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TONG HOP BO DIEU KHIEN TRUOT THiCH NGHI
DUNG MANG NO RON CHO HE TRUYEN DONG BANG VAT LIEU

DESIGN ADAPTIVE NEURAL NETWORK FAST TERMINAL SLIDING MODE CONTROLLER

OF WINDING SYSTEMS FOR ELASTIC WEBS
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TOM TAT

Bai bdo trinh bay két qua tong hop bd diéu khién trust dau cudi nhanh thich
nghi trén ¢ s6 mang na ron cho hé truyén dong quan bang vat liéu dan hoi. Cc két
qua dugc khdo sat danh gia bang md phong trén phan mém Matlab-Simulink cho
thdy bo diéu khién nay dam bao duoc cic yéu cau chat lugng ngay ca khi hé thing
chiu anh huéng cta nhiéu ngau nhién dau vao va thong so mé hinh bién doi.

Tir khéa: Hé truyén dong bing vit liéu, diéu khién truot ddu cudi nhanh,
mang na ron.

ABSTRACT

This paper presents the results of synthesizing the adaptive fast terminal
sliding controller based on the neural network for the transmission system
wrapped in elastic material. The survey and evaluation results by simulation on
Matlab-Simulink software show that this controller ensures the quality
requirements even when the system is affected by random input noise and
model parameters. change.

Keywords: Winding system, fast terminal sliding controller, neural network.
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1. DAT VAN PE

Hé truyén dong (HTD) quan bang vat liéu nhiéu dong co
la hé dong luc hoc phi tuyén, chia céac lién hé chéo; cac moi
lién hé nay lam cho mé hinh cta d6i tugng diéu khién trg
nén phi tuyén. Trong diéu khién HTD nay viéc kiém soat luc
cang trén bang vat liéu la mét van dé kho. Pac biét véi hé
truyén déng cla 16 quan va 16 thao quén, cé su thay ddi vé
tham s6 mé hinh nhu: Mémen quan tinh, ban kinh 16 quan.
Cac bo diéu khién (BDK) HTD nay lién tuc dugc nghién ciu
phat trién nhu: BBK md [1, 2]; diéu khién bén viing [3]; diéu
khién thich nghi [4]; diéu khién truct [5]; va diéu khién bu
thich nghi dung mang na ron [6]. Tuy nhién dé tang nang
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suat, cai thién vé chat lugng san phdm van can c6 bo diéu
khién bén viing v&i nhiéu, thich nghi véi tham sé bat dinh
trong mé hinh. BDK diéu khién trugt dau cudi thich nghi su
dung mang nao ron nhan tao da nang cao dugc chat lugng
cta hé, han ché dugc cac tac ddng clia nhiéu va su bién déi
cla tham s6 mé hinh.
2. XAY DUNG MO HINH COHE

Xét moét mo hinh hé truyén dong bang vat liéu dan hoi
gém N dong co dan déng, viia bam theo téc do dai clia
ddng co chinh vira ddm bao luc cang trén dai bang theo
yéu cau cdng nghé nhu hinh 1. Trong mé hinh, déng co 1
thuc hién thao quéan, dong ca 2 diéu khién téc do dai bang
vat liéu, dong co N dung dé cudn lai, tir ddng co s6 3 dén
déng ca N-1 truyén déng bang vat liéu. Muc tiéu cta hé
théng la duy tri t6c d6 dai clia bang khéng ddi va kiém soat
luc cdng trén bang.
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Xét mo hinh hé quan lai c6: My 1a mémen dong co; wy la
téc do truc truyén dong; Fy 1a luc cang cda dai vat liéu; vy
latdc d6 dai cia dai vat liéu chay qua. Chi sé N tuong ting
cUa truc truyén dong thi N trong hé. Xét dai bang vat liéu
c6 d6 rong W va bé day h.

Theo [4, 6] c6 hé phuaong trinh trang thai cia déng co
thé N trén hé truyén déng bang vat liéu:

£ ES v ES v
NTTOYNT T YN
LN 1 LN—1 1
) R2 By
Vy=—"F ——.v +
‘JN JN

S (1
2R (R,

1

2anRf]Rr M

—Lu,

JN

Trong dé: R, 1a ban kinh truc roller, L, la khodng cach

gilra hai truc thi N va N-1; Jy 1a mémen quan tinh; By 1a hé
s6 ma sat trugt; E la hang s6 dan héi cta vat liéu; S la tiét
dién ngang cla bang vat liéu.

bat x = [X1 X1] = [FN VN]
Viét lai phuong trinh trang thai ctia hé:
_ES_ ES
1 _L_I\H 27 L,\H Vi
_R

Pua hé vé dang:

x =A(x,t)+B(x, thu+ d(x,

Trong dé: A(x,1),B(x,t),
chan.
3. TONG HOP BO DIEU KHIEN TRUGT THiCH NGHI

Muc tiéu & day la véi tin hiéu diéu khién dau vao, phai
diéu chinh dugc cac bién trang thai, trong diéu kién cé
nhiéu bat dinh va tham s mé hinh bién déi.

Gidthiét 1: x" =[F, v,] c6 thé do duoc

Gia thiét 2: Ton tai cac gia tri thuc duong Uymaw Famax
Jumaxe Rumax S@0 €ho Uy, Fy, Jy, R, dugc gidi han béi cac gia tri
nay.

Ta dinh nghia sai s6 quy dao e = x —
cla bd diéu khién FTSM dang:

s=ae+Asig(e)’ (4)

t)
d(x,t)la cadc ham bét dinh bi

¢» chon mat truot

Trong d6: a > 0 la accs hang s6 thiét ké; s =|s, sz]T;

A =diag(A,,),); My, A, 1a cac hing s6 duong; 1 < T < 2;

T T . T . T
sig(e)” = [|el| sign(e,),|e,| S|gn(e2)J
Luat diéu khién dugc xac dinh nhu sau:

Ueg () =B (x,)(—A(x, 1) + %, —Bsgn(s)) (5)

VGi A(x,1),B(x,t) 1a cadc ham phi tuyén chua xac dinh rd,
6 thé xap xi bdng mang noron.

Dé xap xi A(g,t);é(g,t) online, luat thich nghi cap nhat
dugc xac dinh nhu sau:
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6, =n, (a + TAdiag(|g|T_1 ))Lpa(g) s

6, =n, (0 + TAdi39(|§|T_1 ))wb(z)éueq
Vé&in, n, > 0.
V6i diéu kién x, e Q =R ta co A(g,t);é(l,t

tran dugc xac dinh nhu sau:

A(Lt)zA(g,

) la cac ma

Pa
ea) = eal'l)a (ﬁ) = Zeaiq)ai@ (7)

B(l't) ~ ( ) CRUNES zeb.q)b. (8)

G day, 8,; 6y, 1a cAc tham s vecta c6 thé thay ddi duagc
Y, (x), P, (x) la cac thanh phan dugc chon dua trén trén cac

ham co s& va p,, p, la s6 nat tuong ting. Trong d6 gia trj 1én
nhét cta 6,; 6, dugc xac dinh nhu sau:

0 :argmin{sup‘A(Lt)JrQ(Z't)_A(l’ea‘)‘} ©
0, xeQ

0, —argmln{sup (10)

xeQ

B(x.t)-B(x 8,

Ta c6 sai s6 udc lugng nhd nhat xac dinh nhu sau:
& (x.t)=A(x,t)+d(x,t)-A" (xea)

& (1) =B(x.t)-8' (x.6;)

Gia thuyét rang cac sai s6 udc lugng bi chan dudi vai
VxeQ:

e (x. 1) <
|§b(5,t)|£5b.

Véi €., la cdc hang s6 xac dinh.

(11)

(12)

Bén canh d6, mot bd diéu khién chinh xac dugc xac
dinh dé dam bao su 8n dinh cda hé théng diéu khién vong
kin va bu d3p cac 16i xap xi. Mot dau vao diéu khién dugc
chon la:

u(t):ueq (t)_uc (t) (13)

Vi ugy(t) dugc chon nhu (5) va u (t) dugc dinh nghia
nhu sau:

U (1) =B (x,t)5(% |ueg |+ ) (14)

Dinh ly 1: Cho hé théng MIMO véi A(x,t),B(x,t),d(x,t) la
cac ham phi tuyén, néu cac gia thuyét ton tai, luat thich
nghi la dung, ta cé:

1. Tat ca tin hiéu cta hé kin déu bi chan va 6,; 6, tién
dén gia tri t6i uu khi t —co.

2. Néu A’ (5,6:) = A(K,Ga);B* (5,6;) = é(z,eb) thi sai
sai s6 clia no tién vé 0 trong thdi gian hiu han.

3.Néu A" (5,6:);& A(K,Ba);B* (5,62) # ﬁ(ﬁ,ﬁb) thi mat

trugt sé nam lan can diém s = 0 trong thai gian hitu han.
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Ham Lyapunov dugc chon nhu sau: ol ))
1 11 11

V= 2 2+—n—aez 2nbeb (15 X[( & (xt)-v,0 ) ( (x,t)—w ) q(t)] 23
—B(x,t)u (t)—PBsgn(s)

S= (oc + rAdiag( e

Vi 6,=0,-0":6, =6, 0", la sai léch gitfa clia luat

thich nghi. Ta cé: Két hap (6), (16) va (25) ta co:
V=sé +léaéa +lébéb (16) v :g(a +TAdiag(|g|r—1))
na r]b - ~
Dao ham hai vé (4) cé: X[(Ea (x.t) _‘l’aea)+(§b (Z't)_q’beb)ueq (t)]
§=Ge+TAd|ag(|e| ) (17) —B(x,t)u(t)-PBsgn(s) (26)
A . 1
Thay é =x—X,Vvao (17) c6 +6, (a +TAd|ag(|g| ))q}a(l)i
A . 1
§=a(x—&ef)+TAdiag(|g|H)(x—X,ef) (18) +9b(a+TAdlag(|g| ))Lpb(x)gueq
Tir (5) ¢6 Qua bién déi co:
X4 =Ug (HB(x, 1)+ A(x, t) + Bsgn(s) (19) VZE(Q+TAdiag(|§|T1))(§a (Lt)+§o(llt)ueq(t)]
Thay (3) va (19) vao (18) co: ~B(xt)uc(t) -Bsgn(s)
o[ At Bl dix - (VB(x, 1) =S(G+TAdiag( eH)) £, (X 1)+ 5 (X, t)ug (t 27)
s5=a - - —€, Eb|u | Bsgn(s)
t)—Bsgn(s)
[ A1) +B(x, u+d(x,1) S—(owrz\diag(|g|F ))sBsgn s)
+TAdiag(g ) . . (20)
—U, (DB(x, ) —A(x,t) —Bsgn o .
Lai c6 (a+rAdiag(|g| ))>O;s.sgn(s)20 suyra V<0
. Al 1) +dx 1) — Xt) o P
=(a+rAd|ag( )) véi Vx € Q. Vi vay moi tin hiéu cda hé kin déu bj chan va
+B tu—u, (0B t)—Bsgn 6,0, tién tSi 67,0, khit —oo.
Thay (13) vao (20) c6: Két luan: Diéu nay khéng dinh tinh ding dan cla bo
5:(a+rAdiag(|g|H )) diéu khiér?, dém ‘béo én dinb. hé{ thé’pg tr?ng thc‘!i‘gi?n hL"Iu
han khi c6 bat ki sy thay d6i nao ciia mé hinh va tin hiéu
(AGgB)+dos DA 1)) (21)  déuvao.
y L2 L P "
+(B(5,t) B é(lrt))ueq ()~ B(x,Hu. (6)— Bsgn(s) 4. MO PHON’G VA DANH GIA KET QUA
4.1. Tham s6 mé phoéng

Bi€n d6i cong thiic (11) thu dugc:

g(g,t)+A*(5,6’;) (XG) A(x,t)+d(x,t)- (5,63)
. . (22)
& (x.)+B'(x.6,)-8(x.6,) =B(x.t)-B(x.8,)
Thay (22) vao (21) ta cé:
S:(G+TAdiag(|g|H))
€ (x,0)+ 4 5,6; -4 x0,))+
(& (o) 4 (x2)-4(z0.) o3
x (gb(z,t)+B (E,Gb)—B(g,eb))ueq(t)
—B(x,t)u,(t)—Bsgn(s)
Lai co: Hinh 3. M6 hinh md phdng hé truyén dong 16 quan lai
. . 3 inh 3. M hinh md phdng hé truyén dong 16 quan lai
A (l,ea)—A(x,ea): v, (Ga —ea): —4.6, (24) Mémen quéan tinh ban dau cua 16 J,, = 2kgm? mé men
B’ (LGZ)—B(Leb):% (eb —eb) = —,0, quan tinh khi quan t6i da J, = 100Kgm? ban kinh rulo ban
. ) dau Ry, = 0,5m; ban kinh rulo khi quan xong R, = 0,6m;
Thay (24) vao (23) ta co: khoang céach gitra hai truc Ly = 1m; dién tich ngang cla
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bang vat liéu S = 2.10°m?% hang s6 dan hoéi cta bang vat
liéu E=1,6.10°N/m? hé s6 ma sat trugt B=0,412Nm.s

Dua trén théng s6 thuc té€ cha HTD bang vat liéu tién
hanh chon: a =2; A\, =0,5; A\, = 1; T = 0,8. Qua dé xac dinh
dugc luat diéu khién ug,.
4.2. Két qua mé phéong

Lyc cang [N]
- N N w
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o
T
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Dét téc do dai clia bang vat liéu 1a 5m/s; luc cang dat
trén bang la ham Ramp gidi han & 30N. Téc d6 thay dé&i cla
ham Ramp la 10 N/s nén can 3 gidy dé dat 30N. Két qua moé
phéng cho hé quan lai thé hién trén hinh 4 - 7.

Nhan xét:

- T6éc d6 dai va luc cang clia bang vat liéu dat gia tri dat
sau thdi gian ngén, vdi sai s6 rat nhé, ddm bao duogc 6n
dinh, gitp nang cao chat lugng hoat ddng clia hé théng.

- Khi c6 nhiéu ngiu nhién, dap ting dau ra cta bo diéu
khién trugt thich nghi dung mang nag ron cho két qua tét
hon hén.

5. KET LUAN

Bai bao da trinh bay két qua téng hgp bd diéu khién
NNFTSM cho hé cg dién chuyén déng bang vat liéu dan
héi nhiéu dong co. Phan trinh bay dugc bat dau tu viéc
xay dung mo hinh co hé, xac dinh luat cap nhat thich nghi
clia mang no ron, luat diéu khién, chiing minh tinh 6n
dinh cda hé, xdy dung mé hinh mé phdng, kiém nghiém
bang phan mém Matlab-Simulink. Qua kiém tra cho thay
BDK da nang cao dugc chat lugng clia hé théng thong qua
cac tiéu chi danh gia, do la: tinh bén viing vai nhiéu, thich
nghi véi tham s6 mé hinh, dam bao chinh xac t6c d6 dai,
luc cang clia bang vat liéu.
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