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Coupling modeling and analysis of tension system for roll-to-roll precision coating machine
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Abstract: The high precision control of substrate tension is the premise and guarantee for produ-
cing high-quality products in roll-to-roll precision coating machines. However, the complex rela-
tionships in tension system make it difficult to solve the problems of coupling model, which has
become a bottleneck problem in improving the tension control accuracy of the precision coating
machines. To solve the problem., this paper takes roll-to-roll precision coating machine as the re-
search object and analyzes the mechanism for substrate tension change. The tension models of
dancer roll and subsystems including coating unit, unwinding unit and rewinding unit are estab-
lished. Based on these, the global coupling mechanism model is established for the tension system
of the precision coating machine. The nonlinear coupling relation of multiple physical quantities in
tension system is described in the model. Finally, the model is simulated and analyzed by MAT-
LLAB. The results show that the tension system model established in this paper can accurately in-
dicate the characteristics of tension system, providing a foundation for designing high precision

tension controller.
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Fig. 1 Structure of roll-to-roll precision coating machine
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Fig.2 Schematic diagram of tension system
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Fig. 3 Schematic diagram of dancer roll
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Fig. 4 Schematic diagram of coating tension subsystem
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Fig. 5 Schematic diagram of unwinding tension subsystem
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Fig.7 Schematic diagram of rewinding tension subsystem
P20 ) AI AW s 22 5| 5k ) PR T B Ky

L. =L, —20,0,) (9
XLy Ak R ERETREETI KT HITN
B BE 0,0 (0 AW A 51K T ST IR R AEAT e 2
S A B
HR A = (7O A5 BN 5K 1 BT MK B R .
L. =Ls+ /L, —[R.A() —r] — 20,0,
(10)
K20, (O W 5K J7 B TR AR T 25 1 4 6 2
WA BE s L. SO 5K ) BT o LA SR b 1Y T 2 K
JE s Ly AW K 0 ST 58 A i AR S W
BLA By OB R, (O OB HLA B RHE 142
&K FRELXM WEK S FRGE WL
FEEMANPRE R REM R, 2460 K
(D)X Ko FE 6, TR I K T RFEE
SRR AR .

La(OTa(t) = [AE — Ty ()R, (1) —

[AE — T.() JRian (t) + [AE — T () 1L, ()
L,—] (f) - L;; - 2[20” (f)

To(t) = (= Jol (1) — b0 () +
20

Zl[Fl’Z _kllorl(t)]}
Lo(OT0(t) = [AE — T (D TR, (D (1) —

[AE — T, () Ry () + [AE — T\ (0L, (D)

L,@) =1L+ /Li —[R.(O) —rf — 20,0,

To(t) = 2 (— J 0 (D) — bua (1) +
2L,

Zl [Fpg _kllorz(l):l }

QD)
A Foo U 42 51 B0 UL HE J7 5 Foy NI R
JLGLHETT



530 P22 BT R 222 Rk (2022) 55 38 #2465 4 i

2.5 WHEZEGER
HEFREERMILK I RARZEEREKR TR

GHGEMEKDTRE WERNFRE=1"F RS,

ZERG) . R XA TEK N RS LR

A

Lo (DT, (1) = [AE — T (1) IR mww (1) —

[AE — T, Ry (D (8) + [AE — Toy () 1Ly (£

LoTw(t) = [AE — T (D IR0, (1) —
[AE - Tu] (t)]R‘\za)\\z (t)

(L*Lﬁﬁwé%+m+Lm£ﬁﬁQ)=

[AE — T.() R, w. (1) —
[AE — T, () IR.w. (1)

Lo(OT, (1) = [AE — Ty (D IR, (1) —
[AE — T.() Rian (t) + [AE — Ty () 1L ()

Lo (DT = [AE — Ty ()R (D (1) —

[AE — T\ () JRuw, (O 4 [AE — T, (DL, (1)
(12)
r 0 (12) AT UL, 5 RbRS 2 TR AR LSk 1 R 4002 h
B G A S| TR OB A 5 FNCE 5 45k 1 ot
R Y 5 BEok I R G, Hofn A 22 457K 1 It
BLZH HL AL A o i o o 455K 0 S e Rk A i gk
{8 s £5 5K BTG o Fe A4k 7 FIHLAH ff R il £
A O A T0 N R IR S M 5K FAL4H 1 =2 )b
FEEAFEE R VER . FRIE AT UL i B R R U 4
T BRI BN B IR AL AR 2 Y B E A B4
P 2T A A2 h A AR 5K ) BT &
R R i iy - NS R NS B = Ry TS I

I‘o - I‘ol + 1402 + b + Ilnn
La()=L5+ /Ly —[R.(t) —r]) —2,0,(»)
rﬂu>::£;&—fméxt>—bma<n—+

ll[Fpl _kllﬁu(t)]}
Ilrl([) - Ilrxl *2[26,1([)

Ta () = %{—Jﬂj@'ﬂ (1) — bola (D) +
2

L[ Fey — k110, (D) ]}
Lrg(t) — Lr; JF LIZ), - [Rr(t) - T:IZ - leerz(t)

T, () ::if&fjméﬂ<w——bmagt>+

L[ Fpy — kL0 (0) ]}

13

3 EBHGESH

R T 43 A RS IR AR ST A ST A A T R RS 2 Tk A
Bk 71 R G IE M R MATLAB B fx) it
FTUTEAYHT . B e X iR A ik T R G AT 05 B A
7 43 AT 22 9% HERR 4 18 B 06 A Bk g 9 52 ) 5 SR )5 %o
TR G4 Jr il AR HEAT 5 FL 434 DI IR AR ST
SERORE SR AT HLIK 1 R G4 R R A R R A I A
3.1 R RAFREGHEEBE

2 G AR 2 A RIS 5 U A LAY T 2 2 R
sy HEZgM R L2 A+ KE N 60m, FHUIR
15k H T R G M K Jm i = T Al 5K BT,
B I, AR #4315 BB R 5T 5 20 B A [l 4 R 19 L 4
BT Ak 11 R MK T B, BT e
HRRGESE IR 1 iR,

£1 RN T RGN S

Tab.1 Simulation parameters of coating tension subsystem
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Fig. 8 Simulation curve of T, generating pulse
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Tab. 2 Simulation parameters of global coupling model
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Fig. 10  Simulation curve of global coupling model
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