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Abstract: Brushless DC (BLDC) motor has many applications in industries, actuators, servomotors, as assembling robots etc.
The position control of this motor is needed with accuracy for such applications. In this paper, position control of BLDC motor
is proposed using Space Vector Pulse Width Modulation technique with field oriented control for the accurate control of rotor
position. The motor is modelled using the basic equations and field oriented control is applied. The gate pulses needed for the
inverter are generated using the SVPWM method and the results are observed using MATLAB/SIMULINK.
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L. INTRODUCTION
Brushless DC (BLDC) motor consists of a permanent magnet rotor and a wire wound stator. These motors are commutated
electronically and thus eliminating the need of commutator brushes [4]. An electronic sensor such as a hall effect sensor or an
optical encoder detects the rotor position and the inverter control is provided using this information. Sensorless control have also
been developed by various methods [11-12], in order to reduce the cost and avoid heating problems of the sensor. Fig. 2. shows the
working of a BLDC motor with star connected stator winding. The three phase two level inverter shown consists of six switches that
are mostly IGBTs or MOSFETSs which are controlled by adjusting their gate signals [1-2].
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Fig 1. BLDC maotor construction. Fig 2. BLDC motor driver circuit
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There are mainly two types of BLDC motors: one with inner rotor and other with outer rotor. The inner rotor type is again divided
into two types: surface mounted permanent magnet type and interior permanent magnet type as shown in Fig.3. Advantages of
BLDC motors over conventional DC motors are long life, high efficiency, better speed Vs. torque characteristics, and high torque-
weight ratio [4]
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Fig 3. Types of rotor of a BLDC motor. (a). Surface mount Permanent magnet rotor and (b). Interior permanent magnet rotor.

This paper deals with the design of a field oriented controlled BLDC motor system simulated using MATLAB/Simulink. The BLDC
motor is modelled first and verified using the gate signals generated using hall effect sensor signals. The machine is run on no load.
Then space vector modulation theory is explained and implemented using field oriented control to generate the gate signals. Later in
the paper, position control of the motor using the above method is explained.
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1. BLDC MOTOR MODELLING
For simplifying the equations governing the motor and overall model, the following assumptions are made:

A. Mutual inductance and saturation of the magnetic circuit are ignored.
B. Stator resistance, self-inductance and mutual inductance of all phases are equal and constant.
C. Hysteresis losses and eddy current losses are ignored.
D. All semiconductor switches of the inverter are ideal. [4]
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Fig.4. BLDC motor electrical equivalent circuit

The motor is modelled using the following equations.
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Vp = IRy + L, % +ey 2
V.=IR.+L, i+e, (3)

Here, V'’ denotes voltage, ‘I’ denotes current, ‘e’ denotes back emf generated in the motor, ‘R’ is the resistance and ‘L’ is the self-
inductance of each phase.
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The torque generated in the motor is given by : T, = ]T +Bw, +T, 4)
The electromagnetic torque can also be represented as: T, = wi (eqiy +epip +eqiy) (5)

Where J is the rotor inertia, B is the damping constant, T, is the load torque, ®n is the mechanical speed of the rotor, w, is the

electrical equivalent of speed of rotor.
dbm P

The relation between rotor angle and speed is : w,, = — 0, = ;Hm where P is the number of poles [4]. (6)
The back emf of the motor is a function of the rotor angle.
e, = K, w, f(8,) , where Ky is the back emf constant. 7)
2
er= Ky, f (6, — Z) (8)
2
ec = waef(ge*'?n) (9)
The function “f’ can be found out using the table I.
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Fig 5. Back EMF of a BLDC motor 300°-360 — -1 -1 1
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For the proper rotation of BLDC motor, the windings in the stator should be excited in a sequence. It is therefore important to
determine the rotor position to obtain the correct energizing sequence which is accomplished through Hall sensor signals. There are
three hall sensors which are kept at an interval of 120 electrical degrees and are embedded into the stator of the BLDC motor. The
position of the motor is controlled using the information obtained from these hall sensors.

1. FIELD OREINTED CONTROL AND SPACE VECTOR MODULATION
Field Oriented Control(FOC) is also called vector control. At higher speeds, better efficiency can be achieved compared to
sinusoidal PWM method.
Also better performance is obtained on dynamically changing load compared to other methods. Using FOC flux and torque can be
controlled separately with less torque ripples. In this method, stator currents of the motor are measured and then adjusted to obtain
90° between stator flux and rotor flux so as to achieve maximum torque. Following are the steps implemented in FOC of a BLDC
motor [7].

Measure the three stator currents or measure two of them and evaluate the third one using the equation I, +1, +1., =0
Convert them using Clarke/Park Transformations to convert from stationary reference frame to rotating reference frame.
Compare the calculated values with reference values and input the error signals to PI/PID controllers.

Using Inverse Park/Clarke Transformations corresponding voltage vectors are converted to abc-waveform.

The voltage signals are fed to SVPWM block to generate the gate pulses needed for the inverter.

moow>»

For position control applications, the rotor position obtained from the hall sensors are compared with the reference position and then
converted to speed reference.

SVPWM method is an advanced pulse width modulation method which gives better DC bus voltage utilization compared to sine
PWM method. Space vector Modulation method has many advantages like high output quality due to less harmonic distortion and
low filter component ratings [6].

As per the block diagram shown in fig 6., FOC with SVPWM is implemented using the following equations [7]:

1) Clarke Transformation

lg = Iq (10)

. 1. 2 .

ig = GFlat Sl (11)
2) Park Transformation

g = i, COSO + igsing (12)

g = —igSinf + igcosd (13)
3) Inverse Park Transformation

Vo = Vycos8 — V,; sinf (14)

Vg = Vgsin@ + 1, cosé (15)
4) Inverse Clarke Transformation

Vo = Vo (16)

Vo= 2V, + 2y, (17)

v=2v- 2y, (18)

5) Magnitude and angle for SVPWM
Vier = /de + 1’ (19)

6 =tan™?! (“:—‘;) (20)
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Fig.6. Block diagram representing implementation of FOC
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Fig.7. The sectors in space vector PWM Fig.8. a-b-c and d-q axes representation

The implementation of SVPWM is explained in detail in [6], [7], [13]. The switching time of each switch is decided according to the
angle of the rotating reference vector as in [6].

IV.MATLAB/SIMULINK IMPLEMENTATION OF THE PROPOSED SYSTEM
BLDC motor modelling done using MATLAB/SIMULINK is shown in fig.9. The motor specifications used for the simulation is
given in table I1. The position control of the motor is simulated and the following results were obtained.

Fig.9. BLDC model
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BLOC MOTOR
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Fig.10. SIMULINK model for position control of the motor

TABLE Il1 Fig 11. Reference rotor angle and developed rotor angle of the
SPECIFICATIONS OF THE MOTOR USED FOR motor
SIMULATION
No:of phases 3 e
No:of poles 4 =
Power 103 W — — =
Voltage 24V T ‘
Resistance per phase, Rs 0.7Q H /
Inductance per phase, L 0.0272 H j: 60 /
Back EMF constant, Ky, 0.513 V/rpm o - -
Inertia, J 0.002
20 //‘
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Fig.14. Speed of the motor.
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Fig. 12. Current through the motor Fig.13. Back EMF of the motor

V. CONCLUSION

Position control of BLDC motor is achieved using Field oriented control based Space Vector PWM method in the proposed system.
Precision of 0.1 radians is obtained. Here the BLDC motor is operating in 180° conduction mode on no load.Performance of the
proposed system can be improved much better than sine PWM method by proper tuning of Pl controllers. SVPWM can be
implemented using DSP according to the application and power rating of the motor.
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