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This article analyses the features of local deformation, which determine roll-
ing stamping as an independent type of metal processing by pressure. Exam-
ples of the most complete realization of the advantages of stamping by roll-
ing, which ensures the efficiency of industrial use, are given. In the priority
directions of the development of science and technology, a special role is giv-
en to energy- and resource-saving. Modern national industries of mechanical
engineering and metal processing, which are designed to increase the compet-
itiveness of own products, are still largely based on the energy- and metal-
intensive technological processes. The reduction of the energy and material
costs is facilitated by the development and implementation of new metal pro-
cessing by pressure in metalworking. This circumstance determines the pri-
ority of the development of agro-industrial production. The development of
the agricultural sector and the need to increase its efficiency require im-
provement of technical support.
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Y poboTti mpoananizoBaHO 0COBJIMBOCTI JIOKaJIBbHOrO AehOopMyBaHHSA, AKi BU-
3HAYAIOTh IIPOKATHE IIITAMITyBaHHA AK CAMOCTIMHUU BUJ 00POOJIEHHA METaIy
TrckoM. HaBezeHo mpuKIaay HaitOiIbII IOBHOI peasisarii mepeBar mITramiry-
BaHHA O0KOUYBAHHAM, IT10 3a0e31meuye e(peKTUBHICTh ITPOMUCIIOBOTO BUKOPUC-
TaHHA. Y NIPIOPUTETHUX HANPSAMAX PO3BUTKY HAYKH Ta TEXHIKM 0COOJIUBY
POJb BiIBOAATH €HepPro- Ta pecypcosdeperxkernuio. CyuacHi BiTumsHAHI ramaysi
MAIIUHOOYAYBAHHSA Ta METaJI000POOIeHHA, AKI MOKJIMKAHI MigABUIUTU KOH-
KYPEHTOCIIPOMOXKHICTh BJIACHOI TPOAYKIIii, Bce Ile BHAYHOIO Mipoio 0a3yI0ThCA
Ha eHepro- Ta MeTaJOMIiCTKMX TEeXHOJIOTiYHMX Iporecax. IloHMXeHHIO eHep-
TeTUYHUX i MaTepiAJbHUX BUTPAT CIPUAE PO3POOJIEHHA Ta BIIPOBAKEHHS B
MeTaso00p0o0IeHHA HOBUX TEXHOJIOTiHE 00poOJsieHHA MeTany Tuckom. Ila o6-
CTaBMHA 3yMOBJIIOE IIPIOPUTETHICTE POSBUTKY arpOIPOMUCIOBOTO BUPOOHUIIT-
Ba. PO3BUTOK arpapHOT0 CEKTOpa Ta HeoOXiAHiCTh MigBUINEHHS HOTO e(eKTH-
BHOCTH ITIOTPEOYIOTHh BAOCKOHAJIEHHA TeXHIUHOTO 3a0e3MeUeHH .

Karouosi ciioBa: mraMnyBaHHa 00KOUyBaHHAM, O0POOJIEHHSA METaJIy TUCKOM,
XOJIOLHE TPUBUMIipHE MITAMIIyBaHH:A, AedopMyBaHHsS, (hOPMYyBaHHSA, 3aT'OTiB-
KU, IJIMHHICTH MeTamy.

(Received 27 December, 2024; in final version, 13 March, 2025)

1. INTRODUCTION

Approaches based on the concept of multistage technological processes
are increasingly used in the study of a wide range of production pro-
cesses. Examples can be the processes of chemical, atomic energy, air-
craft and automobile manufacturing, etc.[1].

Mechanical engineering mass manufactures and uses axisymmetric
parts of various designs such as rings, bandages and flanges. The an-
nual demand, including Ukraine’s, for details of this type varies wide-
ly and can reach tens of millions of pieces. According to foreign com-
panies, when cutting, the material utilization factor (MMF) is 40—
50%, and when using cold stamping, it is 75—80%. If we take into ac-
count the energy consumption for the production of steel and its pro-
cessing per unit weight of the finished part, it is 66—82 mdJ/kg during
cutting, and 41-49 mdJ/kg during cold plastic deformation[2, 3].

There are methods of processing metals by pressure, based on the
action of the technological load in the conditions of a localized plastic
cell. The essence of these methods is that the shape change at each mo-
ment of time is performed only over a portion of the volume of the
workpiece, and when the centre of deformation is moved, it covers the
entire volume. These are well studied and widely used in production
operations of free forging, rotary forging, rolling, etc. (Fig. 1).

The technological processes of end rolling and the sphere of mobile
stamping, to combine into rolling stamping, rolling of rings and discs,
etc., can be attributed to relatively new ones that have an insignificant
level of application [4].
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Methods of plastic deformation with localized effect of technological effort
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Fig. 1. Methods of plastic moulding and dissection with localized effect of
technological force.

The problem of the limited level of production application of local
methods is due to the fact that each of the listed technological process-
es has its own set of parts inherent in the form of which the process
shows the highest efficiency.

Despite the fact that rolling stamping technologies have numerous
advantages compared to traditional methods, as well as high economic
and technological indicators, they have not been widely used today.
National and foreign scientists pay considerable attention to the crea-
tion and development of resource-saving metalworking processes.
These works have a relatively narrow spectrum of defining criteria and
recommendations for the industrial use of rolling stamping.

Therefore, there are problems in the availability of available meth-
ods of typical technological design and development of national indus-
trial equipment. The task of this work is a justification and demonstra-
tion of this direction, which, as a result of the improvement of the roll-
ing deformation technology and the creation of specialized equipment,
is gradually being formed into an independent production method of
processing metals by pressure [5, 6].

Formulation of the problem. The purpose of the work is to study the
rolling stamping processes of flat ring and flange blanks and to deter-
mine the ways of developing technological capabilities. Analysis of the
nomenclature of parts in mechanical engineering showed (Fig. 2) that
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Rings, dises, flanges,
bushings, cups 39.5%

Bodies of rotation 68%

Shafts,
axles,
rods
16.9%

Nomenclature
of parts 100%

Body and flat parts 32%

Flat
-parts 11.5%

Body parts 20.5%

Fig. 2. Diagram of the distribution of the nomenclature of parts by structural
features.

the vast majority of them are bodies of rotation (68%).

A large number of bodies of rotation include axisymmetric parts
such as rings, disks, flanges, etc. In the production of these parts,
mainly carbon, alloyed steel and non-ferrous metals are used. The main
difficulties in the production of such parts by traditional methods con-
sist in a sharp increase in the deformation force due to the closing of
zones of hindered metal’s flow.

To obtain such parts, methods are used in which the shape change is
carried out by a tool that rolls over the surface of the workpiece. The
production of parts under local loading allows achieving a plastic state
in the deformation zone with a lower value of the technological effort.

For the preparation of blank parts such as rings, disks, flanges and
bushings from plastic materials, the application of SHO processes can
be effective. The main technological schemes of SHO are presented in
Fig. 3[2, 15].

Special development of SHO was achieved by the creation of such a
direction as cold mechanical rolling (CMR). CMR processes make it
possible to obtain axisymmetric, solid and hollow products of a com-
plex profile with thin-walled elements of significant size by cold de-
formation [1, 16]. The shape change of workpiece can be implemented
according to the following schemes (Fig. 4): deposition, landing of out-
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Fig. 4. Schemes of CMR: a, b—landing of the outer side; c—minting; d—
landing of the inner side; e—reverse extrusion; f—distribution.

er and inner edges on tubular blanks; direct and reverse squeezing;
dispensing, turning away, rotary hood, minting, etc.

Cylindrical or conical rolls are used as the main deforming tool in
CMR. The cylindrical roll forms the inner and profiled outer edges ac-
cording to the landing scheme.

A deforming tool in the form of a conical roll located at an angle to
the axis of rotation of the part provides significantly greater techno-
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logical capabilities. The conical roll makes it possible to form the part
according to the schemes of disembarkation, direct and reverse extru-
sion, distribution, deposition, embossing [1]. When deforming with a
conical roll, in some cases it is possible to refuse of using the mandrel,
which simplifies the design of the equipment. The disadvantages of the
conical tool are the complexity of the roll shape and the dependence of
the tool size on the part size.

As blanks for rolling, you can use pieces of pipes and rods, stamped
blanks and rings obtained by bending strips or rods with subsequent
welding. The material of the blanks can be steel: structural steel —Art.
3, steel 20, steel 40; structural alloys—20X steel, 18XHT steel; ball
bearings—SHKH15 steel; tool steel—steel 9XC, steel 4X13 and oth-
ers, as well as non-ferrous metals and alloys.

The amount of single crimping is determined by the required degree
of deformation, power parameters of the equipment, dimensions of the
workpiece and mechanical characteristics of its material and can vary
from 1-3 mm at the initial stage of deformation to 0.05—0.1 mm at the
calibration stage. The final deformation of the part occurs, in most
cases, in 10—30 revolutions or within 0.1-0.25 min. The shape and di-
mensions of the product are determined by the rolling scheme and the
design of the equipment.

The main parameter that evaluates the suitability of metals for pro-
cessing by the mechanical rolling method is sufficient plasticity.

The main factors that limit the technological possibilities of CMR pro-
cesses are the destruction of the material, distortion and folding of the
workpieces.

Deformability of workpieces in a real technological process depends
on the shape change scheme, plasticity of the material, parameters of
the process and the workpiece. The most dangerous schemes due to de-
struction are the landing of the outer edge, distribution and removal of
tubular blanks.

When the outer edges are planted, the deformation limit before fail-
ure decreases with an increase in the ratio of the height of the part of
the workpiece exposed to rolling to the wall thickness.

The stress state of the workpieces was evaluated using the indicator
n = (o1, 62, 63)/0u, Where 61, G2, 03 are the main stresses, 6,—stress in-
tensity [7]. The processing of the obtained results by the method of
least squares made it possible to determine the ways of deformation of
metal particles on the free surface of the edge in the co-ordinates ‘in-
tensity of deformation (g, u)—stress state indicator’ in the form of a de-
pendence

n=~ke, —n. (1)

It was experimentally established that the angle of inclination of the
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TABLE 1. Technological characteristics of semi-automatic machines for CMR.

P t Dimensionalit Model
rameter

arameners Y [K09013][C0424[CAO424

Strain force [kN] 125 250 630

Matrix rotation speed revolutions per 125 200 200

wave

The power of the rotation drive [kWt] 6 18.5 30

Productivity details per hour 240 150 100

The diameter of the initial work- [mm] 60 125 250

piece

The edge width of the finished [mm] 15 25 40

part

The height of the edge of the fin- [mm] 10 15 25

ished part

Overall dimensions of the ma-

chine

Length [mm] 2000 3500 4600

Width [mm] 2000 1240 2000

Height [mm] 1200 1240 1500

The weight of the machine [kg] 3000 3600 15000

roll and the displacement of its top from the axis of the workpiece have
a significant influence on the deformation path. With a constant angle
of inclination of the roll o = 10° and the absence of its displacement,
the main influence is exerted by factors h¢/bo and 3/bo (Fig. 5);

d /d0 =
P 2
= exp{0.865¢.,(n = 0)exp(-n, InA)w — 0.14[¢. (n = 0)exp(-n, In k)w]g}.( )

The limiting diameter of the outer edge of the rolled blank can be de-
termined from the ratio, where is the value of the indicator at the point
of intersection of the deformation path of the material particles of the
dangerous zone of the workpiece with the plasticity diagram; coeffi-
cient of influence of deformation history on plasticity. When by roll-
ing out, the outer sides w=1.2-1.35.

Materials with a gentle plasticity diagram (g,(n = -1) / g,(n=0)<1.5)
can be destroyed not on the free surface of the edge, but in the zone with
maximum deformations at a distance from the inner surface of the origi-
nal pipe blank. In this case, the admissible degree of deformation must
also be checked by the marginal degree of burst deposition [1-3];

hy[h, = exp[e. (n = 0)exp(1.51n})]. 3)
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Fig. 5. Ways of deformation of the free surface of the outer side during landing.

In Figure 6, workpieces are shown with their external and internal
edges, obtained according to the landing scheme for a blank with 2 <
ho/bo when using a purposeful displacement of the top of the roll from
the centre of the workpiece.

When rolling tubular blanks according to the scheme of landing the
outer sides, in case ho/so>2-2.5, the wall is curved and a fold is
formed; this is a technological limitation of the process due to the loss
of stability of the workpiece. To avoid the formation of folds when roll-
ing blanks with a relative wall thickness so/do < 0.1-0.12 and the rela-
tive initial height h¢/so > 3 of the formation of the outer sides can be
carried out according to the deburring scheme. The workpieces de-
burred by the CMR method are shown in Fig. 7.

So

6 = 4
L,5...2u 4

where p is the coefficient of friction on the surface of the rolls-
workpiece.

Unrolling of workpieces according to the deburring scheme is ac-
companied by the appearance of significant tensile stresses, so this
type of unrolling can be subjected to materials with high plasticity,

T =

Fig. 6. Blanks with an outer and inner edge, obtained by landing with a pur-
poseful displacement of the top of the conical roll.
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stages.

Fig. 8. Scheme of direct extrusion—calibration and the appearance of the ob-
tained blanks: I —blank, 2—clamp, 3—matrix, 4—mandrel, 5—roll, 6—ejector.

which is characterized by the value of the relative narrowing of the
neck when the sample is stretched vy, = 60...65% .

The production of parts from steels 10, 20, 12X18N10T and copper
MOb showed that deburring of rolling allows obtaining high-quality
edges of significant sizes, including and with a thickness significantly
less than the wall thickness of the original workpiece.

Technological schemes of direct extrusion—calibration and com-
bined deformation with deposition and reverse extrusion are more fa-
vourable from the point of view of metal deformability [7]. According
to the first scheme, thrust bearing rings and parts of cam clutches
were obtained (Fig. 8).

The workpiece in this case is a ring obtained by cutting from a sheet
on a stamp or cut from a pipe. The material of the bearing ring is bear-
ing steel. Application conical roll with o < 10° allows reducing the cen-
trifugal flow of the material and the intensity of the formation of ex-
ternal burr. In the rolling process, a track of the rolling elements, end
surfaces with chamfers, outer and inner diameters of 8—9 accuracy
quality are formed. The surface roughness of the raceway is R, = 0.2—
0.4 nm; the other surfaces are R, = 0.8-2.5 pm. The rolling time is of
4-5 seconds.

Figure 9 shows the products obtained according to the technological
scheme of deposition with reverse extrusion.

Thus, by purposefully applying various technological schemes of
SR, it is possible to obtain high-quality products of various shapes, and



656 V.M. MYHALEVYCH, A. A. SHTUTS, M. A. KOLISNYK, I. A. ZOZULYAK et al.

a b

Fig. 9. Complicated profiled products obtained by rolling with a cylindrical roll:
a—flange with a collar; b—element of the body of the electrovacuum device.

using an approach based on deformability criteria, determine the suit-
ability of the material for processing and the final dimensions of the
products.

2. PRESENTATION OF THE MAIN RESEARCH MATERIAL

Rounded flat workpieces are quite common in the manufacturing in-
dustry. Traditionally, such workpieces are obtained by cutting or cut-
ting from a sheet, which is accompanied by significant waste in the
form of jumpers. Therefore, the issue of effectively obtaining thin
workpieces for subsequent MRM operations is quite relevant [8].

Despite the development of stamping processes with improved con-
tact friction conditions [9, 10], the main operation for obtaining thin
round workpieces remains their cutting from a sheet. At the same
time, the quality of the blanks does not always meet the requirements
due to the initial anisotropy and different sheet thicknesses.

In the further extraction of products from such blanks, the main
factor limiting technological possibilities is the destruction of blanks
in the most dangerous local zones. Ruin is preceded by a loss of defor-
mation resistance or a local thinning of the workpiece in the form of a
neck, from the moment of its formation, an increase in the degree of
extraction becomes impossible.

Rounded parts with a relatively small height are difficult to manu-
facture; h/d <0.3 with a diameter of no more than 300-350 mm. In
this case, high-power and high-rigidity hot stamping press equipment
is required, and highly alloyed, expensive steels are required for the
production of stamping equipment.

In this regard, the article examines the technological process of
stamping by rolling (SR) of flat annular and flange workpieces.

SR allows obtaining blanks of the required shape by reshaping them
from square, round and ring. According to the proposed technology,
the sheet is cut into square blanks without waste, which are reshaped
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Fig. 10. Scheme of reshaping of workpieces by the SR method (a), view of the
original square and rolled round workpiece (b): I—workpiece, 2—product,
3—matrix, 4—spindle, 5—ejector, 6—roll.

by the SR method (Fig. 10.) into flat round ones or with the required
thickness profile. Thus, the reshaping of the workpiece is carried out
according to the scheme of precipitation by the SR method.

In the case of reshaping of workpieces by the SR method, the possi-
bility of controlling the intensity and direction of the metal's flow by
shifting the roll is practically excluded, since it is impossible to ensure
the shift of the top of the roll due to the use of a die-gauge. In this case,
centrifugal drawing of the metal is preferred. At the same time, the
maximum flow intensity is observed at a distance r <0.2R.

The debugging scheme shown in Fig. 11 according to the classifica-
tion of rolling stamping processes [11, 12] should be classified in the
first group - waste-free production of flat workpieces.

When the metal flows in different axial directions of the workpiece,
three stages of forming are observed.

At the first stage, there is an intensive redistribution of the volume
of metal [12] (in the reverse direction from the applied force P) and in
the radial (along the line H—H) directions (Fig. 12). In the tangential
direction, the redistribution of the volume of metal is slowed down,
which is confirmed by the difference in the values of a; and b; (Fig. 4).
The resistance to deformation throughout the volume of the part is al-
so different, on the surface of the interaction of the initial blank with
the punch I, the outer layers move more intensively than the inner lay-
ers due to the high friction of the initial workpiece along the surface of
its interaction with matrix II (this is obvious when considering the
contact area of the tool with the original workpiece).

Because of this, additional loads appear: on the outer compressive
surface (since each inner layer restrains the movement of the adjacent
outer one) and on the inner one—tensile ones (since each outer layer
moving faster than the neighbouring one captures it with itself).
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Fig. 11. Setup scheme for rolling stamping of flanged parts and blanks: 1—
punch; 2—container; 3, 4—matrix; 5—ring; 6—ejector; 7—starting work-
piece; 8—finished part.

As a result of equalizing the load, there is a zone of the inner layers
with additional radial load, which increases to the outer surface. The
fact that the surface layers of the metal move more intensively than
the lower layers is confirmed by examining the cross section of the
workpiece in the first stage of the process (Fig. 13).

The beginning of the second stage of the process is determined at the
moment of contact of the initial workpiece with the matrix on surface
ITI. Although the movement of the volume of metal does not change its
character in relation to the first stage, it occurs with increasing re-
sistance to deformation, which is explained by the intensive formation
of the lower part of the workpiece. In the directions along the line H—
H, the radial flow of metal increases, and at the moment of filling the
outer diameter of the container, it changes its direction, at the same
time, in the direction along the line S—S, the tangential flow of metal
prevails, and at the moment of changing the direction of the flow of
metal along H—H, an increased hydrostatic pressure, the increase of
which determines the filling of the lower part of the flange [13].

A characteristic feature of the first two stages of forming is the
presence of internal circular steps when the initial and final stages of
the process are formed, and the height difference H2 - H1 =S gives
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Fig. 12. Scheme of metal flow in the flange part of the part during rolling
stamping from a ring blank. H—H—radial metal flow conversion line S—S—
tangential metal flow conversion line.
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Fig. 13. Cross-section of the workpiece at the stage of the process: a—along
the G—G plane, b—along the S-S plane.

the feed value for one rolling cycle.

The formation of straight sections on the S—S line is a consequence,
the distortion forms rings due to the support at the point of contact of
the workpiece with the diagonal direction.

The third stage of the process is the calibration of the canvas and the
inner diameter of the workpiece. The process occurs without a signifi-
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TABLE 2. Dimensions and parameters of the rolling stamping process of ring
and flange workpieces.

Ne Parameter names Marking Unit of meas- Parameters
urement

1. Dlagor}al of the original L [mm] 186 + 240
workpiece

9. The thlckr}ess of the origi- Huwn [mm] 16
nal workpiece
Angle of inclination of the

3. axis of the punch 0 (degree) 2

4. Axial feed of the tool S [mm/turn] 1.7

5. Heating temperature T [°C] 740

6. The maximum force of the p [kN] 2300
stamp

cant increase in deformation force [14].

In the analysis stage of the study, a device for the production of
blanks and parts by the rolling stamping method is proposed [15].

The device for implementing the method contains a matrix 1, a roll-
ing punch 2 and an ejector 3. The punch 2 receives a rolling motion
from a special drive. The matrix I and the ejector 2 are mounted on the
press table and can move vertically from their drives.

Research of the obtained products in terms of accuracy corresponds
to 10—11 quality, the surface roughnessis 3.2 uym [16].

Calculation of the workpiece during rolling stamping.

1. Initial conditions (Fig. 14.):

C=D,V, =V, (5)

H3
|
) 2 T— I

. ! s -__}k__.

3 o | 11N

ml 1 |
| T
D1 a
a b

Fig. 14. Dimensions of the finished part (a) and the initial blank (b).
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where C—diagonal of the workpiece; D—outer diameter of the part;
Va, V,—the volumes of the part and workpiece.

2. Variation intervals:
D,/D=0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9,
Sun=3.5,10,12, 14, 16, 20,
h=0,1.5,4,
where D;—inner diameter of the part; Ha—the height of the part; h—

is the thickness of the jumper.
3. Conclusions of calculation formulas:

V,= (nD’H —nDH,)/4, (6)
V, = a’H,, (7)

where a—side of the workpiece:

(3]

but C =D, then,

D 2
=| — . 9
(%) @
From formula (7),

H = —~%. (10)

However, according to condition (5), V. is equal to V.
After transformation (10), we will get the original formula for cal-
culating the height of the workpiece:

H,= 1.57(H, — B’H,). (11)

Power parameters and forming processes during rolling stamping of
flat annular and flange blanks from a square workpiece. In the pro-
cesses of three-dimensional rolling stamping, at each moment of time,
the initial workpiece is in contact with the tool only with part of the
end surface, thus forming a local centre of deformation [7].

The location of the centre of oscillations at the top of the conical
(rolling) of the tool, which determines the dependence of the total
stamping force on the angle of inclination of the tool axis 6, the feed of
the workpiece S, the shapes and geometric dimensions of the initial
workpiece.

Rolling stamping can be carried out in two ways:



662 V.M. MYHALEVYCH, A. A. SHTUTS, M. A. KOLISNYK, I. A. ZOZULYAK et al.

- with constant effort, when the required shape change is achieved due
to a certain number of rolling cycles under load [17];
- with constant axial feed of the tool (workpiece) in one rolling cycle.

In the latter option, the punching force will increase to a maximum
by the end of the punching, but by this time the deformation will be
over, the endurance under full load is not required, the rolling drive
will not experience peak loads at the initial moment of punching, and
the productivity will be higher.

As a rule, according to the first option, stamping is carried out on
low-power equipment. In the initial stage of the press process, maxi-
mum effort is given, while the feed will inevitably decrease due to the
increase in the size of the workpiece. When carrying out such a pro-
cess, there is uneven deformation along the height and re-sticking of
the surface layers of the workpiece, which are in contact with the roll-
ing tool.

Pre-stamping, i.e., the final operation of complete shaping of the
workpiece, is carried out at very small feeds, the locality factor X in-
creases, and the productivity at the same time decreases significantly.

In this regard, it is advisable to conduct a process with a constant
supply. In this case, the force Py is increasing with each run-in cycle,
and the locality coefficient A will keep a constant value.

The calculated feed at a constant number of running-in of the spher-
ical moving mechanism is slightly less than the actual feed. Despite
this, the effort is not observed, since the local feed does not have time
to show itself during the rolling cycle.

As a result, productivity increases and the probability of defects de-
tected in the case of conducting the process with constant effort de-
creases SR. In this case, the requirements for the equipment of the
power press and the rolling mechanism change accordingly.

Researching [18] in this direction was carried out on low-power
equipment and did not reveal all the advantages of rolling stamping.
Based on the above, we will consider the characteristic features of
stamping round flanges from square and strip blanks with constant
feed.

Figure 15 shows the diagrams of the established process of rolling
stamping with square and strip workpieces.

To calculate the area of the local centre of plastic deformation of the
spot of contact with the surface of the rolling tool, we use the formulas
given in [19], where the stress-deformed state of the metal during this
process is most accurately described.

It should be noted that the law of the smallest perimeter is not ob-
served when stamping round workpieces from square or strip work-
pieces. In this regard, the boundaries of the square and strip workpiec-
es remain practically straight. This allows you to determine the local
centre of deformation of the contact spot in the direction perpendicu-
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Fig. 15. Scheme of rolling stamping of flat workpieces (circles): a) punching
from a sheet; b) punching from a strip. I—stamped circle; 2—initial work-
piece; 3—punch; 4—matrix.

lar to the border of the square or strip workpiece.

The ratio of the area of the contact spot in different directions is ap-
proximately 20% at the initial moment of stamping. As the stamp fills
the circular cross-section of the stamped workpiece, the ratio decreases
and when it is completely filled in all directions, it becomes equal (this
is the final stage of stamping).

Correspondingly, the resistance of the metal and the contact pres-
sure change due to the change in the contact areas in the local centre of
plastic deformation, that is, the metal is easily stamped in the direc-
tion of the face. It explains that the appearance in the direction of the
face, which is shown in work [20—23] based on the example of the loss
of stability of the workpiece in the tangential direction perpendicular
to the boundary.

The intensive flow of metal in the tangential direction in the corner
zones of square or strip workpieces remained unclear.

In Figures 16—18, the nature of the flow of metal from its initial
stage to the final output product is shown that shows how the metal is
redistributed around the circle. Figure 17 shows the diagram of the
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Fig. 16. Output blank from the strip.

Fig. 17. Intermediate shape of the blank when punching a circle from a strip
in case of loss of stability (bend) in the region of the side face, parallel to the
axis of the strips.

Fig. 18. The final shape of the workpiece.

areas of the contact spot during rolling stamping from a square blank,
where their difference is clearly visible.

The difference in contact areas in the direction of the boundary and
in the direction of the corner of the workpiece leads to an increase in
the feed in the area of the faces, from which the tool already rolls onto
the corner zone. This causes an intense tangential flow of metal in the
corner zones of a square or strip workpiece, and sufficiently pro-
nounced conditions perpendicular to the boundary disappear along
stamp filling measures. The consequence of this is high accuracy in the
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thickness of the workpieces [24, 25]. It was previously shown that,
even on thin workpieces, the ratio N/D=0.02 corresponds to the accu-
racy of cold-rolled sheet without calibration.

3. CONCLUSIONS

The stress—strain state of workpiece material is an important charac-
teristic necessary for assessing deformability and determining force
parameters. Among the effective methods of NDS analysis are the grid
method, hardness measurement, and microstructural analysis.

Direct extrusion by the SHO method was considered by us using the
example of forming end teeth of a gear sleeve. To increase the accuracy
of determining deformation intensity in cross-sections of workpieces,
a highly strengthening material, namely, copper MOb, was chosen for
physical modelling.

As a result of constructing graduation graphs and measuring hard-
ness in workpiece cross-sections, as well as grids on workpiece surfac-
es, the distribution character of stress and strain intensity, as well as
the stress state index in the plastic area, was obtained. The most rigid
stress state scheme is observed at the apex of the extruded teeth, but
here the least deformation occurs. The largest deformations are
formed at the base of the tooth, but the stress state is close to uniaxial
compression.

Reverse extrusion by the SHO method was also modelled on copper
MOb. NDS analysis showed that the most deformed zone is the thin-
walled element zone, which is formed because of metal flow from the
contact plastic spot area of the roller with the workpiece. Maximum
deformations are observed in this zone, gradually decreasing as you
move away from the contact surface.

The flange part of the workpiece is a zone of relatively uniform de-
formation. Dependences of the growth of deformation intensity on the
periphery of the flange from the relative increase in its length were
constructed.

Based on the analysis results, paths of material particle deformation
in dangerous zones due to possible workpiece destruction were con-
structed, which were then used to assess workpiece material deforma-
bility.

The possibilities of direct extrusion are limited by the complexity of
force transmission from the roller to the opposite end face of the work-
piece and significant contact stresses. Therefore, this operation is
more suitable for calibration or forming of small-size workpiece ele-
ments, which should be taken into account when developing corre-
sponding SHO technological processes.

Further research in this direction will expand knowledge of material
deformation mechanisms during stamping by extrusion and develop
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new approaches to optimizing technological processes in the produc-
tion of metal parts.
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