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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Metallic materials — Leeb hardness test —

Part 3:
Calibration of reference test blocks

Thip part of ISO 16859 specifies a method for the calibration of reference test blocksthat a

the
acc

The

2
Thd
ind
refq

ISO

ISO
test

ISO

3

3.1

Attq

honpogeneity, stability®ftexture and uniformity of surface hardness.

Scope

indirect verification of Leeb hardness testers according to ISO 16859-2 and for the period
prding to ISO 16859-1.

procedures necessary to ensure metrological traceability of the calibrationmachine are als|

Normative references

following documents, in whole or in part, are normatively,referenced in this documsg

rences, the latest edition of the referenced document (ineluding any amendments) applig

16859-1, Metallic materials — Leeb hardness test — Part 1: Test method

ing devices
IEC 17025, General requirements for theccompetence of testing and calibration laboratorie
Manufacture of referencetest blocks

The block shall be specjally'manufactured for use as a reference test block.

ention is drawn to jthe“need to use a manufacturing process which will give the

[e used for

c checking

p specified.

nt and are

spensable for its application. For dated references, only the edition cited applies. F¢r undated

S.

16859-2, Metallic materials — Leeb hardness“test — Part 2: Verification and calibration of the

necessary

3.2| The unifornatity of the metallic reference test block shall meet the requirements specifiedl in 7.2 and
Table 3.

3.3| Therimpact nature of a Leeb test requires a reference test block with a minimum| mass and
thidkness, as specified in Table 1.

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

© IS0 2015 - All rights reserved 1
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Table 1 — Mass and thickness requirements of reference test block

Type of impact Minimum Minimum Mini
. - ] inimum 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
exceed 0,0

The maxinj
50 mm.

3.6 The

interfere wlith the mechanics of the indentation process.

The mean
[ is 0,80 m

3.7 Topt
subsequen
or printed

4 Calib

4.1 Gen

In addition
machine sH

4.2 Trac

4.2.1 Leqg
calibrate p
laboratorig

4.2.2 Th

maximum deviation from surface flatness of the top and bottom surfaces shall
| mm. The surfaces of the blocks shall not be convex.

um deviation from parallelism of the top and bottom surfaces shall not exceed 0,02 mm

est surfaces shall be free from damage, such as notches, scratches, oxide layers, etc., wi

surface roughness, Ry, [2] of the test surface(s) shall not exceed©,1 um. The sampling len
M (see SO 4287:1997, 3.1.9).

ovide evidence that no material is removed from the testsurface(s) of the reference test b
[ to calibration, the thickness at the time of calibration-shall be marked on the test surfac

ration machine

bral

to fulfilling the general conditions specified in ISO 16859-2:2015, Clause 3, the calibra
all also meet the requiremernts given in 4.2 to 4.4.

eability

rimary reference test blocks in Leeb hardness for accredited Leeb hardness calibra
s according'to ISO/IEC 17025.

b _ihstruments used for the verification and calibration of the Leeb hardness calibra

not

per

nich

ock

e(s)

bn the calibration certificate to an accuracy of 0,l.mm. Alternatively, a mark shall be placed on
both the top and bottom surfaces, see 8.1 e).

fion

b primary hardhess standard machines owned by national level institutions are usedl to

fion

fion

machine sh

allhe 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 ISO 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.

© ISO 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.

able 2—Leeb Irardness Tanges, minimumn repeatabitity, amd Hinmting errorof catipration
machines
Type of impact Leeb hardness range for Minimum Limiting ferror
device indirect calibration repeatability
HLa Wh Gy
% %
<500 1,0 +2,0
D, D+15 500 to 700 1,0 +1,5
>700 1,0 +1,0
<700 1,0 +2,0
DL, S 700 to 850 1,0 +1,5
>850 1,0 +1,0
<600 1,0 +2,0
C,E 600 to 750 1,0 +1,5
>750 1,0 +1,0
<450 1,0 +2,0
G 450 t0600 1,0 +1,5
>600 1,0 +1,0
a  |HLD for impact devices D, HLD+%5\for impact devices D+15, HLDL for impact devices DL, HLS for impact d¢vices S, HLC
for jmpact devices C, HLE for impatt devices E, HLG for impact devices G.
Ind{rect calibration comprises at least 10 readings on each reference test block.
4.414 Calculatiomeferror and repeatability of indirect calibration:
— 1
H=— >, M
R
whérne

H is the Leeb hardness mean value;

H; isthe single Leeb hardness reading.

1 n
bkF;ZHi—HCRM (2)
1

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

by is the error of Leeb hardness.

© IS0 2015 - All rights reserved 3
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In indirect

calibration, requirements concerning the limiting error of Leeb hardness are met when

Gy 2|by (H)|+ucgy

where
Gu

UCRM

Standard deviation, SH

SH =

Variation ¢
S

VH = ——}

H

In indirect

hardness are met when:

Wy 2V
where Wy

5 Calib

5.1 Refet
machines d

During cal

5.2 Refel
minimum
The refere
film shall s

S e

i

is the limiting error of Leeb hardness (see Table 2);

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

(3)

ion

(H;—H)*

1
n-1

oefficient, Vy

--100%

calibration, requirement concerning the minimum repeatability, Wy, (see Table 2) of L

H

s the minimum repeatability of Leeb hardhess (see Table 2).

ration procedure

ence test blocks are calibrated at a temperature of (23 + 5) °C using Leeb hardness calibra
onforming to Clause 4, using:the general procedure described in ISO 16859-1.

bration, thermal drift.shall not exceed 1 °C.

ence test blocks-are placed on a rigid steel plate of minimum thickness of 45 mm
ass of 45 kg,and whose contact surface has been ground to a flatness of 0,01 mm or be
e test blogkds coupled to steel plate using a thin plastic film (thickness <0,1 mm). The pl3
brve for @dhesion between the block and the steel plate.

6 Numll)er of test indentations

(4)

(5)

eeb

(6)

fion

and
[ter.
stic

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 Unifo

rmity of hardness

7.1 The Leeb hardness values of a test surface A of a reference test block are denoted H1, Hy, ..., H1g. If
the block has two test surfaces, the Leeb hardness values of test surface B are denoted H11, H12, .., H20.

The arithmetic mean value(s) from the Leeb hardness calibration Ha (and HB) are calculated using

Formula (7

4

) and Formula (8).

© ISO 2015 - All rights rese
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EA:Hl +H2 +...+H10
10

— H11+H12+...+H20
B:
10

(7)

(8)

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.

Sta

ndard deviation:

10 B
D (H;-Ha)’
1
TR 9
Hp 1 9
(10)
Varjation coefficient:
SH
V, =—2.100 in% (11)
Hp Ha
Vi =-MB.100 in % (12)
B HB
Table 3 — Maximum variation coefficient for reference test block calibrations
Type of ?mpact Leebhardness range of Maximum variation coeffi¢ient
device reference test block
HLa %
<500 2,0
D, D+15 500 to 700 1,5
>700 1,0
<700 2,0
BL,/S 700 to 850 1,5
>850 1,0
<600 2,0
CE 600 to 750 1,5
>750 1,0
<450 2,0
G 450 to 600 1,5
>600 1,0

a

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

©IS

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

02015 - All rights reserved
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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 ¢r mark of calibration agency;

e) thickn

f) yearo

8.2 The
surface A (

8.3 Refel

the followi

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

calibration, if not indicated in the serial number.

mark for test surface A (B) that is put on the side of the block shall be upright when the
B) is the upper face.

ng information:

a) areference to this part of ISO 16859, i.e. ISO 16859-3;

b) identiffication of reference test block;

c) single

d) measuy

hardness values, arithmetic means and variation‘coefficients of reference test block;

rement uncertainty of calibration;

e) date of calibration/date of issue.

9 Valid

Validity of
during cali

Validity of

ty

h reference test block is limited to the testing conditions and for the impact device type
pration.

the calibration should-be limited to five years. Attention is drawn to the fact that, for Al-

Cu-alloys, tlhe calibration validity should be reduced to two to three years.

test

ence test blocks shall hold accompanying documentation (a calibration certificate) provigling

sed

and

© ISO 2015 - All rights reserved
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Requirements for Leeb hardness calibration machines

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

Tahle A.1 — Requirements on parameter implementation for Leeb hardness calibrationy machines
e of impact device

Paifameter |Unit Typ p

D S E DL D+15 C G
Impact m/s 2,05 2,05 2,05 1,82 1,7 1,4 3,0
velgcity, va
Makimum m/s | +0,0025 +0,0025 +0,0025 +0,002 +0,002 +0,002 +0,005
limfting
devjiation
of impact
vel@city
Mass of g 545+ 540+ 5,451 7,25 7,75 31+ 20,0 +
impact 0,03 0,03 0503 0,03 0,03 0,03 0,03
body, m
Radius of mm | 1,5+0,003|1,5+0,008|71,5+0,003|1,39+0,003|1,5+0,003|1,5+0,003 2,5+
indpnter 0,003
ball, r
Material of WC-Coa Cb PCDc WC-Coa WC-Coa WC-Coa WC-Coa
indpnter
Vickers HV2 1600 + 1600 + >4500 1600+50 | 1600+50 | 1600+50 || 1600 +50
haridness of 50 50
indenter
a  |Tungsten-carbid€ cobalt.
b |Ceramics.
¢ |Polycrystalline diamond.
© IS0 2015 - All rights reserved 7
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NOTE
shown in IS

Annex B
(informative)

Measurement uncertainty of reference test block

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

B.1.1 Ca

support rjing

See ISO 16

B.1.2 Ca
See ISO 16

B.2 Indi
NOTE |

The overa
using prim

Leeb hardness calibration machine from the actualLeeb hardness.

The measuy
calculated

Ucm =N

where

UCRM-P

UxCRM-

In this Annex, “reference test block” is abbreviated a$\certified reference material (CRM)".

ibration and verification of geometrical parameters of impact body’and

859-2:2015, 4.3.

ibration and verification of signal of electronic unit

859-2:2015, 4.4.

rect calibration and verification of Leeb hardness calibration machine

| performance of Leeb hardness calibratioff machines is verified by indirect verifica
ary reference test blocks. Also, this is used to determine the repeatability and error of]

rement uncertainty for the indireet verification[3] of Leeb hardness calibration machir
according to Formula (B.1):

2 2 2 2
UCRM-P T UxCRM-1 T YCRM=D +%ms

is the ealibration uncertainty of primary reference test blocks according to the cal
bration certificate for k = 1;

isthe standard uncertainty due to the repeatability of Leeb hardness calibration
machine;

The structure of the metrological chain that is required to define and reproduce hardness scales is
016859.1:2015 Figure C1

fion
the

eis

B.1)

UCRM-D

Ums

EXAMPLE

primary reference test block:
uncertainty of measurement of primary reference test block:
temporal drift of primary reference test block:

resolution of measurement system:

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

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

(767 +5,0) HLD
UCrRM-pP = 2,5 HLD
ucrM-p =0

Sms =1HLD

1S the standard uncertainty due to the change oI Leeb hardness of primary reference

© ISO 2015 - All rights reserved
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Table B.1 — Results of indirect calibration

Z
=

Displayed Leeb hardness value

HLD

763

768

767

768

764

767

765

767

O |0 ([ ]|Uul|H | W|N |-

770

10

769

Mean value

76648

Standard deviation sxcrM-1

2,2

Standard measurement uncertainty

UxCRM-1

0,74

- SxCRM-1
UxCRM-1=" 1 (B.2)
X \/H
with Student’s t-factor t = 1,06 for n = 10:
UxckRM-1 = 0,74 HLD
Table B.2 — Components of measurement uncertainty
Standard e . . .
Quantity Estimated value | , measurement L. igg?flltcl::;}t, Con:lt:;?gat;g? to
uncertainty | Type of distri- u y
bution
X; X u(xi) e i(H)
! HBD HLD ! HLD
UCRM-P 767 2,5 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 0
Combined’measurement uncertainty ucm 2,62
Exganded measurement uncertainty Ucy (Where k = 2) 5,25
© IS0 2015 - All rights reserved 9
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B.3 Measurement uncertainty of reference test block

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

[ 2
UCRM =\ UCM FUxCRM-2 (B.3)

where
ucMm is the uncertainty of the Leeb hardness calibration machine;
UxcrRMI2 1S the standard measurement uncertainty due to inhomogeneity of Leeb hardnes$ of

reference test block across the surface.

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

No Calculated Leeb hardness value Hegry
HLD
1 764
2 770
3 768
4 768
5 765
6 770
7 766
8 767
9 772
10 771
Mean value 768,1
Standard deviation sxcrM-2 2,6
Standard measurementaheertainty 0,87
UxCRM2

Standard uncertainty CRM:

ISy crRM -2
UyxCRM2 = \/E

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

(B.4)

UxCRM-2 = (|),87 HLD

10 © IS0 2015 - All rights reserved
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