
  Common mode and three phase 

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)? 

3. Ground the DC midpoint 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? 

5. Repeat using bipolar modulation (2 level load voltage, load only sees + or -, not 0). Plot 
the voltage again. 
 

THIS SECTION IS FOR THREE PHASE 
6. Using a three phase inverter again (“pe_pwm_two_level” or “power_3levelVSC”) with sine-

triangle modulation, what is the largest line to line voltage (peak and RMS) we can 
create with a 400 Vdc source? 

7. Plot the harmonic spectrum of the line-neutral voltage of phase A and the line-line 
spectrum of Vab. 

8. Measure the common mode output with the DC midpoint 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. 

9. Measure the common mode output at the WYE neutral with the DC midpoint grounded, 
but now FILTER out the switching noise. You want to see 180 Hz behavior. Hint: 
general filter design rule is to have your cutoff 10x above the signal of interest and at 
least 10x below noise source. Plot the 3 phase CM voltage for a few switching cycles. 

10. Now, change the modulator to do third harmonic injection. You may need to “look under 
mask,” and it may be a block selector or need to add this manually depending which 
model you use. Look at the unfiltered common mode voltage. How does it compare to #9 
(without H3 injection)? 

11. What is the largest line to line voltage (peak and RMS) we can create with a 400 Vdc 
source? (without distortion) How does it compare (ratio) to #6 (no H3)? 

12. Plot the filtered 3 phase CM voltage for a few switching cycles. How does it compare 
to the regular sine-triangle? 

 
Deliverables Summary: Short word/number answers for 2,6,11. Plots for 4,5,7,8,9,12 


