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Study on Relative Position of Magnetic Poles of Electrically Reversal Magnetic Pole Type Variable Magnetic Flux PM Motor
Masahiro Aoyama™, Kazukiyo Nakajima (SUZUKI Motor Corporation), Toshihiko Noguchi (Shizuoka University)

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

weakening, automatically. The stator has a toroidally-concentrated 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.

The magnetomotive force of axial-gap rotor can be retrieved a

space harmonic power, which is inevitably generated by a concentrated winding stator. The effects of relative position of

magnetic poles between the radial-gap rotor and the axial-gap rotors are conducted through the FE-analysis. Consequently, it is

clarified that the relative position of magnetic poles in 60 electrical degree offset against fully reversal magnetic pole position is

the most effective position for the variable magnetic flux ratio, and the torque performance. In addition, the self-excitation is

experimentally demonstrated with prototype machine.

F—O—F: AERRE, Axa—f, buAdXE, AU, ATy v, BN

(Keyword: variable magnetic flux, skew angle, toroidal winding, self-excitation, multi-gap, reversal magnetic pole)

1. [FC®HIC

UTAE, BRI & HRDMZ 48V < A /b K HEV ¥ A7 A D HAEE
B ANATHOIL TN D, 48V VAT NIEmBLD 7V
HEV ¥ 27 MZHARIUTRE W ENR NS 503, —HTH
MEENERR B A MATOa s RT M h—ltE o

T/ E T2/ HEV S AT L0700, a A RA Yy
b ERBUER R ATV, — T, KEBEEBO- D
ﬂ%ﬁMﬁ%&7D~$~W%%~&t4/ﬂ~&%ﬁ$
HoRTIz ISG VAT ANERERSTNDN, 7 r—R—
NMGE—Z DA, AV v 7 T T fipho =0
RGN ER L 0 & RRBEE & O3 B EITR LT
7T OBERERCTHAENMEE 2D, S8 or—X
WD 7=, SIEHINC L 2B RIENRETH 5,

IO OB T, IR, BARFEYE—% (PMSM)
DOENFETY 7 & MNPERE B TR T — 2 Oft
DEEANATOI TV A, Hl@:f#ib:@ﬁ@ﬁ%ﬁﬂ
WENZ 72D Z b TR TR ORI & AR
FARFE DK E VBRI S CORBBIENFREE 22 D,

4 B OREMZ2IIFE L LT, OPMSM DA S) % W2
T HAEYE—F X, Qu—FAFX a2 —METEST L
FX, @arv sy hR—ILOf bR EZHRET D A,
@RNBREIERT 5 R B22 T 5n500, O0gE,

JEWAIE SR L >V CTHEE) T & 2 72 O & BRE) s Tl 72 1
— AR EGD LN TE LN TV RAER & BT
BRI EE U CHREY P IS ERIE &2 1T 5 72, BRiRfy7e v
7V TNOFE LT —F IR L TREL EICRERED
A NR=E PR B0 QOBE, B—F AF 2 —H
TR ACIIE T D7 O DIV T U F 2 — 2 BB

. . g-axis g-axis
JjLsqisq J@Lsqisq
. A
JjoLsdisd Jjo¥m JjoLsdisd Jjo¥m
Rsls Rsls
Vs isq Is Vs isq Is
N A N A
! Yeoil( @) ! -
isd V7 ! d-axis isd y/,,,' ! d-axis
g-axis 3 g-axis 1
JoLsqis oo Jj@Lsqis oo
JjLsdisd t] @¥m i | JjLsdisd r] @ ¥m E E
Rsls 5 = RIs \ | =
Vs “~q Is Variable Vs \ 4 9 Is Variable
P————> > 4
isd P d-axis isd ' d-axis

(a) Conventional. (b) Proposed.
Fig. 1. Effect of variable magnetic flux technique.
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Fig. 2. Proposed variable magnetic flux PM motor.
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(b) Magnetic flux contour and vectors.

Fig. 3. Armature current and magnetic flux vectors.
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Fig. 4. Rotor configuration of prototype.
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Second space

vectors & contour

Fig. 5. Second space harmonic vectors and contour.

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

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

Axial length of core

Maximum 1272 AT (60 5)
magnetomotiveforce
Number of stator coil-turn 18
Armature w.mdmg 4 parallel
connection
Number of rotor induction
. 30
coil-turn
Number of rotor field 30
coil-turn

Armature coil size
(with insulation coating)
Rotor coil size
(with insulation coating)

5.26 mm X 0.56 mm

2.57 mmX0.47 mm

SMC (stator and axial rotor)

Core material Magnetic steel sheet (radial rotor)
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Fig. 6. Current phase-vs.-pancake-axial-gap rotor torque
characteristics with respect to electrical skew angle under 890 AT
for 2000 r/min.
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Fig. 7. Current phase-vs.-torque characteristics with respect to
electrical skew angle under 890 A, T for 2000 r/min.
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Fig. 8. Relative position between axial-gap rotor and radial-gap rotor.
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(a) With rotor winding rectified. (b) With rotor winding opened.

Fig. 9. Current phase-vs.-torque characteristics with respect to
electrical skew angle under 255 AT for 2000 r/min.
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(a) With rotor winding rectified. (b) With rotor winding opened.

Fig. 10. Current phase-vs.-torque characteristics with respect to
electrical skew angle under 509 AT for 2000 r/min.
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(a) With rotor winding rectified. (b) With rotor winding opened.

Fig. 11. Current phase-vs.-torque characteristics with respect to
electrical skew angle under 890 AT for 2000 r/min.
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Fig. 12. Current phase-vs.-torque characteristics with respect to
electrical skew angle under 1272 AT for 2000 r/min.
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Fig. 13. Current phase-vs.-line voltage ratio characteristics with
respect to electrical skew angle for 2000 r/min.
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Fig. 14. Adjustable speed drive torque and line voltage ratio characteristics

with respect to electrical skew angle under 255 A, T.
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Fig. 16. Adjustable speed drive torque and line voltage characteristics
with respect to electrical skew angle under 890 A, T.
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Fig. 15. Adjustable speed drive torque and line voltage ratio characteristics
with respect to electrical skew angle under 509 A, T.
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Fig. 17.  Adjustable speed drive torque and line voltage ratio characteristics
with respect to electrical skew angle under 1272 A, T.
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Fig. 18.
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