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The performance of a power factor correction (PFC) converter fed voltage source inverter (VSI) supplying
permanent magnet brushless dc (PMBLDC) motor drive is analyzed for the variable speed operation of an a
conditioner (air-con). A single-phase diode bridge rectifier together with a boost converter is considered as a PFC
converter, which improves the quality of the current drawn from the ac mains. This converter is capable of supplyir
a constant dc link voltage to VSI fed PMBLDC motor, even when the voltage of the ac mains fluctuates. The clos
loop control of PFC converter and VSI fed PMBLDC motor provides a better control and facilitates energy
conservation in ac distribution system, PMBLDC motor and the compressor of an air conditioner. The propose
system is modeled and its simulated performance is presented and discussed.
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NOTATION invertef ™. The operation of this system therefore, needs to be

e, : the back emf of phase x investigated with a view to examine the improvements it brings about
both in terms of operating power factor and the resulting reduction in

J . inertia of motor and load combination :
) . harmonic currents.
L . self-inductance/phase
. ; In this paper, an attempt has been made to analyze the perform-
M : mutual inductance -
. ance of PFC converter fed VSI - PMBLDC motor driving an
P . number of poles . . . o
R ) ist f mot indina/oh air-con to demonstrate its effectiveness in bringing about energy
: resistance of motor winding/phase conservation and improved power quality of ac mains in terms of
T  the load torque ~ improved power factor or reduced harmonic currents.
Vyen . the phase to neutral voltage of phase is
the current in phase winding x SYSTEM CONFIGURATIONS AND PRINCIPLE OF
X :a, b and c are the three phase of th@PERATION
PMBLDC motor Figure 1 shows the schematic diagram of the proposed system
oy : rotor speed, rad/sec wherein a PFC converter fed VSI PMBLDC motor drive is used
0 © rotor position for the air conditioning system. An uncontrolled diode rectifier

with a boost converter (PFC converter) is used to convert the
INTRODUCTION single phase ac voltage into a constant dc link voltage, which is
The air conditioning load is one of the major constituents of the electée] to the current controlled voltage source inverter (CC-VSI)
energy consumptionin urban areas. The typical air conditioning systeapplying a PMBLDC motor. This converter draws unity power
normally employs a single-phase induction motor with an ON/OFfctor current from the ac mains; eliminates harmonic currents

control. The efficiency of this system is low due to frequent starts gihd regulates the dc link voltage even under fluctuating voltage
the motor as well as the operation of the induction motor fromegnditions of ac mains.

constant frequency source. It may however be appreciated that frequent

starts not only subject the motor and compressor to periodic mechanié PFC converter is controlled using a proportional-integral (PI)
stresses, but also produce noise. The use of a variable speed motor@fivoller to regulate its output dc link voltage. The output of the PI
for an air-con increases the operating efficiency due to the absenceostroller is passed through a limiter to produce peak amplitude of
periodic starting losses’. Using a PMBLDC motor, which has ainductor reference curreﬂﬂ). This amplitude is then multiplied by
higher efficiency than the single-phase induction motor, can furthgfectified unit sinusoidal template (obtained from ac mains voltage)
enhance the efficiency of an air conditioning system. Numerous , . - . . . .
attempts have been made in the past of impart variable speed ché ag-e five the regtlfled smuso@al referen'ce |r?ductor cu(rEﬁ]tA
teristics to otherwise constant speed motors. Most of them use T¥M controller is used to derive the gating signal of a MOSFET of
rectifier and inverter combination to feed the motor, which pollutes tH¢ PFC converter. In response to the gating signal to the MOSFET,
source by injecting harmonics into it. To improve the quality of the & PFC converter regulates the dc link voltage even under nonlinear
input power, a closed loop controlled single-phase boost convel@gd of a VSI fed PMBLDC motor and in face of fluctuations in supply

(PFC converter) with one switch is used to feed the dc link of tMaltage. It also ensures that the converter draws unity power factor
sinusoidal current from the ac mains.
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Figure 3 Simulated performance of PFC converter fed PMBLDC motor for air-con
& = Kpfc(8) & (20

where

f2(8), fp (8) andf; (8) are functions of rotor position with a

Te =k Ta®ia + o (®)ip + fc (O ic (21)
The set of first order nonlinear differential equations given by
g ) i : i equations 6, 7, 14, 15, 16 along with other essential expressions
maximum of plus or minus 1 are identical to induced emf iy, as rotor position information) form the model of the system.
trapezoidal shapeky, is back emf coefficient. These first order non-linear differential equations are solved using
Substituting equations (18) - (20) into equation (17), the torqtfee fourth order Rung-Kutta method of numerical integration for
expression becomes : the dependent variablgsVyg, iy, iy, i, 0, and6. The parameters
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of the PFC converter and PMBLDC motor used for simulatig
are given in the Appendix.

RESULTS AND DISCUSSION
Performance During Starting

Figure 3 shows the variation of single-phase ac supply voltage
(vg), current(ig), inductor curreni;), dc link voltaggVyo) and its

>

reference valu(a\/dcIj = 400 V), dc link currentiy), motor speed

(w) and reference speédr), developed torquge), load torque
(T2) and motor winding currents, iy, andi with time.

It can be seen from this figure that the input current remains
sinusoidal and is found to be in time phase with the input voltage,
thereby demonstrating the fact that the supply current during
starting is distortion free and the operating power factor is clase
to unity.

During starting of the motor the supply current is found to
increase with the speed because the power demand of the system
is proportional to the speed (the load torque being constant). Once
the motor attains the steady speed, the supply current also|de-
creases due to absence of accelerating torque.

Performance during Speed Change

Initially the reference speed is set at 50 rad/sec, itis then increalg,_eo A@ | dits h . tor PFC fed
to 100 rad/sec at t = 0.3 s. The Pl speed controller immediatel§"™ @) Vrgif’é&“g[egéagotﬁf ata {;?;’Q'ﬁ)zﬁe;,ﬁﬁ‘?o ?;ds,sece
comes into action and increases the winding currents and the

developed torque to its maximum value. The supply current

increases and consequently a momentary dip in the dc link voltage

is observed. At the same time PFC controller becomes active and

restores the dc link voltage to its original value. When the motor

attains a new reference speed, the developed torque becomes

equal to the load torque and both winding and supply currents agre

reduced to their respective steady state values. The dc link voltage

overshoots marginally and recovers back quickly.

Power Quality at ac Mains

The input current of the PFC converter is nearly sinusoidal and
in time phase with the supply voltage. This is compared with the
input current, when dc link voltage is obtained with diode bridge
rectifier and LC filter (with same value of inductance and capaci-
tance as used in PFC converter). The comparison is carried out in
terms of total harmonic distortion (THD), input current (rms
displacement factor (DF), power factor (PF) and crest factor (CF).
The results are given in the Table 1. It is seen from this table that
there is marked reduction in input current, THD, CF and increase
in PF (which becomes nearly unity) with PFC converter at the
input end as compared to the corresponding values without PFC
converter.

The harmonic spectrum of the supply current with and without

PFC converter is shown in Figures 4(a) and 4(b) respectivelfj,gure 4(b) Input current its harmonic spectrum for rectifier fed
From these Figures it is evident that the harmonic contents in the VSI-PMBLDC motor at rated load and 50 rads/sec .
supply current is drastically reduced (THD = 2.07%) with PF&!e of smooth starting at full load and the speed of the drive can

converter at the input end, compared to a diode bridge rectifegg controlled over a wide range to provide precise control of the
(THD = 115%). air conditioning system. The converter at the input end improves
CONCLUSIONS the quality of the power drawn from the ac mains in terms of

Based on this study it has been observed that the proposed Friyoved power factor (which is close to unity) and reduced
converter fed variable speed VSI-PMBLDC motor drive is cap&rarmonic currents and regulates dc link voltage even with a highly
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Table 1 Power quality of ac mains

Input End Converter Speed (%) THD of ac Input Current Displacement Power Factor Crest Factor
rad/s Current (rms), A Factor (DF) (PF) (CF)
100 1.88 4.613 0.9998 0.9996 1.47
PFC Convertor 50 2.07 2.520 0.9998 0.9996 1.58
Diode Bridge Rectifier 50 115 3.970 0.9720 0.6380 2.72
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