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laboratory experiment. The external resistor is used in this
experiment as a rheostat, where the resistance is varied.

;Eyg’:rd& ) Variation of external resistance appears to reflect on the
unt Motor; . .

Speed Control; control of the speed of the DC motor. Simulation and
MATLAB/Simulink. laboratory experiment results indicate that the speed using

the simulation model via MATLAB/Simulink is quite similar
to the speed using the laboratory experiment result, and
based on that, it shows the DC Shunt motor speed can be
controlled using a field control method.

1.0 Introduction

Modern systems are complex, and new approaches in electric motor control are demanded,
having high-precision requirements of speed and position under variable load torque (Ruben,
2016). The capability to modify the rotation velocity of a direct current motor by adjusting the
applied voltage to the armature is known as speed control. Standard speed regulation methods
have long been researched, and armature voltage control is one of the most frequently used
techniques to control DC drives (Baavarajappa,2024). The simulation model nowadays is often
referred to as an alternative way to experiment with motor control besides using traditional
methods of data collection, such as laboratory experiments. Although running the DC Motor is
more technically experiment and needs more time, safety precautions need to be addressed well
during the experiments compared to the simulation model using a block diagram in MATLAB. Many
researchers used laboratory experiments as their research method. However, few of them execute
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2.0

2.1

the comparison using a simulation model because designing a model of the DC Motors is not quite
similar to the block in the simulation model. The choice of the simulation model is important to
ensure that the parameters of the DC Motor in the laboratory can be compared with the design
model in the simulation. Based on that, MATLAB R2022a is used to implement the experiment via
simulation I this research.

A review study of different tuning controllers for speed control of a DC motor. It is widely
used in industries even if its maintenance cost is higher than the induction motor
(Baavarajappa,2024). The laboratory experiment on the DC Shunt motor was regularly done in the
laboratory by researchers to get the desired output for learning purposes. The experiment of the
DC Shunt motor began with the connection to the motor using cables based on circuit diagrams,
and all the parameters of the motor were measured using meters when the motor was run with
an input of 200V. The speed of the motor is measured and recorded, but the value of the speed
acquired is not constant due to the vibration of the tachometer during measurement. Although
they still have the tolerance for the value recorded, by using MATLAB/Simulink for the simulation
model, the comparison between those values can be observed to ensure that the speed values are
within a suitable range. Moreover, nowadays, there are alternative ways of doing laboratory
experiments besides the researchers attending the laboratory regularly. With this simulation using
MATLAB/Simulink models and results, the researchers were able to simulate for DC Shunt motor
speed control

Literature review

DC Motors are widely used in electrical applications, especially in industrial applications,
robotics, and home appliances, due to high flexibility, reliability, and low cost, where the speed
and position control of the motor is required (Md Akram, 2014). The control speed of the DC Motor
is required for easy control based on the purposes of usage. Home appliances and industrial
applications are mostly used to ensure that the variation of usage can be done correctly.
Controlling the speed of the motor is important to ensure that the motor is driven at the desired
speed for certain and suitable applications. The innovation using motor really reduces the time of
work and helps reduce the usage of human resources' energy (Abdul Rahman, 2020). In industry,
DC motors are widely used as a motor for driving mechanical loads, because DC motors have
greater torque characteristics compared to an induction motor (Jehan,2020).

The greatest advantage of the DC Motor may be speed control due to the method being
easy and convenient, and the power loss in the shunt field is small due to the small volume in the
shunt field. Since the speed is directly proportional to armature voltage and inversely proportional
to the magnetic flux produced by the poles, adjusting the armature voltage or the field current
will change the rotor or motor speed. The speed of a DC Shunt motor may be regulated in two
ways: inserting resistance in series with the armature, thus decreasing the speed, and inserting
resistance in series with the field; the speed will vary with each change in load (5.M. Labaran,
2018). In this paper, the discussion is more on inserting resistance in series in the field, and the
speed is measured. The speed is measured in two ways, which are based on the laboratory result
using a DC Machine in the lab and the simulation result using MATLAB/Simulink. The DC Machine
used in the lab is designed and setting is the same as MATLAB/Simulink prior to the comparison
result at the end of this paper.

Structure of DC Shunt Motor

DC Motors consist of armature and stationary windings (field poles) (Md Akram, 2014). In
particular, the analysis and design of DC motor controllers is emphasized for so-called direct
current permanent magnet, or separate excitation, reaching simple linear models, and justifying
its performance against certain operating conditions (Ruben, 2016). The conversion can be
expressed in a diagram, but in this paper, the discussion is only based on the electrical diagram.
The type of motor used in this experiment is a DC Shunt Motor. The DC motor, or direct current
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motors, are usually used as a motor to drive mechanical loads. The advantage of using this motor
is for speed regulation (Jehan, 2020). The circuit diagram for the DC Shunt Motor used as a
reference in this simulation model can be expressed as follows:
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Figure 2.1.1 DC Shunt Motor Model [2] Figure 2.1.2 DC Shunt Motor circuit diagram [3]

+
Vi

Based on Figure 2.1.1 and Figure 2.1.2, the voltage equation of the circuit is given by
(Akram, 2024; Ruben, 2016):

dla(t)

Voltage Equation: Va(t) = R, I, (t) + L, Fra Ep ... Equation 2.1
Armature current: IL,=I+1l,¢ .. Equation 2.2
Equation for Back EMF: Ez(t) = K,o(®) ... Equation 2.3
Speed Equation: N =K,V — ) Equation 2.4

[}

Based on the equation given above, the calculation was made prior to the simulation model
using MATLAB Simulink. This paper does not discuss complete calculations due to its greater focus
on MATLAB Simulink and experimental laboratory results.

3.0 Methodology
In this paper, the discussions of the speed control of the DC Motor are based on two types
of experiments, which are laboratory experiments and MATLAB Simulink results. Moreover,
simulation results are exhibited for design performance evaluation (Ruben, 2016). Both
experiments had been done with the technical aspects of the motor selection and rating, with a
suitable load range also being discussed in this chapter. The DC motor available in the laboratory
is chosen in this experiment with MATLAB R2022a as a medium for simulation experiments.

3.1 Proposed Design of DC Shunt Motor Speed Control Via Laboratory Experiment

For this experiment, a 0.3kW, 220V DC Shunt Wound motor at the Electrical Engineering
Department Politeknik Kota Bharu laboratory, as shown in Figure 3.1 below, is used to perform
laboratory experiments. In contrast, Figure 3.2 shows the experimental setup. A variable resistor
(Left) was connected in series with the armature winding while armature current was measured
using a zero-center analogue meter (Right). The variable resistor is connected in series with the
field windings circuit, and the resistance values are being increased in steps, starting from 5Q. The
variable resistance was increased in steps of 100, 150, 20Q, 250, and 30Q. All data measured are
recorded in Table 4.1 below. The input voltage for the motor is set to 200V, and the motor speed
was measured using a hand-held tachometer.
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Figure 3.2 Experimental Set-Up

3.2 Proposed Design for DC Shunt Motor Speed Control via MATLAB R2022a

In this section, the MATLAB R2022a software has been utilized for this circuit simulation.
Figure 3.3 below indicates the simulation model used for this DC Shunt Motor. The design is based
on the topology of a DC Shunt motor (Jehan, 2020). The motor has a single DC supply source with
a constant value. (Vin = 200V). The parameters of the DC motor are as follows: (Ra = 0.6 Q, La =
0.012 Q, Rriews = 4004, Lriew = 120 Q), where the field and armature coil are connected in parallel
based on the basic DC motor design used for this simulation. The motor parameter includes
inductive values for the coil used in the real motor design. The external resistance is used with a
variable magnitude to achieve the desired result. The output speed is in Rotations per Minute
(RPM) mode using models in MATLAB/Simulink.
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4.0

Block Parameters: DC Machine e
DC machine (mask) (link)

Implements a (wound-field or permanent magnet) DC machine.

For the wound-field DC machine, access is provided to the field connections so
that the machine can be used as a separately excited, shunt-connected or a
series-connected DC machine.

Configuration Parameters  Advanced Gain

Armature resistance and inductance [Ra (ohms) La (H) ] [ 0.6 0.012] : Element-wise gain (y = K.*u) or matrix gain (y = K¥*u or y = u*K).
Field resistance and inductance [Rf (ohms) Lf (H) ] [ 400 120] g Main  Signal Attributes  Parameter Attributes
Field-armature mutual inductance Laf (H) : 1.8 g ZILE

30/pi

Total inertia J (kg.m”2) 1

Multiplication:  Element-wise(K.*u) -
Viscous friction coefficient Bm (N.m.s) 0
Coulomb friction torque Tf (N.m) 0
Initial speed (radfs) : 1
T] Cancel Help Apply J 0K Cancel Help Apply
Figure 3.3: DC Shunt Motor MATLAB Parameter Figure 3.4: RPM in per minute
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Figure 3.5 The proposed designed for the simulation

The circuit is also designed with a mux that can produce two measurable outputs, which
are motor speed and armature current.

Discussion of analysis and findings

Simulation results using MATLAB/Simulink are given below based on the variable range of
the external resistances. The graphs show the differences in speed control for different external
ranges of the resistances connected through the field windings. The DC Motors are simulated, and
the speed of the motor is recorded in Table 4.1. The armature current is recorded when the speed
of the motor is 2000 RPM. It is set that the armature current is taken at 2000 RPM to ensure that
the comparison can be made between the simulation and the laboratory experiment.

The results shown in Figures 4.1 to 4.4 indicate the speed and current behavior when the
DC Motor is driven with a selected resistance range. The data of the speed and current can be
measured using the graph and meters, as shown in Figure 3.5, where the values are visualized in
digital numbers compared to analyzing using a graph. These numbers are easy to read and give
the exact number needed. All the data recorded is based on meter readings in the simulation.

Experimental Speed Control of DC Shunt Motor Using 35 iJTVET (Vol 6, No. 1, 2025)
Field Control Method via MATLAB Simulink



W <Armature current ia (A)=

150

1201

o0 5 m 15 s =

Figure 4.1 Simulation res
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result when R=50 Q, RExternal = 50 Q, Speed = 3754 RPM, Armature Current = 6.10A

W Gain

2500 "

sos  f

1000

W <Armature current ia (Af=
150

120 4

00 5 10 = [ R—-1 o =

50 3= o

3 o 3 o rica o 3

Figure 4.3 Simulation result when R=160 Q, RExternal = 160 Q, Speed = 2915 RPM, Armature Current = 3.111A
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Figure 4.4 Simulation result when R=190 Q, RExternal = 190 Q, Speed = 3068 RPM, Armature Current = 3.278A

In this experiment, the DC Motor model used in this simulation is based on the
MATLAB/Simulink Llibrary. With the simple modification to the model, the DC Shunt motor is
designed using the parameters of the motor used in the laboratory. The external resistance,
RExternal, used in this simulation is just a resistor compared to the experiment that used a
rheostat as an external resistance. The speed of the motor is measured using a tachometer, while
in the simulation, the output value of the speed is produced in radians per second. Therefore, the
conversion of the speed to rotation per minute (RPM) model is designed to ensure the output
speed is visualized as the same as experimental values.

During simulation using MATLAB/Simulink, the external resistance connected to the field
windings is varied. The output speed in rotation per minute (RPM) and armature current in
amperes are recorded in Table 4.1. Based on the simulation result, a small change in armature
current produced a significant change in speed. Where the bigger volume of external resistance
was inserted into the field, a slight increase in armature current appeared while the speed of the
motor was reduced rapidly.

Table 4.1: Comparison Between Laboratory Experiment vs MATLAB/Simulink

Laboratory Experiment MATLAB/Simulink
Input Voltage, External Armature Speed Armature Speed Differences in RPM,
Vin (V) Resistance (Q) Current, (RPM) Current (A) (RPM) %
(A
200 10 0.13 2024 2.278 2145 5.97
50 0.13 2173 25 2352 8.24
90 0.13 2345 2.722 2557 9.05
120 0.13 2502 2.889 2711 8.35
160 0.14 2783 3.111 2915 4.74
190 0.14 2954 3.278 3068 3.86

Laboratory experimentation is done using a DC machine, which can operate in both
conditions, either as a motor or as a generator. In this experiment, the machine is operated as a
DC motor. The machine speed is measured manually using a hand-held tachometer. The average
value for each speed measured is determined to ensure the speed volume is within the range and
reduce gross errors (measurement errors) because humans tend to make mistakes while reading,
recording, and interpreting (human oversight).

Experimental Speed Control of DC Shunt Motor Using 37 iJTVET (Vol 6, No. 1, 2025)
Field Control Method via MATLAB Simulink



5.0

Lab Experiment vs MATLAB Result
for Field Control

4000 3068
2915
P 2711
2557
& 3000 5145 2354
c
= 2000
2345 2783 2954
§ 2024 2173 2502
& 1000
0
0
1 2 3 4 5 6

) External Resistance
e | ab Experiment

MATLAB Simulation

Figure 4.5: Comparison Between Laboratory Experiment vs MATLAB/Simulink for Speed Control

Based on the observation of the data collection and the DC machine, the differences can be
expressed as due to:

i Heat transfer of the DC Motor compared to the simulation when those heats are
negligible based on the observation directly.

ii.  Friction in the bearing that may tend to slow the DC machine and directly reduce
the armature current compared to MATLAB/Simulink.

iii. Power losses in the cable and windings: armature losses, field losses

Although the differences are more on the losses, these comparisons cannot be ignored
because they may affect the characteristics of the DC shunt motor and the machine's speed
regulation.

Conclusion and Future Research

As a conclusion, this research proves that the result using laboratory experiments and
MATLAB/Simulink can be used to study the characteristics of the DC Shunt for field control
purposes. It appears that the MATLAB/Simulink simulation can also be an alternative way for
researchers, lecturers, and students to study the characteristics of the machine if the hands-on
method cannot be done in a laboratory. Based on the result, the current readings show a massive
difference between both experiments, due to the selection of the motor, which is suitable to be
used in the lab. Most of the DC motors used in the laboratory are low power and tend to have
higher coils to lower the current due to the small volume of resistance used to connect to the
motor as a load. It may prevent any failure from the experiment from occurring. By selecting
suitable motor ratings for laboratory experiments, this research appears to be a reference for
lecturers, who tend to do the simulation using MATLAB/Simulink in classes, although the
differences are slightly higher. Based on the simulation, we could conclude that based on the
simulation model is able to produce almost the desired output speed with variable field resistance.
Although it seems quite difference, still this simulation model can produce the desired output
speed as desired.

Based on the results, this research can be expanded or improved on the DC Motor
simulation parameters. The parameters of a real DC Motor can differ based on the brand of the
motor. They can be measured based on the cumulative values of resistance and resistive values
compared to a simulation model, which indicates separately. Therefore, a study on different types
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or brands of DC Motors can be done and compare those values with simulation, so that the data
collection can be a reference to other researchers to narrow the research. Other researchers may
also use different simulation software to execute the comparison, such as PSCAD, Power World,
etc. Using different simulation software may expand our knowledge and result in studying the
characteristics of the DC Shunt motor using the field control method.
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