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1. INTRODUCTION

Recently lots of research on sensorless control technique for BLDC motor has been conducted. It
has been understood that it has various advantages than conventional motors. The advantages are Elimination
of motor neutral voltage, Elimination of fixed phase shift circuit, low starting speed, cost effective [1-8]. Also
this motor is becoming famous due to its high efficiency, high flux density per unit volume, low maintenance
requirements, low EMI problems. These BLDC motors can be applied in transportation, HVAC, motion
control, industrial tools, and medical equipment [9-12]. The proposed system is applied in Lift/elevator
application.

The BLDC motor is employed with a position sensor for absolute sensing of the rotor position. This
results in more mechanical connections and higher cost. In order to overcome these drawbacks the Sensorless
method has been introduced. There are various Sensorless techniques for BLDC motor. This paper introduces
the Finite-Element-method (FEM) for absolute sensing of the rotor position using position and speed
observer method which determines the rotor position at both standstill and running conditions [1].

This method uses the zero-crossing between the line-to-line PM flux linkage that occurs right in the
middle of two commutation points (CP). The position between CPs is obtained by comparing the estimated
line-to-line PM flux with the FEM-calculated line-to-line PM flux [1].

The Unity power factor is the aim of every electric utility. Suppose if the power factor is less than 1,
then more amount of current has to be supplied for the given power use. Hence, the power factor has to be
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adjusted nearly to 1. This paper introduces the Power Factor Corrected (PFC) Bridgeless Buck-Boost
converter.

When a BLDC motor is fed by the Diode Bridge Rectifier (DBR) with the DC-link capacitor of high
value it draws the peak current which suppress the value of Total Harmonic Distortion (T.H.D) about 65%
and power factor nearly 0.82 [6]. Hence, this single stage power conversion is employed for improvement in
efficiency and less component count.

Comparing BL SEPIC and Cuk converters, the BL Buck-Boost converters gained more advantage
for applications requiring a wide range of dc link voltage control [5]-[11]. i.e., bucking and boosting mode.
This provides the voltage buck or voltage boost which limits the operating range of the dc link voltage
control.

2. PROPOSED PFC BRIDGELESS BUCK-BOOST CONVERTER
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Figure 1. Proposed PFC BL Buck-Boost converter

In the proposed configuration of bridgeless buck-boost converter has the minimum number of
components and least number of conduction devices during each half cycle of supply voltage into two parts
which include the operation during the positive and negative half cycles of the supply voltage and complete
switching cycle [13].

Table 1. Comparison of Number of Components of the Proposed with the Existing Topologies

Configuration Number of Devices Y period Suitability
S C L D Total conduction

BL- Buck 2 2 2 4 10 5 No

BL-Boost 2 1 1 2 6 4 No

BL-Cuk 2 3 3 3 11 7 Yes

BLSEPIC 2 2 2 3 9 7 Yes

Proposed 2 1 2 4 9 5 Yes

2.1. Operation of the Proposed Converter in Positive and Negative Half Cycle

In this mode converter switches S; and S, are operate in positive and negative half cycle of supply
voltage respectively. During positive half cycle switch S;, inductor L, and diodes D, and D, are operated to
transfer energy to DC link capacitor C4. Similarly in negative half cycle of supply voltage switches S,,
inductor L, and D, conducts. In Discontinuous Inductor Current Mode (DICM) operation of converter the
current in the inductor L, becomes discontinuous for certain duration in a switching period.
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Figure 2. Voltage across the switches for positive and negative half-cycle of supply voltage
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2.2. Operation during Switching Cycle

Mode I: In this mode, switch S; conducts for charging the inductor L;, hence the inductor current iL;
increases in this mode. Diode Dy, completes the input side and the DC link capacitor Cyq is discharged by
VSI fed BLDC motor.
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Mode II: In this mode of operation switch S, is turned off and the stored energy from the inductor L,
is transferred to DC link capacitor Cg, till the inductor is fully discharged and current in the inductor is fully
reduced to zero.
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Mode III: In this mode of operation inductor Li; operate in discontinuous conduction mode and
diodes and switch are in off condition. At this time DC link capacitor Cg. starts discharging. This operation
can be continuing up to switch S; is turned on again.

Ls
[.rmm, .

J ) l 3 r 1 1

— [Voltage [—a/" 3o

| Source BLDC )
{inverter | w\  Moter

3. DESIGN OF PFC BL BUCK-BOOST CONVERTER
A PFC BL buck—boost converter is designed to operate in DICM such that the current in inductors
i.; and i, becomes discontinuous in a switching period. For a supply voltage with an rms value of 200 V, the
average voltage appearing at the input side is given as:
v, = 2v2Vsy _ 24/2%200 ~ 180V (1)
VA Vs
The voltage conversion ratio is given by,

d= Y )

VintVac

In the proposed converter the dc link voltage is designed 50 V as the minimum value & 450 V as the
maximum voltage with 100 V as the nominal value. Hence, the corresponding duty ratio of Vaemin & Vaemax 18
calculated as 0.2 and 0.69 respectively.

3.1. Design of Input Inductors
The value of inductance L;.|, to operate in critical conduction mode in the buck—boost converter is
given as:

Re(1—d)?
Lici= e(zfs)

(€))
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Where R, is the equivalent resistance, d is the duty ratio and f; is the switching frequency.

Now, the value of L;; is calculated at the worst duty ratio of d,;, such that the converter operates in
DICM even at very low duty ratio. At minimum duty ratio, i.e., the BLDC motor operating at 50 V (Vgemin),
the power (P, is given as 90 W (i.e., for constant torque, the load power is proportional to speed). Hence,
the value of inductance L;.p, corresponding to Vgemiy is obtained as:

2
wa

Liemin = Poin 2fs

_50%  (1-0.2016)*

~ 90 2X2000

= 442.57 uH )

The values of inductances L;; and L;, are taken less than 1/10th of the minimum critical value of
inductance to ensure a deep DICM condition. The analysis of supply current at minimum duty ratio (i.e.,
supply voltage as 200 V and dc link voltage as 50 V) is carried out for different values of the inductor (L, and
Ly).

3.2. Design of DC Link Capacitor (Cyc)

The design of the dc link capacitor is governed by the amount of the second-order harmonic (lowest)
current flowing in the capacitor and is derived as follows. For the PFC operation, the supply current (Is) is in
phase with the supply voltage (Vs). Hence, the input power Pin is given as:

P; = 2v/2V,, sin wt * V21, sin wt VI, (1 — cos 2wt)

Where the latter term corresponds to the second order harmonic, which is reflected in the dc link capacitor as

() = % cos 2wt 5)
dc

The dc link voltage ripple corresponding to this capacitor current is given as:

AV, = —Cidc [ig(©)dt= —zfc”d -sin 2t (©6)

For a maximum value of voltage ripple at the dc link capacitor, Sin(mt) is taken as 1. Hence, (6) is rewritten
as:

I C
Cac = 52— (7

- 20AV g

Now, the value of the dc link capacitor is calculated for the designed value V4.4 with permitted ripple in the
dc link voltage (AV ) taken as 3% as:

Py
C — /Vdcdes — 350/100
dc 20AV g 2X314%0.03X100
= 1857.7 uF )

Hence, the nearest possible value of dc link capacitor Cy is selected as 2200 pF.

3.3. Design of Input Filter (Ls and Cy)
A second-order low-pass LC filter is used at the input side to absorb the higher order harmonics
such that it is not reflected in the supply current. The maximum value of filter capacitance is given as:

Ipeak

WL Vpeak
350 1

= —  — tan1°
220 314 x220V2

= 401.98 nF 9)

Cmax -
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Where Ipeak, Vpeaks @1, and 0 represent the peak value of supply current, peak value of supply voltage, line
frequency in radians per second and displacement angle between the supply voltage and supply current,
respectively. Hence, a value of Cyis taken as 330 nF.

4. PROPOSED BLOCK DIAGRAM
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Figure 3. Block Diagram of proposed system

The configuration of bridgeless buck-boost converter has the minimum number of components and
least number of conduction devices during each half cycle of supply voltage which governs the choice of BL
buck- boost converter for Lift/elevator application.

The inverter does reverse of what ac-to-dc converter does. Even though input to an inverter circuit is
a dc source, it is not uncommon to have this dc derived from an ac source such as utility ac supply. Here, the
final ac output may be of a different frequency and magnitude than the input ac of the utility supply.

The rotor position is detected using the finite element Method (FEM). This project proposes and
investigates a new offline FEM- assisted position and speed observer for BLDC-PM motor drive sensorless
control based on the line-to-line PM flux linkage estimation [1]. Using measured phase currents and line-to-
line voltages the line-to-line PM flux can be estimated.

5. SENSORLESS OPERATION OF BLDC MOTOR

This paper proposes the FEM assisted sensorless control of BLDC motor done by estimating the
line-to-line PM flux linkage. To obtain quasi-square current waveforms, the position of CP’s are required. By
comparing the line-to-line PM flux linkage with the calculated FEM the position between the CP’s is
obtained. The line-to-line PM flux linkages can be estimated by direct measurement of line-to-line voltages
and phase currents. The another method of calculating the line-to-line voltages by using dc bus voltage and
switching status.

5.1. Commutation Approach and Position Estimation

The origin for operation of position and sensorless speed observer is the time period of zero crossing
of one CP and the time period of zero crossing of another CP are made equal to each other. In each sector
only two modes conduct leaving the third phase open. The voltage in the open phase is equal to the back
EMF which is unseen in the controller. In each mode only one line-to-line PM flux linkage is used.

The Voltage model in the stator reference frame is the method employed in Line-to-Line PM flux
linkage estimator. To reduce the phase delay a first-order Low-pass filter (LPF) is used as the equivalent
integrator with speed adaptive time constant (T,) to attenuate the output dc offset (equal with T, x input dc
offset).

Table 2. Line-to-Line PM Flux Linkage

Rotor Sectors Estimation of Speed
Mode a and a’ Ppmab
Mode b and b’ PpMbe
Mode c and ¢’ DPpmca
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Figure 4. FEM assisted position estimation

H(s)=—%=, T, = —
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Where N, depends on the reference speed N,.-.

5.2. Speed Estimation

In Sensorless BLDC motor with no position sensors and position estimation, the speed estimation is
anticipated by using the information from the commutation controller. The pulses are generated from the
estimated position. The 18 pulse edges are formed from every 20° electrical angle. The Speed is considered
using the time T between the two pulse edges. At every pulse edge the new speed computation is obtainable.
Between two pulses the speed is kept at the old value.

2.m
N=———
T- Nedges

Where Nggges is the number of edges.
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Figure 5. Pulse edges based speed estimation

The required speed can be obtained by keeping the Load torque, Ty value as constant. The Speed
varies linearly with time and attains the constant value for the given period of time.

Figure 6. Proposed FEM-assisted PM-BLDC motor drive
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6. SIMULATION RESULTS
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Figure 13. Harmonic spectra of supply current
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Table 3. THD and Power factor analysis of the Proposed system for T =3 NM
\'A I Vyef V4.  Power Speed T.H.D

factor
80 12 120 175 0.9984 120 2.89 %
100 12 120 220 0.9984 120 2.89 %
200 12 120 433 0.9984 120 2.89 %
300 12 120 160 0.9984 120 2.89 %

7. DISCUSSION ON RESULT

The Proposed project is simulated in MATLAB/Simulink. The THD of supply current at ac mains
with output power for the proposed scheme of the BL buck—boost converter fed sensorless BLDC motor
drive is achieved within the IEC 61000- 3-2 limits. The evaluation is based on the control requirement and
losses in the PFC converter and VSI-fed BLDC motor. The speed remains constant in spite of change in
voltage. The obtained current Total Harmonic Distortion (T.H.D) is 2.89%. The simulation results the Power
Factor in 0.9999 which is nearer to the Unity Power factor, doesn’t cause Power Quality issues at ac mains.

8. CONCLUSION

A PFC BL buck-boost converter-based VSI-fed BLDC motor drive has been proposed targeting
Lift/elevator application. A new method of speed control has been utilized by controlling the voltage at dc
bus. The front-end BL buck—boost converter has been operated in DICM for achieving an inherent power
factor correction at ac mains. A satisfactory performance has been achieved for speed control and supply
voltage variation with power quality indices within the acceptable limits of IEC 61000-3-2. Moreover,
voltage and current stresses on the PFC switch have been evaluated for determining the practical application
of the proposed scheme. A FEM assisted position and speed observer for BLDC-PM motor drive sensorless
control based on the line-to-line PM flux linkage.

REFERENCES

[1] Alin S.tirban, Ion Boldea and Gheorghe-Daniel Andreescu “Motion-Sensorless Control of BLDC-PM Motor With
Offline FEM-Information-Assisted Position and Speed Observer”, IEEE transactions on industry applications, vol.
48,n0. 6, November/December 2012.

[2] Bhim Singh and Vashist Bist, “A Single Sensor Based PFC Zeta Converter Fed BLDC Motor Drive for Fan
Applications”. 2012 IEEE Fifth Power India Conference. Murthal. 2012: 1-6.

[3] Chen, D. Maksimovic, and R. W. Erickson, “Analysis and design of a low-stress buck-boost converter in universal-
input PFC applications,” IEEE Trans. Power Electron., vol. 21, no. 2, pp. 320-329, Mar. 2006.

[4] Y. Chen, C. Chiu, Y. Jhang, Z. Tang, and R. Liang, “A driver for the single phase brushless dc fan motor with
hybrid winding structure,” IEEE Trans. Ind. Electron., vol. 60, no. 10, pp. 4369-4375, Oct. 2013.

[S] L. Huber, Y. Jang, and M. M. Jovanovi’c, “Performance evaluation of bridgeless PFC boost rectifiers,” IEEE Trans.
Power Electron., vol. 23, no. 3, pp. 1381-1390, May 2008.

[6] E.H. Ismail, “Bridgeless SEPIC rectifier with unity power factor and reduced conduction losses,” IEEE Trans. Ind.
Electron., vol. 56, no. 4,pp. 1147-1157, Apr. 2009.

[7]1 C. Jingquan, D. Maksimovic, and R. Erickson, “A new low-stress buckboost converter for universal-input PPC
applications,” in Proc. 16th IEEE APEC Conf., Mar. 2001, vol. 1, pp. 343-349.

[8] Sang-Yong Jung, Yong-Jae Kim, Jungmoon Jae, and Jachong Kim, “Commutation Control for the Low-
Commutation Torque Ripple in the Position Sensorless Drive of the Low-Voltage Brushless DC Motor”, IEEE
Transactions on Power Electronics, vol. 29, no. 11, November 2014.

[9] T Sutikno, NRN Idris, NS Widodo, A Jidin. FPGA Based a PWM Technique for Permanent Magnet AC Motor
Drives. International Journal of Reconfigurable and Embedded Systems. 2012; 1(2): 43-48

[10] S. Singh and B. Singh, “A voltage-controlled PFC Cuk converter based PMBLDCM drive for air-conditioners,”
IEEE Trans. Ind. Appl., vol. 48, no. 2, pp. 832-838, Mar./Apr. 2012.

[11] B. Singh, B. N. Singh, A. Chandra, K. Al-Haddad, A. Pandey, and D. P. Kothari, “A review of single-phase
improved power quality ac—dc converters,” IEEE Trans. Ind. Electron., vol. 50, no. 5, pp. 962-981, Oct. 2003.

[12] Tae-Won Chun, Quang-Vinh Tran, Hong-Hee Lee, Heung-Geun Kim, “Sensorless Control of BLDC Motor Drive
for an Automotive Fuel Pump Using a Hysteresis Comparator”, IEEE transactions on power electronics, vol. 29, no.
3, march 2014.

IJPEDS Vol. 5, No. 3, February 2015 : 415 — 423



1JPEDS ISSN: 2088-8694 a 423

BIOGRAPHIES OF AUTHORS

S. Kaliappan, completed his Diploma in Electronics and Communication from Kongu Polytechnic,
Coimbatore, and Tamil Nadu and obtained his B.E degree in the department of Electrical and
Electronics Engineering from Government College of Technology, Coimbatore, TamilNadu and
obtained his M.E degree in the specialization of Embedded System in Anna University of
Technology, Coimbatore, Tamil Nadu. His areas of interests are Power Systems and Embedded
Systems. He has published six papers in National Journal and four papers in International Journal.

Dr. R. Rajeswari, completed her B.E degree in the department of Electrical and Electronics
Engineering from MK University, Madurai, Tamil Nadu, India and obtained her M.E degree in the
specialization of Power System Engineering from MK University, Madurai, Tamil Nadu. Her areas
of interests are Power Systems and Soft Computing Techniques. She has published two papers in
National Journal and twenty papers in International Journal.

A Novel Approach of Position Estimation and Power Factor Corrector Converter Fed... (S. Kaliappan)



