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STUDY OF TECHNOLOGICAL PROCESSES OF STAMPING OF FLANGE-
TYPE PARTS BASED ON THE APPLICATION OF COMBINED EXPRESSION
METHODS

The research of technological processes for stamping flange-type parts, particularly using combined extrusion methods, is
a relevant direction in the field of materials science and mechanical engineering. Flanges, as structural elements, are widely used in
various industries, especially in mechanical engineering, where high quality requirements are imposed. Ensuring high quality and
cost-effectiveness in production necessitates the development of effective stamping technologies that achieve the required mechanical
properties and accuracy of the parts.

This paper examines the processes of combined extrusion, which integrate methods of bulk stamping and reverse extrusion.
This approach allows for the simultaneous production of complex-shaped parts with enhanced accuracy and uniformity in the
material structure. Such technologies ensure uniform deformation distribution and minimize the occurrence of defects, which is
particularly important when manufacturing parts with high demands for reliability and durability.

Special attention is given to the optimization of the stamping process parameters, including the selection of suitable
materials, geometric parameters of the workpieces, and processing modes. The use of numerical modeling made it possible to
investigate the influence of these parameters on the final properties of the parts, thereby reducing the number of experiments and
shortening the development time of new technologies. Additionally, the paper addresses the energy consumption of the process, tool
wear resistance, and the influence of different technological modes on the material's microstructure. Thus, the research findings can
be utilized to improve existing technologies and develop new methods for stamping flange-type parts, enhancing their market
competitiveness and meeting the growing demands of modern production.

Kmiouosi cnosa: stamping, rolling, material deformability, process modeling, analysis of technological parameters. Fig.
16. Ref. 22.

MUXAJIEBHY BOJIOJJUMUP
KOJIICHUK MHKOJIA
IITYLb AHJAPIN
T'PUT'OPEHKO HA3AP

BiHHUIBKMIT HALIOHATBHUI arpapHUii yHIBEpCHTET

JOCTIAKEHHSA TEXHOJIOI'TYHUX IMTPOLECIB LITAMITYBAHHS I[ETAJIEﬁ THUITY ®JTAHEIIb HA
OCHOBI 3ACTOCYBAHHS CITIOCOBIB KOMBIHOBAHOTI'O BUJIABJIFOBAHHS

Jocnioscenns mexnonosiunux npoyecie wimamnysanns Oemanei muny guaneyb, 30Kpema i3 3aCMOCYBAHHAM KOMOIHOBAHOZ0
BUOABTIOBANHS, MAE BeNUKe SHAUEHHs O MAMEPINo3HABCMBa ma MawuHobyoyeanns. ®ranyi € KiovoeumMl eremMeHmami pisHUX KOHCIMpyKyitl i
WUPOKO 3ACIMOCOBYIONIbCS. 6 AiauiliHill, asmoMobiTbHiLl ma enepzemuuniil npoMuciosocmsax. Ix ocnoswe npustavenns — 3abesnevenHs HAdTIHIX
3'cOnany Midic KOMNOHEHMAaMU KOHCMPYKYIl, W0 6UMAzae GUCOKOI SKOCH 8ueomoegnents ma moynocmi. Cmeopents IHHOBAYIIHUX Memooie
WMamnyeamnns, sIKi 003607I0Mb OMPUMYEamu 0emai 3 NOKPAWEHUMU MEXAHIYHUMY GTIACTUBOCTISIMU. MA MIHIMATLHOIO KUTbKICIIO Oeqhexmis,
cnpuse niosUeHHI0 KOHKYPEHMOCHPOMOICHOCT NPOOYKYIT GIMHUBHAHO20 MAWUHOOYOYBAHHA.

Kombinosate uoaeniosatis, sike NOEOHye 06'eMHe WimammnysanHs. ma 360ponite 6UOAGTIOBAHHS, 00360JIE CHIBOPIOBAU CKIAOHI Oemarti
3 GUCOKOIO MOYHICIIO Ma NOKPAWEHOI0 CIMpYKmypolo mamepiany. Lleil nioxio 3abe3neuye pigHomipHuii po3nooin nanpyicenv i Oegpopmayiil, wo
MIHIMIZYE PUSUK BUHUKHEHHS GHYMPIWHIX OeqheKmis, maKux sk nopodicHedi abo mpiwunu. Lle ocobnueo axciuo 0 uomosienHs demanell i3
BUCOKUMU 8UMO2aMYU 00 HAOIUHOCMI ma 006208iuHOCMI. Onmumizayis npoyecy nepedbayae GUOIp Mamepiaie i3 3a0aHUMU XAPAKMEPUCIUKAMU,
GUBHAEHHS! ONMUMATLHOT 2e0MeMPIi 3a20MOBOK | NAPAMEMPIE8 06POOKU, WO 3HUICYE GUPOOHUUE BUMPANTU MA NIOGUULYE NPOOYKIMUGHICIID.

3nauny pois y ybomy 00CiONCeHH 8idicpae HucebHe MOOEIOBAHHS, siKke 00360JI51€ NEPeOdAUUMU BNIUE MEXHOTIOZIYHUX NApaMempie Ha
Kinyesi eracmueocmi Oemarell. 3a605KU MOOENOBAHHIO MOXCHA OYIHIO8aMU egheKmusHicms npoyecie Oe3 HeoOXIOHOCMI NPOBeOeHHs BeUKOT
Kibkocmi 0opozux exchepumenmis. Lle ne nuuie ckopouye yac enposaodicentsi HOBUX MEXHON02IN Y BUPOOHUYMEBO, a U NIOBULLYE DE3YTbMAMUGHICITb
HAYKOBO-00CTIOHUYBKOI pOOOML..

Kmiouosi crosa: wimamnyeants, 0OKOHYBaHHS, 0eqhOPMOBHICHIb MAMEPIALY, MOOCTIOBAHHS NPOYECIS, AHAIE3 MEXHONOSIYHUX NAPAMEMPIS.
Puc. 16. Jlim. 22.
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Statement of the problem

The main task of mechanical engineering in modern conditions is the production of high-quality
products with minimal costs. The implementation of these requirements is facilitated by the use of resource-
saving production processes, in particular volumetric stamping.

Products of complex configuration are widespread in the industry and are manufactured step by step
by volumetric stamping methods, including extrusion. These processes are characterized by high specific loads
on the tool and limitation of the range of products. To reduce the force of deformation during simple extrusion,
the number of transitions is increased, the friction forces and the contact area of the tool with the workpiece
are reduced. In addition, methods of local and combined deformation are used to reduce the deformation force.

For parts of a complex shape, the method of combined three-way extrusion is promising. This method
allows you to significantly reduce the force of deformation and, as a result, increase the stability of the tool.
Also, the number of transitions is reduced, due to which the number of stamping equipment is reduced and,
accordingly, the cost of production is reduced. However, despite the advantages of using this method in the
practice of stamping production, its practical development and mastering requires significant costs for
technological training, since the search for rational modes of technological operations requires time-consuming
experimental work to develop technologies. This is due to the lack of technological recommendations and
methods of design and selection of technological modes of deformation with several stages of material flow.
The disadvantage of such recommendations is the perceptibility of such developments in the process of
extrusion of parts such as bushings with a flange and an axial process. Therefore, there is a need to carry out
theoretical and experimental research to fill the existing gap and create scientifically based methods of
designing processes for extrusion of parts of this type by the method of combined extrusion.

Analysis of recent research and publications

The development of science is closely related to increasing the practical use of its results in industrial
and economic production. The most important factor in solving such tasks is the development of new
technological processes that allow obtaining high-quality products with specified operational properties and
with the lowest costs for their production.

A significant expansion of the technological capabilities of cold rolling stamping (CRS) is the
development and implementation of processes that allow to significantly reduce the strength characteristics
due to the regulation of the kinematics of the flow of metal and its stress state in the die cavity both with
traditional CRS schemes and in combination with processes with forced localization center of deformation.
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Figure 1 — Classification of extrusion methods

a) b) c)
e B s
L N
o | L
| ¥ FE——=t-
d) €) £)

Figure 2 - Methods of cold extrusion (a - direct; b - reverse; c - transverse (radial); d - transverse (lateral); d - combined (reverse-
direct); e - combined (radial-reverse)

It is possible to expand the nomenclature of stamped parts and the area of application of extrusion by
mastering methods based on a combination of direct, reverse and transverse extrusion. For the implementation
of stamping processes of complex parts, the development and wide application of various combined and
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combined processes, methods and devices for regulating the kinematics of the metal flow and its stress state in
the stamp are necessary.

In [1], the upper estimation method of asymmetric combined extrusion processes is investigated. In
this study, an analysis of the velocity fields was carried out, which determine the stamping loads, the extruded
length, and the speed of metal distribution along the flow in the process of combined extrusion (Fig. 3).

The experiment was carried out on a lead sample at room temperature (Fig. 4). Stamping loads and
extruded length were compared between theory and experiment.

] (I

an vl
—

Figure 3 — Velocity field during extrusion

— - -

Figure 4 — Lead blank for the experiment

V. N. Levchenko in his research conducts numerical modeling of the process of combined extrusion,
additionally calculates the processes of direct and reverse extrusion (Fig. 5). Based on the energy method, a
mathematical model of the combined extrusion process was developed, which allows determining the energy
parameters of the process as a function of the main parameters [2].

Figure 5 — Scheme of cyclic combined extrusion

In work [3], finite element modeling of the process of forming a sleeve-type workpiece with a
combined flange was carried out using three-way extrusion. Control dependencies of the combined extrusion
process due to changing the geometry of the working tool were obtained. A method of predicting a metal defect
was developed and recommendations were given to prevent the appearance of this defect during the combined
three-way extrusion of parts such as a sleeve with a flange.
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The purpose and objectives of the research

The main goal is to develop methods that will improve the accuracy and quality of manufacturing
flange-type parts, ensure uniform distribution of deformation, reduce deformation forces, and minimize the
number of defects in finished products. The research is aimed at creating new effective stamping technologies
that can be applied in modern materials science and mechanical engineering to improve production efficiency
and quality.

The main results of the study

One of the effective methods for solving problems of plastic deformation is the energy method (EM),
the main advantages of which are its flexibility, efficiency, and the possibility of effective application of EM
to select the appropriate functions and varying parameters that describe the flow kinematics [3, 4, 5].

According to this method, a number of plastic zones of kinematic elements are distinguished in the
deformed workpiece. After that, for each element, the kinematically possible velocity field (KPVF) is found
and, based on it, the full deformation power, the simplification of which allows to clarify the estimates of the
force regime and the picture of the plastic flow and to optimize the parameters of the deformation process.

v, =zt
vrz—%-cl-r+cr—3 (D)
where ¢, ¢, czare the sought variables.

To solve the problem using the energy method, it is necessary to divide the deformable workpiece into
several zones of a simple shape and determine all the possible powers spent on deformation of the workpiece
[6, 7, 8]. The power balance equation looks like this:

N, = N, + N, + N, )
where N,, Ny, N, N, — power of active, deforming forces and forces of shear and friction.

Power of active forces:

Na = [ff,, o3¢V ©
where N,is the power spent on deformation;

o~ stress intensity, MPa;

&~ deformation intensity;

V;— volume of deformation;

dV;— an infinitesimal amount of deformation.

Deformation intensity:

. 2/, 2, - 1.
£ = \/; (62+&3+62)+ SV (4)
. av, . avye . av . av, dav, . .
where §; = —2,¢, = —L,§, = —2,y,, = — + —Zare the rates of linear and angular deformations.
t dz’ T ar ' <0 r 'frz dr d

r

At the same time, the material compression condition must be fulfilled:
€, +& +E6 =0 (5)
In order to exclude possible discrepancies when assessing the deformability of metals, it is necessary
that the conditions of identity of the Nadai-Lode parameter, which characterizes the type of stress deviator, are
observed in the studied technological process and experiments on the construction of plasticity diagrams:
fy = 2 0201 1= 2:02—01—03 (6)
0103 01—03
The dependence of plasticity on the stress state scheme can be described by constructing the complete
surface of plasticity in " ¢; — n — u," coordinates.
The selection and substantiation of stress state invariants when solving problems of mechanics of
materials is considered in the work of A. A. Lebedev and V. M. Mikhalevich [9].
The work [10] proposed the construction of the plasticity surface in " ¢; — u — x " coordinates, where
xis an indicator that takes into account the third invariant of the stress tensor.

— 31T, — 3[o1-0,703 @)
V312(Dg) i

The surface of plasticity, built in the coordinates " &; — u — y ", can be defined as a three-dimensional
diagram of plasticity.

In this work, experimental studies were conducted in order to obtain data confirming the adequacy of
the selected calculation schemes and mathematical models of deformation, as well as to obtain a picture of the
course of the material in order to determine shear deformations, logarithmic deformations and the intensity of
deformations in the section.

To carry out the experiments, a design of a universal die (Fig. 6) for combined three-way extrusion
was developed, and a set of equipment consisting of dies, punches, rings, counterpunches of the required
geometric dimensions was manufactured.
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1 - punch, 2 - lid, 3 -ring, 4 — centering ring, 5 — upper matrix, 6,7 — half rings, 8 — lower matrix, 9 — container, 10 —
mesdose

Figure 6 — Scheme of a universal stamp
To account for the strengthening of AD31 materials, true stress curves were used, constructed based
on the results of mechanical compression tests of cylindrical samples (Fig.7). Approximation of the hardening
curves shown in fig. 7 was carried out by the static equation ¢, = Ce". The values of flow resistances at certain

degrees of deformation are given in Table 1.
«C1
'/._.—44-.’” "aDl
100 ADZE1
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Figure 7 — Strengthening curves for the materials used

Table 1
Values of current resistances
e 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
AD1 95 118 125 132 136 140 152 162 169 177
AD31 138 159 173 183 192 198 205 211 216 220
C1 19 22 23 24 25 26 27 28 29 30

With combined three-way extrusion, the presence of two centers of deformation with a hard zone
between them is observed, which is balanced by an indicator that depends on the geometric parameters and the
degree of deformation A [11]. The upper center of deformation is formed by the reverse flow of material, and
the lower center of deformation is the radial - direct flow [12]. A feature of radial-direct extrusion is the
presence of a separation boundary of the material flow in two directions, which is described by a variable

parameter - the radius R, .
The task of combined three-way extrusion in two stages is considered. Upper the center of deformation

is the reverse extrusion of the glass (Fig. 8 ).

[
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7

Figure 8 — Calculation diagram of reverse extrusion

Extrusion pressure, taking into account the chamfer on the punch, looks like this:
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B L 3y 4+0.226+ - (b InS—05-1,) - (8- u—157) +

- 1 |122h  n a T3 h

Prevz\/—§ 5 ! R 1 R3-r} (8)
+R2_r22-[R -lng+2-u-t-(R+r2)+2-a-(y-R+§-R2_r22)]

wherea = A+ 0,134 -15,;b = 3,73 -h — 0,5 - 1.

The lower deformation cell includes the induced pressure of the lower deformation cell from the
scheme with rectilinear blocks.

The general diagram of the breakdown of deformation centers of combined three-way extrusion with
the use of trapezoidal modules is shown in Fig. 9.

Figure 9 — Calculation scheme of combined three-way extrusion using the energy method with trapezoidal modules

Graphs of the dependence of the induced force on various geometric parameters for the scheme with
trapezoidal modules are shown in Fig. 10 have a similar character to dependence graphs for rectilinear blocks
[13].

Due to the decrease in the degree of deformation in the flange area and the decrease in friction between
the flange and the matrix, the values of the induced force decrease depending on the increase in the height of
the flange, which is shown in Fig. 10 a.

And with an increase in the circumferential degree of deformation and an increase in the friction
contact surface, the values of the induced force increase depending on the relative radius of the flange (Fig. 10,
b).

When the relative radius of the punch (Fig. 10 c) changes, the force values increase. | explain this by
an increase in the friction surface and an increase in the degree of deformation in the reverse course of the
material.

For schemes with kinematic trapezoidal modules, which take into account the presence of chamfers
on the transition edges of the tool, the analysis of theoretical data showed a similar nature of the distribution
of force indicators with a deviation of 7-10% to the side, which is associated with an increase in the volume of
the deformation center and cut zones on the module boundaries.

P _ P& <
Rk =0,58 Rk=0,58
Ri= 1,35

50 Ro=0,47
R..=D,62

4.5
\p =015
u=0,10

4.0

3.5

6,04

5.0

4.0

3.0
0.4 0.5 06 0.7 0.8 Rin 0.4 06 0,8 Ro
c d
Figure 10 - Graphs of force dependence on the relative height of the flange (a), on the relative radius of the flange (b), on the
relative radius of the punch (c) and on the relative radius of the process (d) at different friction values pof the scheme with
trapezoidal modules
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The step-by-step change in the deformed state when extruding hollow parts with a flange and an axial
process in the "Deform-3d" package is shown in Fig. 11. It can be seen from the figure that the largest
deformation occurs near the edge of the lower half-matrix when the process is obtained.
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Stroke 0 mm Stroks 5 mm Stroke 15 mm Stroke 25 mm

Figure 11 — Step-by-step change of the deformed state during the combined three-way extrusion of parts with a flange and an axial process in
the "'Deform-3d"* package

In fig. 12 shows the dependence of the deformation force depending on the course of the punch. The
decrease in force is associated with the reduction of the friction surface during the flow of metal in the radial
direction, as well as with the delamination of the metal on the peripheral areas of the flange.

P. kN
5 | * | LR
250 ¥ v
315 AR = ¥ e
280 ;P
245 '/.f'
210
<l £
175 _;"
140
70 —#— Experiment
35 T
0 5 10 15 20 25 Stroke, mm

Figure 12 — Graph of the dependence of the deformation force on the stroke of the punch

In fig. 13 shows the reduction of the friction surface. It can be noted that as the punch moves, the
contact surface between the extruded workpiece and the lower half-matrix decreases.
1..... ..-.J....I.... I.-............I. '-:. .:I & ...I.. ........T.... '

Strolee=3 mm; Foree 270 LN

1 " S 1 w

PP PSFEPRCh OVREPIn (PP PP (P

Stroke=10 mm; Fores 313 kY

Stroke=15 mm; Fores 334 LIV

' v El =
¥ | |

Stroke=20 mm; Fores 326 LN

Stroke=25 mm; Fores 319 LN
Figure 13 — Deviation of the flange shape in the process of deformation

Figure 14 shows the dependence of the deformation force on the radius of rounding of the edge of the
hole of the lower half-matrix for different coefficients of friction [14, 15]. It can be seen from the graph that
when the radius of rounding increases, the deformation force increases. Since a larger volume of metal is
involved in the plastic zone.

To solve this problem, deformation with reciprocating flow of material to the process zone was
applied.

For confirmation, an analysis using the finite element method was carried out, which qualitatively
confirmed the assumptions (Fig. 15).
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Figure 14 — Graph of the dependence of the deformation force on the radius of rounding of the edge of the hole of the lower half-
matrix for different coefficients of friction

A comparative analysis of the processes of combined two-way and three-way extrusion was carried
out. The Deform-3d software was used for the study [16, 17, 18] The following schemes of two-way extrusion
were considered - reverse-direct, reverse-radial, radial-direct and scheme of three-way extrusion (Fig. 16). The
initial dimensions of the blanks were assumed to be 45 mm in diameter and 45 mm in height. The geometric
dimensions of the tool for all deformation schemes were assumed to be equal: the diameter of the process was
21 mm, the height of the flange was 5 mm, and the thickness of the glass wall was 4.5 mm.

Strain - Effective (mm/mm) Strain - Effective (mm/mm) Strain - Effective (mm/mm)
3.00 3.00 3.00

2.00 2.00 2.00
B § "

1.00

1.00 1.00
A

0.000

0.000 | | 0.000 0.0278 Min
a b

Figure 15 — Qualitative processing of the structure based on the proposed method
(a —first stage; b — second stage; ¢ — three-way extrusion)

Strain - Effective (mm/mm)

SIran - EMecive (mmmmy
300

I SEIEII
2683 263

225

0.780

0750
0375 I 0375 I
0.000 0.000
0.0908 Min 0.0574 Min

a b

Strain - Effective (mm/mm) ) Strain - Effective (mm/mm)

300 SDEII
253' 263

113

0750 0.750

0375 I 0378 I
0.000 0.000
0.0293 Min 00224 Min

Figure 16 — The degree of deformation during combined extrusion: a — reverse-direct extrusion; b - reverse radial
extrusion; ¢ — radial direct extrusion; d — three-way extrusion
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In fig. 16 shows the distribution of the degree of deformation along the cross-section of the workpiece.
A more homogeneous processing of the material is observed during reverse-direct and radial-reverse extrusion.
When using the combined three-way method of deformation, higher-quality extrusion of the flange part of the
workpiece is observed [20, 21, 22].

Conclusions

A detailed study of the processes of stamping parts of the flange type using combined extrusion is
presented, which is of great importance for modern mechanical engineering. Attention is focused on the
relevance of the study, due to the growing requirements for product quality and the need to increase the
efficiency of production processes. Flanges, as integral elements of structures in various industries, require the
use of highly efficient production technologies that can ensure accuracy, mechanical strength and durability of
products.

The study shows that combined extrusion is a promising method that allows to achieve high quality
of manufactured parts. The main advantages of this method are the ability to produce complex parts with
uniform distribution of deformation throughout the volume, which significantly increases reliability and
resistance to wear. This is especially important for the production of parts that are subjected to significant
mechanical loads during operation.

An important component of the work is the analysis of various aspects of the optimization of the
rolling stamping process, including the choice of materials, geometric parameters of the workpieces, heat
treatment modes and other important technological parameters. Thanks to numerical modeling, it was possible
to predict the influence of these parameters on the final properties of the parts, which made it possible to
significantly reduce the time and costs of conducting experimental studies. The use of numerical modeling
plays a key role in the development of rolling stamping technologies that ensure consistently high product
quality.

The use of the energy method for the analysis of deformation processes, which allows determining
the kinematically possible velocity fields and optimizing the deformation parameters, is also considered. This
approach enables more precise control over the stamping process and reduces the risk of defects in finished
products.
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