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ABSTRACT

The aim of this work is to implement a dual controller scheme for robust tuning in level process. This method
contributes for the independent adjustment of servo response and regulatory response. The dual controller
design has better robustness than single conventional scheme. The three main loop attributes has been
maintained using this scheme with fast settling time. The independent tuning without interaction will improve
the performance of this scheme as compared with other scheme. Dual controller scheme has been implemented
in real time using Lab VIEW platform.
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I.INTRODUCTION
The main objective of a control system is to
follow a reference signal and eliminate external noise
signal and process variation. The main challenge in
analysis of the system is to maintain the robustness of

I1. SYSTEM DESCRIPTION

The experimental setup consist of
cylindrical tank, pneumatic control valve, voltage to
current converter (V/I),a current to voltage
converter(l/V),rotameter, level transmitter, DAQ and

. . | :
the process. Different adaptive scheme has been a persoral computer

introduced to track the exact set point at different
region. The main problem is to get an exact model.
Many of the offline system identification method
have been introduced. But eliminating the model
mismatch is tedious. Also the settling time is very
large. The dual controller scheme has one controller
dedicated for servo response and other for regulatory
response [1].The additional noise by sensor and
actuator chattering can be eliminated by disturbance
rejection controller. Thus controlling disturbance is
more accurate in this method. Robustness is the
ability of a system to be insensitive to component and
process variation. It is one of the main property of
feedback system.Performence is well related with
robustness of a process. None of the real time process
is linear.

Fig 1: Experimental Setup of a single Tank level

Disturbance is inevitable for every process which system
reduces the robustness of the process. This scheme
also used in process with dominant delay [2].The
model can be reduced as first order system with time
delay and used for tuning each controller in dual

controller scheme [3].
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I11.Block diagram
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The dual controller scheme has high robustness and
better performance. According to a dual controller
scheme the settling time is so fast with reduce peak
over shoot. The independent tuning of controllers is
obtained by adjusting the open loop gain margin of
each controller. Each controller is tuned using phase
margin gain margin formula [4].

IV.Process model
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Fig 3: Process model of proposed system

Where

LT . Level transmitter.

1AV : Current to voltage converter.
\/i| : Voltage to current converter.
I/P : Current to pressure converter.
DAQ : Data acquisition card.

The voltage from a DAQ (0-5v) is given to V/I
converter from where a I/P converter gives a
pneumatic signal. The pressure is given to a control
valve which is the final control element. The level
sensor is used to sense level. The voltage from sensor
is given to an I/V converter and again given back to
DAQ.

V. Mathematical modelling

Considered a cylindrical tank [5] which is
given in Fig 4

iV

Fig 4:Cylindrical tank system

Assume that ‘qq’, the volumetric flow rate
through the resistance is related to the head ‘h’

by the linear relationship
h
Q =3 1)

Consider a time varying volumetric flow ‘q;’ of

liquid of constant density ‘p’ enters the tank.

We can analyze the system by writing a transient

mass balance around the tank.

Mass flow in — Mass flow out = rate of change

of accumulation of mass in the tank

By rearranging the mass balance equation and

re-substitution we get,

His) R

, L= (2)
Qis) ARs+1

R— Change inlevel difference(m]

g
Change in flowrate()
E

i.e. ky = process gain

F K
Therefore, ==l =—F
Qs T=+1

()
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Equation (3) is the transfer function of
cylindrical tank system. The above transfer
function is for a process without time delay for a
first order plus time delay process the transfer
function is expressed as

]-Il:s::l I.{p E_!td

Qis)  Ts+l
Hisy _ Kp
therefore, s Teri 4)

The equation (4) is first order system with time delay.

V1. Design of a dual controller scheme
Let ul be the controlled signal form set-point

controller and u2 is the controlled output of
disturbance rejection controller [6].

u = [r_ ym]gcl

©)
ym=u,g, (6)
U, =[r-u, 9,19,
U1[1+ gmgcl] = rgcl (7)
u=u,+u, (®)
U, :[_y+ulgm]g02 9)
substitute (7) and (9) in (8)
u=r—Ja_
= y+U, 9,19,
1+ gmgcl (10)

The output y of dual controller scheme is given by
— gP [1+ ch gm ] [gcl gm ]r+ [1]
gm [1+ ch gp ][1+gcl gm ] 1+gc2gp
Sr(gp =gm)r+sd(gp = gm)d

VII. Real time
controller scheme.

implementation of dual

The dual controller scheme with high robustness is
compared with conventional control structure is

implemented .The response of a conventional scheme
has been given in Fig 5.
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Fig 5.Response of a conventional control
scheme.

The response for a dual controller scheme is better as
compared with conventional scheme.Here the
freedom of distubance rejection is more as compared
with conventional scheme.The comparison has been
given in table 1.

Level
set-point
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Fig 6: Response of a dual control scheme with
disturbance

VIIl. Comparison of a conventional control
scheme and dual controller scheme

Parameter Conventional Dual
controller controller
scheme
Peak 9 1.3
Overshoot (%)
Settling 1800 120
time(sec)
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Table 1. Comparison of a conventional control
scheme and dual controller scheme

I X.Robustness of a dual controller scheme

The controllers have been tuned by phase margin and
gain margin formula. They are
[kp,ki,kd]=[72.2,1.64,0] for 1 to 2 v.

The response of a dual controller scheme for different
set point and disturbance is given in Fig 7.Different
set point of 30cm, 40cm, 50cm etc has been
controlled by a controller tuned by parameters
obtained with a transfer function [7].The model
mismatch is compensated by the additional load
rejection controller.
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Fig 7: Response of a robust dual controller scheme
with disturbance

X EXPLANATION:

The performance of the process has been
maintained without sacrificing the robustness .Thus
the robustness of process variable is maintained at
different set point. The proposed scheme has high
compensation for variable flow, sensor noise and
actuator saturation.

XI. CONCLUSION

Here the method has high robustness than
conventional scheme with improved performance.
The servo response is obtained at different set
point.A perfect tracking is obtained at any region of
the system with high precision. The disturbance has
been tuned independently by another dedicated
disturbance rejection controller.
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