
Abstract  

 

By employing an active input power factor correction 

(IPFC) circuit as a front-end converter for a variable-speed 

induction motor drive system, the author was able to 

demonstrate improvement of the system’s power quality, 

which involved a high power factor (PF) and low total har-

monic distortion (THD). This variable-speed motor drive 

(VSMD) can save more electrical energy than a fixed-speed 

motor drive, given that both operate on the same load factor. 

Few of the small VSMDs have IPFC circuits to save on 

their production costs. A three-phase, inverter-fed induction 

motor drive (IMD) with a single-phase source and an active 

IPFC circuit was developed in order to study the impact of 

an experimental IPFC circuit. The focus of this study of an 

input PF-corrected VSMD was on the effects of the circuit 

on overall system efficiency and input PF. Empirical com-

parisons between the conventional bridge rectifier circuit 

and IPFC circuit, in terms of PF and efficiency as they re-

late to motor speed, were made. A steady-state model of the 

IMD, including a three-phase inverter and an active IPFC 

circuit, was developed to predict system performance. The 

analytical results were correlated to the experimental results 

obtained from a prototype, one-horsepower IMD using a 

constant volts-per-hertz (V/Hz) control strategy. The overall 

system performance of the IPFC circuit was better than 

without it in terms of harmonic contents and PF. The system 

efficiency, however, showed marginal inferiority over the 

IPFC circuit as the front-end IPFC circuit and the three-

phase inverter were connected serially. It should be empha-

sized that the IMD, with the IPFC circuit, was desirable in 

order to utilize the generated electrical energy effectively, 

while minimizing the harmonic contamination.  

 

Introduction 
 

Emerging applications of fractional-horsepower IMDs—

such as compressors, appliances, blowers, hand tools, and 

heating, ventilating, and air-conditioning (HVAC)—invoke 

the urgency of studying the effects of the IPFC on the 

VSMDs [1-5]. The necessity for efficient utilization of gen-

erated electrical energy is growing in significance in order 

to optimize the usage of utility power plant capacity.  

Moreover, awareness of minimizing harmonic contamina-

tion in the electric power line is rising due to the increased 

use of electronic equipment powered by an ac-to-dc bridge 

rectifier with large filter capacitors and/or a switch-mode 

power supply (SMPS). 

 

One of the most active research and development areas in 

the power electronics field is VSMD [6-14]. As power sem-

iconductor devices become cheaper, faster and more relia-

ble, the use of energy-saving VSMDs in industry and resi-

dential applications has been increasing. VSMDs utilizing 

induction and dc motors make up the majority of industrial 

and domestic drives. Although these VSMDs require an 

initial investment and generate current harmonics, they pro-

vide significant improvements in performance such as better 

control, wider speed ranges, soft start, and enormous energy 

savings in various kinds of applications. The selection of 

VSMDs is an application-specific matter. There are many 

factors to be considered when selecting VSMD systems, 

including cost, output torque, speed ranges, performance, 

and power ratings. 

 

The emerging requirement in VSMD applications for 

drawing near sinusoidal current from the utility and fewer 

harmonics being injected into the utility lines is the motiva-

tion for investigation of the PF-corrected motor drive sys-

tem. The impact of IPFC on system efficiency and power 

converter ratings is to be studied for the high-volume but 

low-cost applications such as washers, dryers, refrigerators, 

freezers, hand tools, and process drives. The power ratings 

for most of these high-volume applications are less than one

-horsepower. 

 

All off-line VSMDs have rectifiers and storage capacitors 

in their front-ends to get dc voltage from an ac power 

source. This input circuitry lowers the PF of the VSMD 

systems and pollutes ac power systems. The PF is the ratio 

of real power in watts (W) to apparent power in volt-

amperes (VA). The PF becomes unity when the input ac 

current and voltage are sinusoidal and in phase. In an off-

line VSMD system, the input current is distorted and even 

out of phase with the input voltage, the power factor is less 

than unity, and less real power is transmitted to the load. 

However, the rms input current is increased due to the har-
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monic currents, plus the current required by the load must 

still be carried, thus requiring the wiring of the ac power 

system to be heavier and more expensive than necessary. 

 

The most common problem with ac power systems is 

caused by electric motors operating in industries. The induc-

tive component of the motors causes the ac current to lag 

the ac voltage. This results in a low power factor. Assuming 

the loads are linear, the power factor can be corrected to 

near unity by connecting a bank of capacitors across the ac 

power line. The low PF gives rise to a number of serious 

problems in VSMD systems. The size of the input fuses and 

circuit breakers of the input circuitry must be increased. The 

distorted input current waveform, which causes interference 

with other equipment, must be filtered to reduce the magni-

tude of the harmonic frequencies. Consequently, to increase 

the output power from ac power systems, it is necessary to 

correct the PF. This substantially reduces peak and rms in-

put current and makes it possible to achieve higher output 

power. 

 

With the proliferation of nonlinear loads such as SMPSs, 

standards agencies around the world are developing require-

ments for harmonic contents of the electronic power conver-

sion systems to reduce the overall distortion on the main 

supply line. One of these standards is the IEC 1000-3-2 

(same as EN 61000-3-2 published in 1995 and the latest 

version of IEC 555-2 published in 1982) [15] from the In-

ternational Electrotechnical Commission (IEC) to set the 

limits for input harmonic currents in the electrical equip-

ment. The standard describes general requirements for test-

ing equipment as well as the limits and the practical imple-

mentations of the test. For the purpose of harmonic current 

limitation, the standard divides electrical equipment into 

four classes, as shown in Figure 1. Each class has different 

harmonic current limits. Any balanced, three-phase equip-

ment or other electronic apparatus which do not fall into 

either Class B, C, or D will automatically be moved to Class 

A. To apply a Class D limit, the following two requirements 

should be satisfied: 

 

·  Input power should be less than 600W. 

·  The input current waveshape of each half cycle 

should be within the envelope shown in Figure 2 for 

at least 95% of the duration of each half period. 

 

The center line in Figure 2 coincides with the peak value 

of the input current. The second requirement implies that 

the waveform, having a small peak outside the envelope, is 

considered to fall within the envelope. In Class D limits, for 

equipment with input power greater than 75W, relative lim-

its (mA/W) should be applied; otherwise, absolute limits 

will be applied. The specified limits of the IEC 1000-3-2 

standards are applicable to electrical equipment having an 

input current up to 16A per phase with nominal voltages of 

230V with single-phase frequencies of 50 or 60Hz, and the 

harmonic currents of interest are from the 2nd to 40th har-

monic. 

Note. Motor-driven: Phase Angle Controlled 

 

Figure 1. Flowchart for Class Determination of Electrical 

Equipment by IEC 1000-3-2 Standards 

Figure 2. Class D Waveform Envelope 

 

The appliance VSMDs fall into the Class A or D catego-

ries, depending on whether they use a phase-angle con-

trolled VSMD, and their input power range is less than or 

greater than 600W. The VSMDs, which were investigated 

in this study, have front-end rectifier circuits to convert ac 

voltage into dc voltage. The ac input current of the VSMD 

has a pulse-type waveform, which falls into the Class D 
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envelope regardless of the magnitude of its input power 

because the pulse current is normalized based on its peak 

value. If the input power of a VSMD is over 600W, a Class 

A limit should be applied. Otherwise, the Class D limit will 

be applied. Therefore, in this study, only the Class A and D 

limits were employed to verify the effects of IPFC and IEC 

1000-3-2 standards.  

 

Single-Phase IPFC Topologies 
 

The study of IPFC topologies is limited here to the single-

phase version because most of the appliance VSMDs are 

powered by a single-phase utility source. The classification 

of single-phase, off-line IPFC topologies for VSMDs [16-

19] is shown in Figure 3. Among these IPFC topologies, 

low frequency active, resonant and isolated types were not 

considered in this study. A passive IPFC [18] is more relia-

ble than an active IPFC because no active devices are uti-

lized. However, it has bulky capacitors and inductors oper-

ating at line frequency, and it is sensitive to the line fre-

quency, line voltage, and load. Therefore, this method is not 

suitable for appliance drives. The most popular active IPFC 

method is the boost topology [16]. This topology is a uni-

versal solution for SMPS to small-motor drive applications. 

It has a smooth input current because an inductor is con-

nected in series with the power source, showing a low level 

of conducted electromagnetic interference (EMI) noise. This 

topology has a high output voltage which is greater than the 

peak input voltage. The overload and start-up currents can-

not be controlled in this topology because there is no series 

switch between the input and output path. Also, isolation 

between the input and output cannot be easily implemented. 

Figure 3. Classification of Single-Phase IPFC Topologies  

for Small VSMD Systems 

The buck-type IPFC has lower output voltage than input 

voltage and it has a pulsating input current, which generates 

high harmonics in the power line. This circuit is not practi-

cal for low-line inputs because it does not draw the input 

current when input voltage is lower than output voltage. 

Therefore, it has a relatively low power factor compared to 

the boost IPFC circuit. The buck-type IPFC is suitable for 

charger applications due to its voltage step-down nature 

[17]. 

 

The SEPIC (single-ended primary inductor converter) 

IPFC circuit has a single power switch driven at high fre-

quency, as with the boost IPFC topology, but it needs extra 

inductive and capacitive passive components for energy 

storage and transfer. The input current of SEPIC is 

smoothed by employing an inductor in series with the power 

source. This circuit can be easily modified to the isolated 

version. A cascaded converter, which has a buck circuit in 

the front and boost circuit in the second stage, is introduced 

by Singh & Singh [6]. The buck switch is turned on when 

the input voltage is below the output voltage. This causes 

the circuit to operate as a boost converter. When the input 

voltage is higher than the output voltage, the boost circuit is 

stopped and the buck circuit restarts. This converter can 

supply step-up or step-down outputs; thus, it can operate 

over a wide range of inputs. There is no inrush current due 

to the buck switch, which is in series with the power source, 

but it has a pulsating input current which requires more fil-

tering. 

 

Another non-isolated IPFC topology is the pulse width 

modulation (PWM) bridge rectifier. This topology can also 

supply step-up or step-down outputs, similar to the buck-

boost circuit. The PWM bridge rectifier circuit needs two or 

four power switches to yield a unity power factor because it 

employs a half- or full-bridge configuration. It also needs a 

more complicated control circuit than the boost topology, 

but for high-power applications, it may be a good candidate. 

 

Proposed IPFC-IMD System 
 

The proposed IPFC-IMD system for this study is shown 

in Figure 4. Note that the IPFC circuit can be replaced with 

a single-phase diode rectifier bridge circuit for a compara-

tive study. IPFC has both input current and voltage feed-

backs in order to obtain the sinusoidal input current. The 

output voltage sensing circuit rejects the adverse effect of 

load variation on the dc link voltage. The inverter power 

circuit is made up of MOSFET devices and operates at 

2.78kHz with PWM control. The control strategy is a con-

stant V/Hz with the offset adjustment. In this study, the off-

set was fixed at a value equal to the rated stator resistive 

voltage drop. The drive had an inner rotor speed feedback 
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loop to control the slip speed. This limited the stator current 

effectively over the range of speed variation.  

 

Principle of Operation of the  

Boost IPFC Circuit 
 

The principle of operation of the boost IPFC circuit, 

which was selected for the VSMD system, is explained in 

this section. The predicted efficiency of the boost PFC pre-

regulator was obtained with derived analytical equations 

and compared with experimental results. The harmonic con-

tents in the input current of the boost PFC circuit were com-

pared with the IEC 1000-3-2 standards [15], [20]. In a 

VSMD, the ac utility input voltage must be converted to dc 

with a rectifier circuit, as shown in Figure 4. This circuit has 

the advantages of simplicity, low cost, high reliability, and 

no need of control. However, it has the disadvantages of 

low PF due to the presence of rich harmonics in its current 

and a high peak-current magnitude, as shown in Figures 5

(a), (b), and (c). This relationship was obtained from the 

PSpice simulation of a single-phase diode bridge rectifier 

circuit and was normalized to the peak value.  

 

The input circuitry of an off-line VSMD consisted of rec-

tifier diodes to convert ac into pulsating dc, and filter capac-

itors to smooth the pulsating dc voltage, as shown in Figure 

4. This input circuitry presents rich harmonic currents to ac 

power systems that are quite different from motor loads 

because it appears as a nonlinear load to ac power systems. 

In the input circuitry, ac current pulses occur because the 

filter capacitor remains charged to nearly the peak value of 

the ac input voltage.  

 

During most of each half cycle of the input voltage, the 

rectifier diodes remain reverse biased; thus, no current 

flows. Because the filter capacitors partly discharge during 

each half-cycle, the input voltage exceeds the capacitor volt-

age for a short time near the peak value of the input voltage. 

As the input voltage surpasses the capacitor voltage, the 

input current begins to flow abruptly into the capacitor. Af-

ter the capacitor is charged almost to the peak value of the 

Figure 4. Proposed IPFC-IMD System 
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input voltage and the input voltage begins to decrease, the 

input current falls to zero. Also, it causes overheating of the 

power lines and distribution transformers. Under extreme 

conditions, other sensitive electronic equipment connected 

to the same power line can be affected by noise related to 

electromagnetic interference (EMI). 

a) A Single-Phase Diode Rectifier Circuit with Capacitor 

b) Normalized Input ac Voltage, vs and Current, is 

c) Normalized Harmonic Spectrum of Current is 

 
Figure 5. Analysis of Current Harmonic Contents in the Diode 

Bridge Rectifier Circuit with Capacitor by Simulation 

 

As required by various standards, the line harmonics pro-

duced by a VSMD must be below certain limits, which in-

crease the input PF. The high PF is desirable to both the 

user and the utility company because it is possible to get 

maximum power from an ac service outlet and to utilize the 

generated power efficiently and cleanly. It is also possible 

to reduce the wiring and power transformer losses in the 

utility network with high PF. With increasing demand for 

more power and better power quality from a standard power 

line, the IPFC circuit will become an integral part of 

VSMDs in the near future. 

 

The boost IPFC circuit is an economical solution to the 

need for complying with the regulations. It can be imple-

mented with a dedicated single-chip controller; therefore, 

the circuit becomes relatively simple with a minimum num-

ber of components. The boost inductor in the boost IPFC 

circuit is in series with the ac power line; thus, the input 

current does not pulsate and the conducted EMI at the line is 

minimized. This allows the size of the EMI filter and the 

conductors in the input circuit to be reduced. This topology 

inherently accepts the wide input voltage range without an 

input voltage selector switch. For example, the UC3854 PF 

controller chip from Texas Instruments [21] accepts an in-

put voltage of 75 – 275VAC and a frequency of 50–400Hz. 

It cannot limit overcurrent at start-up or fault conditions 

because there is no switch between the line and the output.  

 

The output voltage of a boost IPFC circuit should be 

higher than the peak value of the maximum input voltage. 

Even though this is a simple topology, it must be designed 

to handle the same power as the main power converter. On-

ly the single-phase boost IPFC circuit operating in the con-

tinuous-inductor-current mode was addressed in this study. 

The simplified block diagram of the boost IPFC circuit is 

shown in Figure 4. This circuit has two control loops. One is 

the fast-acting internal current loop, which defines the input 

current shape to be sinusoidal and places it in phase with the 

input voltage. The other is the external voltage loop, which 

regulates the output dc voltage. The voltage loop should not 

react to the 120Hz rectified mains variations, so its band-

width was lowered to 10 to 20Hz. The current loop usually 

has a bandwidth frequency of less than one tenth of the 

switching frequency. 

 

The principle of operation of the boost IPFC is as follows: 

the rectified sinusoidal input voltage goes to a multiplier 

circuit, providing a current reference to the multiplier and a 

feedforward signal proportional to the rms value of the line 

voltage. The filtered dc output voltage of the boost IPFC is 

compared to a reference voltage and amplified. The error 

amplifier senses the variations between the output voltage 

and the fixed dc reference voltage. The error signal is then 

applied to the multiplier. The multiplier's output follows the 

shape of the input ac voltage, with an average value inverse-

ly proportional to the rms value of the ac input voltage. This 

signal is compared to the sensed current signal in a PWM 

circuit. The inductor current waveform follows the shape of 
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the rectified ac line voltage. The gate drive signal controls 

the inductor current amplitude and maintains the constant 

output voltage. 

 

Derivation of the Steady-State IPFC-

IMD System Model for Analysis 
 

Steady-state loss models of the induction motor, load, 

inverter, IPFC circuit, and bridge rectifier were developed 

and a procedure to compute various subsystem variables is 

presented in this section.  

 

The load and its requirements are known and, hence, they 

constitute the starting point for the steady-state performance 

computation. Using the rotor speed and the load power with 

the inverter output voltage equation, induction motor equa-

tions, and load equations, the overall system equations were 

assembled. What follows is the solution of the system equa-

tion iteratively for the slip, stator frequency and all other 

variables for each speed with a specific load. 

 

As the stator phase current was given, the inverter losses 

could be computed with switching and conduction loss 

equations. The input power to the inverter could be calculat-

ed with the inverter losses combined with the induction mo-

tor input power. The sum of inverter input power and the 

IPFC circuit losses yields the input power from the ac mains 

supply. The solution of the input power leads to a complete 

solution of the steady-state performance of the IPFC-IMD 

system.  

 

Bridge Rectifier 
 

Only the diode conduction losses were considered. The 

conduction losses in a single-phase rectifier bridge, Pbr , are 

given by Equation (1), 

 

 

(1) 

 

 

where Vd is the forward diode voltage drop, Iin is the ac in-

put current, Vin is the ac input voltage, and Pin is the ac input 

power from the ac mains supply. 

 

IPFC Circuit 
 

The IPFC circuit has a single power device with a for-

ward diode in the boost configuration. The peak current in 

the boost inductor in terms of the ac input current, Iin, is 

 

 

(2) 

 

The IPFC circuit is designed to operate with 10% ripple 

current in the boost inductor. The current in the power 

switching device is, 

 

(3) 

 

where Id is the boost diode current given by, 

 

(4) 

 

 

and where Vo is the dc output voltage of the IPFC circuit 

and Vpk is the peak rectified ac line voltage. 

 

The losses in the boost switch are modeled as 

 

(5) 

 

 

where trp and tfp are the rise and fall times of the boost pow-

er switch, respectively.  

 

Rds(on) is the on-state drain-to-source resistance of the 

MOSFET power device and fc is the carrier frequency of the 

IPFC circuit. 

 

The losses in the boost diode are 

 

(6) 

 

where trrd is the reverse recovery time of the boost diode in 

the IPFC circuit. 

 

The losses in the boost inductor are 

 

(7) 

 

where Rdc is the dc resistance of the inductor. 

 

The losses, Pbripfc, in the diode bridge rectifier when the 

IPFC circuit is used are given by 

 

(8) 

 

where Iave is the average current in the single-phase bridge 

rectifier and Vd is the forward conduction voltage drop in 

the diodes. 

 

The total losses in the IPFC circuit, including the controller 

power supply losses, Pps, is obtained as 
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(9) 

 

Inverter 
 

The inverter output phase voltage is designed as a func-

tion of stator frequency command of the induction motor 

and given as 

(10) 

 

where Vof is the offset voltage given by 

(11) 

 

The constant, kvf , is given by 

 

(12) 

 

 

where Ib is the base stator phase current, Vb is the base stator 

phase voltage, and fb is the base stator frequency. 

 

The inverter switching loss, Pisw, and conduction loss, Picon , 

are modeled as 

 

(13) 

 

 

(14) 

 

where tr and tf are the rise and fall times of the power devic-

es, respectively, and trr is the reverse recovery time of the 

freewheeling diodes. And, fsw is the inverter switching fre-

quency, Rds(on) is the on-state resistance of the MOSFET 

power device, and Vdc is the dc link voltage input to the in-

verter. 

 

Induction Motor 
 

A single-phase equivalent circuit of the three-phase in-

duction motor is shown in Figure 6 [22], [23]. The loop 

voltage equations from the equivalent circuit are 

 

(15) 

 

 

(16) 

  

 

where 

(17) 

 

 

(18) 

 

and where Is, Ir, and Io are the stator, rotor, and magnetizing 

branch currents, respectively. Vas is the stator phase voltage, 

ws is the stator angular speed, Rs is the stator phase re-

sistance, and Rr is the stator referred rotor phase resistance. 

Lm, Lls, and Llr are the magnetizing, stator leakage, and sta-

tor referred rotor leakage inductances per phase, respective-

ly, and s is the slip given by 

 

(19) 

 

where wm and wr are rotor mechanical and electrical angular 

speed, respectively, N is the rotor speed in r/min, P is the 

number of poles, and fs is the supply stator frequency. 

 

The mechanical power developed in the rotor, Pm, for the m-

phase machine is given by 

 

(20) 

 

where m is the number of phases (three) in this study. 

 

Figure 6. Single-Phase Equivalent Circuit of the  

Three-Phase Induction Motor 

 

Load 
 

The load power, Po, is related to the induction motor out-

put in steady-state by 

 

(21) 

 

where Pfw is the friction and windage losses. 

 

In general, the output of any load is given as 

 

 

(22) 

 

 

where Pb is the base power, nb is the base speed in r/min and 

k is 1, 2, and 3 for constant, frictional, and fan-type loads, 

respectively. Note that Pfw is the function of motor speed, n. 
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Discussion of Experimental Results 
 

From the experimental data containing the friction and 

windage losses, the parameters of the induction and dc ma-

chines were calculated and, in conjunction with other meas-

urements, the induction motor output was determined for 

each operating point. Then, the system and induction motor 

efficiencies, system input PF, system line current, motor 

currents, and IPFC circuit efficiencies were calculated from 

the empirical data.  

 

The speed of the induction motor was varied from 500 r/

min to 3,000 r/min (0.87 p.u.), and the output power at the 

base speed (3,450 r/min) was 1 hp. The empirical data were 

obtained for the system with and without the IPFC circuit, 

and by keeping the input system voltage at 230V. 

 

Input Current Harmonics in the Boost 

IPFC Preregulator 
 

The sample input current waveform and its harmonic con-

tents of the prototype 2kW IPFC preregulator with a 1400W 

load are shown in Figure 7. The steady-state harmonics 

were measured by Fast Fourier Transformation (FFT) with 

the rectangular windowing function. The input ac current 

closely followed the sinusoidal voltage waveform, as de-

signed. The PF of this operating point was calculated as 

99% using the following equations: 

 

 

 

(23) 

 

 

 

(24) 

 

 

where Vrms is the ac input rms voltage, Irms is the input ac 

current, I1 is the fundamental component of Irms and cosf is 

the phase angle between input ac voltage and the fundamen-

tal current. The harmonic spectra of the input current with 

the IPFC circuit are shown in Figure 7. The input ac current 

closely follows the sinusoidal voltage waveform as de-

signed. The comparison of the measured input current har-

monic spectra magnitude with the modified IEC 1000-3-2 

Class A limit is shown in Figure 8. The harmonic spectra of 

the input current with the IPFC circuit are vastly improved 

compared with one in the bridge rectifier circuit with a ca-

pacitor. This validates the effectiveness of the IPFC.  

 

Figure 7. Experimental Waveforms of the 2kW PFC Preregu-

lator with 1.4kW Load (top) Input Current (5A/div, 5ms/div) 

(bottom) Input Current Harmonic Spectra (2.5A/div, 0.1kHz/

div) 

 

Figure 8. Comparison of Measured Input Current Harmonic 

Spectra from Figure 7 with Modified IEC 1000-3-2 Class A 

Harmonic Current Limit 

 

Experimental waveforms of the system input current and 

induction motor stator current at 1 p.u. speed and load 

torque are shown in Figures 9 and 10, for both the bridge 

rectifier- and IPFC-based VSMD systems along with their 

frequency spectra. The IPFC-IMD system was free of har-

monics in the system input current. The induction motor 

stator currents were practically the same with minor varia-

tions in their frequency spectra. The speed variation hardly 

affected these waveforms. 
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Figure 9. System ac Input Current (top) and Motor Stator 

Current (bottom) and their FFT with Diode Bridge Rectifier 

Front-end (Horizontal/div: Currents = 5ms, FFT = 100Hz) 

Figure 10. System ac Input Current (top) and Motor Stator 

Current (bottom) and their FFT with IPFC Circuit  

(Horizontal/div: Currents = 5ms, FFT = 100Hz) 

 

Efficiencies of the IPFC Circuit and the 

IMD System 
 

In Figure 11, the efficiency of the 2kW IPFC circuit em-

ployed in this study remained level above 95% over the 

entire output power range. The predicted efficiency matched 

closely with the measured one over the entire power range. 

This validation of the derived loss models has practical use-

fulness in estimating losses in the boost IPFC preregulator. 

 

The system input PF, input current, and overall IMD sys-

tem efficiency versus motor speed for systems either with or 

without the IPFC preregulator are shown in Figures 12(a), 

(b), and (c) for the friction load. The IPFC-based IMD 

showed a higher input PF over the entire speed range than 

one with a non-IPFC system. Hence, the IPFC-IMD system 

required lower input current to generate the same output 

compared with a non-IPFC system. The benefit of requiring 

less input current was noticeable over 0.4 p.u. speed. The 

non-IPFC system showed higher system efficiency up to 

0.75 p.u. speed, but the IPFC-based system showed higher 

system efficiency beyond that speed with a friction load. 

This is attributed to the fact that the stator current decreases 

with the decreasing stator voltage of the non-IPFC system. 

The non-IPFC system efficiency was approximately 2 to 4% 

higher than that of the IPFC-based system. 

Figure 11. Measured and Predicted Efficiencies for the Devel-

oped 2kW Boost IPFC Preregulator 

a) System Input PF 

b) System Input Current 

 
Figure 12. Input PF, Current, and System Efficiency with and 

without IPFC with Friction Load (continued on next page) 
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c) Overall system efficiency 

Figure 12 (continued). Input PF, Current, and System Efficien-

cy with and without IPFC with Friction Load 

 

The effect of IPFC to the three-phase inverter perfor-

mance in terms of output voltage and current are shown in 

Figures 13(a) and (b). The IPFC-IMD system showed high-

er output voltage than the one with the non-IPFC system 

because of the tight output voltage regulation of the IPFC 

control circuit. The inverter needed less current output to 

drive the IMD to the same speed. 

 

However, the IPFC benefits from the efficiency of the 

induction motor slightly over 0.6 p.u. speed. The system and 

motor efficiencies were very poor for speeds lower than 0.3 

p.u., as the output was very small in this region and the loss-

es were many times that of the output in that speed range. 

The usual variation of speed range was 0.4 to 1 p.u. for the 

friction load; hence, the low-speed operation with low effi-

ciency may not be of immense importance. 

 

Conclusions 
 

The system steady-state model for both the bridge rectifi-

er- and IPFC-based IMD were formulated, and a steady-

state computational procedure was developed. The model 

was experimentally verified with a 1-hp laboratory proto-

type IPFC-IMD system and was found to be fairly accurate.  

 

A comparison between the non-IPFC- and IPFC-based 

systems was made for the friction type load. The non-IPFC 

system was preferable in terms of system efficiency; the 

IPFC-IMD system may not be quite as attractive due to ad-

ditional cost, however, the IPFC-based system was highly 

preferable for the minimum input harmonics and maximum 

PF. 
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a) Inverter Output Voltage  

b) Inverter Output Current 

c) Induction Motor Efficiency 

 
Figure 13. Inverter Output Voltage, Current, and Induction 

Motor Efficiency with and without IPFC for the IMD System 

with Friction Load 

 

References 
 

[1] Consoli, A., Gennaro, F., Scarcella, G., & Testa A. 

(2001). A Simple Unity Power Factor Motor Drive 

for Home Appliances. Electric Power Components 

and Systems, 29(4), 335-348.  

[2] Basu, S., & Bollen, M. (2005, July). A Novel Com-

mon Power Factor Correction Scheme for Homes and 

——————————————————————————————————————————————————– 

PERFORMANCE EVALUATION OF A VARIABLE-SPEED INDUCTION MOTOR DRIVE SYSTEM WITH                                              19 

ACTIVE INPUT POWER FACTOR CORRECTION CIRCUIT 



——————————————————————————————————————————————–———— 

20                                INTERNATIONAL JOURNAL OF MODERN ENGINEERING | VOLUME 12, NUMBER 2, SPRING/SUMMER 2012 

——————————————————————————————————————————————–———— 

Offices. IEEE Transactions on Power Delivery, 20

(3), 2257-2263. 

[3] Rynone, W. (2007, May). Is Power Factor Correction 

Justified in the Home? Power Electronics Technolo-

gy Magazine, 36-41. 

[4] Basu, S., & Bollen, M., (2005, July). A Novel Com-

mon Power Factor Correction Scheme for Homes and 

Offices. IEEE Transactions on Power Delivery, 20

(3), 2257-2263. 

[5] Park, G., Kwon, K., & Kim, T. (2010, May). PFC 

Dual Boost Converter Based on Input Voltage Esti-

mation for DC Inverter Air Conditioner. Journal of 

Power Electronics, 10(3), 293-299. 

[6] Singh, B., & Singh S. (2010). Single-Phase Power 

Factor Controller Topologies for Permanent Magnet 

Brushless DC Motor Drives, The Institution of Engi-

neering and Technology (IET) Power Electronics, 3

(2), 147-175. 

[7] Gopalarathnam, T., & Toliyat, H. (2003, November). 

A New Topology for Unipolar Brushless DC Motor 

Drive with High Power Factor, IEEE Transactions on 

Power Electronics, 18(6), 1397-1404. 

[8] Pellegrino, G., Armando, E., & Guglielmi, P. (2010, 

March). An Integral Battery Charger With Power 

Factor Correction for Electric Scooter, IEEE Trans-

actions on Power Electronics, 25(3), 751-759. 

[9] Cacciato, M., Consoli, A., Caro, S., & Testa, A. 

(2005, July/August). Using the DC-Bus Current to 

Improve the Power Factor in Low-cost Electric 

Drives, IEEE Transactions on Industry Applications, 

41(4), 1084-1090. 

[10] Aware, M., Tarnekar, S., & Kothari, A. (2000, Sep-

tember). Unity power factor and efficiency control of 

a voltage source inverter-fed variable –speed induc-

tion motor drive, IEE Proceedings Electrical Power 

Application, 147(5). 422-430. 

[11] Chai, J., & Liaw C., (2009, March). Development of 

a Switched-Reluctance Motor Drive with PFC Front 

End, IEEE Transactions on Energy Conversion, 24

(1), 30-42. 

[12] Chang, H., & Liaw C. (2009, September). Develop-

ment of a Compact Switched-Reluctance Motor 

Drive for EV Propulsion with Voltage-Boosting and 

PFC Charging Capabilities, IEEE Transactions on 

Vehicular Technology, 58(7), 3198-3215. 

[13] Suryawanshi, H., Kulwal, A., Chaudhari, M., & Bor-

ghate, V. (2008, April). High Power Factor Operation 

of a Three-Phase Rectifier for an Adjustable-Speed 

Drive, IEEE Transactions on Industrial Electronics, 

55(4), 1637-1646.  

[14] Reinert, J., & Schröder, S. (2002, February). Power-

Factor Correction for Switched Reluctance Drives, 

IEEE Transactions on Industrial Electronics, 49(1), 

54-57. 

[15] Agilent Technologies. (2000). Compliance Testing to 

the IEC 1000-3-2 (EN 61000-3-2) and IEC 1000-3-3 

(EN 61000-3-3), AN1273. 

[16] Garcia, O., Jose A., Cobos, Prieto R., Alou P., & 

Uceda, J. (2003, May). Sinle Phase Power Factor 

Correction: A Survey, IEEE Transactions on Power 

Electronics, 18(3), 749-755. 

[17] Singh, B., Singh, B., Chandra A., Al-Haddad K., 

Pandey A., & Kothari D. (2003, October) A Review 

of Single-Phase Improved Power Quality AC-DC 

Converters, IEEE Transactions on Industrial Elec-

tronics, 50(5), 962-981. 

[18] Jovanović, M., & Jang, Y. (2005, June). State-of-the-

Art, Single-Phase, Active Power-Factor-Correction 

Techniques for High-Power Applications – An Over-

view, IEEE Transactions on Industrial Electronics, 

52(3), 701-708. 

[19] Zhang, W., Feng G., Liu, Y., & Wu, B. (2004, No-

vember). A Digital Power Factor Correction (PFC) 

Control Strategy Optimized for DSP, IEEE Transac-

tions on Power Electronics, 19(6), 1474-1485. 

[20] Freescale. (2009, November). 3-Phase AC Induction 

Motor Control with PFC Using MC9S08MP16, De-

sign Reference Manual, DRM115, Rev. 0. 

[21] Todd, P. (1999). UC3854 Controlled Power Factor 

Correction Circuit Design, U-134, Texas Instruments 

Incorporated. 

[22] Krishnan, R. (2001). Electric Motor Drives – Model-

ing, Analysis, and Control, Prentice Hall. 

[23] Mohan, N. (2003). Electric Drives an Integrative 

Approach, MNPERE. 

 

Biographies 
 

DR. SHIYOUNG LEE is an Assistant Professor of Elec-

trical Engineering Technology at The Pennsylvania State 

University, Berks Campus, Reading, PA. His primary re-

search interest is the development of software configurable 

and full digital controllers for the three-phase permanent 

magnet brushless motor drives. Other research interests in-

clude, but are not limited to the following topics: efficient 

power converter topologies, wireless power transmission, 

input power factor correction, switched reluctance motor 

drives, LED lighting, alternative energy production, such as 

solar and wind power generation, and digital power pro-

cessing for numerous industrial, medical and defense appli-

cations. He has published numerous papers through ASEE, 

IJAC, IEEE, and EMCW in the Power Electronics area. He 

is a Senior Member of IEEE and member of ASEE and 

IAJC. He can be reached at sul28@psu.edu.  

 


