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Reducing the power of forging and pressing equipment is an important task of modern metal forming
technologies. The article is devoted to the development and research of dies capable of significantly (tens or
more times) reducing the power of the used forging and pressing equipment due to the use of energy-saving
dies that can significantly increase the deforming force. A stamp capable of significantly increasing the
deforming force is called energy-saving . The article shows that using different types of levers, it becomes
possible to significantly increase the useful force of stamping tools acting on a deformable workpiece. Thus,
it becomes possible to use relatively low-power pressing equipment to achieve significant forces of the working
tool. Based on the given mathematical dependences of the geometric and power characteristics of the energy-
saving stamp, a computer program was developed in MS Excel and modeling was carried out, with the help of
which it was studied how the deforming force R changes depending on the change in the angle of inclination
of the punches £ and the corresponding graph was plotted at a predetermined constant pushing force F =1
N. After analyzing the resulting graph, it can be argued that a tenfold increase in the deforming force R
compared to the pushing force F, which is created by the pressing equipment, is observed at an angle of
S =5.35 degrees, fifty times at an angle of 1.1 degrees. At angles approaching O degrees, the increase in the
deforming force can reach significant values and is limited only by the strength of the energy-saving stamp
itself. Calculation formulas are given that allow calculating the main dimensions of the punches and the
working stroke of the forging and pressing equipment for a given working stroke of the punches and a given
increase in the deforming force. Possible areas of application of the energy- saving stamp are shown.
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F. 17. Fig. 6. Ref. 6.

1. Introduction

One of the important tasks of modern metal forming technologies is to reduce the deformation forces
and the power of pressing equipment. It is possible to solve this problem in different ways. One of them is the
creation of dies capable of significantly (tens of times or more) increasing the useful force that can be
developed by a deforming tool installed on a standard press, compared to the force of the press itself. This can
be achieved by developing energy- saving dies, which will increase the standard press force many times over.

2. Analysis of last researches and publications

There are various types of radial crimping machines that provide radial deformation of the part [1-3]. These
machines do not solve the problem of reducing the deformation forces and the power of the press equipment used.

Even the ancient Greek thinker Archimedes (287 BC - 212 BC) suggested using levers to increase
human capabilities when moving heavy loads. Humanity still uses these levers to this day. Using different
types of levers , it becomes possible to significantly increase the useful force of stamping tools acting on a
deformable workpiece. Thus, it becomes possible to use relatively low-power pressing equipment to achieve
significant forces of the working tool.

3. The aim of the study

Study of an energy-saving die for radial reduction in order to create an engineering methodology for
calculating the main dimensions die and working stroke of the press.

4. Presenting main material

Consider the proposed design of an energy- saving stamp for making a square on the tail part of a part,
for example, a reamer. The energy-saving stamp (Fig. 1) consists of the following parts. Four punches 4
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arranged in pairs one opposite the second and fixed in the guides 7 with the help of axes 5 cottered with cotter

pins 6. The guides of the punches 7 are fixed between themselves by the upper plate 3 and the lower plate 8.

The pusher 1 (in the projection "top view", the pusher 1 is not shown) moves along the guide 2. The ejector 10

moves along the guide 9. The deformable part 11 is located in the hole of the ejector 10.

Energy - saving die works as follows. The workpiece 11 is inserted into the hole of the ejector 10,
which is inserted into the guide 9. The punches 4 take their original position, shown by dotted lines B. The
press slider (not shown in the figure) presses the pusher 1, which in turn presses the punches 4. The punches
turn around axes 5 move down, compressing the workpiece in the radial direction and deforming it, forming a
round, square profile of the tail part of the reamer workpiece.

The final position of the punches is shown by the main solid lines B. In order to remove the formed
workpiece 11, the ejector 10 raises the punches 4 to the initial position B and then is removed from the guide
9 together with the workpiece 11.

We investigate the power characteristics of this design. To this end, we will develop a design scheme
for an energy- saving stamp (Fig. 2) [1].

Let's find out what will be the reaction R, which creates a deforming force and acts on the workpiece,
depending on the pushing force F and the change in angle B, in the process of deformation. To solve this
problem, we compose the equilibrium equations, these are the equations of the projections of forces on the
coordinate axes and the sum of the moments about the point O.
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Fig. 1. Structural scheme of an energy-saving die:
1 —pusher, 2 — pusher guide, 3 —top plate, 4 — punches, 5 — axle, 6 — cotter pin, 7 — punch guide,
8 — bottom plate. 9 — ejector guide, 10 — ejector, 11 — blank.
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Fig. 2. Calculation scheme of the stamp
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2.F =0, Ry -F =0 )
ZMO=0. R-n-sinf-F-a-cosf=0 ?)
From the sine theorem we write the equations:
d/siny=alsing @)
From equation (4) we find:
a=(d-sing)/siny ©)
From the design scheme, we determine the value of the angles
0= NV-a- ﬁ, (6)
We substitute equations (6), (7) into equation (5):
a=[d-sin(90—a - p)]/sin(90+ B) ®)
From equation (3) we find:
R=(F-a-cosp)/(n-sin B) )
From equation (2) we find:
Ry =F (10)
From equation (1) we find:
Ry =R (11)

Total support reaction at point O:

2 2
R, ={Ro + Ry ' 12)

The angle a is assigned from design considerations according to the dimensions of the punch. The
angle B changes from a certain value of the deformable workpiece selected by the dimensions and the
dimensions of the punch to zero degrees. Usually 7°> 3>0°.
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Fig. 3. Dependence of the deforming force R on the angle Bat a constant value of the pushing
force F=1N

According to the given mathematical dependencies, a computer program was developed in MS Excel
and simulation was carried out, with the help of which it was studied how the deforming force R changes
depending on the angle change B and the corresponding graph was plotted (Fig. 3) at a predetermined constant
pushing force F =1 N.

After analyzing the resulting graph, it can be argued that a tenfold increase in the deforming force R
compared to the pushing force F, which is created by the pressing equipment, is observed at an angle of
B=5.35 degrees, fifty times at an angle of 1.1 degrees. At angles approaching O degrees, the increase in the
deforming force can reach significant values and is limited only by the strength of the energy-saving stamp
itself. The given results were obtained for the studied stamp with dimensions n = 250 mm, d = 243,77,
o = 11.3°(Fig. 2). In this case, for the studied workpiece with a diameter, 10 mm the deformation value for the
formation of the square part of the reamer is 1,46 mm. To achieve this value of deformation, the punches in
the initial position have a slope = 7°, while the calculated increase in the deforming force is 7.6 times, and
with a decrease in the angle, the B increase in the deforming force increases sharply. Especially at corners § <
1 °effort increases by 50 or more times. However, the value of deformation of the workpiece for the studied
dimensions of the stamp for small angles will be small. So the magnitude of the deformation when turning the
punches from 3 = 1 °to 3 = 0 °is 0,04 mm. If we want to increase the stroke of the punches for given angles, it
is necessary to increase the dimensions of the punches, their radius of rotation relative to the axes of rotation,
respectively.

To determine the size n of punches, we use the calculation scheme shown in (Fig. 4).
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Fig. 4. Calculation scheme for determining the dimensions of punches.

Usually, when designing stamping equipment, the initial values are the required stroke of the
deforming tool (punches), which is indicated in (Fig. 4) as L and the required deformation force Ro. The size
n will be sought for the angle of inclination of the punch B corresponding to the required increase in the
deformation force. For example , for an angle = 5.35 degrees which corresponds to a 10-fold increase in the
initial deformation force. At the same time, it is necessary to ensure the required displacement of the punch by
the value L. The size n, which will provide this required displacement, will be sought from the following
considerations.
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cosB =~ , (13)
K=n-cosp, (14)
L=n—kx=n—-n-cosp=n-(1-cosp), (15)
n=—" (16)

1-cosf
The value of the working stroke of the pusher C of the press on which the energy- saving stamp is
installed is determined by the formula (17)
C=n-sinf a7
For example, if we need to create a deforming force of 10 t. But there is a press with a working force
of 1 t, while the stroke L should be 5 mm. Let us find the size n of the punch of the energy-saving stamp
according to the formula (16), it will be
n= 1= cos535 1147,76 mm
At the same time, we determine the stroke of the pusher C press
C=1147,76 - sin5,35 = 107,01 mm
With an increase in the degree of deformation, the resistance to deformation of the workpiece increases
significantly compared to the initial stage of deformation, while the design of the stamp automatically provides
an increase in the deforming force of the working tools (punches), which favorably affects the conditions of
the workpiece forming and the force deformation mode.

|

Fig. 5 Indicative parts list Fig. 6. An energy-saving die for radial reduction

Thus, it can be argued that the use of energy-saving dies in industry will significantly reduce the power
of press equipment to achieve the same results. In addition, according to [3, 4, 5], radial compression creates a
favorable stress-strain state and contributes to the deformation of the workpiece without destruction. The scope
of application of an energy-saving die can be most effective for minting production (minting coins, etc.), where
parts with a small depth of deformation are deformed with high resistance to deformation, as well as other tasks
in which a large force is required with relatively small deformation. The number of punches in an energy-saving
die can be different, depending on the task. An indicative list of parts in the manufacture of which the energy-
saving stamp shown in Fig. 5. The general view of the energy-saving stamp is shown in Fig. 6.

6. Conclusions
A class of dies has been proposed that can be called energy- saving , which means dies that are able to
increase the deformation force by tens or more times in comparison with the force of the press equipment on
which they are installed. By developing mathematical dependencies and computer research of the loads that
the punches of an energy-saving stamp can develop, the effectiveness of the proposed design is clearly shown.
Possible areas of application of an energy-saving stamp in industry are shown, examples of calculations of the
main dimensions are given.
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JOCJIUKEHHS EHEPTOOLIATHOI'O IITAMITIA 1J1S1 PAJIAJIBHOI'O OBTUCHEHHSA

3menwenns enepeocunosux Xapakmepucmuk Ko8albCbKO-Npeco8o20 OONAOHAHHA € BadiCIUGOI0
npobaemoio mexnonoeiti 06pooxu memanie muckom. Cmamms npucesadena 00CIiOHCeHHIO WMAMNIE 30aAMHUX
CYMMEBO (8 decamKu i OiblLe pa3ie) SMEeHWUMU NOMYHCHICMb ICHYI0U020 KOBAIbCLKO-NPECO8020 00NAOHAHHS
Ha NIONPUEMCMBAX 3d PAXYHOK GUKOPUCMAHHA eHep2030epiearoyux Wmamnis, uwjo 00360J15810Mb CYMMEBO
30inbuumu 0eghpopmyIouy Cuny nopieHAHO 3 CUNOI0 0ONAOHAHHS HA AKOMY 6CMAH0GIeHO yell wmamn. LlImamn
30amHull cymmeso 30iibuumu 3ycuiia, wo Oegopmye, HazgaHuil eHepeozbdepicarouum. Illoxazano, wo
3aCcmoco8yrouU 8adxCib Yy 6uenadi 0ehopmMyU020 NYAHCOHY CIMAE MONCIUBUM CYMMEBO 30ITbUUMU KOPUCHY
CUTLY WMAMNOBUX IHCMPYMEHMIB, W0 Oi€ Ha 3a20MOBKY, sKa Oeghopmyemuca. Takum YuHOM, CIA€E MONCTUBUM
3acmocogysamu 8i0HOCHO MALONOMYAHCHE KOBANbCLKO-NPecose 00NA0HAHHS 05l O0CACHEHHS 3YCUL POOOHU020
IHCmMpyMeHmy, wo ICMOmHO nepesuwye 3VCUNIA, sKe CMBOPIEMbCA Npecosum 00NAOHAHHAM. 3a
PO3pOONEHUMU MAMEMAMUYHUMY POPMYNAMU 2eOMEMPULHUX | CUNOBUX XAPAKMEPUCIUK eHeP2OOUdOHO20
wmamny npogeodero komn'romepne mooenosanns 6 MS Excel, 3a 00nomozoro K020 NOKA3aHO K 3MIHIOEMbCS
cuna deghopmysants R 6 3anescHocmi 6i0 3MiHU KYMA HAXUTLY NYHCOHI8 I OMPUMAHO 8i0N0GIOHUL 2pagix npu
3a0aHOMY 3YCULTL, WO NOCMITIHO CMBOPIOE WIMOBXAY npeca ke 8 po3paxyHkax 3aoane ax F = 1H. [Ipogiswiu
ananiz ompumano2o zpagika mModxcHa nodauumu, wo O0ecaAmuKpamue nioguujeHHs oegopmyrouoi cuiu R
NOPIGHAHO 3 CUNIOIO WMOBXAYA KOBANbCLKO-NPeco8o2o obaaouanns F, cnocmepicacmbcs npu Kymi Haxuuy
nyancona 5,35 epadyca, a n’amudecamuxkpamue npu Kymi naxuny nyauwcora 1,1 epadyca. Ilpu kymax, sxi
OuzbKi 00 0 epadycis, 30inbUeHHsE 0eBOPMYIOH020 3YCUMISA MOHCE 0CA2AMU BETUKUX GEIUYUH [ MOdCe Oymu
obmedicene nuue Mmiynicmio oemaineli enepeooujaono2o wmamny. Hasedeno pospaxynkosi ¢popmynu, ki
00380A10Mb PO3PAXYEAMIU 20TI06HI POIMIPU NYHCOHIE MA POOOYO20 X0OY KOBANLCHKO-NPECO8020 0ONAOHAHHS
npu 3a0aHOMy pobouomy X00i NYAHCOHI8 mda 3A0AHOMY 30LNbUIeHHI 3YCUNIA, WO 0epOPMYE 3a20MOBKY.
Tloxazano modxciusi cgpepu 3acmocy8ants enepeooujaoHo20 Wmamny.

Knwouogi cnosa: padianvie 00mucHents, eHepeooujaorull Wmamn, niOBUWeH s CUIU 0ePOPMYBAHHSL.
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