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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.

The procedures used to develop this document and those intended for its further maintenance are
described in fhe [SO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different typégs of ISO documents should be noted. This document was drafted in accordance.wjth the
editorial rulep of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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hts identified during the development of the document will be in the-Introduction
of patent declarations received (see www.iso.org/patents).
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Organization (WTO) principles in the Technical Barriers to Trade (TBT) see wyw.iso
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This document was prepared by Technical Committee ISO/TC 25, Cast irons and pig irons.

This third ed]tion cancels and replaces the secondtedition (ISO 185:2005), which has been tech
revised. The main changes compared with the-ptrevious edition are as follows:

hically

» o«

— terms an(l definitions have been added for “separately cast sample”, “side-by-side cast sample” and
“cast-on §ample”;
— Table 1 hfas been revised to delete the column of anticipated minimum tensile strength values in

castings;[this information has-been moved to Annex C;

Table 1 lhas been revised-to include side-by-side cast samples with the same tensile st
requirements as sepatatély cast samples;

rength

Table 1 h
samples §

as been.revised to add a maximum tensile strength for each grade for separate
nd side-by-side cast samples;

y cast

Table 1 hpsXbeen revised to revise minimum tensile strength values for some selected grades and

relevant wall thicknesses of cast-on samples;

Annex C has been revised to add Table C.1, which shows anticipated values for tensile strength in
grey iron castings based on relevant wall thickness; some values are slightly changed from those in
Table 1 of the previous edition;

information in Annex D hasbeen updated toinclude corresponding hardness grades from GB/T 9439;

additional changes have been made for clarity of expression and improved consistency with
ISO standards for other types of cast irons.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document deals with the classification of grey cast irons, subdivided into two groups:

— materials specified by their tensile strength;

— materials specified by their hardness.

It is also possible to specify grey cast irons by a combination of tensile strength and hardness.

NOTE

This document does not cover technical delivery conditions for grey iron castings.

The properties of grey cast iron depend on the form and distribution of the graphit
structpire of the matrix.

For many applications, tensile strength and hardness are not the only properties:ofinter
designlers. Other mechanical or physical properties can be decisive for the use,0f grey iron

There

Furthg

t
t

t

A
ar

thermal capacity and the thermal diffusivity for disc brakes;
damping capacity for engine blocks or machine beds;
thermocycle fatigue for exhaust manifolds or ingot moulds,
ore, Annex A provides additional information of interést to casting designers.

rmore:

AInex B contains additional information on the relationship between hardness and ter

nex C contains additional information on*the relationship between tensile stren
d wall thickness of grey iron castings;

— Amnex D provides cross-references-0f-1SO 185 grade designations to other standard §

Ca

st irons.

e and on the

est to casting
For example:

sile strength;

bth, hardness

rades of grey
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INTERNATIONAL STANDARD

ISO 185:2019(E)

Grey cast irons — Classification

1 Scope

This document specifies the properties of unalloyed and low-alloyed grey cast irons used for castings
that have been manufactured in sand moulds or in moulds with comparable thermal behaviour.

This d s . : :
a) thE tensile strength of cast samples;

b) if
c) if
ca

If agréd
option
tensilg

This d
grades

This d
produ

This d

NOTE

2 N

The fdq
consti
undatg

hgreed by the manufacturer and the purchaser, the tensile strength of samples’cut fj

stings or on a cast-on knob.

b) and plus hardness from option c) can be specified. Information on specifyinga c
strength and hardness is given in Annex B.

bcument specifies eight grades of grey cast iron according to tensile strength (see T:
of grey cast iron according to Brinell hardness (see Table 2).

Cts.

bcument does not cover technical delivefy conditions for grey iron castings.

General information on the engineering properties of grey cast irons is provided in ISO

prmative references

llowing documents are.referred to in the text in such a way that some or all of
futes requirements-ef/this document. For dated references, only the edition cite
ed references, the latest edition of the referenced document (including any amendm

ISO 94
ISO 65
ISO 68

5-1, Microstructure of cast irons — Part 1: Graphite classification by visual analysis
06-1, Metajlic materials — Brinell hardness test — Part 1: Test method

921, Metallic materials — Tensile testing — Part 1: Method of test at room temperati

owing:

om a casting;

hgreed between the manufacturer and the purchaser, the hardness of the'material determined on

ed by the manufacturer and the purchaser, the combination of tensile strength from option a) or

bmbination of

ible 1) and six

ocument does not apply to grey cast irons used*for pipes and pipe fittings and copntinuous cast

/TR 10809-1.

their content
1 applies. For
ents) applies.

re

3 Terms and definitions

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

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

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

— IE

©IS0 2

C Electropedia: available at http://www.electropedia.org/
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3.1

grey castiron
cast material, iron and carbon based, carbon being present mainly in the form of flake (lamellar)
graphite particles

Note 1 to entry: Grey cast iron is also known as "flake graphite cast iron" and, less commonly, as "lamellar
graphite cast iron".

Note 2 to entry: Graphite form, distribution and size are specified in ISO 945-1.

3.2

relevant wall thickness

section of th
mechanical p

3.3
separately c:

sample cast i a separate sand mould under representative manufacturing conditions\and mater

3.4
side-by-side

sample cast ifh the mould alongside the casting, with a connected but sepatate running system

3.5

cast-on sample

sample attacH

4 Designad

The material
in ISO/TR 154

The number
as determine

correspondinig relevant wall thickness.

The number
grade for rele

5 Orderi
The following

a)

the comp

- 1 4= 4] £ 4. a4l 1 4= losaladl Aade
Cdolilly, dgITTU UDTLVWTETIL LT HIdlIuldtiul Tl dllu LT PJultiidsStt, LU VWIIILIL LIIT UTLTI

Foperties apply

st sample

cast sample

ed directly to the casting

ption

shall be designated as given in either Table 1 or Table 2. The designation system is
31.

n position 3 of the designation(in‘Table 1 is the minimum tensile strength of the
d by test pieces machined from standardized 30 mm test bars or from cast sam

n position 3 of the designation in Table 2 is the maximum Brinell hardness value
vant wall thickness->40 mm to < 80 mm.

hformation

informdtioh shall be supplied by the purchaser:

lete{désignation of the material;

mined

al

given

grade
bles of

of the

b) any speci

1 . PSR R | —1 31 +1 £ 4 141 1
dl TCYUITTIITIILS U4l IIdVE LU DT dgI'TCU DELWCETIT LT [IdITUIdCLUL S dIIU LIIC PpUItIids

T.

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

of the order.

6 Manufacture

Unless otherwise specified by the purchaser, the method of manufacture of grey cast irons, including
their chemical composition, to obtain the specified mechanical properties shall be left to the discretion
of the manufacturer.

The manufacturer shall ensure that the requirements of this document are met for the material grade
specified in the order.

© ISO 2019 - All rights reserved
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For grey cast irons to be used in special applications, the chemical composition and heat treatment may
be the subject of an agreement between the manufacturer and the purchaser.

7 Requirements

7.1 Mechanical properties

The order shall specify, in an unambiguous manner, whether the characterizing property is tensile
strength determined on cast samples or Brinell hardness determined on the casting, or both tensile
strength and Brinell hardness.

If the ¢rder does not specify the characterizing property, then the manufacturer shall characterize the
mater]al according to tensile strength.

7.2 Tensile properties

7.2.1 | General

The property values apply to grey cast irons cast in sand moulds or(h'moulds of compafable thermal
behaviour. Subject to amendments to be agreed upon in the order;the property values mjay be applied
to castings obtained by alternative methods.

Tensile properties are dependent upon wall thickness as showh in Table 1. For process quality assurance
purpoges, standardized 30 mm test bars are commonly used.

NOTE Tensile testing requires sound test pieces in order to guarantee pure uniaxial stress dyring the test.

7.2.2 | Test pieces machined from cast samples

The t¢nsile properties of the eight gradés of grey cast iron specified by tensile stfength, when
deterrnined in accordance with 9.1 usingtest pieces machined from cast samples, shall cpnform to the
requirements specified in Table 1.

7.2.3 | Test pieces cut from a casting

If test|pieces are to be machined from samples cut from a casting, the manufacturer and the purchaser
shall ajgree on:

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

— thie minimuum value or the allowable range of values for the tensile properties, when dletermined in
adcordance with 9.1.

NOTE The properties and the structure of castings are not uniform and depend on the complexity of the
castings and their variation in section thickness.

NOTE 2  Tensile properties for test pieces machined from samples cut from a casting are affected not only
by material properties (subject of this document) but also by the local casting soundness (not subject of this
document).

© IS0 2019 - All rights reserved 3
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Table 1 — Tensile strength of grey cast irons determined on test pieces machined from cast

samples
Tensile strength
Relevant wall R
thickness in separately cast samples
Material designation t or side-by-side cast in cast-on samples
samples
mm MPa MPa
> < > < >
ISO 185/JL/100 5 40 100 200 —
2,5 5 — Q)
5 10 =\
10 20 R
1SO 185/JL/140 20 40 150 250 NO 125
40 80 O 110
80 150 S\\C 100
150 300 , O 90
2,5 5 Q\( —
5 10 \ Q —
P
10 20 QO —
ISO 185/JL/2(0 20 40 2\%@' 300 170
40 80 $ 155
80 150 [\D 140
150 300 () 130
5 10 —
0| 20 -
20 ©, 40 190
1SO 185/JL/245 4Q"\§\ 80 225 325 170
80 150 155
(150 300 145
%\*’ 5 10 —
Q‘O 10 20 —
20 40 210
ISO 185/]JL/250 éov 40 80 250 350 190
&?‘ 80 150 170
% 150 300 160
10 20 —
20 40 230
ISO 185/JL/275 40 80 275 375 210
80 150 190
150 300 180
10 20 —
20 40 250
ISO 185/JL/300 40 80 300 400 225
80 150 210
150 300 190

4 © IS0 2019 - All rights reserved
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Table 1 (continued)
Tensile strength
Relevant wall Ry,
thickness in separately cast samples
Material designation t or side-by-side cast in cast-on samples
samples
mm MPa MPa
= < > < =
10 20 —
20 40 290
ISO 185/]JL/350 40 80 350 450 260
80 150 240
150 300 220
For eafh grade, the figure in bold indicates the minimum tensile strength to which the'material designation of
the grade relates, based on separately cast or side-by-side cast 30 mm test samplésy
Minimjum and maximum tensile strength values are mandatory for separately.cast samples and fpr side-by-
side cgst samples.

e strength values are mandatory for cast-on samples representing the relevant wall thickng
e agreed by the manufacturer and the purchaser.

evant wall thicknesses greater than 300 mm, the manufacturer and the purchaser shall ag
Ind size of the cast sample and on the minimum required terisile strength value.

Fticular type of sample is to be specified, a “/” is added.to the designation, followed by a lett
be of sample:

parately cast sample or side-by-side cast sample;
hst-on sample;
mple cut from casting.

ile strength is specified as a characterizing property, the type of the sample should be state
[f not stated in the order, the type of sample is left to the discretion of the manufacturer.

bh damping capacity and thérmal conductivity, ISO 185/]JL/100 is the most suitable materia

ch grade, Brinell hardness.decreases with increasing wall thickness.

ss, which
ree on the

er indicating

d in the

—

7.3

Classif
resistd

The Bi1

Hardness properties

ication of grey iron castings by hardness is applicable principally where machina
Ince areefimportance.

inell hardness values of the six grades of grey cast iron specified by hardness, whe

in accq

rdance with 9.2, shall conform to the requirements specified in Table 2.

bility or wear

n determined

NOTE 1

conditi

Brinell hardness stated in HBW means under test conditions of 10/3000 unless
ons have been specified.

different test

Minimum and maximum Brinell hardness values for the relevant wall thickness specified by the
purchaser shall be mandatory for the castings covered by the order.

If a casting is ordered on the basis of hardness, the relevant wall thickness and the position of the test
shall be agreed.

NOTE 2

For a relevant wall thickness t > 80 mm, grades are not classified by hardness.

If it is not possible to use the Brinell test method in accordance with ISO 6506-1, alternative test

metho

©IS0 2

ds may be used, which shall have correlated values with Brinell hardness.
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Table 2 — Brinell hardness of castings of grey cast iron

Relevant wall thickness Brinell hardness
t
Material designation mm HBW
> < 2 <
40 80 — 155
20 40 160
[SO 185/JL/HBW155 10 20 170
5 10 185
2,5 5 210
40 80 100 175
20 40 110 185
[SO 185/JL/HBW175 10 20 125 205
5 10 140 225
2,5 5 170 260
40 80 120 195
20 40 135 210
ISO 185/JL/HBW195
10 20 150 230
5 10 170 260
40 80 145 215
20 40 160 235
[SO 185/JL/HBW?215
10 20 180 255
5 10 200 275
40 80 165 235
ISO 185/JL/HBW235 20 4 180 255
10 20 200 275
40 80 185 255
ISO 185/JL/HBW255
20 40 200 275
For each gradg, the figure in bold indicates the minimum and maximum Brinell hardness to which the mdterial
designation of the grade relates andthe corresponding relevant wall thickness range limits.
Information oh the relationship\b€tween Brinell hardness and tensile strength is given in Annex B.
Information op the relationship between tensile strength, Brinell hardness and wall thickness is given in
Annex C.
By agreement|between the manufacturer and the purchaser, a narrower Brinell hardness range, not less fhan
40 HBW, may pe ddopted at the agreed position on the casting. An example of such a circumstance is castings
for long-serieq production.
For each grade, Brinell hardness decreases with increasing wall thickness.

7.4 Graphite structure

If the graphite structure is agreed upon, the test shall be carried out in accordance with 9.3.

8 Sampling

8.1 General

Samples shall be supplied in order to characterize the grade of the material.

6 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=b3b05841fd5b49e888ab3aeb148e4e3b

ISO 185:2019(E)

Samples shall be made from the same material as that used to produce the castings they represent and
during the same period as when the castings are made.

If castings are subjected to heat treatment, then the samples shall be heat-treated in the same way as
the castings they represent.

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

8.2 Types of samples

Several types of samples (separately cast samples, side-by-side cast samples, cast-on samples, samples
cut from castings) can be used, depending on the mass and wall thickness of the casting.

When|relevant, the type of sample should be agreed upon between the manufacturer andhe purchaser.
Unlesq otherwise agreed, the choice of sample type is left to the discretion of the manufadturer.

When|[the mass of the casting is > 1 000 kg and its thickness is > 50 mm,‘¢ast-on samples should
preferpbly be used. The dimensions and the location of the sample shall be agreed|between the
manuflacturer and the purchaser by the time of acceptance of the order.

NOTE For process quality assurance purposes, cast samples corresponding to Figure [I, Type II are
commgqnly used.

8.3 Jbamples for tensile test

8.3.1 | Size of cast samples

The size of the cast sample (see Figure 1) should correspond to the relevant wall thickness of the
casting. Alternatively, standardized 30 mm testbars corresponding to Figure 1, Type Il njay be used to
charaqterize the material.

If other sizes are used, the sizes and the minimum tensile value or range of tensile values tfo be obtained
shall He agreed upon between the manufacturer and the purchaser.

8.3.2 | Frequency and number of test samples

Samples representative of the material shall be produced at a frequency in accordance with the process
quality assurance procedupes adopted by the manufacturer or as otherwise agreed with fhe purchaser.

8.3.3 | Separately cast samples

The sdmples shall'meet the requirements of Figure 1. The samples shall be poured verticdlly.

The nfoulds{used to cast separately cast samples shall have comparable thermal behpviour to the
moulding)material used to cast the castings. The moulds may be made for casting seyeral samples
simultaneously.

The samples shall be removed from the mould at a temperature of < 500 °C. By agreement between the
manufacturer and the purchaser, samples may be removed from the mould at a temperature of > 500 °C,
provided the castings are also to be removed from the moulds at this higher temperature.

Samples of other dimensions and using other casting procedures may be agreed between the
manufacturer and the purchaser for the purpose of representing the properties of particular castings.

NOTE An indication of the likely values of tensile strength is given in Figure C.1.

8.3.4 Side-by-side cast samples

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

© IS0 2019 - All rights reserved 7
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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 Figure 1. The samples shall be poured vertically or
horizontally with an adapted feeding system.

Dimensions in mm

[}
V T

N~ ——

% % v
)
~J
y
A
<
v
A d A
Dimension Type
I 11 11 \'
d (+2/-0) 15 30 45 5
L A function of the test piece length
D (£5) 40 50 70 1405
H =40 =250 =260 2[90
A =40 =250 =260 =|90
Pref¢rred diamete¥.(d) of tensile test piece 10 20 32 2
Figure 1 — Separately cast or side-by-side cast samples

8.3.5 Cast-on samples

Cast-on samples are representative of the castings to which they are attached and of all other castings
of 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
cast-on samples shall be produced in the last moulds poured.

The samples shall have a general shape as indicated in either Figure 2 or Figure 3 with corresponding
dimensions.

8 © IS0 2019 - All rights reserved
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The length L (see Figures 2 and 3) shall be determined according to the length of the test piece and the
clamping device.

NOTE Two possible sets of sizes are shown in Figures 2 and 3, with the larger test-piece size option shown
in brackets. The small-size set is used for castings of wall thickness < 100 mm, and the large-size set is used for
castings of wall thickness = 100 mm.

The type, dimensions and location of the cast-on sample shall be agreed between the manufacturer
and the purchaser by the time of acceptance of the order. The sample details shall take into account the
shape of the casting and the running system in order to avoid unfavourable effects on the properties
of the adjacent material. If there is no such agreement, the manufacturer shall decide on the type of
sample, which shall be located at a representative position on the casting.

Cast—oll samples should be used only for castings of wall thickness > 20 mm and mass>200 kg.

Dinjensions in mm

7

55345

+2
$30 (#50) 0

NOTE For the significance of figures in brackets, see the NOTE in 8.3.5.

Figure 2 — Cast-on sample — Type 1

© IS0 2019 - All rights reserved 9
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Dimensions in mm

7
]
[V
+
o
[Vl
1
~
\
s
S
v
e
50 %55
N
N Q
, &
L
oy }
m
%
s 7
m
n ’
NOTE For|thessignificance of figures in brackets, see the NOTE in 8.3.5.

Figure 3 — Cast-on sample — Type 2

8.3.6 Samples cut from a casting

In addition to the requirements of the material, the manufacturer and the purchaser may agree on the
properties required (if any) at stated locations in the casting. If specified, these properties shall be
determined by testing of test pieces machined from samples cut from the casting at the stated locations.

The manufacturer and the purchaser shall agree on the diameter of these test pieces.
In the absence of any directions by the purchaser, the manufacturer may choose the locations from

which to cut the samples and the diameter of the test pieces.

10 © IS0 2019 - All rights reserved
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8.4 Samples for hardness test

Hardness tests may be carried out on the separately cast samples described in 8.3.3.

ISO 185:2019(E)

Alternatively, the Brinell hardness test may be carried out, by agreement between the manufacturer
and the purchaser, on a test piece (“Brinell knob”) that is cast-on to the casting as shown in Figure 4.
The position of the Brinell knob, and its size and shape, shall be agreed between the manufacturer and

the pu

rchaser.

In order to carry out the Brinell hardness test, the test piece is removed from the casting, ground on the
cut surface and then tested on the ground surface.

Key

=930

=935

a  sufface of casting

If the

Figure 4 — Example of a Brinell knob

treatnpent process has been concluded.

9 T

9.1

The td
piece {

NOTE
achievq

st methods

lensile test

hat conforms €o)éither Figure 5 or Figure 6.

Pimensions in mm

casting is heat-treated, the Brinell knob shall not be detached from the casting yntil the heat-

nsile test shall be ¢arried out in accordance with the requirements of ISO 6892-1, using a test

For the\Same material, the results achieved using test piece A can be slightly higher than those

bd by usingtest piece B.

The d

mensions of the test piece shall conform to the dimensions given in Table 3. The gripped parts
may beg €ither threaded or plain to suit the clamping device.
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Dimensions in mm

©
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x —A I
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) )
v r
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<
@

length of threaded end
length of glain end

Figure 5 — Test piece A

Dimensions
- Lsa - < Lsa .
)
= o =
Sy s |_\ )
- Ly . T/ UL Ly
[ %)
&

length of threaded end
length of glain end

Figure 6 — Test piece B

in mm
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Table 3 — Dimensions of test pieces A and B

Values in millimetres

Diameter of the | Thread type for | Thread length | Diameter d, for | Threaded test Test piece B,
parallel length | threaded test plain ends piece A, parallel length
pieces total length
d Lg L;
6+0,1 M10 13 8 46 18
8+0,1 M12 16 10 53 24
1p+0,1 M16 20 12 63 30
12,5+0,1 M20 24 15 73 36,5
1p+0,1 M24 30 20 87 48
2p+0,1 M30 36 23 102 60
26+£0,1 M36 44 30 119 75
3+£0,1 M45 55 40 143 96
Lp > Lgjto suit the clamping device.
The row in bold indicates the preferred dimensions for the test pieces.
The cr¢ss-sectional area S shall be calculated.
9.2 BPBrinell hardness test

The Bfinell hardness test, if required, shall be carried out at an agreed position on the casting, in
accordance with the requirements of ISO 6506-1.

If it i not possible to use the Brinell test method in accordance with ISO 6506-1, alfernative test
methods may be used, which shall have cgrrelated values with Brinell hardness.

9.3 (raphite structure

The gifaphite structure, if required, shall be determined in accordance with ISO 945-1.

9.4 Alternative test'procedures

If agreed betweem)the manufacturer and the purchaser, alternative test procedures, which give
equivdlent result$for tensile strength, Brinell hardness and graphite structure, may be uged.

10 Retests

10.1 Need for retests
Retests shall be carried out if a test is not valid (see 10.2).

Retests are permitted 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 one or more of the following conditions applies:
a) afaulty mounting of the test piece or defective operation of the test machine;

b) adefective test piece because of incorrect pouring or incorrect machining;

© IS0 2019 - All rights reserved 13
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c) acasting

In the above ¢

defect in the test piece, evident after fracture.

ases, a new test piece shall be taken from the same sample or from a duplicate sample cast

at the same time. The result of the retest shall be substituted for the result of the invalid test.

10.3 Nonconforming test results

If any test gives results which do not conform to the specified requirements, for reasons other than
those given in 10.2, the manufacturer shall have the option to conduct retests. If the manufacturer

conducts rete

sts, two retests shall be carried out for each failed test.

If the results of both retests meet the specified requirements, the material shall be deemed to conform

to this docum

If the results

not to conform to this document.

10.4 Heat ta

There shall b4
such heat tred

ent.

fone or both retests fail to meet the specified requirements, the material shallbe deemed

reatment of samples and castings

no heat treatment of castings that were not ordered with heat treatment specified, junless
itment is agreed by the purchaser prior to the shipment of castings.

14
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Annex A
(informative)
Information on mechanical and physical properties in addition to
that given in Tables 1 and 2

Information on mechanical properties is given in Table A.1.

Infornlnation on physical properties is given in Table A.2.
Table A.1 — Mechanical properties in separately cast test pieces with 30 mm‘as-cast diameter
Material designation
ISO 185/ | ISO 185/ | ISO 185/ | ISO 185/ (_1SO 185/ | ISO 185/ | ISO 185/
Chardcteristic | Symbol | SI-unit | JL/150 JL/200 JL/225 JL/250 JL/275 JL/3Q0 JL/350
Matrix structure
ferritic/ .
pearlitic pearlitic
Tensilg R MPa 150 to 200 to 22540 250 to 275 to 300 fo 350 to
strengtth m 250 300 325 350 375 40(1 450
0,1 % proof R MPa 98 to 130 to 150 to 165 to 180 to 195 1]0 228 to
strengfth p0,1 165 195 210 228 245 260 285
Compression MPa 600 720 780 840 900 960 1080
strengfth
0,1%
compression MPa 195 260 290 325 360 390 455
proof §trength
Bendin 270to 345to 380 to 415 to 450 to 480 fo 540 to
stren t%l MPa 455 520 550 580 610 640 690
§ @,82xR)|(1,73xR,)[(1,69xR,) | (1,66 xR, )| (1,63 xR, )| (1,60 xR )| (1,54 x R_)
Shear ptrength MPa 170 230 260 290 320 345 400
Torsiopal MPa 170 230 260 290 320 345 400
strengfth
Modulpis of 7 GPa 78 to 88 to 95 to 103 to 105 to 108 fo 123 to
elastidity 103 113 115 118 128 137 143
Poissop's ratie v — 0,26 0,26 0,26 0,26 0,26 0,24 0,26
Bendine Ftidue 70 to 90 to 105 to 115to 125 to 140 fo 160 to
g'Lg J MPa 115 140 150 160 170 18 205
Stren h (O AL Rl (NAc R Y(NAc RN (NAc R Y(NAc R (NAC 04’6XR
{046+ RI 046 R 046 RIH{0:46- R {046 R HB:46R ) | (0, )
Fatigue limit
under reversed 50 to 70 to 75 to 85 to 95 to 100 to 120 to
tension- MPa 85 100 110 120 130 135 155
compression (0,34xR_)[(0,34xR,))[(0,34xR)|(0,34xR_)|(0,34%xR)|(0,34xR)[(0,34xR,;)
stresses
Torsional 55to 75 to 85 to 95 to 105 to 115 to 135to
fatigue MPa 95 115 125 135 140 150 170
strength (0,38xR,)[(0,38xR)[(0,38xR)|(0,38xR,)[(0,38xR)|(0,38xR)|(0,38xR)

When there are special requirements relating to machinability or magnetic properties, then ISO 185/JL/100 may
be used. The required properties can be obtained by means of a structure-changing heat-treatment process.
[SO 185/]JL/100 is not cited in Table A.1.
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Table A.2 — Physical properties in separately cast test pieces with 30 mm as-cast diameter

Characteristic| Symbol | SI-unit Material designation?
ISO 185/ |1S0 185/ |1SO 185/ |1SO 185/ | ISO 185/ |1SO 185/ | ISO 185/
JL/150 | JL/200 | JL/225 | JL/250 | JL/275 | JL/300 | JL/350
Density P kg/dm3 7,10 7,15 7,15 7,20 7,20 7,25 7,30
Specific heat
capacity
between
20 °C c J/(kgK) 460
and 200 °C
between
20 °C 535
and 600 °C
Linear expan-
sion coefficiert
between
-100 °C 10,0
and +20 °C a pum/(m-K)
between
20 °C 11,7
and 200 °C
between
20 °C 13,0
and 400 °C
Thermal
conductivity
at 100 °C 52,5 50,0 49,0 48,5 48,0 47,5 45,5
at 200 °C A W/(m-K) 51,0 49,0 48,0 47,5 47,0 46,0 445
at 300 °C 50,0 48,0 47,0 46,5 46,0 45,0 43,5
at 400 °C 49,0 47,0 46,0 45,0 44,5 44,0 42,0
at 500 °C 48,5 46,0 45,0 44,5 43,5 43,0 41,5
Resistivity p Q-mm?2/m 0,80 0,77 0,75 0,73 0,72 0,70 ,67
Coercivity H, A/m 560 to 720
Maximum per
meability
at ToOm U wHym 220 to 330
temperature
Hysteresis 3
losses atB = 11T J/m 2500to0 3000
When there arg special requirements relating to machinability or magnetic properties, then ISO 185/]L/100 may ble used.

The required properties can be obtained by means of a structure-changing heat-treatment process. ISO 185/JL/100 is not

cited in Table A.2.
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Annex B
(informative)

Additional information on the relationship between hardness and
tensile strength of grey cast irons

B.1 (General

Hardnless and tensile strength, as well as modulus of elasticity and the modulus of-rigiditly of grey cast
iron of a given grade, are approximately related to each other. In most cases, an incréase in the value of
one prjoperty results in an increase in the values of other properties. Grey castirons nafurally divide
into a family or series of grades having different relative hardness (RH) or tensile-strength-to-hardness
(T/H) [ratios. This annex briefly discusses RH and T/H for grey cast irons:

B.2 Relative hardness
The following empirical relationship between Brinell hardness {HBW) and tensile strength R, exists:

HEW =RHx (A+BxR,)

Commjonly accepted values for the constants are:

— AE 100

— BE044

where|lRH is the relative hardness.

RH hag been found to vary between 0,8 and 1,2 (see Figure B.1).

The factor RH is influencedsmiainly by the raw materials, the melting process and the jmetallurgical
working method. Withinie foundry, these influences can be maintained nearly constapt. Therefore,
the manufacturer can ifidicate both hardness and the corresponding tensile strength.

B.3 Tensile-strength-to-hardness ratio

Tensilg-stréngth-to-hardness (T/H) ratios are regulated by the eutectic graphite cont¢nt, up to the

eutectlic-composition shown in Figure B.2, with carbon equivalent (CE) as the graphife parameter.
Using Foarcilo ctvrangth 10 MDA A d PDrinall hardnnce 10 TIPDIA +hn T /L vwatine ~f gurnyg cnct 1 hs range from

CCTISTIC Ot gt i YT o oo DT rCIT o Gt oS T ITD vy, cic— I/ I TauoS OrgTCy CastIr o

approximately 0,8 to 1,4.

NOTE Brinell hardness in HBW can be converted to MPa by multiplying the HBW value times the
gravitational constant: MPa = HBW x 9,806 65. Using hardness in MPa makes T/H ratio truly dimensionless, with
the T/H ratios of grey cast irons in a range from approximately 0,082 to 0,143.

T/H ratio continues to decline as CE increases above the eutectic, but at a much smaller and less
predictable rate. Constant T/H lines in Figure B.2 are essentially lines of constant graphite effect on
mechanical properties. Properties sensitive to both graphite and matrix, such as bulk tensile strength
and bulk hardness, vary in constant proportionality to each other and to their matrix counterparts
(matrix tensile strength and matrix hardness) along constant T/H lines. Elastic modulus and damping
capacity vary mainly with graphite and are, therefore, highly uniform along the constant T/H lines.
Because these lines are also lines of constant eutectic graphite and carbon equivalent — the most

© IS0 2019 - All rights reserved 17
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important castability parameters — they are logical grade lines for foundry control as well as for
mechanical property control.

Y
350 RH
1,2
300 /// 1,1
RH\ // 1,0
D50 /’ / ; 0,9
0,8
P00 ???/
150 ? ? e
HBW
/ ki = 100 +(0)44 x R.,)
100
100 150 200 250 300 350 200 X

Key
X  tensile strength, (R,,), in MPa
Y  Brinell hafdness, HBW

RH relative hgrdness

Figure B.1 +— Relative hardness relationship between Brinell hardness and tensile strength of
grey castirons
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X Btinell hardness

Y tepsile strength

a2  Inkreasing CE, decreasing T/H.
b Eytectic.

Figure B.2 — Tensile-strength-to-Brinell hardness relationship (T/H ratio) of gre)

y castirons
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Annex C
(informative)
Additional information on the relationship between tensile
strength, hardness and wall thickness of grey iron castings

Table C.1 and Figure C.1 provide additional general information on the expected relationship between

the minimun{ tensile strength and relevant wall thickness of grey iron castings. Figure C.Z prjvides
information dn the average Brinell hardness and relevant wall thickness of castings.
Not all castings can be produced in any material hardness grade given in Table 2 for any réelevapt wall
thickness, anfl this is reflected in Figure C.2. To meet the requirements of any hardiness range} more
than one material grade can be used, depending on the relevant wall thickness invelved.
This illustrat¢s the importance of reaching an agreement between the manufacturer and the purfhaser
on the specifjcation of the hardness required in castings, and also the location where a hardnefs test
should be carfied out.
Table C.1 —|Anticipated tensile strength in grey iron castings based on relevant wall thickness
Relevant wall thickness TensﬂeRstrength
t . . m .
Matterial designation anticipated values in the casting
mm MPa
< >
1SO 185/JL/100 5 40 —
2,5 5 165
5 10 150
10 20 135
ISO 185/JL/150 20 40 115
40 80 100
80 150 90
150 300 —
2,5 5 220
5 10 200
10 20 180
1SO 185/J/200 20 40 155
40 80 135
80 150 120
150 300 —
5 10 —
10 20 225
20 40 205
1SO 185/JL/225
40 80 175
80 150 155
150 300 140
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Table C.1 (continued)
Relevant wall thickness TensﬂeRstrength
t - m . .
Material designation anticipated values in the casting
mm MPa
> < =
10 250
10 20 225
20 40 195
1SO 185/JL/250
49 80 170
80 150 160  pD
150 300 155 )\
10 20 250
20 40 215
1SO 185/JL/275 40 80 5 190
80 150 &Y 180
\J
150 300 & 170
10 20 » 270
20 40 N\ 235
IS0 185/JL/300 40 80,V 210
80 150 195
150 | 53300 185
10 5 20 315
20 & 40 275
IS0 185/JL/350 40 80 240
(8o 150 220
N 150 300 210
O\
&
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