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1. INTRODUCTION

Brushless DC (BLDC) motor is defined as a permanmaignet synchronous motor with a
trapezoidal back electromagnetic fields (EMF) wawef shape. The BLDC motor combines the positive
attributes of AC and DC systems. The term “BLDC"used to identify the combination of AC motor,
inverter and rotor position sensor to offer a Imgaque characteristic as in a conventional DCanat a
drive system. BLDC drive does not require a preaisiotor position sensor and only requires discrete
position sensors, such as Hall Effect sensor. Assalt, BLDC motors are now replacing traditionaished
DC motors due to higher reliability, efficiency,caltower noise, and their usage in new applicatzmrginues
to grow [1-3].

In BLDC motors, the conventional multi-segment comaors as a mechanical rectifier are
replaced with an electronic circuit to do the conettion. The electronic commutation in brushlesyveafi
eliminates need for brushes in the motor, and fbereall associated maintenance. Accordingly, a BLD
motor requires less maintenance, relatively lovt aosl is quite robust [1, 4-5].

However, a BLDC requires relatively complex elentos for control. In this control scheme, torque
production follows the principle that current shibdiow in only two of the three phase at a time &nat
there should be no torque production in the regibback EMF zero crossings. Knowledge of rotor posi
is critical to correctly energize the windings tstin motion. Therefore, a pair of switches musturned
on sequentially in the correct order to energipaia of windings. The BLDC motor will not operateoperly
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if the incorrect switch order is applied [1, 4-5].

This paper presents a smart guideline to ensuretlleaorder to energize a pair of windings is
correct. The rationalization of the commutationwsatce in both of forward or reverse rotations, also in
both of forward or reverse regenerative braking enadll be introduced clearly. To prove the guidelira
simple commutation state machine scheme to coBit®lC motor in both of forward/reverse rotations or
forward/reverse regenerative braking mode basdeéR$pA is conducted.

2. COMMUTATION STATE MACHINE

To ensure that the BLDC motor will operate propealysmart guideline to realize the commutation
sequence in both of forward or reverse rotatioegenerative braking mode is very important. In otdeget
constant output torque, current is driven throughator winding during the flat portion of the baEKF
waveform. Thus, only two switches are turned oa &éitne, one in a high side and the other in a lme.s
Figure 1 show the both correct and incorrect conatirt state machine. Sensor and drive bits by phase
order in both of forward/reverse rotations or foreMeeverse regenerative braking are shown in Talded
Table 2, respectively

Hall
Effect
sensor

Gating
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Current

Back
EMF
wave-
forms

a. correct commutation state b. incorrect commantagiate

Fig.1. Hall effect sensor, gating signal of inverfghase current and back EMF
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Table 1. Sensor And Drive Bits By Phase Order IthBof Forward And Reverse Rotations

Hall Hall Hall Forward rotation Reverserotation

effect effect effect A A B B C C A A B B C C

sensor sensor sensor phase high low high low high low phase high low high low high low
A B C drive drive drive drive drive drive drive drive drive drive drive drive
0 0 1 1 1 0 0 0 0 1 6 0 1 0 0 1 0
0 1 1 2 1 0 0 1 0 0 5 0 1 1 0 0 0
0 1 0 3 0 0 0 1 1 0 4 0 0 1 0 0 1
1 1 0 4 0 1 0 0 1 0 3 1 0 0 0 0 1
1 0 0 5 0 1 1 0 0 0 2 1 0 0 1 0 0
1 0 1 6 0 0 1 0 0 1 1 0 0 0 1 1 0

Table 2. Sensor and drive bits by phase order i bbforward and reverse regenerative braking

Hall Hall Hall Forward regenerative braking Rever seregenerative braking

effect effect effect A A B B C C A A B B C C

sensor sensor sensor phase high low high low high low phase high low high low high low
A B C drive drive drive drive drive drive drive drive drive drive drive drive
0 0 1 1 0 0 0 0 0 1 6 0 1 0 0 0 0
0 1 1 2 0 0 0 1 0 0 5 0 1 0 0 0

0 1 0 3 0 0 0 1 0 0 4 0 0 0 0 0 1
1 1 0 4 0 1 0 0 0 0 3 0 0 0 0 0 1
1 0 0 5 0 1 0 0 0 0 2 0 0 0 1 0 0
1 0 1 6 0 0 0 0 0 1 1 0 0 0 1 0 0

3. EXPERIMENT SETUP

In this paper, a simple digital three-phase PulsétWModulation (PWM) controller for a BLDC
motor has been proposed, as shown Figure 2. Irsyisiem, the BLDC motor is treated as a digitatesys
Speed regulation is achieved by varying PWM dutgleyHowever, the state machine commutation isthear
of the system, and the PWM generator only to makging of duty cycle.

The three-phase PWM technique is conducted to eethe&e commutation current ripple. The motor
drive system use hall-effect sensors which traekntiotor's position, for changing the PWM methothtee-
phase one. The experiment setup is shown as Fgure
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Fig. 2. Simple PWM BLDC Motor Control Based On Coutation State Machine
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Fig. 3. Experiment setup

4. RESULTSAND DISCUSSIONS

In the research, the simple control of BLDC motasdéd on commutation state machine utilizing
FPGA was successfully developed. The current act-BMF results of six-step BLDC motor drive based
on FPGA are shown in Figure 4. The Figure 4 (&)Xsstep BLDC motor drive in forward rotation, aitds
shown in Figure 4 (b) for reverse rotation. To ioy@ the performance and to adjustable speed dtiee,
PWM is implemented in this system. The current badk-EMF of the proposed method is shown in Figure
5. From Figure 5, it can be seen that the PWM hasessfully be implemented. Figure 5 (a), it hasash
for forward rotation and Figure 5 (b) for reversgation. The switching frequency of inverter iatkHz.
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Fig. 4. Current and Back-EMF of Six-step BLDC Mo@ontrol Based On Commutation State Machine
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Fig. 5. Current and Back-EMF of the Proposed PWNDBLMotor Control Based On Commutation State
Machine

However, the PWM method proposed still has a prokte significantly reduce the commutation
current ripple because the research not yet corsside commutation period to generate PWM sigiiabm
Figure 5, it still can be see that the currentlggdp very dominant in commutation period. To owene the
problem, the basic idea is to retain the same rhadmiof current slew rate with opposite sign foe th
incoming and outgoing phases. The idea can be \ahiby controlling the duty during commutation.
Obviously, the detection circuits are needed ticeite the commutation period [6-7].

5. CONCLUSION

This paper has presented a smart guideline to enat the order to energize a pair of windings is
correct. To prove the guideline, FPGA based a ®mgpimmutation state machine scheme to control BLDC
motor has been successfully type-tested. The erpetiresults have shown that the guideline wasecbrr
The commutation schemes have successfully reatizezbntrol BLDC motor using Altera's APEX20KE
FPGA in both of forward/reverse rotations or ford/agverse regenerative braking properly.
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