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ANALYSIS OF THE STRAIN INTENSITY OF A PREHEATED STEEL
BUSHING UNDER CONDITIONS OF PRESSING A STEEL SHAFT INTO
IT TOFORMAFITWITH A GUARANTEED INTERFERENCE

Abstract: This article presents the results of finite element modeling of the strain of a press-fit joint bushing with
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guaranteed interference. The strain intensity of the bushing material was estimated by the crack growth direction,
volumetric strain and the principal strain direction.
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1. Introduction

The process of pressing a steel shaft into a heated
bushing to form an interference fit is widely used in
mechanical engineering to create fixed joints. When
the bushing is heated, complex thermomechanical
processes arise that require an analysis of the stress
and strain state.

Preheating reduces the hardness and tensile
strength of the bushing, facilitating its deformation
and ensuring a tight fit to the steel shaft [1]. The
intensity of strain depends on the magnitude of
interference fit, pressing force and temperature
distribution, which affects the yield strength of the
material and the elastic and plastic transition [2-4].
Quantitative assessment typically involves the
calculation of von Mises equivalent stresses, strain
distributions and strain gradients using finite element
modeling or analytical methods, taking into account
thermal expansion, contact stresses and material flow
[5-7]. This ensures that an interference fit is achieved

Doi: Gos¥ef https://dx.doi.org/10.15863/TAS.2026.03.155.15

without causing excessive residual stress or damage to
components, maintaining the integrity and durability
of assembled parts [8-10].

This article presents an assessment of the
deformed state of the preheated steel bushing under
press-fitting conditions with guaranteed interference
according to several criteria, with the aim of
identifying the most heavily loaded zones of the parts
being joined that affect the reliability of the fit.

2. Materials and methods

The initial and boundary conditions of finite
element modeling of the process of pressing the shaft
model into the bushing model are presented in [11].

3. Results and discussion

The results of finite element modeling of the
deformation process of the bushing model under
conditions of pressing the shaft model into it are
presented in the Table 1 and the Figure 1.

Table 1. Crack growth direction and distribution of volumetric strain (contact on the model surface on the
left) in the bushing model for different pressing lengths.
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The deformed state of the material of the bushing
model is presented in the form of crack growth vectors
in the axial and radial directions, the intensity of
volumetric strain and the vectors of principal strain
direction.

Crack growth in the material of the bushing
model was calculated on the contact inner diametric
and flat end surfaces of the part. Over almost the entire
length of pressing, crack growth was noted in the
direction of movement of the shaft model (along the
inner cylindrical surface of the bushing model) and in
the direction from the center line to the periphery of
the bushing model (along the flat end surface of the
bushing model). An exception is the multidirectional
growth direction of cracks on the contact inner
cylindrical surface of the bushing model over a
pressing length of 30 mm.

The change in the volume of the bushing model
relative to the initial volume was determined using the

coefficient of volumetric strain. Positive and negative
values of the coefficient of volumetric strain
characterize the process of increase in volume
(expansion) and decrease in volume (compression) of
the material. Based on the calculated values of the
coefficient, it can be concluded that the maximum
compression of the volume occurs at a pressing length
of 100 mm (a change in the volume of the bushing
model of approximately 0.5%), and the minimum
compression occurs at a pressing length of 30 mm (a
change in the volume of the bushing model of
approximately 0.25%). The expansion of the volume
of the bushing model over the pressing length is an
order of magnitude less than the compression of the
volume under plastic deformation conditions. At a
pressing length of over 80 mm, the expansion of the
material volume is negligible.
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Figure 1. The vectors of principal strain direction in the wall of the bushing model along the pressing length
(contact on the surface of the model on the left): A—10 mm, B —20 mm, C — 30 mm, D — 40 mm, E — 50 mm,
F-60 mm, G-70 mm, H-80 mm, I - 90 mm and J — 100 mm.

The vectors of principal strain direction of the
material of the bushing model demonstrate the
directions of tensile strain without taking into account
shears. Cracks form in the material perpendicular to
the calculated vectors. At extreme strains, partial
destruction of the material of the bushing model may
occur. It is noted that the stretching of wall of the
bushing model is concentrated in the upper part, which
can lead to the formation of cracks in the radial
direction.

4. Conclusion

Strain of the steel bushing under conditions of
pressing the steel shaft into it is represented by the
following regularities:

1. Crack growth in the bushing material occurs
in the axial (in the direction of movement of the
pressed shaft) and radial (in the direction from the
center line to the periphery) directions. An exception
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