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ANALYSIS OF CURRENT HARMONICS IN A DECOUPLED SVPWM
CONTROLLED DUAL TWO LEVEL INVERTER FED OPEN END
WINDING INDUCTION MOTOR DRIVE

!K.SRI GOWRI, M. ABDUL HAKEEM & *S.VENKATA MAHESH

RGMCET, Nandyal
E-mail : gowrivasu.3@gmail.com, hakeem_srk@yahoo.com & venkatamahesh68@gmail.com

Abstract - Pulse width modulation has been one of the most intensively investigated areas of power electronics for many
years now, and the number of combinations seems to be endless. However, according to a hierarchal consensus, Space
Vector Modulation techniques are ranked higher in order of merit, based on harmonic performance. In this paper, Space
Vector PWM Switching scheme is employed for a dual two level inverter feeding an Induction motor from both ends (open
end winding). The decoupled SVPWM is employed for the dual-inverter scheme in order to realize the reference voltage
vector. The Gating pulses are correspondingly generated for the dual inverters in order to realize the reference voltage, and
the respective voltages are fed to 1kW open end windings of an induction motor drive. The harmonic content of the three
phase currents in the motor are analyzed with an appropriate variation in its modulation index. Thus the performance in
terms of harmonic analysis is carried out using Matlab/SIMULINK for an open end winding induction motor drive.

Keywords- Dual-inverter, Decoupled SVPWM, Open-end winding induction motor

I.  INTRODUCTION

Various PWM schemes are presented for the
two-level inverters and their effects on the load are
also continuously investigated. Thrive to get
improved performance is on the anvil employing
suitable PWM technique/s or using multi-level
inverters. Multi-level inverters are finding increasing
research opportunities and it is clearly evident in the
past few years. This is due to the reduced total
harmonic distortion (THD) in the output voltage and
genesis of higher voltage with use of series
connections of lower voltage rating switching
devices. Towards this end, a dual-inverter topology
employing open-end winding induction motor drive is
introduced that is capable of generating multi-level
voltage output .Many PWM schemes are reported in
the literature on the dual inverter topology that aims
at improving the output voltage THD performance,
common mode voltage minimization and elimination.
The decoupled SVPWM strategy in the present case
is used as its name suggests where the SVPWM
scheme is applied on both the inverters feeding the
open end windings. The gating pulses for the dual
inverters are separately generated and inverter output
voltages are provided to the three phases of the
motor. The harmonic content in the motor phase
current is analyzed by comparing both the cases when
the motor is fed by single inverter and dual inverters.
With a change in the modulation index the
corresponding change in the harmonic content in both
the cases is observed through the simulation results.
Il. DUAL TWO-LEVEL INVERTER SCHEME
The power circuit configuration of the dual two-
inverter inverter feeding an open-end winding

induction motor is shown in Fig.1. The open-end
winding induction motor is obtained by simply
opening the neutral point of the star connected stator
windings of the motor, leaving all the six ends of the
three-phase stator windings, accessible to be fed from
both its ends (Fig.1). The individual two-level
inverters are said to attain 8 switching states
independent of the other. These switching states are
represented as 1-8 and 1°-8’ respectively for inverter-
1 and 2 respectively and are tabulated in Table-1.
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Fig (1).Power circuit configuration of dual two-level inverter

In Table-1, a ‘“+’ means the top switch in the
inverter is on, and a ‘- means it is off. This results in
a total of 64 switching combinations that are possible
with the present power circuit topology. Each
switching combination in the dual-inverter generates
a space vector and the combined space vector
diagram covering all the 64 switching combinations
are shown in Fig.2. In Fig.2, each side of the sector is
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equal to a voltage of V4/2 only unlike the voltage of
V. in the conventional two-level inverter.

state of | Switches | State of |  Switches
imverter 1 | turned on | Inverter-2 | turned on
| (+--) [ 6,81, 82| I'(+--) | 567, SI', §2
2(4+-) [S1,8283 | 2 (++-) | SI, 82, §F
J(-+-) [ 283,54 | ¥ (-+- |S2,8%, 54
d(-++4) | 34,85 [4(-+4) | 3,84,
S(--4) | $4,85,56 | 3 (--4) [ 54,55, 56
6(+-+4) | 55,56, 51 |6 (+-4) |55, 56,81
T(++4) [ SLS3SS| T (++44) |51, 83,55
§(---) [52,54,5 | 8 (---) |S2, 54,56

TABLE-1Switching states of the individual inverters
11l. DECOUPLED PWM SCHEME

The reference voltage vector to be realized by the
dual inverter is shown as Vi in Fig.2. It can be
resolved into two equal and opposite half components
as Vi /2 and —V ¢ /2. The vector addition of the later
and the former results in the generation of actual
reference vector as:

Vref = Vref 12— (_Vref /2) (1)

These individual reference voltages are
synthesized separately by the two two-level inverters
using SVPWM [19] and are depicted in Fig.3 from
Fig.2 & 3 it can be identified that

- )

The voltage vector OV, is synthesized by
inverter-1 and OV, by inverter-2 respectively and are
given as:

3)
(4)

where Vq, Vo, Vo are three-phase pole voltages of
inverter-1 and Vg, Vio ,Veo are three-phase pole
voltages of inverter-2 The actual vector can now
obtained using the vectors defined in eqns.(3) & (4)
as:

(5)

(6)

(7)

)
Where Vqy, Vi, Vo are the three-phase voltages of
the dual-inverter fed induction motor drive.
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Fig. 2. Space vector Iocatlons of dual two-level inverter

Imverter |

Fig. 3. Principle of decoupled PWM technique and switching
voltage vector, reference voltage vector projections on o and
axis

In Fig.3, the switching vectors Vi, Vax (X=0, 1,
2,3, 4,5, 6) for inverter-1 & 2 can be identified and
are defined as:

- - - ©)

(10)

Where V. is the DC bus voltage and Sa;, Sgi,
Sc; are the switching states of inverter-1 and Sa,, Sg»,
Sc; are the switching states of inverter-2. These
switching states can attain values 1 or 0 depending
upon the status of the top switching device of the legs
of the inverters. If the top switching device of the
inverter is on, it is '1'
else'0".

The reference voltage vector (Vi in Fig.2) is
situated at an angle © w.r.t the a-axis. The references
to the individual inverter would then be V¢ /2 where
one is at angle '6' while the other is at an
angle’180+ ' both measured w.r.t the [-axis
(Fig.3).The respective references are synthesized by
the inverters and the switching vectors for inverter-1
can be identified as Vi1, V12 &Vip and Vaa, Vo5&V
for inverter-2 (Fig.3)

International Journal of Electrical and Electronics Engineering (IJEEE), ISSN (PRINT):2231 -5284 Vol-2 |ssue-1

52



analysis of current harmonics in a decoupled svpwm controlled dual two level inverter fed open end winding induction motor drive

IV. ANALYSIS OF CURRENT HARMONICS IN
THE DUAL TWO-LEVEL INVERTER
SCHEME

With the decoupled SVPWM technique, the
reference vector V. is decoupled into two equal
halves as described in the previous section. These
space vectors are shown in Fig.3 and are said to fall
in sector 1 (for inverter-1) and sector 4 (for inverter-
2). With inverter-1 and 2, the space vectors Vi
12—V 12 respectively are realized in the average
sense using three nearest voltage vectors of the sector
in which the tip of reference vector lies. To realize
Vet 12, inverter-1 switches between vectors Vg, Vi,
V12, Vi7 with timing intervals of T10/2, T11, T1o, T17/2
respectively for the center-spaced PWM . Similarly,
inverter-2 switches between Vg, Vo, Va5, and V7
with timing intervals of Ty/2, T4, Tas, and T,7/2
respectively.

A fixed Number of samples (48) are employed
for the implementation of space vector modulation
per cycle in the entire range of operation. The
switching patterns of both the inverters is as shown in
the fig (4).

oW WV oW W

L A

Fig (4) Switching Pattern for Inverter 1 and Inverter 2

The actual reference voltage vector (Fig.3) that is
at an angle of 6 w.r.t the a-axis can be resolved into
two components along the o & B - axes as OC and
OD respectively. Similarly, the eight switching
vectors of the inverter can also be split into the o &
components. For instance, for the situation depicted
in Fig.3, if the switching vector Vi, is used, it has
components OA and AB along the a & B - axes
respectively (applicable to inverter-1). Hence, the
voltage vectors can be identified along the a & f -
axes as AC and DB respectively. Similarly, for
inverter-2, the actual reference voltage vector will
have the components as OR & OS and the switching
vector (Vys) will have OP & OS as the components

along the o & B3 - axes and therefore the error voltage
vectors can be identified as PR and SQ respectively
along the a & B - axes (Fig.3).The Harmonic content
in the three phase currents of the induction motor is
analyzed along these components with o & B —axes.
The total content of harmonics in the three phases of
the motor will be modified with predominant change
in the modulation index of the so connected inverters.

V. RESULTS & DISCUSSIONS

The dual two-level inverter with decoupled
SVPWM switching scheme feeding power to open
end winding induction motor drive is simulated using
Matlab/SIMULINK simulation software. Then the
results are wverified experimentally.. A DC-bus
voltage of 200 volts is chosen to run the drive and V/f
control is maintained in the entire speed range of the
induction motor. A total of 48 samples is chosen in
the entire work covering one cycle of the output
voltage, irrespective of the modulation index of the
drive (speed of the motor).

The gating pulses of the top switching devices of
the individual inverters (depicting the timings Tg,
Tan, Toe for invrter-1 and Ty , Tgy , Ty for inverter-
2) are shown in Fig.5.The three phase pole voltages
of the individual inverters will be a replica of the
gating pulses shown in Fig.6 except for their voltage
levels.

L \ \ \ \

| 1§ l § i § | 6 § ]

Tll]le ﬂﬂ.]
Fig (5) Gating Pulses for Inverter-1(Tga, Tgb,Tgc) and
Inverter- 2(Tga’, Tgb’,Tgc’) for the modulation
index 0.4
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Here, the modulation index is defined as the ratio
of the length of the reference space vector (Vi) and
the DC-bus voltage (V). The experimentally
obtained a-phase pole voltages of the two inverters,
difference in a-phase pole voltages, motor a-phase
voltage and the motor a-phase no-load current for a
modulation index of 0.4 are as shown in the fig(6).
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Fig (6) .Simulated pole voltages of inverter-1 and inverter-2
(Top 2 traces), Difference in a-phase pole (Vaa’) voltages (3rd
trace), a-phase motor phase voltage (4th trace), motor a-phase
current (5th trace), for a modulation index of 0.4
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The comparison in terms of harmonic content for
both the cases when the motor is fed by single
inverter and dual inverters is done by the total
harmonic distortion along with the respective change
in the corresponding modulation index. For instance
the simulated results of harmonic distortion for both
the cases for a modulation index of 0.4 are as shown
in fig (7).
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Fig (7) Simulated Results Of % THD for single inverter fed

(Top trace) and dual inverter fed (Bottom trace) Induction

motor drive for a modulation index of 0.4

Various changes in the %THD at different levels
of Modulation index are presented in table (2).With
this it is reiterated that as the modulation index
increases, the harmonic content in the motor phase
currents is reduced.

Single Inverter Fed Induction | Dusl Inverter Fed Induetion Motor
| motor drive Drve

o | Opesing | Modulton Phase Curent 1) Phase Curent 1)

oy | Fundamental THD Fundamental | %THD

magnitude magnitude

(1 5 02 414 .32 Vil 018
2 50 04 169 UL 269 18
3 5 075 1408 1916 147 153
[ 5 09 348 611 1481 59

Table (2) Total Harmonic Distortion of line currents
of the induction motor for different modulation index

VI. CONCLUSION

The dual two-level inverter is capable of
generating three level output voltage using the
decoupled SVPWM scheme. The amount of
harmonic content in the motor phase currents when
error voltage between the reference voltage vector
and the actual voltage vectors applied by the
individual inverters is identified using the procedure
proposed in this paper. The rms value of this
harmonic content is decreasing with the increase in
the modulation index of the dual-inverter feeding the
open-end winding induction motor.
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