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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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INTERNATIONAL STANDARD ISO 6507-3:2018(E)

Metallic materials — Vickers hardness test —

Part 3:
Calibration of reference blocks

1 pcope

This| document specifies a method for the calibration of reference blocks to be used for the indirect
verification of Vickers hardness testing machines, as specified in ISO 6507-2.

The method is applicable only for indentations with diagonals 20,020 mm.

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
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO B76, Metallic materials — Calibration of force-proving.instruments used for the verificatiop of uniaxial
testing machines

ISO 6507-1, Metallic materials — Vickers hardness test— Part 1: Test method
ISO p507-2, Metallic materials — Vickers hardness test — Part 2: Verification and calibratign of testing
machines

3 [erms and definitions

No terms and definitions are listed in this document.

ISO @nd IEC maintain terminelogical databases for use in standardization at the following addresses:

— [EC Electropedia: available at http://www.electropedia.org/

— [SO Online brewsing platform: available at http://www.iso.org/obp

4 Manufacture of reference blocks

4.1 | General

The block shall be specially manufactured for use as a hardness-reference block using a manufacturing
process that will give the necessary homogeneity, stability of structure, uniformity of surface hardness
and time-dependent stability in hardness.

4.2 Thickness

The thickness of the reference block shall not be less than 5 mm.

4.3 Test surface area

The test surface area of the reference block shall not exceed 40 cm?2.

© ISO 2018 - All rights reserved 1
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4.4 Magnetism

The reference blocks shall be free of magnetism. It is recommended that the manufacturer shall ensure
that the blocks, if made of steel, have been demagnetized at the end of the manufacturing process
(before calibration).

4.5 Flatness and parallelism

The maximum deviation in flatness of the test and support surfaces shall not exceed 0,005 mm. The
maximum error in parallelism shall not exceed 0,010 mm in 50 mm.

4.6 Surf3

The test su
The test sur
ground fini

4.7 Prev

To verify th
the time of
mark shall |

5 Calibr

5.1 Gene

In addition

also meet tle requirements given in 5.2 to 5.6.

NOTE T

developed anpd refined over a significant period‘of time. When determining a specific tolerance that the ma

needs to meq
been incorpd
for this unce
measuremer|

5.2 Direq

The calibra

jce roughness

-face shall be free from scratches that interfere with the measurement of the indentat
face roughness, R,, shall not exceed 0,05 um.[1] The bottom support surface,shall be a f
th or better.

ention of the regrind of the test surface

at no material has been subsequently removed from the reference block, its thickne
ralibration shall be marked on the reference block to the nearest 0,01 mm or an identif}
pe made on the test surface [see Clause 9 €)].

ation machine

ral

to fulfilling the general requirements specified in ISO 6507-2, the calibration machine

he criteria specified in this documeritfor the performance of the calibration machine have
bt, the uncertainty associated with-the use of measuring equipment and/or reference standard
rated within this toleranceand‘it would therefore be inappropriate to make any further allow

rtainty by, for example, redireing the tolerance by the measurement uncertainty. This applies
ts made when performinga direct verification of the calibration machine.

't verification
ion machineshall be verified directly at intervals not exceeding 12 months.
jcationsihvolves

tion'of the test force,

ons.
nely

5s at
ying

shall

been
hine
5 has
ance
to all

Direct verif
a) verificg
b)
c)
d)

verification of the indenter,
calibration and verification of the diagonal measuring system, and

verification of the testing cycle; if this is not possible, at least the force versus time behaviour.

5.3 Traceability of verification instruments

The instruments used for verification and calibration shall be traceable to national standards.
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Test force

Each test force shall be verified at three different positions of the plunger, spaced at approximately
equal increments covering the limits of travel used during testing. At each position, the force shall
be measured three times using an elastic proving device according to ISO 376, class 0,5 or better or
by another method having the same or better accuracy. Each measurement shall agree with the
nominal value to within £0,2 % for normal hardness, to within £0,3 % for low-force hardness and to
within £0,5 % for microhardness.

5.5 Indenter

The [ndenter shall comply with ISO 6507-2 and meet the following requirements.

a) [The four faces of the square-based diamond pyramid shall be highly polishedsfree ffom surface
Hefects and flat within 0,000 3 mm.

b) [(he angle between the opposite faces of the vertex of the diamond pyramidshall be 13¢° + 0,1°.

c) [(he angle between the axis of the diamond pyramid and the axis of the indenter-holder (normal to
Lhe seating surface) shall be less than 0,3°.

d) [The point of the diamond indenter shall be examined with,a‘high-power measuring [microscope
br preferably with an interference microscope. If the fourfaces do not meet at a point, the line of
unction, as described in ISO 6507-2, between opposite faces’shall comply with the valugs in Table 1.

Table 1
Ranges of test force, F Maximum permissible length of the line of junction, a
N mm
F 249,03 0,001
1,961 < F< 49,03 0,000 5
0,009807 <F<1,961 0,000 25

e) [t shall be verified that the quadrilateral which would be formed by the intersection jof the faces
with a plane perpendicular-to the axis of the diamond pyramid has angles of 90°|+ 0,2° (see
Figure 1).

A valid calibration certijficate shall exist which confirms the geometrical deviations of the indenter.

© ISO 2018 - All rights reserved
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Higure 1 — Permissible difference of the sectional planes of the square form

5.6 Diagpnal measuring system

The scale of the diagonal measuring-System shall be graduated to permit estimation of the diagondls of
the indentation in accordance with Table 2.

Table 2
Diagonal length, d Resolution of the diagonal . —
- Maximum permissible errdr
mm measuring system
d<£ 05060 0,000 15 mm +0,000 3 mm
0,060 d <0,200 0,25 % ofd +0,5 % ofd
d> 0,200 0,000 5 mm 0,001 mm

The system for measuring the diagonal of the indentation shall be verified at each magnification and
for each incorporated line scale to be used in two perpendicular measurement axis (if applicable),
by performing measurements on an accurately ruled stage micrometer. Measurements shall be made
at a minimum of five evenly spaced intervals, arranged centrally in the field of view, covering each
working range.

The maximum expanded uncertainty of the distance between the line intervals on the stage micrometer
shall be 0,000 2 mm or 0,04 %, whichever is greater.

4 © ISO 2018 - All rights reserved
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Three measurements shall be made at each of the evenly spaced intervals. The maximum permissible
error of each of the three measurements at each interval shall not exceed the values given in Table 2.

NOTE A helpful technique for adjusting optical systems that have Kohler illumination is given in Annex B.

6 Calibration procedure

The reference blocks shall be calibrated by a calibration machine as described in Clause 5, at a
temperature of (23 + 5) °C, using the general procedure specified in ISO 6507-1.

During calibration, the thermal drift should not exceed 1 °C

The time from the initial application of force until the full test force is reached and the appro
of thee indenter shall meet the requirements given in Table 3.

The duration of application of the test force shall be 14:“% S.

For microhardness testing, (0,009 807 N < F < 1,961 N), the maximum allowable vibrational 3
reaching the calibration machine shall be 0,005 g, (gn equals the stahdard acceleration

gn =19,806 65 m/s2).

hch velocity

hcceleration
of gravity:

Table 3
Ranges of test force, Time for application of Approach velocity of the indenter
F the test force
N S mm/s
F<1961 711 0,05t0 0,2
1,961 < F < 49,03 7+% 0,05t0 0,2
F=>49,03 7+% 0,015 to 0,07

7 Number of indentations

On dach reference block, a minimmum of five indentations shall be made, uniformly distribuf
test surface. At least one pfithe indentations shall be identified as a reference indentation.

For icrohardness tests-and to reduce the measurement uncertainty, more than five indenta
be nfade. It is reconimended to make 10, 15 or 25 indentations on five locations on the refere

ed over the

ions should
hce block.
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8 Uniformity of hardness

8.1 Relative non-uniformity

For each reference block, let Hy, Hp,

.., Hp be the n measured hardness values arranged in increasing

order of magnitude corresponding to the measured diagonals dy, dy, ..., dy in decreasing order of
magnitude. The average hardness, H, is calculated according to Formula (1):
- H{+H,+..+H
H — 1 2 n (1)
n
The relativg non-uniformity, rre], expressed as a percentage of H , is calculated according to Formulg (2):
H,-H
Fee =100x——L1 (2)
H
The maximfim permissible value of non-uniformity, rye|, of a reference block is given’in Tables 4 to 8.
Table 4 — Maximum permissible non-uniformity for n =5
Maximum permissible value of non<uniformity, rq, %
Hardness of block
<HV 0,2 HV 0{2/t6'<HV 5 HV 5 to HV 100
<250 HVa 6,0 4,0
8,0 ordi - d,=0,001 mmb
>230 HV 4,0 2,0
a  For hardhess values <150 HV, the maximum permissible value of non-uniformity shall be 16 % or d1 - d,, = 0,001|mm,
whichever is greater, where d; and dj, are the arithmetic mean diagefial lengths corresponding to Hy and Hj, respectivgly.
b Whichevpr is greater.
Table 5 — Maximum permniissible non-uniformity for n = 10
Maximum permissible value of non-uniformity, rvq|, %
Hardness of block
<HV0,2 HV 0,2 to<HV 5 HV 5 to HV 140
<250 HVa 8,0 5,2
10,6 or’'dy - d, = 0,001 mmb
>240 HV 5,2 2,6
a  For hardhess values <150 HV, the maximum permissible value of non-uniformity shall be 21,2 % or d; - d;, = 0,001|mm,
whichever is preater, where dq and-d}, are the arithmetic mean diagonal lengths corresponding to H1 and H, respectivgly.
b Whichevpr is greater.
Table 6 — Maximum permissible non-uniformity for n = 15
Maximum permissible value of non-uniformity, rq, %
Hardness-of block
HY-6;2 HY-6;2to~<HY5 HY-5+te-HV160
<250 HVa 9,0 6,0
12,0 ordi - dp, = 0,001 mmb
>250 HV 6,0 3,0

a

b

For hardness values <150 HV, the maximum permissible value of non-uniformity shall be 23,8 % or d1 - d,, = 0,001 mm,
whichever is greater, where d; and dj, are the arithmetic mean diagonal lengths corresponding to Hy and Hj, respectively.

Whichever is greater.

© ISO 2018 - All rights reserved
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Table 7 — Maximum permissible non-uniformity for n = 20

Maximum permissible value of non-uniformity, rvq, %
Hardness of block
<HV 0,2 HV 0,2 to<HV 5 HV 5 to HV 100
<250 HVa 9,6 6,4
12,8 or d1 - dy = 0,002 mmb
>250 HV 6,4 3,2

a

b

For hardness values <150 HV, the maximum permissible value of non-uniformity shall be 25,6 % or d1 - d, = 0,002 mm,
whichever is greater, where d; and d,, are the arithmetic mean diagonal lengths corresponding to H1 and H,, respectively.

Whichever is greater.

Table 8 — Maximum permissible non-uniformity for n = 25

Maximum permissible value of non-uniformity, g1, %
Hardness of block
<HV 0,2 HV 0,2 to <HV 5 HV 5to HV 100
<250 HVa 10,2 6,8
13,6 or di - dp = 0,002 mmb
>250 HV 6,8 3,4
a For hardness values <150 HV, the maximum permissible value of non-uniformity-shall be 27,0 % or d1 - dj = 0,002 mm,
whidhever is greater, where d; and d;, are the arithmetic mean diagonal lengths corresponding to H1 and H, r¢spectively.
b Whichever is greater.
8.2 | Uncertainty of measurement
The determination of the uncertainty of measurement of hardness reference blocks is given|in Annex A.
9 Marking
EacH reference block shall be marked with the following information:
a) rhe arithmetic mean of the hardness values found in the calibration test, for example, 249 HV 30;
b) fhe name or mark of the supplieror manufacturer;
c) the serial number;
d) the name or mark of the.calibrating agency;
e) fhe thickness of theblock, or an identifying mark on the test surface (see 4.7);
f) the year of calibration, if not indicated in the serial number.
All markings'shall be placed on the test surface or on the side of the block. Any mark put on the side of
the Blockshall be the right way up when the test surface is facing up.
10 Calibration certificate
Each delivered reference block shall be accompanied with a document giving at least the following
information:
a) areference to this document, i.e. ISO 6507-3;
b) the serial number of the block;
c) the date of calibration;
d) the arithmetic mean of the hardness values in the format defined in ISO 6507-1 and the value

characterizing the non-uniformity of the block;

© ISO 2018 - All rights reserved
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e) information about the location of each calibration indentation, together with its mean measured
diagonal length.

11 Validity
The reference block is only valid for the scale for which it was calibrated.

The calibration validity should be limited to a duration of five years. Attention is drawn to the fact that,
for Al- and Cu-alloys, the calibration validity should be reduced to two to three years.

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

Uncertainty of the mean hardness value of hardness reference

blocks

A1l

Mea
diffe
valu
critd
and
neeg
stan
any
uncq
of th
mea
com
toley
part

The

A.2

A2

See

A2,

See

A.2.

See

Jl Calibration of the testforce

General

surement uncertainty analysis is a useful tool to help determine sources of error and to
rences between measured values. This annex gives guidance on uncertainty-estimat
es derived are for information only, unless specifically instructed otherwise by the cu

refined over a significant period of time. When determining a specific tolerance that {
s to meet, the uncertainty associated with the use of measurifig equipment and/d
dards has been incorporated within this tolerance and it would therefore be inappropri
Further allowance for this uncertainty by, for example, reducingthe tolerance by the m
rtainty. This applies to all measurements made when performing a direct or indirect

suring equipment and/or reference standards that is<used to assess whether or not 4
plies with this document. However, there may be\Special circumstances where r¢

ance by the measurement uncertainty is appropxidate. This should only be done by agree
ies involved.

metrological chain necessary to define and\disseminate hardness scales is described in

Direct verification of the hardness-calibration machine

SO 6507-2.

2 Calibration ofthe diagonal measuring device

S0 6507-2.

3 Verification of the indenter

S0,6507-2.

understand
ion but the
stomer. The

ria specified in this document for the performance of the testing machine have been developed

he machine
r reference
ate to make
pasurement
verification

e machine. In each case, it is simply the measured valtue resulting from the use of the specified

he machine
tducing the
ment of the

[SO 6507-1.

A.2.4 Verilication of the test cycle

See ISO 6507-2.

A3

NOTE

Indirect verification of the hardness-calibration machine

the hardness testing standards, "hardness reference block".

In this annex, the index "certified reference material" (CRM) means, according to the definitions of

By the indirect verification with primary hardness-reference blocks calibrated by the national-level
calibration agency (see ISO 6507-1), the overall function of the hardness calibration machine is checked
and the repeatability, as well as the deviation of the hardness-calibration machine from the actual
hardness value, are determined.
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The uncertainty of the measurement bias of the hardness calibration machine, ucy, when measuring a
primary hardness-reference block is calculated according to Formula (A.1):

_ 2 2 2 2
Uem = \/ UCRM-P T UxCRM-P T UCRM-D T 2XUp;

where

UCRM-P

(A1)

is the calibration uncertainty of the primary hardness reference block, according to the

calibration certificate for k = 1;

UxCRM-H

UCRM-D

Ums

Regarding

resolution g
measureme
of both end

EXAMPLE
Using the req
— hardnes
uncerta

uncerta

resoluti

6ms :\/

wh

is the standard uncertainty of hardness-calibration machine when measuring the (

is the standard uncertainty due to the hardness change of the primary hardnegs-refer
block since its last calibration due to drift;

is the uncertainty due to the resolution of the hardness-calibration miaghine.

Ims, both the resolution of the length measurement indicating instrument and the o
f the measuring microscope shall be considered. In most cases, thé-gverall resolution
nt system should be included twice in the calculation of ucym due to resolving the posit
5 of the long diagonal independently.

ults shown in Table A.1 and the following information:

s of the primary hardness-reference block: Hcrm = 408% HV 30;

nty of measurement of the primary hardness-reference block (k= 1): ucrm = 2,5 HV 30;
nty of measurement due to time drift of theprimary hardness-reference block: ucrm-p = 0;

bn of the diagonal measurement system ds.calculated according to Formula (A.2), 6ys = 0,000 322

2 2
O0r TO[R

bre
bor  is the optical resolution of the microscope objective (0,000 31 mm);
NOTE 6or=A/ (2 x NA)
where

A is the wave length of light in um (approx. 0,55 um for green light;,

g

RM;

ence

ical
the
ions

mm:

A.2)

OIR

NA isthe numerical aperture of the objective.

EXAMPLE For a 100x objective with an NA of 0,9 using green light, Sor = 0,55 pm/

(2x0,9)=0,306 um.
The above optical resolution formula is valid for lighting inclined at large angles.

is the resolution of the display indicator of the measuring system (0,000 1 mm).

according to Formula (A.3):

10
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1)
u TS =0,000093 mm (A.3)

ms=2><\/§

standard uncertainty of the hardness-calibration machine when measuring the CRM is calculated according

to Formula (A.4):

t-s
U cpmp = —RMP _ 0,36 HV 30 (A4)

Jn

where t=1,14 forn=5,

the Uncertainty of the measurement bias of the hardness calibration machine, ucm, when measuring a primary

hardpess-reference block is calculated according to Formula (A.1), and as shown in Table A.2.

The

ias is calculated according to Formula (A.5):

b=H — H ey (A.5)
b = (400 -401,1) HV 30 =-1,1 HV 30

Table A.1 — Results of the indirect verification

Measured indentation'diagonal,| Calculated hardness value,
No. d H
mim HV 302
1 0,373 4max 399,0mih
2 0,373 0 399,9
3 0,372 5min 400,9mak
4 0,372 8 400,3
5 0,3729 400,1
Mean value 0,3729 400,0
Standard deviation, SycRM-P 0,000 33 0,70
Standard uncertainty of measurement, 0,000 17 0,36
UxCRM-P
a  HV:Vickers hardness.

Table A.2 — Budget of uncertainty of measurement

. Estimated Stand.ard Distribution Sensitivity Uncprtainty
Quantity: uncertainty of . . o
value type coefficient confribution
measurement
i (H
Xi Xj u(x;) Ci I|;IV(3())
UCRM 401,1 HV 30 2,5HV 30 Normal 1,0 2,5
UxCRM-P 0 HV 30 0,36 HV 30 Normal 1,0 0,36
Ums 0 mm 0,000 093 mm Rectangular -2 145,02 -0,20
UCRM-D 0 HV 30 0 HV 30 Triangular 1,0 0
Combined uncertainty of measurement of the bias, ucm 2,54
Expanded uncertainty of measurement of the bias, Ucm (k = 2) 5,08

a

The sensitivity coefficient follows from c = |0H/dd| = -2(H/d) for H=400,0 HV 30,d = 0,372 9 mm.

© ISO 2018 - All rights reserved 11
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A.4 Uncertainty of measurement of hardness reference blocks

The uncertainty of measurement of hardness reference blocks is calculated according to Formula (A.6):

[z 2 2
UCRM —\/UCM +UycrM +2XUnpg

where

ucMm

(A.6)

is the uncertainty of the measurement bias of the hardness calibration machine when

measuring a primary reference block [see Formula (A.1)].

UxCRM

Ums

Regarding §ims, both the resolution of the length measurement indicating instrument and the o

resolution ¢
measureme
of both end

is the standard uncertainty of the hardness measurement of hardness reference blocks
the hardness calibration machine;

is the uncertainty due to the resolution of the hardness-calibration machine:
f the measuring microscope shall be considered. In most cases, the gverall resolution

nt system should be included twice in the calculation of ucrm due toyresolving the posit
5 of the long diagonal independently.

i

with

ical
the
ions

For a hardnless-reference block value that is not corrected for measurenient bias, the uncertainty of the

measureme
Ucrm =

For a hardr
block value

Herm 5
and the und

Ucrm =
EXAMPLE

Using the tes

standar
Formula

UxCRM T

nt value is calculated according to Formula (A.7):
2 X UcrRM + |b|

ess-reference block value that is corrected for measurement bias, the hardness-refer
is corrected according to Formula (A.8):

H-b

ertainty of the measurement valué is calculated according to Formula (A.9):

2 X UcRM

t results shown iri-fable A.3 and the following information:

H uncertainty~of-the hardness measurement of hardness reference blocks is calculated accordi

(A.10):

LS, \GrRM

n

A7)

ence

A.8)

A.9)

ng to

.10)

witht=1,14and n=>5:

uxcrm = 0,39 HV 30

combined uncertainty of measurement (from Table A.2): ucm = 2,54 HV 30;

resolution of the diagonal measurement system, using u,; (mm) from Formula (A.3): uyms = -0,20 HV 30,

the uncertainty of measurement of hardness reference blocks, ucrwm, is calculated according to Formula (A.6),
and as shown in Table A.4.
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