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Abstract 
 
 
A three-phase variable frequency drive with field-programmable gate array (FPGA) control is 
investigated in this study. With increasing demands in electric vehicles, electric aircraft, Unmanned 
Aircraft Systems, and other applications, the high-performance motor drive employing variable 
frequency control with higher efficiency and reliability is an indispensable part of the ever -changing 
technological development. The main variable frequency control is based on the sinusoid al pulse 
width modulation (SPWM) technique with control hardware implemented by using a single FPGA 
chip. The proposed SPWM control scheme has been realized using a Xilinx Arty A7 development 
board. The system was tested with a 3-phase Infineon Trench FREDFET technology based on N-
channel IGBTs. The control scheme regulates the AC output voltage precisely with a DC power 
supply. Depending on the operating voltage and frequency, the motor may be able to run above the 
rated speed to gain extra power. Both simulations and test measurement results are shown.  
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CHAPTER 1 
 

Introduction 
 
1.1 Background 
 

The benefits of using a three-phase induction motor are well demonstrated in industry. It is 

important to develop a new digital controller to improve motor efficiency. This will result in 

economic savings and reductions of environmental pollution [1]. To achieve proper functionality, the 

induction motor's speed must be controlled precisely. There are a variety of induction motor speed 

control techniques that do not always achieve the desired results. To increase efficiency, an improved 

approach is implemented using sinusoidal pulse width modulation. This involves a three-phase power 

supply circuit, IGBTs, gate drivers, optocouplers, and an induction motor.  
 
 
The scopes of this study are as follows: 
 

i. In the project, a voltage source inverter converter is used. It includes a Gate 

driver, an Arty A-7 35T FPGA board, optocouplers, and a power drive module. 
 

ii. An optocoupler isolator Si8065 (QSOP-16) is used to protect the control 

circuit for the power circuit on an Arty A-7 FPGA board. The EVAL-M1-05-

65D is used by Infineon for power module. 
 

iii. The PSpice and Simulink software are used to simulate a proposed circuit 

based on the theories and methods. The simulated output waveforms are 

analyzed and compare with the experimental data. 
 

iv. Construct the circuit on the protoboard using the information gathered from 

simulation and testing of an induction motor. 
 
 
 
1.2 Objective of the Study 
 

The objective of this project is to develop a prototype of an FPGA based motor drive for 

three-phase induction motor, to change the motor drive algorithm, and to observe the impact while 

running the motor. A soft start conditions were generated to reduce the initial in-rush current while 

increasing power. A variable duty cycle SPWM was implemented utilizing a variable output 

frequency. The effects in the motor were also observed in relation to a changing voltage range.  
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The configurable frequency and voltage of a three-phase power supply that was researched, 

designed, constructed, tested and, operated with both an inductive and a resistive load are within 

the scope of this research. Methods developed during previous research for fixed frequency were 

adapted for variable frequency control. In addition, required adjustments to the inverter output 

voltage were considered for variations in the operating frequency. A control program was used to 

produce an output voltage waveform from a voltage source inverter. The oscilloscope display 

showed the result of this controller action. 
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CHAPTER 2 

 
The Motor Drive and it’s Subsystems 

 
 
 
2.1 Introduction 
 

This chapter describes each of the subsystems, system components and their operation. It 

covers pulse width modulation (PWM), sinusoidal pulse width modulation (SPWM), gate driver, 

optocoupler, voltage source inverter, Arty A-7(35T) FPGA, power drive module and a voltage 

variac. 
 
 
2.2 Pulse Width Modulation (PWM) 
 
 

The use of switching power converters in modern motor drives has led to the 

implementation of pulse width modulation (PWM) signals. These signals are used to control the 

energy delivered to a motor by a power converter. PWM signals have set frequencies, 

magnitudes, and pulse widths that are constant during each period. The pulses in a motor's output 

are wider at certain times due to the way a PWM signal is applied. This happens because when a 

PWM signal is sent to the gate of a power transistor, it affects how often that transistor turns on 

and off. A higher frequency PWM signal will deliver more energy to the motor and load than 

lower frequency signals [2]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2-1 Pulse width modulation signal 
 

There is an efficient way to produce intermediate levels of electrical power between fully on 

and fully off. Based on Figure 2-1, by using pulse width modulation, a power source can deliver  

 
10 



 
the average amount of power needed without wasting energy because it is limited by resistive 

means. This occurs because the duty cycle determines how much power will be delivered [3]. 
 
 
2.3 Sinusoidal Pulse Width Modulation (SPWM) 
 

Sinusoidal PWM is generated by modulating a sine wave with the reference signal. Pulse 

width modulation (PWM) is a phenomenon that can be described by a sinusoidal function of 

angular position. In this example, on and off times for a PWM signal are determined by 

comparing the reference sine wave with a high frequency triangle wave. Figure 2 -2 , illustrates 

how this works. In industrial applications, the sinusoidal PWM technique is often utilized. Th e 

frequency of the output voltage is determined by the amplitude modulation wave. The 

modulation index is based on the peak amplitude of the modulating wave, which dictates how 

much RMS power will be produced from it. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2-2 Sinusoidal pulse width modulation 

 
 

By changing the modulation index, the output voltage magnitudes can be altered. Multi-phase 

modulation techniques achieve a higher distortion factor than other methods by suppressing 

harmonic waves in the inverter's output voltage. However, the harmonics are pushed to the range 

around the carrier frequency and its multiples [2]. The fundamental frequency SPWM control 

approach was proposed to decrease switching losses. By operating the PWM at a higher frequency,  

less voltage is required to maintain the output level and reduce power consumption [5-7]. 
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2.4 Optocoupler  
 
 
 
 
 
 
 
 
 
 

Figure 2-3 Optocoupler 
 
 

In electronics, an optocoupler is a device that uses light to transfer electrical impulses 

between two circuits that are isolated from each other. The optocoupler's internal circuit is shown 

in Figure 2-3. Optocouplers maintain high voltage levels across systems when the input signal 

stays within acceptable limits. Typical optocouplers can sustain Input-to-Output voltages up to 

5.5 volts and voltage transients of up to 50 kilovolts per microsecond (KV/µS). An optocoupler 

consists of a phototransistor and LED packaged together as one component; it can communicate 

both digital (on/ off) and analog signals. 
 
 
 
2.5 Gate Driver 
 
 

A gate driver is a device that can amplify high-current drive inputs for gates of power 

transistors. This allows them to control circuits with higher powers than traditional PWM signals 

can provide. Additionally, these drivers increase the input capacitance of the power 

semiconductor associated with their circuit placement. By exploiting this property, gate drivers 

can be combined with other discrete transistors to create more powerful circuitry. There are two 

types of gate control systems that can be found in electronic devices: low-voltage and high-

current on-chip drivers, and higher voltage and current off -chip drivers. On-chip controllers 

operate at lower voltages and currents, while off chip controllers have more robust performance 

for applications requiring high voltage or current levels. This increases galvanic isolation, which 

helps prevent the device from failing due to electrical or mechanical failures. 
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2.6 Voltage Source Inverter 
 

Motor drives systems that utilize pulse width modulation voltage sources (PWM-VSI) are 

commonly found in variable speed industrial applications such as aerospace, railroad traction and 

robotics. 
 

Several factors contribute to the widespread use of PWM-VSI technology; these include 

high switching frequency and the use of speed controllers [3], [5]. Furthermore, there is a 

growing market for medium voltage adjustable drive components with various topologies . 

Voltage source inverter (VSI) and current source inverter (CSI) are the most popular types of 

variable frequency drives. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2-4 MATLAB Simulink diagram of a three-phase voltage source inverter 
 
 

In Figure 2-4 and Figure 2-5, the VSI design has demonstrated efficiency in industrial 

markets, with increased stability and response speed. In addition to this, it is also capable of 

running motors without degradation. This saves money by increasing efficiency and cutting 

installation time down as well as reducing the amount of power needed for interconnection 

between machines. The efficiency is 97% with a good power factor throughout all load and 

speed levels [9]. A wide range of applications can be enabled with a quick dynamic response 

time. This allows for rapid changes in motor torque and speed, which improves mean time to 

failure (MTTF), an important factor during critical downtime scenarios.  
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Figure 2-5 MATLAB Simulink diagram of three phase current source inverter 

 
 

The industrial design of the replacement motor for retrofit applications is high quality and 

robust. It employs a voltage source inverter topology that uses a diode rectifier bridge to convert 

utility, line AC voltage (60 Hz) to direct current (DC). The converter is different from the  CSI 

drive in that it does not have electronic firing control. Parallel capacitors in the DC link store 

energy for system use and reduce the DC bus voltage ripples. In addition, there are insulated gate 

bipolar transistors called IGBTs, which are the power semiconductors used in this study. 

 
The IGBT switches used to generate power for a motor control the motor's voltage and 

frequency. A filtering inductor will prevent powerful currents from spiking when a capacitive 

load is connected to an AC power source. Various modulation strategies are used in order to 

control the inverter and determine its efficiency. The fundamental frequency and high switching 

frequency provide the basis for controlling inverters [10-12]. 
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2.7 Arty A-7 (35T) FPGA 
 

The Arty A7 or Artix-7 Field Programmable Gate Array (FPGA), is a ready-to-use 

development platform that was specifically developed for use with Micro Blaze Soft Processing 

Systems. The board requires 5 volts of power to operate and has a power good LED indicator 

which confirms the power supply is working as expected. 
 

The A7 Art Board has four tri-color LEDs, four switches, four push buttons, and four 

individual LED lights. Each button is connected to the FPGA with a series resistor so that accidental 

short circuits are prevented. The slide switches generate high or low levels of input depending on 

their position. When they are pressed, this causes a moment where the switch output is at its highest 

level. After that, it returns to its original state of being low level. When resetting the processor in 

Micro Blaze designs, you can use this button as well. Pmod connectors are female right-angle 

connectors with a 100-mil spacing that pair well with a conventional 2X6 pin header.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2-6 Arty A-7 (35 T) Board 
 

 
2.8 Power Drive Module 
 
 
The Modular Application Design Kit for drives includes the EVAL-M1-05-65D evaluation board 

is a necessary component for sensorless field oriented control (FOC). The product includes all 

required assembly components, as well as a single AC connector and rectifier as shown in the 

figure 2-7. Additionally, it features a DC link and three-phase power output. Infineon provides 

the EVAL-M1-05-65D evaluation board. Infineon's boards are only subject to functional testing. 
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Figure 2-7 Power Drive Module 
 

 
2.9 Induction Motor 
 
 

A three-phase squirrel cage induction motor is an induction motor without rotor coils. In 

the figure 2-8, the design of the rotor resembles a squirrel cage, making it one type of motor that 

does not use this technology. This rotor is made with a laminated steel cylinder that has metal 

embedded on its surface which makes it highly conductive.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2-8 A 1-kW Induction Motor used in this study 
 
 

A rotating magnetic field is produced when an AC runs via the stator windings. A squirrel 

cage motor consists of a stator and rotor, both made from magnetic materials. When the stator and 

rotor windings are in contact with each other, they create a torque that can be used to rotate the 
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rotor. This type of motor is reliable because it starts easily and has adjustable speed -torque 

characteristics. It is commonly found in industrial applications where flexibility is important. 

 
2.10 Voltage Variac 
 

In figure 2-9, the variable voltage transformers are devices that allow for quick and easy 

adjustment of the voltage supplied to a load. They're widely accessible, simple to use and can be 

quite intuitive. One of their main benefits is keeping the secondary voltage regulated when the 

incoming line voltage changes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2-9 Voltage Variac 
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CHAPTER3 
 

FPGA Based SPWM Control Technique 
 
3.1 Introduction 
 

An inverter uses six switches to control the power supply to a motor. To do this, an 

SPWM method is used which determines the switching of power devices by intersecting a 

triangle carrier signal and a sinusoidal waveform signal. The output gate pules of this controller 

has rectangular pulses with varying duty cycles [13].  
 

The switching frequency and modulation index determine the angle at which the switch is 

operated, and the amplitude of the fundamental wave depends linearly on the modulation index. 

Changing the switching frequency has no effect on the amplitudes of the harmonics, because it 

only changes the center of the fundamental wave frequency distribution. The pulses in the output 

waveform are weighted based on their resemblance to the reference waveform. This concept can 

be modeled using MATLAB/Simulink and simulated to generate a series of PWM waves.  
 

 
3.2 FPGA based three phase induction motor control 
 
 

The control algorithm diagram of an induction motor using a single FPGA chip is shown 

in Figure 3-1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3-1 FPGA based speed control of Induction Motor 
 

18 



 
In an inverter using SPWM, a sine wave is used as a reference signal and compared to the 

triangular carrier signal. When the amplitude of the reference signal is larger than that of the 

carrier signal, switching pulses are generated. This can be used for the controlled speed of an 

induction motor [14-16]. 

 
The PWM pulses generated by the FPGA controller turn on and off  semiconductor 

switching devices in three-phase inverters The SPWM control module includes six blocks that 

can be used to adjust the amplitude, frequency, stator phase voltage, PWM switching frequency, 

and IGBT delay time. External hardware is necessary for these adjustments to take place; this 

may include analog-to-digital converters (ADCs) and digital switches. The blocks were built on 

an FPGA with the VHSIC Hardware Description Language [11][12][17]. To control the stator 

phase voltages, the motor speed is adjusted by manipulating the modulation index. This prevents 

an uncontrolled shoot-through fault and allows for a delay time between IGBT switches in each 

of the three phases of an inverter. A discrete sine wave generated as a reference signal is 

provided by the Discrete Sine Wave module. The sine wave has a voltage range of 80 VAC to 

130 VAC and is used to control motor speed [18].  
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CHAPTER 4 
 

Simulation Results 
 
4.1 Three-phase System Overview 
 

The schematic consists of three main subsystems: a comparator for PWM output, an inverter 

section, and a load section. PWM inverters are referred to as inverters whose functionality 

depends on pulse width modulation technology. Depending on the load connected, these can 

maintain the output voltages at the rated voltages, as shown in Figure 4-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-1 the Main Pspice Simulation Schematic of the three-phase inverter 
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4.2 Three Phase Inverter 
 

Different power circuit topologies and methods for controlling voltage are used when 

designing an inverter. The most concentrated section of the waveform is formed at the inverter's 

output. Before being supplied to the connected load, the switching pulses are modulated and 

regulated. Two signals are used in an inverter's PWM technique. The reference signal is one, and 

the carrier signal is the other. The comparison between those two signals can produce the pulse 

required to change the inverter's mode. PWM techniques include modified sinusoidal pulse width 

modulation (SPWM), and MPWM. In this study, a sine wave is used as a reference in instead of 

a square wave, and a triangle wave will serve as the carrier. The system output current will be a 

sinusoidal waveform, and the modulation index will determine the voltage's RMS value.  
 

Three-phase VSIs are widely used in medium to high power applications. The standard 

three-phase inverter has six power electronic switches that controlled by control gate pulses. 

Voltage sources use input dc from a three-phase utility power supply to generate controllable 

voltages using various PWM strategies. The input dc usually comes from Vdc (168 V).  
 
 
4.2.1 Inverter Section 
 
 

The resulting high and low-modulated pulses are sent to the six IGBTs to control the power 

flow. Each of the three sinusoidal waves are compared to the triangle wave to determine which set of  

IGBTs has a pulse width modulation (PWM) that produces the most efficient power transfer. This is 

done by considering Figure 4-2, which shows how IGBTs are vertically paired and have different 

phases when their respective waves overlap. When the sinusoidal wave is larger than the triangle 

wave, IGBT 1 will be high while IGBT 2 will be low. Conversely, when the sinusoidal wave is 

smaller than the Triangle Wave, then IGBT I will be low while IGBT 2 is high [19].  

 
The phase of the sinusoidal wave is shifted by 120 degrees when compared to the triangle 

wave. For example, IGBT 3 will be high while IGBT 4 will be low when comparing a larger than 

triangle-wave to a smaller than triangle-wave. Likewise, IGBTs 5 will be high and 6 will be low 

for a bigger than triangular wave and IGBT 5 will be low and IGBT 6 will be high for a smaller 

than triangular wave respectively. The three-phase inverters purpose is to operate three-phase 

equipment. Three sinusoidal signals with different phase angles—0, 120, and 240 degrees are 
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included in the three-phase design [20]. The three sinusoidal waveforms are compared with a 

positive and negative carrier waveform to create alternating current (AC) pulses for the inverter. 

This type of inverter has been popular in power electronics for many years because it is simple to 

construct, and its control scheme provides strong output signals. In industrial applications, the 

SPWM switching technique is frequently utilized. The width of these pulses is modulated to 

obtain inverter output voltage control. SPWM is the most used method in motor control and 

inverter application [21]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4-2 Schematic of Inverter Section 
 

 
4.2.2 Comparator for PWM output 
 
 

The two signals are compared by a comparator to produce modulated gate pulses. In an 

inverter, (SPWM) is a technology used to control switches within an inverter. The modulation signal,  

which is typically known as the sine wave or triangle, determines how often the switch will be turned 

on. This happens by comparing it with a sinusoidal signal that provides what should be its 

fundamental frequency. Since there is no continuous power flow through this type of inverter . The 

inverter's output voltage has a discontinuity waveform, which makes it more likely that the generated 

energy is accompanied by harmonic frequencies. Unwanted vibrations reduce the 
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efficiency of the inverter. The required inverter output frequency determines the frequency of 

these sinusoidal waves (25 Hz). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4-3 Schematic Section of the Comparator for PWM output 
 
Figure 4-3shows a high frequency triangle wave generating circuit that compares the sinusoid 

waveform and the carrier signals. 
 
 

4.2.3 Load Section 
 
 

SPWM is a type of modulation that is necessary to power loads with inductive or resistive 

characteristics when DC sources are used. Most ohmic and inductive loads can be powered by an 

SPWM inverter, but only ohmic devices can be driven by a normal PWM inverter.  Theoretically, a 

three-phase SPWM power inverter converts a DC voltage to an AC voltage.  

 
The R-L load is designed to be connected to the delta load as 68 Ω of resistance and 68 

mH of inductance,which matches the 3-phase induction motor impedance and later, by insertion 

of resistance 200 Ω line impedance to the delta load as shown in Figure 4-4. 
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Figure 4-4 Schematic of Load Section 
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4.3 Simulation Waveforms  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4-5 Three phase output voltage without insertion of 200 ohm per cycle  
 
The waveforms in Figure 4-5 are the voltage output waveforms of a delta load with 68 Ω 

resistance and 68 mH inductance, Figure 4-5 displays a waveform with a voltage of 168 V. 
 
 
Table 1 shows the current drawn and output power for the two different loads set up. 

Table 1: Current & power comparison for different line resistance 

VOLT A GE Current POWER  Commen ts 
    

168 V 2.3 A 359 W Witho u t insertion of 200 Ω 
    

168 V 0.39 A 113 W With the insertion of 200 Ω 
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Figure 4-6 Three phase output current without insertion of 200 ohm 
 
 
The waveforms in Figure 4-6 are the current output waveforms of a delta load with 68 

Ωresistance and 68 mH inductance, which displays a waveform with a current of 2.3 A, which 

exceeds the current rating of the induction motor. The problem was fixed by adding 200 Ω of 

line impedance to the delta load. The injection of resistance (200 Ω) line impedance is simulated 

in Figure 4-7 and Figure 4-8. 
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(a)  
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) 
 

Figure 4-7 Three phase output voltage (a) with insertion of 200 ohm. (b) Zoomed in graph 

Figure 4-7 shows the three-phase output voltage waveforms when the input voltage is at 168 V. 
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(a)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) 
Figure 4-8 Three phase output current (a) without insertion of 200 Ω, (b) Zoomed in graph  

 
 
In Figure 4-8 are the current output waveforms with 200 Ω line impedance. Figure 4-8 shows a 

waveform with a current of 0.39 A, well within the rated parameter of the induction motor. This 

confirms the simulation result that combining the proposed technique with the insertion of a 

200Ω resistance reduces the over-exertion power to the induction motor. 
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CHAPTER 5 
 

Experimental Setup and Results 
 
 

The FPGA-based approach was verified by implementing SPWM modulated VSI in a 

Xilinx Vivado platform. This method allowed for the control of an induction motor with digital 

signals and a power electronics module. 

 
5.1 Experimental Apparatus 
 
 

The experimental setup is shown in Figure 5-1. The six FPGA driving pulses are sent 

through a PMOD connector to the signal amplification and isolation circuit. An optocoupler is 

used to isolate the power ground and logic ground. This prevents high-voltage spikes from 

affecting the FPGA, as well as circulating current that can damage it. Six IGBTs are employed 

for increased efficiency in this design. A 20V TTL signal from the FPGA is amplified by an 

International Rectifier driver IC to fulfill switch gate drive requirements [22]. The Propagation 

delay time of PWM pulses for 5 V according to the Infineon data sheet is maximum (18 ns) and 

the average of six pulses is 14.774 ns [23]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5-1 Experimental Setup 
 
 

The propagation delay is the time it takes for an input to change its value and have that 

effect on the output. This can be caused by a few factors, including the triggering delay of a 

comparator in PWM mode and the speed at which signals travel through logic gates. There is a 

possibility that under certain operating conditions, the system may not work correctly because of 

the propagation delay between different parts of the system. When there is a low-duty cycle, the 
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error amplifier output will be low, and this might cause a switch-on command to be sent to 

power after the high-to-low transition the of clock signal. It is a high-voltage bridge driver 

integrated circuit that has three independent output channels with fault protection. The on -board 

power supply is 3.2 V, and all input signals are active high. If the motor's current is greater than 

the set value, I will trip and a Gate Kill signal will be activated, causing the machine to stop [23]. 

The input signal must be stable during the gate kill filter period in order to trigger the fault 

condition, and it must also be available to avoid any high-frequency noise. In adjustable voltage 

transformers, the AC power that's input doesn't automatically turn into DC. Instead, it needs an 

AC input and the output with the same f requency. This unit has a maximum of 20 Amps or a 

2KVA Peak rating. The variac variable transformer is designed with many small holes for heat 

dissipation while the motor is operating. It can quickly and effectively remove the heat without 

reaching excessive temperatures and will not damage the transformer. It changes the ac supply to 

the power board from 80 VAC to 130 VAC. The power system is supplying 60Hz, then a variac 

variable autotransformer will not change that, the output will be a not distorted 60Hz. This variac 

variable transformer is the perfect motor speed controller.  

 
To protect switches from shoot-through, the IRSM505-065PA also includes dead time 

control. The inverter's SPWM switching frequency can be changed, and the dead time is 1µs 

[24]. In this experiment, the inverter will be loaded with a 68 Ω resistor and 68 mH inductors in 

each phase. The line impedance is set to 200 Ω. The inverter's performance under loading 

conditions is also illustrated by the load voltage and current. The experiment employs speed 

control via voltage and frequency to evaluate the performance of the proposed drive system. The 

frequency changes from 20Hz to 60Hz in the frequency control technique by adjusting the 

modulation index (M) in sinusoidal PWM from 0.1 to 1. The experimental results demonstrate 

that the proposed FPGA-based controller for the motor drive is effective and accurate.  
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5.2 Different Load Conditions  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5-2 Three phase output voltage and current with 225 Ω ,330 µH load 
(consists of Voltage=168V, Current=0.86A, Power=125.44 Watts)  
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Figure 5-3 Three phase output voltage and current with 1350 Ω ,70 µH load (consists 
of Voltage=168V, Current=0.124A, Power=20.9998 Watts) 
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5.3 Applications 
 
 

For most power conversion applications, a power inverter is a device that helps to convert 

DC power into the desired AC power. The technics presented in this study, can be used for 

various applications and industrial machinery, such as UPSs, adjustable speed AC motor drives, 

induction heating, variable frequency drives, and standalone aviation powers supplies. 
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CHAPTER-6 
 

Conclusion & Future Works 
 
 

The represent approach, it is possible to develop and implement digital controllers for 

power electronic converters and drives. The control algorithm is written in Xilinx Vivado 

software using HDL code, which was presented in detail. The presented control algorithm is 

simple and improves the performance of the induction motor SPWM speed controllers using 

FPGAs. The voltage and frequency of the inverter's output controls how quickly an induction 

motor is speeded up. The inverter operates in a way that simulates sinusoidal waves, which are 

then used to control the speed of the motor. The three-phase power supply with configurable 

frequency and voltage that was researched, designed, built, and tested using a resistive and 

inductive load. To gain extra power, the motor may be able to run above the rated speed. The 

analysis was verified experimentally on a motor to demonstrate the superior dynamic 

performance of the proposed ultrafast active inverter. The proposed induction motor drive 

control is, therefore, more effective and has a smooth speed response. The success of the 

experiment and simulation is indicative of the effectiveness of the methodology.  

 
Further research into harmonic minimization for three-phase inverter driven induction 

motors could focus on software, hardware, or a combination of each. Software could be 

developed that requires motor and operating parameters as inputs and outputs an inverter control 

program. This method can be translated for higher power induction motors. We can use this 

implementation for induction motors, with different power output. FPGAs can also be used to 

drive multiple motors at the same time, with variable output frequency and variable duty cycle. 

This would implement to an inverter package that could be field configured for a variety of 

induction motors and operating conditions. The impact of introducing inductance and resistive 

into the load could be researched. The systems in the future will also cover greater speed and 

power ranges of induction motor. Devices and components that allow for h igher switching 

frequencies can be used to produce more efficient.  
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