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Abstract: The factors, which influence on the implementation
effectiveness of cold extrusion processes of steel billets are considered.
Economic feasibility and effectiveness of the implementation primarily
depends upon the durability of extrusion tools. The research results of the
ways to increase durability of tools for cold extrusion, which performed in
four different directions: improving the structure and fabrication
technology of dies; billet surface preparation for extrusion; improving
material properties of extrusion tools using heat treatment; improving
deformability of billet material. The procedure of heat treatment which
increases the lifetime of extrusion tools made of high-speed steel is
considered. Moreover, the conditions of heat treatment for obtaining the
uniform structure of globular pearlite in hot-rolled and extrusion with
different degree steel for the deformability improvement are proposed. The
results of the research have been tested and implemented in the manufacture
of the bicycle brake sleeves.

heat treatment

1. Introduction

Cold extrusion is one of the most efficient low-waste
steelmaking processes, the implementation of which
instead of cutting and hot extrusion provides a significant
increase in labor productivity, the utilization of metal and
surface quality. Compared to casting and hot extrusion,
up to 50 % of metal is saved, compared to cutting
processing, waste into shavings is reduced by 2—-3 times.
During cold extrusion, the material utilization rate can
reach 0.9-0.95. The accuracy of the executive
dimensions of the parts obtained by cold extrusion
corresponds to 8th tolerance grade, and the surface
roughness does not exceed 1632 pm.

The drawback of cold extrusion is the high resistance to
deformation due to reduced plasticity of steel at room
temperature, which requires the use of equipment with
increased power and process lubricants, which leads to
an increase in the number of die transitions and a
decrease in the durability of die tooling. In order to
prevent destruction of the forming tool, the deformation
ratio during one transition is recommended to limit to
40-55 %.

The durability of cold extrusion dies is one of the main
indicators that affect the feasibility and economic
efficiency of implementing the developed technologies
into manufacture. The durability is the ability of the tool
to not break down, as well as preserve its original
dimensions and properties, and it depends on the
operating life and wear resistance of the dies. But if the
operating life is determined by the number of cycles of

loading the tool to its destruction in the case of breakage
or under the influence of fatigue, then wear resistance is
the number of extruded parts that caused a change in the
size of the forming elements within the specified
tolerance [1], [2].
The problem of increasing the durability of an extrusion
tool for cold extrusion is a complex task, the solution of
which must be carried out in the following four main
directions:

— The development of cold extrusion technology,

improving the design of dies;
— Preparation of the workpiece surface for

extrusion;

— Improving the punchability of the workpiece
material;

— Improving the properties of the tool material by
heat treatment.

The aim of this work is to show the effectiveness of a
comprehensive approach to solving the problem of
increasing the durability of dies.

2. Development of cold extrusion

technology, improving the design of dies
In order to ensure the stability of the cold extrusion
process and reduce the specific operating loads on the
tool, it is necessary to choose a rational arrangement of
component parts and die assemblies that provide the
given strength and rigidity when centering the punch and
die, as well as strict alignment and parallelism of the
mating elements [1].
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This is achieved by precision manufacturing. In case of
misalignment, eccentric loads on the punch arise
(especially during reverse extrusion), which sharply
reduces its durability, and also degrades the quality of the
manufactured parts, leading to a thickness variation. The
higher the wear resistance of the tool, the more accurate
the extruded parts are.

The centering of the punch relative to the bottom die is
more reliable and more accurate due to inoperative
elements of the matrix and the punch, which prevents
premature breakage of the punch due to excessive
bending moments that occur during eccentric loading. It
is known that dies with guide columns provide parts with
a thickness variation that does not exceed 0.3 mm, while
with the die directly centered on the die, parts with a
thickness variation of no more than 0.03 mm are
obtained. However, the direction of the punch in the
bottom die has its drawbacks, limiting the use of dies. An
increase in the length of punches and dies adversely
affects tool life. In addition, the diameter of the guide part
of the punch during operation changes due to its heating
and elastic deformations during extrusion, which
significantly breaks the alignment conditions and can
lead to breakdown [1].

The design parameters of the punch and the bottom die
should create the most favorable stress diagram of these
heavily loaded parts. To reduce the loading on the punch
can be a rational choice of the shape of its head [3]. The
radii and the cone angle of the transition zones from the
cylindrical part of the punch to the calibrating girdle and
from the calibrating girdle to its end part also have a great
influence. The longevity of the working parts of the die
will be higher, and the likelihood of their destruction
from fatigue is less with a decrease in tensile stresses that
occur during the reverse move. Dies must be designed so
that the efforts to extract the punches are insignificant,
the inserts of the bottom dies are installed with sufficient
interference, the supports of the punch and ejector work
with minimal bending stresses [4].

Extrusion of the brake sleeve was carried out on K0032
press for cold extrusion in specially designed dies taking
into account the recommendations [1], [2], [4], [5]. Rigid
construction dies were used with massive lower and
upper plates, strong mounting units, with guide columns.
This required subsequent mechanical completion of the
sleeve.

3. Preparation of the surface of the
workpieces for extrusion

The durability of the dies largely depends on the quality

of the surface preparation of the workpieces and the

lubrication of the deforming and deformable surfaces [6],

[71, which affect tool wear, increasing it several times
with unsatisfactory technology. The right choice of
lubricant coating will help to reduce the specific
extrusion force. Breaking of the continuity of the
lubricating coating can lead to the setting of the punch
material and the workpiece, causing damage to the
punch.

In contrast to the operations of hot and sheet extrusion
during cold extrusion steel parts contact stresses reach the
maximum values for the tool material of 2000-2500 MPa,
therefore very high demands are made on their
lubrication. The coating process is carried out on
mechanized galvanic lines and it includes over 10
operations: descaling, degreasing, etching, washing with
cold and hot water, applying a lubricant porous layer with
a thickness of 10-40 microns based on zinc phosphates,
followed by impregnation with zinc stearate or laundry
soap [6], [7]-

4. Improving the punchability of the

workpiece material

The advantages of the cold extrusion process are most
fully realized when using low-carbon steels, the hardness
of which does not exceed 125 HB. In this case,
deformations up to 70-85% are allowed in one transition,
and the tool loading is much lower than 2 GPa.

In a multi-transition process, in order to improve the
subsequent punchability of the workpieces between
different transitions, softening heat treatment of
deformed steel is carried out. As a rule, when assigning
annealing modes, the inhomogeneity of the deformed
state of the workpieces obtained by cold extrusion and
the presence of sections with very different degrees of
deformation are not taken into account. For example, in
the preparation of a bicycle brake sleeve obtained by
heading on cold heading machines, with an average
degree of deformation of 45%, there are areas in which
local deformation is close to critical (about 20%), and
areas in which local deformation exceeds 80%.

It is generally accepted that low-carbon steels with a
uniform granular perlite structure, when carbides are
uniformly distributed in a ferrite matrix, have optimal
punchability. The plasticity of steel with a uniform
structure of granular perlite is higher than that of the same
steel with a differentiated structure of ferrite and grains
of granular perlite [8]. The loading on the punching tool
depends on the state of the carbide phase even with a
small amount of perlite in the structure. For example, at
the same hardness of 125 HB, the hardening curves of
15X steel with a homogeneous granular perlite structure
are lower than the hardening curves of this steel with
plate carbides [9].
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As the studies [10], [11] have shown, under certain
temperature-time conditions of heating, a kind of
“annealing interval” on granular perlite can also appear
in mild steels. So, during the slow heating of 15X steel,
from which the bicycle brake sleeve is made, to a
temperature of Aci point (740 °C), with average speeds
not exceeding 1-2 °C per minute (heating of the charge
with the furnace), austenite as a rule, it nucleates at the
boundaries of ferrite grains far from pearlite regions,
which makes it difficult to dissolve carbides in it. In order
for carbides to dissolve in the y phase, they must first go
from perlite carbides to the a phase. Due to the increased
number of crystal structure defects that arise during the
o—y transformation, carbon is retained in ferrite,
accumulating around dislocations arising from phase
hardening [11].

In the course of research [9], unexpected results were
obtained on the effect of the heating rate to temperatures
of Aci point temperature on the decomposition products
of austenite during subsequent cooling with a furnace or
in air. When heating is accelerated to 100 ° C per minute,
austenite sections nucleate predominantly at the
boundaries of ferrite-pearlite grains, which contributes to
the dissolution of carbides in the y phase and its saturation
with carbon. This increases the stability of austenite to
decomposition upon subsequent cooling, since it shifts
the C-shaped curves to the right. As a result, the phase
transformation develops at lower temperatures of the
subcritical interval, when carbon atoms lose their
diffusion mobility and austenite, cooled in air or even
with a furnace, decomposes with the formation of
sections of lamellar perlite or sorbitol of increased
hardness (over 138 HB) [11].

Cold plastic deformation, as is known, provides
spheroidization of carbides during heating, which is
explained by the influence of an increased number of
“recrystallization vacancies” that accelerate the diffusion
of carbon. In the case of deformations of 5-10%, leading
to the development of stabilizing polygonization upon
heating, which suppresses the primary recrystallization
of ferrite, the intensity of spheroidization processes is
almost the same as in hot-rolled steel.

In addition, as was established by the authors of [12], the
rate of carbon diffusion is much lower than the rate of
movement of the recrystallized boundaries; therefore, at
the locations of the disappeared initial boundaries, an
increased carbon concentration is retained, which can
lead to the formation of cementite here. All this
contributes to the redistribution of carbides in the
recrystallized matrix and to obtain a homogeneous
structure of granular perlite after heating.

Due to the greater degree of spheroidization of carbides
in deformed steel when heated in a subcritical
temperature range above the temperature of Aci point,
their stability with respect to dissolution in austenite is
greater than in hot rolled metal. Thus, in steels deformed
by 20% or more, carbides practically do not dissolve in

the y phase in the temperature range of Aci point — Ac:
point + 20 °C during slow heating. This allows us to
recommend this mode for production conditions. A rather
uniform structure of granular perlite in inhomogeneously
deformed billets made by cold extrusion is obtained after
three hours of annealing at temperatures of the
“annealing interval” [10], [11].

The regime, including heating the planted billets from
15X steel with a furnace to temperatures of 740-760 °C,
was introduced at the bicycle factory and allowed to
halve the annealing time, increase the service life of
retorts and baskets made of heat-resistant steels, and,
most importantly, to obtain a fairly uniform grain
structure perlite, to improve the formability of the
workpiece material and thereby reduce the consumption
of dies and punches of cold extrusion by 15-25%.

5. Improving the heat treatment of the die

material

In addition to the requirements of high hardness and heat
resistance, which are necessary for a cutting tool, a
number of additional requirements are imposed on the
material of dies, which are determined by the specific
conditions of the tool's operation. To determine the
quality criteria of the material of a punching tool, it is
necessary to know the conditions of its operation, the
nature of the breaking stresses and the cause of the failure
of the tool. Most punches usually wear out, however, in
the case of punches for backward extrusion of deep
cavities, destruction from cyclic compressive-tensile
stresses or bending loads is possible [13], [14]. As is
known, in the forward move, the punch experiences
significant compressive stresses, and in the opposite,
tensile stresses. Some working parts of cold forming dies
(bottom dies, ejectors, supports) fail due to the
appearance of fatigue cracks. That is, in each case, the
structural strength of the material will be determined
either by the level of hardness, or by the yield strength
during bending or tension, or by some other criterion.
Fractographic studies of fractures and average durability
of punches of the first and second transitions from P6M5
steel during two-transition extrusion of the brake sleeve,
carried out for several years at the Kharkov Bicycle Plant,
showed the following [13]. The longevity of the punches
of the first transition is determined by the level of
bending stresses and, on average, is 7 thousand loading
cycles, and the punches of the second transition are
subjected to cyclic compressive-tensile loads and
squeeze 20 thousand parts to failure. Thus, for the
punches of the first transition, it is necessary to increase
the bending strength, for the punches of the second
transition, the ultimate compressive and tensile strength
and hardness.

Systematic studies of the influence of the first tempering
regimes on the structure and properties of steel after the
standard second tempering made it possible to
distinguish three stages of the first tempering - “primary
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softening”, “maximum hardening” and “secondary speed steel can be destroyed by different stresses,
softening” and to develop the following therefore, a differentiated approach to the choice of heat

recommendations for designating the heat treatment
mode of die tools made of P6MS5 steel [14]:

— if the tool material must have high values of
hardness, yield strength under compression,
resistance to brittle fracture and heat resistance,
the first tempering of hardened high-speed steel
must be interrupted at the stage of “primary
softening”;

— if a high resistance to bending loads is required
from the tool material, the first tempering should
be completed at the stage of “secondary
softening”.

In the standard mode, the first tempering is completed at
the stage of “maximum softening”, which leads to a
decrease in strength properties after the second tempering
[13], therefore, the generally accepted heat treatment
regime should not be recommended for stamping tools
made of P6M5 steel.

According to the developed principle of choosing the
temperature and time parameters of the first tempering,
for the punches of the first transition, the first tempering
must be completed at the stage of “secondary softening”,
which increases the tensile strength in bending from 3000
to 3250 MPa, although it slightly reduces the hardness
and yield strength in compression.

For punches of the second transition, the first vacation
must be completed at the stage of "primary softening".
This increases the hardness and tensile strength by
compression by 1-1.5 HRC and 150 MPa, respectively,
compared with the parameters obtained after standard
heat treatment. The effect of hardening by almost double
grinding of tempering carbides and their more uniform
distribution in the bottom die is explained [14].
Experimental industrial tests showed that after heat
treatment according to the proposed technologies, the
average resistance of the punches of the first transition
was 11 thousand loading cycles, and the punches of the
second transition were 40 thousand cycles, which is 1.6
and 2.0 times higher than the durability of punches,
issued according to the standard technology. Thus, the
change in the mode of the first tempering significantly
increased the durability of the punch tool made of P6M5
steel.

6. Conclusions

The factors determining the durability of a punching tool
during cold extrusion, which were used in the design of
tooling and the development of technologies for cold
extrusion and surface preparation of blanks, are
considered. The results of scientific research, pilot tests
and industrial introduction of the multi-transition process
of cold extrusion of a bicycle brake sleeve made of steel
15X at the Kharkov Bicycle Plant are presented.

It is shown that punches of different transitions of one
extrusion technological process made of P6M5 high-

treatment modes is required. The principle of choosing
the temperature-time parameters of the first tempering is
proposed, depending on the operating conditions of a
punch tool made of P6MD5 steel. For punches, which must
have high values of hardness and yield strength under
compression, the first tempering of hardened high-speed
steel must be interrupted at the stage of "primary
softening". For punches, which require high resistance to
bending loads, the first vacation should be completed at
the stage of "secondary softening".

A mode of softening heat treatment of inhomogeneously
deformed billets of steel 15X has been developed, which
allows one to obtain the most homogeneous structure of
granular perlite with the best punchability and includes
slow heating with a furnace to temperatures of so-called
Ac1 point — Acz point + 20 °C.

As a result of the implementation of the development, the
average durability of the punches of the first transition
amounted to 11 thousand loading cycles, and the punches
of the second transition - 40 thousand cycles.
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