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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
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INTERNATIONAL STANDARD ISO 4545-3:2017(E)

Metallic materials — Knoop hardness test —

Part 3:
Calibration of reference blocks

1 pcope

This| document specifies the method for the calibration of reference blocks to be used*for the indirect
verification of Knoop hardness testing machines as specified in [SO 4545-2.

The method is applicable only for indentations with long diagonals 20,020 mm}

2 Normative references

The [following documents are referred to in the text in such a way‘that some or all of their content
congtitutes requirements of this document. For dated references, only the edition cited ppplies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO B76:2011, Metallic materials — Calibration of force-proving instruments used for the vérification of
unialial testing machines

[SO 4545-1, Metallic materials — Knoop hardness test =— Part 1: Test method
ISO #545-2, Metallic materials — Knoop hardness test — Part 2: Verification and calibratign of testing
machines

3 [erms and definitions

No terms and definitions are listed in this document.

ISO @nd IEC maintain terminelogical databases for use in standardization at the following addresses:

— [EC Electropedia: available at http://www.electropedia.org/

— [SO Online bregwsing platform: available at http://www.iso.org/obp

4 Manufacture of the reference block

4.1 | General

The block shall be specially manufactured for use as a hardness-reference block using a manufacturing
process that will give the necessary homogeneity, stability of structure and uniformity of surface
hardness.

4.2 Thickness

Each metal block to be calibrated shall be of a thickness not less than 5 mm.

4.3 Test surface area

The test surface area of the reference block shall not exceed 40 cm?2.

© IS0 2017 - All rights reserved 1
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4.4 Magnetism

The reference blocks shall be free of magnetism. It is recommended that the manufacturer ensure that
the blocks, if made of steel, have been demagnetized at the end of the manufacturing process (before

calibration)

4.5 Flatness and parallelism

The maximum deviation in flatness of the test and support surfaces shall not exceed 0,005 mm. The
maximum error in parallelism shall not exceed 0,010 mm in 50 mm.

4.6 Surf3

The test su
The test sur
ground fini

4.7 Prev

To verify th
of calibrati
shall be ma

5 Calibr

5.1 Gene

In addition

jce roughness

-face shall be free from scratches that interfere with the measurement of the indentat
face roughness, Ra, shall not exceed 0,05 uml1l. The bottom support surface,shall be a f
th or better.

ention of the regrind of the test surface
at no material is subsequently removed from the reference block, the thickness at the

n shall be marked on the reference block to the nearest 0,01 mm, or an identifying 1
e on the test surface [see 8.2 €)].

ation machine

ral

to fulfilling the general requirements specified in ISO 4545-2, the calibration machine

also meet tle requirements given in 5.2 to 5.6.

NOTE T

he criteria specified in this documeritfor the performance of the calibration machine have

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

needs to meq
been incorpd
for this unce
measuremer|

5.2 Direq
The calibra
Direct verif]

calibrat

bt, the uncertainty associated with-the use of measuring equipment and/or reference standard
rated within this tolerance and it would therefore be inappropriate to make any further allow
rtainty by, for example, redireing the tolerance by the measurement uncertainty. This applies
ts made when performinga direct verification of the calibration machine.

't verification
ion machineshall be directly verified in intervals not exceeding 12 months.
jcationsihvolves

ion of the test force,

ons.
nely

time
nark

shall

been
hine
5 has
ance
to all

verification of the indenter,
calibration and verification of the diagonal measuring system, and

verification of the testing cycle, and if not possible, at least the force versus time behaviour.

5.3 Traceability of verification instruments

The instruments used for verification and calibration shall be traceable to national standards.
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5.4 Test force

Each test force shall be verified at three different positions of the plunger, spaced at approximately
equal increments covering the limits of travel used during testing. At each position, the force shall be
measured three times using an elastic proving device, according to ISO 376:2011, Class 0,5 or better, or
by another method having the same or better accuracy. Each measurement shall agree with the nominal

value to within 0,5 %.

5.5
The

Indenter

indenter shall comply with ISO 4545-2 and meet the following requirements:

a)

b)

d)

Ava

5.6

The
the i

The
and
by p
at a
wor]

The
shal

Thrd
erro
0,59

NOTE

lndentation to the greater of 0,000 15 mf or 0,25 % of the length measured.

the four faces of the rhombic-based diamond pyramid shall be highly polished, frée fi
Hefects, and flat within 0,000 3 mm;

Lhe angle S (see ISO 4545-1), between opposite edges at the vertex of the diamond pyrar
(130 £ 0,1)°;

Lhe angle between the axis of the diamond pyramid and the axis of the indenter holdej
the seating surface) shall not exceed 0,3°;

the point of the diamond indenter shall be examined with,a ‘high-power measuring
br preferably with an interference microscope. If the fourfaces do not meet at a point

om surface

nid, shall be

(normal to

microscope
, the line of

unction, as described in ISO 4545-2, between opposite faces shall be less than 0,000 3

lid calibration certificate shall exist which confirms‘he geometrical deviations of the i

Diagonal measurement system

cale of the diagonal measuring system shall be graduated to permit estimation of the

system for measuring the long diagonal of the indentation shall be verified at each m
for each incorporated line scaletobe used in two perpendicular measurement axes (if
erforming measurements on.an accurately ruled stage micrometer. Measurements sh
minimum of five evenly spaced intervals, arranged centrally in the field of view, co
king range.

maximum expanded.uncertainty of the distance between the line intervals on the stage
be 0,000 2 mm 010,04 %, whichever is greater.

e measurenients shall be made at each of the evenly spaced intervals. The maximum
I of each of\the three diagonal measurements at each interval shall be the greater of 0,0
o of thelength measured.

m

Ildenter.

Hiagonals of

hgnification
applicable),
all be made
vering each

micrometer

permissible
00 3 mm or

»

A helpful technique for adjusting optical systems that have Kéhler illumination is given iT Annex A.

6 Calibration procedure

The reference blocks shall be calibrated by a calibration machine as specified in Clause 5, at a
temperature of (23 = 5) °C, using the general procedure specified in ISO 4545-1.

Duri

ng calibration, the thermal drift should not exceed 1 °C.

Bring the indenter into contact with the test surface and apply the test force in a direction perpendicular
to the surface, without shock or vibration, until the applied force attains the specified value. The
approach velocity of the indenter shall be within 0,015 mm/s to 0,07 mm/s. The time from the initial

application of the force until the full test force is reached shall be 73 s. The duration of the test force
shall be 14-1“% .

© IS0 2017 - All rights reserved
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The maximum allowable vibrational acceleration reaching the machine shall be less than 0,005 g,
[gn being the standard acceleration due to gravity (gn = 9,806 65 m/s2)].

7 Numb

er of indentations

On each reference block, a minimum of five reference indentations shall be made, uniformly distributed

over the tes

t surface. At least one of the indentations shall be identified as a reference indentation.

To reduce the measurement uncertainty, more than 5 indentations should be made. It is recommended

to make 10,

15 or 25 indentations distributed over five locations on the reference block.

8 Unifol

8.1 Relat

For each re
order of m

magnitude.

— H
H=—1

'mity of hardness

ive non-uniformity

The relativd

I'rel =10

The unifory
uniformity
indicated in

ference block, let Hy, Hy, ..., H, be the n measured hardness values arranged in incred
hgnitude corresponding to the measured diagonals dy, dy, ..., d, inydecreasing ordg
The average hardness, H, is calculated according to Formula (1):
+Hy+..+H,

n
non-uniformity rpe|, expressed as a percentage of H%.is calculated according to Formulg

H,—H
ox—1_—1

H

hity of the reference block is satisfactory if di - d,, < 0,001 mm. If d; - d;, > 0,001 mm|
of the reference block is satisfactory, When ry¢] is less than or equal to the percent
Table 1.

Table 1 — Maximum permissible non-uniformity

sing
br of

ey

1 (2):

(2)

the
ages

Maximum permissible value of non-uniformity, r¢|
Hardness of block %HK
HK 0,001 to HK 0,1 >HK 0,1 to HK 0,5 >HK 0,5 to HK
100 < HK <200 16 14 8
200 < HK < 250 10 14 8
250 < HK <650 8 8 6
HKp 650 6 6 4
8.2 Uncet ta;ut_y ofmeasurement

The determination of the uncertainty of measurement of hardness-reference blocks is given in Annex B.

9 Marki

ng

Each reference block shall be marked with the following information:

a)
b) nameo
c) serialn
4

arithmetic mean of the hardness values found in the calibration test, for example, 249 HK 1;

r mark of the supplier or manufacturer;

umber;

© IS0 2017 - All rights res
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d) name or mark of the calibrating agency;

e) thickness of the block, or an identifying mark on the test surface (see 4.7);

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

3:2017(E)

All markings shall be placed on the test surface or on the side of the block. Any mark put on the side of
the block shall be the right way up when the test surface is facing up.

10 Calibration certificate

Each
infol

a)
b)
‘)
d)

e)

11
The

The
for A

delivered reference block shall be accompanied with a document giving at least/th
mation:

h reference to this document, i.e. ISO 4545-2;
the serial number of the block;

the date of calibration;

Characterizing the non-uniformity of the block;

the information about the location of each reference indentation together with the l¢g
ong diagonal.

Validity

reference block is only valid for the scale forgwhich it was calibrated.

calibration validity should be limited te@duration of five years. Attention is drawn to t
1- and Cu-alloys, the calibration validity should be reduced to two to three years.

e following

the arithmetic mean of the hardness values in the format defined in ISO 4545-1, anid the value

ngth of the

he fact that,

© IS0 2017 - All rights reserved
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Annex A
(informative)

Adjustment of Kohler illumination systems

A.1 General

While some
the utmost

A.2 Kohl

Focus, to cr

n resolution, the following adjustments may be helpful.

er illumination

tical sharpness, the surface of a flat polished specimen.

Centre the Tluminating source.

Centrally al
Open the fi¢

Remove the
proper plac

A full-apert
aperture; by
phenomena

If the light
filter or rhe

ign the field and aperture diaphragms.

1d diaphragm so that it just disappears from the field of view.

could lead to false measurements.

optical systems are permanently aligned, others have means of minor adjustments:™To|gain

eyepiece and examine the rear focal plane of the objective. If all the components are in their
bs, the source of illumination and the aperture diaphragm will appear in sharp focus.

ure diaphragm is preferred for maximum.resolving power. If glare is excessive, reduc¢ the
it never use less than 3/4 of the opening, since resolution would be decreased and diffra¢tion

s too strong for eye comfort, reduce’the intensity by using an appropriate neutral density

postat control.
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Annex B
(informative)

Uncertainty of mean hardness value of hardness-reference blocks

B.1

General

Mea
diffe
valu
crite
and
neeg
stan
any
unce
of th
mea
com
toley
part

The

B.2

B.2.

See

B.2.

See

B.2.

See

B.2.

5.4 and ISO 4545-2.

5.6 and ISO 4545-2.

5.5 and 1SO'4545-2.

surement uncertainty analysis is a useful tool to help determine sources of error and\to
rences between measured values. This annex gives guidance on uncertainty estimat
bs derived are for information only, unless specifically instructed otherwise by the cu

refined over a significant period of time. When determining a specific tolerance that {
s to meet, the uncertainty associated with the use of measuring equipment and/d
dards has been incorporated within this tolerance and it would therefore be inappropri
Further allowance for this uncertainty by, for example, reducing the-tolerance by the m
rtainty. This applies to all measurements made when performing a direct or indirect

suring equipment and/or reference standards that is used.to assess whether or not
plies with this document. However, there may be special circumstances where r¢

ance by the measurement uncertainty is appropriatéxThis should only be done by agreg
ies involved.

metrological chain necessary to define and disseminate hardness scales is shown in [S(

Direct verification of the hardness-calibration machine

1 Calibration of the test force

2 Calibration of the'diagonal measuring system

3 Verification of the indenter

understand
ion but the
stomer. The

ria specified in this document for the performance of the testing machinge-have been developed

he machine
r reference
ate to make
pasurement
verification

e machine. In each case, it is simply the measured value resulting from the use of the specified

he machine
tducing the
ment of the

4545-1.

4~ Verification of the test cycle

See Clause 6 and ISO 4545-2.

B.3

NOTE

hard

Indirect verification of the hardness-calibration machine

ness testing standards, “hardness reference block”.

In this annex, the index “CRM (certified reference material)” means, according to the definitions of the

By indirect verification with primary hardness-reference blocks calibrated by the national-level
calibration agency (see ISO 4545-1), the overall function of the hardness-calibration machine is checked
and the repeatability, as well as the deviation of the hardness-calibration machine from the actual
hardness value, are determined.

© IS0 2017 - All rights reserved
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The uncertainty of the measurement bias of the hardness calibration machine, ucy, when measuring a
primary hardness-reference block is calculated according to Formula (B.1):

_ 2 2 2 2
Uem = \/ UCRM-P T UxCRM-P T UCRM-D T 2XUp;

where

UCRM-P

(B.1)

is the calibration uncertainty of the primary hardness reference block, according to the

calibration certificate for k = 1;

UxCRM-H

UCRM-D

Ums

Regarding
resolution g
measureme
of both end

EXAMPLE
Using result
— hardnes

— uncerta

— time drifft of the primary hardness-reference block: ~ucrm-p = 0;

— resoluti

8ms =

wh

is the standard uncertainty of hardness-calibration machine when measuring the, CR

is the standard uncertainty due to the hardness change of the primary hardness:ref¢
ence block since its last calibration due to drift;

is the uncertainty due to the resolution of the hardness-calibration machine.

ims, both the resolution of the length measurement indicating instrument and the og‘;ical

f the measuring microscope shall be considered. In most cases, thé-gverall resolution
nt system should be included twice in the calculation of ucym due to resolving the posit
5 of the long diagonal independently.

as shown in Table B.1 and the following information:
s of the primary hardness-reference block: Hcrm =400;6 HK 1;

nty of measurement of the primary hardness-reference block (k=1): ucrm = 6,0 HK 1;

bn of the diagonal measurement system-is-calculated according to Formula (B.2),

2 2
Dor TO1R

bre
Oor is the resolution of the microscope objective (0,000 31 mm);
INOTE &ori=A / (2 x NA), where
A is the wave length of light in um (approx. 0,55 um for green light);

NA  isthe numerical aperture of the objective.

L M;

the
ions

B.2)

Example: For a 100x objective with a NA of 0,9 using green light,
6or = 0,55 um/(2 x 0,9) = 0,306 pum.

The above optical resolution formula is valid for lighting inclined at large angles.

OIR is the resolution of the length measurement indicating instrument (0,000 1 mm).

— uncertainty of measurement due to the resolution of the diagonal measurement system is calculated

according to Formula (B.3):

© IS0 2017 - All rights res
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1)
u S —0,000 093 mm

— standard uncertainty ofthe of hardness-calibration machine when measuring the CRM is calculated according

to Formula (B.4):

(B.3)

LS yCRM-P

UyCRM-P = \/;

=1,08 HK1 (B.4)

wheret=1,14andn =75,

the Yncertainty of the measurement bias of the hardness calibration machine, ucym, when measuring a primary
hard[\ess-reference block is calculated according to Formula (B.1), and as shown in Table B.2!

The bias is calculated according to Formula (B.5):

jzﬁ_HCRM (B.5)
b = (402,1-400,6) HK1=1,5HK 1

Table B.1 — Results of the indirect verification

Measured indentation diagonal | Calculated hardmness value
Number d H
mm HK 1
1 0,188 0 402,6
2 0,187 Smln 404’,7ma|x
3 0,187 9 403,0
4 0,188 4 4009
5 0,188 8max 399,2mih
Mean value 0,188 1 402,1
Standard deviation, sygry-P 0,000 50 2,1
Standard uncertainty of nfeasurement, 0,000 25 1,08
UxCRM-P.

HK:|Knoop hardness

Table B.2 — Budget of uncertainty of measurement

Quantit Estimated value unf:?ll'ltl:ia:;d of ictributi Sensitivity ‘I:{’r:‘ct?i.lt’?lltril‘t)};‘
X y X; mpacurpmﬁnt DlSt:;gl‘l’tlon coeffiCient u,'(H)
u(xi) i HK 1

UCRM 400,6 HK 1 6,0 HK 1 Normal 1,0 6,0
UxCRM-P 0HK1 1,08 HK 1 Normal 1,0 1,08
Ums 0 mm 0,000 093 mm Rectangular -4 274,72 -0,40
UCRM-D 0HK1 0HK1 Triangular 1,0 0

Combined uncertainty of measurement of the bias, ucm 6,12
Expanded uncertainty of measurement of the bias, Ucm (k = 2) 12,25

a  The sensitivity coefficient follows from c = |0H/dd| = -2(H/d)

for H=402,1HK1,d=0,188 1 mm.

© IS0 2017 - All rights reserved
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B.4 Uncertainty of measurement of hardness-reference blocks

The uncertainty of measurement of hardness-reference blocks is calculated according to Formula (B.6):

[z 2 2
UCRM —\/UCM +UycrM +2XUnpg

where

ucMm

is the uncertainty of the measurement bias of the hardness calibration machine when
measuring a primary reference block (see Formula B.1);

(B.6)

UxCRM

Ums

Regarding Yy, both the resolution of the length measurement indicating instrument and the o

resolution ¢
measureme
of both end

is the standard uncertainty of the hardness measurement of hardness reference block
with the hardness calibration machine;

is the uncertainty due to the resolution of the hardness-calibration maching.
f the measuring microscope shall be considered. In most cases, the gverall resolution

nt system should be included twice in the calculation of ucrm due toyresolving the posit
5 of the long diagonal independently.

i

UT

ical
the
ions

For a hardnless-reference block value that is not corrected for measurenient bias, the uncertainty of the

measureme
Ucrm =

For a hardr
block value

Herm 5
The uncert4

Ucrm =
EXAMPLE

Using the tes

standar
Formula

UycRM =

nt value is calculated according to Formula (B.7):

ZXUCRM + |b|

ess-reference block value that is corrected for measurement bias, the hardness-refer
is corrected according to Formula (B.8):

H-b

linty of the measurement value is.¢alculated according to Formula (B.9):

2 X UcRM

t results shown iri-fable B.3 and the following information:

H uncertainty~of-the hardness measurement of hardness reference blocks is calculated accordi

(B.10):

B.7)

ence

B.8)

B.9)

ng to

EX S, GRM

7 (

T.w)

where t=1,14and n =5;

UxCRM =

0,74 HK 1;

combined uncertainty of measurement (from Table B.2): ucm = 6,12 HK 1;

resolution of the diagonal measurement system, using upys (mm) from Formula (B.3): ups=-0,34 HK 1,

the uncertainty of measurement of hardness reference blocks, ucrm, is calculated according to
Formula (B.6), and as shown in Table B.4.

10
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