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Abstract— AC motor drives are sourced by Voltage Source 

inverters (VSI). Common-mode Voltages (CMV) are formed 

by VSIs, which causes drawbacks such as increased 

Electromagnetic Interference (EMI) and increased voltage 

stress to the winding insulation. To compensate for CMV, 

Hardware based and software based solutions are suggested. 

Hardware compensation includes installing additional filters, 

which has a size and cost penalty and additional power losses 

in additional hardware decreases the system efficiency. Many 

software improvements without modification in the circuit 

have been recommended to reduce CMV such as RS- PWM, 

AZS-PWM, NS-PWM, VSV-PWM, but these all methods 

have limitations under certain conditions. An effort to reduce 

CMV turns into increased switching losses hence, it is 

necessary to optimize the switching losses and CMV of VSI. 

The paper investigates the possibility of improvement in 

current rating capacity of voltage source inverter by reducing 

switching losses and reducing common mode voltage. New 

Common mode voltage reduction (CMVR)-PWM termed as 

Switching loss optimized (SLO)-CMVRPWM method is 

proposed to optimize the switching losses and CMV of 3 

phases VSI. The performance of the proposed SLO-

CMVRPWM is investigated experimentally. Experimental 

results show that proposed method produces less number of 

CMV spikes in compare to the conventional method. CMV 

measurement test results show that RMS value of CMV is 

less in SLO-CMVRPWM with compared to conventional 

SVPWM. The average rise in heat-sink temperature in 

proposed SLO-CMVRPWM method is less with compare to 

the conventional SVPWM method. 
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I. INTRODUCTION 

In AC motor drive, three-phase voltage source inverters 

(VSIs) are widely used as interfaces between power supply 

and motors to  adjust  the  speed  and  torque  efficiently  

[[1]].The  basic circuit diagram of voltage source inverter fed 

drive system with R-L-E load is shown in Figure1. The main 

component of basic drive system is 3 phase AC supply, 3 

phase Uncontrolled diode bridge rectifier, 3 phase Inverter, 3 

phase R-L-E load.  The R-phase, Y-phase, B-phase of AC 

supply is connected to three phase uncontrolled diode bridge 

rectifier. Rectifier converts 3 phase AC supply into pulsating 

DC supply. This DC supply is then connected to DC bus. Two 

series connected capacitor named as C1 and C2 are connected 

across DC bus.  As shown in Figure 1, voltage between DC 

bus is Vdc and middle point of C1 and C2 is known as neutral 

point.  DC bus is connected to inverter as a source voltage. 

Inverter consist six IGBT named as S1, S2, S3, S4, S5 and 

S6. R-L-E load is connected to the inverter. VA0, VB0 and 

VC0 are the pole voltages, measured at the respective 

terminal of the inverter with respect to neutral point of DC 

bank. The effect of the CMV can be reduced by hardware 

or software improvements. Hardware improvements include 

installing additional filter components [[2],[3] ]and making 

modification to the inverter such as a dual inverter bridge 

approach[4]. Both hardware improvements  have  a  size  and  

cost  penalty,  in  addition,  extra power losses will reduce the 

system efficiency[5]. Recently, many software improvements 

without additional costs have been proposed to reduce CMV 

which can be divided into two types. 

 
Fig. 1:  Basic VSI fed drive system 

First   type is conducted to reduce the peak CMV 

with pulse width modulation (PWM) designed by adjusting 

the utilized vectors [6]-[7]-[8]-[9]-[10]-[11]-[12] or carrier 

waves. CMV reduction PWM (CMVRPWM) strategies are 

based on the  space  vector  PWM  (SVPWM)  that  only  

nonzero voltage  vectors  (NZSVPWM)  utilized. Without  

utilizing  the  zero  voltage  vectors  (ZVVs),   the  CMV  peak  

can  be  restricted  within  sixth  of  the  dc-link  voltage  

(Vdc).    However,  most of  the  developed  NZSVPWM  

methods  cannot  be  utilized  in  most  practical  drives  owing  

to the problems such as requiring simultaneous switching in 

two legs[8] and rapid reversals of the line-to-line voltages[9]. 

Second type of the software improvements is based on the 

finite-control- set model   predictive control methods (FCS-

MPC) where one or two optimal nonzero voltage vectors are 

selected according to the cost function at every sampling 

period[13]-[14]-[15].  Only the active zero-state PWM 

(AZSPWM) [12] and the near-state PWM (NSPWM)[10], 

methods remain as possible candidates. In AZSPWM bus 

clamping is not possible as this method is very similar to 

SVPWM. NSPWM is only useful above modulation index of 

m>0.770 [10]. Although the FCS-MPC methods avoid using 

a modulation stage, they usually lead to spread harmonic 

spectra of the output waveforms making the design of the 

output LC filter complicated[13]-[14].  In this paper new 

CMVRPWM method is proposed to optimize switching 

losses and CMV. SLO-CMVRPWM combines advantages of 

AZSPWM and NSPWM at different inverter output 

frequency. 

II. VOLT-SECOND EQUATION’S 

The switching losses (Psl) of the three-phase VSI in a carrier 

period which are determined by the energy IGBTs need to 

switch on or switch off can be described as Equation (1).  

Psl =   2ηα       (1) 

η =
(Eon+Eoff+Err)Vdc

IrefVref    (2) 
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𝛼 = (|𝐼𝑃𝑚𝑖𝑛
|𝜆𝑃𝑚𝑖𝑛

+ |𝐼𝑃𝑚𝑖𝑑
|+|𝐼𝑃𝑚𝑎𝑥

|𝜆𝑃𝑚𝑎𝑥
)  (3) 

Where, constant term η described in Equation (2).   

Parameters used in Equation (2) such as transistor 

switching on energy (Eon), transistor switching off energy 

(Eoff ), diode reverse recovery energy (Err), reference 

voltage (V ref ), reference current (Iref ) can be obtained 

from the switching device manufacturers datasheets (for 

example, insulated gate bipolar transistor (IGBT) device 

datasheet)[15]. 

The switching losses coefficient (α) is given in 

Equation (5)., where λPmin is termed as switching loss 

current coefficient for IPmin and λPmax is termed as 

switching  loss  current coefficient for IPmax , they are 

determined by switching time coefficients. It is observed 

from Equation (3), the switching losses in one carrier 

period (Psl) are directly proportional to switching losses 

coefficient (α). 

Command voltage equations for inverter phase A, phase B, 

phase C is shown in Equation (4), (5), (6) respectively. 

Va
 ∗ = 0.5 m  Vdc cos(θ)                           (4) 

Vb
 ∗ = 0.5 m  Vdc cos (θ −

2π

3
)              (5) 

Vc
 ∗ = 0.5 m  Vdc cos (θ +  

2π

3
)             (6) 

Where, m is modulation index, 

m =
√2 Vref

Vdc
   (7) 

(𝑉𝑎
 ∗ − 𝑉𝑍) 𝑇𝑆 =  ∫ 𝑉𝑎𝑜

𝑇𝑆

0

 (𝑡) 𝑑𝑡           (8) 

(𝑉𝑏
 ∗ − 𝑉𝑍) 𝑇𝑆 =  ∫ 𝑉𝑏𝑜

𝑇𝑆

0

 (𝑡) 𝑑𝑡         (9) 

(𝑉𝑐
 ∗ − 𝑉𝑍) 𝑇𝑆 =  ∫ 𝑉𝑐𝑜

𝑇𝑆

0

 (𝑡) 𝑑𝑡         (10) 

III. SIMULATIONS 

Simulation is carried out to inspect performance of open loop 

Switching Losses Optimized Common Mode Voltage 

Reduction Pulse Width Modulation (SLO-CMVRPWM). A 

simulation study of system is carried out using POWERSIM 

(PSIM). IGBT switching losses are calculated using the 

PSIM-thermal module.  Here, DSP is used as reference wave 

generator and the output of DSP is compared with triangular 

carrier wave to generate gate pulse signals. The switching 

frequency of VSI is 5 KHz. Reference waveforms, CMV, 

Line voltage and phase currents with modulation index m=1 

for open loop SLO-CMVRPWM for phase A, B, C 

respectively as shown     in Figure 6. CMV comparison with 

different PWM techniques is shown in Figure 7. It is observed 

that in SVPWM, the CMV spike magnitude varies between 

300 V to -300 V. In NSPWM, the    CMV spike magnitude 

varies between 300 V to -300 V and CMV spike magnitude 

of SLO-PWM varies between 100 V to -100 V. 

 
Fig. 2: Line voltage and current of open loop SLO-

CMVRPWM 

IV. HARDWARE SETUP AND RESULT 

The performance of the proposed SLO-CMVRPWM is 

investigated experimentally. The experimental hardware 

setup is shown in Figure 8 which consists of AC drive test zig, 

induction motor as a load and digital scope meter.  Three-

phase grid supply is connected to the 11 kW AC drive test zig. 

The line-to-line voltage and frequency of the three-phase grid 

is 415 volts and 50 Hz, respectively. 3-phase induction motor 

is connected to the inverter as a load. Fluke-199c 4 channel 

digital scope meter is used to save the experimental waveform 

results. 

Figure 9 depicts the Internal hardware of 11 kW AC 

drive test zig. It consists of enclosure, capacitor bank, SMPS 

supply card, DSP control card, IGBT driver card, IGBT 

modules, diode modules, snubber card, bus-bar and 

connecting cables. MITSUBISHI IGBT module CM200DU- 

24NFH is used in inverter drive test zig. Ratings of IGBT 

module CM200DU-24NFH is collector current Ic = 200Amp, 

collector to emitter voltage Vce = 1200V.  To measure the 

common-mode voltage of inverter, alligator clip of the red 

probe is connected to the mid-point of the dc-link     and other 

clip is connected to the neutral point of the three-phase star 

connected induction    motor load, respectively as shown in 

Figure 9. 
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Fig. 3: Actual hardware test zig setup 

  
Fig. 9: Internal hardware of 11 kW test zig 

CMV of induction motor at 50 Hz with conventional 

SVPWM method is shown in Figure 14. Magnitude of CMV 

in rms is 199 V and maximum peak to peak value of CMV 

spikes is 700   V.CMV of induction motor at 50 Hz with 

proposed SLO-CMVRPWM method is shown in Figure 15.  

Magnitude of CMV in rms is 104 V and maximum peak to 

peak value of CMV spikes     is 680 V. With the reference of 

Figure 14 and Figure  15,  it  is  clear  that  with  the  use  of  

proposed method CMV produce by inverter is less with 

compare to conventional method. As it is evident, that 

switching losses are directly proportional to rise in heat-sink 

temperature.  To find the switching losses at different 

frequency, rise in heat-sink temperature test is performed on 

inverter. All other parameters are same in both methods 

except reference waveform. Switching. 

 
Fig. 5: Heat sink temperature at different frequency 

frequency is 2.5 kHz in both methods. Figure 16 

shows the rise in heat-sink temperature with change in 

inverter output frequency for conventional SVPWM method 

and proposed SLO-CMVRPWM method. 30 degree Celsius 

room temperature is considered in the heat-sink temperature 

rise test.  From 1 Hz to 28 Hz, rise in heat-sink temperature is 

almost   same in both methods. From 30 Hz to 50 Hz, rise in 

heat-sink temperature is less in proposed SLO-CMVRPWM 

method with compared to conventional SVPWM method. At 

30 Hz, rise in heat-sink temperature in conventional SVPWM 

method is 20 degree Celsius and rise in heat-sink temperature 

in proposed SLO-CMVRPWM method is 16 degree Celsius. 

At 50 Hz, rise in heat-sink temperature in conventional 

SVPWM method is 33 degree Celsius and rise in heat-sink 

temperature in proposed SLO-CMVRPWM method is 26 

degree Celsius. 

V. CONCLUSIONS  

Different types of CMVRPWM methods are studied and 

simulated.  A simulation result shows   that with the use of 

SLO-CMVRPWM method, inverter producing less CMV 

with compared to other methods. Also, IGBT producing less 

switching losses compared to conventional SVPWM and 

NSPWM. The performance of the proposed SLO-

CMVRPWM is investigated experimentally.  Experimental 

results are shows that proposed method producing less 

number of CMV spikes with compare to conventional 

method. CMV measurement test results shows  that RMS 

value of CMV is 50 percent less in SLO-CMVRPWM with 

compared to conventional SVPWM. From 30 Hz to 50 Hz, 

the average rise in heat-sink temperature in proposed SLO- 

CMVRPWM method is 20 percent less with compare to 

conventional SVPWM method. 
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