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Foreword

ISC (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 1SO
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 ISC, 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 ig ¥93arepare International Standards. Draft International Standards
adopted by the technical committees ares pigoled to the member bodies for voting. Publication as an
International Standard requires approvad pyiatlleast I5 % of the member bodies casting a vote.

Attention is drawn to the possibility IR3€ §6me of ¢ Ee\emems of this document may be the subject of patent
rights. 1SO shall not be held responibﬁfer identifyiig any I such patent rights.

1SO 4545-3 was prepared by Tecmsa\ Committee &so?'t(:dé chanical testing of metals, Subcommittee
SC 3, Hardness testing.
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INTERNATIONAL STANDARD 1SO 4545-3:2005(E)

Metallic materials — Knoop hardness test —

Part 3:
Calibration of reference blocks

1 Scope

This part of ISO 4545 specifies the mabptiby the calibration of reference blocks to be used for the indirect
verification of Knoop hardness testingsbathieds specified in ISO 4545-2.

The method is applicable only fol

2 Normative references:

The following referenced d GuMe
references, only the editi
document (including

s application of this document. For dated
ences, the latest edition of the referenced

IS0 376:2004, Meighis ma
uniaxial testing mg¢ynes

definitions and sii¥a:

1SC 4545-2, Metallic materials
machines

3 Manufacture of the block
3.1 The block shall be specially manufactured for use as a hardness-reference block.

NOTE Attention is drawn to the need to use a manufacturing process which will give the necessary homogeneity,
stability of structure and uniformity of surface hardness.

3.2 The reference block thickness shall be greater than twenty times the depth of indentation made with the
certified test force.

3.3 The reference blocks shall be free of magnetism.
3.4 The maximum deviation in flatness of the surfaces shall not exceed 0,005 mm.

3.5 The maximum error in parallelism shall not exceed 0,010 mm/50 mm.

Copyright Itemalional Orgarization fr Standardization NS reserved 1
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3.6 The test surface shall be free from scratches which interfere with the measurement of the indentations.
The surface roughness Ra shall not exceed 0,1 um for the test surface. The sampling length L shall be
0,80 mm (see ISO 4287:1997, 3.1.9).

3.7 To verify that no material is subsequently removed from the reference block, the thickness at the time of

calibration shall be marked on it, to the nearest 0,1 mm, or an identifying mark shall be made on the test
surface [see 8.1.e)].

4 Calibration machine

4.1 In addition to fulfiling the general requirements specified in ISO 4545-2, the calibration machine shall
also meet the requirements givenin 4.2to 4.7.

NOTE Examples of procedures for adjustme llumination systems are given in Annex A,

4.2 The machine shall have been di
Direct verification involves:
a) calibration of the test force;

b) verification of the indenter;

¢) calibration of the measuring dv,

d) {he force versus time behaviour.

43 be traceable to national standards.

4.4 Each test fn’rbé $3all be meaia!éd three tlmes using an elastic proving devies (of 1SO 376:2004,

Class 0,5 or betterj,.bi ﬂmother}ﬁéfn'o'd having the same or Hatfér accuracy. Bach rhdasurement shall
013 %.

a) The four faces of the diamond pg bey highly polished and free from surfdée defects.

b) The angles « and / (see 1SO 454432005, Figure 1), between opposite edges at the vertex of the
diamond pyramid, shall be (172,5 + 0 t)¥-and (130 £ 0,1)°.

The angle between the axis of the diamond pyramid and the axis of the indenter holder (normal to the seating
surface) shall not exceed 0,3°. The four faces shall meet at a point; the length of any common junction
between opposite faces being less than 0,3 pm.

4.6 The device for measuring the diagonal of the indentation shall permit estimation of the length of the
diagonal to within = 0,1 pym.

The measuring device shall be calibrated against an accurately ruled line-scale (object micrometer) or a
device of equivalent accuracy. The errors of the line-scale shall be known within an uncertainty of 0,02 pm.

The maximum permissible error of the measuring device shall be = 0,08 % or 0,3 ym, whichever is greater.

47 The maximum allowable vibrational acceleration reaching the machine shall be less than 0,005 g,
[g,, being the acceleration due to gravity (g, = 9,806 65 m/s2)].

© 1SC 2005 — All rights reserved
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5 Calibration procedure

The reference blocks shall be calibrated in a calibration machine as specified in Clause 4, at a temperature of
(23 = 5) °C, using the general procedure described in 1SO 4545-1.

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 shall be between 5s and 7 s.

The approach velocity of the indenter shall be within the range 15 um/s to 70 ym/s. The duration of the test
force shall be from 13 s to 15 5.

6 Number of indentations

On each reference block, a minimu
surface.

itions shall be made, uniformly distributed over the test

To reduce the measurement unceriqugy‘, more thah 5 indepfgtions should be made. It is recommended to
make 10, 15 or 25 indentations distrfijted over 5 locations;qr $12¢ reference block.

a5 ..., dps BdthEl values of the measured diagonals of the
easmg order of.rﬁé;;h\ude and let

n
U =dys —dy @
and is expressed as a percentage (4,
100 (dp5 — -
0 = 2002 =) @

d

7.2 The uniformity of the reference block is satisfactory if £/ < 0,001 mm. If ¢/> 0,001 mm, the uniformity of
the reference block is satisfactory when U is less than or equal to the percentages indicated in Table 1.

7.3 The determination of the uncertainty of measurement of hardness-reference blocks is given in Annex B.

ot e Cramieation o Srandardisaton. ghts reserved 3
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Table 1
Hardness range of Test force Maximum permissible [/
reference blocks N %
100 = HK < 200 8
200 = HK £ 250 5
250 = HK < 650 4
HK - 850 3
100 = HK £ 250 7
250 < HK £ 850 4
HK > 650 3
100 = HK = 250 4
250 < HK £ 850 3
HK = 850 2
8 Marking
8.1  Each reference blos
a) arithmetic mean Qfithiiharg i 1 test, for example 249 HK 1, if possible;

2 e =
s o 3
8 3
3 £ 3
]
9.59.
3 3
e, B
T

&2
3
3
=
5
D
o
a
Q
5
3 .
2

f)  year of calibration, if not indié %@l number. _

8.2  Any mark put on the side of hall be the right way up when the test surface is the upper face.

8.3 Each delivered reference block Shall be accompanied with a document giving at least the following
information: )

a) areference to this part of ISO 4545;

b) the identity of the block;

c) the date of calibration;

d) the arithmetic mean of the hardness values and the value characterizing the non-uniformity of the block;

e) information about the location of the reference indentation and the value of the long diagonal.

9 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 5 years. Attention is drawn to the fact that, for Al- and
Cu-alloys, the calibration validity could be reduced to 2-3 years.

© S0 2005 — All rights reserved
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Annex A
(informative)

Adjustment of Kohler illumination systems

A.1 General

While some optical systems are permanently aligned, others have means of minor adjustments. To gain the
utmost in resolution, the following adjustpdgnts shall be made.

A.2 Kohler illumination

Focus, to critical sharpness, the: ace of a flak E) ished specimen.

Centre the illuminating source.

Centrally align the field and aperturg;

A full-aperturgs ﬂmriragm is piqfﬂ for maximum resolving, power. If glare j§,excessive, reduce the
aperture; but rreMeEr:05¢.Jess thahs 34 of the opening, since TEsptution would be,(ie(:reased and diffraction
phenomena could mﬂdwse measummems,
If the light is too strong for eye
rheostat control.

e neutral density filter or

Copyrioht ntemational Organizaton for Sandardiaiion NS reserved 5
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Annex B
(informative)

Uncertainty of mean hardness value of hardness-reference blocks

The metrological chain necessary to define and disseminate hardness scales is shown in Figure B.1 in
1SO 4545-1:2005.

B.1 Direct verification of the hardness-calibration machine

B.1.1 Calibration of the test force

See ISC 4545-2:2005, Annex B.

B.1.2 Calibration of the optical Thessiht
See SO 4545-2:2005, Annex B. 3
B.1.3 Verification of the indénter

See ISO 4545-2:2005, Annex B. :

By indirect verificationsws
machine is checked and the repeatabmty s
in

The uncertainty of measurement bt me:oauect calibration of the hardness-calibration machine follows from
the equation:

_J2 2 2 T2
Hem = \/“CRM—P ~UiCRM-1 THCRMD ~ms [CR)
where

ucgw.p S the calibration uncertainty of the primary hardness-reference block, according to the
calibration certificate for 4 = 1;

u.crm1 18 the standard deviation of the hardness-calibration machine due to its repeatability;

ucrmp 1S the hardness change of the primary hardness-reference block since its last calibration due to
drift;

ms is the uncertainty due to the resolution of the hardness-calibration machine.

Copyright \ematonl Qiganization for Standarcization 1SO 2005 — All rights reserved
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EXAMPLE

Primary hardness-reference block:

Uncertainty of measurement of the primary hardness-reference block (k= 1)

Time drift of the primary hardness-reference block

Resolution of the optical measuring device

402,1 HK1

1SO 4545-3:2005(E)

e =+ 6,0 HK

tcrm-p =0
R =0,1pm

Table B.1 — Results of the indirect verification

d [ hardness value //
No.
mm HK2
1 , 01880 4026
2 10,187 5, 404,70
3 $3i 01879 403,0
4 3 400,9
5 3092,
Mean value IT 4021
Standard deviatiof $ xya. 21
, .
Standard ung:;:. Iy'qt‘
measuren 1.08
2 HK: Knoop ba
L5 CRA
u 4 =2 1,08, (B.2)
xCRM-1 \/;
(t=1,14forn=5)
Table B.2'“< Budget of uncertainty of measurement
Standard Sensitivit oncettainty
Quantity Estimated value | uncertainty of o Y contribution
x 5 measurement | Distribution type . ufdl)
() i K
UeRM 402,1 6,0 HK Normal 1,0 6,0
HCRM-1 0 1,08 HK Normal 1,0 1,08
. 0 0,000 029 mm Rectangular 427542 0,12
HYCRM-D 0 0HK Triangular 1,0 0
Combined uncertainty of measurement ¢y 6,1
HK: Knoop hardness.
2 The sensitivity coefficient follows from:
o= EHIZd = 2(H1d) B3)
for H=402,1HK, 4= 0,1881 mm
7
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B.3 Uncertainty of measurement of hardness-reference blocks

The uncertainty of measurement of hardness-reference blocks follows from the equation:

_ |2 2
HORM T VECM T UiCRM2

where

HCRM

calibration uncertainty of hardness-reference blocks;

(B.4)

ucrm Standard deviation due tosthe inhomogeneity of the hardness distribution on the hardness-

reference block;

ucym see Equation B.1.

Table B.3 — Determ

of the hard

block

value licgy

HK: Knoop hardness

Standard uncertainty of CRM

7 S:CRM-2

HyCRM-2 = \/;
with7=1,14andn=5:

U orar2 = 0,86 HK

Table B.4 — Uncertainty of

of the

(B.5)

ence block

t of of the Uncertainty of Expanded calibration
reference block Hepy har block of primary uncertainty of hardness-
" CRM-2 ibrati block Ugpy
machine uqy
HK HK HK HK
4021 0,86 6.1 12,3
HK: Knoop hardness.
with
7 2 2
Ucrm = 2yuim RM-2 (B.6)

o
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