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In our laboratory we have developed a series of steel alloy torque transducers that operate via a magnetoelastic principle, converting applied stress to an external magnetic field signal subsequent to appropriate magnetic pre-conditioning.  We have found that the linearity, the repeatability, and the sensitivity of these magnetoelastic torque transducers is highly dependent on the nickel and chromium content of these alloys which is directly linked to the extent that these materials enhance or degrade the "engineering magnetostriction coefficient" of the alloy.  Magnetostriction is the phenomenon in which a ferromagnetic specimen undergoes size change on the order of parts per million (ppm) in response to the application and/or removal of a large saturating magnetic field.  While this effect has been measured in pure iron and nickel samples, it is not well-understood, widely measured, or even predictable in alloy steels.  Yet its measurement is fundamental to the understanding and application of these alloy steels in the field of magnetic torque sensing.  In our present apparatus, we applied a large saturating current in a solenoidal magnetic field around  the sample, which was physically connected to change the capacitance between two large adjustable plates, then related this change to the measured voltage across a capacitance bridge to ascertain a sample dimensional change on the order of  ppm.  Values in agreement with previously measured handbook coefficients were reliably found for pure nickel, while values in agreement qualitatively with the magnetoelastic sensitivity of several steel alloys applied in magnetic torque sensing technology were also found.  This confirms that our apparatus will be most helpful in predicting the materials utilizable for magnetic torque sensing applications based on their fundamental magnetic properties.

