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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 procedures used to develop this docup
described in the ISO/IEC Directives, Part
different types of ISO documents should
editorial rules of the 1SO/IEC Directive

Attention is drawn to the possibility:

nt and those intended for its further maintenance are
ticular the different approval criteria needed for the
his document was drafted in accordance with the

).

elements of this document may be the subject of

patent rights. 1SO shall not be held

any patent rights identified during
on the ISO list of patent declaration

Any trade name used in this docum >

constitute an endorsement

For an explanation on tf
expressions related to:
World Trade Organi
URL: www.iso.org/is

Subcommittee SC 3,

This second edition canc
revised.

The main changes compared to the

iv

sof standard
t, as well ag
rinciples in the Technigal:Barriers to Trade (TBT) see the following

dical Commi

agbeen technically

dition (ISO 454

dition are as follows:

all references have been removed tion diagonals <0,020 mm;

the resolution requirements have beerfélefined for the measuring system;

the lower test force limit of the Knoop hardness test has been expanded to 0,009 807 N;

the requirements for the periodic (weekly or daily) verifications of the testing machine have been
defined as normative, the maximum permissible bias value has been revised, and the requirements
for the maximum permissible error in measuring a reference indentation have been revised;

the recommendations for inspection and monitoring of the indenter have been added (moved from
ISO 4545-2);

the requirements have been revised for the approach velocity of the indenter prior to contact with
the sample surface;

the timing requirements for the test force application and the duration at maximum test force are
revised to indicate target time values;

Figure 3 has been added illustrating the requirements for the minimum distance between
indentations; the distances have been stated with respect to the indentation centres rather than
the indentation limits, but the requirements have not changed;

the requirements have been added to the test report for reporting the test date and any hardness
conversion method used;

© IS0 2017 - All rights reserved
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— Annexes C, D and E have been added concerning Knoop hardness measurement traceability, the
CCM — Working group on hardness and adjustment of Kéhler illumination systems, respectively.

Alist of all parts in the ISO 4545 series can be found on the ISO website.

© IS0 2017 - All rights reserved




INTERNATIONAL STANDARD I1SO 4545-1:2017(E)

Metallic materials — Knoop hardness test —

Part 1:
Test method

1 Scope

n hardness test method for metallic materials for test forces from

This document specifies £
0,009 807 N to 19,613 N

“ifiggdiin this document for lengths of indentation diagonals 20,020 mm.
i¥mine Kric iap hardness from smaller indentations is outside the scope of this
d suffer from lar; P rtamtles due to the limitations of optical measurement
geometry, ISO#; @allows the determination of hardness from smaller

The Knoop hardness;
Using this method t
document asresult
and imperfections
indentations.

“faitine checking of the testing machine in service by

A periodic veriﬁ_
the user. i

tallic coatings can be found in ISO 4516.

at some or all of their content
.the edition cited applies. For
t1ding any amendments) applies.

1SO 4545-2, Metalli
machines i

I1SO 4545-3, Metallic mater = Knoop hardness test — Part 3: Calibration of reference blocks

3 Terms and definitions
No terms and definitions are listed in this document.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— 1EC Electropedia: available at http://www.electropedia.or

4 Principle

A diamond indenter, in the form of a rhombic-based pyramid with angles, a and 5, between opposite
edges respectively equal to 172,5° and 130° at the vertex, is forced into the surface of a test piece
followed by measurement of the long diagonal, d, of the indentation remaining in the surface after
removal of the test force, F (see Figures 1 and 2).

© IS0 2017 - All rights reserved 1
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test and indenter geometry
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Figure 1 — Prifi¢iy

A% Figure:Z — Knoop indenta

The Knoop hardne$§
area of the indentation; :
same angles as the mdente{

yrtional t
g

NOTE As applicable, thls test docuk
group on hardness (CCM-WGH} under th
(CIPM) Consultative Committee for Masgi

;1 by the working
sEithe Internatlonal Comthittee of Wﬁxg’ fsiand Measures
iiiantities (CCM) {see Annex D).

5 Symbols and designations

5.1 Symbols and designations used in this document

See Table 1 and Figures 1 and 2.

Table 1 — Symbols and designations

Symbol Designation

F Test force, in newtons (N)

d Length of the long diagonal, in millimetres

ds Length of the short diagonal, in millimetres

a Angle between the opposite edges of the long diagonal at the vertex of the diamond pyramid
indenter (nominally 172,5°) (see Figure 1)

B Angle between the opposite edges of the short diagonal at the vertex of the diamond pyramid
{nominally 130°) (see Figure 1)

NOTE Standard acceleration due to gravity, g, = 9,806 65 m/s2, which is the conversion factor from kgf to N.

To reduce uncertainty, the Knoop hardness can be calculated using the actual indenter angles e and f5.

2 © 1SO 2017 - All rights reserved
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Knoop hardness

Table 1 {continued)
Symbol Designation
V Magnification of the measuring system
C Indenter constant, relating projected area of the indentation to the square of the length of the
long diagonal
tan—B—
Indenter constant, c= , for nominal angles @ and S, c is approximately 0,070 28
2tan <
2
HK

Test force {kgf)

¢iiid area of indentation (mmz)

Test force (N}

For the nomin§§

ted area of indentation (mm2 )

NOTE Standard

To reduce uncert;

H is the conversion factor from kgfto N.

the actual indenter angles ¢ and f.

ﬂépprommate kgf equlvalent value of

T iapplied test force where (0,1 kgf = 0,980 7 N)

Hardness symbol

Knoop hardness value

6 Testing machine

6.1 Testing machine

The testing machine shall be capable of applying a predetermined force or forces within the desired
range of test forces, in accordance with IS0 4545-2.

6.2 Indenter

The indenter shall be a diamond in the shape of a rhombic-based pyramid, as specified in ISO 4545-2.

© IS0 2017 - All rights reserved
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6.3 Diagonal measuring system
The diagonal measuring system shall satisfy the requirements in ISO 4545-2.

Magnifications should be provided so that the diagonal can be enlarged to greater than 25 % but less
than 75 % of the maximum possible optical field of view. Many objective lenses are non-linear towards
the edge of the field of view.

NOTE A diagonal measuring system using a camera for measurement can use 100 % of the camera’s field of
view, provided it is designed to consider field of view limitations of the optical system.

The resolution required of the diagon
indentation to be measured, and shall
the measuring system the resolutlon

measuring system depends on the size of the smallest
accordance with Table 2. In determining the resolution of
icroscope optics, the digital resolution of the measuring
Where applicable, should be taken into account.

of the measuring system

tion of the measuring

7 Test piece

o

7.1 Test Surfa

ace, which is sm

The test shall bé .and even, fre¢, 1mm oxide scale and
foreign matter and wise specifi product standards
The finish of the sur

Be diagonal fgt

of the indentation.

7.2 Preparation B [

Surface preparation shall be carrié
surface hardness due to excessive h

dtfch a way as to prevent surface damage, or alteration of the
br cold- -working.

Due to the small depth of Knoop hardness indentations, it is essential that special precautions be taken
during preparation. It is recommended to use a polishing/electropolishing technique that is adapted to
the material to be measured.

7.3 Thickness

The thickness of the test piece, or of the layer under test, shall be at least 1/3 times the length of the
diagonal length of the indentation. No deformation shall be visible at the back of the test piece after
the test.

NOTE The depth of the indentation is approximately 1/30 of the diagonal length (0,033 d).

7.4 Support of unstable test pieces

For a test piece of small cross-section or of irregular shape, either a dedicated support should be used
or it should be mounted in a similar manner to a metallographic micro-section in appropriate material
so that itis adequately supported and does not move during the force application.

4 © 1S0 2017 - All rights reserved
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8 Procedure

8.1 Testtemperature

The test is normally carried out at ambient temperature within the limits of 10 °C to 35 °C. If the test
is carried out at a temperature outside this range, it shall be noted in the test report. Tests carried out
under controlled conditions shall be made at a temperature of (23 + 5) °C.

8.2 Testforce

The test forces given in Table 3 are typ
that result in indentations with a longig

test forces may be used. Test forces shall be chosen
dter than 0,020 mm.

Hardness scale

HK 0,001
HK 0,002

49 03

0,098 07
0,196 1
0,2452
HK G
HK 0,2 H
HK 0,3
HK 0,5
HK 1
HK 2

a  Notan Slunit.

8.3 Periodic verification

The periodic verification defined in Annex A shall be performed within a week prior to use for each test
force used but is recommended on the day of use. The periodic verification is recommended whenever
the test force is changed. The periodic verification shall be done whenever the indenter is changed.

8.4 Test piece support

The test piece shall be placed on a rigid support. The support surfaces shall be clean and free from
foreign matter (scales, oil, dirt, etc.). It is important that the test piece lies firmly on the support so that
any displacement that affects the test result cannot occur during the test.

8.5 Focus on test surface

The diagonal measuring system microscope shall be focused so that the specimen surface and the
desired test location can be observed.

NOTE Some testing machines do not require that the microscope be focused on the specimen surface.

© 1SO 2017 - All rights reserved 5
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8.6 Test force application

The indenter shall be brought into contact with the test surface and the test force shall be applied in a
direction perpendicular to the surface, without shock, vibration or overload, until the applied force
attains the specified value. The time from the initial application of the force until the full test force is

reached shall be 7f;1, S

NOTE 1

indicates that 7 s is the nominal time duration, thh an acceptable range of notless than 2 s {calculatedas 7s-5s)

to not more than 8 s (calculatedas 7s + 1 s).

The indenter shall contact the test piece

ALt

The duration of the test force shall b

properties would make this an unsuit;

of the hardness designation (see 5.2).:

NOTE 2  There is evidence that some m
the value of the yield strength. The corrgsp

iy of 0,070 mm/s.

can make alterations in the hardness value

8.7 Prevention of the:-E l

Throughout the test, thgites

The minimum distangeihe
indentation and the edg

The minimum distance between th
parallel to the edge of the test piec
indentation. The minimum distance
oriented perpendicular to the edge &

diagonal of the indentation.

The minimum distance between the cent

the larger indentation.

Edge of test piece

The requirements for the time durations are given with asymmetric limits. For example, 7+é S

spt for tests on materials whose time-dependent
of:these tests, this duration shall be specified as part

f straining which causes changes in
f the formation of an indentation

Shock or vibrationlel.

es of two adjacent indentations, oriented side-by-side,
shall be at least 3,5 times the length of the short diagonal. For indentations oriented end-to-end, the
minimum distance between the centres of two adjacent indents shall be at least twice the length of the
long diagonal. If two indentations differ in size, the minimum spacing shall be based on the diagonal of

3,5d;

\.l/
/';\

2d

3,5d, <

929a1d 1591 Jo a3pH

Figure 3 — Minimum distance for Knoop indentations

© IS0 2017 - All rights reserved
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8.9 Measurement of diagonal length

The length of the long diagonal shall be measured and used for the calculation of the Knoop hardness. For
all tests, the perimeter of the indentation shall be clearly defined in the field of view of the microscope.

Magnifications should be selected so that the diagonal can be enlarged to greater than 25 %, but less
than 75 % of the maximum possible optical field of view (see 6.3).

NOTE1 In general, decreasing the test force increases the scatter of the results of the measurements. The
accuracy of the determination of the long diagonal length is unlikely to be better than +0,001 mm.

NOTE2 A helpful technique for agjii§ti¥ig optical systems that have Kohler illumination is given in Annex E.

If the shape of the indentatig
segments at the point of intg
If the difference between the
the parallelism between th
the alignment of the inden
discarded.

itb be nonsymmetrical, divide the long diagonal into two
e short diagonal, and measure the length of each segment.
s greater than 5 % of the length of the long diagonal, check

8.10 Calculation of ha ‘

Calculate the Kns
also be detern}; 1

9 Uncertaint

A completéauatiisti

200812,

Independent ofitH
uncertainty.

Eﬁ)}j the determination of the

— One possibility isbase¢

As areference, a Eurat Bl is available.

— The other possibility is indirect calibration using a hardness reference block [below
abbreviated as CRM (certifiédFeference material)] (see References [8] to [11]). A guideline for the
determination is given in Anngx B.

It may not always be possible to quantify all the identified contributions to the uncertainty. In this case,
an estimate of type A standard uncertainty may be obtained from the statistical analysis of repeated
indentations into the test piece. Care should be taken if standard uncertainties of type A and B are
summarized, that the contributions are not counted twice (see JCGM 100: 2008, Clause 4).

10 Testreport

The test report shall include the following information, unless otherwise agreed by the parties
concerned:

a) areference to this document, i.e. ISO 4545-1;

b) all information necessary for identification of the test piece;

c) the date of the test;

d) the hardness result obtained in HK, reported in the format defined in 5.2;
e} all operations not specified in this document, or regarded as optional;

f) the details of any circumstances that affected the results;

© ISO 2017 - All rights reserved 7
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g] thetemperature of the test, if it is outside the ambient range specified in 8.1;

h) where conversion to another hardness scale is also performed, the basis and method of this
conversion. .

There is no general process of agéiifiztély. converting Knoop hardness values into other scales of
hardness or into tensile strength. & 458
for conversion can be obtained b

,ests (see also ISO 18265).

NOTE A strict comparison o R

5 only possible at identical test forces.

8 © 1S0 2017 - All rights reserved
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Annex A
(normative)

Procedure for periodic checking of the testing machine, diagonal
measuring system and the indenter by the user

A.1 Periodic verification

The indenter to be used for the
reference block shall be choser
and at the approximate hardnegsilevel at which théi will be used.

::': ‘a

tion shall be the same as used for testing. A hardness

Before performing the periodic ';"‘ng system shall be indirectly verified
using one of the reference mden
length shall agree with:

length. Ifthe dlagon

#6f 0,001 mm or 1,25 % of the indentation
reference indentation may be measured.

LSt is test, g
his test a se

ication according to 1SO 4545-2.

tsishall be made on the calibrated surface of the hardness reference
sEle ference block. The
bias, brel , for each

d accordingite

(A1)

H is the hardness value corresponding to the hardness measurement taken;
HcrM is the certified hardness of the reference block used.

If the testing machine fails this test, verify that the indenter and testing machine are in good working
condition and repeat the periodic verification. If the machine continues to fail the periodic verification,
an indirect verification according to ISO 4545-2 shall be performed. A record of the periodic verification
results should be maintained over a period of time and used to measure reproducibility and monitor
drift of the machine.

© IS0 2017 - All rights reserved 9
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Table A.1 — Maximum permissible percent HK bias

Mean diagonal length Maximum permissible percent
- HK biaS, bre],
d of the testing machine,
mm + %HK
0,02<d <0,06 0,24/d
0,06< d 4

NOTE The criteria specified in this dogif
developed and refined over a significant pe
needs to meet, the uncertainty associated
been incorporated within this tolerance,
for this uncertainty by, for example, redy
measurements made when performing a

ien determining a specific tolerance that the machine
asuring equipment and/or reference standards has
re be inappropriate to make any further allowance

A.2 Indenter inspection

Experience has shown that
for a comparatively short 4
faults are detected in tim

— the condition of
a reference blo¢

— the verification of thi

— reground or otherwise

10 © IS0 2017 - All rights reserved
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Annex B
(informative)

Uncertainty of the measured hardness values

B.1 General requirements

Measurement uncertainty analysis 5
differences in test results. This.;
contained are for information omii i

301 to help determine sources of error and to understand
uidance on uncertainty estimation but the methods
ically instructed otherwise by the customer.

Most product specifications haygit
mainly on the requirements ofitlig
to make the hardness measures

& on the performance of the machine used
sfire incorporate a contribution due to the

slefance by the estimated uncertainty of
pecification states that the hardness of

by the measur f 1 : ]
involved. F i .

those uncertainties
chine with respect
ncertainties reflect
i » of this approach, it
ponents are operatmg within thé&telefinces. It is strongly
idl for a maximum of one year after the successful passing of

associated with thg@z

The approach Téii

is important that the individua
recommended that this procediif#
a direct verification.

Annex C shows the four-level structuig:of the metrological chain necessary to define and disseminate
hardness scales. The chain starts at the international level using international definitions of the various
hardness scales to carry out international intercomparisons. A number of primary hardness standard
machines at the national level “produce” primary hardness-reference blocks for the calibration
laboratory level. Naturally, direct calibration and the verification of these machines should be at the

highest possible accuracy.

B.2 General procedure

The procedure calculates a combined uncertainty, u, by the root-squared-sum-method (RSS) out of the
different sources given in Table B.1. The expanded uncertainty, U, is derived from u by multiplying with
the coverage factor k = 2. Table B.1 contains all symbols and their designation.

The bias, b, of a hardness testing machine (also named "error"), which is derived from the difference
between

- the certified calibration value of the hardness reference block used, and

— the mean hardness value of the five indentations made in this block during calibration of the
hardness testing machine,

can be implemented in different ways into the determination of uncertainty (see 1SO 4545-2).

© IS0 2017 - All rights reserved 11
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Two methods are given for determining the uncertainty of hardness measurements.

— Method 1 (M1): accounts for the systematic bias of the hardness machine in two different ways. In
one approach, the uncertainty contribution from the systematic bias is added arithmetically to this
value. In the other approach, a correction is made to the measurement result to compensate for the
systematic bias.

— Method 2 (M2): allows the determmatlon of uncertainty without having to consider the magnitude
of the systematic bias.

Additional information on calcujatiigifigidness uncertainties can be found in the literature (see
References [7] and [8]). :

NOTE1 This uncertainty appi
subsequent to its last calibratio®
most of this analysis could be p
the machine’s calibration certifi

llowance for any possible drift in the machine performance
tassumes thgt any such changes will be insignificant in magnitude. As such,
med lmmedla’tely 3 g:eri'th:e machine’s calibration and the results included in

NOTE 2 In this annex, the abh
standards, certified reference matg
a certified value and 3 5 i

&d reference material”. In hardness testing
$reference block, i.e. a piece of material with

B.3 Procedy Hardness measurement values

B.3.1 Prog¢e

The method’ Tl i e ingki Fement uncertaint xplained in Table B.1.
The measure . of the i ingigan e a systematic effect.
In JCGM 100: 2008 : for systematic effects,
and this is the basis of M1. | determined hardness
values x have to be reduced the procedure for the
determination of Uy is expl

The combined expanded meastitgnentiincertainty for a single hardness measurement, x, is calculated

according to Formula {B.1): i

where

uy  is acontribution to the measurement uncertainty due to the lack of measurement
repeatability of the hardness testing machine;

Ums 1S a contribution to the measurement uncertainty due to the resolution of the hardness test-
ing machine. Both the resolution of the length measurement indicating instrument and the
optical resolution of the measuring microscope shall be considered. In most cases, the overall
resolution of the measurement system should be included twice in the calculation of uy due
to resolving the positions of both ends of the long diagonal independently;

upgTMm is a contribution to the measurement uncertainty due to the standard uncertainty of the bias
measurement, b, generated by the hardness testing machine (this value is reported as aresult
of the indirect verification defined in ISO 4545-2) and is calculated according to Formula (B.2}):

2 2 2
UytM —\/ UCrM T UHCRM +2XUmg (B.2)

12 © 1SO 2017 - All rights reserved
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where

ucrMm is the contribution to the measurement uncertainty due to the calibration uncertainty of the
certified value of the CRM according to the calibration certificate for k = 1;

uHcrM is the contribution to the measurement uncertainty due to the combination of the lack of
measurement repeatability of the hardness testing machine and the hardness
nonuniformity of the CRM, galculated as the standard deviation of the mean of the
hardness measurements W mm measuring the CRM;

Ums is the contribution to tl :
testing machine whens

‘nt uncertainty due to the resolution of the hardness
‘CRM.

The result of the measurement ¢air be reported in tW{

as Xcom where the measur orithe measurement bias, b, calculated

(B.3)

frected for the measurement bias, b, and the

within the RSS term relating to

— the measured hardness is significant
the machine’s calibration, i

— the machine’s bias value varies significantly throughout its calibrated range,

— the material being measured is different from the material of the hardness reference blocks used
during the machine’s calibration, or

— the day-to-day performance (reproducibility) of the hardness testing machine varies significantly.

The calculations of these additional contributions to the measurement uncertainty are not discussed
here. In all circumstances, a robust method for estimating the uncertainty associated with b is required.

B.3.2 Procedure without bias (method M2)

As an alternative to method M1, method M2 can be used in some circumstances. Method M2 is only
valid for hardness testing machines that have passed an indirect verification in accordance with
ISO 4545-2 using the value 1b[ +Uyrm, rather than only the bias value, b, when determining compliance

with the maximum permissible deviation of the bias (see ISO 4545-2). In method M2, the maximum
permissible bias, bg (the positive amount by which the machine’s reading is allowed to differ from the
reference block’s value), as specified in ISO 4545-2:2017, Table 2, is used to define one component, ug, of
the uncertainty. There is no correction of the hardness values with respect to the bias limit. The
procedure for the determination of U is explained in Table B.1.

© ISO 2017 - All rights reserved 13
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The combined expanded measurement uncertainty for a single future hardness measurement is

calculated according to Formula (B.5):

UM2=k><\/ué+2><ur2nS+ué (B.5)

where

uy is a contribution to the measurement uncertainty due to the lack of measurement
repeatability of the hardnéss.testing machine;

tuncertainty due to the resolution of the hardness test-
he length measurement indicating instrument and the

Ums IS a contribution to thed
ing machine. Both thg
optical resolution t
resolution of the m > fem should be included twice in the calculation of uy due
to resolving the pg he:long diagonal independently;

{iit§:due to the maximum permissible deviation
ie maximum permissible deviation of the
easurement is calculated according to

ug  is a contribution td:#
of the bias, (rectangular, disg¥
bias as spec1f1ed in IS@ T o
Formula HEH

(B.6)

EXAMPLE gchine mg";. eﬁt, x, on a test sample.
Single hardness £ dlue, :,: i x=810HK1
Diagonal length, d: - d=0,1325mm

Resolution of the length diagoii

system is calculated according to Formula {B.7):

Oms = \/‘S(Z)R +612R ) (B.7)

(Sms = 0,000 51 mm

where
Sor s the optical resolution of the microscope objective (0,000 5 mm};
SR is the resolution of the display indicator of the measuring system (0,600 1 mm).

The last indirect verification of_‘ghe testing machine determined a measurement bias, b, with an uncertainty of
the bias, Unrtym, using a CRM of Hp) =802,7 HK 1. The hardness of this CRM was the closest to the test sample
hardness of those CRMs used for the indirect verification.

Testing machine measurement bias, b: b=10HK1

Uncertainty of the testing machine measurement bias, Ugtm: Upgrm=12,7HK 1

To determine the lack of repeatability of the testing machine, the laboratory made five HK 1 measurements, H;,
on a CRM having a similar hardness to the test sample. The five measurements were made adjacent to each other
adhering to spacing requirements in order to reduce the influence of block non-uniformity.

Five measurement values, H;: 806,5 HK 1; 803,0 HK 1; 800,9 HK 1, 803,4 HK 1; 7975 HK 1

14 © IS0 2017 - All rights reserved
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Mean measurement value, H:  H =802,3HK1
Standard deviation of the measurementvalues, Sy : sy =3,3HK1

The value of sy based on measurements from the last indirect verification according to ISO 4545-2 may be used

instead of conducting the above repeatability tests; however, this standard deviation value will usually
overestimate the lack of repeatability uncertainty component since it also includes the CRM non-uniformity.

For this example,

|b|+ Ugpy =1,0+12,7=13,7HK 1, and

bE=4%of 810 HK1=32,4HK 1.

d uncertainty in determining the bias, Db]"'UHTM ], is within
1 or Method 2 may be used.

Since the testing machine bias pls

the maximum permissible bias;

© IS0 2017 - All rights reserved 15
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Table B.1 — Determination of the expanded uncertainty according to methods M1 and M2

Step Sources of uncertainty Symbols Formula Literature/Certificate Example
1
M1 M2 Measurement result x x=810HK1
bandUprm b=1,0HK1
Bias value, b, and uncertainty, b i according to indirect ’
2 Ugtm, of the bias of the Funan verification report using Ugrm=12,7 HK 1
Untm u BRI CRM of
M1 |hardness testing machine from HTM Ziiges at 0 127
the indirect verification UHTM 4 Hpm =802,7HK1 Ugry = -E"“ =6,35HK1
. bp=4%
3 Maximum permissible bg = Maximuniipositive valifes At s, b
m : bg TPOSILIVE. Y 4x810
M2 |deviation of the bias perrr:lx}SSIbiﬁébf:lgas: i SHYT Table 3 bg = 100 =32,4HK1
4 |Standard uncertainty due to the 324
maximum permissible Ug 1g¥ distribution ug =—= =18,7HK 1
M2 | deviation of the bias ; J3
5 | The standard deviation of ; & a hard-
M1,M2 | repeatability measurements SH s =33 HK1
6 Standard uncertainty due 4 .
M1,M2 | to lack of repeatability Uy (see JCGM 100:2008)t3 gassiiiy =114 %3,3= 3,8HK1

(A)LT0Z:T-S¥SH OSI




Table B.1 {continued)
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Step Sources of uncertainty Symbols Formula Literature/Certificate Example
7 |Standard uncertainty due to S O, 5,258:13,1(_){(})(0151 i 2x810,0 0,00051
resolution of the hardness value Ums Up, S = d=0133 mm Ups == X =-1,80HK1
M1,M2 | indicating display i (s;e Note 3) 0,133 2x~/3
8 Determination of the expanded U Steps 2,6, and 7 Unir = 15.6 HK 1
M1 |uncertainty M1 k=2 M1 =15,
9 |Measurement result with X : 12and8 x=810 HK1
M1 |modified hardness corr H X oope = (809 £16) HK 1
10 | Measurement result with X 5 and 8 x=810 HK1
M1 |modified uncertainty ucorr ) X yeorr = (8102 17) HK 1
11 | petermination of the expanded Unid 354, 6,and 7 Ui = 38.5 HK 1
M2 |uncertainty Ma M2 = 20,
12 x=810HK 1
Measurement result AT Steps 1and 11

LT

d, but will usually overestimate the lack of

repeatability uncertainty component since it in¢l: X i iforg i i \ feridgiei of multiple hardness measurements on a test
d.#4{#H: the standard deviation of the multiple hard-

i number of Hardnessinga ;and the value of t should be appropriate for
on, uy, will then also account for the nonuniformity of the test sample.

e

ness measurements of the sample under test divided by the
the n measurements (uy, =txsy /\/; ). The calculated uncert;

NOTE 3 The sensitivity coefficient, -2x/d, follows from 9x/9d:f6¢

g uncertainty in diagonal length (mm)} to uncertainty in HK.

(A L102:T-S¥S¥ OSI
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Annex C
(informative)

Knoop hardness measurement traceability

C.1 Traceability definition

The path to traceability for a Knoop hardness measurement is different compared to many other
measurement quantities, such as leng h or temperature. This is primarily because hardness
measurement including Knoop is made ving a defined test procedure using a testing machine that
makes multiple measurements of diffes meters (e.g. force, length, time) during the test. Each of
these measurements, as well as othey igters, influences the hardness result.

metrological traceability — |
reference through a document¢

ésult to have traceability:

1) an unbroken chaingf¢alibi afio 1 i stheaneasurement uncertainty;

2) areference to wk sielaimed.

These will define e ‘rologi “‘l“z}éﬁiﬁéﬂbxhtycham

C.2 Chains of

I to. demonstrate that

alitbration procedures
nts affecting the machitie’s perfm*maﬁce —such as the
uring equipment — as well as hardness measurements
of a range of reference blocks. Edghia calibration measurements has specified limits within
which the result shall lie in order fo¥gheiFachine to pass its verification. Historically, the calibration
and verification of the machine compox}jéhts has been termed the machine’s direct verification and

the calibration and verification of the testing machine by reference block measurements its indirect
verification.

“&dures requité:

the testmg machine is su1table fatin,
include direct measurements of vt
test forces, indenter shape, and di

ISO 4545-3 specifies both the procedure required to calibrate the reference blocks used in the indirect
verification of the testing machine and also the required calibration and verification procedures of the
machine used to calibrate these blocks.

When considering an “unbroken chain of calibrations” to provide measurement traceability to
the testing machine, it is apparent that this could come via either the direct verification or indirect
verification path.

Direct verification requirements specify measurements of individual components of the testing
machine, with traceability of each of these measurements being achieved through calibration chains
to the International System of Units (SI), usually as realized by a National Metrology Institute (NMI).
These calibration chains are illustrated on the right-hand side of Figure C.1. Together, these calibration
chains form a potential traceability path for a testing machine.

The left-hand side of Figure C.1 illustrates a traceability path made through a single calibration chain for
each level in the calibration hierarchy (i.e. national, calibration and user} that includes the calibration
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of reference blocks and the subsequent indirect verification of Knoop hardness machines. A (national
level) primary standard machine calibrates primary reference blocks that are then used to calibrate a
(calibration level) calibration machine. This machine calibrates reference blocks that are finally used to
calibrate a (user level) testing machine.

. International g International
International level comparisons f i definitions St
. Primary hardness Machine
National level : standard machines components
Calibration level Primary hérdness Machine
(IS0 4545-3) reference hlogks: components
User level f Machine
(IS0 4545-2) ! components
Hardness Tes G
(IS0 4545-1)

Figii hains of calibrations

C.3 Knoop hardness reference

The other requirement for achieving traceability is a reference to which traceability is claimed. Knoop
hardness is not a fundamental property of a material, but rather an ordinal quantity dependent on
a defined test method. Ideally, the ultimate reference for a Knoop hardness measurement should be
an internationally agreed definition of this method, including values of all test parameters. Hardness
traceability would then be to this definition through a laboratory’s realization or fulfillment of the
definition, the accuracy of this realization being reflected in the laboratory’s measurement uncertainty
and confirmed by international comparisons. The internationally agreed definition would be
developed by the CCM working group on hardness (CCM-WGH) (see Annex D) and realized by NMIs
that standardize Knoop hardness. At this time, the CCM-WGH has not developed definitions for Knoop
hardness scales so the highest reference is usually an NMI's realization of the Knoop scales based on its
own chosen definition of the test. In cases where an NMI does not calibrate reference blocks for certain
Knoop scales, the highest reference within a country may be a calibration laboratory’s realization of the
Knoop scale definition.

C.4 Practical issues

Either one of the two traceability paths of calibration chains illustrated in Figure C.1 (left-hand side and
right-hand side) could theoretically provide traceability to an appropriate Knoop hardness reference.
However, there are practical issues with both that shall be considered. For the direct verification path
given on the right-hand side of Figure C.1, it is extremely difficult to identify, measure, and if necessary,
correct for all parameters that may affect the measured hardness value. Even if the machine passes
its direct verification, traceability will not be assured if one or more uncontrolled or unidentified
parameters have a significant effect. This is often the case and becomes more of an issue at lower levels
in the calibration hierarchy.

© 1SO 2017 - All rights reserved 19



ISO 4545-1:2017(E)

The indirect verification calibration chain shown on the left-hand side of Figure C.1 also has practical
issues to be considered. One consequence of using a testing machine having multiple components, each
making measurements during the hardness test, is that an error in one component’s measurement
can be compensated or offset by an error in a different component’s measurement. This can result in
accurate hardness measurements for the specific hardness levels and block materials tested during the
indirect verification; however, measurement error can increase when testing other hardness levels or
materials. If the errors in the individual machine components are significant, then traceability again
may not be assured.

C.5 Knoop hardness measurement traceability

C.5.1 General

f traceability path usually need to be in place for achieving

The above issues indicate that
Knoop hardness measureny

the two paths if careful ex
at the national level, the tr
through a direct verifica

ncertamty levels are confirmed through
decades of Knoop hardness measurement
ration hierarchy, it is most practical to obtain
ased primarily on the indirect verification

experience has
traceability a
calibration ck

measureme 4

should be used for the d
specified components of th
that offsetting errors are#

; machme should be cahbrated on a frequent basis to ensure
t. Hardness traceability should be to the NMI's realization of
the CCM-WGH definition of 6p scale or, when there is an absence of a CCM-WGH definition;
traceability should be to the N ealization of its own chosen definition. If the NMI does not provide
calibrated reference blocks or cotiduct comparison measurements with a calibration laboratory and
it is not practical to use reference blocks of another NMI, then the reference to which traceability is
claimed may need to be to the calibration laboratory’s realization of the Knoop scale definition based
on an international test method, such as that defined by this document. In this case, the calibration
laboratory’s measurement traceability may be achieved through the indirect verification path
using consensus reference block standards, or through the direct verification path confirmed by
intercomparisons.

C.5.3 User level traceability

Measurement traceability is best obtained through the indirect verification calibration chain using
reference blocks that have been calibrated at the calibration level or national level. As with calibration
level traceability, this is the most practical path and should also be used for the determination
of measurement uncertainty. It is also desirable that the components of the hardness machine
periodically undergo direct verification to ensure that offsetting errors are not significant. However,
typical industrial practice is for these measurements to be made only when the hardness machine is
manufactured or repaired, which is the minimum requirement of this document.
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NOTE The following terms used in this annex are in accordance with the VIM3:

— calibration;
— calibration hierarchy;
— metrological traceability;

— metrological traceability chain;

— ordinal quantity; ;

e verification.
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AnnexD
(informative)

CCM — Working group on hardness

In 1999, at the 88th Session of the International Committee of Weights and Measures (CIPM), Dr
Kozo lizuka, President of the Consultative Committee for Mass and Related Quantities (CCM), stated
“Although the definition of hardness scales is certainly conventional in the sense of the use of arbitrarily
chosen formula, the testing method is defined by a combination of physical quantities expressed by SI
units; the standard of hardness is established and maintained in most of NMIs and the traceability to
the standard of NMlIs is demanded in ing tiy. and elsewhere.” The subsequent discussions led to the
realization that hardness standards shoij sluded in the key comparison database (KCDB) for the
Mutual Recognition Arrangement (MR thiisia full working group on hardness (CCM-WGH) was
established in the framework of th

The establishment of the CCM-WGH: ﬁ?Ovnded &ifgchnical-diplomatic framework in which hardness
influence parameters can be exantified, and 1mproVed lntex‘ﬁatlonal definitions of the hardness tests
i urement differences at the highest
CM-WGH has a close liaison with
ness scales. The most significant
he hardness test are defined with
#d by this test method. As applicable,
idefinitions as the values to use.

fesof the CCMTE; {g

at hitp://ww brg/.
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Annex E
(informative)

Adjustment of Kohler illumination systems

E.1 General

i iently aligned, others have means of minor adjustments. To gain
fistments may be helpful.

While some optical systems are perm
the utmost in resolution, the follow

E.2 Kohler illuminatio

Focus, to critical sharpness, thgisytface of a flat polished specimen.

Centre the illuminating sourcg;

Centrally align the field and g};e REf:

Open the field diaph fleld of view.

Remove the eyepi objective. If all the components are in their

proper places, t

is excessive, reduce
Id be decreased and

A full-apertui
the apertu

If the light is too strengTor eye comfort, re
filter or rheostat control. -_— :

ﬁy using of ag;i%’ap :

opriate neutral density
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