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Pneumatic systems are widely used in printing production. Pneumatics are used to
transport, capture and hold sheet material during the finishing process. The conducted
research is aimed at identifying factors affecting the efficiency of the pneumatic system,
which includes a rotating perforation cylinder. In particular, such factors include
air temperature and humidity, which may later affect the construction features of the
pneumatic system.

In the research process, a series of simulations is conducted using the SolidWorks
system. The data obtained from the simulations form the basis of a theoretical study
on the characteristics of rarefied air in the process of removing cardboard scraps. The
scientific paper proposes an algorithm for calculating the power of the pneumatic system
of the perforating cylinder and the distribution of rarefied air flows within the working
area of removing cardboard scraps.

The obtained results of analytical studies are presented in the form of graphs
characterizing the general parameters of the pneumatic system of the perforation
cylinder, which will be taken into account during the further experimental design of the
equipment for removing cardboard scraps.

Keywords: die-cutting, cardboard sweep, perforation cylinder, rarefied air, carriage,
transport system.

Introduction. Pneumatic systems are widely used in printing. One of the directions of
their application is the transportation and fixation of sheet materials during technological
processing, in particular, in the manufacture of cardboard packages.

The problem of irregular distribution of rarefied air in single-chamber pneumatic
cylinders negatively affects the operational characteristics of the machine. Namely, there
is low-quality capture of the sheet and its positioning.

Methods. Development of new and improvement of existing equipment for the
production of packaging is an actual and perspective direction [1-8].

During the modelling of the operation of the rotating perforation cylinder in the
SolidWorks system, a number of structural flaws were discovered, which were accom-
panied by inaccurate positioning of the sheet material.

Based on the analysis of the existing equipment containing pneumatic cylinders, it
was established that in most cases the only means of correcting the uneven distribution
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of rarefied air inside the drum is a general increase in the power of the pneumatic system.
This approach is simple to implement, but not effective from the point of view of energy
consumption and, as a result, the cost of manufactured products.

Results. The purpose of the research is to identify the irregular distribution of
rarefied air flows within the pneumatic cylinder and to develop a mathematical apparatus
for conducting theoretical calculations.

Conducting an analysis of the operation of a single-chamber and two-chamber
pneumatic cylinder according to the proposed methodology. Presentation of research
results and their comparison with computer simulation results.

Discussion. The usage of pneumatic systems in die-cutting equipment have a de-
cisive place due to significant advantages in efficiency and functionality compared to
classic structural solutions. Despite significant technological advantages, the issue of
energy efficiency of the section is still important.

In the course of the research, mathematical calculations were carried out for
sections of different designs in order to analyse the energy efficiency characteristics.
Therefore, in order to obtain an array of representative results that would be convenient
for comparison and perception, calculations were carried out for a specified cardboard
format of 297 x420 mm, which corresponds to the A3 format common in printing.
However, the proposed method of calculation and the obtained results can be applied
without making changes to other variants of processed materials. Physical and mecha-
nical characteristics of cardboard are shown in Table 1.

Table 1
Physical and mechanical characteristics of cardboard
Characteristics of KC cardboard

Massof I m2, g 1650+125
Thickness, mm 2,2

Absolute compressive strength, MPa 1,96

Lateral compressive strength, kN/m2 49
Resistance to transverse delamination, H 64
Absorption at one-sided wetting, g 30

For further comparative calculations, we use the design of a rotating cylinder with
an internal perforated chamber. The initial parameters of the calculation of the system
with a double cylindrical chamber are shown in Table 2.
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Table 2
Initial calculated values of the system with a double cylinder
Number Air
Length | Diameter Area ofholes )~ Area densit
cns amete of the on the of the . Y| Adiabatic
of the of the o in the . Tempera-

Ne . . cylindrical | surface | contact . coefficien, o

cylinder, | cylinder, working ture, t, °C

hole, ofthe | zone, S, Y
L,mm | D, mm . area, p,
mm?2 cylinder, | mm?2
N kg/m3

1 124740
2 62370 1.204 15
3 31185
4 124740
5 450 100 4.9 5456 62370 1.168 1.4 35
6 31185
7 124740
8 62370 1.060 60
9 31185

To calculate the necessary pressure difference created by the pneumatic system to
hold a sheet of cardboard during processing, we use the following formula:

m-|g+—|+m-w° r
pP= A

S
where m is the mass of the sheet, g is the gravitational constant, p is the coefficient of
friction between the surfaces, o is the angular velocity, 7 is the radius of the cylinder, S
is the area of the holes. The given formula takes into account the main factors affecting
the fixation and movement of the sheet.
Having the necessary value of the pressure drop for fixation, you can find the air
flow during operation:

(M

r-1
{ﬁ]y e
p,

where 7y is the adiabatic coefficient, p_ is the pressure outside the section, p is the air
density.

The obtained value of air flow can give a general idea about the necessary power for
the operation of the rotary die-cutting section of the pneumatic system. However, for a
more accurate calculation, additional internal and external parameters should be taken
into account.
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One of the important parameters affecting the efficiency of the pneumatic system
is volume resistance. Volumetric resistance characterizes pressure losses on the path of
rarefied air transportation caused by the geometric features of the pneumatic system. To
calculate the volume resistance of the system, we use the formula:

AL (Q)z
7.p. =
ap_ D S 3)

2
where L is the length of the pneumatic cylinder, D is the diameter of the pneumatic
cylinder, and A is the Darcy coefficient.
However, the mutual dependence of the volume flow of air and the volume resistance
of the pneumatic system leads us to the need to carry out a number of additional
calculations. The following formula illustrates the air flow calculation for a given stage:

A'L.p.(%ljz
D S
p+

o A P 2 S 4)
r=1 p P,

r-1

4

Since the displacement of the volume flow values becomes smaller with each step,
the value i =5 is optimal for calculation with sufficient accuracy.

An important factor that significantly affects the operation of the pneumatic die-
cutting section is humidity. A change in air humidity has a significant effect on its density
and how it changes with temperature.

Due to the high complexity of calculating the properties of moist air, approximate
formulas are used to calculate its individual characteristics. By using additional
coefficients, they are able to provide the appropriate level of accuracy while significantly
reducing the necessary calculations. The error of such calculations can range from 0.01%
to 0.2%, which is allowable for a specific case.

So, use the following formula to calculate the density of moist air:

620.386 _ 5132 ’Rh P 620'386 _ 5132 -Rh
T+273 T+273

7 . r (5)
461.495 287.058

where R, is the Reynolds number.

However, for the correct operation of the pneumatic section, it is necessary to take
into account not only the peak pressure values in individual contact zones with the
workpiece, but also the uniformity and sufficiency of the air flow in the working zone of
contact between the cylinder and the cardboard sheet.

p:
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Preliminary computer simulations in the SolidWorks system show that in a single-
chamber pneumatic cylinder, the air flow significantly weakens with distance from
the inlet of the vacuum pump nozzle. This can have a significant negative impact on
the reliability of fixing cardboard sweeps of a complex configuration. Therefore, the
characteristics of the air flow are an integral part of the calculation of the pneumatic
cylinder.

There are several possible approaches to the calculation of air flow, but each of them
has a disadvantage in the form of repeatability, which significantly limits the application
of each of them. The most common of them is the Navier-Stokes equation. However,
the biggest problem in its application is its large computational capacity, which makes it
suitable for use only with computer software.

The need to create a mathematical apparatus for calculating the characteristics of a
pneumatic cylinder with less accuracy, but faster and without the use of a PC, leads to
the need to use simpler equations. How is the formula for calculating the flow of matter
through an opening:

Q,=C-S,-J2:p-P (6)

where C is the flow rate through the opening, S is the area of the opening, p is the air
density, P is the pressure difference.

So, Figure 1 shows a simplified design of a perforated pneumatic cylinder with
holes located in its base. The schematically shown holes will later be used to hold the
cardboard scraps with thin air.
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Fig. 1. Simplified design of the perforation pneumatic cylinder

The main problem of simplifying the calculation is the need to determine the
coefficient C, which can vary significantly depending on the design of the pneumatic
system and often requires analytical selection from an already available array of data or
literary sources.

In our case, such a source of data can serve as a preliminary result of a simulation
carried out using the SolidWorks system, which is presented as a expression in Figure 2.
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Fig. 2. Pressure dependence along the contact line L in a single perforation pneumatic cylinder

The graph illustrates the change in the flow of rarefied air with a minimum load
in the pneumatic system depending on the distance to the nozzle of the vacuum pump
according to the following expression:

Q<0< <0,<0, (7)

It is important to note that the graph of pressure changes along the contact zone
changes. Equating the coefficient characterizing the air flow through the given hole
through C =e™ we get the following formula: Q, =e™*-S-{/2- p- P. Where L. is the
current distance from the hole to the vacuum pump nozzle.

Figure 3 shows the results of mathematical calculations consumption the flow rate
of rarefied air passing through the hole d = 2.5 mm. The dependence is characterized
by the distance to the vacuum pump nozzle depending on the temperature conditions
t1=15°C, t2=35°, t3=60°.
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Fig. 3. Dependence of rarefied air consumption for d, = 2.5 mm on the distance to the vacuum
pump nozzle for temperature regimes t1=15°C, t2=35°, t3=60°
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As can be seen from Fig. 3, the air flow passing through the hole is inversely
proportional to its distance from the nozzle of the vacuum pump. That is, there is an 88%
decrease in flow. Comparing the calculated data with the simulation data in Fig. 2, it can
be seen that the calculated model offers a less sharp drop in flow.

The dependence of the volumetric air flow rate on the temperature for a given area
of clipping capture S1 =0.31 m2, S2 =0.62 m2 and S3 = 1.24 m2 is shown in Figure 4.
As can be seen from the graph, regardless of the overlap area of the sheet, when at low

humidity values, the volumetric air flow varies within 7% with temperature changes.
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Fig. 4. Dependence of volumetric air flow on temperature for a given area of clippings S1, S2, S3

The dependence of the increase in air consumption dQ on the temperature t at humidity
10%, 45% and 80% is shown in Figure 5. As we can see, air humidity significantly affects
its density and, as a result, its volume flow during operation. At the maximum calculated
temperature values, the change in volumetric air flow with a subsequent increase of one
degree at 80% humidity is 2.8 times greater than the similar value at 10% humidity.
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Fig. 5. Dependence of the increase in air consumption dQ on temperature ¢ at humidity of 10%,
45% and 80%
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As a result, this parameter makes the system more sensitive to ambient temperature
fluctuations and must be taken into account when designing machines, even with classical
balancing of the clamping force due to an increase in total power, since significant losses
of force at the remote end of the cylinder can lead to errors in the operation of the machine.

Conclusions. As it can be seen from the presented graphic dependencies, the re-
quired power of the pneumatic system is highly dependent on the environmental con-
ditions in which the work takes place. Temperature and humidity affect not only the
characteristics of the processed materials, but also the overall performance of the pneu-
matic system. This, in turn, has a significant impact on the performance of work by
die-cutting pneumatic sections and can lead to abnormal situations when the calculated
conditions are exceeded.

At the same time, the design of the rotary drum also has a significant impact on the
efficiency of the distribution of air flows in the pneumatic system, and making changes to
its design can significantly reduce the required power reserve of the system for leveling
operational deviations. This will significantly increase the efficiency of the pneumatic
system and will positively affect the economic feasibility of using automatic die-cutting
machines for small circulations of products.
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Ineemamuuni cucmemu 3HAX005IMb WUPOKE 3ACMOCYBAHNSA 6 NONIepADiuHOMY GU-
pobruymei. Ilnesmamuuni npucmpoi 6UKOpUCMO8YIOMbCs 0I5l MPAHCNOPMYBAHHSA, 3d-
XONIeHHsL Ma YMPUMYBAHHS apKyuleo20 Mamepiany nio uac mextHoio2iuHoz2o npoyecy
06podxu. Tomy y bacamvox unaodkax HepiGHOMIpHE PO3NOOLNEeHHs PO3PIOAHCEHO20 NO-
8iMpsi Y OOHOKAMEPHUX NHESMAMUYHUX YUTTHOPAX HEe2amueHO 6NIUBAE HA eKCNIYd-
MAayiini Xapakmepucmuxu cneyianizoganoco wWwmanyo8aIbHo20 oonaouanus. A cave,
cnocmepieacmvcs HesAKiCHe 3aXONJIeHHs apKyua i tio2o nooanbuie NO3UYit08aAHHs.

Mooeniosanns mexHon02iuHo2o npoyecy nepemiujenHs KapmoHHoi po3eopmxu ma
nOCAi008He 8UOANEHHs i1 00pI3Ki6 8 00epmo8oMy nephopayiiHomy YuiiHOpi UABULO
PAO KOHCIMPYKIMUBHUX HEOONIKI8, W0 CYNPOBOOINCYBANUCL HE MOYHUM NOZUYITIOBAHHAM
mamepiany. 3a 0onomozoio cucmemu agmomMamusosarno2o npoekmyeauns SolidWorks
BUSGNEHO HEPIBHOMIPDHOCII PO3NO00ITY NOMOKIE PO3PIONCEHO20 NOBIMP 8 MeHCaAx
NHEBMAMUYHO20 Yuninopa. Bukopucmano mamemamuunuti anapam Ois NpOGeOenHs
MeopemudHUx po3paxyHKie wooo ananizy pooomu 0OHOKAMEPHO20 Md 08OKAMEPHO20
NHEeBMAMUYHUX YUTTHODIS.

Ha ocnoei ananizy nHeemamuiHux yuiiHOpie 6CMAHOBIEHO, WO Y OilbUOCmi 6u-
nAaoKi8 €OUHUM 3ACOOOM KOPe2y8aHHS HEPIBHOMIDHOCHI PO3NOOLNY PO3PIO#CEHO20 NO-
simps ecepeduni bapabdana € 3az2anvre 30LbUEHHS NOMYAICHOCMI NHEBMAMUYHOI ClUC-
memu. Taxkuil nioxio € npocmum 6 peanizayii, OOHAK He eDEeKMUBHUM 3 MOUKU 30PY
sumpam enepeii ma K HAcAi00K codieapmocmi 8U20MOBILEHOI NPOOYKYi.

Ilposedene docnidoicents cnpamosane Ha GUAGNEHHS YUHHUKIG, WO GNIUBAIOMb HA
ehexmusHicmes poOOmMuU NHEBMAMUYHOIL cucmemu y cK1adi 00epmoso2o nepdopayitino2o
yuninopa. 3oxkpema 00 MAKUX YUHHUKIG HALEHCAMb memMnepamypa noimps ma uo2o
gon02icmy, AKI 6 NOOANLULOMY MOXNCYMb GNAUEAMU HA KOHCMPYKYIIO NHEBMAMU4HOL
cucmemu. Ilposedeni cepii cumynayiii 3 euxopucmanusam cucmemu SolidWorks naenu 6
OCHOBY MeopemuiH020 00CIIONHCEHHS W00 XAPAKmepy i NOBEOIHKU PO3PIO#CEHO20 NO-
8imps y npoyeci uoaieHHs 0OPI3Ki6 KAPMOHHUX pO320pmOoK. B pobomi 3anpononoano
AnCOPUMM PO3PAXYHKY NOMYICHOCTNI NHEBMAMUYHOI cucmemu nepghopayitinoco Yyunino-
pa ma po3nooiients NOMoKie po3piodrHceH020 NOGImps 8 Meicax pobodoi 301U 6UOANEHHS
KapmoHHUux 00pizxie. Ompumani pe3yromamu aHarimudHux 00CaioNceHb NPeoCcmasieHi
¥ 8u2nsdi epaghixia, wjo Xapakxmepusyoms 3a2aibHi Napamempu NHeGMamu4Hoi cucmemu
nepghopayitinozo yuninopa. Ilposedeni docniodicenns 6y0yms 6paxo8y8amucs npu no-
0anbULOMY NPOEKMYBAHHI OONAOHANHS 0151 GUSOTNOGIEHHS KAPMOHHUX PO32OPMOK.

Knrwuogi cnoea: sucikanns, kapmouna pos2opmxa, nepgopayitinuii yuiinop, pos-
Ppiodicene nogimpsl, Kapemxa, mpaHCnopmyaIbHa CUCemd.
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