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The main advantages of giant magnetostrictive materi-
als (GMM) are their large magnetostriction (2000 ppm),
their low Young’s modulus (30 GPa), and the fact that
they are softer than ordinary metals. Therefore, giant mag-
netostrictive material is suitable for use in the sound
source of an ocean acoustic tomography system that re-
quires low frequency, high power, small size, and a wide-
band vibrator. Several years ago, the development of a
giant magnetostrictive vibrator was reported [H. Waki-
waka et al.: J. Magn. Soc. Jpn., 16, 389 (1992)]. Giant mag-
netostrictive material was used for the actuator, even
though the cost of the material is high. The material
gives the actuator a much higher power density than
other actuator’s.

This paper describes a method for calculating the limita-
tion of the maximum output of the giant magnetostric-
tive vibrator, using the material properties and measure-
ment data of the vibrator.

Key words: giant magnetostrictive material, giant mag-
netostrictive vibrator, limitation of maximum output, elas-
tic energy

1. FANE

BHEEMHIRKO 74452000 ppm L K&, ¥V 7
4130 GPa /NS VEEHEMHETH 5. T OMENE, KEA
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Table 1 Material properties of GMM
5 ul
p Hy 33_“ ds3 B3 _, Hmax | 0max
X 10 X4x 10 k
(MPa) |(kA/m) | “(pgmy |(am/A) | gy |(kA/m) [(MPa) | © 5
14 29 2.7 16.0 10.82 29 34 0.84
28 52 33 14.0 7.7 52 48 0.79
42 98 4.0 10.0 5.17 70 62 0.62
56 135 33 8.3 3.98 85 76 0.64
70 180 2.7 7.7 3.5 100 90 0.70
Table 2 Material properties of piezo-electric PZT-4
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Fig. 1 Wq.—0, characteristics (f,=200 Hz, material

size $20% 120 mm).
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Fig. 2 dis-0, characteristics of GMM.

EMEHIEFEAS 60X1078Q-m &/h& <, HBEMERKT
SPEROEELXEFT ILENS S, 22CF T, BEHD
FEPRATE 2 HHEHEBEERT 5.
oy FIERROXE EOBA H, EhOTORR Ho Ol (Hy/
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ChEDEVEAEMTIRBEROREBILIVWESATL
3%,
~ 2
muD?
TZiE, pr RIUR(Q-m),
w: B (H/m),
D: #KOEE (m)
BEREMEOENRr=60%10"2Q-m, HEREE 45 &
Thid, oy FERZ 20 mm 084, BREAKKIT 253 Hz &
55,
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Moo FORRISHEL CERBERE L, KBloy Fo

fe (Hz) (6)
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RARBSARELB2. 1-T, TOBRERSTFOBA, #
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Fig. 51z, REFEL L THBRLILLEDdEH, BREO
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BT+28HEEE-, Lo, d ERIIAEKR =1 kHz {F
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Fig.3 WD and f—D characteristics of GMM
(prestress 14 MPa, dimensional ratio 6).

Table 3 Comparison of limitation of maximum
output with rod size

. Critical Limitation
R(On(llnS]I)ZC frequency of maximum Impro(;rler;em
(Hz) output (W) metho
Use many
Q1% 6 101424 2.6 GMM rods
@20 X 120 253 63.5
@50 X 300 40 151.0 Laminate GMM
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4.3 BAEAREHS LUBRET RIF—ORE
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B x v ¥F-2EHL, MEERD SRDIBRLIRR L
OHEAT-7. WA LF¥F— W. idd EFERHOTRRL
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T, W Hitkz 2 ¥ — (J/md),
k: Zlir 5 « 7 % A (N/m),
x: ZALE (m),
dss: d BB (m/A),
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H: R DOEX (A/m)
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Table 5 icéER4E F &b/, EHIC X hRDBRKHIRA
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Fig. 4 Structure of the vibrator using giant
magnetostrictive material (unit: mm).

Table 4 Specifications of the vibrator using giant
magnetostrictive material

Item (unit) Value
Length (mm) 120
Diameter (mm) 20
GMM rod | nposs (kg) 0.35
Material Tbo3DygsFe,
. Number of turns 1500
Coil
Length (mm) 120
Yoke Material S$S400
Pg;ngg’g“' Material SmCos
Drive Prestress (MPa) 13.5
condition Magnetic bias (kA/m) 27.5
~ 50 - T 10
<
. -
E a0r 415 %
o—p L/
a 30 T 1 H ‘ g
< ds3 }a —5.0 §
< 201
S o—1 11 _4 5
g e —2.5 &
Q
~ 0 . 3 0
10° 10 10° 10

Frequency f (Hz)

Fig. 5 Frequency characteristics of ds; and u,
(prestress 13.5 MPa, exciting curent 600 mA).
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Table 5 Comparison of the limitation of maximum
output

Limitation of maximum output (W)

Calculated value
using material

Calculated value

Frequency (Hz) using measured value

properties of the vibrator
200 36.2 315
1000 181.2 135.9

Table 6 Elastic energy of the vibrator using GMM

Item (unit) Value
Exciting current  (A) 0.6 (H= l4kA/m)
Frequency (Hz2) 200 1000
Limitati f
maximum output (W) 315 135.9
Elasticenergy (W) | 17.6 (55.8%) | 209.8 (154 %)

BHERERD» SRk IELH/NE Y, 200 Hz TiE 13%,
1000 Hz T3 25% /N& W HE 12 - 7o, MENERICH L, #
R Lo ROIETRABEBFIC BT 271 F-1—7, @
BHLEPHEBLTLELHEEILND.
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29kA/mTHHDIcx L, FEHTIHMNBASE 14 kA/m
THolte NS -1 &EZ SN, &, BRUIBR
BRIRETHE T2 EEELEEOBRBTH B4, 20
BRET (24 V%1500, £X 012mm) DL, BX
HAOEBZICRNI2ADIA NVANERBNLEEL S,

1000 Hz B¢ T3, Mz x v ¥ — IEAH BRI b A X
BY, BREIRAD 1654 fEL72 -7 ZORETOBK
FIERABEE 1000 Hz fIiTH 5. & - T, £iRKEICH
LWTHRBEH I X LF -3 Q1 (BRI QM L3 EA
HAOBRE LR -AEEFEZSNAET. 0L EOBENQEE
R4 ERAOCHEST B L, 175 &b, 1000 Hz TOREAL
TIBFRIL 2378 W &15 57z,
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