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ABSTRACT

Nonlinear controllers like Sliding Mode Control is an effective and efficient control among nonlinear
systems. It provides systematic method to obtain the desired specifications of the system against uncertainties during
simulating a system. In this paper, various techniques of the Robust control are compared for the complex chemical
processes. Distillation column is a tedious process known for high nonlinearities. The composition of products from
evaporator and condenser unit is controlled by various Sliding surfaces and control laws. This simulated controller
response is compared with conventional controller in terms of dynamic characteristics such as settling time etc. The
prime significance of Sliding mode controller is to maintain stability when it is subjected to modeling imprecisions.
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1. INTRODUCTION

Among the existing methodologies to stabilize chemical processes, the Sliding Mode Control (SMC) method
uses switching control laws to drive the framework state direction onto a predetermined surface in the state space, the
supposed sliding or exchanging surface, and to keep the framework state on this complex for every single consequent
time turns out to be characterized by high simplicity and robustness. Keeping in mind the end goal to accomplish the
control objective, the control input must be intended to beat the vulnerabilities and the aggravations following up on
the framework. The principle preferred standpoint of this approach are two: in the first place, while the framework is
on the sliding complex it acts as a decreased request framework regarding the first plant; and, second, the element of
framework while in sliding mode is uncaring to model vulnerabilities and unsettling influences.

The desired composition of binary distillation column has been the interest of researchers for a very long
time. The traditional linear controllers like Pl and PID controllers were found inefficient because of high unstable
behavior and the nonlinearities of the column. The fundamental downside of these linear controllers is that, it is hard
to achieve specifications of the plant with external disturbances. Also the columns that are most complex to achieve
are the strong quality columns with large reflux. This has been the source of motivation for the closer requirements
of strong purity distillation column. The interest is in the field of nonlinear controllers and sliding mode control had
been broadly acknowledged owing to various unique features. Besides, by permitting the exchange offs amongst
demonstrating and execution to be evaluated in a straightforward manner, it can enlighten the entire outline of the
process. Sliding mode control had been successfully applied to a ample area of systems including linear and nonlinear
systems, multi input multi output systems, continuous and discrete time systems, stochastic systems in the field of
robotics, aeronautic and astronautic, motors and induction machines. Some of the nonlinear controllers which were
tested in distillation column are robust control, model predictive control and adaptive feedback control. The fitting
of the distillation column control into the mathematical frameworks of robust control theories was the major task
there. Sliding mode controller is suitable for a large number of industrial applications as a consequence of its
properties like robustness, invariance, reduction and chattering control.

As indicated by Utkin (1977), variable structure control uses a fast changing control law to drive the
nonlinear plant's state direction onto a predefined and client picked surface in the state space and to keep up the
plants state direction on this surface for all ensuring time. In this paper sliding mode control methods are executed
on a recreated double refining segment. The major control objective is the desired composition of the top and bottom
of the distillation unit and the manipulated variables are boil up rate V and reflux rate L. The various sliding
techniques for distillation process are evaluated through simulation and the best one is selected after the comparison
of results. The most essential undertaking is to plan the exchanging control law which authorizes the framework to
the sliding surface S(t), characterized by the client and to keep up the framework state direction on this surface. The
goal is to decide control law u(t) so that the following blunder and its subordinate ought to focalize to zero from any
underlying state to the harmony point.

This paper is structured as follows. Introduction is followed by complete explanation of Distillation column.
explained interns of mathematical equations for top and bottom column. Robust controller such as Sliding Mode
Controller concepts are explained in segment 3.Four sliding surfaces and control laws to track the direction has been
presented in segment 4. Simulated results are shown graphically and the conclusion about SMC as the best when
compared with PID controller are discussed in 5 and 6 respectively.

Distillation Column: Refining sections are among the most well-known unit for partition and filtration in process
enterprises. It is notable that high immaculateness refining sections are hard to control because of their poorly molded
and solid nonlinear conduct, a tight control of both item structures is important to ensure the littlest conceivable
vitality utilization and also high and uniform item qualities. The refining segment itself is comprised of a progression
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of stacked plates. A fluid encourage containing the blend of both fluids enters the segment at least one focuses. The
fluid streams over the plates and vapor rises through the fluid by means of openings in the plates. As fluid goes down
the section, vapor interacts with it ordinarily because of the various plates. This is the basic procedure in refining
sections. The fluid and vapor stages are brought into contact in light of the fact that as one particle of higher bubbling
material proselytes from vapor to fluid stage by vitality discharge, another atom of low bubbling material uses the
free vitality to change over from fluid to vapor stage. The base of the segment contains fluid which is for the most
part the fluid with higher breaking point, some of which is warmed in the reboiler and came back to the segment.
This is called boil up V and the rest is the composition of condensed unit product B. Some of vapor get aways from
top of the section and is come back to a fluid state in the condenser, some of this fluid is come back to the segment
as reflux R and leftover portion is the top item D. The model conditions of the top and base item depend on aggregate

mass adjust and part adjust.
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Figure.1.Typical Distillation column
The model equations for top and bottom products are,
o Reflux drum:

Zl =V, =V, =V (1)
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The composition of top (xj) and bottom product (yg) are controlled by manipulating the reboiler vapour flow
rate (V) and reflux rate R. Model parameters are given in Table.1 and the schematic of distillation column is given in
figure.1.
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Table.1l. Model parameters

Liquid holdup in the condenser 0.5
Liquid holdup in the reboiler 0.5
Reflux rate, Kmol/min 2.6889
Boil up rate, Kmol/min 0.5
Liquid flowrate for Ist tray mole/min | 2.6889
Liquid composition in Ist tray 0.11
Bottom Vapourflowrate mole/min 1.2
Bottom vapour composition 0.5
Nth tray vapour composition 0.75

The model equations of the top and bottom product are based on total mass balance and component balance.

These equations are simulated in the Matlab using the model parameters.
Sliding mode control: Sliding mode control (SMC) is a specific type of discontinuous nonlinear control in which
researches has been done specifically for over 50 years. There was no paper published until 1977. Sliding mode
control has been playing a remarkable role in nonlinear control innovations society in the universe. This is an
important tool to solve huge and wide problems in the industry as it has got simple and efficient methods. It is a
branch of control hypothesis whose plan approach manages ambiguity. To attain the desired output, the process to
be controlled can be changed with regard to the basic design modification of the plant. Hence SMC is an efficient
procedure to stabilize complex nonlinear systems in spite of unknown disturbances.

The controller plan of the plant consists of two stages. Initial a criticism control law "u" is chosen to verify
the sliding condition. Keeping in mind the end goal to characterize the nearness of displaying imprecision and of
aggravations, the procedure for achieving the required design must be spasmodic crosswise over S (t). Since the usage
of related control exchanging is fundamentally blemished, this prompts to jabbering. It is undesirable practically
speaking, since it includes high control movement and further may energize high recurrence progression. In a moment
step intermittent control law is smoothed to accomplish an ideal exchange off between control transfer speed and
following accuracy, while the initial step represents parametric instability , the second step accomplishes power to
high recurrence unmolded progression The graphical representation of SMC is given in figure.2.
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Figure.2. Graphical representation of sliding mode control
Sliding mode control techniques: In this document four different SMC techniques are compared with PID control.
Sliding surface S(t) has to be determined for all the methods, for instance
n-1 9)

S(6) = (/1 + %) e(t)

Where n denotes order of the plant and A is a positive constant. Then control law has to be selected which
consists of continuous and discontinuous function. The discontinuous signal drives the plant so that it can progress to
the sliding surface. The conventional sliding mode control block diagram is given in figure.3.
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Figure.3. Block diagram of conventional SMC
The control input is the summation of ugy, (£) , ueq (£). ugy (t)consists of Sliding surface. Performance of the
plant can be stabilized by selecting the suitable control law. Chattering problem could be eliminated by modifying the
discontinuous control law. This can be performed by stabilizing the control switching in a slight margin of the nearest
switching surface. With the aim of reduction in chattering, the control law can be replaced by,
S = (A + i)n_1 e(t) (10)
dt
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Technique 1: The related sliding surface is given as
u =k sat(S()|Q) (1)
day" 12
S() = (/1 +E) e(t) (12)
The control signal is the switching signal, selected to be discontinuous function which is signum function with
constant gain k=2 and the tuning parameter A is chosen to be 16.
Technique 2: The second SMC technique is based on PID sliding surface,
usy (£) = k sign(S(t)) (13)
Where the gain parametersare a = 30,b = 1,c = 1.1
The switching signal is selected to be a saturation function whose gain is 15 andQ = 20, where Q is the
thickness of the boundary layer.
t de (14)
S(t) =ae(t) + bf e(t)dt + CE
0
Technique 3: The third SMC technique is based on PI-PID sliding surface as
usy (t) = k sat(S(t)/Q) (15)
Whose parameters are A = 19.5,B = 100,C =9.76,D = 0.1
Tangent hyperbolic function is selected as switching control whose gain is 15 andQ = 20.
¢ d
S(¢) = Ae(t) + B j e(t)dt — Cy(t) — D d—f (16)
0
Technique 4: The last technique is to regulate the nonlinear chemical process and the sliding surface is given by,
ugy (t) = k tanh(S(t)/Q) @an

Where the tuning parameter A is adjusted to be 120. The proposed switching control is,

S(t) = (/1 + %)n f e(t)dt (18)

s (©) = ka5 19)

Where ¢ is chosen to be 3 and gain is 5.8.

2. RESULTS AND ANALYSIS

SMC techniques for the model equations of the distillation column are implemented in Matlab/Simulink
environment and sample time is selected to be 3s. The set point is adjusted to be 0.85 mole fraction and 0.15 mole
fraction of top and bottom product composition respectively. The step responses of all the 4 SMC techniques and
PID of top and bottom products are shown in Figure 4, Figure 5 and Figure 6 respectively. The output response for
the standard step input signal with time as dependent variable for all the 4 techniques along with PID control are
compared and tabulated in Table 1 and 2 respectively.
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Figure.6. SMC techniques of bottom product Figure.7. PID control of bottom product
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Table.2. Step response specifications for top product
Control techniques | Settling time(sec) | Output deviation
Tech 1 1.161 -0.0483
Tech 2 1.201 -0.0299
Tech 3 2.173 -0.0015
Tech 4 1.697 -0.0013
PID 1.700 0.0000
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SMC techniques when compared, technique 1 ensures 93.4% purity in 1.161 secs whereas technique 2 ensures
96.4% purity in 1.201 secs. The best control procedure based on the aspect of quality of product is technique 2 but
technique 1 is the best choice when settling time is primarily considered. PID control takes more time to settle when
compared with SMC techniques.
Table.3. Step response specifications for bottom product

Control techniques | Settling time(sec) | Output deviation
Tech1 1.873 -0.0073

Tech 2 1.399 +0.0006

Tech 3 1.969 -0.0002

Tech 4 1.405 -0.0002

PID 2.700 0.0000

When SMC techniques for composition of bottom product is compared, technique 2 ensures 99.6% purity in
1.399 secs whereas technique 4 ensures 99.8% purity in 1.405 secs. The best technique based on the purity is technique
4 and technique 2 is also the best choice when settling time is primarily considered. Like composition of top product
PID control takes more time to settle when compared with SMC techniques.

3. CONCLUSION

Various Sliding mode control techniques are successfully designed and simulated with binary distillation
column. Chattering is reduced by substituting signum function of sliding surface by saturation function, hyperbolic
function. Purity of the top and bottom product composition is achieved with minimum settling time when compared
with conventional PID control. Techniques 1, 2 and 4 takes a significant role in the purity and also settling time.
SMC techniques completely reject uncertainties in the process along with high purity output.
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