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Abstract: The analysis and simulation are the method to study the behavior, response, and specification of the driver device.
This paper proposes brushless DC drive which using the vector control technique. The encoder is used detect the rotor position
and decode to Three-phase step signal. The step signal is modulated with triangle signal and change to the pulse width
modulation (PWM) signal. The PWM signal is used for control the input power of the motor based on the vector control
technique. The experimental results of the driver circuit and motor response performed under the following condition: as the
motor was started, change the load torque, and vary the supply voltage. The experimental performs with a dynamometer and the

test results are compared to the simulation method is the same result.
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1. INTRODUCTION

Brushless DC Motor (BLDCM) has a compact structure
low mechanical loss because it no brush. The mechanical and
speed response of BLDCM is better than the original motor,
when it is compared with an initial machine as size as it.
However, BLDCM can not operate while it without a
particular driving. So that before design the driver system of
the BLDCM must be known the parameter and specification
of the motor. This paper applies the motor parameter from
the simulation results [1] for designing the driver. Mitsubishi
motor Model HA_SC43 has been chosen for case study. The
Mitsubishi motor is a three-phase synchronous motor and
rotor is permanent magnet. This paper presents the technique
to design the BLDCM driver based on the vector control. The
driver uses the encoder for detecting the rotor position and
decoding the three-phase six-step signal. The Three-phase
step signal is fed to the pulse width modulation circuit for
controlling the power module before fed to the motor. The
experiment performs on the dynamometer and compares the
experimental result with the simulation result.

2. THEORY

BLDCM is a similar structure with the alternating current
generator, which is a type of permanent magnet synchronous
motor. The armature coil are wound at stator and the rotor is
a permanent magnet. The stator coil lashing will be wrapped
like the alternating current generator in the several phase but
BLDCM must be detected the pole of rotor. (magnetic pole)
for control the sequence of electronic switch.

Basic of BLDCM

The basic of three-phase BLDCM can be shown in the
Fig.1. Three-phase bridge inverter controls the input power of
motor and phototransistor is used detecting the rotor position.
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Fig.1 Basic structure of Three-phase BLDCM.

The output signal of phototransistor number PT|,PT,,PTs
is fed to the transistor Try,Try ,Trs respectively. While the
Try,Try ,Trs are close circuit the current is fed from U and W
to V point. Therefore the magnetic field occurs at the UV and
WYV branch and can be shown in the Fig.2.
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Fig.2 direction of magnetic field has been occurred

The magnetic field has been occurred at UV and WV
branch of stator coil. The direction of stator ’s magnetic field
is 90° with compare the direction of the rotor ’s magnetic
field. The direction of torque at the rotor is the clockwise
(CW) direction. So that the rotor rotate to the CW direction
equal to 30° and the phototransistors PT6 will be operate
instead PTs.
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3. PRINCIPLE OF BLDCM DRIVER DESIGN
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Fig. 3 Block diagram of BLCM drive set in the controlled
vector type

The Fig. 3 show the block diagram of BLDCM driver
which consist of 2 main circuit

1. Control Circuit

2. Power Circuit

3.1 The control circuit

The control circuit generates the Three-phase signal for
control the ON-OFF sequence of the electronic switch. The
output signals of encoder are used decode the Three-phase
signal proper the rotor position. The Three-phase step signal
is shown in the Fig. 4.

[RERK

1A | 000

(NEREK
2A | 00
(RERK

3Alglo 0 L
v FF I FF

¢ s 80

_ | 00 | 0o |

V,

V—TF FF [
¢ | |soy | (80 L
Mechanical | 00, 00 |
angle

9 180 270 ago  (Degree)
Electrical angle ‘

180 360 540 720 (Degree)

|

Fig. 4 Three-phase step signal

The 1A, 2A, and 3A signal are the output of the
encoder. The signals are fed to differential line receiver
circuit for adapt level of the 1Y, 2Y and 3Y signal

respectively. The 1Y, 2Y and 3Y decode the Va and VC step

signal and convert to Va and VC, analog signal. The decoder

circuit and D/A convert circuit can be shown in the Fig. 5.
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Fig. 5 Decoder Circuit and D/A Convert circuit

The decoder circuit uses EPROM NMC27C32 to decode
the signal and uses MC1408 to convert digital signal to
analog signal.
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Fig. 6 Multiplier Circuit

The Va and V( are multiplied by AD 532 to VA and

VC signal. The VA and VC signal is used generated the VB

signal, which is shown in the Fig. 7. Therefore the total
signal will be three step signals.
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Fig. 7 The VB step signal

The step signal is modulated with the triangle signal for
generate the Pulse Width Modulation (PWM) signal. The
triangle signal and the PWM signal is shown in the Fig. 8 and
Fig.9 respectively.
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Fig. 9 The PWM signal

Before the PWM signal is fed to the driver circuit, it will
be lock out the signal for preventing the short- circuit
condition. The output signal of the lock out circuit can be
shown in the Fig. 10.
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Fig. 10 The output signal of the lock out circuit
3.2 The Driver Circuit

The driver circuit control the input power of the motor
depends on the PWM signal. The PWM signal has a 3 signal
for Three-phase drive. The Three-phase driver is a power
bridge module part No. IRG4PC50UD. The driver circuit is
shown in the Fig. 11.
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Fig. 11 The driver circuit

The driver circuit consists of 6 modules of IGBT and
connects in parallel, which is driven by PWM signal.

4. THE EXPERIMENTAL RESULT

The experiment is performed on the Mitsubishi motor

Model HA SC43. The dynamometer is used record the
mechanic response and the digital storage oscilloscope is
used record the electrical signal.

The starting current and the speed response can be shown
in the Fig. 12.
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Fig. 12 The current signal and the speed response at the start
condition.

From Fig. 12 show phase current and speed response of

the BLDCM at the start condition. The motor current is a
sinusoidal signal and the frequency is proportional to the
motor speed. The motor current will be increase when the
load is applied to the motor. Fig. 13 shows the motor current
while the load is applied to the motor.
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Fig. 13 The motor current and the speed of motor when the
load is applied.
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The speed response performs to vary the input voltage.
The response in the Fig. 14 shows that speed of the motor
depends on the input voltage.
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Fig.14 The speed response of the motor

The speeds respond of the motor is linearity with the
supply voltage. The T1 and T2 show the speed response,
which different the loads apply. The load torque of T2 is
more than the load torque of T1.

5. SUMARY

This paper presents the technique to apply the simulation
result of the BLDCM for designing the driver circuit. The
simulation result can be known the parameter of the motor,
specification of the electrical device and the response of the
system. This paper design the control circuit and the driver
circuit with the simulation result. The experimental results of
the driver system are similarly with the simulation result.
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