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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 proce are
described ifp the ISO/IEC Directives, Part 1. In particular the different approval criteria needed fof the
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s. ISO shall not be held responsible for identifying any or all such paternit’rights. Deta
ights identified during the development of the document will be in the Introduction an|
st of patent declarations received (see www.iso.org/patents).

ame used in this document is information given for the convehience of users and doe
n endorsement.

lanation on the voluntary nature of standards, the<meaning of ISO specific terms
related to conformity assessment, as well as information about ISO's adherence ta
e Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the folloy
so.org/iso/foreword.html.
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revised.

The main clhanges compared to the preyvieus edition are as follows:

all refe
the res
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the req
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for the
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nent was prepared by Technical Committee ISO/TC 164, Mechanical testing of md
fee SC 3, Hardness testing.

edition cancels and replaces the firstedition (ISO 4545-1:2005), which has been techni

‘ences have been removied of indentation diagonals <0,020 mm;
plution requirements;have been defined for the measuring system;
er test force limit-of the Knoop hardness test has been expanded to 0,009 807 N;

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

pes of ISO documents should be noted. This document was drafted in accordanee with the

ct of
Is of
d/or
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and
the
wing

tals,

rally

been
ents

rom

brmrnendations for inspection and monitoring of the indenter have been added (moved

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;
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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 Kohler illumination systems, respectively.

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

1:2017(E)

Metallic materials — Knoop hardness test —

Part 1:
Test method

1 pcope

This| document specifies the Knoop hardness test method for metallic materials for{test
0,00P 807 N to 19,613 N.

The Knoop hardness test is specified in this document for lengths of indentation-diagonals
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ISO

this method to determine Knoop hardness from smaller indentations.i$)outside the g
ment as results would suffer from large uncertainties due to the limitations of optical m
imperfections in tip geometry. ISO 14577-1 allows the determination of hardness ff
htations.

riodic verification method is specified for routine checkinglof the testing machine i

ial considerations for Knoop testing of metallic coatings can be found in ISO 4516.

Normative references

forces from

>0,020 mm.
cope of this
pasurement
om smaller

service by

following documents are referred to in the text in such a way that some or all of their content

titutes requirements of this document;-For dated references, only the edition cited

hpplies. For

ited references, the latest edition of the referenced document (including any amendments) applies.

1545-2, Metallic materials — Kneop hardness test — Part 2: Verification and calibratig
nines

1545-3, Metallic materials &= Knoop hardness test — Part 3: Calibration of reference block

Terms and definitions
brms and definitions are listed in this document.
ind [EC maintain terminological databases for use in standardization at the following a

EC*Electropedia: available at http://www.electropedia.org/

n of testing

1]

ddresses:

50 Online browsing platform: available at http://www.1S0.org/obp

4 Principle

A diamond indenter, in the form of a rhombic-based pyramid with angles, @ 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).
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The Knoop
area of the
same angle

NOTE A
group on ha
(CIPM) Cons

5 Symb¢

5.1 Symbols and designations.iised in this document

See Table 1

Figure 1 — Principle of the test and indenter geometry

Figure 2 — Knoop indentation

hardness is proportional to the quotient obtained by dividing the test force by the projected
ndentation, which is assumed to be a rhombic-based pyramid, and having at the vertex the

b as the indenter.

bls and designations

5 applicable, this test document has adopted-hardness test parameters as defined by the wofking
‘dness (CCM-WGH) under the framework of-the International Committee of Weights and Meagures
1ltative Committee for Mass and Related!Quantities (CCM) (see Annex D).

and Figures 1 and\22

Table 1 — Symbols and designations

Symbol Designation
F Téstforce, 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 @ and £.

© ISO 2017 - All rights reserved
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Table 1 (continued)
Symbol Designation
%4 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—
, for nominal angles a and B, c is approximately 0,070 28

Indenter constant, ¢ =
o

2tan—

2

HK
loop haId]leSS = Iestf()]{e k f,
( g

Projected area of indentation (mm2 )

1 o Test force (N)
Yn Projected area of indentation (mm2 )
1 F
= —)(—2
In cod
For the nominal indenter constant ¢ ~ 0,070 28,
F
Knoop hardness = 1,4-51><—2
d

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

To rgduce uncertainty, the Knoop hardness can be calculated usingthe actual indenter angles a and S.

5.2 | Designation of hardness number

Knopp hardness, HK, is designated as showui.in the following example.

640 HK 01 /20

[\ Duration of test force (20 s)
if not within the specitied range (10 sto 15 s)

Approximate kgf equivalent value of
applied test force where (0,1 kgf = 0,980 7 N)

Hardness symbol

Knoop hardness value

6 1 v Jas
ICTOUIg HHIACIIIIIT

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 ISO 4545-2.

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

© IS0 2017 - All rights reserved 3
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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

view, provided it is designed to consider field of view limitations of the optical system.

The resoluti

indentation|
the measur
scale and th

to be measured, and shall be in accordance with Table 2. In determining the resoluti

ng system, the resolution of the microscope optics, the digital resolution of the measyri

e step-size of any stage movement, where applicable, should be taken into account.

Table 2 — Resolution of the measuring system

Dlagona(ljl length Resolution of the measuring
system
mm
0,020 <d < 0,080 0,000 4 mm
0,080 <d 0,5 %ofhd
7 Test pliece
7.1 Test Burface

The test sh4
foreign mat
The finish o

7.2 Prep

Surface pre
surface har

Due to the §
during prep

1l be carried out on a polished surface, which is smooth and even, free from oxide scald
ter and, in particular, free from lubricahts, unless otherwise specified in product stand4
f the surface shall permit accurate determination of the diagonal length of the indentat

aration

A diagonal measuring system using a camera for measurement can use 100 % of the camera’s field of

and
hrds.
ion.

paration shall be carried-out in such a way as to prevent surface damage, or alteration of the

Hness due to excessive.heating or cold-working.

mall depth of Knoep’hardness indentations, it is essential that special precautions be t
aration. It is recommended to use a polishing/electropolishing technique that is adapte

the materiall to be measared.

7.3 Thickness

The thicknd

sS-of the test piece, or of the layer under test, shall be at least 1/3 times the length o

hken
bd to

f the

diagonal le
the test.

NOTE

o | rad 1 . 1 - DL Al £ . 1 111 - 1.1 1 1 1 rad 1 -
Ig UL O LIC TITUCTILAUIOUIL. INU UCTUTIIIAUOIT STIdIT DE VISIDIC dU UIC DAdCK U LIIE LESL PICLC dfter

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 it is adequately supported and does not move during the force application.

© ISO 2017 - All rights reserved
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8 Procedure

8.1

Test temperature

ISO 4545-1:2017(E)

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

The
that

8.3

The
forc

8.4

Test force

Table 3 — Typical test forces

testforces giverr i Tabte-3are typicatOthertest forces may be usedTest forcessirall be chosen
result in indentations with a long diagonal greater than 0,020 mm.

Hardness scale Test force value, F. .
N Approximatekgfa equivalent
HK 0,001 0,009 807 0,001
HK 0,002 0,019 61 0,002
HK 0,005 0,049 03 0,005
HK 0,01 0,098 07 0,010
HK 0,02 0,196 1 0,020
HK 0,025 0,245 2 0,025
HK 0,05 0,490 3 0,050
HK 0,1 0,980 Z 0,100
HK 0,2 1,961 0,200
HK 0,3 2,942 0,300
HK 0,5 4,903 0,500
HK 1 9,807 1,000
HK 2 19,613 2,000
a  Notan SI unit.

Periodic verification

Tést piece support

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

anged.

The Test piece shall be ptaced on a rigid SUPport. I Ne Support surtaces snait be ctean 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

© IS0 2017 - All rights reserved
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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

ina

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% S.

NOTE1 The requirements for the time durations are given with asymmetric limits. For example, 7

s

indicates that 7 s is the nominal time duration, with an acceptable range of not less than 2 s (calculated as 7s - 5 s)

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

The indentgr shall contact the test piece at a velocity of <0,070 mm/s.

The duratign of the test force shall be 14:1} s, except for tests on materials whose time-déepenident

properties ywould make this an unsuitable range. For these tests, this duration shall be specified as
of the hardijess designation (see 5.2).

NOTE 2  There is evidence that some materials are sensitive to the rate of straining:which causes chang
the value of the yield strength. The corresponding effect on the termination of the formation of an indent
can make alterations in the hardness value.

8.7 Prevention of the effect of shock or vibration

Throughout the test, the testing machine shall be protected from shock or vibrationlél.

8.8 Minimum distance between adjacent indentations

part

es in
htion

The minimum distance between adjacent indentatiens and the minimum distance between an

indentation|and the edge of the test piece are shown i Figure 3.

The minim@im distance between the edge of the(test piece and the centre of any indentation orie|
parallel to the edge of the test piece shall beiatleast 3,5 times the length of the short diagonal o
indentation] The minimum distance between the edge of the test piece and the centre of any indent3
oriented pdrpendicular to the edge of the test piece shall be at least equal to the length of the
diagonal of the indentation.

The minimum distance between, the centres of two adjacent indentations, oriented side-by-
shall be at least 3,5 times thedength of the short diagonal. For indentations oriented end-to-end

nted
f the
ition
long

side,
the

minimum diistance between’the centres of two adjacent indents shall be at least twice the length of the

long diagonfal. If two indentations differ in size, the minimum spacing shall be based on the diagon
the larger imdentation.

Edge of test piece

al of

L‘SJ
0 Us

7t
A
3,5d, < 2d — Sk d ——>

‘
0

9291d 1591 Jo 23pH

Figure 3 — Minimum distance for Knoop indentations
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Measurement of diagonal length

1:2017(E)

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 adjusting optical systems that have Kohler illumination is given in Annex E.

If the shape of the indentation appears to be nonsymmetrical, divide the long diagonpl into two

segments at the point of intersection with the short diagonal, and measure the length‘ef eafrh segment.

If the difference between the two segments is greater than 5 % of the length of thelong diagonal, check

the parallelism between the supporting plane and the measuring plane of the specimen and eventually,

the glignment of the indenter to the specimen. Test results with deviations greater than 5 4 should be
discarded.

8.1( Calculation of hardness value

Calcplate the Knoop hardness value using the formula given in-Table 1. The Knoop hardness value can

also[be determined using the calculation tables given in ISO 4545-4.

9 Uncertainty of the results

A complete evaluation of the uncertainty should be‘done according to JCGM 100: 2008I[Z].

Independent of the type of sources, for hardness, there are two possibilities for the determination of the

uncgrtainty.

— DPnepossibilityisbased on the evaluation of all relevant sources appearing duringa directjcalibration.
As a reference, a Euramet guidelinel8] is available.

— [The other possibility is based on indirect calibration using a hardness reference block [below
hbbreviated as CRM (ceftified reference material)] (see References [8] to [11]). A guid¢line for the
Hetermination is givemin Annex B.

It may not always beossible to quantify all the identified contributions to the uncertainty. [n this case,

an eptimate of type A'standard uncertainty may be obtained from the statistical analysis |of repeated

indeptations into{the test piece. Care should be taken if standard uncertainties of type A and B are

sumpmarizedythat 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;

© IS0 2017 - All rights reserved
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g) the temperature 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 accurately converting Knoop hardness values into other scales of
hardness or into tensile strength. Such conversions, therefore, should be avoided, unless a reliable basis
for conversion can be obtained by comparison tests (see also [SO 18265).

NOTE A strict comparison of hardness values is only possible at identical test forces.

8 © IS0 2017 - All rights reserved
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Annex A
(normative)

1:2017(E)

Procedure for periodic checking of the testing machine, diagonal

A1l

The
refel
and

Before performing the periodic verification, the diagonal measuring system’shall be indire

usi
len
len

If th
adju

At le

measuring system and the indenter by the user

Periodic verification

indenter to be used for the periodic verification shall be the same as used for testing.
ence block shall be chosen for testing that is calibrated in accordance to ISO 4545-3
ht the approximate hardness level at which the machine will be used.

n

g
g

b one of the reference indentations on the hardness reference block. The measured
th shall agree with the certified value to within the greater of 0,00 \inm or 1,25 % of the
th. If the diagonal measuring system fails this test, a second refeténce indentation may b
e diagonal measuring system fails this test a second time, the diagonal measuring syst
ted or repaired and undergo direct and indirect verification according to ISO 4545-2.

ast two hardness measurements shall be made on the calibrated surface of the hardne

A hardness
bn the scale

'tly verified
indentation
indentation
b measured.
em shall be

bs reference

block. The indentations shall be uniformly distributed over the surface of the reference block. The
machine is regarded as satisfactory if the maximumpositive or negative percent bias, by, for each
reading does not exceed the limits shown in Table #.1.
The percent bias, by, is calculated according.to' Formula (A.1):
H-H
b o) = 100x ——CRM. (A1)
Hcrm

where

H is the hardness-valtue corresponding to the hardness measurement taken;

HcrM is the certified hardness of the reference block used.
If thp testing machine fails this test, verify that the indenter and testing machine are in ggod working
condition and-repeat the periodic verification. If the machine continues to fail the periodic yerification,
an indirectverification according to ISO 4545-2 shall be performed. A record of the periodic|verification
resullts should be maintained over a period of time and used to measure reproducibility gnd monitor
driff 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 per_missible percent
- HK bias, by,
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 document for the performance of the testing machine have been
1[ hine

developed anpd refined over a significant period of time. When determining a specific tolerance that the ma

needs to meq
been incorpg
for this unce
measuremer

A.2 Indenter inspection

Experience
for a comp4
faults are d
the surface

— the con
a referg

— thever

— regroul

bt, the uncertainty associated with the use of measuring equipment and/or reference standard

rtainty by, for example, reducing the tolerance by the measurement uncertainty. This applies
ts made when performing a periodic verification of the machine.

has shown that a number of initially satisfactory indenters cantbecome defective after
ratively short time. This is due to small cracks, pits or other‘flaws in the surface. If
btected in time, many indenters may be reclaimed by regrinding. If not, any small defec
rapidly worsen and make the indenter useless. Thereforé,

dition of indenters should be monitored by visually checking the aspect of the indentatid
nce block, each day the testing machine is used,

fication of the indenter is no longer valid when'the indenter shows defects, and

1d or otherwise repaired indenters shall meet all of the requirements of ISO 4545-2.

5 has

rated within this tolerance, and it would therefore be inappropriate to make any furtherallowance

to all

use
such
son

non

10
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Annex B
(informative)

Uncertainty of the measured hardness values

B.1 _General requirements

1:2017(E)

Mea
diffe
cont|

surement uncertainty analysis is a useful tool to help determine sources of error and\to
rences in test results. This annex gives guidance on uncertainty estimatiombut tl
pined are for information only, unless specifically instructed otherwise by the*custome

Most product specifications have tolerances that have been developed oyer:the past y
mainly on the requirements of the product but also, in part, on the performance of the m
to make the hardness measurement. These tolerances therefore incorpdrate a contributios
uncgrtainty of the hardness measurement and it would be inappropriatéto make any furthse
for this uncertainty by, for example, reducing the specified tolerance by the estimated un
the hardness measurement. In other words, where a product specification states that the
an ifem shall be higher or lower than a certain value, this should be interpreted as simply
that|the calculated hardness value(s) shall meet this requirement, unless specifically state
in the product standard. However, there may be special.circumstances where reducing th
by the measurement uncertainty is appropriate. This should only be done by agreement of
i ved.

The
asso
to th

Approach for determining uncertainty presénted in this annex considers only those u
ciated with the overall measurement performance of the hardness testing machine w
e hardness reference blocks (abbreviated as CRM below). These performance uncertai
the gombined effect to all the separate wicertainties (indirect verification). Because of this
is infportant that the individual machine components are operating within the tolerances. I
recommended that this procedure beapplied for a maximum of one year after the successfy
a diffect verification.

Ann|
hard
hard
mac
labo
high|

bx C shows the four-level structure of the metrological chain necessary to define and
ness scales. The chain starts at the international level using international definitions of
ness scales to carryout international intercomparisons. A number of primary hardne
hines at the national level “produce” primary hardness-reference blocks for the
ratory levelNaturally, direct calibration and the verification of these machines shou
est possiblezaccuracy.

B.2| General procedure

understand
ne methods
r.

ears based
hchine used
h due to the
r allowance
certainty of
hardness of
' specifying
1 otherwise
e tolerance
the parties

ncertainties
yith respect
hties reflect
hpproach, it
[ is strongly
1 passing of

lisseminate
the various
ss standard
calibration
Id be at the

The procedure calculates a combined uncertainty, u, by the root-squared-sum-method (RS

) 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 ISO 4545-2).
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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.

of the systematic bias.

Method 2 (M2): allows the determination of uncertainty without having to consider the magnitude

Additional information on calculating hardness uncertainties can be found in the literature (see

7l and o

References §

NOTE 1
subsequent
most of this
the machine

NOTE2 Iy
standards, c
a certified v3

B.3 Progedures for calculating uncertainty — Hardnessineasurement values

B.3.1 Pra

The method
The measul
In JCGM 10
and this is
values x hay
determinat

The combined expanded measurement uncertainty for a single hardness measurement, x, is calcul

This uncertainty approach makes no allowance for any possible drift in the machine perform

$ a egontribution to the measurement uncertainty due to the resolution of the hardness

7] o [O

its last calibration, as it assumes that any such changes will be insignificant in magnitude. As
hnalysis could be performed immediately after the machine’s calibration and the results includ|
5 calibration certificate.

this annex, the abbreviation “CRM” stands for “certified reference material®%n hardness te

ertified reference material is equivalent to the hardness reference block, i.€.7a piece of material
lue and associated uncertainty.

cedure with bias (method M1)
M1 procedure for the determination of measuremyent uncertainty is explained in Table
ement bias, b, of the hardness testing machine‘€an be expected to be a systematic ef
: 2008, it is recommended that a correctionsbe used to compensate for systematic eff]
e to be reduced by b or the uncertainty,)U, has to be increased by b. The procedure fo

on of Uy is explained in Table B.1.

b Formula (B.1):

2 2 2
x\/uH +2XU s FURTM

a contribution to the measurement uncertainty due to the lack of measurement
epeatability of the hardness testing machine;

pg-machine. Both the resolution of the length measurement indicating instrument and

ance
such,
ed in

sting
with

B.1.
fect.
ects,

the basis of M1. The result of using this\method is that either all determined hardpness

- the

ated

[B.1)

test-
| the

pticalresolution of the measuring microscope shall be considered. In most cases, the ov

erall

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;

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 a result
of the indirect verification defined in ISO 4545-2) and is calculated according to Formula (B.2):

according t
UMl = k
where
Uy 1
r
Unmps 1
i
0
UHTM
Ugtm =
12

2 2 2
\/uCRM +UKCRM T2X U
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where

ucrM 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;

upgcrM 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, calculated as the standard deviation of the mean of the
hardness measurements when measuring the CRM;

ims 1S the contribution to the measurement uncertainty due to the resolution of the hardness
testing machine when measuring the CRM.

The fesult of the measurement can be reported in two ways:

— Bbs Xcorr, Where the measurement value, x, is corrected for the méasurement bias, b, calculated

hccording to Formula (B.3):
X corr =(X—b)+Upq (B.3)

corr —

— BS Xycorr, Where the measurement value, x, is not corteécted for the measurement biag, b, and the
expanded uncertainty, U, is increased by the absolute value of the bias calculated according to

Formula (B.4):
X ucorr = Xi[UMl +|b|] (B.4)
When method M1 is used, it can also beappropriate to include additional uncertainty cdntributions
within the RSS term relating to the value.of b employed. This will particularly be the case when

— fthe measured hardness is significantly different from the hardness levels of the blocks tised during
the machine’s calibration,

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

— fhe material being‘measured is different from the material of the hardness reference plocks used
Huring the machine’s calibration, or

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

The |calculations of these additional contributions to the measurement uncertainty are nqt discussed
herg Inalltircumstances, a robust method for estimating the uncertainty associated with bfis 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
[SO 4545-2 using the value |b| +UyTMm 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 [SO 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.

© IS0 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):

UMZ:kx\/uIZ{ +2><uils+u% (B.5)

where

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

Ums isfa contribution to the measurement uncertainty due to the resolution of the hardnessitegst-
ing machine. Both the resolution of the length measurement indicating instrument and the
optical resolution of the measuring microscope shall be considered. In most casessthe overall
refsolution of the measurement system should be included twice in the calculation of uy dpe
to|resolving the positions of both ends of the long diagonal independently;

ug isfa contribution to the measurement uncertainty due to the maximum pepmissible deviation
of|the bias, (rectangular distribution), where bg is the maximum permissible deviation of|the
bips as specified in ISO 4545-2, and the result of the measurement is €dlculated according to

Fdrmula (B.6):
X :XiUMz 86)

B.4 Expression of the result of measurement

EXAMPLE A hardness testing machine makes a single Kngop hardness measurement, x, on a test sampl.
Single hhrdness measurement value, x: x=810HK 1
Diagonall length, d: d=0,132 § mm

Resolution of the length diagonal measuring system is calculated according to Formula (B.7):
5ms = \/ng + 512R B7)
6ms = 0,000 1 mm

where
6oR is the optical resolution of the microscope objective (0,000 5 mm);

OIr| isdheTesolution of the display indicator of the measuring system (0,000 1 mm).

cement b 0 _A Q_an nce all

3 3 a 2 ty of
the bias, Untm, using a CRM of Hcgy =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=1,0HK1
Uncertainty of the testing machine measurement bias, Ugtm: Uytm =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; 797,5 HK 1

14 © IS0 2017 - All rights reserved
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Mean measurement value, I-_I : ITI =802,3HK1
Standard deviation of the measurement values, 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|+Uypy =1,0+12,7=13,7HK 1, and

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

Sinc¢ the testing machine bias plus the expanded uncertainty in determining the bias, [|b|+UHTM] is within

the maximum permissible bias, bg, either Method 1 or Method 2 may be used.

© IS0 2017 - All rights reserved 15


https://standardsiso.com/api/?name=065ef2f91eb2f9cd1ce8e59c8d49c0e9

2017(E)

ISO 4545-1

IMHSS =5 x p11 = Hn [51(800Z:00TAIDD[ 295) Hgy 7= Hp Hp Aypiqereadaa jo soep 03| TN
G = uJoJHT =12 onp £jurejsooun pIepuels| g
(z 230N 999)
ordwes I=1
I3H £°c = Hs 1591 33 03 JIB[IWIS SSAU Am B fv N I-u _ Hg Hs sjuswaInseaw Aiqeieadas| W TN
= -mhm: e Suiaey _\Mmu B U0 L N1 JO UONEIARD PIEPURIS AL | g
Jojetoqe] ay) Aq apew
3B SJUSWINSBIW JAL]
€ Selq 9Y3 JO UORRIAD | Zpu
IH 28T = %” in uonnqrOsip remsueiday m\/\ Jq="n in arqissiurred wnwixew
43 ay1fo1 anp Kjurerseoun paepuerg| ¥
\ 00T | _4 € 919BL L10Z:2-5¥5¥ OSI
TAH ¥'C€E = oTexHl =9 01 Sup10E seiq aqqissrwrad 1q seiq ay3 jo uoneradp| <N
4 'se1q o qISSIuIog Jo anjea aanisod wnuwixepr= g ajqisstuiad WnWIXe| ¢
O\O .v - MQ . . .
. (T @10N 9295s)
IMHSE'9=——= [LHn IMHL208= "y WLHn UOI1BIIJLISA 10911PUI 8]
LTl JO WD © [4 — WLHp Wity wd.j auryoew Sunsey ssaupaey| FA
TMH L2T =WlHp Sursn 110da. uonyedyLIBA WIHp oy3jo serq ay3jo Wikp|
INHOT =9 129aa1put 03 Surpaosoe q ‘frutelredun pue ‘q ‘onfea serq
- W.LH}) pue q
ZIN‘TIN
T3HO0I8=X X 3[NS9.1 JUSWAINSLIN L
ajdwrexy 91e21J1319) /3.1njeId)] B[NULIOY sjoquiAs Ajure11adun Jo $32.anos daas

ZIN PUe TIN Spoylaw 03 SuIpJaodde Ajurelradun papuedxa 9y3 Jo UoneuIuULIdR( — T'd d[qeL

© ISO 2017 - All rights reserved

16


https://standardsiso.com/api/?name=065ef2f91eb2f9cd1ce8e59c8d49c0e9

2017(E)

ISO 4545-1

H

10j ayeradoadde aq pinoys 7 jol

JO 30 93 91BWI1S3.19A0 A[[eN

ur Ajurelreoun o3 (wuy yadua| reuoSerp ur Ajurersaoun SurlIoAU0D 10J po/XQ WO.1J SMO[[0] ‘D/XT

‘arduwes 3593 ayp Jo A} WLIoJIUNUOU 3Y3 10J JUNOIIE OS[e UaY3 [[IM ‘Hn ‘uonngriuod Ajurelaoun pajenoed ayL *(

anea 9y} pue ‘U ‘SUSWAINSBAWL SSaUp.IeY JO Joquinu ay3 Jo 100.1-2.1enbs a3 Aq papIAIp 1S9} 19|
-pJey a[diynuw ay3 Jo uorie1Asp prepuels ay3 yiim paserdat aq pinoys g dais ur Hs jo anfea ay3l Juawia.Inseaw ssaup.rey a[3uls §
1S9} B UO Sjuauwa.INSeaw ssaup.ey ojdnnur jo adelaae a3 910YM$8IURISWNIII U] "AITULIOJTUN-UOU YD Y3 SIPN[OUI I d0UIS
SN [[IM Ing ‘Pash aq Ued Z-GH Sy OS] 0F SHIP.I0DIE UOIIEIJLISA J0IIPUI 1S 93} W0.1J SJUSUIINSe

"paIapISu0d aq ued Jfdwes pue YD Usamiaq sanjea ssaup.rey jo diysuon

L qU9101JJ900 ANAIISUSS Y], € A.LON
m\z\ Hsx 3= Hn) syuswaansesw u ay3

un a[dwes ay) JO SJUSWSINSLIW SSAU
uey) Iayjed ‘pariodal aq 03 s1ojdwes
jusuodwod Ajurelaoun Ayjiqeleadal
buwl uo paseq Hs jo anfeaay], 7 4.LON

P21 91 ‘49 0‘'T>q>99 8031 T ALON

L )H (6€ % 018) £ X 11 pue T sdais Mpxx=x X NS JUSWDINSLIN a
TMHOI8=X A4 "
I3MH m.WMHNED = m:+ mEBXNn_v EB\/X«” sz sz %Mﬂ_muhwuﬂs N
/ pue ‘9 4 sdaig 4 ¢ 4 papuedxa ay) Jo uOnRUIULINA(A | 1
— _ Jjoon
PH (21 7 0T8) = X g pue g ‘T sdaig A_Q_+ :\,Sv Txs "Ny 110y Auresaooun payipour| - T
I3H 018 = X YIIM J[NSI JUSWAINSEIN | (o
— _ Jioo
IMH(9T1F608) =" X g pue 7 7 sdon M} (q-x)= "2 1oy ssoup.ey payipow| TW
IMHO0I8 =X [3IIM }[NS3.1 JUSUIB.INSEI 6
TMH9ST = thp ¢ _\,EN_:+ m:m:xN+ m:\/x« =R 4] Auresaaoun| - HA
£ pue ‘9 ‘z sdoig papuedxa ay3 jo UOIBRUTW.INID( 8
(g 230N 995)
EMXT B0 s W eeT0 = p rT b Aeidsip Sunesput 7 pyeppy
IHO8 T-= — X — —=3Wp _x e X——=—= 1 sty an[eA ssaup.ey ay3l Jo UorIN[osal
1500000 0'qraxe wuw Hmﬁoﬂm.mﬂnwmm@ $ 03 anp Ajureldoun prepuels L
ajdurexy 91e21J11.197)/a.1njelalr eINULIO] S[oOqUIAS Ajurel.1adun Jo $32.1nos daxs

(panunuod) 1°d d1qel

17

© IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=065ef2f91eb2f9cd1ce8e59c8d49c0e9

ISO 4545-

1:2017(E)

Annex C
(informative)

Knoop hardness measurement traceability

C.1 Traceability definition

The path t
measurems
measureme
makes mult
these meas

The Interng
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1) an unbi
2) areferg

These will ¢

C.2 Chai

ISO 4545-2
the testing
include dire
test forces,
of a range

which the 1
and verific
the calibrat
verification|

ISO 4545-3
verification|
machine us

b traceability for a Knoop hardness measurement is different compared to many ‘g

nt including Knoop is made following a defined test procedure using a testing'machine
iple measurements of different parameters (e.g. force, length, time) duringthe test. Ea
irements, as well as other test parameters, influences the hardness result

tional Vocabulary of Metrology (VIM3)[12] defines metrological tracéability as:

bgical traceability — property of a measurement result whereby the result can be related
re through a documented unbroken chain of calibrations, each eontributing to the measure
inty, VIM3, 2012.

efinition, two things are necessary for a measurementitesult to have traceability:
oken chain of calibrations, each contributing to th&Zmeasurement uncertainty;
nce to which traceability is claimed.

lefine the metrological traceability chain.

ns of calibrations

specifies a set of calibration and verification procedures required to demonstrate

ct measurements of various components affecting the machine’s performance — such a
indenter shape, and diagonal measuring equipment — as well as hardness measurem
pf reference blocksDEach of these calibration measurements has specified limits w
esult shall lie in“order for the machine to pass its verification. Historically, the calibrg
ition of the /machine components has been termed the machine’s direct verification
ion and vetification of the testing machine by reference block measurements its ind

specifies both the procedure required to calibrate the reference blocks used in the ind
of the testing machine and also the required calibration and verification procedures o

ther

nt quantities, such as length or temperature. This is primarily becausé)‘hardness

that
th of

toa
ment

that

machine is suitable for useyin accordance with this document. The calibration procedures

5 the
ents
thin
ition
and
rect

rect
f the

ed 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.

Int . llevel International International S
nternational leve comparisons definitions
. Primary hardness Machine
National level standard machines components |
Calibration level Primary hardness Hardness calibration Machine
(ISO 4545-3) reference blocks machines components
User level Hardness reference _ Hardness Machine B
(ISO 4545-2) blocks testing machines componentp
Hardness Test Reliable
(ISO 4545-1) hardness values

~

|
Indirect Verification 4— | — Direct Verificatio
|

Figure C.1 —Chains of calibrations

C.3| Knoop hardness reference

The jother 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 dgpendent 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 parameterfs. Hardness
traceability would thén-be to this definition through a laboratory’s realization or fulfillment of the
defipition, the accutaey of this realization being reflected in the laboratory’s measurement pincertainty
and [ confirmed <by"” international comparisons. The internationally agreed definition| would be
devdloped 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 pased on its
own|chosen definition of the test. In cases where an NMI does not calibrate reference blocks for certain
Kno op a\,a}co, the his‘ucat reference-withinacotntt yray beacatibrationtaborator _y'.) reatization 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.
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