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Abstract—A four-level open-end winding induction motor
drive (OEWIMD) is obtained when an induction motor with
open windings is fed from either side with two two-level
3-Ph voltage-source inverters (VSIs) with unequal dc-link
voltages, which are in the ratio of 2:1. This drive princi-
pally suffers from two problems namely: the circulation of
zero sequence current in motor phases and overcharging
of the lower dc-link capacitor by its counterpart with higher
dc-link voltage. It has been reported earlier, that the decou-
pled space vector pulse width modulation (SVPWM) control
strategies avoid both of these problems. This paper pro-
poses an improvised SVPWM scheme that achieves a better
harmonic performance compared to the decoupled SVPWM
scheme without altering either the power circuit configu-
ration or the voltage ratings of the devices. The proposed
PWM strategy clamps the inverter with lower dc-link volt-
age with an active state, while the other inverter is switched
around it. It has been shown that the proposed SVPWM
scheme results in an overall reduction of losses for the drive
system while resulting in a considerably lower dv/dt com-
pared to the decoupled SVPWM schemes. The four-level
OEWIMD employing the proposed SVPWM scheme is simu-
lated and is validated with experimental results.

Index Terms—dv/dt, four-level inversion, open-end wind-
ing induction motor drive (OEWIMD), over charging, space
vector pulse width modulation (SVPWM).

I. INTRODUCTION

H IGH-POWER medium-voltage induction motor drives,
which are controlled by voltage-source inverters (VSIs),

are widely being used in the present day industry. The modern
trend is to use multilevel inverter (MLI) configurations to re-
alize medium-voltage VSIs [1]. Neutral point clamped (NPC),
flying capacitor (FC), and cascaded H-bridge (CHB) power cir-
cuit configurations are now being used widely in applications
such as motor drives, static power compensation, renewable en-
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ergy conditioning, power quality improvement, uninterruptable
power supply systems and the like. The most recent research in
the area of MLIs and their pulse width modulation (PWM) tech-
niques for multilevel inverters is reported in [3], [4], [5], and [6].

The NPC inverter has its own drawbacks, such as require-
ment of additional clamping diodes, complex implementation
of PWM, and fluctuations in neutral point voltage. The FC in-
verter needs a large number of dc capacitors with precharging
circuit and complex capacitor voltage control. The CHB inverter
needs several dc voltage sources.

The dual-inverter fed OEWIMD, can be considered as an
alternative approach to multilevel inversion. Compared to the
above mentioned MLIs topologies, this circuit configuration
offers the following advantages:

1) adequacy of conventional two- level VSIs to obtain mul-
tilevel inversion;

2) absence of neutral voltage fluctuations and clamping
diodes compared to the NPC topology;

3) rich redundancy of space vector combinations, which of-
fers a multitude of possibilities to devise PWM schemes;

4) smaller number of capacitors and simple control com-
pared to FCMLIs;

5) fewer dc power supplies compared to the CHB configu-
ration; and

6) capability of operating under faulted conditions [7].
The OEWIMD may offer interesting possibilities in appli-

cations such as electric vehicles (EVs), hybrid EVs [8], [9],
electric ship population [10], rolling mills [11], and renewable
energy systems [12], [13]. Recently, a five-level OEWIMD is
proposed with a single dc-link by feeding an open-winding in-
duction motor with two three-level NPC inverters from either
side [14].

Though it is possible to implement higher number of levels
with this power circuit configuration, four-level inversion seems
to be an optimal proposition, as the spectral performance would
not be proportional to the switching resources above four-levels
[7]. This is the motivating factor to embark upon the research to
improvise the four-level OEWIMD.

In the work reported in [15], a method of obtaining four-
level inversion with open end winding configuration has been
described, which uses unequal dc–link voltages in the ratio of
2:1, and is shown in Fig. 1.

The power circuit shown in Fig. 1 suffers from a severe
shortcoming. To be able to implement the minimum-ripple
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Fig. 1. Four-level OEWIMD with unequal dc-link voltages.

space vector PWM (SVPWM) technique [7], it is imperative
to have inverter-1 clamped to a fixed state in any given sam-
pling time period, while inverter-2 is switched. However, some
space vector combinations, which are pivotal to implement this
scheme (i.e., switching the vertices situated in the closest vicin-
ity to the sample), cannot be employed [15]. When these trouble-
some combinations are used, the capacitor of the lower dc-link
voltage, which feeds inverter-2, is overcharged by its counterpart
feeding inverter-1 (which is of a higher voltage). Thus, the re-
quired dc-link ratio of 2:1 is disturbed, which distorts the motor-
phase voltages and currents rendering the circuit unusable.

To circumvent this problem, the work reported in [15]
employs the decoupled SVPWM technique, which proposes to
resolve the overall reference voltage vector of the dual-inverter
system into two antiphased components, which are in the ratio
of 2:1. These components are then individually synthesized by
the respective inverters. Two versions of the decoupled SVPWM
technique are reported in [15], namely: the equal duty scheme
and the proportional duty scheme. It has been shown that both
of these PWM schemes avoid the overcharging phenomenon.
However, the price paid to avoid this overcharging is excessive
switching, as both inverters are switched. The switching power
loss is therefore higher with both of these schemes. It is shown
in [15] that the latter scheme is slightly better compared to the
former in this aspect. The other disadvantages include a high
dv/dt in the output voltage waveform and an inferior spectral
performance.

A new circuit topology for a four-level OEWIMD was pro-
posed in [17] to solve the dual problems of capacitor over-
charging and zero-sequence current suppression. In this circuit,
a rectifier-inverter set, operating with lower dc-link voltage is
nested within the main dc-link of higher voltage, which feeds an
outer inverter. However, this power circuit needs three isolated
dc power supplies, while the power circuit, shown in Fig. 1,
needs only two. Another power circuit configuration is reported
in [16], in which the overall dc-link utilization is further in-
creased. This circuit needs an overall dc-link voltage of 0.66 p.u.
compared to the one shown in Fig. 1. However, this circuit has a
restricted applicability in that, it is suitable to feed open-winded
induction motors having “6n” number of poles only (n = 1,
2 . . . ) [16]. This survey of the literature indicates that the new
circuit topologies reported in [16] and [17] also suffer from their
own shortcomings and none of the four-level open-end winding
induction motor (OEWIM) drives reported so far is ideal. This
is the motivating factor to explore if the circuit shown Fig. 1
possesses any unexplored aspects.

Fig. 2. Space vector locations of inverter-1 & inverter-2.

This paper suggests simple improvisations in the SVPWM
techniques to enhance the performance of the four-level
OEWIM, shown in Fig. 1. It is shown that clamping inverter-2
(the one operating with lower dc-link voltage) and switching
inverter-1 (the one operating with higher dc-link voltage) would
yield considerably better results compared to both of the de-
coupled SVPWM strategies reported in [15]. Various indices of
performance such as total harmonic distortion (THD) in voltage,
weighted THD (WTHD), power losses in the dual inverter sys-
tem (comprising of switching and conduction losses) with the
proposed SVPWM technique are simulated and compared with
the decoupled SVPWM techniques presented in [15]. Simula-
tion and experimental results show that the proposed SVPWM
technique, while avoiding the overcharging of the capacitor cor-
responding to the lower Voltage dc link, results in a better perfor-
mance compared to both of the decoupled SVPWM techniques.

II. FOUR-LEVEL OEWIMD

The power circuit configuration of the OEWIMD described
in [15] is shown in Fig. 1, wherein two unequal dc sources,
which are in the ratio of 2:1 feed an OEWIM from either side.
Inverter-1 is fed with a dc-link voltage of 2 VDC/3, whereas
inverter-2 is fed with a dc-link voltage of VDC/3. The states
of inverter-1 and inverter-2 are numbered 1 to 8 and 1’ to 8’,
respectively, as shown in Fig. 2.

The resultant space vector diagram of the dual-inverter sys-
tem with 64(8 × 8) space vector combinations, spread over 37
locations with 54 sectors is shown in Fig. 3.

The pole voltages of inverter-1 are denoted as vao , vbo ,
and vco . The pole voltages for inverter-2 are denoted as
va ′o ′ , vb ′o ′ , and vc ′o ′ . The pole voltage of Inverter-1 (vao) as-
sumes one of the two possible values amongst VDC/3 and
−VDC/3. Similarly, the pole voltage of Inverter-2 (va ′o ′) tog-
gle between VDC/6 and −VDC/6. As one might expect the
difference of these pole voltages take four values [15]. The
difference of pole voltages (vao − va ′o ′), (vbo − vb ′o ′), and
(vco − vc ′o ′), assuming that the points ‘o’ and ‘o′’ are con-
nected together (see Fig. 1), do not add to zero, indicating that
the existence of zero sequence voltage in the motor phases. This
zero-sequence voltage tries to circulate a zero-sequence current
in the motor phase windings. The zero-sequence components
flowing through the motor phase windings are cophasal, as they
are caused by the components of triplen order. Owing to the
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Fig. 3. Space vector combinations of dual inverter system.

electrical isolation of the constituent inverters, there exists no
return path for the zero-sequence currents to flow in the motor
phases. Thus, the zero-sequence currents are prevented in the
motor phases.

The difference of pole voltages is given by

Δ vaa ′ = vao − va ′o ′ (1)

Δ vbb ′ = vbo − vb ′o ′ (2)

Δ vcc ′ = vco − vc ′o ′ . (3)

Zero sequence voltages are defined as

vz =
1
3

[Δvaa ′ + Δvbb ′ + Δvcc ′ ] . (4)

The phase voltages of the OEWIM for an isolated power
supply is determined by assuming the ‘o’ and ‘o′’ points of dual
inverter drive are shorted and their expressions are given as

vaa ′ = Δvaa ′ − vz . (5)

From (5), the OEWIM phase voltage in terms of inverter pole
voltages can be written as

vaa ′ =
2
3

(Δvaa ′) − 1
3

[(Δvbb ′) + (Δvcc ′)] . (6)

III. PRINCIPLE OF IMPROVISED SVPWM STRATEGY

In the PWM strategy reported in [15], both inverters are
switched with antiphased reference vectors, which are in the ra-
tio of 2:1. In contrast, the proposed PWM scheme uses inverter-2
as the clamping inverter, which provides a vectored offset.
Inverter-1 is switched around this vectored offset, so that the ref-
erence voltage vector for the dual-inverter scheme is produced.
Admittedly, such a method would not result in the switching of
nearest vectors situated around the sample. However, it is shown
in this paper that this simple alteration considerably improves

the performance of the OEWIMD compared to the decoupled
SVPWM techniques proposed in [15].

The proposed PWM scheme can be explained with the help
of Fig. 3, which shows a core hexagon ABCDEF, centered
around O. Fig. 3 also shows six more hexagons, termed sub-
hexagons, which are OBHGSF, OCJIHA, ODLKJB, OENMLC,
OFQPND, and OASRQE, respectively, centered around the so-
called subhexagonal centers A,B,C,D,E, and F.

Let it be assumed that the reference voltage space vector (vsr)
OT, located in sector 26 (see Fig. 3), is to be synthesized by the
dual-inverter system shown in Fig. 1. The overall dc-link voltage
(VDC) is given by the vector OU (see Fig. 3). The modulation
index ma is defined as

ma =
OT
OU

=
|vsr |
VDC

. (7)

The dual-inverter system is so scaled that the rated frequency
(50 Hz) and rated line voltage (400 V, line–line) are delivered
at the limit of liner modulation, which is (

√
3/2) with the

SVPWM scheme. With this scaling, the frequency of the funda-
mental component of the dual inverter system at a modulation
index of ma would become

f1 =
ma√
3/2

× 50. (8)

Further, the reference phase voltages, which constitute the
reference voltage space vector of the dual-inverter system, are
sampled 42 times per one cycle irrespective of the frequency.
This results in seven samples per sector. In order to obtain wave-
form symmetries, samples at sector boundaries are avoided [15].
The angle between successive samples is 8.57◦ (i.e. , 360◦/42).
The sampling time period is given as

Ts =
1

f1 × 42
. (9)

Now the reference vector OT can be resolved into two com-
ponents OA and AT (see Fig. 3), which, respectively, constitute
the biasing and switching vectors. The column vectors corre-
sponding to the instantaneous phase reference voltages of vec-
tors OT and AT are, respectively, given by [va

∗ vb
∗ vc

∗]T and
[va vb vc ]T . With an appropriate coordinate transformation it
can be shown that:

[va vb vc ]T

= I3 [v∗
a v∗

b v∗
c ]

T +
2Vdc

9

⎡
⎢⎣
− cos ((m − 1) × π/3)

cos (mπ/3)

cos ((m − 2) × π/3)

⎤
⎥⎦

(10)

where I3 = 3 × 3 unity diagonal matrix, m = 1, 2 . . . , 6
corresponding to the subhexagonal centers A, B, C, D, E, and F
(see Fig. 3).

It can be so arranged that the vector OA is output by inverter-2
in a given sampling time interval. The vector AT is synthesized,
in the average sense with inverter-1 by switching amongst the
vertices A, U, and W (see Fig. 3). This would clamp inverter-2
at the state 4’ (−+ +) during the sampling time period, whereas
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Fig. 4. Flowchart of proposed SVPWM strategy.

inverter-1 switches through the states 8(—), 1(+ − −), 2(++
−), and 7(+++). Thus, the space vector combinations 84’,
14’, 24’, and 74’ are sequentially deployed with this switching
strategy. The sum of the time periods for which states 14’ and 24’
are switched is called the effective time period and is denoted
by “Teff ”. The sum of the time periods for which the vector
combinations 84’ and 74’ are switched is denoted by the symbol
“ T0”. To obtain the gating pulses for the switching inverter,
the switching algorithm reported in [18] is employed, which is
based on the concept of imaginary switching time periods. The
flowchart of the switching algorithm is presented in Fig. 4.

Depending on the distribution of the time interval “T0”
amongst the contending vector combinations 84’ and 74’, fol-
lowing three possibilities arise (see Fig. 3).

1) The time period “T0” is equally distributed among them.
2) The combination 84’ is switched for the entire time period

“T0”.
3) The combination 74’ is switched for the entire time period

“T0” [18].
Of these three variants, the first is known as the center spaced

PWM (CSPWM) technique, while the latter two are known as
the phase clamped PWM-1 (PCPWM-1) and phase clamped
PWM-2 (PCPWM-2) strategies, respectively. The generalized
offset time period to realize these three variants is given by the
expression

Toffset = KTo/2 − Tmin (11)

where K = 1, 0, 2 for CSPWM, PCPWM-1, and PCPWM-2,
respectively.

In other words, PCPWM-1 and PCPWM-2 are realized by
placing the effective time period (Teff ) either at the left edge

Fig. 5. Modulating signals for CSPWM, PCPWM-1, and PCPWM-2.

Fig. 6. Phase-A leg of inverter.

(i.e., K = 0) or at the right edge (i.e., K = 2). It may be noted
that K = 1 corresponding to the case of CSPWM.

The modulating functions for the three variants, i.e., CSPWM,
PCPWM-1, and PCPWM-2 are presented in Fig. 5.

From the traces presented in Fig. 5, it is evident that a given
phase is clamped either to the positive or negative state for a time
duration corresponding to 120◦. It may therefore be expected
that the switching losses with PCPWM-1 and PCPWM-2 would
be significantly lesser than the CSPWM case.

IV. LOSS MODEL OF OEWIMD SYSTEM

As explained in the earlier section, the improvised SVPWM
proposed in this paper switches the so-called clamped inverter
(inverter-2, Fig. 1) with the fundamental frequency, while the
switching inverter (inverter-1, Fig. 1) is switched with the
switching frequency (which is half of the sampling frequency).
With the aid of the loss-model suggested in [19], the switching
and conduction losses are estimated for the four-level dual-
inverter system. However, the model developed in [19] assumes
that the antiparallel diodes attached to the power semiconduc-
tor switching devices are ideal and are therefore lossless. The
model developed in this paper accounts for the nonidealities
of the diode and considers the conduction loss as well as the
contribution of the reverse recovery current to the diode loss.

It is a well-known fact that the switching power loss in the
power semiconductor devices is proportional to the switching
frequency. The switching loss, which occurs during the time
periods of both turn-ON and turn-OFF, is principally determined
by the rise and fall time periods of the switch voltage and the
switch current [2]. Fig. 6 shows the phase-A leg of one of the
inverters. In this figure, TA+ and , TA− are top and bottom
switches, and DA+ , and DA− are the respective antiparallel
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Fig. 7. Current through and Voltage drop across the switches of the
inverter phase-A leg [2].

diodes. The voltage across and current through the switch and
the antiparallel diode are shown in Fig. 7 for I0 > 0.

The switching power loss (PSW ) and conduction power loss
(PCON ) expression are given as

PSW =
[
1
2

vSW iSW (tri + tfv )

+
1
2
vSW iSW (trv + tfi)

]
× fs

PSW =
[
1
2
vSW iSW (tSW ,ON + tSW ,OFF)

]
× fS (12)

PCON ,SW =
VON , Sw ION tON

TS
. (13)

From expressions (12) and (13), it is evident that the data
required for the computation of inverter loss are: PWM gating
signals, the instantaneous phase current, the rise and fall time
of voltage and current (tfv , trv , tfi , tri), the on-state voltage
drop (vON), switching frequency (fs), and blocking voltage
of the switch (vSW ). The detailed simulation block diagram
(implemented with MATLAB/SIMULINK) for the loss estima-
tion of dual inverter system is shown in Fig. 8. The following
data are assumed to compute the switching and conduction loss
in each device: tfv = 1 μs, trv = 2 μs, tfi = 4 μs, tri =
2 μs, and vON = 1 V. To facilitate a fair comparison, these
data are kept the same for all the five PWM schemes.

As mentioned in the earlier section, the performance of the
four-level OEWIMD incorporating the PWM scheme proposed
in this paper is compared with that of the one employing the de-
coupled SVPWM techniques proposed in [15]. The comparison
is in terms of:

1) switching losses;
2) conduction losses;
3) THD in motor phase voltage; and
4) the WTHD,

which is a measure of the harmonic distortion in the motor
current.

Fig. 8. Loss model of the four-level OEWIM.

The parameters of the OEWIM, employed for the computa-
tion of the current, are presented in Appendix I.

V. SIMULATION & EXPERIMENTAL RESULTS

The four-level OEWIMD, shown in Fig. 1, with the proposed
SVPWM scheme is simulated using MATLAB and is imple-
mented experimentally with dSPACE-1104 system. The drive is
operated with V/Hz control in open-loop and its performance is
compared with the decoupled SVPWM techniques. The dc-link
voltages used in the present work are 200 V for inverter-1 and
100 V for inverter-2, respectively. In other words, the effective
dc-link voltage is equal to 300 V.

The four-level OEWIMD could be operated at various modu-
lation indices covering the entire speed range. When, the mod-
ulation index ma � 0.33, the sample is situated within the core
hexagon ABCDEF (see Fig. 3). It is obvious that one does not
need both inverters to synthesize the sample in this case. Hence
only inverter-2 is switched, clamping inverter-1 to a null state
(see Fig. 1).

In the interest of brevity, simulation and experimental results
are presented only at a modulation index of 0.7 and the case
of over modulation. As mentioned earlier, the fundamental fre-
quency varies linearly with respect to the modulation index up
to 0.866. Above this limit, the dual-inverter system operates in
the region of over modulation and the relation between them
becomes nonlinear.

It is possible to reduce the switching loss of the dual-inverter
system by clamping one of the phases of the switching in-
verter (i.e., inverter-1). As mentioned in Section-III, it is ac-
complished by a simple alteration of the offset time Toffset
either to −Tmin (for PCPWM-1) or Ts − Tmax (for PCPWM-
2). Similarly, the SVPWM technique with center spacing
(wherein Toffset = To/2 − Tmin ) is referred as the CSPWM
technique.

The simulated and experimental results obtained for the
CSPWM are shown in Figs. 9–14. Figs. 9 and 10, respectively,
show the simulated and experimentally obtained pole voltages of
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Fig. 9. Simulated (top) and experimentally (bottom) obtained inverter-1
pole voltage at ma = 0.7. Scale (bottom trace): X-axis: 10 ms/div;
Y-axis: 50 V/div.

Fig. 10. Simulated (top) and experimentally (bottom) obtained
inverter-2 pole voltage at ma = 0.7. Scale (bottom trace): X-axis:
10 ms/div; Y-axis: 20 V/div.

Fig. 11. Simulated (top) and experimentally (bottom) obtained com-
mon mode voltage at ma = 0.7. Scale (bottom trace): X-axis: 5 ms/div;
Y-axis: 50 V/div.

Fig. 12. Simulated (top) and experimentally (bottom) obtained phase-A
voltage at ma = 0.7. Scale (bottom trace): X-axis: 10 ms/div; Y-axis:
100 V/div.

Fig. 13. Simulated (top) and experimentally (bottom) obtained phase-A
current at ma = 0.7. Scale (bottom trace): X-axis: 10 ms/div; Y-axis:
1 A/div.

Fig. 14. FFT analysis of phase-A voltage at ma = 0.7.

inverter-1 and 2 for the modulation index ma = 0.7. The fun-
damental frequency for this modulation index is 40.4 Hz (8). The
simulated and experimentally obtained zero-sequence voltage,
which is dropped across the points o and o’, is shown in Fig. 11.
The simulated and experimental motor phase voltage (which
is obtained after the subtraction of the common mode volt-
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Fig. 15. Experimentally obtained pole voltages of inverter-1 (left) and
inverter-2 (right) at ma = 1.2. Scale: X-axis: 10 ms/div; Y-axis: 50 V/div
(left trace), 20 V/div (right trace).

Fig. 16. Experimentally obtained phase-A voltage (left) and current
(right) at ma = 1.2. Scale: X-axis: 10 ms/div; Y-axis: 100 V/div (left
trace), 1 A/div (right trace).

Fig. 17. Experimentally obtained pole voltage of inverter-1 for
PCPWM-1 (top) and PCPWM-2 (bottom) at ma = 0.7. Scale: X-axis:
10 ms/div; Y-axis: 50 V/div.

age from the difference of pole voltages) and no-load pha-
se current of dual inverter drive system is shown in Figs. 12
and 13. Fig. 14 shows the harmonic spectrum of the motor
phase voltage.

Fig. 15 shows the experimentally obtained pole voltages of
inverter-1 and inverter-2 and Fig. 16 shows the experimentally
obtained motor phase voltage and current waveforms for the
case of over modulation (i.e., ma = 1.2).

Fig. 17 presents the experimental pole voltage of inverter-1
for both PCPWM-1 (top trace) and PCPWM-2 (bottom trace).
The pole voltage of inverter-2 is identical to the one obtained
with CSPWM (Fig. 10 and right trace of Fig. 15). From these
traces, it is evident that the pole voltages are clamped for the
duration of 120◦ in a fundamental cycle. The clamping (i.e.,
reduced switching) manifests as higher ripple in the motor phase
voltages as is evident from the motor phase voltage waveforms
presented in Fig. 18. The corresponding motor phase currents at
no-load are presented in Fig. 19. As expected, the ripple in the
motor phase current increases with these two PWM schemes
when compared to the case of center-spaced SVPWM.

Fig. 18. Experimentally obtained phase-A voltage of PCPWM-1 (top)
and PCPWM-2 (bottom) at ma = 0.7. Scale: X-axis: 10 ms/div; Y-axis:
100 V/div.

Fig. 19. Experimentally obtained phase-A current of PCPWM-1 (top)
and PCPWM-2 (bottom) at ma = 0.7. Scale: X-axis: 10 ms/div; Y-axis:
1 A/div.

VI. COMPARATIVE PERFORMANCE ANALYSIS

OF IMPROVISED SVPWM

In this section, the performance of the three variants of the
SVPWM technique proposed in this paper (namely, CSPWM,
PCPWM-1, and PCPWM-2) are compared with the two
variants of decoupled SVPWM technique proposed in [15],
which are named as the equal duty SVPWM technique and
the proportional duty SVPWM technique, respectively. For the
ease of reference, these two SVPWM techniques are abbrevi-
ated as equal duty PWM (EDPWM) and proportional duty PWM
(PDPWM) techniques. It should be reiterated here that all the
five SVPWM techniques achieve the prevention of overcharging
of the dc-link capacitor of inverter-2 (the one with lower input
voltage) as well as the avoidance of the zero sequence current.

For fairness of comparison, the switching inverter in all the
PWM schemes is switched with 42 samples/cycle except for
the PDPWM. For PDPWM, inverter-1 (high-voltage inverter,
Fig. 1) is switched with 30 samples/cycle, whereas inverter-2
(low-voltage inverter, Fig. 1) is switched with 54 samples/cycle.
This keeps the total number of switching samples the same
amongst the two versions of the decoupled SVPWM schemes,
as suggested in [15]. To evaluate the conduction loss in the
dual-inverter scheme, which depends on the motor load current,
a load torque of 20 N�m is applied to the shaft of the OEWIM.
This torque is about 80% of the full-load torque of the 3.7-
KW motor chosen for analysis (see Appendix I). The dc-link
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Fig. 20. Simulated voltage and current through a typical semiconduc-
tor switching device taking the diode reverse recovery current and the
voltage drop across the diode.

Fig. 21. Simulated switching loss and conduction loss of a typical semi-
conductor switch and diode.

voltages of the dual-inverter scheme sum to a total of 564 V,
which is the total dc-link voltage needed to apply rated voltage
to the motor at the brink of linear modulation (i.e., ma = 0.866).
As mentioned earlier, the currents obtained with the model of
the OEWIMD (see Fig. 8) are used to compute the switching
and conduction power losses in the semiconductor devices. It
should be noted that ripple in the motor current would not only
influence the motor ohmic loss, but also the conduction loss
in the individual power semiconductor devices, as the motor
current is routed through the devices.

As mentioned in the Section IV, the loss model used in [19]
is improvised in this paper and includes the nonidealities asso-
ciated with the diode. Fig. 20 shows the simulated voltage and
current through a switching device during a typical sampling
time period. It may be noted that the switch current (say the top
switch in a leg) carries the reverse recovery current of the diode
(of the bottom switch). Also, the voltage drop across the co-
nducting diode, which was neglected in [19], is taken into ac-
count in this paper.

The top and middle traces of Fig. 21, respectively, present
the simulated switching and conduction power loss in a “top”
device, while the bottom trace shows the conduction loss in
the antiparallel diode of the “bottom” device, in a steady-state
condition. Fig. 22 presents the zoomed portion of Fig. 21 be-
tween a certain time periods (1.44–1.46 s). As one might expect,
the switching power loss is highly pulsed, occurring in spurts of
high intensity but of very short duration. It may also be observed
that both the “top” switch and the “bottom” diode carry the rip-

Fig. 22. Simulated switching loss and conduction loss of a typical semi-
conductor switch and diode (zoomed version of Fig. 21).

Fig. 23. Total dual inverter switching losses of 4-level OEWIMD.

ple content of the motor phase current and are complimentary
(as the sum of these two currents is equal to the motor phase
current). It may further be observed that the switching power
loss in the “top” device occurs at the edges of its conducting
regime (top and middle traces, Fig. 22).

Fig. 23 presents the sum of the inverter-1 and inverter-2
switching losses incurred with these five versions of the
SVPWM techniques. It may be noted that, in all the five
cases, these losses increase uniformly till the edge of linear
modulation, wherefrom all of them decrease uniformly. As the
number of samples are fixed at 42/cycle irrespective of the mod-
ulation index, the frequency of the fundamental component,
which in turn determines the sampling frequency and hence the
switching power loss, uniformly increases till the edge of lin-
ear modulation ( ma = 0.866). The fundamental component is
clamped to the rated frequency when ma ≥ 0.866, this reduces
switching and hence the switching loss.

It is apparent that the three variants proposed in this paper
(CSPWM, PCPWMs 1 & 2) perform better than both of the
versions of decoupled SVPWM techniques proposed in [15] in
this aspect. This is due to the fact that in the proposed PWM
schemes, one of the inverters (inverter-2) of the dual-inverter
system is clamped in any given sampling time period. As one
may anticipate, amongst these three PWMs, the PCPWMs incur
lesser switching loss compared to the CSPWM.

The total conduction loss is the sum of the individual con-
duction losses of the constituent inverters of the dual-inverter
system. Again, the conduction loss incurred in each inverter is
the sum of both the switch conduction losses and the diode con-
duction losses. The total conduction loss with all the five PWM
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Fig. 24. Total dual inverter conduction losses of 4-level OEWIMD.

Fig. 25. Total dual inverter losses of 4-level OEWIMD.

schemes is shown in Fig. 24. It may be observed that the co-
nduction loss in the PCPWM schemes is higher compared to
the CSPWM scheme, as each phase is clamped for a duration
corresponding to 120◦, even in the switching inverter.

It should be noted that the total conduction loss for the dual-
inverter system with all the five PWM schemes is within 34.5–
37 W (app.). This narrow disposition of the conduction loss is
attributed to the fact that the voltage drop across a conducting
diode is considered to be equal to the voltage drop across a
conducting switch. Also, the conduction regimes of switches and
diodes are approximately equal for all the modulation schemes
when all the 12 constituent switches and their antiparallel diodes
are considered at any modulation index (see Fig. 7).

The total inverter loss (the sum of switching and conduction
loss) for all the PWM schemes is presented in Fig. 25. As the
conduction losses of all the five PWM schemes are narrowly
disposed, the differences in the total loss are determined princi-
pally by the differences in the switching power loss. Hence the
trend followed by the total loss (see Fig. 25) is similar to the
trend in the switching loss (see Fig. 23).

It is interesting to note from Figs. 23, 24, and 25 that amongst
the three PWM schemes proposed (CSPWM, PCPWMs 1 &
2), the advantage of reducing the switching frequency outweig-
hs the disadvantage associated with the increase of the conduc-
tion loss in the power semiconductor devices. The simulation
results presented in Fig. 25 suggest that an energy efficient
OEWIMD should employ the PCPWM techniques, rather than
the CSPWM scheme.

The THD is a widely used measure to quantify the spectral
performance of the inverter. THD in the output of the voltage is
defined as

VTHD =

√∑∞
n = 2 v2

n

v1
(14)

Fig. 26. Modulation index versus phase voltage THD of five PWM
techniques.

Fig. 27. Modulation index versus WTHD of five PWM techniques.

where V1 and Vn are the rms values of the fundamental compo-
nent and nth harmonic components of the phase voltage. THD
in voltage is a measure of harmonic contamination, which is
normalized w.r.t. the fundamental quantity. The THD in voltage
is evaluated for all the five PWM techniques. It may be noted
that the PWM techniques proposed in this paper perform better
than the decoupled SVPWM schemes in the lower and middle
range of modulation, while the EDPWM performs slightly bet-
ter in the upper range of modulation. As one may anticipate,
among the PWM schemes proposed in this paper, the CSPWM
performs better than the PCPWMs, as shown in Fig. 26.

The effectiveness of a modulation scheme can also be as-
sessed by the weighted THD. It is generally reckoned that
WTHD captures the performance of a PWM scheme in a bet-
ter way than the THD in voltage. When an induction motor is
fed by a sinusoidal voltage source, the motor draws a magne-
tizing current, which is given by (V1/ωLm ). However, when
the motor is supplied with a nonsinusoidal input, any harmonic
current component of nth order is given by (Vn/nωLm ). Thus,
the quantity

∑
n �=1 (Vn/nωLm )2 represents the rms value of all

harmonic components put together. Thus, the WTHD represents
the normalized harmonic contamination in current, with the fun-
damental component chosen as the base value. The WTHD is
defined as

VWTHD
Δ=

√∑∞
n = 2

(
vn

n

)2

v1
. (15)

Fig. 27 shows that the WTHD of all the five PWM schemes.
From Fig. 27, as per the expectation, the CSPWM scheme
performs better in the lower and middle range of modula-
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Fig. 28. Phase voltage of decoupled PWM scheme.

tion, whereas the EDPWM performs slightly better in the upper
range.

From Figs. 23–27, it is apparent that SVPWM techniques pro-
posed in this paper perform better than the decoupled SVPWM
techniques proposed in [15]. There is another important advan-
tage with the SVPWM schemes proposed in this paper vis-à-vis
the decoupled SVPWM schemes. The simulated motor phase
voltage waveforms with the decoupled SVPWM schemes are
shown in Fig. 28, of which the central part is zoomed. It may
be noted that higher voltage pulses appears across the motor
phase windings. This indicates that the motor phase windings
are subject to larger dv/dt. The deleterious effects associated
with the application of such a large dv/dt are well documented
[1]. In contrast, the proposed PWM techniques in this paper
result considerably lesser dv/dt across the motor windings as is
evident in Fig. 12 (CSPWM), top trace of Fig. 18 (PCPWM-1),
and bottom trace of Fig. 18 (PCPWM-2).

VII. CONCLUSION

This paper suggested three variants of a simple SVPWM
scheme to improvise the performance of a four-level OEWIMD,
which is obtained by feeding an OEWIM with two two-level in-
verters from either side. The constituent inverters were operated
with unequal dc-link voltages, which are in the ratio of 2:1.
The performance of the OEWIMD employing these PWM tech-
niques was compared with the two variants of the decoupled
SVPWM strategies reported in the earlier literature. The com-
mon objective of all these five PWM strategies was to avoid the
overcharging of the dc-link capacitor of the inverter operating
with lower input voltage.

Using both simulation studies and experimentation, it is
shown that the proposed SVPWM strategies perform better com-
pared to the decoupled SVPWM strategies to an appreciable
extent. The proposed PWM techniques resulted in lower THDs
in output voltages, lower losses in the switching devices, lower
overall conduction loss of the drive system, throughout the range
of modulation. Also, with the proposed PWM techniques, the
motor phase windings experienced considerably lower dv/dt
across them. This results in the longevity of the life of insulation
and lower bearing currents, which increases the life of bearings.

APPENDIX

Motor Parameters:
P = 4; Rs = 4.215 Ω; Rr ′ = 4.185 Ω; xls = xlr′ = 5.502 Ω;

Xm = 162.3 Ω; J = 0.0131 kg − m2 ; B = 0.002985 N·m·s.

REFERENCES

[1] B. Wu, High-Power Converters and AC Drives. New York, NY, USA:
IEEE Press, 2006.

[2] N. Mohan, T. M. Undeland, and W. P. Robbins, Power Electronics: Con-
verters, Applications, and Design, 3rd ed. Hoboken, NJ, USA: Wiley,
2003.

[3] S. Kouro et al., “Recent advances and industrial applications of multilevel
converters,” IEEE Trans. Ind. Electron., vol. 57, no. 8, pp. 2553–2580,
Aug. 2010.

[4] K. Kumar Gupta, A. Ranjan, P. Bhatnagar, L. Kumar Sahu, and S. Jain,
“Multilevel inverter topologies with reduced device count: A review,”
IEEE Trans. Power Electron., vol. 31, no. 1, pp. 135–151, Jan. 2016.

[5] S. Thamizharasan, L. U. Sudha, J. Baskaran, S. Ramkumar, and S. Jee-
vananthan, “Carrierless pulse width modulation strategy for multilevel
inverters,” IET Power Electron., vol. 8, no. 10, pp. 2034–2043, Oct. 2015.

[6] J. I. Leon, S. Kouro, L. G. Franquelo, J. Rodriguez, and B. Wu, “The
essential role and the continuous evolution of modulation techniques for
voltage source inverters in past, present and future power electronics,”
IEEE Trans. Ind. Electron., vol. 63, no. 5, pp. 2688–2701, May 2016.

[7] V. T. Somasekhar, E. G. Shivakumar, K. Gopakumar, and A. Pittet, “Multi
level voltage space phasor generation for an open-end winding induction
motor drive using a dual inverter scheme with asymmetrical DC-link
voltages,” Eur. Power Electron. Drives J., vol. 12, no. 3, pp. 21–29, Jun.
2002.

[8] I. Subotic, N. Bodo, E. Levi, and M. Jones, “On-board integrated battery
charger for EVs using an asymmetrical nine-phase machine,” IEEE Trans.
Ind. Electron., vol. 62, no. 5, pp. 3285–3295, May 2015.

[9] A. D. Kiadehi, K. E. Khamlichi Drissi, and C. Pasquier “Angular modu-
lation of dual-inverter fed open-end motor for electrical vehicle applica-
tions,” IEEE Trans. Power Electron., vol. 31, no. 4, pp. 2980–2990, Apr.
2016.

[10] S. Lu and K. Corzine, “Multilevel multi-phase propulsion drives,” in
Proc. IEEE Elect. Ship Technol. Symp., Philadelphia, PA, USA, Jul. 2005,
pp. 363–370.

[11] Y. Kawabata, M. Nasu, T. Nomoto, E. C. Ejiogu, and T. Kawabata, “High-
efficiency and low acoustic noise drive system using open winding AC
motor and two space-vector-modulated inverters,” IEEE Trans. Ind. Elec-
tron., vol. 49, no. 4, pp. 783–789, Aug. 2002.

[12] V. F. Pires, J. F. Martins, and C. Hao “Dual-inverter for grid connected
photovoltaic system: modeling and sliding mode control,” Solar Energy,
vol. 86, no. 7, pp. 2106–2115, May 2012.

[13] Y. Yao, A. Cosic, and C. Sadarangani, “Power factor improvement and
dynamic performance of an induction machine with a novel concept
of a converter-fed rotor,” IEEE Trans. Energy Convers., vol. 31, no. 2,
pp. 769–775, Jun. 2016.

[14] D. Wu, X. Wu, L. Su, X. Yuan, and J. Xu, “A dual three-level inverter based
open-end winding induction motor drive with averaged zero-sequence
voltage elimination and neutral-point voltage balance,” IEEE Trans. Ind.
Electron., vol. 63, no. 8, pp. 4783–4795, Aug. 2016.

[15] B. V. Reddy, V. T. Somasekhar, and Y. Kalyan, “Decoupled space-vector
PWM strategies for a four-level asymmetrical open-end winding induc-
tion motor drive with waveform symmetries,” IEEE Trans. Ind. Electron.,
vol. 58, no. 11, pp. 5130–5141, Nov. 2011.

[16] V. T. Somasekhar, B. V. Reddy, and K. Sivakumar, “A four level inversion
scheme for a 6n-pole open end winding induction motor drive for an
improved DC-link utilization,” IEEE Trans. Ind. Electron., vol. 61, no. 9,
pp. 4565–4572, Sep. 2014.

[17] B. V. Reddy and V. T. Somasekhar, “An SVPWM scheme for the suppres-
sion of zero sequence current in a four-level open-end winding induction
motor drive with nested rectifier-inverter,” IEEE Trans. Ind. Electron.,
vol. 63, no. 5, pp. 2803–2812, May 2016.

[18] D.-W. Chung, J.-S. Kim, and S.-K. Sul, “Unified voltage modulation
technique for real-time three-phase power conversion,” IEEE Trans. Ind.
Appl., vol. 34, no. 2, pp. 374–380, Mar./Apr. 1998.

[19] P. Srinivasan, B. L. Narasimharaju, and N. V. Srikanth, “Space-vector
pulse width modulation scheme for open-end winding induction motor
drive configuration,” IET Power Electron., vol. 8, no. 7, pp. 1083–1094,
Jul. 2015.

Authors’ photographs and biographies not available at the time of publi-
cation.

Authorized licensed use limited to: NATIONAL INSTITUTE OF TECHNOLOGY WARANGAL. Downloaded on December 01,2025 at 06:36:42 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


