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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 d
described in the ISO/IEC Directives, P
different types of ISO documents sh
editorial rules of the ISO/IEC Dire

and those intended for its further maintenance are
icular the different approval criteria needed for the
This document was drafted in accordance with the

www.iso.org/directives).

the elemexﬁits of this document may be the subject of
any or all such patent rights. Details of
will be in the Introduction and/or

).

fie convenience of users and does not

Attention is drawn to the possibil
patent rights. 1SO shall not be hel
any patent rights identified duringithe de
on the ISO list of patent declaratlons regei

Any trade name used in thl

the meaning of ISO specific terms and
formation about ISO's adherence to the

This document was 64, Mecha

Subcommittee SC 3, H sti

testing of metals,

This second edition cancels and reg Egdition (IS@@&;L}S-

revised.

heen technically

The main changes compared to the idition are as follows:

—  all references have been removed of 3t fentation diagonals <0,020 mm;
— the requirements for the calibration and verification of the measuring system have been revised;

— 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 moved to 1SO 4545-1;
— Annex A has been revised.

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

iv © IS0 2017 - All rights reserved



INTERNATIONAL STANDARD ISO 4545-2:2017(E)

Metallic materials — Knoop hardness test —

Part 2:
Verification and calibration of testing machines

1 Scope

This document specifies the method of verification and calibration of testing machines for determining

Knoop hardness for metallic materials igiggordance with 1SO 4545-1.

A direct method of verification and
diagonal length measuring system.

.........

. specified for the testing machine, indenter, and the
wérification method using reference blocks is specified

If a testing machine is also to B&iiised for oth&r methods of hardness testing, it will be verified
independently for each method. :

2 Normative references

The following documepts fway that some or all of their content
ces, only the edition cited applies. For

{aciiment (including any amendments) applies.

undated references, ghe

roving instruments used for the verification of

ISO 376:2011, Ma
uniaxial testing fizg

5
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=
2
o
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=
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1SO 4545-1, Metalfiz fest — Part 1:

ISO 4545-3, Metallic fnaterzaté — Knod

fest — Part S:Cutipration of r@%

3 Terms and definitions

No terms and definitions are 1isted;§£}é?l‘sh§$ décument.

ISO and IEC maintain terminological dat&bases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

— 1SO Online browsing platform: available at https://www.iso.org /obp

4 General conditions

Before a Knoop hardness testing machine is verified, it shall be checked to ensure that itis properly set
up in accordance with the manufacturer's instructions.

Especially, it should be checked that

a) the plunger holding the indenter is capable of moving freely without any friction or excessive
side play,

b) the indenter is firmly mounted in the plunger,

c) the test force can be applied and removed without shock, vibration, or overload, and in such a
manner that the readings are not influenced, and

© IS0 2017 - All rights reserved 1
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d) the diagonal measuring system

— if integral with the machine, the change in mode from the application and removal of the test
force to the diagonal measuring mode does not influence the readings,

— the illumination device of the measuring microscope produces uniform lighting of the whole
observed field with enough contrast between the indentation and the surrounding surface to
determine the boundary clearly, and

— the centre of the indentation is near the centre of the field of view, if necessary.

or the performance of the testing machine have been
hen determining a specific tolerance that the machine
easuring equipment and/or reference standards has
re be inappropriate to make any further allowance
y the measurement uncertainty. This applies to all
ification of the machine.

NOTE The criteria specified in this documef
developed and refined over a significant period ¢
needs to meet, the uncertainty associated with
been incorporated within this tolerance, and
for this uncertainty by, for example, reducing
measurements made when performing a dite

5 Directverification

5.1 General i

3t

sthedule given in Clause 7.

5.1.2 Direct verificatioi

a) the calibration Qg B

b) the verification of't

isuring systesi

) the calibration and verifigation of the diggonaln

e}

d) the verification of the testing cycle

a temperature of (23 + 5) °C. If the verification is
shall be stated in the verification report.

5.1.3 Direct verification should be cati
carried out at a temperature outside this t

5.1.4 The instruments used for verification and calibration shall be traceable to national standards.

5.2 (Calibration of the test force

5.2.1 Each test force to be used within the force range of the testing machine shall be measured.
Whenever the indenter position affects the applied force, this shall be done at not less than three
positions of the plunger uniformly spaced throughout its range of movement during testing.

For testing machines whose test force is shown not to be influenced by the position of the plunger, e.g.
closed-loop controlled loading system, the test force can be calibrated in one position.

5.2.2 The test force shall be measured by one of the following two methods:
— by means of an elastic proving device in accordance with 1SO 376:2011, class 1, or better;

— by balancing against a force, accurate to +0,2 %, applied by means of calibrated masses or another
method with the same accuracy.

Evidence should be available to demonstrate that the output of the force-proving device does not vary
by more than 0,2 % in the period of 1 s to 30 s following a stepped change in force.

2 © IS0 2017 - All rights reserved
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5.2.3 Three readings shall be taken for each test force, F, at each position of the plunger. Immediately
before each reading is taken, the indenter shall be moved in the same direction as during the test. All
readings shall be within the maximum permissible percent relative error, AFre), defined in Table 1.

The percent relative error, AFe], of each measurement of the force, F, is calculated according to
Formula (1}:

F~F

_ RS
AFrel =100x F (1)
RS
where
F is the measured test fog

Frs isthe nominal test fgrgeii

Table 1 — Fest f eie:tolerances

miﬁrnum permissible relative
error, Afye]
%F

+2,0
1,5
1,0

Range of the nominal tgséforce;
" Fag i,

5.3 Verifieat

; zsﬁeasurement or optical

measurement. The device useiif

5.3.3 The measured angle a'bg : opposite edges at the vertex of the diamond pyramid shall be
within the range (172,5 + 0,1)°(s .

5.3.4 The measured angle f between the opposite edges at the vertex of the diamond pyramid shall be
within the range (130 £ 1,0)° (see Figure 1).

5.3.5 The indenter constant ¢ (see ISO 4545-1:2018, Table 1) shall be within 1,0 % of the ideal value
0,070 28, (0,069 58 < ¢ < 0,070 98).

NOTE To achieve the tolerances for the indenter constant, ¢, the values of angle a and/or angle § can be kept
to closer tolerances than given above.

5.3.6 The angle between the axis of the diamond pyramid and the axis of the indenter holder (normal
to the seating surface) shall be within +0,5°.

5.3.7 The four faces should ideally meet at a common point; however, there is usually a line of junction
between opposite faces as shown in Figure 2. The length of the line of junction shall be determined by
directly measuring the indenter tip, or by measuring the tip impression in an indentation. The maximum
permissible length of the line of junction between opposite faces shall be less than 0,001 mm.

© IS0 2017 - All rights reserved 3
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5.3.8 A valid calibration certificate shall exist which confirms the geometrical deviations of the

indenter (see 8.2).

| il
Lew

Figuie:d: :

denter geometry

Dimensions in micrometres

arniction on the t

5.4 Calibrati

axes, it shall be calibrated in bot
stage micrometer. The maximum e
stage micrometer shall be as indicatéd

each magnification
tWQ perpendicular
ing a calibrated

tamty of the distances between the line intervals on the

5.4.2 Measurements shall be made at a fiinimum of four evenly spaced intervals, arranged centrally in
the field of view, covering each working range. Three measurements shall be made at each of the evenly
spaced intervals. The maximum permissible error of each of the three measurements at each interval

shall be as indicated in Table 2.

Table 2 — Calibration and verification requirements of the measuring system

Measurement parameters Cahbra::;rlll?;(]ln\z:'tlilcatlon
Maximum expanded uncertainty of the distances
between the line intervals on the stage micrometer Greatel(’)gfo()éOOSO 4mm
(see5.4.1) a0
Maximum permissible error of the measurements of the stage Greater of 0.000 8 mm
micrometer intervals '

0,

(see 5.4.2) or 1,0 % of the length measured

5.5 Verification of the testing cycle

The testing cycle shall be timed with equipment having a maximum expanded uncertainty of 1 s. The
timing values obtained shall fall within the limits set for the testing cycle in ISO 4545-1.

© ISO 2017 - All rights reserved
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5.6 Uncertainty of calibration/verification

Uncertainty of the direct verification results shall be determined. An example is given in Annex A.

6 Indirect verification
6.1 General

6.1.1 Indirectverification shall be conducted in accordance with the schedule given in Clause 7.

6.1.2 Indirect verification involves
means of reference blocks cahbrate :

it tion of the overall performance of the testing machine by

6.1.3 Indirect verification shoi
made outside this temperature rapge;

6.1.4 The instruments used fc J'erificationgﬂg: tiaiiishall be traceable to national standards.

6.2 Test force and hard

gKks that have been calibrated in accordance
5 the same test forces that the machine will
,é i force, at least two reference blocks shall be
h test force that the machine will be verified.

The testing machine:
with ISO 4545-3.
use for future te
selected from thi
The set of blogk
one reference:blgeki

machines using:ozlyzon

hardness levels mosti#dmmonly '

— <250 HK S ~ e :

— 250 HK to 650 HK;

— >650 HK.

6.3 Measurement of reference indentations

One of the reference indentations from the current calibration period on each reference block shall be
measured. For each indentation, the difference between the measured value and the certified diagonal
length shall not exceed the greater of 0,001 mm and 1,25 % of the reference indentation length. If
preferred, this check may instead be made on a similarly-sized indentation in a different reference
block with similar hardness.

6.4 Number of indentations

On each reference block, five indentations shall be made and measured. The tests shall be carried out
in accordance with ISO 4545-1. Only the calibrated surfaces of the test blocks are to be used for testing.

6.5 Verification result

For each reference block, let Hy, H2, H3, Hs, Hs be the measured hardness arranged in increasing order
of magnitude, corresponding to the measured diagonals di, dz2, d3, d4, ds5 in decreasing order of

© 1S0 2017 - All rights reserved 5



ISO 4545-2:2017(E)

magnitude. The mean hardness value, H , is calculated according to Formula (2}, and the mean diagonal
length, d , is calculated according to Formula (3):

H +H,+H,+H,6 +H

H=_1 2 3 4 5 (2)
5

- dy+dy+dy+d, +d

d=—1""2""3""74""75 (3)

5

6.6 Repeatability

The relative repeatability of thei :tihg machin @, Irel, expressed as a percentage of H, is calculated
according to Formula (4): s i

(4)

=ids) < 0,001 mm. If (d1 - ds) > 0,001 mm,
o the percentages indicated in Table 3.

S5 to HK 2
100 s HK £ 250 B 16,0
250 <HK <650 : @ 10,0
HK > 650 T80
i often exhibit higher values of repeatability than those

for higher hardness materials

6.7 Bias

The bias, b, of the testing machine under the particular verification conditions is calculated according

to Formula (5):
b=H~- HCRM (5)

where

Hcrw is the certified hardness of the reference block used.

The percent bias, by, is calculated according to Formula (6}

CRM
b,y =100x —CRM 6)
HCRM

The maximum positive or negative bias of the testing machine, expressed as a percentage of the
specified hardness of the reference block, shall not exceed the values given in Table 4.

6 © IS0 2017 - All rights reserved



6.8 Uncertainty of calibrationyy

The uncertainty of the calibrationif#§iilfs shall'ts

7 Intervals between Verlfwatlons

Indirect verification si*
has been performe

ISO 4545-2:2017(E)

Table 4 — Maximum permissible percent HK bias

Mean diagonal length Maximum permissible
d percent HK bias, brel,
mm of the testing machine,
+ %HK
0,02<d <0,06 0,24/d
0’06 s g st 4

determmed An example is given in Annex A.

Indentera

Requirements

Before setting to work first time

After dismantling and reassembling H
if force, diagonal measuring systemg 1 X X X —
test cycle are affected fi

Failure of indirect verificationb i X X X —

Indirect verification > 13 months ago : X X X —

a

b

In addition, it is recommended that the indenter be directly verified after two years of use.

Direct verification of these parameters may be carried out sequentially (until the machine passes indirect verification)
and is not required if it can be demonstrated {e.g. by tests with a reference indenter) that the indenter was the cause of the
failure.

8 Verification report/calibration certificate

8.1 Knoop testing machine

The verification report/calibration certificate shall contain the following information:

a)
b)
)
d)
€)
f)
g)

a reference to this document, i.e. ISO 4545-2;

a method of verification (direct and/or indirect);

an identification data of the hardness testing machine;

a means of verification (reference blocks, elastic proving devices, etc);
the test force(s) verified;

the hardness values of reference blocks used;

the verification temperature, if it is outside the range specified in 5.1.3;

© IS0 2017 - All rights reserved 7
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h) all results obtained;
i} the date of verification and reference to the verification institution;

j)  the uncertainty of the verification result.

8.2 Knoop indenter
The verification report/calibration certificate shall contain the following information:
a) areference to this document, i.e. ISO 4545-2;

b) anindenter serial number;

¢) allresults obtained;

d) the date of verification and referencgitgithe: ‘ation institution;

e) the uncertainty of the verification:

8 © 1S0 2017 - All rights reserved



1SO 4545-2:2017(E)
Annex A
(informative)

Uncertainty of the calibration results of the hardness testing system

A.1 General

Measurement uncertainty analysis is
differences between measured valu
methods contained are for inform,
The criteria specified in this docyt

ol to help determine sources of error and to understand
x gives guidance on uncertainty estimation but the
s specifically instructed otherwise by the customer.
ormance of the testing machine have been developed

i of measuring equipment and/or reference
would therefore be inappropriate to make
any further allowance for this ur;Certa' ) sing the tolerance by the measurement
uncertamty This applies to all me xwh ng a direct or indirect verification
it ' geresulting from the use of the specified
to assess whether or not the machine
¢ial circumstances where reducing the
tis should only be done by agreement of the

complies with this.

tolerance by the me.as
parties involved.

1£SS scales is d ed in ISO 4545-1.

h necessanyifadeasi

A.2 Direct verif

A.2.1 Calibration of the tes]

The combined relative standart 1ty of the test force calibration is calculated according to

Formula (A.1):

[ 2 2
Up = 4/Uprs T UpyTM ‘ (A1)

where

uprs  is the relative uncertainty of measurement of the force transducer (from calibration
certificate);

urHTM,i is the relative standard uncertainty of the test force generated by the hardness testing machine.

The uncertainty of measurement of the reference instrument, force transducer, is indicated in the
corresponding calibration certificate. The influence quantities, like

— temperature dependence,
— long-term stability, and

— interpolation deviation,

© IS0 2017 - All rights reserved 9
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should be considered for critical applications. Depending on the design of the force transducer, the
rotational position of the transducer related to the indenter axis of the hardness testing machine should
be considered.

EXAMPLE
Using the results as shown in Table A.1 and the following information:
— uncertainty of measurement of the force transducer (from calibration certificate): Upgs = 0,24 % (k = 2}, and

— calibration value of the force transducer Frs = 9,806 7 N,

the combined relative standard uncertainty of the test force calibration, Ug, is calculated according to

Formula (A1) and as shown in Table A.2.

In Table A.1, the relative deviation is calcu}

@tldecording to Formula (A2}

F; i Frs e
AF . =B (A.2)
reli j F i
RS

where

Fij  isthe testforce measurement value in the:i: of the j-th measurement series.

The relative standard uncertainty.is ¢a

Sk
R
Yentm; = (A.3)
Fi
where s, is the statdard deviation test-force indieati
i 4
Number of
height . . i Relative
position for | Value Relative Value | Relative | oo e | deviation| standard
deviation deviation — :
test force Fix AFout + Fi3 AFoot + F s uncertainty
calibration reli1 reli3 i Fy UFHTM,i
: : ::;:":'{'5 -
N % N & % N % N
9,809 0,023 9,815 0,085 9,822 0,156 9,815 0,006 51 0,51 x 10-3
9,802 ~-0,048 9,817 0,105 9,820 0,136 9,813 0,009 64 0,75 x 10-3
9,810 0,034 9,812 0,054 9,828 0,217 9,817 0,009 87 0,77 x 10-3

In Table A.Z, the uncertainty of the measurement of the test force is determined using the maximum value of
relative standard uncertainty, upytm,;, from Table A.1 {in this case, upgTM,3)-

10 © IS0 2017 - All rights reserved
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Table A.2 — Calculation of the uncertainty of measurement of the test force

. Relative Relative . Relative
Quantity Es?;?:;ed limit Distribution Svmbol standard igtel?flxtéz:l?t, uncertainty
Xp X values type y uncertainty c contribution
P ap = u(xp) P up(F)
Force :
transducer | 9,806 7 N +0,24 % UERS 1,2 x10-3 1 1,2 x10-3N
indication
Accuracy of S
generated ON 1% Nofi UFHTM 0,77 x 10-3 1 0,77 x 10-3 N
force i
Relative combined standard uncerigiiity ur, % 0,142
Relative expanded uncertainty of i 0,285
In Table A.3, the maximum relative dew ahotestforcesnglay the uncertainty of measurement of the
reference instrument is calc d agtordigiig ; i € maximum absolute value of AFye|;j from
Table A.1 (in this case, AF; i ;
= AF, rebffstina Foaininns (A4)

t

Table A.3 s

Ve deviation of
Maximum relative déviation e including
of test force t uncertainty of
AFrel3,3 “instrument
AFmax
0,217 % 0,502 %
where AFmay is calculated according to FO#fitila (A.5)
=| AF rel |+ Ug (A.5)

The result of the example means that the deviation of the test forces including the uncertainty of measurement of
the reference instrument specified in 5.2, amounting to +1,0 % is complied with.

A.2.2 Calibration of the diagonal measuring system

The combined relative standard uncertainty of the reference instrument for the diagonal measuring
system is calculated according to Formula (A.6):

2

_ [,,2
u, = \/ULRS +2xu (A.6)

2
T UL pT™
where

uLrs is the relative uncertainty of measurement of the stage micrometer (reference standard)
from the calibration certificate for k= 1;

uUms is the uncertainty of measurement due to the resolution of the diagonal measuring system;

urLuTM is the relative standard uncertainty of the diagonal measurement system of the hardness
testing machine.

Regarding ums, 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

© IS0 2017 - All rights reserved 11
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measurement system should be included twice in the calculation of uj, due to resolving the positions of
both the zero and indicator lines of the stage micrometer.

The uncertainty of measurement of the reference instrument for the diagonal measuring system, the
stage micrometer, is indicated in the corresponding calibration certificate. The influence quantities, for
example,

-— temperature dependence,

— long-term stability, and

— interpolation deviation,

do not exert an essential influenceigi ¥ ainty of measurement of the stage micrometer.

EXAMPLE

For this example, four indication i sured (0,05:mm, 0,10 mm, 0,15 mm, and 0,20 mm).

ULrs = 0,000 1 mm (k= 2)

6or = 0,000 34 mm

— optical resolutigziafthe:s Scapeiohjective:

NOTE

Jiwhere

ght in um (appia 0,55 um for green light), and

erture of the objective.

— resolution of the displayidi€ats

Gbithe measuring system: 61 = 0,000 1 mm;

gliring system is calculated according to Formula (A.7):

2 2
Oms =\Oor +O/g =0,00035mm (A7)

the combined relative standard uncertainty of the reference instrument for the diagonal measuring
system, uy,, is calculated according to Formula (A.6}, and as shown in Table A.5.

— the resolution of the diagonal?

In Table A.4, the relative deviation ALyel,;j for the i-th indication interval of the j-th measurement series
of the stage micrometer is calculated according to Formula (A.8):

Li,j - Ly

S,i
Ay == x 100 (A.8)

where

Lgs,; is the i-th indication interval value of the stage micrometer;

Lij isthe length measurement value for the i-th indication interval of the j-th measurement
series of the stage micrometer.

12 © 1SO 2017 - All rights reserved
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Table A.4 — Results of the calibration of the diagonal measuring system

The standard uncertain

accordance with Formujg(A.6). The cont

calculated as follows.

The relative standargd:
interval is calculist

Series 1 Series 2 Series 3
Indication
Number of interval . . . Mean
indication | value ({)Jof | Value Rel_a tx_v e Value Rel‘a tl_v € | value Rel.a tx_v e value Star‘xdgrd
. deviation deviation deviation - deviation
interval the stage Li1 ALt i Lin ALt i Li3 Yy L )
i micrometer rel,i,1 rel,i,2 rel,i,3 i SLi
Lrs,i
mm % mm % mm % mm mm
1 0,05 i 0,0500 0,000 0,0499 -0,200 0,0500 | 0,000 100
2 0,10 0,100 0 0,000 0,1001 0,100 0,1001 | 0,000 100
3 0,15 0,149 6 -0,267 0,1501 0,067 0,1499 | 0,000 289
4 0,20 0,2001 0,050 0,2001 0,050 0,2000 | 0,000 231

LRS R

The rek
indicationt

The relative standard uncé

according to Formula (A.11)

S, t
u , = e X e
LHTM,i ~ (
Li

where

RS,

n

M2

n=31t= 1,32)

3 dxagonal measuring system uy, is calculated in
'n. the calculation are given in Table A5, and

jfithe stage micrometer for the i-th indication

(A9)

E’uring system for the i-th

(A.10)

#of the measurements of the i-th indication interval is calculated

(A11)

s1; isthe standard deviation of the length measurement values for the i-th indication interval of
the stage micrometer;

i

© ISO 2017 - All rights reserved
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Table A.5 — Calculation of the uncertainty of measurement of the diagonal measuring system

Estimated Formula: Sens
Que;?tlty Distribution value Symbol relative sta.ndard coeff. Relative uncertainty contribution, up(L)
b type % uncertainty c
P u(xp) P
Lgrsa Lgs,2 Lgs,3 Lrs,4
(0,05 mm) (0,10 mm) (0,15 mm) | (0,20 mm)
Stage Normal Lis,; u 1 |1,00%10-3]0,50x1010-3| 0,33 x 10~3 | 0,25 x 10-3
micrometer RS, RS 1 = ’ ' ! !
IRSI i,
Resolution
of the
diagonal
measuring | Rectangular |0,00035mm 1 2,28x10-3| 1,14x10-3 |0,76%10-3 | 0,57 x10-3
system
(include
twice) i,
Accuracy of
the diag- .
onal Normal Lgs,i ULHTM 1 5| 0,76 x10-3 | 1,47x10-3 ] 0,88x10-3
measuring " i
system
SHlieiaTo 0,185 0,185 0,122
0,740 0,370 0,370 0,244

gviation of ghe
i reference instrument,
arding to Egrmula (A.12

iagonal measuring system including the
Dl i, forthezlth ication interval

uncertamty of meas& 345
of the stage micromgter

(A.12)

where max|ALrel ;| is the maximum alig Bf the relative deviations ALrel i forthe’i-th indication

interval of the stage micrometer fr

Table A. 6 — Calculation of the maximnm =relative deviation of the diagonal measuring system

Max. relative deviation | Maximum
Expanded of diagonal measuring | permissible
Indication | Maximum relative relative system including relative
Number of | interval value | deviation ofthe | uncertainty of measurement deviation
indication | (i) of the stage diagonal measurement uncertainty of length | specified in
interval | micrometer | measuringsystem U reference instrument 3.4
i Lrs,i max|ALreli] L; ALmax,i
1 0,05 mm 0,20 % 0,74 % 0,94 % 1,2%
2 0,10 mm 0,20% 0,37 % 0,57 % 1,0 %
3 0,15 mm 0.27 % 0,37 % 0,64 % 1,0%
4 0,20 mm 0,15 % 0,24 % 0,39% 1,0 %

The result of the example means that the deviation of the diagonal measuring system, including the
uncertainty of measurement of the length reference instrument specified in 5.4 is complied with for
each of the indication intervals of the stage micrometer.

A.2.3 Verification of the indenter
The indenter, consisting of indenter tip and holder, cannot be verified or respectively calibrated in-site.

(see 5.3).

14 © IS0 2017 - All rights reserved
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A.2.4 Verification of the test cycle

While measuring with a usual time measuring system (stopwatch), the uncertainty can be indicated as
0,1 s. Therefore, an estimation of the uncertainty of measurement is not necessary.

A.3 Indirect verification of the hardness testing machine

By indirect verification with hardness reference blocks, the overall function of the hardness testing
machine is checked and the repeatability, as well as the deviation of the hardness testing machine from
the real hardness value, are determined. The results of measuring the reference indentation may be
used to evaluate the uncertainty of the diagonal measuring system.

NOTE In this annex, the index “C

ified reference material)” means, according to the definitions of the
hardness testing standards, “hardnes

ie:block”.

The uncertainty of measurem" o “thigtiindirect verification of the hardness testing machine is
calculated according to Formu 3):

Ugrm = \/ Ucrm +Ucrm-p T HiicRm + 2 X Ui 5 (A.13)
where
LUCRM feference block according to the calibration
UCRM-D 1
UHCRM ISk Asuring the CRM;
Ums yStem of the hardness
testing' machine.:B fidicating instrument and
the optical resol asuring mlcrescope SHalibe cong d. In most cases, the
overall resolutio fement system should be include; ce in the calculation
of ugtm due to reg yositions of both ends of the long diagonal independently.
EXAMPLE

Using results as shown in Table A.7 and the following information:

— hardness of the hardness reference block Hcrm=802,7HK 1
— uncertainty of measurement of the hardness reference block Urm=+12,0HK 1

— resolution of the diagonal measuring system of the hardness testing machine,
Oms = 0,000 35 mm

calculated according to Formula {A.14),

Sms = S0 * i (A.14)
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where

Oor is the optical resolution of the microscope objective (0,000 34 mm) (see the example
inA.2.2);

SR is the resolution of the display indicator of the measuring system (0,000 1 mm);

ums is the standard uncertaingly,of measurement due to the resolution of the diagonal
: 0,00035mm

243

He ind¥EcE verification of the hardness testing machine, ugty, is

3) and as‘$hown in Table A.8.

measuring system (regiangiitaz:distribution) =0,000102mm |,

the uncertainty of measuremer
calculated according to Formulg

Calculated hardness value,
H
HK1
802,0
it 0,33 800,8
..... 3 o 0»1.33 5maX ‘98;4min
- : #,133 Onmin “Amax
40,1331 :803,2
Mean value, H : B : 01332 :;m801,7
Standard deviation, sy S, i . RS 4
HK: Knoop hardness
The bias is calculated according to'#:
b=H-Hcpy (A.15)

b=801,7-802,7=-1,0HK 1

The standard uncertainty of the hardness testing machine when measuring the CRM is calculated

according to Formula (A.16}:

tXSH

u =
HCRM
Jn
Fort=1,14,n =5 and sy = 2,3 HK 1, it follows

(A.16)

ugcrm = 1,18 HK 1

A.4 Budget of uncertainty of measurement

The contribution of each element to the combined uncertainty of measurement is given in Table A.8 and
the maximum deviation of the hardness testing machine including the uncertainty of measurement is

shownin Table AS.
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Table A.8 — Budget of uncertainty of measurement

Standard Sensitivit Uncertainty
Quantity Estimated value| uncertaintyof | Distribution Hvity contribution
coefficient
Xy Xp measurement type c up(H)
u(xp) p HK 1
UCRM 802,7HK 1 6,0 HK 1 Normal 1,0 6,0
UHCRM 802,7HK 1 1,18HK 1 Normal 1,0 1,18
Ums : 0,000 102 mm Rectangular -12 057,92 -1,23
UCMR-D O0HK1 Triangular 1,0 0
Combined uncertainty of 6,36
Expanded uncertainty; =2) 12,7
HK: Knoop hardness
a  The sensitivity coé t follows frof

801,7HK 1 i

Maximum deviation of
the testing machine
including uncertainty of
measurement
AHHTMmax

HK: Knoop hardness

13,7HK 1

The relative deviation

according to Formula (A.18Y:

AH HTMmax _

o

13,7

H

=1,7%
801,7

© IS0 2017 - All rights reserved
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