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Abstract. According to the disadvantages as large torque ripple of square wave drive brushless DC
motor control system, this paper adopted the sine wave drive the permanent magnet brushless DC
motor control system based on the space vector pulse width modulation (SVPWM) control method.
The simulation model of space vector pulse width modulation control method of the rotated speed
of brushless DC motor and current double closed-loop control system is simulated and analyzed in
MATLAB/SIMULINK. The simulation results have verified the reasonability and validity of the
simulation model.

I ntroduction

In recent years, as permanent magnet materials, computer technology, intelligent control
technology and power electronics technology, especially the power switch component technology
has been rapid development, and it laid an important foundation for the research and manufacture of
the permanent magnet brushless DC motor (BLDCM). Because of its small size, easy maintenance,
control of high precision, the BLDCM widely used in the field of CNC machine tool, robots, servo
control. Most of the traditional control system using a square wave pulse width modulation (PWM)
the driver control[ 1], this driver control is simple structure, easy to implement, but the phase voltage
and current are only approximates sine wave as the PWM through the inverter is also square wave,
and resulting in larger torque ripple. However, sine wave drive permanent magnet BLDCM]2], the
phase voltage and current is more nearly in sine wave can be a good reduce its shortcoming after in
the inverter at use SVPWM control[3]. Based on MATLAB software, this study established a
simulation model which the speed, current double closed loop control system, and used the classical
PI control algorithm, to verify its validity, and comparing the current waveform of the conventional
PWM control system.

SVPWM control[4]

The SVPWM is defined in accordance with the spatial position of the windings applied to the
voltage. Three-phase stator phase voltage that applied on the three-phase winding can define three
voltage space vector. The direction of space vector is always in various axis, while the size of it
changes over time, with pulse sinusoid ally time phase difference of 120°. Three voltage space
vector prove that the summing synthesizer space vector is a rotating space vector. Figure 1 shows a
schematic diagram of the three-phase PWM inverter powered.
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Figure 1 Three-phase PWM inverter power supply principle diagram
,§ , S denote the six amount of A,B,C three-phase switching transistor switch,

S ,§ .S aresetto ] indicates that the corresponding upper arm conduction, opposite each of 0

indicates that the corresponding lower arm conduction. Therefore, there are eight kinds of switch
status for the entire three-phase inverter. These eight kinds of switching state corresponding to the
three-phase output voltage transformed to the voltage space vector in the a—/ coordinate system

is shown in Figure 2.
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Figure 2 The eight kinds of switching state corresponding to the three-phase output voltage
transformed to the voltage space vector in the a— f coordinate system
If the inverter is switched every 60°electrical angle for once the switching state in accordance
with the clockwise rotation, one cycle switch six times, the same-phase upper and lower arm are
turned on each other 180°[5]. Mutual 120°Hall sensor just have six switched from position signal,
there will be one of Hall signal phase flip as the rotor rotation 60°point angle, so just in the position

signal flip moment switched voltage space vector controlled operation will be able to achieve its
conduction mode.

BLDCM control system simulation model

The BLDCM control system has dual closed-loop control that the outer speed loop and inner
current loop, and uses classic PI control algorithm. The overall system block diagram is shown in

Figure 3.
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Figure 3 The overall system block diagram of BLDCM control system
In the current closed loop, three-phase current are converted to the system rotating coordinate
current by the coordinate transformation of the electrical system analysis[6,7] formula as(1)(2), for
the feedback current.
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d-q coordinate component, € is the axis of the rotor and the stator A phase winding axis angle.
Rotor position is determined by motor rotation at the whole simulation system. System inverter
module is build by the SVPWM control principle and control algorithm. BLDCM uses Permanent
Magnet Synchronous Machine motor module from SIMULINK/SIMPOWER SYSTEMS. The
counter electromotive force chooses sine waveform. Inverter chooses general inverter bridge of
MOSFET device. To establish system model is shown in Figure 4.
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Figure 4 System simulation model

The simulation results
In order to verify the reliability of the simulation system, Simulation analysis selecting motor
pole logarithmic P=4, R=2.875(Q), L, = L,=0.00525(H),J=6.329¢-4( kgem?’ ), B=0.1827(Wb),

power DC=300(V), Reference speeds n=1000(RPM). The simulation time is 0.3s, no-load starting,
plus load torque T, =3N-m at 0.1s. The output waveform is shown in Figure 5-7.
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Figure 5 Speed information Figure 6 Torque waveform Figure 7 The motor stator

three-phase current waveform
In the same motor parameters and simulation parameter settings, using PWM and SVPWM
control get a current waveform of A phase as shown in Figure 8, so as to prove the SVPWM control
of phase current closer sine wave.
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Figure 8 Phase A current use PWM and SVPWM control

Conclusion

In this paper, the SVPWM control of BLDCM simulation model is established based on the
MATLAB/SIMULINK, and used the classic speed, current double closed-loop PI control algorithm.
From the output waveform, it can be seen the system corresponding speed fast, quickly achieve
steady state. Plus load torque at t=0.1s, the speed happen fell but return to equilibrium state at soon.
Three phase stator current waveform as nearly as sine wave. The simulation results show that the
SVPWM control of BLDCM has good static and dynamic characteristics.
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