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ABSTRACT

Roll to roll (R2R) continuous printing technology is the process of web
treatment method passed by idle rolls and printed by press rolls. All
procedures about continuous printing are operated in all-in-one system.
Development of this technology is accomplished for mass production such as
printed electronics, RFID, printing newspaper, advertisement. After 2000,
throughout the development of various materials and conducting inks, there
are many researches about electronics element of solar cell, RFID, OLED
(organic light emitting diode) and TFT (thin film transistor).

Roll to roll continuous printing technology is consisted of three methods of
printing: offset printing technology, gravure printing technology and
flexography printing technology. Contacted printing method is with the other
meaning of roll to roll continuous printing technology; it is a useful
technology that passes between idle rolls, printing press rolls, and contacted
press rolls.

It is important to reduce web distortion, product error when controlling roll
to roll continuous printing system. There are four control methods of roll to
roll continuous printing technology: tension control of web materials, lateral
control to reduce web distortion, printing pressure control to reduce product
error, and register control to print multi-layer substrate.

Roll to roll continuous printing technology has advantages of manufacturing
mass production, low-cost product and reducing procedure in printing
progress. But there is problem about additional cost of changing product type,
difficult to manufacturing high performance product.

Therefore, we center on research to apply multiple manufacturing technology
in roll to roll continuous printing technology. By using this research, we

developed roll to roll based electrostatic inkjet printing system as multiple



manufacturing technologies.

In the thesis, we proposed an approach for building the roll to roll based
electrostatic inkjet printing system. Also, an algorithm for web tension control
was given out for roll to roll based electrostatic inkjet printing system by
using modified back-stepping control algorithm. The outcome of proposed
algorithm  proves the reliability throughout simulation results in

Matlab/Simulink.
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1) Back-stepping Al¢] &z

Back-Stepping Al¢] €arg]Fe] whEZA<l Fx uio] AAxE &EF Al
g g 7 R AHA|AES QFABIAY] = A Z2L Ao dagFos ar
AAE AgE & Qo vpx| B o R A o7 TEdls w Ao &aElEe A

7} E47] wiiEel Back-Stepping Alo] ¢are]Folg sk

# 49. Back-Stepping Ao] ¢ag)s AA L o]

Back-Stepping #lo] &agE A Back-Stepping Alo] <dmgl &9 oA
A2~ g o F sl =2 AEE

Back-Stepping, F4 7 W4 Sl g obA A
Lyapunov gt A o] PC7I 8t ki) &9 A -&o] &9

Back-Stepping Aol &gl Fo s H2d AFHE F4 vpady ddHs)
E o]

Z A% 99 5 2 3

d

a8 BYsHE st FEBAR AYstn 2o, dad, HASEA, 2

HAAM = e AEE 7] il AFgET 23 Ale] datg]FelA = of# e

mwinder

Winder

Spanl Span 2 Span 3

a9 411, 25 Z(Roll to Roll) A28 =d.
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Back-Stepping Al oW H -2 Lyapunovi-+& o] &3t Ao] &igl&E {fEs)
=)
]

=owon e WS AN fEs] U =

A <o glojol g3, I AT wEla] Azl deks v A 7] Wi, FH A

Feo EgAdol s A oy ol vk B A2 A Back-Stepping Al

o] &P HS HE3lo AGTAHAALEHA A A ool s AFRE A EY
=

gkl PIDAIS] ¢are]5at vjaske] Aelstalvh ol & 98 AlEwlolA

714

EFE AadoA e va 23 o] A o I T4 WA e vEHA

2] HeE (D~(ME YR AT

Ty = /T + ks (V- V,)

V, =ksTy —BJ, +kyt, -
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7 =ks(T, - T,)- By + kg

Iy = kT + kgl + kg (2 = T/)
Vy = k(T3 =T) = BoVy + Iy 7
Ty = kypVTs + kgl Ty + by (V= 7)

I'Irw = "T‘_ISTS e BT k6T,

(M~ (AL 3-23 A xdoale 7 Ao =
2o= 919 (1)~ (7)) el A

(3)

(4)

(5)

(6)

by=—1/Ly.k, =EA/ L ks =R/ J,, ky =R, lugses = R{ | J

- : ,. o ; 2,
6 == ‘Rl Jlﬁ- - —l.f Lz.kg = 1 1-3.!119 = E_-l "E'Z‘klﬂ — ‘Rl .Jrl

]1'11 = Rl Jl ..]fll = —1 £3 .k13 = 1 L;. ]"-14 = E.‘1 £3 ..]1'1:; = —Ri, /JW . ]1'1(.; = RW JW

Vu, Vl, V2, Vw = E]—%« Eap

o gatel GEUeAe FA%E

Ju Ji, Jz Jw =7 E8H F, Ad & dE] RS040 3 2E e

1

i

HEe

By, Bi, B2, By = 7t 9 2, 743 2, d¥-E1, IukE29] FAnt&dA s
Ty, T1,T2, Ty = Z} %% %, 71'31_7191 %, ?ﬂl‘i‘_%l, QE%ZQ XﬂO]EEL
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= The Young's modulus of materials

3o vz
} <]

S S
I

7

=123;7=0123  (8)

29 23 470 29 Aol g2 BAWSE e S Eate] FelR.

h
Ru = RMO - @y
2
J7
Bam— R0 + @,
=T

Ty = (_CQ(KL_O‘1)_I‘:3T1+BUVU+O;1)/k4
= (_Cg(‘/l_ K’ef)_k%(]é_ 711>+Bu‘/u+ Vlf’f)/kﬁ
7 = (¢ (Vy—ay) = ko (Ty— T) + By Vo +a) /Ky

Tw = (= C7(Vu,v_a:3)_k15T?, +B,V, +d3>/k16

w o w

(10)
(11)
(12)

(13)

Aol Aadlol el 7t FRE, FAE, Iur BN AojrAE 9o 4

b b

(10)~(13)3} o] A}
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24 5 ol

Jn

Ci, Gy, Gy, Cy, G5, Cs, C7 = A5a 9
Tiret, Toret, Taret, Vret = 7155 A5 %k
Aol EaAf HelA Z; af] Fe tat o] dAETh

Q= V1+(c1(T1_T1ref>+k1V1T1>/k2

d1: ((1+k1T1>(k5(TQ_T1>_B1V1+k67'1)+(c1+k1V1>(k1V1T1+kQ(V1_Vum/l‘b
Qy = (_C4<T2_ TQref>_k8V171 +k9V1)/(k77§+k9)

d2: (_04(k7‘/2712+k8V1T1+k9(V2_ ‘/1))_]98V1(k1v171+k2(‘/1_ V. >>

+(k8Tl +If9)(k5<T2_ T1>_B1V1 +K67—1>>/(k7TQ_k9)
+(C4(TQ_ TQ7’ef)+k8V1T1_k9‘/1>k7<k7‘/2TQ+k8V1T1+k9<‘/2_ ‘G))/(k77;+k9)2

Q3 = (7 C6<T3 ) T?,ref) — ki3 VLT, +k14V2)/(k:12T3 +k14)

dgz (—Cﬁ(klﬂfujg-f—klgVQTQ+k14(Vw—VQ)—(klgTQ-f—kM)(km(]})—T2>—BQVQ+I<:H7'2)
— by Vo (ke Vo T + ks Vi T + kg (Vo = V) (e T + ey )?

PID Alo] ¢a1e]5¢} Back-Stepping Aol darg]solAle] AlE# oA Ay
S e Zol YT E 4129 7 7 A Aol v|EgH I ¥
4139 £Edste] W& 7} Ale] dagFe HA FHHSE AFEdode T

Case 1 @ Tiwer = 3kgf, Towt = 2kgf, Taws = 3kgf

Case 2 @ Tier = 1.5kgf, Torr = 2kgf, Tser = 3kgf

-----------------------------------------------------

Time fsedd Time(Sec)
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(1) PIDAIo] Larg]&S o83 YA AlgdolA
ol e xA¥ weEtnEE E3dle] PIDAC] g EE AME
o] dugFe] AlEHoA AE skl w3k 3% 4132 PID 9]

Y
52 #d &g F(Genetic algorithm)e ©]&3to] AUy Fd LargFoled

tholl 2 kb A H Ao el 7= W ol vl

selection crossover

mutation

10011
' e 1 1[i6

evaluatign

reproduction

Substitution

& 4.12. PID Ale] &arg]=¢] o=

o] 5(PID) - #dA+ €] S (genetic algorithm)

PID 1 : K, = 005 Ki = 05, Ka = 0.06
PID 2 : K, = 06, Ki = 0.3, Ka = 0.5
0.04, Ki = 04, Ka = 0.03
0.04, Ki = 04, Ka = 0.05

PID 3 : K,

PID 4 : K,
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case 1 : Tlref = Bkgf, TZref = 2kgf, TSref = Bkgf

Web velocity change in time [mds)

Web tension change in span 1.2.3 [Kgf)

Web tension change i time of span 1
e W eb tension change in time of span2
Web tension change in time of span 3

Web tension change in time of span 1

— Web tension change in time of span 2

Web tension change in time of span 3

1% 4.16. Casel?) AlEH oA AIHPIDA o] Larel ).
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case 2 Tuer = 1.5kgf, Torer = Zkgf, Tarer = 3kgf

Web wvelocity change in time [m/s)

Web tension change in span 1.2.3 [Kgf)

WWeb tension change in time of span 1
WWeb tension change in time of span 2
Web tension change in time of span 3

Web tension change n ime of span 1

— W eb tension change in time of span2
Web tension change in time of span 3

% 417, Case29] A EHolA AIHPIDA Y] Larels).

4
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A

o]
T

F 413, 74 &g So 93 Back-Stepping Aol &g 5] o]

of &arg]gol i Algdel S ABsAa Ao] Lare]F 9
Ul

A 2318 = (Genetic Algorithm)S 2] &3Fo] o]y},

—_

=0

Jn

Optimal Gain(genetic algorithm)

Ci =65 C =7, C=5C1=65 C=7bH,Cs =05, C7 =7

case 1 : Tlref = Bkgf, TZref = 2kgf, TSref = Bkgf

Wieb velocity change in time (mJfs)

10 20

VWeb tension change in spani 2.3 (Kgf)

Web tension change in time of span 1
— Web tension change in time of span 2
Web tension change mn time of span 3

Z1%] 418, Casel®] AlEdlo]Al Z3Kback-steppingAlo] €aLE)s).
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case 1 : Tlref = Bkgf, TZref = 2kgf, TSref = Bkgf

YWeb velocity change in time (m/s)

10 15 20 25 30

Yeb tension change in spanl 2.3 (Kgf)

Web tension change m time of span 1
—  Web tension change m time of span2
Web tension change m time of span 3 |

213 419, Casel®] Al=d|o]Al Z3Kback-steppingAlo] ¥aLE)s).
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case 2 Tuer = 1.5kgf, Torer = Zkgf, Tarer = 3kgf

Web velocity change in time (mfs)

20 30

YWeb tension change in spanl 2.3 (Kgf)

Web tension change in ime of span 1
——— ‘W eb tension change in ime of span 2

-

Web tension change in ime of span 3

YWeb velocity change in time (m/s)

Web tension change m time of span 1

— W eb tension change m ttme of span 2

Web tension change m time of span 3

=

18] 4.20. Case29] AlEdlo]Al Z3Kback-steppingAlo] €aLE)s).
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A3l T bR Aol ol uigk AlEH S e A A o
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11. HA4d, @58, &5, A&, 2009, “A control system design of
automatically tuning controller for roll to roll web system using the midified

genetic algorithm”, the 7th Asian control conference, P.1691 ~ 1696

_52_

@ jeju



B2 kB4 ZdES4, 2009, “A control system  design  of
automatically tuning controller for roll to roll web system using the
modified genetic algorithm”, The 7th Asian Control Conference, P. 1691~
1696

B2 dB s, A%, 2009, “ On a new approach for
gravure/offset printing pressure control algorithm development using the full

state feedback controller”, $F= 4313 F7|35=tl 3, P.665~666

- HAH, olib gy, e, ol=yt e, =FE, AdE g, 2009, “Drop Demand
Analysis of Electrostatic Inkjet Considering Ground Position Effects”, k=4
U3sts FATg= 3], P.341~342

HAH, ol=wtk &, g, AR e, 2009, “Printed Patterns Life
Dependency on Contact Angle of Ink on Substrate”, 3++AwW3 33 At
=3 =7, P.753~754

HAH, of=yt &, ofib #nh kE, HES, 2009, “Analysis of Ink

Droplet on Substrate and its effect on Printed Patterns”, International

_53_

@ jeju



Conference on Flexible and Printed Electronics

HAd, ofikent o=yt &l FE, HAEeg, =9FE, 2009, “Effect of
Different Ground Hole Size on Stable Meniscus in Electrostatic Integrated

"

Deposition Inkjet Head”, TEEE International Symposium on Assembly and

Manufacturing 2009

_54_

@ jeju



Akel 2

A7kl

-

1.

qerel 2 o) e}

o}
=<H

I

—
o

NF
ojy

2]

j

s

)

%
L

= 1 = ‘]

T2k O

WAkl

e
50
NF
o

iz

.@
T
ot

™

<

™

Tor

Tor

WETL o AzkEv caelm W 9EsbA shA

B
=0

j

B, 2

)

A
=

o)

Skel ok of=ik whEEl TR Al
ojAl wistl Y

R
ol

B

o

in

_55_

@ jeju



	LIST OF FIGURES
	LIST OF TABLES
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 롤투롤 연속인쇄기술
	1. 롤투롤 연속인쇄기술의 종류
	1) 플렉소 인쇄(flexography printing) 기술
	2) 그래비어 인쇄(gravure printing) 기술
	3) 오프셋 인쇄(offset printing) 기술
	4) 그래비어-오프셋 인쇄(gravure-offset printing) 기술

	2. 롤투롤 시스템 제어기술 요소
	1) 장력제어(tension control)기술
	2) 사행제어(lateral control)기술
	3) 인압제어(printing pressure control)기술
	4) 레지스터제어(register control)기술


	Ⅲ. 롤투롤 시스템과 정전기력 잉크젯 프린팅 시스템
	1. 롤투롤 시스템
	1) 기구부
	2) 제어부

	2. 정전기력 잉크젯 프린팅 시스템

	Ⅳ. 롤투롤 정전기력 잉크젯 프린팅 장력제어 알고리즘 연구
	1. 롤투롤 정전기력 잉크젯 프린팅 시스템
	1) 장비설계 시 고려사항
	2) 기구부 설계 및 개발
	(1) 웹 이송부
	(2) 헤드 이송부
	(3) 사행제어부
	(4) 장력제어부


	2. 다중스팬 시스템에서의 장력제어 알고리즘
	1) Back-Stepping 제어 알고리즘
	2) 장력제어 시뮬레이션
	(1) PID제어 알고리즘을 이용한 장력제어 시뮬레이션
	(2) Back-Stepping알고리즘을 이용한 장력제어 시뮬레이션

	3) 제어 알고리즘별 결과


	Ⅴ. 결론
	참고문헌


