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Prifung von Stahl und Stahiguss: Umwartungstaballe fir Vickarshdrta, Brinalinirte, Rockwalihdrta und Zugfastigksit

For cannaction with EURONORM 8-55 issued by the European Community far Coal and Stael, sea Explanations.

1 Purpose and range of application
The conversion tabla in this Standard applies

— o hardness values determined according to the
following standards;

OIN 50103 Part 1 and Pant 2 {Rockwell)
DIN 50133 Part 1 (Vickers) and
DIN 50351 (Brinel)

- to tensile strength values determined according to
DIN 50 145 and

= to values of HRD hardness ) not standardized in
Gemnan standards.

Subject to the restrictions mentioned later..this conversion
table applies to unallayed and low alloy stegls and cast
steel in the hot formed or heat-treated candition. In the
case of high alloy and/or work-hardened steels, substantial
deviations are likely in the conversion. '
Conversion between hardness values or from hardness
values to tensile strength vaiues essentially invoives in-
accuracies which have to be taken inte account. Extensive
studies have shown that it is impossible to convert from
one o anather hardness values determined by dih‘ereht
methods even when they have been detemmined with
extreme care, on the basis of a relationship that is valid for
all metallic materials or even merely for ali grades of steei.
This stems from the fact that the indentation behaviour of
a material js determined by its siress-gdeformation be- .
haviour in a very compiex manner. A given conversion:
relationship will therefore provide better agreement, the
closer is the stress-deformation behaviour of the materiaf
under test to that of the materials used for deriving the
conversion relationship,

Note: in many cases, some information on the stress-,
deformation behaviour can be obtained fram the elastic
limit-tensile strength ratio.

2 Definitions _
Reference should be made to the standards quoted in
Section 1 for an exptanatian of the definitions, 1orrnulaF
and symbols reiating to the various methods of hardreks
testing. :

3 Conversion
3.1 General

Tha fallowing Table correlatas comrespanding hardness
values obtained by various methods and tensile strength
values, obtained in extensive tests.

Conversion as defined in this Standard means giving, for
any experimentally determined hardness value obtained
by a particular mathod, the comesponding hardness value
far another method or the corresponding tensile strength
value as given in this Table,

Hardness conversion shauid only be carried out if it is not
possible to use the prescribed test method, tor exampte
because no suitable testing machine is available or
because the specimen is nat suitabie for testing with the
testing machine or it it is not possible to take the speci-
mens required for the presgribed methad {e.g. tensile
specimens) from the test piece,

Characteristics merely obtained indirectly by using this
Standard may anly be used as a basis for objections if
there is an agreement to this effect in the supply
contract. '

It hardness or tensile strength vatues are detennined by
conversion to this Standard, the test method used for the
measurement must be quoted and the fact that conver-
sion has been camied out to this Standard.

In principle, it must be remembered that any hardness
determination is valid only for the region of the inden-
tation. Where hardness changes occur, e, g. with increasing
distance from the surface, the results of Brineli and Vickers
hardness measurements ar even of the tensile test may
deviate from the converted values simply as a result of
differing amounts of stretching of the areas of the material
measured,

The vaiue useq tor conversion shall be the mean of at least
three individual hardness values,

'} International practics, e.g. ASTM E18-74 (Amaearican
Society for Testing and Materials)

Continued on pages 2 to 4
Explanations on page 5
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3.2 Conversion between hardness vaives
ln.considering the reliability of converted hardness values,
tis necessary to take accouni both of the accuracy of
he I:;_ardness test method used and the width of the con-
version scatter band, ag shown schematically in Fig, 1.
Curve a here fepresents the mean conversion relationship
for steels as defined in this Standard. Curves by and b,
delm.e lhg range either side of 2 obtained on the basis of
the ditfering stress-deformation behaviour of these sieels.
With id'eai Conversion, hardness value Yo is obtained fof
Xp. Tgklng INto account the scatier bangd by to by itis
possible to abtain virtually any hardness value between
Yo and yg,,

Beyond this, it is hecessary fo take account of the fact
that even hardness vaiye Xy itself is still subject to the
uncertainty involved jn the measuring process used. This
hardness can therefare vary between x, and x;, so that
the converted value can lie between yy; and y,,.

Nate: Inco-operative tests conducted by the VDEM a
(graphicaily determined) scatier band of =24 HV10 or
% 23HB was oblained from an evaluation of about 700
measured values for conversion belween Vickers hard-
ness HV10 and Brinely hardness HB.

3.3 Conversion between hardness values
and tensiie strength values

It conversion from one hardness value to another may
involve a substantial dispersion and systematic variations,
the dispersion obtained when converting between hard-
ness values and tensile strength values is bound to be
even greater. One reason for this is the considerable
difference between the deformation behaviour during
hardness measurements and that in the tensile test which,
among other faclors takes the form of different stress
conditions and difering rates of strain. Another reason ist
the major ditferences in the stress-deformation behaviour
of ditferent steeis,

The tensile strength vaiyes given in the Table should
therefore be regarded only as approximate values that
canin no sense replace measured vajues determined in

" the tensile test.
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Method 2 —

Notle: In co-operative lests carried put by the VDEh a
(oraphically determined) scatter band of + 25 HV 10 for
hardness or 85N/mm? lor 1ensile strength was obtaineg
irom an evaluation of abou! 700 measured valves for con-
version between Vickers hardness HV10 and tensile
strength. At the same time it was found that, with particular
groups of steels, there was a possibility of systematic
variations from the mean vaive line, Thus, with the pearlitic
steel group in the range between 300HVY and 500 HV10 for
example, values of tensile strength were obteined which
were on averzge somé 100 N/mm? above the tensile
strength values oblained from this Table.
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Figure 1. Schemalic fepresentation of scatter bands for
hardness conversion
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I i
Tensile ; Vickers | Brinell Rackwell hardnass
strenglh' hardness , hardness 7) .
] : { —
N‘umm? ! (Fzgan) (U.ICI? i:’ « 3 ;‘:‘7) HRB ’ HRF ' HRC ! HRA i HRDY | HA 15N : HR 30N HR 45
| } | ; l
255 | 80 76.0 ‘ ‘ i f f !
270 85 80.7 410 | ' ll | i
285 ; %0 , 85,5 L 280 ! Bas ! 1 X | i
305 . 95 90.2 520 ; ! i :
320 , 100 | 95,0 86.2 | 870 ;‘ l
s | s | 99,8 | | | !
350 © 10| 105 623 ; 905 | T ' '
370 ¢ 115 109 ’ \ i ,
ass | 120 l 114 667 . 936 ! ; , ‘
400 125 119 ! | ! l
] B i |
415 1 130 | 124 72 964, - | ' [ 3
430 135 l 128 | ! i ;
450 . 140 133 ' 750 | 990 | : J
465 | 145 138 ' ' i
480 J 150 | 143 787 1014 l ! !
495 || 155 147 ; ! : ' [
510 180 152 l2817 ! 1036 : : !
530 165 156 |5 ! g | !
545 | 170 162 ‘850 | 1055 | : ; :
S60 | 175 166 ° : ! ! | !
i T
575 180 171 87,1 | 107.2 | i : !
595 185 176 ! i !
610 190 181 89.5 | 1087 : ‘
625 195 185 f !
640 200 190 91.5 | 110,1 I
660 205 195 92,5 ! i
675 210 199 935 | 1113 f
690 215 w204 84,0 |
705 220 209 950 | 112.4 ’
720 225 214 96,0 ! |
! . L
740 : 230 219 967 | 1134 5 !
755 235 223 I !
770 240 | 228 I 981 | 1143 ! 203 | 403 | 68 41,7 19.9
785 245 233 L 213 [ a1 | 704 425 21.1
800 250 2ag 995 ; 1151 | 222 | | 41,7 706 43,4 22,2
B20 255 242 231 620 | 429 711 44,2 232
835 260 247 {101) 24,0 624 | 431 716 450 24,3
850 265 252 ! 24,8 62.7 1 437 721 45,7 25,2
ass 270 257 (102) i 25,6 63,1 44,3 72,6 46,4 26,2
880 275 261 i 26,4 63,5 44,9 730 47,2 27,1
900 280 266 (104) 271 | 638 | 453 | 734 47,8 27.9
915 285 271 278 | 84,2 46,0 738 |. 484 28,7
930 250 276 (105) 28,5 645 | 485 742 49.0 29,5
950 295 280 ‘ | 29,2 648 | 471 746 49,7 30.4
965 30 285 ! 298 652 | 475 74,9 50,2 311
995 310 , 295 | 310 | 858 | 484 | 75 513 | 325
1030 320 304 322 | 664 | 494 76,2 52,3 339
1060 330 314 333 670 | soz2 76,8 53,6 352
1095 340 323 344 676 | 511 74 54,4 36,5
1125 3o | 333 355 68,1 519 78,0 55,4 ar48
The figures in brackets are hardness values that lie outside the range of definition of the standardized hardness test
methads but which in practice are frequently used as approximate values,
') See page 1
Y Calculated from: HE = (.55 - HV
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Tenslle | Vickers Brineill | Rockwell hardness
strength | hardness hardness &} L
: 1 ] . 1 !
. F Ny : i i ) , ! H
N/mm? | {FZOBN) (0.102 F-m:‘;?)l HRB I HRF ' HRC : HRA ; HRD. ) i HR 15N : HR 30N : HR 45N
f T T T T ' ] \ . }
1155 380 ! 342 | | | 366 | 687 ! 528 | 786 | 564 | 391
1190 aro 352 ; : {877 ! 692 ; 536 ! 792 | 574 | 404
1220 380 361 ! , i 388 | 698 ! 544 . 798 | 584 | 417
1255 390 371 f E | 398 | 703 | 553 | 803 | 593 | 429
1290 | 400 380 : f i 408 | 708 | S80 ! BOB | 602 P44
1320 | 40 350 : | 418 | 714 | 568 | B14 ' 611 | 453
1350 420 | 399 5 ; {427 718 . 575 ' 818 619 | 464
1385 430 | 409 : i ‘436 : 723 | 582 | 823 627 . 474
1420 440 418 i ! { 445 | 728 i 588 i 828 635 ! 484
1455 450 1 1428 ! : . 453 , 733 ' 584 ° 832 843 | 494
1485 460 1 437 ' | 461 : 736 B0 : 836 & 649 | 504
1520 470 447 -‘ | 469 ° 741 | BOT 839 . 857 ' 513
1555 480 ! (458) ! | i 477 @ 745 ! 813 843 ! 664 | 522
1595 | 490 | (466) ! ! | sg4 i+ 749 . 618 847 . e71 53
1630 500 (475) i ; i 481 1 753 : 622 B50 ! €77 : 538
1665 510 (485) ! : i 488 | 757 | 628 B5.4 £8.3 547
1700 520 (494) ! i {505 | 761 ; 635 : 857 | 690 . 556
1740 530 {504) | ! . 511 ¢ 764 | B39 i BEO . 695 56.2
1775 546 {513 i i 517 | 767 ¢ B44 ' BB3 , 700 57,0
1810 550 {523) | | . 523 1 770 | 548 B66 i 705 578
T ; ' }
1845 560 (532) ! ; : 530 | 774 ' B54 : B68 | 712 58,6
1880 570 (542) ; 3 1 536 | 778 { B58 . B2 i 717 59.3
1920 580 (551) ; g | s41 | 780 | 862 | 875 | 721 59,9
1955 590 {561) ; i i 547 i 7B4 | 667 |, 878 | 727 i 805
1985 600 (570 : . | 552 | 786 | 670 | 880 : 732 612
T T 0
2030 610 (580) ! I 557 l 789 | 675°|. B2 ! 737 | €17
2070 620 {589) i i 56.3 782 . 678 B8S i 742 . 624
2105 630 (599) i ! 56,8 ! 795 : 683 B88 | 746 | 630
2145 640 (608) : | 573 | 798 . 687 BRO : 751 | 635
2180 650 (618) ; : 578 } 800 & 690 | B2 ! 755 | 64
660 ; | 583 | 803 | 694 | B35 758 | 847
670 ; i | se8 ' 806 ! 698 | 897 ' 764 | 653
680 i ' 582 BOB : 701 B9.8 768 ., 657
690 | ;597 | B1@1 ; 705 01 | 772 | 662
700 i 601 st3 ! 708 ’ %03 i 778 T ' 667
1 1T T *
720 | 5 | 610 | 818 i 715 | 807 | 784 | 617
740 n | 618 | 822 | 721 21,0 i 79.1 68,6
760 I i €25 | 828 E 726 1. 91,2 79.7 69.4
780 i | 633 | gao | 733 | e15 | Bo4 | 702
800 i | 640 | 834 i 738 | 18 | 813 | 710
' : t
820 | . 647 | 838 | 743 | 92 bogn? 718
840 | | 653 | 841 + 748 | 923 82.2 72.2
B8O i [ 659 | B44 | 753 92,5 L 82,7 73,1
880 l ‘ | 664 | Ba7 | 757 | 9827 | 831 73.6
800 ! | | 670 | 850 781 | s28 | 836 74,2
520 | [ l 67.5 | 85.3 l 765 | 830 | 840 | 748
840 | | 680 ' 856 | 769 | 832 | B4a | 754

The figures in brackets are hardness values thel e outside the range of definition of the siendardized hardness tes

mathods but which In practice are trequently used as approximate values. Aparl trom this, the Brinsll hardness values In
brackels apply only il the measurement is mede with & carbide bail

'} See page 1
7y Calculaled from: HB = 0.85 - HV
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Expianations

Thia Standard has bean preparad by Advisery Committea
A 2a “Hardness tasting” of tha Fachnormanausschuss
Matarialprillung (Technical Committea tor Materials
Teating).

It takes accaunt of enginearing devalopments since

the corresponding Preliminary Standard appearad in

May 1957, The changes camparad wilh the F'relirnmary
Standard and the essential reasons tor thase are givan
below,

The hardness values for scales HRA, HRD, HRF, HR 15N,
HA 30N, and HR 45N have been newly adopted. The need
tar this arosea from the standardization of thase scales
which has taken place in the meantima (DIN 5010a Part 5
and Part 2). Rockwell hardness scate HRD, which is not
standardized in Germany, has been adopted m this successar
issue because it aiso is widely used, The numerical values
given for the methods in this Table are in agreement with
ASTME140-1972. The hardness values for scales HRB and
HAC in the Table have also been taken from ASTM £ 140~
1972, This resultad in anly minor differences compared
with the previous conversion for HRC {Preliminary Stand-
ard DIN 50150, May 1957 issue), and at the same time
provided better agreement with test valyes in‘the case

af HRD. - i .

tt was not passible to include hardness valueg far scales
RR15T, HR30T and HR45T because aBequite test re-
5ults are not yet available. It is intendéd however to
include these in.the next revision af this Standard. For
this reason, it is requested that any dacuments providing
inforratian on this should be submitted to the Fach-
nomenausschuss Materialpriifung (Technical Committae
for Materials Testing).

The tollawing applies to conversion between Vickers
hardness and Brineli hardness:

In the Preliminary Standard GIN 50150, May 1957 issue,
the numericai valyes for HV and Hg wera identical up to
350. Numerous tests and’extensive analyses of hardness
measurements on standardized test blocks have however
shown that even for very low hardness values systematic
differances occur between the resuits obtained with
these two methods. A better representation of the
measured values over the whole hardness range however
is obtained by the relationship HB = 0,95 . Hy, This has
resulted in slight differences cempared with the Preliminary
Standard, particularly in the range below 350,

In accordance with some requests for changes in the
corresponding draft standard, the previous practice of .-
having separate conversion tables for converting. from
¢ne hardness value to another and far conversion
between hardness and tensile test values, in which
particular hardness test methods were given preference
for the conversion batween hardriess values and tensite
test values (in Prefiminary Standard OIN 50150, May 1957
issue: Brinell hardness: in draft standard DIN 50 150,

July 1975 issue; Vickers hardness), has been abandoned.
in this Standard ail the numerical values are collated in
ane table,

Since even high tensile structural steeis are increasingly
being tested, the range for tensile strength in the Table

has been extended up to 2180N/mm?Z The tensile strangth
values given are based gn extensive co-aperative lests
conducted by VDEN, which were carried out in the lower
range up to about 420 HV10 and on test results by

F. Hahn3), to which the vajues in the range above

420HV 10 graduaily approximate.

The intarmation on the mean uncertainty of measuremant
has not been taken over intg the successor issue since it
does not befong in a convarsion standard but in the
standard for the testing machines. In the present Stand-

ard, there ougnt properly to have been infarmation on the
conversion uncartainty, but at lhe prasent tima thera are
atlit not enaugh measuramant rasults available, Apart fram
this, at the presant lima it s@ams questionable whather
the mean measurament uncertainty can ba charactarizad
by simple caeticients independantly of the propeniss

of the testing machines used.

A in tha Praliminary Standard, May 1957 issue, in this
version al30 no convarsion of the rabound hardnass (a.g.
Share hardness) has been adoptad becaysa ng Standard
has yel bean Rrepared far the rebound hardness. In
addition, resulls obtained with rebound hardnass tasting
machines from differany manufacturers cannot readily be
compared. Preliminary HRC-Shore hardness canversion
curves are given in Figure 2 1.
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Figure 2 HRC-Shore hardness conversion diagram

A comesponding table, limitegd however to conversian of
hardness values, is at the present time recommended in
ISQITC 17.

The table in EURONORM 8-55 comesponds in content to
the tahles in the now obsolete May 1957 issue of

DIN 50150.

————
3 F. Hahn: “Die Priifung der Festigkait harter Stihte im
Zugversuch” {Testing the strangth of hard steels in the
tensite test) Thesis, Technicaj University of Barlin 1968
‘) See aisa: Schmitz, H.,, and Schiiiter, W, “Versucha zur
Vereinheitlichung der Rﬁckpmllhéneprufung' (Tests
for standardization of rebound hardness testing)
Stahi und Eigsen 75 {1955} pp. 411-418,
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