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1 What is castiran?

11 GENERAL
By alloying pure iron with carbon the meliing point can e lowered
from 1934 3 (pure iron) to 1147 $(4.3 % C), This reductionisused
incustrially to produce cast iron. Castiren thereforg, has a high
garbon content (betwaen 2 and § %) which considarably aftects
ils weeldabilily. I addition to this phosphorus and sulphur content
are usually higher than tor ordinary steelwhneh funber affects the
vl clalaility,
urg e, Alliped pomarily with 2-2 % carbon shows low auctility,
levw hardness and Iow strangth, and s on the whiole a very botlle
mulerial. Toimprove these properties {and to render the iron
adcitinnal properiies ke heal-, cotosion. and woar resistanca),
cast irons are often alloyed and/or heat treatad,. The numetous
amount of alloys 5o creoted may for convenience be divided into
tha toallwang grovps.,

Giroy castiren
— While casl nun
= Mallaakia cast o

Dructile sast ron
— Germpacted graphile CasLiron
= Allevweet castoron

1.2 GREY GASTIRON

Groy cast ronis the most commaon iype ot cast iron [Eround 70 %
ol Al eas ] s are greyl, The microstruciure consists of graphite
flakes distributad ina matrx of larmte, peaniie or both, The
grophile possesses oo strangth, and therstore nupturs will
alwinys appsaan n Whis phegse, and since graphite s geey, the
fracture surface will look grey. Tharstsy (e name, Grey ron waoally
COntains wo 1o 4.5 % Cand up to 3 % Sio it is made by slow coaling
o tha easting, Sorme ald lypes mey conam considerable
amaounts of sulphurand phosphorewiheh can make walding
difficull, However, on modern castings this ie seldom the casa,
ard waleting 5 mesh oflen gmployed wathout complications

1.3 WHITE CAST IRON

Whiles casliron is evaluated on hardness/wear resistance and
rmcstly used for such purposas, 1S ol similar composiion e grey
iran, but with & lower silicon content. Sometimes i1 alsa alloyead
with carbide stabilizers such as Gr, Mo and V, The microsiructung
consisis of carbicles distributed ina martensile or pesiiie
matrix. The carbides are hard and bBrittle, and render the fractiure
surface awhilist celeur. Thereby the name, 11is made by rapid
coaling with “chills™ It is o be considerad as non weldahle,
although successful weld surfacings have been achieved on
arusher rells using OF Autred 12,57, The hardngss was rendered
the mild steel weld meatal through carhon pick-up from the whila
iran, T join white iren; however, welding is not recommended,

1.4 DUCTILE CASTIRON

Cuctile cast iron have similar composition to grey iron, but usually
higher purity. The addition of smallamolinis of magnasiim Grings
the graphite into forming spheroids, uniformly dispersed through-
ot Lhe structure, mslead of lakes like moorey iron, This will, o the
annealed state, render ductile iron mechanical propsmies similar
o mild steel Welding is therefore seldom difficult with these irons
Hiovweesear, This viclant heal realiment pwalved i weiding, logelher
with the dilution from the castiron, still calis for the use of special
electrodes and careful planming of the procodure.

1.5 COMPACTED GRAPHITE CAST IRON (CG-IRON]
Compacted graphite cast iron (CG-iron) may be considered as an
inarmeshata betwiaan duchla and gray iron, Vs prodoced by
adding contralied amaunts of magnesium, titaniutm and cenum (o
fcamposilicrs sieolar eegrey ron, Weldimg sheold be periormed
ag tor qray irnn

1.6 MALLEABLE CASTIRON

Malleaule casl irons arz produced by heal treatment of while casl
irgns 1o rendar them maors ductila than grey imns. Thay have lowear
carbon and sticon content than grey irens, to secure white iron
solidification. Tha microstructurs consists of aggregated,
somewhiat Irreguiar nodules of graphite distributed ina matrix of
ferribe, pearite o tempered martensite. Mechanical propertics
ara simular to ductia irmn. Welding of mallsable won rmay produce
a thin white iron zone in the weald and the portion of the HAZ
admeenl Lo he weld metal, This isnot seriousin many applica
tions. However, parts produced to be welded ara aotten mndared
excetlont weldability by a decarburizing heat treatment,

1.7 ALLOYED CASTIROMN

Alloying elemeants are added 1o rmprove progrertes ke haal-,
comrasion- and wear resistance and to increase strangth,
Examples are "Mi-resist™ {carrosion resistance), "nicrosilal” (heal
rasistanca), Aand "meshamta” (high tenala), Thisse imng shiow s
woldability similar to ductile lrons

Huwever, one special type ol alloyed iron 8 "Mi-hard ", which i
e e A white ron and tharatora 1 ba conzidared as non
wiidabie

2 Factors affecting weldability

21 GENERAL

Wtnter iron and “MNi-heed"-types, bocause of thenr axtome brattle
nest, ganarally crack whan attampits are rmade Lo weld thae,
Trouble may also by expericncod whon welding white-hoart
rovAlliatile cast ron, due o porasity caused Dy gas hald in this
type af wran, Other gradas of cast iron A beng soccdsstiully
weldod every day, provided the correct procedurs ls emplayed,
Sugeassiulweldeg of castiron s manly depending onminimizing
tha infiuence of tha tollowing:

- Gooling strasses

= irrnutar shapa of he cashng

— Hardening of the HAZ

— Carbon guck-up from the base metal

= Chl impregnation of cast iron

2.2 CODLING STRESSES

The weld matal will contract upon cooling. This cantraction is
generzlly larger than the corresponding contraction of the cast
iran N totha brittaness of gasbiron, the resulting contracticnat
stresses must be accomoedatad in theweld metal it cracking 15 to
be avoided.

2.3 IRREGULAR SHAPE

[ron castings are usually designed for rigity. They are seldom of
uritorm thickness, and ganarally they are of intnicate shape aith
rapid changss of saction. Thus, they will not readily adjust
themmaalves o local conlracton, and dus o their ow ductlily, new
fraciures ara liable to oocur. (50 ron, dua to s good ductility, S
rat so sansitive in this rsspect).

2.4 HAZ ANMD FUSION LINE

The heat affected zone of the cast iron adjacent to the weld, will
be hardered durmg welding dus to the high carbon contant

The hardness of the non molted part of the HAZ i3 mainly
depending on ceoling rate, and Lhe width mainly an applied haat

H1THH




The portion of the HAZ closest to the fusien ng will contain

paar bally melted materigl. The microstructure of this zone = very
complex and nonsists of 8 mislure of martensiie, austenite,
primary carbide, and lederburite which surrounds partially
dissolved nodutes or fiakes of graphite. This portionis the hardesl
zone in tha wald,

The extent and hardness of this zone 15 mamly depending on
apphed prak lemperature, heat input and cooling rate dunng
welding. Since the peak temprratuns s Tairly equal in MMA
walding, regardless of consumable choloe, the properiies will
Also here mainly depend on heat input and coaling rate,

2.5 CARBON PICK-UP FROM BASE METAL

The dilution with base matenal will cause carbon pick-up in the
wald medal 1wl also cause increased weld metal confant of
sulphur and phosphorns i such are present in 1he cast ion

2.6 OIL IMPREGNATION OF THE CAST IRON

Ol iy b absorbed In graphite and micropores, thecby
prerielealing decp into the cast iron. Dunng waldieg, ths ol will
EAROTAT AT GRS pHAOSHY the weld metal

3 How o control these factors

31 COOLING STRESSES

el shresses may be lowered by

Using correct walding paramelers.

Wizld with short stringer beads, low ampiracge dod plan e bead
ETET N ATRER

The: smaller tha volumea ta cool, the smaller 1he cooling stiesses
Consoguently, short beads are prederracd 1o long ones

Waninaeg will resull in larger parts of the weld 1o cool, tharaby
increasing cooling srrassps. Sirnger beads are therefore pre
leined,

Iy rrieaitilayer welding, subsequent layers will heat previous layers
thoreby releasing some of the stresses buill up during welding of
e ey,

To turthar lower the heal inpul, in paricular when welding thin
sections, it has Deen proved Lsaful to weld nhe vertical down
pasilion. This is possible using the 0K 82 61,

Using consumables that provides a ductile weld melal
Residual stress levels inweld metal are usually inthe reqion of s
yield stress. Consequently, Lo lower the residual stress levels or
cooling stresses, weld metal with low yield stress are preferred (o
such with biglh yigld stress.

Performing preheating

The wigld stress of any material generally decreases with incress-
ing temparature. Consequently, if Lhe contractional stresses
arigirating from walding could be fully accomadated i ihe weld
metal &t ahigher lemperature than room temperature, the
resicual stress level would b lowern Conseguently, prefeating
may lower the influcnce of cooling stresses.

Peening

Perning will introduce compréssive stresses in the wald metzl
insteard of the tensde slresses inlroduced during the welding
operation. Thisis the most useful mathod o avend cracking in cast
e welds,

Fa

3.2 IRAEGULAR SHAPES

To avoid cracking in associatad parts of the casting due to
contractional sfresses caused by welding, it Is often useful to
expand this part by preheating in order to balance lhese stresses,
Ihis bype of preheating is commoanly named indirect prabaating.
Fig | shows the appheabon ol this preheating, as a general rule,

| —
Preheat Frohcal
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Dattadd linas show affact 1

Fig 1 o predueal i ugod

whien using this procodure itis better to haat alarge ares Los low
Iermgeratiure o o eat B small area to a high temporatures
Howover, a high local prahaat in the jomt wall still be necessacy, 1l
A =0l machuneable weld 1@ required.

When walding an intricate cashing contaueng rapad chenges of
gechon, the general preheating should ba maintainad at a
termpraraliure st uncdae red heal, Where this isnol possible, many
repairs can be made satistactarly witha ganaral prahaat to black
Pt with & loeal prehast on the jont All preheating should bo
camod oul slowly to allow a unitorm chistribtion of hest to buaild
up i the casting. General preheating up to a temperature of
around BO0C may b carried oul ina suitable improvised furnace
using gas heating or charcoal

Finally, the more intricate the shape, the groater the nead far
evanly appied prahaating.

3.3 HAZ AND FUSION LINE

Tha nardnass of the HAZL maybe lowerad by preheating. However,
to reach a substantial hardnass reduction; the casting would
need o be gpreheated to around S007C.

Tha hardness of the partly remelled zone close ta the fusion ling
may be lowerad by reducing tha fimea at tha paak termperalure
durng welding (2.9, using low amparage).

3.4 CARBOM PICK-UP FROM BASE METAL

Carbon pick-up from base metal will always ocour in castiron

walding, In principal, there s two ways of minimizing the effects of

this.

1 Usig high preheating in comiination with slow conling, to
avald tha detnmental effects of the carbon pick-up. This is
essential whan using Fe-based consumastbiles,

2 Using consumables where the carbon pick-upis not detnmern-
tal. This iz by far the mosl used method, and the consumables
arg mastly of Mi-based type

3.5 CIL IMPREGHATION OF CAST IRON

Whin ofl has penetrated despinto the castiron, tisimpossibla to
remove by any degreasmg agent, since this will affect only the
surface ail,

Instead the ofl has 1o be burnt off by comparably long haat
freatments at temparalures around 500°C. Mormal heating time
mizy be 48 hours

Cis ety apglications this s not passible, and for such, gauging
with 06 21,00 may provide a suitable enough solution.

Shauld porosity still occtr, the bast way o prrocduce sound welds
s o repediedly remove the weld metal by grinding and rewald it
Lentil no porgsity ocours,




4 Welding procedures

4.1 CLEANING

Al surfaces must ba cleaned prior 1o welding. Castiron itself, s of

such low strength that it is unnecessary to further weaken (he

welded joint by omilling this imporant precaution,

— Qil, grease, stc.
Surtaces shall be thoroughly degreased chemically, otherwisa
parasity will result,
I the vast on has long been in contact with oil, (ke gears
immersed in oil or gear boxes holding all), the oil may be
absorbed by the graphite or micropores, This way ol can
penelrate deep Into the casting. To ramove such oil, which
ptherwise will evapurate dunng welding. chemical degreasing
is Nal enough. Instead the casting mus! be haated to burn ow
Ihet il Thie |= done at temperaturas around 400-500°C Tor
several ours.
Iis vbvious that this s not always possitile, and for such
applications, gauging wilh K 21,00 often provides
a suitable cneuygh soliion, by local burnow! of the sl In
additicn te this. gauging will provide 1he most suitable Joint
conticuration

Joint preparation in Cast Iron

0515 mm

=3 mm

Fig 2

Dirt, cast skin, paint, ete,

It belongs to nommal welding procedura to remave contaming-
tinng like these prior to walding. Hawever, the nickel based
consumabies normmally used for the welding of cast iron are
more sansitive te contamination trom this than mild steal
consumablos.

S0, basura ta make athorough cleaning. Generally it s enough
toclean the area within 20 mm fraom the weld.

4.2 JOINT PREPARATION

Joint angles should be wider than for mild steel. araund 80-90
tiRgrass,

All sharp edges must hia rounded off, to minirmiza heat concen
trations

Generally u-grooves are praterred to v-joints, This is the prirne
reason why gauging s s0 beneficial in companson with ather
methexds tor prepairing cas| ron joints

Cracks must be fully opanad ta allow accessabilily. However,
feave 2-3 mim an the root side to allow easy fiting. Usa

DK 2100 tor joint preparation an all cracks

Cavities ke blow hales, ste. must be apenad and clsanad,

& Lhmm

2=3 mm




4.3 PREHEATING

4.3.1 Preheating methods

&ltheragh s satistactary ol can be achieved without preheating,
the risk of cracking duetothe rigidity orlack ot duchlity sxpecslly
incamphcated shapes is considerably reduced by preheating

There are three maethods of applying prehest 1o the cestings:
Local prehealing, to retard the rate of cooling of the weld joint
General preheating, 10 release intermal loched up stressoes and
o retard coaling of the weld. iHhe tamperatura s rasad to shove
45070, aslight imprevernont in ductility occurs, which increases
wilby uriber morease o e leinperature, This allows for some
siress adjustment and greatly reduces the distortinnal tandenoies
it e risl ol craching o the joint being welded, as well as
raciticing tha hardnass of the weld deposit and Deal allecied
ZOMCE,

Indirect preheating, which s oflen valuable, f used with caution,
for expanding an associatad par of the casting moorder o
balance contragtional stresses caused by welding

4.3.2 Precheating levels

Al lavrls of prralusabing s usualy benelicial, However, thore may

b a paint In astablishing some ey -t
Ambient temperature
Srturineg 1At e cashingg s ol sl leas] ambieom e poatone will
ST Ti'|;|l na e s tre will Sonoansale onols s lace,
q0-100'C
Prashaating trearcing BO=100Cwill secure that all wetl surfaces
will ey, thorgby no Fyadragan contribuhion teom ar Doamcdly,

- 200-250'C
Prehaating to arcundg 2O0=2 10 s used on duciile ron o
prevent martensite tormation n the HAZ 1118 et nacassary 1o
prestiral hese 10n0s W higher temperatures. Sometimes it may
even be dangarous, sinca prabeating i the region of 300
S00°C may prometo precipitation of progutectond cemantile,
wihich considerally lowers Lher ductility
Up to 500°C
ndinect preheating is uscd at all termperature levels up to
S00°C. Tha fugher, [he Bettern provided both heating ang
cooling is slow.

- 500-600"C
E00=600CC is used an grey and CG ron 10 achieve lowest
possible hardness in the HAZ

4.4 WELDING

441 General

As mendicned above welding can be perlonmed with different
levels of preheating. As a general rules, the higher the preheating
lewel, The less rigid the welding procedure. To faclitate the
recommendations, wewill here work with three different tempera-
ture Iovels:

= Roam lemperalure [cold welding)

— 260°C (gemi-hot welding)

~ 500°C [hot welding)

Furthar we need Lo differ between three kinds of welds:!
Buttering layers

Single layer welds

Multilayer walds

4.4.2 Buttering layers

On sorme welds it is often beneficial to use a "buttenng”
techniqua, Inshort this means that ene (or botn) of the surfaces o
e welded, are surfaced prior to the gmng opsrabion. The
reasons tor using this techngus mey be either metalurgical or
mechanical. Fig 34

Matalurgical
To avaid formmation of brittle phases o dissolar welds.

Mechanical

T aliow for coolings strasses to maore affect the ductile bullering

layer than the Britile HAZ of the base material (Of course tha HAZ
ot the hass melal will be aifected by cooling stresses frorm cach
weld baad, but they will be spread aut aver a larger ared and Lhe
bard phases of the HAZ will be anmealed).

Purttering s amplayed primarily on:

Multilayer welds, to allow for less ngrd welding proceduras an
thee Bl rures. Thos s mamly due to the fellowing:

Eutbarmig bachngua

Belulbibaryer st Bl lenng echmicgue

Figag

— The contractional stresses from the cooling wald metal in
suhzanuant hasds will be dccomoddated in the Bullerng layer,
thereby lowering the stress level and tha risk of cracking.

— The heat from subseguent Beads will anneal the HAZ in the
cast iron, and lowar the stress level in previous beads.

— Mo dilution from the cast irnonwill acour, due to the insulating
Dattenng layer,

Walds batween cast iron and other metals ke slas|, copper

alloys or nickel alloys, 1o secure good waid bond

RBebuilding larger surface defects, rosulting from over-

machining, casting operations or mechanical forges, eto

The idea here is to frames the defect, using short stringer beads

followsd by immadiate peening. The rest of the rebuildning can

then be commenced using A less ngid welding procedurs,

Welds performed under heavily restrained conditions, e.g.

replacing a hollowed damage with a mild steel plate.

e




4.4.3 Single layer welds

O single layer welds, all wald mietal is in contact with the cast
iron. Further, no haat treatment of the HAZ by tha wialding of
subsequent beads will vocur, This calls tor particularly rigid
welding procedures and/or preheating.

Cold welding

The hardness of the HAZ will depend on the cocling rate. The anly

waty L kowar this without prehealing is 1o use a higher heatinput.

This will, however, imply a larger weld pool and thereby higher

cooling stresses, which s even more detimental than the HAZ

hardnass.

Iharatore, do not use high heal input!

Instead the HAZ zone shall ba as thin as possible o limit tha

dangerous area, and cooling stresses must ba neutralized, It is

therafore extromely impartant 1o follow below procodure recam-

mendalions,

— Waild with shart stringer beads (2-3 cm)

= Lise thin gauge elecirodes and weld with low amperage.
Welding on D negative will result in lewer dilition from base
rmatarial, and may e benelicial, nparticular when wolding on
gry cast iran with pors nickel electrodes,
e mtarmadiate temperature shall be ket balow 100°C

= Use the back-step lechnigue shown in tig 4
Heummrmer L weealed sirtace with a rounded tool {preaming),
dirreily atter wolding. The more the weld metal is allowed 1o
coal, the gricater e sk of cracking due to cooling stresses
Therefam paening should be perarnmed whilk the weld metal is
sl red-hot | 1t s important not 1o bammer perpendicular 16 e
wold bigad, Lot rather from the end of the weld towarnds the
slarting polnt, This Is 1o avoid causing cracks by the peening
operation Heelf,

Back=stan walding

o

<— s i bty —p{

d=5om

Fig 4

Semi-hot welding

Thie preheating level s mastly used for the welding of ductileiron

and thersfors the belaw recommendalions are given for this

matanal

Freheating as mentionad above will lower the cooling rate, and

thereby the hardness of the HAZ. However, the reduction in

hardness will be marginal with a preheat level of only 250°C, and
therefane the procedura recommendations given nsection 3.1 are
vaiid alaa hare, though somewhat less rigid.

— Interpass lemperaturs shall be kept at 25070,

— Shart sinnger beads shall be used (no waaving!), Maximom
S0 mim.

— The back-stap tachnique shown in fig 4 is praferrsd.

— Theamparage may be increased n relation to cold welding, but
still thin gauge electrodes and moderate amperages must ba
used.

— Paaning shall be perfarmed {580 soction 3.1)

= Slow cooling s imperative!

Hot welding

This preheating leval is mostly used lor smaller castings, bocause

attha difficulty invelved inheating large parts, Hot welding i most

beneticial on grey and GG iron. On SG-jron, howwevar, prehiaating
shauld not excecd 350°C.

= Tha welding may be carried out as for normal steal walding,
witli the excaption that poening should be pirtormed.

— OK 92.60 should be pratarred ta OK 92 18, since this haiggh
praneating will substantially increass the diltion from base
material, and OK 92.60 1= the mast talerant af the thras in
s respact
Slow cooling 1s imperative!

4.4.4 Multilayer welds

= Allbsadsin physlcal cantact with the cast iron shallbe welded
according 1o the procedura givan for single layer welds,
The Jast bead must not be walded directly tothe cast iron, but
an tap of 3 provious welded haad

— The best results in multilayer welding on cast ran are always
achusved Lising the buttering technigue (see fig 3),

4.5 POSTWELD HEAT TREATMENT

Tha most common heat reatmeant after welding s strass-refief
annzaling. It has besn questioncd whether it will imprave the
properbiss ot the wald ornet, bulits use iz widely spread, and the
overall exparicnce sseins to ba good.

Tempering Lo lowar the hardness of the wald may also occur This
is particulay usaful when welding with Fe-based consurnatias,

4.6 CCOLING

Becauss of the low thermal expansion of cast irons, {in compari-
s0n with most weld metals used), and because of the aoften
intricate shape of the castings, slow cooling is sssential in all cast
iron welding.

Slow cooling may lake placa in 2 cover of saw dust, vermiculite,
ot dry send or in the oven used for lhe praheating operation.

oh




5 Some common applications

5.1 FOUNDRY DEFECTS

Thase detents are manly cavilies and blowholes,
They must first be opened up and cleanad of dirt ke trapped
gand wle.

— Lse 0K 82 18 ar OK 92 60 1o 1ill the cavily,

5.2 REPAIRS

5.21 General

Castiron repairs can gencrally be classed into two groups, ightly
strassad applicabions and heavily stressed applications.

Where the defective part s under strass, the repair narmally
consEls of cutling andd welding the defective matenal withoo
providing additinnal strangtbering material

Whire (he defective part must be capable of transmitting high
lnads. the mpar s olen scheved with the aid of mechanical
rmeans, boecauso the tensile strangth ol & cast imn walid m useally
bl

5.2.2 Cracks (light strass)

I is ceoential o detarming tha exact lenagth of a crack: Asate
genal rule is 1o out out more matarial aleng s leoagth han s
rally necassary Lo snsure hat the whole of the crack has been
cntively rermonied

e prsscctice of dilling a small hole (=3 mm in diameter) accu
rately located at athar und of the crack, to prevent it from
apreading during the repair is oltan employed with good results.
Wheara cutting cul and welding do not invalve much work il es
often advisable to trea one-and of the crack by cutting out to the
adpe of the casting. Whore the crack has already apread Lo an
el walding shauld stan from the fiied end and travel outwards
Thiz point at which welding should commence n cases other than
thie sbirve musl be decided on the merits of each rapaic A lypecal
mothod of repair of a crack in the centre of & casting is shown in
fig. &,

Small holes
drillesd a1
" anl of erack

__— Durection
af welding

Alignmant of workpiece

Al surfaces that shall e mechanicaily attsched 1o another
surface, mus! be fixed accurately in that position dunng walding.
If nat, amy misfit between he surfaces will resultin cracking when
mmounting the repaired part,

Cine very cormimon example of this, (s cracked braces on alpcincsl
enging housings (see fig B). Walding a broken brace without
proper fixing often results in the brace not baing in plane. When
tightering the bolls upon meunting the engine, a new crack will
aeeur due to the low ductiiby of the cast iron,

(K

5.2.3 Fractures (high strass)

Failure by fracturs is usually dua to a suddan increase in the
working load, and the repair must be capabie of transmitting the
Ipad carriad by the parts in guestion. This s often achieved by
migchanical means which consists of reinfarcing tha joint with
some form of cover slraps fixed by bolts, or preferably by
shrinking on a hoop or hand to carry the tensile load,

Fraciures which may cover arcas in thin sections, such as watar
|ackats, ara often best rapaired by removing the defective arga
and welding in a mild stesf patch

Anuther form of regair which is occasionally successfully used.
but not always recommandad, consists of studdmng. Mild slee|
studs arg Inscried inta the faces of the fracture and waldad o tha
cast iron batore the mean job of welding up the joint is com
mencad. 1t s assantiaf to thraad the studs and scraw Lharm Tinmly
it the parent metal, The use of studs in butt welds s somewhat
inaffective whara tansila stressas are mvobved simce welding
often sorves 10 loosen the studs. For reinforcing broken gear
tanth, however, where shear stresses arg invalved, studding is.a
usetul strengthaning davica.

5.2.4 Hollowed damages
A hodiowad rl;u'na:_]n I PO SIS ey Lagt rzprenrescd in the
Tollowing way:
— Hemiove all damaged materdal from the castiron (prefarably by
grinding)
- Round off all sharp cdges
— (annd the adogas of the casl ion o around 45 degroes,
Buller the a&ge; of the cast iran with OF 9280 o
Ok 82,18

Fig &




= Cut a mild steel plate 1o Tt nta the buttered hollowed section.
Because of the great difterence in heat expansion benwsan
steal and castiron, itis betier o use a stesl plate with sbout half
the thickness of the cast iron. This will ales lower the amount of
weld metal needed, thereby making it easier to limit the haat
input,
Giringd 1he: sdges of the mild steet to around 45 degrees. (L eave
< mm raot face to facilitate fixing ol the two suriaces)
— Tack weld Lhe sleel plaia in to the cast iron,
= Weld with short stringer beads using Lthe back-sten technigue.
Place the beads one aftar the other as in fig 8.
When pesming, hammer towards the weld bead rathar than
parpendicular to the weld surface, 1o svoid cracking the weld,
It all picces of broken cast ran are possible to use in the reparr
operalion, thers is no need for a mild steel replacer. s then also
nassible to weld withowl the buttenng layer, even though this still
will provide a better wald.

Irser | sty al |
Iy el |
10N

roAKirmm siengih

Fig 7 |
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5.2.5 Burnt castings
The term “Burnt cast iron” genarally describes a castinon, which
15 pamdized both on the surface as well as within the meatarial. This
oidfation occurs when the casling has bean exposed to high
service temperatures. Dapanding on the alloying contert it may
start aiready af 400°C.
Burnt cast iron is characteriaed by:
1 Avisible oxide-skin torming on the surface.
Thiz owide conslsts of Fe,0., Fey, and Fal. Fe., 0, hoelds most
axygen and will therelore take the cuter place of the thras.
Oxides of alloying companents may of course also be found in
this axide complex,
Internal oxdation
Uryaen penetratos quickly into the matenal along the graphite
flakes. Far thermodynarmical raasons, the result is not only
burmng ot graphite to CO and CC., but also Lhe [ormation of
iren axides. This iran axde will lorm in a zone surrounding the
yraphile lakas. It sxcass oxygen is still available angd Lhe
temparaturais right, the graphite will be burnt ol Tha graphite
is then replaced either wath iron oxida or nat at all, leaving an
aempty space within the structuro. This process is conlinucis
and will continue until the material is destroyad.
The ran asite = mare voluminaous than iren which causes a
swalling” of the casting. The prosonce of won oxides will also
FOSUlt in ar incrassed hardness,
This, tegethar with tha raugh and dirty surfacao, makes burmt
castings very difficult to wold, unless the worn garts of the surtace
are removed. Therefore, on such apphcations it 1$ always best to
grindd or gauga down to sound metal before welding.
Ax an ernargancy solution an smaller castings with burnt ai
corradad surfaces, the following procedure may halp Lo create a
sufable encugh biond
= Clean the surtace from all dust and loose altachisd damagedd
material. This may be done with a staal brush or grinding,
Use 0K 91.58 to strike rapeatedly aver the surfacea In the
same way as striking a match: This will cause some steel
metal from the electrode to stick an the woarn surface,
providing a better bond during the actual welding.
— Use OK 92,80 lor tha actual walding
Experiance has shown that OK Selectrade 94,25 may provide
suncessfulwelds where Mi-based electrodes have faillad. 5o hava
tor instance exhaust manifoids hasn successfully welded on
MEANY SUCARIONS.

5]

5.2.6 Thin sections

Thin sections dre found in many castings, such as engine blocks,
cylindar neads valves. etc. The main greblem is Lo aviid applying
oo much weld metal inorder Lo minimize the cooling stregses.
There will also be difficultiss in psening, since the hammering in
izelt may crack the weld.

The best way 1o apply just enough weld matal is to weld in the
vertical down position. This is possibls, Using the OK 92.60,
which has a special coating that permits welding in this
pisition,

To avoid nreaking the casting during poening, it is better to
nammerin & £5 degree angle towards tha walded bead. rather
than porpendicular to the wald surface.




6 Consumables

6.1 GENERAL

Electrades for cast irnn welding:

— K 81,58 - Mild sleel composition
- K 92,18 — Pure nicksl electrode

— D BP B0 ~ Mickel-iron composition
— DK 94.25 - Copper-Hin composilion

6.2 IRON BASED ELECTRODES

(3K 41,00 is developed for the rapair of hugh iron castings,
such as steal ingnt moulds, bottom plates and slag pats. 1|
deposils g weld metal of cast iron composition, giving similar
colour and rusting properties. The weld metal will be fairly hard
whern welding without preheating,

QK 82.60 |5 used for refilling of cavities or suriace defects,

The wild matalwill b hard aod Brittle, and therefome it is

nil recommended far joining. Colourand rusiing propertes wiill
ba gimitar (o casl iron, [11is alse used 10 secura goodd bondimg on
Lot cast iron, such as axhanst manilolds, doors for martin and
ok o, el

6.3 NICKEL BASED ELECTRODES

Ok 92,18 is usad for welding of all cast irons. Tha wald metal
s ductile and very easily machinaahile. It is recommended for
refilling of cavities, general repair and where machineable
welds are required an cast iron with hardnesses arcund 150
HE. it mu=t not be welded [0 more than two layers, sa for
multifayer welds, use OK 82.60 far the (il runs and GK 9218
for the cap runs. ILis not recommended an high sulphur or
high phosphorus irons.

0K 92 60 is used fur cold welding of all cast irons. It is parti-
cularly usetul for ductile fran bacaussa of its higher strength.

It is recommanded when machineable welds ara raquired on
cast irons with hardnesses around 250 HEB, It is more tolerant
to difution with sulphur and phospharus than (K 3298

6.4 COPPER BASED ELECTRODES

OF 94,25 is primarily used tar the walding of coppar

alloys. Howewer, sxpenence has shown that gooad resiits may b
achievedusing this alactrods on bigh sulpbur cast hans. On soma
cszrsnns il has also proved helpful onoburnt castiren, whisn
Mi-Bagad alsctrodes tave Taled, The machinability is nat as gona
as for OK 9218
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