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Tool Steels
Technical Conditions of Delivery

DIN
17 350

Werkzeugstihle; Technische Lieferbedingungen

For connection with International Standards see Explanations.
® The sections marked with a dot contain information on passible special agreements.

1 Scope

1.1 This Standard applies to
a) unalloyed cold working steels (see Table 2},
b) ecold working alloy steels (see Table 3},

. ¢} hot werking steeis (see Table 4},
d} high speed steels (see Table 5)
and to the grades of steel listed in Table 7, which are
used predominantly only for one application, in the prod-
uct forms and as-delivered conditions specified in
Sections 6.3 and 8.2.

1.2 In addition to this Standard, the stipulations in
DN 17 010 (at present stili in draft form) apply.

1.3 (Information on the use of tool steels besides being

given in Tables 7 and 8 is contained in the following steel

application lists 1) of the Verein Deutscher Eisenhiitten-

leute {Association of German Ferrous Metaliurgy

Engineers}:

170 — 73 Steels for tools for the production of bolts,
formed parts, rivets and nuts

171 — 72 Steels for tools for plastics processing

185 — 58 Steels for tools for drop forging

190 — 58 Steels for dies and die inserts for hot extrusion
of non-ferrous metals

195 — 72 Steels for tools for extrusion of tubes and
general extrusion

198 — 75 Steels for injection moulding dies and highly
stressed parts of injection moulding machines

1.4 @ Even 100l steels not listed in TablesZ,3,4,50r 7
can be ordered and supplied in accordance with this
Standard. In this case, the values for the quality proper-
ties listed in Tables 2, 3, 4 or 5, should if necessary, be
agreed for the steel concerned at the time of ordering.

2 Other relevant Standards and documents

DIN 17010 (a1 present still in draft form} Gen-
eral technical conditions of delivery

. for steel and steel products
DIN 50 049
DiN 50 103 Part 1

Certificates on material testing
Testing of metallic materials; Rock-
well hardness testing, C, A, B, F
methods

DINBD 133 Part 1 Testing of metallic materials; Vickers
hardness testing; test load range:

49 10 980 N {5 to 100 kp)

DiIN B0 192 Determination of the depth of
decarburization
DIN 50 351 Testing of metallic materials; Brinell

hardness testing

Handbuch fiir das Eisenhiitteniaboratorium (Handbook

for the Ferrous Metallurgy Laboratory)
Vol. 2: Untersuchung der metal-

. lischen Stoffe (The Investigation of

Metallic Materials}, Verlag Stahl-
eisen mbH, Disseldorf, 1966
Vol. 5 {Supplement): A 4.1 — Auf-
stellung empfohlener Schiedsver-
fahren, B-Probenahmeverfahren,
C-Anatysenverfahren (A 4.1 — List
of recommended arbitration pro-
cedures, B-Sampling methods,
C-Anzlytical methods} 1}, latest
edition in each case

Stahl-Eisen-Priifblatt 15207) (Steet-lron Test Sheet)
Microscopic testing of carbide
formation in steels, using sets of
photographs

Stahl-Eisen-Prifblatt 15841} {Steel-Iron Test Sheet)
Blue shortness test for testing steels
for macroscopic non-metallic in-
clusions

Stahi-Eisen-Priifblatt 16151) (Steel-lron Test Sheet)
Microscopic and macroscopic test-
ing of high speed steeis for their
carbide distribution, using sets of
photographs

Stahl-Eisen-Prifbiatt 16651) (Steel-lron Test Sheet)
Testing of the hardenability of high
quality steels with hardness fracture
specimens

3 Concepts

31 Tool steels arehigh quality steels suitable
for working or processing of materials and for handling
and measuring workpieces. They exhibit a high value of
hardness, high resistance to wear and high toughness

appropriate to the use for which they are intended.

Y} Verlag Stahleisen mbi, D-4000 Disseldorf 1

Continued on pages 2 to 23
Explanations on pages 23 to 27
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3.2 A distincticn is made between the following groups

of tool steels:

a) Cold working steels: Theseareunalloyed
or alloy steels for applications in which the surface
temperature, when they are used, is generally below
about 200°C.

b)Hot working steels: These are afloy steels
for applications in which the surface temperature
when they are used is generally over 200 °C,

c) High speed steels: These are steels that,
because of their chemical composition, have the
highest high-temperature hardness and resistance to
temper embrittlement and hence are usable at temper-
atures up to about 500 °C mainly for machining and
also for forming processes.

4 e Dimensions
and permissible dimensional deviations

in the case of strip, sheet and plate, wire, forgings and
bars, until specific dimensional Standards are available
for such products made of too} steels (at present in pre-
paration} the dimensional Standards listed in Appendix A
of this Standard should be used as a basis, However,
because of the special features of tool steels, not all the
dimensions listed in these Standards can be supplied and
not all the permissible deviations given can be maintained.
If necessary, the manufacturer should draw the cus-
tomer’s attention to this at the time the order is accepted.
Short lengths may be supplied as part of a delivery.
‘Where applicable, agreements should be made at the

- time of ordering on the permitted percentage of short
engths.

5 Calculation of weight
and permissible weight deviation

5.1 The following density values should be used as a
basis for calculating the nominal weight of products:

For steels with about 1IBHRW......... 8.7 kg/dm3,
For steels withabout 12%W. . ... .... 8.4 kg/dm3,
For steels with about 6%W. ... ... .. 8.2 kg/dm3,
For steels withabout 3% W

{including steel B0WCrV 7, 1.2550) .. .. 8.0 kg/dm3,
For steels with about 12% Cr . . . ... .. 7.6 kg/dm?3,
Forall othersteels, .. ... .......... 7.85 kg/dm3.

52 ®#The permissibie weight devia-
tions canbe agreed at the time of ordering.

6 Classification of grades,
selection of steels and product forms
6.7 . Classification of grades
The tool steels are classified into the groups listed in
Section 1.1, :

6.2 Selection of steeis

The selection of steels (see Tables 2, 3,4, 5 and 7). prod-
uct form (see Section 6.3) and as-delivered condition
{see Section B.2} is the customer’s responsibility.

6.3 Product forms

The steels according to this Standard are supplied in the
form of wire, steel bars {round, square, flat or other
cross-section), discs and other shaped parts and as sheet
or strip.

7 Designation
7.1 Grades of steel

The abbreviations forthe grades of steel should
be formed in accordance with the explanations to DIN
Normenheft 3, 1976 edition, Sections 2.1,2.1 and 2.1.2.2
and the material code numbers inaccord-
ance with DIN 17 007 Part 2.

7.2 Order designation

The code numbers or material number (see Tables 2, 3,
4, 5 and 7) for the grade of steel and the code letter or
appended number for the as-delivered condition (see
Section B.2) should be appended to the symbol for the
product (see also Section 6.3) as shown in the examples
of designation in the dimensicnal Standards (see also
Section 4).

Example:

Order of 1000 kg of open die-forged round bars made
of 3 steel with the code number X 185 CrVMo 121 or
material number 1.2379 in the soft annealed condition
{G or .02} of cross-sectional shape A and by forged
dimensians {8} in accordance with DIN 7527 Part 6, of
diameter d = 120 mm, in manufacturing length:

1000 kg bars DIN 7527 — X 155 CrVMoe 121G — AS 120
in manufacturing length

or

1000 kg bars DIN 7527 — 1.2379.02 — AS 120 in many-
facturing length

8 Requirements

8.1 Manufacturing process
8.1.1 ®The smelting process isatthedis

cretion of the manufacturer; it must, however, be dis-
closed to the customer on request.

8.1.2 ®Thechoiceofthe shaping method is
at the discretion of the manufacturer except where it is
determined by the product form or has been agreed at
the time of ordering. ’

8.2 As-delivered condition

8.2.1 e Surface condition and machining allowances

According to the product, tool steels can be ordered and

supplied in accordance with various classes as regards the

machining allowances, i.e.

a} with full machining allowance; i.e. in general un-
machined;

bl with restricted machining allowance, i.e. in general
pre-machined on all sides;

¢} without machining allowance.

Surface defects and surface decarburization are permis-

sible within the machining allowance.

Note: Until the Standard on machining allowance classes

at present in preparation has been issued, the necessary

agreements should be made at the time of ordering.
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_8.2.2 ® Heat treatment condition

With the exception of the steels C 45 W {see Table 2} and
40 CrMnMoS 85 (see Table 3) the steels in this Standard,
unless otherwise agreed at the time of ordering, are sup-
plied in the soft-annealed condition (G or .02).

8.3 Chemical composition

8.3.1 The chemical compositioninthe ladle ana-
Iy sis isspecified for the steels dealt with in this Stand-
ard in Tables 2, 3,4, 5 and 7. Slight deviations are per-
mitted provided the requirements given in Section 8.4
are complied with and that there is no harmful effect on
the properties of the steel in use and the workability.

832 eForthe product analyses ofthe
steels in accordance with Tables 2, 3, 4 and 5, in the case
of products up to 160 mm diameter or equivalent dimen-
sions, the permissible deviations specified in Table 6
apply in comparison with the limits specified in Tables 2,
3,4 and 5 for the ladle analysis. For products of larger
dimensions, where applicable, the permissible deviations
should be agreed at the time of ordering.

8.4 Mechanical properties

The steels in Tables 2, 3, 4 and 5 must comply with the
values given in these tables for the soft annealed or
hardened and tempered condition.

" 8.5 Surface condition and internal defects

8.5.1 All products must have a surface appropriate to ;
the manufacturing process (see Section 8.2.1),

8.5.2 ® The steel must be free from internal defects
such as pores, cracks, blowholes and macroscopic non-
metallic inciusions that couid have a significant effect on
workability and usability. .

Any special reqguirements regarding the internal condition
should, if necessary, be agreed at the time of ordering.

B.6 Condition of structure

For the “soft anneated” heat treatment condition which
is the normal one generally supplied in accordance with
Tables 2, 3,4 and 5 (except in the case of steel C45W
[1.1730] in Table 2 and 40 CrMnMoSB 6 [1.2312]in
Table 3) the structural conditions listed in Sections 8.6.1
to 8.6.4 are the most likely to occur.

B.6.1 Inthecaseof unalloyed cold work-
ing steels asgiven in Table 2, the structure consists
of ferrite and carbides,

B.6.2 Inthecaseof cold working alloy
steels aslisted in Table 3, with the exception of
steels with = 12 % Cr, the structure consists of ferrite
and carbides. The carbides shall, if possible, not be con-
centrated at the grain boundaries. Cold working steels
with = 12 % Cr also contain a larger proportion of eutectic
carbides. They are arranged in lines or in a network
according to the degree of deformation. Their magnitude
is determined by the size of blank used and the degree

of forming necessitated by the final dimensions.

863 #Hot working steels ({see Tabie 4)
have a structure consisting of ferrite and carbides, In the
case of large dimensions in particular, zones with segrega-
tions are permitted, provided the properties of the steel
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in use are not significantly affected by this. The carbides-
shall, if possible, not be concentrated at the grain
boundaries.

If necessary, special agreements on the structural con-
dition may be made at the time of ordering.

8.6.4 ®Thestructureof high speed steels
{see Table 5} consists of ferrite, eutectic carbides and
secondary carbides, The carbide diameters are affected
by the size of blank used and the processing conditions.
in the case of thicker dimensions, larger eutectic carbides
are likely to occur. High speed steels with high vanadium
and tungsten content have larger carbides. The eutectic
carbides are arranged in lines or in a network according
10 the degree of forming used.

When assessing the carbide distribution in accordance
with the guidelines in Stahl-Eisen-Priifblatt 16151) stage C
may occur for the dimension range concerned in isolated
cases within a delivery. -

i in special cases more stringent requirements are neces-
sary, these have to be agreed at the time of ordering.

9 Heat treatment

8.1 For approximate values for heat treatment of too
steels and the associated hardness/annealing
temperature curves seeTables2,3 4and5
and Figs 1, 2, 3 and 4.

9.2 Supplementary data for heat
treatment including time/temperature-transform-
ation diagrams for steels as listed in Tables 2, 3,4 and 5
and approximate values for the effect of the workpiece
diameter on the core hardness and case hardening depth
of cold working alioy steels and on the dependence of
the mechanical properties on the test temperature of hot
working steels are given in Supplernent 1to DIN 17 350,

10 Testing

10.1 @ Acceptance test

The customer may agree acceptance tests for the require-
ments concerned in accordance with Section 8 at the time
of ordering. Such acceptance tests are generally carried
out by the supplier’s inépectors, but by special agreement
at the time of ordering they may also be carried out by
outside inspectors acting for the customer. Unless other-
wise agreed, the stipulations of Sections 10.2 to 10.6
apply to acceptance testing. Even if no acceptance tests
have been agreed, the delivery must comply with the
requirements of Section 8.

10.2 Extent of testing
10.2.1 The stipulations in Sections 10,2,1,1 10 10.2.1.4
apply to all products.

10.2.1.1 ®*Chemical

If proof of the chemical composition in a product analysis
has heen agreed at the time of ordering but no stipulation
has been made as to the extent of testing, one specimen
shall be taken per melt.

composition

1) See page 1
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10.2.1.2 Mechanical properties

10.2.1.2.1 One test piece per melt, per heat treatment
batch and per dimension of the product shalt be taken
for testing compliance with the stipulated hardness
values in the soft annealed condition.
If the differences in dimension are only slight {a thick-
ness ratio of about = 1.5) there is no need to test the
products separately by size.

it heat treatment is carried out in a continuous process,
one test piece shall be taken per 10t, but at least one test
piece per melt and per dimension range.

10.2.1.2.2 One test piece per 10 t shall be taken for test-
ing the hardness values in the tempered condition, but
at least one test piece per melt.

10.21.3 eSurface condition

If the customer requires retesting of the surface condition
or the surface decarburization, the extent of such testing
shall be agreed ot the time of ordering.

10.214 Internal condition

10.2.14.1 ®*A macroscopic inspection
of thepreductsfor non-metallic inclusions
may be agreed at the time of ordering, the extent of the
inspection being agreed at the same time.

A microscopic examination for non-metallic inclusions is
only carried out in special cases for tool steels.

10.2,14.2 o Ifthecustormnerrequires examination
of the structure of the products, the extent of such
examination should aiso be agreed at the time of ordering.

10.3 Sampling and preparation of specimens

10.3.1 Fortestingthe chemical composition
of the product, chips should be taken uniformly over the
complete cross-section of the product being tested. If
this is not feasible, the chips should be taken at sujtable
places characteristic of the complete cross-section,

If the spectral analysis method is used, the test may be
carried out at the surface of the product; in cases of
doubt, however, a number of analyses must be made
across the cross-section and the average of the results
taken. :

10.3.2 For hardness testing in the as-
delivered condition, thesurface of the test
piece or a specimen taken from the test piece in the as-
delivered condition shall be prepared in accordance with
DIN 50 351 or DIN 50 133 Part 1.

10.3.3 For testing the hardness in the tem pered
condition, aspecimen shall be taken from the test
piece in accordance with the conditions given in Fig. 5.
The specimens shall be hardened and tempered under
the conditions given in Tables 2,3, 4 and 5, taking the
necessary precautions to prevent-decarburization,
During the complete heating period (residence time) in a
salt bath, the values given in Table 1 apply.

1} See page 1
?) Handbuch fir das Eisenhiittenlaboratorium (Hand-

book for the Ferrous Metallurgy Laboratory), Vol. 2
and Vol. 5 (Supplement), {see Section 2}.

Table 1.
. Residence time Tempering
Specgme?s for hardening time
made o min min
Cold working ot 25+1
hot working steels [see also 60
{see Tables 2, Supplement 1
3 and 4) to DIN 17 350}
3
High speed steel {see also at least
(see Table 5) Supplement 1 2x60
to DIN 17 350)

If the specimens are not heated in a salt bath, the heat-
ing period shall be appropriately increased.

The cut surface shall be prepared in accordance with
DIN 50103 Part 1 for Rockwell C hardness testing or, in
the case of high speed steels, if necessary, in accordance
with DIN 50133 Part 1 for Vickers hardness testing.

10.3.4 For testing for surface decar-
burization, thesampling procedure and prepara-
tion of specimens are as given in DIN 50 192.

10.3.8 Samplingfor macroscopic testing
for non-metallic inclusions isasgiven
in Stahi-Eisen-Priifbiatt 1584 1).

1036 For investigating the structure
of high speed steels, samples are taken in accordance with
Stahl-Eisen-Prifblatt 16151). For investigating the struc-
ture of cold working and hot working steels, sampling
shall be as appropriate. :

10.4 Test procedure

10.41 The chemical composition shall
be tested in accordance with the method specified by
the Chemists’ Committee of the Verein Deutscher Eisen-
hittenleute [Association of German Ferrous Metallurgy
Engineers} 2).

10.4.2 The hardness tests are carried out in
accordance with DIN 50103 Part 1 for Rockwell C hard-
ness, DIN 50133 Part 1 for Vickers hardness and
DiIN 50 351 for Brinell hardness.

10.43 The depth of surface defects is
measured by grinding out, filing down, by electrical or
magnetic test methods or metallographically on a
polished secticn.

Ifatestof surface decarburization is
required, this should be carried cut using one of the
methods given in DIN 50 192 or alternatively, in the case
of high speed steels, using the so-called colour ring
etching method. In cases of doubt, the carbon content
shall be determined on turned-down specimens.

1044 Macroscopic testing for non-
metaliic inclusions iscarried out on blue
shortness specimens in accordance with Stahl-Eisen-Priif-
biatt 15841).

10.4.5 The structure is examined microscopically in
accordance with Stahl-Eisen-Prifblatt 15201). By this
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means the size and distribution of the austenite and
ferrite grains and of the carbides can be determined.
Determination of the distribution of the eutectic carbides
in high speed steels is carried out in accordance with
Stahl-Eisen-Priifblatt 16157},

10.5 Repeat tests

10.5.1 For all products, the stipulations in Sec-
tions 10.5.1.1 to 10.5.1.3 apply.

10.5.1.1 If an unsatisfactory resuit in a test is attribut-
able to one strictly limited defect, this result shall be
ignored in deciding whether the requirements have been
camplied with and a substitute specimen tested.

10.5.1.2 If an unsatisfactory result in a test is attribut-
able to improper heat treatment, the heat treatment may
be carried out again and the complete test shall then be
repeated.

10.5.1.3 If the test results of individual specimens fail
to meet the stipulated requirements for other reasons
than those given in Sections 10.5.1.1 and 10.5.1.2, two
replacemnent specimens from another test piece should
be tested for each specimen that fails. Oniy if both these
specimens meet the requirements will the test unit con-
cerned be regarded as meeting the conditions.

10.6 Test certificates
10.6.1 ® The customer may agree at the time of ordering

on one of the certificates in accordance with DIN 50 048,

10.6.1.1 @ A works certificate is sufficient for certifying
that the heat treatment has been carried out as ordered.

10.6.1.2 ® A works certificate must be agreed for
reporting the result of a ladle analysis.

10.6.1.3 @ An acceptance test certificate or an accept-
ance test report shouid be agreed for reporting the result
of a hardness test. o

10.6.1.4 e Certificates on other tests can be agreed at
the time of ordering.

354
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11 Marking, packaging and despatch

11.1 # Coils of wire up to 30 mm wire diameter or
equivalent cross-sections of strip, sheet or shaped materiaj
and also bars are bundled and labelted. The marking con-
tains data on the supplier, order nurnber, melt number,
grade of steel, dimensions and coil weight. Larger dimen-
sions and separate pieces shall either be separately lettered
with paint or stamped. The extent of the marking should
be agreed at the time of ordering {see also DIN 1599).

112 Steel bars with ground or polished surface are
lightly greased to protect the surface, This surface pro-
tection, however, will not prevent the surface starting
to rust after a lengthy period of storage or under unsatis-
factory storage conditions,

11.23 The packaging must be such that the bars are not
damaged by bending during transport.

12 Complaints 3

12.1 Objections may only be raised to external or in-
ternal defects if they impair to an appreciable extent
appropriate working and utilization of the grade of steei
and shape of product.

12.2 The customer must give the supplier the opportu-
nity to check for himse(f the validity of the complaints,
where possible, by submitting the material complained
of together with samples of the material supplied.

1) See page 1

3} For explanations on this complaints clause in Quality
Standards for lron and Steel see DIN-Mitt. 40 {1961},
No. 2, pp. 111-112,



# 34/ 43

5

H

04PM;

01—=-12-11

Page 6 DIN 17 350

"AIELINS BYL PUB UOI1285-55 04D 3y 530108

Y waopun e

O Al@]] SI [2119)8UL GU) ‘WLl G INOGE JO FAUXNRYLE 01 dN 1AYS 4O MEI Byl Ui [g

'G "B pur 0701 vonING Beg (g
G991 HEQIIL-uISI 3RS YA RUBDIDIIR W uolidadsul (ent)a 01 Ajdde sanea By | i
SJaeM = M Cjlo = g elpew Burpusng &
"0S1 05 NIQ YiiM 39UBRIOIIE U1 1ANER SIBUPIEY [|AULIG OILI PALAIGC 81 0] BARY PELILIZSIEP SONIBA SSOULLIEY 518%T1A BY) ‘EED SIY) U] “PAUIMLISISD 6 AP TIBUDIEY $19331A BYI ‘SUOISUBLIP |JeWS SO Iz
In22c o1 Ajexy| ale saybiy §H OZ o1 dn sanfea 'Bul|os p|od ssed-uys 10 Bumesp poa dn-mojjoy Bujyoaul s3anpord JjomeIayI Uy

09 0gl M o8¢ 01 XA M 0og o 0L L £le 0z0'0 0Z0°0 S52'00101'0 (| SZ001Q1'0] 01'L o100 L | SpS5L°L| LM SOL D
L5 0Bl 0 oLg 1 Big u fazi St 0 oEs 93 008 [4#4 0zo0 SZ00 } L0 MOS0 | 0P0GZ0| 06001080 DEBL'Y M S8
saAIna .
6% [1):1 M 06L ainesadu) o LA M 018 91 0BL Z61 0zo0 0z0o SZ0O0I0L0 ) STOO01'0| SBOOISLQ| §25L°L| 1MOED
-Buiradwas — o
5 084 M 008 [SsUPIRY 325 al 0t M 0Z| 01 06L £81 JEQD 0E00Q | SEOOI0LQ ] CEQOQI'0| $LOOGESO| 029L°L] ZMOLD
4] 1513 Q oLg 4] SE 0 OE8 1 008 1E2 SE0D SEQ'D {0BOCIDIO | OPODIGL'O| SO0 QISG0| OPLL'L Mmo9 D
GH 06§ YNOgE JO SIUBIEY € LM Luawieas) eay [Eoads 1noynm paddns Ajjewaou 5| SEQQ GEOD | 0809090 | 0P 0DGI0) 050 N0P 0| OELL'L MSrD
i ALt FT) t TP .17
M Do ’ Je OHH Jo ww ww 2o lz 8H s d un 15 2 o fequuny
K
Buy amie Bul ane i1 1240 Lt Q2 e rew we
-dpdwpy | -asdwan aine -sadwiay | -sadwa| sejawe 14
e Bul E:._WQE -sadwa ) Jaye Bur _.umcw_.ﬂ._w“ 10} yidap E_.__"mqu amesadway | |y voupuos
" uonEnIuad : pajesuuE wybem Ag %
ssauprey [-1adwa ) ssavpiey [-adwog gy 2313 |O apes
saupe ssauprey ssaupe 1408 31 Uy usiHsodwod [eawayy i 9
H H SSaUpIeH

Is Buysadiwal Jale ssaupiey

$INSLB13RIEYT AlfIGRUapIRY pue Buluaprey Joj sanjea aiew)xorddy

uonpuos pajadiua) pUB pAUIpIeY 31} Ul PUE LOIHPUCD PI|E3ULIE-JIOS BY) VI STOURIEY PUE $25141984EY ANjIqRUBPIRY ‘JURWIIERL) 188V JO) EIED ‘(s1sAlRUE B{pe|) uoIsodwod edwey) ‘7 Ajqe]

§jo03t Bulyprom piod pelojeun 1oy

355



# 35/ 49

5

01—-12-11;

C04PM;

DIN 17 350 Page 7

‘E%OIDOE0D0 (g,
“ugishuny jo 5,060 01 L0 1o uoiiippe AqQ peaejdas aq Aew uoylppe WhUIPQA oW Sy ) {zL
“uaibuni Jo %09°'0 01 Oy JO UDIUPPE AQ pacejda: aq Anw WOtk e winuapq i aw ayy (),
"ABAR} RIULINS PAZIHNCUED Sy O $1948) BaMie ladLD) Buiueuey #q) ‘BUIUInIEY 35D AL 4R SsaUfUeY 0@ NG o
“0inlRsedie) staupuey B4l AQ BBUE) ADIM B 1BAD HQRSIVDD §| Yidap uatieslauad ssaupiey sy g
"POPUELILIONAI ate ), OROL 01 DGOL 10 Fasniesade: Bujudpaey *Alcbeys 001 R} Jou PROYS STAUPIEY Ayl ley) Paunbal 5 1 1 *pue Bupadural pue Buluspey 1a1E 0 PaLED 5 Bupiiu T
‘96 N3 U #peLB s10RIFICD BY) 10 URYL Pa)j128ds 5] ANRA SSBUPIRY JaME ® O5E 33Uy puR aniespdwal BulLapiRy Jamof T Bunisisl 10 1abuep sy jo :nedag |,
'{SUCNEUE|OXT #af) PIBPURLS SIY] }O ANt JAIE| B Ul PRUIRINGD 3] 195uo| ou Ajgeqaid (s (@818 sy la
"G B pue £ETDL UoNaes eg (g
. THIRG 10U = Qp “ralem = MR = ] ‘{0 = Q) Bipew Buryauanyy |,
"051 05 NIQ 41 BIUBPIOIIE U) SINIEA SSAUPLBY |JaULIE OILI PALIBAUCT B O) GARY PALLLISIRR TN|EA $56U MIEY SIAAA YL "F5ED L U] "PILILIAIAP 9 AR SIAUMIRY $28331A BY1 TUSEUSLID [JRusS 19y g
“ANID0 O) A|xi| S4B saybiy g 0Z INoae sanjea 'Bunf) 0u P03 s5R0- LS 10 Buamesp ploa dn-mop|0} Sura oA nionposd 30 323 Ayl u) z
"{18A3MOY (| BIOUI00) 203} Aldde § % 00’ T puE d % 0C0°0 = senjesayl siaals (e Jog i
'BH 00F 1N0Ge JO $tupJey B {itw v0ILIPUGT pasadwzl pue payduanb syl u) paijddng AJBWICL 5| - - - SZOMSIT0[00E @081 |09 O 0%t [0S0 o106 |Sp o o 5E D EIZET'L | i) 9 8 SOWUNDOF
9% [e::) o] oLotL o} or0t M 000L|  GBZ - - 007 “xew OE' 1 0007 L{D0 LL I Q0S| 00| xew | ooy 'xew (ppp o1 gEp LTt Ll o3 9E X
65| o081 | o | oos 3 qe8 008 ggz - - OE'y 21 08°E |z STONSL0(0r1 avol) {Gyoosiofovo morojzzoagire]l  verzi| v opeomet x
25 sl o] 058 [s] 0L o10vg L9z - - OF'# 01 08'CJl) 1 SE0 @ GL70{QG L 0502y | S0 01 5i"0{0F'0 @ 010|050 = op0 [1-Tr o} F OWINGE X
ts [3:18 o] 068 o] 006 MOLB BZZ [OI°Z 0100110202104 0 -~ - DZ'L 91060 {SPFO9151°0|04°0 © 0570890 01 6470 05674 L ADM 09
65 1} 0 oza o acg a9loog 6ZZ | O£t o1 00’y - - - {017l ©106°0 0171 @ 0E0{O¥' 0 G eND|01t o1 oot SLYZL § M 501
Bg 1213 0 ooB o] 0’8 MO6L (44 - 51'0 M 50°0 - - 05'0 =020 {0L°Z OLGE' | [OP'0 9 01'0[560 © §FQ [4 ;) 2 ALIup 06
z iy
oy 85 [1::13 4] azg saAID u] org Mol (414 = U= - - 0C) 910071 fOrL WoiL|SE0mSo|pzooiga ZQITL § DU 12
ainjesadway
09 oal M 058 -Guliaduial M 6056 ©1 008 6ZT - 0SE % 00°C - it - 0S'0 GLOE 0ISE'Q B OZ'O[ 05t Ol Ov L BESZL £LASKL
b piey asg
09 08 o [41.0:] 4] 0S8 010Z8 tze - - - - SOl OISE'L | S¥DOISZ0|SED M GIe|oLT mgED L902°L 943 00L
og [ o | m | ose P eelo) o ey )| ez - Z10 ! £0D - ~ oFo aloso [ovo s ozoloco o syofszy oory|  ovzz £ AL
69 2.2} o ocot 1M 0 [igo8oL M ozol]  ssz - 01’1 Q1060 - 080 01 09°0/00°Z) 210071 L S#°0 04 G1°0|0F'0 0 01°0|09'| ©1 05| BZETLI L ZL OWATI S5 X
{09 08I 1 {000t amM'1°'0| Otol o10B6 SGT [ 09°0 91 0P D[ 0G0 M OLO - 0L0 1 06°0/00°Z, 9100° 11| oF'0 @ 0z'0f0r 0 @1 SZ'0]5¢1 01 657 GUHODSZ 1} (g iz 1 ADWIDZEIY X)
09 121 o] 096 am ‘0| L6 A 0p6 BYZ - e - - OCZL OO0 LY S%'0 M SE-0[ 0% 0 01010022 1 06°L g¥080¢'1) {9 (Z} 42 01Z X))
08 o8t o 096 1'am 0| 086 ©1 098 S5Z |ogo=pgo - - - OXZL IO LLf S¥°0 0161°0|0F"0 03 010|522 @ 00'C IEwll Z1L MDOLE X
1w 1)
WOH [ 32 %0 [won| oa Do €BH M A N oW 10 uy s 3 Jeoneyy | eaanu 3pod
Bupad anje Butsaa anje
r - U
“ﬂ -aadwa Eﬁ._u e .w:h”. -ipdwgl [ ane _n.: o.“_u
nau SM“V aw [1HEWAL Loy ¥ w“._nn LimpRu Rdwel | L esuue IyBIas Aq o
paegy | 1 -pugyy |EOOL o1 {1 vosodwod [EXWayY 13313 jo 3pesg
SIUIEH SSaUpIRH Yy u
SSALPIER,
{5 Bupiadwal 1a1je ssaupiey 10y sanjes alewxoiddy

(o]
512915 Aojje Buijrom poa sof UOIIPLOS PASBALLE] + PEURPINY Y1 1Y PUF UOIHPUOD PAIRBUNE-10T DY} Ul RHOUPIRY PUE JUBWILEAD J23Y JO) RIFP *(trAEur ope|) UotLsOdWED jEaWey ] g aqe ) %



# 36/ 49

04PM;

5

01—-12-11;

Page B DIN 17 350

"0 1 0S NIQ UHM 3IUBPIDIIE U1 SAMIEA FIRUPIEY (I3ULIG OLUI PALIBAUCS B O BAEY PAUILLIIIED 18004 STRURURY S4ILA BY) "9£E0 SIU] U) * PRUILLINER 3 AGW SSTUPIEY S1801 A, BY3 “SUDISUGULD [|EWS 10 g

‘G b1 pue £ g pL Uodeg 88 g
THIEQ10Y = gp N = ] CI0 2  epewr BulyduenD

*aN200 oF Apinyr| ase JeyBiy gH OZ © dn sanjea ‘Suljos pod ssed-upp 1o Burmesp pros dn-mojo; Huajoawn s1anpoud jo ases 8yl Uy fz
“Aldde g % OL0'0 5 pue d % 0CO'0 5 $9N(eA byl spamis e oy |,

tr | oas | o [ ovon am-o |osoL orowos| 622 jorowmovo - OUE®I09C |0ZEOIDLZ | SPOOIS'D |0V 0L'0 | 5C°0 1 820 | 5961 |E€ ACWIDZE X
15 | oss | o | ot £y w QM "1°0 {0904 S10ZOK  6ZZ | OL') ©10F0 - 051 CI0Z') [0S'GOI08 | 050 CYOL'0 {021 01060 | £v'0 6 £6°0 | voEZ'L |15 ASwD oY X
faAIND
Os | 055 | O | ozoi | smeadwai | am 10| OpOLOI000N 622 [0S0 otsLD - Dp'$ o101l | 0SS CL0BF | 00 OLOC'D [ OZ'L 01060 | Zb'0 ® 9E'D | E¥EZ'L [1S ABWID 8L X
-Bulixiwal F IS
(=2} - - - - . - - . - . . - -
# | 005 | O | 039 | mseuprey sag o |8% S8l ez |zvoowo [ostoioss| ssoorere [ozi o100t [ 5500590 [oram 00 | 0909 050 | biez] L AewOIN
ov | oos | o | os8 O 08 CI0EB | BPZ | ZI'0®IL00 [NELOVOSL [ SEBOIGZ'0 [ 0F0 V090 [ S60 0590 [oroo1010 | 090 @ 050 | £LezL | s AN GG
e xew
JHH| Do Jo JHH Jo Jo c aH A N oW ko) uw 'S 2 _m:wq_m_z RquIny apog
Buriad ane Butiad aamre .
Wi {er -way {z uomip
oye LwM:....u. wrp “M_dm sye LwMEw. % une uo
o | ey | [T e | T BB ] pareauue wbem Aq %
-pIEy 4 ‘piey L o {3 wonsoduiod jeanusys 12€1s |0 3pein)
ssaupuey ssaupiey aylw
ssauprey

(e Bursadwal Jalje ssauple

10} $an|eA alewl xoaddy

$13215 Buixiom 104 10} UOHIPUGD Pasadudl + PBUBPMEY JO PBjERULIE-JOS Y] UI SSBUMLIZY PUE JUBUIERIL 180U 10 BIED *(SIA|ZUR S1pe|) UOIItOdOD eRwWwByy 'y ajqe )

357



51

# 37/ 49

04PM;

01—=12-113

DIN 17350 Page 9

*(WonRuR|dX ] se) PURPURLS M) JO BNSS) JBIE] B Ul PRUIRIUOD Bq Jabud) O Ajqeqoid [{IM 1815 WYl (g
TOWES 341 LAIIIC BUIRG GOHIFOLIDD [EIILLIALD ALY 'S K.G1'0 01 OO'Q UMM 11X8 O|E 5803 W) {SPZE' L) S G250 § PU¥ (OVEE'L) S 2-59 OS {1¥EE L) § Z-5-0 S Suoisubrsap syl sepun ]
BUNTEN SIGUPIRY J ([$MNDO0Y 10§ BANIEA LUNLILIL Bt 1M HOtadiucd WA DUILLLISIBN AT IIOWS LE seky | I
G B pue £'ET0L UOUES WS (g
TYIRG 104 ‘taead Uol QIR U] (g
MR =Yg oy = M N0 = O BIPeL Buyduenp |,

051 0§ NIQ Ytk 22UBPIOTTE Ul SINJEA SSOUDIEY |J3UL/E 01U PILIAAUGD B O] BABY POULUINIBE BANPA SSRUDITY SIHMA, B1 “S660 HUL U] "PRUILIMLED K] URD SSBURALY LA B “FUOIS LIWLD [eL g i
UN220 o1 AjaNY| BUE GH QZE 0) 0N JO senjea ‘Buijjor piod sred-uiys JO BulmeIp PO dn-rmapjio) ButA DAL SIINROID | WES By U iz

“Apdde {8 #10u100) COIY 8K} S % OCO0 T PUR  KOE0'0S U K%OV'D S 1S % GO 5 SONIEA SYI 1AM jlv g (|

{016) 99 ovs [am 0| ostLl 1'AMOl0IZL 010 L | QOE I OFZ | OF'L ©10Z°L [OE'L S100°5 | 00°01 ©1 006 | O ¥ D108 E | PSR OI 05 L | Z1'L OV SD'L lLPIT L} |l 1B 102 S)
{058) 9 095 |am O} 0BZi T79M'0| O0EL B109Z4) ODE O1OPZ | OGB1L S10G'2L | 041 910K L | 080 91060 |0y 0108 | 0050105y | EBD OISO SSZEL ST 181 S
0a8) 59 09s |9m 'O} OEZL 1AM 0| 0821 C1OIZL[ OOE 0 0PZ | OSZLOIDG L {00y CIOGE|00L S oLa | ogyor 08°C | 006G 010Gy | S L Q1OE| TOLEL Srills
oL6} 99 095 |am‘o| oez: ¥ By u T'aM'0| OSZL M OLZif 00C O OVZ | OOTOL Q100G | 05C OLO0E|06E o 0Z°C | 0S'F 1 08'C | 05°0L 21056 | SE°4 S0} Lo0ZT'L oLrcrol s
soAIND

0186) 99 OFS [9m'0| DDZi unesadwar 1A 0ZT M OBLL| Q0L O OPZ | D17L NI0g" ) a10¢° "y 010G ‘i 01 0§ g - . . . .
Sonsauns 09°% |06} O [D0¥ O8'C | OSPOIOBE | OTSOI0R Y | GI'L O1GDY G¥ZCL STPLS
0581 9 098 |am‘0o| ozZzL fesaupiey aag 1 °AM°0 | OFZL @I 00ZL] 0D ©1 OPZ | 0L78- 010009 |OOZ QMO L{0Z'S M oLy | 05 01 OB | 0050 0TF | 960 BR0| {gEWZEL SZSES
1088) 58 098 |[9m'0| ozzZ) 1'AM'O| obZIL M O0ZL| OOC O OFZ | OL'9 o100 |oZeoorz|ezs ooty | oy mopE - LTL O L0 rrEfL £€59s
{o88) 59 695 [9m’'D| 00zl TOMO(0ZZTL PI08LL] OOE Q1 OPZ | 0£'9 C100'9 FO0ZOIOLL|0Z'G S OLY | 0SP O oBE - SO'L 016560 [gZ¥EE’L gZ592J8
{0681 +9 oas [am‘o| oLzt NAMTO{ 0EZL YIDBLL| COE OV OFPZ | OL'9 010079 [O0ZOIOLL}0Z'S OL0L'Y 057 01 0B'C - PE0 01980 | (gEPELL 82598

e )
(oL AR) oaH | 2. Jo | DHH | Do Do & 8H i A on I o0 3 E_mﬂs_ equinu spag
anje m:_._wn_ ane
[ . -
E“m_hi_ -sachugy Mmzuvu sane bu._.”“ cadwn| g Bimpe le ._.._._n_.u_“_u
$saupIR Y .wM:_ o |ROWEL o Bur | wnepawr | -seduiay pajeauLe Wybiean Aq g
~1@dwa j | . -dachus | y L]
pey BT {1 UOIUSOGWDD |edldyD 1841s 0 IPRID
ssaupiey staupiey LTERTT
ssaupIBL

{g Buniadway seq)e ssaupiey

40} sanjea Newnxoiddy

§(@01s pasds YBiy 10) UOIIPUGA Paiadilia) + POUBPIEY 1O P3{EAULIE-}JOS JH} UL SSAUPIRY PUE JUALIIERI 320y 10) EIEP ‘IsAfeue

ajpej) ojusOdwoD [EDIWNYT G AqRy

358




01—-12-11; 5:04PM;

# 38/ 49

Page 10 DIN 17 3580

Table 6. Permissible deviations in product analyses from the limits given in Tables 2 to 5 for the ladle analysis

. . Permissible deviation of the product
Element Permissible maximum content analysis from the limits given for the
in the ladle analysis ladle analysis 1)
= 1.00 +0.03
Cc > 1.00= 150 +0.04
> 160 2256 +0.05
Si = 1.00 +0.03
> 1.00= 1.20 + 0.05
Mn = 1.00 +0.04
> 1.00= 210 £0.08
P < 0.035 * 9003
+0.005
5 = 0.05 0
> 0.05 = 0.15 £ 0,01
Co = 5.00 +0.10
> 5.00 =10.50 +0.15
= 1.00 £0.05
> 1.00= 3.00 *0.07
Cr > 3.00 S10.00 +0.10
>10.00 £17.00 +0.18
= 0.50 *0.04
Mo > 050 = 1.00 ) +0.06
> 1.00 =10.00 *0.10
= 030 ‘ +0.02
v > 030 < 050 f +0.04
> 050 = 1.00 ‘ +0.07
> 1.00 £ 4.00 : 0,10
= 1.00 +0.05
> 1.00= 2.00 +0.07
w . > 200 = 500 +0.10
> 5.00 =10.00 £0.15
>10.00 =18.50 +0.20
1) In any one melt, the values for an element in the case of several product analyses may either be only above the
upper limit or anly below the lower limit of the range applying to the ladie analysis.
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Page 12 DIN 17 350

Table 8. Particularly characteristic possible applications for tool stesls in accordance with Tables 2, 3, 4 and 5

Steel group

Grade of steel

Code number

Material No,

Qe

Principal application

Unalloyed cold working steels

in accordance with Table 2

cCasw

1.1730

Hand tools and agricultural implements of all kinds, assembling
parts for tools, tongs.

ceow

1.1740

Hand tools and agricultural implements of all kinds, shafts and
bodies of high speed steel or carbide compound tools unhard-
ened hot sawing blades, assembling parts for tools.

c70w2

1.1620

Inserted tools in compressed air devices for mining and road
construction.

caowi

1.1525

Dies with shallow impressions, cold heading dies, knives, hand
chisels, chisel peints.

cssw

1.1830

Frame saws and circular saws and also band saws for woad pro-
cessing, handsaws for forestry, mowing machine blades.

C105W1

1.1545

Fast cutting tools, cold heading dies, extruding and embossing
tools, gauge blocks.

Cold working alloy steels

in accordance with Table 3

X210Crw 12

1.2436

Cutting taols, guillotine blades for cutting steel sheet up to about
3 mm thick and for cutting hardened steel strip, broaches, highty
stressed woodworking tools where the toughness requirement is
not too high, shaping and flanging tools, blades for producing
chopped wire, thread rolling tools, deep drawing tools, press
tools for the ceramic and pharmaceutical industry, drawing
cones for wire drawing, extruding tools and guide strips, sand
blasting nozzies. '

X210Cr12

1.2080

Same applications as steel 1.2436 with reduced hardenability.

X165CrMoV 12

1.2601

Same applications as steel 1.2379.

X155CrVMo 121

1.237%

Dimensicnally stable high performance cutting steel, fracture-
sensitive cutting dies, metal saws, press trimmers, bending dies,
guillotine blades for a sheet thickness up to 6 mm, cold shearing
blades, flash trimming dies, thread roiling tools, highly stressed
woodworking tools, hobbing tools, extruding tools.

Generaily: Applications similar to those of steels 1.2436 and
1.2080 with higher requirements regarding toughness.

118CrV3

12210

Taps, ejectors, punches, countersinks, gear cutters, mortice
chisels, ejecting rams {preferably used in the form of bright
drawn carbon tool steel).

100Cr 6

1.2067

Gauges, mandreis, cold rolls, woodworking tools, flanging rolls,
punches, tube-forming mandrels, drawing mandrels.

145V 33

1.2838

Coid heading tools with high abrasion resistance, press trimming
tools.

21MnCr 5

1.2162

Tools for plastics processing that can be machined and case-
hardened,

90MnCrv 8

1.2842

Punches, cutters, deep drawing tools, cutting tools, mouids for
plastics, clipping beds and punches, industrial knives, measuring
tools.
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Table 8. (Continued)
Grade of steel
Steel group Principal application
Code number Material No. i

T05WCr6 1.2419 Thread-cutting dies, milling cutters, reamers, gauges, clipping
beds and punches, precision mould cutters, woodworking tools,
small plastic moulds, test mandrels, paper cutting blades, meas-
uring tools, thread chases, cutting faces, slide calliper jaws.

w O 60WCrv7 1.2550 Shears for thicker metal (for steel plates from 6 to 15 mm),
E = ‘ circular and longitudinal shear blades, punches for cold punch-
- a2 . . - . . .
s ing of rails and sheet, woodworking tools, industrial knives,
E‘.:_, teeth for chain saws, coining tools, flash trimming dies, cold
™ Z punching and upsatting tools, ejectors.

(=]

c @

. § X 45 NiCrMo 4 1.2767 Highly stressed coining tools with maximum toughness, tools
g T for heavy colid-forming, highly stressed blanking dies, dies for
- § jewellery, hobbing tools, shear blades for the thickest cutting
8 : material.

X 19 NiCrMo 4 1.2764 Air-hardening, case-hardening steels for plastic moulds.

X36CrMo 17 1.2316 Tools for processing chemically corrosive thermoplastics.

X 40 CrMnNioS 86 1.2312 Tools for plastics processing, chases.

S5 NiCrMoV 6 1.2713 Hammer forging dies for medium and smal! dimensions.

56 NiCrMoV 7 1.2714 Hammer forging dies up to the largest dimensions, particularly

« also with heavy embossing; part dies, die holders, ptungers for
o extrusion presses,
. 2
W= - X38CrMoV 51 1.2343 Dies and die inserts, tools for forging machines; pressure casting
g dies for light metals; highly stressed tools for extrusion of light
E£E metals such as liners, dies, punches,
x5
g _E X 40CrMoV 51 1.2344 Dies and die inserts, tools for forging machines; pressure casting
2 s dies for light metals; highly stressed tools for extrusion of light
T § metals, particularly mandreis for extrusion of tubes, part dies.
c
- X32CrMoV 33 1.2365 Die inserts, tools for the manufacture of nuts, bolts and rivets,
tools for forging machines, highly stressed tools for extrusion of
copper alloys {liners, dies} and of light metal (bolsters, mandrels};
pressure casting dies for brass and light metal.

56-5-2 1.3343 Broaches, twist drills, milling cutters, reamers, taps, counter-
sinks, planing tools, circular saws, forming tools, cutting and
fine cutting tools, hobbing tools.

SC6-52 1.3342 Broaches, twist drilis, milling cutters, reamers, taps, counter-

0 sinks, forming tools, cutting and fine cutting tools.
L4
w B $6-5-3 1.3344 Taps and reamers,
= -
s $6-5.2.5 1.3243 | Milling curters, twist drills and taps.
Tz
& 3 $7-4-2-5 13246 | Mifling cutters, twist drilis, taps, mould steels.
m
B g $10-4-3-10 1.3207 Turning tools and mould steels.
T
8 $12-1-4.5 13202 | Turning tools and mould steels,
c
$18-1-2-5 1.3255 Turning tools, planing blades and milling cutters,
52-101-8 1.3247 Shaft type milling cutters.
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Figure 1. Hardness/tempering-temperature curves for unalloyed cold working steels in accordance with Table 2 7)

*) Quenching media O = oil, W = water
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Appendix A

Dimensional Standards 4] relating to products made of tool steels in accordance with this Standard

DIN 174
DIN 175
DIN 176
DIN 177
DIN 178
DIN - 668
DIN 870
DIN 671
DIN 1013 Part 1
DIN 1013 Part 2
DIN 1014 Part 1
DIN 1014 Part 2
DIN 1015
DIN 1016
DiN 1017 Part 1
DIN 1017 Part 2
DIN 1541
DIN 1543
DIN 1544
DIN 7527 Part 1
DIN 7527 Part 2
DIN 7527 Part 3
DIN 7527 Part 4
DIN 7527 Part 5
DIN 7527 Part 6
DIN 53 110

4) See Secticn 4.

Bright flat steel; dimensions, permissible variations, weights

Polished round steel; dimensions, permissible variations according to 1SA tolerance zone h8, weights
Bright drawn hexagon steel; dimensions, permissible variations, weights

Steel wire, cold drawn; dimensions, permissible variations, weights

Bright sguare steel; dimensions, permissible variations, weights

Bright round steel; dimensions, permissible variations according to |3A tolerance zone h11, weights
Bright round steel; dimensions, permissible variations according to ISA tolerance zone h8, weights
Bright round steel; dimensions, permissible variations to ISA tolerance zone h9, weights

Steel bars; hot rolled round steel for general purposes; dimensions, permissible variations for
dimension and form

Steel bars; hot rolled round steel for special purposes; dimensions, permissible variations far
dimension and form

Steel bars; hot roiled squares for general purpose; dimensions, permissible deviations on dimensions
and form

Steel bars; hot rolled squares for special purpose; dimensions, permissible deviations on dimensions
and form

Steel bars; hot rolled hexagon steei; dimensions, weights, permissible variations

Flat products of steel; hot rolled strip, hot rolled sheet under 3 mm thickness; dimensions, permis-
sible variations on dimension, form and weight ‘

{at present still in draft form) Steel bars; hot rolled flat steel for general purpose, dimensions,
permissible deviations on dimension and form

Steel bars; hot rolied flat steel for special purpose, dimensions, weights, permissible deviations

Flat steel products; cold rolled wide miill strip and sheet of unalloyed steels; dimensions, permissible
variations on dimension and form

(at present still in draft form) Flat steel products; hot rotled sheet and plate from 3 to 150 mm
thickness, permissible deviations on dimension, weight and form ’

Flat steel products; cold rofled steel strip; dimensions, permissible variations on dimensions and form
Steel forgings; machining allowances and permissible variations for open-die forged discs

Steel forgings; machining allowances and permissible variations for open-die forged pierced dises
Steel forgings: machining allowances and permissible variations for seamless apen-die forged rings
Steel forgings; machining atlowances and permissible variations for seamless open-die forged bushes

Stee! forgings; machining a2llowances and permissible variations for open-die forged rolled and
welded rings

Steel forgings; machining allowances and permissible variations for open-die forged bars
Steel wire rod; dimensions, permissible variations, weights
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_ Further Standards and documents

DIN 17350 Page 23

DIN 1599 Identification markings for steel
DIN 17007 Part 2 Material numbers; system of the principat Group 1; steel
DIN 50150

hardness and tensile strength

DiIN-Normenheft 3

stoffbiéttern
EURONORM 96  Tool steels; quality requirements

See also Section 1.3.

Testing of steel and cast steel; conversion table for Vickers hardness, Brinell hard ness, Rockwell

Code numbers and material numbers for ferrous metals in DIN Standards and Stahl-Eisen-Werk-

Explanations

This Standard derives from the following Staht-Eisen-

Werkstoffblatter 1) issued by the Verein Deutscher Eisen-

hiittenleute

150 — 71 Unalioyed tool steels

200 — €9 Cold working alloy steels

250 ~ 70 Hot working steels

320 — 69 High speed steels

At the start of the discussions, users proposed a division

of the Standard into three special parts for

a} unalloyed tool steels,

b} alloy tool steels {i.e. bringing together both cold
warking alloy steels and hot working steels),

c} high speed steels

to facilitate a revision. To reduce the size of the Stand-

ard, it was intended 1o omit the explanations for heat

treatment and, for exampie, the lime/temperature trans-
formation diagrams.

372

The manufacturers pointed out that, in line with regicnal
and international standardization, incorporation cf all
these steels in one Standard would be more desirable,
especially since the same specifications applied to many
steels and there was increasing overlapping of applications;
also, in the case of a sub-division on the basis of material
groups, in practice the only differences would be differ-
ences in the scope and in the description of the structural
conditions.

Agreement was reached that the Standard should be left

in one part, Additional notes on heat treatment including
time/temperature-transformation diagrams and also approx-
imate data for the effect of the workpiece diameter on

the core hardness and the hardness penetration depth of

'} Veriag Stahleisen mbH, D-4000 Diisseldorf 1
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cold working alloy steeis and for the dependence of the

mechanical properties on the test temperature in the case

of hot working steels have been given in a Supplement.

This Standard is related to Euronorm 96 — Tool stesis;

quality requirements — issued by the European Coal and

Steel Community (ECSC) and Draft international Stand-

ard 1SO/DIS 4957 “Tool steels” issued by the Inter-

national Crganization for Standardization (150}.

For a comparison of the standard specifications contained

in the international documents with those in this Stand-

ard reference should be made to the comparative table
at the end of these Explanations.

Apart from this, the following differences should be

noted:

a) EU 96 and ISQ/DIS 4957 do not contain any descrip-
tions of structura! conditions or any supplementary
data on heat treatment etc. as contained in the Supple-
ment to this Standard.

b) Steels according to this Standard, in contrast o those

in EU 96 and 1S0/D1S$ 4957 cannot be ordered by

requirement classes,

EU 96 contains information on minimum machining

atlowances for steel bars of circular, hexagonal or

octagonal cross-section.

This Standard contains additional grades of steel in

Table 7 that are used almost exclusively for a single

purpose; for these steels, only the chemical composi-

tion and the main application is specified,

This Standard contains in Table 8 information on the

main applications of the steels in accordance with

Tables 2,3,4 and 5,

[

d

e

Of the points arising during the discussions on this Stand-
ard, including those relating to its revision, the follow-
ing points require mention:

1. #t will be necessary to check whether the cold working
alioy steels X 210 Cr 12 (1.2080) and X 165 CrMoV 12
{1.2601) in Table 3 will have to be retained, since
interchangeable steeis have already been standardized
on the application side in the form of the steels
X210 CrW 12(1.2436) and X 155CrVMo 121 {1.2379);
the steel X 155 CrVMo 12 1 (1.2379) from the peint
of view of application offers more possibilities than
the comparable steel X 165 CrMoV 12 {1.2601). Users
drew attention to the fact that the high hardening
temperature for the steel X 1585 CrVMo 12 1 {1.2379),
which was necessary in order to expioit the high
secondary hardness and the possibility of salt-bath
nitriding, could not be achieved in all workshops.

The steel 50 NiCr 13 {1.2721) which had been pro-
vided with higher toughness properties because of

its added nickel and hence had been used for nuts and
bolts and blanks for manufacture of milling cutters
was not included because a technical alternative is
already . available with the grade X 45NiCrMo 4
{1.2787).

The steel X 210 CrCoW 12 {1 .2884) which was in-
tended to provide better resistance to wear because
of the cobalt addition was not adoptéd, because the
quantities of this stee! used are insignificant and some
users do not regard it as any longer necessary.

Even the steel 145Cr § {1.2063) originally used as a
cutting steet and which the users suggested could now

# 3/ b8

be used for clamping mandrels was not included since
it can anly be manufactured with difficulty because
of its tendancy to form grain boundary carbides and
hence the quantity produced is constantly falling,

. The tungsten alioy steels which the users expressed a

desire to include among the hot waorking steels (Table 4)
were not adopted because these steels are only used
for special purposes and in any case are being ousteqd
by molybdenum alloy steels; besides they are produced
anly in insignificant quantities and some are also con-
tained in EU 96 and 1S0/D!S 4957.

. Ofthe high speed steels listed in Table 5, steel S 2-10-1-¢

{1.3247} has only been adopted on a provisiona! basis.
The desire of the consumers for standardization of
this steel was based on the grounds that it was tech.
nicatly necessary and, among other things offered an
interesting range of pérformance because of its tough-
ness properties. On the other hand, the manufacturers
want to delete this steel because it accounts for less
than 1% of the total production of high speed steels
(the other high speed steels in Table 5 account for
75 % of the production) and from the paint of view
of application is comparable with the steel § 7-4-25
{1.3246) also listed in Table 5. The high speed stee!
52-9-2 (1.3348} in Table 7 was also only adopted on
a provisional basis, This steel is very similar 1o the high
speed steel S 6-5-2 {1,3343) in Table 5 in its range of
application so that there is no technieal necessity to
standardize it; however, fram an economic point of
view (price of tungsten, price of molybdenum) it
may be of some significance. For reasons of ratia-
nalization the manufacturers want this steel also t0
be deleted,

The high speed steels 52-9.2.8 (1,3249), $12.1.4
{1.2302) and S 18-0-1 (1 33595 also propased by users
have not been included in this Standard because they
overlap technicaily with the steels standardized in
Table 5.

All interested parties are requested to give their com-
ments on the guestion of inclusion of the five grades
of high speed steel listed above ina subsequent edition
of this Standard.

- ltis feasible that in a subsequent edition the warding

of some sections might be deieted and replaced by
references to DIN 17010 — General technical con-
ditions of delivery for steel and steel products.

. Itis intended to prepare a special Standard with classe:

of machining allowances for taol steels, In this con-
text, it was stated that the term “machining allow-
ance’” here means the sum of depths of the defects,
i.e. the addition to cover defects, whereas in DI N 7527
the term “machining allowance’’ there used means
the allowance ordered, i.e. it is equivalent to the
machining allowance as defined in this Standard plus
half the minus tolerance. Three classes of machining
allowances will be stipulated:

a} forblack steel {similar to DIN 1013 and DIN 7527}
b} for roughly premachined material:

¢} for material free of defects.

Since there was agreement that this was a qualitative
and not a dimensional factor, it is intended to include
the stipulations for the classes of machining allow-
ances in the subsequent edition of DIN 17 350.

373



DIN 17350 Page 25

Table 8. Comparison of steels in accordance with German and with international documents for too! steels

German documents 1SO/DIS 4957 EURONORM 96 — 79
Material Degree ‘ Degree
Source 1) Code number ra Code number of Code number of
number 2 2
agreement 2) agreement
Unalloyed cold working steels {Table 2}
DIN17350 [C45wW 1.1730
DIN17 350 [CB0W 1.1740
DIN 17350 [C70W 2 1.1620 TC 70 e CT70 L}
DIN17350 jCBOW1 1.1525 TC 80 O CT 80 ®
DIN17350 |CEE W 1.1830
TC 90 CT 80
DIN 17 350 {C 105 W1 1.1545 TC 105 Q CT 105 o
SEL C125W 1.1663 TC 120 O CT 120 0]
SEL C13swW 1.1673 TC 140 ]
Cold working alloy steels (Tabie 3)
DIN 17350 |X 210Crw 12 1.2436 210Crw 12 O X210 Crw 12 1 O
DIN17 350 |X210Cr 12 1.2080 210Cr 12 ® X210Cr 12 ®
DIN 17 350 { X 165 CrMoV 12 1.2601 160 CrMoV 12 O X160 CrMoV 12 1 O
DIN 17 350 | X 155 CrvMo 12 1 1.2379 160 CrMoV 12 O X 160 CrMoV 12 1 Q
SEL X 100 CrMoV 51 1.2363 100 CrMoV 5 o X 100 CrMoV 5 1 o
SEL 100V 1 1.2833 TCV 105 o] i00v 2 O
SEL 708i 7 1.2823 60 SiMn 2 @] 60 SiMn 7 @]
DIN 17350 [116CrV 3 1.2210 107Crv 3 O
DIN17350 [100CrB 1.2067 100 Cr 2 @ 102Cr 8 e
DIN 17 350 145V 33 1.2838
DIN17 350 {21 MnCr5 ~1.2162
OIN 17 350 )90 MnCrv 8 1.2842 90 MnV 2 O 90 MnV 8 e
DIN 17 350 |51 Crv 4 3) 1.2241 3) | B1 CrMnV 1 ® 51 CrMnV 4 ]
DIN 17350 |105WCre6 1.2419 105 WCr 1 o] 107 WCr & O
W 200 45 WCrv 7 1.2542 45 WCrv 2 ® 45 WCrv 8 e
B0 WCrV 2
DIN 17 350 |60WCrv 7 1.2550 60 WCrv 2 O 55WCrv 8 O

1} DIN 17 350 = contained in DIN 17 350 — Tool steels; technical conditions of delivery —; W 200 = contained in
Stahl-Eisen-Werkstoffblatt 200 — 69 — Coid working alloy steels —; W 250 = contained in Stahl-Eisen-Werkstoff-
blatt 250 — 70 — Hot working steels —: W 320 = contained in Staht-Eisen-Werkstoffblatt 320 — 69 — High speed
steels ~: SEL = contained in Stahl.Eisen-Liste, 6th edition 1977.

2) This column shows the degree of agreement in the chemical composition of the German tool steels on the one
hand and the steels according to I1SO/DIS 4957 — Tool steels — or to EURONORM 96 — Tool steels; quality
requirements — on the other, The symbols mean:
® = slight deviations, O = significant deviations.

3} This steel is contained in Table 7 — Tool steels for special purposes,
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Table 9. (Continued)

German docurments ISO/DHS 4957 EURONORM 96 — 79
Source ) Code number Material Code number [m-:?free Code number Degfree
number agreement 2) agreement 2)
Cold v;rorking alloy steels (Tahle 3}
SEL 100 MnCrw 4 1.2510 95 MnWCr 1 0 95 MnWCr 5 @)
SEL X 6CrMo 4 1.2341 5CrMo 4 O 5 CrMo 18 @]
X5CrMo 51
7 CrMeNi 2 7 CrNiMo 8
35CrMo 2 35CrMo 8
SEL X20Cr13 1.2082 20Cr 13 O X21Cr 13 O
30Cri3 X31Cr13
SEL X42Cri3 1.2083 40Cr13 O X41Cr13 o
DIN 17 350 | X 45 NiCrMo 4 1.2767 40 NiCrMoV 4 4) O 40 NiCrMoV 16 4) O
DIN 17 350 | X 19 NiCrMo 4 1.2764
DIN 17 350 | X 36 CrMo 17 1.2316 38 CrMo 15 ® X 38 CrMo 161 ®
DIN 17 350 | 40 CrMnMoS B 6 1.2312
110 CrMo 17 X102 CrMo 17
Hot working steels (Tabile 4}
SEL 35 NiCrMo 18 1.2766 40 NiCrMoV 4 O 40 NiCrMoV 16 O
CIN 17 350 ¢ X 45 NiCrMo 4 5) 1.2767 5) | 40 NiCrMoV 4 O 40 NiCrMoV 16 O
DIN 17 350 { 55 NiCrMoV & 1.2713 55 NiCrMoV 2 O 55 NiCrMoV 7 O
DIN 17 350 | 56 NiCrMoV 7 1.2714 55 NiCrMoV 2 [ 55 NiCrMoV 7 L J
3BCrMa2 35 CrMo 8
DIN 17 350 | X 38 CrMoV 5 1 1.2343 35CrMoV & O X 37CrMovV 5 1 Q
DIN 17 350 | X 40 CrMoV 5 1 1.2344 | 40CrMoV 5 ® X 40 CrMoV 51 1 .
DIN 17350 | X 32 CrMoVv 33 1.2365 30 CrMoV 3 L 30 CrMoV 12 11 L
W 250 X 30 WCrv 5 3 1.2567 30 WCrv 5 O X 30WCrvs3 O
SEL X30wervozs 1.2581 30WCrv g O X30WCrvo3 o
SEL X20Cr13 1.2082 X21Cr13 O
SEL X 22 CrNi 17 1.2787 X 22 CrNi 17 o)
SEL X 15 CriNi5i 25 20 1.2782 X 16 CrNiSi 25 20 L
SEL X 12 NiCrSi 36 15 1.2786 X 13 NiCrSi 35 16 L
High speed steels (Table 5)
DIN 17 350 | §6.5-2 1.3343 HS 6-5-2 o HS 6-5-2 @]
DIN 17 350 | 5C 6-5-2 1.3342
DIN 17 350 .| S 6-5-3 1.3344 | H565-3 o HE 65-3
DIN17 350 | §6-5-25 1.3243 HS 6.5.2.5 O HS 6-5-25 ]
') and 2) see page 25 :
4) This steel is listed in 150/DIS 4957 or in EURONORM 96 under hot working steels,
3} This steel is listed in DIN 17 350 under cold working alloy steels.
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. Table 9. (Continued)

DIN 17350 Page 27

#

Gerrman documents 1SO/DIS 4957 EURONORM 96 — 79
Source 1) Code number n::;fé:: Code number Emc?free Code number Der?free
agreement 2) agreement 2}
High speed steels (Table 5)
DIN 17 350 | § 7.4.2.5 1.3246 HS 7-4-2.5 O HS 74-2-5 O
DIN 17 350 | § 10-4-3-10 1.3207 HS 104-3-10 L HS 10-4-3-10 ]
DIN 17 350 | S12-14.5 1.3202
DIN 17 350 | § 18-1-25 1.3255 HS 18-1-15 O HS 18-1-1-5 O
DIN 17 350 {5 2-10-1-B 1.3247 HS 2.9-1-8 ® HS$2.9-18 ®
SEL S 1801 1.3355 HS 18-0-1 ® HS 18-0-1 ®
DIN17 350 | §2-9-2 3} 1.3348 3) | HS 2-9-2 o HS 2-9-2 ®
SEL 5291 1.3346 HS 1-8-1 ® HS 1-8-1 ®
HS 6-54
SEL. $18-1-2-10 1.3265 HS 180-1-10 o} HS 18-0-1-10 @]
W 320 $12-1-45 1.3202 HS 12-1-5-5 O HS 12-1.5.5 o
Tool steels for special purposes (Table 7}
DIN17 3580 | 75Cr1 1.2003
DIN 17 350 | 62 SiMnCr 4 1.2101
DIN17350 | 31Crv 3 1.2208
DIN 17350 | 80Crv 2 1.2235
DIN17 350 [ 51Crv 4 1.2241 51 CrMnV 1 §) L 51 CrMnV 4 5} ®
DIN17 350 | 48 CrMoV 67 1.2323
DIN 17 350 | 45 CrMoV 7 1.2328
DIN 17 350 | X 96 CrMoV 12 1.2376
DIN 17350 | 110WCrV 5 1.2519
DIN 17 350 | 60 MnSiCr 4 1.2825
DiN 17 350 | S 3.32 1.3333
DIN 17350 | S 29-2 1.3348 HS 2-8.2 ® HS 2-9-2 ®
11, 2) and 3) see page 25 A
&) This steel is tisted in 1SQ/DIS 4957 or in EURONO KM 96 under cold working alloy steels,
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UDC 669.14.016.25 : 001.4 : 669.046

October 1980

Tool Steels
Technical Conditions of Delivery
Additional Information on Heat Treatment

Supplement 1
to
DIN 17 350

Werkzeugstihle; Technische Liaferbedingungen; Erganzende Angaben zur Warmeabahandlung

This Supplement contains additional information relating to DIN 17 350
but no additional standard stipulations

1 Scope

This Supplement contains additional information on heat
treatment of steels according to DIN 17 350.

2 Concepts

Reference should be made to DIN 17 014 Part 1 for an
explanation of the terms used in this Supplement.

3 Information on heat treatment

3.1 General

The properties of tool steels are essentially influenced by
their heat treatment. For this reason, information is given
in Sections 3.2 to 3.6 on suitabie methods of carrying
out the heat treatment. The behaviour of steels during
heat treatment is described by means of time/temperature-
transformation curves for isothermal transformation angd
continuous cooling {Figs 1 to 3). Further details on heat
treatment of too!s will be given ina DIN Standard at pres-
ent in preparation.

3.2 Soft annealing

The soft-annealed condition is the most suitable in most
cases both for machining and for cold forming and pro-
vides the most favourable starting structure for harden ing.
The soft-annealed condition isobtained by slowly heating
the steel to the soft-annealing temperature holding it for
an hour or a few hours at this temperature and then siowly
cooling itat 10 to 20 K/h. The soft-annealing temperature
is = 700°C in the case of unalloyed cold working steels;
in the case of alloy tool steels, the Acqy, temperature.
specified in the time/temperature-transformation diagrams
(Figs T to 3)has to be sslected in each case as the soft-
annezling temperature. Where necessary, suitable measures
must be taken 10 aveid decarburization and scaling.

3.3 Stress ralief annealing:

With cutting and with non-cutting forming processes, there
are stresses produced by the machining in addition to the
stresses already contained in the workpiece. All these
stresses can resuit in substantial irregular distortions in
theshape of the workpiece during subsequent heating to
the hardening temperature. Particulariy with tools of
irreguiar shape and difficutt to form it is, therefare,
advisable to anneal the material before the final machin-
ing operation for one to two hours at 600 to §50°C in
order to reduce the stresses so as to limit the necessity for

Explanations see DIN 17350

expensive further machining of the finished tool. Cooling
from the annealing temperature should be done as slowly
as possible in a furnace.

3.4 Hardening

3.4.1 Heating to the hardening temperature

In order to keep thermal stresses and distortion to 2 low
level, the workpieces are slowly heated to the hardening
termnperature, When using arrangements producing rapid
heating, for example sait baths, it is absolutely advisable
to break the heating process up into a number of temper-
ature stages. In the first preheating stage, in general the
workpiece is heated to about 400°C in a circulating
air-furnace. The other normal heating stages are indicated
in the time/temperature-transformation diagrams. The
object of this preheating stage is to ensure a uniform
temperature over the entire cross-section of the work-
piece,

The holding time in the preheating stage has no signifi-
cant effect on the subsequent austenitization.

3.4.2 Austenitization ‘ )

From the final preheating stage, the tools are heated to a
hardening temperature within the ranges given in
DIN 17 350, October 1980 edition, Tabtes 2, 3, 4 and 5.
Aftar the tools have reached the hardening temperature
over the whole cross-section, they are held at this tem-
perature for 10 to 20 minutes irrespective of the cross-
section {except in the case of high speed tool steeis), The
warm-through time until the hardening temperature is
reached depends on the wall thickness of the tools. Fig, 4
gives approximate values for selecting the time after the
hardening temperature is reached at the tool surface for
hardening from a chamber furnace or for the residence
time of tools in the salt bath; this time includes both the
warm-through time and the holding time at the harden-
ing temperature, The curve in Fig. 4 is based on empirical
values.

In the case of high speed steel tools, the hardening tem-
perature and the holding time at the hardening temper-
ature have to be carefuily complied with because the
hardening temperature is in the region of the fusion tem-
perature, For this reason, the austenitization times for
high speed steels are very short. They are =~ 80 seconds,
With such short austenitization times it is also necessary
to specify the time for heating to the hardening temper-
ature very precisely because any shortening or lengthen-
ing of this time will have a significant effect on the aus-
tenitizing process.

Continued on pages 2 to 22
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_For practical reasons, residence times are used as the
criterion for hardening high speed steels. The residence
time is the sum of the time for heating to the hardening
temperature at which no carbide is yet going into solution,
this time being dependent on the dimensions, and the
austenitizing time which is the same for all dimensions.
Fig. 5 shows residence times for the hardening process
with single stage and two-stage preheating. The continuous
lines show the minimum residence time for 80 seconds,
austenitization time. The broken lines represent the maxi-
mum permissible austenitization time of 150 seconds.
Under no circumstances must this be exceeded because
otherwise damage could be caused to the material.

3.4.3 Quenching

After austenitization, the tools are cooled in the harden-
ing media specified in DIN 17 350, October 1980 edition,
Tables 2, 3, 4 and 5. The hardness that can be attained
is dependent on the possible rate of coaling from the
hardening temperature. It is, therefore, influenced by the
cooling medium and the size of the workpiece. The cootling
rate that is necessary in order to achieve a particular hard-
ness can be obtained from the time/temperature-trans-
formation diagrams (Figs 1 to 3} for alloy tool steels.
The cooling rate shall not on the other hand be greater
than is necessary to obtain maximum hardness, so as to
keep the cooling stresses as low as possible. if the trans-
formation behaviour of the steel permits this (see the

time/temperature-transformation diagrams in Figs 1 to 3) ‘

a temperature equalization stage at ~ 550 °C is included .
in the cooling process. If the parts aré cooled to = 80°C, '
they are then immediately transferred to a furnace at @
temperature of 100 to 150 °C, since hardening stress
cracking can occur with coofing to room temperature. A
ternperature equalization in an equalizing furnace at 100
to 150°C is necessary in particular for large tools, so as

to ensure complete transformation also in the core of
the material before tempering. - .

3.5 Tempering

After hardening the steels are brought to the specified
hardness by tempering. The tempering temperature can
be estimated from the hardness/tempering-temperature
diagrams (see DIN 17 350, October 1980 edition, Figs 1
to 4}. The corresponding curves apply only to the harden-
ing temperatures specified in the diagrams. There are,
however, certain applications of tools for which deviations
from these normat hardening temperatures are advisable.

For such cases, the hardness/tempering-temperature
curves are of no use, ’

The warkpiece should be heated slowly to the tempering
temperature. The total residence time in the tempering
furnace should be one hour per 20 mm of wall thickness,
with a minimum of two hours. After this the workpiece
shouid be cooled in air.

It is advisable to temper the workpiece at feast twice so
that the martensite formed from the residual austenite
after cooling for the first time from the tempering tem-
perature can also be tempered,

In the case of hardness/tempering-temperature curves
with a secondary hardness maximum in all cases the
highest tempering temperature should be selected to ob-
tain the required hardness.

378

3.6 Time/temperature sequence with hardening
The various steps in heat treatment are shown clearly in
the time/temperature-sequence diagrams.
3.6.1 Unalleyed and alloy steels
for cold working and hot working
with hardening temperatures up to 800 °C

The time/temperature-sequence diagram for these cteels
is shown in Fig. 6.
3.6.2 Cold working alloy steels

with hardening temperatures over 900 °C
The time/temperature-sequence diagram for these stesls
is shown in Fig. 7.

3.6.3 Hot working steels

with hardening temperatures over 900 °C
The time/temperature-sequence diagram for these steels
is shown in Fig. 8.

3.6.4 High speed steels

The time/temperature-sequence diagram for high speed
steels is shown in Fig. 9.

3.7 Surface layer treatment

Methods of surface layer treatment, e.g. nitriding, can be
used to produce a beneficial effect on the properties of
the steel in use, Methods of surface layer treatment have
to be selected for each case separately according to the
conditions of use to which the tool will be subjected. It
is, therefore, not possibie to give any general indication
as to the most useful method.

4 Influence of the workpiece diameter on the
core hardness and the hardness penetration
depth of cold working alloy steels

4.7 Influence of the workpiece diameter

on the core hardness
Fig. 10 gives approximats values for the dependence of
the core hardness on the workpiece diameter for the coid
working alloy steels specified in DIN 17 350, October 1980
edition, Tabie 3. ' ‘

4.2 Influence of the workpiece diameter
on the hardness penetration depth

Fig. 11 shows the influence of the workpiece diameter
on the hardness penetration depth, i.e. the distance from
the surface at which the hardness does not go below a
defined value (e.q. 64, 62 or 60 HRC) for the cold working
alloy steels specified in DIN 17 350, October 1980 edition,
Table 3. This type of representation, which applies to
round and square dimensions, enables the hardness pene-
tration depth to be read directly for a particular diameter
and defined hardness values. If, for example, the hardness
penetration depth has 1o be determined for a workpiece
of 120 mm diameter made of steel X 210 CrW 12 {1.2436}
for a hardness of 62 HRC with hardening in oil, first a
line is drawn parallel to the Y-axis through 120mm cn
the X-axis. A perpendicular is dropped to the Y -axis from
the intersection of this line with the curve for the steel
concerned. The hardness penetration depth can then be
read off, |n the example given it is = 50 mm.

From the intersections of afl curves with the 45° lines the
diameter of workpiece that can be through-hardened can
be read off on the X-axis. Teking steel X 210 CrW 12 as
an example for a hardness of 62 HRC the diameter that
can be through-hardened is = 118 mm.
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5 Dependence of the tensile strength, the 0.2 % offset yield strength

and the reduction in area after fracture on the test temperature in the case of hot working steels
Figure 12 gives the strength properties determined in the high temperatura tensile test, starting with the tensile strengths
in the annealed condition of 1500 and 1200 N/mm2, of hot workin g steels according to DIN 17 350, Octa-
ber 1980 edition, Table 4; these values characteriza the behaviour of these steels under mechanical stress at elevated tem-
peratures. Because of unavoidable dispersion in the results, the diagrams show scatter bands for the 0.2 % offset yield
strength, tensile strength and reduction in area after fracture. The values for the 0.2 % offset vield strength and the tensile
strength provide a guide as to the degree of mechanical loading that can be applied to these steels, whilst the values for
the reduction in area after fracture give an approximate indication of the toughness,

Figure 1, Tirne/temperature-transformation diagrams far continuous cooling of the cold working alioy steels specified
in DIN 17 350, October 1980 edition, Table 3.
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Figure 2. Time/temperature-transformation diagram for continuous cooling of the hot working steels specified in
DIN 17 350, October 1980 edition, Table 4.
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Figure 3. Time/temperature-transformation diagrams for steel 5 6-5-2 (1.3343} for {a) isothermal and {b} esatinuous
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Figure 11. Dependence of the hardness penetration depth on the workpiece diameter {for simple round and square
dimensions) for the steels specified in DIN 17 350, October 1980 edition, Table 3. for explanatory notes
about how to read the diagrams see Section 4.2
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Figure 12. Dependence of the tensile strength, 0.2 % offset yield strength and reduction in area after fracture of the hot
working steels specified in DIN 17 350, October 1980 edition, Table 4, on the test temperature starting with
a tensile strength in the annealed condition of 1500 and 1200 N/mm?2
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