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Inverters

Classifications

 Single phase & three phase

 Voltage Source & Current source

 Two-level & Multi-level
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Voltage Source Inverter

 Sinusoidal PWM

 Space vector modulation

Topics

 To control inverter output frequency (fundamental)

 To control inverter output voltage (fundamental)

 To minimize harmonic distortion

Why Use PWM Techniques?
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Voltage Source Inverter

Open loop voltage control

Closed loop current-control

VSI
AC

motor
PWMiref

if/back

VSI AC

motor
PWMvref
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Voltage Source Inverter

Inverter Configuration
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Voltage Source Inverter (VSI)
Six-Step VSI 

Waveforms of gating signals, switching sequence, line to negative 

voltages for six-step voltage source inverter.

 Gating signals, switching sequence and line to negative voltages



where, 561 means that S5, S6 and S1 are switched on 

Six inverter voltage vectors for six-step voltage source inverter.

 Switching Sequence: 

561 (V1)  612 (V2)  123 (V3)  234 (V4)  345 (V5)  456 (V6)  561 (V1)
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Voltage Source Inverter (VSI)
Six-Step VSI 
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Waveforms of line to neutral (phase) voltages and line to line voltages

for six-step voltage source inverter.

 Line to line voltages (Vab, Vbc, Vca) and line to neutral voltages (Van, Vbn, Vcn)

Vab = VaN -VbN

Vbc = VbN -VcN

Vca = VcN -VaN

 Line to line voltages

Van = 2/3VaN - 1/3VbN - 1/3VcN

 Phase voltages

Vbn = -1/3VaN + 2/3VbN - 1/3VcN

Vcn = -1/3VaN - 1/3VbN + 2/3VcN
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Voltage Source Inverter (VSI)
Six-Step VSI 
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Harmonic spectrum of a square wave

Voltage Source Inverter (VSI)

Six-Step VSI 
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Amplitude of line to line voltages (Vab, Vbc, Vca)

 Fundamental Frequency Component (Vab)1

 Harmonic Frequency Components (Vab)h

: amplitudes of harmonics decrease inversely proportional to their harmonic order

dcdc
dc V78.0V

6

2

V4

2

3



(rms))(V 1ab

3,.....)2,1,(n16nhwhere,

V
78.0

dcab




h

(rms))(V h

7

Voltage Source Inverter (VSI)
Six-Step VSI 
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 Characteristics of Six-stepVSI

 It is called“six-step inverter” because of the presence of six “steps”

in the line to neutral (phase) voltage waveform

 Harmonics of order three and multiples of three are absent

from both the line to line and the line to neutral voltages and

consequently absent from the currents

 Output amplitude in a three-phase inverter can be controlled

by only change of DC-link voltage (Vdc)

Voltage Source Inverter (VSI)
Six-Step VSI 
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Sinusoidal PWM

Modulating and Carrier Waves

• vcr – Carrier wave (triangle) • Amplitude modulation index

cr

m
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• Frequency modulation index
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• vm – Modulating wave (sine)
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Sinusoidal PWM

 mf should be an odd integer

 if mf is not an integer, there may exist sub-hamonics at

output voltage

 if mf is not odd, DC component may exist and even

harmonics are present at output voltage

 mf should be a multiple of 3 for three-phase PWM inverter

 An odd multiple of 3 and even harmonics are suppressed
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Sinusoidal PWM

Gate Signal Generation

1gv

4gv

d
V

0

AN
v

 2

mAv crv

0

 

 

 

 

 

crmA vv   01 gv   )0( 4 gv  
1S   on  )off( 4S   dAN Vv   

Phase A 
crmA vv   04 gv  )0( 1 gv  

4S  on  )off( 1S  0ANv  

 
Vg1 and Vg4 are complementary 5/15/2015 14PEGCRES 2015



Sinusoidal PWM

Line-to-Line Voltage vAB
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Sinusoidal PWM

Waveforms and FFT

ma = 0.8,   mf = 15, 

fm = 60Hz,  fcr = 900Hz

Switching frequency

fsw = fcr = 900Hz
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Sinusoidal PWM

Over-Modulation

Fundamental voltage ↑

Low-order harmonics ↑
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Sinusoidal PWM
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Space Vector Modulation

Switching States (Three-Phase)

Eight switching states
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Space Vector Modulation

Space Vector Diagram
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Space Vector Modulation

Space Vectors

Three-phase voltages
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Space Vector Modulation

Space Vectors  (Example) 

Switching state [POO]  S1, S6 and S2 ON
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Space Vector Modulation

Active and Zero Vectors
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Space Vector Modulation

(8)

Reference Vector Vref
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Space Vector Modulation

Relationship Between Vref and VAB

Vref is approximated by two active

and zero vectors

Vref rotates one revolution,

VAB completes one cycle

Length of Vref  corresponds to

magnitude of VAB
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Space Vector Modulation

Dwell Time Calculation

Volt-Second Balancing
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Space Vector Modulation

Dwell Times
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Space Vector Modulation

Vref Location versus Dwell Times
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Space Vector Modulation

Modulation Index
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Space Vector Modulation

Modulation Range
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Space Vector Modulation

Simulated Waveforms
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Space Vector Modulation

Waveforms and FFT
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SVPWM – Modified SinePWM
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SVPWM – Modified SinePWM
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SVPWM – Modified SinePWM
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