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Abstract: In the first part of this study, a procedure of-digiting the roll self adhesive labels and the
worldwide situation of this procedure are presentiedthe second part of this study, there is a dpsc
tion of the implementation steps of a special requent type of self adhesive labels as opposeketo t
current procedures. It is about die-cutting a tvegér material that has significantly different degs of
compressibility on both sides. It is desired thalyaone of the layers to be penetrated by stampihg.
article focuses on the main steps of the procedyikeéng some guiding elements from the technoldgica
point of view. The article is accompanied by fonnexes containing sketches of a magnetic rotary die
cutting machine and pre-ordering sketches of a mtigmotary die, and a draft order of such a digwi
the manufacturer’s main requirements of flexiblesdiFor a better understanding there is a drafé dd-

bel produced by using this procedure at the enth@frticle.
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1. INTRODUCTION

The last 20-year development of using self adhesiv

have been used in all fields. There is a wide ntafk@m
éhe ordinary shops to the top industries of caringktc.

In Europe a system with a 0.480 mm gap between the

labels has led to conceiving performant manufacturi ! ) . .
gp g magnetic cylinder and the anvil has been estatdishe

technologies. One of them is the technology of die-

cutting using a magnetic cylinder and a flexible.dihis
type of technology allows the use of the die cgttma-
chine in synchronization with other printing maasn
mainly flexographic ones. They can also be digdal
offset. The technology is not generally very cowgiéd
but requires a high degree of precision (one thudtka
of a millimeter) of the mechanic process involvitig
die components. The flexible die is in fact a boasth
the die cutting blades welded on its surface andag-
netically adheres to a cylinder in which the pererdn

magnets can be found. The magnetic cylinder, ta@geth

with the die-cutter, tumble down on an anvil cyknd
moving the label material setting bounds by didicgt
This study is a presentation of this die cuttingogss
regardless of the applied adhesive and the execuofia
new type of label with the help of two die cuttingp-
chines set in a line. The study also deals withstiiging
of problems that may occur because of the diffezdnc
compressibility of the material's two sides. Theida of
a flexible die is also taken into consideration etihgr
with its requirements depending on the materiatifee

the label and on the die itself

2. CURRENT STATE

Nowadays the worldwide majority of roll self adhe-

sive labels are manufactured using rotary die rogtti
machines with magnetic cylinders and flexible diasan
additional cylinder called anvil. The self adhesiabels
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whereas on the North American continent the systam
a 0.483 mm gap between the two parts [1].

This system consisting of a magnetic cylinder, iflex
ble die and anvil cylinder has been generally attep
and there is no label printer that does not comdisine
or two magnetic rotary die cutting machines. TheeBm
Italy company has announced the development ofr@ mo
advanced technology, with magnetic cylinders
"Monotwin" [2].

3. TECHNOLOGY USING A MAGNETIC
CYLINDER AND A FLEXIBLE DIE

3.1. Label material

The label material is diverse and tailored to the r
quirements. It can be paper, plastic but it gehen-
sists of a sandwich layer, the label itself withager of
applied adhesive protected by a base, usuallyosiic
paper. The two sides of the material have diffecemh-
pressibility. If the label material is paper, itvsry com-
pressible. Therefore, the height of the die cuttiedes
must be precisely calibrated so that they cut dhly
label material, leaving the more rigid base intadte
label material component layout is shown in Fig. 1.

The rotary cutting die must trim the outline of the
bel without piercing the board. The cut must bea)at
must firmly trim the outline and excess of materalst
be easily removed and it should not spread the saekhe
between the label and the silicone board. A predise
sign of the die cutting unit allows the fulfillmeof all
these requirements. Figure 2 shows the two stafgie o
material cutting, at the beginning of the cuttimgl at the
end of the process.
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Fig. 1. Layout of the label material components<{Aabel;
B — adhesive; G- silicone board).

1A oA
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Fig. 2. Two stages of the material cutting (¥Adie cutting
blade at the beginning of cutting;-Blabel material;
C - adhesive; B- board; 2A- die cutting blade after cutting).

Fig. 3. Main components of the stamping unit=Aoressure
screws; B- pressure rollers; € flexible die; D— magnetic
cylinder; E- anvil.

3.2. Diecutting unit
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Fig. 4. Die cutting between the cylinders:-Glexible die;
D - magnetic cylinder; E anvil; F- the silicone board of the
label; G- die cutting blades; H gap between the cylinders;
J- adhesive; k- material of the future label.

Fig. 5. Unfolded flexible die.

cutting of the material is desired, the heightted blade
and the board is 0.480 mm and the cutting is cathéal
cut. There are also materials consisting of moyeria
than the one shown in the Fig. 1 and the cuttimgogin
be designed to cut through more layers. This proeeid

In Fig. 3, the main components of the stamping unitcalledMulti-level cutting

are found.

The pressure rollers (B) activated by the pressures.3. Flexible die

screws (A), press down the magnetic cylinder (D)ciwh
rotates the flexible die (C). The cylinder leans tbe
anvil cylinder (E). The rotating motion between thd-
inders is provided by the spiked wheels which can b
found on each cylinder, at one end. The cuttingenelt
is forced to go through the two cylinders and thticg
die perforates only the label material. The cuttilig
blades stop in the adhesive area without pierchey t
silicone board as well. In Fig. 4 there is a draythat
shows the phenomenon of die cutting between thia-cyl
ders.

In Appendix 1 there is a drawing of a Kocher+Beck
die cutting unit. The unit is marketed under thenaaof
Arsoma 280 KS. The photos in this study are of timii.

In Fig. 4 one can notice that the variable elemgrhe
height of the blad€G). This one must be chosen so that,
depending on the overall compressibility of the enats
that the sandwich label is made of, it should swactly
between the two sides of the label. This procedsre
called partial piercing okiss cut When a complete

Figure 5 shows a flexible die unfolded for fourd#b
in a roll. One can notice the die cutting bladest tife-
marcate four labels for every turn of the magnetilin-
der. These blades rather set bounds to the matgyial
crushing it than cut it, and the shape and angl¢hef
blades are important in order to achieve that. st
important characteristic is the height of the bldtiear-
ies depending on the board elasticity and the riadtef
the future labels and also on the magnetic cylimtiam-
eter that holds the flexible die.

A large diameter causes a wider penetration ang vic
versa for a small diameter. During the cutting bé t
material, there are four positions of the bladeetelng
on how deep it penetrates — all of these beingtiifted
below.

The case in which the blade penetrates less dekp an
it does not completely cut the label material issgnted
in Fig. 6. The material excess cannot be removenh fr
the label, the cutting outline being irregular aadged.

In Fig. 7 one can notice that the blade dbts label
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Fig. 6. Less deep penetration of the blade: label material;
B - label board; € action area of the blade;Hlie cutting
blade; D- layer of typography ink.

Fig. 7. Incomplete cutting: A- label material; B- label board;
C - action area of the blade;Hdie cutting blade.

Fig. 8. Material penetration without detachmeAt= label
material; B- cutting surface; G action area of the blade;
E - die cutting blade; B- layer of the typography ink.

material and it stops exactly above the board witho
getting in contact with it. This process is corrbat the
blade will erode faster during the cutting and diperat-
ing time will be shorter. Ideally the blade showaldm-
pletely penetrate the label material and just geptess
the board without piercing it, as shown in FigC8situa-
tion. In this case the blade height is the bedta# erod-
ing resource and the lifespan is longer In Fig.thg
height of the blade is greater than sheet thicknies
blade punching the cutting surface as well, danggin
This is the case of a manufacturing defect as Big.
shows, causing faulty products. Therefore, the élad
height is significant and its size can be calcdaising
some samples with different sizes of the blade Hisig
Then visually and microscopically it determines the
gree of penetration for an optimal choice of thatue.

In Fig. 10 there is a flexible die assembled onaam
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Fig. 9. Blade height greater than sheet thickness:l&abel
material; B- cutting surface; G action area of the blade;
E - die cutting blade; B layer of typography ink.

Fig. 10. Two sizes of the die cutting blade:-Adie cutting
blades with a height of 44@m; B - die cutting blades with a
height of 432um.

magnetic cylinder there is a space ofi40 so the mate-
rial is forced to go through while being cut. Usiag
extra surface with a low elasticity and ald® thickness,
multi-layered underneath the cutting surface, tla¢emnial
can be forced to be pierced by the blade, in lagéi),
20 or 30 with a total penetration of 40 micronsteif
many trials, some heights have been calculatedi€THb
for a label material made of semi-gloss paper \&it&0
pm thickness and a standard ff thickness silicone
cutting surface so that the desired label (with kdeu
sided penetration) could be obtained. Using thishodh
one can determine the proper height of the bladarg
type of material and its cutting surface. From E€ablit
becomes obvious that a 440n height of the blade is
needed for a normal cut of the material and ihigon-
nection with a 44%m blade for die cutting the other side
of the material.

This height is higher because the label paper ikifn
case the holder and the blade has to compensathaefor
higher paper elasticity difference compared to shie
cone support.

Not only the right size of the blade is importaot
also its shape which is influenced by the matesfahe
future self adhesive label. In Fig. 11, two typéblades
that work with different angles depending on theeral
that is used are presented.

netic cylinder manufactured with two sizes of the d
cutting blade height of 440 microns and 432 micron

The gap between these two should begn& Out of the

840pum that form the gap between the anvil ded t

Table 1
Calculation of blade heights
| Material base Cutting surface Height of the
i thickness blade
Silicone paper 0.060 mm 0.440 mm
Semi-gloss paper 0.054 mm 0.443 mm
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30° | [ 55°- 60 Table. 2
- Printing lengths and the corresponding number of teeth
A B Printing length [mm] Number of teeth

346.075 109
298.450 94

\ / \/ 275.225 87
247.650 78

Frtn

Fig. 11. A symmetrical blade B asymmetrical blade.

Circular Pitch formula is used for making the nodi
wheels of the cylinder heads. The following formula
determines the number of teeth for the magnetiandst.

The symmetrical blade with an angle of 80 degree is

used for materials made of paper and the 70 degrgle
is used for polyethylene, polypropylene or PVC .f@il
lower degree of the angle is used for polyestdr Tdie
asymmetrical blade is used for thick materials wath
thick layer of adhesive. The tips of these bladestrbe
laser-forged and they can have hardness from 50 tdRC
67 HRC. Treating these cutting edge surfaces wiith d
ferent types of substances (e.g. teflon) capableddic-
ing friction will expand the cutting die lifetimeThe
friction coefficient will be lowered from 0-3.4 (not
treated) to 0.20.02 (treated). By reducing friction be-
tween blade and material the blade wear decredbes.
cutting dies cannot be sharpened, they are dispsab

3.4. Assembling the die cutting unit into the printing
device

The die cutting unit is assembled into the printiley
vice after the printing and drying units have bsehand
same work speed is used as for the whole printavice.
An excess material removal unit is also added ts th
device. In Fig. 12 a die cutting unit is incorpacinto a
printing technological flow.

In the upper part of the Fig. 12 one can noticeethe
cess material being rolled for waste removal. Thetp
ing device speed must be synchronised to the dtangu
unit speed. The flexographic process is usuallyliegp
for printing labels in a roll. In this case, a tush the
printing roll determines a turn of the magneticimgér
together with the flexible die, or a multiple ofetiprint-
ing role length. A turn of the printing roll genélyacor-
responds to a turn of the flexible die. As a cosidn, the
unfolded length of the printing roll is equal tetlength
of the flexible die. Different types of magneticliagers
are required for different lengths of the printiradj. The
printing length matches the rolling didere The

Fig. 12. The die cutting unit in a printing device.

L
3,175’

1)

where N stands for the number of teeth for the raign
cylinder and L is the length of the printing todl the
printing device.

Considering the fact that the working tolerancéhis
kind of cutting die is quite strict, one cannot @swide
range of cylinders. If the number of teeth is reatijca
phenomenon of inflection becomes apparent and ithe d
cutting can no longer take place. The number othtee
cannot either be diminished too much as the magneti
cylinder becomes too large and size problems would
occur. For the Arsoma 280KS device (280 being the
maximum working width of the device) the minimum
number of teeth is 64 and the maximum is 144. Inlda
2 there are some examples of printing lengths &ed t
corresponding number of teeth.

The magnetic cutting dies have an extensive working
lifespan, going up to-11.5 million rotations, but they are
very sensitive to repeated interchanges. Mountind a
removing of a unit, which are relatively easy praaes,
shorten the cutting die lifespan te-®% because the
shape of the blade is sensitive to the deformattbas
may occur during the mounting process. The cuttiieg
is also very sensitive to corrosion and its storhgs to
be made with great care. The manufacturer recomsnend
the storage in low humidity places and an anticoive
oil W44 treatment.

4. LABEL PRODUCING

4.1. Requirement
A label consisting of two areas is desired:
« a fixed area that cannot be easily removed and that
can represent the product authenticity;
» the second area should be easily removed from the
rest of the label, as a flyer, and if it is possitilis ar-
ea should be made up of more identical sections on
which code bars would be printed.
These codes can be easily integrated into the cbmpu
er system to get information about the packet ptreel,
but they should be placed in a different area tten
product. Here is an example. The product data @n b
processed in the office but the product itselhisisepa-
rate warehouse and just by scanning the detaclutidrse
one can issue the parcel delivery notice. The lab#l0
mm in size, the same size as the maximum printiiighw
of the direct thermal printing device of the beoiaifiy.
The fixed section has a 12070 mm data area. For the
detachable area, a minimum 2055 mm surface is
needed and at least three sections are requiredabkls
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will be delivered in rolls. The core inner diameite76.2
mm and the maximum roll diameter is 200 mm, the la-
bels are made of semigloss paper with a permariat-a
sive that can be stored in negative temperaturesglu
wintertime and in temperatures of more than 30°@hdu
summertime.

4.2. Achieving the goals

The requirements can be smartly fulfilled withost u
ing multilevel label material. One can use a sactwi
material consisting of a base, the label matena #ne
adhesive. The upper side of the material is dieodtthe
label itself is being defined. A second die cuttimgjt
defines the base itself on the down side of theeriadf
on the board side, just next to the detachable. drea "
detachable area keeps a base on the back and when |
sticks to the product, it does not allow a permaiaeine-
sion of this area. In Figs 13 and 14 the areashoan
and the way they get detached on the two sidefeof t

Fig. 15. Label ready for getting stuck on a product.

material ‘ 245220 GRASRINENES .

In Fig. 13 there are demarcations on the labetter t )
fixed areas (A), for the detachable area consisthg
detachable labels (B) and for the die cutting an lihck
(a dashed line D that will stay on the label). Theart
was detached so that the three parts of the flyea a
could be noticed

Fig. 16. Label is stuck on a product: Afixed or permanent
area; B- flyer area; D- protection area.

In Fig. 15 the rear side of the label is showndye@
be stuck on a container or a product. On the baok,
can notice the defined area D that helps the fyamt
sections not to adhere to the labeled surface.efbrwer
the flyer parts can be detached. In Fig. 16, thellas
stuck on a product and for a better understandirgg t
flyer parts are slightly detached.

The fixed part A is permanently stuck on the praduc
The flyer parts B can be easily detached becawgse th

There is a buffer zone, between the fixed part tined

adhesive base. This buffer zone is needed othethise
Fig. 13. Label demarcations: A fixed area; B- detachable type of label cannot be made. In fact this is thly dlis-

areas; D- protection base demarcation. advantage of this solution. The buffer zone makes t
label surface about 20 mm bigger on every sidehef t
flying parts, resulting into a longer label thare tordi-
nary one.

4.3, Size-setting of the label

a base D (marked by a dashed line) underneath them.

flyer part, which ensures the adherence of the non-

Fig. 14. The back side of the label: Afixed area; B- de-
tachable areas; P protection base.

The beneficiary asks for a 110 mm width of the labe
Its length is determined by summing up the compbnen
parts along the label. They are: the 70 mm fixezshaB
mobile parts with a 20 mm width each (meaning 60 mm
altogether) and 2 buffer zones of 20 mm each. A&llab
about 170 mm long. Its size is 1¥0110 mm. Two mil-
limeters can be missed out of the buffer zone sd th
there is a complete number of labels on a cylinder

4.4, Size-setting of the cutting die

For making a label, two die cutting units are regdi
on a printing device. One unit will cut the uppitesand
the other will cut the back of the label. Therefdreo die
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Fig. 17. Cutting die connection to the magnetic cylinder in
the gap area — gap for connecting the cutting die:- gap
inside the cutting die.

cutting units have to be made. The smallest siza fiie
cutting unit is with 64 teeth or 203.275 mm lengtine
label being shorter, the 170 mm should be multipbg
2. In Table 2 the proper cylinder would be the ovith
109 teeth and a 346.075 mm printing length. Twelsb
are joined and two gap areas of 4 mm are addea for
proper optical reading of the thermal printer. Tdep
defines the space between two successive labdlatha
usually in a roll. For the self adhesive labels thap is
not taken by a label and it is used as an artificecon-
necting the rotary cutting die.

In Annex 3, the two overlaid die cutting units are
shown as they leave a print on both sides of thella
The cutting die is connected to the magnetic cyinic
the gap area for a continuity of the cutting. Timiscess
is shown in Fig. 17. In Fig. 1&, the flexible die connec-
tion is presented as opposed to Fig.blwhere a gap
position inside the cutting die is shown. This nme#mat
the gap is divided in two parts on both edges efdht-
ting die and there is a small extra distance injoit@ng
area for the oscillator gear while tumbling dowre th
material. The height of the blade can be foundabl& 1
and the proper size for a label with paper bas®440
mm and the size of the paper base (which is onheof
most used bases) is 0.056 mm. The height for bk s
cutting is slightly different because the baseilisae
paper. This one is less compressible and much ¢hinn
For the second die cutting the roles are switchetithe
upper side of the label becomes the base. It waiffex-
ently and it has a high degree of compressibilityis
very common that some samples of materials areteent
the cutting die manufacturer for proper sizing. Tiegght
in this situation is 0.443 mm (Table 1).
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4.5, Proper positioning of the die cutting units

For this type of label, two die cutting units aresp
tioned, one beside the other, having the same wgrki
speed. There is only a difference in the orderasiton-
ing the magnetic cylinders and the anvil, undeime¢aé
pressure rollers. For the first unit, the anviagsembled.
Then the magnetic cylinder together with the fléxitie
for the upper side of the label is added and themtes-
sure rollers are assembled. For the second ueitmidyy-
netic cylinder together with the flexible die fdret back
of the label is assembled first and only then tland
the pressure rollers.

5. CONCLUSIONS

The procedure achieves the task and allows the mak-
ing of a relatively cheap label with no need of gpk
equipment. Putting it into practice may lead to som
technical problems as a die cutting unit is used aom-
pletely new way and the proper height of the fléxithie
cutting blade is required. This study should alsald
with the way the cutting material functions undbe t
pressure of the flexible die cutting blade. As lagthe
data is scarce and there is no related bibliograishthe
future this study will also include some researatachnd
the design of some pressure curves for differepegyof
material and for different heights of the flexilde cut-
ting blade. This research is necessary not onlythar
study but also for future situations that may léadhew
products.

AKNOWLEDGEMENTS: To the Kocher+Beck
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Annex 1. Arsoma 280 KS rotary die cutting unit. Manufaetu Kocher+Beck Germany.
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Annex 2. The sketch of the flexible cutting die, the uppdef the label and the manufacturer’'s necessagyirements.
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Annex 3. The sketch of the flexible die cutting on bothesidA check-up of the two cutting dies centre igineed.
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Annex 4. The drawing of the flexible die needed for thekbafthe label used as a base. The manufactueisined sizes for the
flexible die.



