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UGC LUONG TOC DO DONG CO KHONG DONG BO BA PHA
SU' DUNG BO QUAN SAT TU THONG ROTOR

SPEED ESTIMATION FOR THREE PHASE INDUCTION MOTOR USING ROTOR FLUX OBSERVER

TOMTAT

Trong nhitng ndm gan day truyén dong dong co khong dong bd khong cam
bién t6c do duroc quan tam bai gia thanh kinh té, kich thwée gon nhe, do tin cay
cao. Cac thudt toan uéc lrong téc do dugc thay cho céc hé thong do ludng téc do
truc ti€p st dung méay phat toc hay b ma hoa quang dién. Bai bao nay mo ta
mot phuong phéap wéc lrong toe d6 cla dong co khong dong bd ba pha khdng stk
dung bd quan st tir thong rotor. KEt qua md phong bang phan mém
Matlab/Simulink cho thay téc d cia dong co duoc wée luong bang phiong phéap
nay lun bam theo toc d9 that clia dong co véi sai s6 rét nho.

Tir khéa: Dong co khong dong bd, bd quan sat tir thong rotor, udc lwgng
toc do.

ABSTRACT

In recent years, sensorless induction motor drivers have been neglected due
to the reasonable cost, compact size, high reliability. Speed estimation
algorithms are substituted for direct speed measurement systems using
tachometers or encoders. This paper describes a method of sensorless speed
estimation of three-phase induction motor based on Rotor Flux Observer. The
simulation results obtained using Matlab/Simulink show that the estimated
motor speed always tracks the actual motor speed with very small error.

Keywords: Induction motor, Rotor Flux Observer, Speed estimation.
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1.GIOI THIEU

Trong nhitng ndm gan day, diéu khién khong cam bién
téc do dong co khdong dong bd nhan dugc nhiéu sy quan
tam bdi trong mot s trudng hop khdng thé gan cam bién
t6c dd duoc do moi trvdng néng, yéu cau dong co chay véi
t6c do cao, mat khac cac thiét bi do téc do thutng dat, cong
kénh va vi thé lam tang gia thanh va kich thuéc clia bd truyén
dong dong co khéng déng bo [1, 2, 3, 4]. Vi nhitng ly do d6,
hién nay cac hé truyén dong dién khong st dung cdm bién
t6c dd ngay cang duoc st dung rong réi do cac hé nay co kich
thuéc gon nhe, gia thanh kinh té, do tin cay cao va bén vitng
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véi cac thuat toan diéu khién méi. Phuong phap woc lvgng
toc do dwa vao MRAS dugc thurc hién & [5, 6, 7], bd diéu khién
mo [1, 8], diéu khién truot [9, 10]. Trong bai bao nay, tac gia
gi¢i thiéu phuong phéap uéc lvong tdec dd st dung bd quan
sét tlr thdng rotor.
2. MO HINH BONG LUC HOC TONG QUAT CUA BONG CO
KHONG BONG BO

M6 hinh dong lvc hoc téng quat clia dong co khong
dong b6 ba pha bao gdbm cac mé hinh nhé (sub-models)
nhu sau [11]:

o M6 hinh dién dung dé bién d6i ba pha vé hai truc toa do
cla dién ap stato.

e M6 hinh m6 men dling dé tinh toan mo6 men dién tt.

e M0 hinh co dé tinh tdc do cla rotor.

e M0 hinh tinh toan dong dién stato khi cé xét dén dién tré
clia day néi.
2.1. M6 hinh dién

Qua trinh chuyén d6i dién ap ngudn cép ba pha sang
dién ap & hé toa do va dugc thuc hién bang phuong trinh
ma tran dwéi day [12]:
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Trong do, V,, Vi, Va Vg la dién ap stato, trong khi Vg, Vg
la cac thanh phan dién ap cla véc to dién ap V, theo hé toa
dd tinh gan véi stato.
O hé quy chiéu hai truc, phuong trinh dong dién cé
dang nhu sau:
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Trong do, R, R, 1an lvgt la dién tré stato va rotor. L, L, va
L,, 1an luot 14 dién cam stato, rotor va hd cam, P 1a s6 cuc va
w, la tdc do cua rotor. Trong md hinh dién, dién ap ba pha
[V Vg Vo] 12 dau vao va vécto dong dien [ig, isg, ig irg] 12 dau
ra. Vécto dién ap rotor thdong thudong bang khdng do rotor
¢ dang 16ng soc, co nghtalaV,, =V, =0.
2.2. M6 hinh mémen

Trong hé quy chi€u stato hai truc, mé men dién tu T,
duoc tinh nhw sau:

3PL ... 3)
Te = ——(lgrlns —n,
e 4 (arBs Bras)
2.3. M6 hinh co

Tl phrong trinh can bang mémen va bd qua ma sat
nhét (viscous friction), téc do rotor duoc tinh nhu sau:

T 4
wr=jTeJTLT 4
0

O day, J 1a mémen quén tinh cla rotor va T, la mémen
tai.
2.4. M6 hinh dong dién stato

M6 hinh dong dién stato duwoc st dung dé tinh bién dé
dong dién stato theo phuong trinh sau:

0 _2 oo (5)
|Is| :§ I +|s[3
* M6 hinh ngudn cap cho dong co

Nguon cép cho dong co la ngudn ba pha hinh sin nhw
sau:

V,, =|V|cos(w,t+6)
V,, =|V|cos(w,t—2m/3+6) (6)
V,, =|V|cos(w,t+2m/3+8)

Trong d6, |V| Ia bién do dién ap dau cuc, w, 1a téc do
géc clia ngudn cap va 6 la goc pha ban dau.
3. UOC LUONG TOC BO BONG CO S DUNG BO QUAN
SAT TU THONG ROTOR

M6t dong co khdng déng bo c6 thé dwgec mo ta boi
phuong trinh trang théi véi hé truc toa do ¢6 dinh gan voi
stato [12] nhuv duwGi déy:

dx / dt = Ax +Bv, ()
i, =Cx
O day:
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R, R, la dién tr& stato va rotor

L, L, la tw cAm stato va rotor

L, 1a hd cam

o=1-12, /LL,

T, 12 hang s6 thoi gianrotor T =L, /R,
w, la téc dé goéc chia dong co

Hinh 1 biéu dién khong gian trang thai ctia bd quan sat
va duoc chi ra béi hai phuong trinh sau;

dx /dt = AX +Bv, —He (8)
is = Cx

O day, H la hé s6 cia bd quan sét, is la gia tri dong dién
wéc lugng, e lasai sé ciiadong dién; e = is =i,
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T6c do dong co duoc wéc lvgng nhw sau;
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Hinh 1. M6 hinh wéc lugng toe do dong co khong dong bd st dung b quan
sat tirthng

Ma tran H duoc duoc thiét ké dé dam bao kha nang dap
(ing clia hé théng diéu khién, sao cho I;ime =0

T (7) va (8) ta c6 dwgc phuong trinh:

e=C(sl,— A+HC) B, (4w, JA,)
=G(s)(—4w A, J)

e=C(sl,—A+HC) "B, (—4w, J\,)
=G(s)(—4w, JA.)

O day:

A, =6, — W,

(10)

I, 1a ma tran don vi 4x4.
B, =[1/¢ -]
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Sau d6, xem xét hé thdng phan hoi bao gém khéi bat
bién theo thoi gian tuyén tinh G(s) va khdi thay déi theo
thoi gian phi tuyén (hinh 2).

Vi

e=i, —i,
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Hinh 2. Khdi phan hoi sai s6 cliadong dién

Ap dung tiéu chudn 6n dinh Popov, cac diéu kién sau
phai théa man:

1) G(s) la s6 thuc xac dinh duong.

2) Pau vao v, va dau ra w; ctia khéi thay doi theo thoi
gian phi tuyén phai théa man phuong trinh Popov (11) véi
moi t; > t,:

K (11)
j viw,dt>-y3
to

O day, y, 1a hing s6 doc lap voi thoi gian.
4. KET QUA MO PHONG

Pé kiém tra lai thuat toan wéc lwvgng toc do dwgc dé
xudt, phan mém Matlab/Simulink dwgc st dung dé mo
phéng uwéc lvgng téc d6 dong co st dung bd quan sat tlr
thong rotor. Cac thong s6 dong co duoc st dung cho qua
trinh mé phéng trong bang 1.

Bang 1. Thdng s6 dong co

T Thong s6 clia dong co Giatri
1 | Cong suat dinh mirc 1,5kw

2 | biénépphadinhmic 220V

3 | Dong dién dinh mic 65A

4 | Tansodinh mic 50 Hz

5 | Diéntrd stator 485Q

6 | Dién trd rotor 3,806Q

7 | Diéncamstator 0,274H

8 | Diéncamrotor 0,274H

9 | Hocdm 0,258 H

10 | MO menquén tinh 0,031 kgm?

11 | Socuc 4

12 | Hésomasat 0,00334 kg.m/sec.
13 | Toc do dinh muc 1420 rpm

14 | MO men tai 10Nm
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Hinh 3. M@ hinh tong thé hé thang wdc lvong tbe d6 dong co si dung bd
Quan sat tir thong trong Matlab/ simulink

Sau khi két thac qua trinh mé phéng ta thu duoc cac két
qua nhu sau:

e Hinh 4 1a bién do clia dién 4p nguon.

e Hinh 5 la bién do clia dong dién stato.

e Hinh 6 la m6 men dién tlr clia ddng co.

¢ Hinh 7 la t6c d6 that, toc do woc luong va sai s6 wéc lvgng.

Ta nhan thdy rang voi dién &p hinh sin c6 gié tri hiéu
dung la 220V cdp cho dong co (hinh 4), sau thoi gian khéi
dong, dong dién dinh mic clia déng co la 6,5A (hinh 5), md
men dién tir bang mo men tai 10 Nm. V6i thuat toan woc
lwvgng toc do duoc dé xudt, téc do wdc lugng bam sat véi toc
do that clia dong co cd & ché do qua do va ché do xac lap.
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Hinh 7. Téc d6 clia dong co bao gom tdc d6 that, toc do oc lvong va sai s
wéc lugng
5. KET LUAN

Bai bao déa trinh bay phuvong phap wéc lwgng téc do
dong co st dung bd quan sat tir thdng véi ngudn cap ba
pha dién ap hinh sin. Téc do wéc lvgng da bam sat téc do
that clia dong co & ca ché dd qua do va ché do xac lap.
Huéng nghién ctu ti€p theo la st dung phuong phap wéc
lvgng téc dd duogc dé xuat trong bai bao nay (ng dung cho
céc phuong phap diéu khién vong kin déng co khong dong
b6 nhu phwrong phap diéu khién tua tir thong ré to - FOC
(Field Oriented Control), diéu khién trugt - SMC (Sliding
Mode Control), phvong phap diéu khién dy bao - MPC
(Model Predictive Control), nham danh gia hiéu qua cla
phuong phap wéc lvgng toc do dugc dé xuat.
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