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Abstract

This study presents a new approach for evaluation of oil-film pressure in hydrodynamic bearing. Oil-film
pressure is one of the critical parameter which determines the performance of hydrodynamic bearing. In
this research parameters of rotational speed, bearing load and oil-feed pressure are considered as model
independent variables. Modelling and simulations are done in Matlab. The research shows that as
compared to other conventional techniques approximate fuzzy reasoning provides a more logical
approach.
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1. Introduction: Journal Bearing

Journal Bearing permits relative motion between two parts in one or more directions with a
minimum of friction while preventing motion in the direction of applied load. Classification of
bearings are according to the manner in which load is supported, viz., hydrodynamic, hydrostatic
and hybrid [1]. Many researchers have discussed the advantages of these bearings in their
research work [2-5]. This paper, presents a fuzzy based selection strategy to predict the Oil-film
pressure in hydrodynamic journal bearing. Lubrication technology is one of the key parameter for
understanding journal bearings design and application[6]. One of the key parameters that
describe the operating conditions in hydrodynamic lubrication is Oil-film pressure [7]. It is
essential to know the expected operating condition of the bearing to gain high performance and
avoid failure at crucial stages. The most commonly techniques used for bearing analysis can be
categorized into rigorous and rapid techniques [8-10]. Numerical methods involves very detailed
analysis of bearing geometry but tend to be expensive [11,12]. The classic one-factor-at-a-time
experimental approach had been applied to evaluate journal bearing behaviour by changing one
variable while the other factors are constant [13,14]. This paper has been divided into five parts,
Part I Gives the General Introduction about the hydrodynamic bearing. Part II Explains the fuzzy
logic approach for determining the Oil-Film pressure. Part III shows the Modelling and
Simulation results. Part IV and Part V Conclusion and results respectively.

2. Fuzzy Logic approach for determining Oil-Pressure in hydrodynamic
journal bearing

The fuzzy logic expert system for determining the Oil-film pressure in hydrodynamic journal
bearing, the following three inputs were considered i.e. Journal bearing rotational speed (S rpm),
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Bearing load (L KN) and Oil-feed pressure (P MPa), while the output parameter is Oil-film
pressure (P MPa).

2.1 Designining of the fuzzy logic expert system

The fuzzy logic model for determination of Oil-Pressure is hydrodynamic journal bearing is
shown in figure 1.0
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Figure 1.0 Representation of the fuzzy logic model for determination of Oil-Pressure

Mamdani inference system have been used for the modelling of the fuzzy logic controller. Figure
1.1 shows the Fuzzy Inference System (FIS) for fuzzy logic model.
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Figure 1.1 Fuzzy Inference System (FIS) for fuzzy logic model

2.2 Defining of Fuzzy linguistic variables for the fuzzy controller

The Fuzzy linguistic variables for the Input's/output constraint i.e. Speed of rotation (R), Bearing

load (L), Oil-feed pressure (O) and Oil-film pressure (P) is done with five linguistic variables
(fuzzy subsets: Very low-VL, Low-L, Medium-M, High-H, Very High-VH) using triangular
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MF's. Each of the constraint has been given a different UOD, examples of the fuzzified
constraints are show from figure 1.2 to figure 1.6
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Figure 1.2 MF's for input variable ' Speed of rotation'
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Figure 1.3 MF's for input variable ' Bearing load'
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Figure 1.4 MF's for input variable ' Oil-feed pressure’'
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Figure 1.5 MF's for output variable 'Oil-film pressure’'
2.3 Defining fuzzy control rules

In this study we have fuzzy ordinal approach [15] for determining fuzzy If-then rules which has
reduced the number of rules to a large extent. The rules are given different degree of support
(DOS) or weights which explains the relative importance of each rule. The fuzzy rules are defined
and based on experience of experts. The fuzzy control rules along with DOS for the controller are
given below:

(1) If 'Speed of Rotation' is "Very low' then 'Oil film Pressure' is 'Very low' (0.5)
(2) If 'Speed of Rotation'is low' then 'Oil film Pressure' is Tow'(0.5)

(3) If 'Speed of Rotation' is 'Medium' then 'Oil film Pressure' is 'Medium'(0.5)
(4) If 'Speed of Rotation'is 'High' then 'Oil film Pressure' is 'High'(0.5)

(5) If 'Speed of Rotation'is "Very high' then 'Oil film Pressure' is 'Very high'(0.5)
(6) If Bearing load' is 'Very low' then 'Oil film Pressure' is 'Very low' (1.0)

(7) If 'Bearing load' is 'low' then 'Oil film Pressure' is Tow' (1.0)

(8) If 'Bearing load' is 'Medium' then 'Oil film Pressure' is 'Medium' (1.0)

(9) If 'Bearing load' is 'High' then 'Oil film Pressure' is 'High' (1.0)

(10) If '‘Bearing load' is 'Very high' then 'Oil film Pressure' is 'Very high' (1.0)
(11) If 'Ol feed pressure' is 'Very low' then 'Oil film Pressure' is 'Very low' (0.5)
(12) If 'Ol feed pressure' is 'low' then 'Oil film Pressure' is low' (0.5)

(13) If 'Oil feed pressure' is 'Medium' then 'Oil film Pressure' is Medium' (0.5)
(14) If 'Oil feed pressure' is 'High' then 'Oil film Pressure' is 'High' (0.5)

(15) If 'Oil feed pressure' is 'Very high' then 'Oil film Pressure' is 'Very high' (0.5)

As can be seen from above there are total 15 rules. As an example consider rule number 6. In this
rule if 'Bearing load' is 'Very low' then 'Oil film Pressure' is 'Very low' with DOS equal to 1 i.e.
full membership grade. Figure 1.6 and figure 1.7 shows a surface viewer which demonstrates the
relationship between the input and output variables.
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Figure 1.6 Surface viewer for Bearing load v/s Oil-feed pressure
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Figure 1.7 Surface viewer for Bearing load v/s Speed of rotation

3. Modelling and Simulation results

Simulink model for fuzzy logic controller is shown in the figure 1.8 which is built using fuzzy
logic toolbox.
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Figure 1.8 Simulink model for fuzzy logic controller
Simulation results:
(1) Set 1

S=100; L=10; 0=0.75;

double

SPEED OF ROTATION

double

M 2o0% i | 4.5000e+000

OIL-FILM PRESSURE

BEARING LOAD Fuzzy Logic

Controller

double

OIL-FEED PRESSURE

Figure 1.9 Simulation results for Set I
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(IT) Set 2

S=800; L=15; 0=0.45;

double

SPEED OF ROTATICN

L double -_:I-:ol.bla > M double - 390158"‘000

BEARING LOAD p—— OIL-FILM PRESSURE

Controller

double

OIL-FEED PRESSURE

Figure 2.0 Simulation results for Set I

4.Conclusion

In this study a new approach for evaluation of Oil-film pressure using fuzzy logic reasoning has
been proposed. Fuzzy logic reasoning provides a more logical and methodological approach to
oil-film pressure evaluation as compared to other approaches. A Matlab-Simulink model has been
proposed using fuzzy logic toolbox which is used for evaluation of Oil-film pressure. As an
extension for future work we can also use Adaptive Neuro Fuzzy Inference System (ANFIS)
based on Takagi-sugeno inference system which uses a collection of training data sets for
learning and optimising the MF's and fuzzy if-then rules.
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