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Abstract: This paper proposes a reduction of harmonics in
source current and load current of Switched Inductor Quasi
Z Source Inverter fed Induction Motor Drive. An Electro
Magnetic Interference filter is suggested at the input to
reduce the harmonics in the source current and a three
phase LC filter is proposed at the output to reduce the load
harmonics. The simulation results of the existing system and
proposed system are presented to study the reduction in the
harmonics.
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1. Introduction

High performance voltage and current source
inverters (VSI and CSI) [1]-[3] are extensively used in
various industrial applications such as AC Motor
Drives, Uninterruptible Power Supplies, Hybrid
Electric Vehicles and Distributed Power Systems.
However, the conventional VSI and CSI have key
drawbacks. AC output voltage of conventional voltage
source inverter is not more than the input DC source
voltage and can only do buck dc-ac power conversion.
In voltage source inverter, the shoot through developed
by both power switches in a leg, is outlawed.

AC output voltage of current source inverter cannot
lower than the input DC source voltage, consequently it
supply only voltage boost dc-ac power conversion and
it cannot abide an open circuit. An additional dc-dc
converter is applied where both buck and boost voltage
are required. The dc-dc converter acts as both a voltage
and current source inverter, completes two-stage power
conversion with high cost and low efficiency [3].

In ZSI, reported the ability of buck-boost in the
single stage power conversion to defeat the restrictions
in conventional inverters [4]. A leg consists of upper

and lower power switches; it will be turned on equally
due to that increased reliability, eliminated dead time
and reduces the distortion in the output waveform.
Dynamic modeling and boost control methods [5]-[7],
pulse width modulation methods [8]-[12] and other z-
source network topologies [13]-[20] are analyzed.
QZSI is developed to overcome the drawbacks in
conventional ZSI is analyzed in [13]-[15]. Compared
with conventional ZSI, QZSI have the ability to
provide improved input profiles, reducing passive
component ratings and but there is no improvement on
voltage boost ability. The focal point here is improved
the boost factor of the ZSI [21]-[23]. A high dc-link
voltage is produced in the main power circuit of ZSI
with a low input dc voltage, added inductors,
capacitors and diodes to the network [21, 23]. The
transformer (2:1) is connected in the impedance
network in place of two inductors to create voltage gain
[23]. Transformer less structure with high boost, high
power density, high efficiency can be getting by
providing switched inductor and capacitor, voltage lift
techniques and voltage multiplier cells [24]-[26] to dc-
dc conversion Switched inductor impedance source
inverter (SLQZSI) is the combination of ZSI and
switched inductor structure gives high step-up
inversion to defeat the boost limitation of the classical
ZSI [4].

The switched inductor structure is applied to quasi
impedance source inverter topology; therefore it is
proposed and called as a switched inductor quasi z
source inverter (SLQZSI). The proposed SL-QZSI is
capable of obtaining a higher boost ratio compared to
that of conventional ZSI in adding the topologies
introduced in [14] and [15]. The high voltage boost
can be produced by a short shoot through duty ratio.
Moreover the voltage stress on z source capacitors,
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shoot-through current, current stress on inductor and
diodes and Inverters Bridge is greatly reduced for the
same input and output voltage. At startup, inrush
current destroying the devices is avoided in the
proposed SLQZSI. The operating principles of
proposed and conventional ZSlI, simulation waveforms
are investigated by those of conventional ZSI.

2. Introduction to ZSI Topologies
ZS| topology [4] consists of a two port impedance

network, which couples the inverter main circuitto dc
voltage source. The two port impedance network has
inductor L1 and L2 and capacitor C1 and C2 are
connected in X shape. An extra shoot-through, zero
state is added to provide unique feature with switching
states, i.e., voltage boost. The shoot through the zero
state is not used, when the dc input voltage is enough
to produce the required ac voltage with good
performance. Hence the ZSl acts as a buck inverter just
like a VSI. Fig.1. shows the conventional ZSI.
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Fig. 1. Conventional ZSI

The classical ZSI has following limitation

1. In some applications, the current taken from the dc
input source is intermittent.

2. DC source and converter do not share the common
ground.

3. It needs a dc link coupling capacitor is connected
across the energy source to protect unwanted
discontinuity of current. Boost factor B can be
expressed as a conversion relation between dc-link
voltage across the inverter bridge Vg and input source
voltage Vi,

Ven 1 B 1
Vaec 1-2(To/T) 1-2D 1)

Where To is the interval of the shoot through the
zero state during a switching cycle T and D is the duty
ratio of each cycle. D=To/T

From equation (1), it is observed that D should be
limited to a minimum value of zero to the maximum
value of 0.5. Inthis range, the impedance network can
achieve the step up dc-dc conversion from V. to Vpy.

B =

But the large value of D needs to be taken from a low
voltage DC energy source to provide a very high boost
factor. Hence z source converter should be operated
for a long interval of the shoot through zero state.

This problem in the classical ZSl is conquered by
QZSI [13] -[15]. Fig. 2 shows the QZSI topology for
continuous input current. It shares a common ground
with the dc source and lowers voltage stress on
capacitors.
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Fig. 2. Q-ZSI Topology

Fig. 3 shows the SL-ZSI with a high voltage
conversion ratio [21] was obtained with a very short
shoot through state improving the power quality of the
output ac waveform.
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Fig. 3. SL-ZSI
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The Boost factor of this inverter is improved to:
B 1+(To/T) 1+D

1-3(To/T) 1-3D )

The SL-ZSI consists of four inductors (L;, Ly, Ls,
and L4), two capacitors (C; and C,) and six diodes (Dy,
D,, D3, D 4, Ds and Dg). The combination of L;-Lz-D;-
D3-Ds forms the top SL cell and the combination of L,-
L4-D,-D4-Dg forms bottom SL cell respectively. Both
top and bottom cells perform the function of the energy
storage and transfers energy from the capacitors to dc
bus under the switching action of the main circuit.

Even though SL-ZSI has increased in boost
inversion and it has the following drawbacks.

1. The inrush current cannot be suppressed. At the
startup, resonance is introduced by providing the




source impedance inductors and capacitors.
2. The devices are destroyed by voltage and current

spike.
3. The input current is discontinuous and needs a DC

link capacitor at the front end of energy source.

3. SL-QZSI Topology
The proposed SL-QZSI topology is show n in Fig.

4, it has three inductors (L4, L,, and L), two capacitors
(Cyand C,), and four diodes (D1, D1, Dy, and D3). The
combination of Ly~ Ls— D;—D,—-D5 acts as a SL cell.
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Fig. 4. SL-QZSI topology

However, at start up resonance is provided by the
source impedance of inductor and capacitors and there
are no current flows to the main power circuit. Hence,
the proposed topology is suppressing the inrush
current. The proposed inverter increases factor of boost
from 1/(1-2D) to (1+D)/(1-2D-D2) by adding three
diodes and one inductor to the topology.

A. Circuit Analysis

The proposed SL-QZSI has traditional six active,
two zero states and extra shoot-through zero states like
conventional ZSl. Thus, the operating principles of
both proposed inverter and the classical ZSls are
similar. The operating states of proposed SL-QZSI are
classified into a shoot-through and non shoot-through
states. Fig. 5 and Fig. 6 shows the non shoot-through
operating state and shoot-through operating state
respectively.

Non shoot-through state:

During the non shoot-through state the proposed
inverter has six active states and two zero states. In this
state, D;, and D are on, while diodes D, and D3 are off.
Inductors L, and L; are connected in series. The
capacitors C, and C, are charged, while the inductors
L1, L,, and L transfer energy from the dc input source
to the main power circuit. VV,_non and V 3_non are
the corresponding voltages across L, and Lj
respectively. Fig. 6 shows the reduced equivalent
circuit of SL-QZSI under non shoot-through state.
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Fig. 5. Non shoot-through operating state
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Fig. 6. Reduced Equivalent circuit of SL-QZSI under
non shoot-through state

Vi =Ve1r =V 3)

Vi=WVu 2_n0n=VCZ_ VL3_non (4)

Vis =Viz_non =Vec2—= Vi2_non (5)
Ven =Ver+ Ve 2 (6)

Shoot through state:

This state occurs when both the upper and lower
switching references. The shoot through state repeats
periodically every device of any phase leg of the
inverter is shorted. Fig. 7 shows the shoot through
operating state. The reduced equivalent circuit of SL-
QZSI under shoot-through state is shown in Fig. 8.
During the shoot through state, D;, and D; are off,
while D, and D3 are on. The inductors L, and L; are
connected in parallel and the capacitors C1 and C2 is
discharged, while inductors L,, L,, and L; store the
energy.

Fig. 7. Shoot-through operating state
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Fig. 8. Reduced Equivalent circuit of SL-QZSI
under shoot-through state

Vii=-Vc2- Vi )
Vi2=Vwi- -Va (8)

4. Induction Motor

Three phase induction motors are most widely used
in various industrial applications because of its self-
starting property, elimination of a starting device,
robust construction, higher power factor and good
speed regulation. But it is a constant speed machine
which makes its applications pretty much limited. Its
speed is controlled by varying the supply frequency
and thereby it can save the energy spent by the
machine. The base speed of an induction motor is
directly proportional to the supply frequency and the
number of poles. The poles are fixed and the speed of
the motor is controlled by varying the supply
frequency. The torque developed by the motor is
directly proportional to the ratio of the applied voltage
and the supply frequency. The torque is kept constant
by varying the applied voltage and the supply
frequency and by keeping their ratio to a constant
value. The torque speed characteristics also denote
that:
1. The starting current requirement is lower.
2. The stable operating point of the motor is increased.
The motor can be run at 5% of the synchronous speed
up to base speed instead of running the motor from the
base speed itself.
3. The acceleration and deceleration of the motor can
be controlled by controlling the change of the supply
frequency of the motor with respect to time. Fig. 9
shows the SLQZSI fed induction motor drive.
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Fig. 9. SLQZSI Fed Induction Motor

5. Simulation Results

A. SLQZSI without filter:

The AC-AC Z Source based Induction Motor Drive
System without filter is modeled and simulated using
Matlab and the results are discussed. The simulink
diagram of SLQZSI fed induction motor without filter
is shown in Fig. 10. The AC input voltage of 110V
(peak amplitude), 50Hz are applied to SLQZSI fed
induction motor without filter is shown in Fig. 11. The
circuit parameters are chosen as follows.

1. SLQZ-source impedance network:
L1=L2=1x10"°H, L3=L4=1.5x10"H,
C1=9000x10°°F.

The switching frequency fs=1/T=10KHz.
All components are assumed ideal.

4. Three phase induction motor load: 5.4HP
(4KW), 400V, 50Hz, 1430RPM.

5. Diode D1, D2, D3, D4, D5, D6: R=0.0014,
forward voltage=0.8V, snubber
resistance=500 (), snubber
capacitance=250x10-F.

The source current is shown in Fig. 12. Fig. 13 and
Fig. 19 shows the total harmonic disturbance (THD)
spectra with FFT analysis of source current and line
current of SLQZSI without LC filter. The THD is
7.75%. The DC output voltage for the rectifier is
shown in Fig. 14. The DC voltage is 240V.The driving
pulses applied to the gate of first leg at various time
periods are shown in the Fig. 15. Shoot through
condition is added to produce the boosting of the
output voltage. The phase to phase output voltage of
three phases is shown in Fig. 16. The line currents
waveforms of induction motor are shown in Fig. 17.
The speed of the induction motor is increased up to
0.65 seconds and settles at 1450 rpm as shown in the
Fig. 18. The FFT Analysis is done for the line current
and the spectrum is shown in Fig. 19. The THD is
5.18%.

w N

Fig. 10. SLQZSI fed induction motor drive without
fileter
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Fig. 11. AC input voltage
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Fig. 12. AC source current
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Fig. 13. FFT Analysis for source current
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Fig. 16. Phase to Phase output voltage.

Fig. 14. Rectifier output voltage

Fig. 17. Line current waveforms of Induction Motor



Fig. 18. Rotor speed

-FFT analysi

Fundamental (50Hz) = 8.566 , THD= 5.18%

m
T

Mag (% of Fundamental)

0o 1 2 3 4 5 6 7 8
Harmonic order

9 10 11 12 13 14

Fig. 19. FFT Analysis for Line current

B. SLQZSI with filter:

The Circuit diagram of SLQZSI fed induction motor
drive with EMI filter at the input and LC filter at the
output is shown in Fig. 20. The Ac input voltage of
110V (peak amplitude) and 50Hz are to be applied is
shown in Fig. 21. Fig. 22 shows the input current of
11A is applied to SLQZSI fed induction motor drive
with EMI and LC filter. The current is nearby
sinusoidal due to the addition of EMI filter. FFT
Analysis for the source current is done and the
spectrum is shown in Fig. 23 and its THD is 4.38%.
The DC output voltage of the rectifier is shown in Fig.
24. The voltage is 240V. The circuit parameters are
chosen as follows.

1. SLQZ-source impedance network:
L1=L2=1x10"°H, L3=L4=1.5x10°H,
C1=9000x10°°F.

The switching frequency fs=1/T=10KHz.

All components are assumed ideal.

4. Three phase induction motor load: 5.4HP
(4KW), 400V, 50Hz, 1430RPM.

5. Diode D1, D2, D3, D4, D5, D6: R=0.001,
forward voltage=0.8V, snubber
resistance=500 Q, snubber
capacitance=250x10"°F.

6. EMI filter has 10V (peak amplitude) AC
voltage source and 50Hz frequency.

7. EMI filter components are chosen as

ri=1 Q, L=20x10"°=L1, C1=5x10"°=C,

C2=100x10°=C3.

wn

The driving pulses applied to the first leg at various
time periods are shown in Fig. 25. The line voltage
waveforms and line current waveforms are shown in
Fig. 26 and Fig. 27 respectively. The speed of the
induction motor is increased upto 0.65 seconds and
settles at 1450 rpm as shown in the Fig. 28. FFT
analysis is done for the motor current and the spectrum
is shown in Fig 29. The THD is 4.16%. The summary
of input and output current THD is with and without
filter is given in Table 1. The input current THD
reduces by 3.37% and the output current THD reduces

i
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Fig. 20. SLQZSI fed Induction motor drive with
EMI and LC filter
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Fig. 21. AC Input Voltage
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Fig. 23. FFT Analysis for Source Current without
Filter
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Fig. 27. Inverter output phase current
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Fig. 28. Rotor speed
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Fig. 29. FFT Analysis for source current with filter
Table. 1.Comparison of Input and output current

harmonics THD of SL-QZSI with and
without EMI & LC filter

Switched Input Current | Output Current
Inductor . .
Quasi-Z- Harmonics Harmonics
THD THD
Source
Without EMI 0 0
& LC Filter 7.75% 5.18%
With EMI & 0 0
LC Filter 4.38% 4.16%

6. Conclusions

A Switched inductor Quasi Z Source inverter fed
induction motor drive with and without input/output
filters is modeled and simulated successfully using
MATLAB Simulink. The simulation results indicate
that THD in the input current and output current are
reduced by introducing EMI filter at the input and the
LC filter at the output. The advantages of the proposed
system are reduced heating and improved efficiency of
the induction motor drive. The disadvantages of the
present system are increased number of diodes and
passive elements.

The present work deals with reduction of EMI and
reduction of load harmonics in open loop system.
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