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ABSTRACT

Today, the use of proportional-integral-derivative (PID) control units continues in many control
applications due to their simple structure. In areas such as pressure, temperature, flow control, PID
control element is used and many new methods are applied in adjusting control parameters. In this
study, the LTR 701 Controlled Airflow and Temperature Experimental System was used to study

ORIGINAL RESEARCH the temperature and pressure cpntrol at different flow rates in the pipelines. In this cgntrol system,
temperature was controlled with PID control element, pressure was controlled with PI control
PAPER element, and reaction of control parameters at different temperatures and pressures were inves-

tigated. Also, temperature was controlled as cascade with PI element in elementary controller and P
element in secondary controller. The manual adjustment method has been applied to adjust the
control parameters. In addition, the experimental system is modelled in MATLAB-SIMULINK. On
this model, simulation results showed that it is matching the experimental results.
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1. INTRODUCTION

In the control training, it is important to apply the theoretical knowledge and to compare the
theoretical knowledge with the applications [1, 2]. The proportional-integral-derivative (PID)
control element, which has an important place in automatic control systems, is widely used in
the industry and constitutes an important part of industrial control systems. Therefore, any
improvement in PID design and application methods will have important effects on in-
dustrial control systems [3-5].

There are many academic studies using PID control elements. Hok et al. controlled a time
delayed non-linear pressure control system with a numerical PI control element. The model
of the control system is extracted as a first-order transfer function with time delay, and based
on this model, the control element is optimized according to the open-cycle frequency
response by the method of Ziegler-Nichols [6]. Soyguder et al. performed modelling, nu-
merical simulation and control of a variable flow HVAC (heating ventilation air condi-
tioning) system which has two different areas in Matlab-SIMULINK. The sub-models of the
system are derived from the heat transfer equations of heat loss due to convection, con-
duction, cooling unit and fan between the two regions. The system was controlled by self-
tuning PID type fuzzy adaptive control element, and successful results were obtained. These
results are also compared with the results obtained with fuzzy PD and conventional PID
controller [7].

Unal used genetic algorithm and ant-colony algorithm to optimize the coefficients of
the PID control element used in the control of a pressure process control unit. He obtained
the dynamic model of the system to be controlled by using artificial neural network and

optimized the PID control element on this model by genetic algorithm, ant colony algo-
’j Journals rithm and Ziegler-Nichols methods [8]. Kayacan used the PID control element which was
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obtained with the fuzzy control theory and the gray system
theory on a non-linear liquid level control scheme [9].

Bolat designed a PIC-based card to provide real-time
control of a furnace via Matlab-SIMULINK simulation
software and controlled furnace temperature by trans-
mitting of control information generated in Matlab-
SIMULINK environment. In addition, he has simulated
the furnace with PI parameters determined by the
Ziegler-Nichols Step Response Field Method and the
Fuzzy Gain Control PI Controller [10]. Akgiil modelled
a greenhouse with a fuzzy logic method, in a natural
aeration system, in order to provide temperature and
relative  humidity control and decided how
much greenhouse windows should be opened by this
method [11].

As can be seen, there are some studies about the ap-
plications of PID control elements in ventilation systems.
In this study, various control experiments were conducted
with control elements such as P, PI and PID to check the
temperature and pressure of a pipe with passing air in it.
For these experiments, the LTR 701 Controlled Airflow and
Temperature System was used, and the performances of the
control elements under different conditions were
compared. On the other hand, system is modelled in
Matlab-SIMULINK with using the transfer functions of
this control system, and the obtained simulation results are
compared with each other and the actual results of the
control system.

2. EXPERIMENTAL SYSTEM AND ITS
MATHEMATICAL MODEL

The LTR 701 Controlled Airflow and Temperature System
is an experimental setup that enables the specification of
the control systems and the performance of the various
control elements. These controls are provided by changing
the temperature, flow rate and pressure with five analogue
output variables (flow rate, 2 temperature, pressure and
throttle position) and two input variables (ventilator speed
and heater output). The system consists of a fan, heater,
flow metre, measuring tube, air inlet valve, valve sensor,
two temperature sensors, pressure sensor, analogue data
card, pc and thermocouple. Manually adjustable air inlet
angle can be applied as a disruptive effect to the system.
Figure 1 shows the experimental apparatus with PC.

2.1. Control cycle of temperature

In this cycle, the air flow is uncontrolled and the controller
only controls the temperature. Control of this temperature
cycle in the system can be achieved with the PID control
element. The block diagram of this cycle can be seen in
Fig. 2.

Transfer function of this cycle is as follows;
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Fig. 1. Air flow and temperature control test setup
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Fig. 2. Block diagram of temperature control cycle
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2.2. Pressure control cycle

In this cycle, the temperature is uncontrolled and the
controller only performs the pressure control. In the system,
the control of this pressure cycle can be achieved with the PI
control element. The block diagram of this cycle can be seen
in Fig. 3.
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Fig. 3. Block diagram of the pressure control cycle
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Fig. 4. Model of PI pressure control in SIMULINK

Transfer function of this cycle is as follows;
P = (PS— P).(GRL.G1 + ¢.G4) (4)

P = PS.GR1.G1 + ¢.G4.PS — P.GRI.Gl — P.¢9.G4 (5)

P GRLGI + ¢.G4
Ps 1+ GR1.GI + ¢.G4

(6)

The transfer functions that showed in the system model
are as follows;

Gl1(s) = The transfer function of the fan effect to pressure
G2(s) = The transfer function of the pressure effect to
temperature

G32(s) = The transfer function of the heating effect on
sensor 2

G33(s) = The transfer function of the heating effect on
sensor 3

G4(s) = The transfer function of the air inlet angle effect to
pressure

The values of these transfer functions are as follows;

AP _op. 0425
I(s) = ——P_ — o025 720 7
G10)= Tom~= ¢ 2ast1 ()
AS 0,368
Gs) == 07" (8)
Ap 8,35.5 1 1
AS 0,543
G32(s) = = e 0 9
O=R0H™ ¢ Fasi1 ©
Ap 0,03
Ga(s) = P — 00 10
)= R " 201 (10)

2.3. Designing of the experimental system in MATLAB-
SIMULINK

MATLAB is a software which can be used in many areas
such as control systems, power systems, filter design, genetic
algorithm, graphics, database, finance, fuzzy control, neural
networks, optimization, image processing and statistics.
Many toolboxes for these workspaces are available in the
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program SIMULINK, a very important and visual toolbox in
MATLAB. It is a virtual lab for modelling and simulating of
dynamic systems. Pressure and temperature control exper-
iments which performed in the LTR 701 were designed and
controlled in MATLAB-SIMULINK.

2.3.1. Designing of PI pressure control in SIMULINK. In
designing this control cycle, the system model is built on a
subsystem. In the system, pressure control is provided by PI
control element. The model of PI pressure control in
SIMULINK can be seen in Fig. 4.

2.3.2. Designing of PID temperature control in SIMU-
LINK. Temperature control is performed in this control
cycle and PID control element is used as the control
element. The model of the PID temperature control in
SIMULINK can be seen in Fig. 5.

2.3.3. Cascade control of temperature. LTR 701 Controlled
Airflow and Temperature System allows to cascade control
of temperature. In the system, the main controller of this
loop is the PI control element and the secondary controller
is the P controller. The block diagram and SIMULINK
model of the system are shown in Fig. 6.
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Fig. 5. Model of PID temperature control in SIMULINK
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Fig. 6. a) Block diagram of cascade temperature control, b) SIMULINK model of cascade temperature control
3. FINDINGS AND DISCUSSION Kp = 3.371
Ki = 2.748
3.1. Comparison of simulation and experimental Kd = 1.799
results in temperature control The parameters used in the experimental setup are;

In the model of the airflow and temperature system which Kp = 60.000
was created in MATLAB-SIMULINK, simulations of the Ki = 45.880
temperature control experiments were made and compared Kd = 25940
with the actual results. Temperature control with P, PI and
PID was performed using Kp, Ki, and Kd parameters that
were manually determined as in the test system. The pa-
rameters used in SIMULINK are;

When the results are examined, in the experimental P
control (Fig. 7(a)), the system catches the desired response
in a very short time, but oscillations are seen at the peak
points. But the control results are not obtained in the
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= ——»= ~Reference Signal Sensor Signa
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Fig. 7. In the temperature control with P control element; a) The Fig. 8. In the temperature control with PI control element; a) The
changing in response of the airflow and temperature system to the changing in response of the airflow and temperature system to the
sinusoidal input signal, b) The changing in response of the sinusoidal input signal, b) The changing in response of the
SIMULINK model to the sinusoidal input signal SIMULINK model to the sinusoidal input signal
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Reference Signal

Fig. 9. In the temperature control with PID control element; a) The
changing in response of the airflow and temperature system to the
sinusoidal input signal, b) The changing in response of the
SIMULINK model to the sinusoidal input signal

simulation results (Fig. 7(b)). In the PI control, it is seen that
integral activation increases the settling time, oscillations
and maximum overshoot of the response in the experi-
mental data (Fig. 8(a)). In simulations (Fig. 8(b)), it provides
controlling of temperature and reduces the settling time. In
PID control, the differential effect decreases the maximum
overshoot and oscillation, but increases the settling time of
the test results (Fig. 9(a)). In simulations (Fig. 9(b)), it also
reduces the maximum overshoot and oscillations but does
not increase the settling time.

3.2. Comparison of simulation and experimental
results in cascade temperature control

In temperature control with constant pressure, temperature
is controlled with variable of the external control loop, while
the pressure is controlled with variable of the gradual control
loop. In this position, the heater is activated by the sec-
ondary control element and the fan is fixedly set. In the
system, the main controller of this loop is the PI control
element and the secondary controller is the P controller. The
parameters of the primary control element are;

Kp = 30.900
Ki = 15.660

The parameter of the secondary control element is;

K = 50.750
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Fig. 10. In the cascade temperature control; a) The changing in
response of the airflow and temperature system to the sinusoidal
input signal, b) The changing in response of the SIMULINK model

to the sinusoidal input signal

The parameters of the primary and secondary control
elements used in SIMULINK are;

Kp = 2.839
Ki = 2.083
K = 0.700

When the results are examined, it is seen that the settling
time in cascade control is very short compared to PID tem-
perature control. It is seen that the cascade control follows the
lower temperature values with difficulty (Fig. 10(a)). This is
due to the fact that the fan operates at a constant value in
cascade temperature control. In the SIMULINK model, the
settling time is very short and the control signal follows the
sinusoidal signal with very little delay (Fig. 10(b)).

3.3. Comparison of simulation and experimental
results in pressure control

In the test system, P and PI pressure controls were made
using Kp and Ki parameters manually determined. The
parameters used are;

Kp = 60.500
Ki = 45.600

The parameters used in SIMULINK are;

Kp = 2.707
Ki = 2.500
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Fig. 11. In the pressure control with P control element; a) The
changing in response of the airflow and temperature system to the
sinusoidal input signal, b) The changing in response of the
SIMULINK model to the sinusoidal input signal

When the results are compared, it can be seen that the
system does not catch the desired value and sudden drops
occur at the peak points in the experimental P pressure
control (Fig. 11(a)). Also, simulation results (Fig. 11(b))
almost coincide with experimental results. In PI control,
the system (Fig. 12(a)) follows the desired value. However,
it is observed that there are declines at the peak and the
time of settlement is very low. In simulation results
(Fig. 12(b)), it is seen that the maximum overrun and
settling time are higher than the experimental results, but
the oscillations are less.

4. RESULTS

In this study, the air flow rate and temperature are
controlled by standard feedback P, PI, PD and PID con-
trollers in the LTR 701 Airflow and Temperature System,
which is a prototype of a heating and cooling system. In
addition, with the help of the theoretical model of the sys-
tem, the pressure effect and the temperature change were
controlled with the same control organs in Matlab-SIMU-
LINK as a simulation. As a result of these studies, the
following results were obtained:

e Based on the experimental P, PI, and PID temperature
control results, it was observed that the settlement time

Brought to you by University of Debrecen | Unauthenticated | Downloaded 04/06/21 11:19 AM UTC

Reference Signal SensorSignal

3784

ERETY: By

P(N/m2)

378

2828

40

Reference Signal
367 S |

32 {3 T R DR
28f----

28f----

PiN/m2)

0 a0 80 120 160 200 240 280 320 360 a00
t (sn)

b)

Fig. 12. In the pressure control with PI control element; a) The
changing in response of the airflow and temperature system to the
sinusoidal input signal, b) The changing in response of the
SIMULINK model to the sinusoidal input signal

and maximum overrun were low, but the oscillations were
high in the P control. The integral effect increases the
maximum overshoot and settlement time, while the de-
rivative effect reduces the maximum overrun. PID control
by combining the appropriate parameters gives good re-
sults.

e According to the simulation results, P control follows the
sinusoidal signal below the desired value. In the PI con-
trol, the sinusoidal signal is caught and the maximum
exceeding value is decreased by adding the derivative ef-
fect.

e The settling time is very short in cascade temperature
control compared to PID temperature control. It is seen
that the cascade control follows the lower temperature
values with difficulty. This is due to the fact that the fan
operates at a constant value in cascade temperature con-
trol. In the SIMULINK model, the settling time is very
short and the control signal follows the sinusoidal signal
with very little delay.

e Experimental P and PI pressure control results
show that the using of the proportional effect alone
results in failure of the pressure control and PI con-
trol with the integral effect provides the desired
control result.

According to the simulation results, P control follows the
sinusoidal signal at the desired value as in the temperature
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control. In PI control, sinusoidal signal is captured and
pressure control is provided.
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