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Formulation of the problem

In modern sheet-cutting ma-
chines the trimming method is
applied. That is the machine
process when the knife cuts a pile
of sheets and cuts into the coun-
ter-knife at the end of the kine-
matic cycle. Each cycle of knife
motion is accompanied by com-
plex technological processes.
Under the effect of significant
loading acting on the knife and,
especially its hitting at the end of
kinematic cycle, an accelerated
dulling of its cutting edge ap-
pears. This leads to deterioration
in the cutting quality and conse-
quently to appearance of the fini-
shed product rejects [1].

The method without using
counter-knife excludes its apply-
ing. This means that knife does
not contact the bearing surface of
the counter-knife in the process of
trimming, but only the sheet mate-
rial. This increases greatly the
durability of the cutting tool its
operation [2, 3].

Analysis of previous studies

Devices for sheet materials
cutting include a leveling system
and toothed passing conveyors.
The transportation system can
consist of a tool unit with fixed cut-
ting tools [4–6]. The sheet materi-
al is driven to the cutting area at
constant speed VA along the tran-
sfer table towards the tooling unit.
Due to the same direction of
drums rotation as well as to inter-
action between the cutting tool
and the counter-knife, it is possi-
ble to cut a defined area of the
material. Under condition of the
step of the cutting tool being
equal and VA = ω.r = const the
sheet can be trimmed along a
defined line. To provide the shape
of the cut, the sheet can move at
variable speed VA.

Purpose of the work

The purpose of this work is to
analytically determine the poten-
tiality of applying a new method
without using counter-knife for
sheet material during its trans-
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portation in a rotary cutting sec-
tion as well as to consider the
pneumatic module counter-knife.

Presentation of the main 

material

The process of transportation
of semi-finished products by the
pneumatic systems is considered
in work [7]. The open-type jet
pneumatic conveyor is made in
the form of a chamber with incli-
ned nozzles in its cover placed
along the direction of movement
of the semi-finished product.
Coming from the nozzles the com-
pressed air forms an air cushion
between the chamber cover and
the bearing surface of the materi-
al moved by forces of viscous fric-
tion and pressure. In this case
occurring of such phenomena as
friction of the bearing surfaces of
the semi-finished product and the
conveyor is excluded. However,
due to a sharp increase in the speed
of the product movement the ne-
cessity to reduce it can arise. 

Jet pneumatic conveyors of an
open type can be used for SM
sheet material moving on the air
cushion with different strength
indicators and physical and me-
chanical characteristics. Due to
this fact it is able to exclude mo-
tion detrition of functional surfa-
ces of the sheet and the conveyor.

For example, in accordance
with ISO standards, one or multi-
layered cardboard material can be
used for cutting without counter
knife applying. In the sheet piece-
driver the thickness of the sheet
can reach more than 0.25 mm with
a minimum mass of 224 g/m2.
Taking into account the type of
production, that is a paper-based
package in our case, one or multi-

layer hard card material with rela-
tively high indicator of hardness
will be the most fitted choice for men-
tioned above method of cutting.

The operation principle of the
method for the sheet material
trimming without use of the count-
er-knife involves the following
steps (fig. 1). Sheet material (SM)
1 is driven into the processing
zone by means of upper and lower
pass conveyors 2. When the SM
appears on the horizontal table 3,
it is held by two guides 4 on its top.
In the cutting zone, the knife blade
5 fixed on the base of the rotating
drum 6, cuts the semi-finished
product, and during its transport-
ing simultaneously receives the
compressed air resistance from
the pneumocounter-knife 7. The
sheet cut in accordance with the
given curvilinear geometry is re-
moved by the output conveyors 8.

The pneumo counter-knife
module 7 consists of a chamber
and nozzles. In the chamber through
the connecting pipe (in the figure
it is not shown) the compressor is
applied that supplies compressed
air. The chamber is made in the
form of a welded structure pre-
vented the loss of compressed air.
It is supposed to use the following
geometric dimensions of pneumo
counter-knife module for A4 sheet
size: height (h) — 60 mm, width
(a) — 74 mm, length (b) — 214 mm,
wall thickness (d) — 0,5 mm.

The method of continuous
transportation of SM using pneu-
mo counter-knife module can be
effective under the given condi-
tions. So, for SM trimming during
its transportation, we need rela-
tively small indicators of its densi-
ty and a relatively large surface of
its flow. Quantitative evaluation of
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these characteristics is determi-

ned using coefficients 

and (where ωc, ωn — the 

area of the midsection and the
surface of flow, m — the mass of
the product). With the help of these
indicators, we determine the ne-
cessary magnitude of the SM air-
resistance during its air flow (the
value of the pressure forces FT)
and the magnitude of the viscous
frictional forces Fτ [7].

It should be noted that the hori-
zontal movement of SM is affec-
ted by the symmetrical distribu-
tion of compressed air along the z
axis. Based on this condition, we
use as an example the law of air
pressure distribution for a nonlin-
ear geometric shape material:

(1)

Using this relation, we determi-
ne the flow rate of the compressed
air outflow from the nozzles to the
pneumocounter-knife module. It
is accepted that p = pa at x = ±R.
Accordinly U0:

(2)

where h — the height of the ac-
cent of the product on the air cu-
shion; μ = νρ, ν — dynamic and
kinematic viscosity coefficient; ρ —
density of air; α — the tilt angle of
the nozzles to the horizontal.

For the straight-line shape of
the product, formula (1) takes the
form:

(3)

And, accordingly, the flow rate
of compressed air outflow from
pneumocounter-knife module nozz-
les will be:

(4)

where l, b — respectively, the
length and width of the SM.

Such forces act on the sheet
material: the viscous friction force 

, the jet flow force on the end

plane , force of resistance to 

movement , the gravity force 

and the vertical component of the 

airflow pressure . Under the

Fig. 1. Technological scheme without
using counter-knife method of SM cutting
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condition of balance for AM reten-
tion on so-called air cushion, we 

have the condition .
The main parameters of the

cutting process using pneumo-
counter-knife module are air flow
Q, nozzle radiusand number of
nozzles N. The total air flow can be
determined:

(5)

where μ0 — the coefficient of com-
pressed air consumption.

In order to keep steadily the sheet
by the air flow, it is necessary
to provide the condition for of the
constant supplying of compressed
air. Therefore, we determine the
radius of the nozzles r by the for-
mula:

(6)

We determine the number of
nozzles N on the assumption of
statement that the stability of the
horizontal SM motion with given
weight G occurs if in each row the
number of nozzles below it is grea-

ter than three, i.e. where

l — the length of the transporting
SM. We formulate the last inequal-
ity in terms of the number of noz-
zles per unit of length of the con-

veyor L, i.e. . Given the 

limits on the total quantity of the
nozzle diameters, we assume that

the length of the AM is larger than
the sum of the nozzle diameters
under it by a factor of six, i.e. 

. From here we get: .

Thus, we construct the graphs
showing the relation of the con-
sumption of compressed air and
the diameter of the nozzles d (fig.
2) and the relation of the com-
pressed air consumption on the
number of holes n for the selected
diameter d = 3,5 mm (fig. 3).

In accordance with the graph of
the relation of the compressed air
consumption (fig. 2), it can be
concluded that the diameter of the
nozzle holes increases with pro-
portional increasing of the air flow.
Thus, in the interval from 2 mm to
4.5 mm, we observe a proportio-
nal and uniform consumption of
compressed air in the range from
0,025 m3/s to 0,048 m3/s. And using
the selected holes in the segment
of 4.5 mm or more an increase
in costs Q ranging from 0,05 m3/s
to 0,2 m3/s occurs. That is, there is
a sharp increase in compressed air
to 82 % can be observed.

The same trend is shown on the
relation of the air flow and the
number of holes n for the chosen
diameter d = 3.5 mm graph (fig.
3).With an increase in the number
of holes n (ranging from 10 to 30)
with the selected d, we can see a
relatively steady growth Q from
0,08 m3/s to 0,22 m3/s.

Conclusions

The advantage of the method
of sheet material trimming without
counter-knife applying is the ex-
cluding of dynamic forces action
that arise in the zone of technologi-
cal process completion. Without
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using counter-knife trimming me-
thod greatly simplifies the inter-
operations processes in the flow-
line production. Sheet material is
undergone by slight deformations,
that, consequently, felicitates the
quality of the cutting process. The
sheet material keeping on the so-

called air cushion in the proces-
sing zone excludes the contact of
the cutting tool with the traditional
counter-knife. Given that the knife
blade contacts directly only with
the semi-finished product, it can
be stated that its dulling is mini-
mized.

Fig. 2. Relation of the flow of compressed air and the diameters of the nozzles d

Fig. 3. Relation of air flow and the number of holes n in the selected diameter 
d = 3.5 mm
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У статті розглянуто систему безмарзанного способу 

обрізки аркушевого матеріалу.
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