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Fig. 2.5 Frequency response of the current control system
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& #23l= ¥4 FEF(Fuzzy inference engine), WA SHOoZHEH HA

ol g 7}5& 9l Aol AHEL Axstes W ¥R 3 (Defuzzifier) & D Al
ol F¢ ARE AFEE A2 7|HHKnowledge base) 22 FAF o 4l
B.oEme A A we RATFHE AYEE F9 71 Rule base) T H AT
Ao AHEEE 22TTE AYste dolH 7|¥HDaa base) 22 T4 O

.
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EOIE Il B
{Data Base)

N A
HXEe
(Fuzzifier)

zzifier)

HX £E=%
(Fuzzy Inference Engine)

29 3.1 #HA A7 7' &

Fig. 3.1 Basic configuration of Fuzzy logic controller

a9 3.2 B dFoM A2 d Mamdanio] ¥ A AlojA 2" FEHE e
Lul=H
Fuzzy ‘
Controller B
-Knowledge | '
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{Rule Base)
| T
+
re LI 2] ‘
Fuzzy

i inference
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Fig. 3.2 Fuzzy logic control system architecture
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ZEYE Aol g e WMaF(olth. o]E 24 (3.1, (3.3H)E HAdH
Aol AL 4 (3.4)8 2| lf-then FEIY AolF A 74

e(B) = Refevence signal — Plant Output (3.1
ce(k) = e(k) — e(k—1) (3.2)
w(k) = Control Input ' (3.3)

R,:If (k) = E and ce(k) = CE,, then u(k) =

R,: If elk) = E,and ce(k) — CE,, then u(k) = U,

(3.4)

R, :If k) = E,and ce(k) = CE,, then u(k) =
o, E;,, CE, U, & HA dojgte] 594 sz AA A7 4=

Zo] 9 WA AF Ao BWES ¥ 3.7 2ok,
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F 3.1 9A Aojr]e] Ao} ¥
Table 3.1 Linguistic variable of Fuzzy logic controller

Fuzzy Label Meaning
PB Positive Big
PM Positive Medium
PS Positive Small
ZE Zero
NS Negative Small
NM Negative Medium
NB Negative Big

A=A dojgEe] HAAGEEL HART e(h), ce(h), u(k)el FA &

e

el A Aess 2t &8 W) dist & (3.3 #el FYH=

i)
A

AgtEe] 9sq md|c = 4 (349 HATH R A

ol
e

E,CE, U gt dx Aol 738 p= &334 4 (3.503 Zrh.

R(E, CE, W =R,/UR,- - -URU - - - URy (3.5)

8ot A (3.5)

it

&by 48 olfstel BEStE 4 (3.6)7 #rt.

N
triE e (e, ce,w) = max 2 minlug(e), pep(ce), ¢y ()] (3.6)
u()E 2% Foln N& FH ) AT g (0, pep(cd), uylw)s
2 W (e, ce, )7t A S (E; CE, U)ol £2&HE AEE Yedo

BE ASHE A9 A8l WEt YeAoR E 3.2)% ¢ Aol ¢

et
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E 3.2 #HA A 73
Table 3.2 Fuzzy control rules

change of error(ce)

NB | NS | ZE | PS | PB

NB | NB | NB | NB | NS ZE

NS | NB | NB NS ZE PS

ZE | NB NS ZE PS PB

~ o m e

(e) PS NS ZE PS PB PB

PB ZE PS PB PB PB

3.2.2 #HA 5 1A

Ay

Afozey B58 WHA T WFRES HA InIF9 Yo

fru

AHeE7] AelAt EHE A5 2% G5B Fodcl ded o 7

tlo
L)
2
fob
o
b1
o
A
2,
_(‘LU_‘
=)
i)
oy
ol
o
=
=2 ]
P‘L
rir
B
>
bl
>~
L
=2
i
=,
™,
o
i

AL g st

_27_



F58 Agste] AP 2% FHRL Fohe BHPolth. F o) AL
AR Ael7e WA Aol 79 g AEHom Fzsn, NAHY ¢
BEg BHstm olo) 4gehE thrd Y WA AYES FEse] W
29 EozE odF 7bst AgED Qouk ¥ ATl Agd FE

o YHORE b YWHOE AR T Ut Mandnizh AT Hoh-H 4

T4 F2deld olF 4 (3.7 vehpgieh. !

=

p() = max min[g g (e), pep(ce), tpe ce nle ce,w] (3.7)

3.2.4 v ¥ A3 #A

A FE & FEE @2 HAX groe=2M Aojdd AR gEe
2e A AT 5 9o 3EE FEY HJA A998 A% Al
of o HiuA Aejygboz FFAACk #r}. olAF FPL uiFHAF
s ooz Hoigh Auw, Adg Jow, FA FAW 5ol

gk, olg s AREw oed 2

ol AlojY ThsAe] HUE Y= w@(F, »)E RO HHAS o=

Aolsts WHORAM 4 (3.8)7 ol uEhin. o 7|4 "heFgte] gho] o

HAA A9 wp(ws AR st HE ks o'2 AT
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u' = Defuzzifier( R)
(3.8)

pplu’) = T2 pp(u)

@ AuA BFY
o Aojel Jbsol A At Hoh «)EY FEFEHE MRAD

oz Aoste WHoE A (3.9)% Zr

(3.9)

YubEo R 7hg wol AMEEE WHOR ap(x)d FA FAHE v

N
o
j:ad
o
f
o
o
o
rlr
ok
A S
£
£
5,

of thgk A1 (3.10)09 Zr}.

u' = Defuzzifier( R)

(3.10)
P _ puplu) - udu

#R( u) du

BoAFoA AMES HHAGE 4 (3.100% FA T o) 23d

=
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3.2.5 A& 7|vt

Qe d79 25%9 o)us 2 Ag FAe As) 2 &

i

==

stee Y2 HeUt AT F AdE e ¥ (Universe of discourse)oll ths

HAAPTE Foists AomA Aol et 44Y, ¥IFY S0

Ro=A ARHBFE AL A7k bssht A Azke] AefF & gl

73 d3EFe g 4] F(Evolutionary Algorithm : EA)Q] 3 Eof=

M e SxeE Sl 7 WA AMEE7] AFsidick. 13 dadgse

2
rg
1
o
il
Q
A3
2
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e
o
©
ri
At
&
Ja
i
it
il
:12
B
A
o
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i
fo
i
>
B
ri

10e9d Fdoll FAAY B Aol Ak H7ede #d LndF

(Genetic Algorithm :GA), 3} Z =2 2% (Evolutionary Programming :EP),
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(Population) o} 2+l $hot,
& Eo] shie] ZFE ol 2EYoR nHlEZH XF3uA & o

theel tlmg gael o8 4 ol 2Ede] e YFHe T 4 Arh

fval = ival gy

wEss gust 8 $7h Aok

2T YEE 4 AN BAG AT A2AY APEE BARE B
o A ARATE A4 BAS AAAATE 42 I AR ¥H
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8 AT e sy AT $5E 294G Grick AFalolde] o] Fojx
55 Ao AN PofAE wHvHE ool AYEE WA ¥

F8 Theat Pol FHHAL.

fitness (x) = (3.12)
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Zol ©ibsh LAWRY ABEAL HPE T o AHESAT

3.3.3 7]& 4z}
D AN A 1H(Reproduction)
WAL A= e AARgnE 5t o]AL g Mo AToenE

H the doie] AAES BE O A4 A9 W9 Fe FBE FE 2

o

MNAE & FERE EAS7] gk wyelvt. diygoz @o| ALEREE= W
He Hen g A (Fitmess proportionate selection) &2 A o] #H3-& &
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End Genetic Algorithm |

3.3 %A duwlE: ZEAE

3.3 Flow diagram of genetic algorithm
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Al 4 & AlEEolA

Alokd #A Aej7]e e s A A 2 Aol d=EE B &2
ol sl BFEE AgAC|AE FAsATh BFEE Aol Mo A8
FAgneEFe] AEHA A 2 EE FAefdEs & 4.1, & (4.2)
o vrepdiRiTE.

B (4.3 T2 24004 FALLEEFLR HA A7y o5& 73
e o Ae5E A89AZS PC IV 1.5[GHzZ]E ¢ 3% AL 2853 AlE
ol o] Al8E ZE AL CAE TS B AT Add #H
G0YES o 8F FH AoVl 4w uuwa] dd APReden &
3g Pl A7E AHSESATE.

H 4.1 FAgngFY AlEdold AT

Table 4.1 Coefficients for simulation using GA

Parameters Values

Population size 20
Number: of 100
generation

Crossover rate Pec 0.95

Mutation rate Pm 0.03
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AlEH ol 2 Ao A8E BLDC EHO AYe ¥ (4.2)d A sty
},

E 4.2 BLDC Motor?] ¥
Table 4.2 The specification of tested BLDC Motor

Parameters Values
Rated Power 180 [W]
Rated current 35 [A]

moment of inertia 0.6 [Kg - m?]
Winding resistance 1.15 [ 2]

Winding inductance 0.92 [mH]
Number of poles 4

Rated Speed 3,000 [rpm]

Max. Speed 3,600 [rpm]
Max. value of the flux
. 0.051 [Wb.t]
linkage
Rated Torque 0.48 [Nm]
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Fig. 4.1 The change fitness in each generation
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Fig. 4.2 Output of controlled plant for different generations
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Fig. 4.3 Speed response in case of 1000, 2000[rpm]
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Fig. 4.4 Speed response in case of 3000{rpm]
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Fig. 4.5 Speed response during variable speed
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Fig. 4.6 Speed response characteristics with load{10[Nm])
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Fig. 5.5 Photograph of gate AMP.
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Fig. 5.6 Photograph of a BLDC motor drive system
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Design of Fuzzy Controller for BLDC Motor
Speed Control Using GA

Jong-Won Park

Department of Mechanical Design Graduate School
Pukyong National University

Abstract

BLDCM's use is increasing rapidly by actuator of industrial equipment and
home appliances that efficiency is high in point of save energy. BLDCM
has shortcoming that control degree and unit volume per output are good
but are high price sit. Also, As compared with direct current motor with
brush, It has hard control and expense costs because of electrical system
special quality is non-linear unions between multi-inputs, phase current, the
speed of revolution.

Fuzzy logic to control theory reference purge set theory control target plant
because create control rule through relation of input and output instead of do
modelling mathematically mathematical modelling of plant be no necessity, and
has tenacious special quality to disturbance .Specially, purge controller is
known as that express superior quality in speed control of non-linear such
as electric motor.

But contro! rule, position function, general rule to create input and output
gains depend on specialist's knowledge without general control of existing.
Made use of purge controller instead of Pl controller that is used often by
BLDC Motor's speed controller in this research, and used heredity algorithm

to find parameters of input and output membership function of purge controller.
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