INTERNATIONAL

ISO

STANDARD 6508-2

Third edition
2015-03-01

Metallic materials — Rockwell
hardness test —

Part 2:

Verification and calibration of testing

machines and indenters

Matériaux métalliqués>=- Essai de dureté Rockwell —

Partie 2: Vérification et étalonnage des machines d’essai e
pénétrateurs

t des

-_— Reference number
=/ N— ISO 6508-2:2015(E)

©1S0 2015


https://standardsiso.com/api/?name=2017ff71b94f7e1d312ac05bff0dfc7a

ISO 6508-2:2015(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2015
All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. + 41 22 749 01 11

Fax + 4122 749 09 47

E-mail copyright@iso.org

Web www.iso.org

Published in Switzerland

ii © ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=2017ff71b94f7e1d312ac05bff0dfc7a

Contents

ISO 6508-2:2015(E)

Page
FFOTE@WOIM ...........oooooeooeeeeee e85 8 588 iv
1 SCOPI ... 1
2 NOIIMATIVE FEFEIEIICES .........oooooooeoeeeeeeeeee oo 1
3 GENETAL COMUITIONS .......oooooe s 1
4 Direct verification of the testing Machine. ...,

4.1 (0T 1T=) - O
42 Calibration and verification of the test force
4.3 Calibration and verification of the depth-measuring system
4.4  Calibration and verification of the testing cycle..........ony
4.5 Calibration and verification of the machine hysteresis...........ccofia e
5 Indirect verification of the testing machine...............n e
51 General
5.2 Procedure
5.3 Repeatability
5.4 BiaS ..o
5.5 Uncertainty of measurement
6 Calibration and verification of Rockwell hardness indenters..............cc.
6.1 LT3 1<) - O S
6.2 Diamond indenter ...
6.2. 1 GENETAL ..o G e
6.2.2  Direct calibration and verification of the diamond indenter
6.2.3  Indirect verification of diamend indenters............cnne
6.3 22T U ] ) o
6.3.1  Direct calibration and.verification of the ball indenter ...
6.3.2  Indirect verification of'the ball holder assembly ...
6.4 IMATKIILE i et
7 Intervals between direct and-indirect calibrations and verifications......................
8 VerifiCation FEPOTT ... Sy e
AnnEx A (normative) Repedtability of testing machines................)
Anngx B (informative) Uncertainty of measurement of the calibration results of the
hardness teStHNEMACHINE ..............cco e
BIDIEOZTAPIY ... 0

© ISO 2015 - All rights reserved

WWRNNNN

iii


https://standardsiso.com/api/?name=2017ff71b94f7e1d312ac05bff0dfc7a

ISO 6508-2:2015(E)

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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Metallic materials — Rockwell hardness test —

Part 2:
Verification and calibration of testing machines and
indenters

1

This
indij

Scope

part of ISO 6508 specifies two separate methods of verification of testing machines
ect) for determining Rockwell hardness in accordance with ISO 6508:1:2015, toge

method for verifying Rockwell hardness indenters.

The

direct verification method is used to determine whether the main_parameters asso

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

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

indirect method may be used on its own for periodic routine checking of the machine iy

testing machine is also to be used for other methods of hardness testing, it shall
pendently for each method.

part of ISO 6508 is applicable to stationary and portable hardness testing machines.

htion is drawn to the fact that the use of tungsten carbide composite for ball indenters i
e the standard type of Rockwell indenter ball. Steel indenter balls may continue to b
h complying with SO 6508-1:2015;Axnnex A.

Normative references

following documents, in“whole or in part, are normatively 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

B76, Metallicanaterials — Calibration of force-proving instruments used for the verificatio
g machines

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

(direct and
ther with a

ciated with
fall within
e hardness

service.

be verified

considered
e used only

ent and are
or undated
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ISO

h508-1:2015, Metallic materials — Rockwell hardness test — Part 1: Test method

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

3 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.

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.
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4 Direct verification of the testing machine

4.1 General

4.1.1 Direct verification involves calibration and verification of the following:

depth-measuring system;

hysteresis test.

a) testforces;
b)

c) testingcycle;
d) machinle
4.1.2 Dird

ct verification should be carried out at a temperature of (23 + 5) °C. If the verification is

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

4.1.3 The

414 An
verification

4.2 Calib

4.2.1 Eac
measured, ?

instruments used for calibration shall be traceable to national standdrds.

ndirect verification according to Clause 5 shall be performed following a successful d

ration and verification of the test force

 preliminary test force, Fo, (see 4.2.4) and each'fotal test force, F, used (see 4.2.5) sha
ind, whenever applicable, this shall be done at\not less than three positions of the plul

spaced thrgughout its range of movement during testing The preliminary test force shall be held f

least 2 s.

4.2.2 Thr
each readin

4.2.3 The

by med
reversi

by bala
method

Evidence sh
by more thg

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

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

forces shall be measured by, one of the following two methods:

ns of a force-proving,device according to ISO 376 class 1 or better and calibratec
bility;

hcing against afofce, accurate to +0,2 %, applied by means of calibrated masses or by and
having the same accuracy.

ould beavailable to demonstrate that the output of the force-proving device does not
n 0,2% in the period 1 s to 30 s following a stepped change in force.

nade

irect

1l be
nger
br at

rfore

| for

ther

vary

4.2.4 The Tolerance on each MeasSUTement of the prefiminary test force, Fo, (Defore appitcation and
after removal of the additional test force, F1) shall be +2,0 %, see Formula (B.2) The range of all force

measureme

nts (highest value minus lowest value) shall be < 1,5 % of F.

4.2.5 The tolerance on each measurement of the total test force, F, shall be 1,0 %. The range of the
force measurements (highest value minus lowest value) shall be < 0,75 % of F.

4.3 Calibration and verification of the depth-measuring system

4.3.1 The depth-measuring system shall be calibrated by making known incremental movements of the

indenter or

the indenter holder.
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4.3.2 Theinstrument or gauge blocks used to verify the depth-measuring system shall have a maximum
expanded uncertainty of 0,000 3 mm when calculated with a 95 % confidence level.

4.3.3 Calibrate the testing machine’s depth measurement system at not less than four evenly spaced
increments covering the full range of the normal working depth measured by the testing machine. For this
purpose, the working depth is 0,25 mm for regular Rockwell scales (A, C, D, B, E, F, G, H, K), and 0,1 mm for
superficial Rockwell scales (N, T).

4.3.4 Some testing machines have a long-stroke depth measuring system where the location of the
working range of the depth measuring system varies to suit the sample. This type of testing machine shall

be a
type]

a)

b)

4.3.%
withlin £0,000 5 mm for scales N and T, i.e. within +0,5 of a scal€ untit, over each range.

4.4

4.4,
and
the ¢

4.4.2

4.4.
(k
that
calih

4.4.4
mac

4.5

4.5.]

1

3
X

bl To electronically verily that the depth measuring device 15 continuous over the full 1
5 of testers shall be verified using the following steps:

At the approximate top, midpoint, and bottom of the total stroke of the measuring dq
the depth measurement system at no less than four evenly spaced increments of apj
0,05 mm at each of the three locations.

Dperate the actuator over its full range of travel to monitor whether the displacement m
s continuous. The displacement indication shall be continuously indicated over the full

b The depth-measuring system shall correctly indicate within +0,001 mm for the scale

Calibration and verification of the testing cycle

The testing cycle is to be calibrated by the testing machine manufacturer at the time of 1
when the testing machine undergoes repair which may have affected the testing cycle. C
omplete testing cycle is not required as part'of the direct verification at other times, see

p

The testing cycle shall conform.te the testing cycle defined in ISO 6508-1:2015.

For testing machines that automatically control the testing cycle, the measurement
2) of the timing instrumentused to verify the testing cycle shall not exceed 0,2 s. It is re
the measured times for/the’testing cycle, plus or minus the measurement uncertainty (
ration measurements;not exceed the timing limits specified in ISO 6508-1:2015.

L For testing mnachines that require the user to manually control the testing cycle,
nine shall beverified to be capable of achieving the defined testing cycle.

Calibration and verification of the machine hysteresis

| C-The machine shall be checked to ensure that the readings are not affected by a hyster

hnge. These

vice, verify
broximately

basurement
range.

s A to Kand

hanufacture
hlibration of
Table 10.

uncertainty
ommended
k = 2) of the

the testing

bsial flexure

of testing machine components (€.g. Irame, specimen holder, etc.) during a test. The miluence of any
hysteresis behaviour shall be checked by making repeated hardness tests using a spherical indenter of
at least 10 mm diameter, bearing directly against the specimen holder or through a spacer such that no
permanent deformation occurs. A parallel block placed between the indenter holder and the specimen
holder may be used instead of a blunt indenter. The material of the blunt indenter and of the spacer or
parallel block shall have a hardness of at least 60 HRC.

4.5.2 Perform repeated Rockwell tests using the setup defined in 4.5.1. The tests shall be conducted
using the Rockwell scale with the highest test force that is used during normal testing. Repeat the
hysteresis verification procedure for a maximum of 10 measurements and average the last three tests.
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4.5.3 The average of the last three tests shall indicate a hardness number of (130 + 1,0) Rockwell units
when the regular Rockwell ball scales B, E, F, G, H, and K are used, or within (100 + 1,0) Rockwell units
when any other Rockwell scale is used.

5 Indirect verification of the testing machine
5.1 General
5.1.1 Indirect verification involves the calibration and verification of the testing machine by performing
tests on refgremnce btocks:
5.1.2 Indllrect verification should be carried out at a temperature of (23 + 5) °C by means of réfergnce
blocks calilbrated in accordance with ISO 6508-3:2015. If the verification is made oftside of|this
temperaturg range, this shall be reported in the verification report.
5.2 Procedure
5.2.1 Forhe indirect verification of a testing machine, the following procedures shall be applied.
The testingjmachine shall be verified for each scale for which it will bedsed. For each scale to be veriEied,
reference blocks from each of the hardness ranges given in Table 1 shall'be used. The hardness valules of
the blocks ghall be chosen to approximate the limits of the intended use. It is recommended to perform
the same tept cycle used when the reference blocks were calibrated.
Only the calibrated surfaces of the test blocks are to be used-for testing.
5.2.2 On pach reference block, a minimum of five indentations, made in accordance with ISO 6508-
1:2015, shall be uniformly distributed over the test'surface and each hardness number observed to wjthin
0,2 HR of a[scale unit. Before making these indentations, at least two preliminary indentations shdll be
made to enpure that the machine is working freely and that the reference block, the indenter, and the
specimen hplder are seating correctly. The results of these preliminary indentations shall be ignored.
Table 1 —Hardness ranges for different scales
Rockwell hardness |Hardnessrange of reference| Rockwell hardness |Hardness range of referegnce
scale block scale block
A 20 to 40 HRA K 40 to 60 HRKW
45 to 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 83 HR15N
85 to 100 HRBW 89 to 94 HR15N
C 10 to 30 HRC 30N 42 to 54 HR30N
35to 55 HRC 55to 73 HR30N
60 to 70 HRC 74 to 86 HR30N
D 40 to 47 HRD 45N 20 to 31 HR45N
55 to 63 HRD 32 to 61 HR45N
70 to 77 HRD 63 to 77 HR45N
4 © IS0 2015 - All rights reserved
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Rockwell hardness |Hardness range of reference| Rockwell hardness |Hardness range of reference
scale block scale block
E 70 to 77 HREW 15T 67 to 80 HR15TW
84 to 90 HREW 81 to 87 HR15TW
93 to 100 HREW 88 to 93 HR15TW
F 60 to 75 HRFW 30T 29 to 56 HR30TW
80 to 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 55t0.72 HRESTW
H 80 to 94 HRHW
96 to 100 HRHW

5.3 | Repeatability

5.3.1 Foreachreference block, let H1, Hy, H3, Ha,

in increasing order of magnitude.

H,, be the valies of the measured hardndss arranged

The [repeatability range, r, of the testing machine in Roekwell units, under the particular [verification
conditions, is determined by Formula (1):

’:HI’I_Hl

The nean hardness value of all indentations‘H is defined according to Formula (2):

H{+H,+H3+H,+..+H,

H=
n
whete
Hl, HZI H3I H4—' ..... Hn

[

are the hardness values corresponding to all the indentations;

is the total number of indentations.

e8]

(2)

5.3.2 The repeatability range of the testing machine being verified shall be considered satisfactory if it
satidfies the‘Conditions given in Table 2. Permissible repeatability is presented graphically in| Figures A.1

and A.2.

Rockwell hardness

Hardness range of

Permissible bias
Rockwell units

Permissible repeatability
range of the testing machinea

scale the reference block b
r
A 20 to 75 HRA +2 HRA <0,02 (100 - E)or
>75to 95 HRA +1,5 HRA

0,8 HRA Rockwell unitsb

a H is the mean hardness value.

b The one with a greater value becomes the permissible repeatability range of the testing machine.

NOTE Therequirements for permissible repeatability range, r, and/or permissible bias, b, might be differentin ASTM E 18.
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Rockwell hardness

Hardness range of

Permissible bias
Rockwell units

Permissible repeatability
range of the testing machinea

scale the reference block b
r
B 10 to 45 HRBW +4 HRBW <0,04 (130 - ﬁ)
>45to 80 HRBW +3 HRBW HRBW Rockwell units
>80 to 100 HRBW +2 HRBW
C 10 to 70 HRC +1,5 HRC <0,02 (100 - ﬁ) or
0,8 HRC Rockwell unitsb
D 40to 70 HRD +2 HRD <0,02 (100 - H)br
>70to 77 HRD *1,5 HRD 0,8 HRD RockwelllunitsH
E 70 to 90 HREW +2,5 HREW <0,04¢130 - H)
>90to 100 HREW +2 HREW HREWRockwell units
F 60 to 90 HRFW +3 HRFW £ 0,04 (130 - ﬁ)
>90to 100 HRFW +2 HRFW HRFW Rockwell units
G 30 to 50 HRGW +6 HRGW <0,04 (130 - ITI)
>50 to 75 HRGW 4,5 HRGW HRGW Rockwell units
>75to 94 HRGW +3 HRGW
H 80 to 100 HRHW +2 HRHW <0,04 (130 - ﬁ)
HRHW Rockwell units
K 40to 60 HRKW +4 HRKW <0,04 (130 - ITI)
> 60 to 80 HRKW +3 HRKW HRKW Rockwell units
>80to 100 HRKW +2 HRKW
15N, 30N, 45N All ranges *2 HR-N <0,04 (100 - H) or
1,2 HR-N Rockwell units p
15T, 30[, 45T Allranges 3 HR-TW <0,06 (100 - H)or
2,4 HR-TW Rockwell unitgb
a E is thejmean hardnéegss-value.
b The one vith a greater value becomes the permissible repeatability range of the testing machine.
NOTE Thefequiréments for permissible repeatability range, r, and/or permissible bias, b, might be differentin ASTM[E 18.

5.4 Bias

5.4.1 The bias, b, of the testing machine in Rockwell units, under the particular calibration conditions,
is expressed by the following formula:

b=H-Hcpy

where

(3)
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H is the mean hardness value, from Formula (2);
Hcru is the certified hardness of the reference block used.
5.4.2 The bias of the testing machine shall not exceed the values given in Table 2.

5.5 Uncertainty of measurement

A method to determine the uncertainty of measurement of the calibration results of the hardness testing
machines is given in Annex B.

6 [alibration and verification of Rockwell hardness indenters
6.1 | General

6.1.1 Indenter calibrations and verifications should be carried out at a témperature of (23 4 5) °C. If the
verification is made outside of this temperature range, this shall be reported in the verificati¢n report.

6.1.2 The instruments used for calibration and verifications shall be traceable to national 4tandards.
6.2 | Diamond indenter

6.2.1 General

To verify the reliable performance of the spherogoptical diamond indenter in conformance with this part
of ISP 6508, a direct and an indirect calibrationiand verification shall be carried out on each indenter.

6.2.2 Direct calibration and verification of the diamond indenter

6.2.2.1 The surfaces of the diamond cone and spherical tip shall be polished for a penetratjon depth of
0,3 thm and shall blend in a smeoth tangential manner. Both surfaces shall be free from surface defects.

6.2.2.2 The verification of the shape of the indenter can be made by direct measurement for optically.
The perification shall be‘made at not less than four unique equally spaced axial planes (for example, at 0°,
45°,090°, 135°). Measuvement with a collimator device is also acceptable. In this case, the mefasurements
shoyld be carriedput 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 logatéd at 100 pm from the indenter axis measured along a line normal to the indenter ayis. To avoid
inclyding 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.

6.2.2.3 The instruments used to verify the shape of the diamond indenter shall have the following
maximum expanded uncertainty when calculated with a 95 % confidence level:

— angle: 0,1°

— radius: 0,005 mm.
6.2.2.4 The diamond cone shall have an included angle of (120 * 0,35)°.

6.2.2.5 The tip of the indenter shall be spherical. Its mean radius shall be determined from at least four
single values, measured in the axial section planes defined in 6.2.2.2. Each single value shall be within

© IS0 2015 - All rights reserved 7
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(0,2 £ 0,015) mm. The mean value shall be within (0,2 + 0,01) mm. Local deviations from a true radius
shall not exceed 0,002 mm.

6.2.3 Ind

irect verification of diamond indenters

6.2.3.1 The hardness values given by the testing machine depend not only on the dimensions of the
tip radius and cone angle, but also on the surface roughness and the position of the crystallographic axes
of the diamond, and the seating of the diamond in its holder. To examine these influences, an indirect
verification of the performance of the diamond indenter shall be accomplished by making a series of tests
on reference blocks that meet the requirements of ISO 6508-3:2015 and comparing the results against a

calibration
This indire
paragraphs
Clause 5.
Diamond in
only th
only th
both th|

any sin

NOTE It
limitations, 9

llamond mdenter that meets the requirements o1 15U 65Uo-5:2015, 4.5.

ct verification shall be performed using a calibration machine that meets thé rele
of IS0 6508-3:2015, Clause 4, in accordance with the procedure described in [ISO-6508-3:2

denters may be certified for use for either

e regular Rockwell diamond scales, or

e superficial Rockwell diamond scales, or

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

might be necessary to use a diamond indenter on _a‘teduced number of test scales due to
uch as a side cut diamond indenter for testing gear tooth profiles, or other considerations.

vant
015,

force

bvels
/hen
bd in

ed to
hlent

6.2.3.2 Ll[:eference blocks used for this indirect verification shall be chosen at the hardness I
given in Talples 3, 4, 5, 6, or 7 depending on the scales for which the indenter is to be certified. \
verifying dipmond indenters to be used on a limitéd number of scales, use the reference blocks defin
Table 5 for the HRC scale and/or the appropriate’scale row(s) in Table 7 for any other diamond scalg.
NOTE The alternate hardness levels given‘in Table 4 are provided to accommodate indenters calibrat
other Interngtional Standards. It is belieyedithat calibrations conducted to Table 3 or Table 4 will yield equiv|
results.
Table 3 +— Hardness levelsfor diamond indenters used for Rockwell regular and superficial
scales (A, C, D, and N)
Scale Nominal hardness Ranges
HRC 23 20 to 26
HRC 55 52to 58
HR45N 43 40 to 46
HR15N 91 88 to 94
8 © IS0 2015 - All rights res
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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 hardness Ranges
HRC 25 22to 28
HRC 63 60 to 65
HR30N 64 60 to 69
HR15N 91 88 to 94
Ta = ale testing
only (A, C, and D)
Scale Nominal hardness Ranges
HRC 25 22t028
HRC 63 600 65
Tlable 6 — Hardness levels for diamond indenters to be used fof-Rockwell superficjal scale
testing only (N)
Scale Nominal hardness Ranges
HR15N 91 88 to 94
HR30N 64 60 to 69
HR45N 25 22t029
Table 7 — Hardness levels for diamonddindenters 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 61[to 65
HRD 73 70to 75 44 411to 46
HR15N 91 88 to 94 72 70]to 74
HR30N 80 77 to 82 46 431to 49
HR45N 70 66to 72 25 22[to 29

6.2.3.3 The testing shall be carried out in accordance with ISO 6508-1:2015 using th

prodedure.

For each block, the mean hardness value of three indentations made using the indenter to
shal] not.differ from the mean hardness value of three indentations obtained with the
indehter by more than +0 8 Rockwell nunits The indentations made with the indenter to be

e following

be verified
calibration

erified and

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

6.3 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 defined in 6.3.1, and it
meets the performance requirements defined in 6.3.2

6.3.1 Direct calibration and verification of the ball indenter

6.3.1.1 The balls shall be polished and free from surface defects.
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6.3.1.2 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.

6.3.1.3 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

RocKwell hardness scale Battdfameter Toteramce
mm mm
B 1,587 5 0,003 5
F 1,587 5 +0,003/5
G 1,587 5 +0,003 5
T 1,587 5 #0,0035
E 3,175 +0,004
H 3,175 +0,004
K 3,175 +0,004

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

Hardnd
4,903 N
surface
Table 9

Density

The followi

tungstg

total ot

cobalt

ss: The hardness shall be no less than 1 500 HV, when determined using a test force of at
(HV 0,5) in accordance with ISO 6507-1. The ball may be tested directly on this sphe|
or by sectioning the ball and testing on the-ball interior. An example for HV 10 is giv¢
:p=(14,8 £0,2) g/cm3,

ng chemical composition is recommended:

6315 T

98,07 N in dccordance With ISO 6507-1 (see Table 9).

NOTE

[SO 6508-1:20155Annex A.

n carbide (WC): balance;

her carbides: 2,0 %;

Co): 5,0% to 7,0 %.

e hardness gf steel balls shall be no less than 750 HV, when determined using a test forj

rdened. Steel balls are only used when performing tests on thin sheet metal accordiy

east
rical
kN in

ce of

g to

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

mm

Ball diameter

Maximum value of the mean diagonal made on the spherical surface
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

10
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6.3.2 Indirect verification of the ball holder assembly

6.3.2.1 TheB,E FE 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 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 6508-3:2015, using a
tester that meets the requirements of this part of ISO 6508, following the procedures defined in ISO 6508-
1:2015.

6.3.2.2 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.

6.3.2.3 The mean hardness value of three indentations made using the ball holder-ass¢mbly to be
verified shall not differ from the certified hardness value of the test block by morefthan the permissible
bias|defined in Table 2.

6.4 | Marking

6.4.1 All diamond indenters and ball holder assemblies shall be serialized. When it is not|practical to
mark the serial number on the indenter due to size limitations, thé serial number shall be mgrked on the
conthpiner.

6.4.2 Diamond indenters with limited range of use shall beappropriately marked. For example, diamond
indepnters certified for use on the superficial N scale onlyimay be marked with an N and diamonds certified
for use on the regular A, C, and D scales only may be marked with a C.

7 Intervals between direct and indirect calibrations and verifications

7.1 | The schedules for the direct verification of Rockwell hardness testing machines dre given in
Tablp 10.

7.2 | Indirect verification shall be performed at least once every 12 months and after a direct{verification
has been performed. For high-ise machines, a smaller interval might be appropriate.

7.3 | If an indirect verification has not been performed within 13 months, a direct verification shall be
perfprmed before the tester can be used (see Table 10).

Table 10 — Direct verifications of hardness testing machines

X e . M rin Machin
Requirements of verification Force casuring | rest cycle achine 1 1, dentera
system hysteresis
before setting to work first time X X X X X
after dismantling and reassembling, X X X X
if force, measuring system or test
cycle are affected
failure of indirect verificationb X X (x)c X
indirect verification > 13 months ago X X (x)c X

a  Inaddition, it is recommended that the diamond indenter be directly verified after two years of use.

b Direct verification of these parameters may be carried out sequentially (until the machine passes indirect verification)
and is not required if it can be demonstrated (e.g. by tests with a reference indenter) that the indenter was the cause of the
failure.

¢ At minimum, verify the duration of the total test forces.

© IS0 2015 - All rights reserved 11
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8 Verification report

A verification report is required for the direct and indirect verifications of testing machines and
indenters. The verification report certificate shall at minimum include the following information:

a) areference to this part of ISO 6508, i.e. ISO 6508-2;
b) method of verification (direct and/or indirect);
c) identification data for the hardness testing machine, or indenter/ball holder;

d) means of verification (reference blocks, elastic proving devices, etc.):

e) Rockwell hardness scale(s) verified;

f) diamond scale indenter reports shall indicate the scale(s) the indenter is certified to perform;
g) verificqtion temperature, if the verification was carried out outside of (23 + 5) °Cj

h) result dbtained;

i) date of verification and reference to the verification institution;

j)  uncertginty of the verification result. Examples are indicated in Aniiex B.

12 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=2017ff71b94f7e1d312ac05bff0dfc7a

Annex A

(normative)

Repeatability of testing machines

ISO 6508-2:2015(E)

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

Y

Key
X Rockwell hardness

Y repeatability of testing machines

6,5
6
5,5 HRBW
HREW
5 HRFW
HRGW
45 HRHW
’ HRKW
4
3,5 —
0,04 (130H)
3 /
HRA
2,5 HRC
HRD
2
1,5 =g —
0,02 (100H
. ~ ( )
S~
~~
0,5 N
SN~
~
0 T
30 50 60 70 80 90 | 100
| HRA | || X
I HRC | | [IIHREW
HRD | | HRHW]
||
| HRFW |
|
HRGW |
HRKW '
HRBW

Figure A.1 — Rockwell hardness (scales A, B, C, D, E, F, G, H, and K)
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Figure A.Z — 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 junderstand
rences between measured values. This annex gives guidance on uncertainty!éstimation, but the

methods contained are for information only, unless specifically instructed otherwise by the customer.

The

devd
mac
stan

any

unce
of th
mea
com
toley
part]

B.2

B.2

For

appl

inst

spegd
unce

rela

whe

e machine. In each case, it is simply the measured valtie resulting from the use of t
suring equipment and/or reference standards that is<used to assess whether or not 4
plies with this part of ISO 6508. However, there can be special circumstances where r
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 uneértainty of the test force calibration is calculated according to Formul

1

1

2 2 2
Up = \/UFRS KUFHTM T Ums

e

criteria specified in this part of ISO 6508 for the performance of thetésting machin¢ have been
loped and refined over a significant period of time. When determining a specific tolerapce that the
nine needs to meet, the uncertainty associated with the use of measurijig equipmentand/prreference
dards has been incorporated within this tolerance and it would therefore be inappropriate to make
Further allowance for this uncertainty by, for example, reducing-the tolerance by the mpasurement
rtainty. This applies to all measurements made when performing a direct or indirect jverification

e specified
he machine
educing the
ment of the

nts

ent of force
e reference
within the
hlculate the
e combined
h (B.1):

(B.1)

IS the Tetative uncertainty of Measurement of the force transaucer (from catib
tificate);

UFRS

UFHTM
machine;

Ums

ation cer-

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

is the relative uncertainty of measurement due to the resolution of the measuring system.

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
critical applications:

temperature dependence;

© ISO 2015 - All rights reserved
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— long-term stability;

— 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
ISO 6508-1:2015, Figure 1.

EXAMPLE

The metrological chain necessary to define and disseminate hardness scales is shown in

Direct verification of the applied force of the testing machine.

Calibration [value of the force transducer (force to be measured]:

FRs=I147L,UN

Expanded yncertainty of measurement of the force transducer: Urrs = 0,12 % (k = 2) (from
calibration ertificate)
Resolution ¢f the force indicating instrument: Oms =0,1N
F—F,
AF, =100x—RS B.2)
FRrs
¥rrs
URRS =7 B.3)
2
SEi
uFHTM ::100XTXt B.4‘)
where sg ;i the standard deviation of the test-force indication values in the i-th height position.
o 1
U, =100x 2 x —— B.5)
ms 2\/§ FRS
Table B.1 — Results of the test force calibration
Force Force Force Standard
indication indication indication Mean value o
. o 1 2 3 deviation
Number of height position
for test foyce calibration 2 Fy Fs P SEi
N N N N N
1 1471,5 14719 1471,7 1471,7 0,200
2 1472,1 1472,3 14727 1472,4 0,306
1472,2 1473,5 1471,3 1472,3 1,106
The followingexamptetatcutations wittuse vatues of the force imdicatiomr tat the reight positiomr3trom

Table B.1. See Table B.2.

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

AF,

el =

100x

1472,2-1471,0
1471,0

U
uFRS = % = 0,06%

uFHTM =100x F xt=100x

16

SE,i 1,106

)

=0,08%

(for forceindication 1 at the height position 3)

3><1,32=9,9><10‘2%

(for three readings, t =1,32)
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° l—100><

_ms .- _
2.3 F

Ups =100x

01
243 1471,0

1 —2,0x1073 %
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Table B.2 — Calculation of the uncertainty of measurement of the test force
(for force indication 1 at the height position 3 from Table B.1)

Relative Relative
. Relative | Distribu- e . standard Relative
. Estimated L - standard Sensitivity .
Quantity limit tion . . measurement uncertainty
value measurement | coefficient . . .
values type . uncertainty contribution
uncertainty
symbol
Xi Xi aj u(xi) Uj
Force

trgnsducer 1471,0N Normal 6,0 x 102 % UFRS 6,p x 10-2 %
indication
G¢nerated

test 1471,0 N 1,0 % Normal 9,9 x10-2% UPHTM 9P x10-2%

force
Megsurement

ystem Rectangular | 2,0 x10-3% Ums 2,p x 10-3 %
resolution

Relative combined standard uncertainty, up 1, x10-1%

Relative expanded uncertainty of measurement, Ur (k = 2) 2,B*x10"1%

The pbove calculations must be done for all force measurements.

Tablp B.3 shows the relative deviation of one test forcé measurement (1 471 N force indication 1; height
3) apd the corresponding expanded relative un¢ertainty of the test force deviation, AFye}. There can
be cjrcumstances where the user needs to aegount for the relative expanded uncertainty of the test
forc¢ deviation, Uf, generated by the hardnéss testing machine when determining compliance with the
maxjmum permissible relative deviation'dfthe test force. In Table B.3, a value of AFp,x is alsp calculated

as fdllows:

MF oo =|AFyg)|+Ug

(B.6)

whigh includes the expandedrelative uncertainty of the test force. In this case, the value of Afyay, rather

thar the force deviationmvalue, AFy¢], is compared to 4.2.5 to determine compliance.

Table B.3 —-€alculation of the relative deviation of one test force measurement and the
expanded relative uncertainty of the test force measurement

Rdlative-deviation of test force
[force indication 1; height 3]

Expanded combined relative
uncertainty of the test force

LL

Relative deviation of|test force
combined with the exq)anded rel-

ative uncertainty of the test force

AL
Slrel

YUt

AFmax

0,08 %

0,23 %

0,31 %

B.2.2 Uncertainty 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

© ISO 2015 - All rights reserved
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the uncertainties of the AL values with respect to the true value of the depth. The combined standard

uncertainty of the reference instrument for the depth-measuring system is calculated as follows:

[ 2 2 2
uy, —\/“LRS +Ups TULHTM

where

ULRS

(B.7)

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

from the calibration certificate for k = 1;

Ums
ULHTM

The uncerta
calibration
such as the
depth calibi

— temper
— long-te
— interpo
EXAMPLE

Expanded u
calibration

Resolution
Three meag

AL=L-

f—]

ULRS =]
ULHTM 7

where sy, ;i3

o

Ups =—]
24

ms

- | o iial £ R | FIpn | h R £ o 4
IS LT UL LAty U HTITAdSUT TIHITIIL UUT LU LHT TTSUTULIUIT UT LT HITAdS Ul IS S y SLTLL,

is the standard uncertainty of measurement of the hardness testing machine.

ration device:
hture dependence;
'm stability;

lation deviation.

Certificate)
bf the depth-measuring system:  dps=0,5pum

urements of depth are made at each-9f five intervals of depth as shown in Table B.4.

L ps

/LRS
2

FS i}t

the standard deviation of the depth indication values for the i-th depth interval.

ns
3

Direct verification of the depth measuring system of thetesting machine for the A to K scale$.

inty of measurement of the reference instrument for the depth-measuring system, the depth
Hevice, is indicated in the corresponding calibration certificate. It is assumedthat quantities,
following, do not exert an essential influence on the uncertainty of m€asurement of the

ncertainty of measurement of depth calibration‘system: U,rs = 0,000 2 mm (k = 2) (from

B.8)

[B.9)

(1.10)

(B.11)

18
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Table B.4 — Results of the calibration of the depth-measuring system

ISO 6508-2:2015(E)

Rated value of
the depth- Depth measurement | Depth measurement | Depth measurement Standard
measuring 1 2 3 deviation
system
LRs L1 (ALq) Lz (ALp) L3 (AL3) SL,i
mm mm mm mm mm
0,050 0,050 5 (+0,000 5) 0,050 5 (+0,000 5) 0,050 0 (0,000 0) 2P x 10-4
0,100 0,100 5 (+0,000 5) 0,100 0 (0,000 0) 0,100 5 (+0,000 5) 2P x10-4
0,150 0,150 5 (+0,000 5) 0,150 5 (+0,000 5) 0,150 0 (0,000 0} 2P x10-4
0,200 0,200 5 (+0,000 5) 0,200 5 (+0,000 5) 0,200 5 (+0,0005) 0
0,250 0,250 5 (+0,000 5) 0,250 5 (+0,000 5) 0,250 0 (0660 0) 2,p x 104
The following example calculations will use values of the depth measurement 1 at the 0,050 mm depth

intel

Fron

I

val from Table B.4. See Table B.5.

1
ms :mX5ms

U
RS = % =0,0001 mm

=1,4x10"*mm

h the given direct verification parameters and Table B.4:

i =51 xt=2,9%x10"x1,32=3,8x10 *mm

(for three readings,

F=1,32)
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Table B.5 — Calculation of the uncertainty of measurement of the measuring system

(for depth measurement 1 at the 0,050 mm depth interval from Table B.4)

Quantity Esti- Limit value Standard |Sensitivity| Standard | Uncertainty
mated N measure- |coefficient| measure- | contribution
Distribu-
value tion tvpe | Mentuncer- ment uncer-
yp tainty tainty
symbol
Xi Xi a; u(x;) Ci uj
mm mm mm mm
Depth
measure-
ment: 0,050 | 1,5x10-4 Normal 1,0 x 10-4 1 ULRS 1,0.x 104
calibratior
device
Depth
measure- 1,0 x 10-3
ment: 0,050 Normal 3,8 x 104 1 ULATM 3,8 x 104
. (A to K scales)
testing
machine
Measure-
ment 0,5 x 10-4 | Rectangu-| 4 4, 104 1 Ums 1,4 x 104
system lar
resolution
Combined yincertainty of measurement, ur,, mm 4,2 x 104
Expanded llmcertainty of measurement, Uy, (k = 2), mm 8,4 x 104
The above dalculations must be repeated for all depth measurements.

Table B.6 s

calculated gs follows:

ALy /AL + UL

max |

ows the deviation of one depth m€asurement AL (depth measurement 1; 0,050 mm depth
interval) and the corresponding expanded.uncertainty of the depth measurement deviation. TElere
can be circqumstances where the user needs to account for the expanded uncertainty of the d|
measurement deviation generated by/the'hardness testing machine when determining compliance
the maximym permissible deviatidn ,of the depth measurement. In Table B.6, a value of ALy;x is

(B.12)

which inclufes the expanded uncertainty of the depth measurement deviation. In this case, the valpe of

ALmax, rather than ‘the depth deviation value, AL, is compared to 4.3.4 to determine compliance. II‘lthe
example given intfable B.6, ALy x exceeds the maximum permissible deviation of the depth measure

of +0,001 n1m for the scales A to K.

ent

Table B.6 — Calculation of the maximum deviation of one depth measurement
and the expanded uncertainty of the depth measurement
(for depth measurement 1 at the 0,050 mm depth interval from Table B.4)

Deviation of depthmeas-

- . urement
Depth interval Deviation of the Expanded uncertainty of combined with the
depth measurement depth measurement .
expanded uncertainty of
the depth measurement
LRrs AL UL ALmax
0,050 mm 0,000 5 mm 0,000 84 mm 0,001 34 mm

20
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