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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.
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Metallic materials — Vickers hardness test —

Part 2:
Verification and calibration of testing machines

1

This
mea

A di
diag
fort

If a
inde

This

testing machines based on different measurement principles,‘e.g. ultrasonic impedance met

2

The
cons
und{

ISO
testi

ISO
ISO

No t

ISO

cope

document specifies a method of verification and calibration of testing machifies a
suring system for determining Vickers hardness in accordance with ISO 6507-1.

Fect method of verification and calibration is specified for the testing machine, inder
pnal length measuring system. An indirect verification method using reference blocks
he overall checking of the machine.

testing machine is also to be used for other methods of harndhess testing, it shall
pendently for each method.

document is also applicable to portable hardness testing;machines but not applicable

Normative references

following documents are referred to in thestext in such a way that some or all of t
titutes requirements of this document. For dated references, only the edition cited

B76, Metallic materials — Calibratien-of force-proving instruments used for the verificatio
hg machines

b507-1, Metallic materials —~Vickers hardness test — Part 1: Test method

h507-3, Metallic materigls™— Vickers hardness test — Part 3: Calibration of reference bloc

Terms and definitions

brms and definitions are listed in this document.

hd diagonal

ter and the
is specified

be verified
to hardness

hod.

heir content
applies. For

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

n of uniaxial

KS

ind IEC\umaintain terminological databases for use in standardization at the following addresses:

E€)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;
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manner that the readings are not influenced;

the diagonal measuring system:

not influence the readings;

the test force can be applied and removed without shock, vibration or overshoot and in such a

if integral with the machine, the change from removing the test force to measuring mode does

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;

<)
d)

1y

2)

3) the
NOTE T

centre of the indentation is in the centre of the field of view, if necessary.

he criteria specified in this document for the performance of the testing machiné)have

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

needs to me¢
been incorp
for this unce
measuremer

5 Direct
5.1 Gene
5.1.1 Dire
5.1.2 Dire
a) calibrat
b) verificg
c) calibrat
d) verificg
5.1.3 Dire

made outsiq

5.1.4 The

5.2 (Calib

t, 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, reducing the tolerance by the measurement uncertainty. This applies
ts made when performing a direct or indirect verification of the machine.

verification
ral
ct verification shall be conducted in accordance with the schedule given in Clause 7.

ct verification involves:

ion of the test force;

tion of the indenter;

ion and verification of the diagonal measuring system;

tion of the testing cycle.

ct verification should-be carried out at a temperature of (23 + 5) °C. If the verificati
le this temperature.range, this shall be stated in the verification report.

instrumentswused for verification and calibration shall be traceable to national standard

ration of the test force

been
hine
5 has
ance
to all

bn is

5.2.1 Eac

4 + £ A | atloa o 1 1 £l o & i 1o Laollls J AL
ITLCOLIUICT USTU VWILIIIIT LIIT VVWUI I\llls Lausc Ul LT LCDLllls HHIAdUCITIIIIT S1IdIT UU TTIICAdOSUITU. VV1IT]

ever

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

5.2.2 The

controlled loading system, the test force can be calibrated in one position.

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.
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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. Immediately
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, AFre], of each measurement of the force, F, is calculated according to

Formula (1):

F-F
A =t 1)
Fgrs
where
d is the measured test force;

f'Rs  is the nominal test force.

Table 1 — Test force tolerances

Ranges of the nominal test force, Frs Maximumelz.il('::iAs;i)lle relative
N %F
0,009 807 < Frs < 0,098 07 2,0
0,098 07 < Frs < 1,961 +1,5
Frs=1,961 +1,0

5.3 | Verification of the indenter

5.3.1 The four faces of the square-based diamond pyramid shall be polished and free ffom surface
defefts.

5.3.2 The verification of the-Shape of the indenter can be made by direct measuremenft or optical
meapurement. The deviceused for the verification shall have a maximum expanded uncertaipty of 0,07°.

5.3.3 The measured-angles between the opposite faces at the vertex of the diamond pyrammid shall be
withiin the range236° * 0,5° (see Figure 1).

The pngles bétween the opposite faces may also be verified by measuring the angle between the opposite
edggs. Toqeet the requirements, the angles between the opposite edges shall be 148,11° + (,76°.

5.3. The angle hetween the axis of the diamond pyr:\miﬂ and the axis of the indenter-holder (norma]
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.

© ISO 2018 - All rights reserved 3


https://standardsiso.com/api/?name=e05f7d619b38d799fde94c1bc5e32e15

ISO 6507-2:2018(E)

5.3.6 A valid calibration certificate shall exist which confirms the geometrical deviations of the
indenter (see 8.2).

136° £0,5°

~—

Figure 1 — Angle of the diamond pyramid

Key
a length of line of junction

Figure 2 — Line of junction,en the top of the indenter (schematic)

Table.2 — Line of junction tolerance

Ranges of test force,'\F Maximum permissible length of the line of junction{ a
N mm
0,009 807 <,E< 1,961 0,0005
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 © ISO 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

Max

line intervals on the stage micrometer (see 5.4.1)

Greater of 0,000 4 mm
or0,2 %

imum expanded uncertainty of the distances between the

Max

micrometer intervals (see 5.4.2)

Greater of 0,000 8 mm
or 1,0 % of the length meas

imum permissible error of the measurements of the stage

ured

5.5

The
timi

5.6

Uncé

6

6.1

6.1.

6.1.2

mea

6.1.
mad

6.1.4

6.2

The
with
use

sele
The

3
e outside this temperature range, this shall be reported in the verification report.

Verification of the testing cycle

testing cycle shall be timed with equipment having a maximum expanded uncertainty
hg values obtained shall fall within the limits set for the testing cycle in [SO6507-1.

Uncertainty of calibration/verification

rtainty of the calibration/verification results shall be determined. An example is given

Indirect verification
General

| Indirect verification shall be conducted in agcordance with the schedule given in Clay

.. Indirect verification involves verification of the overall performance of the testing

hs of reference blocks calibrated in accordance with ISO 6507-3.

Indirect verification should bejcarried out at a temperature of (23 + 5) °C. If the vd

Ll The instruments uséd for verification and calibration shall be traceable to national st

Test force and hardness levels

testing mackiine’shall be verified by testing reference blocks that have been calibrated in

for futuréetesting. When verifying more than one test force, at least two reference blo
ted frem the hardness ranges specified below for each test force that the machine will
set of blocks needed for verifying the machine for all the test forces shall be chosen so

Y‘QFQY‘QY\I‘D l‘\]f\f‘]l ‘FY‘I\]’Y’I ﬂ’)!‘h ]ﬁarr‘]nncc r-:nrn:\ 1S IICQA F{\Y‘ flﬁﬂ ‘YCIY‘I‘FII"JfIf\Y\C ‘/\”non ‘IQY‘]F

one

v of 1 s. The

in Annex A.

se 7.

machine by

rification is

andards.

accordance

ISO 6507-37The blocks shall have been calibrated using the same test forces that the nmpachine will

cks shall be
be verified.
that at least

ying 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 HV to 600 HV
>700 HV

© ISO 2018 - All rights reserved
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6.3 Meas

urement 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 bl

ock with similar hardness.

6.4 Number of indentations

tin

On each reference block, five indentations shall be made and measured. The test shall be carried o
accordance|with ISO 6507-1. Only the calibrated surfaces of the test blocks are to be used for testin
6.5 Verification result
For each reference block, let Hy, Hy, H3, H4, Hs be the measured hardness arranged inincreasing g
of magnitufe corresponding to the rEeasured diagonals, d1, dp, d3, d4, ds, in décreasing ordg
magnitude.[The mean hardness value, H, is calculated according to Formula (2)(ahd the mean diag
length, d, i$ calculated according to Formula (3):

fe HitHy+H3+Hy+Hs

5
5— dl +4 d2 +d3 +d4 +d5
5

6.6 Repdatability

The relativ
according t

I'rel =1(

The repeat
the testing

e repeatability of the testing machine,r¢], expressed as a percentage of H is calcul
b Formula (4):

He—-H
ox—=2_"1
H

bility of the testing machine is satisfactory if (d1 - ds) < 0,001 mm. If (d1 - d5) > 0,001
machine is satisfactory if rre| is less than or equal to the percentages indicated in Table

Table’4 — Maximum permissible relative repeatability

g.

rder
br of

onal

(2)

(3)

ated

(4)

mm,

A

. Maximum permissible relative HV repeatability of the testing machine,
Vickers hardness of %HV
the reference block
HV 5to HV 100 HV 0,2to<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):

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

© ISO 2018 - All rights res
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The percent bias, by, is calculated according to Formula (6):

b

H-H
=100x —CRM

rel
CRM

ISO 6507-2:2018(E)

(6)

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

e ———
d of the testing machine
mm * %HV
002<d <0,14 0,21/d +1,5
014<d <14 3
6.8 | Uncertainty of calibration/verification
Uncegrtainty of the calibration results shall be determined. An exaniple is given in Annex A.
7 [Intervals between verifications
Direft verifications shall be performed according to the schedule given in Table 6. It is re¢gommended
that|direct verifications be performed every 12 months.
Indirect verification shall be performed at leasf/once every 12 months and after a direct [verification
has been performed.
Table 6 — Direct vérifications of hardness testing machines
Diagonal
Requirements of verification Force measuring Test cycle Indenter?
system
Before setting to work first time X X X X
After dismantling andyeassembling,
if fprce, diagonal medsuring system or test X X X
cycle are)affected.
Failure ofindirect verificationb X X X
ndirect verification > 13 months ago X X X
a In addition, it is recommended that the indenter be directly verified after 2 years of use.
b Direct verification of these parameters may be carried out sequentlally (untll the machine passes indirect verification)
and rsTrot lcquu etHTtcamrbedemoTrstT du:u, for t:)saluplc, uy testswithraTeferemnce ulucuu:l, that-the—mdenter was the
cause of the failure.

8 Verification report/calibration certificate

8.1

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

a)

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

c)

Vickers testing machine

areference to this document, i.e. ISO 6507-2;

identification data of the hardness testing machine;

© ISO 2018 - All rights reserved
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d)
e)
f)
g)
h)
i)
j)

8.2 Vick¢

The verifica

a)
b)
‘)
d)
e)

means of verification (reference blocks, elastic proving devices, etc.);

test force(s) verified;

hardness values of reference blocks used;

the verification temperature, if outside the range specified in 5.1.4;

all resu

Its obtained;

the date of verification and reference to the verification institution;

the und

a referd

the ind

ertainty of the verirication result.

br's indenter

nce to this document, i.e. ISO 6507-2;

bnter serial number;

all resullts obtained;

the dat

the una

b of verification and reference to the verification institution;

ertainty of the verification result.

tion report/calibration certificate shall include the following information;

© ISO 2018 - All rights reserved
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Annex A
(informative)

Uncertainty of the calibration results of the hardness testing system

A1l

General

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

The

A2

A2,

The
Forn

whe

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 ugsed.to assess whether or not

understand
ion but the
stomer. The

ria specified in this document for the performance of the testing machine 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

plies with this document. However, there may be special circumstances where re¢ducing the
ance by the measurement uncertainty is appropriaté:This should only be done by agre¢ment of the
ies involved.
metrological chain necessary to define and disseminate hardness scales is discussed in|ISO 6507-1.

Direct verification of the hardness testing machine
1 Calibration of the test foxce
combined relative standard\uncertainty of the test force calibration is calculated according to
hula (A.1):

2 2
F =\ UFRs T UFHTM (A1)
e
LIFRS is'the relative uncertainty of measurement of the force transducer (from the
calibration certificate);
egTM s the relative standard uncertainty of the test force generated by the hardnesk 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
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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:
— uncertainty of measurement of the force transducer (from calibration certificate): Urrs = 0,12 % (k = 2), and

— calibration value of the force transducer: Frs = 294,2 N,

the combingdTetative stamdard uncertainty of tietestforce catibration, oy, s tatcutated—according to

Formula (A.1) and as shown in Table A.2.

In Table A.1, the relative deviation is calculated according to Formula (A.2):
F, . —F,

AFrel,i,j =— 0 A.Z)
Frg

where Fjjis the test-force measurement value in the i-th height position of the j-th méasurement series.

The relative ptandard uncertainty is calculated according to Formula (A.3):

L S A.3
upgTM,i|= —— X (n=3,6=1,32) 3)

F; \n

where s igthe standard deviation of the test-force indication vahies in the i-th height position.
1

Table A.1 — Results of the test force calibration

Series 1 Series 2 Series 3 Relatjve
Number of Relative Relative . Mean Standard | standard
height posit | yaue | devia- | Value | dewia- |Value | R€1UVe | value | deviation | uncdr-
tion (i) for| tion tion deviation tainty
test force
calibration) | ., AFrelit | Fi2)*| AFreiz | Fi3 | AFreli3 Fi SF, UFHTpL !
N % N % N % N N
2947 0,170 2949 0,238 | 294,5 0,102 2947 0,200 0,52 x 103
2939 -0,102 294,5 0,102 | 294,6 0,136 294,3 0,379 0,98 x [10-3
293,1 <0,374 294,0 -0,068 | 293,7 | -0,170 293,6 0,458 1,19 x 10-3

In Table A.%, the uneértainty of the measurement of the test force is determined using the maxigpum
value of relgtive standard uncertainty, ugyry;, from Table A.1 (in this case, ugyry 3)-

10 © ISO 2018 - All rights reserved
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Table A.2 — Calculation of the uncertainty of measurement of the test force

Relative Relative Relative
. Estimated L Distribu- standard | Sensitivity .
Quantity limit . Symbol . . uncertainty
value tion type uncertain- | coefficient o
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 x10-3N
indication
Accuracy of
génerated ON 1% Normal UFHTM 1,19 x 10-3 1 1,19 x 10-3 N
force
Rela‘tive combined standard uncertainty, ug, % 0,133
Reldtive expanded uncertainty of measurement, Ur (k= 2), % 0,266

In Tqble A.3, the maximum relative deviation of the test force including the uncertainty of mgasurement
of thee reference instrument is calculated according to Formula (A.4) usingthe maximum abgolute value
of Akrel,ij from Table A.1 (in this case, AFrel 3,1)-

AFmax :‘AFrel,i,j

+Ug

uncertainty of measurement of the reference instrument

(A4)

Table A.3 — Calculation of the maximum relative deviation of the test force including the

Makimum relative deviation of

Expanded relative measure-

Max. relative deviation of|test force
including measurement uhcertainty

test force ment uncertainty of test force .
of reference instrument
AFrel3,1 Ur AF
max
-0,374 % 0,266 % 0,640 %

AFmhx is calculated according to Formula (A.5):

The

AF hax =|AFrel|+UF

(A.5)

meapurement of the reférence instrument specified in 5.4 amounting to +1,0 % is complied

A.22 Calibration of the diagonal measuring system

The

system isiealculated according to Formula (A.6):

result of the example) means that the deviation of the test force, including the ungertainty of

combined, relative standard uncertainty of the reference instrument for the diagonal

with.

measuring

22 o2 2
U= U RS+ 2> U s HHITT™ (A.6)
where

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

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

uputM  is the relative standard uncertainty of measurement of the diagonal measuring system of

the hardness testing machine.

© ISO 2018 - All rights reserved
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Regarding upms, 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-termstabitity-and
— interpdlation deviation,
do not exert an essential influence on the uncertainty of measurement of the stage micrometer.
EXAMPLE
For this example, five indication intervals are measured (0,05 mm, 0,10 mm, 0,20 mm, 0;30 mm and 0,40 mrh).

Using the reqults as shown in Table A.4 and the following information:

— uncertaipty of measurement of the stage micrometer: U,rs = 0,000 1 mm-~(k= 2)
— optical r¢solution of the microscope objective: 5or = 0,000 34 mm
NOTE Sor=A/(2xNA)
whefe
is the wave length of light in pm (approx} 0,55 pm for green light);
INA  is the numerical aperture of the objective.
EXAMPLE For a 100x objective with an NA of 0,8 using green light, Sor = 0,55 um/(2 x 0,8) = 0,34 gm.
The pbove optical resolution formula‘s valid for lighting inclined at large angles.
— resolutidn of the display indicator ef the measuring system: 6r = 0,000 1 mm;

— the resolution of the diagonalimieasuring system is calculated according to Formula (A.7):

5 =\/5§R +8% =0400035 mm A7)

the combinpd relative standard uncertainty of the reference instrument for the diagonal measyring
system, up |is ealculated according to Formula (A.6) and as shown in Table A.5.

In Table A .4 tireTetativedeviation Atrel) forthe=thimdicatiomr mtervat of thej-thmeasurementseries

of the stage micrometer is calculated according to Formula (A.8):

Li j—Lgs,

AL x100 (A.8)

rel,i,j = Lps.
)1

where

Lgs,i  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
J series of the stage micrometer.

12 © ISO 2018 - All rights reserved
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Table A.4 — Results of the calibration of the diagonal measuring system

2:2018(E)

Indication Series 1 Series 2 Series 3
Number of| interval Mean Standard
il_ldication value (i) of Value Relative Value Relative Value Relative value deviation
interval the stage deviation deviation deviation mm
micrometer
i LRs,i Lix ALrel it Li2 ALreli2 Li3 ALreli3 L; St
mm mm % mm % mm % mm
t 6,65 08,6506 0,660 09,6506 8,666 8,650+ 0,260 8;650-6 0,000 058
2 0,10 0,100 2 0,200 0,100 0 0,000 0,100 1 0,100 0,100 % 0,000 100
3 0,20 0,200 1 0,050 0,199 9 -0,050 0,200 1 0,050 0,26000 | 0,000 115
4 0,30 0,299 7 -0,100 0,300 1 0,033 0,300 1 0,033 09,3000 | 0,000 231
5 0,40 0,400 2 0,050 0,400 1 0,025 0,400 3 0,075 0,4002 | 0,000 100
The |standard uncertainty of measurement of the diagonal measuring~system, uy, is calculated in
accordance with Formula (A.6). The contributions to the calculation-are given in Table A.5 and
calcylated as follows.

The

intel

The
indi

The
acco

whe

val is calculated according to Formula (A.9):

u LRS/
2

relative standard uncertainty of measurement of the stage micrometer for the i-thh indication

© ISO 2018 - All rights reserved

HLRS,i = (A9)
Lgs,i
relative standard uncertainty due to the resolution of the diagonal measuring system| for the i-th
ation interval is calculated according to-Formula (A.10):
6ms
243
s j = ———— (A.10)
Lgs,i
relative standard uncertainty of the measurements of the i-th indication interval i§ calculated
irding to Formula (A.11):
N ; t
ILHTM,I' ::X—(n:3, t:1,32) (A.ll)
Liown
e
s, A_\is the standard deviation of the length measurement values for the i-th indicatior interval of
) the stage micrometer;
L is the mean length measurement value for the i-th indication interval of the stage micrometer.

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- A Estimat- . Sens.
. Distribu- Relative
tity tion tvpe ed value | Sym- standard coeff.
yp bol . Lgs,1 Lgs,2 Lgs,3 Lrs,4 Lgs,5
X, X ““Cefta)mty c, |(0,05mm) | (0,10 mm) | (0,20 mm) | (0,30 mm) | (0,40 mm)
u(xp
Stage ULRS/
microm-| Normal Lrs.i ULRS L 2 1 [1,00x10-3{0,50x10-3|0,25%10-3|0,17 x 10-3{0,13 x 10-3
’ ULRS,i =
eter LRS,I
Resolu-
tion of
the di- 5
agonal ) m%
meas- | Reftan- | 0,000 - /23| 1 [2,28x10-31,14 x 10-3|0,57 x 10-3| 0,38%10-3| 0,28 x|10-3
. ghlar 35mm Upgj =———
uring ’ LRs i
system ’
(include
twice)
Accura- s
cy of the ULHTM i _hi b
diagonall Wi a1 | Lpsy | wisTM L V|1 [0,88x10-3|0,26.510-3| 0,44 x 10-3| 0,59 x 10-3| 0,19 x|10-3
meas- (n=3,t=1,32)
uring
system
Relative combined uncertainty of measurement, uy, ;, % 0,349 0,185 0,095 0,081 0,046
Relative expapded uncertainty of measurement, Uy, ; (k = 2), % 0,697 0,370 0,190 0,163 0,093

In Table Al6, the maximum relative deviatien_ o0f the diagonal measuring system including| the
uncertainty of measurement of the length refétence instrument, ALyay ;, for the i-th indication intgrval
of the stage|micrometer is calculated according to Formula (A.12):

AL oy i|=max ALy ; |+ Uy (A.12)

max,i rel,i

where max ‘ALrel,i‘ is the maximum absolute value of the relative deviations ALyel;; for the| i-th

indication ipterval 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 deviation Maximum
deviation of the Expanded of diagonal measuring | permissible
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 | ment reference instrument 5.4
i Lgs,i Max| el i Uvi 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 %
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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 cycle

Whi

can

A3

By i
mac

the

NOT
the h

The
calctilated according to Formula (A.13):

whe

ile measuring with a usual time-measuring system (stopwatch), the uncertainty of an

pe indicated as 0,1 s. Therefore, an estimation of the uncertainty of measurement is'nof]
Indirect verification of the hardness testing machine

hine is checked and the repeatability, as well as the deviation of the Hardness testing m

teal hardness value, are determined.

L
[
M

In this annex, the index "certified reference material" (CRM)'means, according to the d
ardness testing standards, "hardness reference block".

uncertainty of measurement of the indirect verification of the hardness testing

(2 2 2 2
UHTM —\/UCRM +UCRM-p T UH T2XUpg
e

is the calibration uncertainty of the hardness reference block according to the
certificate for k=1;

{ICRM

is the hardness change of the hardness reference block since its last calibratio
drift (negligible-for use of the hardness reference block complying with the do

{CRM-D

incrM 1S the standard uncertainty of the hardness testing machine when measuring

is the-uneertainty due to the resolution of the diagonal measuring system of th
testihg'machine. Both the resolution of the length measurement indicating ins
andthe optical resolution of the measuring microscope shall be considered. In
cases, the overall resolution of the measurement system should be included tw
calculation of ugtym due to resolving the positions of both ends of the long diag]
independently.

Ums

pasurement
necessary.

hdirect verification with hardness reference blocks, the overall functien’ of the hardness testing

hchine from

efinitions of

machine is

(A.13)

calibration

h due to
cument);

the CRM;

e hardness
trument
most

rice in the
onal

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: Ucrm = 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):

© ISO 2018 - All rights reserved
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