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Tom tat

Trong céng nghiép, viéc str dung cac hé théng van chuyén vét liéu mém chang han nhuw gidy, soi dét, kim
loai, polymers, va céc vét liéu composite...Ia rat phd bién. P6i véi nhitng hé théng nay, kiém soét thanh
céng luc cang bang liéu déng vai tro cét 16i. Pé thuc hién muc tiéu do, bai bdo nay truéc tién da tién hanh
x4y duwng mé hinh vén chuyén bang liéu lién tuc duoc trinh bay nhd vao phuong trinh can bang néng luong.
Sau d6, bai béo da gidi thiéu phuong thire thiét ké bo diéu khién téc do va diéu khién luc céng tich hop cho
hé théng van chuyén bang liéu dwa trén phuong an diéu khién LQR. Céc dap (ng cud hé kin thu duwoc
théng qua mé phdng da minh chirng tinh hiéu qué cda béd diéu khién dé xuét. Ngoai ra, céc két qua nay
cling khdng dinh sw chinh xéc ctia mé hinh hé théng va thuét toén diéu khién duoc dé xuét so véi mot sé
nghién ctru khac.

T khod: Biéu khién lyc cing, hé théng van chuyén bang liéu, hé théng cudn lai, hé théng roll-to-roll.
Abstract

The applications of web handling systems such as paper manufacturing, printing and film process, flexible
component, paper manufacturing, textile.. are widely used in processing and manufacturing industry. In the
application, tension control of the web plays a very crucial role. To obtain this target, in this paper, at first,
the mathematical model of the continuous web transport system is developed thanks to energy balance
method. Then, the paper presents a method of designing a tension control based on Linear Quadratic
Regulator. Several numerical simulation results are given to prove the effectiveness of the closed-loop
system. In addition, the simulation results show incorrectness of another study in term of tension regulation.

Keywords: Web tension control, web-fed machine, winding systems, roll-to-roll process.

1. Giéi thiéu
H¢ thong cudn lai, tén tiéng anh 1a Rewinding
System hay Roll-to-Roll System, la mot hé thong
gom hai cudn vét liéu ndi v6i nhau thong qua 1 ban
vat lidu ¢ do dai nhat dinh va cac 16 dan, dugc diéu
khlen bang hai hodc nhiéu dong co riéng biét duoc
gan & cudn td ra, cudn cudn lai va cac 16 dan chi
dong. Déi v6i hé thong cudn lai, kiém soat luc cang
vat liéu 1a nhiém vu toi quan trong. Luc cang thiéu
hut dan dén suy giam chat luong vat liéu phia 16 cudn
lai, nguoc lai néu lyc cing vuot qua muc cho phép s&
lam dut gy vat liéu. Do do, diéu khién luc cang trong
hé théng xur ly vat liéu dang bang thu hut duoc nhiéu
su quan tdm cua cac nha khoa hoc. M6 hinh toan hoc
cua hé théng cuodn lai dugc dua ra trong [1], thiéu sot
16n nhat ciia nghién ciru nay 14 chwa dua ra mé ta sy
lan truyén lyc cang mot cach cu thé. Piéu nay dugc
khic phuc trong [2,3] véi gia thiét ung suat vat liéu
rit nho dan dén moé hinh phi tuyén kém theo tac dong
xen kénh. Tinh chat phtrc tap ctia mo hinh dit ra
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nhitng thir thach 16n cho qué trinh thiét ké diéu khién.
Mot sb thuét toan diéu khién di duoc dé xuit cho
viée xir Iy luc cing bao gdm diéu khién da bién ung
dung cho hé cudn lai trong cong nghiép can thép [4,5]
hay diéu khién bén vimng H.. phan tich tuong tac giita
tbc d6 va lyc cang [3,6]. Chién lugc diéu khién nhiam
bu sai 1éch nhiing thanh phﬁn dong hoc chua dugc mo
hinh héa hay nhidu moi truong ciling dugc xay dung
dya trén diéu khién khang nhidu chu dong ADRC
trong [7]. Véi su phat trién cia k¥ thuat diéu khién,
nhimg phuong phap diéu khién hién dai da duoc tng
dung trong kiém soat lyc cing. Chung va cong sy [8]
ap dung diéu khién mo cho hé thdng cudn lai, trong
khi d6 Wang va cong su [9] tach kénh giira lyc cang
va tbe do nho viée su dung mang neural. Qua trinh
tach kénh ciing dugc xtr Iy thanh cong boi Abjadi va
cong sy [10] voi bo diéu khién truot. Pagilla va cong
su [11-13] sir dung bo didu khién phan tan voi phan
hdi trang thai, kha ning ciia hé thong dugc kiém
ching qua thuc nghiém. Nhimg cong trinh néu trén
déu tiép can hé van chuyén bang li¢u kiéu gian doan.
Diéu khién luc cang cho hé thong van chuyén bing
liéu lién tuc duogc trinh bay trong [14]. Tuy nhién bd
diéu khién & day c6 cdu triic kha phirc tap nhung hiéu
qua lai chua cao.
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Bai bdo nay trinh bay mot bo diéu khién toc do
va diéu khién lyc cang tich hop cho hé théng diéu
khién bang liéu dap tmg cac tham sb ctia hé thong.
Mo hinh toan hoc cho hé théng tai bang liéu duoc
phat trién dya theo mo hinh toan hoc di cho trong
[14]. Khac véi cach tiép can st dung bo dicu khién
truot phire tap da dugc st dung, bai bao dung bo diéu
khién LQR cho dap tmg dong hoc tot hon rat nhiéu so
v6i két qua ma cac tac gia cua [14] c6 duoc. Hon nira,
két qua trong bai bao nay dinh chinh lai mot sé nhan
dinh mo6 phong khong chinh xac tai [14].

2. Mo hinh héa h¢ théng

Trude khi tién hanh mé hinh hoa, ching t6i dat
nhiing gia thiét nhu sau:

- Do day bang liéu khong doi trong qua trinh van
hanh.

- Céc hién tugng trugt thuong ton tai gitra web va
16 van chuyén khong duoc xem xét.

- Cam bién do cang chi di chuyén theo huéng doc
truc.

- Lb bj dong c6 quan tinh quay khong dang ké va
¢6 thé bo qua.

Motor y Motor x

Hinh 1. M6 hinh hé théng may web fed

Hinh 1 mé ta hé théng may web fed, trong do:

T, : luc cang trén ting doan (N).

LA aa axe o g g, . [ 1
w; : cac toc do dai cua 16 thir i (—j
S

J,: md-ment quén tinh ctia cudn thir i (kgmz) .
7,: mo-ment trén 16 thiri (Nm).

R, : ban kinh cta 16 thir i (m).

S, : do dai bang liéu trong phan doan thiri (m).
Gia thiét ring khéi lugng ciia ddy truyén dong

gilta dong co va 10 khong dang ké va hiéu suat truyén
1a 100%. Cac moi quan hé cua cac dai lugng dugc mo

ta trong Hinh 2 ¢ thé suy ra dugc tir ludt bao toan
nang lugng nhu sau.

T,
_— Motor
Ry; wy Q Ry oy
v T Ta
Ty

Hinh 2. Méi quan hé giira lyc cing va mé-ment dong
co truyén dong

Theo dinh luat bdo toan nang luong:
7, (e, (1) =1, (1), (1) 1

O day, T , 1 m6-ment cta trén 16, 7, 1a mo-
ment dau truc dong co. Gia thiét, moé-ment dong co
7, ty I¢ thuan véi dong dién trong dong co i(2) (gia

thiét nay hoan toan phu hop véi thuc té do dong co
hoan toan co6 thé hoat dong trong ché d¢ dicu khién
mo-ment). Ta co:

7, = ki(t) @

trong do kl. 1a biéu thi hing s6 md-ment dong co va

i(t) 1a dong dién dong co. Dé don gian hoéa mé hinh,
ta cling gia thiét dién ap dau vao cia dong co u(?) ty
1¢ thuan véi dong dién dong co i(?) trong subt qua
trinh van hanh.

u(t)=ki(r) 3)

Nhu vay, mo-ment trén 16 va trén truc dong co
s€ dugc mo ta nhu sau

0=k "D (o @

7, (t)=k,u(t), voik, =k, I

& )

Theo dinh luat II Newton mé rdng vé chuyén
dong:
— da

M=1"=
dt

voi

L=1® la m6 men dong lugng

M 1a téng cac md ment lyc tac dung
Ap dung vao hé théng duoc mo ta & Hinh 2 thu
duoc:
h(t)=Jw,(1)
h(1) =7, ()= B, () +(T, ()= T, (1)) R,
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V6i J 1a m6-ment quan tinh cua 16, T 1a cac lyc
cang, va B 1a h¢ s6 ma sat nhdt cua 16. Phuong trinh
(6) dugc viet lai nhu sau:

Ja, (1) =7, (1)~ Ba, (1)+(7, (1) =T, (1)) R, (7)

Nhimg phan tich trén c6 thé dugc mé rong cho
mo hinh hé théng van tai bang liéu nhu ¢ Hinh 1. Luc
nay, muyc tiéu cua bai toan diéu khién 1a én dinh téc
d6 truyén tai va luc ciang cua web thong qua dién ap
ddu vao cua dong co x va y. Tir phuong trinh (7),
phuong trinh mé-ment cho 16 x va y c6 thé thu dugc
nhu sau:

J.6,(1) =k, (1)~ B.o, (1

(T (0)-T ()R ®
Jy(b) (t) = kl,vu) (t)_Bywy t)

H{T,(0)-T, ()R, ®

La, (t)=(T,(¢)-T, (1)) R (10)

Véi I, 1a mé-ment quan tinh cua 16 bi dong, noi

cam bién téc d6 va luc cang duogc 1§p dat. T cac
phuong trinh trén ta thu duogc:

o, (1)< Fi () =B, (t?;(TI O-LOR )
be (t) _ kl.vuy (t)_Bya)y (t?;_(]; (t)_ 2 ( )) L (12)
o)~ EOTOR ")

Chiéu dai doan vat li¢u gilta hai con lan duogc
x4c dinh 1a mdi chiéu dai web tai thoi diém ban dau
dugc biéu dién bang Sy, tirc 1a Sy=S(ty). Vi bién dang
cua web duoc tao ra boi con lan, co thé duge biéu
dién duéi dang sau:

s=[r()w(¢)ds
Tir d6, ta suy ra duge cac chiéu dai nhu sau:

S, =5, +J.;Rta)t (;)dc;—j;Rxa)x (£)de (14
S, =8, +I;Rya)y (g)dc;—j;R,a), (£)d¢  (15)

S, =S, +I;Rxa)x (£)ds -] ;Rya)y (£)d¢  (16)

Hon nita, mdi luc cing cé thé duogc bicu dién
boi phuong trinh sau:

T(t)=KS(t)+DS(t) (17)

24

trong d6 K va D lan luot 1a h¢ s6 dan no va hé sb

damping cua vat licu web. Pao ham hai vé cua

phuong trinh (17) ta dugc:
T(¢)=KS(t)+DS(¢) (18)

Tir (11) — (13), (14) - (16) va (18), ta co thé suy
ra dugc cac phuong trinh sau:

. DR?> DR?
£~ 2 28 an
X t
DR?

DR B
J: T3(t)—EKRx —J—]a) (2)

DI'?;KIX " (t)

x

DR?
L(0)+=

t

+

(19)
+KR o, (t)-

. DR> DR?
£ )=2% Tlm—[ % DR

y 4

jn(x)

(20)

DR’ DR B,
w2 o 0

pé thuan tién cho qua trinh thiét ké ta dat vector
trang thai nhu sau:

T T
X =[xx,%,x,x5x] = [a)xwyerszTs]

U=[uu,]

Khi d6, cac phuong trinh (11)-(13) va (19)-(21)

moé ta hé théng dugc viet lai nhu sau
(trongdd T, =—(T,+T,)):
PO, o . I i 27 (22)
B, R R,
X, =——tx, -y, -2t x +—"u, (23)
J,V ¥y J) y
R
X, = —I—’x4 +—Lx; 24)
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X, = —[KRX _DRB, ]xl +KR x,
J.
DR’ DR’ DR’ DR’
- 2—+—|x, + ——x, (25
Jx It It Jx
DRXKIX
_—ux
J

x

X —(KR —M}c —KR x
5 y J 2 173

DR*> DR’ DR’ DR’
| —L—— x| 22—+ — |x;  (26)
If JY ‘]y It
+DRyK,y .

J y

y

Trong qua trinh hoat dong, muc tiéu diéu khién
la kiém soat luc cang va toc do cia web, do d6 dau ra
hé thong dugc dinh nghia nhu sau:

V=Rx

T = cosf(x, +x;) @7)

Néu ta dinh nghia bién trang thai méi nhu sau:

Khi d6, cac phuong trinh (22)-(26) duoc viét lai
nhu sau:
DR’
J

x x

DRR
x, + Vi L X,
' (28)
DRR _ K
—xX +—Eu,
J J J

x x x

(29)

. DRR DR R,
Xy =—"x + X,
If II It

DR,R, _

(30)

(€2))

25

_ _DRR’ DR} K KR,
Xs = X+ —— |x, +—x,
R, I, D DR,
(32)
DRR’_ DR’ _
T 4T Xs
R 1, 1,
Diu ra cta hé théng s& la:
V =R x
S (33)
T= DcosH[—Rxx] +R X, +R X, - Ryx5]
Ta dat:
N=x% (34)

Yy =—Rx; + R x, + R x,— R X;

Tir céc phuong trinh (29)-(35) ta ¢ thé viét lai
hé thong may web-fed dudi dang khoéng gian trang
thai nhu sau:

y=Ay+Bu+d(x
- ) (3%5)
x=Cx+Dy
r T T — N
Véi Z:[ylyz] ,g—[uxuy] ,g—[x3x4x5] , va:
é =
(B. DR DR,
JX JX JY
RB. RB, DR DRR [ma2 B, DR’ K]
#_'7}_'.7*_7- - X4 +27J_7
Jx ‘]v ‘]x Jy ‘]x ‘]y J.V D
L
B <
- RxK1x RyKly
Jx J,v
DR R
0 -2—=r 0
Il
KR DR’
C=|— 22— 0
~ | DR, 1,
KR, ( DR R’ KRXJ K
| DR, RI DR ) D
d(x)=
DR? _
=
J.‘(
RB, DRR’ DR’ KR |_ (KR, RB, \_
+ —— X, | — — | X5
J, J, J., D D J,
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, DR.R, DR,
It II
2 2
p_| PR K DR,
- I, D RI,
, DR, R’ KR, DR} K
RI, DR RI DR,

3. Thiét ké b didu khién lwc cing va mé phéng
kiém chirng.

Trong phan nay ta thiét ké bo diéu khién Iyc
cing & dang bo diéu khién phan hoi trang thai LQR
(Linear Quadratic Regulator). Bo diéu khién phan hoi
trang thai LQR con dugc goi la diéu khién tdi wru toan
phuong tuyén tinh. Muc dich cua thiét ké 1a xay dung
mot hé théng diéu khién dap Gmg dugc yéu cau dit ra
duoc thé hién thong qua cac chi tiéu chét luong duoc
biéu thi dudi cac ham chat lugng. Pinh nghia bién
trang thai moi:

v=[(y-y)d (36)
{Zzézﬁwf‘i(x) (37)
v=E-y

Viét lai dang ma trén, véi viéc tang thém bién

trang théi:
2o ]

H

Khi d(x) va y* 1a hing sb, ¢ trang thai tinh

y=v=0, nghia 12 hé théng on dinh. Didu d6 ddng

nghia vo6i viéc ¢ trang thai tinh y ., v ,u phai thoa

man phuong trinh sau:

E S}BH%}“R _Ol}ﬁf)}o (39)

Trur (38) cho (39) thu dugc :

Y| |A O]|ly-»| B

== I R N (V7 40

u {E O}L—J M(Z “) @0
y Z Y=y |-

Khi d6 (40) s& duoc viét lai thanh :

z=A.z+Bg (41)

Véi :

26

A =
B. DR? DR?
B e e — 00
g J J,
R B, 3 DR.R’ > B DR’
RB, R ,,+DR_ R DRX+7‘+2 , K 0 0
J, J, J, J, J,oJ, J, D
1 0 00
0 00
K[x 0
J.\’
B = _RxK1x RyKly
—4 Jx Jv
0 0
. 0 O .

Ham chat luong J va diu vao diéu khién ¢ dugc
viet lai nhu sau:

J = I(gT(_)g + QTBg)dt
0

(42)
9=-K:z
trong do
ng :[I_<l I_<2]
q=-K,z-K,z
u-u =K (y-3,)-K,(v-»)

Nhimg trang thai tinh phai tuong ty v6i nhing
trang thai khac, do d6 thay thé v boi phuong trinh
(36) vao va dau vao diéu khién u tr¢ thanh:

u= _I_<15_’_I_<22:_I_<1X_I—<2t(Z_Z*)dt

0

k]2 k[l kil J 5
; K, = do d6 u tr¢
k22 kiZ kIZ

(43)

(44)

Ma tran Q va R 1a ma tran cé dang nhu sau dé
thda man hé:

a, 0 0 0
Q- 0 o, 0 O R= 7, O :
=10 0 g O 0 v,
0 0 0 o

2

Thi ham chét lugng J sé& tré thanh:

0

J=lta(y-y) +6(v-u) +7(u-u) jd

0

(45)
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trong do a’lé trong s6 cho yéu cdu bam theg 1&ch, ‘6
la trong so cho sai 1éch tinh, y la trong so cho dau
vao diéu khién. Nhing trong s6 a, d vay co thé
duoc lya chon bang phuong phap thtr theo déac tinh
thiét ké mong mudn théng qua phuong phap mo

phong. Véi thong s6 md phong duge cho nhu sau
[14]:

B.=B,=7.10°Nms, D=2Ns/m, J,=J,=[=8.10"*kgm?,
Ri=R,=R=0.02m, kz =k, =0.318Nm/V.

Chinh dinh cac tham sb cuia ma tran trong 11:rqng
trong qua trinh mdé phong tim dugc thong so toi uu
cho ma tran Q va R nhu sau:
1000 O 0 0

0 1000 O 0
0 0 10° 0
0 0 0 10"

1
I

Ta tim duoc P béng cach giai phuong trinh
Riccati. Két qua ma tran phan hoi trang thai sau khi
da hiéu chinh:

K — |:k11 k12 kll kil :|
- k2] k22 kiZ k[Z
[ 0,210°  -0,001.10° 5.10° —0,17.10°|
{0,001.106 0,2.10°  0,17.10° 5.106}

bap tmg lyc cang trén mdi phan doan khi c6 su
can thiép cta by diéu khién dugc trinh bay lan luot
trong cac Hinh 3,4, va 5.

0.6

o
o
T

Tbc dd y1 (m/s)
o o o
N w e

o

o

25 3

0 0.5 1 {{£5) 2 3:5 4 4.5 5
S
Hinh 3. Bap ting ctia dau ra y,
25
all
z
315
o]
C
8
@ 1
5.
-
0.5
i | ‘ | | | |
0 0.5 1 1.5 2 25 3 3.5 4 4.5 5
.S

Hinh 4. Péap ng diu ra y,

27

100

80

60 -

40

Lwc cang T1 (N)

20

Hinh 5. Lyc cang T;

Lwc cang T2 (N)
S
o

20

| I I
3.5 4 4.5 5

25 3
s
Hinh 6. Lyc cang 7>
0.1
ol
. \
S0
= |
3
a-0.21H
Al |
= \
5 ||
@037}
\ /\/\/\/\NM
041 \/
05 | | ‘ | | | |
0.5 1 1:5; 2 25 3 3.5 4 4.5 %)
S
Hinh 7. Dién ap u,
4
8
S2
>
o
&
&
@ao
-1
0 0.5 1 1.5 2 25 3 3.5 4 4.5 5

S
Hinh 8. bién ap u,

So sanh tryc tiép véi két qua dugce thé hién trong
[14] ¢6 thé nhan thiy lyc ciang chua dung khi tong luc
trén cac phan doan bing liéu déu bang khong. Hon
nita, khi so sanh tin hiéu diéu khién thé hién trong bai
bao nay c6 bién d6 nhoé hon nhiéu so vai két qua cia
[14]. Diéu nay thé hién rd wu diém cua bo diéu khién
LQR trong viéc han ché tin hi¢u diéu khién.

4. Kétluan
Bai toan di thiét ké thanh cong bo dicu khién
lyc cang cho h¢ van chuyén vt liéu dang bang - mot
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hé rit pho bién trong cong nghiép san xuat gidy, in
4n, can thép. Bing viéc st dung bo diéu khién LQR,
luc cang va tde d6 dai cta bang li¢u duoc kiém soat
theo gia tri dat mong mudn véi dap tng dong hoc
cling nhu kha ning bam luong dit tot. Diéu nay dugc
thé hién rd qua cac két qua mo phong ciing nhu so
sanh v6i mot s6 két qua nghién ctru trude. Trong
tuong lai, chiing t6i s& xem xét thay thé cam bién do
lyc cang bé“mg cac b quan sat lyc cang khi thiét ké bo
diéu khién nhim giam chi phi ciing nhu két cdu co
khi phirc tap dé bd tri cam bién lyc cang.
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