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Foreword

1SO {the International Organization for Standardization) is a worldwide federation of national standards bodies
{ISO member bodies). The work of preparing International Standards is normally carried out through 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 1SO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main task of technical committees is to prepare International Standards. Draft International Standards

adopted by the technical committees al culated to the member bodies for voting. Publication as an
International Standard requires approval, least 75 % of the member bodies casting a vote.

elements of this document may be the subject of patent
g any or all such patent rights.

Attention is drawn to the possibility !
rights. 1ISO shall not be held respol

1SO 8507-1 was prepared by Techi SO/TC..164, Mechanical testing of metals, Subcommittee

SC 3, Hardness testing.

second edition (1ISO 6507-1:1997) which

fetallic materials — Vickers hardness fest.

— Part 4: Tables of hardness vaj
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Introduction

The periodic checking of the testing machine described in informative Annex C is good metrological practice.
It is intended to make the annex normative in the next revision of this part of ISO 6507 Standard.

For automated measuring systems this standard should be applied accordingly.
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INTERNATIONAL STANDARD I1SO 6507-1:2005(E)

Metallic materials — Vickers hardness test —

Part 1:
Test method

1 Scope

This part of 1SO 8507 specifies the Vickers hardness test method, for the three different ranges of test force
for metallic materials (see Table 1).

— Ranges of test force

Ranges of test fo)
Hafdhess symbol Designation

Vickers hardness test

Low-force Vickers hardness test

Vickers microhardness test

The Vickers
0,020 mm

NOTE 1

surements. This is particularly
hé:grincipal limitation will arise in the
" For Vickers microhardness, the acéuracy of determination of the mean
;001 mm (see Bibliography [2]-[5]).

NOTE2 In general, decreasifi.the test fgf
true for low-force Vickers hardngi sts afyd

diagonal length is unlikely to be h

For specific materials and/or produg! articular International Standards exist.

2 Normative references

The following referenced documents are indispensable for the application 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 6507-2:2005, Metallic materials — Vickers hardness test — Part 2: Verification and calibration of testing
machines

ISO 6507-4, Metallic materials — Vickers hardness fest — Part 4: Tables of hardness values
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3 Principle

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

lF

3

The Vickers hard
the indentation,
angle as the indent

4 Symbols and abbrevia

4.1 See Table 2 and Figure 1.

Table 2 == Symbols and abbreviated terms

Symbol/
Abbreviated Designation
term

Angle between the opposite faces at the vertex of the pyramidal indenter (136°)

F Test force, in newtons (N}

d Arithmetic mean, in millimetres, of the two diagonal lengths 41 and d; (see Figure 1)

136°
Test force 2Fsn—3

Hv k — =0.102 ~0,180 12
Surface area of indentation a? a?

Vickers hardness = Constant x

NCTE Constant = 0,102 ~ 1/9,806 65, where 9,806 65 is the conversion factor from kgf to N.
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4.2 The following is an example of the designation of Vickers hardness HV.
EXAMPLE
80 HVY 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 = 294,2N)
Hardness symbol

Vickers hardness value

5 Testing machine

5.1 Testing machine, capable of
forces, in accordance with 1SO 6507

predetermined force or forces within the required range of test

5.2 Indenter, a diamond in h pyramid with a square base, as specified in 1SO 6507-2.
5.3 Measuring system, as

NOTE A suggested procedul testing machine by the users is given in Annex C.

6 Test piece

6.1 The test shal ¢ mooth and even, free from oxide scale, foreign
matter and, in npl icz i_mless otherwise specified in product standards. The
finish of the sul sk ingifi the diagonal length of the indentation.

s indentatidiy
a polishings

ial precautions are taken
s which is suitable for the

material parameters

6.3 The thickness of the tes : he layer under test, shall be at least 1,5 times the diagonal length
of the indentation (see Annex

No deformation shall be visible at the*kick of the test piece after the test.
6.4 For tests on curved surfaces, the corrections given in Annex B, Tables B.1 to B.6 shall be applied.

6.5 For test pieces of small cross-section or of irregular shape, it may be necessary to provide some form of
additional support.

7 Procedure

7.1 In general, the test is carried out at ambient temperature within the limits of 10 °C o 35 °C. Tests
carried out under controlled conditions shall be made at a temperature of (23 + 5) °C.

7.2 The test forces given in Table 3 are recommended.

NOTE Other values e.g. HV 2,5 (24,52 N) may be used.
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I1SO 6507-1:2005(E)

Table 3 — Test forces

Hardness test 2 Low-force hardness test Microhardness test
Nominal value of Nominal value of Nominal value of
Hardness the test force 7 Hardness the test force Hardness the test force
symbol symbol symbol
N N N

HY 5 49,03 HV 0,2 1,961 Hv 0,01 0,008 07

HV 10 98,07 HV 0,3 2,942 Hv 0,015 0,147

HV 20 196,1 HV 0,5 4,903 Hv 0,02 0,196 1

HV 30 2942 HV 1 9,807 Hv 0,025 0,2452

HV 50 490,3 HV 2 19,61 HV 0,05 0,490 3

HV 100 980,7 HV 3 29,42 Hv 0,1 0,9807

& Nominal test forces greater than 980,7 N may be applied

7.3 The test piece shall be placed
foreign matter (scale, oil, dirt, etc.
displacement cannot occur during t

pport. The support surfaces shall be clean and free from
int that the test piece lies firmly on the support so that

initial application of the force until ik
For low-force hardness and micrshardnes
hardness and microhardness tests

70 pm/s.

The duratlon of th

7.6 The distance between the
2,5 times the mean diagonal leng ation in the case of steel coppér and copper alloys, and at
least three times the mean diagonaiidigilyiof thie 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.

7.7 Measure the lengths of the two diagonals. The arithmetical mean of the two readings shall be taken for
the calculation of the Vickers hardness.

For flat surfaces, the difference between the lengths of two indentation diagonals should not be greater than
5 %. If the difference is greater, this shall be stated in the test report.

Magnifications should be provided so that the diagonal can be enlarged to greater than 25 %, but less than
75 % of the field of view.

7.8 IS0 6507-4 contains calculation tables which shall be used to determine the Vickers hardness for tests
on flat surfaces.

Copyright B tona Organization for Standardization © IS0 2005 - All rights reserved
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8 Uncertainty of the results

A complete evaluation of the uncertainty should be done according to the 1ISO Guide to the expression of
uncertainty in measurement (GUM)[61.

Independent of the type of sources, for hardness there are two possibilities for the determination of the
uncertainty.

— One possibility is based on the evaluation of all relevant sources appearing during a direct calibration. As
a reference, an EA guideline [/l is available.

— The other possibility is based on indirect calibration using a hardness reference block [below abbreviated
as CRM (certified reference material}] (see [7-10] in the Bibliography). A guideline for the determination is
given in Annex D.

It may not always be possible to quantify all the identified contributions to the uncertainty. In this case, an
estimate of type A standard uncertainty.may be obtained from the statistical analysis of repeated indentations
into the test piece. Care should be take standard uncertainties of type A and B are summarised, that the
contributions are not counted twice (; e 4 of GUM:1993).

9 Testreport

The test report shall include th fdfowing informati

part of ISO £58

ay have affected the

NOTE1 A strict comparison of;

There is no general process
tensile strength. Such conversions;
obtained by comparison tests.

converting Vickers hardness into other scales of hardness or into
re, should be avoided, unless a reliable basis for conversion can be

It should be noted that for anisotropic materials, for example those which have been heavily cold-worked,
there will be a difference between the lengths of the two diagonals of the indentation. Where possible, the
indentation should be made so that the diagonals are inclined at approximately 45° to the direction of
cold-working. The specification for the product may indicate limits for the differences between the lengths of
the two diagonals.

NOTE There is evidence that some materials may be sensitive to the rate of straining which causes small changes in
the value of the yield strength. The ing effect on the ination of the ion of an indentation can make
alterations in the hardness value.

Gopyioht itemations Orgmvisatin o Satarasaber GNES reserved 5
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Annex A
(normative)

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

Y
3000 N TN
\
2000 N\ \\ \
1000 -

Key
X Thickness of the test piece, mm
Y Hardness, HV

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

[ S — © IS0 2005 — Allrights reserved
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d 3
0,00 —— 0,09807
i ¢ 0,00 —F— 0,161

2 Hardness value, H
b Minimum thickness, z, mm
¢ Diagonal length, 4, mm

4 Hardness symbol, HV

e Testforce F, N

Figure A.2 — Nomogram i for the mini thi 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).

Gopyrght nfemationsl Orgarisation or Standardizaton IS r€sENVEd
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Annex B
(normative)

Tables of correction factors for use in tests made on curved surfaces

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

The correction factors are tabulated in terms of the ratio of the mean diagonal d of the indentation to the
diameter D of the sphere.

EXAMPLE Convex sphere, D = 10 mm

Test force, F = 98,07 N
Mean diagonal of indentation, d = 0,150 m

4_0150 o5
ERRT)

Vickers hardness 0,189 1x
(0,15)

Correction factor from Table

Hardness of sphere = 824

fection factor

0,920
0,915
0,910
0,905
0,900
0,895
0,890
0,885
0,880
0,875
0,870
0,865
0,860
0,855
0,850

Gopyr mtona rgarizaon o Sndsrizaon © S0 2005 - All rights reserved
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Table B.2 — Concave spherical surfaces

aD Correction factor aD Correction factor
0,004 1,006 0,057 1,080
0,008 1,010 0,060 1,085
0,012 1,015 0,063 1,000
0,016 1,020 0,068 1,095
0,020 1,025 0,068 1,100
0,024 1,030 0,071 1,106
0,028 1,035 0,074 1,110
0,031 1,040 0,077 1,115
0,035 1,045 0,078 1,120
0,038 1050 0,082 1,125
0,041 0,084 1,130
0,045 0,087 1,135
0,048 0,088 1,140
0,051 0,001 1,145
0,054 0,094 1,150

made on cylindrical surfaces.

The correctigi in terms of the ratio of.the mean diagonat:d of the indentation to the
diameter D fol i

EXAMPLE
Test force, F=2942 N
Mean diagonal of indentation:

4 _0M5 4 oss
2 s

294,2
52

Vickers hardness = 0,189 1x =323HV 30
{

Correction factor from Table B.6 = 1,075

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

Gopyioht itemations Orgmvisatin o Satarasaber GNES reserved 9
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Table B.3 — Convex cylindrical surfaces — Diagonals at 45° to the axis

aD Correction factor aD Correction factor
0,008 0,995 0,118 0,935
0,017 0,990 0,128 0,930
0,028 0,985 0,138 0,925
0,035 0,980 0,148 0,920
0,044 0,975 0,158 0,915
0,053 0,970 0,168 0,910
0,062 0,965 0,178 0,005
0,071 0,960 0,188 0,900
0,081 0,955 0,200 0,895
0,090 0,950
0,100 0,94
0,108

nals at 45° to the axis

Correction factor

1,080

1,085

1,090

0,088 1,055 0,196 1,130
0,097 1,060 0,203 1,135
0,104 1,065 0,208 1,140
0,112 1,070 0,216 1,145
0,118 1,075 0,222 1,150

1n
Gopyight Ifemational Orgarizafion for Standarization © S0 2005 — All rights reserved
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Table B.5 — Convex cylindrical surfaces — One diagonal parallel to the axis

aD Correction factor aD Correction factor
0,009 0,995 0,085 0,965
0,019 0,990 0,104 0,960
0,029 0,985 0,128 0,955
0,041 0,980 0,153 0,950
0,054 0,975 0,188 0,945
0,068 0,970 0,243 0,940

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

Correction factor

1,080
1,085
1,090
1,095

1,100

1,106

1,110

1,115

1,120

1,125

1,130

1,135
1,140
1,145

1,150

Gopyioht itemations Orgmvisatin o Satarasaber GNES reserved 1"
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Annex C
(informative)

Procedure for periodic checking of the testing machine by the user

A check of the machine should be carried out on each day that the machine is used, at approximately each
hardness level and for each range or scale that is to be used.

Prior to making the check, the measuring system should be indirectly verified (for each range/scale and
hardness level) using a reference indentation on a hardness reference block, calibrated in accordance with
1SO 8507-3. The measured dimension should agree with the certified value to within the maximum permissible
error given in Table 5 of ISO 6507-2:2005. If the measuring system fails this test, appropriate action should be
taken.

ing made on a hardness reference block, calibrated in
the mean measured hardness and the block’s certified
bl& 5 of ISO 6507-2:2005, the machine may be regarded

The check involves at least one indentati
accordance with ISO 6507-3. If the differeng
value is within the permissible error limits.
as satisfactory. If not, an indirect verific

A record of these results should be ma;
monitor drift of the machine.

© IS0 2005 — All rights reserved
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Annex D
(informative)

Uncertainty of the measured hardness values

D.1 General requirements

The approach for determining uncertainty presented in this annex considers only those uncertainties
associated with the overall measurement performance of the hardness testing machine with respect to the
hardness reference blocks (abbreviated as CRM below). These performance uncertainties reflect the
combined effect fo all the separate uncertainties (indirect verification). Because of this approach, it is
important that the individual machine components are operating within the tolerances. It is strongly
recommended that this procedure be:dpplied for a maximum of one year after the successful passing of a
direct verification.

Figure D.1 shows the four-level metrological chain necessary to define and disseminate
hardness scales. The chain stg rnational level using international definitions of the various
hardness scales to carry o rcomparisons. A number of primary hardness standard
machines at the national levakip ary hardness reference blocks for the calibration laboratory
level. Naturally, direct calibratiggt'and the verificati se machines should be at the highest possible
accuracy.

Gopyioht temations Orgavisatin o Sandardission Q1S rOSETVET 13
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International level International International
comparisons definitions

Primary hardness
standard machines

National level

Direct
calibration

Primary F

Direct
reference blocks machines calibration

Hardness
testing machines

Hardness

User level
I blo

Direct
calibration

Lo Lk

Figure D.1 — Stru

scales

D.2 General procedure

) by the Root-Squared-Sum-Method (RSS) out of the
uncertainty, U, is derived from u; by multiplying with the
ols and their designation.

The procedure calculates a combin
different sources given in Table D.1.
coverage factor k = 2. Table D.1 contains®

D.3 Bias of the machine
The bias & of a hardness testing machine (also named error) which is derived from the difference between
— the mean value of the five indentations during calibration of the hardness testing machine, and

— the calibration value of the hardness reference block,

can be implemented in different ways into the determination of uncertainty.

© IS0 2005 — All rights reserved
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D.4 Procedures for calculating uncertainty: Hardness measurement values

NOTE In this Annex, the index "CRM (Certified Reference Material)” means, according to the definitions of the
hardness testing standards, “Hardness Reference Block”.

D.4.1 Procedure without bias (method 1)

Method 1 (abbreviated as M1) is a simplified method, which can be used without considering the systematic
error of the hardness testing machine.

In M1, the error limit, that means the range in which the machine is allowed to differ from the reference
standard is used to define the source ¢ of the uncertainty. There is no correction of the hardness values with
respect to the error.

The procedure for the determination of U is explained in Table D.1 (see [6, 7] in the Bibliography).

(D.1)

(D:2)

As an alternative to (M1), metho lated with the conduct of a control chart. M2

may lead to smaller values of-un

effect. In GUM, it is recommended to use a
is the base of M2. The error is no longer in the
alues have to be corrected by & or U, has to be
e determinatisrrof U, is explained in Table D.1, (see [9, 10] in the

The error b (step :
correction to comy

increased by
Bibliography;

corr

D.3)
Koo =(F+8)+ Ugorr 04

or by
X oo =¥ £ (U gorr+[B]) ©5)

depending on whether the bias (error) bis thought to be part of the mean value or of the uncertainty.

D.5 Expression of the result of measurement

For the expression of the result of measurement, the method used should be indicated. In general, as a result
of the measurement, method 1 [Equation (D.2)] should be used {see also Table D.1, step 12).
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