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Experimental Verification of Self-Excitation of PM-Free Magnetic-Modulated Dual-Axis Motor

Masahiro Aoyama* (SUZUKI Motor Corporation),

Toshihiko Noguchi, Yuto Motohashi (Shizuoka University)

This paper describes a PM-free magnetic-modulated dual-axis motor in which a differencial frequency between the armature

fundamental rotating magnetic field and the rotor rotating frequency is effectively utilized for the field magnetization instead of
the permanent magnets. A downsized prototype of proposed PM-free magnetic-modulated motor and the benchmark PM-rotor
type magnetic-modulated motor are performed for the purpose of principle verification and clarification of drive characteristics.

The current phase-vs.-torque characteristics with respect to the locked modulator spatial position are experimentally revealed
through the PM-rotor type magnetic-modulated motor.  In addition, the self-excitation of proposed PM-free magnetic-modulated
motor is experimentally confirmed by the rotor current measurement via a slip-ring.

F—D— R EREH, BRXTE—F, BORE, EoEEE, A A — FERERK
Keywords : magnetic modulation, magnetic-geared motor, self-excitation, differencial frequency, diode rectifying circuit

1. [ZL®»IC

A, RRFASICAT TSR DT TiEA 7Y
v NEW 2 &fET o 7 —BRICAR A R 72 2 7 5l L ArE S
I, FOEHKIZEY A TS, TETIE, PREEOE
o x X —LEH R —F ML DEBR T R F—
D' N %GR T H /XU —2 T Y » hEHEV v AT LD/
{2 B, K 1IRT &) RBEREREE—2 2 vz
VAT ABPREESNTNHO O o NRIET OB, /3
T — kLA OB NRE LB MERER BT % D
MBREV, —FTE—XITHARFHEIED L7 Bk
W7z AR LT, EEMLEIEEEST LT
B UGEZ DTN D, TNH DO _HEN N OB R LT,
ZHHH N OBREREE— X 2 RAT 5 TR 2 1ITRT
O RDERXT L E—F BMABEDEV AT AL
A7 HEV ¥ AT x50, Lo, 275—21M
ORISR & v — & OEERE B E A FER Y CEET 57
O, KAWH (PM) 2T HIMBRSGOEE N KEL 2D,
BN 2 VD & &b ISR IR E R O X s 4 8
2705, T OMBICESA, 45 O IXHE MO EER
L7 o TOWTRERMEE — % O IR BEEE) (FER BBl
E—R) IZEH LI AMRNERNAMIERKRAETNEE—4 %
$RR LY, BRT— 2 [ IH SO BRGHEIFEL L & A A4 —
NI L > THON D MMEREFIMHT 2 Z & CHa 7
U —{bEEHL T D0, AR CHEEBRILC LY v F~

[ 111-399]

Bl hmn

I' |2 Wi Stator : |

@ ’ - j | Stator ;

@, T .. = /“/‘,t__+ Modulator

o/ . / W, Drive
CCEw

ﬂ)pm [ i .F.ngim\.- PM-rotor shalt

Magnets " Ut Modulator
= — U+ T
PM-rotor Modulator
(a) PM-rotor type magnetic-modulated motor.

Stator

(b) HEV system.

Fig. 1. Cross section of PM-rotor type magnetic-modulated dual-axis
motor and HEV system application.
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Fig. 2. Collinear chart of magnetic-modulated motor for HEV system.
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(@) PM-rotor type. (b) WEF-rotor type.

(d) Modulator.

(c) WF-rotor with slip-ring.
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(e) WF-rotor assemble.

Fig. 3. Prototype machine.

Table I.  Specifications of downsized prototype machine.

Number of stator poles (2Ps) 8
Number of rotor poles (2Pym) 16
Number of modulator poles (Py,) 12
Stator outer diameter 120 mm
Rotor diameter 61.2 mm
Axial length of core 49.5 mm
Air gap length 0.7 mm

Maximum current

150 Ams  (45'5)

Armature winding resistance

15.1 mQ / phase

Number of armature coil-turn

8

Winding connection

4 series - 2 parallel

Number of I-coil turn 10

Number of F-coil turn 11
I-coil resistance 79 mQ / pole
F-coil resistance 47 mQ / pole

Thickness of iron core steel plate

0.3 mm (30DH)
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(b) Locked modulator with jig. (c) Angle measuring instrument.

Fig. 4. Outlook of experimental setup.
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Fig. 5. Phase reference of modulator lock angle.
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Fig. 6. Current phase-vs.-torque characteristics with respect to modulator position (measured).
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Fig. 7. Collinear chart of experimental condition.
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Fig. 8. Slip-ring for rotor current measurement.
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Fig. 9. Rotor currents and armature U-phase current (measured).
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(b) Rotor winding rectifier circuits.

Fig. 10. Proposed magnetic-modulated dual-axis motor.
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