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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.

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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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 (all parts) 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
harEness values can be determined. More significantly, additional properties of the makerial such
as its indentation modulus and elasto-plastic hardness can also be determined. All these [values can
be ¢alculated without the requirement to measure the indent optically. Furthermore;-by g4 variety of
techniques, the instrumented indentation test allows to record hardness and modulus degth profiles
within a, probably complex, indentation cycle.

[SO|14577 (all parts) has been written to allow a wide variety of post test data-analysis.

© ISO 2015 - All rights reserved v
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Metallic materials — Instrumented indentation test for
hardness and materials parameters —

Part 3:
Calibration of reference blocks
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Scope

5 part of [SO 14577 specifies a method for the calibration of reference blocks,to use for
fication of testing machines for the instrumented indentation test as specified'in ISO 141

E The reference blocks can be calibrated in accordance with the field\ of application of]
hine or with the materials parameters which are being determined.

Normative references

following documents, in whole or in part, are normatively referenced in this docume

376, Metallic materials — Calibration of force-preving instruments used for the verification
ing machines

4287, Geometrical Product Specifications (GPS) — Surface texture: Profile method — Terms
surface texture parameters
14577-1:2015, Metallic materigls>— Instrumented indentation test for hardness and

nmeters — Part 1: Test method

14577-2:2015, Metallic materials — Instrumented indentation test for hardness and
nmeters — Part 2: VerifiCation and calibration of testing machines

Manufacturesef reference blocks

The blotk-'shall be specially prepared and the attention of the manufacturer drg
hiremenf\to use a manufacturing process that gives the necessary homogeneity, unifq
ility of'structure.

3.2

he indirect
77-2:2015.

the testing

nt and are

spensable for its application. For dated references, only the edition cited applies. F¢r undated
rences, the latest edition of the referenced documernt(including any amendments) appligs.
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than 5 mm for the micro, and not less than 16 mm for the macro range.

If it is required by the manufacturing process, the thickness of the reference blocks can be smaller.

3.3 The reference blocks shall be free from magnetic forces. It is recommended that the manufacturers
ensure that the blocks, if of steel, are 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

©IS

tilt limits specified in ISO 14577-1:2015.
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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 um in 50 mm and the maximum error in parallelism does
not exceed 10 pm 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 50 nm and 10 nm respectively
for the test surface, and 0,8 um for the support face, the sampling length, I, shall be 0,80 mm (see
ISO 4287).

For the naho range, the surface roughness, Ra, shall not exceed 10 nm. It is recommended that|the
Ra be less than 1 nm to be of practical use for calibration purpose. If measured with an atomic-fofce-
microscop¢ (AMF), the sampling length, I, shall be 10 pm.

NOTE At the nano range, it is important to consider the spatial wavelength of the roughness’as well ad the
amplitude.

3.6 In onder to check that no material has been subsequently removed from-the reference block, its
thickness 4t the time of calibration shall be marked on it to the nearest 10 gim-or an identifying mark
shall be mdde on the test surface (see Clause 8).

For some rlano range reference materials, it can be necessary to prepate a surface before the test|in a
manner that removes surface layers. In this case, a method such as’a‘mark of defined depth should be
used to reyeal when a significant amount of material has been removed. Certification for nano range
indentations can cover reference block depths much less than T0yim.

4 Calibrating machine

4.1 General

In addition] to fulfilling the general conditions-specified in ISO 14577-2:2015, the calibrating machine
shall also meet the requirements listed /4.2 to 4.5. The calibrating machine shall be calibrgted
and verifidd directly at intervals not_exceeding 24 months. Calibration and verification involves|the
following:

a) calibrdtion of the test force;

b) verificption of the indenter;

c) calibrdtion of the displacement measuring system;
d) verificption of'the testing cycle.

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

4.2 Calibration of the test force

The test force shall be calibrated according to ISO 14577-2:2015, 4.2, to a tolerance given in the
following:

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.

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

2 © IS0 2015 - All rights reserved
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4.3 Verification of the indenter

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 pm, the certified indenter area function with the relative uncertainty

of 1

ess than 5 % shall be used.

In the nano and low micro ranges (h < 1 000 nm), the tolerances on the indenter angles are not normally
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eved. The sharpness of the tip is likely to have the most significant impact on

radius of an AFM probe. Indentation methods using certified indentation modulus refer
easier for users, but give only a projected area value and so are ambiguous about shape,
ortant requirement that the uncertainty of the measured area function be low, itlis rec

ks in the nano and low micro ranges.
2 Vickers indenter

2.1 The four faces of the square-based diamond pyramid shall behighly polished, free fr
pcts, and flat to within 0,000 3 mm.

2.2 The angle between opposite faces of the vertex of the diamond pyramid shall be (
[SO 14577-2:2015, Figure 2). The maximum uncertainty in the certified angle shall be *
o confidence level.

q

inclination of the axis of the diamond pyramid’to the axis of the indenter holder (nor
ing surface) shall be less than 0,3°.

point of the diamond indenter should.be examined using a high power measuring mid
ferably using an interference microsedpe or an atomic-force-microscope.

2.3
J’ess than 0,001 mm. For indenters used in the micro and nano ranges, the length shall
0 25 mm.

If the four faces do not meet at a point, the line of conjunction between opposite

2.4
1 a plane perpendicular to the axis of the diamond pyramid has angles of (90 + 0,4)° (see |

the measurement. It

is is likely
nce blocks
Due to the
bmmended

arefully consider the type of indenter and material parameter used for the calibration df reference

om surface

136 + 0,1)°
,15° at the

mal to the

roscope or

faces shall
not exceed

It shall be verified that the quadrilateral that is being formed by the intersection ¢f the faces

igure 1).
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0,2° 0,2°

[ 0,2°

0,2°

0,2°

0,2°

Figure 1 — Permissible difference of the sectional planes of the square form

4.3.3 Befrkovich, modified Berkovich, corner-cube indenters, hardmetal ball indenters, and
spherical tfipped conical indenters

For these indenters, it is recommended to-use the tolerances given in ISO 14577-2:2015, 4.5.3, 4]5.4,
and 4.5.5 ps the minimum requiremént.’ For triangular-based pyramidal indenters, the maxinjum
uncertaint in the certified facet angle shall be £0,15° at the 95 % confidence level.

4.4 Calibration of the displacement measuring device

4.4.1 The estimation capability required of the displacement measuring device depends on the siZe of
the smalleqt indentatienito be measured.

The scale [of thewdisplacement measuring system shall be graduated to permit estimation of|the
indentation depthin accordance with Table 1.

Table 1 — Estimation capability and maximum permissible error of the displacement
measuring device

Estimation capability of the
measuring device

Macro 10 nm 0,5 % of h or 30 nma
Micro and nano 0,2 nm 1% of h or 5 nma

Range of application Maximum permissible error

a  Whichever is greater. For the nano range, the tolerance of +1 % of h is strongly recommended.

The required estimation capability of the resulting indentation depth is fulfilled only if the uncertainties
do not exceed the values given in Table 2.

4 © IS0 2015 - All rights reserved
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Table 2 — Required uncertainty in zero-point determination and machine compl

iance

Range of application | Uncertainty in zero-point determination

Uncertainty in machine compliance

0,5 % of h
1% ofh

1% ofh
0,5% ofh

Macro
Micro and nano

4.4.2 The displacement measuring device shall be verified according to ISO 14577-2:2015, 4.3.

The maximum permissible error shall not exceed the values given in Table 1.

4.5| Verification of the testing cycle

Recdommended times for the different steps of calibration procedure and the velocities a
Table 3.

For
ma
For

micro range testing, the maximum permissible vibration acceleration reaching the
hine shall be 0,005 g, where gy, is the nominal gravitational acceleration{€qual to 9,80
control, a force-indentation depth curve is determined.

Table 3 — Recommended times for the testing cycle

e given in

calibration
b 65 m/s2).

Maximum approach
Range of |velocity of the indenter |Application time of test) “Duration time of Remov3l time of
application | when contacting the force test force testfforce
reference block
um/s S S S
Macro 20to 5 30 30 10
Micro 1 30 30 10
Nano 0,1 30 30 10
NOTE For calibration of the indentation modulus”(or indentation hardness) reference blocks, the maximym test force
shopild be kept constant until the creep rate is reduced to less than 1 % of the initial displacement rate during fhe test force
remnjoval.

1se 4 at a
the general
77-2:2015,

5 [Calibration procedure

The reference blocks shall be calibrated in a calibrating machine as described in Claj
temperature in the rangeSpecified in the calibration certificate [typically (23 = 5) °C] using
profedure specifiedin1SO 14577-1:2015 and taking into account the requirements of ISO 14
Clagise 4.

6 |Number of indentations

On pach reference block for the macro range at least five mdentatlons and for the micryq
rang : : S o1

b and nano
b locations

dlstrlbuted randomly on the surface but thelr p051t10ns recorded for av01dance by future indents.

For the nano range, it is recommended that the surface be marked or suitable coordinate system be
established such that future indentations are guaranteed to avoid previously indented regions.

7

Uniformity of the reference blocks

7.1 For each reference block, the arithmetic mean value, q, is calculated from the n values, qy, ..., qn, as
given by Formula (1):

©

ISO 2015 - All rights reserved
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_ + ..+
g= q1 dn (1)

where
q s the calibration value (materials parameter).

As a measure of the scattering, the experimental standard deviation is calculated as given by
Formula (2):

n
D4 —9)

_(li=1
s(@)=\"=—— )

The relatiye scattering of the measured hardness values is the coefficient of varidation or relaftive
experimental standard deviation, V, expressed as a percentage as given by Formula (3):

V:S—E_Iqlxmo (3)

7.2 For the macro range, the maximum permissible coefficient of variation for the indirect verificafion
purpose for HM, Hit, and Ert is 2 %. For the micro range, the maximunypermissible coefficient of variafion
for the indirect verification purpose for Er is 2 %. For the nano'range, the maximum permisgible
coefficient jof variation for the indirect verification purpose for Eypis 5 %. Higher coefficients of variafion
are allowefl for reference blocks that are used in the nano.and micro range for the determinatiop of
machine cqmpliance (e.g. tungsten).

8 Marking

8.1 Each|reference block shall be either marked directly or marked with a unique identifying qode
linking to { certificate containing the following particulars:

a) arithmnletic mean of the values found in the calibration test, e.g. HM 0,5 / 20 / 20 = 8,70 GPj or
Err 0,5/ 10 /20 /30 =220,00GP3;

b) name ¢r mark of the supplier'or manufacturer;
c) serial number;
d) name ¢r mark of galibrating agency;

e) thicknpss of thie block or an identifying mark on the test surface (see 3.6);

f) year of ¢alibration, if not indicated in the serial number.

8.2 Any mark put on the side of the block shall 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 14577 (i.e. ISO 14577-3:2015);
b) identity of the block;
c) date of calibration;

d) calibration temperature;

6 © IS0 2015 - All rights reserved
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