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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. 150 shall not be held respppﬁble 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 r ié¢ www.iso.org/patents).

Any trade name used in this docu
constitute an endorsement.

on given for the convenience of users and does not

For an explanation on the meaniﬁé of IS0 spgciﬁé'ée:r:lﬂs'and expressions related to conformity
assessment, as well as information hbout 150" :nmer.ence cd theWTO principles in the Technical Barriers
to Trade (TBT) see the following URIs ~Séppler {'information

The committee responsible

R thisds dy ZVI ‘hanical testing of metals, Subcommittee
SC 3, Hardness testing. o

This third edition car
revised.

test:
— Part1: Test method
— Part2: Verification and calibrati
— Part 3: Calibration of reference 27)0

— Part 4: Table of hardness values

iv © IS0 2014 - All rights reserved
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Metallic materials — Brinell hardness test —

Part 2:
Verification and calibration of testing machines

1 Scope

This part of IS0 6506 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 has to be performed.

The direct verification involves checkin, individual machine performance parameters fall within
specified limits whereas the indirect vet ipn utilizes hardness measurements of reference blocks,

calibrated in accordance with 150 650&3 kédmdk the machine’s overall performance.

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

methods of hardness testing, it has to be verified
This part of 1SO 6506 is appllcablem both fixed locnmo:n: i;ﬂ'portable hardness testing machines. For
machines that are incapable of sati§fying tbemeclfl,ed er:ce- g, profile, the direct verification of force
and testing cycle can be modlfled by 5t jo4d

2 Normative refer

The following docurn m;s‘ Ee:py m part, are ppﬂnatlvely referenced in this document and are
indispensable for us'appllcatlon P Mated referentes, only the edition cited applies. For undated
references, the latékt &flhon of the.liefei‘knced document (including any amendmants) applies.

1SO 376, Metallic matema?s
testing machines

1S0 6506-1:2014, Metallic materialg *
1SO 6506-3, Metallic materials — Brigft ba[dpe_vx test — Part 3: Calibration of reference blocks

1S0 6507-1, Metallic materials — Vicker: ness test — Part 1: Test method

3 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.

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 forceis applied and removed without shock, vibration, or overrun and in such a manner that
the readings are not influenced, and

d

if the 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,

© 150 2014 - All rights reserved 1
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— the illumination does not affect the diameter measurements, and

— the centre of the indentation is in the centre of the field of view, if necessary.
4 Direct verification
4.1 General

4.1.1 Direct verification should be carried out at a temperature of (23 + 5) °C. If the verification is made
outside this temperature range, this shall be reported in the verification report.

4.1.2 The instruments used for verification shall be traceable to the SL

4.1.3 Direct verification involves

a) measurement of the test forces,

b) measurement of the diameter, hay
c) calibration of the indentation ¢
d) measurement of the testing cyé: >

For each of the above items, dlrei:'t verificatio
specified tolerances. 194

of
force is applied in opetﬂoop mode s aslever or other system employing a mechanical advantage, this
shall be done at no.beét than thrdé poisitions of the indenter umﬁormly spaced, thmughout its range of

4.22 Three measurements shallhe m
before each measurement is taken, th

hposltlon of the, mdenter. Immediately
teishall be moved in tite, same dnrecﬁon as during testing.

4.2.3 The force shall be measured B &£ the following two methods:
— by means of a force-proving instrument in accordance with 1S0 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.

4.2.4 Each measurement of a force shall be within +1,0 % of the nominal test force (see Formula A.2),
as defined in 150 6506-1.

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

4.3.2 Forthe purpose of verifying the size and the hardness of the balls, a minimum of two balls, selected
atrandom from a batch, shall be tested. Each sampled ball shall be verified for size and hardness and then
discarded.

4.3.3 The balls shall be polished and free from surface defects.

2 © IS0 2014 - All rights reserved
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4.3.4 The user shall either measure the balls to ensure that they meet the following requirements or
shall obtain balls from a supplier certifying that the following conditions are met.

4.3.4.1 The diameter shall be determined by taking the mean value of not less than three single values
of diameter measured at different positions on the ball. No single value shall differ from the nominal
diameter by more than the tolerance given in Table 1.

Table 1 — Tolerances for the different ball diameters

Ball diameter Tolerance
mm mm
10 0,005
5 0,004
2,5 0,003
1 +0,003

4.3.4.2 The characteristics of the tung‘ ca:lsnie composite balls shall be as follows:

a) Hardness: The hardness shall h‘hhbt lek: than 1 500 HV, when determined in accordance with
1SO 6507-1. The tungsten carbkfe' mposite! all can be tested directly on its spherical surface or by
sectioning the ball and testmg:qu the ball mterlol; saee

b) Density: p=(14,8£0,2) g/cm3'

— tungsten carbide (W.Clﬂialzﬂd&

Ameter is nfe.asurea:;ﬁrectly e srale of the system
e diameter to within £0,5 %. The indentation diameter
measuring system shall be calibrateds ry objective lens, and for each incorporated line scale, in
two perpendicular measurement axe: 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.7).

4.4.1 For systems where the ui«ielimop
shall be graduated to permit estirhihidi3 X

4.4.2 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.

4.4.3 All systems shall also be verified by making measurements of certified reference indentations,
such as those on hardness reference blocks calibrated in accordance with ISQ 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 %.

© 150 2014 - All rights reserved 3
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4.5 Verification of the testing cycle

4.5.1 The testing cycle is to be verified by the testing machine manufacturer at the time of manufacture
and when the testing machine undergoes repair which might have affected the testing cycle. Verification
of the testing cycle at other times is as specified in Tablc 4.

4.5.2 The testing cycle shall be verified to conform with the testing cycle defined in 1SO 6506-1, taking
into account any uncertainty associated with the timing measurements.

5 Indirect verification

5.1 Indirect verification should be carried out at a temperature of (23 + 5) °C by means of reference
blocks calibrated in accordance with 1SO 6506-3. If the verification is made outside of this temperature
range, this shall be reported in the verification report.

The test and bottom surfaces of the refe;
additives or corrosion products.

blocks and the surfaces of indenters shall not contain any

5.2 The testing machine shall be vg}xﬁed for:ézxdﬁ test force and for each size of ball used. For each test
force, at least two reference blocks $hall be seléttéd from the hardness ranges specified in Table 2 (for
0,102 x £/D? = 30) and Table 3 (fop@ﬂner force- dlameter mdlces]

The two reference blocks shall be t}i’ken fr -anges, if possible.

5.3 If this indirect verificafiqy is e 1y fpf ing a direct verification, the reference
indentation on each referdit¢d blocR xHA} beiietsured, wm—n.ché same type of illumination that was used
during the machine’s prebdéts diteit vefification. For eadh {ddentation, the difference between the mean
measured value and tflg';ertlfled' sdiameter sth ot ‘exceed 0,5 %. If preferred, this check can
instead be made on a sm‘alarly slze:l:m:ia-ltatlon ing sephrate reference block.

5.4 Oneach refel’érkdé bldck ﬁve.lhdéﬁtatlons shall be umfoﬂﬂly dlstrlbuted.ouar Cl‘.e test surface and
measured. The test shaﬂ‘ be-made in a¢

5.5 For each reference block, let dL.dZv d3 yz{nd ds be the o m an valyes of Q easured diameters of
the indentations, arranged in mcreés' dfmagmtude, and tese el

= dy+dy+d3+dy+dg

d= < 6]

5.6 The repeatability, r, of the testing machine under the particular verification conditions is calculated
as:

r=ds-dy 2

The repeatability, .o, expressed as a percentage of d, is calculated as:

dg-d;
=100x 5L 3
7 (3)

Trel =

5.7 Therepeatability of the testing machine is satisfactory when rre| does not exceed the values specified
in Table 2 or Table 3.

5.8 For each reference block, let H1, Hz, H3, Ha, and Hs be the hardness values corresponding to the five
indentations, with the mean hardness, H, being given by

4 © IS0 2014 - All rights reserved
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= Hy+H,+Hg+H, +H,

A= - @

5.9 The error, E, of the testing machine under the particular verification conditions is calculated from
the following formula:

E=H-H (5)
where

H¢ is the certified hardness of the reference block.

The relative error, Ey), is calculated, as a percentage of H from the following formula:

—100x 1= Hc

©)

Ere1 =
C

-percentage of the certified hardness of the reference

The error of the testing machine, expr S
Tab{e Yand Table 3.

block, shall not exceed the values glve

Table 2 — Repeatability ami error of the testing maghine for force-diameter index = 30

Hardness : Permissible error, Ere, of
range Hardness the testing machine
® eet %
1 Hc< 250 HBW [22 +3,0
2 Hc from 2503 B8 to ASIL RS +2,5
3 He ;:450 HBW 32,0

Table 3 — Repes f the testing machineifor other forgg : 'd’mmeter indices
0,102 x F/R2«<2,5 Perl_ni; ﬂ:le Permissible
repFalabijlity error Erg of
Hardness . tee.|Trelof thé 3esting | the testing
range Hardness Hardness “s<¢+ ~ mathtié: machine
% %
1 Hc < 100 HBW Hc <70 HBW 3,0 +3,0
H from 100 HBW to | He from 70HBW to
2 200 HBW 100 HBW N/A 30 3,0
3 Hc > 200 HBW Hc > 100 HBW N/A 3,0 +3,0

5.10 The determination of the uncertainty of measurement of the calibration results of the hardness
testing machine is given in Annex A.

6 Intervals between verifications

The specifications for the direct verifications are given in Tablc 4.

Indirect verification shall be performed at least once every 12 months and after a direct verification has
been performed.

© 150 2014 - All rights reserved 5
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Table 4 — Direct verifications of hardness testing machines

Indentation
. - diameter
Requirements of verification Force N Test cycle Indenter2
measuring
system
before setting to work first time X X X X
after dismantling and reassembling,
if force, indentation diameter X X X
measuring system or test
cycle are affected
failure of indirect verification® X X X
indirect verification > 13 months ago X X X
2 Inaddition, it is recommended that the indenter be directly verified or replaced after two years of use.
b Direct verification of these parameters can be. carned out sequentially (until the machine passes indirect verification)
and is not required if it can be demanstrated (e.g by tests with a replacement indenter) that the indenter was the cause of|
the failure.

e) diameter of the b}ﬂ! Indenter al‘ﬂi(ést force; :**
f)
g)
)

6 © IS0 2014 - All rights reserved
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Annex A
(informative)

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

A1l General

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

Measurement uncertainty analysis is a usefi
differences between measured values.,
values derived are for information only;

tool to help determine sources of error and to understand
annex gives guidance on uncertainty estimation but the
specifically instructed otherwise by the customer.

The criteria specified in this part ,qf{ js(c) ﬁ;iqr the performance of the testing machine have been
developed and refined over a significhiiit period bftime. When determining a specific tolerance that the
machine needstomeet, the uncertamﬁy associated with theawse of measuring equipmentand/orreference
standards has been incorporated vy{tﬁ‘un this tolgrancgma it would therefore be inappropriate to make
any further allowance for this uncert: by”ﬁxrexamplz rem(ang the tolerance by the measurement
uncertainty. This applies to all meas iforining a direct or indirect verification
of the machine. In each cagg; it is sulting from the use of the specified
measuring equipment audz’or'referenre, s that CQDSE to assess whether or not the machine
complies with this partd{[m 65116 .H&Wéver, there mlghtbﬁipeclal circumstances where reducing the
t6.3his should only be done with the agreement

The combined relative standard u\'.l

62 Ehe test for'c'.e.calib;'z:iii:(m is cal(.;n.ll:atéd according to the
following formula: :

Z 2
Up =UFRs TUFHTM An
where
UFRS is the relative standard uncertainty of measurement of the force transducer (from cali-

bration certificate) for k = 1;
urppTM 1S 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;

© 150 2014 - All rights reserved 7
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— interpolation deviation.

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 certificate): Upgrs= 0,12 % (k=2)

Nominal test force: Frs=1839N

Table A.1 — Results of the test force calibration

Relative
: : . Relative standard
Number of height Series 1 Ser{es 2 Series 3 Mean value deviation | measurement
position for test force uncertainty
calibration Fr F AFrel UENTM
N N % %
1 183503 -0,14 0,10
2 1834,3::11"18357 -0,17 0,12
3 18395 |, -0,20 0,31
where
F-Fgg
AF g =100x— RS (a.2)
F
Spieee
UpyrM :100X443 31 (A3)
where :. . E .
SEi hues in the i<t hedght position.

from Table A.1 is used.

In Table A.2, the maximum value of Ji#]

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

Relative Relative
N Estimated |Relative limit| Distribution standard Sensitivity :
Quantity - uncertainty
value values type measurement | coefficient . N
p contributien
uncertainty
X Xi a ulx) Gi Urel
Force trans-
ducer meas- 1839N Normal 0,6 x 10-3 1 0,6 x 10-3
urement
Generated test| ) gaq Normal 3,1x10-3 1 31x 103
force
Relative combined standard uncertainty, ug 3,1x10-3
Relative expanded uncertainty of measurement, Ur (k = 2) 6,2 x10-3

© IS0 2014 - All rights reserved
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Table A.3 — Calculation of the maximum relative deviation of the test force including the
uncertainty of measurement of the reference instrument

: - - Mazx. relative deviation of test force
Relative deviation of | Expanded relative measurement A B f
- including measurement uncertainty
test force uncertainty of test force N
of reference instrument
AFpel Ur AFax
% % %
-0,20 0,62 0,83
where
AFmax = 1AFcel 1 + UF {A4)

The result of the example means that the deviation of the test force including the uncertainty of
measurement of the reference instrument specified in 4.2, amounting to +1,0 % is complied with.

A.2.2 Calibration of the indentat; ter measuring system

The combined relative standard uncertamty ofgl;g ndentation diameter measuring system is calculated
as follows:

1 = ufrs +iths +ufun ) (A.5)
where v '
ULRS is the relz{cve‘ﬂneec&ﬂmy‘afmeasurem&‘&fdﬁob]ect micrometer (reference standard)

from thé E:il!ﬂ)raﬂdﬁrﬁiﬂflcate for k=

y of measupement due to the resolution of the measuring sys-

The uncertainty of measurement th crometer (the reference standard for the indentation
diameter measuring system) is mdid:{ﬂﬂim MS calibration certificate. The following influence quantities
do not exert an essential influence on thédficertainty of measurement of the object micrometer:

— temperature dependence;
— long-term stability;

— interpolation deviation.

EXAMPLE
Uncertainty of measurement of the object micrometer: Uirs =0,000 5mm (k=2)
Resolution of the measuring system: Bms = 1,0 um

© 150 2014 - All rights reserved 9
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Table A.4 — Results of the calibration of the indentation diameter measuring system

Relative
Indication value of the : . . Relative standard
M ; Series 1 Series 2 Series3 | Mean value P
object micrometer deviation | measurement
uncertainty
IRs In Lz 1% L Alrel ULHTM
mm mm mm mm mm % %
1,000 1,002 1,003 1,001 1,002 0,20 0,13
2,000 2,001 2,003 2,001 2,002 0,08 0,08
3,000 3,002 3,002 3,001 3,002 0,06 0,03
4,000 4,001 4,003 4,002 4,002 0,05 0,03

where

Sy :
Upyrm = % xt , {for three readings.¢ £:1,32)
(A.6)

where

sp,i is the standard dev1at10rwf the le
object micrometer. .

(A7)

In Table A.5, the mq}(lmnm value Of‘L{  from Tale'A
be performed at ey! refere’ﬁdé ldngth.

Table A.5 — Calcl

’ ~Relative = ++ Relati
. Estimated Pistribution standard elative
Quantity 4 L uncertainty
value type measurement | coefficient - y
N contribution
uncertainty
Xi X ai u(x) < ui
Reference
standard 1,0 mm Normal 2,5 x 10-4 1 2,5 x 10-4
length
Measurement
system +1,0 x 1073 | Rectangular 29 x 10-4 1 2,9 x10-4
resolution
Measurement
system 1,0 mm Normal 13 x10-3 1 1,3 x 10-3
calibration
Relative combined uncertainty of measurement, uz, % 0,14
Relative expanded uncertainty of measurement, Uy, (k=2), % 0,27

10 © IS0 2014 - All rights reserved
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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

Testlength indentation diameter | uncertainty of measure- measuring system

measuring system ment including measurement
uncertainty of length
reference instrument
Lrs Alrel Uy AlLmax
% % %
1,0 mm 0,20 0,27 0,47
where
ALmax = 14Lce) I+ Uy, {A.8)

The result of the example means f.lﬁt the" tidiation of the indentation diameter measuring system
including the uncertainty ofmeasure ent ofthelength reference instrument specified in 4.4 amounting
to +0,5 %, is complied with.

A.2.3 Measurement of the in@enter

The indenter, consisting of indente;
characteristics, physical pyppertie:
be confirmed by a valld t’sﬂﬂfl‘aﬂé
laboratory.

115 er,
el chepy ol compésmon of the indenter ball (see 4.3) should
ditificate or test.aidgdft of an accredited calibration or testing

enslderatlons.are aetalled in 4.5. An
ecessary. :

NOTE In this annex, the index “CRM{Li
hardness testing standards, “Hardness Réfe¥

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.

© 150 2014 - All rights reserved 11
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The uncertainty of measurement of the indirect verification of the hardness testing machine follows
from the formula:

2 2 2, 2
UyTm = VUCRM TUCRM-D TUH *Ums (A9)

where
UCRM is the calibration uncertainty of the hardness reference block according to the calibra-
tion certificate fork = 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 uncertainty due to the resolution of the hardness testing machine.
EXAMPLE

Hardness reference block:

Hcrm = 100,0 HBW 2,5/187,5

Ucrm = 1,0 HBW 2,5/187,5 (k= 2)

Calculated hardness value

H
HBW
1 ovee WL Imax
2
3 Lot 247 2max -
4 B a1 o N
5 1,468
Mean value H 1,468 4
Standard deviation sy 0,60
b=H ~Horm (A10)
b'=100,2-100,0=0,2 HBW
t
=% @11

Uy =
SN
For t=1,14,n =5, and sy = 0,60 HBW follows:
ug = 0,31 HBW

12 © IS0 2014 - All rights reserved
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A4 Budget of uncertainty of measurement

Table A.8 — Budget of uncertainty of measurement

Standard PO . .
Quantity Estimated value | uncertainty of Distribution Sensl_tlylty U"Cﬂ.-ta".‘ty
type coefficient contribution
measurement
Xi Xi u(xi) ci ui(H)
UCRM 100,0 HBW 0,50 HBW Normal 1,0 0,50 HBW
Uy 0 HBW 0,31 HBW Normal 1,0 0,31 HBW
-152,2 HBW/mm
Ums 0 HBW 0,000 14 mm Rectangular (See Note) 0,02 HBW
UCRM-D 0 HBW 0 HBW Triangular 1,0 0 HBW
Combined uncertainty of measurement, ugtm. 0,59 HBW
Expanded uncertainty of measurement, Uy 1,17 HBW
HBW: Brinell hardness
NOTE The sensitivity coefficient fallG¥s¥rodt
OH _ H D+yD?-d*
=——— (A12)

o d /Dz_dz

s hardness testin;

machine including the uncertainty of

Socts o : Détiation of the testing Maximum deviation
B{E:s:;::nl;asrsdtn'ess.lélg +| Expanddd licertainty of machine when of the testing machine
hi es mesiidment calibratingiwith the | inthiding uncertainty of
machine 2 referérice block ¢t deasurement
H H AHuTMmax
HBW
100,2 HBW 2,5/187,5 14
where
AHyrmmax =Uyrm +[p| = 1,2+ 02 = 1,4 HBW
(A13)
13

© 150 2014 - All rights reserved
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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 design, are incapable of meeting the specified force/time profile, it is
permissible to limit the direct verification to only the indentation measurement system and the indenter
ball characteristics. The machine shall be verified indirectly on an annual basis and any hardness test
results from machines thus verified shal] e the designation HBW/P rather than HBW.

The indirect verification shall be carrigd
the time loading profile specified in

n;ziccordance with Clausc 5, the only exception being that
‘led referred to in 5.4, does not have to be followed. If the
design of the machine is such that, i ieve optimal results, more than one force application
is required ata given indentation s;te gl:Ae spec] number of force applications shall be performed and
this number recorded in the verifi¢4tibn report. lSO ﬁSQG'I test results obtained using such a machine
shall only be valid if this specified hhmber of far tis has been performed.

14 © IS0 2014 - All rights reserved
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