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Experimental Verification of Electrically Reversal Magnetic Pole Type Variable Magnetic Flux PM Motor
Masahiro Aoyama™, Kazukiyo Nakajima (SUZUKI Motor Corporation), Toshihiko Noguchi (Shizuoka University)

This paper presents a variable magnetic flux PM motor in which space harmonic power is utilized for the magnetic flux

weakening, automatically. The stator has a toroidally-concentated winding structure, and the torque generation surfaces are

composed of three air-gaps, i.c., a single radial-gap and double axial-gaps. The radial-gap rotor is a consist-magnetized PM

rotor and the axial-gap rotors are self-excited wound-field rotor.

These rotors are coaxially fastened with opposite magnetic

pole position. The magnetomotive force of axial-gap rotor can be automatically retrieved a space harmonic power, which is

inevitably generated by a concentrated winding stator. A mechanical design of the prototype is revealed, and the operation

principle of the automated-magnetic flux weakening is experimentally demonstrated.
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Fig. 1. Effects of variable magnetic flux technique.

176



1E bV BEREDME S, SCER(12) VRS R i FH D Sl % iR 3~
BT U F ot —H PRI D FRED B 5 D02,
FNOOMEIZES, EHELIT NV AERST 7 Fax
—ZEAREL L, BEEEEOINE &b I H BRI K AR
FREHRITHR U TRt ROis (BEksfE 4 180 deg) L 7= ERGA
R W, con (@) TERT D Z & Ty o 7\ 28 Rl % 325
T2 PM E— X ZRRICRE LD, AT, IVUFER
A A RRIE L, EEEOEERRE & A RBEE R IOV TH]
5NC LD THET 5,

2. REE—SDEE

M 2 IREE—FORMEEL T, BhE Rl L
AT—=BDTITNXy vy TEHICIPM B —4, 7T XV ¥ /)L¥
Yo 7 I HECERR AR e — 4 (SE-WF m—%) %
B L TW5D, PM 1 —& ORRITKAREA O DLk )1 —iE
THDHH, SE-WF 17— X ORGMRIIHE A% TR alBEc %
AT D 2 RZEREFIE GEARREICH U CH O, FE
AP R PR FCIxE 3 RIFREF) & R oL
F—JiL LTHA A4 — RERRIKICLY BRIT 23y 7
7 A28 A ([RIds i SO TR TR D 1 & o T L)
LB MR N A XL AT—H 3T OME IR
ZWoL L e D OB AM (SMC @ Soft Magnetic
Composites) = H 25, M3 ITRT LI ICEFE N a A F L
AT — HIX G A CRIBIT D 2 A MW T AN BT &
FT & TCERTMICHEREZ R AESED Z ENFAHRELE 72
%, M4l — 2 gAY, PM u—4 a7 [ XEREHK,
SE-WF 1 — % a7 (X =IRILiIK D72 SMC %, & 1
—HE T v 7 MTHBRAISERE S UELEE Cllisd 5,
M 4w d K 912 SE-WF m—Z DZERIZIET7 T v hU A
A TaBLIZFEa A (I-coil) &R A (F-coil) %
7 A A EAATEY (1), B 4b) s 3R R TR
A)D Ny 7 T — 7 PNCELE LTSRN E o XA A — K
LU TH D, F 2 REREGRLITIX v v 70
2% < $HZZT 5728 I-coil Z#F % v 7 Hfll, F-coil & SE-WF
7 — 4 OZERAR TN BLE LT 51,

X 5 haAgZNVAT—XOEKTERNICERELTH
D 2 WZEHEERIE OB Y bvERT, 2 OFRIEERE
FRATINT D5 2 RZETE A (BRI [F) B BIER AT D5 3
IR ) 73 T-coil IZBHAR T 5 2 & TR E )2 4
L, T OFHEIE N % XA A — REWR L F-coil IZ BB %
W9 & THOREIC KV BRATER E 5, T-coil DFE
HENLXT 7 77 —OEANCIEESL 720, [AERHEE OB
L& BT SE-WF m—H &R NI L TV, ZDRER,
PM v — X OfEHR7 bv &, Rl iR S CRdE Lz
SE-WF 11— % OREHAR kLA L T Bl TR o 85
T 5720, BEREE OB & b I BT SRR & )
TE, fREE L CHESNICHRMEBELEZMETX 5,

3. RERIIMOBEL TEFET

SOt DT, SMC (~F k28 Somaloy 3P) %

Axial-gap rotor
(wound-field type)

Field coil

Induction
coil

Armature
winding

Toroidally
concentrated
winding

Permanent

Radial-gap rotor
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Fig. 2. Proposed variable magnetic flux PM motor.
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Fig. 3. Armature current and magnetic flux vectors.
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Fig. 4. Rotor configuration of prototype.

Fig. 5. Second-order space harmonic contour and vectors.
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(a) Stator core pieces. (b) Segmented stator.

(c) Rotor core piece. (d) Segmented rotor core.
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(f) Resin mold of axial-gap rotor.
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(g) Radial-gap rotor. (h) Rotor assembly.

(i) Stator assembly.

(j) Axial-gap rotor windings.
Fig. 6. Actual prototype machine.
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Table I.  Specifications of prototype.

Number of rotor poles 8
Number of stator slots 12
Motor core outer diameter 120 mm
. Radial 0.7 mm
Air-gap length Axial 0.9 mm

Axial length of core

51.8 mm (without axial-gap core)
107.6 mm (with axial-gap core)

Maximum 900 AT (30's)
magnetomotiveforce
Number of stator coil-turn 9
Armature winding .
. 4 series
connection
Number of rotor induction
. 30
coil-turn
Number of rotor field
. 30
coil-turn

ature coil size
(with insulation coating)

5.26 mm X 0.56 mm

Rotor coil size
(with insulation coating)

2.57 mm X 0.47 mm

Core material

SMC (stator and axial rotor)
Magnetic steel sheet (radial rotor)
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Fig. 7. Current phase-vs.-torque characteristics.
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Fig. 11. dg-axis voltage ellipse.
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