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              Abstract-This paper deals with a SEPIC DC–DC converter 
as a power-factor-correction converter for a permanent magnet 
(PM) brushless dc motor (PMBLDCM).It is fed through a diode 
bridge rectifier from a single-phase ac mains. A three-phase  
 
 
 
 
 
 
 
 
 
 
 
1.INTRODUCTION 

   The Brushless DC (BLDC) motor is the ideal choice for ap-
plications that require high reliability, high efficiency, and 
high power-to-volume ratio. It is considered to be a high per-
formance motor that is capable of providing large amounts of 
torque over a vast speed range. BLDC motors do not have 
brushes and must be electronically commutated. Thus they 
have higher efficiency, long operating life, rugged construction and noise-
less operation. BLDC motor implements the basic principle 
of conventional DC motors except that the stator has three phase wind-
ings whereas the rotor has pole magnets. The hall sensors are em-
bedded in the motor and it detects the rotor position. The 
decoder decodes the position of the rotor and produces gate 
pulses to trigger the six-switch inverter to produce AC volt-
age that energizes the stator windings to produce current. Re-
cent developments in power electronics, microelectronics and 
modern control technologies have greatly influenced the 
wide spread use of permanent magnet motors.  
    A PMBLDCM has the developed torque proportional to its 
phase current and its back electromotive force (EMF), which 
is proportional to the speed. Under variable speed operation, 
a constant current in the stator windings with variable volt-
age across its terminals maintains constant torque in a 
PMBLDCM. A speed control scheme is proposed and it uses 
a reference voltage at dc link proportional to the desired 
speed of the permanent-magnet brushless direct current 
(PMBLDC) motor [1].  
   The PMBLDC drive consists of a VSI and the PMBLDC mo-
tor and it is usually powered through a diode bridge rectifier 
fed from a single phase AC mains followed by a DC link ca-
pacitor. This arrangement suffers from power quality dis-
turbances at the ac mains in terms of poor power factor (PF) 
of the order of 0.728 [1]. Power factor correction method is a 

candidate for ac to dc power conversion in order to reduce 
the line current harmonics as well as increase the efficiency of 
motor drives. The use of power factor correction topologies is 
mostly recommended for such drives. There are very few  
 
 
 
 
 
 
 
 
publications regarding PFC in PMBLDCMDs despite many 
PFC topologies for switched mode power supply and battery 
charging applications. This paper deals with an application of 
a PFC converter for the speed control of a PMBLDCMD.A 
SEPIC dc–dc converter is used as a PFC converter because of 
its continuous input and output currents, small output filter, 
and wide output voltage range as compared to other single 
switch converters [3]. 
 

2.PROPOSED SPEED CONTROL SCHEME OF PMBLDC 
MOTOR 
 

 
 
Fig. 1. Control scheme of the proposed SEPIC PFC converter-fed VSI-based 
PMBLDCMD. 

 
    Fig 1 shows the speed control scheme which is based on 
the control of the dc link voltage reference as an equivalent to 
the reference speed. The rotor position signals acquired by 
Hall-effect sensors are used by an electronic commutator to 
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generate switching sequence for the VSI and it is required 
only at the commutation points [1]-[3]. 
    The SEPIC DC–DC converter controls the dc link voltage 
using capacitive energy transfer and is based on the current 
balance of the capacitor. This results in non pulsating input 
and output currents [4]. The proposed PFC converter is oper-
ated at a high switching frequency for fast and effective con-
trol and also has an advantage of a small size filter. A metal–
oxide–semiconductor field-effect transistor (MOSFET) is used 
in the proposed PFC converter for high frequency operation, 
whereas insulated gate bipolar transistors (IGBTs) are used in 
the VSI Bridge feeding the PMBLDCM because of its opera-
tion at lower frequency compared to the PFC converter. For 
continuous-conduction-mode operation of the converter, the 
PFC control scheme uses a current multiplier approach with 
a current control loop inside the speed control loop.  
    The control loop begins with the processing of voltage er-
ror (Ve) obtained after the comparison of sensed dc link volt-
age (Vdc) and a voltage (V*dc) equivalent to the reference 
speed, through a proportional–integral (PI) controller to give 
the modulating control signal (Ic). This signal (Ic) is multi-
plied with a unit template of input ac voltage to get the refer-
ence dc current (I*d) and compared with the dc current (Id) 
sensed after the DBR. The resultant current error (Ie) is ampli-
fied and compared with a sawtooth carrier wave of fixed fre-
quency (fs) to generate the pulse width modulation (PWM) 
pulse for the SEPIC converter. Its duty ratio (D) at a switch-
ing frequency (fs) controls the dc link voltage at the desired 
value. For the control of current to PMBLDCM through VSI 
during the step change of the reference voltage due to the 
change in the reference speed, a rate limiter is introduced, 
which limits the stator current of the PMBLDCM within the 
specified value which is considered as double the rated cur-
rent[1]. 
 

III. DESIGN OF PFC SEPIC CONVERTER-BASED PMBLD-
CMD 

 
    The proposed PFC SEPIC converter is designed for a 
PMBLDC motor drive with main considerations on the speed 
control and power factor improvement on the AC mains. The 
dc link voltage of the PFC converter is given as 

Vdc=VinD/(1-D)                         (1) 

where Vin  is the average output of the DBR for a given ac 
input voltage (Vs) related as 

                             Vin=2√2Vs/π                             (2) 

    The SEPIC converter uses a boost inductor (Li) and a ca-
pacitor (C1) for energy transfer. Their values are given as 

Li=DVin/{fs(∆ILi)}                     (3) 
C1=DIdc/{fs(∆Vc1)}                     (4) 

where ∆ILi is a specified inductor current ripple, ∆Vc1 is a 
specified voltage ripple in the intermediate capacitor (C1), 
and Idc is the current drawn by the PMBLDCM from the dc 
link.  
    A ripple filter is designed for ripple-free voltage at the dc 
link of the SEPIC converter. The inductance (Lo) of the ripple 
filter restricts the inductor peak-to-peak ripple current (∆IL0) 
within a specified value for the given switching frequency 
(fs), whereas the capacitance (Cd) is calculated for the al-
lowed ripple in the dc link voltage (∆VCd) [5],[6]. The values 
of the ripple filter inductor and capacitor are given as 

L0 = (1-D)Vdc / fs∆IL0                        (5) 
Cd = Idc /(2ω∆VCd)                             (6) 

    The PFC converter is designed for a base dc link voltage of 
Vdc = 360 V at Vs = 220 V for fs = 40 kHz,Is= 4.52 A, ∆ILi = 0.452 
A (10% of Idc ), Idc = 3.21 A, ∆IL0  = 3.21 A (≈Idc) and ∆Vc1 = 220 
V (≈Vs). 
    The design values are obtained as Li = 5.90 mH, C1 = 0.2910 
μF, Lo = 0.676 mH, and Cd = 2545 μF. 
 

IV. MODELING OF PFC CONVERTER-BASED PMBLDCMD 

 
    The PFC converter and PMBLDCMD are the main compo-
nents of the proposed drive, which are modeled by mathe-
matical equations, and a combination of these models repre-
sents the complete model of the drive. 

A. PFC Converter 

    The modeling of the PFC converter consists of the model-
ing of a speed controller, a reference current generator, and a 
PWM controller as given hereinafter. 

1)Speed Controller: The speed controller is a PI controller 
which closely monitors the speed error as an equivalent volt-
age error and generates the control signal(IC) to minimize the 
error. If at the kth instant of time, V*dc(k)   is the reference dc 
link voltage and Vdc(k)  is the voltage sensed at the dc link, 
then the voltage error   Ve(k) is given as 

Ve(k)=V*dc(k) - Vdc(k)                       (7) 
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    The PI controller output Ic(k) at the kth instant after pro-
cessing the voltage error   Ve(k)   is given as 

Ic(k)=Ic(k-1)+ kp{Ve(k)-Ve(k-1)}+ ki Ve(k)        (8)            

    where kp and ki are the proportional and integral gains of 
the PI controller. 

(2)Reference Current Generator: The reference current at the 
input of the SEPIC converter (i*d ) is 

id*=Ic(k).uvs                                         (9)  

where, 
 uvs is the unit template of the ac mains voltage, cal-

culated as           

 uvs   = vd /Vsm     ;     vd =|vs|    ;   v s  =  Vsmsin ωt    (10) 

where, 
              Vsm is the amplitude (in volts)  
    ω  is the frequency (in radians per second) of the ac 
mains voltage. 

(3)PWM Controller: The reference input current of the 
SEPIC converter(i*d) is compared with its current (id) sensed 
after DBR to generate the current error ∆ id= (i*d– id ).This 
current error is amplified by gain kd and compared with 
fixed frequency (fs) carrier waveform md(t) [5] to get the 
switching signal for the IGBT of the PFC SEPIC converter as 

if     kd ∆ id   > md(t)      then S=1                (11) 
if     kd ∆ id  <  md(t)      then S=0                (12) 

    where S denotes the switching of the IGBT of the SEPIC 
converter and its value “1” and “0” represent “ON” and 
“OFF” respectively. 

B. PMBLDCMD 
    The PMBLDCMD consists of an electronic commutator,a 
VSI, and a PMBLDCM. 

(1)Electronic Commutator: The rotor position signals ac-
quired by the Hall-effect position sensors and are used by the 
electronic commutator to generate the switching sequence for 
the VSI as shown in Table I [2],[6]. 

 

 

 

TABLE I 
ELECTRONIC COMMUTATOR OUTPUT BASED ON THE 

HALL-EFFECT SENSOR SIGNALS 

HALL SIG-
NALS 

SWITCHING SIGNALS 

Ha Hb Hc Sa1 Sa2 Sb1 Sb2 Sc1 Sc2 

0 0 0 0 0 0 0 0 0 

0 0 1 0 0 0 1 1 0 

0 1 0 0 1 1 0 0 0 

0 1 1 0 1 0 0 1 0 

1 0 0 1 0 0 0 0 1 

1 0 1 1 0 0 1 0 0 

1 1 0 0 0 1 0 0 1 

1 1 1 0 0 0 0 0 0 

 

(2) Voltage Source Inverter: The output of VSI to be fed to 
phase “a” of the PMBLDC motor is calculated from the 
equivalent circuit of a VSI-fed PMBLDCM shown in Fig. 2 as 

          vao =( Vdc / 2)     for Sa1 = 1                       (13)                       

            vao =(− Vdc/ 2)   for Sa2 = 1                       (14) 

       vao =0                 for Sa1 = 0, and Sa2 = 0  (15) 

vao = vao – vno                                                            (16) 

 

 
 
Fig. 2 Equivalent circuit of a VSI fed PMBLDC motor drive 

where vao , vbo , vco and vno  and are the voltages of 
the three phases (a, b, and c) and neutral point (n) with re-
spect to the virtual midpoint of the dc link voltage shown as 
“o” in Fig. 2. The voltages van , vbn and  vcn are the voltages of 
the three phases with respect to the neutral terminal of the 
motor (n), and Vdc is the dc link voltage. The values 1 and 0 
for Sa1 or Sa2 represent the “on” and “off” conditions of re-
spective IGBTs of the VSI. The voltages for the other two 
phases of the VSI feeding the PMBLDC the PMBLDC motor, 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 5, Issue 4, April-2014                                                                                                    19 
ISSN 2229-5518   
 

IJSER © 2014 
http://www.ijser.org  

 
 

i.e., vbo , vco , vbn and  vcn and the switching pattern of the 
other IGBTs of the VSI (i.e., Sb1, Sb2, Sc1, and Sc2) are gener-
ated in a similar way. 

 (3) PMBLDC motor: The PMBLDCM is modeled in the form 
of a set of differential equations [2] given as 

van =Ria + pλa + ean                                     (17) 

  vbn =Rib + pλb + ebn                                    (18) 

vcn =Ric + pλc + ecn                                             (19) 

In these equations, p represents the differential oper-
ator (d/dt), ia, ib, and ic are currents, λa, λb, and λc are flux 
linkages, and ean , ebn and ecn are phase-to-neutral back EMFs 
of PMBLDCM, in respective phases; R is the resistance of 

motor windings/phase. 

Moreover, the flux linkages can be represented as 

λa =Lsia −M(ib + ic)                            (20) 

λb =Lsib −M(ia + ic)                            (21) 

λc =Lsic −M(ib + ia)                            (22) 

where Ls is the self-inductance/phase and M is the mutual 
inductance of PMBLDCM winding/phase. 

The developed torque Te in the PMBLDCM is given 
as 

Te = (ean ia + ebn ib + ecn ic )/ωr                  (23) 

where ωr is the motor speed in radians per second. 

Since PMBLDCM has no neutral connection 

ia + ib + ic = 0                                (24) 
   
 
 
 
 
 
 
 
 
The voltage (vno) between the neutral point (n) and midpoint 
of the dc link is given as 

vno = {vao + vbo + vco − (ean + ebn + ecn)} /3      (25) 

The flux linkages are given as 

  λa = (Ls +M)ia, λb = (Ls +M)ib, λc = (Ls +M)ic  (26)                       

The current derivatives in generalized state-space 
form are given as 

        pix = (vxn − ixR − exn)/(Ls +M)                    (27)                         

where x represents phase a, b, or c. 

The back EMF is a function of rotor position (θ) as 

exn = Kbfx(θ)ωr                                           (28) 

where x can be phase a, b, or c and accordingly fx(θ) repre-
sents a function of rotor position with a maximum value ±1, 
identical to trapezoidal induced EMF, given as 

fa(θ) =1                                 for 0 < θ < 2π/3    (29) 

fa(θ) =1{(6/π)(π − θ)} − 1    for 2π/3 < θ < π     (30)               

 fa(θ) = −1                              for π < θ < 5π/3    (31)             

fa(θ) = {(6/π)(π − θ)} + 1     for 5π/3 < θ < 2π   (32)             

The functions fb(θ) and fc(θ) are similar to fa(θ) with 
phase differences of 120◦ and 240◦, respectively. 

Therefore, the electromagnetic torque is expressed as 

Te = Kb {fa(θ)ia + fb + fc(θ)ic}                     (33) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The 

 The mechanical equation of motion in speed deriva-
tive form is given as 

pωr = (P/2)(Te − Tl − Bωr)/(J)                   (34) 

where ωr is the derivative of rotor position θ, P is the number 

 

 

Fig.3 Simulation circuit of SEPIC PFC converter fed VSI based PMBLDCMD IJSER
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of poles, Tl is the load torque in newton meters, J is the mo-
ment of inertia in kilogram square meters, and B is the fric-
tion coefficient in newton meter seconds per radian. 

The derivative of rotor position is given as 

pθ = ωr                                      (35) 

The equations represent the dynamic model of the 
PMBLDC motor. A combination of these models represents 
the complete model of the drive [1]. 

V. PERFORMANCE EVALUATION OF PMBLDCMD 

SIMULINK developed by Math Works is a commer-
cial tool for modeling, simulating and analyzing multi do-
main dynamic systems.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Its primary interface is a graphical block diagram  

It offers tight integration with the rest of the 
MATLAB environment and can be either drive MATLAB or 
be scripted from it. The proposed PMBLDCMD is modeled in 
MATLAB–SIMULINK environment, and its performance is 
evaluated. 

The load is considered as a constant torque load 
equal to the rated torque (5.2 N m). A 10W rating PMBLDCM 
is used and its speed is controlled effectively by controlling 
the dc link voltage. For the performance evaluation of the 
proposed drive under input ac voltage variation, the dc link 
voltage is kept constant at 360 V which is equivalent to a 
1000-r/min speed of the PMBLDCM. Fig.4 shows the ob-
tained results of   the performance of the PMBLDC drive un-
der speed control at 220-V ac input voltage. 
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The results obtained shows that the dc link voltage of 
the SEPIC PFC converter is more than that of the CUK convert-
er [1], hence a wide range of speed is obtained by the SEPIC 
PFC converter fed PMBLDC motor. This also improves the 
power factor which is about 0.912. 

VI.CONCLUSION 
The speed control scheme for a PFC SEPIC converter 

based PMBLDC motor drive is simulated and implemented. It is 
found that the power factor is near unity with the use of the 
SEPIC converter. The speed of PMBLDCM has been found to 
be proportional to the dc link voltage and a smooth speed con-
trol is observed while controlling the dc link voltage. The intro-
duction of a rate limiter in the reference dc link voltage effec-
tively limits the motor current within the desired value. Due to 
the improved power factor, the SEPIC PFC converter fed 
PMBLDC motor can also be preferred in many applications. 
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Fig.4 Performance of the PMBLDC drive under speed control at 220-v ac input voltage 
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