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Abstract: This paper projected fuzzy logic control based intention has been protruded for a methanol water
arrangement of bubble cap digtillation column. In this distillation column is extremely non- linear and
conventional control is controlling the composition is a difficult task. Fuzzy inference system (FIS) and fuzzy
rule based system (FRBS) is designed to govern the manipulate variable (reflux ratio) to get the favored
methanol (product composition) for adistillation column.
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| ntroduction

The principle of distillation column is partition and purification of liquid in industries. Most major key factor in
the process plant is the distillation system. Distillation or fraction column is the practice of discerning more than
two mixable liquids based on the liquids boiling point. Invariable product composition is essential to the
political economy production columns®. Continuing an invariant efficiency in a column is really significant and
that goal of key for the more beneficial control®.

Fuzzy logic, neural network and fuzzy- neuro are mostly employed to construct the database'. Database can be
contain rules set, a pattern, topological figures, associating input and output of the system?. The database was
considerably demonstrated ANN model and it can be described and represent the system operation (input) and
product quality (output) relations® A comprehensive classic design and FL C implementation can be established
in literature®®, An Essam Natsheh™ experimental comparisons result FLC performance is good compare to the
PID. Zhen-Yu Zhao has formulated a fuzzy gain programming scheme to find out PID parameters. Mamdani
type model®® has its firm in its familiarity to fuzzy reasoning Zadeh's method and human being like internal
representation of policy.

This paper optional to fuzzy based composition control of fractional column by varying reflex ratio (R) .The
process of distillation is highly non-linear. Any critical changes in process PID do not maintain composition
accuracy. Those in this critical situation FL.C maintain methanol composition accuracy.
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Process Discription and Modeling

A distillation column comprises perpendicular column(figl) where trays are used the component separations, a
Reboiler used to supply heat energy for the necessity evaporation from the Stripping Section and condenser
condensate methanol vapors, reflex drum carried the liquid and reflex can be enter back to the top of the column
and distillate methanol collect to column top.
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Fig.1. distillation structure

Least square method is used for altering and generalizing the data using a smoothed and linear representation of
the natural data. In this least square method is used to the normalizing the practical non-linear data in to linear
data. In this method iswidely used to calculate numerical data’ s of the parameters to set a datafor fit a function.
Consider the set of data graphical representation below fig.2.
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Fig.2.grapical representation of least square

In this graphical representation (X; ¥;) to (X, ) betheinput and output data, Xk and Yk are the general

co-ordinates and it is desired to make these data in this form of straight-line equation. There are many straight
lines are drawn through the practical data. Best straight line or linear line is nothing to the total of the squares of
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the differences is minimized. In this sum of the squares of the differences is minimize in this criterion is known
as least squares criterion (E), and more specificity in this case, linear least square criterion. For all n points

=
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fe=l
In this least square algorithm,
¥kl + a ylk— 1)+ az y(k— 2) = byul(k) + by u(k—1)
Input and output sequencesare u (-1), u (0), u(1)... y (0),y (1),y (2 ...

Estimate to find the system parameters al, a2, bl and b2 and the initia condition is y (-1) and (N+1)
measurement. That isk=0, 1, 2...N

¥OI+ a) F(—L)+ ayy(—2) = b u(—1} + by u(0)
w1+ a, 700+ a; ¥(=1)= bu(0)+ byu(l)
FNI+ a, ¥IN— 1)+ a,p(N—2) = b ulN— 1)+ b u(lN)
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Inputs and outputs sequence necessitate error due to measured noise then for all input and output pair
{ulk) , »(E)} existsan error e (k).

¥k} + a,y(k—1) = byulk— 1)+ e(k)
Wherek variesfromOto N
r=dEte

Where e is the N-dimensional error vectors

Performance measure (J) of the systemis
W

J=aTe= ZEE (k)

=1
F=(y—¢8)*(y- é6)
Differentiate equation
Fga= gy
@=(F§ Y



Arumugam.A et al /Int.J. ChemTech Res.2014,6(1),pp 800-806. 803

04 T T T T T
- 4 w
0351 ; -
= — system
< 03 — model |-
i
w 025 1
(=]
= 02 1
=
=2 015 7
=
el 1 .
% 005} 1
(& ]
:I ]
005 1 1 1 I I
] 20 4] L] 80 100 120
TIMESEC)
Fig.3 model validation
Controller

Mamdani-type fuzzy control system consider as two important elements :( 1) fuzzy inference method, which is
the system inputs are scalar values, its implement the procedure to be utilized to the system inputs and to
acquire the output. (2) Fuzzy knowledge base system method. It constitutes the knowledge around the problem
being solved as shown in fig. 3.

The knowledge based fuzzy system (KBFS) contains |F-THEN rules® X compiled of linguistic variables. The
fuzzy set is defined semantics linguistic |abels; al rules are included in the knowledge base, thus easily read the
system for humanity. The basic fuzzy structure consists of two dissimilar component, fuzzy rule and
membership function. Fuzzy rules primarily depending on the sequent structure instantly impacted through the
output. Aggregation of r linguistic IF-THEN rule in the Mamdani type as follows;

IF a,is A, and agls A7 THEN y™ is B™ form=12 ..t

AT and ﬁ';" Are fuzzy sets constituting the = antecedent pairs, B™ is the fuzzy set m** consequent. Where,
ai and y let to the linguistic input and output variables, and with 4, and B the linguistic variables linked with
fuzzy sets defining their meaning. The fuzzy sets are defined in several general of discourse

Uy v ey Ui » ¥, and are qualified membership function:
s, (BY: ul (V] = [0,1], m=L...r

Triangular shaped fuzzy membership strong fuzzy partition (SFP) consider fig (4).

Dual input single output fuzzy inference max-min method contains the scalar values of inputs al and a2 are
crisp values that is delta functions. The rule based fuzzy system is membership function for the inputs aland a2
respectively. It will described by

)= 8oy = emwae@) =g i)

le) = 8y~ )=, Ttz

Mamdani implication inference method is

fp (2¥) = min [ﬁf_;,_ (e)oaey EPJ]
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Digunctive rules set, the aggregated output for the r rules given by
w8 (3} = "X [ min[egm (Input(D ). shy (bput(f))]] m=132..r

Dual input single output max-product or correlation-product implication method for rules of digunctive, the
aggregated output for ther rules given by

B (5 = " g (D) . pAT Gt (Y]] =12, e

The aggregated consequent for the disjunctive rules set and a defuzzified value of .
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Fig.3.fuzzy rule based system Mamdani-type general structure
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Fig.4.seven linguistic triangular member ship function

Result and Discussion

The fuzzy logic control is containing fuzzy rule base and fuzzification, inference system and
defuzzification.This FRBS (fuzzy rule based system) using maxima method. Tuning the PID controller using
Ziegler- Nichols (Z-N). Simultaneously the PID and FLC (Fuzzy Logic Controller) controllers for the column
documented using MATLAB and receiving the result. The fig (5) is the PID and FLC response graph and the
fig (6), fig (7) is different step disturbance response.
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Fig.5. PID and FL C response
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Fig.6.ositive step disturbance response
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Fig. 7.negative step disturbanceresponse

Tablel: IAE, ISE, ITAE, Error Comparision Table

IAE ISE ITAE
FUZZY Controller | 3.1967 1.0232 2.5135e"+03
PID Controller 27.1071 4.8032 79.1085
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Tablell: Settling Time Comparision Table

Settling Time
FUzZzZY Controller 82.26
PID Controller 179.52

Conclusion

Methanol Composition control of bubble cap distillation column using fuzzy logic control(FLC) are
procurable.comparision of conventiona PID and fuzzy logic controller(FLC), most beneficia part its
supremacy. The fuzzy logic control leads lower ISE, IAE and ITAE then the PID controller. Then the response
of the functioning can be equated, the FLC gives well performance compared to PID and it's used for several
non-linear processes, as a controller itself or an enrichment of conventional control.
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