
NOTES ON ELECTRIC WELDING, 

The processes of electric welding have attained great promin- 
ence in recent years and plant for this purpose is now a recogrzised 
and necessary adjunct in all engineering repair works. The 
expansion of the welding art wm particularly rapid during the 
war bec~uw of the great possibilities for saving time and labour 
which were made evident; the rapidity with which some of the 
damaged interned German h e r s  in the U.S.A. were repaired 
particdarIy served h emphasise the utility and possibility of the 
welding processes generally. In addition to repah and rein- 
forcing wark, welding also plays an important part in con- 
atructiond work, but in this connection it is generalIy conhed to 
various t y p e s  of light work although Lloyd's Register of Shipping 
have issued regdations under which t b  body i s  prepared to 
sanction its use in the building of ships' hulls, and a few vessels 
have been so constructed. 

The modern pmessw of welding are genemUy referred to as 
autagenous processes, since the weld is mare or less aubmtically 
generated, as contrasted with the old forge process which involves 
manual or mechanical pressure. Therc is one form of electric 
welding, however, which is not an entirely autogenous method, tic., 
tha t  generally referred to as l~sistanca welding. In this process 
both heat and pressure are used to produce the weld. The heat 
iB produced by the resistance offered to the passage of an electric 
current through tbe two pieces to be ~ e l d e d .  The greatest 
resistance to the prassage of the current takes place at the thin air 
i3.m at the junction of the two pieces and the metal therefore 
heats more intensely at thia ~ i t i o n .  When tho tempratwe has 
riwn to the point at which the metals a t  the junction become fluid, 
p m m  or percussion is applied to effect the weld and incidentally 
extrude any oxide, and therefore in principle this method is identi- 
cal with the forge-weIding pm=. The advanhges claimed for 
tkia process me- 

(P) The metal heats from the inside at the surfam where 
the greatest heat is required. 

(2) There are no gases of combustion and no oidation, 
thus eliminating this cause of fadty welding. 

(3) The metal h o m e s  one homogeneous mass. 
Resistance-weIding may be subdivided into t'hree dist.inct 

types called respectively Butt -welding, Spot-welding and Seam- 
welding. 

Butt-m!rla'ng is the method applied to bars, rods, tubes, &o. 
trernsrerse to the length of the pieces. The two length to  be 
joined are held in place by c l m p  nnd brought into contact. The 
electric connections are made to the clamps and the current 
pmes through the two ham and m o s s  the thin air film between 
them, developing great heat at the end of each bar. Pressure h 



applied by mechanical means operaking the clamps as the metal 
becomes hot and plastic. This preasure is maintained and a 
distinct burr is formed thus showing that m appreciable amount 
of plastic flow has taken place and the p i b i l i t y  of my oxide 
remaining in the weld is slight. The current is then broken and the 
joint is finished of£ while cooLing by hammering or awwng. This 
procesa ie uaed to some extent in building up evaporator and 
condenser .coils for refrigerating pIants. 

Spot-mUing is a, method of welding adopted for making s lap- 
joint between two plates instead of a continuous weld along the 
edge of each pIatc. The joint made may be compmd with 
flush-riveted work as the plates are united by a number of s ~ I 1  
welds spaced in ra similar manner to  rivet&. The two plates to bc 
joined are placed between point electrodes which are pressed 
together by mechanicaI means, thus helping to grip the plates 
closer than can be done by cIamps. The eIectrodes are made of 
copper and are water-cooIed through the centre right up to the 
tips, On the current being pa-ssed the metaI is raised to the 
welding temperature at the joining surfaccs in the small area 
d h b l y  between hhe eIectrodes. The joint is complekd when 
the desired temperature h a  been obtained by additional pressure 
being applied mmhanimlly through the electrodes. Although it 
is ~Iaimad that this method ia M bscient as rivekl lap jolnta, 

which have been made in a dmkprd do not suppork this 
claim. The tests ahowed that the welds made were not uniform in 
quality, some being indifferent and others bd, while only a few 
could be considered good welds. The method haa not been 
adopted in Admiralty aervice. 

Xeum-welding is sirnilw to  spot-welding, and applicable to  thin 
plate work. Instead of point electrodes, roIIerfi are used and the 
plates arc raised tx a welding heat by passing the current through 
these rollers, which at the same time revolve aacrom the plates. 
For efficienoy the surfaces to  be joined must be thorougb1y 
cleaned by sand-blasting or pickled with acid. This system is 
not used however by the Admiralhy. 

To a c e h i n  e x b t  resistance welding h not ao dependent on 
the use of skilled labour, and probably the metal is left in better 
condjhion with thia *ban with the o+her syskms of elecbric welding, 
al$hough the heating t o  the welding temperature must necessarily 
involve some changes in the ph@cd propertie8 of the metala at 
the junction, 

The disadvantages of resist~nce welding are that very heavy 
current is required, and its urn is not practicable in confined a p e s .  
A l h t i n g  current is almosk universally employed, though there 
is no reason why direct; current should not be used, saving the 
ddliculty of dealing with heavy currents. Special trrsnsforming 
apparatus ia required ia transform from the ordinary commercial 
source of supply or from a portable alternator to give a low 
pxeaaure ourrent of from g to 6 volts with some hundreds of 



amperes. The heating and welding operatiom with fhis method 
are very rapid, and it can under suitable conditions be used for a 
very wide range of metals, e.g. iron, steel, bxms, durnixlium, &c. 

There are two kinds of electric arc-welding, known respectively 
as carbon-electrode welding, and metal-electrode welding. In the 
former an arc is drawn beeween a carbon electrode, which is the 
positive, and the piece to  be welded, which is the negative, and 
the, metal to  be added is fed into the arc in the form of a wire or 
rod. This process is subject to certain disadvantages- 

( l  ) It can only be conveniently carried out in the 
horizontal plane. 

(2) The weld is liable contamination by carbon from 
the electrode and also to  oxidation by the oxygen of the air. 

(3) The heat irr very p t  (the temperatun: of the arc is 
3,500°C.) thus lading to p i b b  burning of the weld and 
adjaoent rnetd, and to possible excessive expansion and 
contraction stresses ; its use in confmed spaces is abo open 
to objection. 

In general, this weld ia not so reliable as ia obtained with other 
processes, and the material at the weld may be so hard that iit 
cannot be easily machined. It is more frequently used on heavy 
work which ia not required to withstand considerable strain, and 
is considered suitable in special cases for the filling in and repair 
of faulty castings and similar work. 

The current required b at  about 90 volts pressure, the amount 
depending on the Bize of the work being welded ancl ranging from 
about twenty amperas to some hnndreds. 

The metal electrode pmcws which is more widely applied, 
uses, as the name implies, a metet1 electrode, the arc being drawn 
between the electrode and the piece being welded. The heat of the 
arc melts the metal of the piece and the metal of the electrode 
rrimultaneously. ks t h e  m& of the electrode melts, it is drawn 
across the  are to the metal of the piece where a union is formed. 
The berm '"am " across the arc, rather than falling through 
the arc, i~ used advisedly, since the metal will flow straight over- 
h 4  aa weEl a& vertioally downwards. 

The ad~anhges of the metal over the carbon method are-  
( I )  The temperature of tlw arc is lowcr. 
(2) No carbon is passed into the weld. 
(3) The metal of the eIectmde melts in the WC, and i8 

deposited on the paxts being welded so that S n g  rods are 
nob required and thus manipulation is simpler. 

(4) The operation can be carried out in m y  position 
and in virtue of the shorter m and Iower temperature, it 
j ~ l  more suitabIo for urn in coniined spaces. 3reover, the 
am is very concentrakd and rapidly heats the metal, and 



the objections of heating the material over a lmge area are 
within h i b e  avoided. 

There is stilt the disdvantage, as with carbonac welding, 
that oxidation of the weld may take place during the process, 
but the possibilities are considerably lessened because in the 
h t  case the electrode is held very close to the work and also 
because with this eys tem it is m y  to apply methods to reduce 
this action, as will be seen later. 

It should be appreciated that oxidation not only affects the 
initial strength of the weld, but also renders it more susceptible 
to local corrosion and further weakening in service. 

The possibilities of the metal electrode system of welding have 
led to the development of the flux-covered or coated electrode in 
which the metal rod or wire is surrounded by a suitable compo- 
sition. The frmcbion of fhis flux is to form a molten compound 
around the MC during the welding operation to protect the metal 
from oxidation during its transit from the electrode tip to the 
work. The coating, which in mme cams consists of asbestos yarn 
impregnated with silicate compounds, foma a ~lag covering the 
weld which fIakes*ofT more or Ieas in cooling. The dag must h 
carefully removed at each stage when the weld o a k  for euccemive 
layers. The voltage required with mefal e lhodes  ia much lower 
than with the carbon electrode procwa and either alternating or 
dire& current m y  be U&, although in newly all ~ t b s e s  the bttm 
is used as rnanipuhtion is tbsn w i e r  and the rate of depmiting 
the metal is quicker, the electrode as beforc atated being made 
positive to the work. The arc formed is very short, 4 inch or less, 
and it ia found t o  be very sensitive to  pressure variation so that 
skill and great care are required in the manipulation of the 
electrode. I 

The current required is relatively small, but a vo1hge s&aient 
ta malintajn the small arc, my, 60 to 100 volts, is necesearg, 
although in specid cctses a slightly higher pressure may be used ; 
generauy speaking it ia advisable to keep the pmmo as low as 
is possible. The current may be from 20 to  225 amperes depending 
on the nak~re of the work. No general d e s  can be hid  down, 
and one onlgr be guided in the main by instructions issued 
with tbe electrodes specially supplied by reputable makers, or 
experience in special eases. 

It ia only proper t o  menhion that there is am a Wemnce of 
opinion as to whether or not in arc-welding a Aux is n e c m q .  
It H sometimes alleged that it is nok r e q u i d  with mehl eIectrodes 
and desirable with carbon el&rodes since i$ en.bers into combi- 
nation with any carbon which may be projeckd in the direction 
of the weld and prevenh it combining with the metd. I$ is also 
maintained that a flux is necessary to tocreaae the fluidity of the 
metal. It: h argued too tha t  welding by means of the carbon am 
without a flu results in the formation of a crater of b o h g  metal, 
which readily absorbs oxygen from the atmosphere ; also that a 
weld which has absorbed oxygen wiII always be weak, h a m e  #e 



oxygen wilI react and combine with the carbon in the metal and 
with the metal itself, and the metal at the junction becomes 
porous. This merely illustates the  diversity of opinion on the 
subject in the face of which it is difficult to pass judgment ; the 
question is further complicated by the fact that there is no marked 
agreement as Go the best composition of the flux or flux-forming 
coating when used, and also because an excessive current in the 
arc may bring about a condition in the weld which is very similar 
to that  caused, say, by the use of a carbon electrode without a flux. 

It can however be said that the coated metal electrode prom% 
is now firmIy established for repair and constructional work. 

I t  should also be mentioned, t.hat all coatings applied to metal 
electrodes are not necessarily liquid flux-forming. In what is 
known as the gaseous flux process the metal electrode is covered 
with a &-proof sleeve of non-conducting material, so that as 
the metaI is removed by the arc, the sleeve projects heyand the 
end of the rod and forms a guide for the molten welding materid, 
the sleeve itself falling away automaticalIy. This sIwve prevents 
the metal from oxidation and reduce! heat losses. A great ded 
of gatisfactory commercial work has beebeen carried out with this 
process in the repairing of mercantile bailers, &c. and to build up 
worn propeller shafts, crank shafts and wagon axles. - - 

A welI-known coated electrode process is that known as the 
Quasi-Arc process, the  special feature of which appears to consist 
in the introduction between an impregnated asbestos coating 
(chiefly of femus silicate) and the rod, of a fine aluminium %ire, 
which represents in Bulk about 2 per cent. of the electrode itself. 
It is chimed that the effect of adding the alu.uminium is that  .a 
strong reducing ebdion is brought about, the metal having a stmng 
affinity for oxygen at the welding temperature. '1%~ asbeetos 
coating itself also acts as a reduchg agent and forms a slag which 
covers the weld sbnd it is claimed prevents ogdation. This slag 
is either removed by hammering or by means of a sti8e brush when 
the metal has cooled. Either single phase alternating or direct 
current can be employed, the electrode forming the positive pole 
in the latter case. In working, the tip of the electrode is brought 
into contact normal with the work md an arc is formed. The 
electrode is then dropped to  an angle and the arc Ls destroyed owing 
fm the covering passing into an igneous state, and, as a secondary 
conductor maintaining electrical connection bet%-em tlre work 
and the metallic core of the electrode. The action once shrted, 
the e l e c t d e  melts at a uniform rgte so long as it remains in 
c o n k t  with the work and leaves a seam of metal wLic11. if the 
operation has been correctly carried oat, is fused into the work. 
The covering material of the electrode acts as a slag and spreads 
over the surface of t.he weld as it is formed. The length of the arc 
varies between 3" a.nd 1" according ta the size of the electrode 
nsd. The aim, when working, is to keep the point of the electrode 
just in the molten slag. The size of the eIectrodes varies from 
I4 to 4 S.W.G., the electrodes being of high quaEity miId steel, 



i.e., free from impurities. For reinforcing work carbon steel 
electrodes are used, and in mme speciaI Gases manganese s k d  
electrodes. The current varies from 20 to 26 amperes with 14 
S.W.G. electrodes to  160-115 amperes with 4 S.W.G. electrodes. 
'She size of the eI&rodes depends generally on the amount of 
rn&'al to be deposited, but in the case of work Iiable Go distortion, 
overheating by the use of unduly large electrodes must be avoided. 

!l%e electrode is held in a holder of which there are two types 
in general we. One is a pincer-shaped holder which is usually 
grooved to  take these different gauge electrodes, and the other 
has a fairly large hole t h o u g h  which the electrode is placed and 
held by a tongue piece operated by the grip of the operator. The 
holder $3 connected to the electric circuit. 

The characteristic of the wire which is used for the metal 
eledrodea is a, very imporbant matter, and dead soft iron or steel 
wires h a ~ e  been found satkfbry  for the purpose in their respec- 
tive spheres. it would appear that uniform mechanica1 treatment 
in manufacture and caref ol annealing are required to  give the best 
results. A good composition for an electrode for w e I b g  steel 
phhs is approximately :--Carbon m 18 per cent., Silicon -08 per 
cent., Manganese . B 0  per cent., Sulphur and Phosphorus -05 per 
cent., each as a maximum, 

Exneriments havc been carried out at t i m ~  to detmmine the 
natumLand properk of the metal depcwited by arc-welding md 
a careful study of the resdb givm valuable indications of the 
possibilities and limihtions of these processes. Although $here 
is an opinion $ha$ thc properties of the metal of an arc weld are 
affect& mabr idp  by the adjacent metal by reason of the inter- 
penetration of the two, ifi is more generally considered tha t  .the 
change of propdies of tho added metal induced by the fusion is 
of fundamental impodnce and should form the basis of any 
study of am-welding. 

In these experimenh bIocks of rarc fused metaI for test were 
built ua on the end of a section of a d a t e  of mild steel. When 
a block* of sufficient size had been fo&ed, it, together with the 
portion of the steel plate immediately beneath, was sawn off from 
.the remainder of the ,steel plate. The spmimena for t e s t  were 
then turned entirely out of the arc-f used metal. 

In one such serieg of experiments that were &refully carried 
out, two typa of electrodes were uaed aa the material. to  be 
fused. These Wered considerably in composition and were 
chosen as representative of a " pure " iron and a low carbon ateel. 
The electrodw were in various sizes and were used both in the 
bare condition and after coating with a representative oxidising 
and refractory mixbum. 

Tho general rrsuIts from thin perie~ of experiments showed 
that the effect of fusion under welding oonditions was to render 
the two maMala used for %he electrodes more nearly the same 
in compmikion after fuaion. The loss of carbon, &con and 
manganixe ww very marked in each c=. The coating used in 



theae particular cases appears to have bad but Kt& influence, if 
any, in preventing the oxidation of the oarbn  and other elements. 
But an important cllange that was observed was an increase in 
the nitrogcn taken up by the fused iron increases somewhat as 
the c m n t  density increwes. 

Quite recently the presence of nitrogen in iron or steel has 
been given serious consideration, but analysing for this element 
is a difficult matter. It has, however, been proved in actual cases 
that this element was not only present in amounts up to 0-15 to 
0 - 2 per cent., but was a most important factor in causing " cold - 
shortness." As little as 0.06 per cent.nitrogen. will considerably 
reduce the dongation in a 0 . 2  per cent, carbon steel. Under 
ordinmy conditions of fusion nitrogen would appear to have litt Ie 
effect on iron, but under the conditions of exposure to  the electric 
arc the gas rnoIecu'le is broken up and the nitrogen atam readily 
combines with the molkn iron and h n  vapours. The oxygen 
and nitrogen content of the fused metal can be kept at a minimum 
by using as ehort an arc as possibIe with the smallest current to 
maintain t.he arc and fuse and transfer the metal. Excessive 
current appeam to increase both the oxygen and nitrogen content 
to a point where Ghe deposited metal may be excessively brittle. 
It is considered that the portion of the nitrogen enters into solution 
with the ferrite causes the  brittlene~ and not the free nitrogen. 

Attempts have been made to improve Ghe ductility of thz  weld 
by adding: various de-nitrogenizing elements in the electrode but 
none have been entirelv successful due to  the fact that anv such 
element -sing desAble affinities in this direction is &pidry 
attacked and othekse combined during its passage through the 
arc. This question, however, requiras f &her irivwtigmtim. 

Retwning to tlie experiments on arc-fuwd metal referred b, 
fensiIe tests of the electrodes and of samples of the arc-fuaed metd 
are interesting. The results obtained over a wide range were 
fairly consistent and indicate a, general deterioration in the 
deposited metal as compared with tha t  of the electrode. 

-!The results showed (1) a general similarity of the properties of 
the deposited metal from both iron and steel eledrodea, (2) a 
reduction in tensile strength and (3) a very marked falling off in 
the reduction of a m  of fraicture. Also a11 fractures of the speci- 
mens when minutely examined gave evidence of interior flaws, 
the metctl appearing ta oontGn, a considecable a v m b e ~  of c a v i t i ~  
and oxide inclusions and genemlly it was concluded that with 
the best of precautions it, is not at present pwible to fuse and 
depmit the metal without imperfections, 
-1n any consideration of electric-arc welding, it should cos- 

hntIy be borne in mind tkat the weld mehl is simply metal 
which bas been melted and has then solidifiecl in &U. The weld 
is essentially a crssting, though the conditions for it8 production 
rsre very different from those ordinarily employed in the making 
of cat*. The physical properties of a weld or of any casting 
depend upon the gr&, solidity and chemical composition; 



the conditions under which a weld is  made, however, are genedly 
such as to affect these factors ~rnfnvour~hly and to an uncertsin 
extent. The grain is usunIly coarse due t o  the method of cooling, 
and for best effect in this direction the metal should be deposited 
in relnti~ely thin lapen. 

The metal in any case certainly Imes many of the properties 
it poljsessee when i ~ i  the wrought form and hence it is not t o  be 
expected that a fusion weld by any process whatever will have a11 
the properties that metal of the same co~nposition would have 
when in thc forged or roIIed condition. A knowledge of the 
charwteristic properties of the arc-fused metal is therefore of 
fundamental importance in the study of the strength and 
reliability of the dectric arc weld. 

It a-lust always be borne in mind during welding operations 
that the fact that metal is melted and allowed to run into a joint, 
does not indicate that fusion of the metals will take place. A real 
weld car1 only be made when tlre met:~ls to  be weIded are in a 
liquid state with the dag and oxide Aertting on top. 

Another point to  appreciate when applying a welding process, 
either for constructionnl, repair or reinforcing work, is that there 
is not, a t  least at premnt, any reliable method of &sting the 
soundness of a w ~ l d  after it has been completed, and therefore 
careless work may be turned out which is difficult or impossible 
ta detect. In engineering structures, it, ia nearly dmp pseible 
by rigid tests of the materials used and with ordinmy careful 
workmanship, to determine whether $he structure will be suitab1o 
for the stresses it has to  bear, and the fact that unreliability may 
be present in a weld that btppeara satisfactory rendors it all the 
more necessav that  in any cam its use should be carefully 
considered. 

The possibilities of the application of &an X-ray process to 
examine welds is being in~estjgated, but the research is not 
sufficiently advanced to  enrable a definite opinion to  be formed 
as ta its ultimate value. 

One other consideration in wdding must not be lost sigh* of. 
Apart from the differences between the metrml deposited and that 
of the work, the metal in the neighbourhood of the weld undergoes 
a change of structure owing to the over-heating which takes 
place. This heating may have a deleterious affect. on the metal. 
It can be minimised by using as smaIl an arc ~s is consistent with 
obtaining f ~tsion e,t the surf ace and depositing the metal rapidly 
but even so. the effect depends to a great extent on the skill of the 
operator. In principle electric welding is simple, buk in practice 
it requires a very skilIed and conscientious operation to produce 
the best results. Slag inclusions me a common source of wcakness 
and are due mainly to  poor workmanship. One layer is put 
over another without proper cIeaning or the p 1  of metd is 
not kept molten long enough to Ao& off the slag formed during the 
depositian of the electrode. 



If the operator uses too small a current or holds the electrode 
too far from the work, the melting of the edges of the work 
may not b v e  been properly effected, sa that there is not adequate 
adhesion between them and the added metal, and the small 
cracks thus remaining will in time lead to trouble. An excess of 
current may cause " bad 'metal to be deposited or bubbles of 
gas may form in the weld and reduce its strength, or the metal 
may be burnt by keeping the arc too long in one ptarticular spot. 

Waving discussed the welding processes in general it is  
interesting to consider in more detail the ~ppbcation tm prticular 
metals or dIoys where its use is la,rgely adopted. 

FVelXi~g Cmt Steel.-The physical properties of cast steel, 
neglecting the effect of heat treatment, am mainly governed by 
the kind and amount of the several constituent elements, h h n i -  
eaUy k n a m  as '' impurities " (carbon, silicon, manganese, 
sdphur, %C.) h the metal. There ia at the present time a lack 
of reliable information regarding the eEect on weldability produced 
by the presence of these various impurities. It is h o w ,  however, 
that a ateel containing - 5 per cent. or more carbon is subject to 
burning at a much lower temperature than low carban steels. 
As far as has been observed, the chief controIEng element in 
stel, as regards the effect on weldability, appears to be carbon. 

The requirements during rt W-elding process are the esddition 
of a ccrtrtin amount of cast steel of a given eompmition. so that, 
8 it is kmwn how the metal of t.he casting as well AS the metal 
to be added will behave through the temperature range of the 
welding procw, the nalture of the completed work map be npproxi- 
rnakly dotermined. The rrrta of cooling which is dependent on 
the shape of* the casting and on the manipulation of the arc, 
may be different in different localities of the same weld. with 
'a corresponding difference in character af the metal h different 
sections. 

The process is frequently used for filling blow-holes in steel 
castings, a quite legitimate and useful applicstion if the bIom- 
holes occur at position where an intact surfncc is the main require- 
ment rather than the thickness of metal to withstand stress. 
Such posit.ions are, e.g., at  the face of a flange or on the seating 
of a valve box. The blo~r-hole should, however, be carefully 
cleaned out before the nmcess is commenced as it h- been 
frequently observed t h a t  segregates of impurities exist at such 
positions. - 

In welding up a crack, the crack is usuaJly opened out in the 
form of a " V " as shown in Fig. 1, and the width of the " T '" 
should be sufficiently wide to allow f.hc welding electrode t o  be 
properly applied. The welding must a1ways be done on clean 
metal, the presence of oxide, dirt or grersse on the surface inter 
fering seriously with the welding. The crwk should preferably 
bc opened out by easy chipping to les~en the strain on the surfnce. 
If the crack has been opened out by a flame, blue oxide may be 



preeent, ancl this must be: removed by further chipping or sand 
blast, 

Welding of MiM Sted PlW.--The me.W@caI problems met 
in the welding of steel plates are similar to those met; with in the 
welding of cast steel only so far as the character of the metal 
In the weld is concerned. Sheet or plate metal is, however, a 
product which has passed through a pmceas which improves it8 
quality bepond that of cast ateel, viz,, the mechanioal treatment 
in the rolls. The result of this mechahical treatment h commt-  
mess of the structure with a resdbnt increase in htough;less. 
The metal in the weld, which will in general have the characteristics 
of cast steel, will therefore not have the toughnew and ability 
to resist the tendency to crack in bending that is possessed by 

,the xoUed metal. This considerat.ion is of p a t  impurtmce 
when the question arises of welding c m k 8  in boilers and other 
structures subject to stress, and requires very carefuI attention, 
A boiler, for example, ip e structure in which each part is doaigned 
to stand h o r n  stresses confirmed by theory and exprime nt. 
The materid in the first case is subjected to a stringent =rim of 
tests and rejected if it does not comply with them. The affect 
of the introduction of eh generaUy inferior mehI attending the 
use of a welding process must therefore be carefully weighed in 
all its bearings when repairs to such parh are contemplated. 

In this connection the following c i r cub  hued by the Board 
of Trade a short time ago is of intemf :- 

" The repairing of the boilers of -%er shame~ by the 
electric or oxy-acetylene welding proewsas has been tentativeIy 
in operation for R consider~bIe period ; nnd in view of the axperi- 
ence gained, the Suxveyors are informed t h a t ,  provided the work 
is carried out to their satisfaction by experienced warkrnen, these 
processes may be employed, within limits, for repairing cracks 
in furnaces. combustion chambers, and end plates of boilers, 
and in the =me pads for re-enforcing the landing edges of leaky 
rivetted seams which have become reduced by repeated chipping 
and caulking. 

" In some old furnaces whieh have b e n  repaired by the above 
pmcemm, it has been found that, after e few months' working, 
crab have again developed a% p&s adjacent h $hose welded ; 
pbabIy owing to the original material of the furnace having 
become fatigued md worn out by long and g e m  nmge. In 
dealing with old furnaces, therefore, t h h  fact should be taken 
into considemtion. 

" It hag also been broughk to the notice of the Board of Trade 
that a rshePl plate of a cylindrical marine boiler orwked rwentIy 
through a solid pan! where some surface welding had been done 
by the electrical process two yeam ago. The weldmg had extended 
for a Iengbh of about X2 inches along the outside caulking edge 
of one of the middle circumfarenfial seame at the botkum of the 
boiler, the leaky edge of the seam and the adjoining shell plate 
having bean covered (soldered) by metal deposited by thia p m c ~  



in  the usual way. The shell plate was 1-5/32 in. thick, and the 
crack, which followed the line of surface welding, extended in a 
circumfemntia1 direction for a distance of 2 feet 9 inches, the 
welded part being situated midway along the crack. 

" For the present, it is not proposed to prohibit, within limits, 
the re-infoming of the circumferential seams of boiler shells if 
the end plates are well stayed, but no welding ghouId be done to 
these part8 by any process which may cause local heating over 
a n  appreciabIe area of the plate. 

" In no circumstances should any part of a boiler of a paesenger 
vessel be welded if whofly in tension under working mnditionx, 
such as a stay or the shell plate at a longitudinal seam, the failure 
of which by crackmg at the welded park might lead to d h a t r o w  
mdh. 

" In my case in which the propwed repairs to the boilem 
of psenger ve58els by either of the above pmcmsa m of an 
uncommon or unuswlly ehnaive chamter, the particulars 
should Fm mbmitted for the h r d ' a  considemtion and approval. 

" After repairs by welding have been completed, the partf 
at  or adjacent t o  the welds should in all cams be well hammer- 
t m i d  and, unless the welding is of a trifling character, a hydraulic 
test of not less than one and a half times the working pressure 
shouId be applied to the boiler after the hammer-testing has been 
effected ." 

Aa has been noted under cast steel, the properties of steel 
plate depend upon the kind and amount of the several " impuri- 
ties " aontained in the metal. MiId steel made by t.he open-hearth 
procm and IOW in carbon, sulphur and phcisphom would appear 
to give the best raults as r e g d  weldabfity. 

In some where e9perimenh have been carried out, t.he 
carbon would appear to have been the chief controUing faetox 
in dehmining the weldable propertie9 of the steel, as although 
Aanging and working of the material have been carried out satis- 
factorily, difficulty has been experienced with welding when the 
carbon content exceeded a certain limit. In other cascs the 
sulphur would appear to have had zt marked effect 9s with a 
comparati~ely high percentage of this constituent boiling and 
blistering of the metal takes plme. 

KO definite figures c m  be quoted for the limiting valum of the 
variow constituents aa the question is m much dependent on 
the process adopted and the care taken in khe operation. From 
what has been said the  necessity for bowing beforehand in any 
particuIar case the quality of thc material can, however, be 
appreciated if a successful weld is to  be effected. 

TWO kinds of electrodes are in general use for plate welding, 
viz., Nomay or Swedish iron (or quivalent) and lowcarbon ateel 
wire. The iron wire under good conditions gives metal in the 
weld of a tensile Wngth of about 22 tom per sq. inch, while the 
skI wire may give a slightly higher figure. The iron electrode 
may be melted more rapidly than a steel electrode, and probably 



has less tendency to  burn the steel. In general, however, it is 
more difficult to weld with iron t.lectrodes than with steel. To 
get the be& results it is nclvisnble to use low a c~lrrent density 
in any case as is consistent with n usable arc. 

In some experiments that have been carried out with welded 
steeI plates, it has been found that there i s  little or no difference 
between the modnli of elasticity of the weId and that of the plating. 
but if tested to  destruct.ion the ultimate exDension is much Iass 
in the case of welded pieces than in the plain plate, e.g., the exten- 
sion of about 29 per cent, in a length of 8 inches of plain plate 
wodd be reduced in a welded plate to  from 8 to 12 per cent. 
These figures while of interest have normally little bearing upon 
practical questions, since in no case should the permissible stress 
exceed the elastic limit. MTelding, however, would appear to have 
tb marked effect on the capability of the structure to withstand 
alternating stresses. Experiment has shown that welded barn 
or plates will always fail at the weld when subjected to such 
stresses even if the test be so arranged that the welded part is 
only subject to stresses as lour as 315 that of the  unwelded p&. 
Kor &re welded specimens capable of being bent without fracture 
over the prescribed radius usunlly specified for steel plates or 
bars, e.g., if 180" is specified for tlie original plate, it is unusual 
to  produce a weld in such metal that will enable the plate to be 
bent more than 90" with a &inch plate or above 30" where the 
thickness is I inch, although this figure may have been sensibly 
exceeded in special cases. 

The reinforcing process has been used in mercantile practice 
in connection with boiler work, not so much from the strength- 
giving point of view as to xestore material wasted by corrosive 
effects which may hwe weakened the plates at external seams, 
or emgive effecta at manhole door orifices, &c-, and so delay the 
corrosive or erosive action ehnding to drangerous amounts. 

As illustrating some of the points discussed, the caee may be 
quoted of an unsatisfactory repair t o  t he  front plate of the steam 
drum of a water-tube boiler in which a crack had deveIoped 
extending from the main feed orifice through a atud-bole to within 
4 inch of the edge of the manhole flange. The remainder of the 
manhole A a ~ l g e  being under compressive atrain under the test 
conditions limited the extenh of this crack. The crack was vee-ed 
out on both sides of the plate, and welded up, the general appesr- 
ance of Ghe weld being satisfactory, and the re-drilled atud hole 
showing good material. A $-inch riveted patch, was a h  fitted. 
On testing the boiler subsequentQ to the repair, the crack agajn 
devdoped at the working pressure, and when the pressure was 
raised to 300 lbs. this new crack extended to the mtud hole, and 
again witbin 4 inch of the edge of the manhole flange. 

Thia plate was forwarded to the Admiralty Engineering 
Labmtory for en exadmition of the struchum of the metal 
Ebt the weld to be made. The chemical mdy~ia of the originai 
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steeI of the plate showed the following compmition M regards 
1 6  impurities " :- 

Gabon - - 22 per cent. 
S1Ticon - - -16 ,, ,, 
Sulphur . - -022 ,, ,, 
Phosphorus - - ,067 ,, ,, 
RZanganeae - '51 ,, S, 

The phosphorus constituent is slightly above average, but the 
steel can be assumed as of norm& good quality and showed a 
maximurn tensile etrsss of 261- tons both near the weld and at a 
remote point. It was not possible, owing to the shape of the end 
plate, to  take a test piece to include skel GkeIy to have been 
aeriowly adfeeted by *he welding operation. 

Pig. 1 af the Plate shows a rough section across the c&, 
indicating t.he path of the crack though the plate, the charaoter 
of the weld and the extent of the metal. added by the welding. 
The welding is seen to be defective in pl-, the junction between 
the miginal stml md the new metal being imperfect. The 
second crmk appesrrr to have 0ri:ginskd from the &t crack, 
panning thence partly along the imperfect junction just referred 
to, and partly through the new meb1 added by welding. 

E'igurc 2 shows the structure not.iced in parts of the root 
of the groove crit in the steel along the path of &he origin4 crack 
as a preliminary to wcldmg. I n  addition t o  revesling that a 
corner of this groove has not been filled with metal, it also shows 
that the steel plate et thiB point has not been heated in welding 
to a sutEcient d e w  to remove the distortion of the steel due 
fo the work of tho tool. Under these aonditiom it wodd not be 
p i b l e  to effect a good weld of the -ins of the original crack 
and this crack wodd therefore remain as m iutcr~fal flaw in the 
plate. 

The Figurea 3 to 6 are interesting as illustrating the chrtng~s 
between the unaltered a tee l  and the new metal added ; therre 
sections were taken across a part of the weld, where the junction 
between the steel. and new metal was satisfactory. The various 
structures will be observed to merge grduaUy into one another. 

Figure 3 shows the added metal merging gradually into the 
steel overheated by the welding operation. Figure 4 shows 
overheated steel prssshg into s h l  annealed by the heat of welding. 
Fig. 5 shows ammIed steel passing into steel which haa not 'been 
r a i d  to  the annealing temperature camsing the granular appear- 
ance of the parlite and films of cmbide of iron between ferri* 
crystah. Pig. 6 shows the bcbnded arrangement of ferrite. and 
pwlite which is the general structure for this class of s M .  

Welding of Std Fmging.~.--'She application of the electric 
arc-welding process to steel forgings is in general. &dar  to it9 
applioation to boiler plate and structural work. This is due, of 
come, to the fact the forging8 beIong fo the Bame ckification, 
namely, metal which has had mechanicd treatment. The metal 
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added during the welding process is cast metal and has a lower 
degree of elasticity than the  metd in the forging. This must again 
be alearIy emphasised and appreciated. It is very common to 
talk of " reinforcing " worn shafts, &c. by this process, especially 
where grooving, corrosion and gcneral wear of journals has been 
experienced. The process is very useful for restoring working 
surfaces, but it cannot be agsumed thst the shaft haa necessarily 
been reinforced from the strength point of view. 

The stmses and strains for which a, shaft is especially designed 
to resist assume a homogeneous material of which the shaft is 
made, and generally the maximum stresses occur et the externa! 
surfaces. It is therefore usual to  recognise this limitation and to 
be on the safe side, to reckon the strength of the shaft on the 
size before reinforcing. When reinforcing work is carried out on 
a worn shaft, the new mehI should be depmited in strips parallel 
t o  the shaft, the surface of which has been previously cleaned, 
and each etrip thus deposited should be carefr~lly cleaned of sIag 
before the  next is added. It is also advisable to deposit layers 
on opposite sides of the shaft as shown in Fig. 2, the layers being 
deposited in the order 1, 2, 3, &c. By carrying out the process 
in this manner, distortion of the shaft be minimised or 
prevented. 

WeLding of Cast Irm.--The rnoIecdar construckion of cs~triron 
renders it particularly sensitive to the e h  of exyamion and 
contraction and conaiderable eqr ienco  and judgment is required 
ta make mtiafactory weld8 on this metal, It would appear that 
welding only takes place within a smdl range of a definite tem- 
perature depending on the quality of the parhicuIar variety of 
cast-iron . The tendency of the metal to strain in certain directions 
must be minimised by the application of the heat at the right 
positions and in the correct sequence. It is advisable to pre-heat 
the oasting to bIack or dull rcd so as to avoid chilling of the 
deposited metal and to distribute the contraction stresses over 
the body of the cwting and not concentrate them at the weld 
itself. The heab at. which bmt read& are obtained is about 
500" C., the point at which the oasting changes from a black to 
a dull red heat. In some cases where pre-heating is not possible 
or convenien* the job should be plmed in sand to  oml slowly 
after completion of the work with a view to mhimkk the 
oontmotion atrcsacs. 

In any c m  the wddmg of c&-iron details subjected t o  atress 
must be tbpproached with great caution, the charader of the metal 
itself having an important effect on its weldability. Good grey 
iron, high in silicon and Iow in phosphorus, welds the best. Special 
elecbodee h a ~ e  of late years been put on the market for the welding 
of cast-iron, these electrodes containing rather a large percentage 
of si3icon with a low manganese content. In the welding operation 
the silicon content is reduced, leaving a deposit which is pmctica1Iy 
ordinary grey c&-iron. The metal in the weld thon p o w s e s  
a coefficient of e-pansion appmximateEy similar t o  that of the 





bulk metal and local strain is thereby r e d d .  The tensile 
strength of the weld Inay be rather low and this cornideration 
must be borne in mind in connection with lthe function of the 
particular detail being welded. 

For light parts castings, suoh, for exampIe, rrs crank-cam, 
which may have cracked under impact or other condiGions of 
rnd-usage or perhaps to internal casting strains as distinct from 
working strains, welding may be permissible when a question of 
oil or water-tightness only is involved. h such cases it is not 
dways necmary to " vee " the caating as the metal can be 
deposited over the crack and adjacent surfaces, this operation 
being carried out on both sides of the casting if accessible. If 
the thickness of metal pennitq the welding can be assist& 
by " stitching," Le., fitting steel studs at either side of the fracture 
and welding over these studs which then WTPB as a sounder 
foundation for the weld-metal. 

Satisfactory resulta have been obtained in the dockyards in 
the welding of cast-iron details subjacEed to low stresses h i d e s  
ordinary a w l  work by using mild &eel elmtmdes mated with 
sailmakm' twine soaked in a saturated salution of borax cIoseIv 
wound round the wire, the electrodes being kept in thc soluti& 
till required and used in the wet state. Aluminium dusikd 
on the electrodes in the solution and smeared over them just prior 
to  use assisted in giving a weld free from blow-holes and which 
admitMd of easy machining. A small diameter electrode and as 
low a current as practicable is found desirable with this  metal, 

h previousIy referred to, the  repair by welding of the heady- 
damaged cylinders of a number of the Geman liners interned in 
f he D.S.A. clbring the war, thew into prominence the possibilities- 
of the procew applied to heavy c&-iron dehils. h many cases 
th is  welding was done without pm-heating or " stitching." The 
process found most successful was not a true welding of cast-iron 
ta cast-iron as generally understood. In weEding together two 
cast-iron edga a layer of steel was M welded to each and then 
these steel layers were welded t o  each other. This was because 
of the p a t  d s c u l t y  of immediately weIding two cast-iron parts, 
but the welding of a steel piece t o  cast-iron was simpler although 
&ill requiring considerable care. 

Even with the best of care and experienced operators it was 
aomstimes found thak on laying on the welding mstd it might be 
porous in spots. These spots had necessarily to be closed up before 
mother hyer of metal was attempted. A muking tool was 
therefore run along each layer which, beside closing up thexe spots, 
also discovered any hard or brittle metal, and thjs caulking or 
an equivalent hammering process h now g e n d y  recognised as 
conducive to Mter  results in all welding work. If the metal 
appears hard in a particular locality, but is not disturbed by the 
caulking tool, it is advisable ia chip it out before the next hyer 
is applied. Ruling out a subequent destruction t e s t ,  this is the 
best way at present to  ensure that a weld is reamnably good. 



Wekda'.lag of Alloly Sl&.-As regards the special alloy steels, 
e nickel steel containing 3 to 34 per cent. nickel, which is in 
fairly common use in engineering practice, is found under certain 
conditions to  be susceptible of welding, but the effect of chromium 
appears Go increw considerably t he  difficulty of welding. So- 
many combinations of " impurities " h a large number of varying 
proportions are met with in prackice, that it is impossible to give 
information on relati~e weldability in each case. 

In all speoial d b ,  W compared with the commoner commercial 
varieties, the difficulties are much hcrea4ed and the question 
in each case should be made the subject of special investigation 
if welding should appear desirable or necesaaxy. In particular, 
it wouId appear that the presence of a, very small amount of 
arsenic in steels makes welding almost impodbIe. It must be 
borne h mind that, as a general principIe, the special alloy steels 
are used for engineering details subjwted to very high stresses 
and undergo during manufacture special heat treatment to enable 
the full value of khe alloy to be realised. The operation of welding 
therefore which would generally deposit an inferior metal and 
weaken the alloy ia khe neighbourhood of the weld is at present 
only of importance in its application to  these steels, for the 
"reinforcement " of bearing surfaces, &c. 

An interesting and usefd application of the weld process ia 
seen in the tipping of machine taok with high-speed cut%ing steeI, 
The electrodes used for this purpose are of high-speed steel 
coated in the ordinary way, and supplied by firms making a 
speciality of khese electrodes. The metal can be deposited on a 
shank of mild steel and the deposited metal ground to shape on 
an am- whwI. Carbon blocks are heM in position by a clamp, 
as shorn in Fig. 3, and the deposited metal is allowed to flow 
over the sides and end of the tool. It can then be ground without 
touching the d d  steel. Whilst the metal is still molten it haa 
been found advantageous to make an me with a carbon electrode 
for a short perid. On completion of the deposit the tool ia 
qumcbod in oil. 

W&iw of Nm-fwmw M&&.-An bhese m&&, viz., copper, 
the bronzes and braspes, and ~Iuminium, to mention the more 
important, fuse at temperatures so much below that of the electric 
.are, that they reqnire even more care and skill in the operation of 
welding than the ferrous mat&. Ropiatmm welding would 
appear better suited to these metals aIthough aa an example, 
copper has been welded auccsssfuUy with the carbon-are process 
and some measure of success h= aftended attempts to weld 
copper by uahg copper electmdw. W e b  iu braaa having s 
high percent* of zinc are apt to bc porous, aa bahe ziuc ~ o l a m  
at a comparatively low temperature. Similarly the kin affecta 
the welding of bronze. AIuminium requires careful tmatmont 
on wceunt of its tendency to  oxidiae at a, lower temperature 
than ite meIting point. 



Generally speaking, there is a very short temperature range 
between the welding and fusion pints  of the non-ferrous met&, 
and the rapidity with which the metab oxidiqe ad& to the 
difficulty of carrying out successful welding operations. Moreover, 
even with resistance welding, the current required is very heavy 
owing to these metals being relatively good conductors. 

At present the application of elecbriric welding to the non- 
ferrous metals is somewhat limited. 

The processes dealt with up to the present have referred to 
the welding together of two similar or practically similar metals, 
but this syskrn is a method of welding two dissirnhr metals, 
such as b r w  and steel. It iis now in process of development, 
being the subject of recent patents. It haabeen used by the 
Admiml~y for small work auch the welding of brass studa to 
bulkhead8 for securing clips for electric cables &c. The weld 
h effected by makmg the bulkhead or plate the negative pole, 
and the stud holder, the pmitive pole. The current is passed 
and an sn: formed between the poles, thus raising them to a fuaing 
hmperature. The a m  is pverned in r e a p t  to t h e  time i h  is 
working and the distance of the stud from the bulkhead. This 
distance is very small, about I /  16th inch, and is set by m adjusting 
screw to  give the exact length of arc, whilst the time of the arc 
is controlled by an electric timing device. The stud-holder is 
held in place on the bulkhead or :late by two electro-magnets, 
the circuit for which is an a u x k y  one to the main circuit and 
k mpanttely controUed by a switch. Xn addition there is a 
solenoid which permits the stud to be bruught tu the bulkhead 
at thc moment the metals are fused. This energising of the 
soIenaid " str ikes the m 'hand is c~ntrolIed by t h e  eIecSrica1 
timing device, the wcld being obtained practically instantaneously. 
h some eases t he  function of forcing the stud into place on the  
bulkhead is cwried out by air pressure in lieu of the electrical 
means stated above. ~ h k  vo~t&e used varies from about 60 
to lQO, and the n o m d  current range is from 200 to 500 amps. 
according to the size of stud tO be welded. So flux or building- 
up metal is used. 

The apparatus will successfully weld naval brass or manganese 
bronze studs up to inch diameter on to brass, manganese bronze, 
iron or steeB of prmtically any thickness and also on to galvanised 
iron ox steel. It is possible also to weld studs to cast iron, but 
the reauIts are not entirely sat.isfactory at pment. 

The welds obtained with this process aco very strong, the 
atuda showing rt greater strength at the weld under tension than 
in the studs themseIves. This is considered due t o  : (a) absence 
of oxide in the weld; (6) extremely local hating in the region 
of the weld ; (c) penetration (in each direction) of the metals to 
be weIded, e.g., in the case of a, weId of brass on mild ~ & l  a 



micro-section showed : (l) no oxide ; (2) 011 tlie steel side of t h e  
weld the beating had prodwed structural changes which persisted 
for a depth of only - 05 inch from the weId. Adjoining the weld 
w m  a mEc1 solution formation containing fine cracks which had 
BM with brw. Below *05 inch from the weld the structure 
was normal. On the brass side of the weld the bras~l showed a 
layer of about -01 inch thick which had been partly melted and 
having a fine-grained confused structure. Below this the normal 
structure of the brass was found. 

Although with this system of welding the weId is found to be 
stronger than the stud for a single direct load, still, under 
alternakbg stress, the weld is found to be the weakuut position 
m in other systems. 

Testing of Welds. 
The necessity for testing welded work as far as is practicable 

need hrdly be emphasised. Not only should samplw of the weld. 
in any particu1ar case be treated, 3 possible, but it has been con- 
sidered of importance tm carry out tests on samples of the  electrodes 
supplied. There are at present no general standardised t e s t s  
laid down for welds made with electrodes under best, but t h e  
methods adopted in one of the dockyards am of interest. 

(a) 2'-k @led Bending Tast8.-Butt-welds are made on 
samples of the plate, these welds being about 20 inches in Iength. 
Strips are cut from the plates to incIude the joint and tbeae 
strips subjected to the mud tensile and bending hb, If the  
junction haa been made on a Vee-Fd plate the bending testsz com- 
pritJe t h m  whioh tsnd to further open or cIom the Vee. Sample 
welds are made with the plam in various positions, i.e., in 
horizontal and vertical planes, &G., according ta the manner in 
which the wel& wiU be made in the actual caae. In aome caseg 
$he tmts are repeated, the  piecm b e i  annealed after wddxng, 

(b) Bu&-wp F& P h . - A  one-iach plats has a piece about 
2 ft. long and 4 in. wide cut off. This gap ia fded up with a metal 
deposited by the electrodm. Two teat piecee 1 in. square are 
cut from this metal suf3ciently long to get a tensile h t  piece with. 
8 in. stretching lenghh. !t'his is W'Eed for tensile a t m g t b ,  
elongation and modulus of elasticity. 

A s i d m  piece ia huilk up and aubjectsd to s forging t a t  
(c) Vibratory Impact Test.-A butt-weld 30 in. long is made h 

;-in. plate, the plate being a f t e m d a  machined on both side& 
to a thickness of 8 in. and cut into strips for testing, a c h  strip 
being 2$ in. wide. The tmting machine grips a test piece at the 
weld in a s e e  and alternating blows are given to the opposite 
end of *he t e ~ t  bar, the  number of blows before breakage being 
noted by a counting device. 

The complete series of tests referred to  above is usually made 
on welding done both at 60 volts and at at10 volts. The temik 
tests obtained with variously welded samples have been fairly 



cowistent over a very large range of h t s  with dIfImnt thick- 
nesses of plates and in various directions of welding, Dbe majority 
of the tests giving a breaking test in the weld exceeding 20 tons 
ta the squw inch, figures as high as 27 tons having been reached 
in speck1 cases. The plates under t e s t  were the ordinary 26-30 
tons mild steel. The bending tests show s wide vgiation in their 
reaulta, depending chiefly on the direction of application of the 
bending. Although the load neceseary to fracture when tending 
to open the Vee approaches fairly closely that carried when 
closing it, the angle bent through in the former case is much 
lower and indicates perhaps tb greahr liability to failure under 
repeated or vibratory strews. 

In conclusion, it wi11 be appreciated that various special 
electrioal apparatus is required for tho application of welding 
opmtiona, but it is not hintended to describe this. For work on 
ships motor-generabm are placed at convenient positions in 
the yard, porhble mistances and controls being taken ta t he  uhip 
on which it ia required ta carry out operations by welding and the 
nwesmry connectiom W e  by fle~ible Ieads. In the shops, 
permanent w k m a  am fitted for carrying out such work m can 
be tranapurted to the ahop or for small items as can be done a& 
the benches. 
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