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Optimum Yoke Shape Design for Magnetic Circuits of Thermo-Magnetic Motor
(Analysis of attracting force characteristics and optimization of the yoke shape in consideration
of the magnetization process)
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A thermo-magnetic motor is able to transform heat energy and magnetic energy into kinetic energy by combining
permanent magnets and temperature-sensitive magnetic components. This motor is driven by heat energy and
magnetic energy such as hot spring water and waste heat from power plants instead of the electric power from the
outside. In this study, a shape of magnetic circuit is optimized to increase the attracting force for the temperature
sensitive magnetic material and to decrease the reverse attracting force of rotation. We report some results from the
analysis of three-dimensional model based on the finite element method. The result of the attracting force in the
magnetization process and the optimized yoke shape design for magnetic circuits are shown.

Keywords:

optimum design, shape optimization, magnetic circuit, thermo-magnetic motor.

1

BRER T — X IR R O BEE S D IR EE R L

FIFL, KABCAOBESKER EMHAGHOEDZ 2Tk
D, Brop¥— LR RV —EEE) R ¥ —
BT 5 LNTE D, ZOF—H IR & B
TRNAF—DHEFIAT 5O CTHREN MR ERI L
72 <, EERHICOZHE L2V, Lendi- T, RR
BCORERT, L6 OHEV: EOBIFO =R F—
R T HERERFIALOKEE & U@ < maet%
AT 2,

TAIVE TIZER L3R U723E 3 5130 T~
10 CRREDHK & 50 T~100 CRREDIEAKD A% H
WAL Z ARED LTV B[], ASEE DB, Wb
IROIBENZRET BB A 7 VIREER & K& < BifR
L, AT %K EEAKDOEEICKSE L CRa@bd 5
WERH B, ﬁﬁ:ﬂ%@ﬁ’ié@ﬂﬁ@$ﬁ<ﬂ

il

—Z—QRER b7 L 72D KO ITHEREIRE 2GS
M‘gﬁ)%éo
Z ZTAMIFETIE, BRI —F DK ARBARESRE]

B a—7 R E Rty 2 2 LT X0 B EICE <
WHINEERESE, E—F O M2 2 ESES

EHRSE - WA TEAT, T380-8553 REFHAE 4-17-1, 1EHIK
BRI RE TR,
e-mail: maxnaka@shinshu-u.ac.jp

MEINKZE MR

114

ZEERANET D, MM E < B2 ERKURIRS
(ZBEY DREBARITICIIA IRERIRIC L DS Y 7
k7 =7 ANSYSZ FV 7z,

2 RHESET—2OBE

2.1 BWER T — & OBEREE2]

KT — X OBWERE ZFig. 112, BRI %Fig. 2
WY, v — O M JE BT R R AR R R
(Temperature Sensitive Magnetic Material: TSMM)//3 Bl &
SHTW5, P OINZ - BE S &8 A REMERIT, Fig.

uT'ﬁJ: FIRBNA TN E D IFHMENET D, A
FER Gy DREVEIR DS 7K AREA (Permanent Magnet: PM)IZ

Rotative direction
Permanent magnet
(PM) ;

Temperature-sensitive
magnetic material
(TSMM)

Heating point Cooling point

Fig.1 Mechanism of a thermo-magnetic motor.
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Fig.3 Heat-cycle and TSMM locations.
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Table 1 Dimensions and materials of the 3rd experimental {725 XD eIIR~ L b %,

machine.
Rotor, Frame Duralumin (A2017)
Diameter of rotor 500 mm
Permanent magnet: Nd-Fe-B 20mm X 50mm X 40mm r
TSMM piece: Gd (60 pieces) 10mm X 10mm X 60mm

Fig. 6 Experiment in a spa using hot spring water and
meltwater.

Permanent magnet

Fig. 5 Heating positions and rotative directions.

Table2 Experimental results of heating positions[1].

. Number of s
Position R'otatl.ng revolutions Al?lhty .Of
direction self-starting
(tpm)
1 Forward 16 O
1 Reverse 10 X
2 Forward 16 X
3 _ _ % Fig.7 The FEM model to analyze the magnetic circuits.
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Fig. 8 Three-dimensional analytical model (x-z plane).
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Fig. 10 The optimum yoke shape for the two-dimensional
model.

(0.0335,1,-0.020)
(0.0135,y,-0.020)

Fig. 11  Optimization parameters.
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Fig. 12 Difference between attracting force and repelling
force.

Fig. 13 The optimum shape for three-dimensional model.

INEE IS IEFig. SOMBKR A > MZBET2EBR LY
0085 mEH M Lz, Zh bl & Fig 16l0RT X9
(CTSMM % 60 ‘CIZMET 2 I8 5 IR B ARAT Ok 5
% VBRI DT 24T o 1=, WIHIIIR & Skl
X4 2 BEATAE S % Fig. 1710773, Fig, 1708583 TSMM
ORCE, HEIEHIIThD, FERA 2 Mkt
HTSMMDIEE R, & DD S IR TIEGdD
F o U — R AR DINENC K - TS o3 R,

LD, TNz 72V ERSnD,

WIZFig. 131378 U Te BRI B8\ CGd DIRERAE
Mo BB LI B ONTHERZ B2 &, BEDRIOm%
WHI IR E B LTWD, EIRO b —F LD
I a5 L, PR CldFz =—2.154N, B
TR CIIFz=—270IN & 72 1), RERRIBIRAR & Soidl,
L7cZ &2k b2 5T 2RB( A L2
ENGIND, ULX Y, BAE3EHIC BT H
WK R ORERRHE R F 2 U — SORTE TH £<
BRTUTNDD, MBI F53 T 7z < BEBURIC OB
A D= RIATOIN TR, IR X 2R+
318Gy, 3—2 ORERBITHZ EICL 0D
ZEWRTEDEEZ OGNS,

NI | -El ectronic Library Service



The Japan Society Applied El ectronmagnetics and Mechanics

HA&RAEMF&5E  Vol.14, No.1 (2006)

—&— Optimum model
—— Initial model
g
—e—4C 8z
—a— 12°C é 5
25
—a—33C T =
eh P
—¢—38°C S n
0 200000 400000 600000 800000 Location of TSMM(m)

H(A/m)
Fig. 17 Relation between the TSMM locations and
magnetic force in consideration of Gd’s

Fig. 14 B-H curves of Gadolinium in each temperature.
temperature dependency.
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Fig. 15 Location of TSMMs and heating area.
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