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Abstract

The main function of a multi-roller material handling (MaMH) system is to precisely control the tension and transport speed of web segments
to ensure operational productivity and product quality. This paper proposes a fixed-time backstepping control method for the MaMH system.
The proposed control method guarantees that the tracking errors of both tension and reference speed in the web segments converge to zero
within a fixed time, regardless of the system’s initial states. The stability of the control method is proven based on Lyapunov stability theory.
Simulation results carried out in Matlab demonstrate that the proposed control method maintains robustness and fast convergence, even when
the reference value changes abruptly, thereby confirming the superior performance of the proposed method.
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Danh muc ky hiéu

Ky higu bonvi Mo ta

R, R, m Ban kinh cudn té va cudn thu

Ju,Jr kg:m?>  Md-men quin tinh ctia cudn t& va
cudn thu

bfu,byr N-m-s  Heé sb can nhét cia cudn té va cudn
thu

R; m Béan kinh cudn trung gian thi

Ji kg-m> Md-men quén tinh clia cudn trung
gian thif /

by N-m-s  Hé s6 can nhét clia cudn trung gian
tha i

M, ,M;,M, N-m Mb-men truyén dong ctia cudn td,
trung gian, thu

w,,0;,®, rad/s Toc do géc clia cudn 8, trung gian,
thu

F; N Luc céng trén doan vat liéu tha i

L; m Chiéu dai doan vat liéu thy i

E N/m?  Mo6-dun dan hdi cta vat liéu

S m? Dién tich mit cit ngang ctia vat lidu

w m Chiéu rong cta vat liéu

a m Do day cua vit liéu

p kg/m?  Khbi lugng riéng ciia vat liu

1. Gidi thiéu

Hé thong xit ly vat liéu da truc (MaMH) dudc ting dung
rong rai trong san xuét cong nghiép dién dai dic biét nhu céac

linh vuc san xuét pin mit trdi mang méng [1], phi nano, pin
lithium [2] hé théng san xuit bang mach dién ti [3], [4]. Cic
hé thdng nay van chuyén vat liéu lién tuc tif cudn té thong qua
cac cudn trung gian va dudc xu ly trude khi di vao cudn thu.
Trong qua trinh x{ Iy c4c vat liéu nhu mang moéng ctia tAm pin
ning lugng mit trdi, gidy, kim loai mong, viéc kiém sodt luc
cang trén cac doan vat liéu la vd cung quan trong. Luc cang
vudt qua miic cho phép c6 thé lam dit va hu héng vat liéu,
trong khi Iuic cing khong dii c6 thé gy ra hién tudng ndi, nhin
lam giam chét luong san pham [5], [6]. Ngoai ra, téc do dich
chuyén ctia bing vat liéu ciing can dugc kiém soat dé hé théng
van hanh ding véi muc tiéu san xudt [6], [7].

Trudc day, mot sb phuong phap kiém sodt luc cing giita cic
doan vat liéu va téc do clia cudn da dudc gi6i thiéu nhu phuong
phép diéu khién tuyén tinh st dung bo diéu khién LQR[7], [8],
bd diéu khién phan hdi trang thai[9]. Cac phuong phap nay c6
uu diém 1a don gian va dé trién khai trong thuc t&. Tuy nhién
han ché ciia cac phuong phap nay 1a thiéu tinh linh hoat khi
diéu kién van hanh phiic tap. Tir d6, cic phuong phap diéu
khién phi tuyén dugc ap dung nhim muc dich nang cao kha
ning diéu khién cho hé thong. Trong sb cac ky thuat diéu khién
phi tuyén da dudc dé xuit, ky thuat diéu khién backstepping
[10]-[12] da chiing minh sy phu hgp véi hé th6ng MaMH, béi
hé thdng nay 12 mot mo hinh thiéu co ciu chip hanh. Bo diéu
khién backstepping dudc ap dung nham khic phuc han ché vé
cd cAu chép hanh ctia hé théng MaMH bing cach chuyén ddi
md hinh hé théng thanh cic bac dong luc hoc lién tiép, roi thiét
ké bo diéu khién cho tiing bic mot cach tuan tu. Sau do, cac
bién thé ctia bo diéu khién backstepping da dugc phat trién dé
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dem lai hidu suit ki€ém sodat vat liéu tét hon. Trong [6], cic tic

gia dé xuit ciu tric diéu khién backstepping sit dung cdc mit

trugt bac phan s két hop mang no-ron dé uéc lugng dong luc
hoc ctia MaMH, qua d6 dat dudc hiéu suit ki€m sodt vuot troi.

Mot diém chung ctia cic phuong phap diéu khién MaMH
néu trén 1 tip trung vao hiéu suit ki€ém sodt vat liéu, c6 thé
dudc danh gia thong qua sai s6 bam luc cing va tbc do dich
chuyén ctia vat liéu trén cdc phan doan. Tuy nhién, mot yéu td
quan trong khac can xem xét khi thiét ké bo diéu khién cho hé
thbng MaMH 1a thoi gian hdi tu clia céc trang thai, dic biét
trong cdc hé théng san xuét tu dong. Cac ky thuat diéu khién
c6 tinh dén thdi gian hdi tu cho cdc hé théng phi tuyén da dugc
phét trién manh trong nhiing nim gan day; vi du, [13] gi6i thidu
bo diéu khién backstepping thdi gian hitu han cho mét 16p hé
théng phi tuyén, ddm bao ring céc trang thai trong hé thong
vong kin hoi tu vé gbc trong thdi gian hitu han, thay vi vo han
nhu trong bd diéu khién backstepping truyén théng. Theo hiéu
biét ctia nhom téc gia, k¥ thuat diéu khién thai gian hitu han
dudc 4p dung cho hé théng MaMH lan diu trong [14], trong
d6 cac tac gia dé xuét bo diéu khién thoi gian hitu han theo
khung diéu khién backstepping, dim bdo sai s6 bam luc cing
va tbc do dich chuyén ctia vat liéu hoi tu vé gbc trong thdi gian
hitu han. Thoi gian hoi tu nay phu thudc vao gia tri khéi dau
clia cic trang thai va bo tham sd diéu khién hé thdng; can luu
y ring, v6i cing mot bd tham sb didu khién, cic trang thai sé
hoi tu 1au hon néu sai s6 bam ban dau 16n hon.

Tit nhitng phan tich tdng quan néu trén, bai bdo nay dé xuét
mot phuong phap diéu khién backstepping hoi tu thoi gian ¢
dinh cho hé théng MaMH. Phuong phap dé xuét bao gom hai
budc thiét k& diéu khién nhu sau: O budc diéu khién thi nhit,
bo diéu khién Iuc cing ctia vt liéu trén cac phan doan dudc
thiét ké, véi dau vao 1a sai s6 bam luc cing trén cic phan doan
va diu ra tuong dng 12 van téc géc tham chiéu cha cudn té
va va cdc cudn trung gian. Dua trén dau ra ctia b diéu khién
luc cing, bo didu khién van toc dugc thiét ké trong bude diéu
khién thit hai. Tir d6, mé-men truyén dong trén cic cudn clia
hé thong MaMH dudc xac dinh d€ dap ting chinh x4c luc cing
tham chiéu trén cic phan doan va van tc tham chiéu ctia cac
cuodn.

Doéng gop chinh cua bai bao nhu sau:

1. Khéc véi cac phuong phap diéu khién da dugc gi6i thiéu
trudc d6 chi ddm bao hé théng hoi tu tiém can gbc [10],
[11], phuong phdp diéu khién dé xuit dAm bao sai s6 bam
luc cing va toc do dich chuyén ctia bing vat liéu hoi tu vé 0
trong thdi gian cb dinh.

2. Khac véi cac tai liéu [13], [14] chi ddm bao thdi gian hoi
tu ctia hé thdng 1a hitu han phu thudc vao trang thii ban
dau, phuong phép diéu khién dé xuit ddm bao hé théng hoi
tu trong thdi gian ¢ dinh bt ké trang thi ban dau ctia hé
théng MaMH, c6 thé thay déi bang cach diéu chinh tham sb
diéu khién.

Céc phan con lai ctia bai bio bao gébm: Phan 2 trinh bay
mo hinh dong luc hoc ctia hé théng MaMH va xic dinh muc
tiéu diéu khién ctia bai bao, Phan 3 trinh bay phuong phap diéu
khién dé xuét, cic két quia mo phdng va thao luin dugc trinh
bay trong Phan 4. Cudi cung, Phin 5 két luan bai bio.

Trong bai bdo nay, mot sb bd dé dudc sit dung dé thiét ké
phuong phap diéu khién dé xuit, dugc trinh bay nhu sau:

BG dé 1. Theo [15], vdi hé théng phi tuyén cé dang: y =
Fy@)),f(0)=0,y(0) =0 trong dé y € R" la trang thdi ciia
hé théng, f (y) la mét ham phi tuyén lién tuc. Néu ton tai ham

Iyapunov théa man bdt ddng thitc sau:

V) < - (urem) +evPo)’ (M)

trong do p,e, o, >0, ay < 1 and By > 1, khi dé hé thong
s héi tu vé géc trong thoi gian cé dinh, dugc mo td nhu sau:
T < 1 L 1

T ur(l-ay) e (By—1)

B& dé 2. Theo [16] vdi y1,y2,. ..,y > 0, ta co:
k n
Yoi) <Y 0<n<l
i=1 i=1
k k 3
k' Zyi < Zyl'-’, n>1
i=1 i=1

2. M hinh héa va muc tiéu diéu khién hé thong
MaMH

(@)

=

S

Trong phan nay, ching t6i tién hanh phan tich dong luc hoc
ctia hé¢ thbng MaMH, 1am 1 céc vén dé trong yéu can luu y
trong qua trinh thiét ké hé théng diéu khién. Tir d6, muc tiéu
diéu khién cta bai bao dudc xac dinh.

2.1 Mé hinh héa hé thing MaMH

Dé xii ly va van chuyén vit liéu, hé théng MaMH dugc thiét
ké gdm nhiéu cic cudn, van hanh véi véi chiic ning tuong ting
dudc goi la cudn t3, cac cudn trung gian va cudn thu. Vat liéu
ban dau dudc cudn tai cudn t3. Khi hé thong van hanh, vat liéu
dugc din dong thong qua cic cudn trung gian déng vai tro diéu
hudng, truyén dong va kiém sodt luc cing trude khi dudc thu
lai tai cudn thu. Quad trinh x@ ly dugc dién ra lién tuc, trong
do6 viéc kiém sodt luc cing va toc do dich chuyén cda vat liéu
1a rt quan trong, dong vai trd quyét dinh chit lugng ctia vat
lidu. V6i dic diém 1a mot hé théng phi tuyén nhiéu thanh phan
bién thién theo thdi gian bao gdm nhiét d ctia vat liéu [17],
luc cang trén cac doan vit liéu [6], mé-men quan tinh cia cudén
t& va cudn thu [18].

Gan day, mot mo hinh ctia hé théng MaMH c6 xem xét day
du cac yéu tb trén dudc gidi thiéu trong [6], dong luc hoc clia
cac cudn trung gian, cudn td va cudn thu dugc xay dung dua
trén dinh luat bao toan md-men dong lugng. Ddi véi cac phan
doan vat liéu, bsi dic tinh tuyén tinh trong viing bién dang dan
hdi, cic tac gia 4p dung dinh luat Hooke cho bién dang vat liéu
va bd qua ma sat gitra cac cudn véi doan vit liéu tuong ting. Tu
d6, dong luc hoc ctia hé théng MaMH gdm n phan doan lam
viéc dudc xac dinh nhu sau:

Juw, =R, F1 +M, +bfu(l),,, + bwprga),f
Ji@y = (F, —F1)Ri +M; + by, 0
LiFy = ES(o R, — @,R,) + w,R,F,, — 0 R Fy

Jioy; = (Fiy1 — F)Ri+M; — bro; “4)
LiF; = ES(®;R; — @i—1Ri—1) + 01 Ri_ 1 Fi_| — O;R;F;

Jp1@i-1 = (Fn _anl)Rnfl + M, _bf,l,lwnfl
Jr@p = M, — FyR, — by @ +bwprf a),2
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trong d6 Ry, Ju, by, 1an lugt 1a ban kinh, mo-men quén tinh
va hé s6 can nhét clia cudn t8, M, va @, 12 mo-men dong co
truyén dong va toc do géc clia cudn td, by, p, w, L; 1an luct 1a
dd day, mat do khéi lugng, chiéu rong, va chiéu dai ctia phan
doan vt liéu dugc xu ly. F; 1a luc cang cua vt liéu trén phan
doan tht 7, R;, J; va by; 1an lugt 12 ban kinh, md-men quén
tinh va hé s6 can nhét clia cudn trung gian thi i, M; va @; 1a
mo-men dong co truyén dong va tbc dd géc clia cudn trung
gian thit i. R,, J, va by, lan lut 1a ban kinh, mo-men quan tinh
va hé s6 can nhét ctia cudn thu, M, va ®, 1a md-men dong co
truyén dong va toc do géc ctia cudn thu. E 1a module dan hdi,
S dién tich mit cat ngang vat liéu trén cic phan doan.

2.2 Muc tiéu diéu khién

Tt nhitng phan tich trén, cdc trang thai can diéu khién dé
bam theo gid tri tham chiéu bao gdm luc cing ctia vat liéu trén
cdc phan doan (Fy,F,...,F,) va tbc do dich chuyén cla bing
vat liéu. Hé thong (4) 12 hé théng hut cd cAu chip hanh khi ¢6
2n+ 1 trang théi (@, @1, ..., 0, F1,F,...,F,) v6i n+ 1 diu
vao diéu khién (M,,M;,...,M,). Do d6, ching t6i st dung k§
thuat diéu khién backstepping dé thiét ké diéu khién cho hé
théng MaMH, trong d6 luc ciing ctia vt liéu trén cdc phan
doan dugc diéu khién gidn tiép thong qua téc do géc clia cudn
t6 (w,) va cdc cudn trung gian (@, ®,...,®,_1) trong budc
1, tc do dich chuyén ctia bing vat liéu dudc diéu khién thong
qua toc do géc cudn thu. Sau d6, mo-men truyén dong trén cac
cudn dugc thiét ké thong qua tde dd goc clia cuodn td, cic cudn
trung gian va cudn thu trong budc 2.

bat F = [F],FQ,.. . ,Fn]T, o= [(Du,(l)], .. .,a),,_l]T, w =
[0y, 01,...,00, vaM=[M,M,... M]", %) cé thé dugc
viét lai nhu sau:

F =A +B®
, ()
®=A,+B,M
trong do
[@01Ry (ES—F) /Ly (Fu—ES)Ru/Ly
Ry (ES—F) /Ly (Fi —ES)R /L,
Al = . N Bl = diag . N
_err (ES_Fn) /Ln (anl _ES)Rnfl/Ln
[ (RuFy + by @y + byupwRI0?2) /1, 1/J,
(R —F\) Ry +bpion) /J; 1/J;
A2 = . ,Bz=diag
| (—FaRr — 0:b fr + byupwRS 0F) /J, 1/J,

3. Phuong phap diéu khién dé xuét

Trong phan nay, phuong phap diéu khién dé xuit dugc thiét
ké theo (5). Trudc tién, bd diéu khién luc cing dudc thiét ké
trong budc 1 d€ dua ra tbc dd goc tham chiéu cho cic cuon.
Sau d6, md-men truyén dong tuong ting dugc thiét ké trong
Budc 2 dé dap ting toc do géc tham chiéu do bude 1 cung cip.
CAu triic diéu khién ctia phuong phap d& xut dugc mo ta trong
Hinh 1.

3.1 Bo diéu khién backstepping thoi gian cb dinh

Tiép theo, ching toi thiét k& bd diéu khién luc cing va bd
diéu khién van téc géc tuong tng véi hai bude thiét ké diéu
khién nhu sau:

Buéc 1. Bo diéu khién luc cing

Véi gid tri tham chiéu ctia luc cing trén cic phan doan 1a
Fy=Fiq,Pa,...,Fy)', sai s6 bam luc cing dugc dinh nghia
la er = F — F ;. Két hop v6i (5), dao ham theo thoi gian cia
er nhu sau:

éF=A1+B15—Fd (6)

Theo luat diéu khién hdi tu thoi gian ¢ dinh, @ can dugc thiét
ké dé thoa man diéu kién sau:

er = —ku |lex]|sign (er) — iz ler | sign (er) )

trong do kji,ki2 € R'gén, O<oa<1vafp>1 |er| va
sign (er) lan lugt 1a chudn Euclid va ham dau cda er. Két
hap (6) va (7), van téc géc tham chiéu clia cac cudn cho bude

2 dugc xac dinh nhu sau:

_ 4 <A1+k11 ller||* sign (eF) )

®;=-B . . (8)
! +k12||ep|\ﬁ51gn(eF)—Fd

Tir d6, van toc géc tham chiéu ciia cac cudn duge xac dinh 1a
T

W, = [5;, a),d} v6i W,y 12 van toc goc tham chiéu ctua cudn
thu.

Budc 2. Bo diéu khién van toc géc

Sai s6 bam van tdc géc dudc dinh nghiala e, = @ — @,.
Két hop vdi (5), dao ham theo thdi gian clia e, nhu sau:
e =A)+B,M— @, ©)]

Theo lut diéu khién hoi tu thdi gian cb dinh, M cin dudc thiét
ké dé thda man diéu kién sau:

éo = —kai |ew||” sign (en) — k2 HewHB sign (ew) (10)

trong d6 kay,kp € RZEVM! ey || va sign (ew) 1an lugt 1a
chuin Euclid va ham dAu ctia eg,. Két hop (9) va (10), md-men
truyén dong trén cdc cudn xc dinh nhu sau:

ka1 [|ew]|* sign (eo) + k22 ||eo 1P sign (eq)

M=-B' B 0 T
g 1 nx1 T
+tAr— g+ [om 0 ] [eF’O}
(11)
trong dé {031 O”OX 1} [e;,O}T 1a thanh phan bd sung dé triét
1xn

tiéu sai s6 bam van tdc goc (®,) khi bo diéu khién & budc 2
chua hoan thanh ddp ting do budc 1 cung cép.

3.2 Phan tich én dinh

Tinh 6n dinh va hdi tu trong thdi gian ¢ dinh ctia phuong
phép diéu khién dé xuit dudc phat biéu trong Dinh 1y sau day:
Pinh Iy 1. Véi dong luc hoc ctia hé théng MaMH trong (4),
néu mo-men truyén dong trén cac cudn dugc thiét ké nhu (11),
dua trén cic van tdc géc tham chiéu dudc thiét ké trong (8), sai
s6 bam luc ciing va téc do dich chuyén cia cac doan vat lidu sé
hdi tu v& 0 trong thdi gian ¢ dinh T, dugc mo ta nhu sau:

25
g Smin{7lmax (k11) ; Amax (k21)} (1 — @)
1
T i {Amax (k12) , Amax (k22)} (B — 1)

trong d6 Amay (K11) ; Amax (K12)  Amax (K21) , Amax (k22) 12 gid tri
riéng 16n nhat cua kq ,k]z,kz] ,k22 tuong 1’Ing.

12)
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(O] N 2
—> B diéu khién
lyc cang (8)

(OF] €y

er

Bo diéu khién | M_| Heé théng |F,®

>
>

vén téc goc (11) ~| MaMH @

(0]

F

Hinh 1: CAu triic phuong phap diéu khién dé xuit

Chiing minh. Ly thuyét 6n dinh Lyapunov dudc st dung dé
chiing minh Pinh 1y 1, trong d6 ham Lyapunov dugc chon nhu
sau:

1 1
V= fe;eF + fegea,

5 3 (13)

Theo (5), dao ham theo thdi gian cia V dudc xac dinh nhu sau:

V=eper+eleéq
=e; (A1 +Bi®—F,) +e,(Ar+B.M— @)
=e; (A1 +Bi®,;—F;)+e/B (@ ®,)
+e,, (A +BoM — @)
=e; (A1 +Bi@;—F,) +e,, (A +B.M — @)

B 0
+[eh0) [olin o] €a
:e; (A1 +Blﬁd—Fd)

T o By 0|1 14"
+ew(A2+B2M (Dd—|-|:01><n 0 [ep,0:|

(14)

Két hop véi (8) va (11), biéu thic (14) c6 thé dugc viét lai nhu
sau:
V = —efki|ler||*sign(er) —efkia|er || sign (er)
—epkat ||ewl|* sign (o) —epka |leo|P sign (eo)
< —Aanin (k11) [[e[| %" — Aanin (k12) [lex [P
— anin (k21) [l €0 ]| %" = Amin (k22) [l ||
< —min {Amin (K11) A (k21)} (e[ lew )
—min { Amin (k12) , Amin (k22) } (HeFHﬁJrl + Hewl|ﬁ+1>
(15)

trong d6 Amin (K11) , Amin (K12) ; Amin (K21) ; Amin (k22) 1a gid tri
riéng nhé nhat cta ky1,k12,kz1, koo tuong Gng.

Ap dung B& dé 2, biéu thic (15) c6 thé dudc viét lai nhu
sau:

V< 24 min { Amin (K11) ; Amin (1‘721)}‘/06Jrl
— 2min{).min (k]z) ,)vmin (’QZ)}VT

(16)

Theo B dé 1, gid tri ham Lyapunov V sé hoi tu vé 0 trong thdi
gian c6 dinh T nhu sau:

213
< min {Amin (k11) , Amin (k21)} (1 — &)
1
- min { Amin (K12) , Amin (k22)} (B — 1)

a7

Khi V hdi tu &én V = 0, biéu thiic (13) chi ra ring sai s6 bam
luc cing va tbc do dich chuyén clia vat liéu trén cac phan
doan ef = ey, = 0. Tir d6, Dinh ly 1 dudc ching minh hoan
thanh. O

Hinh 2: Hé théng cudn vit liéu da truc

Nhan xét 1. Biéu thiic (17) cho thdy thdi gian hoi tu vé gbc
clia cic trang thdi trong hé théng vong kin phu thudc vao cic
tham s6 diéu khién; bang cach diéu chinh céc tham s nay, thai
gian hdi tu c6 thé dudc rit ngan. Tuy nhién, cic tham sb ciing
can dugc lua chon hop ly dé€ bao ddm chét lugng tin hiéu diéu
khién. Anh hudng ctia cic tham sb diéu khién dén toc do hoi tu
clia cdc trang thai va dén chit lugng tin hiéu diéu khién dudc
nhan xét chi tiét nhu sau:

Theo (17), thdi gian hoi tu ciia cac trang thai sé ngan hon
néu cic phan ti dudng chéo ctia cac tham s kyy, k12, ko1,
ko dudc chon 16n hon. Déng thdi, viéc chon & nhé hon va 8
16n hon cung glup riit ngan thoi glan hoi tu ctia hé thdng. Tuy
nhién, can Iuu y ring viéc ting tdc do hoi tu co thé lam suy
gidm chit lugng tin hiéu diéu khién. Ching han, néu o qua nhod
va B qua I6n, tin hiéu diéu khién 40 @, va md-men din dong
M c6 thé xuét hién hién tugng vot 16 hoic chattering.

Ngoai ra, do chu tric diéu khién theo phuong phap
backstepping, néu cac tham sb kyy, k12, ka1, ko dudc chon
qua 16n, tin hiéu diéu khién 4o c6 thé dat gia tri 16n, din dén
vot 16 clia cdc mo-men dan dong tai thdi diém ban dau. Vi vy,
cac tham sd diéu khién can dugc lua chon phit hgp nhidm can
bing gilta hiéu suit bam va chét lugng tin hiéu diéu khién.

4. M6 phoéng kiém chitng

Trong phan nay, cic vi du vin hanh hé théng MaMH dudc
thuc hién trong méi truong Matlab/Simulink nhiam kiém chiing
hiéu qua ctia phuong phép diéu khién dugc dé xuét. Trudc hét,
cdc thiét 1ap ctia md phdng dudc trinh bay duéi day.
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4.1 Cai dat mo phong

Dé kiém chiing hiéu suat diéu khién ctia phuong phap dé
xuét, chiing t6i mo phdng thuat todn cho hé thong MaMH bao
gdm 2 phan doan lam viéc nhu Hinh 2. Dya trén phan tich
trong (4), dong luc hoc ctia hé théng MaMH trén dudc xiy
dung nhu sau:

Jua)u = ku,lFl +ku72Mu +ku,3wu +ku,4w3
J1@y = ki 5F> + ki 6F1 + ki 7M1 +ky g
Fi = k1901 + ki 10F1 01 + ki 11 Fu0, + ki 120
Jr @y = kp1 > + ko My 4 k30, +kr7460r2+
B =k o, + k2 1020, + k211 FL o) + ko 120

(18)

Thong s6 mo hinh ctia hé théng MaMH dugc st dung nhu

trong [6], cu thé nhu sau: R,0 = 0.04 m, R,0 = 0.03 m, R| =

0.03 m, J,0 = 0.015 kg-m?, J,o = 0.005 kg-m?, J; = 0.005

kgm?,L; =L, =0.5m, by, = by, = 0.0002533 N-m's, by =

0.00028 N-m-s, w = 0.5 m, a = 0.00001 m, S = 5 x 107% m?,

E =2.5x10° N/m?, p = 800 kg/m’.

Sau d6, cdc kich ban mo phdng dugc trién khai d€ danh gid
hiéu suit clia phuong phap diéu khién dé xuét, cu thé nhu sau:
1. Kich ban 1. Hé théng MaMH dugc van hanh trong ba

trudng hop khac nhau, tuong dng véi su thay d6i clia trang
thai khéi dau vé luc cing vat liéu trén hai phan doan va toc
dd goéc cua cudn thu, qua dé cho phép danh gia kha nang
hdi tu trong thdi gian cb dinh ctia phuong phap diéu khién
dugc dé xuit, bat ké trang thai khéi dau.

2. Kich ban 2. Céc tham s6 ctia bo diéu khién dugc Iya chon
khéc nhau trong ba trudng hgp nhdm quan sat anh huéng
ctia ching dén toc do hoi tu ctia cic trang théi.

3. Kich ban 3. So sanh hiéu suit diéu khién luc cing va téc do
dich chuyén vat liéu ctia phuong phap dé xuit véi bd didu
khién Backstepping truyén thong [11].

4.2 Két qua mé phong

4.2.1 Kich ban mé phéng 1: Van hanh hé théng MaMH véi cac
trang thai ban dau khac nhau

Trong kich ban nay, Hé thbng MaMH dudc van hanh véi
luc ciing va van tdc dich chuyén ban diu cda vt liéu khic nhau
dé chiing minh tinh hoi tu thoi gian ¢d dinh bat k€ trang thai
ban dau ctia phuong phap diéu khién dé xuAt.

10
'f
] ’ Fy=10
z w0 —— F1(0) =2
~ 6§ 95 V7 ———— Fi(0) =
LL« : '/’/ — — Fl(O) =6
4 | 9 11 i
Foo 0.05 0.1
2‘ 1 1 1 1
0 0.2 0.4 0.6 0.8 1

Thoi gian [s]
Hinh 3: Kich bén 1 - Ddp ting lyc céng trén phan doan 1
Két qua mod phdng dap ting luc cing & phan doan thif nhit

dugc mo ta trong Hinh 3, Hinh 4 mo ta dép ung luc cing trén
phén doan thi hai. Van tdc géc ctia cudn thu, dai dién cho toc

dd dich chuyén cla bing vat liéu, dugc trinh bay trong Hinh 5.
Cic két qua cho thiy du cac trang thai ban dau ctia hé thong
MaMH (lyc cing, van téc dich chuyén) c6 khac nhau, chiing
van hoi tu dén gid tri tham chiéu tuong tng trong cling mot
thdi gian. Tt d6, tinh hoi tu thdi gian ¢ dinh ctia phuong phap
dé xuét dugc khang dinh.

16
7
1y Fhy =15
g
= o 15 — B(0) =7
£.12 7 memem Fy(0) = 9
= 10l 14.5 IIII P —— FQ(O) =11
X
14 11
gl 0 0.05 0.1
0 0.2 0.4 0.6 0.8 1

Thoi gian [s]

Hinh 4: Kich ban 1 - Dép tng luc cing trén phan doan 2

15 ' i ' !
/ N\
/8 \\
S0 /o \
s 9 P AN
- AN
3 . 0 0.05 AN
Wrd ———— wr(0) =2
. wp(0) =1 ===m==. wr(0) =3
0 0.2 0.4 0.6 0.8 1
Thoi gian [s]

Hinh 5: Kich ban 1 - Pap dng vén tbc ctia géc cudn thu

4.2.2 Kich ban mé phéng 2: Van hanh hé thdng MaMH véi cic
bd tham s6 diéu khién khac nhau

DPE xem xét thém anh hudng clia cac tham sb diéu khién
trong hé théng, chiing tdi thuc hién cic md phong vé6i cuing
mdt diéu kién van hanh va cdc bd tham sb dugc chon khéc
nhau. Trang thdi ban du ctia hé théng MaMH dugc cai dit 1a
F1(0) =4N, F»(0) =9 N va ®,(0) = 2 rad/s véi luc cing tham
chiéu trén hai phén doan lan luot1a Fjy = 10N va Fo; = 15 N.

0
ol
|

4

ki = kip = diag (10,10), kyy = ky = diag (10,10,10), @ = 0.9, 8 = 1.1

s 11 = iy = diag (15, 15) , kyy = kyy = diag (15,15, 15), a = 0.8, = 1.2

ki = kip = diag (20,20) , ko = ka = diag (20,20,20), @ = 0.7, = 1.3

-6 . ) . !
0 0.2 0.4 0.6 0.8 1

Thoi gian [s]

Hinh 6: Kich bin 2 - Sai s6 bam luc ciing trén phin doan 1

Sai s bam luc cing & phan doan thd nhit dugc mo ta trong
Hinh 6, trong khi Hinh 7 thé hién sai s6 bam luc cing & phan
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doan tht hai. Sai s6 bam van téc géc ctia cudn thu dudc trinh
bay trong Hinh 8. Cac két qua cho thiy ring, vdi viéc thay ddi
bd tham sb diéu khién nhu da néu trong Nhan xét 1, chit lugng
ctia hé thong diéu khién dé xuét c6 thé dugc cai thién dang ké,
thé hién qua tbc do hoi tu nhanh vé 0 ctia c4c sai s6 bam. Do
d6, hé théng diéu khién dé xuit c6 kha niing diéu chinh linh
hoat d€ dap dng cic yéu cau van hanh cu thé trong thuc té.

0
L{‘g -2 J
\

i -4 .
ki1 = ki = diag (10,10) , kyy = kyy = diag (10,10,10), a = 0.9, = 1.1
ki = kyp = diag (15,15) , ko = = diag (15,15,15), = 0.8, 5 =1.2

6 ki1 = kip = diag (20,20), ko = kg = diag (20,20,20), a = 0.7, 3 =1.3
- i 1 ] ]
0 0.2 0.4 0.6 0.8 1

Thoi gian [s]

Hinh 7: Kich bén 2 - Sai s6 bam luc cing trén phan doan 2

1 : . . :
2 ot
<
<
M
~-1F 4
e
3
| 2
3 Fuy = kip = diag (10,10), ko = kay = diag (10,10,10), a = 0.9, 3 = 1.1 |
e ey = by = ding (15, 15), & diag (15,15, 15) , @ = 0.8, § = 1.2
ki1 = k2 = diag (20,20), k diag (20,20,20), a=0.7, 3 =13
3 . I I !
0 0.2 0.4 0.6 0.8 1
Thoi gian [s]

Hinh 8: Kich bén 2 - Sai s6 bam vin tdc géc cia cudn thu

4.2.3 Kich ban mé phéng 3: So sinh véi b diéu Kkhién
Backstepping truyén th(")ng

Trong phan nay, chiing t6i thuc hién mo6 phdng so sanh hiéu
suét diéu khién gifta phuong phap dé xuit va bod diéu khién
Backstepping truyén thong, luc cing tham chiéu trén hai phan
doan dudc dit 15 N, van tdc géc tham chiéu tuong tu nhu cic
kich ban trudc. Piéu kién dau clia cic trang thai 1a nhu nhau
dédi véi hai bd diéu khién dudgc trién khai.

15
— 10} Fiy ]
&, Backstepping
< Phwong phap dé xuét
5 J
0 L .

0 0.2 0.4 0.6 0.8 1
Thoi gian [s]

Hinh 9: Kich bén 3 - Dap ting lyc céng trén phan doan 1

Pdp ting luc cing ctia hé thdng didu khién dé xuit va
Backstepping dudc trinh bay trong Hinh 9 va Hinh 10, trong

khi dap dng van tdc géc cudn thu tuong ting dugc trinh bay
trong Hinh 11. Két qua cho thiy hé théng dé xuét c6 kha ning
bam t6t hon diéu khién Backstepping truyén thdng. Cac trang
thdi hoi tu vé gia tri tham chiéu tuong ing mot cach nhanh
chéng, khong xay ra hién tuong vot 16 hay mit 6n dinh hé
théng. Mo-men truyén dong trén cic cudn dudc trinh bay trong
Hinh 12.

16 . T T .
_ 14 Fy 1
& Backstepping
< . Phwong phap dé xuét
10 - - ' -
0 0.2 0.4 0.6 0.8 1

Thoi gian [s]

Hinh 10: Kich bén 3 - Ddp ting lyc céng trén phan doan 2
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= 0 0.05
§ 5 Wrd
Backstepping
Phwong phéap dé xuét
0 1 I 1 1
0 0.2 0.4 0.6 0.8 1

Thoi gian [s]

Hinh 11: Kich ban 3 - Pdp ting van tdc géc cia cudn thu
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Hinh 12: Kich ban 3 - Md-men truyén dong & cac cudn khi van hanh
hé théng MaMH bing hé théng d& xuét

4.3 Thao luin

DPé danh gia dinh luong hiéu suit diéu khién ctia phuong
phdp dé xuét va so sanh véi diéu khién backstepping truyén
théng, chiing t6i sit dung chi s6 RMSE (Root Mean Square
Error) 1am c6 s8 so sanh. Biéu thiic tinh RMSE dugc trinh bay
nhu sau:

RMSE = (19)
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Bang 1: So sanh chi s6 RMSE khi van hanh MaMH béng phuong phap dé xut va bo diéu khién backstepping truyén théng

B6 diéu khién Luc cang phan doan 1

Luc cang phén doan 2

Vin toc goc cudn thu

Backstepping truyén théng 0.0254

0.0085 0.0064

Phuong phap dé xuit 0.0125

0.0056 0.0036

trong d6 n 1a sb lugng di€m dit liéu, n = 7 véi T 1a thoi gian
van hanh va dt 1a thoi gian trich mau ctia hé thdng. e; 1a sai
s6 bam tai cac di€ém dit liéu tuong ting. Trong phan nay, ba
sai s6 bam bao gdm sai sb bam luc cing trén hai phan doan
va sai s6 bam van tdc géc clia cudn thu dugc xem xét. Chi s
RMSE tudng ting véi cac sai s6 bam khi vin hanh MaMH bang
phuong phap diéu khién dé xuit va bo diéu khién backstepping
truyén thong dugc trinh bay nhu trong Bang 1.

5. Két luan

Trong bai bdo nay, mdt phuong phap diéu khién méi dugc
dé xuit cho hé théng xit Iy web da truc. Phuong phép diéu
khién d& xuit bao gdm bd diéu khién luc cing cla vat lidu trén
céac phan doan 1am viéc va tdc do dich chuyén ctia bing vat
lidu. Dua trén luat diéu khién thdi gian cb dinh, sai s6 bam luc
cing va van tdc clia bing vat liéu sé hoi tu vé 0 trong thoi gian
cb dinh, thdi gian hdi tu nay khong bi anh huéng bdi trang thdi
khdéi dong ctia hé thbng MaMh. Cic két qua mo phong ciing
cho thiy su vugt trdi ctia phuong phap nay so vé6i diéu khién
backstepping truyén théng. Trong tuong lai, ching toi s& xem
xét céc tac nhan gy bt 16i cho hé théng MaMH nhu nhiéu
loan bén ngoai, su bat dinh thong s mo hinh.
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