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Block Diagram
AC Motor drive with unidirectional power flow
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Block Diagram
AC Motor drive with bidirectional power flow
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Block Diagram
AC Motor drive with bidirectional power flow

Back-to-Back Converter, Active Front-End Converter, Variable
Frequency Drive (VFD)
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PWM Generation
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PWM Generation
Sinusoidal PWM (SPWM)

The most common type

There are many different PWM techniques (wait 2
weeks)
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Sinusoidal PWM (SPWM)
Compare a sinusoidal wave with a carrier triangular wave
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Sinusoidal PWM
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Sinusoidal PWM

Analog generation of SPWM
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PWM in one leg inverter
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Some Definitions
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Some Definitions
Frequency Modulation Ratio
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Some Definitions
Frequency Modulation Ratio

: Switching frequency

: Fundamental frequency of AC output

=mf
fs

f1

fs

f1
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What is  for this case?mf
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 selection

Preferred to have a high value ( )

i.e 2 kHz for 50 Hz: 
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> 21mf

= 40mf
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 selection

Preferred to have a high value ( )

i.e 2 kHz for 50 Hz: 

May not be possible for larger power applications

Be aware of audible noise (not only fs, but also its harmonics)

Asynchronous PWM can be used but not preferred

mf

> 21mf

= 40mf
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Synchronous PWM

 is an integer multiple of fs f1
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Synchronous PWM

 is an integer multiple of 

 is integer

fs f1

mf
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Synchronous PWM

 is an integer multiple of 

 is integer

If not (asynchronous PWM), subharmonics of  is generated

fs f1

mf

f1
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 selection

Small Frequency Modulation ( )

Synchronous PWM should be used

mf

< 21mf
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 selection

Small Frequency Modulation ( )

Synchronous PWM should be used

 should be an odd integer

mf

< 21mf

mf
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Some Definitions
Modulation Index

(Amplitude Modulation Ratio)

Linear region: 

Overmodulation: 
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V̂ control
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Linear Region
Fundamental voltage magnitude varies linearly with ma
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Linear Region
Fundamental voltage magnitude varies linearly with 

Other harmonics does NOT change linearly with 

ma

=V̂ ao1 ma
Vd

2

=Vao
vcontrol

V̂ triangle

Vd

2

V̂ ao1

16 / 50



PWM Harmonics
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PWM Harmonics
FFT in linear region
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PWM Harmonics
FFT in linear region

Notice the sidebands
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PWM Harmonics
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PWM Harmonics
Advantages of choosing  as odd integer:

Results in odd symmetry ( )

Results in half-wave symmetry (
)

No even harmonics are present

Only sine components exist (no cosine harmonics component)

mf

f(−t) = −f(t)

f(t) = −f(t+ T/2)
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Over-modulation in SPWM
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Over-modulation in SPWM

Control signals gets bigger than the triangle waveform

20 / 50



Over-modulation in SPWM

Possible to create higher magnitude, but induce harmonics of f1
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Over-modulation in SPWM

Worst Case?:
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Over-modulation in SPWM

Worst Case?:Square Wave
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Over-modulation in SPWM

Square Wave Harmonics
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Over-modulation in SPWM

Square Wave Peak Voltage?
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Over-modulation in SPWM

Square Wave Peak Voltage?

= = 1.273V̂ ao1
4

π

Vd

2

Vd

2
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Over-modulation in SPWM

Square Wave Peak Voltage?

Fundamental harmonics:

= = 1.273V̂ ao1
4

π

Vd

2

Vd

2

=V̂ aoh
V̂ ao1

h
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Over-modulation Index Variation
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Single-Phase Half-Bridge Inverter

In order to have equal capacitor voltage, io cannot have a DC
component

26 / 50



Single-Phase Full-Bridge Inverter

Voltage level is twice of the half bridge inverter
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Bipolar PWM
Same with the full-bridge DC/DC converter
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Bipolar PWM
Same with the full-bridge DC/DC converter

 and  are turn on and off together

 and  are complimentary of  and 

Can give  or 

TA+ TB−

TA− TB+ TA+ TB−

Vd −Vd
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Bi-polar Voltage Switching
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Bi-polar Voltage Switching
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Bi-polar PWM
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Bi-polar PWM
Voltage level is twice of the half bridge inverter

32 / 50



Bi-polar PWM
Voltage level is twice of the half bridge inverter

Linear Region

=V̂ o1 maVd
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Bi-polar PWM
Voltage level is twice of the half bridge inverter

Linear Region

Over-modulation

=V̂ o1 maVd

< <Vd V̂ o1
4

π
Vd
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Bi-polar PWM
Same harmonics
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Unipolar PWM
Same with the full-bridge DC/DC converter

 and  are controlled seperately

 and  are complimetary of  and 

TA+ TB+

TA− TB− TA+ TB+

34 / 50



Unipolar PWM
Same with the full-bridge DC/DC converter

 and  are controlled seperately

 and  are complimetary of  and 

Can give , , 

 if  and  are ON

 if  and  are ON

TA+ TB+

TA− TB− TA+ TB+

Vd 0 −Vd

= 0Vo TA+ TB+

= 0Vo TA− TB−
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Uni-polar Voltage Switching
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Uni-polar Voltage Switching
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Uni-polar PWM Sine Output
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Uni-polar PWM Sine Output
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Uni-polar PWM Sine Output
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Uni-polar PWM Sine Output
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Uni-polar PWM Harmonics
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Uni-polar PWM Harmonics
Harmonics of twice the switching frequency.
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Uni-polar PWM Harmonics
Harmonics of twice the switching frequency.
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Harmonics Comparison

Bipolar PWM

Unipolar PWM

40 / 50



Inverter Connected to R-L Load
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Inverter Connected to R-L Load
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Inverter Connected to R-L Load
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Inverter Connected to R-L Load
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Inverter Connected to R-L Load
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Sinusoidal Generation by Voltage Shift
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Sinusoidal Generation by Voltage Shift

Generate Square wave with controllable off periods
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Sinusoidal Generation by Voltage Shift

What about harmonics?
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Sinusoidal Generation by Voltage Shift

What about harmonics?

For curious students: SHE: Selective Harmonic Elimination
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Example:
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Example:
Example 8.8 (Daniel W. Hart-Power Electronics)
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You can download this presentation from:
keysan.me/ee464
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