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ABSTRACT

The action of variable loads is applied to such critical parts as axles of railway cars, gear wheels, crankshafts,
turbine blades, piston rods, etc. Parts of machines and structures that are exposed to alternating loads for a
long time can collapse suddenly without permanent deformations at stresses that are much lower than the
ultimate strength.
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INTRODUCTION

To the action of loads, the resistance of materials that change in time in magnitude or in magnitude and sign
is significantly different from the resistance of the same materials to static and shock action of loads. At the
same time, under the action of variable loads, machine parts and structural elements are destroyed at
significantly lower stresses than under the action of static loads. Such critical parts as axles of railway cars,
gear wheels, crankshafts, turbine blades, piston rods, etc. are exposed to variable loads. Parts of machines and
structures that are exposed to alternating loads for a long time can collapse suddenly without permanent
deformations at stresses that are much lower than the ultimate strength. Since the fractures of parts usually do
not occur immediately, but after a rather significant period of time of operation of a machine or structure, a
hypothesis arose that under the action of alternating stresses, the metal “gets tired”, changes its structure,
becomes brittle from plastic. However, already at the beginning of the twentieth century, after studies of the
structure of metals, it became clear that this hypothesis was incorrect, and the mechanism of fracture from
variable loads was disclosed. Numerous experiments have established that if the level of stresses caused by
alternating loads exceeds a certain limit, then irreversible processes of accumulation of 384 dislocations begin
to occur in the material, which initiate the formation of cracks [3-6].

In turn, the concentration of stresses at the edge of the crack contributes to its further development. This
process weakens the section, and when the crack reaches critical dimensions, the part or structure is destroyed
without visible permanent deformations (suddenly). The process of accumulation of dislocations in a material
under the action of alternating stresses, leading to crack formation and fracture, is called material fatigue. The
ability of a material to resist fatigue is called endurance. It has been experimentally established that the
mechanism of the fatigue fracture process is inextricably linked with the structural inhomogeneity of the
material, the presence of various inclusions, crystal lattice defects, etc[1-6].

Failure under variable loads is usually local in nature and does not affect the entire material of the structure.
Therefore, when developing cracks are found, in many cases there is no need to raise the question of changing
the entire structure, it is enough to replace the damaged parts and eliminate the causes that caused the
formation of cracks [2-5].

The physical theory of strength of solids is currently still at such a stage that it is impossible to create methods
for calculating endurance on its basis. In this regard, the theory of fatigue strength of materials is built by
accumulating experimental data, on the basis of which some rules for calculating endurance are formulated.

CHARACTERISTICS OF STRESS CYCLES
Fatigue failure occurs when one of the following load application features are present:
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1) Multiple application of a load of the same sign (for example, 386 periodically changing from zero to
maximum, pic. 1.2, a);

2) Repeated application of a load that periodically changes not only in magnitude, but also in sign (alternating
loads), when the material endurance is simultaneously influenced by both repetition and variability of the
loaded. At the same time, there are changes in the load in a symmetric cycle (Pic. 1.2, b) and an asymmetric
change in the load (Pic. 1.2, ¢, d). The laws of change in loads, and therefore stresses in time, can be complex.
Basically, in engineering practice, there are alternating voltages that repeat at regular intervals (cyclic
voltages), and voltages that change according to the sinusoidal law.
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Pic: 1.2. Load change laws:
a, T - loads, periodically varying in magnitude;
6 - periodically changing in magnitude and sign;
B - asymmetric change in loads
The period of voltage change T is the time during which the voltage takes on its original value.
A cycle of alternating voltages is a set of voltages during one period.
Cycles of alternating voltages characterize its parameters (Pic. 1.3):
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Pic. 1.3. AC voltage characteristic
1) Maximum stress b max in terms of algebraic value;

2) Minimum voltage o,
3) Average cycle voltage o, :

=

6min

o, = (O_max _2'_O-min) (11)

The average value of the cycle is the time constant (static) component of the cycle (positive or negative);
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4) cycle amplitude o, (half voltage difference o, and taking into account o, the sign):

o, = O max ;—O-min (12)
5) coefficient of asymmetry of the cycle R:
R = Jmin (1.3)
O_max

If the signs of stresses o, and are differento,,;, , then the asymmetry coefficient is taken with a "-" sign [1].
Stress cycles that have the same value of the asymmetry coefficient are called similar.

VARIETIES OF STRESS CYCLES
A symmetric cycle is called such a law of voltage change, in which the maximum and minimum stresses are

equal in absolute value |o | = |omn|: (Pic. 1.4).
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Pic. 1.4. Symmetrical voltage cycle
For symmetrical cycle voltages: o, =o,, : 0, =0:
An asymmetric cycle is such a law of voltage change in which the maximum and minimum stresses are
different in absolute value: | omax | # | omin | -
If the signs of omax and omin are different, then the cycle is called a variable sign; if the signs of cmax and omin
are the same, then the cycle is called constant (Pic. 1.5).
In the case when one of the stresses (omax Or omin) IS equal to zero, the cycle is called pulsating or zero (pic.
1.6, aand b).

For zero cycle voltages: o, =0 or o, =0; 0, =0, =0/2;R=0.
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Pic. 1.5. Signs of constant stress cycles
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Pic. 1.6 Zero stress cycles

Static loaded is sometimes called a canned cycle (pic. 1.7).
Insuchacycle o, =0, =0,; o, =0.
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Pic. 1.7. Constant voltage cycle
Any asymmetric cycle of alternating voltages can be represented as the sum of a symmetric cycle with a
maximum stress equal to the amplitude of a given cycle ca and a constant stress equal to the average stress of
the cycle bm (see pic. 1.3), i.e .:

Omn =0, 0, (1.4)

min

In the case of variable shear stresses, all the above terms and relations remain valid with o replaced by t [2].

STRENGTH CALCULATION UNDER REGULAR LOADING CONDITIONS
Regular mode loaded is called a mode in which the average voltage o, and amplitude of the cycle ba remain

constant over time.
If, with a regular loading mode o, =o,, +0o,, the maximum stress of the operating cycle is less than the
endurance limit of the part for a given asymmetry o, of the cycle, then the calculation for strength and cyclic
stresses is performed as a test one. The strength condition for this calculation has the form.

K, <K (19
Where: K - is the calculated safety factor for cyclic stresses; K ,,,, — permissible safety factor; assigned from

operating experience, depending on the purpose of the part and the conditions of its operation, the accuracy
of calculation methods and the reliability of information about the mechanical characteristics of the metal.
Usually take K, =1,3...3 [2-4].

The calculation for the allowable safety factor is carried out separately only for a uniaxial stress state, i.e.,
for normal stresses (bending, tension - compression, tension - compression with bending), only for pure
shear, i.e., for shear stresses (torsion), and for a plane stress state, i.e. with a combination of normal and
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shear stresses (bending with torsion, tension - compression with torsion, tension - compression with bending
and torsion). If condition is satisfied in the calculation, then it is considered that the part can work
indefinitely.
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