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Abstract

To address the insufficient calculation accuracy of traditional flexographic printing pressure
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models caused by ignoring the mechanical contribution of the substrate, a modified pressure calcu-
lation method based on the synergy between the printing plate and substrate is proposed. This
method, grounded in Hertzian nonlinear contact theory, reconstructs the traditional “cylinder-cyl-
inder” contact model into a “cylinder-thin plate-cylinder” contact model, and innovatively intro-
duces a deformation separation method to decouple the total deformation of the contact area into
printing plate deformation and substrate deformation. By incorporating the Winkler foundation
model, an analytical formula for printing pressure including parameters of substrate thickness and
elastic modulus is derived, and the accuracy of the model is verified through finite element simula-
tion. The results indicate that although the deformation of the PET substrate is only at the micro- to
nanometer scale, its high elastic modulus significantly alters the equivalent stiffness of the contact
area; after introducing substrate parameters, the calculated printing pressure is notably higher
than that from traditional models. The theoretical calculation values are highly consistent with the
finite element simulation results in terms of variation trend, and the relative error is within a rea-
sonable range. This study reveals the nonlinear gain mechanism of thin substrates on printing pres-
sure, providing a more accurate theoretical basis for the design of high-precision flexographic print-
ing pressure control systems.
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Figure 1. Geometric diagram of the printing pressure contact area
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Figure 2. Schematic diagram of the normal force between rollers
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Table 1. Flexographic printing plate parameters
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2.72 59 3.48 0.38
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Figure 3. Comparison of printing pressure under different parameters (before/after model correction)
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Figure 4. Printing pressure with different plate thicknesses for plates having the same elastic modulus
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Figure 6. Comparison of printing pressure under different plate parameters (with/without substrate)
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Figure 7. Stress-strain curve of elastomer under uniaxial compression
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Table 3. List of 3D model parameters
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5 S AR R A 3.48 MPa
6 FPEAR AR L 0.38
7 RN 250 mm
8 PET %% 1339 kg/m?
9 PET A5 & 2668 MPa
10 PET JHFA L 0.3887
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Figure 8. Mesh generation
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Figure 9. Cross-sectional stress contour of the contact area

9. EMXEBEENNEE

DOI: 10.12677/met.2026.151009 93 Wbk TR S H A


https://doi.org/10.12677/met.2026.151009

SEHE

T T T T T
0. 14 4— HIRIHMHE 4 0144 FRIHEME B
=== HRTUEMA === HIRTUEME
0.12 /' 4 0.12 4
’
0.104 J 4010 -
3 . e
a9 [=9
= P =
008 L’ 1008 E
1 H
2. 06 -+ = 0.06 .
ANy ANy
0.04+ /” 4 0.044 .
0. 02 > & 4 0.02 4
0. 00 T T T 0. 00 T T T T
0. 00 0. 02 0.04 0. 06 0. 00 0.02 0.04 0. 06 0.08 0.10
EMpE R (mm) EMpEE R (mm)
(a) 1.14 mm ZEPEETRR (b) 1.70 mm 1 EIAR
0.10 T T T T T T 0.10 T T
— FIRIEE — BRI
- - - HRTOHE L - -~ AR AE
0. 08 - S 4 0.08
§ 0.06 ;‘? 0.06
= 1=
R R
E 0.04 E 0.04
0.027 /" g 0.02
0.00 T T T T T T 0. 00 T T T T T T T
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.00 002 004 006  0.08 0.10 012 0.14
ENpS R 46 R (mm) EMRE4A & (mm)
(c) 2.54 mm ZFEPEEIIR (d) 2.72 mm F1EEIR

Figure 10. Comparison of theoretically calculated and finite element simulated values of printing pressure

10. ENRIEASIBLHEESHRTHEERILE

MEEE 10 BT A, ERHENRSECT, BEE UL KGN, RIS ) 3L 2 ) R
Ho EYIMHHTEL THRESHEREREES, RUEOBE XN ARSI EE. MELERN
BRSNS 8, 5 EAERS T ENS S, (BB ERR R B i, X
Fob i 22 2 ZLYR AT PR B b i B S R R (N A R R SR AR (BRI R MO 0.3) B8 T M RH KA AR 2kt
REONE LA R I 5 s 246 7 13— I P G PRl 22 » T BV A AT A 7 A A R B X 38 70 PR R R AT T AR AR B

6. 4518

AT I A AT TR R R A 1) 70 Ok R A BUE T SR, R X S AT R RO PN R 4
ARG T T RAEEIRRE L < SR AR 58 AR AR BT BRI I T O SE R . BRI 0 T

(1) 4R Bl AN SR S S8 AR (R, BRI s 7 R BN RO A B ) AR A 55 5 SCRIR(6) I 451847 P
AF o MR, RS T IAFA L UL AR 3G Bt N 7 5k 13 A5G &R, TR AE S wi (K 78 h e s . X —
ZEFARIR T IARA EEAIIE R0 05068 BRI 0 A LR AR A B R

DOI: 10.12677/met.2026.151009 94 IR N ST N


https://doi.org/10.12677/met.2026.151009

T

(2) BUE THREE SRR, 18 DR BRSPS BRI AR B AH R IR 26470 1, BIVRRJEEE 5 BRI I ) &2 ARRR 5K
BN B AR 22 7 AR ORI BRI 77 03X — IR AR /RAE ol s 5k BE SRR B L2, 55 S Ik 43t
b e B FEE DLk G [ 70 2K

(3) AWFFRKIL, R PET AKENIY(FMERBE L) 2668 MPa) L 2k B[ RIS %2, {E7E “ BN - ZKENY)”
MR R, miiaE i E B B R R, X RGN A E IR T 5L
P RoR, SINKEMWIG, EVRIE ARSI IRAUA 0.13%Z 0.17%. X —45 8 AYIFEA SR _E4R7R 1 87K E)
Ykt BRI 77 B AR PR, SRR 7RSS, R BT Ok B M BE I a R AR . ANSYS AR T
AR SHW I FEATWES LR —8, MXHRZESBXRYEE A, IEB T E 53R
Bl e g 2 il A 1 nT S A B AR

g bR, AN T RSB SEBR A EVRIE ST R . AR I TR SO TR AR SR
FEARA . ERRRIGE FE J ST RS FE S5 T 2 BN R ARG &, b — DI RIAE S T T IS SR FE

SE

[11 Kim, G.E., Kim, H., Woo, K., Kang, Y., Lee, S., Jeon, Y., ef al. (2021) Uniform Pressing Mechanism in Large-Area
Roll-to-Roll Nanoimprint Lithography Process. Applied Sciences, 11, Article No. 9571.
https://doi.org/10.3390/app11209571

[2] Jurkiewicz, A. and Pyryev, Y. (2013) Relationship in between Compression of the Rollers and Contact Area Width and
the Clamp Force. Challenges of Modern Technology, 4, 31-36.

[3] Park,J.,Kim, Y., Lee, B., Kim, H. and Oh, D. (2020) Contact Printing Pressure Uniformization Control System in Roll-
to-Roll Process Using 2-DOF Individual Drive System. ASME 2020 29th Conference on Information Storage and Pro-
cessing Systems, 24-25 June 2020, 1-8. https://doi.org/10.1115/isps2020-1942

[4] Deganello, D., Cherry, J.A., Gethin, D.T. and Claypole, T.C. (2012) Impact of Metered Ink Volume on Reel-to-Reel
Flexographic Printed Conductive Networks for Enhanced Thin Film Conductivity. Thin Solid Films, 520, 2233-2237.
https://doi.org/10.1016/j.tsf.2011.08.050

[5] #3C, RILH, BkSFK, BRI FrRRNHRS S EO EVRIE s m]. 36 TFE, 2022, 43(17): 123-129.
[6] VuHRTE. FEMERS AR BB RIR AT BRI BT 78 [D]: [l -L 2= A 5], dba: bR ek, 2023,

[7] IRFEYE, RO, 2, & WREBSIX ZPERR LRI R 25 m]. 56 TR, 2022, 43(9): 264-269.

[8] #3¢, B, RILM, 5. HBURBNAA LS HO8 BRI 2 sEma)]. R38R, 2022, 43(17): 123-129.

(9] T4, BkIoK, 25, 5. BT IR RN B ENRIR A S5 M), 3 TFE, 2019, 40(7): 210-216.

[10] AT5R%, BRFERE. BT M RRR R BV E 77 B B 7R [T]. B3 THE, 2013, 34(17): 113-116.

[11]  BAK. BAT IR A GO R I BV PET R AIRSNRFIEAT 78 [D]: (L2 A0 30]. PE2e: VE22 TR, 2024,

[12] 34, XEE, 1REage, & RERREDRIHLENRE 5 & R R R FI]. Jbat BRI Be 24k, 2020, 28(4):
147-150.

DOI: 10.12677/met.2026.151009 95 IR N ST N


https://doi.org/10.12677/met.2026.151009
https://doi.org/10.3390/app11209571
https://doi.org/10.1115/isps2020-1942
https://doi.org/10.1016/j.tsf.2011.08.050

	基于印版–承印物协同作用的柔性版印刷压力计算模型
	摘  要
	关键词
	A Flexographic Printing Pressure Calculation Model Based on the Synergy between Printing Plate and Substrate
	Abstract
	Keywords
	1. 引言
	2. 基于几何关系的基本印刷压力模型
	2.1. 接触区域几何关系
	2.2. 经典印刷压力计算方法

	3. 印刷压力模型修正
	3.1. 两滚筒间力学分析
	3.2. 承印物应力
	3.3. 接触区域总印刷压力计算

	4. 印刷压力模型计算参数设置
	4.1. 柔性印版参数
	4.2. 承印物参数

	5. 印刷压力模型计算结果与验证
	5.1. 修正与未修正的结果对比
	5.2. 同弹性模量下印刷压力
	5.3. 承印物对印刷压力影响
	5.4. 有限元分析
	5.4.1. 网格划分
	5.4.2. 设置边界条件
	5.4.3. 结果分析


	6. 结语
	参考文献

