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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 dogument and those intended for its further maintenance are

described in the 1SO/IEC Directives, Part
different types of ISO documents shoulg;
editorial rules of the ISO/IEC Directivés

Attention is drawn to the possibil
patent rights. I1SO shall not be hel
any patent rights identified durin
on the ISO list of patent declaratio

Any trade name used in this document jg:i
constitute an endorsement.

For an explanation on
expressions related t

URL: www.iso.org i

This document,
Subcommittee SE&

This second edition ca
revised.

Significant technical changes fromn

1 particular the different approval criteria needed for the
d. This document was drafted in accordance with the

e www.iso.org/directives).

he elements of this document may be the subject of

identifying any or all such patent rights. Details of

t of the.document will be in the Introduction and/or
wrg/patents).

dgiconvenience of users and does not

:meaning of 1SO specific terms and

stisedition of this document includ

the requirements for the maxli# firface area of the reference block have been added;

the requirements for the maximunt
been revised;

ertainty of the line intervals on the stage micrometer have

the requirements for the calibration and verification of the measuring system have been revised, as
per IS0 4545-2;

the requirements for the uniformity of the reference block hardness have been revised to account
for different numbers of calibration indentations;

the timing requirements for the approach velocity and the time duration at maximum test force
have been revised to indicate a target time value;

Annex B has been revised

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

iv
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Metallic materials — Knoop hardness test —

Part 3:
Calibration of reference blocks

1 Scope

This document specifies the method
verification of Knoop hardness testin;

he calibration of reference blocks to be used for the indirect
igthines as specified in 1SO 4545-2.

The method is applicable only for isdentati

2 Normative references

The following documents are géférred to in the t#

constitutes requirements of this document:For date
undated references, the latest edi SE e ‘

uniaxial testing machi

ISO 4545-1, Metal

ISO 4545-2, Mé
machines {

3 Terms an(i;": :

No terms and definitions are lis

ISO and IEC maintain terminolg

— IEC Electropedia: available at & f;:5ww.electropedia.org/

— ISO Online browsing platform: avatlable 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 Testsurface area

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

© ISO 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 Surface roughness

The test surface shall be free from sc
The test surface roughness, Ra, shal

ground finish or better.

4.7 Prevention of the regrin

To verify that no material is subsé
of calibration shall be marked on )
shall be made on the test sug

Hthiatiinterfere with the measurement of the indentations.
@e:0:85 umlll. The bottom support surface shall be a finely

nce block, the thickness at the time

#est 0,01 mm, or an identifying mark

5.1 General 2

In addition to fulfi]
also meet the requirg

NOTE The criteria specified i
developed and refined over a signifié
needs to meet, the uncertainty assoc}

aieHirements:s

been incorporated within this tolerais
for this uncertainty by, for example,
measurements made when performing a @i

5.2 Directverification

545-2, the ca n machine shall

I ”machine have been
A6 that the machine

. When determmmg “Siecific tole

se of measuring equipment and/or'reference standards has
ild therefore be inappropriate to make any further allowance
2"tolerance by the measurement uncertainty. This applies to all
¥erification of the calibration machine.

The calibration machine shall be directly verified in intervals not exceeding 12 months.

Direct verification involves
— calibration of the test force,

— 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.

© IS0 2017 - All rights reserved
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5.4 Testforce

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 IS0 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 Indenter

The indenter shall comply witl#§6:4545-2 and meet the following requirements:

a) the four faces of the rh
defects, and flat withjiz g

b) theangle f (see ISO#5A5:]
(130 £ 0,1)5; i

diamond pyramid shall be highly polished, free from surface

GiHEE3a6]

¢) the angle between tfié axis of the:diamon:

mid and the axis of the indenter holder (normal to
the seating surface}'shall netiex 3% i

mifed with a high-power measuring microscope
the four faces do not meet at a point, the line of
iposite faces shall be less than 0,000 3 mm.

d) the pointo
or preferad
junctioghid

rms the geometrical deviations of the indenter.

imation of the diagonals of
dsured.

The system for measur
and for each incorporat
by performing measuré
at a minimum of five evée
working range.

n accurately ruled stage micrometer. Measurements shall be made
d intervals, arranged centrally in the field of view, covering each

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

Three measurements shall be made at each of the evenly spaced intervals. The maximum permissible
error of each of the three diagonal measurements at each interval shall be the greater of 0,000 3 mm or
0,5 % of the length measured.

NOTE A helpful technique for adjusting optical systems that have Kéhler illumination is given in 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 1SO 4545-1.

During 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 74_”% s. The duration of the test force
shall be 143 S.

© IS0 2017 - All rights reserved 3
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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 Number of indentations

On each reference block, a minimum of five reference indentations shall be made, uniformly distributed
over the test surface. At least one of the indentations shall be identified as a reference indentation.

To reduce the measurement uncegfaiitiismore than 5 indentations should be made. It is recommended
to make 10, 15 or 25 indentationg:gistribted over five locations on the reference block.

8 Uniformity of hardn&ss

#rgdthardness values arranged in increasing
iagonals di, dp, ..., dy in decreasing order of

ceardivg to Formula (1):

)

The relativenon=miformity

ding to Formula (2):

i1

(2)

t'~ dp > 0,001 mm, the

The uniformity of the referg g :
' ifactory, when rye; is less than or equal to the percentages

uniformity of the referenceiblagk
indicated in Tahle 1. i

Table 1 =Maximum permissible non-uniformity

Maximum permissible value of non-uniformity, ryq
Hardness of block %HK
HK 0,001 to HK 0,1 >HK0,1to HK 0,5 >HK 0,5 to HK 2
100 < HK < 200 16 14 8
200 <HK £ 250 10 14 8
250 < HK = 650 8 8 6
HK > 650 6 6 4

8.2 Uncertainty of measurement

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

9 Marking

Each reference block shall be marked with the following information:

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

b) name or mark of the supplier or manufacturer;

¢) serial number;

© ISO 2017 - All rights reserved
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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.

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 delivered reference block shall be accompanied with a document giving at least the following
information:

a) areference to this documiehE 81150 4545-2;

c) the date of calibratiii

d) the arithmetic me ;’f' the hardness valugs ?i%l;ithe format defined in ISO 4545-1, and the value
characterizing the ggh-uniformit ]

e} the information about.thig lacation ot

nee indentation together with the length of the
long diagonal, ..

in is drawn to the fact that,
ration va ’

© IS0 2017 - All rights reserved 5
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Annex A
(informative)

Adjustment of Kohler illumination systems

A.1 General

While some optical systems ar
the utmost in resolution, the fali

A.2 Kohler illuminatiorgs

Focus, to critical sharpness;thesi:

pecinen.

Centre the illuminzgi{ae;,

Centrally align

Open the field

Remove the &§;

proper places,

A full-aperture diaph:

aperture; but never use less thii’

ponents are in their
sharp focus.

iexcessive, reduce the

phenomena could lead to false

wgsed and diffraction

If the light is too strong for eyeigg

filter or rheostat control.

tireduce the intensity by using an appropriate neutral density

© IS0 2017 - All rights reserved
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(informative)
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Uncertainty of mean hardness value of hardness-reference blocks

B.1 General

Measurement uncertainty analysis is a;useful tool to help determine sources of error and to understand

differences between measured valueg

values derived are for informatio

criteria specified in this docume

and refined over a significant pei‘

needs to meet, the uncertaint

standards has been incorpora
any further allowance for this
uncertainty. This applies to a
of the machine. In each case, it
measuring equipment and/or r

parties involved.

The metrologicalié

B.2 Direck:

anoft

B.2.1 Calibrati

¢hardne;

his annex gives guidance on uncertainty estimation but the
“irless specifically instructed otherwise by the customer. The
sformance of the testing machine have been developed
hen determining a specific tolerance that the machine
diwvith the use of measuring equipment and/or reference
i tmierance and it would therefore be inappropriate to make
i reducing the tolerance by the measurement

yerforming a direct or indirect verification
sulting from the use of the specified
ifo assess whether or not the machine
1 circumstances where reducing the
 should only be done by agreement of the

seiaindte hardness scales is shown in I1SO 4545-1.

ss-calibrat

See 5.4 and ISO 4545-2.

B.2.2 Calibration of the diagona

See 5.6 and IS0 4545-2.

B.2.3 Verification of the indenter

See 5.5 and ISO 4545-2.

B.2.4 Verification of the test cycle
See Clause 6 and ISO 4545-2.

measuring system

B.3 Indirect verification of the hardness-calibration machine

NOTE

hardness 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 1SO 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



ISO 4545-3:2017(E)

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
Ucm = \/ UCRM-P T UxCRM-P + UCRM-D T 2XUpg (B.1)
where

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

calibration certificate fork=1;

uxcrRM-p is the standard uncertainty of hardness-calibration machine when measuring the CRM;
UcrM-p  is the standard uncertainty duei Jhardness change of the primary hardness-refer-
ence block since its last calibratigfiidiieto drift;
Ums is the uncertainty due to thgix f{he hardness-calibration machine.
Regarding ums, both the resolution of £ ] asgrement indicating instrument and the optical

resolution of the measuring microscope:ghail be considered. In.mist cases, the overall resolution of the

— hardness of the primaryhg
- uncertainty of measygg
- time drift of the pr:

— resolution of the diago

c s

igm due to resolving the positions

WEptmation:

slock: HcrMm = 40

ent of the prizig slock (k=1): ucrm = 6,0 HK 1;

iardness-refer,

I‘d‘ blOCk‘ UCREM~D = O;

rmul

tifated according

5. = ’6(2)R+612R T i L Y (B.2)

where

Oor is the resolution of the micros€ope objective (0,000 31 mm);

NOTE 6or =21/ (2 x NA), where

A is the wave length of light in pm (approx. 0,55 um for green light);
NA  isthe numerical aperture of the objective.

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

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 reserved



1)
2%x+/3

Upg =

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

to Formula (B.4):

t-s _
Uycpmp = ——2MF - 1,08 HK1

Jn

wheret=1,14andn =35,

18 =0,000 093 mm

the uncertainty of the measuré
hardness-reference block is calj

The biasis calculated accordiné’co For

it bias of the

ISO 4545-3:2017(E)

(B.3)

(B.4)

ibration machine, ucy, when measuring a primary

8.1), and as shown in Table B.2.

b= (402,1 - 4006} H R
1 — Resultsof: ie indirect verification
Measured indent:tion diagonal fated hardness value
H
T 0,1 402,6
2 0,1'8:;7:::5m1n 4‘04‘,7max
3 0,187 9 403,0
4 0,188 4 4009
5 0,188 8max 399,2min
Mean value 0,188 1 402,1
Standard deviation, sycRM-P 0,000 50 2,1
Standard uncertainty of measurement, 0,000 25 1,08
UxCRM-P
HK: Knoop hardness
Table B.2 — Budget of uncertainty of measurement
Standard Sensitivit Uncertainty
. . . ensitivi T
Quantity Estimated value| uncertaintyof | pjstribution coefficien)t, contribution
X; X; measurement type ui(H)
ci
u{x;) ! HK 1
UCRM 400,6 HK 1 6,0 HK 1 Normal 1,0 6,0
UxCRM-P O0HK1 1,08 HK 1 Normal 1,0 1,08
Ums 0mm 0,000 093 mm Rectangular -4 274,72 -0,40
UCRM-D O0HK1 O0HK1 Triangular 1,0 0
Combined uncertainty of measurement of the bias, ucym 6,12
Expanded uncertainty of measurement of the bias, Ugm (k = 2) 12,25

a2 The sensitivity coefficient follows from ¢ = |0H/dd| = -2{H/d)

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

© ISO 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}):

_ 2 2 2
UCRM —\/ UcM +HUxcrM 2% Upyg (B.6)
where

ucMm is the uncertainty of the measutement bias of the hardness calibration machine when

measuring a primary referenggiblack (see Formula B.1);

fess measurement of hardness reference blocks

uyckM is the standard uncertaintg
with the hardness calibrd

Ums is the uncertainty due dness-calibration machine.

Regarding uns, both the resolutioni&f
resolution of the measuring microsg
measurement system should be incl
of both ends of the long diagonal:ifide;

indicating instrument and the optical
ses, the overall resolution of the
#rM due to resolving the positions

igdsurement bias, the uncertainty of the

sidot corrected fg

measurement value is £a}¢ dil g"tﬁo Formula (B

Ucrm =2XUcg (B.7)

For a hardness-refe
block value is correct

la (B §_}

is corregted for meas; ent bias, the fidrdness-reference

The uncertainty of the measurement r:akulated according to Formula (B.9}):
Ucrm =2XUcpm ' (B.9)

EXAMPLE
Using the test results shown in Table B.3 and the following information:
— standard uncertainty of the hardness measurement of hardness reference blocks is calculated according to

Formula {(B.10):

tx
UxcRM R (B.10)

Jn
wheret=1,14andn=>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 ups (mm) from Formula (B.3): ups=-~0,34 HK 1,

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

10 © IS0 2017 - All rights reserved
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Table B.3 — Determination of the inhomogeneity of the hardness-reference block

Measured indentation diagonal Calculated hardness value

Number d Hcrm
mm HK1
1 0,1981 362,6

2 0,197 61min 364,4max
3 0,198 2 362,2

4 it 198 Smax 361;1min
5 & 01976 364,4

— i

Mean value, H 3629
Standard deviation, sxcrm 1,44

Table B.4 — Budget of unce

ithe hardness-reference block

Sensitivit Uncertainty
. ensitivity contribution
Quantity coefficient
Xi c ui(H)
u(x;) ! HK 1
ucM 6,12HK1 . 1,0 6,12
UxcrM i 0,74 HK 1, 0,74
Combined uncertain ' 6,18
Hardness-reference block value witki i uncertain‘ti?fgﬂ + (2 5 {362,9+13,8)
Corrected hardness-reference blqj Sl wikh 1easurement uncertainty, (361,5 + 12,4)
(H-b)£(2Xucgy ) i T

a  The sensitivity coefficient follows frorr

© IS0 2017 - All rights reserved
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[3]
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