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TOM TAT

Trong nghién ctru nay, chidng téi phat
trién mot phuwong phép diéu khién thich
nghi cho cum quén vét liéu trong céc hé
théng van chuyén vét liéu mém (vai, thép
can mong, plastic, day thép v.v.). C6 hai
gidi thuat diéu khién thich nghi dwoc phéat
trién cho hai muc tiéu 1a khir dao déng trong
mat cdt ngang cua vat liéu va diéu khién
van téc quén liéu. B6 diéu khién khir dao
dong duoc thiét ké véi sw xem xét anh
hwéng cta lwc cang cua véat liéu (ma gia trj
phu thuéc vao toa dd va thoi gian), va sw
thay dbi theo thoi gian cia vén téc vén
chuyén. Thém vao dé, bo diéu khién dao

dong sé thich nghi véi sw khéng biét trudc
cla khoi lwong trén mot don vi chiéu dai
cua vat liéu. Bo diéu khién van téc cua truc
quén hoat déng duéi dnh huéng ctia nhiéu
va sw chwa biét trwéc hé sé ma sét tai truc
quén. Hé théng van chuyén duoc mé hinh
héa bdng phuong phép két hop céc
phuwong trinh vi phan dao ham riéng va
phuwong trinh vi phan théng thwong. Dya
trén phuwong phap Lyapunov, én dinh tiém
cén cla hé théng van hanh véi luat diéu
khién dao déng va diéu khién véan téc duoc
chiing minh. Hiéu suét cda bo diéu khién sé
duoc kiém chirng théng qua mé phéng.

Twr khoa: Piéu khién thich nghi, phwong phép Lyapunov, phuong trinh vi phan dao ham

riéng, hé théng roll-to-roll, diéu khién dao dong.

1. GIOI THIEU

Trong thuc té, nhidu nganh céng nghiép s
dung hé théng van chuyén cac vat lieu mém
chang han nhu gidy, soi dét, kim loai, polymers,
va c4c vat liéu composite. Trong céc hé théng
nay, viéc sir dung cac hé thng tir truc t6i truc
(roll-to-roll, R2R) 1am nang cao hiéu suat, téc

d6 san suat, va chat lugng cua san pham [1].
Cac hé théng van chuyén vat liéu mém va céc
van dé diéu khién da dugc nghién ctru trong mot
s6 tai liéu [2-10]. Hau hét cac nghién cau trén
hé thdng R2R tap trung vao van d& diéu khién
luc cang va diéu khién toc do6 cho vat liéu mém,
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va cac nghién ctu nay dua trén nhitng mo hinh
dong luc hoc st dung phuong trinh vi phan
thong thuong (ordinary differential equations,
ODES) Véi gia sir rang tat ca cac théng sé trong
hé théng déu xac dinh. Trong thuc té, viéc gia
sir tat ca cac thong sé déu cé thé xac dinh ding
V6i gia tri vat ly thuc 1a khong thé xay ra. Vi du,
hé sb giam chan nhét va cua vat liéu mém 12 rat
kho dé xac dinh chinh xac. Piéu ndy anh huong
dén chét lwong cua qué trinh diéu khién, khi ma
luat diéu khién khong duoc thiét ké duya trén cac
thong s chinh xéc.

C6 rét it nghién ctru phat trién cac bo diéu
khién thich nghi dé giai quyét van dé cac thong
s6 khong thé xac dinh mot cach chinh xac.
Trong nghién ctu cua Pagilla va cac dong
nghiép [9] d4 str dung mot md hinh diéu khién
thich nghi phan tan dé giai quyét vin d& thay doi
duong kinh caa bo cudn va xa liéu c6 ké dén
nhiéu cho mot hé théng van chuyén vat liéu
mém. Tuy nhién, tit ca cac nghién ciu ké trén
ké ca trong truong hop c6 b diéu khién thich
nghi hay khong cé bo diéu khién thich nghi déu
khoéng cht ¥ dén dao dong trong mat cit ngang
cua vat liéu mém. Trén thuc té, chat luong cua
cac cudn quan lién quan dén rung dong theo
phuong ngang va toc do van chuyén vat ligu,
dic biét trong hé théng R2R téc d6 cao [10-32].
Vi ly do ndy ma bai bao hudng téi van dé diéu
khién thich nghi cho qué trinh cuén day trong hé
thdng R2R téc do cao.

Nhiéu giai thuat diéu khién dao dong cua
vat lieu mém trong mat cit ngang st dung tac
dong o bién cua cua hé théng da duoc phat trién
[11-32]. Trong s6 d6, nhiéu bo didu khién thich
nghi d4 dwoc phat trién [12-15,18,22,26-28].
Nhitng nghién ctru nay dé chang to dugc su hitu
ich cua ky thuat sir dung tac dong ¢ bién diéu
khién bién trong qué trinh thiét ké va thi cong.

Diéu nay c6 thé dugc giai thich nhu sau. Luat
diéu khién bién duoc xay dung dua trén ham
ning luong Lyapunov. Luat diéu khién nay sir
dung hai tin hiéu do & bién cua hé thng 1a do
dich chuyén theo phuong ngang va téc do thay
ddi cua vat lidu. Viéc do cac tin hiéu nay c6 thé
thuc hién mot cach d& dang bang viéc lap dat
c4c cam bién laser ¢ bién. Vi vay, phuong phap
diéu khién bién 1a mot giai phép kha thi dé c6
thé ung dung bo diéu khién duoc phét trién
trong thuc té.

Phan con lai cia bai bao nay dugc trinh bay
nhu sau. Pau tién ching tdi gisi thiéu md hinh
dong luc hoc cua hé thng dugc xem xét bao
gém dong luc hoc cua hé théng van chuyén vat
liéu mém trong d6 bao gém dong luc hoc cua
cum quan liéu trong phan 2. Trong phan 3,
ching tdi trinh bay qué trinh xay dung bo diéu
khién. Dya trén mé hinh dong lec hoc trong
phan 2, phuong phap Lyapunov dugc st dung
dé phét trién luat diéu khién bién thich nghi cho
viéc giam rung déng theo phwong ngang cua vat
lidu véi gia thiét: téc do van chuyén va luc cang
1a cac thong sb thay doi theo thoi gian. Mot luat
diéu khién duoc gioi thiéu dé bu vao khéi luong
chua biét trén mdi don vi chiéu dai di chuyén
vat liéu. Dé diéu khién van téc caa cudn quan
ma chwa biét duoc hé s ma sat 6 bi trong truc
cudn va su thay doi cac thong sé quay trong
dong co, mot luat diéu khién thich nghi ciing
duoc dé xuét. Hiéu suat cua bd diéu khién s&
dugc kiém ching qua mé phong trong phan 4.
Cuébi cung, Két luan s& dugc dwa ra & phan 5.

2. MO HINH TOAN HOC

2.1. M hinh truc cuén

Hinh 1 thé hién so dd cua bd phan cudn
day véi mét xy lanh thay luc duoc thiét ké cho
khir dao dong cua vat liéu. Trong Hinh 1, dit t
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Ia thoi gian, x 1a toa d6 diém doc theo chiéu
chuyén dong ngang cua vat liéu, v(t) 1a van téc
van chuyén cua vat liéu, w(x,t) 1a dao dong trong
mit cit ngang cua vat liéu, va | 1a khoang céch
giita c4c truc ¢ dinh va truc duoc két ndi véi co
cau chap hanh thay luc. Cac dic tinh cua vat
liéu mém dwoc mo ta nhu sau: khdi luong trén
mdi don vi chiéu dai p, mat cit ngang A, module
dan hoi Young E, moment quan tinh | (tinh trong
mit cit ngang vudng goéc véi huong chuyén
dong cua vat liu), va hé sé giam chin nhét c..
Céc thong sb cua co cau chip hanh thuy luc la
khéi lwong cua truc lan bi dong & co cAu chip
hanh thuy lec ma va hé sé giam chan da. Luc
cdng cua vat liéu 1a T(x,t) phu thudc vao vi tri
theo phuwong ngang va thay déi theo thoi gian.
Luc diéu khién fa(t) duoc cung cip dé khir dao
dong trong mat cat ngang cua vat liéu. Dé thuan
tién cho viéc trinh bay, wi(x,t) va wi(x,t) duoc
thay thé bang ky hiéu viét tat wy va wy mét cach
tuong ung.

Nhu trinh bay trong Hinh 1, co ciu chip
hanh thuy lee duoc dat gan cum quén liéu sao
cho khoang cach gitta cum khur dao déng va
cum quan liéu nhé hon nhiéu lan khoang cach
gitta cac cum quan liéu vai céc truc lan cb dinh.
Vi vay, gia sir rang dao dong cua vat liéu chi xay
ra trong khoang giira cac truc ¢d dinh va cum
khir dao dong (dugc xac dinh trong khoang
0 < x <1). Phuong trinh dong luc hoc mo ta dao
dong cuaa vat liéu trong khoang 0< x < dugc
thanh lap nhu sau [17]:

AW, +VW, +2VW,, + V°W
,0 tt X xt XX

—(Tw,), +c¢, (W, +vw,)+Elw,, =0, @
w(X, 0) = w, (x), W, (X,0) = w,, (x), (2)
w(0,t) =0, w,(I,t) =0, (3)
m,w, (I,t) +d,w, (1, t) + T (I,t)w, (I, t) 4)

_EIWxxxx (I,t) - fa(t) =0.

Chia y rang phuong trinh (1) cung céap
thdng tin vé dao dong trong mit cat ngang w(x,t)
cua vat liéu. Pidu kién diu duoc cung cap boi
phuong trinh (2), va diéu kién bién duoc cho boi
phuong trinh (3) va (4). Phuong trinh (4) cling
md ta dong luc hoc cua co cAu chap hanh thuy
luc. Luc cang T(x,t) duoc thay doi theo vi tri

diém va duoc xac dinh boi phwong trinh sau
[29].

T(x,1) =T, + pA(l = x)V(t) (5)

Trong d6 g va To biéu dién gia téc trong
truong va luc cing ban dau & trang thai tinh cua
vat liéu. Tir phuong trinh (5), c6 thé quan st
thay luc cang 1a lién tuc va ¢ giéi han véi moi
x €[0,1] va t €[0,c0]. Tuy nhién, xin hru y rang
khéc voi céc gia thiét thong thuong, luc cing
trong nghién ctu nay s& thay di theo thai gian t
13N vi tri dugc xem xét cua vat liéu x. Chinh yéu
t6 nay s& lam cho viéc thiét ké bo didu khién
khir dao dong phurc tap hon nhung viéc mo hinh
hoéa luc cang chinh xac hon s& va st dung mé
hinh nay cho viéc thiét ké bo diéu khién s& nang
cao chat luong cua bo diéu khién.
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p, El ¢,
y mﬂ’ CLI
w(x,1)
y T | O
: O W) ) - o
Truc 1an ¢o Truc lan tai Cum quan
dinh co chu khtr licu
dao dong

Hinh 1. So dd thé hién mét hé théng roll-to-roll véi cum quén liéu.

4y HE sémasat
h,, by day cta vat liéu
n,, . Bérong ca vat ligu

Hinh 2. Cum quén liéu.
2.2. M6 hinh héa cum quén liéu

Hinh 2 miéu ta mat cit ngang cua cuon
quan liéu dwoc dan dong bai mot dong co dién.
Dit ky hiéu hy 12 bé day cua vat liéu va ny 1a bé
rong vat lieu. J va R 1an luot 1a moment quan
tinh va ban kinh cuén quan liéu. Hé sb ma sat 6
bi trong truc cudn quan 1« dugc gia st chua biét.
Céac anh huong cua cac chi tiét quay (vi du su
mét can bang cua truc dong co, pu li, rotor)
dugc xem nhu 1 nhiéu S(t) . Moment xoén cua
dong co 1a z(t) duoc chon 1am tin hiéu diéu
khién dé duy tri van téc lam viéc cua truc quéan
lidu. Trong khoang tir co cau khtr dao dong toi
cum quan liéu, lyc cang cua vat liéu duoc gia st
1a mot hang sé. Van tc dai ciaa cum quén liéu
dugc xac dinh bang phuong trinh sau [10]:

J o Hi o
V) = =TV - TR+ 5 (1) +2(t) .

h J 2 |y,2
+—2 | ——27zpn_R° |v(t).
ZﬂR(R wpn, j (t)

Phuong trinh (6) ¢6 thé dugc viét lai nhu sau

V(t) =—av(t) + bv’ (t) + u(t) + 5(t) (7
Trong d6
a=pd, )
= h, (i - ZﬂanRzJ, (10)
27R\ R
u(t) = RTT(t) (11)

Trong phuong trinh (7), a 1a mot hang sé
chua biét, va u(t) dwoc xem nhu 1a mot tin hiéu
diéu khién dau vao.

3. THIET KE BQ PIEU KHIEN

Trong phan nay, muc tiéu diéu khién Ia triét
tiéu rung dong trong mat cit ngang cua vat liéu
mém trong khi duy tri téc d6 van chuyén theo
yéu cau. DPé dat duoc diéu nay, hai giai thuat
diéu khién dugc dé xuit riéng biét cho bo diéu
khién khir dao dong va cho bo diéu khién van
téc. Bo didu khién khir dao dong cung cip tac
dong diéu khién thong qua co cau chip hanh
thay luc. Bo diéu khién toc do cho cuén quan
liéu cung cap tac dong diéu khién thong qua
dong co dan dong. Mot luu y rang, tuy van tbc
cua vat lieu duoc didu khién tuy nhién sai sé
sinh ra trong qué trinh chuyén tiép s& anh huong
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dén dao dong trong mit cit ngang cua vat liéu.
Vi vay, trong mé hinh dong luc hoc (1), van téc
cua vat liéu duoc gia sir 1a thay doi theo thoi
gian va yéu té nay s& duoc xem xét trong qué
trinh thiét ké giai thuat diéu khién.

3.1 Thiét ké bp diéu khién khir dao dong

Dé khtr dao dong, mét luc diéu khién duoc
tao ra bai co cau chap hanh thay luc. Luat diéu
khién duoc xay dung s dung dé suy ra cong
thirc cho luc diéu khién nay. Céc thong sb hé
thdng bao gom khéi luong trén mot don vi chiéu
dai p s& dugc sir dung dé xay dung luat diéu
khién. Tuy nhién, trong thuc t& p cd thé khéng
dugc biét mot cach chinh xac. Vi vay, mot luat
wdc lwong duoc xay dung dé dua ra gia trj cua
p. Dya trén téng ning luong cua hé théng, ta
xem xét ham Lyapunov sau:

V(t) =aE,,, )+ E () +V, O +V, (1), (11)

trong do

1 2
Bon (0 = [, plw +v(t)w,)*dx
) . (12)
| |
+—j wadx+—j Elw? dx,
270 270

E..(t)= %ma {aw, (I,t)+(v+ 2[3I)WX(I,t)}2 , (13)

Vi (1) = 28 0, (g + V(B W, ), (14)

%m=$ﬁm. (15)

Vi a, B, va yla cac hiang s6 duong. Sai s wéc
luong dugc xac dinh boi

p(t) = p(t) - p(t). (16)
Trong d6 p 1a wéc lugng cia p . Luat diéu

khién bién thich nghi dugc dé xuat nhu sau

f,(t) =—m, {v(O)w, (I,t) + (av(t) + 281w, (I,1)}
2 Alv(t)

w0 av(t) + 2l

w (1,)5.

17
Trén thuc té, dich chuyén cua co cdu chip
hanh w(l,t) va d6 dbc cua vat liéu wy(l,t) cd thé
do dwoc bang cac cam bién laser va mot encoder
dugc lip vao cum co cau chip hanh
[17,20,25,26]. Van téc co cau chap hanh w(x,t)
va W(x,t) c6 thé thu thap duoc bang cach thuc
hién phép toan dao ham cua w(l,t) va w(lt).
Luat udc Iuwgng sau dugc dé xuat dé uée lwong
giatri p trong luat diéu khién (17).

2o 2BAIpV(t)
p(t) = v+ 281 w, (1,t) {aw,(1,1) )

+(av(t) + 281w, (1,1)}.

Pinh ly 1: Xem xét hé thong (1) véi diéu
kién bién (3) va (4), trong dé khoi lwong trén
mét don vi chiéu dai p chwa biét. Ludgr diéu
khién thich nghi (17) siz dung ludt wée lwong
(18) dam bdo hé theng (1) 6n dinh tiém cdn theo
Lyapunov. Trong dé, dao déng trong mat ct
ngang va sai sé wéc lwong héi tu déu vé khdng
vdi suy giam theo ham mi.

Chirng minh: Str dung luat diéu khién (17)
va luat ude lugng (18), dao ham cua V(t) duoc

tinh nhu sau:

. pel+ BpAv(t)] o 5
V(t) < —{_av(t)_ﬂpA }jo (W, +v(t)w, )2 dx
aT I aEl o1,
_—2 maxxe[o’l] {T} IOTWXdX—T OWxde

—aElv(t)W? (0,t) —(BIT, — BAN )W (1,t)

_( 2B Alv(t)

av(®) + 2f] _ﬂpA'jW‘ (.0

(19)

TRANG 20



TAP CHi PHAT TRIEN KH&CN, TAP 18, SO K5- 2015

Trong do, T duoc xac dinh nhu sau:

. 2B mi

T =M_(2—ﬂl—va)jmaxxé[o,|] {Tx}
a a

E—— _ 2Bl +pAv(t)

o

(20)
Vi gié tri cua To 1a di 16n, ton tai « va S thoa
man nhiing bat dang thirc sau voi moi x [0,1]:
B C,

=< . (21)
a pA+cl+pAv,,

20l <o < Av,y,. (22)

Viax <A/ To/PA. (23)

Zﬂl ir x<[0,1 { } Zﬁl max 24
%—(7 Vminj XE[Ovll{ X} ( )
ol {Tt} 72[( VI ‘V) >O-
max o

Trong d6  van téc gioi han

Viin < V() <Vpey » CAC hang s6 v, VA V., 12

cac dai lwong da biét. Sir dung cac bat ding thic
tir (21)-(24) ching ta co:

V (t) < —A{Ey (1) + E (D). (25)

Trong d6 2 1a hang sb dwong va

C, _ﬁ(pA+Cv| +pAVmin)v

a
T (26)

max, o {T}7
2B(IT, — pAlv
m, (av

A =min

max)

max)

Str dung bt dang thirc Cauchy-Schwarz, cho ta
bit dang thirc sau

(Ol - Zﬂl){Ebeam (t) + Eact (t)} <V (t)
< (a + Zﬂl) { Ebeam (t) + Eact (t)}

Str dung bat dang thuc (27), ching ta thu

(27)

duogc két qua sau:

A

V(t)s_a+2ﬂl

V(1) (28)

Biéu thtrc (28) d4 hoan tit chimg minh cho Binh
Iy 1.

3.2 Thiét ké b diéu khién cho van téc caa
cudn quin

Trén thyuc té, moment diéu khién =(t) duoc
cung cap tir dong co diéu khién dé duy tri van
téc trong cua truc quan liéu. Trong bai bao nay,
dong luc hoc van téc cua cudn quan (7) duoc sir
dung trong thiét ké diéu khién voi tin hiéu dau
vao diéu khién 1 u(t). Bé thyuc thi, moment diéu
khién s& dugc tinh toan théng qua phuong trinh
(10). Gia str rang nhidu &(t) duoc chan bai hing
s6 xac dinh dwong chua biét 0y Sai sé diéu
khién e(t) dugc xac dinh nhu sau:

e(t) =v(t)-vy, (29)
trong d6 vg 1a van téc mong mudbn. Xét ham
Lyapunov sau

V.(0) =%e2(t) +%{é(t) —a)’

. 2 (30)
+16,0-06,) .

trong d6 Aa(t) 1a uéc luwong cua a, va éd (t) la

wdc lwong cua 6. Chon luat diéu khién thich
nghi nhu sau:

u(t) = —ke(®) —bv3(t) + AV -6, (), (31
a(t) = —ev(t), (32)
0, () = e(t). (33)

Trong luat diéu khién (31), k 1a hé sb diéu khién
va c0 gia tri duong.

Pinh ly 2: Xem xét déng luc hoc vdn toc
cua truc qudn liéu (7), trong dé hé sé a 1a khdng
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duoc biét truée. Tin hiéu nhiéu S(t) duwoc gid
sir €6 gidi han trén va dwdi. Sir dung ludt diéu
khién thich nghi (31) két hop ludt wée lwong
(32) va (33) dam bao on dinh tiém cdn cua hé
aéng luc hoc (7) ma sai sé diéu khién hgi tu deu
vé 0.

Chirng minh: Bao ham V, (t) ta dugc

V. (1) = e(t)V(t) + {a(t) -a} a(t)

+16,0)-6,} 6, 9

Str dung phuong trinh (8) cung véi luat diéu

khién (31) va luat thich nghi (31) va (32), ta

duoc

V, (t) =e(t){ av(t) +bv* (t) + u(t) + 5(t)|
~{a(t)-a}e(t)v(t) (35)
{6,000, }e(0).

Tir phwong trinh (35), ta dwoc bit ding thic sau

NVOVEE g
k

'[:ez(t)dt < {
Tir phuong trinh (36), cd thé két luan ring
e(t) e L*(0,0) . Cha y ring dao ham cua e(t) 1a
é(t) c6 giéi han. Sir dung theo bd dé Barbalat
[31, p.192], ta chting minh duoc e(t) s& hoi tu vé
0. Pay 1a diéu phai ching minh.
4. MO PHONG KIEM CHUNG
M6 phong bing phuong phap sb (sir dung
phin mém Matlab) dwoc dung dé kiém chung
hiéu qua caa b diéu khién. Céc thong sb hé
thdng dugc sir dung trong md phong dwoc cung
cap trong Bang 1. Diéu kién dau cua vat liéu la
w(x,0) =0.5sin(zx /1) va w,(x,00=0. Gi4 tri
duong a va 8 dugc chon dua theo bét ding thirc
(21)-(23) nhu sau: o =15 va 8 =15. Hé sb uéc
luong ding trong (18) y =15, va hé sé diéu

khién trong phuong trinh (31) 1a k =15.

Nhu thé hién ¢ Hinh 3, dao dong duoc triét
tiu trong 1 gidy. Trong do6 nang luong rung
dong suy giam vé& 0 mot cach liy tién voi luat
diéu khién bién (17). Mét 3 giay dé 6n dinh van
téc van chuyén véi van téc ban dau v, =0 va
van téc mong muén v, =6, nhu thé hién &
Hinh 4. Tir Hinh 4 va Hinh 5, r6 rang rang dao
dong theo trong mat cit ngang dwoc triét tiéu
hoan toan, ngay ca khi van tc cua vat liéu chua
dat duoc gi4 tri thiét 1ap. Piéu nay ching minh
hiéu qua khir dao dong cua luat didu khién, khi
van dam bao khir hoan toan dao dong trong khi
tdc d6 van chuyén van dang thay déi. Hinh 4 va
Hinh 6 thé hién su hoi tu cua gia tri uéc luwong
cua cac thong sé chua biét (cu thé 13, khbi luong
trén mot don vi chiéu dai cua vat liéu va hé sé
ma sét 6 bi).

Bang 1. Cac théng sb cua hé thong quan day s
dung trong mo phéng.

Théng s6 Giatri
p 0.7 kg/m
0.0007 m?
| 0.34x106 m*
E 1.8x10% N/m?
hw 0.7x10° m
Nw im
| 6m
Cy 0.001-m?s
m;, 1kg
da 0.25N-s/ m
I 2.25N-m-s
J 2.1542 kg/m?
R 0.2m
To 100N
a(t) 0.5sin(20xt) N
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0.4

0.2

w(li2,t) [m]
o

0 1 2 3 4 5 6 7 8 9 10
Time [s]

Hinh 3. Rung dong phuong ngang tai x=1/2.

10

Transport velocity [m/s]

0 2 4 6 8 10
Time [s]

Hinh 4. Van téc van chuyén cia cum quén day.

6

55

5

ro-hat [kg/m]
>
-l‘> [$;]

w
3]

w

N
ol

o
-
N
w
IN
ok
o
~
©
©
b

Time [s]

Hinh 5. Héi ty cia p .

5. KET LUAN

Trong bai bao nay hai so d6 diéu khién da
dugc phat trién cho mot cum quan liéu trong
mot hé thdng san xuat va van chuyén cac vat
ligu mém lién tuc. Hai b diéu khién duoc thiét
ké nham muc dich khir dao dong trong mat cit
ngang va diéu khién van téc. Ky thuat diéu
khién bién d4 dwoc s dung dé thiét luat diéu
khién thich nghi dung dé khir dao dong véi cac
gia thiét: van téc van chuyén vat liéu mém thay
d6i va khéi luong trén mdi don vi chiéu dai
chua biét.

25

N
o

=
[$;]

=
o

Bearing coefficent [Nms]
ol

0 L]
5!
10}
5 2 4 6 8 10
Time [s]

Hinh 6. Hoi tu cua e
Phuong phap Lyapunov dd dugc dung dé chung
minh dao dong cua vat liéu mém suy giam déu
theo ham mii. So d6 diéu khién thich nghi thir
hai duoc phét trién dé diéu khién téc do van
chuyén trong quéa trinh 1am viéc dudi anh huong
cua tin hiéu nhidu, trong d6 hé s ma sat 6 bi la
khéng biét trudc. Phuong phap Lyapunov da
dugc dung dé chiing minh rang sai s6 diéu khién
giita van toc van chuyén va van tc mong muédn
hoi tu déu vé& 0. Ching tdi tin rang so d6 bo diéu
khién dugc dé xuat co thé cung cip mot phuong
phép trién vong dé diéu khién dao dong va diéu
khién van téc cua cum quan day trong hé théng
van chuyén vat liéu mém véi cac thong sb thay
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d6i theo thoi gian hoidc chua biét.

Ghi Nhgn Tai Tre: Nghién ciu nay duoc
tai tro' boi Pai hoc Quéc gia Thanh phé Ho Chi

Adaptive control for
of a roll-to-roll system

e Nguyen Quoc Chi?
e Nguyen Hung?

Minh (VNU-HCM) trong khudn kho dé tai ma so
C2013-20-01 va Quy phét trién khoa hoc va
cong nghé quéc gia (NAFOSTED) trong dé tai
ma s6 107.04-2012.37.

a rewinding process

1 Ho Chi Minh city University of Technology, VNU-HCM

2 HUTECH

ABSTRACT

In this paper, transverse vibration and
transport velocity controls of a moving web
in a rewinding section of a roll to roll system
are investigated. The moving web is
modeled as an axially moving beam. Two
independent adaptive control schemes are
proposed. The first control scheme using a
control force exerted from a hydraulic
actuator is to suppress transverse
vibrations of the moving web of unknown
mass per unit length under a spatially
varying tension and a time-varying transport
velocity. The second control scheme using
a control torque applied to the rewind roller

is to maintain the transport velocity levels of
the moving web in spite of disturbances
such as the variations of rotating elements
and unknown bearing friction. From the
decentralized control  viewpoint, the
uniformly exponential stability for
suppressing the transverse vibrations and
the uniformly asymptotic stability for
maintaining the transport velocity are
achieved. However, as a whole, the
uniformly asymptotic stability is concluded.
Simulations  for  demonstrating  the
effectiveness of the proposed control
schemes are presented.

Key words: Adaptive boundary control, axially moving beam, Lyapunov method, partial
differential equations, roll-to-roll system, vibration control.

TRANG 24



TAP CHi PHAT TRIEN KH&CN, TAP 18, SO K5- 2015

[1].

2.

[3].

[4].

[5].

[6].

[7]1.

TAI LIEU THAM KHAO

Jain, K., Klosner, M., and Zemel, M.,
Flexible electronics and displays: high-

resolution, roll-to-roll, projection
lithography and photoablation processing
technologies for high-throughput

production, Proceeding of the IEEE, Vol.
93, No. 8, pp. 1500-1510, 2005.

Pagilla, P. R., Garimella, S. S,
Dreinhoefer, L. H., and King, O,
Dynamics and control of accumulators in
continuous strip processing lines, IEEE
Transactions on Industry Applications, \Vol.
37, No. 3, pp. 934-940, 2001.

Koc, H., Knittel, D., Mathelin, M., and
Abba, G., Modeling and robust control of
winding systems for elastic webs, |IEEE

Transactions on  Control  Systems
Technology, Vol. 10, No. 2, pp. 197-208,
2002.

Knittel, D., Edouard, L., Gigan, D., and
Koc, H., Tension control for winding
systems with two-degrees-of-freedoom Hoo
controllers, IEEE Transactions on Industry
Applications, Vol. 39, No. 1, pp. 113-120,
2002.

Pagilla, P. R., Dwivedula, R. V., Zhu, Y.,
and Perera, L. P, Periodic tension
disturbance attenuation in web process
lines using active dancers, ASME Journal
of Dynamics System, Measurement and
Control, Vol. 125, pp. 361-371, 2003.

Wang, C., Wang, VY., Yang, R, and Lu, H.,
Research on precision tension control
system based on neural network, IEEE
Transactions on Industrial Electronics, Vol.
51, No. 2, pp. 381-386, 2004.

Pagilla, P. R., Siraskar, N. B., and

Dwivedula, R. V., Decentralized control of
web processing lines, IEEE Transactions
on Control Systems Technology, Vol. 15,
No. 1, pp. 106-117, 2007.

[8]. Shin, K. and Soon, O. K., The effect of
tension on the lateral dynamics and control
of a moving web, IEEE Transactions on
Industry Applications, Vol. 43, No. 2, pp.
403-411, 2007.

[9]. Pagilla, P. R., Dwivedula, R. V., and
Siraskar, N. B., A decentralized model
reference adaptive controller for large-scale
systems, |IEEE/ASME Transactions on
Mechatronics, Vol. 12, No. 2, pp. 154-163,
2007.

[10]. Lee, C., Kang, H., Kim, H., and Shin, K.,
Effect of taper tension profile on the
telescoping in a winding process of high
speed roll to roll printing systems, Journal
of Mechanical Science and Technology,
Vol. 23, No. 11, pp. 3036-3048, 2009.

[11]. Fung, R. F, Wu, J. W, and Wu, S. L.,
Exponential stabilization of an axially
moving string by linear boundary feedback,
Automatica, Vol. 44, pp. 177-181, 1999.

[12]. Queiroz, M., Dawson, D. M., Rahn, C. D.,
and Zang, F., Adaptive vibration control of
an axially moving string, ASME Journal of
Dynamics Vibration and Acoustics, Vol.
121, pp. 41-49, 1999.

[13]. Fung, R. F, Wu, J. W,, and Lu, P. Y,
Adaptive boundary control of an axially
moving system, ASME Journal of Vibration
and Acoustics, Vol. 124, pp. 435-440, 2002.

[14].[Li, Y., Aron, D., and Rahn, C. D,
Adaptive vibration isolation for axially
moving string: theory and experiment,

TRANG 25



SCIENCE & TECHNOLOGY DEVELOPMENT, Vol.18, No.KS - 2015

Automatica, Vol. 38, pp. 379-390, 2002.

[15]. Yang, K.-Y., Hong, K.-S., and Matsuno, F.,
Robust adaptive boundary control of an
axially — moving string under a
spatiotemporally varying tension, Journal
of Sound and Vibration, Vol. 273, pp. 1007-
1029, 2004.

[16]. Kim, C.-W., Park, H., and Hong, K.-S,,
Boundary control of axially moving
continua: application to a zinc galvanizing
line, International of Journal of Control,
Automation, and Systems, Vol. 3, No. 4, pp.
1007-1029, 2005.

[17]. Yang, K.-Y., Hong, K.-S., and Matsuno, F.,
Robust boundary control of an axially
moving string by using a PR transfer
function, IEEE Transactions on Automatic
Control, Vol. 50, No. 12, pp. 2053-2058, 2005.

[18]. Chen, L. Q. and Zhang, W., Adaptive
vibration reduction of an axially moving
string via a tensioner, International Journal
of Mechanical Sciences, Vol. 48, pp. 1409-
1415, 2006.

[19].Li, T. and Hou, Z., Exponential
stabilization of an axially moving string
with geometrical nonlinearity by a linear
boundary feedback, Journal of Sound and
Vibration, Vol. 296, pp. 861-870, 2006.

[20]. Li, T. and Hou, Z., Stabilization analysis of
a generalized nonlinear axially moving
string by boundary velocity feedback,
Automatica, Vol. 44, pp. 498-503, 2008.

[21]. Wickert, J. A., Non-linear vibration of a
traveling tensioned beam, International
Journal of Nonlinear Mechanics, Vol. 27,
No. 3, pp. 503-517, 1992.

[22]. Li, Y. and Rahn, C. D., Adaptive vibration
isolation for axially moving beams,

IEEE/ASME Transactions on
Mechatronics, Vol. 5, pp. 419-428, 2000.

[23]. Zhu, W. D., Ni, J., and Huang, J., Active
control of translating media with arbitrarily
varying length, ASME Journal of Vibration
and Acoustics, Vol. 123, pp. 347-358, 2001.

[24]. Yang, K.-Y., Hong, K.-S., and Matsuno, F.,
Energy-based control of axially translating
beams: varying tension, varying speed and
disturbance adaptation, IEEE Transactions
on Control Systems Technology, Vol. 13,
No. 6, pp. 1045-1054, 2005.

[25]. Yang, K.-Y, Hong, K.-S, and F. Matsuno,
Boundary control of a translating tensioned
beam  with varying speed, IEEE
Transactions on Mechatronics, Vol. 10, No.
5, pp. 594-597, 2005.

[26]. Nguyen, Q. C., and Hong, K.-S,
Asymptotic stabilization of a nonlinear
axially moving string by adaptive boundary
control, Journal of Sound and Vibration,
Vol. 329, No. 15, pp. 4588-4603, 2010.

[27]. Nguyen, Q. C., Ngo, Q. H., and Hong, K.,-
S., Adaptive control of an axially moving
string under spatiotemporally varying
tension via a hydraulic actuator,
Proceedings of ICROS-SICE 2009, Japan,
pp. 293-297.

[28]. Nguyen, Q. C, Ngo, Q. H., and Hong, K.,-
S., Active vibration control of an axially
moving beam using varying velocity
method, Proceedings of ICROS-SICE
2009, pp. 287-292, 2009.

[29]. Ngo, Q. H. and Hong, K.,-S., Adaptive
control an axially moving system, Journal
of Mechanical Science and Technology,
Vol. 23, No. 11, pp. 3071-3078, 20009.

[30]. Kim, C.-S. and Hong, K.-S., Boundary

TRANG 26



TAP CHi PHAT TRIEN KH&CN, TAP 18, SO K5- 2015

control of container cranes from the
perspective of controlling an axially
moving string system, International of
Journal of Control, Automation, and
Systems, Vol. 7, No.3, pp. 437-455, 2009.

[31]. Chao, P. C. P. and Lai, C. L., Boundary

control of an axially moving string via
fuzzy sliding-mode control and fuzzy

neural network methods, Journal of Sound
and Vibration, Vol. 262, pp. 795-813, 2009.

[32]. How, B. W. E., Ge, S. S., and Y. S. Cho,

Control of coupled vessel, crane, cable, and
payload dynamics for subsea installation
operations, IEEE Transactions on Control
Systems Technology, Vol. 19, pp. 795-813,
20009.

TRANG 27



