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Accurate die-cutting of
filmic substrates
The point of view of a manufacturer of die-cutting tools

About 40 years ago press-
ure-sensitive labels were

relatively unknown in Europe.
In those days, labels were gener-
ally manufactured by either en-
graving or etching label stamps.
At the beginning of the sixties
pressure-sensitive labels began
to conquer the European mar-
ket. Paper labels were the main
substrate and synthetics were
not being used. Little by little
the steel-rule die replaced the
label stamp because the quality
of the steel-rule die had improv-
ed significantly. However, for
more complex designs e.g. deco-
rative labels this technology
was quite limited.

During the mid-sixties, the
first rotary die-cutting cylinders
appeared. Compared with steel-
rules on flat-bed die-cutters,
they offered a significant im-
provement in productivity. By
the beginning of the 80's mag-
netic flexible dies revolutionis-
ed the field of rotary die-cutt-
ing; paving the way from flat-
bed to rotary die-cutting for
many label manufacturers.

In Europe, flexible dies long
ago outstripped the die-cutting
cylinder and in the meantime
have become an indispensable
tool for current label printing.
This is in part due to advances in
flexible die manufacture. The ob-
vious trend towards the use of
flexible dies is confirmed by the
numbers sold by Kocher & Beck.
For 33 years the company has
manufactured all kinds of die-
cutting tools and currently al-
most 30 percent of their total
turnover comes from flexible
dies and magnetic cylinders. All
in all three kinds of tools are of
significant importance:
● steel-rule dies,
● solid rotary tools,
● flexible dies.

On the die-cutting cylinder
the cutting edge is firmly an-
chored to the body of the cy-
linder. The geometrical shape of
the cutting edge is processed by
CNC milling or spark erosion.
Based upon the range of use,
different quality die-cutting
cylinders are available:
● chrome plated,

● inductive hardened,
● through hardened.

The choice of the most suit-
able quality is dictated by the
particular use and the job run.
The single tool types are dis-
tinguished by material hardness
and cost. For die-cutting filmic
labels and medium job runs
inductive hardened cylinders
are most suitable. If the job is a
very long run, for cutting filmic
labels or through cutting, Ko-
cher + Beck recommends
through hardened cylinders.
This type of cylinder is vacuum
hardened to 62 to 64 Rockwell
which considerably increases its
lifespan. Chromed cylinders are
extremely suitable for manu-
facturing paper labels but due to
the galvanic applied chrome
layer they are not recommended
for use with filmic materials.

High flexibility with
flexible dies

Flexible dies did not make an
immediate impact on the Euro-
pean label industry. They are
manufactured of a hardened
steel with a strength of about
1850 N/mm2. The cutting relief
of a flexible die is not created by
milling or eroding but by chem-
ical etching that allows the
creation of special shapes.

Without any doubts filmic labels are the growing trend. Never-
theless, compared with traditional paper labels there are some
peculiarities of printing and finishing which must be addressed.
In this article PEER BECK, Managing director of Kocher & Beck
Rotationsstanztechnik GmbH summarises some practical issues
for the die-cutting of filmic labels.
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Figure 1:
For many label manu-
facturers the magnetic
cylinder die-cutting
technology paved the
way from flat-bed to
rotary die-cutting.

Advances in flexible die tech-
nology by Kocher + Beck in-
clude determining the world-
wide accepted standard die
height of 440 microns. This
height can be varied according
to the thickness of the material
being converted. According to
the use and design of the mag-
netic cylinder, flexible dies with
an overall height of up to 1500
microns (1.5 mm) can be manu-
factured. Even different cutting
heights on one flexible die is
possible, which means that
duplex substrates can be pro-
cessed. Another application for
flexible dies is the combination
of die-cutting and perforation
adding to job quality with better
cut registration.

Easy handling

The handling of flexible dies is
very simple. Before the tool is
placed on the magnetic cylin-
der, the surface of the cylinder
should be cleaned. This is to
ensure that no dirt is trapped
between the cylinder and flexi-
ble die which could affect the
die-cutting performance. As an
aid for positioning the flexible
die an auxiliary line parallel to
the magnetic cylinder axis is
engraved. The flexible die is
placed along this auxiliary line
and then wrapped around the
cylinder. Even printers with
little experience with flexible
dies are able to place them accu-
rately on the magnetic cylinder
in a relatively short time.

The basic prerequisite for
problem-free running of flexi-
ble dies is a precisely manufact-
ured magnetic cylinder. The two
most important parameters for
magnetic cylinder precision are
the air-gap and the concentri-
city of the cylinder. To achieve
the tightest tolerances (below 3
microns) great efforts are made
during manufacturing of the
magnetic cylinders. This is
especially important during

grinding so as to ensure true
concentric running. Sometimes
these cylinders take over 20
hours to produce. When select-
ing a magnetic cylinder, keep
this fact at hand higher cost
cylinders are justified as the
quality of die-cutting depends
on the optimum interaction of
magnetic cylinder, anvil roller
and flexible die. The result is
only as good as the weakest link
in the chain, and accurate mag-
netic cylinders are an important
part of the system.

Magnetic cylinders
need maintenance

As far as the magnetic strength
is concerned, the lifespan of a
magnetic cylinder is almost un-
limited. Experience has shown
that after five years the magnet-
ic strength only reduces by
about 5 percent. A bigger issue
is wear of the bearer rings.   De-
pending on how often the mag-
netic cylinder is used and how
much working pressure is used,
determines the amount of wear
to the bearer rings. This kind of
wear is very problematic as it
directly affects the air-gap. To
keep this wear as low as possible
it is important to perform rou-
tine comprehensive mainten-
ance of the bearer rings. Unfort-
unately experience has shown
that this is not always done in
practice. There are magnetic cy-
linders which have never even
seen the slightest drop of oil
which is exactly opposite to
conventional die-cutting cylin-
ders that are taken out of ser-
vice after a period of time be-
cause minimum maintenance is
strictly necessary.

Sometimes magnetic cylin-
ders with very small diameters
are ordered. The manufacture of
such cylinders is not a problem
but the problems for the user are
predetermined because smaller
diameter cylinders are prone to
axial deflection. This the »flex-

ing« of the cylinder is one of the
most frequent reasons for faulty
die-cutting. This problem in-
evitably occurs if the cylinder
diameter is too small. The first
problems appear with the hori-
zontal cutting lines (the cross
cutting tool) as this is where the
highest cutting pressure occurs.
During cross cutting the long
cutting edges penetrate into the
substrate. With the longitudinal
cutting there are only a few con-
tact points requiring a consider-
ably lower cutting strength.

This problem also occurs
with magnetic cylinders of rea-
sonable dimensions if the im-
pression pressure is reduced to a
minimum. On the die-cut pro-
duct it is easy to see that the
longitudinal cutting is perfect.
However, the cross cutting sec-
tion supports the face stock so
that the bearer rings of the mag-
netic cylinder are raised away
from the anvil roller.

The importance of
proper tolerances

To minimise the dynamics of
die-cutting problems, Kocher +
Beck recommends that the ratio

Figure 2:
The impression press-
ure altered by the
adjustment screw
should be transmitted
to the bearer rings. If
the pressure acts on the
journals the cylinders
tend to sag due to the
higher leverages.

F1   F2

F1  F2
Die-cutting Die-cutting
cylinder cylinder

Anvil roller
Anvil roller

F3 F4

Support roller
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of cylinder circumference to
die-cutting working width
should be no less than 1:1. As
this is not always possible, there
are other ways to counteract the
flexing of the magnetic cylinder
(within certain limits). However,
this is not always without  com-
promise. For example die-cutt-
ing pressure can be reduced if an
optimised cutting edge is imple-
mented, especially on the cross
cut. However, this method is
limited to changing the cutting
edge angle. To reduce the cutt-
ing pressure, the angle must be
steeper which means that with
such die-cutters, the bearings in
the machine frame are too high-
ly loaded. This may cause pre-
mature wear which is often not
recognised in time. In any case
for prevention purposes it is
useful to check the die-cutter,
the impression pressure transfer
and the anvil rollers regularly
and to exchange worn compo-
nents.

With the die-cutting of very
expensive and technically de-
manding filmic substrates sig-
nificant savings can be achieved
by producing the magnetic cy-
linder to the correct dimensions
and optimum maintenance of
the die-cutter and the die-cutt-
ing module components.

A number of factors
affecting quality

There are many factors that
affect die-cutting quality that
have already been discussed,
but they bear repeating. The fle-
xible strength of the die-cutting
station which includes its con-
struction, the proportion of
cylinder diameter to working
width of the printing press, the
concentricity and accuracy of
the magnetic cylinder, as well as
the condition of the anvil roller.
Other factors include the toler-
ances of the cutting edge height
of the flexible dies.

Also of significant import-

ance is the physical character of
the substrate In this case the ad-
justment of both, the geomet-
rical shape of the cutting edge as
well as the cutting edge height
to match the substrate are two
of the most important issues.  In
this connection the experience
of the tool manufacturer is very
important.

Following are some recom-
mendations to improve the
partnership between the tool
supplier and the label manu-
facturer. By following the re-
commendations a producer of
labels can ease the pressure of
ever shortening delivery times.
● One of the most important
rules is thoroughly cleaning the
flexible dies, the magnetic cy-
linder and anvil roller with the
proper and recommended de-
tergents before running. Incor-
rect detergents may cause
bleeding of the adhesive or cor-
rosion of the die-cutting tools.
● The regular maintenance of
all movable components of the
die-cutting station should be
carried out daily.
● The use of a cutting die con-
trol sheet for the tools is recom-
mended. The running time, the
frequency of make-readies, as
well as their condition after the
job is finished should be enter-
ed.
● The use of pressure gauges on
the die-cutters have proved to
be useful for determinining the
current die-cutting pressure.
Furthermore, these pressure
gauges are perfectly suitable for
obtaining the proper adjust-
ment and production of even
die-cutting pressure  as well as
capable of detecting the in-
crease in pressure caused by de-
creased cutting ability. This data
should also be included on the
cutting tool control sheet.
● It has always been proven
useful for additional accuracy
to check the die-cutting tools
with actual substrate samples of
the current production run. By
sending these substrate samples

to the tool supplier, greater ac-
curacy is ensured.
● Since there is no standardized
PE substrate the die-cutting
properties may change with dif-
ferent deliveries from the supp-
liers of these materials. Al-
though this generally does not
cause problems, the die-cutting
quality can be increased by
supplying the current material
samples to the tooling supplier.
● The label press personell
should advise the supplier of the
slit dimension of the magnetic
cylinder and the type of
machine being used.

A trend toward filmic
substrates

The present trend in pressure-
sensitive label production is
moving more and more towards
synthetic substrates. The output
of filmic labels of some prin-
ters in Germany being as high
as 80%. Such substrates create
higher demands on the capacity
of flexible dies. To process sub-
strates like PP, PE or PET, new
technologies had to be develop-
ed.

One thing learned after years
of successful flexible die pro-
duction is that in order to

Figure 3:
These three variations
are of limited use for
faultless die-cutting.
Left: a manually sharp-
ened profile with
visible weaknesses at
the different angles.
Middle: Etched profile
partly manually equal-
ised.
Right: Mechanically
sharpened cutting edge
of earlier days.

Figure 4:
Standard cutting edge
geometry for filmic
applications.
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achieve successful, consis-
tent die-cutting, the geo-
metry of the cutting edge
needs to be adapted to each
pressure-sensitive substra-
te. For these technical rea-
sons Kocher + Beck discon-
tinued manual processing
of the cutting edges (some-
thing that is still necessary
for the manufacture of con-
ventional die-cutting cylin-
ders). Instead of manually
sharpening the cutting
edges, Kocher + Beck use
their self-developed CNC
machine systems. With this
forward-looking process,
cutting edge geometries
between 25° and 100° are
completely sharpened,
automatically. Attention is
mostly directed at keeping
the cutting edge angle, the
radius of the cutting edge
point and the surface of the
cutting edge shoulders cor-
rect. Figure 3 shows diffe-
rent cutting edge profiles
created with a checking de-
vice orginated and used at
Kocher + Beck for quality
control and training.

With current technolo-
gy, cutting edges with
sharpness tolerances below
3 µm can be manufactured.
This enables substrates to be
processed which were pre-
viously hard to handle, if
not impossible to handle.

The life of
flexible dies

If the life of flexible dies and
die-cutting cylinders are
compared it must be con-
sidered that there are diffe-
rent qualities with different
running performances asso-
ciated with several different
factors.  However, in general
the life of a universal flex-
ible die compares to a
Chrome plated solid rotary
die.

If synthetic substrates
are processed, the running
per-formance of flexible
dies can be even longer
than with solid die-cutting
cylinders, provided that the
cutting edge geometry is
accurately defined. The
fully automat-ed
manufacturing of flexible
dies allows a precision that
can not be achieved with
conventional die-cutt-ing
cylinders. For the man-
ufacturing of labels for
office products, applica-
tions like computer labels,
and A4 or 8-1/2" x 11"
sheets, flexible dies are
generally used. Some lead-
ing label printers with long
production runs and stan-
dard formats no longer use
conventional solid rotary
tooling.

Advantages of
flexible dies

Some of the most important
advantages of flexible dies
are:
● low purchasing costs
(about 40 percent of the
cost of a conventional solid
rotary tool);
● fast delivery times (1 to 2
days) with reproducible
cutting edge parameters;
● complex edge shapes are
easily manufactured;
● smaller storage space re-
quirements;
● reduced transportation
costs and less logistical
effort due to lower weight
of the tool.

The development of fle-
xible dies is not haphazard.
Kocher + Beck constantly
work to achieve better
running performances and
improved working life.
Standard processes used for
producing conventional
die-cutting cylinders were
rejected after several trials.
Coatings such as chrome,
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can crack along the cutting
edges and can not ensure 100%
cutting height tolerance preci-
sion. Hardening processes like
inductive hardening, cause the
tools to become very hard but
entirely too brittle. Coatings like
TiN or TiCn are extremely ex-
pensive and such coatings  are
difficult to control. In light of
this, Kocher + Beck, in co-
operation with various profes-
sional insti-tutes, developed a
process to harden the point of
the cutting edge with an ex-
tremely accurate and focussed
laser beam.

The upper area of the cutting
edge is post-hardened exactly
where it comes in contact with
the pressure sensitive substrate.
As only the point of the cutting
edge is extremely hard the flex-
ibility of the flexible die is fully
maintained and it can be placed
on the magnetic cylinder with-
out cracking or affecting cutt-
ing performance. This tool qua-
lity is offered under the name 3L
Long Life Laser.

In practical, long term trials
the Long Life Laser quality gave
2 to 3 times longer running life
for all kinds of substrates. Fig-
ure 6 shows the results for Poly-
ester, Polypropylene and Poly-
ethylene films as well as for
paper substrates. Compared
with non-laser hardened tools,
the 3L flexible dies can give the
label printer an extension of the
working life between 200 to 300
percent.

Wear with abrasive
substrates

The substrate has a significant
effect on the working life of the
die-cutting tool. Wear diagrams
show the extent to which the
cutting edge geometry is affect-
ed. These wear diagrams are
created from the use of a check-
ing device originated and used
at Kocher + Beck for quality
control and training.

Typical wear which occurs
after a long run  using either
flexible dies or die-cutting cy-
linders can be seen in figure 7.
The cutting profile shows an in-
creased flattening of the origin-
ally manufactured 60° cutting
angle.  This flattening to 110° is
particularly evident in the areas
where the cutting edge – pene-
trates the substrate. It also
shows unevenness in the cutt-
ing die height. This change of
the original cutting angle is
caused by the abrasive action of
the penetration of the cutting
edge into the substrate. The
shoulders of the cutting edge are
literally eroded.

Figure 8 shows the wear of a
flexible die after processing a
very abrasive SiOx coated film.
A high reduction of angle as
well as a narrowed angle can be
seen.

In this case laser hardened
flexible dies have significant
advantages. In addition to im-
proved hardness of 62 to 67
HRC (on the upper part of the
cutting edge) there is also a very
even transition from the
hardened portion of the die into
the relatively softer area. With
the use of laser hardened die-
cutting tools there are no
changes to the cutting edge geo-
metry like unevenness or en-
largement of the cutting edge
surface. Changes to the cutting
geometry can occur with non-
laser hardened dies due to in-
creased wear of the cutting
flanks.  The shoulders of the
cutting edge have a very smooth
surface since there is no layered
structure as with coated tools,

like TiN or Chrome. In addition
the hardening process can be
reproduced at any time and the
flexibility of the flexible die is
almost fully maintained. Also
the environmental friendliness
of laser hardening is evident
because  this process does not
require chemical substances or
heavy metals, as with coatings.
Some users state that hardened

tools are much less sensitive to
damage compared to standard
tools.

Figure 9 shows the different
wear characteristics of harden-
ed tools and standard tools. The
heavy wear of the standard tools
from first use is evident. During
the first 15,000 to 20,000 die-
cuts a loss of die height of about
3.5 microns occurs. This is espe-
cially evident when processing
filmic substrates and has a dis-
tinct disadvantage as it results
in higher working pressure.

Differences between
die-cutting of
filmics and papers

In general there are differences
in the die-cutting of paper and

Figure 5:
Selective post harden-
ing of the cutting edge
with the 3L technology.

Figure 6:
Comparison between
the operating perform-
ance of standard die-
cutting tools and the
Laser-Long-Life quality.

Figure 7:
Wear diagram of a
flexible die used for
processing PET film.

Figure 8:
Analysis of a flexible
die profile used for
SiOx coated film.

Polyester

PP/PE Film

Paper

0 500.000 1.000.000 1.500.000 2.000.000

■ 3L

■ Standard
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filmic labels. This is because
flat-bed die-cutting and rotary
die-cutting is not a simple cutt-
ing process but rather a combi-
nation of cutting and bursting.
Therefore it is easy to under-
stand why films have poorer
bursting characteristics than
paper.

Figure 10 shows that for
paper substrates penetration of
the cutting edge of two thirds is
sufficient to break the remain-
ing third without further cutt-
ing.

With films, the cutting edge
must penetrate four fifths or
more into the substrate in order
to cut the face material. This
significantly reduces the requir-
ed tolerances for the die-cutting
process. As a general rule it can
be said that the softer the face
stock the deeper the cutting
edge has to penetrate. However,
it has to be mentioned that some
films, filmic compounds or
laminates cause more blunt
cutting edges than paper sub-
strates do.

The liner material  is also of
significant importance for die-
cutting. The deformation of the
liner material, which occurs
with every die-cutting process
is not shown in figures 10 and
11. The combination of a soft
face stock and a hard liner paper
is most suitable. Difficulties
often occur with thin or soft
base liners as they are compress-
ed by the die-cutting process.
This  alters the correct cutting
point. If the dimensions of the
tool are adjusted to the substrate
thickness, proper cutting of the

face stock is still not guaran-
teed. In the worst scenario, the
base paper (liner) bursts and the
face stock remains untouched.

Due to the manufacturing
processes associated with pro-
ducing substrate materialsit has
to be considered that for films
the interior strength of the sub-
strate is different in the longitu-
dinal direction than in the axial
direction.

For easier processing of films
Kocher + Beck has a practical
recommendation: PE films are
easier to die-cut when they are
varnished in advance. This im-
proves the die-cutting quality
and allows for increases in pro-
duction speed.

Waste removal as
part of the die-cutting
process

Technical aspects of waste rem-
oval are also important for die-
cutting. There are different op-
tions for the removal of the
waste as these can affect the
conversation.

When using an idler roller for
waste removal, it is recommend-
ed to position the idler roller
straight after the die-cutter
(figure 12/1). If it is placed some
distance from the die-cutter the
adhesive may join back to-
gether. This inevitably results in
bleeding of the adhesive which
may cause removal of the al-
ready die-cut label into the
waste matrix. It is also an ad-
vantage to use a small diameter
idler roller.

Figure 12:
Three different ways
of waste removal:
1. Waste removal with
an idler roller.
2. Waste removal with
a knife.
3. Waste removal with
a cylinder.

Figure 9:
Comparison of cutting
edge wear of different
die-cutting tools.

As an alternative the waste
can be removed with a knife
(figure 12/2). However, with this
method, the matrix is exposed
to a very high load as there is a
negative removal angle to the
web. This method is advant-
ageous when converting ex-
tremely aggressive or fluid  ad-
hesives.

With difficult substrate com-
pounds it is an advantage to
remove the waste directly above
the magnetic cylinder (figure
12/3). The disadvantage is a
slightly reduced production
speed. The waste matrix passes
around the magnetic cylinder or
the die-cutting cylinder at an
angle of between 10 and 40°. If
machines are used with such
facilities, changes to  stripping
angles can be performed more
easily.

Label production require-
ments are constantly increasing
and changing. In any event, it is
more important now than ever
before, that all participants in
the label production process,
including suppliers of sub-
strates and die-cutting tools
work closely together for the
benefit of everyone.                ■
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Figure 10:
Diagram of the die-
cutting of paper labels.

Figure 11:
Diagram of the die-
cutting of filmic labels.
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