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Abstract

Majorities of metal constructions work under cyclic loads. It is clear, that
cyclic loads make more severe conditions for metal to work than static and dynamic
loads. In such conditions, metallic structure ruptures under stress that is sufficiently
below not only ordinary ultimate stress but also elastic limit. The phenomenon that
causes such failure of the structure is known as a fatigue.

The source of the field of an alternating stress developed inside the metal
could be alternating loads acting on the surface of the sample as well as non-
homogenous temperature field existing in the body, which causes creation of non-
stationary thermal gradients. Simultaneous influence of the both factors is also
possible that makes working conditions more severe. Failures in metallic structures
due to alternating thermal loadings are called thermal fatigue.

Since fatigue resistance is one of the most important characteristic of any
metallic structure, gun barrel also isn't an exception taking into account the loads
acting on it. Improvement of durability of the barrel is one of the actual problems
in the developed countries of the world. Based on the mentioned above, while
studying of endurance of the barrel the role of thermal fatigue among the factors
causing damage in the barrel should be estimated firstly.

We have investigated structure, macro and microhardness of the damaged
barrel. During macroscopic study of barrel noticeable cracks typical for the thermal
fatigue have not been found. Furthermore, cracks were not found during
microscopic analysis of the structure and inner surface of the barrel. Experimental
investigations showed the tendency of the structural transform and decrement in
the values of macro and microhardness was established along the length of the
barrel.

As a lot of complexities are connected to physical modeling of the shooting
process, elaboration such mathematical model, which, on the base of conditional
boundary conditions close to the real process, discribes distributions of temperature
and corresponding thermal stresses, was our object.

By the first approach, barrel can be considered as pipe with finite length and
thickness, whose inner surface is subject to the nonstationary thermal loads.
Problems of our study can be divided and described as follows: The first problem
implies analytical solution of the heat conduction equation with radiation
nonhomogeneous boundary conditions, and the second problem deals with
obtaining of analytical solution of the displacement equation of motion of
nonisothermal elastodynamics for homogeneous isotropic elastic body, when inner
and outer surfaces of the body are considered as traction free (we have neglected
pressure impact of gunpowder on the barrel since we have investigated influence of
thermal fatigue on the endurance of the barrel). The last equation is known as
Navier’s equation. Generalized Hankel transform is used to solve the problems. Two
basis of orthogonal functions necessary for integral transform are obtained. The first
corresponds to the boundary conditions written for the heat conduction equation
and the second fits the boundary conditions of Navier's equation. We have also
calculated matrix mapping one functional space to another.
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Using theoretical analysis, it was shown that thermal fatigue is not a prime
reason of damages in barrel since thermal stresses developed in barrel during
shooting process is quite less than the fatigue limit of steel C50. Thus, absence of
thermal cracks at the inner surface and in structure of barrel is explained reasonably.

Elaborated mathematical model carries general character. It is not restricted
by this problem only and can be generalized for many physical problems taking
place in the solid bodies with axial symmetry as knowledge of the temperature and
pressure of the media is an important information to estimate processes ongoing in
it.

The concept of the approach to problem have been used in combined process
of self-propagating high temperature synthesis and electric rolling for modeling of
temperature field. The technology implies the current passing into deformation
zone through mills when, due to high electric resistance of the rolling material,
produced Joule heat provides isothermal regime of the rolling process. The amount
of heat, which is lost due to interaction between heated material and cold rolls, was
calculated and the current, necessary for isothermal regime of rolling process was
found. It should be mentioned that the mathematical model showed good
coincidence with experimental results.

Based on combined analysis of theoretical results and the facts obtaining
during researching of damaged barrel, impact of thermal fatigue on durability of
barrel was excluded and influence of the wear took the first place. Hence, to improve
the wear resistance of the steel used for a barrel we have developed a technology of
steel smelting process into high frequency induction furnace. Samples with 35 mm
in diameter were sent in State Military Scientific-Technical Center Delta for
conducting further investigations.
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