
Middle-East Journal of Scientific Research 21 (12): 2352-2358, 2014
ISSN 1990-9233
© IDOSI Publications, 2014
DOI: 10.5829/idosi.mejsr.2014.21.12.21810

Corresponding Author: S. Sathish Kumar, Department of EEE Jansons Institute of Technology, Coimbatore, India.
2352

Design and Implementation of Low Cost Four Switch Inverter
for BLDC Motor Drive with Active Power Factor Correction

S. Sathish Kumar and R. Meenakumari1 2

Department of EEE Jansons Institute of Technology, Coimbatore, India1

Department of EEE Kongu Engineering College, Erode, Tamilnadu, India2

Abstract: This paper proposes a low cost four switch three phase inverter (FSTPI) fed brushless DC (BLDC)
motor drive for commercial and residential applications. This proposed system is simplified the topological
structure of the conventional six switch three phase inverter (SSTPI) and includes an active power factor
correction in front end rectifier which results in sinusoidal input current and it closed to  unity  power factor.
In this project a new structure of four switch three phase inverter with reduced number of switches for system
is introduced. This system consists of single phase rectifier and four switch three phase inverter. This proposed
inverter fed BLDC motor used in Sensorless control schemes. To improve sensorless control performance, six
commutation modes based on direct current controlled PWM scheme is implemented to produced the desire
Torque-Speed characteristics. This four switch three phase inverter is achieved by the reduction of switches,
low cost control and saving of hall sensor. The feasibility of the proposed sensorless control for four switch
three phase inverter fed BLDC motor drive is developed and analysed using MATLAB/SIMULINK which
effective results can be carried out successfully.

Key words: BLDC Motor  Power Factor Correction  Four Switch Three Phase Inverter (FSTPI)  Sensorless
control  Direct current control

INTRODUCTION In the topological approach, minimum number of switches

The permanent magnet brushless DC (BLDC) motor point of view control algorithms are designing and
is gaining popularity being used in computer,automotive, implementing  for  inverter  to  produce  the  desired
aerospace, military, household,industrial and speed-torque characteristics. Among the implements, the
commercialproducts because of its compactness,high three phase inverters have only four switches, the main
torque and high efficiency. The BLDC motor is features of these inverter are reduction of switches and
intrinsically electronically controlled and requires rotor conduction losses. Until now, reduced components have
position information for proper commutations of current. been applied in AC induction motor drives, however now
The BLDC motor has advantages of the DC motor such as a day the BLDC motor drives are using due to its high
simple control, high torque, high efficiency and power factor, high speed, high torque, simple control and
compactness. Also, brush maintenance is no longer lower maintenance. The four switch three phase inverter
required and many problems resulting from mechanical (FSTPI) used in six commutation modes based on current
wear of brushes and commutators are improved by control and sensorless control schemes [2].
changing the position of rotor and stator in DC motor [1]. In these BLDC drive configuration, it employs a

Variable speed inverter fed AC motor drives are single phase to three phase converter using only six IGBT
employing a pulse width modulation (PWM) are being switches shown in figure. This converter has been already
used for various purposes in consumer products and employed in variable-speed induction motor drives [8].
industrial applications. However, cost minimization can be This configuration includes a half bridge active rectifier
achieved by reduction of the inverter configuration structure at front end that provides the Dc link with an
employing a topological approach and control approach. active  input  current  shaping feature. Moreover, the front

is required in inverter circuit. From the control approach
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Fig. 1: Block Diagram of Proposed System

Fig. 2: Circuit Diagram of Proposed System

end rectifier allows bidirectional power flows between the
DC link and the Ac supply. Since the IGBT switches can
operate at high frequency, advance PWM techniques for
inverter control can be used. Hence, the proposed
converter can be controlled to draw sinusoidal input
current at power factor close to unity and to
simultaneously deliver high-quality output current to the
motor [3].

Analysis of a SSTPI-BLDC Motor Drive: The BLDC
motor can be analysed mathematically in abc phase
variable model.The configuration of a Four-switch three
phase inverter (FSTPI) BLDC motor is shown in below
Figure 2.

The BLDC motor represented as below equations.

(1)

(2)

(3)

V , V , V - Three phase voltagesan bn cn

R - Resistance
i , i , i - Three phase currentsa b c

L - Self inductances

M - Mutual inductance 
e , e , e - Three phase back EMFa b c

The electromagnetic torque is

(4)

- Mechanical speed of rotorr

T - Electromagnetic torquee

The mechanical speed for BLDC motor

 = P (5)e r

P - Number of pole pairs

The rotor angle is

(6)

The instantaneous induced EMF is obtained as

(7)

(8)

(9)

- Rotor mechanical speedm

The back EMF and three phase current used to
torque calculation. The rotor speed is proportional to the
shape function, this shape function and stator current is
utilized. So the torque calculation is easily performed [4].

Front-end Rectifier: The front end rectifier is a half-bridge
rectifier  structure.  It  is  consist  of two IGBT switches
(T1 andT2). The single phase ac is rectified the switches
T1 and T2 which are operated based on a pulse width
modulation (PWM) to regulate the dc link voltage. It does
this by using the nonlinear conductivity characteristics of
IGBT to direct the path of the current. When used in its
most common application, for conversion of an alternating
current (AC) input into direct current (DC) output, it is
known as rectifier. A rectifier provides half-wave
rectification from a two-wire AC input, resulting in lower
cost and weight as compared to a rectifier with a 3-wire
input from a transformer with a center-tapped secondary
winding.
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The essential feature of a diode bridge is that the zero-crossing detecting technique is based on the fact
polarity of the output is the same regardless of the that only two phases of a BLDC motor are connected to
polarity at the input. Direct current control method is used the power source at one time instant so the third phase
to generate the PWM for front end rectifier switches T1 can be used to detect zero-crossing of the Back-EMF
and T2. Figure shows the control block diagram for front voltage [9].
end rectifier. In this figure, the dc link voltage is compared For example, when phase A and phase B are
with a reference voltage. The error between these two connected to the source, phase C is floating. No current
signal is processed through a PI controller and multiplied is going through this phase. This conducting interval
with a input voltage V  waveform to produce the reference lasts 60 electrical degrees, which is called commutationi

current signal i *. This control is used to generate the step. This is described by the following conditions:s

PWM signal for front end rectifier switches (T1 and T2).

Four Switch Three Phase Inverter (FSTPI): In proposed
single phase to three phase converter back end consists V  = V (12)
of four switches (T3 to T6). In three phase BLDC motor,
two phases A and B are connected to the two legs of the V  = GND (13)
FSTPI and the third phase C is connected to the centre
point of the capacitor. Phase C is directly connected to I  + I  + I  = 0 (14)
the BLDC motor, so the phase C current is not directly
controlled [4]. The terminal voltage of floating phase W can be

i + i + i =0 (10)a b c

i = - (i + i ) (11)c a b

Therefore, phase C indirectly controlled by phase A (16)
and phase B.

Control Techniques (17)
Sensorless Control Scheme: In case of BLDC drive
system utilizing hall sensors, hall sensor circuit and In these equations, forward voltage drop of IGBT and
control are simple but these will increase the cost and the body diode is ignored for simplification. So if you
size of the motor. In some applications like as a compare terminal voltages (VU, VV and VW) with a
compressor application for air conditioner, it may not be reference voltage by using 3 comparators, then you can
acceptable to mount any hall sensors on the stator. detect the zero-crossing point of  back  EMF  voltages.
Therefore, BLDC sensorless control has been receiving But the terminal voltages contain many harmonic
great interest in recent years & [5]. Typically, BLDC components with several times of PWM switching
motors are fed by a four switch three-phase inverter frequency. So the Low Pass Filter (LPF) circuit are used to
(FSTPI) with, what is called, electric commutation [6]. eliminate the harmonic components. And then you can

The commutation interval for each step is 60 degrees detect the zero-crossing point with internal comparators.
by electrical angle. It is determined by the rotor position, When a zero crossing is detected, several calculations
which can be detected by estimated hall signals from the start. The next commutation time is calculated by
back EMF zero crossing. Of course, there are many other computations of the actual speed. The speed command is
sensorless techniques [7] & [8], these techniques require set according to the state of the run/stop state and the
more complex calculation than the back EMF method, so target speed from user.
there are some limitations in the applications. The functional voltage and back-EMF are balanced

Back EMF Compensation: As mentioned before, three- achieved [10].
phase BLDC motor is driven with six-step 120 degree Torque from BLDC motors is proportional to the
control method. That means the conduction interval of current passing through the stator windings. Therefore,
one phase is  120  degree.  Therefore,  the  Back-EMF to  raise  the  speed, we must raise the current. As a result,

If A phase High, B phase Low,

A DC

B

A B C

calculated when considering the above conditions:

(15)

so that the torque necessary to maintain rotor speed is
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torque is balanced at the load torque level by changing Due to the characteristics of BLDC motor, only two
the current to maintain the desired speed. The target phases need to be controlled by the four switches using
speed is   controlled   by   a  speed  control  algorithm. the hysteresis current control method during each
The difference between the real and target speeds are operating mode. Hence this scheme is called the Direct
inputs to the speed controller which then controls the Current Controlled PWM scheme [3] & [13]. Current is
duty cycle of the PWM which correspond to the voltage regulated to obtain the required quasi-square waveform.
amplitude required to maintain the target speed.Then the Based on the switching sequences shown in table, the
commutation is repetitive per each 60 electrical degrees. current regulation is brought out by hysteresis current
The PI controller is used for the speed closed loop [11]. control scheme. The torque and speed control loop from

We propose to  use  the  two  crossings  for  rotor which the required reference torque is obtained gives the
position estimation for sensorless commutation purposes. reference current value. A smaller band causes higher
We detect the first crossing (P1) and set the crossing switching frequency and lower toque ripple. Therefore,
timing counter to be 0. When we detect the second the upper and lower bands for hysteresis control are fixed
crossing (P2) and if the crossing timing counter is, then based on these values.
the time difference, between two crossings can be
approximated and we rearrange the time counter to zero. Active Ppower Factor Correction: Besides using passive
Because there are two commutations (e.g., Mode V and networks, active power conversion circuits can be
Mode VI) between two crossings (P1 and P2), we can employed as PF correction converters. Passive PF
estimate the timing of the two commutations, T  and T , correction networks filter and shape the current waveformC1 C2

as follows. to remove the unwanted harmonics. The active PFC
In constant speed controller operation, since the time converters accomplish the same by modulating the

variation of every commutation is constant, the first current extracted from the power line at the switching
estimated commutation (T  is equal to T/3 and the frequency of the converter. The converter is placedC1

second estimated commutation (T  is 2T/ 3. Because between the capacitive input filter and the power line toC2

there are only four crossings in one revolution, the rotor shape the line current into a more desirable waveform.
speed is equal to . The time difference between Compared to the passive PFC networks, the PFC
the two crossings is equal to the crossing counter (N) converter can achieve the same or higher PF with much
multiplied by the period of the timing counter, which is lower inductance value [1]. The consequence of high
10 (s). frequency input current modulation effectively multiplies6

For a BLDC motor to generate maximum and constant the actual inductor value in the convertor reflected into
output torque, their Back EMF should be trapezoidal, the AC line.
current is rectangular with 120° conducting and 60° non- The single phase fixed frequency AC input is rectified
conducting intervals, then each operating mode, only two by the front-end switches T1 and T2. The switches T1
phases are conducting and the other phase is silent. and T2 are operated based on a PWM strategy to regulate
However, in the four-switch converter based on the four the DC link voltage and shape the input current to be
switching operation, the generation of 120° conducting sinusoidal with either in phase(in normal mode) or 180
and a 60° non-conducting current profiles is degree out of phase(in regeneration mode) the AC input
essentiallycomplicated. That resource the conventional voltage.
PWM schemes employed for four switch induction motor The equivalent circuit for PFC operational condition
drives cannot be directly applied to BLDC motor drives. is shown in figure. This circuit is very similar to the boost
This lead to the improvement of a novel control scheme converter, which is used in the conventional PFC method.
called Direct Current Controlled PWM scheme [11]. Unlike boost converter, in this circuit the switch T2

Direct Current Controlled PWM Scheme: Under a capacitor C2, which helps the boost operation.
balanced condition, the three-phase currents will satisfy
the equation (10) and (11)[12]. In an ac induction motor Simulation and Results: Figure 3 shows the single phase
drive, at any instant there are always three phase currents to three phase conversion using single phase rectifier and
flowing as: four switch three phase inverter (FSTPI) for BLDC motor.

I  0; I  0; I  = 0; (18) removing  the  DC  link  voltage  ripple  [9].  This proposeda b c

emitter is connected to the negative side of the lower

The C filters are used to end of the rectifier which is
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Fig. 3: Simulation Model of Proposed System Subsystem of PWM Generation for Switches (T1 & T2)

Fig. 4: Subsystem  of  PWM  Generation  for Switches
(T1 & T2)

Fig. 5: PWM Generation for Switches (T1 & T2) and shape the  input  current  to  be  sinusoidal  with

Fig. 6: Subsystem  of  PWM  Generation  for Switches proposed system is 170 rms. The input voltage and input
(T3-T6) current waveforms are shown in Figure. 8 &9.

Fig. 7: PWM Generation for Switches (T3-T6)

system is used only six IGBT switches.The single phase
fixed frequency ac input is rectified by the front end
switches T1 and T2. The switches T1 and T2 are operated
based on a PWM strategy to regulate the DC link voltage

either in phase (in normal mode) or 180 degree out of
phase (in regeneration mode) with the AC input voltage.
The subsystem and switching pulses of PWM generation
for switches (T1 & T2) are shown in Figure. 4 & 5.

The subsystem and switching pulses of PWM
generation  for  switches  (T3-  T6) are shown in Figure. 6
& 7.

The input voltage of step down transformer of the
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Fig. 8: Input Voltage and Current Waveforms of
Proposed System

Fig. 9: Input Voltage and Current Waveforms of Fig. 13: Speed Response of the Sensorless FSTP BLDC
Proposed System afterStep Down motor

Fig. 10: DC Voltage waveform of FSTPI

Fig. 11: Phase Voltage Waveforms of FSTPI zero.We get the sinusoidal current with the power factor

We get the sinusoidal current with the power factor

Fig. 12: Phase Current Waveforms of FSTPI

Fig. 14: Back EMF of FSTP BLDC Motor

Active Power Factor Correction (APFC) using
resonant components Power Factor (PF) corrected is
purely appears to be resistive When voltage and current
are in-phase, then the reactive power consumption is

close to unity.

close to unity. The DC voltage, output phase voltage and
output phase current waveforms of FSTPI system are
shown in Figure. 10,11& 12 respectively [13].

The proposed FSTP BLDC motor characteristics are
shown in Figure.13 & 14.
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CONCLUSION 4. Changliang Xia, Li Zhiqiang and Shi. Tingna, 2009. A

The Brushless DC motors and drives have grown PhaseBrushless DC Motor Using Single Current
significantly in recent years in the commercial Sensor, IEEE Trans Power Electron, 56: 2058-1066.
applications. Sensorless BLDC drives are very preferable 5. Lin Cheng-Tsung, Chung-Wen Hung and Chih-Wen
for compact, low maintenance, lowcost and high reliability Liu, 2008. Position Sensorless Control for Four-
system. The simulation of the BLDC motor is done using Switch Three-Phase Brushless DC Motor Drives,
the software package MATLAB/SIMULINK and its phase IEEE Trans Power Electron, 23: 438-444.
voltage phase current, back EMF, rotor speed waveform 6. Damodharan, P and Vasudevan Krishna, 2010.
are analyzed. Then the PFC is necessary to increase the Sensorless Brushless DC Motor Drive Based on the
utilization efficiency of the AC power and to minimize Zero-Crossing Detection of Back Electromotive Force
harmonic pollution of the AC lines. (EMF) From the Line Voltage Difference’, IEEE Trans

In this thesis the back EMF compensating and direct Energy Conversion, 25: 661-668.
current controlling for BLDC motor drives is proposed 7. Jung Doo-Hee and In-Joong Ha, 2000. Low-Cost
and analyzed. In this scheme, the PWM is applied to high Sensorless Control of Brushless DC Motors Using a
side switches of the converter. This PWM scheme can Frequency-Independent Phase Shifter, IEEE Trans
eliminate the offset voltage in the back EMF signal caused Power Electron, 15: 748-752.
by the voltage drop of the IGBT and also increase system 8. EuzeliCipriano dos Santos, Cursino Brandao
efficiency by reducing the conduction loss. Jacobina, Edison Roberto Cabral da Silva and Nady

New machine design is an alternate solution to Rocha, 2012. Single-Phase to Three-Phase Power
sensorless operation. Some research is going on to add Converters: State of the Art, IEEE Trans Power
the special sensing winding to the machine indicates rotor Electron, 27: 2437-2452.
position. There are no hall sensors, therefore, the system 9. James Geethu and K. Radhakrishnan, 2013.
is robust, optimized design of the BLDC motor that Simulation of Four Switch BLDC Motor Drive’,
achieves higher efficiency with lower cost is desirable. International Journal of Latest Trends in Engineering
Implementation of real time hardware system of sensorless and Technology (IJLTET), 2(4): 100-106.
FSTP BLDC motor drives. 10. Halvaei Niasar, A, A. Vahedi and H. Moghbelli, 2009.
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