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Abstract

Thermoacoustic engines that can use heat input to generate acoustic power have received much attention in
recent years. It is expected that the thermoacoustic engine can be used in electric generation applications.
Thermoacoustic engines use waste heat more efficiently than Peltier devices. These engines are low cost and
maintenance free. Solar thermal energy can also be used as the heat energy source for these engines. The present
study was carried out to develop a highly efficient coreless linear generator for use in a thermoacoustic engine. In this
study, moving-coil linear generators were designed using three-dimensional computer-aided design. The results of
magnetic-field analysis simulations show that the armature weight and the cogging torque were minimized. Thus, the
proposed coreless moving-coil linear generator is suitable for the thermoacoustic engine. Furthermore, the armature

weight was reduced by applying copper-clad aluminum wire to the moving coil.
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Fig. 4 Cross-sectional view of a coreless moving-coil type

linear-generator (Model 0).
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Table 1 Parameters for the simulation.

Simulator JSOL JMAG-Designer
Magnet Shin-etsu Chemical N36Z
Back York Iron S10C

Coil outer radius 44 4mm

Coil length Ic 12mm

Coil thickness 2mm

Air gap 3.4mm

Gap between coil and magnet | 0.7mm

Frequency 60Hz

Amplitude 12mm
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Fig. 6 Magnetic field analysis of a coreless moving-coil type

linear generator (Model 0).
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Fig. 7 Magnetization direction (30° ) for Model 1.
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O NS BEINIR S~ 7 2o NN L3 D E 2 A
T D03, NS ARFITIE 7 Ry MRS EE R
HEVIFHEARED. ET L 3 T, =7 F ¥y 7 ORI
JEM0.74T, HINFFEFEZNE 90% T 224.9W L7723, €T
IV 4 TEANASy BB E N2 ET2T ¥y 7 O
HREFES 0.78T, HIJRLHEHE 90% T 2483W LT T
IXdo7=m3m LTz,

ZIT, M EORRE T 572017, YRGS
AT VALV T AV =T R EBHOET L 0 ZHEIT,
BB LEIT-T2ET L 1, 2, 3, 4 OHIEZTF vy 7O
W % Fig. 12 (TR,

2017 4F



BB OO0 T LA 7 EHOKEB LY I 2L - 3 X B

300 0.9
0.78T7
FT 0.747 0.8
250
0.62T 0.63T 07 _.
=
200 ’ 06 &
= 2
2 05 ©
‘:EL 150 %
5 04 3
o] =
100 03 g
[u]
02 2
50
0.1
172.3W 173.8W 248 3w
0 — — — — 0
Model 0 Model 1 Model 2 Model 3 Model 4
. Output Magnetic flux density

Fig. 12 Magnetic flux density and output power in the air gap

of model 0-4.

4 FROET NELTURELAIT 72 TI, 7~ b3y
BRI FIZET L 4 78, 7 %y 7 OB 7D
<, MOV THRD REVEDGOILZ. Table 1 (2F
TN 3 &4 O, WRERE, ~7 Ry VEE, v/ Xy ME
WMV OIEREIAECTRT. BTV 413 oS
ZHWZZET, L 11 FRISA TR, ~7 2o hofEH
I 1S B, SUWEIAMNIELRAZENT AV v/ d
ZEMTRBINT. F, v Ry NE RSO EREIL
FIL3MN1582W/kg THHDITH L, TF /L4 TIE115.5W/kg
L7220, HiFE DI DK 43W/kg (1.37 £i5) REWEWIHE RS
DALz, Saha BIZ VLS NELEIE WA —E a8
V=7 FEERIEOWTHRGEEZIT o 72®O0, aAf L e< 7Ry k
DF vy 7% 0.375mm &/NSRETHIET, =7 F ¥y
POBGHRBEED 1T 22T, Bl i 8L 03, A6
FEDFERMOIL, NNy ANRFIER AT T L @mWIEEE
NERFDI =7 FEEMDN FEBLT HFTREMEA RIB S 47z,

PLEOKGFIED, ~7 Xy bV AXEE T L CTRRIEIFE D
AT ST ET V31, ~7 Ay NEEYT-VOREED
b, BYEI AN A A DT LN TED. ZOZEn5
4 FHEO T EAT 72T VO TIL, TV 3 BNarL
AL—E T af VA =7 S B OVERR M) I L7 s
ThoHLHWLT-.

Table 1 Simulation results of Model 3 and 4.

Model 3 Model 4

Output power 224.6W 248.3W

Vol.43. No.6

Magnetic flux density 0.74T 0.78T
Total mass of magnets 1.42kg 2.15kg
Output power per magnet | 1582W/kg | 115.5W/kg

mass
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