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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
liasison 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 3.

The main task of technical committees is to prepare International Standards. Draft International Standards adopted
by the technical committees are circulated to the member bodies for voting. Publication as an International
Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this part of ISO 14577 may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 14577-3 was prepared by Technical Committee ISO/TC 164, Mechanical testing of metals, Subcommittee
SC 3, Hardness testing.

ISO 14577 consists of the following parts, under the general title Metallic materials — Instrumented indentation test
for hardness and materials parameters;

— Part 1: Test method
— Part 2: Verification and calibration of testing machines
— Part 3: Calibration of reference blocks

Annex A of this part of ISO 14577 is for information only.

iv © ISO 2002 — All rights reserved



ISO 14577-3:2002(E)

Introduction

Hardness has typically been defined as the resistance of a material to permanent penetration by another harder
material. The results obtained when performing Rockwell, Vickers and Brinell tests are determined after the test
force has been removed. Therefore, the effect of elastic deformation under the indenter has been ignored.

ISO 14577 has been prepared to enable the user to evaluate the indentation of materials by considering both the
force and displacement during plastic and elastic deformation. By monitoring the complete cycle of increasing and
removal of the test force, hardness values equivalent to traditional hardness values can be determined. More
significantly, additional properties of the material, such as its indentation modulus and elasto-plastic hardness, can
also be determined. All these values can be calculated without the need to measure the indent optically.

ISO 14577 has been written to allow a wide variety of post test data analysis.
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Metallic materials — Instrumented indentation test for hardness
and materials parameters —

Part 3:
Calibration of reference blocks

1 Scope

This part of ISO 14577 specifies a method for the calibration of reference blocks to be used for the indirect
verification of testing machines for the instrumented indentation test, as specified in ISO 14577-2.

NOTE The reference blocks may be calibrated in accordance with the field of application of the testing machine or with the
materials parameters which are to be determined.

2 Normative references

The following normative documents contain provisions which, through!reference in this text, constitute provisions of
this part of ISO 14577. For dated references, subsequent amendments to, or revisions of, any of these publications
do not apply. However, parties to agreements based,on-this part of ISO 14577 are encouraged to investigate the
possibility of applying the most recent editions..of the normative. documents -indicated below. For undated
references, the latest edition of the normative document referred, to,applies. Members of ISO and IEC maintain
registers of currently valid International Standards.

ISO 376:1999, Metallic materials — Calibration of force-proving instruments used for the verification of uniaxial
testing machines

ISO 4287, Geometrical Product Specifications (GPS) — Surface texture: Profile method — Terms, definitions and
surface texture parameters

ISO 14577-1:2002, Metallic materials — Instrumented indentation test for hardness and materials parameters —
Part 1: Test method

ISO 14577-2:2002, Metallic materials — Instrumented indentation test for hardness and materials parameters —
Part 2: Verification and calibration of testing machines

ISO Guide to the Expression of Uncertainty in Measurement (GUM) 1)

3 Manufacture of reference blocks

3.1 The block shall be specially prepared and the attention of the manufacturer drawn to the need to use a
manufacturing process which will give the necessary homogeneity, uniformity and stability of structure.

1) Published in 1993; corrected and reprinted in 1995.
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3.2 Each block to be calibrated shall be of a thickness not less than 2 mm for the nano range, not less than
6 mm for the micro and not less than 16 mm for the macro range.

NOTE If it is required by the manufacturing process, these values may be lower.

3.3 The reference blocks shall be free from magnetic forces. It is recommended that the manufacturer ensure
that the blocks, if of steel, have been demagnetized at the end of the manufacturing process.

3.4 The reference block shall be constructed such that it can be mounted in the testing machine within the tilt
limits specified in ISO 14577-1.

NOTE If the reference block is mounted on its bottom, this condition is valid if the maximum deviation in flatness of the test
and support faces does not exceed 5 ym in 50 mm and the maximum error in parallelism does not exceed 10 ym in 50 mm.

3.5 The test surface shall be free from scratches that interfere with the measurement of the indentations.
Indentations between scratches are permitted.

For the macro and micro range the surface roughness, Ra, shall not exceed 15 nm for the test surface and 0,8 um
for the support face; the sampling length, /, shall be 0,80 mm (see ISO 4287).

For the nano range the surface roughness, Ra, shall not exceed 10 nm. If measured with an atomic-force-
microscope (AMF) the sampling length, /, shall be 10 ym.

NOTE At the nano range it is important to consider the spatial wavelength of the roughness as well as the amplitude.
3.6 In order to check that nomaterial has/been'subsequently,removed from theireference block, its thickness at
the time of calibration shall be marked on'it o the nearest 10 uym, or an indentifying mark shall be made on the test

surface (see clause 8).

NOTE 1 For some nano range reference materials, it may be a necessary step to prepare a surface before test in a manner
that removes surface layers. In this case a method such'as’‘a:mark-of-defined depth should be used to reveal when a significant
amount of material has been removed. Certification for nanorange iindentations-may’cover-reference block depths much less
than 10 ym.

NOTE 2  Examples of materials for reference blocks are given in annex A.

4 Calibrating machine

41 General

In addition to fulfilling the general conditions specified in ISO 14577-2, the calibrating machine shall also meet the
requirements listed in 4.2 to 4.5. The calibrating machine shall be verified directly at intervals not exceeding
12 months. Direct verification involves:

a) calibration of the test force;

b) verification of the indenter;

c) calibration of the displacement measuring system;

d) verification of the testing cycle.

The instruments used for verification and calibration shall be traceable to National Standards as far as available.

2 © 1SO 2002 — All rights reserved



ISO 14577-3:2002(E)

4.2 Calibration of the test force

Each test force shall be accurate to the nominal value specified in ISO 14577-1 to within:
a) = 0,25 % for the macro range,

b) + 0,5 % for the micro range,

c) thelarger of £ 0,5 % or + 10 uN for the nano range,

and shall be calibrated as described in 4.3.1 of ISO 14577-2:2002.

The force shall be measured with force-proving instruments of class 0,5 in accordance with ISO 376 or by another
method having the same accuracy.

4.3 Verification of the indenters

4.3.1 General

The certified measured values (e.g. angle; radius etc.) of the indenter shall be used in all calculations and, where
indentation depth is < 6 um, the certified indenter area function shall be used.

NOTE In the nano and low micro ranges (7 <1 000 nm), the tolerances on the indenter angles are not normally achieved.
The sharpness of the tip is likely,to have the most significant impact on the measurement. It is difficult to determine the radius of
curvature of an indenter to better than # 10°"nm asithis is the.likely radius of an, AFM probe! Indentation methods using certified
modulus reference blocks are easier for users but only give a projected area value and so are ambiguous about shape.
Because of the important requirement that the lupcertainty [of(the measured:area function is low it is recommended to carefully
consider the type of indenter and material parameter used for the calibration “of reference blocks in the nano and low micro
ranges.

4.3.2 Vickers indenter

4.3.21 The four faces of the square based diamond pyramid shall be highly polished, free from surface
defects and flat to within 0,000 3 mm.

4.3.2.2 The angle between opposite faces of the vertex of the diamond pyramid shall be (136 + 0,3)°, see
Figure 2 of ISO 14577-2:2002. The maximum uncertainty in the certified angle shall be +0,15° at the 95 %
confidence level.

The inclination of the axis of the diamond pyramid to the axis of the indenter holder (normal to the seating surface)
shall be less than 0,3°.

NOTE The point of the diamond indenter should be examined using a high power measuring microscope or preferably
using an interference microscope or an atomic-force-microscope.

4.3.2.3 If the four faces do not meet at a point, the line of conjunction between opposite faces shall be less
than 0,001 mm. For indenters used in the micro and nano ranges, the length shall not exceed 0,000 25 mm.

4.3.2.4 It shall be verified that the quadrilateral which is being formed by the intersection of the faces with a
plane perpendicular to the axis of the diamond pyramid has angles of (90 + 0,2)° (see Figure 1).

4.3.3 Berkovich, modified Berkovich, corner cube indenters, hardmetal ball indenters and spherical
tipped conical indenters

For these shapes of indenter it is recommended to use the tolerances given in 4.2.3, 4.2.4 and 4.2.5 of

ISO 14577-2:2002 as the minimum requirement. For triangular based pyramidal indenters the maximum
uncertainty in the certified facet angle shall be + 0,15° at the 95 % confidence level.
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