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Abstract. In this work Artificial Intelligence techniqueseaapplied for a simulated oil distillation systefihe chosen
system was a debutanizer column. At this prochssfeed comes to the column is segmented by heatiedightest
components become steams, by forming the LPG (igguBetroleum Gas). The others components contiquel
and they are being often called C5+. In the comipamsiof the LPG, ideally, we have only propanes hothnes, but,
in practice, there are contaminant, as, for examplentanes. The ideal LPG to be used do not must I its
composition more than 3% of pentane. The objedtivthis work is to control pentane amount in LP@,nbeans of a
intelligent determination of the sets points (SRBy PID controllers that are present in originalcohn
instrumentation. A Mamdani fuzzy system is desigoexbt values of these SP's with base in the etbgjuantity of
pentane. The designed fuzzy system disposes ofputs (error and error variance), and one outp8f(of the reflux
flow controller). The results of this work shove thuzzy controller efficiency in the dynamic getieraof set points
applied in regulatory control of a gas process plan
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1. INTRODUCTION

The fuzzylogic is actually one of well-succeeded technadsgior development of sophisticated processes aontr
systems (Dutta, 1993, Castro, 1995, Lee, 1990)sd lsgstems are called fuzzy controllers and hase tinigin with
the E. H. Mamdani (Mamdani, 1976) researches, basedheories proposed by L. Zadeh (Zadeh, 1965gsé&h
controllers have founded space in many learninggach and development institutions around thedytwing today
an important application of fuzzy set theory (Sandt999). A great appeal of fuzzy technology intomnis the
possibility to operate with uncertainties and ingis®ns. It can consider an uncertainty on defnitof input and
output variables (Abreu and Ribeiro, 1999).

The success of the fuzzy controllers lies in theessity of acting on areas where decisions mushde from an
imprecise and vacant information set. In this tygfecontroller are used logical rules to describeotigh a
computational routine, the human experience andtioh to control a process. The fuzzy logic expessoperational
laws of a control system by linguistic terms insted mathematical equations, as occurs in classithodology, being
this its main advantage (Botura et all, 1999).

The fuzzy controllers are robust and high adaptabtorporatingknowledgethat sometimes are nathieved by
other systems (Guerra, 1998)hey are also versatile, mainly when the physinabel is complex and has a hard
mathematical representation. In fact, fuzzy cotdrslare especially useful in non-linear systents@ants with a high
level noise (Sandri, 1999). The conventional cdigre deal with non-linearities of physical systebysapproaching,
considering the systems simply linear, linear ingar describing them by extensive lookup talied try to map the
process inputs and outputs.

At complex industrial plants, as petrochemical psses, non-linear control techniques have beeadinted, at
automation scale level, between regulatory corgral supervisory system. This way, the regulatontrob loops that
are considered reliable by industry is maintairee@] more sophisticated techniques operates in matiion level and
in the set points generation to regulatory contiidlis strategy is termed as advanced control. tehpresented
excellent results on natural gas processing plahtsre are usually applied predictive control teghes (Cavalcanti,
2007).

In this work, the fuzzy controller will be usedaddjust the molar fraction of i-pentane in LPG (Lédjed Petroleum
Gas) composition. This adjust will be made genegatiet points to one of PID controllers presengas processing
plant. In industry, this problem is usually solvbg predictive control strategies. However, an ligeht control
strategy can be applied. This work investigatesffieiency of fuzzy controllers on set points geaimn.

2. DEBUTANIZER COLUMN
At natural gas processing plants the debutaniZenuois responsible for LPG production. The debizemreceives

as feed the NGL (Natural Gas Liquids), consistimgnmally of C3+. The debutanizer column goal isasafe, by
distillation, the LPG and C5+. The LPG is the cofusritop product and the C5+ is the bottom product.



When the debutanizer column is heated, the lightestponents become steams, by forming the top ptodu
However, a small part of the heaviest components lea also evaporated, mainly the pentane. To askaréPG
quality, its total composition must have no morartt3% of pentane. In another way, if the columeoisled in excess,
the lightest products cannot be evaporated andllaapart of them would be removed with the botmoduct. Hence,
we have a product out of the quality specificatiansl an economical loss, since he C5+ has loweepiin market
than LPG.

In this work, the debutanizer column dynamic waswated by the HYSYS software. This software isganous
chemical processes simulator.
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Figure 1. Simulated debutanizer column.

A schematic diagram of the simulated debutaniz&mgo is shown in Fig. 1. In line 2 we have the féepl stream,
which is the mixture of the products in lines 1@ d8. The line 16 carries NGL (C3+), the bottomduret of an ideal
deethanizer column, while the line 18 carries amm controlled flow rate. This way, it turns pbssisimulate
different feed conditions. In the debutanizer calyra part of the bottom product that leaves theiroal flows to the
C5+ production and the other part flows throughrédeoiler E-100, taking part in the heating procasd returning to
column. The thermal oil flow rate in E-100 is catied by TIC-102. On the other hand, the top praodlomws to a
reflux drum, before that the top product can fldwough the air cooler P-24010. The top product ftate, that flows
through the air-cooler or goes into reflux drudepends on split ranger pressure controller (SPQJ}-kction on
bypass valve VLV-GLP-2. From reflux drum, a LPGtpzan be streamed to LPG output line to be comrakred and
the other part returns to the debutanizer colunmmautih a reflux line (line 14). This reflux processcontrolled by
FIC-101, which operates the reflux valve VLV-10ag¢reasing or decreasing the LPG flow rate that cofr@m the
reflux drum. Depending on the pressure inside efréflux drum and the temperature column, a LPGuarhoan flows
to gas output line to be burned, this processlisdflare.

3. FUZzY SYSTEM

A fuzzy system can be divided in three stages: ifieation, knowledge base and defuzzification. Ime t
fuzzification stage, the real values of the vagabdre mapped in memberships functions caljdd) , the membership

of the variablex on the membership functigh This way, a element can belongs to a set wittembgrship function in
the interval 0,1], where the valu® denotes a complete exclusion (not membership)yvéhee 1 denotes complete
membership (totally member) and the values betv@eand 1 denotes intermediates membership functions defined
the object related to the set. So, there is theipitity of a determined element belongs to a sih & value called
membership grade (Zadeh, 1965).

The knowledge base is divided in database systainrale base. The database system defines the msinifper
functions, which receive labels that translate nrdg some meaning to the modeled physical phenomér rule
base defines a set of rules by logical operatatabéishing relationships between input and ougaies.



The controller final stage, called defuzzificatigets the resulting values from the fuzzificatiémge to produce a
control action by using the incorporated decisiogid in the inference structure of the knowledgsebda hese values
are mapped in a numerical output which will be usga@ control action in the real world.
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Figure 2. Fuzzy controller diagram.
4. PROPOSED CONTROL SYSTEM

At natural gas processing plants the debutanizemuo is responsible for separate the LPG (top petdand
natural petrol or C5+ (bottom product). The LPG hasore valuable commercial price than C5+ ancctmdrol of its
composition is assured by the joint action of sawstrollers that compounds the column instrumentatmainly the
reflux flow rate and bottom temperature controllefhese controllers joint action turns possibleathieve faster
responses about the composition of LPG produceile Wie natural petrol quality is assured simultarsdy.

The objective of this research is optimizing oriiye tLPG composition control, without deep conceroualihe
natural petrol. In this work is presented a fuzgstem able to generate set points dynamicallyed=iiCc-101 controller
based on i-pentane molar fraction in LPG compasitibhe pentane in LPG is composed by the sum ofidnas of
i-pentane and n-pentane. Both present the sameggehandency in function of the operation conditioHswever,
i-pentane molar fraction is present in a highemgitaain LPG, as shown in simulation presented ig. B. Therefore,
only i-pentane molar fraction control was chosen.
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Figure 3. Molar fractions of i-pentane, n-pentand #tal pentane in LPG

The Mamdani model was the base of the fuzzy sysiejected. The system was developed in a C++ pnogiiag
environmentThe error and change in error, as indicated akarecthe inputs of the fuzzy system.

e=ref-v_ip (1)
var_e=e—e_ant ) (2

Whereref is the desired i-pentane molar fractignip is i-pentane molar fraction in the LPG compositieis the error,
e_antis the previous error andgr_eis the change in error.



The designed system uses the Bell-shaped membdustdfion. Its membership grades are given by diiewing

equation:

Ha(X) =

Wherea, b andc are parameters of the membership function.
The fuzzy system presents in its output an incremaiue to the FIC-101 set point, featuring as azyuPI

controller (Shaw e Simdes, 1999).

Table 1 shows the fuzzy system rules.

Table 1. Rule base.

®3)

CHANGE IN ERROR

1%

Neg_atlve Negative Zero Positive POS.'tlve
Big Big
Neg_auve Increase Small Increase Small Decrease
Big Increase Decrease
. Small Small
Negative Increase Increase Hold Decrease Decrease
ERROR
Zero Increase Hold Hold Hold Decreas
Positive Large Increase Hold Decreas¢ Large
Increase " Decrease
Positive Large Small Decrease Large
; Increase
Big Increase Decrease Decrease
5. RESULTS

Figure 4 shows the debutanizer column behawiderms of i-pentane presence in LPG and the gdinerof set
points to PID FIC-101 by the fuzzy system. In thigy, the objective is increase the i-pentane mivéastion in the

composition of LPG produced. We can verify that fhezy system developed was able to achieve dyraipic
i-pentane molar fraction values very close to #fenrence value.

1.500 == S e B e EEE == T

T E S e

- - -

[ 4%} L

th = [}

= = =
. .

% i-pentane (12E-3

1.200

1150 4

_________

e e S S ¥ oy

................................................................

_______

_____________

— Y-i-pentans desired
— % i-peniane adjusted

T T T T T T T T T
] 100 200 300 00 GO0 YOO 800 @00 1,000

Samples

T
400

Figure 4. I-pentane molar fraction adjusted.

With the aim of quickly achieve the desired valdé-pentane molar fraction, the fuzzy system praduset points
over or under necessary, but when the molar fract@mes closer to the desired value, the fuzzyesystomes back to
the values that yield an amount of i-pentane céasrigh to the desired value.
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Figure 7.Set poingenerated by fuzzy system.
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A last test was accomplished to confirm the fuzgstem efficiency; with the references values oéiane molar
fraction being determined randomically. As showrFig. 8 and Fig. 9, the fuzzy system presentedeatdoehavior,

achieving good adjusts to the i-pentane molar isadior all references, including the intervals wh&vas necessary a
significant increase in the set point value.
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Figure 9.Set poinigenerated by fuzzy system.

6. CONCLUSIONS

It is possible to note the existence of a smalbrewhen the process is in steady state. This efserved can be
related with the debutanizer column non-linearjt@sce the used system to control the plant wagzy system with a
structure called fuzzy PI. In addition to that thembership functions were adjusted based on expatanso efforts to
achieve a better adjust is an alternative that rbastonsidered. In this way, the error in steadyestan be reduced.
However, the mainly objective of this work was desiating the potential and the utility of fuzzystsm in advanced
control, producingset pointsfor regulatory control of a debutanizer column.efidfore, the results obtained were
satisfactory and leaved open the possibility obalse inferential techniques with the fuzzy systemd promote an
expansion in the system generating simultaneowaslpaints for FIC-101 and TIC-102.
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