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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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Introduction

The hardness conversion values given in Table A.1 were obtained in interlaboratory tests by the Verein
Deutscher Eisenhiittenleute (VDEh) (German Iron and Steel Institute) using verified and calibrated
hardness testing machines. Statistically reliable information cannot be given on the uncertainty of these
values because the test conditions were not reproducible, and the number of results used to calculate
the mean hardness values is not known. The conversion values in this table are in accordance with the
information presented in IC No. 3 (1980) and IC No. 4 (1982) of the European Coal and Steel Community,
as well as in ISO 4964:1984 and ISO/TR 10108:1989.

At —eattta i —irarevisedtormat—the-extenstre resuhs o theeorverstormol hardness
valugs presented in TGL 43212/02 to 43212/04, standards published by the former Hast German
stanglards body, the Amt fiir Standardisierung, MefSwesen und Warenpriifung (ASMW).|The values
pres¢nted in Annex B had also been determined by the ASMW, but were publishedl!in a report of the
Physikalisch-Technische Bundesanstalt (PTB),[1] the German national institute for Seience and technology,
not ih a TGL standard.

The fonverted hardness values in the above-mentioned TGL standards Were obtained in|statistically
reliaple hardness and tensile tests. The hardness tests were performed using ASMW nofmal testing
machines on plane-parallel, polished specimens of various matetials in different heat treatment
condiitions. Tensile strength was tested on machines whose force’measuring and extension measuring
systdems had been calibrated immediately before testing. The tensile test method used is ejquivalent to
that specified in ISO 6892-1, and the calibration procedures.conform with those specified inp ISO 7500-1
and ISO 9513.

Anngx G contains the results on the conversion of hardiess values of two tool steels with thie assistance
of th¢ Verein Deutscher Eisenhiittenleute (VDEh) which'were obtained in the year 2007.

User$ of this International Standard should takénote of Clause 2, especially the concludingfwarning.

© IS0 2013 - All rights reserved v
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Metallic materials — Conversion of hardness values

1 Scope

This International Standard specifies the principles of the conversion of hardness values to equivalent
values in other hardness scales and to estimates of tensile strength. It gives general information on the
use of the conversion tables.

The

N

q

1

tnalloyed and low alloy steels and cast steel,

lhigh speed steels,

fonversion tables in Annexes A to G apply to

teels for quenching and tempering,

teels for cold working,

ool steels,

NOTH
mean
suffid

NOTH
theh

Convj
mate

I

ardmetals, and

on-ferrous metals and alloys.

1  The conversion tables in Annexes B to G are based on empirical results which were
s of regression analysis. Such analysis was not pgssible in the case of the values given in Anne

ient number of results was not available.

2 AnnexHgivesinformation aboutthe effects of changes of the test procedure in the standar
hrdness tests.

erted values obtained using this International Standard are only directly applicable
rial tested. For all other materials, they provide an indicator only. In all cases, the conv

are 1
tensi

Sections of this International Standard are reprinted, with permission of ASTM Intern
ASTM E140 Standard Hardness Conversion Tables for Metals Relationship among Brinell Har
Hardness, Rockwell. Hardness, Superficial Harness, Knoop Hardness, and Scleroscope Hardness|

2

Hardnless testing is a form of materials testing that provides information on the mechanicd

ot intended as replacements for values obtained by the correct standard method. Ij
le strength estimates arethe least reliable converted values in this International Stan

rinciples of conversion

evaluated by
x A because a

ds specifying

to the exact
erted values
h particular,
lard.

Ztlional, from

ess, Vickers

| properties

of a material with [imited destruction of the specimen and within a relatively short perio
practice, it is often desirable to use hardness results to draw conclusions on the tensile strength of the
same material if tensile testing is too involved or the piece to be examined is not to be destroyed.

d of time. In

Since the means of loading in hardness testing is considerably different from that in tensile testing, it is
not possible to derive a reliable functional relationship between these two characteristic values on the
basis of a model. Nevertheless, hardness values and tensile strength values are positively correlated,
and so it is possible to draw up empirical relationships for limited applications.

Often it is necessary to check a given hardness value against a value gained by a different test method.
This is especially the case if only a certain method can be used due to the particular specimen or coating
thickness, the size of the object to be tested, surface quality, or the availability of hardness testing machines.

© ISO

2013 - All rights reserved


https://standardsiso.com/api/?name=6b576917ced9b1f3b619783192c70c31

ISO 18265

:2013(E)

Conversion of hardness values to tensile values makes it possible to carry out hardness measurement
in place of the measurement of tensile strength taking into account that these tensile strength values
mustbe seen as being the least reliable form of conversion. Likewise, with conversion between hardness

scales, a har

dness value can be replaced with a value obtained using the desired method.

Sometimes a conversion relationship is drawn on a single-case basis to gain information on properties
other than hardness, most often to obtain a good estimate of tensile strength. Special relationships
are sometimes drawn for hardness-to-hardness conversions. This may be done as long as the following
conditions are fulfilled.

— The hardness test method used is only employed internally, and the results obtained will not be

compar
enough

— The corf

experir:[ents using both scales and carried out on the material in question.

— Conver
determi

However, t
made accor
take preced
Internationd
either for a

WARNING
original an
considerati
Standards

A | skl 1l £ o+l R P | £l datasil £l 4 i | dofs |
U VVILIL LIIUOST Ul ULIITT 1IITLIIUUS, Ul UIIT UTldlls Ul LIIT Lot }Jl UuLtuuIrt darc UclIiricu lJl C4

so that results can be reproduced by another laboratory or at another time.

version tables used shall have been derived from a sufficiently large number|of pa

ed results are to be expressed in such a manner that it is clear which method was us
ne the original hardness value.

e conversion values in this International Standard are informative only. A measure
ing to the correct hardness (or tensile) standard for the scale being reported shall al
ence over a hardness (or strength) value derived from-da<conversion table within

isely

rallel

ed to

ment
ways
this

11 Standard. Similarly, a value derived by conversion shallvhot provide sufficient grounds

rfomplaint or for proof of meeting an acceptance criterion.

— In practice, an attempt is often made to establish a strong relationship betweel
[ converted values without taking the characteristics of the material under test]

n. As Figures 1 and 2 show, this is not possible. Therefore, users of this Internati
ould ensure that all conditions for conversion are met (see also References [2] and

N the
into
onal

[3D-
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Key
X  Hardness HV 30
Y Tensile strength, Ry, in MPa
1 Untreated, soft annealed, normalized
2 quenched and tempered

Figure 1 — HV 30/Ry/curves for quenching and tempering steels in various heat tijeatment
conditions

© IS0 2013 - All rights reserved 3
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Y
1500
6
1200 ///
5
4
900
1 3
2~
600
350
200 300 400 X
Key
X  Hardnesg HV30 3 Re¢/Rm=0,70 to 0,79 normal annealed
Y Tensile strength, Ry, in MPa 4  R¢/Rm=0,70to 0,79 heat treated
1  Re/Rn=0,45t0 0,59 5 Re/Rn=0,80to 0,89
2  Re/Rm=(,60 to 0,69 6  Re/Rm=0,90to 0,99

Figure 2 —[Mean HV 30/R,, cutves for quenching and tempering steels with different R./R, ratios

3 Applidation of conversion tables

3.1 Genefal

Conversion from one hardness value to another or from a hardness value to a tensile strength value
involves uncertainties which must be taken into account. Extensive investigations have shown that it
is not possible to establish universally applicable conversion relationships between hardness values
obtained by different methods, no matter how carefully the tests had been carried out. This lies in the
fact that there is a complex relationship between the indentation behaviour of a material and its elastic
and plastic deformation. For this reason, the given conversion relationship provides greater equivalency
the more similarity there is between the elasticity of the tested material and that of the material used
to establish the relationship. Likewise, a better equivalency can be expected for methods with similar
indentation processes (i.e. where the differences in the force application-indentation procedures and
the test parameters is minimal). Therefore, conversion from hardness values to tensile values must be
seen as being the least reliable form of conversion.

NOTE In many cases, the yield strength or the 0,2 % proof strength provides information on the elastic
behaviour of a material.

4 © IS0 2013 - All rights reserved
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Measurement best practice shall be defined by the hardness test adopted.

It should be noted that each hardness determination is only applicable to the immediate area of the
indentation. Where hardness varies, e.g. at an increasing distance from the surface, Brinell or Vickers
hardness values, or even tensile strength values can deviate from the converted values solely as a result
of the different rate of elongation within the area under consideration. Different geometry indentations
are affected differently by these effects and so conversions from one hardness scale to another may no
longer be consistent even in the same sample.

Hardness values shall only be converted when the prescribed test method cannot be used, for example

because a suitable machine is not available, or if the required samples cannot be taken. A suitable test

met D v O o yy Cl

To erjsure an acceptable uncertainty of measurement, the specimen surfaces shall be sufficie
depending on the hardness test method and the test force a suitable'method of surface prepa
be sefected, e.g. machine-finishing (for macro hardness) up to pelishing (for low-force and mic

The fincertainties of the values given in the conversion tables here comprise the confidenc
the hardness conversion curves calculated by means of:regression analysis, and the uncer
hardpess or tensile strength value to be converted. The'confidence interval of the regressio
a paffameter that cannot be influenced by the user.and is calculated as a function of hardne

The tincertainty associated with the hardnessvalues to be converted is influenced by the
of the testing machine, the quality of the speeimen surface, the uniformity of the specimer
and the number of indentations used to determine hardness. It is thus dependent on the tes
of the person doing the conversion. This'conversion is to be carried out on the basis of the
in thjis International Standard for various groups of materials. These tables give hardnes
variqus scales and, in some cases, the relevant tensile strength.

Whe
unce
conv
and Y

h only comparing the values in these tables without actually carrying out hardness
rtainty of the convetted value is reduced to the confidence interval of the calculat
ersion curve. When@ising the tables, it is not significant which value is taken as the meg
wvhich as the converted one.

The
level
of th

Heterminatioh of the uncertainty of converted values, as well as the specification of a
of uncertainty may be agreed, in which case the converted values are to be established
e mean of five individual values.

cification or
concerned).

hternational
508-1) used.

htly smooth;
ration has to
o hardness).

e interval of
Fainty of the
n function is
5S.

epeatability
’s hardness,
t conditions
tables given
s values for

testing, the
bd hardness
sured value

permissible
on the basis
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90 — ) =HR30T /= B HRA —| =
- — 4 —_
80 // / /// _— R HR30N >0 }
p ( 4 o
70 H-H/ =T _— HR45N bk
_ - -
ll ; = // 1 —HRC 350
60 - - —
o | /a
0 Hf - 2
30 HY -
/] /
20 I 7S 2
VI HB10D 1o
10
|(H1|35D2 50

10( 200 300 400 500 600 700 800 900 1000 1100 | X

Key

X Vickers Bardness HV30 1 ~\hon-ferrous metal
Y1 Rockwel| hardness 27 steel

Y2 Brinell hprdness 3 hardmetal

a  Brinell hprdness, determined with steel ball (HBS)

b Brinell hprdness, determined with hardmetal ball
(HBW)

This figure isfintended only as an aid\in selecting an alternative test method and is not to be used for conversipn
purposes.

NOTE The designatiod #HB5D2” corresponds to the force-diameter ratio according to ISO 6506-1.

Figure 3 — Various hardness scales compared to the Vickers scale
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2
0 100 200 300 400 500 600 700 800 900 1000 1100
X1
| | | | | | | | | | |
10 20 30 40 50 60 70 80 90 100 110
X2
Key
X1 irinell hardness HB/ Vickers/hardness HV 1 HB10/1000
X2 Rockwell hardness, HR according to its different 2 HB10/500 and HB 5/250
dcales
Y Indentation, depth, jim 3 HB5/125and HB 2,5/62,5
HB2,5/62,5
Figure’4 — Indentation depth as a function of hardness for various test methpds
3.2 f'nnvprting values

3.2.1 Limits of error

Depending on the measurement conditions in practice, measured value/converted value pairs (e.g.
HV/HRC, HRC/HV, HRA/HRN, HB/Ry,) can be taken from the tables in Annexes A to G. Essential criteria
which should be taken into account when selecting a hardness test method are discussed in this clause.

© IS0 2013 - All rights reserved 7
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The example below illustrates the conversion of values together with their limits of error using Table C.2.

Given hardness value: (300 £30)HV
Desired scale: HRC
Converted values from table: 270 HV 2 26,9 HRC

300 HV £ 31,0 HRC

330 HV £ 34,6 HRC

The convertgd value, 31 J_ri'? HRC, for the nominal value 300 HV no longer represents the mean of the-Upper

and lower lifnits in HRC because of the nonlinear relationship between HV and HRC values (see Figure 5).
The confidefce interval of the hardness conversion curve may be disregarded for such estiriations.

Y
346 F———————————1 7/
I
31 — |
I
I
269 ______7/ I
|
7] :
| |
| |
[ f
| | ! | | | | I |
270 300 330 X
Key
X HV30
Y HRC

Figure 5 — Shift of the nominal value when converting hardness values

3.2.2 Uncertainty

The uncertdinty of a‘converted value should be taken from the curves associated with the convefsion
table used, 4s shown in the figures in Annexes B to E for various types of material.

The familieg of curves given in the annexes represent the uncertainty, u, for a probability level of P5 %
as a function of the hardness value Hy for various reproducibility limits, R. (Hg is the corrected
arithmetic mean of five individual values.) The curves have been arranged so that interpolation between
neighboring curvesis possible. The reproducibility, R, is to be calculated on the basis of five measurements
as shown in 3.4.2 for various hardness test methods.

The uncertainty curves only take account of the effects of the random errors of the measured value on
the converted value. However, they do not take account of the systematic error of the testing machine
used, as this can lead to exceedingly high errors in the converted result, even if the systematic error lies
within the permissible range specified for the machine; this is explained in 3.4. For this reason, hardness
testing machines are to be verified, using calibrated blocks, at least within the time interval specified
in the relevant standards. The systematic error determined in this manner is to be compensated by
correcting the measured mean hardness value. This is especially important in the case of Rockwell

8 © IS0 2013 - All rights reserved
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hardness testing. Figure 6 illustrates the determination of the uncertainty, u, of a converte
value (dashed line) according to the example below.

EXAMPLE
—  Measured, corrected mean hardness I-_IK 500 HV
—  Converted value as in Annex C 49,5 HRC
—  Calculated reproducibility limit, R 2,0 %
— | Uncertainty of converted value, u + 0,7 HRC
Y
1 ——— |
— 124 %
E% 204
[ —— |
- " 11,6 %
0,5 f
} 1,2 %
: |
: 0,8 %
‘i\ 0,4 %
|
0 |
300 400 500 600 X

Key
X Hy inHV 30

Y ¢ inHRC

3.3 | Designation of conversion results

Figure 6 — Determining uncertainty of a converted hardness value (example)

d hardness

Convlersion tesults shall be reported in a manner that clearly indicates which method as used to

determinhe‘the original hardness value. In addition, the relevant annex to this International
the thble used shall be given.

EXAMPLE 1
Conversion ISO 18265 - 50,5 HRC - B.2 - HV

Standard number

Converted hardness value

Table used for conversion

Original hardness test method used

© IS0 2013 - All rights reserved
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EXAMPLE 2  If it is agreed that the uncertainty of the converted value is to be given, this is included in the
result as follows:

Conversion ISO 18265 - (60,2 +1,0) HRC - C.2 - HV 30

Standard number

Converted hardness value, with uncertainty

Table used for conversion

Original hardness test method used

EXAMPLE 3 | Conversions into tensile strength values are expressed as follows:

Conversion ISO 18265 - 415 MPa - A.1 - HB

Standard number

Converted tensile strength value

Table used for conversion

Original hardness test method used
3.4 Notes on use of conversion tables
3.4.1 Sel€dction of alternative hardness test methods

3.4.1.1 InFigure 3, hardness scales for non-ferrous metals, hardmetals and selected steels are comppred.
The relationship of each scale to the Vickers scale is illustrated, and by comparison with Rockwell and
Brinell scalgs (y-axes), information is-gained as to the hardness ranges covered by each method. This
figure is intgnded solely as an aid to(Seléction and is not to be used for conversion purposes.

3.4.1.2 Figure 4 shows indentation depths as a function of hardness for various test methods.| This
should facilifate selection of.dsuitable test method on the basis of specimen or coating thickness.

3.4.1.3 Arnother criterion for selecting an alternative hardness test method is the uncertainty qf the
conversion fesults«SincCe this can vary greatly, the uncertainty curves given in this International Staridard
should also lpe usedto determine which combination of methods is optimal for the application in que§tion.

3.4.2 Calculating the reproducibility [imit, R

The reproducibility limit, R, expressed as a percentage, is to be calculated for the different hardness test
methods as shown in Equations (1) to (3).

10 © IS0 2013 - All rights reserved
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For HRB and HRF testing:
H .. —H;
R=—Mmax Ml x 100 (@8]
130-H

For HRC, HRA, HRD, HRN and HRT testing:

R =Hmax = Hmin 109 2)
100-H

where

Mmax, Hminare the highest and lowest measured hardness values;

H is the mean of measured hardness values.

For HV, Vickers microhardness, and HB testing:

E=Mx100 (3)
d

where

dmax, dmin are the largest and smallest measured indentation diagonals (Vickers) or the largest
and smallest diameters (Brinell);

d is the mean of measured diagonals or diameters.

3.4.3 Effect of the systematic error

The g¢ffect of systematic errors of hardness values on conversion results is illustrated in the following
exanpple.

EXANPLE According to Table E.2, a hardness value of 87,8 HRA corresponds to a convefted value of
1 18(Q HV 50. In this hardness range;the limits of error of the testing machines (see ISO 6508-2 angl ISO 6507-2)
are #1,5 HRA and #23,6 HV 50,-respectively (i.e. £2 % of the hardness value). A systematic error ¢f a Rockwell
testigg machine of +1,4 HRA lieswithin the permissible limits of error, although this still would lead fo a deviation
of 13p HV 50 for the convetted value if no correction is made before conversion. Deviations of thlis magnitude
occuy particularly when €anverting from Rockwell to Vickers or Brinell values.

© IS0 2013 - All rights reserved 11
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Annex A
(informative)

Conversion table for unalloyed, low alloy steels and cast steel

WARNING — Hardness conversions are no substitute for direct measurements. These tables should
be used with caution and only in accordance with the principles of conversions, see Clause 2.

The valuesi
the defined
obtained un

A.1 Hard

When consi
test method
Figure A.1.
Annex are b
the differen
Taking acco
Y02 is obtaii
uncertainty
the convertd

NOTE In|
700 results f
widths of +24

A.2 Hard

While hardn
of hardness
great uncert
working) w

The tensile |
the place of

NOTE1 Inf
700 results
scatterband

conditions of the relevant hardness test standard. The tensile strength values.wer
Her reproducible conditions and it is now impossible to determine the uncertainty. 6f the

ness-to-hardness conversion

sed. Curves b1 and by delineate the areas on either side of g which take into consider
L elasticities of the steels tested. In an ideal conversion, the hardness value xg becom
int of the scatterband between b1 and by, practically eyery hardness value between yg
able. It should be borne in mind that, because the hardness value xq is associated wit
of the relevant test method, the actual hardness{can fluctuate between x1 and x and
bd value will lie between y11 and y22.

the interlaboratory tests carried out by the"VDEh (see the Introduction), the evaluation of
r the conversion between HV10 values and\HB values produced (graphically depicted) scattet
} HV10 and #23 HB, respectively. Regression analysis was not performed.

ness-to-tensile-strength conversion

ess-to-hardness conversion' involves considerable scatter and systematic errors, conve
to tensile strength yaluées produces even greater scattering. One reason for this is t
ainty can be affectéd by microstructural changes (e.g. resulting from heat treatment o1
thin even the same-type of steel.

trength valtes given in Table A.1 are therefore only approximate values which cannof]
the results of tensile testing.

the interlaboratory tests carried out by the VDEh (see Introduction), the evaluation of
or-the' conversion from HV10 values to tensile strength values produced (graphically dep
idths of + 25 HV10 and + 85 N/mm?2, respectively. It was also shown that systematic devig

Hering the confidence level of converted hardness values, the unceptainty of the harg
as well as the width of the conversion scatterband must be takeh into account, as shoy
Llurve a characterizes the mean conversion relationship upod which the values given if

h this table are considered to be estimates for indication only. The hardness values lie oultside

b not
data.

ness
vn in
1 this
htion
S /0.
| and
h the
thus

hbout
band

rsion
hat a
cold

take

hbout
cted)
tions

from the mean were possible for particular steel groups. For instance, for pearlitic steels within the hardness
range of 300 HV10 to 500 HV10, it was found that the converted tensile values were, on the average, about 100
MPa higher than those listed in Table A.1. Regression analysis was not performed.

NOTE 2

Since high-strength structural steels are now being tested at an increasing rate, the tensile strengths

in Table A.1 were extended up to 2 180 MPa. The tensile strength values in this table are based on results of
extensive interlaboratory tests by the VDEh in the hardness range up to about 420 HV10, and on the results from

Reference [4]

12

which are gradually approached by the values in the range above 420 HV10.
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Table A.1 — Conversion of hardness-to-hardness or hardness-to-tensile-strength values for
unalloyed and low alloy steels and cast steel

Tensile | Vickers | Brinell Rockwell hardness
strength |hardness | hardness
MPa HV10 HB 2 HRB HRF HRC HRA HRD | HR15N | HR30N | HR45N
255 80 76,0
270 85 80,7 41,0
285 90 85,5 48,0 82,6
305 95 96;2 5256
320 100 95,0 56,2 87,0
3B5 105 99,8
350 110 105 62,3 90,5
370 115 109
385 120 114 66,7 93,6
400 125 119
415 130 124 71,2 96,4
480 135 128
450 140 133 75,0 99,0
465 145 138
480 150 143 78,7 101,4
495 155 147
510 160 152 81,7 103,6
5B0 165 156
545 170 162 85,0 105,5
560 175 166
575 180 171 87,1 107,2
595 185 176
610 190 181 89,5 108,7
625 195 185
640 200 190 91,5 110,1
660 205 195 92,5
675 210 199 93,5 111,3
690 215 204 94,0
705 220 209 95,0 112,4
720 225 214 96,0

a Brinell hardness values up to 450 HB were determined using a steel ball indenter, those above this value were determined
with a hardmetal ball.

NOTE 1 Values in parentheses are those lying outside the defined range of the standard test method but which may used
as estimates.

NOTE 2 The value of the tension test are not based on method A (10.3 Testing rate based on close-loop control at the rate
of the extension) in ISO 6892-1:2009

© IS0 2013 - All rights reserved 13
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Table A.1 (continued)

Tensile | Vickers | Brinell Rockwell hardness

strength |hardness | hardness
MPa HV10 HB 2 HRB HRF HRC HRA HRD | HR15N | HR30N | HR45N
740 230 219 96,7 113,4
755 235 223
770 240 228 98,1 114,3 20,3 60,7 40,3 69,6 41,7 199
785 245 233 21,3 61,2 41,1 70,1 42,5 21,1
800 250 238 99,5 1151 22,2 61,6 41,7 70,6 43,4 22,2
820 255 242 23,1 62,0 42,2 71,1 44,2 28,2
835 260 247 (101) 24,0 62,4 43,1 71,6 45,0 24,3
850 265 252 24,8 62,7 43,7 72,1 45,7 25,2
865 270 257 (102) 25,6 63,1 44,3 72,6 46,4 20,2
880 275 261 26,4 63,5 449 73,0 47,2 271
900 280 266 (104) 271 63,8 45,3 73,4 47,8 279
915 285 271 27,8 64,2 4650 73,8 48,4 28,7
930 290 276 (105) 28,5 64,5 46,5 74,2 49,0 29,5
950 295 280 29,2 64,8 471 74,6 49,7 30,4
965 300 285 29,8 6572 47,5 74,9 50,2 311
995 310 295 31,0 65,8 48,4 75,6 51,3 32,5
1030 320 304 32,2 66,4 49,4 76,2 52,3 389
1060 330 314 33,3 67,0 50,2 76,8 53,6 35,2
1095 340 323 34,4 67,6 51,1 774 54,4 36,5
1125 350 333 35,5 68,1 51,9 78,0 55,4 37,8
1155 360 342 36,6 68,7 52,8 78,6 56,4 3p,1
1190 370 352 377 69,2 53,6 79,2 57,4 4p,4
1220 380 361 38,8 69,8 54,4 79,8 58,4 41,7
1255 390 371 39,8 70,3 55,3 80,3 59,3 429
1290 400 380 40,8 70,8 56,0 80,8 60,2 44,1
1320 410 390 41,8 71,4 56,8 81,4 61,1 45,3
1350 420 399 42,7 71,8 57,5 81,8 61,9 46,4
1385 430 409 43,6 72,3 58,2 82,3 62,7 47,4
1420 440 418 44,5 72,8 58,8 82,8 63,5 48,4
1455 450 428 45,3 73,3 59,4 83,2 64,3 49,4

a Brinell hardness values up to 450 HB were determined using a steel ball indenter, those above this value were determined
with a hardmetal ball.

NOTE 1 Values in parentheses are those lying outside the defined range of the standard test method but which may used
as estimates.

NOTE 2 The value of the tension test are not based on method A (10.3 Testing rate based on close-loop control at the rate
of the extension) in ISO 6892-1:2009

14 © IS0 2013 - All rights reserved
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Table A.1 (continued)
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Tensile | Vickers | Brinell Rockwell hardness
strength |hardness | hardness
MPa HV10 HB a HRB HRF HRC HRA HRD | HR15N | HR30N | HR45N
1485 460 437 46,1 73,6 60,1 83,6 64,9 50,4
1520 470 447 46,9 74,1 60,7 839 65,7 51,3
1555 480 456 477 74,5 61,3 84,3 66,4 52,2
1595 490 466 48,4 74,9 61,6 84,7 67,1 53,1
1630 500 475 49,1 75,3 62,2 85,0 67,1 539
1665 510 485 49,8 75,7 62,9 85,4 68,3 54,7
1700 520 494 50,5 76,1 63,5 85,7 69, 55,6
1740 530 504 51,1 76,4 639 86;0 69,% 56,2
11775 540 513 51,7 76,7 64,4 86,3 70, 57,0
1810 550 523 52,3 77,0 64,8 86,6 70,% 57,8
1845 560 532 53,0 774 65,4 86,9 71,2 58,6
1880 570 542 53,6 77,8 65,8 87,2 717 59,3
1920 580 551 54,1 78,0 66,2 87,5 72,1 599
1955 590 561 54,7 78,4 66,7 87,8 72,7 60,5
1995 600 570 55,2 78,6 67,0 88,0 73,2 61,2
2030 610 580 55,7 78,9 67,5 88,2 73,1 61,7
2070 620 589 56,3 79,2 679 88,5 74,2 62,4
2105 630 599 56,8 79,5 68,3 88,8 74,4 63,0
2 145 640 608 57,3 79,8 68,7 89,0 75,1 63,5
2180 650 618 57,8 80,0 69,0 89,2 75,% 64,1
660 58,3 80,3 69,4 89,5 75,9 64,7
670 58,8 80,6 69,8 89,7 76,4 65,3
680 59,2 80,8 70,1 89,8 76,8 65,7
690 59,7 81,1 70,5 90,1 77, 66,2
700 60,1 81,3 70,8 90,3 77,4 66,7
720 61,0 81,8 71,5 90,7 78,4 67,7
740 61,8 82,2 72,1 91,0 79,1 68,6
760 62,5 82,6 72,6 91,2 79,7 69,4
780 63,3 83,0 73,3 91,5 80,4 70,2
800 64,0 83,4 73,8 91,8 81,1 71,0

with a hardmetal ball.

as estimates.

of the extension) in ISO 6892-1:2009

a Brinell hardness values up to 450 HB were determined using a steel ball indenter, those above this value were determined

NOTE 1 Values in parentheses are those lying outside the defined range of the standard test method but which may used

NOTE 2 The value of the tension test are not based on method A (10.3 Testing rate based on close-loop control at the rate

© IS0 2013 - All rights reserved
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Table A.1 (continued)
Tensile | Vickers | Brinell Rockwell hardness
strength |hardness | hardness
MPa HV10 HB 2 HRB HRF HRC HRA HRD | HR15N | HR30N | HR45N

820 64,7 83,8 74,3 92,1 81,7 71,8
840 65,3 84,1 74,8 92,3 82,2 72,2
860 659 84,4 75,3 92,5 82,7 73,1
880 66,4 84,7 75,7 92,7 83,1 73,6
900 67,0 85,0 76,1 92,9 83,6 74,2
920 67,5 85,3 76,5 93,0 84,0 74,8
940 68,0 85,6 76,9 93,2 84,4 75,4

a Brinell hardness values up to 450 HB were determined using a steel ball indenter, those above this valug‘were determined
with a hardmetal ball.

NOTE 1 Valyes in parentheses are those lying outside the defined range of the standard test method but which mayjused
as estimates.

NOTE 2 The|value of the tension test are not based on method A (10.3 Testing rate based’en close-loop control at th¢ rate
of the extensipn) in ISO 6892-1:2009

Y b,

X1 Xp X2 X

Key
X  determined-hardness value

Y converted value
CAUTION — There may be very large scatter bands in the conversions of different kinds of cast steel.

Figure A.1 — Scatter band for hardness-to-hardness conversion (schematic)
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Annex B
(informative)

Conversion tables for steels for quenching and temper

ing

WARNING — Hardness conversions are no substitute for direct measurements. These tables should
be used with caution and only in accordance with the principles of conversions, see Clause 2.

The
Bunda
with

The
TGL
Tabld
with
steel
curv

NOTH
inter

values and curves presented in this Annex are based on a report of the Physikalis¢
esanstalt (PTB),[1] the German national institute for science and technology, andare
their permission (see also the Introduction for further information).

values in these conversion tables are based on the results of testing carried out on
6547 that have been quenched and tempered. The steel grades that'were tested ¢

the corresponding designations as in EN 10083-1. Tables B.2 to, B.4-give conversion v
5 in various heat treatment conditions, while Tables B.5 to B.7 give an overview of the
es presented in Figures B.1 to B.68 which are to be used in conjunction with the conve

A useful reference book is [24]. It provides informationdor the comparison of different]
hational steel designations with regard to their compositions:

h-Technische
reproduced

steels as in
ire listed in

B.1, which also provides an overview of the former designations used in the TGL stajndard along

hlues for the
uncertainty
"sion tables.

national and
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Table B.1 — Quenching and tempering steels tested

Steel grade Steel grade
(asin TGL 6547) (asin EN 10083-1)
Material no. Name

C25 1.1158 C25E
C35 1.1180 C35R
CK45 1.1191 C45E
CK55a 1.1203 C55E
Cé60 1.1223 C60R
CK67 b ¢ c
24CrMoV5.5 a c c
30CrMoV9 1.7707 30CrMoV9 d
30Mn5 1.1165 30Mn5 d
34Cr4 1.7033 34Cr4
37MnSi5 1.5122 37MnSi5 d
38CrSi6 1.7038 37CrS4
40Cr4 1.7035 41Cr4
42CrMo4 1.7225 42CrMo4
42MnV7 1.5223 42MnV7d
50CrV4 1.8159 51CrV4
50MnSi4 1.5131 50MnSi4 d
60CrMo4 a 1.7228 50CrMo4
aNot included|in TGL 6547.
bAsin TGL 795.
cNot included|in EN 10083-1 and in DIN 17200
dAccording to|DIN 17200:1987-03 (withdrawn, replaced by EN 10083-1) but not included in EN 10083-1.

18
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Table B.2 — Conversion of hardness-to-hardness and hardness-to-tensile-strength values for
quenching and tempering steels in the quenched tempered conditions

HV | HBW | HRC | HRA | HR45N | HR30N | HR1SN | HRB | HRF | HR45T | HR30T | HR1ST | Rm
210 205 153 | 572 134 | 361 | 652 | 948 | 1104 | 654 76,8 89,2 651
220 215 174 | 584 | 159 | 381 | 665 | 967 | 1114 67,6 78,5 90,0 | 683
230 225 193 | 596 | 182 | 404 | 678 | 984 | 1124 | 696 80,0 90,8 716
240 235 212 | 606 | 204 | 418 | 689 | 1000 | 1133 714 81,4 91,4 748
25 245 229 | 616 | 225 | 434 | 700 | 1014 | 1141 73,0 82,5 |O9p.0 781
RSk
26 255 246 | 625 | 244 | 450 | 71,0 | 1027 | 1149 744 | €36 | ops | s13
27 266 | 262 | 634 | 263 | 465 | 720 | 10390 | 1use | 757 ) <645 9o | 845
28 276 277 | 643 | 281 | 479 | 729 | 1050 | 1162 760 854 ops | 877
29 286 | 201 | es0 | 298 | 493 | 737 | 1060 | 1168 |.(729 86,1 o4 | 909
30 296 305 | 658 | 314 | s05 | 745 | 1069 | 1173, | 789 86,8 90 | 940
O\
<,

31 306 | 318 | 665 | 329 | s18 | 753 | 1077 |78 79,7 87,4 o3 | 972
32 316 331 | 672 | 344 | 529 | 760 | 1085 § 1183 | 805 88,0 ofe | 1003
33 326 | 343 | 678 | 358 | 540 | 767 | f0a2 | 1188 | 812 88,4 o8 | 1035
34 336 354 | 685 | 372 | 551 | 773.4%1099 | 1192 81,9 88,9 950 | 1070
35 345 | 365 | 691 | 384 | s61 | 789 | 1105 | 1196 | 825 89,3 9,2 | 1097

> N

NG
36 355 376 | 696 | 397 | s71y| 786 | 1111 | 1199 83,0 89,6 oF4 | 1128
37 365 386 | 702 | 409 | 880 | 791 | 1117 | 1203 | 835 89,9 o, 1159
38 375 396 | 707 | 42013889 | 797 | 1122 | 1206 | 840 90,2 95,6 | 1189
39 385 | 406 | 712 | 432 | 598 | 802 | 1127 | 1209 | 844 90,5 o7 | 1220
40 395 | 415 | 717 A5z | 606 | 807 | 1131 | 1212 | 848 90,7 9,8 | 1250
C)\J
41 405 | 424 | @22 | 453 | 614 | 81,2 | 1136 | 1215 | 851 90,9 oF9 | 1281
42 414 432-N 726 | 463 | 622 | 816 1311
43 w4 | 44D 730 | 472 630 | 821 1341
44 434 vSZ,‘; 735 | 482 | 637 | 825 1371
45 445\« “4s57 | 739 | 491 | 644 | 829 1401
k¥

469 D 453 464 | 743 | 500 | 651 | 833 1430
470 463 472 | 746 | 508 | 658 | 837 1460
480 473 479 | 750 | 517 | 664 | 841
490 482 | 486 | 754 | 525 | 670 | 844
500 492 | 492 | 757 | 532 | 676 | 848
510 501 499 | 760 | 540 | 682 | 851
520 511 505 | 764 | 548 | 688 | 854

NOTE 2

If only HV is given without a number, then most probably HV30 is meant.

NOTE 1 The values of the tension tests are not based on method A (10.3 Testing rate based on close-loop control at the rate
of the extension) in ISO 6892-1:2009.

© IS0 2013 - All rights reserved
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Table B.2 (continued)

HV HBW HRC HRA HR45N | HR30N | HR15N HRB HRF HR45T | HR30T | HR15T Rm
530 520 51,2 76,7 55,5 69,3 85,8
540 530 51,8 77,0 56,2 69,9 86,1
550 539 52,4 77,3 56,8 70,4 86,4
560 549 52,9 77,6 57,5 70,9 86,6
570 558 53,5 779 58,2 71,4 86,9
580 568 5470 7852 5858 79 872
590 st7 | 546 | 784 | 594 | 724 | 875 N>
faN
600 546 55,1 78,7 60,0 72,8 87,7 (]>)
2 * -
610 596 55,6 78,9 60,6 73,3 88,0 1.0‘0
&}
620 605 56,1 79,2 61,2 73,7 88,2 N l,
N

630 614 56,6 79,4 61,7 74,2 88,5 &)

N
640 623 57,1 79,7 62,3 74,6 88,7 \9
650 632 57,5 79,9 62,8 75,0 88,9 6\

NOTE 1 The palues of the tension tests are not based on method A (10.3 Testing rat&ed on close-loop control at th¢ rate
of the extensipn) in ISO 6892-1:2009.

NOTE 2 Ifoply HV is given without a number, then most probably HV30 is r’n‘e&.
\\J
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Table B.3 — Conversion of hardness-to-hardness or hardness-to-tensile-strength values for
quenching and tempering steels in the untreated, soft annealed or normalized conditions

of thg

NOTE 1 The values of the tension tests are

extension) in ISO 6892-1:2009. .

-

tbased on method A (10.3 Testing rate based on close-loop con

HV HBW HRC HRA HR45N | HR30N | HR15N HRB HRF HR45T | HR30T | HR15T Rm
140 460
150 152 - 48,4 - 21,5 56,6 81,0 102,5 51,6 68,4 85,1 503
160 162 1,0 50,2 - 24,4 58,3 83,9 104,1 54,8 70,5 86,2 544
170 173 4,0 51,9 0,8 27,0 60,0 86,6 105,6 57,7 72,4 87,2 585
180 183 6,8 53,4 4,0 29,5 61,5 89,0 106,9 60,2 74,1 88,0 624
190 193 9,4 54,8 7,0 31,8 62,9 91,2 108,1 62,5 75,6 88,8 661
o)
20 203 11,9 56,2 9,9 34,0 64,3 93,2 109,2 64,6 77,p‘Q\ 8p,4 697
21 214 14,2 57,4 12,6 36,1 65,6 95,0 110,3 66,4 ‘68;3V 99,0 732
22 223 16,4 58,6 15,1 38,1 66,8 96,7 111,2 682 () ;,5 99,6 765
23 233 18,5 59,7 17,6 399 679 98,3 112,2 69,1\kc’v 80,6 9,1 796
24 243 20,5 60,7 19,9 41,7 69,0 99,8 113,0 ,_@2 81,6 9l,6 826
J
25 252 22,4 61,7 22,1 43,3 70,0 101,2 },1;3,6\ 72,5 82,6 98,0
26 262 24,3 62,6 24,2 44,9 71,0 102,5 0&4,6 73,7 83,5 9p,4
27 271 26,0 63,5 26,2 46,4 72,0 10« 115,3 74,9 84,3 9R,7
28 280 27,7 64,3 28,1 479 72,9 %Qb,'; 116,0 75,9 85,1 98,0
29 289 29,2 65,1 299 49,2 73,7x @106,0 116,6 76,9 85,8 98,3
$ A
30 298 30,8 65,8 31,6 50,6 \&\%’4—,6 107,0 117,2 779 86,5 98,6
31 307 32,2 66,6 33,6 51@ 75,4 108,0 117,8 78,8 87,1 98,9
32 316 33,6 67,2 35,0 “‘(%0 76,1 108,9 118,4 79,6 87,8 9,1
N

trol at the rate

NOTE 2 If only HV is given withoutanumber, then most probably HV30 is meant.
Ny

O
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Table B.4 — Conversion of hardness-to-hardness values for quenching and tempering steels in

2013(E)

the quenched condition

HV HBW HRC HRA HR45N HR30N HR15N
580 572 54,0 78,1 59,5 71,4 87,2
590 576 54,4 78,4 59,6 71,9 87,4
600 580 54,8 78,6 59,9 72,3 87,6
610 585 55,2 78,8 60,2 72,8 87,8
620 591 55,6 79,1 60,5 73,2 k’%
630 597 56,1 79,3 60,9 73,6 8,2
640 604 56,5 79,6 61,4 74,1 {A .V 88,4

m‘o
650 611 56,9 79,8 61,8 74,5 r\ 88,7
660 619 574 80,1 62,4 ,,7@ 88,9
670 627 57,8 80,3 63,0 &\‘?5,4 89,1
680 636 58,3 80,6 63,6 O\ 75,8 89,4
690 646 58,7 80,9 64,2 <§‘< 76,2 89,6
\}X
700 656 59,2 81,1 @9 76,7 89,8
710 666 59,7 81,4 _\(\\QJ 65,6 77,1 90,1
720 677 60,1 81,7 [~ 664 77,5 90,3
NOTE Ifonly HV is given without a number, then most probably‘\@o is meant.
O
Table B.5 — Uncertainty curves t%be used for conversion as in Table B.2
To obtain uncertainty u, in of c@versmn from/to use
HB <\ " HV/HB Figure B.1
N\

HV ~O HB/HV Figure B.2

HRC @ HV/HRC Figure B.3

HV C\‘O HRC/HV Figure B.4

HRA )~ HV/HRA Figure B.5

HY o8 HRA/HV Figure B.6

HR4Q&\) HV/HR45N Figure B.7

AV HR45N/HV Figure B.10

R30N HV/HR30N Figure B.8

HV HR30N/HV Figure B.11

HR15N HV/HR15N Figure B.9

HV HR15N/HV Figure B.12

HRB HV/HRB Figure B.13

HV HRB/HV Figure B.14

HRF HV/HRF Figure B.15

HV HRF/HV Figure B.16

HR45T HV/HR45T Figure B.17

NOTE Ifonly HV is given without a number, then most probably HV30 is meant.

22
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Table B.5 (continued)

ISO 18265:2013(E)

To obtain uncertainty u, in of conversion from/to use

HV HR45T/HV Figure B.18
HR30T HV/HR30T Figure B.19
HV HR30T/HV Figure B.20
HR15T HV/HR15T Figure B.21
HV HR15T/HV Figure B.22
HRC HRA/HRC Figure B.23
HRC HR30N/HRC Figure B:24
HRB HRF/HRB Figure'B.25
HRB HR30T/HRB Figure B.26
MPa HV/Rp Figure B.63
MPa HB/Rm Figure B.64
MPa HRC/Rp Figure B.65

NOTE Ifonly HV is given without a number, then most probably HV30 is meant.
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Table B.6 — Uncertainty curves to be used for conversion as in Table B.3

To obtain uncertainty u, in of conversion from/to use
HB HV/HB Figure B.27
HV HB/HV Figure B.28
HRC HV/HRC Figure B.29
HV HRC/HV Figure B.30
HRA HV/HRA Figure B.31
HV HRA/HV Figure B.32
HR45N HV/HR45N Figure B33 0,
HV HR45N/HV Figure B.34. () "
HR30N HV/HR30N Figure B35
HV HR30N/HV Figur€|8:36
HR15N HV/HR15N Fidure B.37
HV HR15N/HY _CFigure B.38
HRB HV/HRB <. Figure B.39
HV HRB/HV < Figure B.40
HRF HV/HRF PV Figure B.41
HV HRF/HV o Figure B.42
HR45T HV/HR4ST @) Figure B.43
HV HR45T/HV > Figure B.44
HR30T HV/HR3QT Figure B.45
HV HR30T/HV Figure B.46
HR15T HVAHR15T Figure B.47
HV ( HR1ST/HV Figure B.48
HRC 4. HR30N/HRC Figure B.49
HRB ()" HR30T/HRB Figure B.50
MPa A HV/Rmn Figure B.66
MPa Of HB/Rpn Figure B.67
MPa 2 HRC/Rm Figure B.68
NOTE Ifonly HV is given {@‘{lt anumber, then most probably HV30 is meant.
X
O
s
S
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Table B.7 — Uncertainty curves to be used for conversion as in Table B.4

To obtain uncertainty u, in of conversion from/to use
HB HV/HB Figure B.51
HV HB/HV Figure B.52
HRC HV/HRC Figure B.53
HV HRC/HV Figure B.54
HRA HV/HRA Figure B.55
HV HRA/HV Figure B.56
HR45N HV/HR45N Figure B:57
HV HR45N/HV Figure'B.59
HR30N HV/HR30N Figure B.59
HV HR30N/HV Figure B.6(
HR15N HV/HR15N Figure B.61
HV HR15N/HV Figure B.67
NOTE Ifonly HV is given without a number, then most probably HV30 is meant.
u, HB u, HV
25 FEvTY 30 R=iul)
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20 T » Pty
i — g 29l 15 P 2 93
B el N
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= 2% S ———— L g
. ~——— 0 1 — |
200 300 400 500 600 200 300 400 500 620
H,, HV H,, HB
Figure'B.1 Figure B.2
u, HRIC u, HV
2 25
AN
15 \\Qi\ 20 T
~—3% —— = /
19 2% . . e ~ ~
05 \\¥ 10 / 10 = — '%, pd
A\ 0% ~ X I — ﬂ///
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Figure B.3 Figure B.4
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Annex C
(informative)

ISO 18265:2013(E)

Conversion tables for steels for cold working

WARNING — Hardness conversions are no substitute for direct measurements. These tables should
be used with caution and only in accordance with the principles of conversions, see Clause 2.

This|Annex presents conversion values for steels for cold working that have been quenched and tempered.
Thesge values are based on results of testing carried out on steels as specified in TGL)4393. The steel
gradesthatwere tested arelisted in Table C.1, which also provides an overview of the former designations
used|in the TGL standard along with the corresponding designations as in ISO4957. TableC.2 lists the
conversion values, while Table C.3 gives an overview of the uncertainty curvespresented irf Figures C.1

to C.28 which are to be used in conjunction with the conversion tables.

NOTH A useful reference book is [24]. It provides information for the comparison of different{ national and
interpational steel designations with regard to their compositions.

Table C.1 — Cold working steels'tested

Steel grade Steel'grade (as in ISO 4957)
(asin TGL 4393) Material no. Name
85CrMo7.2 1.2304 85CrMo7
UR85CrMo7.2 ¥2304 85CrMo7
90MnV8 1.2842 90MnCrV8
101Cré6 1.3514 101Cr6LW
UR101Cr6 1.35052 100Cré6
125CrSi5 1.2109 125CrSi5
X125WMo6.5 1.3344a S6-5-3
210Cr46 1.2080 X210Cr12
210Crw46 1.2436 X210Crw1j
aChernical compositionTeughly equivalent to that specified in TGL 4393.
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Table C.2 — Conversion of hardness-to-hardness values for cold working steels

HV HV5 HBa HRC HRA | HR45N | HR30N | HR15N | HRB HRF | HR45T | HR30T | HR15T
210 212 205 - - - - - 95,6 | (1107) | 66,9 78,0 90,2
220 222 215 (18,8) 59,4 (16,4) | (388) | (67,0) 972 | (111,6) | 68,6 79,1 90,7
230 232 225 20,6 60,3 | (187) | 40,5) | (682) | 986> | (112,5) | 70,2 80,1 91,2
240 242 235 22,2 61,2b 20,9 42,2 (69,3) | 100,0b | (113,3) | 71,6 81,0 91,7
250 252 245 23,9 62,1b 23,0 | 438b | 70,3 | (101,4) | (114,0) | (729) | 819 92,1
260 242 255 25,4 62,8 24,9 45,3 713 | (102,6) | (1147) | (741) | (827) |n-g2.5
270 212 265 26,9 63,6 26,8 46,8 72,2 | (1037) | (1153) | (752) | (83 420
280 242 275 28,3 64,4 28,6 48,2 731 | (1047) | (1159) | (76,3) ég:i,.hv 43.3)
290 293 285 29,7b 65,1 30,2 49,5 739 | (105,6) | (1164) | (77.3) ~C848) | d3.6)
300 303 295 31,0 65,8 31,9 50,7 747 | (106,5) | (116,9) (78\8)/(85,5) (43,9)
10
310 313 304 32,3 66,4 334 51,9 754 | (107,3) (117(4}(\‘9(79,1) (86,00 | (94.2)
320 343 314 33,5 67,1 34,9 53,0 76,1 | (108,1) ,(11@) (799) | (86,6) | (44.5)
330 3343 324 34,6 67,7 36,3 54,1 76,8 (108,8)(§ﬁ18,2) 80,6) | 871 | (94.8)
340 343 334 35,8 68,3 376 55,2 77,4 (10\@"(118,6) (814) | (876) | (45.0)
350 393 344 36,8 68,8 39,0 56,2 78,0 *\\}\\ - - - -
o
360 343 354 379 69,4 40,2 57,2 K 6"
370 313 363 389 69,9 41,4 58,1 ;\‘@ 9,2
380 343 373 39,9 70,4 42,6 59(93“ 79,7
390 393 383 40,8 71,0 43,7 \g}ﬁ; 80,2
400 444 392 41,7 71,4 44(93\\‘) 60,7 80,7
’V
e
410 414 402 42,6 71,9(4\\45,8 61,5 81,2
420 414 412 43,5 7@\" 46,9 62,3 81,6
430 444 422 443 4 8 47,8 63,1 82,1
440 444 431 45(1;)\'/ 73,3 48,8 63,8 82,5
450 494 441 0_&5)9' 73,7 49,7 64,5 82,9
A>3
460 444 _@V 46,7 74,1 50,5 65,2 83,3
470 4'4/'\\3?50 47,4 74,5 51,4 65,8 83,7
480 aga | 469 48,2 74,9 52,2 66,5 84,0
490 494 479 489 75,3 53,1 67,1 84,4
500 505 488 49,5 75,6 53,9 67,7 84,7
510 515 498 50,2 76,0 54,6 68,3 85,1
520 525 507 50,9 76,4 55,4 68,9 85,4

aBrinell hardness values up to 450 HB were determined using a steel ball indenter, those above this value were determined
with a hardmetal ball.

bRecalculated in 2012 by interpolation.

NOTE 1 Values in parentheses are those lying outside the defined range of the standard test method but which may used
as estimates.

NOTE 2 Ifonly HV is given without a number, then most probably HV30 is meant.
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Table C.2 (continued)

ISO 18265:2013(E)

HV HV5 | HBa | HRC | HRA | HR45N | HR30N | HR15N | HRB | HRF | HR45T | HR30T | HR15T
530 535 517 51,6 76,7 56,2 69,5 85,7
540 545 526 52,1 77,0 56,8 70,0 86,0
550 555 535 52,7 77,4 57,6 70,6 83,3
560 565 545 53,3 77,7 58,2 71,1 86,6
570 575 554 53,9 78,0 58,9 71,6 86,9
58 585 563 54,5 783 59,6 72T 87T —
L)
59 595 572 55,0 78,6 60,2 72,6 87,4 N
60 606 582 55,6 78,9 60,8 73,0 87,7 q}
o}
61 616 591 56,1 79,2 61,4 73,5 87,9 k:b
62 626 600 56,6 79,5 62,0 74,0 88,2 O
N4
63 636 ; 57,1 79,8 62,6 74,4 88,4
64 646 ; 57,6 80,0 63,2 74,8 886 | O\
65 656 - 58,1 80,3 63,7 75,3 88,8 -§<
K
66 666 58,6 80,6 64,3 75,7 ;&\}1
-
67 676 59,0 80,8 64,8 76,1 (7 89,3
N
68 686 59,5 81,0 65,3 76,5 89,5
N\
69 697 59,9 81,3 65,8 ‘\®6,9 89,7
=~
70 707 60,4 81,5 663y | 773 89,9
s‘\o
N
\ \J
71 717 60,8 81,8~ 66,8 77,7 90,1
4
72 727 612 | 820 67,3 78,0 90,3
Y
73 737 61,6 (‘\ 2,2 67,8 78,4 90,5
A
74 747 620 825 68,2 78,8 90,7
75 757 (624 82,7 68,7 79,1 90,8
~
N
76 767 03) 62,8 82,9 69,1 79,4 91,0
[ SR
77 777 ?‘ 63,2 83,1 69,6 79,8 91,2
78 Ze\és 63,6 83,3 70,0 80,1 91,4
799 4 798 64,0 83,5 70,4 80,4 91,5
P ad
80 = 808 644 83.7 70.8 80.8 91.7
810 818 64,7 83,9 71,3 81,1 91,9
820 828 65,1 84,1 71,7 81,4 92,0
830 838 65,4 84,3 72,1 81,7 92,2
840 848 65,8 84,5 72,4 82,0 92,3

bRecalculated in 2012 by interpolation.

If only HV is given without a number, then most probably HV30 is meant.

aBrinell hardness values up to 450 HB were determined using a steel ball indenter, those above this value were determined
with a hardmetal ball.

NOTE 1 Values in parentheses are those lying outside the defined range of the standard test method but which may used
as estimates.

NOTE 2
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Table C.3 — Uncertainty curves to be used for conversion as in Table C.2

To obtain uncertainty u, in of conversion from/to use
HV 10; HV 5 HV/HV 10, HV/HV 5 Figure C.1
HV HV 10/HV,HV 5/ HV Figure C.2
HB HV/HB Figure C.3
HV HB/HV Figure C.4
HRC HV/HRC Figure C.5
HV HRC/HV Figure C.6
HRA HV/HRA Figure C.7
HV HRA/HV Figure C.8
HR45N HV/HR45N Figure C.9
HV HR45N/HV Figure (£10
HR30N HV/HR30N Figure C.11
HV HR30N/HV Figure C.12
HR15N HV/HR15N Figure C.13
HV HR15N/HV Figure C.14
HRB HV/HRB Figure C.15
HV HRB/HV Figure C.16
HRF HV/HRF Figure C.17
HV HRF/HV Figure C.18
HR45T HV/HR45T Figure C.19
HV HR45T/HV. Figure C.20
HR30T HV/HR30T Figure C.21
HV HR30T/HV Figure C.22
HR15T HV/HR15T Figure C.23
HV HR15T/HV Figure C.24
HRB HRF/HRB Figure C.25
HRB HR30T/HRB Figure C.26
HRC HR30N/HRC Figure C.27
HRC HRA/HRC Figure C.28
NOTE Ifonly HV is given without a number, then most probably HV30 is meant.
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Annex D
(informative)

Conversion tables for high speed steels

WARNING — Hardness conversions are no substitute for direct measurements. These tables should
be used with caution and only in accordance with the principles of conversions, see Clause 2.

This Annex
above the s¢
high speed {
designation
the uncerta
conversion {

NOTE A
international

ables.

presents conversion values for high speed steels that have been quenched and temi
econdary hardening peak. These values are based on results of testing carried,eiit o
teel grades asin TGL 7571, listed in Table D.1, which also provides an overview.0f'the fo
5 used in the TGL standard along with the corresponding designations as in |S0°4957. T
and D.8 list the conversion values, while Tables D.3, D.5, D.7 and D.9 give“an overvig
nty curves presented in Figures D.1 to D.30 which are to be used in.conjunction wit

useful reference book is [24]. It provides information for the comparison of different nationd
steel designations with regard to their compositions.

Table D.1 — High speed steels tested

ered

n the
rmer
hbles
bw of
h the

1 and

bteel grade

Steel grade (as in ISO 4957)

(agin TGL 7571) Material no. Name
X80WMo06.5 X80WMo6.5
X82WMo06.5 X82WMo6.5
X90WMo6.5 1:3343 X90WMo6.5
X97WMo3.3 X97WMo3.3
X[LOOWMo6.5 1.3342 X100WMo6.5

X83%WMo0Co06.5.5 1.3243 X85WMoCo06.5.5

X10pWMoCo06.5.5 1.3355 X105WMoC06.5.5
X79WCo018.5 1.3255 X79WCo018.5
X110MoC09.8 1.3247 X110Mo0C09.8

NOTE Wher¢ no materjal number is listed, no equivalent number could be found in ISO 4957.

Table| D.Z.—~ Conversion of hardness-to-hardness values for high speed steels of steel
grades X80WMo06.5, X82WMo06.5, X90WMo06.5, X97WMo3.3, X100WMo06.5, X85WMo0C06.5.5,
X105WMoC06.5.5 and X79WC018.5

Vickers hardness Rockwell hardness
HV 30 HRC HRA HR45N HR30N HR15N
580 54,2 779 58,8 71,7 871
590 54,7 78,2 59,4 72,2 87,4
600 55,2 78,5 60,0 72,6 87,6
610 55,7 78,7 60,6 73,1 87,8
620 56,2 79,02 61,1 73,5 88,1

aRecalculated in 2012 by interpolation
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Table D.2 (continued)

ISO 18265:2013(E)

Vickers hardness

Rockwell hardness

HV 30 HRC HRA HR45N HR30N HR15N
630 56,6 79,3 61,7 74,0 88,3
640 57,1 79,6 62,2 74,4 88,5
650 57,6 79,8 62,8 74,8 88,7
660 58,0 80,1 63,3 75,2 88,9
670 58,5 80,3 63,8 756 | o] 891
680 58,9 80,6 64,3 760 | 893
690 59,3 80,8 64,8 76,4 (. 89,5
700 59,7 81,0 65,3 , 89,7

y\‘U
710 60,2 81,3 658 |-\ 771 89,9
720 60,6 81,5 663 «|% 774 90,1
730 61,0 81,7 6674 77,8 90,2
740 61,4 82,0 22’ 78,1 90,4
750 61,8 82,2 67, 78,5 90,6
QD
760 62,1 824 F 681 78,8 90,7
770 62,5 82,60 68,5 79,1 909
780 62,9 828 689 79,5 91,0
790 63,3 83,0 69,4 79,8 91,2
800 636 (1) 832 69,8 80,1 91,3
i
810 640" 83,5 70,2 80,4 91,5
820 6473 83,6 70,6 80,7 91,6
830 7647 83,8 71,0 81,0 91,8
840 D" 650 84,0 71,4 81,3 91,9
850 - 65,4 84,2 71,7 81,6 92,0
QOF

860 65,7 84,4 72,1 81,8 92,2
870 66,0 84,6 72,5 82,1 92,3
— 880 66,3 84,8 72,8 82,4 92,4
890 66,7 85,0 73,2 82,7 92,5
900 67,0 85,0 73,6 82,9 92,6
910 67,3 85,3 739 83,2 92,8
920 67,6 85,5 74,2 83,4 92,9

aRecalculated in 2012 by interpolation
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Table D.3 — Uncertainty curves to be used for conversion as in Table D.2

To obtain uncertainty u, in of conversion from/to use

HRC HV/HRC Figure D.1
HV HRC/HV Figure D.2
HRA HV/HRA Figure D.3
HV HRA/HV Figure D.4
HR45N HV/HR45N Figure D.5
HR30N HV/HR30N Figure D.6
HR15N HV/HR15N Figure D.7
HV HR45N/HV Figure D.8
HV HR30N/HV Figure D9
HV HR15N/HV Figure D10
HRC HRA/HRC Figure D.11
HRC HR30N/HRC Figure D.12

NOTE Ifonly HV is given without a number, then most probably HV30 is meant.

Table D.4 +— Conversion between various Vickers hardness scales.for high speed steels of steel
grades X80WMo06.5, X82WMo06.5, X90WMo06.5, X97WMo3.3, X100WMo06.5, X85WMoC06.5.5(and
X105WMoCo06.5.5

HV HV 10 HV 5 HV HV 10 HV 5
580 587 589 750 760 762
590 598 599
600 608 609 760 770 772
770 780 782
610 618 620 780 790 792
620 628 630 790 801 802
630 638 640 800 811 813
640 648 650 810 821 823
650 658 660 820 831 833
830 841 843
660 669 670 840 851 853
670 679 681 850 862 863
680 689 691
690 699 701 860 872 874
700 709 711 870 882 884
880 892 894
710 719 721 890 902 904
720 730 731 900 912 914
730 740 742 910 923 924
740 750 752 920 933 935

NOTE Ifonly HV is given without a number, then most probably HV30 is meant.
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Table D.5 — Uncertainty curves to be used for conversion as in Table D.4

To obtain uncertainty u, in of conversion from/to use
HV 10,HV 5 HV/HV 10, HV/HV5 Figure D.13
HV HV 10/HV, HV5/HV Figure D.14

NOTE Ifonly HV is given without a number, then most probably HV30 is meant.

Table D.6 — Conversion between various Vickers hardness scales for

high speed steels of steel grade X79WCo018.5

HV HV 10 HV 5
790 795 794
800 806 805
810 817 816
820 828 826
830 839 837
840 850 847
850 861 858
860 872 868
870 883 879
880 894 890
890 905 900
900 916 911
910 927 921
920 938 932
NOTE Ifonly HV is given without @ number, then most probably HV30 is meant.
Table D{Z=— Uncertainty curves to be used for conversion as in Table D.6
To obtain unéertainty u, in of conversion from/to use
HV 10 HV/HV 10 Figure D.15
HV HV 10/HV Figure D.16
HV 5 HV/HV 5 Figure D.17
HV HV 5/HV Figure D.18

NOTE Ifonly HV is given without a number, then most probably HV30 is meant.
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Table D.8 — Conversion of hardness-to-hardness values for high speed steels of steel grade

52

X110MoCo09.8
Vickers hardness Rockwell hardness
HV HV 10 HV 5 HRC HRA HR45N | HR3ON | HRI5N
740 - - - 82,0 67,8 77,9 90,7
750 - - - 82,2 68,1 78,3 90,8
760 - - - 82,5 68,4 78,6 90,9
770 /60 /59 63,2 o,/ 60,0 /9,0 91,0
780 779 770 63,5 82,9 69,1 79,3 o]
790 790 781 639 83,1 69,4 796 | 191,
800 801 791 64,2 83,3 69,7 799 A0 91
(_bV
N
810 812 802 64,5 83,5 700 | (802 914
820 822 813 64,8 83,7 703 N7 805 91,6
830 833 823 65,1 83,8 706, Y 8038 91,1
\\
840 844 834 65,4 84,0 750 81,0 91,8
850 855 845 65,7 84,2 2713 81,3 914
\\J'
lo.
\*4
860 866 856 66,0 8440 716 81,5 92,
870 876 866 66,3 84; 71,9 81,8 92,1
880 887 877 666 | 847 72,2 82,0 92,2
890 898 888 669 |~ 8438 72,5 82,3 92,4
900 909 899 670:5 850 72,8 82,5 92,5
O
910 920 909  |5\674 85,1 731 82,7 92,4
920 931 920 (|7 676 85,3 73,4 83,0 92,1
930 942 9340 | 679 85,4 73,7 83,2 92,4
940 - o 68,2 85,5 74,0 83,4 92,9
950 - Y - - 85,7 74,3 83,6 93,(
NOTE IfonlyHVis gi\gﬁ\%hout a number, then most probably HV30 is meant.
4
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Table D.9 — Uncertainty curves to be used for conversion as in Table D.8

To obtain uncertainty u, in of conversion from/to use

HV10 HV/HV10 Figure D.15
HV HV10/HV Figure D.16
HV5 HV/HV5 Figure D.17
HV HV5/HV Figure D.18
HRC HV/HRC Figure D.19
HV HRC/HV Figure D.20
HRA HV/HRA Figure D:2]
HV HRA/HV Figure'D.272
HR45N HV/HR45N Figure D.23
HV HR45N/HV Figure D.24
HR30N HV/HR30N Figure D.25
HV HR30N/HV Figure D.26
HR15N HV/HR15N Figure D.27
HV HR15N/HV Figure D.24
HRC HRA/HRC Figure D.29
HRC HR30N/HRG Figure D.3(

NOTE Ifonly HV is given without a number, then most probably #Y30 is meant.
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Annex E
(informative)

Conversion tables for hardmetals

ISO 18265:2013(E)

WARNING — Hardness conversions are no substitute for direct measurements. These tables should
be used with caution and only in accordance with the principles of conversions, see Clause 2.

The

hard
giveqd
conjy

NOTH
inter

A useful reference book is [24]. It provides information for the comparison of different]
hational steel designations with regard to their compositions.

Table E.1 — Designation and chemical composition©of hardmetals tested

fonversion values presented here for hardmetals are based on results of testing carrig
metals as in TGL 7965-02, listed in Table E.1. Table E.2 lists the conversion values,)wh|
an overview of the uncertainty curves presented in Figures E.1 and E.2 which“are t
inction with the conversion tables.

d out on the

file Table E.3

b be used in

national and

Hardmetal grade as WC content TiC content TaC and NbC Co ¢ontent
in[TGL 7965-02 (% m/m) (% m/m) (% m/m) (%4 m/m)
HS 021 65,8 23,0 8,0 3,2
HS 123 67,3 16,8 79 8,0
HS 10 69,0 120 8,0 6,0
HS 20 74,0 12,0 6,0 8,0
HS 25 76,0 5,0 10,0 9,0
HS 30 83,0 5,0 5,0 7,0
HS 345 76,9 7,2 7,2 8,7
HS 40 82,0 5,0 4,0 9,0
HS 50 80,0 5,0 3,0 12,0
HG 01 96,0 4,0
HG 110 94,0 6,0
HG 20 94,0 6,0
HG 30 91,5 8,5
HG 40 89,0 11,0
HG'G0 85,0 15,0
HG 60 80,0 20,0
HU 10 79,0 10,0 5,0 6,0
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Table E.2 — Conversion from HV 50 values to HRA values of hardmetals

Vickers hardness Rockwell hardness
HV 50 HRA
780 82,5
800 82,8
826 831 —
)
840 83,4 N
860 837 L9
)
880 840 |
900 842 OV
920 845"
940 L Qg
960 )" 851
980 o 853
1000 R 85,6
1020 X 85,8
1040 N 86,1
1060 Y 86,4
1080 +F 86,6
1100 S 86,8
1120 RN 87,1
1140 o) 87,3
1160 (O 87,6
11800 87,8
D
O
Névl 220 (88,2)
AT 1240 (88,4)
~ 1260 (88,7)
1280 (88,9)
1300 (89,1)
1320 (89,3)
1340 (89,5)
1360 (89,7)
1380 (899)
1400 (90,1)

NOTE Values in parentheses are those lying outside the defined range of the standard test method but which may used as
estimates.
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Table E.2 (continued)
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Vickers hardness

Rockwell hardness

HV 50 HRA
1420 (90,3)
1440 (90,5)
1460 (90,7)
1480 (90,9
1500 (91,0)
-~
1520 ©12) N7
1540 014 , 7
1560 (91,ﬂ6‘)
1580 (‘kfb)v
1600 (1919
o\~
1620 . O (921
1640 RO (92,3)
1660 N (92,4)
1680 4 (92,6)
1700 X (92,8)
O
1720 Y (92,9)
1740 Y (93,1)
1760 S (93,2)

NOT
estiny

ates.

. Values in parentheses are those lyin%‘gutside the defined range of the standard test method but whid

h may used as

<>§~

Table E.3 — lgértainty curves to be used for conversion as in Table E.2

To obtain uncertgi:@\lz in of conversion from/to use
HRAC)~ HV 50/HRA Figure E.1
HVS0 HRA/HV 50 Figure E.2
)
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Annex F
(informative)

Conversion tables for non-ferrous metals and alloys

WARNING — Hardness conversions are no substitute for direct measurements. These tables
should be used with caution and only in accordance with the principles of conversions, see
Claule 2. The user of Annex F should consider that the given metals and alloys in most cases are
not gpecified with respect to their composition and treatment conditions.

The following tables are provided.

Table F.1 Nickel and High-Nickel Alloys

Table F.2 Cartridge brass (70% Copper, 30% Zinc Alloy)
Table F.3 Copper

Table F.4 Wrought Aluminium Products

Table F.5 Aluminium and its Alloys
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