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In our laboratory we have developed a series of high-stress 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 heat treatment to which the steel is subjected.  Furthermore, the heat treatments which can be applied are, in general, severely limited by the minimum hardness coefficients that will be required in the actual technological application where the transducer will be utilized, such as in a power delivery shaft.  In our study, we focused on cases where Rockwell hardness coefficients in the forties or low fifties are expected, and we used a steel alloy with low nickel and chromium content.  Austenitizing temperatures were varied from 775 to 870 Celsius, while termpering temperatures were varied from 205 to 540 Celsius.  The quenching medium following the austenitizing or tempering processes was varied between oil and water.  All heat treatments were performed in a helium atmosphere to limit sample decarburezation.  The study showed that the lowest termpering temperatures and in most cases the lower austenitizing temperatures resulted in the best linearity and re-zeroing capabilities (repeatability) of the transducers.  On the other hand, the mid-range tempering temperatures resulted in the highest sensitivity levels.  While the water quench reduced sensitivity as compared to oil quench at the same temperatures, it did contribute to improved repeatability of the transducer's performance.  

