
 

 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

    

MS ISO 6508-1:2017 
 

MALAYSIAN  
STANDARD 

Metallic materials - Rockwell hardness test - 
Part 1: Test method  
(Second revision)  
(ISO 6508-1:2016, IDT) 
 
 
 
 
 
 
 
 

  

ICS: 77.040.10 
 
Descriptors: Rockwell hardness test, metallic materials, test method 

© Copyright 2017 

DEPARTMENT OF STANDARDS MALAYSIA 



 

 

DEVELOPMENT OF MALAYSIAN STANDARDS 

 

The Department of Standards Malaysia (STANDARDS MALAYSIA) is the national 
standards and accreditation body of Malaysia. 
 
The main function of STANDARDS MALAYSIA is to foster and promote standards, 
standardisation and accreditation as a means of advancing the national economy, promoting 
industrial efficiency and development, benefiting the health and safety of the public, 
protecting the consumers, facilitating domestic and international trade and furthering 
international cooperation in relation to standards and standardisation. 
 
Malaysian Standards (MS) are developed through consensus by committees which comprise 
balanced representation of producers, users, consumers and others with relevant interests, 
as may be appropriate to the subject at hand. To the greatest extent possible, Malaysian 
Standards are aligned to or are adoption of international standards. Approval of a standard 
as a Malaysian Standard is governed by the Standards of Malaysia Act 1996 [Act 549]. 
Malaysian Standards are reviewed periodically. The use of Malaysian Standards is voluntary 
except in so far as they are made mandatory by regulatory authorities by means of 
regulations, local by-laws or any other similar ways. 
 
For the purposes of Malaysian Standards, the following definitions apply: 
 
Revision:   A process where existing Malaysian Standard is reviewed and updated which 
resulted in the publication of a new edition of the Malaysian Standard. 
 
Confirmed MS:  A Malaysian Standard that has been reviewed by the responsible 
committee and confirmed that its contents are current. 
 
Amendment: A process where a provision(s) of existing Malaysian Standard is altered.  The 
changes are indicated in an amendment page which is incorporated into the existing 
Malaysian Standard.  Amendments can be of technical and/or editorial nature. 
 
Technical corrigendum:  A corrected reprint of the current edition which is issued to correct 
either a technical error or ambiguity in a Malaysian Standard inadvertently introduced either 
in drafting or in printing and which could lead to incorrect or unsafe application of the 
publication. 
 
NOTE: Technical corrigenda are not to correct errors which can be assumed to have no consequences in the application 
of the MS, for example minor printing errors. 

 
STANDARDS MALAYSIA has appointed SIRIM Berhad as the agent to develop, distribute 
and sell Malaysian Standards. 
 
 
For further information on Malaysian Standards, please contact: 
 
 
Department of Standards Malaysia OR SIRIM Berhad 
Ministry of Science, Technology and Innovation (Company No. 367474 - V) 
Level 1 & 2, Block 2300, Century Square  1, Persiaran Dato’ Menteri 
Jalan Usahawan  Section 2, P. O. Box 7035 
63000 Cyberjaya  40700 Shah Alam 
Selangor Darul Ehsan  Selangor Darul Ehsan 
MALAYSIA  MALAYSIA 
 
Tel:  60 3 8318 0002  Tel:  60 3 5544 6000 
Fax: 60 3 8319 3131  Fax: 60 3 5510 8095 
http://www.jsm.gov.my    http://www.sirim.my  
E-mail: central@jsm.gov.my  E-mail: msonline@sirim.my 



 Foreword .......................................................................................................................................................................................................................................iv

1 Scope ................................................................................................................................................................................................................................. 1

2 Normative references ...................................................................................................................................................................................... 1

3 Principle ........................................................................................................................................................................................................................ 1

4 Symbols, abbreviated terms and designations ..................................................................................................................... 2

5 Testing machine .................................................................................................................................................................................................... 4

6 Test piece ...................................................................................................................................................................................................................... 5

7 Procedure..................................................................................................................................................................................................................... 5

8 Uncertainty of the results ............................................................................................................................................................................ 7

9 Test report ................................................................................................................................................................................................................... 7

10 Conversions to other hardness scales or tensile strength values ...................................................................... 8

Annex A (normative) Special HR30TSm and HR15TSm test for thin products ........................................................ 9

Annex B (normative) Minimum thickness of the test piece in relation to the Rockwell hardness ...10

Annex C (normative) Corrections to be added to Rockwell hardness values obtained on 
convex cylindrical surfaces .....................................................................................................................................................................13

Annex D (normative) Corrections to be added to Rockwell hardness C scale values obtained 
on spherical test surfaces of various diameters ...............................................................................................................16

Annex E (normative) Daily verification procedure ............................................................................................................................17

Annex F (normative) Inspection of diamond indenters ................................................................................................................20

Annex G (informative) Uncertainty of the measured hardness values ..........................................................................21

Annex H (informative) CCM — Working group on hardness .....................................................................................................28

Annex I (informative) Rockwell hardness measurement traceability............................................................................29

Bibliography .............................................................................................................................................................................................................................32

© STANDARDS MALAYSIA 2017 - All rights reserved i

Contents 
Page

MS ISO 6508-1:2017 

 National foreword ................................................................................................................................................................................................................iii
 Commitee representation.............................................................................................................................................................................................ii



MS ISO 6508-1:2017 

ii © STANDARDS MALAYSIA 2017 - All rights reserved 

 
 
 
 

Committee representation 

 
 
The Industry Standards Committee on Metallic Materials and Semi-Finished Products (ISC P) under whose authority 
this Malaysian Standard was adopted, comprises representatives from the following organisations: 
 
Association of Consulting Engineers Malaysia 
Association of Marine Industries of Malaysia 
Construction Industry Development Board Malaysia 
Department of Standards Malaysia 
Federation of Malaysian Manufacturers 
IKRAM QA Services Sdn Bhd 
Jabatan Kerja Raya Malaysia 
Malaysia Steel Association 
Malaysia Steel Institute 
Malaysian Iron and Steel Industry Federation 
Master Builders Association Malaysia 
Ministry of International Trade and Industry 
Pertubuhan Akitek Malaysia 
SIRIM Berhad (Machinery Technology Centre, SIRIM Industrial Research) 
SIRIM Berhad (Secretariat) 
SIRIM QAS International Sdn Bhd 
The Institution of Engineers, Malaysia 
Universiti Malaya 
Universiti Sains Malaysia 
Universiti Teknologi Malaysia 
 
 
The Technical Committee on Mechanical Testing of Metallic Materials which recommended the adoption of the ISO 
Standard as Malaysian Standard consists of representatives from the following organisations: 
 
Construction Industry Development Board Malaysia 
Malaysian Iron and Steel Industry Federation 
Metallurgical Consultancy and Services Sdn Bhd 
SIRIM Berhad (Advanced Materials Research Centre) 
SIRIM Berhad (Secretariat) 
SIRIM QAS International Sdn Bhd (Testing Services Department - Civil and Construction Section) 
The Institution of Engineers, Malaysia 
Universiti Malaya 
Universiti Teknologi Malaysia 
Universiti Teknologi MARA 
Universiti Teknologi PETRONAS 

  



MS ISO 6508-1:2017 

© STANDARDS MALAYSIA 2017 - All rights reserved  iii 

 
 
 
 

National foreword 
 
 
The adoption of the ISO Standard as a Malaysian Standard was recommended by the 
Technical Committee on Mechanical Testing of Metallic Materials under the authority of the 
Industry Standards Committee on Metallic Materials and Semi-Finished Products. 
 
This Malaysian Standard is identical with ISO 6508-1:2016, Metallic materials - Rockwell 
hardness test - Part 1: Test method, published by the International Organization for 
Standardization (ISO). However, for the purposes of this Malaysian Standard, the following 
apply: 

a) in the source text, "this International Standard" should read "this Malaysian Standard";  
 

b) the comma which is used as a decimal sign (if any), to read as a point; and 
 

c) reference to International Standards should be replaced by corresponding Malaysian 
Standards as follows: 

 
Referenced International Standards  Corresponding Malaysian Standards 

 
ISO 6508-2:2015, Metallic materials -
Rockwell hardness test - Part 2: Verification 
and calibration of testing machines and 
indenters 
 
ISO 6508-3:2015, Metallic materials -
Rockwell hardness test - Part 3: Calibration 
of reference blocks 

 MS ISO 6508-2:2016, Metallic materials - 
Rockwell hardness test - Part 2: Verification 
and calibration of testing machines and 
indenters 
 
MS ISO 6508-3:2015, Metallic materials - 
Rockwell hardness test - Part 3: Calibration 
of reference blocks 

 
This Malaysian Standard cancels and replaces MS ISO 6508-1:2009, Metallic materials - 
Rockwell hardness test - Part 1: Test method (Scales A, B, C, D, E, F, G, H, K, N, T) (First 
revision). 
 
Compliance with a Malaysian Standard does not of itself confer immunity from legal obligations. 
 
NOTE.  IDT on the front cover indicates an identical standard i.e. a standard where the technical content, 
structure, and wording (or is an identical translation) of a Malaysian Standard is exactly the same as in an 
International Standard or is identical in technical content and structure although it may contain the minimal 
editorial changes specified in clause 4.2 of ISO/IEC Guide 21-1. 



 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 procedures used to develop this document and those intended for its further maintenance are 
described in the ISO/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 responsible for identifying any or all such patent rights. Details of any patent rights identified during the development of the document will be in the Introduction and/or 
on the ISO list of patent declarations received (see www.iso.org/patents).Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement.For an explanation on the meaning of ISO specific terms and expressions related to conformity assessment, 
as well as information about ISO’s adherence to the World Trade Organization (WTO) principles in the 
Technical Barriers to Trade (TBT) see the following URL: www.iso.org/iso/foreword.html .

The committee responsible for this document is ISO/TC 164, Mechanical testing of metals, Subcommittee 
SC 3, Hardness testing.

This fourth edition cancels and replaces the third edition (ISO 6508-1:2015), of which it constitutes a minor revision in order to clarify the scope of this part of ISO 6508.
ISO 6508 consists of the following parts, under the general title Metallic materials — Rockwell 
hardness test:

— Part 1: Test method

— Part 2: Verification and calibration of testing machines and indenters

— Part 3: Calibration of reference blocks

iv © STANDARDS MALAYSIA 2017 - All rights reserved

MS ISO 6508-1:2017 



 

MS ISO 6508-1:2017

Metallic materials — Rockwell hardness test —

Part 1: 
Test method

1 ScopeThis part of ISO 6508 specifies the method for Rockwell regular and Rockwell superficial hardness 
tests for scales A, B, C, D, E, F, G, H, K, 15N, 30N, 45N, 15T, 30T, and 45T for metallic materials and is applicable to stationary and portable hardness testing machines.For specific materials and/or products, other specific International Standards apply (for instance, 
ISO 3738-1 and ISO 4498).

NOTE Attention is drawn to the fact that the use of tungsten carbide composite for ball indenters is considered to be the standard type of Rockwell indenter ball. Steel indenter balls are allowed to continue to be used only when complying with Annex A.

2 Normative referencesThe following documents, in whole or in part, are normatively referenced in this document and are indispensable for its application. For dated references, only the edition cited applies. For undated references, the latest edition of the referenced document (including any amendments) applies.
ISO 6508-2:2015, Metallic materials — Rockwell hardness test — Part 2: Verification and calibration of 
testing machines and indenters

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

3 PrincipleAn indenter of specified size, shape, and material is forced into the surface of a test specimen under two force levels using the specific conditions defined in Clause 7. The specified preliminary force is applied and the initial indentation depth is measured, followed by the application and removal of a specified additional force, returning to the preliminary force. The final indentation depth is then measured and 
the Rockwell hardness value is derived from the difference, h, in the final and initial indentation depths 
and the two constants N and S (see Figure 1, Table 1, and Table 2) as shown in Formula (1):

Rockwell hardness = −N
h

S
(1)
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4 Symbols, abbreviated terms and designations

4.1 See Table 1, Table 2, Table 3, and Figure 1.

Table 1 — Rockwell Regular scales

Rockwell

Regular 
hardness 

scale

Hardness 
symbol

Unit

Type of indenter Preliminary 
force

F0

Total 
force

F

Scaling 
Constant

S

Full 
Range

Constant

N

Applicable 
range  

of application  
(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 HRBW

C HRC Diamond cone 98,07 N 1,471 kN 0,002 mm 100 20 HRCa to 
70 HRC

D HRD Diamond cone 98,07 N 980,7 N 0,002 mm 100 40 HRD to 
77 HRD

E HREW Ball 3,175 mm 98,07 N 980,7 N 0,002 mm 130 70 HREW to 
100 HREW

F HRFW Ball 1,587 5 mm 98,07 N 588,4 N 0,002 mm 130 60 HRFW to 
100 HRFW

G HRGW Ball 1,587 5 mm 98,07 N 1,471 kN 0,002 mm 130 30 HRGW to 
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 to 
100 HRKW

a The applicable range of application can be extended to 10 HRC if the surfaces of the diamond cone and spherical tip are 
polished for a penetration depth of at least 0,4 mm.

Table 2 — Rockwell Superficial scales

Rockwell 
Superficial 
hardness 

scale

Hardness 
symbol

Unit

Type of 
indenter

Preliminary 
force

F0

Total 
force

F

Scaling 
Constant

S

Full 
Range 

Constant

N

Applicable 
range  

of application  
(Rockwell  
Superficial  

hardness scales)

15N HR15N Diamond cone 29,42 N 147,1 N 0,001 mm 100 70 HR15N to 
94 HR15N

30N HR30N Diamond cone 29,42 N 294,2 N 0,001 mm 100 42 HR30N to 
86 HR30N

45N HR45N Diamond cone 29,42 N 441,3 N 0,001 mm 100 20 HR45N to 
77 HR45N

15T HR15TW Ball 1,587 5 mm 29,42 N 147,1 N 0,001 mm 100 67 HR15TW to 
93 HR15TW

30T HR30TW Ball 1,587 5 mm 29,42 N 294,2 N 0,001 mm 100 29 HR30TW to 
82 HR30TW

45T HR45TW Ball 1,587 5 mm 29,42 N 441,3 N 0,001 mm 100 10 HR45TW to 
72 HR45TW

MS ISO 6508-1:2017 
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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 [11] for additional scales using these 
ball sizes.

NOTE 1 For certain materials, the applicable range of application might be narrower than those indicated.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 

term
Definition Unit

F0 Preliminary test force N

F1 Additional test force (total force minus preliminary force) N

F Total test force N

S Scaling constant, specific to the scale mm

-

mm

N Full range constant, specific to the scale
h Permanent depth of indentation under preliminary test force after removal of 

additional test force (permanent indentation depth)

HRA

HRC

HRD

Rockwell Regular hardness =100
0 002

−
h

,

HRBW

HREW

HRFW

HRGW

HRHW

HRKW

Rockwell Regular hardness =130
0 002

−
h

,

HRN

HRTW
Rockwell Superficial hardness =100

0 001
−

h

,

4.2 The following is an example of the designation of Rockwell hardness.EXAMPLE 
70 HR 30 T W 

indication of type of ball used, W =  Tungsten carbide 

composite

Rockwell scale symbol (see Tables 1 or 2) 

Rockwell hardness value 

Rockwell hardness symbol 

NOTE 1 Previous versions of this part of ISO 6508 allowed the use of steel indenter balls, which required the suffix S.NOTE 2 For the HR30TSm and HR15TSm scales defined in Annex A, a capital S and a lower-case m is used 
indicating the use of steel indenter balls and a diamond spot specimen holder.

3
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Key

X time 4 permanent indentation depth, h

Y indenter position 5 surface of specimen

1 indentation depth by preliminary force, F0 6 reference plane for measurement

2 indentation depth by additional test force, F1 7 position of indenter

3 elastic recovery just after removal of additional test force, F1 8 indentation depth vs. time curve

Figure 1 — Rockwell principle diagram

5 Testing machine

5.1 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 defined in Clause 7, and complying with all of the requirements defined in ISO 6508-2.
5.2 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— both the regular and the superficial Rockwell diamond scales.
5.3 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).NOTE 1 Ball indenters 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 defined in ISO 6508-2:2015, 
6.3.1, and meets the performance requirements of ISO 6508-2:2015, 6.3.2.

4 
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NOTE 2 Attention is drawn to the fact that the use of tungsten carbide composite for ball indenters is the standard type of Rockwell indenter ball. Steel indenter balls can only be used when performing Rockwell 
HR30TSm and HR15TSm tests according to Annex A.

6 Test piece

6.1 The test shall be carried out on a surface which is smooth and even, free from oxide scale, foreign matter and, in particular, completely free from lubricants, unless specified otherwise in product or 
materials standards.

An exception is made for reactive metals, such as titanium, which might adhere to the indenter. In such situations, a suitable lubricant such as kerosene may be used. The use of a lubricant shall be reported on 
the test report.

6.2 Preparation shall be carried out in such a way that 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.
6.3 The thickness of the test piece, or of the layer under test (minimum values are given in Annex B), 
shall be at least 10 times the permanent indentation depth for diamond indenters and 15 times the 
permanent indentation depth for ball indenters, unless it can be demonstrated that the use of a thinner 
test piece does not affect the measured hardness value.

In general, no deformation should be visible on the back of the test piece after the test, although not all 
such marking is indicative of a bad test.

See Annex A for special requirements for testing very thin sheet metal using the HR30TSm and 
HR15TSm scales.

6.4 For tests on convex cylindrical surfaces and spherical surfaces, see 7.11.

7 Procedure

7.1 This part of ISO 6508 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.
7.2 The daily verification defined 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.

7.3 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 defined in 
Annex E.

5
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7.4 The diamond or ball indenter shall have been the indenter used during the last indirect verification.If the indenter was not used during the indirect verification and is being used for the first time, it shall be verified in accordance with the daily verification given in Annex E using at least two test blocks (one from the low and high ranges as defined in ISO 6508-2:2015, Table 1) for each Rockwell scale that is normally used. This does not apply to replacing a ball.
7.5 The test piece shall be placed on a rigid support and supported in such a manner that the surface 
to be indented is in a plane normal to the axis of the indenter and the line of the indenting force, as well 
as to avoid a displacement of the test piece.Products of cylindrical shape shall be suitably supported, for example, on centering V-block or double cylinders made of material with a Rockwell hardness of at least 60 HRC. Special attention shall be given 
to the correct seating, bearing, and alignment of the indenters, the test piece, the centering V-blocks, and the specimen holder of the testing machine, since any perpendicular misalignment might result in 
incorrect results.

7.6 Bring the indenter into contact with the test surface and apply the preliminary test force, F0, 
without shock, vibration, oscillation, or overload.The preliminary force application time should not exceed 2 s. The duration of the preliminary test force, 
F0, shall be 3 +

−

1
2

 s.NOTE The requirements for the time durations are given with asymmetric limits.EXAMPLE 3 +
−

1
2

 s indicates that 3 s is the ideal time duration, with an acceptable range of not less than 

1 s (3 s - 2 s) to not more than 4 s (3 s + 1 s).

7.7 Measure the initial indentation depth.For many manual (dial-indicator) machines, this is done by setting the indicating dial to its set-point or zero position. For many automatic (digital) machines, the depth measurement is made automatically without the user’s input and might not be displayed.
7.8 Apply the additional force F1 without shock, vibration, oscillation, or overload to increase the force 
from F0 to the total force, F.For the regular Rockwell scale tests, apply the additional test force, F1, 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, 
F1, 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 might be 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.

7.9 The total test force, F, shall be maintained for a duration of 5 +
−

1
3

s. Remove the additional test force,

F1, and, while the preliminary test force, F0, is maintained, after 4 +
−

1
3

 s, the final reading shall be made.As an exception for test materials exhibiting excessive plastic flow (indentation creep) during the application of the total test force, special considerations might 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 results (for example, 65 HRF/10 s).
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7.10 Measure the final indentation depth while the preliminary test force is applied.
The Rockwell hardness number is calculated from the permanent indentation depth, h, using the 
formula given in Formula (1) and the information given in Table 1, Table 2, and Table 3. For most Rockwell hardness machines, the depth measurement is made in a manner that automatically calculates and displays the Rockwell hardness number.
The derivation of the Rockwell hardness number is illustrated in Figure 1.

7.11 For tests on convex cylindrical surfaces and spherical surfaces, the corrections given in Annex C 
(Table C.1, Table C.2, Table C.3, or Table C.4) and in Annex D (Table D.1) shall be applied.

The correction values shall be reported on the test report.In the absence of corrections for tests on concave surfaces, tests on such surfaces should be the subject 
of special agreement.

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

7.13 The distance between the centres of two adjacent indentations shall be at least three times the diameter of the indentation. The distance from the centre of any indentation to an edge of the test piece 
shall be at least two and a half times the diameter of the indentation.

8 Uncertainty of the resultsA complete evaluation of the uncertainty should be done according to ISO/IEC Guide 98-3.[3]Independent of the type of sources, for hardness, there are two possibilities for the determination of the uncertainty.— One possibility is based on the evaluation of all relevant sources appearing during a direct calibration. As a reference, an EURAMET Guide CG-16[4] is available.— The other possibility is based on indirect calibration using a hardness reference block (abbreviated as CRM certified reference material).[2][3][4][5] A guideline for the determination is given in Annex G.

9 Test reportThe laboratory shall record at least the following information and that information shall be included in the test report, unless agreed by the parties concerned:
a) a reference to this part of ISO 6508, i.e. ISO 6508-1;b) all details necessary for the complete identification of the test piece, including the curvature of the

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 defined in 4.2;e) all operations not specified in this part of ISO 6508, or regarded as optional;f) details of any occurrence which might have affected the result;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 conversionshall be specified (see ISO 18265[12]).

7
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10 Conversions to other hardness scales or tensile strength valuesThere is no general process for accurately converting Rockwell hardness into other scales, or hardness 
into tensile strength. Such conversions, therefore, should be avoided, unless a reliable basis for conversion can be obtained by comparison tests (see also ISO 18265[12]).
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Annex A 
(normative) 

Special HR30TSm and HR15TSm test for thin products

A.1 General

This test is applicable to thin sheet metal products having a maximum thickness of 0,6 mm to the 
minimum thickness indicated in the product standards, and of a maximum hardness of 82 HR30TSm or 93 HR15TSm. The product standard shall specify when the Special HR30TSm or HR15TSm hardness 
test is to be applied.This test is carried out under conditions similar to those in the HR30TW or HR15TW test defined in 
this part of ISO 6508. The appearance of deformation on the bottom of the test pieces below the indent 
is permitted.

NOTE 1 The Sm in the scale designations indicates that a steel ball indenter and a diamond spot specimen 
holder are used for this testing.NOTE 2 Prior to testing, hardness tests should be made on thin sheet samples of a known hardness to verify 
that the specimen holder surface does not affect the measurement results.The following requirements shall be met, in addition to those specified in this part of ISO 6508.
A.2 Ball indenter

A hardened steel ball indenter, that meets the requirements of ISO 6508-2, with a diameter of 
1,587 5 mm shall be used for this testing.

A.3 Test piece supportThe test piece support shall comprise a polished and smooth flat diamond surface approximately 4,5 mm in diameter. This support surface shall be approximately centred on the axis of the indenter and shall be perpendicular to it. Care shall be taken to ensure that it is seated correctly on the machine table.
A.4 Test piece preparationIf it is necessary to remove material from the test piece, this should be done on both sides of the test 
piece. Care shall be taken to ensure that this process does not change the condition of the base metal, for example, by heating or work hardening. The base metal shall not be made thinner than the minimum 
allowable thickness.

A.5 Position of the test pieceThe 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.

9
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Annex B 
(normative) 

Minimum thickness of the test piece in relation to the Rockwell 
hardness

The minimum thickness of the test piece, or of the layer under test, is given in Figure B.1, Figure B.2, 
and Figure B.3.

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)

10 
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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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Key

X Rockwell hardness

Y minimum 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 tests on convex cylindrical surfaces, the corrections given in Table C.1, Table C.2, Table C.3, or 
Table C.4 shall be applied. For radii other than those given in these tables, corrections may be derived by linear interpolation.

Table C.1 — Test with diamond cone indenter (scales A, C, and D)

Rockwell 
hardness 
reading

Radius of curvature

mm

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 1,5 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 1,0 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 1,0 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 0,5 0,5 0,5 0,5 0 0 0 0

85 0,5 0,5 0,5 0 0 0 0 0 0

90 0,5 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 not included in 
this table.

Table C.2 — Tests with 1,587 5 mm ball indenter (scales B, F, and G)

Rockwell 
hardness 
reading

Radius of curvature

mm

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

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

Radius of curvature

mm

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 
superficial 
hardness 
reading

Radius of curvature

mm

1,6 3,2 5 6,5 9,5 12,5

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

(6,0)c

(5,5)c

(5,5)c

(5,0)c

(4,5)c

(4,0)c

(3,5)c

(3,5)c

3,0

2,5

2,0

1,5

1,0

0,5

0

3,0

3,0

3,0

2,5

2,5

2,0

2,0

2,0

1,5

1,5

1,0

1,0

0,5

0,5

0

2,0

2,0

2,0

2,0

1,5

1,5

1,5

1,5

1,0

1,0

1,0

0,5

0,5

0,5

0

1,5

1,5

1,5

1,5

1,5

1,0

1,0

1,0

1,0

0,5

0,5

0,5

0,5

0,5

0

1,5

1,5

1,0

1,0

1,0

1,0

1,0

0,5

0,5

0,5

0,5

0,5

0

0

0

1,5

1,0

1,0

1,0

1,0

1,0

1,0

0,5

0,5

0,5

0,5

0

0

0

0

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

b When testing convex cylindrical surfaces, the accuracy of the test will be seriously affected by misalignment of the elevating screw, V- specimen holder and indenter and by imperfections in the surface finish and straightness of the cylinder.
c The corrections given in parentheses shall not be used, except by agreement.

Table C.2 (continued)
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Table C.4 — Rockwell superficial test (scales 15T, 30T, 45T)a, b

Rockwell 
superficial 
hardness 
reading

Radius of curvature

mm

1,6 3,2 5 6,5 8 9,5 12,5

20

30

40

50

60

70

80

90

(13)c

(11,5)c

(10,0)c

(8,5)c

(6,5)c

(5,0)c

3,0

1,5

(9,0)c

(7,5)c

(6,5)c

(5,5)c

(4,5)c

(3,5)c

2,0

1,0

(6,0)c

(5,0)c

(4,5)c

(4,0)c

3,0

2,5

1,5

1,0

(4,5)c

(4,0)c

(3,5)c

3,0

2,5

2,0

1,5

0,5

(3,5)c

(3,5)c

3,0

2,5

2,0

1,5

1,0

0,5

3,0

2,5

2,5

2,0

1,5

1,0

1,0

0,5

2,0

2,0

2,0

1,5

1,5

1,0

0,5

0,5

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

b When testing convex cylindrical surfaces, the accuracy of the test will be seriously affected by misalignment of the elevating screw, V- specimen holder and indenter and by imperfections in the surface finish and straightness of the cylinder.
c 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

For tests on convex spherical surfaces, the corrections given in Table D.1 shall be applied.

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

Rockwell 
hardness 
reading

Diameter of sphere 
d 

mm

4 6,5 8 9,5 11 12,5 15 20 25

55 HRC 6,4 3,9 3,2 2,7 2,3 2,0 1,7 1,3 1,0

60 HRC 5,8 3,6 2,9 2,4 2,1 1,8 1,5 1,2 0,9

65 HRC 5,2 3,2 2,6 2,2 1,9 1,7 1,4 1,0 0,8

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

∆ = ×

−










H

H

d
59

1
160

2

(D.1)

where

H is the Rockwell hardness reading;

d is the diameter of the sphere, expressed in millimetres.
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Annex E 
(normative) 

Daily verification procedure

E.1 GeneralA daily verification of the machine shall be carried out on each day that the machine is used by performing tests in each hardness scale that is to be used that day. Select at least one hardness reference block that meets the requirements of ISO 6508-3 from the ranges defined in Table E.1. It is recommended that the hardness level selected be close to the levels to be tested. Only the calibrated surface of the test blocks 
are to be used for testing. Perform at least two indentations on each block and calculate the bias and repeatability range of the results using the formulae defined below. If the bias and repeatability range 
are within the permissible limits given in Table E.1, the machine may be regarded as satisfactory. If not, verify that the indenter, specimen holder, and tester are in good condition and repeat the test. If the machine continues to fail the daily test, an indirect verification, according to ISO 6508-2:2015, Clause 5, 
shall be performed.A record of the daily verification results should be maintained over a period of time, and used to measure reproducibility and monitor drift of the machine.
E.2 Bias

The bias, b, of the testing machine in Rockwell units, under the particular verification conditions, is expressed by Formula (E.1):

b H H= − CRM (E.1)

where

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

HCRM
is the certified hardness of the reference block used.

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

H
H H

n

n=
+ +1 ...

(E.2)

where

H1, H2, H3, H4, …, Hn are the hardness values corresponding to all the indentations arranged in 
increasing order of magnitude;

n is the total number of indentations.

E.3 Repeatability rangeTo determine the repeatability range for each reference block, let H1,…,Hn 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 H H
n

= − 1  (E.3)

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

Rockwell hardness 
scale

Hardness range of  
the reference block

Permissible bias, b Maximum permissible repeat-
ability range, r, of the testing  

machinea

A 20 to ≤75 HRA>75 to ≤95 HRA ±2 HRA

±1,5 HRA

0,02 (100 - H ) or

0,8 HRAb

B

10 to ≤45 HRBW>45 to ≤80 HRBW>80 to ≤100 HRBW
±4 HRBW

±3 HRBW

±2 HRBW

0,04 (130 - H ) or

1,2 HRBWb

C 10 to ≤70 HRC ±1,5 HRC 0,02 (100 - H ) or

0,8 HRCb

D 40 to ≤70 HRD>70 to ≤77 HRD ±2 HRD

±1,5 HRD

0,02 (100 - H ) or

0,8 HRDb

E 70 to ≤90 HREW>90 to ≤100 HREW ±2,5 HREW

±2 HREW

0,04 (130 - H ) or

1,2 HREWb

F 60 to ≤90 HRFW>90 to ≤100 HRFW ±3 HRFW

±2 HRFW

0,04 (130 - H ) or

1,2 HRFWb

G 30 to ≤50 HRGW>50 to ≤75 HRGW>75 to ≤94 HRGW
±6 HRGW

±4,5 HRGW

±3 HRGW

0,04 (130 - H ) or

1,2 HRGWb

H 80 to ≤100 HRHW ±2 HRHW 0,04 (130 - H ) or

1,2 HRHWb

K 40 to ≤60 HRKW>60 to ≤80 HRKW>80 to ≤100 HRKW
±4 HRKW

±3 HRKW

±2 HRKW

0,04 (130 - H ) or

1,2 HRKWb

15N, 30N, 45N All ranges ±2 HRN 0,04 (100 - H ) or

1,2 HRNb

15T, 30T, 45T All ranges ±3 HRTW 0,06 (100 - H ) or

2,4 HRTWb

a H  is the mean hardness value.

b Whichever is greater.

EXAMPLE 1 A low-hardness HRC block gave the following daily verification results:
24,0 HRC and 25,2 HRC

From Formula (E.2), it follows H  = 24,6 HRC and from Formula (E.3), it follows r = 1,2 HRC.
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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:
63,1 HRC and 63,9 HRC

From Formula (E.2), it follows H  = 63,5 HRC and from Formula (E.3), it follows 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.
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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 checked initially and at frequent intervals using appropriate optical devices (microscope, magnifying glass, etc.).— The verification of the indenter is no longer valid when the indenter shows defects.— Reground or otherwise repaired indenters shall be verified in accordance with the requirements of 
ISO 6508-2.
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Annex G 
(informative) 

Uncertainty of the measured hardness values

G.1 General requirementsMeasurement uncertainty analysis is a useful tool to help determine sources of error and to understand differences in test results. This Annex gives guidance on uncertainty estimation but the methods contained are for information only, unless specifically instructed otherwise by the customer. Most product specifications have tolerances that have been developed over the past years based mainly on 
the requirements of the product but also, in part, on the performance of the machine used to make the hardness measurement. These tolerances therefore incorporate a contribution due to the uncertainty of the hardness measurement and it would be inappropriate to make any further allowance for this uncertainty by, for example, reducing the specified tolerance by the estimated uncertainty of the hardness measurement. In other words, where a product specification states that the hardness of an item shall be higher or lower than a certain value, this should be interpreted as simply specifying that the calculated hardness value(s) shall meet this requirement, unless specifically stated otherwise in 
the product standard. However, there might be special circumstances where reducing the tolerance by the measurement uncertainty is appropriate. This should only be done by agreement of the parties 
involved.The approach for determining uncertainty presented in this Annex considers only those uncertainties 
associated with the overall measurement performance of the hardness testing machine with respect to the hardness reference blocks (abbreviated as CRM below). These performance uncertainties reflect 
the combined effect to all the separate uncertainties. Because of this approach, it is important that the individual machine components are operating within the tolerances. It is strongly recommended that this procedure should be applied for a maximum of one year after the successful passing of a verification 
and calibration.

Annex I shows the four-level structure of the metrological chain necessary to define and disseminate 
hardness scales. The chain starts at the international level using international definitions of the various hardness scales to carry out international intercomparisons. A number of primary hardness 
standard machines at the national level “produce” primary hardness reference blocks for the calibration laboratory level. Naturally, direct calibration and the verification of these machines should be at the highest possible accuracy.
G.2 General procedureThis procedure calculates an expanded uncertainty, U, associated with the measured hardness 
value. Two different approaches to this calculation are given in Table G.1 and Table G.2, together with details of the symbols used. In both cases, 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. In one approach, the uncertainty contribution from a systematic source is then added arithmetically to 
this value, in the other approach, a correction is made to the measurement resulting to compensating for this systematic component.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 Procedures for calculating uncertainty: Hardness measurement values

G.4.1 GeneralTwo methods are given for determining the uncertainty of hardness measurements:— Method M1: accounts for the systematic bias of the hardness machine in two different ways;— Method M2: allows the determination of uncertainty without having to consider the magnitude of the systematic bias.
Additional information on calculating hardness uncertainties can be found in the literature.[3][4]NOTE In this Annex, the abbreviation “CRM” stands for “Certified Reference Material”. In hardness testing standards, certified reference material is equivalent to the hardness reference block, i.e. a piece of material with a certified value and associated uncertainty.
G.4.2 Procedure with bias (method M1)The method M1 procedure for the determination of measurement uncertainty is explained in Table G.1.

The measurement bias, b, of the hardness testing machine can be expected to be a systematic effect. 
In ISO/IEC Guide 98-3,[3] it is recommended that a correction be used to compensate for systematic effects, and this is the basis of M1. The result of using this method is either all determined hardness values have to be reduced by b or the uncertainty Ucorr has to be increased by b. The procedure for the 
determination of Ucorr is explained in Table G.1.[6][7]The combined expanded measurement uncertainty for a single hardness measurement is calculated as 
shown in Formula (G.1):

U k u u u= × + +
H ms HTM

2 2 2 (G.1)

where

uH is a contribution to the measurement uncertainty due to the lack of measurement repeata-bility of the hardness testing machine;
ums is a contribution to the measurement uncertainty due to the resolution of the hardness test-

ing machine;

uHTM is a contribution to the measurement uncertainty due to the standard uncertainty of the 
bias, b, measurement generated by the hardness testing machine (this value is reported as a result of the indirect verification defined in ISO 6508-2 and is defined according to Formu-
la (G.2):
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u u u u
HTM CRM HCRM ms

= + +
2 2 2 (G.2)

where

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

uHCRM is the contribution to the measurement uncertainty due to the combination of the lack of measurement repeatability of the hardness testing machine and the hardness non-uni-formity of the CRM, calculated as the standard deviation of the mean of the hardness measurements when measuring the CRM;
ums is the contribution to the measurement uncertainty due to the resolution of the hardness testing machine when measuring the CRM.The result of the measurement is given by Formula (G.3) and Formula (G.4), respectively:
X x b U
corr corr

= −( )± (G.3)or by
X x U bucorr corr= ± +( ) (G.4)

depending on whether the bias (error), b, is considered to be part of the mean value or of the uncertainty.When method M1 is used, it can also be appropriate to include additional uncertainty contributions 
within the RSS term relating to the value of b employed. This will particularly be the case when— the measured hardness is significantly different from the hardness levels of the blocks used during 

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 blocks used 

during the machine’s calibration, or— the day-to-day performance (reproducibility) of the hardness testing machine varies significantly.The calculations of these additional contributions to the measurement uncertainty are not discussed here. In all circumstances, a robust method for estimating the uncertainty associated with b is required.

G.4.3 Procedure without bias (method M2)As an alternative to method M1, method M2 can be used in some circumstances. Method M2 is a simplified method which can be used without needing to consider the magnitude of any systematic error of the hardness testing machine; however, Method M2 usually over-estimates the real measurement uncertainty.
The procedure for the determination of U is explained in Table G.2.Method M2 is only valid for hardness testing machines that have passed an indirect verification in 
accordance with ISO 6508-2 using the value ∆ = +H b U

HTMmax HTM
, rather than only the bias value, b, 

when determining compliance with the maximum permissible deviation of the bias (see ISO 6508-2).In method M2, the bias (error) limit (the positive amount by which the machine’s reading is allowed to differ from the reference block’s value, as specified in ISO 6508-2 is used to define one component bE of the uncertainty. There is no correction of the hardness values with respect to the bias limit.
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The combined expanded measurement uncertainty for a single future hardness measurement is 
calculated as shown in Formula (G.5):

U k u u b= × + +
H ms E

2 2  (G.5)

where

uH is a contribution to the measurement uncertainty due to the lack of measurement repeatabili-ty of the hardness testing machine;
ums is a contribution to the measurement uncertainty due to the resolution of the hardness testing 

machine;

bE is the maximum permissible deviation of the bias as specified in ISO 6508-2, and the result of the measurement is given by
X x U= ± (G.6)

G.5 Expression of the result of measurementWhen reporting the measurement result, the method (M1 or M2) used to estimate the uncertainty should also be specified.EXAMPLE 
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, δms: δms = 0,1 HRCThe last indirect verification of the testing machine determined a measurement bias, b, with an uncertainty of the bias UHTM using a CRM of x CRM  HRC= 62 82,  . 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 HRCUncertainty of the testing machine measurement bias, UHTM:UHTM = 0,66 HRCTo determine the lack of repeatability of the testing machine, the laboratory made five HRC 

measurements Hi 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, Hi: 61,7 HRC; 61,9 HRC; 62,0 HRC; 62,1 HRC; 62,1 HRCMean measurement value, H : H =61 69,  HRC

Standard deviation of the measurement values, sH : s
�

 HRC=0 17,
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where

H

H

n

i
i

n

=
=

∑ 1 (G.7)

and

s
n

H H
i

i

n

H
=

−
−( )

=

∑
1

1

2

1

(G.8)

where n = 5.

The value of sH based on measurements from the last indirect verification according to ISO 6508-2 may be used instead of conducting the above repeatability tests; however, this standard deviation value will usually overestimate the lack of repeatability uncertainty component since it also includes the CRM non-uniformity.
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Annex H 
(informative) 

CCM — Working group on hardness

In 1999, at the 88th Session of the International Committee of Weights and Measures (CIPM), Dr Kozo Iizuka, President of the Consultative Committee for Mass and Related Quantities (CCM), stated “Although the definition of hardness scales is certainly conventional in the sense of the use of arbitrarily chosen formula, the testing method is defined by a combination of physical quantities expressed by SI units; the standard of hardness is established and maintained in most of NMIs and the traceability to the standard of NMIs is demanded in industry and elsewhere.” The subsequent discussions led to the realization that hardness standards should be included in the key comparison database (KCDB) for the Mutual Recognition Arrangement (MRA), and thus, a full Working Group on Hardness (CCM-WGH) was established in the framework of the CCM.[8]The establishment of the CCM-WGH provided a technical-diplomatic framework in which hardness influenced parameters can be examined, and improved international definitions of the hardness tests can be proposed and approved for NMI use to reduce the measurement differences at the highest national level. Due to the necessity of international agreement, the CCM-WGH has a close liaison with ISO/TC 164/SC 3 in order to ensure proper dissemination of the hardness scales. The most significant improvement of the CCM-WGH definitions is that the parameters of the hardness test are defined with specific values, rather than ranges of acceptable limits as specified by this test method. As applicable, this test method has adopted the defined values of the CCM–WGH definitions as the values to use.The CCM-WGH definitions are published at http://www.bipm.org/.
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Annex I 
(informative) 

Rockwell hardness measurement traceability

I.1 Traceability definitionThe path to traceability for a Rockwell hardness measurement is different compared to many other measurement quantities, such as length or temperature. This is primarily because hardness measurement, including Rockwell, is made following a defined test procedure using a testing machine 
that makes multiple measurements of different parameters (e.g. force, depth, time) during the test. Each of these measurements, as well as other test parameters, influences the hardness result.The International Vocabulary of Metrology (VIM3)[10] defines metrological traceability as the property of a measurement result whereby the result can be related to a reference through a documented unbroken chain of calibrations, each contributing to the measurement uncertainty.From this definition, two things are necessary for a measurement result to have traceability:a) an unbroken chain of calibrations, each contributing to the measurement uncertainty;b) a reference to which traceability is claimed.These will define the metrological traceability chain.
I.2 Chains of calibrationsISO 6508-2 specifies a set of calibration and verification procedures required to demonstrate that the 
testing machine is suitable for use in accordance with this part of ISO 6508. The calibration procedures 
include direct measurements of various components affecting the machine’s performance, such as the 
test forces, indenter shape, and depth measuring equipment, as well as hardness measurements of a range of reference blocks. Each of these calibration measurements has specified limits within which the result should lie in order for the machine to pass its verification. Historically, the calibration and verification of the machine components has been termed the machine’s Direct Verification and the calibration and verification of the testing machine by reference block measurements is Indirect 
Verification.ISO 6508-3 specifies both the procedure required to calibrate the reference blocks used in the Indirect 
Verification of the testing machine and also the required calibration and verification procedures of the 
machine used to calibrate these blocks.When considering an “unbroken chain of calibrations” to provide measurement traceability to 
the testing machine, it is apparent that this could come via either the Direct Verification or Indirect 
Verification path.

Direct Verification requirements specify measurements of individual components of the testing machine, with traceability of each of these measurements being achieved through calibration chains to the International System of units (SI), usually as realized by a National Metrology Institute (NMI). 
These calibration chains are illustrated on the right-hand side of Figure I.1. Together, these calibration chains form a traceability path for a testing machine.
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NOTE The left-hand side of Figure I.1 illustrates a traceability path made through a single calibration chain for each level in the calibration hierarchy (i.e. National, Calibration and User) that includes the calibration of 
reference blocks and the subsequent Indirect Verification of Rockwell hardness machines. A (National level) primary standard machine calibrates primary reference blocks that are then used to calibrate a (Calibration level) calibration machine. This machine calibrates reference blocks that are finally used to calibrate a (User 
level) testing machine.

Figure I.1 — Chains of Calibration

I.3 Rockwell hardness referenceThe other requirement for achieving traceability is a reference to which traceability is claimed. Rockwell hardness is not a fundamental property of a material, but rather an ordinal quantity dependent on a defined test method. Ideally, the ultimate reference for a Rockwell hardness measurement should be an internationally agreed definition of this method, including values of all test parameters. Hardness traceability would then be, to this definition through a laboratory’s realization or fulfilment of the definition, the accuracy of this realization being reflected in the laboratory’s measurement uncertainty and confirmed by international comparisons. The internationally agreed definition would be developed by the CCM Working Group on Hardness (CCM-WGH) (see Annex H) and realized by NMIs that standardize Rockwell hardness. At this time, the CCM-WGH has not developed definitions for all Rockwell hardness scales so, for the undefined scales, the highest reference is usually an NMI’s realization of the Rockwell scale based on its own chosen definition of the test.
I.4 Practical issuesEither one of the two traceability paths of calibration chains illustrated in Figure I.1 (left-hand side and right-hand side) could theoretically provide traceability to an appropriate Rockwell hardness reference. 
However, there are practical issues with both that should be considered. For the Direct Verification path 
given on the right-hand side of Figure I.1, it is extremely difficult to identify, measure, and, if necessary, 
correct for all parameters that might affect the measured hardness value. Even if the machine passes 
its Direct Verification, traceability will not be ensured if one or more uncontrolled or unidentified parameters have a significant effect. This is often the case and becomes more of an issue at lower levels in the calibration hierarchy.
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The Indirect Verification calibration chain shown on the left-hand side of Figure I.1 also has practical 
issues to be considered. One consequence of using a testing machine having multiple components, each 
making measurements during the hardness test, is that an error in one component’s measurement can be compensated or offset by an error in a different component’s measurement. This can result in accurate hardness measurements for the specific hardness levels and block materials tested during the indirect verification; however, measurement error can increase when testing other hardness levels or materials. If the errors in the individual machine components are significant, then traceability may not 
be ensured again.

I.5 Rockwell hardness measurement traceability

I.5.1 GeneralThe above issues indicate that both types of traceability path usually need to be in place for achieving Rockwell hardness measurement traceability. This does not mean that traceability cannot be achieved based on only one of the two paths, if careful examination and evaluation of the measurement process is made. For example, at the National Level, the traceability of an NMI’s primary Rockwell hardness 
standard machine is achieved through a Direct Verification calibration chain since there is no recognized higher-level hardness reference artefact. Traceability through this path is possible since NMIs typically have the capability to thoroughly evaluate their measurement systems, and their uncertainty levels are confirmed through international comparisons with other NMIs. In contrast, decades of Rockwell hardness measurement experience has shown that, for the lower levels in the calibration hierarchy, it is most practical to obtain traceability and determine measurement uncertainty based primarily 
on the Indirect Verification calibration chain; however, proper traceability of the individual machine component quantity values is also important. This traceability scheme has proven to be suitable for 
industrial Rockwell hardness measurements.

I.5.2 Calibration level traceabilityMeasurement traceability is best obtained through the Indirect Verification calibration chain using primary reference blocks that have been calibrated at the National level (NMI). This is also the path that should be used for the determination of measurement uncertainty. At the same time, however, the specified components of the calibration machine should be calibrated on a frequent basis to ensure that offsetting errors are not significant. Hardness traceability should be to the NMI’s realization of the CCM-WGH definition of the Rockwell scale or, when there is an absence of a CCM-WGH definition; traceability should be to the NMI’s realization of its own chosen definition. If the NMI does not provide calibrated reference blocks or conduct comparison measurements with a Calibration laboratory and it is not practical to use reference blocks of another NMI, then the reference to which traceability is claimed might need to be to the Calibration laboratory’s realization of the Rockwell scale definition based on an international test method, such as that defined by the ISO 6508 (all parts). In this case, the Calibration laboratory’s measurement traceability can be achieved through the Indirect Verification 
path using consensus reference block standards, or through the Direct Verification path confirmed by 
intercomparisons.

I.5.3 User level traceabilityMeasurement traceability is best obtained through the Indirect Verification calibration chain using 
reference blocks that have been calibrated at the Calibration level or National level. As with Calibration level traceability, this is the most practical path and should also be used for the determination of measurement uncertainty. It is also desirable that the components of the hardness machine periodically undergo Direct Verification to ensure that offsetting errors are not significant. However, typical industrial practice is for these measurements to be made only when the hardness machine is 
manufactured or repaired, which is the minimum requirement of the ISO 6508 (all parts).NOTE The following terms used in this Annex are in accordance with the VIM3[10]: calibration, calibration hierarchy, metrological traceability, metrological traceability chain, ordinal quantity, and verification.
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