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Matching Design of a Tension Controller with Pendulum Dancer in Roll-to-Roll Systems
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Dancer systems are typical equipment for attenuation of tension disturbances. Lately, demands
for high speed roll-to-roll machines are rising but it is prior to attenuate the tension variation on
the web entering into the printing zone to achieve the speed increment. Maintaining a constant
tension before the first printing cylinder is the key of high speed, high quality printing. Dancer has
been researched in two ways, whether it is controlled or not. The first one is active dancer and
the other one is passive dancer. In the active dancer, a position of idle roll of dancer is measured
and the roll is moved by external hydraulic cylinder to control tension disturbances. While the
passive one composed with spring, damper and idle roll has no external actuator to position the
idle roll. The tension disturbance causes movement of dancer roll and the displacement of the roll
regulates the tension variation. On the other hand a composite type of dancer is applied for roll-
to-roll printing machines. It has same apparatus as passive dancer. The displacement of roll is
measured and front(or rear) driven roller is controlled to position the roll. In this paper, it is
presented an analysis of pendulum dancer including position feedback P! control and logic for P!
gain tuning in roll-to-roll machines. Pole-zero map and root locus with varying system parameters
gives a design method for control of the dancer.
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7|34dY Jeq = equivalent moment of inertia of dancer(kgm?)

by = rotary bearing friction constant of dancer idle roll
1, = upstream span length of dancer roll(m) b = rotary bearing friction constant of hinge
lg = downstream span length of dancer roll(m) v; = tangential velocity of i-th roll(m/s)
1= rod length of hinge to cylinder(m) vip = tangential velocity of i-th roll at steady state(m/s)
1= rod length of hinge to dancer roll(m) V; = variation of tangential velocity of i-th roll (m/s)
E = Young’s modulus(N/m?) t; = tension of i-th span(N)
rg=radius of dancer idle roll(m) tjp = tension of i-th span at steady state(N)

Jo = moment of inertia of dancer idle roll(kgm?) T; = variation of tension of i-th span(N)
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P, = pressure of pneumatic cylinder(N/m?)

Ay = area of piston of pneumatic cylinder(m?)
Fx = spring force of pneumatic cylinder(N)

€; = strain of i-th span

pu = density of unstretched web(kg/m®)

A, = cross section area of unstretched web(m?)
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Table 1 Simulation parameters

Parameter Value unit
Proportional gain (K,) 0.08 -
Integral gain (T,) 1000 -
Time constant of lowpass filter (T ) | 0.1 sec
Reference of dancer position 5 Voltage
Diameter of infeed roller 0.163 m
Circumference of infeed roller 0.5121 m
Circumference of printing roller 0.66 m
Potentiometer output L5-82 Yoltage
-13.5~13.5 Degree
Upstream span length 2.2 m
Downstream span length 32 m
Inertia of dancer systems(Je,) 1.0004 kg-m’
Length of hinge to cylinder 0.15 m
Length of hinge to dancer roll 0.3 m
Operation tension 100 N
Operation velocity 300~500 m/min
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Table 2 Controller gains and poles
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Fig. 13 Step response of 50N unwinder tension
disturbance (500m/min, K;;=0.0402, T,=1000)
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