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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
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Introduction

The periodic checking of the testing machine described in informative Annex E is good metrological practice. It
is intended to make the annex normative in the next revision of this part of ISO 6508.
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Metallic materials — Rockwell hardness test —

Part 1:
Test method (scales A,B,C,D,E,F,G,H,K,N, T)
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Scope

part of ISO 6508 specifies the method for Rockwell and Rockwell superficiallhardness tests
of application according to Table 1) for metallic materials.

tion is drawn to the fact that, in this part of ISO 6508, the use “0f/hardmetal for ball

idered to be the standard type of Rockwell indenter ball. Steel indenter balls may be continug

= Attention is drawn to the fact that results obtained with hardnietal balls can be significantly differ
a steel ball. For specific materials and/or products, other specific International Standards apply
738-1 and ISO 4498-1).

E 2 For certain materials, the fields of application may be narrower than those indicated.

Normative references

ences, only the edition cited applies. For undated references, the latest edition of theg
ment (including any amendmehts) applies.

5508-2:2005, Metallic materials — Rockwell hardness test — Part 2: Verification and calibrati
nines (scales A, B, C, D))E, F, G,H, K, N, T)

Principle

ng an indenter of specified size, shape and material into the surface of a test piece in two
ified, conditions (see Clause 7). Measuring the permanent depth % of indentation under prg
after removal of additional test force.

following referenced documents -are “indispensable for the application of this document.

(scales and

indenters is
d to be used

ent than when
(for instance

For dated
referenced

on of testing

steps under
liminary test

From the values of  and that of the two constants N and S (see Table 2), the Rockwell hardness is calculated

acco

rding to the formula:

Rockwell hardness = N —%

4 Symbols, abbreviated terms and designations

41

See Tables 1 and 2 and Figure 1.
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Table 1 — Rockwell scales

Rockwell | Hardness | Type of indenter | Preliminary | Additional Total test Field of application
hardness symbol test force test force force (Rockwell hardness test)
scale Fy F, F
Al HRA Diamond cone 98,07 N 490,3 N 588,4 N 20 HRA to 88 HRA
BP HRB Ball 1,587 5 mm 98,07 N 882,6 N 980,7 N 20 HRB to 100 HRB
ce HRC Diamond cone 98,07 N 1,373 kN 1,471 kN 20 HRC to 70 HRC
D HRD Diamond cone 98,07 N 882,6 N 980,7 N 40 HRD to 77 HRD
E HRE Ball 3,775 mm 98,0/ N 862,06 N 9680,/ N /0 HRE 1o 100 HR
F HRF Ball 1,587 5 mm 98,07 N 490,3 N 588,4 N 60 HRF to 100.HRF
G HRG Ball 1,587 5 mm 98,07 N 1,373 kN 1,471 kN 30 HRG to 94 HRG
H HRH Ball 3,175 mm 98,07 N 490,3 N 588,4 N 80 HRH to 100 HRH
K HRK Ball 3,175 mm 98,07 N 1,373 kN 1,471 kN 40 HRK to 100 HRK
15N HR15N Diamond cone 29,42 N 117,7N 147,17 N 70 HR15N to 94 HR15N
30N HR30N Diamond cone 29,42 N 264,8 N 2942 N 42 HR30N to 86 HR3ON
45N HR45N Diamond cone 29,42 N 411,9N 444,3\N 20 HR45N to 77 HR45N
15T HR15T Ball 1,587 5 mm 29,42 N 117,7N 147,1 N 67 HR15T to 93 HR15T
30T HR30T Ball 1,587 5 mm 29,42 N 264,8 N 2942 N 29 HR30T to 82 HR30T
45T HR45T Ball 1,587 5 mm 29,42 N 411,9N 4413 N 10 HR45T to 72 HR45T
@  The field ¢f application can be extended to 94 HRA for testing carbides.
b The field f application can be extended to 10 HRBW if specified in thé) product specification or by special agreement.
¢ The field ¢f application can be extended to 10 HRC if the indenter possesses the appropriate dimensions.
NOTE Ipdenter balls with diameter 6,350 mm and 12,70-mm may also be used, if specified in the product specification pr by

special agreen

ent.
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Table 2 — Symbols and abbreviated terms

Symbol/
Abbreviated Designation Unit
term
Fy Preliminary test force N
F, Additional test force N
F Total test force N
S Scale unit, specific to the scale mm
N Number, specific to the scale
h Permanent depth of indentation under preliminary test force after removal of additional-test force | mm
(permanent indentation depth)
HRA Rockwell hardness =100 — I
HRC 0,002
HRD
HRB Rockwell hardness =130 — _h
HRE 0,002
HRF
HRG
HRH
HRK
HRN
Rockwell hardness =100 — _h
HRT 0,001

4.2 | The following is an example of thé designation of Rockwell hardness.

EXAMPLE
70 HR\30T W
L indication of type of ball used,
S = steel, W = hardmetal
Rockwell scale symbol (see Table 1)
Rockwell hardness symbol
Rockwell hardness value
NOTE The numbers representing the test forces were originally based on units of kgf. For example, the test force of

30 kgf has been converted to 294,2 N.

© I1SO 2005 — All rights reserved 3
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7
Key

1 Indentatign depth by preliminary force F 5 Surface of specimen

2 Indentatign depth by additional test force F, 6 Reference plané.for measurement
3 Elastic repovery just after removal of additional test force F, 7 Position ofiindenter

4 Permaneft indentation depth &

Figure 1 — Rockwell principle diagram

5 Testing machine

5.1 Testing machine, capable of applying predetétrmined forces as shown in Table 1 and in accordance
with 1ISO 65(8-2.

5.2 Conigal diamond indenter, in accordance with ISO 6508-2, with an angle of 120° and radiyis of
curvature atfthe tip of 0,2 mm.

5.3 Hardmetal ball indenter, in aceordance with ISO 6508-2, with a diameter of 1,587 5 mm or 3,175 mm.

5.4 Measuring system, in accordance with ISO 6508-2.

NOTE Al suggested procedure for periodic checks is given in Annex E. See also notes on diamond indentérs in
Annex F.
6 Test r1iece

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 After the test, no deformation shall be visible on the surface of the test piece opposite the indentation,
except for HR30Tm (in this case, the test shall be performed in accordance with Annex A).

4 © I1SO 2005 — All rights reserved
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The thickness of the test piece, or of the layer under test (minimum values given in Annex B), shall be at least
ten times the permanent indentation depth for cone indenters and fifteen 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.

6.4
(Tab

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

in Annex C

In the absence of corrections for tests on concave surfaces, tests on such surfaces should be the subject of a
special agreement.

7
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Procedure

The test is normally carried out at ambient temperature within the limits of 10 °C to 35 °
use temperature variation may affect the results, users of the Rockwell test may’choose t
erature within a tighter range.

E The temperature of the test material and the temperature of the hardness-testing machine may
s; consequently users should ensure that the test temperature does not adversally’affect the hardness

The test piece shall be placed on a rigid support and supported in_such a manner that the s
nted is in a plane normal to the axis of the indenter and the line-of the indenting force, as we
placement of the test piece. If a locking device is used, it should be used in accordance with
5508-2:2005.

Fe beginning a series of tests or when more than 24/h have elapsed since the last test, an
ge, or removal and replacement, of the indenter ‘Or. test piece support, it shall be ascertai
nter and the test piece support are correctly mounted in the machine. The first two readings
ge has been made shall be disregarded.

ucts of cylindrical shape shall be suitably‘supported, for example, on centering V-blocks of]
well hardness of at least 60 HRC. Spegial attention shall be given to the correct seating,
ment of the indenters, the test pieee; the centering V-blocks and the specimen holder o
hine, since any perpendicular misalignment may result in incorrect results.

Bring the indenter into contact with the test surface and apply the preliminary test force Fy w|
tion or oscillation. The duration of the preliminary test force Fy shall not exceed 3 s.
= For testing machines with electronic control, the application time of the preliminary test forcg

on time of the preliminary test force (Tpm) are combined by the following formula:

Tp:Ta/2+Tpm<33

o

I

0 is the total time of preliminary test force;

C. However,
b control the

effect the test
measurement.

urface to be

| as to avoid
Clause 3 of

d after each
ned that the
after such a

steel with a
bearing and
f the testing

thout shock,

(T,) and the

(2)

T,

5 Is the application time of preliminary test force;

T

bom is the duration time of preliminary test force.

7.4 Set the measuring system to its datum position and, without shock, vibration or oscillation, increase the
force from F to F in not less than 1 s and not more than 8 s.

NOTE

In normal practice, the duration from F, to F is between 2 s and 3 s on a test piece of about 60

HRC. For the

Rockwell scales N and T, it is recommended that the duration is between 1 s and 1,5 s on a test piece of about 78 HR30N.

7.5

The total test force F shall be maintained for a duration of 4 s + 2 s. Remove the additional

test force F;

and, while the preliminary test force F; is maintained, after a short time stabilisation, the final reading shall be
made.
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As an exception for test materials exhibiting excessive plastic flow (indentation creep) during the application of
the total test force, special considerations may 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, this
requirement should he specified in the product specification. In these cases, the actual extended total force

duration use

d shall be reported following the test results (for example, 65 HRFW, 10 s).

7.6 The Rockwell hardness number is derived from the permanent indentation depth % using the formulas
given in Table 2 and is usually read directly from the measuring system. The derivation of the Rockwell

hardness nu

7.7

mber is illustrated in Figure 1.

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

7.8 Thed

stance between the centres of two adjacent indentations shall be at least four times the dian

of the indentation (but not less than 2 mm).

The distancg from the centre of any indentation to an edge of the test piece shall be at least.two and 3

times the dis

8 Uncer

A complete
uncertainty i

Independent
uncertainty.
— One po
a refere

The oth
CRM (g
given in

It may not &
estimate of
into the test
contributions

meter of the indentation (but not less than 1 mm).

tainty of the results

evaluation of the uncertainty should be done according to dhe~Guide to the expressia
h measurement (GUM) [3],

of the type of sources, for hardness there are two paessibilities for the determination o
5sibility is based on the evaluation of all relevant sources appearing during a direct calibratio
hce, an EA guideline [4] is available.

er possibility is based on indirect calibration using a hardness reference block [abbreviatg
ertified reference material)] (see [2-5]\in the Bibliography). A guideline for the determinati
Annex G.

Iways be possible to quantify‘all ‘the identified contributions to the uncertainty. In this cas§

piece. Care should be taken, if standard uncertainties of type A and B are summarised, tha
are not counted twice (see Clause 4 of GUM:1993).

bport
brt shall include the following information:

hce to'this part of ISO 6508, i.e. ISO 6508-1;

heter

half

n of

f the

n. As

d as
DN is

e, an

ype A standard uncertainty/may be obtained from the statistical analysis of repeated indentations

t the

9 Testr
The test rep
a) arefere
b) all detai
c) the test
d)
e)
f)
9)
6

Is necessary for the complete identification of the test piece;

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

the result obtained (see the second-last paragraph of this clause);
all operations not specified in this part of ISO 6508, or regarded as optional;
details of any occurrence which may have affected the result (see Note);

the actual extended total-force duration time used, if greater than the 6 s allowed by the tolerances.
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There 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.

NOTE There is evidence that some materials may 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.

© I1SO 2005 — All rights reserved 7
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Annex A
(normative)

Conventional HR30Tm and HR15Tm test for thin products

A.1 Gene

This test is
ISO 6508 bu
the HRT tes

This test is
thickness in
90 HR15T).
be applied.

The followin

A.2 Test

ral

t, by agreement, the appearance of indentations on the back of the test pieces (not permitt
) is allowed.

pplicable with adequate precision to products of thickness less than 0,6 mm Gp-to the mini
icated in the product standards and of a maximum HR30T Rockwell hardness of 80 (respec
The product standard specifies when the conventional HR30Tm or HR15Tm hardness test

j requirements shall be met, in addition to those specified in this paftof ISO 6508.

piece support

The test pig¢ce support shall comprise a polished and smogothi“diamond plate approximately 4,5 m

diameter. T}
Care shall b

A.3 Test

If it is neces
Care shall b
by heating
thickness.

A.4 Posit

The distanc
indentations

is support surface shall be centred on the axis of the indenter and shall be perpendicular
b taken to ensure that it is seated correctly on.thé“machine table.

biece preparation

sary to remove material from the test piece, this should be done on both sides of the test p
b taken to ensure that this process does not change the condition of the base metal, for exa
br work hardening. The base metal shall not be made thinner than the minimum allow

on of the test piece

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

carried out under conditions similar to those in the HR30T or HR15T test defined in this peLrt of

ed in

mum
ively
shall

m in
to it.

iece.
mple
able

the
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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 Figures B.1, B.2 and B.3.

AV4
T

1,6

15

14

1.3

1.2

11

1

0,9
0,8

0,7

0,6

0,5

0,4

0,3

0,2 .
20 30 40 50 60 70 80 90

HRD X

A
 J

HRC

A
Y

HRA

A
Y

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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Key
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A

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

10

Figure B.2 — Test with ball indenters (scales B, E, F, G, H and K)
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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 Tables C.1, C.2, C.3 or C.4 shall be applied.

Table C.1 — Test with diamond cone indenter (scales A, C and D)
Rockwel Radius of curvature
hardnes: mm
reading 3 5 6,5 8 9,5 11 125 16 19
20 2,5 2,0 1,5 1,5 1,0 ,0
25 3,0 2,5 2,0 1,5 1,0 1,0 ,0
30 2,5 2,0 1,5 (5 1,0 1,0 5
35 3,0 2,0 1,5 1,5 1,0 1,0 0,5 5
40 25 2,0 1,5 1,0 1,0 1,0 0,5 5
45 3,0 2,0 1,5 1,0 1,0 1,0 0,5 0,5 5
50 2,5 2,0 1,5 1,0 150 0,5 0,5 0,5 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 Cofrections greater than ' HRA, HRC and HRD are not considered acceptable and are therefore not included in this tabjle.

12 © ISO 2005 — All rights reserved


https://standardsiso.com/api/?name=abdbae2a9ba8fb43cf6d5db72d39808d

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

ISO 6508-1:2005(E)

Rockwell 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 35 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
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 1,5 150 1,0 0,5
NOTE Corrections greater than 5 HRB, HRF and HRG are not considered acceptable and-are therefore not included n this table.
Table C.3 — Rockwell superficial test/(scale N)a b
Radius.of curvature ©
Rodgkwell superficial
hardness reading mm
1,6 3,2 5 6.5 9,5 12,5
20 (6,0)4 3,0 2,0 1,5 1,5 1,5
25 (5,5)4 3,0 2,0 1,5 1,5 1,0
30 (5,5)4 3,0 2,0 1,5 1,0 1,0
35 (5,0)¢ 2,5 2,0 1,5 1,0 1,0
40 (4,5)4 2,5 1,5 1,5 1,0 1,0
45 (4,0)4 2,0 1,5 1,0 1,0 1,0
50 (3,5)d 2,0 1,5 1,0 1,0 1,0
55 (3,5)4¢ 2,0 1,5 1,0 0,5 0,5
60 3,0 1,5 1,0 1,0 0,5 0,5
65 2,5 1,5 1,0 0,5 0,5 0,5
70 2,0 1,0 1,0 0,5 0,5 0,5
75 1,5 1,0 0,5 0,5 0,5 0
30 RY 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

a
numerous actual observations of the test surfaces having the curvatures given in this table.
b

C

d

The corrections given in parentheses shall not be used, except by agreement.

For radii other than those given in this table, corrections may be derived by linear interpolation.

These corrections are approximate only and represent the averages, to the nearest 0,5 Rockwell superficial hardness units, of

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

© I1SO 2005 — All rights reserved

13


https://standardsiso.com/api/?name=abdbae2a9ba8fb43cf6d5db72d39808d

ISO 6508-1:2005(E)

Table C.4 — Rockwell superficial test (scale T) 2.0

Rockwell Radius of curvature ©

superficial

hardness mm

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

20 (13)d (9,0)d (6,0)9 (4,5)¢ (3,5)4 3,0 2,0
30 (11,5)d (7,5)4 (5,0)9 (4,0)9 (3,54 2,5 2,0
40 (10,0)d (6,5)d (4,5)4 (3,5)4 3,0 2,5 2,0
50 (8.5)d (5.5)d (4.0)9 30 25 20 1
60 (6,5)¢ (4,5)4 3,0 2,5 2,0 1,5 1,5
70 (5,0)¢ (3,5)d 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 05 0,5

@8  These cofrections are approximate only and represent the averages, to the nearest 0,5 Rockwell/superficial hardness units, of
numerous actyal observations of the test surfaces having the curvatures given in this table.

b When tegting convex cylindrical surfaces, the accuracy of the test will be seriously affected‘by misalignement of the eleyating
screw, V-anvil and indenter and by imperfections in the surface finish and straightness of the cylinder.
€ For radii dther than those given in this table, corrections may be derived by linear integpolation.

d  The correftions 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
Diameter of sphere

Rockwell d
hardness
reading 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 20 1,7 1,3 1,0
60 HRC 5,8 3,6 29 24 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 palues of the correction to be added to Rockwell hardness C scale, AH, given in Table D.1, afe calculated
using the following formula:

2
)
AH =59 x>0 (D.1)

wheile
{ is the Rockwell hardness reading;

1 is the diameter. 6f the sphere, expressed in millimetres.
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https://standardsiso.com/api/?name=abdbae2a9ba8fb43cf6d5db72d39808d

ISO 6508-1:2005(E)

Annex E

(informative)

Procedure for periodic checking of the testing machine by the user

A check of the machine should be carried out on each day that the machine is used, at approximately each
hardness level and for each range or scale that is to be used.

Prior to ma
hardness le

ing the check, the measuring system should be indirectly verified (for each range/scale| and
el) using a reference indentation on a hardness reference block, calibrated in accordance| with

ISO 6508-3.|The measured dimension should agree with the certified value to within the maximunmi permigsible
error given in Table 5 of ISO 6508-2:2005. If the measuring system fails this test, appropriate action should be

taken.

The check

nvolves at least one indentation being made on a hardness reference\-block, calibrated in

accordance pwith 1ISO 6508-3. If the difference between the mean measured hardness.and the block’s certified

value is with

n the permissible error limits given in Table 5 of ISO 6508-2:2005, the.machine may be reggrded
as satisfactdry. If not, an indirect verification should be performed.

A record of these results should be maintained over a period of time, and-used to measure reproducibility and

monitor drift|of the machine.

16
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Annex F
(informative)

Notes on 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 may bhe reclaimed by regrinding If not_any small defects on the surface
rapidly worsen and make the indenter useless.

Thergfore,

— the condition of indenters should be checked initially and at frequent intervals-using appropriate optical
Hevices (microscope, magnifying glass, etc.);

— the verification of the indenter is no longer valid when the indenter shows defects;

— feground or otherwise repaired indenters should be reverified in accordance with 4.3.1 of
SO 6508-2:2005.

© I1SO 2005 — All rights reserved 17
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Annex G
(informative)

Uncertainty of the measured hardness values

G.1 General requirements

The approach for determining uncertainty presented in this annex considers only those uncerfa
associated With the overall measurement performance of the hardness testing machine with respect t

nties
b the

hardness rgference blocks (abbreviated as CRM below). These performance uncertainties ireflect the

combined effect to all the separate uncertainties (indirect verification). Because of this, approach,
important that the individual machine components are operating within the tolerances- It is str
recommended that this procedure should be applied for a maximum of one year after the'successful pa
of a direct vgrification.

it is
bngly
5Sing

Figure G.1 ghows the four-level structure of the metrological chain necessary to define and dissemijnate
hardness sdales. The chain starts at the international level using international definitions of the various
hardness s¢ales to carry out international intercomparisons. A number<of primary hardness standard
machines a{ the national level "produce" primary hardness reference blocks for the calibration laborgtory
level. Naturally, direct calibration and the verification of these machines should be at the highest pogsible

accuracy.
International jevel International International
comparisons definitions
Y
National level Primary hardngss D_|reclt
standard machines calibration
Calibration Primary hardness Hardness calibration Direct
laboratory leyel reference blocks machines calibration
/ (
Hardness i
User level Hardnelsls rleference .|  hardness - I.:-).Ire(f-t
PIOCRKS CCSTTgTTIacrmticsS canoration
-
Y
Reliable

hardness values

Figure G.1 — Structure of the metrological chain for the definition
and dissemination of hardness scales
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G.2 General procedure

The procedure calculates a combined uncertainty u; by the Root-Squared-Sum-Method (RSS) out of the
different sources given in Table G.1, containing all symbols used and their designation. The expanded
uncertainty, U, is derived from » by multiplying with the coverage factor, k = 2.

G.3 Bias of the machine

The bias b of a hardness testing machine (also named error) which is derived from the difference between

— themean vatue of thefiveimdentationsdurimgcatibratiomrof thefardnesstestimgmachime;ang
— [he calibration value of the hardness reference block,

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

G.4| Procedures for calculating uncertainty: hardness measurement values

NOTE In this Annex, the index CRM “Certified Reference Material” means,“according to the defihitions of the
hardness testing standards, “Hardness Reference Block”.

G.4/1 Procedure without bias (method 1)

MetHod 1 (abbreviated as M1) is a simplified method, whichcan be used without considering thge systematic
erron of the hardness testing machine.

In M1, the error limit, that means the range in which the machine is allowed to differ from the reference
standlard, is used to define the source ug of the uncertainty. There is no correction of the hardnes$ values with
respect to the error.

The procedure for the determination of U is'e€xplained in Table G.1 (see [3, 4] in the Bibliography).

U =k - ”I%‘*”%RM +uﬁ+u%+u%s (G.1)

Where the result of the measurement is given by

X=%+U (G.2)

G.42 Procedurewith bias (method 2)

As an alternativeto (M1), method 2 (abbreviated as M2) may be used, which is correlated with the conduct of
a control chart:\M2 may lead to smaller values of uncertainty.

The |error. b (step 10) can be expected to be a systematic effect. In GUM, it is recommendgd to use a
corrgction to compensate for such systematic effects. This is the base of M2. The error limit ug is|no longer in
the calculation of the uncertainty but all determined hardness values have to be corrected by b or U, has to
be increased by b. The procedure for the determination of U, is explained in Table G.1, (see [6, 7] in the
Bibliography).

2 2 2 2 2
Ucorr:k'\/ UERM T UG T us +umg +up (G.3)

Where the result of the measurement is given by

Xeorr =(x + b)+ Ucorr (G.4)
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