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Abstract
This report contains research and an investigation into power factor & motor drives. After describing the principles of power factor in exercise 1, the report then looks at what correction methods can be used and the benefits associated with these. LJ Create was used as a tool to back up the information presented. As expected, adding a capacitor to an inductive circuit increase the power factor rating. There were limitations to this however as adding to much capacitance can have an adverse effect on the circuit. This was proven as the current changed from leading the voltage to lagging the voltage, therefore the circuit change from inductive to capacitive. 
The report then moves onto the applications of inverters, the use of PWM for motor control and the protection devices required to protect the equipment.  Again, investigations took place to back up all points made in the research section.
The results are fully displayed in the results section. The discussion section looks at all the information gathered and all key points/results are looked at in more detail.
The report ends with the conclusion which states all the key learning points throughout the assignment.



















Introduction
What is Power Factor (PF)? The term power factor is used to describe the efficiency of electrical power and is normally displayed as a decimal between 0 and 1. The value is a ratio between the amount of apparent power and true power that is supplied to a circuit. If there is more true power in the circuit then the circuit will have a higher power factor, this will mean greater efficiency. [1] 
The calculation for power factor is  = PF
Power factor is measured from 0 – 1 with 1 being the ideal value.
[image: What is power factor and why is it important?] [2]

Beer is often used as a simple way of describing power factor. For the above example the liquid beer is the desired part, for electrical circuits it is the useful power measured in W. The foam head is the unwanted ‘waste’ part of the beer, this is also the case in an electrical circuit as it is lost power (VAR). The pint glass is the measurement unit, in electrical terms this will be apparent power VA.
A greater power factor will mean less foam and more beer liquid, this is the same for electrical power. The electricity is measured in KVA so a low power factor will mean less useful energy per unit. The effect of this is a higher electricity consumption, more wasted power and a greater strain on the grid [2]
[image: Image result for power factor triangle] [3]
Above is the power triangle, this shows the relation between the 3 different types of power (Reactive, True, and Apparent) The higher the reactive power, the lower the power factor. The calculation for the 3 types of power are below:

True Power = Reactive power x Apparent power
Reactive Power = True power x Apparent power

Due to the cost implications many companies look at power factor correction to reduce bills and fines. Not only this but because more current is needed for the same application if the PF is low, larger cables will be required meaning further costs again. Power factor correction uses a method of reducing the reactive power to increase the power factor.
Power factor correction involves supplying or absorbing reactive power. This is done by either adding capacitors or inductors to a circuit with the aim to reduce the inductive or reactive effects of the circuit. The current lags the voltage in inductive circuits and leads the voltage on inductive circuits. 
[image: Image result for leading and lagging power factor"] [4]
The above image shows the waveforms for both circuits 
3 Phase Inverters
A 3-phase inverter an electronic device that is capable of converting a given DC input into an AC output and are widely used for variable frequency drives and for applications such as high voltage power transmission. An inverter is also capable of converting stored (batteries) Dc current into AC. This is very important as it is not possible to store AC power in batteries due to the speed that the polarity changes.  
There are many benefits that an inverter can offer:
· Soft Start – This is particularly useful for electrical motors as the mechanical stresses are reduced.
· Starting Current – An inverter driven ac motor will have a significantly lower starting current. This will result in cost savings during the motor design and the size of supply cables required.
· Speed – By controlling the cycles (frequency) we can easily control the overall speed.
· Savings – Large energy savings can be achieved [5]
Variable frequency drives
Variable frequency drives can used to control electric motors but changing the frequency. As the frequency is reduced the motor RPM will also decrease in proportion. These drives are used to make great energy savings as they can change the frequency to meet the motors requirements depending on the motor application. 
How do they work? The first stage is to covert the AC supply to DC which is done by a rectifier which contains a group of diodes, usually 6. [6] From here there is a DC Bus which contains a capacitor. The capacitor is used to remove the AC ripple within the circuit by absorbing it and giving a smooth dc voltage back to the circuit. Finally, the circuit involves and inverter to convert the DC back to AC, this is usually done with PWM
[image: Image result for variable frequency drive circuit"](7)



PWM
Pulse width modulation is commonly used to control the power supplied to a load. It can reduce the average power of an electric signal by switching the pulses on or off. This is controlled by the amount of time a pulse is on or off, the longer the pulse is on the more power will be supplied to the load. The pulses are measured by the width and wider width means more power to the load. It is possible to create what looks similar to a sign wave by controlling the pulse width and the mark/space ratio. [7]
[image: pulse width modulation waveform]
Figure: Shows how the pulse width affects the overage power [7]
Over Current protection
Over current protection is used in all electrical circuits and can be found in many different forms such as fuses, MCB’s and MCCB’s. These devices help to protect and prevent potentially dangerous and damaging over currents. 2 stage thermal devices are also used as part of these for applications such as Ac motor drives. This involves altering the pulses in the microcontroller to reduce the output voltage. These devices will require a period to recover immediately after being used.

Method 
This assignment involved 4 practical tasks which looked at the following topics:
1. Power Factor Correction
2. Power factor correction with a circuit fault
3. Over current protection
4. Single-Phase synchronous Motor
The tasks were carried out on the computer software LJ Create and the LJ Create Virtual Instrument Platform (VIP). For each task there was a connection diagram given, this was connected up on the on the VIP.
Task 1 relates to power factor correction. The circuit involved a three phase AC supply, a synchronous AC motor, voltage & current monitor and a power factor correction unit. The circuit was firstly connected without any pf correction. The phase angle and current amplitude was then calculated:
· T = Wave period
· t = dx value = Distance between the current and voltage wave forms.
· Phase angle =  
· Current amplitude = 
· Power Factor = Cos θ
Following this, 3 different capacitor values were connected in the circuit to act as power factor correction. The LJ Create software was then used to gather all the required relevant information. All results are displayed below.
Task 1a involved inserting an unknown fault into the circuit. The aim was then to identify the fault by repeating the method used for task 1. Following this a comparison was completed to deduce the faulty component.
Task 2 was a different circuit which involved an inverter. The brief instructed how to connect the circuit. After this the software was set up accordingly, the waveforms were examined and 3 questions were answered. 
Task 2a looked at over-current protection. The circuit was again connected and the software was set as instructed. The load current was recorded and a short circuit was inserted whilst observing the effects on current, voltage and microcontroller pulses both immediately and 2 minutes later.
Task 2c looked at a single-phase synchronous motor with a fault condition inserted. The display was set as instructed in order to give the desired readings.  Power factor correction was then connected into the circuit. The task was to deduce the fault condition.
[image: ]
Above: LJ Create Software showing the oscilloscope, supply and 2 multi-meters.
[image: ]
Above: LJ Create Virtual Instrument Platform.


Results 
Exercise 1a: Power Factor Results

	Correction
Capacitor (uF)
	None
	C2 – 10uF
	C2 + C3 – 20uF
	C2 + C4 – 15uF

	Phase Angle


(Lead/lag)
	

=30.1°
Lagging
	

=4.3°
Lagging
	

=22.95°
Leading
	

11.47°
Lead

	Current Amplitude
	

=530mA
	

440mA
	

484mA
	

460mA

	Power Factor
	0.86
	0.99
	0.92
	0.98



Supply Voltage = Dy Value x 10 = 52.86v p-p
Power supplied with no power factor correction = 3.011W
Power supplied with best power factor correction = 2.89W

Exercise 1b: Fault inserted into the circuit

	Correction
Capacitor (uF)
	None
	C2 – 10uF
	C2 + C3 – 20uF
	C2 + C4 – 15uF

	Phase Angle


(Lead/lag)
	

=30.1°
Lagging
	

=23°
Leading
	

=40°
Leading
	

34.48°
Leading

	Current Amplitude
	

=530mA
	

274mA
	

616mA
	

564mA

	Power Factor
	0.865
	0.92
	0.766
	0.82



Fault with C2

Exercise 2a: Three Phase Inverter
Task to examine the waveforms on the oscilloscope and identify individual pulses from the microcontroller.
[image: /Users/jacksolomon/Downloads/9c531b32-b245-4d0b-9dd7-814e4042845a.JPG]
Above shows the oscilloscope after the time base was adjusted. 
· At the positive peak of the sine wave the microcontroller pulses became broader.
· When the negative half-cycle of the sign wave was displayed, the number of microcontroller positive pules in one half-cycle was approximately 40.
· When the sine was examined there was no ripple.

Exercise 2b: Over-current Protection
Task to examine the effects of over-current within a circuit
· Starting load current = 26.5mA AC
· When a short circuit is placed across the load it causes the supply voltage to immediately slightly increase.
· When the short remained, it caused the load current to rise to a maximum and then reduce.
· When the short circuit was removed the voltage and current did not return to normal.
· When the power supply was switched off then back on immediately the power supply had not returned to normal.
· When the power supply was switched off for 5 minutes and then back on the power supply received had returned to normal.







Exercise 2c: Single-phase Synchronous Motor
The task was to connect the circuit exactly as show in the drawing. After applying power factor, the task was to deduce the fault within the circuit.
· After investigations the fault was found to be a short circuit within the power factor correction unit.

Discussion 
Exercise 1a
The experiment was based around power factor and the effects that capacitors have on an electrical circuit.  The first task was to connect the circuit as instructed on the LJ Create board, as shown below: 
[image: C:\Users\Thomasj\OneDrive - Quartzelec Ltd\Desktop\1.jpg]
The first circuit involved no power factor correction. Due to the inductive reactance of the motor windings, the circuit is reactive. As described in the introduction, inductive circuits need extra capacitance when looking to improve power factor to align the current and voltage waveforms. To prove this the phase angle was measured with different amounts of capacitor values added. With the assistance of the LJ Create software a full table of results was collected and displayed above. 
The basic circuit had a phase angle of 30.1°. This is calculated by measuring the t value (distance between the sign waves) and the T value (wave period). t is divided by T and then multiplied by 360 to give us our phase angle. This voltage was lagging behind the current on the oscilloscope. This circuit also had a Pf of 0.86 and current amplitude of 530mA
Three different capacitor values (10uf, 20uf & 15uf) were added and the calculations were repeated.  the value of 10uf gave the best improvement. The phase angle was 4.3°, the power factor was 0.99 and the current amplitude was 440mA. This clearly shows the benefit of the added capacitor as both the phase angle and current are reduced. It was interesting to see as the higher values (15 + 20uf) were connected into the circuit, the voltage started leading the current. This was a result of too much capacitance being added to the circuit and the circuit changed from inductive to capacitive. This could be seen on the oscilloscope and the change displayed was similar to figure__.
The final part of this exercise was to compare the power used for the basic circuit and the circuit with the best power factor correction.
No pf = (v p-p x A x Pf) = (52.86 x 0.56 x 0.86) ÷ 8 =3.011W
Pf = (52.86 x 0.44 x .99) ÷ 8 = 2.89W
As these results show, the power factor correction has reduced the amount of supply required. This has given the desired outcome of reducing the demand and costs.
As you can see the circuit with the best power factor had the lowest amount of power supplied. This is because the added capacitor has aligned the voltage and current wave forms and reduced the amount of reactive power. 
Exercise 1b:
The same circuit was used for this exercise however, a fault was added onto the LJ Create software. The task therefore was to repeat the calculations and to deduce the fault. The power factor was improved when c2 was added but the improvement was less than in 1a. The main difference was the voltage was leading the current on all circuits with capacitors added. This suggests there is a fault with C2 as C2 is used for each pf correction and the amount of capacitance in the circuit is much higher than in the first exercise. With c2+c3 and c2+4 added to the circuit the power factor was actually reduced. The worst readings gave a phase angle of 40° and current of 616mA.

Exercise 2a:
This exercise was based around three phase inverters. The first stage was to set up the rig as shown below:
[image: C:\Users\Thomasj\OneDrive - Quartzelec Ltd\Desktop\3.jpg]


The method used by the microcontroller to generate three-phase sine wave supplies is based on PWM. As mentioned in the introduction, the frequency of the supplies produced by the three-phase generator can be varied by changing the width of the microcontroller pulse. This is also known as the mark space ratio.
After examining the waveform on the oscilloscope carefully it was clearly visible that the pulses at the positive peak-peak of the sine wave became broader. In the generation system of the three-phase supplies, a broader pulse from the microcontroller will give a more positive output voltage.
As part of examining the waveform, the number of microcontroller pulses in one half-cycle were counted. This was found to be around 40. In the research section it says more pulses will produce a smoother sine wave and reduce ripple. This exercise backed up that argument as there was little to no ripple on the oscilloscope.

Exercise 2b:
This exercise is on over-current protection. There was a new circuit that needed to be connected, as shown below:
[image: C:\Users\Thomasj\OneDrive - Quartzelec Ltd\Desktop\3.jpg]
After completing the set-up, a multi-meter was connected between the supply and load. The load current was measured at 26.5mA. Following this a short was placed across the load and an observation was made on the current, voltage and pulses, both immediately after and for around 2 minutes. The supply voltage slightly increased immediately after the short was inserted. As the short was allowed to remain the current quickly raised to a maximum and then reduced slowly. 
After removing the short and observation was made that the voltage and current do not return to normal, this is due to the thermal characteristics of the over-current protection. To prove this theory the power supply was cut off for around 5 minutes which allowed the protection to fully reset. When switched back on the power supply had fully recovered.


Exercise 2c:
This was another fault-finding exercise which involved a synchronous motor, voltage & current monitors, ac supply and power factor correction

[image: C:\Users\Thomasj\OneDrive - Quartzelec Ltd\Desktop\5.jpg]
Measurements were taken with the aid of a multi-meter. The circuit and power factor correction unit both worked as expected without the fault condition added. The fault condition was then added and the motor turned as expected. The power factor correction was then added and the motor immediately stopped. This give an indication of where the fault may be. Following further investigation with the multi-meter, a short circuit was found be the 3 capacitors and the common.
23Ω resistance without fault condition, resistance with fault condition 0 Ω (Short Circuit)
Conclusion
· Power factor is a result of the phase angle.
· The best power factor is when the phase angle is a minimum and current and voltage are aligned.
· Induction motors make a circuit inductive, therefor capacitors are needed for the correction.
· PF correction has many benefits and will reduce costs.
· Too much capacitance can make the circuit capacitive and have an adverse effect. 
· PWM is widely used for motor control to improve efficiency and accuracy.
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Fig 3

Connect up the circuit of Fig 3. Switch ON the Module Power Supplies.

Turn the amplitude control (VR1) to position 4 W% for a single-phase
supply. The inductive reactance of the motor windings increases with
frequency. To accentuate the effect, also turn the frequency control (VR2)
clockwise to maximum.
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Fig 2

®  Connect up the circuit of Fig 2.

®  Setup the oscilloscope as follows:

timebase to 2ms/div, dual trace, CHOP mode

position CH.1 trace two div down from the top of the dxsplay
position CH.2 trace two div up from the bottom of the display
CH.1 Y-amplifier to 20V/div, DC input

CH.2 Y-amplifier to 10V/div, DC input

trigger on CH.1

4
A

®  Switch ON the Module Power Supplies.

®  Set the amplitude control VR1 on Circuit #5 to position 3 @ and adjust
the frequency control (VR2) for one cycle of output on CH.1.
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Single-Phase Synchronous Motor

The Management Computer has inserted a fault into the following circuit:

CIRCUIT &4 - SINGLE AND THREE-FHASE
SYNCHRONCUS AC MOTOR

VOLT AU SONTTOR

1

®  Connect up the circuit exactly as shown above.

Page 16 of 25




image1.jpeg
Making sense of power factor: The beer analogy

Wasted f
power / :
ﬁ"‘.‘;f.:.

Demand
power





