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AUTOMATED SYNTHESIS OF MECHANISM OF PRESS OF DIECUTTING MACHINE

ABTOMATHU3OBAHWNU CUHTE3 MEXAHI3MY MPECY
LUTAHLIOBAJIbHOI'O ABTOMATA

Abstract: Die-cutting consists of whole complex of
operations that help to determine the shape, geometric
dimensions and design of cardboard packaging. This
process occurs on crucible and rotational die-cutting
machine. Working tools are combined die-cutting form,
by which all operations are performed simultaneously
during one operating run.

This article describes the methodology of optimizing the
main press mechanism of die-cutting machine that
enables improvement of productivity and manufacturing
quality and also power reduction of machine drive. The
authors investigated analytical dependence on the
basis of which synthesis is conducted, software is
developed as a tool for analysis and synthesis of
investigated mechanism.

Key words: Die-cutting, press mechanism, cardboard
container, packaging.

INTRODUCTION

Die-cutting is integrated compound technological
process, which consists of whole complex of operations
that help to determine the shape, geometric dimensions
and design of cardboard packaging. Notably, die-
cutting of sweep circuit, joint forming of scored line in
the center spread, application of perforated marks,
cutting and grooving. Die-cutting, depending on the
required package design, may not include all of the
operations, but only necessary ones. Die-cutting
process occurs on crucible and rotational die-cutting
machine. Working tools are combined die-cutting form,
construction of which provides equipment for
performance of necessary operations. All listed
operations are performed simultaneously during one
operating run of die-cutting form [1]. The most common
die-cutting machine manufacturers are companies
BOBST (Switzerland), Poligraf-KAMA, Heidelber
(Germany), Rluge (England) and others [2].

The main mechanism of such machines (fig. 1)
consists of flat die-cutting form 1 attached to the fixed
plate 2, the pressure plate 3, lever wedging 4, 5 and
cam mechanisms 6 (fig. 1 shows a structural
interpretation of cams in the form of crane). At the
beginning of operating run pressure plate located in
downward-most position. After submission of precut
carton by carriage into working zone of press, cam
mechanisms 6 through lever wedging mechanisms 4
and 5 put in motion pressure plate that moves vertically
to perform the operation of cardboard die-cutting.
Pressure plate takes upward-most position in case of
vertical alignment of wedging levers and surmount
technological pressure established in the area of die-
cutting.

57

AHomauyis. LLimaHurosaHHs eknvae 8 cebe uinul
Komrnekc onepaduild, wo Oornomazaroms eu3Hayumu
opMy, eeoMempuyHi po3Mipu, a makox KOHCMPYKUito
KapmoHHO20 rnakosaHHs. [aHuli npouec ei0bysaembcs
Ha muaesibHUX | POMOPHUX WMaHyto8anbHUX MawuHax.
Poboyum  iHCmMpymMeHmom  ciyxame  KombiHogaHa
wmaHurosanbHa ¢hopma, siKOw 3a 00uH poboyull Xid
00HOYacHO BUKOHYOMbLCS yCi onepauji.

B 0Qaniti cmammi onucyembcs Memodoroaiss onmumisauy,i
pobomu 20/108HO20 MexaHi3My fpeca WMmaHUt8asbHO-
20 asmomama, WO yMOXIueums Mid8uWeHHs MpooyK-
mueHocmi ma sKocmi eupobHuuymea, a Mmakox
3MEHWEeHHS NMomy»Hocmi rnpugody MawuHu. Aemopamu
6yro susedeHo aHarnimuy4Hi 3as1eXXHOCMi Ha OCHO8I SKUX
nposodumbcsi cuHmMe3, ma po3pobreHo npozspamMHe
3abe3sneyeHHsi, sIK iHcmpymeHm Orisi aHanisy i cuHmesy
docnidxysaHO20 MexaHi3my.

Kmro4qoei crioea. wmaHutosaHHs!, wmaHutosarsbHUU rpec,
KapmoHHa mapa, rnako8aHHsl.

BCTYN

LWUtaHutoBaHHS - Ue KOMOGIHOBaHW/A  CyMilLeHui
TEXHOJONMYHMI NpoLeC, SKMN BKoyae B cebe Uinun
KOMMMeKc onepauii, LWo gonomaralnTb BU3HAYUTU
dopMy, reoMeTpuyHi pPO3Mipu, a TakoX KOHCTPYKTUBHI
0CcoBNMBOCTI  KAapTOHHOTrO nakoBaHHA. To6TO, BUCIYKY
KOHTYpY pO3ropTku, GiryBaHHS NiHiA 3rMHY Ha pO3ropTui,
HaHEeCEHHS NepdopoBaHMX MITOK, HAApPI3iB i PULIOBAHHS.
LtaHutoBaHHSA, 3anexHO BiA4 MOTPIOHOI  KOHCTPYKU;i
MakoBaHHA, MOXe BKMYATU He BCi NepepaxoBaHi
onepauii, a TiNbkn HeoOXxigHi. [Npouec LWTaHUtOBaHHS
BiAOyBaeTbCA HA TUreNbHNUX | POTOPHUX LUTAHLHOBANBHUX
mMaLunHax. Pobouynm iHCTpyMEHTOM criy»kaTb KOMOIHOBaHI
LITaHLUoBanbHi opmK, y SK1X KOHCTPYKUisS nepenbayae
OCHALLleHHS Ons BUKOHAHHA NOTPibHMX onepauin. Yci
nepepaxoBaHi onepadii BWKOHYIOTbCS OAHOYaCHO 3a
oauH pobounii xig WwtaHuoBanbHoT opmu [1]. HanbinbLwu
NOLUMPEHUMU BUPOOHMKAMM LUTAHUIOBANbHUX MalUUH €
dipmn BOBST (LLsewnuapis), Poligraf-KAMA, Heidelberg
(Himeyumna), Rluge (AHrnig) Ta iH. [2].

FonoBHUA MexaHiam Takux astomartiB (puc. 1)
CKnagaetbCca 3 MMOCKOI LWTaHuoBanbHoi dopmn 1,
3aKkpinneHol 40 Hepyxomoi NAUTU 2, HATUCKHOT NnuTn 3,
BaXINbHUX PO3KIMHIOBamNbHUX 4 i 5 Ta eKCueHTPUKOBUX
MexaHiamiB 6 (Ha puc. 1 HaBegeHa CTPyKTypHa
iHTepnpeTauis ekcueHTpukiB y Burnagai kopbu). Ha
noyaTtky pobo4yoro xogy HaTUCKHaA NnuTa pos3TalloBaHa y
KparlHbOMY  HWXHbOMY nonoxeHHi. [licna  nopaui
KapeTkol KapToHHOi 3arotoBku (K3) y pobouy 30HY
npeca eKkCLUeHTPUKOBIi MeXaHiamMu 6 npuBoasTb 4vepes
PO3KMNUHIOBArbHI BaxinbHi MexaHisaMnm 4 Ta 5 y pyx
HaTUCKHY NIUTY, Sika NepemillaeTbCsl BepTUKanbHoO, Ans
BMKOHAHHSA onepauii LWTaHuoBaHHA KapToHy. KpainHe
BEPXHE MOMOXEHHA HATUCKHA NnuTa 3aiMae 3a yMOBM
BepTUKanbHOro BUPIBHIOBaHHS PO3KMUHIOBaNbHUX
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Fig. 1 — Scheme of main mechanism of diecuting machine / Cxema 20108H020 MexaHi3My WwmaHyro8abHO20 rpeca

PROBLEM STATEMENT

Because homing articulated four-segment
mechanisms are skew-symmetric and cannot with
rectilinear crane provide strictly vertical (not oscillating)
movement of pressure plate, it leads to poor press stable
functioning, limits its productivity and negatively affects
the quality of cardboard flat pattern die-cutting [3].
Scholars of Ukrainian Academy of Printing solved the
problem of oscillation of pressure plate, adding to the
headgear construction blocks of bevel wheel, which gives
positive result, however, considerably complicates the
construction and reduces the efficiency of the press.

The purpose of the work is to synthesize the
mechanism of die-cutting press machine so as to achieve
a strictly vertical movement of the pressure plate and
reduce drive power, it will increase the productivity of
cardboard packaging and quality of flat patterns. To solve
this problem, several diagrams of gears were proposed
and tools for analysis and visualization of such a
mechanism based on analytical dependencies were
established.
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NMOCTAHOBKA NPOBJIEMU

Ockinbkn NpuBIAHI LWAPHIPHI YOTUPWUITAHKOBI MEXaHi3MK €
KOCOCMMETPUYHI i HE MOXYTb MNpu MNPSAMONIHIAHIA  KopGi
3abe3neunT CTPOro BEPTUKANBHWUIA (2 HE KOMMBHWIA) pyx
HaTUCKHIM MnuTi, TO LUe npu3BoAUTL [0 MOripLIEeHHN
CTabinNbHOCTI  (PYHKUIOHYBaHHA npeca, OOMeXye 1oro
NMPOAYKTMBHICTb Ta HEratMBHO BMMBAE Ha  SKiCTb
LUTaHLIOBAHHSA KapTOHHUX po3ropTok [3]. YueHi YkpaiHCbkoi
akagemii OpykapctBa BUpilUMNM  Npobrnemy  KOnvBaHHSI
HaTUCKHOI MnWTW, OOOABLUM [0 KOHCTPYKUil npusogy 6roku
KOHIYHMX KOmiC, L0 [Aa€ MO3UTMBHWUMA pesynbTaT, OfHak
3HAYHO YCKINaAHIOE KOHCTPYKL;to i 3MeHwye KK npeca.

Meta pobotn CMHTE3yBaTV MexaHiaM npeca
LUTaHLOBanNbLHOrO aBTtoMaTta Tak, Wob [ocsarmm  cTporo
BEPTVKanNbHOro NepemilLleHHst HAaTUCKHOI NMUTU Ta 3MEHLIUTU
NOTYXHICTb  npuBoZdy, LUe 36inblunMTb  NPOAYKTUBHICTb
BUMPOGHMLTBA KApTOHHOI Tapu Ta SKICTb pO3ropTok. [ns
BUPILLEHHS JaHOi Npobnemu 3anporioHOBaHO AeKirbka CXem
MEXaHi3MiB Ta CTBOPEHO I[HCTPYMEHT And aHanidy Ta
Bi3yanizauii Takoro MexaHi3My Ha OCHOBi BMBeOEeHUX
aHan TMYHNX 3aneXHOCTEN.
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MAIN ARTICLE

So that moves of the right and left part of pressure

plate were even, geometrical dimensions of mechanism
must meet the conditions:

OA

Figure 2 shows analytical model of mechanism,

where Loa - is crank-web, BiB: - is segment between
points of limit position of lever kinematic pair BC.
Thereby, the angle between the crank-web varies from

OCHOBHWW TEKCT CTATTI

Ona Ttoro, wob xogu npaBoi i niBOi YacTUHK
HaTUCKHOI nnuTtn  6ynu  piBHUMK, NOTPIGHO W06
reoMeTpu4Hi pO3Mipn MexaHi3my BignoBiganu ymosi:
BlBZ

5 @

Ha pucyHky 2 3o06paxeHa po3paxyHkOBa cxema
mexaHiamy, ae Loa - nneue kpusowwuna, B1B> - sigpizok
MK TOYKaMM KpawHiX MOSIOXEHb KiHEMATU4YHOI napu
saxensa BC. Mpu ubomy KyT Mix nneyamu kpueoLumna

180° to a<180°. 3MiHI0eTbes i3 180° Ha a<180°.
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Fig. 2 — Calculation scheme of mechanism / Po3paxyHkoga cxema mexaHi3my

Based on given terms analytical dependencies for

kinematic synthesis were derived. The input data for the
synthesis is height of mechanism H, width of mechanism
W, motion of pressure plate S and beam length CB=La.
After determination of mechanism sizes main analysis
occurs, which is based on mechanism classification of
Assura [4.5].

The length of the beam BD is calculated by formula
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Buxogsun 3 pgaHoi ymMOBM BMBEOEHO aHaniTUYHI
3anexHocTi Ans KiHemMaTU4HOro cuHTesy. BxigHumu
[JaHUMU NS CUHTe3y € BucoTa Mmexanismy H, wmpuna
mexanismy W, xig mHatuckHoi mantu S Ta goexuHa
kopomucna CB=L3z. nNicns BusHaueHHs posmipis
MexaHi3My BiAOyBaeTbCH OCHOBHWWA aHanis, SKui
6asyeTbca Ha knacudikauii MexaHiamiB 3a Accypom
[4.5].

[oBxunHa
copmyroto.

kopomucna BD pospaxosyetbca 3a
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The angle of the span:

B=arccos(

Length of the segment B1B2-

The angle between connector rod AB and beam CB in
limit position:

(2
KyT poamaxy kopomucna:
Ly% +(H-S)— L42) o
2-Ls-(H-S)
[osxwHa sipiska B1B2»
L =y2- L —2:Ls2-cos(p). @
Ble 3 3
Ky wixc watysom AB i kopouycriom CB a
_(m-B) o

Y

Total length of the crank-web Los and connector rod
Lag:

Crank-web length L1 :

Connector rod length Lz:

Crank-web support height:

Span angle of crank-web:

2

Cyma goBxwH nneya kpueolumna Log Ta watyHa
Lag:

a-sin(90°)
Llog=—=+" )
sin(y)
JosxuHa nneya kpusowwuna L :
L
L= B )
2
OosxuHa watyHa Lo :
L=log k- ®
Bucota onopwu kpusoLumna:
2 2
b:LS_‘“‘OB —-a“. )
KyT po3maxy kpusoLumna:
oa=y-2 (10)
Micna  pospaxyHKy  MexaHi3amMy 3a  JaHuMmu

After calculating mechanism according to analytical
dependencies, the mechanism with fixed measures of
segments is formed, whereby strictly vertical movement
of pressure plate and die-cutting form is occurred. At this
backing and free run will be the same.

In order to reduce drive power, it is necessary to
increase operating run and, therefore, reduce free one.
For this, it is advised to change the scheme of drive
mechanism. There are two proposed schemes of drives,
shown in Figure 3.

First variant of drive is double-lever mechanism
(fig.3a), and another is rocker mechanism (fig. 3b).

The analysis of mechanisms with such schemes is
carried out in two stages: firstly, basic parameters are
synthesized (see above), they ensure strictly vertical
movement of pressure plate and then, based on received
data, kinematics and kinetostatics of main
machine’ characteristics by known dependencies are
analyzed [6]. Result of research is an increased
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aHaniTMYHUMN 3anexHOCTAMU (POPMYETLCS MEXaHi3M 3
NeBHMMU pO3MipamMy NaHOK, MpU sIKUX BigOYyBaeTbCA
CTPOro BepTUKanbHWA  pyX HATUCKHOI nNnuTn 3
wraHudgopmoto. Mpu LbOMY 3BOPOTHI Ta XOMOCTUN
xoaun 6yayTb ofHaKOBMMU.

LLlo6 3MeHWwUTM NOTYyXHICTb npuBoady, HeobxiaHo
30inbwmTKM  poboumn  xig i, BIANOBIOHO, 3MEHLWUTU
xonoctun. [na uboro, 3anporoHOBAHO 3MIHUTU CXeMy
npuBoAy MexaHiamy. € [Bi 3anponoHOBaHi CXemu
npvBOAiB, sIKi NOKa3aHi Ha PUCYHKY 3.

Mepwwnin BapiaHT npuBody — Le OBOKOPOMWUCIIOBUN
(puc. 3a), a opyrui - kynicHWUn MexaHiam (puc. 36).

AHani3 MexaHi3MiB 3 TakKumMu cxemamu NpoBOAUTLCSA
B [OBa eTanu: Crnovatky CUHTEe3YyloTbCA OCHOBHI
napameTpu (onvcaHo BuLle), ski 3abe3nevyroTb CTpOro
BepTUKarbHe MepeMilleHHs HaTUCKHIA NnuTi, a noTiMm,
Ha OCHOBi OTPUMAHUX OaHUX, aHani3ylTbCs KiHemMaTuka
Ta KiHeTocTaTUKa XapaKkTepucTukm rofoBHOTO
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operating run, which shows decrease of power drive.

MexaHiamy  3a  BigoMMMKM  3anexHocTamu  [6].
Pesynbtatom gocnigjxeHHs € 36inbweHun pobounii xia,
L0 CBiAYUTb MPO 3MEHLUEHHS NMOTY>KHOCTi NPUBOAY.

Fig. 3 Scems of drive of mechanism / Cxemu npueodie mexaniamy: a) yomupusiarHkosuk; 6) KymnicHuli MexaHiam

To conduct kinematics and kinetostatics analysis, in
the environment of Rad Studio Delphi XE5 based on
object oriented programming computer program has
been developed. The software allows you to choose
mechanism scheme with the right drive, set necessary
parameters for mechanism, review its motion animation,
get graph of variance of kinematics and kinetostatics
parameters etc.

Figures 4 and 5 show graphs of pressure plate
movements at various drives schemes that are obtained
in settlement system. By comparing these graphs we
see that operating run with drive from rocker mechanism
(fig. 3b, 5) lasts around 313° of crane turn and is bigger
than double crank-web. At the same time, the die-
cutting process occurs at low speeds of die-cutting plate
movements. This provides considerably lower power of
die-cutting compared to known presses and proposed
drives  from  double crank-web  four-segment
mechanisms.

Double crank-web drive provides a significant
additional force of inertia for die-cutting press, as at the
time of stamping on the crank-web angle ~80°-95°
movements of pressure plate increases dramatically
(fig. 4), which leads to considerable acceleration,
therefore, the forces of inertia. These forces are aimed
in direction of plate movements.
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[ns npoBefeHHA KiHeMaTWYHOro Ta KiHeTocTaTWy-
HOro aHanidy po3pobreHo KOMM'IoTEpPHY nporpamy, B
cepepoBui Rad Studio Delphi XE5 Ha ocHOBI
06’€eKTHO OpieHTOBaHOro nporpaMmyBaHHs. [MporpamHe
3abesneyeHHs [o3BONSE 0bOpaTM Cxemy MexaHiamy 3
noTpibHMM npoBoAOM, 3agaTh HeobxigHi napameTpu
MexaHi3My, neperfnsiHyTi aHimauilo Noro pyxy, oTpu-
MaTh rpadikm 3MiH KiIHEeMaTUYHUX Ta KiIHETOCTaTUYHUX
napameTpiB Ta iH.

Ha pucyHkax 4 Ta 5 HaBeaeHo rpadikv nepemilleHb
HaTUCKHOI MAMTW NpU Pi3HUX Cxemax MpuBOLIB, SKi
OTpUMaHi B CTBOPEHIA  pO3paxyHKOBIN  CUCTEMI.
MopiBHsABWMK Ui rpacikn GaumMmo, wWwo pobounin xig 3
NPVBOAOM Bif KynicHoro mexaHiamy (puc. 36, 5) TpuBae
6nusbko 313° noBopoTy KOpOM i € GinblUMM, HK NpK

ABOKpPUBOLLMMHOMY npwvBoAi. Mpu ubomy, cam npouec

WTaHLoBaHHA BigbyBaeTbCA NpW Manux LIBUOKOCTAX
pyxy wTaHuloBanbHoi nnutu. Lle 3abesnedye 3HayvHO
MEHLUY NOTYXHICTb CUIN LUTAHLIIOBAHHS Y MOPIBHAHHI 3
BiZOMWMM Mpecamu i 3 NPOMOHOBAHWM MPUBOAOM Bif

ABOKPUBOLLUMMHOIO YOoTUPUIaHKOBUKA.

[BOoKpMBOWMNHMI  NpUBIL LO3BONMSIE  OTpMMATH
3HayHy 3a BENUYWMHOIO AO0AATKOBY cuny iHepuii Ans
LTaMnyBanbHUX  MNPecCiB, OCKINbKM B MOMEHT
WTaMnyBaHHSA Ha KyTi MOBOPOTY Kpusowwuna ~80°-95°
nepeMillleHHs1 HaTUCKHOI MIUTU Mpeca pi3ko 3pocTae
(puc. 4), wo npu3BOAMTb A0 BWHUKHEHHS 3HAYHWX
npuyweMaweHs i, BignosigHo, cun iHepuii. L cunn
CNpPSIMOBaHI B HANPSAMKY pyxy NAuTu.
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Fig. 4 — Graph of moving of press / pagik 3miHu nepemiweHHs1 npecy
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Fig. 5 — Graph of moving of press / lpagik 3miHu nepemiwieHHs1 npecy

CONCLUSIONS

The result of conducted work is the solution of the
problem of oscillating movement of the die-cutting
machine of pressure plate of the mechanism which led to
the deterioration of the flat pattern quality and
productivity. It has been suggested that double-armed
crank-web should be set in motion not using electric
motor, but double crank-web four-segment mechanism or
rocker mechanism. It allows changing the duration of
operating and free runs. Increasing the duration of
operating run we reduce the power of die-cutting which
results in reduction of power drive.

For automated synthesis of studied mechanism
software has been developed, that allows quickly analyze
the main characteristics of the mechanism, review

i
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BUCHOBKU

Pesynbtatom npoBegeHoi poboTU € BUPILLEHHS
npobnemu KONMBHOIO PyXy HATUCKHOI NNUTW MeXaHi3my
LWTaHUloBaNbHOro asTomarta, sika npussoguna Ao
noripweHHs  SKOCTi  PO3ropToK Ta MNPOAYKTUBHOCTI
BMpo6GHMUTBA. 3anponoHoBaHo ABonne4vyoBumn
KPVBOLUMMN NPVUBOAMTY B PyX HE Bif €nekTpoaBuryHa, a
Bi [BOKPMBOLUMMNHOIO YOTWpWMaHKkoBuMKa abo Big
KynicHoro MexaHiamy. Lle pgossonde  3MiHioBaTh
TpuBanicte a3 poboyoro i Hepoboyoro xopis.
36inbwytoun  TpuBanicte  poboyoro  xogy MM
3MEHLUYEMO  MOTYXHICTb  CUM  LUTAHLUIOBaHHSA, WO
NPU3BOAUTbL A0 3MEHLLEHHS MOTY>KHOCTI NpMBoaY.

[na aBTOMaTM30BaHOrO CUHTE3Y [O0CHIAXYBaHOro
MexaHi3My CTBOPEHO mfporpaMHe 3abesneveHHs, ske
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animation of its motion and get the results of research in
the form of graphs.
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[O3BOMSE OMepaTMBHO aHanisyBatum XapakTepuCTUKU
rorfioBHOIO MexaHiaMy, nepernsgaTtv aHimawiio Koro pyxy
Ta oTpumaTtu pesynbTatu AoChifXeHb Yy  BUMMAAI

rpadikis.
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