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Abstract

This paper presents a comprehensive study oepdactor correction (PFC) converters for feedimgshless DC (BLDC)
motor drive. This work explores various configunats of PFC converters which are classified inte filfferent categories of
non-isolated, bridgeless (BL) non-isolated, isalatBL-isolated PFC converters and integrated amgh lguality rectifiersfor
feeding BLDC motor drive. A comprehensive studytlidse PFC convertersis presented with focus oricapiph potential,
design and control aspects, components selectist,of overall system, efficiency issues, powerligguand the future trends.
The proposed converters have been designed foewacshi an improved power quality operation with l@amount of total
harmonic distortion (THD) of supply current at AGims for a wide range of speed control at varyimgpsy voltages.
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1. Introduction

In recent trends, energy efficiency has becomeargroitant aspect of an electrical drive system duthé scarcity of the energy
resources. The selection of a motor for a partiaditeve application is a foremost taskand it depseon variety of parameters such
as high efficiency, compact size and good perfocaamver a wide range of speed control. Among nuoseeyailable motors
such as induction motors, synchronous motor andyrapacial motors; brushless DC (BLDC) motor ememgea highly efficient
motor in low and medium power applications [1, Phis motor posses many advantages such as compacthgyh energy
density, high efficiency, silent operation, highlygged construction, low electro-magnetic intenfieee (EMI) problems and
requires very less maintenance [1, 2].

BLDC motor finds applications in variety of appl@s used in domestic and household purposes, ietdckehicles and
transportation, aerospace applications, medicalipetgnts, medium power industrial tools, heating tiaton and air-
conditioning (HVAC), precise motion control and usdrial automation [1-4]. BLDC motor is a 3-phagachronous motor with
3-phase concentrated windings on the stator anmigrernt magnets on the rotor [1]. It does not reqaity mechanical brushes
and commutator assembly, rather an electronic cdation based on rotor position as sensed by HdddEfposition sensors is
used [2]. Therefore, the problems related to meichkhnommutator and brushes assembly such as sgaroise and EMI issues
are eliminated in BLDC motor [1, 2].

A BLDC motor drive requires a 3-phase voltage seunverter (VSI) with constant DC link voltage fachieving an electronic
commutation of BLDC motor [2]. An uncontrolled ddbridge rectifier (DBR) with high value of DC lirdapacitor fed from a
single phase AC mains is used for maintaining ti@ libk voltage of the VSI for supplying the requirenergy to the BLDC
motor. Such combination of DBR and DC link capacileaws a peaky and highly distorted supply curfemin the AC mains
which is rich in harmonics and has total harmongtadtion (THD) of supply current as high as 60-8(Bf Such supply current
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results in very low factor of the order of 0.6-@f’the AC mains which is not acceptable underithéd of various international
power quality standards such as IEC 61000-3-2 [6].

Hence, power factor correction (PFC) converters wsed for achieving a unity power factor at AC msa[@-10]. Such
converters draw a sinusoidal supply current in phatth the supply voltage while maintaining the Oitk voltage at the
reference value over a wide range of load variatmil supply voltage fluctuations [7-10]. In thisppga a study various
configurations of PFC converters feeding BLDC malarve are presented as low cost solution for lamwer applications. An
analysis, design and control of PFC converter arengfor feeding BLDC motor drive with an emphasfssensor reduction,
simple control and overall efficiency improvemeftomplete BLDC motor drive.

2. State of Art

A boost PFC converter is a widely used configurafmr improving the power quality at AC mains of BC motor drives [10].
However, this configuration uses a high frequenais@ width modulation (PWM) pulses for controllitige speed of BLDC
motor. Therefore, it has high switching losses aissed with the VSI and requires two costly curreahsors for PWM based
current control of BLDC motor [10]. In this worlhe speed of BLDC motor is controlled by adjusting DC link voltage of VSI
[11].

PFC Converter Configurations for Feeding BLDC Motor Drive
|
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Figure 1. Classification of PFC converters for feeidg BLDC motor drive.

This allows the operation of VSI in low frequenayitehing to achieve an electronic commutation oflBL motor for reducing
the switching losses in it. Moreover, a buck-bd®BtCC converter is used for this application duegaability to control the DC-
link voltage over a wide range at universal AC rsain
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The operating mode of a PFC converter becomes partant issue as cost of system depends on the ofoolgeration. The
PFC converter can be designed to operate in twoemoti conduction i.e. continuous conduction modéN or discontinuous
conduction mode (DCM) of operation [8]. In CCM, tharrent through the inductor or voltage across dhpacitor remains
continuous in a switching period but requires a glex current multiplier control for controlling tHeC link voltage and power
factor correction at AC mains. However, the voltage current stress on PFC converter switch isitothis mode of operation
and therefore, this mode is well suited for highpoapplications [8]. However, in DCM mode of opérat the current through
the inductor or voltage across the capacitor besodigcontinuous in a complete switching period.sTiibde requires a voltage
follower approach, thereby, using a single voltagesor for voltage control; an inherent power factorection is achieved at the
AC mains [8]. However, the PFC converter operatm®CM has higher voltage and current stress orPfR€ converter switch
andtherefore this mode is limited for low power liggiions. In view of these issues, the selectibary mode of operation is a
trade-off between the extra cost associated wittaesensing and permitted stress on PFC converttahs

These PFC converters can be classified into busistbor buck-boost category depending upon theubutpinput voltage
transfer ratio. In PFC buck converter, the outmitage is always lower than the input voltage; ¢fiere the voltage control range
for feeding BLDC motor is very limited and it fughreduces for a lower value of supply voltage & order of 90 V [12].
Moreover, for a PFC boost converter, the outputagd is always higher than input voltage and besoraktively much higher
for high value of supply voltage of the order of0¥7[13]. Therefore, the controls of BLDC motor fég PFC buck or boost
converter by controlling the DC link voltage isfdifilt at universal AC mains (90V — 270V). Henc&;(Pbuck-boost converters
are better suited in such applications [14]. Tremefin this work, PFC based buck-boost conveffierdeeding BLDC motor
drive are investigated and classified as shownigaré 1. Numerous configurations of PFC buck-bamstverters have been
reported in the literature, selection of which degmeon the power and voltage rating, applicatiarmimer of components and
requirement of galvanic isolation [14-21, 24-49].

3.Classifications of PFC Converter Configurations

The classification of proposed PFC buck-boost carvein five different categories are describefblews.

A. Non-Isolated PFC Converters

A non-isolated PFC buck-boost converter is widedgdiconfiguration for voltage control with unityvweer factor at AC mains
[14]. Moreover, PFC Cuk, Single Ended Primary Irtdace Converter (SEPIC), Zeta and Luo convertersbso used in various
applications requiring low current and voltage gpin different components of PFC converter [15-T®ese converters also
have good dynamic performance, high light loadcefficy and good light load voltage regulation calggb A PFC based
canonical switching cell (CSC) converter is alseduas a modification of a PFC Cuk converter witlgkd inductor and therefore
has lower conduction losses in it [19]. In a simieay, two-switch configurations of non-isolated @Buck-boost converters
named Sheppard-Taylor converter [20] and switchauhcitor buck-boost converter [21] are also usedriably forpower factor
correction at AC mains. PFC Sheppard-Taylor comvgrbssesses an inherent capability to overcomeatatetuning problems
i.e. inability of PFC converter to draw sinusoidaipply current at lower values of supply voltagésese non-isolated PFC
converters are used for variable DC link voltagetanl of VSI feeding BLDC motor via VSI operatings an electronic
commutator. The circuit configuration of one sucmwerter belonging to non-isolated category i.eCRFuk converter feeding
BLDC motor drive is shown in figure 2.

B. Bridgeless Non-Isolated PFC Converters

Recently, bridgeless PFC converters have gainedritapce due to low conduction losses in the framt-eonverter by partial
or complete elimination of DBR [22-31]. Bridgeldssek and bridgeless-boost converters derived frio@ir tcounter-parts i.e.
PFC buck and PFC boost converters are present¢@d2jnand [23] respectively. These converters carmtused for this
application due to limited voltage transfer ratm i1 for bridgeless buck and >1 for bridgelesssbh®FC converter. Hence a new
configuration of a bridgeless buck-boost convehas been proposed in [24]. This configuration haxy Yow components and
thus exhibits highest efficiency of all configumats. Bridgeless configurations of PFC Cuk and SEBd@verters are also
presented in [25] and [26] for improving the poveprality at AC mains. These configurations of briggs non-isolated PFC
converters are designed and developed for feeditidBmotor drives. Moreover, some new bridgelessfigomations of Zeta,
Luo, CSC, Sheppard-Taylor, and switched-capaciickiboost PFC converters are also proposed foirfge8l.DC motor drives
with improved power quality at AC mains [27-31]gkie 3 shows the circuit configuration of a bridgsl Cuk converter feeding
BLDC motor drive operating at variable DC link \axie control.
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Figure 2. A PFC Cuk converter fed BLDC motor drive. Figure 3. A PFC BL-Cuk converter fed BLDC motor drive.

C. lIsolated PFC Converters

There are many household appliances such as neftige where galvanic isolation between the inmat autput side has to be
provided due to safety reasons. To deal with sssues, isolated PFC converters are used for feetimgBLDC motor
drives.Many such configurations of isolated PFCveuters have been reported in the literature [3R-@dnfigurations of PFC
Flyback, Cuk, SEPIC and Zeta with high frequenmjaon are presented in [32], [33], [34] and [3BFpectively. In these
configurations, PFC flyback converter has the mimmmumber of components but generally used in i@&ypower applications
due to stress on the PFC converter switch [32]. él@n, other PFC converters such as Cuk, SEPIC ata enverters find
applications in much higher power rating as compaoePFC flyback converter [33-35]. Moreover, aslased configuration of a
PFC Sheppard-Taylor converter is also presentefB7h with a capability to overcome control detunipgoblems. These
configurations with a newly developed isolated PE@-converter are used for improving the power iyadt AC mains of
BLDC motor drives [36]. The proposed configuratiera low cost solution with minimal sensing reqoients. Figure 4 shows a
circuit configuration of a PFC isolated-Cuk coneerfied BLDC motor drive.

D. Bridgeless Isolated PFC Converters

Bridgeless isolated PFC converters combine theradgas of bridgeless PFC converter with high fregydsolation [38-42].
Similar to non-isolated bridgeless PFC convertdrsse converters also offer low conduction loseethé front end. Bridgeless
configurations of PFC flyback, isolated PFC Cuklased PFC SEPIC and isolated PFC Zeta convertars heen proposed in
[38], [39], [40] and [41] respectively.In this wgrkome new configurations of bridgeless isolated-land bridgeless isolated
Sheppard-Taylor converter are also proposed [4&]zidg the twin benefits of bridgeless conversard high frequency isolation;
these converters are used for feeding BLDC motoredior improving the power quality at AC mains dig 5 shows circuit
configuration of a bridgeless isolated-Cuk conveigeding BLDC motor drive.
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E. Integrated and High Quality Rectifiers

Integrated and high quality rectifiers (IHQRR) aised in applications which require a good dynaregponse, high light load
regulations capability and high light load efficignbut at the cost of high number of components4@B The boost-integrated
flyback rectifier energy-storage DC (BIFRED) coneei{43] and the boost integrated buck rectifiezrgy-storage DC (BIBRED)
converter [44] are the two configurations belongtnglHQRR. These are further classified into itvisolated and isolated
configurations [45, 46]. A non-isolated integratauack-boost buck converter is also used which ismabination of buck-boost
and a buck converter, which can provide a soft@dwilg with extra one diode for reduced losses MRRC converter switch [47].
Moreover, single-stage, single-switch integrate Pased power a supply (SSIPP) is presented irdR8,These converters are
the combination of a boost PFC converter with atated DC-DC converter. Here, the boost convedarsied for achieving the
improved power quality at AC mains, whereas sedd@dDC converter is used for regulation of DC linltage. Utilizing the
benefits of these converters, an application o$eheonfigurations for power quality improvemend& mains for BLDC motor
drives is also presented in this work.Two configiorss of the non-isolated and isolated BIFRED catereare shown in figure 6
and 7 respectively for feeding BLDC motor drive.
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Figure 6. A PFC non-isolateddBI_FRED converter fed BDC  Figure 7. A PFC BIBRED converter fed BLDC motor drive.
motor drive

4. Design Specifications and Selection Criteria ®#FC Converters for Particular Applications

These PFC converters can be designed in CCM or Ditide of operation depending upon the requiremégntH& a low
power application, PFC converter operating in DG\pieferred because of low amount of sensing. Hewyev CCM mode of
operation is preferred in medium power applicatimhere stress on the PFC converter switch and E8lies become dominating
as compared to the advantages achieved in DCMeTdrernumerous parameters which decide the destgriacand selection of
a suitable PFC converter for the desired applicadiech as,

1) Power rating of PFC converter
2) DC link voltage control range of PFC converter
3) Operation at universal AC mains
4) Requirement of high frequency isolation
5) Operating switching frequency
6) Desired power quality performance
7) Type of load on BLDC motor (fan, compressompii
8) Cost of overall system
9) Desired efficiency of the drive
10) Conducted and emitted noise (EMI issues)
11) Size and weight of the overall system
12) Reliability issues
13) Environmental factors
These factors decide the proper selection of PF®earter for the desired application.

5. Comparative Study of PFC Converters Fed BLDC Madr Drives

Table-I shows the comparison of number of companeritvarious configurations of PFC converters. Todsnparison
includes total number of switche§,), low frequency diodes of the DBHDY), high frequency / fast recovery diodd3)(
inductors ), high frequency transformer$)( capacitors €), total number of components;Y and total number of components
conducting in a half line cycle of supply voltagg). As compared to the conventional non-isolated iaatited PFC converters,
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bridgeless PFC converters have higher number af tomponent counfT(), but less number of components are conductiray in
half line cycle of supply voltageTg). This reduces the conduction losses in the biédgeconverters which lead to high overall
efficiency of the system. Moreover, the average poments conducting in a half line cycle of suppijtage in an integrated and
high quality rectifier are high. This leads to lavefficiency in the integrated and high qualitytier which can be acceptable at
the cost of better dynamic performance and betierep quality at light loads for certain application

Table-Il summarizes the key merits and limitatidrath 35 configurations of the PFC converter asdssed in Section-IIl. As
seen in this table, the selection of each PFC atewvis a trade-off between various merits and démeBased on this evaluation
a comparative analysis of five different categoaé®FC converter is also presented as shown iteTllb The non-isolated PFC
converters have low number of components and sing@sign, but suffer from efficiency issues at loywewer levels. Whereas,
the bridgeless non-isolated converters have andaddeantage of lower conduction losses in the feartt converter due to partial
elimination of DBR at the front-end. However, baththese categories do not provide galvanic ismatvhich becomes a critical
issue in many household appliances. Hence, isokateldbridgeless isolated PFC converters are usasddh applications. But
these configurations suffer from efficiency issukge to losses in the high frequency transformezacé the design of highly
efficient transformer for these converters requirggor attention. An another category of integraaed high quality rectifiers
possess better dynamic performance, high qualgylaged output, better light load efficiency andddight load regulation, but
at the cost of high component count and relatil@ly overall efficiency of the system.

COMPARISON OF NUMBER OF COMPONEN‘I-'ré\?llI_IE/lARIOUS CONFURATIONS OF PFC CONVERTER
PFC Converter Sy |Dp[Ds | L | T|C| Tt | Ty PFC Converter S|Dy|Ds| L |T|C| Tt | Ty
Non-Isolated PFC Converters Bridgeless Non-I solated PFC Converters
Buck-Boost 1 4 1 2 0 2 10 8 BL- Buck-Boost 2 0| 4| 3| O 2| 11 7
Cuk 1 4 1 3 0 3 12 10 BL-Cuk 2 0| 4| 5| 0| 4| 15 9
SEPIC 1 4 1 3 0 3 12 10 BL-SEPIC 2 0| 4 5| 0| 4| 15 9
Zeta 1 4 1 3 0 3 12 10 BL-Zeta 2 0| 4| 5| 0| 4| 15 9
Luo 1 4 1 3 0 3 12 10 BL-Luo 2 0| 4| 5| 0| 4| 15 9
CsC 1 4 1 2 0 3 11 9 BL-CSC 2 0O| 4| 3| 0| 4| 13 8
Sheppard Taylor 2 4 4 3 0 3 16 14 BL-Sheppard Taylor 4 0| 10| 5 0 4| 23 13
SC-Buck-Boost 1 4 4 3 0 4 16 14 BL-SC-Buck-Boost 2 0| 10| 5 0 6| 23 13
I solated PFC Converters Bridgeless | solated PFC Converters
Flyback 1 4 1 1 1 2 10 8 BL-Flyback 2 0| 4 1 2 2 11 7
Isol. Cuk 1 4 1 3 1| 4 14 12 BL-Isol. Cuk 2 0| 4| 5 2 6| 19 11
Isol. SEPIC 1 4 1 2 1 3 12 10 BL-Isol. SEPIC 2 0| 4| 3 2 4| 15 9
Isol. Zeta 1 4 1 2 1 3 12 10 BL-Isol. Zeta 2 0 4 3 2 4|1 15
Isol. Luo 1 4 1 2 1 3 12 10 BL-Isol. Luo 2 0 4 3 2 41 15
Isol. Sheppard Taylor 2 4 4 2 1 3 16 14 BL-Isol. Sheppard Taylor | 4 0| 10f 3 2 4| 23 13
I ntegrated Non-I solated PFC Converters Integrated | solated PFC Converters
Int. Buck Boost-Buck 1 4 3 3 0 3 14 12 BIFRED 1| 4 2 2 1 3| 13 11
Non Isol. BIFRED 1 4 2 3 0 13 11 BIBRED 1| 4 2 3 1 4| 15 13
Non Isol. NI BIBRED 1 4 3 4 0 3 15 13 Boost Flyback SSIPP 1 4 4 2 1 3 15 13
Boost Forward SSIPP 1 4 5 3 1 3 17 15
S- Number of PFC converter switches »- Bumber of diodes in a DBR (low cost power diodes)
Ds- Number of diodes in a PFC converter (high cost facovery diodes) L - Number of inductors in &£Rienverter and filter
T - Number of high frequency transformer (HFT) - Bumber of capacitors in a PFC converter andrfilte
T Total number of components in a PFC converterféted Ty - Total number of components conducting in haléIcycle of supply voltage

6. Latest Developments and Future Trends

Recently, BLDC motor drives have gained wide attentof the manufacturers, designers and researdhegsto various
advantages over the conventionally used inductiotondrives. The advancements in permanent magatgrials have enriched
the possibility in design and development of a hégiergy density and a compact BLDC motor [50]. Trteoduction of latest
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software tools in motor design such as MagNet, M&8wolve, SPEED etc [51-53] have led to accurate effidient design of
BLDC motors. Moreover, the increased use of DSPPawer electronics and drive applications has endwhithe possibility of
involving sophisticated algorithms for efficient ntmol of BLDC motor drive. Many new sensorless cohtalgorithms for
elimination of rotor position sensors are also dgved, which enhances the capability of BLDC matohazardous environments
and reduce the cost on account of sensor redU&#bB5].

TABLE-II
COMPARISON OF ADVANTAGES AND DISADVANTAGES OF VARIOS CONFIGURATIONS OF PFC CONVERTER

SN. PFC Converter Merits Limitations

Non-Isolated PFC Converters and Bridgeless Non-I solated PFC Converters

1. Buck-Boost . . oo . .
5 BL-Buck-Boost Lowest Component Count, Simplest Design EMI (Switch in Series)&Negative Output Voltage
2' gE!(Cuk Smooth Input and Output current, Low EMI Issues Negative Output Voltage
5. | SEPIC ) " . »
6 BL-SEPIC Continuous Input Current, Positive Output Voltage| High component as compared to Buck-Boost / CSC
7. Zeta . . o )

Very Good Dynamic Performance, Good Stability EMI (Switch in Series)
8. BL-Zeta
190 Iétlj_(_)l_uo Very Good Dynamic performance and stability EMI (Switch in Series), Negative Output Voltage
11. | CSC .
12. | BL-CSC Low Component Count Negative Output Voltage

13. | Sheppard Taylor
14. | BL-Sheppard Taylor

15. | SC-Buck-Boost
16. | BL-SC-Buck-Boost

No Control Detuning Problems, High Power Factor High Component Count, Negative Output Voltage

Light Load Regulation, Light Load Efficiency HighoBponent Count

| solated PFC Converters and Bridgeless | solated PFC Converters

17. | Flyback

18. | BL-Flyback Lowest Component Count, Simple Design EMI (Switch in Series), High Stress on Switch
19 Isol. Cuk Smooth Input and Output Current Relatively Higher Component Count

20. | BL-Isol. Cuk

21. | Isol. SEPIC ) - Lo

29 | BL-Isol. SEPIC Continuous Input Current Critical Transformer Design in DCM

23. | Isol. Zeta ) . Lo )

24 | BlL-lsol. Zeta Very Good Dynamic performance, Good Stability EMI Issues(Switch in Series)

25. | Isol. Luo ) . Lo .

26. | BL-lsol. Luo Very Good Dynamic performance, Good Stability EMI Issues (Switch in Series)

27. | Isol. Sheppard Taylor No Control Detuning Problems, High power Factor Relatively Higher Component Count

28. | BL-Isol. Sheppard Taylor

Integrated and High Quality Rectifiers

29. | Non Isol. BIFRED Low Component Count, Good Power Factor Correctipn EMI Issues (Input Inductor in DCM)

30. | Non Isol. NI BIBRED Good Power Factor Correction, Light Load regulatio EMI Issues (Input Inductor in DCM)

31. | Int. Buck Boost-Buck Soft Switching with One Extra Diode Non-Isolatedhfiguration

32. | BIFRED Very Good Dynamic Performance, Good Stability Hb&lues (Input Inductor in DCM)

33. | BIBRED Very Good Dynamic performance, Good Stability EMI Issues (Input Inductor in DCM)

34. | Boost Flyback SSIPP Better Light Load Regulation and Light Load Effiety High Component Count, Relatively Low Efficiency

35. | Boost Forward SSIPP Better Light Load Regulation and Light Load Effiety High Component Count, Relatively Low Efficiency
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Moreover, rapid improvements in design of solidestwitches have explored high speed and effi@esitches in many low to
medium power ranges [56-57]. Such switches havenetd the operation of such converter at high &imtcfrequency, reduced
losses and miniaturized size of converter. Inclusibimproved design of converters and efficienmypiovements on account of
soft switching has also explored PFC convertergets heights.

TABLE-II
OVERALL COMPARISON OF VARIOUS CATEGORIES OF PFC CUBRTER CONFIGURATIONS

S.N Configurations Advantages Disadvantages Potential Applications

Non-Isolated PFC Lowest Component Count PFC and efficiency issues at lowe

Converter Simpler design power levels Fans, AC, Water-pumps

Bridgeless Non-Isolated

PEC Converter Low losses in front end converter High component count Fans, AC, Water-pumps

Low Component Counts

3. Isolated PFC Converters + Isolation Efficiency issues due to HFT Refrigerators, Mixers and grinderg
Bridgeless Isolated PFC Low losses in front end converter High component count . . .
4. Converters + Isolation Efficiency issues due to HFT Refrigerators,Mixers and grinders
5 Integrated and High Better Dynamic Performance + High component count All-
* | Quality Rectifiers Better Light Load Regulation Relatively Low Efficiency

The miniaturized design of PFC converter on actaodiintegrated magnetic also helps to increaseptheer density of PFC
converter. Moreover, a use of mixed conduction rsoated integration of two converters for light loafficiency improvements
has led to a new domain of research.

In future, it is expected for a continuing researcthe quest of energy efficiency, size reductiooreasing the power density,
miniaturization of components and reducing the al@ost of the system. The overall advancementeérBLDC motor and the
PFC converter are expected to lead to new heightisei development of high performance PFC based®hidtor drives. This
improves the performance of the potential applacetiof the BLDC motor drives such as air-conditisnevater pumps, fans,
refrigeration etc. The upcoming BLDC motor driver feuch application is to be low cost, compact sizgiged and highly
efficient.

6. Conclusion

A comprehensive study of various configurationsP&fC converters has been presented for feeding Biia€or drive. A
detailed classification of 35 configurations of PE@hverter has been given in five different catexgoof non-isolated, bridgeless
non-isolated, isolated, bridgeless isolated andgiated and high quality rectifiers. These PFC edevs have provided an
improved power quality at AC mains for a wide ramgepeed control corresponding to the control 6flidk voltage of the VSI.
Moreover, these converters have also resultedsatisfactory power factor correction at univers@l mains. Latest developments
in high speed switches, improved design conceptegiated magnetic and miniaturized design in tH®S€ converters have
enhanced the possibility of efficiency improvementsthese PFC converters. Moreover, the advancemianhigh density
permanent magnets, sophisticated tools in motagdeand efficient control methods have also ledh® development of high
performance and highly efficient BLDC motor driv&shese technological improvements have led to uariepportunities in
development of highly efficient low cost BLDC motdrives with power factor correction and sensowotion targeting a wide
range of applications.
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