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ABSTRACT: Brushless dc motors have been widely used in industrial automation and consumer appliances because
of their higher efficiency and power density. BLDC motor has permanent magnets in rotor assembly to generate steady
state magnetic field, due to this it is advantageous compared to induction motors. This paper presents a power factor
correction (PFC) based bridgeless-canonical switching cell (BL-CSC) converter fed brushless DC (BLDC) motor drive.
The proposed BL-CSC converter operating in a discontinuous inductor current mode is used to achieve a unity power
factor at the AC mains using a single voltage sensor. The speed of BLDC motor is controlled by varying the DC bus
voltage of the voltage source inverter (VSI) feeding four switch BLDC motor via a PFC converter. It is an adequate try
on reducing the cost. Therefore, the BLDC motor is electronically commutated such that the VSI operates in
fundamental frequency switching for reduced switching losses. Moreover, the bridgeless configuration of CSC
converter offers low conduction losses due to partial elimination of diode bridge rectifier at the front end. The proposed
configuration shows a considerable increase in efficiency as compared to the conventional scheme. The performance of
the proposed drive is validated through experimental results obtained on a developed prototype.
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I.LINTRODUCTION

BLDC motor is a synchronous motor with permanent magnets in rotor having electronic commutation. It takes dc
supply which is converted to ac by the electronic commutator and the three phase supply is fed to the motor. The
BLDC motor employs six switches for the commutation. It is mainly used for the application with variable speed.This
has gained a lot of importance as it has tremendous advantages such as the absence of sparking, noise, Electro
Magnetic Interference and has low maintenance due to the absent of brushes. The current trend of employing BLDC
motor includes only four switches reducing the switching losses. The speed can be controlled to the expected range or
value. This is achieved by either employing sensors or sensorless control to commute the switches. The sensors
employed here could be a hall effect element or a optical sensor which proceeds the electronic commutation based on
the rotor position. The sensorless control will sense the phase voltages and currents and determines the position of the
rotor.

At the front end, the Diode Bridge Rectifier converts ac to dc. But the DBR induces harmonics in the supply. Hence the
Power Factor Correction converters are employed to improve the power quality in AC mains.The PFC converters could
be with or without isolation. The PFC consists of less number of components and hence it has reduced switching losses.
The continuous mode of conduction offers low stress on the converter but requires three sensors. A single sensor is
required in case of discontinuous mode of conduction but it allows high stress on the PFC converter.

Conventional Boost PFC converter employs constant DC link voltage and pulse width modulation(PWM) based control
of VSI for speed control of BLDC motor. Due to higher switching frequency of PWM pulses, the switching losses will
be high in switches of VSI. The buck chopper as a front-end converter feeding a BLDC motor drive also has high
switching losses due to the high switching frequency. A bridgeless buck and boost converter has a limited voltage
conversion ratio i.e. less than 1 for buck and more than 1 for boost. Hence it cannot be employed for a wide range of
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voltage control. The BL-CSC converters consist of bridge as shown in fig. 1 but the bridgeless PFC converters offer
low conduction losses at the front end. Conventional Buck-Boost PFC converter makes use of three switches increasing
the switching losses. Bridgeless Buck-Boost PFC converter employs two switch reducing the switching losses
compared to the conventional Buck-Boost PFC converter. The higher order PFC Bridgeless CUK, SEPIC, ZETA are
been widely used. But when compared to CSC Converter they have more number of components. CSC converter has an
excellent performance as a power factor pre-regulator for a low power application.
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Fig. 1 CSC converter

The proposed BL-CSC converter based VSI fed four switch BLDC motor drive is as depicted in the fig. 2. The diode
bridge rectifier is eliminated hence named bridgeless which reduces the conduction losses associated with it. The BL-
CSC is designed in such a way that it operates in discontinuous inductor current mode. V¢; and V¢, remainscontinuous
during the switching period. BL-CSC converter provides variable DC link voltage for controlling the speed of the
BLDC motor. The BLDC motor is electronically commutated for reduced switching losses in VSI. The CSC converter
in the figure a. consists of the diode bridge rectifier. Hence the number of components used in the BL-CSC converter is
less and has low losses when compared to BUCK-BOOST, CUK, SEPIC, ZETA converters.
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Fig. 2 Proposed BL-CSC converter

The comparison between different converters with number of devices and the devices in ON state during half period
conduction is shown in table 1. It indicates that the proposed BL-CSC converter is having less number of switches
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turned on during the half period conduction irrespective of the range of voltages which is not possible in Buck or Boost
converter. Hence the stress on the switches and hence switching losses will be reduced.

Configuration No. of Devices Half pgriod
Sw | D| L | C| Total | conduction
BL-Buck[20] 2 41212 10 5
BL-Boost[21] 2 21111 6 4
BL-Boost[22] 2 21112 7 7
BL-Buck-Boost[23] | 3 41113 11 8
BL-Buck-Boost[24] | 2 41211 9 5
BL-Cuk-T-1[25] 2 313]|3 11 7
BL-Cuk-T-2[25] 2 213|4 11 11
BL-Cuk-T-3[25,26] 2 414]3 13 7
BL-Cuk[27] 2 313]|2 10 8
BL-SEPIC[28] 2 3113 9 7
BL-SEPIC[29] 2 3122 9 7
BL-ZETA[30] 2 4141]3 13 7
Proposed BL-CSC 2 4123 11 6

Table 1Switches conducting during half period conduction for
different configuration

The four switch BLDC motor is as shown in the fig. 3. The sequence of the energisation of the phase with the
conducting devices is shown in the table2.
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Fig. 3 Four switch BLDC motor

The sequence of the energisationof the phase with the conducting devices is shown in the table2. The main advantage
of the four switch BLDC motor is that the switching losses associated with the switch gets reduced as the number of
switches are reduced.
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Mode Hall Working phase | Conducting devices
values
Mode 1 101 +a, -b S1.S4
Mode 2 100 +a, -C S
Mode 3 110 +b, -C Ss
Mode 4 010 +b, -a S2, S5
Mode 5 011 +C, -a S,
Mode 6 011 +C, -b S,

Table2 Sequence of switches to be turned on

The proposed BL-CSC converter fed four switch BLDC motor drive is depicted in the fig. 4. The capacitors C; and C,4
are made equal in order to balance the currents in the phases of the BLDC motor.
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Fig. 4 Proposed BL-CSC converter fed BLDC motor drive
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I1. SIMULATION AND RESULTS

The MATLAB Simulation is done considering the bridge rectifier converter with the Power Factor Correction at the
supply as shown in fig. 5.
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Fig. 5 Simulation of bridge rectifier as converter

The Fig. a shows the input and output voltages and currents when bridge rectifier is employed where the input voltage
and currents are not in phase but close to unity.

Fig. a Input and output voltages and currents

Fig. b is the FFT Analysis of the input current. The power quality is poor at the input supply.

Selected signal: 3 cycles. FFT window (in red): 1 cycles
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Fig. bHarmonics in the input current with FFT Analysis
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Now let us consider the BL-CSC converter as shown in the fig. 5 for which the comparison is made with the simulation
results.

B =

fj.lgj

Fig. 5 BL-CSC converter

The Fig. ¢ shows the input voltage and current waveform of the proposed converter. It can be observed from
the waveform that the voltage and current is almost in phase and also has better power factor when
compared to the bridge rectifier.

Fig. ¢ Input voltage and current

The output dc voltage of the proposed converter is shown in the fig. d.
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Fig. d Output dc voltage

Fig e is the FFT analysis of the BL-CSC converter where it can be seen that except fundamental harmonics, all others
are less than 3.5 reducing the harmonics which inturn improves the power quality of the system.

Selected signal: 30 cycles. FFT window (in red): 2 cycles
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Fig. e Harmonics in the input current
11l. CONCLUSION

The bridge rectifier rectifies the ac signal but also induces harmonics in the supply. This is a matter of concern as it
affects the power quality. Nowadays there are lot of inventions made to improve the power quality. The Power Factor
Correction employed with BL-CSC converter gives a power factor almost to unity and the harmonics at the inputcan
also be reduced as shown in simulation result fig. bwhen compared to the bridge rectifier used as a converter shown in
fig. e. Also among the higher order converters it is found to be beneficiary as less number of devices will be on during
the complete cycle of conduction as discussed in table 1. Hence it also reduces the switching losses associated with it.
The four switch BLDC motor has reduced number of switches for commutation. Therefore power quality can be
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improved by employing the BL-CSC converter. This has a lot of scope in the power electronics in renewable energy
sources.
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