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Piéu khién luc cing két hop bu thich nghi thanh phan m6 men quén tinh 16 vt liéu
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Abstract

A roll-to-roll system which is a flexible multi-shaft web transport systems is very common in the industries such as paper,
metal processing, polymers or fabric and so on. However, web tension and speed controls of the roll-to-roll system are
difficult because of the nature of the system including multi-input multi-output, time variance, and nonlinearity. In this paper,
modeling and controling problems of the multispan roll to roll systerm are investigated. From the governing equations of the
web dynamics, a backstepping based controller with Neural RBF for web velocity and tension regulation is developed. The
neural network design is based on the Radial Basis Function network that estimates the uncertainty of roll inertia. Simulation
results show the effectiveness of the proposed approach.

Keywords: Web Tension Control, Web Transport Systems, Multispan Roll to Roll (R2R) Systems, Backstepping controller,

Lyapunov Stability Theorem, Neural Radial Basis Function (RBF)

Tém tit

Hé cuon lai trong hé van chuyén vat liéu dang bang 1a mot
trong nhiing hé truyén dong nhiéu 16 vat liéu va 16 dan phiic
tap duoc tng dung rat phd bién trong cong nghiép hién nay
nhu trong nganh gidy, phim nhya, dét may... Tuy nhién, hé
cudn lai c6 nhiéu 16 dan 1a mot hé théng c6 nhiéu dau vao va
nhiéu dau ra, phi tuyén cé tham sé bién thién, do do viéc
thiét ké didu khién hé thong gap rat nhiéu thach thic. Bai
bao xay dyng mé hinh toan hoc dang tong quat va dé xuit
phuong phép diéu khién hé cuon lai c6 nhiéu 16 xem xét dén
anh huong cia nhidu bén ngoai tac dong vao: co cau quay
cua 16, bién dang trong qua trinh quay cua 16 vat ligu.... Bo
diéu khién duoc thiét ké dua theo phuong phap diéu khién
Backstepping két hop thuat toan bu thich nghi thanh phan
md men quén tinh 16 vat liéu sir dung mang Neural RBF,
dam bao cho hé théng 6n dinh, luc cang va van téc dai bam
s&t véi gia tri dat. Tinh én dinh cua hé thng duoc ching
minh dya theo tiéu chuan Lyapunov. Cac két qua md phong
trén phan mém Matlab Simulink da cho thiy dugc tinh ding
dan cua phuong phap dé xuat.

1. Giéi thiéu

Hé van chuyén vat liéu dang bang rat phé bién trong cong
nghiép hién nay [1][2] nhu trong nganh gidy, phim nhya, dét
may... Vit liéu dang bang sau khi ché thanh pham va dugc
cudn lai thanh nhitng 16 vat liéu, sau d6 sé dugc dua tdi cac

may cit cuon lai (R2R) dé chia nho, hoic in an [3][4], [5].--
Hé R2R la mot trong nhitng hé truyén dong phuc tap nhiéu
16 c6 tinh phi tuyén manh, chiu anh huéng cua nhiéu loai
nhiéu, dac biét khi hé théng hoat dong ¢ toc do cao[6]. Thém
vao dé, trong qué trinh van hanh thuc té, do anh huong boi
nhiu va tham sb bién thién, chat lwong hé théng bi anh
huong. Mat khac cac bo diéu khién kinh dién nhu PID
[71,[81,[9], va [10] dugc thiét ké cho ddi twong c6 mo hinh
toan hoc vai gia thiét tham sé hang dan t6i chua dap wng tot
su bién thién d6. Thém vao d6, hé théng thuong duoc tich
hop thém cac bo bu hoic cac khau chinh dinh bang tay dé
dua hé théng vé diém lam viéc 6n dinh méi, diéu nay gay
khé khin cho ngudi van hanh va 1am giam nang suat cua hé
thdng. Do vay, viéc xay dung bo didu khién linh hoat hon va
khic phuc duoc céc yéu td bat loi trén 1a diéu can thiét.

Pé diéu khién dugc hé thong nay thi mot trong nhiing cong
viéc quan trong dau tién 1a phai xay dung mé hinh toan hoc
chi tiét cho h¢. Tuy nhién cac mod hinh toan hoc hién nay déu
dua vé dang ly twong[11], bo qua rat nhiéu yéu té tac dong
vao hé thong nhu gia thiét cac con lan khong tai, bo qua su
truot va bién dang cua vat liéu, luc va ma sat & loadcell
khéng dugc tinh dén, do d6 c6 thé gia thiét day la hé cat
cudn lai mot doan[12]. V6i mo hinh hé cit cudn lai mot
doan, cac giai phap diéu khién phi tuyén hién dai nhu dléu
khién diéu khién truot, diéu khién mo[13], [14], va [6] ..

duoc ap dung nham nang cao chét luong diéu khién cua cac
hé théng cuon lai. Cac thuat toan didu khién trén tuy c6 thé
nang cao chat lugng, nhung van chua xem xét dén sy bién
thién cua cé4c thdng s6 dong hoc dbi twong. Thuat toan diéu
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khién Backstepping [11],[15], va [16] cho hé thdng cudn lai
da phan nao cho thay chat luong va tinh 6n dinh cua hé duoc
dam bao, tuy nhién chua xét cho hé théng vai nhiéu 16 dan
chu déng va 16 bi dong.

Tir cac phan tich & trén c6 thé thiy viéc xay dung md hinh
toan hoc sat véi thuc té va thiét ké mot bo diéu khién hé
cudn lai nhiéu 16 dan cé tinh phi tuyén, tham sé bién thién la
didu cip thiét. Bai bao nay dé xuat mot phuong phap tong
quat héa xay dung md hinh toan hoc cho hé cudn lai nhiéu 16
dan va thiét ké bo diéu khién thich nghi dua trén luat diéu
khién Backstepping két hop mang neural RBF dam bao cho
cac he thdng on dinh bén viing véi cac anh huong cua tham
s6 bién thién.

2. Mo hinh toan hgc ctia hé cudn lai nhiéu 16
dan

Hé théng cudn lai nhiéu 16 dan c6 thanh phan chinh 1a 16 to,
16 cudn va nhiéu céc 16 dan bi dong va chu dong duoc lién
hé véi nhau qua 1 ban vat liéu dang bang c6 d6 dai nhat
dinh, truyén dong bang nhiéu dong co dién dwoc ndi cing 16
nhu Hinh 1.

Hinh 1: M6 hinh hé cuén lai nhiéu 16 dan

M6 hinh toén hoc caa hé théng van chuyén vat liéu dang
bang duoc xay dung dua trén dong luc hoc cua cac doan vat
liéu va déng luc hoc cua céc 16.

2.1. Bong luc hoc cha doan

Dé xac dinh phwong trinh luc cing cua doan vat liéu gitra 2
16 dan lién tiép, ta s& xét mot truong hop cu thé 1a doan vat
ligu gira 16 vat liéu va 16 dan 1 nhu Hinh 2 :

Vi \Z1

Lé té Lé din 1

Hinh 2: Poan vt ligu giira 16 té va 16 din 1

Theo[17], ca&c md hinh vé van chuyén vat ligu dang bang
tinh toan luc cang dya trén 3 dinh luat vat Ii chinh: Dinh
luat bao toan khéi lwong; Binh luat Hooke’s;Pinh luat Cou-
lomb, ta co:

Ldt,

—L=ES(v -v )+vt —vt

" (v, -v,) +vt, -, )

Phuong trinh (1) cho ta mdi quan hé gitra luc cing va vén
téc doan vat liéu gitra 16 t& va 16 dan 1. Cong thic nay ciing
dung trong truong hop doan vat lidu giira 2 16 lién tiép.

2.2. Pong luc hoc cac 16

2.2.1. Xét1o té

Xét phan t6 khoi lugng nhu Hinh 3 véi do day mdi lop vat
licgula a=d,, chiéu rong 16 t& 1a w, ta co:

dm = pdV = pzrd w 2

Hinh 3: Momen quén tinh trén 16 t&
Tai thoi diém ban dau khi 16 to chua to vat ligu, r,(0) =R, Véi
r,1a ham ban kinh theo thoi gian, J,, 1a momen quén tinh
dbi vai 16 ¢6 16i bang thép:

Ju(t)zJu0+%pW7r(ru4(t)—R:) 3)

3,(0) = 2mwpr} O, (1) 4)
Xét diéu kien do day 1op vat liéu a rat nho, ban kinh 16 to s&
thay d6i cham, do d6 ta coi goc quay dwoc (rad) cua 16 to 1a
s6 nguyén duong lan 2z Khi d6 ta c6 [18]:
£ () = —a —u (5)

27rr
Phwong trinh bién thién momen dong hrong[19] dbi véi 16 to
trong Hinh 2, chiéu cac vec to 1én truc cua 16 t&, chon chieu
duong 1a chiéu cua vec to téc do ta co:
d(‘]uwu)/dt:MtuiMuiMcu (6)

Trong d6: M, la momen dan dong trén truc cua 16 t&, M, 1a
momen cua lyc cang tac dung [én 16 té, M, 12 momen do luc
ma sat tac dung Ién tryc 16, M,, =b, @, VSib, Ia h¢ s6 ma

sat truot.
Véi v, = a1, taco:
d dv. v,dr,
Yo, _ 4V, _ e @
dt  rdt r.dt
Do md men quén tinh cua 16 to bién thién theo thoi gian, nén
tur (6) tacé:

dJw,) J,do, L9 dJ
uvtu/ _ Mu — _ —b 8
dt dt tir u fua)u ( )
Thay (4), (), (7) vao (8)
av v, av? ]
J —+=tr,-M —-b, Lt-—L(L-2 2 9
u rudt t:lru u fy ] 27Z'ru ( uz ”Wpru ) ( )

Phuong trinh (9) cho ta mdi quan hé giira vy Vi bién diéu
khién Mytrén 16 to

2.2.2. Xét16 cugn

Véi m, la momen dan dong trén truc 16 cuon, M, 12 momen

lyc ma sat tac dung 1én 16 cudn, ta c6 phuong trinh bién
thién mé men dong lugng trén 16 cudn:

dJ,w,)/dt=M, -M_, -M, (10)
Tuong tu nhu (3) ta co:
3,0 =3~ 5 P ® - R) (12)
Tuong tu nhu (24) ta ciing cc’r
3 em b, Y I (12)
dt ‘

27z'r

rr r r
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2.2.3. Xét 16 dan chii djng:

Lé cujn

Lédin 1

Hinh 4: Momen cia ngoai luc tac dung Ién 16 cusn va 16 dan

Tuong ty ta c6 phuong trinh bién thién dong luong trén truc
16 dan mot theo Hinh 4 nhung v6i m6 men quan tinh cua 10
dan 1 khéng thay doi theo thoi gian:

Jd (e, /dt) =(t, —t,)r+ M, —b, e (13)
Tuong tu ta cﬁng co:
=(t,—t)n+M, —b, Y (14)
rdt i

2.3. M6 hinh toan hoc cho hé cuén lai c6 2 16 din chi
dong

Nhu trén chlng ta da thyc hién md hinh héa cho hé théng
mot cach téng quat bao gdbm 16 t& ra, 16 cuon va n 16 dan chu
dong c6 dan dong bang truc cua dong co, dé tién cho viéc
mo phong nén trong bai béo cdo nay ta s& liy trudng hop hé
théng bao gém c6 mot 16 to, 16 cudn va hai 16 dan cha dong
& gitra nhu trong Hinh 5

[ BO PIEU KHIEN |

Hinh 5: M& hinh hé cuén lai c6 hai 16 chu dong

Ap dung (1), (9), (12) va (14) trén vao md hinh cudn lai c¢6
hai 16 chu dong ta dugc md hinh todn hoc nhu sau:

le—(itl: ES(v, -V, )+V,t, —vit, (15)
dt
det Z=ES(V, -V, )+ Vit —Vyt, (16)
L3d(:t’ =ES(V, -V, ) +V,t, —v,t, (17)
dv, v, av’ J, 2
‘]u rudt _tlru _Mu _bfu E_E(?_Zﬂwpru ) (18)
dv, v,
Jlr_dlt (t,-t)n+M,—b, L (19)
1 1
dv, V.
—2=(t,-t,)r,+M,—b, -2 20
zrzdt (3 2)2 2 fer ( )
v, — g +M, —b, 24 av; (i727rw r?) (21)
“rdt T T Tt r o 2ar r? Pl
Trong do:

t,: lyc cing giita 10 to ra va 16 dan 1[N
t,: luc cing giita 2 16 dan[N]
t, : lyc cing giita 10 cuon va 16 dan 2[N]
v, : van téc dai 16 toi ra[ mis]
v, 1 van toc dai 16 dan 1[mis]

v, van toc dai 16 dan 2[m/s]

v, 1 van toc dai 16 cuon[ mis]

3,3, momen quén tinh 16 t&, 16 cuon | kg/m? |

M, : momen dan dong cia dong co cho 16 to[ N.m]

M, : momen dan dong cuia dong co cho 16 dan 1[N.m]
M, : momen dan dong cua dong co cho 16 dan 2[N.m]
M, : momen dan dong cia dong co cho 16 cuon [N.m]
r, - ban kinh 16 to[m]

: ban kinh 16 dan 1[m]

r, - ban kinh 16 dan 2[m ]

r, : ban kinh 16 cuon[m]

=

: hé sb ma sét 16 to [Nms |

u

. - hé s ma sat 16 dan 1] Nms]

: hé sb ma sét 16 dan 2[Nms |

for

b
b
b
by, : hé s6 ma sat 16 cuon [ Nms ]

E : hé s6 Young dic trung tinh dan hdi vat rin [N/m J

s : thiét dign cua vat ligu[ m’ |

L, : khoang cach gitra 16 t6 va 16 dan 1[m]|

L, : khoang céch gifra 2 16 dan[m]

L, : khoang cach gitra 16 cuon va 16 dan 2[m]

h : do day cua vat liéu[m |

p + khdi luong riéng cua vat ligu [ kg/m” |

w: d6 rong cua vat liéu[ m]

Tu cac phuong trinh (15)-(21) ta c6 thé quy doi tir van téc
dai vé van téc géc nhu sau:

t =, +Cha +Cay (22)
t, =c,@ +Cltm +ctm, + Co, (23)
t, = G, + Ct,@, + C it + C (24)
@, =CpM,, + Cigty + €y, +Cis} (25)
@, = CgM, + Cipty + Gyl +Com, (26)
@, = CyM, + Cppt, + Cply + Cpe0, (27)
@, =CyyM, +Cyly +Cpe0, + C270)r2 (28)
Trong do:
ESr, n ESr, ESr,
¢ =——t,C,=—2,c = G, = ——L
L L% L
[0 :Ll Ce :_r_zlc7 = ESr, Cg=— ESr, ,
L, L, L, L
r, r, ESr, 1
Cg:Eva__Ls Gy = L3 1 Cpp = J
r, 1
CB:I’CM__Ibe’ClS_ WP _1:
N h 1
Cy=——,Cg=—=,Cg=——Db ,Cp=—,
17 3, Cis 3, 19 3, f, 3,
r, r 1
Cu = _3_22’ Cp :J_szcz3 =T J, bfz Cas ‘]_r’
r 1
Cys 1o _J_bf( 1Cx wpr?
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Céc phuong trinh vi phan (22)-(28) thé hién moé hinh toan
hoc cua hé thdng cudn lai c6 hai 16 dan cha dong. Trong do,
cac phuong trinh (22)-(24) biéu dién sy phu thudc 1an nhau
giira cac bién lyc cang ti, to, t3trén cac phan doan vat lidu va
van tdc goc wy, w1, wy, wr ciia cac 16. Cac phuong trinh (25)-
(28) biéu dién su phu thugc cua cac bién van téc géc trén cac
16 vao lyc cing cac doan va bién diéu khién 12 4 m6 men tai
416 My, M1, Mz, M. V6i mong muébn c6 thé dam bao lyc
cang cua tat ca cac phan doan va van téc dai trén cac 16 bam
theo luong dat, ta c6 thé nhan thay sé bién can diéu khién
nhiéu hon céc bién diéu khien, va day chinh 1a h¢ thiéu co
cau chap hanh [20]. Trong truong hop nay, ta s& phai chon
cac bién dau ra vu tién theo yéu cau cong nghg, ta co thé goi
1a vong diéu khién bén ngoai. Cu thé ta gia thiét vu tién diéu
khién lyc cang trén tat ca phan doan dé dam bao chat luong
cua vat lieu can van chuyén, cac bién duoc uu tién diéu
khién s& 12 ty, to, t3. Van toc cua toan hé thdng s& dugc diéu
khién théng qua bién wu tién con lai 1a van téc wo tai 16 2.
Tat ca céc bién con lai dwoc diéu khién theo diéu kién rang
budc dugc xéac dinh va ching minh tinh 6n dinh thong qua
phuong phap diéu khién duoc lya chon, day chinh la vong
diéu khién bén trong. Do d6 ta c6 thé biéu dién mé hinh toan
hoc cua hé théng dudi dang phuong trinh trang thai nhu sau:

X =F(X)+BU (29)
Y =CX
Trong do:
T
t
tz Mu tl
’ Ml t2
X=|lo ;U= Y = ;
’ MZ t3
“ M, @,
W,
_a)f_

_Cla)u +C,Lw, +Co,
c,o, +Ctw +Cit,w, +C,0,
Ce@ + Coly, + Cygly, + C i,

F(X) =| cat, + €@, + Cs0,?
Ci7ly + Cygly + Cromy
Caorlly + Coplly + Cp30,

| Costy + Coly +C0,°

0 0 0 0
0 0 00 1000000
° 000 0100000

B=lc, 0 0 0 [;C= ;

0010000
0 ¢ 0 0

0000010
0 0 ¢ O
0 0 0 ¢

Tir hé phuong trinh (29) ¢6 chira cac thanh phan tich cua cac
bién trang thai, va c6 md men quan tinh cua 16 t& va 16 cugn
thay d6i trong qué trinh hoat (dong, ngoai ra véi cac thay dbi
cua vat liéu va hé van chuyen céc 16 gom 16 vat lidu va 16
dan... Nhu vay ta c6 thé két luan day chinh 1a hé MIMO,
phi tuyén, khong nhitng c6 tham sb bién thién ma con c6 ca
thdng sé bét dinh nén s& gap rat nhiéu thach thac cho viéc
thiét ké diéu khién cho hé.

3. Thiét ké diéu khién cho hé cudn lai cé nhiéu
16 dan

Trong, phan nay, cac tac gia dé xuat phuong phép tong hop
hé diéu khién thich nghi dwa trén thuat toan diéu khién
Backstepping két hop mang Neural RBF [21] dam bdo cho
cac he thong diéu khién 6n dinh bén vitng véi cac anh huong
cua yéu tb bién thién gay nén. Véi déi tuong 1a hé cuon lai
nhiéu 16 dan ¢6 mé hinh toan hoc duoc biéu dién bang cac
phuong trinh (15)-(21), yéu cau cua bai toan diéu khién dat
ra 1a hé théng 6n dinh véi lyc cing trén cac doan va van téc
dai bam sat gia tri dat ma khong bi anh hudng bai cac thanh
phan théng s6 bién thién va bét dinh.

Véi md hinh cu thé (29) ta c6 s& dat ra yéu cau diéu khién
nhu sau:

1) Nhiém vu uu tién bo diéu khién sé& thuc hién la diéu
khién lyc cang ciia ca 3 doan vat liéu ty,ty, t; va van
toc dai do 16 dan tht 2 1am cha cho ca hé théng
Nhiém vu tiép theo can thyc hién la van téc dai cua
cac cuon con lai s& dugc xac dinh qua ham phu
thudc.

Hai nhiém vu diéu khién duoc thé hién qua Hinh 6 nhu sau:

___________

2)

1
1 1
1 . N 1
. Lodan1 Lodan2 | v
' biéu khien bieu ! '
! t; va dam khién v, !
Lot i bao v; theo | A A
2 Loto ' ham  phu H 'ALo cu_,o;n
biéu khién t; ! : I Piéu khién tz

va dam bao v,
theo ham phu

va dam bao v,
theo ham phuy

Hinh 6: Nhiém vu didu khién luc cang va van téc dai cho cac 16
3.1. Thiét ké bp diéu khién Backstepping

Céc budc thiét ké theo phuong phap backstepping[21][22]
va [23] dam bao cac yéu cau diéu khién Hinh 6 nhu sau:
Xac dinh cac tin hiéu sai léch:

Aty =t —T, (30)

At, =t,—T,, (31)

A, =t,—T, (32)

Aoy, =a,-F, (4,0,0,) (33)
Aw, = F,, (.ot @) (34)
Ay, = o, —W,, (35)

Aw, =0, -F, (4,0, o,) (36)

Nhiém vu thiét ké dua trén ky thuat Backstepping ta s& xac
dinh cac ham cho 4 bién diéu khién My, M2, M2, M; cac ham
phu thuoc F. F. F

[er) O "
Ta sir dung tiéu chuan on dinh Lyanpunov dé xét tinh 6n 6n
dinh cua hé thong, lay dao ham cua (30) két hop véi (22) va
(33) ta dugc phuong trinh nhu sau:

Aty =t -T, =c,(Aw, +F O (4, @, 0,) +C Lo, + e, (37)
Chon trng vién ham Lyapunov (CLF) thu nhét v, 1a:
V —

Atz 38
: (38)

Dao ham hai vé phuong trinh (38) ta c6:
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V, = AtAL, = Aty (6 (A, + F,, (t.o.0,) (39) K v, [Wowr&] |+ [ 'L‘: —==3
, +C2t,1601 + Cga)l) > drive := 0to
O day ta chon: T ! »
1 Bo didu | M ! - [ENCAL
F,, .o, 0,)= 7C_(C2t'lw1 + G, + kAL, — Awy,) (40) T Khién Z/Irio\,tgr& ' Lo dan 1
. ' N . 3 “ »| Back- |
Pam bélO tinh XéC dlnh am Cﬁa V1 ta co: stepping M: NoToT&: : v,
. 1 Vg »lirive » Lodin2
V, =t (C (0, ——(C,tm, + o, +Kit)) — @) + Ctiw, + Ca) T_> : —>
3d M, H
= _kt? ’ Motor&| |
=—kt’y < (41) — drive | L6 cuon
Lam tuong tu cho (31),(32),(33),(34),(35),(36) ta co: > e
1
kK, At t | WTS i
1
F(Um (o, @) =———2 L Awy (42) WolnWWr - mmmmmmm s !
C, + CSI1
F,. (o, 0)= _ KAty + Gty 0, + Gy, - Ao, (43) Hinh 8: So db cdu triic cua hé thdng diéu khién cho hé cuén lai ¢6 hai 16

Ciy +Cly

=——(Cyat, + Ca, +015 F (t1 o, 0,) +KAw,) (44)

F (t,, 0,4, @) + kAwy) (45)

1
M, =- o (Cirty + Cigty +Cig, — w

16

——(Cyut, +Cpty — Wza +Cp0, +KA®,,) (46)

20

M, = _i(czsts + Ca; +Cz7a)r2 (ty, @, @,) + k,Aw,,) (47)
Co4

V6i kg kg, k, 1a cac so dwong, ¢, —c,, dugc Xac dinh trong
muc 2.3 va J,,J, duoc tinh theo cong thac (3) va (11).

{ud

2
Phuong
trinh (40) M,

ty,t2, Wy, W1 W)

on Dws Phuong
wong trinh 45) |1 M
trinh (42) H—>
|
A 1
1
|
1
Phuong trinh (46) !
IMZ
|
t2,t5, W0, W1.W2 '
1
|
1
13,Wwr, W2 :
Phuong |
1 Mr

trinh (47)

Céc bién phan hoi trang thai tir hé thong

Hinh 7: So db c4u tric chi tiét cua bo didu khién Backstepping cho mé hinh
cudn lai 2 16 dan cha dong

dén chu dong

Tu (40) ;(42) ;(43) ;(44) ;(45) ;(46) ;(47) ta co ciu tric cua
hé thong dleu khién cho hé cuon lai hai 16 dan dong nhu
Hinh 8 va cu trdc chi tiét bo diéu khién nhu Hinh 7 duoc
thiét k& cho mo hinh (29).

3.2, Sfr‘dl_mg mang Neural RBF dé bu thich nghi thanh
phan mé men quén tinh trén 16 vt li¢u

Bo dieu khien duoc thiét ké phu thuc vao rat nhiéu thong s6
cia md hinh J,,3,,¢, >c,, . Trong d6 J,,J, 1a cac tham s
bién thién theo thoi gian duoc xé4c dinh qua cong thic (3) va
(11). Va vai cach tinh nay ta phai c6 gia thiét 16 vat liéu tron
déu, ham bén kinh theo van téc dugc phan hdi chinh xéc kip
thoi. Tuy nhién trong thyc té, viéc xt ly va cudn céc 16 van
liéu gap rat nhiéu yéu t bét loi [24],[25] 1am cho cac 16 vat
lisu nay khong tron didu Iy twong. Vi vay viéc tinh
J,,J, theo (3) va(11) s€ ko chinh x&c va viéc cap nhat cac gia
tri nay trong bo diéu khién 1a rat khé thuc hién. Sai léch nay
s& anh huong dén chét lugng diéu khién, trong mot sé truong
hop c6 thé s& 1am cho hé mét 6n dinh.

Dé khic phuc van dé trén, cac tac gia d& xuat mot phuong
phép bl anh huéng cua sy bién thién cac tham sb trén dya
trén mang RBF véi dau vao cua mang 12 o, @, va dau ra la
md men quan tinh J,,J, (xac dinh duong va bi chan). Viéc
két hop giita bo diéu khién Backstepping va bo bu thich nghi
md men quan tinh 16 vat liéu s& tao ra bo diéu khién thich
nghi vai tham sé bién thién va dam bao tinh 6n dinh caa hé
thong.

Nhiém vu cua mang RBF duoc huin luyén dé sao cho hé
thong 6n dinh va cac sai léch mong mudn vé 0, gia sir J,,J,
duoc tinh toan bai hai mang neural RBF[23] cé dang:

3, =WTh,
w = 48
{Jrzwﬁh, (48)

%rw@—%WJ

o] L

- 4o
2b?

(49)

h, =exp| -

]

Trong d6: W, W, 1 trong sb ‘ly tuong’,h,,h, 1a ham co so

(Gaussian Function) twong ung cua hai mang neural RBF,
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,,0, 1a cac ddu vao ciia mang neural RBF, g;,q,,,q,,0,; 12
tam cta ham co s6,b,,b; la bé rong ctia ham ctia ham Gauss.
Do hy,h; dugc xac dinh theo cong thirc (49) nén dau ra uéc
lugng ctia mang nhu Hinh 9 va c6 dang nhu sau:

Hinh 9: So d5 mang Neural RBF

J, =W,h,
J. =W'h

(50)

Trong d6:W, W, la cac trong s6 danh gia dugc higu chinh
trong qué trinh huan luyén mang. Sai léch cua trong s6 danh
gié so véi trong so ly tuong:

{Wu W W,

S (51)
Wr :Wr _Wr

Véi J,,J, wéc lugng qua RBF thay cho J,,J, duoc tinh tir

(3) va (11), cac phuong trinh cua bo diéu khién duoc thiét ké
trong muc 3.1 la My, M, s& duoc viét lai nhu sau:

M, = _Ai(613t1 +C,0, + €0, - Fo (t,o,0,)+ KAy, )

C12 (52)
M r= _éi(ézsts +Cpe, +Cpy0, — Fm,d (t;, 0y, 0,) + kA, )

24
Nhiém vu thiét ké 1a ta phai di x4c dinh duoc ham trong sé
dé hiéu chinh trong qué trinh huin luyén véi diéu kién tién
quyét dam bao tinh 6n dinh cua hé thong va sai léch (51) dat
cuc tri. Pao ham hai vé (33) va (36) két hop thay thé véi 2
phuong trinh (25)va (28) va (52) ta c6:

Aa.)su :J_uliw (ti’wliwu)_J_uk4(Awsu)
3, 3,
A A (53)
A J,
Aoy, = J_ Fm,d (t3| a)szr) _J_k7 (Awsr)

Tuong ty ta chon ham diéu khién Lyapunov cia LCF Vi
tirng ham cua (53):
1 1

Vu = E JuAa)szu +E(V\7uT Fuiwu) (54)
P
Vr :E JrAa)sr +§(Wr Fr ]\Nr) (55)

Tuong ty dao ham (54) va (55), dé V, V. xac dinh am ta
chon ham diéu khién véi luat didu khién nhu sau:

W, =— FRE, (., o)As, (56)

V\A/r =—FhF (t;, 0,0, ) Ao, ;

NF,, (57)
Trong do:

J,: dau ra uéc lwong cuaa mang neural

J_: dau ra woc lwong caa mang neural

F, F. : matran don vi

¢,;¢,, duoc tinh lai theo J,,J,

Nhu vay bo diéu khién Backstepping dugc thiét ké dugc
thiet ke trong muc 3.1 s& dugc tich hop thém phan bu thich
nghi J,,J, dya trén RBF nhu sau :

T | Bo didu khién |
| Backstepping M| He dong Ha 4
Tzd : :Ml o & 3
! ! driver CU_Qn,
Ta_.‘i ; M, lai c6 2
Wag M, 16 din
2d ! ! ﬂ
a '\'\ | chu
| \ | dong
: Ii E Vi
| RBF |

Neuron |[J.J;

____________________

t1, t2, 13, Wy, W1, W2, Wr

Hinh 10: So d cAu tric bo diéu khién Backstepping két hop bo bu thich
nghi md men quan tinh 16 vt liéu st dung Neural RBF

4. M0 phéng hé thong
Dé kiém ching hiéu qua thuat toan dé xuit, ta s& tién hanh

mo phong trén phan mém Matlab/Simulink véi thong s6 mo
hinh tham khao theo [11] dugc dé cap trong Table 1:

Table 1: Bang thong sb cia mé hinh

Ky hiéu Théng sb Gia tri [don vi]
Ruo Ban kinh ban dau 16 t& 01m
Juo Momen quan tinh ban déu 16 0,015 kg.m?
to
bfu Hé sb ma sat gifra vét lidu va 0,0002533 Nms
16 t&, 16 cudn
Reo Bén kinh ban dau 16 cuon 0,05 m
Jo Momen quén tinh ban d4u 16 0,005 kg.mz
cudn
R.R, Ban kinh 16 d&n 0,05 m
Jid, Momen quan tinh 16 din 0,005 kg.m?
b. b Hé sb ma sat vat lidu véi 16
Tt dan 0,00028 kgms/rad
w Do rong 0,3m
h Do day 0,00005 m
L,L,,L; | chidu dai cac doan vat lidu 0,4m
E M6 dun dan hdi vat lidu PET 2,5.10° N/m?
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4.1. Truwong heop 1

Gia thiét hé c6 cac 16 tron déu, md men quén tinh cua cac
cuon thay doi tuyén tinh theo téc do cua 16 to va 16 cuon
dugc tinh theo (3) va (11). Két qua md phong sir dung sir
dung bo diéu khién Backsteping cho hé cudn lai c6 2 16 dan
gia thiét nhu sau:

10 —Luye cing djt

-~ —Lue ¢ing trén doan 1
£3 —Lurc ciing trén doan 2+
;‘5 Lare ciing trén doan 3
w6
4]
w
=4

2

0

0 2 4 6 8 10 12 14

Théi gian (s)
Hinh 11: Lyc cang trén tang phan doan khi s dung Backstepping
2 - Viin toe dii dit cho 16

‘‘‘‘‘‘‘ Vin toc dai trén 16 té
Vin tbe dai trén 16 din 1

~15 yd ™, Vin the dii trén 16 din 2
3 ,/" . |=—Vin tée dai trén 16 cujn
o0 / N
a1 ’ N,
=205 N
\\
AN
[' 3 . IS———— |
0 2 4 6 8 10 12 14
Thai gian (s)

Hinh 12: Van téc dai trén tung phan doan khi sir dung Backstepping

Céc gié tri dau ra mong mudn nhu lyc cing cac doan trong
Hinh 11 va van téc dai cua céc 16 trong Hinh 12 déu bam sat
gia tri dat ban dau. Trong do6 thoi gian qua do khoang 0.8s,
khi khoi dong, dac biét luc cang trén cac doan khong xuit
hién d6 qua diéu chinh, day 1a yéu cau quan trong hang dau
khi didu khién luyc cing, nham dam bao chét lwong cudn
khbng bi mop mép, vét liéu bi nhan nhum hoac ran dut.

15 —Viin the goe cua 1d to
> Viin toc goc cia 1o cudn

Z30

2
= 25
=

0 2 4 6 8 10 12 1.4
Théi gian (s)

Hinh 13: Téc d6 géc cua 16 to ra va 16 cudn khi sir dung Backstepping

40 / - N
\

—— Viin toc goc cia 16 din 1
Viin tée goe ciia 16 diin 2

Q N

230 e \

L d \\

2 / N\

2 S

5020 v AN

o /s \\
2 // "

‘-;' 10 // \\

- y N

/ \
0 S
0 2 4 6 8 10 12 14
Thai gian(s)

Hinh 14: Téc d6 goc cia hai 16 dan cha dong khi sir dung Backstepping

Két qua mo phong ciing chi ra tinh dung din cia mé hinh
toan hoc duoc xay dung khi téc d6 goc cua cac cudn va 1o
duoc thé hién trong hinh Hinh 13 va Hinh 14

Tai thoi diém bat dau van chuyén, ta gia thiét 16 to ra c6 ban
kinh 1é6n hon 16 cudn vi vt liéu dang dugc cudn trén 16 to.
Do d6 khi hé bat dau van chuyén vat liéu, 16 to ra s& c6 tdc
d6 goc nho hon 16 cudn, va trong qua trinh van chuyén téc
d6 cua 16 to s& tang dan va 16 cudn s& giam dan nhu hinh
Hinh 13. Véi van toc goc cua hai 16 dan s& khong thay ddi
do ban kinh khong d6i trong qua trinh van chuyén, két qua
md phong van téc goc cua hai 16 dan di dwoc kiém ching
trong Hinh 14.

4.2. Trwong heop 2

Dé kiém chimng kha nang bu cia RBF, ta gia thiét hé 6 16 to
khong tron déu 16 to [24] va [26]. C6 rat nhiéu nguyén nhan
gay ra nhung bat thuong nay, vi du 16 khong tron déu trudc
khi cuon vat liéu 1&n hoic trong day chuyén cell khi 16 to co
doan vét liéu bi trung lai tai mot vong, lam cho ban kinh tai
diém d6 thay d6i so voi cac diém khéc. Ta s& coi d6 1a yéu to
bat dinh cua md men quén tinh 16 t& ra. Dé tién hanh mo
phong ta s& gia thiét c6 nhiéu mé men quan tinh cua 16 t&
thay ddi nguyén nhan do 16 vat liéu khong tron déu va cé
ban Kkinh thay nhu Hinh 15.

01— =]

E 0.099 T~

2 -

S 0098
.

E 0.097

-

=

5 0,09 -

3 0.09 ~

0.095 S
0 2 4 6 8 10 12 14

Thai gian (s)

Hinh 15: Gia truong hop 16 tron déu va 16 khong tron déu c6 gia tri ban
kinh thay doi tai thoi diém 5s va 10s

4.2.1. Xéttrwong hop bé diéu khién chwa c6 by bu RBF

12

11 Lue cing dit
? 10 —Luye cing tr(:en doan 1
et —Luye cing trén doan 2
= Lue cing trén doan 3
w 9
v
Es
-

7

6

2 4 6 8 10 12 14
Thivi gian (s)

Hinh 16: Gia tri lyc cang khi chwa c6 bo b RBF
1.996

—Vin tbe dai trén 16 to
1.9955

)
=
h

1.9945 |

oc dai (m/s)

]
=
4

Vin té

' 1.9935
1.903 |

0 2 4 6 8 10 12
Thoi gian (s)

Hinh 17: Gia tri van tdc dai trén 16 t& chua ¢6 bo bu RBF
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Khi c6 thay d6i ban kinh 16 dan s& dan dén thay d6i mé men
quan tinh cua 16 to, va lam anh huong dén dép tng luc cing
dau ra. Két qua md phong d chi ra bién thién luc cing va
van téc dai tai cac diém co su thay doi cia md men quén tinh
trén cudn khi chua ¢6 RBF nhu trong Hinh 16 va Hinh 17.

4.2.2. Xéttrwong hop bé diéu khién c6 by bU RBF
Dép ing dau ra cua hé théng khi c6 bo bu sir dung RBF nhu
trong Hinh 18 va Hinh 19:

12 . -

L cing dat
— Lue cing trén dogn 1
— Lure ciing trén dogn 2
Lure ciing trén doan 3

=

oo

Luwc cang (N)
e

-

o

0 2 4 6 8 10 12
Thoi gian(s)
Hinh 18: Gi tri luc cang khi c6 b bu RBF

Vin toe dit
—Vin the dai trén 16 té
—Vin tc dai trén 16 din 1
Vian tde dai trén 16 din 2
Vin tée trén 1o cugn

[

Vin te dai (m/s)
- in

=
in

0 2 4 6 8 10 12 14
Thai gian (s)

Hinh 19: Gia tri v& van tdc khi c6 RBF

Tir Hinh 18 ta thay lyc cang trong truong hop 16 to& khong
tron déu van duoc bl va ¢ dap ung bam véi luong dat, dam
bao d6 qué didu chinh nho nhat, luc ciang cudi cung T3 van
bam dugc gia tri dat, thoi gian qua d6 khoang 0.8s, khong cé
d6 qué diéu chinh. Két qua mo phong cho thay rd vai tro caa
viéc bu mé men quan tinh.

Van téc dai cua céc 16 vat liéu va 16 dan van bam theo gi4 tri
dat Hinh 19. Két qua mé phong chi ra van téc dai van bam
gia tri dat khong c6 d6 qué diéu chinh.

Qua két qua trén Hinh 18 va Hinh 19 cho ta thiy duoc tinh
dung din cua thuat toan uéc luong st dung mang neural
RBF. Két qua danh gia thanh phan bat dinh nay s& duoc cap
nhat lién tuc 1am co s¢ dé tong hop tin hiéu diéu khién cho
bo didu khién phdi hop giita Backsteping véi RBF cho h¢
cuon lai gitp cho c4u tric didu khién mang tinh thich nghi
véi cac su bat dinh ton tai trén hé.

5. Kétluan

Bai bao d4 xay dung md hinh toén hoc tong quat cho hé
cudn lai nhidu phan doan c6 xét dén tinh phi tuyén va tham
s6 hé thdng bién thién. M6 hinh nay sau d6 duoc sir dung dé
thiét ké bo diéu khién phi tuyén tap trung dua trén ky thuat
Backstepping. Thém vao d6, dé thich nghi véi su thay dbi
cua thanh phan mé men quén tinh 16 to va 16 cudn, bai bao
d4 dé xuat sir dung mang Neural RBF. Thuat toan cap nhat
trong s6 mang Neural RBF da dugc ching minh dam bao

tinh on dinh cua hé théng. Cac két qua mo phong da chi ra
tinh on dinh, kha nang thich nghi voi sy thay d6i cua tham
s6, kha nang bam tin hiéu dat cia dau ra h¢ thong khi sir
dung cac bo didu khién dé xuat.

Trong thoi gian tiép theo céc tac gia s& tap trung thiét ké va
xay dung hé thong thuc nghiém cho hé cudn lai nhiéu 16 dan,
dé thir nghiém va danh gié céc thuat toan dugc dé xuit &
trén. Viéc str dung bo quan sat luc thay thé cho cam bién lyuc
cang trong hé thdng ciing s& dugc xem xét danh gié.
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