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ABSTRACT: The stability of control systems was determined using methods of Routh-Hurwitz, Direct substitution, Root —locus and Bode
diagram. Ziegler- Nichols tuning were Implemented to generate the proportional, proportional integrated and proportional integrated
derivative controllers’ gains, integral, derivative and times. Finally, applying software program to simulate and select the controller of
minimum overshot values. To achieve these goals, Pseudo binary system is conducted and the feed is considered as a binary mixture by
using two components light keys (Lk) and heavy keys(Hk). McCabe Thiele method is used to calculate the number of theoretical stages. A
distillation column model diagram with six loops was constructed to control the column. Three loops for top products (distillate), two loops
for bottom products and one loop for feed rate. In this research the control strategy was made for loop No.4 to control the flow of steam to
the reboiler. Transfer functions of all components were cited from the literature. MATLAB is used for plotting root loci and Bode diagrams
from which all stability margins are obtained. MATLAB also was used to draw the time response curve from which all values of overshot,
settling time, decay ratio and rise time were provided. The controller that gave the minimum overshoot was selected and implemented to the

relevant control loops
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1-Introduction

Hydrotreating process (HDT) is applied extensively in the
petroleum refining industry to remove the impurities, which
use the hydrogen to react with these undesired compounds to
be removed by the solid catalyst to promote the cleaning
chemical reactions. Hydrotreating is one of the most
important catalytic processes. To give an idea of its
importance; hydrotreating catalysts represent 10% of the
annual sales of the total market of catalysts.

Although fluid catalytic cracking catalysts contribute the
largest part in sales value, hydrotreating catalysts hold the
second place with a share of 35% hydrotreating catalysts,
showing the increasing demand and thus the importance
of this field of catalysis!".

2-Control System Configuration

Distillation is used in many process industries for
separating feed streams and for purification of final and
intermediate product streams. There are many reasons for
the interest in distillation control. From an academic point
of view distillation control is an interesting multivariable
problem, and from an industrial point of view improved
distillation control has a potential to substantially increase
the profit. Distillation accounts for approximately 95% of
the separation systems used for refining and in chemical
industries. It has a major impact upon the product quality,
energy usage, and plant throughput of these industries, .
2-1 Actuator

2-2 Process control

2-3 Sensor

2-4 Set point

3- Control of distillation column

Distillation control is a challenging endeavor due to:
multivariable interaction, the non-stationary behavior and the
severity of disturbances. (Shinskey 1984).Tighter control of
distillation columns is consequently important for energy
savings, and will also vyield increased profit through
improved product recovery. The major benefits of improved
distillation control are reduced energy consumption and
increased yield.

Normally distillation control is based on constant pressure
assumption. But due to pressure fluctuation, it is difficult to
maintain the stability of system and maintain the purity. The
L-V (Liquid-Vapour) structure is known as the energy
balance structure and can be considered as the standard
control structure for a dual composition control distillation.
In this control configuration the vapour flow rate V and the
liquid flow rate L are the control inputs. The main objective
is to maintain the product concentration i.e., Xg (bottom) and
Xp (distillate) due to disturbance F (feed flow) and XF (feed
concentration), presents the distillation column, ©.

The most of the distillation column is given by first and
second order transfer functions with dead time and steady-
state gain. Hence we can assume that the transfer function of
distillation column is one of the given forms.

4-System Stability

Stability is a performance measure of a control system. A
system is stable if all the poles of the transfer function have
negative real parts. To ascertain the stability of a system
represented by transfer function, we need to investigate the
characteristic equation and utilize!:
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4-1Routh-Hurwitz criterion

A criterion for determine the stability of a system by
examining the characteristic equation of the transfer
function. The criterion states that the number of roots of
the characteristic equation with positive real parts are
equal to the number of changes of sign of the coefficients
in the first column of the Routh array. Characteristic
Equation:

4-2 Direct substitution

4-3 Bode diagram

response plots, .
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4-5 Zeigler-Nichols technique

Zeigler-Nichols method is a tuning method. We use only
proportional control in the experiment. If it is not possible
to disable the integral and derivative control modes, we
set the integral time to its maximum value and the
derivative time to its minimum. The proportional gain is
slowly increased until the system begins to exhibit
sustained oscillations with a given small step set point or
load change. Zeigler-Nichols tuning parameters are

S 1JARP

OLTF +1=0 (1) presented in table (1)
Table (1): Ziegler-Nichols tuning parameters, 1.
Type of control Kc T Tp
The Bode diagram is used in order to design a suitable
phase-lead network in preference to other frequency p 0.5K
oK, B
P
PI 045K, | —&%
1.2 -
Ve P
L PID 0.6K, - —
2 8
4-6 Time Response Simulation

Figure (1): Bode plot

4-4 Root locus and
The root locus method determine the locus of roots of the

characteristic equation K.P(S)+1=0 as K. varies

from zero to infinity. Root locus is graphical methods
which draws the locus of the roots in the s-plane as
parameter is varied.

Figure (2): R-locus diagram

The time response represents how the state of a dynamic
system changes in time when subjected to a particular
input since the models has been derived of differential
equation, some integration must be performed in order to
determine the time response of the system [*!

-
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Figure (3): Time Response

5-MATLAB Software,.

Is an interactive program for numerical computation and
data visualization; it is used extensively by control
engineers for analysis and design .There are many
different toolboxes available which extend the basic
functions of Matlab into different application areas for
example; Control Systems Toolbox. This why it selected
in this research to tune and validate the approaches®[".,
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6-Distillation Column Control System
An interconnection of components forming a system configuration that will provide a desired response, ).

I LOOP 84
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Xb

Figure (4): Distillation Column Model Diagram
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Figure (5): loop No. 4 block diagram

7-Block Diagram

v

From block diagram figure (5) we can obtain:

TF = G(s) = - 2c&Ce @
1+G.G,G,G,
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TF = G(s) = 5.519k. (0.2s +1)
(1.2s +1)(20s +1)(0.2s +1)+5.519Kk,
5.519k. (0.2s +1
G(s) = 3 2 C( ) ®)
4.8s” +28.24s° +21.4s +1+5.519k
OLTE — 5.519K. @

(1.2s +1)(20s +1)0.2s +1)

5.519K,

OLTF = 5 >
48s° +28.24s5° +21.4s+1

)

7-1 Direct substitution method

OLTF +1=0

(1.2 +1)(20s +1)(0.2s +1)+5.519, =0

4.85% +28.245% + 2145 +1+5519, =0 ©
Set s = i® in characteristic equation
i2=-1

4.8(iw)* +28.24(iw)* + 21.4(iw) + (5.519K . +1) =0 — 4.8i0° - 28.240* + 21.4iw + (5.519K_ +1) =0
(7

~48%i0* +21.4*iw=0 (8)
o = 21115 rad/sec

From equation the ultimate period

p, =27
@

P, - 2
2.1115

R, =2.976 sec

Now set the real part in equation (8) equal to zero and apply ® value:

~28.240" +(5519K . +1) =0 9)

—28.24(2.1115)? + (5.519K ., +1) =0
k. = 22.63
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Table (2): Loop No.4 summary

Method Ultimate gain Ku Ultimate Period Pu(sec)
Routh-Hurwitz 22.63 2.976
Direct substation 22.63 2.976
Root-Locus 22.8 2.978
Bode 22.65 2.978
Average 22.68 2.977

7-2 Ziegler- Nichols stability and tuning system

Table (3): Ziegler- Nichols tuning

. Integration Derivation
Type of control Gain(K,) time(z,) time(zp)
P 11.34 _ B
PI 10.21 2.48 .
PID 13.61 1.48 0.37

7-3 Loop No.4 Time Response Simulation
In specifying the transient response characteristics of a control system a unit step, it is common to specify the following:
Delay time, Rise time, Peak time, maximum overshot and settling time.

7-4 LoopNo.4 step response simulation for P-controller

G G

G(S) = & Ce (10)

1+G.G,G,G,

5.519k.(0.2s +1

G(s) = 3 2 C( ) (11)

4.8s° +28.24s5° +21.4s +1+5.519k

12.476s +62.36

G(s) = (12)

4.8s° +28.24s% +21.45 +62.36

Figure (6): Loop No.4 Step response curve of P controller
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Table (4): Loop-4 Results from P controller step response

Characteristic Value
Over shoot (seconds) 2.04
Settling time (seconds) 19.1
Rise time (seconds) 0.739

7-5 Loop No.4 Step response simulation for Pl-controller

Ge (S) = {KC (1+ iﬂ (13)
7S

5.519{KC (1+ ;j}(o.zs +1)

G(s) = (14)

4.8s® +28.24s° +21.4s +1+ 5.519|: K¢ (1+ 1J:|
;S

From table (4-7) use PI controller gain

K. =10.21
7, = 2.48sec

G (s) = [% (2.48s +1)}

2.48s
5.519Kk. (0.2s +1)
4.8s° +28.24s% +21.4s +1+5.519Kk,.

27.95s2 +151.01s +56.35
11.9s* +70.04s% +53.07s% +142.23s + 56.35

(4-39)

G(s) = (15)

TF=G(s) = (16)

# M3 PO COTROLLERS STE= SESPONSE

v —

T azeveds)

Fig (7) Loop No.4 Step response of Pl controller

Table (5): Results from P1 controller step response

Characteristic Value
Over shoot (seconds) 2.21
Settling time (seconds) 471
Rise time (seconds) 0.703
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7-6 Loop No.4 response simulation for PID-controller

G.(S)= KC(1+iS+KCrds] 17)
T

G (S) = Ko (1+is+ Ko7, s] =[%(7.532 +1.49s +1)} (18)
T, | .
5.519k.(0.2s+1
G(s) = 3 2 C( ) (19)
4.8s° +28.24s5° +21.4s +1+5.519k
112.87s° +585.565% +126.18s + 75.11
G(s) (20)

" 7.155" 1 42.085° +595.025% +112.655 + 75.11

Fig (8): Loop No.4 Step response of PID controller

Table (6): Results from PID controller step response

Characteristic Value
Over shoot (seconds) 0.21
Settling time (seconds) 151
Rise time (seconds) 0.0547
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P, PI&PID CONTROLLERS STEP RESPONSE
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Figure (9): Loop No.4 P, PI and PID Controllers’ Responses

Table (7): Simulation Parameters of loop No.4 for P, Pl and PID

Controller type Over shoot Setting time Rise time Selected
(seconds) (seconds) (seconds) Controller

P 2.04 19.1 0.739 -

Pl 221 471 0.703 -

PID 0.21 1.51 0.0547 PID

8- Conclusions

Comparison of P, Pl and PID Controllers, the three
controllers’ response were written in one MATLAB code
using “hold” command and from overall step response
plot figure (10) the table (7) parameters were obtained.
The PID controller shows the minimum overshoot
accordingly it has been selected.
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