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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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dition of ISO 6507-1, together with ISO 4545-1:2023, cancels and replaces ISO 4516:2
2017 and ISO 6507-1:2018, which have been technically revised.

The main clhanges are as follows:
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evised to include testing on metallic coatings and other inorganic coatings;
.6 - Metallic and other inorganic coatings;

mrents have been added to the testreport for reporting the surface curvature, if the curva

002,
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correct
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added Annex H to cover coatings specific requirements;

updated references.

Alist of all parts in the ISO 6507 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Metallic materials — Vickers hardness test —

Part 1:
Test method

This
met
and

The
0,02

is ouyitside the scope of this document as results would suffer from large uncertainties

limit

The
coat
coat

This
Cros

accurate readings of the diagonal of the indentation.
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document specifies the Vickers hardness test method for the three different rangés)of t
llic materials, including hard metals and other cemented carbides (see Table,1),'neta
pther inorganic coatings.

Table 1 — Ranges of test force

bst force for
lic coatings

Ranges of test force, F

N Hardness symbol

Designation

F>49,03 >HV5 Vickers hardness test

1,961 < F<49,03 HV 0,2 to<HV'5 Low-force Vickers hardness test

0,009807 <F<1,961 HV 0,001 to <HV 0,2 Vickers microhardness test

Vickers hardness test is specified in this document for lengths of indentation diagond
D mm and 1,400 mm. Using this method to determine Vickers hardness from smaller i

ations of optical measurement and imperfections in tip geometry.

Vickers hardness specified in this ‘decument is also applicable for metallic and othe
ngs including electrodeposited-'€odtings, autocatalytic coatings, sprayed coatings
ngs on aluminium.

document is applicable to~mieasurements normal to the coated surface and to measu
5-sections, provided that,the characteristics of the coating (smoothness, thickness,

document is notapplicable for coatings with thickness less than 0,030 mm when tes
e coating surface. This standard is not applicable for coatings with thickness less tha

h testing acrosSs-section of the coating. ISO 14577-1 can be used for the determination
smallerindentations.”

riodicverification method is specified for routine checking of the testing machine in se

1ls between
hdentations
due to the

r inorganic
and anodic

rements on
btc.) permit

fing normal
n 0,100 mm
of hardness

rvice by the

For specific materials and/or products, relevant International Standards exist.

2 Normative references

The following documents are referred 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 6507-2:2018, Metallic materials — Vickers hardness test — Part 2: Verification and calibration of

testi

ng machines

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

No terms and definitions are listed in this document.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

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

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

4 Symbols and designations

4.1 Symbols and designations used in this document

See Table 2

and Figure 1.
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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 d; and d, (see Figure 1)
Vickers hardness = Test force (kgf)
Surface area of indentation (mm2 )
— 1 9 TestForce ()
I9n  Surface area of indentation (mmz)
2 Fsin>
1 F 1 sin 5
HV =—X =—X

2
In 42 /(ZSing) In d
2
For the nominal angle a = 136°,

F
Vickers hardness = 0,189 1><—2
d

To rgduce uncertainty, the Vickers hardness may be calculated using the actual mean indenter angle, a.

NOTE Standard acceleration due to gravity, g, = 9,806 65 m/s% which i$the conversion factor from kgf to N.

4.2 | Designation of hardness number

Vickers hardness, HV, is designated as shown in the following example.

640 HV 30 /20

I— Duration time of test force (20 s)

if not within the specified range (10 s to 15 s)

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

Hardness symbol

Vickers hardness value

5 Principle

A dipniond indenter, in the form of a right pyramid with a square base and with a spe
between opposite faces at the vertex, is forced into the surface of a test piece followed by m

cified angle

pasurement

of the diagonal length of the indentation left in the surface after removal of the test force, F (see

Figure 1).
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Figure 1 — Principle of the test, geometry of indenter and Vickers indentation
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hardness is proportional to the quotient obtainéd by dividing the test force by the
d surface of indentation, which is assumed to be a right pyramid with a square base|
e vertex the same angle as the indenter.

right pyramid has its apex aligned with the-eentre of the base.
5 applicable, this document has adopted hardness test parameters as defined by the Working G

(CCM-WGH) under the frameworkof the International Committee of Weights and Measures (C
Committee for Mass and Related Quantities (CCM) (see Annex F).
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machine shall-be capable of applying a predetermined force or forces within the des
t forces, in'‘accordance with ISO 6507-2.
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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.

© IS0 2023 - All rights reserved
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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 movement, where applicable, should be taken into account.

Table 3 — Resolution of the measuring system

Dlagonerlr:r::ngth, d Resolution of the measuring system
0,020 <d < 0,080 0,000 4 mm
0;086<d=1409 6,59 of o

7 [lestpiece

7.1 | Test surface

The fest shall be carried out on a surface which is smooth and even, free ffom oxide scale, foreign matter
and,|in particular, completely free from lubricants, unless otherwise‘specified in producf standards.
The finish of the surface shall permit accurate determination of the diagonal length of the ifdentation.

For hard-metal samples, the thickness of the layer removed £rom the surface shall be ngt less than
0,2 mm.

7.2 | Preparation

Surfhce preparation shall be carried out in such a way as to prevent surface damage or altefation of the
surfaice hardness due to excessive heating or coldsworking.

Due|to the small depth of Vickers microhardness indentations, it is essential that special precautions
be taken during preparation. It is recominended to use a polishing/electropolishing process which is
suitgble for the material to be measured:

7.3 | Thickness

The thickness of the test piece or of the layer under test shall be at least 1,5 times the diagonal length of
the Hndentation, as definéd.in Annex A. No deformation shall be visible at the back of the tesf piece after
the fest.

The fhickness of ahard-metal test piece shall be at least 1 mm.

NOTE Thé 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.

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.

7.6 Metallic and other inorganic coatings

Annex H specifies additional procedures and requirements, which shall be applied when determining
the Vickers hardness of metallic and other inorganic coatings.

© IS0 2023 - All rights reserved 5
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8 Procedure

8.1 Test temperature

The test is normally carried out at ambient temperature within the limits of 10 °C to 35 °C. If the test
is carried out at a temperature outside this range, it shall be noted in the test report. Tests carried out
under controlled conditions shall be made at a temperature of (23 + 5) °C.

8.2 Test force

The test forpesgivernrinm Tabledare typicat- Othertestforces may be used inctuding greater tiram9846,7 N,
but not less|than 0,009 807 N. Test forces shall be chosen that result in indentations with diagenals not
less than 0,020 mm.

NOTE For hard metals, the preferred test force is 294,2 N (HV 30).

Table 4 — Typical test forces

Hardness test? Low-force hardness test Microhardness test
Nominal value of Nominal value of Nominal valug of
Hardnegs the test force, F Hardness the test force, F Hardness the test force, F
symbol symbol symbol
N N N
— — — — HV 0,001 0,009 807
— — — — HV 0,002 0,019 61
— — — — HV 0,003 0,029 42
— — — — HV 0,005 0,049 03
HV5 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 HW1 9,807 HV 0,025 0,245 2
HV 50 490,3 HV 2 19,61 HV 0,05 0,490 3
HV 1003 980,7 HV3 29,42 HV 0,1 0,980 7
a2  Nominalltest forces greater than 980,7-N may be applied.

8.3 Periodic verification

The periodik verificatien‘defined in Annex C shall be performed within a week prior to use for each test
force used but is reecommended on the day of use. The periodic verification is recommended whenever
the test forge is chraniged. 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
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.

6 © IS0 2023 - All rights reserved
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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

8.6

Test force application

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

The indenter shall be brought into contact with the test surface and the test force shall be applied in a
direction perpendicular to the surface, without shock, vibration or overload, until the applied force

atta
reac

NOT
indid
to nd
For {
the {
piec
The
proy

ns the specified value. The time from the initial application of the force until the full
hed shall be 7% s

K1  The requirements for the time durations are given with asymmetric limits» For ex3

ates that 7 s is the nominal time duration, with an acceptable range of not less thati'2's (calculatd
t more than 8 s (calculatedas 7 s + 1 s).

he Vickers hardness range and low-force Vickers hardness range/tests, the indenter s
est piece at a velocity of <0,2 mm/s. For micro-hardness tests,the“indenter shall cont
e at a velocity of <0,070 mm/s.

duration of the test force shall be 14:1} s, except for £€stS on materials whose timg
erties would make this an unsuitable range. For thesetests, this duration shall be spec

of thee hardness designation (see 4.2).

NOT
the |
can 1

8.7
Thr(

8.8

The
inde

The
2,51
atle
and

The

£ 2 There is evidence that some materials are sensitive to the rate of straining which causg
alue of the yield strength. The corresponding effect on the termination of the formation of ar
hake alterations in the hardness value.

Prevention of the effect of shock or vibration

ughout the test, the testing machihe shall be protected from shock or vibration[1l.

Minimum distance between adjacent indentations

minimum distance( between adjacent indentations and the minimum distance I
ntation and the edgéof the test piece are shown in Figure 2.

distance between the centre of any indentation and the edge of the test piece shall
imes the medn diagonal length of the indentation in the case of steel, copper and coppe]
hst threg times the mean diagonal length of the indentation in the case of light metals,
Lheir alloys.

distance between the centres of two adjacent indentations shall be at least three timg

test force is

mple, 7f% s
das7s-55s)

hall contact
act the test

-dependent
fied as part

s changes in
indentation

etween an

be at least
r alloys and
ead and tin

bs the mean

diag

naliengtn ortne indentation in the case or steel, copper and copper alloys and at least

x 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.
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8.9 Meas
The lengthg

taken for the calculation of the Vickers hardness. For all tests, the perimeter of the indentation sha

clearly defil

Magnificati
than 75 % d

NOTE1 Iy
particularly
limitation wj

edge of fest piece

bper and copper alloys
fals, lead and tin and their alloys

Figure 2 — Minimum distance for Vickers.indentations

urement of the diagonal length
of the two diagonals shall be measured. The-arithmetical mean of the two readings shd

ned in the field of view of the microscope.

bns should be selected so that the'diagonal can be enlarged to greater than 25 %, buf
f the maximum possible optical field of view; see 6.3.

1l be
1l be

less

general, decreasing the tést)force increases the scatter of results of the measurements. T

accuracy of ¢letermination of the-mean diagonal length is unlikely to be better than £0,001 mm when usi

optical micr
NOTE2 A

For flat sur
the differen

scope (see Referénces [2] to [5]).
helpful technique for adjusting optical systems that have Koéhler illumination is given in Annex

faces, the difference between the lengths of the diagonals should not be greater than 5
ce is greater, this shall be stated in the test report.

This standd

is is

true for low-force Vickers hardness tests and Vickers microhardness tests, where the principal
ill arise in the measufement of the diagonals of the indentation. For Vickers microhardnesyg, the

g an

G.
0. If

measurements requiring smaller indentation sizes ‘can be made in accordance with 1SO 14577-1,
ISO 14577-2 and ISO 14577-3 (see References [6] to [8]).

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 6507-4.19 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[10],
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Independent of the type of sources, for hardness, there are two possibilities for the determination of the
uncertainty.

One possibilityisbased on the evaluation of all relevant sources appearing during a direct

As areference, a Euramet guidelinellll is available.

calibration.

— The other possibility is based on indirect calibration using a hardness reference block [below
abbreviated as certified reference material (CRM)] (see References [11] to [14]). A guideline for the
determination is given in Annex D.

It may not always be possible to quantify all the identified contributions to the uncertalnty In this case,

an ef
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ntations into the test piece. Care should be taken, if standard uncertainties of type-4
marized, that the contributions are not counted twice (JCGM 100:2008, Clause 419R,

Test report

test report shall include the following information unless otherwise agreed by
erned:

h reference to this document, i.e., ISO 6507-1;

hll information necessary for identification of the test piece;

the date of the test;

the hardness result obtained in HV, reported in théformat defined in 4.2;

the curvature of the surface, if the curvature-¢orrection is applicable;

hll operations not specified in this document or regarded as optional;

Hetails of any circumstances that affected the results;

Lhe temperature of the test, if it is-outside the ambient range specified in 8.1;

iwhere conversion to another hardness scale is also performed, the basis and met
conversion .

e is no general process of accurately converting Vickers hardness into other scales

of repeated
\ and B are

the parties

hod of this

bf hardness

or imto tensile strength” Such conversions, therefore, should be avoided, unless a reliablle basis for

cony

NOT

ersion can be gbtained by comparison tests (see also ISO 18265).

) A strietcomparison of hardness values is only possible at identical test forces.
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Annex A
(normative)

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

The minimwmmmfmmw
Y

S IRV NAVEA VAL ANSANL N WA
AAVAY \\ A\ 1\ N\
2 000 \‘\\ \\ \ VAN \\\\\
\
1000 NN \ \\\\ \
\. \ A \\‘\ \\‘ \\\ \\ ‘\ \
500 \ n \\\\ \u \ \\
\ X \ AVAN \&
MM IR NAVINERD S AR
\ A @
OO ¢
\ Ne
\ﬂ\ \ «&”z\ﬁ\\\“o NI\
\ N

AT
100 ) ’&%\’ \ ) \\ \
A EL S \
) \
o

‘\ ‘\ ‘\\ \ \ \\ ‘\ \
\\\ \ \\ \ \\ \\ \\ \\
AVANEEAY \ \ NN\ \
\ AVANAN
VR NONTIN WVAY
- NN TN

0Jo1 0,025 0,05 0,1 0,25 0,5 1 2,5 5 10 X
Key

X  thicknessofthetest pIeTe, T

Y hardness, HV

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

0,01 —— 0,098 07
b c T
0,02 —— 0,196 1
. 0,005 —— 0,003 0,03 —— 0,294 2
- —+— 0,005 0,05 —— 0,490 3
3000 — 0,01 — T
2000 |— — =+
L —+— 0,01 0,1 ——0,9807
1000 002 — Bl
= 0,03 —— 0,02 02 —— 1,961
500 0,05 —— 0,03 03 —— 2,942
300 — —— 005 0.5 —— 4903
I 0,1 —— 0
200 |—_ — Iz
. 0,1 ——— e 1—F99,807
02 —
100 — T
= 0,3 1 0,2 2~—1—19,61
50 [ 05 ——03 3—— 29,42
30 — = % ST 49,08
20 — — —+
B 1 10—F— 98,07
2—
10 L— — T
32 20—— 196,1
g3 30 —— 294,2
L5 50 —— 490,3
100—=— 980,7

a Hardness value, HV.

b Minimum thickness, t;-mm.
c Diagonal length, dymnni.

d  Hardness symbol, HV.

e [est force F,N:

Figure A.2 — Nomogram designed for the minimum thickness of the test pie
(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).

© IS0 2023 - All rights reserved
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Annex B
(normative)

Tables of correction factors for use in tests made on curved

surfaces

B.1 Sphe

rical surfaces

Tables B.1 and B.2 give the correction factors when tests are made on spherical surfaces.

The correct]
the diametgd

EXAMPLE
Convex sphe
Test force, F

Mean diagon

ion factors are tabulated in terms of the ratio of the mean diagonal, d, of the.indentati
1, D, of the sphere.

re, D =10 mm
=98,07 N

al of indentation, d = 0,150 mm

d 0,150
—=—"1-0,015
D 10
. 98,07
Vickers|hardness, HV = 0,189 1x > =824 HV 10
(0,15)

Correction f3

Hardness of

ctor from Table B.1, by interpolation =(0;983

phere = 824 x 0,983 =810 HV 10

Table'B!1 — Convex spherical surfaces

n to

dyD Correction factor d/D Correction factor
0,004 0,995 0,086 0,920
0,009 0,990 0,093 0,915
0,p13 0,985 0,100 0,910
0,p18 0,980 0,107 0,905
0,923 0,975 0,114 0,900
0,28 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

12
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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 0,074 117
0,031 1,040 0,077 1,115
0,035 1,045 0,079 1,12
0,038 1,050 0,082 1,121
0,041 1,055 0,084 1,13
0,045 1,060 0,087 1,135
0,048 1,065 0,089 1,14(
0,051 1,070 0,091 1,145
0,054 1,075 0,094 1,15(

B.2
Tabl]

The
the ¢

EXA
Cond

Test

Mean diagonal of indentation, d=-0,415 mm

Corr

Cylindrical surfaces

bs B.3 to B.6 give the correction factors when tests‘dre made on cylindrical surfaces.

liameter, D, of the cylinder.
MPLE
ave cylinder, one diagonal of the indentation parallel to axis, D =5 mm

force, F=294,2 N

d 0,415

—=———=0,083

D 5

. 294,2

Vickers hardness, HV=0,189 1x————=323HV30
(0,415)*

pction\factor from Table B.6 = 1,075

Har

ness nFr'y]inr]ar =323 x 1’n'7|: =347 HU/ 230

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

correction factors are tabulated in terms of the ratio of the mean diagonal, d, of the indentation to

d/D Correction factor d/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 0,980 0,149 0,920
0,044 0,975 0,159 0,915
0,053 0,970 0,169 0,910
0,062 0,965 0,179 0,095

© IS0 2023 - All rights reserved
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Table B.3 (continued)

d/D Correction factor d/D Correction factor
0,071 0,960 0,189 0,900
0,081 0,955 0,200 0,895
0,090 0,950

0,100 0,945

0,109 0,940

dyD Correction factor d/D Correction factor
0,009 1,005 0,127 1,080
0,p17 1,010 0,134 1,085
0,925 1,015 0,141 1,090
0,034 1,020 0,148 1,095
0,p42 1,025 0,155 1,100
0,p50 1,030 0,162 1,105
0,058 1,035 0,169 1,110
0,066 1,040 0,176 1,115
0,p74 1,045 0,183 1,120
0,082 1,050 0;189 1,125
0,089 1,055 0,196 1,130
0,097 1,060 0,203 1,135
0,104 1,065 0,209 1,140
0,112 1,070 0,216 1,145
0,119 1,075 0,222 1,150

.

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

dyD Correction factor d/D Correction factor
0,009 0,995 0,085 0,965
0,p19 0,990 0,104 0,960
0,29 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

I'able b.6 — Concave cylindrical surfaces — Une 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 0,100 1,100
0,042 1,030 0,103 1,105
0,048 1,035 0,105 1,110
0,053 1,040 0,108 1,115

14
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Table B.6 (continued)

ISO 6507-1:2023(E)

d/D Correction factor d/D Correction factor
0,058 1,045 0,111 1,120

0,063 1,050 0,113 1,125

0,067 1,055 0,116 1,130

0,071 1,060 0,118 1,135

0,076 1,065 0,120 1,140

0,079 1,070 0,123 1,145

6,683 1,075 0,125 115

© IS0 2023 - All rights reserved
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Annex C
(normative)

Procedure for periodic checking of the testing machine, diagonal

measuring system and indenter by the user

C.1 Peri

The indent
reference b

and at the approximate hardness level at which the machine will be used.

Before perf|
using one d

length shall agree with the certified value to within the greater of 0,001 " mm or 1,25 % of

indentation
be measurdg
shall be adj

At least twd
block. The

machine is
reading dog

The percent
brel =1
where
H

HCRM

If the testin
condition a
an indirect
results shot
drift of the

pdic verification

ock shall be chosen for testing that is calibrated in accordance to ISO 6507-3 on the {

brming the periodic verification, the diagonal measuring system shall.be’indirectly ver
f the reference indentations on the hardness reference block. Themeasured indent

length. If the diagonal measuring system fails this test, a secorid reference indentation
d. If the diagonal measuring system fails this second test;-the diagonal measuring sy
1sted or repaired and undergo direct and indirect verifieation according to ISO 6507-2.

hardness measurements shall be made on the calibrated surface of the hardness refer]

indentations shall be uniformly distributed overcthe surface of the reference block.
regarded as satisfactory if the maximum positive or negative percent bias, b, for
s not exceed the limits shown in Table C.1.

bias, b, is calculated according to Formula (C.1):

rel’

0x H—-Hcpy

Herm

is the hardness value-corresponding to the hardness measurement taken;
is the certified hardness of the reference block used.

g machine fdilsthis test, verify that the indenter and testing machine are in good wor

yerification according to ISO 6507-2 shall be performed. A record of the periodic verificd
1ld bé>maintained over a period of time and used to measure reproducibility and mot
machine.

br to be used for periodic verification shall be the same as used for testing.-A/hardness

cale

ified
ition

the
may
ttem

ence
The
each

(C.1)

king

nd repeatthe periodic verification. If the machine continues to fail the periodic verification,

ition
hitor

Table C.1 — Maximum permissible percent HV bias

Mean diagonal length, Maximum permissible percent HV bias, b, of
d the testing machine
mm * %HV
0,02<d <0,14 0,21/d +1,5
0,14<d <1,400 3

16

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=9ae54a026977d2d79cd57aafdb6f3272

ISO 6507-1:2023(E)

NOTE The criteria specified in this document for the performance of the testing machine have been
developed and refined over a significant period of time. When determining a specific tolerance that the machine
needs to meet, the uncertainty associated with the use of measuring equipment and/or reference standards has
been incorporated within this tolerance and it would therefore be inappropriate to make any further allowance
for this uncertainty by, for example, reducing the tolerance by the measurement uncertainty. This applies to all
measurements made when performing a periodic verification of the machine.

C.2 Indenter inspection

Experience has shown that a number of initially satisfactory indenters can become defective after use
for g_comparatively short time. This is due to small cracks, pits or other flaws in the surface. If such
faulys are detected in time, many indenters may be reclaimed by regrinding. If not, any small defects on
the qurface rapidly worsen and make the indenter useless. Therefore,

— the condition of indenters should be monitored by visually checking the aspect'of the indentation on
h reference block each day the testing machine is used;

— the verification of the indenter is no longer valid when the indenter shows defects;

— reground or otherwise repaired indenters shall meet all of the requirements of ISO 650[7-2.

©1S0 2023 - All rights reserved 17
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Annex D
(informative)

Uncertainty of the measured hardness values

D.1 General requirements

Measureme
differences

nt uncertainty analysis is a useful tool to help determine sources of error and to unders
in test results. This annex gives guidance on uncertainty estimation but themet

contained afre for information only, unless specifically instructed otherwise by the customer.

Most prody
mainly on 4
to make the
uncertainty
for this und
the hardne;
an item sha
that the cal

ct specifications have tolerances that have been developed over the past years b
he requirements of the product but also, in part, on the performance ‘@f the machine

hardness measurement. These tolerances, therefore, incorporate alcontribution due t
of the hardness measurement and it would be inappropriate to make any further allow
ertainty by, for example, reducing the specified tolerance by the estimated uncertain
s measurement. In other words, where a product specification states that the hardne
1l be higher or lower than a certain value, this should befinterpreted as simply specif
rulated hardness value(s) shall meet this requirement;unless specifically stated other

in the product standard. However, there may be special circumstances where reducing tolerang

the measurn
involved.

The approa
associated

to the hard
the combin

ement uncertainty is appropriate. This should only ‘be done by agreement of the pa

ch for determining uncertainty presented-ifvthis annex considers only those uncertai
vith the overall measurement performanee of the hardness testing machine with reg
ness reference blocks (abbreviated as GRM below). These performance uncertainties re|
bd effect to all the separate uncertajnties (indirect verification). Because of this approa

is importanft that the individual machine components are operating within the tolerances. It is strg

recommend
a direct ver

Annex E sh
hardness s
hardness s
machines 3
laboratory

highest pos

D.2 Genc

ed that this procedure be applied for a maximum of one year after the successful passi
fication.

ales. The chain start§ at'the international level using international definitions of the var
ales to carry outsinternational intercomparison. A number of primary hardness stan
t the national-level “produce” primary hardness reference blocks for the calibr3
evel. Naturally“direct calibration and the verification of these machines should be a
sible accuraey.

eral. procedure

tand
hods

nsed
ised
the
hnce
Ly of
5s of
ying
wise
e by
rties

nties
pect
flect
ch, it
ngly
hg of

bws the four-level structure of the metrological chain necessary to define and disseminate

ious
dard
ition
- the

The proced

ure 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

— themeanhardnessvalue ofthe five indentations made in this block during calibration of the hardness
testing machine (see ISO 6507-2) can be implemented in different ways into the determination of
uncertainty.

18
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Two

ISO 6507-

methods are given for determining the uncertainty of hardness measurements.

1:2023(E)

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 uncertainty without having to consider the m

the systematic bias.

agnitude of

Additional information on calculating hardness uncertainties can be found in References [10] and [11].

NOT
subs
most
the ny

NOT

refer
asso

D.3

D.3,

The
The

JCGNI 100:2008[19], it is recommended that a correction be used to compensate for system

and
valu
dete

The
acco

whe

£ 1 This uncertainty approach makes no allowance for any possible drift in the machine
bquent to its last calibration, as it assumes that any such changes will be insignificant in magnit
of this analysis could be performed immediately after the machine’s calibration and the)resulf]
nachine’s calibration certificate.

£ 2 Inthis annex, “CRM” stands for “certified reference material”. In hardness testing standa
ence material is equivalent to the hardness reference block, i.e. a piece of matérial with a certif
fiated uncertainty.

Procedures for calculating uncertainty: Hardness measurement valy

1 Procedure with bias (method M1)

method M1 procedure for the determination of measurement uncertainty is explained
measurement bias, b, of the hardness testing maghihe can be expected to be a systema

this is the basis of M1. The result of using:;this method is that either all determine
es, x, have to be reduced by b or the uncertainty, U, has to be increased by b. The proce
rmination of Uy is explained in Table D(D.

combined expanded measurement.incertainty for a single hardness measurement, x, i

irding to Formula (D.1):

_ 2 2 2
]Ml —kX\/uH +2Xums +UHTM

performance
ude. As such,
s included in

ds, certified
ed value and

€S

n Table D.1.
tic effect. In
atic effects,
d hardness
Hure for the

5 calculated

(D.1)

bpeatability

rdness test-

Fe

Iy isacontribution to the measurement uncertainty due to the lack of measurementr
of the.hardness testing machine;

I, _is-acontribution to the measurement uncertainty due to the resolution of the ha

to resolving the positions of both ends of the diagonal independently;

optical resolution of the measuring microscope shall be considered. In most caseg, the overall

ing machine. Both the resolution of the length measurement indicating instrumlent and the
Mreso Ution of the measurement system shnould be included twice in the calcutation of uy due

uygpm 1S 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 reporte

d asaresult

of the indirect verification defined in ISO 6507-2) and is defined according to Formula (D.2):

(2 2 2
UHTM = \/ UCRM +UHCRM +2X U

© IS0 2023 - All rights reserved
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where

Ucgy 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;

Uycrm 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;

is the contribution to the measurement uncertainty due to the resolution of the hardness
testing machine when measuring the CRM.

The result df the measurement can be reported in two ways:

— as X} where the measurement value, x, is corrected for the measurement bias, b, calculated

according to Formula (D.3):
Xcorr H(x—b)+ Uy D.3)

— or as X|.,;» where the measurement value, x, is not corrected for the meéasurement bias, b, and the
expanded uncertainty, U, is increased by the absolute value of the bias according to Formula (1).4):

Xycorr FX+[Upiy +10]] D.4)

ucorr

When method M1 is used, it can also be appropriate to incliide additional uncertainty contribugions
within the RSS term relating to the value of b employed. This'will particularly be the case when

— the megsured hardness is significantly different frem the hardness levels of the blocks used dyring
the mac¢hine’s calibration,

— the mag¢hine’s bias value varies significantly throughout its calibrated range,

— the material being measured is different’from the material of the hardness reference blocks pised
during fhe machine’s calibration, or

— the dayjto-day performance (réproducibility) of the hardness testing machine varies significantly.

The calculations of these addifignal contributions to the measurement uncertainty are not discussed
here. In all dircumstances, a®ebust method for estimating the uncertainty associated with b is requjred.

D.3.2 Prdcedure without bias (method M2)

As an alternative to*method M1, method M2 can be used in some circumstances. Method M2 is |only
valid for hardriess testing machines that have passed an indirect verification in accordance with
ISO 6507-2 psSing the value |b|+Uyqy, rather than only the bias value, b, when determining complipnce

with the maximum permissible deviation of the bias (see ISO 6507-2). In method M2, the maximum
permissible bias, b, (the positive amount by which the machine’s reading is allowed to differ from the
reference block’s value), as specified in ISO 6507-2:2018, 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):

Uppy = kx\Ju? +2xu2,, +ul (D.5)
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where

D.4| Expression of the result of measurement

EXAMPLE

A hardness testing machine makes a single Vickers hardness measurement, x, on a test sample.
Single hardness measurement value, x: x =410 HV 30

Diagpnal length, d: d = 0,368 4 mm

Resolution of the length diagonal measuring systemis calculated according to Formula (D.7):

where

The
the

hardpess of this CRM was the closest to the test sample hardness of those CRMs used for the indirect

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

of the hardness testing machine;

U, isacontribution to the measurement uncertainty due to the resolution of the hardness
testing machine. Both the resolution of the length measurement indicating instrument and

the optical resolution of the measuring microscope shall be considered. In most c
overall resolution of the measurement system should be included twice in the cal

ases, the
culation of

uy due to resolving the positions of both ends of the long diagonal independently;

iz is a contribution to the measurement uncertainty due to the maximum permissik

ble deviation of the bias as specified in ISO 6507-2, and the result of the measurel
calculated according to Formula (D.6):

XZXiUMZ

5ms = V5(2)R +512R

) s = 0,000 51 mm

bor 1S the optical'resolution of the microscope objective (0,000 5 mm);
ik is the r€solution of the display indicator of the measuring system (0,000 1 mm).

ast indiréct verification of the testing machine determined a measurement bias, b, with an u

le devia-

tion of the bias, ug =bg /\/§ (rectangular distribution), where by is the maximunp permissi-

ment is

(D.6)

(D.7)

hcertainty of
HV 30. The

verification.

‘Fas, Uypmy using a CRM of HCRM =401,6 HV 30 with a reported uncertainty, Ucgy, of 5,0

Testing machine measurement bias, b: b = 1,62 HV 30

Uncertainty of the testing machine measurement bias, Uyry: Uyry = 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, H:H = 401,3 HV 30

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

© IS0 2023 - 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|+UHTM =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 expanded uncertainty in determining the bias [|b|+Uygpy ] is within the
maximum permissible bias, b, either Method M1 or M2 may be used.

22 © IS0 2023 - All rights reserved
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ISO 6507-

Annex E
(informative)

Vickers hardness measurement traceability

Traceability definition
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path to traceability for a Vickers hardness measurement is different compared to

surement quantities, such as length or temperature. This is primarily beeaus
surement including Vickers is made following a defined test procedure using a’testing nj
es multiple measurements of different parameters, e.g. force, length, time,during the
e measurements, as well as other test parameters, influences the hardnes$sresult.

[nternational Vocabulary of Metrology (VIM3)[13] defines metrologi€al traceability as:

metrological traceability — property of a measurement result whereby the result can be
Feference through a documented unbroken chain of calibrations, each contributing to the m
Lincertainty, VIM3, 2012.

h this definition, two things are necessary for a measurement result to have traceability
hn unbroken chain of calibrations, each contributing to the measurement uncertainty;

h reference to which traceability is claimed. These will define the metrological traceabi
Chains of calibrations

esting machine is suitable for.use in accordance with this document. The calibration
de direct measurements of.various components affecting the machine’s performance,
forces, indenter shape, arid)indentation measuring equipment, as well as hardness me
range of reference blocks. Each of these calibration measurements has specified li
h the result must lié.in ‘order for the machine to pass its verification. Historically, the
verification of the machine components has been termed the machine’s Direct Verif
ralibration and-verification of the testing machine by reference block measurements
ication.

b507-3 specifies both the procedure required to calibrate the reference blocks used in
ficatienof the testing machine and also the required calibration and verification proce
hinewsed to calibrate these blocks.

many other
e hardness

1achine that
est. Each of

related to a
easurement

<

lity chain.

6507-2 specifies a set of calibration and verification procedures required to demonstrate that

procedures
such as the
hsurements
mits within
calibration
ication and
its Indirect

the Indirect
Hures of the

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.

Int tional level International International S1
nternational leve comparisons definitions
\ \
. Primary hardness Machine
National level standard machines components| -
Calibrjation Ievel Primary hardness _ Hardness _ Machine |_
(ISO 6p07-3) reference blocks calibration machines components
User level Hardness Hardness Machine | _
(IS0 6p07-2) reference blocks testing machines components|
Y

Hardpess test Reliable

(ISO 6p07-1) hardness values
:

Indirect verification «+— i <% Direct verification
[}
Figure E.1 — Chains of calibrations
E.3 Vickers hardness reference

The otherr
hardness is
defined tes
an internat
traceability
definition, t
and confir

developed by the CCM Working Group on Hardness (CCM-WGH) (see Annex F) and realized by |

that standa
hardness sa
own chosen
Vickers sca
the Vickers

bquirement for achieving traceability;is a reference to which traceability is claimed. Vid
not a fundamental property of(a,material, but rather an ordinal quantity dependent
I method. Ideally, the ultimate.reference for a Vickers hardness measurement shoul
onally agreed definition ofsthis method, including values of all test parameters. Har

would then be to this/definition through a laboratory’s realization or fulfillment o
he accuracy of this realization being reflected in the laboratory’s measurement uncertg
med by international comparisons. The internationally agreed definition would

rdize Vickers Havdness. At this time, the CCM-WGH has not developed definitions for Vig
ales so thehighest reference is usually an NMI’s realization of the Vickers scales based g
definitighyof the test. In cases where an NMI does not calibrate reference blocks for cel
es, thechighest reference within a country may be a calibration laboratory’s realizati
scale'definition.

kers
on a

be

ess
F the
inty
| be
NMIs
kers
nits
tain
n of

E.4 Prac

tical 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
given on the right-hand side of Figure E.1, it is extremely difficult to identify, measure and, if necessary,
correct for all parameters that may affect the measured hardness value. Even if the machine 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

E.5

not be ensured.

Vickers hardness measurement traceability

E.5.1 General
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.B Userlevel traceability

above issues indicate that both types of traceability path usually need to be in plaCe {4
ers hardness measurement traceability. However, traceability can be achieved-bag
of the two paths if careful examination and evaluation of the measurement-proce
bxample, at the National Level, the traceability of an NMI’s primary Vickers hardne
hine is achieved through a Direct Verification calibration chain since there:is no recogn
hardness reference artefact. Traceability through this path is possible since NM
the capability to thoroughly evaluate their measurement systems_and their uncert

ness measurement experience have shown that, for the lowerlevels in the calibratio
most practical to obtain traceability and determine measurement uncertainty base
ne Indirect Verification calibration chain; however, proper.traceability of the individy
bonent quantity values is also important. This traceability scheme has proven to be
strial Vickers hardness measurements.

P Calibration level traceability

surement traceability is best obtained thrgugh the Indirect Verification calibration
ary reference blocks that have been calibrated at the National NMI level. This is also t}
ld be used for the determination of measurement uncertainty. At the same time, h
ified components of the calibration machine should be calibrated on a frequent basi
offsetting errors are not significant. Hardness traceability should be to the NMI's re
CCM-WGH definition of the Vickers scale or when there is an absence of a CCM-WGH
pability should be to the NMiI’s realization of its own chosen definition. If the NMI does
rated reference blocks er conduct comparison measurements with a calibration laborat

ronfirmed through international comparisons with other NMIs\In contrast, decades

r achieving
ed on only
ss is made.
bs standard
zed higher-

[[s typically

pinty levels
of Vickers
h hierarchy,
d primarily
1al machine
suitable for

chain using
he path that
pwever, the
S to ensure
alization of

definition;
not provide
ory and it is
y is claimed

need to be to the €alibration laboratory’s realization of the Vickers scale definition
national test method, such as that defined by this standard. In this case, the calibration
surement tracedbility may be achieved through the Indirect Verification path usin
ence blockstandards or through the Direct Verification path confirmed by intercompa

surement traceability is best obtained through the Indirect Verification calibration

ased on an
aboratory’s
consensus
ison.

hain using
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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