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Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmMpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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DESIGN FEATURES OF A CAM-SCREW PRESS
WITH A LARGE EFFORT

Abstract. Nowadays, machine-building has become one of the main branches of the world industry with a
share of about 30% of all manufactured products. Providing other industries with technological equipment for
maintaining a productive work is the main task of engineering. Serial and mass production of parts with the least loss
of materials and high mechanical properties are ensured by using press equipment which is included in forging and
stamping equipment. Despite the long history of its existence and the works of thousands of scientists in this field,
the press equipment has problems mainly in the crank press. Many works are being done in order to correct its
existing shortcomings without changing the scheme of a crank press mechanism. The authors propose a fundamen-
tally new design of a mechanical press.

This article is related to the field of metal forming by presses, particularly by mechanical presses. The paper
considers the construction of the original mechanical press of a cam-screw type and provides calculations of the main
design parameters of the press with a force of 400 kN. It also displays the working principle of the press. The
calculations of the main parameters of a cam-screw press are considered in this article. The layout of the press with
the location of the main nodes is illustrated. The height of the press is reduced by 19% compared to an analog of
crank. The design of the new press is simpler and more reliable than the crank analog.

Keywords: mechanical press, cam-screw press, crank press, metal forming by press.

Introduction. Mechanical presses are considered as machine tools. In terms of their prevalence in
industry, they occupy the second place after metal cutting machines and they occupy the first place among
all types of forging and pressing machines [1]. It is possible to obtain details on presses which do not
require significant processing, and often do not require machining by cutting operations. High produc-
tivity, the possibility of automation and its low cost are the main characteristics of the pressing equipment.

A common feature of mechanical presses is the presence of a mechanical connection (gears, shafts,
levers) between the motor and the machine's actuator [1].

The modern presses are divided into 3 types: crank, hydraulic and screw press [2].

The action of the hydraulic press is based on the law of hydrostatic pressure Pascal. The pressure P
which is produced by a pump is transferred to the press cylinder through a pipe by making the plunger
move. An effort is increased while connecting the press plates [3].

Screw presses include technological forging and stamping machines, in which the energy of
transformation is converted into useful work through a screw working mechanism [4].

Crank presses are one of the most common types of mechanical presses. The principle of operation of
crank presses (presses and automatic machines) is based on the use of kinetic energy of the rotational
movement of the flywheel, which is transmitted to the actuating link, the slider, with the help of a crank-
slider or eccentric mechanism for deformation of the metal. During the working stroke, a part of this
energy is expended on the useful work of deformation of forging [5].
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Mainly crank presses are used in the metal processing by presses. A crank press drives the slider-
crank mechanism, forming the work piece with the die repeatedly running at bottom dead center (BDC).
Therefore, the position error of the machine, relative to BDC, directly determines the work piece accuracy
[6]. However, crank presses have drawbacks, such as low productivity and low efficiency [7]. The energy
efficiency of the crank press is about 20-25% [8]. Also, crank presses have a high probability of jamming.
An unfavorable phenomenon such as jamming of the crank-slider mechanism in the bottom or near-to it
position of the slider may arise in the presses operating in technological operations with the maximum
force in the lowest position of the slider. The jamming can take place either when the slider is not reaching
its lowest position, or when it goes through the lowest position [9, 10]. It is shown in the work [11] that
the torque of the crank mechanism has the smallest indication in the lowest position. Crank presses are
used for all types of stamping: sheet metal and volume, hot and cold, including ones which are used for
separation operations. However, the crank presses are not used for free forging because of the presence of
a fixed extreme working position [12].

The authors conducted a research on solving this problem, and thus the engineering and technical
solutions were found. It is recommended to use new structures based on the original cam-screw
mechanism [13, 14].

Materials and methods. The original cam-screw mechanical press was considered in these papers
[15, 16]. The cam-screw press consists of the following parts (figure 1): the drive shaft 1, on which the
cylinder 2 with the conical helical surface 3 with the inclination angle of the generator AE is coaxially
located on the axis of the shaft 1 which equals to a.. The surface has a bevel at an angle Bto the horizontal.
A slider 4which has the possibility of free vertical axial movement in the body 5 with the tool 8 is installed
under the cylinder 2.A spring 7 is provided for returning it to its original position. In the upper part of the
slider 4, there is a concave surface 6 which is made to contact the screw surface 3 and it has an inclination
angle to the horizontal which equals to B. The half-coupling 11 and 12 are mounted on the shaft 1. For an
actuation mechanism 10 is used for connecting them, while the spring 9 is used for separating them, h is
the theoretical stroke length of the slider, the real length is less than about 0.75h.

Figure 1 — Scheme of a cam-screw press
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It is important to ensure a specific pressure on the working parts that does not exceed the permissible
in order to create a working press with a sufficient force. As it was already mentioned, the recommended
cam-screw press has a sufficiently large contact spot in the mating links. In [15, 16], we offer formulas by
which the shape and area of the contact spot can be determined. The type of the spot is shown in figure 2
by the shaded area. Figure 2 is taken from [15, 16].

0y
A
o
A= |—
/(1‘2
a ,
L~ 3 \
= \ by
AR
d
<]
X
X
X

Figure 2 — A scheme for determining the shape of the contact patch; the contact patch shown by the shaded area

These formulas are not entirely suitable for practical calculations of the spot area. It is possible to
offer a simplified formula which is simpler and which gives a result that is sufficiently appropriate for the

practice. The contact spot can be regarded as an isosceles triangle whose area S is determined from the
expression which is given below:

2¢

L = 2Rm——

"360
S=075-B-L-05=075B-L05 2Rt—2 = 158Rn—2_
’ P =0 ’ 360° 360

B — the length of comb, mm (figure 3,4); R — average radius, mm; ¢ — angle, degree.
The following values of the design parameters are recommended for the press with the force of 400 kN:
B =60 mm, R =200 mm, ¢ =40°,S = 6283 mm’
The specific normal stress is determined by the formula [17]:
o=t 200099 _ s 66. 106 ~ 64 MPa
S 6283-10°° '

The maximum permissible normal stress for structural steel is not about 300 MPa [18]. The per-
missible voltage for normal long-term operation of the mechanism is not more than 65 MPa. As it can be
seen, the normal stress in the press mechanism is less.
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Figure 3 — Simplified form of contact patch

(p

d

R

Figure 4 — A scheme for calculating the area of the contact patch

Let us determine the power of the press engine. In [15, 16], there is a formula for calculating the force
of the press Py:

m-Al m-12
Fo = t-tga- o + t tga - @i
(Ro + 525 gy (B +1)  (Ro + ——o5t) - tg(@q + )
In this formula: Ry = t'gio(c)':p L= R, while ¢i = 180°, consequently, the formula can be simplified by
the following way:
h1 h2

p. =
° = Rew 187 8B+ 9) Ry tg(aq + )

where w — angle of friction,y=1,5°, angle of friction takes into account the friction between surfaces, thus
the less friction, the smaller the angle

hl = Ly, - tgB; h2 = Ly, - tga; h = h1 + h2

lpx =09t
oy = t
9Y = 2nr,,
tga, = AR ftge (figure 1)

2Rgy  27Rgy

R,, — average radius of Archimedes' spiral, AR - an increase in the radius of the Archimedes' spiral in
one turn.
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We take the following values for the press:
Engine power N=11 kW (11000 W), rotation frequency of n=750 min”, y=1,5% a=9°; p=7°,
Ro=200 mm, t=155 mm. Rotation frequency of the press shaft n=100 min™".
The torque on the shaft of the press is equal to:
N N 11000

M= = 01n01-100  [100#M

Angle y -
t

= =0.123
2nR,, 2-3,14-200

tgy =
y=T
h1l =1, -tgB = 0,9t -tgp = 17,13 mm
h2 =1, -tga = 0,9t - tga = 22,1 mm
h =h2+ hl =39,23mm
AR t-tga  155-0,158
2mRg, 2mR,, 2-3,14-200
0,=1,1°

hl h2 17,13 221

Py, = + = +
O~ Rup tgy -tg(B+¥)  Rup tglag+¥) 02-0,12-0,15 0,2-0,046

tga, = = 0.0195

= 198019 H

The rated force of the press is P,=198019 H. Due to the inertial force of the flywheel, it is able to
develop a force of up to 400,000 H. The rated force is half of the nominal stroke of the slider h = 39 mm.

For comparison, the KD2126 series of the crank press with a nominal effortP;=400000 H has an
engine with a power of N;=4700 Wand a main shaft speed of n;=100 min', with a stroke of 10 mm, the
crank length r = 5 mm [19]; according to the calculation, the force P;p=94000 Hcan be developed, that is
less than a quarter of the declared nominal effort.

N, 4700

P = =
¥70,1-n,-r  0,1-100-0,005

=94000 H

Results and discussions. Based on the presented calculations, the following parameters of the press
design are proposed with a nominal force of 400 kN (table).

Parameters of the press design

# Name Unit of measurement Value
1 Nominal effort kN 400
2 Estimated effort kN 198
3 Electric motor power W 11000
4 Rotational speed of the press shaft min™ 100
5 Slider stroke mm 39
Geometrical parameters of the cam-screw surface

6 Average radius mm 200
7 Step mm 155
8 Length of comb mm 60

9 Anglea degree 9
10 Anglef degree 7

11 Angley degree 7
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Figure 5 shows a slightly modified layout of the press. It is recommended to position the guide rollers
13 on the slider 4, which move freely vertically in the upper part of the carcass 5 in order to reduce the
height of the press and simplify the manufacturing process. There are return springs 7 on the jacks 13. The
pallets 14 are mounted to the bottom of the slider 4. This circuit has a lower height and it allows create a
closed space around the cylinder 2, surfaces 3 and 6, a roller 13 that can be filled with an oil and which
will significantly improve the working conditions of the parts of the press.

N 7 o
35
|

7722777\ )

\q
R

§

Y
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\
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N
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W

Y

7

Figure 5 — Scheme of press with a reduced height

Figure 6 shows the main assembly of the press while figure 7 illustrates a general view of a section
with the main structural dimensions. It is recommended to use an electromagnetic coil 5 for closing the
cam clutch 4.
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Figure 6 — The main press unit with a force of 400 kN
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Figure 7 — General view of the press: 1 - corpus, 2 - shaft, 3 - cam-helical surface,
4 - cam clutch, 5 - electromagnetic coil.

Dimensions of the press 995x1020x2160 mm.For comparing the dimensions of the existing press
KD2126-1330x1380x2680 [19]. As it can be seen, the proposed press is much smaller than the existing
one; its height is less by 520 mm or by 19%. While designing the workshops, the height of the building's
span is assigned to the height of the highest equipment required for installation [20]. Thus, a large press
height can significantly increase the costs for constructing the workshops and transporting the equipment.

Conclusions: The calculations of the main parameters of a cam-screw press with a force of 400 kN
have been performed, the main design of the parameters and dimensions have been obtained. The layouts
of the press as well as the location of all its main components and details have been worked out. The
recommended design of the press is differed by its simplicity and reliability, the height of the press is
reduced by 19% compared to the existing press model KD2126.
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YJIKEH KYIII BAP )KYJABIPBIKITAJIBI-BYPAMAJIBI TIPECCTIH
KOHCTPYKTUBTI EPEKHIEJIIKTEPI

Annoranus. Kas3ipri 3amanaa mamuHaxkacay eHaipuieTiH eHiMHIH 30% yreciMeH oneMzeri eHaipicTiH 60acThi
canayapbelHbl  Oipi Oousibill TaObutanbl. backa cananmapibl TEXHOJIOTHSUIBIK JKaOJBIKTAPMEH KamTaMachl3 €Ty
MalIHa)kacay/IblH 0acThl MakcaThl OOJBIN TaObLIagbl. ¥ CTANBIK-KAJIBINTAY >KaOIbIKTAPBIHBIH KypaMblHa KipeTiH
IPECCTiK >KaOJBIKTapAbl KOJAaHy apKbUIbl a3 MaTepuall IIBIFBIHBI MEH JKOFapbl MEXaHUKAIBIK KacherTepi Oap
CEepISUIBIK ’KOHE MacCalbIK TETIKTEp OHIIPICIH KaMTaMachI3 eTe/li. ¥ 3aK TapuXbl )KoHE MBIHAAFaH FAIBIMIAPIbIH OCHI
caiaja )YMBIC )kKacayblHa KapaMacTaH MPECCTiK jKaOIbIKTapAbIH KeMIIITiKTepi 0ap, acipece, Kocuinai mpeccre. Kerr-
TEreH XYMBICTap 0ap KEeMIIUTIKTEpIi KOCHIHAI MPEeCcCTiH MEXaHW3MIiH e3TepTHEeCTeH iCKe achIphlTyaa. ABTOpIap
’KaHa KOHCTPYKLHSIBI MEXaHUKAJIBIK IIPECCTi YChIHAIBI.

Ochl MaKajia MeTaJibl KBICEIMMEH OHJICY, OHBIH iIIiHJe MEXaHUKAJbIK IIPeccTep cajachblHa jkaTanbl. XKymeicTa
KYABIPBIKIIANBI-OypamMasbl TUOTI TYNKI MEXaHMKAaJIbIK MPECCTIH KOHCTPYKUMACH KapacteipbuiraH, 400 kH kbicy
KyIlli 6ap MPecCTiH Heri3ri KOHCTPYKTHBTI KOPCETKILITEPiHIH ecenrteynepi OepinreH. IIpeccTin KyMBbIC )kacay HIpUH-
Ui Kepcetired. Makasaa >KyJbIpbIKIIaIbI-0ypaMalibl IPECcCTiH HETI3ri KOPCeTKIITEPiHiH ecenTeysepi KapacThl-
pburran. Herisri TopantapblHbIH OpHajacybl 0ap NMpeccTiH KypacThIPbUIBIMBI KepceTiareH. KocuiHai aHalorsiMeH
CaNIBICTRIPFaHAa mpeccTiy OmikTiri 19% asaiiTeurran. JKaHa mpeccTiH KOHCTPYKIMSACHI KOCHIHII aHAJOTBIHAH OHAM
JKOHE CEHIMITIPEK.

Tyiiin ce3aep: MeXxaHUKAJIBIK MPECC, KYJIBIPHIKIIAIBI-0ypaMalibl Ipecc, KOCUIHII MPecc, MeTalabl KbICBIMMEH
oHJIEY.
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KOHCTPYKTUBHBIE OCOBEHHOCTH
KYJAYKOBO-BUHTOBOI'O ITPECCA C BOJIBIIUM YCHUJIMEM

AnHoTanusi. B Hacrosiiiee BpeMsi MalIMHOCTPOCHUE SABJISIETCSL OJJHAM U3 TJIIaBHBIX OTpPaciieil B MUPOBOH ITpo-
MBIIIIEHHOCTH ¢ ojiel okoso 30% oT Bcel mpousBoanMoi mpoxyknuu. ObecnieueHne Apyrux oTpacieil TeXHOIo-
THYECKMM 00OpyIOBaHUEM Ul NPOAYKTUBHOH paboTHI ABIISETCS TIIaBHOW 3amadell MammHocTpoeHus. CepuiiHoe U
MaccoBO€ IPOU3BOJACTBO JETANIeH ¢ HAMMEHBIIMMH IOTEPSIMH MaTEPUaIOB M C BHICOKHMH MEXAaHUYECKUMH CBOKCT-
BaMH 00ECIEYHBAIOTCS IyTeM NMPUMEHEHHs NPEeCcOBOro 00OPYNOBaHUS, BXOMSIIETO B COCTAaB Ky3HEYHO-LITaMIIO-
BOYHOT'0 000pyznoBaHHs. HecMOTps Ha AIMHHYIO HCTOPHIO CYLIECTBOBAaHHSA, pabOTY THICAY yYEHBIX B 3TOH 00JacTH,
y IIPeccoBOro 000pyNOBaHUS UMEIOTCS MPOOJIEMbI, OCOOEHHO y KPUBOILIMITHOTO IIpecca. MHOro paboThl BEIETCs 110
WCIIPABJICHUIO CYIIECTBYIOIIMX HEIOCTATKOB, 0€3 M3MEHEHUs] CXEMbl MEXaHHW3Ma KPHUBOLIMITHOTO Ipecca. ABTOPbI
NpeAaraoT NIPUHIHUINAIBHO HOBYIO KOHCTPYKIIMIO MEXaHHUECKOT0 Ipecca.

JaHHas craThsi OTHOCHTCS K 00JacTH OOpaOOTKM METaJUIOB [aBJICHHEM, B YAacTHOCTH, K MEXaHWYECKHM
npeccaM. B paboTe paccMoTpeHa KOHCTPYKIHNSI OPUTHHAIIBHOTO MEXaHUYECKOT0 MPecca KyJIauKOBO-BUHTOBOT'O THIIA,
JIaHbl PacueThl OCHOBHBIX KOHCTPYKTHBHBEIX mNapamerpoB mpecca ycunmnem 400 xH. Ilokasan mpuHmmn paGoTsl
npecca. PaccMaTpuBaroTCS pacyeTsl OCHOBHBIX MapaMeTPOB KyJadyKOBO-BHHTOBOTO mpecca. [loka3zaHa KOMIIOHOBKa
Ipecca ¢ PacIloIOKEHHEM OCHOBHBIX y31I0B. BricoTa mpecca ymeHblieHa Ha 19% 1o cpaBHEHHIO ¢ aHAJIOTHYHBIM
KPHBOIIMITHBIM. KOHCTPYKIHSI HOBOTO Ipecca MpoLie U HaJAe)KHee KPHBOLIHMITHOTO aHAJIOTa.

KiioueBble cjIoBa: MEXaHWMYECKHH IIpecc, KyJauKOBO-BHHTOBOW IIpecc, KPHBOLIMIHBEIA Hpecc, o0paboTka
METaJUIOB JaBJICHUEM.
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