INTERNATIONAL ISO
STANDARD 6507-1

Fourth edition
2018-01

Metallic materials — Vickers
hardness test —

Part 1:
Test method

Matériaux métalliques — Essai de dureté Vickers —

Partie 1: Méthode d'essai

Reference number
IS0 6507-1:2018(E)

© 1502018




ISO 6507-1:2018(E)

COPYRIGHT PROTECTED DOCUMENT

© 150 2018

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either I1SO at the address
below or ISO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8

CH-1214 Vernier, Geneva, Switzerland

Tel. +41 2274901 11

Fax +41 22 749 09 47

copyright@iso.org

www.iso.org

Published in Switzerland

ii © IS0 2018 ~ All rights reserved



ISO 6507-1:2018(E)

Contents

Foreword

1

Ul o W

9
10

Annex A (normative) Minimum thic

Page

i
<

Scope

Normative references

Terms and definitions

Principle

Symbols and designations

5.1 Symbols and designations used in this document

5.2 Designation of hardness number

Testing machine N
6.1 Testing machine.......

WINDN N = e

6.2 Indenter

6.3 Diagonal measuring

Test piece

7.1 Test surface i B

7.2 Preparation

7.3 Thickness

7.4 Tests on curved sm"faces

7.5 Support of unstable et

Procedure e s

8.1

8.2

8.3

8.4

Jiprientation .,

8.5

8.6

8.7

8.8

8.9

8.10 Calculation ofha] e

Test report

0 1 I dOONO O UTULUL G UT Ul o b b o 0 W W

to the hardness

kiiess of the test piece in relation to the test force and

9
Annex B (normative) Tables of correction factors for use in tests made on curved surfaces........ 11
Annex C (normative) Procedure for periodic checking of the testing machine, diagonal
measuring system and the indenter by the user 15
Annex D (informative) Uncertainty of the measured hardness values 17
Annex E (informative) Vickers hardness measurement traceability 24
Annex F (informative) CCM — Working group on hardness 28
Annex G (informative) Adjustment of Kéhler illumination systems 29
30

Bibliography

© IS0 2018 - All rights reserved

iii



ISO 6507-1:2018(E)

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.

document and those intended for its further maintenance are
it 1. In particular the different approval criteria needed for the
noted. This document was drafted in accordance with the
t 2 (see www.iso.org/directives).

The procedures used to develop thi
described in the ISO/IEC Directiveg
different types of 1SO documentgish
editorial rules of the ISO/IEC Digegtn

Attention is drawn to the pa
patent rights. 1SO shall not k
any patent rights identified
on the 1SO list of patent decl

the document will be in the Introduction and/or

50.0rg/patents).

si:gisen for the convenience of users and does not

Any trade name used in this deciifient s infofmat
constitute an endorsement! G

idiards, the meaning of ISO specific terms and
as information about ISO's adherence to the

¥ hature of g
ssessment, @

For an explanatig
expressions r
World Trade Q

hical testing of metals,

Subcommitte&SE s Hap

This fourth editiorfcancels dic
revised.

S¥iwhich has been technically

The main changes compared:fite ous edition are as follows:

Is and other cemented carbides have been added;

— requirements for testing h&#

— all references of indentation diagonals, <0,020 mm, have been removed;
— resolution requirements for the measuring system have been defined;
— the lower test force limit of the Vickers microhardness test has been expanded to 0,009 807 N;

— requirements for the periodic (weekly or daily) verifications of the testing machine are normative,
and the maximum permissible bias value has been revised. Requirements for the maximum
permissible error in measuring a reference indentation have been revised;

— recommendations for inspection and monitoring of the indenter have been added;

— requirements have been added for the approach velocity of the indenter prior to contact with the
sample surface;

— the timing requirements for the test force application and the duration at maximum test force have
been revised to indicate target time values;

— Figure 2, which illustrates the requirements for the minimum distance between indentations, has
been added, but the requirements have not changed;

— requirements have been added to the test report for reporting the test date and any hardness
conversion method used;
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— Annex D has been revised;

— Annexes E, F and G have been added concerning Vickers hardness measurement traceability, the
CCM — Working group on hardness and adjustment of Kéhler illumination systems.

Alist of all parts in the ISO 6507 series ca"ﬁ . found on the ISO website.
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INTERNATIONAL STANDARD ISO 6507-1:2018(E)

Metallic materials — Vickers hardness test —

Part 1:
Test method

1 Scope

dness test method for the three different ranges of test force for
l.other cemented carbides (see Table 1).

This document specifies the Vickers ki
metallic materials including hardm#

Ranges of test force

Ranges of test forc
N
F=49,03 / Vickers hardness test
1,961 < F<49,03 i HV & ibw-force Vickers hardness test
0,009 807E T o6 :: s :

Designation

The Vickers hard
0,020 mm and 1,408 mm.
is outside the §tope
limitations of:pgtical

A periodic verff
the user.

achine in service by

For specific materials and/or ]

2 Normative references

The following documents are refefigd to in the text in such a way that some or all of their content

constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 6507-2:2017, Metallic materials — Vickers hardness test — Part 2: Verification and calibration of
testing machines

ISO 6507-3, Metallic materials — Vickers hardness test — Part 3: Calibration of reference blocks

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

© ISO 2018 - All rights reserved 1
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4 Principle

A diamond indenter, in the form of a right pyramid with a square base and with a specified angle
between opposite faces at the vertex, is forced into the surface of a test piece followed by measurement
of the diagonal length of the indentation left in the surface after removal of the test force, F (see
Figure 1).

lF

Figi — Princijilé: indentation

The Vickers ha ie test force by the area

with a square base and

having at the vertex the sam %

NOTE1  Aright pyramid hasi

Consultative Commlttee for Mass and Related Quantities (CCM) (see Annex F).

5 Symbols and designations

5.1 Symbols and designations used in this document

See Table 2 and Figure 1.

2 © IS0 2018 ~ All rights reserved
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Table 2 — Symbols and designations

Symbol Designation
a Mean angle between the opposite faces at the vertex of the pyramidal indenter (nominally 136°)
(see Figure 1)
F Test force, in newtons (N)
d Arithmetic mean, in millimetres, of the two diagonal lengths d1 and d3 (see Figure 1)
Test £ k
Vickers hardness = est force (kef)
Surface area of indentation (mm2 )
1 y Test Force (N)
In Surface area of indentation (mmz)
HV

For the nominals

Vickers hardne

NOTE 1 Standard acgg orsif

To reduce uncerta

5.2 Designai

Vickers hagdn

HV, is desis

30

L Approximate kgf equivalent value of
applied test force where (30 kgf = 294,2 N)

Hardness symbol

Vickers hardness value

6 Testing machine

6.1 Testing machine

The testing machine shall be capable of applying a predetermined force or forces within the desired
range of test forces, in accordance with ISO 6507-2.

6.2 Indenter

The indenter shall be a diamond in the shape of a right pyramid with a square base, as specified in

ISO 6507-2.

© IS0 2018 - All rights reserved 3
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6.3 Diagonal measuring system
The diagonal measuring system shall satisfy the requirements in ISO 6507-2.

Magnifications should be provided so that the diagonal can be enlarged to greater than 25 % but less
than 75 % of the maximum possible optical field of view. Many objective lenses are nonlinear towards
the edge of the field of view.

A diagonal measuring system using a camera for measurement can use 100 % of the camera’s field of
view provided it is designed to consider field of view limitations of the optical system.

The resolution required of the diagonal measuring system depends on the size of the smallest
indentation to be measured and shall be in accordance with Table 3. In determining the resolution of
the measuring system, the resolution of the microscope optics, the digital resolution of the measuring
scale and the step-size of any stage movééif-nent where applicable, should be taken into account.

ion of the measuring system

esolution of the measuring system

0,000 4 mm

7 Test piece

7.1 Test surface::

The test shaH be é

For hardmetal samplésifhi Hickn Srer fr : not less than 0,2 mm.

7.2 Preparation

Surface preparation shall be ca
surface hardness due to excessiv

ch a way as to prevent surface damage or alteration of the
ataigor cold-working.

Due to the small depth of Vickers mic¥ohardness indentations, it is essential that special precautions
be taken during preparation. It is recommended to use a polishing/electropolishing process which is
suitable for the material to be measured.

7.3 Thickness

The thickness of the test piece or of the layer under test shall be atleast 1,5 times the diagonal length of
the indentation as defined in Annex A. No deformation shall be visible at the back of the test piece after
the test.

The thickness of a hardmetal test piece shall be atleast 1 mm.

NOTE The depth of the indentation is approximately 1/7 of the diagonal length (0,143 d).

7.4 Tests on curved surfaces

For tests on curved surfaces, the corrections given in Tables B.1 to B.6 shall be applied.

4 © IS0 2018 ~ All rights reserved
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7.5 Support of unstable test pieces

For a test piece of small cross-section or of irregular shape, either a dedicated support should be used
or it should be mounted in a similar manner to a metallographic micro-section in appropriate material
so that it is adequately supported and does not move during the force application.

8 Procedure

8.1 Test temperature

The test is normally carried ¢ ienttemperature within the limits of 10 °C to 35 °C. If the test
is carried out at a temperatut

under controlled conditions s

,,p@:’f‘amre of (23 £ 5) °C.

8.2 Test force

The test forces given | : PIC Feesimay be used including greater than 980,7 N,
but not less than ( 80 estifonce ‘S‘"§hall be cﬁ%\sﬁm that result in indentations with diagonals

greater than 0,02; f

NOTE For katehnigtalsithe peeferred test force i N (HV 30).

icrohardness test

Hard
: Nominal value of
Hardness Hariiiess the test force, F
symbol syimbol N
— HV 0,001 0,009 807
- i i HV 0,002 0,019 61
— — I — — HV 0,003 0,029 42
— — — — HV 0,005 0.049 03
HV 5 49,03 HV 0,2 1,961 HV 0,01 0,098 07
HV 10 98,07 HV 0,3 2,942 HV 0,015 0,147 1
HV 20 196,1 HV 0,5 4,903 HV 0,02 0,196 1
HV 30 294,2 HV 1 9,807 HV 0,025 0,245 2
HV 50 490,3 HV 2 19,61 HV 0,05 0,490 3
HV 1002 980,7 HV 3 29,42 HV 0,1 0,980 7
a2 Nominal test forces greater than 980,7 N may be applied.

8.3 Periodic verification

The periodic verification defined in Annex C shall be performed within a week prior to use for each test
force used but is recommended on the day of use. The periodic verification is recommended whenever
the test force is changed. The periodic verification shall be done whenever the indenter is changed.

8.4 Test piece support and orientation

The test piece shall be placed on a rigid support. The support surfaces shall be clean and free from
foreign matter (scale, oil, dirt, etc.). It is important that the test piece lies firmly on the support so that
any displacement that affects the test result cannot occur during the test.

For anisotropic materials, for example, those which have been heavily cold-worked, there could be a
difference between the lengths of the two diagonals of the indentation. Therefore, where possible, the

© IS0 2018 - All rights reserved 5
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indentation should be made so that the diagonals are oriented in plane at approximately 45° to the
direction of cold-working. The specification for the product could indicate limits for the differences
between the lengths of the two diagonals.

8.5 Focus on test surface

The diagonal measuring system microscope shall be focused so that the specimen surface and the
desired test location can be observed.

NOTE Some testing machines do not require that the microscope be focused on the specimen surface.

8.6 Test force application

The indenter shall be brought mm P
direction perpendicular to thei$siifit
attains the specified value. Th

reached shall be 7™% s

with the test surface and the test force shall be applied in a
jut shock, vibration or overload, until the applied force
x nitial application of the force until the full test force is

NOTE1 The requirements fof i fons atgigivenith asymmetric limits. For example, 71'% s

indicates that 7 sisthe nommal tima Y ‘acceptigblaiEifige of notless than 2 s (calculated as 7s -5 s)

dness range tests, the indenter shall contact
tness tests, the indenter shall contact the test

shili be 14+4s except fa
fitable ragige. For these

$ts on materi hose time-dependent

Il be specified as part

properties woti]:
of the hardness desi

........ i ate of straining which causes changes in
ading effect on the termination of the'formation of an indentation

"is are sensmve

NOTE2  There is evidence that ‘ame m
the value of the yield strength. } 3
can make alterations in the hardi

8.7 Prevention of the effecti hock or vibration

Throughout the test, the testing machine shall be protected from shock or vibration[sl,

8.8 Minimum distance between adjacent indentations

The minimum distance between adjacent indentations and the minimum distance between an
indentation and the edge of the test piece are shown in Figure 2.

The distance between the centre of any indentation and the edge of the test piece shall be at least
2,5 times the mean diagonal length of the indentation in the case of steel, copper and copper alloys and
at least three times the mean diagonal length of the indentation in the case of light metals, lead and tin
and their alloys.

The distance between the centres of two adjacent indentations shall be at least three times the mean
diagonal length of the indentation in the case of steel, copper and copper alloys and at least six times the
mean diagonal length in the case of light metals, lead and tin and their alloys. If two adjacent indentations
differ in size, the spacing shall be based on the mean diagonal length of the larger indentation.

6 © IS0 2018 - All rights reserved
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| 34d , 25 d

Key

1  edge oftest piece

2 steel, copper and copper alloys

3 light metals, lead and tin and their& ioys

Figu ers indentations

8.9 Measureme

The lengths of the: ik
taken for the calciating
clearly defined in t

Hagonals shz
f:the Vicks

Magnifications should be“selected:so tha : » han 25 %, but less
than 75 % of the maximum possib i

¢reases the scatter of results of the measurements. This is
ests and Vickers microhardness tests, where the principal
‘diagonals of the indentation. For Vickers microhardness, the
#l length is unlikely to be better than 0,001 mm when using an

NOTE1 In general, decreasing thé:
particularly true for low-force Vicke
limitation will arise in the measuremeii
accuracy of determination of the mean diagg
optical microscope (see References [6] to [9]).”

NOTE2 A helpful technique for adjusting optical systems that have Kdhler illumination is given in Annex G.
For flat surfaces, the difference between the lengths of the diagonals should not be greater than 5 %. If
the difference is greater, this shall be stated in the test report.

8.10 Calculation of hardness value

Calculate the Vickers hardness value using the formula given in Table 2. The Vickers hardness value can
also be determined using the calculation tables given in ISO 6507-4. For curved surfaces, the correction
factors given in Annex B shall be applied.

9 Uncertainty of the results

A complete evaluation of the uncertainty should be done according to JCGM 100:2008[41.

© IS0 2018 - All rights reserved 7
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Independent of the type of sources, for hardness, there are two possibilities for the determination of the
uncertainty.

— One possibilityis based on the evaluation of all relevantsourcesappearing duringa direct calibration.
As a reference, a Euramet guidelinelld] is available.

— The other possibility is based on indirect calibration using a hardness reference block [below
abbreviated as certified reference material (CRM)] (see References [10] to [13]). A guideline for the
determination is given in Annex D

he identified contributions to the uncertainty. In this case,
may be obtained from the statistical analysis of repeated
be taken, if standard uncertainties of type A and B are
ganted twice (JCGM 100:2008, Clause 4[4]).

It may not always be possible to qua

an estimate of type A standard uggeg
indentations into the test pieceiitia
summarized, that the contribygs

10 Testreport gii

dintess otherwise agreed by the parties

The test report shall include
concerned: s
a) areferencetot

b)

9

d) the hardiiess ¢

e) all operatiox;s

f) details of any circumstanggs:

g) the temperature of the te§

h) where conversion to anothéi
conversion.

dness scale is also performed, the basis and method of this

There is no general process of accurately converting Vickers hardness into other scales of hardness
or into tensile strength. Such conversions, therefore, should be avoided, unless a reliable basis for
conversion can be obtained by comparison tests (see also ISO 18265).

NOTE A strict comparison of hardness values is only possible at identical test forces.

8 © IS0 2018 - All rights reserved



ISO 6507-1:2018(E)
Annex A
(normative)

Minimum thickness of the test piece in relation to the test force
and to the hardness

3000

2000

1000

500

250

100

50

25

10

>y

0,01 0,025 0,05 10

Key
X thickness of the test piece, mm
Y hardness, HV

Figure A.1 — Minimum thickness of the test piece in relation to the test force and to the
hardness (HV 0,2 to HV 100)

© ISO 2018 ~ All rights reserved 9
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d e
0,01 —— 0,09807
0,02 —+— 0,1961
a 0,03 —— 0,2942
3000 — 0,05 —1 0,4903
2000 |— -+
L 0,1 — 0,9807
: 13 i ¢ 0,2 ———— 1,961
500 — 05 & i*- 0,03 0,3 —— 2,942
~ i =4 0,05 0,5 —|— 4,903
300 = , .
— 01 —— i B
200 — ...-‘ pisestd -
_ Pt 0, T 1 9,807
100 — :§:; e
g £0;2 2 19,61
s — 03 & 3——2942
J—08 49,03
1— & =
=1
2—4
3% -2
—"1 3 (i

a  Hardness value, HV.

b Minimum thickness, t, mm.
c Diagonal length, d, mm.

d  Hardness symbol, HV.

e  Test force F, N.

Figure A.2 — Nomogram designed for the minimum thickness of the test piece
(HV 0,01 to HV 100)

The nomogram shown in Figure A.2 has been designed for the minimum thickness of a test piece,
assuming that the minimum thickness has to be 1,5 times the diagonal length of the indentation. The
required thickness is given by the point of intersection of the minimum thickness scale and a line
(shown dotted in the example in Figure A.2) joining the test force (right-hand scale) with the hardness
(left-hand scale).

10 © IS0 2018 - All rights reserved
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(normative)
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Tables of correction factors for use in tests made on curved

B.1 Spherical surfaces
Tables B.1 and B.2 give the correction

The correction factors are tabulated i terms of.
the diameter, D, of the sphere. g

surfaces

rs when té

thidin

sts are:fiade on spherical surfaces.

EXAMPLE st
Convex sphere, D = 10 mm
Test force, F= 98,07 N S
Mean diagonal of indegtation;:d = 0,150 piz
d 0,150
DY _go1s EEaaaan
D 10
98,07 i,
Vickers hardness=0,1891x ‘ '82:4 HY¥ 38
(0’15) it

Hardness of sphere = 824 x 0,983 = 810 HV 10

Table B.1 — Convex spherical surfaces

; n diagonal, d, of the indentation to

d/D Correction factor d/D Correction factor
0,004 0,995 0,086 0,920
0,009 0,990 0,093 0,915
0,013 0,985 0,100 0,910
0,018 0,980 0,107 0,905
0,023 0,975 0,114 0,900
0,028 0,970 0,122 0,895
0,033 0,965 0,130 0,890
0,038 0,960 0,139 0,885
0,043 0,955 0,147 0,880
0,049 0,950 0,156 0,875
0,055 0,945 0,165 0,870
0,061 0,940 0,175 0,865
0,067 0,935 0,185 0,860
0,073 0,930 0,195 0,855
0,079 0,925 0,206 0,850

© ISO 2018 - All rights reserved
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Table B.2 — Concave spherical surfaces

d/D Correction factor d/D Correction factor
0,004 1,005 0,057 1,080
0,008 1,010 0,060 1,085
0,012 1,015 0,063 1,090
0,016 1,020 0,066 1,095
0,020 1,025 0,069 1,100
0,024 1,030 0,071 1,105
0,028 1,035 & 0,074 1,110
0,031 1,040 0,077 1,115
003 | 194t 0,079 1,120
0,038 0,082 1,125
0,041 0,084 1,130
0,045 1,135
0,048 1,140
0,051 1,145
0,054 1,150

B.2 Cylindrical :
Tables B.3 to B.6 gi

The correction faé
the diameter, D, of

the ratio of the

EXAMPLE

Concave cylinder, one diagonal of the £

Test force, F=294,2 N

Mean diagonal of indentation, d = 0,415 mmi ::;

d 0,415
— = = {),083
D 5
. 294,2
Vickers hardness=0,1891x———=323HV30
(0,415)*

Correction factor from Table B.6 = 1,075

Hardness of cylinder = 323 x 1,075 = 347 HV 30

12

#allel to axis, D =5 mm

ean diagonak

re made on cylindrical surfaces.

‘he indentation to

© ISO 2018 - All rights reserved



ISO 6507-1:2018(E)

Table B.3 — Convex cylindrical surfaces — Diagonals at 45° to the axis

d/D Correction factor da/D Correction factor
0,009 0,995 0,119 0,935
0,017 0,990 0,129 0,930
0,026 0,985 0,139 0,925
0,035 o5 0,149 0,920
0,044 0,159 0,915
0,053 0,169 0,910
0,062 0,179 0,095
0,071 ‘ 0,189 0,900
0,081 f. 0,200 0,895
0,090 :

0,100
0,109

— Diagonals at 45° to the axis

& cylindrical suif

Correction factor

1,080

1,085

1,090

1,095

1,100

1,105

1,110

1,115

1,045

1,120

1,050

1,125

1,055

1,130

1,060

1,135

1,065

1,140

1,070

1,145

1,075

1,150

Table B.5 — Convex cylindrical surfaces — One diagonal parallel to the axis

d/D Correction factor d/D Correction factor
0,009 0,995 0,085 0,965
0,019 0,990 0,104 0,960
0,029 0,985 0,126 0,955
0,041 0,980 0,153 0,950
0,054 0,975 0,189 0,945
0,068 0,970 0,243 0,940

© 1SO 2018 - All rights reserved
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Table B.6 — Concave cylindrical surfaces — One diagonal parallel to the axis

d/D Correction factor d/D Correction factor
0,008 1,005 0,087 1,080
0,016 1,010 0,090 1,085
0,023 1,015 0,093 1,090
0,030 1,020 0,097 1,095
0,036 1,025 1,100 1,100
0,042 0,103 1,105
0,048 0,105 1,110
0,053 0,108 1,115
0,058 0,111 1,120
0,063 0,113 1,125
0,067 0116 1,130
0,071 H 0,118 1,135
0,076 0 1,140
0,079 1,145
0,083 1,150

14 © IS0 2018 - All rights reserved



ISO 6507-1:2018(E)
Annex C
(normative)

Procedure for periodic checking of the testing machine, diagonal
measuring system andthe indenter by the user

C.1 Periodic verification

The indenter to be used for the periodit verificatigf¥
reference block shall be chosen for testing:thatis ¢a
and at the approximate hardness level at:

$ system shall be indirectly verified
rice block. The measured indentation

Before performing the peri
using one of the referen
length shall agree with
indentation length. If th;
be measured. If the ¢
shall be adjusted or régaii

At least two hardness mea$ SHfeme;
block. The indentations shall be umf;‘: nly“di
machine is regarded as satisfactory if

reading does not exceed the limits shoiizin: i

The percent bias, byel, is calculated accordih:

H-Hcpm

b} =100x (C.1H
CRM
where
H is the hardness value corresponding to the hardness measurement taken;

Hcrv s the certified hardness of the reference block used.

If the testing machine fails this test, verify that the indenter and testing machine are in good working
condition and repeat the periodic verification. If the machine continues to fail the periodic verification,
an indirect verification according to ISO 6507-2 shall be performed. A record of the periodic verification
results should be maintained over a period of time and used to measure reproducibility and monitor
drift of the machine.

© IS0 2018 - All rights reserved 15
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NOTE

Table C.1 — Maximum permissible percent HV bias

Mean diagonal length, Maximum permiszible percent HV bias,
" rels
d of the testing machine
mm + %HV
0,02<d <0,14 0,21/d +1,5
014<d <1400 3

The criteria specified in this document for the performance of the testing machine have been

developed and refined over a significant perigg fof time. When determining a specific tolerance that the machine

needs to meet, the uncertainty associated w
been incorporated within this tolerance a
for this uncertainty by, for example, reduging
measurements made when performing gi@Ead’

C.2 Indenter inspection

Experience has shown that a numbiér of injtial
for a comparatively short time. ThlS i
faults are detected in tlme I ‘
the surface rapidly worsg

16

the condition of in

a reference bloc

g.use of measuring equipment and/or reference standards has
herefore be inappropriate to make any further allowance

nce by the measurement uncertainty. This applies to all

itation of the machine.

reground or ot

fEpaird

ore,

iters can become defective after use
# other flaws in the surface. If such
grinding. If not, any small defects on

Hy checking the aspect of the indentation on

© ISO 2018 - All rights reserved
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Annex D
(informative)

Uncertainty of the measured hardness values

D.1 General requirements

Measurement uncertainty analysis is a useful tool to help determine sources of error and to understand
differences in test results. This annex giv guldance on uncertamty estimation but the methods
contained are for information only, unless s

to make the hardness measurement. E
uncertainty of the hardness measure
for this uncertainty by, for example, nce by the estimated uncertainty of
the hardness measurement. In other % ¢ification states that the hardness of
an item shall be higher or lower thana certaiti i nterpreted as simply specifying
that the calculated hardness valu : iess specifically stated otherwise
in the product standard. Hoy ces where reducing tolerance by
the measurement uncertajt done by agreement of the parties
involved.

sannex considers only those uncertainties
ine with respect
ainties reflect
‘his approach, it
&s. It is strongly
ssful passing of

The approach for detegi
associated with the g
to the hardness refet
the combined effect to*l
is important that the indt
recommended that this pro
a direct verification.

trological chain necessary to define and disseminate
nal level using international definitions of the various
hardness scales to carry out internation ‘comparisons. A number of primary hardness standard
machines at the national level “produce™ primary hardness reference blocks for the calibration
laboratory level. Naturally, direct calibration and the verification of these machines should be at the
highest possible accuracy.

Annex E shows the four-level structugs
hardness scales. The chain starts at thé m‘t@

D.2 General procedure

The procedure calculates a combined uncertainty, uy, by the Root-Squared-Sum-Method (RSS) out of
the different sources given in Table D.1. The expanded uncertainty, U, is derived from uy by multiplying
with the coverage factor k = 2. Table D.1 contains all symbols and their designation.

The bias, b, of a hardness testing machine (also named “error”), which is derived from the difference
between

— the certified calibration value of the hardness reference block used, and

— the mean hardness value of the five indentations made in thisblock during calibration of the hardness
testing machine (see ISO 6507-2) can be implemented in different ways into the determination of
uncertainty.
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Two methods are given for determining the uncertainty of hardness measurements.

— Method M1 accounts for the systematic bias of the hardness machine in two different ways. In one
approach, the uncertainty contribution from the systematic bias is added arithmetically to this
value. In the other approach, a correction is made to the measurement result to compensate for the

systematic bias.

— Method M2 allows the determination of y

ncertainty without having to consider the magnitude of

the systematic bias.

Additional information on calculating hards

:tainties can be found in References [4] and [10].

NOTE1 This uncertainty approach ma e

subsequent to its last calibration, as it assi
most of this analysis could be performed i
the machine’s calibration certificate.

NOTE 2 Inthisannex, “CRM” stands fo¥

ice for any possible drift in the machine performance
‘h changes will be insignificant in magnitude. As such,
it the machme s calibration and the results included in

ardness testing standards, certified

reference material is equivalent to the hard

“material with a certified value and

associated uncertainty. s

D.3 Procedures foy

D.3.1 Procedure w'i’f

values, x, have to be reduced by b or t

1ess measurement values

in Table D.1.
matic effect. In
stematic effects,
ined hardness
icedure for the

#°U, has to be l‘ncreas d'by b. TH

determination of Uy is explained in

The combined expanded measurement

inty for a single hardness measurement, x, is calculated

according to Formula (D.1):

UMl ‘—"—kX\/Uﬁ +2><Urzns +UI%ITM

where

(D.1)

uy  isacontribution to the measurement uncertainty due to the lack of measurement repeatability

of the hardness testing machine;

uUms is a contribution to the measurement uncertainty due to the resolution of the hardness test-
ing machine. Both the resolution of the length measurement indicating instrument and the
optical resolution of the measuring microscope shall be considered. In most cases, the overall
resolution of the measurement system should be included twice in the calculation of uy due
to resolving the positions of both ends of the diagonal independently;

uyTM is a contribution to the measurement uncertainty due to the standard uncertainty of the bias
measurement, b, generated by the hardness testing machine (this value is reported as aresult
of the indirect verification defined in ISO 6507-2) and is defined according to Formula (D.2):

- |2 2 2
UHTM “\/“CRM +UpcrM T 2XUpg

i8

(D.2)
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where

ucrMm is the contribution to the measurement uncertainty due to the calibration uncertainty of the
certified value of the CRM according to the calibration certificate for k = 1;

ugcrM is the contribution to the measurement uncertainty due to the combination of the lack of
measurement repeatability of the hardness testing machine and the hardness nonuniformity
of the CRM, calculated as the standard deviation of the mean of the hardness measurements
when measuring the CRM;

Ums  is the contribution to the meagurement uncertainty due to the resolution of the hardness
testing machine when measugag

The result of the measurement can be f&di

$iitwo ways:

— as Xcorr, Wwhere the measuremgngia ‘

Higicorrected for the measurement bias, b, calculated
according to Formula (D.3): i

corr —

X “(X—b):*:UMl v:: i (D.3)

‘Seted for the measurement bias, b, and the

— or as Xucorr, where the measurenié;
; giaf'the bias according to Formula (D.4):

expanded uncertaint

X (D.4)

ucorr

=X‘_*‘[:UM1 :

J&56: e appropriat&td include additional uncertainty contributions
Jiiiof b employed. This willsarticularly be-

When method M1 8
within the RSS tegii:

S

— the measured hazdi
the machine’s calibg

locks used during

ificantly diffege]

— the machine’s bias value varie

— the material being measured i m the material of the hardness reference blocks used

during the machine’s calibratio

— the day-to-day performance (reprodtgibility) of the hardness testing machine varies significantly.

The calculations of these additional contributions to the measurement uncertainty are not discussed
here. In all circumstances, a robust method for estimating the uncertainty associated with b is required.

D.3.2 Procedure without bias (method M2)

As an alternative to method M1, method M2 can be used in some circumstances. Method M2 is only
valid for hardness testing machines that have passed an indirect verification in accordance with
ISO 6507-2 using the value ]b] +Uytm» rather than only the bias value, b, when determining compliance

with the maximum permissible deviation of the bias (see ISO 6507-2). In method M2, the maximum
permissible bias, bg, (the positive amount by which the machine’s reading is allowed to differ from the
reference block’s value), as specified in 1SO 6507-2:2017, Table 5 is used to define one component, ug, of
the uncertainty. There is no correction of the hardness values with respect to the bias limit. The
procedure for the determination of U is explained in Table D.1.

The combined expanded measurement uncertainty for a single future hardness measurement is
calculated according to Formula (D.5):

Unmz =k><\/uﬁ +2><ur2nS +u§: (D.5)
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where

uy  isacontribution to the measurement uncertainty due to the lack of measurement repeatability
of the hardness testing machine;

ums is a contribution to the measurement uncertainty due to the resolution of the hardness test-
ing machine. Both the resolution of the length measurement indicating instrument and the
optical resolution of the measuring microscope shall be considered. In most cases, the overall
resolution of the measurement system should be included twice in the calculation of uy due
to resolving the positions of both ends of the long diagonal independently;

UE is a contribution to the measuren
deviation of the bias, up =bg /&
permissible deviation of th
measurement is calculated

nent uncertainty due to the maximum permissible

{frectangular distribution), where bg is the maximum
yegified in ISO 6507-2, and the result of the

i#Formula (D.6):

X=x1Uy, (D.6)

D.4 Expression of the result of m

EXAMPLE

A hardness testing machigigii Kb iFement, x, on a test sample.

Single hardness measu

Diagonal length, d: ¢

Resolution of the lengthidiagias

sisystem igigalculated accordi

(D.7)

2 2
Oms =\/50R +0R

6ms = 0,000 51 mm

where

Ooor  is the optical resolution of the mic tié(:)scope objective (0,000 5 mm);
O isthe resolution of the display indicator of the measuring system (0,000 1 mm).

The last indirect verification of the testing machine determined a measurement bias, b, with an uncertainty of
the bias, Ugtm, usinga CRM of Hpy =401,6 HV 30 with areported uncertainty, Ucrwm, of 5,0 HV 30. The hardness
of this CRM was the closest to the test sample hardness of those CRMs used for the indirect verification.

Testing machine measurement bias, b: b= 1,62 HV 30
Uncertainty of the testing machine measurement bias, Ugtm: UnatMm = 5,14 HV 30

To determine the lack of repeatability of the testing machine, the laboratory made five HV 30 measurements, H;,
on a CRM having a similar hardness to the test sample. The five measurements were made adjacent to each other
adhering to spacing requirements in order to reduce the influence of block non-uniformity.

Five measurement values, H;: 405,5 HV 30; 399,0 HV 30; 400,9 HV 30; 403,4 HV 30; 397,5 HV 30

Mean measurement value, ﬁ : E =401,3HV 30

Standard deviation of the measurement values, Sy : Sy =3,2HV 30

20 © IS0 2018 ~ All rights reserved
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The value of sy based on measurements from the last indirect verification according to ISO 6507-2 may be
used instead of conducting the above repeatability tests; however, this standard deviation value will usually
overestimate the lack of repeatability uncertainty component since it also includes the CRM non-uniformity.

For this example,
|b|+ Uy =1,62+5,14=6,76 HV 30 and
bg =3 % of 410 HV 30 = 12,3 HV 30.

Since the testing machine bias plus the expa incertainty in determining the bias Db[ +Uyrm ] is within the

maximum permissible bias, bg, either Methig@ ¥ iioEMathod M2 may be used.

© IS0 2018 ~ All rights reserved 21
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Annex E
(informative)

Vickers hardness measurement traceability

E.1 Traceability definition

rdness measurement is different compared to many other
sior temperature. This is primarily because hardness

The path to traceability for a Vitke
measurement quantities, suchiias
measurement including Vickergis: miade:s }iiﬁwmg a defined test procedure usmg a testmg machine that
makes multiple measuremen dliffere St
these measurements, as Welliﬁ?&féc}‘ther test p

The International Vocabulary; @1 Metrology.(.

metrological traceabili

From this defind
unbroken chai
which traceabi

easurement result to have traceability: 1) an
measurement uncertainty and 2) a reference to

E.2 Chains‘ofes
ISO 6507 2 SpeCIf

pmponents affecting the machine’s performance such as the
n measuring equipment, as well as hardness measurements
these calibration measurements has specified limits within
the machine to pass its verlflcatlon Hlstorlcally, the cahbratlon

the calibration and verification of the testing machine by reference block measurements its Indirect
Verification.

ISO 6507-3 specifies both the procedure required to calibrate the reference blocks used in the Indirect
Verification of the testing machine and also the required calibration and verification procedures of the
machine used to calibrate these blocks.

When considering an “unbroken chain of calibrations” to provide measurement traceability to
the testing machine, it is apparent that this could come via either the Direct Verification or Indirect
Verification path.

Direct Verification requirements specify measurements of individual components of the testing
machine, with traceability of each of these measurements being achieved through calibration chains
to the International System of units (SI), usually as realized by the National Metrology Institute (NMI).
These calibration chains are illustrated on the right-hand side of Figure E.1. Together, these calibration
chains form a potential traceability path for a testing machine.

The left-hand side of Figure E.1 illustrates a traceability path made through a single calibration chain
for each level in the calibration hierarchy, i.e. national, calibration and user, that includes the calibration
of reference blocks and the subsequent Indirect Verification of Vickers hardness machines. A (national
level) primary standard machine calibrates primary reference blocks that are then used to calibrate a
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(calibration level) calibration machine. This machine calibrates reference blocks that are finally used to
calibrate a (user level) testing machine.

International level International International - SI
ernationatieve comparisons definitions -

. Primary hardness | Machine | _
National level standard machines | |components|
Calibration level . Hardness _ Machine
(150 6507-3) calibration machines components
User level - Hardness ~ Machine | _
(1SO 6507-2) §r‘eierence blocks ., testing machines |~ |components|

Hardness Test ‘
{ISO 6507-1)

E.3 Vickers hare 1’1

g bility is claimed. Vickers

viot a material, but rather an ordmal quantity dependent on a
defined test method. Ideall e reference for a Vickers hardness measurement should be
an internationally agreed defi this method, including values of all test parameters. Hardness
traceability would then be to this* ietinition through a laboratory’s realization or fulfillment of the
definition, the accuracy of this realization being reflected in the laboratory’s measurement uncertainty
and confirmed by international comparisons. The internationally agreed definition would be
developed by the CCM Working Group on Hardness (CCM-WGH) (see Annex F) and realized by NMIs
that standardize Vickers hardness. At this time, the CCM-WGH has not developed definitions for Vickers
hardness scales so the highest reference is usually an NMI’s realization of the Vickers scales based on its
own chosen definition of the test. In cases where an NMI does not calibrate reference blocks for certain
Vickers scales, the highest reference within a country may be a calibration laboratory’s realization of
the Vickers scale definition.

The other requirement for ach;
hardness is not a fundament;

E.4 Practical issues

Either one of the two traceability paths of calibration chains illustrated in Figure E.1 (left-hand side and
right-hand side) could theoretically provide traceability to an appropriate Vickers hardness reference.
However there are practical issues with both that must be considered For the Direct Verification path
correct for all parameters that may affect the measured hardness value. Even if the machme passes
its Direct Verification, traceability will not be ensured if one or more uncontrolled or unidentified
parameters have a significant effect. This is often the case and becomes more of an issue at lower levels
in the calibration hierarchy.

The Indirect Verification calibration chain shown on the left-hand side of Figure E.1 also has practical
issues to be considered. One consequence of using a testing machine having multiple components, each
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making measurements during the hardness test, is that an error in one component’s measurement
can be compensated or offset by an error in a different component’s measurement. This can result in
accurate hardness measurements for the specific hardness levels and block materials tested during the
indirect verification; however, measurement error can increase when testing other hardness levels or
materials. If the errors in the individual machine components are significant, then traceability again
may not be ensured.

E.5 Vickers hardness measurement traceability

E.5.1 General

The above issues indicate that botk
Vickers hardness measurement
the two pathsif careful examinag
the National Level, the traceabi1§
through a Direct Verlflcatlon €

deentles of Vickers hardness measurement
=ation hierarchy, it is most practical to obtain
£d primarily on the Indirect Verification
ividual machine component quantity values
26 be suitable for industrial Vickers hardness

traceablhty and det
calibration chain; &
is also importantif
measurements. i

E5.2 Calibrationles

Measurement traceabiiity is best eliai ifica ibration chain using
primary reference blocks that " ¥ s is also the path that
should be used for the deter : ; isatiig: time, however, the
&1 Aiachine should be calibrated on a frequent basis to ensure
ardness traceability should be to the NMI’s realization of
the CCM-WGH definition of the Vi& cale or when there is an absence of a CCM-WGH definition;
traceability should be to the NMI's reai ation of its own chosen definition. If the NMI does not provide
calibrated reference blocks or conduct comparison measurements with a calibration laboratory and it is
not practical to use reference blocks of another NMI, then the reference to which traceability is claimed
may need to be to the calibration laboratory’s realization of the Vickers scale definition based on an
international test method, such as that defined by this standard. In this case, the calibration laboratory’s
measurement traceability may be achieved through the Indirect Verification path using consensus
reference block standards or through the Direct Verification path confirmed by intercomparisons.

that offsetting errors are not st

E.5.3 User level traceability

Measurement traceability is best obtained through the Indirect Verification calibration chain using
reference blocks that have been calibrated at the calibration level or national level. As with calibration
level traceability, this is the most practical path and should also be used for the determination
of measurement uncertainty. It is also desirable that the components of the hardness machine
periodically undergo Direct Verification to ensure that offsetting errors are not significant. However,
typical industrial practice is for these measurements to be made only when the hardness machine is
manufactured or repaired, which is the minimum requirement of this document.

NOTE The following terms used in this annex are in accordance with the VIM3[14}:
— calibration;
— calibration hierarchy;

— metrological traceability;
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— metrological traceability chain;
— ordinal quantity;

— verification.
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Annex F
(informative)

CCM — Working group on hardness

In 1999, at the 88th Session of the International Committee of Weights and Measures (CIPM), Dr
Kozo lizuka, President of the Consultative Committee for Mass and Related Quantities (CCM), stated
“Although the definition of hardnes; s is certainly conventional in the sense of the use of arbitrarily
chosen formula, the testing methfa d by a combination of physical quantities expressed by SI
established and maintained in most of NMIs and the traceability to
Eﬁi&try and elsewhere The subsequent discussions led to the

realization that hardness stag
mutual recognition arrangernig
established in the frameworL

fu]l Working Group on Hardness (CCM-WGH) was

The establishment of the C(Z’
influence parameters c he detad Epve national definitions of the hardness tests

s : AE% e measurement differences at the highest
ent, the CCM-WGH has a close liaison with

1SO/TC 164/SC 3k
improvement ofifhe &
specific valueg;irath
this documenthass:

HE S —gmtxons is th
2g:0f acceptab

H

The CCM-WGH:idk
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Annex G
(informative)

Adjustment of Kohler illumination systems

G.1 General

yialigned, others have means of minor adjustments. To gain
inents may be helpful.

While some optical systems arg
the utmost in resolution, the fg

G.2 Kohler illuminatiog:

components are in their

proper places

Are is excessive, reduce
ould be decreased and

A full-aperture d :
the aperture; but fiever useilg
diffraction phenomena could:ie:

If the light is too strong for e uce the intensity by using of an appropriate neutral density

filter or rheostat control.
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