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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 2:
Verification and calibration of testing machines
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cope

part of ISO 6506 specifies methods of direct and indirect verification of testing thachij
rmining Brinell hardness in accordance with ISO 6506-1, and also specifies when these
ication has to be performed.

direct verification involves checking that individual machine performance parameter;
ified limits whereas the indirect verification utilizes hardness meagurements of refer¢
rated in accordance with ISO 6506-3, to check the machine’s overall,performance.

testing machine is also to be used for other methods of hardness testing, it has to
pendently for each method.

part of ISO 6506 is applicable to both fixed location and'portable hardness testing m
hines that are incapable of satisfying the specified force:time profile, the direct verifica
Lesting cycle can be modified by the use of Annex B:

Normative references

following documents, in whole or in part, are normatively referenced in this docum
pensable for its application. For dated references, only the edition cited applies. H
ences, the latest edition of the referenced document (including any amendments) appli

B76, Metallic materials — Calibration of force-proving instruments used for the verificatio
g machines

h506-1:2014, Metalliematerials — Brinell hardness test — Part 1: Test method
b506-3, Metallic materials — Brinell hardness test — Part 3: Calibration of reference block

h507-1, Metallie materials — Vickers hardness test — Part 1: Test method

General conditions

BeforeZd Brinell hardness testing machine is verified, the machine shall be checked to ensy

nes used for
wo types of

fall within
bnce blocks,

be verified

hchines. For
Fion of force

ent and are
or undated
bS.

n of uniaxial

re that it is

properly set up in accordance with the manufacturer’s instructions.

Especially, it should be checked that

a)
b)

)

the mount holding the ball-holder slides correctly in its guide,

every ball-holder with a ball used during the calibration is firmly held in the mount,

the readings are not influenced, and

d)

if the indentation diameter measuring system is integrated into the machine,

the test force is applied and removed without shock, vibration, or overrun and in such a manner that

— the change from removing the test force to measuring mode does not influence the diameter

measurements,
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the

— the

illumination does not affect the diameter measurements, and

centre of the indentation is in the centre of the field of view, if necessary.

4 Direct verification

4.1 General

4.1.1 Directverification should be carried out at a temperature of (23 + 5) °C. If the verification is made

outside this

fnmpnr:\hlrn range, this shall he rnpnrfnﬂ inthe verification rnpnrf

4.1.2 The
4.1.3 Dirg
a) measu
b) measuy
c) calibrat
d) measuy
For each of

specified to
4.2 Meag

4.2.1 Eac

force is applied in open-loop mode by a lever ortother system employing a mechanical advantage

shall be dor

movement dluring testing.

4.2.2 Thr
before each

4.2.3 The
— by mea

— by bala
method

instruments used for verification shall be traceable to the SI.

ct verification involves

ement of the test forces,

ement of the diameter, hardness, and density of the indenter ball,
ion of the indentation diameter measuring system, and

ement of the testing cycle.

the above items, direct verification also includescassessment of the results against
lerances.

urement of the test forces

h test force shall be measured within the working range of the testing machine. Wher

e at no fewer than three positions-of the indenter uniformly spaced throughout its ran

e measurements shall pexmade for each force at each position of the indenter. Immedi
measurement is taken, the indenter shall be moved in the same direction as during testi

force shall be measured by one of the following two methods:
hs of a force-proving instrument in accordance with ISO 376 Class 1 or better;

ncing against a force, accurate to +0,2 %, applied by means of calibrated masses or ang
with\the same accuracy.

the

| the
this
be of

htely

ther

4.2.4 Eac

N measurement of a force shall be within 1,0 % of the nominal test ftorce (see Formula

as defined in ISO 6506-1.

4.3 Measurement of the properties of the indenter ball

A2),

4.3.1 The indenter consists of a ball and an indenter holder. The verification applies only to the ball.

4.3.2 Forthe purpose of verifying the size and the hardness of the balls, a minimum of two balls, selected
atrandom from a batch, shall be tested. Each sampled ball shall be verified for size and hardness and then

discarded.
4.3.3 The
2

balls shall be polished and free from surface defects.
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4.3.4 The user shall either measure the balls to ensure that they meet the following requirements or
shall obtain balls from a supplier certifying that the following conditions are met.

4.3.4.1 The diameter shall be determined by taking the mean value of not less than three single values
of diameter measured at different positions on the ball. No single value shall differ from the nominal
diameter by more than the tolerance given in Table 1.

Table 1 — Tolerances for the different ball diameters

Ball diameter Tolerance
10 +0,005
5 +0,004
2,5 +0,003
1 +0;003

4.3.4.2 The characteristics of the tungsten carbide composite balls shall'be as follows:

a) Hardness: The hardness shall be not less than 1 500 HV, when determined in accondance with
SO 6507-1. The tungsten carbide composite ball can be tested directly on its spherical spirface or by
cectioning the ball and testing on the ball interior.

b) Pensity: p = (14,8 + 0,2) g/cm3.

The |[density can be determined from the sampled balls, prior to hardness testing, or from the whole
batch. The following chemical composition is recommended:

— fungsten carbide (WC): balance;
— total other carbides: 2,0 %;

— robalt (Co): 5,0 % to 7,0 %.
4.4 | Calibration of the indentation diameter measuring system

4.4.1 For systems where the indentation diameter is measured directly, the scale of[the system
shall be graduated te-'permit estimation of the diameter to within +0,5 %. The indentati¢n diameter
meapuring systemeshall be calibrated for every objective lens, and for each incorporated llne scale, in
two |perpendicular-measurement axes (if applicable), by measurements made on a standard scale at
a minimum of-four intervals, arranged centrally in the field of view, for each working range. For each
meapurementthe magnitude of the difference between the measured and reference values [shall not be
greafer than'0,5 % (see Formula A.7).

4.4.Z For systems where the indentation diameter s calculated from a measurement of projected area,
the system shall be calibrated for every objective lens by measurements of a range of at least four standard
circular reference images covering the range of areas measured. The maximum error shall not exceed 1 %
of the area.

4.4.3 All systems shall also be verified by making measurements of certified reference indentations,
such as those on hardness reference blocks calibrated in accordance with ISO 6506-3. For each ball size,
at least four indentations, covering the working range of diameters, shall be measured by each objective
lens. During these measurements, the type of illumination shall remain unchanged. No mean measured
diameter shall differ from the certified mean diameter of the reference indentation by more than 0,5 %.

© ISO 2014 - All rights reserved 3
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4.5 Verification of the testing cycle

4.5.1 The testing cycle is to be verified by the testing machine manufacturer at the time of manufacture
and when the testing machine undergoes repair which might have affected the testing cycle. Verification
of the testing cycle at other times is as specified in Table 4.

4.5.2 The testing cycle shall be verified to conform with the testing cycle defined in ISO 6506-1, taking
into account any uncertainty associated with the timing measurements.

5 Indir

5.1 Indire

blocks calibrated in accordance with ISO 6506-3. If the verification is made outside of thi§jtempers3

range, this §

ctverification
ct verification should be carried out at a temperature of (23 + 5) °C by means of refer|

hall be reported in the verification report.

The test an

additives o1 corrosion products.

5.2 The t¢sting machine shall be verified for each test force and for each size of ball used. For each
force, at lealst two reference blocks shall be selected from the hardness{ranges specified in Table 2
0,102 x F/D2 = 30) and Table 3 (for other force-diameter indices).

The two reference blocks shall be taken from different hardness ranges, if possible.

5.3 If this
indentation|
during the 1
measured V
instead be 1

5.4 On each reference block, five indentations shall be uniformly distributed over the test surfacd

measured.

5.5 For ed
the indenta

bottom surfaces of the reference blocks and the surfaces of indenters shall not contain

indirect verification is not the one immediatelyfollowing a direct verification, the refer
on each reference block shall be measured, with the same type of illumination that was

hachine’s previous direct verification. For each indentation, the difference between the 1
alue and the certified mean diameter,_shall not exceed 0,5 %. If preferred, this check
hade on a similarly sized indentation.in ad separate reference block.

'he test shall be made in accordance with ISO 6506-1.

Ich reference block, let dv/ d2, d3, d4, and ds be the mean values of the measured diamete
fions, arranged in increasing order of magnitude, and

ence
ture

any

test
(for

ence
used
nean

can

and

rs of

a:d1+d2+013+d4+d5 B
5
5.6 The repeatability, r, of the testing machine under the particular verification conditions is calculated
as:
r=ds—d; (2)
The repeatability, rre;, expressed as a percentage of d, is calculated as:
I'rel :100><dsd;d1 (3)

5.7 Therepeatability of the testing machine is satisfactory when rye] does not exceed the values specified
in Table 2 or Table 3.

5.8 For each reference block, let H1, Hp, H3, Hy, and Hs be the hardness values corresponding to the five
indentations, with the mean hardness, H, being given by

4
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Hi+H,+H3+H,+Hg
5

H=

(4)

5.9 The error, E, of the testing machine under the particular verification conditions is calculated from
the following formula:

E=H-H_ (5)

where
fic is the certified hardness of the reference block.
The felative error, Er¢l, is calculated, as a percentage of Hc from the following formula:
H-H
E. =100x ¢ 6
rel HC ( )

The ferror of the testing machine, expressed as a percentage of the certified hardness of the reference

block, shall not exceed the values given in Table 2 and Table 3.

Table 2 — Repeatability and error of the testing machine for force-diameter index = 30

Harliness Permissible repeatability, ry¢], Permissible erxor, Ey¢], of
Hardness of the testing machine the testing machine
range % %
1 Hc <250 HBW 3,0 £3,0
2 Hc from 250 HBW to 450 HBW 2,5 2,5
3 Hc > 450 HBW 2,0 2,0

Table 3 — Repeatability and error of the testing machine for other force-diameterjindices

0,102 x F/D2 =10 0,102 x F/D2=5 0,102 x F/D2<2,5 Permissible Permissible
repeatability error Ere of
Harfiness rrel Of the testing | the testing
range Hardness Hardness Hardness machine machine
% %
1 Hc <4100 HBW Hc <70 HBW Hc <70 HBW 3,0 +3,0
Hc fxom 100 HBW to | Hc from 70 HBW to
2 200 HBW 100 HBW N/A 3,0 *3,0
3 Hc > 200 HBW Hc > 100 HBW N/A 3,0 +3,0
5.10 The determination of the uncertainty of measurement of the calibration results of the hardness

testing machine is given in Annex A.

6 Intervals between verifications

The specifications for the direct verifications are given in Table 4.

Indirect verification shall be performed at least once every 12 months and after a direct verification has
been performed.

© IS0 2014 - All rights reserved
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Table 4 — Direct verifications of hardness testing machines

Indentation
. ipr o ax iameter
Requirements of verification Force dia et_e Test cycle Indentera
measuring
system
before setting to work first time X X X X
after dismantling and reassembling,
if force, indentation diameter
. X X X
measuring system or test
cycle are affected
failute of indirect verificationb X X X
indirect|verification > 13 months ago X X X

a  Inadditign, it is recommended that the indenter be directly verified or replaced after two years of use.

b Direct verification of these parameters can be carried out sequentially (until the machine passes indirect verificaftion)
and is not required if it can be demonstrated (e.g. by tests with a replacement indenter) that the indénter was the cause of
the failure.

7 Verifi¢cation report/calibration certificate

The verificqtion report/calibration certificate shall include the following information:
a) referenje to this part of ISO 6506 (i.e. ISO 6506-2);

b) method of verification (direct and/or indirect);

c) identification data for the hardness testing machine;

d) means pf verification (reference blocks, elastic proving devices, etc.);

e) diametegr of the ball indenter and test force;

f) verificqtion temperature;

g) result gbtained;

h) date of verification and reference to the verification institution;

i) uncertginty of the verifieation results.

6 © ISO 2014 - All rights reserved
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Annex A
(informative)

Uncertainty of measurement of the verification results o
hardness testing machine

f the

General

metrological chain necessary to define and disseminate hardness scales is showniniS0 6

surement uncertainty analysis is a useful tool to help determine sources of)error and to
rences between measured values. This annex gives guidance on uncertainty estimat
bs derived are for information only, unless specifically instructed etherwise by the cust

criteria specified in this part of ISO 6506 for the performanceyof the testing maching
loped and refined over a significant period of time. When détermining a specific tolera
hine needs to meet, the uncertainty associated with the usepfmeasuring equipmentand/
dards has been incorporated within this tolerance and:it would therefore be inappropri
Further allowance for this uncertainty by, for example,reducing the tolerance by the m
rtainty. This applies to all measurements made when performing a direct or indirect

suring equipment and/or reference standards‘that is used to assess whether or not 4
blies with this part of ISO 6506. However, thére might be special circumstances where 1

506-1:2014,

understand
ion but the
omer.

e have been
nce that the
brreference
ate to make
pasurement
verification

e machine. In each case, it is simply the measured value resulting from the use of the specified

he machine
educing the

tolettance by the measurement uncertainty is-appropriate. This should only be done with the¢ agreement
of al| parties involved.
A.2| Direct verification of the hardness testing machine
A.2[1 Measurement of the-test forces
The [combined relative standard uncertainty of the test force calibration is calculated according to the
following formula:
_ |2 2

U =\UFRsHUFHTM (A1)

where
ERS is the relative standard uncertainty of measurement of the force transducer (from cali-
bration certificate) for k= 1;
urytM  is the relative standard uncertainty of the test force generated by the hardness testing

machine.

The uncertainty of measurement of the reference instrument, force transducer, is indicated in the
corresponding calibration certificate. The following influence quantities should be considered for
critical applications:

temperature dependence;

long-term stability;

© IS0 2014 - All rights reserved
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— interpolation deviation.

Depending on the design of the force transducer, the rotational position of the transducer related to the
indenter axis of the hardness testing machine should be considered.

EXAMPLE

Uncertainty of measurement of the force transducer (from calibration certificate): Urrs =0,12 % (k = 2)

Nominal test force:

Frs=1839N

Table A.1 — Results of the test force calibration

Relative
. Series 1 Series 2 Series 3 Mean value Rel-atl.ve prandard
Number|of height deviation.j(measurement
position fdr test force uncertainfty
calibration Fy Fy F3 F AFrel UFHTM
N N N N % %
il 1835,0 1836,6 18379 1836,5 -0,14 0,10
D 1834,3 1835,7 18375 1835.8 -0,17 0,12
B 1831,0 1839,5 1835,3 1.835,3 -0,20 0,31
where
F-F
AF, =100x —RS A.2)
Fgs
A.3)

UFHTM

where

sgi isfthe standard deviation ef'the test force indication values in the i-th height position.

Sr
100x%><t (for three readings, t~1,32)

In Table A.2, the maximum value of urpyTym from Table A.1 is used.

Table A.2 —Calculation of the uncertainty of measurement of the test force

Relative Relativie
. Estimated |Relative limit| Distribution standard Sensitivity .
Quantity g uncertainty
value values type measurement | coefficient R
. contribution
uncertainty
Xi Xi aj u(x;) Ci Ure]
Force trans-
ducer meas- 1839N Normal 0,6 x 10-3 1 0,6 x 10-3
urement
Generated test| g3q Normal 3,1 x 10-3 1 3,1 x 10-3
force
Relative combined standard uncertainty, ur 3,1 x10-3
Relative expanded uncertainty of measurement, Ur (k = 2) 6,2 x 10-3

© ISO 2014 - All rights reserved
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Table A.3 — Calculation of the maximum relative deviation of the test force including the
uncertainty of measurement of the reference instrument

. . . Max. relative deviation of test force
Relative deviation of | Expanded relative measurement . . .
. including measurement uncertainty
test force uncertainty of test force .
of reference instrument
AFrel Ur AFmax
% % %
-0,20 0,62 0,83

Whe‘[e
Fmax = [4Fe1 1 + Up

(A4)

The [result of the example means that the deviation of the test force including the ungertainty of
meapurement of the reference instrument specified in 4.2, amounting to +1,0(%-is complied|with.

A.2.2 Calibration of the indentation diameter measuring system

The fombined relative standard uncertainty of the indentation diameter measuring system is calculated

as fgllows:
2 2 2
UL:\/“LRS+Ums+“LHTM (A.5)
where
LIRS is the relative uncertainty of measurement of object micrometer (reference gtandard)
from the calibration certificate-for k = 1;
ims is the relative uncertaintjrlef measurement due to the resolution of the measuring sys-
tem;
L HTM is the relative standard uncertainty of length measurement of the hardness testing
machine.

The juncertainty of medsyrement of the object micrometer (the reference standard for the [indentation
dianpeter measuringSystem) is indicated in its calibration certificate. The following influence quantities
do npt exert an essential influence on the uncertainty of measurement of the object micromgter:

— emperature dependence;

— |ong-term stability;

— Interpolation deviation.

EXAMPLE

Uncertainty of measurement of the object micrometer:

Resolution of the measuring system:

© IS0 2014 - All rights reserved
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Table A.4 — Results of the calibration of the indentation diameter measuring system

Relative
Indication value of the . . . Relative standard
. . Series 1 Series 2 Series 3 Mean value ..
object micrometer deviation | measurement
uncertainty
Lgs Ly Ly L3 L ALyel ULHTM
mm mm mm mm mm % %
1,000 002 1,003 1,001 1,002 0,20 0,13
2,069 -001 2003 2001 2002 0508 0,08
3,000 002 3,002 3,001 3,002 0,06 0,03
4,000 4,001 4,003 4,002 4,002 0,05 0,03
where
| SLi - _
U HTM T < xt , (for three readings, t = 1,32)
A.6)

where

s.,i islthe standard deviation of the length indication valuesfor the i-th indication value of th¢
ohject micrometer.

AL [ —Lgs

rel =

In Table A.5| the maximum value of uyytm from Table A.4 is used, although these calculations should

be performgd at every other reference length:

Table A.5 — Calculation of the uncertainty of measurement of the indentation diameter
measuring system

A7)

also

Relative Relative
. Estimated o Distribution standard Sensitivity .
Quantity Limit value . . uncertainty
value type measurement | coefficient .
. contributjon
uncertainty
Xi X aj u(xi) Ci uj
Reference
standard 1,0 mm Normal 2,5 x 10-4 1 2,5 x 101
length
Measurement
system +1,0 x 10-3 | Rectangular 2,9 x 10-4 1 2,9 x 10-4
resolution
Measurement
system 1,0 mm Normal 1,3x10-3 1 1,3x10-3
calibration
Relative combined uncertainty of measurement, uy, % 0,14
Relative expanded uncertainty of measurement, Uy, (k = 2), % 0,27

10
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Table A.6 — Calculation of the maximum relative deviation of the indentation diameter
measuring system including the uncertainty of measurement of the length reference
instrument

Relative deviation of the

Expanded relative

Maximum relative
deviation of
indentation diameter

Testlength indentation diameter | uncertainty of measure- measuring system
measuring system ment including measurement
uncertainty of length
reference instrument
LRrs AlLre UL ALmpx
% % %
1,0 mm 0,20 0,27 0,47
whefe

A]Lmax = IALre] I+ UL

(A.8)

The [result of the example means that the deviation of the indentation diameter measufing system
inclyding the uncertainty of measurement of the length reference/instrument specified in 4.4 amounting

to+

,5 %, is complied with.

A.2.3 Measurement of the indenter ball

The [indenter, consisting of indenter tip (ball) and holder, cannot be verified in situ. The

beometrical

chanacteristics, physical properties, and chemical\composition of the indenter ball (see |4.3) should
be cpnfirmed by a valid calibration certificate@r test report of an accredited calibration or testing

labofatory.

A.244 Measurement of the testingcycle

Verification of the testing cycle and”associated uncertainty considerations are detailed

estifnation of the uncertainty of.mteasurement is therefore not necessary.

A3

NOTE

Indirect verification of the hardness testing machine

in 4.5. An

In this annéx;the index “CRM (Certified Reference Material)” means, according to the definitions of the
hardpess testing standards, “Hardness Reference Block”.

By ipdirect verification with hardness reference blocks, the overall function of the hardmess testing
machine iss¢h&cked, and the repeatability and also deviation of the hardness testing machipne from the
certlfied hardness value are determined.

© IS0 2014 - All rights reserved
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The uncertainty of measurement of the indirect verification of the hardness testing machine follows
from the formula:

2 2 2 2
Ugm = \/UCRM +UCRM-p TUH +Ums (A9)
where

UCRM is the calibration uncertainty of the hardness reference block according to the calibra-

tion certificate for k= 1;

3 et] ] | 1 £l .1 | £ 1.1 1 3 il 4 1:] i |
UCRM_D LS LT T T UIITS S LIHAITgT UL LIIT TIATUTITSS TTITITIILT UDIULKR SITICTILS Tdst LAlTUT ALIUIT Ut tO

drift (negligible for use of the hardness reference block complying with the standarfd);

Uy is the standard uncertainty of hardness testing machine when measuring CRM;
Ums is the standard uncertainty due to the resolution of the hardness testingiachine.
EXAMPLE
Hardness reference block: Hcrm = 100,0 HBW 2,5/187,5

Uncertainty pf measurement of the hardness reference block: Ucrm = LOHBW 2,5/187,5 (k= 2)

Resolution of the hardness testing machine: Oms = 0,5 um

Table A.7 — Results of the indirect verification

Number Measured indentation diameter Calculated hardness value
d H

mm HBW

1 1,462 min 101,1max
2 1,469 100,1

3 1,47 2max 99,6min
4 1,471 99,8
5 1,468 100,3
Medn value H 1,468 4 100,2
Standatd deviation sy 0,60

b=H 4 crin (4.10)

b =1002=1000-02 HBW

t
— X5 (A11)

Fort=1,14,n =5, and sy = 0,60 HBW follows:
uyg = 0,31 HBW
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