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Abstract
This assignment looks at a  factory that  is to refit its motor drive systems employing established and emerging techniques. There are five types of induction motor in the factory.
	
	Motor A
	Motor B
	Motor C
	Motor D
	Motor E

	Power
	500kW
	80kW
	10kW
	5kW
	1kW

	Phases
	3
	3
	3
	3
	1

	Voltage
	400
	400
	400
	400
	230

	Required to be Reversible?
	Yes
	Yes
	No
	Yes
	No

	Variable Speed Required?
	Yes
	Yes
	Yes
	No
	No

	Quantity Installed
	5
	10
	23
	17
	127

	Example Application
	Rolling Mill
	Gantry Crane
	Conveyor
	Cutting machine
	Pumps/Fans



This assignment will specify a suitable technology for the motor drive system. 
This is followed in a second section with comparing and contrasting the use of diodes, thyristors, (SCR’s) and IGBT’s for rectification of the incoming mains, Also how harmonic noise can affect the power factor and how it can be minimised through careful rectifier design. 






1. Technology for the Motor Drive System
1.1 Introduction
Factories in industry contain machinery and equipment to carry out processes to create products and transport them from one place to another. These processes need motors in order to carry out each operation. Examples of applications include pumps, fans, conveyor belts , mixers, grinders, mills, handling and processing equipment. (1)  
A motor is the mechanical or electrical device that generates the rotational or linear force used to power a machine. A drive is the electronic device that harnesses and controls the electrical energy sent to the motor, (2).  The motor and the drive together are known as the drive system. The motor pairs up with the drive to control the “speed, torque and position.”  (3). There are also “switches, sensors and communication links as part of the Industrial Internet of Things IIoT” (3.)
According to Douglas when writing an advisory article for saving energy in industry, If this system is not properly selected or maintained it can result in an inefficient and costly system. Total system performance is just as important as individual motors. “Interaction of the components” is important. “(1). Motors are often oversized for safety and worst case scenario situation” (1). chosen for the wrong reason and this has a bad effect on the equipment the motor is driving. Makes other parts of the system less reliable. If correct motors and drives are chosen that are suitable for the application then result will be less maintenance, low energy and efficient operations. In order to choose the right motors the load cycle needs to be studied to calculate the HP, torque and requirements of the application.
Not only is it important to choose the right technology, motors and drives for cost and efficiency, but also for safety of the workers. 
Another priority is currently thinking of the environment in the area of energy waste, and waste products in the atmosphere and most of all use of power like electricity and fuels. An unknown author writing for ST Electronics website agrees  “Whatever technology you use from the traditional and  rugged to the most modern and efficient, “ it has to be increased safety and reliability in line with the environmental revolution, motor control must follow.” (3)

1.2 Induction Motors 
The factory which is the subject of this assignment contains induction motors of different sizes for different applications.
AC induction motors are very popular for use in industry for many reasons. They can be single phase or three phase. Single phase are smaller and usually are used in domestic situations. Usually in industry 3 phase induction motors are used.  They have many advantages: (4)
Advantages of Induction Motors :
Simple robust construction
Can operate in any environmental condition
Requires less maintenance compared to other motors
Self starting and does not need external starting 
Economical to purchase
Long life span

Disadvantages
During light load conditions the power factor is less
Is constant fixed speed 
The load on the motor will determine the speed
Has a high in rush current when starting.

Induction motors are AC, work differently and are constructed differently to DC motors. They make use of “an ingenious magnetic field that rotates” ( 5).  
There are two types of induction motor, Squirrel Cage and Wound (or Slip Ring) The squirrel cage design are cheaper and more efficient and therefore more popular 
Douglas states that “Three phase Induction motors best for industry, energy consumption and efficiency -the best.”. (1).
An unknown author writing  an educational electronic website on induction motors  “These  deliver significant energy savings across the industry especially when combines with wireless sensing and control links as part of the IIoT and delivers significant cost savings across the factory floor while boosting productivity.” (6 )
In order to control the induction motors get the best out of them and keep them safe and low maintenance several factors have to be considered. The correct size motor must be chosen for the job it is intended for. If the motor is too powerful for the job, it will waste energy plus damage the equipment it is operating. Also if the motor is not powerful enough it will overwork and become overheated and noisy and wear out quickly or become damaged. 
The author would arrange an analysis of the horse power requirements and duty cycles of each application to ensure that the correct power motor is being used.
One of the disadvantages of  three phase induction motors is that they are self starting unlike single phase induction motors or DC motors. There is no resistance when the induction motor starts so therefore a huge current flow happens which will damage the motor and overheat. This means that a starting method has to be added to the induction motor to reduce this current. 
There are several different starting methods listed by unknown author writing for educational electrical website (4).
Delta Star
Auto Transformer 
Soft start Reactor 
Part winding starting 
Rotor resister starter. 
Soft start is the most efficient of all these. The motors in this factory will not a separate starter however,  as the author is proposing variable frequency drivers for all except Motor E. Variable frequency drivers  incorporate a starter within them. The only motor in the factory that may need a starter is Motor E, but the author has decided to use a small variable frequency driver for this 1kw motor, (see p 12). If the author had to choose a starter alone for Motor E then a soft start option would have been chosen.
Also another important factor is the braking methods to slow down and stop  the motor. Braking Induction motors need to have electrical braking. In the factory situation this is essential for safety reasons and to avoid delays timewise.
Unknown author (4) writing for educational electrical website lists different braking methods:
Regenerative braking- motor speed exceeds synchronous speed, and a reverse field occurs which exposes normal rotation of the rotor- hence braking. This is the most popular. Most of the variable frequency drivers include this method.
Plugging or reverse voltage braking
Dynamic braking. 
One of the supply phases is disconnected from the supply. 
AC squirrel cage Induction motors will be used in this factory as they are the most suitable for industry for efficiency, low maintenance and economy.
Induction motors are fixed speed. For some applications the speed needs to be varied. This can be done by increasing or decreasing the number of poles in the motor as the speed is universally proportional to the number of poles. In Polka’s opinion this is not a convenient process. (7). He suggests if the induction motor needs to change speed and or direction or both, it is easier to incorporate a driver or controller to instruct it. These drivers use  a microcontroller. Most important. this driver or controller will also control the starting and braking mentioned earlier. So each different motor type will need a driver or controller, except the single phase 1KW motor E, which is fixed speed so may only need a safe starting and braking  however adding a drive has been considered as there are 127 of these motors and it may be useful and economic for them to have communication via a driver, so they are operated in sequence for different areas. Polka points out “Matching drive to motor is essential to gain the best combination of torque speed and efficiency.” ( 7) 

1.3 Variable Frequency Drivers
It is now possible to control the speeds of induction motors since the introduction of components such as Thyristers, (SCR’s) and  power transisters like IGBT.
Induction Motors work by a magnetic interaction. If the frequency applied to the motor is changed this is an economical method of adjusting speed. The ratio of voltage to frequency V/Hz makes the torque developing part of the motor. Changing this ratio changes the torque.
Hughes states “The best method of speed control must therefore provide for continuous smooth variation of the synchronous speed which in turn calls for variation of the supply frequency.” (8 p228).
Also, induction machines often run at a low power factor, especially when running at low loads. The real power is fed to the stator so produces work and the reactive power is fed to the rotor but only to create the magnetic field, so does not produce work. The reactive power is constant but the real power varies depending on the load.  Because of this the current and voltage become out of phase. A variable frequency driver will help with this problem.
The author has decided to incorporate variable frequency drives into the system at this factory. Variable Frequency Drives (VFD ‘s)  have other advantages:
No motor cogging
Increase efficiency to between 92-96%
Excellent input power factor due to fixed DC bus voltage
Can be used with applications requiring multiple motors.
There are four main types, Current Source Inverter, Voltage Source Inverter, Pulse Width Modulation and Flux Vector. Flux vector is the newest of these and will be the type of VFD system used in this factory. Flux vector control is especially recommended for steel manufacturing processes. (9). 
The VFD’s all consist of an interface, input converter, DC bus and output inverter.
Basically they convert incoming AC voltage and vary the frequency and voltage supplied to the motor. The control board dictates switching on and off and sequence of firing of power components in the converter and inverter. (7) Previously this was done with thyristors (silicon controlled rectifiers or SCR’s) with a gate. Nowadays insulated gate bipolar resisters IGBT are used more, which use a faster switching method, switching on and off at set times. This enables the inverter to create a variable AC voltage and frequency output. (7). 
The input converter contains usually 6 diodes in an electrical bridge which convert AC to DC. The bus receives this DC at a fixed voltage  and smooths and filters the wave form. The DC bus has large capacitors  to remove the ripple and create a stable voltage. The inverter then inverts DC voltage back to AC. This can enable variable frequency outputs. The inverter has thyristors, or IGBT’s which turn on and off at controlled intervals and set patterns to form pulse width modulations. (PWM). The pulse width modulations regulate the frequency and voltage to the motor. These are controlled by a microprocessor. PWM method creates an average power and smooths out the ripples caused.  PWM also reduces harmonics that are produced with electronic switching devices, so it has benefits.
The author has decided to choose an active front end design of VFD which uses IGBT’s instead of thyristors. This design reduces the harmonics therefore increasing power and also the power can be fed back into the supply in this design, (regenerative). and is discussed further in 2.3 p19.
The flux vector system of VFD which the author has chosen for this factory controls the flux current and holds it at the minimum required to create a magnetic field in the induction motor. Also it controls the torque producing current pulsing through the stator independently. So it “simultaneously controls both flux current and torque.” (9). The author will also use VFD’s that regenerate the excess energy back to the grid. 
Some drive systems in factories use one DC bus shared between several variable frequency drivers. This is called a ‘common DC bus’. The DC bus balances and stores power and in the case of a shared version it would act for several drivers. According to Peterson (10) There are different ways to set this up. One is to have a stand alone 6 pulse diode bridge rectifier of appropriate size to power all of the VFD’s and their loads. Or, if the system was regenerative, (regenerating the energy back to the grid) then the common DC bus would have a converter attached. The converter accepts excess DC voltage from the bus and sends this back to the grid. In this Factory refit the system will be regenerative. The author has decided to use a common DC bus and set this up to suit a regenerative system

















1.4 Drives for the Motors
Motor A 
This is a 500KW induction motor to operate a rolling mill, It will need a specialised drive as it is variable speed and also needs to be reversed.  Also rolling mills need careful control. For some of the time the rolling mill may only need to use a fraction of the HP available.(10). Control of this would save money. It is particularly important to have regenerative braking in the drive as rolling mills otherwise take a long time to come to a stand still and may be needed to stop quickly in an emergency. (11). The VFD chosen is found in Table 1 below is specifically for rolling mills. (12). 

	Variable Frequency Drive for 
Induction Motor 
500KW for Rolling Mill
	
[image: ]

ABB ACS6000 (12 and 13)

	Comments
	Manufactured by ABB this is specifically for rolling mills.
High Precision
Rapid change in load speeds
Regenerative braking
Direct torque control




Table 1: Variable Frequency Drive for Motor A

[image: ]
Figure 1: Illustration of ABB ACS6000 for Motor A (Ref 13)








Motor B
This is a 50KW induction Motor  used to operate gantry cranes . This will need a specific VFD designed to control cranes as cranes need to be carefully,  accurately, and safely controlled as they are lifting, swinging and placing heavy loads. The VFD chosen by the author is manufactured by Danfoss  (14). is specifically designed for crane operation.


	Variable Frequency Driver for Induction Motor 50kw 
For Gantry Crane
	[image: ]

Danfoss Vacon NXP (14)

	Comments
	400V, speed and torque control, anti sway, smooth controlled start and stop, open or closed loop control. Common DC bus



Table 2: Variable Frequency Drive for Motor B







Motors C and Motor D
Motor C is a 10KW  induction motor used for the conveyor belts. This will need a drive as he process requires variable speed . Also the motors need to link with each other via intelligent communication via Ethernet for example,  for transporting the goods along the belts from one area to another. Motor D is a 5KW induction motor to operate the cutting machines. This  will also require a VFD as although it does not require variable speed but it needs to reverse and steel cutting needs accurate control. The same drive model type can be used for both these motors. The Allan Bradley family of models chosen by the author highlighted below has models to suit both motor C and D. 
	Variable Frequency Drivers for Induction Motor 10KW for Conveyor
Belts and 
Induction Motor 
5W for Cutting 
Machines

	  [image: ]   

ACS355 03E23A14 10KW (15)
ACS355 03E12A54 5KW (15)

	[image: ]
Allan Bradley Rockwell
Model AC520 (16)



	Comments
	400v 0.37-22kw, Safe torque emergency stop Sensorless vector control  Braking chopper, smooth start, stopping precision, link conveyor to conveyor, Compact and cost effective
	400v  0.4-22KW options. Wide range motor control, sensorless vector control, operates in up to 70°C, embedded Ethernet for communication



Table 3: Variable Frequency Drive for Motors C and D



Motor E
Motor E type controls the fans and pumps for the area. There are 127 small 1KW constant speed motors. Since it is not variable speed a simple soft starter could be used alone. The other option would be for a simple basic VFD to cover several of the motors with more control, maybe having some motors operating in different areas at different times for example, The author has decided on a model highlighted below from the same Allan Bradley family used for Motor C and D. Being the same manufacturer it will have an advantage and will be able to linked up to each other and share a maintenance contract.
	Choice of Micro drive or Soft Starter for
Induction Motor
1KW for fans 
	[image: ]
ABB Micro Drive
ACS55501N07A6-2 (17)

	[image: ]
Allan Bradley Rockwell
Model AC520 (15)

	        [image: ]
DOLD Soft Starter IL9017 (18)

	Comments
	200v 0.37 -5KW, operates at -20 -40°C, smooth start included.
Smallest most simple drive for single phase low voltage motor
	400v  0.4-22KW options. Wide range motor control, sensorless vector control, operates in up to 70°C, embedded Ethernet for communication
	230V, Robust, LED display, dimensions 61x35x90mm



Table 4: Variable Frequency Driver and Soft starter for Motor E.
1.5 Conclusion
In the situation of an industrial factory of a large scale such as this one involving steel rolling, cutting and gantry cranes, it is necessary to ensure all motors are the correct power for the application and duty cycles must be studied. 
All motors need to be  controlled  with VFD’s. They need to be specifically chosen to suit the motor and application. They need to have low amounts of harmonic distortion to increase power and efficiency, so the rectification must be designed with this in mind. Active front end design of variable frequency drive has been chosen to achieve this.
The system will be of a regenerative type where all excess power is returned to the grid.
A common DC bus has been chosen as it helps with regeneration of power and also as Danfoss manufacturers point out is useful where powerful braking methods are needed (14) as in the rolling mill.
The VFD’s will increase safety and production and reduce costs. Also IIoT is now essential for communication between devices and VFD’s must include this factor like embedded Ethernet for example. 
Motors A and B have specialised applications and therefore variable frequency drivers have been chosen for these particular applications.
Motors C D and E have been allocated a variable frequency driver from the same family from the same manufacturer to suit the motor.






2. Harmonics
2.1 Comparison of Diodes, Thyristors and IGBT’s
Diodes are simple one way valves consisting of an anode and cathode. The current can only flow through one way (anode to cathode). Although cheap and very robust they do not have switching capabilities so can only be used in simple uncontrolled drives.
Thyristors, known as silicon controlled rectifiers, (SCR’s)  and IGBT switching devices are different technologies but both can appear in VFD’s to control the current. The have switching capabilities. According to Hughes “Efficient control of voltage (and hence power) is only feasible if a switching capacity is adopted.” (8 p51).  
Thyristors (SCR’s)  appeared in 1956 are similar to diodes as they have a anode and cathode terminals, but they have an extra terminal called the “gate”. Again like diodes, the current can only flow through one way. In diodes the current flows through when forward current is applied, but in thyristors  the current will not flow through when applied until a pulse is injected into the gate terminal to “fire” it. Similar to an ignition.  In the thyristor as soon as the current has built up and reaches latching level, the gate pulse is removed and the thyristor remains ‘on’ until the current reduces to zero, when it then becomes non conductive and turns ‘off’.  The thyristor can only be turned ‘off’ when there is no current flowing. 
They are used in the converter to rectify the AC current to DC and also in the inverter. To achieve controlled rectification in the converter, thyristors have to be used as opposed to diodes. This is because by ‘switching’ (the pulse applied to the ‘gate’) at intervals allows the current to become more gradual and controlled. They are arranged in pairs, usually 3 pairs to make 6, (but can be more or less pairs). Single phase requires two pairs and a three phase requires three pairs. They are fired in pairs but one from the top of one pair together with one from the bottom of another pair. The arrangement of thyrsitors is called a ‘bridge’. The gate pulses for firing are controlled by a chip which synchronises the appropriate delays. (8 p60).The waveform from six thyristors is much smoother than the waveform from four thyristors and the current is more continuous.  Very large VFD’s have two converters containing six thyristors in each, producing an even smoother waveform. (8 p59). 
One disadvantage with thyristors is that  slow in switching as they are turned on by gate pulse and turn off by natural commutation They are also difficult to commutate off, so this causes lots of harmonics which need reducing. (19)
Thyristors have many advantages as they are cheap, robust, and have extremely high current ratings so can be used in high voltage applications.
IGBT’s came about in 1980 and became more popular when compared with thyristors (SCR’s). They are easy to apply, easy to commutate,  better performance and economic. They are said to “superior and faster” (19). The biggest advantage is they can be switched at high frequency . McKenzie points out “This enables effective inverter output voltage control and harmonic reduction”. (19)  Their switching speed is fast so minimises switching losses. They are used for low to medium voltage applications such as motor drives, but cannot be used in extremely high voltage applications. Their circuit is simple which also makes harmonic filtering easier. They are also protected against short circuiting as they contain a desaturation detection circuit which will turn off device if level goes above a dangerous point.
In a VFD the inverter changes DC to 3 channels of AC to be used by the AC motor. This is done by pulse width modulation (PWM).  Both the SCR and the IGBT can do this. (20) This series of pulses re shape the existing voltage, average it out, making it smoother.
According to an unknown author writing for the educational website www.powersystems, the IGBT does not work so well in the converter. (20). According to this author the thyristor performs better in the converter. However, they point out that if the fast switching on and off of the IGBT can be controlled by switching an on/off gate signal using a digital signal processor, and a field programmable gate array then the harmonics would be reduced. (20)This is because the controlled pattern of switching would produce a smoother wave form. 
If IGBT’s are used in the inverter though, the benefits of switching speed far outweigh the decrease in efficiency. (20).
The main disadvantages of IGBT are the conduction loss and switching loss, but as pointed out earlier if controlled then this can be remedied. (20). Some manufacturers still use thyristors in many models as they are less likely than IGBT’s to blow. However the majority of articles researched state that IGBT’s are more popular overall.
Comparison of Diodes Thyristors and IGBT

	Diode
	Thyristor  SCR
	IGBT

	1904
	1956
	1980

	Suitable for simple, uncontrolled single phase devices
	Suitable for Motor Drives
	Suitable for Motor Drives

	
	Suitable for high voltage
	Suitable for low to medium voltage

	Does not have switching capabilities
	Slow switching speed
	Fast switching speed

	Will conduct when forward current applied, turns off by natural commutation
	Need one gate pulse for conduction, turns off by natural commutation
	Needs continuous supply of gate voltage

	Not controllable
	Not fully controllable but produces more accurate current control than diodes due to switching
	Fully Controllable

	Uni directional
	Uni directional
	Uni directional

	Result in voltage drop
	Less voltage drop than diodes
	

	Cheaper than thyristors and robust
	Cheap and robust
	Expensive



Table 5: Comparison of Diodes Thyristors and IGBT




2.2 Harmonics and their Effects  
Harmonics are when the the mains voltage becomes distorted. It is caused by non linear electric switching machines. This has detrimental effects on a number of things. Unknown author writing for an educational website Eaton on Power and Utility subjects lists these effects (21).
Increases amount of electricity used
Increases wear and tear on motors
Increases Maintenance requirements
Decreases power quality
Decreases efficiency
Utility providers may impose penalties.
Harmonic frequencies alter an electrical wave, distorting the power. Harmonic distortion is also the primary contributor to the system’s power factor in VFD applications. (21)
“The other factor is total harmonic distortion, (THD) which has an inverse relationship to the power factor — the higher the THD, the lower the power factor.” (22)

Unknown author writing for a manufacturer Nidac Control Techniques states that “harmonics are caused by the first stage of the VFD (the rectifier).” (22) This is because the distortion occurs when the AC is converted to DC. Harmonics distort the power going to the motor decreasing it and possibly causing damage. Also the efficiency is decreased. This means it is necessary to lessen or eradicate the harmonics by making changes in the variable frequency drive. This is called ‘mitigation’.





2.3 Mitigation of Harmonics
The author writing for the Eaton Power and Utiity website mentions the main ways to mitigate harmonics. (21)
DC  Choke: this is a series inductance on DC side of the semiconductor bridge on the front end of the VFD. This gives a moderate drop in harmonics and is low cost, but in their opinion it not the best method. 
AC Side Line Reactor This is a three phase series inductance on the line side of theVFD. It also has  moderate reduction of distortion, is low cost, but produces a voltage drop. The DC Choke also produces a voltage drop but not so severe as the reactor.
The last method suggested is a 12 pulse arrangement, that is two separate converters of six diodes or thyristors each. The converters must be powered by two phase shifted power sources with identical impedance, such as isolation transformers. (21). Although this gives 85% less distortion it is expensive. 
An unknown author from Nidac also mentions the first two methods methods stating they will make the current drawn from the power line more sinusoidal causing a 30-40% distortion, compared to 70-100% distortion without the choke or the AC  line reactor. (23). In their opinion the AC Line Reactor is a better choice than the DC Choke. (23).
Another unknown author writing for vfd.org website states also that the design of the VFD affects the harmonics produced, “For example, variable frequency drives equipped with DC link inductors produce different levels of harmonics than similar variable frequency drives without DC link inductors.” (24). However, they mention the idea of using transisters like IGBT’s in the rectifier section, as they “ have much lower harmonic levels than variable frequency drives using diodes or silicon controlled rectifiers (SCRs)”. (25) These types of variable frequency drives are known as ‘active front end’ types. 
Usually in the rectifier there are six diodes or thyristors. These as mentioned earlier are cost effective but do produce significant harmonics. Collins agrees and statess that the idea of using transisters instead of diodes or thyrisors would reduce harmonics. (22). “An active front end (AFE) not only reduces harmonics, but also provides other benefits that can reduce costs for the end user.” (22).
An active front end drive uses IGBT in the rectifier which proves to reduce total harmonic distortion to 5% or less. (22). So an active front end, which reduces harmonic distortion (for example from 45 percent to 5 percent) significantly improves the system’s power factor.
Also in active front end drives, the regenerated power is able to be fed back to the supply. Collins (22) explains the IGBT rectifier design allows a four way operation of positive or negative torque during either the forward or reverse motor rotation. With torque and motor rotation in opposite directions the power generated by the motor can be fed back into the grid. The author has chosen active front end design VFD’s for the factory.

2.4 Proteus Design
The author has designed a 3 phase rectifier and 6 phase rectifier to demonstrate how to minimize harmonics.[image: ]
Figure 2: Three Phase Rectifier
As shown above this is a three phase rectifier the author has designed in proteus using diodes. Using an analogue graph and Fourier, the author noticed the ripples from each of the phases and the output and then used Fourier transform of the time based simulation to then identify the harmonics.
[image: ]
Figure 3: Analogue Analysis
As shown in the analogue analysis the green blue and red lines are the ripples from  each phase and the yellow is the ripple of the output which causes the harmonics.
S[image: ]
Figure 4: Fourier Analysis
By taking a correlation of the output voltage the harmonics can be identified. As shown  there were harmonics at 0 Hz at which is the DC component, There is a harmonic at 50 Hz which was the mains and then after at every 100 Hz. 
The amplitude of the harmonics can be reduced by reducing the ripple of the output voltage. This can be done by adding more phases to the rectifier. A six phase rectifier was then designed.
[image: ]
					Figure 5: Six Phase Rectifiers
This is the 6 phase rectifier.. By adding in more phases and more diodes, the amplitude of the harmonics was then reduced.
Again, by using a analogue analysis and a Fourier transform the results can be determined.


[image: ]
Figure 6: Analogue Analysis 2

As shown above the output ripple shown in green at the top has a much smaller ripple than with the 3 phase therefore this should reduce the amplitude of the harmonics.
[image: ]
					Figure 7: Fourier Analysis 2
And as shown the amplitude of the harmonics had a significant reduction.

[image: ]
Figure 8: Six Phase with Capacitor

By adding a capacitor it reduced the amplitude, which produced a smoother result.[image: ]
					Figure 9: Analogue Analysis 3
As shown above, the ripple of amplitude of the output  reduced further.

[image: ]
					Figure 10: Fourier 3
And as shown above the amplitude of the harmonics has reduced even futher.

2.5  Conclusion
Variable frequency Drives have been constantly updated and improved over the years. The use of IGBT’s in the rectifier reduces harmonics better than alternative methods. The majority of them contain IGBT in favour of diodes or thyristors (SCR’s) in both the rectifier and inverter, for the advantages of being more controllable, producing less harmonics so therefore not affecting the power so much, even though they are more expensive. This is known as an active front end design. Reduction in harmonics leads to increase in power factor. The advantages outweigh the cost implication.
In conclusion the proteus design  proves that adding more phases to a rectifier will result in a decrease of the amplitude of the harmonics and also adding a capacitor will do the same.
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