ECE 464 -- Power Electronics

Course Goals

Modern electrical energy systems are increasingly dominated by electronics for energy processing and management. The primary goal of the course is to give students a foundation for analysis and design of electronic circuits for conversion and control of electrical energy.  The work is in the context of modern energy challenges, including alternative electricity resources and efficient energy applications.  An additional goal is to help students fit together their complete electrical engineering background to tackle practical design problems.  The course presents concepts, fundamental analysis tools, practical considerations for design, and a range of power electronics applications.  The letter codes refer to the Department-wide program outcomes list.
Instructional Objectives

A.  By the time of Exam No. 1 (after about 15 lectures), the students should be able to do the following:

1. Discuss energy conversion needs of society, and describe the purpose of power electronics in addressing these needs.  Discuss the fundamental need for electronic processing in the context of a wide range of alternative and renewable resources. (h)

2. Give a historical perspective of energy conversion and the application of electronic circuits and devices to electrical conversion. (h, i)

3. List and describe specific examples of useful electrical energy forms.  Discuss implications of each in power electronics, and discuss how those aspects continue to grow in importance. (h, i)

4. Analyze almost any two-switch power electronic circuit, and determine its input-output function, based on energy balance and energy conservation. (a,e)

5. Describe the constraints imposed by circuit theory on switch action, and discuss the physical bases of these constraints. (a, e)

6. Identify switch control waveforms appropriate for dc-dc conversion and for rectification, and plot output voltage or current waveforms for a converter circuit. (c, e)

7. Analyze switching diode circuits, and determine input-output behavior and waveforms. (c, e)

8. Formulate and solve problems concerned with line and load regulation of power supplies. (e, j)

9. Discuss user expectations and requirements, and describe the measures and specifications that have been developed to help users link needs to power supply performance. (h, j)

10. Design one- and two-element low-pass power filters. (c, k)

11. Prepare designs based on ideal switches for single-stage and two-stage dc-dc converters. (a, c, e, k)

12. Discuss alternative energy applications, and the types of dc-dc converters applied in these contexts.

B.  By the time of Exam No. 2 (after about 30 lectures), the students should be able to do all of the items listed under A, plus the following:

13. Design rectifier-based power supplies to meet specified ripple and output power requirements, based on idealized control action. (a, c, k)

14. Identify switch control waveforms appropriate for controlled rectifiers and inverters, and plot input and output voltage and current waveforms for these converters. (a, e)

15. Analyze and design voltage-sourced inverters for power backup and alternative energy applications. (a, c, e, j)

16. Select the basic operating parameters, including modulation depth and voltage rail values, for pulse-width modulated inverters (PWM). (a, c, e, j)

17. Discuss the important applications, and provide critical evaluation, of the most common types of dc-dc, ac-dc and dc-ac converters. (a, e, g, h, j)

18. Discuss and analyze PWM rectifier circuits. (e, j)

19. List important current applications for inverters, and describe typical configurations for solar, electric vehicle, wind turbine, and other inverter systems.  (h, j)

C.  By the time of the Final Exam (after about 43 lectures), the student should be able to do all of the items listed under A and B, plus the following:

20. Identify and compute critical inductance or capacitance values for dc-dc converters, or choose inductance and capacitance values based on critical energy considerations. (a, c, e)

21. Develop and use static circuit models and interface circuits for realistic sources and loads, including batteries, motors, logic circuits, and others.  (a, c, e, j, k)

22. Prepare estimates of the magnitudes and effects of stray wire inductance. (e, k)

23. Develop series L-C-R models of real capacitors, either from laboratory data, specification sheets, or engineering estimates.  Select capacitors for a given power application, and compute the ripple effects of ESR. (b, c, e, k)

24. Select appropriate wire sizes for a given application, and estimate regulation effects of wire resistance. (c, e, k)

25. Analyze magnetic circuits intended for application as power inductors or transformers in circuits operating at frequencies up to hundreds of kilohertz. (a, e)

26. Establish operating limits for magnetic devices based on saturation limits and loss considerations. (a, c, e)

27. Analyze power converter effects of static voltage drops and resistances in semiconductors. (a, e)

28. Estimate losses in switching power semiconductors in specific converter circuits. (a, e)

29. Design open-loop dc-dc converters and rectifiers, with the characteristics of real semiconductor devices, energy storage devices, wires, sources, and loads taken into consideration. (a, c, e, j, k)
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