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ABSTRACT:

The variable-speed ac motor drive  systems  used in home 
electrical appliances are required to have power factor 
correction circuits. The primary goal is to achieve the 
reduction of harmonic  contamination in the source side 
and the improvement of  transmission  efficiency.  A  new  
power  factor  correction  method  using  an  inverter-driv-
en  interior  permanent  magnet  motor  is proposed here. 
The proposed system realizes the high power factor of a 
single-phase diode rectifier by using a three-phase pulse 
width  modulation  inverter  and  an  IPM  motor.  The  
inverter  has  two functions.  It  regulates the  velocity  of 
the  IPM  motor  and  it controls  the  source-side-current  
waveform  by  regulating  d q  axis  current  synchronous  
with  input  voltage.  High  power-factor operation is ob-
tained at the source side by regulating the inverter output 
power for the single-phase to three-phase converter with 
the reduction of size, weight and power loss of the circuit. 
Thus, an improved power factor can be achieved by the 
proposed control method higher than that of the conven-
tional control methods.

KEYWORDS:

Interior permanent magnet synchronous motor drive, in-
verter, power factor correction.

I.INTRODUCTION:

Variable speed drive  is a  type of adjustable speed drive  
used  in  electro-mechanical drive systems to control ac 
motor speed and torque  by  varying  motor  input  fre-
quency  and  voltage.  Variable  speed  ac  motor  systems  
have  been  applied  to  home  electrical appliances, from 
the viewpoint of alleviating global environmental prob-
lems. 

In a residential air-conditioner application, controlling the 
compressor with a variable-speed motor drive would al-
low overall system optimization that could significantly 
reduce energy consumption. In order to  further conserve 
energy and resources, power converters equipped with 
rectifiers are required to achieve high efficiencies and high 
power factors; they are also required to be small-sized and 
have low production costs. On the other hand, the demand 
for improving the power quality of the ac sources has be-
come a great concern because of the rapidly increasing 
usage of these electrical appliances.In recent  years, the 
variable  speed  ac motor  drive systems used in  home  
electrical appliances are required to  have  power factor 
correction circuits. Their primary goal is to achieve the 
reduction of harmonic contamination in the source side 
and the improvement of transmission efficiency. The pur-
pose of it is to minimize the unwanted effects introduced 
by electronic equipments in the power system and utiliz-
ing the usable power in the mains. 
 
A  report  in,  proposes  an  inverter  drive  system  for  
an  interior  permanent  magnet  synchronous  motor and  
an  inverter  control strategy to obtain unity power factor 
operation of the  single phase diode rectifier. The unity 
power factor operation is achieved by dither effect. The 
additional current controller based on direct torque con-
trol improves its input current waveform. For the  digital 
implementation of Direct Torque Control (DTC), very 
short sampling intervals are necessary which results in 
high computational burden for the controller. Hence, a 
control strategy for drives in home appliances with small 
energy storage in dc-link based on field oriented control 
with a constant switching frequency can be used. This 
tends to reduce the size, weight and cost of the drive sys-
tem. This paper proposes a new variable-speed motor 
drive system containing a three-phase interior permanent 
magnet motor.
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Recently, the Interior Permanent Magnet Synchronous 
Machine (IPMSM) is getting more popular in applications 
like traction and machine spindle drives, air condition-
ing compressors, electrical vehicles, integrated starters/
alternators. The reason why the IPMSM is getting more 
attention is due to its  attractive characteristics like high 
efficiency, high power density, high torque/inertia ratio, 
wide speed operation range, and free from maintenance. 

The proposed system consists of a diode rectifier, a three-
phase inverter and a small film capacitor. The motor 
speed is  controlled  averagely because the three-phase 
output  power includes many ripple synchronous with the 
single-phase source voltage. The proposed control meth-
od is based on inverter output power for a q-axis current 
controller. Further, in order to improve its power factor, 
the inverter also regulates the d-axis current synchronous 
with the input voltage. The effectiveness of the proposed 
system is compared with open loop circuit without the im-
plementation of controllers of controllers of controllers.

II. PROPOSED POWERCONVERTER:

Fig. 1. Proposed power converter with small film ca-
pacitor.

Fig. 1 shows the proposed power converter which con-
sists of single phase diode rectifier, a small-film capacitor 
across the  dc-bus and a three phase voltage source invert-
er [6]. There are many ripples across the dc-bus voltage 
which minimizes the capacity of the capacitor. So a small 
thin film dc-link capacitor only is required in the proposed 
power converter. 

These ripples make the input voltage to be synchronous 
with the input current waveform and hence, the input 
power factor is improved in the proposed system. The film 
capacitor is used to absorb the dc-link current ripple due 
to the pulse width modulation switching of the inverter.

III.PRINCIPLE OF POWER FACTOR IM-
PROVEMENT

A conventional capacitor input type diode rectifier with the 
large electrolytic capacitor is used to maintain a constant 
dc-link voltage. Therefore, the diode conduction width is  
narrow and the input power factor  is low.  The power 
factor  of the proposed converter circuit is improved by 
generating voltage ripples at the dc link as shown in fig. 
2. The dc-link voltage Vdc generates ripples when a small 
film capacitor is used at  the dc link and the power factor  
is improved because of the broad diode conduction width. 
If the amplitude of Vdc is greater than the absolute value
Vin of the input voltage, the input current does not flow. 
The input current is controlled in the manner of a sine 
wave section of the diode conduction width θ, the angles 
to become iin = 0 are (π − θ)/2 and (π + θ)/2. Thus, the Vm 
is the voltage at these angles. When vin is a sinusoidal 
waveform, θ can be obtained by the following equation:

Fig.2. Relation between input current input voltage dc 
link voltage
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proposed system, the power factor is realized by the 
switching devices at the inverter. The diode rectifier  has  
nonlinear  characteristics.  Hence,  it  is  difficult  for  the  
inverter  to  regulate  the input  current  continually.  It  is  
also necessary for the inverter controller to regulate the 
motor current with twice the source frequency.

IV.INVERTER CONTROL METHOD FOR 
HIGH POWER FACTOR:
A. Relationship Of Input Current And Load 
Power:

The principle of the high power factor in circuits with a 
single-phase source is shown in figure 4. It is assumed 
that the instantaneous power  in  the  load  vibrates  with  
a  frequencies  twice that  of the power  supply  frequency, 
for  the  synchronization  with  the  input  voltage.

Fig 4. Principle of high power factor in single phase 
power source

B. Feed Back-Control Method For Inverter 
Output Power:

power and dc-link compensation power using the relation 
(11).

C. D-Axis Current Control Synchronous With 
Source Voltage:

A  higher power  factor  is obtained  when  Vm is  smaller  
and  the  ripple  band  of  the  dc-link  voltage  is  larger.  
The  dc-link  voltage increases because of the influence of 
the electromotive force when the motor speed increases.
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As a result, the input power factor decreases and the cur-
rent harmonic components increase. To solve this prob-
lem, the approximate value of the d-axis current is given  
by the  flux-weakening control method [4]. The well-
known d-axis current control law for the  flux weaken-
ing can be applied to the  proposed system. The inverter 
output power can be obtained from input power and dc-
link compensation power using the relation (11).A  higher 
power  factor  is obtained  when  Vm is  smaller  and  
the  ripple  band  of  the  dc-link  voltage  is  larger.  The  
dc-link  voltage increases because of the influence of the 
electromotive force when the motor speed increases. As 
a result, the input power factor  decreases and the current 
harmonic components increase. To solve this problem, 
the approximate value of the d-axis current is given by 
the  flux-weakening control method [4]. The well-known 
d-axis current control law for the flux weakening can be 
applied to the proposed system.  In order to control the d-
axis current for field- weakening, the d-axis current refer-
ence id* is calculated by the equation as follow

D. Control Block Diagram:

The fig. 5  shows the control block diagram of the pro-
posed system in closed loop with the implementation of 
PI  controllers. The  same motor and system specifications 
are used as that of the open loop. The speed reference is 
set to the rated speed (constant value), which is compared 
with the motor speed and the error value is given to the 
PI controller. This output is taken as the reference input 
power. The output of the speed PI controller corresponds 
to the peak value of the input power required by the sys-
tem. The d-axis and q-axis current is obtained by parks 
transformation from the detected phase currents and they 
are regulated by the PI controller. 

The regulation of the d-axis current further improves the 
power factor. The voltage references are obtained by the 
decoupling control of the outputs of PI controllers. In this, 
the dc-link voltage varies synchronously with the input 
power supply. Because of the dc-link ripple voltage, the 
outputs  of both d and q-axis currents in the PI control-
lers are saturated. As a result, the source current includes 
harmonic distortion. To improve the input current wave-
form, a PI control method that accounts for the voltage 
limitations of the inverter for the d and q-axis currents 
are done.

V.SIMULATION RESULTS:

The proposed MATLAB/Simulink items were developed 
for PMSM. Figs.  to  shows the differences between the 
simulation outputs of input voltage, input current, dc hy-
perlink voltage, inverter output power, speed ripple and 
motor phase current values for with and without repetitive 
controller.

Fig.  6 input voltage and input current without repeti-
tive controller.

 
Fig 6 show the input voltage and the input current of the 
conventional control method.  The inverter output power 
controller of the conventional  control method has only PI 
controller, and the d axis current reference is a constant 
value.

Fig.7  input voltage and input current with repetitive 
controller

 
Fig 7 show the input voltage and input current of the pro-
posed system. The inverter output power controller is the 
proposed repetitive control method, the d axis current 
reference is synchronous with the source voltage. from 
above two we can say that the source side current wave 
form contain more ripple content without repetitive con-
troller, on the other hand by using repetitive controller we 
get an less ripple input current wave from.
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proposed system, the power factor is realized by the 
switching devices at the inverter. The diode rectifier  has  
nonlinear  characteristics.  Hence,  it  is  difficult  for  the  
inverter  to  regulate  the input  current  continually.  It  is  
also necessary for the inverter controller to regulate the 
motor current with twice the source frequency.

IV.INVERTER CONTROL METHOD FOR 
HIGH POWER FACTOR:
A. Relationship Of Input Current And Load 
Power:

The principle of the high power factor in circuits with a 
single-phase source is shown in figure 4. It is assumed 
that the instantaneous power  in  the  load  vibrates  with  
a  frequencies  twice that  of the power  supply  frequency, 
for  the  synchronization  with  the  input  voltage.
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B. Feed Back-Control Method For Inverter 
Output Power:

power and dc-link compensation power using the relation 
(11).

C. D-Axis Current Control Synchronous With 
Source Voltage:

A  higher power  factor  is obtained  when  Vm is  smaller  
and  the  ripple  band  of  the  dc-link  voltage  is  larger.  
The  dc-link  voltage increases because of the influence of 
the electromotive force when the motor speed increases.
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As a result, the input power factor decreases and the cur-
rent harmonic components increase. To solve this prob-
lem, the approximate value of the d-axis current is given  
by the  flux-weakening control method [4]. The well-
known d-axis current control law for the  flux weaken-
ing can be applied to the  proposed system. The inverter 
output power can be obtained from input power and dc-
link compensation power using the relation (11).A  higher 
power  factor  is obtained  when  Vm is  smaller  and  
the  ripple  band  of  the  dc-link  voltage  is  larger.  The  
dc-link  voltage increases because of the influence of the 
electromotive force when the motor speed increases. As 
a result, the input power factor  decreases and the current 
harmonic components increase. To solve this problem, 
the approximate value of the d-axis current is given by 
the  flux-weakening control method [4]. The well-known 
d-axis current control law for the flux weakening can be 
applied to the proposed system.  In order to control the d-
axis current for field- weakening, the d-axis current refer-
ence id* is calculated by the equation as follow

D. Control Block Diagram:

The fig. 5  shows the control block diagram of the pro-
posed system in closed loop with the implementation of 
PI  controllers. The  same motor and system specifications 
are used as that of the open loop. The speed reference is 
set to the rated speed (constant value), which is compared 
with the motor speed and the error value is given to the 
PI controller. This output is taken as the reference input 
power. The output of the speed PI controller corresponds 
to the peak value of the input power required by the sys-
tem. The d-axis and q-axis current is obtained by parks 
transformation from the detected phase currents and they 
are regulated by the PI controller. 

The regulation of the d-axis current further improves the 
power factor. The voltage references are obtained by the 
decoupling control of the outputs of PI controllers. In this, 
the dc-link voltage varies synchronously with the input 
power supply. Because of the dc-link ripple voltage, the 
outputs  of both d and q-axis currents in the PI control-
lers are saturated. As a result, the source current includes 
harmonic distortion. To improve the input current wave-
form, a PI control method that accounts for the voltage 
limitations of the inverter for the d and q-axis currents 
are done.

V.SIMULATION RESULTS:

The proposed MATLAB/Simulink items were developed 
for PMSM. Figs.  to  shows the differences between the 
simulation outputs of input voltage, input current, dc hy-
perlink voltage, inverter output power, speed ripple and 
motor phase current values for with and without repetitive 
controller.

Fig.  6 input voltage and input current without repeti-
tive controller.

 
Fig 6 show the input voltage and the input current of the 
conventional control method.  The inverter output power 
controller of the conventional  control method has only PI 
controller, and the d axis current reference is a constant 
value.

Fig.7  input voltage and input current with repetitive 
controller

 
Fig 7 show the input voltage and input current of the pro-
posed system. The inverter output power controller is the 
proposed repetitive control method, the d axis current 
reference is synchronous with the source voltage. from 
above two we can say that the source side current wave 
form contain more ripple content without repetitive con-
troller, on the other hand by using repetitive controller we 
get an less ripple input current wave from.
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Fig.8 dc link voltage waveform without repetitive con-
troller

Fig.9 dc link voltage waveform with repetitive 
controller

Fig  8 and Fig 9 shows the difference between the dc link 
voltage of the system with and without repetitive control-
ler under 2000r/min and 2.0N-m. from the above wave 
form we can justify that the ripples are more in the system 
when we are not using the repetitive controller.

Fig. 10 output current wave forms without repetitive 
controller

Fig.11  output current wave forms with repetitive 
controller

Fig 10 and Fig 11 shows the difference in the current 
waveforms of the system with out and with repetitive con-
troller respectively. by using the repetitive controller we 
can get the values of current with less amount of ripple 
content.

Fig.12 speed ripple component without repetitive  
controller

Fig.13 speed ripple component with repetitive
 controller 

Fig 12,13 show the variation in speed ripple in the sys-
tem when we are not using the repetitive controller and 
with repetitive controller respectively. we can say that the 
characteristics of the speed ripple are in less value when 
we are using the repetitive controller at the rated torque 
value2.0N-m and the 2000 r/min.

Fig.14 inverter output power without repetitive 
controlle

Fig.15 inverter output power with repetitive 
controller
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Fig 14 and Fig 15 shows the response of the inverter 
output power.   In the control method with only the PI 
controller, the phase delay leads to a low power factor 
under light load conditions, while in the proposed con-
trol method with the repetitive controller, the power fac-
tor is improved at any load conditions. from above two 
figures we conclude that power factor value is greater in 
the proposed system when compared to the conventional 
framework. 

VI.CONCLUSION:

Thus a  new PFC method using  an  inverter-driven IPM 
motor is proposed here. This  paper also  proposes a new 
inverter control  method  in  order  to  obtain  a  high  
power  factor.  The  power  factor  of  the  proposed con-
trol  method  is  higher  than  that  of  the conventional 
control methods. The power factor of the proposed con-
trol method is calculated to be 0.99 with the implemen-
tation of  controllers using at rated load condition.  The 
magnitude of current can  be achieved by further tuning 
the PI controller. This proposed method also eliminates 
the use of large electrolytic capacitor, inductor and high 
frequency switching device.
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troller

Fig.9 dc link voltage waveform with repetitive 
controller

Fig  8 and Fig 9 shows the difference between the dc link 
voltage of the system with and without repetitive control-
ler under 2000r/min and 2.0N-m. from the above wave 
form we can justify that the ripples are more in the system 
when we are not using the repetitive controller.
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Fig.11  output current wave forms with repetitive 
controller

Fig 10 and Fig 11 shows the difference in the current 
waveforms of the system with out and with repetitive con-
troller respectively. by using the repetitive controller we 
can get the values of current with less amount of ripple 
content.

Fig.12 speed ripple component without repetitive  
controller

Fig.13 speed ripple component with repetitive
 controller 

Fig 12,13 show the variation in speed ripple in the sys-
tem when we are not using the repetitive controller and 
with repetitive controller respectively. we can say that the 
characteristics of the speed ripple are in less value when 
we are using the repetitive controller at the rated torque 
value2.0N-m and the 2000 r/min.

Fig.14 inverter output power without repetitive 
controlle

Fig.15 inverter output power with repetitive 
controller
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Fig 14 and Fig 15 shows the response of the inverter 
output power.   In the control method with only the PI 
controller, the phase delay leads to a low power factor 
under light load conditions, while in the proposed con-
trol method with the repetitive controller, the power fac-
tor is improved at any load conditions. from above two 
figures we conclude that power factor value is greater in 
the proposed system when compared to the conventional 
framework. 

VI.CONCLUSION:

Thus a  new PFC method using  an  inverter-driven IPM 
motor is proposed here. This  paper also  proposes a new 
inverter control  method  in  order  to  obtain  a  high  
power  factor.  The  power  factor  of  the  proposed con-
trol  method  is  higher  than  that  of  the conventional 
control methods. The power factor of the proposed con-
trol method is calculated to be 0.99 with the implemen-
tation of  controllers using at rated load condition.  The 
magnitude of current can  be achieved by further tuning 
the PI controller. This proposed method also eliminates 
the use of large electrolytic capacitor, inductor and high 
frequency switching device.
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