng stator. Nhém
cac phwong phép twa theo tir thong rotor. Nhém cac phwong phap tan dung dac diém céu tao
riéng cla may dién (tinh khéng dbi xirng, khe h& trén bé mét stator va rotor..). Bai bao tap trung
vao phwong phap MRAS trong nhém thir hai. Mét s cong trinh thuéc nhém thir hai st dung thuat
toan Kalman [20,21,22]. Trong d6 mét sb cong trinh da st dung thuat toan loc Kalman két hop véi
cu tric tach kénh truc tiép [2,7]. V& MRAS cd rat nhiéu cong trinh nghién ctvu vé van dé nay. Cac
cong trinh [1, 11-18,23] dwa ra cau tric diéu khién ddng co nhw hinh 1. Trong cdu tric nay, cac
thanh phan dong isq va isq d& coi la khdng co sy tac déng 1an nhau, cac bd diéu chinh dong st
dung cac bo diéu chinh PI riéng biét, sw xen kénh thwc chat van ton tai trong thuc té, do vay céu
trac nay chwa phat huy dwoc wu thé cha no, sy bién dong vé mo-men tai cé thé gay anh huwéng
sang thanh phan dong tao ti théng isq.
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_Hinh 1. Cau tric diéu khién téc d¢ dong co KDB-RLS khong
can do toc d6 s dung MRAS véi hai bé diéu chinh dong riéng biét
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Hinh 2. Céu tric diéu khién téc d6 dong co KDB-RLS
khéng can do téc d6 str dung MRAS
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Hinh 3. Céu tricdiéu khién téc d6 déng co KDB-RLS
khéng can do téc d6 str dung MRAS trong céu tric téch kénh truec tiép

Va dé hoan thién cau tric nay [10] dwa ra clu tric diéu khién dong co KDB-RLS st dung
MRAS nhuw hinh 2. Trong cAu tric nay bd diéu khién vector dong hai chiéu da dwoc st dung, bod
didu chinh dong nay cé kha ndng khir twong tac gitra hai truc d va q, cu tric nay ciing dwoc tac
gid kiém chirng trong thuc tién cong nghiép va da phat huy wu thé, cAu trac diéu khién nay la cau
trac diéu khién tuyén tinh.

Tl cac phan tich trén, bai bao dwa ra cu trac diéu khién st dung MRAS két hop véi cu
tric tach kénh tryc tiép nhw hinh 3. Cau tric tach kénh tryc tiép & day thuc chét 1a s& dung
phwong phap tuyén tinh héa chinh xac d& dwa mé hinh phi tuyen cu tric cla déng co thanh mo
hinh tuyén tinh trong khéng gian trang thai st dung khau chuyen ddi hé toa dd, khau chuyén hé
toa d6 trang thai con cé kha nang khir twong tac thanh phan dong truc d va q, ta goi dé 1a khau
tach kénh truc tiép. So sanh véi cau tric hinh 2, ta thay cé sw khac biét dé Ia : Bo diéu chinh dong
hai chiéu dwoc thay béi khau chuyén hé toa do trang thai va hai bo didu chinh dong Riss va Risq
riéng biét.

2. Cau trac diéu khién khéng st dung cam bién sir dung nguyén ly thich nghi mau chuan
két hop cau trac tach kénh trwce tiép

2.1. Mé hinh déng co

Theo [10] ta c6 mé hinh dong clia ddng co két hop véi phuong trinh géc quay cda tiv théng
rotor ta co:
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Ta ky hiéu cac tham sb:

a:i;b:i-c—l_a

C= ;d=b+c
ol oT, oT,

Chon cé&c bién trang thai, dau vao, dau ra cho mé hinh dong dién (1) :

d .
d_)'il = —dx, +Xx,u, +au, +cy,
% = —xU, —dx, +-au, —cT wy, 2)
ax _
a
Pua hé (2) vé dang thu gon:
{k =F(X)+HX).u=F(x)+hu, +h,u, +h,u, (3
y=09(x)
Trong do:
—dx, + ¢,
f(X) =|—dx, —cT,wy, |;H(X) = h,(X) h,(X) h,(X)
0
a o X, (4)
h,=|0|;h, =|a|;h, =|—x,
0 0 1

Y, = gl(x) =X, Y, = gz(x) =X Y = ga(x) =X
2.2. Thiét ké tach kénh truc tiép
~ Theo [3,4,5,6,10] da chirng minh rang mé hinh phi tuyén (3) théa man day du cac diéu kién
thiét ké theo phwong phap tuyén tinh héa chinh xac. Cac bwéc thiet ké da dwoec trinh bay & cac tai

liéu vé ly thuyét diéu khién [8,9]. Sau khi ap dung cac budc thiét ké diéu khién theo phuong phap
TTHCX ta dwoc két qua bo diéu khién PHTT:

1 .
U, =U, = g dxl _C¢rd T W, —X,W,
(%)

ug,

1 .
u, = 5 dx, +cT .wip, +W, + X W,

Cong thirc (5) chi bao gébm cac phép toan dai s6, thuan Ii cho viéc cai dat. Bo diéu khién
TTHCX khdng nhirng dwa mé hinh dong dién phi tuyén ve dang tuyén tinh ma con tach kénh gilra
truc d va truc q

2.3. Thiét ké b6 wéc lIwong téc dé theo nguyén ly MRAS

Theo [10,13] ta c6 md hinh t&r théng viét dwéi dang mé hinh dién ap va mé hinh dong dién:
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Mo hinh dién ap:

Voo _ L ||Ue| (R +s0L) 0 i, (6)
Yol L, LU 0 (R +soL,)] i,

M hinh dong dién:
, ~UT, - i

o V| [T ) L i )
wm w _1/Tr wm Tr Isd

Ta viét phwong trinh (6) viét cho md hinh c6 thé diéu chinh va viét (7) cho md hinh mau. Sau

dé trir 2 phwong trinh cho nhau ta dwgc phwong trinh w sai s6 trang thai sau:

Ut - y
Era _ ( r w .gru + 1/)m (w_w) (8)
€, w,  =UT]le,] |
! ’ ur«f
M6t cach téng quat ta cé:
Se=Aec—-w (9)
Trong do:
N
£ 1T, —w, 0, A
€5 w, —1/T, B lAb

Trong biéu thire (8), bién dau vao chinh la sai léch gira téc dd thye va tbe do wéc lwong cla
rotor dong co. Vi theo ly thuyét MRAS song song [19], théng thwdng, vecto cot dau vao clia mo
hinh mau va vecto trang thai ctia hé thdng diéu chinh dwoc la nhirng vector khac khéng nén dbi
v&i tat cd cac dai lwong theo thoi gian diéu kién sai sb phai tiém can vé khong. Tl 14 trong co cau
thich nghi phai c6 mot khau tich phan. Mat khac vi tbc d6 wéc lwong & dau ra clia co cau thich
nghi la ham cda sai s nén luat thich nghi v&i tbc do rotor phai la:

A

w=¢, € + [¢ e dt (11)

T cac phwong trinh trén, cu truc cia MRAS dwoc biéu dién dwdi dang hé théng phan hoi
phi tuyén nhw hinh 4:

Khéi tuyén tinh

¢1€

Khéi phan hdi phi tuyén

Hinh 4. C4u triic MRAS theo hé thdng phan héi phi tuyén
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Nhw vay, viéc thiét ké bd nhan dang téc dd rotor dong co dwa vé bai toan xac dinh D ¢
sao cho ham truyén cta khodi tuyén tinh bat bién Ia thyc, dwong va xac dinh cac ham ¢, ¢
¢, € sao cho bat déng thirc tich phan cia Popov dwgc thod man.

DPé xac dinh D ¢ dbng thoi kiém tra dap (ring dong ctia bd nhan dang téc do MRAS, dau

tién ta phai chuyén phwong trinh xac dinh tir thong rotor vé hé toa do twa tlr théng, sau d6 tuyén
tinh hoa quanh diém lam viéc dé s dung céc tin hiéu nhé.

Ae= (quOAq/\/)rd - (l/}rdoAq/brq ] - (¢rq0 Awrd — L}}rdo Aqu (12)

T cac phwong trinh trén ta cé ham truyén cla khéi tuyén tinh nhuw sau:
Ae ‘2
Aw,

_ Ac]

- A
Aow=o Aw

_ S+1/T, |1,
(S+UT)Y + w,—w,

: (13)

7 G1(p)-‘7f/)o

Aw=0

A A

Trong d6 [, = 92, +47, va gia thiét ring ), = 1,40 VA e =Py T bidu thire
(13) ta thay réng v&i sai sb dau ra la ¢ thi ham truyén cta khdi tuyén tinh 1a thuc va dwong, tirc 1a
thod man diéu kién tht nhét theo tiéu chuén ctia Popov. Do d6, dé don gianchon D ¢ =1.

Sau khi diéu Igién thir nhat da thoa man, thuat toan thich nghi co thé dwoc xay dwng dwa
trén co s& clia bat dang thirc tich phan Popov.

Ta thdy rédng néu cac ham ¢ va ¢ dwoc chon nhw dwdi day thi bat dang thirc tich phan cla
Popov thod man:

A

¢l = KZ [Eri 1 ra sr“ /(?}rd] = Kz [lwrj ((//\}m - /l/]m 'IQJH] (14)

(/)2 = Kl [Erj /&}rn - Ern q}jr«f] = K1 [/l/}m /l?}rn - ,17/}". ,l/}}r«f] (15)

V&i K1, Kz 1a cac hang sé.

Ta thay rang co cau thich nghi cé dang mét khau ti 1& - tich phan (PI).

Trong thuc té, khi st» dung b diéu khién PI thi van dé quan trong nhéat 1a phai lya chon
dwoc cac thong so Ki= K, va K=K, cho phu hgp véi doi twong diéu khien nham dat dwgc cac chi
tiéu chat lwong cla qua trinh qua dd. D& don gian, gid st o = 0, ta c6 thé xac dinh Kp va K, qua
céac théng s6 nhu hé sb tat dan & va tan sb géc tw nhién oc theo céng thirc sau:

wr

2

K, = 26w, —1/T, |
KI = wcz / wr i
Tuy nhién trong thuc té, sw tdng hop tir thong rotor dwa vao mé hinh mau chuan 1a rat kho
thwe hién, dac biét 1a & vung téc do thap, do phép tich phan don thudn clia cac tin hiéu dién ap.

Dé khac phuc nhirtng nhuoc diém nhw phai cé diéu kién dau hay hién twong tréi do phan ti tich
phan nay gay ra, cé thé d&t cac bo loc théng cao & dau ra hodc vao cla hai mé hinh.

(16)

2.4. Cédc bé diéu chinh vong ngoai va mé hinh twr théng

Céc b diéu chinh dong Risq, Risq, bd diéu chinh tir thong, bo diéu chinh téc d6, mé hinh tir
théng duoc tinh toan va tong hep chi tiét trong [10]
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2.5. C4u tric mé phéng va két qua
CAu trac diéu khién hinh 3 c6 thé mé phdng st dung phan mém Matlab&Simulink nhw hinh 5
Dong co md phdng la dong co khdng dong b rotor 16ng s6c c6 cac thong sé: Cong suét
dinh mc: Pn=7,5kW, dién ap danh dinh: un=340V, tan sd danh dinh: fa\=50Hz, toc d6 danh dinh:
nn=3000 vong/phut, dong pha danh dinh: In=19,2A, dién tré Stator: Rs= 2,52195Q, dién tr& Rotor:
R=0,976292 Q, dién cam Stator: Ls=0,1825148H, dién cdm Rotor: L=0,1858366H, h6 cam gilra
Stator va Rotor: Lm=0,1763H, m6-men quan tinh J=0,117kGm?

N e S s :
Flux Controller lusd v o

Hinh 5. C4u tric mé phéng déng co KDB-RLS str dung MRAS trong céu truc tiach kénh truec tiép

Sau khi chay mé phdng ta dwoc mot sb két qua nhu sau:
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Hinh 6. Téc d6 thwc va téc dé wéc lwong cua Hinh 7. Céc thanh phén déng

doéng co
Tir két qua ta thay rang, sai léch toc d6 trong qua trinh khdi dong ban dau con I6n, sau thoi
gian qua do, dap (rng toc do woc lwgng va toc do thwe clia dong co gan nhuw trung nhau.
3. Két luan
Bai bao gidi thiéu cau tric két hop gitra thuat toan wéc lvgng tée d6 dong co MRAS va ciu
trdc tach kénh truc tiép, cac két quéd md phéng buéc dau cho thay ciu tric nay hoan toan coé thé
trién khai tng dung.
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