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Research on Temperature Rise and Temperature
Control for Giant Magnetostrictive Transducer
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Terfenol-D has giant energy density (25kJ/m3) and relatively high thermal conductivity (13.5w/ (m•k) at 20℃).
It is the core component of giant magnetostrictive transducer (GMT) which has been widely used in the field
of ultra-precision machining and precision fluid control technology. However, when GMT operates under
6000Hz high frequency magnetic field, hysteresis loss, eddy current loss and copper loss of excitation coil lead
to serious temperature rise. The temperature of Terfenol-D rod can reach above 120℃without a cooling device.
The temperature rise of Terfenol-D rod seriously affects the precision of GMT. So, it is necessary for GMT to
analyze temperature rise and temperature control under high frequency. This paper includes two parts: (1)
Based on the theory of Jiles-Atherton model, Maxwell’s equations, Newton’s law and Fourier’s heat transfer
equation, a nonlinear electromagnetic-mechanical-thermal multi-field coupled finite element model for GMT
is established. The temperature rise characteristics and output responses of GMT are analyzed. (2) Based
on the convection heat transfer theory and the thermal compensation method, a new combined temperature
control device is presented. It consists of two main structures which are servo valves for compulsive oil-
cooling and thermal compensation mechanism of nonmagnetic stainless steel. According to the theoretical
and experimental researches, when the velocity of the fluid is greater than 0.5m/s, the temperatures of Terfenol-
D rod can be controlled within 21.7℃ under the excitation field of 6000 Hz. The temperature error can be
limited below 0.5℃, and the axial output displacement error by temperature rise can be controlled less than
0.65 μm. These studies can effectively guide the design and application of GMT under high frequencymagnetic
field.
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