
  Common mode and three phase HW SOLUTION 

This homework is mostly simulation based. You can re-use old models if you wish. Deliverables 
in bold. 

 

Read chapter 8.15 for the section “PWM Three phase inverter.” 
THIS SECTION IS FOR SINGLE PHASE 

1. Use the Simulink demo model provided, or build your own. Type 
“power_1phPWM_IGBT” at the matlab command prompt. Use 400 Vdc, 1 Ohm R, 5 mH 
inductor. 

2. For a 400 Vdc input voltage, what are the maximum AC peak and RMS voltages we 
can create (without distortion)? 
Line to Line we can create Vdc peak to peak. Max RMS is then Vdc/sqrt(2) 

3. Ground the negative rail of the power supply (as we do in lab) and connect the load 
appropriately.  

4. Using unipolar modulation (3 level load voltage) measure the “common mode” voltage 
on the load. This is the mean of the two phase voltages to ground. (Vag+Vcg)/2. You can 
also create this load by making it symmetric (2x L and R) and measuring the midpoint 
voltage to ground. Plot this voltage for a few switching cycles. How does it change with 
amplitude and frequency of the reference? 
With the negative DC supply rail grounded, Unipolar modulation will create CM 
voltages of 0, +Vdc/2, and +Vdc.  

 
If the DC link midpoint is grounded, the plot looks the same but is offset by Vdc/2 and 
will produce CM voltages 0, +Vdc/2, -Vdc/2  

 
 



5. Repeat using bipolar modulation (2 level load voltage, load only sees + or -, not 0). Plot 
the voltage again. 
With the negative DC supply rail grounded, Unipolar modulation will create CM 
voltages of +Vdc/2 ALWAYS. One switch is always high, one low.  

 
 If the DC link midpoint is grounded, the plot looks the same but is offset by Vdc/2 and 
will produce CM voltages 0. 

  
 
 

THIS SECTION IS FOR THREE PHASE 
6. Using a three phase inverter again (pe_pwm_two_level) with sinusoidal modulation, what 

is the largest line to line voltage (peak and RMS) we can create with a 400 Vdc source? 
If we consider the DC link midpoint as zero, each phase leg can produce a peak sine 
wave value of +Vdc/2. This creates a nominal peak line to neutral voltage of Vdc/2 
(200V), a line to line peak voltage of sqrt(3)*Vdc/2 (346V), and a line to line rms of 
sqrt(2)*sqrt(3)*Vdc/2 (245V). Line to Line shown below. If you have the inductor close to 
the bridge and the resistors forming the Y, then the voltage across the resistor acts like a 
low pass filter and can show the voltage at low frequency. 



 
 

7. Plot the harmonic spectrum of the line-neutral voltage of phase A. 
This is the total plot. The axis is watts rather than linear for this figure, but same idea. 
This is for a 25khz switching frequency. You can see tone groups at 25, 50, 75 kHz. The 
large peak at 60 Hz is hidden, and shown in the next plot. 

 



 
8. Measure the common mode output with the DC rail grounded. This is the mean of the 

three phases, or the voltage from the neutral of a WYE load to ground. Plot the 3 phase 
CM voltage for a few switching cycles. 
This is with DC negative rail grounded. 
 

 
This is with the DC midpoint grounded. Looks similar, but 200V offset due to change in 
reference point. 

 


