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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

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part:2.

The main tagk of technical committees is to prepare International Standards. Draft International Stan@lards
adopted by fthe technical committees are circulated to the member bodies for voting. Rublication gs an
International [Standard requires approval by at least 75 % of the member bodies casting a.vote.

Attention is qrawn to the possibility that some of the elements of this document may-be the subject of gatent
rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

ISO 16112 was prepared by Technical Committee ISO/TC 25, Cast irons and. pig irons, Subcommittee 5C 7,
Compacted graphite cast irons.
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Introduction

This International Standard deals with the classification of compacted (vermicular) graphite cast irons (CGl), 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
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eparately cast samples,

amples cast onto either the casting or the running system, hereafter referred to'as cast-on s
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amples cut from a casting (only when an agreement is made betweéen the manufact
purchaser).

material grade is defined by mechanical properties measured on ‘'machined test pieces p
ately cast samples, cast-on samples, or samples cut from the casting by agreement
facturer and the purchaser.

Somé material grades may be suitable for pressure applications.
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acted (vermicular) graphite cast irons.
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INTERNATIONAL STANDARD

ISO 16112:2006(E)

Compacted (vermicular) graphite cast irons — Classification

1 Scope

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

This
mach

_ q
4

—

_ q
4

nternational Standard specifies five grades based on the minimum mechanical properties
ined test pieces prepared from

eparately cast samples,
ast-on samples, or

amples cut from a casting.

2

The [following referenced documents are indispensable for the sapplication of this documen

refer
docu

ISO ¢
ISO ¢

ISO 892, Metallic materials — Tensile testing at ambient temperature

ISO/T

3

For tihe purposes of this documenti:the following terms and definitions apply.

3.1
com
cast

Terms and definitions

ormative references

nces, only the edition cited applies. For undated references, the latest edition of th
ment (including any amendments) applies.

D45, Cast iron — Designation of microstructure of graphite

506-1, Metallic materials — Brinell hardness tests~— Part 1: Test method

'R 15931, Designation system for cast.rons and pig irons

pacted (vermicular) graphite cast iron
material, iron and _carbon based, the carbon being present mainly in the form of compacteg

measured on

t. For dated
b referenced

(vermicular)

graphite particles that.appear vermicular on a two-dimensional plane of polish, the graphite particles being

embsd

3.2

grap
proce

dded in a matrix-Consisting of ferrite, ferrite/pearlite, or pearlite

hite modification treatment
ss-hat brings the liquid iron into contact with a substance to produce graphite in the p

redominantly

comy

aeted (vermicular) form during solidification

3.3

relevant wall thickness
section of the casting, agreed between the manufacturer and the purchaser, to which the determined
mechanical properties shall apply

4 Designation

The material shall be designated according to ISO/TR 15931. The relevant designations are given in Tables 1
and 2.

©1S0
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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 which have to be agreed upon between the manufacturer and the purchaser.

All agreements between the manufacturer and the purchaser shall be made by the time of acceptance of the
order.

6 Manufaeture

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

NOTE When compacted (vermicular) graphite cast iron is to be used for special applications, the chg¢mical
composition apd heat treatment may be agreed between the manufacturer and the purchaser.

7 Requifements

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

Production-tgst results shall meet the minimum tensile property reqtirements specified in Table 1 or Taple 2.
Statistical amalysis methods may be used to establish proces§;capability to meet the tensile prdperty
requirementq.
7.1 Test pieces machined from separately cast samples
The minimum measured mechanical properties of compacted (vermicular) graphite cast irons, deterrhined

using test pigces machined from separately cast samples according to Figure 1, Figure 2 or Figure 3, shpll be
as specified |n Table 1.

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

. o .
Tensile strength 0,2 % proof Elongation Typical Brinel
strength
? R 4 hardness rang
Material dgsignation m P02
N/mm? N/mm? % HBW 10/30
min. min. min.
ISO 16112/J\/300/S 300 210 2,0 140 to 210
ISO 16112/J\/350/S 350 245 1,5 160 to 220
ISO 16112/J\H4086/S 406 286 LN +86-to246
ISO 16112/JV/450/S 450 315 1,0 200 to 250
ISO 16112/JV/500/S 500 350 0,5 220 to 260
NOTE 1 The values for these materials apply to castings cast in sand moulds of comparable thermal behaviour. Subject to
amendments agreed upon in the order, they can apply to castings obtained by alternative methods.
NOTE 2 Whatever the method used for obtaining the castings, the grades are based on the mechanical properties measured on

test pieces machined from samples separately cast in a sand mould, or a mould of comparable thermal behaviour.
NOTE 3 1 N/mmZ is equivalent to 1 MPa.
NOTE 4 Brinell hardness values are provided as a guideline only.

2 © 1SO 2006 — Al rights reserved
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a) Types |, lla, and Il b) Typellb
Dimensions in millimetres
. . Type
Dimension
| lla lib ]

u 12,5 25 25 50
% 40 &85 90 90
X 30 40 40 to 50 60
ya 80 100 100 150
zP A function of the test-piece length

@  For information only.

b 2 shall be chosen 6 allow a test piece of the dimensions shown in Figure 5 to

be machined from'the sample.

The thickness of the sand mould surrounding the samples shall be

— 40 mm minimum-faptypes I, lla, and llb, or

— 80 mm minifmum for type Ill.

NOT For the manufacture of thin-walled castings or castings in metal moulds, the tensile propg¢rties may, by
agreement between the manufacturer and the purchaser, be determined on test pieces taken from samples pf thickness, u,

less than 12,5 mm.

Figure 1 — Separately cast samples (option 1)

© 1SO 2006 — All rights reserved
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The thicknes
— 40 mmr
— 80 mmn
NOTE Fd

agreement be
less than 12,5

A
Y

A
b
Y
U - <l - -
Dimensions in millimetres
. . Type
Dimension
| I ]l
u 12,5 25 50
% 40 55 100
X 25 40 50
ya 135 140 150
zb A function of the test-piece length

a

b

For information only.

in Figure 5 to be machined from the sample.

z shall be chosen to allow a test piece of the dimensions shown

ninimum for types | and Il;-or

ninimum for type lIl.

5 of the sand mould surrounding the samples shall be

Figure 2 — Separately cast samples (option 2)

r the manufactufeyof thin-walled castings or castings in metal moulds, the tensile properties may, by
ween the manufacturer and the purchaser, be determined on test pieces taken from samples of thickngss, u,
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Dimensions in millimetres

@25

a) Sample — Minimum sample length L =150 mm

B-B A-A
A
= W
e — &
A
Bl | = \ B

b) Schematic drawing of ‘one type of mould, given as an example

Figure'3 — Separately cast samples (option 3)

© 1SO 2006 — All rights reserved 5
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7.2 Test pieces machined from cast-on samples

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

Table 2 — Mechanical properties measured on test pieces machined from cast-on samples

Relevant wall Tensile 0,2 % proof Elongation | Typical Brinell
thickness strength strength hardness range
R R 4
Material d¢signation - '“ PEE
mm N/mm? N/mm? % HBW10/80
min. min. min.
t<12,5 300 210 2,0 140 to 210
12,5<t< 30 300 210 2,0 140 to 210
ISO 16112/JV/300/U
30<t<60 275 195 2,0 140 to 210
60 << 200 250 175 2,0 140 to 210
t<125 350 245 1,5 160 to 220
12,5<t< 30 350 245 1,5 160 to 220
1ISO 16112/JY/350/U
30<¢t<60 325 230 1,5 160 to 230
60 <t < 200 300 210 1,5 160 to 230
t<12,5 400 280 1,0 180 to 240
12,5<t< 30 400 280 1,0 180 to 240
ISO 16112/JV/400/U
30<r<60 375 260 1,0 180 to 240
60 << 200 325 230 1,0 180 to 240
t<125 450 315 1,0 200 to 280
125<t< 30 450 315 1,0 200 to 280
ISO 16112/JV/450/U
30<¢t<60 400 280 1,0 200 to 250
60 < .<.200 375 260 1,0 200 to 250
12,5 500 350 0,5 220 to 260
1275 <t < 30 500 350 0,5 220 to 260
ISO 16112/JV/500/U
30<r<60 450 315 0,5 220 to 2640
60 << 200 400 280 0,5 220 to 2640
NOTE 1 The mechanical properties of test pieces machined from cast-on samples may not reflect exactly the properties pf the
casting itself, but may be a better apprnvimnfinn than those obtained from a Qapnrnh:nly cast Qnmplﬂ Additional values are gi en in

Annex A for guidance.

NOTE 2 The percentage reduction in mechanical properties in thick sections depends upon the casting geometry and its cooling
conditions.

NOTE 3 1 N/mmZ is equivalent to 1 MPa.

NOTE 4 Brinell hardness values are provided as a guideline only.

6 © 1SO 2006 — Al rights reserved
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|

) | A

Q

I \ A
|
|
|
|
[
|
|
a

=
 J
Key
1 casting (or running system)
Dimensions in millimetres
Relevant wall thickness b c
Type of castings a h I
¢ max: min.
A t<12,5 15 11 7,5 20 to 30 il
B 12,5 << 30 25 19 12,5 30 to 40 a|
C 30<¢t<60 40 30 20 40 to 65 a|
D 60 < ¢ < 200 70 52,5 35 65 to 105 al
a L, shall be chosen to allow a test piece of a dimension shown in Figure 5 to be machined from the sample.
NOTH If smaller dimensions @are-agreed, the following relationships apply:
a
b=0,75xa and ¢ = —=
2
Figure 4 — Cast-on sample
7.3 | 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 location(s) on the casting where the sample(s) shall be taken;
— the mechanical properties that shall be measured;

— the values of these mechanical properties (for information, see Annex A).

NOTE The properties of castings may not be uniform, depending on the complexity of the castings and variation in
their section thicknesses.

© 1SO 2006 — Al rights reserved 7
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7.4 Hardness

Casting hardness shall be specified only when agreed between the manufacturer and the purchaser. The
Brinell hardness values in Tables 1 and 2 are provided for guidance only.

7.5 Graphite structure

Compacted (vermicular) graphite cast irons shall have a minimum of 80 % of the graphite particles in the
vermicular form (form Il in accordance with ISO 945), when viewed on a two-dimensional plane of polish. The
remaining 20 % of the graphite particles should be of form VI or form V in accordance with ISO 945.

NOTE Tt
(vermicular) g

Samples for
the purchassg

A method fo
iron microstr

Flake (lamel
rim zone of t

Although the
20 % nodula
nodularity ra

The graphite
In case of dif

8 Sampl

8.1 Gene

Samples shg

Samples shg
(see 8.5).

Several type
used, depen
2 000 kg andg
preferably be

15—20"% maximum nodufarity gives TiSe to the common reference to the determination of com
aphite cast iron microstructure according to “percent nodularity”.

metallographic examination shall be taken from locations agreed between the manufacture
r.

the metallographic determination of percent nodularity in compacted (vermicular) graphits
ictures by image analysis is provided in informative Annex B.

ar) graphite (form | and form Il according to ISO 945) is not permitted, except within the s
he casting.

conventional definition of compacted (vermicular) graphite ¢ast iron is within the range of O
rity, separate agreement may be made between the manufacturer and the purchaser for
nges.

structure shall be confirmed either by metallographic' examination or by non-destructive met
pute, the result of the metallographic examination shall prevail.

ng
al

Il be provided to represent the.casting(s) produced.

Il be made from the same’/material as that used to produce the casting(s) which they repr

Hing on the mass and the wall thickness of the casting. When the mass of the casting exq
its wall thickness exceeds 200 mm, cast-on samples or samples cut from a casting s
used.

acted

r and

cast

rface

% to
other

hods.

esent

5 of samples (separately cast samples, cast-on samples, or samples cut from a casting) can be

eeds
hould

8.2 Sepallately cast samples

8.21

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 tensile test sample shall be produced to confirm the
material, at a frequency to be agreed between the manufacturer and the purchaser.

© 1SO 2006 — All rights reserved
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Samples and test pieces

The samples shall be cast separately in sand moulds at the same time as the castings. The moulds used to
cast the separately cast samples shall have comparable thermal behaviour to the moulding material used to
produce the castings.

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

The samples shall be removed from the mould at a temperature similar to that of the castings, and shall not
exceed 500 °C.

If the

q
q

The s

The {ensile test piece shown in Figure 5 shall be machined from a sample shown in Figure 1
hed part) or from the two cylindrical portions of the sample shown in Figure 3. Unless othenwise agreed,

(hatc
the cl

8.3
8.3.1

Cast
of a s
in-prg

Cast
proce

In th
manu
a freq

8.3.2
The

runni
manu

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

ot PUH 4 ry s - HP | - N lal L 1ol dlo o oI\ Ll 1
Jrapime1mmouneativimuTcatimeT s LalicUu uut T ure TmoutTa (T r=rmouTta e Tou ), tiTie Ssaritpyiec s 1

ast separately using a similar treatment method in the sample mould as the method used tq
astings.

amples shall be given the same heat treatment, if any, as the castings which they represent

hoice of sample (Figure 1, Figure 2 or Figure 3) is left to the discretion of the manufacturer.
Cast-on samples

Frequency and number of tests
on samples are representative of the castings®» which they are attached, and also of all 0
imilar wall thickness from the same lot, or produced during the same time interval in accord

cess quality-assurance procedure used by-the manufacturer.

on samples shall be produced at“a frequency in accordance with the in-process qual
dures adopted by the manufacturer:

e absence of an in-process quality-assurance procedure or any other agreement
facturer and the purchaser) a minimum of one tensile test shall be carried out to confirm th
uency to be agreed bétween the manufacturer and the purchaser.

Samples and.test pieces
samples from-which the test pieces for tensile testing are taken shall be cast on to the cast

ng system. Cast-on samples may be used for any mass or section of the casting, at the dis
facturer,

When the mass of the casting exceeds 2 000 kg and its wall thickness exceeds 200 mm, the d

ay be

produce the

and Figure 2

ther castings
hnce with the

ty-assurance
between the

b material, at

ngs or to the
Cretion of the

imensions of

the cast-on sample shall be agreed between the manufacturer and the purchaser.

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 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.

The t

©1S0

ensile test pieces shall be in accordance with Figure 5.
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8.4 Samples cut from a casting

8.4.1 General

In addition to the requirements of the material, the manufacturer and the purchaser may agree on the
properties required 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 samples should have a
diameter equal to or smaller than 1/3 of the casting wall thickness, and should be larger than 1/5 of the casting
wall thickness. Consideration must be given in the interpretation of results obtained from any test pieces that
are smaller than that shown in Figure 5.

8.4.2 Othercontditions

The location SS is

representatiy

from which the sample is taken shall be in an area where the casting wall thickne
e of its average wall thickness.

h are
may

To determing the required size of the test piece, the purchaser shall indicate to the manufacturer whic|
the importanf sections of the casting. In the absence of any direction by the purchaser, the-manufacture
select the digmeter of the test piece.

8.5 Formation of test units and number of tests

8.5.1 Exanpples of test units

Examples of|test units are as follows:

— castings| poured from the same ladle — up to 2 000 kg{of fettled castings; this may vary, where
practicable, by agreement between the manufacturer and.the purchaser;

— asingle [casting, if its mass equals or exceeds 200 kg;

when th e the

number

b graphite modification treatment is .carfied out on less than 2 000 kg, the test unit shall b
pf castings produced from that quantity of treated metal.

NOTE Af
distinct parts @

8.5.2 Num

Sampling an
be carried ¢
amalgamatig
formation of

9 Testm

er heat treatment, a test unit will \remain the same, unless different heat treatments have been app
f the test unit. In such cases, these distinct parts will become separate test units.

ber of tests per test unit

1 testing shall be‘carried out in accordance with Clauses 8, 9 and 10. Sampling and testing
ut on each test unit, unless the in-process quality assurance system makes provisio

ied to

shall
n for

n of test units> When the graphite modification treatment has been carried out in the mould, the

est units@nd the number of tests shall be agreed between the manufacturer and the purcha

ethods

5er.

9.1 Tensile test

The tensile test shall be carried out in accordance with ISO 6892. 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 different diameter (see Figure 5). In either case, the original gauge length of the test piece
shall conform to the formula:

LO 25,65>< SO =5xd

10 © 1SO 2006 — Al rights reserved
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where
Lg is the original gauge length;
So is the original cross-sectional area of the test piece;
d is the 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 manufacturer and
the purchaser on the dimensions of the test piece.

A testprecewithradifferent gauge tengthrmay beagreed-betweenthe manufacturerandpurchasgr.
< LC >
< LO >
N~ ~ A
S S I o|__|l O | Q
S S
Y
- <
Dimensions in millimetres
d Lo Lg
min.
5 25 30
4 35 42
10 50 60
14 @ 70 84
20 100 120
a8  Preferred dimension.
wherge
Lq is the original gauge length, i.e. Ly = 5 x d;
d is the diameter of the test piece along the gauge length;
L. is the parallel length; L. > Ly (in principle, L, — Lq > d);
L; s the total length of the test piece, which depends on L.
NOTE The method of gripping the ends of the test piece, together with their length /;, may be agreed between the

manufacturer and the purchaser.

Figure 5 — Tensile test piece
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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.

10 Retests

10.1 Need

Retests shal

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. requiremen

the specified

10.2 Test ¥
A test is not

a)

b) a defect
c) afractur
d)

In the above

the same tim
10.3 Noncq

If any test g
given in 10.2
two retests s

If the results
International

If the results
conform to tH

grade (see 10.3).
alidity

alid if there is:

a faulty mounting of the test piece or defective operation of the test machine;

ve test piece because of incorrect pouring or incorrect machining;

e of the test piece outside the gauge length;

a casting defect in the test piece, evident after fracture.

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

pnforming test results

ves results which do not conform to the specified requirements, for reasons other than
, the manufacturer shall have)the option to conduct retests. If the manufacturer conducts re
hall be carried out for each failed test.

of both retests meetthe specified requirements, the material shall be deemed to conform t
Standard.

of one or bethiretests fail to meet the specified requirements, the material shall be deemed
is International Standard.

10.4 Heat freatment of samples and castings

nea cnantfinA  1n tha ~nnen Af ~Anctinae 1 tha Ao ~act ~anAHIAN Vit

ts for

st at

hose

fests,

b this

hot to

Unless other

A A\
VIOT - SPT oMt T T oo ST U Caotmg o it i oo~ Caot COMCTtroT vy it 11

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

hot in

In the case of castings which have undergone a heat treatment and for which the test results are not
satisfactory, the manufacturer shall be permitted to re-heat-treat the castings and the representative samples.

In this event,

the samples shall receive the same number of heat treatments as the 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 the specified requirements
or to this International Standard.

The number

12

of re-heat-treatment cycles shall not exceed two.
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Annex A
(informative)

Additional information on compacted (vermicular) graphite cast irons

Additional information on mechanical and physical properties of compacted (vermicular) graphite cast irons is
given in Table A.1.

© 1SO 2006 — Al rights reserved 13
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Annex B
(informative)

Compacted (vermicular) graphite cast iron nodularity evaluation

B.1 The graphite morphology of compacted (vermicular) graphite cast iron is expressed and defined as the
area-percentage of graphite particles that are spheroidal or nodular in shape (form VI and form V according to
ISO 945).

B.2 | The level of nodularity depends not only on how the cast iron is prepared (nature of the\bdsic cast iron,
residpal magnesium content, inoculation level, etc.), but also on the cooling modulus of thé)sectign in question.
Morepver, some degeneration of the graphite in contact with the mould is usually observed, fesulting in a
certa|n extent of flake (lamellar) graphite at the surface rim zone of the casting.

B.3 | The nodularity percentage is generally determined at x100 magnificatien on a polished qut section of
the specimen. Accurate analysis requires that the polished surface of the specimen is of sufficient quality to

asse
coun

B.4
grey-
minin
than
meas

B.5
analy

5s the true size and shape of the graphite particles. The nodularity, can be measured by
, chart comparison techniques, or semiautomatic or automatic image analysis.

To ensure accurate measurement by image analysis, theslighting should have uniform i
scale threshold value should be set such that all graphite, particles (foreground) are clear

1 um. Depending on the image resolution, graphite coarseness and carbon equivalent, m
urement field may be required.

The roundness-shape factor is recommended as the basis for nodularity measureme
sis. Roundness is defined in the following equation and accompanying illustration, Figure B.

Roundness = -1 = 4x A2
Am TEle

[,

manual point

htensity. The
y defined. A

hum field-of-view area of 4 mm? is recommended. Pixeksize in the image to be analysed should be less

bre than one

nt by image
1.

Key

Ay, area of circle of diameter /,,
A area of the graphite particle in question

I, maximum axis length of the graphite particle in question = maximum distance between two points on the graphite
particle perimeter

©1S0

Figure B.1 — Roundness definition
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B.6 Graphite particles larger than 10 ym are classified by roundness-shape factor as either spheroidal
(nodular) graphite (form VI according to ISO 945), intermediate forms (formV and form IV according to
ISO 945) or compacted (vermicular) graphite (form Ill according to ISO 945), as shown in Table B.1. Particles
with a maximum axis length less than 10 um 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, as
they are not permitted in the compacted (vermicular) graphite iron structure (see 7.5).

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

Roundness-shape factor

Graphite form

0,625t0 1 Nodular (ISO form VI)
0,525 to 0,625 Intermediate (ISO forms IV and V)
<0,525 Compacted (ISO form 1ll)

Mot included in the analysis.

Flake graphite particles and graphite particles with maximum axis length less than 10.pgm are

B.7 Percent nodularity is calculated on an area basis as follows:

Z Anodules +0,5x Z Aintermediates

Percept nodularity =
Z Aq) particles

x100

where
Anodules is the area of particles classified as speroidal (nodular) graphite;
Aintermediates 18 the area of particles classified asintermediate forms of graphite;
Aali particles IS the area of all graphite particles greater than 10 um.
16 © 1SO 2006 — Al rights reserved
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B.8 Typical compacted (vermicular) graphite cast iron microstructures (containing 5 %, 10 %, 15 % and
20 % nodularity) are shown at x100 magnification in Figure B.2.

15 % nodularity 20 % nodularity

Figyre B.2— Typical compacted (vermicular) graphite cast iron microstructures (x100 magnification)

© 1SO 2006 — All rights reserved 17
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B.9 Graphite particles with different roundness-shape factors are shown in Figure B.3.

RSF
07 2 0- P OO P G NS
oy TEIBR AS VP rseP s

> 0,525
’ ® 9 > L 4
Z 0ot &% s*2c RoaWWg Woees o

> 0,425 - . - - = ~
048 1w te a4 § &« S

<0425  S* \x..(f ">‘ ’r\o‘

RISF roundness-shape factor

Figure B{.3 — Visual representation of graphite particles categorized\by roundness-shape factor

B.10 The logation of the nodularity test shall be agreed betweenhié manufacturer and the purchaser.

18 © 1SO 2006 — Al rights reserved
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