o T H40% 3
- 246 - PACKAGING ENGINEERING 2019 4F 2 H

1 2

(LINARBMr =B, e 2501045 2.0R40l RS, =% 271018)

B &9 TR W RREP R e by R B bR E e B, ARSI R ARG B ek, FILE AL b
PR, FiE AR AR FRBEI TR, ELOEBRERS. PRRE, HERERELELEITSF
BEEHHFER, BEXETETXRAOHZERARTMRERAET 2., &R FPHAZNRAEARERS,
RKRAL. AMEL A A 1.812, 1.524 um, 2 5 WIRRPP R A K65 B fe kB AR EHOF AR e w Ry
A A 76.32%F= 82.25%, @it H EH N E R f ER EAF LS, TARGER G RE 2K (R), #
MR BREAGHE AL, E@KD (40N) BREEHT, ZibEHF (12cm’/m’) WA @k E £
g, AR ERELSFRERGEBRFE, st ERA, &8 AL, BE RAXRE | RE*
R KRR LS T (FRATIUANAREZXRMER ) ARETO I YR E, 2S5 E,
KA HBFT, RARE, KRS, REELHS T ARBARE TN ISR L, LELH
HERAEZROMRENREZR L,
FEmALE BE; HFAER,; WRER; b RIS
TS206 A 1001-3563(2019)03-0246-07

DOI 10.19554/j.cnki.1001-3563.2019.03.037

Mathematical Model for the Quality Prediction of Gravure Printing Products
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ABSTRACT: The work aims to predict the surface roughness and thickness of gravure printing products to improve the
quality and speed of printing patterns, in order to realize the rapid intelligent printing. The mathematical model including
such independent variables as operation tension, printing speed, ink viscosity and theoretical transfer volume was estab-
lished by means of 2* full factorial experiment design method. Pareto statistical analysis was applied to analyze the inte-
raction between the variables. The results showed that the surface roughness of printing pattern was high, with the maxi-
mum and minimum values of 1.812 um and 1.524 pm, respectively. The determination coefficients of the mathematical
models for thickness and surface roughness of gravure printing were 76.32% and 82.25%, respectively. By considering
other parameters such as scraper type and pressure zone pressure, the determination coefficient (R*) of the model could be
improved, thus improving the model accuracy. Under the operating conditions of high tension (4.0 N), the surface rough-
ness of the theoretical transfer volume (1.2 cm?®/m?) was more uniform, and the use of low viscosity ink would lead to a
greater image thickness and then reduce the manufacturing cost. The major influencing factors for thickness change are
viscosity, speed, tension*speed, speed*viscosity and tension* viscosity*theoretical transfer volume (* indicates the com-

bined action of several factors). The major influencing factors for surface roughness are theoretical transfer volume, ten-
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sion*theoretical transfer volume, tension*speed, tension, viscosity*theoretical transfer volume. The most significant fac-
tor in determining the surface roughness is the theoretical transfer volume.

KEY WORDS: surface roughness; thickness; mathematical model; gravure printing; Pareto statistical analysis
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Fig.2 Gravure printing patterns and cell features
1
Tab.1 Parameter range of independent variables
/N /(m-min") /(mPa-s) /(em® m?)
A, A, Ay
2 2.5 1
4.5 1.2
2
Tab.2 Test results of surface roughness and pattern thickness
. 2% BRI jum S VHLRS /um
i ik 14, EIVhil 13 4, SRR HE A PR HERS R A, Hi{H b ZE W e
1 2.0 2.5 80 1.00 3.264 0.156 1.812 0.048
2 4.0 2.5 80 1.00 3 0.12 1.584 0.108
3 2.0 4.5 80 1.00 3.06 0.132 1.8 0.036
4 4.0 4.5 80 1.00 3.132 0.108 1.716 0.012
5 2.0 2.5 120 1.00 2.916 0.156 1.788 0.108
6 4.0 2.5 120 1.00 2.856 0.096 1.644 0.084
7 2.0 4.5 120 1.00 2.616 0.168 1.68 0.132
8 4.0 4.5 120 1.00 2.784 0.132 1.692 0.048
9 2.0 2.5 80 1.20 3.12 0.132 1.524 0.072
10 4.0 2.5 80 1.20 3.18 0.324 1.524 0.024
11 2.0 4.5 80 1.20 3.048 0.132 1.488 0.084
12 4.0 4.5 80 1.20 3.18 0.132 1.548 0.06
13 2.0 2.5 120 1.20 3.024 0.216 1.608 0.06
14 4.0 2.5 120 1.20 2.916 0.18 1.56 0.036
15 2.0 4.5 120 1.20 2.784 0.168 1.536 0.036
16 4.0 4.5 120 1.20 2.784 0.192 1.596 0.048
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Fig.6 Main effect of variables on thickness and surface roughness
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