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* |In the context of conducted electromagnetic (EM) emissions, an

accurate common mode (CM) impedance model of the motor, Pulse RF Current Voltage
: : : Generator

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

- Oscilloscope

iImpedance measurement Fig. 3. CM impedance measurement setup using pulse FRA

* The aim of this research is to compare CM impedance measurements
from pulse FRA and impedance analyzer, assess accuracy, and 10° p——rr e 10° e E
explore pulse FRA’s potential for online measurement. | ——VNA__ ] | —VNA_ |
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FFT ¢m [qosjﬂk’sc"pe } Fig. 4. CM impedance measured using a VNA and pulse FRA (a) before and
S (b) after results purification (fo=2 kHz)
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Fig. 1. Schematic of CM impedance measurement: (a) using impedance analyzer _ R
£ &
and (b) pulse FRA 5 g
** Discrete Fourier Transform (DFT) of measured signals: % %
The measured voltage and current signals are transformed into the c§ §
frequency domain using the DFT, and the impedance is then calculated 5 fé
as follows:
‘V(k)‘ 100-3 | ........4 | 5 | .......6 | 7 | 1003 | ........4 | 5 | ........6 | 7
Z(k)‘ _ 10 10 10 10 10 10 10 10 10 10
‘ ‘[(k)‘ Frequency (Hz) Frequency (Hz)
(a) (b)
o Results Purification: Fig. 5. CM impedance measured using a VNA and pulse FRA with different pulse

Eliminating output data at frequencies with zero voltage amplitude frequencies: (a) fp=10 kHz and (b)1p=100 kHz

m ** Accuracy Analysis
foo =—— ,m=1,2,3,...
zeros DT Mean Absolute Error (MAE)
Table 1. Mean absolute error value in different pulse FRA scenarios
m
Joeros2 =7 s m=1,2,3,... Test Scenario  |Pulse Frequency (kHz) MAE (dBQ)
' 1 2 2.9
2 ) 2.0
3 10 1.5
_~—-20 dB/dec 4 100 1.1

e

* Experimental results indicated that the pulse FRA method performed

l/niDT li/nt "f well at lower frequencies, while fluctuations in the results increased
at higher frequencies due to the decrease Iin Singal-to-Noise Ratio
(a) (b) (SNR).

* |ncreasing 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
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Fig. 2. Pulse characteristics in (a) time domain and (b) frequency domain
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