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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

The shape of the graphite particles is an important characteristic of spheroidal graphite cast irons. It
has a critical effect on the mechanical and physical properties of these materials.
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Microstructure of cast irons —

Part 4:
Test method for evaluating nodularity in spheroidal
graphite cast irons

1

This
comp]

This
sphel

cope

document specifies a test method for evaluating nodularity in spheroidal graphite g

arative visual analysis and image analysis techniques.

document provides figures for different levels of nodularity and- graphite parti

roidal graphite cast irons for visual analysis.

2

ormative references

The following documents are referred to in the text in suchta way that some or all of {
constitutes requirements of this document. For dated references, only the edition cited
undafed references, the latest edition of the referenced document (including any amendme

ISO 945-1, Microstructure of cast irons — Part 1: Graphite classification by visual analysis

3

erms and definitions

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

ISO ajnd [EC maintain terminological databases for use in standardization at the following

— 1

]

31
maxi
maxi

Note

50 Online browsing platform: available at https://www.iso.org/obp

FC Electropedia: available at http://www.electropedia.org/

mum Féretdiameter
mum lengtlref an object whatever its orientation

| to entry* The maximum Féret diameter of a graphite particle is shown in Figure 1.

ast irons by

rle count of

heir content
applies. For
nts) applies.

hddresses:

Ap

Key

Iy,  maximum Féret diameter of the graphite particle

Am a
A a
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Figure 1 — Illustration of maximum Féret diameter of a graphite particle
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3.2
roundness

area of a graphite particle divided by the area of the circle where the diameter is the maximum Féret
diameter (3.1) of the same graphite particle, calculated according to Formula (1):

p=A/A, =4A/T-1_>

where p is the roundness of a graphite particle

3.3

oraphite

M

spheroidal
graphite par
roundness (3

3.4
spheroidal
cast materia
graphite (3.3

3.5
nodularity
assessment

Note 1 to ent]

3.6

ticles classified as form VI and V in accordance with ISO 945-1 or graphite particles
.2) 20,6 to 1,0

praphite cast iron
1, iron, silicon and carbon-based, the carbon being present mainly in the\form of sphe
) particles

pf the proportion of spheroidal graphite (3.3) particles in acaSt iron sample

y: Nodularity is generally expressed as a percentage.

graphite pafrticle count

number of g

4 Design

raphite particles per unit area

ations

4.1 Graphite classification by visual dnalysis

To charactel
the size and

ize the graphite particles.ghserved, information is generally necessary on the nodul
the number of the graphiteparticles. For this purpose, the following symbols shall be

at different positions of the designation.

Nodular
images

a)

NOTE 1
usually &

b) Graphits

ity is designated-by-a percentage, in increments of five percentage points; see the refe
f Figure A.1.

Nodularity~of spheroidal graphite cast irons is 50 % as a minimum. Maximum nodulal
bout 95 %,

determi

e particle size is designated by numbers from 3 to 8 in accordance with I1SO 945-1.

with

roidal

arity,
used

fence

ity is

For

ning the size range, the largest graphite particle in the field of view is used in accord

lance

with ISO 945-1. If the graphite particles observed in different areas of view cover two sizes,
reference to both is possible in accordance with ISO 945-1.

NOTE 2

The reference images given in ISO 945-1 do not represent all the graphite particle sizes that can

be present in each of the graphite particle size ranges. The reference image schematics in ISO 945-1 show
some graphite particles smaller than the minimum size graphite particles for that size range. The schematics
represent what can be seen when viewing a two-dimensional sectioned view of a three-dimensional
structure where a normal sized particle is sectioned not through its centreline appears smaller than its
actual size.

Graphite particle count is designated by numbers; see the reference images of Figure B.1.

EXAMPLE1  For a spheroidal graphite cast iron, the nodularity, graphite particle size and graphite
particle count are 90 %, size 7 and 200 particles/mm?2, respectively. The structure is described as follows:

© ISO 2019 - All rights reserved
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Nodularity 90 %; size 7; 200 particles/mm?2.

EXAMPLE 2

For a spheroidal graphite cast iron, the nodularity and graphite particle count

-4:2019(E)

are evaluated

to be 90 % and 200 particles/mm? and the graphite sizes cover size 6 and size 7. The structure is described
as follows:

Nodularity 90 %; size 6/7; 200 particles/mm?2.

The predominant size may be emphasized by underlining the number.

4.2 Graphite classification by image analysis

Wheh a cast iron material is examined using the image analysis method in accordance with

ISO/TR 945-2, the graphite particles should be classified by the following elements.

a) Nodularity, designated by a percentage number calculated according to Formulae (1) fand (2). The
results should be reported in whole numbers. For example, 92,6 % is reportedas 93 %

b) Size, designated by numbers from 3 to 8 in accordance with ISO 945-1"For determining the size
range, the largest graphite particle in the field of view is used in aceordance with ISO[945-1. If the
graphite particles observed in different fields of view cover twa Siz€s or more, refergnce to these
gize ranges is possible.

c) (Graphite particle count, designated by numbers.

HXAMPLE1  For a spheroidal graphite cast iron, the calcitlated nodularity, graphite size|and graphite
garticle count are 92,4 %, size 6 and 230 particles/mm?, respectively. The following designatfion should be
Used to describe this structure:

Nodularity 92 %; size 6; 230 particles/mm?2.

[f the graphite particles evaluated in different fields of view cover more than one size,|the size and
the particle number should be presented-in percentage.

HXAMPLE 2 For a spheroidal graphite cast iron, the calculated nodularity and graphite parficle count are
92,6 % and 230 particles/mm?2. 52 %-of the graphite particles are in the range of size 6, 45 % ih the range of
sfize 7 and 3 % in the range of siZe 5: The following designation should be used to describe this|structure:
Nodularity 93 %; 52 % size6,+45 % size 7 + 3 % size 5; 230 particles/mm?.

5 Sampling and,sample preparation

Sampling and sanipleé’preparation should be carried out in accordance with ISO 945-1 and I§0/TR 945-2.

Attention sheuld be paid to a good metallographical preparation to ensure that the micrgstructure is

not altered-and the graphite particle contours show sufficient contrast, especially for imagp analysis.

6 Procedure for graphite classification

6.1 General

The polished samples shall be scanned under a microscope in such a manner that a representative area
is examined. To examine the graphite form and distribution, a x 100 magnification should preferably
be chosen. If necessary, the magnification may be adapted in relation with the wall thickness of the
casting so that the form and distribution of graphite can be determined by using the reference images
given in Figures A.1 and B.1. Adjust the microscope magnification to match as closely as possible the
corresponding images in Figures A.1 and B.1 before classifying the form and distribution of the graphite

parti
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6.2 Procedure for visual analysis

Visual examination shall be carried out by direct observation using a microscope, by projection on
a ground glass of a microscope or by projection on a visual display screen. The area of view should
preferably have approximately the same size as that of the reference images. The assessment of the
graphite particles can be facilitated by the use of suitably calibrated eye-pieces.

The nodularity and graphite particle count shall be determined by using the reference images given
in Figures A.1 and B.1. The graphite size is determined by using the reference images of ISO 945-1. If a
visual display screen is used, the combined magnification of both microscope and screen (depending on

its size) shal

] be taken into account.

The evaluat]
technique.

6.3 Procd

Examinatior
display scre
the same siz
digital came
with ISO/TR

Particles wi
thin wall ca
5 um with d
Formula (2)

ion of the results shall be carried out by an operator trained in this metallogy

dure for image analysis

shall be carried out by direct observation using a microscope or by projection on a ¥
en. The area of view (the area of each examination) should preferably’have approxin
e as the reference images. Then, an appropriate image should be takeh using a microsc
ra or a computer image caption program. The operation should be'carried out in accorgd
945-2.

stings with a high number of small graphite particles;this limit value may be redud
orresponding increase in magnification. The nodularity shall be calculated accordi

6.4 Calculation of nodularity

Only Form V|
The shape
influences t

Nodularity
roundness 1

Formula (2)

N

Prnod =]

where

Pnod

and VI particles are included as spheroidal graphite particles in the nodularity calcul
f the graphite particle is characterized by its roundness value. The roundness
e calculation of nodularity.

Pnod) is calculated as the area of graphite particles that meet both the size limit an|
mits, divided by the total.area of all graphite particles above the size limit, accordi
The graphite particles intersecting the border of the area of view shall be excluded.

yi +Ay
A

istnodularity, in %;

aphic

isual
ately
bpe, a
lance

'h a maximum Féret diameter less than 10 pm shall be éxcluded from the evaluation. For

ed to
hg to

htion.
value

d the
Ing to

(2)

4 +1 a1 L 1 P | 1 h] Fay - 14 N
AVI and; VvV dITUIT L0Ldl dI'€d U1 g1 dPIILE pdItILITS WILIT TOUIIUIIESS = U, 0 LU = 1,U,

Aall

NOTE

is the total area of all graphite particles that meet the size criteria, excluding the
particles that intersect the border of the area of view.

The calculation result of Formula (2) is sometimes different from the result of the present count

method as stated in ISO 1083. For 90 % nodularity or greater, the variation value is about -4 % to 3 % and for
nodularity in the range from 80 % to 89 %, the variation value is about -3 % to 5 % at a confidence level of 90 %.
The lower the nodularity, the greater the difference will be.

The graphite particle count is the total number of graphite particles larger than size limit, divided by
the test area in mm?2.

© ISO 2019 - All rights reserved
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To obtain correct graphite counts, evaluate whole graphite particles and graphite particles corrected
for field edge intersection as defined in ISO 945-1, and calculate graphite particle count in accordance
with ISO 945-1. The area measured is the field size (within the frame) multiplied by the number of fields.

6.5

Examination fields

When evaluating the nodularity, graphite particle count and size of graphite particles, the whole
surface area of the sample should be examined by a sufficient number of examination fields, which shall
be chosen randomly. Aberrations such as microporosity or surface anomalies should be excluded. The
nodularity, graphite particle count and size of graphite particles should be evaluated on the basis of at

least

five areas of view and at least 500 graphite particles.

Grap
can b
mant

If mo|
or sn

In sp
area

6.6

The
techr

The 1

7 Reference images

A sef
95 %
100
mm?2

Anne

8 1
The
— i

—  t

hite particles having a maximum Féret diameter < 10 pum shall not be taken into aceoun

t. This limit

e lower for thin wall castings. Other size limits can be used according to agreements petween the

|facturer and the purchaser.

st of the graphite particles are less than 10 um or larger than 120 um, magnification ¢an be larger
aller than x 100. The number of graphite particles in a field of view shotld be at least|20.

bcial cases, such as heavy section castings, the minimum number of‘samples and minifnum surface
Lo be evaluated may be defined by agreement between the manufacturer and the purghaser.

Evaluation of the results

bvaluation of the results shall be carried out by%mn operator trained in this megtallographic

ique.

esult is the average value of all fields of view..The result shall be reported in whole numbers.

nodularity) and in Annex B for the classification of graphite particle count (25 parti
particles/mm?2 with a maxitmum Féret diameter of 10 pm; 31 particles/mm?2 to 2 1
with a maximum Féret of 5)lim) in spheroidal graphite cast irons.

ies of reference images are preovided in Annex A for the classification of nodular¥

x C gives examples of graphite particle roundness.

‘est report
est reportshall contain the following information:

Hentification of the sample or casting;

e-sampling lacation;

— the designation of the material;

— the number of tested fields;

— the magnification;

— the size limit used, in pm;

— visual analysis or image analysis;

— the nodularity, size of the graphite particles and graphite particle count;

— areference to this document, i.e. ISO 945-4;

© ISO
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one or more of: date of the test, date of preparation or signature of the test report;

— the name and address of the testing laboratory;

— the name and address of the organization requesting the test.

For image analysis, the report shall contain the following information:

the nam

e of image analysis software;

the number of evaluated graphite particles;

ant cuadinatha nareiclac +h o arcacttha knwAnu aftha araa o frziaxaz:

the graphd

the pixe
the tota
the size
the mea

any dev

If required, 1

details

the met

one or niore photomicrographs.

The followin

— the namle of the analyst to ensure traceability:to the tester.

ta o ant that it
Hee-cohtehts; uu,u.wqu, tre-paraeresthatHterse ettt soracrortrearea e views

calibration factor;

area surveyed;
distribution of nodules with minimum, maximum and standard deviatien;
n shape factor value of all particles above the minimum size requirement;
ation from this test method.

he report shall also contain the following information:

fthe presence of any other graphite form not coveredby this document;

nod to separate joined/contiguous graphite particles (only for image analysis);

g information shall be recorded:

© ISO 2019 - All rights reserved
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Annex A
(normative)

Reference images for nodularity

The reference images for nodularity are shown in Figure A.1.
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a) Nodularity 95 %
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¢) Nodularity 85 %
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%

d) Nodularity 80

11
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€) Nodularity 75 %
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f) Nodularity 70 %

13
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g) Nodularity 65 %
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%

h) Nodularity 60

15
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i) Nodularity 55 %
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j) Nodularity 50 %

Figure A.1 — Reference images for nodularity
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Annex B
(normative)

Reference images for graphite particle count

The reference images for graphite particle count are shown in Figure B.1.
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fad me gy %

a) Maximum Féret diameter = 10 pm: 25 particles/mm2;
Maximum Féret diameter = 5 pm: 31 particles/mm?2

© IS0 2019 - All rights reserved 19
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b) Maximum Féret diameter = 10 pm: 50 particles/mm?2;
Maximum Féret diameter = 5 pum: 64 particles/mmz2

20 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=0371e6391947d533ee726970eb68665d

ISO 945-4:2019(E)

@®.
® N

K
e v ® - ©°
® -

L : L
* : @ tume . e

¢) Maximum Féret diameter = 10 pm: 100 particles/mm?2;
Maximum Féret diameter = 5 pum: 116 particles/mm?2
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d) Maximum Féret diameter = 10 pm: 150 particles/mm?2;
Maximum Féret diameter = 5 pum: 165 particles/mm?2

22 © IS0 2019 - All rights reserved
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€) Maximum Féret diameter = 10 pm: 200 particles/mm2;
Maximum Féret diameter = 5 pum: 230 particles/mm?2

© IS0 2019 - All rights reserved 23
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f) Maximum Féret diameter = 10 pm: 300 particles/mm?2;
Maximum Féret diameter = 5 pum: 350 particles/mm2
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