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ABSTRACT— This paper proposes a six switch three phase
inverter (SSTPI) fed BLDC motor drive for commercial
applications. BLDC motor having high efficiency, compact size,
rugged construction, reduces mechanical strength, high
dynamic response. The 120 degree mode generation used for
switching the SSTPI. Thereby, the speed adjustment of three
phase BLDC motor drive can be easily obtained. The objective
of using SSTPI for three phase BLDC motor drive is that the
third harmonics and its corresponding multiples are carried
out in the output and ripple voltages is less comparing to single
phase inverter. This proposed system is developed for
commercial applications such as refrigerators, air conditioning
systems, CPU cooling fans, CD/DVD players.This type of three
phase BLDC motor drive system is developed and analyzed
using MATLAB/SIMULINK in which effective results can be
carried out successfully.

Keywords: BLDC motor drive, Six Switch Three Phase
Inverter (SSTPI), 120 degree mode generator,Hall sensor

I INTRODUCTION

In recent years BLDC have been widely used in
commercial applications. The BLDC motor has many
advantages over induction motor and brushed DC motor [2],
[13]. The three phase BLDC motor consist of three phase
stator windings and permanent magnet rotor and BLDC
motor have trapezoidal back EMF.
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Figure 1: Block diagram of proposed system

The proposed system is single phase to three phase AC-
AC conversion and its objective is reducing the DC link
voltage fluctuation [1], [18].The new control scheme is used
to single phase to three phase system, which eliminate the
DC link voltage ripple on the SSTPI output current [7], [18].
This system consists of single phase diode rectifier
(uncontrolled rectifier), which converts AC power to DC
power. The output of this DC power is given to SSTPI
through filter circuit[15], [19]. This filter circuits are used to

reduce the harmonics. This SSTPI has three legs with a pair
of complementary power electronics switches per phase.
This SSTPI having the 120 degree mode gate pulse
generation which leads to the conversion of DC power to Ac
power conversion system with desired output voltage and
frequency. This AC power is fed to the BLDC motor drive
operation. In normally the inverter side filter is reduce the
high frequency harmonics.

. ANALYSIS OF A SSTPI-BLDC MOTOR DRIVE

The BLDC motor can be analyzed mathematically in abc
phase variable model. The configuration of a six-switch
three phase inverter (SSTPI) BLDC motor is shown in
below figure 2.
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Figure 2: Six switch three phase BLDC motor drive
The BLDC motor represented as below equations
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@y - Three phase voltages
R - Resistance
&, By, B - Three phase currents
L - Self inductance
M - Mutual inductance
-Three phase back EMF
The electromagnetic torque is
S GE LRGBS (4)
- Mechanical speed of rotor
- Electromagnetic torque



The mechanical speed for BLDC motor

(5)
P - Number of pole pairs
The rotor angle is

f (6)

The instantaneous induced EMF is obtained as
(7)
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- Rotor mechanical speed

The back EMF and three phase current used to torque
calculation. The rotor speed is proportional to the shape
function [9], this shape function and stator current is
utilized. So the torque calculation is easily performed [11-
12].

1. SIX SWITCH INVERTER FOR BLDC MOTOR
DRIVES

In 120 degree pulse generation control signal, each IGBT
switches conducts for 120 degree [2], [8]. The 120 degree

mode conduction gate signals are shown in below figure 3.
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Figure 3: 120 degree conduction mode pulse generation
Only two IGBT switches remain on at any instant time. The
conductance sequence of IGBT switches is 61, 12, 23, 34,
45, 56 and 61. There is a delay of 30 degree between the
turning off s1 and turning on s4. Thus, there should be no
short circuit of the DC supply through one upper and one
lower switch. At any time, two load terminals are connected
to the DC supply and third one remains open. The potential
of this open terminal depends on the load characteristics and
would be unpredictable.

[

SIMULATION AND RESULTS

The implementation of six switch three phase BLDC motor
drive system in simulink is shown in figure 4.
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Figure 5: 120 degree mode pulse generation

The performance parameters such as output voltage and
output current waveforms of SSTPI motor are given by the
following figures 6-7.

Figure 6: Three phase output voltage waveform of SSTPI



Figure 7: Three phase output current wave form of SSTPI

Stator current, rotor speed, torque and back EMF waveforms
of BLDC motor are given by the following figures 8-11.
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Figure 8: Stator current of BLDC Motor
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Figure 9: Rotor Speed of BLDC motor

Torque
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Figure 10: Torque of BLDC motor
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Figure 11: Back EMF of BLDC motor

The BLDC motor specifications are listed in below Table-1.

TABLE I: MOTOR SPECIFICATIONS

Rs 0.18 [ohm]
L 8.5e-3[mH]
J 6.2e-4[kg.m?]
Ks 0.57[N. m/A]
Z 4[pole]

P, 430[W]

Th 8[N. m]
Ke 0.62[V/rpm]
M 0.105[mH]

EXPERIMENTAL AND RESULTS

In the hardware system, the PIC microcontroller board and
driver circuit board get the power to potential transformer
[10]. The single phase diode (uncontrolled) rectifier is used
to convert AC power to DC power, and the filter circuit is
reducing the harmonics. Six IGBTSs are used to SSTPI. The
IGBT switch has high input impedance and low on-state
conduction loss [3-4], [20]. The output of the SSTPI is

connected to 0.5 hp, three phase BLDC motor.
TABLE Il: HARDWARE COMPONENTS

Components Ratings
Inverter IGBT
BLDC Motor 0.5hp,3phase,50Hz,1500rpm
Microcontroller 16F877A
Rectifier Single phase diode rectifier
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Figure 12: Hardware prototype model of microcontroller based SSTPI

This Proposed system is on low cost back EMF
(Electromagnetic force) detection method is using of back
EMF zero crossing from the terminal voltages, that is the
zero crossing point is directly obtained by detecting the
voltage difference between the phase terminal and the
midpoint of DC link without sensing the motor neural
voltage [5-6], [11], [14], [16]. Hardware prototype model of
microcontroller based SSTPI using, the output current of
SSTPI, rotor speed, and torque of BLDC motor are given by
the following figures 13-15.
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Figure 13: output Current of SSTPI
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Figure 14: speed of BLDC motor
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Figure 15: Torque of BLDC motor

CONCLUSION

In this paper presented in the PIC microcontroller
(16F877A) based 120 degree mode is used for gate pulse
generation in the SSTPI fed BLDC motor drive. The
simulation and hardware implementation results are verify
the feasibility of the system. The implementation of the
proposed work is practically used to commercial
applications.

REFERENCES

1. Euzeli Cipriano dos Santos, Cursino Brand ao Jacobina, Edison
Roberto Cabral da Silva, Nady Rocha, ” Single-Phase to Three-Phase
Power Converters: State of the Art”, IEEE Trans on Power
Electronics., Vol. 27, No. 5, May 2012, PP.2437-2452.

2. Sneha K. Awaze, "Three Phase Inverter Fed BLDC Motor Drive”,
IEEE Trans, in Communication systems and network technologies
(CSNT)., 2012, PP.838-842.

3. Man-kee kim , Hyun-soo bae ,Bum seok suh, ” Comparison of IGBT
and MOSFET Inverters in low Power BLDC Motor”, IEEE Trans, in
Power Electronics Specialists Conference., June 2006, pp.1-4.

4. Bhartkar S.S, Yanamshett. R, Chatterjee.D,
Ganguli.A.K,”Comparison of Switching Schemes for Brushless DC
Motor Drives”IEEE Trans,in Electrical Engineering/Electronics
Computer Telecommunications ind Information Technology., May
2010, , PP.1036-1040.

5. Leiz bang, Wei xiao, Wenlong qu,” Sensorless Control of BLDC
Motors Using an Improved Low-Cost Back EMF Detection Method,
IEEE Trans,in Power Electronics Specialists Conference., June 2006,

pp.1-7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Y. S. Jeon, H. S. Mok, G. H. Choe, D. K. Kim, J. S. Ryu, A New
Simulation Model of BLDC Motor With Real Back EMF Waveform,
IEEE Trans, in Power Electronics., 2000, PP.217-220.

Dong-chon Lee, Young-Sin Kim, ”Control of Single-Phase-To-Three-
Phase AC/DC/AC PWM Converters For Induction Motor Drives,
IEEE Trans on Industrial Engineering., Vol.54, No.2, April 2007,
pp.797-804.

Ichikawa.T, Doheneki.h, “Field Expansion of Low Speed in
Sensorless 120-Degree Conduction Drives of Brushless DC Motor”,
IEEE Trans, in Electrical Machines., September 2010, PP.1-6.
Gui-Jia Su, John W. McKeever, “Low Cost Sensorless Control of
Brushless DC Motors with Improved Speed Range”, IEEE Trans on
Applied Power Electronics., Vol.1, 2002, PP.286-292

Jianwen Shao, “An Improved Microcontroller-Based Sensorless
Brushless DC (BLDC) Motor Drive for Automotive Applications”,
IEEE Trans on Industry Applications, Vol. 42, No. 5,
September/October 2006, PP.1216-1221.

Haifeng Lu, Lei Zhang, Wenlong Qu, ” A New Torque Control
Method for Torque Ripple Minimization of BLDC Motors With Un-
Ideal Back EMF”, IEEE Trans on Power Electronics., VOL. 23, No.
2, March 2008, PP.950-958.

Jianfei Yang, Yuwen Hu, Wenxin Huang, Jianbo Chu, Jin Gao, ”
Direct Torque Control of Brushless DC Motor Without Flux Linkage
Observation”, IEEE Trans, in Power Electronics.,, March 2009,
PP.1934-1937.

Nazmul Islam Raju, Md. Shahinur Islam, Tausif Ali, Syed Ashraful
Karim, “Study of SPWM Technique & Simulation of Designed
Analog Circuit (Op-Amp) Controlled Three Phase PWM Inverter
with Harmonic Reduction”, IEEE Trans, in Informatics Electronics.,
2013, PP.1-6.

P. Damodharan, Krishna Vasudevan, Sensorless Brushless DC Motor
Drive Based on the Zero-Crossing Detection of Back Electromotive
Force (EMF) From the Line Voltage Difference”, IEEE Trans on
Energy Conversion., VVol. 25, No. 3, September 2010, PP.661-668.
Adil M. Al-Zamil, David A. Torrey, “A Passive Series, Active Shunt
Filter for High Power Applications”, IEEE Trans on Power
Electronics., Vol. 16, No. 1, January 2001, PP.101-109.

Tewari.S.V, Indu Rani.B, “Torque Ripple Minimization of BLDC
Motor with Un-Ideal Back EMF”, IEEE Trans, in Emerging Trends in
Engineering and Technology., 2009, PP.687-690.

E. C. dos Santos, Jr., C. B. Jacobina, and M. B. R. Correa, “Fault
tolerant ac—ac single-phase to three-phase dc-link converter,” in Proc.
22nd Annu IEEE Appl. Power Electron. Conf., Mar. 2007, pp. 1707-
1713.

H. Haga, K. Nishiya, S. Kondo, and K. Ohishi, “High power factor
control of electrolytic capacitor less current-fed single-phase to
threephase power converter,” in Proc. Int. Power Electron. Conf.,
Jun. 2010, pp. 443-448.

J. A. A Dias, E. C. dos Santos, Jr., and C. B. Jacobina, “A low
investment single-phase to three-phase converter operating with
reduced losses,” in Proc. 25th Annu. IEEE Appl. Power Electron.
Conf. Expo., Feb. 2010, pp. 755-760.

J. A. A. Dias, E. C. dos Santos, Jr., C. Jacobina, and E. R. C. da Silva,
“Application of single-phase to three-phase converter motor drive
systems with IGBT dual module losses reduction,” in Proc. Brazilian
Power Electron. Conf., Oct. 2009, pp. 1155-1162.


http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5483296
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5483296
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=11209

