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Foreword

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

The procedure e TeTTt ard Tdedfor T tHeT TaiTtenancyg are
described ip the [SO/IEC Directives, Part 1. In particular, the different approval criteria needed fof the
different tyjpes of ISO document should be noted. This document was drafted in accordanee with the
editorial rujes of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO draws attention to the possibility that the implementation of this document may\involve thg use
of (a) patenf(s). ISO takes no position concerning the evidence, validity or applicability of any claimed
patent rights in respect thereof. As of the date of publication of this document;"JSO had not recgived
notice of (a] patent(s) which may be required to implement this document. However, implementers are
cautioned that this may not represent the latest information, which may be obtained from the patent
database ayailable at www.iso.org/patents. ISO shall not be held responsible for identifying any qr all
such patent{rights.

Any trade rlame used in this document is information given for the convenience of users and doe$ not
constitute gn endorsement.

For an expllanation of the voluntary nature of standards, the meaning of ISO specific terms|and
expressiong related to conformity assessment, as well*as information about ISO's adherenge to
the World |Trade Organization (WTO) principles inxthe Technical Barriers to Trade (TBT), see
www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 164, Mechanical testing of métals,
Subcommittee SC 3, Hardness testing, in colldbgration with the European Committee for Standardizgtion
(CEN) Techpical Committee CEN/TC 459, ECISS - European Committee for Iron and Steel Standardizdtion,
in accordarIe with the Agreement on téehinical cooperation between ISO and CEN (Vienna Agreemient).

This fifth e
revised.

ition cancels and replaces the fourth edition (ISO 6508-1:2016), which has been technigally

The main clhanges are as follows:
— removdl of note related to the use of tungsten and steel ball indenters (Clause 1);

— removdl of the-yéar from the Normative References specified and various places throughout the
body of the(standard (Clause 2);

— additiotrefCclatse 3, Ferms—atrd dcfiuitiuuo,
— added additional information for the use of single-piece spherically tipped indenters (6.3 NOTE 1);
— added the table reference and table title (7.4);

— modified theuncertainty ofthe resultssectiontoonly provide asinglereference for the determination
of uncertainty (Clause 9);

— modified Annex G to remove the “procedure without bias (M2)” method for determining uncertainty.
Alist of all parts in the ISO 6508 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Metallic materials — Rockwell hardness test —

Part 1:
Test method
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document specifies the method for Rockwell regular and Rockwell superficial haydng

onary and portable hardness testing machines.

bpecific materials and/or products, other specific International Standards apply (e.g.
SO 4498).

Normative references

titutes requirements of this document. For dated references, only the edition cited
508-2, Metallic materials — Rockwell hardnesstest — Part 2: Verification and calibrati
hines and indenters

h508-3, Metallic materials — Rockwell hardnéss test — Part 3: Calibration of reference blq

Terms and definitions
brms and definitions are listed in this document.

ind [EC maintain terminolegy databases for use in standardization at the following add

SO Online browsing‘platform: available at https://www.iso.org/obp

EC Electropediatavailable at https://www.electropedia.org/

Symbols, abbreviated terms and designations

rdifigito Table 1, Table 2, Table 3, and Figure 1.

bss tests for

s A, B,C, D, E, F, G, H, K, 15N, 30N, 45N, 15T, 30T, and 45T for metallic materials and is applicable to

ISO 3738-1

following documents are referred to in the text in suchya/way that some or all of their content

hpplies. For

ited references, the latest edition of the referenced document (including any amendments) applies.

bn of testing

cks

resses:
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Table 1 — Rockwell regular scales

Rockwell | Hardness | Type of indenter | Preliminary| Total Scaling Full Applicable
regular symbol force force | constant| range range
hardness Unit F, F S constant | ofapplication
scale N (ROCkWEll
regular
hardness scales)
A HRA Diamond cone 98,07 N 588,4 N | 0,002 mm 100 20 HRA to
95 HRA
B HRBW Ball 1,587 5 mm 98,07 N 980,7 N | 0,002 mm 130 10 HRBW to
100 HRB
C HRC Diamond cone 98,07 N 1,471 kN | 0,002 mm 100 20 HRCat
70'HRC
D HRD Diamond cone 98,07 N 980,7 N | 0,002 mm 100 40 HRD t
77 HRD
E HREW Ball 3,175 mm 98,07 N 980,7 N | 0,002 mm 130 70 HREW to
100 HRE
F HRFW Ball 1,587 5 mm 98,07 N 588,4 N | 0,002 mm 130 60 HRFW to
100 HRF
G HRGW Ball 1,587 5 mm 98,07 N 1,471 kN | 0,002 mim 130 30 HRGW fo
94 HRGW
H HRHW Ball 3,175 mm 98,07 N 588,4 N | 0,002 mm 130 80 HRHW to
100 HRHW
K HRKW Ball 3,175 mm 98,07 N 1,471 kN 0,002 mm 130 40 HRKW o
100 HRKW
a  The appljcable range of application can be extended to 10 HRC-ifthe surfaces of the diamond cone and spherical tip are
polished for 4 penetration depth of at least 0,4 mm.

Table 2 — Rockwell superficial scales

Rockwell || Hardness Type of Preliminary| Total Scaling Full Applicablg
superficiall| symbol indenter force force | constant | range range
hardness Unit F, F S constant | of applicatiﬁ)n
scale N (Rockwel
superficidl
hardness scdles)
15N HR15N Diamond cone 29,42 N 1471 N | 0,001 mm 100 70 HR15N to
94 HR15N
30N HR30N Diamond cone 29,42 N 294,2N | 0,001 mm 100 42 HR30N to
86 HR30N
45N HR45N Diamond cone 29,42 N 441,3N | 0,001 mm 100 20 HR45N to
77 HR45N
15T HR1STW | Rall1 587 5 mm 2942 N 1471 N (0001 mm 100 A7 HR15TWlto
93 HR15TW
30T HR30TW | Ball 1,587 5 mm 29,42 N 294,2N | 0,001 mm 100 29 HR30TW to
82 HR30TW
45T HR45TW | Ball 1,587 5 mm 29,42 N 441,3N | 0,001 mm 100 10 HR45TW to
72 HR45TW

Scales using indenter balls with diameter 6,350 mm and 12,70 mm may also be used, if specified in the
product specification or by special agreement. See ASTM E18 [3] for additional scales using these ball
sizes.

NOTE 1
indicated.

For certain materials, it is possible that the applicable range of application is narrower than those

2 © IS0 2023 - All rights reserved
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NOTE 2  The numbers representing the test forces were originally based on units of kgf. For example, the total
test force of 30 kgf has been converted to 294,2 N.

Table 3 — Symbols and abbreviated terms

Symbol/
abbreviated Definition Unit
term
Fy Preliminary test force N
Fy Additional test force (total force minus preliminary force) N
yas Fotattestforce N
S Scaling constant, specific to the scale mm
N Full range constant, specific to the scale -
h Permanent depth of indentation under preliminary test force after removal of mm
additional test force (permanent indentation depth)
HRA h
HRC Rockwell regular hardness =100 - ——
HRD 0,002
HRBW
HREW
HRFW h
Rockwell lar h =130-——
HRGW ockwell regular hardness = 130 0,002
HRHW
HRKW
HRN Rockwell ficiabhard =100 h
HRTW ockwell superficiabhardness = ~0.001
5 Rockwell hardness
5.1 | The following is an example of the designation of Rockwell hardness.
EXAMPLE 70 HR30TW, where!
70 HR  30%- W
indication of type of ball used, W = Tungsten carblde

composite

Rockwell scale symbol (see Tables 1 or 2)

Rockwell hardness symbol

Rockwell hardness value

NOTE1 Previous versions of this document allowed the use of steel indenter balls, which required the suffix S.

NOTE 2  For the HR30TSm and HR15TSm scales specified in Annex A, a capital S and a lower-case m are used
indicating the use of steel indenter balls and a diamond spot specimen holder.

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=d252d628260be734da9441b724ce3beb

ISO 6508-1:2023(E)

Key

time

indentati
indentati

w N k=< X

elastic req

5.2 Princ

An indenter
force levels
and the init
additional f
the Rockwd
depths and

H=N-

P
e
\
7 \ 4-
N 2
8/ N _ \_\/_x\___
Vs

indenter position

n depth by preliminary force, F,
n depth by additional test force, F;

ple:

N Oy b

overy just after removal of additional test force, F; 8
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Figure 1 — Rockwellprinciple diagram

of specified size, shape and'material is forced into the surface of a test specimen under
using the specific conditions specified in Clause 8. The specified preliminary force is apj
ial indentation depth-is measured, followed by the application and removal of a spec
prce, returning to_the preliminary force. The final indentation depth is then measured
1l hardness value~(H) is derived from the difference, h, in the final and initial indentd
the two constants N and S (see Figure 1, Table 1, and Table 2) as shown in Formula (1):

h

S

two
blied
ified
and
ition

)

6 Testi

g machine

6.1 Testing machine, shall be capable of applying the test forces for some or all of the Rockwell
hardness scales as shown in Table 1 and Table 2, performing the procedure specified in Clause 8, and
complying with all of the requirements specified in ISO 6508-2.

6.2 Spheroconical diamond indenter, shall be in accordance with ISO 6508-2, with an included
angle of 120° and radius of curvature at the tip of 0,2 mm. Diamond indenters shall be certified for use

for either:

— only the regular Rockwell diamond scales,

— only the superficial Rockwell diamond scales, or

© IS0 2023 - All rights reserved
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— both the regular and the superficial Rockwell diamond scales.

6.3 Ball indenter, shall be tungsten carbide composite in accordance with ISO 6508-2, with a
diameter of 1,587 5 mm or 3,175 mm (see NOTE 1 and NOTE 2).

NOTE1 Ballindenters normally consist of a spherical ball and a separate appropriately designed holder. Single-
piece spherically tipped indenters are allowed, provided that the surface of the indenter that makes contact with
the test piece meets the size, shape, finish, and hardness requirements for the calibration and verification of the
ball indenter as specified in ISO 6508-2, and meets the performance requirements for the indirect verification of
the ball holder assembly as specified in [SO 6508-2.

NOTWWRWWWWMWM&S is the
stanglard type of Rockwell indenter ball. Steel indenter balls can only be used when performing Rockwell

HR39TSm and HR15TSm tests according to Annex A.

7 [lest piece

7.1 | The testshall be carried out on a surface which is smooth and even; free from oxide s¢ale, foreign
matfer and, in particular, completely free from lubricants, unless specified otherwise in| product or
maté¢rials standards.

An exception is made for reactive metals, such as titanium, whichmight adhere to the indemter. In such
situgtions, a suitable lubricant such as kerosene may be used<The use of a lubricant shall be reported on
the gest report.

7.2 | Preparation shall be carried out in such a waythat any alteration of the surface hardness due to
excessive heating or cold-working for example, is minimized.

This|shall be taken into account, particularly in\the case of low-depth indentations.

7.3 | The thickness of the test piece, orofthe layer under test (minimum values are given in Annex B),
shal] be at least 10 times the permanent indentation depth for diamond indenters and 15 times the
perrthanent indentation depth for ballindenters, unless it can be demonstrated that the use [of a thinner
test piece does not affect the measured hardness value.

In g¢neral, no deformation should be visible on the back of the test piece after the test, althpugh not all
suchl marking is indicatjve of a bad test.

Follgw Annex A for.'special requirements for testing very thin sheet metal using the HRB0TSm and
HR1pTSm scales:

7.4 | For tests’on convex cylindrical surfaces and spherical surfaces, see 8.11.

8 rocedure

8.1 This document has been developed with a laboratory temperature requirement of 10 °C to 35 °C.

For environments outside the stated requirement, it is the responsibility of the testing laboratory to
assess the impact on testing data produced with testing machines operated in such environments. When
testing is performed outside the recommended temperature limits of 10 °C to 35 °C, the temperature
shall be recorded and reported.

NOTE If significant temperature gradients are present during testing and/or calibration, measurement
uncertainty can increase and out of tolerance conditions can occur.

© IS0 2023 - All rights reserved 5
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8.2 The daily verification specified in Annex E shall be performed before the first test of each day for
each scale to be used.

The condition of diamond indenters should be checked according to Annex F.

8.3 After each change, or removal and replacement, of the indenter, indenter ball, or test piece
support, perform at least two tests and discard the results, then determine that the indenter and the
test piece support are correctly mounted in the machine by performing the daily verification process

specified in

8.4 The
verification|

If the inden
be verified

from the lo
normally ug

8.5 Thet
to be indent
as to avoid

Products of
cylinders m
to the corre
and the spe
incorrectrq

Annex E.

Ler was not used during the indirect verification and is being used for the first time, it

n accordance with the daily verification given in Annex E using at least two test blocks
v and high ranges as specified by ISO 6508-2:2023, Table 1) for each Rockwell scale th
ed. This does not apply to replacing a ball.

st piece shall be placed on a rigid support and supported in such.&manner that the suj
ed is in a plane normal to the axis of the indenter and the line of‘the indenting force, as
h displacement of the test piece.

cylindrical shape shall be suitably supported, for examplé, on centring V-block or dg

ade of material with a Rockwell hardness of at least 60:HRC. Special attention shall be g
pct seating, bearing, and alignment of the indenters; the test piece, the centring V-bl
cimen holder of the testing machine, since any perpendicular misalignment might resy
sults.

jrect

hall
(one
atis

face
well

uble
iven
cks,
It in

8.6 Bring|the indenter into contact with the test Surface and apply the preliminary test forcg, F,
without shqck, vibration, oscillation, or overload,

The preliminary force application time should:not exceed 2 s. The duration of the preliminary test fprce,
Fy, shall be 3-’; S.

NOTE The requirements for the time durations are given with asymmetric limits.

EXAMPLE 3+1 s indicates that’3 s is the ideal time duration, with an acceptable range of not less|than
1s(3s-2s)tonot more than49(3s+15s).

8.7 Measfire the initial'indentation depth.

For many mjanual.(dial-indicator) machines, this is done by setting the indicating dial to its set-point or
zero positign./For many automatic (digital) machines, the depth measurement is made automatigally
without the usér’s input and might not be displayed.

8.8 Apply the additional force F; without shock, vibration, oscillation, or overload to increase the
force from F, to the total force, F.

For the regular Rockwell scale tests, apply the additional test force, F;, in not less than 1 s and not more
than 8 s. For all HRN and HRTW Rockwell superficial test scales, apply the additional test force, Fy, in

less than or

equal to 4 s.

It is recommended to perform the same test cycle used during indirect verification.

NOTE

There is evidence that some materials are sensitive to the rate of straining which causes small changes

in the value of the yield stress. The corresponding effect on the termination of the formation of an indentation

can make an

alteration in the hardness value.

© IS0 2023 - All rights reserved
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8.9 The total test force, F, shall be maintained for a duration of 5 +§ s. Remove the additional test

force, Fy, and, while the preliminary test force, F), is maintained, after 4 +3

1

made.

s, the final reading shall be

As an exception for test materials exhibiting excessive plastic flow (indentation creep) during the
application of the total test force, special considerations can be necessary since the indenter will
continue to penetrate. When materials require the use of a total force duration that exceeds the 6 s
allowed by the tolerances, the actual extended total force duration used shall be reported following the

test

esults (for example, 65 HRF/10 s).

8.10

The
form
Roc}
and

The

8.11f For tests on convex cylindrical surfaces and spherical surfaces, the corrections given

(Tab

Measure the final indentation depth while the preliminary test force is applied.

Rockwell hardness number is calculated from the permanent indentation depth, A
ula given in Formula (1) and the information given in Table 1, Table 2;-ahd Table

, using the
3. For most

fwell hardness machines, the depth measurement is made in a manner thapautomaticall
Hisplays the Rockwell hardness number.

derivation of the Rockwell hardness number is illustrated in Figure-.

le C.1, Table C.2, Table C.3, or Table C.4) and in Annex D (Jable D.1) shall be applied.

The

In tH
of s

8.12

8.13

dianpeter of the indentation. The distance from the centre of any indentation to an edge of t}

shal

9
A co

A gufideline for thé determination is given in Annex G.

10

correction values shall be reported on the test report:

e absence of corrections for tests on concave surfaces, tests on such surfaces should be
ecial agreement.

Throughout the test, the apparatus shall be protected from shock or vibration.

The distance between the centr'es of two adjacent indentations shall be at least thrg

be at least two and a half times the diameter of the indentation.

Uncertainty of théresults

mplete evaluationof the uncertainty should be done according to ISO/IEC Guide 98-3.

Testreport

The

y calculates

in Annex C

the subject

e times the
le test piece

nhnrnfnry shall record atleast the Fn”nv\ring information and thatinformation shall bel

included in

the test report, unless agreed by the parties concerned:

a)
b)

a reference to this document, i.e. ISO 6508-1:2023;

test surface;

c) the test temperature, if it is not within the limits of 10 °C to 35 °C;

d) the hardness result in the format specified in 5.2;

e)
)

all operations not specified in this document, or regarded as optional;

details of any occurrence which may have possibly affected the result;

© IS0 2023 - All rights reserved
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g) the actual extended total force duration time used, if greater than the 6 s allowed by the tolerances;
h) the date the test was performed;

i) if conversion to another hardness scale is also performed, the basis and method of this conversion
shall be specified (see ISO 18265).

11 Conversions to other hardness scales or tensile strength values

There is no general process for accurately converting Rockwell hardness into other scales, or hardness
into tensile Qh‘pngth Such conversions, therefore should he avoided,_unless a reliable basis for

conversion fan be obtained by comparison tests (see also ISO 18265).

8 © IS0 2023 - All rights reserved
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Special HR30TSm and HR15TSm test for thin products

General

This
min
or9
test

This
in th
pern
to vg

NOT
hold

The

A.2

Ah
1,58

A.3
The

test is applicable to thin sheet metal products having a maximum thickness of 0,6
mum thickness indicated in the product standards, and of a maximum hardness-of 8
B HR15TSm. The product standard shall specify when the Special HR30TSm o"HR15T§|
s to be applied.

test is carried out under conditions similar to those in the HR30TWor HR15TW te
is document. The appearance of deformation on the bottom of the test pieces below t
hitted. Prior to testing, hardness tests should be made on thin shee? samples of a know
rify that the specimen holder surface does not affect the measutement results.

1 The Sm in the scale designations indicates that a steel ball*indenter and a diamond sp

b1 are used for this testing.

following requirements shall be met, in addition to these specified in this document.
Ball indenter

7 5 mm shall be used for this testing.

Test piece support

test piece support shall(comprise a polished and smooth flat diamond surface apj

4,5 mm in diameter. This support surface shall be approximately centred on the axis of

and

tablg¢.

A4

If it
piec
for ¢

chall be perpendicularto it. Care shall be taken to ensure that it is seated correctly on

h

Test piece preparation

S necéssary to remove material from the test piece, this should be done on both side
. Gareé shall be taken to ensure that this process does not change the condition of the
xample, by heating or work hardening. The base metal shall not be made thinner than th

mm to the
P HR30TSm
m hardness

st specified
he indent is
'n hardness

ot specimen

irdened steel ball indenter, that meets the requirements of ISO 6508-2, with a ¢iameter of

broximately
he indenter
he machine

5 of the test
base metal,
e minimum

allowable thickness.

A5

Position of the test piece

The distance between the centres of two adjacent indentations or between the centre of one of the
indentations and the edge of the test piece shall be at least 5 mm, unless otherwise specified.

© IS0 2023 - All rights reserved
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Annex B
(normative)
Minimum thickness of the test piece in relation to the Rockwell

hardness

The minimymrthickmessof thetest ptece; or of the tayer under test s givermr i Figure B4 Figurg B.2,
and Figure B.3.

Y |

8
1{7
6

[y
(31

[N
ey

(=]
o v o

(=]
w U1 N

HRD

HRC

HRA

Key
X Rockwell hardness
Y minimum thickness of the test piece, mm

Figure B.1 — Test with diamond cone indenter (scales A, C, and D)
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3,6
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33

3,15
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2 85 .
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2,25
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1,65
1,5
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1,2
1,05

09
0,75

\J

IID- AL

Key
X Rockwell hardness
Y minimum thickness of the test piece, mm

Figure B.2 — Test with ball indenter (scales B, E, F, G, H, and K)
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|
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|
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|

Key
X Rockwell hardness
Y minimumm thickness of the test piece; mm

Figure'B.3 — Rockwell superficial test (scales N and T)
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Annex C
(normative)

Corrections to be added to Rockwell hardness values obtained on

convex cylindrical surfaces

For festsomrconvexcytimdricatsurfaces,thecorrections giverrimtabte—€-+Tabte €2,—Tpble C.3, or
Table C.4 shall be applied. For radii other than those given in these tables, correctionsmay be derived
by lipear interpolation.
Table C.1 — Test with diamond cone indenter (scales A, C, and D)
Rockwell Radius of curvature
Hardness mm
reading 3 5 6,5 8 9,5 11 12,5 16 19
20 - - - 2,5 2,0 1,5 1,5 1,0 1,0
25 - - 3,0 2,5 2,0 1,5 1,0 1,0 1,0
30 - - 2,5 2,0 1,5 1,5 1,0 1,0 0,5
35 - 3,0 2,0 1,5 ;5 1,0 1,0 0,5 0,5
40 - 2,5 2,0 1,5 1,0 1,0 1,0 0,5 0,5
45 3,0 2,0 1,5 1,0 1,0 1,0 0,5 0,5 0,5
50 2,5 2,0 1,5 10 1,0 0,5 0,5 0,5 0,5
55 2,0 1,5 1,0 1,0 0,5 0,5 0,5 0,5 0
60 1,5 1,0 1,0 0,5 0,5 0,5 0,5 0 0
65 1,5 1,0 10 0,5 0,5 0,5 0,5 0 0
70 1,0 1,0 0,5 0,5 0,5 0,5 0,5 0 0
75 1,0 0,5 0,5 0,5 0,5 0,5 0 0 0
80 0,5 0,6 0,5 0,5 0,5 0 0 0 0
85 0,5 0,5 0,5 0 0 0 0 0 0
90 045 0 0 0 0 0 0 0 0
NOTE  Corrections.greater than 3 HRA, 3 HRC, and 3 HRD are not considered acceptable and are therefore nptincluded in
this table.
Table C.2 — Tests with 1,587 5 mm ball indenter (scales B, F, and G)
Roekwell Radius of curvature
hardness mm
reading 3 5 6,5 8 9,5 11 12,5
20 - - - 4,5 4,0 3,5 3,0
30 - - 5,0 4,5 3,5 3,0 2,5
40 - - 4,5 4,0 3,0 2,5 2,5
50 - - 4,0 3,5 3,0 2,5 2,0
60 - 5,0 3,5 3,0 2,5 2,0 2,0
70 - 4,0 3,0 2,5 2,0 2,0 1,5
NhOTE . Corrections greater than 5 HRB, 5 HRF, and 5 HRG are not considered acceptable and are therefore not included in
this table.

© IS0 2023 - All rights reserved
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Table C.2 (continued)

Rockwell Radius of curvature
hardness mm
reading 3 5 6,5 8 9,5 11 12,5
80 5,0 3,5 2,5 2,0 1,5 1,5 1,5
90 4,0 3,0 2,0 1,5 1,5 1,5 1,0
100 3,5 2,5 1,5 1,5 1,0 1,0 0,5

NOTE Corrections greater than 5 HRB, 5 HRF, and 5 HRG are not considered acceptable and are therefore not included in
this table.

Table C.3 — Rockwell superficial test (scales 15N, 30N, 45N)a b
Rockwell Radius of curvature
superfjcial mm

hrae‘;i{;lflsgs 1,6 3,2 5 6,5 9,5 12)5
20 (6,0)¢ 3,0 2,0 1,5 1,5 1,5
25 (5,5)¢ 3,0 2,0 1,5 1,5 1,
30 (5,5)¢ 3,0 2,0 1,5 1,0 1,
35 (5,0)¢ 2,5 2,0 155 1,0 1,
40 (4,5)¢ 2,5 1,5 1,5 1,0 1,
45 (4,0)¢ 2,0 1,5 1,0 1,0 1,
50 (3,5)¢ 2,0 1,5 1,0 1,0 1,
55 (3,5)¢ 2,0 1,5 1,0 0,5 0,%
60 3,0 1,5 1,0 1,0 0,5 0,%
65 2,5 1,5 1,0 0,5 0,5 0,%
70 2,0 1,0 1,0 0,5 0,5 0,%
75 1,5 1,0 0,5 0,5 0,5 0
80 1,0 0,5 0,5 0,5 0 0
85 0,5 0,5 0,5 0,5 0 0
90 0 0 0 0 0 0

a2 These cofrections are approximate only and represent the averages, to the nearest 0,5 Rockwell superficial hardness
units, of numprous actual observations ofithe test surfaces having the curvatures given in this table.

b When teting convex cylindrical surfaces, the accuracy of the test will be seriously affected by misalignment of the
elevating scr¢w, V- specimen holder and indenter and by imperfections in the surface finish and straightness of the cylipder.

¢ The corrgctions given in patrentheses shall not be used, except by agreement.
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Table C.4 — Rockwell superficial test (scales 15T, 30T, 45T)a. b

Rockwell Radius of curvature
superficial mm
hraeg‘h’;ffgs 1,6 3,2 5 6,5 8 9,5 12,5
20 (13)c (9,0)c (6,0)¢ (4,5)¢ (3,5)¢ 3,0 2,0
30 (11,5)¢ (7,5)¢ (5,0)¢ (4,0)c (3,5)¢ 2,5 2,0
40 (10,0)¢ (6,5)¢ (4,5)¢ (3,5)¢ 3,0 2,5 2,0
50 (8,5)¢ (5,5)¢ (4,0)¢ 3,0 2,5 2,0 1,5
60 (6,5)¢ (4.5)¢ 3.0 2.5 2.0 1.5 1,5
70 (5,0)¢ (3,5)¢ 2,5 2,0 1,5 1,0 1,0
80 3,0 2,0 1,5 1,5 1,0 1,0 0,5
90 1,5 1,0 1,0 0,5 0,5 0,5 0,5
2 These corrections are approximate only and represent the averages, to the nearest 0,5 Rockwell superficial hardness
unitg, of numerous actual observations of the test surfaces having the curvatures given in thi§ table.
b When testing convex cylindrical surfaces, the accuracy of the test will be seriously ‘@ffected by misalignment of the
elevating screw, V- specimen holder and indenter and by imperfections in the surface finish and straightness of the cylinder.
¢ The corrections given in parentheses shall not be used, except by agreement.
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Annex D
(normative)

Corrections to be added to Rockwell hardness C scale values
obtained on spherical test surfaces of various diameters

o1 1

1 . 1 £ 41 o . . 1 n 1 1 11 |
For tests onyconvexsphericatsurfaces; thecorrections giverrimr fable B-tshattbeapptied:

T4ble D.1 — Correction values to be added to Rockwell hardness C scale values

Rockwsgll Diameter of sphere
hardness d
reading mm
4 6,5 8 9,5 11 12,5 15 20 25
55 HR 6,4 39 3,2 2,7 2,3 2,0 17 1,3 1,0
60 HR 5,8 3,6 2,9 2,4 2,1 1,8 1,5 1,2 09
65 HR 5,2 3,2 2,6 2,2 1,9 147 1,4 1,0 0,

The values|of the correction to be added to Rockwell hardness.C scale AH, given in Table D.1| are
calculated ysing Formula (D.1):

H 2

1——
160 D)

AH =59x
d
where

H is the Rockwell hardness reading;

d isthe diameter of the spherejexpressed in millimetres.
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Daily verification procedure

General

Ada
tests
mee
the

bloc
and
rang
If no

the achine continues to fail the daily test, an indirect verification of'the testing machine, 3

ISO

A re
mea

E.2

The
expr

whe

The

ly verification of the machine shall be carried out on each day that the machine is usedlby
in each hardness scale that is to be used that day. Select at least one hardness referenc
[s the requirements of ISO 6508-3 from the ranges specified in Table E.1. It is\recomn
pardness level selected be close to the levels to be tested. Only the calibrateéd surfacq
ks are to be used for testing. Perform at least two indentations on each bleck and calcul
repeatability range of the results using the formulae specified below. If’the bias and r
e are within the permissible limits given in Table E.1, the machine may be regarded as 1

h508-2, shall be performed.

q

cord of the daily verification results should be maintained over a period of time,
sure reproducibility and monitor drift of the machine,

Bias

bias, b, of the testing machine in Rockwell*units, under the particular verification cc

essed by Formula (E.1):

h=H—Hepy

e

H is the mean hardness value from Formula (E.2);

Hcry  is the certified hardness of the reference block used.

mean hardness value of the indentations H is defined according to Formula (E.2):

1:2023(E)

performing
e block that
hended that

of the test
ate the bias
bpeatability
atisfactory.

t, verify that the indenter, specimen holder, and tester are in good.eondition and repeaft the test. If

ccording to

nd used to

nditions, is

(E.1)

(E.2)

whe

H,, H, Hy H,, ..

E.3

) Hn
increasing order of magnitude;

is the total number of indentations.

Repeatability range

are the hardness values corresponding to all the indentations arranged in

To determine the repeatability range for each reference block, let H;,...,H, be the values of the measured
hardness arranged in increasing order of magnitude.
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The repeatability range, r, of the testing machine in Rockwell units, under the particular verification
conditions, is determined by Formula (E.3):

r:Hn _Hl

(E.3)

Table E.1 — Permissible repeatability range and bias of the testing machine

Rockwell hardness

Hardness range of

Permissible bias, b

Maximum permissible repeat-

scale the reference block ability range, r, of the testing
machine
A 2010 =/5 HRA +*Z HRKA 0,02 (100 - H) or
>75to <95 HRA +1,5 HRA 0.8 HRA?
10 to <45 HRBW +4 HRBW 0,04 (1305 E)
B >45 to <80 HRBW +3 HRBW
>80 to <100 HRBW +2 HRBW
(6 10 to <70 HRC +1,5 HRC 0,02{100 _ﬁ) or
0,8 HRC?
D 40 to <70 HRD +2 HRD 0,02 (100 _E) or
>70 to <77 HRD +1,5 HRD 0.8 HRD?
E 70 to <90 HREW +2,5 HREW 0,04 (130 _E)
>90 to <100 HREW +2 HREW
Fi 60 to <90 HRFW +3 HREW 0,04 (130 - ﬁ)
>90 to <100 HRFW +2:HRFW
G 30 to <50 HRGW +6'HRGW 0,04 (130-H)
>50 to <75 HRGW 4,5 HRGW
>75 to <94 HRGW +3 HRGW
80 to <100 HRHW +2 HRHW 0,04 (130 _E)
40 to <60 HRKW. +4 HRKW 0,04 (130 - E)
>60 to <80 HRKW +3 HRKW
>80 to <100-HRKW +2 HRKW
15N, 30N, 45N All ranges +2 HRN 0,04 (100 - H) or
1,2 HRN®
15T, 30[T, 45T All ranges +3 HRTW 0,06 (100 - E) or
2,4 HRTW?
a2  Whichevpr is greater:
EXAMPLE 1
A low-hardngss.HRC block gave the following daily verification results:

24,0 HRC and 25,2 HRC

From Formula (E.2), it follows that H = 24,6 HRC and from Formula (E.3), it follows that r = 1,2 HRC.

From Table E.1, for the HRC scale, the maximum permissible repeatability range at 24,6 HRC is calculated
0,02 (100 - 24,6) = 1,51 HRC. This is greater than 0,8 HRC; therefore, the maximum permissible
repeatability range of the testing machine for this reference block is 1,51 HRC.

Since r = 1,2 HRC, the repeatability range of the testing machine is acceptable.

EXAMPLE 2

A high-hardness HRC block gave the following daily verification results:

18
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63,1 HRC and 63,9 HRC
From Formula (E.2), it follows that H = 63,5 HRC and from Formula (E.3), it follows that r = 0,8 HRC.

From Table E.1, for the HRC scale, the maximum permissible repeatability range at 63,5 HRC is calculated
0,02 (100 - 63,5) = 0,73 HRC. This is less than 0,8 HRC; therefore, the permissible repeatability range of
the testing machine for this reference block is 0,8 HRC.

Since r = 0,8 HRC, the repeatability range of the testing machine is acceptable.

©1S0 2023 - All rights reserved 19
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Annex F
(normative)

Inspection of diamond indenters

Experience has shown that a number of initially satisfactory indenters can become defective after use
for a comparatively short time. This is due to small cracks, pits or other flaws in the surface. If such
faults are detected in time, many indenters can be reclaimed by regrinding. If not, any small defects
on the surface rapidly worsen and make the indenter useless. Therefore, the condition of indenters
should be dhecked initially and at frequent intervals using appropriate optical devices (ficrosqope,
magnifying|glass, etc.).

— The vetjification of the indenter is no longer valid when the indenter shows defects:

— Regroujnd or otherwise repaired indenters shall be verified in accordance with the requirements of
ISO 65(8-2.
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G.2

ISO 6508-

Annex G
(informative)

Uncertainty of the measured hardness values

General requirements

1:2023(E)

surement uncertainty analysis is a useful tool to help determine sources of error and)to
rences in test results. This annex gives guidance on uncertainty estimation) but

uct specifications have tolerances that have been developed over the past&y¢ars base
equirements of the product but also, in part, on the performance of the taachine used
ness measurement. These tolerances therefore incorporate a contribution due to the
e hardness measurement and it would be inappropriate to make-any further allowa

1

ralculated hardness value(s) shall meet this requirement, unless specifically stated o

e hardness reference blocks (abbreviated as CRM below). These performance uncertai

ombined effect to all the separate uncertainties. Because of this approach, it is import
y

procedure is applied for a maxifmum of one year after the successful passing of a veri
ration.

bx | shows the four-level structure of the metrological chain necessary to define and

dard machines ,at.-the national level “produce” primary hardness reference blo

the highest{pessible accuracy.

[
»

ified'value and associated uncertainty.

pined is for information only, unless specifically instructed otherwise by'the cust

rtainty by, for example, reducing the specified tolerance by the“estimated uncerte
ness measurement. In other words, where a product specification states that the har
shall be higher or lower than a certain value, this should bédnterpreted as simply spe

broduct standard. However, there might be special circumstances where reducing th

Te measurement uncertainty is appropriate. This shiguld only be done by agreement of
ojved.

pproach for determining uncertainty presented in this annex considers only those uj
ciated with the overall measurement perfe¥mance of the hardness testing machine W

Fidual machine components are opérating within the tolerances. It is strongly recomn

ness scales. The chain‘starts at the international level using international definif
pus hardness scales to/carry out international intercomparisons. A number of primaj

ration laboratory“level. Naturally, direct calibration and the verification of these mach

Insthis annex, the abbreviation “CRM” stands for “certified reference material”. In hard
ardss-certified reference material is referred to as a hardness reference block, i.e. a piece of mg

understand
he method
omer. Most
1 mainly on
o make the
uncertainty
nce for this
inty of the
dness of an
cifying that
therwise in
e tolerance
the parties

hcertainties
yith respect
hties reflect
ant that the
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terial with a

General procedure

This procedure calculates an expanded uncertainty, U, associated with the measured hardness value.
The approach to this calculation is given in Table G.1 together with details of the symbols used. In the
procedure, a number of uncorrelated standard uncertainty sources are combined by the Root-Sum-
Square (RSS) method and then multiplied by the coverage factor k = 2. The uncertainty contribution
from a systematic source is then added arithmetically to this value.

NOTE This uncertainty approach makes no allowance for any possible drift in the machine performance
subsequent to its last calibration, as it assumes that any such changes will be insignificant in magnitude. As such,
most of this analysis could be performed immediately after the machine’s calibration and the results included in
the machine’s calibration certificate.
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G.3 Bias

of the machine

The bias, b, of a hardness testing machine (also termed “error”) is derived from the difference between

the certified calibration value of the hardness reference block, and

— the mean hardness value of the five indentations made in the hardness reference block during
calibration of the hardness testing machine,

and can be implemented in different ways into the determination of uncertainty.

G.4 Prodedures for calculating uncertainty: Hardness measurement values

G.4.1 General

A method i
systematic

Additional information on calculating hardness uncertainties can be found in tHe literatureltl(¢],

G.4.2 Prd

The proced

The measul
ISO/IEC Gu
The result
the uncerta
Table G.1[8]

The combined expanded measurement uncertaintyfor a single hardness measurement is calculatg

shown in Fg

U=kxy

where

e

Uy
0

1

i
b

UytMm

$ a contribution to the'measurement uncertainty due to the lack of measurement repeatal

machine;

bias of the hardness machine in two different ways.

cedure with bias
ire for the determination of measurement uncertainty is-€xplained in Table G.1.

ement bias, b, of the hardness testing machine can be‘¢xpected to be a systematic effe
de 98-3, it is recommended that a correction be used to compensate for systematic eff]
bf using this method is either all determined hardness values have to be reduced by

inty U has to be increased by b. The procedute for the determination of U is explaing
9],

rmula (G.1):

2 .2 2
uyg +Upys TUyrm

f the hardnesstesting machine;

a contribution to the measurement uncertainty due to the resolution of the hardness te

a contribution to the measurement uncertainty due to the standard uncertainty of the

5 given for determining the uncertainty of hardness measurements that-accounts for

the

t.In
ects.
b or
din

das

(G.1)

ility

ting

bias,
psult

nmieasurement generated by the hardness testing machine [this value is reportedasar

of the indirect verification specified in [SO 6508-2 and is defined according to Formula (G.2)]:

Ugt™m =

22

2 2 2
\/ UcpM tUHCRM T Ums

(G.2)
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where
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EXA

Ucgym  is the contribution to the measurement uncertainty due to the calibration un
the certified value of the CRM according to the calibration certificate for k = 1;

Ugcrm IS the contribution to the measurement uncertainty due to the combination o

certainty of

f the lack of

measurement repeatability of the hardness testing machine and the hardness non-uniformity

ofthe CRM, calculated as the standard deviation of the mean of the hardness me
when measuring the CRM;

asurements

Uy, is the contribution to the measurement uncertainty due to the resolution of the hardness

testing machine when measuring the CRM.
result of the measurement is given by Formulae (G.3) and (G.4), respectively:

X =(x-b)=U

s

X, =xx(U + |b])

n this method is used, it can also be appropriate to include additional uncertainty ca
in the RSS term relating to the value of b employed. This will particularly be the case w

the measured hardness is significantly differentfrom the hardness levels of the blocks
the machine’s calibration,

the machine’s bias value varies significantly throughout its calibrated range,

the material being measured is different from the material of the hardness reference
during the machine’s calibration;-ot

Lhe day-to-day performance (reproducibility) of the hardness testing machine varies si

calculations of these additional contributions to the measurement uncertainty are na
. In all circumstances;a robust method for estimating the uncertainty associated with b

Expression of the result of measurement

n reporting the measurement result, the method used to estimate the uncertainty sh
ified.

MPLE

(G.3)

(G.4)

nding on whether the bias (error), b, is considered to be part-0f the mean value or of the yincertainty.

ntributions
hen

ised during

blocks used
bnificantly.

t discussed
is required.

uld also be

A hardness testing machine makes a single Rockwell C hardness measurement, x, on a test sample.

Single hardness measurement value, x: x = 60,5 HRC

Resolution of the hardness testing machine, 6,,,;: ., = 0,1 HRC

The last indirect verification of the testing rgachine determined a measurement bias, b, with an
uncertainty of the bias Uypy using a CRM of xcrm =62,82 HRC . The hardness of this CRM was the
closest to the test sample hardness of those CRMs used for the indirect verification.

Testing machine measurement bias, b: b = -0,72 HRC

Uncertainty of the testing machine measurement bias, Uyrp:Ugty = 0,66 HRC
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To determine the lack of repeatability of the testing machine, the laboratory made five HRC
measurements H; on a CRM having a similar hardness to the test sample. The five measurements were
made adjacent to each other adhering to spacing requirements in order to reduce the influence of block
non-uniformity.

Five measurement values, H;: 61,7 HRC; 61,9 HRC; 62,0 HRC; 62,1 HRC; 62,1 HRC

Mean measurement value, H:H= 61,69 HRC

Standard deviation of the measurement values, sy: sy =0,17 HRC

where

2

H=

B
where n = 5|
The value o

be used ins
usually ove]
non-uniforr

e

f s;; based on measurements from the last indirect verification according to ISO 6508-2
ead of conducting the above repeatability tests; however, this standard deviation value
restimate the lack of repeatability uncertainty.cothponent since it also includes the
hity.

G.5)

G.6)

may
will
CRM
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