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An overview of brushless DC motor control methods (BLDCM)
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Abstract: Nowadays, electric motors are widely used in the domestic, commercial and industrial
sectors for the optimal consumption of electric energy, the design and construction of high-efficiency
motors, etc. Meanwhile, brushless DC motors or (BLDCM) have been used in many industrial and
non-industrial applications for reasons such as high efficiency, easy control method and high
reliability, power density and high torque, and their use is increasing day by day. A very big advantage
of brushless DC motors is high efficiency because these motors can be continuously controlled with
maximum rotational force (torque), in contrast to brush motors, which reach maximum torque only at
certain points of rotation. The second advantage of BLDCM controllability is that it can be controlled
using a feedback mechanism to deliver exactly the desired torque and rotation speed. Brushless DC
motors have high durability and produce low electrical noise due to the absence of brushes. In the use
of brushed motors, the brush and commutator are worn out due to continuous moving contact and also
create sparks, therefore BLDC motors are often preferred in cases where it is important to prevent
electrical noise. In this article, various control methods of BLDC brushless DC motors are discussed
and various aspects of these motors and simulation results are discussed.
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Figure (2a): Commutator DC motor with stationary armature and permanent magnet excitation [1]
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Figure (2b): 3 phase BLDC motor [1]
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Figure (3a): Full wave inverter with 6 switch [2]
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Figure (3b): Full wave inverter with 4 switch [2]
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Figure (3c): Half wave inverter with variable DC link voltage [2]
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Figure (3d): Split-supply type of half wave inverter [2]
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Figure (3): Different types of inverter used in BLDC motor system [2]
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Figure (4): BLDC motor drive using control of the current of DC link method [1]
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Figure (5): Variation of phase currents in the current of DC link method [1]
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Figure (6): BLDC motor drive using direct control of the phase currents method [1]
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Figure (7): Variation of the currents in the direct control of the phase currents method [1]
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Figure (8): BLDC motor drive using DTC method [1]

10
_®
-10
_Q
_o
|_m

time (Sec)

[VIDTC (9, 4 BLDC 590 (b 32 9 yabiees’ ol i :(3) S5l
Figure (9): Variation of currents and torque of BLDC motor in DTC method [1]
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Table (1): Switching table in DTC for BLDC motor [1]
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Table (2): Parameters of simulated BLDC motor [1]
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Figure (10a): Block diagram of modified vector control method [2]
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Figure (10b): Variation of phase currents and torque [2]
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Figure (11): Representation of different reference frames [9]
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Figure (12): Equivalent circuit of BLDC in rotational reference frame, a: d-axis equivalent circuit, b: g-axis
equivalent circuit [9]
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Figure (13): Schematic diagram for determining the magnetic pole [9]
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Figure (14): Block diagram of BLDCM zero or low speed control using high frequency pulse voltage injection
method [9]
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[A] S35t 599 DC 59590 5o yolyly :(F) Jguzr

ol 5 ol ysleiS ol s RPN o5kl sl S5kl S 5l
€A NYANM Y+ or/min ° Y,V Y/°mh

Sy SaaBge (9 S 0 Shos 5 Sugyler (5 DO gise 555, comdge n o)llai wlgs oo (g (nl 4l 0l cer
$iltent ol sl (F Jgaz) 5o 0 ool o5 gl s DC y5ig0 saee slosialy o b il s |y ol
By se QLU i Sy )0 45y, Caxdee Siludned lp 0L, T g ) (G B )55, (orBly Cundge aigd oo S
5 s 10 aels b ond bl cute 5y Jii Sy a5 Joys 2580 il B = 17ad gy, 8l Condse
S9dsn GuoF 4l Y olag po Sdg Ve amal b shte 5 cte slagll sdioe B2, Ta 0sp0 4 5,eskS ) S
3o ol ool Ll @ V) IS [0 oS aisSilen cwl 4l <40 ) Jee log 9wl go 4l ¢ LoV b o3b as Jb o
oKl sl « L0 AP b pelS jao cdl a Jlal Sl gy Al sl 5l 0,00 ley e udb Jos LG
10) IS 50 oS aisSlen Cawl 4l 0 P o Sl 4 Jlal sl el ley wed o Jad aie Wb a5
A555kon ol (aBly ConBga b ply ied Cordae g F(48) = 0 45 AiS Sglad Wiy e £+ = 0 ool ylis (D
G5 3 11 Olgee a5 I sl 0ol Gl 8 = 3rad a8ly 5555, Cumdge oo ool oyl (CVO) Ko 0 &S
4 JBaile b lan S35 sl gley a5 955 eslittal dhie 5 Cute ol laliSem 5 (owgins JESKew lon
S sl e o a aly Sl gy J55 sl olog 35 Jae ite Gl o alfie el 4 <0100 o
a8 ced B H T ess Caxdye a9l g conl Jgax BB EF < £ Gl 4 @)VF D) 5 a8 cal adli e - VE Coite

AT ol (Bly CumBge bl ciedd CaaBge ¢ 4l L YOV 5l aw ccenl sdslive JB (D VF) IS

af



https://jeps.dezful.iau.ir/article-1-496-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-27 |

Journal of Novel Researches on Smart Power Systems - VVol. 13 - No. 2- Summer 2024

VF Gl —pgo o )lads — o0 i Jlo —aialign &508 slapinaw )0 (ol Olibod 4y il

P Jocscocasovoccanon 1t 6
) PEE—— R TR R e e
=
S o4 ‘3 o y,
= ©
B eccccccncccccccccdhoccccscccncsccccccSocccccccncccccansafocce
10 < .3 |
018 0‘20 0'22 D:‘N 0.26
t(s)
(a)
7
1 actual location
s ] I - estimatied location
54
Z 4]
o 4
g ]
g %]
S 1
s |
04
1]
-2 ] T T T T T T
0.00 o.o0s 0.1 015 020 028 0.30 035
t(s)
(c)
[A] 8 = 1rad )5y carge crmess :(18) S
Figure (15): Eestimation of rotor position 8 = 1rad [9]
—— actual location
g estimatied location
e |
Ld
=
i
S el £
< s
= 2,
(=%
S
B B
-1
6 T T T T b 1 T ° 2 % . > > :
018 019 020 021 022 023 024 025 026 S0 @05 G000 G 929 03 TR
t(s) t(s)
(a) ®)

(3] 8 = 3rad ;3 )59, Cardao cmess :(15) JSiv
Figure (16): Eestimation of rotor position 8 = 3rad [9]

(_gl.bu.c).ua),ww).w L) @9.7:: ‘) )959) A.".A.C).usw.aﬁj.o ..\4‘9)‘540 L}"’}) w‘ASoM oslo ul.m.) “_g)waw..lL}Jo

S ol (oS

ABC s 53155 i 9531 31 o0lisiasl b Sag)lr 3900 DC ygiga iS5

0


https://jeps.dezful.iau.ir/article-1-496-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-27 |

Journal of Novel Researches on Smart Power Systems - VVol. 13- No. 2- Summer 2024

(BLDCM) Sug)l> (450 DC (sl 550 J 508 sl os, 2 5900

BLDC 550 oy S35 <z PID o0 28 annge o el et 12 Jooe )05 G55 o530 51 s 0
30L ool Balls lawgi a5 (g cnl dlion Jus 55085 Sloog S ulal (oo o8l (sogian 935 S (o osliiul
it ool (nl (ol oo )5 el oal a3 )5 pledl Joue 9255 (Sl (st )18 jlens S (Bpae Vo0 0 Lo
55w byl ay Cond a5 ABC 2,550 il oo 0 iiie sz (g30¢ &l (silutinte 5 gy Sl J> 55
155 oIS 5o I sy Al el 03,5 Ly sy 05 a3yl 35 gn asliial S LS (Ll
gl g 00l B Souaal gl IS Slid alie (Bolas gomin (sl a5 0gd oo ST (lhoss (slo g Al 4 s
21 b 516 0gl 1oy 55U Sz )0 5 g yiegddS VF dgu 0 0 sl jo Wlgh co Juus j3ud) SIS S
e Pl 5 5 ez AL 5 45 lizan 0gh 4185 L1 40 diSies (gla s plad o sa ucly pol ol 45 WIS (g5 000
Sl e (gyglae sl B aigd oo ol Hloass slaye; laie 4 pgloe jsha SolS sl yg; 5l (golans g
s oo JUl i3 2 a8y Boyb 5l | (ord ras g 00,8 ise |y (T leass (gle g sy Jlme > G 4 e
2 905 Sloyens aBlie 9SSl z)5 SleMbl plas Jold oS 035 (G9lS Sl moe BLSI IR S p225 2 (A8
(518,555 Al A5 s 5 s ] i S 3,90 53 (55l 3 o o s e
Ol B 0035 oo 55 Hhe Sz & pmte auld (ol & WS oo DB 2y Gl sz Gl 1) s
4 s 55055 wiysS e s 955 ailisl s @y s IS5l 45l 0 aelsl (500 b (aseiin gl s @0 o5
¥ lacgls T 55 slo s Lol g sl ol =Y Lol ) ol slagimly sl -l g5 S
e 5 5 ol Sy 5la s 4o Al (snn el ) mgin (s, ol 5 55 4 L, 25
VAo 2S5l SV Eal e SosBge 0035 - Bolad Gl b et nd layesy 00,5 (Sl -0 350
Slayslly 5 ol 00l s 3 (VY JS5) 5o )larsld 050 4y Jolpe (al 0L A asils lalps pats oo sl & 50

sl o 00ly Hlas (F Jgoz) ;0 ABC 1,651 o solaiwl 550

P Y P U P L X V-

[ e
e o
: . 3
ealan  als oS L
Sl

sEow | -

[E e Aalal l

| P
o el

15


https://jeps.dezful.iau.ir/article-1-496-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-27 |

Journal of Novel Researches on Smart Power Systems - VVol. 13 - No. 2- Summer 2024

VE-Y Gl —pg0 0)lods =20 juw Jls —diaigd 508 (ot jo (g8 Dlidsd 4 i

(V] Joans 59055 pots 5s5I1 Sl o (1Y) JSCit
Figure (17): The steps of the bee algorithm [3]

Table (¥): Parameters used in ABC algorithm [3]
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Table (¢): Comparison of step response characteristics of optimal PID controllers [3]
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Table () 4): Rotor speed due to instantaneous change of reference speed from 100 rpm to 200 rpm per second (without
applying load torque), a) un-zoomed, b) zoomed [3]
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Figure (20): Motor torque using ABC without applying load torque [3]
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® Genetic algorithm

7 Slotless

8 Single-ended primary-inductor converter

% Golden Eagle Optimization

10 Radial Basis Function Neural Network

1 Dynamic Surface Control

12 Asymmetric barrier lyapunov function

13 Self optimizing control

14 Electromotive Force

15 Machine learning

16 Extended Kalman filter

17 Direct torque control

18 Supervisory control data acquisition

19 Field Orientation Control

20 Barnacles Mating Optimizer with Adaptive Neuro Fuzzy based Controller
21 Radial basis function neural network

22 Maximum power point

23 Photovoltaic

24 Surrogate indirect adaptive controller tuning approach based on the response surface method
%5 Indirect adaptive controller tuning approach based on the general dynamic model
% Adaptive Neuro-Fuzzy Inference System

27 permanent magnet synchronous motor

28 Broyden-Fletcher-Goldfarb-Shanno
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