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Abstract

Among several electrical motors, brushless DC motor
is privileged in many medium and low power appliances.
BLDC Motor is suitable for many applications because of
its, ruggedness, high torque/inertia ratio, high efficiency
and low electro-magnetic interference (EMI) problems. A
three-leg voltage source inverter is used for the electronic
commutation of BLDCM based on the rotor position sens-
ing with Hall-effect position sensors. Therefore, inherent
problems with brushes and mechanical commutator assem-
bly such as wear and tear, sparking and EMI are eliminated.
This paper deals with a highly reliable electrical drive uti-
lizing the Brushless DC Motor. The motor is fed by Voltage
source Inverter (VSI) with a dc-dc converter power factor
correction circuit (PFC) as the VSIs predecessor. The Per-
formance of dc-dc converters is analyzed and the results are
discussed to arrive at the best suited converter. PID Logic
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Controller is used as the Intelligent Controller for the BLDC
motor. Reliable, low cost arrangement is thus provided to
achieve unity power factor and speed regulation with accu-
racy.

Keywords: PMBL DC motor, power factor, Landsman
converter.

1 Introduction

The single phase induction motor used in air conditioners for driv-
ing compressor and fan is now replaced by permanent magnet brush-
less DC motor for its low power consumption. BLDCMs are fed
from a single-phase AC mains through a diode bridge rectifier (DBR)
and a smoothening DC link capacitor[1]-[13]. This results in a
pulsed current from AC mains having various power quality (PQ)
disturbances such as poor power factor (PF), increased total har-
monic distortion (THD) harmonics which reduces the power quality
and causes unwanted electromagnetic interference. In this paper
LANDSMAN converter topology is used to provide a positive out-
put from an input voltage[14]-[18]. The LANDSMAN converter
consists of inductors and a series capacitor, sometimes called a fly-
ing capacitor. Unlike the SEPIC converter, which is configured
with standard boost converter, the LANDSMAN converter is con-
figured from a buck converter[19]-[23]. The LANDSMAN converter
is another option for regulating an unregulated input-power supply,
like a low-cost wall wart. Landsman converter-based Power Factor
Rectifier as shown in figure1 is designed to operate in Discontious
conduction mode for natural PF regulation at AC mains[24]. The
current in input inductor (Li) becomes discontinuous during switch-
ing period (Ts) in DICM operation. Three operating stages of a
PFR Landsman converter are discussed in this section.
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Fig.1 Landsman converter
MODES OF OPERATION

Fig. 2 Modes of operation in mode-1

In Fig 2, when switch (Sw) is on, an energy from the supply and
stored energy in the intermediate capacitor (C1) are transferred to
input inductor (Li). The output inductor (Lo) starts discharging
and the voltage of intermediate capacitor (vC1) starts reducing
while DC-link voltage (Vdc) starts increasing. The value of inter-
mediate capacitor is large enough to store required energy such that
the voltage across the capacitor does not become discontinuous.

Fig.3 Modes of operation in mode-2

In Fig 3, switch is turned-off. An intermediate capacitor (C1)
and DC-link side inductor (Lo) are charging through the supply
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current while output inductor (Li) starts discharging. Hence, vC1
starts increasing in this mode. Moreover, the voltage across the DC
capacitor (Vdc) decreases.

Fig.4 .Modes of operation in mode-4

Fig.4 .shows the DCM for converter operation as the input in-
ductor (Li) is discharged completely and current iLi becomes zero.
The current of DC bus side inductor (iLo) starts increasing and
the voltage of intermediary capacitor (vC1) continues to decrease
in this mode.

2 Simulation

The system shown in fig 5 is used to implement the power factor
correction in BLDC motor using Landsman converter. The AC
source will be rectified by bridge rectifier and filtered by LC fil-
ter. The landsman converter converts the voltage level. The six
pulse inverter converts the DC voltage to AC voltage. The PI con-
troller controls the output voltage of the converter according to the
speed.For the 180o mode VSI, each MOSFET conducts for 180o of
a cycle. Like a 180o mode, 120o mode inverter also requires six
steps, each of 60o duration, for completing one cycle of the out-
put ac voltage. Where, S1 to S6 are the MOSFETs and the three
phase load is assumed to be star connected. The MOSFETs are
numbered in the sequence in which they are triggered to obtain
voltages vab,vbc,vcaat the output terminals a, b and c of the in-
verter. The power circuit diagram of this inverter is shown in the
Fig.6
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Fig.5 Power factor correction using Landsman converter

Fig.6 Three-Phase Voltage Source Inverter.

It means that S1 conducts for 180o of a cycle. MOSFETs in
the upper group, i.e. S1, S3, S5 conduct at an interval of 120o. It
implies that if S1 is fired at 0othen S3 must be fired at 120o and S5
at 240o. Same is true for lower group of MOSFETs. Thus as seen
from the Fig.3.2 only three MOSFETs are conducting one from
upper group and two from lower group or two from upper group
and one from lower group. The switching sequence for the six step
voltage source inverter is :561 (V1) 612 (V2) 123 (V3) 234 (V4)
345 (V5) 456 (V6) 561 (V1),Where, 561 means that S5, S6 and S1
are switched on similarly the other sequences. The phase voltages
have six steps per cycle and line voltages have one positive pulse
and one negative pulse (each of 120o duration) per cycle. The phase
as well as line voltages are out of phase by 120o so, the function
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of the diodes is to allow the flow of currents through them when
the load is reactive in nature. In fig 7 and 8, the waveforms for
input voltage , current and output voltage are given. The phase
difference between voltage and current is observed from the fig.9.

Fig.7 Input voltage and current

Fig.8 converter output voltage

Fig .9 shows the power factor of this system.

Figure 10 shows the BLDC motor. It is a permanent magnet
24V BLDC motor. The specification of this motor is given below
Landsman converter is shown in fig.11.

Specification:
Power : 200 W
Voltage : 24 V
Speed : 1500 rpm
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Fig.10. BLDC motor

Fig.11. Landsman converter

Fig.12. Hardware Implementation

Fig. 13 shows the waveform for Input voltage and current. The
yellow line indicates the voltage and blue line indicate current.
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Fig.14 Input Voltage and current

Fig.15 Output Voltage

The converter output voltage is shown in fig.18 whose value is
found to be 12v

3 CONCLUSION

The power factor correction has been successfully implemented us-
ing the Landsman Converter. It shows a much improved result as
it not only provides better power quality, but also the converter re-
moves or smooth out the dc output from ripples. The PID controller
widely increases application range of the motor by increasing the
reliability. The motor is presently used in areas such as aerospace,
aircraft and mining applications because of its enhanced reliabil-
ity. This is further enhanced by the usage of PFC converters. It
is found that the Landsman Converter is found to provide better
power quality.
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