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ABSTRACT: The spherical plain bearing was established using the UG of three-dimensional modeling
software and imports model into the finite element software ANSYS-Workbench in modal analysis. Under
two different materials between GCr15 and Ti44AI2Cr8Nb3V0.5B0.5A1203 (referred TiAl based alloys) |,
analysis of modal frequencies and mode shapes for spherical plain bearings. The result shows that the
deformation of TiAl base alloys spherical plain bearings is significantly less than the amount of deformation
of GCr15 spherical plain bearings. So spherical plain bearings modal analysis provide a theoretical basis and
reference in the spherical plain bearing applications for the new TiAl base alloy material.
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1 GENERAL INSTRUCTIONS

Bearings are critical components of mechanical
foundation of the relationship between economic
development. They are known as the mechanical
"joint", and a spherical bearing (an outer of the inner
spherical surface and an inner of the outer spherical
surface) is a typical plain bearings, which has a
simple structure, small size, large capacity, wide
temperature range, long life and other advantages.
They have been widely applied to metallurgical
rolling equipment, filling equipment, hydraulic
turbine, turbine-expander, instrumentation, mining
machinery, marine machinery, textile machinery,
astronautics and navigation and other fields[1-2].
Especially with the rapid development of the
aerospace and automobile industry. They are made
more stringent requirements of spherical plain
bearings in precision, velocity, sensitivity, life,
reliability, temperature, corrosion resistance, etc. [3].
With the use of air and space component of weight
loss and weight requirements increasing car, looking
for a material both a high tensile strength, high
specific strength and high ductility, but also has high
temperature resistance, corrosion resistance of new
materials become researchers efforts.

In this paper, GCr15 and new materials TiAl
based alloys respectively as spherical plain bearing
material, the use of UG modeling software for its
modeling and modal analysis by ANSYS-
Workbench of simulation software and then compare
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these two materials modal frequencies and mode
shapes of spherical plain bearings.

2 INTRODUCTION THE TIAL BASED ALLOY

The TiAl based alloy has a light specific gravity and
high specific strength, and in the high temperature
environment can still maintain a sufficiently high
intensity and toughness. It also has good creep
resistance and extremely high oxidation resistance,
and can replace traditional sliding bearing material
tin bronze, zinc alloy and stainless steel, etc. [4-
6].As a new type of high temperature resistance
materials, TiAl based alloy material with great
potential become light and high-temperature
materials in the aerospace, automotive. On the basis
of Ti44AI2Cr2Nb alloys to add B and hig
component Nb (8%) and high hardness ceramic
particle nucleation Al203, prepared
Ti44A12Cr8Nb3V0.5B0.5A1203 new titanium alloy
material of antiwear and friction reducing, high
temperature resistance and light weight, in its
capacity as spherical plain bearing new materials.

3 ESTABLISH THREE-DIMENSIONAL
ASSEMBLY MODEL OF SPHERICAL PLAIN
BEARING

Spherical plain bearings are the research object, and
for it to modal analysis. By inner and outer spherical



plain bearings, whose main structural parameters:
diameter d of 40mm, outer diameter D of 68mm,
inner width B of 40mm, outer ring width C of
18mm, spherical diameter dk of 60 mm and the ring
face outside diameter d1 of 44mm. Using UG of
three-dimensional modeling software is modling,
three-dimensional solid model of spherical plain
bearing, for Figure 1.

Figure 1. The three-dimensional assembly modle of
spherical plain bearing

4 MODAL ANALYSIS OF SPHERICAL PLAIN
BEARINGS UNDER DIFFERENT
MATERIALS

Based on three-dimensional assembly model of
spherical plain bearing to establish the modle for
simulation analysis, and to add new material,
updating data and meshing, etc. Finally, we are in
modal analysis for the model modal.

4.1 Establish simulation model of spherical plain
bearing

The three-dimensional assembly model of spherical
plain bearing has some unimportant part features,
such as chamfering, oil groove, oil hole. These
features in modal analysis of research does not work,
and increase the difficulty of analysis and time-
consuming. Therefore, three-dimensional model of
spherical plain bearing is simplified to remove
chamfering, tanks, and other important parts hole
features [7].

Taking into account the ANSYS Workbench and
UG three-dimensional design software have
seamless connection [8]. So import the UG modle to
ANSYS-Workbench, the geometric model generated
directly applied to modal analysis.

4.2 Adding material

In ANSYS-Workbench, model default material is
Structural steel, but this article needs GCrl5
spherical plain bearings and TiAl base alloy of the
two materials, so the need to add new material in the

box Model. The elastic modulus and Poisson's ratio
of these two spherical plain bearing materials and
other parameters in Table 1 below.

Table 1. The basic parameters of materials

Material Elastic modulus | Poisson's | Density
(GPa) ratio | (Kg/m3)
GCr15 208 0.3 7800
TiAl Based alloys 87 0.3 4180

Add parameters in Table 1 both GCr15 and TiAl
based alloys to the ANSYS-Workbench, as shown in
Figure 2 below:

Properties of Outiine Row 3: GCr15 3
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2 T pensty 7800 kgm-3 =

Isotropic Secant
Coeffident of
Thermal Expansion
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(a) Adding the new material GCr15

:
A B =
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(b) Adding the new material TiAl base alloy
Figure 2. In ANSYS-Workbench to add new material

After adding new material and updating data, then
enter Modal-Mechanical and set the mandrel to rigid
body.

4.3 Meshing

Using automatically partition method in ANSYS-
Workbench to mesh the model obtained, after
meshing, it has generated 5301 nodes and 841 unit.
Meshing model diagram shown in Figure 3:



Figure 3. The model of meshing

Divided into a grid for quality testing, this paper
to evaluate the distortion degree by Skewness, the
closer to O indicates that the unit distortion smaller,
the closer to 1 indicates more serious distortion.
Analysis of the Skewness values obtained in
Figure4:

Modes 5301
Elements 841

Mesh Metric Skewness
Min .050908750319566
Max .682387492179241
Average L275517728959003
Standard Deviation |.15273126135439

Figure 4. The Skewness value

The figure shows: the lowest Skewness value is
0.0509, the highest Skewness value is 0.6824,
average Skewness value is 0.2755 and standard
deviation is 0.15278. For automatic division of
spherical plain bearings, mesh quality is very good,
full compliance with the analytical requirements.

4.4 Modal analysis of spherical plain bearings

Modal analysis is the study of the natural frequency
of the mechanical system and the main modes. They
only related to stiffness characteristics of the
structure and the distribution of quality, and
unrelated to external factors [9].

In this paper, we do modal analysis of spherical
plain bearings under different materials, then
compare two materials modal of spherical plain
bearings frequencies and mode shapes. Bearings
modal analysis of two cases: one is mandrel material
is GCr15, bearing inner and outer ring material for
GCr15; another mandrel material is the same as the
GCrl5, bearing inner and outer ring material into a
new type of TiAl-based alloys.

5 THE SIMULATION RESULTS ANALYSIS

Due to low-level natural frequency is very low, so
we obtain modal vibration picture of 8-13 under two
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different materials. Modal distortion figures of
bearing inner and outer rings are shown in Figure
Fig 5,6 for GCr15 and TiAl based alloys.
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Figure 5, modal shape diagram of the inner and outer rings
made of GCr15

o0

(b) The ninth-order

(a) The eighth-order

S8

(c) The tenth-order (d) The eleventh-order

S XY

(e) The twelfth-order  (f) The thirteenth-order

Figure 6, modal shape diagram of the inner and outer
rings made of TiAl




Through we observe and analyze total
deformation mode shape diagram of spherical plain
bearing in two cases show that: spherical plain
bearings deformed of the inner and outer rings made
of GCr15 larger than the inner and outer rings made
of TiAl based alloys in the same order, and the
twelve natural frequencies mainly in 0-14Hz.It is
concluded that TiAl based alloy is more suitable as a
new material of spherical plain bearing, and helpful
to improve the performance of spherical plain
bearings.

6 CONCLUSIONS

(1) The establishment of spherical plain bearing of
three-dimensional model provides reference to
analysis and research for spherical plain bearing in
future, and improves the performance of spherical
plain bearings, makes spherical plain bearings better
to use of the machine.

(2) Through simulation analysis of modal under
different materials of GCr15 and TiAl based alloys,
draw the total deformation pictures. Compared and
analyzed the total deformation pictures, spherical
plain bearings deformed of the inner and outer rings
made of GCrl15 larger than the inner and outer rings
made of TiAl based alloys in the same order, so the
new TiAl alloy material more suitable applied to the
spherical plain bearings.
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