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In Mold Roller (IMR) is a revolutionary printing
process by which objects are 3-dimensionally
decorated. The products decorated by In Mold Roller
are protected from waterproof and fading. What s
more, these kinds of decorations strongly increase
the beauty, desirability and value of the objects. As
results of improved overall product texture, these
commodities embody more beauty-attraction, publicity-
oriented, and value-added features. The In-Mold
Roller is now using either of gravure printing and
screen printing to print PET film. However, there are
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some problems with these two techniques. This
research 1s to investigate the potential use of
combining In-Mold Roller with digital
Electophotography and UV inkjet printing in 3D
decoration, e.g. in personalized printing services.
The study results found show that digital printing to
the PET film and then transfer to the ABS, the solid
ink densities (SIDs) of primaries would increase.
When the coverage and the resolution by inkjet
printing higher, the SID will be higher. When
transfer to ABS, each combination of SID will
decrease. The tone values increases (TVIs) with white
ink were generally higher than those without white
ink. The shapes and sizes of color gamut were also
varied according to different kinds of digital UV
inkjet printing processes. Compare to the IMR without
white ink, the PC value are higher than the white
ink. After transferred, the color gamut became
smaller.

Digital Printing, In Mold Roller, Printing Quality
Attributes, PET
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Abstract

In Mold Roller (IMR) is a revolutionary printing process by which objects are
3-dimensionally decorated. The products decorated by In Mold Roller are protected
from waterproof and fading. What’s more, these kinds of decorations strongly
increase the beauty, desirability and value of the objects. As results of improved
overall product texture, these commodities embody more beauty-attraction,
publicity-oriented, and value-added features. 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 the potential use of
combining In-Mold Roller with digital Electophotography and UV inkjet printing in
3D decoration, e.g. in personalized printing services. The study results found show
that digital printing to the PET film and then transfer to the ABS, the solid ink
densities (SIDs) of primaries would increase. When the coverage and the resolution
by inkjet printing higher, the SID will be higher. When transfer to ABS, each
combination of SID will decrease. The tone values increases (TVIs) with white ink
were generally higher than those without white ink. The shapes and sizes of color
gamut were also varied according to different kinds of digital UV inkjet printing
processes. Compare to the IMR without white ink, the PC value are higher than the
white ink. After transferred, the color gamut became smaller.

Keywords: Digital Printing, In Mold Roller, Printing Quality Attributes, PET
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1. i 4 5%+ & (Continuous Inkjet)
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i g > BF N - apiEy 40 2-1-3 477 B F N akhEg Aok
2-1-4 %557 o 58 > iTfEE B E @\U»}‘F"‘im" AL NEIR S > = g ,I,L;z TR AR
kw0 B fERK N 49 B §) 58-200 2 ¢ chig Wik B
(Hoffmann-Falk, 2006) -
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Methods. Berlin :Heidelberg, p. 712
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Methods. Berlin :Heidelberg, p. 712
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2. &% 5%+ & (Drop on Demand Inkjet)

FEE RN AR EREF LA AR ARY T A DR -
% A% 72 35 (Thermal Inkjet) > ¥ - = & T 3% (Piezoelectric Ceramics) o 4t i€ 3¢
REEARY B RRMEY EE I EE o R T AR ST A
oA TR F e 0 FIL AL BF RS ET AR 2-16 7 o ARTH &
s o EE RPN RA o AR KA B X EREFACHE
SR B G 2-1-7 4 c R EERTFERILDR B o GV P
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R4 et oL TR s R iR B R B4 (P en % o i BT Hfoin bt e(de
T HLE z*gu) b iqggvﬂi/;ﬁ' ; fﬁf&;::"g;;;ﬁ(Kipphan » 2001) - @ 3V &
EEFENE 4 & J\EJF EPEREBIATE N IMREM RGN R
B BRG] g B g ﬁiﬁr"
I;Krﬁ,;(\“ﬁ._.t_':”/ﬁv FEy 3F SHREAl 0 ¢ ZAE N BTV~ 2 55(Static
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AL %k ¢ Kipphan, Helmut. (2001). Handbook of Print Media :Technologies and Production
Methods. Berlin :Heidelberg, p. 712
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(2) BT f i
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15 HAORAL e F bt %& g RER]Y SR AR R L R B
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%Ki 7 Siemens... % o
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FEER Y FRZEY TR Fla AN RRERIT L AR T E RS
B BTN AR RFLEEERTRY D EHT PR ST REEHE
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e, B ERK A

p o fde Loendic B R g 7 HP Indigo ~ Xeikon ~ Xerox ~ Agfa ~ Canon ~
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év"!ﬁ;:ff_EF}ﬁuj%}k » REHET A S4cR] 2-1-8 #ion -
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B2 A LT EHFR S YONRF A S F T AR R R A T 2t
B2 R g F LT I E g NP QIR X% BFRY
BESINBALEFL VF 5 - R {TERINBARFERS BFLF o
KEPFe b iR w SR A §OFEr

AF2 3 & * HP Indigo press ws4050 ;& i #ici B RS e B F 2 ¢ el i
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E P B R | 12~350pum

B ) HP & + & & i

CER?

CMYK = ¢ 2% 4 ~{f 4

7L % & - HP Invent. (2006). The high performance solution for profitable, colour d
HP Indigo press ws4050 Specification Sheet.
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LR T LB R S Bl (Y R B R R BT 3 47 0 2010) - -
GHCE R B D BT R R P Bk s o] 2-1-10 FF5F o il BEr R
o MR E R 0 G AR B I ik (Flexography) B i oh o i B ded 4 & B
e O S L N S S i

S

e ™
EI1Rpll B4 3 2 2 (96 )
100
15%
80
R (ARSI TR - BRI RAR -
60 T T 9 E R R A 40%
SRR ELT R fler
( RSEHENR]
40 SRAEENRR)
20%
20
25%
]
1970 74 78 82 86 90 94 98 2002 2006 2010 2014 [RES]
. S
B 2-1-10 #ci= B 5 B =1 bl by
AL % & © Kipphan, Helmut. (2002). Handbook of Print Media :Technologies and Production

Methods. Berlin :Heidelberg

- PERRBETECFRINEEIR T4 ¢ (EDSF)“;"J‘W%]% R TR IR
kg5t 01995 ~2020 & e 4 & 1 Eéhg,?]'ﬂ 2ol AL e R 2 B R N R
R SRS JuR=p A1 UN-F=k S ’ar%\ 2-1-3 #7770 S E S N 4
A B R S @ BB R BT FE o £ 2-1-4 B om 1995~2050
ﬁﬁﬁwﬁ*%*wﬂ ,%mAW%%&mﬁtE%@%wﬁﬁﬁﬁﬁ,
fﬁﬁW@ #&ﬂ*g ' FORE R 2L R B B R

% 2-1-31995~2050 # rﬂ':'“/ﬂ]ﬁa?] P 3V IER

% 2-1-4  1995~2020 & enEr i 4 & 1 pFIE P

e - =i i B ] 48

1995 11.0% 18.0% 71.0%

2010 2.0 % 41.0 % 57.0 %

2020 - 48.0 % 52.0 %

2050 - 55.0 % 45.0 %
(RIT&EDSF)

P

1999

1995

2000

2005

2010

2015

2020

1 2k ];'l?rql'j -

2.0%

3.%

4.0%

5.%

6.%

7.0%

9.0%
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3-4 | p* 3.0 4.0 4.0 5.0 5.0 6.0 9.0
7-8 /| P& 3.0 5.0 7.0 8.0 9.0 10.0 12.0
12-24 -} p% | 12.0 13.0 14.0 15.0 17.0 18.0 19.0
2-4 % 15.0 16.0 17.0 18.0 19.0 19.0 20.0
3 = 21.0 20.0 18.0 16.0 15.0 14.0 13.0
5-8 = 16.0 14.0 13.0 12.0 11.0 10.0 8.0
9-30 = 18.0 16.0 15.0 13.0 12.0 10.0 7.0
30 =+ | 100 9.0 8.0 8.0 6.0 6.0 3.0
100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
(RIT&EDSF)
% 2-1-5 Bpor 1990~2020 + & f] & dcihrid * Apip) o £ ¢ F o5 A K KRB
ASHEPLE CFRE I HETZ O MAZEMASME Y LA BRFEH ST

She

% 2-1-5 1990~2020 -+ Er | dcenid * 37

TooeRLE ALY BEA LSRN LAEF R AoF] 2-1-11 467

-16 -

Er i & B AW 1990 2000 2010 2020

24 H 51.0 44.0 29.0 20.0

2§ ekl g 2.0 1.0 1.0 0

s 4 12.0 7.0 7.0 5.0

w4 33.0 41.0 51.0 60.0

T4 R 2.0 7.0 12.0 15.0

£z 100.0% | 100.0% | 100.0% | 100.0%
(RIT&EDSF)
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| 81990 B 2000 O 2010 O 2020 |

Bl 2-1-11 1990~2020 & & ji| ¢ Hcerig * 3 8| (RIT&EDSF)

% 2-1-6 B2 5F 2000-2020 & & N EP RSN B H-FER 0 H P fgw e R 87 4 b
TREREES S H B RN EE R T EARS  H P TR R T O B S Beid s B 2006
2w TREP R S EP R K S 60% 0 R FER 3 2020 # o -E T 34% ; @ H 3
i 5 BB R AT B 1R o

# 2-1-6 2000-2020 & & 3% B s 5N 7 H-FE R

i | R | 2asg | Tw | 3R | vk 23t
2000 | 24.0 8.0 54.0 7.0 7.0 100.0%
2010 | 43.0 10.0 37.0 5.0 5.0 100.0%
2020 | 58.0 14.0 20.0 4.0 4.0 100.0%
(RIT&EDSF)
3 2-1-7 B 7 2000~2020 # 2. % 4677 7] "F‘&&’Jﬁﬁ’éﬁ’d‘@?iﬂiﬂiéﬁé‘“

M- R AL gpﬂ%—g“ﬂ% 4oB) 2-1-12 #7775 At A TERL > A R v v

BE R S A 0 ER A b BB B2 M Bl T BB K2 B Mg

ERUE L PR
% 2-1-7  2000-2020 & 2_ % 4657 ]
B 2000 2005 2010 2015 2020
i 5 740% | 64.0% 57.0 50.0% 40.0%
A 23.0 30.0 35.0 41.0 48.0
B 5K 2.0 5.0 7.0 8.0 10.0
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H 1.0 1.0 1.0 1.0 2.0
B e 100.0% 100.0% 100.0% 100.0% 100.0%
(RIT&EDSF)
100%
80% O
o 60% 01 I SR 5B 7
’ 40% W ficksy
0% : : -
2000 2005 2010 2015 2020
Ay

B 2-1-12  2000~2020 4 2_ % 48 5 7|48 % ]

4 2-1-8 A5 © 2020 £ TER| A b LR 7

FHRA &G

ER
) & % 3R R

54 AL by ok ;
s fv"é\»pgll‘}ﬁﬁ/m » ¥ LL%

i

g4

S RF T IR
. 2-1-9 %1 1998~2020 & &°
+

PoeREERDAR GRS RLARPERT FAE
oo
4 2-1-8 2020 # # | R N2 Fpip e B
(> B PR
e B wpw | FE L8 T [ 4 | ww | Fan
R e
(1) 12.0 100.0 100.0
¥ g
15.0 88.0 7.0 5.0 100.0
(2-500)
2% Ep_E‘
14.0 19.0 25.0 53.0 | 2.0 1.0 100.0
(501-2,000)
¢ Ler g
13.0 7.0 24.0 65.0 | 2.0 2.0 100.0
(2,001-5,000)
PR g
10.0 13.0 75.0 | 9.0 3.0 100.0
(5,001-10,000)
T ot § 9.0 4.0 81.0 | 11.0 | 4.0 100.0
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(10,000-50,000)
L g
11.0 1.0 81.0 12.0 6.0 100.0
(50,001-250,000)
L g
7.0 76.0 14.0 10.0 100.0
(250,001-750,000)
2F LA g
9.0 50.0 15.0 35.0 100.0
(750,000+)
PrintCom/GATF
% 2-1-9 1998~2020 & ¥ ji| & X3 P15 &
g F 1998 2000 2010 2020
%=~ F (1) 8.0% 10.0% 13.0% 14.0%
2% > 8 (2-500) 10.0 13.0 15.0 16.0
v er g (501-2000) 10.0 13.0 15.0 17.0
¢ b Er g (2001-5000) 17.0 15.0 16.0 16.0
¢ e g (5001-10000) 14.0 13.0 11.0 11.0
I t5er € (10000-50000) 12.0 9.0 8.0 7.0
¢ < & ¢ (50001-250000) 11.0 11.0 9.0 8.0
£7 £ (250001-750000) 9.0 7.0 6.0 5.0
24 < &g (750000+) 9.0 9.0 7.0 6.0
&gk 100.0% | 100.0% 100.0% | 100.0%

PrintCom/GATF

% 2-1-10 5 PrintCom/GATF 4-¥¢ 50 | & & i S4B R] » 2 £ 2-1-11 35
InfoTrends / CAP Ventures g ip| & R Er ] 2 & & 3% e &g > &vﬁ%‘] 2-1-13 #7171 5 ¥4
BT B B R B A RSB BR A LSRN EP RIS o @ R A A n B Y 4F 8 B R
(Hybrid Printing) = 5% » 7* @iz f] 2 & 5 4 & 2 p R ¥ d InfoTrends ix 5
M ERESE R RS AT MR R R G R BRI B s )
172% » 374 S 2 @ % Ber - 446% > R @il d PR B E T i1 4
#-¢ 38.1% (InfoTrends - 2008) -

ETIES

El-]
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% 2-1-10 B j| > 2 e g4

Er ] A 3 2003 2005 2008 2012/15

I 5x (Lithography) 47 44 37 33%

1 s (Gravure) 15 15 14 11%

2 = (Flexography) 20 21 20 20 %

5 5% (Letterpress) 2 1 - -

55 (Screen) 4 3 3 3%

4§ & B k] > % (Hybrid Presses) | 1 2 3 4 %

#c i~ & ] (Digital Printing) 11 15 23 30 %

K 100 % 100 % 100 % 100 %

PrintCom/GATF

% 2-1-11 ZF RE R ED FARS £ R ae f 7 %

Er fi] B 3 2007 2008 2009 2010 2011 2013-2016

VTR 42 40 38 36 34 31 %

i LT R 41 39 37 35 33 30 %

B4R R 1 1 1 1 1 1%

e 15 >14 <14 <13 <12 11 %

R R >21 22 23 24 24 21 %

LN Nil Nil Nil Nil Nil -

e 2o gx 3N >2 >2 2 <2 >2 <2%

B E R <3 >3 >3 4 <5 >4 %

B i B | >17 <18 20 >21 23 31 %

w3t 100 % 100% | 100% | 100% | 100% | 100 %
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BEERMETTRE BRI A b SR B S T UE 4R AL
Erdmofd b oot iReR & AR 5 i 458 F & (Continuous Inkjet) 2 i % 5 rF &
(Drop on Demand Inkjet)(Kipphan, 2001)-UV #§ & & f| R 2 18 * UV j# % 53 UV
FCREBMEEIr PR3 N TR ERBEEFS LD EE B E R
Eefplp Ap iz i @ 2 5 W B 21 EERIH 0 & mARZHE S ER(2
#47 > 2010) -
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1@?] SRR 7 A4 47 0 U dy it (ke (Descriptive Statistics) ~ E %]+ %i{ﬁz
% +7(One-way ANOVA Analysis of Variance)~ # - & & T # %_(One Sample T Test)
v E ¥k A T & % (Paired Samples T Test) % se3t 4 453 2 » 5% 22454 0 7 7)
»hﬁ ﬁﬁro
- ‘J%%’Eifé}i

R EREAZRFIUM-ER EEFERPEEHE AL > FP

M-ER f_b ] PET "epF » v (95| B du% kAR 5 F 2 » 212 ND-ER 2 & Fr
WAL FIRMABIER > 4odk 4-1-1 977 5 2R G ~ A F kL fom 1
HH KRG M A HE I ek R k4 EFE o

EHCpN S EE T ABS L > e Al f RIRER PP A R ,rﬁﬁpp
GERZRS, EM-ER 2 & 5ER B3 > ND-ER 2 & kB f i 5 F) b5 (7 &
HE S € R4 & ¢z ERE APRE I BRA o

N

% 4-1-1 o miie A9 %8 RFER T OEE
¢ L I M-ER ND-ER ND-C HP-C
i e 1.79860f  1.48790[  1.51590[  1.58850
£ 8 e ts 1.86320f  1.50100f  1.84650f  1.74000
i e 1.77450 975501 1.20210]  1.35600
¢ 8 e ts 2.00060f  1.08370[  1.71420]  1.49490
i e 1.45490 987601  1.16290]  1.23100
M e ts 1.82520]  1.25690]  1.45150]  1.58820
e 1.49950 69010 97280 1.03400
¥ 8 e ts 1.19800 97660[  1.06370[  1.18300
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S %
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# 413 WEH AN E S HEA T

R %
N M-ER ND-ER ND-C HP-C

A=

¢ iR Y M C K Y M C K Y M C K Y M C K
%ﬁ%—ffi P iE PiE P iE P iE PiE PiE P iE P& P iE PiE P iE PiE P iE PiE P iE PiE
;E) 2—?% .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000
90% 3%
P 000 | .002 | .000 | .000 | .000 | .000 | .000 | .001 | .000 | .000 | .000 | .000 | .000 | .016 | .000 | .000
80% &
P .000 | .000 | .000 | .000 | .001 | .000 | .000 | .114 | .000 | .000 | .000 | .000 | .000 | .002 | .000 | .000
70%34%
P .000 | .000 | .000 | .001 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .132 | .000 | .000
60% 3
P .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000
;O_z)j*i .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000
40% 3%
P .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .010 | .000 | .000 | .000 | .000 | .000 | .000 | .000
30% 3
P 000 | .002 | .000 | .000 | .000 | .000 | .000 | .213 | .000 | .000 | .021 | .000 | .000 | .000 | .000 | .000
20% 3
1 000 | .011 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .243 | .000 | .000 | .000 | .000 | .000
E’lvogi .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000 | .000

% 4-1-4 5 # e w15 50%FF 2 453 52 1SO 12647-2 ~ GATF 1999(-L %) & k|
SRR 2 v s g e w M-ER - ND-ER ~ ND-C = #& /2 & 77 YMCK 4% 50%
PR B < grw:’grs [ERAE T A R I *2% 7 ND-ER~ND-C = & 2 & & i &r
m K 5% 5000 34 453 E % 305 fAE f] 5B AR F 5 oHP-C s & fdg B 50%F%
DHEH E LR TR A S 3R

BRI R A nE dORIPA RN B B I N BB
A fAE R & E AR v M-ER g B i £ 50%c0FE 3 B B B IR IT B R & T AR
Roma Ve b AR ER g3 R ETRR

2 4-1-4 J 0 15 82 50 R 5 BT R4S BO%IE T U H 00 B

e e (s & ol & B R AE

o ISO | GATF
M-ER | ND-ER | ND-C | HP-C | M-ER | ND-ER | ND-C | HP-C

12647-2 | 1999

Y | 1691 | 2587 | 3026 | 2440 | 3484 | 4073 | 4190 | 4013 | 22 19

ey | M| 964 | 1706 | 1235 | 2414 | 2880 | 3492 | 2972 | 4 | 2 19

o513 | 1354 | 748 | 2542 | 2057 | 4199 | 2602 | 4159 | 23 19

K| 1313 | 1185 | 748 | 2445 | 2724 | 3825 | 25.83 | 4077 | 25 21
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%445#
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L=
4 & PET
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#

§ AR

o AR RE

# 4-1-5 #i=Fr ] PET

2 AE BT gRA 35 e‘&p% -3
ND-C & HPcfﬁé_,_
55 47 r_ﬁit“ﬁvf;éf_,z_ﬂ_;é Y ~Cd ¢ PRI

L EHE e d BRI £ K
B L ARG R d

AaY~Cd it AE i ] >t

PEZR -

EWr gl k4R L

d AR R L a b AE
M-ER 81.44 -5.49 85.83 25.703
ND-ER 82.04 -4.92 60.14

v ND-C 82.06 -7 76.85 5319
HP-C 84.68 -3.36 79.711
M-ER 81.44 -5.49 85.83 7.045
HP-C 84.68 -3.36 79.71
M-ER 43.25 63.69 -12.88 19.523
ND-ER 53 47.17 -9.25

M ND-C 50.76 55.08 -12.29 17.679
HP-C 51.06 66.87 0.88
M-ER 43.25 63.69 -12.88 16.138
HP-C 51.06 06.87 0.88
M-ER 57.44 -48.49 -38.37 18.103
ND-ER 62.88 -35.97 -26.48

C ND-C 61.6 -52.5 -30.21 3.740
HP-C 05.34 -52.5 -30.21
M-ER 5744 -48.49 -38.37 12.045
HP-C 65.34 -52.5 -30.21
M-ER 14.72 1.79 5.71 11.562
ND-ER 22.2 -1.37 -2.52

K ND-C 15.93 -2.88 -2.82 9.146
HP-C 21.34 -0.05 3.99
M-ER 14.72 1.79 5.71 7.083
HP-C 21.34 -0.05 3.99

(5) KR s ABS HALL 2 ¢ £i80 i
F 4-1-6 7| Mg ABSHABE Y » e R E Rt T H2 T ¢ %

L £
wd X oA VR L e F LI K2 AE BB Mo Ko A i

Ll bt iR nd HEAREBEE R HY MERZ HP-CiZa s &Y
M-~KémtAEGAE 5 At fflestadY MK wid Zzg @
AR o
% 4-1-6 Hp S (ABS)e fhle & & 4 kd LB
J iR B L a b AE*
M-ER 67.53 -1.54 76.94 19158
Y ND-ER 63.8 -2.59 54.96 '
ND-C 67.51 -5.84 65.44 7080
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HP-C 66.33 -2.12 71.35
M-ER 67.53 -1.54 76.94 399
HP-C 66.33 -2.12 71.35 ]
M-ER 3247 54.6 -2.42
ND-ER 39.69 40.2 0.88 12329
ND-C 42.15 46.15 -3.85

M HP-C 36.15 53.05 -2.81 %345
M-ER 3247 54.6 -2.42
HP-C 36.15 53.05 -2.81 684
M-ER 40.64 -48.49 -38.37 11714
ND-ER 48.84 -52.5 -30.21 '
ND-C 42.95 -35.97 -26.48

¢ HP-C 46.96 -39.84 -28.4 2894
M-ER 40.64 -48.49 -38.37
HP-C 46.96 -39.84 -28.4 14634
M-ER 13.89 0.2 3.26
ND-ER 36.68 -0.01 1.88 2070
ND-C 14.41 -0.68 -1.77

£ HP-C 10.85 -0.31 4.93 7:3%6
M-ER 13.89 0.2 3.26
HP-C 10.85 -0.31 4.93 2.262

(2) #Emis2 d L E" R
1. Afgr g &rm (PET)? £ i1
ZAL-TRFNAPET WY » e GRBREES Rfpehe § ikwd £ 847

¥ EATE .E@fﬁmf%iﬂ&ﬁLY‘M‘Cé' w2 AE*E 43 165~25 2 FF » 4 KK
ZAE*ER] A 6~12 2. B AE*E &1 O g B é.Ebf/ﬁ'ﬁ%iFé&iY‘M -
Codmmtbtad 24 MAR S b KR AL BRI o

30417 RfpsideH (PET)e fEle s &4 4Rd L8

iR Py L a b AE*
B 76 95 -6 95
M-ER 81.44 -5.49 85.83 16.378
Y ND-ER 82.04 492 60.14 37.207
ND-C 82.06 7 76.85 22313
HP-C 84.63 336 79.71 18.635
R AR 52 81 7
M-ER 4325 63.60 -12.88 20268
M ND-ER 53 4717 9.25 33919
ND-C 50.76 55.08 -12.29 26483
HP-C 51.06 66.87 0.88 16.206
B 76 62 44 50
M-ER 57.44 -48.49 -38.37 13.274
C ND-ER 62.88 -35.97 2648 24.869
ND-C 61.6 525 -30.21 21542
HP-C 6534 525 -30.21 21.796
N R b 12 2 0
M-ER 14.72 1.79 571 6.328
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ND-ER 22.2 -1.37 -2.52 11.034
ND-C 15.93 -2.88 -2.82 6.871
HP-C 21.34 -0.05 3.99 10.361

2. i,%wf%—%i?ﬁﬁﬁ%é(ABS)J EA0S -t
3 4-1-8 5]

# ABS ¢} > lﬁﬁﬁﬁfﬁbbﬁﬁf@m\l g R d 7_}L 7/“,\2-\\:‘

FEL e LB RRZEF ALY M~Cd m2Z AE*E /13 15~25 2 F » e Kk
ZAB*ER A3 6~12 2 BOAE*EH s D amgern L e E R R B A Y -M

Cédwmltend LLMALRE S

e KR § DEARLB R
3418 RApLErS(ABS)E fiie £ £ RS £ 1B

s PR L a b AE*

R 6 95 6 95
M-ER 67.53 -1.54 76.94 33.176
Y ND-ER 63.8 -2.59 54.96 50.875
ND-C 6751 5.84 65.44 40.367
HP-C 66.33 2.12 7135 37.368

R f 52 81 7
3247 54.6 2.4 3247 92323
M 39.69 402 0.8 39.69 43339
.15 46.15 3.85 .15 93232
36.15 53.05 .81 36.15 94272

R 16 62 44 50
M-ER 40.64 -48.49 38.37 24732
C ND-ER 43 84 525 -30.21 25.240
ND-C 4295 3597 2648 31314
HP-C 46.96 -30.84 284 26.647

R 7 12 2 0
M-ER 13.89 0.2 3.26 4176
K ND-ER 36.68 -0.01 1.88 24.833
ND-C 1441 -0.68 177 4015
HP-C 10.85 031 493 5.564

3. 5 (PET) & # £r 13 (ABS) ¢ £ #

d £ 4-1-9FwhErniie APkt bt dmade d Rwd Lo 84"
VErL e EEr R SR AY M-CdR2Z AE*E A 15~25 2. F » A KK
ZAE*ER A 2~10 2 F > AE*ER D A EF R L e 2 FAY M
ok bend LLEAMARx vrafpa KI R d AWML B > £ H
BEAKEFRIESDSAE*] 35, § 2L B A | o

3 4-1-9 yer i (PET)& e 5 (ABS) e e & & ¢ K4 418

d iR s L a b N
i e 81.44 -5.49 85.83
M-ER o 67.53 154 76.94 21252
Y i e 82.04 492 60.14
ND-ER P 63.8 .59 54.96 16.277
ND-C | #&+ 82.06 7 76.85 18.527
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wE i 67.51 -5.84 65.44
R 2 T S M
MR ii@ B gi? 6534,669 _122' 4828 20939
=T N
y ND-ER iifj 395_'29 folg 32%5 18.121
ND-C ii;r' ,Z igzg ig(l)i _-13.é59 15.004
i EH’ B gé(l)g 22(8)2 028881 20.364
MR :ﬁ&v s iggj féig ggg; 16.8
e R
NDC e | 40 3597 2648 25.199
e iieﬂ 7 iggé -3592,554 3208241 22391
EF 5
VER EB%; i?g B? ;; 5.846
o s %ii 1%% gg ;% 7767
NDC e [ aal 068 SKE 2873
e :ﬁ&v i %(1)?32 82? izg 10.535

¢ B

(- )ik ¢ B

# £ 5 (PET) & 8 & 15 (ABS)#c = B ik B &

B od % 4-1-9~4-1-10 % F

4-1-7~4-1-8 ¥ 4w wfile £ BN 0T ABS AL 1 0 JRAR B3
i k@4 o # ¢ M-ER %E@*ﬁﬁ’wﬁﬁﬁ’,bg eh i B o 2= §_HP-C
g a ND-Ces R abr @ik PR EHEF - P  HEE
SRR 4 R B *??ﬂﬁwﬁﬁg’&ﬁﬁﬁﬁka$%mammﬁ&
R R o
% 4-1-9 e (PET) BBk B ¢ 8 4
C M Y R G B
M-ER 1.77 1.45 1.49 1.45 1.25 145
ND-ER 097 0.98 0.69 1.1 0.7 1.1
ND-C 1.2 1.16 0.97 1.25 0.9 1.35
HP-C 1.35 1.23 1.03 1.4 1.1 1.3
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B 4-1-7 v fale & @ erw (PET)B kR ¢ 2R

% 4-1-10 #8 ¢ 15 (ABS)#c =B f % 5k B 4 8 4

C M Y R G B
M-ER 2.0 1.82 1.19 1.8 1.55 1.6
ND-ER 1.08 1.25 0.97 1.25 0.9 1.35
ND-C 1.71 1.45 1.06 1.4 1.15 1.45
HP-C 1.49 1.58 1.18 L5 1.35 1.6
—o— M-ER
——ND-ER
—=*—ND-C
—~—HP-C
Bl 4-1-8 w fike & #2015 (ABS)iS ik & ¢ 1 ]
(2)¢ 554 1
vab s B AR M 5 AR e (PET) % i £ (5 (ABS)Hc i
R R B d £ 41114112 2 B 4197 S w fhie £ A SIB RN B
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B3 ABS Bl ff 0 8 H¢ B D k@ T @b S A g i
EAR N E N
1.4 & % (PET) #c i & o] 4 12t

4 4-1-11 e 5 (PET) B br f] 4 1 4

M-ER ND-ER ND-C HP-C

Color | L* a* b* L7 a* b* L3 a* b* L3 a* b*

C | 5744 |-48.49|-3837| 62.88 |-3597|-2648| 61.6 | -52.5 |-30.21 |65.34| -52.5 |-30.21

2688 | 3.6 |-49.56| 34.26 | 7.11 |-41.63| 2898 | 821 |-47.71|2591 | 24.95 |-55.11

4325 | 63.69 | -12.88 | 53 4717 | -9.25 | 50.76 | 55.08 |-12.29 | 51.06 | 66.87 | 0.88

41.67 | 57.56 | 45.55 | 51.62 | 53.32 | 31.82 | 48.92 | 57.15 | 37.85 | 48.66 | 61.91 | 47.29

81.44 | -5.49 | 8583 | 82.04 | 492 | 60.14 | 82.06 | -7 | 76.85 |84.68 | -3.36 | 79.71

51.5 |-80.51 | 32.94 | 61.52 |-52.95| 2643 | 59.14 |-65.32 | 32.85 | 57.17 | -65.49 | 36.17

Qlal~<|wm | Z|w

5744 | -4849|-38.37| 62.88 |-35.97|-26.48| 61.6 | -52.5 |-30.21 |65.34| -52.5 |-30.21

2.4 & 15 (ABS) ¢
% 4-1-12 2 15 (ABS)#ci=Er i 4 3 4

M-ER ND-ER ND-C HP-C

Color | L* a* b* L3 a* b* L7 a* b* L7 a* b*

C | 40.64 | -48.49 | -38.37 | 48.84 | -52.5 |-30.21| 42.95 | -35.97 |-26.48| 46.96 | -39.84 | -28.4

16.89 | 3.42 |-50.06 | 29.44 | 7.98 |-48.52| 21.73 | 7.67 |-40.63| 19.89 | 19.22 |-47.71

3247 | 546 | -242 | 39.69 | 402 | 0.88 | 42.15 | 46.15 |-3.85| 36.15 | 53.05 |-2.81

31.58 | 50.07 | 39.48 | 49.01 | 57.2 |37.84| 40.37 | 49.51 |35.12| 37.17 | 45.51 |36.62

67.53 | -1.54 | 76.94 | 638 | -2.59 |54.96| 67.51 | -5.84 |6544| 66.33 | -2.12 |71.35

36.65 | -81.02 | 24.97 | 59.76 | -65.49 |33.67 | 45.94 | -52.38 |26.47| 44.96 | -65.32 | 31.07

Qlal<|wm | Z|w

40.64 | -48.49 | -38.37 | 48.84 | -52.5 |-30.21| 42.95 | -35.97 |-26.48| 46.96 | -39.84 |-28.4

Color Gamut Color Gamut

100
100
TOU TOU

50 |- F
——M-ER —=—ND-ER
‘ a ‘ ‘ 8
-1p0 50 100 | —x— M-ER2 -1p0 k/go 100 ND-ER2

-50 F

b*
q
b*

100
=100

100
TO0

a* a*
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Color Gamut Color Gamut

100 100
100 TOU

enii=(NEEh
SOZR el NS

16 100
=100 =100

b*

-1p0

23, = fhie £ Hher s e (5B 5

d PR rr e & GUER N D ABS H L 2 18 0§ s i e
%@ oH¥ M-ER2L A HBErsd Bhmifs | B EHP-Cet »
m ND-C e & Rl E G feri@isd B9 BB ¥ -

DR e BR R BRI B VPR B
TR T o T @ire il s o AHEEN S FHART T R o

= . e 4 (Trapping)

% 4-1-13 B 3R F TR B R A R 2 £ 5 & 4-1-14 G AP ki
Erah ol PR B G 4 i A A S H R R e B d 0 E B R T H
AEF RS IR T i 4 R R ST RRERER AR RE A
2B A B R TRV A RN S e G Er T S i 4 i
50%rs b oo ARG Er (S ey 4 € fI AT TR o

% 4-1-13 B S AR 4 R

& & TR R G B
T AR R 70% 80% 75%
Wl T R e 65% 75% 70%
2E AL 1 5 R 55% 65% 60%

% 4-1-14 g &5 (PET) % & & {3 (ABS) dp & i

R G B
el T N
e T
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<. BRI (PC)

Er ] ik#ﬁ«%ﬁ);/%)ibt’» BERL ‘Q#ﬁ 75%3:% 80%k & er¥tit o B R K
LEARS SRR AR S B e AR G AP F B B RIR L
Al Bt BT 0L ARD S AP B r 80%k B ¥ Bkt A 5 0 B
B AR L R B B0YFE S T SRR R L WA R -

(- )i e ] 4 (&
# 441157 dow file b o RlHTE anE > Y RA R P RAL
HE MERehEs o e s d AR » M-ER 2 & enftit L5 A Feh 3
i F‘s “Eﬂ“"ﬁ-%nﬁ » Hx § HP-C%2 & ; m ND-ER# ND-C 2 & %4 K4 R
T 2 C-M7Jd mEI L

F_

% 4-1-15 # &% (PET)di & f] $4 ¢ & (PCap)
‘B é‘.

K C M Y
M-ER 48% 49% 45% 4%
ND-ER 44% 19% 24% 20%
ND-C 48% 22% 24% 23%
HP-C 36% 32% 32% 23%

(C)EE S &

BARE 2 foow fhle & dp ¥t E O £ 0 ND-ER J £ 400 T ‘gﬁx%ﬁ%’ ’
dod 4-1-16 #7577 4aip] ND-ER ‘o & ener & g7 PET A0l o & > hd 971
FRADIBE D EME .

% 4-1-16 2 {5 (ABS)¥ 1+ it (PCgo)

5 K C M Y
M-ER 43% 44% 42% 4%
ND-ER 1% 15% 7% 10%
ND-C 39% 19% 20% 10%
HP-C 28% 21% 24% 15%

2 F e A % eESHYMCK 2 4 5% > ND-ER~ND-C & HP-C
d e & gl B i B R ¥t RV I v M-ER £ & A D S ¥ 7 %
w

@ M-ER 2 & pgers o (s R ILAp§ AR ¥ R 2o
ND-ER £ ND-C & file & i ers St er S Er ¥t BT ¥ b S 8% > * 2 &
ND-ER & & C &2 K ¢ 3§ b % » 0 5 % 7 % 15021 1
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% 4-1-17 4 &3 (PET) % 2 15 (ABS)$ 1+ 418

K
e | g | Eerw (@08 | W | ®Hef | gbw | @it
M-ER 48% | 43% 49% 44% 45% 42% 4% 4%
ND-ER 44% 1% 19% 15% 24% 7% 20% 10%
ND-C 48% | 39% 22% 19% 24% 20% 23% 10%
HP-C 36% | 28% 32% 21% 32% 24% 23% 15%
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oA HARUV)T R R AT (D RN EE

ﬂ\%fﬂ,l_iﬂ'f P EEEECUVAEEAPET BN v a2 ks » HA R
Pﬁ%?%ﬁﬁiuﬂ’*4a%ﬁkwawﬂ+:ﬁ'f’%@ﬁﬁﬂ*ﬂ
- LavE k(70 K e E B oSO RHAAZIPEFERPHTE R
Pyt ABS 84 1) g 4 ’#a*ﬁ ﬁu% A ihd > d BN B
3%’ﬂwﬁiﬁﬁéﬁ*ﬁﬁ’k%ﬁﬁﬁﬁﬁa’%ﬁﬁip;o

BAFTRGF O HEF A RDRIF A RAORITRE S v Bl Fla
Beh P2 0L RYArd 4-2-197T o LT I LML AT

2 4-2-1 %= UVH R a A (v )2 28

A. C100% - P2 - R1080 B. C100% ~ P2 ~ R1440
C. C100% - P4 ~ R1080 D. C100% - P4 ~ R1440
E. C120% -~ P4 ~ R0720 F. C120% - P4 ~ R1440
G. C120% ~ P6 ~ R0720 H. C120% - P6 -~ R1440
I. C150% - P4 ~ R0720 J. C150% ~ P4 ~ R1440
K. C150% -~ P6 ~ R0720 L. C150% - P6 -~ R1440

- . %%k R SID(Solid Ink Density)
kR EALE R e Tk R 4 0 B %Jii%)ifjfu{éﬁ g R Er AT AR Er R b 2
BRRR AL O EAEHTPET K87 R+ ERIE » &7 F RS
BRAORILFEET » 23 bk FRR o
L4 kR ALY o dod 42224977 0 RAIY APl chERRIEE > F
ﬁﬁﬁ&Q%% ﬁﬁ%k§4§,mﬁwﬂﬁﬁik§pgmx@#,
PE AR BN EGERLL o AT 2] e & (CL50% ~ P4~ R1440)
@(C150%~ P6 - R1440)cER P ARt H 8 2 & o Fp 1 J 2 Lt
ﬁ%’ﬁ@ﬂﬁsﬁ%%%&;ﬂﬁéwéﬁﬁ’uiéﬁ$%€’h
Feno 1R FHA AERF EH I b2 - pET o
B B E D ABSHALE > A R ERBPEREME M @
HWERBERARS A )es2 LesmEREB FINEEEEMEMES KL
BB o

2@ I B8 m&\
fm O~ & W
& po

w

\r:s
et

%0422 2 REE R (L BEER B

==zl C_100 M_100 Y_100 K_100

BEHEIRI% Hil % I | & | AU % Hil &
A. C100P2R1080 099 1.07| 1.09] 1.09] 0.8 0.68] 1.24| 1.23
B. CIl00P2R1440 1.01] 1.19] 1.03] 1.01| 068 0.66| 1.22| 1.21
C. C100P4R1080 097 1.03] 099 099 0.69 0.68 115/ 1.15
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D. C100P4R1440 1.06| 1.07] 0.91] 0.89| 0.72| 0.69| 1.15| 1.14
E. C120P4R0720 1.06] 1.06] 1.05] 1.05 0.74| 0.70| 1.21| 1.15
F. CI120P4R1440 1.27 1.30] 1.08) 1.12| 0.81] 0.81| 1.36] 1.36
G. C120P6R0720 1.11|  1.13] 1.03} 1.02| 0.72| 0.70| 1.25] 1.22
H. C120P6R1440 1.27)  1.28] 1.08 1.08 0.79] 0.83| 1.37| 1.35
L. C150P4R0720 1.43]  1.43] 1.32| 1.27] 0.84/ 0.81] 1.57] 1.52
J. C150P4R1440 1.60] 1.60] 1.37| 1.31| 091 0.85] 1.69] 1.60
K. CI150P6R0720 1.37)  1.40] 1.26] 1.20{ 0.82| 0.76] 1.50| 1.49
L. C150P6R1440 1.60] 1.59] 1.34] 1.31| 0.89] 0.89] 1.69| 1.62
=L FEBE(REG )
et d PET @@l ABS 2 Ap i Bha ff - kb o SUM %> 4o ] 4-2-1
Hrmed E R AR R EEREES %é A I ARTE LML R
AHARINGY FAF, B 25 EHBLEL > T RRTIE AR
C100% ~ P4 ~ R1080 C100% ~ P4 ~ R1440
13 100 100
R =
ﬁ% = C fnpj ——C
50 -
= >0 M i —&—M
: - || B ey
g o0 ' | ek B 0 ' '
< 50 100 § 0 50 100 =K
C120% ~ P4 ~ R0720 C120% ~ P4 ~ R1440
. 100 ., 100
ﬁ ——C ﬁ —t—C
x50 o K 50
5 =M i =M
% . Y =2 . Y
§ 50 100 =K ‘ﬁ 0 50 100 =>K
PET4YBAIHITE B 47tk PETAEELTEIFE 47tk
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C120% ~ P6 ~ R0720 C120% ~ P6 ~ R1440
100 100
R B
S o || & -
i 50 i 50
fe =M = —&-M
B —_ i ,
% 0 T 1 Y % O T 1 Y
2 0 50 100 =K < 0 50 100 =K
PETHERLEITE H 77 Eb PETAEREEITE 77 b
C150% ~ P4 ~ R0720 C150% ~ P4 ~ R1440
100 100
R n
R R
Im ——C Im ——C
x50 S0
= M = M
% . Y % . Y
é 0 50 100 =K é 0 50 100 K
PETARA I H 7o Eh PETARE AT H 77 b
C150% ~ P6 ~ R0720 C150% ~ P6 ~ R1440
, 100 100
R R
[l =—C i = C
i 50 i 50
= —=M = —=M
% , Y s , Y
3 0 50 100 K 2 0 50 100 =K
PETARA I H oL PETAERE AT H 77 Eb
Bl 4-2-1 % b0 & 4 &5 (PET) 3188 & 1 (ABS) % B30 £f B 1% B)
Z. FERHHTVI)
Wl 4-2-2 5 i £r i (PET) 22 # £ 14 (ABS) 2 F4 38 4 - el = o ¥ 7 P A7 5
Ay B {5 20~40% F FA R B 5§ 0 50~TO% M B R B 5 1w 2T A

TSR AR 2 FIPET SEPHT > ARBEERLF RAIHRI I R
BRI ATHRR G A S LRI RN BB REFErS S 1R d Ay
ALb D EARY o € R TE e BEA 4 TR o H P C150% ~ P6 ~ R1440 ‘e
ERARBHET VB RS B0 e ST LI R EH I RE P A

N AL R
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color

#wer s PET
i E

C100% ~ P4 ~ R1080

==0--C100% ~ P4 ~ R1440
=—¢=C120% ~ P4 ~ R0O720
=i—C120% ~ P4 ~ R1440
=== C120% ~ P6 ~ R0720
=>=C120% ~ P6 ~ R1440
=3}=C150% ~ P4 ~ R0O720
=0—C150% ~ P4 ~ R1440
e=f==C150% ~ P6 ~ R0O720
=—=C150% ~ P6 ~ R1440

e s ABS
BT A

4—C100% ~ P4 ~ R1080
=—C100% ~ P4 ~ R1440
=== C120% ~ P4 ~ R0720
=>=C120% ~ P4 ~ R1440
=3=C120% ~ P6 ~ R0720
=®-C120% ~ P6 ~ R1440
e=f==C150% ~ P4 ~ R0720
——=C150% ~ P4 ~ R1440
«===C150% ~ P6 ~ R0O720
==0--C150% ~ P6 ~ R1440

color
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# e PET
BB T A

== C100% -~
=#—C100% ~
== C120% ~

C120% -~
=ie=C120% ~
=@-C120% ~
et C150% ~
e C150%
C150% -~

0=C150% -

P4 ~ R1080
P4 ~ R1440
P4 ~ RO720
P4 ~ R1440
P6 ~ RO720
P6 ~ R1440
P4 ~ RO720
P4 ~ R1440
P6 ~ R0720
P6 ~ R1440

e i ABS
BT A

—=¢—C100% ~ P4 ~ R1080
=i—C100% ~ P4 ~ R1440
=#=C120% ~ P4 ~ R0720

C120% ~ P4 ~ R1440

=3=C120% ~ P6 ~ R0O720
=0—C120% ~ P6 ~ R1440

C150% ~ P4 ~ R0720

=—=C150% ~ P4 ~ R1440
C150% ~ P6 ~ RO720
=0--C150% ~ P6 ~ R1440

color

#h e PET
FEA AT A

=¢=C100% -~
=—-C100% -~
== C120% ~
== C120% ~
=== C120% ~
=@-C120% -~
et C150% ~
= (C150% ~
C150% -~
¢=C150% -

P4 ~ R1080
P4 ~ R1440
P4 ~ R0720
P4 ~ R1440
P6 ~ RO720
P6 ~ R1440
P4 - R0720
P4 ~ R1440
P6 ~ RO720
P6 ~ R1440
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e is ABS
BB T A

-15

=¢=C100% ~ P4 ~ R1080
=—C100% ~ P4 ~ R1440
=== C120% ~ P4 ~ R0720

C120% ~ P4 ~ R1440
=#=C120% ~ P6 ~ R0720
=@-C120% ~ P6 ~ R1440
===C150% ~ P4 ~ R0720
e==C150% ~ P4 ~ R1440

C150% ~ P6 ~ R0720
—=0—C150% ~ P6 ~ R1440

color

# & PET
f?ﬂ'%i‘a—ﬁ AL

=¢=C100% ~ P4 ~ R1080
=—C100% ~ P4 ~ R1440
=== C120% ~ P4 ~ R0720
=>¢=C120% ~ P4 ~ R1440
=}=C120% ~ P6 ~ R0720
=0-C120% ~ P6 ~ R1440
e=t==C150% ~ P4 ~ R0720
e (C150% ~ P4 ~ R1440

C150% ~ P6 ~ R0O720
==9=-C150% ~ P6 ~ R1440

#Eris ABS
BT A

—¢—C100% ~ P4 ~ R1080
=—-C100% ~ P4 ~ R1440
=#—C120% ~ P4 ~ R0O720
=>=(120% ~ P4 ~ R1440
=#=C120% ~ P6 ~ R0720
=0—C120% ~ P6 ~ R1440
==+=C150% ~ P4 ~ R0720
=—=C150% ~ P4 ~ R1440

C150% ~ P6 ~ RO720
—=0—C150% ~ P6 ~ R1440

i £ 0 (PET) 22 48 £r 15 (ABS)FE 33 7 4 v 3R]




2-3 2§ 4-2-37

l%w@q
Fi%ﬁﬁ%k&*

e
%:ﬁLJ"bﬁiﬁiO mites A C-Kixdk Rz

PR LR J; T5%: 809k & (gt o

éﬁﬁk LR LR TR TR RE R Wﬂﬁim
@4,ﬂwnﬂﬁmwru, Boo AFEF R Y T5%Ik R AE G kot s 4 0 B
Mﬁ“@%,A%&M T5%0FS A R BB R R L PR R

Bor Ao 2 ﬁ‘e@bvﬁ‘,@i&}ﬁuj*f%_ilﬁ_,m&@_ » A Y AR

Dt MY § R R g e

2t e s a2 R -
# 4-2-3 #Erw (PET)E & e 12 (ABS) ¥+ (PC) e 41 B8
color C_75 M_75 Y_75 K_75

BEHERi{% il % Hil % il % Hil %
A.  C100P4R1080 46.39 57.07 46.46 50.76]  47.10]  50.00{ 53.48| 60.43
B. C100P4R1440 51.66 59.81 42.86 4494 4583 47.45] 5435 61.40
C. C120pP4R0720 48.43 56.13 46.35 55.50f 44.34| 4892 53.85] 5391
D. C120P4R1440 51.84 55.00 41.85 44841 45.04] 44.10] 53.56]  55.88
E. CI120P6R0720 49.40 52.65 43.83 4532  42.40[ 40.00] 52.93| 52.67
F. C120P6R1440 53.16 55.08] 4277\ 4140 4454 43.03] 55.10  55.56
G.  C150P4R0720 48.02 53.15] 4343  44.09) 39.68] 3827 52.54| 53.14
H. C150P4R1440 51.36 55.00f  41.71 4198  40.29] 37.06] 53.15] 52.98
1. CI150P6R0O720 49.27 5197 4339 4458  39.18] 39.07| 52.34| 54.21
J.  C150P6R 1440 51.67 53941  41.69| 4291 40.07) 37.85| 53.36| 5542

70

m A. C100P4R1080

m B. C100P4R1440

m C. C120P4R0720
mD. C120P4R1440
mE. C120P6R0720
mF. C120P6R1440
m G. C150P4R0720
mH. C150P4R1440

. C150P6R0720
& ®J. C150P6R1440

K_75

B 4-2-3 4 & (PET) 2 & £r 12 (ABS)$+ (PC) i
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R TR Y

v2ab 5 AR o e (PET) S 50 15 (ABS)H & 5 b ¢ 454 B 0 boB) 4-2-4
o AL BT HN D ABS HALL 150 ¢ 4 BRI S ko]

TR AEE AR L D B MBS RE TREAEN E

PAEEREOEWACFRABERNE > DETH S S ERT o

C100% -~ P4 ~ R1080

C100% ~ P4 ~ R1440

—8—ABS —@—ABS
0
100 - 100 —O—PET 100 - 100 —O—PET
\r —8—ABS , L @R , W=ABS
T T C T 1 _ A +PET
100 }E W { oo ——PET 100 0 100
C120% ~ P6 ~ R0O720 C120% ~ P6 ~ R1440
100 100
——ABS —8—ABS
100 - 100 —¢—PET 4100 - 100 —¢—PET
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A3 10~20 2 F > AE B O A {8

%2 @ A
B

dEAMAER X A KI R DEARIBR) c PETHELECREES
R RET 0 R BRI NMB > B KRZ LR A2 A io
4 4-2-4 e (PET) & 20 15 (ABS) & fhln & £ 9 %R J £

EhR H Al AE

C100% ~ P4 ~ R1080 42.566

C100% ~ P4 ~ R1440 40.563

C120% ~ P4 ~ R0720 40.298

C120% ~ P4 ~ R1440 41412

C120% ~ P6 ~ RO720 40.540

¢ C120% ~ P6 ~ R1440 40.858

C150% ~ P4 ~ RO720 40.201

C150% ~ P4 ~ R1440 40.487

C150% ~ P6 ~ R0O720 39.885

C150% ~ P6 ~ R1440 43.479
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C1509% ~ P4 ~ R0720 C1509% ~ P4 ~ R1440
n ﬁ N : N
-100 100 ——PET -100 0 0 100 ——PET
C1509% ~ P6 ~ R0720 C1509% ~ P6 ~ R1440
100 2 \—s /_36' 100 —¢—PET 100 0 100 —¢—PET
B 4-2-4 L7 FetigornafderiSydms 2 H
= g g_
ok 424 @i BEET LB REL LA RS § BES L £
FaoetigeraniiaC-M-YJdm2Z AE B A3 35~652 F » @ & Ki2 AE &

ZEFEEC-M~ Y d it




C100% ~ P4 ~ R1080 | 38.286
C100% ~ P4 ~ R1440 | 43.798
C120% ~ P4 ~ RO720 | 36.957
C120% ~ P4 ~ R1440 | 36.031
C120% ~ P6 ~ R0O720 | 35.454
C120% ~ P6 ~ R1440 | 34.938
C150% ~ P4 ~ R0O720 | 35.051
C150% ~ P4 ~ R1440 | 34.155
C150% ~ P6 ~ R0O720 | 35.802
C150% ~ P6 ~ R1440 | 43.332
C100% ~ P4 ~ R1080 | 55.493
C100% ~ P4 ~ R1440 | 55.123
C120% ~ P4 ~ RO720 | 53.192
C120% ~ P4 ~ R1440 | 55.929
C120% ~ P6 ~ R0O720 | 53.137
C120% ~ P6 ~ R1440 | 56.599
C150% ~ P4 ~ R0O720 | 55.512
C150% ~ P4 ~ R1440 | 54.393
C150% ~ P6 ~ R0O720 | 54.139
C150% ~ P6 ~ R1440 | 60.413
C100% ~ P4 ~ R1080 19.451
C100% ~ P4 ~ R1440 18.425
C120% ~ P4 ~ RO720 17.585
C120% ~ P4 ~ R1440 15.267
C120% ~ P6 ~ R0720 16.089
C120% ~ P6 ~ R1440 15.028
C150% ~ P4 ~ R0720 13.010
C150% ~ P4 ~ R1440 10.737
C150% ~ P6 ~ RO720 13.740
C150% ~ P6 ~ R1440 10.458
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FEE O RUVR R RS (Y R)EC EE
A& 3 & % FE ¥ (Roller to Roller)#ici= UV vf & & PET ot » ¥ ef &
do > HARPhalk ABSSIHRI i mx ABSH* & &g & At
pd AT FRS O IREEE > IR BTAL S DRE L
EERT T - XA REES Rl TR R oK AL A
BAPSE S PE o e PR ABS SOV HAEE S o ARSI A R B A2 IR o d ST a
PALLG E AR ¢ 5o PR R EEAAHT RS ET
EAETRFT R FIRDREF A FOERITRAL A g o Fla
Rk F o2 8 Gidvd 4-3-1 977 o DRI o & HEHEL H AT
%4318 UVAE LT A (v §)2 28
C100% -~ P2 ~ R1440
C100% -~ P4 ~ R1440

L

M. C100% - P2 - R1080 N.

C100% ~ P4 ~ R1080 P.
C120% -~ P4 ~ R0O720 R. C120% - P4 ~ R1440

T.

V.

X.

C120% -~ P6 ~ R1440
C150% ~ P4 ~ R1440
C150% -~ P6 ~ R1440

C120% -~ P6 ~ RO720
C150% ~ P4 ~ R0720

2 |C|¥ |0 |0

C150% ~ P6 ~ R0720

- . %%k R SID(Solid Ink Density)

kB AR B R e Tk i 4o @ R ﬁﬁ;;&}ifjﬁ{#ﬁ §pLER AN AR BT AR AL b 2
BBikR AT AT T PET 872 R T BRI > &7 F RIS
BB ARGRIEET o L4 bR RR

Bt d ARIERARY > ok 4-3-2 Bl 4-3-1- B 4-3-2 907 > BRI Apke
EREEFREFEBIAGER HBRER AR AN M T ABS
M afpe Bk RBERE KA E > AaRrEERARS LU R
2 WasdmEkRES FILEEE RS EIRZERE  4oR 4-3-1 977 -
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#4-3-2 L pHEEDSBRRERE

=¥l C_100 M_100 Y_100 K_100
WEIRIR (A H) Hil & | A0 | & | AT | & | AT | 1&
M. C100P2R1080 2.24)  2.88] 1.85| 2.25 093] 0.92| 2.08| 2.76
N. CI00P2R1440 1.38) 271 1.24] 1.30] 0.88] 0.86] 1.44/ 1.61
O. CI100P4R1080 1.45 23| 1221 1.25) 0.87] 0.84] 142 152
P.  C100P4R1440 1.35] 207 124 127 0.85] 0.84] 1.45 1.58
Q. Cl120P4R0720 L77) 1.86] 151 1.53] 0.86] 0.82| 1.69 1.77
R. C120P4R1440 1.55 l.6l| 142 1.41} 092 0.89] 1l.64| 1.74
S. CI120P6R0O720 L.73]  1.79] 149 1.51} 0.85 0.81] 1.70| 1.79
T. CI120P6R1440 1.55| 1.57) 140} 1.41} 092 0.89] 1l.66| 1.82
U. CI150P4R0720 1.99 222 1.73] 1.85| 0.93] 0.90| 1.94| 2.15
V. C150P4R1440 1.81| 1.92] 1.60] 1.69) 1.00] 0.99| 1.83| 2.13
W.  C150P6R0O720 200 2.23] 1.72| 1.86] 0.93| 0.89] 1.94 2.17
X. C150P6R1440 1.80| 1.96| 1.60] 1.72| 0.99] 0.99| 1.85| 2.16
3.00

= M. C100P2R1080

m N. C100P2R1440

m 0. C100P4R1080

2.00 m P. C100P4R1440

| ® Q. C120P4R0720

% m R. C120P4R1440

mS. C120P6R0720
1.00
mT. C120P6R1440
m U. C150P4R0720
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Abstract. The In-Mold Roller is a revolutionary printing process by which objects are 3D decorated.
The products decorated by In-Mold Roller are protected from water and fading. 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 the potential use of combining
In-Mold Roller with digital inkjet printing in 3D decoration, e.g. in personalized printing services.
The study results found show that digital inkjet printing to the PET film and then transfer to
the ABS, the solid ink densities (SIDs) of primaries would increase. The tone values increases
(TVIs) from highlight and middle (around 0~60%) were generally higher than those in shadows.
The shapes and sizes of color gamut were also varied according to different kinds of digital UV
inkjet printing processes. Moreover, after transferred, the color gamut became smaller.

Introduction

The In-Mold Roller (IMR) is a technology transfer printing process and can be transferred to
different types of modeling materials on the outside of the pattern. It achieves 3D effect on surface
of the pattern, and increases product value. After the 3D-IMD (In Mold Decoration) transferring,
the overall products become waterproof, 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 surface. For products, which are
designed with mutative surface and shape, it is easily coated them with uneven corner. 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 to print PET film, in-mold transfer to the
flat-bed ABS (Acrylonitrile Butadiene Styrene) materials; and finally to analyze the color quality
attributes before and after the transfer within its differences.

In Mold Roller

In-Mold Printing is categorized into four kinds of decorations: 1) IMD (In-Mold Decoration)
including IMF (In-Mold Forming, for large surfaces) and IMD plane; 2) IML (In Mold Labeling) ;
3) IMR (In Mold Roller) 4) OMR (Outside Mold Roller). 3C products are still plastic chassis for
mainstream, especially recently the IMR technology can significantly enhance the plastic casing
texture of the plastic chassis industry. Some applications even reduce the cost off 30%~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 the cost of space and time; 3) enhancing the
decorative accuracy; 4) giving accurate performances of the plating, pearl effect, metallic, and other
special designs; and 5) effectively improving product wear on the surface of UV-Coating.

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
(Polyethylene Terephthalate) film without damage. After the release of film, which is coated with a
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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.

Experimental Procedure

In this study, a set of experiments were carried out to explore the printability of the inkjet digital
printing, combined with IMR. Three types of modules, obtained from different combination of UV
inkjets and coating technologies, were studied in this research. These are the M-ER (Soft UV ink,
ER hard coating), the ND-ER (Hard UV ink, ER hard coating), and the ND-C (Soft UV ink, C hard
coating). Firstly, different types of inkjets were used to print PET transfer-film; and then in-mold
was applied to transfer inks to the substrates considered. The combination performances were
evaluated in terms of measures of the color print quality attributes among modules considered.
These color-quality measures evaluated were solid ink density (SID), color gamut range, and
tone-value increase) [5]. The experimental procedures are: 1) Completing the PET film to UV inkjet
digital printing; 2) measuring the full color-quality data on coating adhesives; and then 3)
transferring inks to the ABS plastic material; and 4) measuring the finally resulting color-quality
data again.

Results and Discussion

The experimental results obtained are shown and discussed below.

Solid Ink Density & Color Gamut on Hexagon Diagram. The solid ink densities of ink/colorant
primaries were varied according to different equipments, hard and soft pigments and hard coating
layers used. After transferring films to ABS plastic injection mold, the primary solid ink densities of
the various combinations in question were significantly increased. Main differences among them
are through the PET film base while measuring. The color gamuts obtained using desitometry on
hexagon diagrams (which is widely used in the graphic arts industry) for PET and ABS for various
combinations, are shown in Fig.1. It was found that the color gamuts of ABS are wider than those of
PET.

f

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

Tone Value (TV) & Tone Value Increase (TVI.). After the transfer process completed, the
effective fractional dot areas of every step on each single scale of primary colors (Y, M, C, and K)
were measured and evaluated. The results showed that the tone value increases (TVIs) of ABS after
the transfer were higher than those of the PET. Especially, it occurred in the dot-area range of 0 ~
60% as shown in Fig.2. Additionally, the comparisons of TVI curves between the PET and the ABS
before and after the transfer respectively are shown in Fig.3.
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Fig.3 TVI curves of PET to ABS.

Color Gamut on CIELAB Color Space. The color gamuts of PET and ABS before and after the
transfer respectively, were also explored using CIELAB color space. It can be seen that the digital
printing color gamut became narrower after transferring to ABS material compared to PET, as
shown in Fig.4 for every module in question.
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Fig.4 Printing color gamut on CIELAB color space before and after transfer

Ink Trapping & Print Contrast (PC). The experimental sample results show that the trapping
ability was up more than 50% before the transfer, and then trapping ability would decline slightly
after the transfer. The print contrast (PCgy) had the same results. After the transfer, the PCg in
general obtained from modules considered were reduced.

Conclusions

Following conclusions were found in this study:

1) It is feasible to combine different ink jet digital printing with in-mold roller.

2) The SIDs of primaries increased significantly after the transfer within in mold.

3) Great changes happen in the highlight, especially in the 0-10% dot area for three modules
considered in this study.

4) The highest TVI values existed in the highlights of 10-20% dot areas.

5) The color gamut on Lab color space reduced after the transfer process.

6) The saturation of secondary color of R, G, and B were slightly reduced after the transfer.

7) Smaller variance was obtained by using better UV soft ink. This is worthy of the industry to
adopt.
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Abstract. In packaging market, Vacuum Plate of Aluminum by UV offset printing is light
impediment effectively, moisture-proof, and forgery-proof and reaches the request of the green
packaging production. Thus, the packaging of Vacuum Plate of Aluminum is used widely. This
study was a true experimental research. The test form employed was the printing quality control
strip from international printing specification. It was used to record and analyze the color variance
between Vacuum Plate of Aluminum and Aluminum Foil with white board and no white board
using UV Offset Printing. The study indicated the comparison of Tone Value Increased & the
difference of Color Gamut Range among these three packaging materials via C, M, Y, K four colors
tone value and RGB area testing, and results reveals that the tone value on the Vacuum Plate of
Aluminum with white board increased most among these three materials; the dot gain percentage of
the Vacuum Plate of Aluminum is less than 15% which with the highest stability than others. All
signature findings are given in Fig.1 and Fig.2. These results are entirely consistent with research
hypotheses.

Introduction

Research Background / Motive

Packing Market. Businessmen attract consumers’ attention by using delicate package to enhance

their earning. Therefore, they have been looking for new materials to pack and to increase visual

effects.

Trend of Packing Material. All of the industries now take environmental friendly issue into

consideration. Vacuum Plate of Aluminum uses less Aluminum than Aluminum Foil. As for

recycling, the Vacuum Plate of Aluminum can be easily decomposed and it reaches the American

FDA standard.

Cost Analysis of Packing Materials. As for factories, it costs less and increases more financial

profits to produce Vacuum Plate of Aluminum because its metal thickness is thinner. Besides,

Vacuum Plate of Aluminum is suitable for high-speed printing. Therefore it can increase the

manufacturing efficiency of printing.

Application of Packing Materials. Vacuum Plate of Aluminum can be produced from thin paper to

cardboard. It can be widely used because it is flexible, moisture-proof, and light impedimental [1].
Based on the above reasons and trends, Vacuum Plate of Aluminum will be used more often by

designers and printers. This study aimed to better understand its color variance.
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Research Purpose and Importance. In the light of the sustainable growth trend on the market, this
study is a true experimental research. The test form employed in this study was the printing quality
control strip from international printing specification. It was used to record and analyze the color
variance of Vacuum Plate of Aluminum and Aluminum Foil between with and without using white
board. By using UV Offset Printing, the qualified samples in each types of value were collected
from all finished samples. The expectation of this study is to offer the standard quality for designers
and printers, to promote the printing efficiency and effectively to promote the color-control rate on
the process of printing [1].

Literature Review

Vacuum Plate of Aluminum. A novel green packing material which was widely used in all kinds
of industries started from 1980’s. Because Aluminum is evaporated, it only covers a thin layer of
Aluminum. With its high quality and eco-friendly features, it has become a new green packing
material [2-3].

UV Offset Printing. America was the first country to use UV Curing in offset printing around the
world. Then later companies in U.K. started to use it successfully. It has become one of the most
important printing skills. Using the standard of ISO 21348 to define, Ultraviolet, abbreviated as UV,
is part of the Electromagnetic Spectrum. It locates between the purple visible light and x ray.

UV Curing Ink. The so-called UV Curing Ink means one kind of printing ink which was made by
Polymer and added color prints. It functions when the printer works and shines with UV light to dry
in a flash.

UV Offset Printing Machine. Traditional ink rollers, made of rubber, can not endure the Polymer
decommission in the UV Curing Ink. Therefore, it needs materials, that can endure the Polymer
decommission, to make the ink roller. As for other machineries, they are mostly the same as the

common offset printers.

Research Method

This study is a true experimental research to find out the UV Curing Ink’s printing qualities and
features on Vacuum Plate of Aluminum. Using the same UV Curing, the printing color-quality
attributes related to black, cyan, magenta and yellow inks (called K, C, M, Y for short in the
following.) were studied and analyzed among the Vacuum Plate of Aluminum, the Vacuum Plate of
Aluminum with/without white board and the Aluminum Foil. This experiment used CMYK primary
tone values and RGB secondary tone areas for testing. The variables studied were three parts,
including the Vacuum Plate of Aluminum, the Vacuum Plate of Aluminum with white board and
the Aluminum Foil. Printing performances are tested in terms of dot area, tone value increase, area
gamut, and full area difference [4-5]. An X-Rite SP-62 was used to measure K, C, M, Y four colors
tone value and the RGB area chromaticity [6]. The controlled variables were the printing

environment, the moisture, the pH rate, the printing pressure...etc.



Applied Mechanics and Materials Vol. 262 255

Results and Discussion

Tone Value Increase. From the analyses of the tone value increase rate from C, M, Y, K, it was
found that the blue line the Vacuum Plate of Aluminum with white board was the highest. The red
line Vacuum Plate of Aluminum’s rate of tone value increase was the lowest for M and Y, about
10%. For each of K and C, its biggest tone value increase was below 15%. The Aluminum Foil’s
biggest tone value increase was about 20% for K and Y and lower for C and M. Among the dot area
in K, C, M, Y, the dot areas for Vacuum Plate of Aluminum with white board had more obvious
change than those of the Vacuum Plate of Aluminum in bright, dark and the middle tones. Except
for the middle tone of C (cyan) ink, the Vacuum Plate of Aluminum’s dot area was close to that of
the Vacuum Plate of Aluminum with white board. The Aluminum Foil’s dot area changed mostly in
Y (yellow), then K (black), least in C. So we could find the change of dot area was less in M. In Y,
the changes of dot areas of Vacuum Plate of Aluminum with white board and the Aluminum Foil’
were bigger than those of the Vacuum Plate of Aluminum. In K, the changes of dot areas were the
biggest for all the materials. In C, the changes of dot areas for the Vacuum Plate of Aluminum with
white board and without white board were close to each other. Through SPSS software, it showed
that the tone value 5~95% in all color types, each material’s p rate is 0.00. It implied that both of the
dot area and the tone value rate for three materials were extremely different.
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Fig.1 K, C, M, Y color type tone value increase chart
Indication: Blue line, the Vacuum Plate of Aluminum with white board/ Red line, the Vacuum Plate
of Aluminum with no white board/ Purple line, the Aluminum Foil.

Color Gamut Range. From the CMYRGB color gamut on CIELAB color space, It could be seen
that the area of Vacuum Plate of Aluminum with white board was bigger in both yellow and red

color. Vacuum Plate of Aluminum and the Aluminum Foil contains larger color gamut in green and
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blue. We can find that the Vacuum Plate of Aluminum with white board had yellow tendency.
Vacuum Plate of Aluminum and Aluminum Foil had almost the same density in each color except
for green and blue. Through SPSS software, we analyzed that the density of CMYRG. Under the
same color’s condition, different materials’ density p rate was 0.00 which is obvious between +0.05,
represents the color type would be extremely different due to different materials. The results
obtained from color variance rate comparison, it showed that Vacuum Plate of Aluminum with
white board vs. Vacuum Plate of Aluminum: C>Y>M>K, Vacuum Plate of Aluminum with
white board vs. Aluminum Foil: Y > C >M> K, Vacuum Plate of Aluminum vs. Aluminum Foil:
Y >M2>K > C, the biggest color variance was obtained from the comparison between Vacuum
Plate of Aluminum with white board and Vacuum Plate of Aluminum. Therefore, the Vacuum Plate

of Aluminum with white board had a great influence on the color performance.

Color Gamut Range

R
A\

Fig.2 Color gamut on CIELAB color space (Indication: as Fig. 1)

Conclusion

By printing these three different package materials, this study conducted the testing of C, M, Y,
K four colors tone values and RGB areas. Through UV Offset Printing, we researched on whether
or not the Vacuum Plate of Aluminum having white board had effects on the printing quality and
the difference on the Aluminum Foil. Conclusion obtained by practical testing and precise analysis
are listed below.

1) Within C, M, Y, K four colors, the Vacuum Plate of Aluminum with white board’s tone value
increase was the highest among the three materials.

2) The Aluminum Foil’s dot area tone value increase rate was affected by the different colors
mostly, while the Vacuum Plate of Aluminum and the Vacuum Plate of Aluminum with white board
were more stable.

3) The dot area TVI rate was 15% less than those of the Vacuum Plate of Aluminum.

4) The white colored Vacuum Plate of Aluminum had bigger blue and yellow color gamut range.

5) The Vacuum Plate of Aluminum and the Vacuum Plate of Aluminum with white board’s
biggest color difference were blue.

6) The biggest color difference among the three materials was yellow.

7) The color gamut range of Aluminum Foil was larger than the Vacuum Plate of Aluminum.
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