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Abstract: The indentation measurement of Brinell
hardness is an important element that can determine the
accuracy of measurement results. However, although the
performance of hardness testers have significantly improved
over the years, the deviation of indentation measurements
among the testing centers has not changed. It is not even
difficult to find testers who have differing measurement
results for the same indentations. This paper is related to the
proficiency test of calibration laboratories using the Brinell
hardness reference indentation specified in ISO 6506-3.
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1. INTRODUCTION

Since Brinell hardness is calculated using indentation
diameter, it is difficult to assure the accuracy and reliability
of hardness test results without accurately measuring the
indentation diameter. Industrial sites often face difficulties
because of different measurement results for the same inden-
tations.  Although the performance and functionality of
hardness testers have significantly improved recently,
deviation still occurs because of many factors, including the
brightness of the measuring microscope light and numerical
aperture (NA). The key comparison of Brinell hardness
conducted in 2003 showed that the ability to measure the
skill of the reference indentation (called “Brinell hardness
dummy indentation” at that time) was closely related to
actual Brinell hardness measuring results [1]. It confirms that
the ability to measure the indentation is the most important
technical element of the ability to measure the Brinell
hardness. This paper is related to the proficiency test that
manufactures the Brinell hardness reference indentation
specimen and use for the test as specified in 1SO 6506 part 1,
2 and 3 [2], [3], [4]- Moreover, it provides the Brinell
hardness reference indentation that should be used as it
shows a significantly improved deviation. This would
replace the calibration laboratories’ standard scale
calibration that failed the proficiency test. It proves that the
Brinell hardness reference indentation is a very effective
calibration means to improve the accuracy of Brinell
hardness measurements.

2. OVERVIEW OF SPECIMEN OF BRINELL
HARDNESS REFERENCE INDENTATION AND
PROFICIENCY TEST

Diameter reference indentations of (2-5) mm were used
since they are most widely used for measurements in
calibration laboratories. Fig. 1 shows the specimen of Brinell
hardness reference indentation manufactured for the
proficiency test. As shown in the picture, three rectangles
with a number were engraved, and the indentation with a
different diameter was positioned at the center. The
guideline was created to map the center of the indentation
with the x- and y-axes of the measuring microscope. Since
the reference indentation must clearly show the corners and
there must be no crack on the indentation when it is observed
by a microscope, the roughness of the measured surface was
fabricated to be 0.2 um Ra or less [3]. The diameter of the
reference indentation specimen was 65 mm and the thickness
was 15 mm. Table 1 shows the calibration result of each
specimen. Participating in the test were 27 calibration
laboratories accredited as hardness tester calibration
laboratories by KOLAS(Korea Laboratory Accreditation
Scheme). To operate the proficiency test efficiently, the
participating laboratories were divided into groups A, B, and
C, and the specimen was delivered to them on schedule. It
took approximately two months to complete the proficiency
test.

Fig. 1. Specimen of Brinell hardness reference indentation.
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Figs. 3, 4 and 5 show the results of the proficiency tests,
performed by the participants using the reference indentation.
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The deviation Ad in Figs. 3 and 4 was calculated with 10 - J et VA
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where E, is the normalized deviation ratio, U is the  jndentation No. 4, 5, and 6.
measurement uncertainty of d,,, (k=2) and U,y is the
measurement uncertainty of drer. (k=2) [5].
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As shown in Fig. 5, the E, number, calculated from the
measurement results of participant A3, was 6.6, but the E,
number, calculated from participants A5, A6, A9, B3, B4,
C3 and C9, varied in the range of 7-24, showing a wide
variation. In particular, participant C4, showed the deviation
Ad of 0.24 mm, which was much larger than those of other
participants. This means that there is a critical problem in the
measurement system or in the measurement procedure.

4. RESULTS OF REMEASUREMENT

ISO 6506-2:2014 specifies the use of the reference
indentation for microscope calibration in order to measure
indentation diameter [3]. The specification was provided to
remedy the inaccurate calibrations made by conventional
standard scales. Systematic errors using only the standard
scale for microscopic calibrations cannot be avoided because
the standard scale is 2D while the actual Brinell indentation
geometric shape is 3D as shown in Fig. 6. Therefore, using
the calibration device or instrument that is closest to the
shape to be measured is the most effective way to minimize
systematic errors. In this sense, the reference indentation with
a reference value was provided to some of the participants
who generated the failed results. These participants were
asked to use the reference indentation and reference value
instead of the standard scale for microscopic calibration and
correction value calculation of the tester. It was an
experiment to check if the reference indentation could
actually reduce systematic errors during calibration. Table 2
shows the result of remeasurement with differences between
Ad and Ad,.,, . The absolute reduced relative deviation in
Table 2 was calculated with Equation (3)

_ |Ad| - |Adrem.|

AdARRD - |Ad| " 100

(3)

where Ad,grp is the absolute reduced relative deviation
in % , and Ad,.,, is the calculated deviation from the result
of remeasurement. The calculated E, number for each
participant is given in Table 3.
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Fig. 6. 3D image of the Brinell indentation.

Table 2. Results of remeasurement .

Absolute deviation Absolute Absolute
Nom. Symbol (mm) reduced
. reduced ;
diameter of deviation relative
(mm) participant Ad Adyorm deviation
I D7)
A6 0.0090 | 0.006 6 0.0030 26
2.2 B6 0.0045 | 0.0002 0.004 3 95
C9 0.0290 | 0.008 0 0.0210 72
A6 0.0235 | 0.0002 0.023 3 99
2.5
B6 0.0040 | 0.0018 0.002 2 55
B3 0.0385 | 0.0141 0.024 4 63
2.8
B4 0.0213 | 0.008 3 0.0129 61
B6 0.0111 | 0.0003 0.0108 97
3
C9 0.0114 | 0.0013 0.0101 89
B3 0.0826 | 0.0188 0.063 8 77
4.2
B4 0.0620 | 0.0115 0.0505 81

Table 3. The change in E, number of two measurement
results.

_Nom. Symbol of Absolute
diameter e E, value
(mm) participant st ond
A6 2.4 1.00
2.2 B6 1.8 0.02
C9 12.2 3.80
A6 5.7 0.03
25 B6 1.9 0.72
28 B3 12.1 3.90
) B4 104 0.20
B6 3.8 0.06
30 C9 4.1 0.01
42 B3 24.1 5.00
' B4 13.1 0.30
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Fig. 7. Comparison of absolute relative deviation between
two measurement results.

5. CONCLUSIONS

This proficiency test showed the maximum deviation Ad
of 0.24 mm, which was much larger than expected.
Therefore, in-depth studies of factors that affect Brinell
indention measurements and technical standard presentations
to reduce industrial site measurement deviations are needed.
The reference indentation to replace the conventional
standard scale was provided to participaints who generated
the failed results. They were to use it for calibration, such as
microscopic calibration related to indentation measurements.
The results showed that the deviation is reduced by (26-
99)%. This proves that the calibration procedure using the
reference indentation is very effective at improving Brinell
hardness tests and accuracy. Future plans include
improvements in performance and quality in order to use the
reference indentation for calibration.
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