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Weibull Statistical Analysis of Micro-Vickers Hardness using
Monte-Carlo Simulation

Seon-Jin Kim, Yu-Sik Kong and Sang-Yeal Lee
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Abstract

In the present study, the Weibull statistical analysis using the Monte-Carlo simulation has been
performed to investigate the micro-Vickers hardness measurement reliability considering the variability.
Experimental indentation test were performed with a micro-Vickers hardness tester for as-received and
qguenching and tempering specimens in SCM440 steels. The distribution of micro-Vickers hardness is
found to be 2-parameter Weibull distribution function. The mean values and coefficients of variation
(COV) for both data set are compared with results based on Weibull statistical analysis. Finally,
Monte-Carlo simulation was performed in order to evaluate the effect of sample size on the
micro-Vickers hardness measurement reliability. For the parent distribution with shape parameter 30.0
and scale parameter 200.0 (COV=0.040), the number of sample data required to obtain the true Weibull
parameters was founded by 20. For the parent distribution with shape parameter 10.0 and scale
parameter 200.0 (COV=0.1240), the number of sample data required to obtain the true Weibull
parameters was founded by 30.
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Table 1 Chemical composition of SCM440 (wt. %)

C Si Mn P S Cu Ni Cr Mo Fe

0.41 0.26 0.74 0.01 0.012 0.14 0.06 1.0 0.19 Bal.

Table 2 Mechanical properties of a test material

Tensile  Yield Elongat- Reduct-
. ) Hard- Impact
strength strength ion  ion of
ness energy
O 0y € area oy (Kg - )
(MPa)  (MPa) (%) (%) i
1143 1032 16.6 52.6 204 7.5
(%
Cav. | Dt (80T
Pur. Quenching.
(580¢
Temp 13t
(80
| ep | p || | e

Fig. 2 Summary of heat treatment process
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Fig. 3 Micro Vickers hardness tester (HM-124)
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Table 3 Statistical Properties of micro-Vickers
hardness values

Average  Standard Coefficient
Number . .
Vickers  deviation of
testin hardness of HV  variation
g (kgfimm?®)  (kgf/mm?)  (COV)
As-received 20 204.195 7.355 0.036

Heat-treated 20 293.155 12.475 0.043

(In case of load 100 g, duration time 10 sec)
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Fig. 5 2-parameter Weibull plots for micro-Vickers
hardness data
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Table 4 Statistical properties of micro-vickers hardness

values
Sample # . Remarks
size  (a-mean) (a-COV)
As- 20 204.1  0.039 a= 32.9
received (204.2) (0.036) [=207.5
Heat- 2929  0.044 a= 28.3
treated (293.2) (0.042) [=298.6
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Table 5 Simulation conditions considering COV

Sample

cov ) a ye) Remarks
Size
0.040 100 30.0 200 2-p
0.012 100 10.0 200 Weibull
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a L
(%) (n)
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