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One- or two- seater electric vehicles are categorized as ultra-compact mobility vehicles and, these vehicles
have advanced features such as compactness, light body, and low environmental impact. However, the noise input
into the vehicles mainly consists of road and wind noise from the tires and wind noise due to using an electric motor
as a power source instead of a gasoline engine. To solve the interior sound problem, we focused on a giant
magnetostrictive actuator (GMA) that is small and able to generate a high output, and we propose an active noise
control (ANC) system using wall vibration generated by the GMA, thereby achieving a silencing effect. The GMA has
mechanical properties such as shafts and springs. We consider these properties to affect the control of sound output
through the surface vibration of flat surface in ultra-compact mobility vehicles. Therefore, a GMA must be designed
that generate sound control by surface vibration accurately. In this paper, we created an analysis model of the GMA
and considered magnetostrictive force and the frequency characteristics of the proposed GMA by electromagnetic field
analysis.

Keywords: ultra-compact mobility, active noise control, surface vibration, generate sound control, giant
magnetostrictive actuator, electromagnetic field analysis, finite element method
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Fig.1 ANC system for ultra-compact mobility vehicle using
giant magnetostrictive actuator.
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Fig.2 Schematic of experimental apparatus
for the noise reduction.
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Fig. 3 Giant magnetostrictive actuator.
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(b) Installation of giant magnetostrictive actuator on
plate part.

Fig. 4 Conditions of noise reduction experiment.
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Table 1 Details of giant magnetostrictive actuator.

Components Material
Shaft 1 S45C
Giant magnetostrictive material Terfenol-D
Permanent magnet FB5B
Bobbin Plastic
Coil Cu
Shaft 2 Plastic
Spring S45C
Case S45C
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Fig. 6 Comparison with and without permanent magnets.
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Fig. 7 Finite element model of giant magnetostrictive
actuator.

X

K DFAET ) & WU R A FERESYEATIC L AB N L, BEFEOT
I Fax—2 L OV L R 5. BEEM B AT D
IS L DRAESNTBRITIRNTIC X 0 EH SHBREM R B
DREHFAEFE N DR SN DBEE MBI DY U 738, AT iz
K07y OEIERACTERLTWA. BitclE, A 7R~
Tx e & LTk ARAA ORI L DREEIC L D3] LR
EOHBATH . KAREANENSEE, AREREESUE
UNTIRIEAT ZMRIRD T T AT 7 | I U CGREET 21 7o
7.

Fig. 6 \[CHFEHEE 1L.0A L L2 EDAAL T A< T3y b
AIEOFYTRE RO Z R, [FRKIICHEAEERE, OIThREEIZ X
DIAEFORZNEE RS, QORI TR AR AN Z &
TRERBEEEDNF & A B3 LTV T E0vho Tz, () Tliduk
IGAT LY, WERIZ K DFAT N0 DB FAE L T 553200
Hz OIERGZIROSIFAE L TN LAV Tz
3.3 SHIREMIC K DH—ERBOUES

Fig. 7 \ORTARERIEET N 2N NTRET 7 F 2o—4
DHITIFAEIZADNTT 7 T 2 ==X NERORBIEEM ORI X
DREEICOW TR 5. el Cld = A UCHII 2 285 E R D

46 Transaction of the Magnetics Society of Japan (Special Issues) Vol.5, No.1, 2021



e
9

5
2N

e
n

S
IS

i
w

Magnetic flux dencity [T]

=
o

/

0 10000 20000 30000 40000
Magnetic field [A/m]

Fig. 8 B-H curve of magnetostrictive material.
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Fig. 10 Vector plot of magnetic flux density.
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Fig. 11 Result of magnetostrictive power obtained by
electromagnetic field analysis (200 Hz sine
wave input).
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Fig. 12 Time histories of analyzed magnetostriction force.
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