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Abstract

PID controllers are the most used controllers. Theoretical understanding of the system to be controlled and its working
principles are very important for closed-loop control. This basic knowledge is learned in principle by all undergraduate
engineering students. However, understanding the practical aspects of a PID controller implementation must be
cleverly combined with their links to theoretical concepts. This article examines the theoretical and practical training
development process with the PID experiment set, showing a setup that can serve as a bridge between the theoretical
and practical worlds of control system knowledge. By changing the coefficients of K,, T;, and Ty, students will observe
the change between the input and output signals of the control system, so they will be able to make visual and

theoretical analyses on the oscilloscope screen.

Keywords: PID controller, Experiment set, closed-loop systems, educational aspect, PID experiment

1. INTRODUCTION

PID controllers are the most commonly used
controllers. [1] Theoretical understanding of
the system to be controlled and its working
principles are very important for closed-loop
control. [2] This basic knowledge is learned in
principle by all undergraduate engineering
students.

However, understanding the practical aspects
of a PID controller implementation must be
cleverly combined with their links to
theoretical concepts. The most important
component of an ideal PID control, e(t), is the
control error, which is a value of the basic
undergraduate course in Automatic Control
Systems. The effects of proportional, integral,
and derivative actions are included in the
course content in a simple and understandable
way, based on numerical simulation results.
[3] Then, automatic control lessons are taught
by focusing on the block diagrams of the
feedback control system, the Laplace domain
and time domain basic equations, the transient
and steady-state error, the steady state, and the
effect of integral and derivative motion on the

closed loop system. The whole system is also
included in the application of the Ultimate
Value Theorem and the concept of system
type. The dynamic properties of feedback
control systems with ideal PID controllers can
be easily evaluated theoretically and
mathematically with Bode diagrams. Finally,
the lessons are completed by evaluating the
methods of several PI and PID setting rules
that are widely used in practice. [6]

Although the content of the course is enriched
with theoretical and mathematical
applications, in order to better understand the
basis of automatic control systems, it should
be  reinforced and  become = more
understandable by observing the results
experimentally in the laboratory environment
with the students.

The content of this paper is organized as
follows. In section 2, the components required
to develop the physical demonstration setup
are introduced as proposed PID, and
experimental materials and devices are
illustrated. In section 3, several recommended

1-359

International Scientific Conference “UNITECH 2022 — Gabrovo



experiments are included. In addition, detailed
information is given on some of our
observations and feedback from our students.
Finally, the paper is concluded in section 4.

2. MATERIALS&METHOD

2.1 Proportional Control

The reason why on-off control often gives rise
to oscillations is that the system overreacts
because a small change in the error will make
the manipulated variable change over the full
range. This effect is avoided in proportional
control where the characteristic of the
controller is proportional to the control error
for small errors.

2.2 Integral Action

The main function of the integral action is to
make sure that the process output agrees with
the setpoint in a steady state. With
proportional control, there is normally a
control error in the steady state. With integral
action, a small positive error will always lead
to an increased control signal, and a negative
error will give a decreasing control signal no
matter how small the error is. The following
simple argument shows that the steady-state
error will always be zero with integral action.

2.3 Derivative Action

The purpose of the derivative action is to
improve closed-loop stability. The instability
mechanism can be described intuitively as
follows. Because of the process dynamics, it
will take some time before a change in the
control variable is noticeable in the process
output. Thus, the control system will be late in
correcting for an error. The action of a
controller with proportional and derivative
action may be interpreted as if the control is
made proportional to the predicted process
output, where the prediction is made by
extrapolating the error by the tangent to the
error curve.

The PID controller has three terms. The
proportional term P corresponds to
proportional control. The integral term I give a
control action that is proportional to the time

integral of the error. This ensures that the
steady-state  error becomes zero. The
derivative term D is proportional to the time
derivative of the control error. This term
allows for the prediction of future errors.
There are many variations of the basic PID
algorithm that will substantially improve its
performance and operability. [1][4]

PID control system diagrams,block diagrams
and tranfer funstions shown 1 Fig.1, Fig.2 and
Fig3 respectively.

P .'\'Hc'(r)
L+ r
=Setpoint Error» 1 K‘J-c(r:u’r
D X, deit)
dt

Fig.1.1 PID Control System [5]
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Fig.2. PID Control Block Diagram[5]
G(s) = Kp + =+ Kps

Fig.3. PID Control Transfer Functon[5]

2.4 Using Oscilloscope in PID experiment

An oscilloscope is a measuring device that
allows us to see time-dependent changes in
electrical voltage. We know that a voltmeter is
used to measure electrical voltage under
normal conditions. Voltmeters show us only
the magnitude and direction of the voltage in
the circuit displayed numerically on 1ts screen.
The oscilloscope, on the other hand, presents
the variation of the voltage with time as a two-
axis graph in an easier-to-understand.
We can measure the voltage and frequency
values digitally, as well as using the voltage
and frequency reference values adjusted on the
scaled oscilloscope screen. We measure the
frequency value in the x-axis (horizontal)
direction and the voltage amplitude and value
in the y-axis (vertical) direction.
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In addition, frequency and voltage behavior
patterns can be monitored graphically on the
oscilloscope screen as output value according
to the input value.

In this experiment, we use a Digital storage
oscilloscope GW-Instek GDS 1102A-U[8] as
shown in Figure 4.
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Fig.4. GW-Instek GDS 11024-U oscilloscope [8]
2.5 Experimental Set

There are different possibilities for the
structure of the PID controller, as for all other
combinations. This type which shown fig.4 is
particularly graphic; namely the parallel circuit
three decoupled signal controller, whose
output voltages are then added. Due to the
parallel circuit, each controller can operate
independently to others. Practical controllers
are usually assembled with one or more
operational amplifiers, whereby the PID
behaviors is released by suitable feedback.

The influence of three components can usually
be set externally;

The P part proportional sensitivity K,
The I part by the integral action time T,
The D part by the derivative action time Tq

The D part, therefore, ensures that the
controller reacts quickly even in the case of
slow changes at its input. The P part takes care
of medium amplifications and the I part causes
the controller to operate accurately without
leaving a control difference. Deriving the
individual controller parameters from the jump
reply or rise reply is difficult since the three
components overlap. In this experiment, we,
therefore, concentrate on  comparative
observation. HPS SystemTechnik [7] PID
board illustrated in Figure 5.

Fig.5. HPS System Technik PID Board V 5120[7]

The set point generator allows set point jumps
to be set in the range of -10V...+10V and fed
directly or through the set point integrator to
the measuring object.

3. RESULTS AND DISDUSSION

By changing the coefficients of K,, Ti, and T4,
students will observe the change between the
input and output signals of the control system,
so they will be able to make visual and
theoretical analyses on the oscilloscope screen.

Students set the experiment circuit shown in
fig 6 and select the following setting which is
illustrated in Table 1 for the measurement.
Each column refers to different measurements
which written on Tablel respectively
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Fig.6. Experimental circuit.

Each column refers to different measurements
which written on Tablel respectively.

To measure the jump reply we apply the pulse
voltage directly to the set point potentiometer.

Table. 1. Experiment settings and parameters

Jump Reply
Measurement No 1 2 3
Controller P | PI PID
Measuring Cycle Ti, 10ms
Set Point Integrator
Jump Uj; 1V
Proportional Action Factor
K, 2 3 5
Integration Time T; 0,1sn
Differantial Action Time Ty 0,1sn
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Fig.7. Pl output on the oscilloscope display

The jump response of the PID experiment
according to table 1 column 2 on the
Oscilloscope screen is shown in Figure 7.
From Chanel 2 we applied input signal blue
colored square waveform. And from channell
we got the output signal yellow colored which
referred to the behavior of the PI behavior.

The monitoring of the jump response of the
PID experiment according to table 1 column 3
on the oscilloscope screen and the connection
of the experiment set with the oscilloscope is
shown in figure 8. Yellow colored is the
output signal and referred the behavior of the
PID controller.

Fig.8. PID output on oscilloscope display

Figure 9 shows the results of all three
experiments observed and measured on the
oscilloscope screen and transferred to the
scaled paper according to the reference values
given. The results of P, PI and PID denier are
included in this paper.

Each of the three controllers (P, I, and D) is
limited by a peak limiter that keeps the output
signal 10,5 V (+/- 1V). After summation of the
three parts, however, voltages may appear,
which are greater than 10.5 V. This mainly
depends on the adjustment of the proportional
action factor K,

Measurement no. 1,2 and 3

| Jump reply:

Uy 3 . i .
manipulated variable Uy 3: 2 V/div

|1 . §
manipulated variable Uy2: 2 Vidiv
L

b1 U manipulated variable Uy 1: 2 V/div
y 1

U; control difference Uj: 2 Vidiv

t: 1 ms/div

Fig.9. Experimental results

Students can able draw the output diagrams on
scaled paper. So they see the difference
between both three different experiments, and
visually they can compare and analyze the
behaviors of the components. They can
describe the jump reply PID controller and
compare it with that of the PI controller. They
can shade the derivative action area in the
jump of the PID controller and measure the Tq.

4. CONCLUSIONS

The presented results can be used as part of a
complex control system, helping to gain and
analyze basic design information to make the
transition to advanced control issues devoted
to PI/PID controller design.

During the calibration and both manual tuning,
the students encounter different practical
challenges where they can associate those
problems with the theoretical lectures where
various aspects are assumed ideal.
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