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Abstract:- Permanent magnet Brushless DC motors are 

used in several applications because of its advantages 

such as high reliability, high power output, constant 

torque, low maintenance cost, good heat dissipation and 

better efficiency. Also, rapidly decreasing cost of 

permanent magnets is an added advantage. Hence, 

BLDC motors are suitable for many variable-speed 

drive applications. Various DC-DC converters are used 

for driving the BLDC motor and Interleaved Boost 

converter is one of them. BLDC motor drive is fed 

through a diode bridge rectifier which lowers the power 

factor. Hence, power factor correction converters are 

necessary in such applications. In the present work, to 

improve the power quality of the AC mains and hence 

the power factor, Interleaved boost converter controlled 

by PI controller is used. The gains of the PI controller 

are decided by Water cycle algorithm (WCA) using 

Integral Time Absolute Error (ITAE) criterion.  Speed 

control of the BLDC motor is done by controlling the 

output voltage of the converter which acts as a DC link 

voltage to the Three Phase Voltage Source Inverter 

(VSI). MATLAB SIMULINK software is used for the 

design and performance analysis of the BLDC. 

  

Keywords:- DC link voltage, Matlab-Simulink, Permanent 

magnet Brushless DC motor, power factor, power factor 
correction, converter, Three Phase Voltage Source 

Inverter. 

 

I. INTRODUCTION1 

 

Permanent magnet Brushless Direct Current 

(PMBLDC) motors are used in wide variety of applications 

due to several advantages [1]. These motors have high 

power density, high efficiency, low Electromagnetic 

Interference (EMI) problem, ease of control, low 

maintenance, high reliability, lower weight, high flux 
density per unit volume and noiseless operation [1,2,3]. 

This motor is one of the types of synchronous motors. [3]. 

It has stator windings i.e. the armature and a permanent 

magnet as the rotor [3]. The armature consists of stacked 

laminations made up of steel [4,5]. The armature windings 

are placed in slots that are wound around poles of the 

armature [4,5]. The permanent magnets acting as rotor can 

change from 2 to 8 pairs of poles with alternate north and 

south poles [4]. BLDC motor makes use of an electronic 

                                                        
 

 

commutator for rotor position detection [5]. Hence, three 

Hall sensors are placed on stator with each having phase 

shift of 120º [5]. Current is supplied to motor coils by the 
sensing of permanent magnet or electromagnet’s magnetic 

field [6]. Based on the current, the magnets rotate at the 

correct orientation [6]. Conventional machines like DC and 

synchronous machines have wear and tear problems due the 

presence of commutator brush assembly [6,7,8]. In 

Brushless direct current motor, wear and tear problem does 

not exist since an electronic commutator is used for rotor 

position detection instead of a mechanical commutator [7]. 

Hall sensors, resolvers and shaft encoders are usually used 

to find the rotor angle position [7,8]. 

 

Use of a BLDC motor for Air-conditioning system 
can result in advantages like lesser electrical and 

mechanical stress, longer life, higher reliability and lower 

running cost when compared to the conventional machines 

[9]. Also, during speed control mode, the load of the Air-

conditioning system exerts a fixed torque [10].  

 

The drive used for BLDC motor is fed through AC 

mains supply [11]. Since the mains voltage has to be 

converted into a less pulsating DC voltage, a capacitor is 

usually used at the output of the bridge rectifier [11]. Since 

the charging of the capacitor is uncontrollable, it results in 
the degradation of the power quality and increase in Total 

Harmonic Distortion (THD) of the input current [12]. The 

input current rises up to a very high value and causes 

damage to other components as well [12]. The input current 

from the mains is expected to be such that it has to be 

acceptable according to the International PQ standards IEC 

61000-3-2 [12,13,14]. Hence, there is a need for 

improvement of the quality of power [15]. Several 

topologies of switched mode power converters are used to 

enhance the quality of power [15,16,17]. The source of the 

Power electronic switch is not connected to ground for a 
buck converter [17]. This results in a difficulty for 

designing the gate circuit [17]. The same problem is faced 

by Buck-boost, Cuk topologies due to reversal of output 

voltage polarity [17]. Zeta converters also face this problem 

due switch in series to the supply [17]. An Interleaved 

boost converter proves to be a suitable solution for the 

above mentioned issues. 

 

In the present work, an interleaved boost converter is 

used for the proposed BLDC motor drive which is operated 

in Continuous Conduction Mode (CCM). Lesser inductor 

current ripple, lower output voltage ripple, lesser size of 
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components, continuous input current etc. are few 

advantages of interleaved converter [18]. Hence it proves to 

be a promising drive for BLDC motor. Additionally, by 

regulating the DC link voltage of inverter, the motor speed 

can be regulated. PI controllers are robust, simple, less 

expensive and used in various applications [19,20]. The 

manual tuning of the controller is a tedious procedure and 

also time consuming [20]. Hence there is a need of an 
optimization algorithm which can easily tune PI controller 

parameters. A metaheuristic optimization technique named 

Water Cycle Algorithm (WCA) has application in wide 

range of optimization [21]. Use of WCA results in 

substantial improvement of the PI controller parameters 

[20]. Minimizing Integral Time Absolute Error (ITAE) is 

considered to be as a good performance index in designing 

PI controllers [22]. Hence, in present work, the design and 

analysis of the BLDC drive is done by ITAE index using 

the Water cycle algorithm for air conditioner compressor 

application. 

 

II. PROPOSED SPEED CONTROLLED PFC DRIVE 

 

Fig.1 shows the proposed speed controlled Power 

factor enhancer drive. AC mains voltage 220V is stepped 

down to 110V using a stepdown transformer. The stepped 

down voltage is converted to pulsating DC voltage by 

utilizing a bridge rectifier. This acts as the input to the 

interleaved boost converter. The converter boosts the 

output voltage to 310V. This acts as the DC link voltage to 

the inverter. The Inverter powers the BLDC motor. Hall 

sensors present in the stator of the motor detect the rotor 
position. Depending on its position, respective switches of 

inverter will be ON. This leads to the respective stator 

windings to be energized. 

 

 
Fig 1:- Block diagram depicting the complete PFC system 

 

Interleaved Boost Converter and Inverter have 

MOSFET and IGBT as power electronic switches. To 

improve the quality of power, the controller uses current 

multiplier technique [24]. The overall controller consists of 

a speed loop which is slow acting and a current loop which 

is fast acting. The capacitor voltage of the converter is 
equivalent to motor speed which is sensed and fed back to a 

comparator with DC voltage reference (VDC*).The error is 

given to the Outer speed PI controller. The resulting current 

control signal is multiplied by an absolute unity amplitude 

sine wave to obtain the reference for Inductor current (IL*). 

The obtained current signal is compared with inductor 

currents IL1 and IL2 of the converter. The error is given to 

the fast acting inner current PI controller. Thus modulating 

signals m1 and m2 are obtained. The obtained signals are 

compared with saw tooth carrier of unity amplitude.  This 
saw tooth signal has a constant frequency with a phase 

delay of 0º and 180º respectively. The comparison gives 

PWM signals for the converter switches. With the change 

in reference VDC*, the output voltage of converter tracks it. 

Since this voltage is equivalent to motor speed, change in 

this reference leads to different voltage levels and hence 

different speed levels of the motor. This results in the speed 

regulation of the motor.  

 

III. DESIGN OF THE CONVERTER 

 

The Converter presented in this work utilized in 
enhancing the power quality has same equations for 

calculation of parameters as it is for the boost converter.  

 

The relation between stepped down voltage VST and 

the converter input voltage is given by:  

 

        VIN = 2√2VST/π [24]                     (1) 

 

The converter output voltage is calculated by: 

 

 VO = VDC = VIN / (1-D) [24]         (2)  
 

Where, D is the ratio of ON time of switches to total 

time of the switches. VIN is the bridge rectifier output. This 

is the supply to the converter. 

 

Similarly, the relation between Converter input and 

output current is given by: 

 

IO / IIN = (1-D)        (3) 

 

Where, IIN is the converter input current which is 

equal to the total inductor current. IO is the converter output 
current supplied to the inverter. 

 

Equation for boost inductors is given by- 

 L1 = DVIN /{fS (∆IL1)}           (4) 

 L2 = DVIN / {fS (∆IL2)}        (5) 

  

Where, ∆IL1, ∆IL2 are the ripples in Inductor currents 

∆IL1 and ∆IL2 . fS is MOSFET switching frequency. The 

current through each inductor is half of the total inductor 

current since the inductor current is divided in two 

branches. The equation for output capacitor is given by: 
  C = DIDC/fS(∆VO)                      (6)  

 

where, ∆VO is the ripple of output capacitor. IDC is the 

input current through the Inverter. 
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The converter is designed so that the converter output 

voltage VO=VDC=310V. Switching frequency of individual 

switch is selected as 10kHz. Input inductor value and 

capacitor value obtained after calculation are 27.18mH and 

0.3738mF respectively. 

 

IV. BLDC MOTOR DRIVE 

 
The proposed drive comprises of a i) Hall sensor ii) 

Three Phase Voltage Source Inverter iii) BLDC motor. 

 

 Hall sensor  

Three hall sensors fixed to stator are used in detecting 

the rotor angle position [23].  

 

Table 1 shows the switching sequence of Inverter 

corresponding to Hall sensor output [24]. 

 

Output of the 

sensor 

Sequence of switching 

Ha Hb Hc SU1 SL1 SU2 SL2 SU3 SL3 

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 

Table 1:- Switching sequence of Inverter corresponding to 

Hall sensor [24] 

 

Based on the information on rotor angle, Corresponding 

signals are given from hall sensors and respective switches 

of inverter are made ON and OFF [23]. This ensures that 

corresponding stator windings are excited [23]. 

 

 Three Phase Voltage Source Inverter-  

Fig.2 shows the Voltage source Inverter to which the 

armature windings of the BLDC motor are connected. It is 
operated in 120 degree conduction mode to excite the 

motor.  

 

 
Fig 2:- Three Phase Voltage source Inverter [24] 

 

 

The phase voltages of a, b and c phases are given by: 

 

 VPHASE = VDC/2 for SU = 1        (7) 

 

 VPHASE = -VDC/2 for SL =1        (8) 

 

 VPHASE = 0 for SL =0 and SU =0       (9) 

 
Where, VDC is the DC link voltage [13]. SU represents 

the Upper leg switches. SL represents the Lower leg 

switches of the Inverter. The values 1&0 depict the states 

“ON” and “OFF” of the Inverter IGBT switches.  

 

 BLDC Motor 

The Brushless Direct Current motor modelling is done 

using differential equations [24]: 

 

VX = IXRX + dIX/dt(LX+M) + EX       (10) 

 

Where, “x” implies a, b and c phases of the inverter.  
VX represents the inverter output voltage in volts. 

IX represents the stator winding currents in amperes.  

RX represents the resistance/phase in ohms.  

EX represents the EMF generated by stator windings in 

volts. 

 

(LX+M) represents the self-inductance and mutual 

inductance in Henry. 

 

TE = TL + J dꙍ/dt + Bꙍ [5,24]      (11) 

 
Where, TE is the torque produced by the motor in Nm. 

TL represents compressor load torque in Nm [5,24]. 

J depicts moment of Intertia in kgm2 [5,24].  

B represents the viscous damping in Nms/(rad) [5,24]. 

ꙍ is the speed of the motor in rad/s [5,24]. 

   

ꙍ = dθ /dt         (12) 

 

ꙍr = (P/2)*ꙍ        (13) 
 

Where, θ is the angle of rotor position in degrees. 

 

The emf produced at stator can be implicated by a 

function of the rotor angle (θ) [10,24] as: 

 

EX = KB fX(θ) ꙍr [5]       (14) 

 

Where, KB represents the constant of stator emf in 

volts/(rad/s) [10,24]. fX(θ) implicates the rotor angle 

function. It has a unity value of upper and lower bound i.e. 
±1.  
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Table 2 shows the function of rotor position at 

different rotor angles [25] 

 

θ (degrees) fA(θ) fB(θ) fC(θ) 

0º - 60º (6θ/π)-1 1 -1 

60º - 120º 1 3-(6θ/π) -1 

120º - 180º 1 -1 (6θ/π)-5 

180º - 240º 7-(6θ/π) -1 1 

240º- 300º -1 (6θ/π)-9 1 

300º- 360º -1 1 11-(6θ/π) 

Table 2:- Back EMF modelled as a function of Rotor angle 

[25] 

 

The motor torque is given by the equation shown by: 

 

TE = KB[fA(θ) IA + fB(θ) IB + fC(θ) IC]  [5,24]         (15)  

 

Equations (10)-(15) depict the overall dynamic BLDC 
motor model. 

 

Table 3 displays the specifications of the motor 

 

Prated 375W 

Nrated 3000rpm 

Vrated 310V 

Trated 1.2Nm 

KT 0.744Nm/A 

Pole pairs 2 

Rs 14.56Ω 

Ls 25.71mH 

J 0.03kgm2 

Table 3:- BLDC motor specifications [17] 

 

V. CONTROL SYSTEM OF PROPOSED DRIVE 

FOR POWER FACTOR ENHANCEMENT AND 

SPEED CONTROL 
 

The control system comprises of PI controllers acting 

as speed controller and current controllers. The gains of the 

controllers are tuned by the Water Cycle algorithm using 

ITAE index. 

 

It consists of a) Controller Block b) Integral Time 

Absolute Error (ITEA) block 

 

 Controller Block 

The speed controller consists of the converter output 
voltage VDC fed back and given to comparator with DC 

voltage reference VDC*. The voltage error is given by: 

VE(n) = VDC*(n) – VDC(n)  [24]       (16) 

 

The error is fed to a PI controller resulting in a current 

control signal IC. 

 

IC(n)=IC(n−1)+ KP{VE(n) – VE(n−1)} + KIVE(n) [24]    (17) 

 

Where KP is the proportional gain. 

            KI is the integral gain. 

This signal when multiplied with an absolute unity 

value sine wave gives the reference for inductor current IL*. 

 

This reference is compared with individual inductor 

current. 

 

IE1(n) = IL*(n) – IL1(n)       (18) 

IE2(n) = IL*(n) – IL2(n)       (19) 
 

The current errors obtained are given to respective PI 

controllers to obtain the modulating signals m1 and m2. 

 

m1(n) = m1(n-1)+ KP{ IE1(n) - IE1(n-1)} + KIIE1(n)     (20) 

m2(n) = m2(n-1)+ KP{ IE2(n) - IE2(n-1)} + KIIE2(n)     (21) 

 

The signals m1 and m2 are compared with a saw tooth 

carrier wave SC. This has unity amplitude and constant 

frequency. Hence, gating signals are generated to the two 

MOSFETs by the relation: 

 
if mx > SC , then SX = 1 else SX = 0, where mx 

represents the respective modulating signal for switch SX. 

“1” represents “ON” and “0” represents “OFF” state of the 

MOSFET switches. 

 

 Integral Time Absolute Error (ITAE) Block 

The PI controller parameters are tuned using a 

metaheuristic algorithm called as Water cycle algorithm. 

Before using any algorithm, fitness function has to be 

defined. The fitness function is expected to be minimized 

by the algorithm which results in improvement of power 
quality. Hence, the ITAE performance criterion is used as a 

fitness function which is to be minimized. The integral 

Time absolute of error (ITAE) criterion can be represented 

by the following equation as:  

 

ITAE = ∫ e(t) dt 
t

0
       (22) 

 
Compared to other criterions such as Integral of the 

Absolute Error (IAE) or the Integral Square Error (ISE), 

ITAE criterion results in lesser oscillations and overshoots 

[26]. Sensitivity and selectivity are the added advantages of 

ITAE [26]. 

 

ITAE criterion is the performance index based on time 

integral of error. Lesser the error, more stable is the system. 

Hence, in the present work, the main aim of the algorithm 

would be to minimize the errors given to the PI controllers 

and thereby minimize the fitness function value. 

 
Hence, the fitness function to be minimized would be:  

 

ITAE = ∫ e1(t) dt 
t

0
  + ∫ e2(t) dt 

t

0
+∫ e3(t) dt 

t

0
    (23) 

 

Where e1, e2 and e3 are the errors given to the 

individual PI controller respectively. 

 
“t” will be the time over which the absolute value of 

errors will be integrated. 
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VI. WATER CYCLE ALGORITHM (WCA) 

 

WCA is an innovative metaheuristic algorithm 

inspired by nature which is developed based on water cycle 

[20,21,27,28,29]. The basic idea of this algorithm is based 

on the movement of either streams or rivers to the sea 

[20,21,28,29]. WCA has a wide range of applications for 

optimization issues using user defined fixed parameters 
[21]. 

 

Initially, a population of raindrops is randomly created 

after raining process [21,27,28]. The best raindrop i.e. the 

minimum cost function raindrop is selected as the sea 

[20,21,27,28,29].  Better raindrops are considered as rivers 

and the remaining raindrops are selected as streams 

[20,21,27,28,29]. 

 

At starting of the algorithm, a matrix of size Npop x 

Nvar is generated [20,21,28,29]. Hence, a matrix having 

total population as columns and number of design variables 
as rows are created [20,21,27,28,29]. 

 

Raindrop = [x1 x2 x3 ……. xNvar] [21]                   (24)

  

Therefore, raindrop population is given by: 

 

              Raindrop1 

              Raindrop2                                                                                          (25) 

Pop =    Raindrop3 

                              ⋮ 

                     RaindropNpop 

 

Cost of the raindrops is given by: 

 

Costi= f(x1
i
, x2

i
, x3

i
.... xNvar

i) [21,28,29]where i=1,2,..Npop  

(26) 

 

The streams are sorted into rivers and sea such that: 

 

Nsr = Nr + 1        (27) 

 

Nstreams = Npop - Nsr         

(28) 

 

Where Nr represents the number of rivers. “1” 

represents the best solution i.e. the sea. Npop is the total 

population and Nstreams represents the remaining streams that 

might directly flow towards the river or sea [28,29]. 

 

Based on flow intensity, raindrops are assigned to 

rivers and sea [20,27,28,29] using the equation shown as: 

 

NSn = round {   
Costn

∑  
Nsr
i=1

  × NRaindrops}[20,27,28,29]  (29) 

 

Flow of streams towards the river happens through the 

connecting line using a random distance selected [28] such 

that: 

 

X  (0, C× d), C > 1 [27,28,29]                      (30) 

  

Where C is a value that has range between 1 and 2 and 

its best value will be 2 [27,28,29]. “d” is the present 

distance between the stream and the river [27,28,29]. 

Hence, random distances are created initially using the 

above equation. 

 

The new position for rivers and streams can be given 

by the equation:  

Xstream
i+1 = Xstream

i  + rand × C × (XRiver
i −  Xstream

i ) [28]       

(31) 

 

Xstream
i+1  =Xstream

i  + rand × C × (Xsea
i − XRiver

i ) [28]           

(32) 

 

If the solution of the stream is better than that of the 

river, then the positions of the streams and rivers are 

exchanged [21,27,28,29]. The same condition applies to 

rivers and sea also. Hence, the search for the best solution 
is made. 

 

The evaporation condition in the water cycle is the 

convergence criteria for the algorithm [28]. Hence, the 

convergence criteria is given by: 

   

|Xsea
i − XRiver

i | < dmax  where i=1,2,3… Nsr – 1 [28]    (33) 

 

where dmax is a value which is very close to zero. If the 

distance between river and the sea is less than dmax , it 

represents the joining of rivers to the sea and that describes 
the evaporation condition [21,28].  

 

With the increase in the number of iterations, the 

value of dmax decreases [20,21,28,29] as shown by the 

equation: 

 

dmax
i-1

 = dmax
i

 – (dmax
i-1

 / max iteration)      (34) 

 

After the evaporation process is satisfied, the water 

cycle again starts and new raindrops have to be created. 

Those raindrops form streams which flow in different 

locations [28]. The new locations of the streams are given 

by: 

 

Xstream
new  = LB + rand × (UB - LB) [28]     (35)  

 

Hence, the 2nd iteration starts with the formation of 

new raindrops and the water cycle process repeats.       

 

VII. GRAPHICAL ANALYSIS OF THE PROPOSED 

DRIVE 

 

MATLAB-SIMULINK environment is utilized in 

simulating the BLDC drive. Air- conditioner compressor is 

considered as the load having a load torque of 1.1Nm. The 
rated values of power and speed are considered as 375W 

and 3000rpm respectively. Regulation of the motor speed is 

done by tracking the DC reference which is equivalent to the 

motor speed. 
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Fig.3 shows the input parameters before doing the 

enhancement of power quality. It can be seen that the 

amplitude of the input current is very high and hence it can 

result in equipments connected to it getting damaged. 

 

 
Fig 3:- Input parameters before power quality enhancement 

  

Fig. 4 shows the total block diagram in Simulink 
which describes the whole system used in improving the 

power quality. The input block has step down transformer 

and bridge rectifier which gives pulsating DC voltage. The 

interleaved converter block has the converter which 

increases the voltage to the desired level. The converter 

excites the inverter which is used to power the BLDC 

motor. The rotor position is fed back and is given to the 

decoder block. The decoder block converts the Hall sensor 

signals to a unity amplitude quasi rectangular wave. These 

signals are given to the Gates block where the signals are 

fed to the inverter depending upon the output of the decoder 

block. 
 

 
Fig 4:- Block diagram in Simulink showing the whole 

system for power factor enhancement 
 

Fig. 5 shows the main controller block for the system. 

It consists of a slowly acting outer speed controller and two 

quickly acting inner current controllers. The signals from 

the current controllers are given to a PWM generator which 

provides the gating signals to MOSFETs of the converter. 

 

 
Fig 5:- Controller block for the PFC system 

 

Fig. 6 displays the ITAE block which consists of the 
summation block which adds all the absolute value of 

errors and integrates with time and the final value is given 

to the MATLAB workspace. 

 

 
Fig 6:- ITAE block 

 

The simulation in MATLAB Simulink is done for a 

converter output voltage of 310V and current of 1.62A. A 

constant compressor load torque of 1.1Nm is maintained. 

  

Fig. 7 shows the stator EMF for all three phases.  

 

 
Fig 7:- Stator EMF for all three phases 

 
The EMFs are having 120º phase difference and are 

trapezoidal in shape as expected. EMF produced by the 

motor varies corresponding to the variation in the speed of 

the motor. 
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Fig. 8 shows the input current i.e. stator current of all 

three phases. 

 

 
Fig 8:- Stator current 

 

The stator windings of the BLDC motor are excited 
by the inverter with quasi-rectangular currents on all three 

phases with 120º phase shift. The instantaneous power at 

any movement is given by: 

 

Pinst = 2*Ex*Ix        (36) 

 

Where Ex and Ix represent the instantaneous EMF and 

current value. “x” represents the three phases. 

 

Fig. 9 shows the speed-torque graphs for the rated 

values.    
 

 
Fig 9:- Speed and Torque Graph 

 

Since the load torque is kept constant, the 

electromagnetic torque remains constant for different 

speeds. Speed regulation is done by operating the motor at 
different power levels. 

 

Fig. 10 shows how the reference voltage VDC is 

tracked by the converter output voltage using the 

controller-  

 

 
Fig 10:- Voltage Reference tracking 

 

The main aim of the controller is to make sure that the 

converter output voltage follows the reference voltage. The 

parameters of the controller should be thereby adjusted to 

obtain the desired speed.   

 

The system is modelled in SIMULINK environment 
and the code for the WCA and objective function are 

written in MATLAB platform. The objective function is 

estimated using the algorithm and the PI controller 

parameters are tuned optimally.  

 

Table 4 shows the comparison between the manual PI 

tuning and that which is done using water cycle algorithm. 

 

Parameters Manual 

Tuning 

Tuning using 

algorithm 

KP1 0.2 0.9997 

KI1 0.04 0.1683 

KP2 0.9 0 

KI2 0.8 1 

KP3 0.9 0.9999 

KI3 0.8 1 

Table 4:- Comparison between manual tuning and     tuning 

using algorithm 

 

It can be observed from the table, that the gains 

obtained using the algorithm is more precise than that done 

manually. Therefore, it results in a better power factor.  

 

Fig. 11 shows the graph of the variation of values of 

Fitness function ITAE w.r.t. the number of iterations. 

 

 
Fig 11:- Fitness function variation with number of 

iterations 
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The total population and number of iterations are 

chosen as 50 and 20 respectively. The lower bound for the 

PI parameters is considered as 0 and upper bound for speed 

PI is 4 and current PI is 1 respectively. It can be observed 

that the best fitness function value converges to 293.3498 

after the 9th iteration. Hence, more the number of iterations, 

more is the chance of getting the best solution. 

 
Fig. 12 displays the THD of the input current for 

different harmonic orders. The THD is expected to meet the 

international standards of PQ IEC 61000-3-2 [13,30]. 

 

 Fig 12:- THD at various harmonic orders 

 

Fig. 13 displays the Input parameters after Power 

quality enhancement. 

 

 
Fig 13:- Input parameters after power quality enhancement 

 

The input current is as desired for the power factor 

improvement i.e. it is in phase with the input voltage which 

makes the power factor near to unity. 

 

Table 5 represents the main aim of enhancement of 

power quality and speed regulation. It is observed that a 

power factor of more than 0.99 is maintained for different 

speed levels. 

 

VDC Speed(rpm) EMF(V) THD PF 

310 3000 117 6.56% 0.9982 

295 2828 110 8.23% 0.9961 

280 2670 104 8.51% 0.9958 

265 2500 97 8.50% 0.9949 

250 2330 90 8.59% 0.9937 

235 2162 84 8.79% 0.9925 

220 2000 77 8.86% 0.9917 

205 1822 70 9.13% 0.9912 

190 1652 57 9.67% 0.9907 

175 1481 25 10.46% 0.9901 

Table 5:- Power Factor at mains supply for different motor speeds 

 

VIII. CONCLUSIONS 

 
The design and simulation analysis of the BLDC drive 

is carried out in MATLAB Simulink software. The PI 

controllers tuned by water cycle algorithm using ITAE 

criterion has proved to be an efficient tuning method. 

Power factor is nearer to unity at different speed levels. 

Also the speed regulation obtained for the Air-conditioner 

compressor load is satisfactory. The drive circuit has shown 

improvement in power quality at AC mains for different 

speeds. The PQ parameters obtained are acceptable 

according to International standards IEC 61000-3-2. Speed 

regulation for the Air-conditioner compressor load is also 
achieved by regulating the converter output voltage to 

different levels. The presented drive has caused enhanced 

power quality for different speeds. The PQ parameters 

obtained are in same range with the standard values. Since, 

the results are satisfactory, this drive proves to be very 

much suitable for Air-conditioning application. 
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