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TOM TAT

Pong co khéng dong bé ba pha dwoc sir dung réng rdi trong cong nghiép vi cdc wu
diém nhu cdu tao don gian, chdc chan, van hanh tin cdy, it bdo tri swa chita, gid thanh thcfp,
hiéu sudt cao... Tuy nhién, viéc dieu khién dong co khong déng bé la mét van dé khé khan,
phike tap i tinh phi tuyén ciia mé hinh dong co. Bai b&o nay ing dung ky thudt diéu khién hoi
tiép tuyén tinh héa (Feedback Linearization Control — FLC) va phuong phdp diéu khién gan
cuwc dé thiét ké hé thong diéu khién tir théng VA toc dé dong co khéng dong bé ba pha, trong
do tur thong va mb men dwoc woc luong tur cac gia tri dong dién va dién dp cua dong co.

Viéc nghién civu so sanh cdc thanh phan ciia déng co (tiv théng, toc dd, moment, dong
dién ba pha) ciia phiwong phép dé xudt (FLC) véi phwong phdp FOC duwoc tién hanh. Viéc so
sanh dwoc thwc hién khi thay doi tai & truc dong co, kha nang bam cua téc dé va dé nhay khi
thay doi diéu kién vin hanh. Tir thong va moment dwoc woe leong tir cdc gid tri dong va dp
ciia dong co. Cdc két qua mé phong sé cho thdy hiéu qua ciia phiong phdp dé xudt.

Tir khéa: diéu khién phi tuyén; diéu khién vector; déng co khong dong bg; dinh huéng
triweong; tuyén tinh héa vao ra.

ABSTRACT

Three-phase induction motor is the main equipment in AC drives because of the
advantages such as simple structure, solid, reliable operation, low maintenance repairs, low-
cost, high performance.... However, the control of induction motor is a difficult and
complicated problem because of its strong nonlinearity.

This paper applies the feedback linearization control technique (FLC) and the pole
assigment method to design a speed and flux controller for induction motors. The torque and
the flux are estimated from measurement of voltages and currents of the motor.

The comparative study of the motors components (flux, speed, torque, three-phase
current) of the proposed method (FLC) with FOC method is conducted. The comparison is done
when changing the load on the motor shaft, tracking capability of speed and a sensitivity to
changes in operating conditions. Flux and the torque is estimated from the value of the motor
current and voltage. The simulation results showed the effectiveness of the proposed method.

Keywords: Nonlinear control; Vector control; Asynchronous motor; Field orientation; Input
output linearization.
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.  DPAT VAN DE

Cung véi su phat trién ngdy cang 16n
manh ctia cac nganh cong nghiép, dac biét l1a
nganh diéu khién tu dong, yéu cau chat luong
d6i vai cac loai miy moc ngiy cang cao: co
cdu may moc doi hoi phai dat do nhanh,
nhay, chinh xac cao, ndng lugng phai dugc
st dung c6 hiéu qua.

Pong co khong dong bd chinh thirc
dugc cong nhan tr nhitng ndm 1970 tuy
nhién chung khong duoc s dung rong rai
bdi vi ¢6 nhiing kho khdn ma ching mang
lai: kho diéu khién va chit luong thip. Tuy
nhién, cung véi sy phat trién manh mé cia
cong nghé ché tao céc thiét bi ban din cong
sudt va cac bo vi xir Iy c6 kha ning xir ly
manh mg, nhimg kho khin d6 da duoc khic
phuc. Pong co khéng dong bo hién nay duoc
xem la cong ngh¢ moi.

V6i nhimg vu diém cua minh dong co
khong dong bd dang dwoc xem 13 mot trong
nhitng giai phap cho nhiing van dé da néu ¢
trén. Mot s6 wu diém ndi bat cua dong co
tuyén tinh: toc do cao, d6 chinh xéac cao, dap
g nhanh, d% bén co hoc cao.

Ngay nay, cing véi su phat trién manh
mé cua ly thuyét diéu khién ty dong, k¥ thuat
diéu khién dong co khong dong bo ciing thay
d6i nhanh chong. Trong 1y thuyét diéu khién
hién dai, dong co khong d(‘Sng bd ba pha
dugce xem 1a mot dbi tuong phi tuyén (vi mo
hinh toan hoc cua dong co khong dong bo
dugec md ta bang cac phwong trinh vi phan
bac cao). Pé diéu khién dong co mot cach
chinh xdc, ta phai 4p dung cac phuong phap
diéu khién phi tuyén nhu: diéu khién hdi tiép
tuyén tinh hoa (Feedback linearization
control - FLC), diéu khién truot (sliding
mode control - SMC), diéu khién thy dong
(passive control), diéu khién thich nghi
(adaptive control)... dé tac dong 1én mo hinh
todn hoc cua dong co.

Trong luan van ndy, phuong phap hoi
tiép tuyén tinh héa duoc st dung dé tiép can
mo hinh toan hoc cua dong co. Muc dich
chinh ctia phuong phap nay 1a tién hanh doi
bién diéu khién sao cho ng ra tuyén tinh véi
bién diéu khién moi.

II. MO HINH PONG CO KHONG

PONG BQ BA PHA

Pong co khong dong bo dugec méd ta
bo1 mot hé phuong trinh vi phan bac cao. Véi
cdu trac phan bd cac cudn day phuc tap vé
mat khong gian va cac mach tir méc vong ta
phai chap nhan mot s6 cac diéu kién sau day
khi m6 hinh héa dong co.

Bo qua cic tén hao trong 15i st tir,
khong xét t6i anh huong cia tan sd va thay
doi cua nhiét do doi véi dién trg, dién cam
td1 cac cudn day.

Bo6 qua bao hoa mach tir, ty cam va ho
cam ctia mdi cudn day duoc coi 13 tuyén tinh.
Dong tir héa va tir truong duoc phan b hinh
sin trén bé mat khe tir.

2.1. Xay duyng mo hinh dong co khong
dong bd ba pha

Ta thong nhat mot sb qui udc cho céc
ky hiéu cho cac dai lugng va cac thong sb
cua dong co.

Hinh 1. M6 hinh don gian cua dong co
khéng dong bé ba pha

Céc thong sb cua dong co khong dong
bo ba pha:

Rs: dién tré cudn day stator
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Rr: dién tro rotor qui doi vé stator

Lm: hd cam giira stator va rotor

L, . : dién khang tan cudn day stator

L, : dién khang tan cudn day rotor qui
d6i vé stator

p: s6 déi cyuc cua dong co

J: moment quan tinh co (kg.m?)

Céc thong sé dinh nghia thém:

Ls=Lm+ L_, dién cadm stator

r=Lm+ L , dién cam rotor

T, = L. héng sb thoi gian stator
RS
T = ;r hang sb thoi gian rotor
2 A A LN o A
o —1__Ltm  h€ so tur tan tong
L.L

Tsamp chu k}‘/ léy méu

Chir thuong: dai lugng tic thoi, bién
thién theo thoi gian.

Chir hoa: dai lugng vector, module
vector, dg 16n. (2.4.27)

Tir hé qui chiéu rotor quy vé hé qui
chiéu stator theo cac phuong trinh:

il =ice? 1)
y =ye )

Tur hai phuong trinh trén ta co:

N
- s -

Dodyy
0=R i{f+—r— 3
r-r dt Ja)l//r ()

Vay tir cac phuong trinh trén ta c6 hé
phuong trinh:

Uo=R_.ie+9Ys (4a)
- dt

—

0=R i+ 2 joyr (4b)
dt
wo =Lij+L,i; (4c)
I (a0)
3 > o 3 - o
T, = ply,xiy) =—— ply,xi) (4e)
2 2
T -1 4o (49
p dt

Pé xac dinh dong dién stator va tir
thong rotor, tur pt (4¢) va pt (4d) co:

> 1( =

iP=—|w’—L, i 5
r I—r [V/r m sj ( )
e I T

Vs = Ls Is+rm(l//r_|-m Is] (6)

Thay (5), (6) vao (4a, b),

Phuong trinh (4a, b) tr¢ thanh:

JSZRS.TS+OLSdIS+idl//S (7)

- dt L dt

Ly (1 . )% dy;
O=—mif4| = - S+ 8

) e G
Suy ra
dy® L oo (1 . =

r_—_"mS_| = _ X 9
d T " [Tr Jw}’”r ©)
Thay (7) vao (9)
d(llj[l,jwl (10)
dt (o, o o, T, ol

(11)
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Chuyén sang dang cac thanh phan ciia  3.2.2. Toc dp ciia dpng co
vector trén hai truc toa do:

di, (1 1o} o lo 1, R
d (o, of J* oL, Vo o, VL ;622
=
di - I : Ea—
513:_[1+].(7j l [ y/r/} 1 O-a)l//m 1 Usﬂ (12) , Time (<)
L Hinh 3. Téc d6 ciia dong co
dy.. _ii 1 . 3.2.3. Moment cua dpng co:
gt T, o T, .
£
dyy L, 2.
dt -I-r Isﬁ T l//rﬁ—i_a)l//ra “g_‘_‘)
EDS
Thay cic thanh phan cta vector tir T e
théng rotor va dong stator ta dugc: Hinh 4. Moment cua dong co
3 L 3.2.4. Dong dién ba pha cua dong co:
(l/lm sf3 l//rﬁ Sa) (13)
o o \ il i
I1l. PIEU KHIEN PINH HUONG TU - ‘H m H ‘
THONG ROTOR ;g ‘u“\mw sy \‘ “ NVARARANY
3.1. Diéu khién dinh hwéng tir thong rotor ”“
dong co khong ddng bé [2], [4], [6] Time (<)
Phuong phap diéu khién gian tiép: Hinh 5. Dong dién ba pha cua dong co

trong phuong phap diéu khién gian tiép thi . . , ,
gbc 0 dugc tinh toan dua trén tdc do truot va VI DI_EU KHIEN ’l:UYEN:TINH HOA
thong tin vé téc do dong co. Ta thay dic tinh DONG CO KHONG DONG BO [5],
ciia hé théng phy thudc rat nhidu vao viéc [71, [8], [°]

xac dinh chinh xac cdc thong so dong co. 4.1. Ap dung diéu khién tuyén tinh héa
Phuong phép nay nhin chung don gian hon

phuong phap truc tiép. T u= —[V Lmh(x)] ta co

) L, LT h(x)
3.2. Keét qud mé phong FOC luat diéu khién tuyén tinh hoa nhu sau:

u, —Lih (X)+vy

, “|=p200.

,5 L ]eereol i
T ,M \ :D_l(x)|:_Bl+V1:|

|

3.2.1.Tir thong cuia dong co:

—B, +v,

Firef Fi (Webe)

Véi: B, =L, h(x), B, =L3h,(x)

T )
Ime (S) Ta Cé: D71 (X) _ 1 |: Azz A12:|
Hinh 2. Tir thong cia dong co det(D) | -A, Ay
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. 1 1 h® —T® —,
Vo1 = C Xe s .. 1 1
uoi cung ta co: 14
det(D) AyA,—ALA, & {h(z) —w® =y (14
2 4 2
Vay ta duge: B6 diéu khién moment (T) va tir thong
{Um} _ 1 [ A, ~— AHH— B+, } v bam theo tin hiéu dat Tref va yref, ta cO luat
Yol Avha=Aehal=Aa Ay =Bty diéu khién tuyén tinh héa nhu sau:

_ 1 |: Ay (=B, +vy)
APy = A Ay 1= Ay (=B, +v)

APy — Ay Ay #0=cac

tin hi¢u diéu khién ug,, U, 1a céc tin hi¢u

= A, (=B, +v,)
Ay (=B, +v,)

Nhan xét:

sa !

thure.
Dao ham ngd ra thi nhat:

Tur biéu thirc:

dh, (x
1Ly (0+ Lysh, (0, + Lah (00,
Voi:
Hae :m[ Azz-(_Bl+V1) _Alz-(_Bz+V2)]
1

[ —ALCB+v)  ALEB, +v,)]

Uy = ———|
A11-A22 - A12-A21
Thay ug,,ug, , Lih(x),Lg,h (X),L,,h(X)

vao biéu thuc trén, ta duogc:

_dh(x)
N —1 =
vay dt Vi

Dao ham ngd ra thir hai:

Tt biéu thurc, ta co:

dh, (x
(12t( ) L5, (x) + Ly, Lhy ()4, + Lo Lehy (X).ugg
Voi:
U, :m[ Ay (=B +v)  —AL(-B,+v,)]
1

[ = Ay (=B, +1) A.(-B, +V2)]

Uy =—————.
Arhy = Ay Ay

Thayu,, U,  Lih(X),LyLih,(X),Ly,Lehy(X)
vao biéu thire trén, ta duoc:

. dh,(x)
Viy: —2"~ =y

ay dt 2

v =k T-T )+T¥
{1 (T-T)+TS 5)

v, =KW V) Ky (0 -y 8) +y

Céc hé s0 k dugc chon sao cho phuong
trinh dat trung co tat ca cac nghiém véi phan
thuc 4m dé cac sai soO:

{eT:(T_Tref)_)o khlt_>w

e.,/ :(l//_l//ref)*)O

Moment dit (Tref) duoc tinh tir tbe do
dit va tbc d6 hdi tiép thong qua khau PI
(khau tich phan — ti 1¢) nhu sau:

(16)

T —w(7))dr

ref — ref

t
—kp.0+k [ (e
0

4.2. Két quiz md phéng FLC

4.2.1. Tir thong cia dong co:

i FEefE(W:ebe) .
: :

[ [ i [ i [ [ [
4

Time (s)

Hinh 6. Tuwr thong cua dong co

4.2.2. Téc d@é ciia dong co:

Wref (rad/s)

Time (s)

Hinh 7. Téc dé cia dong co
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4.2.3. Moment ciia dong co

Mref (Nm)

" Time (s)
Hinh 8. Moment cua dong co

4.2.4. Dong dién ba pha ciia dong co

L

’ 1 " Time (s) ’ 3 ’ 4
Hinh 9. Dong dién ba pha cua dong co
V. SO SANH KET QUA MO PHONG

luvw (A)

5.1. So sanh tir thong dong co

Nhan xét: Tu thong cua cad hai phuong
phap déu dap ung nhanh, khong vot 16, khong
¢6 sai s6 tinh ¢ ca hai ché d6 quay ciia dong co.
5.2. So sanh toc a9 dong co

Nhan xét: Téc do ctia ca hai phuong
phap déu dép ung nhanh, khéng vot 15, khong
¢6 sai s tinh & c4 hai ché d6 quay ciia dong co.

5.3. So sanh moment dong co

Nhan xét: Moment dong co cua
phuong phap FLC c6 dap tng t6t (bam
nhanh theo gié tri dat, bién d§ dao dong nho
va it bi anh huong bai toe d6 dong co) & ca
hai ché do quay cua dong co.

5.4. So sanh dong dién cac pha dong co

Nhan xét: Dong di¢n khdi dong dong
co cta phuong phap FLC bang 2 lan dong
xac 1ap, khong bi anh huong béi toc do dong
co va su thay d6i cua tai (dinh muc).

VI. KET LUAN

Qua két qua mdé phong trén
Simulink/Matlab cho thay phwong phap nay
dat yéu cau. Tdc do va tir thong cia dong co
dap tng nhanh, khong vot 16, khong dao
dong. Moment dong co bam kha sat gia tri
dat. Dong dién khoi dong bang hai 1an dong
xac lap. D& tai nghién ctu thanh coéng gop
phan kiém chimg va phat trién phuong phap
diéu khién tuyén tinh hoa vao ra, mot phuong
phap diéu khién linh hoat, toan dién trong
khong gian trang thai vao ddi twong diéu
khién dang dugc sir dung rong rii hién nay 1a
DCKDB ba pha rotor 16ng soc. Dy sé 1a co
so dé xay dung cac hé thong diéu khién co
chét luong cao vé dd chinh xéac, 6n dinh va
thoa man ddi v6i hé théng truyén dong co
yéu cau nghiém ngit vé mat dong hoc.
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