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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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4.1

©IS

cope

part of ISO 6508 specifies the method for Rockwell regular and Rockwell superficial ha
es and applicable range of application according to Table 1) for metallic materials‘and i
ationary and portable hardness testing machines.

specific materials and/or products, other specific International Standards apply (f
B738-1 and ISO 4498).

Attention is drawn to the fact that the use of tungsten carbide compesite for ball indenters
d the standard type of Rockwell indenter ball. Steel indenter balls are‘allowed to continue to
1 complying with Annex A.

»

Normative references

following documents, in whole or in part, are mormatively referenced in this docum
pensable for its application. For dated references, only the edition cited applies. H
ences, the latest edition of the referenced document (including any amendments) appli

ihg machines

b508-3:2015, Metallic materials ~<)Rockwell hardness test — Part 3: Calibration of refere

Principle

ndenter of specified-size, shape, and material is forced into the surface of a test specime
e levels using the-specific conditions defined in Clause 7. The specified preliminary forg
the initial indénfdtion depth is measured, followed by the application and removal of]
}Eonal force,‘returning to the preliminary force. The final indentation depth is then me

ockwellhardness value is derived from the difference, h, in the final and initial indent3
the twe-constants N and S (see Figure 1, Table 1 and Table 2) as:

Rockwell hardness=N —g

rdness tests
s applicable

br instance,

sconsidered
be used only

ent and are
or undated
ES.

508-2:2015, Metallic materials — RocKwell hardness test — Part 2: Verification and cqlibration of

ce blocks

h under two
e is applied
a specified
asured and
tion depths

)

o

Symbols, abbreviated terms and designations

See Table 1, Table 2, Table 3, and Figure 1.
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Table 1 — Rockwell Regular scales

polished for 4

penetration depth of at least 0,4 mm.

Rockwell | Hardness | Type of indenter | Preliminary| Total Scaling Full Applicable
R symbol force force | Constant| Range |range of applica-
egular .
: tion (Rockwell
hardness Unit Constant Resul
cale eguiar
Fo F s N hardness scales)
A HRA Diamond cone 98,07 N 588,4N | 0,002 mm 100 20 to 95 HRA
B HRBW Ball 1,587 5 mm 98,07 N 980,7 N | 0,002 mm 130 10 to 100 HRBW
C HRC Diamond cone 98,07 N 1,471 kN | 0,002 mm 100 202 to 70 HRC
D HRD Diamond cone 98,07 N 980,7 N | 0,002 mm 100 40 to 77 HHD
E HREW Ball 3,175 mm 98,07 N 980,7 N | 0,002 mm 130 70 tor100 HREW
F HRFW Ball 1,587 5 mm 98,07 N 588,4 N | 0,002 mm 130 60 to 100 HRFW
G HRGW Ball 1,587 5 mm 98,07 N 1,471 kN | 0,002 mm 130 30 to 94 HRGW
H HRHW Ball 3,175 mm 98,07 N 588,4 N | 0,002 mm 130 80 to 100 HRHW
K HRKW Ball 3,175 mm 98,07 N 1,471 kN | 0,002 mm 130 40 to 100 HRKW
a  The appljcable range of application can be extended to 10 HRC if the surfaces of the didmond cone and spherical tip are

Table 2 — Rockwell Superficial scales

Rockwell || Hardness Type of Preliminary| Total Scaling Full Applicable
Superficial|| symbol indenter force foree\~| Constant | Range range of appli-
hardness . Constant | cation (Ro¢k-
Unit .
scale N well Superficial
Fo F S hardness scgles)
15N HR15N Diamond cone 29,42 N 1471 N |0,001 mm 100 70 to 94 HR15N
30N HR30N Diamond cone 2942N 294,2N | 0,001 mm 100 472 to 86 HR3ON
45N HR45N Diamond cone 29,42 N 441,3N | 0,001 mm 100 20 to 77 HR45N
15T HR15TW | Ball 1,587 5 mm 29,42 N 1471 N | 0,001 mm 100 67 to 93 HR15TW
30T HR30TW | Ball 1,587 5'mm 29,42 N 294,2N | 0,001 mm 100 29 to 82 HR30TW
45T HR45TW | Ball 1,587 5'mm 29,42 N 441,3N | 0,001 mm 100 10 to 72 HR43TW

Scales using
product spd

NOTE1 F

NOTE2 T
test force of

br certain/materials, the applicable range of application might be narrower than those indicated.

y indenter balls with diameter 6,350 mm and 12,70 mm may also be used, if specified i the
cification orby.special agreement. See ASTM E 18 for additional scales using these ball siizes.

he numbers representing the test forces were originally based on units of kgf. For example, the[total
BOkgf has been converted to 294,2 N.

© ISO 2015 - All rights reserved
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Table 3 — Symbols and abbreviated terms

Symbol/
Abbreviated Definition Unit
term
Fo 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
i Futtrangeconstant;specifictothescate -
h Permanent depth of indentation under preliminary test force after removal of mm
additional test force (permanent indentation depth)
HRA h
HRC Rockwell Regular hardness =100 ——
0,002
HRD
HRBW
HREW
HRFW h
Rockwell Regular hardness =130 ——
HRGW 0,002
HRHW
HRKW
HRN h
HRTW Rockwell Superficial hardness =100 0,001

4.2 | The following is an example of thedesignation of Rockwell hardness.

EXAMPLE
70 HR 0 W

indication of type of ball used, W= Tungsten | carbide

composite

Rockwell scale symbol (see Tables 1 or 2)

Rockwell hardness symbol

Rockwell hardness value

NOTET—Previous Verstons of TS part of 1ISO 6508 attowed the uSe of Steet imdenter batts, witich 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.

© IS0 2015 - All rights reserved 3


https://standardsiso.com/api/?name=7f3c466f61c000481b135a28c3ff0542

ISO 6508-1:2015(E)

time
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w N R =< X

elasticr
F1

5 Testin

5.1 Testil
hardness s
complying v

5.2 Sphe

permanentindentation depth, h
position surfage.of specimen
ion depth by preliminary force, Fy referénce plane for measurement

ion depth by additional test force, Fq position of indenter

O N o Ul B»

pcovery just after removal of additional test force, indentation depth vs. time curve

Figure 1 — Rockwell principle diagram

g machine

ng machine, shall be capable of applying the test forces for some or all of the RocK
ales as shown in.Jable 1 and Table 2, performing the procedure defined in Clause 7,
vith all of the requirements defined in ISO 6508-2:2015.

roconical diamond indenter, shall be in accordance with ISO 6508-2:2015, wit

included anjgle of 120%and radius of curvature at the tip of 0,2 mm. Diamond indenters shall be cert

for use for ¢

ithen

— onlyth

well
and

h an
ified

b 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 6508-2:2015, with a

diameter of

1,587 5 mm or 3,175 mm (see Note 1 and Note 2)

NOTE1 Ballindenters normally consist of a spherical ball and a separate appropriately designed holder. Single-
piece spherically tipped indenters are allowed, provided that the surface of the indenter that makes contact with
the test piece meets the size, shape, finish, and hardness requirements defined in ISO 6508-2:2015, 6.3.1, and
meets the performance requirements of ISO 6508-2:2015, 6.3.2.

© ISO 2015 - All rights reserved
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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
excepsive heating or cold-working for example, is minimized. This shall be taken into.account, particularly
in thie 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 diamend indenters and 1|5 times the
perrhanent indentation depth for ball indenters, unless it can be dentonstrated that the use jof a thinner
test piece does not affect the measured hardness value. In general, n0 deformation should Qe visible on
the ack of the test piece after the test, although not all such marking is indicative of a bad teft.

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

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

7 Procedure

7.1 | ThispartofISO 6508 hasbeen developed with alaboratory temperature requirementof 10°Cto 35°C.
For pnvironments outside the stated requirement, it is the responsibility of the testing laboratory to
asseps the impact on testing dataproduced with testing machines operated in such environnjents. When
testipg is performed outside therecommended temperature limits of 10 °C to 35 °C, the tempgrature shall
be r¢corded and reported.

NOTE If significapt \temperature gradients are present during testing and/or calibration, measurement
unceftainty 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
scal¢ to beused. 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 pigce support,
perform atleast 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.

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.

© IS0 2015 - All rights reserved 5
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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 Bringthe indenterinto contact with the test surface and apply the preliminary test force, Fg, wi
shock, vibrdtion, oscillation, or overload. The preliminary force application time should not exceed

The duration of the preliminary test force, Fp, shall be 3 J_r% S.

he requirements for the time durations are given with asymmetric limits.

out
2s.

NOTE T

+1
322
to not more than4 s (3s+15s).

EXAMPLE
1s(3s-25s)

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

7.7 Measy
setting the
depth meas

ire the initial indentation depth. For many manual (dial-indicatot) machines, this is dor
ndicating dial to its set-point or zero position. For many automatic (digital) machineg
irement is made automatically without the user’s input and.mhight not be displayed.

e by
the

7.8 Apply
from Foto t
less than 1
additional t
during indit

the additional force F1 without shock, vibration, oscillation, or overload to increase the force
he total force, F. For the regular Rockwell scale tests,’apply the additional test force, Fy, il not
s and not more than 8 s. For all HRN and HRTW-Rockwell superficial test scales, apply the
st force, F1, in less than or equal to 4 s. It is reéommended to perform the same test cycle psed
ect verification.

NOTE T
changes in
indentation

mall
bf an

here is evidence that some materials might’be sensitive to the rate of straining which causes 3
he value of the yield stress. The corresponding effect on the termination of the formation
an make an alteration in the hardress value.

|

1
3

e the preliminary test force, Fy, is maintained, after 4 +1 s, the final reading shall be ma

7.9 The total test force, F, shall be maintained for a duration of 5 t s. Remove the additional test fprce,

F1, and, wh le.

As an exce
application
continue to
allowed by

ption for test pfaterials exhibiting excessive plastic flow (indentation creep) during
of the total test force, special considerations might be necessary since the indenter
penetratesWhen materials require the use of a total force duration that exceeds th
the tolerances, the actual extended total force duration used shall be reported followin

the
will
b 6 'S
b the

test results|(for example, 65 HRF/10 s).

7.10 Meast well
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.

6 © IS0 2015 - All rights reserved
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7.12 Throughout the test, the apparatus shall be protected from shock or vibration.

1:2015(E)

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 results

A complete evaluation of the uncertainty should be done according to ISO/IEC Guide 98-3.[3]

Ind
the

9
The

the tlest report, unless agreed by the parties concerned:

a)
b)

<)
d)
€)
f)
g)
h)
i)

10

endent of the type of sources, for hardness, there are two possibilities tfor the deter
ncertainty.

Dne possibilityis based on the evaluation ofall relevant sources appearing duringadirect]
As a reference, an EURAMET Guide CG-16[4] is available.

Che other possibility is based on indirect calibration using a hardness neference block (
hs CRM certified reference material).[2][3][4][5] A guideline for the determination is given

Test report

Jaboratory shall record at least the following informatiomand that information shall be

h reference to this part of ISO 6508 (i.e. ISO 6508-1);

h1l details necessary for the complete identification of the test piece, including the curv
Lest surface;

Lhe test temperature, if it is not withinsthe limits of 10 °C to 35 °C;

the hardness result in the format defined in 4.2;

h11 operations not specified in this part of [SO 6508, or regarded as optional;
Hetails of any occurrence ‘which might have affected the result;

Lhe actual extended.total force duration time used, if greater than the 6 s allowed by thd
Lhe date the test‘was performed;

f conversien{o another hardness scale is also performed, the basis and method of thig
chall be specified (see ISO 18265).

Conversions to other hardness scales or tensile strength values

mination of

calibration.

hbbreviated
in AnnexG.

included in

ature of the

tolerances;

conversion

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 areliable basis for conversion
can be obtained by comparison tests (see also ISO 18265).

© ISO 2015 - All rights reserved
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Annex A
(normative)

Special HR30TSm and HR15TSm test for thin products

A.1 General

This test is
minimum t
or 93 HR15
testis to be

Thistestisc
of ISO 6508

NOTE1 T
holder are us

NOTE2 P
that the sped

The followi

A.2 Ball
A hardened
1,587 5 mmj
A.3 Test

The test pie
in diameter]
perpendicu

A.4 Test

If it is nece
piece. Care
for examplg

applicable to thin sheet metal products having a maximum thickness of 0,6 mim. td
hickness indicated in the product standards, and of a maximum hardness of 82 \HR30

applied.

arried out under conditions similar to thosein the HR30TW or HR15TW téstdefined in this
The appearance of deformation on the bottom of the test pieces below(the indent is permi

he Sm in the scale designations indicates that a steel ball indenter and a diamond spot spec
ed for this testing.

Fior to testing, hardness tests should be made on thin sheet samples of a known hardness to
imen holder surface does not affect the measurement resul{s,

hg requirements shall be met, in addition to those specified in this part of ISO 6508.

indenter

steel ball indenter, that meets the requirements of ISO 6508-2:2015, with a diamet
shall be used for this testing.
piece support

ce support shall comprise apolished and smooth flat diamond surface approximately 4,5
This support surface-shall be approximately centred on the axis of the indenter and shg
ar to it. Care shall be taken to ensure that it is seated correctly on the machine table.
piece preparation

bsary tosremove material from the test piece, this should be done on both sides of the

the
TSm

[Sm. The product standard shall specify when the Special HR30TSm or HR15TSm hardpness

part

kted.

men

erify

br of

mm
1l be

test
etal,

shall be taken to ensure that this process does not change the condition of the base m
, by heating or work hardening. The base metal shall not be made thinner than the mini

Ill’lum

allowable t!

il
IICRNIITSS.

A.5 Position of the test piece

The distance between the centres of two adjacent indentations or between the centre of one of the

indentation

s and the edge of the test piece shall be at least 5 mm, unless otherwise specified.

© ISO 2015 - All rights reserved
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(normative)
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Minimum thickness of the test piece in relation to the Rockwell

hardness

— P R | £ 41 + e £ 1 1 - f— . . ial n 4 :
The LIITIITITTUTIT LIHICKIICS S U LT LEST PICLE, U UL Idy €1 UITUCT LESL, 15 gIVCIT TN TISUI € D. 1, FlQure BZ,

and Figure B.3.
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9

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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Y 4
3,6

3,45

3,3

3,15

3,0
2,85

2,7

2,55

2,4

2,25

2,1

1,95

1,8

1,65
1,5

1,35

1,2
1,05

09

0,75

o
N
o
w
o
NN
o
(@n]
()
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o
~J
o
(0]
o
Ne)
()
[N
()
()
>y

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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Y 4
1,4
1,2
1,0
0,8 &z
%
0,6 \
“k
w
0,4 \
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10 20 30 40 50 60 |70 80I ‘ 90|| 100 X
| HR15N
HR3ON| | | | |
|
HR45N || |
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|
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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

A I 1 £ 41 o . . 11 Val | 1.1 o2 1] Val
For tests oyrconvexcylimdricalsurfaces;,thecorrections giverr im Tabte €+ —Tabte €2, Tabte ¢

, Or

Table C.4 shall be applied. For radii other than those given in these tables, corrections may be,delfived
by linear interpolation.

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

Rockwell hard- Radius of curvature
ness reading mm
3 5 6,5 8 9,5 11 12,5 16 1p
20 - - - 2,5 2,0 1,5 1,5 1,0 1[0
25 - - 3,0 2,5 2,0 15 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 05
40 - 2,5 2,0 1,5 1,0 1,0 1,0 0,5 05
45 3,0 2,0 1,5 1,0 1,0 1,0 0,5 0,5 05
50 2,5 2,0 1,5 1,0 1,0 0,5 0,5 0,5 05
55 2,0 1,5 1,0 1,0 0,5 0,5 0,5 0,5 @
60 1,5 1,0 1,0 0,5 0,5 0,5 0,5 0 @
65 1,5 1,0 1,0 0,5 0,5 0,5 0,5 0 (
70 1,0 1,0 0y5 0,5 0,5 0,5 0,5 0 (
75 1,0 0,5 0,5 0,5 0,5 0,5 0 0 (
80 0,5 0,5 0,5 0,5 0,5 0 0 0 (
85 0,5 0,5 0,5 0 0 0 0 0 @
90 0,5 0 0 0 0 0 0 0 @
NOTE Corijections 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 hard- Radius of curvature
ness reading 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
NOTE Corrections greater than 5 HRB, 5 HRF, and 5 HRG are not considered acceptable and are therefore not included in
this table.
12 © IS0 2015 - All rights reserved
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Table C.2 (continued)

ISO 6508-1:2015(E)

Rockwell hard- Radius of curvature
ness reading mm
3 5 6,5 8 9,5 11 12,5
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 1,0 1,0 0,5
NOTE  Corrections greater than 5 HRB, 5 HRF, and 5 HRG are not considered acceptable and are therefore npt included in
this fable.
Table C.3 — Rockwell superficial test (scales 15N, 30N,45N)a,b
Rdckwell super- Radius of curvature
firial hardness
reading mm
1,6 3,2 5 6,5 9,5 12,5
20 (6,0)c 3,0 2,0 1,5 1,5 1,5
25 (5,5)¢ 3,0 2,0 1,5 1,5 1,0
30 (5,5)¢ 3,0 250 1,5 1,0 1,0
35 (5,0)c 2,5 2,0 1,5 1,0 1,0
40 (4,5)c 2,5 1,5 1,5 1,0 1,0
45 (4,0)c 2,0 1,5 1,0 1,0 1,0
50 (3,5)¢ 2,0 1,5 1,0 1,0 1,0
55 (3,5)c 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
80 1,0 0,5 0,5 0,5 0 0
85 0,5 0,5 0,5 0,5 0 0
90 0 0 0 0 0 0
a  These Corrections are approximate only and represent the averages, to the nearest 0,5 Rockwell superficial hardness
unitg, of numerous actual observations of the test surfaces having the curvatures given in this table.
b Whentestingeonvexeylindriealsurfacestheaeetracyof-the—testwil-beserioustyaffected-bymisatignment of the

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

elevating screw, V- specimen holder and indenter and by imperfections in the surface finish and straightness of the cylinder.

© ISO 2015 - All rights reserved
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Table C.4 — Rockwell superficial test (scales 15T, 30T, 45T)ab

Rockwell Radius of curvature
superficial mm
hardness read-
ing 1,6 3,2 5 6,5 8 9,5 12,5
20 (13)c (9,0)c (6,0)¢c (4,5)c (3,5)¢ 3,0 2,0
30 (11,5)¢ (7,5)¢ (5,0)c (4,0)c (3,5)¢ 2,5 2,0
40 (10,0)c (6,5)c (4,5)c (3,5)¢ 3,0 2,5 2,0
50 (8,5)¢ (5,5)¢ (4,0)c 3,0 2.5 2.0 1,5
60 (6,5)c (4,5)c 3,0 2,5 2,0 1,5 1,5
70 (5,0)c (3,5)¢ 2,5 2,0 1,5 1,0 1,0
80 3,0 2,0 1,5 1,5 1,0 1,0 0,5
90 1,5 1,0 1,0 0,5 0,5 0,5 0,5

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

b When te§ting convex cylindrical surfaces, the accuracy of the test will be seriously affected by misalignment df the
elevating scrg¢w, V- specimen holder and indenter and by imperfections in the surface finishyand straightness of the cyliphder.

¢ The corr¢ctions given in parentheses shall not be used, except by agreement.

14 © IS0 2015 - All rights reserved
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Annex D

(normative)

ISO 6508-1:2015(E)

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

o1

1

- 1 : 1 £ +1 o : . 1.9 1
FOI‘ CSLS UIT CLUNIVEX SPIICTICLAT SUTTALES, LIIT COTTTULIULLS g1VEITIIT 1dDIC D. 1 SI1d

T

1] 1. 1
Toeappired:.

Rockwell Diameter of sphere
hardness d
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 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 Rockwellchardness C scale AH, given in Ta
calctyilated using the following formula:

4

2
(1_1Zoj
\H =59x~ >/
d

whele

f{ is the Rockwell hardness.reading;

1 is the diameter of the sphere, expressed in millimetres.

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

(D.1)

© ISO 2015 - All rights reserved
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ISO 6508-1:2015(E)
Annex E
(normative)

Daily Verification Procedure

E.1 General

A daily verification of the machine shall be carried out on each day that the machine is used by perfortlning

tests in each hardness scale that is to be used that day. Select at least one hardness reference)block
meets the réquirements of ISO 6508-3:2015 from the ranges defined in Table E.1. It is recorhimended
the hardnegs level selected be close to the levels to be tested. Only the calibrated surface.6fthe test bl
are to be uged for testing. Perform at least two indentations on each block and cal¢ulate the biasg

cimen holder, and tester are in good condition and repeat the test. f the machine conti

Arecord of the daily verification results should be maintained over a périod of time, and used to mea
reproducibility and monitor drift of the machine.

E.2 Bias

that
that
ocks
and
the
the
nues

ily test, an indirect verification, according to ISO 6508-2:2015, Clause 5, shall be perforined.

sure

The bias, b) of the testing machine in Rockwell units, gwihder the particular verification conditioys, is
expressed By Formula (E.1):
where
H s the mean hardness valiie from Formula (E.2);
Heru I8 the certified hardngess of the reference block used.
The mean hiardness valtiéof the indentations H is defined according to Formula (E.2):
E:H_ll'"""Hn E.2)
n
where
Hi1, Hy, H3, Hy,, Hp 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 range

To determine the repeatability range for each reference block, let Hy, ...,H,, be the values of the measured

hardness arranged in increasing order of magnitude.

16 © IS0 2015 - All rights res
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The repeatability, r, of the testing machine in Rockwell units, under the particular verification conditions,
is determined by Formula (E.3):

r=Hn—H1

(E.3)

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

Rockwell hardness | Hardness range of the ref- Permissible bias- Permissible repeatability
scale erence block bRockwell units rangerof the testing machinea
A 20 to <75 HRA +2 HRA A Ao 100 _)or
<0,62-{166
>75 to <95 HRA +1,5 HRA 0,8 Rockwrell }Initsb
10 to <45 HRBW +4 HRBW <0,04 (130 - 1) or
B >45 to <80 HRBW +3 HRBW 1DRockwell hnitsb
>80 to <100 HRBW +2 HRBW
C 10 to <70 HRC +1,5 HRC <0,02 (100 - ) or
0,8 Rockwell yinitsb
D 40 to <70 HRD +2 HRD <0,02 (100 - 1) or
>70 to <77 HRD +1,5RD 0,8 Rockwell {nitsb
E 70 to <90 HREW +2;5 HREW <0,04 (130 - } ) or
>90 to <100 HREW +2 HREW 1,2 Rockwell nitsb
F 60 to <90 HRFW +3 HRFW <0,04 (130 - 1) or
>90 to <100 HRFW- +2 HRFW 1,2 Rockwell nitsb
G 30 to <50 HRGW +6 HRGW <0,04 (130 - } ) or
>50 to <75.HRGW +4,5 HRGW 1,2 Rockwell nitsb
>754¢0.594 HRGW +3 HRGW
H 80to <100 HRHW +2 HRHW <0,04 (130 - 1) or
1,2 Rockwell §nitsb
K 40 to <60 HRKW +4 HRKW <0,04 (130 - T)Or
>60 to <80 HRKW +3 HRKW 1,2 Rockwell nitsb
>80 to <100 HRKW +2 HRKW
15N, 30N, 45N All ranges +2 HRN <0,04 (100 - ﬁ) or
1,2 Rockwell ynits b
15T, 30T, 45T All ranges +3 HRTW <0,06 (100 - ITI) or
2,4 Rockwell unitsb
H is the mean hardness value.
b Whichever is greater.

EXAMPLE 1

Alow-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 Rockwell units

© ISO 2015 - All rights reserved
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From Table E.1, for the HRC scale, the permissible repeatability range at HRC 24,6 = 0,02 (100 - 24,6) = 1,51 HRC
Rockwell units. This is greater than 0,8 HRC Rockwell units, therefore, the permissible repeatability range of the
testing machine for this reference block is 1,51 HRC Rockwell units.

Since r = 1,2 HRC Rockwell units, the repeatability 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

=0 QUDC DA -l azall s
U T CT T

za o
A"y TIC Oty Crrorre St

From FormujaE2}-tfeHews—H =635 HRC-and-fromFormuta{E3)itfoHows

T

From Table H.1, for the HRC scale, the permissible repeatability range at HRC 63,5 = 0,02 (100 - 63,5) =.0;73 HRC
Rockwell unjts. This is less than 0,8 HRC Rockwell units, therefore, the permissible repeatability fange df the
testing machine for this reference block is 0,8 HRC Rockwell units.

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

18 © IS0 2015 - All rights reserved
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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 su

dete
rapi
initi

cted in time, many indenters can be reclaimed by regrinding. If not, any small defects©n
1ly worsen and make the indenter useless. Therefore, the condition of indenters should|
hlly and at frequent intervals using appropriate optical devices (microscope, maghifying

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

Reground or otherwise repaired indenters shall be verified in accordange with the reqy
SO 6508-2:2015.

ch faults are

the surface
be checked
glass, etc.)

irements of

© ISO 2015 - All rights reserved

19


https://standardsiso.com/api/?name=7f3c466f61c000481b135a28c3ff0542

ISO 6508-1:2015(E)
Annex G
(informative)

Uncertainty of the measured hardness values

G.1 General requirements

tand
hods
Most
y on
e the
inty
this
the
f an
that
1 the
 the
ved.

Measurement uncertainty analysis is a useful tool to help determine sources of error and to unders
differences|in test results. This Annex gives guidance on uncertainty estimation but the\met
contained 4re for information only, unless specifically instructed otherwise by the customer.

product spécifications have tolerances that have been developed over the past years based mainl
the requirements of the product but also, in part, on the performance of the machine-used to mak
hardness measurement. These tolerances therefore incorporate a contribution duéto the uncerts
of the hardphess measurement and it would be inappropriate to make any further allowance for
uncertainty by, for example, reducing the specified tolerance by the estimated uncertainty of
hardness measurement. In other words, where a product specification states that the hardness

item shall e higher or lower than a certain value, this should be interpreted as simply specifying
the calculated hardness value(s) shall meet this requirement, unlessspecifically stated otherwise i1
product stajndard. However, there might be special circumstances:where reducing the tolerance by
measurement uncertainty is appropriate. This should only be donneby agreement of the parties invo

The approarh for determining uncertainty presented in this§\Annex considers only those uncertainties

associated
to the hard
the combin

individual fnachine components are operating within the tolerances. It is strongly recommended

this proced
and calibraf

Annex [ shd
hardness s
various hat

standard mqchines at the nationallevel “produce” primary hardness reference blocks for the calibrz

laboratory
highest pos

G.2 Geng

vith the overall measurement performance ofithe hardness testing machine with reg
ness reference blocks (abbreviated as CRM:bélow). These performance uncertainties re
bd effect to all the separate uncertainties, Because of this approach, it is important tha

ire should be applied for a maximum of one year after the successful passing of a verificg
ion.

ws the four-level structure.of the metrological chain necessary to define and dissemi
fales. The chain starts at_the international level using international definitions o
dness scales to carry out international intercomparisons. A number of primary hard

evel. Naturally, direct calibration and the verification of these machines should be a
Kible accuracy.

eral procedure

This proce
different ap

re‘calculates an expanded uncertainty, U, associated with the measured hardness value.

pect
flect
t the
that
ition

nate
- the
Iness
ition
F the

Two

roaches to this calculation are given in Table G.1 and Table G.2, together with details o

f 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 measurementresulting 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

ISO 6508

Bias of the machine

-1:2015(E)

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.

G4

G.4.

Two

Add

NOT

stanglards, certified reference material is equivalent to the hardness reference block, i.e. a piece of 1

a cer

G.4.
The

The
ISO
and
to bg
of U,

The

whe

Procedures for calculating uncertainty: Hardness measurement valy

1 General
methods are given for determining the uncertainty of hardness measurements:
Method M1: accounts for the systematic bias of the hardness machine intwo different y

Method M2: allows the determination of uncertainty without having to consider the m
Lhe systematic bias.

tional information on calculating hardness uncertainties ¢an‘be found in the literature

[
»

In this Annex, the abbreviation “CRM” stands for “Certified Reference Material”. In hard

tified value and associated uncertainty.

2 Procedure with bias (method M1)
method M1 procedure for the determination of measurement uncertainty is explained

measurement bias, b, of the hardnesstesting machine can be expected to be a systema
[EC Guide 98-3,[3] it is recommended that a correction be used to compensate for system
Lhis is the basis of M1. The result of using this method is either all determined hardness
reduced by b or the uncertainty Ucorr has to be increased by b. The procedure for the de
orr is explained in Table-G.LI6][7]

combined expanded meéasurement uncertainty for a single hardness measurement is cg

€S

yays;

agnitude of

[3][4]

Iness testing
haterial with

n Table G.1.

tic effect. In
atic effects,
values have
ermination

Iculated as:

= kx\/uH +ums +uHTM (G.1)

e

iy ~\_‘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;

ugTM 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
aresult of the indirect verification defined in ISO 6508-2:2015 and is defined according to

Formula (G.2):

© ISO 2015 - All rights reserved
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[ 2 2
UyTMm = \/UCRM +UHCRM T+ Ums (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;

ugcrM 1S 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 theyhardress
testing machine when measuring the CRM.

The result qf the measurement is given by Formula (G.3) and Formula (G.4), respectively:

Xeorr =X _b)iUcorr G.3)
or by
Xucorr 7 Xi(Ucorr +|b|) (G.4)

depending ¢n whether the bias (error), b, is considered to be part of the mean value or of the uncertalinty.

When metHod M1 is used, it can also be appropriate to include additional uncertainty contribugions
within the RSS term relating to the value of b employed¢This will particularly be the case when

— the megsured hardness is significantly differentfrom the hardness levels of the blocks used dyring
the maghine’s calibration,

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

— the maferial being measured is different from the material of the hardness reference blocks psed
during fhe machine’s calibration,.or

— the daytto-day performance\(veproducibility) of the hardness testing machine varies significantly.

The calculations of these additional contributions to the measurement uncertainty are not disculssed
here. In all dircumstances, arobust method for estimating the uncertainty associated with b is requjred.

G.4.3 Prdcedurewithout bias (method M2)

As an alternjative to method M1, method M2 can be used in some circumstances. Method M2 isa simplgfied
method whjchican 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 6508-2:2015 using the value AHyrMmax :|b|+UHTM, rather than only the bias
value, b, when determining compliance with the maximum permissible deviation of the bias (see
ISO 6508-2:2015).

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 6508-2:2015 is used to define one component
bg, of the uncertainty. There is no correction of the hardness values with respect to the bias limit.

22 © IS0 2015 - All rights reserved
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1:2015(E)

The combined expanded measurement uncertainty for a single future hardness measurement is
calculated as:

G.5| Expression of the result of measurement

When reporting the measurement result, the method (M1<r‘M2) used to estimate the
shoyld also be specified.

EXAMPLE A hardness testing machine makes a single R@ckwell C hardness measurement, x, on 3
Single hardness measurement value, x: x=60,5 HRC
Resolution of the hardness testing machine, 65 : 6ms = 0,1 HRC

The|last indirect verification of the testing machine determined a measurement bias,

unc

to the test sample hardness of those CRMs used for the indirect verification.

To d¢termine the lackofiepeatability of the testing machine, the laboratory made five HRC me

H,‘O

each other adherifig to spacing requirements in order to reduce the influence of block non-y

U:kx\/ufl+urzns +bg

where

uy is a contribution to the measurement uncertainty due to the lack of measurement r
ity of the hardness testing machine;

(G.5)

epeatabil-

machine;

result of the measurement is given by

X=x+U.

drtainty of the bias Uytm using a GRM of )_(CRM =62,82 HRC . The hardness of this CRM wa

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

11 a CRM havinga)similar hardness to the test sample. The five measurements were madg

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

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

Uncertainty of thetesting machine measurement bias, Ugtm: UutMm = 0,66 HR

Ims 1S a contribution to the measurement uncertainty due to the resolution of the hardrlless testing

b is the maximum permissible deviation of the bias as specified in ISO 6508:2:2015, dnd the

(G.6)

uncertainty

test sample.

b, with an
5 the closest

C

hsurements
adjacent to

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

where

and

er'llei

n

H=

© ISO 2015 - All rights reserved
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wheren =5.

The value of sy based on measurements from the last indirect verification according to ISO 6508-2:2015
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.

24 © IS0 2015 - All rights reserved
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