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Causes of Error and Uncertainty Control Methods for High—precision Weighing
Instruments

[ Abstract ] The measurement accuracy of high—precision weighing instruments is directly related to the reliability
of industrial metrology and trade settlement. Sensor nonlinearity, mechanical structure eccentric loading, and environ—
mental interference are the three main causes of weighing instrument measurement error. Given the significant nonlinear
coupling effects between these error sources, quantitative assessments are conducted using single—factor and multi—fac—
tor coupling experiments in this study, constructing a combined uncertainty model based on the GUM framework, and
proposing a hierarchical error control strategy. Experimental results demonstrate that, following systematic control, the
expanded uncertainty is reduced from 0.116% E.S. to 0.034% E.S., providing a technical basis for the design optimization,
verification and calibration of high—precision weighing instruments.

[ Keywords ] high—precision weighing instrument; measurement error; evaluation of uncertainty; error compensation;

sensor nonlinearity
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