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Introduction

Metal rings in the assembly are subjected to
various deformations [1] caused by loads. As a result
of static or dynamic action, the ring changes its
geometric shape, which affects its functionality. This
is especially pronounced in thin-walled rings.

Deviations from the geometric shape in the cross
section (in this case, the deviation from roundness)
can be calculated by measuring the actual dimensions
at several contact points of the ring surfaces with
special tools and devices and then comparing these
data with the dimensions of ideal circles. The
measurement process may carry errors due to the
inaccuracy of the measuring instrument and the
measurement methodology carried out by the
performer. At the same time, the degree and nature of
deformation of the ring material (for example, von
Mises stress [2-5] and shear stress [6-10]) in real
conditions can be calculated only by indirect
measurement methods.

The use of special computer applications for
engineering analysis makes it possible to evaluate the
degree of strain of the material and deviations from
the geometric shape of hollow parts with high
reliability of the results obtained and in a short time.
The article presents the results of calculating the
stress-strain state of a thin-walled steel ring under the
action of symmetrical constant loads.

Materials and methods

The calculation of equivalent and shear stresses
of the thin-walled steel ring under point loading by
concentrated forces on the outer surface was
performed in Comsol Multiphysics 5.6. The ring
model was built on a plane with an outer diameter of
400 mm and an inner diameter of 300 mm. The ring
model was given the properties of 1006 structural
steel. A constant load acted on the outer surface of the
ring, in the form of four concentrated forces of 5 kN,
shown in the Fig. 1.

Figure 1. Applied forces to the outer surface of the ring model.

Applied forces acted on the ring for a duration of
1s. The accuracy of splitting the ring model into finite
elements is assumed to be average.

Results and discussions

The calculation results are shown in the Fig. 2.

The color scheme applied to the two-
dimensional model characterizes the deformed state of
the ring under the action of four concentrated forces.
Contours of the circles characterize the initial shape of
the ring model. The colors, from blue to red,
determine the degree of strain of the ring model, i.e.
from  minimum to maximum  magnitudes,
respectively. Due to the symmetry of the action of
loads, the deformation of the ring model has the same
nature in the cross section of each quarter of the circle.
Changes in the magnitudes of von Mises stress,
volumetric strain and shear stress of the ring material
were determined along the circumference of the outer
and inner surfaces of the model. In the graphs, the blue
dependences characterize the magnitude of the stress-

strain state of the ring material at the initial moment
of the load action, and accordingly, the green
dependences indicate the stress-strain state of the ring
material at the first second of the load action. It is
noted that the strain along the outer surface of the
model is characterized to a greater extent by
compression and stretching (negative and positive
magnitudes of the volumetric strain coefficient) at the
time of application of forces. Before removing the
load (in the first second), the compression of the
material increases slightly, and there is practically no
tensile strain. At the same time, stretching and
compression strains are halved on the inner surface of
the ring model. It is also noted that on the inner
surface, the layers of the material are subjected to
stretching and compression to the same degree. Shear
stress of the layers of the ring material has almost the
same nature. Along the outer surface, the layer shift is
expressed in an instantaneous increase in stress in the
local area, both at the time of exposure to the load and
before removing it. On the inner surface, the shear
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stress is distributed more evenly over the

circumference.
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Figure 2. Calculation results: in the middle are the contours of the displacement of the ring material during
deformation; the graphs on the left show von Mises stress from volumetric strain of the material and shear
stress from the circumference along the outer surface of the ring; the graphs on the right show von Mises
stress from volumetric strain of the material and shear stress from the circumference along the inner surface
of the ring.

Conclusion

Thus, based on the analysis of the calculation
results, the following conclusions can be drawn:

1. Under the action of a concentrated load, the
layers of the ring material on the outer surface are
mainly compressed, and on the inner surface, the
layers of the material experience strains and
compressions and stretches to the same extent.
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