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TONG HOP BO DIEU KHIEN TRUOT DAU CUGI NHANH
CHO HE TRUYEN DONG BANG VAT LIEU DAN HOI

DESIGN FAST TERMINAL SLIDING MODE CONTROLLER OF WINDING SYSTEMS FOR ELASTIC WEBS
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TOM TAT

Bai bdo trinh bay két qua téng hop b diéu khién trugt dau cudi nhanh trén
€0 56 bat dang thiic ma trén tuyén tinh két hop b quan sét hé s6 khuéch dai cao
cho hé truyén dong bang vét liéu dan hoi. Cac két qua dugc khdo sat danh gia
bang mé phong trén phan mém Matlab-Simulink cho thdy bd diéu khién nay
dam béo dugc cac yéu cau chat lugng ngay ca khi hé thong chiu anh hudng cla
cdc yéu t6 phi tuyén tac dong.

Tir khéa: Nhiéu déng co, diéu khién trugt ddu cudi, bdt ddng thic ma tran.

ABSTRACT

The paper presents the results of fast terminal sliding mode controller based
on linear matrix inequality with high gain observer winding systems for elastic
webs. The results surveyed and evaluated by simulation on Matlab-Simulink
software show that the controller ensures the quality requirements in the system
under the influence of nonlinear factors as causing the mechanical structure.

Keywords: Backstepping controller, Receding Horizon Optimal, aircraft,
altitude, flight path angle.
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1.DAT VAN BE

Hé truyén dong (HTD) nhiéu dong co Ung dung trong
cac day chuyén cong nghiép va quédc phong la hé dong luc
hoc phi tuyén, chia cac lién hé chéo; cac mai lién hé nay
lam cho mé hinh clia déi tugng diéu khién tré nén phi
tuyén. Trong diéu khién HTD vat liéu dan héi nhiéu déng
ca, viéc kiém soat luc cang trén bang vat liéu 1a mot van dé
kho. Cac b diéu khién (BDK) nay lién tuc dugc nghién ciu
phat trién tir don gidn nhu PID dén phuc tap nhu logic mé&
[6], mang no ron [7], diéu khién t6i uu, va diéu khién bén
viing [8]. Tuy nhién dé tdng nang suat, cai thién vé chat
lugng san phadm van can c6 bd diéu khién bén viing véi
nhiéu. BBK truot dau cudi nhanh trén co s& bat dang thuc
ma tran tuyén tinh LMI-FTSM (Linear matrix inequalities-
Fast Terminal Sliding Mode) két hop b6 quan sat HGO (High
gain observer) da cho chat lugng t6t, han ché dugc cac tac
doéng cua nhiéu.
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2. XAY DUNG MO HINH COHE

Xét mot moé hinh hé truyén dong bang vat liéu dan hoi
gém N dong co dan dong, viia bam theo t6c d6 dai cla
dong co chinh vita ddm bdo luc cdng trén dai bang theo
yéu cau cong nghé nhu hinh 1. G day 16 dan 2 dat téc do
dai cho ca hé thong, cac 16 dan khac dam bao luc cang va
bam theo t6c d6 dai da dugc dat.
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Hinh 1. M hinh co hé dan héi hai dong co

G day, M,,,, M, 1a mémen déng co va 16 dan; w,,, w, la
téc d6 gdc truc dong co va 16 dan; F, 1a luc céng cda dai vat
liéu; v, la t6c d6 dai chia dai vat liéu chay qua. Chi sé k tuong
Uing clia truc truyén déng thu k trong hé. Theo [1] gitta dong
co va lé dan c6 dan héi va ma sat, mémen xoan dugc xac dinh:

M, = (@ — @y ) +b (W, —w,) )

Dao ham hai vé€ cla (1) va trén thuc té, cac khép noi tur
dong co dén tai c6 hé s6 ma sat nhét khong dang ké nén co
thé bd qua (b =~ 0) nén ta cé:

M, = (W —w, ) @

Tu [2] c6 hé phuong trinh trang théi cdia dong co thu k trén
hé truyén dong bang vat liéu:

. R R
mG = _LkMsk +Lkak
Jmk 'Jmk
. C C
My =—Vu—=—Vi
mk Rmk (3)
. B R R?
v, = —ka +stk +_J_:(Fk -F)
. ES ES
Fo= L Vi _L_Vm
K K
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Trong dé: R, R 1a ban kinh truc 16 va truc déng co; L, la
khoadng cach gilta hai truc thu k va k+1; J,, J, la mémen
quan tinh cha 16 va déng co; B, l1a hé s ma sat trugt; E |a
hang s6 dan hoi cta vat liéu; S la tiét dién ngang ctia bang
vat liéu.

3. TONG HOP BO QUAN SAT LU'C CANG HGO

Viéc do luc cang trén dai bang vat liéu c6 thé dung cdm
bién Load cell. Trong trudng hop viéc do luc cang gap khé
khan hodac tiét kiém chi phi c6 thé sir dung bd quan séat
HGO dé udc lugng. Theo [3] véi hé phi tuyén:

x=f(ux)+e

(4)
y =Cx

VGi € la moét ham bi chan, phu thudc vao cac tham s6

bat dinh. B6 quan sat HGO cho hé (2) dugc xac dinh nhu
sau:

X = f(u,X) —BA" (X)A,'S'C"C(X —x) (5)
Trong d6: A, = blockdiag(l

mot s6 thuc biéu thi tham s6 thiét k& cla bd quan sat.
A" (X) la nghich dao trai cua khéi ma tran dudng chéo
A(X) VGi:

o 8ln o grln ) VOI 6 >0 la

A(X)= blockdiag[lpk ,M) ©

X,
& day, S la nghiém duong cla phuong trinh dai s6
Lyapunov

S+A'S+SA-C'C=0 (7)
Ta co:
ocy,
BAT(X)A,'STCT = f * (8)
" o°c; [ﬁ(u,x)}
0x,
il
V6i SG,j) = (~1)C1 I trong d6 CL=—F—;1<i,j<3
-2 ilGj—i)
Pat: x =[x, X X, = [V Ve RJue=My,
va dua vé dang ma tran cé:
Jmk mk

X d C

. o X X3

X2 Rmk Rmk

= , 5 +&

X; | |R, B.. ,Ri. R ©)

T X T X3 X, Fk 1
X4 I I Jk k
ESx —Ev
I Lk 3 Lk k+1 J
y=[0 0 0 1]x

Theo (3) va (6) co:
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TU (9) ¢ bo quan sat luc cang:

_J_k§3+R_k I _;(1+RLkuk
E Bk Bk Rmk Jmk
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“ +R—k>"<4—R—kFH+4e3 < X, (12)
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4. TONG HOP BO PIEU KHIEN LMI-FTSM
Hé thdng (1) vGi x,, X; ¢6 thé do dugc va x, udc lugng
thong qua bé quan sat HGO dugc vé dang sau:

0o - R 0 0
Jmk

):(1 < 0 < 0 X
XZ _ mk mk Xz
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u
R 0
+ " 0 0 0| |+d(t) (13)
J o 0
0
o - -
0 R 0
0 ‘Jmk
2
Véi d(t)= Rk Fk-1 lAH_ = 0 - H
k Rmk Rmk
ESVkH 0 R_k _B_k
L ] L J K
0 ES
A,=| O A,=/0 0 i A, =0;
2 I‘k
Rk/Jk
R k
B=|- " 0 0 o;c=[0 0 0 1];
mk

batz, =[x, x, x]iz,=%,
Hé théng (1) dugc viét lai thanh:
z,=A,z,+A,,z,
z,=A,z +A,z, +Bu+d(t)
y=Cz
bdt e =z -z, khi dé chon mat trugt:
S(e)=Ne—Al,Pv(e,) (16)
Trong d6, M=[H 1] v&i H 1a ma tran 3x1, I la ma tran

3x3 v(e,) =—ple,["

Xét hé (15) va gia st rang ¢ vakla cac hdng s6 duaong,
trong d6 [f(t)|<c; [e|=k. Néu c6 cacs6 p >0, p, > 0 va

M,>0vacdcmatranX>0,Q>0,W>0,G>0vaY vdikich
thudc phu hgp dé dap Ung céac diéu kién LMI tiép theo:

A X+XA,-A,Y-Y'AL+Q X <0 (17)
X -w
—2pA,A], X
{ Xu 12 G}<0; Ml —-Q<0;ul,—W>0;
-2
b, >0 (18)

Thi hé (15) sé 6n dinh tiém can véi thai gian hiu han va
sailéch ||e1 (t)" >k

Chung minh:

Pat P = X" va H=YX", Pla ma tran d&i xiing xac dinh
duang. Chon ham Uing vién Lyapunov nhu sau:

V,(e,)=e/Pe, =V, (e,)=e Pe, +é Pe, (19)
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Tu (15) cé:

z - A1TZ1 +A1222 = e zref1

o e :e1(A11_HA12)+A12A12PV( 1) C( )

=A,z,+A .z,
Trong do:¢(t) = A,z -z
Thay (20) vao (19) ta cé:
Vi(e,)=e/P[e (A, —HA,)+A,AlPv(e,)]
+[e (A, —HA,)+A A Pv(e,)] Pe,
+e/P¢(t)+¢" (t)Pe,
Dua trén B6 dé 1 [4], thu dugc cac bat dang thic sau:
€] (1)Pe(t)+<"(t)Pe, (1) <€ (1)PaPe, 1)+ (11 <(
<e] (t)PQPe, (1) +C A, (@) 2
Trong d6, Q la ma tran xac dinh duong tuy y va
Memex (@) 12 gié tri riéng 16N nht ctia Q. Thay thé (22) vao

max

(21) theo do:

+ A122ref2 ref1

(21)

\'/1(e1)£e1T(P(A” _HA12)+(A11 _HA12)TP+P@)e1 (23)
+e[PAALPY(e)+V' (¢ PA, A Pe +c ), (Q)
T
Véi |le, ||>k3el1< —1>1 va v(e, ——p|e| thi (23) ¢
thé viét lai:

PA,—PAH+ATP—(HA,)' P
Vi(e)<ef x o e

+PQP+ ; A (@)1 (24)

~e[PAAPole " +(ple[” )T PA A Pe

Gié s rang cac bat déng thuc sau day dugc théa man:
20PA,ALP>07" >0;

P(A,~HA,)+(A, ~HA,) P+PQP < -W" (25)
Khi d6 (24) c6 thé viét:
=2
Vi(e)<elW'e, +e +%)‘W(Q’1)Ime1 —el@|e["
s (26)

<)@ (0l

Trong d6 A, (.) la gia tri riéng nho nhét. Khi d6 (26) c6
thé viét lai nhu sau:
V,

Vi(e) <-aVi(e) =BV (e))

il et

V6i 0, = B, :A"*'“(W)[A;(P)T;

(27)

max

n
0125
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K&t hop vai (6) cd
=2 -2

S (W)>0<:>)\mm( 1)—E—z)\max(Q’1)>0

k2 max

)\min (Q)_

Suy ra a; > 0. Gid s&r X = P" va nhan X vao trudc va sau
cac s6 hang cda (25) ta duoc:

A, X—HA_,X+XA!, —(HA,X)" +Q < -XW'X (28)

Dat Y = HX khi d6 tur (22) suy ra dugc (5) va néu co diéu
kién LMI (6) thi (18) thda mén. Tir (21) cho thdy néu ||e,|> k
thi V, (e,) <0 khi d6 sai léch e,(t) sé tién tiém can vé 0, ndm
trong vung khéng gian Q, = {e1 (t): ||e1 (t)" < k} véi thai
gian hru han t,,, theo B6 dé 2 [5] la:

t, = ! InOlNﬂ’”w (to)+B,

Q (1_n1) B1

Ké&t luan: Néu BDK théa man diéu kién LMI da dat ra thi
sai léch e, (t) sé tiém can vé 0 trong thai gian hiru han.

(29)

Cang c6 thé rat ra tu (16) rdng e,(t) sé tién tdi vung lan
can 0 Q, = {e2 (t):]le, (1) < ||H||r+p||A1TZP||k”’1} trong thaoi

gian hiu han t,,. D& thuc hién diéu d6, tién hanh chon luat
diéu khién nhu sau:

u(t)=u, (t)-B"u, (1) 30)
u, (t)=-B" (HAZ—ALP%?)—IHM]; 31)
u, (t) :asgn(s(e))+csgn(S(e))|S(e)|n +vS(e) (32
Véi o, v 1a cac hdng s6 duong; az(d(t))max 1a gid tri

chan trén cdia ham d(t)

Chiing minh: Ching ta di ching minh véi luat diéu
khién da chi ra hé théng sé tién vé mat trugt (16) va nam
trén do trong thai gian hitu han.

Xét ham xac dinh duong sau:

V. (s(e))=55" (¢)S(e)
V,(5(e)) =" (¢)5(e)

d
— 5" (e)(Hz, ~ALP V(gf) ‘Az

+ AZZZZ + BU _Hihef 2ref + d( )) (33)

ref

=ST(e)[I1Az—A1TZPdCEt ) Bu-niz,, +d(t )]

Thay (30) dén (32) vao (33) ta dugc:
( (e )) ST(e)os |S |
-S'(e)vs(e ) (e)dsgn( (e))+s"(e)d(t)
)

Virdng d>( (t)) nénco:

max
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n+1

V,(S(e)) <A (V)[S(e)] ~ A (0)[S(e)
=-a,V,(S(e)) B, V" (S(e))

Chona, =2X,,, (v)>0, B, =2 (0)>0,
n, =(n+1)/2<1.Theo BS dé 2 [5] hé thong sé tién vé mat

trugt trong thai gian hiru han t,, dugc xac dinh nhu sau:

1 azvz(s(e(to )))1’”2 +B,
t, = In
a, (1_r]2) Bz

Vai V, (S(e(t,))) =(1/2)S™ (e(t,))S(e(t, ))

Két luan: TU cac két qua chiing minh trén cho thay cac
sai lech e,(t), e,(t) sé chuyén déng tiép can vé vung lan can
g6c 0 trong khodng thoi gian hitu han t, =t + t,,.
5.MO PHONG VA PANH GIA KET QUA
5.1. Tham sé mé phéng

Ban kinh truc déng co R, =0,1m ban kinh 16 R,=0,15m;
dd cung truc dong co ¢ = 10°Nm, mémen quén tinh 16
Ji = 50kg/m/s; chiéu dai dai bang vat liéu | =1m; dién tich
ngang clia bang vat liéu S = 2.10°m? hang s6 dan hoi cla
bing vat lieu E = 1,6.10°N/m%; hé s6 ma sat truct
B=0,412N.m.s

Dua trén théng sé thuc t€ cia HTD hai dong co tién
hanh chon: d=5, y =20; 0=200; ¢=0,2; k=0,05; n=0,6.
Tinh todn cdc ma tran A,;, A5, A, , A,, va B.

Giai diéu kién (17, 18) bang LMI toolbox ctia Matlab xac
dinh duogc:

0,04 0,04 0,04 ,0013 0 0

X=[0,04 0,114 0,04 |;Q=| 0 103 0 |;
0,04 0,04 0,108 0 0 1,03
,03 0 0

W=| 0 103 0 [;Y=1,0e+07*[0 -4,4963 0];
0 0 1,03

Qua dé xac dinh dugc luat diéu khién u cho hé diéu khién
luc cdng clia dong co tha k.

5.2. Két qua mé phéng

10 ——— PEPTTTTT I

0
8 <

Téc dg goc [rad/s)
(]
T
RN
.

=== Téc d6 goc 16 thao quéan
0 ' —— Téc d6 goc 16 dan
— = Téc dd goc 16 quéan lai

0 5 10 15 20 25 30
Thai gian [s]

Hinh 2. Dap ting toc do gac
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- Mé men clia déng co thao quan ban dau 1é6n do khoi
lugng vat liéu sau dé gidm dan, mé men dong co quan lai

@
T

s i tang dan.
= ‘ 5. KET LUAN
5 Bai bao da trinh bay két qua tdng hop bo diéu khién
g2r E LMI-FTSM cho hé co dién truyén déng bang vat liéu dan
héi nhiéu dong co. Phan trinh bay dugc bat dau tu viéc

xay dung mé hinh co hé, dat diéu kién LMI, chiing minh

diéu kién, xdy dung mé hinh mé phéng, kiém nghiém

‘ ‘ , ‘ bdng phan mém Matlab-Simulink. Qua kiém tra cho thay

¢ . ® - 2 2 ® BDK da nang cao dugc chat lugng clia hé théng théng qua

Hinh 3. Bép tng téc dai cac tiéu chi dén,h gia, do la: tinh bén viing va&i nhiéu, dam
‘ bao chinh xac téc d6 dai, luc cang clia bang vat liéu.
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Dit t6c do dai cta bang vat liéu la 5m/s; luc cang trén
bang la 300N. T6c do thay déi luc cang dugc gidi han bén
trong & muc 25N/s nén can 12 giady dé dat 300N. K&t qua
moé phéng cho 3 déng ca: Déng co thao cudn; dong co AUTHORS INFORMATION
dan; ddng co cuén lai thé hién trén hinh 2 - 5.

e Tran Xuan Tinh', Pham Tuan Thanh?
Nhan xét: 'Air Defense-Air Force Academy

- K&t qua mo phéng cho thay téc dé goc cua 16 thao
quan tang dan khi ban kinh nhé lai, t6c d6 goc 16 quan lai
gidm dan khi ban kinh ting I1én dé dam bdo téc d6 dai cla
bang vat liéu 6n dinh; trong khi dé téc d6 goc 16 dan duoc
gitt nguyén.

Military Technology Academy

- T6c d6 dai va luc cang cta bang vat liéu ding bang gia
tri dat vdi sai s6 rat nhd, ddm bao dugc én dinh, gitp nang
cao chét lugng hoat déng cta hé thong.

Website: https://jst-haui.vn Vol. 58 - No. 6B (Dec 2022) e Journal of SCIENCE & TECHNOLOGY | 27





