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1 Field of application

1.1 This standard apples to seamless circular tubes and
pipes (hereinatter briefly referred to as tubes) subject to
special requirements and made from the austenitic stain-
less sieels listed in table 1. These tubes are predominantly
used in the censtruction of pressure vessels, chemical plant
and pipework.

The limits of application and other specifications given in
this standard shall apply exceptin cases where other speci-
fications are given in codes of practiee for specific fields of
application,e.g.the Technische Regein Druckbehdlter(TRB)
(Technical rules on pressure vesselis), Merkblitter der
Arbeitsgemeinschaft Druckbehilter {Instruction sheets of
the Study group on pressure vessels).

1.2 This standard does not apply to general purpose
seamless circular stainless steel tubes (see DIN 17458).

2 General
2.1 Concept

Steels which are particularly resistant to chemically agres-
sive agents are considered to be stzintess steels; they
generally have a chromium content of not less than 12 % by
mass and a carhon content not exceeding 1,2 % by mass.

2.2 Test classes

Tupes complying with thetequirements ofthis standard may
be supplied as test class 1 or test class 2 tubes. Test Class 2
tubes are distinguished from test class 1tubes by their hav-
ing been subjected to a more extensive test programme.

® The selection of the test class is at the purchaser’s dis-
cretion.

3 Classification into grades

This standard covers tubes made from the steel grades list-
ed in tabie 1.

® The selection of the stael grade is at the purchaser's
discretion.

4 Designation and ordering

4.1 The standard gesignation for tubes complying with

this standard shail give in the following order:

= the term “tube";

— DIN number of the dimensional standard (e.g. DIN 2482
Part 1);

— characteristic dimensions of tube
eter x wall thickness);

(outside diam-

Cantinued on pages 2 to 16
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— number of the pr.esem standard (DIN 17458);

— symbol or material number for the steel grade (see
table 1);

— symbol for the type of condition of the tube (see table §),

Example:
Aseamless tube conforming to this standard, with an
outside diameter of 88,9 mm and a wall thickness of
4 mm as specified in DIN 2462 Part 1, made from
X 8CrNiNb 1810 steel (material number 1.4550), in
the cold worked, heat treated and pickled con-
dition {h), shall be designated as follows:

Tube DIN 2462-889 x 4
DIN 17458 — X 6 CrNiNb 18 10 —h
or Tube DIN 2462 - 88,9 x 4
DIN 17458 ~1.4550 —h

4.2 @ Inaddition to the standard designation as given in
subclause 4.1, the purchaser shall always state in his order
the required quantity (e.g. the iotal length to be supplied),
the test class, the type of length {see DIN 2462 Part i) the
length cf the individual tube in the case of specified lengths
and exact iengths,the tolerance class for diameter and wail
thickness as specified in DIN 2462 Part 1,the type of docu-
ment on materials testing as specified in DIN 50049 and, if
required, aiso the relevant technicai specification.

Example of an order;
1000 m tube DIN 2462 - 88,9 x4
DIN 17458 - 1.4550 - h
test class 1, in specified lengths of 6m,
telerance class D2, T3,
accompanied by document DIN 50049 - 3.1B

4.3 ®® In addition to this, further details may be agreed
at the time of ordering, as described in the subciause
marked with two dots.

-5 Requirements

51 Manufacturing process

5.1.1 The process empioyed for making the steels used to
manufacture the tubes covered by this standard is at the
manufacturer's discretion, unless a special steelmaking
process has been specified at the time of ordering.

5.1.1.1 ®@® If so agreed, the purchaser shall be informed
on the steelmaking process used.

5.1.2 Tubes covered by ihis standard shall be many-
tactured by hot or cold rolling, hot pressing or cold drawing
or a combination of these processes.

Unless otherwise agreed at the time of ordering,the process
used to manufacture the tubes is at the manufacturer's dis-
cretion,

5.2 As delivered condition

The tubes maybe supplied in one ofthe conditions specified
in table 6 (see subclause 5.8). The guideline data given in
tabte 5 shall be taken into consideration with regard 1o heat
treatment.in the case of hot pressed austenitic sieel tubes,
the requirements for proper heat treaiment shall be
deemed lo have been met if the tubes, after hot working and
solution annealing, have been quenched in water.

5.3 Chemical composition
5.3.1 Cast analysis

The chemical compaosition of the steels determined in the
cas! analysis ') shall be specified in table 1. Slight deviations
from these values are permittsc subject 1o agreement with
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the purchaser or his representative it the mechanicai
properties. weldability and corrosion resistance of the steet
conform to the requirements specified in this standare,

5.3.2 Product analysis

When testing the chemical composition of the finished
product, the deviations shown in table 2 from the values
specified in table 1 are permitied.

5.4 Mechanical and technological properties

5.4.1 The0,2%and 1% proof stresses,the tensile strength,
the elongation after fracture and the impact energy deter-
mined for the tube material shall conform to the values spe-
cified in table 3, which apply for tubes in the as delivered
condition specified in subclause 5.2 and for the 1est condi-
tions specified in subclauses 6.4 and 6.5 of this standarg,

54.1.1 @@ The mechanical properties do not apply for
cendition f described in table 6. If required, these shall be
agreed at the time of ordering.

5.4.2 The values listed in table 4 shall apply for the elevat-
ed temperature 0,2% and 1% proof stresses.

5.4.3 Guideline datareiating to creep strength are givenin
Appendix A.

5.4.4 The tubes shali comply with the requirements io be
verified in the technological tests specified in subclauses
65410857

5.45 Tubes made from steel grades specified in this
standard are suitable for hot working.

5.4.6 Tubes made from the steel grades specified in this
standard are particularty suited for cold working (e.g. bend-
ing} in the “solution annealed and quenched” condition, it
should be neted that the corrosion resistance and the
mechanical and physical properties are changed by cold
working.

5.5 Weldability

5.5.1 Tubes made from the steel grades specified in this
standard are suitable for arc welding.

5.5.2 According to DIN 8528 Part 1 however, weldability is
dependent not only on the grade of stee! but alsc on the
conditions during welding, on the design and the operating
conditions of the structural component,

5.5.3 Any filler metal required shall be selected on the
basis of DIN B556 Part 1taking the intended application,the
stress, the welding process and other recommendations
into consideration.

5.6 Further processing and heat treatment

See table 5 for guideline data on heat treaiment in the fabri-
cation of the tubes and on further processing, and also for
guideline data on hot working as part of further processing.

5.7 Corrosion resistance

5.7.1 The corrosion resistance of tubes complying with
this standard under the efiect of the various corrosive
siresses found in use is not the subject of this standard as it
cannot be covered by a requirement of peneral validity.

5.71.1 ®® |f necessary, specific corrosion tests may be
agreed at the time of ordering. The conditions and the eva-
luation of the results of testing shall also be specified on this
occasion.

') When sequential castings are supplied, as is possible in
the case of continuously cast tubes, the term “cast"
should be read as "casting units",



a0

L

*

= O AN

Jgi=rs= 1 W U

DIN 17458 Page 3

"(s910U Arojeur|dx3 ay) ) 8|qe] uosLEGWOD 88s) prepueis sy} 4o Al

‘PiepuURlS sy wi payisads santadosd ayl idsjeiay qleys Jou
10 3sodind ay) 10} )daoxa 'juasuad $485e101nd 8Y) 1NOY)IM |2

JUSUOD WNIgoiu Jo Wiy ay) ut passaidxe pur wniqotu Him sayiaboy pautwia)ap wnjejuer (y
%0E0'0 > S '%SH0'0S d 'Pay1oads asmiaylo ssajun (g

%025 UNROLSIS"
Plieajo pouad ay) Buunp pesnag o
‘Alngepam sy°6's 'jaeis ay) Jo Aigesss
313 aU1 0] A|ajesaqyiap pappe aq jou By

2o0idao Aungesn ay) Nedun fem ou ur
§ sapelb joa)s (enplaipul ay) Jo joads

1anuiuod AeWw gy 21 NiTJouops 2461 19qwedaq ayy vl uanb sjoquiks ML
liBYS Sjuawate yonsg Jjaw ayy Buiysiuy
1 U1 3|1qB} $14) Ul pajonb Jou Siugwalg

—

ST0'0 > S:Zz'00ol2in N S'vlL 0j §'ZI a's o1 0'p s'gl 0] g9 0eo’o BEPY'L SELLL NOWINID Z X
SZ00 > § O'vt 01 Q11 0t 01 §¢ S8l o1 §'04 L0°0 9EVYIL EELLICNINIDGSYX
5200 > g 0'Sk 0} 521 o't 0152 S'8i 01 0/t 0E0'0 SEVP'L EVLBLOWINIDEX
CZO'0> S ZZ0 01 LD N Syt o) g1y 0t ) G'g S8l 01 g9y 0£0'0 T4 2t EEL L NOWIND Z X
(r00'L01dn o0 x g1 :an S'ElL 01 §'01 Sz otog S'g101 g'gL’ 800 08sH| TZL LLANOWINID 9X
ogoordnDogx gy S'€L 0} §0L S'Z 010 5’8l 0] 591 800 LS¥) TZLLLUIOWINID B Y
- o'vL 01 0"y 82 010z S8l 0 501 0ED0 ot TELLZLONINIDZYX
- Sl 0] §'a1 G'Z 0} 02 S'8L 0] s'gL 100 LoveL TCILLONINIDSY
{-00'L 01 dn'Qog x gL N 0zt O} 0B - 0’6t 01 0’21 BO'O 0SSY°1L OLBLANINID 9 X
080 01 dn'Qog x g1y 'zl 01 0'6 - 0'6l 0} 0'/L 800 LrshL OLBLILINIDOX
220 012I'0:N S1L 0) 5y - 0'6L €1 0721 0€0°0 LLEP' L OLBININIDZ X
- ST 0} 001 - 0'0Z 01 0'8l 0E0'0 S0EFL LEBLINID T Y
- §'0l1 01 5'g - 0’61 01 041 400 LOEP'} OLBLINIDGY

R Jaqunu A oqwA

(e512410 IN oW 1 o) reueB N zicquis

Ssew Aqg oy apesb |aa)g

(i sisfjeue 1580 ayy ) Pauiutiaap uolsodwon jeanusya pue sapess 13315 | ejqe]

143



7+ U
b= 1ls=FUWs Ul sOAN

Page 4 DIN 17458

Table 2. Amounts bywhich the chemical composition in the product analysis may deviate
from the limit values specified for the cast analysis

Limit vatues specified for the Permissible
Element cast analysis as in table 1 deviations 1}
% by mass % by mass
Carbon C = 0,030 + 0,005
> 0030= 008 + 0,01
Silicon (8i} = 10 + 0,05
Manganese (Mn) = 20 + 0,04
Phosphorus (P) = (0,045 + 0,005
Sulfur (8) =< 0,030 + 0,005
Nitrogen (N) < 022 + 0,01
Chromium (Cr) 2165 =200 + 0,20
Molybdenum (Mo) = 20 = 50 + 0,10
Nickel (Ni) = 85 <100 + 0,10
=100 =150 =015
Niobium (Nb) = 1,00 =+ 0,05
Titanium (Ti) _ ‘= 080 £005
i) lfseveralproduct analyses are carried out for a single cast and ifthese elements show
contents for a single element outside the range specifiedfor the cast analysis, this
content shall either exceed the permissibie maximum content or be beiowthe permis-
sible minimum content, but not both at the same time for one casi.
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Table 6. Types of condition of tubes

Symbol Type of condition Surface finish Notes
1 Hot worked, heat treated 1),
descaled
Metallically clean
c2 Hot worked, heat treated 1),
: pickled :

f Mechanically or chemically Metallically bright-drawn, Cold working without subsequent heat
descaled, cold worked, much smoother than for treatment modifies the properties depend-
not heat treated conditions ¢1 and ¢2 ing on the degree of working; this applies

in particular to austenitic steel tubes,

g Cold worked, heat treated, Scaled Suitable only for components which will
not descaled be descaled or worked.

h Cold worked, heat treated and Metallically bright-pickled,
pickied smoaother than for

condition ¢2

m Cold worked and free from Metallically bright-anneailed,
scale, heat treated smaoother than for condition h

n2 Coid redrawn {polished-drawn), Metatlically bright-annealed, Especially suitable for grinding and
bright heat treated srmoother than for condition polishing.

horm
o Ground Metallicalty bright-groung; the

type and degree of grinding

shall be agreed at the time

of ordering. Conditions h, m or n2 are generally used
p Polished Metallically bright-pofished: as starting condition2).

the quality and type of polishing

shall be agreed at the time

of ordering.

'} See also subclause 5.2.

2) ® The order shall specify whether grinding or polishing is to be internal or external, or internal and externa.
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Table 5. Guideline data for the heat treatment during fabrication and further processing of tubes and guideline data for
hot working as part of further processing
Heat treatment during fabrication . . .
Steel grade and turther processing Solution annealing 1emperature )
Material Solution annealing a ni T .
ateria temperature 1) uenching emperature T .
Symbol number oC in o ype of cooling

X5CrNi18 10 1.4301
X2CrNi19 11 1.4306 1000 to 1080
X2CrNiN 1810 1.4311
XE6CrNITi 1810 1.4541
X6CrNiNG 1810 1.4550
X5CrNiMo 17122 1.4401 1020 to 1100
X2CrNiMo 17132 1.4404 .
X6CrNiMoTi17 122 1.4571 Water, air2) 1150 to 750 Air
XG6CrNIMoNB 17122 1.4580
X2CrNiMoN17 133 1.4429 104010 1120
X2CrNiMo 18143 1.4435
X5CrNiMo 17133 1.4436 1020 t0 1100
X2CrNiMoN 17135 1.4439 1040 to 1120
') When heat treatment forms part of further processing of the product, an attempt shall be made to achieve the [ower

vaiues of the range specified for solution annealing. If hot working has been carried out at a temperature of at jeast

B50°C arif the product has been cold worked, the temperature of renewed solutian annealing may be 20K less than the

lower limit for solution annealing.
?) If the cooling is sufficiently rapid.
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Table 7. Summary of scope of test programme and documents on materials testing
({see figure 1 for sampling peoinis and location of test pieces,; see subclause 6.3.1 for batch size)

Testing Scope of test programme Responsibility Type of documents
for carrying out on materials

No. Type of test Asinsubclevse) Test class 1 Test class 2 the tests testing

1 | Cast analysis 531 Per cast or casting unit Manufacturer DIN50049 - 221
2 | Tensile test 6.312 One test piece taken from one sample | By agreement DINS00O49 - 3.1 A
at ambient 6.4.1 tube per batch 2) or DINSD049 ~31B
temperature 6.5.1 or DIN 50049 -31C
or DINS0040 - 32A
or DINS500O49-32C
3 | Impact test 63.1.2 For wall thicknesses > 20mm By agreement DIN 50040 - 31A
642 or DIN50049-31B
6.5.3 1set of 3 individual test pieces per or DIN500492-31C
sample tube or DIN50049 - 32 A
or DIN50040-32C
4 | Flattening test,ring | 6.3.1.4 For wall thicknesses < 40 mim By agreement DIN 50049 - 3.1 A
expanding test (or 6.3.1.5.1 or DIN 80048 -318
drift expanding test) | 64.3 11test piece 1test piece from one or DINS0049-31C
or ting tensile test 654 from both end of each tube or or DINS0D48 -32 A
{see table 8) 6.5.5 ends of factory length 4) or DINS0048 -32C
656 sample tube
6.5.7
S | Non-destructive 6.3.1.5.2 | For walt thicknesses > 40mm Manufacturer DIN50049-318B
testing of tube ends | 6.5.12
- All tubes
6 | Leak tighinesstest | 6.3.1.6 All tubes Manufacturer DIN 50048 ~2.11)
" | 8510
7 | Visual exarnination 6.3.1.6 All tubes By agreement DIN50049 - 3.1 A
€.5.11 or DINS0049 -31B
or DINS0049-31C
or DIN 50049 -32A
or DIN50045 -32C
8 | Materials 6.3.1.6 All tubes Manufacturer DINSQO42 -211)
identity test 6.5.17
8 [ Check on 6318 All tubes By agreement DIN5004S - 3.9 A
dimensions 8.5.15 or DINS0049 ~31B
65.16 or DIN50048-3.1C
or DINS0049 - 3.2 A
or DINS0049-32C
10 ¢ Non-destructive 6.3.1.563 | Byagreement | All tubes5) Manufacturer DIN 50049 -3.18B
testing of tubewall | 6317 |.
6.5.13
11 | Hot tensile test &) 6313 By agreement By agreement DINBOO49 -3 A
6.5.2 -or DINS0042 -3.1B
or DINB0049-3.1C
or DINS0D49 -3.2A
or MN 50048 - 3.2C
12 | Product analysis 6) 532 1 product analysis per cast Manufacturer DIN 50049 - 3.1 B
. 63.1.9
64.4
B6.5.8
13 | Testing for 57.2 By agreement Manufacturer DIN50C48-3.18B
intercrystalline 63.1.8
corrosion 5) 6.59

1) This certificate may also be included in the next higher stage of document.

2) Inthe case of tubes with d, notless than 200 mm ora wall thickness not less than 12 mm,which are to be used for pressure
vessel casings, testing shzall cover 10% of the test batch,

3 In the case of tubes to be used for pressure vessel casings, testing shall cover 109 of the test batch.

4} In the case of tubes which are 1o be used for pressure vessel casings and which are to be subjected to ultrasonic
examination as specitied in Stahi-Eisen-Prifbiittern 1915 and 1918, the scope of testing ring test pieces shall be reduced
to 10% of thae test baich.

5) Only subject to agreement at the time ot ordering in the case of tubes with an cutside diameter not exceeding 101,6 mm
&and a wall thickness not exceeding 5,6 mm {see subclause 6,3.1.7).

8} Only subject 1c agreement between manufaciurer and purchaser.
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Table 8. Tube dimensions to be considered for the technological tests carried out on test classes 1 and 2 tubes

TUbe. diameter, Wall thickness
in.mm
Qutside Inside <2mm >2mm <16mm >16mmg4pmm > 40mm
< 213 > 15 Flattening test Ring expanding test 1) - ~
< 213 < 15 Flattening test Flattening test - -
> 213< 146 > 15 Flattening test Ring expanding test 1) Flattening test Impact test
impact test?)
> 21,3< 146 < 15 - Ring expanding test) Flattening test Impact test
Impact test 2)
> 146 > 100 - Ring tensile test3) Ring tensile test 3) Impact test
Impact test2)
> 146 <100 - Ring tensile test 2) Impact test
Impact test 2)
') At the manufacturer's discretion, the drift expanding test may be carried out in place of the ring expanding test.
?) The impact test shall only be carried out on tubes with a wall thickness not less than 20 mm.
3) Inplace ofthis test,non-destructive testing of the tube ends as describedin subclause 6.3.1.5.2 may be carried outbythe
manufacturer, on tubes with outside diameater exceeding 508 mm.

5.7.2 The datagiven in table 3 shall applyforthe resistance
of the steels to intercrystalline corrosion when tested as

specified in subclause 6.5.9,

5.8 Type of condition and appearance of surface
5.8,1 The tubes shall be supplied in one of the conditions

listed in table 6.

® The selection of the type of condition is left to the manu-

facturer's discretion.

5.8.2 The tubes shail have an inside and outside surface

consistent with the manufacturing process used.

5.8.3 Slight irregularities in the surface resulting from the
manufacturing process, such as raised or depressed areas
or shallow grooves are permitted, except for condition o]
(polished), as long as the remaining wall thickness fulfits the
requirements specified in subclause 5.1 and thefunctionof

the tubes is not impaired.

§.8.4 Properremoval of surface defects using appropriate
means (e.g. grinding) is permitted as long as the remaining
wall thickness fulfils the requirements specified in sub-

clause &.11.

5.9 Leak tightness

The tubes shalil remain leaktight when tested as specified in

subclause 6.5.10.

5.10 Non-destructive testing

5.10.1 The entire wall of test class 2tubes with an outside
diameter exceeding 101,6 mm or a wall thickness exceeding
5,6 mm shall be subjected to an ultrasonic examination as

described in Stahi-Eisen-Prifblatt 1915,

Tubes to be used for pressure vessel casings,designed fora
permissible working overpressure exceeding BO bar, shall be
tested as specified in Stahl-Eisen-Priitblittern 1915 and 1918.

5.10.2 @@ Subjectto agreement atthe time ofordering, the
entire wall of test class 2 tubes with an outside diameter not
exceeding 101,6 mm or a wall thickness not exceeding 5,6 mm
and test class 1 tubes may afso be subjected to an ultrasonic

examination as described in Stah/-Eisen-Priifblatt 1915.

5.11 Dimensions, masses per unit length
“and permissible deviations

DIN 2482 Part 1 shall apply for the dimensions and masses
per unit length of tubes and for permissible deviations,
® DIN 28180 shall apply for tubular heat exchangers. The
order shall follow the pattern of the sample order given in
that standard.

5.12 Physical properties

Reference is made to volume 10 of the Stahleisen-Sonder-
berichte {Iron and steel special reports) (see the “Standards
and other documents referred to"clause) for guideline data
on the physical properties of the steels conforming to the
requirements of this standard. ’

6 Tests to be carried out and
documents on materials testin
6.1 General ’
The tubes accompanied by one of the following documents
on materials testing as specified in DIN 50049:
— document DIN 50049 — 3.1 A (inspection certificate A):
= document DIN 500453 — 318 (inspection certificate 8);
— document DIN 50049 —-3.1C (inspection certificate C);
— document DIN 50049 — 3.2A (inspection report A);
— document DIN 50049 - 32C (inspection report C),
® Thetype of document required and the test house where
acceptance inspection is to be carried out by a third party
shall be specified in the order.

6.2 Test site

The tubes shall be tested at the manufacturer's works, Pro-
duction shall not be ynduly disturbed when acceptance
inspection is carried out by experts who are not employees
of the manufacturer,

6.3 Scope of test programme

6.3.1 The tubes shall be inspected by batches, Tabie 7
gives a synopsis of the scope of test programme in each
case.
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6.3.1.1 For the purposes of testing, the tubes shall be
divided up by steel grade, cast, test class,dimensions and, if
possible, by the type of heat contro! into batches compris-
ing 100 tubes. The tubes may be divided up by factory
lenghts,

Remainders of up to 50 tubes may be distributed uniformiy
across the batches. Quantities and remainders of more than
50 tubes and consignments of less than 50 tubes count as
one complete batch,

6.3.1.2 One tube (sample tube} sha!l be taken from each

batch for verifying the mechanical properties of test class 1

or 2 tubes. The following tests shall be carried out on this

sample tube:

— 1tensile testat ambient temperature.in the case oftubes
with an outside diameter not less than 200 mm or a wall
thickness not less than 12 mm, which are to be used for
pressure vessel casings, testing shall cover 10% of the
test batch;

— 1set of test pieces for impact tests in the case of tubes
with 2 wall thickness not less than 20 mm. In the case of
tubes to be used forpressure vessel casings, testing shall
cover 10% of the test batch.

@ Tubes to be used for pressure vessel casings shall be

particularly specified in the order stating whether or not the

permissible working pressure exceeds B0 bar.

€.3.1.3 @@ if a check of the elevated temperature 0,2%
and 1% proof stresses has been agreed at the time of order-
ing,the testtemperature and scope of test programme shall
also be agreed. .o :

6.3.1.4 Test class 1tubes ;
In the case of tubes with a wall thickness not exceeding
40 mm, 2 flattening test, ring expanding test or ring tensile
* test shall be carried out on two test pieces, one taken from
each end of the sample tube. At the manufacturer's dis-
cretion, a drift expanding test maybe carried out in place of
the ring expanding test.
Asynopsis of theteststo be considered forthe relevant tube
dimensions given in table 8,

i

6.3.1.5 Test ¢lass 2 tubes

6.3.1.5.1 In the case of tubes with a wall thickness not
exceeding 40 mm, a flattening test, ring expanding test or
ring tensile test shall be carried out on test pieces taken
from one end of each tube or each factory length. At the
manufacturer’s discretion, a drift expanding test may be
carried out in place of the ring expanding test.

6.3.1.5.2 in the case of tubes with wall thicknesses

exceeding 40 mm, a non-destructive test as described in
subclause 6.5,12 shall be carried out on both ends of each

tube, over a length of 25 mm.

6.3.1.5.3 Tubes with an outside diameter exceeding
11,6 mm or a wall thickness exceeding 5,6 mm shall be sub-
jected to non-destructive testing as specified in sub-
clause 6.513.

6.3.1.6 Irrespective of the test class, the following tests

shall be carried out on all tubes in the batch:

— testing for leak tightness;

— materials identity testing;

— visual examination of the type of condition and surface
finish;

— check on dimensions.

6.3.1.6.1 ®® |t mayalso be agreed to carry out the visual

examination and check on dimensions of the lubes in accord-
ance with 8 sampling plan, e.p., as described in DIN 40 0B0.

8,3.1.7 @® By agreement, the entire wali of tes! class i
tubes or of test class 2 tubes with an outside diameter not
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exceeding 101,6mm and a wall thickness not exceeding
5,6 mm may also be subjected to an ultrascnic examination
as described in Stahl/-Eisen-Priitblatt 1915,

6.3.1.8 @@ Atestforresistance to intercrystalline corro-
sion may be carried out by agreement.The scope oftest pro-
gramme shall be agreed.

€.3.1.8 @® Ifacheck of the chemical composition (prog-
uct analysis) has been agreed, this check shall be carried
out on one tube per cast.

6.4 Sampling and sample preparation

The information given in figure 1shall apply forthe sampling
poinis and the {fest piece location.

R

/

Z9)

') See also subclause 6.4.3,

2) For tubes with wall thicknesses not less than 20mm,
test pieces taken transverse or iongitudinal to the
tube axis (see also subclause 6.4.2).

3) See also subclause 6.4.1.

in the illustration above

K =set of 3 ISO V-notch test pieces, as specified in
DIN 50115,

R = ring test piece,

Z = tensite test piece,

Figure 1. Sampling points and location of test pieces

6.4.1 Tensile test

6.4.1.1 For the tensile test, one strip test piece (see
DIN50140) shall be taken from the sample tube longitudina)
to the tube axis.lt is permitted to remove local irregularities.
The test piece shall not be heat treated and not straightened
within the gauge length. In the case of wall thicknesses ex-
ceeding 30mm, at the manufacturer's discretion, circular
test pieces (see DIN 50125) may be taken longitudinal to
the tube axis, &t a distance of one quarter of the wall thick-
ness from the outside surface or as close to this position as
possible.

Al the manufacturer's discretion, the tubes may also be
subjecied to a tensile test in full (see DIN 50140),

€.4.1.2 In the case of tubes with an outside diameter not
fess than 200 mm, round or flat test pleces workad on ait
sides may be taken transverse to the tube axis forthe tensile
tast,if the tube dimenslons permit this without straightening
of the test plece (see DIN 50125).
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6.41.3 As a rule, short proportional test piaces shall be
taken for the tensile test.

8.4.2 Impact test

Forthe purpose of the impact test,a set of three ISOV-notch
test pieces shall be taken from the sample tube transverse
to the tube axis where the tube dimensions permit this
without straightening ofthe test pieces. Otherwise, the test
piece shall be taken longitudinal to the tube axis.in the case
of tubes with wall thicknesses exceeding 30 mm, the centra
line ofthe test pieces shall have a distance from the axternat
surface equal to one quarter of the wall thickness orshall be
positioned as close as possible 1o this location.

The test pieces shall be taken and prepared in such a way
that the axis of the notch is perpendicular to the tube
surface. :

6.4.3 Technological tests

In the case of test ctass 1tubes, the test pieces for the {lat-
tening test described in DIN 50136, the ring expanding test
described in DIN 50137, the drift expanding test described
in DIN 50135 or the ring tensile test described in DIN5C138
shall be taken from both ends of the sample tube as speci-
fiedin subclause 6.3.1.2.Inthe case oftest class 2tubes, the
ring test piece shall be taken from one end of each tube or
each factory length.

if factory lengths are subsequently cut into subsections, no
further test pieces need to be taken from these subsections
provided that it is clearly indicated from which already
tested factory length the subsections have been taken, If
suchidentification is not given, the factory lengths shail not
be tested; the subsections shalf be tested instead. In the
case of testclass 2 tubes, allocation ofring test pieces o the
tube ends from which they have been taken shall be possible,

8.4.4 Chemical composition

For checking the chemical composition by means ofa product
analysis on the finished tube, the sample chips shallbetaken at
points uniformiy distributed over the entire wall thickness of
the tube. A similar sampling method shall be used for spectral

analyses.In general, Stahl-Eisen-Priifbtatt 1805 shall apply for-

sampling,

6.5 Procedure

6.5.1 The tensiie test shall be carried out as described in
DIN 50140 or DIN 50145, ’

6.5.2 lfverification of the elevated temperature 0,2 % and

1% proof stresses has been agreed, this shall be done as
specified in DIN 50145,

6.5.3 The impact test shall be carried out as specified in
DIN 50118,

8.5.4 Theflzttening testshall be carried out as specifiedin
DIN 50136. The test pieces or tube ends shall be flattened
untila specified distance between platens H isreached.The
following equation shalt apply for the distance between
platens H,in mm:

(1+¢) s
T oo+ s/d,
where
§ is the wall thickness,in mm;
d, is the outside diameter. in mm;

¢ is & constant for which 0.10 shall be substituted in the
equation. if the ratio s/d, exceeds a value 0f0.25,¢ shalt
be substituted by 0,00.

6.5.5 The drift expanding test shall be carried out as de-
scribed in DIN 50135, using a tapered mandrel, with the
expansion reaching the folowing vaiues, depending on the

DIN 17458 Page 11

diameterratio difd, {d, being the inside diameter,d, the out-
side digmeter):

20% for d;/d, greater than 0.6,

15% for d;fd, not exceeding 0,6.

6.5.6 The ring expanding test shall be carried out as de-
scribed in DIN 50137.The test pieces shall be expanded until
fracture accurs and shall then be inspected.lfa 40% expan-
sion is reached (referred to the inside diameter) the test
may be discontinued,

6.5.7 Theringiensile test shall be carrieg out as described
in DIN 50138,

6.5.8 The chemical composition shall be determined in
accordance with the methods specified by the Chemists'
Committee of the Verein Deutscher Eisenhiittenleute
{Society of German Ferraus Metallurgy Engineers) (see the
“Standards and other documents referred to” ctause).

6.5.9 The resistance to intercrystalline corrosion shall be
tested as specified in DIN 50914,

€.3.10 Forthe leak tightness test using water as described
in DIN 50104, the test pressure shall be 80 bar.The test pres-
sure shall be maintained for at feagt 5 seconds.

6.5.10.t @@ A higher test pressure may be agreed. In no
case however shall the safety margin with respect to the
0.2% proof siress drop below 1.1 {see DIN 2413, June 1972
edition, subclause 4.6; ¥'= 0.8). Where apprapriate, this
shall aiso apply in the case of thin-walled tubes with large
diameters, even at 80 bar.

6.5.10.2 Inthe testusing air underwater,the test pressure
shall be & bar. The test pressure shalt be maintained for at
least 5 seconds.

6.5.10.3 Inthe testusingairand a foaming agent, the test
pressure shall be 0,3 bar,

6'.5.10.4 ®® Unless spacial agreements have beenmade
atthetime of ordering, the choice ofthe above test methods
shall be at the manufacturer's discretion.

6.5.10.5 In place of the hydrosiatic pressure test, a
non-destructive test (e.g., as specified in Stahl-Eisen-Priif-
blatt 1925, or a leak detection using helium) may be carried
aut.

6.510.6 @ For tubes with outside diameters iess than
& mm, the type of leak tightness shall be agreed at the time
of ordering.

6.5.11 The type of condition and surface finish {surface

appearance of the tubes) shall be examined visuaily on the

outside of the tubes and, if possible, on the inside, under

appropriate lighting conditions by an inspector having

normal vision.

Note. Instead of the visual examination, a different test
method may also be used, subject to agreement be-
tween manufacturer and purchaser.

6.5.12 in the case of test class 2 tubes with a wall
thickness exceeding 40 mm,the entire circumference ofthe
tlube ends shall be tested non-destructively as specified in
Stahi-Eisen-Priitblatt 1919,

6.5.13 In the case of test class 2 tubes with an outside
diameter éxceecfing 101.6 mm or wall thickness exceeding
5,6 mm, non-destructive testing of the entire tube wall shali
be carried out as described in Stahi-Eisen-Priitblatt 1915,
Tubes to be used for pressure vessel casings, designed fora
permissible working pressure exceeding 80 bar, shall he
tested non-destructively as specified in Stahi-Eisen-Prif-
blattern 1915 and 1918,
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6.5.13.1 ®® Byagreement,test class1iubes ortest class 2
tubes with an outside diameter not exceeding 101,.6 mmora
wall thickness not exceeding 5,6 mm may be subjectedtoa
non-destructive test of the entire wall as specified in Stahi-
Eisen-FPriifblatt 1915,

6.5.14 Non-destructive testing shall be carried out by the
manufacturer,

®® Subject toprioragreement, the purchaserora qualified
inspectoracting on his behalf may be present at the inspection.

6.5.15 The wallthicknesses shall be measured at the ends
of the tubes using suitable measuring instruments.

6.5.16 The diameter shall be measured using suitable
measuring instruments as a two-point measurement.

8.5.17 The materials identity test shall be carried outin a
suitable manner.

6.6 Retests

6.6.1 Tubes not satisfying the requirements when tested
as specified in subclauses 6.5.10 fo 6.5.16 (leak tightness
test, visual examination, non-destructive testing, check on
dimensions) and test class 2 tubes when tested additionally
as specified in subclauses 6.5.4 or 6.5.5,6.5.6 or 6.5.7 {fiat-
tening test, drift expanding test, ring expanding test or ring
tensile test) shall be rejecied. The manufacturer shall have
the right to take suitable measures to correct defects or
deviations found in these tests and to present these tubes
for renewed accepiance inspection.

6.6.2 If one of the sample tubes fails the acceptance
inspection specified in subclauses 6.5.1 t0 6.5.3and also | in
subclauses 6.5.4 or 6.5.5,6.5.6 or 6.5.7 for test ciass 1 tubes
the manufacturer is justified in repeating the test giving
unsatisfactory results on twice the number of test pieces
of the same tube. All test pieces shall satisfy the reguire-
ments. If the requirements are still not satisfied in the new
tests, the tube shall be rejected.

Two further tubes shall be taken from the batch concerned
in place of the rejected sample tube and shall be submitted
to the tests specified in subclauses 6.5.1,6.5.3,6.5.4 or 6.5.5,
6.5.6 or 8.5.7 If the requirement is still not fulfilled, the entire
batch shali be considered not to comply with the standard.
However, individual testing may be agreed between the
parties concerned.

6.6.3 If the unsatisfactory result of testing can be im-
proved by means of heat treatment or other suitable meas-
ures, the supplier shall be given the opportunity to present
a batch which was rejected, for renewed acceptance
inspection. If the test pieces continue to fail to satisfy the
requirements, the entire batch shall be considered not to
comply with the standard.

6.6.4 Test results attributable to improperly carried out
sampling, sampie preparanon or test procedure or to an
accidental and iocal defect in 2 test piece shail be deemed
invalid,

162

6.7 Documents on materials testing
6.7.1 Depending on the agreement made at the time of

ordering (see subclause 6.1), one of the following docu-
ments shail be issued

— DIN 500458 — 3.1 A (inspection certificate A);

DIN 50049 — 3.1 8 (inspection certificate B);

DIN 50048 — 3.1 C (inspection certificate C);

DIN 50048 — 3.2 A (inspection report A):

DIN 50049 — 3.2 C (inspection report C).

The type and scope of the tests, the responsibility for carry-
ing out the tests and the type of documentation covering
these tests are shown in table 7.

In each case, the technica! rule agreed at the time of order-
ing shall be specified.

I

6.7.2 The documents shall state the marking of the tubes
as specified in clause 7,

7 Marking

71 Every tube suppiied in accordance with this standard
shzll be ciearly and durabty marked at one end, as follows:
— manufacturer's mark;

— steel grade (material number);

— symbol specified in table 6 identifying the type of con-
dition of the tubes;

— an appended symbol § indicating that the tube is of the
seamless type, supplemented by code letter X if the tubes
have been hot formed from steels 1.4541 and 1.4571;

— 1or 2 fortest class 1 or test class 2;

— for test class 1tubes, the number of the test batch orthe
cast number; .

— fortestclass 2tubes,the tube numberorthe cast number
oftubes with an outside diameter not less than 114,3 mm
or the symbol identifying the cast;

— inspector's mark;

— symbol identifying non-destructive testing if testing as
specified in subclause 6.5.13 has been agreed.

7.2 Marking as specified in subclause 7.1 shall be made by
stamping, embossing or printing.

A different type of marking (e.g. Jabelling of the bundle of
tubes) is permitted for tubes with small outside diameter
and/or small wall thicknesses.

7.3 @@ Marking over the entire length of tube may be
agreed at the time of ordering.

8 Complaints

8.1 Under current law, a complaint may only be raised
against defective tubes if the defects impair their proces-
sing and use to a more than negligible extent. This shall
apply unless otherwise agreed at the time of ordering.

8.2 Itis normal and practical for the purchaser to give the
supplier the opportunity to judge whether the comeplaints
are justified,if possible by submitting the tube objected to or
samples of the ubes suppiied.
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Appendix A

A.1 Guideline data relating to creep strength
The following table A.1gives preliminar

y guideline data on the creep strength of seamless tubes made from the stainless steels
listed below. The values listed in the t

able represent mean values of the scaiter range covered up to the present, and these
time when the results of further tests become availabie, and they will be corrected if
asis ofthe data from long term creep tests which are already available that the lower lirnit
ures listed here is situated approx. 20 % lower than the mean value fisted, for the stee)

necessary. l{ canbe assumed ontheb
of this scatter range for the temperat
grades featured.

Table A1,
Steel grade Temperature Creept;trrengm
Symbol Material 10000 h \ 100000 h
number °C N/mm

800 122 74

650 79 45

X 5CrNi 18 10 1.4301 700 48 23
750 29 11
(800) - (an (8}

800 115 65

650 - 70 . 39

X 8 CrNiTi 18 10 1.4541 700 45 22
750 28 13

(800) n (8)

500 176 . 118

650 111 69

X 5 CrNiMo 17 12 2 1.4401 700 65 34
750 42 20

(800) . (24) (10}
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Standards and other documents referred to

DIN 2413 Steel pipes; calculation of wall thickness with regard to internal pressure

DiIN 2462 Part 1 Seamless stainless steel tubes; dimensions, masses per unit length

DIN 8528 Part1 Weldabllity; metallic materiais; concepts

DIN 8558 Part 1 Filler metals for welding stainless and heat resisting steels; designation, technical delivery conditions

DIN 17 456 General purpose seamiess circular stainless stee! tubes; technical delivery conditions

DIN 28180 Seamiess steel pipes for tubular heat exchangers

DIN 40080 Sampling procedures and tables for inspection by attributes

DIN 50049 Documents on materials testing '

DIN 50104 internai pressure test on hollow products; leak tightness test up to a defined internal pressure; general
specifications

DIN 50115 Testing of metallic materials; impact test

DIN 50 125 Testing of metallic materials; tensile test pieces, guidelines for their preparation

DIN 50135 Testing of metallic materials; drift expanding test on tubes

DIN 50136 Testing of metaliic materials; flattening test on tubes

DIN 50137 Testing of steel; ring expanding test on tubes

DIN 50138 Testing of metallic materials; tensile test on {ubes and tube strips

DiN 50140 Testing of metallic materials; tensile test on tubes and strips from tubes

DiN 50145 Testing of metaliic materials; tensile test

DIN 50814 Testing stainless steels for resistance 1o intercrystalline corrosion; copper sulfate-sulfuric acid method;

StrauB test
Stahl-Eisen-Priitblatt 1805 2)
Probenahme und Frobenvorbereitung fiir die Stiickanalyse bei Stdhlen
(Sampling and sample preparation for the product analysis of steels)
Stahl-Eisen-Priifblatt 1815 2) -
Ultraschallpriifung auf Léngsfehler von Rohren aus warmfesten Stihlen
(Ultrasonic testing of creep resisting steel tubes for longitudinat defects)
Stahi-Eisen-Priifblatt 1918 2) ‘ ;
Uttraschallpriifung auf Querfehler von Rohren aus warmfesten Stdhlen
(Uttrasonic testing of creep resisting steel tubes for transverse defects)
Stahl-Eisen-Priifbiatt 1918 2)
Ultrasehallpriifung auf Dopplungen von Rohren aus warmfesten Stihlen
(Ultrasonic testing of creep resisting steei tubes for laminations)
Stah!-Eisen-Priifblatt 1925 2)
Elektromagnetische Priifung von Rohren zum Nachweis der Dichtheit
(Electromagnetic testing of tubes for leak tightness)
Handbuch fir das Eisenhiittenlaboratorium %) (Handbook for the ferrous metailurgy laboratory);
volume 2: Die Untersuchung der metallischen Werkstoffe
(investigation of metallic materials); Diisseldorf 1966;
volume 5: (supplement):

A4 — Aufstellung empfohlener Schiedsverfahren
(List of recornmended arbitration procedures);

B — Probenahmeverfahren (Sampling methods):
C — Analysenverfahren {(Methods of analysis);
most recent edition in each case.
Stahleisen-Sonderberichte, volume 10 2):
Physikaiische Eigenschaften van Stéhien und ihre Temperaturabhéngigkeit; Poiynome und graphische Dar-
stellungen
(Physical properties of steels and their dependence on temperature; polynomials and graphic
representations)

Previous editions
DIN 17 440; 01.67, 12.72

Amendments

The following amendments have been made in comparison with the December 1972 edition of DIN 17 440.

a) Thespecifications for tubes have been excluded from the field of application of DIN 17 440. These specifications, according
te manufacturing process and level of requirements, are now dealt with in Standards DIN 17 455 1o DIN 17 458.

The layout of the present standard has been harmonized with that of recently published standards for tubes made from
other steel groups,

€) Where applicable, the symbols (see table in the Explanatory noles) and specifications relating to chemical composition,
mechanical properties and heat treatment have been adopted from DIN 17 440, July 1985 edltion,

—

b

—

?) Obtainable from Verlag Stahielsen mbH, Posttach 82 20, D-4000 Diisssldorf 1,
154



01-12-10;10:48AM;

# 31/ 456

DIN 17458 Page 15

Explanatory notes

In response to a request trom the tube manufacturers, foilowing the procedure applied for other stee! groups, stainless steel
lubes are no longer specified in DIN 17440, but are covered by a series of standards which deal separately with processes of
tube manutacture (welded or seamless) and fields ofapplication (general purpose tubes and tubes subject to special require-
ments). The reasons given when making the request were that

— not all the steels covered in DIN 17440 are used for {ubes;

there are a number of specifications particutar to tubes (e.g..relating to testing):
— the number of footnotes may be reduced thereby making the standard more suitable for data processing,

and

— the revision of the standards, and consequently a more rapid up-dating to the latest state of the art, will also be simplified.

special requirements (e.g. construction of pressure vessels, chemical plant and pipework).

It was agreed that, where applicabte, all specifications agreed for DIN 17440, July

DIN 17455 to DIN 17458,

Of the austenitic steel grades listed in DIN 17440, December 1972 edition, X 5CrNi 1812
(1.4406) and X2 CrNiMo 1816 4

has been added.

As the symbols for the steel grades differ from those specifiedinDIN 17440
for the chemical composition, and in accordance with DIN 17440,Jul
have not changed, and the previous and new symbolsis
in DIN 17440, December 1972 edition, may still be used

amaer | " enarmbes rom b maco
1.4301 X5CNi 189 X 5CriNi 18 10
1.4306 X2 CrNi 189 X 2 CrNi 19 11
1.4311 X 2 CrNiN 18 10 X 2 CrNiN 18 10
1.4401 X 5 CrNiMo 18 10 X 5CrNiMo 17 122
1.4404 X 2 CrNiMa 18 10 X 2 CrNiMo 17 132
1.4429 X 2 CrNiMoN 18 13 X 2 CrNiMoN 17 13 3
1.4435 X 2 CriNiMo 18 12 X 2CrNiMo 18 14 3
1.4436 X 5CrNiMo 18 12 X 5 CrNiMo 17 133
1.4439 1) X3 CrNiMoN 17135 1| X2 CNiMoN 17 13 5
1.4541 X 10 CrNiTi 18 9 ' X 6 CrNiTi 18 10
1.4550 X 10 CrNiNbD 18 9 X 6 CrNiNb 18 10
1.4571 X 10 CrNiMaTi 18 10 X 8 CrNiMoTi 17 12 2
1.4580 X 10 CrNiMoNb 18 10 X 8 CrNiMoNb 17 12 2
') Notincluded in DIN 17440, December 1972 edition,

n accordance with this concept, this standard deals only with seamless circular austenitic stainless stee! tubes subject to
1985 edition, woulid alsc be adopted for

") (1.4303), X 2 CrNiMoN 171224
*} (1.4438) steels are not covered by this standard, whilst X 2 CrNiMoN 1713 5 %) (1.4439) steel

,December1972 edition, following the specifications
y 1985 edition,a compilation ofthe material numbers,which
given below in tabular form. It is expressiynoted that the symbols used
during the period of validity of this standard.

Tubes cormplying with the requirements of this standard may be supplied as test class 1 or test class 2 tubes. They are distin-
guished by the extent of testing. Test class 1tubes are suitable for use in pipework construction, test class 2 tubes for purpases
specified in AD-Merkblatt (AD Instruction sheet) W2 Austenitische Stéhle (Austenitic steels).The specifications for test class 2
tubes given in the present standard do not agree in ali points with those laid down in AD-Merkblatt W2, September 881 edition;
however, the specifications given in the present standard were generally considered more appropriate, and it is hoped that in
the revised edition of AD-Merkblatt W2 a reference to DIN 17458 with regard to welded tubes will suffice.

Subclause 7.3 of the present standard allows for an agreement to mark the tubes over their entire length. Longitudinal rmarking

of tubes with an outside diameter of 17,2 to 11 4.3mm and a wall thickness of 1,6 to 3,2 mm is usual at the time of publication of
this standard.

Appendix A of this standard gives preliminary guideiine data on the creep strength of seamless tubes made from X 5CrNi 1810
(1.4301),X 6 CrNiTi 1810 (1.4541) and X 5 CrNiMo 1712 2 (1.4401) steels.it is however important to note that the specified vaiues
apply for seamless tubes only, since these values have been verified up to the present only for searnless tubes ana for the
chemical composition predeminantly specified for seamless tubes. In the case of products to be used as tube accessones and
subjected to long-time stress, the relevant steel grades specified in Stah/-Eisen-Werkstoffbldttern 540 Stihie im Primarcreisiaut
von Kemenergie—Erzeugungsamagen (Steels to be used for components in the primary circuit of nucilear power plants} and 670
Hochwarmieste Stahle; Gitevorschriften (Highly heat resisting steels; quality specifications) shall be ysed.

*} Symbol as specitied in DIN 17440, July 1985 edition.
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This standard is related to 15O 2604/2 - 1975, Steel tubes for pressure purposes; quality requirements; wrought seamiess tubes,
published by the international Organization for Standardization (ISO). In the following table, the steel grades specified in this
standard are compared with the austenitic stainless steels specified in ISO 2604/2 - 1975.The comparison is made only with
regard to the chemical composition of the steels.

Comparison of austenitic stainless steels as specified in national documents with those specified in ISO 2604/2 - 1875

Nationa! documents ISO 2604/2 - 1975
Source ) Symbol ' Material number Symbol 5]
DiIN 17 458 X 5 CrNi 18 10 1.4301 TS 47 O
DIN 17458 X 2CrNi19 11 1.4306 TS 48 O
SEw 640 X 6 CrNi 18 11 1.4948 TS 48 O
DIN 17458 X 2 CrNiN 18 10 1.4311 -
DIN 17458 X & CrNiTi 18 10 1.4541 TS 53 ®
SEW 470 X 12 CrNiTi 18 9 1.4878 T8 54 o
DIN 17458 X 6 CrNiNb 18 10 1.4550 T8 50 ®
SEW 8§70 X B CrNiND 16 13 1.4961 75 56 o
DIN 17458 X 5 CrNiMo 17 12 2 1.4401 18 80 o
DIN 17 458 X 2 CNiMo 17 13 2 1.4404 15 57 L]
DiN 17 458 X 6 CrNiMoTi 17 12 2 1.4571 -
DIN 17458 X 6 CriNiMoNB 17 12 2 1.4580 : -
DIN 17 458 X 2 CrNiMoN 17 13 3 1.4429 -
DIN 17 458 X 2 CrNiMo 18 14 3 1.4435 15 58 O
DIN 17 458 X 5 CrNiMo 17 13 3 1.4436 T8 81 O
DIN 17 458 X 2 CrNiMoN 17 13 5 : 1.4439 -
SEW 640 X6 CrNiMo 17 13 1.4919 75 63 °
SEW 670 X & CrNiMoNb 16 16 1.4981 T8 B L ]
SEW 470 X 12 CriNi 25 21 1.4845 TS 6B x
SEW 470 X 10 NiCrAlTi 32 20 1.4876 TS 68 o}
1) DIN 17458 = specified in DIN 17 458;
SEW 470 = specified in Stahi-Eisen-Werksto#blatt 470-76 Hitzebesténdige Walz- und Schmiedestéhle (Heat resisting
rolied and forged steels);
SEW 640 = specified in Stahl-Eisen-Werkstoffblatt 640-75 Stédhle fiir Bauteile im Primérkreisiauf von Kernenergie-
erzeugungsaniagen;
SEW 670 = specified in Stahl-Eisen-Werkstoffblatt 670-69 Hochwarmfeste Stihle; Gitevorschriften.
2) This column indicates the degree of agreement with regard to ihe chemical composition of the steels speciied in
 national documents and those specified in ISO 2604/2 -1975.
The symirols have the following meaning:
X complete agreement,
® slight differences,
O significant differences,

Internationat Patent Classification
F16L 9/18
B21C 37/08
E03F 3/04
C22C 38/40
GO1M 3/00
GO1M19/00
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