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Abstract: Adjustable Speed Drives (ASDs) are extensively used in commercial and industrial heating, ventilation, air 

conditioning and refrigeration (HVAC/R) equipment’s because of many advantages in control and energy savings. The 

ASDs use PWM inverter with high speed switching devices such as Insulated Gate Bipolar Transistors (IGBTs) 

generates the common mode voltage (Vcm). This Vcm causes the bearing voltage (Vb), which leads to premature bearing 

failure.In some industrial applications the PWM inverters and the motors are located separately thus requiring long 
motor cable. Which contributes over voltage and higher Vcm at the motor terminal due to the voltage reflection 

phenomenon. Higher the common mode voltage results in higher induced Vb. This paper presents modeling, simulation 

and analysis of bearing current, bearing voltage in PWM multilevel inverter fed induction motor of 5HP and 10HP 

Motors and THD Analysis of PWM MLI fed induction motor without long cable is done. Simulation is carried out 

using MATLAB Simulink.  

 

Keywords: Adjustable speed drives (ASDs), Bearing voltage, Bearing voltage Ratio (BVR), Common mode voltage, 

Voltage reflection phenomena, Multilevel Inverter. 

 

I. INTRODUCTION 

 

Theoccurrence of bearing voltage and bearing currents in an Induction Motor (IM) has been known for decades. 
Asymmetric flux distribution is the basis that causes bearing currents inside the IM [1]. It has been productively solved 

using modern motor design and manufacturing methods. In many new and retrofit industrial applications the PWM 

inverters and motors must be at separate locations thus requiring long motor cable, which contributes over voltage at 

the motor terminal due to the voltage reflection phenomenon. 

 

In PWM inverter with IGBT operate at switching frequencies of 2 to 20 kHz and a rise time of 0.1µsec with voltage 

rise of 6000V/µsec for 400V system. The high dv/dt has adverse effects on bearing damage caused by bearing currents 

due to common mode voltage (Vcm ). Vcm increases in the presence of long motor cable (>20 feet) [2][3]. 

 

Electric Discharge Machining (EDM) bearing current: The bearing voltage (Vb) mirrors common mode voltage (Vcm ). 

When Vbexceeds dielectric strength of lubricating oil film (15Vpk/µm ),oil film breaks down ,thereby causing the EDM 
current pulses and results in bearing failure. The bearing currents cause premature bearing failure within 1-6 months of 

installation [4].  

 

The experimental measurement of the VcmVb and bearing current under space vector modulation scheme for five level 

neutral point clamp inverter fed induction motor was carried out. The five level inverter generates less Vcm and Vb 

compared to the 2-level and 3-level [5]. 

 

The magnitude of the Vb and the Ibproduced by the medium voltage 3-level NPC PWM VSI drive system is less than 2- 

level inverter. In addition to that, general approaches in solving the Vband Ib problems were discussed [6]. The effect of 

motor cable length, rise time and motor HP ratings on the over voltage were discussed in 2-level PWM ASD. As the 

motor cable length increases over voltage magnitude increases. The paper didn’t address influence of motor cable 

length on the magnitude of Vcm, Vband Ib [7]. 
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A passive R-C filter installed at the motor side is an effective method for restraining the over voltage and bearing 

current in a PWM inverter fed induction motor with long cable. The work carried out using only basic 2-level inverter 
[8]. Three filter topologies such as, RLC filter at the motor terminals, RLC filter at the inverter output terminals and 

reactor filter were discussed and compared. The RLC filter at the inverter output is the most effective solution among 

the three topologies [9]. Simulation analysis of Vcm and Vbin 2-level and 3-level PWM ASD with long cable is 

presented in this paper the work is extended to 5-level PWM ASD [10]. 

 

This paper is organized as follows: section. I give introduction. Section. II deals with common mode voltage and 

bearing voltage. Section. III deals with voltage reflection Analysis. Section. IV deals with Simulink modeling.  results 

and discussion are presented in section V. Section.VI is conclusion followed by references and bibliography. 

 

II. COMMON MODE VOLTAGE AND BEARING VOLTAGE 

 

In PWM inverter fed motor, an average voltage at a neutral point w.r.t ground is non zero and is known as common 
mode voltage, it is given by the equation (1) 

 
(1) 

 

 
In the above equation Van, Vbn and Vcn are the phase voltages.The bearing voltage (Vb) is given by equation (2)[3] [4].  

 
                                                                                                  (2) 
 

 

 

 
Fig.1. Common mode equivalent circuit 

 

 Where, Csris capacitance between stator winding and rotor, Crfis capacitance between stator frame and rotor (air gap 

capacitor) and Cbis bearing capacitance. 

 

III. VOLTAGE REFLECTION ANALYSIS 
 

The PWM pulses travels from an inverter to the motor terminal at approximately half the speed of the light (150 to 

200mt/µsec), if the pulse takes longer than 1/3rd of output  pulse rise time, then a full reflection occurs at the motor 

terminals and the pulse amplitude will be approximately doubled in the presence of long motor cable. Over voltage at 

the motor terminal depends on rise time of the PWM pulses, the cable length and the impedance mismatch between the 

power cable and motor. The impedance of smaller motors is dominated by winding inductance, thus in comparison 

with the low surge impedance of the cable the motor impedance is high [7]. 

 

IV. SIMULINK MODELING 

 

Fig.2 shows MATLAB Simulink model of  5-level PWM ASD. High frequency induction motor modeling is presented 
as in [11]. High frequency cable modeling is carried out as in [12]. Three and five level diode clamped multilevel 

inverter fed induction motor drive modeling is implemented using MATLAB Simulink. Sine-triangle PWM technique 

is used with switching frequency 2KHZ. 
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Fig. 2 Simulink model of 5 levels PWM inverter fed induction motor. 

 

V. RESULTS AND DISCUSSION 

 

A. Three level 

Figs3(a)-3(c) and figs.4(a)-4(c) show the simulation results of  Vcm,VbandIb of 3-level PWM inverter fed induction 

motor for 5HP and 10HP without long cable respectively. 

 

 
 

 
 

 
Fig.3 Simulation results of a) common mode voltage b) bearing voltage c) Bearing current without long cable (3-Level, 

5HP) 
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Fig.4 Simulation results of a) common mode voltage b) bearing voltage c) bearing current without long cable (3-Level, 

10HP) 

 

TABLE-I SIMULATION RESULTS OF 5-LEVEL, 5HP AND 10HP MOTORS 
 

Parameters 3-level, 5HP 3-level, 10HP 

Without long cable 

Common mode voltage (V) 275 225 

Bearing voltage (V) 21 16 

Bearing current (mA) 0.08 0.05 

BVR (%) 7.6 7.1 

 

B. Five level 

Figs5(a)-5(c) and figs.6(a)-6(c) show the simulation results of Vcm, VbandIbof 5-level for diode clamped PWM inverter 

fed induction motor for 5HPand 10HP without long cable respectively.  
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Fig.5 Simulation results of a) common mode voltage b) bearing voltage c) bearing current without long cable (5-Level, 

5HP) 

 

 
 

 

 
Fig.6 Simulation results of a) common mode voltage b) bearing voltage c) bearing current without long cable (5-Level, 

10HP) 
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Table. II gives the simulation results of 5-level, 5HP and 10HP induction motors. It is observed that the increase in the 

values of Vcm, Vband Ibis less for 10HP motor compared to 5HP motor, due to low impedance of 10HP motor compared 
to 5HP hence, voltage reflection will be less. 

 

TABLE-II SIMULATION RESULTS OF 5-LEVEL, 5HP AND 10HP MOTORS 

 

Parameters 5-level, 5HP 5-level, 10HP 

Without long cable 

Common mode voltage (V) 102 71 

Bearing voltage (V) 8.7 6.9 

Bearing current (mA) 0.125 0.066 

BVR (%) 8.0 9 

 

It is observed from figs3 (a)-3(c), 4(a)-4(c) and 5(a)-5(c), 6(a)-6(c); also from tables I and II, increase in the values of 

Vcm, Vb and Ib is less for 10HP motor compared to 5HP motor, due to low impedance of 10HP motor compared to 5HP 

hence, voltage reflection will be less. The BVR is less for 5-level inverter fed system compared to 3-level inverter fed 

system with same cable length and HP ratings. It is due to the reduction of dv/dt of inverter output voltage thereby 

increasing rise time of the pulse. 

 

 
Figure 7 Shows the THD Analysis of line voltage of PWM inverter fed induction motor without long cable (3level 

5HP) 

 

 
Figure 8 shows the THD Analysis of line voltage of PWM inverter fed induction motor without long cable(3level 

10HP) 
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Figure 9 Shows the THD Analysis of PWM Inverter fed induction motor without long cable (5level 5HP) 

 

 
Figure 10 shows the THD analysis of PWM Inverter fed induction motor without long cable. (5level 10HP) 

 

TABLE III SHOWS THE THD ANALYSIS OF PWM MLI WITHOUT LONG CABLE 

 

parameters  THD of 5HP in terms % THD of 10HP in terms % 

3 level 45.06 45.09 

5 level 32.02 36.64 

 

V. CONCLUSION 

 

In this paper, modelling, simulation and analysis of the common mode voltage, bearing voltage, bearing current and 

THD Analysis in PWM MLI fed induction motor without the long cable has been carried out. It is observed that, higher 

the motor HP ratings the magnitude of over voltage at the motor terminal decreases due to impedance matching 

between the motor and the cable impedance.Hence, reduction in the values of the Vcm, Vband Ib. And it is also observed 

that as the level of PWM MLI and HP Ratings increases THD reduces.  
Information regarding BVR will not be provided on standard induction motor specification .BVR obtained in this 

paper, helps in predicting the value of Vb, which helps to implement suitable mitigation techniques of bearing current 

damage. Hence prevents premature bearing failure, reliability of ASD system improved as well as the hidden costs 

involved in downtime and lost product is avoided.  
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