XVII IMEKO WORLD CONGRESS
Metrology for a Sustainable Development
September, 17 — 22, 2006, Rio de Janeiro, Brazil

VERIFICATION OF IMAGE ANALYSIS SYSTEMS
FOR MEASURING BRINELL INDENTATIONS

Robert Ellis*, Andy Knott 2, Dr Konrad Herrmann 3

1 David L. Ellis Company, Inc., Acton, MA, USA, dlsto@aol.com
2 National Physical Laboratory (NPL), Teddington,itdd Kingdom, andy.knott@npl.co.uk
3 Physikalisch-Technische Bundesanstalt (PTB), Brawnsich Germany, konrad.herrmann@ptb.de

Abstract: Recently image analysis systems have becomthe image system. However, in a fully automatic edtie

available and are now used widely in industry. Whiiere
are great benefits in using this method to meaBuneell
hardness indentations, a method to verify theseesysis
needed. Older
exclusively are not sufficient. Methods and guide$i for
the use of these systems should be developed.
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1. IMAGE ANALYSIS COMPARED TO PREVIOUS
METHODS OF DETERMINING BRINELL
INDENTATIONS

All Brinell testing requires an indentation be mad®
the material which is tested. This Brinell indeittatis made

by using a known size ball (of diameter 1 mm, 2rd,m
5 mm, or 10 mm, and made of tungsten carbide, istmo

cases) and applying a known force as specified 3T}
E-10 [1] and ISO 6506-1 [2].

The Brinell hardness value is calculated using kb
size used, the force applied during the test, &edsize of
the measured indentation. It is relatively easgdotrol and
measure the ball size and the force applied, howthe
measured indentation can be difficult to determifée
inability to measure the indentation size correcty affect
the final Brinell hardness value significantly.

There are significant differences between the older
methods of determining the Brinell indentation gsin

microscopes and the newer methods using imagessaly

Older methods for determining Brinell indentatiarse a
microscope either fixed or variable focusing. Ither case,
fixed focus or not, the user must determine bywlgere the
edge of the Brinell indentation is. This human iattion
can yield different results of indentation diamet&om one
individual to another. If one introduces focus dfet
microscope, the user can also obtain different ritatéon
diameters depending on how the focus is adjusted.

Image analysis allows the computer with a camera to

determine the Brinell indentation size automaticalh a
semi-automatic mode it can be finely adjusted lgy dker.
This method of adjustment is done by the user tibrede

user leaves all discretion of attaining an indeotasize to
the computer. In some cases, it is possible thatvidue
obtained is different than that obtained through a

methods using flat stage micrometemicroscope.

Microscopes and handscopes have fixed or movirgglin
to measure the Brinell indentations. In either cémeuser
must adjust the lines to the perceived edge of the
indentation.

Image analysis systems are calibrated against known
distances as opposed to older microscope verificati
methods. In general, an image system counts thelspik
sees in an image. It is the computer that conthegpixels
counted to a distance. Usually a flat stage mictemeith
traceable measurements is used to calibrate thegeima
system. A known distance on the stage micrometer is
compared to the image system readout. The system
parameters are then set against these traceahksval

Image systems usually have a readout system with a
higher resolution than a typical Brinell microscopgpical
Brinell microscopes have a 10 um to 50 um resatutio
compared to a 1 pum to 10 um resolution of the image
analysis system.

In general, image systems can give more repeatable
results than the typical Brinell microscope usihg same
operator or from one operator to operator. Thissdoet
mean the results are more accurate. Further discussl|
show why this is not necessarily true in all cases.

2. CHARACTERISTICS OF BRINELL SYSTEMS
USING IMAGE ANALYSIS

Since image analysis systems operate differently to
traditional microscope systems, there are areanoéern.
Most users are not aware of these characteristidsuae
them without realising the possible errors assediatith
the system. This has been studied by NIST [3].

2.1. Determining the edge of the indentation

The edge of the Brinell indentation must be deteedi
in order to measure the diameter. Fig. 1 showspéidy
Brinell indentation. Image systems do not use lagén the



traditional method with microscopes. The computgtares
the image and determines the edges. A computerurehs
indentation can be seen in Fig. 2. Usually the aasmpuses
shades of light and dark. If the line definitionrist well
defined, the computer may assume the incorrect .edg
Where the human eye may overlook imperfections hen t
surface or poor line definition, the computer canimsome
cases, the image of the computer image analysentation
can appear perfectly round or correct, but stiNegian
incorrect diameter value.

In this study, a Brinell test block was indentedhn18
different sized indentations. This was done by wayythe
ball diameters and the forces. Table 1 shows tkerigion
of the indents and diameters. Initially, the indgions were
measured at a secondary laboratory using an inzajgsis
system. Afterwards, the Brinell block was sent wot
national laboratories (NPL and PTB) to measure siume
indentations.

It is therefore possible for the computer to deteama
different diameter than the human eye can. In soases
the lighting can change the way the computer seestige
of the indentation.
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Fig. 2 Brinell indentation measured by image analyis

TABLE 1 Indent description and diameters

2.2. Fixedfocusing of image systems

Most Brinell image analysis systems are fixed focus

This can present itself as a problem because Brinel

indentations are not flat. Usually material pilgs at the

edge. For this reason, the edge is at differerghteifor all

indentations at various hardness ranges, ball ,siaed

forces used. When compared to a measured indemtafio

using a microscope with focus, the determined diamean

be different.

In Fig. 3, diameter values were compared for angana

analysis system against the two national laboredottn this

case, the image analysis system was verified agaistge

micrometer measured by a third national laborafbits T).

In Fig. 4, the differences in hardness values hosva as a
result of the differences of indentation diameters.
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Fig. 1 Brinell indentation shown by NPL microscope

Indent Ball / KGF Indent Size mm
1 10/3000 4.2983
2 10/2500 3.9536
3 10/2000 3.5770
4 10/1500 3.1675
5 10/1000 2.6461
6 10/750 2.3283
7 5/2000 3.3616
8 5/1500 2.9447
9 5/1000 2.4588
10 5/750 2.1718
11 5/500 1.8108
12 5/250 1.3316
13 2.5/250 1.2431
14 2.5/187.5 1.8092
15 2.5/62.5 0.6673
16 1/187.5 0.7647
17 1/62.5 0.6098
18 1/31.25 0.4482
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Fig. 3 Non-linearity of image analysis against mioscopes
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Fig. 4 Non-linearity of image analysis against mioscopes

Fig. 5 Image analysis diameter measurements (10 mipall) after
adjustments to known indentation sizes from nationlaboratories

2.3. Non-linearity of image systems versus microscopes

While it is possible to set up an image analysistesy
against a traceable standard, the system may rextdgate
over the full range of diameter sizes. Also, thensasize
indentations for two different size balls can vyielidferent
measurements.

The image analysis system was calibrated to a bloc
with standardised reference indentations tracetaltiee two
national institutes. The traceable indentations ewer
measured at the national institutes using calidrate
microscope systems. However, when the image asalys
system is set up to agree at one end of the inti@mtange

Error Brinell Image System Using NIST Verified Stage
Micrometer and PTB / NPL Verified Indents
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using these series of traceable indentations,as dwt agree
across the whole range of indentation sizes. Tduishe seen
in Fig. 5. This is an area of concern since mosagen
analysis systems are used over a range of indentsities.

Fig. 6 Image analysis diameter measurements aftadjustment to a
stage micrometer from a national laboratory

When using a 10 mm ball (indentations 1 to 6)ait be
seen that this image analysis appears to agresr losgr the
2 mm to 4 mm range when adjusting the system teeagt
about 3.5 mm. Adjusting to other points resultswiarse
agreement. These lines are closest to the 0.000imamin
Fig. 5.

If the image analysis system is adjusted at varmists
on a stage micrometer, it will read the indentation
differently at different points. The image analysigstem
never agreed exactly to the lengths on the stageometer.
They were always short, but the best correlatiocuoed
when the image analysis system was adjusted at .5 mn
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Using shorter distances made the situation woiseaa be
seen in Fig. 6.

Adjusting the image analysis to various points bha t
stage micrometer yielded different measurementsthen

Fig. 7 Image analysis length measurements after pstment to various

points on a stage micrometer from a national laboreory

2.4. Ball sizeinfluence

stage micrometer. The lengths measured on the stage

micrometer were best when the system was adjustéuea
greatest length, as can be seen in Fig. 7.

The ball size greatly influences the accuracy dof th
image analysis system. As seen in Fig. 3, as thieslzz
decreases, the accuracy decreases as well. What has

occurred here is that the image analysis systembbkas

calibrated at one ball diameter / force and at eme of the
range of indentation sizes. While it may agree at o

indentation size, it cannot at another.




While the measured diameter values digress from one
end of the range to the other in all cases, theatin
appears worse as the ball size decreases.

2.5. Pile up around the indentation edge

Two indentations of about the same diameter may not
agree with an image analysis system. There is rafisignt
difference when the ball size is reduced. Therdeis
agreement in image systems versus a microscopeoudse,
the heights of the indentations are different. Taek of
focus may contribute to the errors.

3. CONCLUSION

Image analysis systems are now broadly used thouigh
the world. It is important that these systems ailye
perform an analysis of the Brinell indentation. $&esrrors
of measuring the indentations can cause largerdiftes in
the Brinell hardness values.

A measured indentation is necessary to calibrate an
image analysis system. The use of such a reference
indentation is a better method than using a flatgest
micrometer because it replicates the three dimeasio
geometry which the systems will be required to raeas

The method for calibration of a image system shdagd
simple and traceable to a national standard.
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