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Abstract: This paper presents the progress from the fieldtefyrated automation and safety systems that
assure a well functioning of manufacturing equiptaeNowadays, many devices have sensors that moni-
tor operational parameters. This advancement wadama order to protect the equipment and to prevent
them from malfunctioning or stopping. Considerihgttequipments work in real time, the system re-
sponse is essential and must be instantly or witksponse time as low as possible. Adopting anappr
priate solution requires knowledge of automationaasomplete development process, technological re-
strictions and also designing and choosing a soluso that the conceptual structure and enabling au
tomation equipment meets the performance requirtsrathe system. Through this work it is intended
to reach further to new solutions for the automatad a integrated system, the study of an activerob

of the parameters from a drive system of machionéstand programming of an automated system that
has integrated logic. As an application, it is praged how a temperature sensor was implemented in a
automated system in order to prevent the electdtomo overheat and malfunction.
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1. INTRODUCTION Table 1
o o ] Adaptability issues in integration of CIM systems §]
Providing a monitoring system to a manufacturing

process is important. This way the operator hasemor Level Problems |
tools to verify the devices and prevent problem®ize Strategic The concordance between marketing
they appear. This paper makes an overview of advanc strategies and production strategies

ments in monitoring systems of devices integrated i

. Organizational| Structure, Communication
manufacturlng processes. 9 ’

The Integrated Concept occupies an important place | Behavior Leadership, Teamwork, Motivatior),
in contemporary scientific and technological larase Collaboration, Stimulation
and involves, directly, the process of implemenptatof Technological | Networks, Communication Systens,
new technologies, new organizational structures and Databases
management in manufacturing enterprises, conditgni
reorganization, revitalization, flexibility and ireased Operational  Design, Production of planning and
economic competitiveness of these economic unjts [1 system control , Accounting

Design and manufacture integrated with the help of
the computer are found in many companies, regedies
size, given the complexity of products to be fadted, Machine tools go from machine tool with numerical
the technology which involves determining produastc ~ control to production systems integrated with tleéptof
and the need to build a database which also insludethe computer. Considering that these devices ane- co

management systems [2, 3]. plex and expensive, they need monitoring systerat th
prevents them from damaging.
2. MACHINE TOOLS AND MANUFACTURING An organization must develop a strategy that ghiés
SYSTEMS best environment in which it operates. Details acheof

these aspects are presented in Table 1. The miogitor
part should be integrated in the technological llewl it
should be given an increased attention.

The integration of computers brings the benefitof
* Corresponding author: Splaiul Independentei 31%toses,  fast and error-free manufacturing. A main advantafje
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Some of the latest machine tools and flexible mesiul
are built as being modular, covering an increagingl
advanced range of optional technological need.
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3. MONITORING SYSTEMS An operator, which is supported by the IT system,
must be able to take all this decisions, but ineortb
create a automated system, the decisions mustkbe ta
automatically [9].

An important problem that is met in condition moni-
toring of process, machine tool and workpiece is th
large number of variable parameters. In the céssing
a high-speed tool or workpiece rotation, data nhest
qsampled with a high frequency [11]. This data orexd

ocally and analyzed by dedicated algorithms ineorit
select only the important information. With the usie
this information, certain actions can be made. @abl
resents examples of parameters that are possitide t
onitored in a manufacturing system together withis
tions that can be used in order to overcome thbl@nas.

There are researches that follow the integratibn o
tool and machine condition monitoring with CNC qaht
by permitting access to internal signals in the ertical
controller, such as motor power, motor currentaddi-
tional measured signals like position and vibregi¢@].
Also there are some researches that study integrafi
various monitoring functions in one system. However
most monitoring systems are made as a simple, stan
alone solution [7]. As for future, in order to mele¢ end
user requirements, monitoring systems will havedo-
mit real time supervision of all machining process-
chine, and produced part parameters. The tendency
that the procured information will be used for agli
control of production process.

Also, virtual systems can be created in order e co
lect real time data from real systems and make lsimu
tions to observe possible failures. Considering tha
systems are automated, they can change the paramet
of the real systems.

3.1. Monitoring systems used for maintenance

An important branch of monitoring application ipfe
éesented by the maintenance systems. At this moofent
technological advancement, manufacturing systenms mu
In order to implement such a complex monitoring an have almost zero breakdowns. It is important toehav

supervision systems, two important issues must be(eliable system that l_JsuaIIy y\{orks in a just-indirenvi-
solved. First issue is obtaining a real time, td&anfor- ronment, W'thOl.Jt having qdd|t|onal reserves [12].

mation on state and condition of the machine todl the One of the important issues met in the development
manufacturing process. The second one is to craate of monitoring systems set for maintenance Is tree e
system which should analyze the obtained data deror ty of prowdm_g real-time information regardln_g tbtatus_

to observe a problem [8]. Also, the system musthee of one machine and one process [13]. A_rellablmmal
one which facilitates a decision that address & dis- nance system needs a monitoring analysis over kmeon

covered problem, tries to avoid losses and redhee t network. It should deliver predictable informatioa-

overall risk.

Table 2
Monitored parameters and solutions to problems in

manufacturing system [10].

Monitored object

Examples of parameters that can be monitored

Machine tool

* Machine tool or critical components condition monitoring
» Thermal errors, geometric and dynamic parameters

s Vibrations, temperature, acoustic emission

» Proper operation of mechanisms

* Maintenance activities

s Time of work (preparation, processing, breakdown,
maintenance)

Machining process

* Tool condition monitoring

» Temperature, vibrations, acoustic emission
* Process efficiency

* Process parameters

Workpiece

* Geometry (dimensions, tolerances)

* Surface parameters (roughness, quality,

geometric parameters)

» Material parameters (temperature, hardness, stress)

» Manufacturing data: time [preparation, processing, waiting),
machine and tool(s) number(s), operator, etc.

Manitored object

Examples of decisions that can be taken to solve discovered problems

Machine tool

s Compensation of dimension and geometry changes
caused by temperature changes or process forces.

» Changes in process parameters, eg., to avoid vibrations or
increase temperature.

* Starting of maintenance activities.

* Testing to analyse discovered problem or to check proper
operation after maintenance.

« Emergency stop, eg., in machine breakdown.

» Working with limited functionality.

» Proposing action plan to solve the problem.

Machining process

* Process optimisation —process parameters changes.

s Changes in process parameters, eg., to avoid discoverad
problems or minimise loses.

*» Support operator by suggestion of optimal parameters
suited to actual process condition.

* Emergency stop, eg., in the case of tool breakdown.

* Proposing action plan to solve the problem.

Waorkpiece

* Selection of optimal process parameters.

* Recording history of manufacturing: machines, tools, parameters.
* On-line optimisation of process parameters according to
measured part parameters.

» Optimisation of production parameters —time, schedule,

batch size, etc.

s Proposing action plan to solve the problem.

garding problems that are possible to appear, |dwe-
tionality, or the trend of the breakdowns that e@pear
in the near future [14].

The concept of E-maintenance is developed under th
umbrella of Internet and cloud computing [15]. & i
based on systems communicating over Ethernet by ex-
changing information. This kind of maintenance | wil
integrate supervision and monitoring into one campl
system which can supervise an entire productioorflo
along with the supply chain [16, 17].

Modern monitoring and supervision systems dedicat-
ed to different manufacturing processes should have
many different functions such as data collectioralgsis
and decision proposing functions. Therefore, therator
does not need much background knowledge about engi-
neering, he only needs the information providedthsy
system, take a decision and execute an appropcatmn
[7].Creating such an advanced system is a complicat
task. Usually, a powerful IT company is needednte-i
grate the monitoring into the advanced manufacturin
line. With the help of a programming logic, contfohc-
tions must be implemented in order to allow ther use
take actions according to identified problems [18].

3.2. Data acquisition

Usually, data acquisition is made through special
cards that collect information from sensors in r&ak.
The sensors acquire data from a certain part sbeegss
or a machine element. Then, collected signals fs-in
mation, they are filtered and prepared for furtaraly-
sis.

It is difficult to distinguish needed data from onf
mation that also has false disruptions from theirenv
ment and has nothing to do with machining process.
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3.3. The evolution of monitoring 4.1. Interconnection of PLCs

Monitoring process evolves with a rapid pace. The To run more complex processes it is possible te con
tools and methods, combined with the new sensors; ¢ nect multiple PLCs to a central computer. An exagfl
puting power and computing protocols permits a moresuch a system is the system SCADA. SCADA stands for
efficient acquisition of information [19]. Supervisory Control and Data Acquisition. The term

Processingnd analysis of recorded date is based orrefers to a comprehensive system of measurement and
indirect and direct measurements. Different patarse control. SCADA automation is used for monitoringdan
like cutting forces [20], drives load, current,des, tem-  control of chemical processes, physical or trartsgdre
perature, acoustic emission, sound signals, vimafi term SCADA usually refers to the command centet tha
noise and surface acoustic wave or torques candas-m monitors and controls an entire production areastMd
ured and analyzed. the operations are executed automatically by thé& RT

To acquire data, various types of sensors are usedqRemote Terminal Units) or the PLC. A system likést
optical, piezoelectric, mechanical, laser, etc.].[Zlhe is very complicated and usually has a complex diagr
trend is to make monitoring easier by implementing  The supervisory system may be combined with a data
sensors in machine parts, chucks, drivers and. tBils  acquisition system by adding the use of coded gna
search based on this kind of approach was done bgver communication channels. This is made in otder

Sortino M. [22] and Klocke F. [23]. acquire information about the status of the remote
equipment for display or for recording functionsid a
4. EQUIPMENT USING PROGRAMMABLE type of industrial control system (ICS). Industraintrol
LOGIC systems are computer-based systems that monitor and

._control industrial processes that exist in the piafs
The concept qf PLC. stands_fc_)r Programmable LogiCyorid. SCADA systems historically distinguish them-
Controller and it is a kind of digital computer dsfor

- t industrial h fol selves from other ICS systems by being large-Soade
automation of industrial processes such as cormfol  .egges that can include multiple sites, and laigfarnttes

machinery from a factory assembling line. [25]
The PLC performs two main tasks in the automation™ 6,91 sensors measurements, thresholds can be set
process. for the safety of the operator and of the equipmehCs

+ measure, which in this case involves monitoring of ., pe programmed to read the sensors and reaasén
process condition by acquisitioning data from isput ¢ system malfunction.

through sensors, buttons, limit switch, etc.. from
process’s state variables [24, 25]; 5 AUTOMATION STAND
» control, which involves processing the information
from the input and generating the necessary com- Due to the high memory capacity of the autonomous
mands to actuators from the automated process, agonsole, off-line programming solution typically ess
cording to a specific program [26]. complex programming software which has multiple-pro
A PLC can be defined as a specialized system degramming possibilities due to a complex graphicruse
signed to analyze sequential and combinationalclogi interface. Simulation facilitates the possibilitf testing
problems, simulating logic control structures byeaili-  the created program. One such program is a software
ent program configuration [24]. from Siemens called TIA Portal, which can be saen i
Considering that PLCs are flexible and programma-Fig. 2.
ble, they can perform different tasks from monitgrio
maintenance jobs. Programming maintenance jobs can
assure keeping the devices in a good conditioneaad
tending their life.
The structure of an automated process using a PLC
can be synthesized by the block diagram shown below

(Fig. 1).

Automated process

Measure Control

Procass status

information received Commands sent to
from sensors, buttons, execution elements
and limitets

Programmable

controller
Inputs Outputs switches

Fig. 1. Structure of an automated process using a PLC [3]. Fig. 3. Automation stand (Siemens).
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This is a complex programming software which testsThey are used in the most diverse industries apticap
and simulates different variants of PLC connectidg  tions, such as in the manufacturing and processnaait
contrast, on-line version uses a minimal softwavith tion. HMI KTP 600 has 6" display with touch funatil-
reduced programming, usually limited to the intrctitun ity for intuitive operation and applications foraain
of words in a command line environment, withoutihgv ~ system, recipe management and trend curve funditiona
a graphic user interface [26]. ty. The HMI is connected with the CPU through andta

Further, a Siemens motor 1FK7022-5AK21-1DGO ard Ethernet / PROFINET connection. It has flexible
will be observed. The motor has 6000 RPM, 1.8 k§70 scalability within the HMI family through the cogfira-
kW rating power and a input voltage of 230 V. A pro tion options with SIMATIC WinCC flexible (from
gram will be created in TIA Portal in order to mmmithe  SIMATIC WinCC flexible 2008 SP1 Compact) and Step
temperature of the motor and to stop it when ithea a 7 Basic for S7-1200 usage. SINAMICS S120 is a modu-
critical temperature. The research will be madetlmn lar drive system with servo and Vector Control. The

equipment presented in Fig. 3. SINAMICS S120 AC Drives especially supplement the
DC/AC units with a central power in feed and a k|
5.1. Components of the stand in types Booksize and Chassis for multi-axis agplic

In order to have a valid example that can be com-ions. 1FK7 motors are permanent magnet excited syn
pared to new and advanced systems, a Siemens automzhronous motors. The self-cooled motors are charact
tion was chosen. The stand that was used for tidyst ized by superior overload capability, ruggednesd an
contains latest models of automation components thacompactness. The connection via rotatable conrgector
have best firmware available in order to functidrthe and preassembled cables ensures a flexible, fdstafe
maximum potential. connection to the converter.

The SIMATIC S7-1200 compact controller is the
modular, space-saving controller for small autoorati 5.2. Connecting the automated system over TIA Por-

systems that require either simple or advancedtifumc tal software

ality for logic, HMI and networking. The compact-de TIA Portal is a software that optimizes all plargin
sign, low cost, and powerful features make the 33la  machine and process procedures. With its intuitiser-
perfect solution for controlling small applications interface, simple functions, and complete dataspan

As part of the SIMATIC commitment to "totally inte- ency, it can connect all kinds of equipment.
grated automation" (TIA), the S7-1200 product famil
and the TIA Portal programming software give theifl
bility that is needed to solve any automation needs

The SIMATIC S7-1200 controller solution, designed
for the "compact" controller class, is comprisedtiod
SIMATIC S7-1200 controller and SIMATIC HMI Basic
panels that can both be programmed with the TIAdPor
engineering software. The ability to program bogivid-
es using the same engineering software signifigantl
reduces development costs. The TIA Portal includes
STEP7 for S7-1200 programming and WinCC for de-
signing Basic panel projects.

S7-1200 can be extended up to 11 modules and it us-
es PROFINET or PROFIBUS communication protocols
that are specific protocols used in the automaitioius-
try because smaller information packets are tratesthi
with a higher speed. These protocols have a lower r
sponse time than TCP / IP protocol.

It contains a card that loads the program in otder
be run and it is a compact product containing a GRY
more inputs and outputs, which are analog or digita

On the left side of S7-1200 communication modules
are available and on the right are signaling mazl(ile-
puts/outputs). The modules can be mounted horiltgnta
and vertically. It is preferred the horizontally um for
better ventilation.

S7-1200 also contains a signaling board with inputs
and outputs that can be analog or digital, a ndtweard
with RJ45 connectors and a battery board that kéeps
clock active machine after machine shutdown (bwatter
must be changed annually).

The SIMATIC S7-1200 is connected to touch panel
HMI KTP 600. The SIMATIC HMI Panels can be used
anywhere where it goes directly to the operatiod an
monitoring of simple machines and equipment on. site Fig 6. Motor 1FK7022-5AK21-1DGO.
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Preexisting data and projects can be integrate
updated depending of the user neetisis software is
used to connect all the equipments through spacio-
mation Etherneprotocol that is called Profir.

Program of HMlis designed to control the RPM a
visualize the motor statusith the help of SINAMICS
S120 Converter. The ator is equipped with a filter i
order to filter the positive harmonic from the diec
network. The connection between the actuator ithe
converteris realized by DriveCliq (the gre cable) and
the converter is connected to the PLC througlEther-
net cable PC connection is via Ethernet port is done
setting the PC IP to 192.168.101.100 ane subnet
mask to 255.255.255.0. ConvertBris 192.168.0.1, PL
IP is 192.168.0.2 and HMI IP is192.168.' The automa-
tion system can be utilized in two ways: manual
automatic. If one operating mode is selected, tther
operating mode will not be aifable. On manual moc
the system is operated by the buttons availablehel
front panel.On automatic mode, the system is oper:
from the HMI panel.Functioning mode or stationa
mode is indicated through a green lamp and dan
related through red lamfor emergency stop there is
big red button that stops the process and to aomtihe
operation, reset button must be pressed. For ad-
edgment of convertor or motor failures fault resetton
must be pressed. With the help of the potentiorn it is
possible to change the RPM of the electric m

From a potentiometer key a setpoint speed cantt
for the motor. Motor torque limit is indicated bhet
dedicated green lamp. Warning lamp functions dtee
of the two modes of operatiofio cortrol additional or
auxiliaries equipment connected biips available that
comply with the wiring diagramthere arebuttons to
drive in manual mode and @edicate operator panel
display.

PLC_1
CPU 1214C

SINAMICS-S12...
SINAMICS 5120...

PLC_ 1

PNJIE_1: 192.168.0.2 PNJIE_1: 192.168.0.1

HMI_1

KTPE00 Basic co... I:I

PN/IE_1: 192.168.0.3

Fig 7. IP based connection through Profinet prot.

Fig 8. HMI KTP 600 touch panel with enu for setting
temperature limit.

6. THE TEMPERATURE SENSOR

In this case we usan extern: sensor thermocouple
made by INORcompany which specializ exclusively
in this areaThe temperature sensor is associated w
transmitter. The module must obtain and ampthe
signal and excludexternal factors, among othe

We selecte@ transmitter series HAPA-HRF-PT100
(APAQ-HCFX-HCF_ [2]) for the measurement with a
range beyond 1000C, whict has from 4 mA to 20 mA
output. The sensor waglued to the actuator witho
being in direct contactbecause th would affect its
operation After mounting and calibrating, we connect-
ed it to the module inpldutput SM124 PLC that we
use in the project. Accordintg the information from tr
back of the transmitteiif is knowr that it is a type K
thermocouple (up to 1010C) and that beyond 23 mA it
no longer transmits data. Toeatput data of tt sensor is
read between 9 mV and 4@V the transmitter converts it
to mA. It is imperative to have a f-safe mechanism in
order notto damage a system that can cost a lot of
and money to repair. In order to implement the-safe
mechanism, a program was made for S7-1200 Con-
troller in order to reduce the RPM or even to stoe
system in case of high temperature. As it can lee g8
Fig. 8, the system enabléilse operator to set a critic
temperature. When the motor reaches it, the syse-
duces the RPM or stofike entire procedure, dependi
on the operator needs. Considering that TIA Porto-
gramming has many modes to program a PLC, to t
the simulation more realistic, vpropose in the future to
add a time delay for the motor st In a real situation, a
forced shutdown could damage some other compo
attached to the system.

7. CONCLUSIONS AND PERSPECTIVES

In this article the latest trends in monitoring afata
acquisition were presented gesults achieved by differ-
ent researchers, includir@prtiro M. [22] and Klocke F.
[23]. Latest machine tools and production systemss
supervised by different sensors that have the [merpa
optimize the working parameters of the devices pe-
vent them from malfunction or st

This is important especially r the systems that work
24/7 and have a workflow that has a close conne
with a supply chain of other produc

Fig 9. Representation of the temperature meas
by the senst.
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TIA Portal is presented as a solution for the aatom

tion of a production system. It is a software thas an

object-based programming. Through TIA Portal, PLCE.]
are programmed to monitor different parameters and

react adequately, depending on the situation. incase,

we used a Siemens stand to which we connected -an E?L’i]

tern temperature sensor which is monitoring theptenar
ture of the electric motor. Through TIA Portal, theCs

were programmed to spin the motor at a specifieMRP

in order to create a reproduction of a working eyahd

to stop the motor when it reaches a harmful tenpeza [12]

that we set.

The perspectives of this work are finding new solu

tions for automation of an integrated system, al\stof
active control of the drive system parameters lieddng

to a machine tool and programming an automateasyst

with integrated logic. In the following researchiRRnd

temperature parameters will be monitored in order t

obtain a working cycle that will not affect the Wwalinc-
tioning of the motor.

ACKNOWLEDGMENTS:

POSDRU/159/1.5/S/132395.

REFERENCES

. . !
[1] C. Ispas, M. Zapciu, C. Mohora, F.D. Anania, C.F.uBis
Masini-Unelte. Conceptie IntegratIntegrated Concep-

tion), Editura Agir, Bucharest, 2007.
[2] M. Zapciu, F.D. Anania, C.F. BisiGonceptie si fabricatie

integrate — Aplicatii (Integrated Design and Manufacturing

— Applications) Editura Bren, Bucharest, 2005.
[8] S. Larionescu Teoria  sistemelor:

automation, process),Editura Matrix Rom, Buchare3d62
[4] M. Zapciu, F.D. Anania, D. Tilina, I. lvamovarea tehnié

si tehnologi@ si implementarea in sistemele integrate de
fabricafie — CIM, (Technical and technological innovation

and implementation of integrated manufacturing eyst —

CIM), Revista romana a inovarii (Romanian Journalmf | [22]

novation ), Vol. 6, No. 7, 2010, pp.-9400.

[5] K. Safsten, M. Winroth, J. Stahr€he content and process
of automation strategiednt. J. of Production Economics,

Vol. 110, No. 2, 2007, pp. 25-38.
[6] J.F. Oliveira, F. Ferraz, R.T. Coelho, E.J. Sil#achitec-

ture for machining process and production monitgrin

based in open computer numerical contd®urnal of En-

gineering Manufacture, Vol. 222, No. 12, 2008, pp[24]

1605-1612;

[7] R. Teti, K. Jemielniak, G. O’'Donnell, D. Dornfeld\d-
vanced monitoring of machining operatio@RP Annals -
Manufacturing Technology, Vol. 59, No. 2, 2010, gp7—
739.

[8] J. Lee; J. Ni; D. Djurdjanovic; H. Qiu; H. Liatntelligent
prognostics tools and e-maintenan&omputers in Indus-
try, Vol. 57, No. 6§ 2006,pp. 476-489.

[9] G. Morel, P Valckenaers, J. Faure , E. PereiraD{@drich,
Manufacturing plant control challenges and issu@entrol

The work has been
funded by the Sectoral Operational Programme Humz%e]
Resources Development 2007-2013 of the Ministry of
European Funds through the Financial Agreement

management,
automatizare, procesgTheory of systems: management,

Engineering Practice, Vol. 15, No. 11, 2007, pp213
1331.

P. OborskiDevelopments in integration of advanced moni-
toring systems The International Journal of Advanced
Manufacturing Technology, Vol. 75, No. 12, 2014,
pp 1613-1632;

S. Park, A. Albrech, G. Pritschow, Y. Altintasiigh fre-
quency bandwidth cutting force measurement in rgillis-
ing capacitance displacement sensdrgernational Journal
of Machine Tools and Manufacture, Vol. 45, No. 903,
pp. 993-1008.

M. John, J.M Grossi-undamentals of preventive mainte-
nance Publisher: AMACOM, New York, 2002.

L. Ribeiro, J. BarataRe-thinking diagnosis for future auto-
mation systems: an analysis of current diagnostaciices
and their applicability in emerging IT based protion
paradigm, Computers in Industry, Vol. 62, No. 7, 2011,
pp. 639-659.

R.C. MishraReliability and maintenance engineerjriRub-
lisher: New Age International, New Delhi, 2006.

B. lunga, E. Levrata, A. C. Marquezb, H. Erb€onceptu-
al framework for e-maintenance: illustration by e-
maintenance technologies and platformsnual Reviews
in Control, Vol. 33, No. 2, 2009, pp. 220-229.

A. Personaa, A. Regattierib, H. Phamc, D. Battiamote
control and maintenance outsourcing networks andjits
plications in supply chain managemgdournal of Opera-
tions Management, Vol. 25, No. 6, 2007, pp. 1279412

P. Dirks Management control and the production environ-
ment: a review International Journal of Production Eco-
nomics, Vol. 93 No. 2, 2005, pp. 263-272.

] G. Byrne, D. Dornfeld, B. Denkengdvancing cutting

technology CIRP Annals - Manufacturing Technology,
Vol.52, No. 2, 2003, pp. 483-507;

] 1. Korkutl, A dynamometer design and its construction for

milling operation Materials and Designyol. 24, No. 8,
2003, pp. 631-637.

] E. Dimla, S. Dimla,Sensor signals for tool-wear monitor-

ing in  metal cutting: a review of methodsaternational
Journal of Machine Tools and Manufacture, Vol. MO, 8,
2000, pp.1073-1098.

] E. Kuljanic, M. Sortino, G. TotidDevelopment of an intel-

ligent multi sensor chatter detection in millinglechanical
Systems and Signal Processing, Vol. 23, No. 5, 2pp9
1704-1718.

F. Klocke, E. Kuljanic, G. Wirtz, G. Totis, D. Vdegac,

M. Sortino, Development of an intelligent cutter for face
milling, Mechanical Systems and Signal Processing, Vol.
23, No. 5, 2009, pp. 1844857.

J. Urbanek, T. Barszcz, J. Antorihtegrated modulation
intensity distribution as a practical tool for catidn moni-
toring, Applied Acoustics, Vol. 77, No. 2, 2014, pp.184—
194.

K. Zhan, S. Ding, Z. Chen, Y. Lei, H. HaA, data-driven
multiplicative fault diagnosis approach for autoraat pro-
cesseslISA Transactions, Vol. 53, No. 5, 2014, pp.
1436-1445.

E. Camponogara, A. Plucenio, A. F. Teixeira, R.V. Cam-
pos, An automation system for gas-lifted oil wells: Miode
identification, control, and optimizatipdournal of Petrole-
um Science and Engineering, Vol. 70, No. 4, 201@, p
157-167.

http://support.automation. si emens. com Siemens
Product Support, accessed 27.02.2015.



