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Common Mode Impedance Measurement of Three-Phase Motors 
Using Pulse Frequency Response Analysis 

H.Khanbabaei1, A. Roc’h (1 H.Khanbabaei.gardeshi@tue.nl)

Abstract

• In the context of conducted electromagnetic (EM) emissions, an 
accurate common mode (CM) impedance model of the motor, 
typically up to several tens of MHz, is essential.

• CM impedance is often measured offline using an impedance 
analyzer. The results are accurate but require specialized equipment.

• Pulse Frequency Response Analysis (FRA) is an alternative, leveraging 
pulses readily available in labs and industry.

• Frequency converters supply the motor with pulse waveform 
regulated through Pulse Width Modulation (PWM) technique. Pulse 
FRA has the potential of using power supply pulses for online 
impedance measurement

• The aim of this research is to compare CM impedance measurements 
from pulse FRA and impedance analyzer, assess accuracy, and 
explore pulse FRA’s potential for online measurement.

Methodology

Fig. 1. Schematic of  CM impedance measurement: (a) using impedance analyzer 
and (b) pulse FRA

Fig. 4. CM impedance measured using a VNA and pulse FRA (a) before and            
(b) after results purification (fp=2 kHz)

(a) (b)

Conclusion

• Experimental results indicated that the pulse FRA method performed 
well at lower frequencies, while fluctuations in the results increased 
at higher frequencies due to the decrease in Singal-to-Noise Ratio 
(SNR).

• Increasing the pulse frequency, and consequently the amplitude of 
harmonic components, enhanced the performance of the pulse FRA 
method.

• Future studies could focus enhancing measurement accuracy by 
combining results obtained at different input frequencies.

Fig. 2. Pulse characteristics in (a) time domain and (b) frequency domain
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❖  Discrete Fourier Transform (DFT) of measured signals:
The measured voltage and current signals are transformed into the 
frequency domain using the DFT, and the impedance is then calculated 
as follows:
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❖ Results Purification:
Eliminating output data at frequencies with zero voltage amplitude 
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Fig. 5. CM impedance measured using a VNA and pulse FRA  with different pulse 
frequencies: (a) fp=10 kHz and (b) fp=100 kHz

(a) (b)

  
 

  
 

  
 

  
 

  
 

              

  
 

  
 

  
 

  
 

  
 

  
 

  
 

  
 
 
 
 
 
 
 
  
 
 
   
 
 
 
  
 
 
 
 

         

   

  
 

  
 

  
 

  
 

  
 

              

  
 

  
 

  
 

  
 

  
 

  
 

  
 

  
 
 
 
 
 
 
 
  
 
 
   
 
 
 
  
 
 
 
 

         

   

❖ Accuracy Analysis
Mean Absolute Error (MAE)

Test Scenario Pulse Frequency (kHz) MAE (dBΩ)
1 2 2.9
2 5 2.0
3 10 1.5
4 100 1.1

Table 1. Mean absolute error value in different pulse FRA scenarios

Implementation and Results

Fig. 3. CM impedance measurement setup using pulse FRA  
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