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Proposal of Consequent Pole Type Pancake-Axial-Gap Variable Magnetic Flux PM Motor

Masahiro Aoyama*(SUZUKI Motor Corporation),

This paper proposes a consequent pole type pancake-axial-air-gap variable magnetic flux PM-motor.

Toshihiko Noguchi (Shizuoka University)

The unique point of this

proposed motor is that it is able to adjust the magnetic reluctance on the image-pole of consequent pole type rotor in proportion to

armature magnetomotive force, rotation speed and/or current phase, passively. The magnetic circuit topology of proposed

variable magnetic flux technique is conducted by FE-analysis.

Then, the basic driving performances are analytically revealed.

In addition, it is investigated that the variable magnetic reluctance of flux intensifying type on the iron-core-pole of consequent

pole rotor is suitable for the proposed motor from the viewpoint of its vector diagram.

F—D— K AEREEL, =T XU Xy v, BRERE,

oy hR—)v, HEE

(Keyword: variable magnetic flux, pancake-axial-gap, magnetic circuit, consequent pole, self-excitation)

1. [FL®HIC

AR, SRR 722 BRBEHLHI O FRALIZ fE RS R S B IS IS
FrEuexI v ARRICmiTeEim S L TEEEN K
E OBHEEMS L~V T STV D, BRICEIN 2 iz
%N?%wFA47UyF(MMHBOVZ?A@&W%
FNEANATHON TN D, 48-V VAT KMIEEED 7 )V
IEV?%TA;%Aﬂi%%&m%%ﬂ%é#,*ﬁfﬁ
MEENERER B A NUATOa L R7 Mh—lteo
TV TR HEV VAT L L7200, aARAY v
b ERESED R A GV, — CIREERE DD
ﬂ%ﬁ@ﬁ%&ﬁD—ﬁ~W%%—&k4/A—&%ﬁﬁ
DOEISG VAT A (PO-HEV) BNEEL->TND, L
L, Zu—R—LEE—FDLE, AV 7)o 72N
7o D728, K ITHEITHENER L 0 b S a2 1
RT BB L TT 7 OB AMENME L 72D, S
SICE D=0, FHEEIMNC & 0 SRR TH 5,

—J, HEV Y AT AHEICBWTIZ PO-HEV LV 67 T v
F % L C EV BRE) Al fE72 P2-HEV & L < (X P3-HEV DI 9
DSRE RN I L B SRR LR RS R E VWD, 48V v
T LA TPME—# % HWTP2-HEV % EH T 5 7-DI121dE b
N7 BOREET A MED LI, K hv o hiigE ©
DT ¥ A MEGIRE T B EEIIAHIE ORIFKI 2 521T 5,

OIS T, TR AR STV S

ZEHEE PM E— 2 BT Z LT Mvs BodEik
TOT VA MEEFREBTE, LAT7 U MOBEBELET,
A HOREM 2 AT E R PM HiffoRfse s LT, OPMSM
DWAHI /I THAEY —E—F G, Qr—H X
Fa—MEWEST LN, @ar sy MAR—AAEED
BREAR OB B Z2 T 2 5, OB ETEHT 2
B, @y T REET B TR b p@ ),

RO OB, @DIHR10),(11)DHEE, ~L2 FAR DOPLKR
WLV @ Mo bE EBRTE D — 5 CRECERFIEH A O T
a v NEIENMENZ 25, @OLERA2)~(15DHE, Ak
WA ORI IR B 2 B e g, fERD_7 L
fEzZZzOEEEALAEND, B—F OBKEIRKHHE T
RKd 5 & CAIERBMAEE EH L T D0, IRhEHRE
FIHL T D7D ER L o OB & WS RER &
%, ®@DTHEATYDBE, v FAEF O & A INSERE A
REIp X T IR A E R A WNL L T2 3 DS EHET
»5,

RO SATHAM O HEAMFREICH#E A T, AR TS —
XT XY NAX v THEEERA LT MV BAEROILKR
EREL, a7 2y bR—IEEDA A — U R— (8
b@ﬁ)@@%ﬁ#%ﬁﬁ%twﬁ&E%Lﬁ ot
U TIZAEIZTEDE—FERET D, ATAERMFEED
FE & R @%@@ﬁkiv o R ST I & 2 ERE T A
1ToT=DOTHRET D,

176



Permanent magnetic flux ~ Permanent magnet

Rotor

Stator

Rotor

‘ Image-pole

. \ .
Self-excited electromagnet magnetic flux

Fig. 1. Magnetic circuit design concept. (with off-set rotor position.)

(a) d-axis.

Fig. 2. dg-axis equivalent circuit.

(b) g-axis.
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Fig. 3. Another magnetic pole placement type.
(without off-set rotor position.)
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(a) With offset rotor position. (b) Without offset rotor position.

Fig. 4. Two types of consequent pole double-sided axial-gap rotor.

(b) Without offset rotor position.

Fig. 5. Second-order space harmonic vectors.
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Fig. 6. Torque waveforms with rotor winding opened.
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Fig. 7. Magnetic circuit design of flux intensifying type.

(a) Segmented stator core and stator coils. (b) Concentrated winding stator.

(c) Double-sided consequent-pole rotor. (d) Rotor with rotor windings.

Fig. 8. Stator and rotor configurations.
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Fig. 9. Schematic of proposed motor with non-displayed armature
windings.
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(b) Rotor winding connection diagram. (c) Rotor winding circuit.

Fig. 10. Induced voltages and rotor winding circuit.
(In case of flux intensifying type.)
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Fig. 11. Current phase-vs.-torque characteristics under 670

AT at 2000 r/min.
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characteristics at 2000 r/min, and current phase 0 deg (i /~ 0).
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(c) Reference. (Rotor winding opened).

Fig. 13. Magnetic flux density and vectors under 670 AT,
and current phase 0 deg (i, = 0) at 3000 r/min.
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Fig. 14. Adjustable speed drive characteristics under 670 AT

and current phase 0 deg (i; = 0).
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Fig. 15. Line voltages under 670 AT and current phase 0 deg
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