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A laser is a source of highly directional coherent electromagnetic radiation
capable of achieving the maximum possible concentration of radiation energy in
space, time and spectral range [1]. The basis of laser operation is the quantum-
mechanical phenomenon of forced (induced) radiation, which can be pulsed or
continuous. With pulsed radiation, extremely high peak powers are achieved, with
continuous radiation, constant power is provided.

Laser industrial technologies are based mainly on the thermal effect of laser
radiation on the material being processed, as a result of which, when certain
temperatures are reached on the surface and in the volume of the irradiated
material, various physical processes can develop [1, 2].

When a beam of laser radiation falls on the surface of a material, part of the
radiation is reflected from it, and part passes deep into the material, being
absorbed in it. The intensity of the absorbed radiation at the depth x of the
processed material is determined by the Bouguer-Lambert law. Taking into
account the reflection from the surface, it is equal:

I(x) = IpAexp(—ax), (1)
where Ip - the radiation intensity on the surface,
a — absorption coefficient,
R — reflection coefficient;
A =1- R /s the absorption capacity of the material.

The heat released in the material spreads deep due to thermal conductivity.
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For laser hardening of precision parts, heating above the temperature of
phase transformations, but below the melting temperature, i.e. hardening from the
solid state, is of interest. This will allow, while preserving the geometric
characteristics of the surface, to carry out the strengthening of steel products.

The threshold (critical) power density grfor heating the surface to a certain
temperature 7can be calculated by the formula:

_ (T-ToAm
ar = 2(1-R)vat' (2)

where To Is the initial temperature of the material,
a — thermal conductivity of the material,

A - the thermal conductivity of the material,

R - the reflection coefficient,

T - the duration of exposure.

The reflectivity of metals, characterized by the value of the coefficient A,
decreases with decreasing wavelength (Fig. 1), so the efficiency of heating metals
increases when using a laser with a shorter wavelength. Therefore, the processing
of metals using a Nd:YAG laser or a Nd:YVOy laser with a wavelength of A =1.06 um
is more effective compared to processing with a CO; laser with a wavelength of A =
10.6 um [2, 4].
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Fig.1 Absorption coefficient of some metals depending on the wavelength of
radiation [3]

To generate the third harmonic (355 nm) in a solid-state laser, nonlinear
optical phenomena are used. The generation is implemented according to the
following scheme: the main wavelength of 1064 nm excites the second harmonic
(532 nm) on the first nonlinear crystal of potassium titanyl phosphate (KTiOPO4).
Then the radiation of the main and second harmonics is combined on the second
nonlinear crystal, as a result of which the third harmonic with a wavelength of 355
nm is emitted at the output (Fig. 2).
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Fig. 2. Third harmonic generation scheme

Conclusions. The efficiency of heating metals is influenced by the wavelength
of the laser, with shorter wavelengths proving more effective, as reflected in the
decreased reflectivity of metals at shorter wavelengths. Additionally, the
generation of the third harmonic in a solid-state laser involves leveraging nonlinear
optical phenomena. By exciting the second harmonic and combining the main and
second harmonics, the third harmonic with a shorter wavelength is emitted,
enhancing the efficiency of metal processing.
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