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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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INTERNATIONAL STANDARD ISO 16468:2015(E)

Investment castings (steel, nickel alloys and cobalt
alloys) — General technical requirements

1 Scope

This International Standard specifies technical requirements for castings (steel, nickel alloys, and
cobaftattoys)produced by the Investment-tasting Process: T Te Htermationat Stamdards specifying
metdllurgical material requirements for steel, nickel alloy, and cobalt alloy casting gradésfre listed in
the Hibliography.

The [requirements stated in this International Standard form an integral(patt of the material
specification. In cases of conflict, the requirements of this specification také precederlce over the
individual material specification requirements.

2 Normative references

The following documents, in whole or in part, are normatively\referenced in this docunjent and are
indigpensable for its application. For dated references, only the edition cited applies. For undated
referfences, the latest edition of the referenced document (in¢cluding any amendments) applies.

ISO 4986, Steel castings — Magnetic particle inspection

[SO 4987, Steel castings — Liquid penetrant inspection

ISO 4990, Steel castings — General technical delivery requirements
ISO 4992-1, Steel castings — Ultrasonic examination — Part 1: Steel castings for general purppses

[S0 4992-2, Steel castings — Ultrasonic.examination — Part 2: Steel castings for highly stressed components
IS0 4993, Steel castings — Radiegraphic inspection

ISO 4506-1, Metallic materials— Brinell hardness test — Part 1: Test method
ISO §507-1, Metallic materials — Vickers hardness test — Part 1: Test method

ISO $508-1, Metallic/materials — Rockwell hardness test — Part 1: Test method (scales A,|B, C, D, E, F,
G HI|K, N, T)

ISO 10474, Steel and steel products — Inspection documents

ISO 11970, Specification and approval of welding procedures for production welding of steel cdstings

ISO 13520, Determination of ferrite content in austenitic stainless steel castings

3 Terms and definitions

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

31

primary heat

master

mother heat

melt

quantity of metal processed in a single furnace or refining vessel at one time, in such a manner, as to
produce the desired composition and properties

© IS0 2015 - All rights reserved 1
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3.2
sub-heat
melt
production

:2015(E)

heat

daughter heat

portion of a

3.3

primary heat remelted for pouring into castings

investment casting

lost wax ca

sting

metal casting that is produced in a ceramic shell or mould using an expendable pattern

Note 1 to entyy: The expendable pattern may consist of wax, plastics, or other material, and is removed‘prfor to
filling the mduld with liquid metal.

4 Materials and manufacture

4.1 Melting process

Primary heats shall be made by the electric furnace process, with or without separate refining,|such
as argon-oxygen-decarburization (AOD), vacuum-oxygen-decarburizatien (VOD), vacuum-indudtion-
melting (VIM), etc., unless otherwise specified in the individual specifigation or agreed upon between
the purchager and manufacturer. Primary heats may be used..difectly for producing castings or
converted ifto ingot, bar, shot, or other suitable form, for later remelting as a sub-heat.

4.2 Remglting process

Sub-heats shall be produced from primary-heat metal\# suitable batch sizes by an electric indugtion
furnace, with or without atmosphere protection, such,as vacuum or inert gas, unless otherwise spedified
in the individual specification or agreed upon between the purchaser and manufacturer. Revert (gates,
sprues, risers, and rejected castings) shall not.be remelted except in primary heats. Additions of pp to
5 %, by masf, are permitted for compositioriabadjustments and deoxidation.

5 Inspegtion and testing

5.1 General requirements

The general| requirements\for inspection and testing shall be in accordance with ISO 4990, except as
described ir] 5.2.

5.2 Sampling

5.2.1 If castiigsare-poured-directhrfromoneor-moreprimary-heats—thenthe samplesfor-ehemical

and other required testing shall also be poured directly from each of the primary heats.

5.2.2 Unless otherwise specified by the purchaser, test blocks may be taken from castings, may be cast
integrally with the castings, or may be cast in separate moulds of the same type and materials as those
used for the castings. Samples for the determination of the chemical composition may be cast in other

types of mould.

5.2.3 If castings are poured from a sub-heat, then the samples for chemical and other required
shall also be poured from a sub-heat of the same primary melt, but not necessarily from the same

tests
sub-

melt as the castings. The sub-melt used for the test samples shall be produced using the same practices

and additions as used for the castings.

© ISO 2015 - All rights reserved
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5.2.4 Examples of test blocks which may be used for mechanical testing are shown in Figure 1, except
when 10.14 is specified. The test block in Figure 1 d) may be employed only for austenitic alloy castings
with a ruling thickness less than 65 mm.

Dimensions in millimetres
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Figure 1 — Test blocks
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6 Retests

In addition to the requirements of ISO 4990, if any specimen shows defective machining or develops

flaws, it may be discarded and another specimen substituted from the same primary heat.

7 Cleani

ng and dressing

Allthe castings shall be cleaned and dressed sufficiently to determine compliance with the requirements
of Clause 8. Additional dressing may be agreed at the time of the enquiry and order.

If the pattern-is anp]md hy the pnrr‘hncpr aris prndnr‘pd using a die cnpp]lpd hy the pnrr‘hncp

- the

dimensions

8 Qualit

8.1 Visual

of the casting shall be as produced by the pattern or die.

y

standards for acceptance shall be agreed between the purchaser™and manufact

ISO 11971 may be used to specify visual surface standards. Other surface conditions shall meet the yj

acceptance §
and their rej

8.2 When

9 Produ

Production

10 Supple

10.1 Gene

One or more
and order. 4
supplement
the enquiry

10.2 Agreq

At the time ¢

10.3 Magn

tandards specified in the order. Unacceptable visual surface discontinhuities shall be rem
moval verified by visual examination.

additional inspection is desired, 10.3, 10.4, 10.5, 10.6, or 40.7 may be specified.

ction welds

lvelding shall be in accordance with the requiréments of ISO 11970.

rmentary requirements

ral

urer.
isual
oved

A\dditional supplementary. requirements may also be found in ISO 4990. Details of
hry requirements shall be agreed upon by the manufacturer and purchaser at the ti
and order. The spegified tests shall be carried out before delivery of the castings.

2d manufacturing procedure

fenquiryand order, the purchaser may require prior approval of the manufacturing prg

etic particle inspection

of the following supplementary requirements may be applied when specified in the enI-\uiry

hese
e of

cess.

Castings shall be inspected for surface and near-surface discontinuities by magnetic particle
inspection. The inspection shall be in accordance with ISO 4986. The extent of inspection and the basis
for acceptance shall be agreed upon between the manufacturer and the purchaser.

10.4 Radiographic inspection

Castings shall be inspected for internal defects by means of X-rays or gamma rays. The procedure shall
be in accordance with ISO 4993. The extent of inspection and the basis for acceptance shall be agreed
upon between the manufacturer and purchaser.
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10.5 Liquid penetrant inspection

Castings shall be inspected for surface discontinuities by means of liquid penetrant inspection. The
inspection shall be in accordance with ISO 4987. Areas to be inspected, methods and types of liquid
penetrants to be used, developing procedure, and the basis for acceptance shall be agreed upon between
the manufacturer and purchaser.

10.6 Ultrasonic inspection

Castings shall be inspected for internal defects by means of ultrasonic inspection. The procedure shall
be in accordance with ISO 4992-1 or ISO 4992-2. The extent of inspection and the basis for acceptance
shalllbe agreed upon between the manufacturer and purchaser.

10.7| Inspection of weld preparation

Surfaces prepared for welding shall be inspected, using the same methods an@g:acceptance criteria as
specified for the casting, to verify removal of discontinuities.

10.8 Prior agreement relating to major finishing welds

The requirements related to major finishing welds shall be in accordance with ISO 4990.

10.9 Impact test at low temperatures

The tequirements related to the impact test at low temperatures shall be in accordance with ISO 4990.
10.1j0 Hardness test

10.10.1Brinell

Bringll hardness tests at specified lpcations of the castings shall be carried out in accordance with
ISO §506-1, and shall be reported.

10.1D.2Rockwell

Rockwell hardness tests at)specified locations of the castings shall be carried out in accopdance with
[SO 4508-1, and shall betéported.

10.1D.3Vickers

Vickers hardness tests at specified locations of the castings shall be carried out in accordance with
ISO §507-1yand shall be reported.

10.

L ol 1L L. L . L | r'n L £ L i 1 .
1 Spt:l,lllt:u ITITIWC 1dIIgC IIT dUSLTIIIUC dIIU dUSLTIIIUC ICTTTIUC SUAIIIITSS SIEC S

[y

10.11.1 The chemical composition of the melt shall be controlled such that the ferrite content,
as determined by the chemical composition procedure of ISO 13520, shall be in conformance with the
specified ferrite content range.

10.11.2 The specified ferrite content shall be as agreed upon between the manufacturer and the
purchaser. If both minimum and maximum ferrite contents are specified, the minimum specified range of
ferrite content shall be 10 %. The minimum specified ferrite content shall not be lower than the percent
necessary to achieve the minimum mechanical properties required for the alloy.

© IS0 2015 - All rights reserved 9
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10.11.3

enquiry.
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Should the purchaser wish to have the ferrite content determined by either the magnetic
response or metallographic methods, the purchaser should impose these requirements at the time of the

10.12 Unspecified elements

Chemical analysis and limits for elements not specified for the grade ordered shall be as agreed upon
between the manufacturer and purchaser.

10.13 Test material removed from castings

In addition {
casting. Thej
and purchag

10.14 Ten

10.14.1
separate shd

10.14.2
limits for th

o the tests required by the material specification, test material shall be removed ffor
properties and location of the test material shall be agreed upon between the manufac
er.

sile test blocks and specimen locations for castings

Test blocks may be cast integrally with the shell in which the castings are produced
1ls. Test blocks shall be heat treated together with the castings they'represent.

The dimensions of the test block, the number and locations of the specimens, an
e mechanical properties shall be agreed upon between themanufacturer and purchasen

10.15 Weld maps (sketches)

The require

10.16 Che

The frequen

10.17 Ten

The frequen

10.18 Insy

Documents

10.19 Marn

The casting]

ents related to weld maps shall be in accordance with ISO 4990.

mical analysis — Testing frequency

cy of chemical analysis shall be as:a@greed upon between the purchaser and manufacty

sile test — Testing frequéncy

cy of tensile tests shall beyas agreed upon between the purchaser and manufacturer.

)ection documents
for specific inspéction and testing shall be supplied in accordance with ISO 10474.
king

5 shall be marked for identification, or traceability, or both. The content of the ma

and the me

n the
furer

or in

1 the

rer.

'king

h the

hod of m:\rlﬂ'ng, inr‘]nding ci’7p’ ]nr‘:\finn, and cfy]t:k’ shall he as ngrﬂnr‘] upon betwee

purchaser and the producer.

10.20 Decarburization

A casting or block shall be evaluated for the degree and depth of decarburization. The test method,
location and preparation of samples, and the basis for acceptance shall be agreed upon between the
purchaser and manufacturer.

10.21 Metallurgical cleanliness

10.21.1

10

The details of the method for inspection and the basis for acceptance shall be agreed
upon between the purchaser and manufacturer.
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