© LJCIRAS | ISSN (O) - 2581-5334
December 2021 | Vol. 4 Issue. 7

CONTROL FOR BLDC MOTOR BASE-ON A FUNCTIONAL
RELATIONSHIP VALUES TO DESCRIBE INPUT AND
OUTPUT

Le Thi Thuy Ngan

Faculty of Mechanical, Electrical and Electronic Technology, Thai Nguyen University of Technology, Vietham

Abstract

Brushless DC motors (BLDCM) are widely used for
many industrial applications because of their high
efficiency, high torque, and low volume. This paper
proposed an improved Hedge Algebraic controller to
control the speed of BLDCM. Using HA for designing
the controller can create an algebraic structure in the
form of a functional relationship, which allows the
formation of a large set of linguistic values to
describe input and output relationships.
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1.INTRODUCTION

The brushless dc motor where the permanent magnet
provides the necessary air gap flux instead of the wire-
wound field poles. BLDC motor is conventionally defined
as a permanent magnet synchronous motor with a
trapezoidal Back EMF waveform shape. As the name
implies, BLDC motors do not use brushes for
commutation; instead, they are electronically
commutated. Recently, high performance BLDC motor
drives are widely used for variable speed drive systems
of the industrial applications and electric vehicles. In
practice, the design of the BLDCM drive involves a
complex process such as modeling, control scheme
selection, simulation and parameters tuning etc.
Recently, various modern control solutions are
proposed for the speed control design of BLDC motor
[1-9]. However, Conventional PID controller algorithm is
simple, stable, easy adjustment and high reliability,
Conventional speed control system used in conventional
PID control [10-15]. Tuning PID control parameters is
very difficult, poor robustness, therefore, it's difficult to
achieve the optimal state under field conditions in the
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actual production. Recently, the BLDC motors are used
in many applications such as optical drives, radiator
cooling fans of laptops, household appliances and office
automation. In these applications, control circuits are
designed simply and reliably. With the development of
semiconductor switching technology and the design of
high power converters, the performance of the electric
drive systems using BLDC motors is better than that of
others using DC motors as well as synchronous motors.
HA has solved effectively the problem of identification,
diagnosis, and objects which model difficultly.
Therefore, its applications are becoming popular in the
field of control and automation [16-20]. The paper
proposes the hedge algebraic controller for the BLDC.

2. CONTROL DESIGN
References ought to be included in the finish of the
paper, and its equivalent citation will be included the
order of their appearance in the content.

The voltage equation:

di di, di

V,=Rji,+L, —2+M, —+M,—F+e,
dt dt dt
. di di di,

V, =Rji, +L°d_;+ Mbad—ta+ MbcEJreb

V. =R, +LC%+ Mcbdi+ Mcadi+eC
dt dt dt

M
If three-phase system is symmetric, we have:

Re=Rph=R.=R
Lo=Lp=Lc=1L
Map = Mac = Mpg = Mpc = Mcp = Mg = M
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Equations (1) become:

V, = Ria+Ldi+M %+M di+ea
dt dt dt

V, = Rib+L%+M di+M diJreb
dt dt dt

V, = RiC+L%+M Oli+M %4'30
dt dt dt

Transforming equations (2), we have:

v, = Ria-f-(L'M)di-f-ea
dt

Vv, = Rib+(L—M)%+eb

v, = Ric+(L-M)%+eC

If neglecting mutual inductances then equations (3) are
rearranged as:

a

. di
v, =Ri, + L$+e

v, = Rib+L((jj—|;’+eb

v, = Ri, +L%+eC
dt

The electromagnetic torque is defined:

T _ Bala 8y +eE

e
,

‘ ©)

Mechanical characteristic of BLDC:

T, =B,o, +Jmia)
dt

r

+T,

(6)

where T_ is the load torque, Jn is rotor inertial and B is
friction constant.

For the speed control loop, it is assumed that the current
control loop is ideal, meaning that the transfer function
of the closed current control loop is equal to
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1. It is practicable since the dynamics of the current
control loop is much faster than that of the speed
control loop [21].

The HAC controller consists of two inputs and one
output: the first input is the speed error - e(t), denoted
by E, the second input is the derivative of the first input,
denoted by dE and the output is represented by U.

Firstly, the symbol S, F, L and V mean Slow, Fast, Less and
Very respectively.
Hence, we have:

G ={0,SW,F,1}
H-={L}={h-1}q=1
H+={V}={h+L};p=1 ®)
fm(S) =0
fm(F) =1- f m(S) 10)
VW) =0 (11)
v(S) =0-afm(S)

v(VS)=0v(S)+

(/)

(13)

fm(VS)
sign(VS) Zi“ _0_5ﬁ; iiif;(\/S)sign(\/s)}
fm(VS)
=v(S)
Bm(S)

. L 1+sign(VS)sign(V,VS)
+sign(VS) Z; —0.5Lign(vs)(ﬂ_a) }

Bfm(S) (14

Combination of input variables (E and dE) with w1, w2
and the quantitative semantic curve obtained from the
relationship between U and (E, dE) results in the control
value us.

The control value u is found by solving us control
problem. Quantifying real values and solving
quantitative problems are Es, dEs and Us variables.
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Figure 1 The simulation model
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Figure 1 Speed response of the BLDC

The simulation results show that the proposed controller
proved the adequate performance of the tracking
required speed references, preserving the system's
stability under the conditions of the load disturbance
and meeting quality requirements.

3.CONCLUSIONS

BLDC motor control requires knowledge of the rotor
position and mechanism to commutate the motor. For
closed-loop speed control there are two additional
requirements, measurement of the motor speed and/or
motor current and PWM signal to control the motor
speed and power.

This work presents the theory and implementation of a
novel control technique for the brushless DC (BLDC)
motor. With results obtained from simulation, using an
HA controller with the appropriate structure and
parameters, the motor speed remains stable and tracks
the desired rate. The simulation results show that the
algorithm and the way to build the HA controller for the
powertrain are correct and appropriate. The validity of
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the proposed method is verified through both
simulation and discussion

4. ACKNOWLEDGEMENT

This work is supported by Thai Nguyen University of
Technology, Vietnam

REFERENCES

[1] Hubik, V., Sveda, M., & Singule, V. (2008, September).
On the development of BLDC motor control run-up
algorithms for aerospace application. In 2008 13th
international power electronics and motion control
conference (pp. 1620-1624). IEEE.

[2] Kim, N. H., Yang, O., & Kim, M. H. (2007). BLDC motor
control algorithm for industrial applications using a
general  purpose processor. Journal of Power
Electronics, 7(2), 132-139.

[3] Park, S. J.,, Park, H. W., Lee, M. H., & Harashima, F.
(2000). A new approach for minimum-torque-ripple
maximume-efficiency control of BLDC motor. IEEE
Transactions on industrial electronics, 47(1), 109-114.

[4] Duma, R, Dobra, P.,, Dobra, M., & Sita, I. V. (2011,
October). Low cost embedded solution for BLDC motor
control. In 75th International Conference on System
Theory, Control and Computing (pp. 1-6). IEEE.

[5] Joice, C. S, Paranjothi, S. R, & Kumar, V. J. S. (2012).
Digital control strategy for four quadrant operation of
three phase BLDC motor with load variations. I[EEE
transactions on industrial informatics, 9(2), 974-982.

[6] MadhusudhanaRao, G., SankerRam, B. V., Kumar, B.
S., & Kumar, K. V. (2010). Speed control of BLDC motor
using DSP. International Journal of Engineering Science
and Technology, 2(3), 143-147.

[7] Changliang, X, & Hongwei, F. (2012). Permanent-
magnet brushless DC motor and its
control. Transactions  of  China Electrotechnical
Society, 27(3), 25-34.

[8] Park, S. I, Kim, T. S, Ahn, S. C,, & Hyun, D. S. (2003,
February). An improved current control method for
torque improvement of high-speed BLDC motor.
In Eighteenth Annual IEEE Applied Power Electronics
Conference and Exposition, 2003. APEC'03. (Vol. 1, pp.
294-299). [EEE.

[9] Janpan, I, Chaisricharoen, R, & Boonyanant, P.
(2012). Control of the brushless DC motor in combine
mode. Procedia Engineering, 32, 279-285.

WWW.IJCIRAS.COM 22



[10] Ansari, U., & Alam, S. (2011, March). Modeling and
control of three phase BLDC motor using PID with
genetic algorithm. In 20711 UkSim 13th International
Conference on Computer Modelling and Simulation (pp.
189-194). IEEE.

[11] Shamseldin, M. A, & EL-Samahy, A. A. (2014,
September). Speed control of BLDC motor by using PID
control and self-tuning fuzzy PID controller. In 75th
International Workshop on Research and Education in
Mechatronics (REM) (pp. 1-9). IEEE.

[12] Mahmud, M., Motakabber, S. M. A., Alam, A. H. M.
Z., & Nordin, A. N. (2020). Control bldc motor speed
using pid controller. International Journal of Advanced
Computer Science and Applications (IJACSA), 11(3), 477-
481.

[13] Neethu, U., & Jisha, V. R. (2012, December). Speed
control of Brushless DC Motor: A comparative study.
In 2012 IEEE International Conference on Power
Electronics, Drives and Energy Systems (PEDES) (pp. 1-5).
IEEE.

[14] Kumar, B., Swain, S. K., & Neogi, N. (2017). Controller
design for closed loop speed control of BLDC
motor. International Journal on Electrical Engineering
and Informatics, 9(1), 146.

[15] Mahmud, M., Motakabber, S. M. A, Alam, A. Z,
Nordin, A. N., & Habib, A. A. (2020). Modeling and
Performance Analysis of an Adaptive PID Speed
Controller for the BLDC Motor. International Journal of
Advanced Computer Science and  Applications
(UACSA), 11(7), 272-276.

[16] Ho, N. C, & Lan, V. N. (2008). Optimal hedge-
algebras-based controller: Design and
application. Fuzzy Sets and Systems, 159(8), 968-989.
[17] Khoi, P. B., & Van Toan, N. (2018). Hedge-algebras-
based controller for mechanisms of relative
manipulation. International  Journal  of  Precision
Engineering and Manufacturing, 19(3), 377-385.

[18]. Nguyen, C. H., Nguyen, D. A, & Vu, N. L. (2013).
Fuzzy controllers using hedge algebra based semantics
of vague linguistic terms. Fuzzy Control Systems, Nova
Science Publishers, Hauppauge, 135-192.

[19] Bui, H. L, Le, T. A,, & Bui, V. B. (2017). Explicit formula
of hedge-algebras-based fuzzy controller and
applications in structural vibration control. Applied Soft
Computing, 60, 150-166.

[20] Vukadinovi¢, D., Basi¢, M., Nguyen, C. H., Nguyen, T.
D., Vu, N. L, & Grgi¢, I. (2020, November). Hedge-

IJCIRAS1788

© LJCIRAS | ISSN (O) - 2581-5334
December 2021 | Vol. 4 Issue. 7

Algebra Speed Controller-Experimental Implementation
in a Sensorless Stand-Alone WECS. In 2020 International
Symposium on Industrial Electronics and Applications
(INDEL) (pp. 1-7). IEEE.

[21] Alaeinovin, P., & Jatskevich, J. (2012). Filtering of
Hall-sensor signals for improved operation of brushless
DC motors. IEEE Transactions on Energy
Conversion, 27(2), 547-549.

WWW.IJCIRAS.COM 23



