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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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ments for testing hardmetdls and other cemented carbides have been added;
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bible error in measuring a reference indentation have been revised;
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i

sample

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

surface;

been revised to indicate target time values;

been added, but the requirements have not changed;

conversion method used;

requirements have been added for the approach velocity of the indenter prior to contact with the

the timing requirements for the test force application and the duration at maximum test force have

Figure 2, which illustrates the requirements for the minimum distance between indentations, has

requirements have been added to the test report for reporting the test date and any hardness
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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 can be found on the ISO website.
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Metallic materials — Vickers hardness test —

Part 1:
Test method

This
me

(wd

The
0,02

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

cope

llic materials including hardmetals and other cemented carbides (see Table 1),

Table 1 — Ranges of test force

document specifies the Vickers hardness test method for the three different rangésof test force for

Ranges of test force, F
N Hardness symbol Designation
F=>49,03 >HV 5 Vickers hardness test
1,961 < F<49,03 HV 0,2to <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 diagon
D mm and 1,400 mm. Using this method to determine Vickers hardness from smaller i

hls between
hdentations
due to the

limitations of optical measurement and imperfections in tip geometry.

A pdriodic verification method is specifiedfor routine checking of the testing machine in} service by
the yiser.

For §pecific materials and/or products) particular 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
congtitutes requirements of this document. For dated references, only the edition cited ppplies. For
undgted references, the latest edition of the referenced document (including any amendments) applies.

ISO p507-2:2017,~Metallic materials — Vickers hardness test — Part 2: Verification and cqlibration of
testing machines

ISO $5073, 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 [EC maintain terminological databases for use in standardization at the following addresses:

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

[SO Online browsing platform: available at https://www.iso.org/obp
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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 vertey, 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).

lp

The Vicker;
of the slopg
having at th

NOTE1 A
NOTEZ2 A

on Hardness|
Consultative

5 Symbq

W\

Y

Figure 1 — Principle of the test, geometry of indenter and Vickers indentation

hardness is proportional to th€ guotient obtained 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 dligned with the centre of the base.
5 applicable, this docutnent has adopted hardness test parameters as defined by the Working G

(CCM-WGH) undérthe framework of the International Committee of Weights and Measures (C
Committee forMass and Related Quantities (CCM) (see Annex F).

bls and:designations

Area
and

roup
[PM)

5.1 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 dq and d; (see Figure 1)

Test force (kgf)

Vickers hardness = .
Surface area of indentation (mm*)

1 y Test Force (N)

Y9n Surface area of indentation (mmz)

. a
1 F 1 2Fsm5
HV =—X =—X

2
In dz/(Zsin%) In d

For the nominal angle a = 136°,

F
Vickers hardness = 0,1891><—2
d

NOTE 1 Standard acceleration due to gravity, g, = 9,806 65 my/s2 which is the conversion factor from kgfto N

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

5.2 | Designation of hardness number

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

610 HV 30 /20

|— 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 = 294,2 N)

Hardness symbol

Vickers hardness value

6 [[esting 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
[SO 6507-2.

© ISO 2018 - All rights reserved 3


https://standardsiso.com/api/?name=f25c0ea9c26969aad663e16c579c1442

ISO 6507-1:2018(E)

6.3 Diagonal measuring system

The diagonal measuring system shall satisfy the requirements in SO 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 resoluti

indentation|
the measur
scale and th

7 Test pliece

7.1 Test

The test sha
and, in par
The finish ¢

For hardme

7.2 Prep

Surface pre
surface har

Due to the
be taken dy
suitable for

7.3 Thickness

Aration

dable 5 utig
ng system, the resolution of the microscope optics, the digital resolution of the measy
e step-size of any stage movement, where applicable, should be taken into account.

Table 3 — Resolution of the measuring system

Diagonal length, d
mm

0,020=<d< 0,080
0,080 <d=<1,400

Resolution of the measuring system

0,000 4 mm
0,5 % of d

surface

Il be carried out on a surface which is smodth/and even, free from oxide scale, foreign m
icular, completely free from lubricants,uhless otherwise specified in product stand{
f the surface shall permit accurate determination of the diagonal length of the indentat

tal samples, the thickness of the layer removed from the surface shall be not less than 0,2

hn of
ring

htter
hrds.
ion.

mim.

paration shall be carried-out in such a way as to prevent surface damage or alteration of the

Hness due to excessive-heating or cold-working.

small depth ofVjekers microhardness indentations, it is essential that special precaut
ring preparation. It is recommended to use a polishing/electropolishing process whi
the material'to be measured.

ions
ch is

The thickn

il de b - il 1 o | de . | 1.1 | P Bl - el e 1.1
S5 UTLIIT LCSL PICLT UL UI'tHT 1d y T UIIUCTT LTSLS1IdIT UT AL ITAST 1,0 UIIITS LT UldgUlIdl ITIL G

h 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 at least 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.

© ISO 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

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

8.2 | Test force

The fest forces given in Table 4 are typical. Other test forces may be used including greater than 980,7 N,
but not less than 0,009 807 N. Test forces shall be chosen that resultiin-indentations with diagonals
gredter than 0,020 mm.

T

NOTE For hardmetals, the preferred test force is 294,2 N (HV 30):

Table 4 — Typical test-forces

Hardness testa Low-force hardness test Microhardnesg test
Nominal value of Noeminal value of Nomirjal value of
Hardness the test force, F Hardness the test force, F Hardness the tdst force, F
symbol symbol symbol
N N N
— — — — HV 0,001 0,409 807
— — — — HV 0,002 0,019 61
— — — — HV 0,003 0,029 42
— — — — HV 0,005 0.p49 03
HV 5 49,03 HV 0,2 1,961 HV 0,01 0,p98 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 0j196 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 01490 3
HV 1002 980,7 HV 3 29,42 HV 0,1 01980 7
a  Nominaltest forces greater than 980,7 N may be applied.

8 3 Doz dsa crossfs ot o
. TCTIOUIU VT ITICativlx

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 indente
direction p
attains the

reached sha

r shall be brought into contact with the test surface and the test force shall be applied in a
erpendicular to the surface, without shock, vibration or overload, until the ‘applied florce
specified value. The time from the initial application of the force until the.full test forice is

llbe7* s,

NOTE1 T

indicates thdt 7 s is the nominal time duration, with an acceptable range of not lessthan 2 s (calculated as 7 s
to not more than 8 s (calculated as 7 s + 1 s).

+1
_5S
-55)

he requirements for the time durations are given with asymmetric limits. For example,

For the Vickers hardness range and low-force Vickers hardness rarige tests, the indenter shall coptact
the test piefe at a velocity of <0,2 mm/s. For micro-hardness tests; the indenter shall contact the| test
piece at a v¢locity of <0,070 mm/s.

The duratign of the test force shall be 14:1} s, except for tests on materials whose time-depenident

properties ywould make this an unsuitable range. For théSe tests, this duration shall be specified as
of the hardipess designation (see 5.2).

part

NOTE 2  There is evidence that some materials are-sensitive to the rate of straining which causes changes in

the value of
can make alt

8.7 Prev

Throughout

8.8 Minil

the yield strength. The corresponding.effect on the termination of the formation of an indent
erations in the hardness value.

bntion of the effect of shock or vibration

the test, the testingmachine shall be protected from shock or vibration[5].

mum distancé)between adjacent indentations

htion

The minimum distan¢e between adjacent indentations and the minimum distance between an

indentation

The distan

and the\edge of the test piece are shown in Figure 2.

e-between the centre of any indentation and the edge of the test piece shall be at

east

2,5 times th

e mean diagonal length of the indentation in the case of steel, copper and copper alloy

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.
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8.9

The
take
clea

Mag
than

NOT
part
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accu
optig

NOT

For 1
the ¢

Q.
G
Q.

\ 4

bdge of test piece

steel, copper and copper alloys
ight metals, lead and tin and their alloys

Figure 2 — Minimum distance for.Vickers indentations

Measurement of the diagonal length

engths of the two diagonals shall be measuted. The arithmetical mean of the two readi
n for the calculation of the Vickers hardness. For all tests, the perimeter of the indentat
'ly defined in the field of view of the microscope.

hifications should be selected sg that the diagonal can be enlarged to greater than 25
75 % of the maximum possible optical field of view; see 6.3.

£ 1 In general, decreasing the test force increases the scatter of results of the measurem
cularly true for low-force_Vickers hardness tests and Vickers microhardness tests, where f{
ption will arise in the{ measurement of the diagonals of the indentation. For Vickers microh
Facy of determination’of the mean diagonal length is unlikely to be better than +0,001 mm w|
al microscope (see-References [6] to [9]).

£ 2

lat surfaces, the difference between the lengths of the diagonals should not be greater
lifference is greater, this shall be stated in the test report.

Ings shall be

ion shall be

%, but less

ents. This is
he principal
ardness, the
hen using an

A helpfultechnique for adjusting optical systems that have Kéhler illumination is given i Annex G.

than 5 %. If

8.10Calculation 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[4].

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

As a reference, a Euramet guidelinel19] is available.

One possibilityisbased on the evaluation ofall relevant sources appearing duringa direct calibration.

— 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

determ

ination is given in Annex D.

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

an estimatg-eftype-A-standard-uncertainty-may-be-obtained-fromthestatistical-analysisef repeated

indentationfs into the test piece. Care should be taken, if standard uncertainties of type A and’H are

summarizefl, that the contributions are not counted twice (JCGM 100:2008, Clause 4[4]).

10 Test report

The test r¢port shall include the following information unless otherwise agreed by the pafties

concerned:

a) arefergnce to this document, i.e., ISO 6507-1;

b) all information necessary for identification of the test piece;

c) the datg of the test;

d) the harfdness result obtained in HV, reported in the format/defined in 5.2;

e) all operjations not specified in this document or regarded as optional;

f) details jof any circumstances that affected the results;

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

h) where [conversion to another hardness’/scale is also performed, the basis and method of]|this
convergion .

There is ng general process of accurately converting Vickers hardness into other scales of hardness

or into tengile strength. Such conversions, therefore, should be avoided, unless a reliable basi$ for

conversion pan be obtained by(cemparison tests (see also ISO 18265).

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

8 © ISO 2018 - All rights reserved
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Annex A
(normative)

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

¥
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' AN VNN N NN
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\\ \\\\\ \\ \ \ \
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100 ) ’&\&A\O\A’\ \ \ \\ \
PA SR R e X
Ao U) \: \‘ \‘ = \“ \‘
) ORI ¥ X N\ I\
‘\‘\ ‘\ \\ \ \\ ‘\ ‘\ \\
50 \\ \ \\\ \
\VANA W A \ AN TN
VAV NS AWiw
25 A\ \ \ \ WA\ EAY
AAANEL N\ \\ \\
RSN
\
0,01 0,025 0,05 0,1 0,25 0,5 1 2,5 5 10 X

Key
X thicknéss 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)
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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
1000 — b 1
= ¢ 0,2 —— 1,961
500 |— 0,05 —— 0,03 0,3 —— 2,942
- —— 0,05 0,5 —— 4,903
300 I ’ ,
200 — 01 — i
T —101-————— 1—F— 9,807
100 2 -+
- 03 ——02 2—H—19,61
50 [— 05 — 03 3412942
30 [— =405 51— 49,03
— 1— 1
20 — — o
L -T—1 10—F—98,07
2—
10 L— — T
3—_— 2 20——196,1
5 1—3 30 —— 294,2
— 5 50 —— 490,3
100——1980,7
Key
a  Hardnegs value, HV.
b Minimun thickness, t, mm.
¢ Diagona length, d, mm.
d  Hardnegs symbol, HV.
e  Test fordge 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 © ISO 2018 - All rights reserved
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Annex B
(normative)

Tables of correction factors for use in tests made on curved

surfaces

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

Conv

Test

Mean diagonal of indentation, d = 0,150 mm

Corr

Hard

Spherical surfaces

liameter, D, of the sphere.
MPLE
ex sphere, D =10 mm

force, F= 98,07 N

d 0,150
—=——=0,015
D 10

98,07
(0,15)?

Vickers hardness= 0,1891x =824 HV10

pction factor from Table B.1, by interpolation = 0,983

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

Table B.1 — Convex spherical surfaces

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
0,004 0,995 0,086 0,92
0,009 0,990 0,093 0,911
0,013 0,985 0,100 0,91(
0,018 0,980 0,107 0,901
0,023 0,975 0,114 0,90
0,028 0,970 0,122 0,89
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,p28 1,035 0,074 1,110
0,p31 1,040 0,077 1,115
0,935 1,045 0,079 1,120
0,038 1,050 0,082 1,125
0,p41 1,055 0,084 1,130
0,045 1,060 0,087 1,135
0,048 1,065 0,089 1,140
0,p51 1,070 0,091 1,145
0,054 1,075 0,094 1,150
B.2 Cylindrical surfaces

Tables B.3 t

The correct]
the diametgd

EXAMPLE
Concave cyli
Test force, F

Mean diagon

p B.6 give the correction factors when tests are made on cylindrical surfaces.

ion factors are tabulated in terms of the ratio-of the mean diagonal, d, of the indentatic
1, D, of the cylinder.

hder, one diagonal of the indentation parallel to axis, D = 5 mm
= 294,2 N

al of indentation, d = 0,415 mm

d 0,415
—=——+=0,083
D 5
294,2
Vickers |hardness = 071891 x—— =323 HV 30
(0,415)>

Correction f4

ctor from Table B.6 = 1,075

Hardness of

"ylinﬂnr =323 x 1’n'7|: =347 H\/ 30

12

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

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 0,091
0,071 0,960 0,189 0,90
0,081 0,955 0,200 0,891
0,090 0,950

0,100 0,945

0,109 0,940

Table B.4 — Concave cylindrical surfaces — Diagonals-at 45° to the axis

d/D Correction factor d/D. Correction factor
0,009 1,005 0,127 1,08
0,017 1,010 0,134 1,081
0,025 1,015 0,141 1,090
0,034 1,020 0,148 1,091
0,042 1,025 0,155 1,10(
0,050 1,030 0,162 1,101
0,058 1,035 0,169 1,114
0,066 1,040 0,176 1,119
0,074 1,045 0,183 1,12
0,082 1,050 0,189 1,121
0,089 1,055 0,196 1,13(
0,097 1,060 0,203 1,131
0,104 1,065 0,209 1,14(
0,112 1,070 0,216 1,145
0,119 1,075 0,222 1,15(

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
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Table B.6 — Concave cylindrical surfaces — One diagonal parallel to the axis

14

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 1,030 0,103 1,105
0,023 1,035 0,105 LIT0
0,953 1,040 0,108 1115 N
0,058 1,045 0,111 1,120,
0,63 1,050 0,113 4,125
0,67 1,055 0,116 1130

0,p71 1,060 0,118 071135
0,p76 1,065 0,120 o 1140
0,p79 1,070 0,123 EN 1,145
0,083 1,075 0125 & 1,150

QY
N
$®®
®
xO
O
o
Q
O
O
o
s
7o)
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(normative)
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Procedure for periodic checking of the testing machine, diagonal

C1

The
refel
and

Bef

usi
len

measuring system and the indenter by the user

Periodic verification

indenter to be used for the periodic verification shall be the same as used for testing.
ence block shall be chosen for testing that is calibrated in accordance to ISO 6507-3
ht the approximate hardness level at which the machine will be used.

e performing the periodic verification, the diagonal measuring system-shall be indire
ng one of the reference indentations on the hardness reference block: The measured
gth shall agree with the certified value to within the greater of 0,001 mm or 1,2

indeptation length. If the diagonal measuring system fails this test,@second reference inde

be

shal
At le

blo

mac
read

The

wh

If th
cond
an i

res

easured. If the diagonal measuring system fails this second test, the diagonal measu

ast two hardness measurements shall be made on the.calibrated surface of the hardne
o
hine is regarded as satisfactory if the maximum positive or negative percent bias, b
ing does not exceed the limits shown in Table €.1.

percent bias, bre), is calculated according.to' Formula (C.1):
H—Hcry

h 1 =100x
e Hcrm

ere

H is the hardness value corresponding to the hardness measurement taken;

ficrm  is the certified hardness of the reference block used.

e testing machine fails this test, verify that the indenter and testing machine are in gg
ition and-repeat the periodic verification. If the machine continues to fail the periodic
directverification according to ISO 6507-2 shall be performed. A record of the periodic
ts should be maintained over a period of time and used to measure reproducibility g

dri;rof the machine.

k. The indentations shall be uniformly distributed over the surface of the reference

A hardness
bn the scale

'tly verified
indentation
65 % of the
htation may
fing system

be adjusted or repaired and undergo direct and indirectverification according to ISO $507-2.

bs reference
block. The
ke, for each

€.1)

od working
verification,
verification
nd monitor

© ISO 2018 - All rights reserved
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Table C.1 — Maximum permissible percent HV bias

Mean diagonal length, Maximum permiszible percent HV bias,
d of the testirrel;.:{ machine
mm + %HV
0,02<d <0,14 0,21/d +1,5
014<d <1,400 3
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 mag¢hine
needs to me¢t, the uncertainty associated with the use of measuring equipment and/or reference standardp has
been incorpqrated within this tolerance and it would therefore be inappropriate to make any furtherallowance
for this uncertainty by, for example, reducing the tolerance by the measurement uncertainty. This‘applies fo all
measuremerfts made when performing a periodic verification of the machine.

C.2 Indenter inspection

Experiencefhas shown that a number of initially satisfactory indenters cancbecome defective after use
for a compgratively short time. This is due to small cracks, pits or other®laws in the surface. If puch
faults are detected in time, many indenters may be reclaimed by regrinding. If not, any small defec{s on
the surfacejrapidly worsen and make the indenter useless. Thereforé,

— the confition of indenters should be monitored by visually cheeking the aspect of the indentatidn on
a refergnce block each day the testing machine is used;

— the ver{fication 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 6507-2.
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IS0 6507-
Annex D
(informative)

Uncertainty of the measured hardness values

General requirements

1:2018(E)

surement uncertainty analysis is a useful tool to help determine sources of error and\to
rences in test results. This annex gives guidance on uncertainty estimatiombut tl
pined are for information only, unless specifically instructed otherwise by the*custome

[ product specifications have tolerances that have been developed oyer the past
ly on the requirements of the product but also, in part, on the perforimance of the m
ake the hardness measurement. These tolerances, therefore, incorporate a contributio

uncdrtainty of the hardness measurement and it would be inappropriatéto make any furthe

for

is uncertainty by, for example, reducing the specified tolerance by the estimated un

the hardness measurement. In other words, where a product specification states that the

an it

that

in tH

the
invo

The

asso
to th
the ¢
is inf
reco
a dixg

Ann
hard
hard

mac
labo

high|

D.2

em shall be higher or lower than a certain value, this should be interpreted as simply
the calculated hardness value(s) shall meet this requirement, unless specifically state
e product standard. However, there may be special.gircumstances where reducing t|
measurement uncertainty is appropriate. This sheuld only be done by agreement of
lved.

Approach for determining uncertainty presénted in this annex considers only those u
ciated with the overall measurement performance of the hardness testing machine w
e hardness reference blocks (abbreviated as CRM below). These performance uncertai
ombined effect to all the separate uicertainties (indirect verification). Because of this
portant that the individual machihe components are operating within the tolerances. I
Immended that this procedure beapplied for a maximum of one year after the successfy
ect verification.

bx E shows the four-level structure of the metrological chain necessary to define and
ness scales. The chain starts at the international level using international definitions of
ness scales to carryout international intercomparisons. A number of primary hardne
nines at the national level “produce” primary hardness reference blocks for the
ratory levelNaturally, direct calibration and the verification of these machines shou
est possiblezaccuracy.

General procedure

understand
ne methods
r.

ears based
hchine used
n due to the
r allowance
certainty of
hardness of
' specifying
1 otherwise
plerance by
the parties

ncertainties
yith respect
hties reflect
hpproach, it
[ is strongly
1 passing of

lisseminate
the various
ss standard
calibration
Id be at the

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 ug 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 this block during calibration of the hardness

testing machine (see ISO 6507-2) can be implemented in different ways into the deter
uncertainty.

© ISO 2018 - All rights reserved
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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.

the systematic bias.

Method M2 allows the determination of uncertainty without having to consider the magnitude of

Additional information on calculating hardness uncertainties can be found in References [4] and [10].

NOTE 1

i
subsequent

most of this
the machine

NOTE2 Iy
reference m4
associated u

is uncertainty approach makes no allowance for any possible drift in the machine perfofm
its last calibration, as it assumes that any such changes will be insignificant in magnitude. As
hnalysis could be performed immediately after the machine’s calibration and the results)includ
s calibration certificate.

this annex, “CRM” stands for “certified reference material”. In hardness testing standards, cert
terial is equivalent to the hardness reference block, i.e. a piece of material with-a‘certified valu
hcertainty.

D.3 Progedures for calculating uncertainty: Hardness measurement values

D.3.1 Prad

The method
The measur
JCGM 100:2
and this is
values, x, hd
determinat

cedure with bias (method M1)

M1 procedure for the determination of measurement-incertainty is explained in Table
ement bias, b, of the hardness testing machine cai¥be expected to be a systematic effe
008[4], it is recommended that a correction be wsed to compensate for systematic eff

ance
such,
ed in

ified
b and

1 D.1.
t.In
ects,

the basis of M1. The result of using this, method is that either all determined hardness

ve to be reduced by b or the uncertainty,-U,"has to be increased by b. The procedure fo
on of Uy is explained in Table D.1.

The combined expanded measurement uncertainty for a single hardness measurement, x, is calcul

according t

where

—-

ug

—n

Ums

—

h Formula (D.1):

2 2 2
X\/UH +2><Ums +UHTM

a contributiofi.to the measurement uncertainty due to the lack of measurement repeatal

of the hardness testing machine;

a contribution to the measurement uncertainty due to the resolution of the hardness
ng machine. Both the resolution of the length measurement indicating instrument and

tical resolution of the measuring microscope shall be considered. In most cases, the ov|
relp_l_hf'fh—ffl“n_lﬁ'b_]_dﬂ'l.—rh_l_l_l.—l*_so ution of the measurement system snould be included twice in the calculation of ug due

r the

ated

D.1)

ility

test-
| the
erall

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

UHTM

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

UgTM =

18

2 2 2
\/UCRM +UpcrM +2X Uy

(D.2)
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where
ucrM 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 measurement uncertainty due to the resolution of the hardness
testing machine when measuring the CRM.
The fesult of the measurement can be reported in two ways:
— Bs Xcorr, Where the measurement value, x, is corrected for the measurement bias, b} calculated
hccording to Formula (D.3):
Xcorr (X b)+UM1 (D-3)
— pras Xucorr Where the measurement value, x, is not corrected forthe measurement biaf, b, and the
bxpanded uncertainty, U, is increased by the absolute value 6f the bias according to Formula (D.4):
X ucorr =X [ Uiy +b]] (D.4)
When method M1 is used, it can also be appropriate-fé include additional uncertainty cdntributions
within the RSS term relating to the value of b emplayed. This will particularly be the case when

the measured hardness is significantly different from the hardness levels of the blocks
the machine’s calibration,

ised during

Lhe machine’s bias value varies significantly throughout its calibrated range,

the material being measured is different from the material of the hardness reference
Huring the machine’s calibration, or

Lhe day-to-day performance (reproducibility) of the hardness testing machine varies si

The
herd

calculations of thes® additional contributions to the measurement uncertainty are ng
. In all circumstarices, a robust method for estimating the uncertainty associated with b

blocks used

bnificantly.

t discussed
isrequired.

2 Procedure without bias (method M2)

alternative to method M1, method M2 can be used in some circumstances. Method
for hardness testing machines that have passed an 1nd1rect verification in accor

M2 is only
dance with
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 [SO 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):

Unig =kxyJuZ +2xu2g +u? (D.5)
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where

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

0]

f 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

D.4 Expr
EXAMPLE

A hardness t
Single hardn
Diagonal len

Resolution o

5ms =\/

6mS = 05
where

6or i

OIR i

deviation of the bias, ug = bg /\/§ (rectangular distribution), where bg is the maximum

§ the optical resolutian-of the microscope objective (0,000 5 mm);

¢ the resolution©fthe display indicator of the measuring system (0,000 1 mm).

a contribution to the measurement uncertainty due to the maximum permissible

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

U M2
ession of the result of measurement

bsting machine makes a single Vickers hardness measurement, x, on a test sample.

ess measurement value, x: x =410 HV 30

bth, d: d = 0,368 4 mm

Fthe length diagonal measuring system is calculated according to Formula (D.7):
2 2

Dor +OIR

0051 mm

The last indi

the bias, Uytj, usingaGRM of Hpy =401,6 HV 30 with areported uncertainty, Ucrm, of 5,0 HV 30. The harg
of this CRM yvas,theclosest to the test sample hardness of those CRMs used for the indirect verification.

Testing machineimeasurement bias b:h=162 HV 30

Uncertainty

ect verificafion of the testing machine determined a measurement bias, b, with an uncertain

of the testing machine measurement bias, Uytm: UnT™m = 5,14 HV 30

D.6)

D.7)

ty of
ness

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 measu

rement value, H : H =401,3 HV 30

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

20
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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|+Uyry =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| +Uhm :| is within the
maximum permissible bias, bg, either Method M1 or Method M2 may be used

© ISO 2018 - All rights reserved 21
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ISO 6507-1:2018(E)
Annex E
(informative)

Vickers hardness measurement traceability

E.1 Traceability definition

The path t¢ traceability for a Vickers hardness measurement is different compared to many qther
measuremgnt quantities, such as length or temperature. This is primarily because)‘hardness
measurement including Vickers is made following a defined test procedure using a testing'machine|that
makes multiple measurements of different parameters, e.g. force, length, time, during’the test. Eath of
these measyirements, as well as other test parameters, influences the hardness result

The Interngtional Vocabulary of Metrology (VIM3)[14] defines metrological tracéability as:

metrolpgical traceability — property of a measurement result whereby thé result can be related to a
referenge through a documented unbroken chain of calibrations, each eontributing to the measurement
uncertdinty, VIM3, 2012.

From this definition, two things are necessary for a measurement result to have traceability: 1) an
unbroken chain of calibrations, each contributing to the measuréirient uncertainty and 2) a referente to
which tracedability is claimed. These will define the metrological traceability chain.

E.2 Chains of calibrations

ISO 6507-2specifies a set of calibration and verification procedures required to demonstrate |that
the testing machine is suitable for use in accofdance with this document. The calibration procedures
include dirgct measurements of various components affecting the machine’s performance, such a$ the
test forces, [indenter shape, and indentation measuring equipment, as well as hardness measurenjents
of a range pf reference blocks. Each-of‘these calibration measurements has specified limits within
which the result must lie in order forthe machine to pass its verification. Historically, the calibrgtion
and verification of the machine-eomponents has been termed the machine’s Direct Verification| and
the calibration and verificatiofi-of the testing machine by reference block measurements its Indjrect
Verification|.

ISO 6507-3 ppecifies boththe procedure required to calibrate the reference blocks used in the Indjrect
Verification of the testing machine and also the required calibration and verification procedures of the
machine usgd to calibrate these blocks.

When congidering an “unbroken chain of calibrations” to provide measurement traceabilit
the testing lmachine, it is apparent that this could come via either the Direct Verification or Ind
Verification path.

y to
irect

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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