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Abstract: Brushless dc motor is finding various applications in the present day scenario. They have improved
efficiency, higher speed, better torque speed characteristics and faster dynamic response when compared with the
traditional motors. In this paper, a controller is developed based on co-simulation of multi sim and lab view and is
presented for low cost brushless dc motor drive with low-resolution hall sensors. The driver circuit is made using a low
cost MOSFET gate driver IC in multi sim and the controller is developed in lab view. A hall sensor is usually used to
commutate the BLDC motor and the hall sensor output is used as the gate pulse for the six pulse inverter. The
effectiveness of the design was verified through co-simulation.
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. INTRODUCTION

Brushless dc motor (BLDC)are also known as synchronous motors, in which the rotor is a permanent magnet and the
stator is the steel lamination stacked inside the stator slots[1]. In order to control the positioning of the rotor and the
speed of the BLDC motor hall effect sensors are used.For obtaining a reliable speed, from the hall sensor signals
control for time difference inverse is found. At lower speed the sampling time for speed regulation is still more. The
sampling time is dependent to the motor speed and this makes it difficult to design the speed regulator for the model.
For obtaining accurate speed control and to reduce any difficulty in designing speed regulator a low resolution
encoders that works in low speed is used with the BLDC motor . A simple and easy implementation based on the
reduced order disturbance torque at an instantaneous speed was explained by N.J Kim [2]. In [3] a new method was
proposed to obtain the rotor speed and position with an out time delay known as dual observer. A low speed model with
free enhancement differentiator was proposed for improving the velocity [4] [5.]. While considering the BLDC motor
commonly used speed recognization method is using the back emf estimation. When the rotor speed is very less this
method cannot be used to find the speed and position due to the inverter design and variation in parameters used. This
paper presents study of controlling the speed of a brushless dc motor with the hall effect sensor using multisim and
labview.

1. WORKING PRINCIPLE OF BLDC MOTOR
Fig.1 shows 3 phase bridge circuit for driving 3 phase BLDC motor. Each commutation sequence will have one of its
windings energized to a positive power where the current enter will into the winding, the second winding is negative
(current leaves the winding) and the third is in a non-energized condition from where the back emf is sensed.
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Phase voltages is shown in Fig.2. The torque is generated due the interaction between the stator magnetic field and the

permanent magnets in the rotor [6]. The motor will continue running only when the rotor magnets catch up the
magnetic field produced by the stator windings .
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The relationship between the Hall sensors and back EMF [7] is shown in Fig.3. Hall sensor mounted motors can be
controlled easily as its initial position is known. Here we are considering the hall sensors for controlling the speed of
the motor been used
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Fig.4 shows the block diagram of overall functioning of the project. The speed obtained by Hall sensors is used as the
feedback. And the feedback is given to the control circuit which is designed using labview and the corresponding
pulse necessary to turn on the driver circuit is generated. The speed of the motor is controlled by varying the pwm duty
cycle.
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The relation ship between the electrical angle and the mechanical angle is given by the equation
e e=m*P
where
e e =electrical angle
e m = mechanical angle
P = number of rotor pole pairs
The electromagnetic torque, Te, is:
Te=1 *Kl*E+Ib*K2E+I *K3E
e=n Ke Ke ¢ Ke
Kt = torque constant
Ke = speed constant

1. CO-SIMULATION USING MULTISIM AND LABVIEW
In co-simulation the circuit designed in multisim is integrated with the labview program. The combination of the three
components, the BLDC motor, 3 Phase inverter and a digital control system makes the BLDC motor driver system,
here co simulation is done between inverter circuit designed using multisim and control circuit generated in labview.
The three phases of BLDC motor is connected to the inverter and is designed in multisim. In the motor, energization is
done by sensing the rotor position. And for the same reason the Hall sensor based BLDC motor is generally used as the
position feedback.

A multisim modelled 3 phase rectifier circuit of driver is shown in Fig. 5 below.
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While working with co-simulation toolbox, inverter designed in multisim and the three hall sensor output from the
motor is made to communicate with the labview. The control circuit is designed in labview and the output data from the
multisim is the input of the labview. These are then processed and the switching pulse is generated which is then send
to the inverter circuit designed in multisim. The speed of the dc motor is adjusted by varying the pwm duty cycle which
controls the average dc bus voltage. The labview design is shown in Fig 6.
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Iv. SIMULATION RESULT
The co simulation result of the simulation being carried in labview for the BLDC motor controller .The simulation is
performed for different speed, a potentiometer is provided to vary the pwm duty cycle there by the speed of the
brushless dc motor. The switching pulse wave form for the motor driver designed in labview when the pwm frequency
was set at 80 % and is shown in Fig 7.The corresponding back emf waveform is shown in the Fig 8.
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When the pwm duty cycle is set to 20%,the wave form for hall sensor output,speed and the supply current is shown in
Fig 9,Fig 10 and Fig 11.
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When the pwm duty cycle set to80%,the wave form of the hall sensor output, the supply current and speed is shown
in Fig 12,Fig 13 and Fig 14.
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The comparison was carried out by varying the pwm duty cycle. Simulation was carried out for pwm duty cycle 20%
and 80% shown in Fig 10,11&Fig 13,15 respectively..

V. CONCLUSION

The paper presented co-simulation analysis of low cost BLDC motor speed controller. Initially a three phase inverter
system with a BLDC motor was developed in multisim, and later the commutation technique was developed along with
position based controller in labview. Labview is a powerful simulation tool and has various advantages like better
efficiency ,higher expandability when compared with the other simulating options available. From the above result it
can be concluded that as the pwm duty cycle vary the speed of the BLDC motor varies. And in the proposed method
duty cycle was smoothly varied from 20% to 80% which indicates with the proposed technique simulation can carried
out for low and high speed. As the future work a real time control operation for a brushless dc motor integrating
labview tool such as my RIO or my DAQ can be developed. And comparison can be carried out between the co-
simulation application and the real time test.
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