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ABSTRACT

Metal is used in many branches of domestic industry, so
increasing its strength becomes an urgent topic for the
development of various industries where metal is an integral
element. An effective way to increase the strength of the metal
is cold plastic deformation and heating. This article presents
the experience of studying the influence of cold plastic
deformation and heating on the properties of metal. With the
help of a rivet, the hardness and ultimate strength can be
increased by 1.5-3 times, and the yield strength by 3-7 times.
The greater the degree of deformation, the stronger the
coercive force increases and the lower the magnetic
permeability and density of the metal. The use of plastic
deformation is an effective way to strengthen the finished
metal product.

Key words : cold plastic deformation, heating, metal,
sliding, recrystallization.

1. INTRODUCTION

Metal products are widely distributed all over the world.
Today, the issue of its strengthening is becoming more
urgent.

The characteristics of metal strength are:

- tensile strength;

- yield strength;

- hardness.

In the process of cold plastic deformation, the properties of
the metal change and the metal becomes stronger. Riveted
metal stores 5-10% of the energy that was spent on
deformation. The higher the degree of deformation, the
higher the strength characteristics of the metal. The degree of
plasticity and viscosity are reduced. In this article, we
consider the influence of cold plastic deformation and heating
on the properties of metal, its strength. Plastic deformation is
presented as one of the most effective ways to strengthen
metal today.
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2. THEORETICAL FRAMEWORK

Deformation refers to changes in the size and shape of bodies
under the influence of external forces.

Elastic deformation is a deformation that affects the shape
and size of «bodies and is completely eliminated after the
termination of external forces. Plastic deformation is the
result of irreversible displacements of atoms» [1] under the
influence of external forces. In crystals, such displacements
occur by sliding and doubling.

The metal structure is formed under the influence of pressure.
Each of the crystallites is deformed. Before deformation, the
original grain of the annealed metal almost always has a
rounded shape. Figure 1 shows the change in grain shape as a
result of plastic deformation (G. V. Klevtsov).

Figure 1: Changing the shape of the grain as a result of plastic
deformation (a-before deformation, b - after deformation)

During plastic deformation, grains (crystallites) are stretched
in the direction of the main stretching strain (for example, in
the direction of rolling or drawing as in figure 1b) [1].
«Deformation resistance indicators increase with increasing
degree of cold deformation» [1]. «And elasticity indicators

. - —‘.ﬁ -
Figure 2: Dependence of mechanical properties of metal on the
degree of cold plastic deformation
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The basis of plastic deformation is the movement of atoms at
considerable distances from the initial equilibrium position
[2]. A number of properties change during plastic
deformation [3]. The role of plasticity is to ensure the
structural strength of parts under load [4]. During the
deformation process, the metal is strengthened. The density of
defects ensures the strength of the metal. Intensive riveting of
metals occurs at the beginning of deformation [5]. The greater
the degree of deformation, the faster the yield strength of the
time resistance increases [6].

The metal is quickly riveted at the beginning of deformation.
Then, with increasing strain, the mechanical properties
change little [7].

With the help of a rivet, the hardness and ultimate strength
can be increased by 1.5-3 times, and the yield strength by 3-7
times [8].

The greater the degree of deformation, the stronger the
coercive force increases and the lower the magnetic
permeability and density of the metal [9]. Despite the fact that
the plasticity is reduced, the use of a rivet in increasing the
strength of the metal is still widely used [10].

For example, to increase the fatigue resistance, the surface
layer of the parts is glued. Cold deformation is performed at
temperatures lower than recrystallization temperatures [11].

During hot deformation, the hardening is removed during
recrystallization [12].

Recrystallization happens:

- primary;

- collective [13];

- secondary [14].

Primary recrystallization consists in the formation of embryos
and the growth of new grains with an undistorted crystal
lattice [15].

Collective recrystallization is characterized by the growth of
the formed grains. At the same time, it is worth noting that
some grains grow at the expense of others, due to the
transition of atoms beyond the interface.

The result may be a sharp heterogeneity of the grain size
structure.

The speed of recrystallization depends on the following
factors:

- degree of pre-deformation;

- the degree of heating;

- heating rate;

- strain rate;

- presence of impurities in the alloy.

The main factors listed are the heating temperature and the
degree of pre-deformation.

The recrystallization start temperature for pure metals is
defined as Tp=0.4, where Tp is the absolute recrystallization
temperature. Critical (highest) degree of deformation (up to
10%).

In this case, the size of the resulting crystallized grain exceeds
the initial one by several tens of times. This phenomenon
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occurs in engineering, where the deformation varies from 0 to
large degrees. It must be taken into account, because in some
cases, grain enlargement is undesirable (the impact strength
decreases sharply), and sometimes it is favorable, since there
is an increase in heat resistance, we get the required
electromagnetic properties. Recrystallization in the area of
critical degree of deformation is caused by the combination of
groups of grains into one.

Figure 3 shows changes in the structure and properties of the
deformed metal according to Yu. P. Egorov
[16].
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Figure 3: Structure and properties of the deformed metal depending
on the degree of deformation
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Under the influence of the applied load, the grains of the
deformable body begin to change. They begin to stretch. The
volume and their number remain unchanged. A large number
of dislocations are concentrated inside each grain.
Their density increases from 10° — 10’ cm? (before
deformation) to 10'°-10'> cm™ (after deformation). The
temperature at which recrystallization begins is determined
by two methods: metallographic and x-ray diffraction. There
is a relationship between the recrystallization temperature (T,)
and the melting temperature (T,), which was deduced by A.
A. Bochvar:
Tp=aTy K

If T, can be determined by the change in hardness, then Tp
is taken as the temperature at which the increase in hardness
decreases by half. Figure 4 is a graph determine the
temperature according to Yu. P. Egorov [16].
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Figure 4: Determination of recrystallization temperature
by changing the hardness during heating
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Figure 5 shows the influence of the degree of deformation on
the size of the deformable grain (according to Yu. P. Egorov)
[16].
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Figure 5: Influence of the degree of deformation on the
size of the deformable grain

Due to cold processing, the metal comes to a state with
increased free energy. Therefore, the state of the metal is
thermodynamically unstable. During the heating process, it
returns and recrystallizes, which change its properties back to
how they changed during cold plastic deformation [17].
Resistance to deformation: the limits of strength; fluidity;
hardness.

These indicators decrease, and the plasticity indicators
become higher.

Indicators of plasticity include:

- relative elongation;

- narrowing.

Return processes occur when heated to relatively low
temperatures.

The first stage of return is characterized by a decrease in the
concentration of point defects:

- vacancies;

- hub atoms.

It is also characterized by the redistribution of dislocations
without the formation of new sub-grains. Dislocations are a
special kind of linear imperfections (defects) of the crystal
lattice. A simple way to form dislocations in a crystal is by
shifting.

Figure 6 shows a diagram of the movement of atoms when
sliding edge dislocation.

Figure 6: Diagram of the movement of atoms when sliding edge
dislocation
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The shift to one interatomic state is a coordinated
rearrangement of atoms near the dislocation and is not
accompanied by diffusive mass transfer.

So the dislocation will eventually come to the surface of the
crystal and there will be a step.

The second stage of return is called polygonization.

During the return process, no significant transformations of
the metal structure using a light microscope have yet been
observed. The mechanical properties remain unchanged.
When a cold-deformed metal is heated, changes begin to
occur in its structure starting from a certain temperature, and
new equiaxed grains appear instead of the fibrous structure.
At the same time, the temperature of the beginning of
recrystallization of metals that have been subjected to
significant deformation is equal to 0.4 T, (for metals of
technical frequency), for alloys (0.6 — 0.7).

3. RESULTS AND DISCUSSION

The aim of the study is to determine the effect of cold plastic
deformation and temperature on the hardness of steel,
aluminum and copper samples.

The following tools were used to conduct the study:

- manual mechanical press;

- set of test samples (samples made of aluminum, copper and
low-carbon steel);

- hydraulic press;

- electric muffle furnace;

- pliers;

- Brinell hardness testers;

- monocular magnifier;

- set of sanding papers;

- calliper;

- the passport of the product;

- operating instructions.

We took three samples of low-carbon steel and were subjected
to cold deformation:

- by 5%);

- by 10%;

- by 25%.

Then the samples were heated to 600°C.

Cylindrical steel samples were deposited at different heights
on a hydraulic press. The hardness of the samples was
measured using a Brinell hardness tester. As an indenter, a
ball of steel with a diameter of 5 mm was used at a load of
2500 h. For the rest of the samples, a Rockwell hardness tester
was used (a ball of 1.59 mm, under a load of 100 kgf).

The obtained values of HRB hardness of steel samples were
translated by Brinell. Four samples of steel, copper and
aluminum were deposited on a hydraulic press with a degree
of deformation of more than 50%.

After deforming a metal with a degree of deformation up to
70%, the ultimate strength and hardness increase by 3 times,
and the yield strength becomes 8 times greater, and the
elongation decreases by up to 40 times.
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With increasing temperature there is an increase in the
mobility of the atoms. And when a certain temperature is
reached, new equiaxed grains are formed. The old link is not
restored when the riveted metal is heated.

Also, hot deformation of samples of technically pure copper to
various degrees of deformation was performed and the change
in the hardness of hot-formed samples depending on the
degree of deformation was determined. Cold-formed copper
samples were subjected to recrystallized annealing (heat
treatment to remove the hardening) for 10 minutes, and
changes in the hardness of annealed samples were determined
depending on the degree of deformation.

4. CONCLUSION

We studied the effect of cold plastic deformation and
temperature on the hardness of steel, aluminum and copper
samples. The use of plastic deformation is an effective way to
strengthen the finished metal product. Hardening of the metal
through the use of plastic deformation is explained by an
increase in the number of defects in the crystal structure:
dislocations, vacancies, interstitial atoms. The use of plastic
deformation changes the physical properties of the metal: the
lattice distortion increases, the internal energy increases, the
hardness and strength increase, the electrical resistance
increases, and the degree of plasticity becomes lower. As the
degree of cold deformation increases, the strength
characteristics (hardness, ultimate strength, and yield
strength) increase.
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