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Abstract — This article describes an automation system provides an efficient conversion of energy, withabde

for a residues treatment plant based on thermal plama. discharges; durable structures of the torch, besiother
A compact PLC was used to activate several subsysie benefits [2][3]. Recent developments of the switghi
and to control the main reactor inner temperature sing semiconductors and microprocessors allow the ugmwakr

Fuzzy logic. A human-machine interface allows the supplies in high frequencies (MHz range) with great
monitoring of the variables and the activations oflevices  reliability and reduced cost, resulting in high fpemance.
of the system remotely. An OPC communication is uge The efficiency of the RF inverter is approximated9%,

to link the computer and the PLC. which relatively high if compared to conventionalF R
inverters of linear power supplies [4].
Keywords - PLC, Fuzzy logic, human-machine This work proposes the development of an automation
interface, thermal plasma. system and central control applied to a petrochaimic
effluents and residues plant using thermal plasramg part
[. INTRODUCTION of a larger work. The treatment system is basicati;mposed

] ] by a plasma torch, a reactor, an incineration cleamb

Residues and waste contain an extremely hazardodgoling systems and a RF 50kW power supply. Thelevho
potential for the environment. Ambient alterationa v system will be supervised by a dedicated compuaseth on
chemical and physical compounds or nature deg@uati 3 human-machine interface (HMI), where the operaton
produce elements that infiltrate in soil, goingurederground configure the system and have access to the inf@meata
deposits and compromising the atmosphere and therwaf the whole device. A compact PLC is used to artfie

sources used for the public supplying, agricult@med process and main reactor temperature.
industries [1]. Its spread for the atmosphere isoal

considerable. Therefore they can be the origin ajreat Il. PLASMA RESIDUES TREATMENT
number of diseases. It is imperious to hinder laigpens, or
at least, to minimize this possibility. Figure 1 presents the illustrative diagram of tteatiment

How to do it? During the last 30 years, many depetb plant industrial residues, the power supply with ¢ontrol
countries limited the air and soil pollution byrimlucing and several associated subsystems. The equipmest wa
satisfactory disposal management of the residues.this, designed to process 250kg plastic residues or 75ifkg
they developed a residues policy, which matches thpetrochemical effluents, with calorific power 3Gg)/and
development need with a pollution small impact onl0kJ/kg, respectively[5][6], resulting in a disdipe power of
environment caused by the waste production. Speci@OkW. The processing time was estimated of abolb@s
national agencies were created to regulate jutidjoastions per day. In the first step of the project, energgovery
concerning the residues disposal. In case of Eurtipe technigque was not included, but will be implemenitedhe
European Community dictates these policies. In Bréze  second step.
residues policies started to be delineated. When cooling/ignition systems and feeding source ar

Nowadays, at Rio Grande do Norte state, the federalirned-on, the residues and/or petrochemical efthuere
government have established laws and regulated sworminserted in the feeder through a pneumatic door semnt
Regarding the kind of residue category is quiterappate  step-by-step through a stepping motor to the meadctor for
once it is less aggressive for the environment @B to plasma torch processing. The inorganic part oféisedues is
the conventional methods of incineration. transformed in a slag called "obsidian". The olasidis

The use of industrial torches based on thermalnmdas destined to an appropriate container through amothe
pneumatic door. The organic part produces gasdsattea
Manuscript received on May 30, 2006. First revision on August 14, 2006; burned in the secondary reactor in the presenaexyden.
second rt.:vision on Septemberh 29, 2006. Recommended by the Editor of To eliminate the small particles found in the ga$laey are
the Special Section J. A. Pomilio. ] ] -

washed in the washer and liberated to the envirahme
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Fig. 1. Residues plasma inertization plant.

This way, it is expected approximately 95% reductid The DC/AC converter is composed by four series+ianb
residues [6][7]. inverter modules configured to supply the 450KHz AC
The control system maintains the main reactor innevoltage. A digital PLL algorithm driven by the
temperature according to the residue category.thisr it TMS320F2812 main DSP controls the inverter switghin
controls two important parameters that are proviftedthe frequency close to the resonant oscillation fregyenf the
plasma formation: plasma torch voltage and gas flate. plasma to achieve precise zero current switchiregatmn so
The appropriate sequence switching for plasma torcthat the di/dt stresses on the insulated gate &iptansistors
activation is also implemented as well as the ptaia (IGBTs) are minimized and switching occurs with ligigle
system for both the operator and residues treatpiant [8].  oscillations[16-18]. Figure 3 illustrates the DC/AGnverter.

[ll. POWER SUPPLY

Impedance Plasma

' ‘ matching  torch
The RF power supply is composed by the AC/DC (boost {{ {{ {{ {{ {{ {{ % transmrmeri i
rectifier) and DC/AC (high frequency inverters) werters o i +1 ite
that supply 450 kHz RF voltage for plasma torchrapen. DG voltage T T
The AC/DC converter is composed by a three-phasstbo ) Gl TFice
rectifier and accomplishes the power factor coroect ) i
supplying 800V@75A DC voltage. Figure 2 shows de i 1Rp
AC/DC converter. It uses space vector modulatigorhm ﬁ ﬁ ﬁ L=
to shape the line current and to regulate the dutpliage. ‘ ED D I I
The DC OUtpUt VOItage level of the AC/DC Converter IGBT driver 1 IGBT driver2| | IGBT driver 3 IGBT driver 4
controlled by the TMS320F2812 secondary DSP. The
reference for this voltage is supplied by the Fuzastroller ! ! ]
of the PLC, varying from 550V to 850V according ttte TMS320F2812 Main DSP
residue category. R
ﬁ s 1 Fig. 3. DC/AC converter.
The use of a DSP-based control for both conveltiass

Utility line
30 380V/

60Hz JWW

S DC voltage the added advantage that the different control reelse
requiring different heating periods and differedaptations
% of the plasma system can be implemented with matiins

\|

to the software alone and no changes to the haedwar

z= : Serie-resonant capacitor (Cr) and the plasma torch
inductance accomplish the load current resonandee T
plasma torch inductance (Lp) and resistance (Rp)evare

IGBT driver 1

Pe : about 3,7iH and 0,8, respectively. The tank circuit sets the
chvonage TNIS320F2812 Secondary DSP resonant frequency and characteristic impedancethef
reference system. An impedance matching transformer with mstu

Fig. 2. AC/DC converter. ratio of 4/1 is used to isolate and match the inapeds of

the DC/AC converter and the load.
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Figure 4 shows a picture of the power supply.

Fig. 4. Power supply.

IV. AUTOMATION SYSTEM

The control system is provided for a PC computer
equipped with a human-machine interface capabiaanage
the operation of the plasma torch plant. The iat=fwas
built in Labview graphic environment, and directedgive
information about the status system, modify therafyen
parameters, and turn-on/turn-off the plant devices.

The PS4-341-MM1 PLC compact module [9][10] controls
the temperature inside the reactor in a closed laog
activates other subsystems. The PLC system inclselasral
protections to avoid accidents and damages in the
equipments.

Figure 5 illustrates the complete control systerd és
subsystems. Figure 6 displays the diagram of timpéeature
control. An external loop maintains the main readtmer
temperature using Fuzzy logic, producing DC voltage
references to control the 450kHz inverter and pkagyas
flow rate. Due to the difficulty of modeling the gpit
parameters, the Fuzzy logic is cascaded with aemional
PID controller based on experimental tests [11][1Phe
PLC used has Fuzzy and PID blocks that can be
programmed.
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Fig. 5. Plasma treatment plant automation system.
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Fuzzy systems are relatively easy of using in jracnd Converter , Converte
the mathematical knowledge is not complex. However, Driver Driver
program them a software engineer needs deep uadénsy @ @
of the industrial process inaccuracy and uncentdit3-16]. IGBTs IGBTs

An analog valve maintains constant the plasma
temperature in the reactor by controlling the daw frate of
plasma. An internal loop controls the plasma flaterusing Fig. 7. Links between devices.
a conventional PID control. The reactor temperaisrset
according to the kind and quantity of residues dotieated The Fuzzy logic control uses two input variables

and previous control tests made in open loop. Bonptete  (variation and speed variation of the temperaturerge and
molecular dissociation of the organic residues andwo output variables (the setpoint of the DC outpoltage
vitrification of the metallic and/or ceramic reselj the control — sent to the secondary DSP - and the setpbthe
temperature inside the reactor must reach up tgas flow rate control - using a classic PID comgml
approximately 1600°C. To reduce cost, air is usedh@ Therefore, the fuzzy controller is the process mana
plasma gas. because it sets others setpoints controllers.

The communication between PLC and secondary DSP is Each variable has its respective fuzzy inferencetfans,
made by an RS-232 interface. The PLC and the caanpise  as shown in Figures 8 and 9.
the OPC (OLE for Process Control) to adjust thaaldes | !
used by the HMI. One of the main advantages fangughe
OPC communication is the elimination of driverseTuse of
drives presents problems when they make commuaitati
between different data sources, for instance betveeplant
device and computer or between two devices frorerint
suppliers because of driver specification [19].fact, the
non-drive OPC communication is becoming a standiakd
device for industrial applications. Moreover, noags
professional from automation and Tl areas are &hgdthe
best way of implementing the OPC communicationha t
industry . . . ; ; . . . .

Figure 7 displays the representation of the linksveen Tk " - ;N i
the devices. The fiber optic is an excellent waysigfnal
transmission and is immune to electromagnetic fietences
(EMI) generated by RF power supply, bombs, and msoto s
The IGBT drivers use especial input/output connscto
link the fiber optic cables.

PG

Fig. 8. Fuzzy inference functions of the tempea®trror variation
— input variable 1.

0

1 1 1 1 I 1 1 1 1 i}

A. Fuzzy |Ogic rules 1 08 Fix3 14 02 0 0z 0,4 06 [i] 1
Controllers PID are widely advised by literature the Fig. 9. Fuzzy inference functions of the speedatian of the

control of temperature. But, due to the behaviothef load, temperature error— input variable 2.

the use of the PID control technique itself to conthe main

reactor inner temperature was not adequate tofaztisy Where NG is big negative, NP is small negative, i®P

performance of the system. On the other hand, utdcbe small positive and PG is big positive.

improved it by using a PID combined with a Fuzzy After elaborated the inference functions involvedtihe
controller. It could be evidenced when it was inmpémted  process control, it was made the rules of the fuzaytrol
and a better performance was obtained. The coatrotiuld law. All 15 control rules were formed by combinaioof
to reach values of setpoint in a faster and stdéady. Also, IF's between each set of the each variables indblwethe
It was evidenced a better effectiveness of therotbet for ~ process:

changes of setpoint or disturbances values.
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Rule 1: IF variable 1 is in the set Zero AND vat@ab the value 832 (832 Volts) and output variable 2 wil

2 is in the set NG THEN the output variable 1 will have the value 700 (700 I/min).
have the value 652 (652 Volts) and output varigble  Where output variable 1 is the DC output voltagel an
will have the value 300 (300 I/min); variable 2 is the gas flow rate.
* Rule 2 IF variable 1 is in the set Zero AND var&a8l
is in the set NP THEN the output variable will have V. HUMAN-MACHINE INTERFACE

the value 646 (646 Volts) and output variable 2 wil
have the value 265 (265 I/min);

* Rule 3 IF variable 1 is in the set Zero AND var&aBl
is in the set Zero THEN the output variable wilvba
the value 640 (640 Volts) and output variable 2 wil
have the value 250 (250 I/min);

* Rule 4 IF variable 1 is in the set Zero AND var&aBl
is in the set PP THEN the output variable will hive
value 634 (634 Volts) and output variable 2 wilvba
the value 280 (280 I/min);

* Rule 5 IF variable 1 is in the set Zero AND var&a8l
is in the set PG THEN the output variable will have
the value 628 (628 Volts) and output variable 2 wil

The HMI elaborated in Labview environment [19-21]
supervises the plasma treatment plant, providing tfe
operator an easy interface to control the systeth several
information about the process status. Figures 1@ufd (b)
illustrate this interface. The monitoring screen Higure.
10.(a) shows the main power control (Controle Rpialg, the
motors/pumps status (Status dos Motores e Bomipas)eal
time reading of the process parameters (Dados Mi@uibs).
The power control buttons (green & red) in the madnver
control are respectively responsible for turningofinthe
pumps, exhauster, compressor, etc. Similarly, tleemg &
red power buttons (Poténcia) are respectively mesipte for
N turning on/off the ignition system and RF power [dyp

have the valu_e 250 (?59 min); o Finally, the green & red buttons related to theidess
* Rule 6 IF variable 1is in the set PP AND variabls (o0 4ing (Alimentacdo de Residuos) and slag elifitnat
in the set NG THEN the output variable will have th g|iminacao da Escéria) control respectively theripg and
value 730 (730 Volts) and output variable 2 wilvea o556 of the reactor input/output pneumatic dodrsese
the value 350 (350 l/min); buttons are physically present in the power supphd

* Rule 7 IF variable 1 is in the set PP AND variabls  control system racks too. Therefore, the user cantral the
in the set NP THEN the output variable will have th plant devices locally or remotely.

value 712 (712 Volts) and output variable 2 wilvba

the Value 340 (340 len)’ : E‘:éﬁlﬁ mc]ww - Planta de Inertizagéo de Residuos
* Rule 8 IF variable 1 is in the set PP AND variabls
in the set Zero THEN the output variable will hakie e o -

Exoustor CompressorResiramento  Lavagem

value 730 (730 Volts) and output variable 2 wilvba
the value 400 (400 I/min);

* Rule 9 IF variable 1 is in the set PP AND variablis
in the set PP THEN the output variable will have th
value 730 (730Volts) and output variable 2 will bav =]
the value 375 (375 I/min); e

* Rule 10 IF variable 1 is in the set PP AND variable
is in the set PG THEN the output variable will have
the 652 (652 Volts) and output variable 2 will hadke
value 265 (265 I/min): @

* Rule 11 IF variable 1 is in the set PG AND variable
is in the set NG THEN the output variable will have
the value 910 (910 Volts) and output variable 21 wil
have the value 700 (700 I/min);

* Rule 12 IF variable 1 is in the set PG AND variable
is in the set NP THEN the output variable will have
the value 910 (910 Volts) and output variable 2 wil
have the value 600 (600 I/min);

* Rule 13 IF variable 1 is in the set PG AND variable
is in the set Zero THEN the output variable wilvba
the value 850 (850 Volts) and output variable 2 wil
have the value 575 (575 I/min);

* Rule 14 IF variable 1 is in the set PG AND variable
is in the set PP THEN the output variable will héive (b)
value 832 (832 Volts) and output variable 2 wilvba
the value 700 (700 I/min);

* Rule 15 IF variable 1 is in the set PG AND variable

is in the set PG THEN the output variable will have For each pair of buttons, there are virtual ledstioa
screen (see motors status in Figure 10.(a)), wiichitors

Fig. 10. Man-machine interface. (a) Parametersstatus of the
plant and (b) graphic visualization.
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the physical button status alerting when the piavices are
turned on. On the screen area called “Dados Matdims”, it
can be visualized the main process parameters asichain
and secondary reactors temperatures and gas ftevofdhe
main reactor. Also, at the bottom of the screeerelis an
alarm flag (Alarme) that alarm in case of abnorsialation.
Figure 10.(b) shows the local variables in the plahe user
can use this second screen to locate a particalaable in
the process during the operation.
VI. EXPERIMENTAL RESULTS

Some results were obtained in order to verify tloeseaxd
loop response of the main reactor inner temperatangrol.
It was used the Labview software to record the Vi@wes.

Figure 11 shows load responses of the main reauer
temperature.
temperature was stepped up from 500°C to 1000°€Eigare
11 (b) the temperature was stepped down from 1406°C
1000°C and in Figure 11 (c) shows the disturbamesed by
inserting of mixed residues composed by sand amd ¢o
can be seen that a satisfactory temperature caatverified.
It was made several tuning adjustment in the Fumgjc

rules to improve the performance of the system.
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Fig. 11. Main reactor inner temperature. (a) 508 up, (b)
400°C step down and (c) disturbance. (scale*20)
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In Figure 11 (a) the main reactor rinne

The power supply output waveforms is shown in Fegur
12. The load voltage shown in that figure is befdine
impedance matching transformer The voltage frequesc
about 400kHz. The PLL control of the DC/AC convettées
to keep the voltage frequency close to the resonant
oscillation frequency of the load.

800

o «—Lodd voltage

Load curpent
0 /

-400

Tens&o (V)

-800

0 5 5 5 54 % 5 B

Time (uS)

Fig. 12. Power supply output.

57 59

VII. CONCLUSIONS

This work proposes the development of a controtesys
for a plasma torch plant to be used in a treatment
petrochemical and hazardous residues. The conygies
consists of a computer equipped with HMI interface,
compact PLC and DSPs. The computer monitors anthlsig
the whole process while the PLC and DSPs cont®IRFK
voltage switching for the plasma torch, the powdanp
devices used for system operation/protection, hagtocess
temperature using Fuzzy logic and PID controlléFae
Fuzzy logic was used to control the main reactarein
temperature due to the difficulty to obtain the Inestbatical
model of the system. The temperature presented cal go
response to steps and disturbance, so the resdtse w
satisfactory.

The next step of this work is providing a cogerierat
system to recover the plasma energy.
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