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Determination of Brinell Hardness through Instumented Indentation
Test without Observation of Residual Indent

Sung-Hoon Kim, Yeol Choi and Dongil Kwon
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Abstract

Hardness test is performed for determination of the other properties, such as strength, wear
resistance and deformation resistance, as well as hardness itself. And it is performed for prediction of
residual lifetime by analysis of hardness reduction or hardness ratio. However, hardness test has
limitation that observation of residual indent is needed for determination of hardness value, and that is
the reason for not to be widely used in industrial field. Therefore, in this study, we performed
researches to obtain Brinell hardness value from quantitative numerical formula by analysing
relationship between indentation depths from indentation load-depth curve and mechanical properties
such as work hardening exponent, yield strength and elastic modulus.
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Fig. 1 Schematic diagram of Brinell hardness test
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Fig. 4 Pile-up phenomenon
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Table 1 Measured indent diameters by optical
microscopy and alpha-step

API
X42
dm(mm) | 0.462 0.377 0.304 0.363 0.408 0.444

KP NAK |SCM400 | SKH51 | SM45C

STB2 | STC3 | STC4 STD11 STD61

dm(mm) | 0435 0.464 0.451 0.388 0.431
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Table 2 Radii of curvatures of the residual indent
after unloading for STD61, SCM400 and STB2 steels

By (ym) dro (¢m) R (um)

STD61 41.77 202 509.31
SCM400 27.18 164 508.37
STB2 41.52 199 497.65
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Table 3 Analytic parameters and mechanical
properties for the materials used in this study

he hm n E Y

(gm) | () (GPa) | (MPa)

API X42 | 45.74 | 56.53 | 0.144 |206.52 | 436.20
KP 30.33 | 36.82 | 0.124 [211.18 | 764.07
NAK 18.75 | 23.72 | 0.051 |202.62 |1213.87
SCM400 | 27.18 | 34.19 | 0.160 | 210.64 | 654.07
SKH51 4031 | 43.51 | 0.259 |246.80| 263.85
SM45C 46.60 | 52.07 | 0.338 |209.05 | 374.14
STB2 41.52 | 49.71 | 0.244 [ 214.85| 322.80
STC3 50.00 | 57.13 | 0.264 |208.74 | 244.10
STC4 4790 | 53.76 | 0.212 }209.15| 311.15
STD11 35.12 | 39.28 | 0.276 |215.66 | 242.89
STD61 41.77 | 48.92 | 0.291 |221.48| 350.25
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