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1. Introduction/Background 
 

1.1 Introduction 

This proposal was sparked by an idea that was brought up by Dr. Kim at the University of San 

Diego to reduce the amount of reactive power use in household appliances. The power team 

seeks to make a device that will correct the power factor and will reduce the reactive power 

used on appliances that consume large amounts of power. This project will help save power. It 

will also reduce the amount of wiring needed to send energy. 

1.2 Background 

The AC power used by large household devices comes with both active and reactive power. The 

reactive power is not the main power used by these devices. Correcting this reactive power is 

done easily by connecting capacitors in parallel with the load. The closer the power factor is 

towards the unity factor than the less current is drawn. Drawing less current will lead to fewer 

losses due to thermal heating in transmission lines, this will lead to less stress on the materials 

and less power used.  These are the equations we will be using for our calculations and for the 

design of our device.  
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Q is defined the reactive power which is responsible for the electromagnetic fields. P is the 

active power.  

This is the electrical power that can be converted into mechanical power and heat losses. 

               

Pf is the power factor.  ϕv is the angle of the voltage signal. ϕi is the angle of the current signal. 

       

By improving the power factor, we decrease the amount of current needed to give the same 

amount of active power. 

                                          

Where, Qc is the reactive power the capacitor must provide, and (ϕv- ϕi)’ is angle we want for 

the power factor to be corrected. Figure 1 gives a visual perspective of how the power factor is 

corrected. 
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Figure 1 Trigonometric View of Power Factor 

2. Problem Statement 

Reactive power is only necessary in small amounts for household appliances. Lower power 

factors can dramatically increase the required current to power the appliance. Everyday energy 

is being wasted by the lagging power factor in household appliances. Fixing this problem will 

result in a reduced amount of current used by these appliances.  When every household 

benefits from these fixes, we can reduce the overall amount of power being used per day. The 

copper in transmission lines is based around how much current is designed to flow through 

those lines. With less current being drawn, we could save in the material costs of the line. 

Correcting from a .6 power factor to a power factor of .85, we can save up to 28% in current 

drawn. 
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3. Scope of Work 

3.1 Overview 

Main Design Sections: 

 Converting the high voltages and currents from the main power line to lower values 

for the Arduino 

 Reliable ADC conversion times with the Arduino to obtain accurate power factor 

computations 

 Control algorithms for the stepper motor using power factor data 

 Wireless data transmitting and viewing 

3.2 Design Schematics 

Figure 2 shows a basic idea of how we approach the problem and connect the device to the 

appliance being used. The Smart Power Factor Correction device will be a device installed 

on large household devices to correct the reactive power delivered to the load. The device will 

consist of a way to constantly measure the power factor of the load. This data will be sent to a 

microcontroller that will control switches. The switches control how many capacitors are 

connected in parallel to the load and can be changed constantly to allow for a better power 

factor and less current being drawn. The microcontroller will also be sending data to allow for 

monitoring of the power factor. This will allow a way to determine certain instances that cause 

larger power factors and predict these instances to correct them easily. The device will take 

into account "arcing" due to capacitors switching.  
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Figure 2- Block Diagram of the Design 

 

3.21 Internet Access 

There are attachable board components available that are used specifically to allow the 

microcontroller to connect to the internet wirelessly. The Arduino “shield” is a great example of 

this use and we plan on using it in our design. 

3.22 Physical Dimensions 

We want to create an aluminum box that will contain our design in a neat and protected 

fashion.  The box will contain the transformers, the capacitors, stepper motor, and 

microcontroller including the Arduino shield. We estimate the box to be one foot by one foot 

by half a foot. This will allow for less outside interference and become a safer unit. 
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3.3 Literature Review 

We will be using a power book Electrical Machines and Devices sixth edition by Jesus Fraile 

Mora Published by McGraw Hill in 2008 as a reference. Along with that, we have will be using 

the Arduino uno rev3 data sheet. Refer to appendices B1 for data sheets. 

For Arduino programming problems, we will be using Getting Started with Arduino 2nd Edition 

by Banzi, Massimo. 

3.31 Codes 

 The important codes for the PSSD system are those relating to safety of wireless 

communications between systems. Relevant codes are stated below: 

 IEEE Standard 802.11, 2007-Wireless 

o Standard for Information Technology which states that our devices must operate 

in a 2.4 GHz ISM band and have a maximum data transfer rate of 54 Mbits/s. 

3.4 Alternatives 

Using a capacitor bank to correct the power factor is a common practice. The other way to 

correct the power factor is using Variable Speed Drives (VSDs). VSDs are a solid device that 

change the input AC voltage and makes the signal voltage and frequency variable. This would 

allow for us to correct the power. A main advantage of using VSDs as opposed to capacitors is 

the elimination of harmonic currents. Capacitors can magnify the harmonic currents and will 

absorb and overheat. However, VSDs only work in a three phase voltage system and we will be 

working with single-phase voltage. 
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3.42 Restraints 

One restraint we have is the arcing of the quick removal and addition of capacitors in parallel.  

This may create a delay from charging the capacitor.   

3.5 Proposed Solution 

The device will have a current and voltage transformer to convert the high voltages and currents 

into smaller, more manageable magnitudes for the microcontroller to handle. These voltages 

and currents will then go through a comparator that will send a logic “true” to the 

microcontroller when the currents and voltages go from being negative values to positive 

values. This will allow us to find the time difference between the current and voltage of the 

main line and determine the power factor. The outputs of the microcontroller will be connected 

to a wireless signal to display the data being collected through the internet like power factor 

and total power usage and to a stepper motor. The stepper motor will control the switches that 

are connected to the capacitors. The microcontroller will be able to change the amount of 

capacitance based on current data from the inputs. All these components will be setup in a box 

to reduce interference of outside factors. Data will be sent wirelessly via an Arduino shield to 

record and monitor the power factor and complex power reduced over the internet. 

This solution is the best solution because not only is it the simplest solution to design and make 

but also the most efficient way to correct the power factor. 
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Figure 3- Concept Diagram 

4. Design Plan 

Research  

The research will start by determining which house hold appliances generate the most reactive 

power. Once we determine which house hold appliances we want to correct, then we want to 

find the currents and voltages for that appliance. 

Interfacing the Microcontroller 

We will want to start by finding parts to interface the microcontroller.  Finding a voltage 

converter that will convert lower levels of voltages to voltages up to 240V may be our first 

challenge. Along with voltage converters, we need to find the range of capacitors that are 

required to fix a wide range of power factors. Once we complete the task of smart power factor 

correcting, we will add a wireless component to allow the ability to monitor the device through 

the internet. Our first step for programming is creating an algorithm that will complete the 

design in a quick and realistic manner. Then the algorithm must be turned into code that can be 

used by the microcontroller. 
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Testing 

This testing section may take some time.  The program will require large amounts of debugging 

and there will be many trials to perfect the program as much as possible. 

5. Personnel 

Refer to appendices A1 for resumes of each team member. 

Specialize in the electronics aspects: 

Luke Nicol- Program Manager 

Darrel Dotterer- Project Manager 

Specialize in the power aspect: 

Vinicius Pereira Pio- Chief Editor 

Manuel Salazar Paramo- Technical Expert 
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6. Design schedule 

 

Figure 4- Design Shedule  
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6.1 Gantt Chart of Design Schedule 

 

Figure 5- Gantt Chart 
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7. Budget 
 

Our budget in table one is an estimate.  Our definite parts are the Arduino and Arduino Shield 

for the Wi-Fi capabilities that will be needed.  The stepper motor, capacitors, and aluminum box 

are essentials that will not change in cost. Through research and the design process, we will 

finalize a budget. 

 

Part Cost 

Arduino Uno rev 3 $30 

3 phase extension cords $50 

Stepper motor $20 

Arduino Shield $90 

Aluminum Box $10 

240V Motor Run Capacitors $60 

Miscellaneous $40 

 Total Cost:  $300 
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9. Appendices 

A1- Resumes 



 

15 
 

 



 

16 
 

 

 

 



 

17 
 

 



 

18 
 

 

 



 

19 
 

B1- Datasheets 

 


