Available online at www.sciencedirect.com
Available online at www.sciencedirect.com

ScienceDirect
ScienceDirect

Procedia
Manufacturing
00 (2018) 620–627
Available
online
atatwww.sciencedirect.com
Available
www.sciencedirect.com
Procedia online
Manufacturing
00 (2018) 620–627

www.elsevier.com/locate/procedia
www.elsevier.com/locate/procedia

ScienceDirect
ScienceDirect
Procedia Manufacturing 22 (2018) 613–620
Procedia Manufacturing 00 (2017) 000–000

www.elsevier.com/locate/procedia

11th International Conference Interdisciplinarity in Engineering, INTER-ENG 2017, 5-6 October
11th International Conference Interdisciplinarity
in Engineering,
2017, Tirgu-Mures,
Romania INTER-ENG 2017, 5-6 October
2017, Tirgu-Mures, Romania

Signal processing methods in fault detection in manufacturing

Signal processing
methods
in faultConference
detection
inMESIC
manufacturing
Manufacturing
Engineering Society
International
2017,
2017, 28-30 June
2017, Vigosystems
(Pontevedra),
Spain
systems
a,

a

Germán-Salló
a, *, Gabriela
a
Costing models forZoltán
capacity
optimization
in Strnad
Industry
4.0: Trade-off
Zoltán
Germán-Salló
*, Gabriela
Strnad
“Petru Maior” University of Tirgu Mures, 1, N. Iorga st, Tirgu Mures. 540088, Romania
between
used
capacity
and
operational
efficiency
“Petru Maior”
University
of Tirgu Mures,
1, N. Iorga
st, Tirgu Mures. 540088,
Romania
P

P0F

P

P

P0F

P

a
P

P

a
P

P

A. Santanaa, P. Afonsoa,*, A. Zaninb, R. Wernkeb

Abstract
Abstract
a
University of Minho, 4800-058 Guimarães, Portugal
The paper gives a short introduction to the bUnochapecó,
problem of fault
detection
in manufacturing
systems using digital signal processing
89809-000
Chapecó,
SC, Brazil
The
paperUsually,
gives a in
short
introductionsystems
to the problem
of occur
fault detection
in drives,
manufacturing
systems
using
digital
signal processing
methods.
manufacturing
faults can
in electrical
transmission
lines,
power
management
systems
methods.
manufacturing
systems
faults can
occur intask
electrical
drives, transmission
lines, power
systems
and
can beUsually,
detectedinthrough
sensor data
acquisition.
Important
of the diagnosis
is to differentiate
normalmanagement
operating condition
and
be detected
through
sensor
acquisition.
Important
task of systems
the diagnosis
is toondifferentiate
normal
operating
condition
fromcan
faulty
condition.
Detection
of data
occurred
faults in
manufacturing
depends
how efficiently
erroneous
features
are
from
faulty
condition.
Detection
occurred
faults inon
manufacturing
systems
depends
on how
features
are
Abstract
extracted
from
acquired
signals. of
This
work focuses
signal processing
based
methods
usingefficiently
Discrete erroneous
Wavelet and
Wavelet
extracted
from
acquired
signals.
This
work
focuses
on
signal
processing
based
methods
using
Discrete
Wavelet
and
Wavelet
Packet Transforms for detection and classification the occurred faults. The faults are simulated using test signals with different
Packet
Transforms
for
detection
andtheclassification
the occurred
faults.will
The be
faults
are
using
test signals
withsimulation
different
Under
the
concept
of
"Industry
4.0",
production
processes
pushed
to be increasingly
interconnected,
time
and
frequency
properties
and
results
obtained
from
different
approaches
aresimulated
evaluated
and compared.
The
time
frequency
and
the
results
obtained
from different
approaches
aremay
evaluated
and compared.
The
simulation
resultsand
prove
that theproperties
techniques
handle
the problem
of fault
detection
and
even
predict
abnormalities
exploring
information
based
onproposed
a real time
basis
and,
necessarily,
much
more
efficient.
In
this
context,
capacity
optimization
results
prove
that
theofproposed
techniques
handle
the problem contributing
of fault detection
even predictprofitability
abnormalities
exploring
long term
tendencies
the detected
goes
beyond
the traditional
aim
ofsignals.
capacity
maximization,
alsoand
for may
organization’s
and
value.
long
term
tendencies
of
the
detected
signals.
© 2018 The
Authors.
Publishedand
by Elsevier
B.V. improvement approaches suggest capacity optimization instead of
Indeed,
lean
management
continuous
©
2018 The under
Authors.
Published by
B.V. committee of the 11th International Conference Interdisciplinarity in
Peer-review
responsibility
of Elsevier
the scientific
maximization.
The
study
of capacity
optimization
and costing models is an important research topic that deserves
© 2018 The Authors.
Published
by Elsevier
B.V.
Peer-review
under responsibility of the scientific committee of the 11th International Conference Interdisciplinarity in
Engineering.
Peer-review under
responsibility
of the scientific
committee of
the 11th International
Conference
Interdisciplinarity
contributions
from
both the practical
and theoretical
perspectives.
This paper
presents
and discussesina Engineering.
mathematical
Engineering.

model for capacity management based on different costing models (ABC and TDABC). A generic model has been
Keywords: discrete wavelet transform; wavelet packet transform; fault detection; signal processing.
developed
and itwavelet
was used
to analyze
capacity
andfault
to design
strategies
towards the maximization of organization’s
Keywords: discrete
transform;
waveletidle
packet
transform;
detection;
signal processing.
value. The trade-off capacity maximization vs operational efficiency is highlighted and it is shown that capacity
optimization
might hide operational inefficiency.
1. Introduction
©
The Authors. Published by Elsevier B.V.
1. 2017
Introduction
Peer-review under responsibility of the scientific committee of the Manufacturing Engineering Society International Conference
The most important task of the manufacturing system’s management is to maintain the functional continuity even
2017.
Theunwanted
most important
of the
manufacturing
to maintain
the functional
continuityfailure
even
when
eventstask
occur.
Usually
it is verysystem’s
hard or management
impossible tois avoid
consequences
of equipment
when unwanted events occur. Usually it is very hard or impossible to avoid consequences of equipment failure
Keywords: Cost Models; ABC; TDABC; Capacity Management; Idle Capacity; Operational Efficiency

1. Introduction

* Corresponding author. Tel.: +40-265-233-112; fax: +40-265-233-212.
* E-mail
Corresponding
Tel.: +40-265-233-112; fax: +40-265-233-212.
address:author.
zoltan.german-sallo@ing.upm.ro
The
cost
of idle
capacity is a fundamental information for companies and their management of extreme importance
E-mail
address:
zoltan.german-sallo@ing.upm.ro

in
modern©production
systems.
In general,
it isB.V.
defined as unused capacity or production potential and can be measured
2351-9789
2018 The Authors.
Published
by Elsevier
2351-9789
2018responsibility
The
Authors.
Published
by Elsevier
B.V.hours
Peer-review
of
the scientific
committee
of the 11th
International Conference
Interdisciplinarity
in Engineering.
in
several©under
ways:
tons
of production,
available
of manufacturing,
etc. The
management
of the idle capacity
Peer-review
underTel.:
responsibility
the761;
scientific
committee
the 11th International Conference Interdisciplinarity in Engineering.
* Paulo Afonso.
+351 253 of
510
fax: +351
253 604of741
E-mail address: psafonso@dps.uminho.pt

2351-9789 © 2017 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the scientific committee of the Manufacturing Engineering Society International Conference 2017.
2351-9789 © 2018 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the scientific committee of the 11th International Conference Interdisciplinarity in Engineering.
10.1016/j.promfg.2018.03.089

Zoltán Germán-Salló et al. / Procedia Manufacturing 22 (2018) 613–620
Zoltán Germán-Salló, Gabriela Strnad / Procedia Manufacturing 00 (2018) 620–627

614

621

which results in short-circuits, voltage falls or loss of power. Generally, a system protection is the set of procedures
which provide maximum sensitivity to faults and malfunctions and also avoids invalid alarms during normal
operating conditions. The faults must be detected as univocally signal difference between normal (or tolerable) and
abnormal function of the system. The key point of fault diagnosis is the fault feature extraction. During the past
decades the use of signal processing methods in fault feature detection has gained important attention. Performances
of these techniques are assessed through simulation experiments and compared for several types of fault, broken
mechanical parts, power falls or bearing damages.
In this paper, simulated discrete waveforms are used for detection and classification of the corresponding faults.
Any significant changes in the parameters of these signals can be detected through digital signal processing methods,
especially time-frequency analysis. The wavelet transform is able to offer the time and frequency information about
the studied signal at the same time providing a time-frequency representation of the signal.
This paper is organized as follows. Section 2 presents the theoretical background concerning wavelet analysis,
section 3 describes the applied signal processing techniques and section 4 provides experimental results and a
comparison of these methods.
2. Signal processing methods in fault detection
There are many signal processing methods to detect changes in signals, changes which can be interpreted as
consequences of abnormalities in function of a system. Fault detection techniques can be roughly classified into two
categories. These include model-based and signal processing based fault detection. This work deals with the second
category and presents wavelet transform based methods to detect abnormal changes in signals. Basic theory of
wavelet transform as potential fault analysis tool can be found in several papers (e.g. [7], [8], [9]). The results of
wavelet transform, the wavelet coefficients show how well a basic function (mother wavelet) correlates with the
analyzed signal in different time-frequency scales. If the signal has a major frequency component corresponding to a
particular scale then the wavelet coefficients have a large value at that location.
2.1. The Discrete Wavelet Transform
The Discrete Wavelet Transform (DWT) decomposes the signal into mutually orthogonal set of functions which
are generated by translations and dilations of a main analyzing function known as the mother wavelet. The discrete
decomposition can be made in pyramidal or packet mode. Usually, the DWT employs a dyadic (power of 2) grid
and orthonormal wavelet basis functions exhibiting zero redundancy [7]. The discrete wavelet transform returns a
data vector of the same length M as the input is according to the equation below [9].
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