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Introduction

Introduction

Three different types of maintenance
Periodic maintenance or preventive maintenance, then we have predictive
maintenance or what is known as condition-based maintenance, and then
we have reactive maintenance

Failure Modes Effects and Criticality Analysis
How FMECA could be used to identify the critical equipment or machinery
or operation so, our maintenance efforts need to be strengthened, and we
need to put in more maintenance efforts.

certain definitions of fault diagnosis
How can I find out if a fault has occurred? what kind of fault has
occurred? which component in the machine has failed? and if it has failed
or if it is deteriorating! how long is it going to last till the machine totally
fails?
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Introduction

As time goes by, the maintenance of machines accrues costs due to the
increasing wear and tear, which may escalate repair expenses. However, a
point will eventually be reached where continuing these repairs becomes
economically impractical. At this juncture, it becomes clear that it’s time
to contemplate replacing the machine.
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Elements of CBM Cycle

Elements of CBM Cycle

Sensors (Smart-Fault Tolerant).
Data

Processing
Feature Extraction.

Fault Classification
Prediction of Fault Evolution
Schedule Required Maintenance.
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Fault Diagnosis

Fault Diagnosis

fault diagnosis means detecting, isolating and identifying an impending or
incipient failure condition and the affected components of the system are
still operational even though at a degraded mode. (Many times the defect
has occurred that does not totally impair the machine, it will be still
running, but then the fault that I have identified is very important and you
will see a lot of this data analytics or signal feature extraction, helps us
find out the defect in the machine.)
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Fault Diagnosis

Failure diagnosis

Failure diagnosis
detecting, isolating and identifying a component that has ceased (STOP)
to operate because the failure has occurred, and then we are asked what
was the reason, why did the machine fails, and that is what we do which is
known as failure analysis.
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Fault Diagnosis

Fault (Failure) Detection
An abnormal operating condition is detected and reported. Today the
sensors are so smartly available, that the machines themselves through the
right data analytics will indicate that a failure has occurred or what kind
of corrections needs to be taken and so on.

Fault (Failure) Isolation
Determining which component (subsystem, system) is failing or has failed.
So, determining which component subsystem is failing or has failed.

Fault (Failure) Identification
Estimating the nature and the extent(range) of the fault (Failure); is also
sometimes very important because when we are talking about the RUL,
this information is going to help us.
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Fault Diagnosis Techniques

Fault Diagnosis Techniques

Model Based: eg. In the nuclear reactor, you have to develop a lot of
models; like a neural network.
Data-driven (signal based): We have a machine, put a transducer, get
some signal, analyze it, see the characteristic frequency spectrum, and
then try to correlate with the machine component
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Fault Diagnosis Techniques

Data driven Fault Classification

Stored fault pattern library (fault classification)that means, the
characteristic defect signatures are already there. Eg. Next Sild
Feature Vectors (a feature vector is an n-dimensional vector of
numerical features that represent some object e.g RGB
(red-green-blue))
Decision making and fault classification

Detectors
Neyman-Pearson Detectors
Neural Networks, Fuzzy Logic.

Diagnosed Faults.
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Fault Diagnosis Techniques
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Fault Diagnosis Techniques Bayesian Detection

Bayesian Detection
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Fault Diagnosis Techniques Bayesian Detection

Data diagnostic methods

Alarm Bounds
Statistical Correlation and Regression methods.(identifying the
relationship between a dependent variable and one or more
independent variables.)
Fuzzy Logic Classification. (It is the process of grouping elements
into a fuzzy set whose membership function is defined by the truth
value of a fuzzy propositional function.)
Neural Network Classification and clustering.(They take input data,
process the data through the hidden layers, and return output. In
other words, they map inputs to outputs, and learn to approximate a
function between any input x and any output y.)
Wavelet Neural Network.
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Fault Diagnosis Techniques Bayesian Detection

Fault prognosis

prognosis is the ability to predict accurately and precisely the remaining
useful life (RUL) of a failed component or subsystem. i.e. prognostics is
nothing, but what is known as the fault forecast to determine RUL.
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Fault Diagnosis Techniques Bayesian Detection

Thank You!
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