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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-governrmentak—h—iai pMth—SO; alce—part—in e—work—SQO ith the
Internationall Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main tgdsk of technical committees is to prepare International Standards. Draft International Standards
adopted by |the technical committees are circulated to the member bodies for voting Publication as an
Internationall Standard requires approval by at least 75 % of the member bodies casting a-vote.

Attention is grawn to the possibility that some of the elements of this document¢may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 6506-2 was prepared by Technical Committee ISO/TC 164, Mechanical testing of metals, Subcomnpittee
SC 3, Hardness testing.

This second edition cancels and replaces the first edition (1ISO6506-2:1999) which has been technjcally
revised.

ISO 6506 cgnsists of the following parts, under the generaltitle Metallic materials — Brinell hardness test
— Part 1: Test method

— Part 2: Verification and calibration of testirig rnachines

— Part 3: QCalibration of reference blocks

— Part 4: Table of hardness values
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Introduction

Attention is drawn to the fact that in this part of ISO 6506, only the use of the hardmetal ball indenter is
specified.

The designation of the Brinell hardness is HBW and should not be confused with the former designation HB,
or H S avbhaon a ctanl ball indAantar vane iond
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Metallic materials — Brinell hardness test —

Part 2:
Verification and calibration of testing machines

1 [BScope

This| part of ISO 6506 specifies a method of verification and calibration of ¢esting machings used for
detefmining Brinell hardness in accordance with ISO 6506-1.

It specifies a direct method for checking the main functions of machine\operation and an indfrect method
suitaple for the overall checking of the machine. The indirect method may. be used independently for periodic
routine checking of machine operation while in service.

If a|testing machine is also to be used for other methods “©of hardness testing, it should| be verified
independently for each method.

This|part of ISO 6506 is also applicable to portable hardnéss testing machines.

2 Normative references
The |following referenced documents arg jindispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of thg referenced
docyment (including any amendments) applies.

ISO B76:2004, Metallic materials'— Calibration of force-proving instruments used for the verification of
uniaxial testing machines

ISO B506-1:2005, Metallic-materials — Brinell hardness test — Part 1: Test method
ISO B506-3, Metalliec-materials — Brinell hardness test — Part 3: Calibration of reference blocks

ISO B507-1, Metallic materials — Vickers hardness test — Part 1: Test method

3 Generalconditions

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 plunger holding the ball slides correctly in its guide;
b) the ball-holder with a ball (from a lot verified in accordance with 4.3) is firmly mounted in the plunger;

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

© 1SO 2005 — Al rights reserved 1
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if the measuring system is integrated into the machine:

change from removing the test force to measuring mode does not influence the readings;
illumination does not affect the readings; and

centre of the indentation is in the centre of the field of view, if necessary.

verification

d)
— the
— the
— the
4 Direct
41 Gene
411 Dire

outside this femperature range, this shall be reported in the verification report.

41.2 The
4.1.3 Dire
a) the calil
b)
c) the calil

d) the veril
4.2 Calib

421 Eac

applicable, this shall be done at no less than three positions of the plunger uniformly spaced througho

range of mo

4.2.2 Thre
each measu

423 The

by mea

by bala
method

Lal

the verification of the indenter ball;

ct verification should be carried out at a temperature of (23 £ 5) °C. If the verification is 1

instruments used for verification and calibration shall be traceable to national-standards.
ct verification involves:

ration of the test force;

ration of the measuring system;

ication of the testing cycle.

ration of the test force
n test force shall be measured within:the working range of the testing machine. Wher
ement during testing.

e measurements shall be made for each force at each position of the plunger. Immediately b
fement is taken, the plunger shall be moved in the same direction as during testing.

force shall be measured by one of the following two methods:
ns of a force-proving instrument in accordance with ISO 376:2004 class 1, or

hcing against a force, accurate to + 0,2 %, applied by means of calibrated masses or an
with the.same accuracy.

nade

ever
ut its

fore

bther

424 Eac
ISO 6506-1.

4.3 Verifi
431 The

4.3.2
a batch shal

433 The

h measurement of a force shall be within + 1,0 % of the nominal test force, as defing

bd in

cation of the indenter ball

indenter consists of a ball and an indenter holder. The verification applies only to the ball.

| be tested. The balls verified for hardness shall be discarded.

balls shall be polished and free from surface defects.

For the purpose of verifying the size and the hardness of the balls, a sample selected at random from
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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.

4341

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 different ball diameters

Ball diameter Tolerance
10 + 0,005
5 + 0,004
2,5 + 0,003
1 + 0,003
4.3.4.2 The characteristics of the hardmetal balls shall be as follows!
a) Hardness: The hardness shall be not less than 1 500 HV , when ‘determined using a test for¢e of at least

1,903 N, in accordance with ISO 6507-1. The hardmetal ball'may be tested directly on t
surface or by sectioning the ball and testing on the ball intérior.

b) Pensity: p= (14,8 £ 0,2) g/lcm3.

The following chemical composition is recommended:

— fungsten carbide (WC) balance;

— [otal other carbides 2,0 %;

— fobalt (Co) 5,0 % to %0 %.

4.4 | Calibration of the measuring system

441 The scale of thetmeasuring system shall be graduated to permit estimation of the dia
indeptation to within+.0/5 %.

44.2 The measuring system shall be verified by measurements made on an object micr
minifnum of five intervals over each working range. The maximum error of each interval shal
0,5 %.

4.4. When measuring a projected area, the maximum error shall not exceed 1 % of the area.

his spherical

meter of the

pmeter at a
not exceed

4.44 Hand held microscopes should be calibrated in accordance to the procedure of this standard and the
tolerances of the manufacturer.

4.5

Verification of the testing cycle

The testing cycle shall conform with the testing cycle specified in ISO 6506-1 and shall be timed with an
uncertainty less than + 1,0 s.
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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 ISO 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 reference blocks and the surfaces of indenters shall not contain any
additives or corrosion products.

5.2 On each reference block, the reference indentation shall be measured. For each block, the difference
between the mean measured value and the certified mean diameter shall not exceed 0,5 %.

5.3 The telsting machine shall be verified for each test force and for each size of ball used. For €achj test
force, at leagt two reference blocks shall be selected from the following hardness ranges:

— < 200 HBW
— 300 < HBW < 400
— > 500 HBW

The two refdrence blocks shall be taken from different hardness ranges, if possible.
NOTE When the hardness test in question makes it impossible to reach the higher hardness range defined |n the
above-mentiohed ranges (for 0,102 x F/D2 = 5 or 10), the verification may*be carried out with only one reference |block
from the lowe[ hardness range.

5.4 On each reference block, five indentations shall besuniformly distributed over the test surface| and
measured. The test shall be made in accordance with ISO6506-1.

5.5 For eqch reference block, let dy, dy, d3 dy4, ds be the mean values of the measured diameters gf the
indentations| arranged in increasing order of magnitude, and

d1+d2 +d3 +d4 +d5

d = 5 (1)
5.6 The rgpeatability » of the testing machine under the particular verification conditions is calculated asg:

r=ds|-dq. (2)
The repeatability, expressed as a percentage of d , is calculated as:

Trel = 1P0 x d5—:d1,in% (3)

5.7  The repeatability of the testing machine is satisfactory when r,, is as specified in Table 2.

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

E=H-H, (4)

4 © 1SO 2005 — Al rights reserved
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The percent error, E,,

Er = 100x 2= He ino,
H

C
where

H

The error of the testing machine, expressed as a percentage of the specified hardness of the reference block,

is calculated by the following equation:

ISO 6506-2:2005(E)

. is the reported certified hardness value of the reference block.

shallfnot exceed the values given in Table 2.

Table 2 — Repeatability and error of the testing machine

Hardness of the reference block

Permissible repeatability
of the testing machine

Permissible errqr, £,
of\the testing machine

rel’

> 225

HBW % % of H
<125 3,0 +3,0
125 < HBW < 225 2,5 +2,5
2,0 +2,0

HBW: Brinell hardness.

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

6 |ntervals between verifications

The ppecifications for the direct verifications are given in Table 3.

Indirgct verification shall be performed at least once every 12 months and after a direct verificatior] has been
perfgrmed.

Table 3 — Direct verifications of hardness testing machines

. I Measuring a
Requirements of verification Force system Test cycle ndenter
before setting to work first time X X X X

after dismantling and reassembling,
if force, measuring system or test X X X
cycle are affected

failure of indirect verification P X X X

indirect verification > 14 months ago X X X

@ In addition, it is recommended that the indenter be directly verified after two years of use.

b Direct verification of these parameters may be carried out sequentially (until the machine passes indirect verification) and is not
required if it can be demonstrated (e.g. by tests with a calibrated indenter) that the indenter was the cause of the failure.

© 1SO 2005 — Al rights reserved 5
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7 Verification report/calibration certificate

The verification report/calibration certificate shall include the following information:

a)
b)
c)
d)
e)
f)
9)
h)

i)

a reference to this part of ISO 6506;

method

of verification (direct and/or indirect);

identification data for the hardness testing machine;

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

diametd

r of the ball indenter and test force;

verificatjon temperature;

result o

date of

uncerta

ptained;
erification and reference to the verification institution;

nty of the verification results.
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Annex A
(informative)

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

The metrological chain necessary to define and disseminate hardness scales is shown in Figure C.1 in

ALALn- 4. OO0

ISO

AA1

AA1.

The
equs

whele

The
COITe

POUU=T.2UUO.

Direct calibration of the hardness testing machine

1 Calibration of the test force

combined relative standard uncertainty of the test force calibration is calculated according to
tion:

[ 2 2
U =AUFRS TUFHTM

rrs s the relative uncertainty of measurement gf\the force transducer (from calibration ¢
HTm IS the relative standard uncertainty of.the test force generated by the hardness testin

uncertainty of measurement of the, reference instrument, force transducer, is indic
sponding calibration certificate. The influence quantities, like

emperature dependence,
ong-term stability, and

nterpolation deviatian,

sho(

position of the transducer, related to the indenter axis of the hardness testing machine, should be
EXAMPLE

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

Id be considered)for critical applications. Depending on the design of the force transducer, t

the following

(A1)

priificate);
g machine.

ated in the

he rotational
considered.

Calib

ration value of the force transducer Frg=1839N
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Table A.1 — Results of the test force calibration

Series 1 Series 2 Series 3 Mean value Relative Relative
deviation standard
Number of height measurement
position for test force uncertainty
calibration F, F, Fy F AF g “PHTM
N N N N % %
1 1835,0 1 836,6 1837,9 1836,5 -0,14 0,05
2 1834,3 1835,7 1837,5 1835,8 -0,17 0,05
B 1832,2 1839,5 1834,1 1835,3 -0,20 0,12
where
Frs - F
AFyg) = RSIF A'2)
u 15 1 Z3) A.3)
FHTM T N
sp,; is the standard deviation of the test force indication values in thei-th height position
In Table A.2| the maximum value of uzyT), from Table A.1 is used.
Table A.2 — Calculation of the uncertainty’of measurement of the test force
Quantity Estimated Relative limit Distribution Relative Sensitivity Relativ|
value values type standard coefficient uncertaifty
measurement contributjon
uncertainty
X; X a; u(x;) ¢ trei(H)
UrRs 1839 N Normal 6,0 x 1074 1 6,0 x 101
UpHTM 1839N Normal 12,0 x 1074 1 12,0 x 10~4
Relative compined standard uneertainty u 13,3 x 10~
Relative expanded uncertainty of measurement Uy, (k = 2) 2,7 x 103
Taple’A.3 — Calculation of the maximum relative deviation of the test force including

the uncertainty of measurement of the reference instrument

Relative deviation of test force

rel

%

Expanded relative measurement
uncertainty of test force

Up

%

Max. relative deviation of test force
including measurement uncertainty
of reference instrument

AF

max

%

0,20

0,27

0,47
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where

AF oy = |AF g | + U

ISO 6506-2:2005(E)

(A.4)

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.1.2 Calibration of the optical measuring system

The combined relative standard uncertainty of the reference instrument for the measuring system is calculated

as falows:

whele

ms

2 2 2
o3 :\/“LRS tUms TULHTM

HTM s the relative standard uncertainty of measurement of'the hardness testing machine.

(A.5)

1Rs is the relative uncertainty of measurement of object micrometer (reference standgrd) from the
calibration certificate for k = 1;

is the relative uncertainty of measurement due to the resolution of the measuring sysfem;

The |uncertainty of measurement of the reference instrumént for the optical measuring system, the object

micrpmeter, is indicated in the corresponding calibration ceftificate. The influence quantities, like

— emperature dependence,

— |ong-term stability, and

— |nterpolation deviation,

do npt exert an essential influence en the uncertainty of measurement of the object micrometer.

EXAMPLE

Uncerrtainty of measurement of the object micrometer: U;rg = 0,000 5 mm (k = 2)

Resqglution of the measuring system:

Sms = 0,1 um

Table A.4 — Results of the calibration of the measuring system

Indication, value of the Series 1 Series 2 Series 3 Mean value Relative Relative
bject micrometer deviation standard
T mpasurement
uncertainty

Lgrs Ly L, Ly L AL UrHTM
mm mm mm mm mm % %
1,0 1,002 1,003 1,001 1,002 0,20 0,06
2,0 2,001 2,003 2,001 2,002 0,08 0,03
3,0 3,002 3,002 3,001 3,002 0,06 0,01
4,0 4,001 4,003 4,002 4,002 0,05 0,01
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where

SLi

1
uLHTM :T’ . _n’ (n=3) (A6)
L-L
AL = LRSRS (A7)

sy; is the standard deviation of the length indication values for the i-th indication value of the object
micrometer.

TJbIe A.5 — Calculation of the uncertainty of measurement of the measuring system

Quantity Estimated Limit value Distribution Relative Sensitivity Relativp
value type standard coefficient ancertainty
measurement contributjon
uncertainty
X X 4; u(x;) i u(H)
U;Rs 1,0 mm Normal 2,5x 107 1 2,5 x 10[*
Upng 1,0 mm +1,0x104 Rectangular 2,9 %1078 1 2,9 x 10[°
Ty 1,0 mm Normal 6,0 x 1074 1 6,0 x 10[*
Relative compined uncertainty of measurement, u, 0,06
Relative expanded uncertainty of measurement, U, (k= 2), % 0,13

Tgble A.6 — Calculation of the maximum relative deviation of the measuring system
including the uncertainty of measurement of the length reference instrument

Tesf length Relative deviation of the Expanded relative Maximum relative
measuring system uncertainty of deviation of measuring
measurement system including
measurement uncertajnty
of length referenc
instrument
LRS ALrel UL ALmax
% % %
1,0 mm 0,20 0,13 0,33

where

ALpax = ALl + U, (A.8)

The result of the example means that the deviation of the measuring system, including the uncertainty of
measurement of the length reference instrument specified in 4.4 amounting to + 0,5 %, is complied with.

A.1.3 Verification of the indenter

The indenter consisting of indenter tip (ball) and holder cannot be verified and/or calibrated in-site. A valid
calibration certificate of an accredited calibration laboratory shall exist which confirms the geometrical
deviations, the physical properties and the chemical composition of the indenter (see 4.3).
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