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Abstract

This paper reports the converter topologies which are employed for better Power Factor Correc-
tion at the input side. The Power Factor Correction is an important factor when considering the
Power Quality. Based on the converter topologies, the Bridgeless converters are preferred in or-
der to reduce the number of switching devices, losses associated with it and improve the Power
Quality further more. This paper investigates about the Power Factor performances and conduc-
tion losses of the Bridgeless Power Factor Corrector Converters which see through the benefits
and limitations by analyzing the Bridgeless Buck-Boost Converter, Bridgeless SEPIC converter and
Bridgeless CUK converter. The resultant voltage is fed to the BLDC motor which is rapidly replac-
ing the Induction motor for its better operating characteristics. These strategies are being ana-
lyzed using the MATLAB/Simulink software and the results are verified through the experimental
analysis. The converter choice is preferred through the performance characteristics and Power
Factor Correction at the supply. The Power Factor obtained should be within the acceptable limits
under IEC 61000-3-2 standards.
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1. Introduction

There are two factors that provide the quantitative measure for the quality of power supply in an electrical net-
work. They are the Power Factor and Total Harmonic Distortion (THD). The Power Factor (PF) of the system
predominantly decides the amount of useful power to be consumed by an electric network [1]. The reward of
Power Factor Correction includes less energy and distortion losses, reduced losses in the system at the time of
distribution, improved voltage regulation and can supply the power demand. This paper deals with the Power
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Factor Correction thereby improving the Power Quality at ac mains. The input bridge rectifier in the conven-
tional Power Factor Corrector converters reduces the efficiency of the converter. In order to reduce the losses
associated with the rectifier, the rapidly developing power electronic strategies are employed [2] [3]. Some of
the limitations are Stresses across the switch, since a single switch for both the period of conduction, conduction
losses, etc. The Bridgeless Buck-Boost converter has two semiconductor switches for both the current direction.
Each switch is turned on for the each half cycle. The first switch conducts for the positive half cycle whose
PWM signals for both the switches are same [4]-[7]. This converter has better performance than the other two
PFC converters. Thereby the efficiency is also increased which results in the unity power factor at the supply
which is under the Power Quality standards. The output voltage from the inverter is fed to the BLDC motor,
which has obtained its place for its noiseless operation, less maintenance and greater flux density. The motor is
electronically commutated using the power electronic switches [8] [9]. Based on the drawbacks of the conven-
tional converters the Bridgeless converters are proposed to overcome all these criteria. This paper investigates
the Bridgeless Cuk, Bridgeless SEPIC, Bridgeless Buck-Boost converters. These converters individually per-
form well with improved power factor but have some merits and demerits when comparing each other conver-
ters [10]-[12]. The conduction losses and the thermal stress across the switch get reduced and thereby increase
the efficiency of the converter. It requires a additional gate drive transformer, similarly the capacitance and in-
ductance are also needed for further reduction in the stress across the switch. This is the drawback in this con-
verter topology. The Bridgeless Cuk converter as stated above has the same advantages and further adds the zero
current turn on and zero current turn off. This reduces the difficulty of the controller. The only drawback in PFC
Cuk converter is floating switch and step up voltage more than 2. Hence achieving the Unity Power Factor
through this converter is little difficult. The AC-DC Bridgeless SEPIC converter is employed with two switches
which replaces the diodes in the input bridge rectifier. The absence of Diode Bridge Rectifier and each diode for
each current flow path reduces the conduction losses and improves the efficiency of the converter. The Hall
sensors are employed in order to locate the position of the rotor. The current to the motor is fed to the controller.
The PIC controller is used for its good performance [13] [14].

2. CUK Converter Fed BLDC Motor

Figure 1 shows the block diagram of CUK converter fed BLDC motor. The proposed PFC CUK converter
based VSI fed BLDC motor has been designed and simulated in MATLAB/Simulink. This method of speed (N)
control utilize the controlling the DC link voltage. The CUK converter produces less ripple current with less
number of switching devices.

The estimated performance has been achieved for wider ranges of speed control and variation of supply vol-
tage. The obtained Power Factor 0.85 and the current THD 3.09% are within the acceptable Power Quality lim-
its of IEC 61000-3-2 is shown in Table 1. Still the stress across the switch can be further reduced and the per-
formance can be improved.

3. Bridgeless Buck-Boost Converter Fed BLDC Motor
The Bridgeless Buck-Boost Converter fed BLDC motor is simulated in MATLAB/Simulink. The THD of supply
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Figure 1. Block diagram of CUK converter fed BLDC motor.
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current at ac mains with output power for the proposed scheme of the Bridgeless (BL) buck-boost converter fed
BLDC motor drive is achieved within the IEC 61000-3-2 limits. The assessment is based on the control re-
quirement and losses in the PFC converter and VSI-fed BLDC motor is shown in Figure 2.

The speed (N) remains constant even with the change in voltage. The attained current Total Harmonic Distor-
tion (T.H.D) is 2.89% is shown in Table 2. The simulation results the Power Factor (PF) in 0.95 which is closer
to the Unity Power factor, doesn’t cause Power Quality issues at ac mains.

4. Bridgeless SEPIC Converter Fed BLDC Motor

The Bridgeless SEPIC converter fed BLDC motor is simulated in MATLAB/Simulink. The THD of source cur-
rent at ac mains with output power for the proposed scheme of the BL SEPIC Ripple Free converter fed BLDC
motor drive is obtained within the IEC 61000-3-2 limits. The assessment is based on the control requirement and
losses in the PFC converter and VSI-fed BLDC motor is shown in Figure 3. The speed remains constant even
with the change in voltage. The attained current Total Harmonic Distortion (T.H.D) is 1.94% is shown in Table
3. The simulation gives the Power Factor in 0.99 which is closer to the Unity Power factor, doesn’t cause Power
Quality issues at ac mains.

5. Block Diagram
Figure 4 shows the block diagram of proposed system. The speed of BLDC motor is directly relative to the DC

Table 1. Performance of PFC cuk converter-fed BLDC Motor drive under speed control.

S. No Ve N (RPM) THD of I, (%) I (%) PF Load (NM)
1 50 600 3.62 14 0.73 5
2 100 980 345 14 0.87 4
3 150 1200 3.23 14 0.92 3
4 200 2900 3.19 14 0.95 2
5 250 3700 3.09 14 0.95 1
Table 2. Performance of PFC BL buck-boost converter fed BLDC motor drive under speed control.
S. No Vi N (RPM) THD of Ii, (%) Lin (%) Power Factor(PF) Load (NM)
1 50 680 3.37 14 0.88 5
2 100 1020 3.03 14 0.92 4
3 150 1480 3.14 14 0.93 3
4 200 3040 3.07 14 0.95 2
5 250 3900 2.89 14 0.95 1
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Figure 2. Block diagram of buck-boost converter fed BLDC motor.
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Figure 3. Block Diagram of proposed Bridgeless SEPIC converter fed BLDC motor.
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Figure 4. Block diagram of proposed system.

Table 3. Performance of PFC BL SEPIC converter-fed BLDC motor drive under speed control.

S. No

Ve N (RPM) THD of I, (%) In (%) PF Load (NM)

1

O L S

50
100
150
200
250

720
1200
1850
3200
3990

3.37
3.03
2.71
2.44
1.94

12
12
12
12
12

0.97 5
0.98 4
0.98 3
0.99 2
0.99 1

link voltage. Pulse period is directly proportional to the rate of the POT input. When the rate of input is low,
pulse will be thin and the converter output voltage is small. When the value of input is high, pulse will be thick
and the converter output voltage is high. When the DC link voltage of the converter is varied the speed of the
motor is varied without human intervention with high power factor. The motor utilizes the given DC power re-
sourcefully. The controller generates 8 PWM pulses for the VSI and the converter.

PWM control fine-tunes the duty ratio of the BLDC motor. The average DC value of the signal can be varied by
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changing the duty cycle. The PWM pulse is used to activate the MOSFET switches of the voltage source inverter
(VSI). The Hall Sensor is used to discover the rotor position of the motor. Based on this the VSI switches will be
given with PWM pulses. For every position of the rotor, different MOSFET switches are given with PWM pulse.
Speed of the motor is presented on the LCD, which is varied based on the POT voltage is shown in Figure 4.

6. Simulation Results and Discussion

The performances of the system with various Supply voltages (shown in Figure 5) are tabulated in Table 2. The
operation of the system with various speeds is listed in Table 3. During simulating the proposed system, the
Speed variation is smooth and required speed is obtained and maintained as shown in Figure 6. Figure 7 shows
the DC link voltage is varied continuously according to the required speed. The variation of speed and harmonic
spectra is shown in Figure 7 and Figure 8. The Bridgeless SEPIC converter has a switch for both the positive
and negative half cycle.

7. Hardware Implementation of Bridgeless SEPIC Converter Fed BLDC Motor

The proposed system has Bridgeless SEPIC converter for the ripple free input current. The output of the conver-
ter is given to the Voltage Source Inverter. The VSI has six MOSFET switches for its operation. The output of
the VSI is fed to the BLDC motor. The rotor position of the BLDC motor is measured by the Hall Effect Sensors.
Based on the Hall Sensor signal the PWM pulse is produced by the PIC microcontroller. The speed of the motor
is varied by the POT and it is displayed in the LCD Display. The DSO is used to capture the results experimen-
tally and verify it with the simulation result. The DSO is used to obtain the waveform a result at the various
place of the experimental setup is shown in Figure 9. The resultant waveforms are compared with the
MATLAB/Simulink results. The motor specifications are shown in Table 4. The stress in the switch is little high
when comparing the gate pulses, PWM pulses other converters comparisons and hardware result which is shown
in Figures 10-14.
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Figure 5. Source voltage and current.
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8. Conclusion

This investigation describes the significant difference between the PFC converters and their operating strategies.
The converter features like conduction losses, stress across the semiconductor switches, Power Factor and Total
Harmonic Distortion are checked using the MATLAB/Simulink platform and verified experimentally. The per-
formance and efficiency of the three ac-dc converter vary according to the design. On simulating the circuit, the
Buck-Boost converter reduces the stress across the switches but in order to reduce the stresses, the capacitance
and inductance must be added which makes the circuit complex. The Cuk converter has the advantage of zero
current turn on and zero current turn off. But the drawback is the floating switch and the step up voltage

Table 4. Motor Specifications.

S. No Parameters Specification
1 Rated current 35A
2 Rated torque 0.588 Nm.
3 Rated speed 4000 rpm.
4 Number of pole-pairs 6
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Figure 8. Harmonic spectra.

Figure 9. Gate pulses to the different switches.
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Figure 11. Output from the DC link voltage (Vdc).
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Figure 12. Comparison chart of different converters PF vs output voltage.
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Figure 13. Comparison chart of different converters speed vs output voltage.

Figure 14. Hardware setup of proposed system.

rises to 2. While comparing these PFC converters, the Bridgeless SEPIC converter reduces the conduction losses,
improves the Power Factor and the Harmonic Distortion are within the IEC 61000 3-2 limits. These features are
verified experimentally and the Bridgeless SEPIC converter is economical on investigating the other ac-dc con-
verters.
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