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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.
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Introduction

This document deals with the classification of compacted (vermicular) graphite cast irons (CGI) in
accordance with the mechanical properties of the material.

The properties of compacted (vermicular) graphite cast irons depend on their graphite and matrix
microstructure.

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

— separately cast samples,
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Iby-side samples, or
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amples cast in the mould alongside the casting, with a joint running system, hereafter

amples cast onto either the casting or the running system, hereafter referred t
amples, or

called side-

as cast-on

amples cut from a casting (only when an agreement is made betwéen the manufactiirer and the

material grade is defined by mechanical properties measured*on machined test piec
separately cast samples, cast-on samples, or samples cut{rem the casting by agreem
hanufacturer and the purchaser.

es prepared
bnt between

x_A provides typical properties for compacted (vermicular) graphite cast irons |obtained in
Fately cast test bars.

x B provides information on a procedusre’ to determine the graphite noduldrity of the
Dstructure.

x_C provides information on properties and examples for typical applications of
hicular) graphite castirons.

x D provides cross-references of ISO 16112 grade designations to other national and i
lard grades of compacted (vermicular) graphite castiron.

‘ences used in the preparation of this document are listed in the Bibliography.

compacted
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INTERNATIONAL STANDARD IS0 16112:2017(E)

Compacted (vermicular) graphite cast irons —
Classification

1 Scope

This document specifies five grades of compacted (vermicular) graphite cast irons.

This|document specifies five grades based on the minimum mechanical properties ‘njeasured on
machined test pieces prepared from

— gdeparately cast samples,
— gide-by-side cast samples,
— ¢ast-on samples, or

— gamples cut from a casting.

2 Normative references

The following documents are referred to in the text in"stich a way that some or all of their content
constitutes requirements of this document. For dated“references, only the edition cited [applies. For
unddted references, the latest edition of the referenced document (including any amendmepts) applies.

ISO 945-1, Microstructure of cast irons — Part 1A\Graphite classification by visual analysis
ISO §506-1, Metallic materials — Brinell hardness test — Part 1: Test method

ISO §892-1, Metallic materials — Tensiletesting — Part 1: Method of test at room temperatun

)

ISO/TR 15931, Designation system\for cast irons and pig irons

3 Terms and definifions
For the purposes of this document, the following terms and definitions apply.
ISO gnd [EC maintain terminological databases for use in standardization at the following gddresses:

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

— ISP Online browsing platform: available at http://www.iso.org/obp

31

compacted (vermicular) graphite cast iron

cast material, iron and carbon based, the carbon being present mainly in the form of compacted
(vermicular) graphite particles that appear vermicular on a two-dimensional plane of polish, the
graphite particles being embedded in a matrix consisting of ferrite, ferrite/pearlite, or pearlite

Note 1 to entry: Reference micrographs are provided in Annex B.

3.2

graphite modification treatment

process that brings the liquid iron into contact with a substance to produce graphite in the
predominantly compacted (vermicular) form during solidification

© IS0 2017 - All rights reserved 1
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separately cast sample
sample castin a separate sand mould under representative manufacturing conditions and material grade

3.4

side-by-side cast sample

sample cast

3.5

in the mould alongside the casting, with a connected but separate running system

cast-on sample
sample attached directly to the running system or the casting

3.6
sample cut

sample obtdined directly from the casting

3.7
relevant wi

section of the casting, agreed between the manufacturer and the purchaser, to/which the detern;

mechanical

Note 1 to ent
cast or cast-o

4 Designation

The materi

Tables 1 andl 2.

In the case (
grade desig
“U” is added

5 Order
The followiy

a) the complete designation of-the material;

b) anyspe

All agreeme
of the order

from the casting

011 thickness

properties shall apply

ry: The cooling rate of the relevant wall thickness can be used to,détermine the size of sepal
n samples to ensure representative microstructures and properties.

h] is designated according to ISO/TR 15931.XThe relevant designations are givq

f test pieces prepared from separately cast samples, the letter “S” is added at the end g
hation. In the case of test pieces prepated from side-by-side or cast-on samples, the |
at the end of the grade designation,
information

1g information shall be stupplied by the purchaser:

Cial requirements-which shall be agreed upon between the manufacturer and the purch

nts betweéen-the manufacturer and the purchaser shall be made by the time of accept

6 Manuf

1ined

ately

b in

fthe
etter

aser.

ance

acture

The method of producing compacted (vermicular) graphite cast iron and its chemical composition shall
be left to the discretion of the manufacturer, who shall ensure that the requirements of this document
are met for the material grade specified in the order.

NOTE

composition and heat treatment can be agreed upon between the manufacturer and the purchaser.

When compacted (vermicular) graphite cast iron is to be used for special applications, the chemical
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7 Requirements

7.1

General

IS0 16112:2017(E)

The minimum tensile properties of compacted (vermicular) graphite cast irons shall be as specified in
Tables 1 and 2.

Production test results shall meet the minimum tensile property requirements specified in Table 1 or
Table 2. Statistical analysis methods shall be used to establish process capability to meet the tensile

property requirements.

7.2 | Test pieces machined from separately cast samples

The |minimum measured mechanical properties of compacted (vermicular) graphite| cast irons,
determined using test pieces machined from separately cast samples according to Figure 1} Figure 2 or
Figure 3 shall be as specified in Table 1. The material designation is based on the minimum mechanical
propgrties obtained in cast samples with a thickness of 25 mm. This designation is irrespgctive of the
typelof cast sample.

Table 1 — Mechanical properties measured on test pieces machined from separately c

© ISO

hst samples

Tensile strength O,SZt:ﬁ)npgrt(;lof Elongation
Material designation Rm Rpo,2 A
MPa MPa %
min min min
IS0 16112/JV/300/S 300 210 2,0
IS0 16112/JV/350/S 350 245 1,5
IS0 16112/JV/400/S 400 280 1,0
1SO 16112/JV/450/S 450 315 1,0
1SO 16112/JV/500/S 500 350 0,5

obtained by alternative methods.

mould or asnould of comparable thermal behaviour.

thetest:

NOTE 1 The values fofithese materials apply to castings cast in sand moulds of comparabl
thermal behaviour. Subject to amendments agreed upon in the order, they can apply to casting

NOTE 2  Whatever the method used for obtaining the castings, the grades are based on th
mechanical prepéerties measured on test pieces machined from samples separately castin a san

NOTE 3/~Tensile testing requires sound test pieces in order to ensure pure uniaxial stress durin

19

2]

t==1
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Dimensions in millimetres

1% 1%
>~ ~
L
> >
o
N 3° z
u u
u
u
a) Types], Ila and III b) Typellb
. . Type
Dimension
I Ila IIb I
u 12,5 25 25 50
40 55 90 90
X 30 40 40 to 50 60
ya 80 100 100 150
zb A function pf¢he test-piece length
a  Forinformation only.
b zshall be chosen to allow a testpiece of the dimensions shown in Figure 5
to be machined from the sample:

The thickne

— 40 mm

— 80mm

NOTE F(
by agreemen

thickness, u,

ess'than 12,5 mm.

minimum foftype IIIL.

Figure 1 — Separately.cast or side-by-side cast samples (option 1)

ks of the sand mould surrounding the samples shall be

minimum for types, Ila and IIb, or

r the manhufacture of thin-walled castings or castings in metal moulds, the tensile propertie$ can,
E between the manufacturer and the purchaser, be determined on test pieces taken from sampjles of

© ISO 2017 - All rights reserved
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Dimensions in millimetres

v
N
>
u z
. . Type
Dimension
I Il 11 IV
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  For information only.
b zshall be chosen to allow a test piece ofthe dimensions shown in Figure 5
to be machined from the sample.

Figure 2 — Separately cast oriside-by-side cast samples (option 2)

The thickness of the sand mould surrounding the samples shall be
— 40 mm minimum for types I and If; or

— 80 mm minimum for types i and IV.

NOTH For the manufacture of thin-walled castings or castings in metal moulds, the tensile pijoperties can,

by agreement between thénranufacturer and the purchaser, be determined on test pieces taken frdm samples of
thickhess, u, less than 12,5 mm.

© IS0 2017 - All rights reserved 5
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Dimensions in millimetres

}
| Ln | — o A o t
I A
----------- CREIE
|
Ly W
L
a) Typea
| L” | A ® e
Y
S Sy — — Q
A
Ly W
b) Typeb
Ly
X \
R ax
—E=s=s=s=s=====o—=o_ =) WA % ° v
L, B w o
- - sl > &3
Ly
c) Typec
Type A B D H Hyp L¢ Ly Lt W
a 4,5 55 25 50 — Lt + 20 L¢-50 1010
4,5 55 25 50 — Le+ 20 L¢-50 a 0
4,0 5,0 25 35 15 Le+20 | Le-50 50
a  Lshall b¢ chosén-to allow a test piece of dimensions shown in Figure 5 to be machined from the cast sample.

Figure 3 — Separately cast or side-by-side cast samples (option 3)

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

7.3 Test pieces machined from side-by-side and cast-on samples

The minimum mechanical properties of compacted (vermicular) graphite cast irons, determined using
test pieces machined from side-by-side cast samples according to Figure 1, Figure 2 or Figure 3, or to
cast-on samples according to Figure 4, shall be as specified in Table 2.

The material designation is based on the minimum mechanical properties obtained in samples with a
relevant wall thickness of 25 mm. This designation is irrespective of the type of cast sample.

6 © IS0 2017 - All rights reserved
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Table 2 — Mechanical properties measured on test pieces machined from side-by-side samples

or cast-on samples

Rele_vant wall Tensile 0,2 % proof Elongation
thickness strength strength
Material designation t Rm Rpo,2 A
mm MPa MPa %
min min min
12,5<t=<30 300 210 2,0
I1SO 16112/)V/300/U 30<t<60 275 195 2,0
60<t=<200 250 175 200
12,5<t<30 350 245 1,5
1SO 16112/)V/350/U 30<t<60 325 230 1,5
60<t<200 300 210 1,5
12,5<t<30 400 280 1,0
I1SO 16112/)V/400/U 30<t<60 375 260 1,0
60<t<200 325 230 1,0
12,5<t<30 450 315 1,0
I1SO 16112/)V/450/U 30<t=<60 400 280 1,0
60<t=<200 375 260 1,0
12,5<t<30 500 350 0,5
I1SO 16112/)JV/500/U 30<t<60 450 315 0,5
60<t<200 400 280 0,5
NOTE1 The mechanical properties of test pieces’machined from cast-on samples can be different from
the properties of the casting itself, but usually’ give a better approximation than those obtained from
separately cast samples. Additional values<are given in Annex A for guidance.
NOTE 2 The percentage reduction in mechanical properties in thick sections depends upon the cagting
geometry and its cooling conditions.
NOTE 3 For relevant wall thickness greater than 200 mm, the manufacturer and the purchaser can
agree on the type and size oftthe'cast sample and the minimum values to be obtained.

© IS0 2017 - All rights reserved
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Dimensions in millimetres

d Lf
Key
1 casting gr running system
Relevant wall b o
thickness of
Type castings a max \min h L
t
A t<12,5 15 11 7,5 20 to 30 a
B 12,5<t<30 25 19 12,5 30to 40 a
C 30<t<60 40 30 20 40 to 65 a
D 60<t<200 70 52,5 35 65 to 105 a
a [l shall be chosen to allow a test piece of a dimension shown in Figure 5 to be machined from the sample.

Figure 4 — Cast-on sample

The thickneps of the sand mould Surrounding the samples shall be

— 40 mm minimum for types*A and B, and

— 80 mm minimum fortypes C and D.

NOTE If smaller dimensions are agreed, the following relationships apply:

b$0,75xaandc=0,5xa.

7.4 Test pieces machined from samples cut from a casting

Samples obtained directly from the casting best represent the properties of the casting itself. If
applicable, the manufacturer and the purchaser shall agree on:

— the locations on the casting where the samples shall be taken;
— the mechanical properties that shall be measured;
— the values of these mechanical properties (for information, see Annex A).

NOTE1 The properties of castings can vary depending on the complexity of the castings and variation in their
section thicknesses and cooling rates.

8 © IS0 2017 - All rights reserved
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NOTE 2

IS0 16112:2017(E)

Samples cut from a casting often have a slower cooling rate than separately cast samples. Therefore,

the mechanical properties are often lower, even if the section thickness and microstructure are similar.

NOTE 3

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

(subject of this document) but also by the local casting soundness (outside the scope of this document).

7.5

Hardness

Casting hardness shall be specified only when agreed between the manufacturer and the purchaser.
The Brinell hardness values provided in Annex A are for guidance only.

7.6

The

vern|
A m4d
may
irony
in An

Samples for metallographic examination shall be taken from locationsagreed between the m

and 1

A m
grap
purc

Flakg
rim 4
flake
nodu
the n

Alth
0% 1
foro

The §
meth

N

8

8.1

Graphite structure

braphite particles in compacted (vermicular) graphite cast irons shall be predomin
icular form (form III according to ISO 945-1) when viewed on a two-dimensional pla
ximum of 20 % of the graphite particles, in sections representative of therelevant wq
be of form VI, form V or form IV according to ISO 945-1. In compacted, (vermicular) g
, particles similar to form V and form IV can be referred to as “intermediate” particle
nex B.

he purchaser.

bthod for the metallographic determination of percent nodularity in compacted
hite cast iron microstructures by image analysis is provided in Annex B. The manufact
haser shall agree on the graphite structure evaluation method.

e (lamellar) graphite (form [ according to 1SQ1945-1) is not permitted, except within|
rone of the casting. Flake graphite is therefore not considered in the calculation of 1
graphite is present (except in the surface rim zone), the microstructure shall be re
larity assessment shall not be conducted. The thickness of the rim zone shall be agrg
nanufacturer and the purchaser by the-time of the acceptance of the order.

ugh the conventional definition'ef compacted (vermicular) graphite castiron is within|
0 20 % nodularity, separate agreement may be made between the manufacturer and th
fher nodularity ranges. However, the maximum nodularity shall not be more than 30 ¢

praphite structure shall be confirmed either by metallographic examination or by non
ods. In case of disputg, the result of the metallographic examination shall prevail.

bampling

General

Samplesshall be provided to represent the castings produced.

antly in the
ne of polish.
11 thickness,
raphite cast
5, as defined

anufacturer

vermicular)
urer and the

the surface
odularity. If
ected and a
ed between

the range of
e purchaser
0-

Ldestructive

Samples shall be made from the same material as that used to produce the castings which they represent
(see 8.4).

Several types of samples (separately cast samples, side-by-side samples, cast-on samples or samples
cut from a casting) can be used, depending on the mass and the wall thickness of the casting. When the
mass of the casting exceeds 2 000 kg and its wall thickness exceeds 60 mm, cast-on samples or samples
cut from a casting should preferably be used.

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.

© IS0 2017 - All rights reserved
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8.2 C(Castsamples

8.2.1 Frequency and number of tests

Samples representative of the material shall be produced at a frequency in accordance with the in-
process quality-assurance procedures adopted by the manufacturer.

In the absence of an in-process quality-assurance procedure or any other agreement between the
manufacturer and the purchaser, a minimum of one cast sample shall be produced to confirm the

material grade, at a frequency to be agreed between the manufacturer and the purchaser.

8.2.2 Sep

Separately (
moulds use
moulding m

The sampleg

The samplej
not exceed §

If the graph
either be

cast alo

castsep|
the cast

8.2.3 Sidg

Side-by-sid¢
castings of g

When mech
side-by-side|

The sampleg

8.2.4 Cas

Cast-on sam
castings of §

When mech|

arately cast samples

ast samples shall be cast separately in sand moulds at the same time as the castings
d to cast the separately cast samples shall have comparable thermal beHhayiour t
pterial used to produce the castings.

shall meet the requirements of Figure 1, Figure 2 or Figure 3.

shall be removed from the mould at a temperature similar to that ef the castings and
00 °C.

te modification treatment is carried out in the mould (in-mould method), the samples

hgside with the castings, with a joint running system;or

arately using a similar treatment method in the sample mould as the method used to prg
ings.

b-by-side cast samples

cast samples are representativesef'the castings concurrently cast, and also of all
similar relevant wall thickness from the same lot.

anical properties are requitred for a series of castings belonging to the same test uni
cast samples shall be produced from the last mould poured.

shall meet the requirements of Figure 1, Figure 2 or Figure 3.

[-on samples

ples are(trepresentative of the castings to which they are attached, and also of all
similar+rélevant wall thickness from the same lot.

pnical properties are required for a series of castings belonging to the same test uni

The
the

shall

shall

duce

bther

, the

bther

, the

cast-on sam

1 Laoallls A | J £ R PN | £ 14 A |
ICTS S1lall UT lJl UUUuLlCTU 11T UIIT U1IT ITdost IITuuIu lJUbll CU.

The location of the cast-on samples shall be agreed between the manufacturer and the purchaser,
taking into account the shape of the casting and the running system, in order to avoid any unfavourable
effect on the properties of the adjacent material.

The samples shall have a general shape as indicated in Figure 4 and the dimensions shown therein.
When the mass of the casting exceeds 2 000 kg and its wall thickness exceeds 60 mm, the dimensions of
the cast-on sample shall be agreed between the manufacturer and the purchaser.

When castings are to be heat treated, the cast-on samples shall not be separated from the castings until
after heat treatment, unless otherwise agreed between the manufacturer and the purchaser.

10 © IS0 2017 - All rights reserved
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8.2.5 Test pieces machined from cast samples

The tensile test piece shown in Figure 5 shall be machined from the hatched area of Figure 1, Figure 2,
or Figure 4, or from the cylindrical portion of Figure 3.

Unless otherwise specified, the preferred diameter for the tensile test piece shall be used.

8.3

Samples cut from a casting

8.3.1 General

In addition to the requirements of the material, the manufacturer and the purchaser may
properties required at stated locations in the casting. These properties shall be determmine

test
asla
in th
any 1
shall
show

8.3.2

The
repre

To d

whic|
mani

8.4

8.4.1
Exan

q

"ge as possible, with a preferred tensile gauge diameter of 14 mm, while ensuting that
P test piece is representative of the graphite in the casting and that the test piece doeq
microstructural elements from the surface rim zone or any other surface defects. C
be given in the interpretation of results obtained from any test pieces that are smal

n in Figure 5.

Other conditions

ocation from which the sample is taken shall be in an‘area where the casting wall
psentative of the relevant wall thickness.

ptermine the required size of the test piece, thepurchaser shall indicate to the m|
h are the important sections of the casting. In the absence of any direction by the pu
ifacturer may select the location and size of the test piece.

Formation of test units and number of tests

Examples of test units
1ples of test units are as follows:

astings poured from the same ladle, up to 2 000 kg of fettled castings; this may

racticable, by agreement between the manufacturer and the purchaser;

single casting,.ifits mass equals or exceeds 200 kg;

;re

hgree on the
d by testing

ieces machined from samples cut from the casting at these stated locations. Thé samples should be

the graphite
not contain
nsideration
r than that

thickness is

anufacturer
rchaser, the

vary, where

hen the graphite modification treatment is carried out on less than 2 000 kg of liqu
atch ladle)process, the test unit shall be the number of castings produced from tha

hen produced from a continuous pouring furnace, the test unit shall be the numbe

furnace.

d metal in a
quantity of

of castings
eplenish the

NOTE After heat treatment, a test unit remains the same, unless different heat treatments have been applied
to distinct parts of the test unit. In such cases, these distinct parts become separate test units.

8.4.2 Number of tests per test unit

Sampling and testing shall be carried out in accordance with Clauses 8, 9 and 10. Sampling and testing
shall be carried out on each test unit, unless the in-process quality assurance system makes provision
for amalgamation of test units. When the graphite modification treatment has been carried out in the
mould, the formation of test units and the number of tests shall be agreed between the manufacturer
and the purchaser.

© IS0 2017 - All rights reserved 11


https://standardsiso.com/api/?name=405806f4625b65a9eb46f6f58e89510c

IS0 16112:2017(E)

9 Test methods

9.1 Tensile test

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

Lo=5,65xVS,0rLy=5 xd (1)

where

Lo 1isthe original gauge length;
So isthe original cross-sectional area of the test piece;
d isthe diameter of the test piece along the gauge length.

If the above formula for L, is not applicable, then an agreement shall be made between the manufacfurer
and the purg¢haser on the dimensions of the test piece.

A test piece with a different gauge length may be agreed between the manufacturer and purchaser.

12 © IS0 2017 - All rights reserved
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Dimensions in millimetres

Rz 6,3 ©
\/ v ]
S I o AN SR SR L
- t < :
e . ——
b L L. o b
d Lo =43
min
25 30
35 42
10 50 60
14b 70 84
20 100 120
a  Inprinciple.
b Preferred dimension.
wherp
L, is the original gauge length; i.e. Lo-=(5% d;
d s the diameter of the test piece'along the gauge length;
L. isthe parallel length; L. > Lo\(in principle, Lc — Lo > d);
It s the grip length of the test piece;
L is the total length ofthe-test piece, which depends on L. and I;
1 is the transition radius, which shall be at least 4 mm;
Rz is the maximunisurface roughness, expressed in um.
NOTH The method of gripping the ends of the test piece can be agreed between the manufacfurer and the
purchaser.
Figure 5 — Tensile test piece

9.2 Hardness test

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

The test shall be carried out on the test pieces, or at one or several points on the casting, after
preparation of the testing area in accordance with the agreement between the manufacturer and the
purchaser.

If the measuring points are not the subject of an agreement, they shall be chosen by the manufacturer.
If it is not possible to carry out the hardness test on the casting, then by agreement between the

manufacturer and the purchaser, the hardness test may be carried out on a knob cast-on to the casting.

© IS0 2017 - All rights reserved 13
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10 Retest

10.1 Need

Retests shal

:2017(E)

S

for retests

| be carried out if a test is not valid (see 10.2).

Retests are permitted to be carried out if a test result does not meet the mechanical property
requirements for the specified grade (see 10.3).

10.2 Test validity

A test is not|valid if there is:

a)
b)
‘)
d)

a castin|

In the above
at the same

10.3 Nonc

If any test g
those given
conducts re

If the result
to this docu

If the result
not to confo

10.4 Heat

Unless othe
not in confo

In the case
satisfactoryj
samples. In

If the resulf

a faulty|mounting of the test piece or defective operation of the test machine;
a defectjive test piece because of incorrect pouring or incorrect machining;

a fractulre of the test piece outside the gauge length;

defect in the test piece, evident after fracture.

cases, a new test piece shall be taken from the same sample or from a duplicate samplg
time. The result of the retest shall be substituted for the resylt of the invalid test.

pnforming test results

ives results which do not conform to the specified requirements, for reasons other
in 10.2, the manufacturer shall have the option to conduct retests. If the manufac
ests, two retests shall be carried out for eachfailed test.

ment.

5 of one or both retests fail to meetthe specified requirements, the material shall be de{
'm to this document.

treatment of samples and castings

'wise specified, in.the case of castings in the as-cast condition with mechanical propd
Fmance with this‘document, a heat treatment may be carried out.

bf castingsswhich have undergone a heat treatment and for which the test results ar
the manufacturer shall be permitted to re-heat-treat the castings and the represent|
this event, the samples shall receive the same number of heat treatments as the castin

sCef the tests carried out on the test pieces machined from the re-heat-treated san

cast

than
furer

5 of both retests meet the specified requirements, the material shall be deemed to conlfform

bmed

rties

e not
ative
IS,

hples

are satisfac

ory, then the re-neat-treated Castings shall be regarded as conrorming to the spe

requirements or to this document.

The number of re-heat-treatment cycles shall not exceed two.

14
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Annex A
(informative)

Additional information on compacted (vermicular) graphite
castirons

Addl lonalinfarmation on maachanical and nhucical nranartinoe of comnactad (armicn]ag) ra hite Cast
....................................... physical-properties-of-compacted-{vrermicular}-grap

irong is given in Table A.1.
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Annex B
(informative)

Compacted (vermicular) graphite cast iron nodularity evaluation

B.1 The graphite nodularity of compacted (vermicular) graphite cast iron is expressed as the area-

percentage

form VI, fory

B.2 Thel¢d
iron, residud

question. M
resulting in

B.3 Then
of the speci

quality to af
chart compd

B.4 Toeng
grey-scale t}

A minimum
be less than

than one md

B.5 Ther

analysis. Ro

Roundn

Key

Ay areaofc

I

graphite
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il

f oranhitn
—EFaprtte—partereS—nRatare—preasihantay—Sprereotaar—er—hoatar—H—Saape—(SHity

TopTrec

h V and form [V according to ISO 945-1).

narticlac that Avn e doainantly cnharaidal A o dulay 1 chann
pParaereS—tRatare-—preaoihanty Spreretaar—erhoathari—Siape

(c
S

vel of nodularity depends not only on how the cast iron is prepared (nature of thé& basi
]l magnesium content, inoculation level, etc.), but also on the cooling rate,of\the secti
breover, some degeneration of the graphite in contact with the mould iScusually obse
h certain extent of flake (lamellar) graphite at the surface rim zone of the casting.

pdularity percentage is generally determined at x100 magnificatign‘on a polished cut se
men. Accurate analysis requires that the polished surface of the specimen is of suffi
sess the true size and shape of the graphite particles. Thenedularity can be measurg
rison techniques, semiautomatic image analysis or automatic image analysis.

ure accurate measurement by image analysis, the lighting should have uniform intensity

field-of-view area of 4 mm?2 is recommended.:Rixel size in the image to be analysed s}
1 um. Depending on the image resolution, graphite coarseness and carbon equivalent,
asurement field might be required.

pundness shape factor is recommerded as the basis for nodularity measurement by i

A
pss = — =

m

4x A

2
Xl

ar to

cast
bn in
rved,

ction
cient
ed by

. The

ireshold value should be set such that all graphite(particles (foreground) are clearly defiined.

1ould
more

nage

indness is defined in the followihg/Formula (B.1) and accompanying illustration, Figurd B.1

(B.1)

ircle of diameter I,

area of the graphite particle in question

particle perimeter

Figure B.1 — Roundness definition

maximum axis length of the graphite particle in question = maximum distance between two points on the
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B.6 Graphite particles greater than or equal to 10 pm (I, 2 10 pm) are classified by the roundness
shape factor as either nodular, intermediate or compacted (vermicular) graphite as shown in Table B.1.
Particles with a maximum axis length less than 10 pm and particles touching the image boundaries are
not included in the analysis. Flake graphite and other undermodified structures are also not considered
in the analysis because flake graphite is not permitted in the compacted (vermicular) graphite iron
structure, except in the surface rim zone (see 7.5). If flake graphite is visually observed, the castings
represented by that sample should be rejected. In such cases, the calculation of nodularity is not relevant
and should not be conducted.

Table B.1 — Graphite particle classification by roundness shape factor

Roundness shape factor Graphite form
>0,625to0 1 Nodular
0,525 t0 0,625 Intermediate
<0,525 Compacted
Graphite particles with maximum axis length less than 10 pm are not included.if.the analysis.

B.7 | The introduction of intermediate graphite particles in compacted‘(vermicular) graphite cast irons
accoynts for the probability that irregularly shaped graphite particles.on the two-dimensignal plane of
polish are the result of the location at which the compacted graphite cluster is sectioned. As shown in
Figure B.2, the graphite shape observed on the plane of polish depends not only on the shape of the
graphite but also on how the graphite cluster is sectioned. Different intersection lines can readily cause
a well-formed compacted graphite cluster to appear as an‘irregular nodule, similar to form VI, form V
or form IV graphite according to ISO 945-1. Section AA and Section BB could result in a well-formed
compacted graphite cluster being wrongly classified.ds form IV, form V or form VI graphitg. Section CC
woulld correctly reveal a vermicular particle on the plane of polish. The coefficient of 0,5 for intermediate
particles in the nodularity equation presented in.B:8 is applied to account for this probability.

Figure B.2 — Impact of the plane of polish on the observed graphite shape (courtesy of Argonne
National Laboratory)
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