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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
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C and E form a normative partief this part of ISO 14577. Annexes B, D and F are for information only.
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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 145}

force and displacement during plastic and elastic deformation. By monitoring the complete cycle ofinefeasing and

removal

of the test force, hardness values equivalent to traditional hardness values can be~detéermined. 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.

© I1SO 2002 — Al rights reserved \"
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INTERNATIONAL STANDARD ISO 14577-1:2002(E)

Metallic materials — Instrumented indentation test for hardness
and materials parameters —

Part 1:
Test method

1 Scape

This par{ of ISO 14577 specifies the method of instrumented indentation test for.determination of hgrdness and
other materials parameters for the three ranges given in Table 1.

Table 1 — Ranges of application

Macro range Micro range Nano range?

2N < F<30kN 2N>F; h>0,2 ym h<0,2pum

@  For the nano range the mechanical deformation strongly depends\on the real shape of indenter tip and the calculdted materials
parameterg are significantly influenced by the contact area function of the indenter used in the testing machine. Therefore carefu| calibration of
both instryment and indenter shape is required in order to achieve anacceptable reproducibility of the materials parameters dgtermined with
different nfachines.

The macfo and micro range are distinguished.by the test forces in relation to the indentation depth.

Attention|is drawn to the fact that the micro range has an upper limit given by the test force (2 N) and & lower limit
given by the indentation depth of 0,2-pm:

The determination of hardness @nd other materials parameters is given in annex A.
At high ¢ontact pressures,~damage to the indenter is possible. For this reason in the macro range| hardmetal
indenterq are often used: For test pieces with very high hardness and modulus of elasticity the influencg of indenter

deformatjon on the testirésult should be taken into account.

NOTE This test method can also be applied to thin metallic and non-metallic coatings and non-metallic matgrials. In this
case the gpecifications in the relevant standards should be taken into account (see also 6.3).

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

© 1SO 2002 — Al rights reserved 1
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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 Symbols and designations

For the purposes of this International Standard, the symbols and designations in Table 2 shall be applied (see also
Figure 1 and Figure 2).

Table 2 — Symbols and designations

Symbol Designation Unit
A, (he) Projected area of contact of the indenter at distance / from the tip mm?2
Ag (h) Surface area of the indenter at distance % from the tip mm?

Cr Indentation creep %
Eq Indentation modulus N/mm?
F Test force N
Frax Maximum test force N
h Indentation depth under applied test force mm
he Depth of the contact of the indenter with the test piece at F, mm
hmax Maximum indentation depth at F/ mm
hp Permanent indentation depth after removal of the test force mm
h, Point of intersection of the tangent ¢ to curve b at £, with the indentation mm
depth-axis (see Figure 1)
Hp Indentation hardness N/mm?
HM Martens hardness N/mm?2
HM, Martens hardness, determined from the slope of the increasing N/mm?
force/indentation-depth curve
r Radius of(spherical indenter mm
Rt Indentation relaxation %
Weast Elastic reverse deformation work of indentation N-m
Wiotal Total mechanical work of indentation N-m
a Angle, specific to the shape of the pyramidal indenter °
s Relation Welast/Wtotal %
NOTE 1 To avoid very long numbers the use of multiples or sub-multiples of the units is permitted.

NOTE 2 1 N/mm? = 1 MPa.

1) Published in 1993; corrected and reprinted in 1995.

2 © 1SO 2002 — All rights reserved
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max

max

a8  Appligation of the test force.
b Remgdval of the test force.

¢ TangenttocurvebatF, ..

Figure 1 — Schematic:-representation of test procedure

/ ! ”b,% = <

- s

a8  Indenter.
b Surface of residual plastic indentation in test piece.

€ Surface of test piece at maximum indentation depth and test force.

Figure 2 — Schematic representation of cross section of indentation

© 1SO 2002 — Al rights reserved 3
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4 Principle

The continuous monitoring of the force and the depth of indentation can permit the determination of hardness and
material properties (see Figure 1 and Figure 2). An indenter consisting of a material harder than the material under
test with the following shapes and materials can be used:

a) diamond indenter shaped as an orthogonal pyramid with a square base and with an angle a = 136° between
the opposite faces at the vertex (Vickers pyramid, see Figure A.1);

b) diamond pyramid with triangular base (e. g. Berkovich pyramid, see Figure A.1);

c) hardmétal ball (especially for the determination of the elastic behaviour of materials);
d) diamor)d spherical indenter.

This part off ISO 14577 does not preclude the use of other indenter geometries, however, cafe’should bg taken in
interpreting|the results obtained with such indenters. Other materials like sapphire may also be used.

NOTE Due to the crystal structure of diamond, indenters that are intended to be spherical are often polyhedronq and have
no ideal sph¢rical shape.

The test prpcedure can either be force-controlled or displacement-controlled. The test force F, the corresponding
indentation|depth 4 and time are recorded during the whole test procedure./The result of the test is the data set of
the test forde and the relevant indentation depth as a function of time (see(Figure 1 and annex B).

For a reprpducible determination of the force and corresponding-.indentation depth, the zero point for the
force/inden{ation depth measurement shall be assigned individuallyfor each test (see 7.3).

Where timetdependent effects are being measured:

a) using the force-controlled method, the test force is kept constant over a specified period and the char|ge of the
indentdtion depth is measured as a function of the holding time of the test force (see Figures A.3 and B.1);

b) using the indentation depth controlled methéd the indentation depth is kept constant over a specifi¢d period
and th¢ change of the test force is measured as a function of the holding time of the indentation dgpth (see
Figureg A.4 and B.2).

The two kjnds of control mentioned._give essentially different results in the segments b of the qurves in
Figures B.1g) and B.2b).

5 Testihg machine

5.1 The testing machine shall have the capability of applying predetermined test forces within the required scope
and shall fulfill the tequirements of ISO 14577-2.

5.2 The [teSting machine shall have the capability of measuring and reporting applied force, indentation

displacemu tand-time; thluuyhuut the tcot;lly \,ybic.

5.3 The testing machine shall have the capability of compensating for the machine compliance and of utilizing
the appropriate indenter area function (see annex C in this document and 4.5 and 4.6 of ISO 14577-2:2002).

5.4 Indenters for use with testing machines may have various shapes, as specified in ISO 14577-2 (For further
information on diamond indenters see annex D).

5.5 The testing machine shall maintain its calibration over the testing machine's usual operating temperature
range.

The testing machine shall operate at a temperature within the permissible range specified in 7.1 and shall maintain
its calibration within the limits prescribed in 4.4.3 of ISO 14577-2:2002.

4 © 1SO 2002 — All rights reserved
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6 Test piece

6.1 The test shall be carried out on a region of the test surface that allows the determination of the
force/indentation depth curve for the respective indentation range within the required uncertainty. The contact area
shall be free of fluids or lubricants except where this is essential for the performance of the test. This shall be
described in detail in the test report. Care shall be taken that extraneous matter (e.g. dust particles) is not
contained in the contact area.

For an explanation concerning the influence of the test piece roughness on the uncertainty of the results, see
annex E. Surface finish has a significant influence on the test results.

The test purfaces shall be normal to the test force direction.
Tilt should be included in the uncertainty calculation. Typically test surface tilt is less than 1°.

6.2 Preparation of the test surface shall be carried out in such a way that any alteration.6f.the surfage hardness
(e.g. due|to heat or cold-working) is minimized.

Due to tHe small indentation depths in the micro and nano range, special precautions ‘shall be taken dufing the test
piece prgparation. A polishing process that is suitable for particular materials shallbe used (e.g. an elegtropolishing
process)

6.3 The test piece thickness shall be large enough (or indentation depth,small enough) such that the {est result is
not influgnced by the test piece support. The test piece thickness shotld be at least 10 x the indentatijon depth or
3 x the irldentation diameter (see 7.7), whichever is greater.

When tegting coatings, the coating thickness should be considered to be the test piece thickness.

NOTE The above are empirically based limits. The exact limits of influence of support on test piece will dgpend on the
geometry jof the indenter used and the materials properties of the‘test piece and support.

7 Procedure

7.1 The temperature of the test shall.be’ recorded. Typically, tests are carried out in the range|of ambient
temperatures between 10 °C and 35 °C.

The temperature stability during altest is more important than the actual test temperature. Any calibration correction
applied ghall be reported along wjth the additional calibration uncertainty. It is recommended that tests/| particularly
in the nano and micro ranges;be performed in controlled conditions, in the range (23 £+ 5) °C and less than 50 %
relative Humidity.

The indiyidual test, however, shall be carried out at stable temperature conditions because of the requirement of
high depth measufing accuracy. This means that:

— the testpieces shall have reached the ambient temperature before testing;

consulted);
— other external influences causing temperature changes during individual test have been controlled.

To minimize thermally-induced displacement drift, the temperature of the testing machine shall be adequately
maintained over the time period of one testing cycle, or a displacement drift correction shall be measured and
applied (see 7.5 of this document and 4.4.3 of ISO 14577-2:2002). The uncertainty in the drift or in the drift
correction shall be reported.

7.2 The test piece shall be firmly supported such that there is no significant increase in the testing machine
compliance. The test piece shall either be placed on a support that is rigid in the direction of indentation, or fixed in
a suitable test piece holder. The contact surfaces between test piece, support and test piece holder shall be free
from extraneous matter which might increase the compliance (reduce the stiffness) of the test piece support.

© 1SO 2002 — Al rights reserved 5
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7.3 The zero point for the measurement of the force/indentation depth curve shall be assigned individually to
each test data set. It represents the first touch of the indenter with the test piece surface. The uncertainty in the
zero-point shall be reported. The uncertainty in the assigned zero point shall not exceed 1 % of maximum
indentation displacement for the macro and micro ranges. The zero point uncertainty for the nano range may
exceed 1 % in which case the value shall be estimated and recorded in the test report.

Sufficient data points shall be recorded during the approach and first 10 % displacement of the increasing
force/indentation depth curve, so that zero-point may be assigned with the permitted uncertainty. One of the two
following example methods is recommended:

a) Method 1: The zero-point is calculated by extrapolation of a fitted function (e.g. polynomial 2nd degree). The fit
shall b¢ applied to values within the range from zero to not more than 10 % of the maximum indentatipn depth.
The uniertainty of the calculated zero point results from the fit parameters, the fitting function and the|length of
extrapglation.

The firgt part of the indentation curve (for instance up to 5 %) may be affected by vibratioh ©r other npise. The
upper limit to the range of fit should be below the depth at which the contact response changes e.g. due to
cracking or plastic yielding.
b) Method 2: The zero-point is the touch point determined during the first increase-of either the test forice or the
contacy stiffness. At this touch point, the step size in force or displacement shal’'be small enough such that the
zero pgint uncertainty is less than the limit required.

NOTE Typical small force steps values for the macro range are 104 Fs%'and for the micro and nano range| less than
5 uN.

7.4 The festing cycle shall be either force-controlled or indentation depth-controlled. The controlled pgdrameters
can vary eifher continuously or step by step. A full description,ef\all parts of the testing cycle shall be stated in the
report, inclyding:

a) the nature of the control (i.e. force or displacement control and whether a stepped or continuous charjge in the
controlled parameters);

b) the makimum force (or displacement);

c) the forge application (or displacement):ate;

d) the length and position of each hold period;

e) the dath logging frequency. (or number of data points).

NOTE Typical values arexe.g. force application and force removal time 30 s; hold time at maximum force 30 s; Hold period
to measure thermal drift 60,S.at contact or after removal of 90 % of maximum force.

In order to ¢btain comparable test results the time taken for the test shall be taken into account.

7.5 The ‘est force shall be applied without shock or vibration that can significantly affect the test results until
either the applied test force or the indentation displacement attains the speciiied value. Force and displacement

shall be recorded at the time intervals stated in the report.

During the determination of the touch point of the indenter with the test piece, the approach speed of the indenter
should be low in order that the mechanical properties of the surface are not changed by the impact.

For micro range indentations it should not exceed 2 um/s. Typical micro/nano range approach speeds are 10 nm/s
to 20 nm/s or less during final approach.

NOTE At present the exact limit of the approach speed for the macro range is not known. It is recommended that users
report the approach speed.

6 © 1SO 2002 — All rights reserved
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Force/indentation depth/time data sets are only comparable if the same test cycle (profile) is used. The test profile
shall be specified in terms of either applied test force or indentation displacement as a function of time. The two
most common cycles are:

a) constant applied test force rate;

b) constant indentation displacement rate.

The rate of applied test force removal is optional, subject to the requirement that sufficient data points be recorded
during applied test force removal for any subsequent analysis.

The me
by inse
(typically

In the m
instrume

The force and depth data should be corrected by use of the measured drift rate.
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5 important that the test results are not affected by the\presence of an interface, free surfac
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geometry and the materials properties of the test piece. Indentations shall be at least three
bn diameter away from interfaces or free surfages and the minimum distance between inden
5t five times the largest indentation diameter.

htation diameter is the in-plane diameter at the surface of the test piece of the circular impre
bated by a spherical indenter. For non~circular impressions, the indentation diameter is the dia
circle capable of enclosing thelindentation. Occasional cracking may occur at the cor
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The minimum distances specified are best applicable to ceramic materials and metals such as iron 3
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Uncertainty of the results is a combination of uncertainties from a number of sources. These may be separated into
two categories:
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Zero

Type A uncertainties include:
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fitting of the force-removal curve;

© I1SO 2002 — Al rights reserved

measurement of force and displacement (including effects of ambient vibrations and magnetic field strength


https://standardsiso.com/api/?name=118291ee8f1e244edf9cebd900e4e327

ISO 14577-1:2002(E)

It may not
estimate of
the test m

therma

| drift rate;

contact area due to surface roughness.
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depth curve and detailed information about the uncertainty budget.
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It is frequently desirable to describe in the test report, the location of the indentation on the test piece.
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Materials parameters determined from the force/indentation depth data set

A.1 General

Instrume

parametérs.

A.2 M3

A.2.1 Determination of Martens hardness HM

Martens

the force|
force. Ma
all mater

Martens
indenter

Martens
beyond t

a)

HM

As(

For inde
shape, s
(sphericd

hted indentation force/indentation depth data sets may be used to derive a numbéer g

rtens hardness HM?2)

hardness is measured under applied test force. Martens hardness js‘determined from the valu
indentation depth curve during the increasing of the test force, greferably after reaching the s

als.

hardness is defined for both pyramidal indenters shown in Figure A.1. It is not defined for
pr for ball indenters.

hardness is defined as the test force F divided by 44(h) the surface area of the indenter

he zero-point of the contact and is expressed-in’' N/mm2.
ickers indenter b) Berkovich indenter
| F F ' v F F '
As(h) 26,43 xh As(h)  26,43xh
. o
4 x sm[j
- \2), 42 (= 3B xtana o
2@ cosa
cos (2}

htation depth < 6 um the area function of the indenter cannot be assumed to be that of thq
nce, all-pointed indenters will have some degree of rounding at the tip and spherically-ende
| @and conical) are unlikely to have a uniform radius. The determination of the exact area fu

given in

f materials

es given by
becified test

rtens hardness includes the plastic and elastic deformation, thus this hardness value can be calculated for

the Knoop

penetrating

(A1)

(A.2)

theoretical
d indenters
nction for a

enter is particulary important for these indentation depths, but is beneficial for all indent

tion depths

(see 4.2.

1 and 4.6 of ISO 14577-2:2002).

For indentation depth < 6 ym the real surface area A4(h) shall be used for the calculation, see annex C and [3].

The test forces 1 N; 2,5N; 5N and 10 N and their decimal multiples should be chosen for easy comparison of
hardness values.

2) Former designation Universal hardness HU, see [2].
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For certain applications it may be useful to hold the specified test force over a specific time interval. The duration of
the hold period of the test force should be documented to an accuracy of 0,5 s. The field of application for Martens
hardness is given in Figure A.2.

Figure A.1 — Shape of indenters for determination of HM

£
- 100 |
<0
; n
107" B !
: ;
102 E !
v ‘i
1073 4 :
H
107
;
10 I
1076 P vt vt vl v el vt el |
10 234 6 100 2 34 6 100 2 34 6 100 2 34 6 10° 2 34ps
HM, N/mm?
d e f g h
@  Macro range €  Plastics
b Micro range f Non-ferrous metals
¢ Nano range 9 Steel
d  Rubber h Hardmetals, ceramics

Figure A.2 — Relationship between Martens hardness, indentation depth and test force
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A.2.2 Designation of Martens hardness HM
EXAMPLE
HM 0,5 /20 /20 = 8 700 N/mm?
—‘7 Hardness value
Duration time of test force in seconds
Application time of test force in seconds
Test force in newtons
A.3 Martens hardness, determined from the slope of the increasing force/indentation

depth ¢urve, HMg

A.3.1 Determination of Martens hardness, HV

The met
depth cu

For hom
indentati
90 % F,

h=

The slop
the hardr

HM

with

nod for the determination of the Martens hardness given by the slope of<the increasing force
've, has the advantage of avoiding the zero-point determination for homogeneous materials.

pgeneous materials (dimension of the inhomogenities in the region) of surface is small in rel

bn depth) the following equation is at least partly valid (préferring pairs between 50 %
L) for the force/indentation depth curve:

nx\[F

e m can be determined by a linear regression of the equation A.3. In this case it is possible t
ess by the following modified method from the force/indentation depth curve:

1
" m244(h) h?

h) = 26,43 for Vickers indenter
= 26,43 for Berkovich indenter

indentation

ation to the

Frhax and

(A.3)

D determine

(A.4)

© I1SO 2002 — Al rights reserved
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A.3.2 Des

EXAMPLE

ignation of Martens hardness, HVg

HMs 10 /10 / 20 = 4 010 N/mm?

s

Hardness value

Duration time of test force in seconds
Application time of test force in seconds
Test force in newtons

NOTE

force/indent
the test piec
For test pieG
deviate from

A.4 Inde

A.4.1 Det

Indentation

Hy =

where

Fm ax

Ap

Equation (A
area of the
Meyerl4].

For indentg
shape, sing
(spherical 3
given inder
and 4.6 of |

!

he method for the determination of the Martens hardness determined from the slope of the
ion depth curve has the advantage of independence of the uncertainty of the determination of the\zero
b roughness. There is also a lower influence of vibration at the location of the testing machine ,on,the tg
es exhibiting a variation in hardness as a function of indentation depth, the determined hardness value
HM determined as in A.1.

htation hardness H|t

ermination of indentation hardness H

hardness H,t is a measure of the resistance to permanent defermation or damage.

Fmax

Ap

is the maximum applied force

is the projected (cross-sectional)area of contact between the indenter and the test piece dd
from the force-displacement curve’and a knowledge of the area function of the indenter. Seq
ISO 14577-2:2002.

.5) defines hardness as thé maximum applied force, divided by the projected (cross-sectiona
indenter with the testpiece. This definition is in accord with that generally agreed and first pro

e all pointed~indenters will have some degree of rounding at the tip and spherically-ended
nd conical) are unlikely to have a uniform radius. The determination of the exact area func
ter istrequired for indentation depths <6 um, but is beneficial for larger indentation depths (
5014577-2:2002).

ncreasing
-point and
st results.
5 HM, will

(A.5)

termined
b 4.6.2 of

) contact
posed by

tion depth <@ym the area function of the indenter cannot be assumed to be that of the theoretical

ndenters
tion for a
see 4.2.1

NOTE 1

The area function is normally expressed as a mathematical function relating the projected area to the distance from

the tip of the indenter. Where a relatively simple (cubic or polynomial) mathematical function is unable to describe the area
function then an estimate may be made either graphically or by using a look-up table. Alternatively a different mathematical

function can

be used to describe different parts of the indenter or a spline function adopted.

For indentation depth > 6 um a first approximation to the projected area, Ap, is given by the theoretical shape of the

indenter.

For a Vicke

rs indenter:

A4, =24,50 x h?

12
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For a perfect Berkovich indenter:
A, =23,96 x h?

For a modified Berkovich indenter (see 4.2.3 of ISO 14577-2:2002):
A, =24,50 x h?

where

h H tlo al Ll £ 'y 4 £ 2l H al 'y sble Ll 'y 'y H L L 'y al £ Il
c o UIC uUlel Ul LU ALl UT U1 TIUCTTICT WILT U1 ITOol pICbU oalibuidicu do TUITUWS.
he =Pmax — € (hmax — )

Figure 2 |schematically shows the different depths monitored during an indentation expériment. Theg theoretical
basis of fhe method for the determination of contact depth is given in [5]. The contact-depth is derived from the
force removal curve using the tangent depth, 4, and the maximum displacement,k,,,,, correcting for elastic
displacement of the surface according to Sneddon's analysis[®l, where ¢ depends on the indentdr geometry
(see Tabje A.1).

Table A.1 — Correction factor ¢ for different indenter geometries

Indenter Geometry £
Flat punch 1
Conical 2(n—-2)n=0,73
Paraboloid of revolution (includes spherical) 3/4
Berkovich, Vickers 3/4

h, is derived from the force-displacement curve and is the intercept of the tangent to the unloading cycle at F,,,
with the displacement axis. Different methods have been used for the determination of /. and can bg essentially
described by two approaches.

a) Linepr Extrapolation Method (see [11]): this assumes that the first portion of the unloading curve is linear and
simply extrapolates that linéar-portion to intercept the displacement axis.

NOTE 2 | This method may-be ‘a good approximation for ductile materials e. g. aluminium, tungsten.

b) Power Law Method (see [5]): this recognizes the fact that the first portion of the removal curve of the test curve
may|not be linear, and can be described by a simple power law relationship:

= — hy)"

where K is a constant and m is an exponent which depends on indenter geometry.

Normally the upper 80 % of the removal curve of the test force is taken for the least-square fitting procedure, but
this can be varied according to the "quality" of the unloading curve. If it is necessary to restrict the fit to 50 % or
less, the indentation experiment shall be considered to be abnormal and care should be taken in interpretation. The
tangent is found by differentiating the unloading curve and evaluating at F,,,,,. The intercept of this tangent with the
displacement axis yields 4.

Information concerning the correlation of /|1 to other hardness scales is contained in annex F.

© 1SO 2002 — Al rights reserved 13
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A.4.2 Designation of indentation hardness Ht

EXAMPLE

H10,5/10/20/30= 11300 N/mm?

Hardness value

B T—Ii

portion of the test force removal curve in seconds
Duration time of test force in seconds
Application time of test force in seconds

Time taken to remove the test force during the fitted

A.5 Inde

A.5.1 Det

Test force in newtons

ntation modulus E1

ermination of indentation modulus E|7

The indentation modulus Ej; can be calculated from the slope of the tangent for the calculation of in

hardness H
between th
present.

i1 (see A.4) and is comparable with the Young's modulus of the“material. Significant di
e indentation modulus £+ and Young's modulus can occur, however, either pile-up or si

1-(vg)?
1 _1-()?
E, E;
Jr

C\f4p

he Poisson's ratio of the testpiece;
he Poisson's ratio of the indenter (for diamond 0,07) (e.g., in [7]);
he reduced modudlus of the indentation contact;

he modulus-of the indenter (for diamond 1,14 x 106 N/mm?) (e.g., in [7]);

Eyr =1
E, = 5
where
vy s
v, s
E, is
E; is
C is

the cempliance of the contact, i.e. di/dF of the test force removal curve evaluated at maxi

fovlce (reciprocal of the contact stiffness);

dentation
fferences
nk-in are

(A.6)

(A.7)

nmum test

A, is the projected contact area, value of the indenter area function at the contact depth defined in
accordance with 4.6 of ISO 14577-2:2002.

For 4 > 6 ym the following are valid:

NS

= 4,950 x h for the Vickers indenter and the modified Berkovich indenter

= 4,895 x h for the Berkovich indenter

NOTE Equation (A.7) is based on an assumption of axis symmetric contact area. Correction for pyramidal indenters have
been proposed in [15].

14
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A.5.2 Designation of indentation modulus £t

EXAMPLE

E+0,5/10/20/30 =222 000 N/mm?

T—Ii

ISO 14577-1:2002(E)

Indentation modulus

Time taken to remove the test force during the fitted
portion of the test force removal curve in seconds
Duration time of test force in seconds

Application time of test force in seconds

NOTE
is demong

A.6 Ind

A.6.1 Determination of indentation creep C

trated (81 [°],

lentation creep C|t

Test force in newtons

For some materials a correlation between E,; and tabular values for the Young's modulus of metals and metal alloys

If the ch@nge of the indentation depth is measured with constant test force, a relative change of the|indentation

depth ca

CrE

where
hy
hy

NOTE

A.6.2 Designation of indentation creep C|t
The relatjve change of theindentation depth (creep) is denoted by the symbol Cjt

EXAMPLE

hy = hy
hy

100

Cit075/10/50=2,5%

N be calculated. This is a value for the creep of the material [see Figures B.1 a), B.1 b) and A.3].

s the indentation depth at time (z,)-0f holding the constant test force, in millimetres.

It should be noted that the creep\data can be significantly influenced by thermal drift.

(A.8)

s the indentation depth at the time (#;) of.réaching the test force (which is kept constant) in milmetres;

Indentation creep (relative change of

maentatiomdeptt)

Time (t, — t4) for holding constant
test force in seconds

Application time of test force in seconds

© I1SO 2002 — Al rights reserved

Specified test force in newtons
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a
b

Applicat

Test ford

A.7 Inde

A.7.1 Det

If the chang
calculated.

Ryt =1

where
Fy is

F, is

hs

pn of the test force

e kept constant from 7, to ¢,

Figure A.3 — Expression of indentation creep

htation relaxation Rt

prmination of indentation relaxation R

e of the test force is measured at a constant indentation depth a relative change of the test for
This is a value for the relaxation of thelmaterial [see Figures B.2 a), B.2 b) and A.4].

1~ I

Fy

x100

he force at reaching the indentation depth which was kept constant, in N;

he force afterthe time during which the indentation depth was kept constant, in N.

A.7.2 Dedignation of indentation relaxation Rt

The relative

EXAMPLE

change or test torce (relaxation) 1S denoted Dy the symDOl K.

Ry 3/10/50=0,01 %

16

L

Indentation relaxation (relative change of test
force)

Time (t, — t4) for holding constant

indentation depth in seconds

Application time of indentation depth in seconds
Specified indentation depth in micrometres

e can be

(A.9)
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__—

a

/

@  Appligation of the indentation depth.
b Indentation depth kept constant from ¢, to z,.

A.8 Plastic and elastic parts of the indentation work

A.8.1 Determination of plastic and elastic parts of the indentation work

t

Figure A.4 — Expression of indentation{relaxation

The meghanical work W, indicated during the .indentation procedure is only partly consumed as plastic
deformalon work Woast: During the removal of the test force the remaining part is set free as work of the elastic

reverse deformation Wy ¢

different preas in Figure A.5. The relation

T E Welast x 100

t- According to the definition of the mechanical work as W = [Fdh both part$ appear as

EXAMPLE

(A.10)
Wiotal
contains jinformation which is suitable for characterization of the test piece where
Wiothl = Welast + W ptast
The plasfic part Wgiaei/ Wiotq follows as
100(% Ar7yr (A.11)
A.8.2 Designation of elastic part of indentation work 7 7
17,70,5/10/20=136,5%
T Elastic part of indentation work
Duration time of test force in seconds
Application time of test force in seconds
Test force in newtons
17
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18

W
max

Welasf /

Wplasf

LK
AR Q‘x
5 KX /
RS s

Figure A.5 — Plastic and elastic parts of the indentation work
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Annex B
(informative)

Types of control use for the indentation process

w <
[ L[ ’ [ 12 ’
a) a)
< W
HM ~— Eyq
H
E|'|' ¥ Wtoral WIT
HM HIT elast
Whotal e W otact d
[ L/ ’ [ 1] ’
b) b)
@  Appli¢ation of test force @  Application of indentation depth
b Maxirhum test force b Maximum indentation depth
¢ Remqval of test fofice € Decreasing of indentation depth
d  Testforce =QN d  Relaxation under maximum indentation depth
€ Indenftation eréep
f Reco ery)at zero test force
Figure B.1 — Schematic representation of the test Figure B.2 — Schematic representation of the
force controlled test procedure in dependence on indentation depth controlled test procedure in
time dependence on time
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