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Three-Dimensional Finite Element Simulation of the Effect of

Different-Size Diamond Indenters on Rockwell Hardness

WU Yu', XUE Rui’

1. Chongging Academy of Metrology and Quality Inspection, Chongqing 401123, China ;
2. Chonggqing Airport Group Co. , Ltd, Chongging 401120, China

Abstract: A three-dimensional finite element model was established based on the indentation hardness test
theory, and based on ANSYS, the Rockwell hardness test of the pressing of indenters with different geo-
metrical dimensions into medium-hardness metal blocks was simulated. The stress variation and residual
stress distribution of the hardness material near the indentation in the process of loading and unloading
were studied, on the basis of which the effect of indenters with different geometric dimensions on the bot-
tom displacement and the hardness value of the indenters were investigated. The results showed that the
strong-hardness materials were more sensitive to the angle deviation of the cone angle of the indenter, and
the spherical radius of the top of the indenter had more obvious effect on weak-hardness materials and tha-
tin the allowable range of the geometric dimensional deviation of the indenter, the dimensional deviation
and the bottom displacement of the indenter showed a partial linear relationship. It was obtained that the an-
gle of the cone angle of the indenter and the spherical radius of the top of the indenter had a positive coupling effect
on the hardness value, and the uncertain propagation coefficient between them and the hardness value was 59. 86
HR/radian and 0. 030 4 HR/pm, respectively. In terms of the Rockwell hardness scale, the relative standard un-
certainty components introduced by the cone angle and the spherical radius of the top of the indenter with medium
hardness were respectively 0. 35% and 0. 29%, and in the comparison between the tested indenter and the standard
indenter, the maximum error of the indication was £0. 74 HR. In terms of the Rockwell hardness standard de-
vice, their corresponding relative standard uncertainty components were respectively 0. 10% and 0.15%, and the
maximum error of the indication was £0. 28 HR.

Key words: metrology; indenter; hardness; indentation; contact finite element
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