[

October 2009 / 65

—

*23%%2217(| H 263 10 % pp.65-73
ournal of t

| of the Korean Society for Precision Engineering Vol. 26, No. 10, pp. 65-73

Rollto-roll A|AB|OJA QIHEA &S 8t M ANLEHS LQG

8 I Hojof gt A

A Study on the LQG Precision Tension Control of a Dancer System for a Production of
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For mass production of printed electronics in roli-to-roll fashion, precision tension control is
important to reduce register errors. Register error should be minimized within several to tens of
microns for many electronic devices to be manufactured through printing technology. In order to
achieve this goal, tension disturbance must be attenuated before printing process within a certain
range. In this paper, a certain tension range which allows maintaining register error within 10
micron was defined with specific operating conditions. A LQG controller was proposed instead of
the conventional Pl controller for precision tension control using a multivariable feedback. A
guideline fo determine design parameters for calculating LQ gain was proposed. The proposed
LQG controller was compared to both Pl controller and LQ regulator with white noise by
numerical simulations. Results showed that the proposed LQG controller was effective for
attenuating tension disturbance with white noise.
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A : Cross section area of web (m?)

E : Young’s modulus of web (GPa)

&: Change in strain

J : Quadratic cost function

J4: Mass moment of inertia of dancer (kg-m?)

Jeq: Equivalent mass moment of inertia of dancer (kg'm?)
Q, R : LQR weighting matrices

Qo, Rg : Kalman filter weighting matrices

T : Variation in tension (N)

€
wehy, Roll-to-roll (EF 8)

V : Variation in velocity (my/s)

0: Variation in dancer arm rotation angle (rad)

b : Friction coefficient of bearing (kg-m?/s)

1 : Span length (m)

1;: Dancer arm length from hinge to cylinder (m)
1,: Dancer arm length from hinge to idle roll (m)
rq: Radius of dancer idle roll (m)

7 : Time constant (s)

v : Operating velocity (m/s)

wy : Disturbance

W, : Noise
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Fig. 2 (a) Free body diagram of the dancer idle roll, (b)
the dancer arm

214 NE|3ZH 2

A (DT 9E 98, 9Y EHSISOA 28
o=, Ak Aol 4gsA e Feoltt. w
BA thas AdE Qe 4 ()9 Lol A
YA ol @) o] § w, w, & FolE

=02 AEE vshiie g4 2 AEE dnied

x=Ax+Bu+Gw,

y=Cx+w, ©)

X, u yE 22 AuuE, gE9E, EHugg
ula A (6)-8)F o] 4 e,

=[10 1,0 Vo 6w b0 6)

O AGCEACH ©)

y=[1) L& o] ®

A4 09 4 T & Astloln geee
N4 we u F14 A Sug ETgse 99
1o

Uehli= gEE 3 A O-(12)%t

Z:}E}.
1(! Iu() luO
v ow B4 EA)
ldﬂ ZdO ldO ldD
e 0 0 9
J, T, 7,
0 0 0 0 1
b oA b
Ju T 0.0787, 7, |
Yo _E4
luO luU
0 0 E4 (10)
B= L4
0 0 0
0 0
0 0 0
1 000 0
c=l01 0 0 0 (1)
00 0 1 0

G=8 12)

4 (1294 9% $9% 49 G 7 B 9} 2L
olfr, Aage Fa dwed AY sleke] A
Y e sk ¢ H4E 2] ol dobd
B ol B w0l = w,
2g) e

3. 38 ot el 2kt
3= A (13)3 Zo)

=
=
63%-4 T2 F

1 A el ol

. rE %o

o, H‘(
o

o ¥ ox

}712 :;(4552 +§Elev”) (13)



ol

IR UZss|X M 26 H 103 pp. 65-73

October 2009 / 68

T=Ede (14)

=, Qe Aoy s FAL
Aslok B ¢ & Ak AAAALAES A2
7 A% ERE ALY 23 2AL e

g R odox

Z98 Qo] Ao A7) HXE A
33H7] 918 Table 1 9 2HCE A EdolA
&y

o o

Table 1 Simulation conditions

Operating tension 50N

Operating speed 30m/min

Width of substrate 1Im

Thickness of substrate 14micron
Young’s modulus 4GN/m?

Step input magnitude 15,5,2.5,0.5N
Sinusoidal input amp. 15,5,2.5,0.5N
Sinusoidal input freq. 2.01rad/s
Tension unit conversion IN=0.02V

0 unit conversion ldeg = 0.23V
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Fig. 3 Disturbance input at T, for testing register error
and disturbance attenuation
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Fig. 4 Register error reduction with respect to varying
input magnitude
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