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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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The procedure s ITETTt and mded for y ET Iaitenar
described ip the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fo
different tyjpes of ISO document should be noted. This document was drafted in accordanee wit}
editorial rujes of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO draws attention to the possibility that the implementation of this document may\involve thg use
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(s). ISO takes no position concerning the evidence, validity or applicability of any clai
s in respect thereof. As of the date of publication of this document;"\JSO had not recq
patent(s) which may be required to implement this document. Howéver, implementer
hat this may not represent the latest information, which may be obtained from the p4d
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such patent]

ailable at www.iso.org/patents. ISO shall not be held responsible for identifying any ¢
rights.
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ame used in this document is information given for the convenience of users and doe
n endorsement.
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For an expllanation of the voluntary nature of standards, the meaning of ISO specific terms
expressiong related to conformity assessment, as well*as information about ISO's adhereng
the World |Trade Organization (WTO) principles in~the Technical Barriers to Trade (TBT),
www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 164, Mechanical testing of métals,
Subcommittee SC 3, Hardness testing, in colldbgration with the European Committee for Standardization
(CEN) Techpical Committee CEN/TC 459, ECISS - European Committee for Iron and Steel Standardizdtion,

in accordanice with the Agreement on technical cooperation between ISO and CEN (Vienna Agreemient).

This fourth
revised.

edition cancels and replaces the third edition (ISO 6508-3:2015), which has been technigally

The main clhanges are as follows:

remove
documyg

d all statements of requirements, permissions, and recommendations from the Scope of the
ent (Clause)l);

additioh of<Clause 3, Terms and definitions;

nter
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(Clause 5);
added a performance verification for the calibration machine and indenter (Clause 5);

added a requirement to conduct a control verification prior to the calibration of reference blocks
(Clause 6);

— added a normative Annex D for the control verification of the calibration machine (Annex D).
Alist of all parts in the ISO 6508 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html
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Metallic materials — Rockwell hardness test —

Part 3:

Ca

1

libration of reference blocks

cope

This| document specifies a method for the calibration of reference blocks to be used for

and

daily verification of Rockwell hardness testing machines and indenters, as specifiéd in

This| document also specifies requirements for Rockwell machines and indenters used for
reference blocks and specifies methods for their calibration and verification.

Atte

htion is drawn to the fact that the use of hard metal for ball indenters is considere

standard type of Rockwell indenter ball.

2
The

Normative references

condtitutes requirements of this document. For dated teferences, only the edition cited

und{

ISO

876, Metallic materials — Calibration of force-proving instruments used for the verificatio

testing machines

ISO
ISO

h508-1:2023, Metallic materials — Rockwell hardness test — Part 1: Test method

testing machines and indenters

No t
ISO

4

4.1

NOT

Terms and definitions
brms and definitioms-are listed in this document.
ind [EC maintainterminology databases for use in standardization at the following add

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

EC Electropedia: available at https://www.electropedia.org/

the indirect
[SO 6508-2.
calibrating

d to be the

following documents are referred to in the text in such a way that some or all of their content

hpplies. For

ited references, the latest edition of the referencedidocument (including any amendmerts) applies.

h of uniaxial

h508-2:2023, Metallic materials =~ Rockwell hardness test — Part 2: Verification and cqlibration of

resses:

Manufacture of reference blocks

The block shall be specially manufactured for use as a hardness-reference block.

E

homogeneity, stability of structure, and uniformity of surface hardness.

Attention is drawn to the need to use a manufacturing process, which will give the necessary

4.2 Each hardness reference block shall be of a thickness not less than 6 mm. To minimize the effect
of hardness change with increasing number of indents, thicker blocks should be used.

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

© IS0 2023 - All rights reserved
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4.4 The deviation from surface flatness of the top and bottom surfaces shall be <0,01 mm. The bottom
of the blocks shall not be convex. The deviation from parallelism of the top and bottom surfaces shall
be <0,02 mm per 50 mm.

4.5 The test surface and bottom surface shall be free from damage, such as notches, scratches, oxide
layers, etc., which can interfere with the measurement of the indentations. The surface roughness,
Ra, shall not exceed 0,3 pm for the test surface and 0,8 um for the bottom surface. Sampling length is
[=0,8 mm (see ISO 4287:1997, 3.1.9).

4.6 To verify that no material is subsequently removed from the reference block, the thickness at the
time of calilpration shall be marked on it, to the nearest U,1 mm, or an identilying mark shall be made on
the test surface [see 9.1 €)].

5 Calibnation machine and calibration indenter
5.1 Gendral

5.1.1 Calipbrations and verifications of Rockwell calibration machines and. calibration indenters $hall
be carried qut at a temperature of (23 + 5) °C.

5.1.2 Thelinstruments used for calibration and verification shall be traceable to national standards.
5.2 Dire¢t verification of the calibration machine

5.2.1 In I1ddition to fulfilling the conditions in ISO, 6508-2:2023, Clause 4, the calibration madhine
shall also npeet the requirements given in 5.2.2, 5.2.3,°5.2.4, 5.2.5, 5.2.6 and 5.2.7 determined by the
procedures|specified in ISO 6508-2:2023, Clause 5.

5.2.2 Thel machine shall be directly verified*annually, not to exceed 13 months. Direct verificgtion
involves caliibration and verification of the following:

a) testforfe;

b) measuring system;

c) testinglcycle; if this is notpossible, at least the force versus time behaviour.
d) machinfe hysteresistest.

5.2.3 The|test foree shall be measured by means of an elastic proving device (according to ISO B76)

class 0,5 o1 better and calibrated for reversibility, or by another method having the same or be¢tter
accuracy.

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

5.2.4 Each test force shall be measured and shall agree with the nominal preliminary test force, F, to
within £0,2 % and the nominal total test force, F, to within 0,1 %.

5.2.5 The measuring system shall have a resolution of 0,000 1 mm and a maximum expanded
uncertainty of 0,000 2 mm, when calculated with a confidence level of 95 % over its working range.

5.2.6 The testing cycle shall be timed with an uncertainty less than +0,5 s and shall conform to the
testing cycle of Clause 6.

2 © IS0 2023 - All rights reserved
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5.2.7 The average of the last three tests when evaluating the hysteresis of the calibration machine
shall indicate a hardness number of (130 + 0,5) Rockwell units when the regular Rockwell ball scales B,
E, F, G, H, and K are used, or within (100 * 0,5) Rockwell units when any other Rockwell scale is used.

5.3 Calibration diamond indenter

5.3.1 The geometric shape and performance of calibration diamond indenters shall be calibrated as
specified below. Direct verification of the geometric shape shall be made before first use. The condition
of the diamond shall be checked at frequent intervals using appropriate optical devices (microscope,

magnifying glass, etc.) as specified in ISO 6508-1:2023, Annex F.

Veri

annyally, not to exceed 13 months.

5.3.
fron
67,5

a)

b)

d)

fication of the indenter performance, as specified in 5.3.3, shall be made before fi

p

The diamond indenter shall be measured on atleast eight unique axial se€tion planes
each other (e.g. the eight cross-sections will be spaced approximately 22,5° apart at 0
,90° 112,5° 135° 157,5°), and shall meet the following requirements.

Che cone angle shall be measured adjacent to the blend. The diaiond cone shall h
ncluded angle of (120 * 0,1)°. In each measured axial segtion, the included ang
(120 + 0,17)°.

The mean deviation from straightness of the generatrix‘ef the diamond cone adjacent
chall not exceed 0,000 5 mm over a minimum lengthvof 0,4 mm. In each measured
Heviation shall not exceed 0,000 7 mm.

Che radius of the spherical tip of the diamond shall be measured adjacent to the blend. ]
have a mean radius of (0,200 + 0,005) mmgIn each measured section, the radius sha
(0,200 + 0,007) mm and local deviations from a true radius shall not exceed 0,002 mm.

NOTE The tip of the diamond indenter’is usually not truly spherical, but often varies in 1
ts surface. Depending on the crystallographic orientation of the diamond stone with respect to

hn increasingly flat or sharp surface in the central indenter axis region. The sphericity of the
Can be better evaluated by meéasuring multiple measurement windows of varying width. The 1
iwvindow would be bounded'by widths measured along a line normal to the indenter axis. For
following window sizes canbe evaluated:

between +80 pumrfrom the indenter axis;

between +60 um from the indenter axis;

betweelr #40 pm from the indenter axis.

ocation where the spherical tip and the cone of the diamond blend together will vary d¢

'st use and

equidistant
P, 22,5°, 45°,

hve a mean
le shall be

o the blend
section, the

"he tip shall
| be within

adius across
the indenter

hxis, diamond tends to preferentially) polish away more easily or with more difficulty at the tip, producing

diamond tip
neasurement
example, the

The surfaces of the cone and the spherical tip shall blend in a smooth tangential mpanner. The

tpending on

he‘values of the tip radius and cone angle. Ideally for a perfect indenter geometry, the

blend point

is located at 100 pm from the indenter axis measured along a line normal to the indenter axis. To
avoid including the blend area in the measurement of the tip radius and cone angle, the portion of
the diamond surface between 90 pm and 110 pm should be ignored.

e)

seating surface) shall be within 0,3°.

The inclination of the axis of the diamond cone to the axis of the indenter holder (normal to the

5.3.3 Calibration diamond indenters shall be performance verified by performing comparison tests
with reference diamond indenter(s) that meet the requirements of Annex C. Calibration diamond
indenters can be verified for use on either regular or superficial Rockwell diamond scales or both. The
test blocks used for the comparison testing shall meet the requirements of Clause 4 and be calibrated at
the hardness levels given in Table 1, Table 2, Table 3, or Table 4, depending on the scales for which the
indenter is verified. The testing shall be carried out in accordance with [SO 6508-1.

© IS0 2023 - All rights reserved
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NOTE The alternate hardness levels given in Table 2 are provided to accommodate indenters calibrated to
other International Standards. It is believed that calibrations conducted to Table 1 or Table 2 will yield equivalent

results.

For each block, the mean hardness value of three indentations made using the calibration diamond
indenter to be verified shall not differ from the mean hardness value of three indentations obtained
with a reference diamond indenter by more than +0,4 Rockwell units. The indentations made with
the calibration diamond indenter to be verified and with the reference diamond indenter should be

adjacent.

Table 1 — Hardness levels for indenters to be used for calibrating Rockwell regular and

superficial scale test blocks (A, C, D, and N)

Scale Nominal hard- Ranges
ness

HRC 23 20 to 26

HRC 55 52 to 58

HR45N 43 40 to 46

HR15N 91 88 to 94

Table 2 — Alternate hardness levels for indenters to be used for calibrating Rockwell regujar

and superficial scale test blocks (A, C, D;;and N)

Scale Nominal hard- Ranges
ness

HRC 25 22to 28

HRC 63 60 to 65

HR30N 64 60 to 69

HR15N 91 88 to 94

Table 3 — Hardness levels for indenters to be used for calibrating Rockwell regular scale test

blocks only (A, C, and D)
Scalé Nominal hard- Ranges
ness
HRC 25 22t0 28
HRC 45 42 to 50
HRC 63 60 to 65
HRA 81 78 to 84

Table 4 + Hardness levels for indenters to be used for calibrating Rockwell superficial scgle

test blocks only (N)
Scale Nominal hard- Ranges
ness
HR15N 91 88 to 94
HR30N 64 60 to 69
HR30N 46 42 to 50
HR45N 25 22to 29

5.4 Calibration ball indenter

5.4.1 The calibration tungsten carbide composite ball shall be replaced at a frequency no greater

than 13 months.

© IS0 2023 - All rights reserved
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5.4.2 Calibration tungsten carbide composite balls shall meet the requirements of ISO 6508-2, with
the exception of the following tolerances for the ball diameter:

5.5

+0,002 mm for the ball of diameter 1,587 5 mm;

+0,003 mm for the ball of diameter 3,175 mm.

Performance verification of the calibration machine and indenter

5.5.1 Performance verification involves verification of the calibration machine with the calibration

inde

5.5.
that

veri
only|

5.5.
with
each

5.5./
com
appl
inclu

5.5.5

perf
carr

ival

ent uncertainties. The comparisons shall be made by one or more of the following'pr

Lests on primary reference blocks calibrated by National Metrology Institutes;
ntercomparisons with National Metrology Institutes;

ntercomparisons with other Rockwell calibration laboratories havingdower or equiv
neasurement uncertainties, such as part of a Proficiency Testing (PT))program.

D

The calibration laboratory shall schedule the performance verification compa
at a minimum, the following number of Rockwell scales afe compared during each p
ication interval depending on the reference blocks calibrated by the laboratory. Comp
required for the scales that blocks will be calibrated in.the future.

PDne (1) regular Rockwell diamond scale (A, C, D)

PDne (1) superficial Rockwell diamond scale (15N, 30N, 45N)
Dne (1) 1,587 5 mm ball scale (B, F, G)

Dne (1) 3,175 mm ball scale (E, H, K)

B
in each of the hardness ranges specified by ISO 6508-2:2023, Table 1 (i.e. three hardne
Rockwell scale except two frardness levels for the HRHW scale).

I For each subsequent performance verification interval, the Rockwell scales ch
pared shall be differént scales than compared previously for each category listed in 5,
fcable scales are-Compared. Additional comparisons of previously compared scales
ded in additionto the required comparisons.

b Performance verification of the calibration machine with the calibration indent
brmed at least once annually, not to exceed 13 months. The verification measureme
édout at a temperature of (23 £ 5) °C.

ith lower or
ocedures:

hlent stated

risons such
erformance
arisons are

For each Rockwell scale to be compared, comparison tests shall be made at hardness levels

ss levels for

osen to be
5.2 until all
can also be

er shall be
hts shall be

5.5.6 The results of each comparison shall be evaluated by appropriate statistical techniques,

including calculating the normalized erro

I, E

» By

according to Formula (1):

E = HLab _HRef

n
[172 2
ULab + URef

© IS0 2023 - All rights reserved
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where

H Lab
H Ref
ULab

URef

is the measurement result of the calibration laboratory;
is the measurement result of the reference laboratory;
is the expanded uncertainty of the calibration laboratory’s measurement result;

is the expanded uncertainty of the reference laboratory’s measurement result.

5.5.7 The comparison results are considered satisfactory when the value of |E,.|<1 (i.e. greater than

or equal to

6 Refers

6.1 The d
determined

6.2 The 1
temperatur

During calil

6.3 Thev|

The velocit]

1 and less than or equal to +1).

ence block calibration procedure

alibration machine shall undergo control verifications as specified (i~ Annex D an
to be in-control prior to calibrating reference blocks.

eference blocks shall be calibrated in a calibration machine as‘specified in Clause 5,
e of (23 £ 5) °C, using the general procedure specified in ISO%6508-1.

pration, the thermal drift should not exceed 1 °C.

/ of the indenter, when it comes into contact with the surface, should not exceed 0,3 n

d be

at a

elocity of the indenter, when it comes into contact with the surface, shall not exceed 1 mm/s.

ym/s

for undampled systems.
6.4 Bring| the indenter into contact with the test surface and apply the preliminary test forcg
without shdck or vibration and without oscillation or overload of the test force. The application tim
of the prelininary test force, F, shall not exceed 2 s.
The duratiIl, Tp, of the preliminary testforce, F, shall be equal to (3 + 1) s, as shown in Formula (3
Ty =T, )2+ Ty =(3£1)s
where
T, isthe preliminary test force time;
T, isthe applcation time of preliminary test force;
T,m is théduration time of preliminary test force prior to measuring the initial indentation deq)th.

For testing machines that apply the preliminary test force in less than 1 s (T}), T,, can be calculated as

being equal

to Ty,

6.5 Bring the measuring system to its datum position, and without shock, vibration, oscillation, or
overload, apply the additional test force, F;.

For the regular Rockwell scale tests, apply the additional test force, F;, in 71% s. For all HRN and HRTW

Rockwell superficial test scales, apply the additional test force, F;, in less than or equal to 4 s. During
the final stage of the indentation process (approximately in the range of 0,8 F to 0,99 F), the indentation
speed should be in the range of 0,015 mm/s to 0,04 mm/s.

6.6 Thed

6

uration of the application of the total force, F, shall be equal to (5 + 1) s.

© IS0 2023 - All rights reserved
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6.7 The final reading shall be made (4 * 1) s after removing the additional test force, F, and returning
to the preliminary test force, Fj,.

7 Number of indentations

On each reference block, at least five indentations shall be made, uniformly distributed over the test
surface. The arithmetic mean of the hardness values characterizes the hardness value of the block.

To reduce the measurement uncertainty, more than five indentations should be made.

8 Uniformity of hardness

8.1 | For eachreference block, let H,, H,, H3, H,, ... H, be the values of the measured hatdnegs, arranged
in increasing order of magnitude.

The mean hardness value of all the indentations is defined according to Formula (3):

—~ H,+H,+H;+H,+..+H

n

whele

f,, Hy, H3, H,, H

, are the hardness values corresponding to all the indentations arranged in in-

creasing order of magnitude;
n is the total number of indentations.

The non-uniformity, R, of the block in Rockwell units, under the particular conditions of cdlibration, is
charfacterized by Formula (4):

R=H, —H @)

8.2 [ The maximum permissjble*value of non-uniformity, R, of a reference block in Rockwell units is
giveh in Table 5 and is graphically presented in Annex A.

Table 5 — Maximum permissible value of non-uniformity

Rockwell'‘hardness scale Maximum permissible value of
non-uniformity, R 2

A 0,015 (100 - E) or 0,4 HRA Rockwell units
B 0,020 (130 - E) or 1,0 HRBW Rockwell units
C 0,010 (100 - H) or 0.4 HRC Rockwell nnits
D 0,010 (100 - ﬁ) or 0,4 HRD Rockwell units
E 0,020 (130 - E) or 1,0 HREW Rockwell units
F 0,020 (130 - E) or 1,0 HRFW Rockwell units
G 0,020 (130 - H) or 1,0 HRGW Rockwell units
H 0,020 (130 - E) or 1,0 HRHW Rockwell units
K 0,020 (130 - ﬁ) or 1,0 HRKW Rockwell units

15N, 30N, 45N 0,020 (100 - H) or 0,6 HR-N Rockwell units

15T, 30T, 45T 0,030 (100 - H) or 1,2 HR-TW Rockwell units

a2 The greater of the two values shall apply.

©1S0 2023 - All rights reserved 7
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8.3 The uncertainty of measurement of the hardness reference blocks shall be calculated. An example
method is given in Annex B.

9 Marking

9.1 Each reference block shall be marked with the following:

a)
b)
‘)
d)
e)
f)

9.2 Any mark put on the side of the block shall be upright when the test surface is the upper face

10 Calibn
Each delive
information):
a) referen
b) identity
c) date of
d) individ
e) arithm
f) wvaluec
g) statem
11 Validi
The hardne

The calibra
for Al-alloy

arithmetic mean of the hardness values found in the calibration test. For example, 66,3 HRC;

name or mark of the supplier or manufacturer;

serial V\tmber
name of mark of the calibration agency;

thicknsd

year of

ss of the block, or an identifying mark on the test surface (see 4.6);

calibration, if not indicated in the serial number.

ation certificate

red reference block shall be accompanied with a degument giving at least the folloy

ce to this document (i.e. ISO 6508-3:2023);

r of the block;

calibration;

hal calibration results;

btic mean of the hardness values;

haracterizing the non-uhiformity of the block (see 8.1);

ent of uncertainty:

Ly

5s reference block is only valid for the scale for which it was calibrated.

ion validity should be limited to a duration of five years. Attention is drawn to the fact
anmd Co Sllove thn ooty oolidiryy ol d b e o d o +henn oo ec

ving

that,

(Cessicmercy artoy S, crrc CatIToTacItoTT vuulul\._y €otreroe-freatceatotnree yoar Sy

The calibration result is only valid for the reference block at the time of calibration. The hardness of the
block can be changed by repeated test on the block and attention shall be drawn to the fact that it might
not be negligible when the number of indentations is large.

© IS0 2023 - All rights reserved
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Annex A
(informative)

Uniformity of reference blocks

Maximum permissible values of non-uniformity, R, in Rockwell units are given in Figure A.1 and
Figure A.2.

Y,
; HRBW
HREW
HRFW
HRGW
~_ HRHW
HRKW
2
R =0,02,(130-H)
\
1 —
— &0,015(100-1{)
T HRA
R =0,01 (100-H)
HRC . HRD
0 i ' i I
10 20,°30 40 50 60 70 |80 90 | 100
| | HRA | | | X
| | HRC | | || HREW
HRD || HRHW |
HRFW I
HRGW |
' HRKW '
HRDbVW

Key
X Rockwell hardness
Y non-uniformity, R

Figure A.1 — Rockwell hardness (scales A, B, C, D, E, F, G, H, and K)
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Y
3
2
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Figure A.2 — Rockwell'superficial hardness (scales N and T)
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Annex B
(informative)

Uncertainty of the mean hardness value of hardness-reference
blocks

B.1| General

Meapurement uncertainty analysis is a useful tool to help determine sources of error and tojunderstand
diffdrences between measured values. This annex gives guidance on uncertainty-estimation, but the
methods contained are for information only, unless specifically instructed otherwise by the customer.
The friteria specified in this document for the calibration requirements of thereference blogk have been
devdloped and refined over a significant period of time. When determining a specific tolerapce that the
refefence block needs to meet, the uncertainty associated with the use of measuring eqyipment has
beer) incorporated within this tolerance and therefore, it would be inappropriate to make fany further
allowance for this uncertainty, for example, by reducing the tolerance by the measurement fincertainty.
This| applies to all measurements associated with the manufacture and calibration of the reference
blocks and also to all measurements made when performing aerification of the calibrationfmachine. In
each case, it is simply the measured value resulting from the use of the specified measuring equipment
that|is used to assess compliance with this document. However, there might be special circumstances
where reducing the tolerance by the measurement uncértainty is appropriate. This should dnly be done
by agreement of the parties involved.

NOTE The metrological chain necessary to definte and disseminate hardness scales is shown in [[SO 6508-1.

B.2| Direct verification - uncertainty of calibration of machine components

B.2.1 Calibration and verification of the test force and depth-measuring system

Refefr to ISO 6508-2 for information on the uncertainty of measurement of the calibration r¢sults of the
hardness testing machine:

B.2.2 Verification-of the indenter and test cycle

Refefr to SO 650852 for information on the uncertainty of measurement of the calibration r¢sults of the
hardness testing machine.

B.3| dndirect verification - uncertainty of calibration of calibration machine

NOTE1 In this annex, the index “CRM-P (certified reference material-primary)” means “primary hardness
reference block”.

NOTE 2  The result of indirect verification is used for the evaluation of the uncertainty of calibration of the
hardness calibration machine.

By indirect verification with primary hardness-reference blocks, the overall function of the hardness-
calibration machine is checked. The repeatability of the hardness-calibration machine and the
deviation of the hardness-calibration machine’s measurement of hardness from the true hardness
value are determined. For the indirect verification of the hardness-calibration machine, the difference,
or bias, by, between the average hardness of the primary hardness-reference block measured by the
hardness-calibration machine and the corresponding certified value of the primary hardness-reference
block is calculated and reported. The indirect verification verifies whether the bias is within specified
maximum permissible limits. Consequently, the following is a procedure to calculate the uncertainty

©1S0 2023 - All rights reserved 11
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of the bias value of the hardness-calibration machine measurement with respect to the true average

hardness of

the primary hardness-reference block.

The uncertainty of the measurement of the bias of the hardness-calibration machine is calculated from

the indirect

verification results using Formula (B.1):

_[2 2 2
Uycm = \/ UCRM-P TUHCRM-P t Ums

where

(B.1)

UcRM-p

UycRM-H

EXAMPLE

Primary-har
Expanded uy
Resolution o

Five HRC m

byem =

UCRM-P

UHCRM-H

where sycpy

certificate for k=1;

measurements when measuring the primary hardness-reference lilock;

bration machine.
(ness reference block (CRM-P) Hepyw.p = 45,40 HRC

Fthe hardness-calibration machine §,,,=0,01 HRC

pasurements are made on the CRM-P, asc;shown in Table B.1.

{1 — Hepm-p

| Ucrm-p
2

_ EXSHcRM-P

~ n

ns

6

.pAs the standard deviation of the indirect verification measurements.

1S a contribution to the measurement uncertainty due to the calibration uncertain
the certified value of the primary hardness-reference block, according to the calibrg

is a contribution to the measurement uncertainty due to the lack of measurenient repg
bility of the hardness-calibration machine and the hardness non-uniformity of the prir
hardness-reference block, calculated as the standard deviation of the fmean of the hardhness

is a contribution to the measurement uncertainty due to the resolution of the hardness-

Indirect verification of the Rockwell C scale (~ 45 HRC) of the ‘hardness-calibration machine

certainty of the certified value of the CRM-R:U¢ry-p = 0,24 HRC (from calibration certifi

Ly of
ition

bata-
hary

cali-

cate)

B.2)

B.3)

B.4)

B.5)

Table B.1 — Results of the indirect verification

No. Measured hardness value H, HRC2
1 45,65
2 45,52
3 45,51
4 45,58
5 45,61

a  HRC: Rockwell C scale hardness.
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Table B.1 (continued)
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No. Measured hardness value H, HRC2
Mean value, H 45,57
Standard deviation, sycgpm-p 0,059
Standard uncertainty of measurement, uycgpm.p 0,030

a  HRC: Rockwell C scale hardness.

From the given indirect verification parameters and Table B.1:

tov = H=Hemy =(45,57=45,40HRC=0, 17 HRC
U
CRM_p = % =0,12HRC
Forp=5,t=1,14
txs _p 1,14x0,059
icRM_p =~ A= ~0,030 HRC
Jn J5
1
Uins :Ex&ns =0,004 HRC
Table B.2 — Budget of uncertainty of measurement bias
. Standard . Standard .
Quantity Estimated uncertainty of |Distribution Sen51.t 1y1ty measurement llncel_'talr_lty
value coefficient . contribution
X; measurement type uncertainty
i X c; u;(H)
! u(x,) ! symbol !
Certified value of
45,40 HRC 0,12.HRC Normal 1,0 Ucra.p D,120 HRC
CRM-P
Hardness
ca ‘bziti‘r?: Ma~ 1 4540 HRC ([}~ 0,030 HRC Normal 1,0 UnCRMP D,030 HRC
mpasurement
JHardness
ca ‘bziti‘r‘l’: ma- OHRC 0,004 HRC | Triangular 1,0 U, D,004 HRC
Fesolution
Contbined unceytainty of bias value, uycy 0,124 HRC
Exppnded-.uncertainty of bias value, Uycy (k= 2) 0,247 HRC

© IS0 2023 - All rights reserved
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B.4 Uncertainty of the certified value of hardness-reference blocks

B.4.1 General

The combined expanded uncertainty of the measurement of a calibrated hardness-reference block is

calculated using Formula (B.6):

Ucrm =

(

2 2 2
kx \/“HCRM +Ums HUheM

B.6)

When measurements made using the hardness-calibration machine are not corrected for bias, bycwm,

then the cel
calculated v

HcrM 3

When measg
the certifie
are calculat

(ECRM'
where

Ugcrm

Uyem

bHCM

EXAMPLE

Bias of hardipess-calibratioh machine (~ 45 HRC) byy = 0,17 HRC

Combined st

Resolution o

s a contribution to the measurement uncertainty due’to the lack of measurement repeatal
bf the hardness-calibration machine and the non-uniformity of the CRM block being calibr

s a contribution to the measurement uncefitainty due to the resolution of the hardnessH
bration machine;

s a contribution to the measurementuincertainty due to the standard uncertainty of the
brcv, Mmeasurement generated by.the hardness-calibration machine [this value is reportg
h result of the indirect verification specified above, see Formula (B.1)];

s the bias between the average hardness of the primary hardness-reference block meas
by the hardness-calibration machine and the corresponding certified value of the priy
hardness-reference’block.

hndard Uncertainty of bias value (~ 45 HRC) uycy = 0,124 HRC

[ the hardness-calibration machine 6, =0,01 HRC

tified value of the calibrated hardness-reference block, and the associated uncertainty are
sing Formula (B.7):

(Ucrm +brcml) B.7)
urements made using the hardness-calibration mach_ine are correctedHor bias, by, then
1 value of the calibrated hardness-reference block, Hcrm and the @ssociated uncertginty
ed using Formula (B.8):

-bucwm ) +Ucrm B.8)

ility

hted;

cali-

bias,
bd as

hred
hary

Five calibration HRC measurements are made on the hardness-reference block, as shown in Table B.3.

)
UHCRM =$ (B.9)
o)
U = \‘/“gs (B.10)
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Table B.3 — Results of the calibration of the hardness-reference block

No. Measured hardness value, H, HRC

1 43,22

2 43,30

3 43,23

4 43,37

5 43,40

Mean value, ECRM 43,30
Standard deviation, Sycru 0,081

From the given indirect verification parameters and Table B.3:

tXSHCRM _ 1,140,081

Jn J5

MHCRM = =0,041HRC

1
=7

B.4.2 Budget of uncertainty of certified value of hardness-reference blocks (see
Tables B.4 and B.5)

f X0, =0,004 HRC

Table B.4 — Budget of uncertainty of measurement

Esti d Standard Sensitivi Standard .
Quantity stmated | b tribution uncertainty of ensitivity | o easurement | Ujicertainty
value coefficient . contribution
X; type measurement uncertainty
Xi u(x) Ci symbol U;
Hardness
callbrationma- | 3 35 ype | Normal 0,041 HRC 1,0 T ,041 HRC
chine
me¢asurement
Hardness
cal bi;tllr?: Ma= | o HRe Triangular | 0,004 HRC 1,0 Uy (0,004 HRC
1lesolution
Hardness
callbration ma- 0,17 HRC Normal 0,124 HRC 1,0 UheM ,124 HRC
hine bias
Stanjdard uncertainty of certified value of a calibrated hardness-reference block, ucpy 0,131 HRC
Exppndéd\uncertainty of certified value of a calibrated hardness-reference block, Ucpy (k = 2) (b,261 HRC

Table B.5 — Uncertainty of certified value of the hardness-reference block

Certified val Expanded Hardness E ded . £
. el;tlll 1€ d value uncertainty of | calibration ma- Xpanae fi ucrllcell'taln;y o
Quantity of hardness measurement chine bias certified value o
reference block U b hardness-reference block
CRM HCM
HCRM(Uncorr) 43,30 HRC 026 HRC 017 HRC 0,43 HRC
Uncorrected (HCRM ) ‘ ' (Ucrm +|bHCM |)
HCRM(Corr) 43,13 HRC 0.26 HRC 047 HRC 0,26 HRC
Corrected (HCRM _bHCM) ' ' (Ucrm )
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