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Foreword

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

Part 3:
Calibration of reference blocks

1 Ppcope

This|part of ISO 6506 specifies a method for the calibration of reference blocks to be used in [the indirect
verification of Brinell hardness testing machines as described in ISO 6506-2.

The [procedures necessary to ensure metrological traceability of the calibration machipe are also
spedified.
2 Normative references

The [following documents, in whole or in part, are normatively.referenced in this documpent and are
indigpensable for its application. For dated references, only‘the edition cited applies. Hor undated
references, the latest edition of the referenced document (including any amendments) appligs.

ISO B76, Metallic materials — Calibration of force-proving instruments used for the verification of uniaxial
testing machines

ISO $506-1:2014, Metallic materials — Brinell hardness test — Part 1: Test method

ISO $506-2:2014, Metallic materials — Brinellhardness test — Part 2: Verification and calibratipn of testing
machines

3 Manufacture of reference-blocks

3.1 | The block shall be spetially manufactured for use as a reference block.

NOTE Attention is drawn to the need to use a manufacturing process which will give the necessary
homggeneity, stabilitylefistructure, and uniformity of surface hardness.

3.2 | Each metalblock to be calibrated shall be of a thickness not less than
— [16 mm¥or 10 mm balls,

— [12mm for 5 mm balls, or

— 6 mm for smaller balls.

NOTE 12 mm for 10 mm balls can be used only if the hardness of the reference block is greater than 150 HBW.

3.3 The reference blocks shall be free of magnetism. It is recommended that the manufacturer shall
ensure that the blocks, if of steel, have been demagnetized at the end of the manufacturing process.

3.4 The flatness of the two surfaces and the parallelism of the reference block shall be in accordance
with Table 1.

© ISO 2014 - All rights reserved 1
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Table 1 — Requirements for the reference blocks

. Tolerance in Permissible surface roughness
. Tolerance in flatness . Raa
Diameter of ball parallelism
of the surfaces m
mm mm [
mm
over 50 mm Test surface Bottom surface
10 0,040 0,050 0,3 0,8
5 0,030 0,040 0,2 0,8
2,5 0,020 0,030 0,1 0,8
1,0 6,626 6,036 6,65 6,8
a  Samplinglength: /= 0,80 mm (see ISO 4287).

3.5 The test surface shall be free from scratches which interfere with the measurenient of the
indentationg (see Table 1).

3.6 To verify that no material is subsequently removed from the reference block, the thickness af the
time of calilpration shall be marked on it to the nearest 0,1 mm, or an identifying mark shall be made on
the test surface [see 8.1, item €)].

4 Calibnation machine

4.1 In addition to fulfilling the general requirements specified in ISO 6506-2:2014, Clause 3| the
calibration fnachine shall also meet the requirements given in{4:2 to 4.7.

4.2 The npachine shall be verified directly in intervals\nét exceeding 12 months.
Direct verifjcation involves

a) measurement of the test forces,

b) measurement of the diameter, hardness, and density of the indenter ball,

c) calibration of the indentation dianeter measuring device, and

d) measurement of the testing.cycle, if this is not possible, at least the force versus time behaviouy.

4.3 The ipstruments usédfor verification and calibration shall be traceable to the SI.

4.4 Each fest forece shall be measured a minimum of three times using an elastic proving devi¢
ISO 376 clags 0,5verbetter. For machines that apply the force by hydraulic or Weight systems, these
measuremej
its range o
where applicable) shall agree with the nomlnal value to w1th1n *0, 1 %.

4.5 The indenters shall be measured as specified in ISO 6506-2:2014, 4.3, and shall meet the size,
hardness, and density requirements given there.

4.6 The scale of the indentation diameter measuring system shall be graduated to read to 0,002 mm for
indentations made with 10 mm and 5 mm balls, and 0,001 mm for indentations made with balls of less
than 5 mm diameter.

The indentation diameter measuring system shall be calibrated against a standard scale ata minimum of
five intervals over each working range. The performance of the indentation diameter measuring system
(defined as the sum of the measured deviation from the standard scale and the expanded uncertainty of
the standard scale) in relation to the diameters of indentation shall be as given in Table 2.

2 © ISO 2014 - All rights reserved
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Table 2 — Performance of the indentation diameter measuring device

Diameter of indentation Performance
mm mm
d<1 +0,000 5
1<d<2,5 +0,0010
d=2,5 +0,002 0

4.7 The testing cycle shall conform to the testing cycle described in ISO 6506-1 and shall be timed with

an u

certainty less than +05 s

5 [alibration procedure
The reference blocks shall be calibrated in a calibration machine asdescribed in Clause 4, ata temperature
of (23 + 5) °C, using the general procedure described in ISO 6506-1. During calibration, the thermal drift
shoyld not exceed 1 °C.
The maximum velocity of the indenter immediately before it touchesthe surface of the tes{ block shall
be a$ specified in Table 3.
Table 3 — Maximum indenter approach velocity
Ball diameter Maximum velocity
mm mm-s-1
1 0,3
2,5 0,6
5o0r10 1,0
The fime from the initial application of force to the time the full test force is reached shall pe (7 £ 1) s.
The duration of the test force shall be- (14 + 1) s.
6 Number of indentations
On dach reference block, @tjleast five indentations shall be made, uniformly distributed ovdr the entire
test|surface. At least gne of the indentations shall be identified as a reference indentatipn [see 8.3,
item| e)].
NOTE Performing more than five indentations might reduce the measurement uncertainty.

© IS0 2014 - All rights reserved
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7 Non-uniformity of reference block

7.1 Letdy, dy, d3, d4, and ds be the values of the mean measured diameters of the indentations arranged

in increasin

g order of magnitude.

The non-uniformity of the block under the particular conditions of calibration is characterized by

R=ds5-dq (1)
and is expressed as a percentage of d
dc—d
R = 19095 -91) 2)
d
where
= dy{Hdy+ds+d,+d
e W e B S (3)
5
7.2 The rhaximum permissible value of non-uniformity of a reference Block shall be as specifi¢d in
Table 4.
Table 4 — Maximum permissible value of non-uniformity
- Maximum permissible value of
d non-uniformity, Rye
mm %
d <05 2,0
05<d <1 1,5
d >1 1,0
NOTE  For hardness values less than 225 HBW, the maximum permissible value of non-uniformity can be 2,0 %.
7.3 Methgds for determiningthe/uncertainty of measurement of hardness reference blocks are given in
Annex A angl Reference [6].
8 Marking
8.1 Each fefererice block shall be marked with the following:
a) 750;

b) name or mark of the supplier or manufacturer;

c) serialn

umber;

d) name or mark of the calibration agency;

e) thickness of the block or an identifying mark on the test surface (see 3.6);

f) year of

calibration, if not indicated in the serial number.

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

© ISO 2014 - All rights reserved
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8.3 Each delivered reference block shall be accompanied by a document giving at least the following
information:

a) areference to this part of ISO 6506 (i.e. ISO 6506-3);
b) the identity of the block;
c) the date of calibration;

d) the arithmetic mean of the hardness values and its associated uncertainty and the value
characterizing the non-uniformity of the block (see 7.1);

e) |nformation about the location of the reference indentation(s) and the orientations and yalues of the
measured diameters, together with the mean measured diameter(s).

9 Validity
The hardness-reference block is only valid for the scale for which it was calibrated.

The falibration validity should be limited to a duration of five years. Attention is drawn to the fact that,
for Al- and Cu-alloys, the calibration validity should be reduced to two to three years.

© IS0 2014 - All rights reserved 5
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Annex A
(informative)
ertainty of the mean hardness value of reference blocks

A.1 General
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A.2 Dire

A.2.1 Me

See ISO 6506-2:2014, Annex A.

A.2.2 Cal

See ISO 6506-2:2014, Annex A

A.2.3 Me

See ISO 6506-2:2014, Ahnex A.

A.2.4 Me

nt uncertainty analysis is a useful tool to help determine sources of error and to unders
between measured values. This annex gives guidance on uncertainty estimatipr’ bu
red are for information only, unless specifically instructed otherwise by the customer.

specified in this part of ISO 6506 for the calibration requirements of the reference block
ped and refined over a significant period of time. When determining a specific tolerance
e block needs to meet, the uncertainty associated with the use of méasuring equipmen

5 to all measurements associated with the manufacture and calibration of the refer

to assess compliance with this part of ISO 6506.

gical chain necessary to define and disseminate hardness scales is shown in SO 6506-1:2
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[bration of the indentation diameter measuring system
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astirement of the test cycle

tand
F the

have
that
r has

orated within this tolerance and it would therefore be inappropriate to make any further
br this uncertainty by, for example, reducing the tolerance by the'measurement uncertafinty.

ence

11so to all measurements made when performing a verification of the calibration machire. In
is simply the measured value resulting from the use of the specified measuring equipment

014,

See ISO 650

6-2:2014, Annex A.

A.3 Indirect verification of the calibration machine

NOTE In this annex, the index “CRM (Certified Reference Material)” means, according to the definitions of the

hardness tes

ting standards, “Hardness Reference Block”.

By the indirect verification with primary reference blocks, the overall function of the calibration
machine is checked and the repeatability as well as the deviation of the calibration machine from the
actual hardness value are determined.
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The uncertainty of measurement of the indirect calibration of the calibration machine follows from the
formula:

[ 2 2 2 2
Ucm = \/UCRMfP +UycrRM-1 TUCRM-D T Ums

(A1)

where
UCRM-P is the calibration uncertainty of the primary reference block according to the calibra-
tion certificate for k = 1;
: 21 rolasle £l Ll 4 |
[TXCRM-1 TSTtirerepeatantrity oT tinecartot attor MTacntire;

EXA

Prim

Uncse

Timg

Reso

drift;

ing system.

MPLE

ary reference block:

drift of the primary reference block:

rtainty of measurement of the primary reference block:

lution of the indentation diameter measuring system:

Table A.1 — Results of the indirect verification

LICRM-D is the hardness change of the primary reference block since its last calibratign due to

ims is the standard uncertainty due to the resolution of the indentatiéon diameter measur-

(591,7'+ 3,6) HBW 2,5/187,5
UcrM-1 = * 1,8 HBW 2,5/187,5
ucrm-p =0

ams = 0,1 um

Number Measu;ei::ni::::lr‘ltation Calculated hardness value
d H

mm HBW

1 0,630 5max 591,4min
2 0,6300 592,3

3 0,629 5nin 593,3max
4 0,629 7 5929
5 0,629 5 593,3
Mean value H 0,629 8 592,6
StamdarddeviatiorszCRM-T 6;060042 6,8t

HBW: Brinell hardness

L'SxCRM-1 _ 5 41

UyCRM-1 = Jn

(t=114forn=5)

© IS0 2014 - All rights reserved

(A.2)


https://standardsiso.com/api/?name=bf615753887f3fe055d5d8746f1bd904

ISO 6506-3:2014(E)

Table A.2 — Budget of uncertainty of measurement

Standard c e s .
Quantity Estimated value | uncertainty of Distribution Senfsfl_t 1y1ty Uncel_'lt)an_lty
measurement type coefficient contribution
Xi Xi u(xi) Ci ui(H)
HBW
UCRM-P 591,7 HBW 1,8 HBW Normal 1,0 1,80
UxCRM-1 592,6 HBW 0,41 HBW Normal 1,0 0,41
Ums 630,0 um 0,1 pm Rectangular | = 77 % 000/ 0,06
UCRM-I 0,0 HBW 0,0 HBW Triangular 1,0 0)0
Combined upcertainty of measurement, ucm 1,85
NOTE The sensitivity coefficient follows from:
oH N D+VD*-d* A3)
od il / D2 _ g2 :
for H=591,7lHBW, D = 2,5 mm, d = 0,630 0 mm.
A.4 Unc¢rtainty of measurement of reference blocks
The uncertainty of measurement of reference blocks follows from Formula (A.4):
UcrM = Y/UCM +UxCRM-2 [A.4)

where
UCRM
UxCRM-2
the reference block;
UcMm see Formula (A%1).

is the calibration uncertainty-of reference blocks;

is the standard uncertainty due to the inhomogeneity of the hardness distribution ¢f

Table A.3/~ Determination of the inhomogeneity of the reference block

Number Measuacie;illilr;(ti:ll}tation Calculated hardness valug
& H
mm HBW
1 0,630 4max 591,01 min
2 0,6301 591,60
3 0,629 4yin 592,92 max
4 0,629 6 592,53
5 0,629 7 592,34
Mean value H 0,629 8 592,08
Standard deviation sycrM-2 0,000 40 0,77
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