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Roller bearings are one of the most widely used mechanical
components. The load on the bearing is supported by the pressure that
is developed in fluid-film and thus the lubricant is less able to escape
and a longer-lasting lubricant film is generated called
elastohydrodynamics lubrication (EHL). In general, to understand the
lubrication regimes, it is important to consider the thickness of the
lubrication layer. Lubricant film thickness is one of the most important
parameters affecting the performance of bearings. In the present study,
using theoretical equations and using MATLAB programing software,
the load distribution along the rotary kiln was investigated and
calculated, and then the film thickness of the lubricant (base oil and
grease) in the roller bearings of the rotary kiln of Butia Iranian Steel
Pelletizing Complex was calculated. Finally, the effect of various
parameters such as rotary kiln speed, lubricant operating temperature,
fill ratio, base oil viscosity and viscosity index of base oil were
deliberated. The results showed that by increasing the base oil
viscosity from 150 cst to 1000 cst, the film thickness increased by
239%. Furthermore, increasing the viscosity index caused small
changes in the base oil viscosity in the operating temperature and
reduced the starting torque at the beginning of application.
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EXTENDED ABSTRACT

Introduction

Lubrication is an essential factor in ensuring proper performance and longevity of
bearings. The load on the bearing is supported by the pressure developed in fluid-film and
thus the lubricant is less able to escape and a longer-lasting lubricant film is generated,
called elastohydrodynamics lubrication (EHL). In the present study, using theoretical
equations and MATLAB programing software, the load distribution along the rotary kiln
was investigated and calculated and then the film thickness of the lubricant (base oil and
grease) in the roller bearings of the rotary kiln of Butia Iranian Steel Pelletizing Complex
was calculated.

Methodology

The Reynolds equation, which is derived from the continuity and momentum
equations, can be considered as the core of lubricant equations in the control volume of
the entry into the space between the ball and the bearings. The minimum film thickness
for the inner and outer ring of roller bearings was obtained by solving coupled Reynolds
equations and elasticity equations and least squares approximation. To calculate the load
distribution of the rotary kiln assuming rigidity, alignment and the absence of any dynamic
imbalance force in the rotary kiln, the loading included the weight of the different shells of
the kiln along its length, the weight of the kiln tools (including tires (rings), open gear, and
hood) according to the manufacturer's plan, the weight of bricks and refractory masses at
different points according to the fireproofing plan, the mass of the chunk (assuming 10
cm) and the feed rate of the input pellets at the rate of 6% with the manufacturer's
specifications such as density and dimensions were investigated.

Results and discussion

According to Figure 1, the load distribution along the rotary kiln was investigated and
calculated. The effect of various parameters such as rotary kiln speed, lubricant operating
temperature, fill ratio, base oil viscosity and viscosity index of base oil were examined.
Figure 2 indicates that by increasing the base oil viscosity from 150 cst to 1000 cst, the film
thickness increased by 239%. Furthermore, increasing the viscosity index caused small
changes in the base oil viscosity in the operating temperature and reduced the starting
torque at the beginning of application.
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Figure 1. Schematic of the load distribution along the rotary kiln.

0.105 0.25
Lubrication Film Thickness

I 0.23

a ----- Viscosity ratio i T

So.085 i

2 Viscosity Index=95 o l 0.19

Z0075 | Lubrication Temprature =70 °C

2 = I 0.17

£ 4 £

§0.085 L 015 &

] !

z

Zo0.0s5 F013°F

b5 g

5 F 0112

00.045 -

=

z I 0.09

Fg 0.035 5

E L o.
0023 Hipner ring= 2-1011 V3, 4+7.108V2, +104 V,, +0.0089 | 005

0.015 0.03

S0 190 290 390 490 590 690 7%0 890 950 1090 1180
Base Oil Kinematic Viscosity (mm?/s)

Figure 2. Lubricant film thickness and viscosity ratio variations with base oil viscosity.

Conclusion

In the present study, using the theoretical equations and using MATLAB programing
software, the load distribution along the rotary kiln was investigated and calculated and
then the film thickness of the lubricant (base oil and grease) in the roller bearings of the
rotary kiln of Butia Iranian Steel Pelletizing Complex was calculated. Finally, the effect of
various parameters such as rotary kiln speed, lubricant operating temperature, fill ratio,
base oil viscosity and viscosity index of base oil were examined. The results show that by
increasing the base oil viscosity from 150 cst to 1000 cst, the film thickness increased by
239%. Furthermore, increasing the viscosity index caused small changes in the base oil
viscosity in the operating temperature and reduced the starting torque at the beginning
of application.
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