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ABSTRACT

With the increased in energy demand, the design and development of energy efficient drive for
domestic and industrial appliances, have become essential. The current harmonic regulations limit
the harmonics emission by the household equipment so that it does not exceed the compatibility
levels. These regulations also define the minimum power factor required for the equipment
connected to single phase supply. Therefore, the drives are recommended with front end PFC
(Power Factor Correction) converters to increase the power conversion efficiency and to meet the
international standards for power quality, such as IEC-61000-3-2. The research in power
converters has developed the keen interest of researchers in special machines, which has been
developed in late nineteenth century. Brushless DC motor, permanent synchronous motor,
synchronous reluctance motor and switched reluctance motor (SRM) are some of the motors,
which are seeking the attraction for number of applications.

This work aims at the development of the power factor correction converters for feeding SRM
drive as a cost effective solution for low power household applications. The cost and efficiency
are two most important aspects, which play a vital role in the design of drives focusing towards
households applications such as fans, water pumps, vacuum cleaner, washing machine etc. SRM
has salient pole construction such that the stator is provided with concentrated windings, which
are excited through mid-point converter, sequentially. The rotor is made up of laminated magnetic
materials and free from any sort of winding. SRM has many advantages such as high torque-

volume ratio, fast dynamic response, low manufacturing cost and wide speed range.

The selection of suitable PFC converter for particular application depends upon various aspect
including rating of SRM motor, voltage and current rating of semiconductor devices, total number
of component counts, requirement of two equal output voltages, galvanic isolation, cost and
efficiency of the overall system. Out of the available PFC converter configurations, the
recommended PFC converters for the proposed SRM drive, are classified into five different
categories of non-isolated single output PFC converters, non-isolated dual output PFC converters,
isolated single output PFC converters, isolated dual output PFC converters and bridgeless PFC
converters. Among them dual output PFC converters are mainly focused as per the system
requirement, as two equal output voltages are required to feed the mid-point converter fed SRM

drive. In this work, PFC converters are designed to operate in DCM, to obtain inherent power

v



factor correction at supply mains. As the voltage follower approach is considered, therefore, sensor

requirement is reduced to one voltage sensor, which reduces the system cost.

The major aspect of the work, includes simplicity in control as two equal output voltages are
generated to feed the mid-point converter fed SRM drive without any voltage balancing loop. The
converter configurations proposed for the SRM drive, are features with neutral point N to generate,
which has reduced the stress across the semiconductor switches. Moreover, the selected DCM of
operation via voltage follower approach requires simple control to obtain inherent power factor
correction at input side. In this technique, PFC is obtained due to discontinuous inductor current
mode during each switching period. During this period, the circuit behaves as an emulated
resistance, and thus inherent wave-shaping is provided to the circuit. The controlled DC link
voltage over wide range, delivers excellent speed control, which is well demonstrated in the test
results. The performance of proposed PFC converters fed SRM drive is validated on the models
developed in MATLAB/Simulink environment. Further, to validate the simulation results, a
laboratory prototype of PFC converter fed SRM drive is developed. However, the performance
evaluation of proposed SRM dive is carried out during different steady state and dynamic
conditions. The voltage and current waveforms of different circuit components including circuit
inductor, capacitor and semiconductor switches are analysed. The proposed PFC converters fed
SRM drive is also tested under different supply voltage fluctuation conditions, which is well
demonstrated through test results. The accepted power quality indices of these PFC converters fed
SRM drive are also evaluated at AC mains. The found indices comply with the given power quality
standard IEC 61000-3-2.
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Proposed Cuk Converter fed SRM drive.

Operation of the proposed Cuk converter in DCM during (a, b, c) three
different modes of operation (d) associated waveform during three modes of
operation.

Proposed modified Cuk converter fed SRM drive

Converter operating modes during positive half : (a) Mode I (to-t1), (b) Mode
Il (ts-t2), (c) Mode II (ts-t3) and during negative half (d) Mode 1 (t>-t1), (e)
Mode 11 (t3-t2), (f) Mode I (ts-t3).

Theoretical waveforms during different operating modes.

Proposed Cuk-SEPIC based dual output converter fed SRM drive.

Proposed circuit derived from combination of two basic circuit configuration:
(a) SEPIC, (b) Cuk converter.

Three different modes of operation of proposed converter (a) Mode I (Switch
on period t>-t1), (b) Mode 11 (Switch off period t3-t2) and (c) Mode 11l (DCM
mode tz-t4).

Associated voltage and current waveform in three different modes of
operation.

Proposed dual output Luo converter fed SRM drive.
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Operation of proposed dual output Luo converter during different operating
modes; (a) & (b) switch on period, (c) & (d) switch off period and (e) & (f)
DCM of operation.

Voltage and current waveform of the circuit components during different
operating modes.

Modified SEPIC converter fed SRM drive.

DCM operation during (a, b, c¢) for positive half cycle, during (d, e, f) for
negative half cycle and related waveforms (g) and (h) for each switching
period during Modes I, I1, 111, IV, V and VI.

MATLAB/Simulink model of non-isolated dual output PFC converter fed
SRM drive.

Motor performance at rated speed of 1500 rpm with DC link at 320 V and
supply voltage at 220 V.

(@) Current through diode D: and D and discontinuous current through
inductor Lor and Loz and (b) Zoomed view of figure (a) demonstrating current
during each switching period.

Switching stress with peak switch current and voltage as 20 A and 350 V.
Motor starting dynamics with reduced phase current at DC link voltage as 50
V and (b) Motor and converter side dynamics during supply voltage variation
(220 V to 170 V).

Dynamics during DC link variation from (a) 320 V DC to 240 V DC and (b)
320V DCto 240 V DC.

Simulated harmonics spectrum for an dual output buck-boost converter fed
SRM drive with DC link voltage as (a) 300 V and (b) 100 V.

Steady state performance of proposed Zeta-SEPIC converter fed SRM.
Rated speed operation of proposed Zeta-SEPIC based converter fed SRM
drive: (a) motor current, (b) Voltages across two output capacitors of Zeta and
SEPIC converter (c) PFC operation at Vg as 300 V, and (d) PFC operation
Ve as 100 V.

Voltage and current waveform through different circuit components of
proposed dual output Zeta-SEPIC converter.

(@) Switching stress across PFC converter switch and (b) zoomed view of
peak voltage and current stress across the switch.

Experimental results demonstrating: (a) Zeta converter in operation, (b)
enlarge view of Zeta converter in operation, (c) SEPIC converter in operation,
(d) enlarge view of SEPIC converter in operation and (e) stress through
converter switch.

Proposed PFC converter fed SRM drive under dynamic conditions: (a) during
starting and (b) during change in supply voltage from 220 V AC to 170 V AC.
Performance of proposed converter when DC link voltage is subjected to
sudden change from: (a) 300 V to 240 V and (b) 240 V to 300 V.

Drive during different dynamic conditions with change in Vqgc from; (a) from
150 V to 230 V, (b) 250 V to 170 V and (c) 0 to 50 V.

Simulated harmonics spectrum for an dual output Zeta-SEPIC converter fed
SRM drive with DC link voltage as (a) 300 V and (b) 100 V.

Power quality indices during different input and output voltage conditions:
(@)-(c) vac=220 V, V4c=300 V, (d)-(f) vac=270 V, V4c=300 V, (g)-(i) Vac=90 V,
V4c=300 V and (j)-(I) vac=220 V, V4c=100 V.

Motor performance at rated speed of 1500 rpm with DC link at 300 V and
supply voltage at 220 V.
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(a) Performance of proposed dual output Cuk converter demonstrating
voltage and current across each circuit components and (b) zoomed view
presenting mode of operation of different circuit components during each
switching period.

(a) Peak voltage and current stress across PFC converter switch and (b)
zoomed view demonstrating switch stress during each switch on and switch
off period.

Drive performance during (a) starting dynamics with reduced phase current
at DC link voltage as 50 V and (b) supply voltage change from 220V AC to
170 V AC.

Dynamics during DC link variation from (a) 240 V DC to 300 V DC and (b)
300V to 240 V.

Simulated harmonics spectrum for an dual output Cuk converter fed SRM
drive with DC link voltage as (a) 300 V and (b) 100 V.

Steady speed operation of proposed drive at rated DC link voltage as 300 V.
Obtained results demonstrating: (a) improve power quality operation with Vgc
as 300 V, (b) PFC operation at V4.=100 V, (c) voltage across two output
capacitors as V1= Vac2=150 V, (¢) two motor phases excitation at any instant
and (d) motor current at rated speed.

Performance of proposed converter during rated conditions.

Zoomed view of Fig. 6.46 demonstrating voltage and current through circuit
component during (a) positive half cycle and (b) during negative half cycle.
(a) Peak voltage and current stress through converter switch and (b) zoomed
view of Fig. (a) demonstrating peak value of voltage and current during each
switching period.

Obtained results showing; (a) continuous capacitor voltages and
discontinuous inductor currents through two Cuk converters, (b), (c) enlarge
view showing DCM of operation, (d) current through input inductor and two
output inductors and (e) peak current and voltage stress across the switch.
Dynamic during (a) starting with DC link voltage as 50 V and (b) dip in supply
voltage from 220 V AC to 170 V AC.

Fig. 6.51 Dynamic during step change in DC link voltage as (a) 300 V to 240
V and (b) 240 V to 300 V.

Experimental results during change in Vqc as: (a) 170 V to 250 V, (b) 230 V
to 150 V, (c) input voltage, input current and motor phase current during
starting, (d) current in all the four motor phases during starting and (e) motor
phase current with Vqc as 50 V.

Simulated harmonics spectrum for an dual output modified Cuk converter fed
SRM drive with DC link voltage as (a) 300 V and (b) 100 V.

Power quality results at different input voltages as: (a)-(c) Vac=220 V, (d)-(f)
Vac=170V, (9)-(i) Vac=270 V and (j)-(I) at reduced DC link voltage as 100V
and input voltage as Va=220 V.

Steady state operation of dual output Cuk-SEPIC converter.

Obtained test results when converters is operated at rated conditions: (a)
Obtained PFC operation of proposed drive at rated DC link voltage as 300 V,
(b) Two equal output voltages as 150V and rated DC link voltage as a
summation of two voltages as 300 V, (c), (d) Motor speed control with PFC
at two different DC link voltages as 300 V and 100 V, (e) Simultaneous
excitation of two motor phases and (f) Current through all the four phases of
the motor at rated condition.
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(a) Performance of proposed converter at rated DC link and (b) zoomed view
of figure (a) demonstrating circuit components under CCM of DCM operating
mode as per the selected design.

(a) Peak voltage and current stress at rated DC link voltage as 300 V and rated
supply voltage as 220V AC and (b) zoomed view of figure (a) demonstrating
peak voltage and current during each switching period.

Test results showing; (a) Current and voltage waveform through circuit
components in SEPIC converter with high resolution view (top right corner),
(b) Current and voltage waveform through circuit components in Cuk
converter with high resolution view (top right corner), (c) Discontinuous
current through output inductors Lo1 and Loz with continuous capacitor
voltages (Vc1 and V¢2) and (d) PFC operation of proposed converter with
enlarge view of waveform showing large freewheeling period which ensures

DCM of operation.

Test results with enlarge view showing peak voltage and current stress across
switching device during rated condition.

Demonstrating dynamic during (a) starting with DC link voltage as 60 V and
(b) change in input voltage from 220 V AC to 170 VV AC.

Drive dynamic performance during change in DC link voltage from (a) 300
V to 240 V and (b) 240 V to 300 V.

Test results shows the dynamic performance of proposed drive during; (a)
Starting, (b) change in DC link voltage from 170 V to 250 V and (c) change

in DC link voltage from 250 VV to 170 V.

Simulated harmonics spectrum for an dual output modified Cuk converter
fed SRM drive with DC link voltage as (a) 300 V and (b) 100 V.

Test result of proposed SRM drive on the basis of power quality indices with
(a)-(c) vs=220 V, V¢=300 V, and Pout (output power)=388W, (d)-(f) vs =170
V, V4=300 V and Pout (output power)=387W, (9)-(i) vs=270 V, Vpc=300 V
and Pout (output power)=389W and (j)-(I) vs=220 V, Vpc=100 V and Pout
(output power)=121W.

Steady state performance of dual output Luo converter fed SRM drive.

Test results showing: (a) PFC operation at rated DC link voltage as 300 V and
(b) PFC operation at reduced DC link voltage as 100 V Obtained test results
when converters is operated at rated conditions (a) converter producing two
equal output voltages and (b) current through motor phases.

(a) Performance of proposed converter at rated DC link voltage and (b)
zoomed view of Fig. (a) demonstrating voltage and current across various
circuit component operating in CCM and DCM during each switching period.
Peak voltage and current stress across PFC converter switch with its zoomed
view.

Experiment results showing: (a) and (b) DCM current through two input
inductors Li; and Liz, CCM current through two output inductors Loi and Lo2
and voltage across two capacitor Ciand C2in CCM, (c) current through all the
four inductors Lit, Li2, Loz and Loz, (d) zoomed views showing discontinuous
inductor current and (e) peak voltage and current stress across converter
switch.

Drive performance during (a) starting and (a) supply voltage fluctuation when
input voltage changes from 220 V AC to 170 V AC.

Dynamic during change in DC link voltage from (a) 300 V DC to 240 V DC
and (b) 240 v DC to 300 V DC.
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Test results shows the dynamic performance of proposed drive during; (a)
Starting, (b) change in DC link voltage from 250 V to 170 V and (c) change
in DC link voltage from 170 V to 250 V.

Simulated harmonics spectrum for an dual output modified Cuk converter fed
SRM drive with DC link voltage as (a) 300 V and (b) 100 V.

Test result of proposed SRM drive on the basis of power quality indices with
(a)-(c) vs=220 V, V=300 V, and Pout (output power)=405W, (d)-(f) vs =90
V, V=300 V and Poyt (output power)=396W, (g)-(i) vs=270 V, Vpc=300 V
and Pout (output power)=408W and (j)-(I) vs=220 V, Vpc=100 V and Pout
(output power)=155W.

Motor performance at rated speed of 1500 rpm with DC link at 320 V and
supply voltage at 220 V.

Test results demonstrating: (a) equal voltage across two output capacitors as
Vde1= Vae2=150 V, (b) improve power quality operation with Vg as 300 V, (c)
PFC operation at V4.=100 V and (d) motor current.

Performance of proposed converter during positive and negative half of the
supply voltage.

Voltage and current waveform though different circuit components during (a)
positive half of the supply voltage and (b) during negative half of the supply
voltage.

Peak voltage and current stress through converter switch.

Test results demonstrating: (a) continuous current through L;, discontinuous
current through L, and continuous voltage across Vei and Ve, (b) converter
operation during each switching period, (c) intermediate capacitors operating
in CCM mode and (d) switching stress across the device.

Motor and converter side dynamics during supply voltage variation
Dynamics during DC link variation from (a) 240 V DC to 300 V DC and (b)
300 V to 240 V DC.

Test results during change in Vqc as: (a) 250 V to 170 V, (b) 150 V to 230 V,
and (c) input voltage, input current and motor phase current during starting.
Simulated harmonics spectrum for an dual output modified SEPIC converter
fed SRM drive with DC link voltage as (a) 300 V and (b) 100 V

Power quality results at different input voltages as: (a)-(c) Vac=220 V, (d)-(f)
Vac=170 V, (9)-(i) Vac=270 V and (j)-(I) at reduced Vqc as 100V and input
voltage as Vac=220 V.

Measured harmonic content of input current at rated speed operation of
proposed drive.

Proposed PFC based isolated SEPIC converter fed SRM drive.

Isolated SEPIC converter operating modes: (a) Mode | (t1- t2) switch on
period, (b) Mode I (t2- t3) switch off and diode on period and (c) Mode Il
(ts- ts) both switch and diode off period. Theoretical waveforms for each
switching period.

MATLAB/Simulink model of isolated single output PFC based SEPIC
converter fed SRM drive.

Steady state performance of PFC based isolated single output SEPIC
converter fed SRM drive.

Experimental results: (a) motor current, (b) Obtained PFC operation at Vg as
150 V, and (d) Obtained PFC operation at Vg as 50 V.
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(a) Demonstrate the performance of isolated single output SEPIC converter
and (b) zoomed view of Fig. (a) Showing circuit operation during switch on
period, switch off period and DCM period.

(a) Peak voltage and current stress converter switch and (b) zoomed view of
Fig. (a) showing peak voltage and current during switch on and switch off
period.

Experimental waveform showing (a) input inductor current, intermediate
capacitor voltage and transformer primary current, (b) zoomed view of Fig.
(@), (c) current through transformer primary and secondary, (d) zoomed view
of transfer primary and secondary current and (e) maximum voltage and
current across switch.

Performance of proposed drive during: (a) starting and (b) During supply
voltage fluctuation from 90 V rms to 70 V rms.

Change in DC link voltage from: (a) 80 VV to 140 V and (b) 140 Vt0 80 V.
Experimental results with variation in Vg from; (a) 90 V to 150 V, (b) 150 V
to 90 V and (c) dynamic during starting.

Harmonic spectrum demonstrating input current THD with DC link voltage
as (a) 150 V and (b) 50 V.

Power analyzer results with (a)-(c) Vac=90 V and V¢:=150 V (d)-(f) vac=110
V and V¢:=150 V and (g)-(i) vac=90 V and Vpc=50 V.

Classification of isolated dual output PFC converters feeding SRM drives.
Dual output PFC based isolated Zeta converter fed SRM drive.

Converter operating modes: (a) Mode | switch on period, (b) Mode Il switch
off period, (c) Mode 111 DCM period and (d) Waveform during all the three
operating modes.

Dual output PFC based Integrated SEPIC-Flyback converter fed SRM drive.
Integrated SEPIC-Flyback converter operating modes (a) switch on state
(Mode 1), (b) switch state (Mode 1), (c) Mode Il1, (d) Mode IV and (e) Mode
V.

Dual output PFC based isolated Cuk converter fed SRM drive.

Isolated Cuk converter operating modes: (a) Mode | switch on period, (b)
Mode 11 switch off and diode on period and (c) Mode 111 freewheel period.
MATLAB/Simulink model of isolated dual output PFC converter fed SRM
drive

Steady state performance of PFC based isolated dual output Zeta converter
fed SRM drive.

Experimental results: (a) motor current, (b) two symmetrical output voltages,
(c) PFC operation at V¢ as 50 V, and (d) PFC operation at V¢ as 150 V.

(a) Demonstrate the performance of isolated dual output zeta converter and
(b) zoomed view of Fig. (a) Showing circuit operation during switch on
period, switch off period and DCM period.

(a) Peak voltage and current stress converter switch and (b) zoomed view of
Fig. (a) showing peak voltage and current during switch on and switch off
period.

Experimental waveform showing (a) voltages across switch and intermediate
capacitors and current through magnetising inductance and output inductor,
(b) zoomed view of fig. (a) Demonstrating CCM and DCM operation of
circuit components and (d) peak voltage and current stress across
semiconductor switch.

XXXIV



Fig.

Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

8.14

8.15
8.16

8.17
8.18
8.19
8.20
8.21

8.22

8.23

8.24

8.25

8.26

8.27

8.28

8.29

8.30

8.31

8.32

8.33

8.34

Performance of proposed drive during: (a) starting and (b) During supply
voltage fluctuation from 90 V rms to 70 V rms.

Change in DC link voltage from: (a) 150 V to 90 V and (b) 90 V to 150 V.
Experimental results with variation in Vg from; (a) 70 V to 150 V, (b) 150 V
to 70 V and (c) dynamic during starting.

Harmonic spectrum demonstrating input current THD with DC link voltage
as (a) 150 V and (b) 50 V.

Power analyzer results with (a)-(c) Vac=90 V and V4c=150 V (d)-(f) vac=110
V and V4c=150 V and (g)-(i) Vac=90 V and Vpc=50 V.

Simulation result showing operation of proposed drive during rated
conditions.

Experimental results: (a) motor current, (b) two symmetrical output voltages,
(c) improved power quality operation at Vqc as 150 V, and (d) at Vqc as 50 V.
Performance of PFC based dual output integrated SEPIC-Flyback converter.
(a) Peak voltage and current stress across semiconductor switch and (b)
zoomed view of Fig. (a) demonstrating peak voltage and current during each
switch on and switch off period.

Experimental waveform showing (a) current through input inductor Li,
intermediate inductor L and current through magnetising inductance Lm:
during each switching period, (b) zoomed view of fig. (a), (b) voltage across
C: and C2 and (c) current through diode Dz and D4 during each switching
period.

Dynamic performance of proposed drive during: (a) starting and (b) dip in
supply voltage from 90 V to 70 V.

Speed control of proposed drive when DC link voltage is subjected to change
from: (a) 140 V to 80 V and (b) 80 V to 140V.

Test results demonstrating dynamic performance of proposed drive during
change in DC link voltage from (a) 70 V to 120 V, (b) 130 V to 80 V and (c)
dynamic during starting.

Harmonic spectrum for input current demonstrating input current THD at
maximum and minimum DC link voltages: (a) 150 V and (b) 50 V.

Power analyzer results with (a)-(c) Vac=90 V and V4c=150 V (d)-(f) vac=110
V and V4c=150 V and (g)-(i) Vac=90 V and Vpc=50 V.

Performance of proposed drive during DC link voltage as 150 V and supply
voltage as 90 V.

Test results: (a) motor current, (b) two symmetrical output sources, (c) PFC
operation at Vgc as 150 V, and (d) PFC operation at Vqc as 50V.

(a) Performance of proposed dual output Cuk converter with different circuit
components operating in CCM and DCM as per the selected design and (b)
zoomed view of Fig. (a) demonstrating voltage and current during each
switching period.

(a) peak voltage and current stress across semiconductor switch and (b) switch
voltage and current during each switch on and switch off period.
Experimental waveform showing (a) input inductor current, and current
through two output inductors, (b) zoomed view of Fig. (a) showing DCM
operation, (c) voltages across intermediate capacitors Ci1, Co1 and Co2, (d)
current through transformer primary and secondary and (e) maximum voltage
and current across switch.

Drive dynamic performance during: (a) starting and (b) change in supply
voltage from 90 V AC to 70 V AC.
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Dynamic operation of proposed drive during change in DC link voltage from:
(a) 140 V to 80 V and (b) 80 V to 140 V.

Experimental results with variation in Vg from; (a) 100 V to 150 V, (b) 150
V to 100 V and (c) dynamic during starting.

Simulation results demonstrating input current THD at maximum and
minimum DC link voltage as: (a) 150 V and (b) 50 V.

Power analyzer results with (a)-(c) Vac=90 V and V¢:=150 V (d)-(f) vac=110
V and V¢:=150 V and (g)-(i) Vac=90 V and Vpc=50 V.

Classification of bridgeless PFC converters for SRM drives.

Switch reluctance motor fed with PFC based Zeta converter.

Operational circuit of Bridgeless Zeta converter fed SRM during positive half
and negative half cycle of supply voltage (a) during positive half cycle (b)
during negative half cycle. (c, d, e) three different mode of operation (f)
associated waveform during interval I, 11 and I11.

Proposed modified bridgeless buck boost converter fed SRM drive.
Operation of the modified converter in DICM during (a, b, c, d, e) five
different modes of operation and associated waveform (f) during interval I, 11,
[, IV and V.

Proposed bridgeless dual output Cuk converter fed SRM drive.

Operation of proposed Cuk converter under positive and negative half cycle
of the supply voltage: (a) Mode I (positive half), (b) Mode Il (positive half),
(c) Mode 111 period of discontinuous inductor current (positive half), (d) Mode
| (negative half), (e) Mode Il (negative half), (f) Mode IIl period of
discontinuous inductor current (negative half).

Circuit voltage and current waveform during each switching period.
Proposed half bridge dual output converter fed SRM drive.

Operation of proposed converter during positive half: (a) Switch on period,
(b) Switch off period (c) DCM operation.

Operation of proposed converter during negative half: (a) Switch on period,
(b) Switch off period, (c) DCM operation and (d) Associated voltage and
current waveform during different modes of operation.

Proposed Cuk-SEPIC based dual output converter fed SRM drive.

(@), (b) Operation of proposed converter during both positive and negative
half of the supply voltage, SEPIC converter during: (c) switch on period, (d)
switch off period, () DCM operation and Cuk converter during: (g) switch
on period, (h) switch off period, (h) DCM operation.

Associated voltage and current waveform during different modes of
operation.

MATLAB/Simulink model of non-isolated dual output PFC converter fed
SRM drive.

Steady state performance of switch reluctance motor at rated speed.
Performance of proposed converter at rated DC link voltage as 300 V and
supply voltage as 220 V.

Demonstrating zoomed view of Fig. 9.17 during positive and negative half of
the supply voltage to show circuit components operating under CCM and
DCM.

(a) Peak voltage and current stress across semiconductor device and (b)
zoomed view demonstrating voltage and current during each switch on and
switch off period.
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Dynamics behavior of SRM drive (a) during starting and (b) during supply
voltage fluctuation.

Dynamics behavior of SRM drive during (a) DC link voltage change from
240 V to 300 V and (b) DC link voltage change from 300 V to 240 V.
Harmonics spectra of supply current at (a) ac input as 220 V and DC link
voltage as 300 V, (b) ac input as 220 V and at DC link voltage as 100V.
Motor performance at rated speed of 1500 rpm with DC link at 300 V and
supply voltage at 220 V.

Demonstrating performance of proposed converter with different circuit
component operating in CCM and DCM as per the selected design.

(@) During Mode | and Mode Il the diode current, inductor current, switch
voltage and switch current, (b) During Mode 1l and Mode IV the diode
current, inductor current, switch voltage and switch current.

(a,b) Switching stress with peak switch current and voltage as 35 A and 620
V.

(@) Motor starting dynamics with reduced phase current and (b) dynamics
during supply voltage fluctuations.

Dynamic performance of proposed drive during change in DC link voltage
from (a) 240 V to 300 V DC and (b) 300 V to 240 V DC.

Harmonics spectra of supply current at (a) ac input as 220 V and DC link
voltage as 300 V, (b) ac input as 220 V and at DC link voltage as 100V.
Steady state performance of proposed PFC converter fed SRM drive at rated
speed operation.

Test results as V4c=300V showing: (a) motor current, (b) converter producing
two equal output voltages (c) wave shaping and unity PF operation at V4.=300
V, and (d) wave shaping and unity PF operation at V4.=100 V.

Performance of proposed converter with different circuit component
operating in CCM and DCM as per the selected design.

Zoomed view of Fig. 9.33 demonstrating CCM and DCM operation of
different circuit components during (a) positive half cycle of the supply
voltage and (b) during negative half cycle of the supply voltage.

(a) Peak voltage and current stress across two switches and (b) zoomed view
of figure (a) demonstrating peak voltage and current during each switching
period.

Test results showing: (a) Vs, iLit, Vc1 and iLe1 during positive half cycle, (b)
enlarge view showing vs, iLi1, Vc1 and iio1, (C) Vs, iLi2, Vc2 and iLo2 during
negative half cycle, (d) enlarge view showing vs, iLi2, Vc2 and iLo2, (€) current
through all the four inductors showing input inductors in CCM mode and
output inductor in DCM mode, (f), (g) enlarge showing discontinuous
inductor current through Lo1and Lo2 and (h), (i) peak voltage and current stress
through switch swi and swo.

Dynamic performance of proposed drive during (a) starting and (b) supply
voltage fluctuation from 220 V to 170 VV AC.

Dynamic performance of proposed drive during sudden change in DC link
voltage from (a) 180 V to 240 V DC and (b) 240 V to 180 V DC.

Test results showing change in Vqc from; (a) from 150 V to 230 V, (b) 250 V
to 170 V and (c) starting dynamic.

Harmonics spectra of supply current at (a) ac input as 220 V and DC link
voltage as 300 V, (b) ac input as 220 V and at DC link voltage as 100V.
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Power quality results with (a)-(c) Vac=220 V and Vpc=300, (d)-(f) Vac=270 V
and Vpc=300 V, (9)-(i) Vac=170 V and Vpc=300 V and (j)-(I) vac=220 V and
Vpc=100 V.

Steady state performance of proposed drive at rated DC link voltage as 300
V.

Obtained test results when converters is operated at rated conditions (a) Motor
current, (b) Converter producing two equal output voltages, (c) Obtained PFC
operation at rated DC link voltage as 300 V and (d) PFC operation at reduced
DC link voltage as 100 V.

Performance of proposed converter at rated DC link voltage as 300 V.
Zoomed view of Fig. 9.43 demonstrating circuit operation during (a) positive
and (b) negative half of the supply voltage.

(a) Peak voltage and current stress across two converter switches during rated
conditions and (b) zoomed view of Fig. (a) showing voltage and current
through converter switch during each switch on and switch off period.

Test results showing current and voltage waveform through circuit
components with enlarged: (a) VVoltage stress across two converter switches
during positive half cycle and negative half cycle, (b) Current through
inductor L;and L2 and diode Dy and D2 during switch on and off period, (c)
Switching stress across switch swi1 and (d) Switching stress across switch swe.
Dynamic performance of proposed drive during (a) starting and (b) supply
voltage fluctuation from 220 VV to 170 V AC.

Dynamic during change in DC link voltage from (a) 240 V to 180 V and (b)
180 V to 240 V.

Test results shows the drive performance during change in DC link voltage;
(@) 150 V to 230 V, (b) 250 V to 170 V and (c) Dynamic during starting.
Obtained input current THD with DC link voltage as (a) 300 V and (b) 100
V.

Test result of proposed SRM drive on the basis of power quality indices with:
(@)-(c) vac=220 V and Vpc=300 V, (d)-(f) vac=270 V and Vpc=300 V, (g)-(i)
Vac=170 V and Vpc=300 V and (k)-(I) vac=220 V and Vpc=100 V.

Steady state performance of proposed drive at rated DC link voltage as 300
V.

Obtained test results when converters is operated at rated conditions (a) motor
current, (b) converter producing two equal output voltages (c) Obtained PFC
operation at rated DC link voltage as 300 V, and (d) PFC operation at reduced
DC link voltage as 100 V.

Performance of proposed converter with different circuit component
operating in CCM and DCM as per the selected design.

Zoomed view of Fig. 9.53 demonstrating circuit operation during (a) positive
and (b) negative half of the supply voltage.

(a) Peak voltage and current stress across two converter switches during rated
conditions and (b) zoomed view of Fig. (a) showing voltage and current
through converter switch during each switch on and switch off period.

Test results showing current and voltage waveform through circuit
components with enlarged view in: (a) SEPIC converter, (b) CUK converter,
(c) Current through both the input and output inductors operating in CCM and
DCM, (d) current through all the four circuit inductors in high resolution
mode, (e) current through two D1 and D> during positive and negative half of
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Fig. 9.58
Fig. 9.59
Fig. 9.60
Fig. 9.61

Fig. 9.62

Fig. 9.63

the supply voltage and (f), (g) peak voltage and current stress through two
switches of the converter.

Dynamic performance of proposed drive during (a) starting and (b) supply
voltage fluctuation from 220 VV to 170 VV AC.

Dynamic during change in DC link voltage from (a) 260 V to 200 V and (b)
200 V to 260 V.

Test results shows the drive performance during change in DC link voltage
from; (a) 150 V to 230 V, (b) 250 V to 170 V and (c) dynamic during starting.
Obtained input current THD with DC link voltage as (a) 300 V and (b) 100
V.

Test result of proposed SRM drive on the basis of power quality indice s with
(8)-(c) Vac=220 V, Vpc=300 V and Pout (output power)=401W, (d)-(f) vac=270
V, Vbc=300 V and Poyt (output power)=402W, (9)-(i) vVac=170 V, Vpc=300 V
and Pout (output power)=400W and (j)-(l) vac=220 V, Vbc=100 V and Pout
(output power)=126W.

(@), (b) Power quality analyser results showing input voltage and current at
rated condition and listed harmonics up-to 50th with percent of fundamental.
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