INTERNATIONAL ISO
STANDARD 16859-1

First edition
2015-09-15

Metallic materials — Leeb hardness
test —

Part 1:
Test method

Matériaux métalliques — Essai de dureté Leeb —

Partie 1: Méthode d'essai

Reference number
150 16859-1:2015(E)

© 150 2015

i




ISO 16859-1:2015(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2015, Published in Switzerland
Al rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photacapying, or posting on the internet or an intranet, without prior
weritten permission. Permission can be requested from either IS0 at the address below or 1S0’s member body in the country of
the requester:

15O copyright office

Ch. de Blandonnet 8 « CP 401

CH-1214 Vernier, Geneva, Switzerland

Tel. +41 22 749 01 11

Fax +41 22 749 09 47

copyright@iso.org

www.iso.org

s A © 150 2015 - Al rights reserved



1SO 16859-1:2015(E}

Contents Page
Foreword iv
Scope 1
2 Normative references 1
3 Principle 1
4 Symbols, abbreviated terms, and desi ions 1
5 Testing instrument. 3
6 Test piece 3
6.1 Shape 3
6.2 Thickness and mass 3
6.3 Surface preparation 4
Procedure 4
8 Uncertainty of the results; 6
9 Test report. 6
10 Conversions to other har 6
Annex A (normative) Tables of C_o‘rr s not conducted in direction
of gravity 7
Annex B (normative) 11
Annex C (informativg 12
Annex D (inform: 18
Bibliography | 20

1°n N1 E AN rights reserved

-
comriant i o 0TSO

SARRSLLY

iii



1SO 16859-1:2015(E)

Foreword

1S0 (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 1S0, also take part in the work.
1SO collaborates closely with the International Electrotechnical Commission (1EC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the 1SO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of SO documents should be noted. This document was drafted in accordance with the
editorial rules of the 1SO/IEC Directives, Par£2 (see www.iso.org/directives).

e elements of this document may be the subject of
dentifying any or all such patent rights. Details of
of the document will be in the Introduction and/or
ww.iso.org/patents).

Attention is drawn to the possibility thal
patent rights. ISO shall not be held resp
any patent rights identified during th
on the IS0 list of patent declarations

Any trade name used in this docum

oizthe convenience of users and does not
constitute an endorsement. :

For an explanation on the meanjng
assessment, as well as inforngition ah ( he WTO principles in the Technical
Barriers to Trade (TBT) s

The committee responsj ¥ i fechanical testing of metals, Subcommittee
SC 3, Hardness testing. i :

1S0 16859 consists eb hardness test:
— Part 1: Test method
—  Part 2: Verification and calibratio

— Part 3: Calibration of reference te:
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INTERNATIONAL STANDARD 1SO 16859-1:2015(E)

Metallic materials — Leeb hardness test —

Part 1:
Test method

1 Scope

This part of ISO 16859 covers the determination of a dynamic hardness of metallic materials using
seven different Leeb scales (HLD, HLS, HLE, HLDL, HLD+15, HLC, HLG).

2 Normative references

The following documents, in wholi
indispensable for its applicati
references, the latest edition of

re normatively referenced in this document and are

180 16859-2, Metallic materia
testing devices

150 16859-3, Metallic mat: alibration of reference test blocks

3 Principle

eeb, a movilig'tmpact body collides at normal incidence with a
the impact body is and after impact (vg).
) asures the dynamic
Leeb hardness of ¥ 5 anently deform.

The ratio of the impaét and rebiiund Velo
configuration and energy use: §
returned to the impact body wi

alues gives fhe i
nt represénts the“firéportio:
ct time of the impact.

fitution for the impact
f:ipitial kinetic energy

The hardness number according t L, is calculated as given in Formula (1)

HL="R .1 000 6}
Va

where
vg  isrebound velocity;
va isimpact velocity.

By definition, the Leeb hardness is a ratio and thus becomes a quantity without dimensions.

4 Symbols, abbreviated terms, and designations

4.1 For most common Leeb scale and type of impact devices, see Tablc 1.

NOTE Other parameter values can be used based on the specific agreement between the parties.

a01c Al rights reserved 1
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Table 1 — Symbols, dimensions, designations, and parameters of Leeb scales according to type
of impact devices

Parameters of types of impact devices
Da S E DL D+15 C G

Ep m] |Kinetic 11,5 11,4 11,5 11,95 11,2 3,0 90,0
impact

energyb
VA m/s |Impact 2,05 2,05 2,05 1,82 1,7 14 3,0
velacity

VR m/s |Rebound 0,615 - 0,82 - 0,615 - 1,1092- | 0,561 - 049- 09-2,25
velacity 1,824 5 1,886 1,886 1,729 1,513 1,344

mm  |Maximum 2,00 2,00 2,00 2,00 2,00 2,00 3,00
distance of
ball indenter
from test
piece surface
at velocity
measurement

M g |Massof 5,44
impact body
incl. ball
indenter

Symbol | Unit | Designation

5,45 7.25 775 31 20,0

R mm | Spherical 1;39 15 1,5 2,5
radius of
indenter b:
Material g : WC-Cac | WC-Co¢ | WC-Cot | WC-Cot
indenteg i

HL Leeb, | 5 HLDL HLD+15 HLC HLG

300 HLG -
750 HLG

4 Alternative common designation “DC”.
b (mpact vertically down, in direction of
¢ Tungsten-carbide cobalt.

d  Ceramics.

¢ Polycrystalline diamond.

4.2 The Leeb hardness number is followed by the symbol “HL’ with one or more subsequent characters
representing the type of impact device.

EXAMPLE 570 HLD

Leeb hardness, HL, is measured using impact device type D in direction of gravity. Measurements using
a different impact device type will deliver a different hardness number, as the result from Formula (1)
depends on the parameters of each impact device type.

For testing in other directions, the measured hardness number will be biased. In such cases, a correction
shall be applied in accordance with Annex A. If the test is not conducted in direction of gravity, the
testing direction and correction shall be recorded, and the adjusted hardness number shall be given as
the Leeb hardness result.

[SO 2015 - All rights reserved
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5 Testing instrument

5.1 The instrument used for Leeb hardness testing consists of an impact device (for an example, see
Anncx D) and an electronic measuring and indicating unit to determine the impact and rebound velocity
of the impact body.

5.2 The impact body consists of a spherical indenter and the holder of the indenter, see Table 1.

5.3 The supportring shall be mounted tightly to the bottom of the impact device. Except for impact device
type DL, the support surface shall be designed to prevent movement of the impact device during the test.

The support ring should be checked regularly, as wear can affect the readings. Specifically, the bottom
surface of the support ring should be visually inspected. Deposits and dirt should be removed.

5.4 The instrument shall meet the requirements of 150 16859-2.

6 Test piece

6.1 Shape

iverse shapes as long as the impact velocity

6.1.1 Leeb hardness testing cafibe done on test
g zsupport ring is stably placed on the test

vector is normal to the local surface regi
piece surface.

6.1.2 Test pieces wi
curvature at the test;]
impact devices, respi

6.1.3 Inallof]
test surface.

6.2 Thickness and'mass

Hetermined Ey the local thickne&s aiid the mass of the test
impact device to be employed (see Table 2).

The stiffness of the test piece, whig! ;
piece, shall be considered when

NOTE1 Failure to provide adequa will produce incorrect test results.

NOTE2  Test pieces of mass less than the minimum indicated mass or pieces of sufficient mass with sections
less than the minimum thickness require rigid support and/or coupling to a solid supporting body. Coupling refers
to a method where the test piece is firmly connected to a much heavier support without straining or stressing
the test piece. For example, an adhesive film can be applied between the test piece surface and the heavy support.
This combination presents a larger combined mass to resist the impinging impact body. The coupling method can
be used after comparison of the results with an uncoupled reference test piece of sufficient mass and thickness.

010 Al pights reserved 3

@ Ten
compiarg e o TR 2010 AT



1SO 16859-1:2015(E)

Table 2 — Mass and thickness requirements of test piece

Type of impact Minimum mass Minimum mass Minimum Minimum
devices (no rigid support) (rigid support) thickness thickness
(uncoupled) (coupled)
kg kg mm mm
D, DL, D+15,5,E 5 2 25 3
G 15 5 70 10
C 1,5 0,5 10 1
NOTE3  Special geometries of the test piece, e.g. thin slabs or tube surfaces, can require additional support of

the test location to also permit testing where the thickness of the test piece can be smaller than the minimum
thickness given in Table 2. For example on tubes, the support requirement can be expressed in terms of the ratio of
the tube diameter, D, to its wall thickness, s, (see References [2] to [4]}, which is a measure of the sample stiffness.
If no support can be applied, correction factors to the measured values can be determined in dependence of D/s
(see Reference [4]).

6.3 Surface preparation

The test surface shall be carefully prep:
grinding or by work hardening during

any alterations in hardness caused by heating during
:4tis recommended that the test surface be machined

coatings, scale, contaminants, or other
‘zhall be free from lubricants. The surface
ghness values, Rq, (also “centre line

thmetical mean surface
ughness

7 Procedure

7.1 The daily verification defined in Annex B shall be performed before the first test of each day for
each scale used.

7.2 In general, the test should be carried out at ambient temperature within the limits of 10 °C to
35 °C. However, because temperature variation can affect the results, users of the Leeb test can choose to
control the temperature within a tighter range, such as 23 °C £ 5 °C.

NOTE The temperature of the test material and the temperature of the hardness testing instrument can
affect the test results. The test temperature can adversely affect the hardness measurement.

7.3 Magnetic fields at the test location can affect the results of Leeb tests and must be avoided. Leeb
hardness tests can be found particularly susceptible to ambient electromagnetic fields in the frequency
range of a few kHz.

7.4 The test piece and impact device shall not be moved during a test. The supporting surface shall be
clean and free from contaminants (scale, lubricants, dirt, etc.).

SO 2015 - All rights reserved
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7.5 Vibration and relative motion of the test piece or the impact device during a Leeb test can affect the
test result and must be avoided.

7.6 An impact is best carried out when the distance between the centre of an indentation and the
edge of the test piece permits placement of the entire support ring on the test piece. In no case shall the
distance between impact point and edge of the test piece be less than 10 mm for impact device G, and
5 mm for impact devices D, DL, D+15,C, S, and E.

7.7 The distance between any two adjacent indentations centre-to-centre shall be at least three times
the diameter of the indentation. Table 4 gives the typical indentation diameters at various hardness
levels for the different types of impact devices.

NOTE As a practical estimation, this requirement will be met if the edge-to-edge distance between any two
adjacent indentations is at Jeast two times the diameter of the larger indentation.

Table 4 — Examples of i ] indentation sizes on steel of various hardness

Approximate diameters

Type ofimpact d

rdness mid hardness high hardness

0,45 mm 0,35 mm
t ~ 760 HLD at ~ 840 HLD

5 mm 0,35 mm
80 HLDL at~ 925 HLDL

70,45 mm 0,35 mm
765 HLD+15 | at ~ 845 HLD+15

0,45 mm 0,35 mm
at ~ 800 HLS at~ 875 HLS

0,45 mm
i 725 HLE

a  Qutof typical applicaton cange.

7.8 The impact device shall be hefg perpendicular to the surface of the test piece.

Prior to a test, the correct instrument set-up and settings in accordance with the manufacturer
instructions shall be verified. Any deviations exceeding 5° from the direction of gravity entail
measurement errors. For impact directions not in the direction of gravity, the test values shall be
adjusted (see 4.2 and Annex A).

7.9 Inits loaded state, the impact device shall be snugly placed on the prepared test surface, and the
impact triggered. Impact and rebound velocity are determined by the measuring and indicating unit and
a Leeb hardness number HL be generated.

7.10 To determine the Leeb hardness, the arithmetic mean value from at least three readings shall
be calculated. If the span of three readings exceeds 5 % of the arithmetic mean value, then additional
measurements shall be made to provide an average of at least 10 readings.

AIRAINIT A g
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8 Uncertainty of the results

The uncertainty of the results depends on the various sources of uncertainty. These can be divided into
two categories:

— sourcesdependenton the Leeb hardness testing instrument (including the measurementuncertainty
from the direct calibration of the instrument) as well as the calibration of the reference test block;

— sources dependent on the test method and varying testing conditions.

The permissible error of the testing instrument from IS0 16859-2:2015, Table 3 can be used to estimate
the expanded measurement uncertainty.

NOTE1 A thorough evaluation of the uncertainty of measurement can be performed following Reference [6].
NOTE2  Sometimes it is not possible to quant

However, an estimate of the uncertainty of ms
measurements on the test piece.

zgach aspect contributing to the uncertainty of measurement.
t can be derived from the statistical analysis of multiple

An example for the estimation of the uzh

9 Testreport

6859 or that have
impact direction
with reference to gravity; i

f) any events or peculiarities that an impact on the measurement;

g) testtemperature if it is not within thi ts of 10 °C to 35 °C.

10 Conversions to other hardness scales or tensile strength values

There is no general process for accurately converting Leeb hardness into other Leeb hardness scales
or ngn-Leeb hardness scales, respectively, or Leeb hardness into tensile strength. Such conversions,
therefore, should be avoided, unless a reliable basis for conversion can be obtained by comparison tests.

If it is necessary to check a given Leeb hardness value against a value gained by a different test method,
conversion from one hardness value to another or from a hardness value to a tensile strength value can
be obitained through a reliable basis of data from comparison tests. Conversions involve uncertainties
which must be taken into account. This situation is described in 1SO 18265 (see Reference [7]).

ASTM-International E140 {see Reference [8]) includes conversions from Leeb hardness to other
hardness scales for a group of steels. There is also a study of the relationship between Leeb hardness
and Vickers hardness (see Reference [9]).

SO 2015 - All rights reserved
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Annex A
(normative)

Tables of correction factors for use in tests not conducted in
direction of gravity

Tables A1 to A.7 (see Reference [10]) give the correction values when tests are not made in direction
of gravity. The correction values are tabulated in terms of the angle 8. The correction depends on cos 6,
where 8 is the angle between the impact direction and the direction of gravity, and the measured
hardness value.

NOTE For any given angles not sho e, the user can interpolate to obtain the correction value.

EXAMPLE Impact direction upw;  of @ = 135° to the direction of gravity.
Impact device, type

Measurement value,

Measured hardnes!
Impact direction
6=180°
300 < HLD <350 29
350 < HLD < 400 27
400 < HLD < 450 25
450 < HLD < 500 24
500 < HLD <550 22
550 < HLD < 600 ~20
600 < HLD < 650 19
650 < HLD < 760 18
700 < HLD < 750 17
750 s HLD < 800 16
800 < HLD <850 15
850 < HLD < 890 -2 -5 9 14
s 1en 901t AN yights reserved -
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Table A.2 — Impact direction corrections, impact device type S

Measured hardness

Correction
HLS

Table A.3 — Impactd

rection co

HLS Impact direction | Impactdirection | Impactdirection | Impactdirection
8=45° 6=90° §=135° 9=180"
400 < HLS < 450 -4 -9 -16 -23
450 < HLS < 500 -4 -8 -15 22
500 < HLS < 550 -4 -8 -14 -21
550 < HLS < 600 -4 -7 -13 -19
600 < HLS < 650 -3 -7 -12 -18
650 < HLS < 700 -3 -7 -12 -16
700 < HLS < 750 -3 -6 -11 -15
750 < HLS < 800 -3 -10 -14
800 < HLS <850 -3 -9 -12
850 < HLS < 900 -2 -8 -11
900 < HLS < 920 -2 -7 -10

Measured hardness

mpact direction

Impact direction

8=135° 6=180°
300 < HLE < 350 -26
350 < HLE <400 -24
400 < HLE < 450 =22
450 < HLE < 500 -21
500 < HLE <550 -20
550 < HLE < 600 -18
600 < HLE < 650 -17
650 < HLE < 700 -16
700 < HLE < 750 -15
750 < HLE < 800 -14
800 < HLE < 850 -3 -5 -9 -13
850 < HLE < 920 -2 -5 -8 -12
Table A.4 — Impact direction corrections, impact device type DL

Measured hardness

Correction
HLDL

HLDL Impact direction | Impactdirection | Impact direction | Impact direction
8 =45° 6=90° §=135° 6=180°
560 < HLDL < 600 -3 -6 -11 -16
600 < HLDL < 650 -3 -5 -9 -14
650 < HLDL < 700 -2 -5 -8 -13
700 < HLDL < 750 -2 -4 -7 -11

Q
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Table A.4 {continued)

Correction
Measured hardness HLDL
HLDL Impact direction | Impactdirection | Impactdirection | Impactdirection
8 =45° 6 =90° 8 =135° 6 =180°
750 < HLDL < 800 -2 -3 -6 -10
800 < HLDL < 850 -1 -3 -5 -9
850 < HLDL < 900 -1 -2 -4 -7
900 < HLDL < 950 -1 -2 -3 -6

Table A.5 — Impact direction corrections, impact device type D+15

Correction
HLD+15

Measured hardness

HLD+15 act direction | Impactdirection | Impactdirection

6 =90° 8=135° 6 =180°

330 < HLD+15 < 350 26 -38
350 < HLD+15 < 400 -25 -36
400 < HLD+15 < 450 23 34
450 < HLD+15 < 500 22 -32
500 < HLD+15 < 550.¢ 21 -30
550 < HLD+15 < 60f -20 -28

600 < HLD+15 < =27
650 < HLD+15; -25
700 < HLD+15 -24
750 < HLD+15 < 8 -22
800 < HLD+15 < 850 =21
850 < HLD+15 < 890 -20
Table A.6 —1I ction corrections, impact device type C
Measured hardness Correction
HLC
Impact direction | Impactdirection Impact direction Impact direction
6 =45° 8 =90° 8=135° 8 =180°

350 < HLC < 400 -7 -14

400 < HLC < 450 -7 -13

450 < HLC < 500 -6 -13

500 < HLC < 550 -6 -12

550 < HLC < 600 -6 -11

600 < HLC < 650 -5 -10 a a

650 < HLC < 700 -5 -10

700 < HLC < 750 -4 -9

750 < HLC < 800 -4 -8

800 < HLC < 850 -4 -7

850 < HLC < 960 -3 -6

2 Notusually used at these angles, carrection not known.

roranae  an g
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Table A.7 — Impact direction corrections, impact device type G

Correction
Measured hardness HLG
HLG Impact direction | Impactdirection | Impactdirection | Impactdirection
8=45° 8=90° §=135° 9=180"
300 < HLG < 350 -2 -5 -12 -18
350 < HLG < 400 -2 -5 -11 -17
400 < HLG < 450 -2 -5 -11 -16
450 < HLG < 500 -2 -5 -10 -15
500 < HLG < 550 -2 -5 -9 -14
550 < HLG < 600 -2 -5 -9 -13
600 < HLG < 650 -2 -5 -8 -12
650 < HLG < 700 -2 ' -5 -8 -11
700 < HLG < 750 -10

e A © 150 2015 - All rights reserved
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Annex B
(normative)

Procedure for periodic checking of testing instrument by the user

The performance of each instrument should be verified prior to use on each day the instrument is used,
in approximately each direction and at approximately each hardness level that is to be used.

Such periodic performance checking shall comprise at least three indentations on a reference test
block calibrated in accordance with ISO 16859-3. The reference test block should be chosen to have its
hardness close to the expected measured ¥alue, see Table B.1. The reference test block shall be placed on
arigid support. The indentations should iformly distributed over the test surface. The instrument
requirements: the difference between the mean Leeb
te test block shall be 5% of the mean Leeb hardness,
Leeb hardness. Any instrument not meeting these

hardness and the calibration value
and the maximum span shall be <!
requirements shall be subject to i

0
~&00 to 75!
> 750
<450
450 to 600
> 600

2 HLD for impact devices D, HLD+15 for impact devices
D+15, HLDL for impact devices DL, HLS for impact devices S,
HLC for impact devices C, HLE for impact devices E, HLG for
impact devices G.

901E Al yights reserved 11
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Annex C
(informative)

Uncertainty of the measured Leeb hardness values

C.1 General requirements

The approach for determining uncertainty presented in this Annex considers only those uncertainties
associated with the overall measurement performance of the Leeb hardness testing machine with
respect to the reference test blocks, abbrevigtéd as CRM (certified reference material) below. These
performance uncertainties reflect the comns effect to all the separate uncertainties (indirect
verification). Because of this approach, nt that the individual machine components are
operating within the tolerances. It is str nded that this procedure should be applied for a
maximum of one year after the successf} irect verification.

necessary to define and disseminate
rnational definitions of the various
ber of primary hardness standard
cks for the calibration laboratory
. Naturally, direct calibration and

hardness scales to carry out internatiorfal in
machines at the national level “produce!
P

International
level i

National leve

Calibration
laboratory level
Calibration mchine validated by
150163593

direct and indirect verifications

User level

Testing instrument validated by
1S016859-2

direct and indirect verifications

Hardness testing Direct
instruments verification

Reliable hardness
values

Measurement

test method procedures

Figure C.1 — Structure of the metrological chain for the definition and dissemination of
hardness scales

Measurement uncertainty analysis is a useful tool to help determine sources of error and to understand
differences in test results. This Annex gives guidance on uncertainty estimation but the values derived
are for information only, unless specifically instructed otherwise by the customer.

Most product specifications have tolerances that have been developed over the past years based mainly
on the requirements of the product but also, in part, on the performance of the tester used to make the
hardness measurement. These tolerances therefore incorporate a contribution due to the uncertainty
of the hardness measurement and it would be inappropriate to make any further allowance for this
uncertainty by, for example, reducing the specified tolerance by the estimated uncertainty of the
hardness measurement. In other words, where a product specification states that the hardness of an

SO 2015 - All rights reserved
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item shall be higher or lower than a certain value, this should be interpreted as simply specifying that
the measured and calculated hardness value(s) shall meet this requirement, unless specifically stated
otherwise in the product standard.

C.2 Procedures for calculating uncertainty of Leeb hardness measurement

€.2.1 General

This procedure calculates an expanded uncertainty U associated with the measured hardness value.
Two different approaches, M1 and M2, to this calculation are given in Tables C.1 and C.2, together with
details of the symbols used. In both cases, a number of uncorrelated standard uncertainty sources are
combined by the Root-Sum-Square (RSS) method and then multiplied by the coverage factor k = 2.

allowance for any possible drift in the tester performance
t:any such changes will be insignificant in magnitude. As such,
fter the tester’s calibration and the results included in the

NOTE This uncertainty approach m:
subsequent to its last calibration, as it assy
most of this analysis could be performed:
tester’s calibration certificate.

€.2.2 Bias of the tester

The bias b of a hardness tester (alggtermed “er
difference between !

— the mean hardn
calibration of the:

Additional information on calc
Reference [6]).

€.2.3 Method with consideratt ias (method M1)

The method M1 procedure for the determination of measurement uncertainty is explained in Table C.1.

The measurement bias b of the Leeb hardness testing instrument can be expected to be a systematic
effect. In GUM (see Reference [6]), it is recommended that a correction be used to compensate for
systematic effects, and this is the basis of M1. The result of using this method is either all determined
hardness values have to be reduced by b or the uncertainty Ucorr has to be increased by b. The procedure
for the determination of Ucorr is explained in Table C.1 (see References [11] and [12]).

901E Al yights reserved 13
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The expanded measurement uncertainty for a single hardness measurement is calculated as given in
Formula (C.1):

[2 2, 2
Uorr =K+ UCRM + Ufj + Uppns €y

where

ucpM is a contribution to the measurement uncertainty due to the calibration uncertainty of the
certified value of the CRM according to the calibration certificate for k = 1;

uH is a contribution to the measurement uncertainty due to the lack of measurement repeata-
bility of the Leeb hardness testing instrument, calculated as the standard deviation of the
hardness measurements when measuring the CRM;

ums  is a contribution to the me#
ness testing instrument

uncertainty due to the resolution of the Leeb hard-

The measurement result is given

Koo =(x=B) £ Uy €2
or by Formula (C.3):
Kucor =X £ Ugory €3)

depending on wh

When method M}
the Root-Sum-Sq

— the measured hardiieges
the calibration of the instrumgent, :
— the bias value of the instrun; ficantly throughout its calibrated range, or

nt from the material of the hardness reference test blocks
strument.

— the material being measured
used during the calibration of th

The calculations of these additional contributions to the measurement uncertainty are not discussed

here. In all circumstances, a robust method for estimating the uncertainty associated with b is required.

C.2.4 Method without consideration of bias (method M2)

As an alternative to method M1, method M2 can be used in some circumstances. Method M2 is a
simplified method which can be used without needing to consider the magnitude of any systematic
bias of the Leeb hardness testing instrument; however, method M2 usually results in larger values of
measurement uncertainty than method M1.

The procedure for the determination of U is explained in Table C.2.

Method M2 is only valid for Leeb hardness testing instruments that have passed an indirect verification
in accordance with ISO 16859-2 using the value AHypymay = ‘b‘ +Uyry  rather than only the bias value
b, when determining compliance with the maximum permissible error of the bias (see ISO 16859-2).

In method M2, the bias limit {the amount by which the machine’s reading is allowed to differ from the

reference test block’s value, as specified in ISO 16859-2) is used to define one component Unpe of the
uncertainty. There is no correction of the hardness values with respect to the bias limit.

e AL [SO 2015 - All rights reserved
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The combined expanded measurement uncertainty for a single future hardness measurement is
calculated as shown in Formula {C.4):

4

uy is a contribution to the measurement uncertainty due to the lack of measurement repeata-
bility of the Leeb hardness testing instrument;

Ums  isa contribution to the measurement uncertainty due to the resolution of the Leeb hard-
ness testing instrument;

Umpe  is the maximum permig; ror of the bias as specified in 150 16859-2.
The measurement result is giveﬁ

X=x+U €.5)
C.3 Presentation of m¢
When reporting the fireh
should also be spi

or M2) used to estimate the uncertainty

901E Al yights reserved 15
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Annex D
(informative)

Leeb hardness testing instruments

Commonly, an impact device consists of a load and release mechanism with induction coils on the one

hand, and a freely moving impact body on the other hand {see Figure D.1).

Key

1 ftrigger button 8
2 loading spring 9
3 loading tube 10
4 signal cable between indicating unit and coil 11
5  small support ring 12
6 large support ring 13
7  test piece

Figure D.1 — Schematic drawing of commeon impact device, shown before impact is triggered

spherical indenter tip

coil with coil housing
impact body

catch chuck

guide tube

impact spring

(impact spring under tension)
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1 permanent magnet (N-north pole, S-s

2 impact body
3 indenter tip
4 induction coil

NOTE For the symbols, see

Figure D.2
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