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Visualization of the switching patterns: 

 

 
 

 



Initial values oft he indcutors:  With the sinusoidal signal for the modulation, at t = 0 we get 

a voltage space vector of  

               

Therefore, we can calculate the steady-state current space vector 

  
 

       
 

          

       
                 

With the re-transformation into the three-phase system, we get: 
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You have especially to consider that the three values add to zero, otherwise the initial 

currents are set to a non-physical state. Finally, we get the following curves for the voltages 

and currents (without midpoint connection): 

  

 
 

 

We can calculate the amplitude oft he voltage space vector to: 
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The current space vector hast he amplitude 
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The phase-shift between output voltage and output current is: 
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The amplitudes of the current and voltage fundamental frequency is Independent of the 

midpoint connection! Furthermore, the fundamental frequency phase shift does not 

change when the midpoint is connected. In comparison to exercise part 3, we can observe 

an increase in the current ripple. 

 

 
Currents and voltages with midpoint connetion 

 

We can read a fundamental frequency voltage amplitude of 480V from the Fourier analysis 

(200 Hz – ordinal number 1). A huge amplitude of the frequency component at 2 kHz is 

also clearly visible., as well as the side bands at 1600 Hz and 2400 Hz. These frequencies 

are obtained by a convolution between the mains frequency and the switching frequency.  

 



 
Voltage spectrum without midpoint connectiont 

We can also observe in the spectrum that the current component at the triangular signal 

frequency (2 kHz) is NOT visible. However, the sidebands of the current spectrum are still 

visible. 

 

 
Current spectrum without midpoint connection 

  



Including the midpoint connection, the current harmonc at switching frequency does not 

vanish anymore, but is clearly visible. We can read the amplitude of this current at 2 kHz 

as 8 A. 

 

 
Current spectrum including the midpoint connection 

 

Increasing switching frequency: the current ripple reduces. A change of switching 

frequency does not influence the fundamental frequency amplitude oft he load current. 

Modulation ratio: The amplitude of the load current fundamental frequency is changing 

proportional the the modulation ratio, the ripple is only changing marginally. (The 

ampltudes at 2 kHz decrease with increasing modulation ratio, whereas the side bands at 

1.6 kHz and 2.4 kHz will increase with increasing modulation ratio.) 

Input DC voltage: Increasing the input voltage has the same effect as the decreasing 

modulation index, and vice versa. 

Inductanc values: By changing the inductance values, the time constants of the output 

filter alter (Lowpass). Higher inductance values decrease the current ripple, however the 

cut-off frequency of the filter is shifted to smaller values, which has an effect onto the 

fundamental frequency of the signal.   


