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Multi-field coupling model of vocal vibrator transducer
of Fe-Ga alloy
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Abstract: In this paper, the multi-field coupling model of electric field, magnetic field and solid mechanic field for the
bow-shaped vocal vibrator transducer of Fe-Ga alloy is established. The distributions of magnetic field intensity, mag-
netic induction intensity and strain of the transducer are studied, and the magnetic field intensities at different frequen-
cies and the modal characteristics of the vocal vibrator transducer are analyzed. It is found that the magnetic field in-
tensity of the bow-shaped vocal vibrator transducer of Fe-Ga alloy is reduced with the increase of frequency, and the
resonant frequency of the transducer is calculated to be 984 Hz. The relationship between the magnetic field strength and
the strain of the core component Fe-Ga alloy in the transducer is tested. When the saturation value of the magnetic field
is 40 kA /m, the strain is 70 X 10-6. The hysteresis curves of Fe-Ga alloy at the magnetic field frequencies of 5 Hz, 20 Hz
and 50 Hz are measured by the magnetic property testing system for magnetostrictive material. And the frequency re-
sponse curve of Fe-Ga alloy rod is tested, the experimental result is consistent with the strain simulation result of Fe-Ga

alloy in the transducer.
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Table 1 The parameter description of the material
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Fig.2 Model structure diagram of the vocal vibrator transducer
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Fig.3 The magnetic field distribution along the central axis
of the magnetostrictive rod in transducer
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Fig.4 The magnetic induction intensity distribution along diametric
direction of the magnetostrictive rod in transducer

R R 4 B8 A o R B A i 1 LA Y BLAR
TR A 5 B, REAAAR VR LS Sk B
BT IABIEEES, ZIFE 2 mm AL AR, AR N
AME . WL KRS LT Fe-Ga A&
1B 2 N AR R LLIA B 78%10°6, Terfenol-D 4% )11 ¢ N
AILF] 160x10°, Fe-Ga & &0 a5 4k 1 mm

%(8)8 | -=— Fe-Ga
—-4- Terfenol-D
160 |
~ 140 |
\?
S 120
= 100 |
B 80r
60
40
20
0 0 1 2 3 4
W EAZ 7 1A B B /mm

Bl 5 Mg SR 4 ELAE T 1A I R 43 A
Fig.5 The strain distribution along diametric direction
of the magnetostrictive rod in transducer
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Fig.6 The magnetic field distributions along the distance from the
center point of the magnetostrictive rod in transducer at dif-
ferent frequencies
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Fig.7 The variation of the strain of magnetostrictive rod
in transducer with frequency
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Fig.8 The variation of the amplitude of transducer with frequency
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Fig.11 Simulative and experimental results of magnetic field
strength and strain of Fe-Ga alloy
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for magnetostrictive material
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