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[bookmark: _Toc70789452]Introduction:
As a part of level six at the UWTSD, I have been asked to complete this assignment for this module. This assignment split into two tasks.
First task: assuming that a factory has to refit the motor drive system, and my responsibility is to look into the market and find a suitable one as their requirements. The factory needs five types of induction motors. I will be specifying a technology that suits the motor drive system and considering the use of a common DC bus, protections, starters, and the flexibility of control systems. 
Looking into different manufacturers, by producing a table for each motor I will be able to compare between three different motor drives therefore selecting one of them as the best to do the job. 
task two: I am going to do some research on rectifiers; diodes, (SCRs) thyristors and IGBTs. Also, research about the electrical harmonic noises and how it produced therefore finding solution to minimise it and get rid of it. Explained the effects of the harmonics on power factors and powers. 
Finally, use proteus software to design rectifier circuits to show can harmonics reduced.



















[bookmark: _Toc70789453]Motor drives:
It is a mechanical system which includes electric motors, and it drives machines. motor drive also known as drive it mainly used to control the speed of machineries.

[bookmark: _Toc70789454]ABB motor drive:
ABB drives are the common term for ABB’s AC drive, which ranges in power from 0.18 to 5600 Kw.
ABB is a world-renowned company that is widely regarded as the world’s largest producer of low-voltage AC drives, with the broadest variety of any supplier.
Throughout the lifecycle of an AC motor, ABB drives is a guide for the drive users all over the world, signifying reliability, simplicity, versatility, and creativity.
With a 45-year tradition of supplying drives for light and heavy industries, utilities, integrators and machine builders, ABB is the leading provider of drives for light and heavy industries, infrastructure, integrators, and machine builders. ABB will help you increase process effectiveness, optimise performance, and lower maintenance costs. Drives are available from stock or maybe custom built to suit unique needs.
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[bookmark: _Toc70789455]Difference between DC and AC motor drives:
[4]
	
	DC DRIVES
	AC DRIVES

	 Supply 
	Works by DC supply 
	Works by AC supply 

	maintenance
	It requires more regular and intensive maintenance.
	No need for maintenance as less maintenance requires.

	Application uses
	Just a few places use it
	Used more than the DC almost an all locations

	Breaking Mechanism
	As resistance is applied to the rotor, it splits.
	As the supply frequency (Fs) increases, it splits and accelerates

	Control circuitry and power
	Easy to design and cheaper than the counter parts of it 
	Not easy and Complex in design 

	Power rating size
	Power -to – weight ratio is extremely low
	Power-to-wight ratio is extremely big 

	components
	Chopping and converter circuit 
	Inverter and converter circuit 

	commutation
	In order of the commutation, they become expensive and heavy.
	In AC drives there is no commutation, so it cheaper and less bulky.

	rectifier
	It is necessary to rectifying circuit
	It does not need rectifier circuit.

	Speed control
	Armature and field control are used to control speed.
	The frequency is adjusted to regulate the sped

	Wet environment & corrosive 
	It easy to produce sparks in brushes so it cannot be used.
	Its operation cannot produce sparks, so it is able to be used.

	Cost 
	DC motor drives are extremely expensive 
	The motors of AC drives are cheaper. E.g.: squirrel cage motors are very cheap.

	Speed limit
	The commutation process resulting a limitation for the speed 
	Speed has no upper limit 

	Harmonics
	The converters cannot produce harmonics.
	In supply and the load harmonics produced by the converters.

	Motor speed
	Able to reach up to 2500 RPM
	Able to reach up to 10000 RPM

	Speed regulation
	Cannot achieve 1% speed regulation
	Can achieve ~1% speed regulation.

	Dynamic response
	low 
	high 

	Starting torque
	High production 
	Low production

	Battery use
	It can be run without adding any extra components only through batteries
	It must use extra circuitry to run it by batteries. 

	Noise 
	Less noisy than the AC drives
	Higher than the DC drives.

	Power consumption
	Higher power consumption than the AC drives
	Less power consumption than the DC drives



[bookmark: _Toc70789456]Variable frequency drive:
[bookmark: _Hlk70335107]VFD motor drives stands for variable frequency drive It used in AC motors. the VFD is the precise speed regulation that enables the motor speeds to ramp up and down.
In this table I will be showing the benefits and the drawback of YFD.
	pros
	cons

	It is preferable to use process management 
	Distortion of some harmonics

	Greater efficiency 
	An interference of electromagnetic

	Smooth start and stop
	Current inrush

	Reduce noise
	The length of the motor lead is limited 

	Reduce the heating of motors
	Failures of cables

	cheap
	Failures motor bearing 

	Control the speed
	Produce spikes of high voltage 

	Reduce harmonics 
	Produce corona discharge 

	Increase the power factor 
	Standing waves

	Provide smooth deceleration and acceleration time.
	It is transient  

	Produce communication features 
	

	Provides FWD and reversion option
	

	Variable acceleration and deceleration, as well as several others depend on the application.
	


[5]
VSD stands for Variable Speed derive which refer to both AC or DC drives where the variable frequency drive just refers to the AC ones. The VSD change the speed of the motor by changing the voltage applied to it.













[bookmark: _Toc70789457]Soft Starter:
Soft starters are simply solid-state systems that prevents an alternating current (AC) electric motor from any damage that could been caused by unexpected spikes of power by minimise and limit the huge initial inrush of the current associated with motor start-up.
Soft starters are often more cost-effective option for the applications that requires speed and torque control only during the motor start-up. They are frequently the best solution for the applications that has a space issue, as the soft starters takes less space than the variable frequency drives (VFD).
[bookmark: _Toc70789458]Pros and cons of the soft starters:
	Pros 
	Cones 

	Provide smooth acceleration of full speed
	Not suitable for the applications that speed control required.

	Easy to operation
	Unable to control speed.

	Extend the motor and the mechanical components life.
	

	Suits all types of the induction motors.
	

	Reduced temperature increase in a stator winding and supply transformer increases motor starting duty.
	

	Provide smooth starting by the torque control for the gradual acceleration of the drive system
	

	Reduce starting current to achieve breakaway and keep back current during acceleration to avoid mechanical and electrical failures of electrical parts and equipment for e.g.: generators, wires, transformers, and switchgear.   
	

	The soft starter with a microprocess has a software controlled reaction at maximum power, which saved energy regardless of the load.
	


[6]








[bookmark: _Toc70789459]Motor selections:
The selected motors are the ones highlighted in green.
[bookmark: _Toc70789460]Motor A requirements: 
· 500 Kw power
· 3 phases 
· required to be reversible.
· variable speed required. 
· 5 quantity needed. 
· Example application: rolling mill. 

	Motor A
	

	Power
	500 kW

	Phases
	3

	Voltage
	400

	Required to be Reversible?
	Yes

	Variable speed required?
	Yes

	Quantity Installed
	5

	Example Application
	Rolling Mill


[bookmark: _Toc68109753]Table 1















[bookmark: _Toc70789461]Motor A selection:
	Motor A
	Motor 1
	Motor 2
	Motor 3

	Image 
	[image: ]
	[image: ]
	[image: ]

	Brand 
	Invertek optidrive E3
	Schneider
	Variable speed drive ATV61Q

	Power
	0.75KW
	500kW
	500kW 
700HP

	Phases
	3
	3 phases
	3

	Voltage
	400V
	380- 480 V
	323 – 528V

	Current 
	3.5A
	
	760A

	Dimension 
	83x123x173 mm
	180 x232x 170
	1110 x 1150 x 377mm

	weight
	1kg
	-
	-

	Protection 
	IP20
	IP 21
	IP20

	Speed control range 
	0-500Hz.
	-
	-

	Quantity Installed
	5
	5
	5

	Features 
	-
	
	Circuit protection
18-month warranty

	Example Application
	Rolling Mill
	Rolling Mill
	Rolling Mill

	Price
	£153.88
	£64.44
	· 

	Reference 
	[7]
	[8]
	[9]


[bookmark: _Toc68109754]Table 2
Choosing the schneider motor over the invertek optidrive and the ATV61Q as it fulfils all the requirements for motor A.







[bookmark: _Toc70789462]Motor B requirements: 
	Motor B
	

	Power
	80 kW

	Phases
	3

	Voltage
	400

	Required to be Reversible?
	Yes

	Variable speed required?
	Yes

	Quantity Installed
	10

	Example Application
	Gantry Crane


[bookmark: _Toc68109755]Table 3




















[bookmark: _Toc70789463]Motor B selection:
	Motor B
	Motor 1
	Motor 2
	Motor 3

	Image 
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	[image: ]

	Brand 
	Shenzhen
	Three phase AC drive unidrive HS30
	Siemens: G120P-75/35A

	Power
	90kw
	250w to 132kw
	75kw

	Phases
	3
	3
	3

	Voltage
	380V +/-20%
	400 V
	400v

	Frequency range 
	0Hz~500Hz
	3000hz
	47-63 hz

	Frequency resolution 
	0.01Hz
	
	

	Current 
	2.5A-1170A
	-
	145A

	Dimension 
	-
	
	410x915x416mm

	weight
	-
	
	70.71 kg

	Protection 
	· IP20
· Forced air cooling.
· output short circuit protection.
· Overvoltage protection.
	IP66
	IP 55

	Features 
	· 18 months warranty.

· Low Voltage Variable Frequency Drive
· keep a stable voltage automatically when the grid voltage transients.

· Saving energy by auto optimizing V/F curve according to the load.

Auto current limiting to prevent frequent over current fault trip.

	· High safety standards.
· has dual Sto inputs for SIL3. Also, PLe conformity.
· Suitable for big industrial machinery uses.
· Easy and quickly to install.
	

	Price
	£40.60
	-
	-

	Reference 
	[10]
	
	[11]


[bookmark: _Toc68109756]                  Table 4

Motor A the Shenzhen is the best choice for motor B as its power is 90Kw and has the right voltage value and high protection. The Motor two has higher power than needed and motor 3 power is less.























[bookmark: _Toc70789464]Motor C requirements:
	Motor C
	

	Power
	10 kW

	Phases
	3

	Voltage
	400

	Required to be Reversible?
	No

	Variable speed required?
	Yes

	Quantity Installed
	23

	Example Application
	Conveyor 


[bookmark: _Toc68109757]                     Table 5
[bookmark: _Toc70789465]Motor C selection:
	Motor C
	Motor 1
	Motor 2
	Motor 3

	Image 
	[image: ]
	[image: VFD32AMS43AFSHA-VFD-MS-300-Delta-AC-Drive-Right]

	[image: ]

	Brand 
	Delta 3 Phase 20 HP AC Motor Drive Without Display/Remote-VFD150E43A

	Delta VFD 32AMS43AFSHA VFD-MS300 SERIESDRIVE
	Invertek ODE-3-340240-3F42 OPTIDRIVE E3

	Power
	15KW

	15kw
	11kW

	Phases
	3
	3
	3

	Voltage
	415v
	480v
	0-400V

	HP
	20 hp
	20 HP
	15HP

	Current 
	32 A
	32 A
	Out:24A
In:27.5A

	Dimension 
	
	9.84x 5.12x8.62 inches
	131x261x175mm

	weight
	20kg
	17 lbs
	3.200000

	Protection 
	
	IP20
	IP20

	
	
	
	Out frequency:500Hz
In frequency:48-62Hz
Digital inputs:4
Digital output: only one
Analogue I/Ps:2
Analogue O/Ps: 1
Serial comms: Modbus RTU And CAN Open


	Price
	£379.31
	£623.67
	£559.14

	Reference 
	[12]
	[13]
	[14]


[bookmark: _Toc68109758]Table 6
Choosing the invertek ODE-3-340240-3F42 optidrive as its power suits more than motor 1 and 2.






















[bookmark: _Toc70789466]Motor D requirements:
	Motor D
	

	Power
	5 kW

	Phases
	3

	Voltage
	400

	Required to be Reversible?
	Yes

	Variable speed required?
	No

	Quantity Installed
	17

	Example Application
	Cutting machine


[bookmark: _Toc68109759]Table 7




















[bookmark: _Toc70789467]Motor D selection:
	Motor D
	Motor 1
	Motor 2
	Motor 3

	Image 
	[image: ]
	[image: ]
	[image: ]

	Brand 
	Delta vfd13ams43afsaa vfd-ms300
	engineersMate: inverter variable speed drive
	WK600-0005-P3T
CNweken

	Power
	5.625KW
	5.5kw
	5.5kw

	Phases
	3 
	3
	3

	Voltage
	480v
	480v
	380-480v 

	Frequency 
	
	Out :0-500Hz
In: 48-62 Hz
	0-500hz

	HP
	7.5 hp
	7.5 hp
	7.5 HP

	Current 
	13 A
	13A
	13A

	Dimension 
	68.15x4.29x7.36 inches
	261x 131 x 175 mm
	170x126x168 mm

	weight
	10 lbs
	4 kg
	2.5kg 

	Protection 
	
	IP20
IP66
1 year warranty

	

	Price
	£384.52
	£454.86
	£137.76

	Reference 
	[15]
	[16]
	[17]


[bookmark: _Toc68109760]Table 8
Motor 2 has been selected which is the Engineers Mate: inverter variable speed drive. This motor met all the requirements and has a very good protection level with one year warranty. The downside of this motor is that the price (expensive








[bookmark: _Toc70789468]Motor E requires:
· 1 Kw power
· 1 phase 
· Not required to be reversible
· No variable speed required. 
· 127 quantity needed. 
· Example application: pumps/ fans

	Motor E
	

	Power
	1 kW

	Phases
	1

	Voltage
	230

	Required to be Reversible?
	No

	Variable speed required?
	No

	Quantity Installed
	127

	Example Application
	Pumps / Fans


[bookmark: _Toc68109761]Table 9













[bookmark: _Toc70789469]Motor E selection:
	Motor E
	Motor 1
	Motor 2
	Motor 3

	Image 
	[image: ]
	[image: ]
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	Brand 
	Allen Bradley:
25AA011N1404
	Invertek optidrive:
ODE-3-220105-1F42-01
	25A-B5P0N104 Allen-Bradley


	Power
	2.2 kW
	1.1 kW
	0.75 kW

	Phases
	1
	1
	3

	Voltage
	200-240 v AC
	230v
	240 VAC
 

	HP
	
	1.5
	1

	Current 
	11 A
	10.5A
	5 A current

	Dimension 
	87x180x172mm
	110X150X221mm
	-

	weight
	1.6 kg
	1.7 kg
	-

	Protection 
	IP 20 
	IP 20
	IP 20

	Quantity Installed
	
	
	

	Example Application
	-
	
	-

	Price
	£522.75
	£237.80
	£188.38 

	Reference 
	[18]
	[19]
	[20]


[bookmark: _Toc68109762]Table 10
Motor 1 the 25AA011N1404 power is more than needed and its more expensive than the other two motors. Motor 3 the 25A-B5P0N104 is cheaper but it is for three phases and its power its less than required which is 0.75 kw. So, I chose to use motor 2 which meet all the requirements.





[bookmark: _Toc70789470]Task two:
The thyristors SCRs and the IGBTS can be used in similar application both have a control (gate) can control the output current’s firing angle and tolerate high power level that used to control the VFDs output signal. However, they are based on different technologies. 
[bookmark: _Toc70789471]Diode:
Is known as a semiconductor which has two terminals device p and n, it allows only one conduction direction. In practise, the diode permits current to flow only when it is forward biased, and it restricts current flow when it is reverse biased.
Diodes are used in a variety of applications; the most important and popular use is in the circuits that convert AC to DC such as power supplies and battery chargers. 
[image: Chart, scatter chart
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[bookmark: _Toc70789431]Figure 1:diode junction states


                                                                  
[bookmark: _Toc70789472]Diode rectifier:
This type of diodes are semiconductors that is used in the rectifier bridge application to convert (AC) alternating current to direct current (DC). In digital electronics, the use of the rectifier diode through the Schottky barrier is highly valued. This diode able to conduct currents ranging from mA to a few kA and voltages ranging from a few kV to a few kV.
Rectifier diodes can be built using silicon material and are capable of carrying high electric current values. These diodes are not well-known, but they are also used in Ge or gallium arsenide-based semiconductor diodes. Ge diodes have a lower reversed voltage allowable as well as a lower junction temperature allowable. The Ge diode has an advantage over the Si diode in that it has a lower threshold voltage value when working in forward bias.
There are two types of the technical parameters in a rectifier diode: allowable limit parameters and characteristic parameters.
[image: Diagram
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[bookmark: _Toc70789432]Figure 2: Rectifier diode symbol



[image: Chart, diagram

Description automatically generated]Both n and p types of materials are chemically mixed with a special technique to form a p-n junction. This P-N junction has two terminals that able to be referred to as electrodes, and as result, it is referred to as a diode (Di-ode). Biasing occurs when an external DC supply voltage is applied to any electronic device through its terminals.
[image: Diagram, scatter chart
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[bookmark: _Toc70789433]Figure 3: Unbiased-No voltage applied.

[bookmark: _Toc70789434]Figure 4: Forward bias

                                                                      [22]
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[bookmark: _Toc70789435]Figure 5:Reverse bias

  

[bookmark: _Toc70789473]Half-wave rectifier:
One of the most popular applications for the diode is to convert an alternating current voltage to direct current power supply. since a diode can only conduct current in one direction, there will be no current if the input signal is negative. This is known as a half-wave rectifier.

[image: Diagram, schematic

Description automatically generated]





[bookmark: _Toc70789436]Figure 6:Half-wave rectifier










[bookmark: _Toc70789474]Full-wave rectifier:
Is used in power supplies to convert to dc voltage from AC voltages. The full wave diode circuit is constructed with four diodes, and this allows to make both halves of the waves positive.
[image: Diagram, schematic
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[bookmark: _Toc70789437]Figure 7:Full-wave rectifier


To test a rectifier diode there are several methods: By ohmmeter or VDC measurements.
















[bookmark: _Toc70789475](SCRs) thyristors:
Is a four-layer structure made up of alternating layers of p and n semiconductor materials. It is a device can be used for rectification and switching. The most widely used member of the thyristor family is the SCR, which is also the name given to thyristors. SCR cause current to flow in just one direction and are enabled by an external trigger pulse applied to their gate terminal.
[image: Chart, box and whisker chart
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[bookmark: _Toc70789438]Figure 8:SCR with forward voltage
[bookmark: _Toc70789439]Figure 9:SCR with no voltage


	[23]

[bookmark: _Toc70789476]IGBTs:
The IGBTs is stand for insulated gate bipolar transistor it is a semiconductor which used as a switch to stop or allow the power flow. 
IGBT transistors are three terminal devices that add a voltage to a semiconductor, altering its properties to block power flow when it is off and allow power flow when it is on. They are commonly used for switching electrical power in applications such as: trains, welding, air conditioners, electric cars and uninterruptible power supplies and are powered by a metal oxide semiconductor gate structure.
IGBT transistors are classified according to different variables such as switching and changes of the speed, collector current, maximum voltage, and packaging type.
Power level, applications that will be considered these and other specifications are critical to know when selecting IGBT’s to choose the right type to meet all the application requirements.
GBT’s ae commonly used in electronic applications such as industrial technology, consumer electronics, electric motors, energy related application and aerospace.
[24]


[bookmark: _Toc70789477]Harmonics:
The harmonics are the distorted electrical waveforms that infiltrate the electrical system and cause inefficiencies. They waste heat as more heat produced and increase temperature in the load and could tigger plant problems as well as fees from the local power providers.
Nonlinear loads that convert AC line voltage to DC produce harmonics. the nonlinear electronic devices are the reason of the harmonics flow into the electrical system. Such as computer power supplies, VFDs (variable frequency drives and energy efficient lighting.
Equipment with non-linear loads: AC variable frequency drives, DC drives, washing machines, welders, computers, fluorescent lighting, and punch presses.
[25]
The Harmonics power factor caused from the supply voltage switching in non-linear where it is the same case of the power semiconductors (rectifiers)
The harmonic power factor is the product of non-linear switching of the supply voltage, for example rectifiers or semiconductors.
[bookmark: _Toc70789478]load types:
[bookmark: _Toc70789440]Figure 10: linear & nonlinear loads
[34]








· Linear load: 
the current waveform of the linear loads is equal to the total of voltage applied. If voltage is doubled, the current is also doubled, resulting nearly perfect sine wave without creating any harmonics. [26]
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[bookmark: _Toc70789441]Figure 11:linear load



· Nonlinear load:
The load is defined as nonlinear because the current is not equal the amount of voltage. Modern electronic devises, which often uses line-operated switch mode power supplies, is the most common source of the nonlinear loads. These loads cause harmonic distortion, which car cause problems to the devices and the equipment. [26]
[bookmark: _Toc70789442]Figure 12:non-linear load

	
	                                                                                                                                  


Harmonics can cause overheating of power cables, transformers, drives and engines (motors). Relays and the safety equipment (protective devices) are inadvertently thermally tripped because of that.
Harmonics can also lead to digital interface logic errors and inaccurate voltage and current metre reading measurements. All these damages outcomes can result to downtime to the devices. [27]
	Equipment/devices
	Harmonics effects

	Electrical wiring 
	Undersized neutral conductors and phase

	Induction motors
	Due to the fifth harmonic, prematurely may fail

	Overcurrent protection
	Tripping of breakers and fuses 

	Transformers 
	Reduced efficiency and overheating.

	Capacitors 
	Amplify harmonics on electrical distribution system.

	Engine generators
	Disrupted transfer capability and operation.

	metering
	Inaccurate readings of power

	Sensitive electronic loads
	Causing voltage drop between earth and neutral.

	Uninterruptible power system
	Load and line interaction.


[28]









There are two main Harmonic filters: Passive harmonic filter which use resistors, capacitors and inductors and other simple passive components and the other type is the Active harmonic filters which use active components as BJT’s, MOSFET’s, IGBT’s in all different types and integrated circuits.
The passive harmonic filters are more common and easy to find/use as they are affordable to supress the harmonics disturbance in power lines. This type of filter blocks the unneeded harmonics to go through, it converts the current harmonics into the heat, so it protects the load/device. This filter may be tuned to a specific frequency where it needs to be removed as harmonics.
[bookmark: _Toc70789479]Passive harmonic filter types:
· High pass filter.
[image: A picture containing text, clock

Description automatically generated][bookmark: _Toc70789443]Figure 13:High pass filter.





· C type filter.
[image: Chart, diagram

Description automatically generated][bookmark: _Toc70789444]Figure 14:C type filter.





· Bandpass filter.
[image: Diagram

Description automatically generated][bookmark: _Toc70789445]Figure 15:Bandpass filter.





· Series filter.
[image: ][bookmark: _Toc70789446]Figure 16:Series filter.




Passive harmonic filters are useful for removing unwanted harmonics from power lines. The passive harmonic filter design, on the other hand, is extremely complex, and the designer must design the passive harmonic filters in compliance with the reactive power requirements of the load. In such an example, the passive filter design is extremely difficult, resulting low/poor power factor operation for certain load conditions.
In this case, active filters are preferable than the passive filters for handling power line harmonics without the reactive power dependencies of the fundamental frequency.
Active harmonic filters use an incredible procedure in which the filter uses self-produced harmonic components and injects them into the power line, cancelling out the unwanted harmonics.
 Active harmonics filters have various types, each type use different topology to git rid of the unwanted harmonics in the power line. 
The most popular active filter designs use:
· Voltage source inverter which uses different power switches.
· Power line sampling and control reference.
· PWM system that injects PWM firing pluses as harmonics into the system.
The Active harmonic filters use various types of semiconductors switches that require power to work.
Harmonic Filters: How to choose the right filter. 
It is not easy to find a suitable harmonic filter and in some cases it can be tricky. It is important to identify the frequency of the harmonics at which of the filters must be tuned. In some cases, the filter operation fails to fulfil its function solely due to incorrect tuning at a specific fundamental frequency where there are no harmonics found.
The filter can be chosen by identifying the harmonics order so depending on the harmonics order the right filter can be selected.  Series harmonic filters are effective for removing single frequency harmonic distortion but is some situations double tuned harmonic filters must be used.
Losses through the filters must also be compensated, which are strongly dependent on the filter selection. Both types; the passive and active harmonics filters are often needed for high levels of nonlinear loads. [29]








[bookmark: _Toc70789480]Flat wave reactor:
The flat wave reactor and the DC filter combine to form the DC T shaped harmonic filter network, which eliminates AC pulsation and filters out certain harmonics, decreases the interference on communication along the DC lines, and prevents harmonics that could make unstable adjustment.
[image: A close-up of a machine

Description automatically generated with low confidence]The smooth wave reactor is able to keep the steep wave produced by the DC line out of the valve hall, preventing overvoltage damage to the converter valve.






[bookmark: _Toc70789447]Figure 17:Flat wave reactor

In the rectified DC circuit, a smoothing reactor has to be used. the rectifier circuits pulse wave number is always limited, and the output straight voltage is often rippled. A smoothing reactor is used to remove this ripple which can be dangerous and harmful. These devices are used in DC transmission converter stations to ensure that the output DC is identical to the optimal DC. A smoothing reactor is also needed in the DC powered thyristor electric drive. On the DC side of the HVDC converter station, the smoothing reactor and the DC filter combine to create a DC harmonic filtering circuit. The smoothing reactor is usually wired in series between each pole converters DC output and DC line. This component has a strong filtering effect, works safely and efficient due to accurate design calculation and the stable production process. [30]












Rectifiers removes the negative loop pf AC; it will potentially get a much-improved outcome if it been rectified again. The three phases are divided into two categories: 6 and 12 pulse rectifiers.
Six pulse rectifiers; the six pulse bridge was used in early converter station until the 12 pulse rectifier replaced it
Adding six more diodes to the six-pulse rectifier will result the 12-pulse rectifier which can remove or reduce many of the harmonics production of the six pulse as it still able to produce a lot of harmonic distortion on the AC and DC connections.
12 pulse rectifier: The 12- pulse rectifier feeds a common dc bus by connecting two 6-pulse rectifiers in series (12 diodes). A transformer with one main and two secondary windings produces a 30-degree phase change between the 2 current waveforms, eliminating the 5th and 7th harmonics and lowering the thd current o 10% to 15%. 
Also 18 -pulse rectifiers can be created by adding three 6 pulse rectifiers together.
	3 inputs and 6 diodes
	

	Without capacitor
	With 10u capacitor
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	This circuit design has six diodes with three inputs connected with one resistor as a load.
This circuit has unwanted ripple which need to be removed.
	By placing a 100u capacitor in parallel with the diodes I managed to reduce the ripples.



	Six inputs, 12 diodes 
	

	Without capacitor
	With capacitor 
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	18 diodes with no capacitor
	18 diodes with 100u capacitor 
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	18 pulse rectifire circuit: added 3 6ix pulse rectifier resulting the 18 one
	



 Modifying the frequency response of the system by adding capacitors. As well as the more pulses added the less ripples occusure.







[bookmark: _Toc70789481]Conclusion:
I have been asked to complete this assignment for this module. I have done two tasks in this assignment.
For first task I was looking and researching various types and manufacturers of motor drives to select suitable one for each factory motor requirements. a common DC bus, protections, starters, and the flexibility of control systems were considered while choosing each driver. 
I produced a table for each motor, so I was able to compare between three different motor drives therefore selecting one of them as the best to do the job. Note: All the selected motors are the ones highlighted in each table.
In task two I did some researches on rectifiers; diodes, (SCRs) thyristors and IGBTs. Also researched about the electrical harmonic noises and how it produced then found some solution how to minimise it and get rid of it. Explained the effects of the harmonics on power factors and powers. 
Finally, I designed three circuits by proteus to do some experiments, so I was able to show how to reduce the unwanted ripples/harmonics. 
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