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Dimensional measurements with submicrometer uncertainty in production environment

The work concerns a laboratory investigation of a method to achieve dimensional measurements with submicrometer
uncertainty under conditions that are typical of a production environment. The method involves the concurrent
determination of dimensions and material properties from measurements carried out over time. A laboratory set-up was
developed comprising a pair of electronic probes mounted on a Zerodur block featuring near zero thermal expansion.
Three temperature sensors, data acquisition system, and a temperature regulated plate for heating the workpiece were
implemented. Investigations with synchronous measurements of length and temperature during cooling from 25 °C to 20
°C were carried out, using two calibrated gauge blocks as workpieces, i.e., a steel gauge block and a tungsten carbide
gauge block. Each measurement was repeated 9 times. Coefficients of thermal expansion (CTE) for the two gauge blocks
along with their uncertainties were estimated directly from the measurements. The length of the two workpieces at the
reference temperature of 20 °C was extrapolated from the measurements and compared to certificate values. The
investigations have documented that the developed approach and laboratory equipment allow traceable length
measurements with expanded uncertainties (k=2) below 1 pm.
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