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Outside Mold Roller (OMR) is a revolutionary printing
process by which objects are 3-dimensionally
decorated. The products decorated by Outside Mold
Roller are protected from water and fading. What’ s
more, these kinds of decorations strongly increase
the beauty, desirability and value of the objects.
Outside Mold Roller is now using Gravure Printing and
Screen Printing to print PET film, however, there are
still some problems with these two technologies. For
example, the process of Gravure Printing 1s more
complex and expensive. Screen Printing is cheaper but
the process is also complex. These two forms of



printing are both unable to create personalized press
work, while Digital Inkjet Printing can.

Therefore, this research is to investigate the
potential use of combining Outside Mold Roller and
Inkjet Printer in 3-dimensional decoration. The
independent variables are inkjet printer dot per inch
(720dpi and 1440dpi), pass (8pass, 16 pass, 32 pass)
and coverage (100% and 120%), then printed to the
substrates. In each combination, 200 samples will be
selected to transfer printed products which will be
examined for print quality attributes (color
difference, SID, TVI and PC) of the Outside Mold
Roller to find out the best composition of color and
the best print quality. This study is a true
experimental research. Study results found that when
the higher coverage and the lower pass of inkjet
printing, the SIDs will become higher as well. When
transferred to ABS, SIDs in each combination will
increase. The higher coverage printed, the higher
TVI. After transferred into print contrast, each
combination of PC is great. When transferred to ABS,
color variances of each combination are different
from orange and cyan color. The relationship of tone
reproduction curve from original to ABS can be found
and created.

Additionally, this study is expected to develop
personalized printing service, broaden the usage of
Digital Printing, Inkjet Printer and Outside Mold
Roller technology and be beneficial to those industry
managers, government officers, and academics of the
related field.

Outside Mold Roller, Digital Inkjet Printing, Color
Print Quality Attributes
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Abstract

Outside Mold Roller (OMR) is a revolutionary printing process by which objects
are 3-dimensionally decorated. The products decorated by Outside Mold Roller are
protected from water and fading. What’s more, these kinds of decorations strongly
increase the beauty, desirability and value of the objects. Outside Mold Roller is now
using Gravure Printing and Screen Printing to print PET film, however, there are still
some problems with these two technologies. For example, the process of Gravure
Printing is more complex and expensive. Screen Printing is cheaper but the process is
also complex. These two forms of printing are both unable to create personalized press

work, while Digital Inkjet Printing can.

Therefore, this research is to investigate the potential use of combining Outside
Mold Roller and Inkjet Printer in 3-dimensional decoration. The independent variables
are inkjet printer dot per inch (720dpi and 1440dpi), pass (8pass, 16 pass, 32 pass) and
coverage (100% and 120%), then printed to the substrates. In each combination, 200
samples will be selected to transfer printed products which will be examined for print
quality attributes (color difference, SID, TVI and PC) of the Outside Mold Roller to
find out the best composition of color and the best print quality. This study is a true
experimental research. Study results found that when the higher coverage and the
lower pass of inkjet printing, the SIDs will become higher as well. When transferred to
ABS, SIDs in each combination will increase. The higher coverage printed, the higher
TVI. After transferred into print contrast, each combination of PC is great. When
transferred to ABS, color variances of each combination are different from orange and
cyan color. The relationship of tone reproduction curve from original to ABS can be

found and created.

Additionally, this study is expected to develop personalized printing service,
broaden the usage of Digital Printing, Inkjet Printer and Outside Mold Roller
technology and be beneficial to those industry managers, government officers, and

academics of the related field.

Keyword : Outside Mold Roller, Digital Inkjet Printing, Color Print Quality Attributes
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Abstract. IMR can print out excellent textures and effects on irregular surfaces. Many products
decorated by IMR are protected from water and fading, and these kinds of decorations strongly
increase beauty, desirability and value of the objects. Therefore, this research is to investigate the
potential use of combining IMR with UV inkjet printing and to compare color variance of IMR
between PET coated and uncoated white ink. Study results show that the SIDs of PET with white ink
is higher about 0.15 to 0.2 than the PET without white ink. The SIDs of PET without white ink will
decrease and the SIDs of the PET with white ink will increase when transferred. The PC of PET
without white ink is about 10 to 15 higher than the PET with white ink. After transferred, the Color
Gamut became smaller than before. Especially for the PET without white ink, its color differences AE
can reach 40. In addition, the color gamut became smaller when transferred.

Introduction

The IMR (In-Mold Roller) is now using either of gravure and screen printing to print PET film.
Gravure printing with high cost has complexity in process, while Screen printing with a lower cost has
the problem of poor halftone quality. There are some other problems with these two techniques. The
IMR can overcome the problem of products angle. The IMR is belonging to indirect printing because
of its technical attributes. First, use UV inkjet soft-ink to print PET (Polyethylene Terephthalate) film
and then in-mold transfer to the ABS (Acrylonitrile Butadiene Styrene). This completes the shell
decoration. It let shape unrestricted and many choices in material species.

The main purpose of this study is to compare the UV inkjet PET with white ink and without white
ink of IMR and to analyze the color quality attributes before and after the transfer. In previous
experiments [1] [4], we choose one of the best combinations C150P4R 1440 (Coverage150%, Pass4,
and Resolution1440) to draw and show it.

In-Mold Roller

The IMR is divided into processes of the coating, the printing, and the injection molding. From the
membrane function of the injection molding, the ink is smoothly separated from the PET film without
damage. After the release of film, which is coated with a hard coating, the layer in the injection is
completed. By taking the test of finished outermost scratch resistant protective effect, it could be
found that its structure and the formula varies with each manufacturer [3]. The hard coating, the
volume of layers, and the primer layer are different too. The PET film, digital inkjet printing, and
injection molding process are used in this study. Through a variety of coating (hard coating layer and
the various stages of primer), the results of the measurement data were obtained [4]. The goal of this
study is to achieve the expansion of UV inkjet digital printing and in mold transfer technology.
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Experimental Procedure

In this study, a set of experiments were carried out to explore the printability of the UV inkjet
digital printing, combined with IMR. This research is to compare the PET with UV white ink and
without white ink of IMR and to analyze the color quality attributes before and after the transfer. In
experiments, physical attributes are suit for IMR. All products have been tested and final
specifications can meet the needs of general international products. Thus this research mainly
discusses color printing quality attributes. These color quality measurements were evaluated by SID
(solid ink density), tone reproduction curves, TVI (tone-value increase), color gamut range, PC (print
contrast), and AE (color differences). The experimental procedures are: 1) exploring the previous
experiment results [1][2]; 2) measuring the combination of the PET with white ink; 3) measuring the
combination of the PET without white ink; 4) comparing the differences on color quality attributes of
PET/ABS coated and uncoated white ink, and choosing the best combination C150P4R1440 to draw
and analyze the results. In this experiment, we use the UV inkjet printing- Anderson A-Jet
Plus-1650-C7H8 and Roll to Roll.

Result and Discussion

Experimental results are shown and discussed as bellows:
Solid Ink Density & Color Gamut on Hexagon Diagram. After transferred, the SIDs of without
white ink became lower about 0.06 to 0.08 because of the high temperature and high pressure in
injection. However, products with white ink were become about higher 0.09 to 0.11 because of the
isolation with four color ink. The color gamut obtained using densitometry on hexagon diagrams
(which is widely used in the graphic arts industry) for PET and ABS for with/without white ink, are
shown in Fig.1. It shows that the SIDs of white ink are wider than those without white ink.

PET ABS
Y M Y M
—#— Without white ink
== With white ink
G B G B

Fig.1 Color gamut ranges of PET (left) before and ABS (right) after transferring

Tone Value (TV) & Tone Reproduction Curves. The tone reproduction curves of the PET with
white ink and the PET without white ink are shown in Fig.2. It was found that the tone reproduction
curves of the PET with white ink are more stable (like offset printing) than those of the PET without
white ink.

100 PET i PET

Fig.2 Tone Reproduction Curve of without white ink (left) and with white ink (right)
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Tone Value Increase (TVI.). The tone value increases of each color of with white ink and without
white ink are shown in Fig.3. Variances of highlight without white ink are abnormal and the IMR of
with white ink are like general printing tone value increase curve.

TVI--K color TVI--C color

40 20 —

—&— PET without
white ink

—— ABS without
white ink

VI

PET with
white Ink

—=— ABS with
white ink

Tone%

TVI--M color TVI--Y color

40 40

-20 - -20
Tone% Tone%

Fig.3 Each of color of TVI curves of PET to ABS (C150P4R1440)

Color Gamut on CIELAB Color Space. The color gamut of PET and ABS before and after the
transfer respectively, were also explored using CIELAB color space. Color gamut on CIELAB color
space of without white ink and with white ink is shown in Fig.4. After transferred to ABS, the color
gamut are smaller than before. Additionally, printing color gamut on CIELAB color space PET and
ABS transfer are shown in Fig.5.

Without white ink With white ink
b

nilD .
'ﬁ} 100 100

Fig.4 Color gamut on CIELAB color space of without white ink (left) and with white ink (right)

e PET
—m—ABS

-100

A B
5 —#— ABS without
—e— PET without Ghiaiak
white ink
a
—B— PET with st
e white ink
white ink a
- w - - X \_ﬁ./ = e
= -50

Fig.5 Printing color gamut on CIELAB color space PET (left) and ABS (right) after transfer

Print Contrast (PC). The Print Contrast comparison of each color of with white ink and without
white ink. The IMR without white ink apparently higher than the IMR with white ink because the
SIDs of without white ink are higher. The PC value of M and Y without white ink are higher about 1,
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and the C and K are higher about 2. The PC value of M and Y with white ink are higher about 1, and
the C and K are higher about 5.

Color difference (AE).The AE value of C, M and Y color without white ink are about 37 to 52, K
without white ink are about 14 to 16. And the AE value of C,M,Y and K color with white ink are
about 4 to 6. The IMR without white ink is apparently higher than the IMR with white ink due to high
temperature and high pressure in injection.

Conclusions

Following conclusions were found in this study:

1. The SIDs of PET with white ink is about 0.15 to 0.2 higher than the PET without white ink. The
SIDs of PET without white ink will decrease, and the SIDs of PET with white ink will increase
when transferred.

2. The Tone Reproduction Curves of PET with white ink are more stable than the PET without white

ink.

The IMR of white ink fits general printing Tone Increase Curves.

The PC of PET without white ink is about 10 to 15 higher than the PET with white ink.

5. After transferred, the Color Gamut became smaller than before. Especially for the PET without
white ink, its color difference can reach 40. In general, the color gamut became smaller when
transferred.

6. The combinations with white ink show less color variances, while the combinations without white
ink show more color variances because of the high pressure and temperature in injection.
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Abstract. The In-Mold Roller is a revolutionary printing process by which objects are 3D decorated.
Products decorated by In-Mold Roller are waterproof and protected from fading. What’s more, these
kinds of decorations strongly increase the beauty, desirability and value of the objects. The In-Mold
Roller is now using either of gravure printing and screen printing to print PET film. However, there
are some problems with these two techniques. This research is to investigate potential usages of
combining In-Mold Roller with digital UV inkjet printing in 3D decoration, e.g. in personalized
printing services. Study results found that when the coverage and the resolution of inkjet printing
become higher, the SIDs will become higher as well. When transferred to ABS, SIDs in each
combination will increase. Each combination of inkjet conditions, with the isolation of white ink,
color differences are less variant. TVIs of white ink decrease 30% to 40% halftone and display in “M”
type. In print contrast, C and K colors of each combination are better than M and Y colors. After
transferred into print contrast, each combination of PC will be higher about 2 to5. When transferred to
ABS, color variances of each combination are not huge, and color differences are about 3to5.

Introduction

The IMR (In-Mold Roller) is a technology which transfers printing processes and can be
transferred to different types of modeling materials on the outside of patterns. It achieves 3D effects
on the surface of the patterns and increases product value. After 3D-IMD (In-Mold Decoration)
transferring, overall products become waterproof and fading-free. As results of improved overall
product texture, these commodities embody more beauty-attraction, publicity-oriented, and
value-added features. Most of printing techniques are only suitable for printing on flat surfaces. For
products, which are designed with mutative surfaces and shapes, it is easily coated with uneven
corners. Through the development of digital printing, any volume can be printed or modified at any
time [1].

The main purpose of this study is to analyze the feasibility of UV inkjet digital printing in the IMD,
to explore UV inkjet digital printing soft-ink with white ink coating to print PET film, in-mold
transfer to flat-bed ABS (Acrylonitrile Butadiene Styrene) materials, and finally to analyze color
quality attributes before and after the transfer.

In-Mold Roller

3C products are still plastic chassis in mainstream, especially the recent IMR technology can
significantly enhance plastic casing texture to the plastic chassis industry. Some applications even
reduce cost 30% to 50% [2]. The main advantages of IMR are: 1) supporting mass production; 2)
working on both Molding and transferring at the same time, and reducing cost of space and time; 3)
enhancing decorative accuracy; 4) providing accurate performances of plating, pearl effect, metallic,
and other special designs; 5) effectively improving product wear on the surface of UV-Coating. The
PET film, UV digital inkjet printing on white ink coating, and injection molding process are used in
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this study. The goal of this study is to achieve the expansion of UV inkjet digital printing and in-mold
transfer technology.

UV Inkjet Printing

Inkjet printing technology belonging to a computer direct printing ink through a nozzle jet, it can
be imaged directly on materials, depending on inkjet technology into Continuous Inkjet and Drop on
Demand Inkjet. UV inkjet printing as a printing method using UV ink printing via UV drying
technology can print any materials with non-impact printing. It can replace screen printing and
industrial similar characteristics of products.

Experimental Procedure

In this study, the True Experimental Method is applied to explore the combination of the inkjet
printing process used in mold transfer adaptability in order to achieve the depth of the research. The
UV inkjet prints PET bottom with white ink, then is transferred to ABS to check the materials color
quality attributes. This study applies three resolutions (360dpi, 720dpi and 1440dpi), two passes (4
and 6), and three levels of coverage (100%, 120% and 150%), according to a combination of 12 kinds
of hardware requirements for better quality results. In addition to the detection of color inkjet printing
quality presented and discussed after transfer the performance of color printing quality and physical
attributes of the test, conductivity meter is measured using vehicle parts experimentally.

Result and Discussion

Experimental results are shown and discussed as bellows:
Solid Ink Density (SIDs) & Color Gamut on Hexagon Diagram. As shown in Fig.1, under the
same printing conditions, when the coverage has higher resolution, we can obtain higher SIDs. After
the injection mold to ABS material, the SIDs of different combinations showed slightly elevated, K, C
and M increased about 0.1to 0.3., while Y increased about 0.01 to 0.03. The density of PET has the
highest density of C150P4R0720 and C150P6R0720 combined portfolio, because the ink is spread by
high temperature and pressure, which will increase the density after transferred.

PET ABS

——C120P4R0720
¥ M Y M —@— C120P4R1440
C120P6R0O720
—=— C120P6R1440
—= C150P4R0720
-9— C150P4R1440
G B G B C150P6R0720
, : C150P6R1440

l

c i

Fig.1 Color gamut ranges of PET (left) before and ABS (right) after transferring

Tone Value (TV) & Tone Reproduction Curves. Fig.2 shows the PET transfer printing via
different combinations of dot area relative ABS, and the tone reproduction curve relationship. It can
be seen that before and after in each set of different inkjet transfer conditions, within white ink due by
isolation, there is not many changes between the colors. For good tone reproduction, printed white ink
is not only more vivid, but after the transfer, the curve does not change.
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ABS

PET o Original PET Original
! % T T 9 %
100 -100 -50 50 100

;
R h —— K
PET . o - PET 3

Fig.2 Tone Reproduction Curve of C120P4R0720 (left) and C150P4R 1440 (right)

Tone Value Increase (TVL.). Fig.3 shows the pre-transfer (PET) and post-transfer (ABS) of the tone
value increase (dot gain) chart. PET is the order of the pre-transfer tone value increase curve, which
can be printed with inkjet to understand the changes between the original and ABS; while after the
transfer to ABS tone value increase curve, this display finished with the transfer of dot gain change.
Four colors displayed in tone value will drop 30% to 40%, like an "M" type. After apparent from the
transfer, the display attributes of the ink jet non-contact printing; the colors of the TVI after the
transferred were slightly lower than the expansion of the pre-transfer value.

M PET M" ABS

40 -~ C100% - P2 R1440

40 —d—C100% - P4+ R1080

=== (100% - P4~ R1440

== C120% - P4~ RO720

—@-—C120% - P4~ R1440

TVI

VI

== C120% - P6 - RO720

= (C120% - P6 - R1440

C150% - P4~ RO720

—4—C150% - P4~ R1440

——C150%  P6 * RO720

0, C150% - P6~ R1440
Tone% Tone%

Fig.3 Comparison of pre-transfer (PET) and post-transfer (ABS) TVI curve-for example M

Print Contrast (PC). The comparison of different combinations of the ink jet printing rendered on Y
are lower performance. And each combination of C, K colors (40 to 51) are better than M, Y colors
(22 to 32). After the transfer, different combinations of general comparison will increase about 4 to 9.
Color Gamut on CIELAB Color Space. In the Lab coordinate values, different combinations of
pre-transfer (PET) and post-transfer (ABS) ink jet printing color gamut, as shown in Fig.4, the
different combinations of ABS material is transferred onto the mold in color gamut are smaller, color
gamut that after the transfer of different combinations are narrow; but with white ink, are much more
stable; in other words, its color changes little after the transfer.

C100P4R1440 C120P4R0720 C150P4R1440
1005 1001k 100—b

——pET
PE / ——PET
oS —8—ABS
a
a
100
-100 50 50 100
-100

Fig.4 The color gamut of different combinations of pre-transfer (PET) and post-transfer (ABS)

56
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Color difference (AE). Different combinations of pre-transfer (PET) and after post-transfer (ABS)
compared with color, we found before and after the transfer of different experimental combinations
colored of the CMYK-SIDs, each combination after transfer between the C, M, Y, K, AE values
ranged in 2 to 6, AE values show a combination of transfer between the pre-transfer (PET) and
post-transfer (ABS) color performance on the C, M, Y and K color differences, with much smaller
white ink relatively. This displays that white ink prevents changes by the high temperature and high
pressure ink in injection.

Conclusions

The following conclusions were found in this study:

1. When the coverage and the resolution by inkjet printing are higher, the SIDs will be higher.

2. When transferred to ABS, each combination of SID will be increased.

3. Each combination of inkjet conditions before and after, with the isolation of white ink, the
differences of colors do not change.

4. The TVIs of white ink decreases 30% to 40% and displays in “M” type.

5. In print contrast, the C and K of each combination are better than M and Y.

6. After transferred in print contrast, each combination of PC will be higher about 4 to 9.

7. When transferred to ABS, the color difference of each combination showed a little changes and
the color differences were about 2 to 6.
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