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Types of Converters
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AC/DC Converters 

Wind Energy Systems/ Dr. Abdullah Awad 6



Single-Phase, Half-Wave
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Average Voltage Across the Load
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RMS of Supply
Voltage

RMS of load voltage
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Electric Power
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Single-Phase, Full-Wave, AC-to-DC 2-
SCRs and 2 Diodes
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Single-Phase, Full-Wave, AC-to-DC 2-
SCRs and 2 Diodes
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Single-Phase, Full-Wave, AC-to-DC 2-
SCRs and 2 Diodes
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Half Wave Versus Full Wave
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3-phase, AC/DC 
Transistor Converter
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3-phase, AC/DC Conversion:
 Switching Sequence
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3-phase AC/DC SCR Converter
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DC/AC Converters 
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DC/AC Conversion

Q 1

Q2
Q3

Q4I1

I2

A B

Q1 and Q2 are on

Q3 and Q4 are on

Tim
e

Load voltage

VAB

Wind Energy Systems/ Dr. Abdullah Awad 28



3-Phase DC/AC
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First Time Interval
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Second Time Interval

Wind Energy Systems/ Dr. Abdullah Awad 32



Voltage Waveforms Across Load

• Waveforms are symmetrical and equal in magnitude
• Waveforms are shifted by 120 degrees
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DC/DC Converters 
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DC-to-DC Conversion

* Step-down (Buck) converter: the output voltage of the converter is lower 
than the input voltage
  

* Step-up (Boost) converter: the output voltage is higher than the input 
voltage.

* Step-down/step-up (Buck-Boost) converter.
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Step Down (Buck converter)
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Example

Solution
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Step up (Boost converter) 
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Keep in mind

• Inductor current is unidirectional

• Inductor cannot permanently store energy

• Voltage across inductor reverses
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Timeton toff
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Timeton toff
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Example
• A Boost converter is used to step up 20V into 50V.  The 

switching frequency of the transistor is 5kHz, and the load 

resistance is 10Ω.  Compute the following:

1. The value of the inductance that would limit the current ripple at 

the source side to 100mA

2. The average current of the load

3. The power delivered by the source

4. The average current of the source
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Solution

Part 1
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Part 2 Part 3

Part 4
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Buck-Boost converter 
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AC/AC Converters 
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AC/AC Converter
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AC/DC Converter
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Control Parameters

• Frequency
• Voltage
• Phase shift
• Sequence
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Pulse-Width Modulation 
(PWM)
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Switching of Phase a
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Amplitude Modulation
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Ignore harmonics

Phase values

rms of phase values
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Control Parameters: 
Frequency

• Frequency: by adjusting the frequency of the 
reference waveform
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Control Parameters: 
Voltage

• Voltage: by adjusting the reference voltage and/or 
the triggering angle
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Control Parameters:
 Phase Shift

• Phase shift: by adjusting the phase sift of the reference waveform with respect 
to the line voltage
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Reduced Harmonics PWM Technique

when Q1 is closed, vao = Vdc

when Q4 is closed, vao = 0

One cycle of high frequency carrier
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Reduced Harmonics PWM Technique
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Reduced Harmonics PWM Technique
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Reduced Harmonics PWM Technique
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Type 3: Doubly Fed Induction Generator (DFIG)

Gear 
Box

WRIG

DC/ACAC/DC 

Controls 
• DC link voltage
• Reactive power (in some applications)

Controls 
• Electromagnetic torque
• Speed (extracted power) 
• Terminal voltage of generator
• Reactive power

dc Link

VrVgc

Wind Energy Systems/ Dr. Abdullah Awad 66



Key Features of DFIG
•
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Website

https://lms.ttu.edu.jo/

Use the 
course 
website:

To check for announcements

To get copies of the lecture slides and other material

To get the homework and project assignments

https://lms.ttu.edu.jo/
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Home | Moodle.org
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