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r bearing steels in accordance with this Standard

1 2 12. C arisan of ball and rolle | b
Lol ::ftrs?ihuae in accordance with EURONORM 94 — 73 and with 1SO -
' Ball and roller bearing steels in accordance wit BEp—_—
il Syt o L Number of the steel grade 1)
Code number Material number Code number
0
Through hardening steels
100 Cr 2 1.3501 1 -
s 1.3505 100Cr 6
100 Cr & :
O
3
100 Crivin 6 1.3520 100 CrMn 6
4
100 CrMo 7 1.3537 100 CrMo 7 -
5
100 Crivio 7 3 1 3536 100 CrMnMo 7
100 Crivinho 8 1.3534
Case hardening steels
@
10
17 MnCr 5 13521 16 MNCr 5F
19 MnCr S 1.3523
16 CriNiMo © 1.3531 -
12
20 NICrMa 2 F
13
20 NiCrMo 4 F
14
_ 20 NICtMo T F
15
1BNICrMo 6 F -
® 16
|7 NiICrMo 14 1.3533 18 NiCrMo 14 F
Heat-treatable steels
Cf 54 1.1219
44 Cr 2 1.3561
43 Crivio 4 1.3563
48 CrMo 4 1.3565
Stainless steels
&
20
X 45Cr 13 1 3541 X45Cr13 @ -
21
02 CrMo 17 1.3643 X 100 CrMo 17 L]
x1 I
¥ B89 CrMoV 18 1 1.3549
High temperature hardness steels
@
30
X
A0 MoCrV 42 16 1.3551 B0 MoCrV 40 16 :
31
[
X 82 WMoCrvV 654 1.3553 ¥ B0 WMoCrvVE5 4 .
: 32
41 @
; 1.3558 X 75 WCrV 18 .
R | it in accordance with this Standard
dearee of conformity of the chemical composition of the EE{::‘?E‘:ETEBEIKUH—?G hijisien
pllc cﬂ!u:n :!heitsgtrhe steels in accordance with EU RONORM 94-73 or w
on the one hanG w .
e ' i iation: 0 = reciable deviation
hﬂ”d: mdm;:wmbu%s' ¥ = complete conformity ; ® = minor deviation; © = app
Significance .

1A

UDC 669.14.018 .44 : 621.882.2/.3

Warmfeste und hochwarmfeste Werkstoffe fiir Schrauben
und Muttern: Giitevorschriften

Heat Resisting and Highly Heat Resisting Materials

for Bolts and Nuts
Quality Specifications

July 1976

O

Sections marked with a dot (®) show when agreements should be made or can be made at the time of ordering.

1 Scope

1.1 This Standard applies to bars and wire of the
materials according to Table 1 of dimensions up to
those given in Table 4. These materials are normally
used for bolts and nuts according to DIN 267 Part 13
— Bolts, screws, nuts and similar threaded and formed
parts; technical conditions of delivery; bolts and nuts
primarily of steels exhibi ting toughness at subzero
temperatures and hightemperature steels — at tem-
peratures above about 300 °C up to the maximum
service temperatures quoted in Table 4 as a guide for
long-term operation, These temperatures may be
exceeded where the properties of the material are
adequate for the service stresses. The criterion is the
total loading on the material resulting from temperature,
mechanical loading and the ambient media during the
proposed time of operation.

1.2 For bolts and nuts used at temperatures below
300 °C, steels according to

DIN 1651 Free cutting steels; technical conditions
of delivery

DIN 1654 Drawn steel for cold pressed screws (bolts);
quality specifications (new edition in
course of preparation)

DIN 17100 Steels for general structural purposes;
quality specifications

DIN17111 Low-carbon unalloyed steels for bolts, nuts
and rivets; quality specifications

DIN 17200 Quenched and tempered steels: quality
specifications

DIN 17210 Case hardening steels; quality specifications

DIN 17440 Stainless steels; quality specifications

Stahl-Eisen-Werkstoffblatt (Steel-Iron Data Sheet) 550
Steels for large forgings

should be used.

2 Definitions

2.1 Within the meaning of this Standard, materials

are considered to be heat resisting if they have good
mechanical properties under longtime loading, including
high creep limits and high creep rupture strengths and

a satisfactory relaxation resistance (see Section 2.2) at
temperatures of up to = 540 °C, and, as highly heat
resisting, steels and alloys having the same characteristics
to = 800 °C.

2.2 Relaxation means the reduction in tHe pre-stress in
bolts as a result of creep of the material. In this Standard.
the residual stress to which the initial stress 8, corre-
sponding to an initial strain Ea 1otal falls after a defined
period of loading, e.g. 1000, 10 000 or 30 000 hours,

Is quoted to characterize the relaxation resistance of
materials (see Table 10),

2.3 For technical definitions and expressions relating
to heat-Lreatment of ferrous metals. see DIN 17014
Part 1.

J Dimensions and
permissible dimensional deviations

3.1 The dimension standards listed at the end of this
Standard apply to products made from materials accord-
ing to this Standard, however in the case of materials

X 22CrMoV 121 to NiCr20TiAl (see Table 1) not all
the dimensions listed in the dimension standards quoted
can be supplied and not all the permitted deviations can
be-maintained. Where applicable, the manufacturer

should draw attention to this fact when accepting an
order.

3.2 e If no dimensional standards exist for products,

the permissible dimensional deviations should. if necessary,
be agreed at the time of ordering.

Continued on pages 2 to 22
Explanations on page 23
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4 Calculation of weight

S

and permissible weight deviations

41 Caleulation of the nominal weight of products
chould be based on the densities quoted in Table 7.

4.9 o I the permissible weight deviations have nol
heett standardized, they should if necessary be agreed

4l Lhe Lime of ordering.

5 (Classification by grades

”
5.1 Materials
This Standard covers Lhe steels and alloys quoted in

Table 1

5 11 'The choice of grade of material is lefL to the
customer. It is recommended that the manufacturer

he brought in for consullation.

5 9 As-delivered condition

591 @ The treatment condition in which the material
is Lo be supplied shall in all cases be specified by Lhe
customer. Table 3 lists the Lreatment conditions in
which materials can normally be supplied. These are notl
in all cases identical with the normal heal-treatment
conditions for the finished bolls and nuls (see Table 4).

5 99 The materials from different mells shall be

delivered separately and similarly, where applicable,
hatehes of material having received different heat

treatiment and material of different dimension ranges.

G Designation

61 The code numbers for the sleels are formed In
accordance with Section 2.1.2.2 of the explanations

1 Normenheft 3 (1970 issue), the malterial numbers

for Lhe sleels according Lo DIN 17 007 Part 2 and the
material number for the alloy NiCr20TiAl according to
DIN 17007 Part 4. The code letter or suffix number

for the treatment condition according Lo Table 3 should

be appended as appropriate Lo Lhe code number or
malerial number respectively.

[ixample for steel 24 CrMo 5, malerial number 1.7258, In
quenched and tempered condition{Vor .05): 24 CrtMo 5 V
or 1.7258.05

Trealiment conditions for which no code letters or

< fix numbers have not yel been stipulated al the
nresent time, should be quoted in the order by writing

oul i Tull ¥y

69 The code number or material number for the grade
of material and the code leLier or sulfix number (or

(he Lreatment condition shall be appended Lo the symbol
for the producl as given in Lhe examples of designation

in the dimension standards
Example:
Designation of a hot-rolled rou nd sieel of 65 mm diam-

eler of steel grade 24 CrMo 5 in the quenched and
Llempered condition (see example in Section 6.1):

Round 65 DIN 1013 — 24 CrMo bV
or Round 65 DIN 1013 — 1.7258.05

1AT)

7 Requirements

7.1 ® Melting process
it is left to the manufacturer to decide on the melting

process, unless this has been agreed at the time of
ordering. It must however be notified to the customer

if required.

7.2 Chemical composition
72.1 The chemical composition determined in the
ladle analysis shall conform to Table 1.

7.2.2 The customer can accept slight deviations from
the composition limits provided these have no more
than an insignificant effect on the properties of the

material in use.

723 @ The chemical composition of the melt shall
be notified to the customer on request.

7.2.4 @ Proof that the product analysis meets the

limiting values for the ladle analysis given in Table 1,
within the permissible deviations quoted in Table 2,
can be agreed at the time of ordering.

7.3 Mechanical properties

7.3.1 The values for mechanical properties al room
temperature or at elevated temperature, listed in

Tables 4 and 5, are guaranteed for longitudinal speci-
mens (see Fig. 1) of bars and wires supplied in the heat-
treatment condition listed in Tables 4 and 5 (see also
Fig. 2). In cases where the as-delivered condition

(see Table 3) does not correspond to the heat-treatment
condition given in Table 4 or 5, the values in these
Tables apply to longitudinal specimens taken [rom the
specimen sections after heat-treatment of the latter in
sccordance with Lhe data in Table 4 or 5 and Table 8.

e Nole: If forexample, in order to save material,
{ransverse specimens are used for testing, in generat

the values given in Table 4 or 5 for the yield point and
tensile strength can be used as @ basis for acceplance.
In this case, the values to be maintained for elongation,

reduction in area and absorbed energy should be

specially agreed (nole also Section 8.3.2). In cases of

doubt however, for the yield poinl and tensile strength
also. acceptance should be based on the values deler-

mined on longitudinal specimens.

73.2 Guide information for the long-time strength

properties at elevated temperatures and the stress
relaxation properties of the malerials are given in
Table 9 and 10 or in Figs 4 to 7. The values stated are
mean values of the scatter bands so far observed and,
in the case of Lhe long-time strength properties al
elevated temperature, mean values for smooth and
notched specimens. It can be assumed that the lower
limit of the scatter band for the creep strength of

smooth and notched specimens is about 20 % lower
than the values stated. The values will be checked again

from time to time as further test results become avail-
able and. where necessary, corrected.

799 Guide values [or the static modulus of elasticity
of the materials as a function of temperature are given
in Table 6 and Fig. 3.

1) See also DIN 17 007 Part 4 (July 1963 issue)
— Material numbers, principal groups 2 and 3, non-
ferrous metals —. See especially Section 4 — Appended
numbers — and Table 3.

e

7.4 Physical properties

7.4.1 Guide information for density, thermal expan-

sion, thermal conductivity and s
sregiven in Tale 7. pecific heat of materials

75 ® Chemical properties
As regards the effect of chemicall '

: y active substan
{mn_'usmnji on the steels referred to in this St‘.amu:ln:wf"lE
and in particular the influence of temperature on the
chemical behaviour, it is only possible to give useful
information for each case separately. It is therefore
:f::;ﬂl!:lle t:rher: necessar]rﬂ Lo discuss this with the

\anufacturer describing the particular -
ditions as precisely as possible. P

1.6 S“l’fl_l:ﬂ condition

7.6.1 The products shall have a
smooth surf
as consistent with the shaping pmcessuus:;‘. o

7.6.1.1 In the case of products in
tended for machini
sur;m:e defects, e.g. fn:al:rs, grooves, laps, cracks and )
sur ;{;e'decarhunzatmn 2) must be contained within the
ﬁ:fh:::ggly:adnf:: tgey may be removed by suitable
vided this does judi
s not prejudice the intended

7.6.1.2 ® In the case of products intende i

_ : df
::It.hnut cutting (e.g. drop forging or rod drﬂw;r;}hapmg
" 1:; spolz:izlal requirements exist as to surface con&itinn

8 ould be expressly stated in the order. In this case
surface defects that would split open during forming 1
must be smoothed out by suitable means. The minimum
permissible thickness according to the dimensional
;I;?sr::r::u mu stll:xnh's:rlaver be maintained; it is only per-

o sli I

i rrop {fmer.g y below this with the .agreement

76.2 Co ' ;
PErTnittedTrEEtmg of surface defects by welding is not

8 Testing

8.1 ® Delivery testings
For all materials in this Sta

: ndard, the customer can
agreE delivery testings, which in general will be carried
out by experts from the manufacturing works or by
special agreement at the time of ordering, also h}: other
mspectors appointed by the customer. When wire is

supplied in coils however, no d i
normally carried out, ‘ i

8.2 Extent of testing

8.2.1 e Materials are classi i

_ ified for Lesting b

with heat treated material separate and bl;?:lhger:f %
sion ranges (see Section 8.2.1.1) so as to obtain one or
;m::Sre test units as required. Where no details are stated
N Seclions 8.2.2 to 8.2.6, the extent of testing (i.e. the

number of specimens to be taken pe i
. r test
agreed at the time of ordering, PR IR

8.2.1.1 The diameter or di
: stance across flats of
thickest product in a test unit may be a maxin'?unr;h :f

1.5 times the correspondi
product. v onding dimension of the thinnest

8.2.2 ® If the rechecki
ing of the chemical compositio
of the product has been agreed at the time of t:»11:i|;':r‘:ri11g1,“i

the extent i :
sy of testing should be stipulated at the same

8.2.3 For a delive i
: ry testing, uniform strength of
unit must be proved by hardness testing or [Eﬁl&r a;r:ft
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ment with the customer or his
equivalent process. OSSR

8.2.3.1 The hardness testing shall be carried out

a) in the case of bars with a diameter of more than
120 mm, on one bar per test unit.

b) in the case of bars with a diameter
of 12
less, on 10% of the bars in a test unit, su[t':?;cnt] ::
i minin!um of 10 bars or, in the case of test units
containing less than 10 bars, on each bar.

If the hardness values thus obtained correspo

upper or lower limit of the prescribed range l'::]s:l ::n::l:
strength, the extent of Lesting shall be increased to 20 %
If hardness values are obtained with the 10% or 20%
sample corresponding to the limits of the range for
tensile strength, 100 % of the bars should be tested. In
assessing the measured hardness values, account shr.;uld

be taken of the mean uncertaint
defined in DIN 50 150. e

In the case of non-continuou
s heat-treatment, the bars
in:.%nded for hardness measurement shall be distributed
:m ormly over the test unit. In the case of continuous
m&:::rf&:ﬂtmiﬂt, IE Iarlger number of specimens shall be
m Lhe [irst layer of bars i
rest of the test unit, AT

8.2.3.2 On the bars bein

g lested, hardness shall
measured at one end of each bar, i.e. on half of l.hh:m
at one end and on the other half at the other end.

8.2.3.3 For the tensile test. one s

L ecimen each
be taken [ rom the hardest and snftzsl: bar in eic;r:zla]t
unit determined as in Section 8.2.3.1.

8.2.4 @ [f the 0.2 limit has Lo be rec

lemperatures, the extent of testing shﬂ??ﬁkagmew nt.; I:::Iid
time of ordering. In general, the 0.2 limit will be
rechecked only on one specimen per melt and only at
one temperature above room temperature.

B.Z.:& The notch bar impact bending test shall be
carried out on the same specimens (and specimen

sections) as the tensile specimens h
(see Section 8.2.3). " ns have been taken from

8.2.6 Alloy materials shall be subjected to a suitable

testing to detect any inc ' ificati
saaisiter ¥y Incorrect identification of the

8.3 Sampling

8.3.1 For the analysis of the i

. product, chips shall be
cut uniformly over the complet i
product being tested. i iy

8.3.2 @ For the tensile test, longitudin i

_shall be taken from the bars seieﬂegd asin Elenm"&?fé 3
in such a manner that the axis of the specimen in the i
case of h_nrs with dimensions up to 40 mm shall be coi
cident with the longitudinal axis of the bar and. with "
bars of over 40 mm, shall lie one sixth of the ha'r thick-
ness below thelsurf&ee Or as near as possible to this
position (see Fig, 1). If the testing of transverse speci-
r:}etn: Is agreed (see note to Section 7.3.1) the position

of the specimens shall be agreed at the time of ordering.

8.3.3 For determination of the 0.2 limit al elevated

temperature, specimens shall be i
test according to Section 8.3.2. TR S G

%) In this context, surface decarburizati
2 urization shall be
understood as the sum of the width of the decarbur-

oD :Dm! and 2/3 the width of the carbide-reduced
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8 3.4 The specimens for the notch bar impact bending
test shall be Laken in such a manner Lhat their longi-
(udinal axis lies in the product approximately in the
<ame way as that of the tensile specimens according Lo
Cection 5.3.2 (Note Section 8.54.1).

8.3 The specimens i0 be taken for the tests and the

bars [rom which the specimens are taken shall be
adequately marked so that specimen and bar are clearly

identified as belonging Logether.

2.4 Markmg

Each bar exceeding 25 mm in diameler or across flats

<hall be marked al one end with the melt number, the
manufacturer’s sym hol and the code number of material
cumber of the material. In Lhe case of bars of up to 25 mm
diameter or across flats, 1t s sufficient to identify each
hundle with a tie-on Lag bearing Lhe same information.
The same applies Lo coils of wire of any dimensions.

9.5 Test methods to be used

g§5.1 @ The chemical composition shall be tested by
{he melhods 3) specified by the Chemists' Committee

af Lhe Verein Deu tscher Eisenhiittenleute ( Association
of German FFerrous Metallurgists). Methods not specified
bv Lhe Chemists’ Committee shall be specially agreed.

q 52 The lensile tesl shall be carried out according Lo
DIN 50145, using the short proportional bar with
aauge length Lo = 5dg according LO DIN 50125.

The 0.2 limit shall be determined at room temperature
according to DIN 50 145.

2 5.3 The0.2 limil al elevated temperature shall be
delermined, where required, according to DIN 50 145.

§.5.4 The notch bar impact bending test shall be
carried out on the basis of the information in Table 4
on 150 V-notch specimens or on DVM specimens
yecording Lo DIN 50 119.

a541 @ Ingeneral Lthe absorbed energy shall be
determined as Lhe mean of three Lesls on specimens
lying side by side al the same distance from the surface
ar. il this is impossible, immediately behind each other
in Lhe same specimen bar; proof of the absorbed energy
on anly one or two specimens may however be agreed
at the time of ordering. In arbitration cases, the mean

of three specimens shall be Llaken.

g5 42 e Forproductsof dimensions such that it is
not possible Lo take a notch impact specimen of
standardized dimensions, special agreements shall be
mude at the time of ordering for carrying oul the
noteh bar impact bending Lest.

8 55 The Brinell hardness shall be determined accord-
j'!lg l.ﬂ DIN ﬁﬂ 351

856 © Asregardsthe method for rechecking Lhe
surface decarburization, where required , agreement
should be made at Lhe time of ordering.

a5 7 A Lest standard for determining the relaxation
properties is being prepared.

8.6 Repeal teslings

8.6.1 Where an unsatisfactory result in a testing is
clearly due to inadequacies in the testing techmique or
an insignificant local defect in a specimen, the unsatis-

factory result should be ignored when deciding whether
the requirements have been met and the test concerned

repeated.

8.6.2 If the unsatisfactory result of a testing can be
traced to unsatisfactory heat-treatment, the bars of the
corresponding test unit may be heat-treated again and
the whole testing should then be repeated.

86.3 If theresultof a tensile test on properly heat-
treated material does not meet the prescribed requ ire-

ments, proceed as follows.
If there are other bars of the same hardness amo ng those
tested in the same test unit, further specimens for the
tensile test and the noteh bar impact bending test shall
be taken from two of these bars. 1f there are no further
bars of the same hardness among those tested in the
same test unit, the extent of hardness testing should be
doubled. According to the result of the first (u nsatis-
factory) tensile test, the repeat testings shall be carried
out on specimens from the two softest or two hardest
bars of all those checked.
if the result of the notch bar impact bending test on
properly heat-treated material does not meet the
prescribed requirements, fu rther specimens shall be
taken from any two other bars of the test unit without
increasing the extent of hardness testing.

8.6.3.1 Properly heat-treated bars having unsatisfactory
test results shall in all cases be rejected. Both repeat
testings must meet the prescribed requirements, other-
wise the complete test unit may be rejected. If necessary,
the bars can then be tested separately and certified as
meeting the conditions if the results are satisfactory.

8.7 Test certificates

The delivery testing is certified by one of the certificates
according to DIN 50 049. The type of certificate must
be agreed at the Lime of ordering.

9 Hot forming and heat{reatment

Table 8 gives information on the temperatures (and
hold times) to be used for hot forming and heat-treal-

ment.

10 Complaints *)

10.1 “Objections may only be raised to external or
internal defects if they impair to an appreciable extent
appropriate working and utilization of the grade of
steel and shape of product.

102 The customer must give the supplier the oppor-
tunity to check for himself the validity of the objection,
where possible by su bmitting the material complained
of together with samples of the material supplied.

3) Handbuch fiir das Eisenhiittenlaboratorium (Hand-
book for the Ferrous Metallurgical Laboratory), Vol. 2:
Investigation of Metallic Materials; Vol. 4: Arbitration
Analyses, Diisseldorf, Verlag Stahleisen mbH, using
the latest edition.

4) For explanations on this objections clause in quality
standards for iron and steel, see DIN-Mitt. (DIN News)
Vol. 40 (1961) No. 2, pp. 111/12.

—— -

I] -

od; dlmﬂﬂsjﬂﬂs i i i

For hot rolled and hot forged rods

DIN 59130 Hot rolled
round steel bars for b g
DIN 1015 Steel or bolts and rivets; dimensio ;
bars, hot rolled hexagon steel; dimensions weights n:;::iisgslil:; e
y ' variations

I
m

670 Bright round . di _
DIN nd steel; dimensions, permissible variations according to ISA tol
erance zone h8, weights

671 Bright round steel: di
DIN eel; dimensions, permissible variations according to ISA tole
rance zone h9,

176 Bright drawn he
X - di ;
agon steel; dimensions, permissible variations, weights weights
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ysis from the limiting values for the ladle analysis for the steels

Table 11)

Table 2. Permissible deviation of the bar anal
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') ® For the alloy NiCr20TiAl, and for the boren

contents of steels, where necessary the permissible deviations

should be agreed at the time of ordering.

2) ® Applies to diameters = 160 mm or cross-secti

ons of equivalent area. For forgings, the permissible deviations

should be agreed at the time of ordering.
3) It is permissible for the deviation for an element in the bar analysis for a melt to be entirely below the minimum

value or entirely above the maximum value of the range given for the ladle analysis but not both at the same time.
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age 14

|
- ength
trength values — T Creep rupture str
thivia temperatu for a time . 00h
high eep limit 000h |1000
es for the long it fora time | 1% creep of 000h| 10000h | 30 2
Table 9. Peinper- R h [100000h| 10000 2 —p— 218
2
Material S hing 10000k |3nnﬂﬂ1 N /mm — 246 2156 f:g
Mate- N fmm 111 | 139 | 286 200 69
= 208 177 0 224 188 1
ber rial c 133 197 3 13 212 164 )
— Code num number 199 :;3 122 185 lg‘ 120 200 174 138
" 350 182 112 174 2 109 159
o4 167 v 100 161 bee 187 46 A28
~ — 3 370 128 80 98 173 1 106
—— 148 4 127 87 130 3
&89 133 = 9 147 1156 166 113 4
e : 380 01 T 132 12 138 8 80
oo ® | 118 133 69 116 lgg 67 118 y 89
SESR=S ° 30 105 77 4 102 76 e 86 61
&5 53 55 E D = 00 | g 410 90 87 51 29 49 100 T8 53
B o © e 28 = 181 | §29 79 67 5 78 68 40 o 64 45
® = - S8S oo = 35 Lirﬂ 440 o8 P 35 68 e 34 69 b3 39
- ) b= C}':’Gﬂm"n = Ck 1. 9 4 29 48 29 48
h @ o — - ¥u o 0 58 61
W qQ - N G % and 450 4 25 41 6 34
Ll
e 5 o 2, ‘T'ﬂ 43 29 4 42 29 53 3 Jos
7 = * o o 24 = 35 30 T 387 322 1
) 16 364
- a0 o 26 o 5 274 230 v 338 = 226
& = 500 180 o 258 212 Al 11 266 200
il ~ N — = 0 204 170 15 242 171 - 240 178
oo NaaaT | B =l =& 440 | 174 | 185 8 | 33 | 1os 141 | 28 188 14
= £~ NN TN £ 440 143 3 210 163 1 226 85 13
— O [ i - = -+ par b 162 0 113 1856 B 127 200 1 8
w08 : SEEEE a8 o~ = | 450 149 o 100 180 as 12 145 1
O v g2 | = EEEEw | & o = = 460 135 213 87 63 136 176 25 1%
EEs | E  Gocs 228 & z E 8o | 124 | 108 | &7 = s | 8 | 1 | i o6
= @ o U = ~ NN 9 o o = 112 64 10 69 88 51
. =° = e S : g8 8 = _'g = | 258 o 100 Eﬁ °d ﬁg BE 54 1%; LS 6
£ 83 oo g oy oo o 1.7 500 B8 42 98 1 39 54 4
o = i - | = === E o e E bea o CxMo 5 510 +7 58 32 81 o8 9 10
= & 2 > | o BEFe® | 38 S g . 520 é 47 24 i 25 445 as
o~ L) .
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3 oo e & 46 437 82 429 8
= = 51 3 4 32
z _ ] TE a&g % | in | 3% 387 | 350 2;3 s | 323 -4
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= = @ @ 430 43 32 361 8 265 as1 1 240
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» o2 e e B - S : 317 22: 228 ggﬂ 25; 220 gg; 58 8
S 3% %00 o= B 450 287 : 197 288 - 197 230 16
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. 222i | 5 |23 2 W |z | i | e | e 3 [ | |
- = i 34 = @ @ 8 2 4 18
w1 o e OO0 - o o 1.7T709 490 154 221 172 207 51 1
= L) (@ ﬂ =T 21 CrMoV 7 1.7T711 191 131 99 199 112 189 ! 5
> 2 £ 5 and ' Eﬂg 166 112 83 177 ;gg 94 o 135 »
2 . s B 40 CrMoV 4 7 oLy 144 94 B 167 73 17 e 432
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Table 9. (continued)

Material 0.2 % creep limit for a time 1 % creep limit for a time Creep rupture strength
T*‘:"“‘:" of of for
atur
Mate- 10000b | 30000k |100000H 100001 | 30000n |100000n| 10000h | 30000k |100000
Code number rial
number oC H,‘mmi H.\‘mmﬂ N/mm?
4 50 442 413 373 500 T_m 448 578 560
460 408 380 338 475 450 416 6456 622
470 376 348 306 4560 423 388 612 485
480 344 316 274 424 392 368 480 4562
490 3156 286 2456 398 366 328 450 416
500 286 267 216 374 339 298 420 382
510 261 230 191 349 310 268 394 3563 208
520 238 2006 168 323 281 238 368 323 265
X 19 CrMoVNBN 11 1 | 1.4913 530 215 181 143 298 2563 210 341 292 232
540 191 1569 120 274 224 181 3156 262 201
560 170 1356 98 250 197 163 289 2306 172
560 147 113 -_ 226 167 -— 263 207 144
BT0 127 90 — 201 138 - 238 180 119
580 105 68 —- 171 110 - 213 166 96
590 88 45 - 154 81 - 188 132 75
600 69 23 —_ 133 49 — 164 111 B9
580 245 200 164 368 328 joz 381 3562 323
590 240 193 158 336 303 278 364 330 298
600 235 186 147 324 288 256 344 308 276
610 230 180 137 306 264 230 3256 288 251
¥ 8 CrNiMoBND 16 16, 1.4986 620 225 170 126 287 242 204 306 263 228
hot strain hardened 630 210 156 112 268 220 179 287 242 204
640 195 1456 o6 247 196 153 267 220 181
650 176 127 79 226 171 128 245 186 167
660 145 104 64 204 148 104 221 173 133
670 120 85 51 182 1256 B5 198 161 113
500 533 494 452 624 676 530 (T745) (666) (578)
510 516 475 426 608 557 6504 (711) (633) (545)
520 498 452 402 586 533 477 {680) (601) (510)
530 480 430 311 567 512 450 646 570 480
540 462 407 353 b44 488 418 6156 538 447
550 445 386 330 523 460 390 582 510 416
560 425 363 308 500 442 362 562 476 384
570 410 344 284 474 412 334 520 445 364
580 385 321 262 450 386 308 491 417 327
500 364 299 243 425 361 282 462 382 208
600 343 278 220 398 336 257 433 360 272
610 322 259 201 370 311 230 403 333 247
620 302 238 181 348 2885 210 378 309 222
630 283 220 162 326 265 187 351 282 198
640 265 _EEE 145 303 2456 167 325 2568 176
NiCrZoTiAl 2.49562 650 245 184 128 2156 224 149 300 235 157
G660 228 169 113 260 202 132 2756 212 1356
670 211 152 98 240 185 115 2561 190 118
680 191 138 Ba 219 166 99 229 170 102
690 174 123 72 201 149 85 208 1562 BB
700 1567 110 61 183 133 T2 186 133 75
710 140 a6 52 167 118 64 170 118 65
720 125 B4 43 150 103 55 153 104 57
730 108 71 35 135 90 47 137 93 49
T40 893 61 30 122 T8 40 1256 B2 44
T 50 B3 50 24 106 69 33 114 75 37
T60 66 41 20 27 59 29 103 67 33
7170 54 33 16 85 53 24 94 59 29
T8O 45 25 12 5 46 20 86 53 26
790 33 20 9 68 40 17 78 47 23
800 24 156 5 58 a5 16 TO0 43 20

e —

Table 10. Provisional guidance values for the relaxation properties 1)

DIN 17240 Page 15

Material r ::irm
Poameeibinne t’f: ai&sidual stress in N/mm?2
. strai er stressing duration [
Code number I::mber °A total g -
oC % 1000 h 10 000 h 30 000 h
::u 328 325 317
405 314 209 292
0l 288 262 250
e 281 252 235
430 ggg oy S
2927
ﬂ dmuw - 1.7708 440 253 211 fgg
450
40 CrMoV 4 7 1.7711 i " 224 163 130
_ 400 224 163 130
s 208 138 108
£89 191 117 90
2 172 98 70
513 150 81 56
o 128 87 43
a0 109 53 33
540 < 5 e
: 76 33 18
:13 265 232 216
4 250 223 206
4o 243 212 193
420 234 200 180
“ 2925 189 170
453 216 173 155
43 206 159 140
. £ igg 143 125
CrMoV 121 1.4923 490 0,2 170 ﬁg 98
, 98
g?g 157 103 85
1 142 91 75
520 127 80 64
i 114 69 54
: 100 80 45
523 87 51 38
B¢ 75 44 30
i 65 37 25
= 56 32 20
400 262 237 206
ai 257 231 202
44 252 225 199
480 246 218 195
£ 240 212 190
453 234 206 185
450 228 198 180
419 221 191 173
480 %é# 183 165
X 19 CrMoVNBN 11 1 1.4913 500 02 199 fﬁ =
, 66 1
gég 190 155 132
830 181 143 124
o 171 130 108
5 160 114 92
ng 149 98 79
Bal 134 78 66
87 118 63 53
Ea0 100 48 40
80 39 30
600 61 30 21

1} The values given in this T
: - able are the mean val
time to ¢ values of the scatter band so tai
ime as further test results become available and if nmmdmmrutﬂedh Anteﬁdi :&E‘ wilil ]";E checked from
. ard is in preparation.
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Table 10. (continued) _]. "
foran | Residual stressin N/mm2 | fOF3% |  Residual stress in N/ mm?2 URG CrOm-gaotions
Materizl Temper- | initial after initial after
ature strain stressing duration for strain stressing duration for d to 40 mm d over 40 mm
Material €a total Ea total

Code number | pumber oC % 1000 h |10 000 h|30 000 h % 1000 h |10 000 h | 30 000 h !
450 280 266 256 381 363 342
6500 271 250 234 362 335 310
510 269 245 228 366 327 300
020 266 239 221 349 316 288
530 263 232 213 341 306 274
540 259 226 205 331 292 267
550 255 218 196 321 271 237
560 0.156 249 209 187 0.20 309 260 217
570 ' 244 201 176 296 240 199
580 238 193 166 282 220 182
590 231 183 155 268 200 165
500 224 174 144 252 184 149
610 216 163 133 235 169 1356

R . i 620 208 163 121 221 1566 121

NiCr20TiAl | 2.4992 | @39 200 141 108 207 141 108
640 190 129 96 194 130 96
650 181 119 85
660 170 107 15
670 160 97 65
6B0 149 88 56
690 138 79 48
700 i 127 70 40

and
710 0.90 117 61 33
720 3 107 53 27
730 97 45 22
T40 B8 38 17 ‘ 4
780 79 31 13
L_Jl Tensile test specimen Notch impact specimen

Figure 1. Position of tension and notch impact specimens

z‘:ha: c::ldii;inn “position nll'. specimen axis at 1/6 along the diameter or
t iagonal of cross-section of the specimen sectio ' "
be complied with for e S
Tensile test specimens with gripped ends of diameter 10 mm:
— for round steel from about 33 mm diameter
— for square steel from about 39 mm side length.

For notch impact specimens of 10 mm x 10 mm cross |
: -section, the corre-
sponding dimensions shall in each case be about 3 mm larger.

The axis of the notch of the notech im i
| . pact specimen shall be as far as
possible perpendicular to the fibre direction in the material.

The prescribed position from which the specimen is to be
complied with as precisely as possible. £ S

B = |
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800y
800 i ) ' 700
N e
’ — 40 LrMo - N/mm?*
700 — MoV 12 1, Rm=900 101050 . .
i S X 22 CrMoV 12 1 Rm =800 to 950 N/mn = O o
21CrMaNS7 |
- 500 iCr 20 TiAl E_ 500
& . X 8CrNiMoBNb16 16|
& 500~ 2 400 X19 CrMoVNDN 11 14— /
£f = e — E | X22CrMoV12 1.Rm=900 to OSON/mm? /
£ 2400 o s e 8 300 =800 to
E -24 CrMoS, 2#100mm Vi 7—
= '?_.305 .24 Cr Mob, ?T'ﬂﬂ'!ﬂﬁﬂmm ; 200 | .
S0 o ¢! I3
200 \L‘-‘\"h-; - X ﬂf-l‘f'ul}HnENb1ﬁ 16 o Ck 35 and Cq 35=— .
= 100 24 CrMo S5+
L Ck 35 and Cq 35
100 a)
0.2% creep % 00 200 300 400 %
4 600 700 °C
” Ss——300 300 400 500 600 700 °C 800 limit —10 000 b Test temperature ——
0 Test temperature —=
- : - 9% limit values as a function of
Fioure 2. Minimum yield point or 0.2 = Tensile strength)
o the test temperature (the values in Table & apply) (R, =Te ngt 800
N/}
700
- |
: _
10 Hfr:ﬂﬂ g 600 iCr 20 TiAl
240 NiCr20TiAl 2 200
/ Stesiswith = 12%Cr < X8 Cr NiMoBNb 16 16
= < L00| X19CrMoVNDN 11 1 |
200 = E  [X22CrMoV12 1.Rm=900 to 10SON/m’ N |
X —7 i HHL g 300/-%22CrMoV12 1,Rm=800 to 950N/ |
'ﬁ 160 7 Awﬂmtll |2 2 21CrMo VS 7 and LOCrMoVé 7=—
Era —— Ferritic steeis ® 200 I E
5 120 o
- =] Ck 35 and Cq 35
0 - 10 24CrMo 5 :
3 1 = :
3 3}2% 0
£ .4 7o CTEED 0 100 200 300
o ke 400 S00 600 700 °C
g limit —30 000 h Test temperature — o -
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Explanations

This new issue of DIN 17 240 replaces the January 1959
version of Standards DIN 17 240 Part 1 “Heat resisting
steels for bolts and nuts; technical conditions of delivery”
and Part 2 “Heat resisting steels for bolts and nuts;
quality specifications”. Its contents differ from the
stipulations in the 1959 issues essentially in the follow-
ing aspects:

1 Selection of materials

The steels

C45 (Material number 1.0603),

Ck 45 (Material number 1.1191),

24 CrMoV 55 (Material number 1.7733),
21CrMoV 511 (Material number 1.8070) and
X15CrtMo 121 (Material number 1.4920; still

material number 1.4921 now

obsolete, in the 1959 issue of
DIN 17 240)

have been deleted and the steels or alloys

Cq 35 (Material number 1.1172),
21CrtMoV 5 7 (Material number 1.7709),
40CrMoV 4 7 (Material number 1.7711),
X19CrMoVNDN 111 (Material number 1.4913) and
NiCr 20 TiAl (Material number 2.4952)

have been newly adopted.

The cold upsetting steel Cq 35 is being increasingly used
for nuts and smaller diameter screws (to about 20 mm).

The grade 21 CrMoV 5 7 replaces the grades 24 CrMoV 5 5
and 21 CrMoV 5 11. On the basis of studies carried out
by the Research Association for Heat Resisting Materials,
4 co-operative body in which steel producers and users
dre represented, the latter two grades do not, as might
be supposed from the guidance values given in

DIN 17 240 Part 1 and Part 2, January 1959 issues,

have better values than the new grade, particularly with
regard to creep behaviour. Bolts and nuts of these two
older steels that are still in stock may however be used

without reservation in place of bolts or nuts of steel
21CrMoV 5 7.

The grade 40 CrMoV 4 7 is equivalent to grade B 16
according to ASTM A 193. It is distinguished by the
fact that even at 550 °C it still has a relatively high
0.2% limit values and for this reason and because

of the good results obtained with it abroad, has been
adopted in DIN 17 240, although it does not fulfil the
requirements of the AD Data Sheet (November 1970
issue) (steel bolts and nuts) in respect of DVM absorbed
energy (=8 kgm/cm? corresponding to = 55 J for alloy
steels or = 6 kgm/em2 corresponding to = 41 J for
unalloyed steels) (see Table 4).

The former nut steel X 15 CrMo 12 1 (material number
1.4920; see above) has been deleted because, on the
basis of more recent knowledge on the possibilities of
coupling nut and bolt materials, steel X 22 CrMoV 121
(material number 1.4923) can be used for both bolts
and nuts,

The steel X 19 CrMoVNDN 11 1 (material number
1.4913) and the alloy NiCr20TiAl (material number

24952) have been adopted in this Standard because
they are being increasingly used.

2 Relaxation resistance

In order to assess the quality of a bolted connection, in
Eenerql it is important to know the extent to which the
materials used tend to lose with time at their service

lemperature, the initial pre-stress they have been given,

a5/

because an increasing proportion of the total strain
consists of permanent deformation.

As a supplement to the information on long-time high
temperature strength contained in Table 9, Table 10
therefore contains provisional guidance values on the
relaxation resistance of the materials in this Standard,
expressed in terms of the residual stress as a function
of temperature and duration of stressing for a given
initial strain on the bolt. These values provide no infor-
mation on maximum permissible stressing. They do
however give an indication as to the intervals at which
it is advisable to re-tighten bolted connections in order
to restore the required pre-stress. In general, it is

advisable to replace bolts after a permanent strain of
1% has been reached.

The values given in Table 10 are mean values of the
scatter band so far recorded. They will be checked from
time to time as further test results become available and
if necessary corrected. On the basis of information so
far available from tests of to = 30 000 hours, it can be
assumed that the lower limit of this scatter band is
about 20 % lower than the quoted mean value at the
temperatures given for the steel grades listed.

The values given have been determined in relaxation
tests on smooth test bars under uniaxial tensile stress

or using the models of bolted connections described in
the literature.

3 Absorbed energy

The values of absorbed energy applicable to DVM speci-
mens have in some cases been considerably increased

(Table 4) compared with the values formerly stipulated,
on the basis of recent statistical evaluations, In addition,
minimum values of absorbed energy applicable to ISO
V-notch specimens have been adopted in this Standard.
In some cases, there was only relatively little test
documentation available for these. All those involved
are requested to collect and report any further test
results on absorbed energy so that the present stipula-
tions can be checked on this basis and if necessary
subsequently modified. This applies particularly to the

materials newly adopted in the Standard as mentioned
above.

4 Transverse specimens

During the discussions, differences of opinion arose as
to whether the values given in Tables 4 and 5 for the
yield point (or 0.2 % limit) and tensile strength

could also be standardized for transverse specimens
taken from the core in the case of steel Ck 35 for
example. For this reason, as in DIN 17 200 — quenched
and tempered steels — sampling has not yet been defi-
nitely stipulated in this Standard in the case of transverse

specimens, but left open for agreement to be made
(see Section B.3.2).

o Extent of hardness testing

On the basis of the earlier stipulations (see DIN 17 240
Part 1, Section 3.23, of January 1959 issue) irrespective
of the diameter, every bar had to be subjected to a
hardness testing in order to check the uniformity of the
delivery. On the basis of statistical evaluations on uni-
formity of deliveries and the use of special processes
for monitoring uniformity of the products in a number
of manufacturing works, it has been possible to eliminate
this testing effort completely (see Section 8.2.3).
According to the circumstances of individual manufac-
turers, agreements should be made for a further reduc-

tion in the extent of testing.
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