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Induction motors have become essential part in motor-driven machinery industries. 
However, the inability to regulate the speed of the load can present significant 
challenges in terms of machinery maintenance and energy consumption. This paper 
simulates and proposes a solution for the induction motor speed control which 
implements an inverter consisting of a Variable Frequency Drive (VFD) system using 
Matlab software. The aim is to analyze the impact of adding a VFD circuit to a three-
phase motor system in terms of its starting current and speed. A VFD is highly 
beneficial for electric motors as it can optimize motor speed based on the specific 
requirements or desired speed settings. The method involves the uses of power 
electronic devices such as IGBT components. By controlling the duration of on-off time 
and the width of the pulse, a desired frequency can be obtained. By varying the 
frequency of the power supply to the motor, the synchronous speed can be controlled 
to the required value. Simulation results demonstrate that a circuit with a variable 
frequency drive (VFD) drastically reduces starting current, effectively minimizing 
power losses during motor start-up. Comparative analysis reveals that the VFD, the 
starting current surge to approximately 9A, a significant improvement compared to 
the 50A spike observed without the VFD. Additionally, the motor speed remains 
consistent in both scenarios, suggesting that the VFD does not adversely affect the 
motor's speed, which is 1490 rpm, while maintaining the voltage and current supplied 
to the load. The findings highlight the benefits of using a VFD in the motor system to 
improve energy efficiency and minimize power losses during operation.  
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1. Introduction 
 

Nowadays, electric motor or induction motor are commonly used in most industry. Its low 
sensitivity to disturbances during operation make the squirrel cage the first option when selecting a 
motor for a particular application [1]. Due to the induction motor's wide range of industrial uses, 
there has been a lot of study done to improve its technological capabilities, and firms from around 
the world have embraced this business [2]. This is due to their high and continual energy 
consumption, as they are facilities with substantial energy needs [3]. Without the ability to control 
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the speed of load, it can be quite hard for maintaining the machine and its energy consumption. 
Plus, in situations where high velocities are maintained during stable operation, various benefits in 
terms of energy conservation can be effectively realized, presenting the opportunity for substantial 
energy savings in specific applications [4]. Therefore, it is crucial to take advantage of any chance to 
reduce the amount of electricity used by electric motors, particularly in light of the global focus on 
energy efficiency and green technology [5]. 

Most of the motors used are induction motors and one way of reducing induction motors’ 
power consumption is through the introduction of power electronics controller to control the 
speed of electric motor. Given that the electronics controller or VFD are widely used in AC motor-
driven applications, such as variable frequency drive for motor control, so it is crucial to understand 
how they operate [6]. Figure 1 illustrates the block diagram of the VFD. This device is commonly 
used to regulate the speed of conveyor systems, blowers, pumps, machines, and other applications 
that required variable speed and variable torque [7]. 

 

 
Fig. 1. Block Diagram for Variable Frequency Drive 

 
VFD is very useful for electric motor as it is able to optimize motor speed depending on the 

need or desired speed value. As for example, the advanced direct current (DC) inverter technology 
used to drive the compressor's highly efficient DC motor and provide a larger output power range 
makes the inverter air conditioner more energy-efficient hence this will result in higher power and 
more energy savings [8]. Usually, induction motor consumes more electricity than required. The 
motor uses a lot of energy whenever the torque or velocity varies, especially when the motor is 
starting up or when more torque is needed [9]. This is called overshooting current and usually 
occurred during start up process of a motor. This is because when induction motor connected 
directly to the grid, the motor exhibits significant initial torque pulsation and high inrush current 
[10]. These phenomena will lead to high wattage consumption and next effect the bill costing. 
Furthermore, operating motors at speeds higher than required not only leads to energy wastage 
but also often leads to premature motor deterioration, raising maintenance expenses and 
potentially diminishing the motors' lifespan. 

A VFD main function is to change an AC supply operating frequency. In other words, it 
transforms AC into DC and then back into AC with adjustable frequency, however the process is 
quite complex as it requires four VFD blocks. These blocks are the Control Unit Section, Inverter 
Section, DC Bus/Filter Section, and Converter (rectifier) Section as shown in Figure 2. 
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Fig. 2. Detail block diagram of Variable Frequency Drive (VFD) [9] 

 
For VFD initial section, rectifier was used. It is constructed from 6 or 4 diodes which are for 

three-phase and single-phase conversion respectively. Half of them were on forward bias while the 
remaining were on reverse bias. It does this by using electrical components that can turn on and 
off, such as IGBT, GTO, and MOSFET [11]. The rectifier converts the sinusoidal input into a pulsating 
DC that swings between the maximum positive peak and zero volts. Next, in DC link section, the DC 
power that the inverter extracts are filtered and stored. The primary purpose of filters is to 
eliminate ripples from the rectifier's pulsing DC output. If the ripple exceeds the specified value, 
different unwanted effects appear in the system and some of the unwanted effects are stray 
heating, audible noise [12]. Then is the switching or inverter part that changes the constant DC into 
adjustable-frequency alternating AC. It varies the output frequency to control the speed of the 
induction motor using modulation techniques like PWM method. PWM control involves quickly 
turning on and off the IGBT switches so that a varied waveform is created by pulses of varying 
widths. Lastly, the control unit oversees and regulates the rectifier, intermediate circuit, and 
inverter to ensure that the correct output is produced in response to external control signals. After 
considering the input command and sensor inputs, the controller gives the power converter the 
reference signal to inform it of the amount of power it needs to create [13-15]. 

Gurle et al., [16] have studied speed control of three phase induction motors by stator voltage. 
It was stated that for an induction motor, if the applied voltage is reduced while maintaining a fixed 
frequency at a certain load, the air gap flux will also decrease. As a result, the torque or power 
generated is reduced. As the rotor speed drops, the amount of slip increases, increasing the torque 
needed to balance the load torque. As a result, changes in voltage also affect the motor's ability to 
manage speed and slip frequency. The rotor should have a high resistance for speed control across 
a considerable range. This method is suited for fan and pump drives as well as situations where the 
drive must operate intermittently. Research has also been studied on electric drive control with 
rotor resistance by Regaya et al., [17]. The paper focused on controlling the motor speed rotor 
resistance method.  For this method, maximum torque is independent of rotor resistance but the 
slip that occurs is directly proportional to the rotor resistance. Using the same torque, speed falls 
when there are increase in rotor resistance which can become the controller for the motor. A 
suitable value of rotor resistance can overcome the problem by implementing fuzzy logic into the 
system. For the project, a model reference adaptive system (MRAS) that is a based observer has 
been proposed which use the voltage model and current model for sensorless control of induction 
motor drive. 

G. D. Andreescu [18] has focused on how pole changing permanent magnet (PM) motor can be 
built for few reasons and one of the reasons is for speed controlling. A PM or memory motor can be 
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built as a variable-flux or pole-changing device as it has an ability to change the magnetization of its 
magnets with low amount of stator current. In the studies, pole changing PM machine delivers 
more power at higher efficiency, generate lower heat as the rotor lack losses than in the squirrel-
cage machine [19,20]. On the other research studied by Ejiofor et al., [21], slip power is varies to 
yield the adjustable speed drive system. The slip energy recovery scheme is done by using 
electronic based converter technique. The power recovery and energy saving are got from the 
switching devices component control which is thyristor. The system is a bit similar to the variable 
speed drive with the implement of converter and inverter. With the help of static converters, slip 
power can be recovered rather than being lost in the resistance. There is associated harmonic 
injection on the source side as a result of the converter and line commutated inverter.  

In another study by Ozan et al., [22], predictive torque and flux control methods are introduced 
for two induction machines powered by a dual-output indirect matrix converter. The paper 
underscores the utilization of mathematical models for predicting control objectives, the selection 
of optimal switching combinations through a multi-objective cost function, and the reduction of 
torque and flux errors. In a subsequent work by the same author [23], the research extends to the 
control of multiple induction motors using dual-hysteresis torque control powered by a nine-switch 
inverter. This method efficiently manages two distinct induction motors with tailored mechanical 
references, employing stator current, mechanical speed, and torque as control variables. 

Additionally, the Nine-Switch Inverter (NSI) is proposed as an alternative to traditional two-level 
three-phase voltage source inverters (VSIs) for handling multiple loads [24]. While typical VSIs 
increase system costs and volume due to additional discrete components, the implementation of 
the NSI offers an equally efficient solution with fewer semiconductor switches, thereby reducing 
overall system costs and volume. These prior studies primarily focused on achieving independent 
control of multiple loads, albeit with the recognition of the need for integration in more complex 
systems. 

Current studies acknowledge challenges in the energy efficiency of electric motors, specifically 
induction motors, prompting the adoption of power electronics controllers like Variable Frequency 
Drives (VFDs). However, there is a lack of detailed understanding regarding the operation and 
impact of VFDs, particularly in controlling induction motor speed. This research aims to fill this gap 
by thoroughly examining how VFDs work and their role in optimizing induction motor speed. The 
study also investigates the efficiency of VFDs in reducing energy wastage during motor start-up, 
providing valuable insights for enhancing energy efficiency in motor-driven systems. As for this 
paper, it proposes a solution for the induction motor speed controller, implementing a simpler yet 
efficient inverter with a VFD system. This system is designed to reduce motor starting current 
overshoot, leading to a decrease in power loss. The method involves power electronic devices, such 
as IGBT components, to control on-off time and pulse width, achieving a desired frequency with 
optimized output. The comparison between implementing VFD and without VFD will be highlighted 
to observe differences. 
 
2. Methodology  

 
To achieve the aim of this paper, two circuit models of the system are designed using MATLAB 

software. Through the simulation, many parameters can be observed such as the graph of input 
voltage, output voltage and output current. With this information, the load voltage, current, and 
speed are figured out. An induction motor is also connected to the load to test whether the circuit 
design is functioning correctly. Next subsection explained more details on the development of the 
circuit design. 



Journal of Advanced Research in Applied Mechanics 
Volume 116, Issue 1 (2024) 117-129 

121 
 

2.1 Simulation Design 
 

The design of the circuit is a three-phase variable frequency drive which the concept is taken 
from the back-back converter shown in Figure 3. The back-to-back converter mainly consists of two 
sections which are rectifier and inverter. However, in this project, it will focus mainly on the 
inverter part to drive the asynchronous motor and is focusing on the frequency converter system 
and control the speed motor speed by changing the frequency manually. 

 

 
Fig. 3. Simulation of motor with three-phase variable frequency drive 

 
The various drawbacks of the variable speed drive, such as its low efficiency, unpredictable 

speed control, and substantial space requirements, have gradually been solved thanks to 
advancements in power electronics [25,26]. Now, with the switching of the IGBT components can 
determine the amount of the energy consumed to the load which was the motor. The value of 
frequency where it can be varied manually will determine the amount of modulated width size in 
the switching graph pattern accordingly. Difference value of frequency would give different 
switching width modulation hence controlling the speed of the motor. This can be set manually 
through the slider gain block that is connected to the PWM subsection (top left block) which will 
then give command to the IGBT component on the inverter side. In this case, 50 Hz value used to be 
compared with the other simulation. 

Next, on the simulation without the VFD, the connection circuit is as shown on Figure 4.  
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Fig. 4. Simulation of motor without variable frequency drive 

  
The motor would be energized solely through the three phase power supply alone. The absence 

of an inverter part makes the circuit look simple but the induction motor still can run normally but 
with different output indications that would be discussed in more detail in the discussion. Without 
the VFD, the normal operating frequency of the supply will be based on standard rating which is 50 
Hz value. These two circuits with different integration will be simulated on the MATLAB software 
and various outputs will then be analyses and compared between the two conditions. 

The Powergui block serves as a central tool for managing and configuring power system 
simulations. In this project, the Powergui settings, depicted in Figure 5, outline the specifics of the 
simulation setup. A discrete simulation with a sampling period set at 0.1 microseconds and the 
Tustin/Backward Euler (TBE) solver was selected for this particular project. 

 

     
Fig. 5. MATLAB Power System Simulation 

 
 
 
 



Journal of Advanced Research in Applied Mechanics 
Volume 116, Issue 1 (2024) 117-129 

123 
 

2.2 Parameters of Motor Load 
 
This part describes the design parameters of the induction motor used in the MATLAB software. 

The component used in the software that resembles the squirrel cage induction motor is 
Asynchronous Machine (SI units) as shown in Figure 6 whilst the chosen induction motor of squirrel 
cage type specifications is shown in Table 1. 

 

 
Fig. 6. Asynchronous 
machine 

 
Table 1 
Specifications of squirrel cage of induction motor 
Specification Value 
Horsepower 5.4 Hp 
Power 4 kW 
Voltage 400 V 
Frequency 50 Hz 
Speed 1430 rpm 

 
2.3 Conditions for Motor Load 
 

In this simulation, various conditions were introduced by systematically varying the mechanical 
torque applied to the motor. As a result, distinct outputs were observed for each applied condition. 
The specified conditions were as follows as in Table 2. 

 
Table 2 
Specifications of squirrel cage of induction motor 
Sampling Time (second) Torque Value (Nm) 
0.2 26.8452 
0.4 13.4226 
0.6 6.7113 
0.8 3.3556 

 
As depicted in Table 2, at a sampling time of 0.2 seconds, the torque reached its maximum 

value, signifying that the motor was operating under full load conditions. Subsequently, at 0.4 
seconds, the torque was halved, indicating a departure from the full load state. This halving trend 
persisted at 0.6 seconds and 0.8 seconds, respectively. 
 
3. Results and Discussion 
3.1 Simulation Results between Condition with VFD (Inverter) and Condition without VFD 
 

Figure 7 and Figure 8 shows the waveform comparison for output voltage of DC-AC converter 
(Inverter) and without the inverter. In Figure 7, the above waveform indicates the output voltage of 
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inverter without a filtering circuit while the below waveform indicates the output voltage of 
inverter with addition of filter. 
 

 
Fig. 7. Output Voltage of Inverter (with VFD) before and after filtering 

 

 
Fig. 8. Output Voltage without VFD 

 
The role of an IGBT in an inverter is to function as a switch, activated by applying a signal to the 

gate for turning on and turned off by removing the signal. This transition is governed by the 
switching frequency of the Pulse Width Modulation (PWM) rate. The resulting switching process 
generates a pulse train, which, upon passing through the LC output filter at the junction of the ideal 
switch, capacitor, and inductor, produces an outgoing AC voltage. Upon examination of the figures, 
it is evident that the filtered voltage value (Vmax) is approximately 230 V. Figure 8 illustrates the 
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output voltage directly from the source without the implementation of a Variable Frequency Drive 
(VFD). In this case as well, the voltage value (Vmax) remains around 230 V.  

Figures 9 and 10 below illustrate the output current results of the DC-AC converter with and 
without the converter, respectively. The current values are responsive to the torque applied, as 
outlined in the methodology detailing conditions for motor load. During the full load condition of 
the motor (from 0.2s to 0.4s), the current peaks at approximately 20 A in Figure 9 and around 17 A 
in Figure 10. Subsequently, the current gradually decreases to half of the full load value at 0.4s 
follow at 0.6s and 0.8s, reflecting the variations in mechanical torque. 
 

 
Fig. 9. Output Current of Inverter (with VFD) before and after filtering  

 

 
Fig. 10. Output Current without VFD 

 
Analyzing the outcomes, it becomes evident that under dynamic load conditions, specifically, 

the variation of mechanical torque in this simulation produce a clear correlation. It can be 
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concluded that as the mechanical torque increases (indicating a higher load applied to the motor), 
there is a corresponding rise in the required current for motor operation. 

Figure 11 and 12 illustrates the starting current for both simulations of the motor with and 
without the VFD respectively. From the graph, it can be seen clearly that starting current without 
VFD were surging significantly up until more than 70 A compared to average current was 4 A. The 
starting was about 14 times the average current and this value is considered a very high value 
which will cost a lot of power losses. While in the simulation with the VFD show the starting current 
spiking around 40 A compared to average which is 5 A. The starting just around 8 times higher than 
average current. There was significant different between the implementation of VFD and without it 
where this show that with VFD, it can reduce power losses in the system. 
 

 
Fig. 11. Starting Current of motor with VFD 

 

 
Fig. 12. Starting Current of motor without VFD 

 
Figure 13 and figure 14 shows the current and voltage Total Harmonic Distortion (THD) when 

we implement the VFD which were from Fast Fourier Transform (FFT) Analyzer in the MATLAB 
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feature. THD is a measurement that tells you how much of the distortion of a voltage or current is 
due to harmonics in the signal. It always expressed as a percentage and represents the ratio of the 
sum of the powers of all harmonic components to the power of the fundamental frequency. As it 
can be seen in Figure 13, the current THD is around 17.22% while voltage THD in Figure 14 is around 
2.09% which is acceptable. So, the value gain from the simulation were acceptable and consider 
low as for distortion noise. 
 

 
Fig. 13. Current THD with implementation of VFD 

 

 
Fig. 14. Voltage THD with implementation of VFD 

 
3.2 Results for Load (Motor) Speed with Two Different Conditions 
 

In Figures 15 and 16, the speed variations of a three-phase asynchronous machine are depicted 
under two distinct conditions: one with the application of a Variable Frequency Drive (VFD) and the 
other without it. A noticeable disparity in both waveform and speed values is observed between 
the two simulations, influenced by the varying load conditions imposed by mechanical torque. 
Figure 15 exhibits a more significance change in speed as the load is varied compared to Figure 16. 
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Despite the substantial difference, it's noticeable that at the free-load condition at 0.8s onwards, 
the speed values converge, remaining approximately the same at around 1480 rpm. 
 

  
Fig. 15. Motor Speed with the implementation of 
VFD 

Fig. 16. Motor Speed without the implementation of 
VFD 

 
4. Conclusions 
 

In conclusion, this paper has simulated and proposed a solution for the induction motor speed 
controller by implementing the inverter that consists of Variable Frequency Drive (VFD) system 
using MATLAB software. The simulation shows that using the VFD significantly reduces the 
beginning current. Starting current spikes with a VFD are capped at about 40 A as opposed to more 
than 70 A without one. This can lead to minimizing the power losses during motor start-up which 
will improve energy efficiency. There are significance changes in graph when motor load varied, but 
regardless of when the motor in free load condition whether VFD presence or absence, the motor 
speed stays around the same value which in these cases the speed remains at 1480 rpm value. This 
demonstrates how the VFD can control motor speed without sacrificing load-bearing capacity. This 
research emphasizes how motor-driven systems have been transformed by VFD technology. IGBTs 
and PWM techniques are used by VFDs to offer precise speed control and starting current 
reduction, which may lead to large energy savings, less power losses, and improved operational 
efficiency. 
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