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Protecting VFD Driven Motors from 

Bearing Currents
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ÅRoot causesof shaftvoltage

ÅImpact on the bearings

ÅPossibilitiesto proof

ÅMitigation strategies

ÅApplicationexamples

Topics
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Variable Frequency Drives 

and Electric Induction Motors

When pulse width modulation (PWM) Variable Frequency Drives

(VFDs) were developed using insulated gate bipolar transistors

(IGBTs), this new technology was used to control electric induction

motors in industrial and commercial applications. The advantages

were obvious:

Å Torque and motor speed could now be precisely controlled to

optimize both process and energy requirements.

Å The potential to save energy by operating motors at only the

needed speed while maintaining torque requirements could

potentially result in a 20% to 50% energy savings.

Å Processes could be optimized and controlled by computer

processing systems to achieve productivity increases or energy

savings.
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Å Winding failures:

High frequency transients (dv/dt) can break down

the insulation between windings and cause corona

discharge arcing which can short out the windings.

This problem was resolved with class F or H

insulation

Å Bearing failures:

Because of the inherent voltage imbalance and

dv/dt, the voltage pulses are capacitively induced on

the motor shaft and can overcome the dielectric of

the oil film in the motor bearings. Electrical

discharges result in pitting and fluting damage in the

bearing, breakdown of lubrication, and fluting failure

of the bearing.

PWM Drives can cause
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Three Sources of Bearing Currents

Two Types
Capacitive Induced Voltage (want to go to ground)

Å Bearing Current A (from VFD):

Coming from the pulse width switching waveform produced by the 

variable frequency drive (VFD).  This voltage present on the motor 

shaft can discharge in the motorôs bearings or in the attached 

equipment.

Circulating Currents (circulating between rotor and stator)

Å Bearing Current B (from VFD)

High frequency circulating currents may flow due to a high-

frequency flux produced by common-mode currents. High frequency 

inductive circulating currents from VFDs are in the KHz or MHz in 

motors over about 75 KW.

Å Bearing Current C (from line voltage)

50/60 Hz sine wave voltage sources in large machines can cause 

extremely low frequency circulating currents because of the 

motorôs asymmetrical design and magnetic asymmetries.

.
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Three Sources of Bearing Currents
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Motor Design

Å Electric induction motors designed for operation on 3-phase sign

wave power ïeither 50 or 60 Hz.

Å The input power is balanced in frequency, phase (120 degree

phase shift) and in amplitude.

Å Common mode voltage ïthe sum of the 3 phases always equal

zero volts when properly balanced.

Bearing protection generally not needed

except for large frame motors.
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Electric Motor Operation by VFD

Å When operated by VFD, the power to the motor is a series of pulses 

instead of a smooth sign wave.

Å The input voltage is never balanced because the voltage is either 0 

volts, positive, or negative with rapid switching between pulses in all 

three phases

Å The common mode voltage is usually a ñsquare waveò or ñ6 stepò 

voltage wave form.

Bearing protection needed to mitigate electrical

discharge machining (EDM) damage in bearings.
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Capacitive Induced Shaft Voltage

Bearing Current A

Å Capacitive induced shaft

voltage that discharges in

the motor bearings.

Voltages are capacitive

coupled from stator to rotor

through parasitic

capacitance and create the

possibility of bearing

currents.

Å Virtually any motor from

fractional HP to large

motors may have bearing

currents from this source.

Best Practice: Ground the motor shaft ïbest with the AEGIS® Shaft

Grounding Ring to provide a path of least resistance to ground and divert

current away from the motorôsbearings and to protect attached equipment.

(Ref: NEMA MG1 Part 31.4.4.3)
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An Electric Motor looks like a Capacitor

10

Å The Pulses to the motor from the

VFD create a capacitive coupled

common mode voltage on the

motor shaft.

Å Voltages are measurable with an

oscilloscope and AEGIS® SVP

Shaft Voltage Probe Tip.

Å Creates electrical bearing

discharge currents.
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