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On the Half-Wave Rectified Brushless Synchronous Motor with Permanent Magnets
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We proposed, in the previous papers, a "half-wave rectified brushless synchronous motor”
as a novel servo motor. The rotor winding emf of the motor is induced by the stator current
mmf which rotates at synchronous speed and pulsates at bias frequency. The field excitation
is produced by the field current obtained from rectifying the emf with a diode inserted into
the field winding. In order to improve the power factor and the efficiency, we also proposed a
new type half-wave rectified brushless synchronous motor with permanent magnets. This motor
has not only simple and robust brushless structure but also high efficiency and power factor,
and is anticipanted for a new ac-servo drive motor. In this paper, we describe the principle of
this motor, and present overall test results, such as steady-state characteristics of the produced
motor (VARIFIELD). Then we present position sensor-less control for this motor.
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2.2 d,q EEAE

2 RN 2O L7 T 7 7 LR

BEMRDOFHIRNZRY. K75 7% LEHAEERED d, q J
B 2 BIEARBREAO X 5 1#1 5. g —
iy ‘
d . !
ed = A~ WAg+Talg
¢ W,
e = ZA+whatraig N
d .
efd = %Afd 4 Tfdlfd (].) / /ld
(1)
ZZT w
T Mfd p q q E g
Ad = Lgig+ Mggizq + L—fd)\pM i W, : D
Ay = Lyig ‘
)‘fd = Mfd’l:d‘i'Lfdifd—i—)\pM (2) )

Fig. 2: Motor principle in dq -axis.
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Fig. 4: Photo of VARIFIELD’s

Fig. 5: Photo of the dreivers.

NI | -El ectronic Library Service



The Japan Society Applied El ectronmagnetics and Mechanics

HA AEM %5 Volume 3

Number 1

MARCH 1995

5 ANEEWEERWAIEE Y L X

5.1 -+t YL X&HEOERE

B, HEEOY AL ANRY N VR AR
RIFHAEEEONE ¥ L AKIHR L, 20T F v
ARG RN B 5 & 2 I B SHFFEA e S
TWh, LeLEDS, Ihs0x 4 LA,
FREIREE T ON B OHER ARSI COERED I filiED D
5. KEERECBWTY, BEETONEBEZNADIC,
O—% 1) =Ty a—FHPLERNRTH o7, I T,
KEETIE, ABEREL VB Y L RGO
WORT.

RNEEWEOREL AT Y A 4 — N CHAEKk S
TWAD, F8ITRT X ), BT ollidEET
BIRWHII LT, AT T aEx b L, [HER
THHEBROBLEIZD Y, BRI Z(Ld5. L
1oh5o T, EERFONEICL ) A V=5 v AH%AL
T5., ZOZEEFHALT, d#EEEFEELEIEL,
R ERHER L L) & THHDTHA.

5.2 IREMUERTEE

[EETF-HEHE L CWAIRET, Bl V7 &
BRIER S % B L LB EIRS O ADEBRIES
252, FAHES % S S S ORBE T d WEEY
HIELZZD 0705, RIITRIEMBIETH L. DK
EOR/MEDS, BEET d#e BT offil DEAH

The Micro CPU  Excitation Amplitude
: ™ Command

mand

[ Triangular Wave|

Excitation Current

Adder

FOLETHY, TONE (K a ) %EEETHAR
DB L5 LS.

Lo L%, PAEOHETHE O I [ Ry
B CIREN AT ) ERABRDORFIDHR Tz, [b]
EFPREELCLE) 2E2hbH. 22T, ok
TRO/ABEFHAREALB I BT, o bV 2 Eif
w525 R LT EREL, i3 & FERRC
BB ORIEZITH &, HEFREBAIE L, 1Fdr,
b LIEERE LTBY, RPOmiolHicess
PICR/NEATRE T A Z L1l hkb. £ o THEORN
TEASSEOIBIT & ) bHEATOWEIEGE, %0 H % RS
ML EGATIRENIE L UTIRET 5 2 A5k 5.

5.3 Bt YL XERERIOEIH

MBI E Z RE LE— ¥ * [RS8 5 &, FiRE
S EEEFAEORICT AL TL A, #2°C, [k
FHEIZELERIC &) ICEET d EEEHIE LD
ALORT BT S, $HE, GHRIE & mEETAr
BOMOTRAIKEL 2512586, d HEEDKEL
o TLAh, FIT, Z0OdMEEIR/MEZRED X
I IRHIE ZRiE S TRD, Bl b —EDEN
fEZREET 5 & 9 ICHlE %47 .

10, 11frEts 4L RERErDERRERE
Y. K10, #bKEED S 100rpm FTDAT v
TR TH Y, ILEHEIL 180ms TH Y, HiFk
WEIYELN TS, K1 114, 50rpm 25 150rpm
NDAT v TWETH LY, LI D5bOD,

3-phase 200V
(]

T

Comparator
a

b Inverter|

Torque Current
Command

! _:l>— Drive
‘l_‘DC Circuit
1>

Fig. 6: System configuration of VARIFIELD.

< IGBT Inverter
<
]
N
Personal Isolation Amp
Computer
(ke
\_/

NI | -El ectronic Library Service



HZA AEM *¥55  Volume 3

The Japan Society Applied El ectronmagnetics and Mechanics

Number 1 MARCH

1995

2

<
=150 —
E 5o
3100} £
g E
g o: 1000rpm g
g 50 A: 1400rpm =
< 0: 1800rpm
0 L e 1 A L A } " L ) 4 L J
0 5 10 15 20 OO 5 10 15 20
Torque [kg-m] Torque [kg-m]
(a) Armature Current. (b) Line Voltage.
1.0 100 ¢
0.8t 80
g 0.6} > 60
& g
B 0 'g 40
g - o: 1000rpm § o:
SN | A: 1400rpm A: 1400rp
0.2 o: 1800rpm 20fr a: 1800rpm
[
O-O L A 'l A L A ] OL: Il | i A ]
0 5 10 15 20 0 5 10 15 20
Torque [kg-m] Torque [kg-m]
(c) Power factor. (d) Efficiency.

Fig. 7: Output characteristics (11kW VARIFIELD).
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