INTERNATIONAL ISO
STANDARD 16859-3

First edition
2015-09-15

Metallic materials — Leeb hardness
test —

Part 3:
Calibration of reference test blocks

Matériaux métalliques — Essai de dureté Leeb —

Partie 3: Etalonnage des blocs de référence

Reference number
150 16859-3:2015(E)

© 150 2015




ISO 16859-3:2015(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

© 1S0 2015 - All rights reserved

Comriaht | A e



1SO 16859-3:2015(E}

Contents Page
Foreword iv
1 Scope 1
2 Normative references 1
3 Manufacture of reference test blocks 1
4 Calibration hi 2
4.1 General 2

4.2 Traceability 2

43 Requirements on calibration machine: 2

4.4  Calibration of calibration machine: 3

5 Calibration procedure : 4
6 Number of test indentations 4
7 Uniformity of hardness. 4
8 Marking : 6
9 Validity 6
7

8

12

Bibliography 13

S01€ AN riohts reserved

e
ot e et o e T C

iii



ISO 16859-3:2015(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 ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the 1ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held respongible for identifying any or all such patent rights. Details of
any patent rights identified during the dexsl nt of the document will be in the Introduction and/or

on the IS0 list of patent declarations re www.iso.org/patents).

on given for the convenience of users and does not

Any trade name used in this documg
constitute an endorsement.

ind expressions related to conformity
he WTO principles in the Technical
pientary Information

For an explanation on the meaningFof 1SO sp
assessment, as well as informationabout, .
Barriers to Trade {TBT) see the follow;

The committee responsib
SC 3, Hardness testing.
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1S0 16859 consists of le Metallic materials — Leeb hardness test:

— Part 2: Verification'ti

— Part 3: Calibration ofré rence tésg blocks
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INTERNATIONAL STANDARD 1SO 16859-3:2015(E)

Metallic materials — Leeb hardness test —

Part 3:
Calibration of reference test blocks

1 Scope

This part of ISO 16859 specifies a method for the calibration of reference test blocks that are used for
the indirect verification of Leeb hardness festers according to 150 16859-2 and for the periodic checking
according to 1SO 16859-1.

The procedures necessary to ensure met raceability of the calibration machine are also specified.

2 Normative references

The following documents, in wh
indispensable for its application.

y referenced in this document and are
the edition cited applies. For undated
150 16859-1, Metallic m:

1S0 16859-2, Metallic;
testing devices

1S0/1EC 17025, G

3.1 The block shall be specially

Attention is drawn to the nee
homogeneity, stability of texture

anufacturing process which will give the necessary
ity of surface hardness.

3.2 The uniformity of the metallic reference test block shall meet the requirements specified in 7.2 and
Table 3.

3.3 The impact nature of a Leeb test requires a reference test block with a minimum mass and
thickness, as specified in Tablc 1.

NOTE Examples of common dimensions of reference test blocks are specified in Annex C.

NOMC ANl rights reserved 1
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ISO 16859-3:2015(E)

Table 1 — Mass and thickness requirements of reference test block

Type of impact Minimum Minimum -
. N . Minimum mass
devices thickness diameter
mm mm kg
D, DL, D+15,S,E, C 33 85 2,7
G 65 115 6,0

3.4 The reference test blocks shall be free of magnetism prior to calibration.

3.5 The maximum deviation from surface flatness of the top and bottom surfaces shall not
exceed 0,01 mm. The surfaces of the blocks shall not be convex.

The maximum deviation from parallelism of the top and bottom surfaces shall not exceed 0,02 mm per
50 mm. :

3.6 The test surfaces shall be free fro as notches, scratches, oxide layers, etc,, which

interfere with the mechanics of the inden ¢
test surface(s) shall

The mean surface roughness, Ry, [2] of t exceed 0,1 pm. The sampling length,

1, is 0,80 mm (see 1SO 4287:1997, 3.1.9)

3.7: To provide evidence that no materi
subsequent to calibration, the tl 5
or printed on the calibration g8
both the top and bottom sui

face(s) of the reference test block
1] be marked on the test surface(s)
rnatively, a mark shall be placed on

4 iCalibration ma

4.1 General

In addition to fulfilling the general co 3, the calibration
machine shall also meet the requireme; :
4.2 Traceability

4.2.1 Leeb primary hardness standard machines owned by national level institutions are used to
calibrate primary reference test blocks in Leeb hardness for accredited Leeb hardness calibration
laboratories according to ISO/1EC 17025.

4.2.2 The instruments used for the verification and calibration of the Leeb hardness calibration
machine shall be traceable to national standards.

NOTE A four-level structure of the metrological chain is necessary to define and disseminate hardness scales.
The metrological chain of hardness values obtained by the Leeb method is defined in SO 16859-1:2015, Figure C.1.

4.3 Requirements on calibration machines
4.3.1 Requirements on Leeb hardness calibration machines are given in Annex A.

4.3.2  The resolution of Leeb hardness calibration machines shall be equal to or better than 1,0 HL.

[SO 2015 - All rights reserved
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4.4 Calibration of calibration machines
4.4.1 Leeb hardness calibration machines shall be calibrated at an interval of <12 months.
4.4.2  Leeb hardness calibration machines shall comply with the requirements defined in Annex A.

4.4.3 Following direct calibration, an indirect calibration shall be conducted with at least three primary
reference test blocks that cover the complete range of the Leeb hardness scale, as defined in Table 2.

Table 2 — Leeb hardness ranges, minimum repeatability, and limiting error of calibration

machines
Type of impact Leeb hardness range for Minimum Limiting error
device indirect calibration repeatability
: Wy Gn
% %
L0 22,0
D,D+15 L0 15
L0 £1,0
22,0
DL,S 15
+1,0
22,0
CE 15
+1,0
22,0
G 15
+1,0

2 HLD for impact devices D, HLD+15 fr, impct d

for impact devices S, HLC
for impact devices C, HLE for impact deg! HLG

pact devices:G:

444
H &)
where
T is the Leeb hardness mean value;
H; isthe single Leeb hardness reading.
1
bH:;ZHl_HCRM @)
1

where
Hcrm  is the Leeb hardness of primary reference test block;

by is the error of Leeb hardness.

AICAINTE ANy
e @TEN IME ANl pightg reserved 3
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In indirect calibration, requirements concerning the limiting error of Leeb hardness are met when

Gy 2|by (H) +tcry 3
where
Gy is the limiting error of Leeb hardness (see Table 2);

ucrM  is the calibration uncertainty of primary reference test blocks according to the calibration
certificate for k= 1.

Standard deviation, sy

*

Variation coefficient, Vy

SH
vy =22 .100% (5)
U7y

In indirect calibration, requi 'eatability, Wh, (see Table 2) of Leeb

hardness are met when.
Wy =Vy ©

where Wy is the

5 Calibration pro

5.1 Reference test blocks are cali
machines conforming to Clause 4, u

iperature 6f (23 + 5]'“é using Egébrardness calibration
reral procedure described in IS0 16859-1.

During calibration, thermal drift sha! ed 1°C.

5.2 Reference test blocks are placed on a rigid steel plate of minimum thickness of 45 mm and
minimum mass of 45 kg, and whose contact surface has been ground to a flatness of 0,01 mm or better.
The reference test block is coupled to steel plate using a thin plastic film (thickness <0,1 mm). The plastic
film shall serve for adhesion between the block and the steel plate.

6 Number of test indentations

Leeb reference test blocks can be calibrated on both block surfaces (side A and side B). During a
calibration sequence, 10 indentations are made evenly distributed over the entire test surface for each
side. The calibration value is calculated as the arithmetic mean of 10 single readings. The calibration
value is assigned to the respective test surface.

7 Uniformity of hardness

7.1 The Leeb hardness values of a test surface A of a reference test block are denoted Hy, Hy, .., H1p. If
the block has two test surfaces, the Leeb hardness values of test surface B are denoted H11, H12, .., H2o.
The arithmetic mean value(s) from the Leeb hardness calibration Ha (and Hp) are calculated using
Formula (7) and Formula (8).

[SO 2015 - All rights reserved
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—  Hy+Hp+.+Hyg
Hp=—"*2—"—">= 7

T (7
Fipo it Hig et Hag ®

10

7.2 The variation coefficient provides the statistical parameter for the dispersion of the calibration
values. Validity of results for the variation coefficients is defined in Table 3.

Standard deviation:

)

(10)

an

12

D, D+15 15

1,0
2,0
DL,S 700 to 850 15
>850 1,0
<600 2,0
C.E 600 to 750 15
>750 1,0
<450 2,0
G 450 to 600 15
>600 1,0

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.

7.3 Estimation of measurement uncertainty for reference test blocks is given in Anncx B.

901E Al yights reserved 5
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8 Marking

8.1 Reference test blocks shall at least hold the following marks (preferably in form of an engraving on
the edge of the test surface):

a) arithmetic mean value from Leeb hardness calibration incl. specification of device type, e.g. 799 HLD;
b) name or mark of manufacturer or supplier of reference test block;
c) serial number;

d) name or mark of calibration agency;

e) thickness of reference test block or markings on both test surfaces, respectively (see 3.7);

f) year of calibration, if not indicated in theiggrial number.

8.2 The mark for test surface A (B) th
surface A (B) is the upper face.

the side of the block shall be upright when the test

8.3 Reference test blocks shall hold
the following information:

tion (a calibration certificate) providing

a) areference to this part of ISO 16:
i

b) identification of referenc

c) single hardness valu ficients of reference test block;
d) measurement unce

e) date of calibratio;

9 Validity

Validity of a reference test block is li or the iripiactdevice type used

during calibration.

Validity of the calibration should be lim ve years. Attention is drawn to the fact that, for Al- and
Cu-alloys, the calibration validity should be*#gduced to two to three years.

© IS0 2015 - All rights reserved
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Annex A
(normative)

Requirements for Leeb hardness calibration machines

A1 Leeb hardness calibration machines according to the principle of velocity
measurement

Table A.1 gives the requirements for Leeb hardness calibration machines.

Table A.1 — Requirements on paramgtex implementation for Leeb hardness calibration machines

Type of impact device
DL D+15 C G
1,82 17 1,4 3,0

Parameter |Unit D

Impact m/s 2,05
velocity, va

Maximum m/s +0,0025
limiting
deviation
of impact
velocity

+0,002 0,002 +0,005

Mass of
impact
body, m

775% 31+ 20,0 &
0,03 0,03 0,03

Radius of m;
indenter
ball, r
Material of
indenter

Vickers HVZ 1600 £ 50
hardness of 50
indenter

25+
0,003

1,39,£0:003

WC-Coa WC-Coa

1600 £ 50 | 1600 £ 50

a  Tungsten-carbide cobalt.

b Ceramics.

¢ Polycrystalline diamond.

ATCAnA1E AN G
i e s e a1 AN vights reserved 7
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Annex B
(informative)

Measurement uncertainty of reference test block

NOTE The structure of the metrological chain that is required to define and reproduce hardness scales is
shown in [SO 16859-1:2015, Figure C.1.

B.1 Direct calibration and verification of Leeb hardness calibration machines

B.1.1 Calibration and verification of geometrical parameters of impact body and
support ring i

See ISO 16859-2:2015, 4.3.

B.1.2 Calibration and verificgtisn of:sigtial of electronic unit

See ISO 16859-2:2015, 4.4.

B.2 Indirect calibration ahd ve n 0 rdness calibration machines

NOTE In this Annex, certified reference material (CRM)”".

The overall perform
using primary ref
Leeb hardness cal

chines is verified by indirect verification
determine the repeatability and error of the
hardness.

¢alibration machine is

(B.1)

UCRM-P is the calibration u inty of primary reference test blocks according to the cali-

bration certificate for k= 1;

UyCRM-1 is the standard uncertainty due to the repeatability of Leeb hardness calibration
machine;
UCRM-D is the standard uncertainty due to the change of Leeb hardness of primary reference

test blocks since the last calibration, due to drift;
Ums is the standard uncertainty due to resolution of measuring system.

EXAMPLE See Tables B.1,B.2, B.3,and B.4.

primary reference test block: (767 £ 5,0) HLD
uncertainty of measurement of primary reference test block: UCRM-P = 2,5 HLD
temporal drift of primary reference test block: UcrM-p=0
resolution of measurement system: Oms =1 HLD

[SO 2015 - All rights reserved
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Table B.1 — Results of indirect calibration

L-SxcrRM-1

HyxCRM-1 = \/;

with Student’s t-factor

txcrm-1 = 0,74 HLD

Nr Displayed Leeb hardness value
HLD
1 763
2 768
3 767
4 768
5 764
6 767
7 765
8 767
9 770
10 769
Mean value 766,8
Standard deviation 2,2
Standard measurement 0,74
UxCRM-1

(B2)

Quantity Estimatedvalue Type of disthl. Cl::“:::g:.‘;iig?ym
bution
X HLD G i
UCRM-P 767 Normal 1,0 2,5
UxCRM-1 0 0,74 Normal 1,0 0,74
Ums 0 0,29 Rectangular 1,0 0,29
UCRM-D 0 0 Triangular 1,0 [
Combined measurement uncertainty ucym 2,62
Expanded measurement uncertainty Ucm (where k = 2) 525

201C Al yjohts reserved
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B.3 Measurement uncertainty of reference test block

The measurement uncertainty of reference test blocksl3] is given by Formula (B.3):

2 .2
HeRM = VHCM T UxCRM-2 (B.3)

where
ucm is the uncertainty of the Leeb hardness calibration machine;
UxCRM-2 is the standard measurement uncertainty due to inhomogeneity of Leeb hardness of

reference test block across the surface.

Table B.3 — Determination of inhomogeneity of reference test block

Calculated Leeb hardness value Hcrm

764
770
768
768

Standard measurel
UxCR]

Standard uncertainty CRM:

1 S%CRM -2
HyCRM-2 = 0

using Student’s t-factor t = 1,06 and n = 10:

(B.4)

uxcrM-2 = 0,87 HLD

[SO 2015 - All rights reserved
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Table B.4 — Measurement uncertainty of reference test block

Leeb hardness of
reference test block

Inhomogeneity of
reference test block

Measurement
uncertainty of Leeb
hardness calibration

Expanded calibration
uncertainty of reference

. test block
machine
Herm UxCRM-2 ucu Ucrm
HLD HLD HLD HLD
767 0,87 2,62 5,52

with

o[z 2
UcrM =2VUCM +icRM-2

onac Al vights reserved
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Annex C

(informative)

Examples of reference test block

Table C.1 gives examples of common dimensions of reference test blocks.

Table C.1 — Mass and thickness of common reference test blocks

Other dimensions can be used, if the

NOTE Additional examples of refer
request, subject to proof of usability.[1]

12
Comuriaht Intemational Orasnisation for Standardization

Type of impact Minimum Minimum . .
. N . Minimum mass
devices thickness diameter
mm mm kg
D, DL, D+15,S,E, C 85 2,75
D, DL, D+15,S,E, C 115 2,7
G 115 6,0

uirements of 3.2 and 3.3.

© IS0 2015 - All rights reserved
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