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IMPROVEMENT OF THE PNEUMATIC DRIVE OF A FLAT DIE-CUTTING PRESS

For more efficient operation of the device, it is recommended to use cylinders with the lowest working pressure and a larger
piston area to reduce the preparatory time. The pneumatic drive can significantly improve the cutting process due to the proposed
design of the pressing plate with perforation grooves. The cutting method is more environmentally friendly due to the use of com-
pressed air as the primary working force. The operational efficiency of the drive is ensured by the design features of the pressing
plate, specifically its enhanced functionality through the introduction of a pneumatic chamber into its base. This new technical
solution allows the creation of an air cushion analog during cardboard cutting, thus increasing the durability of the cutting tools.

Keywords: cardboard blank; pressing plate; die-cutting press; pneumatic cylinder; compressed air; pneumatic chamber;
reverse motion, piston, rod.
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Urgency of the research. A wide range of printing equipment is used for the production
of cardboard packaging. Clamshell presses remain the primary type of equipment, as they are
relatively simple to use. However, the main operating mechanism - the clamshell press - is
highly loaded, energy-intensive, and requires significant modernization.

Target setting. Accelerated dulling of cutting elements is one of several issues encountered
when using traditional die-cutting technology. The contact method of knife-against-anvil cre-
ates operational difficulties in the technological process of packaging production.

The task is to develop an energy-efficient drive for the pressing plate based on pneumatic
cylinders.

Actual scientific researches and issues analysis. Pneumatic drives or systems include
automatic control, stabilization, and regulation systems for working executive elements, which
operate using compressed air [1-2]. Pneumatic cylinders with reciprocating motion of the out-
put link have two fixed end positions of the piston. Due to the elasticity of the working medium,
it is challenging to stop the piston at a specific position, even when the pneumatic supply and
exhaust lines are closed. Thus, a rational choice of the pneumatic cylinder's structural dimen-
sions and the use of regulating devices are necessary to improve their operational dynamics.

A geometric synthesis of the wedging mechanism of the pressing plate drive has been per-
formed [3]. The work identified the effects of deformation in ejector cushions of the die-cutting
form and the cutting and creasing of cardboard on the mechanism's component loads. The na-
ture of the pressing plate drive's load during cardboard blank die-cutting was investigated.

Flat die-cutting presses are widely used in the printing and packaging industry. Significant
technological loads occur in such presses. Therefore, the drives' designs are aimed at overcom-
ing substantial technological forces in the pressing plate while applying minimal force to the
input drive link [4, 5]. The goal is to ensure planar-parallel movement of the pressing plate over
large contact areas.

The advantages and disadvantages of existing wedging mechanisms for flat die-cutting
presses were analyzed in [6]. A wedging cam mechanism for driving the lower movable press-
ing plate was developed. The technological loads for die-cutting operations were determined,
and the driving forces in the proposed wedging mechanism were analyzed.
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The use of a combined lever mechanism eliminates the drawback of non-parallel pressing
plate movement [7]. Thus, a combined lever mechanism was used for the die-cutting press's
movable plate drive. It consists of two pairs of crank-slider circuits: driving and executing.
Kinematic calculations confirmed that the sliders move at identical speeds, maintaining the
plate's parallelism during movement.

To reduce additional forces on the movable pressing plate mechanism, the use of driving
cams and wedging levers was proposed [8]. By selecting a periodic motion law for the executive
links, die-cutting forces are reduced.

The values of torques on the drive shaft were experimentally established [9]. The influence
of drive speed parameters on the pressing plate's force loads was determined. A screw-nut drive
mechanism for the movable pressing plate was proposed in [10], establishing the impact of
cardboard blank thickness on the dynamic loads in the drive. Increasing the cardboard thickness
leads to higher loads in the pressing plate drive.

Uninvestigated parts of general matters defining. A new method of cardboard blank die-
cutting and a pressing plate mechanism were proposed [11]. The non-contact die-cutting tech-
nology eliminates support contact elements. A pneumatic drive was suggested for the die-cut-
ting process. However, this method requires further experimental research.

The research objective. The aim of this study is to improve the pneumatic drive of a flat
die-cutting press for higher-quality die-cutting of cardboard blanks. It proposes replacing artic-
ulated cyclic mechanisms with an enhanced pneumatic drive. The use of pneumatic cylinders
for the pressing plate aims to refine the drive and improve overall performance.

The statement of basic materials. The technological process of die-cutting cardboard
blanks in a flat die-cutting press involves a pneumatic chamber filled with compressed air. The
generated pressure acts on the cardboard sheet during knife penetration. Simultaneously, an air
cushion holds the sheet as blades penetrate it. Separation of the sheet occurs due to elastic ma-
terials and ejector cushions.

The proposed drive includes four pneumatic cylinders (1) comprising the pressing plate
drive station. Each pneumatic cylinder is connected to the plate via fastenings (2). To create an
air cushion interacting with the sheet, the fastenings (2) are equipped with internal channels for
compressed air supply (not shown in the diagram). The pressing plate body (3) contains perfo-
rated slots (5) for passing die-cutting blades (7). The cavity (4) creates the necessary pressure,
while ejector cushions (6) hold the sheet in the die-cutting plane. Guides (8) in the combined
drive regulate the pressing plate's height above the die-cutting plane.
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Fig. 1. Technological scheme of the pneumatic drive of a flat die-cutting press
Source: developed by the authors.
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The dynamic operation of a standard double-acting piston pneumatic drive ensures the pressing
plate's reverse movement according to the durations of strokes #1, #2, #3, t4. The sum of stroke dura-
tions constitutes the technological cycle period 7: of the pneumatic device, determining its produc-
tivity [11].

The primary goal of calculating a pneumatic drive is to select the effective piston area and the

cross-sections of the supply f,, and exhaust f, pipelines at a given piston speed, which will be

considered constant and subject to a stable resistance force. In this case, it is necessary to account
for the features of the improved pneumatic drive. Modeling the drive requires considering a specific

combination of initial parameters, namely: the average piston speed v,,,, , its stroke S, the mass

of the moving parts, and initial conditions.

The first two assumptions are: 1) The pressure in the filling chamber equals atmospheric pres-
sure, while the pressure in the exhaust chamber equals the mainline pressure. 2) The pressure in the
common chambers is atmospheric.

Under the first class of conditions, the piston moves close to a stationary (uniform) state. There-
fore, it is initially necessary to assess the feasibility of achieving such uniform (stationary) motion
under the given initial parameters. The values of dimensionless parameters N, €2, and y determine
the variation in operation speed. The dimensionless structural parameter N is calculated as follows:

d,
D \Pu

N=2754-1-

; where: W - the discharge coefficient of the exhaust line; di - the

exhaust line diameter (m); D — the piston diameter (m); P — the total resistance force on the rod (N);
p,, - the mainline pressure (MPa); S — the piston stroke (m). The dimensionless parameter 2, which

characterizes the throughput capacities of the supply and exhaust lines, is given by:

e
Q=u, # = f—ve; where: u,, u, — the discharge coefficients of the supply and exhaust
ILl 6 : f n f n
lines, respectively, f,., f, are the effective areas of their cross-sections.
) . ) o P
The dimensionless parameter y , representing the load on the rod, is given by: y = 7 ;

M
2

D ) . . .
where F' =7 o the piston area on the side where the higher air pressure acts.

With sufficient accuracy for calculations, the condition for ensuring a piston motion mode close
to steady-state can be expressed as: 6 < ,,; where & - inertia criterion of the pneumatic drive,

numerically equal to:

mp
O =Vag |\ p.g (1)

where m p - the mass of all moving parts of the pneumatic drive (piston, rod), and v,,,, - the

average piston speed.
For the initial pressure conditions in the chambers, based on known experimental data, a critical
value &, has been established. Exceeding this value makes it impossible to achieve piston motion

close to uniform. When using equation, it should be noted that the values of »n and P are not yet

r
known prior to selecting the diameter.
In the general case, the total resistance force P is equal to:

P=R+ B+ Py +p, Fo 2)

res e
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where P, - the frictional force in the piston and rod seals; P,

s - the useful resistance force;

P, -the gravitational force of the piston and rod (considered for the vertical arrangement of pneu-
matic cylinders); F,,. - the opposing force due to pressure in the exhaust chamber. When the useful
resistance force P.,, dominates, the calculation of F can be performed using empirical relation-
ships: P = 3.5@.

For selecting the parameters of the pneumatic drive based on a given piston speed v,,,, and
resistance force P refined calculations are necessary. Additionally, for any arbitrary piston area F

that must exceed the minimum value determined by the condition of providing sufficient driving
force to overcome resistance, the drive can be tuned to the desired piston speed by selecting effec-

tive cross-sectional areas of the pneumatic lines at the inlet f,_ and the outlet f; . For each value
of F multiple configurations are possible, characterized by different ratios of f,, i f, .
The quantitative relationships between F' f,’ and f,; are described by dimensionless depend-

encies. The dimensionless effective cross-sectional area of the inletline U, is U, = [ -ay ; where

a; = ;{% - proportionality coefficient.

avg

As the parameter Q, characterizing the throughput of the inlet and exhaust lines, increases
while keeping other input data unchanged, the value of f,’ decreases. Conversely, as €, decreases

f,¥ increases. This is explained by the reduction in backpressure in the exhaust chamber, which

impedes the piston’s motion as the cross-sectional area of the exhaust channel increases relative to
the inlet channel.

We determine the effective minimum cross-sectional area f i, of the pipeline:

£ min = ——, which delivers compressed air to the cylinder, and the optimal piston area F,,,,

a4
b
= Zo—gm , which corresponds to the cylinder diameter:
4.F
D= |—2 3)
p/s

We round the value of D to the nearest larger size from the standard range. The rod diameter

d,,q 1s selected according to recommendations: d,,; =(0.2...0.3)-D.
The structural dimensions of the pneumatic line elements, i.e., the areas of their cross-sections
1, are calculated based on the adopted connection scheme of the elements and considering the con-
dition ¢ >
mined from the dynamic calculation of the pneumatic drive. Let us consider the simplest case,

where this line includes only elements with identical cross-sectional areas connected in series:
fi1 = /> =f3=...= f,. The equivalent length of the pipelines, equivalent to the entire line, is al-

where = the effective cross-sectional area of the inlet line deter-
n n.calc

n.calc » .min

ways greater than the physical length of the pipes in the real system.
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U. .
Having calculated using the formula f,; i, = 2T | we select the types of pneumatic de-
4

vices and determine the equivalent (effective) length of the pipeline L, . Then, for f, ¥ min and L,

e find the flow coefficient p, and the cross-sectional area of the pneumatic line f using the formula:

4.
, and also the diameter of the pneumatic line @, using the formula: d,= a7 . The
Hy 7

obtained diameter d,, is rounded to the nearest larger value according to the standards.

f — fn.min

In a double-acting pneumatic drive, after the pneumatic distributor is triggered, air is supplied
from the main line through the pipeline to the working cylinder chamber. As soon as the distributor
port opens, pressurized air starts moving. For some time, the opening of the distributor and the
propagation of the compressed air pressure wave to the working cylinder occur simultaneously but
end at different times. The pressure wave arises after the distributor port is fully open. Since the
distributor ports in most pneumatic drives open quickly relative to the operating cycle, this does not
lead to significant delays in operation. The time intervals for these operations can also be individu-

ally determined according to this assumption: ¢#,,,,. - the valve activating (opening) time, and

fpressure wave - the time for the pressure wave to propagate from the valve to the pneumatic cylinder.

The pressure in the working chamber of the pneumatic cylinder increases as soon as the valve
opens, and the piston begins to move. This time is referred to as the working chamber filling time,

t s - The sum of the listed time intervals is called the preparatory period, 7, :

! prep = Lvatve  Lpressure wave T L fill - “4)

The relationship between the design parameters of the device determines whether the pressure
rises monotonically or fluctuates during the piston movement period. The pressure in the chamber
connected to the main pipeline increases to the level set by the technological conditions as soon as
the piston completes its stroke, S. In the chamber of the second (exhaust) cylinder, the pressure
decreases to atmospheric pressure.

The time for the pressure wave to propagate from the valve to the working pneumatic cylinder
is determined by the known formula: ¢ = Ly ; where L, —the length of the pipeline from

pressure wave a

the valve to the cylinder, and a is the speed of the air flow propagation and a - the speed of the air
flow propagation.

The pressure at the inlet is constant and equal to the main pressure during the filling of the
initial volume of the working chamber with compressed air. The compressed air volume is equal to
the volume of the pipeline, and the flow coefficient can account for calculation errors.

In the initial phase, there is a simultaneous increase in pressure in the working chamber and a
decrease in pressure in the exhaust chamber. In this case, the driving force overcomes the resistance
forces, and the piston moves when a pressure differential is created in both chambers. To establish
the appropriate pressure differential, it is necessary to determine when the working chamber should
be filled, and when the compressed air should exit the exhaust chamber. The filling time of the
working chamber with compressed air is determined by the formula:

o 3.62-107 ¥,
s f'ﬂn(l//1(02)—‘//2(01)); )

where V;, — the initial volume of the working chamber, g, — the air flow coefficient in the

pneumatic line; f — the cross-sectional area of the supply pneumatic line, and o7 and o, — the
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relative initial and final pressures in the working chamber of the cylinder. The values of the func-
tions (o) and y,(o) can be found graphically according to recommendations [1, 2].

Using nomograms allows selecting the calculated pressure in both chambers of the pneumatic
cylinder at the moment when the piston begins to move. Since the nomograms are built in dimen-
sionless quantities, we first consider the load y, which is the ratio of the maximum force F the
resultant force P, acting on the piston.

To determine the preparatory period time for a typical double-acting pneumatic drive, we use
the results from dynamic synthesis as initial data. Accordingly, we have: piston diameters D = 0.08
m; rod diameter dyos = 0.02 m; piston stroke S = 0.03 m; air flow coefficient of the supply line ,

=0.08; air flow coefficient of the exhaust line z, = 0.26.

Next, we find the initial volumes of the working and exhaust chambers, taking into account the
volumes of the pipelines from the cylinder to the valve. The initial volume of the working chamber
is calculated according to the recommendations [11] and the dimensionless load on the piston is

P

PnF
We determine the values of relative pressures at the moment the piston begins to move by first
4 o / , Vor-#y

determined by the formula: y; =

calculating: v=—Q=—"————  The dimensionless area  parameter is:
VU Hy - f ’ Vu
F ~d?
Hz’l — _2 — > VOd
F D

According to the aforementioned recommendations, for y =0.37 and v=0.57 we find

pd =0.97 and o,,; =0.32 taking into account that I, =0.938 . By comparing the filling and
emptying times of the working cylinder chambers, we choose the larger value.

Figure 2 shows the dependence of the deformation strength S of sheet material on the destruc-
tive force of the knife F. It is assumed that the destructive force of sheet material during stretching

should be experimentally determined as the arithmetic mean of ten measurement results.

0.9
08 — ~
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Fig. 2. Dependence of the ultimate deformation stretching strength S of sheet material
on the destructive force F for format Bl, B2 and B3

Source: developed by the authors.

75



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 4(38), 2024
TECHNICAL SCIENCES AND TECHNOLOGIES

For our theoretical calculations, we consider the deformation of the edge of the sheet when
subjected to the cutting tool. In other words, the strength of the sheet material during stretching

is calculated using the formula: § = %; where W — the width of the sheet material (mm), and

F is the destructive force acting on the sheet (V). We also take into account the tensile strength
limit of the sheet and its thickness. The rupture length is calculated using the following relation:

1 F
L=—"1—.10°; where g — the mass of the paper per unit area (1 m?).

98 W.g
The dependence of the deformation strength S (N/mm) on the destructive force F (N) under
the action of the knife is examined for different sheet formats: W, =707mm , W, = 500mm and

W5 =353mm . For the sheet format B/ (W; =707mm ) the ultimate deformation strength S var-

ies from 0.071 N/mm to 0.424 N/mm. For format B2 (W, = 500mm ) the value of S varies from
0.1 N/mm to 0.6 N/mm and for B3 (W5 =353mm ) the ultimate values of S range from 0.142

N/mm to 0.85 N/mm.

Thus, for the minimum ultimate edge rupture during punching of format B3, the value of S
is 70.42% higher than when punching B2, and the maximum deformation value is 70.59%
higher, respectively. Also, the minimum deformation rupture value when punching format B2
is 71% higher than when punching B/, and the maximum value is 70.67% higher, respectively.

Figure 3 shows a graph the dependence of the pneumatic cylinder diameter D (mm) on the
load indicator on the rod x for the specified pressures: pmi=0.1 MPa, pm2=0.5 MPa and pm3=1
MPa. The load on the rod x is a dimensionless parameter. The indicator y characterizes the force
acting on the rod when a specified air pressure is simultaneously applied to the piston.

80 = == Pml|=0.] MPa === e=Pm?=0.5 MPa Pm3=1 MPa
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Fig. 3. Dependence of the pneumatic cylinder diameter D (mm) on the rod load indicator ¥
for the specified pressures: pmi1=0.1 MPa, pm2=0.5 MPa and p,3=1 MPa

Source: developed by the authors.

We consider the dependence of the pneumatic cylinder diameter D on the dimensionless
rod load indicator for different pressures: pm1=0.1 MPa, pm2=0.5 MPa and pm3=1 MPa. For a
pressure of 1 MPa, the diameter D changes from 70.94 mm to 55.75 mm. For a pressure of 0.5

76



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 4(38), 2024
TECHNICAL SCIENCES AND TECHNOLOGIES

MPa the diameter D changes from 50.16 mm to 39.4 mm, and for pressure of 0.1 MPa the
diameter D changes from 22.43 mm to 17.63 mm.

For the graph with a pressure of 0.1 MPa, we observe a difference of 44.7% compared to
0.5 MPa, and for 0.5 MPa, comparing with 1 MPa, the difference is 70.7%. The study shows a
sharp change in the determined diameters depending on the pressure that will be supplied to the
pneumatic cylinder chamber.

Analyzing the graphs, we note that as the cylinder diameters decrease, the excess load ap-
plied to the rod increases, which may lead to the eventual failure of the drive components.

Conclusions. The drive is a critical part of a cardboard blank manufacturing machine, di-
rectly impacting the quality of printed products made from cardboard.

The improvement involves using four supporting pneumatic cylinders that simultaneously
lower the pressing plate. Synchronization of the pneumatic cylinders occurs by supplying air
from a single system to all cylinders.

Preliminary analytical calculations provide an overview of the die-cutting technological
process using a pneumatic drive. Key technical parameters include cylinder volumes, com-
pressed air pressure, modeled pneumatic line diameters, and piston dimensions.

For more efficient operation, it is recommended to use cylinders with the lowest operating
pressure and larger piston areas to reduce preparation time. The pneumatic drive significantly
enhances the die-cutting process through the proposed pressing plate design with perforated
slots. This method is more environmentally friendly due to the use of compressed air as the
primary working force. The drive's functionality is ensured by the pressing plate's structural
features, particularly its extended capabilities through the integration of a pneumatic chamber.
This new technical solution enables the creation of an air cushion during cardboard die-cutting,
thereby increasing the longevity of cutting tools.
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YAOCKOHAJIEHHSA IHEBMATHUYHOI'O ITPUBOJIA IIVIOCKOT'O
IITAHIOIOBAJIBHOI'O ITPECA

Jlocniooicenns cnpsimosane Ha CMEOPEHHs. HOBO20 epeKMUBHO20 Npueooa OJisk HAMUCKHOL NAUMU WMAHYIGATbHOL Ma-
wiunu. IIpugood € Kar408010 YaACMUHO MAWUHU Ol BUONOGIEHHS KAPMOHHUX PO320PMOK | 6e3n0cepeOHbo 6NIUBAE HA SK-
icmv noniepadiunoi npooyKyii 6u2omosneHoi 3 Kapmony.

Knacuuni mexanizmu y npuooax HamuckHoi naumu maioms nedoniku. Bonu epomizoxi ma cnodcusaroms 6a2amo enex-
mpoenepeii. Tomy memoro pobomu € po3podKa H08020 NHEBMAMUYHO20 NPUEOOA NPUCTIPOIO MA eHEP2OOUAOHO20 CROCODY 014
8U20MOBIEHHSA KAPMOHHUX PO320PMOK.

OcHosHe 3a80anHs NONAZAE Y OeMATbHOMY AHANI3T cUCmeMU KIACUYHUX NPU8oodie ma ix YOocKoHaneHHi. Y0ocKoHaneHHs 30iii-
CHIOEMbCAL 30 OONOMO2010 HOMUPLOX ONOPHUX NHEGMOYUTIHOPIB, 10 OOHOUACHO OnyCcKaomy Hamuckry naumy. Cunxponizayis nues-
MamuuHUX YyumiHopig 6yoe 8i00yeamucs 3a paxyHoK 00HOUACHOT nOOayi NOGImpst 3 OOHIET cucmemu  yCi NHEGMOYWITHOPU.

Tlonepeoui ananimuyni po3paxyHKu HA0AMb 3a2AbHY XAPAKMEPUCMUKY MEXHOI02IYH020 NPOYecy GUCIKAHHS 3 UKO-
PUCMAHHAM NHEBMAMUYH020 NPUeooa. Basiciusumu mexnivHuMuy napamempamu € 06'emu yuniHopie, MUck CMUCHeH020 Nosi-
Mpsl, 3M00enbOB8AHI diamempu NHeGMONIHIU MAa 2e0MEMPUYHT POSMIPU NOPUIHSL.

Jna 6invw echexmugnoi excniyamayii npucmpor peKomeHOYEMbCA BUKOPUCIOBY8AMU YUTTHOPU 3 HALLMEHWUM POOOUUM
muckom i 6iNbUI0T0 NIOUEI0 NOPUIHS OISl CKOPOUEHHS Ni020mo8u02o dacy. IInesmamuunull npusoo Moogice 3HaYHO NOKPAWUmu
TNeXHON02TUHULL NPOYeC BUCIKAHHA 3A PAXYHOK 3ANPONOHOBAHOI KOHCMPYKYIT HAMUCKHOI naumu 3 nepgopayiinumu nasamu.
Cnocib sucikarnisi € Oiibl eKONOSIYHUM Yepe3 BUKOPUCMANHS K OCHOBHOI poboyoi cunu cmuchenoo nosimps. Ilpayezdam-
HICMb NPUB0OA 3a0e3NeyyEMbCsL 3A60AKU KOHCIMPYKYIUHUM 0COOTUBOCMAM HAMUCKHOT NAUmMU, a came po3uupeHoi it pynkyio-
HAILHOCMI 3a PAXYHOK 86€0€HHs 6 il 0CHO8Y nHeemamuyHoi kamepu. Hoee mexuiune piuieHHs: 003601€ CMEOPUMU AHANLO2
NOBIMPAHOT ROOYWIKYU NPU GUCIKAKHHS KAPMOHY | MUM CAMUM 30LTb1UUMU 008208IYHICMb PI3ANLHUX THCIMPYMEHMIE.

Mexanixa mexHon02i4H020 NPOYeCcy BUCIKAHHA KAPMOHHUX PO320PMOK 3 BUKOPUCIIAHHAM NHEBMAMUYHO20 NPUB0OA npo-
NOHYEMbCA 8nepuie i Rompebye NOOANbUUX HAYKOBUX 00CNi0xHcenb. DOHAK 000amKo8e GUKOPUCAHHA CIUCHEH020 NOGIMPsL Y
3anpoNOHOB8AHILl MeXHON02I] 015 pO30iNeHHs KapmoHy 6y0e NO3UMUEBHO 8i000paNCAMUCA HA AKOCME MAlOYmMHbOi noniepaghiy-
Hoi [ naxkysanvHoi npooykyii.

Kniouogi cnosa: kapmonna po3eopmka, HAMUCKHA NAUMA, WMAHYIOBANbHULL Npec; NHeGMOYUNIHOP, CIMUCHeHe NOGIMpsi;
NHeBMamuyHa Kamepa, pesepCusHull pyx, nopuletb, Wmox.

Puc.: 3. Bi6n.: 11.
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