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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO

member bodies). The work of preparing International Standards is normally carried out through 1SO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. Internatronal organrzatrons governmental and non- governmental in
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sion (IEC) on aII matters of eletrotechnrcal standardrzatron

| committee may propose the publication of a Technical Report of one of the following.types:

1, when the required support cannot be obtained for the publication of an
national Standard, despite repeated efforts;

3, when a technical committee has collected data of a different kindfrom that which is normally p
n International Standard (“state of the art”, for example).

Al Reports of types 1 and 2 are subject to review within three ‘years of publication, to decide wheth
0 until the data they provide are considered to be no longer valid or useful.

15461, which is a Technical Report of type 2, was\prepared by Technical Committee ISO/TC 17,
mittee SC 10, Steel for pressure purposes.

ument is being issued in the Technical Report (type 2) series of publications (according to subclg
of part 1 of the ISO/IEC Directives, 1995) as a “prospective standard for provisional application” i
anical testing of steel forgings becausé.there is an urgent need for guidance on how standards in
e used to meet an identified need!

ument is not to be regarded.as\an “International Standard”. It is proposed for provisional applicat
ion and experience of its use.in practice may be gathered. Comments on the content of this docu
e sent to the ISO Central’\Secretariat.

of this Technical Report (type 2) will be carried out not later than three years after its publication
pf: extension for-another three years; conversion into an International Standard; or withdrawal.

5 A and B for>an integral part of this Technical report. Annexes C and D are for information only

2, when the subject is still under technical development or where for any ether reason there is the
but pot immediate possibility of an agreement on an International Standard;

n task of technical committees is to prepare International Standards, but in exceptional circumstances a
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Steelforging

and test methods for mechanical tests

1 Scope

1.1 This Technical Report is intended to provide possibilities for the simplification and
harmopization of the specifications for mechanical testing of open.die and closed die forgings in
ISO Standards and other technical delivery conditions for forgings.of steel.

For this purpose this Technical Report

a) offers various options for
— [the frequency of testing and

— |sampling conditions;
b) intfoduces a designation system for the options, mentioned under (a);

c) specifies the test methods for
— [room temperature tensiletests
— lelevated temperature-tensile tests
— mpact tests and
— luniformity checks by hardness tests.

1.2 Unless otherwise specified in this Technical Report the general conditions given in |SO 377
for the|marking.and preparation of samples and test pieces apply.

1.3 Where'the conditions specified in this Technical Report differ from the conditions specified

H th eSSl At taonrcdardl " vl +lhh o 1 aaditioan £ ¢l Bradhaat taonrcardl " vrelor o |
IN the proauctSstantartor-oraetr e the-tonattonS-or e proauctStantaraotr—oraet—apply.

2 Normative references

The following standards contain provisions which, through reference in this text, constitute
provisions of this Technical Report. At the time of publication, the editions indicated were valid.
All standards are subject to revision, and parties to agreements based on this Technical Report
are encouraged to investigate the possibility of applying the most recent editions of the
standards indicated below. Members of IEC and ISO maintain registers of currently valid
International Standards.
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ISO 83:1976, Steel - Charpy impact test (U-notch).
ISO 148:1983, Steel - Charpy impact test (V-notch).

ISO 377:1997, Steel and steel products - Location and preparation of samples and test pieces
for mechanical testing.

ISO 404:1992, Steel and steel products - General technical delivery requirements.

ISO 783 —1 1 [ = 1 [ ted temperature

ISO 2566-1:1984, Steel - Conversion of elongation values - Part 1: Carbon and low @ffoy |steels.
ISO 2566-2:1984, Steel - Conversion of elongation values - Part 2: Austenitic stéels,
ISO 378%: —2), Metallic materials - Designation of test piece axes.

ISO 6506:1981, Metallic materials - Hardness test - Brinell test.

ISO 6507-1:—3), Metallic materials - Vickers hardness test - Part-1: Test method.
ISO 6508:1986, Metallic materials - Hardness test - Rockwell test (scales A-B-C-D-E-F-GF-H-K).
ISO 6892:—4), Metallic materials - Tensile testing at ambient temperature.
3 Definitijons

For the gurposes of this Technical Report the following definitions apply.
3.1 specific inspection and testing:

inspectign and testing carried out before delivery, according to the technical requirements Qf the

order, on the products to be supplied or on test units of which the product supplied is part, in
order to yerify whether these products comply with the requirements of the order.

[1SO 404:1992, 3.5]

3.2 test ynit:
the numbper of pieceésor the tonnage of products to be accepted or rejected together, on the

basis of the testst0 be carried out on sample products in accordance with the requirements of
the prodtict standard or order.

[1SO 404:1992, 3.7]

3.3 sample product:
item (e.qg. bar, sheet, coil) selected for inspection and/or testing.

[1SO 377:1997, 3.2]

1) To be published. (Revision of ISO 783:1989)

2) To be published. (Revision of ISO 3785:1976)

3) To be published. (Revision of ISO 6501-1:1982, ISO 6507-2:1983, 1SO 6507-3:1987, 1ISO 409-1:1982,
ISO 409-2:1983 and ISO/DIS 409-3)

4) To be published. (Revision of ISO 6892:1984)
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3.4 sample:
a sufficient quantity of material taken from the sample product for the purpose of producing one
or more test pieces.

[ISO 377:1997, 3.3]
NOTE - In certain cases, the sample may be the sample product.

3.5 test piece:
part of the sample, with specified dimensions, machined or unmachined, brought to a required

conditiphfersubmissientoagivertes——m™mMmM M M —
[ISO 3/ 7:1997, 3.5]

NQOTE - In certain cases the test piece may be the sample.

3.6 Ruling section:
that sgction for which the mechanical properties are specified.

4 Testing frequency

4.1 For the testing frequency of room temperature tensile tests-and of impact tests, the
requirgments given in 4.1.1 to 4.1.3 apply.

4.1.1 The product standard or order shall specify, by‘eference to the appropriate symhgol(s) in
table 1, column 1,

— thg composition of the test unit as defined:n table 1, columns 2 to 8;

— whether uniformity checks by hardness‘tests in accordance with annex A are requirgd and,
if S0, the percentage of products ta@ be subjected to the hardness tests, and

— thg number of sample products to be taken from the test unit. (See in this respect the
explanations in table 1, footnote 1), for replacing the letter “n” of the symbol by the mass of
thg test unit up to which(the taking of one sample product is sufficient.)

NOTE - Less stringent requirements for the composition of the test unit can be
compensated’by more stringent requirements for the number of sample produgts to be
tested. Therefore, for example, a test unit characterized by the symbol CH5 mjay be
regarded as equivalent to a test unit characterized by the symbol CHD10 or CMHD15
and:the test unit CU100 may be regarded as equivalent with CMHDU10.
Consequently, it seems possible and reasonable to specify in the product standards or
orders not only one distinct test unit, but to leave, as in the example in table C|1,
column 5, various equivalent test units to the choice of the manufacturer or to an
agreement at the time of enquiry and order.

4.1.2 In general one sample is to be taken per sample product. The product standard or order
may however, by reference to the symbols in table 2, specify that in the case of products with a
length and/or mass greater than a certain limiting value two samples per sample product shall
be taken.
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4.1.3 If room temperature tensile tests are to be carried out, one tensile test piece shall be
taken per sample. If impact tests are to be carried out, three impact test pieces shall be taken
per sample.

4.2 If elevated temperature tensile tests are to be carried out, the product standard or order
shall specify the number of test pieces to be taken for this test in relation to the number of test
pieces to be taken for the room temperature tensile test (see example in table C.1, column 9).

4.3 For simplifying comparisons the data for the frequency of testing should preferably be
specifie in form of a tahle (See the m(::\mlnlp intable C 1)

5 Sampling conditions

The product standard or order shall, preferably in the form of a table (see example in tablg C.2),
specify the following:

— by reference to the symbols in table 3 the type of sample product and, where surplus
malterial is required, the way of mounting this;

U7

— by reference to the symbols in table 4, the distance of the, test piece axis from the syrface
of the sample product in the as heat treated condition;

— by reference to the symbols in table 5, the direction-of the longitudinal test piece axi$ and,
in the case of impact test pieces, the direction of the notch of the test piece and the
fragture plane determined by this to the direction of grain flow or strain.

6 Test methods

6.1 Tengjle test at room temperature

6.1.1 Tensile tests at room temperature shall be carried out in accordance with ISO 6892| at a
temperafure of 20 °C + 5 °C.

6.1.2 For the verification-6fthe yield strength R. of non-austenitic steels, where a yield
phenomeénon occurs, the'upper yield strength Ren, or alternatively the 0,2 % proportional
elongatign proof strength Ry shall be determined.

In the cafe of austenitic steels depending on the characteristic specified in the product standard
the 0,2 % and/or 1,0 % proportional elongation proof strength (Ryo2 0r Rp1,0) shall be
determinged.

The percentage elongation shall be reported with reference to a 5,65 \/% gauge length; (So
represents the area of the initial cross section of the test piece within the gauge length). If other
gauge lengths are used, the corresponding elongation on 5,65 /S, should be obtained in
accordance with 1ISO 2566-1 or ISO 2566-2. In cases of dispute, a gauge length of

5,65 /S, shall be used.
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pact tests

1:1997(E)

6.2.1 Impact tests shall be carried out according to the rules for sequential tests specified in
ISO 404 and

— when values for Charpy V-notch impact test pieces are to be verified in accordance with
ISO 148,;

— when values for Charpy U-notch test pieces are to be verified in accordance with ISO 83.

6.2.2 |

otherwjise agreed in the order, the test shall be carried out at the lowest temperature-fo

, for a steel, the impact properties are specified for several testing temperatures

value is specified.

6.3 Verification of the elevated temperature proof strength

6.3.17

ISO 7§3.

6.3.2 Unless otherwise agreed at the time of enquiry and orderthe test temperature sh

— fqr unalloyed steels and for weldable fine

g

rain steels with high proof strength .......... 300:°C

— farothersteels ......ooveeviiiiee e 450 °C.

6.3.3 For non-austenitic steels the 0,2 % proof;Strength value and for austenitic steels,

depen

ling on the characteristic specified in-the product standard, the 0,2 % and/or 1,0

elevat¢d temperature proof strength value.shall be determined.

he verification shall be carried out in accordance with the test method described

unless
r which a

n

all be

%
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Table 1 — Options for the test units, the number of sample products to be taken per test unit

1 2 3 4 5 6 7 8
Test The test unit shall be composed of products
unit
symbol
of the same forming having been subjected to
of the same process cycle 2 of the same of similar 3) the same the same
cast shape and shape and type4 of heat | conditions 5) of
dimensions dimensions treatment heat treatment
tul) ch £ D o
Cn X X — — X X -
CHn X X - - X X X
CHDn % x — X — X X
CFHDn X X X X - X X
Cux X X — — X X —
CHUx X X - - X X X
CHDUX X % — x — x X
CFHDU X X X X y X X
CnUx X X — — X X —
CHnUX X X — — X X X
CHDnU X X — X — X X
CFHDnUx X X X X — X X
IND The test unit sample prgduct shall
1) In the symbols for the test unit in column 1 the individual letters have, as is additionally indicated in the headings of columns 2 to 10, the following meahing:
C  products of the same Cast;
F  same|Forming cycle 2)
H same|Heat treatment conditions 3);
D same|shape and Dimensions;
n Inthe|product standard or order the“letter n of the symbol for the test unit given in column 1 is to be replaced by the mass of the test unit in tonnes{up to
Ux For clpecking the Uniformity of the.test unit, x % of the products and at least the number of products given in table A.1, are to be subjected to a hajdness test
EXAMPLE

The symbol JHD10 would, in @cedrdance with the indications in columns 2 to 15, mean the following:

The test unit ¢overs products’of the same cast and the same dimensions and has been subjected to the same heat treatment condition. If the weight of thp test unit

2) Forgings dre régarded as being taken from the same forming cycle when they were, without any essential interruption, manufactured one after the othgr by the

omplied with:

3) The shapsd d d
a) the forgings have the same shape; round, hexagon or square bars may, however, be covered in one test unit;
b) the difference in the thickness of the ruling section of the forgings of the test unit is less than 30 % of the forging possessing the greatest thickness;
c) where, in the technical delivery conditions, the specifications for the tensile and/or impact properties of the forgings vary for different thicknesses, the
4
5) The forgings shall be regarded as having been subjected to the same heat treatment conditions when they were subjected to the same temperature-time-cycle in

Nod

Different types of heat treatment are here considered e.g. normalizing, stress relieving, quenching and tempering.

In the past a usual requirement was that the products covered in a test unit had to be taken from the same heat treatment batch. In the case of continuous or batch
no longer justified. Where, however, the purchaser still regards this as appropriate he may specify in his enquiry and order that the test unit be composed of products
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and the percentage of products to be subjected to hardness tests for uniformity checks

9 10 11 12 13 14 15

The test unit Number of sample products to be taken from test units with an as
shall have heat-treated weight of
been
subjected to
Notes
<nD >n >2n >4n >8n
=2n <4n =8n =< 16n
L 1)
P X 1000 Kg
o In general not for quenched ahd tempered
products.

— 1 2 3 4 5
an x|% Independant from the weight of the test unit, two sample products, namely Only applicable where the tegt pieces
unifdrmity the hardest and softest, shall be tested. for the mechanical tests can be taken
chedgk by from the products themselve
hardpess (no prolongations).
testq (see
anngx A)

1 2 3 4 5 Normally only applied where,|for the
tensile and impact tests, prolpngations or
integral surplus-material is prpvided. The
product standard shall, in thig case,
include specifications for the maximum
hardness range.

consist of|the individual forging. Not for small products.

which, in aqcordance with the indications in‘column 10, the testing of one sample product is sufficient. (For n the values 5, 10, 20 and 40 should be prefgrred).
in accordarjce with annex A. The value of X’shall be specified in the product standard or order (e.g. CHU10).

is 10 t one $ample product,is to be tested; if its weight is > 4 n but < 8 n, (that means in this example > 40 t but < 80 t) four samples are to be tested.

same formi|1g proeess under the same conditions or, in other words, when they were produced in series.

thicknesses of all forgings of the test unit shall fall within one of the specified ranges.

the same heat treatment apparatus but not necessarily at the same time.

type furnaces with modern equipment for the steering and with registration of the time-temperature-cycle and the composition of the furnace atmosphere this is
of the same heat treatment batch.
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Table 2 — Conditions (s2) for taking two samples per sample product

Symbols , (s2) Conditions for takin g two sam ples per
sample product

in general example
numbers Y

ly 15 Forgings with a length or greatest
dimension greater than y (5) meters

wZz w4 Forgings with an as heat treated individual
weight greater than z (4) tonnes.

ly+wz [5+w4 Forgings with a length or greatest
dimension greater than yA5) meters and an
as heat treated individual,weight greater
than z (= 4) tonnes.

ly or wz 15 or w4 Forgings with a lenigth or greatest
dimension greater than y (5) meters or an
as heat treated individual mass greater
than z (4)tonnes.

1) Replace as shown in the column\‘example” the letter y in the symbol
by the appropriate value for the€ length in meters and the letter z by
the appropriate value for the as heat treated individual mass of the
forgings in tonnes.

2) The values given in‘parentheses apply for the example given in
column 2.

©1SO
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Table 3 — Options for the types of sample products (ts) and the positioning of prolongations,
integral surplus material and heat buffers and the location of the test pieces

Symbol Type of sample Description of the t ype of sample product, the positionin g Notes
ts product of surplus material and the location of test pieces
pl Complete products The sample product consists of a the product is 1)
complete product without prolongation | destroyed by taking
or integral surplus material. of the test pieces
pc the test pieces are
taken by core
drilling
ppl Complete product with The prolongation shall be positioned figure la 2)
prolongations as indicated.
ppld din figure 1a
pple e in figure 1a
pp2 figure, 1b 2.3
pp2d din figure 1b
pp2e e in figure 1b
pp2f fin figure 1b
ppO0 in the order 2)
pil Complete product with The integral surplus material shall be in figure 2a 2)
integral surplus positioned as indicated.
material
pi2 in figure 2b 2),3)
pi0 in the order 2)
pbl Complete product with The buffer shall consist of unalloyed or | in figure 3 2)
welded heat buffer low-alloy steel and shall be positioned
as indicated by a completely sealing
weld.
pb2 in figure 4 2),3)
pb0 in the order 2)
ssl Separately forged The samples shall be taken from the Tx2T x 2T 2)
samples same cast as the forgings and shall be
heat treated together with these (see (T = thickness of
also footnote 2). the ruling section of
Dimensions of the sample. the forging)
ss0 as agreed when
OTdering

1) Only for small (closed die) forgings.

2) The shape, dimensions and manufacturing conditions (including the heat treatment) of the prolongations, of integral
surplus material and of separately forged samples shall, as far as is possible and practical and unless otherwise
specified, conform to the shape and dimensions and to the manufacturing conditions of the products in the area of their
ruling section. Thus one can expect in the location from where the test pieces are to be taken the same principal
direction of grain flow, the same degree of metal forming and the same heating and cooling rates as in the relevant

location of the ruling section.

3) Only applicable when the condition for taking two samples per sample product applies (see table 2).
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Table 4 — Options for the distance of the centre of the test pieces

from the surface

©1SO

2) Thel
surfa
40m

3) Spec
zone
the p
heat
the h
than

4) The

Symbols
Distance of the centre of test pieces from the surface of Notes See examples
the as heat treated product in the direction of the in figure
dis
thickness () length and width
of the ruling section

Haxt/i2 /4, max. 60 mm /2, but max. 90 mm 5a)
t4xtl4 4, but max. 40 mm /4, but max. 40 mm ) 5b)
a? a, but min. 20 mm 2a, but min. 40 mm 4
hs d; = d1, d2, ds..., but min. 20 mm 2 d, but min. 40 mm 3).4) 6
dr The location of the test pieces shall be as indicated in a 4

purchaser approved drawing (dr) showing as heat treated

dimensions.
1) Mainly for austenitic steels.

ptter a in the symbol “dis = a” shall be replaced by the value agreed for the'distance of the test pieces from [the
Ce in the direction of the thickness of the ruling section; if, for example;this distance shall in one case be
M and in another be one sixth of the thickness (f), the symbol wouldread in the first case “dis = 40” and in the
second case “dis = 1/6”.

al case which applies as shown in figure 6 for complicatedly/shaped forgings which suffer stressed surface
5 during service and which before heat treatment were fofmed to their final shape and dimensions. In this case
Lrchaser shall mark the highly stressed surface zones&The distance d; from the centre of the test piece to the
reated surface in the direction of the thickness shall®e not less than the largest distance (di, d-, ds...) between
ghly stressed surface zones and the as heat treated surface nearest to these and shall in all cases be gredter
PO mm. In the direction of the length or width the“distance of the centre of the test piece from the as heat
treated surface shall be at least 2 x d;, but neverless than 40 mm.

nechanical properties applicable for thislocation are to be agreed at the time of enquiry and order.

10
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Table 5 — Options for the direction of the test piece axes and of the direction of the
notch of impact test pieces refering to the direction of grain flow or grain

Meaning of the symbol
The direction of the See figure
Symbols A pplicable for tensile or notch of the
impact test impact test
pieces pieces 1
shall be parallel to the
dir direction °
X tensile X -
Y test Y 7
Z pieces Z -
X-Y? X Y
X-X? Y X
Z-Y impact Z Y
X-Z test X v4 8
Y-Z pieces Y y4
Z-X Z X

1) Also of the direction of propagation of fracture predetermined by the notch.

2)| X = direction of the greatest positive strain (main direction of grain flow)
Z= direction of the greatestnegative strain (main direction of forming)
Y = direction perpendicular to X and Z

For the determination of these directions see B.3.

3)| Where no further specification for the direction of the notch for longitudinal or
transverse impactitest pieces is made it shall be accepted that the direction

of the test piece and its notch correspond to that characterized by the symbo
X-Y or Y-X1espectively.

11
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a) One sample per sample
product to be taken

NOTE — |The examples for_rings apply also for discs.

Key
d Diamgter mounting
e Earlik¢ mounting

f  Frontgide meunting
X  Test giecé\position

|
|_____

X

P N

b) Two samples per sample
product to be taken

Figure 1 — Examples of the mounting of prolongation and of the location of test pieces

12
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Key

X

Teqg

Figy

a) One sample per sample product
to be taken

t piece position

b) Two samples per sample
product to be taken

ire 2 — Examples of the mounting of integral surplus material and of the location

of test pieces

13
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Dimensions in millimetres

| t/2
! (90 max.)

4

1 2
NESR Y

t/2 (90 max.) —_ \ ,,,,, X ..... ok

Key

1 Surfage of heat buffer
2 Heat huffer

3 Test giece position

4  Steel forging

5 Heat tfeated surface

Figure 3 — Example of an on welded heat buffer

7 7

o

Figure 4 — Example of mounting two on welded heat buffers on a sample product

14
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a)dis=1t4xt2

Key
1 Tedt piece position

2 Shape at the time of heat treatment
3 Shape of final product

Figure 5 — Example of the position of the test pieces in a sample {product with integral
surplus material in accordance with table 4 concerning the distance of the test pieces
from the surface of the as heat-treated forging

b) dis = /4 x t/4

dtmaxmin'

dtmaxmin'
—

a) Sampleproduct with
prolengations

b) Sample product with integral
surplus material

Key

1 Tedt piece position

2 Shapg-of final product

3 Sh,- }JC at thc tll e Uf hcat tl Catl LA~ It
4  High stress zone

Figure 6 — Example of the position of test pieces in the case where for the distance of
the test pieces from the surface of the heat treated forging in accordance with table 4,
dis = hs is specified. (See footnote 3 of table 4).
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Key
1 Axial grain flow

Figure 7|— Meaning of the symbols given in table 5 for the direction.of tensile test pieces
in relation to the three main directions of strain X,Y and Z.

Key
1 Axial grain flow

Figure 8 — Meaning of the symbols given in table 5 for the direction of impact test
pieces and their notches in relation to the main directions of strain X, Y and Z.
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Annex A
(normative)

Uniformity checks on test units by hardness tests

All test units bearing as last letter in their symbol a “U” followed, as indicated in table 1, by a
value x =5 to 100 shall be subjected as follows to uniformity checks by hardness tests.

Depending on the value of x, given in the symbol for the test unit, the following number of

produ

ts shall be selected at random for the hardness tests:

On all
at the
corres

Decarl
before

All har
metho
manuf

Table A.1 — Number of products to be checked

x1.2) Number of products
to be checked

5 5 % but at least 5 in number
10 10 % but at least 10 in number
20 20 % but at least 20 in number
30 30 % but at least 30 in number
50 50 % but at least 50 inLnumber
100 100 %

1) For xthe values given above should preferably be
used.

2) For test units of the type:€U high values of x are
normally specified, whereas for the more
homogeneous test-units of the type CHU, CHDU and
CFHDU, lower values are normally applied.

products to be hardnessstested, the same location shall be tested. This location §
surface of the product-and where possible in an area where the thickness of the
bonds to the thickness of the ruling section.

purized zones.and, as far as it may impair the measurement, scale shall be elimif
the hardness-tests are carried out.

dness. tests on the products of one test unit shall be carried out using to the sam
1. If the hardness test method is not specified in the product standard or order th

shall lie
broduct

nated

D (W

hcturer may choose the method. Acceptable methods are

— the Brinell test in accordance with 1ISO 6506;

— the Vickers test in accordance with 1ISO 6507-1;

— the Rockwell test in accordance with ISO 6508.
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Annex B
(normative)
Designation and determination of the direction of the test piece axis
B.1 Introduction
The impact properties and the values for the elongation and the reduction of area of test pieces
taken with the|r Iong|tud|nal aX|s paraIIeI to the dlrectlon of the greatest materlal straln caused

by forming-is-i , . . of the
greatest reductlon of Cross sectlon of the materlal in the dlrectlon of greatest negatlve Strain. In

gtest
strain, the direction Z of greatest negative strain and the direction Y perpendicular to X and Z.

In the cale of forgings, however, the direction of strain cannot be related-unequivocally tg the
geometrical main directions of the product. Figure B.1 shows for example, that for hollow
forgings,|depending on the process of manufacturing, the direction‘ef‘greatest strain in th
forming process can be axial, tangential or radial.

D

Thereforg, standards for forgings normally specify the impaet properties and the values of
elongatign and reduction of area with direct reference to the main directions of strain and|oblige
the mandifacturer to indicate, in his offer, the directions for the area from which the test pieces
are to be taken.

The designations to be applied in such cases and:the methods for determining the main
directionp of strain and their relation to the geonyétrical main directions are given in the
following|

B.2 Designation for the main direction-of.strain during forming

To desighate the direction of the strain or grain flow, in accordance with ISO 3785, the following
symbolsshall be applied:

— X for the direction of'greatest positive strain or the main direction of grainflow

— Z for the direction/of greatest negative strain or the main direction of hot working (S¢e
figures 7 and'8.)

— Y for thesdirection perpendicular to X and Z

B.3 Determitrattorrof--Y-and—2Z
B.3.1 The directions X, Y and Z shall be determined for the areas of the forging from which the
test pieces are to be taken and shall consequently be representative of the ruling section of the
forging.

B.3.2 For simply shaped forgings the strain shall, as indicated in figure B.2, be calculated:

— in the case of round products; for the direction of the rotation axis and for the tangential and
the radial direction of the forging;
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— in the case of rectangular products, for the direction of the length, width and thickness of the
forging.

On the basis of the results of these calculations and the definitions given in B.2 it shall then be
indicated by the symbols given in table B.1 or by indicating the directions X, Y and Z in sketches
of the product as shown in figure B.3, with which geometrical main directions the directions X, Y
and Z coincide.

B.3.3 For more complicated shapes and small products (e. g. closed die forgings) it may be

more appropriate or necessary to determine the relation of the direction X, Y and Z to the
geomadtrical characteristics of the forgings by suitable metallographic examinations in'the frame
work of type tests.
Table B.1 — Relation between the three main directions of strain (X, Y, and Z) and'the geomelric
axes of the product
Shape of the Symbol : Geometric axes of
Axis Exampl|es
product XYZ the product P
X axial Stretch forged| bars or
- discs cut from|these
ATR Y tangentia Stretch forged| shafts
Round (bars, shafts 7 radial and cylinders
and discs) )
X radial
- Discs proddiced by
PA axial
X length
- Stretch fgrged
LWT Y width rectangulirs 2)
Rectar|gular (bars and Z thickness
flat products) )
X width
Ingots or blooms forged
WLE X length by enlarging l'reir width
2
7 thickness to rectanglilars 2)
X axial
ATR Y tangential
4 radial
X tangential
Hollow |(cylingers, rings TRA X radial '
and flanges) - See figurg B.1
T A axial
X radial
RTA Y tangential
A axial
1) X =direction of the greatest positive strain (main direction of grain flow)
Z = direction of the greatest negative strain (main direction of forming)
Y = direction perpendicular to X and Z
For the determination of the directions see B.3.
2) When cutting parts, e. g. discs, from rectangular bars or flat products which correspond to the symbol XYZ = LWT or XYZ
= WLT, depending on the cut length, for these parts other symbols for XYZ may then apply. For a part with XYZ = LWT
this is shown in figure B.3.
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Figure

20

L
(A
\ i
T
v,
V(LS
(S .
/]
T TL T,
X = axial X = tangential X = radial

B.1 — Example of the dependance ofithe X direction on greatest positive strain
from the.type of forming
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