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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 do

séint and those intended for its further maintenance are

described in the ISO/IEC Directives, Pagg

cular the different approval criteria needed for the

different types of 1SO documents sheukd: ke

editorial rules of the ISO/IEC Dlrect{g~ B

Attention is drawn to the possibility i
patent rights. ISO shall not be hel
any patent rights identified duringi
on the ISO list of patent declaratlor's

This document Was drafted in accordance with the

Any trade name used in thig

constitute an endorseme&‘ﬁt

For an explanation i
expressions relate
World Trade Orgai
URL: www.iso,

This document was pPEgjiis
Subcommittee SC 3, Hardness testl

This fourth edition cancels and repii

revised.

The main changes compared to the prégzisii

fadition are as follows:

— all references of indentation diagonals: <0,020 mm, have been removed;

— requirements for the calibration and verification of the measuring system have been revised;

— requirements for the maximum permissible error in measuring a reference indentation have been

revised;

— recommendations for inspection and monitoring of the indenter have been moved to ISO 6507-1;

— requirements have been added to the test report for reporting the hardness values of reference

blocks used,;

— Annex A has been revised.

A list of all parts in the ISO 6507 series can be found on the ISO website.

iv
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INTERNATIONAL STANDARD ISO 6507-2:2018(E)

Metallic materials — Vickers hardness test —

Part 2:
Verification and calibration of testing machines

1 Scope

This document specifies a method of verification and calibration of testing machines and diagonal
measuring system for determining Vickers hardness in accordance with ISO 6507-1.

A direct method of verification and calibgg
diagonal length measuring system. An in
for the overall checking of the machine

ion is specified for the testing machine, indenter and the
verification method using reference blocks is specified

Hterr methods of hardness testing, it shall be verified

independently for each method.

This document is also applicable toipg
testing machines based on differeng

2 Normative references::

The following document
constitutes requiremg
undated references, £

ISO 376, Metallic nateric
testing machines "

ISO 6507-1, Metallic ma

Sifest — Parts

Seikost — Part3:

3 Terms and definitions

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

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

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

4 General conditions

Before a Vickers hardness testing machine is verified, the machine shall be checked to ensure that it is
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 sliding in its guide without any friction or excessive
side play;

b) the indenter-holder is firmly mounted in the plunger;

© IS0 2018 - All rights reserved 1
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c) the test force can be applied and removed without shock, vibration or overshoot and in such a
manner that the readings are not influenced;

d) the diagonal measuring system:

1) ifintegral with the machine, the change from removing the test force to measuring mode does
not influence the readings;

2) 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; .

ntre of the field of view, if necessary.

3) the centre of the indentation is inigk

NOTE The criteria specified in thigigog
developed and refined over a significa S
needs to meet, the uncertainty assoc
been incorporated within this tolera
for this uncertainty by, for example,
measurements made when performi

fifor the performance of the testing machine have been
When determining a specific tolerance that the machine

ing the tolerane

direct or ingifitect variicitianinf the machine.

5 Direct verificatio

5.1 General

idticted in accofdance with the schedule given in Clause 7.

‘:’D;:Zi:‘.

5.1.1 Direct Verjﬁi%aiﬁ 31 shall be g

ooy

5.1.2 Direct verific

a) calibration of the testforce;

b) verification of the indenter;

c) calibration and verification of thgigiago:

d) verification of the testing cycle. L

5.1.3 Direct verification should be carried out at a temperature of (23 + 5) °C. If the verification is
made outside this temperature range, this shall be stated in the verification report.

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 Eachtestforce used within the working 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 methods:
— by means of an elastic proving device in accordance with ISO 376, 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.

2 © ISO 2018 - All rights reserved
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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.

5.2.3 Three readings shall be taken for each test force, F, at each position of the plunger. Inmediately
before each reading is taken, the indenter shall be moved in the same direction as during testing. All
readings shall be within the maximum permissible percent relative error, AFye, defined in Table 1.

The percent relative error, AFye, of each measurement of the force, F, is calculated according to
Formula (1):

F—Fgg

Fs

AF, =100x )

where

F is the measured test forégi

Frs isthe nominal test force

imEnipermissible relative
smiminierror, AFrel
] %F
G009 807 < Epgixl 2,0
& 0,09807 <F +1,5

5.3 Verification of th&'indenter”

5.3.1 The four faces of the squatéitya:
defects.

5.3.2 The verification of the shape ofi{li# indenter can be made by direct measurement or optical

measurement. The device used for the verification shall have a maximum expanded uncertainty of 0,07°.

5.3.3 The measured angles between the opposite faces at the vertex of the diamond pyramid shall be
within the range 136° + 0,5° (see Figure 1).

The angles between the opposite faces may also be verified by measuring the angle between the opposite
edges. To meet the requirements, the angles between the opposite edges shall be 148,11° + 0,76°.

5.3.4 The angle between the axis of the diamond pyramid and the axis of the indenter-holder (normal
to the seating surface) shall be less than 0,5°.

5.3.5 The four faces should ideally meet at a common point, however, there is usually a line of junction,
a, 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 is given in Table 2.

© IS0 2018 - All rights reserved 3
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5.3.6 A valid calibration certificate shall exist which confirms the geometrical deviations of the
indenter (see 8.2).

136° £0,5°

Figure 12

Key

a lengthofline of}'uncti'o:;rl’lz;

G on the top of the indenter (schematic

Table 22 Line of junction tolerance

Ranges of test force, F Maximum permissible length of the line of junction, a
N mm
0,009 807 < F< 1,961 0,000 5
1,961 < F< 49,03 0,001
F=49,03 0,002

5.4 Calibration and verification of the diagonal measuring system

5.4.1 The system for measuring the diagonal of the indentation shall be verified at each magnification
and for each incorporated line scale to be used. When an individual scale is used in two perpendicular
axes, it shall be calibrated in both orientations. Measurements shall be performed using a calibrated
stage micrometer. The maximum expanded uncertainty of the distances between the line intervals on the
stage micrometer shall be as indicated in Table 3.

5.4.2 Measurements shall be made at a minimum 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

4 © IS0 2018 - All rights reserved
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spaced intervals. The maximum permissible error of each of the three measurements at each interval

shall be as indicated in Table 3.

Table 3 — Calibration and verification requirements of the measuring system

Measurement parameters

Calibration and verification requirements

micrometer intervals (see 5.4.2)

Maximum expanded uncertainty of the distances between the Greater of 0,000 4 mm
line intervals on the stage micrometer (see 5.4.1) or0,2 %
Maximum permissible error of the measurements of the stage Greater of 0,000 8 mm

or 1,0 % of the length measured

5.5 Verification of the testing ¢

The testing cycle shall be timed
timing values obtained shall fal

5.6 Uncertainty of calibragie

Uncertainty of the calibration/¥

rifica

it having a maximum expanded uncertainty of 1 s. The

stmined. An example is given in Annex A.

6 Indirect verifi

6.1 General g ..szs‘;st

6.1.1 Indlrect erikication shal

6.1.2 Indirect vesi
means of reference b

Hiaeonducted in accordance:si

§ Verlflcat yn of the gver

ven in Clause 7.

the testing machine by

gfiddance with lb(_’ 3

6.1.3 Indirect verification shi
made outside this temperatur

6.1.4 Theinstruments used for ve

6.2 Test force and hardness levels

aH be reported in the Verlﬁcatlon report

f¢ation and calibration shall be traceable to national standards.

The testing machine shall be verified by testing reference blocks that have been calibrated in accordance
with 1SO 6507-3. The blocks shall have been calibrated using the same test forces that the machine will
use for future testing. When verifying more than one test force, at least two reference blocks shall be
selected from the hardness ranges specified below for each test force that the machine will be verified.
The set of blocks needed for verifying the machine for all the test forces shall be chosen so that at least
one reference block from each hardness range is used for the verifications. When verifying testing
machines using only one test force, three reference blocks shall be used, one from each of the three
hardness ranges specified below. The hardness ranges should be chosen, when possible, to replicate the
hardness levels most commonly tested when using the specific test forces.

— <250 HV
— 400 HVto 600 HV
— >700HV

© IS0 2018 - All rights reserved
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6.3 Measurement of reference indentation

One of the reference indentations from the current calibration period on each reference block shall be
measured. For each indentation, the difference between the mean measured value and the certified
mean diagonal length shall not exceed greater than 0,001 mm or 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

e made and measured. The test shall be carried out in
surfaces of the test blocks are to be used for testing.

On each reference block, five indentatio
accordance with ISO 6507-1. Only the ca

6.5 Verification result

For each reference block, let Hy, H s Hy, Hs be t

of magnitude corresponding to

ie meastied hardness arranged in increasing order
fgindy, d3, d4, ds, in decreasing order of

Formula (2) and the mean diagonal

(2)

5 33 ‘

| (3

6.6 Repeatability

&, rrel, expréessed af H is calculated

The relative repeatability of the

according to Formula (4]:

H.~H S
Frop =100x—2—1 (4)
H B

The repeatability of the testing machine is satisfactory if (d - ds) < 0,001 mm. If (d1 - d5) > 0,001 mm,
the testing machine is satisfactory if ry-¢] is less than or equal to the percentages indicated in Table 4.

Table 4 — Maximum permissible relative repeatability

Maximum permissible relative HV repeatability of the testing machine, ryq

Vickers hardness of %HV
the reference block
HV 5 to HV 100 HV0,2to<HV5 <HV 0,2
HV <250 6,0 12,0 18,0
HV >250 4,0 8,0 12,0

NOTE Lower hardness materials 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~Hcgym (5)

where Hcru is the certified hardness of the reference block used.

6 © 1S0 2018 - All rights reserved
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The percent bias, brel, is calculated according to Formula (6):

H-H
be =100x——CRM (6)

Herm

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 5.

Table 5 — Maximum permissible percent HV bias

Mean diagonal length Maximum permissible percent HV bias, b},
S of the testing machine
* %HV

0,21/d +1,5

Direct verification t is recommended

i@ccording to the schedule given in Table &
that direct verificatii 7

nths.

shieperfornigd;

Indirect verification sk direct verification

has been performed.

Table 6 — Dir g machines

Diagonal
Requirements of verification Force measuring Test cycle Indenter?
system
Before setting to work first time X X X X

After dismantling and reassembling,
if force, diagonal measuring system or test X X X
cycle are affected.

Failure of indirect verificationb X X
Indirect verification > 13 months ago X X
a In addition, it is recommended that the indenter be directly verified after 2 years of use.

b Directverification of these parameters may be carried out sequentially (until the machine passes indirect verification)
and is not required if it can be demonstrated, for example, by tests with a reference indenter, that the indenter was the
cause of the failure.

8 Verification report/calibration certificate

8.1 Vickers testing machine

The verification report/calibration certificate shall include the following information:
a) areference to this document, i.e. ISO 6507-2;

b) the method of verification (direct and/or indirect);

c) identification data of the hardness testing machine;

© IS0 2018 ~ All rights reserved 7
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d) means of verification (reference blocks, elastic proving devices, etc.);
e) testforce(s) verified;
f) hardness values of reference blocks used;

g) theverification temperature, if outside the range specified in 5.1.4;

h) all results obtained;

i) the date of verification and referencei@tlie verification institution;

Ht o)

j)  the uncertainty of the verificatio

8.2 Vickers indenter

The verification report/calibration: gfollowing information:

irtificate shall in

a) areference to this document, i e. 1SQ.6507:: i

b) the indenter serial numps

¢) all results obtained

3

d) the date of veri

e) the uncertai

8 © IS0 2018 - All rights reserved
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Annex A
(informative)

Uncertainty of the calibration results of the hardness testing system

A.1 General

Measurement uncertainty analysis
differences between measured va
values derived are for informati

iuseful tool to help determine sources of error and to understand
his annex gives guidance on uncertainty estimation but the
ess specifically instructed otherwise by the customer. The
criteria specified in this docum ieiperformance of the testing machine have been developed
and refined over a significanipezigd me: When determining a specific tolerance that the machine
needs to meet, the uncerta sociatefdgg with the use of measuring equipment and/or reference

s:and it would therefore be inappropriate to make
reducing the tolerance by the measurement
n:performing a direct or indirect verification
vatite resulting from the use of the specified
siaised to assess whether or not the machine
8pecial circumstances where reducing the
@ This should only be done by agreement of the

any further allowance for th
uncertainty. This applies to &
of the machine. In each case, it s
measuring equipment and/o
complies with thi
tolerance by the nig
parties involvedi

{§¥eminate hardness scales is discussed in ISO 6507-1.

The metrologi?

A.2 Direci:§§

diiess testing miachine

sginty of the test force calibration is calculated according to

The combined relative stangii

Formula {(A1):
2 2 g
Up =+/UFRs T UFHTM H (A1)

where

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

urgTM 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,

© ISO 2018 - 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 shown in Table A.1 and the following information:

the combined relative standard uncerfgiigss
Formula {(A.1) and as shown in Table A

uncertainty of measurement of the force £

ing to Lgs

j8a (A.2):

sducer (from calibration certificate): Uprs = 0,12 % (k = 2), and

gittest force calibration, up, is calculated according to

F; . —F
N RS
AFrel,i,j = (AZ)
Fgs
where Fjjis the test-force g 4 in of the j-th measurement series.
The relative standard ugces
(A.3)
where s is the standd
1
Table
Series 1 Series 3 Relative
Number of Relative ) Mean | Standard | standard
height posi-| yajye | devia- value | Relative | yapye | deviation | uncer-
tion (i) for tion deviation tainty
test force
calibration Fi1 AFrelit Fi3 AFyel 3 F; s F, UFHTM L
N % N % N % N N
294,7 0,170 2949 0,238 | 294,5| 0,102 294,7 0,200 0,52 x 10-3
2939 -0,102 2945 0,102 294.,6 0,136 294,3 0,379 0,98 x 10-3
2931 -0,374 | 294,0 | -0,068 | 2937 -0,170 293,6 0,458 |1,19 x10-3

In Table A.2, the uncertainty of the measurement of the test force is determined using the maximum
value of relative standard uncertainty, upyyy;, from Table A.1 (in this case, upyry 3)-

10
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Table A.2 — Calculation of the uncertainty of measurement of the test force

Relative Relative Relative
. Estimated . Distribu- standard | Sensitivity .
Quantity limit . Symbol . . uncertainty
value tion type uncertain- | coefficient S
values ty contribution
Xp Xp ap u(xp) Cp up (F)
Force
transducer 294,2 N +0,12 % Normal UFRS 0,6 x 10-3 1 0,6 x 10-3N
indication
Accuracy of
generated ON +1 % upgTM | 1,19 x 10-3 1 1,19 x 10-3 N
force
Relative combined standard uncertaingy;#i 0,133
Relative expanded uncertainty of me ), % 0,266

In Table A.3, the maximum relativeideévi
of the reference instrument is calcya
of AFrel,ij from Table A.1 (in this caSe,

AF, |AF el,]]w

Table A.3 — Calg

luding the uncertainty of measurement
%41 using the maximum absolute value

(A.4)

aviation of the test force including the

Maximum relativéidi
test force
AF, rel,3,1

-0,374 %

AFmax is calculated according to Faii

AFpax = IAF rel

[+UF

(A.5)

The result of the example means that the deviation of the test force, including the uncertainty of
measurement of the reference instrument specified in 5.4 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
up, —\/ULRS +2XUp HULHTM

where

ULRS

Ums

ULHTM

© IS0 2018 - All rights reserved

(A.6)

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

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

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

11
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Regarding ups, both the resolution of the length measurement indicating the instrument and the optical
resolution of the measuring microscope shall be considered. In most cases, the overall resolution of the
measurement system should be included twice in the calculation of uy, due to resolving the positions of
both 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 influence g the uncertaifity of measurement of the stage micrometer.

EXAMPLE

For this example, five indication intersy ft;’im 0,20 mm, 0,30 mm and 0,40 mm]}.

— uncertainty of measuiéiéit of g gtasdimicrometer: ULy 10 1 mm (k= 2)

— optical resolution‘ﬁ enhigetive: Sor = 0,088:34*mm

NOTE Sogi=it

)  NA)

where

A is the wave length &

NA  isthe numerical apé

gidhjective.

EXAMPLE For a 100x objectivé: A of 0,8 using green light, 6or = 0,55 um/(2 x 0,8) = 0,34 pm.

The above optical resolution formul#i§valid for lighting inclined at large angles.
— resolution of the display indicator of the measuring system: g = 0,000 1 mm;

— the resolution of the diagonal measuring system is calculated according to Formula (A.7}:

8 .s =\/8ar + 65 =0,00035mm (A7)

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

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

L; i —Lgs ;
ALpg ; ; =—L—=2x100 (A.8)
Lgs,;
where
Lrs,;  isthei-th indication interval value of the stage micrometer;
L;; is the length measurement value for the i-th indication interval of the j-th measurement

series of the stage micrometer.

12 © IS0 2018 - All rights reserved
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Indication Series 1 Series 3

Number of| interval Standard
indication| value (i) of Relative Relative deviation

interval | thestage | Value | 4o ioiion Value | 4. Giation mm

micrometer
[ Lgs,i AlLreli1 Li3z AlLreli3 St
mm O mm %

1 0,05 0,0501 0,200 0,000 058
2 0,10 0,100 1 0,100 0,000 100
3 0,20 0,2001 0,050 0,000 115
4 0,30 0,3001 0,033 0,000 231
5 0,40 0,400 3 0,075 0,000 100

The standard uncertainty of i
accordance with Formula (A 6).

calculated as follows.

The relative standa
interval is calculatéd

The relative standat
indication interval is ¢alculated

ms,I

The relative standard uncertainty of
according to Formula {A.11):

']'1!.:. ...‘:v

Orms

__ /23

Lps;

:"measuring system UL, is calculated in

stage micrometer for the i-th indication

(A9)

iring system for the i-th

(A.10)

the measurements of the i-th indication interval is calculated

Sp, ot
uLHTM,i ZT_:I‘“X——(YI:3, t:1,32) (All)
L ~n
where
s,  Isthestandard deviation of the length measurement values for the i-th indication interval of
' the stage micrometer;
7. isthe mean length measurement value for the i-th indication interval of the stage micrometer.
i
© IS0 2018 ~ All rights reserved 13
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Table A.5 — Calculation of the uncertainty of measurement of the diagonal measuring system

Formula: Relative uncertainty contribution, up(L)

Quan- s cprihg, | EStimat- . Sens.
tity letrlbu ed value | Sym- Relative coeff.
tion type

bol standard Lrsi Lrs,2 Lps3 Lps4 Lrss

X Xp uncertainty ¢p | (0,05 mm) | (0,10 mm) | (0,20 mm) | (0,30 mm) | (0,40 mm)

Stage
microm-| Normal Lgs,i ULRS
eter

1,00x10-3|0,50x10-3]0,25 % 10-3{0,17 x 10-3| 0,13 x 10-3

ULRSiFiE

Resolu-
tion of
the di-
agonal
meas-
uring
system
{(include
twice)

Rectan- 0,000
gular 35 mm

0,57 x10-310,38 x10-30,28x 10-3

Accura-
cy of the
diagonal
meas-
uring
system

Normal

0,44 %% ,59%10-3/0,19 x 10-3

0,349 0,185 0,095 0,081 0,046
0,697 0,370 0,190 0,163 0,093

Relative combined uncertainty of measurg

Relative expanded uncertainty of measuréHggnt

In Table A.6, the maximum relative iation of the diagonal measuring system including the

uncertainty of measurement of the length reference instrument, ALmay ;, for the i-th indication interval
of the stage micrometer is calculated according to Formula (A.12}:

ALpyay i =max|AL g ;|+Uy; (A.12)

max,i rel,i

where maxtAL i is the maximum absolute value of the relative deviations ALrej;; for the i-th

rel,i
indication interval of the stage micrometer from Table A.4.

Table A.6 — Calculation of the maximum relative deviation of the diagonal measuring system
including the uncertainty of measurement of the length reference instrument

Maximum relative Max_. relative deviat_ion Maxi‘ml.lm
o deviation of the Expan_ded of dlagona} measuring permls_31ble
Number of| Indication diagonal relative system including relative
indication | interval value measuring uncertainty measurement deviation
interval |(i) of the stage system of measure- uncertainty of length specified in
micrometer ’ AL I ment reference instrument 5.4
i LRs,i Max|Airel i ULi ALmay,i
1 0,05 mm 0,20 % 0,70 % 0,90 % 1,2 %
2 0,10 mm 0,20 % 0,37 % 0,57 % 1,0 %
3 0,20 mm 0,05 % 0,19 % 0,24 % 1,0%
4 0,30 mm 0,10 % 0,16 % 0,26 % 1,0 %
5 0,40 mm 0,07 % 0,09 % 0,17 % 1,0 %

i4 © IS0 2018 - All rights reserved
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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, respectively calibrated in-site
(see 5.3).

A.2.4 Verification of the test cxdie

While measuring with a usual ting
can be indicated as 0,1 s. Therefo#é;di:e:

£ing system (stopwatch), the uncertainty of measurement
ition of the uncertainty of measurement is not necessary.

By indirect verification with h*;
machine is checked and the reg 3 :; 1] asther ion of the hardness testing machine from
the real hardness value, are detg

NOTE In this ang
the hardness testing

il (CRM) means, according to the definitions of

grification of the hardness testing machine is

The uncertainty

(A.13)

LUCRM is the calibration;ine irgviof the hardness reference block accordmg to the calibration

certificate for k i

ucrM-p is the hardness changé gfthe hardness reference block since its last calibration due to
drift (negligible for use of the hardness reference block complying with the document);

upgcrM 1S the standard uncertainty of the hardness testing machine when measuring the CRM;

Ums is the uncertainty due to the resolution of the diagonal measuring system of the hardness
testing machine. Both the resolution of the length measurement indicating instrument
and the optical resolution of the measuring microscope shall be considered. In most
cases, the overall resolution of the measurement system should be included twice in the
calculation of uytm due to resolving the positions 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 = 400,0 HV 30

— uncertainty of measurement of the hardness reference block: Ucgrm = 5,0 HV 30, k= 2

— resolution of the diagonal measuring system of the hardness testing machine:
6ms = 0,000 35 mm
calculated according to Formula (A.14):

©1S0 2018 - All rights reserved 15
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Sms =\6r +81k (A.14)

where
S0R is the optical resolution of the microscope objective (0,000 34 mm) (see the example
in A.2.2);
SIR is the resolution of the d ,gplay indicator of the measuring system (0,000 1 mm);
Ums is the standard uncertﬁéﬁgxrﬁssﬁiﬁf,measurement due to the resolution of the diagonal
......... 0,00035

measuring system (regtanguiagd istribution),[ =0,000102 mm ),

NE)

f the indiréct verification of the hardness testing machine, ugqy, is

the uncertainty of measuremé

calculated according to Formuia A.13) and as shegi dble A.8.
Calculated hardness value
H}
HV30a
402,9max
401,1
. 0,372 8max 00,3mm
40,3719 402,2
5 ¢ A 03722 ¢ 401,5
Mean value, H i R 401,6
Standard deviation, sy 'f i 0,99
a  HV: Vickers hardness. : :
The bias of the hardness testing systém is determined according to Formula (A.15):

b=401,6-400,0=1,6 HV 30

The standard uncertainty of the hardness testing machine when measuring the CRM is calculated
according to Formula (A.16}:

t“SH
UycrMm = \/~
n

Fort=1,14,n=5and sy = 0,99 HV 30,

(A.16)

upcrM = 0,51 HV 30

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
shown in Table A.9.

16 © IS0 2018 - All rights reserved
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Table A.8 — Budget of uncertainty of measurement

Standard P - .
Quantity Estimated value | uncertainty of Distribution Sen51.t 1y1ty Unce{'talr_lty
type coefficient contribution
measurement
Xp Xp u(xp) Cp up(H)
HV 30
UCRM 400 HVD 2,50 HV 30 Normal 1,0 2,50
UHCRM 0 HV Normal 1,0 0,51
Ums 0 mm Rectangular -2 145,12 -0,22
UCRM-D 0HV Triangular 1,0 0
Combined uncertainty of measureng 2,57
Expanded uncertainty of measurg" ; 5,14

a  The sensitivity coefficient follow:

The maximum deviation of thei
according to Formula (A.17) asi§

AHyrMmax =Untm

Table A.9 — Mak

b5,

ation of the hardne,

mea

Measureit i

hardness’i

machine

H

hardness te i

calibrating

yum deviation of the
g machine including
o uncertainty of

401,6 HV 30

with theifé ce block - measurement
i AHHTMmax
1,62 HV 30 6,76 HV 30

The relative deviation of the te

according to Formula (A.18):

AH HTMmax —

6,8 “1.7%

H

401,6

© ISO 2018 - All rights reserved

machine including uncertainty of measurement is calculated

(A.18)
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