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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 ISO 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. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

Any tfade name used in this document is information given for the convenience of users
const|

For a
expregssions related to conformity assessment, as well as information about ISO's adhg
World Trade Organization (WTO) principles in the Techhical Barriers to Trade (TBT) see
URL: www.iso.org/iso/foreword.html.

This document was prepared by Technical Cominittee ISO/TC 25, Cast irons and pig irons.

This
revis¢d with the following changes:

The procedures used ] ] led ) 3
descrfbed in the ISO/IEC Directives, Part 1. In particular the different approval criteriaing

rights. ISO shall not be held responsible for identifying any or all such patent righ
any pptent rights identified during the development of the document will be'in the Intrody
e [SO list of patent declarations received (see www.iso.org/patents).

tute an endorsement.

explanation on the voluntary nature of standards; the meaning of ISO specifi

ourth edition cancels and replaces the third edition (ISO 1083:2004), which has bee

s]de-by-side cast samples Have been added;

se¢veral definitions have)been added;

=

e relation betwéen mechanical properties and wall thickness has been added;
figures for separately cast or side-by-side cast samples have been updated;

the tensile'test piece figure has been updated and the Charpy V-notched impact test pie
beenremoved;

intenance are

beded for the
nce with the

he subject of
ts. Details of
ction and/or

and does not

c terms and
rence to the
the following

n technically

splid-solution strengthened ferritic spheroidal graphite cast irons grades have been adlded;

ce figure has

nnex A has heen partially reworded;

Annex C has been entirely reworded;
Annex D has been developed;

Annex E has become informative;
Annex G has been developed;

Annex H has been added.
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Introduction

The properties of spheroidal graphite cast irons depend on their structure.
Spheroidal graphite cast irons covered by this document are divided into two groups:
a) ferritic to pearlitic spheroidal graphite cast irons;

b) solid-solution strengthened ferritic spheroidal graphite cast irons.

The mechanical properties of the material can be evaluated on machined test pieces prepared from the
following:

— separatdly cast samples;

— side-by-gide cast samples;
— cast-on Jamples;

— samplesjcut from a casting.

The material grade is defined by mechanical properties measured on machined test pieces prepared
from cast sajnples.

If hardness 1s a requirement of the purchaser as being important.for the application, then Annex E
provides means for its determination.

It is well known that tensile properties and hardness of sphet‘oidal graphite cast irons are interreglated.
When considered by the purchaser as being important forithe application, both tensile and hardness
properties nay be specified.

Some materipl grades can be suitable for pressure applications.

Further techpical data on spheroidal graphite-cast irons is given in Annexes C and G.

vi © ISO 2018 - All rights reserved
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Spheroidal graphite cast irons — Classification

1 Scope
This document defines the grades and the corresponding requirements for spheroidal graphite castirons.

This document specifies two groups of spheroidal graphite cast iron grades by a classification based on
mechpnieat propet tiesmeastredomrmachined-test pict,co prepat edfronreast aauly}ca. Fhe first group
deals|mainly with ferritic to pearlitic grades. The second group deals with solid-solution §trengthened
ferritjc grades.

This document also gives an informative classification as a function of hardness;

This document does not apply to the following:

2]

bheroidal graphite cast irons used for pipes, fittings and accessories which are|specified in
rcordance with ISO 2531 and ISO 7186;

QO

|
=

ighly alloyed (austenitic) spheroidal cast irons which are spécified in accordance with ISO 2892;

— apsferritic cast irons which are specified in accordancewith ISO 17804.

2 Normative references

The fpllowing documents are referred to in the.text in such a way that some or all of their content
constjtutes requirements of this document. For dated references, only the edition cited applies. For
undafed references, the latest edition of the referenced document (including any amendménts) applies.

ISO 148-1, Metallic materials — Charpy pendulum impact test — Part 1: Test method

ISO 945-1, Microstructure of cast irons — Part 1: Graphite classification by visual analysis
ISO 6506-1, Metallic materials — Brinell hardness test — Part 1: Test method

ISO 6892-1, Metallic materials — Tensile testing — Part 1: Method of test at room temperatufe

ISO/TR 15931, Designution system for cast irons and pig irons

3 Terms.and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.or

3.1

spheroidal graphite cast iron

cast material, iron, carbon and silicon-based, the carbon being present mainly in the form of spheroidal
graphite particles

Note 1 to entry: Spheroidal graphite castiron is also known as ductile iron, and less commonly as nodular iron.

© ISO 2018 - All rights reserved 1
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018(E)

ferritic to pearlitic spheroidal graphite cast iron
spheroidal graphite cast iron (3.1) with a matrix containing ferrite or pearlite or a combination of both

Note 1 to entry: Pearlite can be partially or totally replaced by quenched microstructures in grades having higher

strength.

3.3

solid-solution strengthened ferritic spheroidal graphite cast iron
spheroidal graphite cast iron (3.1) with a matrix mainly consisting of ferrite, solution strengthened by
increasing the amount of silicon compared to ferritic to pearlitic spheroidal graphite cast iron (3.2)

34

graphite sp
process thaf
predominan{

Note 1 to entr]

3.5

cast sample
quantity of n
side cast sam

3.6
separately ¢
sample casti

3.7
side-by-side

Leroidizing treatment

brings the liquid iron into contact with a substance to produce graphite i
ly spheroidal (nodular) form during solidification

y: This process is often followed by a second process called inoculation.

haterial cast to represent the cast material, including separately’ cast sample (3.6), si
ple (3.7) and cast-on sample (3.8)

ast sample
h a separate sand mould under representative manéfacturing conditions and material

cast sample

sample cast in the mould alongside the casting, witha joint running system

3.8
cast-on sa

le

sample attached directly to the casting

39

sample cut from a casting
sample obtained directly from the casting

3.10

relevant wal
section of th
mechanical

3.11
test unit

Il thickness

ropertiés shall apply

n the

He-by-

orade

e casting, agreed between the manufacturer and the purchaser, to which the determined

number of pieces or the tonnage of castings to be accepted or rejected together, on the basis of the tests
carried out on test pieces in accordance with the requirements of the relevant specification, material
standard or order

Note 1 to entr

y: This term is sometimes referred to as “inspection lot” or “test batch”.

[SOURCE: EN 1559-1:2011, 3.12]

4 Design

ation

The material shall be designated in accordance with ISO/TR 15931. The relevant designations are given
in Tables 1 to 3.

NOTE Fu

rther information on designation is given in Annex I.
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5 Order information

The following information shall be supplied by the purchaser:

a) the complete designation of the material;

b) any special requirements (including the relevant wall thickness, where necessary) that shall be
agreed upon between the manufacturer and the purchaser by the time of acceptance of the order;

c) the number of this document, i.e. ISO 1083.

6 Mamufacture

The method of producing spheroidal graphite cast irons and their chemical composition s
scretion of the manufacturer who shall ensure that the requirements of this-doeument are met for

the di
the m

For fe
ferrit
by he

For s¢lid-solution strengthened cast iron grades, the level of thefmechanical properties is

by th
norm

For siileroidal graphite cast irons to be used in special applications, the chemical composi

treat

All a

accepftance of the order.

7 R

7.1

Thep
ther
obtai

The 1
with

Mech

For r¢

aterial grade specified in the order.

e to pearlite ratio. The ferrite to pearlite ratio is normally adjusted:by’alloying or, les
ht treatment.

e extent of solid solution strengthening of the ferritic-thatrix. Solid-solution strej
hlly governed by the silicon content.

ent may be the subject of an agreement between.the manufacturer and the purchas

breements between the manufacturer and’the purchaser shall be made by the

equirements

General

al behaviour. Subject fto amendments to be agreed upon in the order, they can appl
hed by alternative'methods.

haterial designation is based on the minimum mechanical properties obtained in
W thickness\or'diameter of 25 mm. The designation is irrespective of the type of cast

hnical properties are wall thickness dependant as shown in Tables 1, 2 and 3.

hall be left to

rritic to pearlitic cast iron grades, the level of the mechanical properties is determined by the

s commonly,

determined
ngthening is

tion and heat
er.

time of the

operty values apply to spheroidal graphite castirons castin sand moulds or moulds of comparable

y to castings

cast samples
ample.

tlevant wall thicknesses greater than 200 mm, the manufacturer and the purchase

r shall agree

on th

€ minimum mechanical properties, the type and size of the cast sample, and mi

requirements.

NOTE

7.2

7.2.1

7.2.1.

crostructure

Tensile testing requires sound test pieces in order to guarantee pure uni-axial stress during the test.

Ferritic to pearlitic spheroidal graphite cast irons
Test pieces machined from cast samples

1 Tensile properties

The mechanical properties of ferritic to pearlitic spheroidal graphite cast iron test pieces shall be as
specified in Table 1.
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Table 1 — Mechanical properties measured on test pieces machined from cast samples for
ferritic to pearlitic grades

Material designation | Relevantwall |0,2 % proof strength | Tensile strength Elongation after
thickness Rpo,2 fracture
t MPa Rm A
mm min. MPa %
min. min.
t<30 220 350 22
1S01083/]JS/350-22-LTa 30<t<60 210 330 18
60 <t<200 200 320 15
<30 220 350 22
1S01083/]JS/450-22-RTb 30<t<60 220 330 18
60 <t<200 210 320 15
t<30 220 350 22
1S01083/]S/350-22 30<t<60 220 330 18
60 <t<200 210 320 15
t<30 240 400 18
1SO01083/]S/400-18-LTa 30<t<60 230 380 15
60 <t<200 220 360 12
t<30 250 400 18
1S01083/]S/400-18-RTb 30<t<60 250 390 15
60 <t<200 240 370 12
t<30 250 400 18
[S01083/]JS/400-18 30<t<60 250 390 15
60 <t<200 240 370 12
t<30 250 400 15
1S01083/]S/400-15 30<t<60 250 390 14
60 <t<200 240 370 11
t<30 310 450 10
1501083/J5/450-10 30 <t=60 to be agreed upon between the manufacturer and the purchpser
60 <t<200
t<30 320 500 7
1S01083/]JS/500-7 30<t<60 300 450 7
60 <t<200 290 420 5
t<30 350 550 5
1S01083/]JS/950-5 30 <€=60 330 520 4
60z-£< 200 320 500 3
t<30 370 600 3
1S01083/]S/400-3 30<t<60 360 600 2
60 <t<200 340 550 1
t<30 420 700 2
1S01083/]JS/70042 30<t<60 400 700 2
60 <t<200 380 650 1
t<30 480 800 2
1501083/J5/800-2 30 <t=<60 to be agreed upon between the manufacturer and the purchaser
60 <t<200
t<30 600 900 2
1501083/J5/900-2 6300<<tt<S26000 to be agreed upon between the manufacturer and the purchaser

NOTE 1 Elongation values are determined from Lo = 5 d. For other gauge lengths, see 9.1 and Annex B.

NOTE 2 The mechanical properties of test pieces machined from cast samples do not necessary reflect exactly
the properties of the casting itself. Values for tensile properties of the casting are given in Annex D for guidance.

NOTE 3 The data apply to separately cast samples, cast on samples and side-by-side cast samples; therefore
the suffix “S” is not included.

a LT for low temperature. b RT for room temperature.

4 © ISO 2018 - All rights reserved
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7.2.1.2 Impact energy

The impact energy values given in Table 2 for room temperature (RT) and low temperature (LT)
applications, if applicable, shall only be determined if specified by the purchaser by the time of
acceptance of the order.

The mean value of the three Charpy impact tests and the individual values shall meet the specified
requirements in Table 2.

NOTE The relevance of the use of impact energy as a measure of resistance to brittle fracture in castings,
subjected to application loads, is currently being reassessed. Annex C gives information about a fracture
mechanical approach to spheroidal graphite cast irons.

Tablle 2 — Minimum impact energy values measured on V-notched test pieces macl||ined from
cast samples for ferritic grades of the ferritic to pearlitic group

Minimum impact enexgy values
Material designation Rele_v ant wall ]
thickness | Room temperature| Low temperature | Low ttmperature
(23+5)°C (z20+ 2)°C (-40 £ 2)°C
T Mean Individu- ean Individu- Mear Individu-
mm value al value yalue al value valu al value
(3 tests) (3 tests) (3 testis)
t<30 — < — — 12 9
1S01(83/]JS/350-22-LTa 30<t<60 — — — — 12 9
60<t<200 — — — — 10 7
t<30 17 14 — — — —
1S01(83/]JS/350-22-RTb 30<t<60 17 14 — — — —
60<t<200 15 12 — — — —
t<30 — — 12 9 — —
1S01(83/]JS/400-18-LTa 30<t< 60 — — 12 9 — —
60 <t<200 — — 10 7 — —
t'< 30 14 11 — — — —
1S01(83/JS/400-18-RTb 30<t< 60 14 11 — — — —
60'<t<200 12 9 — — — —
NOTE|1l These material grades(canbe suitable for some pressure vessel applications. (For fracture toughnes§, see Annex C.)
NOTE|2 The mechanical.preperties of test pieces machined from cast samples do not necessarily reflgct exactly the
propefties of the castingitself.
NOTE|3 The data apply-to separately cast samples, cast on samples and side-by-side cast samples; thereforfe the suffix “S”
is not jncluded.
a LT for lowtemperature.
b RT for\room temperature.

7.2.2 Test pieces machined from samples cut from a casting

If applicable, the manufacturer and the purchaser shall agree on the following:
— the locations on a casting where the samples shall be taken;

— the mechanical properties that shall be measured;

— the minimum values or allowable range of values, for these mechanical properties (for information,
see Annex D).

NOTE1 The properties of castings are often not uniform, because casting properties depend on the complexity
of the casting and variation in section thickness.

© IS0 2018 - All rights reserved 5
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NOTE 2

(covered by this document) but also by the local casting soundness (not covered by this document).

7.2.3 Classification by hardness

Mechanical properties for test pieces cut from a casting are affected not only by material properties

The classification by Brinell hardness shall only be specified when agreed between the manufacturer
and the purchaser (see Annex E).

7.2.4 Graphite structure

The graphite structure shall be mainly of form VI and form V in accordance with ISO 945-1. A more

precise defir

This structu
In case of dis

ftiorof graphite structure Ay be agreed DeEtWeeTT e AU acturer ard the purci

'e shall be confirmed either by metallographic examination or by non-destructiveymet
pute, the result of the metallographic examination shall prevail.

SEr.

hods.

NOTE Anphex F gives more information on nodularity.

7.2.5 Matrix structure

Information pn matrix structure is given in Table G.1 and ISO/TR 945-3.

7.3 Solid $olution strengthened ferritic spheroidal graphite cast irons
7.3.1 Test|pieces machined from cast samples

The mechan n test

pieces shall |

cal properties of solid solution strengthened\ferritic spheroidal graphite cast iro
e as specified in Table 3.

Table 3 — Mechanical properties measured on test pieces machined from cast samples for|solid

solution strengthened ferritic grades

Relevant wall o . Elongation after
thickness 0,2 % proof strength | Tensile strength fracture
Material designation t Rpo,2 Rm A
mm MPa MPa %
min. min. min.
t< 30 350 450 18
1S01083/)S/450-18 80<t<60 340 430 14
t>60 to be agreed upon between the manufacturer and the purchiaser
t<30 400 500 14
1S01083/JS/400-14 30<t<60 390 480 12
t>60 to be agreed upon between the manufacturer and the purchfaser
t=30 %70 600 10
1S01083/JS/600-10 30<t<60 450 580 8
t>60 to be agreed upon between the manufacturer and the purchaser
NOTE 1 The mechanical properties of test pieces machined from cast samples do not necessarily reflect exactly the
properties of the casting itself. Values for tensile properties of the casting are given in Annex D for guidance.
NOTE 2 The data apply to separately cast samples, cast on samples and side-by-side cast samples; therefore the suffix “S”
is not included.

7.3.2 Test pieces machined from samples cut from a casting
If applicable, the manufacturer and the purchaser shall agree on the following:

— the locations on a casting where the samples shall be taken;

© ISO 2018 - All rights reserved
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— the mechanical properties that shall be measured;

— the minimum values or allowable range of values, for these mechanical properties (for information,
see Annex D).

NOTE1 The properties of castings are often not uniform, because casting properties depend on the complexity
of the casting and variation in their section thickness.

NOTE 2  Mechanical properties for test pieces cut from a casting are affected not only by material properties
(covered by this document) but also by the local casting soundness (not covered by this document).

7.3.3 Classification by hardness

The cj‘assification by Brinell hardness shall only be specified when agreed between the-manufacturer

and the purchaser (see Annex E).

7.3.4| Graphite structure

The ¢
preci

This {
In cag

NOTE

NOTE

7.3.5

Inforination on matrix structure is given in A(2.2, Table G.1 and ISO/TR 945-3.

8 S

8.1

raphite structure shall be mainly of form VI and form V in accordance with ISO 9
e definition of graphite structure may be agreed between the manufacturer and the

tructure shall be confirmed either by metallographic examination or by non-destruct
e of dispute, the result of the metallographic examination§hall prevail.

1  A.2.3 gives more information on graphite structure.

2 AnnexF gives more information on nodularity.

Matrix structure

ampling

General

Samp

Samp
(see 8

Sever
cut fr

Whern

es shall be providedto represent the castings produced.

es shall be madefrom the same material as that used to produce the castings which t}
.4).

al types of 'sample (separately cast samples, cast-on samples, side-by-side cast sam]
bm a casting) can be used, depending on the mass and wall thickness of the casting.

15-1. A more
purchaser.

ive methods.

ey represent

bles, samples

hould be agreed between the manufacturer and t

Unlesisc

appropriate the type of sample s

e purchaser.

When the mass of the casting exceeds 2 000 kg and its relevant wall thickness exceeds 60 mm, cast-
on samples or side-by-side cast samples should be preferably used; representative dimensions and
the location of the sample shall be agreed between the manufacturer and the purchaser by the time of
acceptance of the order.

If the spheroidizing treatment is carried out in the mould (in-mould process), the separately cast sample
should be avoided.

All samples shall be adequately marked to guarantee full traceability to the castings which they
represent.

The samples shall be subject to the same heat treatment, as that of the castings they represent, if any.

Tensile and impact test pieces shall be finally machined from the samples after the heat treatment.
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8.2 C(Castsamples

8.2.1 Size

of cast samples

The size of the sample shall be in correspondence with the relevant wall thickness of the casting as
shown in Table 4.

If other sizes

are used, this shall be agreed between the manufacturer and purchaser.

Table 4 — Types and sizes of cast samples and sizes of tensile test pieces in relation to relevant

wall thickness of the casting

Type of sample
Relevant wpll Option 1 Option 2 Option 3 Cast-on sample | Preferred-diameter
thicktnes 3 U-shaped Y-shaped Round bar (see Figure 4) of tensile Ctiest iecea
mm (see Figure 1) | (see Figure 2) | (see Figure 3) mm
b€ 125 — [ Types b, c A 7
(Option 3: 14 mm)
12,5<t<30 — I1 Typesa, b, ¢ B 14
30<t<6 b 111 — C 14
60 <t=<200 — A% — D 14
a  Other diarpeters, in accordance with Figure 5, may be agreed between thé.manufacturer and the purchaser.
b The cooling rate of this cast sample corresponds to that of a 40 mm wallthickness.

8.2.2 Frequency and number of tests

Samples repit
quality assuf

In the abse
manufacturg

confirm the material grade, at a frequéngy to be agreed between the manufacturer and the purch

When impac
manufacture

8.2.3 Sepad

The sampleq
representati
have compar

esentative of the material shall be produced at a frequency in accordance with the pj
ance procedures adopted by the mantufacturer or as agreed with the purchaser.

1ce of a process quality assurance procedure or any other agreement betwee
r and the purchaser, a minimum of one cast sample for the tensile test shall be produ

L tests are required,(Samples shall be produced at a frequency to be agreed betweg
r and the purchasér:

rately cast samples

shall be cast separately in sand moulds at the same time as the castings and
ve manufacturing conditions. The moulds used to cast the separately cast samples
ablethermal behaviour to the moulding material used to cast the castings.

ocess

n the
red to
hser.

n the

Linder
shall

[t is an option of the manufacturer to use an adequate running system which reproduces conditions
similar to those of the castings.

The samples

The samples

shall meet the requirements of either Figures 1, 2 or 3.

shall be removed from the mould at a temperature similar to that of the castings.

If the graphite spheroidizing treatment is carried out in the mould (in-mould method), the samples

shall be

the casti

either cast alongside with the castings, with a joint running system, or

ngs.

castseparately using a similar treatment method in the sample mould as the method used to produce
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The samples shall be given the same heat treatment, if any, as the castings which they represent.

8.2.4

Side-by-side cast samples

Side-by-side cast samples are representative of the castings concurrently cast and also of all other
castings of a similar relevant wall thickness from the same test unit.

When mechanical properties are required for a series of castings belonging to the same test unit, the
side-by-side cast samples shall be produced in the last moulds poured.

The samples shall meet the requirements of either Figures 1, 2 or 3.

8.2.5

Cast-on samples

Cast-¢n samples are representative of the castings to which they are attached and alsq

castir

Whern
cast-(

The 1
time
order
The s

Unles
treate

8.2.6

The t
mach

The s

Unles

1gs of a similar relevant wall thickness from the same test unit.

mechanical properties are required for a series of castings belonging to the same
n samples shall be produced in the last moulds poured.

bcation of cast-on samples shall be agreed between the manufacturer and the purg
pf acceptance of the order, taking into account the shape of the casting and the runni
to avoid any unfavourable effect on the properties of the-adjacent material.

hmples shall have a general shape as indicated in Figure4 and the dimensions shown

s otherwise agreed between the manufacturer.and the purchaser, when castings a
d, the cast-on samples shall not be separated from the castings until after the heat t1

Test pieces machined from cast samples

bnsile test piece shown in Figure 5°and, if applicable, the test piece for the impact
ned from a sample shown in Figutre 3 or from the hatched part of Figures 1, 2 or 4.

ectioning procedure for cast samples should be in accordance with Annex H.

s otherwise agreed, thepreferred diameter (see Figure 5) for the test piece shall be u

of all other

test unit, the

haser by the
ng system, in

therein.

re to be heat
eatment.

test shall be

sed.
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Dimensions in millimetres

90
S
. =
N o
[Tab =y
3 zb
2512525

Key
a  For infortpation only.

b Thelength z shall be chosen to allow a test piece of dimensions shown in Figure 5 to be machined from the shmple.

The thickness|of the sand mould surrounding the samples shall be at least 40 mm.

For the manufacture of thin-walled castings or castings in metal moulds, the tensile properties may, by agreement
between the manufacturer and the purchaser, be determined on test pieces taken from samples of thicknegs, less
than 12,5 mm

Figure/ 1 — Separately cast or side-by-side cast samples — Option 1: U-shaped sample
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Dimensions in millimetres

v
u c
Key
Dimension Type
I 11 HI v
u 12,5 25 50 75
40 55 100 125
X 25 40 50 65
ya 135 140 150 175
zb A function of'the test piece length
a Fop information only.
bz shall be chosen to allow a test piece of dimensions shown in Figure 5 to be machined from the[sample.
The thickness of the sand mould surrounding the samiples shall be:
— 4P mm minimum for types I and II;
— 8P mm minimum for types Il and IV.
For tHe manufacture of thin-walled castings or castings in metal moulds, the tensile properties may, by agreement
betwegen the manufacturer and the puxchaser, be determined on test pieces taken from samples of thickness, less
than [[2,5 mm.

© ISO 2018 - All rights reserved
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Dimensions in millimetres

, Ln , LA @m| =
I I
........... % N o
T
Lt 14
Lt
a) Typea
| Ln | 4 @l =
| | — -
........... K Q
}
Lt w
L¢
b) Type b
Ls
< | T
et L E L L Q__ L :XU—“’ = -
Ln B w =5}
|
Lt
) Typec
Key
Type A B D H Hy L¢ Ln Lt w
a 4,5 5,5 25 50 — Le+20 | L¢-50 1p0
b 4,5 5,5 25 50 — Le+20 | L¢-50 a 30
C 4,0 5,0 25 35 15 Le+20 | L¢-50 30
a [ shall be|chasen to allow a test piece of dimensions shown in Figure 5 to be machined from thle
cast sample.

The thickness of the sand mould surrounding the samples shall be at least 40 mm.

Figure 3 — Separately cast or side-by-side cast samples — Option 3: Round bar-shaped sample
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Dimensions in millimetres

/ <
%%
7
a Ly
Key
1 casting
Relevant wall
thickness of a b c h Lt
Type the casting
t max. min.
A t<12,5 15 11 7,5 20to 30
B 12,5<t<30 25 19 12,5 30 to 40
a
C 30<t<60 4.0 30 20 40 to 65
D 60 <t<200 70 52,5 35 65 to 105
2 L¢ ghall be chosen to allow artest piece of dimensions show in Figure 5 to be machined from the sample.
The thickness of the'sand mould surrounding the samples shall be at least:

]

If sm
lation

0 mm for types A and B;

0 mm fortypes C and D.

ller dimensions are agreed upon between the manufacturer and the purchaser, the

ships apply:

following re-

b=0,75x%xa

c=05x%xa

© ISO 2018 - All rights reserved

Figure 4 — Cast-on sample
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8.3 Samples cut from a casting

In addition to the requirements of the material, the manufacturer and the purchaser may agree on the
properties required (for information see Annex D) at stated locations in the casting. These properties
shall be determined by testing test pieces machined from samples cut from the casting at these stated

locations.

The manufac

turer and the purchaser shall agree on the dimensions of these test pieces.

In the absence of any direction by the purchaser, the manufacturer may select locations from which to

cut the samp

les and the dimensions of the test pieces.

The centreli

NOTE
elongation aft

For cases of]
casting whic

8.4 Formation of test units and number of tests

8.4.1 Exar

Examples of

castings
practica

a single

for conti
unit shal

when th
taken sh

NOTE Aff
to distinct paj

8.4.2 Num

Sampling an
shall be carr
for amalgam
the formatio

o

huous pouring of large tonnages of spheroidal graphite cast iron, the maximum size

e of the test piece should be located at a point half way between the surface and the,c

en the zone of last solidification of the casting is included in the test piece diameter, theymir
er fracture guidance value is not necessarily obtained.

large individual castings, trepanned samples may be taken at agreed positions
h shall be stated.

hples of test units
fest units are as follows:

poured from the same ladle: up to 2 000 kg efifettled castings; this may vary, {
ble, by agreement between the manufacturer and'the purchaser;

fasting, if its mass equals or exceeds 200 kg;

| be restricted to the castings prodiced in a two hour period of pouring;

e graphite spheroidizing treatment is carried out on less than 2 000 kg, the test unit
pll be the number of castings-produced from that quantity of treated metal.

er heat treatment, a test unit remains the same unless different heat treatments have been 4
ts of the test unit. In stich cases, these distinct parts become separate test units.

ber of tests pénjtest unit

| testing shall be carried out in accordance with Clauses 8, 9 and 10. Sampling and t¢
ied out enveach test unit unless the in-process quality assurance system makes pro

entre.

limum

n the

where

ftest

to be

pplied

bsting
yision

htion'oflots. When the graphite spheroidizing treatment has been carried out in the

purchaser by

9 Test methods

9.1 Tensile test

hof test units and the number of tests shall be agreed between the manufacturer aT

hould,
d the

The tensile test shall be carried out in accordance with ISO 6892-1. The preferred test piece diameter is
14 mm but, either for technical reasons or for test pieces machined from samples cut from the casting,
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it is permitted to use a test piece of different diameter (see Figure 5). For either of these exceptions the
original gauge length of the test piece shall conform to Formula (1):

L,=5,65%,/S, =5xd

where

Lo is the original gauge length;

So is the original cross-section area of the test piece;

1)

d[ isthe diameter of the test piece along the gauge length.

If thepbove formula for L, is not applicable, then an agreement shall be made betweeirthe n
and the purchaser on the dimensions of the test piece to be made.

A tesf piece with a different gauge length may be agreed upon between the’manufact
purcHaser.

For t4

valuelto that for L, =5 x d.

9.2

Impact test

The impact test shall be carried out on three standard’ Charpy V-notched impact t¢
accorfance with ISO 148-1.

Test dquipment with an appropriate energy shall betused to determine the properties corr

The 2lmm radius striker shall be used.

9.3

Hardness test

nanufacturer

hrer and the

nsile test pieces with a gauge length L, = 4 x d, Table B.1 shall be\iised to convert the elongation

bst pieces in

ectly.

If agreed between the manufacturer and the purchaser, the hardness shall be determined as Brinell
hardness in accordance with IS6\6506-1. Alternative hardness tests may also be agreed uy

The test shall be carried-eut’on the test pieces or at one or several points on the c
prepdration of the testing,area in accordance with the agreement between the manufact

purch

the

nlanufacturer and the purchaser, the hardness test may be carried out on a knob ¢

casting.

If the|measuring points are not the subject of an agreement, they shall be chosen by the m3

on.

hstings after
urer and the

aser. If it is not possible to carry out the hardness test on the casting, then, by agreement between

hst-on to the

inufacturer.

Furt}1er information on hardness is given in Annex E.

© ISO 2018 - All rights reserved
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Dimensions in millimetres

! !
Lo
It Lc It
| |
Le
Key
L.a
d Lo ?
min.
5 25 30
7 35 42
10 50 60
14b 70 84
20 100 120

b Preferred

a In principle.

dimension.

where
Lo
d

is th
is th
is th
is th
is th

is th

Rz isth

The method pf gtipping the ends of the test piece may be agreed between the manufacturer and t

purchaser.

original gauge length ;i.e. Lo =5 x ¢

diameter of the test piece along the gauge length;
parallel length; L. > L, (inwprinciple, Lc — Lo > d);

grip length of the test'piece;

total length of thetest piece, which depends on L¢ and I;
transition radius, which shall be at least 4 mm;

surfacé.roughness condition, expressed in um.

Figure 5 — Tensile test piece

9.4 Graphite structure examination

The graphite structure shall be confirmed by metallographic examination in accordance with ISO 945-1.

Non-destructive methods can also give information.

In case of dispute, the results of the microscopic examination shall prevail.

16
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10 Retests

10.1

Need for retests

Retests shall be carried out if a test is not valid.

Retests are permitted to be carried out if a test result does not meet the mechanical property
requirements for the specified grade.

10.2

Test validity

A test
a) a
b) a
c) a
d) a

In the
at the

10.3

If any
those
condt
shall

If bot

confofm to this document.

If ond
deem

10.4

Unles

conformance with this document, a heat treatment may be carried out.

For c
satisf]
samp

is not valid if there is the following:

faulty mounting of the test piece or defective operation of the test machine;
defective test piece because of incorrect pouring or incorrect machining;
fracture of the tensile test piece outside the gauge length;

casting defect in the test piece, evident after fracture.

above cases, a new test piece shall be taken from the same sample or from a duplicat
same time to replace those invalid test results.

Non-conforming test results

test gives results which do not conform to the'specified requirements, for reason
given in 10.2, the manufacturer shall have.the option to conduct retests. If the 1

be tested for each failed test.
h retests give results that meet.thé specified requirements, the material shall b

or both retests give resultsithat fail to meet the specified requirements, the mat
ed not to conform to this document.

Heat treatment of samples and castings
s otherwise specified, for castings in the as-cast condition with mechanical prop
istings that have undergone a heat treatment and for which the test results are no

hctory-the manufacturer shall be permitted to re-heat treat the castings and the re
es. In'this event, the samples shall receive the same number of heat treatments as th

e sample cast

s other than
nanufacturer

cts retests, two test pieces for the tensile test and two sets of three test pieces for thie impact test

e deemed to

brial shall be

erties not in

valid or not
presentative
P castings.

If the results of the tests carried out on the test pieces machined from the re-heat treated samples
are satisfactory, then the re-heat treated castings shall be regarded as conforming to specified
requirements of this document.

The n

umber of re-heat treatment cycles shall not exceed two.

© ISO 2018 - All rights reserved
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Annex A

(informative)

Additional information on solid solution strengthened ferritic
spheroidal graphite cast irons

A.1 Gene

This annex
specified in ]

A.2 Matel

ral

lable 3.

A.2.1 Che

In order to fulfil the requirements for the mechanical properties, adeyritic structure solid so

strengthene

-ial constitution

ical composition

by silicon is recommended (see Table A.1).

hpplies to solid solution strengthened ferritic spheroidal graphite cast iron“grad

Table A.1 — Guidance values for silicon content

Designation

Silicon
%
approx.ab

I§

01083/]S/450-18

3,20

I§

01083/JS/500-14

3,80

I§

01083/JS/600-10

4,20

[

b

Silicon content may be lower due 'to other alloying elements or for thick sections.

With increasing silicon content, the carbon content should be decreased correspondingly.

NOTE Sampling technique and-method of chemical analysis for high-silicon can have significant effe
cilicon content. It is\therefore important to establish sampling parameters, in order to oh
Fe, and to selecteliemical analysis methods which can be confirmed as giving accurate result

the reported
white structu

A.2.2 Mati

The matrix {
free cementi

ix structure

hould.be predominantly ferrite with a maximum pearlite content of 5 %. The amo
fe/Carbides should not exceed 1 %.

es as

ution

cts on
tain a
S.

int of

A.2.3 Graphite structure

The graphite structure should be mainly of form VI and form V in accordance with ISO 945-1.

Due to the increased silicon content, these solid solution strengthened ferritic spheroidal graphite cast
irons can show graphite deviations in thick sections. However ferritic matrices are, also for higher
levels of solution strengthening by silicon, much less sensitive to reduced nodularity than cast irons
strengthened by substantial amounts of pearlite.

A proportion of form lll graphite can be accepted, provided the remainder is mainly of form VI and form

V, to fulfil the minimum tensile properties specified in this document.

18
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A.3 Supplementary information

A.3.1 Application

These solid solution strengthened ferritic spheroidal graphite castiron grades are used for applications
where concurrently high ductility, high proof strength and good machinability are required.

A.3.2 Mechanical properties

A3.2.1 0,2 % proof strength

One qf the characteristic properties of these solution strengthened ferritic spheroidal graphite cast
ironslis the high ratio “0,2 % proof strength/tensile strength” being 75 % to 85 % as/conjpared to the
lower|ratio being 55 % to 65 % for ferritic to pearlitic spheroidal graphite cast irons)(see Higure A.1).
Despite this higher ratio, ductility determined as percentage elongation after fracture values are
concyrrently considerably higher for solid solution strengthened ferritic spheroidal graphijite cast irons
(compare Table 1 and Table 3).
1,0
0,9
0,8
4 *
0,7 v
*
S
. 0,6 (—
< T : )
S 0,5 bad. -
Q:D« <
0,4 s a
0,3 o b
0,2
0,1
0,0
250 300 350 400 450 500 550 600
Rpo,2 (MPA)
Key
a ferritic, ferritic-pearlitic and pearlitic spheroidal graphite cast irons
b otutiorstrengtirerred-ferriticspherotdat graphite castirons

Ry tensile strength
Rpo,2 0,2 % proof strength

Figure A.1 — Spheroidal graphite cast irons — 25 mm cast samples — Ratio “0,2 % proof
strength/tensile strength”, determined at room temperature and quasi static loading

Another characteristic property of these solid solution strengthened ferritic spheroidal graphite cast
irons is that for an equal value in hardness, proof strength is significantly higher (compare the values
for these properties in Table 1, Table 3 and Table E.1).
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A.3.2.2 Other mechanical and physical properties

For information see Annex G.

A.3.3 Machinability

Compared to the corresponding ferritic/pearlitic grades, the solid solution strengthened ferritic
spheroidal graphite cast iron grades exhibit considerably less hardness variation due to their single-
phase matrix structure. For a same level of hardness, this reduction in hardness variation (see Table E.1),
combined with a negligible amount of pearlite, results in improved machinability and dimensional
accuracy.
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Relationship between the elongation values obtained when using
test pieces with Lo =5xdand Lo =4 xd

The choice of a test piece with a gauge length of L, = 4 x d instead of 5 x d shall be agreed upon between

the mlanufacturer and the purchaser.

If a t¢st piece with a gauge length of L, = 4 x d is used, the dimensions of the test pigce shown in

Figurg B.1 shall be used.

Table|B.1 gives the relationship between the values for elongation to fracture-for both test|pieces.

Table B.1 — Relationship between elongation values for L, = 5 x.dand L, = 4 x d test pieces

Elongation Elongation
(Lo=5xd) (Lo =%y d)
% %

22 23
18 19
15 16
10 11

7

5 6

3 3,5
2 2,5

The vplues for elongation using-a/gauge length of L, = 4 x d are calculated according to Forjmula (B.1):

AlLo =4 x d) = A(Lo 53.¥d) x 1,047 + 0,39

(B.1)

NOTE Values given/in Table B.1 have been calculated from a statistically determined regressiopn using values

from deparately casttest pieces.[12]

57,2

Dimensions

in millimetres

50,8 £0,01

®12,7 +0,025

Figure B.1 — Tensile test piece with a gauge length L, =4 x d

© ISO 2018 - All rights reserved
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Annex C
(informative)

Fracture mechanical approach to spheroidal graphite cast irons

C.1 General

By applying
component, t
This enables|
crack initiati
now in a pog
situation in ¢

The notched
impact ener
Charpy test d

Ductility det
erroneously
however, can

C.2 Fract

Fracture me
the size of |
casting impe
mechanical

One basic pr
that both ap
propagation,

loading condjitions.

C.3 Deter

For the exp
graphite ca
ASTM E 182

fracture mechanical criteria to the selection of materials and the safety evaluatio
he conventional criteria based on uniaxial tensile testing are supplemented and exp4
inclusion of fracture mechanical properties (which are defined as material resistai
pn or crack propagation) into the evaluation of the resistance to fracture. The-designe
ition to make a material selection which corresponds far better with the’specific lo
astings than a selection made on the basis of the notched bar impactenergy.[18]

bar impact energy is not suitable for component design and evaluation. The notchg
by only gives information on the susceptibility to brittle fracture for a material
onditions (impact loading, notched specimen, temperaturge),

ermined as percentage elongation after fracture of test pieces in uniaxial tensile te
used as synonym to the term material toughness.‘Percentage elongation after fra
only give information regarding elasto-plastic constitutive models for design.[19]

ire mechanics concept

"hanical concepts cover quantitative relations between the load acting on the comp
resent or hypothetically assumedcracks or crack-like stress concentration spot
rfections), subcritical cracks growh under fatigue conditions and the material’s frg
roperties.[20][21]

e-requisite for the fracturey mechanical evaluation of the material and the compo

are available on the basis of the same fracture mechanical concept and under the

mination,of fracture mechanical properties

brimerital determination of the fracture mechanical material properties of sphe
t itons under quasi-static loading mainly test standards such as ISO 1217

e
plied loading and loading resistance, i.e. the material’s resistance to crack initiatigll

h of a
nded.
nce to
I's are
ading

d bar
linder

sts is
cture,

bnent,

5 (e.g.
cture

nt is
and
same

roidal
5[22],
ses of

DE23] or ASTM E 399(24] are used. These standards are also called on for the purpo

testing under dynamic Ioading conditions since specific standards for dynamic fracture mechanics
testing have not yet been finalized.[23] to [32]

With regard to the initiation of instable crack propagation under linear-elastic conditions, fracture
toughness values K¢ in accordance with References [22], [23] and [24] are considered as transferable to
the component (denoted Kjq under dynamic loading).

The only characteristic material values to be considered as transferable to the component with regard
to the initiation of stable crack propagation under elastic-plastic conditions are physical crack initiation
toughness values (e.g. J; in accordance with ISO 12135) excluding any crack growth. The characteristic
crack initiation toughness value Jic according to ASTM E 1820 contains considerable amounts of ductile
tearing and does not fulfil the above condition unless additional validity requirements are met.[23][32]
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For the experimental determination of fracture mechanical characteristic values of spheroidal graphite
cast irons under fatigue conditions, mainly the standards ASTM E 647[33] or ISO 12108([34] are used.
Threshold value for the stress intensity factor AKyy is the most common parameter used by designers
for the assessment of fatigue life when imperfections and sharp notches are considered.

Due to the variety of possible definitions of characteristic values, the user of fracture mechanical
characteristic material values shall be particularly careful. Usually, fracture mechanical tests are
carried out on relatively small test pieces taken from a casting or a semi-finished product. In order
to avoid errors in the evaluation of safety or unintentional non-conservatives, the transferability of
the determined characteristic values to the component shall be ensured on the basis of the validity
requirements formulated in the test standards.

C.4 (Influences on fracture mechanical properties

The fi
cyclid
as by
metal

In ad

racture mechanical properties of spheroidal graphite cast irons under quasiystatic,

mechanical loading are determined by the microstructure and the chemiical compo
loading factors such as temperature and loading rate. With regard to the'microstruct]
lic matrix and the distribution and morphology of the graphite particles should be cd

lition to the size of the used fracture mechanics samples, the-mentioned influenct

whether the material behaviour is linear-elastic or elastic-plastic_and, based on this beh3

fracty

C.5

C.5.1

In th
fracty
chara
Refer

Based
ment
tough

NOTE
fatigu

ire mechanics concept can be applied for the description ef.the material toughness.

Publications

Testing

e course of the increasing use of spheroidal graphite cast irons, investigations r

cterization have been performed,particularly over the past 25 years, as it car
ences [25] to [32] and [35] to [47].

on the proceeding development of the fracture mechanical test methods, the fo
oned investigations has lseen on the determination of the quasi-static and the dyng
nessl25] to [32], [35] to [42] and the cyclic fracture-mechanical properties[42][43][44], res

In Reference [421)the thick walled castings have low nodularity, influencing fracture
e negatively.

dynamic and
sition as well
ure, both the
nsidered.

bs determine
viour, which

boarding the

Ire behaviour as well as the load- andmicrostructure-dependent fracture mechanjical material

! be seen in

rus of afore-
mic fracture
bectively.

oughness and

Furthermore, the‘examinations have focused on aspects of the establishment of correlations between

micrd
proce

structural, parameters and fracture mechanical properties[391[40] as well as the we
ssing ef-spheroidal graphite cast irons.[45]

C.5.2

Ilding-related

Eomponent assessment

As far as performing fracture mechanical assessments on spheroidal graphite cast iron components is
concerned, compilations of engineering rules and regulations such as the British Standard BS 7910[48]
or the European FITNET procedurel49] are available. Furthermore, subject-specific provisions for
fields of application having higher safety or reliability requirements, such as nuclear technology[20][51],
generation of wind energy[52], mechanical engineering[53] or welding technology[54] can be used.

References [46], [47] and [55] give a selection of examples of the application of fracture mechanical
design procedures for components made of spheroidal graphite cast irons or of metallic materials in
general.[56]
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Annex D
(informative)
Guidance values for mechanical properties measured on test
pieces machined from samples cut from the castings

Tables D.1 and D.2 give guidance values for mechanical properties measured on test pieces machined

from samplep cut from the castings.
Table D.1 — Guidance values for mechanical properties measured on test pieces machined|from
samples cut from the castings for ferritic to pearlitic grades
Materjal designation Relevant 0,2 % proof | Tensile strength | Elongatlion
wall thickness strength Ry after fra¢ture
t Rpo,2 MPa A
mm MPa min. %
min. min,
t<30 220 340 20
1S01083/]JS/450-22C-LT/C 30<t<60 210 320 15
60 <t<200 200 310 12
t<30 220 340 20
[S01083/]JS/350-22C-RT/C 30<t<60 210 320 15
60 <t <200 200 310 12
t<30 220 340 20
1S01083/]JS/450-22/C 30<t<60 210 320 15
60 <t<200 200 310 12
t%30 240 390 15
1S01083/]JS/400-18-LT/C 80)<t=<60 230 370 12
60 <t<200 220 340 10
t<30 250 390 15
1S01083/]S/400-18-RT/C 30<t<60 240 370 12
60 <t<200 230 350 10
t<30 250 390 15
1S01083/]JS/400-18/€ 30<t<60 240 370 12
60 <t<200 230 350 10
t<36 256 356 12
[S01083/]JS/400-15/C 30<t<60 240 370 11
60 <t<200 230 350 8
t<30 300 440 8
1S01083/]JS/450-10/C 30<t<60 ) .
Guidance values to be provided by the manufacturer
60 <t<200
t<30 300 480 6
1S01083/]JS/500-7/C 30<t<60 280 450 5
60 <t<200 260 400 3
In cases where the purchaser requires minimum mechanical property values to be obtained in a stated location of the
casting, these values shall be agreed with the manufacturer.
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Table D.1 (continued)

ISO 1083:2018(E)

Material designation Relevant 0,2 % proof Tensile strength | Elongation
wall thickness strength Rm after fracture
t Rpo,2 MPa A
mm MPa min. %
min. min.
t<30 330 530 4
1S01083/]S/550-5/C 30<t<60 310 500 3
60 <t<200 290 450 2
t<30 360 580 3
1S01(83/]S/600-3/C 30<t<60 340 550 2
60 <t<200 320 500 1
t<30 410 680 2
1S01(¢83/]S/700-2/C 30<t<60 390 650 1
60 <t<200 370 600 1
t<30 460 780 2
1S01(83/]S/800-2/C 30<t<60 . )
Guidance values to-be provided by the mgnufacturer
60 <t<200

In cas
castin

les where the purchaser requires minimum mechanical property valu€s to be obtained in a stated Jlocation of the
o, these values shall be agreed with the manufacturer.

Table D.2 — Guidance values for mechanical properties measured on test pieces mathined from

samples cut from the castings for solidsolution strengthened ferritic grades

Material designation Relevant 0,2 % proof Tensile strength | Elongation
wall thickness strength Rm after fracture
t Rpo,2 MPa A
mm MPa min. %
min. min.
t<30 350 440 16
1S01(83/]S/450-18/C 30<t=<60 340 420 12
60 <t<200 Guidance values to be provided by the manufacturer
t<30 400 480 12
1S01(83/]S/500-14/C 30<t<60 390 460 10
60 <t<200 Guidance values to be provided by the manufacturer
t<30 450 580 8
1S01(83/]S/600-10/C 30<t=<60 430 560 6
60 <t<200 Guidance values to be provided by the manufacturer

In ca

es where the purchaser requires minimum mechanical property values to be obtained in a stated

ocation of the

casting, these values shall be agreed with the manufacturer.
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Annex E
(informative)

Classification as a function of hardness

NOTE This annex is only applicable when its requirements have been agreed upon between the manufacturer
and the purchaser at the time of acceptance of the order.

E.1 General
When only hhrdness is required, the Brinell hardness values shall be as specified in Table E.1.

When hardngss is required in addition to the tensile properties, the Brinell hardnesswalues shall be as
specified in Table E.1 and the procedure given in E.3 is recommended.

E.2 Classification

The hardnegs classes for the ferritic to pearlitic materials shall be‘as ‘specified in Table E.1 arjd the
hardness clapses for the solution strengthened materials shall be as\specified in Table E.2.

Table E.1 — Classification as a function of hardness

. Other propertiesab
. . . Brinell hardness range
Material designation R Rpo,2
HBW MPa MPa

1S01083/]S/HBW130 less than 16Q 350 220
1S01083/]S/HBW150 130to 175 400 250
1S01083/]S/HBW155 135¢0180 400 250
1S01083/]S/HBW185 160'to 210 450 310
1S01083/]S/HBW200 170 to 230 500 320
1S01083/]S/HBW215 180 to 250 550 350
1S01083/]S/HBW230 190 to 270 600 370
1SO01083/]S/HBW265 225 to 305 700 420
1S01083/]JS/HBW300¢ 245 to 335 800 480
1S01083/]S/HBW.330¢ 270 to 360 900 600
NOTE 1 MPa§ LN/mm?2.
a  When only hardness is required, these properties are for information.
b When hardness is required in addition to tensile properties, these properties provide an introductory step to the
procedure given in E.3.
¢ [S01083/]S/HBW300 and IS01083/]S/HBW330 are not recommended for thick section castings.

By agreement between the manufacturer and the purchaser, a narrower hardness range may be
adopted; a tolerance range of between 30 and 40 Brinell hardness units is commonly acceptable. This
hardness range may be wider for grades with a ferritic-pearlitic matrix structure.
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Table E.2 — Classification as a function of hardness

. Other propertiesab
Brinell hardness range R

Material designation Rm

HBW MPa

MPa

p0,2

ISO

1083/]JS/HBW175 160 to 190 450

350

ISO

1083/JS/HBW195 180 to 210 500

400

ISO

1083/]JS/HBW210 195 to 225 600

470

a

b

NOTE

proce

1 MPa=1N/mm?2.

/hen onlyv hardnessis required, these properties are for information

When hardness is required in addition to tensile properties, these properties provide an introduct

Hure given in E.3.

ry step to the

In ab

propq
HBW
conte

E.3

requ

This
requi

This

prope
proce

a)
b)

‘)
d)

£

g)

h)

sence of pearlite, the hardness of fully ferritic spheroidal graphite ison ‘grade

=54 + (37 x Si %). This formula also applies to the fully ferritic grades with conven

irements

procedure applies mainly to serial production of «astings, where it is possible t
red number of samples.

brocedure is used to determine the hardnessirange of a material grade specified

SS.

Select the hardness grade from Table E:1.

S

1

Table E.1 for tensile strength and yield strength of the specified hardness grade.

etermine tensile strength, yield strength, elongation and Brinell hardness values
ece. Round hardness values to the nearest 10 HBW. As agreed between the manufac
purchaser, in ordei’to obtain the desired statistical confidence, conduct as many tests
to obtain a miimum number of values of tensile strength for each HBW value.

D
p

Plot histograms of tensile properties, as a function of hardness.

Fpr.each HBW value, take the minimum value of each tensile property as the proce
indieator.

rtional to the solution strengthening effect from the silicon content, according to

nt or with reduced silicon content for minimum impact energy values,as given in Tali

Determination of a hardness range capable of meeting the tensile p

rties according to Table 1 or Table 3, for a;grade designated in Table E.1, for a partig

blect the corresponding grade iniTable 1 or Table 3 and the type of sample using the ¥

etain only those test pieces’with a value within the hardness range for the selected g

5 is directly
the formula
kional silicon
le E.1.

roperty

o obtain the
by its tensile
ular foundry
ralues shown
rade, see a).
for each test

urer and the
as necessary

ss capability

Specify as the minimum HBW value the minimum hardness for which tensile strength and yield

strength meet the requirements of the grade specified in Table 1 and Table 3.

Specify as the maximum HBW value the maximum hardness for which the elongation meets the

requirements of the grade specified in Table 1 or Table 3.

The hardness range lies between the minimum and the maximum HBW values as determined by the
above procedure.
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E.4 Sampling

Each hardness test shall be carried out either on a casting or on a test piece at locations agreed between
the manufacturer and the purchaser. In the absence of an agreement the test shall be carried out at
representative locations chosen by the manufacturer.

E.5 Test method
The hardness test shall be carried out in accordance with ISO 6506-1.

If it is not possible to carry out the hardness test on the casting itself, then by agreement between the
manufacturdr and the purchaser, it may be carried out on a knob cast-on to the casting itselfsof on a
separately cgst sample.

If the test is ¢arried out on a knob cast-on to the casting, it shall not be separated before conc¢luding any
required heat treatment.

If the test is ¢arried out on a test piece taken from a separately cast sample, it shall\first be subjected to
any heat tredtment required for the castings of which it is representative.

E.6 Number and frequency of hardness tests

The number| and frequency of hardness tests can be the subjéct of an agreement between the
manufacturdr and the purchaser by the time of acceptance of the‘order.

E.7 Micrgstructure

The lowest hardness is achieved with a ferritic matrix. The hardness increases with the amofint of
pearlite.

Eutectic carbjides increase hardness but they-are normally undesirable and only likely to be present in
minor amounts.
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Annex F
(informative)

Nodularity

The nodularity of spheroidal graphite cast irons is defined as the percentage of graphite particles that
are spheroidal or nodular in shape (form VI and form V of ISO 945-1). Nodularity can be determined by

three[metiods:

— vjisual comparison of nodule appearance to the schematics of ISO 945-1 and estimating
of forms V and VI;

— vjsual comparison of the graphite structure in the microscope to a comparison cha
spheroidal cast irons;

— ajitomatic image analysis of the graphite structure by determiningthe area fraction o
[, divided by the area fraction of all graphite particles registered.

This percentage is generally determined at 100 x magnification on a polished, cut section]
It maly also be determined visually at other magnifications,<by image analysis, or eve
calibrfation, by measuring the ultrasonic velocity across thethaterial.

The level of nodularity depends not only on the mantifacturing process (charge mate
magnesium content, inoculation mode, etc.) but alsg,on the cooling modulus of the sectior
Moregpver, some degeneration of the graphite in centact with the mould is occasionally obs

Concgrning the minimum material propertiesspecified in this document, it is thus imposs
a con¢rete nodularity value, even for a spedified cooling modulus, because the level varies

the measuring method used but also with‘'the grade of cast iron in question (in particular
comppsition), the pearlite content and;-to some extent, the number of graphite particles pe

Howgver, a level of nodularity of-80 % to 85 % or more generally ensures (more than enoy
the mlinimum tensile properties-specified in this document. Most of the 15 % to 20 % of g
form VI or form V is then inform IV and possibly in form III.

For castings subjected.to severe loading, in particular under fatigue conditions, a highsg
(including requirenients for a specific percentage of form VI and form V graphite) can be
achieye the desired properties. Such a requirement should be evaluated by an experin
specific to the«asting and the material grade.

r the fraction
It specific to
F forms V and

of a sample.
h after prior

rial, residual
1 in question.
erved.

ible to define
hot only with

its chemical
r unit area.

gh for Rpo,2)
aphite not in

r nodularity
e required to
hental study,
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Annex G
(informative)

Additional information on mechanical and physical properties

Information on mechanical and physical properties is given in Tables G.1 and G.2 (in addition to that
given in Tables 1 to 3).
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