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ABSTRACT
The problem of common mode voltage in inverters can be considered as a major issue which leads to
motor bearing failures. To eliminate these voltages, proposing some methods seems to be necessary. This
paper has a comparative study on estimating modulation methods of eliminating common mode voltage. The
main idea of these methods is based on generation of reference vector with nearest vector/ vectors with zero
common mode voltage. Depending on the number of delivering nearest vectors, there are two estimating
methods. For the reference method, reference vector is synthesized only by the nearest vector. But for the
proposed method, the reference vector is synthesized by more than one vector. Dwell time calculations of
these vectors are based on the distance between the afore-mentioned vectors and the reference vector. In this
paper, some characteristics such as linear relationships among output voltage and modulation index, and
also total harmonic distortion of output voltage and stator current are considered. Finally, it is concluded
that the new method has more advantages such as more linear relationships and lower THD of current with
respect to the reference method.
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1. INTRODUCTION
The problem of commonǦ
mode voltage generation in
an inverter-fed ac machine has been studied in the last
two decades [1Ǧ
3]. Considering figure 1 that shows circuit
configuration of an inverter, common mode voltage can
be defined as:
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shaft voltage to build up through electrostatic couplings
between the rotor and the stator windings and between the
rotor and the frame [4].
As the coupling currents find their way via the motor
bearings, they form the soǦ
called bearing currents which
have been shown in figure 2. When the shaft voltage
exceeds the dielectric capability of the bearing grease,
result in excessive currents that may cause bearing
failures [2].

Figure 1: Circuit configuration of an inverter to
define common mode voltage
This voltage can lead to some problems in motor and
its operations. The commonǦ
mode voltage enables motor

Figure 2: Flowing of bearing currents through
electrostatic couplings
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To reduce this voltage there are different solutions.
Some solutions are based on additional hardware, like
filters and other solutions are based on advanced
modulation strategies which avoid the generation of
common mode voltages. Among them SVM, due to its
simplicity in hardware, software and reducing common
mode voltage is more popular [4Ǧ
5].
2. CONVENTIONAL SVM ALGORITHM
Since there are n distinct switching states for each
phase of an n-level inverter, the total number of switching
3

states is n (which are the three-phase voltages in the
abc frame). In this format each switching state is
represented by (i, j, k ) [0,1,..., n 
1] and can define
appropriate connection of switches of the three phases.
A set of balanced three-phase voltages in abc frame can
be transformed into a two-dimensional DE
complex
frame by the following transformation:

Projection of three-phase reference voltages into the
new plane is a vector called the reference voltage vector,
. This voltage has a constant magnitude and rotates
counterclockwise with a constant angular frequency.
The SVM method is a discrete type of modulation
technique. By this method, the reference vector is
synthesized by the time average of a number of
appropriate voltage vectors.
When the reference vector is located in one sector, it
will lie in a specified triangle. As shown in figure 4, each
triangle is formed by the three switching vectors adjacent
to it. Therefore, these vectors are the best set of vectors to
synthesize the reference vector which lies in the triangle.
Therefore, the dwell times of the switching voltage
vectors adjacent to the reference vector of an n-level
inverter can be calculated as:
(3)
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Applying this transformation, the switching voltage
vectors in the DEplane, form an (n-1) layer hexagon
centered at the origin of the
voltage vectors at the origin.

DEplane

and also n zero

(5)
(6)

where
index,

is the switching period, m is the modulation
,

and

are the three voltage vectors

adjacent to the reference vector, and

,

and

are

the calculated duty cycles of the voltage vectors,
respectively [9].

Figure 3: Representation of space voltage vectors of
an n-level inverter in DEplane
The hexagon is divided into six 60 degrees sectors and
each sector includes

triangles.
Figure 4: First sector of the space vectors of an nlevel inverter

48

Amirkabir / MISC / Vol . 44 / No.2 / Fall 2012

