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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
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rnmental, in liaison with ISO, also take part in the work. ISO collaborates closely with'th
nal Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

nal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’2.

task of technical committees is to prepare International Standards. Draft International Standarg
by the technical committees are circulated to the member bodies for voting:\Publication as 2
nal Standard requires approval by at least 75 % of the member bodies castinga-vote.

ional circumstances, when a technical committee has collected data-of -a different kind from th
normally published as an International Standard (“state of the art”, for.example), it may decide by
pjority vote of its participating members to publish a Technical Report. A Technical Report is entire
e in nature and does not have to be reviewed until the data 4t provides are considered to be 1
id or useful.

is drawn to the possibility that some of the elements of this document may be the subject of pate
D shall not be held responsible for identifying any or all;such patent rights.

ISO/TR 1

ISO/TR 1

—  Part

—  Part

0809-2 was prepared by Technical Committee ISQ/TC 25, Cast irons and pig irons.
0809 consists of the following parts, under the' general title Cast irons:
1. Materials and properties for design

2: Welding
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Introduction

Cast irons can be successfully welded, see References [4], [9], [10], [16], [17] in the Bibl
A precondition is that the welding is done professionally and with care.

iography.

t[isntendedthatattwetdingof the different tastirom typesandgrades with themsetves or wittroth
aterials should be done by trained personnel, in accordance with appropriate standards and
ocedures.

o 3

Technological advances in welding methods have contributed to a change of attitude with ‘regard t
bn castings.

=

The designer needs to understand that the conditions/parameters which might\need to be con
welding is to be carried out by a suitable welding process for either production.érrepair depend upon

— the cast iron material,

— the expected quality level of the weld,
— the casting shape and size,

— the welding application,

— the welded joint, and

— the filler metal(s), if required

nd European Standards [1], [2], [3], [5]\in the Bibliography.

Efonomic considerations should.be-taken into account when deciding on the suitability of welding a g

tq be agreed at the time-of ordering between manufacturer and purchaser.

P

st irons.

Q

This part ofISO/TR 10809 gives design engineers knowledge as to whether or not it is possible toj
nmany typés and grades of cast iron standardized in a number of international cast iron material stand

pr ferrous
approved

b welding

sidered if

Advancement of the state-of-the-art in welding of cast iron materials has been incorporated into Int¢rnational
a

asting.

Ak an important precondition;-the weld of the casting or the constructive unit should satisfy the reqlirements

DTE Currently;-thé best knowledge and most experience exist for malleable cast irons and spheroidal graphite

weld the
ards

© 1SO 2011 — All rights reserved


https://standardsiso.com/api/?name=b5212f7bfe7202851d16a5e4dd586ff5



https://standardsiso.com/api/?name=b5212f7bfe7202851d16a5e4dd586ff5

T

ECHNICAL REPORT ISO/TR 10809-2:2011(E)

Cast irons —

Part 2:
Welding

Q C

S I B Y

—

=

re
th

[V

PORTANT — The electronic file of this document contains colours which are cconsidergd to be

eful for the correct understanding of the document. Users should therefore consider prir
pcument using a colour printer.

Scope

he purpose of this part of ISO/TR 10809 is to assist the design engineer to understand and t
nowledge of how the family of cast iron materials can be weldedand to utilize this technology
jvantage in selecting the most appropriate technique for a particular cast iron. Because the app

ting this

D acquire
to its full
ication of

elding technology and the metallurgical implications of welding are not scientific disciplines normdlly taught

engineering students, such users often have limited knowledge of the fundamentals underpinnin
chnology for cast irons. This part of ISO/TR 10809 explains'what can be achieved, what cannot be
nd why. It is not designed to be a textbook of welding technology. It helps users to select
bpropriate welding process and conditions for a specifi¢’application.

his part of ISO/TR 10809 covers production (in¢luding finishing and joint welding) and repair welding.

Metallurgy

he temperatures which occur during welding dissolve the graphite present in the liquid metall
epending on the carbon saturation of the melt and cooling rate of the weld, either martensi
deburite is formed. In the cgase of ledeburite, it is formed in the molten areas after a very short tim
40 ms). Therefore, it is practically impossible to avoid the formation of ledeburite.

pth martensite and.ledeburite are very hard and brittle. They prevent deformation under load
achining of the-weéld and enhance the formation of welding cracks, unless suitable counter-mea
ken.

ith the dpplication of appropriate welding processes (e.g. pressure-welding processes), ledeburif
moved{otally from the welding groove, and the formation of martensite can be avoided by either p
e welding area or the whole casting. They can be completely removed or minimized if appropriate

j welding
achieved
the most

¢ matrix.
te and/or
e interval

, impede
sures are

e can be
reheating
bost-weld

hnealing procedures are followed. To achieve these conditions, the material-specific interreld

tionships

between the base material and the weld material should be converted into production parameters, so as to
allow targeted and process-safe settings for the weld-seam characteristics.

The following major welding parameters/control variables are available.

a) Pre-heat temperature: To avoid martensite formation, the weld area should be pre-h
temperatures above the start temperature of martensite transformation. Pre-heating will not prevent the

formation of ledeburite.

b) Heat input: should be as low as possible during welding.

©

ISO 2011 — All rights reserved
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c) Welding speed: will vary depending upon the welding procedure applied and the chemical composition of
the cast iron type and grade.

d) Cooling curve: In principle, the required cooling curve can be determined from the time-transition-
temperature (TTT) diagram relevant to the cast iron material. For instance, continuously controlled
cooling according to the appropriate TTT diagram can prevent the formation of martensite, e.g. in a flash-
welding machine. When manual welding methods are used, the cooling rate is influenced by the selected
pre-heating temperature.

e) Welding procedure/welding parameter: for automated procedures.

f)  Filleq metal: When manual or mechanized welding-arc processes are used, the filler metal is matchgd
against the requirements of the weld or welded joint. This depends upon whether the welding process |is
carried out with homogeneous, semi-homogeneous or non-homogeneous filler metal. No filler-metals afe
needed for the pressure-welding processes described later in the text.

g) Postiweld heat treatment: Measures can be undertaken to remove undesirable structures;’such as:
— martensite which can be removed by a sub-critical anneal (tempering);
— |edeburite which can only be removed by a graphitization anneal at austenitizing temperature.

However]| these control parameters are not independent of each other and.have to be coordinated with the
welding grocedure applied.

3 Terms and definitions
For the plrposes of this document, the following terms and:definitions apply.

3.1
productipn welding
any welding carried out during manufacturing before final delivery to the end user

NOTE Production welding includes finishing-welding and joint welding.

3.141
finishing welding
production welding carried out inorder to ensure the agreed quality of the casting

EXAMPLE Finishing welding is the elimination of discontinuities at the surface, e.g. gas pores, sand/slag inclusions,
unacceptdble shrinkage cavities or cracks that impair the usability of the casting or substantially disturb the appearance jof
the casting, and which ‘therefore have to be removed during production and before the casting is delivered to the
customer.

3.1.2
joint welding
production welding used to assemble components together as an integral unit

EXAMPLE Joint welding is used when a casting is to be joined to another casting or component, e.g. sheet metal or
steel profile, to form a complex constructive unit. Welding is part of the manufacturing process and can either be carried
out in the foundry itself or at the facility of the processing subcontractor.

3.2
repair welding
welding carried out after final delivery of the casting to the end user

EXAMPLE A broken machine-column casting is causing substantial downtime and financial loss for the user. It
would take too long to procure a new casting and delay production for an unacceptably long time period. Repair welding of
the broken casting could solve the problem more quickly and economically.

2 © 1SO 2011 — Al rights reserved
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4 Suitable welding processes

41 General
Five classes of welding process are described in the following subclauses:
— arcwelding, see 4.3.2,4.3.3,4.4.2,44.3,4.4.4,45,4.6,4.8.2;

— beam welding, see 4.7,

— resistance welding, see 4.8.1;

- oxy-acetylene gas welding, see 4.2;

— welding with pressure, see 4.8.1, 4.8.2, 4.8.3.

NOTE ISO 4063[%4] categorizes the welding process by a number. In this part of ISO/TR)10809, the numb
td the welding-process follows the title of the clause.

2 Oxy-acetylene gas welding (311)

4

The oxy-acetylene gas welding process uses a manually operated flame as the heat source. Thq
energized by a gaseous fuel mix of oxygen and acetylene, the oxygen being mixed with the acetyle
t

process, especially that of providing a protective shield against,thé ambient atmosphere.
Homogeneous welding rods should preferably be used for oxy-acetylene welding with large outpy
having a neutral to slightly reduced flame setting. Fluxes designed to give a neutral atmosphere tha
okidation and re-dissolve the oxides formed during, pre-heating are either integrated into the weldin
g
D

ooves as a covering, or they are added separately. But also non-homogeneous filler metals ar
ata on mechanical properties of welds can be\found in Reference [8] in the Bibliography.

4|3 Arc welding (1)

4|3.1 General

he process uses electrically"generated welding heat with either homogeneous, semi-homogeneou
bmogeneous filler rods to(make the weld.

> -

he electrical arc has-acore temperature of between 5 300 K and 6 000 K. The arc is struck bet
irface of the comporent to be welded and the consumable filler rod.

|

The coating on'the electrode has several uses:

— protection against the atmosphere; the droplets of metal in the arc are protected by a cover
protective gas;

er relating

flame is
ne inside

He burner. The flame is characterized by a two-stage combustion process which enhances thg welding

t burners
t prevent
g rods as
b utilized.

S Or non-

ween the

bf slag or

——easterignitionofthe—are:

— solid arc by ionization of the air column;

— alloying of the weld deposit;

— covering of the weld seam during cooling;

— increasing the deposition rate by adding iron powder;

— modification of the welding characteristic for such properties as current, polarity, weld shape, ba
amperage.

© 1SO 2011 — All rights reserved
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Manual arc welding is the preferred procedure using covered electrodes (see 1ISO 1071[2]) with a pure nickel
or nickel-iron core wire. Data on mechanical properties can be found in Reference [8] in the Bibliography. For
certain applications, Ni-Cu, Cu-Al and Cu-Sn alloys have been used successfully.

The welding parameters chosen should ensure a narrow heat-affected zone with small amounts of hard
structure. Interconnected martensitic and/or ledeburitic transition and heat-affected zones are particularly
unfavourable as they induce residual stresses in the casting. Island-like distribution induces less stress in the
welded area of the casting. Residual stress can be minimized by adopting some or all of the following
measures, see Reference [15] in the Bibliography:

— holding the electrode vertically.

4.3.2 tal arc welding with covered electrodes (111)

In order {o fill the weld as quickly as possible and to maintain a constant pre-heating temperature as far gs
possible,|metal arc welding with large-diameter covered electrodes.in conjunction with a high current (up fo
1 500 A) Js chosen. For welding spheroidal graphite cast irons, the covered electrodes can consist of a corgd
rod of spheroidal graphite cast iron or steel. When a steel rod is;,used, carbon and silicon as well as elements
required for spheroidal graphite formation, such as magnesium, cerium or other rare earths are added from
the weld|rod coating. Spheroidal graphite cast-iron rodswsed for oxy-acetylene welding can also be usefl.
Since thg magnesium contained in these rods, which is‘¢equired for spheroidization, is prone to evaporate jn
the arc, povered electrodes or unalloyed core wires are preferred to reduce the susceptibility to graphite
degenerdtion. An overview of the requirements for’welding materials and the design of welding rods and
covered ¢lectrodes can be found in Reference [2]in the Bibliography.

4.3.3 Self-shielded tubular-cored arc welding (114)
Due to the outside cover and the length of the electrodes, limits have to be set for manual metal arc welding
concerning the degree of mechanization and, with it, the possible improved efficiency. Continuously fed
electrodep offer essential increased efficiency.
Suitable elding processes.are

— gas-$hielded metal*arc welding with bare electrodes, and

— submerged.arc welding with bare electrodes.

The following self-shielded tubular-cored electrodes are the state-of-the-art:

— self-shielded tubular-cored wire electrodes used with or without gas protection. When welding without gas
protection, the slag formers are positioned in the middle of the electrode wire. An excess of deoxidizer
should be present;

— gas-shielded (CO,) with bare wire electrodes.
Metal arc welding with flux-cored wire electrodes is gaining more and more in importance for economic
reasons, because the process can be automated. The process has a high weld-metal recovery and provides

numerous alloying possibilities. Since high pre-heating temperatures can cause thermal distortion, self-
shielding flux-cored wires are used instead of shielding gas.

4 © 1SO 2011 — Al rights reserved
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4.4 Gas-shielded metal arc welding (13/14)

441 General
The TIG (Tungsten Inert Gas), MIG (Metal Inert Gas) and MAG (Metal Active Gas) processes have special

advantages by welding with non-homogeneous filler metal, due to the high energy density of their gas-
shielded arcs and the associated narrow heat-affected zone.

4.4.2 Tungsten inert gas welding — (TIG welding) (141)

he arc burns between the unconsumed tungsten electrode and the work piece under the protec‘ion of an
ert gas. This protective gas flows through a gas jet and protects the electrode and the weld against air
gress. Inert gases, such as Argon (Ar) and Helium (He), or mixtures of both gases, protect the|tungsten
ectrode. Oxidizing protection gases, e.g. O, or CO,, cannot be used. However, whem welding certain
etals, small percentages of H, are sometimes added. The process lends itself to part;or full mechanization
th or without filler metal welding. Welding rods or wire are normally added with the-power off.

$3055

4/4.3 Metal inert gas welding — (MIG welding) (131/132/133)

Ak a general rule, the arc burns between a positive consumable welding-wire and the work piecg under a
s{reaming inert gas inside an inert gas jacket. The protection gases ‘aré the same as those usef for TIG
elding. Inert gases, even with the high temperature of the arc, do mot react with the weld. MIG welding is
litable for the welding of Aluminium (Al) and Magnesium (Mg) and their alloys.

2

The MIG/MAG processes can be used for joint welding, and when they are automated, it is possiljle to use
Hem for large-scale joint-welding production. The MIG/MAG processes are increasingly used for hard facing
repair welding), finishing welding and general repair welding. By reducing the heat input through thel adoption
short-arc and impulse technology, extremely narrow"heat-affected zones result, with improved mechanical
operties as shown in Reference [9] in the Bibliography. The main shielding gas used is argon. Tdday, only
all amounts of CO, are recommended for MAG welding. A higher CO, content is considered prpblematic
th regard to its oxidizing effect on magnesium'and, as a possible consequence, the degeneration of graphite
n cast iron.

—_

=< 0o O

4/4.4 Metal active gas welding -+ (MAG welding) (135/136/138)

ompared to MIG welding, thetenly difference in the welding process is that the inert gas is replaced|by active
hses such as CO,, mixtures_of either Ar and CO, or Ar, CO, and O,. The same welding equipment is used
r both MIG and MAG welding. The arc burns with the protection of an active gas between the cophsumable
elding wire and the work piece. When using equal current and voltage, the protection gases have|an effect
n the arc shape, thé\ength of the arc and the upper and lower welding beads.

o = 3@ O

n

gure 1 illustrates” the bending fatigue strength of un-welded and welded ferritic (left picture) and pearlitic
right picture)/spheroidal graphite cast iron. These results are quite well in accordance with the results of
ackheart.malleable cast irons of the same strength category (References [10], [11] in the Bibliography).

o=

4|5 Submerged arc welding (12)

Submerged arc welding is a masked arc welding process. The arc burns between the consumable wire
electrode and the work piece. The arc is protected by a loosely (not fixed) filled granular, easily fluxed powder.
Sparks and spatter are prevented by this technique. The powder protects the weld pool against air ingress,
avoids abrupt cooling, shapes the weld and assists gas emission from the weld metal. It also has a
metallurgical influence on the chemical composition of the weld metal.

Submerged arc welding, electro-slag welding with solid or flux-cored wire, cast welding or liquid metal welding
are mainly used for repair welding of large castings.

© 1SO 2011 — All rights reserved 5
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Figure 1 — Bending fatigue strength of un-welded and welded ferritic (left) and
pearlitic (right) spheroidal graphite castiron

s reproduced by permission of Bundesverband der Deutschen Giesserei-Industrie, Dusseldorf.

sma arc welding with or without filler metal(15)

elding is operated by a heavily heated gas -consisting of molecules, atoms, ions and electrons. It
ectrically neutral.

rent arc arrangements are used, an;auxiliary arc and an assigned arc. The auxiliary arc is used
assigned arc. The auxiliary arc is.ihduced by high-frequency current. If the assigned arc is ignitg
auxiliary arc extinguishes. The assigned arc burns between a non-consumptive thoriated tungste
and the work piece. A water<€ooled strangling copper injector is the anode and a Ti-electrode is th
The plasma gas is blowr into the annulus collector between the anode and the cathode. The C
ffects a lateral contraction of the arc, thus an improvement of power density and accordingly 3
of temperature of the-ptasma beam. Adjustments allow the process to be used for either welding

na arc joint welding, in addition to the plasma gas, a second gas stream (99,95 % Ar) is used in ord
the weld-pool against atmospheric interference.

madarcwelding equipment uses a third gas stream, the focussing gas (Ar + He, Ar + Hy, Ar + N,) f
compressing of the plasma stream outside the strangling injector.

is

Plasma welding with or without filler metal is mostly an application-orientated procedure, e.g. for pipe joints

(see Figu

re 2).

© 1SO 2011 — All rights reserved
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T

—HOo O

th

Figure 2 — Plasma welded joint between a centrifugal casting tube and
a spheroidal graphite cast iron (JS) flange

gure 2 is reproduced by permission of Bundesverband der Deutschen Giesserei-Industrie, Dusseld

7 Electron beam welding (511)

hen energy conservation is sought, electron beam welding' should be considered as an alternativ:
ethod (Reference [10] in the Bibliography). Electron beam welding has a very favourable heat inpuf
thout filler metal showed unsatisfactory results. However, by adding a nickel inlay, the hardened

elding will very probably remain limited to certain special applications.
8 Pressure welding processes (4)

8.1 Flash welding (24)

balescence of the base material. Flash welding is a resistance pressure-welding process. The wel
generated by resistance-heating directly in the welding unit by induced current. The parts are r
essed together, such that the contact faces are heated by the flashing (sometimes referred to as
e welding current: The process is reversed (repeated) until the energy at the contact faces is su
Chieve continuous flashing.

uring the flashing phase, “fusing contacts” develop where the ends of the electrically charged
ought together. The extremely high current created in the transition zone quickly heats and melts
he high-resistance caused by insufficient compressing of the contact faces increases the depositi
e weld. Vapour pressure builds up on the weld surface as a result of metal evaporating in some a

DIf.

b welding
Welding
zones in

e area of parent metal were reduced to a minimum. Due to the procedural complexity, electjon beam

ressure welding processes-‘use the application of heat and pressure to give macro-deformation and

ding heat
bpeatedly
arcing) of
fficient to

parts are
he metal.
bn rate of
eas. Due

td

vapour pressure, liquid metal is thrown out of the welding gap, creating a “shielding gas atmasp

here” that

keeps the atmospheric oxygen away from the weld. The flashing process is continued until the required
welding temperature is reached. Then the machine control starts the upsetting process, followed by switching
off the electric current.

Large, thick-walled castings are usually welded after pre-heating. Thin-walled castings do not normally require
“reversing”. The process is then called flash welding without pre-heating, or “cold flash welding”.

Modern welding machines can provide a resistance post-weld heat treatment while the parts are still in the
machine, thus avoiding intermediate cooling with the potential risk of creating martensitic structures prone to
cracks.

©
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The flash-welding process is divided into the following steps:

— initial flashing to produce parallel surfaces;

— flashing to generate sufficient heat for the upsetting operation;

— upsetting to compress two surfaces to form the joint and press out ledeburite from the weld zone;

— controlled cooling, post-weld, to prevent the formation of martensite and to produce the required structure
(References [12], [13]. [14] and [40] in the Bibliography)

Figures 12, 14 and 15 illustrate the process sequences and the process monitoring (see 6.1.2.2).

4.8.2 Magnetically impelled arc welding (185)

Welding With a magnetically impelled arc, sometimes referred to as Magnetarc™ welding, isan” arc pressurg-
welding pgrocess that makes use of the fact that an arc can be deflected in various directions by a controlled
magnetic|field. Depending on the direction and intensity of the magnetic field, the arc can-be rotated around ifs
own axis| or programmed to take an elliptic shape of varying current density. In most cases, the electric afc
moves bgtween two tubes.

Welding (s carried out with fully mechanized or automated welding equipment. The work pieces are centred
and clamped in the machine, and the arc is struck as soon as the two faces 16 be joined touch. The arc is then
rotated between the abutting faces with increasing speed, thereby melting them. Direct current is used for thiis
welding grocess. The rotational speed is between 30 m/s and 150 m/s, depending on the strength of current
magnetic|field and shielding gas used, which equals a rotational, frequency of between 200 Hz and 2 000 Hg.
After a predetermined period of time, the two components are pressed together, and then the welding current
is switched off.

Phase-1:InitialposkionT Phase-2:lgnkionT]

| Shielding-gas-is-awitched on-and-
then-the welding-current{

B Tvuo v th-pieces-are-clamped(f
E-Wnrk-piece;-are-br-:nught*t-:ngethe :

By fi-pieces are-mowved-apart-to
create-3-defined-gapf

B |gnition: of the: ardf]

Phase3:-Heating Phase-4:-Wekling-process |

M. The-surface fused-faces are-
pressed-togetherby-means of-
squeezing-forcef]

B R otation-of-th e-arg, by-means-of
a-magnetic-coil-systemf]

- B Consistent-he ating-ofthe

abuttingfaces]]

| Shielding-gas, -magneticcoil-and-

Figure 3 — Successive process steps of magnetically impelled arc welding

Figure 3 is reproduced by permission of KUKA Systems GmbH Industrial Solutions, Augsburg.
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Examples of the ranges of the process parameters:

— Strength of current: 200 A to 1 200 A — Upsetting force: 0,5 kN to 450 kN
— Welding time: 0,3sto5s — Magnetic field: 100 G to 500 G
— Length of arc: 1,5 mm to 3 mm — Shielding gas: Mainly CO,

4.8.3 Friction welding (42)

riction welding belongs to the group of hot pressure-welding processes. Heat generated by friction.que to the
glative motion of the contact faces allows joining under a compressive load. Here a distinction_ is necessary

o N

between conventional- and inertia-friction welding. During conventional-friction welding, powerfyl electric
motors accelerate and stop the rotating component. During inertia-friction welding, the applied thermial energy
ig supplied by the mass and speed of the flywheel.

Friction welding can be successfully achieved by using the right combination.and sequence df contact
ptessure and/or number of revolutions during welding. State-of-the-art control.systems are used to provide a
practically unlimited choice of pressure/speed curves. Changes in pressure or speed can bel planned
continuously or step by step. Typically, speeds range from approximately 500 to 3 000 r/min, with pressures
varying between 20 N'mm2 and 100 N/mm2. When the joining faces“have been heated sufficigntly, the
qtational movement of the friction spindle is decelerated abruptly to<start the upsetting phase, ang the two
bris to be joined are forged together. Upsetting may be effected either while the spindle is still rotatjng with a
bfined speed, or into the spindle. The upsetting pressures applied are generally above the friction pressures
beded to create the friction.

3 QT 3

1

gure 4 shows the successive process steps of friction welding.

Phase 1: Two pieces are clamped, rotation of one
work piece

b) Phase 2: Heating: Two work pieces are
pressed together with force F (frictign force)
Rotation » and force Iy generate friction; the
surfaces to be welded are heated

C) Phase 37 Welding: Rotation of the work piece
is slowed down (selectable deceleration time),
joining by increased force F),, upsetting force

Figure 4 — Process phases of friction welding

Figure 4 is reproduced by permission of KUKA Systems GmbH Industrial Solutions, Augsburg.
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Rotationa

| symmetry is an important design consideration for friction welded components. Non-rotationally

symmetrical parts can be joined with minimum angular deviation, but the process is not recommended.

The advantages of friction welding include the following:

— frictio

— joinin

n welding allows successful joining of most dissimilar materials;

g two identical materials is usually possible without any limitation in the wall thickness, i.e. up to the

full cross-section;

—  thew

elding times are short and range between 10 s and 30 s:

— nofil

A significant restriction is that friction welding of dissimilar materials is often limited to hollow profiles. Other

restrictior

— for dast-iron materials, the wall thickness is limited by the need to squeeze out the-ledeburite formed
durirlg the process, see 6.1 2.

Defining
Parametsd
and throy
evaluateq

Proces

Assgmbly contact Preftiction phasa phase  phase

b b s _| ________________________ e l‘r
n F rotational speed

s ¥ travel

er metal is required for welding.

s to friction welding include the following:

process parameters is more complex compared to welding with an \input of electric energy.
rs are based on carefully established, extensive data banks and experiehce gained over many yeafs
gh numerous trials. Machine and process reproducibility requires process parameters to be logged,
and documented by appropriate control systems, which can range\from simple analogue systems

Friction welding - Process sequences - Procedure
s sequences Spheroidal graphite cast iron / Stegl'with constant rotational speed

Friction Upsetting

p = pressure

Assgmbly contact Lpsetting

Process sequences Steel / Steel with constant rotational speed  © - "/E/ding time

Prefriction phase Friction phase

o o i e —— — — —— — — —" — — —— — ——— — T— —

— e e

as shown in Figure 5 to fully graphic, computer-based systems as shown in Figure 6.

Figu

Figure 5i

10

re 5 — Time curve of process parameters of speed =, friction/upsetting pressure p, travel s

s reproduced by permission of KUKA Systems GmbH Industrial Solutions, Augsburg.
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Figure 6 — Friction welding — Process monitoring with PC-based fully graphic systen

n

gure 6 is reproduced by permission of KUKA Systems GmbH Industrial Solutiohs, Augsburg.

4|19 Other welding processes

(@)

ther welding processes are cast welding and liquid metal welding:
in the Bibliography);
— liquid metal welding: welding with additionaluse of a metal arc welding process (Reference

Bibliography).

5/ Suitable welding procedures

pd

DTE The specification of the requirement class and selection of the assessment group is the basis for th
{ the suitable welding procedureland any special conditions or considerations that apply (Reference [
bliography). The following ,subclauses 5.1 to 5.4 give information on the suitable welding procedures
amples related to the welding/of cast irons.

® WO

a

1 Welding with-homogeneous filler metal

Homogeneous'filler metal comprises any filler which results in a deposited metal with the sam
icrostructure’ as the parent metal (Reference [2] in the Bibliography).

3

3

atrix‘containing graphite.

gure 7~shows an example of a cast-iron weldment produced with homogeneous filler metal, i.q.

— cast welding: welding by pouring liquid metal into a spé&cially prepared groove in a casting (Reférence [1]

[1] in the

b selection
1] in the
and show

b type of

an iron

© 1SO 2011 — All rights reserved
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Figure 7
of a
Fe-C-§
onadJS

Figures 7

To preve
be pre-h
range fro
cast iron.
in the tah
form a m
needs to
material s

Suitable
— self-

— man

— oxy-dacetylene gas welding;

— cast
— liquig

In all five

— Microstructure of the transition zone Figure 8 — Typical microstructure of a
weld produced with a homogeneous transition zone of a non-homogeneous weld g
i filler metal (right side of photograph) a spheroidal graphite‘cast-iron grade
400-15 casting (left side of photograph) 1ISO1083/JS/400-15 (left)

material with Ni-Fefiller metal (right) (see 5.3
and 8 are reproduced by permission of Siempelkamp Giesserei GmbH, Krefeld.

nt the formation of martensite and/or bainite, the entire casting (in some cases just the weld) shou
pated. Pre-heating has the same effect as delayed cooling. The pre-heating temperature shou
M 400 °C to 700 °C (References [6] and [7] in the Bibliography), depending on the type and grade
During welding, the working temperature should be{monitored and maintained within the limits givg
les in Clause 7. An increased working temperature and the small solidification interval of cast iror
uch higher risk of the weld pool collapsing:. I such circumstances, a weld-pool backing suppd
be used. If necessary, heat treatment can-be carried out after welding to produce the requirg
tructure and the casting should be sufficiently slow cooled to reduce residual stress.

velding processes used with homogeneous filler metals are
bhielded tubular-cored arc welding with wire electrodes without gas protection,

hal metal arc welding with.covered electrodes,

welding, and
metal welding.

cases, welding should be carried out with the greatest possible heat input.

Suitable welding consumables should be chosen from those given in 1ISO 1071[2],

Homogeneous welding rods should be used for oxy-acetylene welding with large output burners having a
neutral to slightly reduced flame setting. Fluxes designed to give a neutral atmosphere that prevent oxidation
and re-dissolve the oxides formed during pre-heating are either integrated into the welding rods as grooves,
as a covering, or they are added separately.

Solution annealing heat treatment can also then be necessary if additional elongation properties are required
(Reference [7] in the Bibliography).

12
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5.2 Welding with semi-homogeneous filler metal

Semi-homogeneous filler metal is any filler metal which results in a deposited metal with a steel-type
microstructure, i.e. without any graphite being present (Reference [2] in the Bibliography). Welding with semi-

homogeneous filler metal is only suitable for malleable cast irons and spheroidal graphite cast irons.

Some authors report on the use of steel electrodes for spheroidal graphite cast irons (Reference [28] in the
Bibliography). To avoid cracks in the weld transition area, the weld temperature parameters need to be
controlled and kept within close limits. Martensite should be removed by annealing to produce highly ductile
welded joints. Pre-heating temperatures of 250 °C to 550 °C can considerably reduce the formation of

martensite after welding. Reference [8] in the Bibliography contains typical mechanical properties.

5|3 Welding with non-homogeneous filler metal

Al non-homogeneous filler metal is any filler metal which results in a deposited-weld metd
icrostructure that differs from the parent metal (Reference [2] in the Bibliography).

3

(@)

uitable welding processes are as follows:

— Manual metal arc welding with covered electrodes and filler metals Wwith pure nickel or nickel
(For certain applications Ni/Al, Cu/Al, Cu/Sn alloys have successfullybeen used);

— Tungsten Inert Gas welding (TIG);
— Metal Inert Gas welding (MIG);
— Metal Active Gas welding (MAG).

elding with non-homogeneous filler metals, such as the high-nickel materials, produces a wej
icrostructure that differs from the parent metal (Reference [2] in the Bibliography) i.e. the matri
Igrgely free from iron. In this case, the obvious-distinguishing feature compared to that of a homogen
metal is the difference in colour between the’austenitic filler metal and the parent metal. In the diluf
tHe nickel-based filler metal picks up ironfrom the parent metal to form nickel martensite. During soli
carbon precipitates in the form of small:graphite spherulites, which results in a reduction of residual s
tq the increase in volume caused by-the precipitation of graphite. The weld remains tough. Shot pe
wield while hot can even create ‘advantageous compressive stresses that minimize the risk of resid
frbm the welding procedure.

3 <

The typical microstructure’ of the transition zone of a non-homogeneous weld of an 1SO1083/J
aterial with Ni-Fe filleDmetal is shown in Figure 8, see 5.1.

3

pr nickel-based weld metal, there is normally no need to pre-heat the casting. For welding procedu
gher energysdensity, such as gas-shielded metal arc welding or manual arc welding with larger
ameters,{phe-heating to 100 °C to 250 °C is recommended. The continuous martensitic seam caus
gher specific heat input can thus be avoided but not the nickel martensite in the fusion zone or the |
brmally surrounding the graphite spherulites [see Figures 9 a), 9 b) and 9 ¢)].

5 J3Q I3 T

| with a

ron wire.

Id with a

may be
bous filler
ion zone,
dification,
tress due
ening the
hal stress

S$/400-15

es with a
electrode
ed by the
edeburite

© 1SO 2011 — All rights reserved

13


https://standardsiso.com/api/?name=b5212f7bfe7202851d16a5e4dd586ff5

ISO/TR 10809-2:2011(E)

o

N
\ T

a)

graphi
Ni-Cu
Trans

Figure 9

The high
continuoy
annealing
welding ¢
layers ca

The slow
increaseq
tendency
produces

tran}ition zone of spheroidal transition zone of spheroidal pass weld: Influenced by the

Welding structure of a b) Welding structure of a c) Welding structure of a multi-

e cast iron welded with a graphite cast iron welded welding heat the ledeburite isles

iller metal, not preheated: with a Fe-Ni filler metal, of the lower layers have been

tion zone with ledeburite preheated to 350\°C: transformed to pearlite and tiny

and Ni-martensite Transition zone with spherulites with surrounding
Ledeburite andcNi-Martensite ferrite

Figure 9 — Welded structurés-with spheroidal graphite cast iron

s reproduced by permission of Geerg.Fischer Automotive AG, Schaffhausen.

br the heat input, the larger-the ledeburite islands which, in extreme cases, can expand to form|a
s seam. Because ledeburite has practically no deformability and only decomposes at high
temperatures and longer annealing times, the lowest possible heat input should be applied when
raphite containing.€ast iron with non-homogeneous filler metal. For multi-layer welding, the upp
N have a heat-treatment effect upon the lower ones [see Figure 9 c)].

N4
=

U
=

er solidification rate of thick-walled cast irons results in fewer, but larger graphite inclusions. The

distance between the graphite inclusions prevents the ledeburite islands from merging. The
to form-a ductile melting line is therefore higher than in thin-walled castings, which consequently
welds/with a reduced risk of brittle fracture, even without post-heat treatment.

Cast iron

WITth a Terric matrixX IS easier 10 wela than cast Iron With a peariitic matrix. 1Tnis 1S because, In a

ferritic matrix, the carbon within the austenite responsible for hardening first has to be re-dissolved from the
nodules, which takes time and thus makes the process less critical.

14
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5.4 Welding without filler metal

Welding without filler metal involves the application of pressure to the welded joint. The usual processes are
as follows:

— flash welding;
— magnetically impelled arc welding;

— friction welding

These processes have proved to be successful for welding spheroidal graphite cast iron to spheroiddl graphite
cast iron or spheroidal graphite cast iron to steel. All three processes have the following threefcharacieristics:

— They do not require the use of a filler metal. The weld is created by upsetting the-jeining surfages at the
end of the welding process, which results in a homogeneous or semi-homogeneous-weldment.

—t+ During the application of pressure, any unwanted ledeburite formed during’welding is squeezed from the
joint surface into the bulge, where it no longer affects the force progression. The ledeburite can be
removed completely by machining the bulge before the welded compaonént is processed.

— All three processes can be automated, which makes each of them suitable for high-volume progluction of

safety critical parts, e.g. for the automotive industry. The pratess parameters can be monitorel and the
results recorded for process control purposes.

6] Examples of welding of cast irons

[<}]

1 Welding of spheroidal graphite cast iron

[<2)

1.1 Finishing welding

6/1.1.1  Finishing welding with homogeneous filler metal

n

gure 10 shows an example «©of finishing welding with homogeneous filler metal on a 9-cylinder grankcase
ade of spheroidal graphite cast iron ISO1083/JS/450-10U.

3

he defect was situated in"such a position that the housing had to be pre-heated in an upright pogition to a
aximum temperaturé’ of 700 °C in the welding area. Electrical resistance annealing elemehts were
psitioned systematically by numerous control circuits. The difficulty was to guarantee a sufficiently high
elding temperature and also to avoid distortion by the dead weight of the casting. The chosen welding
ocess used>was metal arc welding with a flux-cored wire electrode. The entire welding progess was
ipervised\by'a third-party registered assessor.

nwo sT 3 -

n

gure 7 (see 5.1) shows the typical structure of a spheroidal graphite cast iron 1SO1083/JS/400-18 welded
with’a homogeneous filler metal.
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Weight:
Measures

Figure

Figure 10

6.1.1.2

Figure 11
crankcas
23 tonne

A mouldi
degree o
testing dg

A typical
shown in

~63t
10x3x25m

L
o

rankcase prepared for pre-heating

10 — Finishing welding of large iron castings 9-cylind§.
eight of 10 m

and welding in an upright position 3{6

is reproduced by permission of Siempelkamp Gieg&@i GmbH, Krefeld.

S

Finishing welding with non-homogeneouﬁ\filler metal

e made of spheroidal graphite ¢ “jron 1SO1083/JS/400-18U. The casting weighs approximatel

b
shows an example of finishingaég\elgbg with non-homogeneous filler metal, viz. an 18-cylind
5, its sizeis 7 x 2 x2m.

g sand inclusion through t@ﬁsting wall was closed by MAG-welding. This process required a hig

manded by the purch@r.

microstructure @\@heroidal graphite cast iron welded with non-homogeneous Ni-Fe filler metal
Figure 8 (se@.

\e
¥
N

skill and technical experﬁsp. Sound material was detected after surface inspection and radiographi

is

)

16
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n

T

Igrge-scale production:

Figure 11 — Finishing welding at the 18-cylinder engine block

gure 11 is reproduced by permission of Siempelkamp Giesserei GmbH;-Krefeld.

1.2 Joint welding

1.21 General

bns. To ensure satisfactory outcomes, the welding process, the wall thickness, the properties requir
irchaser, the structure of the weld, the welding,conditions and parameters should be considered ar
Don.

he following subclauses describe the.application of joint-welding techniques to the welding of s
pability requirements have to be tmet. The three examples show that spheroidal graphite cast-iror
n be joint welded and subjected to high loads in safety constructions and the process can be cost
he examples describe threéiseparate joint-welding techniques: flash welding (bus axle), ma
pelled arc welding (trailing‘arm) and friction welding (front axle body).

he following aspects-should be taken into consideration when choosing a suitable joint-welding prog

- economy,d.e-"mainly short process times (includes welding and post-welding heat treatment);

- process/capability, i.e. mechanized or automated welding procedures such as these provide ¢
weld quality of the components.

| welding processes and associated filler metals arécsuitable for joint welding of spheroidal graphite cast

ed by the
d agreed

pheroidal

aphite cast iron on examples taken:ffom applications in the automotive industry in which specified process

castings
effective.
gnetically

edure for

onsistent

T

helong decomposition times of ledeburite oppose economic requirements. This means that sque

ezing the

ledeburite out of the welding gap at the end of the so-called pressure-welding process has cost implications
and that this process is especially cost effective and metallurgically suitable. Moreover, another benefit is that
no filler metal is required, which additionally reduces costs and minimizes variation of all properties of the

W

eld.

6.1.2.2 Flash welding

EXAMPLE Bus rear axle.

Figures 12 a), b), c), d) show selected sequences of the flash-welding process.

©

ISO 2011 — All rights reserved
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a) Fixing the axle beam halves in the welding b) Typical formation of spatter during initial
machine surface flashing, pre-heating @nd flashing

c) Post-annealing of the welding seam-in-the d) Heat-affected zone (temper colours) of the
welding machine, cf. Figure 13 post-annealed rear axle beam in the welding
machine

Figure 12= Selected process steps of flash welding

Figure 13 is reproduced by permission of Georg Fischer Automotive AG, Schaffhausen.

6.1.2.3 | Post-weld annealing in the welding machine

Figure 13 shows:the TTT-diagram for continuous cooling for a typical composition of spheroidal graphite cast
iron. It displays’the cooling curves of the welded bus axles during post-annealing in the welding maching.
Examina |on of the mlcrostructure conﬂrmed the expected values accordlng to the dlagram No martenS|te b
only peartitew = ey . i
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Figure 13 — TTT-Diagram (Time-Transition-Temperature) with cooling curves A and B

T

gure 13 is reproduced by permission of Georg Fischer Automotive AG, Schaffhausen.

Advantages and restrictions of the'process

Advantages:

— no special requirements jon the shape of the weld contact area;
— wall thickness limtited by the ability to squeeze out the ledeburite;
— saw cut sufficient for joint preparation;

— contralled post-weld cooling according to the TTT-diagram (Figure 13) prevents martensite formation;

—t -he filler metal required;

— reduced NDT requirement due to monitoring the welding parameters, see Figures 14 and 15;
— no pre- or additional post-weld heat treatment required.

State-of-the-art welding technology monitors the parameters of the welding process, and is able to accept or
reject welded components automatically at the end of the welding cycle.
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Restrictions:

6.1.2.4

(E)

high equipment investment costs;

Process monitoring

long processing times due to the post-weld cooling cycle;

current technology restricts flash welding to a maximum of 30 mm wall thickness.

State-of—ti\e-art welding technology monitors the parameters of the welding process, and is able to accept
reject welded components automatically at the end of the welding cycle, see Figures 14 and 15.
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Figure 14 — Graph showing a welding process: all critical parameters are within the specification

Figures 14 is reproduced by permission of Schlatter Industries AG, Zurich.
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Figure 15 — Graph showing a welding process: welding parameters shown in red are

outside the tolerance band

Figures 15 is reproduced by permission of Schlatter Industries AG, Zurich.
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6.1.2.5 Testresults

Fatigue strength tests were carried out with the bus axles under pulsating bending stress. Comparative tests
included the serial steel axle beams, as well as two-piece welded axle beams, or cast as one piece, made of
spheroidal graphite cast iron (ISO1083/JS/600-03). The test rig is shown in Figure 16 and the results are
shown in Figure 17.

Figure 16 — 10 tonnes axle beam of spheroi%é\graphite cast iron ISO1083/JS/600-3
on the servo-controlled 600 I@ niversal testing machine

Fl|gure 16 is reproduced by permission of Georg Fiix:h\'er Automotive AG, Schaffhausen.
N
O
\\J
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Figure 17 — Fatigue strength test of bus axle beams — Results

Figure 17 is reproduced by permission of Georg Fischer Automotive AG, Schaffhausen.
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Figure 18 illustrates the freedom in component profile design for flash welding.

EXAMPLE Flash-welded bus axle.

« Weld: Boiler

- Cross section of weld 12384 mm
s Wall thickness range” 9 - 30 mm
« welding time; (20 - 135 sec.

= Cooling fifne: &0 oder 300 sec.

. Weldifgclrrent 60 ka

s Srueezing force: 898 kN

s Max. sgueezing force: 83 MNmm?

Figure 18 — Overview of the freedom of profilexdesign of the welding surface
for components that can be flash-welded

Figure 1§ is reproduced by permission of Georg Fischer‘/Automotive AG, Schaffhausen.

6.1.2.6 | Magnetically impelled arc welding

EXAMPLE Rear axle trailing arm.

Contrary o flash welding, magnetically)impelled arc welding (magnetarc welding) requires
— enclgsed geometries, and

— prefgrably rotationally~symmetric parts; deviations, e.g. oval profiles.

Advantages and restrictions

Advantages:

— cost-effective welding process' welding times x10 s;

— no filler metal required;

— reliable welding process, process stability in practice million fold verified (up to now, over 6 million
rear-axle control arms for front-driven ASTRA and ZAFIRA compact van).

Restrictions:

— Casting wall thickness is limited to a maximum of 6 mm. (Current research aims at increasing the
feasibility to 8 mm to 10 mm wall thickness by pre-heating the weld.)
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Figure 19 illustrates a trailing arm for the Astra/Zafira rear axle made from spheroidal graphite cast iron
1ISO1083/JS/400-15 material and Figure 3 (see 4.8.2) shows the magnetically impelled arc welding procedure
being performed.

Figure 19 — Trailing arm for the Astra-Zafira

gure 19 is reproduced by permission of Opel, Russelshéiin and Georg Fischer Automdtive AG,
chaffhausen.

w0 T

6/1.2.7 Process monitoring

(@)

urrent welding technology allows the parameters;of the welding process to be monitored, and to pccept or
gject welded components automatically at the end of the welding cycle (Figure 20).

—

Valve housings, axle control arms, etc. are well-tried practical examples. Figure 24 shows the welded rear
Kle of the General Motors ASTRA and"ZAFIRA models. Two trailing arms (Figure 19) of spheroidal graphite
ast iron 1ISO1083/J5/400-15 are welded to a steel torsion profile grade 22MnB5 modified (Referenice [53] in
He Bibliography). To date, more than 6 million axles, i.e. over 12 million welds, have been producefl, and no
ield failure has been reportedsSuich usage shows that the joining of safety parts made of spheroidal graphite
cast iron and steel with the.magnetarc welding process is both process capable and suitable for Iarge-scale
oduction.

O
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Figure 20 — The latest generation of process monitoring with digital parameter display and sequence

Figure 20 is reproduced by permission of KUKA Systems GmbH Industrial Solutions, Augsburg.
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6.1.2.8 Thermal secondary treatment

Because the weld cools down rapidly as soon as the welding current is switched off, the formation of
martensite can only be avoided either by pre-heating the complete casting or the welded area only. Existing
martensite can be eliminated by post-weld heat treating/tempering of only the welded area. Thus, a finishing
treatment (post-weld heat treatment/tempering) is indispensable for large-scale production of automotive
safety components.

Intensive trials carried out with trailing-arm rear axles have shown that inductive tempering (Figure 21) with a
heating rate of 13 s to 750 °C and a holding time of 30 s within the cycle time of the welding machine, is
sufficient to destroy any unwanted martensite

EXAMPLHE Medium frequency annealing — passenger car rear axles.

Figure 21 — Inductive tempering of the welded joint of spheroidal graphite cast iron
1SO1083/JS/400-15 trailing arm to a steel tube centre-piece

Figure 21 is reproduced by permission)of KUKA Systems GmbH Industrial Solutions, Augsburg.

Figures 22 and 23 show the-hardness distribution, with no heat treatment and with inductive temperinp,
respectively, and the results”of this post-weld heat treatment by comparing the hardness distributign
unannealed and heat-treated.
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Figure 22 — Hardness distribution, no heat-treatment

n

gure 22 is reproduced by permission of KUKA Systems GmbH Industrial Solutions, Augsburg.
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Figure 23 — Hardness distribution, inductive tempering

Figure 23 is reproduced by permission of KUKA Systems GmbH Industrial Solutions, Augsburg.

6.1.2.9  Additional requirements

To meet additional requirements for the maximum pearlite content of the trailing arms after welding, the
foundry had to adapt the silicon content of the normal chemical composition of the material.
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Production details: Figure 24 shows a magnetarc-welded rear axle and Figure 25 shows the welding line,

respectively.

Transfer machine:
Production of
connecting rods

Final machining of
steering

Cooling tower guctem components:
(Emulsion)

Camber, tread width

Cooling section

(air)

Figure 24 — Magnetarc-welded rear axle

i Component identification Activation
o and positioning

Connecting rod / Profile

Mag netarc: [
Wbl ding line IO/

welding line LTI

Transport system,

Entry of
transverse profile
(premachined)

Figures 24 and 25 are reproduced by permission of Opel, Russelsheim.

Figures 26 and 27 show examples of other magnetarc-welded compenents.

Key

1 axle with.differential housing

2 axle

ith-differential housing

Figure 25 — Magnetarc-welding line

3 various rear axles

Figure 26 — Magnetic arc welded axles

Figure 26 is reproduced by permission of KUKA Systems GmbH Industrial Solutions, Augsburg.
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Transportsystem for further ass embling

© 1SO 2011 — All rights reserved


https://standardsiso.com/api/?name=b5212f7bfe7202851d16a5e4dd586ff5

ISO/TR 10809-2

:2011(E)

Kley
1| rear axle
2| valve housing
3| driving cab bearing S\
4| axle control arm << )
Figure 27 — Magnetic arc we@components

gure 27 is reproduced by permission of KUKA Systems;@??\bH Industrial Solutions, Augsburg.

\\9@
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1.2.10 Friction welding

KAMPLE

Friction welding of a front axle bod-A\

o» >

I+

German foundry has developed
friction welding (Figure 28). The

B0 min.

O

posite construction forming a front axle housing made

a
bheroidal graphite cast iron ISO10E§§§§OO-18 and axle tubes made of steel S 355J0, joined to thg

curacy of positioning of the drive trains is a point of interest

Igqrge components it is less than'+1°. With smaller components, the positioning accuracy is said to 4

of ferritic
e housing
for such
e around

Figure 28 — Front axle body of spheroidal graphite cast iron (1ISO1083/JS/400-18) friction welded

to steel (S355J0) wrists

Figure 28 is reproduced by permission of Bundesverband der Deutschen Giesserei-Industrie, Dusseldorf.
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6.1.3 Repair welding

6.1.3.1

General

Repair welding can be carried out on all unalloyed and alloyed grades of spheroidal graphite cast irons.

Castings
manufact

that contain fractures, particularly in large components, cannot, as a rule, be replaced by the
urer on call. Thus, the down time to replace the damaged casting can be prohibitive. In such

circumstances, the economic decision to repair-weld the casting is sensible. Repair welding can be used to
mend broken half castings, broken component segments and to replace metal where there has been extreme

wear an
The purc
Thus, ref
facilities,

The requ

tear:

haser should only agree to the repair if the properties after welding are the same as before welding.
air-welding firms need to be specialized and have the necessary welding equipment, heat treatmept
skilled and supervised personnel, and quality management systems to enable a successfulrepair.

rements for repair welding mostly demanded by the purchaser are as follows:

— idenlical static and dynamic material characteristics;

— colo
— com
In the ma

Prior to
operation

heating flirnace. Welding should always be carried out by qualified welders.

The filler
repair sh

trace elenents. Detailed and recorded planning for the-welding process should be made. This planning shou

include: 3
heating
sequencq

6.1.3.2
EXAMPLE

The follo
with morg

r and corrosion consistency between the base metal and the filler material;

bliance with the delivery date for the “repaired” casting(s).

jority of cases, a repair weld would be carried out using a homogéneous filler metal.

welding, the component needs to be sufficiently disassembled to allow access for the welding

s. It should also be possible to place the component or.the sub-component needing repair in a pre-

metal should be selected either from a suitable_standard filler metal or from one produced by the

bp which might need to be adjusted to the composition of the parent metal by adding alloying and
d

nalysing the parent metal, identifying the<equipment to be used, use of qualified personnel, the pre-

barameters, the welding process, thei-post-weld treatment and a working procedure for eagh
of the operations that are to be cartied out.

Examples
Finishing welding of & large cylinder block.

ving figures show thie“pictured details of the welding procedure with its different steps, and are given
details in Reference [41] in the Bibliography.

28
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Figure 29 shows an example of repair welding on an 18-cylinder block for a ship's diesel engine, the technical
details of which are:

— Number of cylinders: 18 — Length of casting:  ~12 000 mm

— Mass of casting: 120 t —  Width of casting: ~2 000 mm

— Cast-iron grade: ISO1083/JS/400-18 — Height of casting:  ~3 000 mm

Figure 29 — Large cylln,d\ggblock to be repair welded

gure 29 is reproduced by permission of Caspa\@@hn GmbH & Co KG, Remscheid.
N\

O
gure 30 shows the defective spot dete{iéd by ultrasonic testing after blast cleaning and after first-process
achining. C)’\\O

n

3

Figure 30 — Defective spot detected by ultrasonic testing after blast cleaning
and after first-process machining

Figure 30 is reproduced by permission of Caspar Hahn GmbH & Co KG, Remscheid.
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It is important to know that finishing welding with homogeneous filler metal on large castings may comply with
repair welding to some extent. For safety and warranty reasons, it is necessary that the prepared weld
location area be inspected for possible cracks; all detected discontinuities need to be removed before placing
the component in an annealing furnace. When pre-heating the repair-welding location, it should be in a flat
position for welding. Homogeneous welding of cast-iron materials should not be carried out on a casting in the
upright or overhead welding position.

The component is then positioned such that the welding area is easily accessible when the segment cover is
opened (see Figure 31). For this example, the annealing furnace is heated at a rate of 30 °K/h up to the pre-
heating temperature of 550 °C to 650 °C. The furnace temperature is controlled by measuring the temperature

of the caj

Figure 31

Sometim
performe
material

low temp

For successful repairs, normally the liquid arc welding process is used. That means that a casting electrode

used to li
the electn
Liquid irg
if necess

1iNng 10 maintain the pre-neating temperature constant in the vicinity of the welding area.

Figure 31 — Annealing furnace with cylinder block

is reproduced by permission of Caspar Hahn GmbH & Co KG, Remscheid.

bs repair welding has to be carried out on machined components, therefore the pre-heating has to &
d with special heating rates depending upon the size, wall thickness, condition of machining ar
prade of the casting to be repaired. The preheating and working temperatures need to be kept in
brature range.

uefy the periphetal'zone of the parent metal. Depending on the volume of the weld, the diameter
pdes is 8 to 25 mm and the welding current is up to 1 700 A (see Figure 32).

h with a ehiemical composition of the casting is used (Figure 33), and this liquid iron is inoculated ar
bry treated’in small ladles (e.g. with FeSi and/or Mg depending on the material to be welded).

is
Df

d

30
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Figure 32 — A casting electrode is used to Figure 33 << Both the electrode and the homo
liquefy the peripheral zone cast-iron melt are added carefully
of the parent metal to the welding bath

M

gures 32 and 33 are reproduced by permission of Caspar Hahn GmbH & Co KG, Remscheid.

T

br the duration of the welding process, the perighery is continuously liquefied by electrode arc to gu
afe joint between the filler material added and the parent metal. The process is continued until the
ed completely.

= )

Ak soon as the bath stabilizes, the @nnealing furnace is closed. The entire component is then stres
al approximately 550 °C. After a ‘specified holding time, the casting is cooled down to 200 °C at
3P °K/h, then cooled to ambienttemperature in still air.

The microstructure of the weld should match the requirements of the customer but mostly it is much
more even than the parent metal. This is visible in the micrograph shown in Figure 34.

A} the end of thenwelding procedure, the weld should be prepared for crack and pore detection
finished weld 4s-given a surface crack and porosity inspection prior to acceptance by the pur
gliarantee freedom from welding porosity, gas inclusions and/or underbead cracks below the surface
jqint zonebetween the parent metal and weld.

geneous

arantee a
mould is

5-relieved
a rate of

finer and

and the
thaser to
or in the
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Figure 34 — Microstructure in the weld area — Graphite precipitation in the weld seam
with perfect graphite spherulites

Figure 34 is reproduced by permission of Caspar Hahn GmbH & Co KG, Remscheid-
Repair welding is a reliable procedure which is accepted by Accreditation Bodies. It is advantageous in that]it

is possible to adjust the welding area microstructure to that of the parent metal, and as the component |is
stress reljeved after welding, there is less likelihood of distortion during.subsequent finishing process.

EXAMPLH Repair welding of a spheroidal graphite cast-iron machine table.

Figure 39 shows the two ruptured pieces of a four-post.préess machine table as delivered, and Figure 36
shows the component after repair welding, immediatelycprior to reassembly into the machine column. A total
of 320 kg| of homogeneous filler metal were needed forthis repair job.

Figure 35 — Machine table as delivered Figure 36 — Machine table after repair

Figures 35 and 36 are reproduced by permission of Caspar Hahn GmbH & Co KG, Remscheid.
The technical details of the machine table are

— Mass: ~4 000 kg — Width: ~1800 mm
— Length: ~5000 mm — Material grade: Spheroidal graphite cast iron ISO1083/JS/400-15
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6.2 Welding of grey cast iron

6.2.1 General

There is a common misconception that grey cast irons cannot be welded, and in many user specifications and
standards it is specifically disallowed in the belief that a weld will act as a stress raiser that promotes failure of
the part.

These concerns need to be understood. Welding grey cast iron to a dissimilar material is not recommended,
as the weldment is normally unfit for purpose.

6]2.2 Finishing welding

n

nishing welding can be carried out, provided that the internal surface defects are not too large, and provided
Hat a competent person carries out the procedure.

—

he difficulty with finishing welding grey cast iron is that the material within the weld pool normally| solidifies
ery quickly and the resultant structure comprises hard iron carbide (ledeburite) in a pearlitic matrix,
prticularly the case where arc welding is used and consequently there is a lafgé heat input into the weld pool.
he surrounding heat-affected zone usually becomes martensitic due to the,rapid cooling rate and thus there
sl a complex mixture of undesirable structures in the weldment. This situation can be overcome in twg ways.

—40° < o

rst, a powder welding technique can be chosen, in which a gas welding process is used, that provides a low
bat input into the surrounding material, minimising or avoiding the€ formation of martensite (Reference [42] in
e Bibliography). Research has been carried out on this technique by breaking grey iron tensile |[bars and
rgcording the properties. The broken halves of the bars\were then powder welded in a jig fo ensure
sfraightness, and re-tested. All of the results showed that'the tensile bars broke away from the weld and that
tHe weldment had a higher tensile strength than the ¢(parent metal. Using this technique it is adyisable to
eheat the casting to about 300 °C to 400 °C prior.to starting. A normalising heat treatment might also be
jvisable if the repair is large.

Sz

O T

Second, the casting can be gas welded utilising cast-iron welding rods and an appropriate flux. The welding
qds require a silicon content about 0,5 %-higher than that in the casting, to take into account the loss of
icon in the weld pool. The casting. sheuld be preheated as previously described, allowed to cqol slowly
fdllowing finishing welding and if the'welding area is large, normalized.

w43

n

pr very minor surface defects,.arc welding is sometimes used as a cosmetic maintenance. This prgcedure is
brmally undesirable for the(reasons previously mentioned, and because the wire is normally a hjgh-nickel
aterial, the undesirability ‘of/welding becomes clearly evident when the surrounding metal begins to [tarnish.

33

6]2.3 Joint welding

here is verydittle experience of this method. Therefore, at this time, it is not recommended; additional
bvelopment'is-hecessary.

o

6{2.4 , \Repair welding

Repair welding is a common procedure

EXAMPLE Repair of a cracked press column.

The column piece of a screw press had cracked. It was successfully repair welded and thus minimized the
down time of the machine which would have occurred if there had been the need to make, machine and
assemble the new component in the existing machine.

Figures 37 and 38 document the successful repair welding of a column piece from a screw press made of
grey cast iron (lamellar graphite cast iron) 1SO185/JL/250. The ruptured pieces, shown as delivered in
Figure 37, were joined by repair welding with a homogeneous filler metal and returned to an intact column,
shown in Figure 38. A total of 410 kg of filler metal were needed for this repair job.
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Figyire 37 — Screw press column before Figure 38 — Screw press column after
repair welding repair welding

Figures 37 and 38 are reproduced by permission of Caspar Hahn GmbH & 'Co KG, Remscheid.

Technical details of the column are:

— Mas$ of the repaired column: 120 t

— Matgrial grade: Grey cast iron 1SQ185/JL/250
— Lendth of casting: ~3 120°'mm

— Width of casting: <3750 mm

— Height of casting: ~860 mm

6.3 Welding of compacted graphite cast irons

Compacted graphite cast_iron’ is not suitable for joint welding but finishing and repair welding can Qe
undertaken utilising the methods outlined for grey and spheroidal graphite cast irons.

6.4 Welding of malleable cast iron

ly
a

matrix of ferrite. This allows whiteheart malleable cast iron to be welded to plain carbon steels.

In order to weld successfully low carbon ferritic steels to whiteheart malleable cast iron, the ideal
microstructure of the whiteheart malleable cast iron should be a fully decarburized material comprising ferrite,
usually containing ‘vacant sites’: very small holes that once contained the temper carbon nodules. These
holes have no adverse influence on material properties, as the original carbon nodule that inhabited the site
had little inherent strength. Sometimes the vacant sites can actually ‘heal’, or close, such that they are not
visible under the microscope. In materials that are less efficiently decarburized it is possible to have a surface
structure of ferrite and vacant sites, with an inner core containing temper carbon nodules, possibly even with
remnant pearlite in the core centre. Under these circumstances welding success depends on the depth of the
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weld pool. If it extends into areas where temper carbon nodules are present, then carbides may subsequently
form due to the solution of carbon, to the detriment of the weld. In general terms, it is preferable to ensure that
a completely decarburized whiteheart malleable cast iron is used for assembly welding operations.

With the addition of pearlite stabilising elements or adjustments to the heat treatment cycle, it is possible to
decarburize the material such that no temper carbon nodules are present but a pearlitic matrix is obtained.
During welding there is the probability of transformation products adjacent to the weldment, which would
require additional heat treatment to minimize this probability.

Because of the decarburizing annealing in an oxidizing furnace atmosphere, whiteheart malleable cast iron
Bs a sfructure which is dependent upon the wall thickness with a carbon content increasing fror&utside to
side (see Figure 39). N

Q

5z

Figure 39 — rostructure of a whiteheart malleable cast-iron casting

n

gure 39 is reproduced b)@gpmission of Bundesverband der Deutschen Giesserei-Industrie, Dusseldorf.

BJackheart mallea \cast irons always contain temper carbon nodules and thus carbides will always form
dpring the weltaﬁ)xocess. The same welding techniques as those described for spheroidal graphitg cast iron
c 0

an be adop wever, utilising either a powder welding technique or gas welding with specially [cast rods
tq replicat properties of the parent metal. It should be remembered that the temper carbon njodules in
blackhe alleable cast iron are produced by heat treatment and it is not possible to replicate this|structure

il met at has solidified from a liquid weld pool. This problem might concern some users who might
C )lzéer this a stress raiser in service, and careful decision making is needed under these circumstarrces.

6.4.2 Finishing welding
Finishing welding is rarely carried out because of the size of the traditional malleable castings. In the majority

of cases it is less expensive to cast a new casting than to eliminate the undesired imperfection by preparing
the weld, finishing welding, and heat treating the welded casting.
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6.4.3 Joint welding
EXAMPLE Valve housing.

By lengthening the decarburization process, weldable malleable cast irons are decarburized to a maximum
residual carbon content of 0,3 % in wall thicknesses of <8 mm, to guarantee unrestricted weldability. Thus,
compared with normal whiteheart malleable grade 1SO5922/JMW/400-5, the mechanical properties of the
weldable malleable grade 1S05922/JMW/360-12 shows slightly lower tensile strength, but enhanced
elongation and toughness properties.

Figure 40 shows a forming test on weldable malleable cast-iron valve housings grade 1SO59227JMVWW/360-TR.
There arg many examples of joint welds of weldable, whiteheart and blackheart malleable cast irons*fo
malleablg cast iron and malleable cast iron to steel (References [51], [52], [55] and [56] in the Bibliography).

Figure 40 — Valve housings after forming test

Figure 40 is reproduced by permission of Bundesyverband der Deutschen Giesserei-Industrie, Dusseldorf.

6.4.4 Rgppair welding

Malleablg cast irons can be repait welded. But normally it is not used for the same reasons described with
finishing yelding (see 6.4.2). Thiere are no examples to illustrate in this part of ISO/TR 10809.

6.5 Welding of abrasion resisting cast irons

Welding ¢f abrasion fesistant cast irons is generally not recommended.

6.6 Welding-of austenitic cast irons

6.6.1 General

The austenitic cast irons can be welded (References [18], [19] and [20] in the Bibliography) by any of the
methods described in 6.1 although high-nickel filler materials are commonly used because of the nickel
content of the casting material and their good colour matching. Some of these filler materials are prone to
micro-cracking in the heat-affected zone. Welding research has resulted in the addition of niobium to obviate
this problem. Only one grade has a specified niobium addition, but this element can be added to any grade, if
welding is likely to be a problem. There are no adverse effects of niobium, provided that it is added in the
quantity required at a level within the specified range.

Welding of austenitic cast irons is important in terms of finishing welding and joint welding. Common finishing
welding of grades with lamellar graphite presents no major problems. Spheroidal graphite (ductile iron) grades
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are more difficult to weld due to the higher demands on the weld seam and the heat-affected zone. They are,
however, the more important materials in regard to their fields of application.

Many austenitic cast-iron grades with spheroidal graphite have a crack forming tendency in the heat-affected
zone that is crucially dependent on the chemical composition. The relationships were scrutinized for the most
important grade austenitic spheroidal graphite cast iron ISO2879/JSA-XNiCr20-2 (References [22], [23] in the
Bibliography). Phosphorous and sulfur have a very detrimental effect, while manganese and, above all,
chromium reduce the crack forming tendency; see Figure 41.

Figure 42 shows the influence of alloying elements on the affinity for formation of cracks during welding of
spheroidal austenitic cast iron TSOZ2892/JSA/NICr/20-21471.

Number of cracks = f {Cr-content) N = e
E —1 =
R Z.0,06 . .
8y = S cracks
8 2 B ¥ |
. E G0 e T R
1] \.,,__ o * e ,j
£ T 5 : Y
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E X e g- nocracks | [ B, |
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Figure 41 — Effect of chromium on crack forming Figure 42 — Influence of phosphorus, gilicon,
tendency magnesium and niobium on crack forming
tendency

Flgures 41 and 42 are reproduced by permission of Bundesverband der Deutschen Giesserei-Industrie,
Dusseldorf.

The higher chromium content is\certainly adverse to the requirements on a good feeding behaviour{and high
tqughness. The combined €ffect of silicon and magnesium is unfavourable and needs to be limited. The
fgrmula (Reference [32] in the Bibliography) is:

% Si + 75 % Mg<6,3 (Reference [18] and [19] in the Bibliography) (5)

The suitability for'welding can be further improved by adding niobium. The optimum niobium content depends
on the phospherous, silicon, and magnesium contents. Based on the favourable effect of niobium, a|weldable
grade 1SO2892/JSA-XNiCrNb20-2 was developed.
T

able\7 contains recommendations for material compositions to obtain crack-free welds with this grade. To
ayoid problems during finishing welding, many foundries as a matter of routine control perform a Iir*itation of
composition and alloying with niobium for larger castings, i.e. instead of delivering grade
1ISO2892/JSA/XNICr/20-2, grade ISO2892/JSA/XNiCrNb20-2 is supplied, which is otherwise equivalent.
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Table 1 — Recommended chemical composition for crack-free welds
for Grade 1S02892/JSA/XNiCrNb20-2

6.6.2 Finishing welding

Manual 3

In princig

y
carbide formation, shrinkage porosity and cracks or fractures (Reference [23] in the Bibliography). This means
(o}

that weld
below 50
desalinat
relieving.

Commer
Sometim
there is 3
welding ¢
and the g

For all of
welding

1S02892
300 °C {4
within th
1ISO2879
produce

It is virt

1S02892/JSA/XNiCrNb20-2
. Low P Normal P
Chemical . .
mass fraction mass fraction
element o o
% %
Chotal 2,510 3,0
Si 1.5t022
Mn 1,0t0 1,5
Cr 20t0 2,5
Ni 19,0 to 22,0
Mg <0,080 <0,05
P <0,025 <0,04
Nb 0,06 to 0,11 0,12t0 0,17

rc welding is the method mainly used for finishing welding.
le, heat input should be as low as possible to avoid«embrittlement of the heat-affected zone |

ng is carried out without preheating, and it may be. necessary to cool down each layer of weld
°C. Following these instructions, for instance, athumber of cracked pump housings of a sea water
on plant were successfully repaired by weldingZAfter welding, the housings were subjected to stress

ial nickel-iron electrodes with a nickelcontent of 60 % are the preferred welding consumableg.
s homogeneous or pure nickel electrodes are used. The latter show the highest strength values, but
Iso maximum danger of crack formation (Reference [22] in the Bibliography). To some extent, the
onsumables of various different manufacturers showed considerable differences in their behaviopr
uality of the welds.

her grades, with lowest phosphorous and magnesium contents, the following applies to manual afc
with a suitable NiFe electrode. For the grades with lamellar graphite as well as grades
JSA/XNiIMn13-7,1802892/JSA/XNiSiCr30-5-5, and 1S02892/JSA-XNiSiCr-35-5-2, preheating fo

350 °C is recommended (Reference [2] in the Bibliography). Keeping the furnace temperaturgs
is range prevents the formation of cold cracks. However, for exhaust manifolds made pf
JSA-XNiSiCr/35-5-2 it was shown (References [24] and [25] in the Bibliography) that it is possible to
track-free welds reproducibly even without preheating.

bally impossible to obtain crack-free welds with the chromium-free or low-chromium gradgs

1SO2892

JSA/XNi22, 1SO2892/JSA/XNiMn23-4, and [SO2892/JSA/XNi35. The limitations that apply to

1ISO2892/JSA/XNiICrNb20-2 in regard to the chemical composition and addition of niobium are also beneficial

here, but

it will not be possible in all cases to obtain completely crack-free welds. These grades should be

welded without preheating.

For major welding jobs, a buffer layer at the joint sides is recommended to prevent cracking.

Other sui

table welding procedures are TIG and MIG welding, while gas welding is less recommended due to

the high heat input. After welding, depending on the kind of casting and extent of welding, heat treatment is

recomme

nded between 650 °C and 680 °C, or even normalizing or graphitization annealing between 950 °C

and 1 050 °C. The latter process is to dissolve the carbides formed in the melt and heat-affected zone.
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When austenitic cast iron is joined to stainless steel, diffusion of carbon from the cast iron into the steel can
occur, leading to the precipitation of chromium carbides. This can produce embrittiement of the microstructure,
and a reduction in corrosion resistance due to the segregation of chromium. Heat treatment further
exacerbates this situation by increased carbon diffusion. For heat resistant components, such as exhaust
manifolds, such combinations have proved to be successful, because their scaling resistance is sufficient
(References [28] and [29] in the Bibliography). Expansion elements have been welded into exhaust manifolds,
cast flanges joined to stainless steel tubes to form exhaust manifolds, and interfaces made between cast
exhaust manifolds or turbocharger housings and catalyst housings made of ferritic steels.

6.6.3 Joint welding

The welding consumables and procedures used for joint welding need to be carefully chosen and nmonitored.
The above mentioned limitations regarding the adjustment of the chemical composition needfo-be faken into
atcount, and alloying with niobium needs to be performed. Graphitization annealing shoéuld be carried out
whenever possible after welding to decompose any brittle carbides. If annealing is not feasible, for irfstance in
e field, a buffer layer with nickel-iron electrodes at the joint sides and a subsequent annealihg of the
dividual components prior to welding is a feasible solution. Strength, however, ishlower than whén similar
ectrodes are used. Make sure that the castings show a dense microstructure free from inclusions afound the
eld seams, since cracks tend to propagate from pores and inclusions.

S0 5=

EKAMPLE Manifold.

M

gure 43 shows a manifold assembled of steel pipes and austenitic spheroidal graphite cast-irop flanges
5ing joint welding of grade 1SO2892/JSA/XNiCrNb20-2.

C

Figure 43 — Manifold

M

gure 43.s'feproduced by permission of Bundesverband der Deutschen Giesserei-Industrie, Dusselflorf.

Ttials perfaormed to praoduce homageneous friction welding joints were successful (Reference [26] in the
Bibliography) with austenitic spheroidal graphite cast-iron grades [1S02892/JSA/XNiSiCr35-5-2,
ISO2892/JSA/XNi35, 1S02892/JSA/XNiMn23-4, 1SO2892/JSA/XNiCr20-2 and austenitic lamellar graphite
cast-iron grade 1SO2892/JLSA/XNiCuCr15-6-2, and joints with good to sufficiently good mechanical properties
and good corrosion resistance were achieved with tubes and solid bodies. Plastic deformability could be
further improved by subsequent heat treatment. It is also possible to produce welded joints between various
different cast-iron grades. Friction welding joints with stainless steel, however, showed problems similar to the
usual fusion welding joints, despite the short welding time.

6.6.4 Repair welding

No experience is available.
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6.7 Welding of ausferritic spheroidal graphite cast irons

6.7.1 General

Sometimes welding of austempered spheroidal graphite cast-iron castings is necessary. This needs adapted
welding procedures. By controlling the composition and cooling rate of the weld metal, an austenitic-bainitic
micro-structure can be directly obtained under as-welded conditions.

Although since 1996 several papers (References [31] to [39] in the Blbllography) about the weldlng of

ausferriti

As ausfe
are requi

In order
even red
(Referen

In a preyv|
analyzed
would be
zone are
adding a
with weld

Common
which ca
cycle on
weld join{

charactefjistics in the weld joint are analyzed.

Ausferriti

at 900 °Q,

the centr
locations
temperat

Table 2 §

ritic spheroidal graphite cast iron is mainly used for applications where high strength and toughnes
ed, welding operations should always be done prior to the austemper heat treatment.

0 maintain this hierarchy, the poor toughness of the heat-affected zone can be greatly improve
ching the properties of the parent material, if the proper welding consumables are useg

ous study, the welding electrodes used were studied and the microstructute of the weld metal wz
(Reference [35] in the Bibliography). During the welding procedure the base metal near the we
heated to high temperature to form a heat-affected zone. The conipositions of the heat-affectg
the same with the ausferritic spheroidal graphite cast-iron base metal and cannot be adjusted |
loying elements. Therefore its as-welded microstructure and mechanical properties can be differe
metal and ausferritic spheroidal graphite cast-iron base metals

y the toughness of the heat-affected zone is poor and welding crack is liable to arise in the zon
n greatly reduce the mechanical properties of the whole‘weld joint. The effect of the welding heatir
the microstructure and mechanical properties of the heat-affected zone, the microstructures of tk
are observed under the optical microscope and eleetron microscope. The phase transformation arn

C spheroidal graphite cast-iron test plates, 140 x 80 x 15 mm were used. The plates were austenitize
then austempered at 375 °C. A test hole 40 mm in diameter and 10 mm in depth was machined
b of the plate, a thermo-couple was-installed into each test hole and several were drilled at differe
of the welding hole. The hole was/filled with test electrodes (alloying elements = Ni, Mo) and th
ires were measured and recorded.

Table 2 — Composition of weld metal

tes [37] and [38] in the Bibliography). However these welding consumables are notreadily available|.

hows the composition of weld metal used to weld ausferritic spheroidal graphite cast-iron test plateq.

bS

d
At
nt
e

C% Si % Mn%\/| Ca % Ba % Al % Bi % S % P % Ce % Ni % Mo %
3,54 3,3 0,35 0,002 0,006 0,45 0,004 | <0,015 [ <0,015 [ 0,016 8,10 0,20
The cooling-rate could be affected by the diameter of the whole, also by the welding input, while the welding

process parameters needed 10 hold constant during the welding procedure: welding current was about 190

voltage about 24 V.

The test plate was cut off at the centre of the test hole and the microstructure of the weld joint was observed
with an optical microscope and electron microscope.

The welding joint is divided into 5 zones. The listing shows the observed microstructure(s):

— Zone 1: Weld zone: austenite, bainite (ausferrite);

— Zone 2: Partial fusion zone: nodular graphite, pearlite and a little of martensite;
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— Zone 3: Austenite transformation zone: nodular graphite, pearlite or sorbite;

— Zone 4: Repeated transformation zone: pearlite, bainite;

— Zone 5: Base metal: bainite (ausferrite), austenite.

The “as-welded” microstructure of the weld metal is bainite (ausferrite) plus austenite.

The specimens for tensile test were taken across the joint. It has been found, that the specimens fractured in

the_austenite transformation zone. The ultimate strength of the joint was of 695 MPa and the elongation of the
whole joint was 2 %.

[<2)

7.2 Finishing welding

When interpreting the results of this work finishing welding and joint welding should be:possible with manual
metal arc welding by using homogeneous and semi-homogeneous filler metal. Thergl/is'no information in this
plblication about pre-heating and post-weld annealing, but it seems, that the cooling-rate can be controlled by
tHe diameter of the hole and/or the heat input.

FInishing welding is not recommended for castings with an ausferritic_structure, i.e. for castings after final
apistempering heat treatment.

here is limited experience with this material and a lot of development is necessary to reach the state of the
t of welding spheroidal graphite cast iron or malleable cast irons)

0 —

6{7.3 Joint welding

When analysing the sequence of work steps of the production process of ausferritic cast iron, the audferritising
aphneal always is the last step. Therefore it seems useful to transfer this knowledge to the joirjt-welding
ptocess. Then the wide experience of welding:of’unalloyed or low alloyed spheroidal cast iron could be used
fgr welding ausferritic cast iron too, and all welding methods suitable for spheroidal cast iron could|be used.
Joint welding could be a good example. Then the ausferritising process of the assembly and/or unwanted
d{scontinuity to be finishing welded with a-basis structure of unalloyed or low alloyed GJS would bg the last
slep after welding, viz. the post-weld-heat treatment would be the transformation anneal to ausferrite.

I

owever the suitability of this.procedure has not been proven at the time of the publication of this part of
$O/TR 10809.

[=2)

7.4 Repair welding

0 experience, but the procedure would be more complicated than the process described for joint wglding and
ould be very similar to the finishing process (see Reference [28] in the Bibliography).

=z

7] Summary data for the welding of cast irons

. - ANdOdda O an-alil
Thebasisof thesetabtes s Table B of EN—1O 118720041

The tables give information on the welding procedures, methods and filler metal types for most cast iron
castings using either homogeneous, semi-homogeneous or non-homogeneous filler metals. This edition of the
report does not cover those cases where insufficient data is available.

NOTE 1 At the time of the publication of this part of ISO/TR 10809 most information is available for spheroidal graphite
cast irons, all types of malleable cast irons (whiteheart, weldable and blackheart), lamellar graphite (grey) cast irons and
austenitic lamellar, respectively spheroidal graphite cast irons.
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NOTE 2  Best knowledge and most experience on successful welding applications exist with spheroidal graphite cast
irons, lamellar graphite (grey) cast irons, malleable cast irons and austenitic lamellar and spheroidal graphite cast irons
either as assembly of cast iron against cast iron or cast iron against steel.

Table 3 shows recommendations for welding of spheroidal graphite cast irons (ISO 1083[43]). Table 4
shows recommendations for welding of lamellar graphite cast irons/grey cast iron (ISO 18544]). Table 5 shows
recommendations for welding of compacted (vermicular) graphite cast irons (ISO 16122[48l). Table 6 shows
recommendations for welding of whiteheart malleable cast irons (ISO 5922[47]). Table 7 shows
recommendations for welding of weldable malleable cast irons (ISO 5922[47]). Table 8 shows recommendations
for welding of blackheart malleable cast irons (ISO 5922[47]). Table 9 shows recommendations for welding of
austenitiqgrey-ttamettaryfatustenitic-spheroidat-graphite-castirons-H56-289245

NOTE 3 | We need to be aware that the recommendations depend on knowledge of and experience with the appropriate
welding priocedures used for welding of the different types of cast irons, of the metallurgical reactions of the different cagt-
iron materjals dependent upon special welding conditions necessary for sufficient material properties of the weldings of |
accordant|cast-iron materials, their structures, and possible post-weld annealing treatments, etc.

NOTE 4 | There might be a lot more experience in the literature as collected in this part of ISO/TRY0809. The questi
marks in fhe tables point to the necessity for further research and development on welding of+cast irons in the futun
Especially| new welding procedures can lead to unexpected success and new technologies fordvélding cast irons.
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