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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 (IEC) 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 ISO/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 resplnsible for identifying any or all such patent rights. Details of
any patent rights identified during the ¢ lopment of the document will be in the Introduction and/or
on the IS0 list of patent declarationg (see www.iso.org/patents).

t is 10formation given for the convenience of users and does not

Any trade name used in this doc
constitute an endorsement.

For, an explanatlon on the meamng of 150, speclfrc»terms and expresslons related to conformlty

This third edition 2
revised.

— Part 1: Test method
— Part 2: Verification and calibi

—  Part 3: Calibration of reference biagk:
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Metallic materials — Rockwell hardness test —

Part 2:
Verification and calibration of testing machines and
indenters

1 Scope

This part of 1S0 6508 specifies two separate methods of verification of testing machines (direct and
indirect) for determining Rockwell hardness in accordance with 150 6508-1:2015, together with a
method for verifying Rockwell hardiiess indenters.

The direct verification method. } :to determine whether the main parameters associated with
the machine function, such as.anphegj,fqme, depth measurement, and testing cycle timing, fall within
specified tolerances. The indfrdiveriftdqtion method uses a number of calibrated reference hardness
blocks to determine how well#lié machinié Lan measure a material of known hardness.

If a testing machine is also t
independently for each mgthqd

Attention is dra&\;ﬁ ié 'théf'aq hp;t:the use of tur(g’s’tie}; carbide composite for ball indenters is considered
to be the stal td’type of RbrKipell indentex? bull. Steel indenter balls may continue to be used only

2 Normative feférénce

The following documents, ia:whole 6e:mzpart are normat:ively referentgtl*in this document and are
indispensable for its appll(‘aﬂdﬂ. Fdr. tihted references, only*tHe editidi*¢ited applies. For undated
references, the latest edition of thé referenced document (including any amendments) applies.

180 376, Metallic materials — Cali
testing machines

ion of force-proving instruments used for the verification of uniaxial

180 6507-1, Metallic materials — Vickers hardness test — Part 1: Test method
1S0 6508-1:2015, Metallic materials — Rockwell hardness test — Part 1: Test method

150 6508-3:2015, Metallic materials — Rockwell hardness test — Part 3: Calibration of reference blocks

3 General conditions

Before a Rockwell hardness testing machine is verified, the machine shall be checked to ensure thatitis
properly set up and operating in accordance with the manufacturer’s instructions.

Especially, it should be checked that the test force can be applied and removed without shock, vibration,
or overload and in such a manner that the readings are not influenced.

A TCNIAIC ANl vichte reserved 1
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4 Direct verification of the testing machine
4.1 General

4.1.1 Direct verification involves calibration and verification of the following:
a) test forces;

b) depth-measuring system;

c) testing cycle;

d) machine hysteresis test.

4.1.2 Direct verification should be carried out at a temperature of (23 + 5) °C. If the verification is made
outside of this temperature range, this shall be reported in the verification report.

4.1.3 The instruments used for calibratjg 3l be traceable to national standards.

4.1.4 An indirect verification accordil
verification.

to'GERisé 5 shall be performed following a successful direct

ufl:test force, F, used (see 4.2.5) shall be
Al be*done atiddt déss than three positions of the plunger
¥ 3¢ preliminary test force shall be held for at

4.2.1 Each preliminary test forgg; Fhs i[;yg:
measured, and, whenever apifli¢ablé.@ti

spaced throughout its range o
least2s. :

4.2.2 Three readiqgé fs'}gafll be Take%n ach force a’t each position of the plunger, Immediately before
each reading is taken;the plpmger shail;be;moved in the same digggtion as during festing.

H

.following M&Ex;l’ethods:

— by means of a force-proving reling to 1SO-B76 class:d or befter:and calibrated for

reversibility;

— bybalancing againsta force, accuraté t0:0,2 %, applied by means of calibrated masses or by another

method having the same accuracy.

Evidence should be available to demonstrate that the output of the force-proving device does not vary
by more than 0,2 % in the period 1 s to 30 s following a stepped change in force.

4.2.4 The tolerance on each measurement of the preliminary test force, Fp, (before application and
after removal of the additional test force, F1) shall be 2,0 %, see Formula (B.2) The range of all force
measurements (highest value minus lowest value) shall be < 1,5 % of Fo.

4.2.5 The tolerance on each measurement of the total test force, F, shall be +1,0 %. The range of the
force measurements (highest value minus lowest value) shall be < 0,75 % of F.

4.3 Calibration and verification of the depth-measuring system
4.3.1 The depth-measuring system shall be calibrated by making known incremental movements of the

indenter or the indenter holder.

7 o - OISO 2015 = All richtc recerved
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4.3.2 Theinstrument or gauge blocks used to verify the depth-measuring system shall have a maximum
expanded uncertainty of 0,000 3 mm when calculated with a 95 % confidence level.

4.3.3 Calibrate the testing machine’s depth measurement system at not less than four evenly spaced
increments covering the full range of the normal working depth measured by the testing machine. For this
purpose, the working depth is 0,25 mm for regular Rockwell scales (A, C, D, B, E, F, G, H, K), and 0,1 mm for
superficial Rockwell scales (N, T).

4.3.4 Some testing machines have a long-stroke depth measuring system where the location of the
working range of the depth measuring system varies to suit the sample. This type of testing machine shall
be able to electronically verify that the depth measuring device is continuous over the full range. These
types of testers shall be verified using the following steps:

a) At the approximate top, midpoint, and bottom of the total stroke of the measuring device, verify
the depth measurement system at no less than four evenly spaced increments of approximately
0,05 mm at each of the three loca ons.

b) Operate the actuator over its ﬁﬂl téﬂge.of travel to monitor whether the displacement measurement
is continuous. The displace: ation shall be continuously indicated over the full range.

4.3.5 The depth-measuringgystem shal rectly indicate within +0,001 mm for the scales A to K and
within 0,000 5 mm for scaleg N;and T, i.e. within 0,5, of a scale unit, over each range.

4.4 Calibration and veriii'cation dcéﬁé::gs'tm:é P

by: ichine manufacturer at the time of manufacture
and when the testmgmchlmgmiﬂgms repalr w}uchmay have affected the testing cycle. Calibration of
the complete testuig tytle is mhﬁtﬂured as part cJIhk.dlrect verification at other times, see Table 10.

4.4.2 The te.'sﬁng bycle shall:

jrm to the téétmg cycle defined in ISO 6508-1:2015.

4.4.3 For tes ng Rines a utomatlmlly control the_ testmg cycle,the asurement uncertainty
(k = 2) of the tlmln‘gmmment er:l to vmﬁy the testmgcycl‘e shall not exceed 0,2 s. It is recommended
that the measured times for the testing ty$1€, plus or minds the measurkrhgnt.uncertainty (k = 2) of the
calibration measurements, not ekceed: élié thing limits spécifiéd in 150 6508

4.4.4 For testing machines
machine shall be verified to be ¢

e the user to manually control the testing cycle, the testing
‘of achieving the defined testing cycle.

4.5 Calibration and verification of the machine hysteresis

4.5.1 The machine shall be checked to ensure that the readings are not affected by a hysteresial flexure
of testing machine components (e.g. frame, specimen holder, etc.) during a test. The influence of any
hysteresis behaviour shall be checked by making repeated hardness tests using a spherical indenter of
at least 10 mm diameter, bearing directly against the specimen holder or through a spacer such that no
permanent deformation occurs. A parallel block placed between the indenter holder and the specimen
holder may be used instead of a blunt indenter. The material of the blunt indenter and of the spacer or
parallel block shall have a hardness of at least 60 HRC.

4.5.2 Perform repeated Rockwell tests using the setup defined in 4.5.1. The tests shall be conducted
using the Rockwell scale with the highest test force that is used during normal testing. Repeat the
hysteresis verification procedure for a maximum of 10 measurements and average the last three tests.

CATICAIAIC AN pighte recorved 2



1SO 6508-2:2015(E)

4.5.3 The average of the last three tests shall indicate a hardness number of (130 + 1,0) Rockwell units
when the regular Rockwell ball scales B, E, F, G, H, and K are used, or within (100 + 1,0} Rockwell units
when any other Rockwell scale is used.

5 Indirect verification of the testing machine
5.1 General

5.1.1 Indirectverification involves the calibration and verification of the testing machine by performing
tests on reference blocks.

5.1.2 Indirect verification should be carried out at a temperature of (23 + 5) °C by means of reference
blocks calibrated in accordance with ISO 6508-3:2015. If the verification is made outside of this
temperature range, this shall be reported in the verification report.

5.2 Procedure

5.2.1 For the indirect verificatiot pf & (estingimachine, the following procedures shall be applied.

The testing machine shall be ver&te for each stale for which it will be used. For each scale to be verified,
reference blocks from each of thg hrdness ranges givéd in Table 1 shall be used. The hardness values of
the blocks shall be chosen to apgroximate e fimits pftﬁgmtended use. It is recommended to perform
the same test cycle used when tlfe refecéﬂtéiﬂbi?&s.vvér;é talittrated.

Only the calibrated surfaceé'@f’fh

“'":ehtations, made in accordance with ISO 6508-
dver the test.fuifite and each hardness number observed to within
$ these indentdtions, at least two preliminary indentations shall be
working freely and that, the reference block, the indenter, and the
l}ésl"he re's}?ts of these p!‘éﬁzninary inde?q:th't'dhs shall be ignored.

5.2.2 On each reference ’Jlu imum of five in
1:2015, shall be unjfddtiy distri
0,2 HR of a scale u?):lf.:gefore m;

made to ensure t[la;:

Rockwell hardness |Hardnessiédilgé i)fmhrence Rockwell hardness |Hardness range of reference
scale ClBACR I scale block

A 20 tom !—FRA K 40 to 60 HRKW
45 to 75 HRA 65 to 80 HRKW

80 to 95 HRA 85 to 100 HRKW

B 10 to 50 HRBW 15N 70 to 77 HR15N
60 to 80 HRBW 78 to 88 HR15N

85 to 100 HRBW 89 to 94 HR15N

C 10 to 30 HRC 30N 42 to 54 HR30N
35to 55 HRC 55 to 73 HR30N

60 to 70 HRC 74 to 86 HR30N

D 40 to 47 HRD 45N 20 to 31 HR45N
55 to 63 HRD 32to 61 HR45N

70 to 77 HRD 63 to 77 HR45N

A - - OISO 2015 = All richtc reserved
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Rockwell hardness |Hardnessrange of reference| Rockwell hardness |Hardness range of reference

scale block scale block
E 70 to 77 HREW 15T 67 to 80 HRISTW
84 to 90 HREW 81 to 87 HRI1STW
93 to 1060 HREW 88 to 93 HR15TW
F 60 to 75 HRFW 30T 29 to 56 HR30TW
80 to 90 HRFW 57 to 69 HR30TW
94 to 100 HRFW 70 to 82 HR30TW
G 30 to 50 HRGW 45T 10 to 33 HR45TW

55 to 75 HRGW
80 to 94 HRGW
H 80 t0 94 HRHW
96 t0,100 HRHW

34 to 54 HR45TW
55 to 72 HR45TW

5.3 Repeatability

5.3.1 For each reference bli)hc et H1, HB H
in increasing order of magnitydé.

The repeatability range, r, of the testihy { hitdch
conditions, is determined py Fe¥ ( e

r=H

The mean harpkr(qgsgval\;e of,
@

where

Ha, Hz, H3, Ha,

n

5.3.2 The repeatability range of the testing machine being verified shall be considered satisfactory if it
satisfies the conditions given in Table 2. Permissible repeatability is presented graphically in Figures A.1
and A.2.

Table 2 — Permissible repeatability range and bias of the testing machine

ermissil bias Per repeatability
Rockwell hardness Hardness range of Rockwell units range of the testing machinea
scale the reference block
b r
A 20 to 75 HRA +2 HRA £0,02 (100 - ﬁ)or
>75to 95 HRA +1,5HRA

0,8 HRA Rockwell unitsb

NOTE

2 H isthe mean hardness value.

b The one with a greater value becomes the permissible repeatability range of the testing machine.

The requirements for permissible repeatability range, 7, and/or permissible bias, b, might be different in ASTME 18.

ATCAATE
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Permissible bias Permissible repeatability
Rockwell hardness Hardness range of Rockwell units range of the testing machinea
scale the reference block b
R
B 10to 45 HRBW +4 HRBW <004 (130- H)
>45to 80 HRBW +3 HRBW HRBW Rockwell units
>80to 100 HRBW +2 HRBW
¢ 10 to 70 HRC +1,5 HRC £0,02(100- H)or
0,8 HRC Rockwell unitsb
D 40 to 70 HRD +2 HRD £0,02(100- H)or
>70to 77 HRD +1,5HRD 0,8 HRD Rockwell unitsb
E 70 to 90 HREW £2,5HREW £0,04(130- H)
>90to 100 HRE +2HREW HREW Rockwell units
F 60 to 90 HRFW. +3 HRFW £0,04(130- H)

>90 to 109: HRFW Rockwell units

G 3010 50HREW
>50to 7§ HRGW

<004 (130- H)
HRGW Rockwell units

H £0,04(130- H)
s HRHW Rockwell units

K ’ (iEtiRKW £0,04 (130~ H)
RS “*7 £3 HRKW HRKW Rockwell units

‘b +2 HRKW:* R
15N, 30N, 45N 2 HRA o2 4.(100- H)or
. H Rockwell units b

15T, 30T, 45T BHRTW T 00 Hor

2,4 HR-TW Rockwell unitsb

a  H isthe mean hardness value.

b The ane with a greater value becames the permissible repeatability range of the testing machine.

NOTE  The requirements for permissible repeatability range, r, and/or permissible bias, b, might be differentin ASTM E 18.

5.4 Bias

5.4.1 The bias, b, of the testing machine in Rockwell units, under the particular calibration conditions,
is expressed by the following formula:

b:E—HCRM 3

where

@ISO 2015 = All richts recerved
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" is the mean hardness value, from Formula (2);
Hcru is the certified hardness of the reference block used.

5.4.2 The bias of the testing machine shall not exceed the values given in Tablc 2.

5.5 Uncertainty of measurement

Amethod to determine the uncertainty of measurement of the calibration results of the hardness testing
machines is given in Annex B.

6 Calibration and verification of Rockwell hardness indenters

6.1 General

6.1.1 Indenter calibrations ands
verification is made outside of thi

ions should be carried out at a temperature of (23 £ 5) °C. If the
re range, this shall be reported in the verification report.

6.1.2 The instruments usetl

6.2 Diamond indenter

6.2.1 General

e spherocarfith} Hiamond indenter in conformance with this part

t calibration 4éiéérification shall be carried out on each indenter.

To verify the relialji)
of 1S0 6508, a dif:e???nd'é >

6.2.2.1 The .su:fqéég' i)f.the: mb i ' ), shall be polis:liéd'fbr a penetration depth of

0,3 mm and shall ¥iphtt In a smotth tangenti f: befree from surface defects.

t measurement or optically.
$ than four unique equally spaced'axial planes (for example, at 0°,
limator device is also acceptable. In this case, the measurements
‘entral angles and the central angle of 120° shall be included.

6.2.2.2 The verification of
The verification shall be made:
45°,90°, 135°). Measurement Wi
should be carried out at least in fo
The location where the spherical tip and the cone of the diamond blend together will vary depending
on the values of the tip radius and cone angle. Ideally for a perfect indenter geometry, the blend point
is located at 100 pm from the indenter axis measured along a line normal to the indenter axis. To avoid
including the blend area in the measurement of the tip radius and cone angle, the portion of the diamond
surface between 80 pm and 120 pm may be ignored.

6.2.2.3 The instruments used to verify the shape of the diamond indenter shall have the following
maximum expanded uncertainty when calculated with a 95 % confidence level:

— angle: 0,15
— radius: 0,005 mm.

6.2.2.4 The diamond cone shall have an included angle of (120 * 0,35)°.

6.2.2.5 The tip of the indenter shall be spherical. Its mean radius shall be determined from at least four
single values, measured in the axial section planes defined in 6 2. Each single value shall be within

CATICAIAIC AN pighte recorved -
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{0,2 £ 0,015) mm. The mean value shall be within (0,2 + 0,01) mm. Local deviations from a true radius
shall not exceed 0,002 mm.

6.2.3 Indirect verification of diamond indenters

6.2.3.1 The hardness values given by the testing machine depend not only on the dimensions of the
tip radius and cone angle, but also on the surface roughness and the position of the crystallographic axes
of the diamond, and the seating of the diamond in its holder. To examine these influences, an indirect
verification of the performance of the diamond indenter shall be accomplished by making a series of tests
on reference blocks that meet the requirements of 1SO 6508-3:2015 and comparing the results against a
calibration diamond indenter that meets the requirements of 1SO 6508-3:2015, 4.3.

This indirect verification shall be performed using a calibration machine that meets the relevant
paragraphs of IS0 6508-3:2015, Clause 4, in accordance with the procedure described in ISO 6508-3:2015,
Clause 5.

for either

Diamond indenters may be certified for 3
— only the regular Rockwell diam

— only the superficial Rockwell:él‘;azrfmrfd :s‘théfes, or

NOTE It might be necessary, to,u;e ;a; pljzwmd jgdpnte( me s reduced number of test scales due to force
limitations, such as a side cutwamqnd 1dentes Ml'téft‘ng gka}lbbth profiles, or other considerations.

6.2.3.2 The referendéﬂilbclds’ Ut [r this indirect Xl'edflcatlon shall be chosen at the hardness levels
given in Tables 3 4*5' ;ors? dcpemfmg on the seales‘for which the indenter is to be certified. When
verifying diamond mﬂgmters tobpygedona limitetfnumber of scales, use the reference blocks defined in
Table 5 for the HR'(; tale and/orlh propnate scale row(s) in Table 7 for anyother diamond scale.

NOTE 5 gl
other International Standards. It is b llevedt
results.

hble 4 are prov:ded to accommadate indenters calibrated to

'mjlbratlons coodp;ted to Tables;. j ble 4 will yield equivalent

il indenters used for Rockwell reglliar and superficial
sxales (4, C, D, and N)

Table 3 — Hardness levels f(g

Scale ) Nominal hardness Ranges
HRC 23 20 to 26
HRC 55 5210 58

HR45N 43 40to 46
HR15N 91 88to94

Q o - OISO 2015 = All richtc recerved
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Table 4 — Alternate hardness levels for diamond indenters used for Rockwell regular and
superficial scales (A, C, D, and N)

Scale Nominal hardness Ranges
HRC 25 22t028
HRC 63 60 to 65

HR30N 64 60 to 69
HR15N 91 88 to 94

Table 5 — Hardness levels for diamond indenters to be used for Rockwell regular scale testing

only (A, C, and D)
Scale Nominal hardness Ranges
HRC 25 22t0 28
HRC 63 60 to 65

qil;‘l indenters to be used for Rockwell superficial scale
Yesting only (N)

‘. Nominal hardness Ranges

esseedts 88 to 94
60 to 69
22t029

‘Higit hpMinal H‘i}g?tbardness Low nominal Low hardness range
’**range hardness
< 14 - B8lto84.,. 630" 1L 61t065
1% 14 70to 75 41to 46
.91 °2 o 88 to 932 70 to 74
BE. . : 77t0)§_2:' \:‘:.. 43 to 49
133 66072 22029

6.2.3.3 The testing shall be cany out in accordance with 150 6508-1:2015 using the following

procedure.

For each block, the mean hardness value of three indentations made using the indenter to be verified
shall not differ from the mean hardness value of three indentations obtained with the calibration
indenter by more than +0,8 Rockwell units. The indentations made with the indenter to be verified and
with the calibration indenter should be adjacent to each other on each block.

6.3 Ball indenter

Ball indenters normally consist of a spherical ball and a separate appropriately designed holder. Single-
piece spherically tipped indenters are allowed, provided the surface of the indenter that makes contact
with the test piece meets the size, shape, finish, and hardness requirements defined in 6.3.1, and it
meets the performance requirements defined in 6.3.2

6.3.1 Direct calibration and verification of the ball indenter

6.3.1.1 The balls shall be polished and free from surface defects.

TURTEAGATE . AN ighte recorved qQ
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6.3.1.2 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. For the purpose of
verifying the size, density, and the hardness of the balls, at least one ball selected at random from a batch
shall be tested. The balls verified for hardness shall be discarded.

6.3.1.3 The diameter, measured at no less than three positions, shall not differ from the nominal
diameter by more than the tolerance given in Table 8.

Table 8 — Tolerances for the different ball diameters

Rockwell hardness scale Ball diameter Tolerance
mm mm
B 1,587 5 +0,0035
1,587 5 +0,0035
1,587 5 +0,0035

1,5875 0,003 5
3,175 0,004
3,175 0,004
3,175 0,004

< ZT m|lg3 o m

6.3.1.4 The characteristics oftﬁe tungs 1te balls shall be as follows:

— Hardness: The hardness shallhe nu]r;ss:manﬂ: 500 H.“Z.Whhn determined using a test force of atleast
4,903 N (HV 0,5) in.. accéidan'cbh'r@l_tf\.lsg 16507-1. THé bell may be tested directly on this spherical
surface or by sectmlﬂg thetbalk ansf tésting on ; all interior. An example for HV 10 is given in
Table 9. I

— total other carbides:

— cobalt (Co):

6.3.1.5 The hardness of steel balls shall be no less than 750 HV, when determined using a test force of
98,07 N in accordance with 1SO 6507-1 (see Table 9).

NOTE Hardened steel balls are only used when performing tests on thin sheet metal according to
1S3 6508-1:2015, Annex A.

Table 9 — Values of the mean diagonal (HV10) for the determination of
the hardness of the ball indenters

Ball diameter Maximum value of the mean diagonal made on the spherical surface
mm of the ball with a Vickers indenter at 98,07 N
(HV10)
mm
Hardened steel ball Tungsten carbide composite ball
3,175 0,109
1,587 5 0,150 0,107

1n . @& 180 201C — All richtc recerved
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6.3.2 Indirect verification of the ball holder assembly

6.3.2.1 TheB,E, E G, H,K, T scale hardness values given by the testing machine depends not only on the
dimensions of the ball indenter, but also on the seating and alignment of the ball in its holder. To examine
these influences, an indirect verification of the performance of the ball indenter assembly shall be done
by making a series of tests on a reference block that meets the requirements of 1S0 6508-3:2015, usinga
tester that meets the requirements of this part of ISO 6508, following the procedures defined in 1S0 6508-
1:2015.

6.3.2.2 Perform at least three tests on at least one HRBW scale (or the scale with the highest test force
that the indenter is going to be used to perform) test block.

6.3.2.3 The mean hardness value of three indentations made using the ball holder assembly to be
verified shall not differ from the certified hardness value of the test block by more than the permissible
bias defined in Table 2.

6.4 Marking

propriately marked. For example, diamond
e marked with an N and diamonds certified

Table 10.

after a direct verification
riate.

7.2 Indirect verifi¢dtion shall be perfmﬁﬁéﬁ atleast oﬂdé évery 12 moutlﬂ 5
has been performed. For highstise machines; a smaller mterval-mlght beé &

7.3 If an indirect verification 3133 ppt:been performed within 13 months, a direct verification shall be
performed before the tester can’ be'used (see Table 10).

Table 10 — Direct verifications of hardness testing machines

Requirements of verification Force Measuring Test cycle Machme_ Indentera
system hysteresis
before setting to work first time X X X X X
after dismantling and reassembling, X X X X
if force, measuring system or test
cycle are affected
failure of indirect verificationt X X x)c X
indirect verification > 13 months ago X X (x)c X

2 [naddition, it is recommended that the diamond indenter be directly verified after two years of use.

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

€ Atminimum, verify the duration of the total test forces.
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8 Verification report

A verification report is required for the direct and indirect verifications of testing machines and
indenters. The verification report certificate shall at minimum include the following information:

a) areference to this part of ISO 6508, i.e. 1SO 6508-2;

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

c) identification data for the hardness testing machine, or indenter/ball holder;

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

€) Rockwell hardness scale(s) verified;

f) diamond scale indenter reports shall indicate the scale(s) the indenter is certified to perform;
g) verification temperature, if the verification was carried out outside of {23 + 5) °C;

h} resultobtained;

i) date of verification and referenté Xbithé ¥erification institution;

ult. Bxid

j)  uncertainty of the verificati¢ iples are indicated in Annex B.
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Annex A
(normative)

Repeatability of testing machines

The permissible repeatability of testing machines is presented graphically in Figures A.1 and A.2.
Y

6,5

6

55 - HRBW

~

40 50 60 70 ;BIO 90 | 100

IHRe | | | IHREW
HRD | |HRHW
| HRFW

HRGW
HRKW

HRBW

Key
X Rockwell hardness
Y repeatability of testing machines

Figure A.1 — Rockwell hardness (scales A, B, C,D,E, F, G, H, and K)
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\_|-0.06 (100H)

AN
N

TN

Key
X Rockwell hardness

Y repeatability of testing machines

Figure A.2 — Rockwell superficial hardness (scales N and T)
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Annex B
(informative)

Uncertainty of measurement of the calibration results of the
hardness testing machine

B.1 General

Measurement uncertainty analysis is a useful tool to help determine sources of error and to understand
differences between measured values. This annex gives guidance on uncertainty estimation, but the
methods contained are for informatjon only, unless specifically instructed otherwise by the customer.
The criteria specified in this part pfilSO 6508 for the performance of the testing machine have been
developed and refined over a signlfitahtjperiod of time. When determining a specific tolerance that the
machine needs to meet, the uncer¥: 44ddciated with the use of measuring equipmentand/or reference
standards has been incorporatea it mﬂus tolerance and it would therefore be inappropriate to make
any further allowance for this lmdertalhtyl)y, for example, reducing the tolerance by the measurement
uncertainty. This applies toﬂl easureménts made when performing a direct or indirect verification
of the machine. In each cash it is simply the mﬂep;stgmd value resulting from the use of the specified
measuring equipment and/¢r referencemndatd haxns used to assess whether or not the machine
complies with this part of ISO special circumstances where reducing the
tolerance by the measurgme his should only be done by agreement of the
parties involved.

ncertaint.ggﬁzfr‘t"a/libration of machine components

on of the test force .

instrument is calculated an:l,l:eported, o
specified maximum permlsklbh .lu'hlti Consequently, the fdlldwing is:d ‘procedure to calculate the

uncertainties of the AF valugsw yect to the true value of force specified by the test. The combined
relative standard uncertamty 0

’I!E'St force calibration is calculated according to Formula (B.1):
) ) Z :
Up = \UFRS TUFHTM T Ums (B1)

where

UFRS is the relative uncertainty of measurement of the force transducer (from calibration cer-

tificate);

urHTM  is the relative standard uncertainty of the test force generated by the hardness testing
machine;

Ums is the relative uncertainty of measurement due to the resolution of the measuring system.

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

— temperature dependence;
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— long-term stability;
— 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.

NOTE The metrological chain necessary to define and disseminate hardness scales is shown in
1S0 6508-1:2015, Figure L.1.

EXAMPLE Direct verification of the applied force of the testing machine.
Calibration value of the force transducer (force to be measured): Frs=1471,0N

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

Resolution of the force indicating instrument: Sms=0,1N
F-F
AF,, =100x— RS (B.2)
Frs
U
uppg =50 (B.3)
2
_ SFi
UFHTM _1OOXTXt {(B.4)
where sg;is the standard d fdtcé'lnd.icatﬁm Vilues in the i-th height position.
s 14 HH
Uy =100x T x —2+ (B.5)
m 23" F
. esults of the test forcp;éilibmtion . : : B
N i Fblite .EOkte
indicatien ind#cation indication (Sitar}'da!rd
. ') 1 'i' .s 3 Tlee. eviation
Number of height position .t e
for test force calibration F
3 SE,i
N N N
1 1471,5 T 14719 1471,7 1471,7 0,200
2 14721 1472,3 14727 1472,4 0,306
3 1472,2 1473,5 1471,3 1472,3 1,106

The following example calculations will use values of the force indication 1 at the height position 3 from
Table B.1. See Table B.2.

From the given direct verification parameters and Table B.1:

AF, 4 =100 xw =0,08% (for forceindication 1at the height position 3)
el 1471,0

U
Upps = % =0,06%

1,106

.
[ri— :100x%xt:100x x1,32=9,9x1072% (for three readings, t =1,32)
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1:100>< 0,1 1

5!’115 %
23 F 243 1471,0

Table B.2 — Calculation of the uncertainty of measurement of the test force
(for force indication 1 at the height position 3 from Table B.1)

=2,0x107 9

Relative Relative
- Relative | Distribu- S standard Relative
N Estimated N standard Sensitivity :
Quantity limit tion . measurement | uncertainty
value measurement | coefficient : FLain
values type : uncertainty contribution
uncertainty
symbol
X Xi ai u(x;) i uj
Force

transducer | 14710N Normal 6,0%102% 1 UpRs 6,0x10-2%
indication
Generated

test 14710N 99x102% 1 UFHTM 99 x 102 %

force
Measurement

system 2,0x103% 1 Uims 2,0x103%
resolution

Relative combined standard unce¥santy, up 1,2x10-1%

Relative expanded uncertainty ofedéasurement, Ur (k= 2} I 2,3x10-1%

1eiiat Eépc.s; it

The above calculations must be do

d

able B.3 shows the ggEa:ti\'/qée‘v yié test fqlfqe' méasurement (1 471 N force indication 1; height
3) and the corresppniting, expangtaed Telative uncerganty of the test force deviation, AFye). There can
be circumstances 'th‘r&ﬂiéﬁméf needs to accqyit for the relative expanded uncertainty of the test
force deviations Up ¢
maximum penmssfee relatiys
as follows: ;

which includes the expande
than the force deviation val

Table B.3 — Calculation of:éierelative deviation of one test force measurement and the
expanded relative uncertainty of the test force measurement

Relative deviation of test force Expanded combined relative c;{;l:it:(:?jsfi‘g::;;neift:rs‘;g:jr:-:zlr
[force indication 1; height 3] uncertainty of the test force . s P
ative uncertainty of the test force
Afrel Up AFax
0,08 % 0,23 % 0,31 %

B.2.2 Uncertainty of depth-measuring system

For the direct verification of depth-measuring system, the difference AL between each individual
measurement of depth measured by the hardness machine and the corresponding depth value indicated
by the reference instrument is calculated and reported. The direct verification verifies whether each AL
is within specified maximum permissible limits. Consequently, the following is a procedure to calculate
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the uncertainties of the AL values with respect to the true value of the depth. The combined standard
uncertainty of the reference instrument for the depth-measuring system is calculated as follows:

2 2 .2
L =VULRS T Ums T ULHTM (B.7)

where
ULRS is the uncertainty of measurement of the depth calibration device (reference standard)
from the calibration certificate for k = 1;
Ums is the uncertainty of measurement due to the resolution of the measuring system;

uLHTM  is the standard uncertainty of measurement of the hardness testing machine.

The uncertainty of measurement of the reference instrument for the depth-measuring system, the depth
calibration device, is indicated in the corresponding calibration certificate. It is assumed that quantities,
such as the following, do not exert an, gssential influence on the uncertainty of measurement of the
depth calibration device:

— temperature dependence;
— long-term stability;
— interpolation deviation.

EXAMPLE the testing machine for the A to K scales.

Expanded uncertainty m(—:asucementpfrtegth ta‘llbral:lpnsystem ULrs = 0,000 2 mm (k = 2) (from

calibration certlflcate]

(8.8)

(B.9)

(B.10)

Uy =18 (B.11)
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Table B.4 — Results of the calibration of the depth-measuring system

IS0 6508-2:2015(E)

Rated value of

Standard

the depth- Depth measurement | Depth measurement | Depth measurement
measuring deviation
system
Lrs L1{AL1) Lz (ALz) L3 (Alg) SLi
mm mm mm mm mm
0,050 0,050 5 (+0,000 5) 0,050 5 (+0,000 5) 0,050 0 (0,000 0) 2,9 x 10-4
0,100 0,100 5 (+0,000 5) 0,100 0 (0,000 0) 0,100 5 (+0,000 5) 2,9 x 10-4
0,150 0,150 5 (+0,000 5) 0,150 5 (+0,000 5) 0,150 0 (0,000 0) 2,9 x 10-4
0,200 0,200 5 (+0,000 5) 0,200 5 (+0,000 5) 0,200 5 (+0,000 5) 0
0,250 0,250 5 (+0,000 53 0,250 5 (+0,000 5) 0,250 0 (0,000 0) 2,9 x 10-4

The following example calcula;m‘ns
interval from Table B.4. See Tabld {25

ATCAATE

AN vighte recerved

(for three readings, t =1,32)

xvalues of the depth measurement 1 at the 0,050 mm depth

19



1SO 6508-2:2015(E)

Table B.5 — Calculation of the uncertainty of measurement of the measuring system
(for depth measurement 1 at the 0,050 mm depth interval from Table B.4)

Quantity Esti- | Limit value Standard |Sensitivity| Standard | Uncertainty
mated Distribu- measure- |coefficient| measure- | contribution
value ﬁ:)snrtl “e ment uncer- ment uncer-

yp tainty tainty
symbol
X X a; u(x) Ci uj
mm mm mm mm
Depth
measure-
ment: 0,050 | 1,5x10-% Normal 1,0 x 10-4 1 ULRS 1,0 x 10-4
calibration
device
Depth ..
measure- 1,0 x 10-3
ment: 0,050 3,8x 10-4 1 ULHTM 3,8x10-4
testing (A to K scales)
machine
Measure- :
ment .
-4
system 0.5 10; 1 Ums 1,4 x 10

resolution *

Combined uncertainty gfmggsu . 4,2 x 104
Expanded uncertamty‘ofmeasmment, (k= 2), it 8,4 x 10-4

ed forall degth fheasurements.

Table B.6 shows, l;he ;iwlatlon of pne tlepth measurement Al .(depth measuggment 1; 0,050 mm depth
mterval] and the‘d)ﬁkstmndmg éipanded uhcertamty of e depth measxrément deviation. There
widie the 4 -user needs~to account fbn the expanded- uncertamty of the depth

the maximum permissible dev
calculated as follows:

In Tablé B&, value of ALmax is also

AL =|AL+ Uy (B.12)

which includes the expanded uncertainty of the depth measurement deviation. In this case, the value of
ALmay, rather than the depth deviation value, AL, is compared to 4.3.4 to determine compliance. In the
example given in Table B.6, ALyax exceeds the maximum permissible deviation of the depth measurement
of £0,001 mm for the scales A to K.

Table B.6 — Calculation of the maximum deviation of one depth measurement
and the expanded uncertainty of the depth measurement
(for depth measurement 1 at the 0,050 mm depth interval from Table B.4)

Deviation of depthmeas-
urement
combined with the
expanded uncertainty of
the depth measurement

Lgs AL Uy ALmax
0,050 mm 0,000 5 mm 0,000 84 mm 0,001 34 mm

Deviation of the Expanded uncertainty of

Depth interval depth measurement depth measurement

n o - OISO 2015 = All richtc recerved
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B.2.3 Verification of the indenter

The indenter, consisting of indenter tip and holder, cannot be verified or calibrated on site. A valid
calibration certificate from an accredited calibration laboratory shall exist which states the geometry
of the indenter (see Clausc 6).

B.2.4 Verification of the test cycle
In 4.4, the permissible deviation for every section of the test cycle is stipulated as £0,5 s. While measuring

with a usual time measuring system (stopwatch), the uncertainty of measurement can be indicated as
0,1 s. Therefore, an estimation of the uncertainty of measurement is not necessary.

B.3 Indirect verification — Uncertainty of calibration of testing machine

B.3.1 Uncertainty of the bias of the testing machine

NOTE In this Annex, the index "€

{Certified Reference Material)” means, according to the definitions of
the hardness testing standards, “Hagé

Reference Block”.

By indirect verification with (£ s, verall function of the hardness testing machine is checked.
The repeatability of the hardness‘testmgnachme and the deviation of the hardness testing machine’s
measurement of hardness fidil the true hiirdness value are determined. For the indirect verification
of the hardness testing mac}rme, the dlfferencewr’blﬂs, b, between the average hardness of the CRM
measured by the hardness roachme and the con?smmdh*;g certified value of the CRM is calculated and
reported. The indirect veriffcation Mdriflek WhetHdit thé Hihs is within specified maximum permissible
limits. Consequently, the followihg! jéedure thy éakdilate the uncertainty of the bias value of the
hardness machine mgq;ureggm; srgspect to ghg tnle average hardness of the CRM. This process
is based on the regQltsifroppinititect Verlflcatlon am IS applicable for the calibration of the machine in
Rockwell units uii{g’ ERME

The uncertamiy .of'the me; ent of the‘btas ‘of the hardness testing machine from the indirect
verification; ﬁﬂfows from For a¥(B.13):

(B.13)

where

ucrM  is a contribution tgx:
certified value of tite

surement uncertainty due to the callbratlon uncertainty of the
accordmg to the calibration certificate for k = 1;

uncrM 1S a contribution to the' measurement uncertainty due to the lack of measurement repeat-
ability of the hardness testing machine and the hardness nonuniformity of the CRM,
calculated as the standard deviation of the mean of the hardness measurements when
measuring the CRM;

Upms is a contribution to the measurement uncertainty due to the resolution of the hardness
testing machine.

EXAMPLE Indirect verification of the Rockwell C scale (approximately 45 HRC) of the testing machine.
Hardness reference block (CRM): Hcrm = 45,4 HRC

Expanded uncertainty of the certified value of the CRM: Ucrm = 0,5 HRC (from calibration
certificate)

Resolution of the hardness testing machine: Oms = 0,1 HRC
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Five HRC measurements are made on the CRM as shown in Table B.7.

b=H-Hepy
Ucrm
Ucrm = 2
t-sy
T
[}
s = 2%
Table B.7 — Results of the indirect verification
. Measured hardness
value
H, HRCa
46,4max
46,1

45,3min

© 459
0,42

¢ Sehdalarit deviation, sy
a'* HRLIRbE

tkwell C hardnassiskate.

U,
Ucpm :%:0,25 HRC

Forn=5,t=1,14,

o L _114x042
H \/; 5 g

s = x8 s =0,03 HRC

ms =5 5 Oms =0,

279

(B.14)

(B.15)

(B.16)

(B.17)
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B.3.2 Budget of uncertainty of indirect calibration/verification measurement (See
Table B.8})

Table B.8 — Budget of uncertainty of measurement

Standard Standard
. Estimated | Distribution andarf Sensitivity | measurement | Uncertainty
Quantity uncertainty of L ! At
value type coefficient uncertainty contribution
measurement
symbol
X X ulx) ¢ uj
C“'”‘f‘ggh‘fl“e °of | 454 HRC Normal 0,25 HRC 10 ucRM 0,25 HRC
Hardness machine | ¢ ¢ ype Normal 0,21 HRC 1,0 un 0,21 HRC
measurement
Hardness machine | ype 0,03 HRC 1,0 tms 0,03 HRC
resolution
Combined uncertainty of bias value, #xss 0,33 HRC
Expanded uncertainty of bias valud, Zhsma ( 0,66 HRC

Table B.9 shows the bias valLlEe: !7; and the coﬁespgp;i:ipg expanded uncertainty of the bias measurement,
Untm. There can be circumsggnces where fhe uger pepgis, to account for the expanded uncertainty of the
bias measurement generated by the.hﬁtdhbks te’stmg}ﬂhbhme when determining compliance with the

i 0? 1 "lh S value of AHyTMmax also calculated as follows:

(B.18)

tainty of the binss I this case, the value of AHgTMmax, rather than the

bias value, b,'lﬁ‘(;qmpared to~Tg§ £:2 to determine compllance

m deVIa,tlon of the hard‘ness testing mac}une including
he umﬁrtamty of measitrement

M d hard FEE Maximum deviation
tizs:;:dne:rs t::tsisnon pa uhcertamty.éf f the testing machine
machine 8 bias value including uncertainty of
bias value
H Untm AHHTMmax
45,9 HRC 0,66 HRC 1,16 HRC

22
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