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Fundamentals of Electrical Drives

• 50% of total electrical 
energy produced in 
developed countries is 
converted into mechanical 
energy by electric motors

• Electric motors consume 
more than 75% of all 
electrical power in the US

• Adjustable-speed motors 
can improve the efficiency 
of these motors by about 
50% in many applications. 
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A typical adjustable-speed drive system

Fundamentals of Electrical Drives

Power 
Supply

Power 
Electronic 
Converter

Controller

Mechanic 
LoadMotor

A typical Adjustable-speed drive
system consists of:
• Power Supply
• Power Electronic Converter
• Motor + Mechanical Load
• Controller
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Fundamentals of Electrical Drives
• Digital Control Applications:

– Different Voltage levels 
– Communication among devices
– Data converting (A/D & D/A conversions) 
– Programming  
– Thermal issues
– Putting all parts together

(soldering)
– Testing...
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• Complex Digital Control Applications:
1. Hybrid Vehicles
2. Marine applications
3. Space vehicles
4. Alternative Energy Sources…

Fundamentals of Electrical Drives



Complexity of Projects in Power Electronics
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Usually we need engineers from different field of expertise: 
– Electronics
– Power
– Automation
– Software Design
– Communication
– Mechanical
– Material technology…

The requirements of the Power Electronics Projects 
are always the same: 

– More efficiency
– Less expanses and consumption
– Higher level of communication with other electrical devices
– Bigger working autonomy of devices etc. 
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Need for a Project Management 
• Projects in electrical engineering are complex with a multitude of variables
• New application must often interface with many other applications
• Thereby, there is a need for creating an integration challenge that is 

difficult to estimate in both time and resources
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cost

schedule quality
PROJECT

All three corners of the Bermuda Triangle can be achieved on every project



Project Leader’s role

Leaders must have a wide range of skills, techniques and 
strategies. These include: 

– Planning 
– Communication skills 
– Organization 
– Awareness of the wider environment in which the team operates

• Leaders’ major role is to:
– Set  direction 
– Guide a vision 

(have the strength of character to pursue their objectives in spite of failures)
– Establishes achievable goals
– Support team members 

(somebody might begin to lose confidence and therefore motivation)
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Project Manager’s role
• Manager as a Planner.

A Manager has to take a long-term view; indeed, the higher you rise, the 
further you will have to look. 

• Manager as a Provider.
The Manager has access to information and materials which the team
needs.

• Manager as a Protector.
The manager should be there to guard against short-term excitements 
which can deflect the work-force from the important issues of the project,
and to protect the team.

• Managers’ major role is to:
– Do motivation
– Define problems
– Seek for solution
– Delegate the job
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Project Definition

• A Project is a temporary endeavor undertaken to create a 
unique product or service. 

Temporary: 
Every project has a definite start and end that finishes with a final product

Unique: 
Every project is different in some distinguishing way, unique final product

11

Each project in electrical engineering starts with:

• vision – final result of the project (product)
• mission – process of making the final product
• strategy – outline of the project



• Future Energy Challenge Program Vision:
– Encourage development of technologies to bring dramatic improvements to 

low-cost single-phase motor systems for home use
– Incorporate practicality, manufacturability, and affordability into competition 

process
– Improve education through development of innovative team-based solutions to 

complex problems

• Technical Goals:
– Construct adjustable speed motor system costing less than 

US $40 for a 500 W unit
– Achieve maximum efficiency and operating requirements
– Maintain acceptable levels of performance, reliability, and safety
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MiniDrive Project Definition
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Starting with Project Specification

• A specification is a detailed definition of the project: 
a statement of the problem, not the solution. 

• The agreement upon a written specification has several 
benefits:

the clarity will reveal misunderstandings 
the completeness will remove contradictory assumptions 
the agreement forces all concerned to actually read and think about the details 
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MiniDrive Project Specification
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Providing Structure

• After decided what is the specification, the next problem is to 
decide what the team actually needs to do, and how to do it.

• Providing some form of framework

• Once you have a clear understanding of the project, organize it 
as a set of simple tasks which together achieve the desired result

• In planning any project, it is needed to follow the same simple 
steps: if an item is too complicated to manage, it becomes a list of 
simpler items- work breakdown structure
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MiniDrive Structure

Divide the whole project
into four big activities:

1. Simulations and Testing
2. Hardware research
3. Software research
4. Marketing with Fund Raising



Forming the right team of engineers
• Before much progress can be made, a core team needs to be formed
• Teams or sub-teams (groups) that are small 

enough to foster effective communication
• Cross-functional communication between groups
• To accomplish the project goals, 

it is necessary to choose right Leader
• One has to believe in the project and be ready to drive it forward
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The job of the leader has three key components:  

• Leading the overall effort (“Obsessed” Leader)
• Dealing with individuals - working with team members, understanding styles,

communication and listening, motivating and rewarding, managing 
and resolving conflicts etc.

• Managing the work - planning, delegating, tracking…



MiniDrive team of engineers

Activities are carried out by individuals, but planning usually
starts with classifications!

• Few students (core team) that were committed
• Form the whole team (17 members) and divide it into 4 groups

• Communication between the groups - Team Meetings
• Team building - helps develop a true, committed team spirit

• Sharing results

• Present Progress and remind on Milestone
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Planning phase

• The team must be involved in the planning of projects

• Not only they will provide information and ideas,
but also they will feel ownership in the final plan

• Projects should be planned by leader and managers, 
based upon all the available experience and creative ideas

• With planning, projects can run on time and interact 
effectively with both customers and suppliers
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MiniDrive Planning 
- Setting the Milestones -

• Take the main components and lay them out
• Assign critical dates and any key relationships (dependencies)
• Milestones are needed in order to control the progress of a project

– External: Progress Reports (deadlines given by organizers)
– Internal: Set with Advisor and Consultants
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MiniDrive Gantt Chart
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MiniDrive Cost



Running the Project
• When the planning phase is over, the "doing" phase begins
• There are two key elements to the control of a project 

o milestones (clear, unambiguous targets of what, by when) 
o established means of communication

• Description of the activities as a communication tool:
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Activity Description 
Project: Project name Page 1 of 1
Activity: 5.5.20.5 Evaluate Written Proposals
Description: Evaluate written proposals received from vendors in response to the RFP.
Inputs: Requirements definition (5.5.5)

Request for proposal (5.5.15)
Written proposals from vendors

Effort: Review vendor proposals
Reject proposals that do not meet mandatory requirements
Weight proposals for degree of compliance to optional requirements
Prepare recommendations for short list

Resources: Project manager (20%)
Hardware analyst (80%)

Outputs: Evaluation results consisting of:
Short list of qualified vendors or
Rejection of all proposals
Letters to vendors informing them of evaluation results



Running MiniDrive Project
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• Being formal. 
When we wanted to find out how people were 
doing, we never asked casually and never relied 
on an oral response

• Being specific.
We made sure all team members understood 
that when they say an activity is complete, it is 
complete

• Form appropriate documentation.
Documenting the activities is important because 
later, anybody can do the same activity just 
using the existing documentation

Example of weekly progress report 



MiniDrive Progress
• Progress in simulating and testing the drive 
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Chosen topology of Digital Control Drive system 

Simulink Model of Digital Control Drive system

Structure of control algorithm



MiniDrive Progress
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• Progress with hardware

One of the options - ABB  induction motor
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Proposed structure of miniature drive converter
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MiniDrive Progress
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• Progress with software

The software group activities

Graphical User Interface for 
Pocket PC



MiniDrive Progress
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• Progress of the marketing group



MiniDrive Prototype
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MiniDrive Success
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Conclusions
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• Project Management – necessity of Engineering Project
• Start on time
• Delegate
• Expect failures, overcome problems
• Invest time instead of money
• Keep groups cross-functional and allow cross communication
• Allow panel discussions, bring all possible solutions on table
• Manage different mentality of team members
• Bad experience is still an experience, which may turn into success!
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