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Executive Summary
The objective of our project is to design a phase converter simulator that will test and train meter readers, service field representatives, and contractors on how to safely and efficiently measure the different service voltages in the field. This is a fully functional electrical trainer allowing simulation of most distribution meter connection schemes. This device contains actual transformers, which completely duplicates in-field situations. Our project is based on voltage control, logical design, and programming. The phase converter simulator has the capabilities to do the following types of service voltages: single phase 120 volt Delta, single phase 120/240 volt Delta, three phase 120/208 volt Network-Wye, three phase 120/208 Wye, and three phase 120/240 Delta. This project also features a panel-mounted 0 – 500 volt meter. This meter will be used to measure the input voltage to see if the desired voltage is being inputted into the system. A control box is connected to the panel-mounted volt meter. On the control box there will be a user interface that is control by a field programmable gate array (FPGA) that will allow a person to be able to go through the steps of checking voltage without supervision. The field programmable gate array will be the brains behind the simulator and will control the switches which will change the phase configurations. There are fuses which are set in place for safety precautions because of the high voltages that are coming from the output. The variable transformer which will allow the group to be able to control the input voltage also will be in the control box. From the control box there are five meter cans connected. The user will be able to interact with the user interface and change the switches on the field programmable gate array in a certain logical order to be able to get the desire Wye or Delta single phase or three phase service voltage. There will be two different programs settings that the phase converter will implement. The first mode will be the training mode which will test the knowledge of the user on the different voltages in the Delta and Wye configurations and safety precautions. The user will have to pass this test proportion of the phase converter simulator with at least 90% efficiency. The second mode of the phase converter simulator is the training mode. The training mode will take the theory and knowledge that the user used in the testing mode and implement that knowledge into application. The user will then take a volt meter and measure the voltage between phase to phase and phase to ground to get the required voltage for that particular service. If the user measures the wrong voltage the phase converter simulator will let the user know that they measured the wrong voltage and they will not be able to move on to the next set of voltages without correcting their error.
2.0 Definitions
2.1.1 Motivation
Several power companies around the world are converting their out dated system of sending meter readers out in the field to check monthly readings on the electrical meters to just a SIGNAL checking the monthly readings. Automatic Meter Infrastructure (AMI) is a rapidly developing technological area that is proving to be of considerable interest to the utility industries: electrical, water, and gas and is the network that is changing the way power companies bill their customers. Some of the benefits of the Automatic Meter Infrastructure are the following: no more estimates, precise profile classes and measurement classes, precise meter reading, enhanced protection for premises, energy management through profile data graphs, fewer financial burden correcting mistakes, less accumulated expenditure, improved billing, less time chasing call centers to provide meter readings, and improved procurement power though more accurate data. This change in infrastructure allows utility companies to be able to save on labor costs. Power companies are now cutting their budget for well trained meter readers to contractors to change out the mechanical and digital meters to the new smart meters. A numerous number of these contractors are not fully trained in the aspect of handling the dangerous voltages that are associated with meters. So the power company is in need of a training and safety product that will simulate the diverse kinds of service voltages that are related to the different types of meters. Our group as came up with a phase converter simulator that will aid in the vital transition.

2.1.2 Goals 

The group’s goals when designing the phase converter simulator were to devise a unique product specially designed to provide cost effective, realistic and a highly productive teaching simulator. The phase converter simulator offers a complete teaching system that will allow meter readers to learn about and thoroughly understand all the components of the distribution meter service points. Below are the main goals the group focused on when designing the product.

Inexpensive – One of the benefits to the Automatic Meter Infrastructure is that it will cut down on labor costs. Power companies are looking for the most proficient tools for a smooth transition into the new era of metering. The group wants to design a product to be readily available to power companies that would like to save money in training simulation. With this in mind, the group knew that pricing is one of the defining factors that companies use to make an effective decision on whether or not to purchase a product. There are other similar products out on the market that range from $1000 to $10,000. This is why we have decided to create a phase converter simulator that does not consist of any motors or high power supply unit. We are using economical potential transformers and switches to control the voltage output. Our phase converter simulator is estimated at $500. There is also the fact that we, as a group, would like to keep the cost as low as possible for the designing process. The group is trying to avoid expensive parts which can quickly add up while building multiple prototypes.  

Safety – The number one most essential rule with power companies is safety. Power companies put great investments into their safety programs. Protecting their employees, customers and equipment are guidelines that are really stressed. So any type of product that they invest in will have to implement safety. With our phase converter simulator we will install safety features that will protect the product and the users. There will be fuses at the input of the phase converter simulator that will blow if there is any type of fault. For the users we will install light emitting diodes on the top of all five meter sockets. The light emitting diode on the meter sockets will turn on when that particular meter socket is on. With this safety feature the users will know when operating our simulator what meter socket is turn on. The group will also require any user that is operating the simulator to wear protective gloves because of the high voltage that is associated with the simulator.

User friendly – The power company wants the transition from the old mechanical and digital meters to the new smart meters to be a smooth process. They are looking for a product that all users can easily operate without hours of training. So, another goal of the group is to design a product that does not have a steep learning curve for the users during operation. Once the user turns on the phase converter simulator their will be a user interface that will guide them on what steps to take in order to get the desired output voltage. The user interface will instruct the student step by step on how to correctly measure the service voltage, however, if the user measures the service voltage at the incorrect meter lug then the user interface will state the incorrect voltage was measured.  The phase converter simulator is an easy product that within a couple of times of training a user will be able to learn in-field situations.

Test and Train – As previously mention power companies number one goal with their employees is safety. There is a famous saying at Mississippi Power that states “There is not one light bulb in Mississippi that is more important then your safety.” With this in mind several power companies want to make sure that their employees are fully prepared and capable for handling such high voltages.  Tests are administered on a frequent basis to their employees to verify their competence in the subject matter.  Following this format the group chose to implement two different types of modes to demonstrate the power company’s procedure. In the testing mode the phase converter simulator will ask the user several questions pertaining to voltage reading and meter safety. In order to move to the training mode the user will have to show a certain level of efficiency.
The second mode is the training mode which will allow the user to use what they learned in the testing mode in real world situations. The user will have to go follow certain steps that the phase converter simulator outputs in order to complete the training mode. 
2.1.3 Applications:

The final product will be used to educate contractors and meter readers on how to read the different single and three phase service voltages. The phase converter simulator will be able to reproduce the Wye and Delta configurations of the single and three phase voltages in the appropriate meter cans that a power company produces. The simulator will also be able to guide a student with a user interface on how to correctly measure and read service voltages. Power companies will be able to instruct the contractors and meter readers on how to correctly and safely operate and measure the service voltages with a low cost trainer with high accuracy that demonstrates all the basic concepts of meter reading.

2.1.4 Specifications/Requirements

We have stated a few requirements, which will serve as guidelines for our project.  However, in order to meet the requirements, we need the correct components for the project.  Below is a list of the predicted parts, which will be needed throughout our project.   

- ) Class 100 Amp 2 Wire Meter Can 

- ) Class 200 Amp 3 Wire Meter Can 

- ) Class 200 Amp 4 Wire Meter Can 

- ) Potential Transformers (step up)  

- ) Variable Transformer

- ) Electronic Transformer

- ) FPGA

- ) Analog to Digital Converter

- ) Wireless Keyboard

- ) Control box (National Electric Manufacture Association) standard
- ) Fuses

- ) Switches

- ) Light Emitting Diodes 

- ) Control wires

- ) Panel-mount AC volt meter

- ) Wires

The total height of the project will be approximately 18 inches and the length will be approximately 6 feet.

The parts above will assist us in achieving the following requirements: The phase converter simulator will have five meter sockets total. Three out of the five meter sockets will be used for single phase voltage. The other two meter sockets will be used for a three phase voltage. The phase converter simulator will also have a variable transformer that will allow the user to adjust the income voltage if so desired. The Field Programmable Device Array will be used to control the user interface and switching between the two different phase configurations. The Analog to Digital Converter will be used to convert the analog voltage signal to a digital signal that the Field Programmable Gate Array can read. Also, the Analog to Digital Converter will be used for compatibility issues with the Field Programmable Gate Array. The Electronic Transformer will be used to step down the feedback voltage so that the Field Programmable Gate Array can handle the feedback signal. The Phase Converter Simulator will use a wireless keyboard that will allow users to input their data into the system. There will be two volt meters in the Phase Converter Simulator. The first volt meter will be used as a visual for the user to see what the input voltage. The second meter will be used as the measuring tool for the output voltage. The group will use #18 AWG size wires for the Phase Converter Simulator. The user interface and the Field Programmable Gate Array will be in a Control Box that will meet the National Electric Manufacture Association standards.
	Number
	Material
	Function

	R1
	Single Phase Meter Socket (2 wire)
	Output 120 Volts Delta

	R2
	Single Phase Meter Socket (3 wire)
	Output 120V Phase to Ground

	
	
	Output 240V Phase to Phase

	R3
	Three Phase Meter Socket (Wye)
	Output 120V Phase to Ground

	
	
	Output 208V Phase to Phase

	R4
	Three Phase Meter Socket (Delta)
	Output 120V Phase to Ground

	
	
	Output 208V Phase 3 to Ground

	
	
	Output 240V Phase 1&2 to Ground

	R5
	Variable Transformer
	To make adjust to input voltage

	R6
	Field Programmable Gate Array
	Control the user interface and the switching

	R7
	Analog to Digital Converter
	Convert the analog voltage signal to a digital signal

	R8
	Electronic Transformer
	Will allow the correct feedback voltage to enter the FPGA

	R9
	Wireless Keyboard
	The input for the user interface

	R10
	Volt Meter
	To have a visual of the input voltage

	
	
	To measure the voltage between the lugs of the meter socket

	R11
	Wires
	Conductors for the project #18 AWG

	R12
	Control Box
	Enclosure for the user interface 


The block diagram below illustrates the flow of the Phase Converter Simulator. A voltage of 120V 60 Hz will be inputted from a wall outlet. From the input voltage there will be fuses to protect our simulator just in case there is a voltage surge from the wall outlet. After the fuses there will be single pole single throw to turn the Phase Converter Simulator on or off. From the on/off switch there is a variable transformer that will allow fluctuation with the input voltage. With the variable transformer there will be the user interface and the Field Programmable Gate Array in a control box. The Field Programmable Gate Array will be used not only as the brains behind the Phase Converter Simulator but also as the switching mechanism for the phase configurations. The Field Programmable Gate Array will be connected to the six step-up potential transformers that will manipulate the voltage to the desired output. The six transformers will be connected to the five meter sockets which will be the device where the output voltage will be measured. The volt meter that the user will be using will begin the feedback portion of our project. The volt meter will have a wire connect within that will be connected to the analog and digital converter. The analog and digital converter will take the signal coming from the volt meter and make it compatible with the Field Programmable Gate Array.  After the signal is compatible the FPGA will decipher the signal so that it can be read by the User Interface.
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Figure 2.2
Block Diagram

2.1.5 Group Timeline
One important part of working with this group was the necessity for us all to stay unified in our task in order to complete a common goal.  This was somewhat difficult since the group has all seniors in electrical or computer engineering, all have commitments to part time jobs and each individual are actively working to pursue full time employment.  The first action the group decided to take was to set up a common time for its individuals to meet.  The group figured that it should set up two common times when we could all get together for an unlimited amount of time to discuss project progress, issues and concerns.  The first common time was used as a mandatory meeting that we held each Friday at 2:30 pm.   

During the first of these meetings the group decided that it would slow down the process if each individual tried to create a unified document by working at our group meetings to complete the paper together.  The group set a deadline for our group to have the project completed two weeks before the due date. The group knew that by completing our individual page assignments by this deadline the group would have time left over to piece together our individual writing styles and make sure that our group paper was consistent in its sound and appearance.  After deciding this the group opted to each take sections and begin working on the research portion of the paper before losing any time, which we knew would be important towards the deadline for this project.  We decided to work on reaching a certain page count individually based on what was going on that week while keeping our deadlines in mind.  The group also decided to peer review each others papers each week to make sure that we each made the page count and were on target as to the content of our writing.  

Next, the group made the decision to begin ordering a few of our necessary parts early on in the design process.  By ordering the parts, we knew that this would help us to solidify whether or not our project would be capable of completing certain tasks that we set out to complete.  This led into the next group decision to work to complete the project by making an important decision on whether or not the group should use a microcontroller or a field programmable device (FPGA) for the group’s control device. The group decided that using a field programmable gate array for its controller would be more beneficial because of the switching characteristic a field programmable gate array has over the microcontroller. After pricing the parts that we felt were necessary to complete this project we found that we could still remain within our initial budget while going this route.  

After receiving the parts that the group had ordered the group noted that additional parts would be necessary to implement the feedback portion of our project the way that we had designed it.  From here the group decided to set certain intermediate goals that would be necessary to keep us on track from this spring semester and for the fall semester to follow.  We decided not to get too heavily into the actual implementation of the project until the fall semester.  This would give us adequate time to perfect our design and work out as many flaws as possible before spending our money on unnecessary parts.  This also has helped to accurately estimate the budget necessary to complete the project, which indicated whether or not we need to cut back on spending or redesign certain areas of our project. 

The group based its research priorities on a few major criteria that needed to be addressed in order of importance.  After deciding on the major components of the project the group was faced with the task of figuring out how it would research the components associated the phase converter simulator and still meets the deadline.  The group could either work on them concurrently, to make sure that the group would not lag behind in either area of our project, or the group could do them one at a time.  The group decided that since up until this point it had spent most of our time researching how transformers, Delta and Wye configurations and field programmable device arrays worked that the group would stick to researching these methods of completing the project then we would move on to how to measure the feedback voltage.  This seems to have worked up to date. As each of the group members completed the necessary research in our selected area for power the group members moved into research for feedback.  

Below is the proposed project timeline.  This is the timeline that we agreed upon at one of the meetings in the first few weeks of project planning

	January
	

	7
	Beginning of Class

	16
	Grouped formed

	23
	Propose Ideas

	30
	Initial Project/Propose Planning


	February
	

	2
	Completion of Project Proposal

	6
	Beginning of Project Research and Feedback 

	13
	Discuss research information

	17
	Continue Discussion of research information

	20
	Development of Table of Contents

	23
	Completion of Table of Contents 

	27
	Begin individual Research areas 


	March
	

	2
	Continue individual research

	6
	Spring Break

	9
	Continue individual research

	13
	Continue individual research

	17
	Proofreading of individual research

	20
	Begin Calling Product Manufacturers

	23
	Begin Ordering Parts

	27
	Continue individual research

	30
	Proofreading of individual research


	April
	

	3
	Continue Individual research

	6
	Proofreading of individual research

	8
	Continue Proofreading of individual research

	10
	Finalization of research

	13
	Consolidation of Individual Papers

	15
	Consolidation of Individual Papers

	17
	Completion of Project and final proofreading

	20
	Review over paper

	24
	Final Meeting

	27
	Paper due


This was the final project timeline after one semester of work on the project.  Many of our goals were met while others were shifted back slightly due to our ability to complete certain tasks on time as a group.  

	January
	

	7
	Beginning of Class

	16
	Grouped formed

	23
	Propose Ideas

	29
	Development of Initial Project Proposal for Dr. Richie


	February
	

	2
	Meeting with Dr. Richie over new ideas

	6
	Re-evaluation of project 

	13
	New development of project proposal for Dr. Richie

	17
	Development of Table of Contents

	20
	Completion of Table of Contents 

	24
	Table of Contents due

	27
	Begin individual Research areas 


	March
	

	2
	Revised Table of Contents

	6
	Spring Break

	9
	Continue individual research (Spring Break)

	13
	Continue individual research

	17
	No Meeting

	20
	Proofreading of individual research 

	24
	Meeting with Dr. Richie about parts 

	27
	Begin Calling Parts Manufacturers for free parts

	30
	Begin Ordering Parts


	April
	

	3
	Continue Individual research

	6
	Proofreading of individual research

	8
	Continue Proofreading of individual research

	10
	Continue Proofreading of individual research

	13
	Finalization of research 

	15
	Consolidation of Individual Papers

	17
	Completion of Project and final proofreading

	20
	Review over paper

	24
	Final Meeting

	28
	Paper due


For the second semester of senior design the group plans to follow another systematic approach to complete our project on time and on budget.  The group will once again divide up the tasks that need to be completed, however in the implementation phase of the project the group will be required to spend more time working as a group in order to ensure that the integration of the parts goes smoothly.  One proposed way of working more as a group is for each member to add another meeting time during the week, giving the group a total of three meetings a week to ensure that the group is able to get its parts of the project complete.  Since all of the members’ areas of the project are interdependent, the group will pair up group members whose areas need to be completed in a higher priority.  These smaller groups will meet extra times if necessary until they are able to complete their areas.  This will ensure that no one will be wasting time waiting for someone to complete their area before they can begin their work.  

Another key area of the project will be testing.  The group will be pushed to complete our project well in advance of the class deadline because the group will need adequate time once the group has completed the project to dedicate to testing.  In the testing portion of this document the group has formulated detailed test procedures that the group will follow once the stage is reached of the project.  In total the group plans to dedicate at least two full weeks to the testing of our project.  These two weeks will accompany all intermediate testing that will be necessary between each phase of the project.  

The overall work done through the semester can be separated up into different segments.  There were many various areas of work that was associated with this project that needed to be done, however the group will only mention the areas of focus that are significant.  Each of the tasks required a certain amount of attention according to their importance.  These rankings were continuously discussed and varied according to our progress and the deadlines that had to be met.  Our group concluded that the given breakdown was the best possible distribution.  Research was the main focus with 50% of the group effort.  Design was second with 20% of the group’s focus.  The least important tasks were the requirements, acquiring parts, and project brainstorming sections. 
	Project Brainstorming
	5%

	Requirements
	5%

	Research
	50%

	Design
	20%

	Acquiring Parts
	5%

	Documentation Preparation
	10%


The group has also provided a visual representation of the task break down for ease of distribution comparisons
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Figure 2.5
Project breakdown

The project also required a number of deadlines and idea modifications.  For that reason, we needed to keep a flow of progress that would allow us to cover all aspects of our project, while still staying on schedule with deadlines.

2.1.6 Semester Milestones

The group believes that having set meeting times along with planned objectives and goals are essential to being successful.  At the first meeting that the group had Friday, January 16th, the group discussed about possible meeting times throughout each week.  The group finally decided that Fridays at 2:30 pm worked the best for everyone.  The group plan on meeting to discuss the latest with our project, update fellow group members on any news, and work on the task that is at hand.  Just in case we feel that another meeting time during the school week is needed, we set aside Wednesdays.  The decision will be made on Fridays whether or not we will meet on the following Wednesday.  Of course we also agreed to save some time on the weekends.  Not only do we have our set meeting times, but we have also created a Google group dedicated to senior design.  On this site we have each of our schedules posted along with contact information.  In addition, the group has other features that will assist us.  We can post all of our individual work to inform others on our progress.   Also, the group allows us to upload a document and make changes to it.  The changes made by each group member are indicated by a separate color, and can then be saved.  This way we can help each other with a paper if we are unable to meet.  The aforementioned will help us stay organized and up to date at all times. Also, our initial breakdown of individual tasks can be seen in the flow chart in Figure 2.7a. The group plan and goal is to always be ahead of schedule.  This applies to everything from typed reports, to ordering parts, to the completion of the final design project.  The group has their sights on the final presentation, rather than a week by week perspective.  The group is not too sure what exactly will be asked of us this semester but the group plans on getting a significant amount done.  Even though the weekly updates are not required, the group feels that following through with them will result in a good management technique of our group and believe that it will be very beneficial for our overall project.  The bulk of the early part of the semester will be dedicated towards research and educating ourselves on a topic that the group does not have much experience with, besides courses that the group has taken that introduced topics to us mostly in ideal situations.  These topics include but aren’t limited to: single phase, three phase, Delta, Wye, transformers, linear controls, and electronics. All members of the group intend to become certified with the equipment in the Senior Design Lab by the middle of the semester.  By doing so, we hope to avoid the busy period when everyone is trying to get certified, therefore avoiding any possible delays in the production of our project.  Also, our personal deadline for completing half of the final report is the 3rd week of March.  

Hopefully this will keep us on pace as we push for this deadline as much as possible. Our group will try to have the final report put together two weeks before the deadline.  This way we have that final two weeks to make necessary changes, additions, and so forth.  During summer break it will be a tough time to stay in touch and work on our project, but we are going to try to dedicate the first couple of days off to meet up and start ordering parts for our project.  Ordering parts early will keep us ahead for the 2nd semester and allow us to begin testing the parts right away.  Doing this will let us know what parts need to be reordered or if we need a different part altogether.  Our idea is to have the final device functional about three quarters into the 2nd semester.  It will first be tested at optimal conditions.  Once it works flawlessly, we will start adding obstructions and vary the conditions.  That means the last quarter of the 2nd semester will be reserved for the extreme testing and preparing the final presentation to the judging panel.       

2.1.7 Budget and Finance
The budget for this project is $565.00 dollars for the development cost which is the cost with donations. The actual cost is the price of the raw materials and parts if they where bought off the shelf. The reproduction cost is the price of reproducing the project. Since the project is in the early stages the development cost, actual cost, and reproduction cost are the same. We have not received any support from any out side entities as of now. 
Our collective goal is to finance our entire project, through financial donations from Seminole Electric, Southern Companies, and Lakeland Electric. We also will gain support from the above companies through donations of parts and materials that will enrich our project through the development stage.
By the end of Senior Design I the group would have spent %44 of the estimated budget for supplies
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Budget and financing breakdown

Below the budget table shows the estimated cost of the parts the group needs to assemble. The group plan will to receive the variable transformer, three of the six potential transformers, and the conductors from the Southern Company. The other three transformers are still pending with their cost and place of purchase. One of the group members has offered to donate their wireless keyboard. The user interface has been priced at $60 but it has not been ordered. The group as order the Field Programmable Gate Array and the Analog to Digital Converter from Digilent. The three phase meter boxes and the single phase boxes will be order from Austin International.  We plan buy the small components such the switches, fuses, light emitting diodes, connecters, volt meter, and control box as the Phase Converter Simulator from places such as Radio Shack and Skycraft. 

Because of the kindly donations that the group as received from our donators our development cost outcome will be 22% less then the actual and reproduction cost.

	Description
	Development Cost
	Actual Cost
	Reproduction Cost
	Finance

	Switches
	$10
	$10
	$10
	Pending

	Fuses
	$10
	$10
	$10
	Pending

	Enclosure
	$30
	$30
	$30
	Pending

	Three Phase Meter Box
	$140.00
	$140.00
	$140.00
	Actual

	Single Phase Meter Box
	$75.00
	$75.00
	$75.00
	Actual

	Potential Transformer
	$60
	$60
	$60
	Pending

	Wiring
	0
	$30
	$30
	Donated

	FPGA
	$60
	$60
	$60
	Actual

	Interface
	$60
	$60
	$60
	Pending

	Volt Meter
	$30
	$30
	$30
	Pending

	A/D converter
	$40
	$40
	$40
	Actual

	Variable Transformer
	0
	$100
	$100
	Donated

	User Interface
	$50
	$50
	$50
	Pending

	Keyboard
	0
	$30
	$30
	Donated

	Total:
	$565.00
	$725.00
	$725.00
	


RESEARCH

3.0 Power


The realm of power, transformers, and phase configurations are somewhat unfamiliar to our group.  The group does have some background on the subject matter from classes such as Introduction to Power Systems and Electrical Machinery, however; only a minimal amount can be applied to our project.  

Introduction to Power Systems dealt with the basics of power systems included information on: Fundamentals of power in AC single phase circuits, balanced three phase circuits, ideal transformers, autotransformers and circuits with transformers. Some of this information serves as the foundation of what we had to work with.  Not only did we have to make related calculations and such, but the understanding of commonly used terms is also essential. This is needed to fully interpret various specifications and research articles. For the most part, as a whole, we do not have much experience with operating high voltages and power equipment. Collectively, the group had to do some researching and self educating to become familiar with these aspects of our project.  

3.1 Circuitry    

In Electronics I, II, and Electrical Machinery, we learned the basic fundamentals of circuits and power machines, from their ideal characteristics, to how to design and analyze their behavior.  With the Electronics I and II laboratories, the Electrical Engineering group members gained hands on experience with hooking up and taking apart non linear circuits and used them to realize various applications. Through the experience gained from both the classroom and laboratory, collectively we easily were able to grasp the concept on how different parts would be able to help us in our design.

3.2 Previous Works Done

Before starting any major research on different aspects on a phase converter simulator, the team decided to investigate any similar projects that have been done in the past. Surprisingly, the group discovered that many other teams have not done any similar projects. Even though there have been projects that focus on load training, these particular projects did not focus on accommodating a user friendly atmosphere. The group discovered that the phase converter simulator design will be unique, in the sense that it will be able to train a user without having an instructor to adjust the settings every time the load is changed.

3.2.1 Existing Products 

In addition to previous works done by other people, the team has also looked up some products that are currently on the market. Even though the phase converter simulator will be a lot different from basic load trainer, it is still good to know which products are available. Figure 2.6 shows a load trainer that is great for the multiple facets of the power system that it presents. This trainer inspects the values and operating distinctiveness of single-phase and three-phase distribution and power transformers. It offers open and short circuit assessments to find transformer properties; an adaptable autotransformer that allows lower voltage experiments, balanced and unbalanced loads, and voltage and turns ratio tests. This particular load trainer is excellent for a company that is looking to train their employees in multiple types of operations. However, the phase converter simulator is a device that is more focus on training meter readers
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Figure 2.6 Load Trainer

(Reprinted with permission from Techquipment)

Figure 2.7 displays a load trainer that is a transformers trainer and simulator. This is a completely efficient electrical trainer allowing simulation of most distribution transformer connection systems. This device contains actual transformers, which totally duplicates in-field situations. A switch located on the front panel of the connection section controls this supply voltage. A rheostat build up on the front panel of the connection module provides a degree of control over the output of the alternator. The following are the main features of the load trainer: ability to change between Delta single and three phase and Wye single and three phase. Be able to control the type of primary connections from the transformer; controls the output voltage of transformers, and can change the polarity of the transformers. The power supply unit is approximately 40 lbs and the front panel is approximately 50 lbs.

[image: image5.emf]
Figure 2.7: Load trainer

(Reprinted with permission from UtilitiesSolutionsinc)

Figure 2.8 is a single phase Energy Meter Trainer. The meter is designed for use in single-phase, 2-wire distribution systems. The design can be tailored to suit explicit regional requirements, e.g., in USA, power is usually distributed for residential customers as single-phase, 3-wire. This is a highly integrated system comprised of two ADC's, a reference circuit, and a fixed DSP function for the calculation of real power. A highly stable oscillator is integrated into the design to provide the necessary clock for the IC. This includes direct drive capability for LCD Display and a high frequency pulse output for Calibration. 
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Figure 2.8: Single Phase Energy Meter Trainer

(Reprinted with permission from UtilitiesSolutionsinc)
3.3 Transformers

3.3.1 General Transformers

Transformers are devices commonly used in circuits as a method to manipulating voltages. Made to increase or decrease voltages of an alternating current, the device actually transfers electrical energy from one circuit to another circuit using mutual induction. This allows for no moving parts. Since transformer only transfers energy from one circuit to another, the magnitude of the voltage and current can be manipulated leaving the phase unchanged. When voltage is increased, the transformer is called a step-up transformer. Likewise when voltage is decreased, the transformer is called a step-down transformer.

A basic transformer can be composed with simply wires and a conductor, usually an iron core. Two wires are wrapped around the conductor, each being apart of another circuit. When an alternating current flows through one wire, labeled the primary wire, a magnetic flux is produced. As the current is consistently changing so is the magnetic flux. This varying field produces an induced voltage in the opposite wire, labeled the secondary wire, called electromotive force, or electro magnetic fields.  

[image: image7.png]Primary

winding
N tuns Ns turns
Primary
current
X Secondary
N+ I current
—_—
+
Primary
voltage
v Secondary
voltage

%




Transformer

(http://www.powertransformer.us/primaryvoltage.png)

(Reprinted with permission from powertranformer.com)

The figure above is a diagram of a transformer. The red wire is the primary wire where the alternating current produces the magnetic flux, colored green, around the transformer’s core. The flux then induces a voltage around the secondary wire, colored blue, which creates the secondary current. The ratio of the number of turns around the core of the primary wire to the number of turns around the core of the secondary wire determines whether the voltage will be stepped up or down and by how much.

Even though transformers modify voltages, they do not violate physic’s law of energy conservations which states that energy can not be created or destroyed. This implies that although the voltage changes, the power will not be affected. Since power is a function of voltage and current, when the voltage is altered the current must also change. The magnitudes of voltage and current are inversely related to maintain exactly the same power. This means that if the voltage increases then the current will decrease. In the same manner, if the voltage decreases then the current will increase. The current can then be related to the ratio of the number of turns in the coils made by the primary wire to coils made by the secondary wire.

Using transformers, one can multiply or divide voltage and current in AC circuits by the ratio of the turns in the windings. To change a transformer to perform the opposite function, the transformer can be operated in reverse, as in having the primary current flow through the previous secondary wire. This will change a step down transformer to a step up transformer and vise versa. When reversing a transformer, one must take note of the operating ranges of voltage and current. If the voltages and current surpasses design parameters of the transformer, the transformer will either operate inefficiently or may even be damaged.

3.3.2 Variable Transformer
One of the different types of transformer that will be used in the phase converter simulator is a variable transformer. A variable voltage transformer is a great tool for steady voltage output. The group will use this asset of the variable transformer to help keep the output voltage within 5 to 7 percent of the required voltage. 

Usually, a variable voltage transformer will have a single layer of winding on a steel center. A unique contact surface with carbon brush is made on one side of the winding. This carbon brush is made to touch the winding with the help of a contact arm. The carbon brush taps off the voltage across the winding depending on its arrangement. The variable transformer has limited ratio, which can change the voltage from 0% to about 120% of the incoming line voltage. In the event that the output voltage surpasses the input voltage, there are extra turns on the coil extending past the windings and lying between the incoming power terminals. Effectively, the component becomes a step-up transformer. Easy to operate, a variable voltage transformer provides constant voltage supply. The quantity of voltage transformed depends on the type of variable transformer used. A few of the general types of variable transformers are the following; single phase variable transformer, three phase variable transformer, open type variable transformer, enclosed variable transformer, and motorized variable transformer. The phase converter simulator will be using a single phase variable transformer for its function. If the outputted voltage does not lie between the required voltages the user will be able to adjust the inputted voltage to get the desired outcome. A variable voltage transformer has broad applications. The efficiency of the variable transformer is widely used in controlling A.C. voltage, D.C. voltage, current intensity of light & heat, and the speed of D.C. motors.  It is normally used for voltage regulation and voltage control in various development works. Such functions of a variable voltage transformer are used for controlling heat of ovens and heaters, testing voltages of electronic appliances and voltmeters and other meters. A variable voltage transformer is also used to effectively manage lighting in public places like theaters, restaurants and hotels. 
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Figure 2.10: Variable Transformer

(Reprinted with permission from Variac.com)

3.3.3 Potential Transformer
Another type of transformer that will be used in the phase converter simulator will be a potential transformer. The group will use a potential transformer to manipulate the voltage to get the required results.  

Potential Transformers are used to either calibrate the line to neutral voltage of a Wye system up or down or calibrate the line to line voltage of a Delta system up or down to the rated input size of the meter which is normally 120 volts. For the step up potential transformer the primary will have fewer turns than the secondary to be able to increase the voltage or if it’s a step down potential transformer it will have more turns in the secondary to decrease the voltage. When voltage is inputted to the primary coil it magnetizes the iron center, which activates a voltage in the secondary coil. The turn’s ratio of the two sets of windings determines the quantity of voltage conversion. The prime attribute that a potential transformer has over regular transformers is that the voltage conversion is constant and linear. Linearity declares that when the voltage drops in a linear manner, then the stepped down voltage drops accordingly. This characteristic guarantees that the meter will scale. However, even though the secondary voltage is proportional to the primary voltage, it varies in phase by an angle that is approximately zero for a proper direction of the connections.  Potential transformer can be designed to range for metering AC voltages from 120 volts to 36,500 volts. The phase converter simulator will use six step-up transformers in its design. The group will have to perform calculations to find out what size potential transformers will be suitable for the phase converter simulator.
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Figure 2.10: Potential Transformer

(Reprinted with permission from osha.com)

3.3.4 Electronic Transformer

The third type of transformer that the group will use will be an electronic transformer. The group will use this type of transformer for the feedback voltage that is going into the field programmable gate array. 

Electronic transformers are basically transformers used in electronic applications. Additionally, they may be described by their basic configuration and structure style. Several transformer coils are wound on bobbins or tubes. The transformer core is put into and around the coil. There are many core shapes available; E, E-I, U, U-I, Pot, RM, PQ, EP, EFD, and others. 

Electronic transformers may be additional described by the methods of mounting and electrical terminations. Transformers mounted on printed circuit boards may be pin-thru or surface mount. Transformer windings are terminated to bobbin pins or surface mount pads. The pins are then compressed to the printed circuit board.

Some of the applications of electronic transformers are to transmit signals, provide power, sense voltage and current levels, adjust voltage and current levels, provide impedance matching, establish voltage isolation between circuits, and filtering. Although there are many types of electronic transformers, the theory of their operation does not vary. The electrical functions are generally similar but the design characteristics can vary in certain ways. Some examples are; saturating or non-saturating, uni-polar versus bipolar core utilization, regulation, degree of energy storage, and transformer impedance.

Some examples of the different types of electronic transformers include power, signal, pulse, instrument, switching, current, inverting, step-up, step-down, impedance matching, and high voltage. Some of the preceding types can be divided into more sub-types. Types of switching transformers include fly back, feed forward converter, and boost. Gate drive transformers and trigger transformers are types of pulse transformers. The feed forward type includes a push-pull center-tap and a half bridge configuration. Based on the electrical transformer intended applications its type of designations is determined.

The electronic transformer that will be used in the phase converter simulator will be connected to the field programmable gate array. The output voltages of the phase converter simulator will range from 120 Volts to 240 Volts. These voltages are too high for the field programmable gate array to handle. The electronic transformer will step down the output voltages to a manageable voltage that the field programmable gate array can tolerate.
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Figure 2.11: Electronic Transformer
(Reprinted with permission from lakewoodconference.com)

3.4 Converters

The Phase converter simulator will be powered from an ordinary house outlet. With the current from the outlet, the Phase converter will simulate single and three phase voltages. Voltage converters will be used to step up and down the voltages to obtain the desired voltages.

Voltage converters manipulate the voltage of an electrical power source. They are usually used with additional components to create a power supply. Voltage converters are often used to change the voltage input so that a device that requires a different amount of voltage can be used. 

The voltage convertors used will need to convert voltage from the outlet to number different voltages. The wall outlet will give the Phase converter a voltage of 120V. The first measured voltage will be the voltage out of the wall. The following measured voltages will be the outlet’s voltage scaled up. The voltage will have to be scaled to 208V and 240V.

When deciding how to step up and down the voltage to a 3-phase voltage, the group researched a number of different options. Since dealing with large voltages, the accumulation of simple electronic components such as op-amps and insulated gate bipolar transistor were immediately ruled out. The most common ways to manipulate voltages is with the use of transformers and motors.

3.4.1 Static Converter

A static converter is simple to build, cheap, and commonly used. It is able to create three phases by connecting capacitors to the motor. The motor will need an initial start but will be able to continue on its own there after. The problem with a static converter is that it is only three phase when starting up. After the starting, the converter stops and allows the motor to operate on single-phase power. When the converter disengages, the motor will only produce two-thirds of its rated horsepower and the motor winding currents will become unbalanced. A rotary converter can solve this disadvantage. 

Static phase converters achieve three phase power by charging and discharging capacitors. This causes the temporary three phase power which only lasts for a matter of seconds while starting the electric motor. For this reason static phase converters can not be used to power three phase machinery or equipment. These converters are not recommended by the US Phase Converter Standards Organization. The organization also gave these converters low scores in all the testing and researched areas. Although static motors can be dangerous when used to power large equipment, the converter has no problems running a single small motor at an average load size such as an electric saw or a small pump. Once more power is required then what is provided by the converter then the equipment will stall or overheat. A static converter is good to change DC to AC power but not single-phase power to a consistent three-phase power.

Rotary Converter

A rotary converter is essentially a static converter with a second motor connected. The second motor will compensate for some of the disadvantages of the static converter. This second motor is called an idler since there is no mechanical load connected to its shaft. The idler acts as a generator. Since motor of the load that was connected to the static converter would usually perform this, static converters would have a lower horsepower rating. The idler of a rotary converter can now create a voltage for the third terminal. A voltage is induced in the third terminal that is shifted by 120 degrees from the voltage between the first two terminals. The idle motor must be 125% of the load size being that the static converter’s motor is giving two-thirds of its power rating.

The rotary converter provides current in all 3 phases. Although not perfect, the rotary converter is closer to being a true 3-phase source than the static converter is. The power is not perfect because small amounts of voltage and current might be imbalanced also the phase angles might slightly be out of phase. The rotary converter will allow three phase motors to provide nearly all of their rated horsepower.

While using a rotary converter, the system will not balance. The power in the lines will not be balanced in a three phase system. Nor will the voltage come close to being balance especially if there are numerous operations. The line to line three phase power is unreliable when larger loads are added. A rotary converter is not good for voltage sensitive devices. 

3.4.2 Static vs. Rotary Converters

When deciding which converter to use, the best choice is the rotary converter since the static power drops and is mainly good for DC to AC power. The rotary convert built or purchased. According to US Phase Converter Standards Organization’s website, building homemade rotary converter is difficult unless you had years of experience, even for licensed electricians. The organization suggests buying one instead of wasted time and money on building an inefficient motor. Pricing for a rotary converter depends on its size and power. 

3.5 Motors

Motors are usually used to convert electrical power to mechanical power. With the correct application one can create a phase converter with the use of motors. These phase converters are usually used when someone who wouldn’t normally require three phase power would convert the single phase power to use particular equipment that operates with three phase power. 

Looking closer at motors, we see that there are two types of converters that can be used to manipulate voltage: rotary and static. Unlike transformers, the motors cannot step down the voltage. The phase converter will simulate the third leg of the three-phase configuration using the two poles of a single-phase configuration. This will provide the voltage needed but is not a perfect transformation.

3.6 Transformers vs. Phase converters

Deciding whether to use a transformer or rotary converter is more of a debate. Considering the description of our project, the simulator wouldn’t have to actually produce the three phase power to act as a simulator. The main objective is teaching to test out the voltages. Therefore as long as the voltages are correct, there is no need for actual three phase power. Being that only voltages are needed, a rotary converter would be excessive. 

3.7 Single Phase vs. Three Phase

When using electrical power, the number of phases describes the distribution of an alternating current. The most common phase distributions are single-phase and three-phase. Single-phase power, usually used for lighting and heating, uses a single alternating current. Whereas, three-phase power uses three separate alternating current. The currents are at the same frequencies but are 120 degrees apart. Because of the phase difference, the currents in their respective conductors do not reach their peak value simultaneously but rather one after the other.
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Single-phase circuit

(Reprinted with permission from allaboutcircuits.com)

The figure above is a representation of a single phase circuit. This circuit uses a single voltage source and sends a single current to three different loads in three separate branches. Each branch contains the same about amount of voltage. 

The figure below is a representation of a three phase circuit. This circuit uses three different voltage sources and sends three different currents to three different loads. As one can see, the voltages and currents are of the same magnitude but are different by the phase angles. This allows for less current to flow through the circuit. To compensate for the less current, there is a higher combined voltage through the circuit. 
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Three-phase circuit

(http://www.allaboutcircuits.com/vol_2/chpt_10/2.html)

(Reprinted with permission from allaboutcircuits.com)

In three phase power, the magnitude of all the sources, loads, currents and voltages must equal in the each of the phases. When all this is true, the system is said to be balanced. In a balanced system, the currents all cancel out. Vibrations from the generator and motor are reduced by constant power transfer provided by the balanced system.

In an ideal three phase power system, the circuit is assumed as balanced, although practical systems rarely are perfectly balanced systems. Actual systems usually contain faults that would cause the loads, currents, voltages and/or impedances to vary. 

Three phase systems can contain a neutral wire. With this wire, the system is able to split the voltage of three phase power so that the circuit can also support a lower voltage. This allows for single phase devices, which operate with lower voltages, to be connected to the three phase power system. 

Three phase power is good because it allows for better conductor efficiency. Also since the total voltage is split up, three phase power different loads with less voltage. This provides more safety even though the current is the same for the system, lower voltages are being used. The idea can be applied to DC power system as well. In a DC system, this technique is known as a three-wire system.

3.8 Phase Configuration

When using three-phase power, all the power sources and all the loads must connect. The way the phases are connected effect the amount of current in the source and loads. Even the amount of the resistance changes in the conversion. There are two ways to connect the sources and connect the loads: delta configuration and Wye configuration. 

3.8.1 Delta Phase Configurations 

The delta phase configuration connects the loads or sources at both ends creating the shape of a triangle or the Greek’s delta, hence the name. With this shape, the magnitude of the current through the line is greater than the current through the loads and sources. This configuration does not allow for a neutral wire. For this reason, the delta configuration will continue to operate with the same load voltages if one of the sources fails. 

In a delta phase configuration, the delta phase voltage is the same as the line to line voltage. The current in the load is equal to the square of 3 times the current in one of the lines. The current in the load also lags the current in the line by 30 degrees. The figure below shows how a delta configuration is connected. 

[image: image13.png]



Delta

(http://www.ia470.com/primer/electric.htm)

(Reprinted with permission from ia470.com)

3.8.2 Wye Phase Configurations

The Wye phase configuration connects the loads or sources at a single point creating a Y shape. With this shape, the magnitude of the current through the line is equal to the current through the loads and sources. This configuration does allow for a neutral wire which makes it safer to operate. A fuse is able to be attached to a Wye connection allowing for it to trip off if a source were to be grounded.

In a Wye phase configuration, the Wye phase current is the same as the line current. The voltage in the load, also known as the line to ground voltage, is equal to the line to line voltage divided by the square of 3. The line to ground voltage also lags the voltage in the line by 30 degrees. The figure below is an example of a Wye configuration.
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Wye

(http://www.ia470.com/primer/electric.htm)

(Reprinted with permission from ia470.com)

In a Wye phase configuration, if a neutral is connected, it would be connected at the point where the phases intersect. When connected in this manner, the configuration is referred to as the four wire Wye configuration. This neutral is useful if one of the loads were to fail. If a load were to fail in a delta phase configuration, an increased amount of phase current will enter the remaining two phases. In a Wye phase with no neutral, the other two phases will suffer from low voltage while the failed phase would lose voltage altogether.

3.8.3 Converting Delta to Wye

Once in the connections, the phase configuration can be converted for analyzing purposes. When converting the impedance of the configuration, the impedance of a delta configuration is three time that of the impedance of the Wye configuration. When converting the currents, the current in the delta configuration is the square of three times more than that of the Wye configuration.

Our Phase converter will focus on five different phase configurations: single-phase 120 volt Delta, single-phase 120/240 volt Delta, single-phase  120/208 volt Network-Wye, three-phase 4 wire 120/208 Wye, and three-phase 4 wire 120/240 Delta. These configurations are the most common used by power companies.

3.9 Safety

When simulating three phase power, our device will be using voltages that go up to 240 V. Though current is what harms and can potentially kill, a voltage with resistance will all a current to flow. A person coming in contact with this voltage will add the resistance needed to complete the circuit. This voltage can be very harmful and should be handled with precaution. Being that safety is a major concern of ours; we will incorporate safety precaution in our design. 

The simulator will incorporate different transformers to increase and decrease the voltages. These transformers and wiring will need to be insulated to prevent damages and/or injuries. The insulation should be a millimeter for every 100 V. Since the highest rated voltage we will use is 240 V, all material should be able to handle this at the least. 

To protect our equipment we will have fuses connected between all of our components. The fuse is design to prevent an excessive amount of current flows. Each fuse is rated differently to allow for a maximum current. When a current reaches the rating for the fuse, the connection in the fuse will blow creating a short circuit. This will allow us to preserve the equipment should there be an increased current. It also will act to help us find faults in the circuit.

The Phase Converter Simulator will use voltages of 240V. The fuses used to protect the equipment will have to be rated to that level of voltage. Polymeric positive temperature coefficient devices, PPTC, have this rating and are commonly used in this environment. When the fuse trips with PPTC devices, the device will reset itself and wouldn’t need to be replaced. 

In our design, we plan to have five meter can that will be tested for the different voltages. When setting the simulator to test a certain voltage, select meter cans will be activated. To eliminate confusion and to allow the user to be aware of the voltages, the hot cans that are in use will have a LED light lit on top. The inactivated cans will then have no light. Meter cans that are not in use should be clamped shut to ensure that there is no interaction.

There will also be insulation surrounding all equipment. The insulation will prevent electrical current from flow to undesired locations. The insulation has to be rated for at least 240V. If the voltage were to surpass the threshold voltage, this would cause the insulation to experience electrical breakdown. When this occurs, the insulation is no longer preventing the flow of current and begins to act as a resistor. 

To add to the safety precautions, we will make sure that the equipment is properly grounded. If the equipment is not grounded and a fault should occur, the encasement can carry a current and become hot. Coming in contact with the hot encasement can be dangerous and give the user an electric shock. Not only will we ground the equipment, we will have a three prong plug to power the supply allow us to use the wall ground. This will provide safety by allowing current to flow through the ground lead safely away from the equipment if there is an insulation failure.

Due to the fact that voltage can not be viewed, it is very easy for one to forget about how dangerous it can be. Coming in contact with the voltage can cause severe injury through electric shock. With the amount of voltage we are using, if it came in contact with ones skin, it can produce rapid contractions of the muscles of the heart. This can cause the heart to stop.

While using this device one should take the following precautions:

Wear rubber bottom shoes or sneakers

Do not wear anything that could conduct current, such as jewelry

Wear rubber gloves regulated for high voltages

Be familiar with the electrical hazards associated with your workplace

Work on a rubber mat if possible

Ensure that outlets are firmly mounted.

Use GFCIs whenever possible

Keep one hand closed behind your back when not testing voltages

Set up your work area away from possible grounds

Have a fire extinguisher rated for electrical fires available

Do not use if device sparks, smokes, or becomes excessively hot

Connect/disconnect any test leads with the equipment unplugged

Unplug electrical equipment before repairing or servicing it

Check equipment for obvious faults

Keep electrical equipment away from water

Do not work when you are tired and not alert

Do not work alone

When training is complete, one should hit the toggle switches for the sequencing where they are neither up nor down. This will deactivate any meter can and allow for the next user to start up the simulator with no active meter can. Next, one should not only turn the power switch off but disconnect the simulator from the power supply.

3.10 Measuring Voltages

During the testing mode, the user will have to measure the different meter cans for different voltages. The meter can that needs to be measured will be identified by a LED light. The user will attempt to measure the voltage correctly. The voltage is measured by finding the difference between the points measured. The user will have to measure the correct points to receiver the requested voltage. Once the voltage is measured, the measurement will be converted into a signal and should be sent to the FPGA. The FPGA will evaluate the signal and compare it to the voltage that was requested. Since the current will be in AC power, the polarity of the voltage isn’t a factor in the comparison of the voltages. This evaluation will determine whether the user correctly measured the voltage. 

When measuring the voltages, we have a couple requirements. Since the user will be in training, we want this experience to be as close as possible to that of measuring meter cans in the field. The phase converter would require a device or method that would allow the user to connect to the cans and not affect the circuit itself. The phase converter will also require that the device or method to be able to measure up to 240V since this is the highest voltage used. The final requirement would that the device would have to have the ability to measure an alternating current. The phase converter will be powered by the wall outlet, so the current received will be alternating. There are a couple different options as to how to measure the voltage. We could use a voltmeter, multi-meter, oscilloscope, and a potentiometer.

3.10.1 Voltmeter
A voltmeter is an instrument used for measuring the electrical potential, difference in voltage, between two points in an electric circuit. To measure the voltage, the voltmeter’s probes are connected to two nodes of the circuit. The voltmeter then adds a parallel branch to the points. Since the branch is in parallel to the two nodes, the branch will have the same voltage as the branch that it is parallel to. The electronic components within the meter will then measure the current that enters the added branch. Technically, all voltmeters can be considered as ammeters because they actually measure current rather than voltage. 

Knowing the resistance of the added branch, the voltage can be calculated by performing Ohm’s Law: V = IR. The voltmeter has a very high impedance for the added branch so that a minimum amount of current is flowing through the meter. This will be very small compared to the current that is flowing in the branch of the two points being measured. The purpose of drawing a significantly lower current is to prevent manipulating the circuit to act differently. 

A voltmeter is used to find a relatively high resistance that can possibly be an open circuit or a ground. A low voltage can show that there is a poor connection across the points being tested. The leads allow the current to be split between the branch it originally flowed through and the voltmeter creating a parallel connection to the points. The positive lead is placed to the circuit’s positive side and the negative lead will be placed on the circuit’s ground.  

When using a voltmeter, the user should keep in mind that the voltage will not be exactly correct if the voltage source is not ideal or the voltmeter is not ideal. An ideal voltage source produces a consistent voltage. If the load changes, an ideal voltage source would continue to produce the same voltage where an actual one will adjust for the change in the circuit. With an ideal voltmeter, the impedance inside is infinite and does not add to the circuit. An ideal voltmeter would then act as a open circuit. This would allow the voltmeter to measure the voltage without any effect to the circuit. Since an actual voltmeter wouldn’t have infinite impedance, it creates a parallel branch and splits some of the current. This causes a loading effect to the circuit. Therefore, because an ideal voltage source and ideal voltmeter do not exist, the loading effect of a voltmeter will affect the voltage produced by the circuit’s voltage source. Voltage sources and voltmeters are designed as close as possible to ideal states to eliminate some of this effect.

3.10.2 Analog Voltmeter

An analog voltmeter uses a dial, most commonly with a needle or a moving pointer, to measure the voltage between two points. Analog meters are usually more accurate and are good for picking up small voltages.

Analog voltmeters use a galvanometer with a moving coil and resistance to measure the current. A magnetic field suspends the coil of wire which is rotated by a compressed spring when a current is present. This mechanism is referred to as the D'Arsonval movement meter. 

The diagram below displays a galvanometer using D’Arsonval Movement. Current flows through the coils of the electromagnet. This creates the magnetic field which is opposite to the field of the magnet. The field produced by the current causes the core to rotate. The rotation is directly proportional to the opposing magnetic field, so the larger the amount of current, the larger the magnetic field, and the larger the rotations of the core.
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(http://www.engineersedge.com/instrumentation/electrical_meters_measurement/darsonval_movement.htm)

(Reprinted with permission from engineersedge.com)

The resistance is added so that the rotation is created by the voltage rather than the current. These ideas will only work for current coming in one direction. If the current was alternating the rotation would be consistently changing as the current is changing. When an AC voltage is being measured a rectifier is added so that the current can appear in one direction. This figure below is a picture of an analog voltmeter.
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(https://www.marinenutz.com/products/Blue-Sea-9353-AC-Analog-Voltmeter-0%252d150-Volts-AC.html)

(Reprinted with permission from marinenutz.com)

3.10.3 Digital Voltmeter

Digital voltmeters use op-amps to create an integrator circuit. The integrator applies a reference voltage to an op-amp to increase the output voltage for a period of time. The unknown voltage being measured is then applied and will decrease the output voltage to zero. The time it takes to adjust the voltage both up and down is used to calculate the measured voltage. The desired voltage is the product of the reference voltage and the time it took for the voltage to increase divided the time it took for the voltage to decrease to zero. The figure below is a picture of a digital voltmeter.
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(http://www.directindustry.com/prod/lutron/digital-ac-dc-voltmeter-25127-90754.html)

(Reprinted with permission from directindustry.com)

Digital voltmeters are usually designed around a special type of analog to digital converter. This will convert the signal into a digital signal. The signal is processed and used to be display the measurement on an LED display.
The reading of a digital voltmeter is also influence by temperature and variations in the supplied voltage. Digital voltmeters need to be calibrated from time to time to verify that the circuit is being measured correctly. Unlike their analog counterparts, digital voltmeters have a constant input resistance. The input is usually 10 megaohms regardless of the set measurement range.

3.10.4 Vacuum Tube Voltmeter 

Vacuum Tube Voltmeters were popular before digital multimeters were created. This voltmeter used an electromechanical meter to measure the output rather a display. Rather than using the current form the circuit, an amplifier supplies the current needed to move the meter to display the voltage. Since an electronic amplifier between input and meter is used, a more rugged moving coil instrument can be used since sensitivity is no longer a requirement. The figure below is a picture of a vacuum tube voltmeter.
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(http://plymouthcolony.net/starcity/radios/pages/hp-vtvm.html)

(Reprinted with permission from plymouthcolony.net)

Modern version of vacuum tube voltmeters use field effect transistors in their solid state amplifiers rather than the actual vacuum tube that the voltmeter was originally named after. The modern version of this are referred to as FET voltmeters. Just like the digital voltmeter, the vacuum tube voltmeter has consistent impedance no matter the size of range of the measurement. The amplified meters generally use an input impedance of 1, 10, or 20 megaohms. With the sensitive rugged coil and the solid-state amplification, vacuum tube voltmeters are good for measuring lower voltages. 

3.10.5 Multi-meter

A multi-meter is a combination of different electrical meters together into one device. It is also described as a volt/ohm meter, VOM, and a multitester. Basic multi-meter models can usually measure voltage, current and resistance. Advanced models can measure more variable such as temperature, inductance, capacitance, duty cycle and frequency. The most models have a display, terminals, probes and a dial to select the different measurements and their ranges. The figure below is a picture of a multi-meter. 
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(http://rcboatparts.com/supplies.html)

(Reprinted with permission from rcboatsparts.com)

3.10.6 Oscilloscope

An oscilloscope is a device that not only measures voltages but has the ability to present them in a wave form. The output can display multiple voltages in a graph plotted as a function of time. The oscilloscope allows users to view the amplitude and frequency of a voltage. Users can see the distortion of the measured voltage as well as the time between pulses. The figure below is a picture of a oscilloscope.
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(http://www.best-microcontroller-projects.com/how-to-use-an-oscilloscope.html)

(Reprinted with permission from best-microntroller-projects.com)

3.10.7 Analog Oscilloscopes

Analog oscilloscopes use an attenuator to reduce the voltage and an amplifier to increase it. The voltage comes through the connected probes which sets the machine in parallel just as the voltmeter would. The voltage signal flows to a cathode ray tube. This displays a moving glowing dot that moves up for a positive voltage and down for a negative voltage.

The oscilloscope uses a trigger system called a horizontal sweep. This system allows the dot to move across the screen rather than only in a vertical direction. This gives the motions of the wave in a left to right display. Several rapid sweeps, up to 500,000 times a second, allows the dot to be a seen as a solid line. The combination of the vertical movement and the horizontal sweep creates the graph of the voltage. The trigger system stabilizes the signal so that the sweeps begins at the same point creating a clear image.
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(Reprinted with permission from hobbyprojects.com)
The figure above displays two screens: one of an untriggered display and one of a triggered display. The untriggered display shows the graph with multiple lines showing the repeating signal as if there were more than one signal. The trigger display stabilizes the repeating signal to presents the signal as a clear wave. 
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(Reprinted with permission from hobbyprojects.com)
The figure above displays the way an analog oscillator operates. First the probe is connected to the circuit where the unknown voltage is. The signal will go through the vertical system, which consists of an attenuator and vertical amplifier. This allows the signal to move the dot on the CRT up and down. The signal then goes to the trigger system and the horizontal system. This consists of the sweep generator and the horizontal amplifier. Here is where the horizontal sweep allows the time base to move. After being sent to both systems the signal is ready for CRT where it is displayed as a waveform.

3.10.8 Digital Oscilloscopes

Digital oscilloscopes work similar to their analog counterparts except that it includes extra data processing systems that collect data from the waveform to display. The digital oscilloscope connects in parallel to the circuit, using probes, and a vertical system works to display the amplitude for the signal. The acquisition system uses an analog to digital converter to takes sample points. The points are discrete points in time and are converted to digital values. 

The horizontal system regulates how often the acquisition system takes sample points using its sample clock. The number of times the sample point is taken per second is referred to as the sample rate. The analog to digital converter gathers the sample points and stores them as waveform points. These points can be made up or several sample points.  

After the waveform points are stored and saved, they are collected to create a waveform record. The start and stop points of the record are determined the trigger system. The number of waveform points saved to form the waveform record is referred to as record length. The record is stored and then the accumulation of points is then displayed for the user. The additional data processing systems can be perform and displayed also. These displays are can include a pre-trigger that enables you to see points before trigger point, peak detection, same time sampling and the average across consecutive samples.
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http://www.hobbyprojects.com/oscilloscope_tutorial/oscilloscope_working.html
(Reprinted with permission from hobbyprojects.com)

The figure above displays the way a digital oscillator operates. First the probe is connected to the circuit where the unknown voltage is. The signal will go through the vertical system, which consists of an attenuator and vertical amplifier just as it did with the analog oscillator. The signal then goes to the trigger system and the horizontal system. At this time the clock rate is set. The signal then goes through acquisition system where it is converted to a digital signal, stored in the memory and processed for other features. The acquisition system also uses the clock rate that was set. The signal is then ready for display.

3.10.9 Null-balance method

The null-balance method is not as common as the others. This method uses a null detector and a potentiometer to measure voltages. The null detector indicates the extremely small voltages. It is used to identify when voltages are at zero. Null detectors are designed similar to voltmeters, where a coil of wire is used to move a needle. Rather than moving purely to the right as voltmeters, the needle is positioned in the middle and can move either left or right determining the polarity of the voltage. The figure below is a picture of a null detector. 

[image: image24.png]NULL DETECTOR
155 MICROVOLTMETER

KEITHLEY

INSTRUMENT

RANGE
FULL SCALE

MILLIVOLTS
10 30 4 \
K L

1
300

100





(http://www.mjs-electronics.se/type_no.htm)

(Reprinted with permission from mjs-electronics.com)

A potentiometer is a variable resistor; this allows a user to turn a knob and adjust the resistance. The potentiometer has three connection terminals. The first terminal is connected to the source of power. The second is to ground or a neutral reference point with no voltage. The third connects the power and ground together by a resistive strip. The third can be adjusted by the knob to increase or decrease the resistance of the strip thereby controlling the amount of current flowing through the circuit. The figure below is a picture of a potentiometer.
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(https://www.egr.msu.edu/eceshop/Parts_Inventory/display_part_details.php?Part_Index=651)

(Reprinted with permission from egr.msu.edu)

The null-balance method works by putting the null-detector and the potentiometer in parallel to the points where the unknown voltage is located. The user would begin to adjust the resistance on the potentiometer until the null detector reveals a zero balance between the two circuits. The user would find the voltage across the test points by taking the known voltage and multiplying it to the resistance of the potentiometer from one end terminal to the other end terminal divided by the resistance of the knob to the end of the terminal.

3.11 Feedback 

The feedback potion of this device is critical to evaluating the user’s ability to test voltages. The method used to test voltages would have to be able to measure voltages up to 240 V. Once the voltage is measured, a signal with the information will be sent to the FPGA to analyze. This will determine if the meter can was tested correctly for the appropriate voltage.

Comparing the different method to measuring voltages, we look at how the technicians measure the can in the field. The purpose of our device is to train technicians in the field, so we would want the user to test the voltage similar to how they would in the field. When in the field, the technicians test meter cans with leads from a probe. All of the measuring methods emulate this, except for the null balance method. This would require turning knobs and using a formula to calculate the voltage, neither of which a regular technician would do.

After comparing to how a one would test meter cans in the field, we start to compare prices for the different devices. When looking to compare the prices, we noticed that vacuum tube voltmeters are difficult to purchase. Vacuum tube voltmeters have been replaced with digital voltmeters. Available vacuum tube voltmeters are usually found used and buy “as is.” This doesn’t guarantee a working meter when purchased. Another problem with this is the difficulty to rebuild the device. It would be possible find one to build a prototype but if we were to make another we would have to go with a different method.

After drawing the conclusion to eliminate the option of vacuum tube voltmeters, we compared prices for voltmeters, multimeters, and oscilloscopes. Oscilloscopes start at a thousand dollars new and a couple hundred used. Voltmeters and multimeters both start at about ten dollars for their handheld versions. The most cost efficient way would be to purchase a voltmeter or multi-meter.

With voltmeters and multimeters pricing, size, and functionality are fairly similar. The difference between the two would be that multimeters can measure current and resistance also. A lot of time when searching for a voltmeter, one will actually find a multi-meter instead. This really isn’t a problem. Either way we would still be able to complete the requirements needed. A voltmeter would be a good decision since the user is only required to measure voltage. Although in the field, the technician would most likely have a multi-meter to verify the voltages. In any case, either device will do.

3.11.1 Analog vs. Digital
There are a few advantages when using an analog meter. When using an analog meter, one will find that it is very sensitive. Since the needle moves by a magnetic field varying by the current, an analog meter will notice the slightest change in voltage. This affect allows for an infinite number of positions on the scale. The needle will continue to adjust until it becomes stable. With an unstable voltage, the needle would continually adjust allow for an approximation to be made by the user.

The analog meter also comes with a few disadvantages. Since there is no definite number and an infinity possibility for positions, analog meters are more difficult to read. To add to the difficulty of reading measurements, the display may have two scales. The user has to determine which scale to use and in some settings, use a combination of both scales. Another disadvantage is that the impedance is low in analog meters. Since the meter will be placed in the circuit in parallel, the low impedance will allow more current to enter the meter and may disrupt the circuit. This would cause the circuit to act differently and give an inaccurate reading for the voltage.

There are advantages when using a digital meter also. Digital meters are built with a LED display that shows the measured voltage. The displays are easier to read values. Since the digital meter must stop at specific digit, there are more precise than their analog counterparts. Another advantage to using digital meters is that they have very high impedances. This benefit decreases the amount of current enter in meter and therefore decreasing the effect on the circuit when adding the meter in parallel. Digital meters also contain an analog to digital converter. This is good because after reading the voltage, the signal has to be sent to the FPGA controller. The FPGA controller needs a digital signal, which the digital meters would already have produced. 

Using digital meters has a few disadvantages also. The digital meters reads after the voltage stabilizes. Because of this, digital meters cannot read unstable voltages. Since the voltage has to be stable, digital meters take a second to read and display the voltages. 

After comparing the advantages and disadvantages of the analog meters and digital meters, we will use an analog meter to test the equipment but actual design the phase converter to use a digital meter. The digital meter has fewer disadvantages to the analog meter so it would be an obvious choice for our design. Choosing to only use an analog meter for the testing of it allows us to make sure all of our equipment works properly. We can see if the voltage on different components is incorrect and also if the output voltage of our device isn’t steady. Using the phase converter in our design would allow the user to use a device that a technician would actually use in the field. The digital meter will let the user read a precise voltage. Precision is good so if the user decides to recheck the can, he will get the exact value again. Digital meters will also all the user to know exactly what his voltage is rather than having to make an assumption. And finally the digital meter will start adjusting the signal to be compatible with the FPGA.  

3.11.2 Compatibility
To have a successful feedback system, the signal received from the voltmeter must be sent to the FPGA to verify the correct procedure. The Field Programmable Gate Array’s input is specific to its model. The FPGA for our device requires that the input be a digital signal with a voltage range of 0 to 3.3 volts. Not only will the signal from the voltmeter have to be converted to a digital signal but the voltage will also have to be reduced. The signal sent to the FPGA must also be 12-bits. If the signal is larger we can loose information, but if the signal is smaller then we will need to fill the remaining bits. If these requirements are not met, the FPGA will not be able to read the signal and may even cause damage to the FPGA itself.

To obtain a compatible signal, we convert it to a digital signal. The signal form the voltmeter will have been converted to a digital signal from the voltmeter but the bit size of the signal would not work for the FPGA. To obtain the correct bit size, a digital to analog converter then an analog to digital converter will be used to adjust the bit size to one that would be accepted for the FPGA. For the converters to work, the voltage must be reduced first.

The phase converter simulator will have a transformer or a combination of transformers connected to step down and receive the voltage. The highest received voltage must be considered when choosing the rating of a transformer. Since the highest voltage received will be 240, we will require a transformer able to step down this voltage to one the analog to digital converter can handle. The transformer or combination of transformers must have a rating of at least 80:1 to significantly lower the voltage. 

Once the voltage is stepped down, the signal will then go to the digital to analog converter. This will make the signal compatible for the analog to digital converter which would give the required bit size. The signal will now be in the lower voltage range, digital and correct bit size.

3.11.3 Digital to analog converter

After the voltage is stepped down, it must be adjust to be the correct bit size for the FPGA. The step for this process is sending it to a digital to analog converter. The converter will take the 8 bit digital signal from the voltmeter and convert it to an analog signal. 

The digital to analog converter that we will use is the diligent PMODDA1. The chip is able to take four different signals simultaneously and convert them. The chip will be placed on a system board, the diligent Pegasus board, and is connected by a six pin cable. The voltage being converted will also power the chip. The figure below is the schematic of the PMODDA1 chip.
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http://www.digilentinc.com/Data/Products/PMOD-DA1/Pmod%20DA1_sch.pdf
(Reprinted with permission from digilentinc.com)

3.11.4 Analog to digital converter

Once the signal is converted to an analog, we then convert it back to digital to receive the correct number of bits for the FPGA input. The digital to analog converter will be connected to the analog to digital converter. The signal will then become a 12 bits digital value.

The analog to digital converter that we will use is the diligent PMODAD1. The chip has two anti alias filters to clean the signal from any distortion it could receive. The chip is able to take two analog signals and convert them simultaneously. The signal will be easily transferred from the digital to analog converter and received by the analog to digital converter since the two would be connect together via the 6 pin connection both share. The figure below is the schematic of the PMODAD1 chip.
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(Reprinted with permission from digilentinc.com)

3.12 User Interface

User interfaces are important as the creation itself because if no one is capable of using the device what’s the point. The first thing to do is to evaluate what makes a user interface good and understandable. The first thing is consistency. If you click a button and it drops to a menu and you click another button have it do the same or similar thing. Basically everything resembles one another. Set standards and stick to them. Explain Rules with the interface boundaries and limits. Many times overlooked is the navigation within the screen. Depending on what culture you’re in the word may be read from left to right or right to left, adjust appropriately. Navigation within the screen is important as well that everything moves within a timely manor and along with the flow of work and speed of the user.  Word messages and error information etc. effectively for example if someone enters in the wrong information don’t say “incorrect input” say “pin number is only 4 digits”. Use colors appropriately if used to highlight or stand out choose appropriate colors, such as green being correct and red incorrect. Watch your contrast as well so text is readable. Align paragraphs and sentences appropriately. Expect mistakes and adjust appropriately with messages and or instructions. Make the interface intuitive so even if the user did not read the instruction manual one can go off an educated guess. Don’t make the interface to busy. Group things effectively and last but not least be creative.

Constantine and Lockwood have created a collection of principles for improving the quality of a user interface.

“The structure principle - Your design should organize the user interface purposefully, in meaningful and useful ways based on clear, consistent models that are apparent and recognizable to users, putting related things together and separating unrelated things, differentiating dissimilar things and making similar things resemble one another. The structure principle is concerned with your overall user interface architecture.
The simplicity principle - Your design should make simple, common tasks simple to do, communicating clearly and simply in the user’s own language, and providing good shortcuts that are meaningfully related to longer procedures.
The visibility principle - Your design should keep all needed options and materials for a given task visible without distracting the user with extraneous or redundant information. Good designs don’t overwhelm users with too many alternatives or confuse them with unneeded information.
The feedback principle Your design should keep users informed of actions or interpretations, changes of state or condition, and errors or exceptions that are relevant and of interest to the user through clear, concise, and unambiguous language familiar to users.
The tolerance principle - Your design should be flexible and tolerant, reducing the cost of mistakes and misuse by allowing undoing and redoing, while also preventing errors wherever possible by tolerating varied inputs and sequences and by interpreting all reasonable actions reasonable.

The reuse principle - Your design should reuse internal and external components and behaviors, maintaining consistency with purpose rather than merely arbitrary consistency, thus reducing the need for users to rethink and remember. 
Software for Use - A Practical Guide to the Models and Methods of Usage-Centered Design” Larry L. Constantine and Lucy A. D. Lockwood

User Interfaces will make or break your device. If no one can figure out how to use it or is too frustrated to even deal with handling it again what’s the point to its creation.

For our Project we have brain stormed 3 designs, one without any software programming, one with software programming, and another incorporation of both prototypes. 

3.12.1 Overview of Interface Designs

The first design with literally no software programming requires only lights and wires. The system is set up with primarily lights giving directions. Several lights having different directions typed next to each one, such as which parameters they want checked whether it be Delta, network meter or otherwise. If chosen incorrectly the light turns red, showing you have performed the wrong action and will not turn green till you perform the correct task. Simple but very difficult to pick up if not instructed exactly what the machine is trying vocalize. No one can just walk in to this type of interface and just go to work and understand what one is attempting to do or the purpose. This configuration completely breaks one of the ideal user interface rules we set up earlier. Even if we did add more instructions on a sheet of metal strapped to the device it seems so unsophisticated. 

[image: image28.emf]


Figure 3.12.1.1
The second design is fully software and LCD screen attached to the device nearly in control of the entire apparatus. Spitting Commands, giving directions and asking questions. The LCD screen is set-up as to ask various questions such as:  

What is the voltage Phase to Ground on the 2W 1 Delta
Phase to Ground on the Network Meter
Phase to Phase on the Network Meter
Phase to Ground on the 3W 1 Delta
Phase to Phase on the 3W 1 Delta
Phase1 to Ground 3 Delta 120
Phase2 to Ground 3 Delta 120
Phase3 to Ground 3 Delta 208
What is the electrical glove rating for meter testing?

It will give direct input on what actions and task to perform and if they are done correctly. It will literally give direction in sentences instead of lights. In our list that creates a check mark beside the column for understandable.  Once one question is answered correctly the next tasks appears on screen, so forth and so forth with detailed actions that will appear if so many errors occur, which covers another aspect of our rules. Anything can be displayed onto the LCD screen in detail which makes everything a lot easier. The group is contemplating with this design to expand upon it to include basic meter man question outside those of checking the meter. We plan to do so by adding a wireless keyboard to input answers.

[image: image29.emf]


Figure 3.12.1.2
The third prototype is basically the second prototype except ran with switches directly connected to the switches in the meter cans, as to simplify the transitions and actions needed to run the device properly. This set up makes the wiring simpler in a way everything is ran from the Field Programming Gate Array.

Each prototype has its ups and its downs. The first design lacks in ability to describe what actions one must take as well as direction. If one had to there would be no way to just jump on the apparatus and understand exactly what to do and what directions to follow. However it makes it easier on the designer to just set-up a few LEDs and be on their way. However, we are trying to make a decent user interface, something incredibly user interactive and appealing as well as easy to understand. The second prototype evaluation was the groups personally favorite. The LCD screen is far more interactive to the user as well as far more descriptive. It can give direct instructions and details on what to do the exact errors the user is performing. The questions can be asked in full sentences instead of hoping the assumption of the LED lights is correct. The LCD provides a clearer visual representation of what’s needed to operate the device. The stipulations we laid down earlier can easily be carried out through the LCD display. The display is clear, can be made to be consistent, full sentences for understanding, and ease of navigation. The third prototype is almost identical to the second accept the switches used to control the meter cans and devices are wired into the FPGA switches, so you control the meter can switches through the FPGA instead of the meter cans alone. The third prototype is more of simplifications that my makes it easier for us to control and build the device as well as have a better control of the inputs and outputs.
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3.12.1.3
This Image is a physically representation of the idea of the set-up of the interface. It is just so we can get a natural understanding of the inputs we will require. From this step the interface is fairly complete theoretically.

The Group now must decide what LCD screen we wish to select and from there choose the FPGA that would fit the specifications. Following the standard we set before us we could buy a text module display but it seems too small so the group believes a larger Graphic LCD screen display would suffice much better. Searching and scouring the internet we came across an inexpensive LCD screen especially for its price a Seiko G648D25B000. It has a 640x200 display large enough to display a vast amount of text instructions and graphically show images that may help interpret how to perform an action if so required.
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Figure 3.12.1.4
G648D25B000 640x200

This Image used with the permission of EIO.com

Also another viable alternative to that graphic display screen would be a more rectangular form and a little smaller but wider in a way. It cost half the price the price for a little more the half the size of the other. Even with all the cut backs due to its price it’s still very manageable within its own right.
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Figure 3.12.1.5
Solomon LM6270SB 240x64


This Image used with the permission of EIO.com

The interface now needs a controller for the LCD screen. Therefore we must research a field programmable array not to just control the LCD screen but control the entire device.

Note: These images represent just about the real sizes of the LCD screen displays.

3.13 Meter Can 

Without the discussion of meter cans in the project our device would be irrelevant. The device is a basic training apparatus for meter men to learn to check and read meters. The meter displays numbers (if digital) that are in the unit kilowatt hours some electrical companies also use the SI mega joule. 
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Figure 3.13.1
Meter Socket Load Center, 200 Amp 
Model # TSM420CSCU by GE Electric
http://electrical.hardwarestore.com.
(Reprinted with permission from osha.com)

The most common type of electricity meter is the Thomson or electrical mechanical watt-hour meter created in 1888 by Elihu Thomson.

On Thomson’s meter, the usage is read off odometer like display where a pin pointer indicates each digit. One revolution of the disc is one Kilo hour and to find the power the formula is P= (3600*Kilo hour)/t. There are several parts to a Meter Can / Electricity meter. 

Design – the meter has a central power supply, metering engine, processing and communicating engine for DSP provided through a microcontroller. Through that there at many add-ons such as LCD displays, Real Time Clock, etc.

Metering Engine- The engine is provided the voltage and current inputs and uses a voltage reference, samplers and quantizes. The microcontroller using a digital signal processor calculates the different parameters that reside in the meter. For this device were using a 200 amp class Meter Socket and a 100 amp class Meter Socket.
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3.13.2
Diagram of Meter Can Design
This Image used with the permission of Howstuffworks.com

3.14 AMI

AMI also known as automatic meter reading (AMR) also RMR (Remote Meter Reading) allows meters to be checked without human interaction of meter readers. The reading are all taken and relayed through the AMR technology to the utility. The group if satisfied by the progress of the device and design may add such a capability through Bluetooth technology. Currently there is no method of that we have devised to do such. Though in our design there is Voltmeter used to take the readings through the relay back to the LCD graphic display and we could easily send a signal somewhere with the information digitally.

Enclosure

An enclosure is needed we have a few in mind but it is best to run down all the types of enclosures as to know where and what we must acquire.

Type 1 Enclosures constructed for indoor use to provide a degree of protection to personnel against access to hazardous parts and to provide a degree of protection of the equipment inside the enclosure against ingress of solid foreign objects (falling dirt).
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3.13.3
Used with permission of http://sigma.octopart.com – Type 1

Type 2 Enclosures constructed for indoor use to provide a degree of protection to personnel against access to hazardous parts; to provide a degree of protection of the equipment inside the enclosure against ingress of solid foreign objects (falling dirt); and to provide a degree of protection with respect to harmful effects on the equipment due to the ingress of water (dripping and light splashing).

Type 3 Enclosures constructed for either indoor or outdoor use to provide a degree of protection to personnel against access to hazardous parts; to provide a degree of protection of the equipment inside the enclosure against ingress of solid foreign objects (falling dirt and windblown dust); to provide a degree of protection with respect to harmful effects on the equipment due to the ingress of water (rain, sleet, snow); and that will be undamaged by the external formation of ice on the enclosure.

Type 3R Enclosures constructed for either indoor or outdoor use to provide a degree of protection to personnel against access to hazardous parts; to provide a degree of protection of the equipment inside the enclosure against ingress of solid foreign objects (falling dirt); to provide a degree of protection with respect to harmful effects on the equipment due to the ingress of water (rain, sleet, snow); and that will be undamaged by the external formation of ice on the enclosure.
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3.13.4
Used with permission of http://sigma.octopart.com – Type 3S

Type 3S Enclosures constructed for either indoor or outdoor use to provide a degree of protection to personnel against access to hazardous parts; to provide a degree of protection of the equipment inside the enclosure against ingress of solid foreign objects (falling dirt and windblown dust); to provide a degree of protection with respect to harmful effects on the equipment due to the ingress of water (rain, sleet, snow); and for which the external mechanism(s) remain operable when ice laden.

Type 3X Enclosures constructed for either indoor or outdoor use to provide a degree of protection to personnel against access to hazardous parts; to provide a degree of protection of the equipment inside the enclosure against ingress of solid foreign objects (falling dirt and windblown dust); to provide a degree of protection with respect to harmful effects on the equipment due to the ingress of water (rain, sleet, snow); that provides an additional level of protection against corrosion and that will be undamaged by the external formation of ice on the enclosure.

Type 3RX Enclosures constructed for either indoor or outdoor use to provide a degree of protection to personnel against access to hazardous parts; to provide a degree of protection of the equipment inside the enclosure against ingress of solid foreign objects (falling dirt); to provide a degree of protection with respect to harmful effects on the equipment due to the ingress of water (rain, sleet, snow); that will be undamaged by the external formation of ice on the enclosure that provides an additional level of protection against corrosion; and that will be undamaged by the external formation of ice on the enclosure.

Type 3SX Enclosures constructed for either indoor or outdoor use to provide a degree of protection to personnel against access to hazardous parts; to provide a degree of protection of the equipment inside the enclosure against ingress of solid foreign objects (falling dirt and windblown dust); to provide a degree of protection with respect to harmful effects on the equipment due to the ingress of water (rain, sleet, snow); that provides an additional level of protection against corrosion; and for which the external mechanism(s) remain operable when ice laden.

Type 4 Enclosures constructed for either indoor or outdoor use to provide a degree of protection to personnel against access to hazardous parts; to provide a degree of protection of the equipment inside the enclosure against ingress of solid foreign objects (falling dirt and windblown dust); to provide a degree of protection with respect to harmful effects on the equipment due to the ingress of water (rain, sleet, snow, splashing water, and hose directed water); and that will be undamaged by the external formation of ice on the enclosure.
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3.13.5
Used with permission of http://www.mosaic-industries.com –Type 4x

Type 4X Enclosures constructed for either indoor or outdoor use to provide a degree of protection to personnel against access to hazardous parts; to provide a degree of protection of the equipment inside the enclosure against ingress of solid foreign objects (windblown dust); to provide a degree of protection with respect to harmful effects on the equipment due to the ingress of water (rain, sleet, snow, splashing water, and hose directed water); that provides an additional level of protection against corrosion; and that will be undamaged by the external formation of ice on the enclosure.

Type 5 Enclosures constructed for indoor use to provide a degree of protection to personnel against access to hazardous parts; to provide a degree of protection of the equipment inside the enclosure against ingress of solid foreign objects (falling dirt and settling airborne dust, lint, fibers, and flyings); and to provide a degree of protection with respect to harmful effects on the equipment due to the ingress of water (dripping and light splashing).

Type 6 Enclosures constructed for either indoor or outdoor use to provide a degree of protection to personnel against access to hazardous parts; to provide a degree of protection of the equipment inside the enclosure against ingress of solid foreign objects (falling dirt); to provide a degree of protection with respect to harmful effects on the equipment due to the ingress of water (hose directed water and the entry of water during occasional temporary submersion at a limited depth); and that will be undamaged by the external formation of ice on the enclosure.
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3.13.6
Used with permission of www.nema-enclosures.cc

Type 6P Enclosures constructed for either indoor or outdoor use to provide a degree of protection to personnel against access to hazardous parts; to provide a degree of protection of the equipment inside the enclosure against ingress of solid foreign objects (falling dirt); to provide a degree of protection with respect to harmful effects on the equipment due to the ingress of water (hose directed water and the entry of water during prolonged submersion at a limited depth); that provides an additional level of protection against corrosion and that will be undamaged by the external formation of ice on the enclosure.
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3.13.7
http://sigma.octopart.com –Type 12 and 13

(Reprinted with permission from sigma.octopart.com)

Type 12 Enclosures constructed (without knockouts) for indoor use to provide a degree of protection to personnel against access to hazardous parts; to provide a degree of protection of the equipment inside the enclosure against ingress of solid foreign objects (falling dirt and circulating dust, lint, fibers, and flyings); and to provide a degree of protection with respect to harmful effects on the equipment due to the ingress of water (dripping and light splashing).

Type 12K Enclosures constructed (with knockouts) for indoor use to provide a degree of protection to personnel against access to hazardous parts; to provide a degree of protection of the equipment inside the enclosure against ingress of solid foreign objects (falling dirt and circulating dust, lint, fibers, and flyings); and to provide a degree of protection with respect to harmful effects on the equipment due to the ingress of water (dripping and light splashing).


Type 13 Enclosures constructed for indoor use to provide a degree of protection to personnel against access to hazardous parts; to provide a degree of protection of the equipment inside the enclosure against ingress of solid foreign objects (falling dirt and circulating dust, lint, fibers, and flyings); to provide a degree of protection with respect to harmful effects on the equipment due to the ingress of water (dripping and light splashing); and to provide a degree of protection against the spraying, splashing, and seepage of oil and non-corrosive coolants.

We have various sensitive materials within our project. We have decided to acquire an enclosure. A NEMA (National Electrical Manufacturers Association) enclosure in particular one of the proportions 19.62 x 17.61 x 8.82 (498 x 447 x 224), this size seems more then capable of holding everything we require. The enclosure will hold the AD converter, Graphic LCD Display, FPGA as well as the keyboard. The Group Plans to cut a small section of the top of the enclosure out as to mount the LCD Display. Additionally depending on what keyboard the group selects we may also cut out a small piece to mount the wireless keyboard to the enclosure, that or as a small holders to place the keyboard onto the object. This specific enclosure is non metallic it’s purely fiberglass. 
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3.13.8
(Reprinted with permission from sigma.octopart.com)

3.15 Coding for FPGA
The FPGA has a familiar code not exactly in C but in Verilog and VHDL. There are various converters we have not completely solidified the code but this is the rough skeletal idea of the way the program should run down and work.

The while loops the question in case the user is incorrect. The loop goes until the user inputs the correct answer and then it breaks and going to the next question. 
While the loop is running the program is taking a record of the number of correct and incorrect answers.

That set-up is for the types questions where the user enters the answer. The Group has not decided whether the user will enter the voltages tested from the meter cans or have them relayed automatically through the system by way of the voltmeter. In the code where the user hit the switches to turn on the meter can and check with the voltmeter the question and process run slightly different as follows:where the voltmeter is set into the system as to relay the information back into the FPGA and the input.

The code presented above is just the basic skeleton of how the group wishes the code to work. When answering the questions the switches on the fpga will be triggered to turn on the meter sockets. The program checks to make sure the correct switches are hit. In addition from the checking the switches the “meter man” ,which is the user, is required to check the voltage output with a voltmeter. The voltage from the voltmeter is relayed back into the system and check against the correct voltage.

Test and Simulation

The system is designed to test meter checkers and train them in what actions they are required to execute. In the system there will be two different types of modes one for the real test and the second a simulations for training for the test. Inside the code the two different modes will be broken into functions such as:

Besides the code that is run in the simulation procedure, which is the skeletal code written earlier, the only difference is that the test procedure only runs through the questions once so the looping while functions is eliminated. In the test procedure the number of incorrect answers is counted with a incrementing:

That information needs to be recorded and reported to the company as to inform if the test was passed with under the number of incorrect answers required. To record the information we need to write the integer n to a file with the code:

If there is time I want there to be a usb function that can save the name and information into and the system email the company.
The code above once again is just the skeletal design of the shell of the software for the code but the code alone will be more than sufficient for the groups needs.
The Program for the Field Programmable Array can be simple broken down into a Flow chart with the simulation and the test being the main branch.

Flow chart for system code
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Figure 3.14.1
From the main automation runs into the simulation, the user enters his or her information enters the 1st question answer if wrong it loops back to the same question until answered correctly if answered. After that the user can decide to take the test procedure. It runs similar to the simulation procedure but it just runs through the questions no loops and counts the number of missed answers and saves them.

The program run as such stated above. Even If things are change the design shouldn’t deviate to far from the one of the present. This is the simple design of the skeleton almost of the entire system.

3.16 Keyboard Selections

To enter in numbers as well as various information keyboards must be selected. The system is big enough as it is without any other accessories. We’ve come up with a couple types of keyboards that would suffice for the project. 

The first right off selection would be a small keyboard something easily used and handled not too unwieldy something that can possibly be mounted right next to graphic display itself. An excellent first selection would be this amazing gadget. It’s a simple mini qwerty keyboard that is Bluetooth enabled. It is small but very functional in the very aspect of any normal sized keyboard. The only disadvantage to the iFrog keyboard is the cost far exceeds budget expectations for our keyboard funds. Ideally before the group even began to research for the keyboard apparatus this is almost exactly what we had in mind something incredibly small but useful and effective. The fact that it is small enough to be mounted right next to the graphic display is nothing but a plus.
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3.16.1
Portable Bluetooth One Handed Keyboard from iFrog

(Reprinted with permission from ifrog.com)

The second selection would be XPCGEARS incredibly innovative keyboard. It has a USB or PS/2 connector which files right into the compatibility of the FPGA we have acquired. Large as a regular keyboard, the portability and easiness to handle is what makes this keyboard shine above the rest. The ability for familiarity, since it’s a regular keyboard as the one most users are accustomed, it appeals more then the rest of the selections. In our interface rules familiarity was also one of the key components under keep the system understandable and simple. 



3.16.2
xPCgear Foldable Flexible Waterproof Dirt Proof Washable USB, PS/2 Keyboard (White, Retail)

(Reprinted with permission from osha.com)

The third selections were search and scrounged for across the net, a Mini USB PS/2 keyboard. It is not as large as a real keyboard but just as easy functioning. It’s just slightly smaller, wieldier since it’s a mini keyboard. The mounting area would be a little too great so it would have to stand alone with the USB or PS/2 extended out of it into the enclosure. The keyboard could also be shown through making a secondary enclosure that perhaps staggers like stairs. The price of this keyboard is far reasonable then the other keyboards for the attributes you receive. Even though small there may still be a problem mounting this board due to it size. The group may just let this keyboard sit if no method to mount arrives. The group could possibly obtain mounting tools or grab another enclosure and sit it on top of there.


3.16.3
Slim Mini Keyboard Multimedia w/ USB, PS/2, 6 Hot-Keys, Space Saving Design: W-9829 / W9829BK (Black, USB, PS/2)

(Reprinted with permission from gadgetspedia.com)

The fourth selection and the most obvious, is regular sized keyboard; nothing special just plain and simple computer desktop apparel. The only difference is its wireless. This selection is the groups last choice it makes the system unwieldy and less compact in our minds. We cannot mount this specific design of the keyboard because of the design and heftiness. Although simple and familiar to the user it will not be completely necessary for the user to have this type of board. Ideally this is not the keyboard the group wishes to acquire. 
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3.16.4
(Reprinted with permission from gadgetspedia.com)

Reviewing the keyboards each of them has their perks and downsides. The iFrog with its Bluetooth abilities, which is the group’s favorite choice except for the price tag, the mini keyboard, is our next in line selection for its simplicity, size and its already common familiarity to the user. The floppy flexible keyboard is our third inline option for the simple fact that it is wieldier because of its elasticity and weight. Honestly the last option really isn’t even one the ordinary original keyboard design does not even step into the groups mind as a device to use. There are too many things with the original keyboard design and size that hinder us from doing specific thing with the system we wish to perform. The build of the board is unwieldy it would not be wise for as big as the device is to have something to add on to the area of the object.

Looking more into different keyboard it seems a small qwerty keyboard one that is used with cell phones, or better yet a frogpad would do best. A frog pad is small keyboard about the size of a numeric pad. A frog pad size is about 5 x 3.5 x .4 inches and weighs 4.9 ounces the keys are the size of those founded on a standard keyboard.
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3.16.5
Used with permission of http://www.gadgetspedia.net
It might be a better resolution to just program number responses into the fpga and use the number pad due to the fact the keyboard route is far more expensive compared to the keyboard. The number pad is around 15 dollars while the prime keyboard the group is looking at is around 149.99 dollars. As seen that is a very large difference sticking to the idea of a mini keyboard or a frog pad.

Research further into number pads would be the correct thing to do at this point. There are few differences in number pads so research will not be to in depth because most of them are just about the same size.
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3.16.6
Used with permission of http://www.shoplet.com
Any keypad will suffice pretty much as a device that will work properly. The only problem with the keypad device is that I have yet to find a PS/2 enable keypad.
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3.16.7
(Reprinted with permission from shoplet.com)

Cables Unlimited ADP-5200 Adapter USB Female to PS2 Male

This device is needed to be able to use the wireless keypad or keyboard. This is essential to the projects functionality. 
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3.16.8
Sabrent USB to 2-Port PS/2 Splitter Cable Converter - Mouse, Keyboard, Barcode Scanner

The dual splitter cable may also be important in case we will to attach a number pad and possibly a keyboard as well to the system. 

3.17 FPGA

The FPGA is the brains behind the entire project. It has the capability to control the switching to give the desired configuration and output voltage. The configurations that are desired for the project are single-phase output to one of the meter cans producing 120 volts. One of the three phase power outputs is the Delta configuration which will produces a total of 240 volts on all three phases and have a special output for each of phases one the output voltage is 120 volts phase to phase and 208 volts from phase to ground seen in figure 1.a. The second three-phase power output is the Wye configuration, which will give 120 volts phase to ground and 240 phase to phase seen in figure 1.b. These are the three main power configurations the FPGA will be programmed to output when desired. The simplest ways to get the configurations that are desired is the have a switching logic that is preprogrammed into the FPGA that recalls it when it is desired.
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Figure 1.a

Reprinted with permission of Circuits.
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Figure 1.b

Reprinted with permission of Circuits.

3.17.1 FPGA Outputs
The FPGA will also control the LCD display for the output. The main reason to have the LCD is that the user and designer always have a form of output. The FPGA will transmit to the LCD using the I/O ports. One detail behind the project is to make the entire system user friendly. So the most advance user to the user who has never turned on a computer ever will no problem interacting and interfacing with the project. Most of the readouts to the screen will be instructions on how to perform a specific task and then the system will give feed back on how the user performed. 

3.17.2 Memory Chips for FPGA

The FPGA that is the brain of our system needs to have enough memory to store configurations. Now the groups needs to research memory that is compatible to the FPGA. Reviewing the Diligent Inc. website they have compatible pieces for our FPGA. Diligent Inc. has a memory module 1 it has the specifics Static RAM memory, Flash ROM memory, Provides memory for use in logic designs. There is also a similar memory stick that can provide more the sufficient memory that group requires.
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3.17.2.1
Memory Module 1
Used with the permission Diligentinc.com
In addition to the memory module the group can acquire a smaller 256Mbytes DDR DRAM. The group will need not to buy or purchase this part if need be. One of the group members possesses this DDR DRAM from an older laptop that is not in use. Depending on how the FPGA functions with the memory chip the group my just use the DDR DRAM as an economically choice.

3.17.3 FPGA Inputs

The two test probes will also be connected to the Field Programmable Gate Array to input the readings at certain points. The I/O ports on FPGA where not intended to handed large amounts of currents or voltages so it would be impractical to test 120 volts just by hooking two test probes up to the FPGA and storing the values in a variable. That amount of voltage will burn out the FPGA for sure. The first step that must be taken is to step down the voltage then feed that into the FPGA. The most sensible means to step down the voltage into the FPGA is to have a step down transformer. In the field programmable gate array just use the same factor to multiply it to get the true voltage. Also there is another way to step it down, it uses optical technology.

3.17.4 FPGA vs. Microcontroller
The FPGA has been good on very low power consumption in many applications that is has been used in. The programming of the FPGA is without boundaries unlike a microcontroller, which a development board is needed then; the microcontroller needs to be solder to the PCB board that the rest of the circuit is on. This can be costly and very time consuming. The FPGA just plug in USB and reprogram it’s as simple as that. Since the group that is working on this project doesn’t have extensive programming backgrounds and are all electrical engineers it was recommended that a FPGA be used for its simplicity of use and the versatility. The langue that dominates the FPGA is really dependent on the maker of the FPGA that is chosen. Now a days programming is C is very common among FPGAs. Since there are so many conversions software that can change C into Verilog or assembly language The FPGA and also be programmed using block diagrams, timing diagrams, and others. The key component is the FPGA gives an inexperienced designer option so the engineering process is not limited by the lack of prior experience. This will give the user full swing of the FPGA to use all of the functions available by the FPGA maker. The FPGA by far over shadows the microcontroller in every area needed for this project to be successful. To implement this project using microcontrollers would take a different game plan than the one that is setup with the FPGA. 

One of the group’s big decisions was on which FGPA will give the most cost to benefit ratio. The requirements are speed, power, size, I/O ports, programming language, compatibility, power consumption, and user friendly.  Some requirements are more important than others. For example, the price, I/O ports, programming language and user friendliness has more of a factor than the speed, power consumption, compatibility, and power.

3.17.5 FPGA Manufactures

According to FPGA Central there are five major makers of FPGAs. FPGA Central also remarks about the five FPGAs by giving a little history about the FPGA manufactures and their current top products.  Xilinx is one of the leading general-purpose FPGA manufacturers. It now produces high-density Virtex-5 and low-cost Spartan-3A FPGA families. Altera is the other major player on the general-purpose FPGA market. Its newest devices include high-density Strtix-IV family and low-cost Cyclone-III devices. Actel manufactures high reliability FPGAs for military and aerospace markets. They have less density than their Xilinx and Altera counterparts. Modern Actel devices include ProASIC 3 and Igloo Flash-based families, radiation-tolerant RTAX antifuse-based FPGAs and general-purpose Accelerator antifuse FPGAs. Lattice Semiconductors main products are volatile LatticeECP2 FPGAs and LatticeXP2 FPGAs with built-in Flash modules. Atmel mainly focuses on microcontrollers, not on the programmable logic. However, they have an FPSLIC family, which combines AVR MCU core with some FPGA fabric.

Looking at the manufactures and their descriptions about the FPGAs that FPGA Central has lined up.  There are three makers that have met the requirements for the project. Xilinx, Altera, and Actel are the three. The other two manufactures have great FPGAs, but don’t meet the requirements that the project requires. The three manufactures I have chosen have great FPGA lines for the general-purpose use. They also offer low-cost solution that we can implement in or project.

[image: image53.emf]
Figure 2.a

Reprinted with permission of NU Horizons Electronics.

3.17.6 Xilinx FPGA

The Xilinx Spartan-3A seen in figure 2.a has the potential to supply the project with the capabilities that is needed. According to “Xilinx the Spartan-3a family of FPGAs solves the design challenges in may high-volume, cost-sensitive electronics applications. With devices ranging from 50,000 to 3.4 million-system gates, this FPGA family provides a broad range options. The lowest system cost is attributed to the integrated features and only two power rails minimizing external components. It also has the lowest static power and award winning power management modes. The cost-efficient logic design has the largest selections of IP, reference designs and I/O standards. Non-volatile options provide largest integrated flash memory. The low-cost complex computation and embedded processing is possible because of the abundant set of DSP58A hard block speeds calculations and it saves logic cells. The MicroBlaze Soft processor delivers inexpensive, high functional Linux embedded processing” [1]. The Xilinx Spartin-3A has a very common theme low cost and high performance. This specification ranks high on the minds of every engineer applying their trade in industry. The cost benefit ratio for this product looks very appealing for what the goal is for this project.

3.17.7 FPGA Requirements

The next main requirement to the FPGA is what it takes to run the FPGA. The power it requires when it is working and using one hundred percent of its functionality figure 2.b. To what is it consuming when the FPGA is standing by for its next instruction figure 2.c. Even thought the project is plugged into the wall and will have a constant supply of power. The group wants to make the project as energy efficient as possible. The Xilinx Sparta-3A has dual power management modes what this does is it allows for instantaneous savings of power that would be normally consumed by the FPGA figure 2.d. The next benefit of this dual power management mode is it to save on using components.

Suspend mode

· Over 40% static power reduction

· All states saved in memory

· Scale down voltage (VCCAUX) and shut off non-essential functions (e.g., FPGA inputs, interconnects)

· System synchronization for fast wake-up

Figure 2.b

Reprinted with permission of Xilinx.

Hibernate mode

· Up to 99% static power reduction

· Shut off all power

· Wake up time

· Ultimate battery life extension

Figure 2.c

Reprinted with permission of Xilinx.
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Figure 2.d

Reprinted with permission of Xilinx.

3.17.8 FPGA Memory 

The next key requirement for the success of the project is how to store the data that we have. Fortunately the Xilinx Sparta-3A has a sophisticated system for storing memory called “integrated flash memory”. What is vital about integrated flash memory is the integrated part, which allows for easy use of storage for all ranges. From embedded applications to data from I/Os. What that all means is storage of data is very simple for the end user. The only thing more important than storage in memory is erasing. The Xilinx Sparta-3A has a feature for this called “lockdown and erase”. Basically it is exactly how it sounds. According to Xilinx “This integrated memory can be used for both device configuration as well as a valuable system resource for the user. It provides simple and secure embedded application storage while enabling advanced real-time control with fine-grained protection, lockdown and erase features” [1]. Looking at the big picture of the memory use for the project it meets the needs.

3.17.9 FPGA Specification
Specifically how is the integrated flash memory implemented in the Xilinx Sparta-3A. The embedded application that runs on the FPGA has about 11 megabits of storage space. The embedded applications are separate from subroutines that the embedded system needs to run. Keep in mind this is also integrated with the user flash memory. How can the Xilinx Sparta-3A be efficient? This is a typical question that most embedded systems strive for. The Xilinx Sparta-3A uses single chipboard design, which means it only uses the devices on the board that are needed and not waste any resources. One key staple that stands out is that the FPGA can store data for twenty years. Also, equally important is the number of times that data can be written. The Xilinx Sparta-3A has one hundred thousand write cycles.

They memory is broken down into four levels which leads to the best performance possible. The first level of the four is the “SelectRAM” which is about three hundred and three kilobytes. One sub category to this memory is that “each LUT works as a single-port or dual-port RAM/ROM” . Also, “LUTs can be cascaded to build larger memory” blocks for storage and “flexible memory for FIFOs, and buffers” [1]. Which means there is versatility to the way memory is written, this leads to efficiency of memory. The second, third, and fourth level work so closely together they will be mentioned all at the same time. The embedded bocks of RAM range up to 2.2 million. There are 104 of those blocks have the capability to be synchronized with 18 kilobyte blocks which can uniquely be cascaded together. Further more, those 18-kilobyte blocks can be assigned to be single port RAM or have the choice to be dual port RAM. The integrated flash memory has a storage capacity of 16 megabytes. One key factor is 11 megabytes of those 16 megabytes can be on the chip so the user can flash.
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Figure 2.e

Reprinted with permission of Xilinx.

3.17.10 Altera FPGA

The next FPGA maker is Altera and the model is Cyclone 3 as seen in figure 3.a. The Cyclone 3 is built to be cost effective for the designer who wants to produce a pilot project or even for high volume projects. The Cyclone 3 has a 65-nanometer design for optimizations of efficiency. According to Altera the “Cyclone III FPGAs, the newest offering in this series of low-cost devices, features an unprecedented combination of low power, high functionality, and low cost to deliver more, sooner, and for less—even for your most cost sensitive, high-volume applications. Built on TSMC’s 65-nm low power (LP) process technology, Cyclone III FPGAs were designed to provide customers with the flexibility and application-optimized features to enable the highest levels of design possibilities and productivity while meeting the most stringent cost and power budgets. What’s more, this can be accomplished without the high NRE costs associated with ASICs” [2]
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Figure 3.a

Reprinted with permission of Altera.

3.17.11 FPGA Details

Some details about the Altera Cyclone 3 is the only one in its class to offer 70 percent better systems integrations it does this by having 5,136 to 119,088 LEs. Comparing the Cyclone to its family of FPGAs it is top in its class for system integrations. The power consumption of this FPGA is very low due to its 65-nanometer LP technology and TSMC. The second power saving feature in the Cyclone 3 is the software interface called Quartus 2, which is designed to optimize the power usage. Another optimization is a “robust on-chip hot-socketing and power-sequencing support that ensures proper device operation independent of the power up sequence” [2]. The Cyclone 3 gets 50 percent better power usage when compared to other FPGAs in the Altera family. All these little advancements help aid in the power consumption of the Altera Cyclone 3 FPGA. 

3.17.12 FPGA Memory

The next important aspect of any FPGA is the memory and how effective it is being used. This Altera Cyclone 3 has four megabits of memory, which can be used for memory dependent applications. The 4 megabits of memory is embedded memory. The next question is what type and how much bandwidth is there to play with. The Altera Cyclone 3 has parallel processing for any application and uses a sophisticated 18 bit by 18 bit multiplier for 288 multipliers in the embedded memory. The FPGA has “external memory interfaces Support for high-speed external memory interfaces including DDR, DDR2, SDR SDRAM, and QDR II SRAM at up to 400 megabits per second (Mbps). The auto calibrating external memory interface PHY feature eases timing closure and eliminates variations over process, voltage, and temperature (PVT)” [2]. The above specifications will meet the requirements of the project from the memory aspect as seen in figure 3.b. 
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Figure 3.b

Reprinted with permission of Altera.

3.17.13 Actel FPGA

The third FPGA that will consider for this project is the Actel Igloo seen in figure 4.a. These Field Programmable Gate Array cornerstones are that it has low power consumption, small footprint, and very cost effective. The FPGA has one of the lowest operating voltages on the market from 1.2 volts to 1.5 volts. This means less power consumption for the entire project. This leads to the size of the FPGA by means of smaller overall size of the entire FPGA has a correlation to the amount of power that is being used by the FPGA. Obviously the simple relationship is smaller entire FPGA package the less overall energy will be used. What does this low power consuming and small footprint FPGA lead to? Strangely enough it leads to a competitive price FPGA.

3.17.14 FPGA Advantages
The FPGA has many advantages to other FPGAs by means of the number of system gates, the type of RAM, the number of PLLs, the number of I/Os, and the processor. The Actel Igloo has three million system gates, which gives the user the freedom to experiment with the security of optimization. The type of RAM that is used in this FPGA is SRAM with 504 kilobytes of dual port SRAM. The number of PLLs in this FPGA is really a positive for the designer it allows for great ingenuity with having 6 PLLs. The number of I/Os for this project is very important due to the fact that multiple areas need to be monitored. And switching is vital to thing project for the configurations that are needed to produce the desired result. Also for the LCD display I/O ports will be needed. This FPGA has 620 user I/O for the task that are needed. This FPGA has a 32-but processor for lower power usage called ARM Cortex M1 processor. What is really neat is that designer “can use the ARM® Cortex™-M1 processor without license fee or royalties in M1 IGLOO devices” [3]. Having the freedom of not having to worry about licensing fees makes it easer to design from a economical perspective. The Cortex-M1 also in addition is a high performance low power consuming processor, which leads to optimal performance for any designer.

3.17.15 FPGA Design Environment

They next parameter to evaluate this FPGA is what is its design environment like. Meaning what language can the FPGA be programmed with? What optimization features does the FPGA software offer? The Actel Igloo has design software called Libro it is referred to as an IDE which is an integrated design environment this is the main development tool that will be used when designing for this FPGA. The Libro software allows the designer to mange and optimize by means of using a PDL which is a power driven layout. This feature in the software shows the designer how to make the design most power efficient. Actel also offer another software package called SoftConsole. What makes this very desirable to designers is that it is a free software environment. It has the capability to so the designer can program in C or C++. Furthermore, this software is also compatible with the Libero software. So the designer can program in C or C++ and also have the design optimize for lower power consumption. These two software’s working in sync allows or the best design possible for this project and many others.  The Actel Igloo has many great features working together to make a product that can be used in a static and dynamic ways.
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Figure 4.a

Reprinted with permission of Electropages.

3.17.16 FGPA Specifications
Look back at all the specifications of the Actel Igloo it delivers a comprehensive solution in many areas that will aid in the development of the project. In comparison to the other two FPGAs it holds its own weight. The Xilinx Sparta-3A and the Actel Cyclone 3 also have great attributes. The decision to choose an FPGA for the project will come down to the price, performance, quality, power consumption, memory, and user friendliness. The price all three FPGAs are around one hundred dollars for the FPGA alone. The factor that changes it is the development board. Comparing the FPGA and the development that all come out to be around two hundred dollars for the entire system. The performances of the three FPGAs are great. One of the three does not out shine the other. The qualities of the FPGAs are second to none according to manufactures website description. The power consumption of the FPGAs are slightly different for each one, but this factor has some wiggle room due to the fact that it will not be using a portable power source. It will have a continuous power source from a wall outlet. But the entire power consumption of the whole project wants to be keep to a minimum.  The standard memory provided by the manufactures is a decent amount to start with, but the requirements for the project will need memory to store the training program for the user. All the code to operate the LCD monitor the will be used to read the instructions from the training program. Also, there will need to be space for the feedback system, which tells whether the task, was completed to specifications of the training program or if the task needs to be redone. All theses components need to be stored in memory and also need memory to operate the programs on the FPGA. The last piece to compare is the user friendliness of the FPGA, really how long will it take to get familiar with.

DESIGN
4.1 Delta Simulation and Design

The group plans to test the characteristics of the circuit that we will use in our design, by first designing a schematic of the delta three phase configuration circuit, and simulating the results with a CAD program, preferably MULTISIM. We will power the circuit with 120 Volts in the simulation because the phase converter simulator will draw its power from the AC outlet. The switches will be in particular sequences (all of the switches are in the same directions) which are connected to the potential transformers so that we are able to get the preferred output voltage for the particular phase configuration. In order to effectively use the simulation to represent the real application, we will need to vary the input voltages and observe the output of the circuit because we will use a variable transformer to control the inputted voltage. We expect the simulation results to yield the outcome supportive of our concept of how the circuit will behave in application. Our main interest is in fact that when the switches are in this particular order the output voltage will be the voltage of a delta three phase power leg to ground.
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The below figures represent the simulated outputs of the Delta configurations of single and three phase. Figure 4.3 shows an output of close to 120 volts as a result of phase to ground respectively (with the variable transformer we will be able to adjust the voltage). Figure 4.4 shows an output of 240 volts as a result phase to phase.

[image: image60.png]



Figure 4.3
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Figure 4.4

4.1.1 Wye Simulation and Design

We plan to simulate and test the Wye circuit in a similar fashion as the delta amplifier circuit.
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The below figures represent the simulated outputs of the Wye configurations of single and three phase. Figure 4.3 shows an output of 120 volts as a result of phase to ground respectively. Figure 4.4 shows an output relatively close to 208 volts as a result phase to phase.
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Figure 4.5
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Figure 4.6
4.2 FPGA Design Hardware
4.2.1 FPGA and LCD
Designing using the Field Programmable Gate Array is going to be broken down in to multiple parts. First part is the Field Programmable Gate Array needs to control the Liquid Crystal Display screen. Second part is the FPGA needs to control the switching on the output configurations. Third part is the Field Programmable Gate Array needs to control the overall training program. Fourth part the FPGA needs to control the analog to digital converters, basically the inputs coming from the feedback system. Fifth part is what langue to program the FPGA. All of these will use the FPGA to perform their task. To accomplish theses task code needs to be written to the FPGA and also run from the FPGA. The FPGA will have some output devices the main one will be the Liquid Crystal Display screen that will display text to the end-user. From the FPGA point of view what is needed to fully support this LCD screen to get text to be displayed on it. First thing obviously is a LCD screen is needed. Then a connection is needed from the LCD to the FPGA board. This is generally established through connecting the LCD screen to the I/O ports in the FPGA board. Also, a serial enabled LCD backpack can be used. The serial enabled LCD backpack is a device that can be used intermitted between the LCD screen and the FPGA board. According to Sparkfun Electronics the serial enabled LCD backpack has all the HD44780 commands stored in it so using this device with the FPGA will be very easy to use.

4.2.2 FPGA and Switching

The FPGA will control the switching for the five-meter cans that will have different outputs coming from. Keep in mind real voltage will be on the output of these meter cans. The first configuration is single-phase output, which will be the simplest of the five having 120/220 volts output to a 2-wire meter can. The second configuration is single-phase output, which will be the second simplest of the five having 120/220 volts output to a 3 wire meter can. The third configuration is a three-phase output, in a delta configuration it will produces a total of 240 volts on all three phases and have a special output for each of phases one the output voltage is 120 volts phase to phase and 208 volts from phase to ground. The fourth configuration is a three-phase output, in a Wye configuration, which will give 120 volts phase to ground and 240 phase to phase. The fifth and final configuration is a three-phase network meter, which has 120/240-volt output. All five of these outputs will be controlled by the FPGA. There will be five switches that will produce the desired voltage in which the FPGA will have complete control over. The FPGA will decide which meter can needs to be turned on the have this voltage. Then it will turn it on and test the voltage to see if the voltage is with in the right range of accuracy around plus minus 5 volts. This self test is very important because if it does not do this and the voltage is off by more than 5 volts the training program will use calculations with in these ranges and it could potentially say the user is measuring the wrong values when the user is actually measuring the correct values.

4.2.3 FPGA and Training Program

The FPGA will have the complete training program stored and running from the FPGA. The FPGA will be the tester and the grader of the trainee’s progress. The training program will be detailed in the training program sections. The FPGA will offer the training program with the capability to transmit its instructions to the user through the FPGA then to the FPGA board then through the LCD screen. The training program will receive its input for the analog to digital converters which are connected to the FPGA board I/O ports, but even before that the other end of the analog to digital converters will be connected to a step down transformer. The step down transformer will be connected to two probes for measuring the voltage across the meter lugs in the meter cans.

4.2.4 FPGA and Inputs

The analog to digital converters, which connect to the FPGA, will all be coming off of step down transformers because the voltage will be too much for the analog to digital convert.  The highest input voltage for an analog to digital converter is right around 10 volts. After stepping down the voltage though the step down transformers it will then be feed into the analog to digital converter, then from the analog to digital converter to the FPGA I/O that will be assigned for that specific input. The reason a specific input was stated was because the ratio that the voltage was stepped down will need to be factored in when the training program checks to see if the desired voltage is within the range of the tested voltage.

4.2.5 FPGA Programming Language

The programming language to design all of this will need to be efficient. “FPGAs are programmed using a logic circuit diagram or a source code in a hardware description language (HDL) to specify how the chip will work. FPGAs contain programmable logic components called "logic blocks", and a hierarchy of reconfigurable interconnects that allow the blocks to be "wired together"—somewhat like a one-chip programmable breadboard. Logic blocks can be configured to perform complex combinational functions, or merely simple logic gates like AND and XOR. In most FPGAs, the logic blocks also include memory elements, which may be simple flip-flops or more complete blocks of memory”[4]. Also, there is third party software that supports programming in C and then it is converted to verilog. Since the programming level of the group is not fully familiarly with any of theses languages apart from C. The logical decision is to select the FPGA in which C code can be written and then transferred to one of the other languages that the FPGA understands.

4.2.6 FPGA Integration
 Tying all five parts of the function and or functionality of the FPGA leads to a successful project. Looking at the first part of the FPGA needing to control the LCD screen has some basic parts to it when it comes down to the nuts and bolts of it. But it can also be one of the harder parts of the project due to the integration of an out receiver. Mainly what will the compatibility issue be like with the FPGA? This is where the systems integration is key. It might be at the smallest level, but still is a key part of this project and any other project out there. Systems integration is basically “a person or company that specializes in bringing together component subsystems into a whole and ensuring that those subsystems function together” [5]. The third part is the FPGA needs to control the overall training program. This will be discussed later on in great detail. But, the main idea behind the training program is to properly train a new meter technician to go out in the field with confidence of having practice under their belt so this individual will be less likely to make a major error. This training program will not eliminate error, but instead minimize the occurrence of errors made. That is the thinking behind the training program. The logic and programming will need to be discussed on its own. Approaching the fourth part of having the FPGA controlling the analog to digital converters is not to be taken lightly. Basically the inputs coming from the feedback system can potentially destroy the entire analog to digital converter. In addition, it could also destroy the entire FPGA. The logical ideal is the have a protection circuit just before the FPGA or even before the analog to digital converter. It can be approach in multiple way, the FPGA can have a kill switch it he voltage gets beyond a certain point. Have it control through software having a dedicated I/O for reading the voltage level. Or a simple circuit board with a comparator on it so when the voltage gets to high the analog to digital converter does not even feels it.  That last part is what langue to program the FPGA with. The simple answer is to use a common language that is familiar to the group. In programming an FPGA, the programmer has to account for more than the code itself. The memory allocation to store the code and also how much memory is needed to run the code efficiently will be needed so the FPGA can be coded properly. The five parts that where just discussed where a high level outline of what is going on with the FPGA. Basically what will the FPGA be used for and what parts of the project will be using it.

4.3 Components Comparison

4.3.1 FPGA

The implementation of the FPGA is key to the success of the project. From observations, research, and the process of elimination the Sparta FPGA has the most advantages and he least disadvantages. The Sparta 3 family was presented earlier in this paper due to the generality of the Sparta FPGA family. The Sparta 3E will be used in this project. The FPGA board the Sparta 3E chip will be used with is the Basys board. The reason for the use of the Sparta 3E FPGA instead of he Sparta 3A is the Sparta 3E has all the speed, functionality, memory, power requirements, and user friendliness. The Sparta 3A is designed for high functionality and high end-users. Some applications of the Sparta 3A are used for are way beyond the needs of what the project requires. It would not be cost effective nor would optimizations be achieved with the use of this FPGA. Also the board that is used with the FPGA is key. The board this like the arms and legs of the FPGA and the Sparta 3E is the brains of the entire device.

4.3.2 Board

The Basys board is developed by Digilent and has the all requirements needed for the project to work effectively. The Basys board has the correct interface so it will be in sync with the Sparta 3E FPGA. Also the user friendliness is one of the biggest factors in the selection of the FPGA and the FPGA board. The Digilent has developed a great product for the designing of new applications of the engineer in mind. The Digilent offers on of the best online help for the designer in mind. The software part of the FPGA is also very important. The Digilent website offers a applications with the FPGA for programming of the FPGA. The language this FPGA uses is VHDL and Xilinx.

Comparing the Basys board with the Xilinx board that comes from the manufacturer the Basys board has the same capabilities as the manufactures board, but at a much cheaper price. The manufactures board is designed for more than is needed for this project and it will not be effective to waste the capabilities of that board. The capabilities of the Basys board meet the requirements of this experiment to an effective level. Basically meaning there will not be any wasted parts of the board. This will save on the power consumption of the entire project by minimizing the number of unused components.

The simplicity of the Basys board has been a major factor in the decision to use this type of board as seen in figure 5.a. The board is “built around a Xilinx Spartan-3E Field Programmable Gate Array and a Cypress EZUSB controller, the Basys board provides complete, ready-to-use hardware suitable for hosting circuits ranging from basic logic devices to complex controllers” []. The board has many devices that will aid in the development of this project. The Xilinx Sparta 3E FPGA is powerful and precise. In its processing power and efficiency the Cypress EZUSB controller will help in the programming of the FPGA. The USB is much more compatible rather than another interface like serial. The Basys board has a plug and play style about it as described. One neat expansion factor in is board is called Pmods. “Pmods are inexpensive analog and digital I/O modules that offer A/D & D/A conversion, motor drivers, sensor inputs, and many other features” [6]. This technology has not been seen in other FPGA boards that have been researched. The Pmods are a six pin connections that have a user-friendly expansions devices.
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Figure 5.a

Reprinted with permission of Digilent.

4.4 Overview

To access the board there is a USB connection in which the board can be programmed and settings can be changed. The USB can also power the board so the power supply will not be needed. This makes the ease of use much better because there are no extra cables needed to program the board. The software that is comes with the board is fully compatible and has an auto detect feature designed with it. The “Digilent’s freely available PC-based Adept software automatically detects the Basys board, provides a programming interface for the FPGA and Platform Flash ROM, and allows user data transfers at up to 400Mbytes/sec” [6]. Also if the designer does not prefer the Adept software that comes with the board and all the features it has. The Xilinx ISE software can be used with the Basys board to program it. But what has to be kept in mind is that a JTAG3 cable will be needed with the Xilinx software and also the external power supply. One other major tool that this board has to offer is he ISE WebPack CAD software that is developed by Xilinx. This tool called “WebPack can be used to define circuits using schematics or HDLs, to simulate and synthesize circuits, and to create programming files” [6]. This is the first board that has a nice feature that tells weather it is working properly or not. This has new been heard of from any other FPGA board designer. According to Diligent it stores the self-test program in the ROM and this program comes when the board it shipped already built in. These software packages combined with the board features make this one of the best designer tools out on the market today.

4.5 External Power Requirements
From before the board can be power by the USB cable or by the external power supply. One other way the board can be powered is by a battery pack from 4 volts to 9 volts. Each time a power supply is connected the board has a jumper that needs to be configured or the designer could risk damaging the entire board. To use USB power, set the power source switch (SW8) to USB and attach the USB cable. To use an external wall-plug power supply, set SW8 to EXT and attach a 5VDC to 9VDC supply to the center-positive, 2.1/5.5mm power jack. To use battery power, set SW8 to EXT and attach a 4V-9V battery pack to the 2-pin, 100-mil spaced battery connector” [6]. Figure 5.b give a pictorial description of the Basys board. These configurations given from the manufacture need to be followed to the tee or the designer runs the risk of damaging the board.

4.5.1 Internal Power Requirements

The external power supply was discussed previously now the internal power requirements and descriptions will not be focused on. The “Input power is routed through the power switch (SW8) to the four 6-pin expansion connectors and to a National Semiconductor LP8345 voltage regulator. The LP8345 produces the main 3.3V supply for the board, and it also drives secondary regulators to produce the 2.5V and 1.2V supply voltages required by the FPGA. Total board current is dependant on FPGA configuration, clock frequency, and external connections. In test circuits with roughly 20K gates routed, a 50MHz clock source, and all LEDs illuminated, about 100mA of current is drawn from the 1.2V supply, 50mA from the 2.5V supply, and 50mA from the 3.3V supply. Required current will increase if larger circuits are configured in the FPGA, or if peripheral boards are attached” [6].
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Figure 5.b

Reprinted with permission of Digilent.

The Basys board has many dynamics when it comes to power supply from external sources to the regulated consumption from the on board components. The Basys board is in general a PCB board that has four layers to it. What makes the design interesting is how the manufactures used the inner two layers to lay the framework for the grounding plane and the power plane of copper connections. One question comes to mind and that is what is the SNR or sound to noise ratio. When you have the power and ground in the inner parts of the board, and potentially have the signals running on the top and bottom of the PCB board. How badly can the data be distorted which means efficiency will be reduced because the process has to be checked then resent out again costing another clock cycle that could be used for another instruction. One solution to this problem is to place some type of filter to reduce noise, from past research a capacitor reduces noise when it comes to voltage and that is exactly what the Basys board uses. “The FPGA and the other ICs on the board have large complements of ceramic bypass capacitors placed as close as possible to each VCC pin, resulting in a very clean, low-noise power supply” [6]. This can be seen in figure 5.b under close inspection.

4.6 Programming

The Basys board comes completely blank with not pervious programs or files stored on it apart from the self-test file that is stored in the ROM of the FPGA board. The next step to use the FPGA board is to configure it to get what the designer wants out of the board. First the board needs to be powered on.  When the board is in the configuration mode “a “bit” file is transferred into memory cells within the FPGA to define the logical functions and circuit interconnects” [6]. Basically all this means is there are some libraries of bit files to help the designer make the whole process of try fail adjust go much more soother. According to the Digilent manufacture bit file can be make in three different source files. The first is VHDL, which means very high-level design language. The second one is  Verilog is a HDL which means hardware description language. The last type is schematic based which is exactly as it sounds. What is very helpful to the designer is that all three of these tools are available with ISE/WEB CAD, which comes from Xilinx software tools for not charge.

4.6.1 Interface

The interface between the computer GUI and the software part of the FPGA is very important part and Digilent has not left this to any chance. The Basys board uses a program named Adept. What can this program do? According to Digilent the Adept “can be used to configure the FPGA with any suitable bit file stored on the computer”[6]. The Adept program will use the USB as the medium to transfer the program from the computer to the Sparta 3E chip. Looking at figure 5.c there is a section called JTAG Header and Mode jumper. This is the location the where the port for programming is. More specifically this port is called he JTAG port. 

[image: image67.emf]
Figure 5.c

Reprinted with permission of Digilent.

One added feature to the Adept program is that it “can also program a bit file into an on-board non-volatile ROM called “Platform Flash”. Once programmed, the Platform Flash can automatically transfer a stored bit file to the FPGA at a subsequent power-on or reset event if the Mode Jumper is set to ROM” [6]. The only way to reset or reprogram is the shut the power off completely or use the rest button called “BTNR”. The BTNR can be seen in figure 5.d. Suppose a bit file is stored in the FPGA where can it be stored so it will not be erased when the FPGA board is powered down. According to Digilent “Platform Flash ROM will retain a bit file until it is reprogrammed, regardless of power-cycle events” [6].

4.6.2 Programming Instructions

To actually program the board these instructions are from Digilent. Attach the USB cable to the board so it has a data connection from the computer to the FPGA board. No external power supply is needed for this process. First “Start the Adept software, and wait for the FPGA and the Platform Flash ROM to be recognized. Use the browse function to associate the desired .bit file with the FPGA, and/or the desired .mcs file with the Platform Flash ROM. Right-click on the device to be programmed, and select the “program” function” [6]. Following these instructions to the detail will give the end user success in programming the FPGA with desired program that was created in Adept. Also on the Basys board there is an indicator that the program was sent successfully. A LED will light up to represent the programming process was successfully done right. This LED is called “LD_D” and it can be seen on figure 5.d.

[image: image68.emf]
Figure 5.d

Reprinted with permission of Digilent.

4.7 Project FPGA Design
In order to design the FPGA for the project there are some requirements that need to be meet by the designer and the equipment. According to Programmable logic design line there are 14 categories that need to be attended to. Looking at figure 6.a it will detail the aspects that will be covered in the project from the begging of just learning how to use the equipment to programming and actually implementing the entire design. The most key thing to this entire processes is the that the designer has to be able to spare enough time to learn, make mistakes, troubleshoot, and see the results.    

FPGA design checklist:
· Make sure you have plenty of time to spare.

· Find a decent computer.

· If you can afford it, add a big display.

· Decide which operating system to use.

· Consider using a virtual machine (VM).

· Select an FPGA vendor.

· Pick out a suitable development board.

· Select an embedded processor to use.

· Download the FPGA design software.

· Add the latest service packs.

· Choosing a logic simulator.

· Choosing a synthesis tool.

· Learn C programming.

· Read my tutorial (grin).

Figure 6.a

Reprinted with permission of Programmable logic design line.

Make sure you have plenty of time to spare

Firstly, the application and use of the designer’s time for this project is key to the success that will be achieved. The majority of the designing time will be spent of the learning of the capabilities of the FPGA technology and how the strengths of the FPGA will aid the project. It will take some time to set everything up, find all the information scattered all over the place and solve all problems along the way. I started this project December 2006 and I have not finished it yet. Learning from my mistakes will save you some time” [7]. Learning from the experience from someone who has gone before will help in numerous ways. All it means is that the designing of the FPGA for this project will be done in half the time because of the fact the designer will know exactly what to implement and what not to. A pictorial representation can be seen in figure 6.b of the whole process.  
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Figure 6.b

Reprinted with permission of Programmable logic design line.
Find a decent computer

The design is only as good as the tools that are used to implement the project. The basic requirements to run any FPGA and get maximum results are to use“almost any X86 equipped computer will do the job, but if you plan for some larger designs you should use a Intel Core Duo equipped computer. I am an old Mac fellow and will of course use my new MacBook with an Intel Core 2 Duo processor running at 2 GHz. I will add a 23" Cinema display to provide a large screen area”[7]. The computers that will be used on this project will vary. But the main computer to program run and test the FPGA will be the DELL Dimension 2350 which has a Pentuim 4 processor around 2 gigahertz of processing power. And is connected to a 15” computer screen for the design of this project. According to previous research and findings the size of the computer screen does not need to be to large since the simplicity of the design for quick and effective implementation.
Decide which operating system to use

This decision can be very simple or very tricky since one version of windows will run certain programs but on other versions it does not run. The computer that will be used to run and test the FPGA will have Windows 2000 running on it. “Here we have three choices. We can use a UNIX operating system like Solaris if we happen to have a SPARC workstation from SUN available, or we can use Windows XP or Linux on an X86 computer. For myself the choice is easy. Coming from a UNIX world I will use a Linux distribution. After trying out Ubuntu Linux I fell in love immediately”[7]. The designer of this project is experienced with the Windows enviorment it will not make sense to learn a whole new operating system just program the FPGA. The cost to benefit ratio in the long run will not payoff. The UNIX Solaris or Linux operating systems have their own benefits and draw back, but they will not be used in this project.
Consider using a virtual machine

The though of using a virtual machine has crossed the mind of the designer of this project. One issue with the virtual machine is which one to use and how stable will it be when using the program to program the FPGA.“I could of course install Linux directly on my computer, but that would stop me from using Mac OS X at the same time, and that I don't like. A perfect solution is to install Linux in a virtual machine (VM). There are at least three ways of doing this as follows
· Parallells Desktop

· VMware Fusion

· VirtualBox

After trying out Parallells Desktop and VMware Fusion, I decided to go with VMware Fusion” [7]. Since this factor of the design of this project is not a major factor. The computer that is going to be used will have the Windows environment already installed in it. The design phase of the project will not require the use of a virtual machine, but the revision of the design will be done in a Macintosh environment and will need a virtual machine.
Select an FPGA vendor

As discussed previously in the research area of this paper three major manufactures of the FPGA were identified and expanded upon. From the process of elimination by the comparison of the benefits and cost of each FPGA the Sparta 3E was chosen. “The two major FPGA vendors are Altera and Xilinx. Choosing which one to use is not an easy decision. The deciding factor for me was the MicroBlaze soft processor from Xilinx” [7]. The cost benefit process was a great guide in decided which FPGA to use, but also there seem to be more information about the Xilinx FPGA. Also, it seems to be a very well known FPGA by designers. The MicroBlaze was an other key factor in the decision of choosing of the FPGA. One other key factor in choosing a vendor is that it would make sense to buy parts from a manufacture that is no longer making replacement or accessories for the FPGA. It will limit the capabilities of future potential. 

Pick out a suitable development board

The FPGA needs a good environment to perform. So if choosing the FPGA is the most important decision the second most important is choosing the development board. There are many options to choosing a board “we could, of course, design an FPGA-based development system for ourselves, but using one of the development boards from Xilinx will make things much easier. Xilinx have a number of such boards in their catalog. Which one to pick? I decided to go for the ML403 board that has a Virtex-4 FPGA with a PowerPC 405 core. A cheaper alternative would be a Spartan 3 based board” [7]. In this project the development board manufacture is Digilent. They offer a board called the Basys board which delivers all the advantages of the other development boards, but with less complexity and at a reduced price. Another advantage to using the Digilent Basys board is that the manufacture combines the Sparta 3E FGPA with the Basys board in one complete package.
Select an embedded processor to use

The use of the embedded processor in this project will run all the functions in the back ground. Like the allocation of memory, processes, and allocation of component function.  “As I mentioned earlier, I have already decided to use the MicroBlaze soft processor core. The MicroBlaze is a 32-bit Harvard RISC architecture optimized for Xilinx FPGAs. The basic architecture consists of 32 general-purpose registers, an Arithmetic Logic Unit (ALU), a shift unit, and two levels of interrupt” [7]. The biggest reason for the use of the MicroBlaze is the optimization factor that is provides that was discussed earlier. This will aid in the use of the LCD display in which delay is not acceptable. Also, when the switching is needed the time it takes to switch on the correct configuration will help with the professionalism. And the feed back system needs to be taken into account from the user side of the project. The embedded processor for our project will ultimately give us optimization. A pictorial representation can be seen in figure 6.c of the MicroBlaze in use and how it plays it role in the grand scheme of things.
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Figure 6.c

Reprinted with permission of Programmable logic design line.

Download the FPGA design software

The third most important part of the project is the programming software used to implement the software part of the project. Each manufacture of FPGAs offer their own programming software, but the language to programming the FPGA are the same.“The ML403 board is bundled with two software packages called the Integrated Software Environment (ISE) and Embedded Design Kit (EDK). These packages contain all the software needed to design and implement an embedded system. The latest version of the software can be downloaded from the Xilinx web page at www.xilinx.com” [7]. In this project the Digilent manufacturer offers it’s owns programming suit. The Xilinx manufacture has its own software to program the FPGA which is a general programming tool. It will offer a limited optimization process. But the use of the Digilent software will help in the optimization since it was designed for this specific board. Digilent Adept is a powerful application which allows for configuration and data transfer with Xilinx logic devices. The Digilent development software is called ADEPT 1.10 which is the most recent version that is being offered. What is the really a positive from the end user/ designer point of view is that the Adept 1.10 contains 4 pieces of software as seen in figure 6.d:

· ExPort - A JTAG programming application.

· TransPort - A data transfer application.

· Ethernet Administrator - Configures the Net1 firmware.

· USB Administrator - Configures Digilent USB devices.

Figure 6.d

Reprinted with permission of Digilent.

This is one of the few tool packages that offer the entire software suit. The Digilent software suit will be used fully in this project. What makes this suit more superior that the Xilinx software suit is the information provided on the use of this software suit. It is user friendly and the optimization will help when it comes to speed of the system.
Adding the latest service packs

This part of the designing process is mostly overlooked by most people. This type of designing is future thinking on the basis of expansion of the project. “As always with software products there are updates and bug fixes. These are delivered in service packs that have to be downloaded and installed. It is very important to ensure that you have the latest service pack(s) installed, because this will save you a lot of headaches” [7]. This project will use the most up to date software that is provided from the programming software to the development software. As quoted from above it will save lots of problems from happening due to bugs in the manufacturing software. This will aid in the minimization time of designing and troubleshooting. It will eliminate some areas that the designer can look for when problems arises in the software side of the project.
Choosing a logic simulator

This logic simulator is the part of the software suit that will be used to program the user interface and the training program for the project. The decision on which one will give the most benefit to cost ratio is the real question. “The Xilinx software includes a very simple Verilog and VHDL Simulator that runs only under Windows XP. The commercial simulators available from Cadence, Synopsys, and Mentor cost a fortune and are out of reach for the normal user.” [7]. The three logic simulator manufactures are very closely rated “No.1 and No.2 EDA vendors Cadence and Synopsys are preparing huge pushes into advanced FPGA design this fall, and No.3 player Mentor Graphics has pledged not give an inch in the space it leads, having beat Cadence and Synopsys at this game a few times already” [8]. The price of the use of their software can be very expensive as stated above. Not only is there a licensing fee to use the software, but the time it will take to learn how to use it with the type of syntax. What is pretty neat about the Sparta 3E is that the code is so similar to C that any C compiler can be used and then just sent to the FPGA. So it will help with the whole cost and time issue that was once an issue.     

Choosing a synthesis tool

The first reason to even consider a synthesis tool is to know what a synthesis tool is. The “Synthesis Technology (XST), which synthesizes VHDL, Verilog, or mixed language designs to create Xilinx-specific netlist files known as NGC files. Unlike output from other vendors, which consists of an EDIF file with an associated NCF file, NGC files contain both logical design data and constraints. XST places the NGC file in your project directory and the file is accepted as input to the Translate (NGDBuild) step of the Implement Design process” [9]. Basically it is a tool that is like a translator from one language to another. The next step is to choose which synthesis tool to use “the Xilinx software comes with the XST Synthesis Tool. There are a number of synthesis tool out on the market but I find XST to be sufficient for my needs” [7]. For a basic easy to learn software the XST is the way to go. For the project when data in transmitted back and froth from the FPGA to the analog to digital converter it will most definitely help the process, but also boost efficiency in countless ways. A pictorial description can be seen in figure 6.e.
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Figure 6.e

Reprinted with permission of Xilinx.

Learn C-programming

The designer for this project needs to have an understanding of a computer language to understand the logic behind what is needed to implement the design stands for the projects success. “If you don't have any experience with regard to programming in C, you should find a good textbook and start learning it immediately. Why? Well, apart from being a very useful thing to know in general, all the Xilinx software device drivers are written in C” [7]. The project will have coding in C for all the major parts like the LCD interface, the training program, and the switching. The designer that will code the project has an intermediate understanding of the C programming language.
Read my tutorial

According to Sven Anderson the use of his website will give a very good foundation of knowledge that can be used for future decisions on the design, implementation, and troubleshooting.” For a full description of my embedded design project, read my tutorial, which you will find on my www.fpgafromscratch.com website. Also please note that this is an interactive experience- I welcome you comments, suggestions, and questions, which you can post on my site” [7]. The tutorials that his website provides helps the designer in every aspect of FPGA design from the basic software programming to the allocation and use of the components on the FGPA board. Sven Anderson website has all the information needed for applications that is projects needs. His website provides the basics which then can be combined to produce the desired result.

Lessons learned

The biggest part of any project is what the designer has learned from the experience so that the next step or phase of the project can more effectively be done. With the understanding and experience of a similar project done in the past this will build confidence and confidence breads ability to take the project to the next level. “Yes, it is possible to learn how to design an embedded system using an FPGA. The biggest problem is finding the documentation and understanding the whole design flow. Hopefully my tutorial will help you in that respect. If you have some hardware and software experience it will be easier, but even for a newbie it is do able” [7]. Every designer has their strengths and weakness and going through learning experiences will help in making the designer a better designer for the future.

4.8 Parts Acquisitions

The parts for this project have been chosen selectively chosen from places that have reliable parts, good customer services, good reputations, quick delivery, and great price. These are the requirements for the acquisition of the parts for this part of the project. Three locations have been considered for the acquisition of parts. The first location for the selections of parts is a surplus whole seller called Skycarft. It is located in Orlando Florida off of fair banks. The second location is Radio shack retail store in Waterford Lakes in Orlando Florida. The third location is online from a web site recommended my Dr. Samuel Richie called digilentinc.

4.8.1 Skycraft
The first location Skycraft is a ”self - service surplus sales outlet that sells to the general public as well as thousands of businesses through-out the United States. We feature electronic parts, electrical supplies, hardware, wire and cable, test equipment, and thousands of hard to find items. Skycraft is an ideal place for hobbyists, model builders, audiophiles, artists, and the do-it-yourself electronic enthusiast” [10]. This is a great place for hobbyist looking to build general electronic projects like stuff that already exist, but not to build what this project. The store is organized in a spend 2 hours to look for what part is needed, but to find they don’t carry it style. There are lots of great parts for general uses for any designer, but the designer has to very willing to look for what is needed to complete their project. 

The reliability of the parts really comes into question when the parts where being studied by visual inspection. All the parts are second hand and don’t really seem to grantee success when a project is build. This can be very frustrating when it comes to troubleshooting the project is some thing goes wrong with it. It would be very frustrating if the part that was bought what the problem not the way it was implemented. This will add to the time it will take to build any project especially this one. To eliminate this problem from even occurring; no parts from this project were not bought from Skycraft. The customer service at Skycraft was good. The representatives had a good idea of where certain parts are located, but when the part is seen it is nine times out of time not the part that is being looked for or its not there. Skycraft has a good reputation when it comes to hard to find parts from the fellow collogues and engineers. 

The part of Skycraft that stands out the most is the time for delivery is instantaneous because all that needs to be done is drive to the store and pick up what part is needed to complete the project that is being worked on. The last factor that is looked at is the price of the parts. Skycraft being a whole seller the assumption is that the prices would be rock bottom. When compared to the price that was in mind, it really did not seem like a good deal. With all the factors being covered Skycraft will be a worst come scenario. If parts are needed and can wait for delivery Skycraft is the place to go.

4.8.2 Radio Shack

The second location to consider is the Radio Shack in Waterford Lakes. Ideally this was the group’s first decision place to go because when electronics are though of this is the place. Radio Shack sells “the products and accessories that people want. For those on the go, RadioShack simplifies life with one of the largest selections in innovative products in wireless phones, GPS receivers, digital music players and laptop computers. For home enjoyment, RadioShack delivers the latest in entertainment products, from digital cameras to large screen TVs and gaming. RadioShack meets the needs of customers by cultivating collaborative relationships with a large number of leading technology companies. AT&T, Casio, Duracell, Garmin, Hewlett-Packard, Microsoft, Mio, RIM, Samsung, SanDisk and Sprint Nextel are among the brands recognized for innovation and available at RadioShack” [11].

 The first requirement for this project was does Radio Shack have reliable part for the designing of this project. All the parts a new and have been factory tested. Radio Shack has a return policy so if any thing did go wrong the part that was selected from Radio Shack it can be replaced for a good part. The second requirement is does Radio shack have good customer service. When the group when to the Radio Shack in Water Ford lakes there was a customer representative his name was Bobby and he was very helpful. He had answers to all of the questions that where asked about the products that where in the store and also had some general electrical knowledge that help aid the understanding of what was trying be accomplished by the acquisition of certain parts for certain jobs. Radio Shack has been around for 88 years. I have always heard great things about Radio Shack and have had no problems with them. 

One thing that might be said is that Radio Shack might be a little expensive. But the quality is determined by the price. Radio Shack also like Skycraft has a great delivery policy most parts that the designer needs are right at the store and if they are not. The part can be ordered online with out any hassle or long delivery periods. The prices of most parts at Radio Shack are one the higher end of most fundamental designers who just want to get a working prototype to work. Looking at all the requirements that have been laid out Radio Shack is good place to shop if price is not a big issue for the designer. The customer representatives are very knowledgeable and helpful. This can be a very good asset to know for anyone who has any questions about what is being bought.

4.8.3 Digilentinc

The third location to acquire parts is digilentinc, which is an online source that has no store location in Orlando Florida. Digilentinc is a “leader in the design, manufacture, and world wide distribution of FPGA and microcontroller technologies. Since its founding in 2000, Digilent has grown to the point where our products can now be found in over 1000 universities in more than 70 countries throughout the world. As a multinational company with offices in the US, Taiwan, China and Romania, Digilent is able to provide low-cost, expert quality solutions for a variety of customer needs. Digilent also provides high-end OEM manufacturing services for leading technology companies including Xilinx, Cypress Semiconductor and National Instruments, to name a few” [6]. Dr. Samuel Richie recommended this source because the price of the parts and also the University of Central Florida uses Digilent as their main source for FPGAs and other devices.

 The first requirement that is going to be looked at is the reliability of the parts. Since all the parts that are sold from Digilent have a ” warranted to be free from manufacturing defects for 30 days from the date of purchase. No other express or implied warranties are provided’ [6]. Also, the University of Central Florida has been using these parts for a year now and they continue to use these parts to educate future engineers. According to what I have heard the customer services is good because they are a growing company offering great products. Digilentic has been in business for nine years and going strong they are in four major countries. The delivery method is not the fasted in the world, but enough time must be allotted to delivery time. They don’t have a local store like all the other places. 

The most exceptional thing about this company is that they have great price for the amount of technology they offer. Comparing Digilentic prices with the other places to acquire parts it is the best place to buy parts. That is why this is here the designer will buy the parts from. The acquisition of the FPGA will be bought through this website. Also, the analog to digital converts will be bought thorough this website. What also is a bonus is that, all the parts have a special interconnect with each other. So this fact brings forth the elimination issue of compatibility issues that could arise but will not.

4.9 Design Summary

The Single to three-phase simulator trainer has five major components working together to achieve synergy. Basically synergy is the sum of the parts having a more power effect than the sum of the individual parts working together. The project uses an FPGA, LCD screen, switching sequence, transformers, and a training program. The engineering behind this project ranges from basic electronic theory to complex software analysis and decision-making.

The FPGA is the brains behind the entire operation. The FPGA receives and transmits data. The FPGA holds the switching patterns so the meter cans have proper output voltage. It also contains the entire operation program for the training program. The FPGA also inputs data from the analog to digital converter and uses it in the training program. The user will measure the voltage with the leads of a digital voltmeter. The voltmeter will contain an analog to digital converter in it that will allow the signal to be compatible with the FPGA. The voltage will then be stepped down for the FPGA for it to determine if the voltage was correctly measured. From the prospective of the designer the FPGA is the most important part of the project. Looking at the design of the FPGA from the ground up, first the FPGA needs to be programmed with the training program. In order for the program to work it will need inputs from analog to digital converter. Secondly the analog to digital converters needs to be calibrated and integrated into the FPGA.  Then the switching sequence will be programmed into the FPGA. This will be discussed later on, but basically for a desired output the FPGA will control the configurations of switches to give the desired output. The LCD screen needs to be connected and in sync with the FPGA to have a form of output.

The LCD screen is the main output for this project. The LCD screen will connect to the FPGA by the way of I/O ports. The key to interconnecting these components are the timing diagrams from the manufacture. Also the code for the LCD will be inputted to the FPGA. The LCD will output a series of questions and directions for the user to display their knowledge of testing the different voltages. The LCD will instruct the user to which switching pattern to use to determine the correct voltage. The switching will be connected to the transformers to create the desired voltages. There will be three transformers that will manipulate the voltages. The pattern of switches will also activate the corresponding meter can that needs to be measured. Once a meter can is activated a LED light located on the top of the will illuminate to signify that it is activated with high voltage.

The switching sequence is the technique that gives life to the project. The design of the switching sequence was a challenge for any designer. The objective was to come up with a sequence that will mimic three phases. There where multiple ideas that that went thought the brain storming of the project. There seem to be a million ways to do it, but the issue with most of those ways was how it can be easily implemented and cost effective. Starting with the easy of implementation was not as easy as it sounds. Through lots of research and the consultation of a University of Central Florida professor it came to fruition to the designers in this group. It was simple to implement in the dynamics that where needed by this project. The simple details are that there are five switches that are used for this project. The outputs from the switching are Delta Single phase, Delta three phase, Wye Single phase, and Wye Three phase. Each service will have a switching sequence that will allow that particular configuration to turn on. The Delta single phase service will have the switching sequence of up, up, up, up, down for phase 1 and 2 to ground and for phase 1 to phase 2. For the Delta three phase service the switching sequence will be up, up, up, up, down for phase 1 and 2. However, the switching sequence will be up, up, up, up, up for the power leg to ground on the Delta three phase. The Wye single phase service switching scenario will be up, down, up, down, down for the phase 1 and 2 to ground. The switching cycle will be down, down, down, up, down for phase 1 to phase 2 in the single phase Wye. The Wye three phase service will have up, down, up, down, down for phase 1, 2, 3 to ground. For phase 1 to phase 2 the switching sequence will be down, down, down, up, down in the Wye three phase service. The last test scenario switching sequence down, down, down, down, down, will be associated with phase 1 to phase 3 for the Wye three phase service. This process was also very cost effective to implement from the budget point of view because instead of using a bunch parts just to create a desired output. Just use five switches to create multiple outputs. Meaning less parts for less cost which leads the output required for this project.

The transformers play the most passive role to the naked eye, but looking at the same role with a designer’s eye it is a very important role. From a birds eye view of the project the transformers will have two functions in the project. The first function the transformers will perform is the increase of voltage to the turn ratio rated by the transformer. This part give life to the root mean square voltage that will be outputted to the meter cans lugs. The second function of the transformer will be to step down the voltage to the FGPA so it will not damage it. This process will be replaced by the digital multi-meter so changes are taken. The role of the transformer in this project is from the switching the voltage is passed though the transformer then stepped up to a higher voltage then sent out to the meter can lugs. There are three transformers that produce this result. 

The training program is like the neuron system of this project. It uses all the parts to functions. It uses the FPGA, analog to digital converter, and transformers. The system is designed to test meter checkers and train them in what actions they are required to execute. In the system there will be two different types of modes one for the real test and the second a simulations for training for the test. Inside the code the two different modes will be broken into functions such as. That set-up is for the types questions where the user enters the answer. The Group has decided the user will enter the voltages tested from the meter cans or have them relayed automatically through the system by way of the voltmeter. In the code where the user hit the switches to turn on the meter can and check with the voltmeter the question and process run slightly different as follows. When answering the questions the switches on the FPGA will be triggered to turn on the meter sockets. The program checks to make sure the correct switches are hit. In addition from the checking the switches the “meter man”, which is the user, is required to check the voltage output with a voltmeter. The voltage from the voltmeter is relayed back into the system and check against the correct voltage. 

Besides the code that is run in the simulation procedure the only difference is that the test procedure only runs through the questions once so the looping while functions is eliminated. In the test procedure the number of incorrect answers is counted with an incrementing. That information needs to be recorded and reported to the company as to inform if the test was passed with under the number of incorrect answers required. To record the information we need to write the integer n to a file with the code. To enter in numbers as well as various information keyboards must be selected. The system is big enough as it is without any other accessories. We’ve come up with a couple types of keyboards that would suffice for the project. The first right off selection would be a small keyboard something easily used and handled not too unwieldy something that can possibly be mounted right next to graphic display itself. An excellent first selection would be this amazing gadget. It’s a simple mini qwerty keyboard that is Bluetooth enabled. The keyboard is small but functional in the very aspect of any normal sized keyboard. The only disadvantage to the iFrog keyboard is the cost far exceeds budget expectations for our keyboard funds. Ideally before the group even began to research for the keyboard apparatus this is almost exactly what we had in mind something incredibly small but useful and effective. The fact that its small enough to be mounted right next to the graphic display is nothing but a plus. 

5.0 SPECIFICATIONS

5.1
General Specifications

There are a few basic specifications that we need to define for the phase converter simulator. First we will need 1-100 Amp Meter Socket and 3-200 Amp Meter Sockets. We will need one variable transformer, six potential step-up transformers, and one electronic transformer. We will also need one volt meter to display the input voltage and another to measure the output voltage. A control box will be needed to store the variable transformer, liquid crystal display screen, and the field programmable gate array. The phase converter will also need an analog to digital converter to change the voltage signal to a digital signal that the field programmable gate array can understand. Also, we will need few fuses and light emitting diodes to help with the safety measures.
The table below shows the specifications of each of the six potential step-up transformers the group will use for the Phase Converter Simulator. The first three potential transformers all have different ratios. However, the last three potential transformers all have the same ratios. All six of the step-up transformers are made by the same manufacturer. The group based the ratio of the six transformers on power calculations. In order to get the required voltages the group designated the first three potential transformers as the transformers that will handle the phase to phase voltages. 

The first transformer has a ratio of 80:115 which is being used for the stinger leg of the Delta configuration. 
80 x 2.4 = 192 V
The 192 Volts is the voltage that will be used as the stinger leg voltage. The 2.4 comes from the second set of potential step up transformers, however, with the variable transformer the group will be able to adjust the voltage to the desired outcome.
The second transformer has a ratio of 42:115 which is being use for the phase to phase voltage for the Wye configuration.

42 x 2.4 = 100.8 V

To get the phase to phase voltage one has to multiple the 100.8 by 2. 

100.8 x 2 = 201.6 V

The 201.6 Volts is the voltage that will be used as the phase to phase voltage. The variable transformer will be used to adjust the voltage to get the desired outcome.
The third transformer has a ratio of 50:115 which is being use for the phase to phase voltage of the Delta configuration.
50 x 2.4 = 120 V

To get the phase to phase voltage one has to multiple the 120 V by 2.

120 x 2 = 240 V

The 240 Volts is the voltage that will be used as the phase to phase voltage for the Delta configuration. 

	Potential Transformers
	Ratio
	Manufacturer
	Style
	Model #
	Type

	Transformer 1
	80:115
	Hammond
	JS1076
	166G80
	3AHED

	Transformer 2
	42:115
	Hammond
	JS1076
	166L42
	3AHED

	Transformer 3
	50:115
	Hammond
	JS1076
	166L50
	3AHED

	Transformer 4
	2.4:1
	Sangamo Westen Inc
	JT1067
	923T80
	76R

	Transformer 5
	2.4:1
	Sangamo Western Inc
	JT1067
	923T80
	76R

	Transformer 6
	2.4:1
	Sangmo

Western Inc
	JT1067
	923T80
	76R


For most power companies their voltage limit for residential is +/- 5%. So the range will be for the secondary 114 V to 126 V and for the primary the range is 228 V to 252 V.  

6.0 TESTING

6.1 Test Facilities and Equipment

6.1.1 First semester

The major facilitation used during Senior Design I for meeting was Engineering I. During the project decision and preliminary concept phase of the project, which was in the beginning of the semester, the group held the meetings in the CECS (Mecca Lab); ENG 281. The group chose to hold meetings in the Mecca lab in the beginning because it is such an excellent atmosphere to do decision making, as well as gain insight from colleague engineering majors and the tutors that work there. Once the group decided on its project (two weeks into the semester) the group began to hold its meetings in computer labs ENG I 274. The group used these labs to take advantage of some of the software applications that are installed on the computers. Once the group received some of the components that were ordered, we held a couple of meetings in the Senior Design Lab to help us Layout the components and to come up with the preliminary Design Layout of our project. 

There are several software applications that we could have taken advantage of to design and simulate our project ideas. However we have decided that only on a select few would be practical help us comprehend our design. To simulate the Circuitry design of our project, we struggled to decide between which CAD applications MultiSIM or PSPICE would be the best to use. We ultimately decided that MultiSIM was the best option for one major reason. The group determined that MultiSIM was very user-friendly. We did try to use PSPICE just to compare results from both CAD software applications; however it was un-cooperative when we downloaded some components from the internet and tried to run the simulation profile. 

6.1.2 Second Semester

The group does not think the facilities needed for Senior Design II semester will differ too much from that of Senior Design I semester.  Majority of the testing decision making will take place in the same rooms as before.  This is also where the completion of the other assignments given throughout the semester will occur.  There will be, however, several more hours spent in the senior design lab.  This will be the case since practically all of the work needed to be done is hands on.  This also coincides with the equipment that will be needed.  There won’t be nearly as much simulation needed when compared with last semester.  Essentially, the only time simulations with some of the previous software will be needed, is when we want to contrast the computer results with actual results, or if we need to go back to the drawing board.  Hopefully the latter will not be the case.  Additional equipment that will be needed include Multi-meter, and soldering stations, to name a few.  The Multi-meter will be needed to check the voltages for the different output voltages.  It can also be used to measure currents at certain points such as the powering inputs for the chips in the circuitry.  We will also need to make use of the soldering stations that are provided in the lab.  We anticipate the chance to learn or brush up on our soldering skills during the upcoming semester.  Clearly the soldering connections will be needed because we are working with several wires of PCB boards on the receiver end of the locator.     
For each phase configuration the desired voltage there is a particular desired voltage output. The Delta single phase service should output 120V phase 1 and 2 to ground and 240V phase 1 to phase 2. The Delta three phase service should output 120V phase 1 and 2 to ground, 240V phase to phase and 208V power leg to ground. The Wye single phase service should output 120V phase 1 and 2 to ground and 240V phase 1 to phase 2. The Wye three phase service should output 120V phase 1, 2, and 3 to ground and 240V for phase to phase.
	Phase Configurations
	Phase to Ground
	Phase 1 to Phase 2
	Phase 2 to Phase 3
	Power leg to Ground

	Single phase Delta
	120 Volts
	240 Volts
	
	

	Three phase Delta
	120 Volts
	240 Volts
	240 Volts
	208 Volts

	Single phase Wye
	120 Volts
	208 Volts
	
	

	Three phase Wye
	120 Volts
	208 Volts
	208 Volts
	


6.2 Phase Configurations Voltage Table

For the testing scenarios there are four different types of services. Delta Single phase, Delta three phase, Wye Single phase, and Wye Three phase. Each service will have a switching sequence that will allow that particular configuration to turn on. The Delta single phase service will have the switching sequence of up, up, up, up, down for phase 1 and 2 to ground and for phase 1 to phase 2. For the Delta three phase service the switching sequence will be up, up, up, up, down for phase 1 and 2. However, the switching sequence will be up, up, up, up, up for the power leg to ground on the Delta three phase. The Wye single phase service switching scenario will be up, down, up, down, down for the phase 1 and 2 to ground. The switching cycle will be down, down, down, up, down for phase 1 to phase 2 in the single phase Wye. The Wye three phase service will have up, down, up, down, down for phase 1, 2, 3 to ground. For phase 1 to phase 2 the switching sequence will be down, down, down, up, down in the Wye three phase service. The last test scenario switching sequence down, down, down, down, down, will be associated with phase 1 to phase 3 for the Wye three phase service. 
Test Scenarios

	Delta Service
Single Phase
	Switch 1
	Switch 2
	Switch 3
	Switch 4
	Switch 5

	Phase 1&2  to Ground
	UP
	UP 
	UP
	UP
	DOWN

	Phase 1 to Phase 2
	UP
	UP
	UP
	UP
	DOWN

	Delta Service Three Phase
	
	
	
	
	

	Phase 1&2 to Ground
	UP
	UP
	UP
	UP
	DOWN

	Power Leg Phase to Ground
	UP
	UP
	UP
	UP
	UP

	Phase 1 to Phase 2
	UP
	UP
	UP
	UP
	DOWN

	Phase 1 to Power Leg Phase
	UP
	UP
	UP
	DOWN
	DOWN

	Phase 2 to Power Leg Phase 
	UP
	UP
	UP
	DOWN
	DOWN

	Wye Single Phase 
	
	
	
	
	

	Phase 1&2 to Ground
	UP
	DOWN
	UP
	DOWN
	DOWN

	Phase 1 to Phase 2
	DOWN
	DOWN
	DOWN
	UP
	DOWN

	Wye Three Phase
	
	
	
	
	

	Phase 1,2,&3 to Ground
	UP
	DOWN
	UP
	DOWN
	DOWN

	Phase 1 to Phase 2
	DOWN 
	DOWN
	DOWN
	UP
	DOWN

	Phase 1 to Phase 3
	DOWN
	DOWN
	DOWN
	DOWN
	DOWN

	Phase 2 to Phase 3
	DOWN
	DOWN
	DOWN
	DOWN
	DOWN


6.2.1 FPGA Testing

The FPGA has multiple parts to play in this project, which also means that there are lots of areas for error to occur in the design process. Taking the testing form the aspect of the FPGA is one that takes a keen perspective to discern what is needed to be in use and what can be left out. When parts that are not being used are left out from use this makes the process that are being used much simpler test and find errors. The FPGA has three main processes to take into consideration. The switching sequence, the LCD, and the feed back system.

6.2.2 Switching Sequence Test

The first process to test is the switching sequence which will give the desired voltages. The process includes the codes has to written and tested to have the Field Programmable Gate Array to choose the correct sequences. This will be written and pretested in an environment outside of the Field Programmable Gate Array. Then the code will be uploaded to the FPGA for testing with the switching. What is meant by switching sequence, there are five physical switches that are located outside the FPGA that the FPGA will be controlling the physical switches. This is done by the code that is programmed in the FPGA by the designer. The basic signal that will be sent out through the switches are a on and off sequence. When a on signal is sent it will stay on and the voltage will be allowed to pass through it and sent to the desired source. When the process no longer needs that voltage source or the process is changed an off signal will be sent to the switch and the voltage will be turned off. The process for test this simple sequence is to first test it with a small voltage then send the on signal then test at the other end to see what voltage is received. Once this test is passed repeat with a high voltage and test the out come of this test sequence for all five of the switches. The last test sequence in this process is to hookup all five pretested switches with high voltage connected to them. Then test out the actual specific sequences that the project specifies. Then check each of the configurations with a voltmeter to see if the output is what was expected. This is the testing sequence for the switch sequence. The process in very simple due to the fact that lots of other process where eliminated and or streamlined to have such a pure process to operate the switching.

6.2.3 LCD Test

The second process to test is the LCD that will give out the information of the training program. The LCD is the second main output of the entire project. This process has many little parts that can be over looked by the designer and the tester. Firstly, let’s take a look at the possible issues that could arises then what steps will be taken to test for test issues. There could be a timing issue, compatibility issue, and functionality issue. All the issues are very important to take into consider ration, but the timing issues is one of the biggest issues to look at. The first question is what the whole timing thing is about. In every device in this process runs on a clock cycle which dictates what is done at what times. The FPGA needs to send out a signal to the LCD controller, which then picks up the signal with in the allotted time specified by the controller. The signal can arrive early, but what is not expectable is if the signal reaches late. This will cause an error and the process that wants to be done will not happen just because the timing was off. The solution to this possible issue is to read the data sheet which has a timing diagram for the LCD controller. The sister step to that is to carefully read timing diagram for the FPGA and make sure the process that is going to be done is in complete coherence with both of the timing diagrams. Figure 7.a has the timing diagram for the FPGA and the LED outputs on the FPGA board itself. This is one of those area in which the calculations will be performed to find the right timing, but there will be some trail and error to the process which is to be expected. The second issue to take into consideration is the compatibility issue. This basically means that the LCD display, LCD controller, and the FPGA has an issue in one of those areas. To remedy issue is to check the data sheets multiple times because most manufactures will have a compatibility list or even simpler is the use parts from the same manufacture. Once these processes are confirmed that the parts are compatible through documentation the next step is the test out the actual parts through trail and error. What will make this step most efficient is to connect everything and then check again. Then turn everything on and try a simple test output to the screen. Once this has been confirmed the training program will be run fully on the screen. The third issue to look at is the functionality issue, which is how does the LCD controller and LCD display works. Meaning when a process is sent to the LCD controller does it do what is desired from the user. This is also can be pretested by just looking at the data sheet and making sure the controller and display are within specification of what is desired. The physical test is a basically a trial and error process by connecting everything up and testing it out by running a sample test to the controller and screen.     
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Figure 7.a

Reprinted with permission of Digilent.

6.2.4 Feed Back Test

The last test is of the feed back system, which is a simple system due to the designer’s ingenuity. The process starts with a connection to the FPGA which is then has an analog to digital converter. The analog to digital converter has an input from a digital multi-meter. This process is a very delicate process in which lots of issues can arise. To make sure that non of the these issues occur a specific test procedure is develop to make sure most of the issues are eliminated and or keep to a minimum to at least give a working product that can be used for this project. The reason why this is a very delicate part is very high voltages will be used for testing and could damage analog to digital converter and also the FPGA board. The first step to testing is to setup the FPGA and analog to digital convert up with the FPGA. Then feed in the connection from the meter to the analog to digital converter. The test will involve the entire setup, but use a small test voltage source to see what output to the FPGA will be. Once the FPGA reads the source voltage, then step up the voltage little by little and see if the FPGA is responsive. Once this test proves and no components are damage use the true voltage and see what the FPGA reads and it should read the true voltage.  

Chapter 7 
7.0 Resources

7.1 Power Resources

In an effort to be pointed into the right direction and obtain new, helpful ideas for our project, we turned to various professors’ help.  We felt that having conversations with professors that have knowledge in the fields pertaining to our project would be an effective way to go through the research and design process.   

For the power side of the project the group talked to Associated Professor John Amos. He was very nice and willing to take some time out of his schedule to hear our ideas and give us his input.  Once he heard our idea, he proceeded to ask more questions on our plan of attack.  It did not take long for him to come to the conclusion that our ideas for the design would not be practical.  He understood our reasoning for the power transformers, but knew that it would not render the results that we were looking for. 
 We then asked if there was any other transformer that could be used instead of the power transformer.  Professor Amos suggested that we look into potential transformers. He told us that potential transformers would work more efficiently for the ideal that we had. After we knew what we needed to manipulate the voltage the Phase Converter Simulator was the project we wanted to work with for our senior design project.  However, once the group presented the project ideal to Dr. Richie our hopes were down. Dr. Richie stated that we needed some type of software design to our project in order to demonstrate everything we have learned in our engineering curriculum. He told the group that we should use a FPGA and a user interface to help with the training. At the time the group had no experience dealing with a FPGA.
7.2
Resources for FPGA

The first resource that we used for guidance in the area of microcontrollers was Dr. Weeks.  As mentioned before, he directed us down the path of using a Basys Field Programmable Gate Array even though we did not use this during our curriculum as Computer and Electrical Engineers.  We asked him about the amount of prior knowledge and effort it would take to learn how to use this new product , and he was able to ensure us that the Basys was easy to work with and easy to learn use.  He was explained that it was commonly used at our school by the 3342 Intro to Digital Circuits students and other senior design groups past.  He also was able to guide us to some user forums for the very common chips.  He made us aware that since the chip was so widely used it has a large online support group, that would be able to assist with a wide variety of projects and ideas that we would come up with.

Another source that we called upon from this area was some folks at Praxis Software.  Group member Ronnie Lalchan interned with Praxis Software. over the past school year and was able to network with many of the engineers there.  Through these contacts we were able to get in touch with some engineers and get a little feedback about the feasibility of our project. We were also able to get more aspect about the FPGA and programming aspect of the project.

Lastly there are a variety of books written on various aspects of implementing Field Programmable Gate Array.  Just by sitting in Barnes and Nobles and the university library looking through various material on Field Programmable Gate Arrays we were able to understand the basic elements it would take to create a functioning Field Programmable Gate Array device that will be capable of executing the processes that will be demanded of it within our circuit.  Books are always a great source of information and even in a day and age where we spend most of our time researching on the internet we were able to find specific and useful information while searching through books that were dedicated to the Field Programmable Gate Array that we were looking to use in the project.

Chapter 8

8.1 Final Remarks and Conclusion

Through our research we have been able to effectively design the two systems for our module that we will be implementing in the semester to come.   The group has researched all of the essential parts that will be needed to build the working prototype of our module. For the training mode the group will use a wireless keyboard from Best Buy to allow the user to input their answers the questions the Phase Converter Simulator outputs. We will use a Basys Field Programmable Gate Array; that will be purchased from Digilent to be the central part as well as the switching device to decipher the phase configurations of the Phase Converter Simulator. In order for the user to be able to move forward to the training mode the user will have to pass the testing mode with 90% efficiency. For the testing mode the group will use five meter cans that we will get from Austin’s International. The five meter sockets will output a specific voltage based on the makeup of the meter can. For the single phase meter sockets there will be three total. The two wire single phase meter socket will have three terminals for testing on the line side. However, only two will be used for testing. The other two single phase meter sockets will also three terminals and all three will be used for testing. The Phase Converter Simulator will pose a particular voltage to the user for that particular phase configuration and the user will have to test the correct voltage. For the feedback portion of the Phase Converter Simulator the group will use a voltmeter and an analog to digital converter to get a safe compatible signal back to the Field Programmable Gate Array. This is essentially how the Phase Converter Simulator will work in order to test and train the user operating the product.
For the timeline of our project the group decided to devote the mainstream of our first semester to design and purchasing of parts necessary for testing.   Also we found that we would need a good deal of time to construct the professional document describing the process of creating our working module.  We dedicated over two weeks of our time to working on the page requirements and specifications required for this document.  For the second semester of this class we decided that we will devote the majority of our time to implementation and getting everything that we have designed working properly.   We will also use a good deal of our time to prepare our final presentation.  We realize that next semester will bring lots of challenges as far as the amount of repeated tests that will have to be done and the amount of data that will be collected.  All of this will hopefully lead to a successful, working prototype that will be ready for when the time comes to demonstrate.  We will try to stick with all of the decisions that we have made throughout this past semester, and remain confident in that our design is the best possible solution.  

Appendix
E-mails

A1


	Anthony D. McCorvey <a.d.mccorvey@gmail.com> 
	Mon, April 20 , 2009 at 10:09 PM 

	To: rsimmons@techequipment.com 

	Hi, my name is Anthony McCorvey and I am a senior at the University of Central Florida.  I am just writing to ask permission to include some of the pictures found on your website?

-- 
- Anthony McCorvey - 



	R. Simmons <rsimmons@techquipment.com> 
	Tue, April 21, 2009 at 11:11 PM 

	To: "Anthony D. McCorvey" <a.d.mccorvey@gmail.com> 

	Certainly Anthony, feel free... as far as I know, anything on the web that
does not explicitly declare property rights of the creator is fair game for
public use.

Bob S.

[Quoted text hidden]




A.2



	Crockett, John <John.Marvin@utilitysolutionsinc.com> 
	Monday, April 20, 2009 at 5:19 PM 

	To: a.d.mccorvey@gmail.com 

	Anthony,

 

Feel free to use the information found on www.utilitysolutionsinc for your report. Also, pass along the information once you have finished, it may be of interest to people here to know what your experience was with our information and products.

 

Regards,

 

John Marvin
Strategic Marketing Representative

Utility Solutions
 

Email: john.marvin@utilitysolutionsinc.com
 

 



	




A.3
	Coles, Joseph <Jcoles@iseinc.com> 
	Friday, April 17, 2009 at 2:09 PM 

	To: a.d.mccorvey@gmail.com 

	Anthony,

 

No problem on the photo.
Good luck with your project.

Regards,

 

Joseph Coles
Email: jcoles@iseinc.com
 

 



	


A.4
	sales <ssc@safetyservicescompany.com> 
	Thursday, April 16, 2009 at 4:18 PM 

	To: a.d.mccorvey@gmail.com 

	Anthony,

You have our permission.

 

Regards,

 

Sales
Email: ssc@safetyservicescompany.com
 

 



	


A.5
	sales <sales@allproducts.com> 
	Wed, April 21, 2009 at 12:56 PM 

	To: "Anthony McCorvey" <a.d.mccorvey@gmail.com> 

	Hi Anthony,

 

Thanks for your enquiry and yes, this is fine. If this is an internal University document, this is okay. 

 

 

Best Regards

Alan

Sales Manager

 

[Quoted text hidden]




[image: image73.png]* Re: Website ‘Sunday, April 26, 2009 5:32 PM

‘Craig Dyball" <cralg@electropages.com>
fonnie._lalchan@yahoo.com" <ronnie._lalchan@yahoo.com>

Hi Ronnie
Please feel free to use our info for research purposes.
We also have an app on the iTunes store which

If you have an iPhone, may be of some use.

Rgds
Craig Dyball
Director

Sent from my Mobile
+44 (0) 7515 711072

On 26 Apr 2009, at 21:43, Ronnie Lalchan <ronnie_lalchan@yahoo.com> wrote:

B,

My name is Ronnie Lalchan and I am an electrical
engineering student at the University of Central Florida. I
an researching FPGA and would like to use some information
and pictures from your website.

Thanks,

Ronnie Lalchan
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From: "Cralg dyball" <craig@electropages.com>
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No problem Ronnie
s long as credit us as the source.

Rgds
craig Dyball

Sent from my Mobile =z Gl @
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In Ereck Plancher case,
On 18 Mar 2009, at 04:07, Ronnie Lalchan <; ~ Central Florida Knight

i
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ai, Search the Web | View Pictures

My name is Ronnie Lalchan and I am an electrical
engineering student at the University of Central Fle

am researching FPGA and would like to use some information
and pictures from your website.

Thanks,

Ronnie Lalchan
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Wednesday, March 18, 2009 6:06 AM




[image: image75.png]* RE: Website ‘Tuesday, March 31, 2009 11:03 PM
From: "joe@digilentinc.com” <joe@diglentinc.com>

To: ronnie_lalchan@yahoo.com

Ronnie,
Please feel free to use what you like, with proper citation.

Best regards,

Joe

Original Message -
From: Ronnie Lalchan [mailto:ronnie_lalchangyahoo.com]

To: joefdigilentinc.com
Sent: Tue, 31 Mar 2009 18:28:34 -0700 (PDT)

Subject: RE: Website

Yes, I am writing 1\ paper for Senior Design 1 at the University of Central Florida and will be
referencing your pictures giving your website full credit for its information. I will have the paper
written in MLA format with all my references. I am using the Sparta 3E Basys board for my research.? Thanks.

On Tue, 3/31/09, Joe Harris <joefdigilentinc.com> wrote:
From: Joe Harris <ioefdigilentinc.com>

Subject: RE: Website

To: ronnie_lalchangyahoo.com

Cc: "'stephanie Roberts'" <stephaniefdigilentinc.com>

Date: Tuesday, March 31, 2009, 12:11 BN





	“Christopher Beck” <CLaRoBeck@gmail.com> 
	Tues, March 10, 2009 at 10:09 AM 

	To: contact@xpcgear.com 

	Hi, my name is Christopher Beck and I am a senior at the University of Central Florida.  I was wondering if I could have permission to include some of the pictures of a few of your Keyboard Products found on your website and in the user manuals in my senior design class report (report is for academic use only)? 
 
--  
Christopher Beck

 


 

	Jill Simmons<contact@xpcgear.com> 
	Wed, March 11, 2009 at 11:11 PM 

	To: “Christopher Beck” <CLaRoBeck@gmail.com> 

	Hi Chris,  

Thanks for your enquiry and yes, this is fine. If this is an internal University document, this is okay.    
 

Best Regards

Jill Simmons

Sales Manager

eXtreme PC Gear

www.xpcgear.com  




	“Christopher Beck” <CLaRoBeck@gmail.com> 
	Fri, March 20, 2009 at 9:23 AM 

	To: info@shopeio.com 

	Hi, my name is Christopher Beck and I am a senior at the University of Central Florida.  I was wondering if I could have permission to include some of the pictures of a few of your LCD Display products found on your website and in the user manuals in my senior design class report (report is for academic use only)? 
 
--  
Christopher Beck

 


 

	Bob Rogers<info@shopeio.com>
	Fri, March 20, 2009 at 3:37 PM 

	To: “Christopher Beck” <CLaRoBeck@gmail.com> 

	Chris,  

Feel free to use the information and images of the products found on www.eio.com for your report.  

Regards,  

Bob Rogers

Human Resources Representative

Electronic Inventory Online

Direct: 1-877-SHOP-EIO (746-7346)

Email: bob.rogers@eio.com  




	“Christopher Beck” <CLaRoBeck@gmail.com> 
	Fri, March 20, 2009 at 9:54PM 

	To: sales@octopart.com

	Hi, my name is Christopher Beck and I am a senior at the University of Central Florida.  I was wondering if I could have permission to include some of the pictures of a few of your Memory Module Images found on your website and in the user manuals in my senior design class report (report is for academic use only)? 
 
--  
Christopher Beck

 


 

	Mary Thompson<sales@octopart.com>
	Fri, March 20, 2009 at 5:55PM

	To: “Christopher Beck” <CLaRoBeck@gmail.com> 

	Chris,  

Feel free from my understanding, anything on the web that 
does not explicitly declare property rights of the creator is fair game for 
public use. 

Best of Luck,

Mary Thompson

Octopart.com




	“Christopher Beck” <CLaRoBeck@gmail.com> 
	Mon, March 23, 2009 at 11:33AM 

	To: froginfo@frogpad.com

	Hi, my name is Christopher Beck and I am a senior at the University of Central Florida.  I was wondering if I could have permission to include one of the FrogPad Images found on your website and in the user manuals in my senior design class report (report is for academic use only)? 
 
--  
Christopher Beck

 


 

	Linda Marroquin <:froginfo@frogpad.com>
	Mon, March 23, 2009 at 2:36PM

	To: “Christopher Beck” <CLaRoBeck@gmail.com> 

	Hello Chris,

You have permission to use any of the keyboard images as long as you include the URL as a caption below or wherever required in your report.

Sincerely,

Linda Marroquin

Public Relations

Frogpad.com




	“Christopher Beck” <CLaRoBeck@gmail.com> 
	Mon, March 23, 2009 at 11:38AM 

	To: help@aubuchon.com

	Hi, my name is Christopher Beck and I am a senior at the University of Central Florida.  I was wondering if I could have permission to include Meter Socket Load Center, 200 Amp 
Model # TSM420CSCU  Image found on your website and in the user manuals in my senior design class report (report is for academic use only)? 
 
--  
Christopher Beck

 


 

	Aaron Keyes<help@aubuchon.com>
	Mon, March 23, 2009 at 4:54 PM

	To: “Christopher Beck” <CLaRoBeck@gmail.com> 

	Hello Chris,

You have permission to use that image thank you for including all the specifics if you require any other pictures please send me the model number and specifics. Additionally supply the URL as a caption near the image.

Regards,

Aaron




	“Christopher Beck” <CLaRoBeck@gmail.com> 
	Mon, March 23, 2009 at 11:38AM 

	To:  contact@shoplet.com

	Hi, my name is Christopher Beck and I am a senior at the University of Central Florida.  I was wondering if I could have permission to include a few of your items (Keypad, USB PS/2 converter) specifically, Images found on your website and in the user manuals in my senior design class report (report is for academic use only)? 
 
--  
Christopher Beck

 


 

	Benjamin McMillan<contact@shoplet.com>
	Mon, March 23, 2009 at 4:54 PM

	To: “Christopher Beck” <CLaRoBeck@gmail.com> 

	Chris,

Yes, you may but only for a report specifically designated for school.

Regards,

Human Resources

Benjamin McMillan

SHOPLet.com
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