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Modeling and Identification of Web Tension Control System with Dancer Roll

ol43t", O|M **, o[y 2

Sang Hwa Lee', Jeh Won Lee?™ and Hyuk Jin Lee?

1 P MEBANA T (Daegu Technopark)

st A S8 3 (Department of Mechanical Engineering, Yeungnam Univ.)

4 Corresponding author: jwiee@yu.ac ki, Tel: 053-810-3568

Manuscript received: 2009.3.30 / Revised: 2009.8.12 / Accepted: 2009.9.7

Web tension control system recently have been applied fo OLED(Organic Light-Emitting Diode),
RFID of flexible material, e-Paper and PLED(Polymeric LED) and various web control algorithms
have being developed for higher productivity and product quality. These system need an accuracy
model to design and implement controller. In this paper, the web tension control system with
dancer rofl is mathematically modeled. Mathematical model consists of 8 subsystems and each
subsystems can be described as impedance structure which connected by velocity and tension.
Mathematical model is different from the estimated model at high frequency range because of
structure dynamics which is ignored on mathematical model. The estimated model is derived using
ARMAX model. The controfler is designed using the estimated model. The step response of the
estimated model are compared with that of physical model for a validation of estimated model. The
experimental results show a good match between them.
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A = Cross-sectional area of web

E = Modulus of elastic

T; = Web tension of ith span
L;=Length of 7th span

R; =Radius of ithroll

V; = Linear velocity of ith roll
J;=Moment of inertia of ith roll

X = Linear displacement of the dancer roit
Vs = Dancer translation velocity

M = Mass of the dancer roll

T,..¥, = reference tension and velocity of web
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Fig. 2 Web handling system with active dancer roll
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Fig. 3 Dynamic structure of web handling system
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Fig. 4(b) FFT of dancer roll
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Fig. 6 Time response of experimental and estimated
model of two roll system
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Fig. 7 Residual analysis
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Fig. 8(a) Bode plot of let-off to tension
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Fig. 9 Time response of experimental and estimated
model of dancer system
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A 12 X2
All EEE O T45 HEES
Gletoff (z2)=N, o (2) ] Dy (2) (A1)

N, (2)=0.013492 (2-1.102)(z-0.7755)
(2/2 - 2.054z + 1.089)(z"2 - 2.19z + 1.443)
(2°2 - 0.7776z + 0.4057)(2*2 + 1.659z + 0.9526) (42)
(2°2 - 1.492+0.9261)

D, (2) = (z-0.9988)(z-0.9754)(z"2 - 1.94z +0.9891)

(22 - 1.8312+ 0.9715)(z*2 + 1.692z + 0.9971)
(A3)

(z"2 - 1.592z+ 0.9797)(z"2 - 1.502z + 0.9912)
Al12 HHAE Of T45 HEES
Gdancer (Z ) = N dancer (Z ) / D dancer (Z ) (A4)

N, (2) = -0.085681(z"2 - 2.084z + 1.087)
(22 - 2.628z + 1.886)(z"2 - 1.508z + 0.9188)

(A5)
(22 + 17892 + 1.387)(2"2 - 1.066z + 1.022)
(22 -0.2349z + 2.574)
D, (2) = (2:0.9522)(z-0.9986)
(22 - 1.6182 + 0.8847)(2"2 - 1.52z + 0.973)
(A6)

(22 - 1.393z+ 0.9236)(z"2 + 1.144z + 0.9203)
("2 +0.107z + 0.7321)

Al3 ZZ 8 o T45 HEES

Gtakeup (Z) = Ntakeup (Z) / Dtakeup (Z) (A7)

N o (2) = 0.010707(2-0.9252)(2-0.9938)
(22 - 2.562z + 1.742)(z2 - 1.5122 + 0.684)
(@2 -1.6152+0.8747)2°2 + 1492+ 1.07) (AY)

(z°2 +1.011z + 1,031)

D,,..,(2) = (2:0.9941)z0.9991)(z"2 - 1.9552 + 0.9652)

A2 - 1.85z + 0.9895)(z"2 - 1.749z + 0.9898
(z"2-1.85z Nz z ) (A9)

(z*2 + 1.405z + 0.9947)(z"2 + 0.9859z + 0.9894)



