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Abstract — In the framework of the standardization and
laboratory activities concerning the calibration of hardness
testers, in particular for indirect verification there are some
questions to be answered to decide an efficient metrological
confirmation strategy:

a) how many points on each scale shall be checked?

b) How many levels of the indentation scale shall be
checked?

¢) How many levels of forces shall be checked?

d) Is the correlation between indirect results and direct
results strong enough to allow a partial check of the
hardness scales of the tester?

A number of tests have been made and the results have
been statistically elaborated to give an answer to these
questions.
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1. INTRODUCTION

Well known technical reasons require, for hardness
measurement, to have both the direct and indirect calibration
procedure [1]. In fact direct measurement of the main
parameters of the hardness measurement cycle (forces,
length scale, indenter geometry) shall guarantee that the
measurement performed corresponds to the method
described in standard documents, whereas the indirect
measurements take care of possible deviations due to factors
very difficult to be measured, as the mechanical
performances of the indenter, dynamic behaviour and
stiffness of the tester structure and indentation velocity of
the last part of indentation cycle. For these reasons the initial
qualification of a hardness tester require the application of
both direct and indirect calibration procedures, to have a
complete check of the tester, as the direct qualification alone
cannot assure that effects of unmeasurable factors are
negligible, while indirect qualification cannot avoid
unacceptable adjustment of the measurement results based
on the compensation of the effect of a wrong cycle
parameter obtained putting out of tolerance an other
parameter.

Periodic checks, on the contrary, shall guaranty only the
stability of the testers; therefore possible different strategies
can be adopted, always with the aim of evaluating that all

the parameters, measurable and unmeasurable ones, are kept
within the tolerances. Moreover even in harness
measurement metrological confirmations, as commonly
used for other quantities (ISO 10012), can be adopted.

The point is that to establish a good metrological
confirmation strategy it is necessary to have practical
experience: in particular for indirect measurement there are
some questions to be answered to decide an efficient
metrological confirmation strategy:

a) how many points on each scale shall be checked?
(This is connected also to the linearity or interpolation error
of the scale, which cannot be evaluated without the
experience of measurement on a larger number of points
than required by calibration standards).

b) How many levels of the indentation scale shall be
checked?

¢) How many levels of forces shall be checked?

d) Is the correlation between indirect results and direct
results strong enough to allow a partial check of the
hardness scales of the tester (for instance a main scale
calibrated with direct and indirect measurement and the
other scales calibrated only by indirect or indirect
measurements)?

Following are presented the experimental tests and the
results statistically elaborated to give an answer to these
questions and, specifically for the question of linearity and
interpolation error, some information has been obtained.

2. EXPERIMENTAL TESTS

Thanks to the work of two Calibration Laboratories, LTF
S.p.A. and T.M.T. s.n.c., of the Italian Calibration Service
SIT (Servizio di Taratura in Italia), 38 hardness testers,
currently used in workshops and laboratories of industrial
plants, were checked with reference hardness blocks with an
extended evaluation on five hardness levels, instead of the
three hardness levels required by standard specifications [2].
This exercise allows to analyse what is the typical pattern of
industrial hardness testers, has, having five measurement
points, it is possible to use second degree models still
keeping two degrees of freedom. A comparison with
regressions performed with a first degree model allow to
understand if this simpler model, applicable even when only
the three measurement required by standard specifications



are available, is sufficient for describing the tester
performance. The results obtained are given in table 1 and 2.
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TABLE II. Results of HRC measurements made by T.M.T.
s.n.c.

Fig. 2. Example of a nearly constant pattern over a very significant
bias.

There is no typical morphology. Frequently nearly
constant pattern are ended with a rapid decease at the higher
hardness, as shown in figure 1.
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Fig. 4. Example of an evident parabolic pattern.



3. ANALYSIS OF RESULTS

To try a more objective analysis, linear regression [3]
has been performed both with first degree and second-
degree models. The evaluation of results was made in two
ways:

- The difference of maximum residual for the first and
second degree models was compared with the confidence
interval of residuals to see with the method of statistical
tests of hypothesis if the difference is significant

- For every hardness tester was evaluated if the
standard deviation of residuals for the first degree model is
greater then that obtained with the second degree model,
increased by 50%, to take into account the large uncertainty
of standard deviations due to the small number of degrees of
freedom.

The fact that the difference is not significant against the
casual variability of experimental errors can be seen also
comparing the distribution of standard deviation of residuals
obtained by linear regression using the two different models,
as can be seen in figure 5.
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Fig. 5. Comparison of the distributions of standard deviation of
residuals for the two different models of linear regression. Note the
similar shape (probably in connection with a % distribution [4])
and the similar range.

3. PRACTICAL EVALUATIONS

The previous analysis has shown that the use of a first-
degree model do not introduce errors larger that the normal
variability of the results. This result is important because the
first-degree model can be used with the results of three

hardness level measurement prescribed by standard
procedures. With the measurement done it is now possible
to apply linear regression only to 25 HRC, 45 HRC and
65 HRC levels for checking if the fits are compatible with
that obtained with five experimental points and for
evaluating the amount of interpolation error. This last
information, specifically, is very important to assess a
typical type B uncertainty contribution to be used in the
uncertainty budget.

The first check is to compare the distribution of the
standard deviation against that obtained with five hardness
levels. One can note from figure 6 that this distribution is
even better, higher frequencies being closer to zero and the
range being the same. This could be due to the fact that the
number of degrees of freedom is smaller in this case.

Frequency of Standard deviation - first degree model,
three levels
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Fig. 6. Frequency distribution of the standard deviations of
residual obtained with a first-degree model regression over data of
three levels of hardness.

Having shown that it is statistically possible to
interpolate three hardness results of normal checks, could be
important now to evaluate a typical value of the
interpolation error, that is the maximum of residuals. We do
this evaluation both using our best information, that is the
parabolic model obtained with five hardness levels, and the
linear model obtained with the normal three levels, so that a
further comparison can be done.

Results reported in figure 7 show that in the case of
linear model over three hardness levels maximum residuals
can be nearly twice as much as the maximum residuals
obtained with the parabolic model ove five hardness level.
In the first case the standard deviation is a little more than
0,2 HRC, while in the second case is about 0,11 HRC.

3. CONCLUSION

The experimental work done together with the data
analysis have shown that there is a concrete possibility of
interpolating the three hardness results of indirect
measurement to define the pattern of the whole HRC scale
of an hardness tester. Results thus obtained are compatible
with the certainly much robust results obtained by parabolic
interpolation over the results obtained on five levels of
hardness.



The residual distribution, significant to establish a
contribution of uncertainty for taking into account the
interpolation error shows that in the first case one should
consider a standard deviation of about 0,2 HRC, wile in the
second case a standard deviation as low as 0.1 HRC could
be acceptable.

A consideration erase immediately: the interpolation
error seems to be significant for a number of applications,
therefore, when critical measurement are required one
should calibrate the hardness tester over five hardness levels
or with a local check near to the value of hardness to be
measured.

A further conclusion should be considered, that is we
shall remember that this exercise has been done on the field,
that is using hardness testers of any level of industrial use.
In case of laboratory testers, kept carefully under control,
the amount of interpolation error could be much lower.
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Fig. 6. Comparison of the distributions of residuals obtained using
the parabolic model on five hardness levels and the linear model on
three hardness levels.

REFERENCES

[1] EA-10/16, “EA Guidelines on the Estimation of Uncertainty
in Hardness Measurements”, European Co-operation for
accreditation, rev.00, Oct 2001.

[2] ISO 6508-2:1999 Metallic materials -- Rockwell hardness
test -- Part 2: Verification and calibration of testing machines
(scales A, B,C,D, E, F, G, H, K, N, T).

[3] Vicario G., Levi R., “Statistica e probabilita per ingegneri”,
Soc. ed. Esculapio, Bologna, p. 308, 2001.

[4] Vicario G., Levi R., “Statistica e probabilita per ingegneri”,
Soc. ed. Esculapio, Bologna, pp. 217-220, 2001.

Author: Professor Giulio Barbato, Dipartimento di Sistemi di
Produzione ed Economia dell’Azienda, Politecnico di Torino,
Corso Duca degli Abruzzi 24, 10129, Torino, Italy, phone: +39 011
5647285, fax: +39 011 5647299, giulio.barbato@polito.it.

Author: Dr. Alessandro Germak, Istituto di Metrologia “G.
Colonnetti” (IMGC-CNR), strada delle cacce 73, 1-10135 Torino,
Italy, Tel: +39.011.3977.367, Fax: +39.011.3977.426,
E-mail: A.Germak@imgc.cnr.it

Author: Mr. Claudio Origlia, Istituto di Metrologia “G.
Colonnetti” (IMGC-CNR), strada delle cacce 73, 1-10135 Torino,
Italy, Tel: +39.011.3977.354, Fax: +39.011.3977.426,
E-mail: C.Origlia@imge.cor.it

Author: Mr. Francesco Turotti, LTF S.p.A., Via Cremona 10,
1-24051 Antegnate (Bergamo), Italy, Tel:+39.0363.94901,
Fax: +39.0363.914770, E-mail: Jtf@ltf.it

Author: Mr. Manfredo Vattasso, T.M.T. s.n.c, Via San Francesco
d’Assisi, 8, 1-10040 Rivalta (Torino), Italy, Tel: +39.011.9091004,

Fax: +39.011. 9047384, E-mail: info@tmt-tarature.it


mailto:giulio.barbato@polito.it
mailto:A.Germak@imgc.cnr.it
mailto:C.Origlia@imgc.cnr.it
mailto:ltf@ltf.it
mailto:info@tmt-tarature.it

