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Abstract

BLDC motor is widely used in automation areas
for its good maintenance and controllability. In this
paper, it is designed for a speed control servo
system of sinusoidal type BLDC motor that can be
easily adapted to automation systems with lower
cost. Also, control parameters & periods are made
adjustable according to the sensors of the motor,
electric and mechanical time constant, and Pl and
PD control are used. The processor for the proposed
system is a low cost 16bit One-Chip microprocessor.
By experimental results from application to the
industrial sewing machinc, one of the application of
BLDC motor, it can be verified that under the given
reference, the system is enough as a speed and
position servo without overshoots.

. &
BLDC-EE = £ W74, 22 AHe f= 2
Zlel wlE & Ei, we sdd 2 59 Ao
qE dA AF vivtezds 2 AT 3
A Mr mEzAM de Agsn gew, F¥=
2 Fart AgHer Fud Adein. 2ee A
A, &= w}a} A A=z Avt £EAY
AR DHOM T AU £E/HA/EA Ao
Foll el=27] W]-Z] ﬂHT tegste, &% R AAHE7
ol E3 chebstet
& E=EL olgg BLDC-REHE wlolazg

& ol 83te] 1o &44, ¥

f1oodl off o
b

R

H

-0
o lAeg wwy o

: yyi209@hitel.net

¥& Al BLDC-EHE A8 4 &=
& Aldstm, dAz, 18d AN REaige] Fm,
i A AAAA FA A3 ’e}‘é% A8 7))
A, 3 A%s Brs 2k 494 A4S HAR
RHE, &% 400~1000(W], S1xA &7 ¥3% 200~
2000 [PPRIZ cth¥fat, H7H/71A4 ANA$ =3
ttgaich ol @ oty zAd diEA, BimA o
stA Hed + A& Aelrlg AAS, A4 vleja
B Z2AME oj&dtd THT AL ALl P
st o 4%E HrtsAch

r‘r
A
K
o

II. BLDC Motor Aloj7] 3=

2.1 Ao 7| &=

€749 BLDC =ZH Aloj7]9 71¥ Tz rlely
FIL FxE, 360[PPR] A= A Eifs A4x%
718 Z#E A7FY RE A FE, 2000 (PPRIS] 1 ¥
;e AXNAEVE e vad 4-7}91 2Ed #a
A4 £+ UA=g ol €° TEE ALt
21elM Benieh o, T?Slh—iﬂ HA2HE7

& Ze REQ ALe gute vloly By pzaz(r
=-A), A 2359 Axlagﬂe. ZE ZEHA A4
Ax Ao £xAolfE HEYE ddsin 1 29
& AR Y e Qwﬂe ABo g2 AE3lE Fx
(Z=-B)R & HEEF 3t

- 59 -



satis =23 H253 1S

Vuv, SVPWM
(P-1R01) 2AHE
uvwi

193 AR Aol sETE
(Structure of The Proposed System)

22 AFA 7]

A Z A o}71= P-UProportional-Integral) Aol & o}
gatgen, mHd dHASHE AFY HEL 3
Avre AgEdx, #E8 AFE 44 A
I EaRAFI92 BFHD-Q A3,
o]719] YJYEAF HHE ALEAFHHdDH
FAFHE (g2 JYHEE g dRAd
9} Z#AAQ D-EFB AYHANVIHA Q-FF A
H(Vq)e tha 34ez dgste 7 Ao Asrd Hek
ZVLVvVw)e 733, d¥zg AW F, SVPWM
(Space Vector PWM) ¢WH &S F5IEH 34
o} AFAC Bed AnHEE A AIdHARE,
D-Q% AFHHAAA, Igrf), ¥&Y D-QF A#3Ud,

ox

(R e ol
P A (TR

&
o

.4

Ia), P-T4lo] 7(Kip, Ki) 2 H712H@)o] AoH,
Aojel Ma @ +4e ofelet 2t

I = ViIxsin(0+ )+ [xsin(6)) )

I, = \/i(]uxcos(6+31)+vacos(g)} ———(2)
dlyy = gy 1) = Ugp = 1) ——~(3)
dl,, = (U,~1)— U~ ——={4)
dV, = Kpxdl,+ K (dl i, — dlin) --=(5)
dVﬂ = Kiﬁxdluerr'*'Kinx(dIaeﬂ_dIacm) —"‘(6)
Vo= [av, .
Vo= Jav, --~(8)

Vv, = \/g( V xcos(6) — V xsin(6)) ~-=(9)

vV, = \/?( V”xsin(¢9+—§£)— V,><cos(9+%)) --=(10)
V, = (V4 V) ---(1)

2.3 £xA0]7]

5 4o}zl  P-D(Proportional-Derivative) #l o] &
ol g3tglen, alo)71e] HAze wat Aoyl ¥Y
S Ay 29 g xe dEY SE9EHES MY
% Y52 ggon AXNPEy Bl v

=-p), $EAY) AF FYE Q-FE AF

e

ol ox

X

o ALIEE I AXNHEY] BTl ¥
2E-B)e XA €8 #A o #
Q-8 AFEHALE ALIEE FIAvh. E3 &=
T e 23 A D-FE AFWEHS 2Y
o ALSRARE HAApstr] A F4 002 HA%
gk £xAold) Bad FHvEHZE SEAY ¢
H(Wrf), A4A&E(W), P-DAlo] AY(Kvp, Kvd) %
AIRE(RE-A B R=-B)7} glog, Aol Ha
g FA L o s 2Tk
ET—A: W, 9243017 29 &
BEE—-B: Wx $=397% #

2

AW, = (W= W—{(Wy— W) ---(12)
dly = KpdWo,t K< (AW, — dW,p) -==(13)
v=-A:l, = [d, ——-(14)
2e-B: 1, = [dl,, + $A4°7 €4 & ——-(15)
Iyy= 0 ---(16)

24 IR A7 T2

A A 71 P-D AolE ol§3dan, A7)
dgzgdo we A7 &8 gol FEA7
o 4FHWrH) £ SxA0719 9 g3} gIAA=E

E gk AXdE7] £3d%e] B2 AH(RE-A),
A7 28 & £=ArlY 4Fo=2 A8}

Am, AANAE7 gaAsel we A%, HEA
29 @3 oA Q32 AFYIOR ASIES
A sAdcld Bew HuEHzZE AP
(UDCrf), 4A{X(UDC) £ P-DAo] Al (Kpp, Kpd)
of glem, Aol Bad +4& otest 2k,

aupnc,,, = (UDC,— UDC)—~(UDC,, — UDC,) -——n
daw, = K,xdUDC,,+ KMX(dUDCc,,— dupnc,,,) ---(18)
W, = [aw, -—-(19)
III. BLDC Motor #Al°]7] AA 2@ &
3.1 Hardware 227
3.1.1 vlelaz T2 QA AR

nlolag maAMe MAE 16bitx16bit kel 7}

53 Za AN FdA =] AARG S A28
71 ¢lslel SVPWM 3st=slo] olvidxz uizd
16bit, 16mipsFel wlela? 2 AA(MITSUBISHI
M16C62)E A A3t

- 60 -



ofola R Z2AMIA R £8A #8 7158 BLDC(Brushless DC)-2E{ Mo ¢nz|E

312 ARHEE =09 47

wlojz e TEAMo] WEE 10bit ADC (Analog to
Digital Converter), +f =A< AT Shunt A% 3
ISOL-AMP (Isolation Amplifier)& o} &3le] F&3}¢
t}.

1SOL
@

IsoL
AMP

Otol3&

Ne T2aM

ADC

1284 AFHEY] A=
(Block Diagram of Current Sensing)

313 ¥ 28 44

AWE ZEL, st=do] HAS essiy] 9o,
IPM(Intelligence Power Module)& o]&3tsch =3
IPM N £ZE = P EAIE vlojas TR AA
o PP A o YA olE ZRIaUWA 14
3te AAdg REzA 2 dE HAEE GHUES Iy
o},

au

noizz eu lll !‘
EET T MODULE - B
faw B

2®5. I 2EY FAR
(Block Diagram of Inverter Module)

314 AAHE7] de A2

AAHE7] Qe vlolas vlojlmaz T2 M WA
Hol e 44w] Up-Down 7H$E 3 Algdgow,
2E e HAAE7IZRY £¥5HE 0% J¥As
ZE 24 FES ANE (A-B HE AFH violar =
ZAAC Y43 REY 94X 2L £=2E5 P&
=

315 2¥ A AF AE A Fol=

2¥ AxAAe Commutationo] L3 AR 2}
SHENZTE JY vpolar T MR Y, TE
o/l olE FAste HAAAY AFHYHE Wy,

Commutation®l Ha3t A7z} tlo]el & 5] & 5
UAEE s}

-6l -

len R |

ooja=
O2AN

ENS

s
LT

96 AFAE7] Aol &
(Interface of Pole-Detector)

3.2 Software T3

ENT

AURHE FoD ¥FLFHE AUEEI} =Y =
SANNNE Agol ArHES BE Q4L 4B
o] § 3t o™, Softwares] EHAE 918} C-A0lF of

g3l TG A48 AR E ANSIC £@
MITSUBISHIG#:) ] NC30 C-ZH=¥ el CPU-&
EREEIOE C R DEY-

321 AFA 7] Softwaree] 78
A5 A7) Software®] Flows 1¥5¢9 2t}

322 £ XA ol7] Softwared] T8

& EA07] Software?] Flows 2963 23, $3A
HE7] Bl we AAFy) 1A @ Aojr) me=
€ AF=E o, lmpm] 29 Ads %
st & sttt

3.23 $1x) A o)7] Softwared] T+&

A A7) Softwarez 17 231, SEAo]7)%
stz Aoy mHe ANAET Bsol ©
& AiFIE AuHoz 44T & UES AU
el H& AP ARelA Aoz YeAue

£599e o)gad AYAAeH, SE PI Fe
NEE/FEEE Fol AHANES AL, SEA]
Az A% A9l £ AES sk

7. A5 A }7] Flow
(Flow of Current Controller)



202U = M AIE 8| SIS EE ety =27 H25A M1E

ARNBAHT

SRRUN
HMAUAOIE Y
{uocry

2E-B7 ¥E
HR3y v

SE-82 M
AZYY MK

RE-AZ uW
HFAY b8 RE-A2 AW

REYY o

O

188 &£ A9)7] Flow 299, A A )7 Flow
(Flow of Speed Controller) (Flow of Position Controller)

IV. 9719 3% AT
41 £E AREAS 4%

S5 MEEANY d5Frte A A 3 A
HolA £=3%8 7t&s/g45%r) FoIHL o, o
v A3 FFI=UE JEeR Yo, AR
HE vnd nrteldy x4 &7 £3l% 2000[PPR]
2 AAF7E e ZE(MOTOR-A)S, H7tojdA ¢
AHd&7] &5 360PPR] ¥ AAF7 & EY
{(MOTOR-B)E W4ez Adsaxn, 7134 x4
= 298 2 199st 2

o i me————em |
T T A WA A EWE : Iarpeny]

2 MSANFA ; r6auntic]
AR CE ; sepppmitic] |

GWEXE spgrom]

25|

s (Yab e AL wre Wavntcmon.d
: 112 Ratay

32910, 2H-A M4 % 3
e e SN U N |
TORER T T T e
i 440409 m NANDEA KA S eoper)
: : A ROF A 2pAmetc]

RADKE aqpme) ]
4R QE; seaepm]

Kip~1.8  Ki0.82
Kepohd  Kerd 8
Xppe25 Kpd-isess

optmn

g1l BE-B g 22 4
42 9x ABRZA A%

H

AA AREN HFPrts AA 7|Ad Fats 4
gl 2E 133 3605 T F dg9HE 5
Zoleg dAstg Aolrld dgsta, Qo &xg
EHE At A AR W 2Py 9
WRE s|Foz SHyow, WALHE MOTOR-A%
MOTOR-BE ¢ &3t 49 23 wH-Ag A%
SEANAN A :1%9 ANARE ngen,
€-BY 3¢ AW 1359 YAAE nYy}

V. &

2 A, AL AodunzEF L sg=gols
DSP7} ofd 16bitH Axe vlo]laz T2 AAldA
vl A FHo] folsly HAE BLDC-REEHO L4%
ofe] 3t S Aol FEe] HAl Hago
2A 2 4% 3 4A 448G HE Sledy
£ Yot Egon, AdAHes mAYEE 93X
FE ZhNME FE3 SE/AANMRZ 2R A%
£8 5 ALE FAsALh
7ARetd AAZE, 7ted g w
BHE 222 AXeldq ZE Ao
BrEES HEs] 448 F e viygd g d
7t BR3m, olg s mEle WA AN 7)

A, 281 olUiAE FHH9 BAF fain
HES 4Ass P& 97399 B 45 4
@ A7zt @ Ao AlgE).

ol oL

o
o
e

A

FaEd
1) A EFitzgerald Charles kingsly,Jr. Stephen D.Umans,
"ELECTRIC MACHINERY"”, Forth Edition,
McGraw-Hill, PP 311-408, 1983
2) IRVING L. KOSOW, "ELECTRIC MACHINERY AND
TRANSFORMERS”, Second Edition,
Prentice-Hall International Editions, PP 214-274, 1991
3) Thomas J,Sokira and Wolfgang Jaffe,
"Brushless DC Motors (ELETRONIC COMMUTATION
AND CONTROLS)”,
First Edition, TAB BOOKS Inc, PP 1-251, 1990
AANNZTU(F) FTYIATA,
"HE Aol yalel oF FEHEF Controller 782,
5 A= F AN PP 74-89, 1995
5} CHEEE-MUN ONG, "DYNAMIC SYMULATION OF
ELECTRIC MACHINERY”,
Prentice-Hall Inc, PP 259-350, 1998
6) PUIEEA - EHMH= A / o] &F - F#9F - $535 39,
“AGE AREE S AojALH AA" dhaAl,
PP 1-217, 1999

4

=



