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Abstract:

This thesis deals with the topic active single phase
power factor correction circuits to be used in various
applications. The boost-type power factor correction
topology was simulated using Matlab/Simulink with
a simplified dynamic model of the current stage.
Power factor is the ratio of real power (kilo Watt)
which is actually consumed by the equipment, to
apparent power (kilo Volt Ampere) which is what
must be supplied by the network. Power Factor is a
measure of how effectively your system uses its
electricity supply. A system with poor power factor
draws more apparent power than real power. A low
power factor is classed as less than 0.9. Certain loads
such as inductive loads and capacitive loads reduce
the value of this factor.

The efficiency of (Alternating Current-Direct
Current) and Direct Current-Direct Current) power
converters that are used in many applications like
Interruptible Power Supplies (UPS), inverter
depends on power factor. Rectifiers used for
(Alternating Current-Direct Current) conversion
have high harmonic content, low power factor, low
efficiency and large size of inductors and filters.
Performance and efficiency of converters is
increased by high power factor and low line current
distortion. This requirement is usually satisfied by
incorporating some form of PFC circuits to shape the
input phase currents.

In this thesis the conventional AC-DC converter is
derived by MOSFET firing angle scheme to control
the output voltage and current for capacitive load.
These converters have a poor power factor. To
increase the power factor PFC converters have been
developed by using PWM techniques to achieve a

THD of around 94 %. This simulation was
implemented in the MATLAB Simulink
environment and satisfactory results were obtained.

1. Introduction

There are inherent mechanisms in diode rectification
systems which cause these systems to produce
severe distortion of the input current and,
consequently, a poor power factor (PF). These
problems arise because the rectifier diodes are
backward biased for a large amount of the line
voltage period. This leads to the fact that the current
is only drawn when the instantaneous input voltage
surpasses that of the output capacitor. Thus, the
current will be a “pulse” which is centered around
the peak value of the input voltage, this current pulse
will act to charge the capacitors. Moreover, the
output voltage is directly proportional to the input
peak voltage and as such disturbances in the input
voltage will be reflected in the output voltage.

Problems with diode rectification may be alleviated
by using an active Power Factor Correction (PFC)
circuit after the diode rectification bridge - typically
a boost converter is used. There is also a possibility
to introduce the PFC directly into the rectification
bridge. This circuit is controlled so that the inductor
current follows a sinusoidal reference to produce an
input current which is in phase with the input
voltage; thus, emulating the subsequent circuitry as
a resistor to the power source. Another great benefit
of this set-up is that the output voltage of the rectifier
is being controlled independently of line voltage.
Previously, PFC-circuits have been incorporated in
Switch Mode Power Supplies (SMPS) - e.g.
computer power supplies - and these are operated at
public grid frequency of 50/60 Hz. These systems
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have been implemented with varying sophistication
depending on cost and application. Cheap consumer
electronics may have better displacement power
factor but with a relatively high distortion of input
current; however, some sensitive electronics may be
more sophisticated to reduce harmonics to a very
low level (THD < 5%). Research has been done on
these kinds of PFC-circuits, and a lot of the
applications are designed for 50-60Hz, relatively
low power (<1kW) and they are mainly controlled
by analog Integrated Circuits (IC). There are
standards regulating equipment connected to the
grid; for example, IEC61000-3-2 for Europe and
IEC555-2/Energy Star Program for USA. According
to Nilsson! the driving force of these regulations are
that the power companies strive to reduce the
amount of reactive power into consumer appliances
since this is not paid for by the consumers, whom
only pay for active power consumed.

The AC/DC power supplies of aircrafts may be fed
with a voltage of variable frequency (360- 800Hz),
commonly called “wild frequency”, which is the
cause of the generator being coupled directly to the
engine. There are restrictions regarding harmonics
in airborne systems. Therefore, it is of great
importance to control these to make sure they stay
well in range of what might be allowed. This is to
make sure sensitive equipment is not affected by the
current-harmonics. According to Nilsson the
AC/DC power supplies of modern airborne
applications  functions with a multi-phase
transformer which outputs 21 phases from 3 phases
to a 42-pulse rectifier. These systems produce very
low THD and work very well. However, active
Power Factor Correction in a three-phase setting is
believed, apart from the obvious reason to reduce
THD and PF, to be able to reduce size and weight of
the AC/DC converter since no bulky passive
components are used in these kinds of systems.

2. Literature review

Cao et al., 2021 [1] illustrated that an active-clamp
resonant power factor correction converter with
output ripple suppression is proposed and analysed.
It combines a buck power factor correction (PFC)
unit and a resonant dc-dc unit by sharing one active
switch. With another active-clamp switch, a
recycling path is built to recover the leakage
inductance energy of transformer, which improves

the efficiency and the voltage stress of active switch.
Therefore, power factor correction can be achieved
with inductor current of buck unit operating in
discontinuous conduction mode (DCM).

Jing, 2020 [2] discussed that the switched reluctance
motor (SRM) suffers the main drawback of torque
ripples, and a buck converter-fed SRM motor drive
has been proposed to suppress torque ripples and
correct a power factor in this paper. An experimental
SRM motor drive is formed, and the experimental
results show that the proposed drive possesses an
improved function with suppression of torque
ripples and power factor correction.

Ye and Gooi, 2020 [3] investigates the ability of
correcting the power factor at the point of common
coupling (PCC) of the source side using dynamic
voltage restorer (DVR). By applying the phase angle
control (PAC) method, the DVR compensating
voltage will be injected with a specific phase angle
and magnitude in series with the transmission line,
which leads to a power factor angle shift of the
resultant load voltage.

Coman et al., 2020 [4] discussed that the equipment
connected to the three-phase or single-phase grid,
the power factor represents an efficiency measure
for the usage of electrical energy. The power factor
improvement through correction methods reduces
the load on the transformers and power conductors,
leading to a reduction of losses in the mains power
supply and a sustainable grid system. The
implications at the financial level are also important.
Given the power factor correction (PFC), the costs
are reduced through the elimination of penalties,
applying only in the common coupling point (CCP).

Tiwari et al., 2019 [5] discussed that SiC-based
diodes and MOSFETSs switch extremely quickly with
low conduction losses. Thus, from the perspective of
efficiency, such devices are ideal for a continuous
conduction mode (CCM) boost power factor
correction (PFC) converter. The control strategy
uses an outer Proportional Integral (PI) controller to
normalize output voltage and inner PI controller to
shape the input current. P1 controller parameters are
determined using Tyreus- Luben method.
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3. Single Phase Power Factor
Correction Topologies

While not technically being a “topology” there is
still a way of improving the power factor of the
diode bridge rectifier using passive components on
the input, namely inductors and capacitors. The
addition of a inductor on the ac-side helps to increase
the power factor by making the current waveform
better; however, the resulting power factor is not
perfect. By only providing passive PF-correction the
output voltage remains uncontrolled and dependent
on the input voltage. To make the output voltage
controllable there are some different topologies that
can be used depending on the need of either
increasing or lowering the output voltage.

The buck-converter topology in Figure 3.2 works in
a way that it decreases the output voltage compared
to the input voltage. Due to the criteria of having an
input voltage greater than the output voltage to work
properly this makes the buck-topology a bad choice
for a pre-regulator because of the inability to work
in the skirts of the half input sine wave having Vin
less than Vou. On the other hand having a buck
converter connected after for example a boost pre-
regulator makes it a great choice for lowering the
“constant” DC voltage or providing a current
limiting feature.
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Figure 3.2 Buck PFC topology

Compared to the buck-converter, the boost converter
in Figure 4 boosts the output voltage compared to
the input voltage. The Boost-PFC topology is the
most used and preferred topology in PFC-circuits
and one of the reasons to this is the ability to control

the input current. Criteria’s for making a boost-
converter work in a convenient way is that the output
voltage is higher than the input voltage. If the circuit
is constructed in such a way that the output voltage
exceeds the maximum peak of the input voltage it
will be able to work in the full range from zero to
max peak value. Due to the ability to work at high
power levels and the possibility to use current mode
control to program the input current half sine wave
it makes the boost topology a popular choice. If the
converter works in Continuous Conduction Mode
(CCM) the inductor- and input current will always
be continuous, helping to reduce input current
harmonics. If there is a need to have lower voltage
levels it is often popular to have a buck converter
connected in series with the boost to make this
transformation instead of having a buck right from
the start. One drawback with the boost topology is
that it does not have a switch in series between the
input and output, therefore it is unable to limit the
input current. This means overload and/or startup
currents cannot be controlled. Also, if the input
voltage surpasses that of the output voltage the
converter is unable to control the current as the diode
will be forward biased and the current will flow
continuously.
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Figure 3.3 Boost PFC circuit

When it comes to the feature to both be able to have
the possibility to create a higher and a lower output
voltage compared to the input voltage there are some
different converters that can be used. This can come
in handy when there is a special need for the circuit
to be able to do both conversions without using two
different converters connected in series. Two
common converters are the Buck/Boost-converter
and the Flyback-converter. The mentioned features
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make these topologies viable choices compared to
only a Buck or Boost. The basic concept of the two
is the same but they are constructed in two different
ways that will be described further down. Examples
of simple schematics that are most common for the
converters are shown in figures 3.4 and 3.5 below.

Several different approaches are possible when
constructing Buck/Boost and Flyback- converters.
In the Buck/Boost case there are versions where two
switches are used instead of the conventional single-
switch topology, there are also some topologies
involving magnetic isolation i.e. there is a galvanic
isolation between the input and output sides. Also,
Flyback- converters have the advantage of having
low cost and galvanic isolation of the voltage. It is
also able to both regulate the output voltage both up
and down as mentioned making it a competitively
choice when choosing converter topologies for
power electronics. Working under optimal
conditions Flyback-converters have high efficiency,
and that is in power levels <500W. For applications
using higher power levels it is required to parallel
devices. To achieve this there is also a need to have
control algorithms able to perform these tasks, to do
this a DSP is optimal to drive the circuit.
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Figure 3.4 Flyback PFC converter Figure 3.5 Buck/Boost P

The Buck-, Buck/Boost- and Flyback-topologies
have discontinuous input current due to the fact that
there are switches in series with the line for these
topologies. However, the input current of Boost-
topology can have an input current in both CCM and
DCM. The ability to operate in CCM makes the
Boost-topology the most viable option of the
mentioned topologies for high performance power
factor correction circuits.

4. Introduction to PSO

PSO calculation depends on swarm intelligence (SI).
The strategy got inspiration by noticing the social
collaboration, practices of creatures seen among
birds, fishes and so on. PSO follows the technique
that is found in fishes, where they discover food by
contending and the coordinating among themselves.
The multitude has people which are considered
particles in which every molecule addresses
different conceivable arrangement of the boundaries
that are obscure which ought to get improved. A
'swarm' is normally instated by a populace of
arbitrary arrangements. In this framework, particles
fly’s around in a multi-dimensional hunt space. It
continues changing its situation as for its own insight
and furthermore by thinking about the experience of
its adjoining molecule.

The objective of every molecule is to look through
an answer effectively to accomplish this. The
particles swarm among themselves and moves to the
best capacity which is called fitting capacity. At that
point it unites to a solitary min or max arrangement.
A capacity is now characterized and that capacity is
utilized to examine the presentation of that
molecule. The precision of the regulator that is tuned
relies upon model's exactness. So, the framework
model is significant. The lone target of this work is
to utilize the proposed PSO to accomplish the ideal
boundary estimations of a PID regulator that is
utilized in a two-tank process. Here we instate a
framework with a populace that has arbitrary
arrangements. They are called particles.
Furthermore, an arbitrary speed is allocated to every
one of them. PSO relies upon the data that get traded
between swarms (particles). Each multitude adjusts
its way to its best wellness work that has been
accomplished till that second. This worth is alluded
RS pbest. In addition, swarms change its way
likewise by considering the best past position that
was accomplished by its adjoining part. It is alluded
as gbest. In the inquiry space the particles move with
a speed which is versatile in nature.

A capacity is utilized to break down the presentation
of multitude; with the goal that we can discover
whether it has achieved the best arrangement. This
capacity is called wellness work. As the amassing
happens, every molecule attempts to accomplish its
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best capacity and by the end, particles show a
deteriorating pattern. Through this cycle every
molecule gets upgraded. Think about D as the
component of search space.

Initial population of the particle
with random velocity and position

Y

Initialize the dimensoin of particles as (Kp
and Ki

b
-

Y

Evaluate the fitness function (ISE) for each
particle

\ 4

Compare each particles fitness function evelution with the
current particle to obtain Pbest

A A

Compare the fitness function evolution with the population over
all the previous best to obtain ghest

Y

Calculate the velocity and current paosition
of each particle

NO

Termination

Fig. 2 PSO flow chart

A basic PSO has two phases, exploration and
exploitation. In the exploration phase, particles
search the most promising regions and in the
exploitation phase particle moves towards the best
position. PSO finds the global best (gbest) value of
particles by changing their position with respect to
best position of particles. Local best value (pbest) of
each particle communicates their information to the
rest of the particles through their neighbors.
Therefore, the overall best position of particles
attracts the other particles gradually according to the
updated velocity of each particle which is depending
on gbest and pbest values. The efficiency of the

algorithm depends on the strategy used to select
parameters for the next iteration. The basic PSO
algorithm requires three steps, namely, generation of
particles, positions and velocities, second, update
velocity and third, position update. PSO is initialized
with the group of random particle positions (x) and
velocities (vi¥) between upper and lower bound of
design variable values as expressed in following
equations

xik = Xmin + rand(N, d)-* (xmax - xmin) (31)
And

vll( = VUpin + rand(N, d).* (Vnax — Vi)~ (3.2)

Where, N: number of population.

d: number of parameters to optimize.

k: current iteration count.

Xmin and Xmax: mMinimum and maximum value of
particles in search space.

Vmin and Vmax: Minimum and maximum value of the
position of particles to move in search space.

The second step is to update velocities of all particle
positions for next (k+1) iteration using the particles
fitness values which is function of particle positions.
These fitness function value determines which
particle has a global best (gbesty) value in the current
swarm (iteration) and also determine the best
position (pbest’) of each particle.

After finding the two best values, the particles
update its velocity and positions of each (i") particle
using following equation:

v = wol + ¢y (pbestf — xf) +
¢,y (gbest* — xf) 3)

Where, r1 and r; are the two distinct random values
between 0 and 1. c1and c; are acceleration constant
which are set at 2. These constants help to move
particles towards the best possible value (gbest*) and
‘W’ is the inertia weight used to balance between
previous and current best value. Inertia weight
change in succeeding iteration as :

Wmax=Wmin) _ .
W =W, ———F—F =% [ter 4
max itermax “)

Where, itermax is the maximum number of
iterations. Wmax and Wmin, the upper and lower limit of
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inertia weights which are 0.9 and 0.4 respectively.
Now positions of particles are updated using
following equation:

X = xf 4ol ©)
5.RESLT AND DISCUSSION

The following block diagram illustrate the basic
model proposed in this project for achieving power
factor as high as possible

Rectifier DC load

Controller

Fig. 5.1 lllustrate block diagram for the model

Figure 5.2 Represents MATLAB model for PFC
circuit

The voltage source supplies the load with AC
voltage. The rectifier is connected in series with the
DC load which is represented by a resistance. The
rectifier converts the AC voltage into DC voltage.
The rectifier consists of controlled MOSFET which
are switched ON by a pulse and turned-OFF by
natural commutation. The pulse generator provides
a pulse signal to turn the MOSFET ON after certain
time from the beginning of each half cycle
(Firing)and turned-off naturally at end of the half
cycle. Controlling the firing angle causes the
fundamental component of the current to lags the
voltage. The source sees two phase shifts in two
different directions (leading and lagging) so the
correction (as seen from the source side) is obtained
from the effect of the current flowing in the rectifier

branch (corrected current) on the total current
supplied from the source. The firing angle control in
the rectifier affects the source current waveform
leading to a higher power factor.

Fig 5.3 Line current across load
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Fig 5.3 Inductor current across load

Fig 5.4 Output voltage across load
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Fig 5.5 THD of model designed

Change in firing angle changes the power factor.
when firing angle increases the phase difference
between fundamental voltage and current increases
and the power factor continue to increase until a
certain point where the current is small compared to
the total current so the effect of the correction
current will be small making the AC effect more
obvious to the source.

5. CONCLUSION

The basic purpose of a Power Factor Correction
circuit is to make the line current follow the
waveform of the line voltage so that the input to the
power supply becomes purely resistive and hence
to improve the power factor. Having a poor power
factor makes the circuit operate in an inefficient
manner leading to energy losses and possible
damage to equipment.

The AC load alone has a bad power factor, and
when the DC load is used the circuit obtained high
values of power factor due to the effect of the DC
load. Change in firing angle changes the power
factor when firing angle increases the phase
difference between fundamental voltage and
current lead to variably lagging phase shifts in the
fundamental component of the current waveform.
So, there is inverse relation between firing angle
and power factor of converters.

The power factor of the DC load circuit is high but
the circuit still manages toimprove it further proving
its effectiveness and the effectiveness of this
methodology. PWM  based power factor
measurement and correction unit can improve the
power factor close to unity in an automatic way and
can remove the capacitor banks when the power

factor is leading. The system gives reliable and
economic solution for industries and multi-storied
building applications.

References

[1] Liu Mingji, Cai Zhonggin, ChengXiming, and
Ouyang Minggao, “Adaptive position servo
control of permanent magnet synchronous
motor,” American Control Conference, 2004.
Proceedings of the 2004 Volume 1, 30 June-2
July 2004, Page(s):84 - 89 vol.1.

[2] J. F. Gieras and M. Wing, Permanent Magnet
Motor Technology (Design and Application).
Marcel. Dekker, Inc, second edition, revised and
expanded ed., 2002.

[3] P.Pillay and R. Krisnan, “Modeling, simulation,
and analysis of permanent magnet motor drives,”
IEEE Trans. on Industry Application, vol. |A-25,
pp. 265-279, March/April 1989.

[4] T.-S. Low, M. A. Jabbar, and M. A. Rahman,
“Permanent-magnet motors for  brushless
operation,” IEEE Transactions on Industry
Applications, vol. 26, pp. 124-129, Jan/Feb
1990.

[5] G.R. Slemon, “Electrical machines for variable-
frequency drives,” Proceedings of The IEEE,
vol. 82, pp. 1123-1139, August 1994.

[6] T. M. Jahns, “Interior permanent-magnet
synchronous motors for adjustable speed
drives,” IEEE Transactions on Industry
Application, vol. 1A-22, pp. 738-746,
July/August 1986.

[7]1 T.J. E. Miller, Brushless permanent-magnet and
reluctance motor drive. Oxford, London:
Claredon Press, 1989.

[8] B. Stumberger, A. Hamler, M. Trlep, and M.
Jesenik, “Analysis of interior permanent magnet
synchronous motor designed for flux weakening
operation,” IEEE Tranaction on Magnetics, vol.
37, pp. 3644-3647, September 2001.

[91 R.F. Schiferl and T. A. Lipo, “Power capability
of salient pole permanent magnet synchronous
motors in variable speed drive applications,”
IEEE Transactions on Industry Applications,
vol. 26, pp. 115-123, January/February 1990.

[10] Xiao Xi, Li Yongdong, and Li Min,
“Performance control of PMSM drives using a
self-tuning PID,” Electric Machines and Drives,
2005 IEEE International Conference on 15-18
May 2005, Page(s):1053 — 1057.

©iJournals Publications 2022 | 48




iJournals: International Journal of Software & Hardware Research in Engineering (IJSHRE)

ISSN-2347-4890
Volume 10 Issue 12 December 2022

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

R.C Eberhart and J. Kennedy, “A new optimizer
using particle swarm theory,” Proceedings of the
6™ International Symposium on Micro-machine
and Human Science, Nagoya, Japan, 1995,
pp.39-43.

J. Kennedy and R.C. Eberhart, “particle swarm
optimization,” Proceedings of IEEE
International Conference on Neural Networks,
Piscataway, New Jersey, USA, 1995, pp. 1942-
1948.

P. Pillay, R. Krishnan: “Modeling, Simulation,
and Analysis of Permanent-Magnet Motor
Drives, Parl I: The permanent-Magnet
Synchronous Motor Drive”, IEEE Trans. Ind.
App., vol. 25, No. 2, pp.265-273, 1989.

B. K. Bose, Power electronics and AC drives.
New York: MacGraw-Hill, 1986.

G. R. Slemon, “On the design of high-
performance surface-mounted pm motors,”
IEEE Transaction on Industry Application, vol.
30, pp. 134-140, January 1994.

G. R. Slemon and X. Liu, “Modelling and design
optimization of permanent magnet motors,”
Electric Machines and Power Systems, vol. 20,
pp. 71-92, 1992.

B. P. Panigrahi and K. C. Patra, “Design of a
permanent magnet synchronous motor,” Electric
Machine and Power System, vol. 27, pp. 771-
779, 1999.

W. L. Soong, D. A. Staton, and T. J. E. Miller,
“Design of a new axiallylaminated interior
permanent magnet motor,” IEEE Transaction on
Industry Application, vol. 31, pp. 358-367,
Mar/Apr 1995.

D. M. lonel, J. F. Eastham, and T. Betzer,
“Finite element analysis of a novel brushless dc
motor with flux barriers,” IEEE Transacion of
Magnetics, vol. 31, pp. 3749-3751, November
1995.

O. A. Mohammed and G. F. Uler, “A hybrid
technique for the optimal design of
electromagnetic devices using direct search and
genetic algorithms,” ITEEE Transaction on
Magnetics, vol. 33, pp. 1892-1895, May 1997.
N. Bianchi, S. Bolognani, and B. J. Chalmers,
“Salient-rotor pm synchronous motors for an
extended flux-weakening operation range,”
IEEE Transaction on Industry Application, vol.
36, pp. 1118-1125, July/August 2000.

A. Gottvald, K. Preis, C. Magele, O. Biro, and A.
Savini, “Global optimization methods for

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

computational electromagnetic,” IEEE
Transaction on Magnetics, vol. 28, pp. 1537-
1540, Mar 1992.

N. Bianchi and S. Bolognani, “Brushless dc
motor design: an optimization procedure using
genetic algorithms,” in Proceedings of IEE
Electrical machines and drives conference,
(Cambridge, UK), pp. 16-20, IEE, September
1997.

G. F. Uler, O. A. Mohammed, and C.-S. Koh,
“Utilizing genetic algorithms for the optimal
design of electromagnetic devices,” IEEE
Transaction on Magnetics, vol. 30, pp. 4296—
4298, November 1994.

N. Bianchi and S. Bolonani, ‘“Design
optimization of electric motors by genetic
algorithms,” IEE Proceeding on Electric and
Power Application, vol. 145, pp. 475-483,
September 1998.

T. Renyuan and Y. Shiyou, “Combined strategy
of improved simulated annealing and genetic
algorithm for inverse problem,” in 10th
Conference on the  Computation of
Electromagnetic ~ Fields COMPUMAG’95,
(Berlin, Germany), pp. 196197, 1995.

T. Higuchi, J. Oyama, and E. Yamada,
“Optimization procedure of pm
synchronous motors,” IEEE Transaction on
Magnetics, vol. 33, pp. 1943-1946, March 1997.
C. Schatzer and A. Binder, “Design
optimization of a high-speed permanent magnet
machine with the vekopt algorithms,” Industry
Application Conference, IEEE, vol. 1, pp. 439—
444, 2000.

J. K. Lahteenmaki, “Optimization of high-speed
motors using a genetic algorithm,” International
Conference on Electric Machines and Drives,
IEE, vol. 1, pp. 26-30, September 1997.

R. Rong and D. A. Lowther, “Applying response
surface methodology in the design and
optimization of electromagnetic devices,” IEEE
Transaction on Magnetics, vol. 33, pp. 1916-
1919, March 1997.

F. Gillon and P. Brochet, “Screening and
response surface method applied to the
numerical optimization of electromagnetic
devices,” IEEE Transaction on Magnetics, vol.
36, pp. 1163-1167, July 2000.

G. X. Ke, T. S. Low, L. Z. Jie, and C. S. Xin,
“Robust design for torque optimization using
response  surface  methodology,” IEEE

surface

©iJournals Publications 2022 | 49




iJournals: International Journal of Software & Hardware Research in Engineering (IJSHRE)

ISSN-2347-4890
Volume 10 Issue 12 December 2022

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

Transaction on Magnetics, vol. 38, pp. 1141-
1144, March 2002.

Y. Fujishima, S. Wakao, A. Yamashita, and T.
Katsuta, “Design optimization of a permanent
magnet synchronous motor by the response
surface methodology,” Journal of Applied
Physics, vol. 91, pp. 8305-8307, May 2002.

B. K. Bose, “A high-performance inverter-fed
drive system of an interior pm synchronous
machine,” IEEE Transaction on Industry
Application, vol. 24, pp. 987-997, Nov/Dec
1988.

A. B. Kulkarni and M. Ehsani, “A novel position
sensor elimination technique for the interior pm
synchronous motor drive,” IEEE IAS Annual
Meeting Record, pp. 773-779, 1989.

G. R. Slemon, “Operating limits of inverter-
driven permanent magnet motor drives,” IEEE
Transaction on Industry Applications, vol. 1A-
23, pp. 327—- 32, March/April 1987.

M. N. Uddin, T. S. Radwan, G. H. George, and
M. A. Rahman, “Performance of current
controllers for vsi-fed ipmsm drives,” IEEE
Transaction on Industry Applications, vol. 36,
pp. 1531-1538, November/December 2000.

S. Morimoto, Y. Takeda, and T. Hirasa, “Current
phase control methods for permanent magnet
synchronous motors,” IEEE Trans. Power
Electronics, vol. 5, pp. 133-139, Apr. 1990.

S. Morimoto, M. Sanada, and Y. Takeda, “Wide-
speed operation of interior permanent magnet
synchronous motors with high-performance
current regulator,” IEEE Trans. Ind. Applicat.,
vol. 30, pp. 920-926, July/Aug 1994.

J. M. Kim and S. K. Sul, “Speed control of
interior permanent magnet synchronous motor
drive for the flux weakening operation,” IEEE
Transaction on Industry Applications, vol. 33,
pp. 43-48, January/February 1997.

B. J. Chalmers, “Influence of saturation in
brushless permanent-magnet motor drives,” IEE
Proc., vol. 139, pp. 51-52, Jan 1992.

B. J. Chalmers, R. Akmese, and L. Musada,
“Validation of procedure for prediction of field-
weakening performance  of  brushless
synchronous machines,” Proc. ICEM 1998,
Istanbul, Turkey, vol. 1, pp. 320-323, 1998.

E. C. Lovelance, T. M. Jahns, and J. H. Lang,
“Impact of saturation and inverter cost on
interior pm synchronous machine drive

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

optimization,” IEEE Trans. Ind. Applicat., vol.
36, pp. 723-729, MAY/JUNE 2000.

A. Verl and M. Bodson, “Torque maximization
for permanent magnet synchronous motors,”
IEEE Trans. Contr. Syst. Technol., vol. 6, pp.
740-745, Nov. 1998.

E. Cerruo, A. Consoli, A. Raciti, and A. Testa,
“Adaptive fuzzy control of high-performance
motion systems,” IEEE Proceeding of Industrial
Electronics Conf. (IECON), pp. 88-94, 1992.

Z. Q. Zhu, Y. S. Chen, and D. Howe, “Online
optimal flux-weakening control of permanent-
magnet brushless ac drives,” IEEE Trans. on Ind.
Applicat, vol. 36, pp. 1661-1668, Nov/Dec
2000.

J.-J. Chen and K.-P. Chin, “Minimum copper
loss flux-weakening control of surface mounted
permanent magnet synchronous motors,” IEEE
Transactions on Power Electronics, vol. 18, pp.
929-936, July 2003.

L. Zhong, M. F. Rahman, W. Y. Hu, and K. W.
Lim, “Analysis of direct torque control in
permanent magnet synchronous motor drives,”
IEEE Transaction on Power Electronics, vol. 12,
pp. 528-536, May 1997.

M. F. Rahman, L. Zhong, and K. W. Lim, “A
direct torque-controlled interior permanent
magnet synchronous motor drive incorporating
field weakening,” IEEE Transaction on Industry
Application, vol. 34, pp. 1246-1253, November/
December 1998.

J. Faiz and S. H. Mohseni-Zonoozi, “A novel
technique for estimation and control of stator
flux of a salient-pole pmsm in dtc method based
on mtpf,” IEEE Transaction on Industrial
Electronics, vol. 50, pp. 262-271, April 2003

P. Vas, Sensor less Vector and Direct Torque
Control. Oxford University Press, 1998.

C. Martins, X. Roboam, T. A. Meynard, and A.
S. Caryalho, “Switching frequency imposition
and ripple reduction in dtc drives by using a
multilevel converter,” IEEE Transaction on
Power Electronics, vol. 17, March 2002.

C. Lascu, I. Boldea, and F. Blaabjerg, “A
modified direct torque control for induction
motor sensor less drive,” IEEE Transaction on
Industry Application, vol. 36, pp. 122-130,
Jan/Feb 2000.

Ker-Wei, Yu and Shang-Chang, Hu “An
application of AC servo motor by using particle
swarm optimization based sliding mode

©iJournals Publications 2022 | 50




iJournals: International Journal of Software & Hardware Research in Engineering (IJSHRE)
ISSN-2347-4890
Volume 10 Issue 12 December 2022

[55]

controller,” IEEE Conference on Systems, Man,
and Cybernetics, pp. 4146-4150, October 8-11,
2006.

L. Gao, H. Gao, and C. Zhou, “Particle swarm
optimization-based algorithm for machining
parameter optimization,” In Proceedings of the
5th World Congress on Intelligent Control and
Automation, pp. 867-2871, June 15-19, 2004.

©iJournals Publications 2022 | 51




