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Simulation of Ink Transfer in the Nip of Printing Roller

Mi-Jung Lee

Dept. of Graphic Arts Engineering, Graduate school,
Pukyong National University

Abstract

In off-set printing or coating process, it transfers ink on plate by rolling
system. As ink flows between rolls have an influence on printability of
the final products, it needs to be studied scientifically and then control its
values. Ink flows between rolls are processed under the effect of diversity
factors such as rhelogical properties, printing speed, temperature, humidity
etc. Therefore, this study try to approach the real ink transfer mechanism to
be concerned about all sorts of variables.

It is based on the theory both immobilized ink and free ink by
Walker-Fetsko. Polyflow software is used to demonstrate the theory and
study the relationship of the substrate and ink transfer rate. Furthermore,
the variable condition of the velocity, pressure, ink amount and viscosity
are proved scientifically during the ink transfer.

The similar results of the real and theoritical model could found by using
the Polyflow software. The results of simulation showed the relation of the
immobilized and free ink. Especially, it is observed the point and shape of
the free surface according to the non-Newtonian model.

Therefore, non-Newtonian ink transfer and the effect of variables are

analysied by using the computer simulation.
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Fig. 1. Ink transfer mechanism of solid printing.
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Fig. 2. Distribution of pressure and velocity on the roller nip.
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Table 1. Relation of Variable Elements between Results of Test

Results . ) ) .
. Relationship with amount of ink transfer
Variables
Printing pressure proportion
Ink amount proportion
Printing speed inverse proportion
Ink viscosity inverse proportion

2-6. %49 34 2 A=

Grace”& 92 293 €9 £5, 4% s 5o W@ G wge) o
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Table 2. Composition and Rheological Properties of Model Liquids

operties| Shear viscosity Specific gravity Carbon black
Liquids (Poise) (g/cur) (%)

LV-0 0.17 - 0
LV-8 1.70 0.96 8
LvV-12 6.00 0.98 12
HV-0 0.75 -

HV-8 3.00 0.98

HV-12 10.00 1.00 12
S0-0 1.35 -

SOR-0 7.30 0.95

SOP-20 6.70 1.02 20
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Filament length(mm)

Fig. 5. The relationship of ink amount and filament length at 10 cm/sec.
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Fig. 6. The relationship of ink amount and filament length at 100 cm/sec.
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Fig. 7. Description of the symmetric ink transfer.

Table 3& RAIE dz do] mde 7|2 AA gEL JUehlY, £ X(roll
speed)tt YA F(flow rate) 5 UAMAPAE7] IGT C1 viwde @S 2
o) AAsI d27t dHAdFES & Heolgt 7H438 L non-Newtonian

& Adstdn £33 72 EAo] nPxolH, E HEFF Abojol 2

235t AdE e 2 #9S 228 Power law 228 A EA|A ALtetAt.

R

_16_



Table 3. Physical Properties of the Ink Transfer Model

Condition .
Condition of Power law model

Parameters
Viscosity—n 100 poise
Surface tension-o 20 dyne/cm
Gap width—hg 0.2cm
Flow rate-Q 0.6 cr/s”
Roll speed-Vn 30 cm/s
Elements 105
Exponent-n 0.95
Natural time-A 0.824 s

AeE 73S 4 939 HAEE 10~10poise ol &F#F JA FHE+E
100~500 poise °o]&+= 718 HFE 7]-5& e vlelo ¥ 100 poiseE M HE AL

BA E7dA Wgse AFAES 298 B2 B a9 AdH4A HE
whet Wistate Jdaz dAFsy] A8 2o Wdsts 2 dHde &
dadtt e FHEFHQ0dyne/cm)@t# X, Y F 4 wet Hdid A3
&+ de ¥AEs 2AHEG 289n 229 AdAA e e wAHdE
Mao] B WA HEZL Fol obxge] aAF AWl WHE £ A WAE

L

1A E9Qel x7] Rdojr Gambit 3.10.0&
2 3tgth. z21zbe] Boundary condition(BC)2l Z71 &

7t &7re] Jae ASE Loty fal "AAL AL A W g
et A= H A A (unsteady state) 2 A2 &tk mWEbA time-dependent
it o] o 2x wWste= dAsitha 7HAske] &(isothermal)

Z73 Ad £5o w2 AR vist F4E dotry] f8 Had 22 F

_17_



Generalized Newtonian isothermal flowE H&doz MHAsH) 7242
A9l B4 e HE 100 poise, relaxation time(0.824s) A4 n(0.95) @& 5

27127 00l HFAIZE 10 o]27174RA 8 J3A AFTE B ZASATH

0%

Fig. 8. Finite element mesh and boundary sets.

BS 1: Plane of symmetry

BS 2: Free surface (833 20 dyne/cm)
BS 3: (Fn, Fs)=(0,0) dynes

BS 4: (Vn, Vs)=(-30 , 0) c/sec?

BS 5: inflow=(0.6)cm/s’® (automatic mode)
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(a)

(b)

(c)

Fig. 11. The each ink transfer model according to the time intervals.

(b) 0.50 sec, (c) 1.00 sec)

((a) 0sec,
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Fig. 12. The two types ink according to the print time.
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Fig. 13. Ink transfer curve.
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Fig. 14. Splitting point from the nip center.
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Fig. 15. The pressure contour in the nip.
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Fig. 16. The pressure profile in the distance from nip.
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Fig. 17. The velocity contour in the distance from nip.
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Fig. 18. The velocity vector in the distance from nip.
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Table 4. The Parameters according to Ink Model
Model . .
Oldrody-B Gieskus | Newtonian

Parameter
Viscosity—u (poise) 1000 1000 1000
surface tension-o (dyne/cm) 20 20 20
Exponent—n 0.824 0.824 -
Natural time-A (s) 2.9 2.9 -
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(b)
(c)
(d)

Fig. 19. The X, Y position on the free surfaces of each models.

((a) Newtonian model, (b) Power law model,

(d) Gieskus model)

(c) Oldrody-B model,
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Fig. 20. The results of different models on the stream function.

((a) Gieskus model, (b) Power law model)
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Fig. 21. The velocity according to two models.
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Fig. 22. Filament at rupture according to amount of ink flow.

ig. 24 A& 4o wE J2 FH =g #AAE YE
AT Mol &L £xof yhuldaty = F3 A= wHdos AAHA o
I gk Fig. 239 F$E A&oAe dxeh Ja Fo AAE nHsA
=, Axge]l U FHod Ja9 Ty 4o 2
A wabE Ao RAsted, o) 2= F$ 42 FFFl 3g/em’ ol
€ o 10poise?] YA YEbFS &dert.
Fig. 249 1Al F¢= A5 e 4
J3o] FFFo) 3g/em’ Y W, Mool UEhA e WS
1HEY ASE B/ AFERGE A7) fiEd Lfola YA BE
e BRARA P5do wehs Seje 7oA dojHe 2 wF
FEEA Zar] Mol Azd

off W T

_30_



V=20 cm/s
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Fig. 23. Filament at rupture position on the velocity 20 cm/sec.
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Fig. 24. Filament at rupture position on the velocity 100 cm/sec.
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