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[bookmark: _Toc27838335]Abstract

This report is to gain understanding and test three different electrical power subject matters that are widely used in the electrical Power industry. The subject maters in the report are Power factor Correction, Three Phase Inverters and Overcurrent Protection. The report will document general principles and key points of theory in each of the subject matters by researching literature papers and validated sources. The gold is to prove the subject matter theory through experiments that replicate the conditions where readings and observations can be taken. The findings gained in the experiments will be documented in tables and later used in a discussion to reflect against the researched theory.
[bookmark: _Toc27838336]Introduction
In this laboratory experiment the concepts of three different electrical power subject matters were tested. The concepts were firstly, the ability to improve an inductive AC circuits power factor with the addition of capacitors. Secondly, how invertors generate AC waveforms with pulse width modulation. Lastly the operation of overcurrent protection. The method for each experiment with be explained and the results will be listed in tables and as visual screen shots. The results will be used to discuss the subject matters and with the aid of screen shots and math the concepts will be proven. The experiments are based around the ideas in the following literature review.  
[bookmark: _Toc27838337]Literature Review
[bookmark: _Toc27838338]Power factor

Power Factor could be described as ratio of real or actual power (P) that is transferred to a load in an AC circuit. [1] When a reactive load is introduced into an AC circuit it introduces Reactive power (Q) into the circuit, this means that the circuits voltage and current will always be slightly out of phase, the more out of phase the less power is delivered to the load causing more current to be required. The resulting total power consumed in the circuit now will be the apparent power (S). [2]The more reactive power in the circuit increases the phase angle (ϴ). [3]
 
                            [image: ]
[bookmark: _Toc27745256][bookmark: _Toc27838370]Figure 1 Power Triangle of an AC circuit.

Calculating Power Factor

Power factor is the ratio between the actual power being used and the apparent power being drawn. 
 
Apparent Power = VI  
   
Actual Power = VI cos(θ)

Power Factor =    Actual Power               
                           Apparent Power

Also, if the power factor is known the phase angle can be calculated.
	Phase Angle (θ) = cos −1 x Power Factor
The power factor (PF) ratio sits between 0-1, if it was 1 this would mean that all the current in the circuit is in phase with the voltage and if the power factor was 0 this would mean that the current would be 90⁰ out of phase to the voltage. So, a PF of 1 would deliver all the power to the load because the voltage and current are in phase and the circuit would be 100% efficient. If the PF was 0 this would mean no power would be delivered to the load due to the current and voltage being 90⁰ out of phase and the circuit would be 100% inefficient delivering no power to a load. In reality the PF ratios in circuits sit between 1 and 0 and getting the power factor as close to one is desired because more of the power transferred from the source to the load is Real or Actual power.

Power factor correction in industry
Power factor and power factor correction are very important in industry and commercial business because they pay for electricity by KW kilo watts that they use, but they also pay an additional demand charge expressed as KVA kilo volt amperes. The KW represents the real or actual power and the KVA is the apparent power. The higher the KVA charge the worse the PF is so there is a real incentive to correct the PF to save money. Also having a poor PF requires more unnecessary current in a circuit, requiring thicker cables and machines will run at higher temp reducing the equipment’s life.

[image: ]
[bookmark: _Toc27745257][bookmark: _Toc27838371]Figure 2 showing that current (I) is larger before and smaller after correction capacitor is added.
Application in industry
In AC circuits reactive loads can be either capacitive or inductive. However, in industry inductive reactance is far more common than capacitive reactance. Machines and equipment such as transformers, motors and lighting produce an inductive reactance through the magnetic flux. The result is that the voltage leads and the current lags.
[image: ]
[bookmark: _Toc27745258][bookmark: _Toc27838372]Figure 3 Voltage leading current.
[image: ]
[bookmark: _Toc27745259][bookmark: _Toc27838373] Figure 4 Inductive load in an AC circuit.
To counter this inductive reactance in the circuit and to bring the current and voltage phase closer. A capacitive reactance is introduced in the circuit by adding capacitor (Shunt) across the load. 
[image: ]
[bookmark: _Toc27745260][bookmark: _Toc27838374]Figure 5 Inductive load with a capacitor placed in parallel across it to reduce its inductive reactance.
By placing capacitor across inductive loads the circuits reactive power KVAr can be reduced to make to circuit less inductive, this will reduce the apparent power in the circuit thus improving the circuits power factor. 
[image: ] 
[bookmark: _Toc27745261][bookmark: _Toc27838375]Figure 6 Phaser diagram showing difference in KVAr before and after correction capacitor and the effect it has on apparent power.

Before the capacitor was added to the inductive circuit the current was lagging the voltage; this would cause the circuit to not be able to deliver much power to the load. After the capacitor is added to the circuit the current is not lagging the voltage as much and more power can be delivered to the load reducing wasted power.

[image: ] 
[bookmark: _Toc27745262][bookmark: _Toc27838376]Figure 7 Voltage and Current waveform very much out of phase before correction capacitor.
[image: ]
[bookmark: _Toc27745263][bookmark: _Toc27838377]Figure 8 Voltage and Current waveform closer after correction capacitor.
  
To explain how PF is measured and how it is correct the following term will be used:
kW Kilo Watts This is the measure of Actual power (P) or real power that preforms useful work.
KVAR this is the Reactive power (Q) that motor relays need to produce the magnetizing flux and is none useful power. 
KVA is the Apparent power (S) and the total power consumed.



[bookmark: _Toc27838339]Three Phase Inverters

An inverter is a device that is able to convert Direct Current DC in to an Alternating Current AC and also regulate voltage current and frequency.
[image: ]
[bookmark: _Toc27745264][bookmark: _Toc27838378]Figure 9 Direct Current converting to Alternating Current.

Three phase inverters are commonly used to convert the DC power produced by solar panels to AC so the power can be used to power AC appliances in domestic homes. Three phase inverters are used in vehicles to convert the DC power from the battery to AC power for small appliances. [4]
In industry, inverters are used to control speed, torque and direction by integrating them into variable frequency drivers for high precision and increased efficiency.


In powerful three-phase inverters the circuit works by using a controller to send signals to Insulated Gate Bipolar Transistors IGBTs telling them to open or close like switches. 

[image: ]
[bookmark: _Toc27745265][bookmark: _Toc27838379]Figure 10 Basic inverter schematic.

The IGBTs are controlled in pairs and when controller tells them to close, current can pass through them allowing power to the motor. For an AC wave form to be created the controller follows a set cycle of opening and closing pairs of IGBTs.

[image: ]
[bookmark: _Toc27745266][bookmark: _Toc27838380]Figure 11 Showing different paths current takes when paired IGBT are activated by controller.


The speed is controlled by the controller telling pairs of IGBTs to open and close for varying amounts of time; this happens multiple times each cycle known as Pulse Width Modulation PWM. By doing this the cycle is broken up into multiple segment with the controller telling the IGBTs how long to open or close for.


[image: ]
[bookmark: _Toc27745267][bookmark: _Toc27838381]Figure 12 Current pulses produces by the controller opening and closing paired IGBTs.
By breaking the cycle up into many different segments, the IGBT can allow varying amounts of current to flow through the circuit and into the motor. This will produce an average amount of power over each segment. The result is that the motor will experience a sine wave.
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[bookmark: _Toc27745268][bookmark: _Toc27838382]Figure 13 Current pulses average out into a staggered waveform.
The controller can change the output voltage by changing the amount of time the pulses are on or off. The longer the pulses stay on for the wider the pulses are so they average out a higher voltage output. Figure 14 shows how the pulse widths average out to form a sine waveform, the wave form in figure 15 has narrower pules widths due to the controller reducing the time the IGBTs are switch on for.
[image: ]
 
[bookmark: _Toc27745269][bookmark: _Toc27838383]Figure 14 Outline of waveform produced by PWM.    
[image: ]
[bookmark: _Toc27745270][bookmark: _Toc27838384]          Figure 15 Same wave frequency as figure 14 but Narrow Pulses producing lower output voltage.


[bookmark: _Toc27838340]Overcurrent protection

Overcurrent protection is the means by which the circuit or system is protected from unintended excessive currents that could cause the system excessive heat leading to fire or components damaged or failure. [5] The common cause of overcurrent is overloading the circuit or by a short circuit and ground faults. Overcurrent protection devises are designed to protect the system by opening the device when the current reaches a set value that could cause excessive temperature in the system. They are generally fuses or thermal-magnetic circuit breakers that can respond to overcurrent, short circuit and ground faults. Some protection systems will break the circuits current path as soon as it reaches a set current limit. There are also protection systems that allow excessive currents for a set time period or up to the point when they reach certain thermal temperature and only break circuit path if the current stays at the excessive level past the time period or temperature. An example of this are the inductive machines such as large industrial motors that require very large start-up currents that can exceed the protection device current rating, but once up to speed the current reduces to an acceptable current level. Thermal circuit breakers work by disconnecting the circuit when the high level of current heats a bimetal that deflects (switches or bends). Thermal circuit breakers are well suited to motor and fans and transformer due to their initial start-up requirement of large currents due to small impedance, but then current reduces once back emf rises causing impedance to rise. [6]


[bookmark: _Toc27838341]Method
Power Factor correction
[bookmark: _Toc27745271][bookmark: _Toc27838385]The circuit was constructed using 16 LJCREATE Virtual instrument platform. Observations and reading were taken visually using oscilloscope measuring tools. 

[image: ]
[bookmark: _Toc27745272][bookmark: _Toc27838386]Figure 17 LJCREATE Virtual instrument platform for PF correction experiment.
[image: ] 
[bookmark: _Toc27745273][bookmark: _Toc27838387]Figure 18 Simplified schematic of how the circuit was set up.
Phase Angle and Current Amplitude
Oscilloscope set to time base to 1ms/div and bot Ch.1 and CH.2 to 1V/div.
Voltage readings were taken at milli volt level and time periods were taken in milli and micro seconds.
Step 1: The oscilloscope was used to measure time period of one cycle the voltage waveform; the reading was recorded as the Time Period (T) in seconds (s).
Step 2: With S1, S2 and S3 open the oscilloscope was used to measure the time period difference (t) between the voltage wave form and the current wave form, this reading was recorded in seconds as the Phase Angle time period with no correction capacitors. The peak to peak value of the current waveform was measured and the reading recorded in volts (V). The state of the current wave form was recorded as being leading or lagging.  Step 2 was then repeated but with the addition of a correction capacitor C2, with switch 1 closed. Then with both correction capacitors C2 + C3 so switches S1 and S2 closes. Finally, with correction capacitors C2 and C4 so switches S2 and S3 closed. Reading were recorded in a table.
Step 3: The Phase Angle Time Period results were used to calculate the Phase angle in degrees by the following formula and added to the results table.     


Step 4:  The current waveforms peak to peak results were used to calculate the current amplitude in mA by using the following formula and added to the results table.

 

Three Phase Inverter
The circuit was constructed using LJCREATE Virtual instrument platform for PVM Observations and reading were taken visually using oscilloscope. 
[image: ]
[bookmark: _Toc27838388]Figure 19 LJCREATE Virtual instrument platform for three phase inverter experiment.
The PWM out put is controlled by a Microcontroller and the pules are generated from its EPROM memory. 
[image: ]
[bookmark: _Toc27745274][bookmark: _Toc27838389]Figure 20 LJCREATE Virtual instrument platform for PVM and oscilloscope.
[bookmark: _Hlk27740541]


Over Current Protection
[bookmark: _Toc27745275]The circuit was constructed using LJCREATE Virtual instrument platform for PVM and observations and reading were taken visually using oscilloscope as well as mutimeters measuring Voltage and Current in mA. 

[image: ]
[bookmark: _Toc27745276][bookmark: _Toc27838390]Figure 21 LJCREATE Virtual instrument platform for Over current experiment.
[bookmark: _Toc27838342][image: ]
[bookmark: _Toc27838391]Figure 22 How the Oscilloscope and mutimeters were set out.
[bookmark: _Toc27838343]Results

Power Factor correction
	Time Period of current waveform = 14.286ms
	Reference voltage 5.457
Table of Capacitor values
	[bookmark: _Hlk27321529]Correction 
Capacitor
	None
	C2-10μF
	C2+C3=20μ
	C2+C4=15μF

	Phase angle
(Lead/Lag)
	1.229ms
30.97°
Lagging
	271.429µs
6.83°
Lagging
	742.8µs
18.71°
Leading
	324.8µs
8.18°
Leading

	Power Factor
	0.78
	0.99
	0.94
	0.98

	Current (P-P) amplitude
	5.31V  531mA

	4.543V 454.3mA

	4.914V 491mA

	 4.62V  462mA



Note: Voltage monitor is X0.1
Table 1 Results of Power factor correction experiment.
Power Factor correction under fault condition.

Table of results for management computer inserted fault.
Time Period of current waveform = 14.286ms
	Correction 
Capacitor
	None
	C2-10μF
	C2+C3=20μF
	C2+C4=15μF

	Phase angle
(Lead/Lag)
	1.429ms
36.1°
Lagging
	1.457ms
36.7°
Leading
	2.114ms
53.27°
Leading
	1.886ms
47.5°
Leading

	Current (P-P) amplitude
	5.17V  517mA

	5.343V 534mA

	6.343V 634.3mA

	5.771V 577mA




Table 2 Results of power factor correction with fault condition.








Three Phase Inverter

[image: ]
[bookmark: _Toc27838392]Figure 23 Shows the sine wave when the inverter is initially switched on.
Over Current Protection
[image: ]
[bookmark: _Toc27838393]Figure 24 Showing the mutimeters and oscilloscope set up.




Over Current Protection fault.
Without fault inserted
[image: ]
[bookmark: _Toc27838394]Figure 25 Fault circuit before fault is inserted.
With fault inserted 0-10seconds
[image: ]
[bookmark: _Toc27838395]Figure 26 Fault circuit between 0-10 seconds after fault is inserted.


After 20 seconds
[image: ]
[bookmark: _Toc27838396]Figure 27 Fault circuit after 20 second when fault is inserted.



 



[bookmark: _Toc27838344]Discussion
[bookmark: _Toc27838345]Power factor correction.
Power factor improvement
From looking at the results table the first reading with no capacitors has a phase angle of 30.97˚ with the current of 531mA, lagging due to the inductive reactance of the load.
The best power factor should reduce the phase angle and current to a minimal, the capacitor that achieved this was capacitor C2.
When C2 is put in the circuit the phase angle is reduced to from 30.97˚ to 6.83˚ and the current is reduced from 531mA to 454.3mA so less current is being drawn.
The change is current is due to the improvement in power factor.
Power Factor Before C2 = Cos (30.97) = 0.85
[image: ]
[bookmark: _Toc27838397]Figure 28 Voltage and current waveforms with no correction capacitors.
Power Factor After C2 = Cos (6.83) = 0.99
[image: ]
[bookmark: _Toc27838398]Figure 29 Voltage and current waveform with capacitor C2 added to the circuit.
A power factor of 0.99 is very good and demonstrates that using shunt or capacitors in circuits with inductive reactance can improve the power factor.
This is a power factor improvement of 0.14.
The capacitor reduces the amount of current that is supplied to the circuit this can be seen by using the formula P=V x I cos(ϴ)
                              8

The power consumed in the circuit before C2 shunt: 
                                                                       Average power P =V x I COS(θ)
                                                                                                           8
                             Average Power = Supply voltage (54.57V p-p) x Current (517mA p-p)
                                                             54.57 x 0.517 COS (30)
 					8                         =3.02Watts
                                                                      
Power consumed by the circuit after C2 shunt is added: 
					Average power P = V x I COS(θ)
        	         Average Power = Supply voltage (54.57V p-p) x Current (517mA p-p)
                                                             54.57 x 0.454 COS (6.83)
 					8                         =3.07Watts                                                         
This shows that the circuit is producing the same power while requiring less current when C2 is added.  As stated in literature review the capacitor (shunt) has changed the inductive reactance by adding capacitive reactance and reducing the reactive power thus reducing the apparent power. This means that less power is wasted and in industry the apparent power (KVA) charges would be lowed saving money. 	
		        
		



[bookmark: _Toc27838346]Power factor correction Fault. 
By looking at the results table and observing the waveforms on the oscilloscope to detect a inserted fault in the circuit. It is clear to see that capacitor C2 is clearly larger than the 10µF it is stated to be. When capacitor C2 is placed in the circuit is causing a phase shift of around 72˚. 

[image: ]       
[bookmark: _Toc27838399]Figure 30 Voltage and Current waveforms before C2 in inserted.
[image: ]
[bookmark: _Toc27838400]Figure 31 Shows that the Current waveform is now leading voltage.
[bookmark: _Hlk27404854]When capacitor C3 is added to the circuit it only increases the phase angle by around 17˚ this is 4 time less phase shift than C2 causes when both capacitors are stated to be 10µF. To be certain that C2 is larger than its stated value it can be seen by comparing its influence to the circuits phase angle when paired with C4. When C2 is paired with C4 the phase angle 47.5˚ meaning a phase angle gain of 10.8˚ this is in proportion to the 5µF that C4 is stated to be. This also shows that reactance is proportion to the size of the capacitor.


[bookmark: _Toc27838347]Three phase Inverter.
From observing the oscilloscope, wave form that is produced by the pulses is a sinewave. As the sine wave reaches its peak the pulses become broader and as the sine wave amplitude decreases the pules become narrower.

[image: ]
[bookmark: _Toc27838401]Figure 32 This is the output pulses created be the Micros program stored in it EPROM and the sine wave it produces.
The width of the pulses behaves the same on the negative part of the sine wave.
[image: ]
[bookmark: _Toc27838402]Figure 33 This is the result of inverting the pulses.
[image: ]
[bookmark: _Toc27838403]Figure 34 Showing pulse widths.
There are 60 pulses of varying width in each half cycle of the waveform. This pulse width modulator produces 120 pules for every full wave. The frequency is controlled by the microcontrollers clocking rate.

[image: ]
[bookmark: _Toc27838404]Figure 35 Showing the half cycle and its pulse component.
This shows that an AC sinewave can be produced by a pulse of DC current. As the sine wave is larger there is some ripple visible this is more visible at the positive and negative peaks.



[bookmark: _Toc27838348]Over-Current Protection
This circuit has a two stage over current protection built in.
· First it reduces the output voltage and allows current to rise. 
· If the short circuit remains and the current goes very high a thermal protection circuit operates, it changes the pulses from the micro that brings the voltage further down and this brings the current down to a safe level. The circuit will require turning off to allow the thermal fuse to recover before it can reoperation.
When the circuit is operating normally the voltage wave form is 74V P-P. The voltage mutimeter measure is 25.6VRMS and this can verify by:
=26V rms

The current is stable at 74v Peak to Peak
= 26mA rms
From the reading and calculation both mutiments are correct.
[image: ]
[bookmark: _Toc27838405]Figure 36 Shows the PWM pules creating a sinewave and the measuring mutimeters place in and across the circuit.




When a short is placed across the load the supply voltage reduces to 0.14V (Zero). The current increases to maximum of 0.440A (440mA) this is almost 16 times what it was before the fault.

[image: ]
[bookmark: _Toc27838406]Figure 37 Shows that the voltage is reduced instantly when the fault is placed in the circuit.
It takes around 25 seconds before the current is reduced from 0.440A to 0.044A a tenth of the maximum fault current and the voltage is reduced to zero. You can see that the pules have changed to alter the waveform to a straight line of zero volts. The will not return to normal, the circuit returns to normal working order after it is switch off for a few seconds, this may be to protect the circuit from being automatically restarted before faults have been taken out.
[image: ]
[bookmark: _Toc27838407]Figure 38 Both Voltage and Current have been reduced to negligible amounts. 
By using the oscilloscope and multi meters to visualise the circuits waveforms, current and voltage output the two-stage protection system can be verified to be working and is most likely a thermal circuit breaker design type.





[bookmark: _Toc27838349]Single-Phase Synchronous Motor fault
Before the capacitor is placed between sockets 4.3 and 7.1 the motor is running and the waveform is stable with current leading voltage slightly. The mutimeters give a reading of 15.5Volts and 192mA.
[image: ]
[bookmark: _Toc27838408]Figure 39 Voltage and Current Waveforms before the capacitor is insrted.
When the capacitor is placed across 4.3 and 7.1 the motor immediately stops working. The voltage drops to 1.40V and the current rises to 412mA this is twice the current was before the capacitor was inserted. The circuit voltage and current remain at these levels for about 10 seconds before the current begins to drop off.

[image: ]
[bookmark: _Toc27838409]Figure 40 Show that the voltage waveform has been reduced and current has increased.


After
After about 15 seconds the circuit current has dropped off to 43mA and the voltage is down to 0.15 (zero).  The circuit will not return to normal until the circuit has been switched off.
The circuit probably developed a short between the capacitors and the common causing a path of low reissuance and causing such high currents. The overload protection system worked well by lowering the voltage and then lowering the current after it had exceeded the devise time period of around 15 seconds. 

[image: ]
[bookmark: _Toc27838410]Figure 41 Show that Voltage and current have been reduced to negligible amounts.
The device was also tested by inserting the fault for a short time of around 5 seconds and then taken out, the circuit did return to normal. This demonstrates that the circuit can operate at high current for short periods before the thermal protection kicks in.


[bookmark: _Toc27838350]Conclusion

From results gained in the experiment and the visual screen shots and calculations in the discussion section of the report the following can be verified.
Power Factor Correction. An AC circuits PF can be altered with the addition of capacitors placed parallel to an inductive load. Circuits with better power factor can deliver the same power to a load with less current.
Three phase inverters. The experiment shows that a three-phase invertor can generate a AC waveform with a PWM and control the output voltage with varying the time of the pulses.
Overcurrent protection. A supply generator can be protected from overcurrent with a two stage overcurrent protection system. The sudden rises in current can be detected and the generator voltage reduced. Also, the circuit can be automatically disconnected and remain disconnected if the thermal effect of overcurrent persists. 
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Fig 3

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

®  Tum the amplitude control (VR1) to position 4 . 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.
®  Set up the oscilloscope as follows:

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

position CH.1 trace two div down from the top of the display

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
®  Switch ON the Module Power Supplies.

r ‘1

®  Set the amplitude control VR1 on Circuit £5 to position 3 9| and adjust

the frequency control (VR2) for one cycle of output on CH.1.
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Exercise 2 Over-Current Protection

The three-phase supply generator has two-stage over-current protection built in, to
prevent damage to it in the event of a short-circuit. The immediate effect is to
close down the output voltages to a low value but allow the current to rise.

If the short circuit remains and the current is at an excessively high value, a
thermal protection circuit is brought into operation which alters the pulses from
the microcontroller via the amplifiers to further reduce the output voltage and
bring the output current back to a safe value. Once this happens the Module Power
Supply must be turned off for a short while to allow the thermal fuse to recover.
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Fig 3

®  Connect up the circuit of Fig 3.

®  Connect the multimeter on the 200mA AC range as shownin Fig 3.




image22.png
: 10.4mf. DX{ 7,25 : 137,

) o=





image23.png
Dual Trace Oscilloscope

Spectrum Analyzer

__| continuous Scan _ | store | Hold
"|singlescan _|Recall _|Release
idiv [Trace Ch2Vidiv | Trig | Timeldiv e
Mono g | Src >
chil chi
ch2) c
. C
12 _Ext
Dual ATINM
a v = s
= DCIAC
/ [ SN oc
& . AmCh AR S . .
ChiYPos | Ch ch2ypos -+ TrigLevel
v | 142 |xy _|ro
oMo o2 Ext. Trig
@ | A [ 9 IE‘ IEJ 9 ? 9
| ©1 &l sl @2 ©a

\_Active _Graticule _Cursors +Values 10 xPos ) \_ )
> )





image24.png
TP Dual Trace Oscilloscope

2
5
-
4

chatoude

20M ]
2 M
200m 30 200k

20 | 1

2 M

200m 30 200k

20m 20 20k

20m 20 20k

2m 2 2 2m 2 2

200u 200m 200 200u 200m 200

A V] a vi]a





image25.png
v 12
AC| AL
©1 i D)

t iz & Power Suppl - X

200m 30 200k 200m 30 200k

20m 20 20k 20m 20 20k

m 2 2% m 2 %

2004 200m 200 200u 200m 200

A v|alF Allv alFrm





image26.png
%
i
H
4
3





image27.png




image28.png
H -0 -

Fle  Home Insert

) Add Tt~ :
i i

[ Updiate Table

Table of Insert
Contents ~ Footnote
Table of Contents Footnotes

Navigation ~ %
Search document n-

Headings  Pages  Results

Abstract
Introduction
4 Literature Review.

Power factor

Dual Trace Oscilloscope.

Three Phase Inverters
Overcurrent protection
Method
Results
4 Discussion
Power factor correctio.
Three phase Inverte.
Over-Current Protection
Single-Phase Synchron.
Conclusion
Bibliography

Page5or2s  2809words [ Engish (United Kingdom)

H P Type here to search

orities

ingle of 30.97° with

e capacitor that

d the current is

A power factor or 0.99 is very good and demonstrates that using shunt or capacitors in circuits with

inductive reactance can improve the power factor.

This

a power factor improvement of 0.14.

The capacitor reduces the amount of current that is supplied to the circuit this can be seen by using
the formula P=V x | cos(8)

8
The power consumed in the circuit before C2 shunt:
Average power P =V x| COS(8)

8

Average Power = Supply voltage (54.57V p-p) x Current (517mA p-p)

54.57x0.517 COS (30)

Smart Lookup e

Turn on intelligent services to let
Office get web results for your
highlighted text.

Tumon Not now

Intelligent services work across all Office
apps to help you be more productive.

To provide intelligent services, Office
needs to be able to collect your search
terms and document content.

About intelligent services

Privacy statement

+ 0%





image29.png
H -0

File

Home Inset  Design

) Add Tect~
[ Update Table

A8 Next Footnote. «

Table of Insert
Contents~ Footnote
Table of Contents Footnotes
Navigation ~ %
Search document Pad
Headings  Pages  Results
Abstract

Introduction
4 Literature Review
Power factor
Three Phase Inverters
Overcurrent protection
Method
Results
4 Discussion
Power factor correctio.
Three phase Inverte.
Over-Current Protection
Single-Phase Synchron.
Conclusion
Bibliography

Page5or2s  2809words [ Engish (United Kingdom)

H P Type here to search

%3 Dual Tace Osciloscope

ortes
- x
ngle of 30.97° with Smart Lookup
e capacitor that
d the current is
Turn on intelligent services to let
Office get web results for your
highlighted text.
Tum on Not now
Intelligent services work across all Office
apps to help you be more productive.
To provide intelligent services, Office
needs to be able to collect your search
terms and document content.
Power Factor After C2 = Cos (6.83)
About intelligent services
A power factor or 0.9 is very good and demonstrates that using shunt or capacitors in circuits with Privacy statement
inductive reactance can improve the power factor.
This is a power factor improvement of 0.14.
The capacitor reduces the amount of current that is supplied to the circuit this can be seen by using
the formula P=V x cos(8)
8
The power consumed in the circuit before C2 shunt:
Average power P =V x| COS(6)
8
Average Power = Supply voltage (54.57V p-p) x Current (517mA p-p)
54.57 x 0.517 COS (30)
L] B - 1 + 110%





image30.png
Dual Trace sciloscope.





image31.png




image32.png
0

]
Rl
ﬁ Catibri oy

Paste

T S FormatPainter | B T U7 X X

Clipboard 5 Font
Navigation ~ %

Search document Pad

Headings  Pages  Results

Power Electronics & Dive.
Abstract
4 Introduction
Power factor
Three Phase Inverters
Overcurrent protection
Method
Results

References

Mailings

Review.

View

Assignment

Q Tell me what you want to do

Discussion

%5 Dual Tace Osciloscope

X |B aasbcer aasbocdc AaBboed Aasbec AaBbCDC AaBbCcDe AaBhCcD:

Subtitle  SubtleEm... Emphasis IntenseE.

Styles

lely and efficiency).

Conclusion

Page3ori2 1972words [

H P Type here to search

English (United Kingdom)

Power Factor could be described as ratio of Real or Actual power (P) that is transferred to a
load in an AC circuit. When a rea

e load is introduced into an AC circuit it introduces
Reactive power (Q) into the circuit, this means that the circuits voltage and current will
always be slightly out of phase, the more out of phase the less power is delivered to the load
causing more current to be required. The resulting total power consumed in the circ
will be the Apparent power (S). The more rea
angle (6).

now

/e Power i the circuit increases the phase

Reactive Power (Q)

Actual Power (W)

Calculating Power Factor
Power factor s the ratio between the actual power being used and the apparent power

being drawn.

Strong

Quote

Intense Q.

AABBCCDE  AABBCCDL

Subtle Ref

Intense Re.

P Find -

2% Replace

[ Select~
Editing S
[ + 110%





image33.png
oy 36 Cut

D e
paste 5P
7% ¥ Format Painter

Cali

Clipboard 5
Navigation  ~

Search document Pad
Results

Headings  Pages

Power Electronics & Dive.
Abstract
4 Introduction
Power factor
Three Phase Inverters
Overcurrent protection
Method
Results
Discussion

Conclusion

Page 120113 1972words (%

References

Assignment write up -

e R e

o (Boch)

I U - x, x|
Font

x

Active

Dual Trace Oscilloscope. -

Dual Trace Oscilloscope
| spectrum Analyzer

| Continuous Scan _| store
| single scan | Recall
ch vidiv

[ Hoia

" Release

) | ) | L

Graticule _Cursors +Values

Subtitle  SubtleEm... Emphasis IntenseE.

Styles

Capacitor C2 is clearly larger than the 10pF itis
rcuit is causing a phase shift of around 72°. When
s the phase angle by around 17° this is 4 time less
re stated to be 10uF. To be shore that C2 is larger
s influence to the circuits phase angle when paired
e 47.5° meaning a phase angle gain of 10.8° this is

Engish (United Kingdom)

H P Type here to search

Wi

[ ) |

Actve _Graticule _Cursors « Values

Dual Trace Oscilloscope
| spectrum Anaiyzer
| Continuous scan _| store

" soglescan | Reca
Chviay Troce ChaViN TG

I

o

relesse

A ) L
oo I S W i

v |12

Strong

B aseocct a0sbcede acBbCcDe 408bCcD. AaBbCeD A0BBCD: AGBBCD. AABACCDE AABBCCDD

Quote lIntense Q... Subtle Ref.. Intense Re.

P Find -

2% Replace

[ Select~
Editing S
[ + 110%





image34.png
I L

Active

Graticule

Cursors + Values

x10

X Pos

Dual Trace Oscilloscope

Spectrum Analyzer

Continuous Scan _| Store Hold
single Scan Recall Release

CM VIV Trace Ch2VIdiv  Trig  Timeidiv

g Mono sec -
N cm chi
j 2, ch2)
12 Ext
Dual ATNM

- W v

o . AT
OCIAC
/ v S oc
4 I N ]

ChiYPos 'Ch  ChavPos ‘. TrigLevel

Inv 12 xv RO

- Ext. Trig

© 06 @ ©
€] @ 9 <

6o/ 0] ©3





image35.png
TechSoft Design Tools - 2D Design V2 - [Untitled1]
B Fle Edt Draw Bimeps View

0|z |d| &lim| ﬂ\ﬁqu
I I

cis)

z7l#| Dlle] X2

o l— o]

o

I

S EE SN

<

Abs [s2023mm 13ademm Rel [3¢123nm  se8tmm Distance [35470mm  Angle [344 16"

Select object(s)

L Type here to search




image36.png
71k 1 X651 f 194,63z
714 i DY} 75,4 i ch

L E =





image37.png
Actobst 8 proteusg)
ResderDC

R

L E =





image38.png
Actobst 8 proteusg)
ResderDC

R

L E =





image39.png
Actobst 8 proteusg)
ResderDC

R

L E =





image40.png
71k DX 7.37ims  f 135,
i 2w DY} 4.14: :

Actobst 8 proteusg)
ResderDC

R

cht: 5y = cha: 5=

) o=





image1.png
Bl =

Fle  Home Inset Design
Navigation ~ %
Search document Pad

Headings  Pages  Results

Abstract
Introduction
4 Literature Review
Power factor
Three Phase Inverters
Overcurrent protection
Method

Results
4 Discussion
Power factor correctio.
Three phase Inverte.
Over-Current Protection
Single-Phase Synchron.
Conclusion

Bibliography

Page3of3s aaszwords [

Layout

Assignment write up - Word

me  Him Pum W B @i mairimnoise

Figure 1 Power Triangle of an AC circuit
Figure 2 showing that current (1) is larger before and smaller after correction capacitor is added.
Figure 3 Voltage leading current
Figure 4 Inductive load in an AC circuit.
Figure 5 Inductive load with a capacitor placed in parallel across it to reduce its inductive reactance.
Figure 6 Phaser diagram showing difference in KVAr before and after correction capacitor and the
effect it has on apparent power.
Figure 7 Voltage and Current waveform very much out of phase before correction capacitor.
Figure 8 Voltage and Current waveform closer after correction capacitor
Figure 9 Direct Current converting to Alternating Current.
Figure 10 Basic inverter schematic.
Figure 11 Showing different paths current takes when paired IGBT are activated by controller..
Figure 12 Current pulses produces by the controller opening and closing paired IGBTs.
Figure 13 Current pulses average out into a staggered waveform,
Figure 14 Outline of waveform produced by PWM.
Figure 15 Same wave frequency as figure 14 but Narrow Pulses producing lower output voltage,
‘The circuit was constructed using 16 LICREATE Virtual instrument platform. Observations and
reading were taken visually using oscilloscope measuring tools.
Figure 17 LICREATE Virtual instrument platform for PF correction experiment.
Figure 18 Simplified schematic of how the circuit was set up.
Figure 19 LICREATE Virtual instrument platform for three phase inverter experiment
Figure 20 LICREATE Virtual instrument platform for PVM and oscilloscope.
Figure 21 LICREATE Virtual instrument platform for Over current experiment.
Figure 22 How the Oscilloscope and mutimeters were set out.
Figure 23 Shows the sine wave when the inverter is initially switched on.
Figure 24 Showing the mutimeters and oscilloscope set u
Figure 25 Fault circuit before fault is inserted.
Figure 26 Fault circuit between 0-10 seconds after fault is inserted.
Figure 27 Fault circuit after 20 second when fault is inserted.
Figure 28 Voltage and current waveforms with no correction capacitors.
Figure 29 Voltage and current waveform with capacitor C2 added to the circut.
Figure 30 Voltage and Current waveforms before C2 in inserted.
Figure 31 Shows that the Current waveform is now leading voltage.
Figure 32 This is the output pulses created be the Micros program stored in it EPROM and the sine
wave it produces, .23
Figure 33 This is the result of inverting the pulses. .
Figure 34 Showing pulse widths.
Figure 35 Showing the half cycle and its pulse component.
Figure 36 Shows the PWM pules creating a sinewave and the measuring mutimeters place in and
across the circut
Figure 37 Shows that the voltage is reduced instantly when the fault i placed in the circui
Figure 38 Both Voltage and Current have been reduced to negligible amounts.
Figure 39 Voltage and Current Waveforms before the capacitor is insrted.
Figure 40 Show that the voltage waveform has been reduced and current has increased.
Figure 41 Show that Voltage and current have been reduced to negligible amount

a
5
6
6
6

blbwewywy

.10

.15

17

.20

English (United Kingdom)

H P Type here to search

Abstract

This report is to gain understanding and test three different electrical power subject matters
that are widely used in the electrical Power industry. The subject maters in the report are
Power factor Correction, Three Phase Inverters and Overcurrent Protection. The report will
document general principles and key points of theory in each of the subject matters by
researching literature papers and validated sources. The gold is to prove the subject matter
theory through experiments that replicate the conditions where readings and observations
can be taken. The findings gained in the experiments will be documented in tables and later
used in a discussion to reflect against the researched theory.

Introduction

In this laboratory experiment the concepts of three different electrical power subject
matters were tested. The concepts were firstly, the ability to improve an inductive AC
circuits power factor with the addition of capacitors. Secondly, how invertors generate AC
‘waveforms with pulse width modulation. Lastly the operation of overcurrent protection. The
method for each experiment with be explained and the results will be listed in tables and as
visual screen shots. The results will be used to discuss the subject matters and with the aid
of screen shots and math the concepts will be proven. The experiments are based around
the ideas in the following literature review.

Literature Review

Power factor

Power Factor could be described as ratio of real or actual power (P) that s transferred to a
load in an AC circuit. [1] When a reactive load is introduced into an AC circuit it introduces
Reactive power (Q) into the circuit, this means that the circuits voltage and current will
always be slightly out of phase, the more out of phase the less power is delivered to the load
causing more current to be required. The resulting total power consumed in the circuit now
will be the apparent power (s). [2]The more reactive power in the circuit increases the phase
angle (6). (3]

B E B - 1 + 100%
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