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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 proced

4. ISO shall not be held responsible for identifying any or all such patent rights. Det

on the ISO ligt of patent declarations received (see www.iso.org/patents).

Any trade ngme used in this document is information given for the convéniéence of users and do
constitute ar} endorsement.
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br the
ith the

ect of
hils of

ights identified during the development of the document will be in the Introduction and/or

S not

For an explanation on the meaning of ISO specific terms and-expressions related to conformity

assessment, [as well as information about ISO’s adherence to the WTO principles in the Tecl
Barriers to Trade (TBT) see the following URL: Foreword - Supplementary information

The committlee responsible for this document is ISO/TC 44; Welding and allied processes, Subcomr
SC 3, Welding consumables.

This third edition cancels and replaces the.second edition (ISO 1071:2003), which has
technically rlevised.
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Introduction

This International Standard classifies welding consumables for fusion welding of various types of
unalloyed cast irons.

Appli

cations for welding consumables classified to this International Standard:

— production welding, that means welding of cast materials during the process of production. In that
way, the quality of the casting shall be ensured in accordance with the guaranteed properties and
to the requirements of the application;

|
~

|
<

The fpllowing methods are used for the welding of cast irons:

|
c

This

comppsition of welding rods and wire electrodes, as wellras the all-weld metal of the cq
covergd electrodes and tubular cored electrodes, is sintilar.

Additjonally, to the welding consumables specified in this International Standard,
classiffied to other standards can be used (see Annex A).

o I =

lgw preheating is required.

Epalr welding oI Castings wiich are damaged during service;

sing a welding consumable which produces a weld metal similar_to the parent
Ireheating is required (typical temperature range 550 °C to 650 °C);

sing a welding consumable which produces a weld metal dissimilar to the parent met

nternational Standard contains different types of welding consumables because

elding for construction purposes where cast irons are joined to themselves or €o,other ferrous or
npn-ferrous metals.

metal. High

hl. No or only

the chemical
rresponding

consumables
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Welding consumables — Covered electrodes, wires, rods
and tubular cored electrodes for fusion welding of cast
iron — Classification

1 S

cope

This |
metal
with

irons
depos

2 N
The f

indispensable for its application. For dated references, only the"edition cited applies.

referg

ISO 5
produ

[SO 2
ISO 6
SO 11
[SO 8

3 (lassification

3.1

For w
Table

a) T
b) T

nternational Standard specifies requirements for classification of covered electrodg
arc welding, wire electrodes for metal arc welding, tubular cored electrodes for met3
ind without a gas shield, rods for TIG-welding, and rods for oxy-fuel gas welding-of u
Classification is based on the chemical composition of wires and rods andrenthe a
it for tubular cored and covered electrodes.

ormative references

bllowing documents, in whole or in part, are normatively referenced in this docur

nces, the latest edition of the referenced document (including any amendments) app

44, Welding consumables — Technical delivery conditions for filler materials and flux
ct, dimensions, tolerances and markings

01, Covered electrodes — Determination of theiefficiency, metal recovery and depositig
B47, Welding consumables — Deposition of a' weld metal pad for chemical analysis
1175, Welding consumables — Gases and gas mixtures for fusion welding and allied proc

D000-1:2009, Quantities and unijts—— Part 1: General. Corrected by ISO 80000-1:2009/

Wire electrodes and rods

ire electrodes and rods classified in accordance with their chemical composition (se
3), the classification is divided into three parts.

he firstpart gives a symbol indicating the product to be identified.

he-second part indicates the type of alloy (C for castiron).

s for manual
larc welding
nalloyed cast
l-weld metal

hent and are
For undated
ies.

es — Type of

n coefficient

esses

Cor 1:2011

c) The third part gives a symbol indicating the chemical composition of the wire electrode or of the rod.

3.2

Tubular cored electrodes

For tubular cored electrodes classified in accordance with the all-weld metal chemical composition
produced with an appropriate shielding gas, the classification is divided into four parts.

a T
b) T
‘)

d T

he first part gives a symbol indicating the product to be identified.

he second part indicates the type of alloy (C for cast iron).

he fourth part gives a symbol indicating the shielding gas.

© ISO 2015 - All rights reserved
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3.3 Covered electrodes

For covered electrodes classified in accordance with the all-weld metal chemical composition, the
classification is based on an electrode diameter of 4 mm. The classification is divided into four parts.

a) The first part gives a symbol indicating the product to be identified.
b) The second part indicates the type of alloy (C for castiron).
c) The third part gives a symbol indicating the chemical composition of the all-weld metal.

d) The fourth part gives a symbol indicating the effective electrode efficiency and the type of current.

3.4 Tubular cored and covered electrodes

The following classification of tubular cored and covered electrodes is split into two sections.

a) Compulsory section b) Optional section

This section ncludes the symbol for the type of This section includes the symbol for the effective
product, typ¢ of alloy, the chemical composition, electrode efficiency and/or type of current for
and the shielding gas as defined in 4.1, 4.2, 4.3, which the consumableis suitable as defined in
and 4.4. 4.5.

The full designation (see examples in Clause 10) shall be used on packages and in the manufacturer’s
literature and data sheets.

4 Symbols and requirements

4.1 Symbols for the product form
The symbol for the covered electrode shall be thé letter E.

The symbol|for the solid wire and rod shall be the letter S and the symbol for the tubular pored
wire shall bg T.

The symbol for the cast rod shall be R.

4.2 Symbol for the type ofalloy

The symbol (Jas the second’symbol shall be used to indicate the welding of castiron as the main applidation.

4.3 Symbol for the’chemical composition

4.3.1 General

The symbols in Table 2 and Table 3 indicate the chemical composition of rods and wire electrodes,
as well as the chemical composition of the all-weld metal of covered electrodes and tubular cored
electrodes in accordance with Clause 6.

A distinction has to be made between consumables producing similar and dissimilar weld metal.

4.3.2 Consumables producing similar weld metal

The consumables in this group are classified in accordance with the alloy type in Table 1. The symbols
in Table 2 indicate the chemical composition of similar rods and similar all-weld metal of covered
electrodes and tubular cored electrodes. The description of each consumable and examples for their
application are given in Annex A.

2 © IS0 2015 - All rights reserved
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Table 1 — Welding consumables producing weld metal similar to parent metal

Symbol Microstructure Product forma

FeC-1b lamellar graphite E,R
FeC-2¢ lamellar graphite E, T
FeC-3 lamellar graphite ET
FeC-4 lamellar graphite R
FeC-5 lamellar graphite R
FeC-GF ferritic microstructure, spheroidal graphite E, T
feC-GP1 pearlitic microstructure, spheroidal graphite R
FeC-GP2 pearlitic microstructure, spheroidal graphite ENT

a bee 4.1.

b Covered electrode with core rod of cast iron.

c Covered electrode with core rod of unalloyed steel.

4.3.3| Consumables producing dissimilar weld metal

The cpnsumables in this group are classified in accordance with~the chemical compositiop of the wire
electijode or of the all-weld metal of the covered electrodes@nd of the tubular cored electrode (see
Table|3). The description of each consumable and examples for their application are given |n Annex A.

4.4 (Symbol for shielding gas (tubular cored electrode)

The symbols for shielding gases shall be in accordance with ISO 14175 except that the symbol NO shall
be usgd for non-gas shielded tubular cored electrodes.

© ISO 2015 - All rights reserved
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4.5 Symbols for effective electrode efficiency and type of current (covered electrode)

The symbol in Table 4 indicates the effective electrode efficiency in accordance with ISO 2401 and the
type of current.

Table 4 — Symbol for effective electrode efficiency and type of current

Symbol Effective electrode Type of currenta
efficiency %

1 <105 a.c.and d.c.

Z <105 d.c.

3 >105 <125 a.c.and d.c.

4 >105<125 d.c.

5 >125<160 a.c.and d.c:

6 >125<160 d.c.

7 >160 a.c.and’d.c.

8 >160 d.c.

9 b a.c.and d.c.

0 b d.c.
a In order to demonstrate operability on alternating‘current, tests shall be carried out
with no load voltage not higher than 65 V.
b Not required.

5 Mechanical tests

The npechanical properties of the all-weld-mretal are not part of the classification.
NOTE[1  The mechanical properties and the microstructure of similar weld metal largely coijrespond with
those pof the parent metal. They mainly depend on, for example, preheating, thermal conditions diiring welding,

and cqoling rate. The indication ofrcemipulsory mechanical properties is not possible.
NOTE[2  The tensile test is-used to describe the mechanical properties of the dissimilar all-w¢ld metal. It is
perfoiimed with all-weld metal(as welded) in accordance with ISO 15792-1:2000/Amd:2011, type 1.3.

6 (hemical analysis

The chemicalanalysis of rod/wire electrodes shall be performed on samples of the producf or the stock
from whichsitis made.

The chemical analysis of covered electrodes and tubular cored electrodes shall be performed on any
suitable all-weld metal test specimen. In case of dispute, the test specimen specified in ISO 6847
shall be used.

The test results shall meet the requirements of Table 2 or Table 3 for the classification under test.
Any analytical technique can be used, but in case of dispute, reference shall be made to established
published methods (see Refererences [1],[2], and [3]).

7 Rounding procedure

For the purposes of determining compliance with the requirements of this International Standard,
the actual test values obtained shall be subject to ISO 80000-1:2009, B.3, Rule A. If the measured
values are obtained by equipment calibrated in units other than those of this International Standard,
the measured values shall be converted to the units of this International Standard before rounding.

© IS0 2015 - All rights reserved 7
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If an arithmetic average value is to be compared to the requirements of this International Standard,
rounding shall be done only after calculating the arithmetic average. If the test method cited in Clause 2
contains instructions for rounding that conflict with the instructions of this International Standard,
the rounding requirements of the test method standard shall apply. The rounded results shall fulfil the
requirements of the appropriate table for the classification under test.

8 Retests

If the results of any test fail to meet the requirement, that test shall be repeated twice. The results of
both retests shall meet the requirement. Specimens for retest could be taken from the original test

assemb]y or from a new test nqcpmhly using parent metals of the same type \Alp]ding consumables from
the same profduction lot, and the same welding procedure as used for the first test assembly. For ¢hgmical
analysis, ret¢st need be only for those specific elements that failed to meet the test requirement.
If the resultp of one or both retests fail to meet the requirement, the material under.test shpll be
considered as not meeting the requirements of this specification for that classificatiof
In the event that during preparation or after completion of any test it is cléarly determined that
prescribed gqr proper procedures were not followed in preparing the weldZtest assembly of test
specimen(s) pr in conducting the test, the test shall be considered invalid witheut regard to whethpr the
test was actyally completed or whether the test results met or failed to meet the requirement. Thft test
shall be repgated following proper prescribed procedures. In this case,the requirement for doyibling
the number ¢f test specimens does not apply.
9 Technigal delivery conditions
The technicdl delivery conditions shall meet the requirements in ISO 544. The requirements for the
cast rod and|for the covered electrode with cast core red'shall be defined separately.
10 Designation
The designatfion of the consumables shallfollow the principle given in the examples below.
EXAMPLE 1 | A castrod for oxy-fuel gas'welding (R) with a chemical composition within the limits for the alloy
symbol FeC-1 pf Table 2 is designated as\fellows:

Castrod ISO 1071 - R CFeC-1
EXAMPLE 2 | A wire electrode for gas shielded metal arc welding (S) with a chemical composition witHin the
limits for the 4lloy symbol-NiFe-2 of Table 3 is designated as follows:

Wire el¢ctrodeISO 1071 - S C NiFe-2
EXAMPLE3 | A tubular cored electrode for gas shielded metal arc weldmg (T) deposits an all weld metcl with
a chemical co a ] 1lunder

mixed gas (M21). The deSIgnatlon w1ll be:

Tubular
EXAMPLE 4

gas (NO). The
Tubular

EXAMPLE 5

cored electrode ISO 1071 - T C NiFe-1 M21

A tubular cored electrode for metal arc welding (T) deposits an all-weld metal with a chemical
composition within the limits for the alloy symbol FeC-2 of Table 2. The electrode was tested without a shielding

designation will be:

cored electrode ISO 1071 - T C FeC-2 NO

A covered electrode for manual metal arc welding (E) deposits all-weld metal with a chemical
composition within the limits for the alloy symbol NiFe-1 of Table 3. The electrode can be used with alternating
current or direct current and has an effective electrode efficiency of 120 % (3). The designation will be:

Covered electrode ISO 1071 - E C NiFe-1 3
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EXAMPLE 6 A wire electrode for gas shielded metal arc welding (S) with a chemical composition 78 % Ni,
20 % Fe, and 0,8 % Ti. The designation will be:

Wire electrode ISO 1071 - S CZ NiFe20Ti
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Annex A
(informative)

Description of the consumable

A.1 General

In the followjing, each consumable for unalloyed cast irons is described and examples for the,irit¢nded
applications pf the different alloy types are given.

A.2 Similar weld metal

A.2.1 FeC-ql

Consumableg of this alloy type are used as cast welding rods and as covered electrodes with caslt core
rods of grey|cast iron with lamellar graphite. The rods for oxy-fuel gastwelding can be bare of thin
covered with flux. The covering of the electrodes is basic-graphitic. Thevall-weld metal consists of grey
cast iron with lamellar graphite.

Preferred application: Welding of grey cast irons.

A.2.2 FeC-R

Consumable$ of this alloy type are used as basic-graphitic covered electrodes and as self-shjelded
tubular cordd electrodes. The core rod and the tube respectively consist of unalloyed steel. The
consumableq produce a weld metal of grey cast.iton with lamellar graphite.

Preferred application: Welding of grey cast irons.

A.2.3 FeCB

Consumable$ of this alloy type-are used as basic-graphitic covered electrodes and as self-shjelded
tubular coredl electrodes. The-Core rod consists of the alternative of grey cast iron or of unalloyed|steel.
The consumgbles produce aweld metal of grey cast iron with lamellar graphite.

Preferred application; Welding of grey cast irons.

A.2.4 FeC-

Consumables of’this type are cast welding rods used for oxy-fuel gas welding of grey cast iron with
lamellar graphite. This rod will melt before the cast grey iron and will flow very well. A separate iron
oxide flux could be needed to obtain sound weld metal. Properly made welds match the properties of
low strength grey iron in the 150 MPa to 250 MPa range including colour of grey cast iron. Such welds
are generally machinable unless iron phosphides have formed due to insufficient dilution of the weld
rod with enough base metal.

A.2.5 FeC-5

Consumables of this low-alloy type are cast iron welding rods used for oxy-fuel gas welding of medium-
strength grey cast iron. Properly made welds with these rods develop higher strength than those of the
FeC-4 type and are suitable for grey castiron in the range of 250 MPa to 300 MPa. The deposit generally
remains more machinable since iron phosphides do not form even in undiluted weld metal.
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A.2.6 FeC-GP1

Consumables of this low-alloy type are cast iron welding rods used for oxy-fuel gas welding of
spheroidal graphite cast irons and grey irons. Properly made, most of the graphite in the weld deposit
is spheroidal unless the welder’s technique has oxidized the Mg and Ce additions from the filler rod.
The deposit has improved ductility as compared to the deposits made with FeC-4 and FeC-5 type rods
and improves even more with post weld heat treatment. Matching strength to nodular iron of 400 MPa
tensile strength is possible.

A.2.7 FeC-GF and FeC-GP2

Consrables—of-this—aHoy—typearetsedasbastc-praphiticeovered—eleetredes—and—asyself-shielded
tubulpr cored electrodes. The core rod and the tube respectively consist of unalloyed steel. The
consymables produce a weld metal of cast iron with spheroidal graphite. Depeniding on thermal
conditions and chemical composition, the type FeC-GF has a mainly ferritic microstructure and the
type FeC-GP2 mainly a pearlitic microstructure.

Prefefred application: Welding of cast irons with spheroidal graphite®and neutrpl tempered
malleable cast irons.

A.3 |Dissimilar weld metal

A.3.]‘l Fe-1

Consymables of this alloy type are used as covered electrodes. They have a special covering and they
are syitable for one-layer surfacing on corroded or scaled castirons to get a good fusion with the parent
metal. This type of electrode is not suited for fillerdayers because of the risk of hardening.

Basic|covered electrodes in accordance with ISO 2560, wire electrodes in accordance with ISO 14341,
and tyibular cored electrodes in accordance with ISO 17632 can be used for welding of mallepble castiron
with & ferritic surface area. Consumables(producing a weld metal of low strength should be preferred.

A3.2 St

Consymables of this alloy type‘are covered non-alloy steel electrodes, the covering of whifh has a very
low mjelting temperature, as well as solid wires and rods or tubular electrodes. They are pjfimarily used
for repair of small pits and\cracks in cast iron. The weld deposit due to carbon pickup from|the castiron
tends|to become largely martensite and is machinable only by grinding.

A.3.3 Fe-2

Consymablesiefthis alloy type are used as covered electrodes and as tubular cored electrofes. The core
rod and thetube respectively consist of unalloyed steel. The covering and the core respectfively contain
carbidle=producing elements. By welding of cast iron, the microstructure of the first layer will be ferritic
with mrehearbideAsecarbencombineswith-the-earbide-producingelementstoe-mueh-hardening by
formation of martensite is avoided.

Preferred application: Surfacing of grey and nodular cast irons and malleable cast irons. Buffer layers
on aged cast irons will produce a good fusion to the parent metal.

A.3.4 Ni-Cl

Consumables of this alloy type are used as covered electrodes, wire electrodes, wires, and rods. They
deposit a high nickel alloy containing some graphite. Single pass weld deposits on cast iron are more
ductile and machinable than deposits from nickel-iron electrodes and rods, but are less resistant to hot
cracking due to high phosphorus in the castiron.
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