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Abstract. The use of systems that allow automation and monitoring of industrial equipment in real time is present in
different environments and leads to the development of systems called SCADA (Supervisory Control & Data
Acquisition Systems). In industrial processes involving chemical reactions this methodology is widely used not only in
order to economic factors but also the issues of worker safety. This paper aims to propose architecture to implement a
supervisory systemin a pressure filter on the handling of liquefied minerals in sulfuric and fluoride acids. As results,
the implementation schemes, the economic factors and the advantages of automation equipment operating in areas of
risk in industrial plantswill be demonstrated.

Keywords: Supervisory system, pressure filter, automation, PLC, mining
1. INTRODUCTION

With the price decrease of computer equipmentsthadaise of availability of development tools hetmarket
combined with flexible frameworks that can be addpb various processes and in some cases, tlaaseviiorks can
be downloaded free on the Internet, the industsydmded for the automation of your plant via comaput

This automation is usually done by special equipnealied Programmable Logic Controller (PLC). Asréhis not
usually an interface between PLC and the operafoth® process, a computer with specific software thus
communication is used. Nowadays it is possiblaeriplément supervisory in all segments of commerckiadustry as
alarm systems, schools, hospitals, departmentsstaie conditioning of offices, laboratories, smfattories and in
many industrial processes.

The initiative to automate any process must be dase careful evaluation of cost of implementatiamd a
maintenance of the system and benefits, such aféettibility of the process, increase of produdiyireduce of costs
and the increase of the safety of people and earipm

According Shikari (2004), in addition to analysiskd on the operational point of view, the impletaigon of the
automation process involves a detailed study ofthps that comprise a maintenance policy to bsidered with the
flowchart as shown in Figure 1.
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Figure 1. Maintenance policy flowchart

Along with the technological demand, there wasrengase in demand for minerals applied to the otedrimidustry
and electronics, requiring greater investment m mfining and extraction to increase productivilgs@ing quality,
delivery times and prices.

According DNPM (2009), the strong demand in thebglomarket for commodities processed metal used in
electronics, automotive, metallurgical and congstomcindustry has been stimulated in recent yearghe current
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growth of China. Brazil has a favorable positiorwdngse it is considered one of the largest minexadyxers, and for
some specific minerals, Brazil has about 98% ofldvproduction.

Some of these substances are found in rocks andraisn and the extraction process is initiated hemical
process called digestion. Digestion is the acidie®y of the raw materials using hydrofluoric agitf) or sulfuric acid
(H,SQy). The process is done in batches, under discanimand transient regime. The pulp resulting frbis process
is directed to the pressure filter, where the sdlalled sludge, is separated from the liquid niatéhat is rich in the
substance that want to extract.

The filtration process is the main bottleneck & groduction, because in the industry under stadyation of all
commands is performed by an operator in an electitrol panel. The current system has low opemnatioeliability
and exposes the operator for a very long periodhithiely toxic fumes and gases becoming a poterisklto his health.

In mining processes, advanced methods of contrdl artomation have been developed and reported lentel
results (Townsend, 2003). However, this developnembncentrated in the milling process, digestml flotation.
Very little effort has been placed on the developnaad control in the filtering process.

1.1. Supervisory systems

A few decades ago, the process of mechanizationliméted to the operator and the machine. Howether, need
for amplification of industrial processes beganstek devices that could, upon receiving informatimm the
environment, process them. Thus emerged the autumit processes and machines based on the redepethdence
of sensory and decision capacity of the operagmacing human action control.

The supervisory systems are defined as systemstipatrvise or monitor processes running in an imgdiplant,
through visualization of variables of the plantttizabeing automated as well as actions taken &wtitomation system.
They are also employed in order to recognize liKellures in plant components before they actuadgur (Melendez
et al., 2001).

The modern industrial automation systems needs tmemtheir facilities in order to be able to market
competitiveness, so in a modeling environment idsessary to plan the system architecture, thigghgerhaps the
most important aspect. The supervisory enablespikeation and allows its viewing through graphiesas developed
for any industrial process or commercial, regasigsthe size of your plant.

1.2. Basic diagram of the system

In principal, the basic scheme of the supervissystem consists by the inclusion of a microcomputetrol
system already in place or not, that in most césésrmed by a PLC and its peripherals. The comeation between
the computer and the control system typically foaothe same protocol, however, with the help ofriisices and/or
gateways it is possible to establish intercommuitnaon various protocols. This ensures the implatatéon of all
supervisory control systems (Maia, 1998a).

The communication bus is composed of several potgpevhich are commonly used RS232C or RS485 in the
communication between PLC-Master and PLC-Slave, 362or TCP/IP connection between PLC-Master and
computer. There is communication also in digitghsis, or "loops" of current between PLCs, eleatqmnel and field
elements. There are currently various network matofor the connection between PLCs and field eleis

As shown in Fig. 2, the supervisor will overseeeddiments of the bus, but in most cases, the sigpeywestricts
its access only to the CLP-Master, which preparstats table of the process and delivers it tosthEervisory which
may or may not promote an interference on the mssyof the process, changing the control param@t@SLINK,
2002).
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Figure 2. Scheme of an automation system
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To enable the exchange of information between sigmy systems and PLCs, communication drivers were
developed, because manufacturers of PLCs and sspernsoftware may not be the same. The manufasturé
automation products structure their products adogrtb international standard IEC 61131-3 and comigation OLE
for Process Control (OPC), providing a standarch&aork for control and data exchange (Diniz and&@&008).

One of the most common tasks of supervisory cordrtie statistical process, which, by processiagables, can
plot graphics and point out trends. The systematpemill have available a graphic display représgnpart or all of
the process, its parameters (set points) and thmlacalues of the field. In the representationFaf. 2 comprises a
Master-Slave network-type between the two PLCs iand their task to interlock and control the fietdements
(sensors, valves, relays, etc) via a logic progthat runs on each PLC. It is also the task of th€ R inform the
supervisory system on the process variables (M&i@3b).

2. PRESSURE FILTER

The pressure filter is an equipment used in chdmfoad, sanitation, and mining industries. Its dtian is to
separate materials and according to the final pdpplication, can be liquid or solid. In this feular case, the
pressure filter is in a chemical industry used inemal processing to extract the liquid part of teenpound produced
by the digestion stage.

Figure 3 illustrates a horizontal pressure filienikr to the one used in this work. In Fig. 4 wavh illustrated in a
simplified way the pressure filter. This equipmertnsists of several plates, lined with filter clothich are
compressed by a hydraulic cylinder. Between eaate ghambers are formed where will be accumulaibdiss

Figur 3. Photo illustration of the pressure filter

Filter Plates

Hydraulic Cylinder

feed —

\
Qutput filtered liquid
Figure 4. Basic diagram of the pressure filter

Within each plate, there is a diaphragm that issgwgzed, increasing the compression of the solideral,
extracting the maximum liquid substance.

The liquid material removed from the pressure ffilfedirected to special ponds where they will becpssed in a
later stage.

2.1. Filtration processes
The pressure filter is a machine that works onegctomprising the steps represented in Fig. i5. nbteworthy

that during the cycle, some steps may occur mene timce depending on the nature of the produce fidtbred and the
final material of interest (liquid or solid).
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Figure 5. Representation of the filtration cycleagfressure filter

The first step is the feed. With the pressurerfilesed, the material to be filtered is pumpedhi pressure filter,
forcing the material to pass through the filterat@s. The solid material is retained in the fillextracting only the
liquid. The increase of solid material retainedtbe filter increases the pressure of the feed systetil a threshold
called the set point. Upon reaching the maximunsguree, the feed is interrupted, leaving the sysieailable for
performing the next step called pressurization.

In pressurization step, we use compressed airlédedihe diaphragm located inside of each platereasing the
compression on the cake retained on the filteihcliot this step is taken the maximum amount ofitiqgubstance.

The washing step is only used when the product iisterest to the process is the liquid materialtie case of this
study, the substance to be extracted is liqgueedthe washing is essential to reduce the neechde the rejected
material again by the digestion process.

After washing, the second pressurization is accaetl in the same way as the first, but the ohjedsi to remove
the water used to wash the cake in the previoys ste

Drying is accomplished by blowing compressed &io e cake. This step is important to dry the mates most
as possible, facilitating the removal and handbhthe cake.

The last filtering procedure is the extraction loé tcake. This step is performed with the pressilber tylinder
recessed and the pickup tray opened. An automiitadement of plates is used that will separagteplates. The dry
cake will fall by gravity into storage of the slyriThe sludge will be analyzed in the laboratorg #rthey do not meet
the minimum standards of concentration, it willdeeycled by the digestion process, resulting indased operating
expenses

3. DEPLOYMENT OF AUTOMATION SYSTEM

In this chapter we will present the computatiomall$ used to develop the system, the control dlyorithe fault
detection module and interface with other systems.

3.1. Computational Tools

The pressure filter of the company under study wmtsally designed to operate automatically, butedio a
deficiency in the absence of a control and superyisystem, the execution of each step of theafittin process is
initiated by the operator in an electrical panehisTequipment has a hydraulic unit, actuated valwed sensors
connected to the PLC MicroLogix 1500 from Rockwalitomation.

To the development of PLC control program, the lmgg used was Ladder, implemented in the Rockwell’s
environment: RSLogix 500 was used to create therabprogram in ladder logic, RSLinx was used tofpen the
communication between PC and PLC, Logix 500 Emulatas used to simulate the environment of the PhG i
microcomputer.
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To the development of supervisory was used freevaoé SharpDevelop 4.0. The SharpDevelop is argtated
Development Environment for C # and VB.NET using.tNET Framework 4.0 from Microsoft. The decisionuse
free software is due to the high cost of investmanthe acquisition of proprietary software licenge generating
supervisory programs.

The database used was Microsoft SQL Server 2005eEgpEdition. This software is a free database from
Microsoft.

3.2. Graphic displays and control algorithms

The pressure filter in study was designed to waromatically, but due to the absence of a supenyisgstem for
monitoring and control of the process, the begigroh each operation was initiated manually by tperator via an
electric control panel. Another common problem wiaes difficulty in detecting the causes of failudescause the
operator and maintainer didn’t had access to PLiabkes.

The diagram in Fig. 6 corresponds to the proposedtsre of control, defining each module and iitteifaces. The
lower module schema matches the Pressure filteipegunt, and using the sensors and actuators acishmible
communication of the physical environment, représgiby the pressure filter, and the operationakcklgrepresented
by the Allen Bradley MicroLogix PLC. The sensohat represent the input of the system are: indecpi@sition
sensors and mechanical (rollers), pressure switgiressure transducers, sensors, valves and statectors. On the
Output of the system, the actuators are: hydraudit pneumatic valves, contactors and motor of yideaulic units.
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Figure 6. Representation of system structure

The PLC contains all the operational logic of thestem, having two different operating modes: marauad
automatic. The manual mode keeps the original feataf the system, where the beginning of eaclestafgiggered by
the operator at the control panel or by the sugeryi The manual mode was kept as a contingendynaict case of
failure or maintenance operation, which makes gassible to follow the sequence in the operation.

The automatic mode works by following the sequeasiablished by the engineer responsible for thelymtion
process. The operation sequence is representée ifiotvchart of Fig. 7. The steps have conditidrs tmust be met
before starting the next steps. The control vagislolin be an internal timer, pressure indicateprégsure switches or
mechanical or inductive positioning sensors. Sattpare configured on each step and can be chang#te operator
in supervisory.

At each stage, whether in manual or automatic mtitlre are interlocking routines that check theustaf the
pressure filter for, when performing a task, doesaxposed the operator to safety risks and equiptoebreak downs.
If any requested task is not executed, the failistection module is triggered.
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Figure 7. Sequence of operation of the pressues fil

The fault detection module is responsible for idfgimg the occurrence of a failure, to classify fadure mode and
to indicate the possible corrective actions toakeh by the operator or maintenance staff. FigusesBiowing the flow
of information during the execution of all stagddiltering.
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Figure 8. Flowchart of fault detection
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When prompted to run any event, both in automatimanual mode, if the event does not start, otoiged during
execution, the supervision system will identify fhiieysical states of the sensors involved and coentr@m with the
Expected State Sensors recorded in the table.gfmoss that are in different state than expectdauae registry will
be created that will present the causes and pessirtective actions. First, if the action is opiersal, it will indicate
to the operator on the screen of the supervisotlyaation to be taken. For maintenance actionsstipervisory system
will automatically open a Maintenance Order in Mi@ntenance Management Software for the actiorettaken.

The Fault Log contains all fault history where yaan generate statistical reports of the eventsh Ykise reports it
is possible to propose improvement actions thaimibe the impact of failures. Figure 9 representiiviecreen of the
supervisory system.

The planned maintenance based on time or condiignmanaged by the Maintenance Management Soffare
the equipments, which makes it unnecessary to beaited by the supervisory software.
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Figure 9. Main screen of the supervisory system

4. RESULT

The implementation of the supervisory system emhptecess improvement and it is evidenced in tméieators.

The first indicator is related to productivity,stthe average number of batches days and the muwhbatches was
reduced from 7 to 8, it increase 15% of produciiothe automatic mode. It was related in the nocessity of operator
intervention to initiate each step of a cycle.

The second indicator is related to rework, it is idex of the sludge reprocessing and it was edifom 10% to
4%. With this reduction, it was possible to redtice cost of inputs used during the digestion psscelectricity,
steam, hydrogen fluoride (HF) and sulfuric acid:§B,). The reduction of sludge reprocessing is dueh&dorrect
execution of the right sequence steps of the fiittnacycle, where it is extracted as much matditplefied of the
sludge.

The third indicator was related to the availabilifyequipment, it reduced the mean time to repdif TR) from 3
hours to 40 minutes. This accentuated reductionepair time is related to the failure detectiondinBefore the
implementation of supervisory systems, the maietairdid not have access to the control variableth@fPLC, the
maintainers were obliged to perform various testyarious sensors, switches and actuators of thigpegnt. With the
failure detection module, the condition that was fadfilled is displayed to the maintainers, so theervisory shows
what sensor that has failed and what action waexetuted. The system shows to the maintenancaitéeis what
they have to do and which equipment part thatyeatjuires maintenance.

Tabela 1 — Comparative results

Indicators Before After
Average number of batches daily 7 8
Index reprocessing sludge 10% 4%
Mean time to repear (MTTR) 3 hours 40 minutes
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In addition to the tangible gains that were repne=e by the three indicators in Tab. 1 it was pgaedio reduce the
time of exposure of operators to environment withld dumes, because there is no need to the operatstart each
stage. With the process running more efficient,rdmulting cake is dry and is completely extradigdhe process of
displacement of the plate, falling by gravity ditgdnto the collection reservoir.

5. CONCLUSION

With the implementation of the new automated cdntmad supervision system, the time that the operatms
exposed to the area next to the pressure filteh high acid fumes generated was reduced, increabmgperator
safety. It was possible to increase the produgtisince the downtime was reduced between each segause the
sequence is initiated automatically without thecheEhuman intervention between each process step.

Another important factor was the creation of a bas®, where it is possible to obtain operationtd dach as total
number of batches during the day, time of eachecgold run stages. With this information, togethith the laboratory
results of the reject slug in the process, it isgide to study improvements of operations aimednateasing
productivity, reducing time and therefore energgstomption.

The maintenance downtime greatly reduced throughirttplementation of fault detection module, wheog gan
identify the cause of failure through known failun®des and existing in the database or, in cas&slofe modes not
identified, include in your bank data these newsealof failure with the possible actions alreadyeutaken.

The development of the system in platform VB.NE®yded the reduction of expenditure on dedicatdtiveme
licenses, more robustness of the system and the @&amtegration with the supervisory system forimtenance
management, enabling opening of maintenance oadgosnatically, increasing efficiency planning amplementation
of preventive and corrective actions.
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