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Abstract—Brushless DC (BLDC) motors are widely used from 
hard disc to hybrid electric vehicle. Direct current machines 
have important role in electric drives. The diode bridge 
rectifier is commonly used to convert AC to DC. The power 
factor can be improved by using an LC filter. In this project a 
power factor correction (PFC) based Motor Drive Using a 
Canonical Switching Cell converter topology is proposed in 
order to fed a brushless direct current (BLDC) motor drive for 
low-power applications. A front-end Canonical Switching Cell 
converter operating in discontinuous inductor current mode 
(DICM) is applied for DC bus voltage control with unity power 
factor at AC mains. A prototype of the proposed system is 
made and its performance is analyzed with test results using 
MATLAB. 

Keywords—Brush less DC motor (BLDC), Bridgeless-CSC 
converter, PFC (Power Factor correction), Switching Conveter 

I. INTRODUCTION  

Brushless DC motors (BLDC) are an inevitable part of 
industry today. Use of these motors can save nearly any 
industry a great deal of time and money under the right 
circumstances. The BLDC motor actually represents the 
end, or at least the most recent end result, of a long 
evolution of motor technology. Before there were brushless 
DC motors there were brushed DC motors, which were 
brought on in part to replace the less efficient AC induction 
motors that came before. A CSC converter operating in 
DICM acts as built- in PF pre-regulator for achieving a unity 
PF at AC mains. The varying direct current bus voltage of 
the Voltage Source Inverter is used for controlling the speed 
of the BLDCM. The proposed CSC converter is 
implemented using MatLab. And the results were obtained 
as graphs corresponding to voltage, current. And also we 
can see the power quality, efficiency comparisons between 
the proposed and the conventional converter. 

This paper presents a design a PFC based Motor Drive 
Using a Canonical Switching Cell converter. The canonical 
switching cell (CSC) converter has the advantage of 
providing continuous input current without using the extra 
inductor. The main objective of this project is to develop a 
Canonical Switching Cell converter to improve the power 
factor. 

II.  LITERATURE  SURVEY 

Electrical drive systems are extensively used in large 
number of industrial and also the domestic applications like 
factories, transportation systems, textile mills, fans, pumps, 
motors, robots etc. Drives are widely introduced as prime 
movers for diesel or petrol engines, gas or steam turbines, 
hydraulic motors and electric motors. Maintaining the 
Integrity of the Specifications Efficiency and cost would be 
the major concerns in the development of low-power motor 
drives concentrating household applications like fans, water 
pumps, blowers, mixers, etc. The basic structure of a DC 
boost converter and buck converter provides the nominal 
power to BLDC motor from a fixed direct current source. A 
Current source inverter is fed from a constant current 
source[1]. Hence load current remains constant irrespective 
of the load on the inverter. 

 

Boost converter is also known as a step-up converter, where 
the output voltage always exceeds the input voltage. When 
the transistor is on, the current in inductor L rises linearly to 
keeps it charged and at the same time capacitor C supplies 
the load current. Buck converters are called step down 
converters, where the input voltage always exceeds the 
output voltage. When the transistor become power on, the 
current will begin to increase and the inductor stores energy 
in the form of a magnetic field. The capacitor is chargedat 
simultaneously [3]. 

 

The architecture of BLDC motor when operated from AC 
supply normally includes an AC-DC converter with power 
factor correction (PFC) followed by an isolated DC-DC 
converter and a voltage source inverter. These AC-DC 
converters includes number of non-linear devices that 
reduces the system PF and introduce harmonics in the power 
system leading to adverse effects[4]. In this active power 
factor correction topology, in succession to a conventional 
diode bridge rectifier, it employs a boost converter where 
the rectifiers output being fed to the boost converters input. 
The boost converter employed is a simple DC-DC step up. 
When the switch is closed, the DC source energizes the 
inductor[4]. 
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III.SYSTEM DESCRIPTION 

A Canonical Switching Converter operating in DICM acts as 
an built- in power factor pre-regulator for attaining a unity 
power factor at AC mains. A variable DC bus voltage of the 
Voltage Source Inverter is used for controlling the speed of 
the BLDCM. This operates the VSI in low
switching by using electronically commutating the BLDCM 
for decreasing the switching losses in six Insulated Gate 
Bipolar Transistors (IGBTs) of VSI which share the major 
portion of overall losses in the BLDCM drive[4]. The front 
end CSC converter is designed and its analyzed 
are separately selected to operate in a DICM for obtaining a 
higher value of power factor in a wide range of speed 
control. Fig.1. shows the expectedBLDCM drive with a 
front end Power Factor Correction based canonical 
switching cell (CSC) converter. Canonical switching
converter circuit includesthe combinations of 
switching(SW) andcapacitor(C1). This cell combines with 
the inductor (Li) andand also the DC link capacitor (Cd). 
This is called a Canonical switching cell converter.
 
 
 

A. Modes of Operation 

In DICM, the current flowing in inductor Li becomes 
discontinuous in a switching period (Ts). Three states of 
CSC converter are there. Three modes of operation are 
described below. Mode 1is shown in Fig.2, when switch Sw 
is turned on, the energy from the supply and energy
the intermediate capacitor C1 is transferred to
Li. In this process, the voltage across the intermediate 
capacitor VC1 

Figure 1: Mode 1[5] 

reduces while inductor current iLi and DC link voltage Vdc
are increased as shown in Fig.3.2. The designed value of 
intermediate capacitor is large enough to hold 
Drive Using A Canonical Switching Cell. 
The switch is turned off in this mode 2 operation as shown 
in Fig.3. C1is the intermediate capacitor and it 
through the supply current during inductor Li starts 
discharging hence voltage VC1 gradually increases
current iLigradually decreases in this mode of operation as 
shown in Fig.3. Moreover, the voltage across the DC link 
capacitor Vdc continues to improve due to discharging of 
inductor Li. 
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Figure 2: Mode 2[6]

This one is the discontinuous conduction mode of operation 

asinductor Li is fully discharged and cur

zero in mode 3.The voltage across

capacitor C1 continues to increase when the

capacitor supplies the required energy to the load, hence 

Vdc starts decreasing. 

IV  IMPLEMENTATION OF PROPOSED

The proposed CSC converter is implemented using MatLab. 
And the results were obtained as graph
voltage, current. And also we can see the power quality, 
efficiency comparisons between the proposed and the 
conventional converter. To filter the harmonics of the higher 
order, a low pass LC filter is employed at the input. For a 
different range of variation in speed, the DC link voltage is 
controlled by varying the pulses of the switches from a 
minimum value of 50V (Vdcmin) to the rated voltage of 
220V (Vdcmax). The maximum value of filter capacitance 
is given by, 

 
The filter inductor is designed by considering 4
additional value of the source impedance and is given by,

The dc link capacitor is, 

 

 
The circuit parameters chosen for simulation are Lf = 
3.77mH 
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is designed by considering 4-5% 
additional value of the source impedance and is given by, 

 

The circuit parameters chosen for simulation are Lf = 

Journal of Shanghai Jiaotong University

Volume 16, Issue8, August - 2020

ISSN:1007-1172

https://shjtdxxb-e.cn/   Page No: 420



Figure3

Cf = 330nF, Cdc = 50F and R = 500 

The output obtained at various stages are discussed below. 
The fig.6.shows the input and output voltages and currents 
when bridge rectifier is employed to the system[8]. It is 
observed that the input voltage and currents are not in ph
but close to unity. 

 

 
 

 

 

Figure 4: Simulation Result without CSC Converter[5]

The proposed and designed BLDCM drive uses a PFC based 
CSC converter operating in DICM. The design of
converter is most similar to a non- isolated Cuk converter 
with one inductor and a switching cell which is a 
 

 

Figure3:PowerFactorCorrectionwithoutCSCConverter[5] 
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combination of a switch Sw, diode D and an intermediate 
capacitor C1[7] shown in Fig.8. To filter the harmonics of 
the higher order, a low pass LC filter is employed at the 
input. The DC link voltage should be controlled from 50V 
(Vdcmin) to 200V (Vdcmax) with a nominal voltage of 
120V (Vdcn).The maximum value of filter capacitance is 
given by, 

 

The critical inductance value Lic to operate at boundary 
condition is given as  

The filter inductor is designed by considering 4
additional value of the source impedance and is given by,

Now for a permitted value of ripple of 1% of the nomin
DC link voltage across the direct current
the value of the direct current link capacitor is calculated as
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Figure 6: Simulation Result with CSC Converter[8] 

 

V. CONCLUSION 

A PFC based Canonical Switching Cell converter fed 
BLDCM drive has been proposed and the power factor 
become improved. The performance of the proposed and 
designed drive has been found quite well for its intended 
operation during variation of speed at a wide range. A 
prototype model of the CSC based BLDCM drive has been 
implemented and tested with satisfactory test results for its 
operation over complete range of speed and its operation at 
universal AC mains. The obtained Power Quality indices are 
found under the limits various international PQ standards. 
The quality of power is more better at the supply mains to an 
substantial choice of speed and supply voltage in concern. 
Conduction losses are also very much reduced by eliminating 
the DBR circuit in Canonical Switching Cell configuration in 
the existing system. Finally the desired output of the 
proposed system was obtained for the proposed drive. This 
system is mainly suggested for low power applications. 
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