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Abstract- This paper proposes a new neutral point potential
control technique for the threelevel neutral-point-clamped
PWM 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.

|. INTRODUCTION

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

One important problem associated with the NPC inverter is its
neutral point potential variaion [3]. Under certain conditions, the DC
link neutra point potentia can Sgnificantly fluctuate or continuoudy
drift to unaccepteble levels. Asaresult, the switching devices may
fal dueto over-voltage sressrendering the drive unrdisble.

The causes of neutrd point potentid drift can be non-uniform
switching device or DC link cgpacitor characterisics. Such
unbalances can lead to dow but continuous drift of the neutrd point
potertia. Dynamic operaing conditions such as accderation or
deceleration can dso result in neutral point potentid drift. Under
such conditions, the drift can be rgpid and significant.

The neutrd point potentid fluctuation involves both the
modulation technique and the operating conditions of the NPC. For
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esch modulation technique and neutrd point potential control
technique involved, the neutrd point potentid veries differently.
However, in mog techniques the operating point dependency is
dmilar. As the output voltage magnitude and the load current
magnitude increase, and the power factor (PF) goproaches zero, the
neutral point potentid fluctuation increases. Under such operating
conditions, the NPC inverter performance degrades and becomes
unrelisble. Therefore, the choice of appropricte modulation
techniques and the development of advanced neutral point potential
control techniques is necessary to overcome the neutrad point
potentia problems. Though it is possible to reduce the neutral point
potential deviation problem by increasing the DC link cgpacitor and
the bleeding resstor 9ze excessvely, such a solution is prohibitive
from the cogt and Size reduction perspectives.

The neutral point potential varigtion problem has recently been
investigated and severd control techniques have been developed
[3]-[23]. Although the influence of the load current, PF, and the
output voltage magnitude on the neutrd point potentid is
quditetively undergtood, the modulation and control techniques that
effectively manipulate the variation are not well established. In [3]
the scalar unipolar modulation technique has been considered and
andytica formulas that caculate the zero sequence sgna for
minimum neutrd point potentia variation were developed. The
neutral potentid behavior of the scadar bipolar modulation method
has not been reported. Although the space vector based neutrd
potentia behavior andyssin[10] is comprehensive, it does not leed
to a smplefefficient controller development. Furthermore, the
relaion between the scalar and vector modulation techniques from
the neutral-point-potential control perspectiveisnot well understood.
Severd recent atempts to provide comprehensve andyss and
control techniques have covered a limited scope and shortage of
information on the subject remains sgnificant [10], [12], [15], [16].
Ontheaother hand, for the economicd feasibility of agenera purpose
low voltage PWM-NPC inverter the development of a neutra
potentia controller with low cogt (minimum hardware/software
requirements) and high performanceiscrucid.

In this paper, firg the neutrd point potentid variation is
andyticaly investigated for the space vector modulation technique.
The andlysis leads to a Smple and high performance neutra point
potentia control technique that utilizes the polarity information of
the motor phase currents and the space vector redundancy function.
In the proposad technique, the redundant voltage vectors are
efficiently didributed such tha the neutrd point current, and
therefore the neutra point potentiad is controlled under al operating
conditions. The neutrd potentid performance of the proposed
method is investigated by analysis and computer smuletions. Its
performance is dso compared to the popular scadar unipolar
modulation with zero-sequence-dgna injection method [3] and its
superior performance is shown. The feashility of the proposed
method has been proven vialaboratory experiments.
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I1. ANALYSISOF THE NEUTRAL POINT POTENTIAL
VARIATION

In the space vector representation, the 27 NPC inverter
output voltage vectors can be represented as shown in Fig. 2.
As the figure indicates, the small vectors (grouped as (ap,an)
and (bp,bn)) and the zero vectors (op, 0o, and on) are
redundant [4], [5]. The medium vectors labeled with “c” and
the full vectors (a and b) are not redundant. Only the small
vectorswith thesize of Ed/3 and the medium vectors with the
size of Ed/+/3 load the neutral point. Of these, only the small
vectors are redundant. Therefore, the only means to balance
the neutral point potential is to control the small redundant
vectors. If an adeguate 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 devicefailure. In particular, the
neutral point potential fluctuation is maximum when operating
at the maximum output voltage with near zero PF [3].

Fig. 2. Space vector representation of the NPC output voltages.

The influence of the small redundant vectors on the neutral
point potentia isillustrated in Fig. 3. As the figure suggests,
when selecting a pair of redundant vectors (ap,an) or (bp,bn),
the redundancy ratio must be carefully selected in order to
control the average neutral point current flow over the PWM
cycle.

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 each vector is calculated as summarized in Tablel. Inthe
table, T is the PWM period, k is the modulation index
(magnitude of the reference voltage vector normalized by
Ed/+/3 ), and @ is the angle from the nearest “a” voltage
vector. The total output time length of the op, 0o, and on

vectors is ty . The total output time length of the ap and an
vectorsist; . Likewise, the total output time length of the bp
and bn vectorsist,.
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Fig. 3. lllustration of the influence of the small redundant output voltage
vectors on the neutral point potential .

TABLE|
NTV PWM DuUTY-CYCLE CALCULATIONS

Region NTV Timelength of NTV
ALB1 op, 00, on t, = T{1-2ksin(@'+7/3)}
CLD1 ap, an t, = 2KT sin(77/3- )
ELFL bp, bn t,=2KTSn@

A2B2 ap, an t, = 2T{1-ksin(@'+mr/ 3)}
c2D2 c t,=2kTSn&

E2F2 a t, =T{2ksn(7/3-8) -1
A3B3 ap, an t, =T@-2ksin@")

C3D3 bp, bn t, =T{1-2ksin(77/3-6")}
E3F3 c t, =T{2ksn(@+7/3) -]
A bp, b t, = 2T{1-ksin(@+7/3)}
caD4 t, = 2kTsn(77/3-8)
B4 t, =T(2ksng-1)

Given the duty cycle of the vectors, the pulse pettern (the
vector/switching sequence) is determined with a high waveform
qudity and asmal number of switchingscriteria The popular pulse
pattern of the NTV gpproach that is shown in Fg. 4 [4], [9] is
adopted in thiswork. In this pettern, from the origin of the hexagon
outwards, the number of commutations decreases The output
phasa-to-neutra voltages of the interna hexagon (A1-F1) in Fig. 2
are bipolar. Outward from that region, they increasingly become
unipolar.
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Fig. 4 The pulse pattern of NTV-PWM in A1-A4.

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.

a =t /t,t, +t, =t (0<sa,<1) (@0}

a, =t /t,, t, +t, =t, (0<a,<1) 2

In (1) and (2), ty, and t,, are the time lengths of the ap and an

vectors, ty, and ty, are the time lengths of the bp and bn vectors.

Therefore, the average neutral current over a PWM cycle i,
can be calculated in the following.

in :ix(R) qtan_tap)-'-i\((R) |]tbp _tbn)+iz(R) [ﬂs, (3)

The variables ix (R), iy (R), and iz (R) are the phase current
functions defined in Table 1. As the table shows, the output
voltage vector region determines the phase current functions.

Substituting (1) and (2) in (3), the following is obtained.
i, =i (R A-20) 0 i, (R)[A-20,) 1, +i,(R)[E,  (4)

TABLEII
THE VOLTAGE VECTOR REGION DEPENDENT PHASE CURRENT FUNCTIONS

RegionR | A [ B | c | D E F
ix (R) iy iy iy iw [ iy
iv(R) iw iw iy iy iy iy
iz(R) iy iy iw iy iy iw

As a result, i, is determined in each PWM cycle as a
function of a3, a», and the phase current functions. Notice that
in A1-F1 and A3-F3, two redundancy functions exist, whilein
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.

The choice of uniform distribution function (a1 = &, = a)
results in the following simple analytica formula for the
neutral potential current.

i, =@-20) i, (R -i, (R I} +i, (R O, (5)

The first term of (5) shows the neutral point current can be
controlled by the redundancy function. Since this control
technique utilizes uniform redundancy functions for both
ap,an) and (bp,bn) vectors, the magnitude of the
iiX(R)[ﬂl—iY(R) [ﬂj term is dependent on the polarity of
ix (R) and iy(R). If they have the same polarity the magnitude
becomes small, otherwise it becomes large. On the other hand,
fromthe neutral potential control perspectiveit is preferableto
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 a. 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 extramum 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. Thisargument suggeststhat the
uniform redundancy function assumption results in an
unnecessary performance constraint and leads to the choice of
non-uniform redundancy functions. The above discussion also
hints that the key to the success of the non-uniform
redundancy function method is to coordinate the redundancy
functions with the load current polarity functions.

I11. A NOVEL NEUTRAL POINT POTENTIAL STABILIZATION
TECHNIQUE

Equation (4) suggests taking the polarity information of the
currents iy (R) and iy (R) into account, and then optimizing the
two independent redundancy functions so that the widest
performance range is obtained. By coordinating the
redundancy functions a; and a, with the polarity of the current
functionsiy (R) and iy(R) as shown in Table I11, the maximum
charge range for neutral potential control becomes available.
Then with the appropriate choice of the new common variable
a the neutral current and the neutral potential can be
controlled.
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TABLE 111
THE CURRENT POLARITY COORDINATED OPTIMAL REDUNDANCY
FUNCTIONS
ix (R) >0 m=a
ix (R <0 @ =(1-0)
iy (R) >0 a, =(1-a)
iy(R<0 ®m=a

To illugtrate the difference between (5) and the proposed method,
the following cases are conddered. For instance, in thefirst sector of
the voltage hexagon (region A in Fg. 2), 1, 0 (lagging), and -1 PF
conditions correspond to the phase current polarity information
showninTablelV.

TABLE IV
PHASE CURRENT POLARITY ASA FUNCTION OF PFIN REGION A
PF 1 0 -1
ix (A) =iy + + -
iv(A) =iy - + +
iz(A) =iy —-or+ - +or —

In (5), regardless the power factor, the neutral current is
calculated in the following.

i, =@Q-2o)0i, &, -i, d@,) +i, O, (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 inthe
following.

-2, 0 -, )+, & PF=1
i, =1 (1-20) [, @ +i, )+, PF=0 @
(A-20)UH, 0+, B)+, [, PF=-1

Comparing (6) to (7), it becomes obvious that the proposed
method provides alarger controllable charge range for neutral
point potential control. Inparticular, for the zero PF case, (iyt;
—iwtoy) is small while for the proposed method (it + iy to) is
large and results in a wider control range. As this example
illustrates, 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 re-writtenin
the following.

i, = (1-2a) Ui, (R &, +i, (R E,) +i, (R &, ®)

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 reference neutral current value, the corresponding acan
be easily calculated.

IV. NEUTRAL POTENTIAL PERFORMANCE COMPARISON
BETWEEN THE PROPOSED AND POPULAR METHODS

In this section the neutral potential performance of the
proposed 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 proposed method due to its popularity and
established neutral potential control technique [3]. As the

unipolar and bipolar modulation 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 aso be
generated with a scalar modulation technique. In the unipolar
modulation technique two triangular carrier waves are
compared with the reference voltage modulation wave of a
phase to generate the switching pattern of the associated
inverter leg [3], [14]. The intersections define the switching
instants. This approach naturally results in unipolar phase to
neutral output voltages 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
increasingly become unipolar.

The above discussion indicates that at low modulation
(corresponding to A1-F1 hexagon) the pulse pattern of the
bipolar modulation technique is the same asthe NTV pattern.
Similarly, 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 control
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
functions fixed to zero while the other is variable. This defines
Mode | in Table V. When at least two out of the three
modulation signals have negative sign, the pulse pattern
becomes equivalent to NTV with one redundancy function
equal to one (100% duty cycle) and the other a variable. This
case definesMaode Il and the modes are summarized in Table V.
Either one of the two modes with specific redundancy function
value can be created 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 function fixed and the other
variable, it becomes obvious the neutral current control range
of the unipolar modulation technique is smaller.

TABLEV
REDUNDANCY FUNCTIONS OF THE UNIPOLAR MODULATION

Model O0<a;<1, a,=0

Modell a;=1,0<s0,<1
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In the bipolar modulation technique, the pulse patternisthe
same as the NTV approach. Therefore, both redundancy
functions 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 appearsthat 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
control method are compared by means of computer
simulations. In the unipolar modulation technique, the neutral
current/potential is controlled by adding a zero-seguence
signal to all the three phase modul ation waves[3]. A method to
calculate the zero sequence signal that minimizes the neutral
potential error isdescribed in[3]. Inthisstudy, 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 constraints of Table V' will be recognized when
selecting the redundancy function of the unipolar modulation
technique.

For the sake of simplicity, a reduced model of the
PWM-NPC inverter drive is employed in the simulation. The
system average model over a PWM cycle (T) is employed.
Therefore, only the average value of the neutral current,
modulation 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 i, is necessary to regulate
the neutral potential. In the unipolar modulation method case,
the relation between i, and the corresponding redundancy
functions can be calculated from (4) for Mode| and Mode | of
Table V in the following.

ay, :i(l_ i, +iY(R) i, -i, (R) [ﬂ3j ©
2 i, (R,

aZMI :0 (10)

alMII :1 (11)

T :1[1_ L (R -1, (R) [ﬂsJ ”
2 i, (R,

In the proposed method the common redundancy functionis
calculated from (8) as follows.

azg{l__ oL (R, J
20 fi (R, -, (R &,

Given the fact that the redundancy functions are limited to
values between zero and one, 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 re-calculated from the same equations with the
boundary values of the redundancy functions. While in the
proposed method the optima redundancy function is
calculated from (13), in the unipolar modulation method, the

13

optimal value (that corresponds to the optimal zero-sequence
signal) isdetermined by comparing theresultsof Mode | and I1.
The mode that resultsin a smaller error between the reference
and realizable neutral current valuesis the optimal solution of
unipolar modulation.

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 isinvestigated as
the worst PF condition. A three-phase, Y connected, sinusoidal
current source type load with 10 A (RMS, per phase) and 50
Hz is considered. The operating modulation index is k=0.6
(corresponding to A2-A3-A4, B2-B3-B4... regions), and a
neutral current reference value of 10 A (positive DC current
with constant magnitude) case is considered. Since the
reference neutral 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 difference between the realizable and reference
neutral current valuesissmaller in the proposed method. Fig. 6
and Fig. 7 show the redundancy functions corresponding to
each case. Comparing the two figures, it becomes obvious that
in the unipolar modulation method the neutral current is
smaller due to the fact that there is only one 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 k=0.6 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
modulation method are illustrated. Varying in a wide range,
the zero sequence signal does not give intuition about the
occurring saturation condition. The common redundancy
variable of the proposed method, on the other hand, clearly
demonstrates the saturation condition. Furthermore, a val ue of
0.5 implies balanced (zero) neutral potential condition while a
deviation from this value implies that an unbalance exists. The
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.
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Fig. 5. Therealizable neutral current in the unipolar modulation method
(top) and the proposed method with optimal redundancy function (bottom).
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Fig. 6. The redundancy functions of the unipolar modulation method
(k=0.6).
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Fig. 7. The redundancy functions of the proposed method (k=0.6).
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Fig. 8. The zero-sequence signal of the unipolar modulation method (top)
and the common redundancy variable of the proposed method (bottom).

In the second stage of the computer simulation study, the
neutral 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 pF capacitors
connected in series. Aninitial 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 reference 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 isdisabled 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 Fig. 9 and Fig. 10.

Comparing Fig. 9 and Fig.10, it can be observed that at
modulation 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 modulation, for example at k=0.5, the proposed method is
approximately twice as fast as the unipolar modulation method.
This is due to the fact that the redundancy function of the
unipolar modulation method is not coordinated with the output
current polarities and half of the capability islost compared to
the proposed method. However, at higher modulation indices,
the difference disappears due to the fact that the time length of
the small vectors and their neutral current regulation capability
becomes negligible and the medium vector becomes highly
dominant.
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Fig. 9. Neutral potential control behavior of the unipolar modulation
method for various modulation index values.
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Fig. 10. Neutral potential control behavior of the proposed method for

various modulation index values.
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V. EXPERIMENTAL RESULTS

The feasibility of the proposed method has been proven via
laboratory experiments. | n the experiments an induction motor
with 7.5 kW, 1750 min™, 400V, and 15.2 A ratings is driven
from a PWM-NPC inverter. The induction motor has no
mechanical load and therefore its power factor for this
operating condition is poor (near zero). The PWM-NPC
inverter is operated in the constant-volts-per-hertz mode and
the slope of the V/f curveis selected such that at 60 Hz output,
unity modulation index (k=1) isobtained. The inverter DC bus
consists of two capacitors in series with 4500pF each. The
carrier frequency is 8 kHz.

The neutral potential controller of the experimental system
isdesigned with thelow cost criteriaand employsanaive form
of the proposed control technique. The neutral potential
feedback information to the controller is obtained via two
comparators with binary output (B1 and B2). If the neutral
potential is above the tolerance band value AV, the first
comparator output becomes high (B1=H). Otherwise it
becomes low (B1=L). If the neutral potentia is below —AV,
then the second comparator output becomes high (B2=H).
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 tolerance band of the neutra
potential controller. If B1ishigh, then aisincreased and if B2
is high, then «a is decreased in increments defined by the
selected time constant of afirst order linear low pass filter (in
the experiment itis 1 ms). If both B1 and B2 are low, then a'is
incremented (or decremented) with the same time constant
until it returns to 0.5. Given a, the redundancy functions a;
and a, are distributed according to the proposed method. This
approach provides satisfactory performance and eliminating
an expensive voltage isolator and multi-bit analog-to-digital
converter resultsin cost and size reduction.

In the experiment the tolerance band of the neutral potential
was selected as 10 V. The front-end consists of a three-phase
diode rectifier and the DC bus voltage is 560V. The
half-rated-speed operating point (fout=30Hz, k=0.5) 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. Asthe
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 initia value of
10V to OV. 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 thistransient the neutral current hasa
positive average value that indicates the full neutral current
capacity is efficiently utilized.

neutral point-potential control starts

sme/div

o I — - — —
$5A/div

neutral point current (in)

common redundancy variable (a)

ithAldiv

Fig. 11. The experimental waveforms of the proposed method (k=0.5). Top
to bottom: neutral point potential, neutral current, a, output phase current.

output phase current

V1. CONCLUSIONS

A nove neutral point potentid control technique has been
reported. Utilizing the polarity information of the phase currents, the
method efficiently didributes the redundant voltage vectors to
maintain smdl neutral current and easily control the neutra point
potentid. Detailed andysisinvestigatesthe neutra potential behavior
of the proposed and the popular methods and computer smulations
demongtrate the capabiility of the proposed method. The feasibility of
the proposed method has been proven via laboratory experiments.
Furthermore, alow cost implementation of the control technique hes
been shown to provide stisfactory performance. Therefore, the
economica feasibility of the generd purpose PWM-NPC inverter in
low voltage drive applications has been drengthened and its
gpplication range widened.
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