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2Khoa Cong nghé Thong tin, Pai hoc Thdi Nguyén

Tém tit. Pong co xoay chiéu khong dong bo ba pha dwoc ding rong rai trong cong nghiép va doi
séng do gid thanh ré, ¢é tinh bén virng cao trong méi trwomg san xuat khic nghiét. Tuy nhién, diéu
khién téc do dong co xoay chiéu 13 mot bai todn con nhiéu van dé cin nghién ctru do doé phi tuyén
cao va nhiéu tham s bat dinh nhu tir théng va dién trd cla roto, hé s6 ma sat va tai thay doi vv...
D& ¢6 nhiéu nghién ctru trong thai gian qua dé khic phuc cdc trd ngai nay. Bédo cdo nay dé xuat
moét phrong phép diéu khién tée do dong co st dung mang noron nhan tao véi thuat hoc on-line
dé bu cic dai Irong bat dinh trong mé hinh déng luc cla dong co xoay chiéu. D6 6n dinh tiém
can toan cuc cia hé théng didu khién st dung mang noron duge chitng minh chit ché biang phuong
phép 6n dinh Lyapunov. Mot s6 két quéa mo phdng trén Matlab dwoc gisi thiéu dé kiém chirmg tinh
ding dén cia phuong phap dé xuat.

Abstract. Speed control of an alternating current (AC) motor has been one of the difficult control
problems. Many approaches have been proposed to solve these problems. In this paper, a speed
control method is propsed using artificial neural network (ANN) with an online self-learning algorithm
to compensate uncertain parameters in the dynamics model of AC motor. The global asymptotic
stability of the control system is proved using Lyapunov stability method. Simulation results on
MATLAB show the reliability and accuracy of the proposed method.

1. PAT VAN PE

DPéng co xoay chiéu 3 pha khéng dong bo dwoc sit dung nhieu trong cong nghiép va doi
séng. Pieu khién téc dd dong co xoay chieu con nhiéu van dé can gidi quyét béi né phu thude
vao nhiéu thanh phan phi tuyén cé tham s6 bat dinh nhw dién tré cia réto (phu thuoce vao
nhiét d6), tir thong, hé s6 ma sat va tai thay doi (phu thudc vao ting dung ciia moi dong co).
bieu khién dong co xoay chiéu da 14 chi dé cia rat nhiéu nghién citru vai chuc nam gan day
[1, 2, 3, 9]. Trong cdc nghién citu dé dwoc chia lam 2 hwéng:

Huwéng 1: Str dung cdc bd cam bién dé do cic tham s6 cia dong co xoay chigu va dua
vao d6 dua ra cdc tin hiéu diéu khieén phu hop. Khi st dung cdm bién s& lam tang gid thanh
cla dong co va phitc tap trong két néi dieu khién, nhung huéng nay cho do chinh xdc cao
ma thuat toan dieu khién khong phitc tap.

Huéng 2: Khong st dung cdc bd cam bién ma ta dilng mé hinh toan hoc dé wéce lwong
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Hinh 1. Pieu khién téc d6 dong co cAm tmg bang phuong phap gidn tiép
tua tir thong (field-oriented)

toc do dong co thay cdm bién toc do. Trong huwéng nay, cac nghién citu tap trung vao mot
s6 phwrong phap nhu: sit dung céc bo loc Kalman, loc phi tuyén hay bo quan sat theo ché do
trueot [8, 9] dé wéc lwong toc do dong co. Huéng nay gitip gidm gia thanh sdn pham, nhung
hieu qua diéu khién phu thudc vao nhieu thuat toan wée lwong va doé chinh xéc cia moé hinh
dong co.

Tuy nhién, do hé dong luc ciia dong co xoay chiéu c¢é nhiéu tham s bat dinh nén viéec
dieu khién déng co theo céc phuwong phép ¢ truyén ¢é cam bién hay khong ¢é cam bién deu
khong dam bdo chat lwong khi ¢é tai thay doi l6n. Trong trwong hop nay cac phwong phap
diéu khién tu thich nghi, [4, 5, 6, 7], cdc phwong phap nhan dang on-line va diéu khién cé su
hotro cliia mang noron thwong dwoc sir dung.

Béo cdo nay de xudt moét phwong phép dieu khién téc do dong co sit dung mang noron
nhan tao v&i thuat hoc on-line dé bii cdc dai lrong bat dinh trong mé hinh dong luc ciia dong
co xoay chiéu va c¢é sit dung bo cdm bién téc do roto. Mot s6 két qud mo phong trén Matlab

dwoc thue hién dé kiém chirng tinh hiéu qua cia phwong phap dé xuat.

2. MO HINH HE PIEU KHIEN PONG CO KHONG DONG BO

Nhuw chiing ta da biét mé hinh dong lrc ciia dong co cam tng thuomg dwoc xay dung trén
co s& 1y thuyét dieu khién tuyén tinh trong heé toa do quay dq [5, 6]. Cau tric hé thong dieu

khién toc do cia dong co xoay chiéu dwgc trinh bay trén Hinh 1 [7].
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Phan citng cia hé dieu khién t6c do dong co gom mot dong co cam ng, khai dieu chinh
dong, bo nghich Iru dwoc diéu khién theo d6 rong xung véi ki thuat dieu khien vée to, mot
khéi tao dong dieu khién va mot khai dieu khién toc do.

Véi gia thiét bo dieu khién dong va bod nghich lru bdo ddm céc dong vao cic cudn day

. . . ~ ’ ~ ’ ’ ’ 7 A N ~ . . .
starto igs, Ips, ies Cla MO to cam 1ing luon bam st cdc tin hiéu dong mong muén %, U T,
’ A7 ’ . ~ ~ ~ ’ ~ ~
ta ¢6 thé xdc dinh duoc hé dong luc clda dong co cdm rng trong hé toa do quay dg nhu sau

[7]:

_ L. L. 1
Rs - Lap weLU b We ro. 7 r 7
L, L, igs Ugs
Ly, Ly,
~weLy Rs — Lsp —We 7 17 p tds Vds
L, R, " " : - (1)
—RTL—T 0 I TP We—wy Par 3
Lo R, r
[ gy Tleeme) oA |0 ot
Momen quay dwoc tao ra boi dong co cam ing la:
3P Ly /o e e dw,
T, = TL—T (¢drzqs - ¢qrzds) =J dt + Bw, + T, <2)

Trong d6, vgs va vgs la dién ap cia stator trén truc toa do d, q; igs va igs 12 dong dién
stator trén truc d, q; ¢g-va ¢qr 1a tir thong roto trén truc d, ¢; R va R, la dién trd stator va
r6to; L, L, va Ly, 13 cdm khang stator, réto, va hoé cdm; L, = (L,Ls — L?,)/L, 14 cAm ting
that thodt (leakage inductance); p 14 todn tir vi phan; P 1a s6 cuc; we, w, va wyg = (wew;) 12
téc do dong bo, toc dong roto va toc do truot (slip); B 1a hé s6 ma sit; J 13 quan tinh cia
roto; va T, 1a momen tai.

Phuong phap dieu khién véc to nham bdo dam téc do cia véc to tir thong réto dat téi
mot toc do dong bo, va tir thong roto theo hwéng thang dirng cia truc d. Thanh phan cia
tir thong theo huéng truc ¢ bi triét tiéu va tir thong roéto nam tron ven trén truc d [11], nén

ta co:
¢qr - p¢qr =0 <3>
¢dr = ¢ = hang 6 (4)

Trong dé, ¢, bieu thi tir thong roto.
Thay (3) va (4) vao (1) va (2), ta ¢é:

Ry Ly, .
w:l - ¢*Lr Z;s <5>
. ¢
i = ®
. ALy
va ZZ.S = mT: (7)

£ 3]

Trong dé ky hiéu dic trung cho tin hiéu dieu khién can dat dwoc. Phuong trinh (7)

cho biét néu tir thong roto khong doi thi momen dién tir T sé thay déi tuyén tinh véi tin
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Hinh 2. Mo hinh dieu khién téc do dong co

hiéu diéu khién dong iys - V1 vay, phuong phap dieu khién véc to cho mdy dién cdm tng lic
nay cé cdu tric nhw dieu khién déng co mot chieu DC.
Tl phwong trinh (2) va (3) ta c6:

dwy
Ku(t) = J Z +buw, + Ty, (8)
2 3P Lm N N ~ ~ . LR RN N s BN A
trong d6 K = T I la hang s6 momen, u(t) = ffz;s goi la dién 4p diéu khién [3].
Lay Laplace hai vé phuong trinh (8) ta ¢6
Ku(s) = Jsw(s) + Bw(s) + Tr(s) (9)
& day s 1a todn tir Laplace. Rit w(s) ra ta dugce:
1 Tr(s)
= K =T =0 - 10
() = S (Kuls) ~ Tu(s) = Gispu(s) - L (10)
trong dé
K
G(s) = 11
(s) Js+ B (11)

Mb hinh diéu khién téc do dong co cdm ng theo phwong phip véc to dwge mé ta nhw
trong Hinh 2 .

M6 hinh dong co khi ¢ nhidu tham s bt dinh

bé don gian trong ky hiéu ta goi téc dd mong muon la wy, téc do réto 1a w thay vi w, va

viét lai phwong trinh (8):

J. B Ty
w(t) = Jeppw + Beppw + Teps (13)
Trong do
J “
Jepr = 0 = Jers T BJesy (14)
B .
Bepr = 77 = Beps + ABeyy (15)
17,
Tegs 7 (16)
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jeff va éeff la cdc phan biét. Adess va ABeyy la cdc phan khong biét.
Thay (14), (15) va (16) vao (12) ta c6:

u(t) = jeffdlJréefwarTeff+AJeffw+ABeffw (17)

Pit
J=Teps+ Adegpw + ABeprw (18)

Do AJess, ABepy va Tepr la cdc dai lwong bi gidi han, ta cé thé xac dinh dwoc giéi han
cua:

|| < 603 d0 > 0 (19)

Thay (18) vao (17) ta c¢6 hé dong lrc mo ta téc Ao mo to c6 céc tham sé bat dinh nhw
sau:

u(t) = jeffdl + 3effw + f (20)

Nhu vay bai todn diéu khién déng co trd ve xéac dinh tin hiéu dieu khién u(t) sao cho tdc
d6 mé to w bam theo téc dd wy mong mudn trong khi khong biét ro cde tham s6 Adeys s, ABeysy
va tai thay doi T.ss khong biét truéde.

3. PHUONG PHAP PIEU KHIEN TOC DO DONG CO
vOI NHIEU THAM SO BAT PINH
3.1. XAc dinh tin hiéu phan héi va bl hé s6 ma sat
Chon
u(t) = ug + Uy (21)

trong d6 wug 1a tin hiéu phan hoi dang PD va bu hé s6 ma sét Beyy
Uy = jeff (wd—KD(w—wd))Jréeffw (22)

Wy, Wq 12 toc do va gia toc

Kp > 0 1a hé s6 phan hoi toc do

up 1a tin hiéu bu cdc dai lwong bat dinh f sé dwoc xac dinh sau.
Thay (21), (22) vao (20) va gian lwoc, ta dugce

w — f = Jepp (& — @) + Kplw — wy)) (23)
Hay
EJFKDE: ;Ull - Af (24)
Jegp  Jefs

trong dé sai s6 toc do
£=w—wq (25)
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Pt
’ Uy
u = (26)
Jers
/
o= (27)
Jers
Thay vao phwong trinh (24) ta c6:
E Kpe—u — f' (28)

Nhu vay, bai toan dieu khién tré thanh tim «’ sao cho hé (28) 6n dinh tiém can trong khi

khong biét f/. Ta sé& stt dung mot mang noron dé xdp xi ham f/.
3.2. Xéac dinh mang noron x4p xi dai lwgng bat dinh f:

Theo dinh 1y Stone Weierstrass [10] mang noron RBF (Radial Basis Function) ¢6é kha nang
x4p xi ham lién tuc ¢6 cdu tric khéng biét truée. Ta xdp xi ham f’ bang f 13 diu ra cia
mang noron RBF v&i moét nit noron & 16p an véi sai s6 xdp xi dwoc moé ta theo phuwong
trinh:

~

=1+ (29)

trong dé § la sai s6 xap xi.
Ta chon mang noron f RBF ba lép nhv sau:
- Lép dau vao 1a tin hiéu sai s6 &

e e~ N ’ ~) ’ N 7 N
- Lép gitra 1a 16p an ¢é dau ra 1a o ¢6 ham ra dang Gauss:

o~ exp <_5 - > (30)

’ N N ~ N . ~ ™ N
trong d6 o 1a dau ra; ¢, X 14 tham s6 trong tam va sai léch chuan cia ham Gauss duoc tur do

chon.

- Lép dau ra tuyén tinh

~

f=wo (31)

trong dé w 13 trong lién két dwoc hiéu chinh on-line trong qud trinh diéu khién.

- Thuat hoc cia mang dwoc chon la
W= —neo (32)

trong dé 7 > 0 1a hé s6 hoc chon tu do.
3.3. X4c dinh thuat didu khién

Ta chon tin hiéu bil cdc dai lwong bat dinh wu; sit dung dau ra cia mang noron f nhuw sau:

. . . £
) = Jeppu' = Jegy {(1 +n)f - QH} (33)
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Hinh 3. M6 hinh dieu khién déng co bang mang noron on-line

trong d6 a > 0 dwoc chon tu do.

3.4. Khéo sat tinh &n dinh tiém cén cda thuit toan
Pinh 1y 1. Téc d6 w cia dong co cdm #ng xoay chiéu cé nhiéu tham so bdat dinh (12) véi
mang noron (29)-(30) sé bam theo téc @6 mong mudn wy véi sai $6 £ = (w —wq) — 0 néu ta

A —7 -\ - A \ A .
chon thudt diéu khién u va thudt hoc w cia mang noron nhu sau:

u(t) = Jeps (g — Kp(w —wa)) + Bepw + Jeppu! (34)
d = {u . oﬂ (35)
W= —neo (36)

trong do, cdc tham sé tw chon Kp,n,a > 0.

C&u tric ctia hé dieu khién c¢6 thé mé ta theo so do trén Hinh 3 . Tin hiéu diéu khién u
gom hai thanh phan chinh: ug = Jess (g — Kp(w —wyq)) + éeffw la thanh phan phan hoi
PD va bu thanh phan ma sat, u; 13 thanh phin bl ¢6 mang noron véi thuat hoc on-line dé
xap xi céc thanh phan bat dinh. Dinh Iy nay dwoc chitng minh bang phuwong phip 6n dinh
Lyapunov dam béo tinh én dinh tiém can toan cuc cia cd hé thong nhw trong Hinh 3 :

Ching minh:

Chon ham V xac dinh dwong nhuw sau:

—_

V= (2 +w?) (37)

[\

TacéV >0khieg,w#0; V=0Kkhivachikhic=w=0;V — oo khie,w— 0.
Lay dao ham V theo ¢ ta c6
V = &é + w (38)

T (28) ta it ra:
g=u — f' — Kpe (39)

Thay (39) vao (38), dao ham V theo ¢ ¢6 dang:

V=—Kpe*+e( —f)+ww (40)
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Véi thuat hoc on-line (36) w = —neo ta c6 thé xic dinh dwoc:
wWW = —NEWT (41)
Thay (41) va (29) vao (40) ta cé:
V=—Kpe+e(u —(1+nwo—3) (42)

Thay (35) vao (42) ta dwogc

V= —Kpe?+e <—ozi - (5> < —Kpe? —ale| +6]|g] < —Kpe? — alg| + dole| (43)

B

Néu chon o = dg + p; > 0, thay vao (43) dan dén
V < —Kpe? —ale| + dole| < —Kpe? — ple| <0 (44)

Ta thdy V < 0 khi s # 0 vd V = 0 khi va chi khi &£ = 0. Theo nguyén Iy 6n dinh Lyapunov
ta c6 sai lech téc do & — 0. Nhuw vay hé (17) 1a on dinh tiém can va do dé w(t) — wy hay néi
cach khac téc Ao mo to bam theo téc A6 mong mudn véi sai léch bang 0. DPinh 1y 1 ciing nhw
tinh 6n dinh tiém can toan cuc cia hé dieu khién téc doé dong co sit dung mang noron moé ta

trong Hinh 3 da dwoc chirng minh. [ |

4. MO PHONG KIEM CHUNG PHUONG PHAP PIEU KHIEN

Pé kiém chitng thuat toan diéu khién, ta khio st hé diéu khién dong co ¢6 nhiéu tham
s6 bat dinh véi 2 treomg hop sit dung va khong sit dung mang noron véi phan tai thay doi
khong biét truwée.

Ta gid thiét tin hiéu téc d6 mong muén wy bién thién theo dang hinh thang gom phan
tang toc deu tir 0 [rad/s] t&i t6c do6 mong muén wy = 1 [rad/s], phan gitt téc d6 6n dinh
w = wy, va phan gidm téc déu vé 0. Thoi gian tang téc 14 10 gidy, thoi gian gitt téc do on
dinh 1a 40 gidy vi thoi gian gidm toc 1a 10 giay. Ta mo phdng hé diéu khién téc d6 dong co

véi cde tham s6 bat dinh va tai dwge mo ta bang phwong trinh:
d
KMQ:J£+BM+E

Trong dé cac tham s6 bat dinh dwoc gid thiét nhw sau:

B=DB+AB J=J+AJ K=K+AK
B=3 [Nms/rad] J =75 [Nms?/rad] K =6
AB=0,3 AJ = 0,5 AK = 0,6

Ta gia thiét tai thay doéi khong biét trude cé dang:
Ty, =T+ ATy,

ATy, = 1,5sin(2t) + 0, 5sin(50¢) [Nm]
11, ¢6 bién do thay doi theo thoi gian nhw Hinh 4 :
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0 15 20 25 30 35 40

Hinh 4. (a) Thanh phan tai thay doi dot bién cia mé to; (b) Bién thién cia tai T},
Tr va ATy 1a tai thay doi tdc dong vao dong co va ta khong biét truée. Nhur vay ta da gia
thiét tai thay d6i véi 3 thanh phan: dot bién, nhiéu do dién lwréi 50 Hz va nhiéu do rung tan
s6 thap 2 Hz gay nén.
a) Mé phdng véi truong hop khong s dung mang noron

Lic nay tin hiéu dieu khién u(t) c6 dang:

w(t) = uog + uq,
uy = Jeff(wa — Kp(w —wa)) + Begrw,
Uy = 07

Kp duoc chon 13 2,5. Két qua mo phdng duwoc mo ta trong Hinh 6.

Hinh 5. Két qua mo6 phéng khi khong ¢6 mang noron:

(a) Téc do mong mudn wy; (b) Sai s6 bam &;
(c) Toc do mo to w; (d) Tin hieu dieu khien wu(t)
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Nhin vao Hinh 5 d, ta thay tai thay doi rat 16n 14 t6 hop cia 3 su bién thién. Sai s6 gitra
toc do yéu cau va toc do roto khd 16m va bién thien lién tuc (Hinh 5 b). Téc do cia dong co
khong on dinh va bién thién 1ém véi sai s6 khoang 40% (Hinh 5 c). Téc do bi gidm khi tai
tang dot bién tai cac thoi diem 15s, 25s, 35s.

DPé khac phuc diéu nay ta sé& sir dung mang noron dwoc hoc on-line dé bu lai tac dong
thay doi cia tai va dobéat dinh cla céc tham sé dong co.

b) Mé phong véi tin hiéu diéu ki€n st dung mang noron
Lic nay tin hiéu dieu khién u(t) c6 dang:
w(t) = uo +uy
o = Jegs(wa — Kp(w —wa)) + Begpw
- - 5 £
ur = Jeppu' = Jepp |(LEn)f = ag}

W = —Nec

Céc tham s6 mang noron dwoc chon la: a=3;¢=1;A=0,3;7=0,2. Céc két qud mo

phdong dwoc mé ta trong Hinh 6 .

Hinh 6. Két qud mo6 phéng khi diéu khién cé mang noron

(a) Sai 86 toc do; (b) Toc do mo to w va wy;
(c) Tin hiéu dieu khién u(t); (d) Bién thién cia trong s6 w
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So sanh két qua Hinh 6 véi két qud mo phéng khi khong sir dung mang noron (Hinh 5 )
ta thdy toc do cia roto da dwoc dieu khién bam sét véi téc do yéu cau (Hinh 6 b). Tai céc
thoi diem tai thay doi dot bién toc do roto ¢é qua trinh qué do nhat dinh nhung chi sau mot
khoang thoi gian rat ngan mang noron tu hoc va téc dong dwa toc do mé to ve véi toe do
yéu cau. Sai s6 trung binh < 1072 va tai cdc diém tai thay d6i dot bién 16m sai s6 dang xung
< 0,05 (Hinh 6 a) trong khi tdi thay doi 16n khong biét truée (Hinh 4 b). Diéu nay chirng to
kha nang tu thich nghi ciia hé va minh chimg cho tinh hiéu qua cia phwong phéap diéu khién
téc do dong co sit dung mang noron véi thuat hoc on-line dé b cdc dai lwong bat dinh va

tai thay d6i 16m trong hé dieu khién téc do dong co xoay chiéu.

5. KET LUAN

Béo cdo nay de xudt moét phwong phép dieu khién téc do dong co sit dung mang noron
nhan tao véi thuat hoc on-line dé bu céc dai lwong bat dinh va tai thay doi 1én trong mo
hinh dong luc cia dong co xoay chiéu. Do 6n dinh tiém can toan cuc cia hé thong diéu khién
st dung mang noron dwoc chirng minh chit ché bang phwong phap én dinh Lyapunov. Céac
moé phoéng trén Matlab véi thay ddi tai va nhieu tham sé bat dinh cho két qua rat kha quan.
Két qua cia dieu khién sit dung mang noron da dwoc so sanh véi két qua dieu khién khong
¢6 mang noron cho thay ro tinh tu thich nghi cao cia hé. Céc két qua mod phdng da minh

chirng hiéu qué cia phwong phap dieu khién dé xuat.
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