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ABSTRACT 

In this paper, speed control, torque ripple minimization and power factor correction of a 

bridge-less canonical switching cell and H-bridge inverter with space vector PWM fed 

permanent magnet brushless DC motor drive system with varying load is discussed. The 

constant speed of operation with minimum torque ripples and unity power factor operation 

during transient state is the most difficult control part in the motor drive system. At the 

starting condition, the current is too high due to the absence of back EMF and therefore the 

motor will start with high torque ripples. In order to eliminate these torque ripples during 

starting condition by limiting the starting current of the motor, it is necessary to have 

properly designed bridge-less canonical switching cell converter, H-bridge inverter and the 

intelligent controller, which will improve the power factor of the AC supply system and 

reliability of the PMBLDC motor drive. The performance parameters of a PMBLDC motor 

drive with this inverter and controller are analyzed through MATLAB/ Simulink and the 

real-time implementation is validated with 42BLF01 PMBLDC motor drive system 

Keywords: 

bridge-less canonical switching cell, H-

bridge inverter, SVPWM, PMBLDC motor 
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1. INTRODUCTION

Permanent Magnet Brushless DC (PMBLDC) motors make 

a challenging environment with brushed DC motors; because 

of their high efficiency, flux density per unit volume, low 

electromagnetic interference and wide range of speed control. 

Hence PMBLDC motors are chosen for many low and medium 

power applications such as aerospace, electric traction, 

robotics, ventilation, air conditioning etc. 

The BLDC motor is a three-phase synchronous motor with 

stator having three-phase concentrated windings and the rotor 

having permanent magnets. The BLDC motor is also referred 

as an electronically commutated motor will work with a three-

phase supply which is generated by an inverter unit. For 

controlling the three-phase inverter bridge, rotor position 

signals from the Hall Effect sensor [1] is utilized to determine 

the phase commutation in an inverter unit. 

A front-end Bridge-less Canonical Switching Cell (BL-CSC) 

[2] not only controlled the DC link voltage but also make the

inverter to operate at the low frequency so that switching

losses are minimized and Unity Power Factor (UPF) is

achieved at AC mains. Since the BL-CSC converter operation

[3] is just similar to a battery source, which stores DC link

voltage for the motor drive from an AC power source and

provides complete isolation of PMBLDC motor drive system

from an AC source. So the phase angle difference in voltage

and current is approximately zero. Therefore, the BL-CSC

converter fed PMBLDC motor drive provides nearly unity

power factor operation even at varying load conditions. Main

objective of the BL-CSC converter design in PMBLDC motor

drive system is for improving the power factor at AC mains

and to reduce the switching ripples [4] since the current does

not change abruptly. Compared to the conventional CSC

converter, the Bridge-less CSC converter provides improved

power factor in a PMBLDC motor drive even at varying load 

conditions since the absence of Diode Bridge Rectifier (DBR) 

circuit. The BL-CSC converter has the benefits of high input 

and low output impedance with large energy storage capacity 

when compared with other non-isolated converters. 

For controlling the three-phase voltage supply generated in 

an inverter unit, proper commutation of each phase with space 

vector pulse width modulation [5] technique is employed. The 

SVPWM refers to a special switching sequence of a three-

phase H-Bridge Inverter (H-BI) used in a PMBLDC motor 

drive system. The conventional voltage source inverter having 

three legs with six switching devices for the generation of 

three-phase voltage by proper commutation of each MOSFET 

switches in two legs. But, the H-bridge inverter having six legs 

with twelve switching devices for the generation of three-

phase voltage by proper commutation of each MOSFET 

switches in four legs. The number of switching devices in H-

bridge inverter is higher than conventional voltage source 

inverter, so it provides high current operation with minimum 

switching ripples in the source current. Therefore the H-Bridge 

inverter fed PMBLDC motor is preferred for high starting and 

running torque operations [6]. The H-bridge inverter with 

Space Vector PWM produces better torque ripple elimination 

in varying load conditions. The SVPWM method is an 

advanced computation intensive PWM method and possibly 

the best technique for variable frequency drive applications. 

The SVPWM technique utilizes DC bus voltage by 15% more 

than Sinusoidal PWM (SPWM) and generates less harmonic 

distortion [7] in three-phase inverters. The SVPWM technique 

provides an improved commutation of electronic switches 

from one phase to another phase [8] and thereby the current 

pulsations in source current and torque ripples in a PMBLDC 

motor drive are eliminated. 

In this work, PMBLDC motor drive with fuzzy logic 
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controller is proposed for maintaining the rated speed of the 

motor under varying load conditions. The fuzzy logic 

controller, having two inputs and single output signals. The 

error (e) and change error (∆e) are the two input signals of 

fuzzy logic controller [9] and the single output signal is the 

duty cycle of PWM signal, used for the gate triggering of BL-

CSC converter. 

 One of the main drawbacks associated with a BLDC motor 

is torque ripples [10]. Extensive research is progressing on the 

torque ripple reduction in BLDC motor with ideal trapezoidal 

back EMF. Generally, phase currents in a BLDC motor are 

controlled to follow a rectangular waveform which is 

considered to be ideal for the two-phase conducting mode of 

the BLDC motor [11]. During commutation, one phase is 

turned off and another phase is turned on. The mismatch 

between the decrease and increase slopes of these two-phase 

currents causes the current pulsation in the third phase which 

is turned on condition and results in torque ripples [12-18]. 

The torque ripples cause the mechanical vibration, acoustic 

noise and bearing damage and hence, reduce the life of the 

motor. Information on the accurate rotor position and back 

EMF is required to reduce the torque ripples of the motor with 

non-ideal trapezoidal back EMF [19].  

The main objective of this work is the speed control, torque 

ripple minimization and power factor correction of a 

PMBLDC motor drive system during starting and varying load 

conditions. The principle of operation of H-bridge inverter fed 

PMBLDC motor drive is explained in section 2. Section 3 

explains the design and operation of a BL-CSC converter. The 

SVPWM operation in a PMBLDC Motor is explained in 

section 4. The design of fuzzy logic controller is discussed in 

section 5. The simulation results of PMBLDC motor with 

varying load is analyzed using MATLAB/ Simulink software 

and explained in section 6. The hardware simulations using 

Proteus 8.0 software and experimental setup for proposed 

drive are discussed in sections 7-10. The conclusions and 

future scope of the work are explained in section 11. 

 

 

2. PRINCIPLE OF OPERATION OF H-BRIDGE 

INVERTER FED PMBLDC MOTOR 

 

The H-bridge inverter is multilevel inverter [20] can 

develop any number of levels of inverter output voltage. In this 

work, single level H-bridge inverter is proposed. At a time 2-

MOSFET switches are turned ON for forwarding or reversing 

the stator current in a PMBLDC drive. For each phase is 

controlled by 4-MOSFET switches, that structure is similar to 

an H-bridge is shown in Figure 1. 

 

 
 

Figure 1. PMBLDC motor drive with H-bridge inverter 

 

The H-bridge inverter having high current rating than 

voltage source inverter since the number of driving MOSFET 

switches are high. Therefore the H-bridge inverter fed 

PMBLDC motor is preferred for high torque applications. The 

MOSFET switching is based on the rotor position of the 

PMBLDC motor drive and its hall sensor (Ha, Hb and Hc) 

signals [21-22]. The switching pattern in an H-bridge inverter 

based on the rotor position is shown in table 1. 

 

Table 1. Clockwise hall sensor signals and drive signals 

 
Rotor 

Position 

Hall Sensor 

Signals 

Ha    Hb    Hc 

Q1 

Q2 

Q3 

Q4 

Q5 

Q6 

Q7 

Q8 

Q9 

Q10 

Q11 

Q12 

NA 0 0 0 0 0 0 0 0 0 

00 – 600 1 0 0 1 0 0 0 0 1 

600 – 

1200 

1 1 0 0 0 1 0 0 1 

1200 – 

1800 

0 1 0 0 1 1 0 0 0 

1800 – 

2400 

0 1 1 0 1 0 0 1 0 

2400 – 

3000 

0 0 1 0 0 0 1 1 0 

3000 – 

3600 

0 0 1 1 0 0 1 0 0 

NA 1 1 1 0 0 0 0 0 0 

 

 

3. PRINCIPLE OF OPERATION OF BL-CSC 

CONVERTER 

 

An uncontrolled single phase diode bridge rectifier feeding 

a BLDC motor via VSI injects a high amount of harmonics in 

the AC mains which are not recommended by International PQ 

(Power Quality) standards are given in IEC 61000-3-2. This 

paper presents a BLDC motor drive using a BL-CSC converter 

as a front end converter for PFC and improved power quality 

as shown in Figure 2. PFC is achieved by the discontinuous 

inductor current mode operation of the BL-CSC converter 

using a voltage follower approach, which requires sensing of 

dc-link voltage for voltage control and inherent PFC is 

achieved at AC mains [23]. The switch of front end BL-CSC 

converter is operated in high switching frequency for effective 

control and small size of devices like inductor; hence a high-

frequency MOSFET of the suitable rating is used.  

A reference voltage corresponding to the desired speed is 

obtained by multiplying the reference speed with voltage 

constant (Kb) of a BLDC motor. This reference voltage is 

compared with the sensed voltage of the DC link capacitor and 

produces an error voltage. The error voltage is given to the 

controller. Finally, a PWM signal is generated by comparing 

the controller output with a saw-tooth wave of high frequency 

which is given to the MOSFET's of the CSC converter for 

voltage control in DC bus. 

The converter is operated in three different modes in every 

switching period [24], these are: 

Mode I: In this mode, BL-CSC converter switch is ON, 

inductor charges the input current and capacitor C1, C2 

discharges the energy to the DC link capacitor Cd, the DC link 

capacitor is charging as well as supplies energy to the BLDC 

drive. 

Mode II: In this mode, the BL-CSC converter switch is OFF, 

then the inductor L1, L2 discharges the stored energy to the DC 

link capacitor through diode D1 and D2. Now, the capacitor C1 

and C2 charges the DC link voltage from the mains. 

Mode III: This mode starts when the inductor current is 
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going to be zero, automatically a diode D1 and D2 goes into the 

reverse biased conditions, the capacitor C1 and C2 continues to 

charging, then the DC link capacitor Cd discharges the energy 

to the VSI or H-BI fed BLDC motor drive. 

 

 
 

Figure 2. BL-CSC converter fed sensorless PMBLDC drive 

 

 

4. SPACE VECTOR PULSE WIDTH MODULATION IN 

A BLDC DRIVE 

 

Space Vector Modulation is one of the preferred real time 

modulation techniques and is widely used for digital control of 

three-phase inverters [26]. The principle and implementation 

of the space vector modulation for the two-level inverter [27] 

is presented in this section. A 3-phase BLDC motor can be 

controlled by creating a rotating voltage reference vector 

within a hexagon; the speed of rotation of this voltage 

reference vector determines the frequency of motor rotation 

[28]. It can be shown that SVPWM can directly transform the 

stator voltage vectors from α-β co-ordinate system to PWM 

signals [29]. Space vector pulse width modulation is one of the 

most efficient methods for this purpose which relies on 

analysis of three-phase inverter in the complex plane by the 

space vector theory [30]. SVPWM controls the motor based 

on the switching of the space voltage vectors by which an 

approximate circular rotary magnetic field is obtained. Six 

switching states are generated according to the position of the 

rotor by using position signal feedback given by three Hall 

Effect sensors. 

Consider the three-phase voltages Va, Vb and Vc are 

generated from an inverter unit which is displaced by 1200, 

𝑉𝑎 = 𝑉𝑚 𝑠𝑖𝑛( 𝜔𝑡)  

𝑉𝑏 = 𝑉𝑚 𝑠𝑖𝑛( 𝜔𝑡 − 1200)  

𝑉𝑐 = 𝑉𝑚 𝑠𝑖𝑛( 𝜔𝑡 + 1200)  

Where, Vm is the maximum value of an inverter output 

voltage. These three vectors can be represented by one vector 

which is known as space vector. Consider Vs, which is a vector 

having magnitude of 0.667Vm and rotates in space at ω rad/s 

as shown in Figure 3, 

𝑉𝑠 =
2

3
[𝑉𝑎 + 𝑉𝑏𝑒𝑗

2𝜋

3 + 𝑉𝑐𝑒−𝑗
2𝜋

3 ]  

𝑉𝑠 =
2

3
𝑉𝑚[𝑠𝑖𝑛( 𝜔𝑡) − 𝑗 𝑐𝑜𝑠( 𝜔𝑡)]  

This vector can be represented in two-dimensional space 

[31] by simply resolving abc into d-q axis as shown in Figure 

4.  

 
 

Figure 3. Basic switching vectors and sectors 

 

 
 

Figure 4. Voltage space vector components in d-q axis 

 

The space vector voltage components Vd, Vq, Vref and phase 

angle (θ) can be determined as: 

𝑉𝑑 = 𝑉𝑎𝑛 − 𝑉𝑏𝑛 𝑐𝑜𝑠 6 00 − 𝑉𝑐𝑛 𝑐𝑜𝑠 6 00 = 𝑉𝑎𝑛 −
𝑉𝑏𝑛

2
−

𝑉𝑐𝑛

2
  

𝑉𝑞 = 𝑉𝑎𝑛 × 0 + 𝑉𝑏𝑛 𝑠𝑖𝑛 6 00 − 𝑉𝑐𝑛 𝑠𝑖𝑛 6 00  

=
√3

2
𝑉𝑏𝑛 −

√3

2
𝑉𝑐𝑛  

Therefore the space vector can be written as, 
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[
𝑉𝑑

𝑉𝑞
] =

2

3
[
1 −

1

2
−

1

2

0
√3

2
−

√3

2

] [

𝑉𝑎

𝑉𝑏

𝑉𝑐

]  

|𝑉𝑟𝑒𝑓| = 𝑉𝑑 + 𝑗𝑉𝑞    

𝜃 = 𝑡𝑎𝑛−1 (
𝑉𝑞

𝑉𝑑
)  

The transformation from the d-q axis to the α – β axis is 

found by Clarks transformation [32], which is rotating with an 

angular velocity of ω rad/s, can be obtained by rotating the d-

q axis with ωt and is given by 

[
𝑉𝛼

𝑉𝛽
] = [

𝑐𝑜𝑠( 𝜔𝑡) 𝑐𝑜𝑠( 𝜔𝑡 +
𝜋

2
)

𝑠𝑖𝑛( 𝜔𝑡) 𝑠𝑖𝑛( 𝜔𝑡 +
𝜋

2
)

] [
𝑉𝑑

𝑉𝑞
] =

[
𝑐𝑜𝑠( 𝜔𝑡) − 𝑠𝑖𝑛( 𝜔𝑡)
𝑠𝑖𝑛( 𝜔𝑡) 𝑐𝑜𝑠( 𝜔𝑡)

] [
𝑉𝑑

𝑉𝑞
]  

The three-phase bridge voltage source inverter with eight 

possible switching states is shown in Figure 5. The typical 

diagram of a three-phase voltage source inverter model having 

six power MOSFET switches S1 to S6 that shape the output 

voltage, which are controlled by the switching variables a, a’, 

b, b’, c and c’.  

 

 
 

Figure 5. Possible switching combinations in six step control 

 

When an upper MOSFET is switched ON, i.e., when a, b or 

c is 1, the corresponding lower MOSFET is switched OFF, i.e., 

the corresponding a’, b’ or c’ is 0. When upper switch is ON, 

the potential of a, b and c is 0.5 Vdc.. When lower switch is ON, 

the potential of a, b and c is -0.5Vdc. Therefore, the ON and 

OFF states of the upper MOSFET's S1, S3 and S5 can be used 

to determine the output voltage. Hence there are eight possible 

switch states, i.e., (0,0,0), (0,0,1), (0,1,0), (0,1,1), (1,0,0), 

(1,0,1), (1,1,0), (1,1,1). The inverter has six states when a 

voltage is applied to the motor and two states when the motor 

is shorted through the upper or lower MOSFET's resulting in 

zero volts being applied to the motor. 

The magnitude and phase angle of space vector for all 

possible switching states are, 

For (0, 0, 0): Vs = 0 < 00 - V0 

For (1, 0, 0): Vs = Vdc < 00 - V1 

For (1, 1, 0): Vs = Vdc < 600 - V2 

For (0, 1, 0): Vs = Vdc < 1200 - V3 

For (0, 1, 1): Vs = Vdc < 1800 - V4 

For (0, 0, 1): Vs = Vdc < 2400 - V5 

For (1, 0, 1): Vs = Vdc < 3000 - V6 

For (1, 1, 1): Vs = 0 < 00 - V7 

There are six non-zero vectors (V1 to V6) and two zero 

vectors (V0 and V7). Table 2 summarizes switching vectors 

along with the corresponding line to neutral voltages and line 

to line voltages applied to the motor. 

 

Table 2. Switching patterns and output vectors 

 
Voltage Vectors Switching Vectors Line to Neutral Voltage Line to Line Voltage 

A B C Van Vbn Vcn Vab Vbc Vca 

V0 0 0 0 0 0 0 0 0 0 

V1 1 0 0 2/3 -1/3 -1/3 1 0 -1 

V2 1 1 0 1/3 1/3 -2/3 0 1 -1 

V3 0 1 0 -1/3 2/3 -1/3 -1 1 0 

V4 0 1 1 -2/3 1/3 1/3 -1 0 1 

V5 0 0 1 -1/3 1/3 2/3 0 -1 1 

V6 1 0 1 1/3 -2/3 1/3 1 -1 0 

V7 1 1 1 0 0 0 0 0 0 

 

 

5. THEORETICAL DESIGN OF FUZZY LOGIC 

CONTROLLERS 

 

Fuzzy Logic Controllers (FLC) do not require an exact 

mathematical model, they are designed based on general 

knowledge of the plant [35]. Fuzzy logic control is a control 

algorithm based on a linguistic control strategy which tries to 

account the humans knowledge about how to control a system 

without requiring a mathematical model. Figure 10 shows the 

basic structure of a fuzzy logic controller for PMBLDC motor 

drive. 

FLC is used to improve the dynamic response [36] and 

reduce the overshoot before the motor reaches the desired 

speed. Inputs of FLC are speed error and the differential of 
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speed error. Output of the controller is PWM duty cycle. 

 

 
 

Figure 6. General structure of fuzzy logic controller 

 

The fuzzy logic controller is composed of four elements; 

fuzzification, fuzzy rule base, fuzzy inference engine and 

defuzzification. The design steps are as follows. 

(i) Fuzzification: Fuzzy logic uses linguistic variables 

instead of numerical variables. The process of converting a 

numerical variable into a linguistic variable is called 

fuzzification. To perform fuzzy logic computation, the inputs 

must be converted from numerical or crisp value into fuzzy 

values and the output should be converted from fuzzy value to 

crisp value. 

Design of fuzzy logic controllers [37] adapt the varying 

operating points. The fuzzy logic variables i.e., error (e), 

change in error (∆e) and change in duty-cycle (u) are 

quantified using the following linguistic terms: Negative Big 

(NB), Negative Medium (NM), Negative Small (NS), Zero (Z), 

Positive Small (PS), Positive Medium (PM) and Positive Big 

(PB). Fuzzy logic membership functions are used as tools to 

convert crisp values to linguistic terms [38]. A fuzzy variable 

can contain several fuzzy subsets within, depending on how 

many linguistic terms are used. Each fuzzy subset represents 

one linguistic term. In order to define a fuzzy logic 

membership function, the designer can choose many different 

shapes such as triangle, a trapezoid, a Bell shaped based on 

their preference and experience. In this work, triangular and 

trapezoidal membership functions are used for the real-time 

implementations due to their simple formulas and 

computational efficiency. 

(ii) Fuzzy Logic Rule Base: Instead of using mathematical 

formula, FLC uses fuzzy logic rules to make a decision and 

generate the control action. The rules are in the form of IF-

THEN statements. The fuzzy inference operation is 

implemented by using forty-nine fuzzy logic rules, which is 

given in Figure 7. 

 

 
 

Figure 7. Fuzzy logic rules 

 

1. If error is NB and change in error is NB then output is 

NB. 

2. If error is NB and change in error is PS then output is NM. 

3. If error is NB and change in error is PB then output is ZO. 

(iii) Defuzzification: The fuzzy logic controller output is 

converted into real value output i.e. crisp output by the process 

called defuzzification. Even though many defuzzification 

methods are available [39], the most preferred one is a centroid 

method because it can be easily implemented and requires less 

computation time when implemented in digital control 

systems. The formula for this method is given by, 

𝑍 =
∑ 𝜇(𝑥)×𝑥𝑛

𝑥=1

∑ 𝜇(𝑥)𝑛
𝑥=1

v 

Where Z is the defuzzified value, µ(x) is the membership 

value of member x. This crisp value which is either positive or 

negative is added to the previous output to control the duty-

cycle of the switching devices in the power inverter so as to 

maintain the rated speed of the PMBLDC motor drive by 

controlling the applied voltage across the stator winding. 

 

 

6. SIMULATION RESULTS 

 

6.1 BLDC motor with fuzzy logic controller 

 

Figure 8 shows an inverter output voltage across the phases 

A, B and C. The trapezoidal shape line voltage is generated 

from the three-phase H-bridge inverter by proper commutation 

of MOSFET switches using SVPWM technique. The line 

voltage is attained its rated value as 24 V when the motor 

attains the rated speed. If the motor under the varying load 

condition, the line voltage changes from 24 V to 30 V by 

varying the DC link voltage generated from the BL-CSC 

converter and makes the rotor speed constant. 

 

 
 

Figure 8. Inverter output voltage 

 

 
 

Figure 9. Stator current in each phase of BLDC motor drive 

 

Figure 9 shows the stator currents in a BLDC motor with a 

fuzzy logic controller having the rectangular shape and high 

starting current with less harmonics. The starting current and 

running current is 5 A which changes during transients for 

maintaining the stability of the motor speed. 

 

 
 

Figure 10. Electromagnetic torque in a PMBLDC motor 
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Figure 10 shows the electromagnetic torque developed in a 

PMBLDC motor with fuzzy logic controller. At starting, the 

input current and torque are high, since back EMF Eb = 0. So 

the motor is able to start with the load. The starting and 

running torques of the motor is 0.17 Nm. During transient state, 

the motor maintains the rated torque as 0.22 N m within 0.02 

seconds after transients. Figure 11 shows rotor speed response 

in a PMBLDC drive. The time required to attain the rated 

speed is 0.04 seconds. The increasing load is applied to 0.20 

second and decreasing load is applied at 0.35 second. In both 

cases, it is seen that the motor attains the rated speed within 

0.03 seconds. 

 

 
 

Figure 11. Speed response with fuzzy logic controller 

 

 

 
 

Figure 12. THD and space vector trajectory of the system 

with fuzzy logic controller 

 

Figure 12 shows the Total Harmonic Distortion (THD) of 

supply current in SVPWM fed PMBLDC motor drive with 

fuzzy logic controller during transient conditions. 

Power Factor, 𝑝𝑓 =
𝐷.𝐹

√1+𝑇𝐻𝐷2
=

0.999

√1+0.01332
= 0.9989. 

The space vector trajectory generated with line voltage 

during the simulation of PMBLDC motor drive with a fuzzy 

logic controller in MATLAB/ Simulink software. The space 

vector having a hexagonal shape and starts from center i.e., 

line voltage is zero and attain the complete diameter at rated 

voltage of 24 V. 

 

 

7. EXPERIMENTAL SETUP FOR PROPOSED DRIVE 

 

For the hardware implementation purpose, 42BLF01 BLDC 

motor is preferred which is shown in Figure 13. The motor 

specification details are explained in the table 3. 

 

 
 

Figure 13. 42BLF01 BLDC motor 

 

Table 5. Electrical specifications of 42BLF01 BLDC motor 

 
Model 42BLF01 BLDC Motor 

Number of poles 

Number of phases 

Rated voltage VDC 

Rated speed 

Rated torque 

Rated current 

Output power 

Peak torque 

Peak current 

Body length 

Mass 

8 

3 

24 

4000 rpm 

0.063 Nm 

1.9 A 

26 W 

0.18 Nm 

5.7 A 

47 mm 

0.29kg 

 

To control a three phase BLDC motor, three phase H-bridge 

inverters are used to switch the three phases ON and OFF. The 

H-bridge circuit consists of 6 N-channel and 6 P-channel 

MOSFET switches with other electronic components are used. 

For controlling the speed of BLDC motor through PWM 

operation in three-phase inverter switching by IC74LS08 

AND gate and varying the motor speed by 10K potentiometer 

unit. Figure 14 shows the hardware implemented structure of 

three-phase H-bridge inverter circuit. The commutation of 

MOSFET's in the H-BI based on the rotor position signals 

from the Hall effect sensor. 

 

 
 

Figure 14. Three phase H-bridge inverter 
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8. EXPERIMENTAL SETUP FOR BL-CSC 

CONVERTER 

 

The input voltage for BL-CSC converter from the 

transformer 230 V/ 24 V and the amplitude of voltage is 24 V 

which is shown in Figure 15. The voltage stored in the BL-

CSC converter is in opposite polarity of supply voltage and its 

magnitude is -24 V as shown in Figure 16. The BL-CSC 

converter is just similar to a battery source by storing voltage 

from the mains and provide better isolation from the AC 

source. So the BL-CSC converter fed PMBLDC motor drive 

produce approximately UPF operation at AC mains. 

 

 
 

Figure 15. BL-CSC converter input voltage 

 

 
 

Figure 16. BL-CSC converter output voltage 

 

 

9. EXPERIMENTAL RESULTS 

 

The DC link voltage of 24 V is produced by a BL-CSC 

converter is fed to the three-phase H-bridge inverter. The DC 

link current and stator current of phases A, B and C of BL-

CSC converter is shown in figs. 17 & 18. The DC-link starting 

current is 3.90 A and normal operating current is 1.90 A. Also, 

the starting phase current is 1.85 A and running current is 0.90 

A. Figs. 19 & 20 shows the inverter output voltage and rotor 

speed response of PMBLDC motor. The amplitude of output 

voltage is 24 V and rectangular in shape. The set speed of the 

BLDC motor is 1500 rpm, it attains the speed of 1490 rpm. 

 
 

Figure 17. DC link current of BLDC motor 

 

 
 

Figure 18. Stator current of BLDC motor 

 

 
 

Figure 19. Inverter output voltage of BLDC motor 

 

 
 

Figure 20. Rotor speed response of BLDC motor 
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10. CONCLUSION 

 

In this paper, the performance comparison of a bridge-less 

canonical switching cell converter and H-BI with space vector 

PWM fed PMBLDC motor drive under fuzzy logic controller 

during varying a load is discussed. PMBLDC motor with 

fuzzy logic controller offers high starting torque with 

minimum torque ripple and approximately unity power factor. 

During transient conditions, fuzzy logic controlled BLDC 

motor with SVPWM overcomes the instability and maintain 

rated speed within 0.04 seconds. The simulation results are 

experimentally validated and implemented through the 

PIC16F877A and Arduino Mega 2560 controllers. This makes 

the PMBLDC motor drives suitable for the applications like 

electric traction, aerospace, robotics and industrial automation. 

In future, the Multi-level H-Bridge inverter can be proposed 

for reducing the current ripples in an inverter unit during 

commutation from one phase to another phase. Also, the 

regenerative braking mode of operation in a PMBLDC motor 

will improve the overall efficiency of the drive system. 
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