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Introduction 
For this assignment there were two tasks to complete – the first was to specify a suitable motor drive system for five different sets of motors, this task was completed and detailed in the first section of the report headed ‘task 1’. The second task was to compare and contrast the uses, advantages and disadvantages of Diodes, thyristors (SCRs) and IGBTs and explain their effects on power and power factor.
Task 1
When choosing a motor drive system for each motor group, it was important to consider all of the specific requirements needed for each motor this included things such as power rating, voltage, number of phases, speed control, and reversibility. Other factors which would be needed to take into consideration would be the overall requirements of the factory, such as cost, flexibility, and information gathering ability.
A combination of VFDs with a common DC bus and VFDs with separate DC buses would be the best suited to meet the requirements of cost, flexibility, and performance. The VFDs would provide the required precise speed control and reversible operations of the three-phase motors, while the simpler motor starters and on/off switches would provide the required functions for the single-phase motors. Information gathering ability could be added to the system through the use of sensors, these could be used to provide data on the performance of the motor, the energy consumption levels, and also the maintenance requirements.
MOTOR A
A suitable technology for this motor drive system would be a variable frequency drive (VFD) with a common DC bus. This would allow the five motors to share a common power source, which would reduce the overall cost and increase the efficiency of the system. The VFD would provide speed control and meet the requirements for the reversible operations. A table was produced comparing these VFDs (table.1). The products listed all provide starters and protection for the motor. The cost for these VFDs was stated as available on request.
	Product Name
	Starters
	Protection
	Control System Flexibility
	Information Gathering Ability
	cost

	ABB ACS880
	Yes
	Yes
	Highly flexible
	Advanced monitoring features
	On request

	Siemens Sinamics G120
	Yes
	Yes
	Moderate flexibility
	Basic monitoring features
	On request

	Schneider Electric Altivar Process
	Yes
	Yes
	Highly flexible
	Advanced monitoring features
	On request


Table.1
Overall, the choice of VFD for Motor A will depend on the specific needs and budget of the business. The ABB ACS880 and Schneider Electric Altivar Process offer the most flexibility and advanced monitoring features, but they also come with a higher cost. The Siemens Sinamics G120, offers a more budget-friendly option, although this comes at the cost of flexibility and basic monitoring features. For this system I would select the ABB ACS880 or Siemens product as they provide the best coverage of the specs.
MOTOR B
A similar VFD with a common DC bus would be suitable for this motor system, however due to the lower power rating of these motors, the VFD could be much smaller and less expensive than the ones listed for Motor A. The VFD would provide variable speed and reversible operation, which is required for the speed control operations and frequent changes in direction.
As shown in the table.2, all of the VFD products listed provide protection for the motor, but only three of them have starters. The cost for these VFDs was stated as available on request.
	Product Name
	Starters
	Protection
	Control System Flexibility
	Information Gathering Ability

	ABB ACS580
	Yes
	Yes
	Moderate flexibility
	Basic monitoring features

	Siemens Sinamics V20
	Yes
	Yes
	Basic flexibility
	Basic monitoring features

	Mitsubishi Electric FR-D700
	No
	Yes
	Basic flexibility
	Basic monitoring features


Table.2
The selection of this VFD would mostly depend on the business budget as these VFDs are smaller and therefore cheaper than the previous example even though price was not listed. The Siemens Sinamics V20 is a good option for this motor system as it meets the requirements but it lacks the flexibility of the ABB ACS580. The Mitsubishi Electric FR-D700 is also a good option if a starter and flexibility is not required. 
MOTOR C
For Motor C, a suitable technology for the motor drive system would be a VFD with a separate DC bus for each motor. This would allow each motor to operate independently and provide the flexibility needed for applications that require variable speed control. However, because these motors are not reversible, the VFD would need to be designed to provide precise speed control in one direction only.
As shown in table.3, all of the VFD products listed provide protection for the motor, and two of them offer starters. The cost for these VFDs was stated as available on request.




	Product Name
	Starters
	Protection
	Control System Flexibility
	Information Gathering Ability

	ABB ACS150 
	No
	Yes
	Basic flexibility
	Basic monitoring features

	Siemens Sinamics G120C
	Yes
	Yes
	Moderate flexibility
	Basic monitoring features

	Mitsubishi Electric FR-A800
	Yes
	Yes
	High flexibility
	Advanced monitoring features


Table.3
Overall, the choice of VFD for Motor C will depend on the specific needs and budget of the business. The ABB ACS150 is a good option but it lacks some of the more advanced monitoring features of the more expensive products. The Siemens Sinamics G120C offers moderate flexibility but lacks some of the advanced monitoring features. The Mitsubishi Electric FR-A800 is the more expensive of the three, but offers a higher level of flexibility and more advanced monitoring features and is the best option.
When researching motor D & E different requirements were taken into consideration as from the research done it was decided that they only required AC starters due to the requirements set out in the task.
MOTOR D
For Motor D, the most suitable technology for the motor drive system would be a simple AC motor starter. This type of starter can be used to turn the motor on and off and control the speed by varying the voltage and frequency of the power supplied to the motor.
In this case, there is no need for a VFD as the motor has a fixed speed. The AC motor starter can provide all the necessary protection for the motor, such as overload protection, and is of a low cost compared to other motor control technologies.
Table.4 shows the comparisons done for motor D;
	Product Name
	Manufacturer
	Features
	Cost

	Siemens Sirius 3RW40 Soft Starter
	Siemens
	· Control voltage up to 690V
· rated motor power up to 250 kW
· integrated bypass contactor
· torque control
	£1,500

	ABB PSR Soft Starter
	ABB
	· Control voltage up to 600V
· rated motor power up to 200 kW
· integrated bypass contactor
· torque control
· built-in overload protection
	£1,300

	Schneider Electric Altistart 22 Soft Starter
	Schneider Electric
	· Control voltage up to 690V
· rated motor power up to 315 kW
· integrated bypass contactor
· torque control
· built-in overload protection
	£1,700


Table.4
For this motor system the choice of starter would depend on the specific application requirements of the motors as well as budget considerations. All of the listed starters provide the necessary basic functions to meet the requirements for Motor D, such as overload protection and torque control. The three selected also have additional features that may be beneficial in certain situations. The best selection of the three is the Siemens Sirius 3RW40 Soft Starter has a higher rated motor power and control voltage, which can reduce energy consumption and extend the life of the starter, although the biggest downside is that it is the most expensive of the three.
MOTOR E
The most suitable motor drive system would be a single-phase VFD or an Electronic Soft Starter (ESS).
A single-phase VFD is a type of AC drive that is specifically designed to work with single-phase motors. It can provide variable frequency and voltage output to control the speed and torque of the motor. It is also able to provide overload protection, fault detection, and some other features.
To accompany the single phase VFD, a simple on/off switch would be sufficient for the fixed-speed operation. Because this motor is a single-phase motor, it will require a different type of motor drive system than the other three-phase motors previously researched. Table.5 shows the motor drive system considered for motor E;
	Product
	Type
	Input Voltage
	Output Voltage
	Max Current
	Max Power
	Protection
	Cost

	ABB ACS55
	VFD
	200-240V AC
	0-240V AC
	4.6A
	0.75kW
	Overload, Short Circuit, Ground Fault
	£150-200

	Schneider Altivar
	VFD
	200-240V AC
	0-240V AC
	4.2A
	0.75kW
	Overload, Short Circuit, Ground Fault
	£200-250

	Siemens Micromaster
	VFD
	200-240V AC
	0-240V AC
	4.2A
	0.75kW
	Overload, Short Circuit, Ground Fault
	£200-250


Table.5
As can be seen all of the drive systems are near enough identical with the only difference being in price. One other thing to consider when selecting between these is the quality of the component, if made by a higher renowned company, such as Siemens, a better quality product can be expected, this could be down to the materials being used being of a higher quality, in turn giving the part a longer operating life, for this reason alone I would select the Siemens micromaster for this VFD. 
Task 2
Variable frequency drives (VFDs) are commonly used in industrial applications to control the speed of AC motors by adjusting the frequency and voltage of the power supply. VFDs consist of three main components; a rectifier, inverter, and a control circuit, the rectifier converts the AC power from the mains to DC power, this is then fed into the inverter to generate the variable frequency output which controls the speed of the motor. Choosing the correct rectifier is critical for VFD performance, efficiency, and reliability.
There are three main types of rectifiers used in VFDs: diodes, thyristors (SCRs), and insulated-gate bipolar transistors (IGBTs). Each one of the three rectifier types has its own advantages and disadvantages, which can affect their suitability for different applications. The main issue with rectifiers can be harmonic noise, the aim of the rectifier design is to minimize this, the following section details each type of rectifier and their advantages and disadvantages.

Diode Rectifiers:
Diodes are the simplest and most widely used rectifier technology for VFDs where they are commonly used for rectification of the incoming mains power supply. They are low-cost, reliable, and easy to implement. A diode rectifier works by allowing current to only flow in one direction, converting the AC voltage in to a DC voltage. The resulting DC voltage has a peak value equal to the AC voltage, and an average value that is lower due to the forward voltage drop of the diode.
Diode rectifiers have many advantages and disadvantages shown in table.6, 
	Advantages
	Disadvantages

	Simple circuit design
	Poor power factor

	High efficiency (95%+)
	Voltage drops across diodes

	Low harmonic distortion
	Limited control

	Reliable
	No reverse operation


Table.6
To summarize, diode rectifiers offer a simple, reliable, and efficient solution for rectifying the incoming mains power supply in VFDs. However, they have limitations when it comes to power factor, voltage drop, and control. Therefore, the choice of rectifier technology will depend on the specific requirements of the application.
Thyristor Rectifiers:
Thyristors, also known as silicon-controlled rectifiers (SCRs), is a type of rectifier that can control the flow of current by triggering the device at a specific point in the AC cycle and can be used in both single-phase and three-phase VFDs. The main advantage of thyristor rectifiers is their ability to control the output voltage and current, which can improve the power factor and reduce harmonic distortion.
Thyristor rectifiers are more complex and expensive than diode rectifiers and have a lower efficiency, typically around 90%. However, thyristor rectifiers have a much lower harmonic distortion than diode rectifiers, this is because thyristor rectifiers can control the flow of current and reduce the harmonic noise generated by the rectifier. The advantages and disadvantages of a thyristor rectifier can be seen in table.7;




	Advantages
	Disadvantages

	High current and voltage capability
	Limited speed range

	High reliability
	High harmonic distortion

	Simple and cost-effective
	Low control flexibility

	High efficiency
	Limited regenerative braking capability

	High input power factor
	High installation and maintenance costs


Table.7
IGBT Rectifiers:
Insulated-gate bipolar transistors (IGBTs) are a type of transistor that combines the high-speed switching capability of a MOSFET with the low on-state power loss of a bipolar transistor. IGBTs are commonly used in VFDs because they offer a good compromise between cost, efficiency, and harmonic distortion.
IGBT rectifiers are more complex and expensive than diode rectifiers but less complex than thyristor rectifiers. They have a typical efficiency of 95% or higher and offer good performance in terms of harmonic distortion, they can also be used in both single-phase and three-phase VFDs.
IGBTs are able to handle high current and voltage levels, have a low forward voltage drop, and can be turned on and off by a control signal, this makes them ideal for high-power variable frequency applications.  IGBTs are more expensive than diodes or thyristors, and they are more sensitive to overvoltage and overcurrent conditions, which can cause them to fail prematurely.
A table showing the advantages and disadvantages of IGBTs can be seen in table.8
	Advantages 
	Disadvantages

	High switching frequency
	Higher cost

	Low power loss
	Higher complexity

	High voltage capacity
	Limited temperature range

	Reliable operation
	Soft switching


Table.8
To summarize IGBTs have high efficiency, high reliability, and the ability to handle high voltages, however, their higher cost, higher sensitivity and complexity in design make them less suitable for applications where a simpler, more cost-effective solution is required.
Harmonic Noise Minimization:
Harmonic noise is one of the biggest concerns when selecting or designing VFDs, this is because it can cause problems in the power system, such as overheating of transformers and motors, reduced efficiency, increased energy consumption voltage distortion and damage to sensitive electronic equipment which in turn can cause premature failure of the VFD.
Harmonic noise is caused by the distortion of the current waveform produced by the rectifier and there are several techniques that can be used to minimize the effect on the VFDs. One of the most effective techniques is the use of passive filters, such as inductors and capacitors, to reduce the high-frequency components of the current waveform, or using active filters, such as harmonic filters, to actively cancel out the harmonics produced by the rectifier.
Designing the rectifier to produce a lower level of harmonics by using multi-pulse rectifiers or by adjusting the switching frequency can be an easy way to minimize the risk. 
Fihure.1 shows a 3 phase 6 pulse rectifier using thyristors, this is used to eliminate the negative cycle of the AC wave making a useful power source for the system. Figure.2 show the resultant wave form from the rectifier, the thicker lines following the peaks of the waveform show the rectified DC output wave form.



Figure.1
[image: ]
Figure.2
When harmonics are present in an electrical system, they can cause the current waveform to become distorted, leading to a reduction in power factor, this is due to the harmonics distorting the sine wave. Power factor is a measure of how efficiently power is being used by an electrical system. The ideal power factor of an electrical system should be as close to 1 as possible, this then indicates that all of the power being supplied to the system is being used and not lost. A low power factor means that the system is drawing more current than is necessary, this can lead to several issues such as higher energy bills, shortened life span of equipment, and decreased system efficiency.
Furthermore, harmonics can also cause overheating of equipment such as transformers and motors due to the increased current flow, and can also cause interference with communication systems and other sensitive electronic equipment. Therefore, it is important to minimize the effects of harmonics in electrical systems to ensure efficient and reliable operation. This can be achieved through careful design of the electrical system and the use of harmonic filters or active power filters to reduce the effects of harmonics on power quality and power factor.
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