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A Study on Finite Element Analysis on Stress-strain and Cutting Force
in Blade Operation in Rotary Die Cutting of PET Film
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Finite element analysis (FEA) was conducted to investigate the cutting process of a single-layer PET film during rotary die
cutting. In a roll-to-roll system, cutting blades formed on rollers were modeled as rigid bodies, while the PET film was
modeled as an elastoplastic material using a two-dimensional approach. Stress-strain behavior of the film was measured
through experimental tensile testing and used as input data for FEA. Force-displacement data from vertical cutting
experiments of PET film were collected to validate the FE model and compared with simulation results. Stress distribution
of the film and cutting force per unit thickness during the rotary cutting process were analyzed. The cutting force and range
of effective cutting angles were proportional to tip angle of the blade within a range of 25 to 60 degrees, showing a
noticeable change in proportionality slope at a tip angle of 40 degrees. As the film tension increased, the cutting force in
thickness direction decreased, while that in longitudinal direction remained almost constant. Errors in film feed velocity
significantly affected the cutting force. When the film moved slightly slower than the reference velocity, the cutting force was
minimized due to reduced contact between the film and blade surface.
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Fig. 1 Schematic and blade trajectory of vertical (a) and rotary die-
cutting (b)
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Fig. 2 True stress-true strain curve of PET film
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Table 1 Mechanical properties of PET

Young’s modulus [MPa] 2386
Yield strength [MPa] 452
Poisson ratio 0.3
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Fig. 3 Experimental setup of vertical die cutting
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Fig. 4 Schematical representation of the FEA model for vertical die
cutting (a) and rotary die cutting (b)

A297 7hgste] 1.4 mm gole} 30°9] Az 2= A
AFsoAch. E AHAl Zlo] 0.25 mm7kA] ZdS shsks

=
59k 312 245t

a2l Y A4S 9o AbaqusExplicitd ©]§31%1, %
W e 7hgsto] 2214 A alstelnt. Fig 4l 44

< AXstech. PET BEL Fig 20] 4% HolEg
o ey AR Sdwstdm, Yridt B AR
ZH5sheieh. PET MEL o] 3 mm, 57 0.3 mms A4

12
Euwf T
% 8 f . SEERE N
L o~ — \ \
5 E 1” /‘,/ AN
et S \
o4k e 10 Q\
g t/ t/ w povr-5 pm N
3 E o/ /- 7 ——w 5um/ir 2 um
5 2 -,'l\,f = = w=2 pm/r=1 pm
= N/ — -w | pm/r 0.5 pm
0 oAV A B T T T
0 0.05 0.1 0.15 0.2 0.25

Cutting depth [mm]
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edge radii: cutting-force relationship in vertical cutting
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Fig. 8 FEA results for rotary die cutting (Tip angle 30°)
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Fig. 10 FEA results for rotary die cutting (Blade tip angle: 25° on
the left, 55° on the right)
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