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Abstract :- This paper mainly deals with the application of the Knowledge Based Systems, as a support to the
preventive maintenance in any of the industries. The main purpose is to study the expert system where in the human
intelligence is considered. The process of preventive maintenance in any industry can be maintained using the
software packages like MAT LAB (Matrix Laboratory), DAS (Data Acquisition Software), and LABVIEW
(Laboratory Virtual Instrument Engineering Workbench). The main purpose is to study the implementation of the
Knowledge Based Systems for industries.
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[. INTRODUCTION

In order to run a successful manufacturing company, continuous improvement must be considered and
implemented in the areas of safety, quality and reliability. To achieve this, one of the most important processes
which must be subject of improvement is maintenance process. Improvement of safety, quality, reliability and
dependability in a plant is directly associated to the maintenance system in a company. Moreover, it has been
proved that the maintenance cost is one of the main parts of life cycle cost of a product or asset.

Knowledge Based System:

Knowledge based systems are sophisticated, interactive computer programs which use high
quality, specialized knowledge in some narrow problem domain to solve complex problems in that domain.
KBS have been referred to with a variety of names such as expert systems, intelligent assistants,
epistemological systems and design and analysis systems. The two terms most popular in common usage, often
used synonymously, are KBS and expert systems.

EXPERT SYSTEM:

Expert system is one of the areas of artificial intelligence. An expert system also known as knowledge
based system is a computer program that contains the knowledge and analytical skills of one or more human
experts in a specific problem domain. The goal of the design of the expert system is to capture the knowledge of
a human expert relative to some specific domain and code this in a computer in such a way that the knowledge
of the expert is available to a less experienced user

II. METHODOLOGY
2.1 MATLAB:

MATLAB is a powerful language for technical computing. The name MATLAB stands for
MATrixLABoratory, because its basic data element is a matrix (array). MATLAB can be used for math
computations, modeling & simulations, data analysis & processing, visualization & graphics, & algorithm
development.

MATLARB is widely used in universities & colleges in introductory & advanced courses in mathematics,
science, & especially in engineering. In industry the software is used in research, development & design. The
standard MATLAB program has tools (functions) that can be used to solve common problems. In addition,
MATLAB has optional toolboxes that are a collection of specialized programs designed to solve specific types
of problems. Examples include toolboxes for signal processing, symbolic calculations, & control systems.
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Until recently, most people who had previous knowledge of programming languages such as FORTRAN or
C, & switched to MATLAB as the software became popular. Consequently, the majority of the literature that
has been written about MATLAB assumes that the reader has knowledge of computer programming. Books
about MATLAB often address last few years, however, MATLAB is being introduced to college students as the
first (and sometimes the only) computer program they learn. For these students there is a need.

2.2 Survey of industry
Orione hydraulics pvt. Ltd., Belgaum:

As there are many hydraulic industrial plants in our country at both large & medium scales and there is a
good economic effect to the nation. But in these, there are some problems that may cause loss to the process of
manufacturing. This loss can be prevented by proper maintenance procedures.

Our focus is on the problems of the CNC Turning center. As mentioned earlier of the failure mode & effect
analysis (FMEA) method, is considered as a tool for maintenance & to imply this in the industry we are using
the MATLAB software. As considered of the

SPRING

Figure 2.1: Spring before failure Figure 2.2: Spring with misalignment
The below graphs are plotted on the basis of data obtained from the company. It is maintained on daily basis.
The machine breakdown problems are noted and the method of replacement and the cost spent for the machine
repairs, components repairs and replacements are obtained.
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Figure 2.3: Graph showing the number of times the problems have occurred in 2012

Figure 2.4: Graph showing the number of times the problems have occurred in 2013

No. of times the problem has occurred
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High Pressure
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Problem

Table 2.1: Table showing the number of times the problems have occurred in 2012 & 2013, the total cost spent

for maintenance

From the above tables we get to know that the most times occurred problem is the spring cut problem and the
cost overall considering of the two years, most is spent for the spring cut problem itself, hence, we have
considered the spring cut problem itself.
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Figure 2.5: Framework of the project
III. FAILURE MODE & EFFECT ANALYSIS (FMEA)

[10]JFMEA is an analytical technique (a paper test) that combines the technology & experience of people
in identifying foreseeable failure modes of a product or process & planning for its elimination.

“It is a before-the-event action requiring a team effort to easily & inexpensively alleviate changes in
design & production”.

Functions of FMEA are:
Recognize & evaluate the potential failure of a product or process & its effect

Identify actions that could eliminate or reduce the chance of potential failures

. Document the process

There are several types of FMEA: design FMEA, process FMEA, equipment FMEA, concept FMEA, service
FMEA, system FMEA, environment FMEA and others. However, for all intents and purposes, all of the types
can be broadly categorized under either design FMEA or process FMEA. For instance, equipment, service and

environmental FMEA are just slightly modified versions of process FMEA and system FMEA is a combination
of design and process FMEA.

CNC TURNING CENTRE
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Table 3.1: Failure Mode and Effect Analysis table for the problem identified.

Iv. SIMULINK MODELING

Simulink is a software package for modeling, simulating, and analyzing dynamical systems. It supports
linear and nonlinear systems, modeled in continuous time, sampled time, or a hybrid of the two. Systems can
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also be multi rate, i.e., have different parts that are sampled or updated at different rates. For modeling,
Simulink provides a graphical user interface (GUI) for building models as block diagrams, using click-and-drag
mouse operations. With this interface, we can draw the models just as we would with pencil and paper. This is a
far cry from previous simulation packages that require us to formulate differential equations and difference
equations in a language or program.
By Newton’s II law;

The relationship between an object's mass m, its acceleration a, and the applied force F is F = ma.
Acceleration and force are vectors in this law the direction of the force. Vector is the same as the direction of
the acceleration vector.

We have,

F=m*a ------ 4.1)

M. (dx/dt?) = F,— K(x-xg) ~C. (dx/dt) ---n-rnmnrn- (4.2)
d’x/dt*= 1/M (F,— K(x-Xg) —C. (dx/dt)) ------------ 4.3)
Where,

F: Force acting on the spring (N), it is 100N for all three cases

M: Mass (kg), itis 14717.5N = 1.5*10"3kg for all three cases

C: Coefficient of viscosity (), it is 0.01N-s/m for all three cases

X : Initial deflection of spring (m), it is 12*¥107-3m for all three cases

[11]Integrating the above equation twice; we get the values of x (displacement of turret)
And the same is obtained by using the Simulink modeling;

Case I:

In this case, the stiffness of the spring is in the initial condition and its value is K=650000N/m. with the
normal stiffness the spring is capable of handling the workload in a correct position and accordingly the turret
movement is occurring and hence the movement of the turret assembly is normal and thus there is proper move
towards the chuck with the toolholder. The normal movement of the turret is represented graphically as shown
below. The graph is obtained from the Simulink modeling.

Case II:

In this case, the stiffness of the spring is in the reduced condition and its value is K=35000N/m with the
reduced stiffness the spring is not capable of handling the workload in a normal position, so the speed of the
movement is reduced and accordingly the turret movement is occurring and hence the movement of the turret
assembly is slow down and thus there is some delay in the move towards the chuck with the toolholder. The
movement of the turret is represented graphically as shown below. The graph is obtained from the Simulink
modeling.

Case III:

In this case, the stiffness of the spring is totally lost and its value is K=ON/m with the no stiffness, the
spring is unable of handling the workload in a normal position, so the turret movement is stopped and
accordingly there is break between the machining process and thus there is some delay in the work and the
machining process. The movement of the turret is represented graphically as shown below. The graph is
obtained from the Simulink modeling.
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Figure 4.1: Simulink Modeling for the spring cut problem
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Figure 4.2: The position of the turret based on the three cases considered above(display is in Simulink modeling)
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Figure 4.3: The position of the turret based on the three cases considered above(display is in Matlab Workspace plotting)
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Figure 4.4: The positions of the turret based on the three cases considered above(display is in Simulink modeling, together)
V. KNOWLEDGE BASE

In this project work, as focused on the spring problem, the reasons considered for the failure was may be due
to: corrosion, porosity, cracking and design defect. The first three are the reasons which cannot be controlled so
easily or it can be changed with their material properties, coolant supply or the total load applied hence only
chance is of changing the design of the spring. So considering this we have suggested the knowledge base as the
spring with C-clamp. Instead of replacing the whole spring part, only at its ends the clamp can be provided.

. Corrosion, as there is continuous supply of the coolant it is difficult to control

. Porosity, as it depends on the material property according to manufacturers

. Cracking, as the amount of load applied can’t be reduced so not easy to control

. Design defects can be controlled & changed

. So spring with the c-clamp is provided

. Hence with this, further problem due to spring cut can be sort out easily using the knowledge based

(expert advice) provided
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. Time & cost are saved
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Figure 5.1: Spring with C-clamp
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