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A Study on the Dynamic Analysis on the Cross Directional Register
in Roll-to-roll e-Printing Systems
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ABSTRACT

For the adaption of roll-to-roll printing method to the printed electronics, it is mandatory to increase the resolution of
register errors. Therefore it is desired to derive the mathematical modeling of register error or to develop controller design.
The cross direction register error was derived considering both lateral motion of moving web and transverse position of
printing roll. The mathematical modeling was validated and the relationship between the lateral motion and register error
was analyzed by numerical simulations in various operating conditions using multi-layer direct gravure printing machine.
The results could be used for a design of the CD register in the multi-layer printing and the lateral motion caused by

translation.
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T = operating tension [N]

V = operating velocity [m/s]

L = length of span [m]

t = time constant (L/V) [sec]

y = lateral displacement [m]

E = Young’s modulus [N/m?]

I = moment of inertia [m*]

X = machine direction

6,0y/0x = deflection angle [degree]
w = translation of a roll [m]

u = rotation of a roll [degree]

¢ = half length of a roll [m]

m = number of span between two printing rolls
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Fig. 1. Register errors between two printing rolls.
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Table 1. The Simulation conditions

Parameter Value
Operating tension (N) 100
Operating velocity (m/min) 30
Length of span between idle rolls (m) 1
Length of span between printing rolls (m) 8
Proportional gain of CD register controller 0.01
Derivative gain of CD register controller 0.15
Young’s modulus of OPP substrate (GPa) 3.6
Width of OPP substrate (m) 1
Thickness of OPP substrate (micron) 12
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Fig. 5. CD registers error at the second and third printing
roll.
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Fig. 6. Lateral positions of web at the second and third
printing roll.
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