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Foreword

1SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through 1SO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with IS0, also take part in the work.
1SO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the 1SO/1EC Directives, Part 1. In particular the different approval criteria needed for the
different types of 1SO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. 1SO shall not be held respopgible for identifying any or all such patent rights. Details of
any patent rights identified during the dkl/biopment of the document will be in the Introduction and/or
on the ISO list of patent declarations re¢éiiad {$ée www.iso.org/patents).

Any trade name used in this docunig

ion given for the convenience of users and does not
constitute an endorsement.

For an explanation on the meaniﬁé of 1SO specifi¢? myand expressions related to conformity
assessment, as well as information aibout 15Q" satthe;ence $4 $0eMITO principles in the Technical Barriers

to Trade (TBT) see the following URL: Foi d'SupPl Stheithi§'information

is ISO/TC 16% Méchanical testing of metals, Subcommittee

The committee responsib 4
SC 3, Hardness testing.

This third edition can,wﬁ pnd repl second edgt;ql; {4

revised.

§O 6506-1:2005), which has been technically

150 6506 consists'
test:

Brinell hardness

— Part I: Test method
—  Part 2: Verification and calibrafi i§ machines
— Part 3: Calibration of reference blo

— Part 4: Table of hardness values
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INTERNATIONAL STANDARD 150 6506-1:2014(E)

Metallic materials — Brinell hardness test —

Part 1:
Test method

1 Scope

This part of 1SO 6506 specifies the method for the Brinell hardness test for metallic materials. It is
applicable to both fixed location and portable hardness testing machines.

For some specific materials and/or products, particular International Standards exist (e.g. ISO 4498)
and make reference to this International dard.

2 Normative references

The following documents, in wholé

indispensable for its application. 'Fop dated references.only the edition cited applies. For undated
references, the latest edition of the'referenced dpcumgpg ﬁqg};{dmg any amendments) applies.

maﬂhmes

i€ ma ter1a13

1S0 6506-3:2014, Me’ﬁﬂh

1S0 6506-4, Metalhc-mat ials — B¥

3 Principle

An indenter (tungsten carbide Conﬂidsiie Hallwith diamete'r,'. D)is fotted into tHe strface of a test piece
and, after removal of the force, F, tﬁé'd étar of the indentation, d, left in the surface is measured.

The Brinell hardness is proportional té thé' quotient obtained by dividing the test force by the curved
surface area of the indentation. The indentation is assumed to take the shape of the unloaded ball
indenter, and its surface area is calculated from the mean indentation diameter and the ball diameter,
using the formula given in Table 1.

4 Symbols and abbreviated terms

4.1 SeeFigurc 1 and Table 1.

© 150 2014 - All rights reserved 1
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Table 1 — Symbols and abbreviated terms

Symbol/ o .
abbreviated term Definition Unit
D Diameter of the ball mm
F Test force N
d Mean diameter of the indentation mm
g=itds
2
dy. d2 Indentation diameters measured at approximately 90° mm
h Depth of indentation
h= D 1- mm
2
HBW Brinell hardnes:
Test force
0,102 x £/D?
NOTE  constant = l;
EXAMPLE
600 HBW 1/ 30/20
duration time of test force (20 s), if not within the
specified range (10 s to 15 s)
approximate kgf equivalent of applied test force,
where 30 kgf = 294,2 N
ball diameter in mm
hardness symbol
Brinell hardness value
NOTE [n former editions of this International Standard, when use of a steel ball was permitted, the Brinell

hardness was denoted by HB or HBS.

© [S0 2014 - All rights reserved
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d,

5.1 Testing maéhiﬁé, éiPable of‘ ﬁ?fing a predetermined mt.fbrce or test for'cek.unthm the range of
9,807 N to 29,42 kN, it eordance he iSO 6506 N

5.2

5.3 Indentation diameter meas.ll e;11, as specified in ISO 6506-2.

6 Test piece

6.1 The test shall be carried out on a surface which is smooth and even; free from oxide scale, foreign
matter, and, in particular, free from lubricants. The test piece shall have a surface finish that will allow an
accurate measurement of the diameter of the indentation.

NOTE For indentations made with the smaller ball indenters, it might be necessary to polish or lap the surface
prior to making the indentation.

6.2 Preparation shall be carried out in such a way that any alteration of the surface, for example, due to
excessive heating or cold-working, is minimized.

6.3 The thickness of the test piece shall be at least eight times the depth of indentation. Values for the
minimum thickness of the test piece in relation to the mean diameter of indentation are given in Anncx B.

Visible deformation at the back of the test piece can indicate that the test piece is too thin.

© 150 2014 - All rights reserved 3
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7 Procedure

7.1 Ingeneral, the test should be carried out at ambient temperature within the limits of 10 °C to 35 °C.
However, because temperature variation can affect the results, users of the Brinell test can choose to
control the temperature within a tighter range, such as 23°C ¢ 5 °C.

7.2 Before performing any tests, confirm that verification has been performed in accordance with
Anncx A.

7.3 The test forces given in Tablc 2 shall be used. Other test forces and force-diameter indices can be
used by special agreement.

Table 2 — Test forces for the different testing conditions

Ball diameter . N Test force value
Hardness symbol . Force(;cﬂ)alznle;;l;zlndex F
' N

HBW 10/3 000 30 29 420
HBW 10/1 500 ) 15 14710
HBW 10/1 000 : 9807
HBW 10/500 4903
HBW 10/250 2452
HBW 10/100 980,7
HBW 5/750 ; 7355

2452

1226
HBW 5625 6129
HBWS128222.. 245,22,
HBW 25484585 .830°
HBW 2,5/62,5" Lai6139°
HBW 2,5/31,25 3065,
HBW 2,5/15,625 5327
HBW 2,5/6,25 61,29
HBW 1/30 294,2
HBW 1/10 98,07
HBW 1/5 49,03
HBW 1/2,5 24,52
HBW 1/1 9,807

7.4 The test force should be chosen so that the diameter of the indentation, d, lies between the values
0,24 D and 0,6 D. If the diameter of the indentation lies outside these limits, the ratio of indentation
diameter to indenter diameter (d/D) shall be stated in the test report. Table 3 indicates recommended
force-diameter indices (0,102 x F/DZ) that are appropriate for use when testing certain materials and
hardness levels. In order to test the largest representative area of the test piece, the diameter of the
indenter ball should be chosen to be as large as possible.

4 © [S0 2014 - All rights reserved
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Table 3 — Recommended force-diameter indices for different metallic materials

Brinell hardness | Force-diameter index
Material
0,102 x £/D2
Steel, nickel alloys, titanium alloys 30
] <140 10
Castirona
2140 30
<35 5
Copper and copper alloys 35 to 200 10
>200 30
<35 2,5
5
35t0 80 10
Light metals and their alloys is
>80 10
15
Lead, tin 1
Sintered metal ++s 53 hecording to 1S0 4498
2 For the testing of ca: I.dlametena“he'ha]l shall be 2,5 mm, 5 mm, or
10 mm. 14338

€ tact surfaces shall be clean and free from
:tyst piece lies firmly on the support so that

ith the test surface and apply the test force in a direction
shock vibration, or ovemm, until the ap])lled force attains the
the initiat applicatign of force to time the full fest force is reached shall

NOTE The requirements for the

that 7 s is the nominal time duration, with
{(7s+15s).

are given with asymmetriclimits. Forexamp]e 7% 1 sindicates
Gceptable range of not less than 2 s (7 s - 5 s) to not more than 8 s

7.7 Throughout the test, the testing machine shall be protected from significant shock or vibration,
which can influence the test result.

7.8 The distance from the edge of the test piece to the centre of each indentation shall be a minimum
of two and a half times the mean indentation diameter. The distance between the centres of two adjacent
indentations shall be at least three times the mean indentation diameter.

7.9 The optical measurement of the indentation diameter can be performed with either a manual or
an automatic measuring system. The visual field for the optical device should be evenly illuminated,
and the type of illumination shall be unchanged from that used during the machine’s direct and indirect
verifications and its daily verification.

For manual measuring systems, measure the diameter of each indentation in two directions

approximately perpendicular to each other. The arithmetic mean of the two readings shall be taken for
the calculation of the Brinell hardness.

© 150 2014 - All rights reserved 5
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For test pieces with a ground surface, it is recommended that the direction of the indentation
measurements be at approximately 45° to the direction of grinding.

NOTE1 It should be noted that for anisotropic materials, for example those which have been heavily cold-
worked, there might be a difference between the lengths of the two diameters of the indentation. The specification
for the preduct might indicate limits for such differences.

For automatic measuring systems, other validated algorithms to compute the mean diameter are
allowed. These algorithms include

— the average of a greater number of measurements, and
— an assessment of the projected area of the indentation.
7.10 Calculate the Brinell hardness value for tests on flat surfaces using the formula given in Table 1,

rounding the result to three significant figures. The Brinell hardness value can also be determined using
the calculation table given in ISO 6506-4.

8 Uncertainty of the results

For hardness, independent of the ty]}g ofsources, there arg,two possibilities for the determination of the

uncertainty.

— Theother possibilit; i :
[2] to [5]. A guideljme: pr'th,e&g tion is givep;ip:}qmcx C.

It may not always be;pp§§rb1e fo qugm& all the idengi'flea ‘contributions to the uncertainty. In this case,
an estimate of typeiA thndard un¢ditilinty can bé obtained from the statistical analysis of repeated
indentations into ‘the t$¢ piece. Chireiikould be taken, if standdéd uncertaintiés of.type A and B are
summarized, that the ¢¢ (rﬁmtlons 243, i)}

9 Testreport

Atleast the following information §..H Srded and included in the report,‘\l‘l:lles.s‘otherwise agreed

by the parties involved:
a) areference to this part of ISO 6506 (ie. ISO 6506-1);

b) all details necessary for the complete identification of the test piece;
c) the date of the test;

d) the test temperature if it is not within the limits 10 °C to 35 °C;

e) the ratio of indentation diameter to indenter diameter, if it falls outside the limits of 0,24 to 0,60;

f) the result obtained, in HBW, reported in accordance with the designation specified in 4.2;

g) where conversion to another hardness scale is also performed, the basis and method of this
conversion shall be specified (see Reference [6]);

NOTE There is no general process of accurately converting Brinell hardness into other scales of hardness
or into tensile strength.

h) additional requirements outside the scope of this part of ISO 6506;

6 © [S0 2014 - All rights reserved
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i) details of any occurrence which may have affected the result.

© 150 2014 - All rights reserved 7
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Annex A
(normative)

Procedure for periodic checking of the testing machine by the user

A check of the machine shall be carried out on each day that the machine is used, for each scale that is to
be used at approximately the hardness level of the material to be tested.

The check involves at least one indentation being made on a hardness reference block, calibrated in
accordance with ISO 6506-3. If the difference between the mean measured hardness and the block’s
certified value is within the permissible error limits given in 1SO 6506-2:2014, Tables 2 and 3, the
machine can be regarded as satisfactory. If not, verify that the indenter, specimen holder, and tester
are in good condition and repeat the test.lf the machine continues to fail the daily test, an indirect
verification as specified in 150 6506-2:2¢: Jause 5, shall be performed.

NOTE It is good metrological practi;:e: Uﬂa‘ii‘i arecord of these results over a period of time and to use
this record to measure reproducibility apykgormigqi dgift of the machine.

8 © [S0 2014 - All rights reserved
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Annex B
(normative)

Minimum thickness of the test piece in relation to the mean
diameter of indentation

Table B.1 — Minimum test piece thickness values, see 6.3

Dimensions in millimetres

Mean diameter of the inden- Minimum thickness of the test piece
tation

D=25 D=5 D=10

0,24
03
0,4
0,5
0,6
0,7
0,8
0,9
1,0
1,1
12
13
14
15
1.6
1,7
1.8
19
2,0
2,2
2,4
2,6

1,17
1,38
2,8 1,60
3,0 1,84
32 2,10
3,4 2,38
3,6 2,68
3.8 3,00
4,0 3,34
4,2 3,70

© IS0 2014 - All rights reserved 9
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Table B.1 (continued)

Mean diameter of the inden- Minimum thickness of the test piece
tat‘;(m D=1 D=25 D=5 D=10
4,4 4,08
4,6 448
4,8 4,91
5,0 5,36
5,2 5,83
54 6,33
56 6,86
58 742
6,0 . 8,00

10 @IS0 2014 - All rights reserved
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Annex C
(informative)

Uncertainty of the measured hardness values

C.1 General requirements

The approach for determining uncertainty, presented in this annex, considers only those uncertainties
associated with the overall measurement performance of the hardness testing machine with respect
to the hardness reference blocks. These performance uncertainties reflect the combined effect of all
the separate uncertainties (indirect verification). Because of this approach, it is important that the
individual machine components are operating within the tolerances. It is strongly recommended that
this procedure be applied for a maximum e year after the successful passing of a direct verification.

Figure C.1 shows the four-level struct\lté bfihb.ﬂtetrologlcal chain necessary to define and disseminate
hardness scales. The chain starts < '1;'156' ational level, using international definitions of the
various hardness scales to carry @ eu! ernatmal intercomparisons. A number of primary hardness
standard machines at the national tevel produce prlmary,hardness reference blocks for the calibration
laboratory level. Naturally, direct ch‘llbratlon and thé'\(éiﬁm:atlon of these machines should be at the

highest possible accuracy.

International
level

H Brimaw hardness
standard machine

Direct
calibration

Calibration :
laboratory level

ardngs;s' Hardnpssrealibration

referefibe blobks: < ihachines .3 “verification
Galibration machine validated by
1S0 6506-3 B3 ey e .
direct and indirect verifications -t .
User level H rﬁ;ﬂn‘pg Hardness_ testing Dlrect
Testing machine validated by referRhtiitilocks machines verification
1S0 6506-2

'

direct and indirect verifications

Measurement
Defined by

1SO 6506-1

test method procedures

Figure C.1 — Structure of the metrological chain for the definition and dissemination of
hardness scales

Measurement uncertainty analysis is a useful tool to help determine sources of error and to understand
differences in test results. This annex gives guidance on uncertainty estimation, but the values derived
are for information only, unless specifically instructed otherwise by the customer.

Most product specifications have tolerances that have been developed over the past years based
mainly on the requirements of the product, but also, in part, on the performance of the machine used
to make the hardness measurement. These tolerances, therefore, incorporate a contribution due to the
uncertainty of the hardness measurement and it would be inappropriate to make any further allowance
for this uncertainty by, for example, reducing the specified tolerance by the estimated uncertainty of

© 150 2014 - All rights reserved 11
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the hardness measurement. In other words, where a product specification states that the hardness of an
item shall be higher or lower than a certain value, this should be interpreted as simply specifying that
the measured and calculated hardness value(s) shall meet this requirement, unless specifically stated
otherwise in the product standard.

C.2 General procedure

This procedure calculates an expanded uncertainty, U, associated with the measured hardness value.
Two different approaches to this calculation are given in Tables C.1 and {.2, together with details of the
symbols used. In both cases, a number of uncorrelated standard uncertainty sources are combined by
the Root-Sum-Square {RSS) method, and then multiplied by the coverage factor, k= 2.

NOTE This uncertainty approach makes no allowance for any possible drift in the machine performance
subsequent to its last calibration, as it assumes that any such changes will be insignificant in magnitude. As such,
most of this analysis could be performed immediately after the machine’s calibration and the results included in
the machine’s calibration certificate.

C.3 Bias of the machine

— the mean hardness value of the five .s'l'jizid rcthls block during verification of the

machine,

mon
and can be implemented.

C.4 Procedures fo
NOTE [n this mﬁ{e}q"fhg: ahbrevngglp
standards, certified refpf¢n¢e materiallis
a certified value and asso¢tgglancertantty;

RM” stands for “certifigg peference materia¥ In hardness testing
ivalent,tp the hardness;peference block, §.et & fiece of material with

C.4.1 Procedure without co

Method M1 is a simplified method ;azhujt cap,be used without needing to consiaze-r the magnitude of any
systematic error of the hardness testitgahirhine.

In M1, the error limit {the amount by which the machine’s reading is allowed to differ from the reference
block’s value) is used to define one component, Umpe, of the uncertainty. There is no correction of the
hardness values with respect to the measured error.

The procedure for the determination of U is explained in Tablc C.1 (see References [1] and [2] in the
Bibliography).

Z
u,
U =k, |ubgy +ub +u +| —22e [(o))]
CRM TUH F i N3
where the result of the measurement is given by
X=x+U €.2)

12 © [S0 2014 - All rights reserved
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C.4.2 Procedure with consideration of bias (method M2)

As an alternative to method M1, method M2 can be used. This is correlated with the conduct of a control
chart. Method M2 can lead to smaller values of uncertainty than method M1.

The bias, b, (step 5 in Table C.2) can be expected to be a systematic effect. In GUM,[1] it is recommended
thata correction be used to compensate for systematic effects, and this is the basis of M2. The error limit
term, Umpe, is no longer a component in the uncertainty calculation, but either all determined hardness
values have to be reduced by b or Ucerr has to be increased by b. The procedure for the determination of
Ucorr is explained in Table .2 (see References [4] and [5] in the Bibliography).

2 2.2
Ueory = K X Jugpm Ui +Ums €.3)

where the result of the measurement is given by

Keorr =(X =) +U cory €4

or by
Xucorr =X % (Ucorr +[b) ©5)

hﬂkilthnal uncertainty component within the
lerly be the case when

When reporting the measurement reﬂ;l; ;he method (M1 or M2) used to estimate the uncertainty
should also be specified.

© 150 2014 - All rights reserved 13
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