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Abstract − The influence of Rockwell and Vickers 

diamond indenters geometry in hardness measurements 
justifies the strict specifications and tolerances in the 
relative standards. Many methods, and consequently 
dedicated instruments, have been developed to investigate 
the geometrical parameters in order to calibrate the diamond 
indenters. Most of them, using contact or contactless 
methods, can only investigate some profiles of the indenters; 
from these partial measurements the whole geometry is 
derived. Few other instruments can investigate the whole 
shape but, since they are custom-developed, costs and 
difficulties in the calibration of these instruments have 
limited their use. 

A new method is proposed in this paper using a 
commercial and not dedicated instrument: a 3D measuring 
confocal microscope. This type of instrument have also the 
advantage that the whole geometry is analyzed with a 
consequently knowledge improvement in the indenter 
calibration.  

In the paper the measurement method, the used 
instrument and its calibration to assure traceability to the 
length and angle standards are investigated. 

Keywords: Hardness indenter, calibration, confocal 
microscopy 

1.  INTRODUCTION 

The influence of Rockwell and Vickers diamond 
indenters geometry in hardness measurements is very well 
known ant it has been deeply  investigated [1 to 6]. As result 
of these studies, the calibration of diamond indenters used 
for Rockwell and Vickers hardness measurements is one of 
the specifications in the relative international standards [7 to 
10]. The tolerances vary if the indenter is used for industrial 
or calibration purpose, but they are always well defined. 

Several instruments have been developed in the years to 
carry out the calibration of these types of indenters [11, 12]. 
Most of them have the following limits: i) partial 
investigation of some profiles of the indenter shape, ii) high 
cost due to the customized development, iii) difficulties in 
the instrument calibration to assure traceability to the unit 
standards. 

In the recent years, a family of microscopes using the 
confocal technology have been developed and are now 

easily available on the market. One of the limits that they 
had in their first realizations was the impossibility to 
observe diamond surface. This limit is now overcome with 
new confocal technology and new types of sensors. 

2.  INSTRUMENT AND METHOD 

The used instrument, available at INRIM laboratory, is a 
dual core 3D measuring microscope which combines both 
confocal and interferometry techniques, but only confocal 
lenses are used.  

Confocal microscopy [13] is an optical imaging 
technique used to increase micrograph contrast and/or to 
reconstruct three-dimensional images by using a spatial 
pinhole to eliminate out-of-focus light or flare in specimens 
that are thicker than the focal plane [14].  

The invention of the confocal microscope is usually 
attributed to Marvin Minsky, who produced a working 
microscope in 1955 [15]. The principle of confocal imaging 
advanced by Minsky, and patented in 1957, is employed in 
all modern confocal microscopes.  

In a conventional (i.e., wide-field) fluorescence 
microscope, the entire specimen is flooded in light from a 
light source. Due to the conservation of light intensity 
transportation, all parts of the specimen throughout the 
optical path will be excited and the fluorescence detected by 
a photo detector or a camera. In contrast, a confocal 
microscope uses point illumination and a pinhole in an 
optically conjugate plane in front of the detector to eliminate 
out-of-focus information. Only the light within the focal 
plane can be detected, so the image quality is much better 
than that of wide-field images. As only one point is 
illuminated at a time in confocal microscopy, 2D or 3D 
imaging requires scanning over a regular raster (i.e. a 
rectangular pattern of parallel scanning lines) in the 
specimen. The thickness of the focal plane is defined mostly 
by the square of the numerical aperture of the objective lens, 
and also by the optical properties of the specimen and the 
ambient index of refraction. These microscopes also are able 
to see into the image by taking images at different depths. 

This technique finds an optimum application observing 
and reconstructing the shape of diamond Rockwell and 
Vickers indenters. 

The system is also equipped with a motor X-Y stages 
that permits to operate as a fully automated coordinated 



measurement system. With these features, extended profile 
and extended topography measurements can easily be 
acquired using the stitching algorithms included in the 
software. A closed-loop PZT assures a high-accuracy z-
scan. It achieves sub-nanometer vertical resolution (up to 
0,1 nm) and traceability to national standards. 

Due to the versatility of the microscope, the 
measurement method is very simple. The indenter is located 
under the microscope lens (different magnifications and 
Numerical Apertures can be selected) and, after the setting 
of the measurement parameters, an automatic procedure is 
launched. It consists mainly in the link of several images by 
means of stitching algorithms. 

The total measurement process needs a couple of hours 
but, since it is fully automatic, during this time interval no 
operation is necessary by the operator. 

2.2. Instrument calibration 
The first calibration of the instrument has been made by 

means of 2D calibrated gratings for the Z-axis. Similar tests 
of calibration have been carried out for the X-Y axis using 
1D calibrated gratings [16, 17]. 

For this application, it is foreseen also to verify the 
instrument calibration directly by means of an angle 
standards and calibrated spheres (ruby spheres).  

3.  PRELIMINARY RESULTS 

In fig. 1 an example of 3D image of the Rockwell 
indenter is presented. It is obtained using a 50x confocal 
objective with a N.A. of 0.55. It is composed by stitching 36 
single images (6x6) each obtained with 10 µm Z-step scan 
(internal resolution of few nanometers). With this resolution 
the measuring time is about 2 hours but it is possible to 
increase the Z resolution up to 1 µm step, correspondent to a 
sub-nanometer internal resolution; at this maximum 
resolution the measuring time can considerably increase.  

 

Fig. 1.  Reconstruction of the tip geometry of a Rockwell indenter 

Having the whole image of the indenter shape, with the 
software of the microscope is it possible to perform the 
measurement of the geometric parameters as required by the 
relative standards (angle of the cone, radius of the spherical 
tip, planarity of the generatrix of the cone, etc.). One of the 
most difficult to measure, that is probably the most influent 
in hardness measurements, is the radius of the spherical tip. 

As example is here reported the possibility to estimate this 
parameter. 

The first step is the definition of the border limit between 
the spherical and the conical part of the indenter. At the 
present it is defined by the operator but it is foreseen the 
development of an automatic routine in the software for this 
analysis. 

In fig. 2 the top view of the image of the spherical part of 
the indenter is shown. 

 

Fig. 2.  Top view of the spherical tip of the Rockwell indenter 

From this image, the software can automatically 
interpolate a theoretical sphere, giving the result of the 
radius of the sphere (and its standard deviation). In the 
example, the interpolated sphere has a radius of 214 µm. 

It is also very useful to have, as result of the 
interpolation process, the picture representing the residuals 
of the interpolation that are the deviations from the 
interpolating sphere (fig. 3). 

 

Fig. 3.  Deviation from the interpolating sphere (214 µm) 

From that picture is quite easy to see not only the 
maximum variations (in this case 7 µm, corresponding to 



±3,5 µm from the mean value of 214 µm), but also as the 
deviations are distributed in order to have also information 
about the quality of the indenter geometry. 

3.1. Comparison with other methods 
In order to validate the measurement method, a 

comparison with another system has been carried out.  
At IMRIM hardness laboratory a specific instrument has 

been developed for the calibration of hardness indenters. It 
consists in a sine-bar system with interferometric 
microscope used for the angle measurements, and a rotating 
table with an LVDT transducer (used as comparator with a 
ruby sphere standard) for the radius measurements [18]. 

The comparison consists in the analysis of the 
differences of the measuring values obtained with the two 
different measuring systems on four different cross sections 
(at the present only the radius of the spherical tip has been 
analysed). 

From the image obtained by the confocal microscope it 
is very easy to extract a line profile of selected sections of 
the spherical tip of the indenter (fig. 4). 

 

Fig. 4.  Extracted profile (Rockwell indenter) 

From this profile it is possible to zoom on the 
spherical part as shown in fig. 5. 

 

Fig. 5.  Profile section with zoom on spherical tip 

Using the tools available in the software of the confocal 
microscope, the radius of the interpolated circle is calculated 
as 214,12 µm. Since for the comparison with the other 
above described instrument it needs the calculation of 8 
measurement sections, the image acquired with the confocal 
microscope has been elaborated in with the same procedure 
as made for the other instrument. An example of the 
elaboration is shown in fig. 6. 

 

 

Fig. 6.  Profile section analysis of the Rockwell indenter tip and 
residuals from spherical interpolation (212,04 µm) 

From the comparison of the results of the two different 
systems based on the measurement of eight angular sections 
equally observed, differences of the order of 1÷2 µm have 
been measured. These differences are fully compatible with 
the expanded uncertainties of the measuring systems that are 
in the order of 2÷3 µm. 

However, the work on the uncertainty estimation of the 
measurements obtained with the confocal microscope 
should be better developed and it is probably possible to 
obtain better uncertainties varying the acquisition 
parameters and carrying out a more accurate instrument 
calibration. 

Similar investigation has been carried out with a Vickers 
indenter.  

Also in this case two different measurement methods can 
be applied: profile measurement and full surface analysis. 

From the image obtained by the confocal microscope 
(fig. 6) a line profile of selected sections of the pyramidal tip 
of the indenter has been extracted (fig. 7) and analysed (fig. 
8). 

 

 

Fig. 6.  A 3D image of Vickers indenter 



 

 

Fig. 7.  Extracted profile (Vickers indenter) 

 

 

Fig. 8.  Profile section analysis of Vickers indenter with residuals 
from linear interpolation (135,97°) 

Using the tools available in the software of the confocal 
microscope, the angle between two plane surfaces 
interpolating opposite faces of the Vickers indenter is 
calculated as 135,99°.   

The data calibration obtained with the other instrument 
give a result of (136,00±0,03)°, fully compatible with the 
measurements obtained with the confocal microscope. 

4.  CONCLUSIONS 

The technique of the confocal microscopy has been 
demonstrated to the able to satisfy the necessity of 
measurements in the hardness diamond indenters 
calibration. 

Using this type of microscope more complete 
information about the geometry of indenters are obtained 
compared with stylus-type instruments. 

This preliminary work intends only to investigate this 
technique but more intensive and deep work is necessary to 
estimate all the geometrical parameters involved in the 
indenter calibration and to estimate correctly the uncertainty 
of measurement. However, from the preliminary results, it 

seems that uncertainties at the level of the state of the art of 
this kind of measurements, or better, can be easily reached.  
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