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The increase in the volume of paper and cardboard production in the world and
the fastest growth of the paper and cardboard packaging segment in the general market
of packaging materials are noted. It is emphasized that to meet the market'’s needs,
container manufacturers are expanding the technological equipment park. Its important
component is the die-cutting equipment, intended to produce flat sweeps from cardboard
blanks. It is noted that during die-cutting presses, the pressure plate oscillates. It can
negatively affect the quality of the product production and the operational capabilities
of the equipment. The analysis of the scientific literature did not give results of thorough
research on pressure plate movement during working and idling cycles. The scheme
of the pressure plate drive using wedging mechanisms is proposed. Their geometric
synthesis is performed (on the example of the left contour), and the current relative
movement of the pressure plate by the wedging mechanisms of the left and right contours
is researched. The oscillating motion of the pressure plate is studied.

Keywords: die-cutting press, pressure plate, wedging mechanism, crank, connecting
rod, cardboard blank, oscillate move.

Problem Statement. The volume of paper and cardboard production for packaging
in the world has increased by almost 30% in the last ten years. Marketing agencies
predict that the paper and paperboard segment of the overall packaging market will
grow the fastest due to its efficiency, innovation, adaptability, and sustainability, which
add value to food and industrial products. The European paper and cardboard packaging
market is expected to grow at a rate of 4.8% during 2022-2027 [1].

Tomeetthe market’sneeds, container manufacturers are expanding their technological
equipment park, an important one of which is die-cutting equipment designed to produce
flat blanks from cardboard. Die-cutting presses, which are components of such equipment,
are equipped with wedging lever mechanisms for driving the pressure plate [2].

During the press operation, the mechanism of the drive’s right and left wedging
circuits ensures a strictly horizontal position of the pressure plate only at the moment
of completion of the die-cutting process. Its raising and lowering are accompanied by
oscillation moves [3].

The die-cutting press in the upper part contains a horizontal stationary support plate
1 (Fig. 1) with a fixed flat die-cutting mold 2. In the lower part of the drive of the pressure
plate 3 with a cardboard blank CB, the press is equipped with wedging mechanisms of
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the left LC and right RC contours. The mechanisms consist of cranks 4.1 and 5.1, fixed
oppositely on the drive shaft (not marked in the figure); driving connecting rods 4.2, 5.2;
driven rods 4.3, 5.3 and driven connecting rods 4.4, 5.4, which are hingedly connected
to the pressure plate 3 from the bottom side.
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Fig. 1. Kinematic scheme of a die-cutting press equipped with a pressure plate drive with
wedging mechanisms of the left and right circuits

The beginning of die-cutting blanks, especially those made of corrugated cardboard
with an inclined pressure plate, can lead to angular crumpling of the ejector cushions of
the die-cutting mold with subsequent displacement of the blanks relative to its tools and,
as a result, to the production of low-quality products.

Analysis of recent research and publications. In work [4], the analysis of the
functioning of the wedging mechanisms in the drive of the pressure plate of the die-
cutting press was performed, and it was established that it oscillates during movement.
It is noted that the non-parallel movement of the pressure plate when overcoming a
significant technological resistance (due to die-cutting the blanks) causes wear of the
sliders and can cause jamming in the guides. The difficulty of setting up the press is due
to the need to equalize the loads over the entire plane of the plate. At the same time, no
studies were conducted to evaluate the quantitative parameters of the movement of the
pressure plate through different contours of the wedging mechanisms.

The graphs of the relative movement of the sliders of the pressure plate, given
in the paper [5], confirm the fact that the right slider lags behind the left one on the
return stroke and, when lifting (the working stroke) catches up with it and moves to
the working area of the sweep die-cutting almost simultaneously with the left one. At
the same time, the planes of the pressure plate and the tools of the die-cutting mold are
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aligned and occupy a parallel position. The reason for this phenomenon, which consists
of an angular arrangement of the interbase axes of the left and right wedging contours,
is given. However, the work presents only graphic dependences of the linear movement
of the left and right sides of the pressure plate, which does not reveal the absolute values
of the angle of its oscillation.

In the work [6], the authors claim that operating die-cutting presses using the
pressure plate drive wedging mechanisms proves that its oscillating movement occurs
during the working and idle strokes. It is noted that it negatively affects the stability
of the die-cutting press and the machine. It is proposed to use a drive using screw-nut
gears instead of wedging mechanisms to convert the rotary motion of the screws into
the translational motion of the pressure plate to ensure the minimization of negative
consequences.

Another technical result, as shown by the work materials [7], is the replacement
of wedging mechanisms in the pressure plate drive with an eccentric one. In this case,
the axes of the rolling roller bearings are located relative to the axes of symmetry of the
movable pressure plate at an angle of 45°, which ensures strict horizontal movement of
the pressure plate and uniform pressure over its entire plane.

As can be seen from the analysis of the publications, in one case, the study of the
pressure plate movement in the die-cutting presses was not conducted thoroughly; in the
other - the studies were directed at replacing the wedging mechanisms of the drive.

The article aims to synthesize the wedging mechanisms of the left and right con-
tours of the pressure plate drive in the die-cutting press to investigate its relative move-
ment and angular oscillation.

Presentation of the main research material. For the synthesis of the wedging
mechanisms of the left and right contours of the pressure plate drive in the die-cutting
press and the study of its movement, the following is adopted:

designation of relative parameters:

— §=1,0 — maximum movement of the pressure plate PP (Fig. 2);

— A, — crank radius;

— ), —interbase distance between axes O, 1 O,;

— A, — the length of the connecting rod of the driving circuit;

— A, — the length of the driven rod of the driving circuit;

— A, — the length of the connecting rod of the driven circuit;

— L, =3,125 — horizontal distance between axes O, 1 O,;

— W, = 3,125 — vertical distance between axes O, 1 O,;
designation of absolute parameters:

— ¢ — current crank angle;

— & =5°—the angle between the driven rod of the driving circuit and the vertical axis
in the uppermost position of the pressure plate.

Geometric synthesis of the wedging mechanism (on the example of the left contour).

The task of synthesizing wedging mechanisms consists of substantiating the relative
sizes of the crank | and the driving connecting rod A, provided that the other components
are specified. A system of equations was obtained to find the needed parameters:
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b)
Fig. 2. Schemes for the geometric synthesis and calculation of the wedging mechanisms
of the pressure plate drive of the left (a) and right (b) circuits
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AysinE+h, +h, =1,
(1)

A =X, = \/k§ +A] =244 A, cosy, '

In the second equation of the system, y, = 11.81° is the angle between the driven rod
A, (in the lowest angular position) and the interbase axis A,. It was found according to
known geometric parameters: S = 1.0; W, = 3.125 and y, = 45°.

The research of the relative dimensions of the rocker arm A, (Fig. 3) and the driven
connecting rod A, is based on the consideration that the completion of die-cutting of
cardboard blanks is realized if there is an acute angle & between the driven rod and the
vertical axis O,C ; the relative geometric dimensions of the driven rod A, and the driven
connecting rod A, are the same. Then A, = W /cos§ = 3,125/cos 5° = 3,137.

The equations system (1) solutions are: A, = 0.679 and A, = 2.173.

Fig. 3. Scheme for calculating the relative dimensions of the component wedging mechanisms
of the pressure plate drive (on the example of the left circuit)

The research of the pressure plate movement.

To study the movement of the pressure plate during the working and idling phases,
we will calculate the wedging mechanisms of the left and right circuits. The current
values of the relative movement of the left side of the pressure plate (hinged connection
C, of the driven connecting rod A, with the pressure plate) and the right side (hinged
connection C, of the driven connecting rod A, with the pressure plate) are determined by
the difference:

Scu = 2(WBli —Waio )s (2
SCZi = 2(WB2i — W )7 (3)
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where W, = W,,, = A;sin(y, + v,) — the relative initial position of the hinge joints of
the driving connecting rods and driven rods relative to the O, and O, axes; here v, is the
angle between the axis A, and the driven rod A, in its lowermost position (corresponds to
the initial position of the pressure plate), which is found by the expression:
2 2 2
Y, = arccos M oA (kz }LO) =11,81°;
20, Ay

W,,» Wy, —relative vertical current distances of the hinge joints of the driving connecting
rods and drivenrods relative to the axes O, and O,, which are determined by dependencies:
Wei =2y 'Si”(%l + Y): (4)
Wys = hysin(¥, +7). )

To find the current value of the angle y between the driven rod K3 (Fig. 2a) and the
interbase axis A, (based on the left wedging contour), we use the dependencies:
Y=T—H—Y,+7,, (6)
Y=T—U=Y =72 (7)
(dependence (6) is valid for the case of the location of the crank A above, and dependence
(7) — below the interbase axis A,) where:
u — the angle between the rocker arm A, and the driving connecting rod A,. The formula
determines its current value:
B A A —AT
W = arccos TN ; ()
v, — the angle between the axis A,, which connects the base hinges O, and O,, and the
variable axis A [8]. The formula determines its current value:
A +0 =y
20, ®
v, — the angle between the driving connecting rod A, and the variable axis A connecting
the hinges A and O,. The expression finds the value of the angle:
A +AT =02
20,A (10)
The current values of the A axis included in dependencies (2), (3), and (4) can be
found using the formula:

Y, = arccos

Y, = arccos

Az\/xf+l§ + 2, Ay cOsQ, (11
where ¢ — the current rotation angle of the crank A relative to the interbase axis A,.

Based on the obtained values of the angles u, v,, and y,, the current angles y of
the inclination of the driven rod A, to the interbase axis A, were calculated, which are
graphically depicted in Fig. 4.

As it can be seen from the graph, the minimum value of y = 11.85° is recorded for
the crank rotation angle of ¢ = 330°, and the maximum value of y = 40° for ¢ = 135°.
The curve is steep during the crank rotation phase of 330°< ¢ < 135° (working stroke
of the pressure plate) and sloping during the phase of 135°< ¢ < 330° (idle stroke of the
pressure plate).
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Fig. 4. Graph of the dependence of the angle of inclination of the driven rod to the interbase
axis of the wedging mechanism of the left circuit on the crank rotation angle

The obtained current values of the tilt angle of the driven rod to the interbase axis
are used to calculate the relative movement of the pressure plate by the wedging me-
chanisms of the left and right contours according to dependencies (2), (3), which are
graphically depicted in Fig. 5.

1

Sci
0,8 +

>

| N

06 D \
AN
1/ AN | /
! N

0 45 90 135 180 225 270 315 360
¢, deg.

Fig. 5. Graphs of the dependence of the relative movement of the pressure plate by the wedging
mechanisms of the left (1) and right (2) contours on the crank rotation angle

As it can be seen from the graphs, the minimum current value of S_; = 0.095 for the
left circuit and the maximum S, = 0.327 for the right circuit is recorded at the initial
position of the crank, which causes the angular displacement of the pressure plate. An
increase in ¢ leads to a smooth alignment of the values of the pressure plate’s relative
movement by the contours’ wedging mechanisms. For ¢ = 135°, it occupies a strictly
horizontal position. Further rotation of the crank causes an advance of the current values
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of the relative movement of the pressure plate along the left contour relative to the right
one. However, for ¢ = 135°S_, =S . = 0.015, which provides the pressure plate with a
strictly horizontal position.
To find the angle of inclination of the pressure plate, we use the expression:
o = arctg SCli _SC2i (12)
2L,
The graph of the dependence of the angle of inclination of the pressure plate on the
angle of rotation of the crank is shown in Fig. 6.
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Fig. 6. Graph of the dependence of the angle of inclination of the pressure plate

on the crank rotation angle

As it can be seen from the graph, the maximum positive angular displacement o =
2.125° is recorded in the initial position of the crank. An increase in ¢ causes the oppo-
site change in a. So, for @ =90° a = 0.056°, and in the position of the crank ¢ = 135° the
pressure plate occupies a strictly horizontal position. Further, the angular movement of
the crank is accompanied by a negative angular displacement of the pressure plate: for
¢ = 180° a =—0.056°, and at the position of the crank ¢ = 270° the maximum angular
displacement o = —2.125° is obtained. After the peak of the angular displacement, the
pressure plate turning the crank is gradually leveled, and the position ¢ = 315° takes a
strictly horizontal position.

Conclusions. Packaging experts predict that the paper and cardboard segment of
the overall packaging market will grow the fastest due to its efficiency, innovation,
adaptability, and sustainability. To meet the market’s needs, container manufacturers
are expanding the technological equipment park, an important one of which is die-
cutting equipment. During the operation of the press during the cycle, the mechanisms
of the drive’s right and left wedging circuits ensure a strictly horizontal position of
the pressure plate only at the moment of completion of the die-cutting process, and
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oscillations accompany its raising and lowering. The analysis of publications proves that
the movement of the pressure plate in die-cutting presses has not been studied.

According to the results of the geometric synthesis of wedging mechanisms, the
relative dimensions of the crank and the driving connecting rod are established. In
the initial position of the crank, the minimum current value S_. = 0.095 of the relative
movement of the pressure plate in the left circuit and the maximum S_, = 0.327 in the
right circuit are found analytically. The pressure plate is strictly horizontal for the crank
rotation angle ¢ = 135°.

The angular oscillation of the pressure plate is evaluated: in the initial position of the
crank, the maximum positive angular displacement o = 2.125° is recorded; for ¢ = 135°,
the pressure plate occupies a strictly horizontal position; in the position of the crank
¢ = 270°, the maximum negative angular displacement o =—2.125° is obtained.

The results obtained from the research will be used to improve the mechanisms of
the pressure plate drive in die-cutting presses.
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JOCJIIKEHHS NEPEMIIIEHHS HATUCKHOI IVIMTU TPUBOIOM
3 PO3KVIMHIOBAJIBHUMU MEXAHIZSMAMM
Y LITAHIIOBAJIBHOMY ITPECI

B. B. Bnax, 1O. 0. Muxaiinis

Yxpaincoka akademis opyxapcmaa,
syn. 11io Tonockom, 19, Jlveis, 79020, Ykpaina
viakh.v.v@gmail.com

Koncmamosano picm obcseie supodbnuymea nanepy i Kapmouy y ceimi ma Hati-
weuoue 3pOCMants cecmMeHma nanepogoi ma KapmoHHoi mapu HA 3A2aNbHOMY PUHKY
3aco6is nakysanus. HazonoweHno, wo 011 3a00801eHH NOMped PUHKY UPOOHUKU Ma-
pU po3UWUPIOIOMb NAPK MEXHON02TUH020 00Na0HaHHA. Basciueoio 1020 cKkiadogorn
€ WMAHYIOBANbHA MEXHIKA, AKA NPUSHAYEHA O GUCOMOGLEHHS NIOCKUX PO320PMOK
3 KApMOHHUX 3A20MOB0K. 3ay8adiceHo, wo y npoyeci eKCRIyamayii wmanylo8aibHux
npecié HaMuUCKHa Nauma 30IUCHIOE KOMUHUU pyx. Bin mooce necamusHno eénusamu na
AKICMb 8UCOMOBIEHHS NPOOYKYIT Ma eKCHIyamayitini Moxcaugocmi 0onaoHanus. Ana-
JII30M HAYKOBOL Nimepamypu He 8Ui81eHO IPYHMOBHUX 00CIIOJCeHb Xapakmepy ii pyxy
npomacoM pobo402o i X010Cmo2o x00i8.

3anpononosaro cxemy npuso0aHaAmMuUCKHOINAUMU3 GUKOPUCTNAHHADOSKIUHIOBANLHUX
MexaHizmie. Yci posmipu 1anox Mexanizmie BUpadtcero 8 4acmrax NiHiliHo20 nepemiujenns
HamucKkHoi naumu. J{ist 00Caiodxncents it nepemiujeHHs po3KIUHIOBANIbHUMU MEXAHIZMAMU
Ji6020 MA NPABO2O KOHMYPIE GUKOHAHO iX 2eoMempuyHuil cunmes. 3a o020 00NOMO20I0
0OIPYHMOBAHO GIOHOCHI PO3MIPU KPUBOWIUNIE | 8edyHUX wamyHie. BiOHOCHI posmipu
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Kopomucen i 6e0eHUX WamyHi6 OMPUMAHO HA OCHOBI NPUNVUEHHSA, WO 306ePULeHHs
WMAHYIOBAHHS KAPMOHHUX 3020MO60K Peani3yembesl 34 YMOBU HAABHOCMI 20CMPO20
KYma Midc KOPOMUCTAMU | 6EPMUKATILHOIO 8ICCIO.

Lna docnioscennss xapaxmepy pyxy HAMUCKHOI naumu npomscom az po6ouoco
i X0nocmoeo x00i6 6U6edeHi MamemMamuyHi 3ai1edCHOCMI Ol KOXCHO20 KOHmypy. Pos-
PAxo8ano NomouHi Kymu HAXUTY KOpomucel 00 Minc0a308ux oceu, wo YMONCIUBULO
OYIHKY NOMOYHO20 GIOHOCHO20 NEPeMiyeHHs HAMUCKHOI NAUMU PO3KIUHIOBATbHUMU
Mexauizmamu 1ieo2o ma npagoeo Koumypis. Jocaiodceno KomusHuil pyx HamucKHoi niu-
mu npOmMA2OM NOGHO20 YUKAY ii nepemiwyens. Ompumano MakCUMAanbHi 3HAYeHHA il Ky-
M06020 3MIiWeH s OIA BUSHAUEHUX KYymie nosopomy Kpusouwiunis. OKpecieHo nepcnex-
MUY GUKOPUCTNAHHI OMPUMAHUX PE3VIbIMAMIE O0CTIONCEHHS.

Knrouosi cnoea: wmanyroeanvHuil npec, HAMUCKHA NAUMA, PO3KIUHIOBATbHUL Me-
XaHizm, KpUSOWIUN, WAMYH, KAPMOHHA 3020MOBKA, KOTUGHUL DYX.
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