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Foreword

ISO (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 ISO 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 ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.

The procedures used to develop this docu
described in the ISO/IEC Directives, Part 13
different types of ISO documents should ¥

ment and those intended for its further maintenance are
artlcular the different approval crlterla needed for the

editorial rules of the ISO/IEC Directives;#:

www.iso.org/directives).

Attention is drawn to the possibility £

patent rights. I1SO shall not be held
any patent rights identified during thgid
on the ISO list of patent declarationsit

Any trade name used in this document is:igfoki

fiEhgidonvenience of users and does not

constitute an endorsement.

For an explanation on thg:gi

expressions related to &
World Trade Organiza

URL: www.iso.org/igé

Subcommittee SC 3

the meaning of ISO specific terms and

jrmation about ISO's adherence to the

sting of metals,

This fourth edition cancel§4
revised.

sedition (1SO 650H6:2;; i as been technically

The main changes compared to the j

ddition are as follows:

— {(lause 3 has been added;

— Table 3 has been modified.

A list of all parts in the ISO 6506 series can be found on the ISO website.

iv
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Metallic materials — Brinell hardness test —

Part 2:
Verification and calibration of testing machines

1 Scope

This document specifies methods of direct and indirect verification of testing machines used for
determining Brinell hardness in accordance with ISO 6506-1 and also specifies when these two types of
verification have to be performed.

The direct verification involves checki
specified limits whereas the indirect
calibrated in accordance with I1SO 65

nd1v1dual machine performance parameters fall within
m utilizes hardness measurements of reference blocks,

15 gik the machine’s overall performance.

If a testing machine is also to begiik
independently for each method.

£ methods of hardness testing, it has to be verified

This document is applicable to bt
machines that are incapable ofsati"s i

table hardness testing machines. For
ofile, the direct verification of force

The following doc!
constitutes requig
undated referen

SO 376, Metallic materials i
testing machines

ification of uniaxial

1S0O 6506-1:2014, Metallic materi

1SO 6506-3, Metallic materials — Biit

wiess test — Part 3: Calibration of reference blocks

SO 6507-1, Metallic materials — VickérghiFdness test — Part 1: Test method

3 Terms and definitions
No terms and definitions are listed in this document.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org

— ISO Online browsing platform: available at https://www.iso.org/obp

4 General conditions

Before a Brinell hardness testing machine is verified, the machine shall be checked to ensure that it is
properly set up in accordance with the manufacturer's instructions.

© IS0 2017 - All rights reserved 1
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Especially, it should be checked that:
a) the mount holding the ball-holder slides correctly in its guide;
b) every ball-holder with a ball used during the calibration is firmly held in the mount;

c) the test force is applied and removed without shock, vibration, or overrun and in such a manner
that the readings are not influenced; and

d) ifthe indentation diameter measuring system is integrated into the machine,

— the change from removing the test force to measuring mode does not influence the diameter
measurements, :

digmeter measurements, and

— the illumination does not affecgih

tire of the field of view, if necessary.

— the centre of the indentationiiginithe

5 Direct verification

5.1 General

dre of (23 + 5) °C. If the verification is
e verification report.

5.1.1 Direct verificatio
made outside this tempggati

5.1.2 Theinstrumg

5.1.3 Direct verifigits

a) measurement of thet

b) measurement of the diameter, ?La : s atididensity ofthe

c) calibration of the indentation digiigtes measuring system; and

d) measurement of the testing cyclé

For each of the above items, direct verification also includes assessment of the results against the
specified tolerances.

5.2 Measurement of the test forces

5.2.1 Each test force shall be measured within the working range of the testing machine. When the
force is applied in open-loop mode by a lever or other system employing a mechanical advantage, this
shall be done at no fewer than three positions of the indenter uniformly spaced throughout its range of
movement during testing.

5.2.2 Three measurements shall be made for each force at each position of the indenter. Immediately
before each measurement is taken, the indenter shall be moved in the same direction as during testing.

5.2.3 The force shall be measured by one of the following two methods:
— by means of a force-proving instrument in accordance with ISO 376 Class 1 or better;

— by balancing against a force, accurate to £0,2 %, applied by means of calibrated masses or another
method with the same accuracy.

2 © ISO 2017 - All rights reserved
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5.2.4 Each measurement of a force shall be within £1,0 % of the nominal test force [see Formula (A.2}],
as defined in ISO 6506-1.

5.3 Measurement of the properties of the indenter ball
5.3.1 The indenter consists of a ball and an indenter holder. The verification applies only to the ball.

5.3.2 For the purpose of verifying the size and the hardness of the balls, a minimum of two balls,
selected at random from a batch, shall be tested. Each sampled ball shall be verified for size and hardness
and then discarded.

issurface defects.

5.3.3 The balls shall be polished and fi

5.3.4 The user shall either measuré yallgitgiensure that they meet the following requirements or

shall obtain balls from a supplier cegi following conditions are met.

5.3. 4 1 The diameter shall be deté#iii

lue of not less than three single values
value shall differ from the nominal

‘hall diameters

Tolerance

Baj i

5.3.4.2 The characteristics of the:tangsten cark de composite balls shaH be as follows.

a) Hardness: The hardness shall b §s than 1 500 HV, when determined in accordance with
ISO 6507-1. The tungsten carbide cot josite ball can be tested directly on its spherical surface or
by sectioning the ball and testing on tlie ball interior.

b) Density: p=(14,8 £ 0,2) g/cm3.

The density can be determined from the sampled balls, prior to hardness testing, or from the whole
batch. The following chemical composition is recommended:

— tungsten carbide (WC): balance;
— total other carbides: 2,0 %;

— cobalt (Co): 5,0 % to 7,0 %.
5.4 Calibration of the indentation diameter measuring system

5.4.1 For systems where the indentation diameter is measured directly, the scale of the system
shall be graduated to permit estimation of the diameter to within #0,5 %. The indentation diameter
measuring system shall be calibrated for every objective lens and for each incorporated line scale, in
two perpendicular measurement axes (if applicable), by measurements made on a standard scale at
a minimum of four intervals, arranged centrally in the field of view, for each working range. For each
measurement, the magnitude of the difference between the measured and reference values shall not be

greater than 0,5 % [see Formula (A.4}].

© IS0 2017 - All rights reserved 3
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5.4.2 For systems where the indentation diameter is calculated from a measurement of projected
area, the system shall be calibrated for every objective lens by measurements of a range of at least four
standard circular reference images covering the range of areas measured. The maximum error shall not
exceed 1 % of the area.

5.4.3 All systems shall also be verified by making measurements of certified reference indentations,
such as those on hardness reference blocks calibrated in accordance with 1SO 6506-3. For each ball size,
at least four indentations, covering the working range of diameters, shall be measured by each objective
lens. During these measurements, the type of illumination shall remain unchanged. No mean measured
diameter shall differ from the certified mean diameter of the reference indentation by more than 0,5 %.

5.5 Verification of the testing ¢y

5.5.1 The testing cycle is to be
and when the testing machine ui

of the testing cycle at other timés

testing machine manufacturer at the time of manufacture
giwhich might have affected the testing cycle. Verification

5.5.2 The testing cycle shall bé
into account any uncertainty associatégiw

festing cycle defined in ISO 6506-1, taking

:Ei%:raperature of (23 = 5) °C by means of reference

6.1 Indirect vesiki
e verification is made outside of this temperature

blocks calibratedi
range, this shaif

fication report.

The test and bot
additives or corrosiofiproducts,

6.2 The testing machine shall

ce-diameter indices).

The two reference blocks shall be takéiffrom different hardness ranges, if possible.

6.3 If this indirect verification is not the one immediately following a direct verification, the reference
indentation on each reference block shall be measured, with the same type of illumination that was used
during the machine’s previous direct verification. For each indentation, the difference between the mean
measured value and the certified mean diameter shall not exceed 0,5 %. If preferred, this check can
instead be made on a similarly sized indentation in a separate reference block.

6.4 On each reference block, five indentations shall be uniformly distributed over the test surface and
measured. The test shall be made in accordance with ISO 6506-1.

6.5 For each reference block, let d1, do, d3, d4, and ds be the mean values of the measured diameters of
the indentations, arranged in increasing order of magnitude, and d is calculated using Formula (1}:

dy +d, +d3 +dy +ds
5

d=

M
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6.6 The repeatability, r, of the testing machine under the particular verification conditions is calculated

as shown in Formula {2}:
r=ds—d; (2)

The repeatability, rre), expressed as a percentage of d, is calculated as shown in Formula 3):

ds —dq
d

o1 =100x (3)

6.7 The repeatability of the testing machine is satisfactory when rye] does not exceed the values
specified in Table 2 or Table 3.

6.8 For each reference block, let, ‘
indentations, with the mean hardn i3

4, and Hs be the hardness values corresponding to the five

-~ Hqy+Hy,+Hy+H, +HgiE
H=—t—2- 34— @
5 34

6.9 The error, E, of the testing maghs i gjerification conditions is calculated using
Formula (5): G

E:I?I——HC | S e HE - (5)
where

Hc is theiger

The relative erro

4 L33 5

H
E o =100x

(6)

Hg

The error of the testing maching;expressed as a percentage of the certified hardness of the reference
block, shall not exceed the values giggniin Table 2 and Table 3.

Table 2 — Repeatability and error of the testing machine for force-diameter index = 30

Hardness Permissible repeatability, rvej, Permissible error, E¢j, of
Hardness of the testing machine the testing machine
range % %
Hg < 250 HBW 3,0 £3,0
Hc from 250 HBW to 450 HBW 2,5 £2,5
Hc > 450 HBW 2,0 2,0

© IS0 2017 - All rights reserved 5
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Table 3 — Repeatability and error of the testing machine for other force-diameter indices

0,102 x F/D2 Permissible re- | Permissible
peatability, re, | error, Epe, of
H':‘iniss of the testing the testing
g 15 10 5 £2,5 machine machine
% %
1 Hc <100 HBW | Hc <100 HBW | Hc <70 HBW | Hc <70 HBW 3,0 +3,0
Hc from Hc from Hc from
2 100 HBW to 100 HBW to 70 HBW to N/A 3,0 +3,0
250 HBW 200 HBW 100 HBW
3 Hc > 250 HBW | He > 200 HBW | He > 100 HBW N/A 3,0 +3,0

6.10 The determination of the uncertaintyi#f.measurement of the calibration results of the hardness

7

The specifications for the direct verifiga¥ions are g Ven in Table 4.

Indirect verification shall be perfo

ignths and after a direct verification
has been performed. :

ied at least,ence €v

fésting machines

Table
Force i’amet_e r Test cycle Indentera
______ 1easuring
...... system
Before setting to woF ' X

After dismantling and liig, if fi

indentation diameter meas##i{#ig Systen

test cycle is affected

Failure of indirect verificationb i fi i X , s
Indirect verification > 13 months ago D X X

a  Inaddition, it is recommended that the i} -‘ Tt

gidirectly verified or replaced after 2 years of use.

ied out sequentially (until the machine passes indirect verification)

b Directverification of these parameters can ;
tests with a replacement indenter) that the indenter was the cause of

and is not required if it can be demonstrated (e.g.
the failure.

8 Verification report/calibration certificate

The verification report/calibration certificate shall include the following information:
a) areference to this document, i.e. ISO 6506-2;

b) the method of verification (direct and/or indirect);

c) the identification data for the hardness testing machine;

d) the means of verification (reference blocks, elastic proving devices, etc.);

e) the diameter of the ball indenter and test force;

f) the verification temperature;

g) theresultobtained;

6 © IS0 2017 - All rights reserved
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h) the date of verification and reference to the verification institution;

i} the uncertainty of the verification results.

© IS0 2017 - All rights reserved 7
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Annex A
(informative)

Uncertainty of measurement of the verification results of the
hardness testing machine

A.1 General

The metrological chain necessary to defme and disseminate hardness scales is shown in ISO 6506-1:2014,
Figure C.1.

Measurement uncertainty analysis is
differences between measured valug
values derived are for information g

l:to help determine sources of error and to understand
gives guidance on uncertainty estimation but the
rifically instructed otherwise by the customer.

The criteria specified in this docunigiiti
and refined over a significant perig :

of the testing machine have been developed
1g a specific tolerance that the machine
suring equipment and/or reference
therefore be inappropriate to make

any further allowance for thi
uncertainty. This applies:

‘ming a direct or indirect verification
sulting from the use of the specified

“Binent unc‘e“r a8l £

of all parties mvolv&d

A.2 Direct verificzli:iiémaf th

A.2.1 Measurement of the testfoices

The combined relative standard @ tvof the test force calibration is calculated according to

Formula (A.1): ko
=\Ju? 2 ;‘ Al
Up =\/UFgs tUFHTM (A1)
where

uprs  is the relative standard uncertainty of measurement of the force transducer (from calibra-
tion certificate) for k= 1;

urgTM is the relative standard uncertainty of the test force generated by the hardness testing
machine.

The uncertainty of measurement of the reference instrument, force transducer, is indicated in the
corresponding calibration certificate. The following influence quantities should be considered for
critical applications:

— temperature dependence;
— long-term stability;

— interpolation deviation.

8 © IS0 2017 - All rights reserved
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Depending on the design of the force transducer, the rotational position of the transducer related to the
indenter axis of the hardness testing machine should be considered.

EXAMPLE

Uncertainty of measurement of the force transducer (from calibration Urrs = 0,12 % (k= 2)

certificate):

Nominal test force: Frg=1839N

Table A.1 — Results of the test force calibration

Relative
. . Relative standard
Number of height Series 1 Series 3 Mean value deviation | measurement
position for test force SRpniii uncertainty
calibration i =
Fy D AFrel UFHTM
)\ i N % %
1 -0,14 0,10
2 -0,17 0,12
3 -0,20 0,31
(A.2)
sgi isthe standard deviagjgn & teseforce indication valu eight position.
In Table A.2, the maximum valué#ét tm #¢from Table A1 is used.

Table A.2 — Calculation of the uncertainty of measurement of the test force

Relative Relative
. Estimated Relative Distribution standard Sensitivity eatn
Quantity . g uncertainty
value limit values type measurement | coefficient e
. contribution
uncertainty
Xi Xi aj u(xi) Ci Urel
Force
transducer 1839N Normal 0,6 x 10-3 1 0,6 x 10-3
measurement
Generated 1839 N Normal 3,1x10-3 1 3,1 x10-3
test force
Relative combined standard uncertainty, up 3,1 x10-3
Relative expanded uncertainty of measurement, Ur (k = 2) 6,2 x 10-3

© ISO 2017 - All rights reserved
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of measurement of the reference instrument by using Formula {A.3] is given.

Table A.3 — Calculation of the maximum relative deviation of the test force including the
uncertainty of measurement of the reference instrument

Relative deviation of | Expanded relative measurement Max. relative deviation of test force
p . including measurement uncertainty
test force uncertainty of test force .
of reference instrument
AF, rel UF AFmax
% % %
~-0,20 0,62 0,83
where

AFpax :[AFre1[+UF

(A.3)

The result of the example means

measurement of the reference inst

A.2.2 Calibration of the inden: At

=
]
]
<
]
o
1]
=

fehie mﬁematm i

The combined relative standard uncet‘:tgf

as shown in:

[ 2
up, —\/“LRS TlUpms &

where

urrs  is the rélativie e
the calibra

Ums s the relative uncertaip

neasurement of ob}eu Iuﬂrometer (re ‘e standard) from

ment due tg: fhe resglution of t igineasuring system;

urytM is the relative standard

FOf length measurement of the hardness testing machine.

The uncertainty of measurement of thg

3t i%é‘i:'t micrometer (the reference standard for the indentation

diameter measuring system) is indicatedi

do not exert an essential influence on the uncertamty of measurement of the object micrometer:

— temperature dependence;
— long-term stability;
— interpolation deviation.

EXAMPLE

Uncertainty of measurement of the object micrometer: Urrs = 0,000 5 mm (k = 2)

Resolution of the measuring system:

10

6ms = 1,0 um

© ISO 2017 - All rights reserved
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Table A.4 — Results of the calibration of the indentation diameter measuring system

Relative
Indication value of the . . . Relative standard
object micrometer Series 1 Series 2 Series3 | Mean value deviation | measurement
uncertainty
Lgs L3 L ALrpel ULHTM
mm mm mm mm % %
1,000 1,002 1,001 1,002 0,20 0,13
2,000 2,001 2,001 2,002 0,08 0,08
3,000 3,002 3,001 3,002 0,06 0,03
4,000 4,001 4,002 4,002 0,05 0,03
where

S .
Uy M = —EL—'— xt, (for three readings;

where

s.,i isthestandard deviation
object micrometer. #

also be performed

Table A.5 — Calcu

sgitny the i-th indication value of the

(A4)

Iculations should

Relative | Relative
. Estimated standard Sensitivity .
Quantity . . uncertainty
value measurement | coefficient \ .
. contribution
uncertainty
Xi Xi aj u(xi) Ci uj
Reference
standard 1,0 mm Normal 2,5 x10-4 1 2,5x10-4
length
Measurement
system +1,0 x 10-3 | Rectangular 29 x10-4 1 2,9 x10-4
resolution
Measurement
system 1,0 mm Normal 1,3 x 10-3 1 1,3 x10-3
calibration
Relative combined uncertainty of measurement, ugz, % 0,14
Relative expanded uncertainty of measurement, Uy (k= 2}, % 0,27

© ISO 2017 - All rights reserved

11



ISO 6506-2:2017(E)

In Table A.6, the maximum relative deviation of the indentation diameter measuring system including

L

measurement uncertainty of the length reference instrument by using Formula {A.5) is given.

Table A.6 — Calculation of the maximum relative deviation of the indentation diameter
measuring system including the uncertainty of measurement of the length reference

instrument
Maximum relative
deviation of

Relative deviation of the Expanded relative indentation diameter

Test length indentation diameter uncertainty of measuring system

measuring system measurement including measurement
uncertainty of length
reference instrument
LRrs UL ALmax
% %
1,0 mm 0,27 0,47
where
ALy ax :[ALrel I+UL R (A.5)

The result of the exampls deviation ¢
including the uncertaingyiok:

to £0,5 % is complied

fgentation diameter measuring system
nstrument specified in 5.4 amounting

fe

A.2.3 Measurem

The indenter, cort
characteristics, phy
be confirmed by a va
laboratory.

The geometrical
1 (see 5.3) should
libration or testing

A.2.4 Measurement of the te

Verification of the testing cycle and
estimation of the uncertainty of measuré

A.3 Indirect verification of the hardness testing machine

NOTE In this annex, the index “Certified Reference Material (CRM)” means, according to the definitions of
the hardness testing standards, “Hardness Reference Block”.

By indirect verification with hardness reference blocks, the overall function of the hardness testing
machine is checked, and the repeatability and also deviation of the hardness testing machine from the
certified hardness value are determined.

The uncertainty of measurement of the indirect verification of the hardness testing machine follows from:

_ [ 2 2 2, .2
Ugtm —\/UCRM +UCRM-p TUH U

12 © IS0 2017 ~ All rights reserved
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where

UCRM is the calibration uncertainty of the hardness reference block according to the calibra-
tion certificate for k=1;

UCRM-D is the hardness change of the hardness reference block since its last calibration due to
drift (negligible for use of the hardness reference block complying with the standard);

Uy is the standard uncertainty of hardness testing machine when measuring CRM;

Ums is the standard uncer:

ty due to the resolution of the hardness testing machine.

EXAMPLE

Hardness reference block: Hcrm = 100,0 HBW 2,5/187,5

Uncertainty of measurement of t§ ; irdness refer anc_e_;:}:lgaéiézé Ucrm = 1,0 HBW 2,5/187,5 (k= 2)

Resolution of the hardness testing machine;, i E fifims = 0,5 um

jhieeit

In Table A.7, the results of the ‘in' ¥

irect verification

Numb: diameter Calculated hardness value
H
: i HBW
T ~ BN 101:1max
2 CHE 100,1
3 99,6min
4 HEH 99,8
5 100,3
Mean value H i 14684 100,2
Standard deviation sy 0,60
b=H-H
i CRM (A.6)
b=100,2-100,0=0,2 HBW
txs
Shidid - (A7)

UH =
Jn
Fort=1,14,n =15, and sy = 0,60 HBW follows:
uy = 0,31 HBW

© ISO 2017 - All rights reserved 13
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A.4 Budget of uncertainty of measurement

In Table A.8, the budget of uncertainty of measurement by using Formulae (A.6) and (A.7) is given.

Table A.8 — Budget of uncertainty of measurement

Quantity Estimated value unﬁza:'?;?ll;; of Dist;‘)i’ll))l;tion iﬁgﬁflltclre:;}t, g)r;i?_:;iltl:g’l
mea ment
Xi Xi i ¢ ui(H)
UCRM 100,0 HBW Normal 1,0 0,50 HBW
Uy 0 HBW Normal 1,0 0,31 HBW
Ums 0 HBW 300 14 mm Rectangular —15(§é2e lgxgyrv]gnm 0,02 HBW
UCRM-D 0 HBW 1,0 0 HBW
Combined uncertainty of measureme 0,59 HBW
Expanded uncertainty of measurement 1,17 HBW
HBW Brinell hardness. R

NOTE

The sensitivit§€g

oH

Table A.9 — Maximum deviatio

i

ithe uncertainty of

ardness testing machine including the uncertainty of
Mmeasurement

Measured hardness on Deviation of the testing Maximum deviation
the hardness testin Expanded uncertainty of machine when of the testing machine
>s testing measurement calibrating with the | including uncertainty of
machine
reference block measurement
H Untm |El AHHTMmax
HBW HBW HBW
100,2 HBW 2,5/187,5 1,2 0,2 1,4
where
AHygrymax =Upmu +[b|=1,2+0,2=1,4HBW (A.8)

14
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Annex B
(normative)

Verification of hardness testing machines that are incapable of
meeting the specified force/time profile

B.1 Procedure

For machines that, due to their desj
permissible to limit the direct veri
ball characteristics. The machin
results from machines thus ver

incapable of meeting the specified force/time profile, it is
1ly the indentation measurement system and the indenter
fied indirectly on an annual basis and any hardness test
he designation HBW/P rather than HBW.

_‘ar}ied out'i
“in 1SO 6506-1, and
uch that,.in, ord

The indirect verification shall )
the time loading profile speci
If the design of the machine

hieve optimal results, more than one force
LI d number of force applications shall be

performed and this number recoidedifiitls: & . 1SO 6506-1 test results obtained using

such a machine shall gnk i ofiforce applications has been performed.

© IS0 2017 - All rights reserved 15
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