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Electric motors and common-mode currents

 Common-mode current of inverter

 Common-mode current of rectifierPower Supply
Input Cable EMC Filter

Rectifier Inverter Output Cable

Motor

Common-mode voltage due to inverter 𝑈cm =
𝑈U + 𝑈V + 𝑈W

3
Common-mode voltage rectifier𝑈cm,gl = min(𝑈aN,𝑈bN,𝑈cN )
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Frequency components of the common mode currents
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Inductive coupling in input power cables and power supply,… (typ.<50 Hz)

Interaction between unsymmetric power supply voltage and Y- capacitors

Harmonic component of the power supply (typ. 150 Hz ,250 Hz, 350 Hz,… )

Common mode voltage generated by rectifier and DC link(typ. 150 Hz ,450 Hz, 

750 Hz,… )

Switching frequency of power electronics generated through the PWM modulation (typ.> 

2kHz)
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Common-mode (CM) voltage of the inverter

Fundamental wave and harmonics

• Switching frequency (fs ) and harmonics (3 ⋅ fs, 5 ⋅ fs, etc) 
• Modulation technique

• Topology of the inverter

FFT

𝑈cm =
𝑈U + 𝑈V + 𝑈W

3

 Inverter adds common-mode voltage components at the

switching frequency and its harmonics

 The kind of modulation also influences the frequency

components

∆𝑈DC

Transients

•
du
dt

switching slopes (in high  Frequency)

 The CM voltage is a staircase function with step ±
1

3
𝑈DC (𝑈DC= 

DC Link voltage )

Variation of the DC link voltage

because of the rectifier
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Propagation Paths

Motor

 2 possible paths 

for the common-

mode current: 

 PE wire

 Shield 

Transformer Input Cable EMC Filter Converter Output Cable 

Induction motor

Capacitive 

behaviour for the 

common-mode

 Path→ Capacitance of 

the heatsink

𝐶y

 𝐶y
capacitances 

provides a 

path for the 

common-

mode 

 2 possible 

paths for the 

common-

mode

 PE wire 

 N wire

 𝐶ps provides a coupling 

path for the common-

mode between primary 

and secondary

 𝐶ps provides a coupling 

path for the common-

mode between 

secondary side and 

ground

𝐶PS

𝐶S𝑁
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REFERENCE SYSTEM



06.12.2021 |  FB 18 | Institute SRT / PE | Andrea Zingariello| 7

Reference system

L2
185 mV/A

Power Supply Transformer
Unshielded

cable Inverter Shielded cable Motor

 The system is isolated → The whole common-mode current flows through the

PE of the cable and the shield of the cable



06.12.2021 |  FB 18 | Institute SRT / PE | Andrea Zingariello| 8

PROPOSED MASTERTHESIS
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EMI filter developement for reduction of the common-
mode voltage at the motor side

Proposed EMI Filter  configuration

• The design of the filter to reduction of the CM voltage at the motor 

terminals has to be developed to work up to 150 kHz 

• The development of the PCB and the testing has to be performed

• The effects on the leakage current have to be tested

Requisites:

• Knowledge of Matlab and Simulink

• PLECS knowledge is a plus

• Experience in PCB is also helpful for this task


