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Tém tit. Bai bao khéo sat va dé xuét he théng diéu khién dong co xoay chiéu ba pha phdi hop
phuong phap udc lugng téc do tu thich nghi va thuat toan dieu khién st dung mang noron dé khic
phuc tinh bat dinh ciia nhi¢u tham s6 trong mé hinh dong lhyc ctia dong cd nhu dién trd cia rotor,
ciing nhu hé s6 ma sat va tai thay doi khi hée théng hoat dong. Mot s6 két quia moé phéng trén
Matlab-Simulink dugc thiyc hién dé minh ching cho phuong phap uéc lugng va diéu khién téc do dé
xuat.

T khéa. Pong co cam tng, ude luong téc do, didu khién dong co, mang noron.

Abstract. This paper investigates and proposes a three-phase AC motor control system combining
an adaptive speed estimation method and control algorithms using neural networks to deal with
uncertain parameters in dynamic models of the motor such as the rotor’s resistance, as well as the
friction coefficient and load changes when the system operates. Some simulation results on Matlab-
Simulink are provided to show the efficiency of the proposed speed estimation and speed control
method.

Key words. Induction motor, speed estimation, motor control, neural network.

1. DAT VAN DE

Diéu khién téc do dong co xoay chiéu con nhiéu van dé can giai quyét vi mo hinh dong co
phan phi tuyén c6 nhiéu dai luong bat dinh nhu dién tré clia rotor, tit thong, hé s6 ma sat va
tai thay doi. Diéu khién dong co xoay chiéu da la chii dé clia rat nhiéu nghién citu trong méay
chuc ndm gan day [1, 2, 3, 9]. Mot huéng duge quan tam nhiéu la tim cac phuong phap dieu
khién méi khong st dung bo cam bién téc do nhu: st dung bo loc Kalman, loc phi tuyén hay
bo quan sat theo ché do trugt [8, 9] dé wéc lugng tdc do dong co. Cac phuong phap diéu khién
nay lam giam gia thanh san pham, nhung hiéu qua dieu khién phu thudc vao thuat toan ude
luong va do chinh xac clia mo6 hinh dong co. Do hé dong lite cia dong co xoay chiéu c¢6 nhiéu
dai luong bat dinh nén viec diéu khién dong co theo phuong phap truyén théng khong dam
béo chat lugng khi ¢6 tai thay déi 16n. Trong truong hop nay, cac phuong phéap diéu khién tu
thich nghi [4, 5, 6, 7], phuong phap nhan dang on-line va diéu khién c6 sy hd trg ctia mang
noron thuong duge sit dung.
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Doéng g6p ctia bai bao nay gom 2 phan: mot la dé xuat phuong phap ude luong toc do
dong co tit thich nghi va hai 13 dé xuat phuong phéap diéu khién téc do dong co sit dung mang
noron nhan tao véi thuat hoc on-line dé bu céac dai lugng bat dinh trong mo hinh dong e
ctia dong co xoay chiéu. Két qua mo phong hé diéu khién tich hop hai phan uéc lugng va dieu
khién téc do dong co trén Matlab dugce thuyc hién dé kiém ching tinh hiéu qué cia cac phuong
phap dé xuat.

2. BO UGC LUONG TOC PO PONG CO TU THICH NGHI

Trong hé toa do (, ), md hinh todn ctia dong co cdm ting 3 pha c6 thé biéu dién bang
cac phuong trinh tit thong rotor va phuong trinh dong dién stator nhu sau [9]

dw n w

el W + Lo 1

7 [_w p | YT Emd (1)
di n w Rg . 1
2 O (5 4 BL, - 2
a =" [_w n] <0LS+B ")‘+0LS“ @)

trong do ¥ = [ U, g ]T, i=]ia ig ]T, u=[u, ug ]T lan luot 1a vecto tit thong
rotor, vecto dong dién stator va vecto dién ap stator trong he toa do («, 8); w 1a téc do cla

R . . L? L i
dong co; n = L—: la hang so thoi gian rotor; 0 = 1 — LSTLnT; 8= JT:}LT; R, la dién trd cta

cuon day stator; R, 1a dién tré clia cuon day rotor; Lg 1a dién cdm ciia day quan stator; L, la
dién cAm clia day quan rotor va L,, 1a hd cam giita cuon day stator va cuon day rotor. Céc
dai luong Ly, L,, R it thay ddi va c6 thé do dude chinh xac, nhung dién trd rotor R, thudng
bi thay déi do nhiét do ctia dong co thay doi khi hoat dong. Do R, thay ddi nén hing s6 thoi
R . -
gian rotor n = L—T cting bi thay doi theo. Hai dai lugng dong va ap c6 thé dé dang do dugc
'

chinh x4c véi cac cam bién thong thuong, nhung toc do dong co w va tit thong dong co ¥ chi
c6 thé do duge bang cac cam bién dét tién. Bai toan udc lugng téc do dong co w duge dit ra
dé giam chi phi do khong can st dung cac cam bién dét tién do w va ¥ trong diéu kien cé
cac tham s6 bat dinh R, va n. Cac dai lugng can do 1a cac dién ap va dong dién clia 3 cuon
day stator trong qué trinh dong co hoat dong.

Phuong phap wéc lugng toc do dé xuat duge cai tién tit phuong phép [9] gom 2 budce 1a
xay dung bo quan sat dong stator va xay dung bo udc luong tdc do w va hang s6 thoi gian
rotor 1 cliia dong co.

a) Xay dung bo quan sdat dong stator
Cau tric bo quan sat dong stator duge chon nhu sau
di Rs\: 1
—=——]i+—u+t 3
di <0L5> torst T (3)
trong d6 1 = [ ia g ]T 1a vecto udc lugng clia dong stator; t 14 vecto diéu chinh can phai

xéc dinh dé i — i. S¢ di can xay dung bo quan sat dong stator la dé c6 thé tim ra cac dai
lugng trung gian khi i — i cho budc uée lugng toc do dong co tiép theo.
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Dinh nghia e = 1 — i 1a vecto sai lech dong. T (2), (3) ta ¢6 phuong trinh sai léch dong

stator p R
e S
= = 1+t 4

dt <0L5> et (4)

L

Ta thay 1 1a dai lugng khong biét, bao gdm cac thong s6 vat 1y ctia dong co nhu tit thong,
dong dién, toc do dong co va hing s6 thoi gian rotor 1. Tuy nhién cac dai lugng nay 1a cac
dai lugng bi chin va lién tuc, nén ta c6 1 ciing bi chin, lien tuc |[1]| < lpax. Van dé can
gidi quyét ltc nay la can tim tin hiéu dieu chinh t sao cho sai lech dong stator triet tieu:
lim e(t) = lim (i — i) = 0 khi khong biét chinh xac L.

t—o0 t—o0

trong do

U4 ,BLmni} : (5)

Ta biét mang noron nhan tao c¢6 kha ning xap xi van ning ham phi tuyén chua biét, nén
ta c6 thé ding mot mang noron cé cac trong sb tur chinh dé xap xi dai lugng bat dinh 1 ctia
hée (4) trén co s6 thong tin sai léch dong e(t). Theo [10] cau tric clia mang noron nhan tao c6
thé chon 14 mang RBF. O bai toan quan sat dong stator nay ta chon mang RBF 2 dau vao va

2 dau ra, 3 16p dé xap xi dai luong 1. O day, ta chon 16p dau vao clia mang noron la 2 thanh
phan ctia sai léch téc do e(t); 16p ra c6 2 noron tuyén tinh; 16p an 14 2 noron ¢6 ham phan bd

Gauss dang
PR— . 2
0j = exp <_(6] /\;j) ) ;J=1,2

J
trong do g;, A;j la tham s6 k¥ vong va phuong sai ctia ham phan bd Gauss ¢6 thé tu chon.
Mang noron c6 dang
l1=Wo +x (6)

w1l W12
trong d6 W = [

1 ~ X 2 . ~
] vecto ham dau ra ciia noron 7 va

14 ma tran trong s6, o = [
02

wa1 W22
x sai s6 xap xi bi chan: |x|| < xo. Nhu vay dé sai lech dong e = (1 —1i) — 0 ta phai chon t
va luat tu chinh cac trong s6 W clia mang noron sao cho hé (4) én dinh tiém can.

Dinh 1y 1. Bo quan sdt dong (4) sé on dinh tiém cinva sai léch dong sé triét tieu lim e(t) = 0

t—o0
khi tin hiéu dieu chinh t va cdc trong s6 mang W dugc tinh nhu sau
e
t:—(“+1)WU—MH7 (7)
V'Vl' = KO;€e (8)

trong dé w; la cot i clia ma tran trong s6 W va k> 0; 11 = Xo.
Ching minh:
St dung phuong phap 6n dinh Lyapunov, ta chon ham xac dinh duong

2
1
V= 3 (eTe + z; WiTwi) (9).
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Lay dao ham hai vé ctia (9) ta dugce

2 2
) R
V=elé+ E w1l W, = —TSeTe+eTl+eTt+ E w1l W, (10)
: OLg ;
i=1 i=1

Thay (6), (8) vao (10) ta c6

. R R
V=—"Zlel* +el [(k+ 1) Wo+x +t] < ——|le]|* + xo |lel| + e’ [(x + 1) Wo +t].
oL oLg
(11)
Tiép tuc thay (7) vao (11) v6i u > o ta co
. RS
V<~ lef* = (1= x0) lell < 0. (12)
OLg

Nhu vay theo Iy thuyét 6n dinh Lyapunov thi hé (4) 6n dinh tiém can hay néi cach khéc
sai léch dong triét tieu e = (1—1i) — 0.

b) Xay dung bo udc lugng téc do w va hing sé thoi gian rotor n cia dong co

Lay dao ham hai vé ctia (5) v6i gia thiét tu thyc té 1a van tdc goc rotor w va hdng s6 thoi
gian rotor n thay doéi rat cham so véi toc do bién thién ctia dong dién va tit thong trong dong

co nén ta co
. w
—w n

~ . 1
So sanh hai phuong trinh (1) va (5) ta dé dang riat ra ¥ = Bl va thay vao (13) ta nhan duge

¢—+6LmM}. (13)

i:—[” :p+m%ﬁ (14)

Luu ¥ 1a ta c6 thé xéac dinh duge 1 = [ la g ]T = —t tu phuong trinh (4) khi bd quan
sat dong da hoi tu (e, & ~ 0). Phuong trinh (14) cho ta mdi quan hé vi phan gitta toc do dong
co w va hing s6 thoi gian rotor n 1 cac dai lugng can tim va cac dai luong da biét 1a 1= —t
va i. Dé uéc lugng duge van téc géc rotor w va hing s6 thoi gian rotor 7 ta xay dung bo udc
lugng

A~

[ a W o
(= { o # ]l—i—ﬂLmnl ~ve (15)
trong d6 W, 7 1a cac gia tri u6e lugng clia w, n, v 1a mot hang s6 duong, ¢ = ¢ —1 1a sai s6 gifta
gid tri udc luong ¢ va 1. Lay (15) trur di (14) ta ¢6 phuong trinh sai s6

. | n w o
€= [_w ﬁ]l—i-ﬂme e (16)

trong d6 w = (w0 —w), 7= (7 —n) la céc sai léch gita gia tri wéc lugng w, 7 va gia tri that
clia w, 1. Ta can tim thuat ty chinh @, 7 sao cho he (16) on dinh tiém can va cac sai léch nay
triet tiew: w = (W —w) = 0, = (n—n) = 0.
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Dinh 1y 2. Bo udc higng toc do va hdng so thoi gian rotor dong co (16) sé on dinh tiem
can va vecto sai léch 1tlim et)=0 néu ludt cap nhat toc do udc luong & va hang so thoi gian
— 00

rotor udc lugng n dugc tinh nhu sau

w=eTl, (17)
n=e"(1-BLni) (18)
trong dé 1 = g — 1)7.
Ching minh:
Chon ham xéc dinh duong
1
Vo= (eTe+ @ +7%) > 0. (19)

2
Lay dao ham V; theo thoi gian va v6i thuc té w,n thay déi cham ta c6 @ ~w; 7 ~1)
Vo =€eTé+ow+ . (20)

Thay (16) vao (20) va sau khi rat gon ta ¢

vast(_[ n “]1+ﬁme_Jm)-%@@+ﬁﬁ

I

- (21)
= —7llel” — 77T — BLni) — @eTT + @ + inf
Thay thé luat cap nhat (17) va (18) vao (21) va sau khi rit gon ta duge
Vs = ]2 < 0. (22)

Tir (22) ta thiy Vo > 0 va Vo < 0 v6i moi € # 0 va Vo = 0 khi va chi khi e = 0, do vay suy
rae — 0 va tu (17), (18) ta c6w — 0, — 0 tic law — 0 van — 0. Miat khac khi e,6 — 0
tir (16) ta co6

| om
—&

trong d6 1 — BLi = [ lo — BLmia 1g— BLmis | ;1 =1[1g —la
Hai vecto trén doc lap tuyén tinh v6i nhau nén phuong trinh (23) chi bang 0 khi 7 — 0; © — 0
hay 7 —» n va w0 — w.

] 1+ BLyiit = —ij(1 — BLi) — @1 = 0 (23)

= &

]T

Tit phuong trinh (17), ta xac dinh duge @& va thay vao (1), ta tinh duge ¥ = I W, \ifg }T
d¥ oo .
A B R (24)
dt -

va ta xac dinh dugc 0y = arctan(‘ifg / \ila) 1 léch goc gitta tit thong véi truc tham chiéu a.

Nhu vay, luat cap nhat (17) va (18) cho ta gia tri toc do goc rotor w v hing s6 thoi gian
rotor 7 ma khong can st dung cac cam bién dat tién dé do cho viéc diéu khién téc do dong
CO.
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3. DIEU KHIEN DONG CO XOAY CHIEU CO NHIEU THAM SO BAT
DINH

St dung cac gia tri uéc lugng ctia toc do va hing s6 thoi gian rotor ta cé thé xay dung
duge bo diéu khién tdc do dong co xoay chiéu ngay ca khi hé sé ma sat, momen quan tinh
ctia dong co va tai khong biét chinh xéc.

a) Xay dung mo hinh

Mo hinh dong luc ctia dong co cam tng duge xay dung trén co s6 1y thuyét diéu khién
tuyén tinh trong khong gian tham chiéu d, g. M6 men quay dugc tao ra béi dong co cam iing
duge xac dinh nhu sau [3, 12]

_ 3PLy,

dw
o= 2 m o
° 2L,

g + Bw + 71, (25)

(wrdisq - quisd) =J
trong do sy va isq 12 dong dien stator va ¥,, va ¥,4 la tit thong rotor trén truc d, ¢; P 1a sb
cic; B la hé sd ma sat; J 1a md men quan tinh clia rotor; 77, 14 momen tai. Ta gid thiét cac
tham s6 B,.J khong biét chinh x4c vA mo men tai 77, thay doi khong biét trudc.

Phuong phép diéu khién vecto nham béo dam téc do ctia vecto tit thong rotor dat t6i mot
téc do dong bo va tit thong rotor theo huéng thang ding ctia truc d. Thanh phan ciia tit thong
U, theo hudng truc ¢ bi triét tieu va tir thong rotor nam tron ven trén truc d [11], nén ta c6

e 2L, .

_ 2 . 26
0T 3P L, ¢ (26)

Ky hieu ¥, 77 va z'j;q la gia tri cac dai lugng tuong tng khi ¥, da bi triét tieu. Phuong trinh
(26) cho biét néu tu thong rotor ¥, khong doi thi momen dién tir 7 s& thay doi tuyén tinh
v6i tin hiéu diéu khién dong isg- V1 vay, phuong phép diéu khién vecto cho dong co cam iing
liic nay c6 cau tric nhu diéu khién dong co mot chiéu DC.
Tit phuong trinh (25) ta c6 thé viét rit gon nhu sau
dw

Ku(t) = JE + Bw + 11, (27)

3PL
trong do K = 7 LT:
khién. Va khi ¢, da bi triet tieu ta c6 u(t) = (V,4isq — Urgisg) = Vigity:

Tit phuong trinh (27), ta c6 thé chuyén thanh dang

goi 1a hang s6 momen; u(t) = (1,q4is; — Vpylsq) 20 la dien ap dicu

u(t) = Jegr + Befiw + Teft (28)

— —

~ B ~ TIL o N
= Jott + Adefr; Begr = = Bett + ABetr; Teft = 7d Jetf, Befr 14 cac phan

=~

trong do, Jeg =
biét; AJefr, ABegt
Dit

[—

a cac phan khong biét.

[ = Tetr + Adeiw + ABegiw. (29)

Do AJesr, ABegr v Tege 12 cac dai lugng vat 1y bi giéi han nén | f| < dg; 09 = 0. (30)
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Thay (30) vao (29), ta c6 hé dong lyc mo ta toc do dong co c6 cac tham s6 bat dinh nhu
sau

u(t) = jeffw + Beffw + f. (31)

Nhu vay, bai toan diéu khién dong co tré vé xac dinh tin hiéu diéu khién u(t) sao toc do
dong co w bam theo téc do wy mong mudn trong khi khong biét 16 cac tham s6 Jugr, Begr va
mo men tai 7o thay ddi khong biét trudc.

b) Xay dung thuat toan dieu khién

Chon u(t) = up + w1 (32)
trong d6 ug 1a tin hiéu phan hoi dang PD va bt hé s6 ma sat Beg.

ug = Jee(wg — Kp(w — wq)) + Begw, (33)

wq, wq la toc do va gia tdc mong mudn ctia dong co; Kp > 0 1 hé s6 phan hoi toc do.
uy 13 tin hiéu bu cac dai lugng bat dinh f sé duge xac dinh sau.
Thay (32), (33) vao (31) ta dugc

u — f = Jogp((@ — a) + Kp(w — wy)). (34)
Hay
é—i—KDE:Auil—AL (35)
Jott Joft
trong do sai s6 toc do: € = w — wy. Dat v’ = f—l; = Au—l va thay vao (35) ta co
Jett JSett
e+ Kpe=1u —f. (36)

Nhu vay, bai toan diéu khién tré thanh tim v’ sao cho hé (36) on dinh tiém can trong khi

khong biét f’. Ta sé s dung mot mang noron dé xap xi ham f': f/ = f + 6. (37)

Ta xap xi ham f’ bang mang noron RBF ba 16p c¢6 dau vao la tin hiéu sai s6 e, 16p gitta

(e—o¢
A

tam va sai lech chuan tu chon va dau ra tuyén tinh ctia mang f = wo. (38)

14 16p an c6 dau ra la o ¢6 ham ra dang Gauss o = exp <— ) , ¢, A 1a tham s6 trong

trong dé w 1a trong s6 lien két duge hiéu chinh on-line trong qué trinh diéu khién.

Dinh 1y 3. [12] Toc do w cia dong co cam tng (25), (27) sé bam theo gid tri mong muon
wq khi khong biét chinh zdc hé s6 ma sat B, momen qudn tinh J va momen tdi tr, néu thudt
diéu khién dong co u(t) va thuat hoc w cia mang noron duge xdic dinh nhu sau

u(t) = jeff((bd — KD(w — wd)) + Eeffw + jefful, (39)
o= | mf -] (10)

W = —meo, (41)
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trong doé cdc tham s6 tu chon Kp, m,a > 0.

Ching minh: Chon ham V3 xac dinh duong nhu sau

1
Vs =3 (e +w?). (42)
Lay dao ham V5 theo ¢ va tir (36), (40), (41) ta c6

Vg:5é+wu'1:—KD52+s(u’—(1+m)wo—5)

Vs = —Kpe? +5(—0zi —0) < —Kpe? —ale|+ |e] . 0] < —Kpe® — ale| + || .60.  (43)

el
Néu chon o = &y +v; v > 0 ta c6 —ale| + || .0p < —v|e]. (44)
Thay (44) vao (43), ta nhan duge: Vs < —Kpe? — v |e| < 0. (45)

Ta thdy V3 < 0 khi e # 0 va V3 = 0 khi va chi khi e = 0. Theo 1y thuyét én dinh Lyapunov
thi he (36) on dinh tiém can hay néi cach khac sai lech toc do triet tieu e = (w — wq) — 0.

¢) Tich hop bo wdc lugng toc do dong co va mo hinh diéu khién dong co zoay chiéu cé nhiéu
tham sé bat dinh

Hinh 1 mo6 ta he diéu khién dong co c6 nhiéu tham sé bat dinh stt dung bo udc luong toc
do. Bo dieu chinh tdéc do dude thie hién st dung mang noron dé xuat ¢ muc 3. Toéc do dong
co duge xac dinh qua bo uée luong téc do dé xuat muc 2.

5

Y rd —sf A e A i PP u i
» Bodieu |4l Bodieu | 5N 5 | Hogl s
A ; ” sV A
4 —»1 chinh tbc |ir, chinh || dq Y| op gbc 5 Dong co .
~ R —>] . —] — u. la- L
@ do dong 7 syl
i Y . isu i:v usu usv
rq 5 by
B A r K a -
0 0 uoe lrd dq lS[; abc
v| lugng I af
toc do '
A u
dong co Uy, B

Hinh 1. Mo hinh diéu khién dong co stt dung bo uéc lugng téc do

Hé théng tich hop can ap dung mot bo diéu chinh dong bdo dam on dinh ctia vong diéu
khién kin. Bo diéu chinh dong dugc xac dinh nhu sau.

Mo hinh trang théi lién tuc dong dién stator va tit thong rotor trén hé toa dé tua tit thong
rotor (dg) c6 thé viét nhu sau

diggq 1 +1—0 4w +1—U¢/ +
= — 1 Wl —_— U

dt O'TS O'Tr sd stlsq oT. rd O'LS sd
di . 1 1—0) . 1—0 1
diq T T Wstsd (UTS + ol ) bsq o w’blrd + TLSusq (46)
g 1. L,

= lsd — ¥

| dt T, % T,
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trong dé, Q;Z);d = ¥rd/Lm; T;Z);q = qu/Lm; T, = 1/1; ws = @ + we la van toc goc dong bo,
Ttprg
Hay viét dudi dang vecto

12 sai léch gitta van tdc goc dong bo va van téc goc rotor.

We

di
d—; = Ai; + Bu, + hy/
dw/rd 1 d}/ + 1 ) (47)
=—— —1
dt T, T,
P . . T T
trong do, is = [ tsd lsq ] ; Ug = [ Usd Usq ] )
< 1 n 1-— 0) l1—0 1 0
— w
A — oT, ol s h— ol .B= | oLs
1 n 1-0 ’ 1—0 |’ 0 1
—w — _
y oTy ol o “ oL
Xay dyng mo hinh bo diéu chinh dong:
4
dt
LR %
L]
iy 1 2% T
Ts+1
Hinh 2. M6 hinh bo diéu chinh dong
T mo6 hinh diéu khién ta xac dinh duge dién ap dat len stator
u, = B! (—Ais i ME— h@b'rd) (48)

trong d6 chon M la ma tran duong chéo xac dinh duong va dat £ = i} — i, 1a vecto sai léch
gitta dong mong mudn va dong diéu chinh. Khi d6

é - i: - is = i: - (Ais + Bus + hw;d>- (49)
Thay (48) vao (47) va tir (49) ta c6
£=—-M¢t=£+Me=0. (50)

Nhu vay vecto sai lech gitta dong mong mudn va dong diéu chinh € — 0 tic la is — if.
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4. MO PHONG KIEM CHUNG

Ta st dung dong co cam ting 4 cuc long séc 1.5kW ctia LEROY SOMER véi van toc géc
mong mudén nhu Hinh 3 v& van toc goc én dinh wy = 100 Rad/s (956prm), tit thong mong
mudn ¢F, = 1.5(Wh).

Béang thong s6 ctia dong co [7]

Coéng suit 1.5 KW Dién cam stator (L) 0.253 H
Dai dién ap stator 220/380 V | Dien cam rotor (L) 0.253 H
Dai dong dién stator | 6.1/3.4 A Hb cam (L) 0.113 H
Dien tré stator ([Rg) | 4.58 §2 M6 men quan tinh (J) | 0.023 Nms2/rad
Dien tr& rotor (1) 4.468 §) He s ma sat () 0.0026 Nms/rad

100
80 / \
60

—\/an toc goc rotor mong muon
40 / \
20 \

0 5 10 15 20 25 30 35 40 45 50
Time (s)

Radfs

Hinh 3. Van téc géc rotor mong mudn wy

Ta mo phéng hé diéu khién téc do dong co véi cac tham sé bat dinh duge gia thiét nhu sau
B=B+AB; B=0.85B; AB=0.15Bva J =J 4+ AJ; J = 0.85J; AJ = 0.15J.
Gia thiét dien trd rotor thay doi trong khodng R, = 4.468Q+1Q, trong dé hing s6 momen

3P L,, 500 0
K_ZLT_2.68,M_[ 0 500],7_4000,1(17_50.

Tai tong hop tac dong len dong co thay doi ¢6 dang nhu Hinh 4b
T, =71 + A7r; At = 1.5sin(2¢) + 0.5sin(50¢) (Nm)
v6i 7, ¢6 thanh phan biét trude 1a 4.7 (Nm), thanh phan khong biét truéec nhu Hinh 4a.

2
15
I
0 IS 20 25 "JO 35 5!0 1} ] W‘D 15 20 T\;r?l‘;s(s) SID 35 40 45 a0
) b)

a
Hinh 4. a) Thanh phan tai thay doi dot bién; b) Bién thién clia tai 77,

- Mang noron ctia vong diéu khién: o = 200;m = 15;¢ = 0.1; A = 2.
- Mang noron trong bo uwdc lugng: p = 10;x = 10;¢; = 0.1; A; = 2.
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Mo phéng véi tin hieu diéu khién sit dung mang noron va tin hiéu phan hoi tryce tiép van
toc goce rotor dong co

-2 ==8ai lech giua van toc goc thuc va mong muon cua rotor khi khong co mang no ran

Radls

Radis

i i i i I i
25 eli] 35 40 45 a0 o i 10 15 il 25 eli] 35 40 45 a0
Time ig) Time (s)

a) b)
Hinh 5. D6 thi sai lech € = w — wy gitta van téc goc thyc va mong mudn ciia rotor a) khi
khong ¢6 mang noron; b) khi ¢6 mang noron

: i i i i
1} 5 10 18 20

V6i két qua mo phong stt dung mang noron va st dung tin hiéu phan hoi tryc tiép van
tbc goc rotor clia dong co trong Hinh 5b, ta thay van téc goc rotor da duge diéu khién bam
sat v6i van toc mong mudn. Tai thoi diém dong co bat dau hoat dong thi sai léch van toc goc
1a 3.5%. Tai céc thoi diém tai thay doi dot bién thi sai lech van téc goc 1a 1.5%. Tai céc thoi
diém nay, van toéc géc rotor cé qua trinh qua do nhat dinh nhung chi sau mot khoadng thoi
gian ngan mang noron t hoc dua van toc rotor vé véi van tdc mong mudn. Diéu nay ching to
khé nang tu thich nghi ctia hé vi minh ching cho tinh hiéu qua ctia phuong phap diéu khién
tdc do dong co st dung mang noron véi thuat hoc on-line dé bu cac dai lugng bat dinh va tai
thay doi 16n trong hé diéu khién téc do dong co xoay chiéu.

Mo phéng véi tin hieu dicéu khién st dung mang noron va udc lugng van tdc goc rotor
dong co bang phuong phép tu thich nghi a) b)

100F==~ P 4 T H H T H N .

an

o0 RS e g
—"an toc goc rotor uoc luoni

e i L

Radi's

a) b)
Hinh 6. a) D6 thi van toc goc rotor mong muodn wy va gia tri uée lugng w
b) Do thi sai lech wy — @ gitta van téc goc ude lugng va mong mudn clia rotor

V6i két qua mo phong st dung mang noron va uée lugng van toc goc rotor dong co bang
phuong phap tu thich nghi trong Hinh 6, ta thay téc do ctia rotor da duge diéu khién bam
sat véi toc do mong mudn. Tai thoi diém dong co bat dau hoat dong thi sai léch gitta van toc
gbc rotor mong mudn va ude lugng 1a khoadng 3.5%. Tai thoi diém tai thay doi dot bién, sai
lech van toc goc rotor chi khoang 1.5%. Khi van toc goc rotor gidm, hé thong lam viéc trong
viing suy giam tit thong nén c6 sai lech dot bién khoang 3% trong khoang giay thit 47,48. Nhu
vay chiing t6 tinh hiéu qué ctia phuong phap uéc lugng téc do dong co tu thich nghi két hop
phuong phap diéu khién téc do dong co sit dung mang noron nhan tao véi thuat hoc on-line dé
bl cac dai lugng bat dinh va tai thay doi 16n trong hé diéu khién téc do dong co xoay chiéu.
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5. KET LUAN

Bai bdo dé xuat mot phuong phap uwée luong tdoc do dong co tu thich nghi sit dung ché
do trugt véi vecto don vi va mang noron véi thuat hoc online xap xi cac dai lugng bat dinh.
Dong thoi, bai bao khao sat viec két hop phuong phap ude lugng toc do dong co dé xuat véi
phuong phap diéu khién téc do dong co stt dung mang noron khi ma sat, mé men quéan tinh
va tai thay ddi 16n trong mo hinh dong lic ctia dong co xoay chiéu. Do én dinh tiém can cta
mo hinh uwéc lugng téc do va thuat diéu khién st dung mang noron duge ching minh bang
phuong phép 6n dinh Lyapunov. Cac két qua mo phéng minh chiing hiéu qui ctia phuong
phép udc luong va diéu khién téc do dong co dé xuét.
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