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An Integrated Learning SystemAn Integrated Learning System
for Power Converterfor Power Converter

DevelopmentDevelopment
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Main Features

■ System/Process Visualization
Using Graphic Simulation

■ Modular Instructional Technology
Curricula

■ Balanced Knowledge Content for
Optimal Transfer of Information
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Structure of the Modules
■ An Explanation Layer

◆ Information Related to the Basic
Fundamental Notions

■ An Exploration Layer
◆ Students Apply the Acquired

Knowledge to a Practical Example

■ An (Instructional) Diagnostic Layer
◆ Interactive Question Tree
◆ Student Performance Evaluation
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System Structure (1)
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System Structure (2)

■ Integrated Application Software
◆ To Integrate Instructional &

Learning Modules and Hardware

■ Web Access Supported
■ Virtual Learning Environment

Supported by Various GUI
◆ HTML Browser
◆ Virtual Instruments
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The C++ Integrated
Application Environment

■ Objected-Oriented (OO) Design
and Implementation
◆ Better System Partitioning via OO

(Modularity)
◆ Parallelism in Implementation
◆ Ease of Maintenance

✦ Better Reusability
✦ Better Expandability
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Circuit Diagram of Power Converter
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The Circuit Simulation Engine (1)
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The Circuit Simulation Engine (2)
■ Simulation of the Circuit Responses

◆ State Space Based Approach
◆ Ideal Power Switch Model

■ Controlled by the Instructional &
Learning Module

■ Structure
◆ Equation Generator
◆ Switching Sequence Algorithm
◆ The Solver
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The DSP Control Engine

■ Compiling & Downloading User
Control Codes to the EVM Board

■ Control the Execution of Control
Code

■ Retrieve & Pass A/D Signals
■ Pass Control Signals
■ Retrieve Control Code Variables
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Instructional & Learning Modules
■ An Example about Power Converter

◆ Explanation Layer
✦ Turn ON/OFF Time
✦ Inverter Operation

◆ Exploration Layer
✦ Experiments and Result Observation

◆ Diagnostic Layer
✦ Level-by-Level Tests and Step-by-Step

Understanding

■ HTML Format and Remote Access
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GUI (1) - Learning Module
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GUI (2) - Virtual Instruments
and Circuit Mode
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UnipolarUnipolar Series Resonant Power Converters Series Resonant Power Converters
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Features of USRCFeatures of USRC
■ Series Resonant Converter

◆ Resonant circuit is in series with the load
◆ All switches are turned on/off in ZVS/ZCS :

reduced switching losses.
◆ Switching frequency 7.14 kHz

■ Unipolar (DC) Link Current  :
◆ Allow the use of less expensive unidirectional

switches : thyristors for the mains.
◆ Less main switches count

■ Square-wave Link Current :
◆ Less peak current required compared to

sinusoidal-like link current.
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USRC ApplicationsUSRC Applications

■ 3-phase AC Power Conditioner
■ DC/AC Inverter in UPS
■ Electric Motor Drives
■ High power applications
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USRC for 3-phase conditionerUSRC for 3-phase conditioner

Power Transfer Objectives :
■ 3-phase 60 Hz output voltages with

small THD and good regulation
■ Input power factor close to unity
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Link Current Waveforms: 7.14 kHzLink Current Waveforms: 7.14 kHz
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USRC Controller StructureUSRC Controller Structure

Input
DSP

Output
DSP
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DSP

Comm.
DSP

FPGA

Global Memory

Input
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Output 
selection
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DSPs used : TMS320C50 16 bit fixed point 80 MHz
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Principles of OperationPrinciples of Operation
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Output Control ExampleOutput Control Example
■ Largest Error Al gorithm : Find phase with largest

error and use the selection on that  phase to
correct the error.
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Typical Output Voltages WaveformsTypical Output Voltages Waveforms



Jump to first page

Virtual Test BedVirtual Test Bed

■ A software test bed for rapid prototyping of
the machine

■ Simulates the machine as in the actual
hardware implementation

■ Capable of simulating the DSP native code
for rapid evaluation of control algorithm

■ Fast, user friendly, and easy to use



Jump to first page

Virtual Test Bed for USRCVirtual Test Bed for USRC

■ Custom written software in C++ with object oriented Design and
Windows 95 environment

■ DSP-based system for controller’s native code implementation

Control ler
Object

Circuits
Object

T imer
Object

Scope
Objects

Other
GUI  Objects

User Inter face Object

Wave fo rm
Analyzer
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Why not general purpose simulatorWhy not general purpose simulator
(MATLAB, PSPICE etc)?(MATLAB, PSPICE etc)?

■ Speed
■ Flexible accuracy
■ Better handling of discontinuous events
■ Cost
■ Availability of Rapid Application

Development: Borland C++ Builder, MS
Visual C++
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Virtual Test bed Graphical User Interface
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DSP-based testbed for controller’s native codeDSP-based testbed for controller’s native code
simulationsimulation

DSP control ler  board

-Executes DSP nat ive
codes
- Communicates wi th
simulator  program on PC

-Runs s imulat ion program
including :
   a. Circuit simulations
   b. Analyzer
   c. User Interface
-Controls the simulat ion t iming

Host  PC

• Allow quick test and evaluation of controller’s native
code in simulation environment

C5x Evaluation Module TI
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ConclusionsConclusions

■ Preliminary Concepts for the
Development of a Virtual Learning
System

■ Detailed Development of a Virtual
Test Bed for the Design and
Control of a Power Converter

■ Multi-Purpose Applications
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USRC provides efficient power transfer suitable
 for high power applications

Virtual Test bed for USRC allows rapid prototyping 
of control algorithm and performance evaluation of the machine

ConclusionsConclusions


