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ABSTRACT

This thesis presents an in-depth examination of design, control and implementation of energy-
efficient switched reluctance motor (SRM) drives tailored for low-power applications,
emphasizing enhancements in power quality, cost reduction, and facilitation of sensor-less control.
This research work explores significant issues related to traditional motor drive systems, focusing
on their efficiency, number of components, and their ability to adapt to varying grid conditions.
The research commences by elaborating on design and development of a resilient, energy-efficient
SRM tailored for low-power industrial exhaust fan applications. A methodology grounded in
benchmarks, bolstered by analytical calculations and validated through 2D Finite Element Method
(FEM) in Ansys Maxwell, is employed to delineate an optimized motor geometry. The design is
experimentally validated through fabrication of a physical prototype, demonstrating its practical
feasibility in low-power SRM drive applications. Additionally, exploration of power factor
correction (PFC) converter topologies aims to improve input power quality and comply with
harmonic standards, specifically IEC 61000-3-2, in context of SRM drive.

In order to enhance overall efficiency of the system while simultaneously minimizing expenses,
bridgeless PFC converters are utilized in both single-output and dual-output arrangements for
asymmetric bridge converter (ABC) and mid-point converter (MPC) powered SRM drives,
respectively. Topologies including hybrid Cuk, hybrid SEPIC, integrated Zeta-Luo, and Zeta-
Canonical Switching Cell (CSC) converters, are thoroughly developed to meet specific demands
of SRM drives across a spectrum of load and supply conditions. These converters function in
discontinuous conduction mode (DCM), thereby inherently attaining power factor correction while
decreasing the necessity for numerous sensors and complex passive components. Furthermore,
SRM drive system integrates a sensor less control strategy with a PFC front-end to improve energy
efficiency, power quality, and reduce overall component count. By eliminating Hall-effect sensors
and minimizing electrical sensing through simplified estimation algorithms using electrical
feedback, system significantly lowers cost and design complexity. This approach delivers high
performance while ensuring a scalable and low-cost solution, making it well-suited for low-power,
cost-sensitive applications and contributing to advancement of efficient and sustainable motor

drives in power electronics.
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PCB for current sensing and signal conditioning circuit

Circuit for interfacing voltage sensing and signal conditioning

PCB for voltage sensing and signal conditioning circuit

Interfacing circuits of gating signal optical isolation and its signal conditioning
PCB for gating signal optical isolation and its signal conditioning

Digital control implementation through TI TMS320F28379D microcontroller
Simulated performance of PFC converter fed SRM drive at rated condition with
supply side and motor side performance

Simulated performance at rated condition displaying voltage and current
through active component

Simulated performance at rated condition displaying passive components
operating mode

Improved PQ performance of presented HDOBL converter fed SRM drive at
rated 220 V AC and 300 V DC link voltage (a) vs, is, Vpc, and Vier (b) v, i, ia,
and, V4, (¢) Vpc, Vaci, Va, and iy (d) Vi, Vwps Vemn, and Vewp (€) Vwn, Von 5 izon,
and izin () Viwn, Vewp » iLin, and iz,

Simulated performance for Supply under voltage fluctuation from 220 V to 150
v

Simulated performance for Supply over voltage fluctuation from 220 V to 255
v

Simulated performance for motor wide speed control through variations in DC
link voltage from 100 V to 300 V

Experimental results for supply voltage fluctuations at VDC = 300 V (a) Under
voltage fluctuation 220 V to 150 V (b) over voltage fluctuation 220 V to 255 V
Recorded DC link voltage variation for speed control at a fixed supply
Simulated performance for THD in grid current for various supply voltages at
rated load (a) 220V (b) 260V (c) 160V

Improved PQ performance of presented HDOBL converter fed SRM drive at
(a)—(c) Rated condition (V) = 220 V, and Vpc =300 V (d)(f) V;=160V, and
Vpc =300V (g)—(1) v =260 V, and Vpc =300 V. (j)—(1) vs =220 V, and Vpc =
100 V

Comparative supply current THD and power factors (a) with load variation (b)
with supply voltage variation

Simulated performance at rated conditions operation of NHBLDO PFC
converter fed SRM drive (a)vs, is, Vie, Vi, Va2, Vo i, and N (b) vy, Ve, Vip, Vi,
Voops Voons Vemps ad Vemn (C) Vs, Is, iLip, iLiny iLops iswps A0 iswn (d) Vac, Viny tphy Tem,
N, and rotor position

Recorded waveform of the presented NHBLDO fed SRM drive at rated
conditions: Prea =500 W, vy =220V, Vpc =300 V () vy, is, Vbe, and V; (b) vs,
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Simulated performance for supply voltage fluctuations under rated load (a)
under voltage fluctuation (b) over voltage fluctuation

Simulated performance for DC link voltage control for fixed supply voltage
Recorded dynamic performance validation of Zeta-CSC bridgeless dual output
PFC converter fed SRM drive during rated 220V AC mains and DC link
variation from 100V to 300V via 200V (a) vs, is, V1, and V4 (b) vs, V3, speed and
rotor position

Recorded dynamic performance validation of NHBLDO PFC converter fed
SRM drive during rated 300 V DC link voltage and supply voltage fluctuations
(a) During 220 V to 140 V: v, is, V;, and V4 (b) During 220 V to 270 V: vy, iy,
V], and VA

Motor performance under supply voltage fluctuations

Simulated performance for THD in grid current for various supply voltages at
rated load (a) 220V (b) 260V (¢) 160V

Various operating condition PQ indices: Current THD and power factor (a)-(c)
rated condition: 220 V supply and 300 V DC link, (d)-(f) Over voltage
fluctuations at 300 fixed DC link voltage (g)-(i) Fixed supply

voltage at 220 V and reduced DC Link voltage at 100 V

Dual output single switch bridgeless (DOSSCMBL) Converter fed SRM

Torque profile with current and position of four phase SRM

Dual output bridgeless PFC fed SRM operation during (a) Positive half cycle of
supply voltage (b) Negative half cycle of supply voltage

DOSSCMBL operational mode for positive supply voltage (a) Mode-P1 (b)
Mode-P2 (¢) Mode-P3

DOSSCMBL operational mode for negative supply voltage (a) Mode-N1 (b)
Mode-N2 (¢) Mode-N3

DOSSCMBL current and voltage of power electronics components (a) With
positive utility (b) With negative utility

Control block diagram for converter PWM

Mid-point converter functioning (a) Phase A4 energizing (b) Phase A de-
energizing (c) Phase B energizing (d) Phase B de-energizing

(a) MATLAB/Simulink model of a bridgeless (BL) power factor correction
(PFC) rectifier supplying a mid-point converter (MPC)-driven switched
reluctance motor (SRM) (b) Laboratory setup of bridgeless dual output
converter feed SRM drive

Simulated performance of DOSSCMBL PFC converter at 220 V supply (a)
supply and current, DC link voltages, phase current and rotor speed (b)
Converter’s passive components voltage and currents (¢) Switch voltage and
current stress, and diode current stress with supply voltage
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Test results of DOSSCMBL PFC converter i.e., Praea = 500 W, Vi=220V, Vpc
=300V (a) vs, g, Ve, Voer (b) Vocr, Voez, Va, ia, and () Va, ia, Vs, iz (d) vs,
Ve, Vemn » Vomp and (€) Vs, ig, irin, iLip

Test results of DOSSCMBL PFC converter at Prued = 500 W, Vi=220V, Vpc=
300 V (@) Viw, Vipss iron 5 irop (0) Vw, Von3y izon 5 irop  (€) Viws Vps, Voni, Viopa,
and (d) Viw, Vpn2, Vop1, Vons,

Simulated Dynamic performance of presented PFC converter (a) supply voltage
changes from 160 V to 220 V rated and overvoltage 260 V from 220 V at fixed
DC link 300 V and motor speed (b) DC link voltage regulation from 100 V to
200 V and again 200 V to 300 V at rated 220 V supply.

Dynamic performance validation of DOSSCMBL PFC converter (a) supply
under voltage fluctuation (220 V-160 V) with 300 V DC Link (b) supply over
voltage fluctuation (220 V-250 V) with 300 V DC Link,

Dynamic performance validation of DOSSCMBL PFC converter with 220 V
supply (a) Grid current variation with DC link variation (100 V-300 V) (b)
Motor speed variation with DC link variation (100 V-300 V)

Simulation Power Qualty

Current THD and power factor result (a)-(c) rated condition: 220 V supply and
300 V DC link, (d)-(f) 220 V supply and 100 V DC link, (g)-(i) supply
overvoltage fluctuation: 260 V supply and 300 V DC link

Cuk based TPBLDO rectifier fed high voltage low power SRM drive

Cuk based TPBLDO rectifier operation (a) positive grid supply functioning (b)
negative grid supply functioning

Cuk based TPBLDO rectifier’s equivalent circuit for switching period under
positive grid voltage (a) Interval P-I (b) Interval P-II (c) Interval P-I11

Cuk based TPBLDO rectifier’s equivalent circuit for switching period under
negative grid voltage (a) Interval N-I (b) Interval N-II (c) Interval N-III
Passive component's electrical parameter for one switching cycle under positive
and negative grid supply

Integrated SEPIC-based single input dual output bridgeless front-end PFC
converter fed SRM drive

Line frequency-based operation of presented converter (a) Positive line voltage
(b) Negative line voltage

Positive grid cycle operation of NHBLDO converter (a) State P, (b) State P> (¢)
State P3

Control block for presented TPBLDO converter control using TI
TMS320F28379D controller

Control block for SRM phase A gate pulse logic

MATLAB/Simulink model of a totem pole integrated dual output PFC rectifier
fed MPC driven SRM

Laboratory setup of totem pole integrated bridgeless dual output PFC converter
fed SRM drive
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Simulated performance of Cuk based totem pole integrated PFC converter fed
SRM drive at rated condition (a) supply side and motor side performance (b)
PFC converter components performance

Simulated performance at rated condition displaying voltage and current
through active and passive component

Simulated performance at rated condition displaying passive components
operating mode and current profile

PQ performance of presented Cuk based totem pole dual output PFC converter
fed SRM drive at rated 220 V AC and 300 V DC link voltage (a) vy, is, Vpc, and
Vdc] (b) Vs, is, VDc, and VB

Rated condition operation of presented Cuk based totem pole dual output PFC
converter fed SRM (a) vy, Vsi, Vpc and Vpor (b) components in positive half grid
Vs, Vo1, Vea, and iror)

Presented PFC converter fed SRM drive operation in positive and negative half
cycle and switching cycle under rated condition (a) vy, is, Vs; and Vs> (b) vy, i,
iro1 and iro2

Simulated performance under supply voltage fluctuation (a) undervoltage
fluctuation: 220 V to 160 V (b) overvoltage fluctuation: 220V to 160V
Simulated performance for motor wide speed control through variations in DC
link voltage from 200 V to 300 V

Experimental result for TPBLDO converter’s operation with grid voltage (a) vs,
is, Vacr and Vaez (b) vs, Vaer, Speed (N) and rotor position (6)

Experimental result for TPBLDO converter’s dynamic performance with grid
voltage fluctuation (a) Under voltage fluctuation: vs, is, Vpc and V4 (b) Over
voltage fluctuation: vy, is, Vpc and V4

Simulated perfromance for THD in grid current for various supply voltages at
rated load (a) 220V (b) 260V (c) 160V

Improved PQ performance of presented DOHBL converter fed SRM drive at
(a)—(c) Rated condition (vs) =227 V, and Vpc =300 V (d)—(f) v, = 156 V, and
Vpe=100V (g)—(1) vs=257 V, and Vpc =300 V.

PFC Converter Performance for various power and supply voltage (a) Grid
current THD (b) Efficiency plot

Simulated performance at rated conditions operation of NHBLDO PFC
converter fed SRM drive (a) vy, Vi1, Vpor, and Vea (b) vy, is, Vi, and Viz (C) vy,
V51, is1, and ch

Fig. 6.27 Recorded waveform of the presented NHBLDO fed SRM drive at rated
conditions: Pred =500 W, vs =220 V, Vpc =300 V (a) vs, is, Vbe, and V7 (b) vy,
Vsz, ch, and is; (C) Vs, Vsi, VD()/, and Vea (d) VDC, VDc/, VA, and iy (e) VA, i4, VB,
and ip

Simulated performance for supply voltage fluctuations under rated load
Simulated performance for DC link voltage control for fixed supply voltage
Test results under DC link variations: vs, is, Vpc, and iy
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Recorded dynamic performance validation of totem pole SEPIC based PFC
converter fed SRM drive during rated 300 V DC link voltage and supply voltage
fluctuations from 220 V to 260 V: vy, is, V1, and V4

Simulated perfromance for THD in grid current for various supply voltages at
rated load (a) 220V (b) 160V (c) 260V

Various operating condition PQ indices: Current THD and power factor (a)-(c)
rated condition: 220 V supply and 300 V DC link, (d)-(f) under voltage
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Torque versus position with current variation for 3 phase SRM

Circuit schematic of power factor correction rectifier fed low voltage low power
under different operating modes (a) State-I (b) State-II (c) state-II1, and (d) state-
v

Switching cycle based current and voltages profile of power electronic
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Control block diagram for converter PWM

Position based electronic commutation of three phase SRM
MATLAB/Simulink model of a bridgeless (BL) high gain step down PFC
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drive

PFC Rectifier fed LVLP SRM drive at rated supply 230 V and 48 V DC link (a)
Supply and motor side performances (b) Passive elements electrical
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Praea =450 W, Vi=220V, Vpc =48 V () Vsi, Vpic, Vsz2, Vse (b) Vpic, Vise, ir2,
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fluctuation from 160V -220 V with fixed 48 V DC link (b) DC link voltage
variation from 15 to 30 and then up to 45 V with fixed supply voltage
Simulated harmonics spectrum for high gain bridgeless single output PFC
converter for ABC Assisted SRM drive with fixed 48V DC link voltage and (a)
220V supply voltage (b) 260 V supply voltage and (b) 160V supply voltage.
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Sensor less position and speed estimation under dynamic conditions for SRM
drive
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Fig.8.18 Power factor and current THD under various conditions (a)—(c) V=220V,
Vpc=300V, Prarea =500 W (d)—(f) Vi=256V, Vpc=300V, Praea =500 W and (g-i)
V=220V, Vpc=100V

Fig.8.19 Comparative analysis of DBR fed and PFC converter fed SRM drive
performance (a) supply current THD with power (b) power factor at grid side
with power
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