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Wrgught steels for use at elevated temperatures
in engines

Aciers crroyés pour usage a températures élevées dans les moteurs

At its mgeting in December 1967, ISO/TC 17/SC 4, Heat-treatable and alloy steels; agreed to deal with the standardization of creep-
resisting|steels. ISO/TC 17/SC 4 has studied this item since 1969. In the course®fitime, five draft proposals were disclussed and as a
result of this it became obvious that in this field to a considerable extent proprietory specifications of more or less natiohal importance
are still applied that a rationalization or harmonization of these specifications.js still premature, and that even for types used in several
countrieg the specifications in the various countries differ considerably especially with respect to elevated temperatyre data.

Under these circumstances, it seemed reasonable to forego publication of an International Standard. However, the agreements
achieved|during the various negotiations will be made available to:everybody interested in this field, in the form of a Te¢hnical Report.

To facilitate subsequent publication of an International Staridard, data for the amendment of this Technical Report should be sent to
the ISO [entral Secretariat.

1 Scape

1.1 Th|s Technical Report covers technical delivery requirements and technical information for wrought steels sugplied for parts
such as polts, blades, dises or casings in stationary or non-stationary turbines required to withstand relatively high mechanical
stresses pt elevated.temperatures (above about 400 °C) and additionally corrosive attack by hot gases.

NOTE — Other steeltypes exist which are used mainly for large engine parts; these steel types are not covered by this Technical Repoft, since they are
sold mainly to proprietor specifications only.

1.2 Unless otherwise stated, this Technical Report is applicable to blooms, billets, bars, forgings, strip, sheet, plates and wire in the
delivery conditions given in 4.2.

1.3 International Standards exist for heat-resisting steels (see ISO 4955)1), valve steels for internal combustion engines (see
ISO 683/15), and steels for use on and with pressure vessels and boilers (see ISO 2604/1 to 6).

1) At present at the stage of draft.
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2 References

ISO/R 79, Brinell hardness test for steel.

ISO/R 81, Vickers hardness test for steel (load 5 to 100 kgf).

ISO 82, Steel-Tensile testing.

I1SO 86, Steel-Tensile testing of sheet and strip less than 3 mm and not less than 0,5 mm thick.

ISO 89, Steel-Tensile testing of wire.

1SO 148, Steel{Charpy impact test (V-notch). 1)
ISO/R 377, Selection and preparation of samples and test pieces for wrought steel.
ISO 404, Steelland steel products — General technical delivery requirements.

ISO/R 783, Mechanical testing of steel at elevated temperatures — Determination of lower yield. stress and proof stfess and
proving test.

3 Ordering

3.1 The purdhaser shall state in his enquiry and order

a) the ste¢l type (see table 2);

b) the product form and the dimensions and tolerances of the produgtdsee 4.8);
c) the tregtment condition including surface condition (see 4.2);

d) the qu]ntity to be delivered;

e) the requirement class (see table 1);

f) the required type of document (see 5.6).

3.2 Certain dptions in ordering are permitted by-this Technical Report and the purchaser may also state in his equiry and prder his
related requirenents as shown below.

a) whethdr a product analysis is required (see 4.4.2);
b) whethér the mechanical properties for other dimensions than according to table 4 are to be specified;

¢) in casep in which tensile-and impact properties are to be verified on reference test pieces and in cases in which more than one
heat treatnient is indicated-in tables 4 and 5 for the type of steel concerned, the heat treatment to be applied (see 5.3(3.3);

d) in casds in which*minimum proof stress at elevated temperatures is to be verified, the testing temperature selected from
table 6 (seg 5.4(5);

e) the machiding-allowances (see 47 2)

3.3 The relevant clause of ISO 404 is valid.

4 Requirements

4.1 Manufacture of the steel and of the product

Unless otherwise agreed in the order, the processes used in making the steel and the product are at the manufacturer’s discretion.
When he so requests, the user shall be informed what steelmaking process is being used.

1) At present at the stage of draft. (Revision of ISO/R 148-1960.)


https://standardsiso.com/api/?name=f11c67419d50b55e4d5d26511fe0b5a7

ISO/TR 4956-1984 (E)

4.2 Treatment condition at the time of delivery
4.2.1 The surface and heat-treatment condition at the time of delivery is to be agreed at the time of enquiry and order.

4.2.2 Products which are not determined for further hot- or cold-forming operations are usually delivered in the heat-treatment con-
ditions indicated in table 5.

Products intended for further forming operations are usually delivered in the following conditions:

a) in the case of martensitic steels: ““annealed on a hardness < 270 HB"’;

b) il the case of austenitic steels: ‘treated for further forming operations'’.

4.2.3 The steels are delivered by casts.

4.3 Requirement classes’

The steels covered by this Technical Report shall be ordered and delivered in accordance with.one of the requirement cfasses given in
table 1.

4.4 Chlemical composition

4.4.1 The chemical composition of the steels, as given by the cast analysis, shall be in accordance with the specificatipns in table 2.
The cast Janalysis, if called for in the order, shall be provided by the manufacturer.

4.4.2 Tlte permissible deviations between the values specified in tabl€-2 and the product analysis are given in table . If a product
analysis i required by the purchaser, this shall be stated in the enquiry and order.

4.5 Mechanical properties

4.5.1 When ordering according to the requirement class 1a, 9 or 10 and according to a heat-treatment condition given|in table 5, the
hardness|values specified in table 4 apply for the"product in the delivery condition.

4.5.2 When ordering according to the requirement class 5 or 6 and according to a heat-treatment condition given |n table 5, the
tensile and impact properties specified.in_table 4 apply for the product in the delivery condition.

4.5.3 When ordering according-te-requirement class 7, 8, 9 or 10, the tensile and impact properties specified in talple 4 apply for
reference] test pieces which were-prepared in accordance with 5.3.3.3.

4.5.4 When ordering steels according to requirement class 6, 8 or 10, the elevated temperature yield or proof stress vilues specified
in table 6[apply either.fora test piece in the delivery condition (requirement class 6) or for a reference test piece (requifement class 8
or 10) (sge 5.3.3.4:

4.6 Further'material characteristics

There are some further material characteristics for which however it is impossible at the time being to formulate clear requirements.
As far as appropriate and possible, annex A gives technical informations for these characteristics.

4.7 Surface quality

4.7.1  All products shall have a workmanlike finish and shall be clean and free from surface imperfections likely to have an adverse
effect.

1) In former International Standards prepared by TC 17/SC 4, the term “type of condition of delivery”’ was used instead of “requirement class’. It
was replaced in order to avoid confusion with the term “‘delivery condition’’, which is often used for the treatment condition of the steel at the time of
delivery.
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4.7.2 Hot-rolled, forged, cold-drawn or rough-machined products shall be delivered with a machining allowance for the removal, by
machining or grinding of

a) surface decarburization, and
b) surface imperfections.

As long as no International Standard for the machining allowances of creep-resisting steels is available, the allowances shall be agreed
at the time of enquiry and order.

4.8 Dimensions and tolerances

4.8.1 The prdducts shall, if possible, be ordered and delivered in accordance with existing International Standards for,_dithensions
and tolerances|(see list in annex B). The ordered dimensions must, where applicable, include the minimum machining aljowarces (see
4.7.2) and the jundersize tolerance.

4.8.2 If correpponding International Standards for dimensions and tolerances are not yet available or if the.tolerances givgen in the
corresponding |International Standard are not applicable for creep-resisting steels, then the dimensions and telerances shall be agreed
at the time of pnquiry and order.

5 Testing

5.1 Genera|l
5.1.1 For all fequirement classes, acceptance tests can be agreed.

5.1.2 If acceptance tests have been agreed the general conditions of ISO 404-regarding
— the place of acceptance,
— the submission for inspection,
— the rigpts of the inspector,
— the ac¢eptance,

and, furthermgre, the conditions given in 5.2 to 5.6 (as_far as these are applicable according to the ordered requirement clags) are to
be observed.

5.2 Test unit and number of sample products and tests

5.2.1 Chemifpal composition

The cast analypis, if called for in,thé_order, shall be provided by the manufacturer. If a product analysis is required by the pyrchaser,
and if not othgrwise agreed atthe time of enquiry and order, one sample product shall be taken from each cast.

5.2.2 Mechgnical properties

If, according t® the.ordered requirement class (see table 1) and the required type of document (see 5.6 and 5.1.2) the mechafical pro-
perties are to be-verified, then the indications in table 7 apply for the test unit and the number of sample products and t%ts.

5.3 Selection and preparation of samples and test pieces

5.3.1 General

The general conditions given in ISO/R 377 for the selection and the preparation of samples and test pieces shall apply.

5.3.2 Product analysis

For product analysis, the selection and preparation of samples shall be carried out in conformity with the requirements of ISO/R 377.
5.3.3 Mechanical properties

5.3.3.1 For the hardness test, the surface of the sample product or of a test piece taken from the sample product in the delivery con-
dition shall be prepared in accordance with the requirements in ISO/R 79 (Brinell hardness) or ISO/R 81 (Vickers hardness).
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If the tensile and impact properties at room temperature are to be verified on test pieces in the delivery condition (require-
ment classes 5 and 6), the samples and test pieces shall be taken from the delivery in accordance with figure 1a or 1b, and shall be
prepared in accordance with the International Standards mentioned in figures 1a or 1b.

If the tensile and impact properties at room temperature are to be verified on reference test pieces (requirement classes 7, 8,
9 or 10), the test samples shall be taken from the delivery in accordance with figure 1a or 1b and shall be heat treated in accordance
with the heat-treatment conditions indicated in table 5 for the relevant steel. If in this table more than one heat treatment is indicated
for the steel concerned, the treatment to be applied shall be agreed at the time of enquiry and order.

After the heat-treatment of the samples, the test pieces shall be taken and prepared in accordance with the indicationsin figure 1aor 1b.

5.3.34
(requirenjent class 6) or on reference test pieces (requirement classes 8 or 10), a test piece according to ISO/R 783 shall
conditio

5.4 Tepst methods

5.4.1

In cases ¢f dispute, the methods used for the chemical analysis shall be those established by the relevant International S
Internatignal Standards are available, the methods shall be agreed upon at the time of enquiry and order.

5.4.2 The Brinell hardness test shall be made in accordance with ISO/R 79. The Vickershardness test shall be made in ag
ISO/R 8.

5.4.3 The tensile test at room temperature shall be made in accordance with'the International Standards according to
pieces arg to be prepared (see figures 1a and b).

5.4.4 Theimpacttestshall be made in accordance with ISO 148 (V-netch). Unless otherwise specified at the time of enq
the impa¢t value shall be determined by the arithmetic average ofthree test results.

5.4.5 The yield or proof stress at elevated temperature shall be determined in accordance with ISO/R 783 at a tempe
from table 6 and agreed at the time of enquiry and order.

5.5 Retests
For retests, 1SO 404 is valid.

5.6 Cecrtification of the tests

ISO 404 is valid, acceptable documents being one of the following

Chemical analysis

If the yield or proof stress at elevated temperatures as specified in table 6is to be verified on test pieces in the del

s corresponding to those specified for taking the test pieces for the tensile tests at room temperature (see5!3.3.

sfatement of compliarnce with the order;

-

pport based oryquality control;
works certificate;

test Certificate;

very condition
be taken under
P and 5.3.3.3).

tandards. If no

cordance with

which the test

uiry and order,

ature selected

certificate of acceptarce:

6 Rectification, defects and reclaiming

If not otherwise stated in the foregoing, the conditions given in ISO 404 are valid for

surface defects;
rectification;

internal defects;
dimensional tolerances;

reclaiming.
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Dimensions in millimetres
77N
( /\ Tensile test piece according to ISO 82 with a gauge
\_ _/ length L, =565 \/S—o or according to 1SO 89.

/ 1SO-V-notch impact test pieces! according
4 1150 148.

\— notch

Circular sections

A = Sample product

B = Test sample

C = Test bar (the piece after reduction
to the size in which it is to be
heat-treated)

D = Test piece

Rectangular sections

l
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Figure 1a — Location and type of the test pieces for bars and wire with diameters > 4 mm

1) 3 test pieces in longitudinal or radial direction adjacent to one another.
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Direction of rolling I
~} -
i _ l A | Sample for plate
\ ' > 10 mm thick
| |
2
[ ‘ I
: |
|
—le [ l
L _
. . Samples for
Thickness : test piece according to 1SO 861 l
<3 © z
, 25
rectangular test piece? -
=3<10 { % A,
round test piece2 25 ~—
>1=<25 3 ——
- HES
ISO-V-notch test piece according to ISO 148 —
> 75 : 173 M——@
LA
N
-—

Figure 1b — Location and type of the test piece for sheet, strip or plate

1) 1SO 86 recommends test pieces either of 20 mm width and 80 mm gauge length or of 12,5 mm width and 50 mm gauge length.
2) Gauge length in cases of dispute L, = 5,65 /S, (S, = cross-section).
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Table 1 — Requirement classes

1 2 3 4
. Requirement class* Required results,
No. Requirement p
1 1a 50 6V 7 8 9 10 see table
Cherpical composition X X X X X X X X 2 and 3
2 Hardness in the delivery condition - X — - - - X X 4
Tendile and impact properties
3a —|at room temperature in the delivery
condition — - X X — — - —
3al 4
3a2 —|reference heat treatment condition — — — - X X X X
3b —| at elevated temperatures (proof stress) — - — X — X — X 6

*)  The numbers|of the requirement classes are to be regarded as preliminary until a system for the types of requirement classes has been estgblished.

1) Only applicalfle in cases where the delivery condition correspords to a heat-treatment condition specified for the relevant steel in tabje 5.
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Table 4 — Hardness, tensile and impact properties at room temperature

Diameter | Thickness Rpo2% | Rpro¥ R4 AgS | KveIn
Heat (bars and (flat Hardness3 long. long.
Type of steel treatment!) forgings)? products) min. min. min. min.

mm mm HB N/mm2 | N/mm?2 N/mm2 % J

21 CrMoV 57 Q+T < 250 205 to 250 550 - 700 to 850 16 63
40 CrMo 56 Q+T < 200 635 - 850 to 1 000 14 30
40 CrMoV 4 6 Q+T < 100 700 — 850 to 1 000 14 30
> 100 < 200 635 — 800to 950 14 25

X 12Cr13 A < T60 U510 25 265 — 470tc 6/0 20 60
X12Cr 13 Q+T < 160 0,5to 25 175 to 235 420 — 590 to 780 16 40
X 20 CrMoNiltbV 11 1 Q+T < 250 265 to 310 750 — 900 to 1 050 10 20
X 12 CrNiMoY 12 3 Q+T < 150 285 to 331 785 — 930 to 1 130 4 40
X 12 CrNiMoY 12 3 Q+T 05t06 280 to 330 785 — 930 to 1 130 10 —
X 21 CrMoNiY 12 2 Q+T < 250 235 to 280 590 - 780 to -930 14 27
X 21 CrMoNiY 12 2 Q+ T2 < 250 265 to 310 700 — 900 to, 1050 1 20
X 12 CrMoV 126 Q+T < 1560 585 — 776,t0” "930 15 25
X 12 CrMo 126 Q+T <75 > 192 490 - 680to 880 20 -
X 11 CrNiWTY17 13 3 r\‘/?(t)r(lizlc(ij < 60 175 to 235 390 430 600 to 800 25 55
X 11 CrNiWT{17 133 S+P < 100 220 260 500to 730 35 70
X 6 NiCrTiMolvB 25 15 2 S+P 5 to 250 0,5to 63 248 to 341 600 640 900 to 1 100 15 40

1) A = annealed, Q = quenched, T = tempered, S = solution treated, P = precipitation hardened (see also table 5).
2) Including wire.
3) In cases of [dispute the tensile strength value is authoritative.
4) R,q, = 0,2 % proof stress
Ry10=1 Do proof stress
R, = tens{e strength.

5) A = Elongdtion after fracture. In the case of bars, the values are valid for-test pieces with a gauge length of L, = 5,65/S, (S, = oridinal cross-
sectional area).|In the case of flat products, the values are valid for both test pieces specified in ISO 86 (ISO 86 recommends test piecgs either of
20 mm width apd 80 mm gauge length or of 12,5 mm width and 50 mm~gauge length).

6) Average of|three test results. One individual value may be below the specified value, provided that it is not less than 70 % of that yalue.
7) KV = imp4ct energy of 1ISO-V-notch test pieces (see ISQ 148).

Table 5 — Heat treatment?)

Annealing or quenching
Heat or solution treatment Tempering# or precipitation
Type of steel treatment treatment temperature (and time)
symbol2 tempf(r:ature cooling? oC
21 CrMoV 5 7 Q+T 920 to 980 a, o 680 to 740 (min. 2 h)
40 CrMo 5 6 Q+T 840 to 870 [¢] 600 to 700
40 CrMoV 4 4 Q+T1* 880 to 950 o 670 to 720
40 CrMoV 4 § Q+ T2* 940 to 970 o 600 to 700
X12Cr 13 A 700 to 780 a
X 12Cr13 Q+T 950 to 1 000 a, o 700 to 750 (min. 2 h)
X 20 CrMoNiNBV-11 1 Q+T 1100 to 1 150 a, o 670 to 750 (min. 2 h)
X 12 CrNiMoV—223 QLT 1035 to 1 0658 Q 600 to 700
X 21 CrMoNiV 12 2 Q+ T 1020 to 1 070 a, o, w 680 to 740 (min. 2 h)
X 21 CrMoNiV 12 2 Q+T2 1020 to 1 070 a, o, w 640 to 700 (min. 2 h)
X 12 CrMoV 12 6 Q+T 1050 £ 10 a, o 650 to 700
X 12CrMo 126 Q+T 970 to 1 020 o 650 to 750
X 11 CrNiWTi 17 13 3 v';gtrkg‘j;‘,
X 11 CrNiWTi 17 133 S+P 1100 to 1 150 a, w 750 to 800
X 6 NiCrTiMoVB 25 15 2 S+P 980 + 10 o, W 720 + 10

*) Q-+ T1 would apply to sizes up to 100 mm, Q + T2 to sizes above 100 up to 200 mm.

1) Except in cases where test samples are to be reference heat treated, the indications in this table are for guidance only.

2) A = annealed, P = precipitation hardened, Q = quenched, S = solution treated, T = tempered.

3) a = air, o = oil, w = water.

4) If a stress relief treatment is necessary, the stress relief temperature should be at least 30 °C lower than the tempering temperature.
5) Hot cold worked at about 750 °C.

10
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Heat Ry02 min. in N/mm2, at 7 = ... °C
Type of steel 0 i
treatment 20 | 100 | 200 | 300 | 400 | 450 | 500 | 550 | 600 | €50 | 700 | 750 | 800
21 CrMoV 57 Q+T 550 530 500 460 410 380 350 — — - — - -
40 CrMo 5 6 Q+T 635 630 610 575 525 490 450 — — - — — —
40 CrMoV 4 6 Q+T1 700 670 635 598 540 500 460 403 — - - — —
40 CrMoV 4 6 Q+ T2 635 630 615 580 525 480 435 — — - — — -
X 12 Cr 13 A 265 255 240 225 205 195 185 175 — — — - —
X 12 Cr13 Q+T 420 410 380 345 305 285 — — — — — — —
X 20 CrMaoNiNbV 11 1 O+ T 750 730 700 6585 580 530 470 400 315 — — — —
X 12 CriNiMoV 12 3 Q+T 740 680 655 650 610 560 505 400 250 — — — —
X 21 CrMoNiV 12 2 Q+ T 590 560 530 480 420 380 335 280 205 — - — —
X 21 CriMoNiV 12 2 Q+T2 690 650 600 550 485 440 390 330 250 - — — —
X 12 CrMoV 12 6 Q+T 615 575 555 535 510 480 450 - — = - - -
X 12 CriMo 12 6 Q+T 490 480 450 410 380 360 330 - — 3 — — -
X 11 CriNiWTi 17 13 3 T;rizlc? 390 383 373 324 275 250 226 197 167 — — — —
X 11 CriNiWTi 17 13 3 S+P 220 210 195 176 157 155 152 143 137 — - - —
X 6 NiCfTiMoVB 25 15 2 S+P 600 590 570 555 535 520 510 490 465 425 375 305 225
1) A = annealed, Q = quenched, T = tempered, S = solution treated, P = precipitation hardened (see also table 5).
Table 7 — Test units, number of saihiple products and tests
Number of
No. Requirement Test unit? sample products tests per sample
per test unit prpduct
1 Chemical composition C see 5.2.1
2 Hardness in the delivery condition C+D2+T to be agreed
3 Tensile and impact properties
3a — at room temperature in the delivery_condition C+D2+T 1 terfsile test
3al hnd
— T T T T T T T T T T T AT e e e e ] 3 imp4ct tests3
3a2 — reference heat treatment condition C+ D2 1 impgct tests
3b — at elevated temperatures”(proof stress) C+ D2 +T4 1 o 1
1) The tgsts are to be carried out separately for each cast (symbol C) or for each cast and each dimension (symbol C + D) or for|each cast, each
dimensior] and each heat-treatment’batch (symbol C + D + T).
2) If the|consignment consists(©f-products of the same type with thickness which differ by not more than 3:1 and which were manpfactured by the
same forming process (hot férmed or cold formed), then the products can be conjoint into one test unit.
3) If spekified in table 4 far the steel type and heat treatment condition concerned.
4) Wherp the elevated'temperature properties are to be verified on reference test bars (see 5.3.3.4), the tests are not to be carried qut separately for
each heattreatment_batch.
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ISO/TR 4956-1984 (E)

Annex A

Technical information on wrought steels for use
at elevated temperatures in engines

A.1 Introduction

Clause 4 of thisfTechnical Report covers those requirements which can be clearty definedand which seem necessary 10 Specil

of fairly uniforn
ties which for
number of test

A.2 Creep

The steels give

In table 8, the 4
guidance only.

A.3 Physi

In table 9, som
given for guidd

A.4 Techn

A.4.1 The sfeels are suitable for hot working. The optimum’hot-working conditions shall, where necessary, be requested

manufacturer.

A.4.2 The steels are suitable for cold forming. However, the marked tendency of austenitic steels to work-harden should b

A.4.3 The sf
had experiencd

h properties. In the following, these requirements are supplemented by indications on some further important
ne reason or another, for example because of difficulties in their verification or because they are based 6n a’to
5, cannot, at present, be formulated as requirements but should be regarded as technical information.

resistance

h in table 2 have, by virtue of their alloy content, an increased resistance to creep.

y a steel
proper-
b limited

verage creep stresses for 1 % elongation (R o) and rupture (R,;) after durationof.10 000 and 100 000 h are given for

cal properties

e physical properties of the steels are given for guidance. In table.10, the static and dynamic moduli of elas
nce.

ological properties

eels may generally be welded-by-the usual welding processes. It is, however, recommended that users who
in welding these steels should consult the suppliers regarding appropriate welding conditions.

icity are

rom the

e noted.

have not
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