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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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INTERNATIONAL STANDARD ISO 6506-2:2017(E)

Metallic materials — Brinell hardness test —

Part 2:
Verification and calibration of testing machines

1 pcope

This| document specifies methods of direct and indirect verification of testing machings used for
detefmining Brinell hardness in accordance with ISO 6506-1 and also specifies when these ttwo types of
verification have to be performed.

The (direct verification involves checking that individual machine performance parameters fall within
spedified limits whereas the indirect verification utilizes hardness measurements of refer¢nce blocks,
calibrated in accordance with ISO 6506-3, to check the machine’s overall,performance.

If a festing machine is also to be used for other methods of hardness testing, it has to|be verified
independently for each method.

This| document is applicable to both fixed location and\ pertable hardness testing mdchines. For
machines that are incapable of satisfying the specified force-time profile, the direct verification of force
and festing cycle can be modified by the use of Annex B:

2 Normative references

The |following documents are referred to ‘in’the text in such a way that some or all of their content
condtitutes requirements of this document. For dated references, only the edition cited ppplies. For
undated references, the latest edition-of'the referenced document (including any amendments) applies.

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

ISO $506-1:2014, Metalliematerials — Brinell hardness test — Part 1: Test method
ISO 6506-3, Metallic materials — Brinell hardness test — Part 3: Calibration of reference blocks

ISO $507-1, Metallie materials — Vickers hardness test — Part 1: Test method

3 [Ferms-and definitions

No term’s and definitions are listed in this document.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at https://www.iso.org/obp

4 General conditions

Before a Brinell hardness testing machine is verified, the machine shall be checked to ensure that it is
properly set up in accordance with the manufacturer's instructions.

© IS0 2017 - All rights reserved 1
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Especially, i

t should be checked that:

a) the mount holding the ball-holder slides correctly in its guide;

b) everyb

all-holder with a ball used during the calibration is firmly held in the mount;

c) the test force is applied and removed without shock, vibration, or overrun and in such a manner
that the readings are not influenced; and

d) ifthe indentation diameter measuring system is integrated into the machine,

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

me

— the
— the

5 Direct
5.1 Gene
5.1.1 Dird

made outsi
5.1.2 The

5.1.3 Dire
a) measuy
b) measu
c) calibrat
d) measury

For each of
specified to

5.2 Meas

5.2.1 Eac

hsurements,
illumination does not affect the diameter measurements, and

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

verification
ral

ct verification should be carried out at a temperature of (23 + 5) °C. If the verificati
le this temperature range, this shall be reported in the verification report.

instruments used for verification shall be traceablétto 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 includes assessment of the results against
lerances.

urement of'the test forces

force is ap

shall be dorje-at no fewer than three positions of the indenter uniformly spaced throughout its ran

h test.farce shall be measured within the working range of the testing machine. Wher
lied\in open-loop mode by a lever or other system employing a mechanical advantage

bn is

the

| the
this
be of

movement during testing.

5.2.2 Three measurements shall be made for each force at each position of the indenter. Immediately
before each measurement is taken, the indenter shall be moved in the same direction as during testing.

5.2.3 The

force shall be measured by one of the following two methods:

— by means of a force-proving instrument in accordance with ISO 376 Class 1 or better;

— by balancing against a force, accurate to 0,2 %, applied by means of calibrated masses or another
method with the same accuracy.

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=23ab483d70acff43d1ec3a642e811171

ISO 6506-

2:2017(E)

5.2.4 Each measurement of a force shall be within #1,0 % of the nominal test force [see Formula (A.2)],
as defined in ISO 6506-1.

5.3

Measurement of the properties of the indenter ball

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

5.3.2 For the purpose of verifying the size and the hardness of the balls, a minimum of two balls,
selected at random from a batch, shall be tested. Each sampled ball shall be verified for size and hardness
and then discarded.

5.3.

5.3.

shall obtain balls from a supplier certifying that the following conditions are met.

5.3.4.1 The diameter shall be determined by taking the mean value ofnot less than three s
of dfameter measured at different positions on the ball. No single valu€ shall differ from 1

The balls shall be polished and free from surface defects.

The user shall either measure the balls to ensure that they meet the following requlirements or

ingle values
he nominal

dianpeter by more than the tolerance given in Table 1.
Table 1 — Tolerances for the differént’ball diameters
Ball diameter Tolerance
mm mm
10 +0,005
5 0,004
2,5 +0,003
1 +0,003

5.3.4.2 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 accordance with
SO 6507-1. The tungsten’/carbide composite ball can be tested directly on its spherical surface or
by sectioning the ball.and testing on the ball interior.

b) Pensity: p = (14,82 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;

— Utal uth\,l‘ Carbiuuo. 2 C n//U

— cobalt (Co): 5,0 % to 7,0 %.

5.4 Calibration of the indentation diameter measuring system

5.4.1 For systems where the indentation diameter is measured directly, the scale of the system
shall be graduated to permit estimation of the diameter to within +0,5 %. The indentation diameter
measuring system shall be calibrated for every objective lens and for each incorporated line 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
measurement, the magnitude of the difference between the measured and reference values shall not be

greater than 0,5 % [see Formula (A.4)].

© IS0 2017 - All rights reserved
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5.4.2 For systems where the indentation diameter is 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.

5.4.3 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 %.

5.5 Verification of the testing cycle

5.5.1 Theltesting cycle is to be verified by the testing machine manufacturer at the time of mianufaqture
and when the testing machine undergoes repair which might have affected the testingycle. Verification
of the testinlg cycle at other times is as specified in Table 4.

5.5.2 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.

6 Indirdct verification

6.1 Indirgct verification should be carried out at a temperature of (23 * 5) °C by means of refergnce
blocks calibrated in accordance with ISO 6506-3. If the verification is made outside of this tempergture
range, this ghall be reported in the verification report.

The test angl bottom surfaces of the reference blocks and the surfaces of indenters shall not contain any
additives o1 corrosion products.

6.2 The t¢sting machine shall be verified for;each test force and for each size of ball used. For eacH test
force, at lealst two reference blocks shall be selected from the hardness ranges specified in Table 2| (for
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.

6.3 If thidindirect verification’is not the one immediately following a direct verification, the refergnce
indentation|on each reference block shall be measured, with the same type of illumination that was psed
during the thachine’s previous direct verification. For each indentation, the difference between the mean
measured value and-thie certified mean diameter shall not exceed 0,5 %. If preferred, this checl can
instead be rhade on-a'similarly sized indentation in a separate reference block.

6.4 On eachpeference block, five indentations shall be uniformly distributed over the test surfacd and
measured. The test shall be made in accordance with ISO 6506-1.

6.5 For each reference block, let d1, do, d3, d4, and dsg be the mean values of the measured diameters of
the indentations, arranged in increasing order of magnitude, and d is calculated using Formula (1):
dy +dy+d3+dy +ds

5

d=

M

4 © IS0 2017 - All rights reserved
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6.6 The repeatability, r, of the testing machine under the particular verification conditions is calculated

as shown in Formula (2):
r=ds —d; (2)

The repeatability, rr], expressed as a percentage of c;, is calculated as shown in Formula (3):

ds —d
Foe) =100% 55 1 (3)

6.7 | The repeatability of the testing machine is satisfactory when rp does not exceed the values
spedified in Table 2 or Table 3.

6.8 | For each reference block, let H1, H, H3, Hs, and Hs be the hardness values corresponding to the five
indejntations, with the mean hardness, H, being given by Formula (4):

H{+Hy,+H3+H,+Hsg
5

H = )

6.9 | The error, E, of the testing machine under the particular verification conditions is calcfilated using

Formula (5):
F'=H-H (5)

whele

fic is the certified hardness of the referenee block.

The felative error, Er¢l, is calculated, as @ percentage of Hc, using Formula (6):

H-H
e =100x— ¢ (6)
C

The ferror of the testing machine, expressed as a percentage of the certified hardness of the reference
block, shall not exceed thevalues given in Table 2 and Table 3.

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

Harkiness Permissible repeatability, rr¢, Permissible eryor, Eye], of
Hardness of the testing machine the testing mjachine
rdnge % o
Hc <250 HBW 3,0 +3,0
Hc from 250 HBW to 450 HBW 2,5 +2,5
Hc > 450 HBW 2,0 +2,0

© IS0 2017 - All rights reserved 5
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Table 3 — Repeatability and error of the testing machine for other force-diameter indices

0,102 x F/D2 Permissible re- Permissible
peatability, rre, | error, Erg, of
Harl';(liln(zss of the testing the testing
g 15 10 5 s2,5 machine machine
% %
1 Hc <100 HBW | Hc <100 HBW | Hc <70 HBW | Hc < 70 HBW 3,0 13,0
Hc from Hc from Hc from
2 100 HBW to 100 HBW to 70 HBW to N/A 3,0 +3,0
250 HBW 200 HBW 100 HBW
3 Hc > 250 HBW | Hc > 200 HBW | He > 100 HBW N/A 3,0 +3,0

6.10 The determination of the uncertainty of measurement of the calibration results of the‘hardness
testing machine is given in Annex A.

7 Intervals between verifications

The specifi¢ations for the direct verifications are given in Table 4.

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

Table 4 — Direct verifications of hardness'testing machines

Indentation
Requirements of verification Force dlamet_e r Test cycle Indentef2
measuring
system
Before settipg to work first time X X X X

After dismaptling and reassembling, if force,
indentation|diameter measuring system or X X X
test cycle is pffected

Failure of indirect verificationb X X X
Indirect verjfication > 13 months ago X X X
a  Inadditign, it is recommended thatthe indenter be directly verified or replaced after 2 years of use.

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

8 Verification'report/calibration certificate

The verificqtion report/calibration certificate shall include the following information:

a) areference to this document,i.e. ISO 6506-2;

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

c) theidentification data for the hardness testing machine;

d) the means of verification (reference blocks, elastic proving devices, etc.);
e) the diameter of the ball indenter and test force;

f) the verification temperature;

g) theresult obtained;

6 © IS0 2017 - All rights reserved
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h) the date of verification and reference to the verification institution;

i) the uncertainty of the verification results.

© IS0 2017 - All rights reserved 7
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Annex A
(informative)

Uncertainty of measurement of the verification results of the

hardness testing machine

A.1 Gene

The metrolq
Figure C.1.

Measuremse
differences
values deriy

The criteria
and refined
needs to m
standards h
any further
uncertainty
of the mach
measuring

bral

gical chain necessary to define and disseminate hardness scales is shown in [SO.6506-1:72

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

specified in this document for the performance of the testing nrachine have been devel
over a significant period of time. When determining a speéific tolerance that the mad
eet, the uncertainty associated with the use of measuring equipment and/or refer]
as been incorporated within this tolerance and it would therefore be inappropriate to 1

014,

tand
- the

bped
hine
ence
nake

allowance for this uncertainty by, for example, reducing the tolerance by the measure
. This applies to all measurements made when pefforming a direct or indirect verificgtion
ine. In each case, it is simply the measured value resulting from the use of the specjfied
equipment and/or reference standards that iS*used to assess whether or not the madhine

ent

complies wjith this document. However, there might \be special circumstances where reducing the

tolerance b}
of all partie

A.2 Dire

A.2.1 Me

The combiy

Formula (A
uF = \/7

where

S

s involved.

1):

2 2
FRS TUFHTM

F the measurement uncertainty is appropriate. This should only be done with the agree

ct verification of the hardness testing machine

hsurement of the testferces

ed relative standard-uncertainty of the test force calibration is calculated accordiy

ent

g to

A1)

UFRS

;] h ] - 1 1 eyt £ PR R | £ - 1 £E 1.1
IS UIC TTIALIVE SUAdIIUdl U UTILCT LAITILYy U ITITASUT TITITIIU U LT TOT L LT AIISUULTT (1T UIIT CdIT

tion certificate) for k=1;

uryTM is the relative standard uncertainty of the test force generated by the hardness testing

machine.

ra-

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;

— interpolation deviation.

8
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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):

Nominal test force:

Frs=1839N

Table A.1 — Results of the test force calibration

Urrs = 0,12 % (k= 2)

elative
. Series 1 Series 2 Series 3 Mean value Rel_a tl.v e sgandard
Number of height deviation/| measurement
position for test force uncertainty
calibration —
F1 F2 F3 F AFrel UFHTM
N N N N % %
1835,0 1836,6 18379 1836,5 -0,14 0,10
1834,3 1835,7 18375 1 835,8 -0,17 0,12
1831,0 1839,5 1835,3 1835,3 -0,20 0,31
where
F-F
AF o =100x—2S (A.2)
RS
SFi .
Ity =100x—==xt (for threereadings, t=1,32)
F
where
bpi 1S the standard deviation of the test force indication values in the i-th height positjon.
In Table A.2, the maximum value of urpgTm from Table A.1 is used.
Table A.2—<Calculation of the uncertainty of measurement of the test force
Relative Relative
. Estimated Relative Distribution standard Sensitivity .
Quantity . . . uhcertainty
value limit values type measurement | coefficient o
. cantribution
uncertainty
Xi Xi aj u(xi) Ci Ure]
Force
transducer 1839N Normal 0,6 x 10-3 1 0,6 x 10-3
measurement
Generated 1839 N Normal 3,1 x 10-3 1 3,1 x 10-3
test force
Relative combined standard uncertainty, ur 3,1x10-3
Relative expanded uncertainty of measurement, Ur (k = 2) 6,2 x 10-3
© IS0 2017 - All rights reserved 9
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In Table A.3, the calculation of the maximum relative deviation of the test force including the uncertainty
of measurement of the reference instrument by using Formula (A.3) is given.

Table A.3 — Calculation of the maximum relative deviation of the test force including the

uncertainty of measurement of the reference instrument

Relative deviation of | Expanded relative measurement _Malx. dr_elatlve deviation of test fo-rce
test force uncertainty of test force Incfuding measurement uncertainty
of reference instrument
AFye] Ur AFmax
9 Y% Y%
-0,20 0,62 0,83
where
AF ax ::|AFrel|+UF A.3)
The result jof the example means that the deviation of the test force including the uncertainty of

measuremse

A.2.2 Cal

The combinjed relative standard uncertainty of the indentation diameter measuring system is calcul
as shown in:

nt of the reference instrument specified in 5.2 amounting to +1,0%-is complied with.

jbration of the indentation diameter measuring system

UL =\/u2

where

ULRS

Ums

ULHTM

The uncert{
diameter m|
do not exer

temper

— long-te

2 2
RS TUms TULHTM

is the relative uncertainty of measurement of object micrometer (reference standard) f]
the calibration certificate for k £ 13

is the relative uncertainty eftneasurement due to the resolution of the measuring systg
is the relative standard ‘uricertainty of length measurement of the hardness testing mac

hinty of measurement of the object micrometer (the reference standard for the indentd
pasuring system)ds indicated in its calibration certificate. The following influence quant
an essentialinfluence on the uncertainty of measurement of the object micrometer:

hture dependence;

'm _stability;

ated

rom

m;
hine.

ition
ities

| PSP

interp

EXAMPLE

Uncertainty

Resolution of the measuring system:

10

axziatl o
Iacrorr Ot vIacrorr:

of measurement of the object micrometer: Urrs = 0,000 5 mm (k= 2)

8ms = 1,0 um

© IS0 2017 - All rights res
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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
LRrs L1 Ly L3 L ALye ULHTM
mm mm mm mm mm % %
1,000 1,002 1,003 1,001 1,002 0,20 0,13
2,000 2,001 2,003 2,001 2,002 0,08 0,08
3,000 3,002 3,002 3,001 3,002 0,06 0,03
4,000 4,001 4,003 4,002 4,002 0,05 0,03
whele

whe

In T
also

S .
U HTM = % xt, (for three readings, t = 1,32)

Fe
51,i 1S the standard deviation of the length indication valuesfor the i-th indication valy
object micrometer.
L—Lgs
ALy = I
RS

hble A.5, the maximum value of uyytM from-Table A.4 is used, although these calculaf]
be performed at every other reference length.

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

le of the

(A4)

ions should

imeter

Relative elative
. Estimated . Distribution standard Sensitivity IT .
Quantity Limit value . . uncertainty
value type measurement | coefficient o
. contribution
uncertainty
Xi X5 aj u(xi) Ci Uj
Refdrence
stanfdard 1,0 mm Normal 2,5 x10-4 1 2,5 x 10-4
length
Measuremnent
system +1,0 x 10-3 | Rectangular 29 x 104 1 219 x 104
resdlution
Measurement
system 1,0 mm Normal 1,3 x10-3 1 1,3x10-3
calibration
Relative combined uncertainty of measurement, uj, % 0,14
Relative expanded uncertainty of measurement, Uy, (k= 2), % 0,27

© IS0 2017 - All rights reserved
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In Table A.6, the maximum relative deviation of the indentation diameter measuring system including
measurement uncertainty of the length reference instrument by using Formula (A.5) is given.

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
Maximum relative
deviation of
Relative deviation of the Expanded relative indentation diameter
Testlength indentation diameter uncertainty of measuring system
measuring system measurement including measurement
uncertainty of length
reference insfrument
RS AlLre] UL, ALpax
% % %
1,0 mm 0,20 0,27 0,47
where
AL ax ::|ALre1|+UL A.5)
The result pf the example means that the deviation of the indentdtion diameter measuring system
including the uncertainty of measurement of the length reference.itistrument specified in 5.4 amounting
to +0,5 % i§ complied with.
A.2.3 Measurement of the indenter ball
The indent¢r, consisting of indenter tip (ball) and holder, cannot be verified in situ. The geometfical
characteristics, physical properties, and chemical:¢omposition of the indenter ball (see 5.3) shiould
be confirmed by a valid calibration certificate-or test report of an accredited calibration or tegting
laboratory.
A.2.4 Measurement of the testing.cycle
Verification of the testing cycle and associated uncertainty considerations are detailed in 5.5 An
estimation pf the uncertainty of measurement is therefore not necessary.
A.3 Indirect verification of the hardness testing machine
NOTE I} this annex) ‘the index “Certified Reference Material (CRM)” means, according to the definitions of
the hardnesq testingstandards, “Hardness Reference Block”.
By indirect|vesification with hardness reference blocks, the overall function of the hardness testing
machine is thecked;amdthe Tepeatabitity amdalsodeviatiomrof the trardmesstestimg rachime from the

certified ha

rdness value are determined.

The uncertainty of measurement of the indirect verification of the hardness testing machine follows from:

UgtMm =

12

2 2 2, .2
\/uCRM +UCRM-p TUH TUps
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where
UCRM is the calibration uncertainty of the hardness reference block according to the calibra-
tion certificate for k= 1;
UCRM-D is the hardness change of the hardness reference block since its last calibration due to
drift (negligible for use of the hardness reference block complying with the standard);
Uy is the standard uncertainty of hardness testing machine when measuring CRM;
Ums is the standard uncertainty due to the resolution of the hardness testing machine.
EXAMPLE
Hardness reference block: HcrMm = 100,0 HBW 2,5/187,5

Uncse

Reso|

In Tz

lution of the hardness testing machine:

Table A.7 — Results of the indirect-verification

rtainty of measurement of the hardness reference block:

ble A.7, the results of the indirect verification are given.

Ucrm = 1,0 HBW 2,57187,5 (k = 2)

6ms = 0,5 um

Number Measured indentation diameter Calculated hardnégss value
d H

mm, HBW

1 1,462in 101,1max
2 1469 100,1

3 1,472 max 99,6min

4 1,471 99,8
5 1,468 100,3
Mean value H 1,468 4 100,2
Standard deviation sy 0,60

For 1

Uy =

5:100,2—100,0:0,2 HBW

_txsy

Jn

=114, n =5, and sy = 0,60 HBW follows:

uy = 0,31 HBW
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