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Abstract: The aim of the article is to point out the sealing efficiency of the two-language seal of the water pump
bearing when radially deflecting the shaft within radial clearance. In order to obtain a radial displacement of the
shaft at a location under a two-language seal, dynamic bearing simulation was performed using the MSC Adams
program. The largest radial deviation of the shaft was applied in final seal analysis where the contact pressure
changes on the individual tongues of the seal were recorded.
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1 Introduction

The first record of the patent on the ball of the bearing originates from the end of the 18th
century. The use of rolling bearings has taken place a guiding role against the developing one
to the Industrial revolution, what efficient operation new industrial machinery [1].

A pump is a device that moves fluids (liquids or gases), or sometimes slurries, by
mechanical action. Pumps can be classified into two major groups according to the method
they use to move the fluid: direct lift, displacement, and gravity pumps [2, 7]. Pumps operate
by some mechanism (typically reciprocating or rotary), and consume energy to perform
mechanical work moving the fluid. Pumps operate via many energy sources, including
manual operation, electricity, engines, or wind power, come in many sizes, from microscopic
for use in medical applications to large industrial pumps [2, 3, 8].

Mechanical pumps serve in a wide range of application s such as pumping water from
wells, aquarium filtering, pond filtering and aeration, in the car industry for water-cooling and
fuel injection, in the energy industry for pumping oil and natural gas or for operating cooling
towers. In the medical industry, pumps are used for biochemical processes in developing and
manufacturing medicine, and as artificial replacements for body parts, in particular the
artificial heart and penile prosthesis. When a casing contains two or more revolving impellers,
it is called a double- or multi-stage pump [1].

2 Dynamic simulation

The two-language seal located in the bearing serves to prevent the ingress of impurities and
water into the bearing at given shaft revolutions. The task of dynamic analysis was to
determine the magnitude of the deflection of the shaft at given shaft revolutions. The detected
deviations from the dynamic analysis were further applied in the seal contact analysis.
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Fig. 1 Model for dynamic simulation

During the dynamic bearings simulation, all degrees of clearance are removed. Bindings of
other components are defined by contacts. Critical contact pair for achieving the right results
is the contact of rolling bodies with orbits. For this contact, parameters were selected as
follows: Stiffness = 1E + 7, Force Exponent = 1.2, Damping = 10, Penetration Depth = 0.001.

The load on the shaft is chosen to define the radial clearance of the bearing. For this
purpose, two forces were applied at the ends of the 10 N shaft, which in the first half of the
simulation have the same orientation and in the other half opposite to simulate the tilting. One
load step lasted 1s. The total analysis simulation lasted 4 s. Figure 2 shows the bearing load.
The shaft speed (n =7 rpm) for simulation was selected to capture the entire cage speed
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Fig. 2 Bearing load

Fig. 3 shows the course of the shaft deflection under the two-language seal on the side of
the ball track - under the two-language seal. The curve swinging is caused by the contact body
rotation and the gap in the contact area. Maximum subtraction of the shaft under the two-lane
seal: i.e. on the side of the sphere is 0.030 mm.
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Fig. 3 Shaft deflection

3 Analysis of the bearing of the bearing in the body

The deformation of the case is 0.030 mm. This value was determined based on press-fit
analysis. In this analysis, the housing sleeve is pressed into the body at a temperature of 20 °
C and then cooled to the starting temperature of the bearing.
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Fig. 4 Model for thermal / structural analysis

For the calculation of aluminium part is used bilinear material model of AISi9Cu with the
Young's modulus E= 69.000 N/mm?, Yield strength Re=140 MPa, Ultimate strength Rm=240
MPa, Elongation Asomm=1%, Poisson's ratio u=0.3 and linear thermal expansion coefficient
0=21x10° °K. For the calculation of steel parts was used elastic material model of 100Cr6
with the Young's modulus E= 210.000 N/mm?, Poisson's ratio p=0.3 and linear thermal
expansion coefficient 0=11.7x10-6 °K [6].
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Analysis model is modified due to eliminate unnecessary details and is set up in FEA
environment. Housing is meshed by using aprox. 110.000 of 3D elements type: TETRA 4 (4
nodes tetrahedron). Outer ring of bearing is meshed by using aprox. 42.000 of 3D elements
type: HEX 8 (8 nodes hexahedron).

Boundary conditions: Housing is fixed and outer ring of bearing has defined displacement
to press-fit outer ring into final position. Analysis is carried out by using implicit solver.

The bearing is then heated to operating temperature and deformation of the orbital paths in
the bearing is observed. Fig. 4 shows the deformation of the ball orbit at the initial
temperature. In this mode, the case is critically depressed.
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Fig. 5 Ball raceway deformation at starting temperature

4 Seal efficiency analysis for radial shaft deflection

The purpose of the analysis is to find out whether the seal after the bearing operation and
the radial shaft swing application meet the tightness requirements. This means that the seals
are completely adhered to the surface and how the contact pressure varies with the surface.

The axisymmetric calculation model (Fig. 5) consists of the components of the housing,
shaft, sealing dish, sealing, and pusher. In the first step of the simulation, the seal is pressed
into the recess of the housing, then a radial displacement of 0.030 mm is applied to the
housing, simulating the pressing of the bearing into the body. In the last step, the shaft is
radially deflected to the extreme positions +0.030 and -0.030 compared to its nominal
position.

When creating a finite-element network, quad4 was used:
For Steel Type: Full Integration 10
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For rubber type: Full and Herman formulation 82
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Fig. 6 The Axisymmetric calculation model

The casing and shaft material is made of steel, which is directly defined in the MSC Marc
database. Young Elastic Module E = 210000 MPa. Sealing rubber material is specified by two
Mooney-Rivlin parameters for hyperelastic materials. The value of constants C10 = 0.789808
MPa and C0O1 = 0.284992 MPa [4, 5].

5 Results

Change of pressure from individual language is shown in Table 1. Fig. 7 shows the
designation of the individual languages. Contact force are depicted in Fig. 8.

Table 1 shows the value of the contact normal forces at the front and back of the lip and
the seal width of the contact area under the two lips.

Table 2 shows the contact force and width of contact area of shaft on the front lip for
various radial clearance.
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Fig. 7 Designation lip seal

Table 1 The contact normal forces and the seal width of the contact area

Front lip 1,45 0,03 1,45
Back lip 11,25 0,106 1,02

Table 2: The contact force and width of contact area for various radial clearance.

0 0,0236 0,953 0,96
0,025 0,0236 0,848 0,89
0,040 0,0209 0,770 0,85
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Fig. 8 Contact force for the back and front lip

CONCLUSION

By dynamically simulating, the maximal shaft output under the two-language seal could be
identified for the selected load, when determining the radial clearance. The largest deflection
occurred when tilting the shaft t.j.0.033 mm. This value was then used in the final analysis of
the seal inspection. After applying the displacement from the casing to the body and the limit
shaft extensions, neither one of the language is completely deviated. Table 1 shows the
change in pressure from individual languages. In terms of size and change in contact pressure,
the most critical front lip.
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