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Findings have been used to develop and implement improvements to the software of the indentation 
measurement system (IMS) currently available at TÜBİTAK UME Hardness Laboratory enabling 
autofocus, edge detection by image processing for circular, square and equilateral-shaped 
indentations and the automatic measurement of indentations. Results show a threefold improvement 
in speed compared to a semi-automatic system while also improving accuracy even further.

InIn order to enable the propagation of the hardness units to lower-level laboratories long-term stable 
and high-quality real reference indentations to be used as transfer standards are developed. This 
ensures the traceability of real indentation measurements in three dimensions rather than two 
dimensions calibration based on length measurements as is the current standard.

AdvancedAdvanced uncertainty models for BVK hardness as well as recommendations for producers of 
hardness measurement equipment based on the correlation between the reference systems 
operated by NMIs and the testing systems end users will enable consistent and comparable 
measurements and will advance the future development of these instruments.

TheThe BVK indentation definitions, uncertainty models and methodology for establishment of 
traceability for BVK hardness measurements will be used as input to improve the relevant ISO 
standards, advancing hardness measurements on a global scale by consideration of the occuring 
imperfections and influences during hardness measurements and offering a comprehensive and 
easily implementabe solution.

[1]  K. Hattori, G. W. Bahng, A. Germak, E. G. Aslanyan, F. Menelao, H. Li, K. Herrmann, L. Brice: 
Report of Pilot study on  Brinell hardness comparison CCM.H-P3, BIPM CCM WG H, 2017 

[2] L. Ma, S. Low, J. Song: An approach to determining the Brinell hardness indentation diameter 
based on contact position, IMEKO, 2014

Figure 1: Cross section of an indentation profile showing pile-up and sink-in behaviour and the 
difference between the actual and measured contact areas

Figure 2: Digital reconstruction of an intentation profile of a 75,26 HBW 2,5/187,5 indent using 
tactile measurement data used for analysis of indentation profiles and material behaviour 

Figure 3: Cross section of the 75,26 HBW 2,5/187,5 indentation profile shown in figure 2 using the 
tactile measurement data for the calculation of slope angle and rate of change of the slope angle 
for calculating the actual contact area

Figure 4: Influence of dwell time during indenting and the positioning of indents on the block on 
the measured hardness

3D tactile measurement data allows for an in-depth analysis of the indentation height profile and its 
relation to the known geometry of the indenter used. From the raw data the slope angle of the 
indentation as well as the change in slope angle are calculated [2]. 

Change in the slope angle is used to determine the real contact area. Experiments have shown 
significant differences between diameters derived from 3D and conventional 2D measurement 
(0,399% deviation in calculated hardness for the dataset shown in figure 2 and figure 3). 
UniversalUniversal definitions will be based on the 3D measurement data, which in turn is correlated to the 2D 
measurements usually performed in the laboratories ensuring an easy to establish standard. 

The project offers a solution to the problem of inconsistent hardness measurements by defining and 
establishing a methodology for traceability from the NMI level to the end user by establishing 
universal definitions for Brinell, Vickers and Knoop indentations, their borders and a methodology for 
their measurement for the most widely used IMSs. Building on this, new 3D indentation transfer 
standards, uncertainty models for BVK hardness tests, a methodology to ensure traceable 
measurements from primary standards to the end user, and automation of hardness measurements 
will all represent significant advances in hardness metrology.

Experimental data show a strong 
correlation between certain tested 
influencing factors like the dwell time 
(e.g. in figure 4) or block surface 
roughness on the measured hardness 
value. There is also significant influence 
of the illuminance and the numerical 
aperturesapertures of the lenses and their 
relationships on the indentation size for 
both bright-field and dark-field 
illumination conditions and for both 
pile-up and sink-in behavior. 

A set of parameters to be used during measurements is established to ensure minimization of the 
effects of influencing factors and keeping the resulting error between different laboratories at an 
acceptable level. 
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Hardness is an important material property describing a material’s resistance to localized 
deformation from an indenter pressing or scraping against its surface. Hardness is not a physical 
quantity; it is a method-based quantity and thus the definition of the method and the measurands 
subject to consideration in hardness are very critical.   
HardnessHardness is determined by measuring the indentation size realised on the tested material surface, 
the measurement is strongly dependent on the image magnification and processing instrument, the 
operator, and, if used, software [1].  Significant deviations in measurement results among national 
metrology institutes (NMIs), as well as between NMIs and secondary - and testing laboratories are 
due to:

The lack of a physical definition for, nor a common agreement on the location of the border of 
indentation. Material dependent transition from the undeformed surface to the indentation as 
material is pushed outside (pile-up) or pulled down (sink-in) complicates the correct border 
selection.  

The lack of specifications and settings for the variety of indentation measurement instruments 
used throughout the measurement chain. This highlights the lack of standardised measurement 
methodology and instrumentation, although all instruments used are compliant with relevant ISO 
hardness standards from a length measurement point of view. 

A unified set of definitions and methodology is developed for Brinell-, Vickers- and Knoop hardness 
scales (BVK).

A total of 76 indentations (36 for Brinell, 24 
for Vickers and 16 for Knoop scales) were 
produced on multiple materials and surfaces 
and measured multiple thousand times by 
different NMIs and universities utilizing both 
conventional optical two-dimensional 
methods as well as state-of-the art methods 
likelike scanning tactile and laser confocal 
measuring systems to measure the 3D 
surface areas of the indentations. These 
indentations and measurements are an 
excellent representation of the scales and 
devices most commonly used wordwide. 


