FHAIE B 2R HAE S 40 AR RLAAAITETE S
2004412 A 22 A, 23 B  HAAKSZ LA gOooodcile

REETILREIZE D BLDCM DELESA A LY FEREJIZDULNT
OfF ke GRALZEBRARS)  2A @A (EEEH)  — /8 B Gk

A Study on Sine-Direct Driving of BLDCM Using Internal Model Principle
*H. J. Guo (Tohoku Gakuin Unicersity) , K. Mochizuki (Kansai Electric Power) ,

and O. Ichinokura (Tohoku University )

Abstract— A new control method of BLDCM based on “Internal Model Principle” has been discussed.
Considering the desired current in driving BLDCM is sinusoidal waveform, we introduce a transfer
function containe the lossless resonant element into the current control loop and verify that the current
steady-state error can be completely eliminated. Then the design method of the current controller pa-
rameters is discussed. To confirm the effectiveness of the proposed control method, an experimental
system has been constructed and many interesting experimental result have been obtained.

Keywords: Internal model principle, BLDCM, Lossless resonant element, Motor driving.
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TABLE]l SYSTEM PARAMETERS
Parameter Value Dimension
pairs of poles iz 2
phase resistance R 0.915 Q
phase inductance L 0.0075 H
rotor inertia J 0.00012 Kgm?
torque constant K, 0.16 Nm/A
EMF constant K. 0.16 Ves/rad
PWM gain Kpwar 50
#2 E—HERK
TABLE2 MOTOR PARAMETERS
Rated value Dimension
power 600 W
voltage 200 AY
current 3.6 A
speed 3000 rpm
load torque 193 kg em

4 EERHER

WIZHRFET 5 2 AT 1% DSP(Analog Devices ADMC401)
\Z7'm 77 5L BLDCM OBRENER 21T -7, 7235, £
TILHEHE O Pl 2 ba—F D7 A VX Kp=32, K,
=32, Biar b —J 074 VIR SE LN
Ki=1,K=0.52Zf, DSPOH¥ 7V v 7 HkEIZ 2 kHz
W E LT, F70K 2 1T13 3B THWZ BLDCM DOt %
R, FEBRITERKTEL 200 V OIREET, 1000 rpm THEE L
T 5 BLDCM (2R 2 (IZAff My Z2FHIINL, EItEY &
EESOEBE A B LT, Aff h/L7 10 kgem, 20 kg.em
EHIMUZ5E8OBREROEREREZK 7179, 2
LA LEMIESMHE L T — 2 B, FIFE bIi—%
LTRY, BETIHER2Y be—TF TEFRAEDIZE A
ERWVERREAERTETHDLZ ENbMn5, K8 ITix
AR L7 310 kg.em 225 20 kgem IZAZE LIZBAEDE
— & [ElfiA & BRI O EBFER AT, 2GR
RTHREEROZEILIEE A LR, EFEREBIFEAL
7RV EE PR HIE A BE L7222 SN E R IREBICBAITT 5
WD, UEOERERNG, RET D HIERE
AT DL o TAREIIH L Tr YA |72 BLDCM O
B AT APREHTEDHZ L EAR LT,

5 EEEEMRICLLHHIEAKEDLLE

— R R AR A T U K A IS i onTh DSP
lZ7'm 77 A LUERETY, BETHINHET VFEREICX
DHIEE R E OFIEREE, FEE, HFEOBLEI LS
Tofe, FEBUZL, HEa L br—FDF A % Kvp =04,
Kv; =40, Bt > b —5 DF A % Kep =2.355, K¢; =
287.5 L LT, ZOMIZFCEMETITo72, K9 IZAFM b
L7 10 kgem, 20 kgem TOEBERZTRT, Zhix /D
LT, BIRZIRIEEALENR, T4 ERICEEN
2 IR AR 5y D B  FEAE S M4 DO B AR A IIRE & L
THNTWD,

Wi, HEERICOWTHEEZ Tz, HEEETTEL 7Y
SFE T DSP O r ST AEiiak L, DSP OFEMmSEHN
DR AT o 7o, FEAEAS T U I 1T D = FERS T EEAE > B
d-q FEREA~OPEAEZE AT, [EEIERE / PR, =
FA 1 ZARZSHAE Sy 2 B T

P R

i, | | cos,
i - —siné,
2 2 b

cosd,, cos(ﬁn, —272'j cos(é’m + 27:) i,
_ |2 3 3 ;

3

i

| 1 1
smaﬁJz 2 2|
= i
cosd, 3| 3 30

—-sind, —sin[@re—zﬁ] —sin(0,6+27r) iv

3 3 w
EEHEEND, Fio, EREIZE D SHHIE S AT A0,

v, ==, +v,)

ERHT LT, ZMHBOMEIZHOMENGEET DO
D= THY, ZOFEDO T CHERDOLEEZIT) &,
RETDOINEET VREIC L DHE > AT DT EEE R
FARUT A 30% DFHEE AN ARETH D & ) FER
Lipolz, WIC, ERENOHIBETRICEIT 5 E— 2 3h%E

215



DREEAT > T, E—Z O, Af MLy 283t
THIE L7722y, Ml E bF— & 2h51% 80~95% F2 &

EREMICIZIER CEE e o7z, K10 1AM Fr2 10
kgem ZHIN L7286 O E R~ T,

O

AFwICTIE, NEET VREICHES S ERa ba—F
EHWD Z & CEEEMROLED I T V7 BLDCM
DOFE S AT AL RTRE T, ARTAEICH L CEE, B
WmAEDIZE A ERWHIE AT LA EBRE L2 L &2 HE
BRiC K > CREA L7e, 72, A2 BRI X B il
VAT ANEDOHIAEITH Z LT, AREOEMREFERT
X, HEBOEBARETHDL Z L 2R Lz, 5% OME
E LT, EEOET—HX TIREMIADOOT HAEDOEETE
— X ERPEFRAEZER LIZOTHRER LR GENE
WA, R THINEET NVFERBICES By he—F
ZHAV, v ba—INENICE—XEMICEGA I Dm0
Wy DNERE T L A ATe Z & C, i ORI
JEL, MEiiE I EREICHE TR T 5 TETH D,

& XAk

[1] B.D.O.Anderson and J.B.Moore, Optimal Control, Pren-
tice-Hall, 1990

[2] Tzuen-Lih Chern,et al : "DSP-Based Integral Variable
Structure Model Following Control for Brushless DC Mo-
tor Drivers" IEEE Trans. Power Electronics, Voll2, Nol,
pp53-63, (1997).

CH1=2V CH2=2V  : CH3E2V  : CH4=2V : 20ms/div

DC 101 DC 11 DG 11 DC 10:1 [ (20ms/div)

e . . ; L NORME0KS /s
T ey

T T
speed error

ap | AN ?

current reference

motor current (L, =

current error

(a)
CH1=2V CHz=2¥ @ CH3F2V . CHa=z2v  : 20ms/div
DC 1001 pc 101 DG 101 DC 10:1 (20ms /div)

! : : : { NORM:SOKS/s

s = . . PRSI
speed error _ _ . . .
urrent r ference

motor current

current err:or

(b)
B 7 PNERE T VRIRC X 2 HIAE S A T 2 FERRR R
((a) Afaf hvZ7 10 kgem, (b) Ffaf h/L 2 20 kgem)

efficiency

CHI=1v
DCc 1031

\lxua

..nunqrspﬁedt

CHz=2¥  : CHSFzv . CH4=2v . 100ms/div
DC 101 DG 101 DC 10:1 | (100ms/div)
: NORM: 10kS /s

ok

l'l.] " Ili dian
o AL A L L

motor current s

cqrren,t @rror LS UUIL N DS S

"]“\Fr"'|\7| V‘! 1'1—11-'

l—) 20:kgcm

X8 H
=

fiif ML 2 10kgem 7> 5 20kgem (2
B LT GE OME, EIREE

CH1=2v
DC 1001

CH2=2v B CH3=2v B CH4=2V 20ms /div
DC 10:1 - DC 1001 DC 101 (20ms /div)

speed e[‘ror

T P

\4;>%§;ﬁ{j§x4m |

AL > 5
d-axis current error _ _
- d - J e el gt ot ]
g-axis current error : -
(a)
CHI=2v CH2=2v CH3=2v CHa=2v 20ms S div
D(}: 101 DC 10:1 DC 1001 DC: 1001 (2|]rn.sldiv)
B | r A NORMS0KS /2,
speed error : :

motor current (£, =3.74 A)

d-axis

current error : :

g-axis current error
(b)
B9 JHEFEAHUT K HHE S AT LERRRE R

((a) Aff bLZ 10 kgem, (b) BAfif h/VZ 20 kgem)

1

—&— internal model control

—— d-q axis control

0.7
500

216

1000 1500 2000 2500 3000
speed [rpm]

X 10 E— X %R



	C16: 講演番号：C16


