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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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measuring systems (Clause 4);

added a requirement for the hardness of the indenter ball holder (Clause 6);

changed the layout of Table 8 (Clause 6);

modified the requirements for direct and indirect calibration and verification (Clause 7);

Alist of all parts in the ISO 6508 series can be found on the ISO website.

pth

modified the information related to the determination of uncertainty of measurement (Annex B).

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

Part 2:
Verification and calibration of testing machines and
indenters

1
This

Scope

document specifies two separate methods of verification of testing machines (direct a

for determining Rockwell hardness in accordance with ISO 6508-1, together witht@ method f|

Rocl
The

rwell hardness indenters.

direct verification method is used to determine whether the main_parameters asso

the machine function, such as applied force, depth measurement, and.testing cycle timing

sped
bloc

This

Atte
to bg

2

The
cons
und{

ISO
testi

ISO
ISO
ISO

3

ified tolerances. The indirect verification method uses a numbep of calibrated referen
ks to determine how well the machine can measure a material of known hardness.

document is applicable to stationary and portable hardneéss testing machines.

htion is drawn to the fact that the use of tungsten carbide composite for ball indenters i
 the standard type of Rockwell indenter ball.

Normative references

titutes requirements of this docuinént. For dated references, only the edition cited
B76, Metallic materials — Calibration of force-proving instruments used for the verificatio
ng machines

h507-1, Metallic materials — Vickers hardness test — Part 1: Test method

b508-1, Metallieqnaterials — Rockwell hardness test — Part 1: Test method

b508-3, Metallic materials — Rockwell hardness test — Part 3: Calibration of reference blq

Terms and definitions

hd indirect)
or verifying

ciated with
fall within
e hardness

considered

following documents are referred to_in the text in such a way that some or all of their content

hpplies. For

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

n of uniaxial

cks

No t

ETTITS aTTd defimitions are tisted i this documernt:

ISO and [EC maintain terminology databases for use in standardization at the following addresses:

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

IEC Electropedia: available at https://www.electropedia.org/

4 General conditions

Before a Rockwell hardness testing machine is verified, the machine shall be checked to ensure that it is
properly set up and operating in accordance with the manufacturer's instructions.
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Especially, it should be checked that the test force can be applied and removed without shock, vibration,

or overload

and in such a manner that the readings are not influenced.

5 Direct verification of the testing machine

5.1 General

5.1.1 Direct verification involves calibration and verification of the following:

ac:
A=

a) testfor
b) depth-y
c) testing
d)

5.1.2 Dirg

made outsidle of this temperature range, this shall be reported in the verification report.

5.1.3 The
5.1.4 An
verification|

5.2 Calib

5.2.1 Eac
measured,

spaced thrd
is not influe
the test for

5.2.2 Thr

each readinfg is taken, the plunger.shall be moved in the same direction as during testing.

5.2.3 The

by med
reversi

by bala

machinje hysteresis test.

7

neasuring system;

cycle;

ct verification should be carried out at a temperature of (23 + 5).%C! If the verificati

instruments used for calibration shall be traceable to natienal standards.

ndirect verification according to Clause 6 shall be performed following a successful d

ration and verification of the test force

h preliminary test force, F, (see 5.2.4).ahd each total test force, F, used (see 5.2.5) sha
ind, whenever applicable, this shall He done at not less than three positions of the pl

ul
ughout its range of movement during testing. For testing machine designs where the il?)rce

nced by the position of the plunger, e.g. controlled loading systems with closed-loop con
e can be calibrated in one pdsition. The preliminary test force shall be held for at least

e readings shall be taken for each force at each position of the plunger. Inmediately bg

forces shall bé measured by one of the following two methods:

ns of a ferce-proving device according to ISO 376 class 1 or better and calibratec
pility;

hcing againsta force, accurate to +0,2 %, applied by means of calibrated masses or by and

metho

bn is

rect

1l be
ger

trol,
D s.

fore

| for

ther

havzing the same accuracy
s} o4

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

5.2.4 Arelative error value, expressed as a percentage, shall be calculated for each measured force by

the general

AFrel,i,j

where AF,

el,i,j

Formula (1):

_100x L RS

FRrs

is the relative error of each force measurement value, F;

M

(whether it is a preliminary

force value, F,, or the total force value, F) with respect to the reference force value, Fys, to be measured.
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The indices i and j of the force measurement value, F;; indicate the j-th force measurement at the i-th
plunger height position.

5.2.5 The maximum permissible relative error on each measurement of the preliminary test force, F,,
(before application and after removal of the additional test force, F;) as calculated by Formula (1) shall
be £2,0 %. The range of all force measurements (highest value minus lowest value) at each measurement
position shall be < 1,5 % of F,.

5.2.6 The maximum permissible relative error on each measurement of the total test force, F, as
calculated by Formula (1), shall be £1,0 %. The range of the force measurements (highest value minus
lowgstvatue)shaitbe £ 0,75 9% of F.

5.3 | Calibration and verification of the depth-measuring system

5.3.1 The depth-measuring system shall be calibrated by making known incremental m¢vements of
the indenter or the indenter holder.

5.3.2 The instrument or gauge blocks used to verify the depth<niéasuring system shall have a
maxjmum expanded uncertainty of 0,000 3 mm when calculated with a 95 % confidence level.

NOTE The use of gauge blocks to verify the depth measuring syStem may not be appropriate for all types of
RocKwell hardness machines.

5.3.3 Calibrate the testing machine’s depth measurement system at not less than four evenly spaced
intefvals covering the full range of the normal working depth for the required scales to be dalibrated in
the festing machine. Three cycles of depth readings shall be taken over the evenly spaced |intervals of
the depth measuring system.

1S 7]

NOT The maximum depth required for each scale is different, ranging from 0,25 mm for Rockwell regular
scalg B to 0,04 mm for Rockwell superficial scale 15N.

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

a) ptthe approximatetep, midpoint and bottom of the total stroke of the measuring devicg, verify the
depth measurenient system at no less than four evenly spaced intervals of approximat¢ly 0,05 mm
ht each of the thtee locations;

b) pperatethe actuator over its full range of travel to monitor whether the displacement mgasurement
s continuous. The displacement indication shall be continuously indicated over the fulljrange.

5.3.8 ~Calculate the Hiffnrnnrn’ A,I . between each r]npfh measurement va]nn, ’1 and the reference
value of the calibration device, Ly, in accordance with the general Formula (2):

The indices i and j of the depth measurement value, L;; indicate the j-th depth measurement at the i-th
interval of the depth measuring system.

The depth-measuring system shall correctly indicate within £+0,001 mm for the scales A to K and
within +0,000 5 mm for scales N and T, i.e. within £0,5 of a scale unit, over each range.

©1S0 2023 - All rights reserved 3
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5.4 Calibration and verification of the testing cycle

5.4.1 The testing cycle is to be calibrated by the testing machine manufacturer at the time of
manufacture and when the testing machine undergoes repair which may have affected the testing
cycle. Calibration of the complete testing cycle is not required as part of the direct verification at other

times, see Table 10.

5.4.2 The

testing cycle shall conform to the testing cycle specified in ISO 6508-1.

5.4.3 For testing machines that automatically control the testing cycle, the measurement uncertainty

(k=2) of th
that the me
calibration

5.4.4 For
machine sh

5.5 Calib

5.5.1 The
flexure of t
of any hyst
indenter of
such that n
the specimg
the spacer d

5.5.2 Per
using the R
hysteresis ¥

5.5.3 The
units when
units when

6 Indire
6.1 Gense

6.1.1 Ind

e timing instrument used to verify the testing cycle shall not exceed 0,2 s. It is recomme
hsured times for the testing cycle, plus or minus the measurement uncertainty (k =.2)
measurements, not exceed the timing limits specified in ISO 6508-1.

testing machines that require the user to manually control the testing Cyele, the teg
h1] be verified to be capable of achieving the specified testing cycle.

ration and verification of the machine hysteresis

machine shall be checked to ensure that the readings are{not affected by a hyster
bsting machine components (e.g. frame, specimen holder)etc.) during a test. The inflyl
eresis behaviour shall be checked by making repeated hardness tests using a sphe
at least 10 mm diameter, bearing directly against thé-specimen holder or through a sp
b permanent deformation occurs. A parallel blockplaced between the indenter holder]

r parallel block shall have a hardness of at least 60 HRC.

ockwell scale with the highest test\ferce that is used during normal testing. Repea
erification procedure for a maximum of 10 measurements and average the last three t¢g

average of the last three tests shall indicate a hardness number of (130 + 1,0) Rock
the regular Rockwell ball\scales B, E, F, G, H, and K are used, or within (100 * 1,0) RocK
any other Rockwell scale4s used.

ct verification’of the testing machine
ral

rect verification involves the calibration and verification of the testing machin
tests on reference blocks.

performing|

ded
the

ting

esial
ence
rical
acer

and

n holder may be used instead of a blunt indentér: The material of the blunt indenter and of

orm repeated Rockwell tests using thesetup specified in 5.5.1. The tests shall be conducted

the
sts.

well
well

e by

6.1.2

Indirect verification should be carried out at a temperature of (23 + 5) °C by means of reference

blocks calibrated in accordance with ISO 6508-3. If the verification is made outside of this temperature
range, this shall be reported in the verification report.

6.2 Procedure

6.2.1 For the indirect verification of a testing machine, the following procedures shall be applied.

The testing machine shall be verified for each scale for which it will be used. For each scale to be
verified, reference blocks from each of the hardness ranges given in Table 1 shall be used. The hardness

© IS0 2023 - All rights reserved
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values of the blocks shall be chosen to approximate the limits of the intended use. It is recommended to
perform the same test cycle used when the reference blocks were calibrated.

Only the calibrated surfaces of the test blocks are to be used for testing.

6.2.2 On each reference block, a minimum of five indentations, made in accordance with ISO 6508-1,
shall be uniformly distributed over the test surface and each hardness number observed to a resolution
of no greater than 0,2 HR of a scale unit. Before making these indentations, at least two preliminary
indentations shall be made to ensure that the machine is working freely and that the reference block, the
indenter, and the specimen holder are seating correctly. The results of these preliminary indentations

shall be ignored.
Table 1 — Hardness ranges for different scales
Roickwell hardness |Hardness range of reference| Rockwell hardness |Hardnessrange df reference
scale block scale block
A 20 to 40 HRA K 40 to 60 HRKW
45to 75 HRA 65 to 80 HRKW
80 to 95 HRA 85 to 100 HRKW
B 10 to 50 HRBW 15N 70 to 77 HR15N
60 to 80 HRBW 78 to 88 HR15N
85 to 100 HRBW 89 to 94 HR15N
C 10 to 30 HRC 30N 42 to 54 HR30N
35to 55 HRC 55 to 73 HR30N
60 to 70 HRC 74 to 86 HR30N
D 40 to 47 HRD 45N 20 to 31 HR45N
55to 63 HRD 32 to 61 HR45N
70 to 77 HRD 63 to 77 HR45N
E 70 to 77 HREW 15T 67 to 80 HR15TW
84 to 90 HREW 81 to 87 HR15TW
93 to 100HREW 88to 93 HR15TW
F 60.t0.75 HRFW 30T 29 to 56 HRBOTW
80to 90 HRFW 57 to 69 HR30TW
94 to 100 HRFW 70 to 82 HR30TW
G 30 to 50 HRGW 45T 10 to 33 HR45TW
55 to 75 HRGW 34 to 54 HR{5TW
80 to 94 HRGW 55to 72 HR45TW
H 80 to 94 HRHW
96 to 100 HRHW
6.3 | Repeatability

6.3.1 For each reference block, let H;, H,, H;, Hy,....H, be the values of the measured hardness
arranged in increasing order of magnitude.

The repeatability range, r, of the testing machine in Rockwell units, under the particular verification
conditions, is determined by Formula (3):

© IS0 2023 - All rights reserved
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The mean hardness value of all indentations H is defined according to Formula (4):

Hy+Hy+Hy +Hy +..+H,

H= 4
n
where
Hy, Hy, H3, Hy,..... H, are the hardness values corresponding to all the indentations;
n is the total number of indentations.
6.3.2 Thejrepeatability range of the testing machine being verified shall be considered satisfactqry if
it satisfies the conditions given in Table 2. Permissible repeatability is presented graphicallyrin Anngx A,
Figures A.1jand A.2.
Table 2 — Permissible repeatability range and bias of the testingymachine
Permissible bias Permissible repeatability
Rockwell hardness Hardness range of Rockwell units range of the testing machine?
scafle the reference block b -
A 20 to 75 HRA +2 HRA <0,02 (100 - H) or
>75to 95 HRA +1,5 HRA 0,8 HRA Rockwell unitsb
B 10 to 45 HRBW +4 HRBW < 0,04 (130 - ﬁ)
> 45 to 80 HRBW +3 HRBW HRBW Rockwell units
>80 to 100 HRBW *#2 HRBW
C 10 to 70 HRC +1,5 HRC <0,02 (100 - H) or
0,8 HRC Rockwell unitsb
D 40 to 70 HRD +2 HRD < 0,02 (100 - E) or
>70to 77 HRD *1,5 HRD 0,8 HRD Rockwell unitsP
E 70 to 90 HREW +2,5 HREW <0,04 (130 - H)
>90 to 160.HREW +2 HREW HREW Rockwell units
F 60 t0'90 HRFW +3 HRFW <0,04 (130 - H)
> 9@ fo 100 HRFW +2 HRFW HRFW Rockwell units
G 30 to 50 HRGW +6 HRGW <0,04 (130 - H)
>50 to 75 HRGW +4,5 HRGW HRGW Rockwell units
> 75 to 94 HRGW +3 HRGW
Hi 80 to 100 HRHW +2 HRHW < 0,04 (130 - E)
HRHW Rockwell units
K A0 Tto 60 HRKW = HRRKW <0,04 (130 - ﬁ)
> 60 to 80 HRKW +3 HRKW HRKW Rockwell units
>80 to 100 HRKW +2 HRKW
15N, 30N, 45N All ranges +2 HRN < 0,04 (100 - ﬁ) or
1,2 HRN Rockwell units b
15T, 30T, 45T All ranges +3 HRTW < 0,06 (100 - ﬁ) or
2,4 HRTW Rockwell unitsb
2 H is the mean hardness value.
b The one with a greater value becomes the permissible repeatability range of the testing machine.
NOTE The requirements for permissible repeatability range, r, and/or permissible bias, b, might be different in
ASTME 18.

6 © IS0 2023 - All rights reserved
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Bias

6.4.1 The bias, b, of the testing machine in Rockwell units, under the particular calibration conditions,
is expressed by the following Formula (5):

whe

(5)

6.4.]

6.5
A m

H is the mean hardness value, from Formula (4);

fi.rv is the certified hardness of the reference block used.

P The bias of the testing machine shall not exceed the values given in (Fable 2.

Uncertainty of measurement

ethod to determine the uncertainty of measurement of the calibration results of tH

testing machines is given in Annex B.

7

7.1

7.1.1
If th
repd
7.1.2
7.2

7.2.

To v
docu

7.2.1

Calibration and verification of Rockwell hardness indenters
General

Indenter calibrations and verifications should be carried out at a temperature of
e verification is made outside of this{temperature range, this shall be reported in the
Irt.

The instruments used fer\calibration and verifications shall be traceable to national

Diamond indenter,

1 General

erify the reliable performance of the spheroconical diamond indenter in conformang
ment, adirect and an indirect calibration and verification shall be carried out on each j

» " Direct calibration and verification of the diamond indenter

e hardness

(23 £ 5) °C.
verification

standards.

e with this
ndenter.

7.2.2.1 The surfaces of the diamond cone and spherical tip shall be polished for a penetration depth of
0,3 mm and shall blend in a smooth tangential manner. Both surfaces shall be free from surface defects.

7.2.2.2 The verification of the shape of the indenter can be made by direct measurement or optically.
The verification shall be made at not less than four unique equally spaced axial planes (for example, at 0°,
45°90°,135°). Measurement with a collimator device is also acceptable. In this case, the measurements
should be carried out at least in four central angles and the central angle of 120° shall be included.

The location where the spherical tip and the cone of the diamond blend together will vary depending
on the values of the tip radius and cone angle. Ideally for a perfect indenter geometry, the blend point
is located at 100 pm from the indenter axis measured along a line normal to the indenter axis. To avoid
including the blend area in the measurement of the tip radius and cone angle, the portion of the diamond
surface between 80 um and 120 pm may be ignored.
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7.2.2.3 The instruments used to verify the shape of the diamond indenter shall have the following

maximum e
— angle:

radius:

xpanded uncertainty when calculated with a 95 % confidence level:
0,1°%
0,005 mm.

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

7.2.2.5 The tip of the indenter shall be spherical. Its mean radius shall be determined from at least

four single

alues measured in the axial section p]znpq cpp(‘ifipd in7227?2 Each qinglp value sh

11 be

within (0,2
radius shall

7.2.3

7.2.3.1 Tle hardness values given by the testing machine depend not only on the dimensions of th

radius and

of the diam|
verification|
tests on ref
calibration

This indire
paragraphs

Diamond in
only th
only th
both th|
— any sin

NOTE It
limitations, 9

7.2.3.2 The reference blecks used for this indirect verification shall be chosen at the hardness 1¢

given in Tal
verifying di
in Table 5 fq

Indiirect verification of diamond indenters

+ 0,015) mm. The mean value shall be within (0,2 + 0,01) mm. Local deviations froniia
not exceed 0,002 mm.

cone angle, but also on the surface roughness and the position of the ¢rystallographic
ond, and the seating of the diamond in its holder. To examine these’influences, an ind
of the performance of the diamond indenter shall be accomplished by making a seri
brence blocks that meet the requirements of ISO 6508-3 and Ccomparing the results agai
Hiamond indenter that meets the requirements of ISO 6508:3.

ct verification shall be performed using a calibration’ machine that meets the rele
of ISO 6508-3.

denters may be certified for use for either:

e regular Rockwell diamond scales, or

e superficial Rockwell diamond scales, or

e regular and superficial Rockwélldiamond scales, or
bular or limited combination 'of diamond scales.

might be necessary to use) a diamond indenter on a reduced number of test scales due to
uch as a side cut diam¢nd indenter for testing gear tooth profiles, or other considerations.

ples 3, 4, 5, 60r 7 depending on the scales for which the indenter is to be certified. W
amond indenters to be used on a limited number of scales, use the reference blocks spec
r the HRE/scale and/or the appropriate scale row(s) in Table 7 for any other diamond s

he.alternate hardness levels given in Table 4 are provided to accommodate indenters calibrat

true

e tip
axes
rect
ps of
nst a

vant

force

bvels
'hen
ified
ale.

ed to

htional Standards. Itis believed that calibrations conducted to Table 3 or Table 4 will yield equiv|

hlent

NOTE T
other Intern
results.

Table 3 — Hardness levels for diamond indenters used for Rockwell regular and superficial

scales (A, C, D, and N)

Scale Nominal hard- Ranges
ness

HRC 23 20to 26

HRC 55 52to 58

HR45N 43 40to 46

HR15N 91 88 to 94
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Table 4 — Alternate hardness levels for diamond indenters used for Rockwell regular and
superficial scales (A, C, D, and N)

Scale Nominal hard- Ranges
ness

HRC 25 22to 28

HRC 63 60 to 65

HR30N 64 60 to 69

HR15N 91 88 to 94

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

only (A, C, and D)
Scale Nominal hard- Ranges
ness
HRC 25 22 to 28
HRC 63 60 to 65
Tlable 6 — Hardness levels for diamond indenters to be used-for Rockwell superficjal scale
testing only (N)
Scale Nominal hard- Ranges
ness
HR15N 91 88to 94
HR30N 64 60 to 69
HR45N 25 22to0 29
Table 7 — Hardness levels for diamend indenters to be used for limited scale testing
High nominal High hardness Low nominal
Scale Low hardness range
hardness range hardness
HRA 83 81 to 84 63 61lto 65
HRD %3 70 to 75 44 41fto 46
HR15N 91 88 to 94 72 700 74
HR30N 80 77 to 82 46 43[to 49
HR45N 70 66to 72 25 2210 29
7.2.3.3 Thetesting shall be carried out in accordance with ISO 6508-1 using the following procedure.
For each Block, the mean hardness value of three indentations made using the indenter tg be verified
shall not-differ from the mean hardness value of three indentations obtained with the| calibration
indC tar by panrn thoan N O DAl Wit e Tho s dantationc oo dn yath b s dantne o b 'erifiEd and

TCCT Uy TIIOT CtIalT = U, 0 YO TICvy CIT Ot o T rC IO eI ta croTr S oo vy rorr corc ot et oot

with the calibration indenter should be adjacent to each other on each block.

7.3 Ball indenter

Ball indenters normally consist of a spherical ball and a separate appropriately designed holder. Single-
piece spherically tipped indenters are allowed, provided the surface of the indenter that makes contact
with the test piece meets the size, shape, finish, and hardness requirements specified in 7.3.1, and it
meets the performance requirements specified in 7.3.2.

The material used to manufacture the portion of the ball holder that supports the test force should have
a minimum hardness of 25 HRC. The ball should protrude sufficiently from its holder to prevent the
holder from contacting the test material.
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7.3.1 Direct calibration and verification of the ball indenter
7.3.1.1 The balls shall be polished and free from surface defects.

7.3.1.2 The user shall either measure the balls to ensure that they meet the following requirements,
or shall obtain balls from a supplier certifying that the following conditions are met. For the purpose
of verifying the size, density and the hardness of the balls, at least one ball selected at random from a
batch shall be tested. The balls verified for hardness shall be discarded.

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

Table 8 — Tolerances for the different ball diameters

RocHwell hardness scale Ball diameter Tolerance
mm mm
B,F,G T 1,587 5 +0,003 5
E,H, K 3,175 +0,004

7.3.1.4 The characteristics of the tungsten carbide composite balls shall be as follows:

— Hardngss: the hardness shall be no less than 1 500 HV, when detetmined using a test force of at Jeast
4,903 N (HV 0,5) in accordance with ISO 6507-1. The ball may be tested directly on this sphefical
surfacel or by sectioning the ball and testing on the ball interior. An example for HV 10 is givén in
Table 9

— Densityf: p = (14,8 £ 0,2) g/cm3.

The followihg chemical composition is recommendéd:
— tungstgn carbide (WC): balance;

— total other carbides: 2,0 %;

— cobalt (|Co): 5,0 % to 7,0 %.

7.3.1.5 Tle hardness of steelballs shall be no less than 750 HV, when determined using a test forfe of
98,07 N in dccordance with £SO6507-1 (see Table 9).

NOTE Hprdened steelballs are only used when performing the Special HR30TSm and HR15TSm test forf thin
products acdording to ISQ"6508-1.

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

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

7.3.2 Indirect verification of the ball holder assembly

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

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

7.3.2.3 The mean hardness value of three indentations made using the ball holder assembly to be
verified shall not differ from the certified hardness value of the test block by more than the permissible
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8.4

performed before the tester can be used (see Table 10).

Table 10 — Direct verifications of hardness testing machines

If an indirect verification has not been performed within 13 months, a direct verification shall be

b Directve
and is not req
was the caus

¢ Atminini

of the failure.

um, verify the duration of the total test forces.

Requirements of verification Force Measuring Test cycle Machlng Indenter?
system hysteresis
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after dismantling and reassembling, X X X X
if force, measuring system or test
cycle are affeeted
failure of inflirect verification® X X (x)¢ X
indirect ver}fication > 13 months ago X X (x)¢ X
a2 Inadditign, it is recommended that the diamond indenter be directly verified after two years of use.

rification of these parameters may be carried out sequentially (until the machine passes indirect verificakion)
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Annex A
(normative)

Repeatability of testing machines

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

6,5
6
5,5 HRBW
HREW
5 HRFW
HRGW
45 HRHW
HRKW
4
3,5 —
0,04 (130-H)
3 /
HRA
2,5 HRC
HRD
2
\
1,5 =g —
L 0,02 (100H
1 {002 (100H)
0,5 I B
I~
~
0 |
10 20 30 40 50 60 70 80 90 |100
| HRA | || X
I HRC | | |IHREW
HRD | |HRHW]
[
| HREW |
HRGW
| HRKW
HRBW

Key
X Rockwell hardness
Y repeatability of testing machines

Figure A.1 — Rockwell hardness (scales A, B, C, D, E, F, G, H, and K)
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Figure A.2 — Rockwell superficial hardness (scales N and T)
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Annex B
(informative)

Uncertainty of measurement of the calibration results of the

hardness testing machine

General

surement uncertainty analysis is a useful tool to help determine sources of error and to
rences between measured values. This annex gives guidance on uncertainty!éstimat

understand
ion, but the

methods contained are for information only, unless specifically instructed otherwise by the customer.
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B.2.
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criteria specified in this document for the performance of the testing machine have bee
refined over a significant period of time. When determining a specific tolerance that {
s to meet, the uncertainty associated with the use of measurifig equipment and/d
dards has been incorporated within this tolerance and it would therefore be inappropri
Further allowance for this uncertainty by, for example, reducingthe tolerance by the m
rtainty. This applies to all measurements made when performing a direct or indirect

suring equipment and/or reference standards that is<used to assess whether or not 4
blies with this document. However, there can be“Special circumstances where rg
ance by the measurement uncertainty is appropxidate. This should only be done by agree
ies involved.

Direct verification — Uncertainty of calibration of machine compong

1 Uncertainty of calibration'ofthe test force

the direct calibration of forée, the difference AF between each individual measurem
ed by the hardness machine and the corresponding force value indicated by th
ument is calculated and reported. The direct verification verifies whether each AF ig
ified maximum permissible limits. Consequently, the following is a procedure to c
rtainties of the AEvalues with respect to the true value of force specified by the test. Th
ive standard uncertainty of the test force calibration at the i-th height position i

rding to Formuila (B.1):

_ [z 2
UE i =\UERS T UFHTM, i

h developed
he machine
r reference
ate to make
pasurement
verification

e machine. In each case, it is simply the measured valtue resulting from the use of the specified

he machine
ducing the
ment of the

nts

ent of force
e reference
within the
hlculate the
e combined

calculated

(B.1)

e

UpRrs > |
tificate);

machine at the i-th height position.

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

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

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

criti

cal applications:
temperature dependence;

long-term stability;
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— interpolation deviation.

Depending on the design of the force transducer, the rotational position of the transducer related to the
indenter axis of the hardness testing machine should be considered.

NOTE The metrological chain necessary to define and disseminate hardness scales is shown in ISO 6508-1.
EXAMPLE Direct verification of the applied force of the testing machine.
Calibration value of the force transducer (force to be measured): Fpg=1471,0N

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

F  —F
AFg; {=100x L5 B.2)
" Fgs

where Fi ;s the j-th test-force indication value in the i-th height position.

UFRS B.3)

UpRs =1
FRS 2

SF,i
uFHTM, =100x ——xt B4‘)
i

where sg; i3 the standard deviation and F; is the mean of the*test-force indication values in the i-th

height positjion.
Table B.1 — Results of the test force calibration
Nfimber of height Force Force Force Standard
position for test force | indication | indication | indication | Mean value deviati
. . eviation
calibration 1 2 3
I Fi1 Fi, Fi3 F SE,i
N N N N N
14715 14719 1471,7 1471,7 0,200
1472,1 1472,3 1472,7 14724 0,306
1472,2 1473,5 1471,3 1472,3 1,106

The following example edlculations will use values of the force indication 1 at the height position 3 from
Table B.1. S¢e Table B.2:

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

AF =100 1 472'2_1 471'0 =0 N0 0/ (Ffor forcn i dioation 71 +rdbho bhatght o ocit: oo i—3)
rel’3' =TUU =590 /0 o TOTCCTOTCatrOT = ot et rc pOSTCIOTY (=

1 471,0 ’

U
uFRS = FZRS 20,06 %

S
Uppry 1 = 100X —2 x¢ ~100x—190 1,32-9,9x1072 % (for three readings, t =1,32)

F 1472,3
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Table B.2 — Calculation of the uncertainty of measurement of the test force

(for height position i = 3 from Table B.1)

. Relative
Relative
. standard .
. Relative | . . .. . standard T Relative
. Estimated| ;. . Distribution Sensitivity| measure- .
Quantity limit measure- L uncertainty
value type coefficient | ment uncer- o
values ment . contribution
. tainty
uncertainty
symbol
Xi Xj a; u(x;) Ci u;
Force
trapsducer | 1471,0N Normal 6,0 x 1072 % 1 Upgrs 6,0 x 1072 %
indication
Generated
test 14710N | 1,0% Normal 99 x1072% 1 UpyTM 3 99 x1072%
force
Rela‘tive combined standard uncertainty of measurement for height position 3, Ups 1,2 x 1071 %
Reldtive expanded uncertainty of measurement for height position 3, Ug 5 (k= 2) 2,px101%
The pbove calculations shall be done for all height positions.
Tablk B.3 shows the relative deviation of one test force measurefent (1 471 N force indication 1; height
3) and the corresponding expanded relative uncertainty of the\test force deviation, AF, 5 {. There can

be c
forc

p deviation, Up, generated by the hardness testing‘machine when determining comp
the maximum permissible relative deviation of the test force. In Table B.3, a value of AF
calcyilated as follows:

rcumstances where the user needs to account for the relative expanded uncertainty

of the test

liance with
31 1s also

AFmax,i,j =|AFre1,i,j|+UF,i (B.5)
whigh combines the relative deviation-of one test force measurement with the expanded relative

uncq
AF,,

Tal

13,1, is compared to 5.2.5 to determine compliance.

the expanded relative uncertainty of the test force measurement

rtainty of the test force. In thisccase, the value of AF, ., 5, rather than the force deviation value,

le B.3 — Calculation of the relative deviation of one test force measurement combined with

Rglative deviation of;test force | Expanded combined relative un- Rela_t ve de_v iation ofjtest force
B : - combined with the expanded rel-
[force indicatiof 1; height 3] certainty of the test force . .
ative uncertainty of thie test force
AFr(-:l,3,1 UF,3 AF
max,3,1
0,08 % 0,23 % 0,31 %

B.2.

2CUncertainty of depth-measuring system

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

_[2 2 2
up; = \/ Uprs +Ums HULHTM, i
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where

U Rs

ums

ULHTM, i

is the uncertainty of measurement of the depth calibration device (reference standard)

from the calibration certificate for k = 1;

is the uncertainty of measurement due to the resolution of the measuring system;

is the standard uncertainty of measurement of the hardness testing machine at the i-th

depth interval.

The uncertainty of measurement of the reference instrument for the depth-measuring system, the

depth calibfation device, 1S indicated in the corresponding calibration certificate. It is assumed]that
quantities, $uch as the following, do not exert an essential influence on the uncertainty of measureiment
of the depth calibration device:
— temperpture dependence;
— long-tefm stability;
— interpdlation deviation.
EXAMPLE Direct verification of the depth measuring system of the testing machine for the A to K scale$.
Expanded yYncertainty of measurement of depth calibration system: <U; s = 0,000 2 mm (k = 2) (from
calibration ertificate)
Resolution ¢f the depth-measuring system: 6,,,=0,5 um
Three meagurements of depth are made at each of five intervals of depth as shown in Table B.4.
where Li;Is the j-th measured depth value at the-i-th depth interval.
JLRS
URS =T, B.8)
2
uLHTM’ ZSL,iXt :Bg)
where s| ;i the standard deviation of the depth indication values for the i-th depth interval.
Ohns
Uy =—— (B.10)
m =l
18 © IS0 2023 - All rights reserved
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