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Theoretical Analysis of Embossing Process on a Film Coated Steel Sheel

Toshiyuki NAKASHIMA,

Yusuke HeEnMI

Synopsis : A crystalline polybutylene terephthalate (PBT) film coated steel sheet has been used as an interior

building material.

The PBT film coated surface on the steel sheet is usually given a design property

by embossing at high-speed continuous manufacturing line. Therefore, it is very difficult to estimate

the suitable emboss condition.

Especially, in terms of determining the minimum film thickness

required for embossing process on the PBT film surface, we have needed considerable experiments.

In an effort to reduce cost and time,
significant.

theoretical estimation of the minimum film thickness is
Thus, the viscoelastic behavior of PBT polymer during the embossing process has been

investigated by a numerical simulation in order to optimize the film thickness for stamp geometries.
As a filling process of the PBT polymer into the patlern, the embossing process can be described by

viscoelastic deformation based on generalized Maxwell model.

For a sand pattern, filling ratio

dependencies on a roll transit (ime, a nip pressure and an initial film thickness were evaluated by

both experiments and simulations and they agreed with each other quantitatively.

The dependence

on the initial film thickness was attributed to adhesion of the polymer at the stamp and substrate

surfaces.

The requisite minimum film thickness for a sand pattern under an actual condition was

estimated and the value corresponded to the film thickness enough to avoid any emboss form

defects.

To estimate the rectangular pattern suitable for thin film, parameters of the stamp and the

polymer were expressed as dimensionless parameters. As a result, we created the contour plot of
filling time as a function of dimensionless convex width and dimensionless concave width at a

dimensionless initial film thickness.

A decrease of filling time at dimensionless convex width (. 5~

1.0 and dimensionless concave width 2.0~3.0 suggests that the region corresponds to the

rectangular pattern suitable for thin film.

In addition to it, as a guideline of estimating the requisite

minimum film thickness for a rectangular pattern, the contour plots of limit time and dimensionless

limit film thickness were also created.

Keywords
requisite minimum film thickness

1. ¥S

PEEEEM & LT, #SER Y A7 bEiRO R Y 7F
LyFL 7 L—F (PBT) %0 L 7, PBTHINE
RSB DH S T 312, 2 oPBTHHE#E R itk
FIREZ RS 5 -0, #ilH L CPBTHEE % il Lo
qumTirmﬂL”*%u;Mé@,iy¢xuf»
THET 2 Z &2k, FElp-oMEnic sy R AREZ

: embossing process; PBT film coated steel sheet; viscoelastic deformation; numerical simulation;

fT>Tw3

Fig. 1lcFT L3, chEThzyRAFEEHRI
MwshTEambE (Fig. 1 (a) %ot L7
VR Y — v Do oS, EETIEEE (Fig. 1 (b)) %
DEDKEOERINZ Y — VML TETWS, &
i, PBTEHED = > R ARIBIESH W I ik 5, H
ﬁfu,wﬁ’%:zt?lk¢%1/$1£émmm
DEERKDENTVBA, aR FPRBEESCLD,
JE ) (3R R200 umBR LIS HIR E T B, it,—ﬁm

« HEIIFZETT WM L — 7 F—b) =5 —
2 UGS MURERR 2 v — 7 i

23



HIEHE Vol.3s

(a)Sand pattern

(b)Rectangular pattern

Fig.1 Sand and rectangular patterns transferred into PBT film coated steel sheets
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Fig.2 Schematic diagram of embossing process
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Table 1 Parameters of Prony series for PET polymer

i s) g

1 6.84932x10°° 6.37431x 10"
2 1.82001 X107 2.26296 % 10
3 4.83615% 1077 4.10693 % 10°*
4 1.28507 %10 2.72113x%x 10"
5 3.41470X 10° 4.75098 X 10™
6 9.07357 X 10°° 6.50893 < 10"
7 2.41104 X 10°° 4.28048 X 10"
8 6.40664 X 107 2.19794x 10"
9 1.70238 X 10™ 1.33242x 107
10 4.52359x 10 6.90172x 107
11 1.20201x 10°® 2.26092 % 107
12 3.19400% 107 6.36414 %107
13 8.48715% 107 1.99740 X 1078
14 2.25521 X107 1.06533 <10
15 5.99258 X 107 6.77991 X 107

7;: relaxation time of ith Prony element,
g: dimensionless shear modulus of th Prony element
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Fig.3 Analytical model of filling process for a sand pattern
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Fig.4 Analytical model of filling process for a rectangular pattern
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Fig.5 Analytical result of filling process for a sand pattern with
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Fig.6 Relation between filling ratio D/Do and roll transit time ¢
for a sand pattern at o = 85um, T'= 210°C, p = 0.75MPa

1.0
B Experimental values ~ |
0.8
=8 Calculated values
|
_ 06
2
S 0.4
0.2
0.0 . ; 1 f
0.0 0.2 0.4 0.6 0.8 1.0
p (MPa)

Fig.7 Relation between filling ratio /Do and nip pressure p
for a sand pattern at fiw = 85um, 7'=210°C, ¢ = 0.028s
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Fig.10 Effect of initial film thickness on filling process for a sand pattern at T = 210°C , p = 0.75MPa, ¢ = 0.028s
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Analytical result of filling process for a rectangular
pattern with § = 500pm, W = 100um, Do = 100 xm
at ho = 100pm, T = 240°C, p = 3.5MPa, ¢ = 0.10s
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