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Abstract—This paper proposes a new neutral point potential
control technique for the neutral-point-clamped three-level
inverter. Utilizing the phase current polarity information, this
technique distributes the redundant voltage vectors in a manner to
obtain stable neutral point voltage under all operating conditions
including the zero-power-factor condition. Detailed analysis
and computer simulations show the superiority of the proposed
method. The feasibility of the proposed method has been proven
via laboratory experiments.

Index Terms—Current polarity, inverter, neutral point poten-
tial, space vector, stabilization.

I. INTRODUCTION

T HE neutral-point-clamped (NPC) three-level inverter is
suitable for medium- and high-voltage drive applications

because the voltage stress on its switching power devices is half
the voltage stress on the devices of the conventional two-level
inverter [1]. Recently, general-purpose pulsewidth-modulated
(PWM) NPC three-level inverters have been developed for
low-voltage drive applications [2] because the NPC three-level
inverter has significantly better output voltage and current
waveforms [lower harmonics and less electromagnetic interfer-
ence (EMI)] than the two-level inverter. Fig. 1 shows the circuit
diagram of the NPC three-level inverter.

One important problem associated with the NPC three-level
inverter is its neutral point potential variation [3]. Under certain
conditions, the dc-link neutral point potential can significantly
fluctuate or continuously drift to unacceptable levels. As a re-
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Fig. 1. NPC three-level inverter circuit topology.

sult, the switching devices may fail due to overvoltage stress,
rendering the drive unreliable.

The causes of neutral point potential drift can be nonuniform
switchingdeviceordc-linkcapacitorcharacteristics.Suchunbal-
ances can lead to slow but continuous drift of the neutral point
potential. Dynamic operating conditions such as acceleration or
deceleration can also result in neutral point potential drift. Under
such conditions, the drift can be rapid and significant.

The neutral point potential fluctuation involves both the mod-
ulation technique and the operating conditions of the NPC. For
each modulation technique and neutral point potential control
technique involved, the neutral point potential varies differently.
However, in most techniques the operating point dependency is
similar. As the output voltage magnitude and the load current
magnitude increase, and the power factor (PF) approaches zero,
the neutral point potential fluctuation increases. Under such op-
erating conditions, the NPC three-level inverter performance de-
grades and becomes unreliable. Therefore, the choice of appro-
priate modulation techniques and the development of advanced
neutral point potential control techniques is necessary to over-
come the neutral point potential problems. Although it is pos-
sible to reduce the neutral point potential deviation problem by
increasing the dc-link capacitor and the bleeding resistor size
excessively, such a solution is prohibitive from the cost and size
reduction perspectives.

Theneutralpointpotential variationproblemhasrecentlybeen
investigated and several control techniques have been developed
[3]–[13]. Although the influence of the load current, PF, and the
output voltage magnitude on the neutral point potential is quali-
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tatively understood, the modulation and control techniques that
effectively manipulate the variation are not well established. In
[3], thescalarunipolarmodulationtechniquehasbeenconsidered
and analytical formulas that calculate the zero-sequence signal
for minimum neutral point potential variation were developed.
The neutral potential behavior of the scalar bipolar modulation
method has not been reported. Although the space-vector-based
neutral potential behavior analysis in [10] is comprehensive, it
does not lead to a simple/efficient controller development. Fur-
thermore, the relation between the scalar and vector modulation
techniques from the neutral point potential control perspective is
not well understood. Several recent attempts to provide compre-
hensive analysis and control techniques have covered a limited
scope and shortage of information on the subject remains signif-
icant [10], [12], [15], [16]. On the other hand, for the economical
feasibility of a general-purpose low-voltage NPC three-level in-
verter the development of a neutral potential controller with low
cost (minimum hardware/software requirements) and high per-
formance is crucial.

In this paper, first the neutral point potential variation is ana-
lytically investigated for the space-vector modulation technique.
The analysis leads to a simple and high-performance neutral
point potential control technique that utilizes the polarity in-
formation of the motor phase currents and the space vector re-
dundancy function. In the proposed technique, the redundant
voltage vectors are efficiently distributed such that the neutral
point current and, therefore, the neutral point potential is con-
trolled under all operating conditions. The neutral potential per-
formance of the proposed method is investigated by analysis and
computer simulations. Its performance is also compared to the
popular scalar unipolar modulation with zero-sequence signal
injection method [3] and its superior performance is shown. The
feasibility of the proposed method has been proven via labora-
tory experiments.

II. A NALYSIS OF THENEUTRAL POINT POTENTIAL VARIATION

In the space-vector representation, the 27 NPC three-level in-
verter output voltage vectors can be represented as shown in
Fig. 2. As the figure indicates, the small vectors (grouped as
( , ) and ( , ) and the zero vectors (, , and ) are
redundant [4], [5]. The medium vectors labeled with “” and the
full vectors ( and ) are not redundant. Only the small vectors
with the size of and the medium vectors with the size of

load the neutral point. Of these, only the small vectors
are redundant. Therefore, the only means to balance the neu-
tral point potential is to control the small redundant vectors. If
an adequate control technique is not utilized, the neutral point
potential can significantly fluctuate or even drift to excessive
values, resulting in performance degradation and, furthermore,
in semiconductor device failure. In particular, the neutral point
potential fluctuation is maximum when operating at the max-
imum output voltage with near-zero PF [3].

The influence of the small redundant vectors on the neutral
point potential is illustrated in Fig. 3. As the figure suggests,
when selecting a pair of redundant vectors (, ) or ( , ),
the redundancy ratio must be carefully selected in order to con-
trol the average neutral point current flow over the PWM cycle.

Fig. 2. Space-vector representation of the NPC three-level inverter output
voltages.

Fig. 3. Illustration of the influence of the small redundant output voltage
vectors on the neutral point potential.

In the conventional space-vector PWM approach, the output
voltage is generated by utilizing the nearest triangle vectors
(NTV) [4], [5]. Among the triangles shown in Fig. 2, NTV is
the triangle where the tip point of the reference vector belongs.
Utilizing these three voltage vectors, the reference and output
volt-seconds are matched every PWM cycle. The time length of
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TABLE I
NTV PWM DUTY-CYCLE CALCULATIONS

each vector is calculated as summarized in Table I. In the table,
is the PWM period, is the modulation index (magnitude of

the reference voltage vector normalized by ), and is
the angle from the nearest “” voltage vector. The total output
time length of the , , and vectors is . The total output
time length of the and vectors is . Likewise, the total
output time length of the and vectors is .

Given the duty cycle of the vectors, the pulse pattern (the
vector/switching sequence) is determined with a high waveform
quality and a small number of switchings criteria. The popular
pulse pattern of the NTV approach that is shown in Fig. 4 [4],
[5] is adopted in this paper. In this pattern, from the origin of
the hexagon outwards, the number of commutations decreases.
The output phase-to-neutral voltages of the internal hexagon
(A1–F1) in Fig. 2 are bipolar. Outward from that region, they
increasingly become unipolar.

In order to control the neutral point potential, it is necessary to
control the duty ratio (the redundancy function) of the two small
(redundant) vectors. The redundancy functions are defined in
the following:

(1)

(2)

In (1) and (2), and are the time lengths of the and
vectors, and and are the time lengths of the and
vectors. Therefore, the average neutral current over a PWM

cycle can be calculated in the following:

(3)

The variables , , and are the phase current
functions defined in Table II. As the table shows, the output
voltage vector region determines the phase current functions.

Substituting (1) and (2) in (3), the following is obtained:

(4)

Fig. 4. Pulse pattern of NTV-PWM in A1–A4.

TABLE II
VOLTAGE-VECTOR-REGION-DEPENDENTPHASE CURRENT FUNCTIONS

As a result, is determined in each PWM cycle as a function
of , , and the phase current functions. Notice that in A1–F1
and A3–F3, two redundancy functions exist, while in A2–F2 and
A4–F4 there is only one redundancy function as a consequence
of the fact that only one small vector pair is utilized in the NTV
approach. It is apparent that when two redundancy functions
exist, they can be independently selected to control the neutral
potential.
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TABLE III
CURRENT POLARITY COORDINATED OPTIMAL REDUNDANCY FUNCTIONS

The choice of uniform distribution function
results in the following simple analytical formula for the neutral
potential current:

(5)

The first term of (5) shows the neutral point current can
be controlled by the redundancy function. Since this con-
trol technique utilizes uniform redundancy functions for
both ( , ) and ( , ) vectors, the magnitude of the

term is dependent on the polarity of
and . If they have the same polarity the magnitude

becomes small, otherwise, it becomes large. On the other hand,
from the neutral potential control perspective it is preferable
to have a large magnitude so that the contribution of the small
vectors to the neutral current can be varied in a wide range by
controlling . Since the same polarities case corresponds to
the near-zero-PF operating condition, such operating points
are associated with poor performance. This issue becomes
important when the second term in (5) becomes dominant
and must be offset by the first term (corresponding to high
modulation index output conditions). Under such conditions,
even the extremum values of the redundancy function (0 or
1) may not be sufficient to compensate for the influence of
the medium voltage vector on the neutral potential. Hence,
poor neutral-potential performance. This argument suggests
that the uniform redundancy function assumption results in an
unnecessary performance constraint and leads to the choice of
nonuniform redundancy functions. The above discussion also
hints that the key to the success of the nonuniform redundancy
function method is to coordinate the redundancy functions with
the load current polarity functions.

III. A N OVEL NEUTRAL POINT POTENTIAL

STABILIZATION TECHNIQUE

Equation (4) suggests taking the polarity information of the
currents and into account, and then optimizing the
two independent redundancy functions so that the widest perfor-
mance range is obtained. By coordinating the redundancy func-
tions and with the polarity of the current functions
and as shown in Table III, the maximum charge range
for neutral potential control becomes available. Then, with the
appropriate choice of the new common variablethe neutral
current and the neutral potential can be controlled.

To illustrate the difference between (5) and the proposed
method, the following cases are considered. For instance, in
the first sector of the voltage hexagon (region A in Fig. 2), 1,
0 (lagging), and 1 PF conditions correspond to the phase
current polarity information shown in Table IV.

TABLE IV
PHASE CURRENT POLARITY AS A FUNCTION OF PFIN REGION A

In (5), regardless of the the PF, the neutral current is calcu-
lated in the following:

(6)

For the proposed current polarity coordinated redundancy
function method, however, the neutral current formula is
calculated differently for each PF condition. For PF values of
1, 0, and 1, the neutral current is calculated, respectively, in
the following:

(7)

Comparing (6) to (7), it becomes obvious that the proposed
method provides a larger controllable charge range for neutral
point potential control. In particular, for the zero-PF case,

is small while for the proposed method
is large and results in a wider control range. As this example il-
lustrates, the neutral point potential can be better controlled with
the proposed method. Note that, based on the same observation,
for the proposed method, (4) can be rewritten in the following:

(8)

The above equation indicates that in the proposed method the
redundant voltage vectors can be efficiently utilized to control
the neutral point current. From this equation for a given refer-
ence neutral current value, the correspondingcan be easily
calculated.

IV. NEUTRAL POTENTIAL PERFORMANCECOMPARISON

BETWEEN THEPROPOSED ANDPOPULAR METHODS

In this section, the neutral potential performance of the pro-
posed method will be compared to the popular scalar methods
by means of analysis and computer simulations. In particular,
the scalar unipolar modulation technique is compared to the pro-
posed method due to its popularity and established neutral po-
tential control technique [3]. As the unipolar and bipolar modu-
lation techniques are both scalar techniques, from here on, when
discussing these methods, the term “scalar” will be omitted for
the sake of simplicity.

In the space-vector modulation technique, for a selected set
of voltage vectors and a specific switching sequence, the pulse
pattern is completely defined. This pulse pattern can also be
generated with a scalar modulation technique. In the unipolar
modulation technique, two triangular carrier waves are com-
pared with the reference voltage modulation wave of a phase to
generate the switching pattern of the associated inverter leg [3],
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TABLE V
REDUNDANCY FUNCTIONS OF THEUNIPOLAR MODULATION

[14]. The intersections define the switching instants. This ap-
proach naturally results in unipolar phase-to-neutral output volt-
ages within each PWM cycle and throughout the whole inverter
voltage hexagon. In the bipolar modulation technique [14], one
triangular carrier wave is compared with two modulation waves
per phase. The intersection points define the switching instants.
When the reference voltage magnitude is small (corresponding
to the region in A1–F1) the output voltages are bipolar, and at
higher magnitudes where modulation waves saturate, they in-
creasingly become unipolar.

The above discussion indicates that at low modulation (corre-
sponding to the A1–F1 hexagon) the pulse pattern of the bipolar
modulation technique is the same as the NTV pattern. Simi-
larly, at higher modulation levels (outside the A1–F1 hexagon),
the NTV pattern approaches the unipolar modulation pattern. In
A2–F2 and A4–F4, the pulse pattern of unipolar modulation is
the same as the NTV pattern. In the A3–F3 triangles, two phases
have unipolar and one phase has bipolar pattern. Note that the
pulse pattern (the switching sequence) in each scalar modulation
is exactly equivalent to an NTV pattern. On the other hand, the
width of the pulses may differ as a function of the modulation
parameters involved. Finding the exact mathematical relations
between the scalar modulation techniques and the NTV method
is beyond the scope of this paper. However, in the following,
we employ the pulse sequence equivalency of scalar and vector
methods in order to quantitatively obtain the neutral current con-
trol boundaries of the scalar methods.

In the unipolar modulation case, when at least two out of the
three phase modulation signals are positive, the pulse pattern
becomes equivalent to NTV with one of the redundancy func-
tions fixed to zero while the other is variable. This defines Mode
I in Table V. When at least two out of the three modulation
signals have negative sign, the pulse pattern becomes equiva-
lent to NTV with one redundancy function equal to one (100%
duty cycle) and the other a variable. This case defines Mode II
and the modes are summarized in Table V. Either one of the
two modes with specific redundancy function value can be cre-
ated by adding a zero-sequence signal to the modulation signals
[3]. Comparing the NTV with fully controllable two redundancy
functions to the unipolar modulation with one redundancy func-
tion fixed and the other variable, it becomes obvious the neutral
current control range of the unipolar modulation technique is
smaller.

In the bipolar modulation technique, the pulse pattern is the
same as the NTV approach. Therefore, both redundancy func-
tions and exist and they are variable. As a result, it can
be concluded that the bipolar modulation technique results in a
wider neutral current control range/capability compared to the
unipolar modulation technique. However, a method of varying
the redundancy functions independently or in a coordinated
manner is not evident from the modulation signals. Therefore,

it appears that the space-vector approach with the NTV pattern
is not only preferable from the neutral potential performance
perspective, but it is also insightful and easy to implement.

The performance of the unipolar modulation and the space-
vector NTV approach with the proposed neutral potential con-
trol method are compared by means of computer simulations.
In the unipolar modulation technique, the neutral current/po-
tential is controlled by adding a zero-sequence signal to all the
three phase modulation waves [3]. A method to calculate the
zero-sequence signal that minimizes the neutral potential error
is described in [3]. In this paper, for the purpose of comparison,
the neutral potential behavior of the unipolar modulation will
be investigated via the redundancy functions that correspond to
the zero-sequence signal. Therefore, in the simulation, the con-
straints of Table V will be recognized when selecting the redun-
dancy function of the unipolar modulation technique.

For the sake of simplicity, a reduced model of the NPC
three-level inverter drive is employed in the simulation. The
system average model over a PWM cycle is employed.
Therefore, only the average value of the neutral current, modu-
lation signals, etc., is calculated. The load is represented with
a balanced three-phase sinusoidal current source. Assuming a
condition that results in an unbalance between the upper and
lower capacitor has occurred, a reference neutral current with
the average value of is necessary to regulate the neutral
potential. In the unipolar modulation method case, the relation
between and the corresponding redundancy functions can be
calculated from (4) for Mode I of Table V in the following:

(9)

(10)

Likewise, for Mode II the redundancy functions are calculated
in the following:

(11)

(12)

In the proposed method the common redundancy function is
calculated from (8) as follows:

(13)

Given the fact that the redundancy functions are limited
to values between 0–1, the realizable neutral current can be
smaller than the reference value. If (9), (12), and (13) give
unfeasible redundancy function values, the realizable neutral
current can be recalculated from the same equations with the
boundary values of the redundancy functions. While in the
proposed method the optimal redundancy function is calculated
from (13), in the unipolar modulation method, the optimal
value (that corresponds to the optimal zero-sequence signal)
is determined by comparing the results of Mode I and II. The
mode that results in a smaller error between the reference
and realizable neutral current values is the optimal solution of
unipolar modulation.
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Fig. 5. Realizable neutral current in the unipolar modulation method (top) and
the proposed method with optimal redundancy function (bottom).

Fig. 6. Redundancy functions of the unipolar modulation method(k = 0:6).

In the simulation study, first the unipolar modulation method
with zero-sequence signal injection and the proposed method
are compared from the neutral current capability perspective.
The zero-PF (lagging) condition is investigated as the worst
PF condition. A three-phase-connected sinusoidal-current-
source-type load with 10 A (rms, per phase) and 50 Hz is con-
sidered. The operating modulation index is (corre-
sponding to A2–A3–A4, B2–B3–B4 regions), and a neutral
current reference value of 10 A (positive dc current with con-
stant magnitude) case is considered. Since the reference neu-
tral current magnitude is large, the redundancy functions of both
methods are expected to be saturated (0 or 1) and 10-A neutral
current is not realizable. However, as shown in Fig. 5, the differ-
ence between the realizable and reference neutral current values
is smaller in the proposed method. Figs. 6 and 7 show the re-
dundancy functions corresponding to each case. In the unipolar
modulation case, one of the redundancy functions is constrained
to a boundary value as in Table V, and the other is controllable.
The two redundancy functions cannot always be stretched to
their extreme values simultaneously. In the proposed method,
during saturation, both functions are stretched to their extreme

Fig. 7. Redundancy functions of the proposed method(k = 0:6).

Fig. 8. Zero-sequence signal of the unipolar modulation method (top) and the
common redundancy variable of the proposed method (bottom).

values simultaneously. Comparing the two figures, it becomes
obvious that in the unipolar modulation method the neutral cur-
rent is smaller due to the fact that there is only one controllable
redundancy function. In the proposed method, both variables
can be operated at the saturation limits so that the maximum
possible current is obtained. Both neutral current waveforms of
Fig. 5 have a frequency equal to three times the output frequency
of the inverter. This is due to the fact that at the medium
voltage vector is utilized and it loads the neutral point at three
times the output frequency.

In Fig. 8, the common redundancy variable of the proposed
method and the zero-sequence signal of the unipolar modula-
tion method are illustrated. Varying in a wide range, the zero-se-
quence signal does not give intuition about the occurring satu-
ration condition. The common redundancy variable of the pro-
posed method, on the other hand, clearly demonstrates the satu-
ration condition. A value of zero (minimum) or one (maximum)
indicate that the variable is at its saturation level and there is
not enough charge to immediately and completely compensate
for the neutral potential unbalance. Furthermore, a value of 0.5
implies balanced (zero) neutral potential condition while a de-
viation from this value implies that an unbalance exists. The
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Fig. 9. Neutral potential control behavior of the unipolar modulation method
for various modulation index values.

Fig. 10. Neutral potential control behavior of the proposed method for various
modulation index values.

amount and direction of the deviation from 0.5 gives hints about
the direction and magnitude of the neutral potential deviation.
Therefore, the proposed method is highly intuitive.

In the second stage of the computer simulation study, the neu-
tral potential regulation capability of the proposed method and
the unipolar modulation method are demonstrated in detail. The
dc link of the NPC consists of two 4500-F capacitors con-
nected in series. An initial neutral potential offset value of 10
V is assumed. The load is the previously described three-phase
current source with 10-A rms and 50 Hz. The zero-PF (lagging)
condition is considered as the worst operating point. The refer-
ence neutral current is set as 14 A (equal to the peak value of the
output current). As long as the neutral potential error exists, the
controller attempts to generate the 14-A neutral current so that
the error decreases. When the error becomes zero, the controller
is disabled and the redundancy function is set to 0.5 value. The
performance is tested for various modulation index values in
both the unipolar modulation method and the proposed method.
The simulation waveforms are shown in Figs. 9 and 10.

Comparing Figs. 9 and 10, it can be observed that at modula-
tion indices below 0.8 the performance of the proposed method
is superior to the unipolar modulation method. In the proposed
method, the neutral potential approaches the zero level more
rapidly than the unipolar modulation method. At low modula-
tion, for example at , the proposed method is approxi-
mately twice as fast as the unipolar modulation method. This is
due to the fact that the redundancy function of the unipolar mod-
ulation method is not coordinated with the output current polar-
ities and half of the capability is lost compared to the proposed
method. However, at higher modulation indexes, the difference
disappears due to the fact that the time length of the small vec-
tors and their neutral current regulation capability becomes neg-
ligible and the medium vector becomes highly dominant.

At very low modulation (near zero modulation index)
although the proposed method has twice as fast compensation
speed as the unipolar method, the compensation time is quite
long and rapidly increases as the zero modulation index is
approached. This is due to the fact that at very low modulation
the zero voltage vectors are dominant and the small vectors that
compensate for the neutral potential error have a very small
time length. However, it is practically not very likely that a
large neutral potential drift will occur at very low modulation
index. Therefore, the long compensation time of the very
low modulation range is not a problematic characteristic. On
the other hand, at higher modulation indices as the neutral
potential drift is likely to occur, the compensation capability
of the proposed method is necessary and beneficial. Detailed
observation of Fig. 10 suggests that the advantage range of the
proposed method is 0.2–0.8 modulation index.

In both the proposed method and the unipolar modulation
method, the largest neutral voltage ripple occurs at the full mod-
ulation index . This operating point is typically se-
lected as the dc-bus capacitor design point of a general-purpose
inverter drive. Based on the capacitor voltage ripple tolerance
value selected (typically 1%–3%), the capacitance value can be
analytically calculated. Then, depending on the input rectifier
characteristics (diode bridge or PWM rectifier), the inverter load
current characteristics, and the modulation technique involved,
the dc-bus capacitor ripple current rms value is calculated. Fi-
nally, commercially available capacitors that meet both criteria
are evaluated. If the capacitors with the calculated capacitance
value do not meet the ripple current rating criteria, then the ca-
pacitor size is increased until this condition is met. Under such
rare conditions, the voltage ripple becomes smaller than the tol-
erance value specified at the initial stage but the size and the
cost of the drive increase.

With the design criteria for both the proposed and the unipolar
modulation method being the same, it becomes obvious that the
proposed method does not reduce the capacitor size. However,
with the same capacitor size, the proposed technique results in
better performance in the 0.2–0.8 modulation index range. In
order to obtain low neutral potential variation beyond 0.8 mod-
ulation index, it is possible to modify the NTV PWM pulse pat-
tern and reduce the duty cycle of the medium voltage vector such
that the ripple due to the medium voltage vector is decreased.
However, the pulse pattern approaches the two-level inverter
pulse pattern and the current ripple rapidly increases such that
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the advantages of the NPC three-level-inverter are lost. Details
of such techniques are beyond the scope of this paper and will
be addressed in a future paper.

V. EXPERIMENTAL RESULTS

The feasibility of the proposed method has been proven
via laboratory experiments. In the experiments, an induction
motor with 7.5-kW, 1750-min , 400-V, and 15.2-A ratings
is driven from a PWM-NPC inverter. The induction motor has
no mechanical load and, therefore, its PF for this operating
condition is poor (near zero). The NPC three-level inverter is
operated in the constant-volts-per-hertz mode and the slope
of the V/f curve is selected such that at 60-Hz output, unity
modulation index is obtained. The inverter dc bus
consists of two capacitors in series with 4500F each. The
carrier frequency is 8 kHz.

The neutral potential controller of the experimental system is
designed with the low-cost criteria and employs a naive form
of the proposed control technique. The neutral potential feed-
back information to the controller is obtained via two compara-
tors with binary output (B1 and B2). If the neutral potential is
above the tolerance band value , the first comparator output
becomes high (B1 H). Otherwise it becomes low (B1 L).
If the neutral potential is below , then the second com-
parator output becomes high (B2H). Otherwise, it is low (B2

L). Therefore, two binary signals B1–B2 can have the logic
values of HL, LL, or LH each representing a zone in the tol-
erance band of the neutral potential controller. If B1 is high,
then is increased and if B2 is high, thenis decreased in in-
crements defined by the selected time constant of a first-order
linear low-pass filter (in the experiment, it is 1 ms). If both
B1 and B2 are low, then is incremented (or decremented)
with the same time constant until it returns to 0.5. Given,
the redundancy functions and are distributed according
to the proposed method. This approach provides satisfactory
performance and eliminating an expensive voltage isolator and
multibit analog-to-digital converter results in cost and size re-
duction.

In the experiment, the tolerance band of the neutral po-
tential was selected as 10 V. The front end consists of a
three-phase diode rectifier and the dc-bus voltage is 560 V. The
half-rated-speed operating point ( Hz, ) was
chosen to demonstrate the performance of the experimental
system. An initial neutral potential deviation of 10 V was
created by intentionally disabling one of the two binary neutral
potential feedback signals and biasing the tolerance band.
Following, the feedback signal was enabled and the tolerance
bias was removed. Then, the performance of the proposed
controller could be tested. The regulation capability of the
proposed method is demonstrated in Fig. 11 in detail. As the
controller is activated, the redundancy function decreases with
the 1-ms time constant and saturates at zero level in order to
rapidly return the neutral potential from the initial value of 10
V to 0 V. Once the error is corrected, the redundancy function
returns to the normal value of 0.5 again with the 1-ms time
constant. The regulation is completed in less than one output
cycle, and during this transient the neutral current has a positive

Fig. 11. Experimental waveforms of the proposed method(k = 0:5). Top to
bottom: neutral point potential, neutral current,�, and output phase current.

average value that indicates the full neutral current capacity is
efficiently utilized.

VI. CONCLUSIONS

A novel neutral point potential control technique has been
reported. Utilizing the polarity information of the phase cur-
rents, the method efficiently distributes the redundant voltage
vectors to maintain small neutral current and easily control the
neutral point potential. Detailed analysis investigates the neu-
tral potential behavior of the proposed and the popular methods
and computer simulations demonstrate the capability of the pro-
posed method. The feasibility of the proposed method has been
proven via laboratory experiments. Furthermore, a low-cost im-
plementation of the control technique has been shown to pro-
vide satisfactory performance. Therefore, the economical fea-
sibility of the general-purpose NPC three-level inverter in low-
voltage drive applications has been strengthened and its appli-
cation range widened.
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