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ABSTRACT

In this research work, various configurations of multi-pulse AC-DC converters fed multilevel
inverters (MLIs) based induction motor drive (IMDs) are presented for medium voltage and
medium power applications. This research work provides conventional single-stage multi-
winding transformer (SS-MWT) based 12-pulse and 18-pulse AC-DC converters at utility end.
This single-stage multi-winding transformer (MWT) has phase-shift in secondary windings
only. With the help of this convention SS-MWT, one can achieve up to 36-pulse AC-DC
converter, which requires very small phase-shift. Due to which, the manufacturing process of
this MWT becomes very complex. Therefore, in this research work, new configuration of
modular MWT is proposed to achieve 36-pulse AC-DC converter, which has phase-shift in
both primary and secondary windings and it does not require small phase-shift. Due to which
the manufacturing process of proposed MWT is quite easier than conventional MWT. With the
help of modular MWT, a 54-pulse AC-DC converter is utilized in this research work to shape
the supply current closer to sinusoidal and to reduce it total harmonic distortion (THD) to a
very low value. This modular MWT is more suitable, when more numbers of isolated DC-
supplies are required such as cascaded H-bridge (CHB) inverter fed IMD. Therefore, in this
research work, a new multiphase MWT is proposed at the utility end, which convert input three-
phase AC-supply in to five-phase output AC-supply. With the help of this multiphase MWT, a
20-pulse, 30-pulse, 40-pulse and 60-pulse AC-DC converters are proposed at the utility end,

which has good power quality even at light load conditions.

From above discussion, it is observed that different configurations of multi-pulse AC-DC
converters are proposed at the utility end. Apart from it, different types of MLIs are utilized at
the motor end to drive an induction motor (IM). A 3-level three-leg neutral point clamped
(NPC) and 5-level six-leg NPC MLI are utilized at the motor end to drive an IM. The structure

of NPC MLI becomes quite complex for more than 5-level. Therefore, in this research work,



CHB-inverter is used at the motor end to drive an IM. The 5-level and 7-level symmetrical
CHB-inverters are used at the drive end. However, this symmetrical CHB-inverter needs more
numbers of DC-supplies and power semiconductors switches (PSSs) to get higher numbers of
output voltage levels. Therefore, in this research work, binary (1:2) principle is utilized to get
more numbers of output voltage levels. The 7-level and 15-level binary CHB-inverters are
utilized at the drive end, which requires same numbers of isolated DC-supplies and power
semiconductor switches as 5-level and 7-level symmetrical CHB-inverters needed,
respectively. In this research work, ternary (1:3) principle is also utilized to get more numbers
of output voltage level with same numbers of isolated DC-supplies and power semiconductor
switches. The 9-level and 27-level ternary CHB-inverters are utilized at the motor end to drive
an IM, which requires same numbers of isolated DC-supplies and power semiconductor

switches as 7-level and 15-level binary CHB-inverters needed, respectively.

Apart from this NPC and CHB-inverters, a new cascaded inverter is also utilized in this
research work to drive an IM, which requires less numbers of isolated DC-supplies than CHB-
inverters and easy structure than NPC MLI. The 3-level, 5-level and 7-level cascaded MLIs are
used, which are cascading two, four and six numbers of three-phase voltage source inverters
(VSIs), respectively. Moreover, a 4-level cascaded inverter is also used, which is cascading a

3-level NPC and three-phase VSI in unique manner.

From above discussion, it is observed that different configurations of multi-pulse AC-DC
converters at utility end and various configurations of MLIs at drive end are presented in this
research work. Apart from it, an indirect vector control with and without speed sensor and
direct torque control (DTC) without speed sensor schemes are utilized to control an IM.
Moreover, various types of modulations techniques are utilized to control these MLIs. Due to
which, these MLIs are operated at quite low switching frequency and fundamental frequency

switching, to reduce switching losses in IMDs.
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Test results of a 60-pulse AC-DC converter fed 5-level NPC based DTC IMD
(a) during starting, (b) intermediate signals during starting, (c) speed changed,
(d) intermediate signals during speed changed, (e) load perturbation and (f)
intermediate signals during load perturbation.

Power quality of a 60-pulse AC-DC converter fed 5-level NPC based DTC IMD
(a) measured parameters at utility end, (b) measured parameters at drive end.
Schematic diagram of a 36-pulse AC-DC converter fed 5-level symmetrical
CHB-inverter based IMD.

Schematic diagram of a 54-pulse AC-DC converter fed 7-level symmetrical
CHB-inverter based IMD.

Schematic and voltage vector diagrams of a delta polygon connected
transformer.

Block diagram of indirect vector control.

Implementation of 3™ harmonic injection based SPWM (a) generation of final
modulating signals, (b) comparison of modulating signals with carrier signals
and (c) flow chart for a 3™ harmonic injection based SPWM technique.
Reference and phase voltage waveforms of a 7-level symmetrical CHB-inverter.
Flow-chart of modified SHE and equal power sharing strategy (EPSS).
MATLAB modelling of 36-pulse AC-DC converter fed 5-level symmetrical
CHB-inverter based IMD.

MATLAB modelling of a transformer Ti for 36-pulse AC-DC converter.
MATLAB modelling of a 54-pulse AC-DC converter fed 7-level symmetrical
CHB-inverter based IMD.

Simulation results of a 36-pulse AC-DC converter fed 5-level symmetrical CHB-
inverter based IMD (a) secondary and primary windings currents of MWT and
supply current waveforms, (b) steady state response of IMD.

Simulation results of a 36-pulse AC-DC converter fed 5-level symmetrical CHB-
inverter based IMD (a) starting response, (b) speed control response and (c) load
perturbation response.

Power quality of a 36-pulse AC-DC converter fed 5-level symmetrical CHB-
inverter based IMD (a) supply current waveform, (b) harmonic spectrum of
supply current, (c) stator line voltage waveform, (d) harmonic spectrum of stator
voltage, (e) stator current waveform and (f) harmonic spectrum of stator current.
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Simulation results of a 54-pulse AC-DC converter fed 7-level symmetrical CHB-
inverter based IMD (a) transformers primary currents, cell and phase voltage, vs:
and iss when proposed EPSS is not utilized, (b) transformers primary currents,
cell and phase voltage, vs: and is: when proposed EPSS is utilized and (c) response
of intermediate signal along with cell and phase voltage, motor line voltage and
current of proposed IMD.

Simulation results of a 54-pulse AC-DC converter fed 7-level symmetrical CHB-
inverter based IMD (a) secondary and primary windings currents of MWT and
supply current waveforms, (b) steady state response of IMD.

Simulation results of a 54-pulse AC-DC converter fed 7-level symmetrical CHB-
inverter based IMD (a) starting response, (b) speed control response and (c¢) load
perturbation response.

Power quality of a 54-pulse AC-DC converter fed 7-level symmetrical CHB-
inverter based IMD (a) supply current waveform, (b) harmonic spectrum of
supply current, (c) stator line voltage waveform, (d) harmonic spectrum of stator
voltage, (e) stator current waveform and (f) harmonic spectrum of stator current.
Test results of a 36-pulse AC-DC converter fed 5-level symmetrical CHB-
inverter based IMD (a) primary and secondary windings currents of transformer
T1, (b) primary and secondary windings currents of transformer Tz, (¢) primary
currents of transformer Ti, T2 and resultant supply currents, (d) modulating
signals and stator line voltage, (e) stator line voltages and current waveforms and
(e) steady state response of IMD.

Test results of a 36-pulse AC-DC converter fed 5-level symmetrical CHB-
inverter based IMD (a) starting response, (b) response of intermediate signals
during starting (c) speed changed response, (d) response of intermediate signals
during speed changed, (e) load changed response, (f) response of intermediate
signals during load changed.

Power quality of a 36-pulse AC-DC converter fed 5-level symmetrical CHB-
inverter based IMD at utility side (a) supply voltage and current waveform, (b)
input power of multi-winding transformer, (c) supply current THD and (d)
supply voltage THD.

Power quality of a 36-pulse AC-DC converter fed 5-level symmetrical CHB-
inverter based IMD at motor side (a) stator voltage and current waveform, (b)
input power of IM (c) motor current THD and (d) stator voltage THD.

Test results of a 54-pulse AC-DC converter fed 7-level symmetrical CHB-
inverter based IMD (a) phase and PMs voltages of a-phase, (b) transformers
primary and supply currents when proposed EPSS is not utilized, (c) phase and
PMs voltages of a-phase, (d) transformers primary and supply currents when
proposed EPSS is utilized, (e) primary and secondary winding currents of T1 and
(f) primary and secondary winding currents of Ta.

Test results of a 54-pulse AC-DC converter fed 7-level symmetrical CHB-
inverter based IMD (a) PMs voltages of a-phase along with intermediate signal,
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5.25

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

6.10

6.11

6.12

6.13

(b) modulating signal and stator line voltage, (d) three-phase stator line voltages
and current waveforms at nominal condition, (e) steady state response of IMD.
Test results of a 54-pulse AC-DC converter fed 7-level symmetrical CHB-
inverter based IMD (a) starting response, (b) response of intermediate signals
during starting (c) speed changed response, (d) response of intermediate signals
during speed changed, (e) load changed response, (f) response of intermediate
signals during load changed.

Power quality of a 54-pulse AC-DC converter fed 7-level symmetrical CHB-
inverter based IMD (a) waveforms of supply voltage and currents, (b) measured
parameters at input end of multi-winding transformer, (c) stator line voltage and
currents, (d) measured parameters at motor terminal, (e) list of harmonics in
motor voltage and (f) list of harmonics in current.

Schematic diagram of an 18-pulse AC-DC converter fed 7-level binary CHB-
inverter based IMD.

Schematic diagram of a 54-pulse AC-DC converter fed 15-level binary CHB-
inverter based IMD.

Control strategies for proposed IMD (a) reference and phase voltage waveforms
for an AEMS and (b) flowchart for an implementation of AEMS.

Flow-chart for implementation of NLMT to control a 15-level binary CHB-
inverter.

MATLAB modelling of 18-pulse AC-DC converter fed 7-level binary CHB-
inverter based IMD.

MATLAB modelling of a MWT for an 18-pulse AC-DC converter.

MATLAB modelling of a 54-pulse AC-DC converter fed 15-level binary CHB-
inverter based IMD.

Simulation results of an 18-pulse AC-DC converter fed 7-level binary CHB-
inverter based IMD (a) secondary and primary windings currents of MWT and
supply current waveforms, (b) steady state response of IMD.

Simulation results of an 18-pulse AC-DC converter fed 7-level binary CHB-
inverter based IMD (a) starting response, (b) speed control response and (¢) load
perturbation response.

Power quality of an 18-pulse AC-DC converter fed 7-level binary CHB-inverter
based IMD (a) supply current waveform, (b) harmonic spectrum of supply
current, (c¢) stator line voltage waveform, (d) harmonic spectrum of stator
voltage, (e) stator current waveform and (f) harmonic spectrum of stator current.
Simulation results of a 54-pulse AC-DC converter fed 15-level binary CHB-
inverter based IMD (a) secondary and primary windings currents of MWT and
supply current waveforms, (b) steady state response of IMD.

Simulation results of a 54-pulse AC-DC converter fed 15-level binary CHB-
inverter based IMD (a) starting response, (b) speed control response and (c) load
perturbation response.

Power quality of a 54-pulse AC-DC converter fed 15-level binary CHB-inverter
based IMD (a) supply current waveform, (b) harmonic spectrum of supply
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Fig. 6.14

Fig. 6.15

Fig. 6.16

Fig. 6.17

Fig. 6.18

Fig. 6.19

Fig. 6.20

Fig. 6.21

Fig. 6.22

Fig. 7.1

Fig. 7.2

current, (c¢) stator line voltage waveform, (d) harmonic spectrum of stator
voltage, (e) stator current waveform and (f) harmonic spectrum of stator current.
Test results of an 18-pulse AC-DC converter fed 7-level binary CHB-inverter
based IMD (a) primary and secondary windings currents of first group, (b)
primary and secondary windings currents of second group along with and
resultant supply current (c) modulating signals generated from indirect vector
control, (d) voltage waveform of each PM and their sum for phase-a, (e) stator
line voltages (Vstb, Vsioe and vsica) and (f) steady state response of IMD.

Test results of an 18-pulse AC-DC converter fed 7-level binary CHB-inverter
based IMD (a) starting response, (b) response of intermediate signals during
starting (c) speed changed response, (d) response of intermediate signals during
speed changed, (e) load changed response, (f) response of intermediate signals
during load changed.

Power quality of an 18-pulse AC-DC converter fed 7-level binary CHB-inverter
based IMD at utility side (a) supply voltage and current waveform, (b) input
power of multi-winding transformer, (c) supply voltage THD and (d) supply
current THD.

Power quality of an 18-pulse AC-DC converter fed 7-level binary CHB-inverter
based IMD at motor side (a) motor voltage and current waveform, (b) input
power of IM (c) stator voltage THD and (d) stator current THD.

Test results of a 54-pulse AC-DC converter fed 15-level binary CHB-inverter
based IMD (a) primary and secondary windings currents of T1, (b) primary and
secondary windings currents of Tz, (¢) primary and secondary windings currents
of T3 and (d) waveforms of primary (i1, ip2, ip3) and resultant supply current.
Test results of a 54-pulse AC-DC converter fed 15-level binary CHB-inverter
based IMD (a) modulating signal waveforms generated from indirect vector
control, (b) output voltage waveform of each power module and their sum, (c)
stator line voltages waveforms and (d) steady state response of IMD.

Test results a 54-pulse AC-DC converter fed 15-level binary CHB-inverter based
IMD (a) starting response, (b) response of intermediate signals during starting
(c) speed changed response, (d) response of intermediate signals during speed
changed, (e) load changed response, (f) response of intermediate signals during
load changed.

Power quality of a 54-pulse AC-DC converter fed 15-level binary CHB-inverter
based IMD at utility side (a) three phase supply line voltage and current (b)
power drawn from utility (c) harmonics spectra of supply voltage and current.
Power quality a 54-pulse AC-DC converter fed 15-level binary CHB-inverter
based IMD at drive side (a) three phase stator line voltage and current (b) power
at motor terminals (c) harmonics spectra of stator voltage and current.
Schematic diagram of an 18-pulse AC-DC converter fed 9-level ternary CHB-
inverter based IMD.

Schematic diagram of a 36-pulse AC-DC converter fed 9-level ternary CHB-
inverter based IMD.
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Schematic diagram of a 54-pulse AC-DC converter fed 27-level ternary CHB-
inverter based IMD.

Control strategies for 9-level ternary CHB-inverter fed IMD (a) reference and
phase voltage waveforms for SHE and (b) flowchart for an implementation of
SHE technique.

Flow-chart for implementation of NLMT to control a 9-level ternary CHB-
inverter.

Control strategies for 27-level ternary CHB-inverter fed IMD (a) reference and
phase voltage waveforms and (b) flowchart for an implementation of AEMS.
MATLAB modelling of 18-pulse AC-DC converter fed 9-level ternary CHB-
inverter based IMD.

MATLAB modelling of a MWT for a 18-pulse AC-DC converter for ternary
principle.

MATLAB modelling of a 36-pulse AC-DC converter fed 9-level ternary CHB-
inverter based IMD.

MATLAB modelling of MRAS scheme (a) estimation of stator and rotor fluxes
and (b) speed estimation using MRAS speed adaptation.

MATLAB modelling of a 54-pulse AC-DC converter fed 27-level ternary CHB-
inverter based IMD.

Simulation results of an 18-pulse AC-DC converter fed 9-level ternary CHB-
inverter based IMD (a) secondary and primary windings currents of MWT and
supply current waveforms, (b) steady state response of IMD.

Simulation results of an 18-pulse AC-DC converter fed 9-level ternary CHB-
inverter based IMD (a) starting response, (b) speed control response and (c) load
perturbation response.

Power quality of an 18-pulse AC-DC converter fed 9-level ternary CHB-inverter
based IMD (a) supply current waveform, (b) harmonic spectrum of supply
current, (c) stator line voltage waveform, (d) harmonic spectrum of stator
voltage, (e) stator current waveform and (f) harmonic spectrum of stator current.
Simulation results of a 36-pulse AC-DC converter fed 9-level ternary CHB-
inverter based IMD (a) secondary and primary windings currents of MWT and
supply current waveforms, (b) steady state response of IMD.

Simulation results of a 36-pulse AC-DC converter fed 9-level ternary CHB-
inverter based IMD (a) starting response, (b) speed control response and (¢) load
perturbation response.

Power quality of a 36-pulse AC-DC converter fed 9-level ternary CHB-inverter
based IMD (a) supply current waveform, (b) harmonic spectrum of supply
current, (c) stator line voltage waveform, (d) harmonic spectrum of stator
voltage, (e) stator current waveform and (f) harmonic spectrum of stator current.
Simulation results of a 54-pulse AC-DC converter fed 27-level ternary CHB-
inverter based IMD (a) secondary and primary windings currents of MWT and
supply current waveforms, (b) steady state response of IMD.
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Simulation results of a 54-pulse AC-DC converter fed 27-level ternary CHB-
inverter based IMD (a) starting response, (b) speed control response and (c¢) load
perturbation response.

Power quality of a 54-pulse AC-DC converter fed 27-level ternary CHB-inverter
based IMD (a) supply current waveform, (b) harmonic spectrum of supply
current, (c¢) stator line voltage waveform, (d) harmonic spectrum of stator
voltage, (e) stator current waveform and (f) harmonic spectrum of stator current.
Test results of an 18-pulse AC-DC converter fed 9-level ternary CHB-inverter
based IMD (a) primary and secondary windings currents of first group, (b)
primary and secondary windings currents of second group along with and
resultant supply current (c) modulating signals generated from indirect vector
control, (d) voltage waveform of each PM and their sum for a- phase, (e) stator
line voltages (Vswab, vsire and vsica) and (f) steady state response of IMD.

Test results of an 18-pulse AC-DC converter fed 9-level ternary CHB-inverter
based IMD (a) starting response, (b) response of intermediate signals during
starting (c) speed changed response, (d) response of intermediate signals during
speed changed, (e) load changed response, (f) response of intermediate signals
during load changed.

Power quality of an 18-pulse AC-DC converter fed 9-level ternary CHB-inverter
based IMD (a) three-phase supply voltage and current waveform, (b) measured
input power, (c) harmonic spectra of supply voltage and current (d) three-phase
stator line voltage and current waveform, (¢) measured power at motor terminals,
(f) harmonic spectra of stator voltage and current, (g) list of harmonics in stator
voltage and (h) list of harmonics in stator current.

Test results of a 36-pulse AC-DC converter fed 9-level ternary CHB-inverter
based IMD (a) secondary windings voltages and currents of T1 and T2, (b)
secondary and primary windings voltages and currents of T, (¢) secondary and
primary windings voltages and currents of T2 and (d) primary winding voltage
and current of Ti, T2 and resultant current drawn from grid along with grid
voltage.

Test results of a 36-pulse AC-DC converter fed 9-level ternary CHB-inverter
based IMD (a) waveforms of Ve, Vp, ia and ig, (b) waveforms of ¥us, ¥ps, Wor and
s, (c) trajectory of stator flux, (d) reference signals and line voltage of 9-level
CHB-inverter, (e) output of each PM, phase voltage and line volatge of 9-level
CHB-inverter along with currents and (f) steady state response of vs, is, vsr and
Ist.

Test results of a 36-pulse AC-DC converter fed 9-level ternary CHB-inverter
based IMD (a) starting response, (b) response of intermediate signals during
starting (c) speed changed response, (d) response of intermediate signals during
speed changed, (e) load changed response, (f) response of intermediate signals
during load changed.
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Fig. 7.28
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Fig. 7.31

Fig. 8.1
Fig. 8.2
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Fig. 8.6
Fig. 8.7
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Fig. 8.10

Fig. 8.11

Fig. 8.12

Power quality of a 36-pulse AC-DC converter fed 9-level ternary CHB-inverter
based IMD (a) input parameters at the terminals of modular MWT and (b) input
parameters at the IM terminals.

Test results of a 54-pulse AC-DC converter fed 27-level ternary CHB-inverter
based IMD (a) winding currents of transformer Ti, (b) winding currents of
transformer T2, (c) winding currents of transformer T3, (d) primary currents of
T, T2, T3 and resultant supply current.

Test results of a 54-pulse AC-DC converter fed 27-level ternary CHB-inverter
based IMD (a) modulation signals and motor line voltage waveforms, (b) power
module output voltage and their sum waveform, (c) stator line voltage and
current waveform and (d) steady state response of proposed IMD.

Test results of a 54-pulse AC-DC converter fed 27-level ternary CHB-inverter
based IMD (a) starting response, (b) response of intermediate signals during
starting (c) speed changed response, (d) response of intermediate signals during
speed changed, (e) load changed response, (f) response of intermediate signals
during load changed.

Power quality of a 54-pulse AC-DC converter fed 27-level ternary CHB-inverter
based IMD (a) three-phase vs and is waveforms, (b) measured input power of 54-
pulse AC-DC converter, (c) harmonics spectra of vs and is. (a) three-phase stator
line voltage and currents waveforms, (b) measured input power at motor
terminals, (c) harmonics spectra of stator line voltage and current.

Schematic diagram of a 20-pulse AC-DC converter fed modified 3-level inverter
based IMD.

Schematic diagram of a 30-pulse AC-DC converter fed modified 4-level inverter
based IMD.

Vector diagram of multiphase MWT for 20-pulse AC-DC converter.

Voltage vector diagrams (a) vector diagram of proposed multiphase MWT, (b)
vector diagram of transformer Tz, (¢) vector diagram of transformer T and (d)
vector diagram of transformer Ts.

Flowchart of PD based SPWM technique.

Reference and carrier signals (a) conventional SPWM (b) modified SPWM.
Flow-chart of proposed 3™ harmonic injection with modified carrier based
SPWM.

MATLAB modelling of 20-pulse AC-DC converter fed modified 3-level inverter
based IMD.

MATLAB modelling of multiphase MWT for a 20-pulse AC-DC converter.
MATLAB modelling of a 30-pulse AC-DC converter fed modified 4-level
inverter based IMD.

MATLAB modelling of multiphase MWT for a 30-pulse AC-DC converter (a)
modelling of T1, (b) modelling of T2 and (c) modelling of Ts.

Simulation result of a 20-pulse AC-DC converter fed cascaded 3-level inverter
based IMD (a) secondary and primary windings currents of multiphase MWT
and supply current waveforms, (b) steady state response of IMD.
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Simulation results of a 20-pulse AC-DC converter fed cascaded 3-level inverter
based IMD (a) starting response, (b) speed control response and (c) load
perturbation response.

Power quality of a 20-pulse AC-DC converter fed cascaded 3-level inverter
based IMD (a) supply current waveform, (b) harmonic spectrum of supply
current, (c¢) stator line voltage waveform, (d) harmonic spectrum of stator
voltage, (e) stator current waveform and (f) harmonic spectrum of stator current.
Simulation results of a 30-pulse AC-DC converter fed cascaded 4-level inverter
based IMD (a) secondary and primary windings currents of multiphase MWT
and supply current waveforms, (b) steady state response of IMD.

Simulation results of a 30-pulse AC-DC converter fed cascaded 4-level inverter
based IMD (a) starting response, (b) speed control response and (c) load
perturbation response.

Power quality of a 30-pulse AC-DC converter fed cascaded 4-level inverter
based IMD (a) supply current waveform, (b) harmonic spectrum of supply
current, (¢) stator line voltage waveform, (d) harmonic spectrum of stator
voltage, (e) stator current waveform and (f) harmonic spectrum of stator current.
Test results of a 20-pulse AC-DC converter fed cascaded 3-level inverter based
IMD (a) secondary windings voltages and currents of 1% set, (b) secondary
windings voltages and currents of 2" set, (c) phase and line voltage of a cascaded
3-level inverter (d) steady state response of proposed IMD.

Test results of a 20-pulse AC-DC converter fed cascaded 3-level inverter based
IMD (a) waveforms of va, v, i« and i, (b) waveforms of Yus, ¥ps, Wor and Ppr,
(c) trajectory of stator fluxes and (d) waveforms of modulating signals and stator
line voltage.

Test results of a 20-pulse AC-DC converter fed cascaded 3-level inverter based
IMD (a) starting response, (b) response of intermediate signals during starting
(c) speed changed response, (d) response of intermediate signals during speed
changed, (e) load changed response, (f) response of intermediate signals during
load changed.

Power quality of a 20-pulse AC-DC converter fed cascaded 3-level inverter
based IMD (a) input parameters at the terminals of proposed multiphase MWT
and (b) input parameters at IM terminals.

Test results of a 30-pulse AC-DC converter fed cascaded 4-level inverter based
IMD (a) five-phase winding voltages and their respective currents of transformer
Ti, (b) steady state response of proposed IMD.

Test results of a 30-pulse AC-DC converter fed cascaded 4-level inverter based
IMD (a) transformer primary currents and resultant supply current, (b) stator line
voltage and cascaded reference voltage signals (c) phase voltages and line
voltage of cascaded 4-level inverter and (d) stator line voltages and current
waveform.

Test results of a 30-pulse AC-DC converter fed cascaded 4-level inverter based
IMD (a) starting response, (b) response of intermediate signals during starting
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(c) speed changed response, (d) response of intermediate signals during speed
changed, (e) load changed response, (f) response of intermediate signals during
load changed.

Power quality of a 30-pulse AC-DC converter fed cascaded 4-level inverter
based IMD (a) supply voltage and current waveforms, (b) measured power at the
input of proposed transformer, (c) stator line voltage and current waveforms, (d)
measured power at the input terminals of IM, (e) list of harmonics of supply
voltage vsand (f) list of harmonics of supply current is.

Schematic diagram of a 40-pulse AC-DC converter fed cascaded 5-level inverter
based IMD.

Schematic diagram of a 60-pulse AC-DC converter fed cascaded 7-level inverter
based IMD.

Vector diagrams of proposed modular multiphase MWT for 40-pulse AC-DC
converter (a) vector diagram of transformer T1, (b) vector diagram of first set of
five-phase AC-supply, (¢) vector diagram of second set of five-phase AC-supply
and (d) vector diagram of extended-delta transformer.

Flow-chart of a 3" harmonic injection with modified carrier based SPWM.
Flow-chart for implementation of NLMT to control a cascaded 7-level inverter.
MATLAB modelling of 40-pulse AC-DC converter fed cascaded 5-level inverter
based IMD.

MATLAB modelling of modular multiphase MWT for a 40-pulse AC-DC
converter (a) modelling of transformer T1 and (b) modelling of transformer T>.
MATLAB modelling of a 60-pulse AC-DC converter fed cascaded 7-level
inverter based IMD.

MATLAB modelling of transformer To.

Simulation results of a 40-pulse AC-DC converter fed cascaded 5-level inverter
based IMD (a) secondary and primary windings currents of modular multiphase
MWT and supply current waveforms, (b) steady state response of IMD.
Comparison results (a) plot of modulation index vs THD and (b) plot of
modulation index vs magnitude of fundamental components.

Simulation results of a 40-pulse AC-DC converter fed cascaded 5-level inverter
based IMD (a) starting response, (b) speed control response and (c) load
perturbation response.

Power quality of a 40-pulse AC-DC converter fed cascaded 5-level inverter
based IMD (a) supply current waveform, (b) harmonic spectrum of supply
current, (c) stator line voltage waveform, (d) harmonic spectrum of stator
voltage, (e) stator current waveform and (f) harmonic spectrum of stator current.
Simulation results of a 60-pulse AC-DC converter fed cascaded 7-level inverter
based IMD (a) secondary and primary windings currents of modular multiphase
MWT and supply current waveforms, (b) steady state response of IMD.
Simulation results of a 60-pulse AC-DC converter fed cascaded 7-level inverter
based IMD (a) starting response, (b) speed control response and (c) load
perturbation response.
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Power quality of a 60-pulse AC-DC converter fed cascaded 7-level inverter
based IMD (a) supply current waveform, (b) harmonic spectrum of supply
current, (c) stator line voltage waveform, (d) harmonic spectrum of stator
voltage, (e) stator current waveform and (f) harmonic spectrum of stator current.
Test results of a 40-pulse AC-DC converter fed cascaded 5-level inverter based
IMD (a) waveforms of iss, is2, is3 and is4, (b) waveforms of is4, iss, iss and is7 and
(c) waveforms of iss0, ips, is and vs, (d) transformer primary currents and resultant
supply current waveform.

Test results of a 40-pulse AC-DC converter fed cascaded 5-level inverter based
IMD (a) stator line voltage and modified reference voltage signals (b) phase
voltages and line voltage of 5-level inverter, (c) stator line voltages and current
and (d) steady state response of proposed IMD.

Test results of a 40-pulse AC-DC converter fed cascaded 5-level inverter based
IMD (a) starting response, (b) response of intermediate signals during starting
(c) speed changed response, (d) response of intermediate signals during speed
changed, (e) load changed response, (f) response of intermediate signals during
load changed.

Power quality of a 40-pulse AC-DC converter fed cascaded 5-level inverter
based IMD (a) supply voltage and current waveforms, (b) measured power at the
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